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"Now was the day departing, and the air 
Imbrown'd with shadows, from their toils released 
All animals on Earth, and I alone 
Prepared myself the conflict to sustain  

I 



Th . hook requires no scientific background of its readers. 

Here is one of the most readable of all the great classics of physical 
science. 

It will impress the modern reader by its surprisingly contemporary 
viewpoint. 

It is difficult to conceive that anyone in-
terested t , the sciences would not profit by studying this monumental 
work. 

Unabridged, unaltered 

Try your n.estai agility or such r'igertious puzzles as The Spider's 
Cousin, 

This non-technical study of modern scientific theory offers many un-
usual insights into the problem of correlating reality with various 
theoretical structures set up during the post fifty years. 

More than AU papas are devo.ud to meq c 

"How refreshing it is to find a man of undoubted eminence actually 
asking and insisting upon certain simple queries such as have been 
repressed for so long," 

The standarl account el

tM various cults, quaek srs»wes and delusions which have recentty masqueraded as science: 

"Ast extremely Ingenious beolt which abounds in problems that will 

keep the render busy for hours,' MANCHESTER GUARDIAN. 

"Not only an amusement but a revelation . . . ."—THE SPECTATOR. 

"The best miscellaneous collection stf ►tte kind . . . ...—NATURE. 
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2. 

§i. THE ACTT NNA 

a) The basic element 

The basic "unit" or "building-block" of the antenna is an E-7 row of 5 

half-wave dipoles. The dipoles are parallel to the N-S direction, spaced 0.9 A 

€part E-V, and are situated 0.125). abnve a reflecting screen. The ipoles in such 

a rou are fed in phew from a balanced transmission line, onto which they are 

coupled at intervals of 1.0). through flOr ble twin lend. A balance-to-unbalance 

transformer is placer .~t the centre of each row to effect the conversion to 

coaxial cabling. The row is colloquially known as a "line of 5". 

b) The E W arm 

The g-W arm consists of four long rows of dipoles spaced 0.5 A apart in 

the N S direction. nch of these rows consists of nine of the basic units, i.e. 

of l5 dipoles. The feeding system in each E-W row is of the "Christmas Tree" 

type. Each unit has a grading attenuator at the balance-tn-unbalance transformer, 

and the units are then combined in three groups of three. 50 n coaxial cable is 

used. throughout. The balance-to-unbalance transformers match the units to 50 n 

at the unbalanced side, and the outputsof the :1 junctions ore re-matched to 

50 O. A second 3:1 junction and impeTnce matching n'oce'ure brings the whole row 

of 15 dipoles into a single coaxial cable, which is taken to the rhasing network 

at the crossover region. 

The input to the phasing network, which is located at the refni era.tor 

at the crossover, is therefore four coaxial cahles at 50 each. These four are 

combined in the E-N phasing device to produce eight beams centred on different 

declinations. Of these eight, two are v-y rarely used, being below the north 

Celestial Pole or very close to the horizon. 

A coaxial relay bank activated from the control trailer is used to 

select the desired E-W beam, the signals }hen passing through a crystal filter 

whose centre frequency may also be selected from the control trailer, a valve 

preamplifier, and along a single long coaT-ial cable to the trailer. 

At the trailer, the signal from the F-7 arm rases throurth a 4:1 

divider ; it can then be combined sepnratel with four different N S beams. It is 

usual to employ a~ set of N--S bears with that E-W beam giving the greatest for.rard 

gair in their r~iroction. ` 

o) The N-S axe 

The N S arm consists of forty—eight of the basic units spaced 0.5 A apart 
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3. 

in the N-S direction. The arm runs to the south of the 
arm, ̂ rd the four most 

northerly units are shared with the E- arm. To achieve this, the 
no'rer from these 

units is split by a hybrid ring circuit at the 
balance-to-iin!& ance transformer 

so that identical in-phase rowers are fed into the E-!T and N-S f ee''er sy st ems. The 

phase path through the hybrid ring circuit is compensated in the feeder 

arrangements of each of these units. Each unit is connected directly to a 50 

coaxial cable, and the forty-eight equal cables are taken to the control 
trailer 

separately. The grading attenuators for the r?-S arm are located Ir the control 

trailer, at the input of the N-S phasing network. 

The N-S phasing network combines the I~8 nruts to produce 64 beams 

at different declinations. Of these, 13 are semi-reundant because they are 

directed below the North Celestial Pole. The N S phasing network is colloquially 

known as "Rookery A". The 64 outputs are brought out on a panel in the control 

trailer, and are selected manually. Unused outputs are terminated in 50 0 

coaxial loads. 

Schematic diagrams of the feeding arrangements described abnve 

are given on the next two rages. 

d The relative phases of the two arms

The relative chase of the '-S and E arms must be mairtaired as close 

to Oo as possible for all directions of the antenna beams in use, in order that 

the "DC" com J.Onent of the antenna response be maintained with the correct 

amplitude for the synthesis of the aperture to which the T is quIvalert. If the 

two phases were different by some chase arrle m, the DC component, which is 

derived by phase-switching the units in the "overlap" region of the two arms 

against themselves after splitting their power it the hybrid rjnry cir i.ts, would 
be reduced by cos 2  relative to its correct s_mnlitude. To compensate "'or slight 

departures from cp - 0 which arise as the antenna beams at different decl~.nati.ors 
are used, or as crystal filters centred on different freciuene es are switched in 
and out, small lengths of cable are inserted in the outputs of the NS phasing 

device and of the 41 divider in the E-W cable, as required. Tt is essential to 
maintain 0 for a correct representation of the slay i_n background work ; In 
radio source studies a significant departure prom =,0 wiU cause a deterioration 
in the achieved signal-to-noise. This point will be "iscussed more fully in the 
sections on the theory of the antenna and on the prkctical operation of the 
instrument. 
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e) The White Lake Dipole 

The calibration of the absolute gain of the 'T' system can 

in principle be carried out by combining observations of any radio 

source made with the 'T' In its normal manner with observations of the 

same source made with the E-W and N-S arms phase-swi.tehed. in turn against 

an aerial of known gain. The White Lake Dipole is en attempt at 

providing suoh a comparison standard, and consists of a single-wire 

half-rave dipole 0.125 X above White Take. A single coaxial cable comes 

from the dipole to the trailer, balance—to-unbalance conversion being 

carried out at the dipole. No attempt has been made to equalise phase 

paths between this dipole anal the trailer, and the arms of the 'T' and 

the trailer respectively, with the result that a slightly more 

complicated observational technique is needed. This will be described 

later in the section on calibration of the antenna. 

~22. TN  '' AEClslv S. 

a) Total--power receiver 

The Dicke-switch form of total-power receiver is used. In 

this system the radio-frequency power to be measured is presented to the 

receiver alternately with the power from a laboratory reference by a 

crystal diode switch driven with 300 c/s square-waves. The 300 c,/s 
reference is also used to drive a synchronous detector at the audio stage 

output. 

In practice the power to be measured is connected to one side 

of the RF chageover switch, and the other is terminated in a 50 R load. 

The receivers available for the main_ stages of RF amn11f .cation are 

oomr;unieations receivers w'th input ..noise temperatures that are excessive 

for radio astronomy purposes, and so these are preceded by transistorised 

preamplifiers with acceptable noise figures. (The typical effective noise 

temperature for the transitorised preamplifiers is Txs sa 300°K). 

Ia conversion, amplification, and AF conversion are ochicved in the 

communications receivers, and the audio signal passed to sep're:te chassis 

for AF amplification, synchronous detection, and DC amplification an 

integration. AGC is normally applied throughout the total—no- er 

receivers, as the non—lInear output ,response this introduces can be 
calibrated easily by replacing the antenna cable with a diode noise 

generator. 



5. 

The DC output of the receivers is several volts and is suitable 

for driving a recording milliamreter of several kilohrns impedance. 

The transistorised preamplifiers will admit interfering signals 

which can beat against one another to synthesise a 10 Me signal, and the 

total-power receivers must be used w-_th a crystal filter network ahead of the 

picke switch, in the sinai cable. Placing a crystal filter after the iicke 

switch but before the preamplifier is only partially effective, as large 

interfering signals may stall beat into the passband. of the filter through the 

harmonic siv?elobes of the reference 300 c/s square waveform. 

The total-power system is suitable for routine riometric 

observations, for which it is customary to use the N-S arm of the 'T' as an 

antenna, selecting the output o£ theN--S phasing device which produces a beam 

on the zenith (Output $0), It may also be emrloyed for observations of sources 

with the E a fan beam, by connecting it to one of the four outputs of the 

splitter it the E- arm. In this case it is rot necessary to add a crystal 

filter, as the F—'V arm is filtered at the crossover (see §1b). It is also 

suitable for carrying out measurements of cable attenuations, losses In 

lumped circuits, gains of nreemplif iers, noise generator calibrstiors, etc., 

for which purpose it forms a detector of greet sensitivity. 

A block diagram of the total-power receiver is Iven m the 

following page. 

b) 1$0° - switching receiver (Phase-switch' 

In order to synthesise the desired apert re "rom the combination 

of signals detected by the two arms of the 'T', it is necessary to multiply 

the voltages appearing on these two antennae. It is shown in the theory of the 

receiver ( ) that this can be achieved by attaching the two arms to the 

inn is of a Rvle-tyre phase-switching receiver. 

In the 10 ?c system, the output of the N-S arm is taken through a 

crystal filter to the 2,•1 junction of such a receiver, and the output of the 

L-W arm is taken through an RF crystal diode switch driven by a 300 e/s 

square waveform wh&se two rositions introduce path lengths of d and d A/2 

in turn. The length d is arbitrary and is compensated for in the path 

inserted in the N-S arm. The switches irtro'uce some dB loss, and must be 

inserted in the F.-W arm side of the set to ortr~is rtjgnal--to-noise. The 

overall signal-to-noise nerf rmance of €` nhase-*witched rece-ver is optimised 

when the signals presented to the switched and unswitched sides are equal 

(provided that both of these are well above set noise), and so it is 

arranged that extra attenuation is introduce' into the E—V arm cab'e to balance 
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followirn 

the loss in the N—S side. The effective loss in the —7 feeder system is 

much less than that in the ?°-S because of the presence of the preamplif1er 

at the crossov=er ( 1b). Under typical operating cord tiors some 12 - 11- did 

must be inserted into the E-W arm output, and this is usually dose 

immediately before the Z4.:1  spU tier. 

After combination in a 2:1 matcher, the signals pass throu'h a 

transistorised preamplifier and into a receiver which is essentially the 

same as for the total-power cc e. The corn unioations receivers are 

presently Eddystone 6 0X or 9►+0 models, and it has been found thot their 

frequency stability is inadequate, especially if the ambient temperature is 

liable to fluctuate. Receivers L 2, 3, end 4 are there4'ore provided with 

crystal-controlled local oscillator power. The crystal may be selected for 

operation at 10.01, 10.02, 10.03, 1O.Q4, and 10.05 Mc, and the selector 

switch simultaneously selects the avpropri€ate filter at the crossover 

for the E—W arm. The filters for the 1-S arm must be changed manually in the 

control trailer. 

AC is not annlied in the phase-switching receivers. The gain 
and zero level stability of the receivers is excellent under normal 

operating ennd.iti.ons, and the d.isadvanta ̂ es of AC far outv^eigh the 

advantages for phase-switched operation, in an A(C system, the gain i® 

non-linear function of the total power received, which means thst there 

a diurnal variation of receiver gain as the beam is scanned scross the 

Galactic Plane. Furthermore, the stronger sources, such as Cas A, Cy{ A, 

V r A, Tau A, etc., will cause gain reduction as they enter the be"?'i. This 

makes analysis of the recor{'s extre ely tedious, and: causes greet 

inconvenience in calibrating source transits at low galactic latitudes or 

transits of or near bright sources (see first edition). An A(C-less 

system with frequent verification of the calibration has bee" found to be 

very satisfactory, and is now regarded as standard for phase-switched 

receivers. 

A bank of capacitors totalling 200 µF is available for 

connea .on to the built-in Integrating c±rca. its of the phase-switcched 

receivers, to provide any Integration time up to 20 minutes. At nost 

decl i nations of the beam, an integrstion time greater than 5 minutes may 

not be used without loss of resolution, and an interration time of 0 

seconds has been found very suitable for creak source observatiors under 

good conditions. 

A block diagram of the phase-switched receiver is given on the 

iRe 
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7. 

c) Conversion of 130°-switching receiver to total-power. 

Only two Dioke-switch srranhements are avr~ilahle for the 10 Mc 

system, and it is sometimes neceAsary to convert a 130°-switching 
receiver 

to total-power operation. This is rea9Uy achieved by taking 
the two 

inputs of the receiver to the output ports of a 2:1 matcher, or to the 

sync etrieal ports of a hybrid ring circuit, and connecting the s~.gn:al to 

be measured to the inrut port of the matcher, or to one of the 

a.syrLmetrical ports of the hybrid ring. This arrangement is then precisely 

equivalent to a nicke-switch, excert that the loss of the 2:1 or hybrid 

ring is introduced. This is of course calibrated out if the receiver is 

calibrated by replacing the power to he measured with a standard noise 

generator, and calibrating through the 2:1 or hybrid, and will not cause 

loss of signal-to-noise if the signal is well above receiver rose. If 

the signal is comparable with receiver noise before the 21 or hybrid 

is introduced, this system does cause reduction of signal-to-noise in 

the receiver output, and an actual Dicke-switch is to be preferred. For 

most applications at 10 Mc this is however unimportant. 

d) Aerospace receiver. 

A total-power receiver built into a single chassis acrd provided 

with an automatic built-in calibration cycle is now available for 10 Mc. 
This is :intended to replace the receiver using the GR-17 communications 

receiver for the routine riometer observations, and a full "escrip-Ion is 
given in the Aerospace instruction manual. This receiver is of course 

suitable for any of the applications 'escribed under §2a. 

1 

*3. RECORDING AND TIME- ,F NG; 

a) 'vershod system. 

Four '`vershed recording mil l i a.M^ et 'rs are av ilahle for cornex1.on 
to any receiver with DC ouput at a few volts and a few kilohms imnedanee. 
The clock mechanisms of these recorders are driven by 60 o/s

sD
 generated 

in the main observatory building and carried to the 10 ''c control tr^~i.ler 
by land-line. This sidereal rate power is amniified to 120 volts at the 
10 Mc trailer. The Evershed charts are run at . inches/sidereal hour, so 
that the printed scale reads the passage f sidereal time directly. 

The gnershed recording system is a smrie pen galvanometer, and so 
the scale is slightly non-linear acro s the raper. This non-linearity is 
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taken out by printing a non—linear scale on the chart raper, and t s scale 

must be used for the reduction of observations. The non—linearity across the 

chart amounts to 10 per cent. 

b) Esterline—Angus system 

One single—track SSA recorder is available for 10 Mc work. It is 

a multi-range servo recorder F pith a 1i rea.r scale, and can he used with any 

receiver. It is usually also driven by the 120 volt sidereal rate power. 

Time-keeping on the chart may be achieved by connected one of the two side pens 

to a sidereal rate pulse generator which is rormally kept with receiver }5-

c) Philips multipoint system. 

This is a 12-channel se^uentially printing wheel type recorder 

and it is intended that all 10 "c observations be recorded on this 

eventually. Details from John Galt. 

d) Time-keeping. 

The N-S arm of the 'T' clinbs a hill to the south, and the 

effective zenith of the array is at 5 520 06'. Throughout these notes 

"zenith" will be taken to mean "effective zenith" unless the contrary is 

explicitly stated. 

The F-.W arm is also built on a slope, and to compensate for 

this it is skewed. The effective merdian of the instrument is at HA. 

0? 36s. "Meridian" will be taken to mean "ef eeti,ve meridian" henceforth. 

No clock power is generated at the site. The frrq'e cy stability 

of power frog either of the on—site diesel generators is atrocio is, and 

recorders, clocks, etc. should only be connected to on—site—generated poser 

in case o£ rower failure at D.R.A4d. Sidereal Power generated at D.R.A.O. 

is sent by land-line to the trailer, and is used w'thout anrliflcation to 

drive a numerical rotary* cloak. This clock is run g:'6 fast .rel-tivo to "true" 

sidereal time, and keeps the .A. setting of the 10 "e beam centre, It is 

independent of the sidereal rate rower amplifier in the trailer and will keep 

going during diesel shut-down periods. A solar clock s also run on rower 

from D.R.AQO. and Is set to F'aoific Stan'ard Time. ecorder charts are 

normrlly synchronised to the '.^. clock. As the recorder rives are supplied 

through the sidereal rate rower amplifier, these stop during diesel shut-down 
and must be re-synchronised after the diesel is re-started. 
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In this section are assembled some numerical parameters of the 

system which are occasionally relevant. 

a) Dipole elements 

MEAN SEL$fPEDANCE ABOvs SCR IJ (3€36 ` a! + (6 + zF.)j ohms 
END. FIRE MUTUAL COUPLING IN "T" (137 ~ 17) + (220 + 80)3 ohms 

RROAT)SIDE RY UAL COUPLING IN "T" (-1 ± 1 ) + (1+0 + 6)3 ohms 
FIRST DIACONAL COUN',ING IN "T" (11 + 22) + (22 + 7'3 ohms 

b) Wanner leads 

MATCHED LOSS BETn6'Et DIPOLE AND OPEN—WIRE LINE 0.17 dB (theoretical) 

c) North—South Arm 

LOSS IN COAL RET!.VEEN BALUN AND RKA 5.9 dB approx 

AVERAGE  LOSS IN CTRAT>ING ATTENTIATORS 7.6 dB 

AVERAGE LOSS IN ROOKERY "A" t.5 dB 

OTJTPtf P PERATURE OF NOISE AT RA 1500 - 3000 ° R typically 

d) East—West Arm 

LOSS R1;i^'ii i AIJUN AND FIRST 3:1 2.1 d approx 

AV`RFAGE LOSS N ADTNG ATTENUATORS 7.1 dB 

LOSS IN O1 T LONG CABLES 6.9 dA 

TNPUT NOISE TEMP OF VALVE PREA!JTP 14 OO K 

AP1 RORIMATE GAIN OF VAL'?' PR? AMP 30 dB 

LOSS IN CABLE FROM CENTRE TO TRAILER 5.7 dB 

$XCESS LOSS OF 4:1 SPLirra'k 

e) Receivers 

TYPICAL LOSS OF CRYSTAL FILTER 

TYPICAL LOSS OF 180° SWITCH 

IPT'TPtjp NOISE TEMP OF TRANSISTOR P/A 

TYPICAL GAIN OF TRA'SIs"rOR PREAMPG 

IPITERMEDIATE FREQPNCY 

1') White Lake Dipole 

LOSS OP LO^*" COMIAL CABLE (1966.3) 

AVERAGE r`OTSE TEMP AT TALLER 

0.3 dB 

3 dB 

3 
6000! 

30 dB 
141+5 kc 

12.7 dB 

35,000 °X 
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TABLE I  T-AN E ;A GRADING 

Element Attenaator 

N-S 1 hybrid 

ARM 2 hybrid 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24. 
25 

26 

27 

hybrid 

hybrid 

+6.0db 

+ 6.0 db 

+ 6.0 db 

+ 6.0 db 

3.09 db 

3.18 
3.28 

3.35 
3.1+6 

3.63 

3.72 
L+.01 

1{..17 

1+. 66 

4.92 

5.25 
5.56 

5.86 

6.40 
6.71 

.- 

7.50 

7.96 
8.51 

9.-'-' 
9.66 

Relative 
Voltage 

501 

.501 

.501 

.501 

.990 

.979 

.968 

.961 

.91+9 
.930 
.921 

.890 

.871+ 

.81+9 

.826 

.802 

.772 

.71+5 

.719 

.676 

.652 

.621+ 

.596 

.565 

.530 

.1+95 

.1+64 

Element Attenuator1 Relative 
Voltage 

N-S 28 j 10.24 db . 1+35 

ARP~i 29 1; 10.64 .1,15 

30 l; 11.51+ .374-

31 12.21 .346 

32 13.04 .315 

33 13.84 .287 

34- 14.97 .252 

35 j 15.1+0 •22+0 

36 15.92 .220 

37 17.30 .193 
i 

38 18.21+ .173 

39 19.29 •153 

1+0 20.11+ .139 

41 21.48 .119 

42 22.67 .104-

2#3 24..01 .089 
44 25.62 .074. 
1+5 26.87 .064-
1+6 27.88 .057 

1}7 29.02 .050 

48 29.39 .01+3 

E-W 0 hybrid 1.000 

AFsd + 1 4.0 db .891 

±2 7.4. .602 

± 3 11+.1 .279 

+ 4. 24..6 .083 



. PHASING A.rr0xXS (THEoRT) 

a) brid rings. 

The phasing networks used in the 10 c system are all based on the 

hybrid ring network, which is shown diagrammatically on the next sheet. The 

four ports are connected by electrical paths of length x/4. between ports A/C, 

A/'B and C/D, and of length 3X/4 between ports BB. R'hhen all ports are 

terminated in the design impedance, A is i.o1ated. from D but not from B or 

C, and C is isolated from B, ", rot from A or D. The hybrid rings used in 

the phasing the 10 11c antenna are no nstructed in real cable, hecause of 

the great size of such a "evice when X = 30 metres, but are made up from 

compact wide bend balance-to-unbalance transformers as illustrated on the 

next sheet. The turns ratios and impedance characteristics of these wide band 

transformers arc chosen to give the four-port bsh'viour of a hybrid with a 

design impedance of 50 n. 
The property of the hybrid ring which is of eapecial significance 

for the phasing- of the 10 Mc 'T' is that it permits the combination of two 

voltages in two different relative phases, so that the two resultants are 

isolate" from one another. This property has been used in the 10 ' c system to 

provide simultr sly a large number of non-interacting feeder systems for 

both the North South and Fast-Vest antennae.. 

Consider a voltage V1 applied at B, and a voltage V2 applied at C. 

The voltage at A is made un of V1 seen through a x/4. path, added to V2 also 

seen through a X, path, and is therefore effectively (V1 + V2), multiplied by 

a constant factor. The voltage at D, on the other hand, is made up of V1 seen 

through a 3X/4 path, added to V2 seen through a X44 path, and is effectively 

(V2 - V1), multiplied by a constant. If the four torts are all matched, the 

constant is j/2r. Also, the "input" ports and the "output" ports are isolated, 

so that V1 is isolated from V2 and k.(V1 + V2) is isolated from k.(V2 — V1). 

b) "Nests".

A "nest" is a group of four hybrid rings connected together to 

rermit the combination of four different voltages in four different relative 

phases, with the same Isolation properties as found with a hybrid ring. 

The electrical paths between the four ir•rut rind four output ports 

of a "nest" are shown diagrammatically on the net sheet but one. 

The connexions between the ports of a "nest", considering only the 

excess path lengths over the shortest path between ports, are also shown. A 

"nest" could be built directly in this was, rut the mechanical construction 
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would be cumbersome compared with one based on 
h'rbrid ring networks. In the 

hybrid ring nest, no junction of higher order than a T is required. 

It has been found convenient to d scribe the 
path lengths between 

input and output ports of a nest in matrix 
terms. If the four input voltages 

are denoted by Vn (n = 0 to 3), and the four output 
voltages by Vm (m - 0 to 

then we have 

V = mnVn 

where the terms N~ reregent the losses and re1ttve phase paths between the 

inputs n and the outputs in. 9̀ o the first order, the losses will be neglected, 

so that the N will be simply the factors ex(j ) which describe the phase 

paths. The above equation expresses the rule for Multiplication of a. vector 

n 
by a matrix 

N_.n 
to derive a vector m , so that the terms N

mn 
may usefully 

be written as a matrix , hich for a "nest" turns out to be 

N 

over all * r. 

1 1 1 

-1 -1 

..-1 1 -I 

-J -1 j 

3), 

Consider the case where V1 = 1 for all n (equal in-phase voltages 
at all four input ports). Ten we find Vm 2 for in = 0, V~ 0 for all oth r 

in. All the applied power emerges from a single outrun nor, output '0'. 

Suppose we apply voltages V~ = 1, j, -1, and -3, for n = 0,1,2,T. 

Ten we find that = 0 for in - 0,1 ,2, and 
V 

= 2 for in 3. In the case 
where 

V 
= 1. -.1, -1, 3, only 

V for m = 1 is nor-zero, and in the case where 
V 1 = 1. -1, 1, -1, only Vm for m = 2 is non-zero. e find therefore that the 

effect of the nest on these four different input combinations is to bring all 

the power out at one port in each case, a different port for each combination. 
Now consider the situation where each 

n  
is the voltage induced by ra?_iation 

arriving at an antenna. If the antennae are F?entical and individually 

directed at the zenith, in 0 corresponds to the phasing of the four antennae 

to look at the zenith, m = 1 and in 3 to phasing cf the four antennae to 

zenith angles of + 3t and — , and in g 2 to with angles of + 900 a.rd 
— 900 (two horizontal beams). We have considered the antennae to be spaced 

a/2 apart in this. 

This is in essence the system which is use for the declination 

phasing of the Fast=est arm, where the four antennae x/2 apart are the four 

East—  'Vest rows. In practice it is possible to switch in additional paths pf 
lengths 0, x/8, x/4., and 3X/$ across the arm to provide beams directe" to 
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intermediate zenith angles. These beams provide extra for:ard gain in the 

r3.irections of half the P?orth—South phasing 
positions of the Nort South arm 

than would be the case if a sin^le nest were 
used. 

C) "Rookeries" 

A rookery is an extension of the nest concept in alb directions, 

to produce 2p phasings from 2p — q ante°nac. A rookery 
with q ® will be 

called a "perfect rookery". The case p w 1 is a hybrid ring, p - 
2 a nest. 

An example of p 3 was used originally to phase the ' ast- Vest arm in 

declination, but as there are only 4 indererdent '?ast-r"est rows, this rookery 

had q Li.. Four of the eight input ports were replace3 with dusmsy ?.oada. It 

can readily be seen that this procedure approx ates to correct nhasirg of 

the four antennae, but introduces "siclelohe" responses. At hale the 

junctions in the rookery, the precise cancellation and a'di.tior. of pha_~es of 

coherent signals that is required for exact rookery operetior does not take 

pi.-.ce, because some components of the coherent power are missing. Consider 

the case of a nest. Its response to (1, 

response to (1, 1, 0, 0 is (2, 1 +j , 0, 

1, 1, 1 ) is (1,., 0, 0, 0), but its 

1-. j ), in which wo have thrown 

normalisation to the winds. A perfect rookery generates no sidelobe responses, 

and as q increases from zero, sidelobes increase, approaching the 3 d.B level 

as 2 bacomes close to 211. In a practical rookery for radio astronomy 

applivations q should be kept less than 2 2. 

"fie rookery", or the North—South phasing device in the 10.03 l?e/s 

instrument, is a rookery with p = 6 and q 16. It sidelobe responses are 

typically 30 to 2-b t8 down more than 4o from the principal response, when 

it is correctly adjusted for loss end phase. In practice this 'oval of 

performance is achieved unless gross errors are present, and his may be used 

es a test for errors in setting up. 

Rookeries maintain all the rmropert'es of isolation of the antennae 

and of the output ports which are true for ,rests and hybrid rings. A typical 

"Christmas—tree" feeder system reflects a'l rower incident on the antenna 

which sloes not have the phase goaduation demanded by the feeder system phasing. 

A rookery accepts all the power incident upon the antenna and distributes It 

to isolated receiver ports without loss in the ideal case. The isolation 

properties are not of"ected by grading of the antenna, end it can be shown that 

the unbalance of powers at junctions in a rookery rroduced when the inputs are 

voltage grade<? corresponds to the amount of bead ' roaden'ng exnectecl from the 
grading. The isolation property reduced mutu&l interactions between_ the antenna 

• array elemer.ts through the feeder system, and m,tue.l couplings in a rookery—fed 
antenna should be close to those exnoctecl fro eometrv. 



(, OBSERVN( PROCEOTTRES » PENCIL BEAM SYSTEM 

a) Introduction.

Two distinct typos of observing procedure have been applied in the 

10,03 Me/s project to date. These may be called "survey" and "mutt; source" 

procedures. Some general remarks apply to both systems; these are associated with 

the phase balancing of the two arms end the use of the pencil beam calibrator 

chassis. 

b) Phase acl4ustment. 

As indicated in section 1d, the rel.t_ve phases of the two aims o: 

the antenna must be ma fined close to O0 . This relative phase depends upon 

the transfer phase of the preamplifier used at to crossover In the Tast-Test 

arm feeding arrangement, on the path lengths through the cable feeder systems 

in both arms (which are a function of frequency) and or the prystal filter 

networks used. This last is a function of receivirg channel as well as a function 

of frequency. 

The phase adjustment must be performed evcr?r time the phasing of the 

antenna is changed, and because of the derendence on the path l erigths t'irouF.h 

the crystal filters and the cables, whenever the frequency of observation is

changed and wheneve:' the receiver channel used for a riven phasing is changed. 

In practice the phase compensation required for a given antenna 

phasing, observing frequency, and receiver ch n'el has been found to vary only 

very slowly with time. The principal cause of variation is thought to be the 

unequal expansion and contraction of the i  or coaxial cables feeding the s`orth--

South arm and the crossover region, also possibly the long term variation in 

transfer phase of the croosover preamplifier. It is possible to deterri4.ne the 

phase compensation required for a given antenna phasing, observing frequency, 

and receiver channel approximately once a month, and to use tabulated values 

of the compensating cables when than_ ng fro-' one condit{ oen of the antenna and 

receivers to another. The tabulation of the compensating cabs Is made 

elpecially easy because a simrie relationship exists between acjacent antenna 

phasings for a given observing frequency and receiver, within the same r st« 

"est beam. 
The phase compensation is performed by inserting a small length of 

cable 't either the output of the North-S~uth phasl.ng network or the RF snlitter 

in the Bast= est arm fee~'er, as required for co.Ter_sation. The cable for t is 

purpose are provided in quanta of h/64 (` S c^:. In fact), and are colloquially 

know as "PCBs" (Phasing Cable Bits). If at a given frequency end ith a given 

frequency of observation, the n'th beam from the head of column of output ports 
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of the North—south phasing device requires x PCB's for the phasing correction, 
the n-1 th such beam requires x+1 PCB's. Hare a PCB length is counted positive 
if i.r4ertod in the North—South side. For example, if it is ! own that at 

10.0?_ Mc/s, receiver §3 renuirea 2 PCB's for phase comrensation in beam 9, 

inserted at the North-South side, hen in beam 12 the phase comrensation 

will be 1 PCB inserted at the :cast-"est side. 

The correct PCB for a given phasing of the antenna may be dotermted 

by sending a high-level noise r; -nal to the crossover region of to antenna 

through the cable connecting the trailer to the hybrid in the K line of the 

Fast Vest arm. Approximately 20,000,000°K of noise temperature may be 

generated at the trailer by drawing 10 mA on the "5.6K" noise geneuntor and 

putting this into the pencil beam calibrator, whose preampl'fier commonly has 

30 dB of gain. :hen this is done, a large deflexion appears on the outputs of 

all recei.verst in the "negative" sense for the phase-switched systems. The 

receiver gains may be reduced to bring this deflexion on-scale on the pen 

recorders, and the deflexion. then ma4missd by the inser9 on of different PCB's 

on a trial-and-error basis. At very little extra comnlication, an extra X/Z. 

my be inserted in the Fast= est arm cable before the 1U splitter, and the 

deflexion minimised. This provides a more sensitive phase tt 'h11ustm~ t. The PCB 

required to maximl.se the deflexion produced by the inserted noise signal Is 

that which optiidses he chase adjustment of the antenna ( n the X/1E - less 

mitttbM). A short receiver time-constant can be used during this procedure, and 

it has been found that a PCB determination for all phasings of the n:nterna at a 

given frequency for a riven receiver can be made in a few minutes. Note that a 

9r signal is not suitable Tr this adjustment because of the differential phase 

characteristics of the crystal f*lter networks within their passband< The use 

of a noise signal assures the best mean chase adjustment possible with a given 

set of cables and filters 

The PCB determination should be performed a"proxinately once a month, 

or whenever signal-to-noise seems low on the records. 

p) Pencil beam calibrator. 

The pencil beam calibrator consists of a trnnsistorl sed rreamrlif ier 

with 30 dB gain at 10.03 pc/s, op rates! from a highly stable DC supply, and whose 

output is normally connected, to n long cable leading into the nsymmetr3 cal port 

of the cable hybrid at the crossover in tI e K line of the ' ast- est arm. All 

pencil-beam observations are usually calibrated by passing a noise signal of known 

r.m.s, level through this preamr'!ifier and thereby rrodueing a strynlard (negative) 

stop on the phase-switched record. The step 's negative because of the extra A/2 

path length introduced in one side of the feeder system as seen by the noise 



generator, in the asymrietric€1 arm of the cable hybrid. The height of the 

step can be adjusted as necessary bit varying the stabilised pinte current drawn 

bur the ois . generator, but it also defends on the gain of the nreamp in the 

pencil beam calibrator. The gzin of t' is nrenmp must therefore be mon`tored 

frequently. It has been found that with the existing circu'tr y t is sufficient 

to determine the gain once every week. The gain measurerzent has been performed 

by passing noise power directly into a total— over reeetver, and then through 

the pencil-beam calibrator preamp in series with an accurately known 

attenuator which introduces a loss very nearly equal to that of the amnlifier. 

The switched attenuator boat built into the calibrator front panel has been 

used for this rurpose. if several ste 'ped seise levels are disrlayed on the 

pen-recorder of the total -mower receiver under the two conditions, an accurate 

reduction of the preamplifier ,fair. can be made by a regression 'rocedure . 

No'te that the fair_, of the crossover rre^mplifier does not need to 

be measured because the calibration s+-final is introduced ahearl of it in. the 

East-rest feeder system. The to;s of the long cable connecting the K line hybrid 

to the trailrer should be meagurei occasionally to correct for long-term 

variat.ons v1tch nay affect the aiibration height, but such variations have 

not been fouund to :,late. 

d) Lo mliga*ion.

i, beamystem The noise ;phi .h arrears o.n the output of the 

is galact_l.e noise. At all points in thy' system the "signal" noise fluctuations 

exceed those genereter1 by the receivers or by the feeder system, by no lees 

than a factor of four. Under these cond.it -ons it is easy to demonstrate that 

optimum signal-to•roise is achieved on the ,correlated eutrut when the noise 

inputs from the two arms of the antenna are rproximately equal. 'secause a 

preamplifier has been introduced in the "ast 'e.sL feeder system, the noise 

output of the RF splitter is considerably higher then that of the 'North-5' uth 

phasing device over most regions of the sky. To c wr ensate for this, a 

coaxial attenuator is inserted into the ast a lest line tmm&l; ntely ahead of the 

splitter. The value of this attenuator ( i dt3 f+r normal preampli"ier gain 

at t'_ie crossover) may be determined b7 connecting a total-  roger rmcetver to 

output ports of the North-South rhasin an pf the 5;i litter in turn (the 3dB 

loss of the tynicel .phase-•switch in the : asf~-lest site, of the receivers cancels 

the 3 dB loss of the typical crystal f r iter ir the Trdsrth-South side) and 

adjusting the attenu rvalue or eqal co 1 exions i.n the two connexions when 

a high-level noise signal is aprlled to th€, K line hybrt.n, as in PCB 

determination. The value of ';';•-is atten_;ato r is not critical to 7tthin a dB, as 
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the total power received by each of the two arms of ±e antenna is anvway 

modulated by the orientation of the Galrtxy in the recertion rattern. cross 

variations in the gain of the Area.^r at the crossover (which have not been 

observed) would need to he corrected 'or by adjrstment of t'.ts attenuator, and 

this adjustment should be checked verb occasionally. If the prenmpl' fier at the 

crossover is changed, the equalising attenuator must of course be re -determined. 

It is part of the normal operating procedure of the instrument to 

make these adjustments and general calibrations as frequently as n.eoessary, 

whatever the form of operation in use, and it will be assumed below that 

these are carried out, in particular that the antenna is always correctly 

adjusted for equality of phase rath from the two arms, at th time of any 

observation. 

) 

Survey observing procec 

en he instrument is used for survey observations, c?.etermination 

of three quint _ties is essential, i) the zero level of the reoeiver, ii) the 

gain of the receiver, and iii) to prevailing condition of the ionosphere. 

The automatic calibration timer for the rend beam system provides facilities 

for regular determi iation of he receive' characteristics. loth one-hourly 

and two—hourly cycles are previd d, each cycle cons3.sting of a) reversal of the 

phase of the phase—sensitive detector relative to the 1800 switch, rroviding 

a, measurement of the zero level of the receiver, b) the injection of a preset 

noise signal trough the pencil—beam calibrator, providing a measurers nt of the 

gain, and c) restoration of the normal phase of the switch and detector until 

the next cycle. In rractiee a restricted form of calibration has boon found 

sufficient, which is to be preferred because it occupies less of the observing 

time of the instrument with calibration procedures. The zero level of the 

receivers may be determined by replacing both antenna oahles w .th 50 ohm 

terminations and recording the output of he 'ystem. It is found that the zero 

stability of the phase—switching receivers is extremelygood and it is 

suffioient to check the zero levels in this way at the beginning and end of a 

survey run.It is extremely important to rote that the level thus obtained does 

not colresnord to the receiver output for zero correlated noise temperature 

received by the two antennae. The discrepancy arisee because the pencil beam 

calibrator continuously injects a small amount of noise into the K line. The 

correction to the receiver zero level 
for 

the contribution of the pencil beam 

calibrator must be ver-_tied daily as it is liable to slow variations. This 



correction is found by replacing the pencil beam callbrator with a 5© ohs 

termination at the trailer end of the long cable to the R line while observing 

a region of the sky in which there Is little variation of sky brigttness. 

Gain calbration may be carried out using the calibration timer with 

the phase-reversing microswitches disconnected, so that a preset negative step is 

applied once every cycle of the timer. The two-hourly cycle has been found to he 

sufficient, and at the beginning of a survey run the cycle should be acllusted with 

the knurled knob on the front panel of the tinter chassis to ensure that the 

calibration periods will not interrupt exrected source transits. 'i'Yte simplified 

form of calibration cycle has been used. for aluost all observations during 

19651f66. The present (Eddystone + Cembr: dge phase-switch set) receivers are 

linear at least up to the brightness of Cass A and so a single calibration step 

suffices for gain calibrat on. Linearity may anyway be verified during the 

setting up of a run by introducing a step ecl calibration w th the timer over-ridden 

with the cut-out switch on the front panel. 

The determination of ionospheric conditions is made by observing 

transits of easily detectable bright sources. u runs must be organised so 

that a aright source transits every few hours to serve as a scintillation and 

refraction ndicator. veep and fast scintillation are easy to detect on the 

bright sources„ giving rise to "spiky" transits and mis-shapen traces. If the 

scintillation depth exceeds about 40 per cent, weak source ohservatio^s become 

extremely unreliable and should be c_i aearcled Th detection of slow scintillation. 

fully examined for evidence 

o£ scintillation quasi-periods of the order of the time taken for a soY°rce 

is more difficult. Strong source transits rr st 

this 

transit in the beam. arose errors 

obtained under such conditions. 

Refraction may be rega 

is not strictly correct, t —  as 

ari s in the a; rparert 'luxes of records 

tek;nr two 

rea'rac' inn is 

forms, although 

only arp►rent near 

unrise and sunset (+ 90 minutes), and may ails s lace aour ce transit times by as 

more commons Tustancos have however 

k These 

anomalous refractions must be watched for on he reeord. 'Tort—youth refraction 

has two components, a virtually "steady" compo~ art of z1 sec~sp minutes of arc 

southwards at angle cp from true zenith, arising ;fror3 the gradient of electron 

density in the ionosphere with latitude, supermrosed upon which there is a 

random component which may become as large as + 9© Minutes of arc. forth-South 
refraction may only be determined by observing bri g ht sources In adiacent phasings 

of the antenna and comparing t? e amp_► Itude s in the two channels. 

Determination of the ionospheric conditions is essential if observati.o: 

much 

been 

as 10 15 minutes, although 5 minutes 

found of refractions of up to 5 minutes of time close 



taken with the instrument are to be useful, and it must he considered part 

of the setting—up procedure to ensure that stiff i ci.e'-t b r 4 ' ht sources are 

included in the run to enable this to be done. 

Gain settings and optima calibration_ heights, etc., are a funct .on 

of the galactic parameters of the survey region, and the flux dens' ti es of 

sources expected to transit, etc., and can only he set up after a little 

experience has been obtained with the instrument. "'°ith the existing equipment, 

an audio g,ain of x3, with second detector current oi' 5 0  microamps has b en 

most useful for survey runs, with a noise cali`>rat _on of 2 or 3 nut of 50 ohm 

rtiode noise avplied through a pencil beam cali'~rator gain of 32.5 dB . 

In setting ur the zero level of the recorders, it is well to 

remember that the calibration steps in the coldest regions of the sky may 

produce deflexions well below the output deflexion of the system tth 50 ohm 
terminations in both sides. 

A short programme of setting—up for survey operations may be 

summarised as follows: 

SELECT ANTENNA PH_ASTN(S FOR STJRVEY TO fTCLtTE TRANSITS OF BRIGIT SOTTIRCES 
APPROX,T!AATELY EVERY TWO HOnRS, ".TTH r'_ CIAL H ORTANCE NEAR SUNRISE OR 
S UNsi . 

2. CONNECT RECEIVER CIANNELS INTO TNS?r T AST1 GS '11TH' CORRECT PHASE 
COR{?^NSATION R~Z,..= y N ' ARMS O! THE ANTENNA. 

3, CHECK LOSS EQUALISATION RFT~/TEEN 'r ARMS ANT) CTAIIT OF PENCIL B 1_AM CALIBRATOR 
PREAHP IF NECESSARY. 

£f . SELECT RECI,i Ti R.. ( P,ITV AN 't'T 4E CO TAT TTH R° ,,•R" C^ ?'O po 'T?TON TN THE 
GALAXY OF THE SURVEY, EXPE ?D TRA T?'S OT '?" ?^" m 'CT'RCFS, AN!) INTERFERENCE 
CONDITIONS. 

5. TERMINATE INPUT PORTS OF RECI J.YL+". S TE T 50 O Rd LOADS ",' ) SE ZERO L ~Y.L 
OF P_EC ;IVls'x OTITPCITS APPRCXT! A!rELY 20 P-,n 'x"P LL SCL" O'? THE REN RECGRDER 

i. CON1 ECT RECEIVERS TO ANTENNA ANT) ESTARtI`~H SKY ''RTC.T"rTTESS LEVEL FOR A FE'
MINUTES. WHEN TTITS HAS BEEN DONE, C0 .C' -'E TCIL IiAFB C..L ^RATOR FROM 
K LINE CABLE AND REPLACE ?VITA 50 OHM ERMTN 1 TON. RECORT) NY T LEVEL FOR A 
r N'w PAI"tJTES . THIS ¶1ST BE DONS 'A LE OBE "'vi' i' '~ Its IO" OF S IY PI PITCH 
THE BRICHTNSS IS NOT RAPIDLY CHANT'rINC. ' TT N THE P TS "'Er,LaDE'!i"'RF~INT 3, 
RECONNECT PENCIL BEAM CALIDRATOR TO K LINE CABLE 

7 ADJUST TIMER CYCLE SETTING TO SPACE CALI'r RATTO S Ems£TEN E . ' CTED 
SOURCE TRANSITS. WITH "LOAD" PORT OF TIMER CHASSIS TERT:fI''ATT D IN 50 OHS 
(DIODE "OISE GENERATOR DISCONNECTED T+"ROM r --NCTT. REAM CALIBRATOR) SET tiP 
DESIRN CALIBRATION LEVEL ON bRILLIAMMETER ''TTH JV*L14 IDE S^TCH THRO'--'rN. 
SET SWITCH TO ABTO! ATIC POST ION ANT) RECO T CT NOISE GENERATOR TO LOAD PORT. 

S. SURVEY OBSERVATIONS ARE UNDER WAY. DATE CHART ANT) LABEL CHANNELS, ETC. 

9. kT END OF RtTN, CHECK STAI3TLTTY OF CAL?' kATION HEIC r BY T O'tINC OVER-RIDE 
S?7TTCH wrrB NOISE OENERATOR DT'C0' ECTEE) FROM LOAD PORT ON TIMER, AN REPEAT 
STEPS 5 AND & NOTE MEAN CALIBThAPION HErCNr ON RECORD, OR INDICATE DRTP'r IF 
ANY. 

10. C :,CK TONOSPHERIC CONDITIONS AND APPLY FEEDBACK TO NEXT GTTRVEY 



f) Multisource observing procedure. 

This is basically the same as that for survey operation except 

that a) the zero level is not usually determined or 
kept on scale, and b) the 

automatic timer cycle is not employed. The object of 
rmiltisource operation 

is to utilise periods of exceptionally favourable lorospherlc conditions for 

observation of as many transits of discrete sources as 
possible. Multisource 

observations will usually employ a higher gain setting of the 
receivers and 

consist of ̂  set of drift curves at declinations chosen to provide a 
number of 

transits of interesting sources at similar times. The runs will provide a 

determination of the level of background radiation before the transit of the 

earliest source and after the transit of the latest source suf:icient to 
define 

the levels against which the sources are observed, but no more. The zero 
level 

is not of interest as multisource runs are usually too short to be 
of value for 

the galactic surrey. A calibration Is applied to all receivers immediately 

before or I iediately after the run, or both if it is a rarticularly extended 

run. The receivers will of course be connected to the antenna nhe:sZ.ngs 

appropriate for the run with the correct phase compensation while the calibration 

is carried out. The calibration is initiated by using the over-ride switch ^n 

the calibration timer, whose timing motors are switched off. The ' emit of the 

calibration is selected to correspond '~o fie mean de'le 4on on the record o be 
produced by the source transits expected. Receiver gain should generally be set 
as high as possible, taking into eonsiderat,on the tine-constant use. 

Multisource observations, as with survey observations, should be 
arranged to contain the occasional bright .source which rmy be use" to .monitor 
scintillation and re'raction. Attempted observations o'P weak son-ces without 
knowledge of prevailing scintillation and refraction conditions arc of little 
value. 

A scheme for multisouree observations may he ,inm,arised. as follows: 

1. t)ECIDF TO PrRFORM A'[JLTISOURCE OBE J. VATIONS PROM KNC TJ1 DCF OF T2.',ND OF 
SCITFPILLATION CONDITIONS, ETC. 

2. SELECT IN ADVANCE GROUPS OF SO?"RCES FOR OBNATION, CHOSEN TO INCLUDE SCI LLATION ANT) REFRACTION INDICATORS, ANT T"ROrRJ~ E CALIBRATION TSMES. 
3. PHASE ANTej^rA FOR FIRST Sh'P OF OBSEr_VIONS AN M^TF PCB COM'F?~SATIONS, LTC. CI1ECK PENCIL BEAM CALIBRATOR (AIN, LASS "E A r ATIO, IF "!ECESSARY. 
4-. REFER TO BACKGROtn1) MAP (178 MC/S TURTLE and BALDWIN WILL b0) TO ESTABLISH APPROXIMATE TREND OF CRA"GES TN SKY rTtT B'T1JSSS DURING TItS Ru N, SELECT BTC HEST GAIN PC'SSIBLE FOR GIVBI NOISE O?I L CPD "D " PECTED PACNGR0JJNJ VARIATION, 

AND ADJUST RECORDER ?FRO SET LEVERS TO rOSITION RECORDER CHA?NELS 
APPROPRIATELY. 

5. APPLY CALIBRATION THROTTGH P^tTC17, B`'.1' CI.LTBT?ATOR, AVOTTNC. CAFTR TION ON RAPIDLY VARYTNG SKY MCKGROUND. 



6. STITCH OFF CALIBRATION TIMER AND NOISE DTODE PO'a'FR StIrPLY. 

The success of muttisouree observing depends ryostly on choosing the 

correct occasion for applying it, and on careful advance programming of the 

observations. Selection of the oalibration time is of especial importance, as 

only one calibration is applied to a 'ultisouroe run in general. Calibrations 

must avoid rapidly changing background levels, otherwise the reduction of the 

record will be reducsd in accuracy. This is extremely problematical near the 

galactic plane or the region of the galactic spur, and needs very careful 

consideration and execution. Calibration should also be applied before source 

transits near sunrise and sunset, because of the well—Down phenomena o* 

enhanced sunrise and sunset interference. This is especially important rear 

sunrise, and it is vital to obtain a secure precalibre.tion if a source transit 

is to be successfully observed near this time. itch the colour of Arex — it 

it's orange calibrate 

g) Tinning of observations. 

The timing of observations at the 10.03 Me/s site is cieterrnined by 

that at D.R.A.O. Any failure in the D.R..A.O. timekeeping also affects that at 

the trailer, and Power failures. etc. must be correcte,:i for. It is advisable 

to check the timing before observations begin everr day. 

1. INS CT CRABS FOR F.' 'CF OF RECORDER T? I ," rT r?R^ . -'r' WILL AP '! R 
IF DIESEL HAS SHUT DOW'I OR IF TROU!.LE D1VLOPS "'"TTH RECOT)! R T)RIVES. 

2. IF IN DAYTIHE, RAISE D.R.A.O. ON INT: RCOM AND ASK OR P._ ( N1 CK ON 
fiTOFRFAL 4N P.S.T. PATES ?PO'" CONTROl TOOM. 1'!'TS Cap° Bt' rrJ'I OVER 
TN P T4EPHONE B. "^ri', COrr.TtOL ROOM 'D mx>'TLE, T^ DTL TONE IS REMOVED 
BY DIALLING DTGIT 4.. 

3. IF AT NIGPT, RAISE D,R*A.O. BY ¶ LET'HOE. TO DO '19-ITS, DIAL 1.9?-5321 AND 
IMLk'1)IATELY R1'T'?ACE RECE.tvH. V"REN BELL RIN(S, \SAS' T?NIL 1).R.IL0. 
ANS"rER A*'D T T LT E'^ RFCETVEL BFMr7SEl) A.STBONt t 'RTLL NO'T BE ON (7N?FR LINE, 
D.R.A.O. RECEIVLRf CAN BE REPLACED "11ILE PERSON AT O''H k 1 1) COS TO 
CO'' R.OL ROOM TELEPEONE. 

t.. SET RIGHT ASCENSIO' CLOCK 9 MINUTES AND 36 SECONDS ANAP OF D.R.A.O. 
SIDTEL ^LOCK. 

~. SET RECORDER TIME TO TtIGHT ASCENSION CLOCK. 
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~1 REDUCTION OF RFCORBS 

This is a notoriously personal pert of any set: of 
observations and 

the nurrose of this section is merely to make some 
ge'eral indications of how 

reductions have been done in the past. In the case of the 
riometer observations 

there is a strong argument for continuity of method. 

a) Rios ter 

The charts should be labelle1 with the "sidereal d^te" at each Oh

of right ascension. Calibration cycles should be scaled off and plotted to give 

determinations of the receiver law, and adjaeiiabtcalibrations compared for receiver 

drifts. If the drift between calbrations is less than x Or !L per cent per day, 

which it should be in normal operation, the mean calibration may be 
used for the 

reduction of the iutervening data. If the drift is eycessive, the variation 

should be assumed linear, ant only those hours for ,which the interpolated 

calibration wou1:3 differ by less than 5 per cent from one or other of the 

actual calibrations should be refluced. 

The re; orb. is rear' every hour on the hour. The deflexion on the 

chart is recorded as accur$ttely as possible on the duplicated sheets of riometer 

scalings for that month, at each hour. If there is low-level interference present 

on the record but the "true" level may be ostimatec3 to within a few per cent, 
the record is scaled but the entry is made on the sheets in red instead of 

black. Hours which are lost due to heavy interference are marked with an X, and 

hours lost through equipment failure, d esel shut--down, use of the total -power 
channel for another purpose, etc., are m.~:rked "OPFr'. If an abrorption evert is 

noticeable on the record the level shay be recorded with the superfi-t 'A', for 
later comparison with 22 Mc/s riometer '?.ata. 

The calibration is then used to rroducc a second s•ieet narked 
"riometer level". This perhaps slightly ?edantic method of reduction is preferred 
because it provides a means of checking the analysis at a later date, it that 
both the measured chart deflexion ant'. the assumed c&libraticn curve are to hand. 

Future generations of 10 ": c "s riometer operators may or may not wish 
to use the 1965/66 estimates of unabsorbed level. If no importart changes have 
been made to the antenna, the feeder system, beam '0' of the ,nor+,b_`outh phasing, 

or to the noise diode generator, the 1965/66 unabsorbed level should still be 

relevant. It is thought to be fairly well defined between right ascensions 22h
and 

17h
 (he prepared however for future communications from I! .1-'.8.). 

Mrs. Baird has prepared tables for converting un-meter--corrected 

riometer levels into true abso~-ptton factors at the zenith as"unir the 

correctness of the 1965/66 unabsorbed love?, estimates. 
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The correction of the millianmeter in noise diode roger su 1y 1 

has been made relative to the portable god-" a.te1 slope -stan'ard TV B 300 

and should be accurate to + ®.5 per cent r.m.s. The miUiammeter is found to 

be non-linear near the bottom of the range, and also not to have a true/apparent 

slope of unity. The calibration curve is yen elsewhere n this volume. It is 

not known whether or not this calibration is a function of time. 

?or hysterical reasons, the calendar riots of riometer level made 

during 1965/66 are expressed in apparent mil' iaps of diode noise current. If 

direct comparison between future riometer levels and those obtained in 1965/66 

is sought this bizarre procedure should still be followed. 

Once an unabsorbed level has been assumed, determined., or borrowed 

from earlier observation., the absorption factors (defined as the factor by 

which the observed riometer level must he molt rl.ied to yield to unabsorbed 

level may be found for any hour for which riometer data e--ists . or those 

hours which are lost due to interference or equirment outage, mean information 

has been substituted on the premise ';hat mean absorption_ data s better than 

none. The mean used has been derived from the calendar riots by f1tting a lire 

through these at all dates, placing lower weigt on levels susnocted of 

containing low-level interference. The mean derived in t1;is way is effectively 

a running mean over the nearest three er four fl^ys' ohser-rations. T-o ev?.1erce 

has been found that the moan levels are internally inconsistent, and this 

procedure is po.ssibl-r the only ore which enables • issing data to be € nproxi ated. 

The absorption factors derived in this maxmcr apply to the zenith 

only, as the fan beam of the riometer is narrow in declination. T is has 

some advantages over the absorption factor th might ho der ve i `..Tom a broader 

beam which averages over the sky however, and permits the absorption et any 

desired angle from the zenith to be found if ^ model of the ionosrhere is 

assumed. At ni t the absorption should be mainly !'--layer absor ,tion and the 

correction for zenith angle has been mare assuming a layer of castant 

tniekness and density at a height of 350 km. above the antenna. The correction 

is then a geometrical correction for absorbing path length. Tvrical night-time 

absorption factors in the Penticton winter at 10.03 T!c/s are 1.05 to 1 .10, 

and the correction to high zenith angles is s^nsihly independent of the exact 

model assumed for the ionoophere ,down to s 14.00 zcrith angle. Dnyl.me 

absorption factors are more typically s 1.50 to 2.00, and this is no longer 

true. Further, daytime absorption arises s-hstent ally in the p region of the 

ionosphere, which is somewhat lower ihir the:  rok ion. !7o definite procedure 

for the treatment of daytime absorption has yet been established. ?ragmentary 

calculations on night-time zenith angle corrections have been donated to John 

Galt by A.H.I3. 



b) Pencil Beare — Source Transit  e 

The method of reduction of a source transit is the same for "survey'► 

arsl for "multisource" observations= It consists of fitting the 1aown polar 

diagram of the antenna to the record of the transit. edjust&n.g both amplitude 

f the deflexion and transit time to obtain optimum fit. In the pre setice of 

scintillation with depths not exceeding about 50 per cent, the criterion for 

fitting the polar d3.ajram is that equal areas of the record shall lie above and 

below the fitted. curve, Ten scintillation becomes extreme, some of the radiation 

from the source is scattered outside the bonm and this criterion will no longer 

be va? id . 

The method used by A.Ii.tt, for fitting the polar dia ram is as follows 

OBTAIN POSITIONS OF HALF—PO'vit POTS AND HEROES OF EAST—'PEST POLAR DIAGRAM 
IN MINT ?1 S BEFORE AND AFTER MAXIMUM. M"RK Tff:SE ON mW RECORD, C N2REING 
ON .APT3ARENT TIME OF MAXIMUM DEFLEXION. 

MARK LIGT~PLY ON THE RECORD IN PENCIL THE MEAN LiIV?t AT THE TIMES OF POLAR 
DIAGRAM ZEROES, AMA SKETCH IN BEST IMATE OF BACN ROUM) LEVEL ti DER THE 
SOURCE, TARING INTO ACCOUNT TRENDS OF T"R^CHT)ING AND FOLL() fTNG BACKGROU"TD . 

, MAKE THE BEST FIT TO THE RECORD AT HE TINES OF MAXIMS AN HALF..MAXIMrJM 
DEFLEXION, GIVING ALL THREE TIMES EQtTAL "' 'TGT1T. SKETCH IN SMOOTH CUPVE TO 
SHOW POLAR DIAGR L 

. IF FIT LOOKS METRICAL, IISPLACE THE TIME OT' MA'?2MTW T)EFLE" 'ION AND TRY 
AGAIN, STARTING FROM STEP 2. 

r REPEAT AT?3TTSTMENT OF TRANSIT TIME AND OF MAXIMUM n , 
AREA FIT. 

. RECORD: A SIDEREAL DATE 
B AMPLIT[JDE OF PEAR DEFLEXION AS A RATIO TO OFF~SOURCE NOISE 
C BEAN Nt1M1ER OF 'PRAST 
D SCINTILLATION nEPTH 
$ AMPLITUDE OF PEAR DEFLEXION' IN DIODE MA, SCALED FROM NEAREST 

RECEIVER CALTRATION, OR MEAN OF PR^CEDING. ANT) FOLLO 7TXG 
CALIPRATIONS, AS APPROPRIATE. 

F} PI≤NCIL BEAM CALIBRATOR GlUN AT TIME OF OBSERVATION. 
G RIOMETI±'8 ABSORION CORRECTION AT TIME OF OBSERVATION, 

1 TO OBTAIN EQUAL 

The observed arnpUtu'e of the deflexion is corrected to a standard. pain of the 

pencil beam calibrator, and to 0 dB of ionsonherie absorption. It is then 

divided by the gain of the antenna in the dirnctior. of the source, aUowirn for 

North—South refraction, and corverted to a u=- through the calibration known 

for each phasing of the antenna in terms of flux units ncr diode mil Tamp. 

c) New Sources - N.P.C. list 

The 1 965/66 observations have produced s number o£ sonrces n-t 

identifiable with any in catalogues prepared at htr:her quencies. The search 

for these on survey records is an important part . f the analysis, and any 
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run showing small scintillation depth should be carefully scrutin 4-sad. for 

uncatalogued. sources. Transparent overlays showing the polar diagram of the 

antenna at ifferent declinations, on the time—scale of the recorder chart 

drive, are a verq useful accessory when making a source search. The determination 

of refracti©n is of course extremely important when a "new" source is found, 

and 

possible refraction effects should be corsic?erc when attempting to make an 

identification in the Z C catalogue. New sources should be secrehed for in 1}C, 

in the Parkes catalogue, the NRAO catalogue, the ?8 2fc/s (Camf?ridge) catalogue, 

and also in Abel.1's catalogue of rich clusters of enlax _es. If both si.rrvey and 

multisouree observations are being made, it is important to include new sources 

in the multisource programme, and much can be gained by inspecttng eve ry survey 

run of suitable quality for new sources and immedately including these in the 

multisource observing. As only about one night it four is su1tah?.e for 

observations of extremely weak sources, the keeping of a curiosity list enables 

best use to be made of the observing time on the instrument. 

d) Pencil beam — Background and Ixtended Source 

Sources whose transits appear broac?er than the antenna bears 

need special treatment. Observations of peak zeflexio^s it acLiacent p_hasings of 

the antenna allow North—South angular diameters to be derived, and most of the 

the extended sources observed With the instrument may be assumed to have 

(auss1an profiles in each oo--ordinate. The procedure for deriving fluxes is 

similar to that for point sources except that the integrated flux under the 

transit curve is required. This may readily he normalised to the calibration 

curve for paint sources if a "aussian profile Is assumec for the source, and 

all that is necessary is to determine the half-width of the transit profile (or 

the declination profile) and the peak deflexion, to make an adequate correction_. 

In the case of a source such as 31, or of en al erptior feature such. as the 

Rosette Nebula, the feature may be trrat&1 
as a. background feature and 

converted into brightness temperature contours in the reduction. The distinction 

between a point source tyne of analysis in r=h' eh the flue; scale Is used 

directly and an extended source analysis is largely ore of convenience only. 

The procedure for analysis of t+,.e -"?-c' is ' cekrrownd_ sa'rveys 
is extremely straightforward. The record is scale' every 

semi —half power beam 

width, including calibration steps. rsaeh oal.hrntion step Is subtracted From 

the interpolated background at the tine of csl 'ration (a linear rterp 'lation 

suffices for nearly all circumstances') and a moon calib 'etion i_s derived "or the 
run. The calibration heights are inspected for systematic drift, and if such is 

found, the record. deflexions are reduced with reference to the c? osest cal. ibration. 
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run showing small scintillation depth should be carefully scrutinised for 

uncatalo_-sued sources. Transparent ovea$ays showing the polar diagram of the 

antenna at different declinations, or the time-scale of the recorder chart 

drive, are a useful accessory when maki_nr, a source search. The determination 

of refraction is extremely important when a "new" source is suspected, end 

refraction effects must be considered when ats:.empting to find an identification 

for a source. The catalogues which have been used for finding sources are LC, 

the Parkes catalogue for declinations 0° to +20°, the '. .". catalogue, 

anti, the 38 etc/s (Cambridge) catalogue. A significantly ha_gh identification rate 

has also been found in Abell's catalogue of rich clusters of galaxies. 

~) Pencil beam - extended sources. 

sources whose transits are :roader than the Easy ,lest polar diagram, 

or which appear broadened in declination from observations of transits in 

adj^oent phasings of the antenna, should be catalogued separately from discrete 

(un broadened) sources. The flux scale established for point sources may be 

applied to broad sources ;f a correction is made for the effects of beam 

broadening. The peak deflexion of a source may be corrected to en integrated 

deflexion if it is assumed that the source shows a gaussian profile (which need 

not be circularly symmetric) using observations of ep rent half-width in the 

two principal planes only. The relation 8 0, + 9? where 9a 
s 
are the 

angular half-widths of the apparent deflexion, the ?beam, and the source, may be 

used. to derive the correction, making the assumption that all profiles are 

Gaussian. The ratio of 08 to 6b corrects the flux density, and Os is the angular 

diameter of the sourceg For sources whose angular diameters exceed about 1°5, 

0a is quite easily measurable, and 0s can be leri_ved from the experim*aa ita., 

For sources whose angular diameters are less than this, Oa 
is harder to measure 

and it may be necessary to assume a value for ®s in order to correct the flux 

density. 

Background records. 

Pencil beam background records are scaled every semi-half-power 

boamwidth, including calibration steps. Each cal-Lhra,tior step is su" tracted 

from the interpolated background at the time of calibration ( e linear 

interpolation suffices in most cases) and the step heights are insnected 

throughout the run. 2f there is sign of systematic drift o£ t he receiver gain, 

which is unusual, retord deflexions are reduced with reference to the nearest 

calibration. If not, the mean calibration is derived by averaging all the 

individual steps. The mean deviation is also derived, multiplied by 54+, and 



divided by the square root of (N-1), where N is the total number of calibration 

steps scaled. .Any calibrations differing by more than twice the resultant number 

from the mean calibration height are discarded and the procedure repeated. 

The dleflexion of the recorder when the receiver is terminated in 50 ohm 

loads at each sifle is sifotraeted from all deflexions, and the correction for the 

pencil beam calibrator is added. T'ach number is then scaled t by the mean calibratio: 

height. This provides a scaling of the output of the system in diode milltamps 

at each semi-half-rower beamwldth position. In the absence of ionospheric 

absorption and pencil beam calibrator drift, these numbers will repeat. Correotton 

for absorpt3 on, calibrator gain, etc. then rrooeeds as for point source 

observations. 

The dlefloxton is proportional to the sru' e root of the correlated 

product of the two antenna temps Lures. The relation of this ouant`ty to the sky 

brightness temperature is not very simrle, and an empir4cal scale may be set up 

by observing the region of sky near the area of minimum brightness temperature, 

and extrapolating the A.H.n. scale:? aerials (Cambridge) expert^'ents to derive the 

scale. Alternatively, the scale may be establl.shed from the loioem antenna 

parameters, losses, etc. The conversion is a function of declination because the 

beamshape changes as the antenna is phased to low declinations. It is also a 

function of declination in much the same way as the absolute gain of the antenna 
for source observations. 

~°) interferometer reductions. 

No particular procedure has been established for the reduction of 
either three-element or two-element interferometer records= which 
have so far only amounted to a fraction of a per cent of total reductions. 
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TOp.AGE AN1) NOTATION OF CORDS FROM PTIASE II O?lc V.A, L I OPTS 

All records from Phase II observations are stored in cardboard boxes 

displaying at one end the numbers of the two channels or, the record, and the 

"solar" dates on which the record starts and ends. "Ticks" appearing on the 
boxes merely denote completion of various stages of analys' s, end rio rot refer 

to observing conditions, etc. Any comnlete charts bearing no usahle 3_nfarmation 

are labelled "Nothing on this chart". "o charts from Phase TT have been 

discarded. 

a) Dating of records 

Records are usually dated with conventional. ?ates stamped onto 
channels 1 and 3 with a, rubber date stamp. For the purpose of reference however 

a system has been used which has become known as "sidereal date". In this 

system a day is considered to commence when 
o of R.A, is on the meridian of 

the instrument, and the day is numbered as the solar date on which the 
h -h a transit occurs. These "sidereal dates" will be writter against (3- markere 

on the charts. On those charts edited by W.R,, the midnight time 3.s also 

indicated by a lire and the two "solar" dates, preceding and following the 

line. All tabulationsof source observations, survey runs, riometer levels, etc. 

in Phase II literature use the "sidereal" dating system. 

bl Index of source transits 

This file was prepared by ?7.F. and lists source tra^sits by beam 

number, channel number, and sidereal d'te during the per~_od of opt_mum 

observing from late T)ecember 1965 until late March 1966. Ohservatior.s falling 

outside this period are not listed. As some observations sources here made 

outside this period, the index, is therefore incomplete. It will be especially 

incomplete for ttransits of sources at R.A.'s between 17h and 23h. In the 

index a tick indicates that a bump appears on the records at t time of 

source transit, or at a time plausibly different from the true transit time 

allowing for E-W refraction, and a cross indicates no anrarert deflexior at 

transit. Indication is made of the presence of interference or of a transit 

being_ obliterated by a cycle of the automatic calibration system. 

1aeh run in a g_iven beam number is tab lated '.n a column healed with 

the dates and times of starting and ending. For every beam r.,mber a 
"finding 

list" was prepared indicat*g expected transits, and these lists are 
attached 

on loose slips which may be overlaid on the aprro"riate pages of the index. 

In each colut t}'e times of ̀ sunrise Q.nrl sunset are ir?lirated, referred to the 

R.A. on the meridian at these times. 

It should be borne In mind that the assessment of source detection

s .Ono by "unskxllec1 labour". It is sometimes 
overoptimistic 
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OBSERVATIONS TO PATE 

This section will give a brief account of the observatio s which have been 

made in the period October 1965 - July 1966, ̂ .nd will suggest a. number of promising 

lines of future work with the 10.03 Mo/s irstrxrne„t. 

Riometer. 

Rioaetor records ore comnle';e from October onwards except for a number of 

diesel generator outages. Loss of information due to interference became very severe 

from April 1966 onwar7's, but there is sufficient data to enable mean absorption 

to be determined over most of the observing period with tolerable accuracy. No 

attempt has yet been made to analyse the "ditfieult" times etween 17h .R.A. and 

2211 R.A, for the unabsorbed level. These hours transit in summer night-time and 

the unabsorbed level is probably not seen at any time. It is most noticeable that 

the maximum level seen for these hours is very poorly 3efined, whereas the maximum 

level for a].most all other hours is well-1 'fir.ed. Idehtity between the maximum 

observed level, less average noise, end the unabsorbed level has been assumed in 

10.03 Mo/s riometer reductions to date. The general results for pre-dawn absorption 

at 10.03 Me/s using this criterion are not inconsistent with t'ose of the ?2 Ma/s 

riometer, although it is presently too earls* for detailed compa.r'.sons. 

Virtually all point souroe observations have been obtained at night--time, 

and the tynioal absorption correction at the zenith which has been an'-lied is 

of order 1.05 to 1.10. In this ease the correction for zenith angle is not 

very sensitive to the model assumed for the tionosphere. 

In May 1966 n second riometer charnel was heroun, using the forth—South arm 

beam '17' in the total —Tower mode. The purpose of this channel is to nierdtor 

the zenith correction in daytime and night—time, relative to beam '0', an thus to 

check the correction which has been made for r.'ght—time observations and to help 

in the derivation of a correction for daytime records. 

Also in May 1966, the tool power observations were transferred to receivers 

using crystal—cartroller3 local oscillators, to rrotect aga nst the large temperature 

changes which take place in the trailer in summertime. The ambient temperature can 

rise to well over 900 in summer ?aytime within the trailer, whereas it winter it 

is rarely above 70°. The gain stab'lity of the receivers with crystal oscillators 

against temperature variation is extremely rood. 
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b) Absolute Fluxes of Cass A and Cygnus A 

The small 10.05 sc/s interferometer at the DJ.A.0. was used 

for observations of Cass and Cygnus during !7ovember 1965. These observations 

were taken with the two elements phase-switched against one another ; ACC 

was not applied in the reciwbl*, which w@serot observed to show 
appre& able 

gain ohenge between daily calibrations. The reoe.ver was calibrated by 

injectirg noise power from the Aerosnaee "A" genor^tor after splitting n an 

A14ZAC wide-band hybrid whose loss was known. The temperature scale of the 

Aer*space noise generator at 10 !Ao/s should be good to 0.1 d8. 

Scintillation-free fringes were frequently obtained for Cass A, 

and. on a lesser number of occasions for Cygnus A. The observctions were 

taken with the two arrays phased to the zenith ; Cygnus fringes were more 

frequently obliterated by sunset interfer nce than were Cass fringes. pour 

transits of Cygnus were good enough to be scaled however, and so were eleven 

transits of Cass. The acceptance criterion was quite stringent - comrlete 

absence of interference and scintillation depths of less than twenty-five 

per cent were required. 

Observations were corrected for i o Sspheric absorption using the 

corrections derived from the 10.03 tic/s riometer. The corrections to the flux 

of Cygnus are somewhat uncertain due to the difficulty of estimating the 

unabsorbed level on the riometer output for 2Oh R.A. After correction for 

the ionosphere, the deflexions at transit for each source were averaged. 

The standard deviation of the mean was derived in each case, and transits showing 

deviations rreater than twice the standard deviation were rejected. ?`his 

criterion eliminated four transits of Cass and none of Cygnus. The Cass transits 

then repeated to within 2 per cent, and those of Cygnus to within 20 per cent. 

The uncertainty In the flux of Cygnus is Ierei~ore n e up nrimar'ly fSrom the 
non—repetition of the records. 

Correction was made for the confusion of he two sources, using their 
measured positions at 178 Mc/s. 

Cable losses were carefully measured by taking a noise enerAtor 
out to the arrays and injecting noise into the Tong cables br, nging the signal 
to the observatory. posses in the baluns and in the short cables from the 
dipoles to the ,;unction boxes were measured by bringing all four such cables 
into the laboratory and Measuring their losses in i rs with the balanced sides 
of the baluns joined.. 

An attempt to measure the mlual coupling between the diroles sowed 
that this effect was small enough to be neglecter for to pr $ent purpose. 
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The gain of the antenna was evaluated from theory. It was assumed that 

the dipoles have the radiation patterns of ideal hal"-waves, anti also that the 

reflecting screen was perfect. From the measurements on reflecting screens 

performed by A.H.R. and also by Bryan Andrew at Ca.hri.dge, the power loss in the 

screens used here should be less than 1 per cent. The assumption that the screens 

are effectively infinite may he dubious, but a) the ground itself will be a 

tolerably good reflector at 10 Mc/s , 6 — 8 per cent power loss), and b) the 

largest currents in the ground screen will flow immediately under the dipoles. 

The effect of the finiteness of the screen on the beamshane of the antenna is 

probably very slight, and altogether it seems probable that the errors introduced 

by the screen are small compared with those due to -rongl_y coyreeted lonosrheric 

absorption, which must he estI^ratel as high as 5 per cent. 

The gain of the array subject to these nsumptions was computed 

on the MATS computer in Ottawa, prograrm~e AL1 RIPL1 written by Carmar Costain. 

The computation is based on the general exrressior. for the radiation pattern 

of each array in altazimuth co-ordinates, derived independently by ? .Ti.P, and 

C.H.C., to be : 

2 cosy c i oosmc©scx sin rsinc/L, ) cosa ( casnsir,) 6.029 
(1 — COs 

This expression was integrated in zo strips to obtain the pair of 

the array. The same programme was used to compute the gain of a half—wave '?ipole 

in free space, and achieved the accerted result within per cent. 

The derived fluxes for Eass A and Cyg A were 28,000 + 2800 f u. 

and 13,1.00 + 400 f.u. respectively. 

c) Point Sources. 

166 point sources were ooserired in the "survey" and, "mltisouree" 

programmes together. Approxi*nately 75 per cent of the usable transits came from 

multisource observations. "!he results of t!'is pro;ra_mme have been distributed 

around the observatory in the fore of two tables of fluxes, Table 1 being 

observations which have been subRiectcd to the test of repet_ton, and Table 2 

being those which have only been mate on one occasion and which are therefore 

fundamentally insecure. 

The method of reducing the re ends is described under. "l.eduction 
of Records". The calibration was determined by extrenolation of the spectra of 

3C 33, 3C 192, 3C 214.1 , 3C 300, 3C 310, ?C 31-8, zC 353, 3C )+52 to 10.03 T9c/s, 
end fitting the observations to the predicted fluxes for these sources, as well as 
to the measured fluxes of Cass A and Cyg A. The fit was done for both the gain 
near the zenith and for the variation of gain with zenith angle. 



The calibrationssources were selected •s sources of ion br' htness temperature 

as far as possible elliptical ;nlaui.es with no .ndieation of core-halo radio 

structure. IIo sources identified with stellar objects were admitted, and only 

sources with we"_1-de 9.ned spectra at the hi her frequencies sic were 

considered. A further requirement was good quality of the observations at 

10.03 !c /s and freedom from confusion at this frequency. The sources 3C 98 and 

3C 20 would have served as calibration sources ' ut for this last requirement. 

3C 33 has close positional agreement with an Abell cluster, but no suggC ste4s 

core-halo structure. It is a well-known double source with two conmonents 

centred on an elliptical galaxy, aril its inclusion in the list is thought to 

be justifiable. There is no evidence that the source exhibits a steep low-

frequency spectrum in oorcmon with nary other sources near or in Abell 

clusters. 

The salient features of the resulting ist of flux d ensttes are 

as follows 

a) all sources with flat spectra at 10 nc/s l'e at low calactic 

latitudes, or are identified with sources having small ane3lar diameters, 

b) quasars have no general '.ow-frequency behaviour of their spectra. 

Several quasars having low-frequency cutoffs not hitherto locum nted were 

observed, 3C 216 and 3C 380 showing decreasing fluxes below 20 1'c/s. 

c) all but one of those sources having excessive fluxes at 10 Mc/s 

may be identified with clusters of gala:dos, or sources in dusters of galaxies. 

The exception is a blue oteilar object, and. the X servstioral material "or 

it is very confused. It is quite likely that the excess flux for this source 

is spurious. The 22. 2Tc/s and 10 I c/s TI.R.!:.n. data seem to be in disagrecnent 

with that at 26.3 and 38 Mc/s. 

d) mnrzy of the sources with low frenuency excesses show broadening 

at 22_ !4c/s and/or small scintillation depths relative to other nearby sources 

at 22 ' c/s and 10 Me/s . 

e~ a significantly high proportion (1 in 2) of sources not previously 

eatalopued but observed at 10,03 Me/s may be tdentified with Abell clusters, 

the coincidence rate for random source nosi'ions being 1 in 5. 

f) The distribution of spectral 4_ndices at 10 Mc/s is much broader than 

that at 178 Me/s, but is centred on a similar mean spectral index of , 0.8.. 

g) the distribution of spectral indices for sources in .Te"1 clusters 

is significantly different from that of ail other sources, being centred on 

a mean index of ,a, 1 .3 - 1,2. 

Ii) a correlation may exist between the likelihood that a source shows a 

low-frequency excess and its higher.-frea envy spectral index. ^'o source with 
a. hlrh frr~nucnry L 2f 1A }tts/c ' I 1 p,r ..̂ r oaf  ?r thin hna h~~n r,hs rnQA +n hanw 
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a low-frequency excess, and no source in en Abell cluster with spectral 

index less than 0.7 does not show a to 
-frequency excess. The behaviour 

of L?-access sources above 10O ''e fs is not certain. At least one, to 

Coma Cluster, shows an extremely steep spectrum above i+00 re/s, 
the index 

again rising to 1.7 

The agreemomt between source fluxes from Phase II 
observations 

and those from Chris Purton's observations (Phase I) is very good. 
The 

mean ratio C.R.P./A.TT.B. is 1.00 ++ 0.25 for the eighteen sources in 

common. The C.R.P. fluxes have been obtained from sii antenna calibration 

based on pure thought, (losses in the antenna, geometry and mutual 

coupling for theoretical dipoles'), and as obtained by integrating up the 

antenna beam. The flux scale is also in agreement with a number of 

unpublished fluxes at 10.03 Rio/s read over the telephone to A.H.B. by 

Tom Clarke (? S, Boulder') at 6 a.m. one fine morning. 

The source is list is probably complete between 0 and 16h

of right ascension, declinations greater than 10°  and less than oret~ual to 

60° , down to 150 f.u. The derived logg(N) - log (S) relation for sources 

at galactic latitudes g_reater than 20° within these limits has a slope of 

—1.9, and shows clearly iroonr leteness below 130 f.u. Outside the r.a. and 

declination limits mentioned above, the survey runs are ir!comnlete and 

the coverage of sources is al-ost random. Very few sources have been 

observed below declination 0° , where the eri th angle deren 'ence of the 

antenna gain becomes strong, and the gain is falling very ra idly, being 

down by , x 50 at the declination of I rdra A ( -12° ). 

No observations of anyssort were made at declir.a.tior treater than 
0 

+75 in Phase II work. 

T irned1 ante suggestions for future work are the re-o' servation of all 
sources in. the A.H.B. list with weight factors less than. 5, especially the 
N.P.C. sources and those in Table 2. Good sky coverage with survey runs may 
enable many more N.P.C. sources to be found w;th certainty, and it will be 
of great interest to try to i?!ent3fy these with Abell clusters. Tt should be 
possible to complete the survey to 100 f.u. over °such of the sky and thereby 
obtain a much larger statistical sample for study at 10 Mo/s. Observations of 
sources at high zenith angles with the White Lake T)ipole tnterf'eror.eter would be 
of value in checking the various assuxntiors made about zenith angle 
dependence of the antenna gain. 
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Table 7.1 

OBSERVED 
R.A. 

FLUX DENSITIES OF SOURCES NEAR TF ZENITH 

(Z 150) 

DEC SOURCE 
10 i L EXPECTED 

NOTES 
FLUX FLUX 

WEIGHT 

00h 24" 63°9 3C 10 360 + 85 1200 steep bgrd slope 4 

00 41 51.9 *3C 20 220 + 40 250 conf. by 30 22 35 

00 49 51.0 *3C 22 155 + 20 125 conf. by 30 20 4 

01 10 49.3 *3C 35 175 + 30 175 8 

01 34 37.8 30 46 75 + 35 100 9 

02 21 42.9 *3C 66 740 + 170 350 169 

02 22 39.9 *3c 65 195 + 30 165 21 

02 35 59.1 30 69 UL 200 220 1 record S r 180 

02 48 39.4 40 39.10 140 + 45 100 15 

03 17 41.4 *3C 84 2000 + 380 1800 includes 30 83.1 861 

03 25 55.2 *3C 86 230 + 5§ 215 bgrd hump 21 

04 06 42.9 *50 103 210 + 60 230 steep bgrd slope 25 

04 16 37.9 *3c 111 480 + 60 540 150 

04 47 45.0 *3C 129 300 + 55 260 includes 30 129.1 18 

04 59 46.5 * HB 9 690 + 120 800 integrated flux 40 

05 02 38.1 *3C 134 670 + 100 1100 bgrd hump 22 

06 07 48.1 *3C 153 275 + 50 90 4 

07 42 38.0 30 186 125 + 45 120 25 

07 46 56.0 *4C 56.16 190 + 35 220 10 

08 11 48.3 *3C 196 460 + 140 ? bgrd confusion ? 127 

08 20 43.1 *3C 199 160 ± 30 ? 4 
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OBSERVED 
R.A. 

0811 39m

DEC 

5800+009 

Table 7.1 continued 

EXPECTED 
FLUX 

NOTES WEIGHT 

12 

SOURCE 

* 

10 N EZ 
FLUX 

190 ± 60 

09 07 
43°0 3C 216 UL 70 160 

09 19 45.8 * 30 219 390 + 110 340 167 

10 10 46.6 3C 239 UL 70 160 

10 15 39.5 40 39.29/30 145 + 35 100 36 

10 31 58.6 *3C 244.1 200 + 45 200 48 

10 57 43.2 30 247 110 + 25 <40 12 

11 13 40.8 * 30 254 190 + 40 165 113 

12 49 57.2 130 ± 35 30 277.1 ? 8 

12 55 47.5 * 30 280 190 + 50 160 conf source foil 34 

12 57 38°1+1°0 * 155 + 40 40 38.34/37.35 ? 10 

13 05 46.7 * 160 ± 65 Abell 1682 ? 18 

13 37 39.0 * 30 288 190 + 70 145 184 

14 01 52.3 40 52.29 100 + 30 80 conf by 3C 295 18 

14 10 52.1 30 295 65 + 35 6o conf by 4C 52.29 9 

14 15 49% O9 125 + 45 4 

14 25 37.9 *4C 38.39 230 + 60 340 110 

14 56 47.9 * NRAO 462 180 + 40 (130) 3 

15 22 43°6+O°9 * 155 + 50 6 

15 23 54.6 30 319 140 + 35 150 21 

15 35 56.0 3C 322 130 + 20 100 8 

16 03 44.3 *4C 44.27 150 + 25 100 10 

16 09 66.1 * 3C 330 160 + 65 220 11 
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0i3 ERYr~D 
R.A. 

DEC 

Table 7.1 continued 

EXPECTED 
FLUX 

NOTES EIGHT 50URCr, 
i0 L HZ 

FLUX 

16fl 28m 44°3 * 30 337 215 + 55 70 11 

16 28 39.6 * 30 338 410 + 75 540 130 

17 24 51.0 30 356 3o - 3O 12 

18 07 48.5 4048.45 !1O A-O 6 

18 29 48.7 30 380 't9O k 3 6o0 8 

18 43 45.6 3C 388 3oa cto o 3 

19 58 40.6 30 405 13500 + 3500 - interferometer 

21 17 60.7 30 430 265 + 70 300 6 

21 54 37.8 30 438 150 + 20 390 6 

22 44 39.5 30 452 450 + 90 500 bgrd complicated 24 

23 22 58.6 30 461 28000 + 2800 interferometer 
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Table 7.4 

FLUX DEN$ITIE OF SOUHU AtivAY Fk~)M THE ZENITH 

(h 15a) 

OB8r HVED 10 MHZ EXPECTED 
N0I' WEIGHT 

HA . 
DC FLUX FLUX 

00 19 15°5 30 9 180 + 65 200 10 

00 39 33.0 30 19 UL 80 90 

00 52 68.1 50 27 200 + 55 180 6 

01 06 32.2 * 50 31 175 + 40 110 20 

01 07 13.2 30 33 435 + 55 400 21 

01 54 30.1 4029.03 
105 ± 40 90 appear as one 9 

01 35 20.8 * 50 47 320 + 60 450 44 

01 55 28.7 * 50 55 170 + 60 190 8 

02 30 34.6 * 50 68.1 160 + 20 140 24 

02 32 31.3 * 30 68.2 210 + 50 230 3 

02 56 05.9 30 75 375 + 100 230 4 

03 98 17.0 30 79 265 + 55 230 3 

03 33 -01.2 30 89 460 + 180 420 8 

03 57 10.3 30 98 260 + 5 310 12 

03 57 145 40 14.10 225 ± 50 110 P 0356+14 18 

04 12 11.3 3C 109 40 ± 45 230 4 

04 12 14.2 40 14.11 60 + 30 75 (P 0t!11+1A., confused 8 
( with 

04 20 1a.5 4C 14.12 350 + 75 1)0 (P 0418+1~/r 0419+14 8 

04 35 29.6 * 30 123 1000 + 210 1150 70 

05 01 25.2 * 30 133 165 + 40 1:40 4 

05 31 22.0 * 3O 144 4650 + 1700 3500 10 

06 11 26.4 50 154 125 + 50 220 4 
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OB$ awED 
R .A. 

DEC 

Table 7.4 contibued 

N0T];8 WEIGff 60U%(0 10 kiffZ
FLUX 

EXPE0TEi) 
FLUX 

06f 15m 22°7 * 30 157 470 + 100 X50 8/L of 30 144 ? 29 

06 20 14.5 30 158 190 + 50 210 coziplex bgrd 18 

06 43 21.4 30 166 145 ± 30 210 13 

07 00 25.3 * 30 172 155 ~ 35 150 a/L of 3C 144 ? 18 

07 11 11.8 30 175 210±65 290 4 

07 24 12,5 40 12.29 
4012.50 

280 + 80 (300) P 0722/0725+12 10 

07 26 24.7 *4C 24.15 285 ± 45 (600) 68 

07 35 22%+1°0 * 180 ~ 4 5 5 

07 43 01.9 30 187 UL 180 200 

08 00 14.4 30 190 195±40 160 28 

08 03 10.7 30 191 250 + 60 200 31 

08 03 24.3 * 30 192 190±40 200 55 

08 20 06.1 30 198 230 ± 50 240 2 

08 24 29.4 * 3C 200 160±55 150 4 

08 31 11.6 40 11.28 195 + 70 130 P 0830+11 69 

08 43 29~6+0~2 * 190 ± 40 40 29.31 ? 12 

08 55 11°0±0°3 415 ± 110 10 

09 03 16.9 30 215 175 ± 45 150 4 

09 05 18.4 40 18.28 235 + 70 P 0907+18 48 

09 16 -11.8 30 218 5000 + 1250 5200 24 

09 20 31.6 40 31.33 130 + 25 50 6 

09 23 14.9 40 14.31 205 + 65 170 P 0922+14 35 

09 36 24.7 40 24.20 80 + 20 90 15 
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O3 kW D 
I.A. 

Table 7.4 continued 

NC7'I'%,0 as ;Iu T £3 C iOliRCF 10 hLL±1Z J 
FLUX 

XPECTEll 
FLUX 

09ri 38w 
36Gl 30 223 100 + 30 110 4 

09 40 13.9 50 225 140 + 45 120 conf by 30 228 6 

09 46 07.6 30 227 ?90 + 100 480 24 

09 48 12,4 50 228 190 + 35 200 cony by 5C 225 18 

10 00 29.0 * 3C 234 390 + 80 380 82 

10 008 0.7 3C 237 
3G 238 200 + 45 180 18 

10 41 12.3 3C 245 165 + 40 120 144 

lU 54 18~6~i 1 280 ± 60 10 

11 04 11.3 40 11.38 20 + 60 (240) 1 1101+11 2 

11 07 25.2 :F 50 250 390 + 95 390 12 

11 42 22.3 *30 263.1 150 + 60 130 20 

11 43 15.8 30 264 795 + 170 270 183 

11 44 31.8 30 265 UL 175 26k) 

11 59 73.3 3C 268.1 210 + 60 16o' 4 

12 19 33.9 50 270.1 130 + 50 100 5 

12 29 11.6 30 274 ODUO + 160u 9000 910 

12 57 28.3 # CO C 470 + 90 ? Co: ,a cl _as-per, conf 279 

13 0 27.6 50 284 120 + 25 140 conf 
by 

Coma C 12 

13 30 30.7 30 286 85 ± 25 50 15 

13 51 31.6 * 3C 293 210 + 60 (110) 48 

14 21 1 .8 30 300 290 + 60 240 6 

15 03 26.1 * 30 310 680 + 125 630 175 

15 11 31°3+0:3 135 + 35 4 



UI3~~:xY.ei~ 
x.A. 

30ia

UAL 

24°2 

Table 7.4 continued 

N0`s'r ay '•' GdT 

15 

aUUr~t,~, 

* 30 321 

10 kL 
FLUX 

250 ± 70 

sXYiyt:'1', D 
FLUX 

190 

16 01 02.0 30 327 
50 327.1 1660 ± 550 800 21 

16 19 17.5 30 334 UL 130 160 

16 49 05.0 50 348 5390 ± 840 55(X) 186 

17 19 —01.0 30 353 20 300 2000 24 

20 15 23.5 50 409 660 ± 170 890 7 

20 47 29°5+0°5 
0yrius 
Loop 

1250±400 1300 inteurated flux 50 

21 22 25.0 30 433 d5+30 560 2 

23 36 26.9 30 465 525 ± 85 410 6 
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Appendix 8A 

CRL Flux Densities at 22.25 MHz for Sources 

Observed at 10 hz 

SOURCE FLUX DENSITY ERROR NOTES 

30 9 85 30 per cent 

3C 10 6500 25 

30 19 65 15 

30 20 130 15 

30 22 

3C 27 150 20 

30 31 95 20 does not broaden response 

3C 33 280 20 

30 35 45 30 

30 46 70 30 

30 47 225 20 

3C 55 

30 65 85 30 

30 66 3000 30 broadens antenna response 

30 68.1 60 20 

30 69 95 20 

30 75 125 25 

30 79 120 25 

3C 84 840 20 includes 30 83.1 

30 86 125 30 on background "hump" 

30 89 155 20 

30 98 240 30 

30 103 130 35 

30 109 130 30 

40 14.11 30 50 

30 111 270 20 

3C 123 860 30 

30 129 includes 30 129.1 

30 133 75 20 
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SOURCE 

3C 134 

FLUX DENSITY 

440 

Appendix 8K continued 

NOTES ERROR 

20 per cent 

30 144 2900 20 

3C 153 80 20 peak flux density, broadened 

30 154 120 30 

30 157 520 25 

30 158 110 25 

30 166 120 30 no background confusion 

30 172 60 25 

30 175 135 20 

40 12.29/30 110 25 peak flux density, broadened 

30 186 55 30 

30 187 110 30 

30 190 75 20 

30 191 80 20 

30 192 130 20 

30 196 180 30 on background "hump" 

30 198 165 30 

30 216 85 20 

30 218 1800 20 

30 219 165 25 

30 223 50 30 

30 225 95 20 partly conf by 30 228 

30 227 220 30 

30 228 100 20 partly conf by 30 225 

30 234 225 25 

30 237/238 80 30 confused 

38 239 55 30 

30 245 50 30 

30 247 40 20 

30 250 105 30 

30 254 90 25 confused by Cas A S/L 

30 264 225 20 



SOURCE 

30 265 

30 268.1 

30 274 

30 280 

soma-C 

13h 06m, 46% 

Appendix 8A continued 

NOTES 

excludes 30 277.3, broad 

FLUX DENSITY 

60 

80 

4800 

100 

230 

100 

ERROR 

30 per cent 

30 

20 

20 

25 

20 

30 286 65 30 

30 288 70 30 

3C 293 60 30 

40 52.29 30 50 confused by 30 295 

30 295 120 30 confused by 40 52.29 

50 300 120 30 

40 38.39 on background ;:lump 

30 310 295 20 

30 321 110 30 

30 334 70 20 

30 337 65 30 

30 338 275 20 

30 348 2500 20 

30 353 1150 20 

30 380 235 25 

30 X88 80 20 

30 405 26000 20 Cygnus A 

30 409 450 25 

#C 433 170 20 

30 438 200 20 

50 452 290 20 

30 461 47000 Cassiopeia A 

3C 465 195 20 
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Table 7.2 

Jr`tLU& 0r? R(10) AND 0T& R DATA ?0Ft 

a0URW NrAR TiT; Z]NIT$ 

50 10 

R(10) 

0.30 

OP ICJth 
ob J 0~i' 

:ilvx 

nV 
IDENTIFICATION 

QUALITY 

1 

bII 

0 + 01 

50 20 0.88 ? 11 

30 22 1.24 '? 12 

S~ 35 1.OO G(ll3) 14.5 3 1) 

30 46 0.75 G 19.5 3 - 24 
.o 66 2.11 G( 2) d c1 12.3 1 r 17 

30 65 1.18 `t —20 

30 69 0.9 `l —01 

40 3 .10 1.40 ? 17 

30 c34 0.97 G( ;)2) cl 12.0 1 13 

3U 86 1.07 -O1 
30 103 0.91 - 07 

30 111 0.09 ? - 09 

50 129 1.00 ((k) 19.0 3 00 

ifi3 9 0.a6 1 + 03 

50 1)4 0.61 - 02 

30 153 3.06 G cl 1r3.0 2 + 13 

30 186 1.04 17.8 1 + 26 

40 56.16 0.d6 t: + 31 
30 205 1.35 !3r 17.8 2 + 37 

50 216 0.43 13.3 1 + 43 
50 219 1.15 G(c5) 17.5 1 + 45 
30 239 u.44 sr 17.5 3 + 53 

40 39.29130 1.45 + 56 
30 244.1 ..00 G cl 19.0 2 + 51 

30 247 2.75 .sr 10.4 1 + 62 

30 254 1.15 sr 17.5 1 + 66 

30 277.1 0.'+1 sr 18.0 1 + 6U 



:tended sources. 

Of the roughly half a dozen extended emission sources observed by 

A.R.L, only M31 and }9 have been analysed at to time of writing. M31 was 

carefully observed over a period of a fortnight in early December, 1966. The 

signal—to—noise on a given transit was about 2 or 3 to 1, and some three or 

four transits have been added numerically at each declination to achieve a 

better ratio. after correction for ionospheric ebsorplion and numerical 

integration, the drift curves in beams 1~, 5, 6 7, 8, and 9 were combined 

between ra. 0010 and 0110 to produce he contour map on the next sheet, 

The unit here is arbitrary, and the soro level chosen at the mean background 

level. As on all maps of this region, tore ~.a considerable ' eekground 

confusion, at least ~1 of the arbtrry ui:its, and it is not surprising that 

the +1 contour is the first to enclose the source comnletel.y. The shape of 

the source is in fairly good a reement w"th higher—Pre^uen.cy maps, a 'mall 

source to the south of the galaxy and lying or the m€t for axis pro;iccted being 

confused with the main source at 1O.O? ''c /s. The ash metr - of the 10 "'c/s 

contours about the optical nebula is un~louhted.1,v real. At this t ",me of year 

refraction is in the wrong sense to account for its and also nolnt sources 

transiting before and after the nebula were carefully checked?. when the 

asymmetry become apparent from individual drift curves. At present two 

possibilities arise to account for the assyrmotry a) it is produced by the 

lumpiness of the background and h) it represents "halo"-tvTe e-~iss on (or a 

nearby confused source) of relatively steep spectrum. A certain asymmetry 

relative to the 38 Me/s contours of Aaldwin and Kenderdine may arise from the 

low resolution of the 1O Mc/s map. 

The reductions of RA9 show an angular diameter of 19 + 04 k, which 

is in agreement with the 178 "c/s diameter of 1.8 + 0°2.. 

e) T3acvpround surve~r. 

Very little of the rroeess r ;; of the haekgoun ? survey in the 

Phase TI work has been carried out. Preliminary rsrectlon of those drift curves 

scaled in detail shows strong resemblance to the 178 ?.c/s map of Turtle and paldwin, 

except for a) deep absorption near the galactic equator towards the region of 

the centre of the galaxy, and in the ' osit ons of most of the br' ght optical HTI 

regions, b ) a deep trough near the r 

a gentle valley as at 178 Mc/s, e' 

"leading edge" of the North Gala 

or: of minimum br tness, rather a 

some ir?icat.iou of a double ridge to the 

spur. The survey from Phase TI :rti3 good 

coverage of the sky between declinations +15 an +60, but is patchy elsewhere. The 

Rosette 1 ebula and W,3/L regions were stud ;.el. s" oc _r'lly in Phase TI 
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The part of the galactic niane towards the galactic centre was 

specially studied by Chris P. in the Phase I observations, bit if is probably 

true to say that any region of the s r close to the plane of the galaxy will 

profit from further study ( this air 't easy though because of the a hard 

transit times of much of the galactic equator ). The region around Taurus is 

missing from the AJFLA. maps because Jupiter was injecting bursts typ sally 

3 x Cass on 95 per cent of nights. This region should be clearer for study 

in the forthcoming months. 1eteetion of interplaretary scintillation on Taurus A 

would be an experiment that could be attempted. In 1966/67 but which was ruined 

by Jupiter in 1965/66. It has been suspected also that 3C 157 (IC Zi43) shows 

deep scintillation on occassi ons. This nay mean a) the Penticton tonosphere has 

ways and means of its own, or b) IC i43 contains fine structure. This observation_ 

is uncertain from Phase ?I because of the proximity of Jupiter for the entire 

period in which observations could be obtained. 

The map produced by Chris rurton is amended to the nett sheet. Very 

considerably more detail than this 4s present or the Phase II drift curves, 

and it seems certain that a considerably amount of firer structure can be 

investigated with the system as it now j_e. 

f) Jupiter.

The two salient features about tis accursed. planet "re th*t it 

ruins all observations at its R.A. on 95 per cent of nights and that the 

existing data on it at 10 Mc/s are in need o" extensive analysis. The programme 

of simultaneous observations of Jupiter undertaken in collaboration with the 

NBS group at !oulder, Colorado seems to have yielded very low burst correlation, 

in agreement with the results of southern hemisphere workers. The observing time 

was chosen to cover a range of lo angles and source presentations, however, and 

turned out to cover the entire range of ionosrherie conditions also. Pctailed 

analysis of the existing data would likely yield some results. In particular, 

A.H.13. believes that the correlation may vary from night to night. Also, does 

Jupiter ever produce a clean polar diagram (steady emission) at 10 ?fie/s ? 

Some 22 
nc/s observations suggest that it does, also some 10.05 Mc/s interferometer 

transits, although on these the tie —constant used for the observations is too 

long for certainty. 




