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INTRODUCTION

Since the technique of aperture synthesis was first introduced into
astronomy in 1980, it has gained wide acceptance as a powerful tool of
the radio observer* The advantage an interferometer has over the single
dish is its ability to resolve out individual sources from the total of
the radiation arriving at each element. This is accomplished not only
by the geometrical properties of the instrument itself, but also by the
complex computer reduction processes that follow the observations.

As generally bright objects within the field of view have been ob-
served, astronomers have shown a great deal of confidence in the system®s
ability to locate (i.e., assign a position to the beam center) and deter-
mine a brightness distribution for the source. However, when the incom-
ing signal is low, i.e., of the same order of magnitude as the receiver
noise, one has much less confidence in his interpretation of the data.
The determination of the flux density and position of a component of the
field becomes a function of many parameters. A few of the more important
are: the baseline configuration of the interferometer, the tracking in-
terval(s), the source declination, receiver noise, delay line switching,
atmospheric effects, other sources in the field of view (interacting side*
lobes), and so on.

Basic to the interpretation of faint (and multicomponent) sources is
an understanding of the response of the interferometer and the reduction
technique to uncorrelated noise. Does the system respond to a source and
noise in a similar manner? How randomly distributed does noise appear on
an interferometer map? Can noise have sidelobes? In other words, does

noise mimic real sources?



The answers to the above questions have a wide range of ramifica-
tions, How accurate and reliable are the many deep surveys? What con-
fidence can be given to the detection of weak transient sources, e,Q.
the radio stars? Are apparent motions within fields that are near the
noise limit realf or are they just misinterpretetions of noise effects?

The following computer program has provided a foundation for analy-
zing these perplexing problems (see Gibson, Master®s Thesis, available
Spring 1973)* Now, the program is available to NRAO users for applica-
tion to their individual needs as part of the Interferometer Job Library#
The program provides a platform from which the investigation of any or
all of the previously mentioned variables may be made, namely a mock in-
terferometer that incorporates the features of the NRAO three-element in-
terferometer, so that all the procedures from data acquisition through
computer reduction may be accurately mirrored. Provision is made for the
user to insert sources and noise and sample them using any coverage (or
combination of coverages for a more complete synthesis) he desires. Re-
ductions are then made using the standard programs already available in
the Interferometer Job Library, Several features not presently avail-
able in the Library are offered*

1) The created data can be stored on a nine-track tape so that com-
binations of scans can be reduced and analyzed. The tape is written in
the same Fortran-accessible format as the nine-track telescope tapes.
Thus, the tapes can be reduced by the standard interferometer programs.
The source modeling aspect of this program can also act as a debugging
tool for the reduction programs through comparisons of input and output
models,

2) Modeling of sources can be done using the exact coverage that



was given to the real source when the data was taken# This is accom-
plished by accessing baseline and scan time information from the ori-
gional data and substituting an artificial source in its place.

3) Random Gaussian noise can be injected; this mimics the effect
of receiver noise, A standard deviation can be selected in a way such
that changes in receiver response can be simulated.

Other modifications could be introduced into the program to further
enhance its utility. These might include:

a) Introduction of phase errors, as caused by improper delay-line
switching, to be combined with the Gaussian noise#

b) Correlated phase noise, such as might be introduced by the atmos-
phere (differential atmospheric refraction and retardation).

c) Time variable sources, similar to the phenomena associated with
the radio stars.

d) Operation of the mock interferometer at S-band (I1.1 cm) or X-
band (3.7 cm), thus simultaneously observing both left-hand and right-
hand circular polarization; 1in Dual Mode, observing at S- and X-band si-
multaneously in one polarization mode for thirty seconds and then switch-
ing modes, 1in addition to the normal Mixed Mode operation of X-band with
left-hand circular polarization and S-band with right-hand circular polari-
zation .

The program flow chart now follows#
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SYNNOISE (an acronym for aperture synthesis noise simulation) is a
Fortran level-G program that consists of two separate subprograms. The
first, which is called COVERAGE, specifies the spatial configuration of
the interferometer and the limiting hour angles of the observation. In
particular, the vector baselines are those of the three element array
located in Green Bank. The frequencies programmed are the same 2695 MHz
and 8085 MHz used by the NRAO array.

The fringe phase of the source at any instant is a function of its
distance and direction from the field center and its hour angle and
declination. In the case of the NRAO interferometer, an average ampli-
tude and phase are computed for each thirty-second interval that the
observations are being made by an on-line computer. This feature is re-
tained in the simulation program

The midpoints (in L.S.T. hours, minutes, and seconds) of these in-
tervals are retained for the real as well as the simulated observations.
Therefore, 1if one wished to model a source that has already been obser-
ved the coverage can be copied from the Archive Tape or the Today Data
Set, which is stored on the disk. In this way the user can eliminate
an important variable, the coverage, when comparing his modeled source
to real observations. |If the user chooses this option then he need only
run the second subprogram, SOURCE-NOISE,

SOURCE-NOISE takes a model source of a known brightness distribu-
tion and allows it to be “6bserved” by the mock interferometer. The
response is a function of the instantaneous apparent spatial distri-
bution of the source and the direction cosine between the baseline and

the source, 1i,e. a Fourier transform. These reals and imaginaries could
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be retransformed immediately to get the brightness distribution back
&ain, This program, however, adds Gaussian distributed noise to the
reals and the imaginaries before they are retransformed. (Remember
these data are contained as thirty second integrations,) This proce-
dure mimics the effects of random receiver noise and results in "dirty””
interferometer maps that are representative of actual interferometer
mstps 9

Each source is an elliptical Gaussian specified by a peak ampli-
tude, the major and minor axes (measured between the half power points),
the position angle of the minor axis of the ellipse, and a coordinate po-
sition of the source with respect to the center of the field (where e
*» -R.A., and +y + +Dec.).

The number of counts per flux unit (CPF) can be specified to approx-
imate the response of the receiver when the observations were made. The
field of view (FLDVU) for the maps must also be specified.

Random Gaussian noise of a specified standard deviation can be in-
cluded in the phase and amplitudes, resulting in realistic output. The
present selection of 0.05 flux unit per thirty second record was made
in the following manner, A map for which no apparent source was detect-
able, specifically an attempt to detect sources in the galactic center by
Hjellming and Balick, was analyzed by both a program that lists the thir-
ty second amplitude and phase and a program that lists the frequency of
occurence of each map level. The standard deviation for the Gaussian
noise was adjusted to various values while running a sequence of models
with no source using SOURCE-NOISE, The coverage was copied from the

actual observations. The output from these models was compared quan-
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titatively and qualitatively with the null result until a suitable stan-
dard deviation could be found. Note that the noise is applied individu-
ally to each thirty second record and iIs not just added to the output
model. This is more flexible and realistic way of putting In noise in
that i1t need not be adjusted for different coverages.

The program listing is given on the next nine pages. It i1s well
documented and should be easily understood by the user. It is compatible
with the NRAD Interferometer Job Library, so many minor questions or prob-
lems with interfacing SYNNOISE with the rest of the Library can be ans-
wered by consulting the GUIDE TO USERS (Bosserman and Rhudy). Further

questions can be directed to the author.
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(oNe]

OO0O0000

72206 18/45/05

RE AL**t SIND, CG$D,$INH,CGSH,*A,PI2/0.2dild/fDEC,6(0) ,BX,BY,BZ,SEC30
+ , ¥AXrtA, Mi NL ST, MAXLST , S TA<f, iTUr* , Tint, 11ttt S,i »CONFC

+ t SCANNU

INTEGER*2 1«J «A (100),NAME(5),MODt/« M1/,1WRDt6)/37,39,4 1,69,71,73/

COVERAGE IS A MIXED-MODE SIMULATION PROGRAM

THAT SPECIFIES THE IM ERFERCMET EK CONFIGURATION,

The SAMPLiINb RATE, AND THE TRACKING TIME.
IT IS MEANINGLESS WHEN RUN ALONE, AND SHOULD
BE RUN BACK-TO-BACK WITH SCORCE-NUISc1.

2 ERG THE HEADER RECORDS
DO 10 1=1,lu0
10 A(l)=j

INTERFIkuMETEK DbASEL IKE AND POLE DATA
SIND=G.3/6227
COSD=0 =926 5)27
SINH=-u* 9530919
COSH=-U.3u2681J
CGNFC= 900./1J4E576.
WHERE CO.mFC IS A CCNVERSICN FACTOR
FROM McTtKS TO wAVELENC-THS.

READ SOURCE AND BASELINE CATA
READ (5,1001 nAME ,RA ,DEC,SCANNO,B
100 FORMAT (3A2 ,KI2 «2 ,£X,5S12.1,5X,F3.U,0(Fi>*0jj

SAFEGUARD AGAINST DIVISICN eY ZERO
CHANGE RA AND utC TG TURNS

IF {ABS(RA).GT.I.CE-50) RA=KA/PI2

IF (AbS(KA)#Lc.I*CE~50) RA=J.

IF (AoS(DEC)=GT*LiOE-5C) CEc=DEC/PI2

IF (AaS(DEC).LE.1.CE-50) CEC=D,
WE ARE Nuw CONSIRUC TING AN INTtK Ft ROME TcR TAPE
FILL IN EARLY HAKTS CF ThE HEADER

AC1)=1

A(2)=SCANNO

00 1 1=1,5
1 A(6+1)=NAME(I)

CALL INVDaD (RA ,A(12)>

CALL INVDWD IDEC,A(14))

A(1B)=MODc

CCMPUTE AND STORE BASELINES.
00 2 1-1,6

J=1mRD (1)

B(11=b(1J * CuNFC

IF (1.6T.3) 8(1) = e(1)*3
BZ=B(I1)*SIND
BX=B(1)~COSOMNCOSH

BY=b(l)*CO SO*SINH

CALL 1INVOwD(BZ,A(J))
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O0o0

oNoNoNONeNe]

(@)

CALL INVDWD(dX,A(I+8))
CALL | NVDrfD(dY,A(J+ 16) )
A(J+24)=0
AU*2i>)s0

2 CLNT INUE.

WRITE HEADER
WRITE(9) A
ZERO THE OATA kfcCORCS

CO li 1=1,l00
11 A{1)=0
SET EA»<LY PARTS OF THE CATA RECORDS
00 14 1*43,91,2
14 A (1)=1
At 1)*2
A(2J«<SCANNO
A(7) =4

SET MECHANICAL AND HCR12CM LIMITS UN COVERAGE
AND THRu* YOU uFF TFE COMPUTER IF YUU PUT IN
IMPOSSIBLE COVERAGES
IF (DEC.GE.0.0) MAXHA=87.5/300.
ZsARCuS(0.02100*SIMOhC*PI2H-0.7032b*CG:>(L>fcC*PI2))
IF (D1IC*LT.v/.0O.AND.Z.GT .P12) WR1TE (6, 2i>)
25 FORMAT (/,= THE CECLINAT1C-N 13 TOO LOW?¥*)
IF (DtC.LT.0.J.AND.Z.Gr.PI2) STOP
IF (DilC.LT .j.u .AND# Z.LE .P12) MAaHA=AMIN1(ARCUS(-0. 79367*TAN(DEC*PI
.2))/P12,72.:i/3&0.)
SET hAXIMUrt LST CUVERAGE
minls r=ra-maxha
PAXLST =KA+MAXriA
IF (MIHLST.uT.-0.5) GO TC 20
MINLSr=MINLST+1
MAXLST-MAXLST +1
20 IF (MAXLST.LT.0.5) GO TC 21
MIftLST=MINLST -1
MAALST=MAXLST-1
21 START=-1.

fcEAC IN LST START AND STOP TIMES

PRCGRAM TAKES CARE OF SIOERIAL DAY OVERLAP

AND AUTOMATICALLY SETS YCU WITHIN TnE LIMITS

IF YGU PUT IN IMPOSSIBLE COVERAGES

THE PRUGKkAM DEFAULTS TC FULL COVERAGE IF YOU DON*T

SPECIFY IT. THE OATA IS CUMPEO EVERY 30 SEC
SEC30=30./60400.
REAu STOP AND START TIPES

12 READ(5,101,END=1000) START,STOP

101 FORMAT (K9.J,1X,R9.0)
IF (A£E>S(START).GT.1.0E-5C1 START=START/PI<:
IF (AdS(START).LE.1.0E-50) *TAR1=0.
IF (AdS(STUP ).GT.1.0E-50) STCP=STUP/P12
IF (AbS(STOP ).LE.1.0E-5C) STUP=O.
IF (START.GT.STOP) START=STARr-i
IF (START.LE.MAXLST) GC TG 22
START=START-1
STOP=STOP-1

22 IF (STuP.GE.MINLST) GO TC 23



LEVEL

23

13

20 MAIN DATE: = 7<t2Ua

STA*T=START+1
siup=srop+i

IF {STAKT.LT=MINLST) START=rtINLST
IF (STUP.GI.MaXLST) STCP=MAXLST
TIMEASTART

CL'NTINUt

TIKfcS= T1 ME

IF (UMt.LT.0,0) TINES=TIME;>+1
IF CTXMfc.GT.1.0) TIMES =TI.ME~-1
CALL INVbWU (TIMES»A(5))
TIME=TIME+SEC30

IF (TIME.GT.STOP) GO TO 12

C WRITE IT ON THE TAPE

1000

1001

WRITE (9) A
GO TU 13

IF (START.NE.-1.) STOP
START=rtINLSI
STOPAXLS T

TIMt =S TART

GO TO 13

CONTINUE

END

18/45/05
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(@]
o
EXTERNAL TYPEI,TYPE2tTYPE3
INTfcGER NRNDCM« POL4/1/,FcDVU,CPF
LOGICAL MORE»REWIND
LOGIiCAL*l POLAR{5%*2)/ eB 1fel 1,1G=,1H» ,« T«1ll e#,L, teE,»fFeteT,/
REAL**  i*A(10)fW6(10) »\AC(10) ,AMP110),X011J),YJUO) #RAI)2tW2
REAL*4 CKUI)»CRAP
COMMON CPFjHA»rtB»WCfAMP»XO0OfYOf NGAUSS «NRNDOM
COMMON CRUD »CRAP, FLDVUtNOISE
L'OGI GAL* 1 NulSE

---------------------------- SOURCE-NOISE  ——mmmmmmmmmmmo

DUAL FREQUENCY PREP PROGRAM
| NTERFEROME 1ER OdSfcRVATICNS ARc SORTED BY SOURCE AND THE SAMPLES
ARE WRITTEN UN SEQUENTIAL ACCESS FILES.
POL4 =1 MEANS 42 FT RECEIVER IS ON LeErT CIRCULAR POLAR1ZATICN.
POL4=0 MEANS 42 FT RECEIVER IS uN RIGHI CIRCULAR PuLARIZAT1ON.

READ IN FIELD uF VIEW IN MIMTES AND
NUMBER OF CCUNTS PER FLUX UNIT

READ (2U*i20*EM)=251) CPF,F1DVU
120 FORMAT <2 (14#2X))
251 CONTINUE

000OO0O0OOOOOOO0OO

PRINT 100, CPF »FLOVU
PRINT 101t (POLAM J,PCL4 +1),1=1,5)
100 FORMAT (50a »*SYNNOISE* / 25Xt1THE INSTRUMENTAL SENSITIVITY 1SS
4 14#* COuUNIS PER FLLX UNIT.' / 3i>X,»TriE rltLU uF VIEW IS«t
e 14** MIN OF ARC IN RA, >t> AS LARGE In DEC. *)
101 FORMAT(35X,*THE 42 FT. IS ON *t~Ait* CIRCULAR PulARIZATION.1)
105 FORMAT 1/// /t>X#1SC AN *, 8X,=BASELInES1,6X, ‘SOURCE¥)

00

NCISE=.FALSE.
SET THE INITIAL VALUE FOR THE PSUEOO-RANQOM
NUMBER GENERATuUR (OCC, LESS THAN 9 DIGITS)
READ IN ThE STANDARD CEVIATICNS
FOR THE NOISE GENERATOR
READ (20,123ttNO=25C) NRNOOM, CRUD,CRAP
123 FORMAT (19tIX,2(F6.3,4X))
250 CONTINUE
o  READ GAUSSIAN PARAMETERS, CALCULATE
S CONSTANTS NEEDED LATER
RAD2 = 0.2d32/206265.
o W2*S EQUAL Tu SQKT(PI2/4LN2)/NO OF SECONDS PER RADIAN«ALL SQUARED
& IT IS A HALF POWER TC SIGNA SCALiNu FACTOR
W2 = -(1.do0716666/206265.)**2
00 201 1=i1l10
READ IN THE GAUSSIAN SOURCES

0000O

00

206 REAJ ( 10»20u» ENC=202) AMP (1), Atd»THETA»AOQ{ 1) #YO0{l)
200 FORMAT (F6.3,3F6.1,2F6.3)

SET THE NJOISE OPTION
IF TFE FIRST DATA CARD = 999999

00
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Cc

Cc
Cc
Cc

C
C

THE NOISfc WILL 6L TURNED CN
IF (AMP(1).NE.999.999) GG TO 205
NOISc-.TRUE.
WRITE (6,207)
207 FORMAT (/, = NOISE IS TURNED ON¥)
WRITE (6,124) NRNDCN,CRUD,CRAP
124 FORMAT (//,» THE INITIAL RANDOM NuMbER IS ',19,/,
¢ <« Trit PEAK O0AUSSIANS FCR THE REALS ANJ THE IrtAulNARIAES ARE
*> F63, « AND *, F6.3)
GO TO 206
205 CLNTINUE
PRINT 204
204 FORMAT (/////," THESE ARE THE ARTIFICIAL 6AJSSIAM SOURCES’,//,
+e Nue AMP MAJ AX MIN AX P.A. DX
*DY» )
WRITE (6,203) 1,A*P(1),A,8, ThETA , X0 (1),YO( )
203 FORMAT (3X,12,4X,F6.3,4X,3(F6.i,6X),2(Fo.j,3X))

SET UP THE GAUSSIAN SOURCES FUR
LATER COMPUTATION
NGAUSS- I
ThETA = THETA/77.2958
CT = COS(THETA)
ST » SINUHETA)
WA(NGAUSS) * W2 * ( (A*ST )**2 +(Ci*CT )**2)
WB(NGAUSS)= w2*<(8*ST)**2 +(a*cT)**2)

WC(NOAUSS)= n2 * (A**2 - ji**2) * ST
XO(NGAUSS) = -RAD2*XO0(NGAUSS)
YO(NGAUSS) = +KkAD2*YO(NGAUSS)

201 CONTINUE
202 CCNI1INUE
PRINT 105

PLUG ALL THIS OATA INTC THE TAPE
KE APE CREATI No
1 CALL 1NID(MuRE,REWINDtG2,6£3)
CALL TREAD(MO*E, REWINC, TYPE1,TYPE2, TYPfc3,J ,0)
IF (MOKt) GO TO 1

3 PRINT 103
103 FORMAT(5X,=THAT*1S ALL FCLKS.")
STOP

2 PRINT 102
102 FORMAT(5X,'"ERROR CN A CATA CARD IN INID"j
STOP 12

END
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5U6KOUTINE PKEP
LCGICAL*1 RtCUKD(24)
Rt AL*d RA, DEC* uKCRC ,8X (4 ,2).dY (4,2 ), BZ(4,2) ,SIND, COSO
RtAL*o BXSIND(4,2),BYSINC(4,2)fdZCGSD(4,1)
REAL*0 P12/0.703165207L?S5e0D0/» T20/104bi>76.00/
REAL OAIN <2)/10.0,100.0/
REAL  irfA(10)* ad(1C), wC(10),AMP(lu),X0(10), YO(10)
INTEGER LBASE(4) , NRNOCM
C THE CRAZY ORDER FCR THE £5FT CGRRS IS NUT USEO FUR THE 42FT
INTCGtK RELUC(4f4 )/45f45,73%69,;>7»53,61»7/ ,05,61*0918~,53,97,0,0/
INTEGtR IMLuCl4)/50t46,74,7u,:>d*54*62,70,06,6~,90i 86,94,93,C,0/
INTEGER WLGC (4, 4)/51,47,75,7i, 59,5i> d3, 7*,0/,03, >1,87,55,99,0,0/
INTtroc. R KGR (4,4) /72,1,6,7,4,3,10,9,6,5,12,11,13,14, 15,16/
INTtGLK CPF
INTEGt-R*2 NMOISE, A(100), I,CURR(2)
IKTEGER*2 GN(lo)
LOGICAL*1 PuLdYT(14),NCI5E
LOG1CAL*1 61TI 16,2),NdYTE(4)
CCMMUW CPF, «A,«B ,WC, AMP, XO,YO, NGAUSS, NKNDOM
COMMON CRUG,CRAP ,FLDVU,NCISE
ECUIVALtNCE («MdYTE,N)
COMPLCA*6 CELL,CELNEVi
REAL*4 IMARG
REAL** RE(2)
EGUIVaLENCE (CELL,RE(1))

viE NOW E~TER A SUBROUTINE IN WHICH

WE CAN SAMPLE UUK IMAGINARY SOURCES

IN EXACTLY THE SAME WAY AS THE IMTLRFtROMETER
WE ARE ALSO SAMPLING 1HE NGISE

MAKE A STRUCTURE TO CCNSERVE WRITE TIME.
TFE RECORD CONTAINS REAL* IMAGINARY, I, V,
FRECUENCY(U=S, 1=X), FCLAKIZATIGN(u=LL ,i-LR,<i-RL,3=RR)
PEAL AND IMAGINARY PARIS ARE IN FLUX UNITS AND U ArtD V ARE IN WAVELENGTHS
INTEGER*2 tJANJ,PCLAR, ?.LENtWI, 1POL(4)/] ,3 ,ji,2/
EUUI VALENCE UcCCRD( 1) ,FE), (RtCGRD(3),1M), tkKtCURD(9),KU)
ECUIVALENofc (KcCCRO( 13)» KV)
(RCCG’RO (17) , BANC), (RECORD (19) ,POLAR) , (RECORD121) , BLEN)
(RtCGRO(23),WT)

0O0O0O00O0O0O0 OO

00O0O

ENTRY TYPE1(AiCORR)
INTEGER A37,A39iA41,A43

ENTER rtITH A TYPE 1 RECORD

BITS USES THE FIRST VARIABLE AS THE ARGUMENT (HALF WORN).

THE SECOND VARIABLE IS AN ARRAY OF 16 dYTES nHACH ARE SET TO

O CR 1 IF THE CGKRESPCNOING dIT IN THE FIRST ARouMc.vl IS RESET OR SET.
CALL bl TSI CCKis(1)»B1T(1,1))
CALL bITS(CORK(2) ,B11(1,2))

00000O0O

e X%l

SAVE INFO FROM A HEACER RECCRD OF A SCAN TO dE USED
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C OWGRO TANnES AC1)/(2*41S! ANC Al1+1)J/{2**30) AND MAKES A FULL WORD
C RESULT« IN REVOLUTIONS OF A CIRCLE.
RA=0oWjRI)( A{12) )=*p 12
DtC=DrtORD< A (14))*P12
SINI)NMuUuSiIN(OtC)
CGSO=UCCS( t)£C)
C RESET BASELINES WHEN BX CHANGES FOR ANY CORRELATOR
IF(A1jJi . EQ.A37.ANO.A(39).Ew.A3v .ANU.A(41}.EQ.A41.AND.
+ A(43)=CG=A43) GO TO 3
A37=A(37)
A39-A(39)
A4 1—A( 41)
A43=A(43)
DO 2 K=1i4
K2=2*K
00 1 »\-35t 67 »32
J-N/32
BZ(K,))=DwWuROtA(N*K2))*T20
8X(K»J))=DrtUfcD(A(8+N+K2))*T20
BY(K«J)=CwCKDIA(16+N+K2))*T20

1 CCNTINUE
C LBASE(K) IS THe BASELINE LENGTH 1W HUNDRtDS OF METERS.
LBASE(Ki=OSgRr(BX(K, 1)*BX(K, 1J+BYU, 1J*aYI K, i (K, 1)*BZ<K, 1))*
+ 0.1x15
2 LBASE(K) ={LtJASE(K)*50WI00

C K IS THE TELESCOPE PAIR.

3 DO * K=1,4
C N IS THE FREQUENCY CS CR X BANo).

DC 4 N=I,2
BXSINu(K,N)=dA(K,N)*SINO
BYSI.\O(K,,M) =6Y(K,N) *SINO
BZCOSO(Kti'i )=dZ(K tN) *CCSO

4 CONTINUE

IftRITEl 6f 1J0) A(2) VLBASE «(A(J) ,1=7,11)
WRITE(9) A

100 FCF.MAT (4X» 16.1X,415,3X,5A2)
RETURN

ENTRY TYPE21A)

C RETRIEVE THE SAMPLES FPCM A DATA RtCORD

OO0

TFE h. A. IS THE MICFCINT OF THE SAMPLE EXCtPT NcAR CROSSOVER
HA=i)WORD(A(5) )*PI2-RA
SINFi=SIN(HA)
CGSH=COS(HA)

C A(7) 1S THE SYSTEM SWITCH FROM DDP-116 (JOkLUuRLIJj RLuMSX)

C WHERE u=>S» 1=>X, ANO THE TELESCuHcS ARE iW UKUfcK 1i,2t THEN 3).
C FOR THE LAST 3 BITS » (4=>M,0=>S5,1=>X,2=>05,3=>UX MODtS).
N=AI7)

LBIT-toGD(N t<i)+I



G LEVEL 20 TYPEZ2

FBIT«MGDIN,8)
KBAN=LdIT
IFCMB1T.EU.4) K3AN-2
CALL CQKGN (A(10),GN)

CYCLE FREQUENCIES (S THEN X )

C

DO 20 NU-LBIT*KBAN

BAND |* THE FREQUENCY (0=>=S,1=>X).
BAND * NU -1
Ml > 1
MPOL = 4
IF (MdIT.NE.4) GC TC 14
HlI = NU
MPOL = NU
14 CCNTINUt

CYCLE TELcSCGPE PAIRS ( 1.2, 1.3, 2.3, 1.4 )

DO 20 K = 1,4

OATt

= 7Z200

BLEN IS THE bASELINE LENGTH IN HUNDREDS OF MfcTEKS=

BLEN = LBASEIK)

E— COMPONENT OF THE PROJECTED BASELINE
U = tIX(K,NU)*SINF-BY (K4vU)*CUSH
N-S COMPONENT GF THE PRGIJECTED BASCcLINE

V * BZCOSO(K,NU)-BXSINC(K*NU)*tUiH-bYSINLMK,NUi*SiNH

uu=u*u
uv=u*v
VV=V*V

MM = MI
MMM = MPOL
NEXT 3 STMTS PATCHFCR 42 FT
IF (K.LT.4) GO TO 13
IF (NU.EQ.2) GO TC 20
MM = i
MMM = 2
13 CUNTINUE

CYCLE POLARIZATIONS (LL, RR, LR, RL )

O000

DO 18 M = MM, MVM

IN MIXED MODE, 1R IS X BAND WHILE THE

IF (K.EQ.4.ANuU.M.EC.I.ANC.MBIT. fcU.4) GO TO

CHECK WT AND CORR MASK

IFE (BLT(KOR(M,K) ,NU)) A(WLGC (M, KJl.) =
WT - A(WLGCIM,K))

IF (WT.LT.l) GO TO 18

CCMPUTE VISIAILITY FUNCTICN IF F.U.
CELL = (0.,0.]
IF (.NGT.NOISc) GG TO 22
FILL IN THE REAL ANC IMAG INARIES
WITH RANGoM bAUSSIAN NOISE
OF STANuA*D DEVIATIONS <«CRUOt AND <cRAPO
RESPECTIVELY

<*ZFT

0]

IS § BAND
Id

18/47/43



G LEVEL 20 TYPEZ2 DATE =

00O

CALL bAUSS C.NRANUCH tCRAP f0O*, ANJI Sfc)
RE(1) =ANOISt
CALL GAUSS(NRuDCM,CRUD*0* ,AnOISE)
RE(2)=ANUISE

22 CCNTINUE
CALL EXPGFF
CO 21 i=1»NGAUSS
REARG = *Am*UU+V.e(1)*VV+WC<1)*UV
IMARG * XU()*U*YC(1)*V

CREATE Tht SAMPLING CELLS AND FILL ThfcM IN
CELNEw = AMPU )*CEXP(Cf'PLX(KEARGtIMARG) i
CELL = CELL + CELNEW

21 CCNTINUE

CCNVEKT TO CCuNTS
CELL = CtLL*CPF
CALL EXPIitNi
ZERO ThE GAINS
A{10) =0
STUFF THE ANSWER INTO RE»IK»>WT
FCR THIS COkR«
A(RELOC(M,K)) = REAL(CELL)
A{IMLIC LM»K)) = A1HAG(CELL)
A(WLUC(M,K))=1
A(WLGC<MtK>)+1) = 0

18 CONTINUE
20 CCNTINUE
WRilE THE OUTPUT RECCRC

WRITE (9) A

RETURN

ENTRY TYPE31A)

WRITE(9) A
RETURN
END

18/47/43
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JCL? WHO NEEDS IT?

Experience has shown that the average visitor to NRAO can adjust
his observing and reduction to all of the idioSyncracies of the observa-
tory except the Job Control Language needed to get on and off the com-
puter. For humanitarian reasons, the author now provides an explanation
for the JCL and input data cards necessary to run the program in its
four modes*

Mode 1. SYNNOISE

Synnolse is the complete modeling program. The user provides both
the coverage and source data. Used in this mode the program has two main
applications. First, the observer whose program includes several sources
may wish to optimize his observing log prior to going on the telescope.
Studies of beamshapes and sidelobe effects may reveal a better way to
organize the observations, before they begin. Second, the user may just
wish to model sources from a theoretical point of view under observation-
like conditions. For instance, the response of the interferometer to
an expanding source or a jet could be tested and compared with available
observations »

The next four pages show the deck structure for SYNNOISE. The num-
bers in columns 79 and 80 are for ordering purposes only, and should not
be included on the cards. A description of each card follows the deck
structure. The JCL is designed along the lines of the Interferometer
Job Library routines so that it can be immediately interfaced with other
utility or reduction programsO Mditional questions concerning the JCL

can be answered by consulting the IBM - JCL Guide or the author.
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'l
/OVGO.'SYSnr Dirx*'

/77 BCE=<RECFM-VSB=RECL=*204»BLKSIZES2248? e " -
J // SPACE-<CYLV<3> 2>>>
/V/Ga.Froyroui bb umit-jdisk»bsm-s{&File2*disf*<meu»pass>>.

N//GO. HITIH BB BSri*"&~"FILElI SUMIT=*BISK* BISPACOLBtBELETE"
.#//GO.SYSPRIMT BB SYS'UUr-A> BCB--(RECFri-FA> BLKSIZE-121 >
/v / BB BSM-IMTERF. BUALFREQ.JOBLIB* BISP«SHR
/77 BD BSM-SYS1.GPSLrtUB» BISP-SUR " .
" //LKEB.SYSLIB BB BSN“SYS1.FORTLIB»BISP»SHR
Ie o
.N~N//FORT.SYSIN BB * -
"// BISP- <MOB>PASS >»Ur 11T=*SYSBA»SPACE- <CYL ><?j 2>>
/ //FORT.SYSLIH. BB BSM-&&LOABSET=BCB- <RECFrt-'FB,LRECLSS O>BLKSIZt>80>»
/'//AMYTriAME BB UNITABISK* BSrl-iotGOSAT <rlAlri> >BISP«<OLB» BELETE>

t// exec" FDRTGCLG " ~~ ’ ’ ol ~ " C e -
*7/ EXEC PGM-1EFBR14



N source:

f //MAP_.SYSIN DB "*
INCLUDE SOURCE XBAND .
/* //PREP.SYSIN X~
/777 ~ PARM .PAEP=*"CPF - 1000>FLBVU-6*
/7 EXEC  PREPJ1AP» INUNIT-DISK> IrlrIAfLE*rfcfcFILES'»
/ IMCLUDE 3
>/sYs\iM BD *

" //EXAMIHE EXEC IMTLODK» INUNIT=-*DISK» INNAME»f&3.FILE2'
0.006 0.0 0.0 0.0 0.00 0.00

999993
//GO.FTIOFOOI JD *

" 42372(65 0.05 0.05 . . -
.""1000 6 .- _— —— . "
"V/Ga.FT20FQ01 DB* o* r~ T = o *
INCLUDE 3 " Y T T T - V-
on i .
br -
..ﬁﬁ o

L
0= U

2]
()



Card

.26 -

Description
The job card - where U is the user number, and S,T,R,D describe
the type of program as specified by the NRAO Job Code (user 3
option). These are for accounting purposes# The job runs in a
90 K partition for 12 minutes of Central Processing Unit (CPU)
time (Class E).
The compile card — compiles the Fortran program and links it to
the object deck (INVDWD) and causes the program to execute*
The system-link card — specifies how the data are handled* The
data set name (DSN) is called Loadset* The &&*s indentify it as
a temporary data set that will be killed when the program is ter-
minated* The data have the following limiting values specified
for the Data Control Block (DCB), The data are in record formats
(RECFM) that are integral multiples of the logical record length
(LRECL), i*e* they are fixed length and blocked (FB), The maxi-
mum logical record length is 80 bytes as are the data blocks
(BLKSIZE). The disposition (DISP) of the data set is that it is
to be created (MOD) and then passed (PASS) to a later job step.
The data will be temporarily stored on a direct access device
(SYSDA), namely a temporary disk (CYL) and will be allocated two
tracks for storage with two more tracks held for overflow (2,2)*
The Fort* Sysin DD card — always proceeds a Fortran program* It
indicates that the source deck follows.
Insert subprogram COVERAGE here.
Library cards — these cards tell the computer to share (SHR) sub-
routines stored in the Fortran Library (SYS1, FORTLIB), the Scien-

tific Subroutine Package (SYS1. GPSLMOD), and the Interferometer
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27 -

Dualfrequency Job Library (INTERF.DUALFREQ.JOBLIB)

Link card — links and edits the program to mesh with the assembly
language subroutine Inverse D-Word (INVDWD) which comprise the
next 15 cards* Inverse D-Word is a routine that allows one to
make a hexadecimal word from a word that would normally occupy
four times as many bits with the same information. It is a space

saving routine,

11,-12,The Go.FT09 card — assigns a unit, namely the disk, on which the

13*

I*k

data we are creating for the interferometer tape can be temporar-
ily stored. We have equated the disk to UNIT 9* The A(100) pieces
of data (see program listing) are lumped into a data set called
FILEL, This is new data (NEW) that is passed (PASS) on to the
SOURCE-NOISE program. However, these data are grouped into vari-
able sized blocks (VSB) of no more than 2278 bytes. The logical
records are no more than 20k bytes, and slightly more space (3,3)
is allocated to the cylinder,

The Go card — tells the computer to execute the program on the
data cards that follow,

Data card - this card specifies the source name, the right ascen-
sion and declination of the source, the scan number and the base-
lines, The card format is as follows* (5A2,R12,2,8X,S12,1,5X,F3#0,
6F5.0). The source name cannot be over ten letters long. The R.A,
and Dec, are read in the usual wayj the R and S formats are NRAD
formats that automatically are converted to radians, The scan
number must be specified anytime the data will be stored on tapej

it is one of the key words used on the include-exclude cards.



15,

16.

17.
18,

- 28 -

The baselines are read in hundreds of meters. The stations for
the movable elements are at 12,15,18,19,21,24%, and 27 hundred me-
ters, so cere must be taken to assure that the baselines of any
single observation period are possible, For instance, 1,18,19 is
a possible set of baselines, while 12,18,27 is not, If this set
of baselines is desired then at least two scans of the source
would have to be made, The first three baselines correspond to
S-Band, and the second three correspond to X-Band., But, unless
one has speclal reasons for making them different, it is suggested
that they be made identical. (Note that the sample card has in-
correct baselines needed to maintain continuity in the numerical
ordering of the cards.)

Time card -~ this card gives the Local Siderial start and stop
times, The format is (R9.0,1X,R9.0).

The PGM card -~ this card can link the programs COVERAGE and
SOURCE-NOISE togethexr. It effectively holds the partition so
that the plggy-back program can be run immediately following the
execution of COVERAGE, This card and all the previous cards (in-
cluding the COVERAGE deck) are unnecessary if the coverage infor-
mation is copied from other sources.

see 2.

Dummy Data card -- this card kills any extraneous data from the

previous program (GOSET(MAIN)),

190-20.586 3."“’.

21,

2A.,

see 5.

Insert the SOURCE-NOISE program here.

22,24 ,see 7.9,



25.

26,

= 29 ~

Print card -- this card indicates that data in the A(100) array
(see program listing) will be printed. The records are fixed
length and the printer control characters will be supplied (FA).
Intin, card -~ here we indicate that input data from the previous
program (OLD) under the name FILEl will be supplied from the disk.
After the data are accessed they are no longer useful and will be

killed (DELETE).

27 ¢«29+,Go ,FT09 card -~ same as 11,-12. except that we are creating a new

30.
31.

32,

33

3.

data set that we call FILEZ,

see 13.

An Include card -~ indicates that we only want data from FILE]l
with a scan number of three (in this example). Include-Exclude
cards may also contain the source name, the frequency band, polar-
ization, and mode, See the Guide to Users for additional infor-
mation, We only need to supply the scan number since it can-

not be confused with any other data (in this case).

Go,FT20 card ~- this card indicates that the data to be read by
unit 20 follows. Recall that we have included several READ(20,..)
statements in the program.

CPF card -- this card contains the counts per flux unit and the
field of view for the map, The format is 2(I4,2X)., Remember that
all I-formats must be right justified. The field of view is in
minutes of arc and is normally 18' for S-Band and 6' for X-Band.
Noise card -- this card contains the initial number for the noise
generator (it must be an odd number of between three and nine dig-
its), and the standard deviations of the noise for the real and

imaginary parts of the visibility function. Note that the number



generator is not truly random, but that the numbers generated will
always be the same, consecutively, for the same initial number.
Therefore, the program is exactly repeatable for a given initial
number. Bearing this in mind one would want to use a different
initial random number when generating each scan. The standard
deviation should only be changed from its value of 0.05 f*u. if
the receiver characteristics change#
Go# FT10 card - similar to 32.
Noise triggering card — 1f this card is included, then a flag
will be set in the program that will include noise in the model
observations# Without this card, the models will be generated in
a noise-free (ideal receiver) field# The format is F6.4.
Source card — all model sources to be observed in the field are
included here# Each source has the following attributes (in or-
der)!
a) flux density at maximum — in f#u# (10°W/mM),
b) major axis — in seconds of arc to the half power points#
¢) minor axis — same as above (Note that point sources are
represented by zero widths#)
d) the position angle of the minor axis — in degrees#
e) the E-W cartesian position from the center of the field -
in seconds of arc#
) the N-S cartesian position from the center of the field -
in seconds of arc#
Up to ten sources may be placed in the field at any one time. The

program will accept negative sources, so proper combinations can
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result in ring structures if the observer desires,

The remaining cards are JCL and input cards for iwo programs that are

standard (1.e. in the Interferometer Job Library) reduction procedures,

and are helpful in examining the model source data.

38, Intlook card -~ this card requests computer output concerning the
header and data records., It gives the baseline coverage and the
amplitude and phase for each thirty second record, See Fig. 4
for some sample output. The data are passed from the previous
program on the disk under the temporary data set name FILE2,

39. Sysin card -- this card indicates that an Include-Exclude card
will follow,

ko, see 31,

41,-42 ,Prepmap caxd -- this card indicates that we want to prepare a map
for output. The standard program constructs a 256x256 element
map from the SOURCE-NOISE program on disk under the temporary data
set name of FILE2, Two parameters must be specified befoxre the
program can be executed (PARM.,PREP), the counts per flux unit and
the field of view, These should be the same as the parameters
given on card 33,

43, Prep,Sysin card -- this card gives the go ahead for the map pre-
paration according to the specifications of the include card that
follows,

b, see 31,

ks, Map.Sysin card == this card gives the go ahead to print the map.

46, Title card -- this card contains the source name, the field of
view, and the source position for use in printing these as a head-

er or title for the map. The formats are given in the Guide to
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Users*
Several auxiliary modes for operation of this program now follow*
They demonstrate the versatility of the program, and also give the user
additional flexibility in artificially creating his data to the speci-

fications of his observing program*

Mode 2* PUTDATA

PUTDATA enables the user to store his scans on tape so that at a
later time he may combine scans in much the same way as he would do dur-
ing the reduction procedure. Cards 1”,15»31>33»3"»37» and "0 may be
varied from scan to scan; certainly the initial random number should be
changed since the noise is never the same for any two runs. The deck
structure is shown on the following page. Only those cards that are
different from those in SYNNOISE are shown? all other cards remain the

same and are included in the PUTDATA deck, except the mapping cards

Card Description

1, Note that the Job Glass and Execution Time have now changed since
we are no longer maping each individual scan.

26,-27.G0.FT09 card — note now that we are writing the data on tape, and
since that data are permanent we have to assign it a permanent
name, SOURCE, The particular tape has a volume (VOL), serial (SER)
number assigned to it in this case 2701* These tapes may be bor-
rowed by the user from the Computer Division. The disposition of
the tape is that it is to be created, but the user should note
with care the following. When the observer wants to create a new
Archive Tape from scratch, DISP=NEW tells the computer to start

writing from the beginning of the tape (i.e* it will erase any
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data on the tape before it begins). To add further scans to the
data tape, change DISP«NEW to DISP«MOD, The computer will search
for an end of file and then begin to add new data to the tape.

38. The Intlook card — the user should specify his archive tape num-
ber and the name of the source for which he wishes printed data.
This job is inserted to allow the user to check the new data after
£t has been written on tape.

IT the user would now want to map one or more of the scans he has
created he can do it according to the procedure outlined in the Guide
to Users.

The following two jobs allow the user the oppportunity to model
sources using identical coverage th that of the real observations. This
is done by copying the coverage data from the stored data of the real
observations.

Mode 3. ARCHIVE

ARCHIVE allows the user to copy the coverage data from observations
stored on Archive tapes. By comparing source data taken several months
or years apart the user would be in a position to test evolutionary
models. He can also gain a feel for apparent changes in source structure
that are merely the result of different coverages or receiver character-
istics. In short, ARCHIVE provides the user with the opportunity to model
sources under actual observing conditions. Note that the first 15 cards
of the original SYNNOISE deck are now omitted# Again, blank cards indi-
cate that the original intervening cards are to be included.

Card Description

16. Job card - Note that ARCHIVE is an 11 minute job.
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26. Go, Intin card — we are receiving our input data from the TAPE
unit# Since it is already available, its disposition is OLDj we
PASS it on to the program. The data set name and the tape number
also have to be provided as part of the input data#

27# GO.FTO9 card - we are putting the new data we are creating on
disk and passing it on to the INTLOOK step# We have assigned it
the temporary data set name of TEMP.

31. Include card — since the user will often have a number of scans
of each source on his Archive tape it is imperative that he also
include the scan number as part of the card data.

38.-A38Intlook card — the temporary data set is passed from the disk
with the name TEMP. This old data will be passed to the next step
if it is executed correctly or it will be deleted.

40. see 3le

4-1# Prepmap card — the data set name passed is TEMP#

Mode fct TODAYDTA

Sometimes there exists an anxious astronomer who cannot wait an ex-
tra day or two before he begins to reduce his data. Since the telescope
tape 1s recorded on the disk and remains there for one day prior to fil-
ing it on an Archive tape, a slightly different approach must be made in
order to access the coverage data. The deck on the following page shows
the formula for modeling sources as per the coverage specified on the
Today Data Set.
Card Description
16. The Job card — TODAYDTA is a 12 minute job.

26. Go.Intin card — the data set named INTERF.DUALFREQ.TODAYDTA is
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Is shared with the disk*

27#- The remainder of the cards are similar to the ARCHIVE Job cards#

The following pages show sample output of the INTLOOK and Mapping
routines# These are the most often used procedures in the Interferometer

Job Library#
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