@ https://ntrs.nasa.gov/search.jsp?R=19770008623 2020-03-22T10:44:37+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



UNIVERSITY OF ILLINOIS
URBANA

AERONOMY REPORT -
NO. 73

ANALYSIS OF SOUNDING ROCKET DATA
FROM PUNTA CHILCA, PERU

(NASA-CR-149385) AERONOMY REPORT NO. 73: N77-15566
ANALYSIS OF SOUNDING ROCKET DATA FROM PUNTA

CHILCA, PERU (Illinois Univ.) 76 p HC
AQ4/MF AOQ1 CSCL 04A Unclas
G3/46 59672
by
R. W. Fillinger, Jr.
E. A. Mechtly
E. K. Walton

July 1, 1976

Library of Congress ISSN 0568-0581
Aeronomy Laboratory
Supported by Department of Electrical Engineering
National Aeronautics and Space Administration University of Illinois
- Urbana, Tllinois

Grant NGR 14-005-181




i

‘SuPported by -

and Space Administration
Grant NGR 14-005-181 .

UILU-ENG 76 2504

AERONOMY REPORT

NOo. 73

ANALYSIS OF SOUNDING ROCKET DATA

FROM PUNTA CHILCA, PERU

by

R. W. Fillinger, Jr.
E. A. Mechtly
E. K. Walton

July 1, 1976

Aeronomy Laboratory

National Aeronautics Department of Electrical Engineering

‘Urbana, Illinois

University of Illinois

1
3
1
i
4




s i % 1

iidi

ABSTRACT

The United States National Aeronautics and Space Administration in

cooperation with 12 scientific groups launched 26 sounding rockets from the

equatorial launch site at Punta Chilca, Peru during the period May 20, 1975

to June 10, 1975. The purpose of this cooperative effort is to study in

detail the structure and dynamics of the equatorial atmosphere between 20

and 160 km altitude. Three of the 26 rocket payloads were buil’ by the

Aeronomy Laboratory of the Department of Electrical Engineering of the

University of Illinois at Urbana-Champaign. These payloads were designed

to investigate the anomalous properties of the equatorial ionosphere. = The

objectives of the UI payloads included

1.

2.

A measure of electron temperature,

A measure of electron concentration in‘the lower ionosphere,

An observation of the fine structure in the profiie of electron
concentration, and

Ah_examination of the role of energetic electrons as a nighttime

source of donization.

This report discusses in detail a technique for measuring electron

concentrations in the lower portion of the ionosphere above Punta Chilca.

The technique combines a radio—propagation experiment for measuring Faraday

rotation and a dc/Langmuir probe experiment for measuring electron current.

The results obtained from the analysis of radio aﬁd,probe data from Nike

v Apaéhe 14.532, which Wasvlaunchedvat 20:26 UT on May 28, 1975, at a solar

_zenith angle of 60°, are presented in Chapter 5. A comparison of the
P , -f1ap :

pfofiiéé”of‘electron concentratioﬁ;lN, from Nike Apache 14.532 and‘Kané :

[19741 indicates that the value of the maximum ionization in the D region,

, NﬁD,;under quiet conditions is proportional to the square of the cosine of

‘the solar zenith angle.
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1. INTRODUCTION

Twenty-six sounding rockets were launched during the period May 20 to
June 10, 1975 by the United States National Aeronautics and Space Adminis-
tration in cooperation with 12 scientific groups to study in detail the
structure and dynamics of the equatorial atmosphere between 20 and 160 km
altitude. The rockets were launched from Punta Chilca, Peru, at the geo-
magnetic equator.

The Aeronomy Laboratory of the Department of Eleétrical Engineering
of the University of Illinois at Urbana-Champaign built three of the 26
rocket payloads. . The payioads_were designed to investigate the anomaloﬁs
properties of .the equatorial ionosphere. More specifically} the objectives

of the UI payloads included -

1. A comparison of electron temperatures measured by three techniques:

(a) The'Univérsity‘of Illinois Langmuir probe
(b) An RF resonance probe supplied by Dr. K. Hirao and Dr. K.
Oyamé of the'University of Tokyo
(c) The incoherent-scatter radar at Jicamarca, ?eru
2. ’A measure of the electron concentration in the lower ionosphere;
3. An observation of the fine structure in the profile of electron
concentration to examine the role of vertical transport in layer-

ing metallic¢ ions; and

4. An examination of the role of energetic eiectrons.as a nighttime-_yf

source of ionization.

© This thesis discusses the technique used for measuring the electron
_concentrations in the lower portion of the ionosphere above Punta Chilca.

The technique:combines ayradioepropagation,experimeht for‘measufing Faraday”

rotation and a Langmuir dc-probe experiment for measuring electron current.
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Although the probe cannot measure electron concentration directly, its high-
resolution measurements of changes in electron concentration are calibrated
by the radio-propagation experiment which accurately measures electron con-
centration but with poor altitude resolution.

A brief discussion of the Appleton-Hartree and Sen-Wyller theories is
presented in Chapter 2. Chapter 3 describes the operating principles of the
radio-propagation and dc-probe experiments. A method of processing the
radio-propagation data_to obtain Faraday rotation (differential phase) rates
and a method, baséd_on the géneralized magn@toionig theory for analyzing the
Faraday rotation rates is presented in Chapter 4. These methods are applied
to radio and probe data from Nike Apache 14.532, which was -launched at
20:26 UT on May 28, 1975, at a solar zenith angle of 60°. The data from the
two mighttime shots, Nike Apachés 14.524 and 14.525, are still being analyzed

and will not be presented here.

Sodaa i e e 2 i




2. MAGNETOIONIC THEORY
The equations of magnetoionic theory describe the propagation of

radio waves through ionized media, upon which is superposed an external
magnetic field. The ionosphere and magnetic field of the earth constitute
a magnetoionic medium. In upper regions of the ionosphere, collisions of
electrons are negligible, and magnetoionic theory reduces to its simpler
form, the Appleton-Hartree equations [Appleton, 1932; Hartree, 1931] which
are useful for diécussion of wave polarization. In the lower region of the
ionosphere, collisions are important. They result in the conversion of
electromagnetic energy from the radio waves to heat. Iﬁ this region a more
generalized theory is necessary. Generalized magnetoionic theory is ex-
pressed by the Sen-Wyller equations [Sen and Wyller, 1960] which must be used
in discussions of radio—wave'absorﬁtion. The Sen-Wyller equations are used
in Chaptei 4 for the analysis of radio-propagation data.
2.1 Appleton-Hartree Theory

| An important property of wave propagation in an anisotropic medium,
such as the earth's ionosphere, is the occurrénCe of normal modes or

characteristic waves. A characteristic wave is a wave which propagates in

~a given uniform medium without changing its wave polarization. In an aniso-

~tropic medium there exist two characteristic waves, each having a distinct

polarization and refractive index. The theory of Appleton-Hartree describes
the polarizations and the refractive indices of these modes in the ionosphere

under the following assumptions: electron collisions with neutrals are in-

~dependent of electron energies, the medium is electrically neutral with a

uniform charge distribution, the magnetic field is uniform throughout the
medium and the wave frequency_is'much larger than all ionic‘gyrofréquenciés;'

When the wave frequency is much larger than all the ionic'gyrdfrgqﬁénqiés, :
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induced ionic motions are negligible because of the relatively large mass
of the ions. Thus, the ions form a stationary neutralizing background.

Maxwell's curl equations for wlane waves of the form

E = E& exp [j(wt—zé)] (2.1)
are
D= (-nle)z x B (2.2)
ﬁ = (eo/uo)lﬁ nz x E , (2.3)
where | | |
k = wave number (rad m~1)
®w = wave frequenéy (Hz)
n = index of refraction
¢ = velocity of light (m/s)
e, = permittivity of free space (F/m)
ué = permeabiiity of free space (H/m)
7 = magnetic field intensity (4/m)
D= electric flux density (G/m)
E E.electric.field intensity (V/m)
and
E*O = B+ Eyg; el , S (2.4)

The wave polarization p is defined [Budden, 1961] as

H E P A
= - ﬁ:—-a-:l . e . .
pz - =A=H | - : (2.5)
Yy XL X :

where
P,, and Py'are the polarization'dehsities (C/mz) in the x and y directions.

The ihdices'of refraction for fields in the form of equation (2.4) arezgiVen

by
P P :
2 2 : Y k , , : R '
no =1+ — =1+ = , A ,
I R R SR ‘ (2.9




The electric field intensity is related to the polarization density by:

-5

cf =V P (2.7)

i where the inverse of the susceptibility tensor is

. 1 -§¥; Gy

=1 - .

Vo= | dr, 10 (2.8)
-JYT 0 1

for regions in which collisions may be neglected, and

! N Ne 1
! X = = .
‘ w2 e, (.02
E -eB
‘ YL = —, cos ¢
% _ -eB .
| YT = ~;r—51n oy
LR
e
o 0y = plasma frequency (rad/s)
? = magnitude of electronic charge ((C)
m £ electron mass (kg)
¥ = electron concentration (mﬁs)
B = magnitude of the magnetic flux density, B (Wb/mz)
¢ = angle between the wave normal and B
Combining equation (2.7) with Maxwell's equations (2.2) and (2.3) results
in the following Quadratic eﬁuatiohfin p
STy ;
Y °/y v : o ‘
2 ST ' ;
o - Lo v 120 | (2.9)
‘ ’ Applying the quadratic formula to (2.9) yields the following roots:
' ' - 2 Sy by 2NE '
;a’ | o 1, /ZYL ; 1+YT /4YL
; | B B T 1+
t The solution for the square of the refractive index is
: 1+JYLP

(2.10)

(2.11)




6 :
'%
Equations (2.10) and (2.11) are known as the Appleton-Hartree equations
(collisionless case).
For rocket flights from Punta Chilca, Peru (Geog. Lat. 12° 30' S,
Geog. Long. 76° 48' W) the direction of the propagated radio wave is ap-
proximately transverse to the earth's magnetic field. 1In this case, the
-nhte
quasi-transverse approximation of the Appleton-Hartree equations is valid.
2,0y 2 2
Y, [4y." >> | (1-x)¢] (2.12) 1
Applying this approximation to equations (2.10) and (2.11) yields the ?
following results: %
3
Py = 0 (2.13a) %
nf=1-x (2.13b)
by = (2.14a)
: &
n?=1-—2— | (2.14b) *
= 1-X-Y,, ' _

where the subscripts o and & refer to the ordinary and extraordinary waves,

respectively. Equation (2.13a) shows that the ordinary wave is linearly

polarized With its electric vector parallel to the earth's magnetic field,
while equation (2.14a) shows that the‘extraordinary wave is linearly polar—.
ized with its electric vector perpendicular to the earth's magnetic field.
2.2 The Seﬁ-WyZZefvTheory o ! |

: In the région of the 1ower ionosphere betwéen about 50 and 90 km, the
coliisionsiof electrons with neutral molecules appreciably influence the
refractive and absorption indices of radio waves which are suitable for in-
vestigating this region. The proportionality of éléctron collision frequency
“and electron kinetic energy éstablished‘by Phelps and Pack [1959] is an

ot - essential part of the‘equations,for the ‘numerical analysis of experimental

 data. The generalized magnetoionic theory which takes into account the
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proportionality of electron collision frequency and electron kinetic energy
was developed by Sen and Wyller [1960].
Sen and Wyller expresed the refractive index and wave polarization

as functions of the elements of the permittivity tensor, €.

- L1
Z (A+Bsin2¢t(B25ec 44)—6’2(:052ct))2)/2

n - (2.15)
» D+ E sin”¢ _
P =,j[Bsin2¢1(B%sin4¢—020052¢)%]/C cos¢ | | (2.16)
where “
A= 2e(ep +oepy)
B=eppplep * eppp) * opp
€ =26 ! | (2.17)
D = 251
B=Zepqy
The elements of the diagonalized permittivity tensor are
e; = (1-a) - gb
erp = (/2 (F-d) + (§/2) (e-e) (2.18)
erry = la-(1/2) (c+)] + 3b-(1/2) (F+d)] |
where
a = (wpz/vmz) Cs/z(“/“m)
b ='(5wp2/2mvm) Cy 5 @/
e = [, w-up) /w9, "] Oyl /v, -
2, .- (2.19)
d = (Swp /zwvm) Cs/z(w-wH)/vm, o

e =,[wp2(@+mn)/wvﬁ2]’cs/z(wme)/vm

7 (Smpzjémvm)~05/2(w+mg)/vm‘

~and v, is,the collision frequency associated with:the,mostkprobéble electron

energy, assuming a M@xwell—Bbltzmgnn distribution of electron energies. The

P S P I P T
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semi-conductor integrals are

U

11

C (x)
p "e U +x

oo p -

Although the Sen-Wyller equations provide the necessary tool for X

determining the electron concentration, an explicit solution for ¥ is not
available because of the great complexity of these equations. 1In practice,
electron concentrations are calculéted'from differential absorption and
Faraday rotation rétes by an'iterafive computer algorithm [Mechtly et al.,

1970] which‘is based on the Sen-Wyller equations, (2.12) through (2.17).




3. RADIO PROPAGATION AT THE MAGNETIC EQUATOR ‘ "
The feasibility of measuring the small differential absorption and
differential phase rates anticipated at Punta Chilca are discussed in

Sections 3.1 and 3.2. The rates near the geomagnetic equator are only 0.1

to 0.01 times those typically observed at midlatitudes.

3.1 Differential Absorption at the Magnetic Equator

RS L)

To ascertain whether or not differential absorption measurements are

feasible at the geomagnetic equator, radio-wave absorptions anticipated ﬁ |

? : at Punta Chilca were calculated by the FORTRAN program ANALYSIS of DA, with-

out FR, giveh CF model and the subroutines COEF, FIELD and SENYWL [Mechtly

et al., 1970]. A model profile of electron concentration, shown in Figure

3.1, was constructed from a composite of the profiles of the Croatan series,

g e e
LY

14,228, 14.230 and 14.232 [Mechtly et al., 1969]. All of these profiles SR .

ST i

are daytime profiles, x (solar zenith angle) ~ 60°. Electron concentra-

; tions at particular altitudes were found by graphical interpolation. Cor-

‘ respondingfcdllision frequencies were obtained from the equation
o meEep s R A
| ) where K equals 7.5 x 105 N"lmzs—1 and’é is the neutral atmospheric pressure
(Nm-Z]‘taken from the COSPAR InternatioﬁallReference Atmosphere Model
[CIRA, 1965]7"For this particular situation,’vm was'calculated at 5 km ;‘
intérvals, from 50 fo 100 km. Rocket altitudes and velocities were select-
ed from the frajectory of Nike Apache‘14 440, Calculated singlefmode
s , ’absorptlons and dlfferentlal absorptlons are glven in Table 3.1.
KnoebeZ'et al. [1966] estlmated that: the maximum resolutlon for d1f—

AR ' ferent1a1 absorptlon measurements is approx1mate1y ,.20 dB s 1, or *

133 dB km 1, assumlng a rocket veloc1ty of 1500 ms-1. Similar'estimates‘

were repcrted by Mechtly [1974], and Ginther and SMzth [1975] A direct

.
B bt L T T TR,
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. " TABLE 3.1

Anticipated single-mode absorptions and differential absorptionms.

Frequeney = 2.114 MHz

0-MODE X-MODE
ALTITUDE = = Absorption - - Absorption DA
(km) (dB/km) (dB/km) (dB/km)

65 .014 .014 | .0007
70 112 B .128 .016
75 173 220 046
0 .120 171 N 131
85  .088 128 .040
90 149 | 220 .071

95 .375 , 623 .248

Utirim

o S 100 ‘ Reflection level
Frequénby = 3.145 MHz

65 .010 a0 L0004
70 065 .0 | .0059
75 .088 100 .012
g0 085 065 010
85 j 040 i o047 ,A o007

. i 9%  .067 o079 .01z

s .0 - .93 .033

100 406 577 oan
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comparison between the estimates of system resolution and the anticipated
results of Table 3.1 shows that the sensitivity of the experiment is too
low to measure differential absorption at the geomagnetic equator for solar

zenith angles of 60° or larger.

x é 3.2 Differential Phase or Faraday Rotation
At middle latitudes, the two circularly polarized characteristic waves
? are radiated from the ground at different amplitudes. They combine to form
an elliptically polarized wave whose axis rotates as the wave propagates
through the ionosphere because of the changing relative phase of the two
component characteristic¢ waves. An analogous siﬁuatidn occurs at equatorial
latitudes. At the geomagnetic equator, the characteristic waves are linearly

polarized and mutually perpendicular. When these characteristic waves com-

bine, a resultant wave is produced whose polarization varies with the

451]' itiw

relative phase of the two characteristic waves. Whenever the two character-

i

istic waves are in phase or 180° out of phase the resultant wave will be
linearly polarized. However, when the characteristic waves are out of
phase the resultant wave is elliptically polarized. The‘Variations, caused
by the‘ionosphere, of the polarization of the résultant'wave is analogous
tb Faraday rotation at middle latitudes. Anyillustration of the concept
?i of Faraday rofation at the geomagnetic equator is presented in Figure 3f2;
| P. E. Monro [Edwards;~1974] expressed the field vectorsvfor the linear-

1y polarized ordinary and extraordinary waves at the magnétic equator, and

FLUAL derived équations,for the rocket receiver output signal, W, as follows:

[ | B = &4 sin {(wu /2)6 - k 2} - JoA cos{(w-uy/2)t - k 2 (3.2)
; and o | k ’ '
: S, = xphA sln {(m+wR/2) -ikxz}'+ y RA COS{(m+wR/21_t;_ kmz} (3.3)

where




W~

t=1/8  t=I/a t=3/8 =12

\ 3 E : Figure 3.2. Tllustration on the concept of Faraday rotation at the
: ' - ‘equator .[Ra‘o_, 1967}.

¢T
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w = 2nf = propagation frequency (rad s™1)

W = Zﬂfﬁ = frequency differential between the ordinary and extraordin-

ary wave, often referred to ‘as the reference frequency

(rad s'l)
ko’km = wave numbers for the ordinary aﬁdvextraordinary waves (rad m_l)
R = ratio of the ordinary wave amplitude to the extraordinary wave -
amplitude j
A = constant“ %

Z, y = unit vectors in the x and y directions, respectively

= wave polarization

©
§]

The receiving antenna in the rocket payload is perpendicular to the
rocket axis. Thus, the unit vector 7 in the direction of the antenna 1is

given by - . : > | s

1= -2 sin wt ¥ y cos w,t ' ; (3.4)

"’-f’lfh’u

where W, = 2nfé = rocket spin rate (rad s_l)
- The signal at the output of the antenna is propdrtional to the scalar
product of (3.4) with the sum of (3.2) and (3.3). Substituting z = vRt for
§§ the z coordinate of the antenna into this product yields:
V= —sin(mwa/Z-kovR)t~sln wst - R 151n(9+wR/2-kva)t sin wstk‘ 
- , ; - - - b_,_7 ; (3.
,’f B‘cps(m+mR/2 kva)t cos mst P co;(Q QR xopR)t cos wst (3.5)

R

is the rocket speed (m/s). 'Applying{tﬁebtrigqnbmetric identifies -
for the cosine of the sum and difference,of‘two angles tofequation'(S.S) one

where v

obtains - F S L SEEI e

e I 1. i ' 0 n b e :
Ao V : S pre 2IP - L , -t (1= - -
L T e V, 2 Cosﬁw wR/Z kovR+ms)t 2 QQSFM @R/z kovR ms)t

g e e e D e
-t () coslurug/2kppe)t

:+‘§-(1+p)”cos(w¥mB/2—k¢vR+@é)t: \ v" 'k‘ : o ,V ‘ (3.6)
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Equation (3.6) represents the amplitude-modulated signal detected in the
receiver. The output of the receiver is simply the modulation signal which

- can be extracted from the above equation by converting it to complex ex-

ponential form and factoring out exp (jwt). The modulus of the resultant

expression is the receiver output ¥ which becomes

S 2 2
W= [};R (1+p2) + 32'1 (l-pz) cos ZwSt‘

. g-(1-p)2 cos {up + (K -kJvp - e}t (3.7)

|

N

2 s

(1+p) cos {wp + (ko—km)vR + st}t] :
¥ A second-order binomial expansion and nbrmaliiatioh to reduce. the dc
term of this expression to unity yields

W =14+ D cos ZmSt + F cos {mR+mF-2mS}t

Vi

+ F cos {wR+wF+2ws}t - 1/2 DE cos {wR+wF-4ms}t ‘ (3.8)

P ’ + (DE+DF) cos {wR+mF}t + DF cos {mR+wF+4mS}t

[
fl

Zﬂfzq;' = (ko'-kx)vR ,

. @-nas?y
2(1+8%) (1+0)

. __ra-0)° (3.9)

2(14R%) (1+02)

N S LR(14+p)

Do . P 2= 2,

PR S ' 2(1+r7) (1+p7)

Since the characteristic waves are 1inear1y polarizgd at the geo-

:lmagnetic equator, we set p equal tafzérovor infinity.

ff o '::_ - The prineipal compohents of thevreceiver’output»signal'containing_the:

et - Faraday rotation rate, w,, are
; F




B IR TAE T

P
Urig e

! |
E cos ubt
F cos m4t
-1/2 DE cos mlt
(DE+DF) cos wst
DF cos.wst
where
f& = ml/21T = fR * fF h 4fs
Fa = wl2m = fp+ Fp -
Ty = wg/2m = fp+ fp
Fq = wyl2m = Fp+ fp+ 2fg
fs = w5/2w = fR + ff + 4f;
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(3.10)
(3.11)
(3.12)
(3.13)

(3.14)

(3.15)

Examination of equation (3.8) for the receiver output reveals that the

components given in equations (3.10) and (3.11) are dominant.

Differentiat-

ing both (3.10) and (3.11) with respect to R and setting the derivatives

equal to zero enables us to obtain conditions on R such that amplitudes of

terms containing w, will be extrema.

F
G _ |, (R 2R
- dR (1+R2)2
1-7
j, 570
Vi ’ 2(1+R7)
1-R? = 0
R=1
Y Similarly,
ar ., | QR
dr (1+R2)2‘
-
R°-1 0

(1+R2)2 -

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)
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R°-1 =0 (3.22)
R=1 (3.23)

By substituting values greater than or less than 1 for R into the
expression for F and F one can easily verify that R = 1 maximizes E and F.
That is, the Faraday amplitudes are maximized if equal ordinary and extra-
ordinary wave amplitudes are transmitted.

3.3 System Modifications for the Equatorial Radio-Propagation Experiment

Instrumentation for the propagation experiment at midlatitudes is
described by Knoebel et al. [1965]. |

With results of Sections 3.1 and 3.2 in mind, the following modifi-
cations were adopted for the equatorial propagation experiment at Punta
Chilca, Peru:

1. Linearly polarized.modes of equal amplitudes were’transmitted.

2. The aspect magnetometer sensor and the rocket receiving antenna

were aligned parallel tb each other.

3. The differential absorption experiment was excluded.

A system using 1inear1y4polarized antennas for transmission and
reéeptioh, and a freqﬁency differehtial of 500 Hz between the ordinary and
extraordihary waves woﬁld produce an output at the rocket receiver as shown
in Figure 3.3. An idealized situation in which the‘rocket velocity vector

and the wave normals are in the same direction, and which neglects any non-

linearities in the rocket-borne receiver is assumed. The axis of the aspect‘

magnetometer is aligned with‘the‘ferrite rod antenna inside the rocket for
thié example, and in the case of’payload hardware, to simplify’data inter-
pretation. ‘Thus,bthe ordinary wave is sampled during the zero-crossings of
the magnetometer output, Whileithe extraordinary‘wave'is‘sampled‘when the

magnetometer output is a maximum or minimum as demonstrated in Figure 3.3.
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‘ o Figure 3.3. Rocket receiver output and the corresponding magnetometer output

[P. E. Monro, in Edwards, 1974].
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In each payload, the aspect magnetometer sensor was aligned with the 2.114 MHz
receiving antenna.

Two crystal controlled oscillators, separated by fé (nominaily 500 Hz),
generate the ordinary and extraordinary wave frequencies. The frequencies
of the ordinary and extraordinary are given by fb = fé - 250 Hz and f; = fe
+ 250 Hz, respectively. vfe is the center frequency chosen for a given rocket

shot. In the case of Nike Apache 14.532, the center frequencies for the

radio-wave propagation experiments were 3.145 MHz and 2,114 MHz. Each mode

~is transmitted to the antenna dipoles by two 1-kW transmitters. The

frequency, amplitude, and phase of the voltages applied to the dipoles are

controlled so that both magnetoionic modes are radiated vertically. A
block diagram of the system is shown in Figure 3.4.

The transmitting antenna arrays, shown in Figure 3.5, consist of
two half-wavelength dipoles arranged at right angles to each other. The
dipole radiating the ordinary mode was aligned parallel to the magnetic
field, whilé the dipole radiating the extraordinary mode was aligned per-
pendicular to the magnetic field. The dipoles for each array were sﬁpportéd
by three vertical wooden poles, one pole at each veftex of an iéoéeles
right trianglé. The poles for the 2.114 MHz antenné array were placedi76;
meters apart and the dipoles were elevated approximately 24 meters above
the groUhd. The poles for the 3.145 MHz anteﬁna array were placed 52 metérs
apart and the dipoles were elevated approximately 19'meter§rabove the ground.
The feed lines‘of the antenna were connected to coaxial cables otiginatingif
from the transmitters at the ground‘cenﬁer’of the array. ‘ﬁgiun'coiié were

provided for matching the balance-to-ground feed lines to the unbalanced~

coaxial cables.

The. rocket receiving‘anténna is a magnetic dipole cohsiSting of two
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Figure 3.4 Block diagram of the modified system.
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ferrite rods wound with a coil and tuned with a variable capacitor. A one-
turn shielded symmetrically link couples the antenna to the receiver with
the proper impedance. A schematic diagram of the rocket receiving antenna
is shown in Figure 3.6. ‘The antenna assembly is encapsulated in foam and
mounted within a fiberglass cylindrical section of the payload as shown in
Figure 3.7.

The output of the antenna is fed to a transistorized, crystal control-
led receiver designed and developed by G. W. Henry, Jr. [Edwards, 1975].
The receiver uses dual-gate MOSFET deyices for the RF amplifier, mixer, and

three IF amplifier stages. These devices are characterized by a strong

~immunity to overload effects on strong‘Signals, possess a nearly straight-

line logarithmic AGC comntrol charaéteristic and are gain-temperature in-
dependent. Thélbgndpéss of the receiver is shown in Figure 3.8 and the AGC
and detector characteristics versus input signal level are shown in Figure
3.9. The specifications of the receiver are'éummarized in Table 3.2. Three

completed receivers, one with the cover plates removed to reveal the com-

‘plete receiver circuitry, are shown in Figure 3.10. The entire receiver

assembly consists of two printed circuit cards, one containing the RF section,
and one the IF sectién'with‘inbut connéctor, separated4by a center metaif
plaﬁe,
3.4 Puylodd Description

The payload contained a dc/Langmuir probe and‘the radio receivers.
The Langmuir probe was mounted on‘the nOsécone tip. The receivers and
antennas for the:radiOAPropagétioﬁ experiment were enclosed‘in1the-fiber-

glass section of the payloads. The payload also contained‘the'épin magneto-

meter, a 210 kHz tone range receiver and filter, two quadraloop tone ranging

antennas and four 30°-turnstile antennas. The four 30°-turnstile antennas
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Figure 3.6 Schematic of the rocket receivingg antenna.
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Figure 3.7 Linearly polarized receiving antenna.
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Figure 3.8 IR-1274 receiver No. 1 bandpass charaéteristics"
; [G. W. Henry, Jr., in Edwards, 1975]. :
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Figure 3.9. Detector characteristics versus input signal level [G. W. Henry, Jr. in
Edwards, 1975].
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Input:

Selectivity:

TABLE 3.2

IR-1274 receiver performance data.

- Frequency

Level

Impedance

-6 dB bandwidth
-60 dB bandwidth
Shape factor (60/6)

Spurious Responses (for 2.225 MHz f )
(2.0 to 5.) MHz range)

AGC Characterlstlcs

Detector Output Flatness
AGC Voltage Range:

AGC Output Impedance

Detector Characteristics:

Nominal dc Output

Linearity

Temperature Stab111ty
(-10 to +50°C)

Qutput Impedance

Power Requirements:

Environment :

Temperature

- Shock and Vibration

2.0 to 5.0 MHz

-110 to + 10 dBm

To match ferrite antenna
(600 ohm nominal)

2.811 kHz
4.490 kHz
1,597 : 1

2122 kHz -103 dB
2156 kHz -103 dB
2451 kHz - -102 dB
2470 kHz - ~-100 dB
3135 kHz - 50 dB (Image)

+0.2 volt, -110 to +10 dBm

input
k@ or kiloohms

2.0 + 0.2 volts
+2 dB, 0.15 to 4.0 volts
Gain: +:3 dB

" Offset: + 0.05 volt

Less than 10 ohms

+20 to +35 volts @ 55 mA
-20 to -35 volts @ 15 mA

-10 to +50°C ;
0 to 15 g, sinusoidal
30g, random

27

5.0 volts (minimum signal)
0.8 volt (maximum signal)
2.2
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Figure 3.10 Three completed receivers, one with cover plates removed.
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were located at the base of the payload. The two quadraloop tone ranging
antennas were located directly in front of the turnstile.

Nike Apache 14,532 inéluded two additional probe experiments for
measuring electron temperature. These probes were mounted on two deployable

booms. One of these probes duplicated the boom-mounted probe flown success-

fully on Nike Apaches 14.475, 14.476, 14.513 and 14.514 [Schutz et al., 1975].

The other probe was an RF resonance probe supplied by Dr. K. Hirao and Dr.
K. Oyama from the University of Tokyo.

The dc/Langmuir probe was modified in this payload to observe the
fine structure of the electon concentration profile [L. G. Smith in Edwards,
1975]. The modificatidns in the instrumentation were suggested by Prakash
et al. [1972] whose éxperiment was a direét‘adaptation of the dc-probé ex-
periment déveloped by Smith [1967]. In the dc-probe experiment the current
to the nose tib‘electrode is measured at a fixed voltage;‘ An electrometef
with a diode in the feedback loop is used to give a logarithmic scale of
current over six decades, from 10710 A to 10°4 A. The output of the log-
arifhmié electrometer is telemetered to the ground where it is recorded on
magnetic tape. |
| To examine the structuré of the ibnosphere with greater resolution,
both in’altitude and electron concentration, the ac component of the electro-
mefer output signal was amplified’and_telemetéréd,to the ground dn a

separate channel. The amplitude of this signal is proportional to the

- fractional change in electron concentration.  The circuit of the ac ampli-
fier used in the Peru launches is shown in Figute 3.11. With thiskquifi—‘

~ cation we can measure the fractional change in electron concentration to

0.1%.
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AC amplifier for electron-density fine-structure experiment [L. G. Smith, in
Edwards, 1975].
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4. DATA ANALYSIS

4.1 An Algorithm for Determining the Spectra of Finite Lengtn Discrete
| Time Sequences

The pfoblem under consideration here is the determination of the
frequencies, f&vcs.ls), of the principal relative maxima, Mg, of the amplitude
spectra of finite length discrete time’sequences. The discrete Fourier
transform (DFT) [Bergland, 1969] of a finite length discrete time sequence
can‘be calculafed byithe fast Fourier transform (FET) [Unternational Mathemat-
teal and Stafistical Libraries, Inc., 1975.} Although most of the properties
of the qonﬁinuous Fourier transform (CFT) are retained, several differences
result from the constraint that the FFT musi operate on a limited number of
discrete samples. The errors mosﬁ bften ehcounfered in using the FFT are
aliasing and leakage [Bergland, 1969i. In order to determine the fﬁ's
accurately, aliaéing and leakage errors must be minimized.

The term aliasing refers to the distortion in the amplitude spectrum
of -a signal by the appearaﬁce of high frequency components as low frequency
components. This error occurs as a result of sampiing at a rate less than
the Nyquist sampling réte, fﬁs. The Nyquist sampling rate is the sampling

rate at which a continuous function g(t) can be uniquely recovered from its

sampled version

§8) = ] gomsct-nm) e .1

= =00

. where T = 1/fﬁs [Brigham, 1974]. In particular, g(t) is given by

, w - Anfy (B-nD)} ; Ll

To eliminate aliasing one Simply samples at a rate greater than the Nyquist
sampiing fate'(e.g., sample at a rate greater than twice the highest fre-

quency component present).
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The leakage error is related to the way in which a finite-length
signal is formed from a long-duration signal. Multiplication of the signal
in the time domain by a rectangular window is equivalent to convolving the
amplitude spectrum of the rectangular window with the spectrum of the long-
duration signal. For simplicity, we chose a cosine waveform of constant
frequency, fé, to illustrate the concept of leakage in Figure 4.1. Notice
fhat the resultant amplitude spectrum is not restricted to one frequency,
fé, but in fact has aiseries of small sidelobes. The occurrence of these
undesirable sidelobes is called leakage.

Although leakage is an inherent error in the Fourier analysis of any
finite-length signal, it can be reduced significantly by utilizing a time
domain window which has small sidelobes in the frequency domain. Several
examples of windows which have been used by others [Oppenheim and Schafer,

1975; Blackman and Tukey, 1958] to reduce leakage are the

"
FEE

(1) Bartlett window

2n L-1
IT » 0sms 5
W) = (4.3)
2n L-1
2-73 » 3 inzl-l

where n and [ are integers,

(2) Hanning window

Won) = = [1-cos(Z™] , 0 < n < L-1 (4.4)
7 LbmeoszTy gnilel
% (3) Hamming window
Fn) = .54 - .46 cos (32 , 0 <n<I-1 (4.5)

and ~(4) Blackman window

4tn
T

W(n) = .42 - .50 cos (%%%—;+ .08 cos , 0 f;ﬁ 5_L—l ‘ (4.6)
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Figure 4.1 Rocket receiver output, and the corresponding magnetometer output [P. E. Monro, in Edwards,
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While each of these windows reduces leakage to some extent, a better window
has been chosen for the present application.

The Fourier transform of a Gaussian function is another Gaussian func-
tion. Thus, a Gaussian window eliminates leakage because it has no sidelobes
in the frequency domain.

The amplitude spectrum of the rocket receiver signal after windowing
is Gaussian within a symmetric neighborhood of the fﬁ's. This is illustrated
in Figure 4.2. Utilizing this result, E. K. Walton has suggésted an al-
gorithm which accurately determines the frequencies of the principal
relative maxima of the receiver output containing the Faraday rotation rate.

Consider the Gaussian curve

X' =4 exp (-a(f-f)% | (4.7)
shown in Figure 4.3, where 4 and o are constants; and fﬁ is any one of the
frequencies of equation (3.15). Given three points on this Gaussian curve

(fk—l’ X'k—l)’ (fk"X'k)’ (fk+1’ X’k+1)
where X'k—l’ X'k? X‘k+1 are the amplitudes of the frequency components fk—l’
fk and fk+1’ respectively, and we wish to determine fﬁ. First compute the

natural logarithm of X'k/X'k+1 and X'k/X'k_l.

2
X! A exp {-a(f,-f)"}
wn X,k = n k' J 5 (4.8)
k+1 ’ A exp {-a(fk+l—f3)‘}
wm *x = —a(f —f.)2 v alfy -F)2 : (4.9)
X'k+l | Mk oY g k+1l 74 .
Similarly, ;
B O e B (4.10)
TR LS |
Dividing equation (4.3) by (4.4) yields
2 2
Gm '(fk‘fj)‘ + (fk+1-f3) o (4‘11)
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Figure 4.2 (a) Amplitude spectrum of rocket receiver signal, (b) amplitude spectrum of
Gaussian window, (¢) convolution of (a) and (b).
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where
(X Xy 1)

Expanding the numerator and denominator of equation (4.11) and simplyfing

yields
Fuars = 2yl = 5,0+ 2
_ ka1 kaly ~ T * A

Frer - paly - B+ 28, f

Multiplying both sides of equation (4.13) by the denominator on the right

G (4.13)

side of equation (4.13) one obtains

CTI j-sz*szfj) - sz—?fk+1fj—fk2+szfj . (4.14)

-Solving for f3 yields

2 2 2 2
f%+1 B fﬁ ) G(fk+1 3 fk_)

537 20T - 2Ty

(4.15)

- Since the FFT algorithm calculates the Fourier coefficients of the Gaussian

curve for every integer frequency, equation (4.15) can be simplified. Let
Fro = ks F1 = k-1, and Frag = k1
then equation (4.15) reduces to
1 1-G
Fj=k+3 T3¢

Before the algorithm was applied to rocket data, it was tested on

(4.16)

“several computer—generatedlsinusoidal signals of various input frequencies;
f;, and phases, ¢. The 3pecific sinusoids and the results; fﬁ, of their
prdcessing are shown in Tables 4.1 andf4.27 THe sinusoids listed in Table
'4;2 had been previouslykprocessed'by an algorithm written by K. L. Millér
[Edwdrds; 1975]; Miller's algorithm_uses aurectanguiar window in the time
donain which does not minimize leakage. Tables 4;1 and 4.2 show that al-

‘goiithm (4.14) reduces leakage such that the maximum error in recovering

k‘thé frequency of the input sinusoid is»less than # .0025 Hz. The computer

program for implementing this algorithm is given in Appendix I.

by
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j TABLE 4.1
| Test #1 of algorithm 4.14.
: % ** _ . anhely
; f, f; Fy o1,
f #1 7.350 7.35185 .00185
|
? #2 7.350 7.35162 ~.00162
#3 7.350 7.35187 .00187
#1 7.31416 7.31633 .00217
#2 . 7.31416 7.31607 .00191
Lo #3 _ 7.31416 7.31635 .00219
s . _ | - ,
#1 503.5 503.49976 -.00024
#2 503.5 503.49976 -.00024

" *Computer generated sinusoids

Zﬂf;N
#1 sin\es——) ;¥ =71,2, ..., 6000

6000

(ZﬁféN ") L
#2. sin €000 + ry s N=1, 2, s 6000

(ZTrf‘cN> ; ; :
#3 sin €000 30V =10, 20, , 6000

j A A% N '
5 AT Found by algorithm 4.14

. :
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TABLE 4.2

Test #2 of algorithm 4.14.

Phase, ¢ £

(Degrees) d

o0 7.00002
10 7.00002
20 7.00001
30 | 7.00001
40 L 7.00000
50  6.99999
60 6.99998
70 6.99997
80 o 6.99997
9% 6.99997
100 - '6.99997  

Computer generated sinusoids

(2ﬂch> .
sin 000~ +o¢ N
f,

* Found by algorithm 4.14

** Found by Miller algorithm

6.980

6.984

6.989

6.996
7.004
7.011
7.016
7.020
7.020

7.020

. 6000
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4.2 Data Tapes
Digital data tapes for Nike Apache 14.532 were provided by D. E.
Hoskinson, of the NASA Wallops Flight Center Telemetry Section. A catalog
of these post-flight tapes is given in Appendix II. Each tape begins with
four header records which contain identification information. The next five
records, of 1005 words each, give the calibrations of telemetry discrimin-
ators. The subsequent records‘are data records of 2008 words each. Words
0006 throughIZOOS are data'samples._ Words 2006, 2007, and 2008 express the
universal time of the first data sample of the next record. The time is
coded as outlineé in Table 4.3,
The original telemetry data from Peru were recorded on analog tapes.
The post-flight digital tapes were generated at the Wallops Flight Center
from the originalranalog tapes. To maintain accurate synchronization of
time between the analog and dlgltal tapes, -a. 100 kHz reference signal,
recorded on the analog tape during the flight, was used to trigger the
analog-to—dlgltal converter. By d1v1d1ng the 100 kHz reference by four,
each of the five channels could be sampied at a rate of 5 kHz in syn-
chronization and faster than the Nyquist rate (approximately i kHz)
in a simple way. ‘The circuit designed for this purpose by‘L. J. Johnson
of the Aeronomy Laboratory is shown in Figure 4.4. |
4.3 Famday Rotation o
The Faraday rotation rates were extracted from the radlo—propagatlon
data.by apply1ng algorlthm (4 14) to the receiver and reference signals. In
‘the process;ng of these signals a Gaussian window of the form
WL ;_exp'(-.'ssz)--af k o '(4'.‘17)
where p S

s &=1,2, ..., 2500

L ' %
= 3(1.0002 - 5555)




e

Word 2006

Wood 2007

Word 2008

TABLE 4.3

Coding of time words

bits
13 - 16
9 - 12
5- 8
1- 4
bits
13 - 15
9 - 12
5. 7
1- 4
bits
15 - 16
‘11 ‘-"14
7 -10
5. 6
1 - 4

hundreds of milliseconds
tens of milliseconds
ones of milliseconds

tenths of milliseconds

tens of minutes
ones- of minutes
tens. of seconds

ones of seconds

’hundredsiof days

'tené of days
H‘sues:o£ days

tens of hours

ones of hours
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and

Cf'= .01111
was employed to reduce leakage. The factor Cf was introduced to shift the
Gaussian window downward so that the endpoints would lie on the absccia
as shown in Figure 4.5. A one-second window was employed to simplify the
computer processing.

In Section 3.2 we derived an approximate expression for the receiver
output under ideal conditions, equation (3.8). The frequencies of the
principal relative maxima of the amplitude spectrum containing the Faraday
rotation rate were given by fl, fz, fS’ fﬁ’ and fg. Since fé is independent
of the rocket spin rate, fé, any change in fs will appear only in fl’ f2, f4,

and fs. Therefore, f% provides a reference for identifying fl, fz, fS’ f@,

- and fg in the spectrum. For example, consider the amplitude spectra of the

3 MHz receiver output of Nike Apache 14.532 before and after the deployment
of the bdom probes as shoWn in Figure 4.6. The principal relative maxima
corresponding to frequencies fi, fé, fé, fﬁ’ and fg are labeled M1’~M2’ MS’ Mﬁ
and MS in Figure 4.6. Since the deployment of the boom probes decreases the

, and M

rocket spin rate, Ml’ M2, are closer in frequency to M5 after the

4 5
deployment of the boom probes as illustrated in Figure 4.6,
The measured quantities fi,’fz, fS’ fa, fﬁ’ fR’ and fé‘may be combined

in many different ways to determine fm« For example,

fp=1y-Fp L | o @as
fp=f - Fg+ 4f, | | wan
Fp= £y - fg s ot (4.20)
A )
fE=f5-f1§'4fs" : % - g .22




i

1 T,
TIME (SEC)

Figure 4.5 The Gaussian window Tc

= center time.
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Figure 4.6 Amplitude spectra of 3 MHz receiver for Nike Apache
14.532 before and after deployment of boom probes

(i.e., 51.1 S ET).
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fi+f )

fp= 22 fr (4.23)
Ff

fp= - 1y (4.24)

are seven different expressions for calculating ff. Although equation
(4.18) is the simplest expression for calculating fF’ fé contains a larger
error produced by cross talk between the data lines. Utilizing either
equation (4.19), (4.20), (4.21), or (4.22) to calcﬁlate fb requires a
knowledge of fé in addition to fﬁ. Since the receiver and aspect magneto-
meter outputs eontain a large dc component, their ampiitude spectra are not
Gaussian within a 6 Hz symmetric of the spin rate. Therefore, fg cannot be
accurately determined from the lower portion of the receiver spectrum or the
aspect magnetometer spectrum. While fé can be determined by algebraically
combining fl or f2 with either f4 or fS’ equations (4.23) and (4.24) offer
a simpler alternative for calculating ff. While equations (4.23) and (4.24)
are algebraically similar, equation- (4.23) conteins a large error component.
This resulf is illustrated in Figure 4.7, Figure 4.7 is a plot of fé Versus
elapsed time, in which fg was determined by algebraically combining fi and fé
with f} and fg. The large error in fs, illustrated by the large fluctuations
in fe determined by algebraically combinihg fg with fleand fé, is the major
source of error in e@uation (4.23). Therefore, equation (4.24) was used to
calculate fF. | | |

The frequencies fi, fz, fé, fh, fg, and the corresponding'reference
frequencies and Faraday’rotation‘rates fer the .3 MHz radio-propagation ex-
periment of Nike Apache 14.532 during the>period from 70.5 to 77.0 Secondsv
are given in Tables 4.4 and 4.5, NO‘reliable Faradey rotation rates were
obtained before 72 or after 75 seconds. | |

The method of analysis DMechtZy et al., 1970] based on the complete
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TABLE 4.4

Frequencies fl’ f2, fs, fﬁ’ and f5 for the 3 MHz radio-
propagation experiment from Nike Apache 14.532.

.90430

Elgpsed
(222§nd5) fl .121_ _:iz_ _Jﬁi_ _fé_
70.5 484.1306 492.41772 500.41187 508.66772 520.77930
71.0  484.20313 492.50122 500.60815 508.77734 520.03027
71.5 484 .57910 492.49512 500.58813 508.67505 519.47241
72.0 484.35791 492.49658 500.52686 508.74756 520.57861
72.5 484 .52246 492.49536 500.63306 508.70752 519,51074
73.0 484 .,34521 492.46777 500.54761 508.73218
73.5 484.35181 492.47119 500.51587 508.77222 518.97437
74.0 484.08081 492.46265 500.46265 508.82715
é 74.5 483.00000 492,45947 500.58203 508.81689
. 75.0 485.54980 492,45850 500.47632 508.77002
75.5 492.27661 500.49585 508.72559
76.0 485.90576 491.86963 500,59277 508.72144 520.98535
76.5 492.53223 500.56079 508.82617
77.0 492.19604 500.47046 508.80420
77.5 492.41162 500.38013
78.0 492.39453 500.69238 508

-
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TABLE 4.5
Reference frequencies and Faraday rotation rates for 3 MHz
radio-propagation experiment from Nike Apache 14.532.
: fouf i :
E%?ﬁzed fo (Hz) 22 1- fp (He) fp (Hz) Fr (diié) T
70.5 500.51147 ~ 500.54272 | .03125 11.2500
71.0 500.57861 | 500.63928 .06067 21,8412
71.5 500.59106 500.58509 -.32551 -117.1836
;7r' 72.0 500.58789 500.62207 .03418 12.3048
72.5 500.58618 500.60144 .01526 5.4936
73.0 500.58569 500.59998 - .01429 5.1444
. »5 ) 73.5 500.58472 500.62171'7 .03699 13.3164
F 74.0 500.58105 500.64490 , . 06385 22.9860
74.5 500.57935 ~ 500.63818 .05883 21.1788
75.0 | 500.57739 - 500.61426 .03687 ' 13.2732
75.5 | o 500.57422 500.50110 ¥.06322 R =22.7592
76.0 , 500.57056 - 500.29554 & -.27502 -99.0072
76.5 K ‘500.56665 500.67920 .11255 o 40.5180

77.0 500.56470 ’500.50012 , -.06458 23.2488.
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Sen-Wyller equations without approximations [Sen and Wyller, 1960] was
employed to analyze the Faraday rotation data from Nike Apéche 14.532. The
procedure for analyzing ff is outlined in Figure 4.8. An initial value for
the electron concentration is assumed. From this initial value of electron
concentration, the values of the refractive indices for both magnetoionic
modes are calculated.. The refractive indices are used to obtain a calcu-
lated value of fﬁﬂcorresponding to the initial value of electron concentra-
tion. The electron concentration is répeatedly corrected until the caléulat—
ed value of fﬁ matches the experimental value. The calculated value of fé
and the experimental value of ff usually agree to within * .1% after fiVe
or six iterations.

To solve for the electron concentration when only Faraday rotation
data are available, a model for the collision frequency must be used (i.e.,

equation (3.1)). The pressures were taken from the COSPAR International

541 2 -1

Reference Atmosphere Model [CIRA, 1972] and X was equal to 7.5 x 107 N "m"s
The electron concentrations’obtained from the analysis of the 3 MHz radio
data of Nike Apache 14.532 are given in Table 4.6 and are plotted in Figure
4.9. The error bars correspond to an uncertainty of * 3 deg s_1 in the
Faraday rotation’rate obtained by applying equation (4.22) to the data

between 35 and 52 km under the assumption of free space conditions.

4.4 Probe Curvent Calibration

Variations of electron concentration with altitude are believed to ‘be
accurately represented by changes in probe current [Mechtly et al., 1967].

However, exact equations giving electron concentration as-a function of

probe current, collision frequency, rocket velocity, and other parameters do

not exist. For this'reason; dc-probe current, I, is calibrated by values

of electron concentration, ¥, from the radio-propagation experiment. The
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: TABLE 4.6 Bkt
Electron concentration calculated from 3 MHz
radio data of Nike Apache 14.532
Center
Time (s) N(m-3)
72.0 ‘ 1.484277 x 10'°
72.5 7.311761 x 109
‘ 73.0 : 6.887715 x 10°
S | 73.5 ~ 1.596224 x 1010
I 74.0 . 2.457148 x 1010
74.5 ~ 2.314058 x 1010
75.0 1.605942 x 1010
|




T e e . -

ALTITUDE (km)

97 —— ;
NIKE APACHE 14.532

a6l |
95} -
Qlir — -
93} -
g2l — - , !

102 S , : 10 - 0!

N(m-3)

Figure 4.9 Plot of ¥ obtained from the analysis of the Faraday rotation rates from Nike Apache
’ o 14,532, :

£q

-




U P Shes SN A

T AT

SEUINTRC A

A

54

N/I ratio is calculated for each value of N from the radio data analysis

and from corresponding weighted mean values of I. The values for N, I, and
N/T fér Nike Apache 14,532 are tabulated in Table 4.7. These N/I values are
plotted as a function of altitude in Figure 4.10.

The altitudes of the 2 MHz and 3 MHz ordinary mode reflection points
are derived from the times at which the AGC voltages of the rocket receivers
indicated 'a loss of signal.

The reflection of the 2 MHz ordinary mode ocgﬁrred at 77.85 S ET which
corresponds to -an altitude of 100.6 km, The criti;al value of NV is 5.54 x
104 cm"3 at this point.'

The reflection of the 3 MHz ordinary mode occurred at 111.57 S ET which
corfesponds to an altitude of 139.1 km. The critical value of ¥ is 1.23 x
105 c:m_3 ét this point.

Past experience shows that N/I is nearly constant between about 100
and 150 km. Therefore, the calibration between.105 and 120 kn is set at the

value determined by the 3 MHz ordinary mode reflection point, 5.6 x 10° en™>

_1.
Past experience shows that a transition in N/T occurs'at the steep

gradient inrelectroh concentration at the mesopaﬁse. The point (2.8 x~

109 cm™? Afl, 86.5 'km) éorresponds to the intersectipn of a platéau and

a steep gradienf of the probe curreht; Between 86.5 and 105 km, the equatidn

for the straight line passing through the 2-MHz ordinary mode reflection

point and the point (2.8 x 10° en™> Aul, 86.5 km) is

N/I(z) = 2.8 x 10° 2-86.

The error bars in this region are extrapolations of the uncertainty of * 3

deg sfl‘previously determined for the Faraday rotation rates under the

exp Ci€T§329 » 86.5 <3 < 105 km. (4.25)
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92

93.

94.

94
95
96

96

.795

473

149
.822
.493
.162

.828

TABLE 4.7

The N, I and N/T values from Nike Apache 14.532.

N
(m-3)

1.484277
7.311761
6.887715
1.596224
2.457148
2.314058

1.605942

X

X

X

X

X

X

1010
109
109
1010
1010

1010

Weighted T

.2468
.3280
.4360
.5450
.6526

7474

(A)

X

X

.1865 x 1073

10-°
10-°

10-5

107°

10-5

10-5

NI
(m-3a71)

.9586
. 9626
.0999
.7070
.5085
.5459

.1487

X

X

X

1015
1015
1015
1015
1015

1015
1015

55




N

ALTITUDE (KM)

3 MHz REFLECTION POINT

130}

I;ZO -

1O

|00k 2 MHz REFLECTION POINT

90

1§

8oL S S
o® 0%

N/1 (em3at)

Figure 4.10 N/I calibration curve for Nike Apache 14.532.
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assumption of free-space conditions between 35 and 52 km.

The constant value 2.8 x 109 cm-s A-l is assumed as the calibration
below 86.5 km. |

For each second of the flight, ten values of electron probe current
are multiplied by the appropriate values of N/I from the smoothed curve of
Figure 4.10. Since the present method of data processing is based on sampl-
ing of the probe current at equal intervals in time, the points are unevenly
spaced in altitude because of the changing velocity of the rocket. K. L.
Mille;fs program [Edwards, 1973] was used to interpolate electron concentra-

tions at 0.1 km intervals. The final results are presented in Chapter 5.
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5. CONCLUSIONS

The final profile of electron concentration from Nike Apache 14,532 is
shown in Figure 5.1. Corresponding numerical values of electron concentra-
tion are tabulated in Table 5.1.

The model profile, used to calculate the anticipated differential
absorption rates in Section 3.1, is also shown in Figure 5.1.

The profile labeled K14 in Figure 5.1 is a profile obtained by Kane
[1974] at a solar zehith angle of 14 degrees from rocket measurements of
radio-wave absorption conducted: from the equatorial site at Thumba, India on
March 8, 1968.‘ Both rockets, 14,532 énd K14, were launched on one of the
five quietest days of their respective months, in terms of magnetic activity
and disturbances. Each day was designated‘”QQ” by World Data Center A for
Solar-Terrestrial Physics [Lincoln, 1968; 1975].

A comparison of these profiles reveals that:

1. There is good agreement between the model profile and the profile
of Nike Apache 14.532. This observation supports the conclusion
that for a solai zenith angle of 60°, differential absorption at
the geomagnetic equatbr is too small to measure by present tech-
niques. (cf. Section 3.1). | | “~ .

2. All three profiles exhibit a plateau of electron concentration.
The plateau in electron concentiationfoccurs at a higher éltitude
in the model and 14.532 profiles than in K14.

3.~ The electron concentrations measuréd by Kane are larger by a factor
of approximately 4.

4. A steep gradient in eiectron concentration, beginnihg at 86.5 km,
is evidént in the profile éf 14.532, |

5. The ratio N D(KL4)/N D(14.532) = 3.4, where N D is the value of
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the maxiﬁum ionization in the D region, just below the steep
gradient.

6. No sporadic-E layers are observed.

A characteristic feature of daytime profiles of D-region electron con-
centration, N, is a gradient just above an inflection of N at altitudes
ranging from about 80 to 86 km [Mechtly and Bilitza, 1974]. Mechtly and
Bilitza showed that NmD, the value of ¥ at the inflection point, is pro-
portional to the square of the cosine of the solar zenith angle, ¥

NmD « (cos x)2 : (5.1)
when the D region is unperturbed.
By eguation (5.1), the ratio of NmD for a solar zenith angle of 14
degrees (i.e., K14) to NmD for a sglar zenith angle of 60 degrees (i.e.,

14.532) is:

N D(K14) (cos 14°)2

} .2
T D(14.532) 5.8 (5.2)

(cos 60°)2

This compares with 3.4 calculated from the values of N D shown in Figure
5.1.

Thus, profiles K14 and 14.532 support the conclusion that NﬁDm(cos x)2

when the D region is unperturbed.
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APPENDIX I

Computer Pr’dgi‘am for Determining the Spectra of Finite Length Discrete
Time Sequences
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ARAOK KKK K KKK

CALL FFTROIATA GAMNyNELNy TWK )

AT THIS FOINTy "IAaTA * CONTAINS THE COMPLEX SFECTRUM.
WRITE LT OUT
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WRITECAHy106) FBIG
50 TO Gé
CONT ENUE
DANGERSSS DATA CANCH) GIVE DIVIDE RY O
OF FREQR. COMPUTATION ON SFECTRAL FPEAKRS

FLOTTENG SEQUENCE H0KKKKKKKKKKKKKKKKKKK

SET UP SCALING FOR AlL PLOTS

SEACLY=L

TFINELTEQ.S) SCACLY=0,0

BOAC2)Y=2.

Call XLOGZOMAG yFREQRy60»19y8CAYSCF)

WRITECSy101LY SCACLY »BCACL)

FORMATCLXy 2ELG .0

CALL XLOGZIMAG(A41) yFREQCH0) » 120y Ly SUASSCF)

CAll, FLOTCL y 04y =3)

FEADY FOR NEXT XLOGZ CALL.

FLOTTING SEQUENGCE RRKKKKAKKKRKKKKAKK KKK
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GO oTO 43

WELTE (6998 NTAFE
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APPENDIX II

Nike Apache 14.532 Post-Flight Data Tapes

Tape #3, Receiver #1

File 1 Probe Log
File 2 Extraordinary Power #1
File 3 Extraordinary Power #2
File 4 Ordinary Power #1
File 5 Ordinary Power #2
Tape #4, Receiver #1
File 1 Receiver Modulation #1
File 2 500 Hz Reference #1
File 3 Receiver Modulation #2
File 4 500 Hz Reference #2
File 5 Magnetometer
Tape #11, Receiver #3
File 1 Probe Log
File 2 Probe Fine Structure
File 3 Receiver AGC i1
File 4 Receiﬁer AGC #2

Tape #12, Receiver #1

File 1 RF Probe Signal
File 2 “Boom Probe Log
’File 3 Boom Probe Linear
File 4 RE Probe Monitor
File 5 Magnetometer
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