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SUMMARY: The differential spectral indices of the North Polar Spur, the Spur

in Aquarius, Pegasus and Taurus were derived using data at 38, 408 and 1420 MHz

of the same resolution of 7% 20 X 89 25, reduced to the case of scaled aerials. The

method applied was the classical one, using slopes of the relevant T-T graphs. The
T-T graphs plotted between these three frequencies have shown clear splitting of
branches supporting the reality of this quasihysteresis effect. The values derived
are in good agreement with those obtained at other frequencies by other authors

‘and by other methods.

1. INTRODUCTION

The basic idea of a differential spectral index
as spectral index of a feature (anisotropic compo-
nent) projected on an isotropic background was in-

troduced by radio astronomers in Cambridge who
suggested a simple way of its derivation by plotting
temperatures at one frequency versus temperatures

at the other frequency (T-T graph) and determina-
tion of the slope of the line on such a graph (Turtle
et al., 1962). This method was applied by many sci-
entists interested in spectral characteristics of the ra-
dio spurs and loops (e.g. Bridle, 1967; Berkhuijsen,

1971; Webster, 1974). Recently an other way for
determination of spectral indices of spurs was used
by Reich and Reich (1988). They were directly sub-
tracting from the total temperature at a given point
all calculated contributions of isotropic components.
Basically, both methods assume some characteris-
tics of the underlining background. Therefore, it
18 _iustiﬂed to use the T-T graphs further, particu-
larly for the low resolution surveys. The other rea-
son for the use of the Cambridge method is that T-
T fgraphs show some characteristics which were not
sufficiently studied but could be significant indica-
tors of the presence of several components in the ra-

dio emission arriving from radio spurs (Milogradov-
-Turin, 1982, 1987).
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2. DATA

The main advantage of the work presented
here is a big span of frequencies which makes dif-
ferential spectral indices derived from them much
less sensitive to errors. The lowest frequency used
is 37 times smaller than the highest one, while the
lowest frequency is about ten times smaller then the

next one. An increase of the 1420 MHz data for 55%
would give a decrease of differential spectral indices

between 38 and 1420 MHz of 0.12, between 408 and
1420 MHz 0.35, while an increase od the 38 MHz data

for 3% would give an increase of differential spectral
indices between 38 and 1420 MHz of only 0.008 and

between 38 and 408 MHZ of 0.01 (Nikolié, 1994).

This example offers a good feeling for reliability of

the derived values.
The data at 38 MHz were those from the 38
MHz survey of Milogradov-Turin and Smith (1973).

Since the spur in Aquarius was lying in the region
where comparatively high ionospheric absorption

was present (Milogradov-Turin and Smith, 1973), co-

- rrection for it was applied.

. The 408 and 1420 MHz data were received
from Haslam and Salter (1983) and Reich (1990) who

convolved their surveys to the resolution of the 38
MHz survey.

They are of the same resolution of 79256 X
89256 and mimic the case of scaled aerials.

3. ANALYSIS

By definition, a differential temperature spec-
tral index B, is given by the slope a of the straight
line on the T-T graph where temperatures at the
higher frequency are plotted along the axis of abcis-

sae. It 1s related to the temperature of the anisotro-
pic component T,,, as

| Tan X v -ﬂa’
- and to the slope

Ba(v1,v3) = log -E-f- - loga.

All T-T %raphs in this work were showing a
clear splitting of branches plotted for the outer and
the inner part of the spur. This is an interesting re-

- sult by itself (Milogradov-Turin and Nikolié, 1995)

and may be interpreted as a presence of a high spec-
tral index component on the outer part of a spur

‘(Milogradov-Turin, 1987).

In order to derive a differential spectral index
we were taking the best fitted line through the middle

of the T-T fork, almost parallel to the both branches.
Such a line is represented as a full line in Figure 1.

Fig. 1. T-T graph of the North Polar Spur for

b = 58°.

The best fits to branches are given as dot-
ted lines. The classical least square fit to all data

is represented by a dashed line (Nikolié, 1994). It

18 obvious that it does not correspond to the effect
expected from the T-T graph. Since we believe the
splitting might have an astronomical reason, as men-
tioned above, we have decided to derive the differen-
tial spectral indices from the slope of the middle line,
as it was already done by Milogradov-Turin (198

2).
The difference in indices obtained from the midd?e
line and the least square fit line on the Figure 1. is

0.1. (Nikolié, 1994).

The errors quoted in Table 1. are internal
ones. They represent deviations of points from the
straight line while the errors of the averaged values
contain internal and external errors.

4. RESULTS

Differential spectral indices for all radio-spurs
on different latitudes are given in the Table 1, and the
mean values of indices for all radio-spurs are given

in Table 2.



408 - 38

North Polar Spur

) = 22 2.47 £ 0.04
26° 2.47 £+ 0.04
30° 2.42 £ 0.01
34° 2.45 + 0.01

2.44+0.01
2.48 +0.02
2.46 % 0.04
2.45 % 0.05

38°
42°
46°
50°

54° 2.60 £ 0.02
58° 2.60 £ 0.04
62° 2.60 & 0.02
66° 2.7+ 0.01
70° 2.58 & 0.01

)pur in Aquarius
) = =34° 2.65 = 0.04
-38° 2.63 +0.07
-42° 2.60 4 0.06
-46° 249+ 0.06
-50° 2.2040.20
-54° 2.30 3 0.40

pur in Pegasus _ _
= —-22° 2.64 £ 0.09
-26° 2.63 £ 0.02
-30° 2.57 £ 0.04
-34° 2.49 = 0.09
-38° 2.64 £0.09
-~42° 2.25 £ 0.09
Spur in Taurus
0= ~-18° 2.46 +0.03
-22° 2.61 £+ 0.01
-26° 244 +0.09
-30° 2.39 £ 0.07
- =34° 2.53 £ 0.02

DIFFERENTIAL SPECTRAL INDICES OF RADIO SPURS BETWEEN 38, 408 AND 1410 |

Table 1. Differential spectral indices of radio-spgrs on different latitudes

1420 — 88

2.56 £ 0.05
2.60%0.01
2.64+0.01
2.63 +£0.01
2.66 = 0.01
2.61+£0.01
2.59 + 0.04
2.72+0.03
2.67+0.01
2.67+0.02
2.65+0.02
2.66 = 0.02

_2.67001

2.74 % 0.01
2.70 £ 0.01
2.69 % 0.02

2.67 £ 0.06

2.70 £ 0.20

2.50+0.30

2.68 +0.05
2.68 £ 0.02
2.69 £ 0.02
2.67+0.04
2.72 £+ 0.04
2.57 £ 0.04

92.66 £ 0.08

2.77 £ 0.02
2.68 £ 0.08
2.53 £ 0.06

~ 2.66£0.01

Table 2. Mean values of the differential specfral indices of radio-spurs

. 40838
North Polar Spur 2.51=%0.08
Spur in Aquarius 2.6+ 0.2

Spur in Pegasus 2.63 4 0.09

Spur in Taurus _ 2.49 &+ 0.07

General conclusions are:
1. spectral indices of all the studied radio spurs

are similar,

1420 — 38

2.64 +0.04

2.7+0.1

2.67 +0.04
2.64 +0.06

1420 — 40¢

2.78 £ 0.02
2.98 &£ 0.03
2.96 £ 0.02
2.98 % 0.01
2.92 % 0.01
2.97 % 0.01
2.97 £ 0.02
2.91 =% 0.02
2.91 % 0.02
292+ 0.01
2.93 £ 0.01
290 0.01

- 2.86+0.01

2,64+ 0.04

2.67+0.06
2.95 £ 0.05
3.06+0.15

3.00 % 0.08

3.32+£009

2.77+£0.07

2.76 £ 0.04
2.98 & 0.03
3.13 £ 0.08
3.24+0.09

320010

3.00+0.20

2.90 £ 0.08
2.88 £ 0.0
3.02 £ 0.03

, 0.04

2.92+0.09
3.0+0.1
3.040.1

_29£01

2. indices rise towards higher frequencies, mean-
ing that the spectra of radio spurs are curved.
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5. DISCUSSION

Although it is not easy to compare spectral
indices between themselves since they are usually
obtained for different sets of frequencies, different
ranges of longitudes or declinations and for differ-
ent resolutions, one can do it with a considerable
caution. Most of the published results are related to

the North Polar Spur; only Berkhuijsen (1971) gives

indices for the spurs seen on her survey.
The only case where the comparison could be
readily done was one with differential temperature

spectral indices between 38 and 404 MHz (Milogra-
dov-Turin, 1982). Since they were derived from al-
most the same type of telescopes (Milogradov-Turin
and Smith, 1973 ; Pauliny-Toth and Shakeshaft,
1962) they represented real scaled aerials results.

The agreement between Ba(38, 404? and G4(38, 408)

was within limits of errors for all observed radio-
spurs.

The comparison with the spectral indices de-
rived by Reich and Reich (1988) for the same pair

- of frequencies is less straightforward. Firstly, Reich

the radio-spurs after subtraction of the components
of radio emission they could calculate. Secondly, the
resolution of their data used for this Fur ose was
2.°5. Thirdly, they published the map of indices only
for the region of the North Polar Spur. Taking all

this into account we find that the difterence of about
0.2 in spectral indices is not too worrying. It lies just

outside the quotted errors (Nikolié, 1994).

The analysis of the papers on differential spec-

tral indices within the first decade since their intro-
duction (Webster, 1974 and references therein) has

shown that most of them must be corrected (Milo-

gradov-Turin, 1982), for various reasons. One of the

ways the comparison could be made more obvious
is to plot spectral indices versus geometrical means

10

and Reich (1988) have obtained spectral indices of

of the pairs of frequencies used for their derivation

Milogradev-Turin, 1982). Comparison with such
ata does not show greater differences than could
be expected.
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ANSEPEHLUNJATTHYU CNIEKTPAJIHY UHIEKCHU PAINO-JIYKOBA NIBMEBY 38, 408 U 1420 MHz

J. Munorpanos-Typux? u C. Huxonuh?

1 Hnomum Ym 3a acmporomu)y, Mamemamuuxu gaxyimem, Cmydermexu mpe 16, n. 6. 550, 11000 beoepad
? Hempaxcueauxa cmanuya Iemnuya, n. n. 40, 14000 Baseso

YIK 524.827-355.7-77
Oputunasnu nayunu pad

Kopucrehu mocMatpamsa Ha 38, 408 u 1420
MHz, ucre pasnpojue Mohu og 7°25 x 8° 25, M-
PaiyHATH Cy TUQPECPEHUMJAIIHMA CTICKTPATHH MHICKCH efexTa. BpemHOCTH MapatyHaTHX AQPEPCHIIM jasismX
CeBepHor nosnapHor syxa, JIyxa y Bononuju, Jlyka y  crnekTpaJHMX HHmexca Y ZoOpoj cy carnacHoOCTH ca
llerasy u Jlyka y Buxy. Unnexcu cy uz QIYHATH U3  MHICKCHMA MIBCUCHUM M3Mely Opyrux (pexpesiin iz
HaruGa oarosapajyhux T-T rpaduxa. OTBPICHO j¢ M IPYrMM MeTomaMa ox CTPaHe ApYrux ayropa.

paHuje yoieHo pacueruiere T-T rpaduxa Ha I'paHe,
lTo yxaagje Ha PCAIHOCT OBOI' KBA3UXHCTEPEIUCHOY
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