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INTRODUCTION

The role of nitric oxide (NO) in the lower ionosphere continues to
be controversial., Nicolet and Aikin (1960) prepared a D-region model
based primarily on the photoionizatiun of NO by solar Lyman-X radiation,
Recently Aikin, Kane, and Troiﬁ (1964) reported D-region electron con-

- centration profiles that confirmed the NO mechanism according to their
. intespaetalion. Poppoli end whitten (1962) and Poppoff, Wiitt=n, and
Edmonds (1964) have ;hown that currently accepted values of NO concen-

;. trationm, photoionization cross-sectibn and ion-electron recombination
»_«w~*;»coefficients can provide the basis for a D-region model only during solar
sunspot minima. The bases for all current models and 1nterpretations
. have been NO profiles on the order of 10'10 to 10™2 of the total concen-

tration of ionospheric species in the D-region (Nicolet, 1955; Barth,
1961).

During the past year Barth (1964)'has reported measurements of NO
(the first ever mrde) in the D-region that have caused considerable
confusion and consternation among aeronomists concerned with physical
and chemical processes in the lower ionospnere. The reported coﬁcen-
trations, derived by analysis of NO resnnance scattering observations,
were from one to three orders of magnitude greater than previous theoreti-
cal estimates. The implications of these measurements, if correct, are
profound and will require a complete overhaul of D-region models, mainly
B ‘ because of the exceedingiy high electron densities that should result
”"MNUA——provide reasonable electron conceutrations, either the 1onization cross
section must be reduced:or the recombination rate must be increased (or,

perhaps, both). Neither possibility appears reasonable at this time,

‘'ism for NO production that would provide these large concentrations. A -
recent attempt by‘Nicolet (1964) to provide such a mechanism for the
D-region requires that the ion-interchange reaction, OZ + N2 ~’N0+ + NO,
assume an important role. Unfortunately, the crosc section for this

" reaction is not known and the validity of this theory cannot be properly
assessed.

from photoionization of such large concentrations of NO. {pdngQEHEQMA“m;W\

'} Another problem that must be resolved is the identification of the mechan-




‘The presen: quandary, however, ‘underscores:the'urgent necessity‘for
another, independent means of measuring Nﬁ in the ionosphere, Whether
the values reported by Bar.“ are correct or not, they must be checked
because of their grea®” importance in assessing the various ionization

processes in the icncsphrere,

Nicolet's hypothesis based‘on the above menticned ion-interchange
-vreaction'has”a specialrsignificance tc the jonizaticn interests of DASA,

| ﬁicolet's suggestion inmplies tha‘ any excess nuclear/turst ionization
{which rﬂc"’*s in increased forma*icn cf C will result‘in the production
of large concentra‘ions of WO (bc‘h direeily through *he ion- interchange

reaction and~ghrgugh ‘the phc.oionizaiion of neutral No produced -in- thatv—va»~w4f«

reacticn)‘ If true, it would follow that NO ion-electton recombxnation

1s undoubtedly the conrrolling reaction for electron removal,

"~ The nitric oxide detector now being developed at QR; wi*h DASA support

. promises to be an excellent ins:trument for ckecking the controversial

-0

measurements made'by Barth as well as providing the means of investigating
the importance of changes in VO corcentrations produced by high altitude

nuclear tests

The theory of Operation of this unique in:trument was described in
the original proposal (SRl No. PAU 63-146 Rev ) and will nc< therefore,
" be discussed fur‘her-f The feasibility of the .echnique wage demonstrated '
by an earlier project for DASA (ioung, et al, 1963). During the past
_ year a D-region simulatcr has been ccnstructed for the purpose of testing

both laboratory models and protctypes of the NO detector with special

_emphasis on the assessmen’ of possibie interference by . excited'states of

N and NC. Although only 1imited testing has been possible, the

22 T2

1» concept of selectively measuring NO by phot01oniza*ion appears sound,

The D—region simulator and current activities are described in this interim

report,
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CBJECTIVES

The objectives of the work performed under this contract were
1. To develop a testing facility capable oi evaluating a nitric

oxide measuring device

2. To develop, individually, the components of the NO measuring

device to a degree adequate for D-region measurement.

METHOD OF APPROACH

The current model (f the D-region nitric oxide measuring device is

“shown 1a ' Figs. 17and 2.7 An intense beam of krypton resonance radiation

(1236 A) is projected between parallel electrodes, Thé outer electrodes
sweeﬁ the ambient gas free of ions as it enters and the central region
collects the ions formed by tne Kr resonance radiation. Modulation of

the ionizing radiation permits unique identification of its e:fects

This method of measuring nitric oxide is feasible. It will be
initially assumed that primarily NO is ionized by photons of approximately
10 eV energy. The ionization cross section of NO is adcufately known
(Watanabe, 1958), ard detection of the ions produced is simple and ex-
tremely sensitive. Consider a parallel-plate ion collection system 10 cm
long. If al émz photon beam of 1016 photens/sec is projected between the
plates, the number of ions produced per second per cc will be [ND] x
(2 x 10718) x (101%) = 0.02 [NO]; roughly 2% of the NO present will be

ionized in one second., The current collected from the 10 cc that are
20

irradiated will be ~ [NO] x 107<" amps. qu_{NO]ﬂ;-lOf/cc,_}he collected

current will be = 10’16 amps, which is presently detectable in a measv-ing
time of 1 sec. Removal'of NO by local photoicnization will be negligible
for any reasonable atmospheric sampling flow through the detector. Other
los;;; of the 1ons created by photoionization, such as recombination, will
also be negligible under the conditions existing in the upper atmosphere

and in the time available between creation and collection.

Though the method is specific and feasible -- even for such minute
amounts of NO as 104/cc -- it is not without its drawbacks, The ions




normally present in the innosphere and swept between the collecting
electrodes by the motion of the detector through the atmosphere would
greatly exceed the number produced by local photoionization of NO. Most

of the ions couid be removed before they enter the photoionization region -
by auxiliary electrodes. (The current to these sweeping electrodes would

be informative in itself,) However, the reactive species of the upper
atmosphere may react either with themselves or with the electrode sur-

. __faces to. produce ionization»-wlo discrininate against such ionization - -~ -

(which would not be larger ‘than that,produced by local ‘photoionization
of NO) the ionizing‘light source should be modulated'(chopped) and only

the modulated component of the ion current amplified and detected. Care

'*8~3;—f-~w;»; must—-be taken-to prevent- photo-ejectionﬁof“electrons fromthe électrode

4 | surfaces by stray or scatt ered radiatien. Simple constructions can'
prerent photoéeiection by solar radiation without materially affecting
the iree sampling‘of the atmosphere by the detector. The effects of

- -the electrode surfaces on the equilibrium concentrations of NO in a

system of 0 N, N 29 and 0, must be evaluated.

lt is quite dif’icult to obtain extremely strong sources ~of Lyman-Q
‘radiation needed for this experinent A more suitable source 15 the
- krypton resonance line at 1236 A. Absorption of this ionizing radiation
fwby molecular oxygen will not be serious, At 1236 A the absorption cross
'section of molecular oxjgen is 5 x 10 -19 cm H consequently, 10[0 ] x
{5 x 10 )x 100% of the radiation will be absorbed in passing through
~ the electrode system At 60 km {02] ~ 1014/cc and ~ 0,05% absorption
occurs, which is inconsequential and becomes of .even less consequence

. at higher altitudes. Since the sensitivity of the detector is pro-

portional to the ionizing light flux, a simple nitric oxide (Chubb
~and Friedman 1959) or iodine (Brackman Fite, and Hagan 1958) photo-

h ionization chambor should monitor it. Large variations in the output of

' the light source are .not- expected over the relatively short measuring

v time offered by rocket probes
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PEXNYRESS

A. D-Region Simulatcr

The D-reg.cn sirulator is a device capable of creating, in varying
degrees, all The phenonrera whichk the measuring device might encounter
during its passage thrcugh the D-regicn excep? thcée relating to high

speed motion in “he upper atmcsphere, and direct solar illumination of

the device, - The effec*s of solar radiation on the D-region itself are -

.duplicated.

To simulaze the D-region a lo+v pressure environment composed of

atomic oxygen, nitrogen, excited rolecular nitrogen and oxygen; and the

chemical prcducts resulting frem the interaction of ‘hese species is
required, This is accomplished = passing hiéhly purified nitrogen
through a powverful microwave discharge in a low pressure, fast flow
system, TLe partially dissociated nitrogen is then reacted with a

stream of nitric oxide,

N+NO N, +C

2

which generates atcmic oxygen from acmic nitrogen, By varying the

original atom density (i.e;, by adjusting <he pressure, flowv rate, and

microwave power), and the amount of NO added, the total atom content and
the ratio‘pffo]/[N] can be set, Mclecular oxygen can then be added to
whatever concentration is desired, By discharging the oxygen as it passes
through an auxiliary inlet coated with HgO, verying amounts of excited

02 {with no assoc’ated cxygen atoms) can also be added, This mixture

reacts to establish a steady state nitric oxide concentration in exactly

the same way that occurs in the D-regicn, Furthermore, chemionization

+
processes generate NO , the predominant positive ion in the D-region.

The D-region, despite the simplicity of chemical elements present,
is a very complex medium when the energy states of its constituents and
the ionic épecieé present are taken into account, Hence it 1s.not sur-
prising that a complicated series cf preparations are necessary to dup-

licate its essential features, Becouse of this complexity, relatively




fshown in Figs.,3 4, 5, and 6, : S

elaborate measurements must be made and considerable preliminary in-

vestigation is necessary to characteriie the resulting medium in which

the NO measuring device is to be tested The simulator in operation is‘

The maJor analytical tools used 1n the present simulator are ﬂptical
radiation detectors which monitor the excited molecular and atomic states
directly and the ground statie reactants indirectly through previously
studied cbeniluminescent reactions. Although not now in use, absorption

measuzements and a quadrupole mass spectrometer will soon be applied to

'”further define the test media.

, Figure 7 shows schematically the essentials of the simulator. Six
filtered photomultipliers (Fig. 8) which detect emission from N (BZT),

- R *
), »02( 2_), 0y, and 302\

[l ‘ (X ' '
¥, 0,(a's,_), o?_(b»sv:(v)), 0,(b', )

~can be seen pointing.into the observation bulb, TypiCal variations of

these bands with{o}; IN], fN2], [02], and the interdependencies of{some

of the emission'resulting from reactions among excited species are shown

in Figs. 9, 10 and ll

~ Titration inlets where NO (which measures [N] or [O] through the’

reaction N + NO N + 0 ) and NO (which measures 0 by N02 + 0 i

" 'NO + 0 ) can be seen in each segment of 4-inch-diameter pyrex tubing ’
. __which transports the gas from the 1 kw. microwave generator (Fig. ‘2) 0
,the 72 liter bulb Calibrated reservoirs (Fig. 13) equipped with cali- “pV

- brated diaphragm transducers are used to derive titrant flow rates from

the rate of pressure change in the reservoirs. ‘

Other 1nlets (Figs 12 and 14) can be seen for the addition of other
gases to seiectively quench (i, e., deactivate) excited molecules The
slanted ‘'wooden table (between the reservoirs in Fig. 15) will hold a
movable photomultiplier to observe the transition from a steady state
of the gas above a circular inlet (to promote mixing)»to a new steady
state shich is caused by the gas addition, Below the two parallel pipes
can be seen the second discharge system (Fig. 14) for adding excited 02

separately.




The €-inch metal piping leads through the wall and connects to a
high capacity Roots pump'amd large oil pump, These pumps will empty a
220=-cubic-foot cy11nde:{of gas in 150 minutes at a system pressure of
10.0 mm Hg. The pumps operate efficiently to 10~ mm Hg and messurements
have been méde at 10 ° mm Hg. Two high pressure gas storage manifolds
are located outside the.building on a porch, each drawing gas from four

large cylinders,

The large wooden box (Fig. 16) contains a PbS infrared detectdr, ‘
filters, 11ght chopper, and amplifier, Ail‘the other amplifiers, balance
and time constant circuits, and recorders are centrally located on a tablé
near strategic gas valves (Fig., 17). The photomultiplier high voltage
subplies a:e‘above the 72-1liter bulb (Fig., 19), '

Several optical spectrographs are available for use, only one of
which is shown in operation (Fig. 16), The large bulb has several
entrance pofts through which the test device (shown in Fig. 2) enters

the test environnment.

B. The NO Méasuring Device

Figure 2 shows the current device under test. The outer electrode‘
structure completely surrounds the central signal electrode which measures
@he ioniiation'produced by the Kr reéonance radiation excited in the high
intensity lamps, To date this design has proved adequate,.

C. High Intensity Vacuum.vlfraviolet Lamps

These lamps~reqﬁired considerable development, LiF is cleaved by
the device in Fig. 19 to = 1-mm-thick windows and sealed to the lamp
‘body by various techniques (AgCl on Pt and various epoxy resin cements),
A quartz wool plug is then inserted from the other end followed by uranium
filings and the complete assembly is attached to the high vacuum filling
system shown in Fig. 20, After a preliminary pump-down and flaming,
hydrogen is admitted and the uranium reacted by slow and careful heating
of the filings, Furnaces are then raised about the lamps, the system
opened to the pumps, and the uranium hydride (formed when the uranium

reacted with Hz) is slowly decomposed, yielding an activated uranium




rapidlyWWitH°m

_or leSs. It

getter; Krypton is now

sealed off.

admitted to the proper pressure and the tube

The lamps are then tested for total emission intensity

using a nitric oxide ion chamber shown in Fig. 21, and their spectral

cheracteristics determiued on the spectrometer shown in Fig. 22,

':Tne present lnmps
with time,
operated for ~ lo'hours
' ' 1s'he11éve:

as F

to radiation damage of 1

~ Low power;-low frequency

“verify this;

produce =~ 10

v photons/sec but this flux decays

[g;"éﬁgindicates." Although lamps have been

their real usefulness is limited to 1 hour
1 that the rapid decay of lamp intensity is due

the LiE windcw, Investigationvis continuing to

Usually the lamps are excited by a microwave cavity and generator,

but excitation at lower

greQuency (Fig. 21) is of comparable efficiency,
r (=~ 100 me) 1igh*-weight excitation oscillators -

- are under development, and efforts are continuing to improve lamp

: intensity. O

Current Status

Only very preliminary tests of the prototype NO weasuring device

“have been completed becJuse of the long construction period required for- “

- the D-region simulator Jnd the extensive 1amp development program. How~

" prototype device.

‘detecting NO,

ever, no serious difficmlties have yet been experienced in using the

It is anticipated that

4 months will be required to

verify the original estimates of its sensitivity ‘and specificity for -

n.instrument is planned

Approved:

2

_A parallel engineering development of a flight certifiable R

- Robert A. Young, Senior P icist’
.Department of Atmosp c Sciences

Chemical, The tical,

‘Charles J. Cozé/ Executive Director -
wnd Applied Physics

'l o







3DIA3Q ONINNSYIW| ON 3NHUE-LINI0¥ IHL 30 HOLINS ANVNIWIII¥d €914

1
|
_
: i
17 NOILYLIOY 40 Sixv

|
b

i
i
_
i
i

i

S »-8e . B ‘ -
, ST NOJVAOM NIdS
)
L v.\ © N7135010Hd
: oz_mz 3s zoN_mox
M . QZDOIO/ . ,
,V— e\ | \\ Eoﬁ:m ONILY NS 5008 140ddNS
S TEER RAEH) 010Hd | _SHOLUAII103 8MOIAINOH ~\
AOOUOMOMOIMONINNANNANNINNNSS /////////7////%///////// NN\
SAINOMLIINY | L L Ll e
83iNNOD NOI GIIIIIIIP \fv;»\»vjy\n\\ 20001-01/ fyo, yangom]
. - _ HOLYTUISD |
I ot -0 3 831IW08123 13 N : :
xwuwa \ 1NdNt *ve Q33 ~
¥ILLINSNYEL . 000 A1ddns
4313IN3N3L ¥ILNNOD NO» . _ : s ~ | umos
YrZ3 T TIIITS i.\\.\k., g o000 E
N 4, — ,_ I / — v _v -t
N [ s )
: ; \ : ou__w_wwfwa _ owwwwf s _ . v ~1 A121375005
e //W/_///////////VN// /W,M/ e // 7 //%//7 N ///////_/_/,7/_
— aNnQuD ! -/
| /L 1 : J
$300812313 Quzno’ \ QINO NINTIdIy NOWLDINI” ;ooz_;\ wnNaiNg T POCY 140dans
$140ddNS ONILVINSNI a | , n INIMILINIIIL T,

10

B




FiG.3 THE SIMULATOR IN OPERATION LCOKING TOWARD
THE DISCHARGE

FIG. 4 THE SIMULATOR IN OPERATION LOOKING TOWARD
THE DISCHARGE .

11




FIG.5 THE SIMULATOR IN OPERATION LOOKING
TOWARD THE OBSERVATION BULB

o
!

FIG. 6 THE -CENTRAL TITRATION REGION
- 12




GAS
INLET WALLACE AND TIERNAN PRESSURE
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{

i
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8uLb
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40 cfm 280¢im
VALVE
QUARTZ WINDOW
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GAUGE FOR NO,
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TO OBSERVE END-POINT
_OF NO, TITRATION
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2. 4000-4500% 6 76184
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FIG.7 SCHEMATIC DIAGRAM OF D-REGION SIMULATOR

13




gt S L
L e T
- T

FIG.8 THE OBSERVATION BULB WITH




[

T T o

»
P o
-
-®

LN T S N S B S (N N SRS PR S S IS S N B B B B
- «l og

oy
- 888
_ e Th

t + (] ot ot
- 888Kk =

o O ™m0 W
- m T 0D D~
- @ 6 0 O e
— T

\\\\

— L

\‘l\
ﬂﬂ\‘
.. N e
rll‘l,’ oooooo
| T~ TN
= UINGL e Lseet
- T T
- P e D

SEEED U 2ol U U I W U U D - 0 OO OO R OO O ¢
©o @& N ®© e o0 ® N o € o ©
® N~ O~ ©® 9 ¥ o B ¢ € €« =n

{841un 41024140} ALISNILN) AHOIT

tlit

S D S I O

I |
0.2

!

04 05 06 O7 08 09 0 i 12
NO FLOW (150, "2/min)

03

TC-309%-0

FIG.9 LIGHT INTENSITY vs. ATOMS IN DISCHARGED N,

15




14 1§ 1 ) i T ! | i l
8
12 ' |
. @
el
10 |~ y |
K o 0.
o 8 _. %
- O
Bl
— ‘_g..a 6
. 4
2 4
‘ L | ! :
O B
|
ol
Q
=
3
; _
- -]
r)
M~
| = , " B S
. \ | ‘
0 I 2 3 4 5 6 7 & ® 0
e : N, PRESSURE (mmHg)
T9~-309%-9

FIG. 10 LIGHT INTENSITY vs. PRESSURE IN DISCHARGED N, TITRATED WITH NO

16

METIRITDIAE O L e




'L‘,OOO —>— Y T ” T T YT T . SRS
[
L
1000 } - n
O |
y; 4
1 (o]
‘A
O
.l
./
! / .
1 a
' S /0
Y] s ! 7/ /
? L} J
:J L4 a <.
- t /
! e at .
\ . . L W i LoLal 1 S W
Ci 10 10 100
163408 tmu)

e 30480

FIG. 11 LIGHT INTENS!TY AT 7618 vs. LIGHT INTENSITY AT 6340 IN DISCHARGED O,
WITH O REMOVED

17

RGP Ve LT T -




| ' |
‘ FIG. 12 THE 1-km MICROWAVE DISCHARGE SOURCE AND INPUT FLOW -MANIFOLD
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FIG. 13 THE CALIBRATED RESERVOIRS FOR NO AND NO, ADDITION
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FIG. 14 OVER-ALL VIEW OF THE FLOW SYSTEM
LEADING TO THE OBSERVATION BULB

TA 48’5-!&




|

i

i FIG. 15 TRANSIENT STUDY REGIbN OF THE FLOW SYSTEM
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FIG. 16 THE OBSERVATION BULB WITH
AND SPECTROMETERS
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FIG. 17 OPERATOR AT INSTRUMENT CONSOLE -
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"FIG. 19 THE LiF CLEAVER
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i FIG 20 THE LAMP FILLING
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FIG. 23 LAMP INTENSITY vs. TIME
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