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ABSTRACT

Computations have been made in order to evaluate the

ionospheric effects caused by the observed 2 < X < 12 A° x-ray

quiescent flux and flare flux. Of seventy-two solar x-ray flares

having F(2-12 A°) greater than 3 X 10-3 erg/cm2 sec as recorded by

the University of Iowa detector on Explorer 33 sixty-seven are

found to be accompanied by reported S.I.D. 's in which the electron

density of the ionosphere between 60 to 100 km undergoes a rapid

increase during a few minutes. These rapid increases in electron

density are presumably caused by the enhanced x-ray flux in the

wavelength range 1 < X < 10 A° because softer x-rays would be

completely absorbed above 100 km and harder x-rays would penetrate

below 60 km without significant attenuation at higher altitudes.

The 'altitudes for peak electron production range from 99 km for

10 A° x-rays down to 58 km for 1 A° x-rays. The electron-production

rate equations have been solved using a quiescent x-ray energ y spec-

trum and a mean 'flare x-ray energy spectrum derived from the work of

various observers during the past nine years. The physical and

chemical processes involved inthe mechanism of ionization of the

local atmospheric constituents according to existing models are

discussed.
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Distribution of the computed electron production rate and

the resulting electron density with height have been plotted for
x

quiescent and flare conditions. These plots have been compared with

earlier work and available experimental data. It is confirmed that

the S.I.D.'s can be explained quantitatively assuming flare x-rays as

the only ionizing agent. It is further shown that under 1966 quies-

cent conditions x-ray ionization in the region under sWj , is compara-

ble to ionization by solar Lyman alpha. Solar Lyman a flux is known

to be very stea0y varying by a factor not more than 2 between solar

minima and solar maxima; while 0 - 10 A° solar x-ray flux varies

greatly with solar activity (see text). Solar x-rays of wavelength

below la Aa are thus responsible for both rapid variations and day

to day variations of the D region electron density. The variation of

the effective height of the D region with solar activity may also be

traced to -the variation of 0 - 10 A° solar x-ray flux.

r
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I. INTRODUCTION

It is now known that E layer of the Ionosphere is mainly

due to 10 - 20 A° and 31 - 100 A° solar x-rays. X-rays of wave-

length less than 10 A° penetrate below 100 km without appreciable

loss of energy at higher levels. It is, therefore, expected that

0 - 10 A° x-rays would contribute to D region ionization. 2 - 12

A° x-ray flux data is now available from University of Iowa

detectors on Explorer 33 and Explorer 35 satellites. 2 - 8 A°

x-ray data is available from Mariner V satellite. It is possible

to obtain the flux below 10 A° from the available data assuming

quiescent sun x-ray emission to be thermal in nature with

Te = 2 X 106°K [Sengupta, P. R., 19681. X-ray flux below 10 A°

varies within wide limits over a period and was found to lie be-

tween — 5 X 10 to N 6 X 10-3, erg/cm2 sec during the period d"".r7h

to November 1966. Ionization at the D region height due to the

quiescent sun flux recorded during the period is comparable

with the total ionization in this region on a day of high solar

f
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activity.

The effect of 0 - 10 A° x-rays is more pronouncedduring

a solar flare. Solar flares are known to cause a variety of simul-

taneous ionospheric effects, occurring principally in the -D region.
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These effects, called Sudden Ionospheric Disturbances (S.I.D.$),

include, amongst others, the following:

(1) Shortwave fadeout (S.W.F.) observed as an abrupt de-

crease in the field strength of high frequency radio signals.

(2) Sudden increase in the signal strength received from

distant L. F. and V.L.F. stations (S.E.S.).

(3) Sudden enhancement of atmospheric noise (SEA) on

frequencies upto 100 kc/s.

(4) Sudden changes in phase (SPA) of received signal, first

measured by Bracewell and Starker [ 19491 on 16 kc/s, and later extend-

ed to other frequencies in the V.L.F. region.

(5) Sudden enhancement of cosmic noise absorption observed,

generally in the neighborhood of 20 mc/s (S.C.N.A.).

(6) Sudden frequency deviations (S.F.D.), observed on

highly stable-frequency transmissions, first reported by Watts and

Davies [ 19601.

It is known that, excepting the Z.F.D., the others arise

from a sudden increase in the ionization below 100 km The S-F.D.s

originate in the E or F region, the exact level being determined by

frequency used and the range of path.

Enhancement of solar radiation in the x-ray and ultra-violet

regions have,been measured with fairly reliable accuracy in rocket

I
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and satellite experiments during the past twelve years. X-ray

measurements were generally carried, out in a number of bands, e.g.,

0 8 A°, 2 12 A°, 8 - 20 A0 0 44 - 60 A°, and 22 - 100 9 as in-

tegrated fluxes; but for a few events spectral data are also available.

Satellite observations of x-ray flares come principally from the

NRL SR-I, SR-3, SR-4, and SR-8 Satellites; Soviet Space Stations and

Electronic Satellites; Ariel I Satellite, the OSO-I and OSO-II

Satellites, VELA,. I and II Satellites; Injun I and III, Explorer 33

and 35, and Mariner V Satellites [ Sengupta, P. R., 1968].

Large increase in 0 20 A° x-ray flux, often by a factor

greater than hundred, was observed in all cases of x-ray flare. A

hardening of x-ray spectrum also was observed. Relative increase in

44 - 60 A° flux was found to be much less than relative increase in

0 20 A° flux.

Observations on changes in EW radiation during flares came

principally from OSO Satellites [Neupert, 19641. Changes were observed

in He II, Fe XV, and Fe XVI emissions. For the flare of 27 April 1962,

considered typical, enhancement was about 12% in He II, 10% in Fe XV,

and 5096 in Fe XVI.

For Lyman-alpha, long believed to be a. major source of flare'

time ionization, both rocket and satellite observations have shown

little change. OSO-I observations have shown that out of seven class

2 flares, Lyman-alpha enhancement was greater than 30% for 2, 1 to 3%

for one and none for 4 [ Neupert, 19641

I
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There is thus strong evidence that the rapid increase in

ionization in the region below 100 km, ie,in the D region observed

during a flare is caused by x-rays of wavelength less than 10 e
because x-rays of longer wavelength lose most of their energy at

higher altitudes (see Figure 9)

University of Iowa detector on Explorer 33 detected a large

number of x-ray fluxes during July - August 1966. Several of them

were large flares with peak intensity greater than 10-2 erg/cm2 sec.

Many small flares with peak intensity less than 10-3 erg/cm2 sec, were

also recorded. Seventy-two flares with peak intensity greater than

3 X 10
-R
 ergjcm2 sec are chosen for the present study. Sixty-seven

of these flares are found to be accompanied by reported S.I.D.s.

Table I gives the x-ray flares together with associated S.I.D.s. A

detailed statistical analysis of the correlation between the x-ray

flares and the associated S.I.D.s will be presented in another paper.

In this paper :Increase in ionization due to two typical flares, one

large flare on 7 fly 1966 and another medium flare on 31 August 1966,

has been computed to show that the observed ionospheric effects

associated with these two events are explained by the ionization be-

tween 60 to 100 km due to enhanced 0 - 10 A° flux.
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II. INSTRUMENTATION

1.

The Explorer 33 satellite was launched on July 1966 into

an eccentric orbit about the earth with its initial apogee at a

geocentric radial distance of 440,000 km. The satellite is spin

stabilized but there are weak torques due, prJmarly, to solar

radiation pressure, which produce slow changes in the spin period

and the celestial coordinates of the spin axis of the satellite. In

July 1966 the spin period was 2..286 seconds and right accession and

declination of the spin axis were 225.1 0 and - 21.2° respectively

[`Van Allen, J. A*) 19671.

The system of University of Iowa 2 - 12 A° x -ray detectors

comprise the following:

GM1: An FAN 6213 mica window G. M. tube having a 1.7 mg/cm2

thickness window arid a. fan shaped aperture whose central axis is

orthogonal to the spin axis of the satellite.

GMw: A similar G. M. tube with 1.3 mg/cm` thick mica win-

dow and a conical aperture of 200 half angle, whose axis Is parallel

to the spin axis.

GM3: A similar G. M. tube with 1.3 mg/cm2 thickness mica

window and a conical aperture of 20 0 half angle, whose axis is anti

parallel to the spin axis.

c



r

The arrangement of the detectors is shown in Figure 1. The three

counters face the sun one after another in the course of a year with

a 19 days dark interval in-between when no counter would see the sun.

The aspect angle a of the counters varies continuously and can be

calculated knowning the position of the satellite. A correction

factor f(a) for relevant values of a has been obtained experimentally

for each detector. Figure 2 shows a plot of f(a) for GM1 on differ-

ent satellite days. Similar plots are available for GM2 and GM3.

The counters record both x-rays and charged particles. In order to

obtain x-ray flux, particle flux has to be subtracted from the total,

signel of the detector.. This is achieved in the following way:

(1) when GM2 is facing the sun, GM3 Vill be in the shadow, and vice

versa. Hence one of them, which is facing the sun will record solar

x-ray and particles -,4n ,le. the other one will record only particles.

Difference of the two signals will then give the x-ray flux. (2)

when GM1 is facing the sun, use is made of a spin sector generator

(see Figure 3). A spin sector generator triggered by a see-sun

pulse, gates pulses from GM1 into four quadrants, the accumulated

output of each over a 25.57 second period being transmitted separately.

The spin axis lies within 40 of the ecliptic plane. Hence the four

quadrants of the GM1 detector respond as follows:

0	
-.,_.. .
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Sector I - particles only

Sector II - particles only

Sector III - solar x-rays and particles

Sector IV - particles only

Hence the x-ray flux GIX is obtained by the relation

GIX = RIII (RI + 
RII + RIII) /3

where R  is the counting rate of the ith sector [Van Allen, J. A.,

19671.

The x-ray eft fto 1iev,.,;cy of the detectors have been determined

by two methods: (1) by ciLlculation, (2) by experimental comparison with

a longer pathlength Be window, argon filled EON 6312 tube ►chose effi-

ciency can be calculated with better accuracy. The efficiency curves

are given in Figures 4 and 5. It is seen from Figure 5 that

2 12 A° flux = no. of counts X 1.8 X 10-6 erg/cm2 sec

is a, good approximation for any observed form of solar x-ray spectrum,

i nt-1 »Ai nc nn p havi na p. Ai ntrChiiti nn of emi nni nn l i np S r imprimmnsed nn
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flux [Van Allen, J. A., 19671. The detectors have a high sensitivity

and large dynamic range. Time resolution of the telemetered signal	 I

is 81 seconds and the telemetry is independent of spin period. The

system of detectors has been recording 2 - 12 A° x-ray flux since

1 July 1966 and has recorded several hundred x-ray flares - some with

fairly high peak flux. But tide signal is never seen to saturate.

Ionospheric data used in this paper are taken from Solar

Geophysical data bulletin published monthly by ESSR., Boulder, under

the auspices of U. S. Department of Commerce.

22 mc/s S.C.N.A. over Penticton for 7 July 1966 event

(Figure 17) is taken from a. published paper by J. A. Van Allen 119671-
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III. THBORY AND COMPUTATIONS

X	 I

The principal ionization processes in°the D region are:

(1) Nitric oxide ionized by Lyman-alpha.

(2) Molecular oxygen and Nitrogen ionized by x-rays of

wavelength less than 10 A°.

(3) Molecular oxygen and Nitrogen ionized by cosmic rays.

In the present work, we are concerned only with the ion-

ization by. 0 10 A° x-rays

As the x-rays are absorbed on their way through the

atmosphere, their intensity will decrease with decreasing altitude.

The ,fraction of x-ray intensity dy/c absorbed in the height interval

between h and h + dh is given by

d'W cP _ -E ai Ni(ii) sec X dh 	 (1)

where X is the angle between the zenith and the direction of the

x-ray beam, ai is the absorption cross-section per atom of the ith

species of the atmospheric constituents, and Ni(h) is the number

density of the species. In Figures 6 and 7 values of a used in the

present work for oxygen and Nitrogen for different values of X are

given. For Ni(h) CIRA'119651 mean atmospheric model has been used.
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E vi Ni (h) can be replaced by the average mess absorption coefficient
i
of the atmosphere times the atmospheric density; i.e. 	 I

a p (h)	 r Q i Ni (h)
	

(2)

Integrating both sides of equation (1) and solving for tp we have

cp(h) = OCexp(- a N(h) sec x)]

= cpo eXP[-T(h)]

	

(3)

where

a^
N(h) = ^` h p(h) dh
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the average effective cross-section and cpo the flux density outside

the atmosphere.	 Y

The assumption made above is that once a photon is

scattered, it is destroyed i.e. a photon loses all its energy in the

same region. This is reasonable because a photon will most probably

lose energy upon scattering, so the probability that the photon will

travel much further downward is considerably smaller because of the

greatly increased absorption coefficient for the lower energy photons.

The rate of production of the ith species of the positive

ion is the rate at which photons are scattered from that species

times the yield per photon.

The rate of electron production is the total rate of posi-

tive ion production and is given by

q(h) = W E ai Ni (h) ri cp(h )
i

a p (h) cp(h)	 (5)

where W is the photon energy in electron volt. ri is the electron

yield per electron volt for the ith species, ' is the average ion-

ization efficiency of the photon. The assumption has been made that

the incident photon yields all its energy at one altitude, and that
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the electrons will not migrate to different altitudes very rapidly.

.so be written as

po cos X exp (' T)

p(ho) exp(- h-- o) (6)

= arbitrary reference height

= the scale height (assumed to be constant within
the heights of interest)

= Q N(h) sec X	 Q po Ho sec x, the optical

depth.

(7)

photoionization occurs at the height where T 1,

peak =	 (8)
Hoe
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If the reference height (ho) is taken as the height at

which the maximum ionization occurs, i.e., the height at which T = 1
	

I

when X = 0, then the height of the peak production for any value of

X is given by

h peak	 ho + Ho ln(sec X )
	

(9)

Equations (5), (6), (7), (8), and (9) indicate:

(1) The photoionization is linearly proportional to the

x-ray flux.

(2) At heights (h ho > > Ho), where the optical depth

is small and flux is large, the ionization rate is proportional to

the solar flux above the atmosphere, the particle density, the

absorption cross-section, and the ionization efficiency of the photon.

(3) The peak ionization is proportional to cos x.

(4) The height cf peak production increases with increasing

solar zenith angle.

(5) Below the height of peak production where T > 1, the

ionizing flux and photo ionization rapidly decreases with decreasing

height.

Heights of maximum ionization for different values of

are computed and plotted in Figure 8.
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The total number of electrons per square centimeter in a

vertical column is given by

Q = ,^' q(h) dh	 (10)
0

This integral is easily evaluated if it is remembered that

dN(h)/db, = p(h). The result r.q simply

ww
J q dh = 

CPO 
J ap Wr[ exp(- a N(h) sec X] dh

0	 0

cpo Wr cos X

'Po I cos Y	 (11)

Therefore the total number of electrons produced in a vertical

column is proportional to the energ y flux from the sun, the cosine

of the zenith angle and the ionization efficiency of the photon.

For a continuous spectrum of inci Il,znt photons the photo-

ionization rate may be calculated from the equation

a

s

Y
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x
4(h )	 f 4(X) dX

0

f j(%)Q(%)P(h)tp(X, h) d%
0

f j(X)a(%)P(h)	 (^) exp[- -r(%, h) d%

(12)

Ion production rates per unit flux incident normall; (X = 0)

at the top of the atmosphere computed with equation (5) for X = 2 A°,

5 A° and 8 A° axe given in Figure 9.

Ionization rates due to quiescent sun 0 - 10 A° fluuc are

computed with equation (12) for two values of the flux: 6 X 10-3

erg/cm2 sec and 0 . 5 X 10-3 erg/cm2 sec. These values are repre-

sentative of high and low solar activity levels respectively. The

x-ray spectrum used is given in Figure 10. Ionization rate due to

Lyman a flux is computed for a flux of 4.8 erg/cm2 sec. This is

representative of the flux recorded by OSO satellites (Neupert,

1964). Computations are made for X = 0. The computed values of

q are given in Figure 11 along with values of q due to galactic

cosmic radiation computed by Webber for mid-latitudes. The observed

values of q are obtained from the electron density profile reported

from rocket experiments in 1962 over Wallops Island in October 1962
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[Smith, 19631 and from partial reflection measurements in 1964

[ Deeks, 19643.

For computing Aq due to flare x-ray, it is necessary to

know the spectral energy distribution. Figure 12 gives probable

spectral energy distributions for different types of flare. The

three spectral distributions are obtained as the mean of the

spectre measurements made in rocket and satellite experiments

during past 9 years [Sengupta, P. R., 196$). Distributior A

would correspond to impulsive hard x-ray flares. Distribution B

may be taken as representative of strong soft x-ray flares and

agrees well with the spectral distributions of the x-rap flare
on 27 April 1962, measured by Aprel I Satellite. Distribution C

would correspond to weak flares. Enhanced production rates com-

puted for flares on 7 July 1966 and 31 August 1966 for X = 0, are

given in Figure 13. Spectral distribution B in Figure 12 is used

for the computation.

For the D region the electron continuity equation assumes

the form:

dq/(1 + Xn) n+' n2	(13)



dq/(1 + Xn) P%$ 0'
(16)

20

where a 1, the effective recombination coefficient, consists of two

parts: one ac, essentially constant, and determined by dissociative 	 I .

recombination coefficient of the principal molecular ion; and the

other controlled by the negative ion-to-electron ratio Xn, varying

rapidly with height. The expression for o,' is

of I = Ote + XnOf,	 (14)

where ai is the ion recombination coeffic ent4

Under equilibrium conditions, therefore, the expression

for the excess electron density An is:

eq	
CY 
I ant + R,1 nen	 (15)

n

where Qq is the excess ion production rate due to the x-ray flare

and is given by Equation (12).

If

npn < < An2
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Equation (16) is used for computing excess electron density due to

the two x-ray flares. Values of al and Xn used are given in Figure 14

[Mitra, 1964; Behr. ose, 1964].  The computed electron densities are

plotted in Figure 15.

Let k be the absorption per unit path suffered by the in-

cident cosmic radio noise of angular frequency w in passing through

the ionosphere, and A the total absorption suffered, then

cc

A = J k dh	 ti7)
0

It is convenient to introduce another parameter, o = k/n, where ko

now expresses the absorption per unit path per unit electron. Instead

of computing ko from the usual, Appleton-Hartree magnetoionic equations,

use has been made of the tables published by Chorbajian, Suguira and

Parthasarathy [19621 for absorption computed with Sen-Wyller general-

ization of the magnetoionic formula which take into account the

dependence of the collision frequency on the electron velocity. The

calculations, however, were made for the magnetic field of College,

Alaska (0.57 gauss), and, they will differ for places where the field

is sensibly different. Above 20 mc/s, however, the magnetic field

control of the absorption values is trivial.

I	 1
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Writing Ax as the additional absorption during a solar

flare, we have:

Ax = rrh [ pq/ (1 + ^) (cr + a) I i k dh	 (18 )T	 n c	 ni	 o

where Qq is given by Equation (12).

Considerable simplification occurs if absorption is con-

tributed principally by levels for which X  is negligible. In this

case,

X

h
Ax.	

J (Aq/ct ^) ^° ko dh

0
(19)

Another simplification occurs when ac = ai' This is not

an entirely unreasonable assumption, since recent laboratory obser-

vations indicate

aD(N2 )
	

(2.8 f 0.5) x 10 7 cm3/sec [Biondi, 19641

aD(02 ) = (2.0 f 0 -5) x 10-7 cm3/see (Biondi., 19641
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This assumption simplifies Equation (18) to:

Ax = h 
0 

(eq/ac) dh	 (20)f l+fin 

Equation (20) has been used for computing 22 me /s. S.C.N.A. between

60 and 100 km for the two x-ray flares. The results are given in

Figure 16.

Y



I

r
	

IM

24

IV. RESULTS AIM CONCLUSIONS

Ionization Under Quiet (Non-Flare) Conditions:

0 - 10 A° x-rays are an important source of ionization in

the D region. From Figure 11 it is evident that above a certain

level (- 70 km under average conditions) ionization is determined

chiefly by 0 - 10 A0 flux. Below 70 km x-ray ionization is com-

parable with ionization due to other sources. In addition to 0 -

10 A° flux, strong C VI line at 33.7 A° contributes considerably

between 85 and 100 km. Even at low solar activity level x-ray

ionization is comparable with ionization due to Lyman ar. Lymna a

flux is known to be very constant varying by a factor not more

than 2 between solar minima and solar maxima [Friedman, 1961;

Whitten and Poppof, 19651. Thus the background (non-flare) 0 -

10 A° solar x-ray flux, which varies greatly with solar activity,

is an important source of free electrons in the D region in two

respects. First, the ionization caused by background solar- x-rays

over-rides other sources of electrons during high solar activity or

near solar maxima. Second, even near solar minima daily or hourly

variations in electrons concentrations are caused by the fluctua-

tions in 0 10 A° flux. It is these fluctuations that make it

difficult to correlate measured electron profiles in this region
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cycle is also explained on the basis of relative importance of

x-ray ionization over ionization due to galactic cosmic ,radiation

and Lyman alpha. It should be noted that in view of Equation (13),

a difference in the q value of one order of magnitude results in a

difference of n values by a factor of 3 only, whereas an error in

a l contributes linearly to error in n value. Due to uncertainties

about a' in the D region, it is important to compare the ionization

rates due to various ionization sources when both q and n are small.

Flare Ionization:

Flare enhancement of the D region electron density is

essentially due to 0 - 10 A° x-rays. Following conclusions regard-

ing flare enhancements can be drawn from Figure 15:

(1) Due to x-ray flare on 7 July D layer height was

lowered from 72 km to 50 km i.e. by more than 22 km. 31 August

event lowered the D layer height by 12 km. S.P.A.s are caused by

the lowering of the D layer height. Reported import ices of the

S.P.A.s associated with the two events are 99 and 42 respectively

(see Table I). Thus the S.P.A. importances are well correlated

with the computed lowering of heights for the two events.

(2) Relative increase in electron density is more at

lower altitudes then at higher altitudes. For 7 July event,

1.
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electron density increased by a factor greater than 100 below 60 km,

by a factor ses 54 between 60 and 100 km, by a factor se 10 between 70

and 95 km and by a factor - 2 above 95 km. Large increase in

electron density between 60 and 80 km accounts for most of the S.I.D.s,

viz., S.E.A., S.E.S., S.W.F. and a large part of S.C.N.A.

(3) Steepness of the flare electron profile depends on the

flare x-ray spectrum used. If the spectrum is steep and has a maxi-

mum at about 6 A°, the lower edge of the electron profile will be

steep. A flat spectrum will cause flat electron profile. S.P.A.,

S.E.A. and S.F4S. ,, which depend on the steepness of the electron

profile, would be susceptible to the flare x-ray spectrum.

The values of n given in Figure 15 are uncertain by a

factor 2 or 3 due to uncertainty in the values of a' used. It is
possible to compute o f from S.C.N.A. and other S.I.D. data knowing
the flare x-ray flux and spectrum.

Maximum cosmic noise absorption reported for 7 July event

is 7 db for 18 mc/s over Maui (X, = 300 ). Computed 22 mc/s absorp-

tion between 60 and 100 km due to 0 - 10 A° x-ray flare is 5 db for

X = 0. Assuming that absorption varies as cos x3/2 and remembering

that absorption is nearly inversely proportional to square of angular

frequency of the cosmic noise, more than 80% of the total absorption

took place between 60 and 100 km.
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For the event on 31 August the computed 22 mc/s peak

absorption between 60 and 100 km is 2.8 db for X = 0. Reported
I

peek absorption for the event over Manila (X = 50°) is 1.8 db.

From this 22 mc/s absorption for X = 0 would be 2.5 db. This

value is somewhat low because of the fact that for X > 30 0 the

height of peak ionization is considerably higher which results

in lower total absorption. Allowing a correction for this total

22 mc/s absorption for x , = 0 would be N 3.0 db. Thus in this case,

more than 90% of the absorption took place between 60 and 100 km.

These results are significant in view of the fact that

the computed values in both the cases have been obtained by con-

sidering enhanced ionization due to 0 - 10 A° x-rays only.

Broken line in Figure 17 shows the time-history of the

computed and normalized 22 mc/s S.C.N.A. due to 0 - 10 AQ x-ray

flare on 7 July, and the full line shows the observed 22 mc/s

S.C.N.A., over Pentiction. There is complete agreement between

the computed and the observed profile.

S.I.D.s are thus primarily due to enhanced ionization

between 60 and 100 km caused by 0 - 10 A° x-ray flare.

X-rays of wavelength below 10 A° are responsible for

both rapid variations and day to day variations in the D_region

electron density.
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The variation of the effective height of the D region

be traced to the variation of 0 - I
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TABLE II

I

a

Variation of p(h) and N(h) with Height

Height log P(h) log N(h)
km (M'3 -2am

6o 15.80 21.67

65 15.55 21.37

70 15.26 21.04

75 14.95 20.70

80 14.6o 20.35

85 X4.19 19.95

90 13.8o 19.55

95 13.40 19.16

2.00 13.00 18.80
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FIGURE CAPTIONS

FIGURE 1. Arrangement of detectors on Explorer 33.

FIGURE 2. F(a) plot for GMI.

FIGURE 3. GMT sectoring scheme.

FIGURE 4. Absolute photon efficiency of U.I. x-ray detector on
Explorer 33•

FIGURE, Absolute energy flux efficiency of U.I. detector on
Explorer 33•

FIGURE 6. a for Molecular oxygen.

FIGURE 7 a for Molecular nitrogen.	 w

FIGURE 8. Computed heights of unit optical depth for different X.

FIGURE 9. Computed electron production rate per unit flux for

% =2A°, 5A° and 8A°, x=0.

FIGURE 10. Quiescent sun x-ray spectral energy distribution.

FIGURE 11. Computed electron production rates 'due to quiescent

sun x-rays, Lyman alpha and galactic cosmic radiation

and also observed electron_ production rate.
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FIGURE 12. Flare x-ray spectra.

FIGURE 13. Computed electron production rate due to flares on
7 July and 31 August 1966.

FIGURE 14. Model of ionospheric parameters — recombination coef-
ficient (a # ), collision frequency (v), and ratio of negative
ions to electrons (xn) . G Mitra, 1964; Aelrose, 19641.

FIGURE 15. Computed enhanced electron density due to flares on
7 July and 31 August, 1966.

FIGURE 16. Computed 22 me/s cosmic noise absorption between 60 and

100 km due to 7 July and 31 August flexes.

FIGURE 17. X-ray flare on 7 July with observed and computed time-

history of 22 me/s cosmic noise absorption.
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ERRATA

"Effect of X { 10 A° Solar X-Rays on the Ionosphere between 60 and

100 km," by P. R. SENGUPTA

Page 5, line 10

Change "Starker" to "Straker"

Page 16, line 17

Change "decreases" to "decrease"

Page 18, line 14

Change CNeupert, 19641 to [Whitten and Popoff, 19651
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