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values of total electron content of the ionosphe
re, obtained at the Obscrvatorio del Ebro by the
Taradav rotation method, have bwen analyzed to
study electron production rates. Dailr values of
the electron production rate, integrated with
respect to height through the ionosphere,were de
termined at sunrise for the period August 1973 -
July 1974, by a method that makKes use of a two
components model atmosphere, A Fourier analysis
of the results indicates an annual and a semian-
nual variation of the production rate values., A
comparison with results of other authors seems
to indicate a latitudinal deperdence of the semi
annual variation; no similar effect was found
for the annual variation,
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1.

ANTRODUCTION,

In a previous report (Allercs and Galdbr, 1¢74)we ga
ve results of total electron content of the ionosphe
re for a period of six months, The dazta were derived
every 2,5 minutes from the signaol of the geostationa
ry satellite INTELEAT II-I'3 by the Faraday rotetion
method. /in analysie similar to the one deccribed by
Garriot and Smith (1965), wes applied to the sunrise
period dete in order to obtain daily values of the
integrated ionization rate of the ionosphere for an
overhead sun,

In the present work we use 2 more soficsticatec me-
thod to obtain nore accurate values of the integra-
ted ionization production rate for a zenitel angle
of the sun of 9C2, (C90)e In the following sections
we deccribe the method of analvsie, in which & two
component model of the neutral atmosphere has been
incorporated. The model,whose description is given
in 2,2, 38 used in 2.3 and 2.4 to obtain an expres-
sion for the photoionization rete for grezing inci-
dence, an expression for the ionizaticn loss rate is
also obtsined in 2,5, The formulae obtained in these
paregraphs sre used in 2,6 to obtair the theoretical
total electron content given by the model for the
sunrise periocd., The pert 2.7 contains the method to
obtein the integrated ionization production rate by
comparing the theoretical and the experimental date
of the total electron content, We give in section 3
the resultes of the production rate found et the Ob-
servatorio del Ebro by the eapplication of the method
described., Its mean value ae well as its seasonal va-
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riations are compared with the results of other au-
thors and its implicationsare discussed., Finally,sec
tion 4 contains the conclussions drawn from the pre-
vious discuesion.

METHOD OF ANALYSIS,

THE CONTINUITY EQUATION,

The determination of Q90 is done by comparing the ex

perimental data of total electron content (TEC) dedu

ced through the Faraday rotation method for the sun-

rise period, to the theoreticel values, deduced from
a model of the ionosphere, at the same period,

The model is besed on the well-known continuity equa

tion for electrons:

were q and 1 are recpectively the production and
loss rate, N the electron density and the drift
velocity of the ionizstion, produced by all the dif-
ferent forces,

Thic equation is valid at any height, z, of the io-
nosphere, so that it can be integrated over all hei-
ghts, Before doing it, we assume that only vertical
derjivatives contribute to the value of the divergen-
ce, Then, the divergence term can be neglected when
integrated over all heights, This ir equivalent to
asgpume that the T.E,C. is not modified by changes in
the electronic profile, due to vertical movements of
ionization, In the real ionosphere, vertical move-
ments of ionization do have an indirect effect on
the electron content, because the loss coefficient
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diminishes with inercasing heights. Nevertheless,this
effect is very small at sunrise conditions, first of
all because the loss itself is very small, and secon
dly beacause, due to the rapid increasse of the elec-
tron content during this pericd, most of the ioniza-
tion pressent at & given time, has been produced lit-
tle time before. If the movement is not very fast,the
displacement of this ionization should not be big
enough to produce appreciable changec on the loss ra-
te. In fact, at middle latitudes, et sunrise, only an
E-V movement of ionization could affect substantiely
the total electron content, because of the strong gre
dient of electron density in that dircction at that
period., But, unless there ere strong electric fields,
that we do not expect, this movement is impeded by
the geomagnetic fiel, whose direction lays on a plane
almost perpendicular to the E-W directiom.

The integration of the two membres of the equation(l)
with the conditions just assumed gives

%—?lzﬂ-P (2)

VVhere Np ia the total electron content, and Q and P,
respectively the integrated production and loss rate,

NEUTRAL ATMOSPHLRE,

The two terms of the second member of equation (2) de-
pend very strongly on the properties of the neutral at
mosphere that receives the ionizing rediation, To sol-
ve equation (2) is then necessary, to establish a mo-

del of neutral atmosphere from which expressions for

the different termes can be deduced,
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The model we have adopted is an aproximation of that
of Jacchia (1971). VWe heve found some relatively sim
ple formulae thet give & repreventation of the neu-
tral atmosphere, similar to the Jacchis model for
the same boundary conditions. The formulae are valid
for an exospheric temperature range at least between
about 7002 K and 10002 K that corresponds to the tem
perature variation during the considered period.

The lower limit of validity of the model proposed is
Z, = 120Km, The temperature at this level is not
keep constant as in other models. On the contrery,
we meke it dependent of the exospheric temperature,
in order to obtain a better fitting to the experimen
tal data,

A list of the variables that are use on the formulae
is given below:

m = molecular weight
K = Bolzman constant ‘
T = exospheric temperature
2 = temperature at height 2z
To = temperature at height 2z( (depends en T, )
g = gravitational acceleration
n(X) = numerical density of the X component at height
2

no(x) = numerical density of the X component at height
zy (depends on T, )

= constent = 910

pareneter (depends on Te )

= paramcter (depends on T, and on m)

= parameter (depends on T, and on m)

@ K o Q
n

All the variables, as well as the temperature and den-
sity at the Zp level, can be obtained from the exosphe |
ric temperature, T, , throuh the formulae given in Ap i
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pendix.

The exospheric temperature, depends on the solar radia
tion and the geomagnetic activitiy, and the method to
calculate .t is the same as in the Jacchia model.

The temperature distribution with height ie given by
the equation

T = Ty -(T, -Tole PiZ-2o) (3)

were 40 = 12CKme, To and b depend on T and are ob-
tained through the equations given in Appendix.

In fig. 1 a comparison between the temperature distri-
bution given by (3) and the Jacchia (1971) model 1is
given for two different exospheric temperatures. As
can be scen, in both cares the curves are very simi-
lar, :

e asswie the neutral atmosphzre to be composed by
thres elements,0,0,, N5, Later on we shall see that the
contribution of O» to the total electron content va-
riation is really negligible so that only O and N,
shall be taken into account in the analysis of the da
ta, nevertheless, in this part, the threc eloments
are considered,

Ve assune, as usual, that the tkrec elements are in
diffusive equilibrium, so that the density distribu-
tion with height, z, of each component is given by

z
-(m/K)/g/T dz )
z

nz=ng(Ty/Tle

To obtain an expression of the integral that appears
in the exponential, we aproximate the relation 9/7
through the sum :




g/T =C/T+f(z-2,) (5)

where C is a constant and f(z - z,) & function who-
se integral 1is:

z
/f(z-zo) dz:ln[F(z-z,)l-Kl’j (6)
Zo

with

F(z-zo):lok(z-zo)esu'z°) (7
where,as has been indicated, k and s are two parame-
ters that can be obtained from T, through the for
mulae of Appendix,

With these aproximations, the integral of ea., 4 be-
comes

r 4
/gn dz =C/AbT,) In(1/T,ePZ-20) ) in(Fiz-2,)) - K/™
zo

and the lensity

o€,y q,mC , mC ;)
n:n.T.( bKT, 7 bKT, ¢ KTs Flz-2,) (8)

Ve put

KT

H.:# ; (9)

that has the form of a scale height of temperature
T and aceleration of gravity equal to C,
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2.3

If we call

& 1
A (10)
and substitute F (2 - z() by its expression(t),the
equation 8 becomes <

V.1l iz
n:n{%ﬂe Ho ™ “*(tekiz-z,)e52 %) (11)

with T given by (4).

In Tables I we give the values of log n for the three
components, obtained by eq. 11 for difierent exosphe
ric temperatures, slso the corresponding values of
the Jacchia (1971) model and the relative difference
between both modelsare shown, .s can be seen the dif
ferences between the models are not greater than 2%
till very high altitudes, and they are greater than
10% only in regions were the density is less than
20cm, The contribution of this region to the total
ionization of the ionosphere is-so small that, even
if the errors in the determination of the density of
the componens are very high, the results are not af-
fected.

PHOTOIONIZATION,

As it is well known, most of the free eclectrons in

the middle latitude ionosphere, are produced by pho-
toionization,

In a mixture of gHSes; the photoionization rate of

each conmponent, qj , produced by a monochromatic ra

diation of flux ¢ 1is given by




-1 d
qj:Q c.n.e ‘%l/sn' ; (12)

o

where Uij and 0,; are respectively the ionization and
absortion cross sections of the J component and nj
the numerical density, The sun2l 1is extended to all
the components and the integral is taken 2long the
ray path,

Since the ionizing radiation of the atmosphere is not
monochromatic, eq. 12 cannot be applied directy, be=-
cause the cross sections depend on the wave length,To
use that equation, we have found an equivalent cross
section for the totel ionizing flux., The ionizing
spectrum has been divided into intervals of narrow
bandwidth, so that the cross sections can be conside-
red constant inside them., The cross section data co-
rresponding to each interval, O, ¢ 8S well as the so
lar radiation flux for the same frequecdes, Qk y ha-
ve been taken from Kockarts (1973) and a weighted
mean, § , of the cross sections has been taken for
each element so that

where §; 1is the total ionizing solar flux. Then
equation 12 can be used taking & as cross section
and §, as the ionizing flux, The values of the absor
tion crons sections found for the three elements
ares ¢

wcm72 . =Il.510"8cm'2 A =13.3910'wcm'2

qD=GJ710 ™ 07

P— -
——— y’ 3
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The values for O and N, are higher than those of
Smith (1968)

5 -8 -2 . i -8 -2
0=5.710 "em” ; 0N2.7.l.10 cm
and lower than those of Yeh et al (1969)
2 18_-2 i -18 -2
0=7-3210""em © ; oNz-ll..lIO cm
GRAZING INCIDLLCH,
sbsortion of radiation,
z
The optical depth,'tzoh/hds sy in eq. 12 gives

the ray absortion along ‘the path,
Since we have to obtain the ionization at the sun-
rise period,grazinzg incidence of the radiation has
to be considered. Ve shall assume that the ray path
is a straight line,
In fig.2, O represcnts the centrs of the earth,0-S
the line joinnin;; the centre of the earth with the
sun, HTN the surface of the earth and R the earth ra
dius, We shall calculate the absortion of the ray
till the point P, To do i®, we rchall) find an expres
sion of the density in a point P' of the ray path,
that can be integrated along the ray path,
From fig, 2

p=(z'+R)sin) z=(z+R)sin X
if we call

h=R§Z ¢ h.:R’zl (13)
He ! He

we obtain
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22, H (hSAR )oK WE0L )y (zz,)

To find the density in P' it is ¢nough to substitute
z' = 7y in the different terms of the expression of

n (ofr, 11), For ’.l‘;,~r we obtain
¥ sinX gy -Y
oL bHALR 1) -blz-z,)
- 1 .
L]

The term to be subtracted in this equation is always
smaller than 1 (and much smaller when the altitud
is higher) so that only the first terms have to be
retained in the development of the power and the
equation becones

bH h(sm -1) -blz-z,)
8 (]
il “'V % T SinA . )

The substitution of 2z'-zgy in the other terms of eq.
11 is straightforward, and doing

H' ® -
h‘sunA W2 A T, R

it gives




-2z A _Biz-z,) BA -Slz-z,) -SA
nz.:n‘TIT;+ He ¢ He ‘Tpe e +kiz-z,)e e o

(14)

-Glz-z,) -GA -Skz-z,) -SA -Glz-z,) -GA
sIgkiz-z,)e e +ke Ae +Toke Ae

The ds that appears in T is (cf, fig, 2)

ds ={Re2) A _ (Rez)sinX 4,
sin A sinZ)

or, according to (13)

ds= H hsinxcosec?) d)

with the limits of the integral of v 0KAgX

To ealculate the integral we ascume that H_, 1s in
dependent of A and its value is equal to the one
that corresponds to A =X . Since R > 2z in the re
gion where moat of the ionization is accumulated, the
sum R 4 z is taken as constant and equal to 6,700
Km, With these conditions, we find the following ex-
pression for the optical depth

-2-2y  _B(z-2,) -Siz-2,) |
T:K. Kle H. QKze 9K3(Z'z.)e + |
(15)

-Glz-z,) S(z-z,) -G(z-z,)
K, (z-2,)e oKSQ oKs e

et s s




where

Kg = Hq hsinx o n ok 85

[ ]
x. A
K, :/e He cosecZ) dA
(-]
X
Kz-TR/ -BAcoseczh dA
K3 -k/ cosec Ad)\

X
-GA
K‘ :TR k/ e cosec2) d
o

3
Kg =k/Ae'SAcosec2x da
(-]
X
Kg = TR k//\ a2 conaedy di
(-]
All these integrals arc independent of 2z and can be
obtained by a numerical integration, The integrals K
to K4 have the same form and only differ in the
constant coefficient that multiply the factor
A1 h‘unx 44
The products Ko Ky ( i=1,4) have the form of the Chap
man function (efr, Chapman 19%1)., In fact, K, Ky 1is
the Chapman function for & scale height H, . This
means that integrals K, to Kg give the moiifica=-
tion of present modcl as compere with a Chapmn lu=-
yer,

——— ;f 2 ET—
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e

Production rate.

The expression for the production rate is easily ob-
tained by substituting the optical depth of eq., 15,
into eq. 12. For the productior rate of the j com-
ponent it gives

Z-Z,
7 -b(z-z,)
LK, H-||K|loKzle TelKy (z-2,)
6 =9u0;ne

(17)

s (z-z,) ~(b-s)(z-z,)
*Kgle K, z2)eKg e l ]

were nj is a function of height and is given by(1ll),
To compare the ionizution production rate of the
three components,0, N2 and Op, the distribution cur-
ves of qj with height have been obtained for seve-
ral exospheric temperatures assuning an ionization ef
ficiency equal to 1, The recults are shown in figz,3,
For the solar flux, the value 0:5.24 10'0 cm-ZS-I

has been taken, that corresponds to the sum of the
fluxes for the different wave lengths between 910 and
80 £ given be Kokarts (1973).

As can be secn,the contribution of the 02 production
rate to the total ionization is very small,so that it
can be neglected for the calculation of the total
electron production,

FPor such a calculation we have assumed that the ioni-
zation efficiency of the atomic oxigen is equal to uni
ty and that of N equal to zero, that is

g =0 ¢ o =0
lo do ' \Nz
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The first hipothesic agrees with the experimental re
sults (ef, Whitten and Poppoff (1971), The second
one is an aproximation based, first of all,on the
fact that only small number of Ny' ions have been
found in the thermosphere (efr, for instance Narcisi
(1973))e This indicates that N2+ ions disappear so
quickly that ite contribution te the total ioniza-
tion ie negligible., On the other hand the reactions
for the Hf ions diseppearance, do not produce other
long life ions that could contribute to the ioniza-
tion,

With these assumptions, the production rate of elec-
trons is practically the seme as the ionization pro-
duction rate of the atomic oxigen, Its expression is
the sane of eq, 17 with the j component being the
atomic oxigen and the sum of the exponential being
extended to O and Np,

In orcer to compere with the experimental data we
need the total electron content. The production rate,
q » has then, to be integrated, to ob-tain the inte-
grated production rate Q. This integration yields

le
W 14 -b(z-z.)-" e Soulz-
z,
2 (18)

n’zIK‘l'- Hot Kok oe t."z.z.’)‘’(3l‘z'z')‘Kf'l):l‘z.a)K‘I‘z'l')'Ksl,i(b-sluz-z.J dz
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where we put Qx to indicate the dependence of the
zenitel angle of the sun through K., &and where all
devendence of 2z hags been explicited,

In fig, 4, the curves Q ( X ) between 8592¢ X€1009
are shown for two exosrheric temperatures, These
curves are obtained from eq 138 considering the up-
per limit of integration z.= 500Km since, as 1t
can be seen in the curves of fig. 3, the production
rate above this region is almost zero.

The two curves of fig. 4 are slmost parallel, This
means that both curves can be reduced to a common
one if they are normslized by a convenient factor,
Smith (1968), with a model of an isothermal neutral
atmosphere, with two components whose production
profiles are derived from the Chapman theory, found
that, normelizing the Q curves with recpect to
its value for X = 902 , the chape of the curves

Q- f Ggo is almost independent of the concentration
relation of both components. Ve have applied a simi
lar normalization to the present model and have
found that the curves Q / Ogp are almost independent
of the exospheric ternpereature, This cen be seen in
fig. 5 where the curves corresponding to exospheric
tenperatures Teo = 700°K and Te =1000¢ K are shown,
This property of the quasi-independence of @ / Q9o
from the exospheric temperature, shall be utilized
later on to deduce the value of Qqq.

IONIZATION LOSS RATE, .

As it is known most of the O% ions desap-

pear through the process of reactions
O’oNz-—oNO.oN a) (19) |
NO'+e” —= N+ O b) |

y & T
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fig. 5. - Integrated ionization production rate, normalized

with respect to Qgq» as a functicn of the zenital
angle of the sun
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The ion O* is dominant in the region between about
200 and 500Kn, where most of the ionization is pre~
gent, It seems then reesonably tc¢ conclude that reac
tion 19-b is much more rapid than reaction 19-a, eo
that, as a first aproximation, we can assume that
the ionization losc rate is equal to the rate of oc-
currence of reaction 19-a,

According to this, the icnization loss rate is

l:cun[o*]n[Nzl (20)

where Cg 1s the loss coefficient of reection 19-a
and n [ X] indicates concentrationof the X ele-
ment,

As we have said, eq. 20 is only an approximation but,
since during, the sunrise period the ionization loss
is very small, an error in its determination cennot
be very important,

Because of the neutrality of the ionosphere, we can
also approximate n [0*] n [ e ] and eq. 20 beco
mes

l-.-ﬂn[e‘] (21)

where
B=Cqn[No]

For the variation of B with height, we have used the
eimple model

+) Z'z!
N=0,e H.N2 (22)

where H.,Nz is the scale height of N2 correspon-
ding to the temperature Ta « The use of the varia-
tion of the Np density given by the more sofisti-
cated model of this report to calculate f§ , would

i ‘ A 2
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complicate the calculation without apreciably incre
asing its accuracy.

The value of the coefficient fc, that eppear in eq.
22, has been obteined from the valve of f# at a height
of 300Km, given by Smith (1968), Bscc = f.41075 1,

TOTAL ELICTI(ON CONTENT VARIATION,

With the simplification related to the movement term,
and taking into account eq., 21 and 22, the continuity
equation (1) becomes

- Z-Z
-}-N-)(—z{'t—)zq(z,t)-ﬂ.e Aony Niz,0) (23)

where the dependence frorm the 2z and t variable has
been shown, The expression for q (z,%) is given 1in
eq. 17 and dependens on t through the zenital angle
of the sun,

To compare with the experimental total electron con-~
tent data, we have to solve the continuity equation
(23) and celculate afterwards, the integral

for the different values of t at which data have
been recorded,

To solve eq. 23, we fix as the initial moment, tq,the
time when x =1002, since the photoionizaetion is prec
tically zero for greater values of x and the experi-
mental total electron content usually do not increase
before this time. ,

Using a method similar to the one utilized by Smith
(1968) the total electron content is divided into two
parts, the nighttime ionization, or ionization present
at the initial moment +t= to, and the iomization pro-
duced from this moment onwards, Both parts can be
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treated separately because of the linearity of eq.
23,
The second part of the electron content can be found
by numerically solving eq. 23 with the initial oondi
tion N(z,to) = 0, and integrating afterwards N(z,t)
with respect to z., For the nighttime ionization, we
assume that its evolution during the time between
10022 X > 872 (at which the celculations are exten-
ded) 1is the same as during the hour before the ini-
tial moment t= to (or Xx= 1002), The limit of y =87¢
is imposed because the validity of the aproximation
(21) is questionable after that time. In the fig.6
an exemple of the variation of TI¢ from an hour be-
fore 7% =1002 is shovn, As it can be seen, the varia
tion till X =1002 can be fitted by a straight 1line
of negative slope. If no new ionization where produ
ced, the electron content, N, , at any time, t , of
the interval 100> X ¥ 872 should be

NP =NTo -b(t-t,)

where Np, is the electron content at the initial
moment, toy, and «~b 1is the slope of the fitted 1li-
ne, Np is, then,the amount of ionization present

at time ¢ , due to the nighttime ionization; adding
it to the ionization produced from the initial mo-
ment, tgy till time +t , we obtain the total elec-
tron content at this time,

The slope «b is obtained by fitting a siraight line
to the experimental TEC data. Np, can be obteined di
rectly from the records or by the procedure that we
gilve below,

i e Y g
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INTZGRATED PRODUCTION RATE FOR Y = 90¢

If we substitute q (z.t) by aq(z.t)/ 090, equation
25 becomes

: Z-Zo
dNglz.t) qlz.t) H

: -Ne "*N2 Np(z,t) (24)

ot Qg9 4
with
N(z.t)
Npl(z t) =
R 050

Solving this equation with the initial condition
Ng (zyt0) = O, instead of Np (t) we obtain
where Np; indicates the total eleciron content pro

duced by photoionization from the initial moment ¢o
till time +t. Then, the total electron content is:

and putting
Nyc(t)=Nqlt)eblt-t,) (25)

results
N]'c“)z NT.’°90 N'R(” (26)

that gives Qgp as the slope of the linear correla-
tion between the values of Ng, and NTg.

The values of Ng, are obtained by correcting the
experimental data of TEC for the nocturnel ionize-
tion, as it 1e shown in fig, 6. The Npp are the the
oretical values of TEC normalized witih respect to
Qgoy obtained by solving eq. 24,

The correlation of these series of wvalues gives also
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3.1

the TEC at the initial moment Nmpge

The use of eqs. 24 instead of eq., 23 has the advan-
tage that the values of Npp depend on the Q/Q90
relation that, #s we have indicated,is almost inde
pendént of the exospheric temperature, Tw , from
which the parameters of the equation are derived.
On the other hand, in eq, 24, q values are subs-
tituted by q/Ugp and, while q directy depends

on the solar flux, q/Qgp is independent of this pa
rameter, Also the dependence of q on the product
of the oxigen cross section and the oxigen density
at the 2zg level ( Oox * Nog ) is stronger than de=-
pendence of q/ng on the same product, There-fore,

any error in the determination of these parameters

has much less influence in the value of Qg 1f is
calculated by eq, 24 that if it is dome by eq.23.

RESULTS,

VALUEG AT OBSERVAYORIO DL EBRO,

The method jJust described has been applied to the
TEC data obtained in the Observatorio del Xbro du-
ring the period lugust 1975-July 1974, to deduce
daily values of Qgpe AS we have seen, this requires
the determination of daily values of NTR during the
interval 10023 X 3> 87%¢ which, in turn, requiree
the determination of the exospheric temperature

for the same interval, As we have already said, Te
has been calculated by the method given by Jacchia
(1971). In this method, it is assumed that there is
no semiannual variation of the exospheric temperatu
re, On the contrary, in his model of 1970, Jacchia
incorporates a semiannual variation of Tw to ac-
count for the semiannual variation of density dedu-




ced from the satellite drag data, The semiannual va-
riction of T« , calculated according to the Jacchia
(1970) model, gives a maximum oscilation of * 40°¢
for the period dAugust 1973- July 1974, The incorpora
tion of this variation to Ta would not change subs
tantially the reesults obtained in this report, since,
as has been shown, the influence of T, on the Qg0
calculation is very small in the methcod ueed, For the
same reason, we have neglected the small variation of
Tew during the interval 100> X 3 872 and have taken
it as constant equal to its value at X = 90¢,

In fig.,7 some examples of the representation of
the Npo and Npp values are given. The slope of these
linec is the value of Q9. In some cagses it seems that
“TR only starts increasing several minutesafter X =100¢
In these cases two linear correlations have been obtai
ned, the first one including all the points while in
the second one the points before the first four increa
sing values, have been eliminated. In general both co-
rrelations are very similar and only in few cases where
the first one gives an absurd result (g, <0) the dif-
ference has been significant, Therefore, the seccnd co
rrelation has been taken as the valid one in determi-
ning Q90
The values of QgQ obtained for the whole period August
1973=July 1974 are shovn in fis, 8 where also the run
ning mean of 27 days of these valuen is given, The smo
othin; of th2 Qg values has been used to eliminate

the possible influence of the rotationperiod of the sun,

Although there is a certain dispersal of the points, s0
me sort of semiannual variation is clearly appreciated
that is better seen in the running mean curve, In this
curve, one maximum occurs about the 20 of October and
another one at the end of February or beginning of
March, This second one seems to be a little lower, The

y : e
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minimum at the end of June or tie beginning of July

is also lower that the one at about 12 of January,

The minimum of summer is less sharp than the one in
winter perhaps because of a bigger dispersal of the
values since the month of March. The dispersal may be
caused by reflections of the incoming wave in an obs-
tacle placed towards the west of the receiving ante-
nna, The satz2llite had & shift towards the west and

we have to nove the antenna in that direction, so that
the values of the last months can be a little affected
by reflections in the mentioned obstacle,

If the difference between the values of summer and
winter is significant, it could indicsate the existence
of an annual variation, becscides the semiannual one,al-
though snaller than that,

An harmonic analysis of all the points gives a mean
value of Qgo = 1,010% em2 Bl a first harmonic of am-
plitude 15% of the mean value and a second harmonic of
20% amplitude, If the two harmonics are expressed in
the form R cocs (kwt + @r), the phases are ¢, =29,6¢
and ¢, = 185,32 beginning on January 1st, that corres-
ponds to an annual variation with maximum on December
1lst and minimui on July 1lst, and a semiannual varia-
tion with maxima on 28 September and 29-30 March,and
minima on 28 December and 29 June,

In fige 9 the running mean and the curve resulting of
the two harmonics are represented for comparison,

COLIPARISOH WITH OTHER AUTHORS,

Mean value

Smith (19683) enalyzeu the Faraday rotation data obtai
ned in Hawaii (21¢N) with a model of isotermal neutral
atmosphere of two components (Ng and 0), based on data
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of the Cira (1965) model, and whoae production profi
le he deduces from the Chapman theory, He finds a
mean value of Qgp = 1,7 109 o2 8l for the period
Sept,. 1964-Auguut 1966 that include= a minimum of so
lar cycle, Vith the same method, Spurling (1972)finds
daily values of Qg@ in Bribie Island (2795 153¢E)
for the period 0ct69-Sept.1970 of high solar activity.
The days running mean of these values remains bet-
ween 2,10 and 3,3.10 ofi’ 5%, The differences of the-
se values with the value 1,0 107 ¢ 5! obtained at
Ebro, oan be due to a latitudinal variation of Qqq
that diminishes with increasing letitudes and to a
variation with the solar cycle,

Tyagi and Mitra (1970), with data of the BR=C satelli
te, f£ind for Delhi (28,69K) summer Q9o values from
0.93109 for very low solar activity to 2.8 10%&2 51
for high solar activity. These authors assume an iso-
therm:l atmosphere of only one component and do not
consider the nigh time ionization, so that the velues
of Qgo should probably be a little higher, Assuming
a 30% loas due to nightine ionization, that is about
the one calculated in this report, the minimum value
of Qgo should be 1,3,10%M°5. elightly higher then
the value of obtained at Ebro; these results are in
agreenent with the latitudinal variation.

Other authors, employing in general, an isothermal
neutral atmosphere of only one component, find the in
tegrated production rate for an overhead sun (Qo). In

order to ocompare their results with the ones at Ebro,
we calculated the value of Q; that corresponds to our
mean value of Qgp for an exospheric temperature

Tw = T709K, that is the mean temperature during the
period covered by our data, The obtained value 1is
Qo= 0,97 101%%2 51, slightly higher that the one
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found by Titheridge (1966) 0, llolvcﬁ2 El and lower
than the values of Garriot and Smith (1065)

1.4 101%m2 El, Taylor (1965) 1,0 101082 glfror thir
teen sumner days and 2.4 18%7? §lfor eisht winter
days, liajid and Bhuriwsla (1975) 1,7 1%? 1.0 1010
and 1,45 10 U o5R gt respectively for winter, summer
and equinoxes during a minimun of solar activityv and
2.7 1019, 1.87 10'%na 2.4 101%%2 3! for the same
seagons and high solar activity, and Koster (1976)
between about 2.6 101%me Flfor low solar activity,

and 6 101%5° 5lfor a maximum of the solar cycle,
The lowest value of Qy mentioned above, is that of

Titheridge (1966), and correcponds to a station of
the southern hemisphere, iuckland (subion, 34925) du
ring a period of low solar activity, 711 other values
belonz to the northern hemisphere and, except for the
data of Taylor (1965), correspcnd to latitudes well
below that of Lbros Koster (1976) at Legon (526°N),
Garriot and Umith (1965) at Hawaii (subion.20¢N) and
M jid and Bhuriwala (1976) at Karachi (259¢K). The va-
lues given by Taylor (1966),although correspond to a
latitude of 48¢N greater than the one at Ebro, they
were obtainedduring a period of high solar activity,
This explains that his values are bigger than the
Ebro's, of lower latitud, but obtained in a period of
low solar activity. ;

Rao (1967) obtains the production rate, q,y for an
overhead sun, in the maximuu of the F layer, from TEC
data derived from the the signal of the Bi=C satelli-
te. The satellite signals were recorded in Urbana(402N)
during the period August-Septenber 1965 of low solar
activity, He finds q, = 0,638 107 &’ 31. Assuning a
Chapman layer with only one component, the production
rate in the maximum of the layer, q, , ean be related
with the integrated production rate for an overhead

R M e e =
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sun, Qpy &nd the scale heigh, H , through the equa-
tion Wwg=e¢ Hqgp, were e = 2,718, Lssuming & value
of scale heigh H = 50km, corresponding to the oxigen,
we obtain Qg = 0,87 1010 cﬁz 51 y Werv near to the va-
lue of Ebro (of similar latitude), The similarity is
higher if we consider that in the Qo calculation of Ur
bana the nightime ionization hns not been taken into
account,

Annual and semionnual variation.

Among all the authors just menticned, only Smith (1968)
and Spurling (1972) employ a model of two components to
deduce the ionization production rate,and neither of
them find significant periodic variations of Q . With
respect to the rest of the suthors, we have already men
tioned that Taylor (196%) finds higher values in winter
than in summer, bu?v the number of days analized is so
small that it is difficult to draw any final conclu-
sion, Also Majid and Bhuriwala (1976) find higher va-
lues in winter tan in summer, independently of the so-
lar activity. They find that at any level of solar ec-
tiviy the ( values in equinoxes are lower than in
winter and higher than in summer, what indicates an an-
nual variation with maximur in winter and minimun 4in
sunner, At the same result arrive Risbeth and Setty
(1961) considering the electronic density variation
during sunrise at fix heights, obtained with a iono=-
sonde of vertical incidence. :

Results more similar to ours are obtesined by Titherid-
ge (1974). This author finds, for & period of increa-
ping solar activity, a semiannual variation of Qn with
maxima in larch-April and Geptember~(ctober, superim-
posed to an annual variation with maximum in January-
February, for the stations of Hawaii and Stanford (sub
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ion 34¢N), For the southern stetion of Auckland, he
finds only the semiannnal varistion. Although this au
thor finds values of Qg and not of Qc¢n, the varia-
tion of both parameters should be similar,

Koster (197€) performs an harmonic analysis of the ds
ta given by Titheridge and thosc obtained by himself
in the equatorial station of Legon, He finds a first
harméonic (annual variation) of amplitude between 12
and 22% of the mean value in the northern stations

and only of % in Auckland., The amplitud: of 15 found
for Zbro, agrees with the valuezs of the northern sta-
tions. For the second harmonic (semiannual variation)
he finds values betwecen 8 and 10 for the four sta-
tions, about half of the 20, amplitude of Lbro. With
respect to the phases he finds for the first harmonic
2332 for Aueckland and between -14¢ and 19¢ for the
others, The Ibro result, 29,6°, is still comparable
with the northern stations. The phases of the second
harmonic fer the northern stations are very similar,
161 and 162¢, reachnig 172¢ in ~uciklan, that is the
nearest value to the 185¢° o1 'bro, /lso ‘uckland is
the only station,emong the four analyzed by Koster,
whose semiannual variation is bigger than the annuel
one, the same that happens in ! bro,

Alberca and Gald4dn (1974), with a model of only one
componen®, obtuined daily values of Q,, by fitting a
second degree polynomial to the T,E,", date at sunri
se at the Observatorio del bro., The variation of Qg
for the iJirst six months oif 1974 wae different from the
one found in the present report. A more recent study
of the method secms to indicate that the second de-
gree polynomial aproximation, did not exprees the va-
riation of the TrC at sunrise with enough accuracy to
obtain the value of Qo through the procedure there in-
dicated, In fact, the coefiicient of the sccond degree
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term that was used in the detsrmination of 0,, was ve
ry sensitive to the interval in which the fitting was
performed, In some cases the inclusion (or exclusion)
of only one value of T:C was enought to produce a
change of the coefficient, On the other hand, the first
value taken for the fitting, was the nearest to the mo-
ment at which X = 1009, Bnt many times,at this point,
the TiIC is still decreasing, 8o that the coefficient
of the first degree term of the polynomial is negati-
ve, As a consequence the coefficient of the second de
gree term has to be bigger +to be able to fit the un
ereasing part of the curve, This negative coefficient
has a seasonal variation and its effect is different
on the different seasons,

As an indication of this seasonal variation, the slo-
pes of the streight lines fitted to the values of TLC
during the hour before to Xz1002, are given in fig,
10, As can be seen, in April and May, the slope is mo
re negative than in winter, a result that can justify
the form of the curve found by the mentioned method,
If, the values of TIC are corrected for the nighttime
ionization (through a similar procedure to the one
adopted in this report)before the fitting of the poly
nomial then, different values of Qp are obtained. The
results obtained by this method, are a little more si
milar to those of the present report, Thic seems to
indicate that, although the electron loss at sunrise
is very small, it affects the shape of the electron
content variation during this period, so that not al-
waye can be accurately represented by & second degree
polynomial,

Another cause for the discrepancy of the results found
by both methods, may be the already mentioned when
explain the dispersion of the values of the last
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analyzed months, That is, the distortion of th: elec
tron content curve, duc to reflections of the incom-
ming si gnal by an obstacle not far from the receiving
antenna, and that was more effective during the 1last
months, The curves of fig, 11 seem to confirm this ex
planation, They are the runnins mesn curves of Qo and
Qqp for the period August-December 1973, obtained,res
pectively, by the methods described in the 1974 re-
port and in the precent one, /= it can be seen, the
variation of botli curves ie very similar in this pe-
riod, in which the mentioned distortion was not pre-
sent,

In fige 12 besides the qu running mean curve, we
shov the values of the exospheric temperature, Tw ,
used in this report, with its running mean of 27 days
and the mean daily solar flux in 10.7 cm, Fig,7 @®
well as its running mean for three soler rotations,
F10.7 o

As can be secn, besidec the variation due to the so-
ler rotation, the deily solar flux has another small
varietion during this period, with the winter values
slightly lower than those of sumﬁer. Thie last small
variation is better apprecizted in the running mean
curve,

The variation of the exospheric tenperature and its
running mean is, as expected, similar to the variation
of the solar flux, _

About the Qgp curve, perhaps the difference between
the two maxime could be releted to the difference of
solar activity of the two periods. ‘o the same cause
could be attributed the difference between the va-
lues of August end January, although such differen-
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ces are o ‘mall thot no corvesion cen be drewn
from them, But what seems clesr is that neither the
solar flux nor the exospheric tempereture show a
seasonal variation thet cen explein the kind of se-
miannual variation of the Qg values,

It seemns that we are lef{ with the only exrlanation
that the shape of the Qqp curve should be attributed
to changes in the atmospheric componition, with an
increase of the [0] / [Np] concentration relation in
the maxima of the curve,

The experimental datu of etmospheric compesitionseems
to agree with such variations with maxime in equi=-
noxes and minima in swrmer &nd winter (hayr and Mesha-
jan (1971), Von Zahn (1972), Jacchia (1974)), Ae men-
tioned in a previous report (Alberct and Galdén,1974)
the annual variation can be caused by trensport of
atomic oxigen from the summer to the winter hemisphe-
re caused by the heating of the atmosphere of the sum
mer hemisphere, The semiannuel variation can be pro-
duced by a similar mech&#nism, with a hcating source
in the auroral zones, that produces a displacement of
air rich in atomic oxigen towards lower latitudes
(Mayr and Volland 1971 and 1%72), This heeting sorce
can be related to the semiaunnual variation of geomag-
netic activity, In fact, Strickland and "homas(1976)
have found evidence of transport of O fror high to
low latitudes, at hight altitudes, during magnetic
storms, and Prdls and Fricke (1976) have deduced,from
data of ESRO 4, enhancement of the N, density in re-
gions of high and middle latitudes during periods of
increasing magnetic activity.,

An increase of the [0] / [N,] relation, shall also
produce an increase in the density of icnization.Now,
in the Observatorio del Fbro, the maxima of the to-
tal electron content, alweys have been found at equi
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noxes (Galdén 1968, Galdén and Alberca(1970)) and,
with the exception of a year of very high solar ac
tivity, the summer values have always been higher
than the winter ones, Suchresults seems to support,
the idea that the small winter anomaly of the va-
luen of Qqp may not be significant, We may also no-
tice that, from the stations analyzed by Koster,on-
ly Auckland has a semiannual variation of @ bigger
than the annual one (as is the case of Ebro), and
it is also the station that do not present winter
anomaly in the values of the total electron content,
another similarity with Ebro.

The results of Titheridge (1974) suggest a latitudi
nal variation of the emplitud of the annual and se-
miannual variation of Q + The resulte of Fbro seenmn
to confirm this suggestions as far as the semian-
nual variation is concerned, but do not sgree for
the annuel one, Necvertheless, it is to be noticed
the great difference of longitude between the sta-
tions analyzed by Titheridge and the Observatorio
del Ebro, If there 1is a longitudinal variation of
Q90 it is still possible that a latitudinal depen-
dence of the amplitude of the annual vaeriation eould
be compatible with the Ebro results,

CONCLUSIONS,.

A method has been developed to ohtain daily values
of the integrated ionigzation rate of the atomic oxi-
gen, Qggy from total electron content data,

The method has been applied to the data recorded at
the Observatorio del Fbro during the period August
197%=July 1974 and daily values of Qgp for this pe-

——
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riod have been obteined,

The mean value of them is Qgq = 1,0 107 e@° 3T ana
the daily values show a semisnnual variation with
maxima on October and on February-liarch and minima
on January (the sharpest one) and on summer, The
October maximum is slightly higger than the Februa
ry-March one and the minimum of summer is slightly
lower than the winter one.

The difference between the two maxima could be due
to a variation of the solar activity that, during
the analyzed period shows a minimum in February and
Marche To the seme cause could be attributed the dif
ference between the Qgp values of August and Janua-
ry. However, the differences in both, the solar ac=-
tivity and the Qg¢ values,are too small to draw fi-
n«l conclusions,

An harmonic analysis of the O0gp values gives a first
harmonic of 159 amplitude of the mean value, with
maximun on December the lst and ninimwa on June the
1st, The amplitude of the second harmonic is 20%
with maxima on September the 28th and liarch the
29th-30th, and minima on December the 28th and June
29th,

These temporal variations of Qgp, seems to be caused
by changes in atmospheric composition, since cannot
be explained by“ggra;lel variation of other geophysi
cal parameters;rwﬁééé'iériations indicate an increa-
se of the concentrationrelation [0] / [N2] in the
maxima of the Qgo curve,

The comparison with results of other authors agrees
with a latitudinal variation of the meen value of
QoQy with maximum towards the equator and also with
the Qg variation with the soler activity.

Date from more stations at different latitudes are




needed to esteblish a latitudinal dependence (if any)
of the Q9o sea2sonal variations, With the few data we
have, it may be said tentatevily that, al middle la-
titudes, the amplitude of the semiannual variation in
creases with latitude, On the other hand, the results
of Ebro taken in conjurction with the results of other
stations, do not seem to support the idea of a regular
latitudinal dependence of the annual variation, unless
there is also a longitudinal effect.
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APPEND LX

PARAVETER .OF TH!} ATMOSPHERIC BMODETL,

The lower limit has been fixed to a haight of 2p =
= 120 Km, and the data at this level are indicated
by the subindex O,

If Te 1is the exospheric temperature, the tempera-
ture profile with height is given by

Yol il N R o) (A-1)

and the numerical density of the J component by
(efr, 2.2 for its deduction

ﬁ --L—(z-z) |
T.] e Hej .(!okj(z-z.)esi(z-z')) (A=2)

Haj 2(KTa)/im;C) and  y.=ll/(bHy;)

with K = Bolzman constant and mj molecular weight
of the J element,

Prom the eix parameters of (A~l) and (A-2),one is
constant, another two depend only on T, and ¢the
other three are function of 1, and mj, The value
of Tew 18 obtained by the method given by Jaochia
(1971).
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The formulae for its obtention are :

C=910

b=0,028-T_10"°

T,2212,4+7,(0,20994 -0,6 10”4 (T, -1))

s, (84207, (275 10°8 (1, -1)-7.52225107%)»
«(m,/16-1)(4,822 +T.12298510” (1, -1)-5,0127107%).
-0,51079(1, -1)%)10°3

k.=
J

for the O : (12541510741, 107
"N (0,83+7,(2,505 1074005107 (1, -1m07
% 07 :(-8,7641,(3,4137510°2 -3,915410°% (1_ -1)).

8 (1, -13) 10

W(1/3) 4610
log nj.z
for theO : I11212-7,(1,75088 10" -2,4465 1077 (T, -1))-
(16110710 (1, )3
“ " Np i 11,0755+ 1,(116895 1073 -1,2137 1078 (1_ -1))+
«(13/3)1070 (1, 1)
" 0g : 100687, (1,65949 103 -1,51335 1076 (1_ 1))

+5,510719(1_ 1)

The temperatures are given in degrees Kelvin, the |
heights in Km and the densities in particles per om’. é

i | Wik 4%




M= 32

560

P IR) =

HJIOW 3
° .

(A Y2 A ¥ AR S,
TN A~O
e o °

e

°

[o)%e))
23
SO

687,2

()]
O
!
.

(o

694,5
696,4
697, 6
693, 4
699,0
699.3
699, 6
699.7
699.8
699,9
699,9
700, 0
700, 0

7 a9

700, 0 °K
>

LOG N JuC
943170

8.9952
8.426%
7.90U99
74222
6.95%0
6.4966
He 0406
56008
5o f07
4,7463
4,%210
35,6993
344809
2+ 0654
2,6529
242431
1.8%60
1.4%14
1,0293
0,6297
0.2325

LOG I

9.%164
849947
8.4199
"/ S (‘) ( \1‘4
Te4156
6,0502
6.407¢
640542
50516”
5. 1h“ {

4,7548
1035287
209054
3‘0 *'!-E)‘! k
300672
2.6524
202405
1.83%16
1,4259
1,0234
0,6240
0,2279

/7

- 0
- 0
- 5
- P
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b=
I

e

150
160
180
200
220
240
260
280
500
320
340
360
380
4.00
420
440
460
480
500
520
540
560
580
600
620
640
660
620

T(INP) =

T

503%,0
5‘4.-00 3
h95.1
631,11
65 4o 7
670,2
680, 4
687.2
001,6
6940 5
696, 4
697.6
698,.4
699, C
699.3
699, 6
699.7
699, 8
699,9
699,9
TL0, O
T00, 0
T700,0
T00, 0
700,0
700,0
700,0
700, 0

B

700, 0°K

LOG N J.ig

10, 5149
10,0291
9.,5265
90718
Be 6433
8.2515
T.86312
Te4594
7.0540
6. 6738
06,2977
He 9255
545560
501896
4,8258
Ao 4647
4,1059
307494
363952
3004%2
2.6933
243456
1,9999
1,6562
1,3146
0. 9750
0. 6373

LoG¢ 1I %
10, 5126 e
10,0292

T -

99 U':" f/, o

5.06378 -

8.2295 A

T 530

Tedd 46

rl’o { )(‘16

64 6627
6, 3070
5e93%40
5e5654
5 e LG 6
4,8290
4,4655

FHENNDOMNDONNDNOHHEOHEFEMNDNNDONREHEEFEFRNDEHEC O

4..1011,.(:‘ -

Da 1452 -
345890 - !
3, 0354 -
2.6845 a
1,9909 -
1.64381 R
1,5078 -

Ue Q700 -
0.0%45 -
03011 w0




- AY -
16 P(INF) = T700,0°K
VA T LOG N J.iC LoG 17
150 50%, 0 10,3490 10::3554
180 595.1 9,8692 9,8698
200 6%1,1 9, 6007 9.,5986
220 654,7 943505 93487
240 6702 ~ 9.1117 9,1118
260 680,4 83.83806 8.95632
280 687.2 Ge 6551 5.6603
300 691.6 364339 8.2410
520 69445 8. 2159 Be 2245
%40 696.4 8, 0005 C.OIOU
360 697.6 T T3T4 et 72
380 69344 T 01 /.,uw)
400 699,0 T«366T T D55
420 6(5903 T¢1588 71662
440 ()()9.6 6.(\5,'3 f).”rf_}f_'
460 699,7 607473 6, 7514
450 699,86 6.5437 6.5458
500 699.9 6,341% 6.5415
520 699,9 661402 061%84
540 700, 0 569405 5.9267
560 T700,0 56 (41T 547363
580 700, © 55442 55374
600 700, 0 ) 3479 559599
620 T700,0 541528 501458
640 T00, 0 4.9588 4,9493
660 700, 0 4,765Y 4o T562
700 700, 0 44%8%6 4.5T44
720 T00,0 46,1640 4,1857
T40 T00, O 44 C055 3 SIS13%:!
760 T700,0 58181 %, 8122
780 700,0 3,6318 p.(;/4
£200 T00, 0 5¢4464 44730
820 700, 0 342622 %e2014
840 T00,0 3.0790 ).OUOO
860 700,0 28067 2.&000
880 700,0 ‘ .71 5 « 71201
900 T700,0 2 5953 2.5415
920 700,0 2.3561 2430636
940 TOO, O 2.1779 2.1865
960 700,0 2, 0006 2.0100
980 700,0 ° 1,8245 1.8340
1000 T700,0 1.6490 1.6586
1050 700, 0 1.2149 1 2220
1100 T00,0 0, 7865 7875
1150 700,0 03639 0.3546

NOwHEHOHEREOHEE
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M =

32

150
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620

“ B0

T(I') = 800.0°K

i i

h48e T
594, 2
662,1
707.5
75860
75845
TT7262
781.3
T8Te5
791,6
T94.4
T96,2
7975
798. 3
798, 9
799, 2
799.5
T99.7
799.8
799.9
799.,9
799.9
300,0
800, 0
800, 0

LOG I JiC

93798
9, 0775
8.5527
8. 0844
To6471
762294
068252
6643507
6e 0435
566620
562850
4,9119
4.5422
44,1755
%8116
36450%
360915
27550
202808
200289
1.6791
1.3%514
0.9858
0.,6425
043008

LOG 1T

9,374%
(.;' o U7“¥ 5
8e54064
8., 0765
76407
Te2262
6.8256
6.4%542
6,049%
506693
502930
449197
4, 5‘1 92
4,1813
568158
Sed527
3.,0923
?.o 734‘4'
243792
2. 0267
1.6770
1.3300
Ue 9856
0.6439
0.35047

HFoOOHHFHOCOFHFMFHFMNDMONMOMHEOCHMDNDND K




150
160
180
200
220
240
260
280
300
320
340
360
330
400
420
440
460
430
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780

P(INF) =

T

548.7
594,2
662,

TOT7e5
T38.0
15865
TT72¢2
1813
18 ¢9
7691, 6
T94,.4
T796,2
T97.5
79843
T798,9
7992
79945
T99. 7
799.8
799.9
T99.9
799.9
800,0
80060
300, 0
800,0
800, 0
800, 0
8004 L
800,0
300,0
80060
800,0

- ne .

800,0°K

LOG I JiC

10,3656
10,0964
90,6315
9,2185
8.83%3%8
864660
8,1122
7. 7662
T.4268
T.0925
6,762%
6.4556
60,1118
57907
el 2
5el957
4,8415
4.5294
4.219%
309112
3.6049
5435006
2.9980
2,6973
20,3983
2.,1011
1.8056
1.5118
1,21¢7
0,9293
00,6405
03535
0,0678

LOoG 1l

10,3601
10,0935
99,6257
a,2111
8.8277
8,0637
B0 25
T. 7694
s 4025
T. 0995
647699
6.,1186
567962
S
el
4,8413
A, 5272
4,2152
349055
545982
362931
2.9903
2,6598
25916
2,0955
1.8016
1.5096
1.2195
0. 9311
0.6443%
0e 3589
0. 0749

“h
(5N
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16

150
160
180
200
220
240
260
280
300
320
540
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1050
1100
1150
1200
1250
1300
1350

- 52
T(INF) = 800,0°K
T LOG 1T J..C LOG 1T %
548.7 10,3635 10,3647 0
594,2 10,19%¢ 10,1478 1
6621 9.,9099 9,9110 0
T07.5 9.6635 Ge662 - 0
73840 94572 947561 - 0
758.5 9,22%4 9e22%7 0
TT2.2 9,0178 9,020% 1
T31.3 8.818% 8,8228 1
7875 866230 8,620G4 2
791.6 8.2311 8.4%589 2
T794.4 8,2418 802505 2
79642 8.0547 8,0638 2
T97.5 7.8694 T.878 2
79843 T7.6858 Te6045 2
798.9 75036 T5112 2
799.2 7.3227 7->2Q1 2
T799.5 Teld32 7.1480 1
T99.7 649648 6.9681 1
799.8 6.,T7876 6.78°1 0
799.9 6.6116 6.6113% i)
799.9 65,4366 6.47545 R §
799.9 662628 6.2590 S b
800,0 56,0899 6,0846 - 1
800,0 569181 5.9114 - 2
800,0 5.T4T4 567395 - 2
800,0 59776 545689 -
800, 0 504088 53996 =1, 2
800, 0 542410 562315 - 2
800,0 5.0741 5.0647 - 2
800, 0 4.,9083 4,89001 - 2
800,0 4,T745% 4,T7548 -2
800,0 4.5793 435787 - 2
800,0 4,2541 4,2489 =]
800,0 4,0929 4,0891 - 1
800, 0 e B2 369304 - 1
800, 0 3. TT31 3.7726 - 0
800, 0 5¢6145 %.6158 0
800,0 344568 344598 1
800,0 %3000 363046 1
800, 0 341440 341502 2
800, 0 2,9889 209964 2
800,0 ° 2.83%47 2.843%% 2
800, 0 2.,6813% 24,6907 2
800,0 23014 2.3115 2
800,0 1.2266 1.9%48 2
800,0 1.5568 1,5600 1
800,0 1.191¢ 1.1866 - 1
800,0 0.8%18 Ve81l42 S §
800, 0 044764 0.4425 - 8
800, 0 0.1256 0.0711 - 12




- 53 -

L b P(INF) = 900,0°K
YA i\ LOG I JicC LOG I <%

160 644,1 9,1402 0,1%53 i
200 7803 862156 8.2005 Sl
220 818,2 7.8166 T B1EYT I
240 844.0 Te4385 704560 S |
260 861.7 T.0746 T.0746 0
280 873%.8 6, 7207 6¢ 7255 il
300 882,1 6,3742 63787 1
320 887.8 6.0%34 060591 1
340 891.6 506971 5¢ 10353 2
360 89443 5e3646 53707 2
380 896,11 540353 540406 <
400 897.% 4,7089 4,7130 1
420 898,2 4,3850 4,3877 1
440 898,8 4,0635 4,0645 0
460 899.2 37443 37435 - 0
480 899,4 34272 3.4248 -]
500 8909,6 3:1122 3.1083% R
52C 8909,6 2,7992 27942 - 1
540 899,8 24882 2.4824 S
560 899.9 241790 241729 - 2
580 899,9 1.8718 « 8657 g |
600 900, 0 1.566% 1.5609 T
620 900, 0 1.,2627 142583 -
640 200, 0 0.9609 0.,9579 - 1
660 900, 0 Ce 6608 Ve 6596 ()
680 900, 0 0.3625 0e36731 0
700 900, 0 0., 0659 Ve 0685 1

: it %

! : )
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150
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
TAO
760
730
800
820
840
860

P
- 54 -

P(INF) = 900,0°K
Ly LOG I JAC
590,46 10,4044
644,11 10,1473
25,0 9.7100
78043 9.3282
818.2 8.9767
844,0 8.6442
8617 8.3246
8758 8.0141
332.1 T.7103
887.8 Te4116
891,6 To1170
894‘.3 698:’57
896.,1 6.5373
89743 6.,2514
898, 2 5.9678
898.8 56863
899.2 5.4068
899,4 5.1202
899.6 4,8534
899,17 4,5794
899.8 4,.3070
899,9 A,0364
899,9 3.7674
900,0 545000
900, 0 362942
Q0040 2,9699
C00, 0 25 (072
a00,0 2,4460
900, 0 2,1963%
900, 0 1.,9282
900,0 1.6714
900, 0 4162
900, 0 1,1624
900,0 0,9100
900,0 0,6591
900,0 0.,4095
©00,0 00,1617

LOG 1

1063940
10,141
9,704%
a,3217
8,9713
G.6412
8. 35242
8.,0161
T 7145
Ted 170
e 1252
6.8%21
6.545%
0626566
5o TLT
5.6888
5.4076
5+1284
4.5756
4,5021
4,0%506
57612
Fa 4937
Ve 2282
‘l’f ° U'\)ﬂ()
257029
264430
2.1848
1.9282
1.67%1
1.4195
L d071
0.9158
00,6657
0,4165
00,1681
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150
160
1380
200
220
240
260
280
300
320
34v
360
380
400
420
440
460
480
500
520
540
560
580
€600
620
640
660
680
700
720
T40
760
78C
800
820
840
860
880
900
920
940
960
980
1000
1100
1200
1300
1400
1500

P(INF) =

:
590, 6
644,1
725.0
780,73
818,2
844,0
861, 7
873.8
882.1
887.8
891,6
894.73
896,.1
897.5
898,2
898,8
899.2
899.4
699,6
899, 7
899,.8
899, 9
899,9
900,0
900, 0
900,0
900,0
900, 0
200, 0
200, 0
900, 0
900,0
900,0
900, 0
900,0
900,0
900,0
900, 0
900, 0
900, 0
900, 0
900,0
900,0
900,0
900, 0
900, 0
900,0
900,0
900,0

_55..
900, 0 °K

LoG It J:.¢
10,3735
10,2092

9.,9384
9,7082
9.4998
0.3048
00,1188
8.6391
8. 7640
365927
8e42%2
8e¢256%
£8,0011
769275
TsT765%
T.60473
Tedd46
762859
Tel283
6.9717
6.8161

032

SN ron
~_on

18 B8 R92 62 Nea Won
oo

2 A0 ON
192}
=3
3

0 3106
541648
50199
4.8T57
407324
4.5899
4.4481
443072
4,1670
440276
548889
37510
346139
344776
2.8067
21536
1.5176
0, 8980
0.2942

LOG ¥
10,3723
10,2122

9,9409

9.7091

9.5007

903068

09,1224

8.94473

8.7706

8,600

8e 431(1

062057

541002

Te9%62

a5

To6114

To4504

Te2903

Te1311

6.9730

6.8157

60,6505

64,5043

643502

501(171

6,0451

5689453

57445

565859

54484

53020

5el566

5.01.24

4,8691

447269

4.5857

4.4454

4.3%059

441673

4,0295

308925

347561

346204

344852

2.,8172

Ng N
-~
)
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32 T(IHF) = 1000,0 °K

yA 4 Log Il JAC LOG N

150 62845 9,4666 9.4542
160 68%,7 e 9.189% 0,1841
180 78345 8.7215 8.7187
200 848,9 8.3172 Ded143
220 894,6 T.9481 Te0461
240 92645 T.6012 76006
260 948.7 72691 T.2702
280 9642 6.9474 6.,9502
300 97540 6.6%34 6.6374
320 982, 643251 6e%%500
360 991.5 5.7212 5¢ 7264
380 994.1 504242 5.4289
400 995.9 5.1299 561337
420 997.1 4,8%80 AaB8407
440 998.0 4,5484 4.5498
460 998.6 4,2609 4.2608
480 999.0 39753 59738
500 999,73 346917 %« 6889
520 999.5 344029 %e 4060
540 999.7 521298 51251
560 999,8 2.8515 02,8462
580 999,8 2.5749 2.,5695
600 999,9 242999 : 22947
620 999,9 2.0266 2,0210
640 1000,0 1.7549 Lo 1081
660 1000, 0 1.4848 1,4821
680 1000,0 1.2163 1,2140
700 1000,0 09493 09494
720 IOO0.0 0.6838 U.Gyss
T40 1000,0 04199 0.4230

760 1000, 0 0.,1575 0,1519

FHRFCOCHHRHREFHEFHEFOOOHKFHRFHFKFEFOOHKFHHW
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150
160
130
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960

- 57

P(III?) = 1000,0°K

628.5
689,
783,95
843,9
894,6
92645
948,7
964,2
9750
982,6
987.,9
991.5
a94,1
Q95,9
997,1
a8, 0
908, 6
999,0
999,3
999.5
999,7
g99,8
999, 8
999,9
999,9
1000, 0
1000, 0
1000, 0
1000,0
1000,0
1000, 0
1000, 0
1000,0
1000, 0
1000,0
1000, 0
1000,0
1000, 0
1000, 0
1000,0
1000, 0
1000,0

LOG I JaC

10,4352
10,1869
9. 7705
9.4126
09,0869
8.7815
83,4896
362072
T.9318
Te6615
T 3959
T L1525
6Ga 8722
646144
643588
641052
548535
e 6034
P i i 4
54108%
4,86%1
4.6195
4,377%
4,1%66
348973
346595
7.4230
541879
2+9542
27218
2.4907
2,2609
20325
1,38053%
49795
1.3549
1.1315
00,9004
0, 6885
00,4688
062503
0,0331

LoGg Ir
10,4207
10,1794

9.7655

3 A 0OT5

9, 0327

847780

8.4387

8, 2081

Te9%41

7.6640

'(-',‘3':"."/'.

7. 1';('7

568764

6.6181

G. ’,',f,l’./

6,1071

5.8541

5 e 6029

De 29332

Heludb

4,8593

446150

443724

4,1315

J¢ 8024

346550

3.4193

361851

2.,9526

247249

2,4919

242635

2.,0364

1.8104

1.5355

1.3615

1.1%584

0.,9161

0, 6044

00 4754

0e252¢€

0. 0329

-
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bl
150
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
340
860
880
900
920
940
960
980
1000
1100
1200
1300
1400
1500

T(INF) =

x
628,5
689, 7
783.5
848.,9
894.6
926.,5
048, 7
964,.2
975.0
9382, 6
987.9
991.5
994.1
995.9
997.1
998, 0
998, 6
299,V
9995
999.5
999.7
299,8
999.5
999.9
999.9

1000,0
1000,0
1000, 0
1000, 0
1000, 0
1000, 0
1000,0
1000, 0
1000, 0
1000,0
1000, 0
1000, 0
1000, 0
1000, 0
1000,0
1000, 0
1000,0
1000,0
1000, 0
1000, 0
1000, 0
1000, 0
1000, 0
1000, 0

1000, 0 °K

LOG N JAC
10,3811
10,2204

9. 9589
9., 7407
9.5460
9,3657
9,1951
9.,0311
8.3719
8,7162
8.,5632
8.4124

« 2633
8.,1158
7.9695
T.8245
T, 6805
7.5376
Te3956
T7+2546
T 1145
6.,9753
6,8370
6,6994
6eH627
64260
6,2918
61575
660240
568912
57593
5e6280
54976
D¢ 36706
5.27288
51105
4,9829
4,8561
4,7299
4,6044
4.4797
4,3556

2321
4,1094
545056
2.9179
2.5454
1.7878
1.2444

LOG 1T
10,3762
10,2215

9.9615

9.7425

9.5477

9,3680

9.,1983%

9, 0354

8.8772

B.T7223

8.5699

8.419%

8.2703%

8.,1224

T«9757

T.8298

T.6848

T.5407

Te3975

7.255

T.11%6

649730

6e3%32

e 6044

645566

604197

6.2838

6414809

65,0149

85,9820

5¢T501

566192

5.4892

563602

e PN A I

561049

4,9786

4,85%2

4,7285

4, 6\/46

4,4815

443590

4.,2372

4,1160

545178

269293

243468

1,.7676

1.,1899
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