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Abstract

Altitude variations of different types of positive ions in the
ionosphere at night obtained from rocket-borne experiments, have been
utilized to obtain ionospheric characteristics. Major nighttime ionic
processes and rate coefficients of certain reactions involving positive
ion - neutral atoms or molecules are obtained. Lifetimes and effective
recombination coefficients of positive ions at night are also obtained.

It was further shown that at night the ionosphere is not in equilibrium.
Only at localized regions, there is equilibrium between the production

and loss rates.
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1. Introduction

In a previous report (Ghosh, 1967), the ionospheric character-
istics from altitude variations of positive ion densities during daytime
obtained from rocket-borne experiments, have been obtained. At night
also, the altitude distributions of ion densities were obtained. Although
ion densities decrease to a great extent at night, and that the number of
nocturnal rocket firings are comparatively few, certain ionospheric char-
acteristics can be drawn from the ion distributions at night. These are

presented in this report.



2. Altitude Distributions of Positive Ions at Different Times of the Day.
Noon and nighttime altitude distributions of ionic densities, as
obtained from rocket-borne mass spectrometers during period of solar

minimum activity (Holmes et al

—_—

1965), are given in Fig. 1. Dashed curves
are extrapolated. Important features of such distributions are given in

Table 1.
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3. Nighttime Ionic Processes

In Figs.2-6, the production and loss rates of O', Oy, Ny, NO'
and N* ions at night for the altitude range 100-280 km are drawn. Due to
the non-availability of data, these rates for N; and O' ions are calculated
only for a small altitude range. It is desirable to calculate the loss and
production rates of different species of ions for the whole altitude range as
the importance of reactions vary with altitude. To calculate these rates at
night, ion densities as obtained from rocket-borne mass spectrometers

given in Fig. 1 are utilized. O, O2 and N, densities are obtained from CIRA

2
1965 for the mean solar condition, N and NO densities are obtained by Ghosh
(1968). The rate coefficients and their temperature variations are the same
as given in (Ghosh, 1967).

Assuming the equilibrium of N+ ion at night by the following

reactions

NS + Ne—e=N" + N

2 2
+

+ _ w0y TN
N +O2 +

~NO + O,

N+ ion densities are obtained.

It is seen from Figs. 2-6 that at night, the ionosphere is not in
equilibrium. Only at localized regions, there is equilibrium between the pro-
duction and loss rates. For O+, the equilibrium is around 220 km, for O;
around 240 km, for NO+ at 120 km. For N+, there is no production mecha-
nism at night. For the greater part of the above altitude range, O; loss rates
are higher than the production rate and vice versa for NO+.

Major nighttime ionic processes and certain characteristics of

nighttime processes between 100-280 km are shown in Table 2.



*[[eWS 9J' SUOT}OEBdJI 9S3aY]

yjoq J0j S9jed 9], - SUOT}OBII IS9Y} UIIM}I]

o

wntaqIinbs sy} woJaj pajenojed ST £3Isusp N © ++OZ = NO+ N NZ+ N “N+°N N
o o + Cn « + + +
N+/O (W 022-08¢
10 juerzodwr) N+, ON <N+ O

+
~.C
N+ ON <O+ N
*1yS8TuU 3B UOT}BJIIUSDUOD +OZ a8uael A1oA13eaedWIon o ++O N TZ+.NTO
o} J0J SjUNOooe STYI ‘Sso00ad SSO] duo ATUQ NO++OZ 4.OZ+4er
‘91eJd sSo[ 9y} o} paaeduwoo 9jea uoronpoad agae O+N 1@++OZ OZ++OZ 1NZ+MO +OZ
‘owniLep Sutanp jeyjz uey} J9MO] SISPJIO OM] jnoge
ST Wy 0gg 1 S pdﬁmZu ‘yS1y Sureq d3ed SSOT z
N+, 0
9} PUE WISTUBYOSW UOT}ONPoId Ou ST I8y} JOUIS + VO+MZ (1) [ N
N+ ON *
1y81u }®' JU93UOD UOT [B}0} 9y} JOo uoljgodoad [[ewss +
z z z (wy 00g 03 0€g WOJ}
® UL10} SUOT U0 aouay puer J9yJ1Yy 2J€ S9jed SSO] O+,ON €ON+.0 () a1ea Surqrey Aipidea)
sepmnTe 1ou30 3y “[enbe swodaq o jo sejex oN+,ON «*N+lo () o+fo <fo+,0
uoryonpoad pue SSO [€30} U} ‘WY 0HZ PUNOLY O+,0N «N+%0 (1) n+o «on+,0 %o
Amoc.mﬁo.acﬁ
‘Tenbs awooaq Sajed uotrjonpoad JO Ja9pJo ul pajuedJae)
pue ssof Te}0} a8y} ‘W 0gg pPunody °sspni O+MO TNO++O (€)
-1y1e Surseauosp yym Arprdes sirey £y1susp O zﬁmo “ON+,0 (2)
‘sUOT}OBAJ 989y} JO sajed ssof Y3ty ayj 03 ang N+,ON TNZ++O (1) NZ++O TO+MZ ,0
syaeway $s920ad sso JolelN §8900JJ uot}onpoad Jolen uoj

w3 082-00T YO4 SESSHDOOHd DINOI HINLL LHDIN

g 219BL



(9961 ‘enyeuoQ)
w3y 0€1 e axaydso

-uot awrjdep p&ﬁ-oﬁxﬁ

(L96T “[Osurem) (€)

A8aous TeWrILY} ﬁmm I- 01XZ

(L96T “ideurem)

A8xsus TRWLIAY) «moﬂloﬂxﬁmv
(L961
‘yosuaem )LS8aous
[BWIay] je oH-oHMw “1(T)

(9961 ‘enyeuoq)
w3l 0gT }e axaydso
-uot awnkep .Ho.y:-oﬁxw (2)

(L96T ‘¥Yodugem)
A3asus Tewraay; je
(9961 ‘B 15
:mgomuvzloﬁxw .2(1)

Xq -
17-01%9 2

(9961 ‘onyeuo() sadydsouor
swirikep I10f . 0TX9
(., 29s _w)
I- g

*JJ900 93BJI PAAIISqO

ws] OFg 3 WNIIqI[Inbs WOy paye[nored wx

w3 0gg e WNlIqI[nbe woJj paurejqo

‘'O+N «3+ ON ‘ssaooad
ssol ATuo sy} pue ((enbs
wﬁ-oﬁxm -9(g) 9Je sajrea 19y} Jurwinsse)
0TXT(Z) sossaooad uorjonpoud asay)

£q | ON jo wnraqrrinbgy

ml

01-0T¥1 -&(1)

‘g '0ag ul uaalf sassaoouad sso]
Jofew pue (ss920ad }sa1j ayj
Jo 1ey3 jo j1ey St ssaoouad
puooas sy} jo ajed ayj} Jur

. TT-01%9€(2) -wnssy sassad0ad osay}

. £q 0 j0 wntxqipnb:
sk m-oaxw (1) a.013 tIqIiInby
‘¢ *0988 ur uaald sassaoouad
sso1 aofewr aaay} ayy £q
S9SS0] pue UOI}OBAI SIY}
. Lq ¢ o wnraqifinb
*Snoﬁxm (4 a ,01 LIqIimby
(. 99s_wD)
I- g

*JJ900 93BJI pIleINdIED

apew uorjdwinssy

oN+,0N <N+80(g)
%0+,0N «oN+C0(2)

W 06T O+,0N “N+°0(1)

OJ%O TNO++OANV

w3 0§71 N+,0 «ON+,0(1)

wsl 0g1 e+ O €0+ON
+ +

SpPMIITY Uoryoeey

Z+NOTOZ++O UuoT}oBaJ Y} J0J 1do0Xa SJUSTOTJJO0D 9)BJI POAJIISJO PUE Paje[NO[ED Usamlaq Juswaagde Jrej e ST aJday)} 18Ul
+

SMoys ®Blep a[ge[IBA® 2y} YI1Im uostiedwio) °MO[aq USAIS oJ® SUOT 9AT}ISOd JO SUOTINGIXISIP apPNITI[e 9y} WIOJIJ PIUTeIqo

se aaaydsouor ay} Ul so91oT}aEd [RBIINSU PUB SUOT U3aM}S] SUOT}OBII UTBLISD JO SHUITOIFS0D 9}BJ PIJE[NI[ED oy,

SUOT}0EBaY O1I3YdSOUO] JO SJUSTOIIIPOD 91BY paje[nore)



moﬁxo.m 0-1 L1 ﬁoﬁxﬂ.ﬁ Hoﬁxm.ﬁ b-oﬂxﬁ.ﬁ v-oHNo 1 m-oﬁxm.ﬁ m-oﬁxw.w p-oﬁxw.u 0€¢
moﬁxo.m 0-1 G-G ¢ -6 Hoﬁxm.m u-oﬂxﬁ.ﬂ v-oﬁxm 14 m-oﬂxo‘w mnonw.N m-oﬂxv.m 023
moﬁxw.m 0-1 L€ €-9 Hoﬁxu.m b-oﬁxm.ﬁ w-oﬁxm g w-oﬁxﬁ.ﬂ m-oﬁxm.w w-oﬁxm.m 0T1¢
moﬁxp.w L9 4 aonp.w bnoﬁxm.ﬁ w-oﬂxm.ﬁ muoﬁxp.a 002
onNN.ﬁ 8.¢ buoﬁxm.ﬁ w-oﬁxh.m 061
woﬁxm.ﬁ 9.8 ﬁnoﬂxm.ﬁ v-onH.m 08T
woﬁxm.ﬁ ¥-€ h-oﬁxm.ﬁ ﬁ-oﬁxw.m 0LT
¢oﬁxw.ﬁ v-€ b-oﬁxw.ﬁ wloﬁxw.m 091
moﬁxm.m 9.¢ h-onm.ﬁ uv|oﬂxm.m 06T
moﬁxmum 9% r-oﬁxp.ﬁ m-oﬁxﬂ.m 0%1
moﬁxm.ﬁ Hoﬁxo.ﬁ buoﬂxﬁ.m m-oﬁxr.m 0€T
LONIN N e 0 LON N N e O | s
(00s) (. 095_wd) .ﬁwvo MV

I- g

JYSIN }e SuoJ 9AI}ISOd JO SOWII}S)T] pPue S)USIOIIIO0)) UOIIBUIQUIODDY 9SATIOJIH

€ 9lqEL



9. Lifetimes and Effective Recombination Coefficients of Positive Ions at Night

The effective recombination coefficients (o(leff) and lifetimes (T) of

different species of positive ions at night at different altitudes are given in

(1)

Table 3. They are claculated from the formula

o(i . Loss rate of positive ions of the ith species
eff T
n. n
i’e
and
_ 1
T-= -
Xetf'e
where

+
n, - density of positive ions of the ith type

n_- electron density, which is taken to be equal to the
total positive ion density

It will be seen from the above table that NOJr has the highest lifetime,
104 - 103 sec, and that of Nz the least’ about 1 sec. The effective recombination

4

coefficients of positive ions vary between 10" % and 10" cm?/sec.

6. Conclusions

The analysis of altitude distributions of positive ion density at different
times of the day for the altitude range 100-280 km shows the following:

1. At lower altitudes, O', O, and Ny are produced mainly by photo-

ionization and hence their densities have large diurnal variations.

(Because of the high I. P., N; can be produced only by photoionization).

2. NO+ is produced at low altitudes mainly by charge exchange processes

and hence its density has small diurnal variations.



+
2

NO"' and O; to a large extent, are created by charge exchange processes.

3. At high altitudes, N, and OJr mostly, are produced by solar rays.
The densities of latter ions have small diurnal variations. In fact, at
220 km at night, their densities become equal and same as those for
daytime.
4, Ner ion rapidly decays by undergoing ion-atom interchange with O and
O2 producing mainly NO" ions.
O- NO +N
Nt 02
2 70, NO'+NO
This accounts for the low percentage of Ner which, during the whole day,
seldom becomes greater than 1% of the total ion content.
+
5. O rapidly exchanges charge with N, NO and 02 producing NO' either

directly or through the intermediate production of O+2.

N,— NO ' +N

/(~NO— 0y +N— NO'+0
o'—_, .
02—> O2+O

+Ny— NO'T+NO

+NO— NO'+O0, .
At night O+ loss rate by these processes is not balanced by the rate of
the single important production process involving N; and O atoms. This
accounts for the rapid O+ density fall at night.
6. In the low altitude range, O; loss rates are gre ater than the production
rates and explain its large density fall at night.
7. The final removal of charge from the ionosphere takes place mainly

through the dissociative recombination of NO+ ions and electrons.



8. Calculations show that although the concentration of neutral NO
molecules is small, the rates of ion-atom reaction involving it is of
the same order as those involving major atmospheric constituents, N2
and 02.

9. It was shown by Ghosh (1967) that at daytime at each level in the
altitude range 100-280 km, the total rate of production of all positive
ions is approximately equal to their total loss rate. The equality does

not hold at night indicating that the ionosphere is not balanced.

10
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Fig., 1.

Day and nighttime altitude variations of positive ions during
the last solar minimum activity period averaged from ob-
servations made by different investigators.
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Fig. 2. Production and loss rates of O ions at night. For comparison

the total production and loss rates of OF during daytime are
drawn.
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