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Summary 

Measurements of the brightness temperature of the radio background over 
a range of declinations at frequencies of 13-15, 17*5, and 81-5 MHz are 
described. Geometrically scaled aerials having beamwidths of 17 0 x 12 0 and 
530 x 120 have been used, and the results are compared to deduce the 
spectrum of the background between these frequencies. The observed varia- 
tion of the spectral index across the sky is fitted by a model in which the 
galactic contribution has temperature spectral indices 2-38±0-03 and 
2-46±0*04 for two different regions of sky, superimposed upon an isotropic 
background due to radio galaxies, amounting to 300±7°K at 178MHz. 
The galactic contributions are considered to be associated with radiation 
from the local spiral arm and from the inter-arm region, respectively. 

The results are compared with those of other workers at 26*3, 38, 81*5, 
178, and 404 MHz. In both regions, straight galactic spectra are found 
between 13*15 and 178 MHz, with temperature spectral indices 2-38±0-02 
and 2-45±0*03. Both spectra steepen appreciably by 404 MHz, and it is 
concluded that the magnetic field strengths are very similar in the two regions. 
It is suggested that a change in the dominant production mechanism of 
cosmic ray electrons takes place at energies in the region of 3 GeV. The 
observed energy spectrum of primary cosmic ray electrons is shown to be 
consistent with that deduced from the new radio data. 

1. Introduction. The spectrum of the large-scale structure of the cosmic radio 
background has been investigated by several workers in the northern hemisphere 
using geometrically scaled aerials (1, 2, 3, 4). Studies in the frequency range 
26 *3-404 MHz have shown that the spectrum of the total background varies 

across the sky (2, 3). This result has been interpreted as due to the superposition 
of a galactic component of constant spectral index whose intensity varies across 
the sky and an isotropic component having a different spectral index. Low- 
resolution studies extending the frequency range to 17-5, 13-1 and 10 MHz (4) 
have shown that there is no evidence for appreciable curvature of the galactic 
spectrum from 10 to 178 MHz. 

The purpose of the work described in this paper has been to extend the in- 
vestigation at the lower frequencies making use of greater resolving power, and 

so to test the conclusions drawn from the higher-frequency work. 

2. Experimental equipment. Costain (1), Turtle et al. (2) and Purton (3) employed 
aerials of the 90 0 corner reflector type to provide a primary beam 440 in declination 
by 15 0 in right ascension. Direct extension of their work to lower frequencies was 
not feasible as geometrical scaling would necessitate unmanageably large aerial 
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220 A. H, Bridle Vol. 136 

structures. For observations at 13-15 and 17*5 MHz the transition was therefore 
made to a flat dipole array system whose beam could be swung in declination by 
adjusting the relative phases of the individual elements, and whose resolving 
power could be made as fine as required by filling a large enough area. New 
observations were also made at 81-5 MHz with such an array to provide com- 
parison results at a higher frequency; in this way the spectra could be obtained 
independently of the temperatures measured by the earlier workers. 

The aerial system employed at 17*5 and 81*5 MHz consisted of six parallel 
rows of four full-wave dipoles one wavelength apart aligned in the east-west 
direction. The rows were spaced o • 5 wavelengths apart in the north-south direction 

and were situated 0*125 wavelengths above a reflecting screen. The dipoles in 
each row were fed in phase and the relative phases of the rows were adjusted to 
swing the beam in declination. The feeding system allowed the use of the central 
pair of rows alone to provide a beam of width 530 in declination by 120 in right 
ascension between half power points. The half-power beamwidth of the whole 
array was 170 in declination by 120 in right ascension. 

An aerial consisting of only two rows was constructed for use at 13-15 MHz, 
and results obtained with this have been compared with those obtained using 
only the central pair of rows in the 81*5 and 17*5 MHz arrays. The effects of 
mutual coupling between the dipoles in these arrays have been analysed by Pugh 
(5) and shown to have a negligible effect upon the amplitudes and phases of the 
currents excited in the central rows even when the beam is swung 300 from the 
zenith. Differences in beamshape between the 13-15 MHz rows standing alone 
and the central pairs of 81*5 and 17*5 MHz rows standing amidst the larger 
arrays are therefore thought to be negligible in this work. This is confirmed by 
observations made at 81*5 MHz in which these rows were used with their neigh- 
bours alternately open and short-circuited; it was found that the observed back- 
ground temperatures were hardly affected by this procedure. 

The receivers used at 13-15 and 17*5 MHz employed switching with syn- 
chronous detection in a similar way to those described by Andrew (4) and will 
not be discussed here. The receiver bandwidth is adjustable from i*6 to 10 kHz. 
Rejection of high-level interfering signals at neighbouring frequencies is inadequate 
for radio astronomical purposes if the switching waveform contains appreciable 
harmonics outside this bandwidth. Earlier work at these frequencies using 300 Hz 
square-wave switching had been hindered by interference, and it was found that 
use of a 15 Hz square-wave switch appreciably improved the quality of the 
observations. 

The 81 • 5 MHz receiver was similar to that at 178 MHz described in detail by 
Turtle et al. (2) and utilizes 1800 switching with a hybrid ring circuit (6) to facilitate 
continual matching of the aerial to the receiver. The bandwidth was 1 MHz: the 
aerial was matched across the band using a high-level noise generator as a source 
of matching signal. 

3. Absolute calibration of the observations. The temperature scale of the observa- 
tions was established in terms of the noise output of a specially constructed 75 ohm 
coaxial diode noise generator whose output is expected to be constant to within 

°‘5% with frequency below 100 MHz (3). The gain of each receiver was measured 
daily by replacing the aerial with a matched diode noise generator calibrated in 
terms of the primary standard. This calibration can be made with relative accuracy 
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f ± 2%. Any error in the absolute scale of the primary standard will not introduce 
elative errors between the frequencies in this work, nor will it introduce a signifi- 
ant error in comparison with the earlier work at 26 -3, 38, 81 • 5, 178 and 404 MHz 
2, 3) as the temperature scales of these surveys have now been re-established by 
reference to the same standard (3). 

Measurements were made of feeder losses on a number of occasions through- 
out the observations to detect possible long-term variations in feeder character- 
istics. Such measurements were found to repeat within the accuracy of measure- 
ment, which is ±o*i dB at all frequencies. 

Imperfect reflexion by the ground screens was taken into account. At 13-15 
and 17-5 MHz the screens consisted of parallel wires laid 0*04 wavelengths apart 
directly on the ground parallel to the dipoles in the arrays. The efficiency of such 
screens was verified in a subsidiary experiment described briefly in (4). A power 
loss of 0-09 dB was derived for both frequencies. 

The screen used at 81*5 MHz was of similar construction, but was raised a 
few feet above the ground. The screen transparency has been calculated from an 
expression due to Mott (7), which gives good agreement with measurements of 
screen transmission in corner reflector aerials performed at the National Bureau 
of Standards (8). The power loss derived was 0-15 dB, or 3%. Aerial temperatures 
at this frequency were therefore corrected by subtracting the 9°K caused by 
thermal ground radiation and dividing by 0-97. The correction for ground radia- 
tion at the two lower frequencies is insignificant. 

4. The observations. The basic observational programme consisted of taking 
drift curves with the 53°x 120 beams at 13-15, 17*5 and 81*5 MHz centred in 
turn on declinations +69°, +520, +350, and +160, and with the I7°xi20 

beams at 17-5 and 81-5 MHz centred on the same declinations. The sampling 
interval in declination is insufficient to permit the derivation of all the information 
obtainable with the narrower beam, but that has not been the aim of the present 

work, which is to provide directly comparable well-calibrated drift curves over a 
representative area of the northern sky. 

Additional drift curves were taken at declinations +40°, +30° and +250 with 
the 170 x 120 beam at 81-5 MHz to determine the exact location of the region of 
minimum brightness temperature as seen with these aerials, and to provide in- 
formation about the level of general background radiation against which the North 
Galactic Spur is seen. The Spur occupies most of the beamwidth to 3 dB points 
from right ascension 1311 to i8h when the full resolution is used with the beam 
centre at declination + 160. Drift curves were also taken with the 53 0 x 120 beam 
centred on declinations +6o° and +40°, so that the temperature scale and zero 
level of the 81-5 MHz survey could be compared with Burton’s observations at 
the same frequency (3), which have very similar resolution. 

At 81-5 MHz observations were usually possible for twenty-four hours each 
day. The drift curves at a given declination repeated to ±1%, except where the 
aerial became mismatched appreciably because of heavy rain or dew; such observa- 
tions were discarded, as were those affected by appreciable interference, which 
originated mostly from electrical storms. All quoted brightness temperatures are 
the mean derived from at least two drift curves. 

Observations at 13*15 and 17*5 MHz were possible only at night-time because 
of the high level of terrestrial interference at these frequencies during the day. 
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Very few records obtained in the period 1964 September-1965 May were com- 
pletely free from interference, even though this period corresponded to minimum 
solar activity and should therefore have offered maximum protection from iono- 
spherically-propagated transmissions. All brightness temperatures are derived 
from at least four observations obtained on nights when the region concerned 
was observed not less than 30 min before or after substantial interference, and the 
majority of temperatures have been derived from seven or eight such observations. 
The night-to-night repetition of records is not better than ±3%. Andrew (4) has 
shown that there is no correlation between background levels observed at night 
at these frequencies and corresponding values of/oÍ2- His analysis indicates that 
night-time ionospheric absorption is less than 2%. The poor repetition of records 
at the lower frequencies is attributed to the combined effects of low-level inter- 
ference and absorption, and it has been assumed that the scatter is randomly 
distributed. Particular emphasis was placed upon the observations of the region 
of minimum brightness temperature which was shown by the 81*5 MHz survey 
to lie at right ascension ogh 3om, declination +3 5°, and all the observations used 
in the reduction of this region were made in the four hours before sunrise when 
observing conditions were consistently better than average. This region was 
observed at 17*5 MHz with the full resolution every night for ten successive 
nights on which it was free from interference, and the temperatures here are 
thought to be as reliable as those at 81 • 5 MHz ( ± 1%). 

The derived sky brightness temperatures are given in Tables I-III. 
The errors to which the observations are liable may be summarized as follows : 

(i) errors in the absolute scale of noise source calibrations, being ±4% at all 
frequencies, (ii) combined errors in the measurement of feeder losses, etc., being 
± 2% at all frequencies, and (iii) the night-by-night scatter of the drift curves as 
described above. The first two sources of error do not affect the relative accuracy 
of temperatures for different regions of sky at the same frequency and hence do 
not affect the detection of variations in spectral index, which is limited purely by 
inexact repetition of the records. We may thus investigate differences in spectral 
index from one part of the sky to another within finer limits than we may determine 

the value of the index absolutely at any one point. 
Table IV presents the estimated errors in various quantities which may be 

derived from the observations. 

5. Spectral analysis of results 

(a) Total background spectral index. The only parameter of the background 
radiation which can be derived without ambiguity from the three surveys is th 
spectrum of the total background radiation. A point-by-point comparison of an 
pair of surveys with the same beam at frequencies v\ and vz enables a map of / 
defined by t0 be derived. Fig. 1 shows the map of ß obtaine 
by comparing the ij°xi20 results at 17-5 and 81-5 MHz. The maps derive 
from the three lower-resolution surveys show essentially the same features. T1 
contour interval is 0*025 m ß> be. a factor of 1*05 in temperature ratio, and 
therefore taken at the estimated significance level of variations in ß. Fig. 2 sho^ 
the contours of constant sky brightness temperature with this resolution at 17 
MHz, with a contour interval of 10 000 °K. 

Comparison of the brightness temperature map with that of ß shows that t 
contours are fairly well aligned over much of the northern sky covered in tl 
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Table I 

223 

Sky brightness temperatures at 13 • 15 MHz zvith beam 53 0 x 12 °. The unit is 1 000 °K 

h m 

00 00 
00 30 
01 00 
01 30 
02 00 
02 30 
03 00 
03 30 

04 00 
04 30 
05 00 
05 30 
06 00 
06 30 
07 00 
07 30 

08 00 
08 30 
09 00 
09 30 
10 00 
10 30 
11 00 
11 30 

12 00 
12 30 
13 00 
13 30 
14 00 
14 30 
15 00 
15 30 

16 00 
16 30 
17 00 
17 30 
18 00 
18 30 
19 00 
19 30 

20 00 
20 30 
21 00 
21 30 
22 00 
22 30 
23 00 
23 30 

0 = 69° 

171 
171 

169 
165 
160 
155 
148 
136 
128 
122 

114 
104 
100 
98 
98 
99 

101 
104 

107 
109 
112 
114 
117 
118 
122 
125 

127 
131 
135 
141 
150 
158 

5 = 52° 

146 
147 
148 
148 

151 
152 
152 
150 
140 
131 
121 
113 

103 
94 
89 
87 
87 
89 
92 
96 

99 
IOI 
104 
108 
112 
117 
121 
127 

131 
139 
H? 
160 
174 
185 
192 

0 = 35° 
148 
144 
144 
150 
148 
147 
146 
146 

149 
153 
156 
152 
145 
138 
129 
117 

106 
93 
84 
82 
81 
87 
91 
95 

98 
104 
107 
112 
117 
123 
135 
145 

151 
159 
167 
180 

171 
166 
159 
153 

S = i6° 

IOI 
104 

109 
112 
116 
119 
123 
127 
132 
140 

148 
156 
170 
183 
202 
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224 A. H. Bridle 

Table II 

Sky brightness temperatures at 17*5 MHz, The unit is 100 °K 

Vol. 136 

h m 

00 00 
00 30 
01 00 
01 30 
02 00 
02 30 
03 00 
03 30 

04 00 
04 30 
05 00 
05 30 
06 00 
06 30 
07 00 
07 30 

08 00 
08 30 
09 00 
09 30 
10 00 
10 30 
11 00 
11 3° 

12 00 
12 30 
13 00 
13 30 
14 00 
14 30 
15 00 
15 30 

16 00 
16 30 
17 00 
17 30 
18 00 
18 30 
19 00 
19 30 

20 00 
20 30 
21 00 
21 30 
22 00 
22 30 
23 00 
23 30 

(a) Beam 12 o x 170 

3 = 69° 8 = 520 8 = 35° S = i6 

655 

(b) Beam 120 x 53 0 

3 = 69° 8 = 6o° 8 = 52° 8 = 35° ô = i6 

895 
895 
890 
880 
860 
845 

835 
825 
765 
740 
710 
680 
650 
615 

595 
575 
565 
560 
545 
560 
565 
580 

580 
580 
580 
590 
605 
625 
650 
670 

705 
720 
740 
750 
765 
775 
785 
785 

78s 

790 
785 
790 
825 
850 
885 

890 
875 
840 
795 
735 
690 
640 
595 

535 
485 
445 
415 
400 
410 
425 
440 

460 
475 
480 
490 
500 
5^5 
540 
565 

595 
625 
670 
715 
780 
845 
905 

1020 

915 
890 

• 640 
610 
640 
660 
670 
705 
690 

720 
750 
785 
800 
760 
705 
655 
600 

520 
450 
390 
355 
380 
415 
450 
490 

510 
525 
545 
565 
600 
640 
675 
710 

740 
740 
76s 
83s 
905 

1000 

805 
780 
760 
720 
685 
670 

695 
760 
84s 
900 
945 
835 
70S 
6IO 

535 
470 
420 
420 
440 
470 
490 
530 

565 
640 
675 
710 
765 
835 
910 
980 

1050 
1140 
1220 
1310 
1420 
1505 
1615 
1540 

1160 
890 
790 

865 
870 
860 
850 
840 

835 
830 
795 
785 
740 
705 
665 
630 

585 
545 
520 
510 
530 
535 
550 
565 

580 
585 
595 
605 
610 
625 
640 
640 

645 
650 
660 
675 
690 
725 
760 
795 

820 

840 
835 
850 
860 
855 
850 

840 
835 
820 
790 
735 
690 
650 
600 

545 
505 
475 
450 
460 
480 
490 
500 

525 
535 
550 
555 
580 
600 
630 

800 
770 
765 
775 
785 
790 
790 

795 
805 
790 
790 
735 
675 
625 
585 

540 
505 
465 
435 
440 
460 
475 
500 

530 
540 
555 
565 
595 

70S 
705 
70S 
710 
725 
720 
710 

720 
735 
770 
770 
745 
710 
665 
610 

545 
480 
425 
410 
425 
455 
485 
505 

540 
560 
590 
615 
640 
680 
725 
770 

805 
845 
890 
945 

1055 

610 
665 
710 
730 
745 
715 
675 
615 

550 
485 
440 
435 
445 
470 
500 
535 

570 
600 
610 
630 
665 
715 
765 
790 

825 
870 
945 

1020 
1115 
1225 
1280 
1230 

1140 
1010 
910 
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NÍO. a, 1967 The radio background between 13 and 404 MHz 

Table Ilia 

Sky brightness temperatures 81 *5 MHz with beam 120 x 17°. The unit is 1 °K 

225 

n m 

00 00 
00 30 
01 00 
01 30 
02 00 
02 30 
03 00 
03 30 

0 = 69° 8 = 52° 8 = 40 

2270 
2160 
2205 
2160 
2095 
1985 

2240 
2140 
2045 
2005 
1980 
2010 
2055 
2100 

¡=35° 0 = 30° 8=25° 8= 160 

1505 1440 
1425 1440 
I4I5 1440 
1425 1440 
1480 1580 
1545 1640 
1565 1640 
1580 1540 

04 00 
04 30 
05 00 
05 30 
06 00 
06 30 
07 00 
07 30 

1880 
1780 
1695 
1665 
1590 
1540 
MS© 
1395 

2125 
2105 
2045 
1875 
1690 
1545 
1420 
1295 

1620 
1745 
1900 
1850 
1725 
1580 
1435 
1280 

1575 
1715 
1910 
2045 
2125 
1920 
1570 
1310 

08 00 
08 30 
09 00 
09 30 
10 00 
10 30 
11 00 
ii 30 

1315 
1280 
1220 
1205 
1195 
1215 
1215 
1225 

1135 
1030 
950 
865 
855 
855 
890 
910 

820 
760 
740 
755 
790 
845 

1120 
980 
800 
680 
775 
840 
880 
935 

820 
780 
820 
835 
885 

1160 
980 
885 
885 
915 
960 

1000 
1050 

12 00 
12 30 
13 00 
13 30 
14 00 
14 30 
15 00 
15 30 

1230 
1235 
1235 
1245 
1285 
1305 
1345 
1360 

940 
950 
950 
980 
990 

1030 
1070 
1120 

1115 
1185 
1270 
1300 

1000 
1020 
1030 
1100 
1145 
1235 
1310 
1370 

1225 
I32O 
1390 
1455 

ISIS 
I715 
1850 
I94O 

1120 
1230 
I33O 
I430 
1610 
1825 
2020 
2195 

l6 OO 
16 30 
17 OO 
17 30 
18 OO 
18 30 
19 OO 
19 30 

I42O 
I49O 
I53O 
1630 
1715 
175O 
1770 
1775 

I160 
I225 
I29O 
I42O 
1635 
1885 
2045 
2280 

1370 
1465 
1690 
1635 
1850 
2190 

I435 
I51O 
1585 
1695 
I94O 
2220 
2565 
3380 

1545 
16x5 
I66O 
I7O5 
I9I5 

2055 
2I8O 
223O 
23OO 
2555 

24OO 
256O 
269O 
287O 
3I75 
339O 
363O 

20 OO 
20 30 
21 OO 
21 30 
22 OO 
22 30 
23 OO 
23 30 

1785 

1815 

2025 

2350 

2945 
2785 
2690 
2655 
SISO 
3295 

4OOO 
382s 
2855 
2490 
2115 
1855 
1600 
1545 

3315 
2625 
2205 
1965 
1780 
1655 
Ï505 
1455 
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Table Illb 

Vol. 136 

Sky brightness temperatures at 81*5 MHz with beam 12 0 x 53 °. The unit is 1 °K 

h m 5 = 69° 5 = 6o° 5 = 52 

00 00 
00 30 
01 00 
01 30 
02 00 
02 30 
03 00 
03 30 

2430 
2220 
2115 
2115 
2140 
2115 
2115 
2140 

2250 
2040 
1950 
1940 
1970 
1975 
1970 
1950 

1935 
1825 
1800 
1800 
1840 
1910 
1910 
1885 

5 = 40° 8 = 35 

1815 
1675 
1665 
1665 
1695 
1705 
1735 
1735 

1740 
1625 
1610 
1615 
1655 
1655 
1655 
1670 

8 = 16 ' 

1345 
1295 
1265 
1310 
1345 
1390 
1395 
1405 

04 00 
04 30 
05 00 
05 30 
06 00 
06 30 
07 00 
07 30 

2030 
1975 
1910 
1800 
169s 
159° 
1490 
1380 

1955 
i88S 

184s 
1770 
167s 
1545 
1415 
1305 

1840 
1840 
i860 
1840 
1680 
1505 
1370 
1275 

1745 
1755 
1770 
1765 
172s 
1605 
1430 
1220 

1700 
1735 
1745 
1760 
1735 
1590 
1500 
1320 

1440 
1505 
1585 
1650 
1670 
1640 
1495 
1330 

08 00 
08 30 
09 00 
09 30 
10 00 
10 30 
11 00 
ii 30 

1285 
1185 
1140 
1090 
1065 
1085 
ms 
1130 

1200 
1115 
1060 
1045 
1025 
1025 
1040 
1070 

1155 
1060 
985 
925 
925 
950 
970 

1000 

1085 
950 
885 
855 
855 
885 
925 
940 

1140 
995 
885 
820 
835 
865 
910 
965 

1170 
995 
945 
925 
950 
985 

1070 
mo 

12 00 
12 30 
13 00 
13 30 
14 00 
H 30 
15 00 
15 30 

1130 
1130 
1130 
1175 
1195 
1215 
1240 
1260 

1115 
1160 
1185 
1200 
1240 
1275 
1310 
1345 

1045 
1080 
1090 
1120 
1170 
1225 
1290 
1350 

975 
1020 
1060 
1125 
1185 
1290 

1020 
1050 
1115 
1175 
1250 
1335 
1440 
1535 

1140 
1220 
1275 
1310 
1360 
1445 
1545 
1630 

16 00 
16 30 
17 00 
17 30 
18 00 
18 30 
19 00 
19 30 

1285 
1330 
1380 
1455 
1590 
1680 
1800 
1950 

1415 
1485 
1535 
1600 
1750 
1905 
2430 

1630 
1725 
1915 
2250 
2600 

1740 
i860 
2045 
2335 
2825 
3330 
3590 
3330 

20 00 
20 30 
21 00 
21 30 
22 00 
22 30 
23 00 
23 30 

2240 

1975 
1885 
1845 
1805 

2875 
2440 
1940 
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12 OO 

227 

1800 

OO OO 
Fig. i. Contour map of ß between 17 ■ 5 and 81 -5 MHz, beamwidth 17 X 13 

V 
(MHz) 

8i*5 
17*5 
I3*i5 

Table IV 

Estimated errors in the observations 

R.m.s. calibration R.m.s. repetition R.m.s. absolute Maximum absolute 
error error level error level error 

0/ 

Av 
(MHz) 

8i-5-i7'5 
81-5-13-15 

I 
3 
3 

R.m.s. error in ß 
at any point 

±0*04 
±0*04 

3 
5 
5 

Max error in ß 

±0*09 
±o*o8 

'O, 

7 
9 
9 

Significance level of 
variation in ß 

±0*025 
± o•025 

work, and that ß is generally high in regions of low brightness temperature and 
vice versa. These results are consistent with the interpretation that the total 
background is compounded of a contribution with a moderately flat spectrum, 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 6

7M
N

R
A

S.
13

6.
 .

21
9B

 

228 A. H. Bridle Vol. 136 

12 00 

OOOO 

Fig. 2. Contour map of shy brightness at 17*5 MHz, beamwidth 17 0 x 12 °. 

whose brightness varies across the sky, and an isotropic contribution with a steep 
spectrum. The total spectral index would take high values in regions where the 
anisotropic component contributed little radiation, and in which therefore the total 
sky brightness is small. The contours of ß and those of temperature at any one 
frequency would be perfectly aligned if the anisotropic component had the same 
spectral index everywhere. Such a simple model cannot account for all the details 
of the observed variation of total spectral index across the sky. For example, there 
is no feature in the brightness contours which corresponds to the region of high 
spectral index around the North Galactic Pole and elongated towards right ascen- 
sion 1711, declination + 50 °. This failure of the simple model will now be considered 
further in detail. 

(b) The differential spectrum. It has been noted (1, 2, 3) that if the background 
radiation consists of isotropic radiation with spectral index /?o, and superimposed 
anisotropic radiation with constant spectral index ß\, a plot of temperatures at 
one frequency against temperatures observed at the same beam positions at another 
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srill yield a straight line whose slope is determined by ßi. This plot will be called 
i T-T plot in what follows and the spectrum defined by ß± will be called the 
iifferential spectrum. The general appearance of a T-T plot of the new measure- 
ments at a given declinaton is shown in Fig. 3, which was obtained using the 

i7°x 120 drift curves on declination +520 at 17-5 and 81*5 MHz. It is evident 
that on such a model the index ßi must itself vary across the sky, as significant 

Fig. 3. T-T plot of new measurements, 17*5 and 81*5 MHz, beamwidth I7°xi20, 
S=+52°. 

departures from linearity of the plot occur over a wide range of aerial beam posi- 
tions. This effect occurs in all the surveys of the present work, and is not thought 
to be of instrumental origin. It cannot have arisen from the necessity to observe 
different regions of sky at different times of year at the low frequencies, for the 
observations were arranged so that as many hours of right ascension as possible 
were overlapped on successive sets of drift curves at the same declination; this 
would have enables seasonal effects, e.g. effects arising from long-term variations 
in ionospheric parameters, to be detected. The effect may also be seen in the 
higher-frequency results of (3), where it is, however, of the same order as the 
anticipated errors in the observations. 

It is likely that observations close to the galactic equator will be affected at the 
lower frequencies by absorption of the radiation in ionized hydrogen regions. 
The extent of this effect is hard to anticipate as there is no high-resolution study 
of the appropriate area of sky available at these frequencies. Observations made 
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in the southern hemisphere (9) indicate that strongly absorbing regions are con- 
fined to galactic latitudes less than 100 at 13 MHz. In the first analysis, positions 
of the aerial beam for which the centre lies at galactic latitudes less than 15 0 were 
omitted. 

Turtle et al. (2) and Purton (3) derive differential spectra for two areas of sky 
defined by (1) a = o3h-ioh, (2) a=io11-i7h, all declinations. These definitions 
separated high and low galactic latitudes adequately for their purpose, but the 
present work, using higher resolution and lower frequencies, shows that the 
differential spectrum is not constant within these regions. The new results have 
been analysed over two regions defined by their relation to the spiral structure of 
the Galaxy as indicated by 21-cm observations (10) as follows: 

Region i /n= 140 o to 2200 Region 2 èn>70°, all Zn 

i50<6n<5o° 7o0>in>5o° Zn=5o0to9o0 

50o >b11>'¡o° Zn=7o0 to 90o 

The division of the sky into regions for analysis must include in each region a 
sufficiently large temperature variation for the differential spectrum to be derivable 
with accuracy; in each of the regions taken here, there is a 2 : 1 variation of 
observed brightness temperatures at 81*5 MHz using the full resolving power. 
In Region 1 most of the galactic radiation, even at these latitudes, is expected to 
be non-thermal emission from electrons moving in the magnetic field of the 
nearby spiral arm (11). In Region 2, the radiation is from directions in the inter- 
arm region, leaving out the direction of the North Galactic Spur. 

Both regions exhibit linear T-T plots, and are therefore characterized by 
constant differential spectra; the parameters of these spectra are given in Tables V 
and VI, and were determined by fitting lines to the data using a least-squares 

(MHz) 

i7*5 
13-15 

(MHz) 

17-5 
13*15 

Table V 

Differential spectrum of Region 1 

T/Tsi-s S/Ssvz Spectral index ßi 

39 + 2 i*79±0'ii 2*38±o*o3 
76 + 5 i-98 ±o*i2 2*38 ±0*04 

Table VI 

Differential spectrum of Region 2 

T/Tsi-s S/Ssi-s Spectral index ßi 

45±2’5 2'04 ± o • 12 
87 ±5 2*27 ±0-13 

2*475 ±0-04 
2*45 ±0*04 

procedure which took into account the greater accuracy of repetition of the 81*5 
MHz result. The T-T plots and the fitted lines are shown in Figs. 4 and 5. The 
two differential spectra are not the same within their r.m.s. errors. The probability 
of these results being obtained from two regions which in fact have the same 
differential spectra is 1 in 15. 

The difference between the derived differential spectra in the two regions 
suggests that the measurements at low galactic latitudes in Region 1 could be 
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Fig. 4. T—T plots in Region 1. 
(a) 13 ’ 15 and 81 • 5 MHz, beamwidth 53o x 120. 
(b) 17-5 and 81-5 MHz, beamwidth 53o x 120. 
(c) i?'5 and 81 *5 MHz, beamwidth i7°x 120. 

Tzv5(
oK)(p[0i(a)) 

Fig. 5. T-T plots in Region 2. 
(a) 13 • 15 and 81*5 MHz, beamwidth 53o x 120 

(b) 17-5 and 81*5 MHz, beamwidth 53°x 120. 
(c) 17-5 and 81 *5 MHz, beamwidth i7°x 120. 
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Table VII 

Differential spectrum of restricted Region 1 

Tn-s/Tsi-b Tis-ib/Tsi-s 

(a) 38*5 ±2 ?6±5 
(b) 4° ± 3 73 ±7 

affected by HII absorption despite the exclusion of the strip about the galactic 
equator. This was tested by re-analysing the data in this region omitting beam 
positions centred on latitudes less than (a) 200 and (b) 30 °. The results of this 
analysis are shown in Table VII. The differences produced by reducing the 
range of galactic latitudes in Region 1 are seen to be insignificant. Studies of the 
galactic plane with higher resolution at these frequencies would be needed to 
establish firmly that the effects of absorption in the disc in this work are negligible, 
but we shall draw the tentative conclusion that this is the case. 

Fig. 6. T-Tplot at negative galactic latitudes, 17 • 5 and 81 • 5 MHz, beamwidth 17 0 x 12 °. 

Many points on the T-T plots corresponding to positions of the beam centre 
in the range —15 0 <èn < +15 0 lie significantly below the line fitted to Region 1. 
HII absorption can therefore be detected along the galactic equator at these 
frequencies, in agreement with the results of southern workers. 

Fig. 6 shows a T-T plot for the region corresponding to Region 1 at negative 
galactic latitudes with the best-fitting line for positive latitudes superposed. 
Because the data do not extend below ¿n= — 30 o one cannot be sure that the 
whole of this region has the same differential spectrum as Region 1, but the avail- 
able evidence suggests that this is so. 

Points on the T-T plots corresponding to directions in the region of the North 
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¿alactic Spur lie significandy below the line fitted to Region 2, of which the Spur 

orms a boundary. If the galactic background against which the Spur is seen has 
he differential spectrum of Region 2, which is probable because of its position 
n the inter-arm region, this would imply that the Spur radiation has a lower 
spectral index than most of its surroundings. Using the estimate of the brightness 
of the isotropic component derived in the next section, we find that the spectrum 
of the Spur between 17*5 and 81*5 MHz must have a ß of 2-i±o*2 between 
right ascensions 1411 and 1611 30m. 

6. The isotropic component. The radiation from all discrete extragalactic radio 
sources which could be detected individually down to a flux density of 
o • 25 x io“26 w.m-2 Hz-1 at 178 MHz, the limit of the survey by Ryle & Neville (12), 
contributes a brightness temperature averaged over the sky of ~ 10 °K at this 
frequency. The magnitude of this contribution leads us to examine a model in 
which the postulated isotropic component consists entirely of the integrated 
emission from such sources. 

There is little published data on the spectra of extragalactic sources at fre- 
quencies below 20 MHz. The spectra of a considerable number have been deter- 
mined down to 38 MHz (13) and 26*3 MHz (14) however, and there is good 
evidence that about 80% of the sources have straight spectra from about 1500 MHz 
to these frequencies. Preliminary results of observations by the author of over 
100 radio sources using the 10-03 MHz array at the Dominion Radio Astrophysical 
Observatory (15, 16) indicate (a) that there is no appreciable downward curvature 
in the spectra of the majority of sources away from the galactic equator at this 
frequency, and (b) that the mean spectral index for extragalactic sources in the 
frequency range of the present work is ßoxz-js, with a probable error of ±0-2. 

It is well-known that some sources of high surface brightness temperature 
exhibit downward spectral curvature below 50 MHz. Many of these sources are 
also of high intrinsic power. The spatial density of such sources is likely to be 
low, and their contribution to the integrated emission will be much smaller than 
that of individually less powerful sources of much higher spatial density. 

The normal galaxies, whose radio luminosities are < 1023 w. Hz-1 ster-1 at 
178 MHz, form a class of this second type. The importance of their contribution 
to the integrated emission depends on the cosmological model assumed for them. 
Assuming the luminosity distribution of this class of source derived by Longair 
& Scott (17), it may be shown that the integrated emission expected from them 
at 178 MHz is <3°K on either the steady-state or the Einstein-de Sitter cos- 
mology. It is however well known that the number counts of radio sources at 
different flux densities are inconsistent with simple cosmological models. Gower 

(18) has derived a model for the source counts in which the spatial density of 
radio sources varies with the cosmological epoch. The integrated emission cal- 
culated for the normal galaxies at 178 MHz on the basis of the same density 
variation exceeds the minimum sky brightness temperature of 65 ± 5 °K observed 
by Turtle & Baldwin (19) by a factor of three. It follows that the normal galaxies 
cannot exhibit such a density variation. An analysis of the source counts by 
Longair (20) in terms of the evolution of the luminosities of radio sources with 
cosmological epoch has led to a similar conclusion. We shall|therefore assume that 
the integrated emission from the normal galaxies is of the order expected from 
the steady-state or the Einstein-de Sitter models and will neglect it in what follows. 
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It follows from the above discussion that the dominant contribution to the 
integrated emission will be that of radio galaxies whose luminosities lie in the 
range 1023 to io26 w.Hz-1 ster-1 at 178 MHz. 

Table VIII summarizes the parameters of the isotropic component which will 
fit the present observations as a function of the assumed value of ßo together with 

Assumed ßo 

2*6 
2*7 
2*8 
2-9 

Table VIII 

Fitted parameters of isotropic component 

Tl3-15 
53 ±ii•io3 

41±io-io3 

33 ±7* io3 

25 ± 5 *io3 

Tl7-5 

23 ± 5•io3 

19 + 4- io3 

i4± 3 • io3 

12 ± 3 *IO3 

Tsi-5 
480 ±100 
300 ± 60 
200 ± 40 
140 ±30 

Tl78 

46—69 
29-45 
18-28 
12-18 

Tits (Turtle) 
40-80 
30-55 
20-35 
14-27 

the values derived by Turtle et al. The new estimations, made by combining the 
assumed value of /?o with the line fitted to Region 2, agree with the earlier results, 
but the error for a given ßo here is smaller because of the greater importance of 
the steep spectrum at the lower frequencies of this work. It may be seen that the 
uncertainty in the magnitude of the isotropic component arising from the un- 
certainty in the best value of ßo is greater than that arising from the errors in the 
present observations. For the best estimate of j8o = 2*75 given above, the brightness 
of the extragalactic integrated emission at 178 MHz, Tits, is 30±7°K. This is 
equivalent to 14 000 + 3 000 °K at 19-7 MHz, which is in agreement with Shain's 
estimate of 7 ooo°-22 ooo°K at this frequency based on observations of 30 
Doradus (21). 

7. Comparison with results of other workers 

(a) Temperature scales. Comparison of Table Illb with the corner-aerial results 
of Purton (3), where common declinations are available, enables the compatibility 
of the two 81-5 MHz temperature scales and zero levels to be verified. After 

Fig. 7. T-T plots of single-dipole measurements, 13‘15 und 17*5 MHz against 81*5 
MHz. 
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allowance for the differing resolutions of the two aerial systems, the temperatures 
are in good agreement within the quoted errors. Comparison has also been made 
with the single-dipole results of Andrew (4) at 13*1 and 17*5 MHz by making 
observations at 81-5 MHz with a dipole scaled to his design. Fig. 7 shows the 
T-T plots between the three frequencies 13-1, 17*5, and 81*5 MHz obtained 
with these aerials, which are in good agreement with the lines fitted to Regions 1 
and 2 (also shown), bearing in mind that Region 2 never fills the beam of a single 
dipole. 

(b) Differential spectra. Lines have been fitted to T-T plots of the sky bright- 
ness temperatures of Turtle et al. and Purton, using Purton’s calibrations, in 
the regions of sky selected in the present work. For each pair of frequencies 
the slope of the line in each region defines a temperature ratio Ti/TV These 
ratios have been converted into flux density ratios by the relation 

TilT2 = (v2lvi)2 S1IS2, 

and the results combined to derive the differential flux density spectra shown in 
Figs. 8a and 8b. These spectra are normalized to unit flux density at 81*5 MHz 
and include the points derived from the new results. Both spectra are straight 
within the limits of error between 178 and 13*15 MHz, but the positions of the 
404 MHz points require steepening of both spectra to a flux spectral index ocx0*9 

(j8#2*9) above vxzoo MHz. Slight curvature over the whole frequency range is 
possible within the error limits for Region 1, the tangential spectrum then becoming 
as steep as the spectrum of Region 2 by 100 MHz; the spectra of the two 
regions cannot be superimposed simply by changing the frequency scale of one 
of them, as would be possible if they arose from the same distribution of energies 
of the radiating electrons but with different magnetic fields in the emitting regions. 
This is a result of the relatively low values of the 404 MHz points, and new observa- 
tions are being made at 610 MHz to check this implied steepening of the spectra 
at high frequencies. Such steepening, occurring at the same frequency in both 
spectra, would imply that the arm and inter-arm regions have similar magnetic 
field strengths and electron energy spectra which steepen remarkably by about 
unity in the index y appearing in N{E) = kE~v for energies of a few GeV. 

(c) Correlation with cosmic-ray experiments. Wentzel (21) has used the flux of 
primary cosmic-ray electrons at the top of the Earth’s atmosphere measured by 
Earl (22) to derive a mean magnetic field in the local spiral arm of Ttxzx io-5 

gauss by considering the observed brightness of synchrotron radio Emission. 
Parker (24) has investigated the effect of exclusion of galactic electrons from the 
solar system by the solar wind, and it seems that Earl’s measured flux may be as 
much as an order of magnitude below the true galactic flux. In this case a value 
of o* 5-1 • io~5 gauss would be a better estimate for the field strength. This is 
still higher than the field compatible with the attempts to observe Zeeman splitting 
of the 21 cm line of neutral hydrogen by Morris et al. (25) and Weinreb (26). 
For the purpose of comparing the observed radio synchrotron emission spectrum 
with the measured energy spectrum of cosmic-ray electrons we shall tentatively 
assume a mean field of 5 x io~6 gauss in our Region 1. In such a field the frequency 
range 13-404 MHz corresponds to electron energies of 750 MeV-4 GeV, where 
we assume that a single electron radiates only at the frequency vmax corresponding 
to the peak of its actual power radiation spectrum P(v). The observed differentia] 
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radio spectrum of Region 1 implies an electron energy spectrum with 

y=I*y6±0*04 

from 750 MeV to a-8 GeV, steepening to yä2-8 near 3 GeV. We have used here 

Fig. 8. Differential spectra of Regions 1 and 2, 13 • 15 to 404 MHz, 
(a) Region 1 (b) Region 2 

the relation y—zß—'i from the theory of synchrotron emission (27). The value o 
y at the lower end of the energy range was apparent from the early work of Costab 
(1) and was for some years regarded as a stumbling-block for the theory of th 
origin of the emission (28). The difficulty arose through the assumption that th 

© Royal Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 6

7M
N

R
A

S.
13

6.
 .

21
9B

 

No. 2, 1967 The radio background between 13 and 404 MHz 237 

galactic electrons are the products of high-energy proton-proton collisions; it was 
shown by several authors that the value of y to be expected from this process is in 
the range 2 *4-2-6 at these energies (29, 30). Recent direct investigations of primary 
cosmic-ray electrons near the top of the Earth’s atmosphere (31, 32, 33) have been 
carried out with sufficient accuracy to demonstrate conclusively that the actual 
electron energy spectrum is in good agreement with the radio data. In Fig. 9 the 
cosmic-ray data is shown with the energy spectrum expected from the present 

Fig. 9. Comparison of cosmic-ray and radio data on electron energy spectrum. 

results superimposed upon it, for the assumed magnetic field R=$x io-6 gauss. 
It now seems inescapable that the electrons in the energy range 750 MeV-3 GeV 
are not the secondary decay products of proton-proton collisions. 

The interpretation of the steepening of the energy spectrum near 3 GeV implied 
by the radio data raises difficulties. The effects of various energy loss mechanisms 
on a production spectrum having a constant value of y over the whole energy range 
have been summarized by Turtle (34). It is clear that a change of slope Ayxi is 
extremely hard to explain in terms of a transition from one loss regime to another 
at an energy of 3 GeV. It seems necessary to consider the possibility that the chang< 
in slope indicates a change in the dominant electron production mechanism rathe 
than one in the dominant energy loss mechanism. This view receives support fror 
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observations of the charge ratio of the electrons in the lower and higher parts of 
the energy range. Hartman, Meyer & Hildebrand (35) have shown that there is an 
excess of negative electrons in the energy range 100 MeV-3 GeV, whereas Daniel 
& Stephens (33) find an overwhelming excess of positive electrons in the range 
15-50 GeV. Jones (36) has shown that the proton-proton interaction would be 
expected to produce a substantial excess of positive over negative charges. A 
tentative interpretation of the galactic electron component would therefore be as 
follows: at energies above about 5 GeV, the electrons are predominantly positive 
charges resulting from high-energy proton-proton interactions. The energy 
spectrum of such electrons would be compatible with the radio data if energy 
loss by synchrotron radiation were important. Below 3 GeV, the electrons are 
predominantly negative charges produced by some other process, such as the 
Fermi-mode acceleration of the low-energy knock-on electrons produced by the 
colhsion of the primary cosmic-ray protons with the interstellar material (37). 
Finally, it is noted that the observed electron energy spectrum shows a tendency 
to steepen at about 3 GeV, in agreement with the prediction from the radio data. 
With the present data this tendency is not, however, quite significant. As more 
accurate determinations of the primary electron energy spectrum become available, 
it should be possible to combine the radio and cosmic-ray data to form an inde- 
pendent estimate of the mean strength T1 of the galactic magnetic field, by com- 
bining the frequency of the break in the radio spectrum with the energy of the 

break in the electron spectrum. This is a research area of some interest, considering 
the wide range of values currently ascribed to this field by different deductive 
techniques (22, 25, 26). 

(d) Total spectrum of the north galactic pole. The revised brightness tempera- 
tures of Turtle et al. and the lower-resolution results of the present work at 17*5 
and 13-15 MHz have been used to derive brightnesses for the north galactic pole 
between 404 and 13*15 MHz by averaging over the four beam positions nearest 
to the pole in the surveys concerned. The total spectrum of the pole derived in 
this way is plotted on an absolute scale in Fig. 10, which also shows the results for 
this part of the sky of satellite-borne experiments at 3-0 and 2-3 MHz (38, 39). 
The spectrum obtained is straight, with ß = 2-55 ±0-04. Wielebinski & Yates (40) 
have given a spectrum for the south galactic pole based on single-dipole observa- 
tions at 20, 30 and 85 MHz, and this spectrum agrees well with the brightness 
given by Hartz (39) for that direction. Their spectrum has a value of ß of 
2*65 ± o -15. Yates & Wielebinski (41) have measured the brightness of this region 
at 14* i MHz and find a mean spectral index at 16 MHz of 2-5510*15. The 
measurements of the total spectra of the north and south galactic poles are there- 
fore in agreement within the experimental errors. 

8. Conclusions. It is found that even the observations of high galactic latitudes 
cannot be explained on a model of the emission in which the galactic contribution 
to the background has the same spectrum everywhere. Differential spectra with 
j8 = 2-38±o*02 and 2*4510*03 apply between 13-15 and 178 MHz in regions 
in the direction of the local spiral arm near the anticentre and in the inter-arm 
region respectively. There is evidence that absorption of the radiation takes place 
at low galactic latitudes near the anticentre at the lower frequencies, and that the 
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North Galactic Spur has a lower spectral index than its surroundings. The differen- 
tial spectrum found for the emission from the spiral arm is compatible with 
observations of the energy spectrum of primary cosmic-ray electrons. 
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Fig. 10. The total spectrum of the north galactic pole. 
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