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on either side of the instrumental plane crossing is constant, the adjacent fringes may

be used to determine the zero fringe frequency point. Furthermore, the phase at the

crossover point gives a very good estimate of the longer (day-to-day) variations of phase.

Such a zero fringe-rate is shown for sources 3C 147 and Cygnus A in Figure XI.

A fundamental quantity is the baseline factor, B (= cos d). Thus we may

write equation (2) in the form

dn dH-B • — cos 6 sin (H -dt dt

dnThe instrumental plane crossing (

dt 
= 0) gives h from sources whose positions are

accurately known. Initially the NRAO interferometer used= 48, 3C 147 and 3C 196,

since good positions are available. By the time observations commenced at the second

baseline (1500 m), longer delays were available. Thus instrumental crossover was

possible at the lower declinations — where lunar occultations have occurred; in par-

ticular, 3C 245 has occultation and optical positions in good agreement, and is a further

calibration source.

Results of determinations of the baseline factor (B) for a nominal antenna sepa-

ration of 1200 meters give

1200 
= –

A, 
• cos d

= 10,000 ± 1 wavelengths

when the local oscillator frequency is 2695. 0 MHz. A preliminary calculation of the

baseline factor for a nominal antenna separation of 1500 m is 12493. 72 ± 0. 02 wave-

lengths: the local oscillator frequency was 2694.990 MHz. The improvement in

accuracy at the longer baseline is due to a more stable local oscillator frequency, and

to improved data reduction techniques. The details of this analysis will be reported in

the near future.

Since the crossing of the instrumental plane involves the determination of source
hour angles to an accuracy < 0.4 sec time, right ascensions may be determined to the

apparent
same accuracy. Of particular interest is theAdiscrepancy between the optical and radio

right ascensions of 3C 286, which supports the observations on the Malvern interferometer
(at 610 MHz) [12]: this discrepancy is approximately 1.3 seconds of time, assuming the
optical and radio position correspondence for 3C 48, This has yet to be confirmed.

(13)
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VL SYSTEM STABILITY AND FIRST OBSERVATIONS

a) System Lailit

First observations of fringe phase and amplitude stability were obtained by

observing 12 sources as they crossed the instrumental equator. All sources gave

fringes with signal-to-rms noise ratios > 10, to permit the time of the peak of each

fringe to be determined., Since maximum day-to-day phase shifts were < 90°, it was

possible to identify each fringe uniquely and hence to determine short and long term

phase drifts. Short term drifts are those which occur over a few minutes, and include

the effect of receiver noise. Long term drifts are the random day-to-day variations

which occurred over the 10 consecutive days of observations. Figure XII shows the

rms phase fluctuation for each source, and appears to indicate a diurnal cycle in the

magnitude of the fluctuations. The magnitude of these fluctuations increases through-

out the day to reach a maximum in the early evening, which is in agreement with ob-

servations of tropospheric radio path fluctuations [13]. However, this correlation

should be treated with caution until further results are available.

Average fringe amplitudes during this period were found systematically to

decrease by 20 percent in 10 days but this was largely the result of a reduction in the

gain of one of the parametric amplifiers. Better amplitude stabilities have since been

obtained.

Several experiments have been conducted on the stability of the RF and LO

sections, and these have indicated phase variations < 20
0
 in 24 hours.

b) Transit Observations

Table I shows the visibility amplitudes for radio sour ces observed with the

NRAO interferometer. It has been assumed that the visibility amplitude of 3C 147 is

unity, so that other fringe visibility amplitudes are given by

A = 9 S
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where x fringe amplitude (mm on chart),

s = total flux of 3C 147, and

S = total flux of measured source,

The values of A determined from fluxes measured by Kellerman [14] are

designated Am . Values of A determined from fluxes measured at NRAO [15] are

designated A
NRAO*

Using NRAO flux measurements at 2695 MHz, the sources 3C 48, 3C 119,

3C 161, 3C 196, 3C 279, 3C 286, 3C 295, and 3C 345 appear to be unresolved.

These results appear to be confirmed by first results of delay tracking. No NRAO

flux is available for 3C 245. Source 3C 273 gives a visibility amplitude of 0.86,

which is in good agreement with that calculated from the lunar occultation results

obtained at NRAO at 11 cm by von Hoerner and Keen (1964). The occultation gives

the fluxes S
B

 = 30 ± 5W m -2 Hz- 1 and S
A

 = 9 ± 5W m 2 Hz-1.

Sources 3C 274 and 3C 461 have been observed at equator transit, and with

some fixed delays. Both sources give visibility amplitudes which vary with delay,

and in particular 3C 461 gives a very interesting result: it is found that when a very

long delay is in the eastern arm of the interferometer, the visibility amplitude is too

large (by a factor of two) for 3C 461 to be a 4 minute-of-arc disc. A possible explana-

tion could be a fine filament or ridge, which would be in agreement with the large phase

change at shorter E-W spacings observed by Moffet 1161 9 and at shorter N-S spacings

by Maltby [17].

C) Comple_te Dela_Ty_L_tacking

In order to illustrate the potentialities of the method, a compressed record of

a complete delay track of 3C 405 is shown in Figure XL This yields information on

the brightness distribution along the elliptical arc corresponding to 6 40
0
 for a

nominal interferometer baseline of 1200 m (Fig. III). Figure XIII shows the positions

of visibility amplitude maxima and minima from Rowson at 10. 7cm(R), Lequeux at

21 cm (L) and NRAO at 11 cm (N). Maxima are marked X and minima 0. There is :not
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yet a track for the nominal baseline of 1500 mo Moffet [18] has indicated that the

separation of the two components increases with resolution at 10. 6 cm; it is possible

to interpret Figure XII in the same way, but apart from the probable existence of a

"bridge" between the two main components, too little data is available for further

interpretation.

VII. FURTHER DEVELOPMENTS

The installation of a phase lock loop in the local oscillator path f19] and a

70 °K parametric amplifier will considerably improve the interferometer performance.

At present, however, too little is known about the phase and amplitude stability of the

system (including the atmosphere) and some extensive stability studies will be under-

taken in the near future.

A method of correlating the signals entirely by digital methods would be to

heterodyne the IF signal from each antenna down to video frequencies, and to pass the

video signals through a low-pass filter (frequency range zero to B) prior to clipping.

This procedure is similar to that of Welnreb [20]. The two filtered and clipped signals

are now sampled at a rate 2B, and corresponding points on each sample multiplied

together. This process is then repeated with one or other set of samples delayed. The

products for each delay are then added separately over a discrete fraction of a fringe

period (for a given number of sample products, n). This gives points on the digital

fringe pattern. Thus, the fringe pattern will be digitally reconstituted if the sample

products are added over times small compared to the fringe period but large compared

to the sampling interval. Since we are now considering digital signals, the problems

of amplification and transmission are a standard communications technique. There only

remains the problem of synchronizing the two "records". The delay in receiving the

digital record from the "distant" antenna presents no problem if there are facilities for

storing the digital record from the "home" antenna until the "distant" pulses arrive.

One of the difficulties in the use of clipped noise is the retention of fringe amplitudes.



- 20 -

The unclipped amplitudes can only be deduced from the clipped amplitude and a know-

ledge of the system noise temperature. The method is considered in considerable

detail in an internal report [21]. This method is particularly useful for interferometer

observations of spectral lines, since the autocorrelation receiver may easily be con-

verted into a cross-correlation receiver.
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APPENDIX I

R(T) = I f(t) • (At dt
-00

The fourier transformation of R(r)

G(w) = ejC". dT [f f(t) • f(t T)

= I I At) - T) eiwTdt di-

Let t = t and T = t - T.

Then G(co) = f f f(t) • f(T) ejw(t T) dt dT
t T

= f(t) eiwt

LT

f f(T) e -jc°T ctri
t

F(co) • F*(-co)

= IF(co)1 2 if F is real.

Hence G(co) is the fourier transform of R(r).
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APPENDIX II

If a broadband IF signal is transmitted along a dispersive cable, the relative

phases of the component sine waves change as the signal passes down the cable. If

two such signals pass down equal lengths of cable, correlating the broad-band output

signals would result in zero output if the length of the cable were correctly determined

for the given dispersion characteristics.

In the NRAO interferometer the IF return cable (from each antenna to the cor-

relating point) has the dispersion characteristics shown in Figure XIV [22]. Since the

IF response falls off rapidly below 2 MHz, the maximum differential delay across the

IF band is less than 14 ns for 600 meters of cable. This corresponds to a phase lag of

approximately 10° at the low frequencies, and a negligible reduction in signal-to-noise

ratio. For the longest interferometer baseline (2700 meters) the dispersion in the IF

cables to the correlating point gives less than 2 percent deterioration in signal-to-noise

ratio. The method of calculating this quantity is as follows:

The IF response is of the form

C°2 
sin 

(
2 cos (.2+ 

Consider the (rectangular) IF passband to be divided into many small passbands

of width b (see Fig. XV). Since we are only interested in the difference in delay across

the band, we subtract the shortest delay (at 12 MHz) from all delays determined from

Figure XIV. The differential delay for each small passband-center is determined, and

all individual narrow-band responses are summed to obtain the total response.

it°2 

2



F
n =

Figure XV

27r
27r n - —

1

2

n N

AF
n

Total response =

n = r

For b = O. 25 MHz and a rectangular IF passband from 2 to 12 MHz

48

Total response =

71-

40
sin 4 T1 n IT

ir
cos —

4 

(2n - 1) • r
n

L...., -4 Tn.
n = 9

where 4. 84 x 10-3 000398.T 

n 1

n — 0.252
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TABLE I

PRELIMINARY FRINGE AMPLITUDES ON THE NRAO INTERFEROMETER
(June-July 1964)

X = H. 1 Cill b = 1200 m

Source Approx.
eObserved Fringe

Amp mm
A ANRAO Comments

3C10 ...... __ WO 0=

3C 17 ...... ....... --
3C3333 2* 0.38
3C 48 6 10. 94] [1. 07] Theoretically AnT , ANRA0 = 10
3C 71 0. 5. 18 0.26
3C84 4 0.69 0.84
3C 111 Et 0. 13 0. 16
3C119 35 1. 08 1. 12
3C123 5 O. 27 O. 30

1 3C144 <1 __
' 3C 145 ....... ...... •■•• MOO

3C 147 9 1 1 Relative flux standard
3C 161 6 0.74 0.93
3C 196 5 0.87 1.10
3C218 2* 0.14
3C 225 <1 ......

--

3C2313C 231 <1 ... _ --
3C 245 2 0.90 .1.• .... Occultation model gives A c.)- 1.
3C 273 20 O. 77 0. 86 Occultation model gives A^--' 0.85.
3C 274 ..._ -
3C 275. 1 <1 ....... --
30 279 4.5 1.26 1.01
3C 286 7 0.83 0.99
3C287 2.5 0.73 --
3C 295 7 0.82 0.99
3C298 1.5 0.81 --
3C305305 '-<1 __
3C 345 5.0 1.13 1.17
3C348 1.5 0.08 --
3C353353 __ ....... •••■ .1.

3C 380 6 0.91 0.90
3C405 105 0.16 0.23
3C433 ..._ __ .......
3C 452

Equ.tdr ---ri3C 461_
D el . ‘ 35

.......
O. 006
0. 03

......
0.008
0. 04

1 1/2 hours W.
5 1/2 hours E.

3C465 __ __ ...._
NGC 6946 ...... __ .....
NGC 7027 1.51 -- 0.35°
Jupiter OW MI WWI= ris Ma

()From approximate flux communicated by T. K. Menon. * Denotes noisy records:
Fringe amplitude possibly an underestimate. $ Analog record reduced. ANRA0 rep-
resents amplitudes based on relative flux measurements at NRAO at A= 11. 1 cm.
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