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Summary. Radio continuum observations at 1420 MHz of the
optical SNR discovered by Gull et al. (1977) are presented. Intense
radio ridges appear to coincide with bright optical filaments.
Observed and derived parameters are collected in Table 4. The
main characteristics of this SNR are: diameter ~75 pc, distance
~0.9 kpc, expansion velocity 250 km s ™%, age <$2.4 10° yr, and
total kinetic energy ~13 10°! erg. A short comparison with other
SNRs is made.
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spectral index — supernova remnants

1. Introduction

Recently Gulletal. (1977) have reported the detection of a filamen-
tary loop structure in optical emission lines centred at («, 6),950
=(19"31™, +31°10"), or (£, b) = (656, +6°). It is especially bright
in [Omni] and looks like a supernova remnant (SNR) of large
angular extent (=4°x3°3). One of the brightest filaments has
previously been catalogued by Sharpless (1959) as the H 11 region
S91. Sabbadin and D’Odorico (1976) have shown that the emis-
sion line ratios of Ha, [N 1] and [Su] in S91 indicate that this
filament is part of a SNR. Applying the relations of Daltabuit
et al. (1976) between line ratios, linear diameter and expansion
velocity of SNRs to S91 they derived a linear diameter ~34 pc,
distance ~0.7 kpc, expansion velocity >100 km s~ * and average
density in the filament ~450cm ~3. Both Sabbadin and D’Odorico
as well as Gull et al. found some evidence of radio emission at
820 MHz on the map of Berkhuijsen (1972); Sabbadin and
D’Odorico found the radio emission to be more apparent on the
408 MHz map of Haslam et al. (1974). Using the surface bright-
ness-linear diameter relation Gull et al. estimated that the SNR
has a diameter ~70 pc, distance ~1.2 kpc, expansion velocity
250 km s~!, ambient density ~0.5 cm ™3, and age ~3 10° yr.

In this paper we present new radio continuum data of the area
at 1420 MHz with an angular resolution of 11’. The observations
and the reduction procedure are described in Sect. 2; point
sources in the area are discussed in Sect. 3; a comparison of the
1420 MHz map and the optical structure is made in Sect. 4,
while in Sect. 5 the 1420 MHz data are compared with data at
408 MHz; in Section 6 the surface brightness-linear diameter
(Z—D) relation and a dynamical model are applied to the new
SNR; a summary and a discussion are given in Sect. 7.
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2. Observations and Reductions

The observations were made with the 100-m telescope in Effels-
berg of the Max-Planck-Institut fiir Radioastronomie in April
1977. At 1420 MHz the half-power beamwidth is 9’. The one-
channel Dicke receiver switched against a load cooled in liquid
helium; a digital back-end with 4 phases was used. The effective
bandwidth after rejection of the Hi-line band was 18 MHz; the
system temperature was 70 K.

The area a=19220™ to 19240™, § =29°0 to 33°5 was scanned in
6 at a rate of 4°5/min at intervals of 16° in a. In order to eliminate
possible polarisation effects the measurements were done on 2
consecutive days at the same sidereal time but with orthogonal
feed positions.

The standard reduction procedure of Neidhofer et al. (1978)
was used. A second order polynomial was fitted perpendicular
to the scan direction through the average of the data points of
the outermost 20’ of each scan. The best fits on either side were
then used to determine linear baselines for the scans. In this
procedure point sources were disregarded. All scans were checked
for interference and, if necessary, corrected. Finally the two maps
were added and slightly smoothed with a gaussian to a half- .
power beamwidth of 11’ in order to improve the signal-to-noise
ratio. The resulting map is shown in Figs. 1 and 2; the r.m.s.
noise is 30 mK in 7, . Features on the map are discussed in Sect. 4.

The source 3C 345 was used as a primary calibrator for which
a flux density S=6.8+0.4 Jy was adopted (Genzel et al., 1976).
The source 4C 33.48 =0V +337=DA 480, on the border of our
map, served as a secondary calibrator; the observed flux density
of 3.554+0.05 Jy (standard error only; -+ 0.25 Jy if the systematic
scale error is included) is in good agreement with other available
data (see Table 1). These calibrations yielded 7,=(1.9+0.1) S -
for the main beam brightness temperature at 11’ resolution. The
beam efficiency is 0.7010.04; the aperture efficiency is 0.53
(Internal Test Report of the MPIfR, 1973).

3. Point Sources

The point sources visible in Fig. 1 are collected in Table 1. Only
those point sources indicated by at least 2 contours (~66=0.10
Jy/beam) above the immediate surrounding were included. The
positional accuracy is estimated to be +4°in @ and +1’in .
The random error in the flux density is about +0.05 Jy down to
the weakest sources; the flux density scale is probably accurate
to 10%. _
We have compared the sources in Table 1 with an updated
version of the Masterlist of Radio Sources (Dixon, 1970). Four-
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Fig. 1. Contour map of G65.2+ 5.7 at 1420 MHz smoothed to an angular resolution of 11’. Contour levels are 0 (dashed) step 0.1 K in
main beam brightness temperature T; ; contours 0.3 and 0.6 K are thick. Areas where T,>0.2 K are blackened proportional to 7.
The r.m.s. noise is 0.03 K. Ridges 4, b, and c are indicated (Sect. 4); + shows the position of the radio centre (Sect. 5)

teen sources, all of them having S;,4,,=<0.22 Jy, do not appear in
the Masterlist. One of them is the Sharpless Hu region S94
(source 13 in Table 1), which has been detected at 1400 MHz by
Felli and Churchwell (1972). Also at the position of S96 («
=1927™, §=32°35") some enhanced emission is seen. Curiously,
Felli and Churchwell (1972) using the 92-m telescope of NRAO
did not detect any emission above 0.3 K in T, corresponding to
0.17 Jy/beam, in the part of our map between 6=31°40" and
6=33°00" where we see several sources above this level. The flux
densities of known sources in Table 1 generally agree to within
the errors with the values at the same frequency in the Masterlist.

It is interesting to see whether any enhancement of the number
of point sources exists in this area. Wall et al. (1971) did source
counts at 2700 MHz using the Parkes telescope with a half-
power beamwidth of 10’, which is very close to the angular
resolution of our map. Assuming an average spectral index of
0.75 between 1420 and 2700 MHz, the expected number of sources
N (S142020.16 Jy) is 15+4, while 15+ 5 sources are observed.
The expected number of sources N (Sy4,0=0.52 Jy) is 3+2, and

3+1 sources are observed. So the number of sources observed
in the area agrees very well with the expected number. However,
in the strip of 023 x 1°0 centred at a=19"33™, §=29°50' on one
of the bright radio ridges coincident with an optical filament we
observe 3+1 sources with S;4,0,=0.16 Jy, but only 0.2340.05
sources are expected. This suggests that some of the sources
observed in this ridge may be physically related to the ridge. It
may be noted that in several SNRs (Cygnus Loop, Origem Loop)
point sources occur in the radio shell.

4. Comparison of the Map at 1420 MHz with Optical Observations

In Figure 1 several elongated structures or ridges stand out
clearly, i.e. (a)in the north from o= 1932 to 19%39™ at § ~32°30, -
(b) in the south from a=19"28™ to 19"34™ at §~29°45', and (c)
from a=19234" to 19%37™ at § ~29°50’.

In Figure 2 the contour map of Fig. 1 is superimposed onto
the twenty-minute exposure in [O 1] of Gull et al. (1977). The
bright radio ridges appear to coincide with the brightest optical
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Fig. 2. Contour map of G65.2+ 5.7 at 1420 MHz with an angular resolution of 11’ superimposed onto the twenty-minute exposure in
[Om] of Gull et al. (1977). Contours 0 (dashed) step 1 correspond to levels 0.05 K step 0.15 K in 7, ; contour 2 is hatched downhill

filaments. This suggests that the shell of the SNR emits both
optical and radio emission from gas of high density at high
temperature as well as synchrotron emission from high-energy
electrons in a possible compressed magnetic field (see Sect. 5).
The patchiness of the radio ridges and the point sources in ridge
b are reminiscent of the Cygnus Loop.

In addition to the bright ridges a small radio ridge coincides
with the small but bright filament S94 at (a, §) = (19226™, +31°20").
On the weaker filaments no radio emission has been detected,
putting an upper limit to the brightness temperature 7,(1420)
<100 mK. The radio ridge centred at a=19"39™, §=29°30" is
probably a contamination of galactic plane emission unrelated
to the SNR, which influences the map at the lowest latitudes.

5. Distribution of Spectral Index between 1420 and 408 MHz

In order to determine the spectral index distribution across the
SNR the same area as observed at 1420 MHz was taken from

the 408 MHz survey of Haslam et al. (1974). To separate the
SNR emission from the background the baselevel of the map at
408 MHz was determined in the same way as at 1420 MHz. The
full beam brightness temperatures were then multiplied by 1.5 in
order to obtain main beam brightness temperatures. Using a
gaussian function the map at 1420 MHz was smoothed to the
half-power beamwidth of 37’ at 408 MHz. The temperature
spectral index § was then computed for all temperatures larger
than 4 times the r.m.s. noise, i.e. for points having 7,(408)>3 K
and T,(1420)>0.1 K. The result is shown in Fig. 3 superposed
onto the contour map at 408 MHz. The estimated systematic
error in B is +0.2, but may be higher at a>19"36’ because of
uncertainties in the baselevels. The random error due to noise
in the maps is typically 0.6/7,(408) per beam area.

In view of the above uncertainties an interpretation of Fig. 3
should be made with caution. For instance, ridge a in the north
has $=2.3040.12, only marginally different from f=2.50+0.05
of ridge b. Several sources have a steeper spectrum than their
surroundings.
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Fig. 3. Distribution of the temperature spectral index ;555 across G65.2+ 5.7 superimposed onto the 408 MHz map taken from Haslam

et al. (1974). Contours are labelled in K in T; ; the contour of 4 K is hatched downhill. ;43 was determined only at positions where
both 7;(1420)>0.01 K and T;(408)>3 K hold. The random error in f,335 is 0.6/T;(408)

The average variation of § as a function of distance from the  axis” corresponding to R=120" along the “minor axis”. The
centre was also studied. The position of the centre and the el- maps at 1420 and 408 MHz were integrated out to this radius
lipticity of the loop-like structure were estimated from the lines  yielding the integrated flux densities given in Table 2. The errors
of maximum intensity of the radio ridges in Fig. 1. The centre is  quoted in Table 2 are mainly due to uncertainty in the ellipticity;
at (o, 6)=(19"30™48 +£30°, +31°5+2’), or (£,b)=(65°171+0.03, they do not include the uncertainties in the baselevels of the maps.
+5°73+0.03), and is indicated in Fig. 1; the axial ratiois 1.3+ 0.1.  The integrated flux density spectral index is a,335=0.61+0.05
For both maps the brightness temperatures were averaged in  (but +0.25 if the systematic error is included).
elliptical rings around the centre (now all points were used). The
resulting cross-cuts and the average fare shown in Fig. 4. Apart The average surface brightness X was derived from the average
from some emission near the centre the cross-cuts have the shape ~ brightness temperature 7, using the relation Z=2kT,/A*. Inter-
typical for SNRs: a relative minimum around the centre, a slow ~ polation to 1000 MHz gives Zo00=(1.46£0.05) 10722 W m™2
increase to maximum intensity, followed by a steep decrease from  sterad ™' Hz™!. Z 45 and Zjgoo may be used to find the linear
the maximum outwards. The emission near the centre is partly ~—diameter D from the X — D relation.
due to source 15 (Table 1); no optical counterpart is visible in
Fig. 2. The average spectral index appears to slowly increase
from f=2.34+0.14 within 24’ from the centre to f=2.64+0.02
at R=120"and $=2.96+0.04 at R=150". However, the increase
in B for R> 120’ is based on the uncertain outer parts of the maps.
If the area a > 19"36™ is left out then the increase of § for R> 120’
is somewhat less. The steepening of the spectrum from R=0"to
R=120'is probably real.

The X — D relation is of the form =aD ~°. The constants a
and b have been determined by various authors using different,
but partly identical, sets of calibrators. Applying the four most
recent determinations to the new SNR, taking an average angular
diameter of 276’ =4°6, the values for the linear diameter D and
distance r as listed in Table 3 are obtained. In view of the large
uncertainties we adopt D=75%32 pc and r=0.973:5 kpc. These
values confirm the estimates of Gull et al. (1977) (see Sect. 1).
The agreement with the optically determined values of Sabbadin
and D’Odorico (1976) is also reasonable; it may be noted that
Following Clark and Caswell (1976) the boundary of the el- the relations they used show a considerable scatter, and that they
liptically shaped SNR was taken at R=156" along the “major  observed line ratios only in one small part of the filaments indi-

6. Integrated Flux Density and Linear Diameter ; Dynamical Model
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Table 1. Sources in the region of SNR G65.2+5.7 Table 2. Integrated flux and surface brightness
S -
Nr. (1950) speak Comments %‘1‘22 Freq. S %420 v Sint T I
RA DEC | (dy) Mz) | () ‘ (MHz) () (K) (1072 y w2 ster w2l
hoManS Op1+ s
1 | 19"20"00% |31%1' | 0.29 | upper Timit| 4C+31.53 79 | 2.1 | 1.0 208 | o1 15 4.9340.13 2.52 £ 0.07
for RA B2 1919+318 | 408 | 1.68 | 0.72
0V+333 1415 | 0.19 | - 1420 | 42.4:1.6 | 0.19:0.01 1.19 + 0.04
2 |19 2050 |3256 | 0.16 B2 1920+32 | 408 | 0.37 | o0.68 5 3
Systematic errors are not included
3 192120 |3036 | 0.45 4 30.37 179 | 3.1 | 1.07
: B2 1921430 | 408 | 1:68 | 0.95
VR0 30.19.03| 610 | 0.9 | 1.22
oV 336 1815 | 037 | -
4 | 192224 |3325|3.55 | used for 4c 33.48 179 | 7.2 | 0.3 . . .
calibration| B2 1922+33 | 408 |.7.24 | o0.57| Table3. Linear diameter and distance
V4337 1415 | 3.61 | - .
DA 480 1420 2.9 - Reference v a b D r
GC 1922+33 5000 1.92 0.49 (MHz) (pc) (kpc)
5192312 [3000 | 0.19 821023429 | 408 | 051 | 0811 |y casuert (197)| 408 | 3.6 x10° |10 +1 52+ 2 | 0.6%0:4
6192314 3024 0.16 -
7192328 |3124|0.39 Hovaisky, Lequeu
: B2 1923431 | 408 | 0.82 | 0.60 (1972) | 1000 | 4.55x10%% | 4.0x0.2 | 74*13 | 0.9%0:3
0V+339 1415 | 0.58 | - - :
s l192430 13210 0.16 . \ Sabbadin (1977) 408 | 1.5 x10716'| 3.020.3 | 84730 | 10703
9192632 (2948 ] 0.13 | - ‘ Berkhuijsen (1973) | 1000 | 4.5 x1076 | 3.1:0.3 [ 124*132 | 15778
10 (192439 {3228 0.14 |- B2 19244328 | 408 | 0.41 | 0.86
11 | 192504 {2932 | 0.26 B2 1924+29 408 | 0.56 | 0.63 Adopted 75t2§ 0-9':8’2
: 0V+242 1415 | 0.28 | - :
12 | 192556 {3208 | 0.16 B2 1925+32A | 408 | 0.30 | 0.50 The linear diameter was derived from Z‘v—_-aD —-b
13 | 1926 07 |31 20 | 0.13 | HII region | $94
14 | 192852 3102 0.14 B2 1928+31 | 408 | 0.47 | 0.97
15.| 1929 21 |31 17 | 0.23 B2 1929+31 | 408 | 0.39 | 0.46
0V+349 1415 | 0.22 | -
0 60" 120 180" R
16 | 192953 [3048 | 0.12 - — T T T ]
17 [ 193056 3226 | 0.13 - ' 1p(1420) ) Tp(408)
18 | 19 31 05 [ 3058 | 0.13 - (K) M (k)
I
19 | 10"31M28% | 20°32' | 0.18 | extended | - 150
background :
20 | 1932 32 {2913 | 0.22 -
21 | 193232 [2950 | 0.17 | extended B2 1932+29 | 408 | 0.89 | 1.32 0.2
background 0v+254 1415 0.43 -
22 | 1932 36 [3219 | 0.59 | extended in| 4C 32.60 179 | 3.3 | 0.8 140
RA B2 1932432 | 408 | 2.16 | 1.0
0V+355 1815 | 036 | - -
23 | 193258 {3024 | 0.14 | Planetary | PKos4+5.1 | 3240 | 0.47 | - 01k L—
nebula " 6630 | 0.63 [ - 42.0
u 10630 | 0.54 | - 408 Mz
24 | 193336 (3002 | 0.49 40+29.58 179 | 3.9 | 1.00 — 1470 MHz
B2 1933+30 | 408 | 1.87 | 1.07 .
VR0 29.19.01| 610 | 0.9 [ ©.72 00— . . . oo
0V+356 1415 | 0.58 | - B ! ! ! M ’
. . 43
25 | 19 34 44 | 3028 | 0.16 o - 1l ) |
2 | 193509 |3110 ] 0.16 B2 1935431 | 408 | 0.37 | 0.67 i
27 | 193545 | 3148 | 0.13 - 27k , . !i ]
28 | 1936 48 | 3017 | 0.14 B2 1936+30 | 408 | 0.29 | 0.58 { [ { ;! [ i
29 [ 1937 24 | 3113 | 0.15 - v 23 { I _
30 | 1938 08 | 31 32 | 0.70 | extended in| B2 1938+31 | 408 | 1.38 | 0.54 . . \ .
RA 0V+364 1415 | 0.84 | - 0 60' 120 180" R
31| 193820 |3100] 0.18 B2 1938+30 | 408 | 0.46 | 0.75 . . L
ol o1s Fig. 4 a. Distribution of 7;(1420) and T,(408) after averaging in
2! 0. - © 4. . .
219382 |29 elliptical rings around the centre at distance R from the centre.
33| 193824 | 3216 ) 0.16 - b Variation of the temperature spectral index B335 with R derived
34| 193843 | 2937 | 0.20 B2 1938+29 | 408 | 0.88  1.19 from the data shown in Fig. 4a. Dots — entire area was used;
! crosses (slightly shifted for clarity) — area o>19"36™ not .used.
S ' . .
Estimated random errors: RA +4°, DEC £1', S, 0.05 Jy Error bars of one standard deviation are shown
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Table 4. Data on SNR G65.2+5.7

Coordinates of centre

optical shell a (1950) (h,m) 19 31
s (1950) (°,") +31 10
2 (9 65.6
b (%) +6
radio shell a (1950) (h,m,s) 19 30 48%30
s (1950) (°,") 31 522
2 (%) 65.17+ 0.03
b (%) 5.73t 0.03
Diameter of optical shell o, (©) 3.3 x 4.0
Diameter between outer half-
power points of radio shell D (°) 4.0 x 5.2
Axial ratio of radio shell 1.3 = 0.1
Integrated flux density at
1 GHz Sint () : 52 3
Flux density spectral index 4
(s =v™ ayaee 0.61% 0.25
Average brightness temperature
at 1 GHz T, (K) 0.48: 0.03
Average surface brightness at
1 6Hz 21000010 2 Wm2 s;er'l Hz'l)y  1.46+ 0.05
Average surface brightness at
408 MHz Ty (1072 un2ster ™ izl) 2,520 0.07
Linear diameter of radio shell D (pc) ) 75 fgg
Distance to centre of radio ‘
. + 0.6
shell r (kpc) 0.9~ 0.3
Distance above Galactic plane z (pc) 90 tgg
Expansion velocity Vexp (km/s) 50
Age t (105 years) s2.4 % (l)g
Assumed ambient magnetic field B (10'6 Gauss) 3
Ambient density ny (en™) 9 1-2;
Initial energy E, (1051 ergs) 13 2

cative for the shell. Observations of the line ratios in other parts
of the shell are highly desirable.

Gull et al. (1977) have noted that the expansion velocity
Vexp =50 km s™* in order to produce the observed strong [O 1]
lines. From the values of I(Ho)/I(N 11) observed in S91 Sabbadin
and D’Odorico (1976) estimated V,,,2100 km s~'. However,
Lozinskaya (1978) has shown that within old SNRs the expansion
velocity of filaments can range from 0 to 150 km/s. Therefore,
the value of V,,, derived for S91 may not be typical for the new
SNR as a whole and we adopt V,,,250 km s™*. With a linear
diameter D=75%33 pc we then find an age t $2.475:4 10° yr and
aratio of total kinetic energy to ambient density Eo/nd 122 1.172:3
10%! erg cm ~3-36 (Chevalier, 1974).

Recently Cant6 (1977) derived an empirical relation between
linear radius, nyand ¥, for the case of a magnetic field B,=310"°
Gauss. Since we observed nonthermal radio emission from the
remnant this case may be applicable. Using his Fig. 3 we find
1o S 972 em ™3 yielding Ey~(13+2) x 10! erg. This energy is
~3 times the average E, of about 20 SNRs obtained by Cantd.
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7. Summary and Discussion

The results of our observations at 1420 MHz with an angular
resolution of 11’ (Fig. 1) of the new SNR G65.2+ 5.7 that has
been detected optically by Gull et al. (1977) may be summarised
as follows:

1. At 1420 MHz several intense radio ridges are found coin-
ciding with the brightest optical filaments. Most of the weaker
filaments are not seen at 1420 MHz giving an upper limit of
T, <100 mK (Fig. 2). A cross-cut through the object obtained by
averaging 7} in rings around the centre has a shape typical for
SNRs (Fig. 4).

2. Comparison with existing data at 408 MHz of Haslam et al.
(1974) shows the existence of variation in the temperature spectral
index B between 2.3 and 2.9 (Fig. 3). After averaging T}, in rings
a systematic increase in f is found from f=2.34+0.14 at R<24’
to f=2.64+0.02 at R=120’ (Fig. 4). For R<156’ the integrated
spectral index is 2.61 +-0.25 indicating that the radiation at 1420
MHz is mainly nonthermal.

3. The observed and derived parameters of the new SNR are
collected in Table 4. Its main characteristics are: D~75 pc,
r~09kpc, ¥,,,250kms™*, 152.410° yr, and E;~13 x 10°! erg
ifny<10cm ™3,

In Table 5 G65.2+ 5.7 is compared with other SNRs of large
size and low radio brightness. The linear diameter and radio
surface brightness of G65.2+ 5.7 are intermediate between those
of the Monoceros Loop and S147 and those of the Origem Loop,
but the optical appearance, expansion velocity and age are close
to those of S147 and the Monoceros Loop. Therefore, G 65.2+ 5.7
seems to be most comparable to these younger remnants, optically
in particular to S147; it is larger than S147 mainly because of its
larger initial energy.

The values of n, were derived from Fig. 3 in Cant6 (1977)
using the values of V,,, from Table 5. The ambient densities
come out a factor of ~10 higher than is usually assumed. Un-
fortunately independent observations of n, in the directions of
the 4 SNRs in Table 5 are scarce. Raimond (1964) found evidence
for extended H1 complexes having densities of ~10 cm 3 in the
direction and at the approximate distance of the Monoceros
Loop. Considering that most probably H, is also present in
these clouds, as well as the fact that supernovae are likely to
explode in relatively dense regions, an ambient density ny~10
cm ™3 may be more realistic than ny~1 cm~3. Consequently,
the typical initial kinetic energy that is usually assumed also
increases by a factor of ~10to ~3 x 10! erg.

Finally, the observations of G 65.2 4 5.7 presented here clearly
demonstrate that extended SNRs of low radio surface brightness
not only can be detected, but also can be separated from a fairly
complex Galactic background, provided the radio observations
are done with sufficiently high resolution (HPBW <10') at a
suitable frequency (<1400 MHz). Detailed optical surveys (Gull
et al., 1974) as well as H1 surveys with high resolution will greatly
improve the chance of finding weak extended SNRs. Therefore
we believe that, contrary to the conclusion of Henning and
Wendker (1975), many more extended SNRs having X, 1.5
10722 W m™2 sterad ~* Hz ™! may be detected in the future.
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Table 5. Comparison of G65.2+ 5.7 with similar SNRs
Variable Monoceros Loop S147 G65.2+5.7
Optical appearance faint HII ring shell of long shell of long
weak filaments ~ | filaments filaments,
strong [0III/Hal
2,b (%) 205.5, +0.2 180.0, -1.7 65.2, +5.7
Z30a(10" 2 unZ ster 2l 4.1+ 0.4 524 0.5 2.5+ 0.1
D (pc) 49 =10 51 +10 5 30
r (kpc) 0.7% 0.2 1.0+ 0.2 0.9 98
Vexp (kn/s) 50 10 50 10 250
t (10° years) 1.5¢ 0.4 1.5+ 0.4 s24% 12
Ey/ne 12 (10%) erg cn3-%) 0.3: 0.2 0.3¢ 0.2 211t 2.0
-3 +22 +19 <o +21
n, (em™”) u 5 12 "9 39 0%
51
E, (10 erg) 5 +1 5 + 1 13 0+ 2
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2.2 0.5 | 2,2,7,6
116 £ 52 2,2,7,6
1.1+ 0.5 2,2,7,6
~20 3,3,4,6
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~0.5 9,9,7,6
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