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SENSITIVITY ASSESSMENTS OF SOME DISTU RBED
E ~%J~D F REGION REACTION RATES

I Introduction

The disturbed E and F reg ions of the ionosphere play important roles

on systems, detectors and communications . To assess the impact of such

an environment, a detailed understanding of the physics and the chemistry

of these regions is essential. An important aspect of this problem is the

ionization and the deionization of the regions. These depend critically

on a large number of reactions that occur i4~ the disturbed region which

in turn control and determine the extent, duration and decay of the

disturbance. The ionization and the deionization is generally described

by a time dependent code which monitors the density distributions of the

disturbed ionospheric constituents. The complexity of such codes depend

heavily on their utility in conjunction with large scale hydrodynamic

codes, the desired output and the speed of calculation. Two NRL Codes,

The Master Code and the Simple Code have been developed1 to assess the

ionization, deionization and radiation from the E and F regions.

The more detailed code, the NRL Master Code, remains dynamic in the

sense of utilizing up~to-date reaction rates. It can be utilized to assess

the impact of various reaction rates on the ionization and the deionization

of the E and the F regions. In this report, we utilize the current NRL

Master Code2 for the assessment of several reaction rates on the deionization

of the disturbed atmosphere .
•ctIoQ

II A Brief Description of the Master Code ~t1on 0
0

The Master Code calculates the time histories of the following species;

N2, N,(A~~), 02, O2(a~~), o2(b~~), NO , 0, O(
1D), O(1S), N, N(2D) ,  N( 2P) ,  

____

Note: Manuscr ipt submitted January 31, 1978 . Dist . MAI L ajid /w !PtCIM.
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N , 0~ , O~~(a
4iT ) ,  N0~ , 0~ O~ (2D) ,  O~ (2P) ,  N~ , N~ (1D) and N~~~S).  In

addition, the Master Code calculates three temperatures; the electron

temperature, the N, vibrational temperature and the heavy particle

temperature. The time histories of these species, the electron density

and the relevant temperatures provide the ingredients for the calculations

of the radiation emitted from the disturbed atmosphere.

III Results

Six sets of initial conditions were chosen and the current NRL

Master Code2 was utilized to carry out the deionization calculations.

Figure 1 shows the time histories of the electron densities for these six

cases. Selecting a special case, e.g. Case I, the time histories of the

atomic ions (Fig. 2), the molecular ions (Fig. 3), the atomic metastables

(Fig. 4), and the densities of O2(a~~), NO and the three temperatures

(Fig. 4) are shown ill Figures 2-5.

In keeping a general code dynamic, one must incorporate most current

and reliable reaction rates. Thi~ procedure has been applied continuously

to NBL Master Code from its inception3. Many of the reaction rates

relevant to the E and F regions of the ionosphere and are utilized in NRL

Master Code, have been well established under the reaction rate support

program4 of the Defense Nuclear Agency. Some of the reaction rates,

however, require further experiments so that their values will be well

established over temperature ranges of interest.

In this report we assess the impact of certain reaction rates on the

electron density. For example, consider the dissociative recombination

NO~ + e— N’+ 0 ~l)

2
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where the rate coefficient utilized previously in the NRL Master Code had
-1.2 . .a temperature dependence of Te . This value was obtained by Bionth

fraiiseveral measurements6’7’8. However, recently two new measurements9’1°

of reaction (1) have been made in two different cxperiments. These two

experiments give two entirely different temperature dependences for the

rate. Huang, et a19, give a temperature dependence of Te 
0.37 while Walls

and Dunn obtain a temperature dependence of (Te)°~
83
~ 

These two rate

coefficients are shown in Figure 6 along with the old5 rate coefficient.

It is seen from Figure 6 that the rate coefficient of 1-luang, et al9 is

large compared with that measured by Walls and Dunn10, even though the

last measurement is undoubtedly for NO~ being in its ground vibrational

state ~V=0). The rate coefficient with its dependence on both the electron

and the vibrational temperature should follow

Coefficient -~ T ½ (1 - e
h
~

hhT\T
) (2)

which makes the two rates somewhat of a puzzle. However, recent theoretical

calculations by Lee’1, attributes the discrepancy as being due to resonances

in the dissociative recombination cross section.

Using the three rate coefficients for the dissociative recombination

of NO~ shown in Figure 6, sensitivity calculations were made using the NRL

Master Code for three different initial conditions indicated as Cases I,

IV and V. The results for the electron and NO~ densities are shown in

Figures 7-12. It can be stated clearly that the impact of this rate

coefficient is very important on the deionization of the disturbed

atmosphere , and as such on detection systems and coninunications.

In a highly disturbed E and F region, the concentrations of excited

3
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metastables are appreciable ,and a large number of near resonance charge

exchange and ion-atom rearrangement reactions may occur. The reaction rate

coefficients for most of these reactions are not know. IVe selected the

follow ing two near resonance charge exchange processes from a large set
l~given elsewhere -

N~(
3P) + O (1D) N( 2D) + 0~(

4S) (3)
+ 1  3 7 + 4N ( D) + O ( P) —. N ( D) + Q ( 5) (4)

and assumed a reaction rate coefficient of 5 X 10-11 c1113/sec for each one.

This assumed rate coefficient is small compared with near resonance charge

exchange processes which are of the order of 3 X 1O~~ cm~/sec. To assess

the importance of reactions (3) and (4), a given initial condition, Case II ,

was used in sensitivity calculations and the results of certain species

concentrations are shown in Figures 13-15. In Figure 13, the electron density

calculations with and without reactions (3) and (4) are shown where the lower

curve presents the electron density with the inclusion of reactions (3) and

(4). It is apparent that the divergence in the electron density calculated

with and without reactions (3) and (4), increases with time. The fast decay

of electrons (iower curves of Figs. 3 and 4) is due to the conversion of

into 0~ , which forms NO~ in its reaction with N2. The corresponding NO ,

NO~ and N( 2D) densities are shown, with and without reactions (3) and (4),

in Figs. 14 and 15. Clearly, if one raises the rate coefficient to higher

and perhaps more reasonable values, the divergence in densities would be

much higher. However, even with a rate coefficient as small as s x
cxn’~/sec, one can assess that reactions (3) and (4) are important at late-

times for comunications and infrared emission .

4
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Fig. 6 - The dissociative recombination rate coefficient of
NO+ as a funct ion of the elect ron temperatur e
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Fig. 7 - The electron density for Case I as a function of
time using the NO+ dissociat ive recomb inat ion rate coef-
ficients of Fig. 6. The notations 0, W and H stand for
0 (old Ref. 5), W (Walls and Dunn Ref . 10) and H (Huang,
et al, Ref. 9), re spectively. The temperature dependence
of thes e rate s ar e 0 T e ’ 2, W Te °” 83 and H Te °” ~~~~

respectively.
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caption of Fig. 7.

13



08 .

- 

Ne(JV )

io~

~~~~ J o -

z
Lu

4 I 1 1 1 1 1 1 1 1  I I I I I i I I I  I I I l l i l l

100 lOl 102 IO~TIME (SEC )
Fig. 9 - The electron densi ty for Case IV using the

dissociative r ecornbinations of Fig. 6

14 

_ _ _



N0~ (
~~~)

IO~

l0~ 
1 1 1 1 1 1 1 1  I I I I I I I I I  I 1 1 1 1 1 1 1

I0~ 10’ 102 I0~TIME (SEC )
Fig . 10 - The NO + density for  Case IV using the

dissociative recornbinations of Fig. 6

15

_ _ _  

________ ________ 
_ _ -



IO~ -
- 

Ne (V)

10 8

-

E -
4.?

>- 7
‘ 10
CO -

-

Lu -
-

IO6~~
0

- 
w

- H

~o5 I I I I I L I I I  I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1

100 I0~ 102
TIME (SEC)

Fig. 11 - The electron density fo r Cas e V using the
dissociative recornbination rate s of Fi g. 6

16

_ _   -- - - -

.~~~~~ ~~~~
.
~~~~~~~~~~~~~

—- --•

~~

--
- : -  

. 

— --



08 :

N04 (V )

10~ -

N)

E
4~

>-

(/‘ 10
Lu -

- 0

w

lO~

- H

I I i i i i i t l  I I 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1

100 102 I0~
TIME (SEC )

Fig. 12 - The NO+ density for Case V using the
dissociative recombination rates  of Fig. 6

17

‘
p

a 

:i~~ 
.~~ :- . 

- 
- 

-

~~~~~~~~



Ne (fl)

6 I 1 1 1 1 1 1 1 1  I I I l l i l l i  I I I l l I l l

10 10 10 10
TIME ( SEC )

Fig. 13 - The ele ctron density as a function of time for
Case II with and without reactions 3 and 4 (see text). The
lower curve is with reactions 3- and 4 being included in
the calculation.
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Fig. 14 - The NO and NO+ densities for Case II with and
without reac t ions  3 and 4 ( s e e  text) .  The upper curve s
are  with react ions  3 and 4 being included in the calculation.
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curve is with reactions 3 and 4 being included in the
calculation
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ATTN: TI MAJ . E. Hines
ATTN: TF/CAPT. Wiley
ATTN: TN

Air Force Avionics Laboratory , AFSC
Wright-Patters on AFB, Oh. 45433

ATTN : AFAL AWE Wade T.  Hun t

Assistan t Chief of Staff
Studies and Analys is
Headquarters , U. S. Air Force
Washington , D. C. 20330

Headquarters
Electronics Systems Division (AFSC )
-L. C. Hansco m Field
Bedford , Ma. 01730

ATTN: XRE LT. Michaels
ATTN : LTC J. Norm CDEF XRC
ATTN: YSEV

CO~~-1ANDER
Foreign Technology Division, AFSC
Wright-Patterson APR , Oh. 45433

ATTN: TD-BTA LIBRARY

HQ USAF/RD
Washington , D. C. 20330

ATTN: RDQ

COMMANDER
Rome Air Development Center, APSC
Gr i f f i th  AFB , N. Y. 1311-10

ATTN : E~~LD Doe Library

COMMANDER IN CHIEF
St rategic Air Command
Offutt APR, NB 68113

ATTN : XPFS MALT. Brian C. Stephan

6

____________ - - - - _____________ - 
~~~~~~~~~~



5. - !-IES
Offiutt AFB , NB E~ll3

ATTN: RDPO LT. Alan B. Merrill

L~s Alamos Scientific LaboratoryP. 0. Box 1663
Los Alamos, NM 8754!~

ATTN: DCC CON for R. F. Taschek
ATTN: DOC CON for Milton Peek
AT~I~T: DCC CON for Eric Lindrn a~i

Sandia Laboratories
P. 0. Box 5800
Albuquerque, NM 87115

ATTN: DCC CON for A. Dean Thronbrough
ATTN: DCC CON for W. D. Brown
ATTN: DOG CON for D. A. Dahlgren, ORG 1722
ATTN : DCC CON ~‘or J. P. Martin, CRG 1732

University of California
Lawrence Livermore Laboratory
P. 0. Box 8c8
Livermore, CA 91~55O

ATTN: Tech Info Dept L-3

Department of Cotr~ erce
National Oceanic & Atmospheric Admin .
Environmental Research Laboratories
Boulder, CO 80302

ATTN: Joseph H. Pope
ATTN: C. L. Rufenach

Department of C ormn erce
Office for Telecorrmiunications
Institute for Telecom Science
Boulder , CO 80302

ATTN: Glenn Falcon
ATTN: C. Reed

~TI~I: L. A. Berry
~~L~r: 

~i1lia~. F. tjtlaut
Department of Transportation
Transportation Rsch . System Center
K endall  Square
Ca mbridge , MA 02142

ATTN: TER G~ Harowles

::ASA
C-oddard Space Plight Center
Greenbelt , Md 20771

ATTN: CODE 750 T. Golden
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NASA
EOo Independence Ave., S .  W.
Washington, D. C. 20346

ATTN: N. Dubin

Aerod yne Research, Inc.
Tech/Ops Building
20 South Avenue
Burling ton, MA 01803

ATIN: M. Caniac
ATTM: P. Bieri.

Ae rospace Corpora t ion
P. 0. Box 92957
Los Angeles , CA 90009

ATTN: T. N. Salxni
ATTN: S. P. Bower
AT’IN: V. Josephson
ATTN : SNFA for P~W
ATTN: K. Grove
ATTN: K. D. Rauctiffe
ATTN: T. Taylor
ATTN : Harris Mayer
ATTN: D.  C.  Cart vr ight

Analytical Systems Cor poration
25 Ray Avenue
Burlington, MA 01803

ATTN: Radio Sciences

Avco-Everett Research Laboratory , Inc.
2~85 Revere Beach Parkway
Everett, MA 02149

ATTN : Richard N . Patrick

Boeing Company, The
P .  0. Box 3707
Seatt le , WA 98124

ATTN: D. Murray
ATTN : Glen Keis ter

Brown Engineering Company , Inc .
Cuirse ings Research Par k
Huntsville , AL 35807

ATTN: David Lambert MS 18

Cali fornia at San Diego , Univ . of
Building 500 Mather Campus
3 172 Mira inar Road
La Jolla, CA 92037

ATTN: Henry G. Booker
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Caispan
P. 0. Box 235
Buffa lo , N.  Y. 14221

ATTN : Romeo A. Deliberis

Computer Sciences Corporation
P. 0. Box 530
656 5 Arlington Blvd .
Falls Church, VA 22046

ATTN : H. Blank
ATTN: Barbara F. Adam s

Comsat Laboratories
P. 0. Box 115
Clarksburg, Md. 20734

ATTN : R. R. Thur

Cornel l University
Department of Electrical Engineering
Ithaca, N. Y. i48~o

ATTN: D. T. Fan cy, Jr.

ESL, Inc.
495 Java Drive
Sunnyvale , CA 93102

ATTN: 3. R ober t s
ATTN: V. L. Mower
ATTN: James Marshall
ATTN: R. K. Stevens

General Electric Comp any
Tempo-Center for Advanced Studies
816 State Street
Santa Barbara , GA 93 102

ATIN : Don Chandler
ATTN : DASIAC
ATIN: Tim SteDhens

General Electric Company
P. 0. Box 1122
Syracuse, N. Y. 13201

ATTN: F. A. Reibert

General Research Corporation
P .  0. Box 3 587
Sa-ita Barbara, CA 93105

ATTN : John Ise , Jr.



Geophysical Institute
University of Alaska
Fairbanks, AK 99701

ATTN : Technical Library
ATTN : Neil Brown
ATTN: T. N. Davis

GTE Sylvania, Inc.
189 B Street
Needh am Heights , MA 021911.

ATTN : Marshall Cross

HRB .-SINGER, Inc.
Science Park, Science Park Road
P. 0. Box 60
State College, PA 16801

ATTN : Larry Feathers

Honeywell Incorpora ted
Radiation Center
2 Forbes Road
Lexington , MA 02173

ATTN: W. Williamson

Illinois, University of
Depar tmen t of Electrical Engineering -

Urb ana, IL 61801
ArrN: K. C. Yeh

Institute for Defense Analyses
1100 Army-Navy Drive
Arlington, VA 22202

ATTN : Ernest Bauer
ATTN: Hans Wo ].fh ard
ATTN : J. M. Aein
ATTN: Joel Bengston

Int l. Tel & Telegrap h Corporation
500 Washington Avenue
NutI.ey, N. 3. 07110

ATTN : Technical Libra ry

ITT E1ectro—Ph~’sics Laboratories, Inc .
91140 Old Annapolis Road
Columbus, Md. 21043

ATTN: John N. K elso
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Johns Hopkins University
A~p1ied Physics Laboratory

~521 Georgia Avenue
Silver Spring, ~~ 20910

ATTN: Document Librarian

Lockheed Missiles & Space Co., Inc.
P. 0. Box 504
Sunnyvale , CA 9~OE3

ATTN: Dept. 60-12

Lockheed Missiles and Space Comp any
3251 Hanover Street
Palo Alto, CA 94304

ATTN: Billy M. McCornac, Dept 52-14
ATTN : Martin Walt, Dept 52-10
ATTN : Richard G. Johnson, Dep t 52-12
ATTN : JO~~ CL.~.DIS 
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MIT Lincoln Laboratory
P. 0. Box 73
Lexington, NA 02173

AITh: Mr. Walden, X113
ATTN : D. Clark
ATTN: James H. Pannell, L-246
ATTh: Lib A-082 for David N . Towle

Martin Marietta Corporation
Denver Distribution
P. 0. Box 179
Denver, CO 80201

ATTN : Special Pro.~ects Program 248

Maxwell Laboratories, Inc.
9244 Balboa Avenue
San Diego . CA 92123

ATTN : A. 3. Shannon
ATTN : V. Fargo
ATTN: A. N. Rostocker

McDo nn el l Dou glas Co rpo rat ion
5~ Cl Bolsa Avenue
Hunti~~ :on Beach, CA 92657

AiT~:: 3. Moule
ATT~:: ~~ . Harris
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~ission Research Corporation
735 State Street
Santa Barbara , CA 93101

ATTN: R. Hendrick
ATfl’I: Conrad L. Lon~~ ire
A TTU: Ralph Kilb
ATTU: R. E. Rosenthal
ATTIT: R. Bogusch
ATTN: David So~

.rle
ATTN : 4. Scheibe
ATTN: P . Fischer

Mitre Corporation , The
Route 62 and Middlesex Thrnplke
P. 0. Box 208
Bedford , MA 01730

ATTU: Chief Scientist W. Sen
ATTN: S. A. Morin M/ S
AT~~ : C. ~~rding

~rorth Carolina Stat e Univ At Raleigh
Raleigh , N. C. 27507

ATTN: SEC Officer for Walter A. Flood

Pacific-Sierra Research Corp.
1456 Cloverfield Blvd.
Santa Monica, CA 90404

ATTN: E. C. FIeld, Jr.

Philco-Ford Corvoration
Western Development Laboratories Div
3939 Fabian Way
Palo Alto, CA 914303

ATT?T: J. T. Mattingley MS X22

Photometrics, Inc.
h42 Marrett Road
Lexington , MA 02173

AT’rN: Irving J. Kofsky

Mitre Corporatioi~, The
:-~estgate Research Park
‘p20 Eolley Madison Blvd.
~~Lean , VA 22101

ATTN: Allen Schneider
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Physical Dynaztics, Inc.
?. 0. Box 1369
~erkaley, CA 94701

ATTN: Joseph B. WorI-~aan

Phys ical Sciences, Inc.
637 North Avenue, Door 18
wakefie ld, MA 01860

ATTN : Kurt Wra:.~

R & D Associates
P. 0. Box 3580
Santa Monica, CA 90403

ATTN : Robert B. Lelevier
ATTN: Forest Gilmore
ATTN : Richard Latter
ATTN: William B. Wright , Jr.

R & D Associates
1615 N. Ft. Nyer Drive
11th Floor
Arlington, VA 2209

ATTN: Herbert 3. Mitchell

Rand Corporation, The
1700 Main Street
Santa Monica, CA 90406

ATTN : Cullen Craft

Science Applications, Inc.
P. 0. Box 2351
La Jolla, CA 92038

ATTN : Daniel A. Hamlin
ATTN: D. Sachs
ATTN: E. A. Straker

Space Data Corporation
1331 South 26th Street
Phoenix, AZ 85034

ATTN: Edward F. Allen
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St anfor d Re search Institute
333 Ravenswood Avenue
~:~~lo Park, CA 94025

ATT T: M. Baron
ATTN : L. L. Cobb
ATTU: Walter G. Chestnut
ATTN: David A. Johnson
ATT~i: Charles L. Rirto
ATTN: E. J. Frernouw
A1~N: Ray L. Leadabrand
.A.TTN: Donald Neilson

Stanford Research InstItute
306 W rnn Drive, N. W.
:~ ntsvIl1e, AL 35805

AT-TN: Dale H. Davis

Te chno logy International Corporation
75 Wiggins Avenue
Bedford , MA 01730

ATTN : W . P. Boquist

TR -1 Systems Group
Cne Space Park
Redor.do Beach, CA 90278

ATTN: P. H. Katsos
ATTU: J. ti. Lowery

Utah State University
Logan , UT 84321

ATTU : C. Wyatt
ATTN : D. Burt
ATTN: Kay Baker
ATTN : Doran Be.ker

lisidyne , Inc .
19 Third Avenue
:~ rth West Ind ustrial Park
~ur lington , MA 01803

ATTN : William Reidy
ATTN: Oscar Manley
ATTN: 3. W. Carpenter
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