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ABSTRACT. Evaluations of loss coefficient at several fixed heights of ionospheric F-region by
a comparasively simple method have been shown to yield reasonable values. Seasonal characteristics
of the loss ccefficient have been obtained and discussed in relation to concentration of atomic
and molecular gases. From analysis at average heights of maximum electron densities, seasonal
and solar cycle variations in the loss coefficient at temperate and sub-tropical latitudes have also
been obtained. It has been found that the technique is not applicable to stations in low latitudes
because of the large magnitudes of vertical drifts ofionization which have not been takeninto account

in the present method.

1. Introduction

The electron loss coefficient in the iono-
sphere has generally been determined from
the diurnal variation of maximum electron
densities and from the decay of ionization
during solar eclipses. Neither of these methods
is entirvely satisfactory; the electron density
variation method does not take into account
movements of ionization and, at equatorial
stations, often yields negative values of the
loss coefficient. The method based on the
decay of ionization also cannot be expected
to yield satisfactory results, particularly
for the higher regions in the ionosphere
because of the large relaxation times and
irregular distribution of sources of ionizing
radiation on the solar disc and corona. Many
of the earlier observations have, therefore,
yielded loss coefficient values which differ
considerably between themselves. For in-
stance, the loss coefficient obtained by Van
Zandt, Norton and Stonehocker (1960)
is two to five times larger than that obtained
from earlier eclipse analyses (Savitt 1950,
Minnis 1956). In a comprehensive analysis,
Ratcliffe et al. (1956) have determined the
loss coefficient at several heights in the F-
region by using true height profiles of elect-
ron density at Huancayo, Watheroo and
Slough -and by using methods of analysis
which. minimized the effect of drifts. They
concluded that the loss of electrons between
M/P(N)63DGOB

250 and 350 km takes place by an attach-
ment-like process and that the loss coefficient
at any height between 250 and 350 km is
given by—

Biny=10-* exp. [.‘.?’_(_)O*—]‘,J sec-1
50

Schmerling, quoted by Mitra (1959), has
indicated that a more detailed analysis
results in an effective scale height nearer
to 35 km. Van Zandt et al. (1960) observed
that at the equatorial station of Danger
Island (Geo. Lat. 10°48" §; Geomag. Lat. 11°S)
the value of the linear loss coefficient hetween
290 and 400 km is given by—

300—7
=6-8x10~4exp. | = |gec-l
B ) P [ 103 ] ¢

For a height of 300 km the loss coefficient,
obtained from this relation, is about seven
times larger than that deduced by Rateliffe
et al. (1956). For the same height Bowhill
(1961) has obtained loss coefficient which is
also about five times that obtained from the
Ratcliffe et al. expression. From a com-
parison of the photochemical theory of the F1-
layer and its observed morphology, Hirsh
(1959) has shown. that the day time values of
B must be an order of magnitude larger than,
the night time values of Ratecliffe et ol.
It appears, therefore, that no single expression
for B as a function of height appears to he
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TABLE 1
5 ge0— i ‘ N, L) profiles, Puerto Rico
s of @< 10% sec—! at fixed true heights deduced from (X, y ,
Values of @ April 1959 through July 1961
True height (lom)
A Al
920 240 260 280 300 320 340 360 380 400
1959 .

: 448306 192 139 106 9.6 87
April 308 236 16:7  i2:4 100 86 7.7
Jay 334 145 94 TG 64 G0

e : 28 20-8 158 12 9. Th 66 60
T 374 280 208 158 120 91 75
uly 456 312 236 176 135 100 91 84
Augusb | 364 248 17-9 136 112 98 90 §7
Beptembor 334 238 178 146 127 116 11:0 - 10-6  10-4
Qutobor 334 224 172 147 136 12:8 125 12:3  12.9
Dotombor 40-8 264 202 164 148 13-9 134 130 127 12.6
o ' L1009 1 106
anuar 37.8 276 214 168 140 123 114 10-0 107 "
oy 38 204 154 135 111 dos  er et el Tl
Neeary 344 206 150 12:0 102 93 86 83 81 80
e 362 240 106 152 12:2 104 94 NSS4
2 29-2 205 150 114 92 80 T2 G865
Moy 365 250 162 1043 76 61 5d 50 4.8
Juno 250 178 132 102 84 T3 67 63 G
o 23-9 166 124 95 85 T6 0 67 G
Soombor 334 204 151 124 107 97 93 88 w4
Oaobor 3.9 182 152 13:6 125 120 11-6 11-3 1.3
b 254 206 178 165 157 131 146 148 141
Devomber 214 180 166 156 15-0 &4 1b0 137 13-4
1961 - L )
24 178 166 158 152 149 14T 144 14
January 146 131 121 115 G-l 108 105 104 10.:
Mareh Y 238 16:7 138 122 11-2  10:6  10-1 98 95 9.4
Al 22.6 161 128 10-9 98 91 86 53 s1 8.0
Mo 210 158 11-8 94 TT 69 62 6.0 58 s
Tue 132 98 81 70 67 65 64 63 oo
Tuly 152 1004 82 70 63 58 57 53 5o

satisfactory for all latitudes and that in
addition to height gradient and latitude
variation, seasonal and solar cycle variations
of B should be computed individually for
different locations. Such determination will
require a large number of evaluations with a
comparatively simple method utilising easily
obtainable data such as vertical incidence
data from the individual stations.

It is known that in almost all parts of
the world except in the vicinity of the magne-
tic equator the magnitude of the vertical
transport velocity and its height gradient
are small and any loss of ionization by vertical

divergence is, to a large extent, neutralized
by downward plasma diffusion under gravity
(Martyn 1955). Rishbeth and Barron (1960)
have shown that the movement of ionization
does not significantly alter the layer shape.
It is, therefore, reasonable to assume that at
temperate and sub-tropical latitudes, the
electrons, at the peak of the F2layer and
below it, are in quasi-equilibrium condition
around noon. Under this assumption it
should be possible to obtain reasonable values
of the relaxation time from profile data as
well as from mean F2-layer peak electron
densities in these latitudes. It has heen shown
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by Appleton and Tiyon (1955) that the ros-
ponse of the layer lags behind the ionizing
radiation by an interval of time because of the
finite value of the loss coefficient and that the
value of this time interval depends upon the
height considered. The relaxation time =
is related to the lincar Joss coefficient B by
the relation: r==1/p.

We have attempted to establish that the
reciprocal of the time displacement from
local noon of maximum phase of the diurnal
harmonic of electron densities at a given height
yields a reasonable value of 8. The accuracy
of the results will naturally depend on the
extent to which the diurnal harmonic is
related to the solar ionizing radiation. From
ananalysis of Washington N, F2 data from
1948 through 1957 we find that the correlation
coefficient. hetween the amplitude of the
diurnal harmonic and Ziirich sunspot numher
is 0-918. The solw radio radiation flux at
ALO-Tem is also a fairly good index of solar
ionizing racdiation (Minnis and Bazzard 1959);
the correlation coeflicient et ween the diurnal
harmonic amplitude  and A0-7 em solar
noise flux is 0- 942, Besides, the values of the
loss coefficient yielded by the reciproeal of =
are very consistent with earlier determina-
tions. A plot showing the height variations of
B at Puerto Rico (Geo. Lat, 18-5°N: Geomag,
Lat. 30-0°N: Dip. 52-0°N) for April 1960
which has been obtained feom harmonic
analysis of 24 howrly values of electron den-
sities b several fixed heights is shown, in
Fig. 1.

The simplicity of the method has enabled
us to make a large number of determinations
of the loss coefficient at different heights
from electron density profile data. We have
also extended the method for determining
seasonal and solar ¢ycle variations in the loss
coefficient at an average height of maximum
electron density at a few low and moderate
latitude stations.

2. Analysis of electron densities at fixed heights

The average monthly electron densities
at Puerto Rico for quiet ionosphere
(K, <4 )published in the CRPL-F (Part A)
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Fig. 1. Height variation of loss coefficient {8 at
Puerto Rico, April 1960

Bulletins were harmonically analysed. The
amplitudes and phases of the diwrnal term
were obtained every 20 ki hetween 220 and
400 km. The process was carried out from
the data covering 28 months from April
1959 through July 1961, The values of the
loss coeflicient at eaclh one of the heights
obtained from relaxation time monthwise are
listed in Table 1. The magnitude and height
rariation characteristics are at once seen.
The values of the loss coelficient are consistent
with earlier determinations and show a
systematic and smooth height variation as
well as seasonal and solar eycle characteris-
tics. The height gradient of the loss coefficient
obtained by averaging the numerical values
for each one of the heights for 28 months is
shown in Fig. 2. It indicates that between 220
and 350 km the loss coefficient decreases
exponentially with height and is approximate-
ly given by—

B(ry==1-46X10~* exp. _fi_(}Q:‘/_z_(km)“ ]sec-l

110

A curve obtained from this expression is also
plotted in Fig. 2 along with the values of 8
as a function of true height. The agreement;




70 B. N. BHARGAVA axp R. V. SUBRAHMANYAN

a2

a8

34

30K

» Observed
o Computed
! I

px0°sec’

RN
S

10 g "~

SOD 240 280 320 360 400 440 480

h KM

Fig. 2. Variation of loss coefficient § with height at
Puerto Rico averaged over 28 months
along with values computed from

B=1-46 x 10" exp.[(300—F)/110] sec ~1
between the two 1s very close between 220
and 340 km. It is also observed that the scale
height - of B is considerably larger than Rat-
cliffe et al. value but it is close to that observ-
ed. by Van Zands et al. for Danger Island and
by Mahajan and Mitra (1961) for Delhi (Geo.
Lat. 28°38'N; Geomag. Lat. 19°11'N).

3. Seasonal characteristies in Loss Coefficient

It is known that one of the main causes
for seasonal anomaly in the F2-vegion
ionization is the seasonal change in the rate
of electron, loss. From nocturnal electron
density variations, taking into account
temperature changes, Yonezawa (1950)
noticed marked seasonal change in the F2-
layer recombination coefficient with a
maximum  (¢=3-3X10-0 cm3 sec-l) in
December and minimum (@ = 03X 10-19 cm3
sec-!) in June and July. Several other
investigations (Mitra 1951, Weiss 1953) also
indicated larger values of the recombination
coefficient for winter than for summer. The
magnitudes of the winter to summer ratios
were, however, widely different, from about
11 (Yonezawa) to 3 (Mitra). Analysis of
extensive data from 25 stations (Weiss

TABLE 2
True Winter Summerp
height (Dee 10549) (Jun 1960)
(km) Ry 125 R =122

Layer peak
at 370 km

Lavyer peak
ati 325 km

Bx 105 em® see © Bx 105 em® Sm:"]

240 253 365
260 2000 250
280 163 16-2
300 17 10-3
320 138 76

133 i 1

340

1953) yielded a winfer fo summer ratio of
over 4 for . For decay by attachment  pro-
cess, Weiss found  that  the attachment
coefficient B was independent of latitudes
inallseasons and the value of B averaged over
all latitudes varvied from 200 10-9 gee-1 in

winter to 1-1x 109 gee-t in simmmer. More
recent investigations (lmxhwth and  Setty

1961) suggest a seasonal variation of atmos-
pheric composition which afleets the rates of
both electron loss and observable preduction
;m(l that these may result in different rates
of eclectron decay in winter and summer.
However, according to  their suggestions,
mixing of O and N, during the summer
months and increased relative concentration
of N, result in, an inereased loss rate. In
winter, diffusive separation of O and N,
results in o smaller loss coefticient partly
from decreased relative N, cone «‘ntmt ion and
partly due to inereased rate of preduction
because of increased O concentrat mn It will,
therefore, be noticed that while earlier inves-
tigators concluded that seasonal changes con-
sisted of increased B inwinter as compar-
ed to summer, the suggestion of Rishbeth
and Setty implies just the reverse. It has
recently been suggested by King  (1961)
that in summer the overlapping effects of
many travelling disturbances maintain a
high value of B resulting in low JF'2 critical
frequency and marked bifurcation of the
layer and that g is low in winter when these
disturbances are absent.
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Fig. 3. Height variation of 8 at Puerto Rico during
summer and winter

The values of loss coefficient at Puerto
Rico for 28 months listed in Table ©indicate
that considerable scasonal variations exist
in the loss coefficient. For lower F2-region in
the vicinity of about 250 km, the loss
coefficient is slightly lower in winter than
in summer; for higher heights, however, its
magnitude is considerably higher in winter.
Consequently the range in the variation of 8
for winter is much smaller than in summer.
To illustrate the relative height changes in
B in summer and winter, the values of
the loss coeflicient B for December 1959
and for June 1960, when the relative
Zitvich sunspot number was almost the same,
are given in Table 2. From Fig. 3 where the
averaged values of B are plotted as a func-
tion. of height separately for winter and
summer it will be noticed that while in winter
the ratio Bs0)/Baooy 18 less than 2, in summer
B 250)/ 5(4()()) is almost 4. :

It is obvious that B decreases with increase

of height much more rapidly in summer

sompared to winter.

From plots of the loss coefficient for typical

winter and summer months (December 1959

380 )
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s \
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In (5x107)
Fig. 4. Plot of (In p-—7) for winter and summer
conditions at Puerto Rico

and June 1960) when I2; was almost the same
we find that for heights over 300 km summer
values of B ave smaller than in winter and
the height gradient of B in summer is larger
than, its gradient in winter. A plot of the
height against In 8 (Fig. 4) for these 2 months
yields higher scale heights of g in winter
than in summer.

It is known that in the F-region. atomic
oxygen, Is the ionizable constituent; mole-
cular nitrogen is also ionized but does not
contribute appreciably to the ionization as
N,* ions recombine rapidly by dissociative
recombination. It is, therefore, the concentra-
tion of molecular gases that determines the
value of B (Rishbeth and Barron 1960,
Van Zandt et al. 1960). If the logarithmic
decrement of B is the scale height of mole-
cular gases O, or Ny, it means that the scale
height of the molecular gases is larger in
winter than in summer. The height
gradients of B in summer and in winter
shown in Fig. 4 indicate that the
relative concentration of molecular gases
decreases more rapidly with height in summer
than in winter. However, in the lower
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TABLE 3
8% 10° sec-(Washington D.C., 1948 through 1960)

19048 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

Jan 21-4  16-0 182  20-1 20-8 345 380 323 17-4 140 5.4 23-1 17-4

Feb 149 14-4 §-7  14-9  16-1 220 24-6 24-6 149 154 L4 I4d 1300
Mar 19-8  13-9 122 12:6 126 13-9 209 23-1 150 139 13-4 16:7 -9
Apr 13-0  11-9  10-2 83 10-2 95 126 11-6 o4 lo-2 2.6 123 77
May 6-8 G-9 7-1 6-7 §-0 9-9 85 S-3 69 69 72 G- 1 62
Jun 6-0 5-8 6-9 6-3 15 §-8 95 6-9 5-0 55 50 59 4.7
Jul G-3 6-0 54 6-4 7-6 6-9  10-7 7-3 G2 63 50 R 56
Aug 8.3 8-3 7-7 7-5 8-5 9-9 123 8.2 8-2 87 I1-6 67 7.2

Sep 13-9  16-8 10-9 11-0 119 14-9 16-1 144 149 16-7 76 1100 1940

Oct 17°4 154 19-0 16-7 23-2 27-7 246  26-2 27-8  26-2  20-0 174 16.7
Nov 18-1 198  25-0 23-1 45-4 42:2  60-6  27-8 16-8 231 23-1 174 154
Dec | 18:1 190 19-8  22-1  41:6  68-0  92-6  26-0 181 Is2  17-3  17-4 17-4

F2-region around the vicinity of 250 km there
appears to be no substantial difference in the
relative N, concentration during summer
and winter.
4. Loss Coefficient and Solar Activity

The variation of the recombination coeffi-
cient for Washington D.C. (Geo. Lat. 38° 44/
N; Geomag. Lat. 50°-0 N; Dip. 71°-5N) over
more than a solar cycle was considered by

of the loss coeflicient p deduccd from the
relaxation times are given in Table 3.

A plot of yearly mean value of the loss
coefficient for a mean height of maximum
electron density against Ziirich mean annual
sunspot number R is given in Fig. 5. The
essential featuves of the variation are the
following : for a very low value of sunspot
number (1954, Rz &4) to a sunspot number

Yonezawa (1952) who found that the values

of about 90, the decrease is exponential 3 from
A YOSy s Bary. g ) S— : d :

| —

], _

r
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Fig.5. Variation of loss coefficient ﬁ with annual mean
sunspot number at Washington.

Rico and Washington D.C., the relaxation
times and the loss coeflicient  values for
every month were obtained from Kodaikanal
N2 data for 6 years from 1956 through
1961, It was found that both the seasonal
variation of B as well as the solar eycle
changes were different for this station.  In
contrast to medinm fatitude stations, season-
al \“n‘i'xtiun in the noon values of the virtual
heicht of the F2-layer is known to have two
naxing, one in the summer and the other
in winter  (Appleton 1950).  The height of
maximum v!metl’un densities has a similar
varintion and the scale heights can also,

therefore, he dwume\d to vary in a manner

similar to Jmax £2. At Kokaikanal B is
found to vary inversely with cos y as expect-
e ( )plvtnn 1952) but it has an equinoctial
minimum and varies practically in the same
way a8 fmax F'2 contrary to the behaviour
at h-mpma.fo latitudes.

1. Lot dle yagaredsrdn ol dhe

vertical divergence is offset by downward
plasma  diffusion, at low latitudes vertical
diffusion is almost absent and, therefore,
a high and thick layer results; the cffective
loss coefficient is, therefore, comparatively
large in general due to contribution from the
vertical divergence of ionization represented,
by N (2v[oh). Some values of the loss coefficient
deduced are given in Table 4 to illustrate
this.

The seasonal variation, however, indicates
that the loss coeflicient is reduced during
equinoxes at Jow latitudes and this appears to
have a connection with increased geomagnetic
activity at equinoxes. During these periods
the magnitude of the drift velocity » and its
height gradient dv/oh are both reduced and
the loss term of the continuity equation,
mz., N (B-+ovfah) also undergoes a reduction.
Our results thus agree with those of Skinner
ol Wt
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TABLE 4
Month Jyx 72 BX10° peyod of
Station and (1) sect data
Season analysed
Washington, Jun 400 G6-0 1955 Sep-
D.C. (Summer) 1961 Aug
(6 yrs)
Watheroo Dec 400 5-0 1955 Sep-
(Summer) 1958 Aug
(3 yrs)
Kodaikanal  Jun 450 180 1955 Sep-
(Summer) 1961 Aug
(6 yrs)
Huancayo Dee 480 22.0 1955 Sep-
(Summeor) 1958 Aug

(3 yrs)

Appleton, E. V.

Appleton, K. V. and Lyon, A. J.

Bowhill, 8. A,

Bullen, Jean M.

Hirsh, A. J.

King, G. A. M.

Mahajan, K. K. and Mitra, A. P.

Martyn, D. Tf,
Minnis, C. M.

Minnis, . M. and Bazzard, G. H.
Mitra, A, P,

Ratcliffe, J. A., Schmerling, B, R.,
Setty, C. 8. G. K, and Thomas, J, O

Rishbeth, H. and Barron, D, W.
Rishbeth, H. and Setty, C. S. ¢. K.
Savitt, J.

Setty, C. S. G, K.

Skinner, N. J. and Wright, R. W,

Van Zandt, T. E., Norton, R, B. and
Stonehocker, G. H.

‘Weiss, A, A.
Yonezawa, T\

M/P(N)63DGOB—330—4-3-64—GIPS
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D.C., at low lalitudes the magnitude of
effective B increases with an inerease in solar
activity. These anomaleus seaxonal and solar
cycle variations in B suguest that the tech-
nique used for evaluation of the loss coefhi-
cient is not satisfuctory for Tow latitudes
because of the large magnitude of vertical
divergence.
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