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ABSTRACT

The Langmuir probe technique for weasurement of electron concentration
in the mesosphere is capable of excellent altitude resolution, of order 1 m.
Measurements from nine daytime rocket flights carrying an electrow density
fine atructure experiment frequently show small-scale ionization structures
in the altitude region 70 to 90 km. The irregularities are believed to be
the result of turbulant advection of ions and electrons. This work
describes the fine structure experiment flown by the University of Illinois
and presents methods of analyzing the collected data. Theories of homo-
geneous, isotropic turbulence are reviewed. Power spectra of the measured
irregularities are calculated and compared to spectra predicted by

turbulence theories.
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1. INTRODUCTION

1.1 Statement of the Problem

Electron density irregularities in the mesosphere are often observed by
both radar and rocket techniquin., The advection of electrons and ions by
atmospheric turbulence is one possible cause of the irrvegularities,
Turbulence in the field of a scalar such as electron density may be analyzed
by decomposing the spatial fluctuations into sinusoidal componenta, The
strength of the components as a function of spatial frequency, or wave
number, is called the scalar epectrum, In coheremt-scatter radar studies,
scattered pover is measured as a function of altitude, Irregularities show
up as ipolated regions of high scattered power. Analysis of coherent-
scatter data gives the value of the scalar spectrum at & particular wave
number, In rocket studies measuring electron demsity the irregularities

show up as small-scale fluctuations on an o;herwise smooth electron density

profile. Analysis of the rocket data can ideally give the scalar spectrum

at all wave numbers, The measurable wave number range is limited by system
noise and performance of the equipment used in the experiment.

The present study has three msin objectives: (1) to review theories of
isotropic, homogeneous turbulence predicting three-dimensional and one-
dimensionasl spectra of turbulemce, (2) to describe the analysis of data from
the electron density fine structure experiment flown by the University of
Illinois rocket program, and (3) to compare power spectra of irregularities
measured by nine rocket £lights with theoretical turbulence spectra.

1.2 Previous Work
Rocket studies of mesospheric electron density irregularities have beem

conducted by a number of groups using similar experiments, A rocket

.
e




equipped with & Langmuir probe j4eses through an electron density
irregularity and observzs temporal current fliuctuations superposed on a
background current, The temporal fluctuatione are attributed to spatial
fluctuations in electron density, If the spatial fluctuations are assumed
to be isotropic, then the temporal and spatial fluctuations are related
simply by the velocity of the rocket.

Prekash et al. (1969) describe the results from s number of flights at
Thumba, India, Their experiment essentially measures the amplitude of the
probe current in a frequency range of 70 to 1000 Hz. They observe a number
of irregularities between 85 and 92 km, The irregularities occur in bands
witli altitude extents of the order of 100 m. Prakash et al. {1969)
attribute these irregularities to atmospheric turbulence. Power spectra of
the obeerved irregularities are not calculated,

Thrane and Grandal (1981) present fine structure measurements from two
nighttime launches st the Andoya Rocket Range in Norway. Ome of the launch
_coﬁdi.tions was the presence of D region irregularities measured with a
partial reflection radar operated at Tromso, 120 km away from the rocket
range, The rocket data show ionization fine structure throughout the
£light, Spectral analysis of the mesospheric irregularities show a power
spectral index close to =-5/3, comsistent with the presence of isotropic,
homogeneous turbulence.

Royrvik and Smith (1984) compare rocket and radar measurements of a
single irregularity at 85 km altitude. The rocket launch took place at
Chilca, Peru. Coincident coheremt-scatter radar measurements were made at
the Jicamarca radio obaervatory._ Spectral analysis of the rocket data shows
a power spectral index close to =5/3. The spectrum is extrapolated to the

wave number measured by the Jicamarca radar, and agreement is found between
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the rocket and radar results.
1.3 Univeypeity of Illinois Rocket Program

The vochkit program in the Aeronomy Laboratory st the University of
illinois conducts three separate experiments based on the Langmuir probe,
First, the probe current is used to measure the ambient electron density as
a function of altitude, Calibration between probe curyasnt and electron
density is provided by a radio propagation experiment {(Mechtly et al.,
1967), Second, electron temperature is measured in the E region by eweeping
the probe potential and analyzing the I~V characteristic of the probe
(Zimmerman and Smith, 1980). Third, the ac component of the probe current
is used to study electron density fine structure.

The University of Illinois has launched nine daytime flighte carrying a
fine etructure experiment described by Klaus and Smith (1978). The
experiment apparatus consists of a Langmuir probe extended from the rocket

into the ionoephere. As the rocket passes through eleciron density

'irregularities, temporal fluctuations in the probe current are observed. The

ac component of the probe current is amplified and telemetered to the
ground, Digital enalysis of the data estimates the power spectra of the
irregularities.
1.4 Outline of the Investigation

Chapter 2 reviews the theory of the Langmuir probe in the D region.
Debye length and various plasma parameters in the D region are discussed.
The values of the parameters in the D region present certain difficuities in
interpreting the probe current. BSome of these problems are overcome by use
of a dc mode of operation developed by Smith (1969).

Chapter 3 reviews various theories of isotropic, homogenecus

turbulence. The basic parameters of fluids and fluid £lows are givem. The
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epectral approach to deszribing turbulence and the relationehip of three-
dimensional to one-dimensional spectra are aiscussed. Application of

dimensionzl and physical arguments leads to a number of important theories

predicting turbulence epectra, which are presented. In particular, a fcalar

spectrum model by Hill and Bowhill (1976) suitable for describing
atmospheric turbulence is discuseed.

Chapter 4 describes the University of Illinoie fine structure experi-
ment and methods of data snalyseis, Useing analog preprocessing, irregulari-
ties may be quickly identified and distinguished from interference. The
appropriate data segments are Jdigitized using a microcomputer based
digitizer. The development and operation of the digitizer are discussed in
detail. Foliowing transfer of the data to a CDC Cyber mainframe computer,
the data are Fourier analyzed to calculate power spectra of the irregulari-
ties, Software needed for the transfer and analysis is described. |

Results of the data snalysis are given in Chapter 5., Five of the nine
flights examined reveal ionospheric irregularities. The power spectra of
the irregularities are examined and various parameters of the irregularities
and spectra are tabulated, Comparisons are made to the Hill and Bowhill

(1976) scalar spectral model and to some spectral predictions by Rastogi and

Bowhill (1976).
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2, LANGMUIR PROBE THEORY

2,1 Introduction

Rockets using Lengmuir probes are capable of measuring electron density
and other plasma parameters in the ionosphere. In a simple Langmuir probe
experiment an electrode at a known potential is insexted into a plasma. As
the potentiasl of the probe is varied the current drawn by the prcbe is
monitored., Analysis of this I~V characteristic gives information about
various properties of the plasma., Due to rollisions of particles within a
few Debye lengths of the probe, exact relalions of the plasms parameters to
probe current do not exist in the D regioa. Assuming s direct proporticn
between the current and the electron density, a calibration constant between
the two may be obtained with a radio zropagation experiment, When the probe
is operated in a d¢ mode high spatial resolution is attainable, allowing
detailed examination of small-scale ionization structures., Detailed
'discussions of Langmuir probes in the ionosphere are available iu Smith
(1965, 1969) and Cicerone and Bowhill (1967).

Section 2.2 discusses the D region enviromment and its relevaut
parameters. Section 2.3 presents the collisionless regime theory and the
problems it faces in the D region. Section 2.4 describes the dc method of
operation of the Langmuir probe in the D region. This method gives
measurements of electron density and fine structure thereof.

2,2 The D Region Plasmg Environment.

The D region of the ionosphere msy be described as a weakly ionized
plasma comgisting of electrons, negative ions, and positive ions. Solar
radiation is believed to be the chief source of this ionization. Daytime

electron comcentrations typically run from 102 cm™3 at 70 km to 10%




cm"3 at 90 km; the neutral concentration varies from 1015 to 1014

cm73 over the same range. At these densities it is assumed that the
plasma does not affect the macrosrcopic dynamics of the neutral atmosphere.
The free zlectrons may thus be used ae a tracer in detecting macroscopic
motions of the neutral atmosphere (Thrane and Grandal, 1981)., In turn, the
motion of the neutral astmosphere is assumed not to alter the reaction rates
of the production and recombination of ions and electrons.

An jideal plasma consists of a charge~neutral collection of positively
and negatively charged particles, 1If the particles have different masses,
then a gravitational field induces a charge separation, resulting in an
glectric field. Such a separation is present in the earth”s ionosphere.
Lemaire and Scherer (1970) show that in an iscthermal ionized atmosphere in
nydrostatic snd diffusive equilibrium the vertical induced field is

g ol

e

vwhere g is the acceleration due to gravity, z is the altitvde, and e is the
electronic charge. u{s) is an effective particle mass:

) = Z: z:.mxnxlka

i 2500 6T

where the sums are over all i species of patticlés, Zi is the degrae of
ionization (~1 for electroms), mi_is the mags of the i“th species, o, is
the concentration of the i’th species at eltitude z, Ty is the temperature
of the i“th species, and ky is Boltzmann”s constant. Since the effective
mass is of the order of the ion mass, the fzeld as given above is quite
emall and has little effect on the probe operation as described in this
chapter,

The Debye length is a characteristic length parameterizing the responae

of a plasma to an imposed potemtial, If a potential is impoaéd at a point




in the plasma the particles rearrange themselves to cancel the resulting
field, When equilibrium is reached the plasma exhibite a local field in the
neighborhood of the imposed potential. This field decreases expomentially
with distance from the impoged potential, in contrast to the inverse square
decrease of a point charge’s field in free space. In the absence of

negative ions, Poisson”s equation in one dimension gives:

2

d”V
— m =(1/e Je(N. - N )
dxz ° + €

where e is the electron charge, V is the potential, € is the permittivity

of free space, N, is the positive ion demsity, and Ne is the elactron

+
density. The presence of negative ions would replace He by Ne + N_
where N_ is the negative ion demsity, Chen (1965) shows thay if the
positively charged particles are much heavier than the negatively charged

particles, then

where Vo ie the imposed poteniial with respect to the plasma, and h is the
Debye length defined, in rationalized unitse, as

h o= (eokbre/nee"')“z | | (2.1)
where Te is the electron temperature, and “e is the ambient electron
concentration, At points located a few Debye lengths from the perturbing
potential the field is small. It is important to note that charge
neutrality does not hold within a few Deb e lengths of the imposed
potential. It is this net charge which shields the rest of the plasma from
.fha imposed potential. The charged region is often referted.to-as the
plasma aheatﬁ. Care must be taken not to visualize the sheath as a sharply
bounded layer outside of which the field does not exist. The Debye length

only characterizes the exponential decrease in the field,

e

s
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To caiculate the Debye length it is necessary to find the electron
temperature and the electron demsity., A number of techniques are available
for meassuring electron density, which may be considered & well-known
paraneter. Given a distribution of velocities for electroms or ions it may
be possible to apply a Maxwellian distributiom, defining an electron or icnm
temperature., For low collision rates these two temperatures could be quite
different from each other and that of the neutral atmosphere, Unfortu-
nately, direct measurements of electron temperature using Langmuir probes
(Banks and Kockarts, 1973; Zimmerman and Smith, 1980) are obtainable only
above 100 km, Below this height, conventional Langmuir probe theory fails
and electron temperature measurements mﬁst be obtained in other manners.
Due to the high neutral concentration and high collision rates in the D
region it is assumed that the ion and electrons asre in thermal equilibrium
with the neutrgl atmosphere (Hill and Bowhill, 1976). Neutral temperatures
in the D region range from approximately 180 to 220 °k (U.S. Standard
Atmosphere, 1976), Thus Debye lengths ranging from 1 to 10 cm may be
expect.ed in the D region. |
2.3 Langguir Probes in the D Region

Langmuir probes provide a simple.method of measuring charged particle
densities in the D region. This simplicity, unfortumately, is
counterhalénced by a rather complex theofy. A general probe theory does not
exist for all atmospheric regions, and useful results may be obtained only
under certain restrictive assum@tions. This section describes the basic
theory of probes in a plasma and the applicability of the theory to the D
region. A more complete description of Langmuir probes is available in Chen
(1965). | |

In the basic operation of a Langmuir probe an electrode is inserted

v,
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into tlic plasma and a potentisl imposed. The potential is swept repeatedly
over 8 wide range, and the induced current is measured as a function of
potential, the rocket body acting as an electrode for the return current.
S8uch an arrangement is termed a bipolar probe. Figure 2.1 shows a typical
I-V characteristic for a probe, At V,» the plasma or space potential, the
probe potential equals that of the plasma. No sheath forms about the probe
end the piasma is undisturbed. The observed current is entirely due to the
thermal migration of charges in the plasma. Since an electron mase ie many
crders of magnitude less than an ion“s, the electron thermal velocity is
much greater than the ion”s (for equal ion and electron temperatures). This
results in a net electron curremt into the probe. To induce zero current
the probe potential must be lowered, accelerating positive iomns and
retarding electrons. At Vf, the floating potential, the sum of the
electron and ion currents adds to zero. Alternatively, if the potential is
raised above Vs the positive ions are retarded and the electrons are
'accelerated. For potentials much greater than the plasma peotential the
current is due totally to the thermal electrons (region A in Figure 2.1),
For potentials below V, the current is totally due to pqsitiye ions
(region C in Figure 2.1). The slope of the curve in region B gives
information about the electron and ion temperatures. It is important to
note that an ieolated conductor in s plasma aseumes the floating potential
(Chen, 1965). A satellite or rocket in a plasma assumes this potential.
All measurgments of probe potential are thus made with réapect to_Vf.
Moreover, these measurements must zccount for the plasma sheath which
naturally accompanies a conductor not at the plasma potentiél._
Quantitative predictions of the I-V behavior of a spherical probe may

be mede for an ideal plasma of electrons and positive ions with Maxwellian
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Figure 2.1 I~V characteristic for a Langmuir probe.
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distributions. From Smith (1965) the number of electrons collected per unit
area by 8 probe at the plasma potential is
Jg = Nev /4 (2.2)
where Ne is the electron concentration, ;; is the electron mean
velocity, and je is the average electron current density. For a
Maxwellian electron velocity distribution
o 1/2
v, = (8k,T /m.) (2.3)
where T, is the electron temperature, k, is the Boltzman constant, and
m_is the mass of an electron, A similar analysis applies to positive

ions. A comparison of the two current densities for equal iemperatures

5o l3; = (aym )2 (2.4)
where ji is the ion current and mg is the ion mass, For NO%*, a common
ion in the D region, this ratio is 235. It is then quite justifiable to
approximate the measured current as due to electrome only. This
approximation becomes even better when the probe is above VB and positive
iong are repelled from the probe., If the electron mean free path, Le’ is
much greater than both h and ap, the probe radius, then Smith (1965) shows
that for electron retarding potentials (V < VS) the electron current is

j=Jj, exple(V-V )k T.] (2.5
independent of probe shape. A probe operating under these conditions is
said to be operating in the collisionless regime. For electronm accelerating
potentials on a emall sphgricallprobe (h > ap)

3 = 501+ ev=Y ) T ] (2.6)

Both relations give j proportional to Ne_for ponstant Te' This property

is esgential in justifying the fine structure experiment to be described in

Section 2.4. From these relations it is theoretically possible to derive

R N e P N . - N S F P - NI et s EERELL e e e st Ae o
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electron density, electron temperature, and average ion composition.

There are a pumber of restrictions on the use of the above relationms,
Many of these restrictions are met in the D region, given due attention to
the experimental apparatus, First, it must be assumed that the current
drawn by the probe does not affect the plasma, Given the high electron
velocities in the D region, any dearth of electrons created locally by the
probe current is quickly replenished by diffusing electroms. Equation (2,3)
numerically gives

= 3, 1/2
v, = 6.21 x 10° T,

m/sec

or approximately 10° m/eec in the D region. Second, photoemission of
electrons at the probe surface can interfere with current messurements.
Smith (1965) finds that photoelectrons in the F region limit electron
density measurements to altitudes less than 10006 km, It is assumed that
this effect is absent in the D region.since nuch of the hard solar radiation
is attenuated by the atmoephere above. Third, it must be assumed that the
contact potential (the bias appearing between the probe and rocket body when
the internal circuitry shows no potential) remains constant over the
altitude range under study. Such a bias might be caused by the dissimilar
metals in the probe and rocket body (Smith, 1965). Fourth, the telemetry
systenm and any radio propagation_experiments must be designed such that they
do not excite any plasma resonances near the probes.

Two important conditions do not hold in the U region. First, the above
relations, equations (2,2) through (2.6), assume that the negative current
is totally due to electrons. However, below 90 km negatiye ions are present
in sufficient numbers to disqualify this assumption. BSecond, the above
analysis has not taken collisioms into account. If the Debye length is

larger than or of the order of the electron mean free path (h > Le),

T
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then collisions can occur in the sheath, disrupting the free movement of
electrons traversing the sheath to the probe. Such a free-fall condition is
necessary to derive equatiom (2.6) (Chem, 1965), If the condition L  >>
ap is violated then collisions can occur in the region close to the probe.
This region can only receive electrons from that portion of all 47 stera-
dians not subtended by the nearby probe. The anisotropy prevents the
formation of the Maxwellian velocity distribution necessary to derive
equation (2.6). Due to the large variation of-LE, h, and other parameters
in the D region, it is not possible to derive general relations between
measured current and electron density. HKowever, Smith (1969) suggests that
the relationship is a simple proportipaality, allowing the current to be
calibrated by other experiments, thus extending the useful range of the
Langmuir probe into the D region.

The measured current is also affected by the rocket”s high speed,

typically on the order of 1 km/sec. This is comparable to the mean positive

ion velocity (from equation 2.3 Not at 200° has -; = 664 m/sec) in the

D region but is far less than the mean electron velocity. The effect on
positive ion current is discussed by Smith (1965) who gives the increase
expected in ion curremt as a function of rocket speed divided by ;;. For
example, at ;; = 664 m/sec and rocket velocity of 1 km/sec the No* ion
current is 1.6 times the value expected for a statiomary rocket. The
measured electron current is largely unaffected due to the great difference
between ;; and the rocket”s velocity. BSince the measured ion current
increases, the total measured current density decreaéea. However, the ion
current at zero rocket speed is so small compared to the electron current

that the offect is negligible. The rocket”s motion may also distort the

current if the probe passes through the rocket”s wake. Although the
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electrons have sufficient velocity to quickly refill the rarefied wake
region, presevrvation of the plasma charge neutrality demands that the plaema
respond to the rarefaction at the slower ion velocity. As the rocket spins
and preceeses, an extended probe may sweep through the trailing rarefied
wvake, modulating the measured current at the spin frequency. Finally, it is
important to discuss the effect of the supersonic nature of the rocket’s
velocity. BSuch high velocities are necessary in assuming a frozen
atmosphere during measuramments. At these velocities, however, a shock front
develops ahead of the probe. 'This region exhibits temperatures and
densities above those of the ambient atmosphere, It is found, however, that

the ratio of the neutral densities n depends only on the

ahock/nambiant

Mach number (Thrane and Grandal, [981) where n Kk is the neutral density

shoc

in the shock front and n is the neutral density in the ambient

ambient
atmosphere.

2.4 DC Operation of a Rocket—Borme langmuir Probe

In the previous section it was found that exact formulase for elecvron
deneity versus current do not exist for D region measurements., Mechtly et
al, (1967) describe an experiment to calibrate the current. Since
collisionless regime theory does not hold in the D region, a potential sweep
of the probe gives questiomable resnlts for temperature and other
quantities. The probe is therefore operated at a fixed potential,
sacrificing {emperature data but gaining altitude resolution. This dc¢ mode
is particularly useful in discerning any fine structure in electron demsity.
These irzegularities may be related to irregularities in the neutral
atmosphere, Buch a relationship found by Thrane and Grandal (1981) is given

here.

In the dec mode of opersation the probe is set at & particular voltage,

“.‘_._,,.AAA
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and the electron current versusé time is measured. The main assumption is
that the current is proportional to the electron density over ranges in
which the electron temperature is constant (Smith, 1969). The pxobe
potential is set high enough above the floating potential that the I-V
charcteristic is well into the linear part of the curve (Figure 2.1), above
thie plasma potential. The relation of current to electron concentration is
found by means of a propagation experiment (Mechtly et al., 1967). In this
experiment a circularly polarized wave at a few megahertz is launched from
the ground and received at the rocket. The differential absorption and
Faraday rotation of the wave are monitored as a function of height., These
quantities can be used to find the electron concentration as a function of
altitude. The two experiments work in tandem, the uncalibrated probe having
high spatial resolution and the propsgation experiment giving a coarse
proportionality between concentration and current.

Amplification of the ac component of the probe current can revesl
‘details of the fine etructure in electron comcentration. Such experiments
have been carried out by Prakash et al. (1980), Smith and Klaus (1978), and
Thrane and Grandal (198l). These irregularities can occur over ranges of
tens of meters to kilometers. To measure them one asumes that the
fluctuations are statistically statiomary, that is,

N, = WS>+ Aﬂe
where Ne is the electron concentration and ANE is the fluctuation about
the mean. If in addition the proportionmality between probe curremt and
‘electron density is steady over a particular altitude ranmge, then appropriate
pignal analyeis of the curreat alone yields ARe/<Ne> (= AL/<I>) (Smith
and Klaus, 1978) the percentage fluctuation. Due to the proportionality of

Ne to I calibration of the current is unnecessary. Thrane and Grandal
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(1981) extend the proportionality of Pehock t° and show that

ambient
percentage fluctuations in Ne are independent of velocity.
Further analysis is necessary to relate ANﬁI(Nﬂ) to An/<n> where n
is the neutral atmogphere concentration and 4m is the fluctuation about the
mean, <n>. The thermodynamic state equation
p = nkT

may be differentiated with respect to height in an ideal exponential

atmosphere, yielding

_l._.l,la
Hp Hn T dz

(2.7)

whare Hp is the pressure scale height and L ie the neutral demsity

scale height in the unperturbed atmosphere. The fluctuations are assumed to
occur cver altitude ranges small compared to the scale height., Thrane and

Grandal (1981) show that for adiabatic displacements of air parcels

[V S | 1
<n> Hn YHP

where Az is the vertical displacement off equilibrium, and vy is the ratio of
the specific heat of air at constant pressure to that at constant volume,
Let ting H, be the scale height of the electron concentration, Thrane and

Grandal (1981) find a relation similar to equation (2.8):

S SR WY
<N > ”e Yﬂp
-]
Thus
An_ (an)/nn - 1 AN,

L —
<n> (an)lue -1 N>

giving a relationship between electron density and meutral density

fluctuations. This analysis assumes that fluctuations are caused only by

T e R SRR
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vertical displacements of air parcels im which the adiabatically shifted
parcels’ densities differ from those of the ambient atmosphere. Ambient
properties in the horizontal direction are assumed to chaenge slowly with
respect to the vertical changes.

2,5 Sunmary

Rocket-borne Langmuir probes are capable of measuring a variety of
plasmas properties: electron and ion temperature and electron and ion
concentzations, Collisionless regime Langmuir probe theory applies above 90
km, Below 90 km, in the D region, the Langmuir probe may be used only to
measure electron density (when calibrated with an independent radio
propagation experiment) and fluctuations in electron density. Thire
fluctuations in electron concentration may then be related to fluctuations
in the neutrsl atmoephere. Homogeneous turbulemce is believed to be
responsible for creating the irregularitiss. Mechanisms for production and
a theoretical description of homogeneous turbulence are discussed in the

next chapter.
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3. THEORIES OF HOMOGENEOUS TURBULENCE

3.1 Introduction

Electron density fluctuations as a8 function of altitude in the
mesgosphere are often observed by both vadar and rocket techniquea. These
fluctuations have been observed to occur in layers with & wide range of
thicknesses ranging from the order of tens of meters (Rastogi and Bowhill,
1976) to the order of kilometers (Royrvik and Smith, 1984; Rottger et al.,
1979), Isotropic turbulence is generally believed to cause these layers
(Hocking and Vincent, 1982; Thrane and Grandal, 1981; Royrvik and Smith,
1984), Some radar investigatione have indirated very narrow angular spectras
for layers below 75 km (Fukao et al.,, 1980), suggesting very flat structures
with horizontal scales greater than one Fresnel zonme (Hocking and Vincent,
1982), making turbulence an unlikely mechanism for generating such layers.

In the absence of coincident rocket and radar observations and under the
limitations of the one-dimensional nature of rocket measurements, rocket data
cannot discern the exact three-dimensional nature of the layers. One can
only determine the consistency of rocket data with theoretical predictions. i
This chapter discusses theories £ homogeneous, isotropic turbulence, |
providing a base for comparison with experimental results to be preserted in

Chapter 5. A complete develonment of turbulemce is not intended in this

chapter. More extensive presentations arxe available by Tennekes and Lumley

(1972) and Lumley and Panofsky (1964).

Bection 3.2 giver a qualitative description of turbulence and its |
associated parameters ard measursble features, Bection 3.3 reviews various
sources of atmospheric turbulence, 8ection 3.4 discusses the Navier-Stokes

equations, the problem of their closure, and their spectral interpretatioa.
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Dimensional and similarity arguments &re presented in Sectiom 3.5, leading
to a power law spectrum for certain lenjth scales, Various theories for the
spectrum at high wave numbers are exemined in Section 3.6. Also, a scslar
spectrel model by Hill and Bowhill (1976) is applied to predict the type of
epectra expected from the rocket dat: in this thesis,
3.2 Qualitative Description of Turbulence

Turbulence ie often described as a cascade of energy from larger scales
to smaller scaleé. A turbulent flow may be visualized as consisting of
eddies of differemt sizes. The various scales of whirlpools and eddies seen
in a river dowustream from s bridge pier provide a graphic example of
turbulence., These scales may be divided into three regimes with respect to
their mechanisms of energy transfer. The first regime contains the largest
scales (e.g., size of the bridge pier) in the flow. They draw their energy
from instabilities in the mean flow. All smaller eddies find themselves in

the rate of strain field of these large eddies, and energy is transferred to

the emaller scales through vortex stretching (Temnekes and Lumley, 1972).

Tennckes and Lumley also show that most of the energy transferred to an eddy
comes from eddies with only slightly larger scales. Thus an energy cascade
develops, enexgy being continuously trancferred to decreasing scalg sizes,
In the second vegime the mean flow no longer contributes emergy to the
turbulent flow. Energy is transferred to the second regime only through
cascading from the larger eddies in the first regime. The cascading process
contimies, with little energy lost through ether processes. This regime is
often called thz inertial regime. fhe cascading energy eventually is
transferred to the eddies of the third regime, contsining the smallest
scales in the turbulent flow, At these small scales viscosity removes

significant amounts of enmexgy from the cascade. Decreasingly emaller scales

G
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receive Less snd less enexgy as it is removed by viscoue diesipation, This
regime iy often called the visecous range.

Fluids and fluid flows may be described by a variety of parameters.
Dynamic viscosity p, & constant for & fluid at & given temperature and
independent of pressure, gives the proportionality between a fluid flow’s
shear stress and rate of shear strain. Kinematic viscosity, v, a more
common term in describing fluids, is the dynamic viscosity divided Ly the
density of the fluid. Due to this dependence on density, the kinemati.c
viscosity is 8 strong function of pressure, in contrast to the dynamic
viscosity. Viscosity damps velocity shears, dissipating kinetic energy as
heat. D, the molecular diffusivity, describes the rate of diffusion of a

scalar contaminant in the fluid.

-g—%’- + Y9N = DN BRERY

where N is the scalar concentrscion and V is the velocity field. 1In analogy
to v, 8 fluid with & high D tnp{dly dissipates any large gradient in the
scalar concentration, Another useful parameter, the Schmidt number, may be
defined from v and D:

Sc = ‘2

Substitution of Ehe thermal diffusivity, «, for D gives the Prandtl number.
A fluid flow, described by a velocity field, may be characterized by
another set of paramsters. The Reynolds number is given by
Re = & (3.2)
where V is a characteristic velocity of the flow, L is a characteristic
lemgth, and v is the kinematic viscosity of the fluid, For flows with

Reynolds numbers higher than some critical value, the flow becomes unstable.

Thie number must be found experimentally and depends on the boundaries of

A
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the flow, For stratified flows, the Richardeon number, Ri, provides another

criterion for the creation of turbulence:

waz
Ri = 2 (3033)
(3v _/32)
o]
where
0w 2 a iY"_l)E_ .E. aT (3.3b)
B C.2 Bz

wg is the Brunt-Vaisala frequency, V, is the horizontal flow” s mean
velocity, = is perpendicular to the planes of stratified flow, ) is the
ratio of the specific heats, g is the acceleration due to gravity, ¢ is the
speed of eound, and T is the temperature., The negative of the temperature
gradient, - %%, is known as the lapse rate. Note that for sufficiently
high lapse rates the Brunt-Vaisala frequency becomes imaginary. The lapse
rate at which wg = 0 is known as the adiahatic lapse rate. An atmosphere
in adiabatic equilibrium assumes this lapse rate. A lapse rate greater than
the adisbatic lapse rate is termed a superadiasbatic lapse rate. If Ri is
less than unity the decay vate of turbulence is smaller than the generation
rate. Under such conditions a turbulent flow is sustained (Hodges, 1967).
However, Ri less than unity is not & sufficient condition for the creation
of turbulence in 8 laminar flow. For thie to occur Ri must fall below some
critical value Ricr' Using theoretical arguments Miles (1961) and Howard
(1961) propose a value of 1/4.
3.3 Socurces of Turbulence in the Atmosphere

A number of mechanisms are believed responsible for the creation of
atmospheric instabilities necessary for the geémeratiom of turbulemce. Two
important instabilities discussed here are the convective instability and
the Kelvin-Helmholtz instability (KHI)., Convective inatability is produced

by lapse rates greater than the adiabatic lapse rate. Such an inversion can
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be produced by large emplitude gravity waves altering the background
atmosphere. The KHI is produced in unstable wind shears characterized by a
Richardson number less than Ri .. This instability may also be induced in
a etable wind shear by interaction of a gravity wave and h critical layer
within the shear. A detailed theoretical treatment of the two instabilities
isravailable in Chandrasekhar (1961). Measurements of the instabilities in
the atmosphere are reviewed by Gossard and Yeh (1980).

Convective, or Rayleigh-Taylor, instabilities are the result of a
vertical temperature gradient smaller than that of an adiabatic atmosphere.
If a parcel of air at position z and temperature T(z) is displaced
adiasbatically and vertically by Az it expands, acquiring a temperature T(z)
*r, 02 where r, = -g/cp, g is the acceleration due to gravity at height

z, and ¢_ is the specific heat of air at constant pressure. However, the

p
ambient temperature st z + 4z is T(z + Az). If this temperature is gteater
than T{z) +'FaAz. then the parcel is cooler and hence heavier than the
embient air, The parcel tends to return to its inmitial position, Overshoot
and subsequent oscillation of the parcel may lead to the excitation of a
gravity wave. Jonversely, if the ambient temperature is less than T(z) +
TaAz, the parcel continues to rise. The convection of these parcels

creates turbulent eddies as the parcels move through the ambient atmosphere.

Convective instability is more generally described as the result of an

atmosphere in which w 2

B is negative. In such a situation e is

imaginary, and a displaced gir parcel does not oscillate but continues to
.accelgrate awvay from its initial position. A negative whz also forces

the Riahardqan mumber below zero. A negative Richardson number thus
indicates_convective ingetability, The-B?unt-Vaiaala frequency may be more

conveniently defined in terms of potential temperature. The potential

.
s
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temperature, 0, of an air parcel is that temperature the parcel would assume

if adiabatically compressed or expanded to a pressure of 1000 mb,

y=1
o = TRy
wvhere P, the pressure, is given in millibars, The Brunt-Vaisala frequency,

in terms of potential temperature, is
NB:!:%%% .

The lapse rate at which - 3; = 0 ig the adiabatic lapse rate. An
atmosphere in adiabatic equilibrium has -%% o 0 for all z, Under such a
condition 8 displaced air parcel neither osacillates nor accelerates. If
- %% is greater than zero, a superadiabatic lapse, then mB2 is
negative. Thus the sign of the potential temperature gradient determines
stability,

Such convective instabilities carn result from gravity wave growth. As
a gravity wave propagates upward' its amplitude increases with decreasing
density to preserve energy flux. The wave eventually reaches an altitude
where the increased asuplitude significantly modifies the background
atmospheric parameters, producing regions of superadiabatic lapse rate.
Hodges (1967) calculates the Richardson number as.modified by a
monochromatic gravity wave and finds negative values at periodic intervals
for sufficiently large wave amplitudes, These planar regioms of comvective
instability propagate with the wave, are normal to the directiom of wave
propagation, and océut at the minima of the wave”s wind shear.

The KHI is produced in regions of high vertical shear in a horizontally
stratified flow. If Ri falls below the critical value, it is energetically
feas%ble for vertical perturbations to overcome the stabilizing effect of

decreasing densgity with altitude. The perturbations grow and thae vorticity
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accumulates in billows forming a wive pattern. The billows continue to draw
vorticity from the mean flow, eventually forming what are often referred to
as cat’s eyes, The growth of the cat’s eyes from the billows is numerically
simulated by Patniak et sl, (1976). The eventual breakdown of the cat”’s
eyes produces turbulence, Gossard et al, (1970), using a high resolution
radar, show the development of KHI in the lower atmosphere and the resulting
turbulence.

An initially stable flow can develop KHI through interaction of a
gravity wave and g critical layer in the flow. A critical layer exists in a
shear at that level where the flow’s velocity equals the horizontal
component of the incident gravity wave”s phase velocity (Booker and
Bretherton, 1967). The analysis of Booker and Bretherton (1967) models the
interaction using a monochromatic wave incident upon an inviscid, adiabatic,
Boussinesq fluid., The flow has an initial Richardson number everywhere
grester than 1/4. Booker and Bretherton (1967) find that the gravity wave
is strongly attenuated upon passing through a critical layer and that the
wave“s energy is deposited into the flow without loss through the generation
of turbulence or othexr dissipative processes. Géller et al. (1975), using a
similar model, show that the deposited energy modifies the flow such that
tegions of dymamic instability are produced. However, the medel is
incapable of.showing_the.detailed initial development of the instability.
Such a detailed simulation is described by Fritts (1978), Neither
simulation can:demonstrate the final turbulent breakdown of the Kelvin~

Helmholtz instabilities.

3.4 Statistiqal and Spectral Approach

8o far only a qualitative description of turbulence haz been given,

Due to the chaotic and three-dimensional nature of turbulence, a mathematical




treatment requires the use of random variables and statistical methods.
Despite this statistical treatment the Navier-Stokes equatione for fluids
have no closed form solution, requiring the addition of observational and
physical arguments, Such argument. are most easily applied to the power
spectra of the velocity and advected scalars, S8impler spectra may be
derived with various statistical assumptions, This section shows the
development of these spectra and the restrictions on their use.

As with the kinetic theory of gases, turbulence requires a statistical
approach. Although the motion of a fluid in a turbulent velocity field is
in theory a classically deterministic process, the amount of information
required to treat it as such makes a determinietic approach wholly
impractical. The statistical treatment essentially examines a quantity”s
fluctuation about a mean and the spatial dependence of averages of those
fluctuations. The quantity might be a velocity component, a tempefature, or

the density of an advected scalar ii a velocity field. For example, the i“th

'velocity component Vifg,t) and a scalar’s density N(x,t) can be decomposed

into a8 mean and a fluctuation:
V.(x,t) = U;(x,t) + u;(x,t) ' (3.4a)
N(x,t} = N(x,t) + n(x,t) (3.4b)
where .
.Ui(!,‘at) = <vi(§at)>
N(x,t) = AN(x,t)>
and < > denotes an ensembls average. The calculated averages of most

interest are the covariances of the fluctuations., These may be written as

<ui(§,t)uj(§',t)> (3.58)
<n{x,t)n(x',t)> (3.5b)

€
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To make practical measurements of the covariances sowr> assumptions must
be made. First, a moving probe (e.g., rocket bornme Langmuir probe) is often
used to measure scalar demsity along a path. Due to the finite velocity of
the probe the turbulent field evolves during the time of the measurement,
To make meaningful spatial covariances the turbulence must be assumed to be
"frozen" during this time. For example, a rocket travelling at 1 km/sec
treverses a turbulent layer 1 km thick in 1 second. Radar measurements
(Rottger et al,., 1979) indicate that turbulent layers have lifetimes on the
order of minutes., The frozen-in assumption is hence quite applicable to
rocket measurements of such layers. A second assumption, ergodicity, must
be made from a practical point of view, This allows for replacement of the
ensemble averages by spatial or time averages. In the rocket experiment
described above, spatial averages are used, As a different example,
measurenents of wind turbulence using a fixed, ground based hot wire
anemometer would replace the ensemble average by & time average.

Under the conditions of statistical homogeneity and statistical
isotropy the covariances may be simplified. Statistical homogeneity,
hereafter referred to as just homogeneity, implies that the probability
density of the fluctuatiﬁnﬂ is not a function of position., In addition, the
averages <V.> and <> do not depend on position. Under this condition
<ui(§,t)uj(§'t)> can only be a fgnction of r = x” - x. Due to the
inherent inhomogeneity of the large energy producing scales, such an
assumption can only approximate an actual flow (Batchelor, 1953), and the
less restrictive, more realistic, assumption of local homogeneity is
necessary. Under this condition homogeneity is restricted to small-dc&le
variations. The covariance <ui(§.t)uj(§’.t)> is then independent of

poeition only for small r. Statistical isotropy, a refinement of




P bl 85 Bt LT - ARG R T

|

e s PR R T ~ L
27

statistical homogeneity (Kolmogorov, 1941), implies that there is mno
preferred direction in the velocity or scalar field. As with homogeneity,
the qualifier "statistical"” is implied, It is quite conceivable that a
field be homogeneous yet anisotropic, For example, a field may have a
homogeneoue preference for u, components over “j componente, thus
representing a homogeneous anisotropic field. Isotropy, like homogeneity,
is most realistically applied at small scales. This condition is called

local isotropy. When both isotropy and homogeneity hold, the covariances of

. Kolmogorov (1941) claims that for flows

u; and n depend only on k - x°
with high Reynolds number a wide gap in k-space exists between the large and
smaell eddies. Under such conditions Kolmogorov hypothesizes local isotropy
for the smaller scales. Tennekes and Lumley (1972) make a similar claim by
examining the interdependence of different sized eddies. They find that

although the strain rate field of a large eddy induces anisotropy in passing

energy to & small eddy, at sufficiently small scales the anisotropy is

‘temporary, and the small eddy”s mean state is isotropic.

Fluid flows may be described by the Navier-Stokes equatione:

3V 1 2 ( y
et VeIV = - E-YP + WY 3.6a

where V is the velocity field, P is the pressure, and p ix the fluid
densify. Equation {3.6b) states that the fluid is incompressible. As
mentioned earlier, turbulent flows must be described statistically.
Decomposing Vi and P into Ui + u; &nd P+p evaluﬁted at x and t,

assuming the tensor summatiom notation, ard applying the incompressibility

condition gives

_ 2
at axj p axi axjaxj

=aspepazmim "
.
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Multiplying by “q(E"t) and averaging gives an equation in terms of
<uq(§',t)ui(§,t)>, <uq(§'t)ui(§,t)uj(§.t)>, and other terms.
At:empting to solve for the triple correlation using the Navier-Stokes
equations leads to an equation involving a fourfold correlation. This
continued predicement is referred to as the closure problem, Various
statistical assumptions may be made to allow for an approximate numerical
solution. Some of these methods are reviewed by Tatsumi et al. (1978).
Hill and Bowhill (1976) point out that even under isotropy and homogeneity
the equations only reduce to 8 single equation involving two unknowns: the
double and triple correlations. It should also be noted that the diffusion
eguation

é%-+ YN = DY’
is coupled to the Navier-Stokes equations, resulting in a closure problem
for scalar turbulence also.

It is often phvsically enlightening to take the spatial Fourier
transform of the covariances. The resulting spectrum facilitates comparison
of the energy at various scales. The following spectral formulaec are taken
from Hill and Bowhill (1976). The three-dimensional velocity fluctuation
power spectrum, assuming homogeneity, is given by the Fourier transform of
the covariance:

1
(27)

3 JJJ <u(g, t)sulx + r.t)> exp(-ikezr) dr

Physically, this gives the strength of a velocity fluctuation at the wave
vector k. BSince |§| = 27/ ) the spectrum also is a measure of fluctuations
with scale size ). This spectrum can be averaged over all directioms to
give the three-dimensional emergy spectrum, coumonly referred to as just the

energy spectrum:
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E(k,t) = 1 [J 2 da, 1 <u(x,t)sulx + r,t)> exp(-iker) dr
2 end T T

(3.7)

where dQ, is the solid angle in k space and k = ]y . The factor of 1/2
normalizes the spectrum such that E(k,t) integrated over all k gives (1/2)
<ueu>, called the turbulent kinetic energy. For a given magnitude k;
E(k,t) gives the average energy per unit mass per unit wave number. An
analogous three-dimensional spectrum also may be constructed for scalar

quantities, Assuming homogeneity, the three-dimensiomal scalar power

spectrum and its spatial average, the scalar spectrum, can be vritten ae

dr
S(k,t) = JJJ ——:;15 <n(x, t)n(x+r,t)>exp(~-1k+xr) (3.8a)
(2m)

Plk,t) = II kz dﬂk IJJ L 5 <n(x,t)n(x + r,t}> exp(-iker) dr
(2m) (3.8b)

Like the velocity energy spectrum, I'(k,t) is an average over all directions
of k., I(k,t) is normalized so that

n®> = r Plk,t) dk
Physically, P(k.t;)givea the strength of the scalar magnitude”s £luctuation
at a given wave number, whereas 8(k,t) gives the same for a particular wave
vector. The units of I'(k,t) are mean squared density per unit wave number.
The two types of spectra, three-dimensional scalar power spectrum and its
spatial average, the scalar spectrum, serve different functions in studying
furhulence. The three—dimenuional scalar power spectrum plays a major role
in the theory of.coherenc scatter of radiation from atmospheric turbulence.
The scalar spectrum is for the most part a theoretical tool for describing

spectral enmexgy in a field, Yet s third spectrum is needed to interpret in

- §itu experimental data.
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Many in situ measurements of turbulence are made in only one
dimengion with a rapidly moving probe. The turbulent field”s spatial
variation may be derived from the probe”s temporal signal and speed relative
to the field. However, for a measured variation of kl' wave vectors k
with |k| > k) and k not parallel to the probe’s path alias as k;

variations. One-dimensional spectre are defined as follows:

1 o
¢(kl,t) = ;—f_:xl<ux(x,y,z,t)ux(x+x1,y,z,t)>exp(~iklxl)

or _ ) (3.9a)

1
¢(kl.t) = '-; I-:xl ux(x+xl,y,z,t) exp(—iklxl)

for the x velocity component and

l 1+ -]
W(kl,t) = J-:xl<n(x,y,z,t)n(x+x1,y,z,t)>exp(-—iklx1

or ,  (3.9b)

W(kl,t) =

1m
- I dx, n(x+xl,y,z,t) exp(-iklxl)

()

for the scalar spectrum. The second forms of equations (3.9a8) and (3.9b)
are usually chosen for computational ease. In the isotropic case these are

related to the energy spectra by

: * E(k'c) 2, 2
¢(k1,t) = Ik'-—jt—- (1- klfk ) dk (3.10a)
1
¥k, t) = fk I'—‘—'E;C-Q dk (3.10b)
1

¥ ig the k space sum of I'(k,t) over all k > k). To obtain ¥(k,t) each

I'k,t) value is weighted by the ratio of the wave vectors from k to k + dk

”contributing to the aliasing and the total number of wave vectors ending on

a sphere of radius k., The energy relationship, equation (3.10a), is given
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by Hill and Bowhill (1976). The above equations are valid only under

isotropy. Consequently if the turbulent field is locally isotropic only for

kl > ky“, themn the equations apply only to that ramge. It should be
noted that for I(k,t) or E(k,t) proportional to a power of k, the related
one~dimensional spectrum has the ssme charateristic power law. If such a
pover law is limited to a particular range of k, then the observed break
points in the one-dimensional spectrum differ from those in the energy
spectrum, Figure 3,1 compares a scalar spectrum and its corresponding
one-dimensional spectrum calculated from equation (3.10b),

Under the rearrictions of homogeneity and isotropy, the Navier-Stokes

equations yield the following for E(k,t) and I(k,t) (Hinze 1975):

BEEE) - g (iy0) = 2k %E (K, t) (3.11)

—9-11-(—';-;51 - T(k,t) = -«2Dk21"(k,t) (3.12)

where T (k) and T(k) are called the spectral transfer functions. T (k)
has the units cnergy per unit mass per unit wave nuwber per unit time and
represents the loss cf energy by viscous dissipation at z scale size k.

Metaphorically, it is the leakage in the energy cascade described in

Bection 3.2. T(k) has the units of mean squared scalar fluctuation per umit

vave number per unit time, It too represents dissipation of spectral

content at a wave number of size k. Two important parameters may be defined

from the spectra I'(k,t) and E(k,t). These are the energy diesipation rate

and the mean squared scalar disaipation rate x:

X = 2D I K20 (k, £)dk
. ‘0

e = 2v Im K2E(k, t)dk
0

¢ measures the rate at which kinpetic emergy is diessipated by viscosity.
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Bimilarly, x measures the rate at which mean squared fluctuations are
dissipated by molecular diffusion. There quantities aid in the dimensional
analysis of the turlulence spectrum, |

3,5 Dimensional Analysis_and Turbulence Spectra

Applying local homogeneity and isotropy, dimensiinal and similarity
argumente leads to a power law form of the energy and scalar spectra im the
inertial range. The range over which this dependence applies is derived in
a similar fashion, Spectra derived by Batchelor (1959) and Batchelor et al.
(1959) for wave numbers above the inertial range are also presented here,
Models of & scalar flux function, defined from the spectral transfer
function T(k), are examined and lead to refinements of the simple power law
spectra.

In addition to local isotropy and homogeneity Kolmogorov (1941)
introduces ¢ third concept: local similarity. Under local similarity, if
therz is a large wave number range between the scale sizes at which the
turbulence is created and the scale sizes at which viscosity becomes
iﬁportant, then the spectrum for large k is independent of the detailed
morpiinlogy of the large scales at which energy is drawn from the mean flow.
Such a wide range of scales is present in flows with high Reynolds number
(Rolmogorov 1941). Due to this independence turbuleace produced by
different sources in different media is found to be comparable at scales
where local similarity holds, The comparison is subject only to certain
parameters of the flhid and the flow, For example, a knowledge of these
similarity parameters allows for comparison between turbulence generated in
the ocean and turbulemce generated in the atwmosphere although the media,
energy sources, and scales are quite different. Local similarity is obeyed

under local statistical equilibrium (Batchelor, 1953). This requires that
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the time evolution at small scales proceed much more rapidly than at large
scales, Fquilibrium is established at small scales with negligible influence
by the large-scale evolution, Small-scale structures may then be studied in
general without considering th: detailed time evolution at the large scales
or the particular method of the turbulence”s generation.

Before deriving the various spectra, a few characteristic wave numbers
need to be defined. As mentioned previously, turbulent energy cascades from
larger scales to smaller scales, the scales being divisible into three
regimes with respect to their methods of energy transfer, The concept of an
inertial range may be extended to scalar fluctuations. The analogous regime
is called the convective range: scalar fluctuations therein are not
dissipated by diffusion. Similarly, the diffusive range is analogous to the
viscous range. kd, called the inner scale or Kolmogorov scale, is a
measure of the wave number at which viscosity begins to significantly damp
the velocity fluctuations. kd identifies the boundary betwee: the
inertial and visnsous ranges. kb' sometimes called the Batchelor wave
number, defines a scale beyond which diffusion damps out the scalar
concentration f£luctuations which are already subject to viscous damping.
kc, referred to as the Obukhov~Corrsin wave number, defines a scale beyond

which diffusion effects are important in the absence of viscous damping.

ky = (epdHl/e (3.13a)
ky = (e/vp?)H/4 (3.13b)
kc = (€/D3)1/4 (3.13¢)

Batchelor (1959) shows that k. applies only when D >> v and that kp
applies when v >> D, It should be noted that scalar fluctuations may
persigt for wave numbers beyond kd when V >> D, 1In that case ky >> k.

Asguming similarity, isotropy, and homogeneity to apply locally,

e i ) - e e et ¢ o



35

Kolmogorov (1941) hypothesized that the structure of turbulence should
depend only on the similarity parameters ¢ and v. Using dimensional
analysis Tennekes and Lumley (1972) find that

E(k) = emu“f(k/kd)
where m and n are constants, f(k/kd) is a nondimensional fumction, and
k; depends only on ¢ and v, Given the units for v, &, and E(k) the only
possible choice for m and n is 1/4 and 5/4,respectively. This equation
5)114

implies that for all flows E(k)/(ev should yield the same

dimensionless curve f(klkd) st scales subject to homogeneity, isotropy,

and similarity. Kolmogorov (1941) further argued that in the inertial range

viscosity is unimportant. E(k) then depends only on ¢. This condition

5/4

requires that f(klkd) cancel out the v constant in front, leading to

the energy spectrum

E(k) = acl3y-3/3 k << ky

where o is 8 nondimensional constant called the Kolmogorov constant, k <<

ky is a8 reminder that this spectrum applies only for k for which viscosity

is unimportant., It should aleo be noted that the above development assumes
locally a steady state turbulence field, eliminating the t dependence from
E(k,t}.

By similar methods Boston and Burling (1972) use the similarity

parameters X, vV, £ and D to find the form for the scalar spectrum:

(k) = xs'3’“v5/4W(v/n,k/kd)

where QK\VD,k/kd) is & dimensionless function. An inertial range may be

found by disallowing effects of V and D.

Pk) = pye 3573 k << smaller of k, and k_

d
where B is a dimensionless constant,

The shape of the scalar spectrum beyond the inertial range has been
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studied by Batchelor (1959) and Batchelor et al, (1959). ‘The relation
between D and v affects not only the cutoff wave numbers kd' Kps and
kc but also the spectral shape and slope. For D << V the scalar
fiuctvations can occur at wave numbers beyond kd in spite of the loss of
kinetic energy through viscous damping. Batchelor (1959) shows that this
leads to a scalar spectrum

P(k) = - xo—lkrlexp(Dkz/c) (3.14)
where ¢ is an average strain rate estimated by Batchelor (1959) to be

o = - .5(e/m? (3.15)
The argument of the expoment in equatiom (3.14) then becomes -2(klkb).

Thus for k, << k <« kb the scalar spectrum varies as k-l. This range

d
is termed the viscous—convective range since viscosity dominates the energy
gpectrum and diffusion is unimportant in the scalar spectrum, The range k >
kb is called the viscous-diffusive range eince both viscosity and diffusion
affect the spectra. In the case D >> v Batchelor et al. (1959) predict

P(k) = (1/3) a x EZ/BD-ak']'?/3 k, <<k << k.
This range is called the inertial-diffusive range since the scalar
fluctuations are damped but viscosity has little effect. The upper k range
where both viscosity and diffusion become important is called the
viscous~diffusive range just as in the D << v case. These ranges are
illustrated in Figure 3.2, The middle séectrum gives a hypothetical energy
spectrum., The expected scalar spectra for v >> D and v << D are shown above
and below the energy spectrum. For D >> v the viscous-diffusive range ig
not shown. This range is nbt considszed by Batchelor et al. (195%)., Due to
the very steep slope in the inertial-diffusive range extremely low values of

T(k) wwe expected in the viscous-diffusive range. Relevant measurements and

studies are not abundant. In the case DA v the viscous and diffusive
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effects occur at approximately the seme wave number, This situation is not
addressed by Batchelor (1959) or Batchelor et al. (1959). 1Its discussion
here is deferred until the presentation of the model by Hill and Bowhill
(1976) in Sectiom 3.6.

As an alternative to directly estimating r{k), the spectra may be
derived by modelling T(k) and working from the steady state equation (3.12),
Models of T(k) leading to scalar spectra are extensively reviewed in Hill
and Bowhill (1976). Three of the models are presented here. To model T(k),

the spectral flux function F(k) needs to be developed.

_ﬂ.w o T(k)

e (3.16)

Physically, F(k) describes the rate of the spectral emergy cascade through a
scale size with wave number k., Its units are mean squared scalar per unit
time. In the inértial range the flux should be approximately comstant and
equal to X. Since viscosity is unimportant, T(k) should be quite small,
T(k) should increase considerably in the diffusive regime,

Using results for spectral flux from Corrsin (1964), Pao (1964) shows

that
P = k7% expl(-3/29) te/ie )/ K<<k, (3.17a)
-] 2
Tk) =« k = exp[(-D/&"0)k") k »> kd (3.17H)

where % and &° are nondimensional constants and ¢ is the strain rate given
by equation (3.15). If v >> D and % is assumed to be of the order of unity,
then k. >> k;, making the exponential term in equation (3.17a) close to
unity for k << k,, This results in the familiar -5/3 power law for the
inertial range. For 2°= -1 equation (3.17b) is of the same form as Batch-
elor’s, equation (3.14), predicting an exponéntial decrease with k above

kb. I1f, however, D >> v then equation (3.17a) predicts a rapid decrease in
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in I'(k) for k << k.. This decrease with k is steeper than the =17/3 power
law predicted by Batchelor,
For high Pr or Sc in the viscous-convective and viscous~diffusive

ranges a model by Kraichnan (1968) predicts the scalar flux function to be

4 3

() = % k 2 (k™2 7))

wvhere A is independent of wave number but increases with Reynolds number.
Assuming a steady state in equation (3.12) gives (Mjolsness, 1975)
r(k) = 5(x/ME"1(142)exp(-2)
vhere
z = (aoo/mt/2
Mjolsness (1975) also derives the corresponding one-dimensional spectrum
¥le) = SG/M) kTt exp(-2,)

If 2 << 1 the scalar spectrum is approximately

r(k) = K+

the dependence found by Batchelor (1959) in equation (3.14), For large k, Z
also becomes large, causing an exponential decrease im the spectrum,

Hill and Bowhill (1976) also analyze a model by Howells (1960) which is
applicable for all Pr and £c. They find that the proportionality

T « k3 o+ o )83
. c

holds in the inertial-convective range with C and C” constants, C° is taken -

to be small since the spectrum should appreach a ~5/3 power law for k <<
ky as k becomes small although still in the inertial range. The viscous-
convective and viscous-diffusive range spectra agree with the form of

Batchelor”s, equation (3.14), For D > v the model predicts an inmertial-~

diffusive spectrum of the same form as equation (3.17a).

T
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In summary, all models agre¢ on the -5/3 power law for k well inside
the inertial range. For v >> D most models predict a scalar spectrum pro-
portional to k'l for kd << k << kb' The models differ substantially
for the inertial-diffusive range (D << v), Batchelor et al., (1959)
predicting a power law and other models predicting sn exponential decrease
above kc' None make solid claims to the spectral behavior for D #% v, 1
This is unfortunate as such conditions are found in the middle atmosphere,

3.6 Estimation of Bpectral Form in the Middle Atmosphere Using a Model by
Hill and Bowhill (1976}

The scalar spectrum models given so far say little about the spectrum

between ranges and apply only for the asymptotic cases of v >> D and v << D,

Bill and Bowhill (1976} have devised a spectral model, based on Corrsin

(1964) and Pao’s (1964) results for F(k) to describe the spectrum for all J o
spectral ranges and all values of Sc and Pr. This section presents Hill and o
Bowhill”s (1976) model with some clarifications added by Hill (1978}. A
spectral ;hape for middle atmospheric turbulence, based on estimates of Sc
for those altitudes, is also predicted.

The Corrsin-Pao model determines the scalar spectrum by modelling the
scalar flux as (Corrsin, 1964):

F(k) = s(k) (k)

vhere s(k), called the flux rate, is estimated by Pao (1964) to be

s(k) = 2 /3573 K << K (3.18a)

d

s(k) = 270k k> ky . (3.18b)

This applies to both the cases D >> v and v >> D (Pao, 1964). Pao describes

s{k) physically as the rate that a spectral element is tranferred across k.

Since I' (k) is a measure of spectral content at k the product of I'(k) and
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s(k) is dimensionmally the spectral flux F(k), as Corrsin”s hypothesis
states, Hill and Bowhill (1976) hypothesize that the flux rate dependence
on k varies from 5/3 to 1 in the k range close to kd' The scalar spectrum
then also has & smooth transition, A characteristic wave number k* loceted
betwveen the inertial-convective and viscous~-convective ranges may be

defined:

3 1nfI(k)]
3 [1n(k)] K = k*

for v >>» D

n
'
wie

Although the corresponding one-dimensicnal scalar spectrum has a shape simi-
lar to the three~dimensional scalar spectrum, it is found that kl* < k¥
where kl* is the transitional wave number for the corresponding one-dimen-
sional spectrum, To form B(k); and subsequently I'(k), Hill and Bowhill
(1976) form a nondimensiomal wave number expression,

K = In(k/k*) (3.19)
and create a parameter

$(K) = -4/3 + 1/3 tanh{ak) (3.20)
which varies from -5/3 to -1 over the range of all k. The value of a deter;
mines the rate at which $(K) changes from =5/3 to -1, s(k) is then proposed

to be

K
s(k) = s(ko) exp [- [K ¢(y)dy]

o

vhere kj is the lowest wave number in the inertial-convective range. To

find I(k), F(k) is formed by multiplyizy s(k) and I'(k) and substituting into

the steady state version of equatiom (3,12), giving & differential equation

for (k). Taking ky to approach zero, Hill and Bowhill (1976) find the

solution to be

_F(k) = xge~/3 (ew) =73 I K)
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where T(K) is given by

ln[F(K)] = --% K + %E In[2 cosh{aK)]

K
- £ J 3302 cosn(ay) 1Y/ ay

g = 28k/k )43
k*/k, and a sre assumed constant over all v/D (Hill, 1978). The model
makes no assumptions about D“s relation to V. Although k* is defined above
for D << v, Hill (1978) points ocut that for D >> V, k¥ represents the
transition wave number between the inertial-diffusive and the viscous-diffu-
sive range. Figure 3,3 shows the calculated normalized one-dimensional
epectra as a function of kllk* for various values of the psrameter £ where
symbols with subscript 1 are associated with the corresponding one-dimen-
sional spectrum @(Kl).

It is of interest to estimate the type of spectra the above model
predicts for middle atmospheric parametexs, Since only a general shape is
desired, the important parameter to estimate is £. Many experiments have
made measurements of the comstant Bl. Experiments reviewed by Hill and
Bowhill (1976) give a range centered about 0.6, They estimate that £ =
531/3, making B of the order of umity. Values of k, and ky vary with
altitude._ Three parameters are necessary to compute kc and kd: v, £,
and D, As an example, at 80 km D is 1.0 x 10% co?/sec (Heicklen, 1976},
and v is 7.15 x 10'1 mzleec (U.5. Standard Atmosphere, 1976). Since v is
so close to D (i.e., 8c & 1), k, end k _ are quite close together. k¥,

‘the transition wave number between the inertial- and viscous-diffusive ranges
ie between these two numbers, making k*lkc close to wnity. Thus £ is of
the order of unity, independent of e, Referring to Figure 3,3 it is observed

that Hill"s model predicts neither a well-defined inertial-diffusive or
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viscous-convective range. The slope of the spectrum should be -5/3 up until
a rolloff at the characteristic k value of kd or k., whichever is smaller.

Comparisons to actual data from the University of Illinois rockets are given

in Chapter 5.
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4. FINE STRUCTURE EXPERIMENT AND METHODS OF DATA ARALYSIS

4,1 Introduction

To measure the spectrum of el¢ctron demsity irregularities in the D
region a Langmuir probe is mounted on a sounding rocket and flown through
the ionosphere. The fine structure experiment flown by the University of
Illinois is described by Klaus and Smith (1978), All flights have carried
this same configuration, with two exceptions described in Roth (1982b). 1In
the fine structure experiment the probe current, assumed proportional to the
electron density over regions of constant electron temperature, is measured
as & function of time, Rapid curvent fluctuations superposed upon the
relatively slowly varying mean current are sometimes observed, GSignal
processing on board the rocket converts ihese current fluctuations to
ANeI<Ne> where AN is the fluctuation in electron density about a mean
value @« >, This signsl is then telemetered to ground and recorded on an
FM tape recorder. Amalog preprocessing of these data helps to distinguish
possible ionospheric irregularities from interference csused by other
experiments on board the rocket, _ Eﬁﬂ

Once suitable regions of interest have been established, the analog data
are digitized for further processing. The digitizer consists of am B-bit A/D
peripheral card controlled by an Apple II microcomputer., The data are
digitized at a 5 kHz.rate and stored on floppy disk. Each data file con-
tains 25000 bytes, or 5 seconds of data. These data are then transferred
to a CDC Cyber msinframe computer. After additiomal formatting the data are
segmented and Fourier analyzed with a FORTRAN program called SPECTRA. This
progran estimates the power spectrum of a data segment by caleculating the

square magnitude of the discrete Fourier transferm (DFT) of the segment,
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It should be emphasized that these spectra represent a one-dimensional
spatial spectrum, where isotropy is assumed in converting the temporal
variations to epatial variations. The theories of turbulence described in
Chapter 3 are concerned with three~dimensional spectra, and theoretical
one~dimensional spectra are derived therefrom only under the aseumption of
isntrspy. Since no iudependent measure of isotropy is usuvally made duvring
the rocket experiments, spectra calculated in thie chapter cannot be
directly compared with the theoretical one-dimensionsl spectra; they can at
most demonstrate consistency with theory.

Section 4.2 describes the University of Illinois fine structure
experiment. Section 4.3 discueses three possible sources of noise and
distortion. An analog preprocessing method is presented in Bection 4.4,
Section 4.5 discusses the digitizing of the analog data. Section 4.6
describes postpréceasing on a mainframe computer.

4.2 Fine Structure Experiment

The fine structure experiment carried out by the University of Illinois
uses essentially the same instrumentation as described by Klaus aund Smith
(1978). A Langmuir probe is extended from the rocket body into the
ionosphere and held at 4,05 V above the potential of the rocket body. The
probe may be either a single electrode at the rocket nose or a pair of
electrodes in parallel extended from the sides of the rocket. As the rocket
passes through the ionosphere, spatial fluctuations in electron.
concentration are observed as current fluctuations in time, The mean
current is usually in the range of 1078 to 1072 A in the D region, A
plot of current versus height for the 28 May 1975 Peru flight is shown in
Figure 4.1, The current is processed by a logarithmic electrometer and an

ac amplifier to give the percentage fluctuation in electron density,

~
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8N,/ >, as & function of time. This signal, along with data from

other experiments on the rocket, is telemetered to the ground and stored omn

an FM tape recorder,
A block diagram of the system ip shown in Figure 4.2, For fine |

structure measurements the sweep generator is held constant at 4,05 V, the |

sweep mode being activated to collect electron temperature data. The log
electrometer produces a veltage proportiomal to the logaritba of the input
current, Its output is 0.80 V per decade of probe current. Klaus and Smith
(1978) investigate the frequency response of the logarithmic electrometer and
find that it acts as a8 low pass filter, The upper 3 dB point is determined
by measuring the rige time of the output in response to a current input
consisting of a square wave superposed on 8 dc current. At an input dp
current of 10"'8 A and 8 square wave adjusted do produce a 50 mV output

swing, Klaus and Smith (1978) find the upper 3 dB frequency to be 2.5 klHz,

Furthermore, Zimmerman and Smith (1980) find that the 3 dB frequency
incresses with an increasing dc current component. Since currents greater a__:
than 1078 A are expected i the D region (Figure 4.1), the frequency _;

response of tho electrometer should extend at least up to 2.5 kHz, The e

output of the electrometer is fed to an ac amplifier. This has a measured

upper 3 dB frequency of at least 1 kHz and a gain of 100, Frequency
response measurments véry between devices. Measurements of three amplifiers b
are presented in Appendix I, In addition, the amplifier has a single pole
" roll-off below 50 Hz, ensuring that the amplifier is not saturated by low iffﬂ

frequency noise expacted at the spin frequency of the rocket (4 to 8 Hz),

To predict the output of this system it is aAssumed that the input
current, I, may be decomposed into a mean and a fluctuating component:

I = <I> + AT
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Sweep Log AC
. | ’ ——
Generator Electrometer Amplifier veo
L.angmuir
Probe
Figure 4.2  Block diegram of dc probe and fine structure experiment.

Sweep generator is held at 4.05 V for electron demsity
fine structure measurements (Klaus and Smith, }978),
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where < > represents a time average. This current is assumed proportional
to the electron denmsity as described in Chapter 2. The electrometer output,
VLE' is

Vg = 0.80 log { <I> + AT ) .

Conversion to the natural logarithm allows expansion of Vig to

- in (<I>) In (1 + AT/<I> )
VLE 0.80 1n 10 + 0.80 In 10

If the fluctuations in current are amall compared to the mean current, then

the output may be approximated by

] 1o (<I>) . _0.80 AL
Vie = 980 190 *Tn 10 <> (4.1)

The constant component of VLE disappears due to the ac coupling of the ac

amplifier following the logarithmic electrometer:

_£.80 AL
VAC 100 12 10 <I> (4.2)

where VAC is the ac mmplifier output. Since current and electron density
are assuved to be proportional, this is equivalent to 35 ANe/<Ne>, a
0.35 V deviation for a 1.0 % deviation in electrun density.

The data signal on the rocket is telemetered to the ground and stored
on analog tape. Following the ac amplifier the ANe/<Ne> signal is
centered about zero volts. This is stepped up to 2.5 V to conform to the 0
to 5 V input swing allowed by the voltage controlled oscillator (VCO) of the
.telemetry system, In the IRIG FM telemetry system employed by the
University of Illinois the VCO output frequency varies by *+ 7.5 Z for a
# 2.5 V input, The modulation index is 5., Each experiment on the rocket
is assigned an IRIG channel. As an example, Table 4.1 gives the IRIG

channel assigmment for each experiment on the 28 May 1975 Peru flight. The




Table 4.1 IRIG telemetry channel assignments for 28 May 1975 Peru flight.
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Channel Center Information Signal

Number Frequency* Bandwidth**
g (kHz) (Hz)
19 93 1395 RF probe, output
18 70 1050 Tip probe, fine structure
17 52.5 790 Receiver #1, modulatiocn
16 40 600 Receiver #2, modulation
15 30 450 Tip probe, log output
14 22 330 Boom probe, log ocutput
13 14.5 220 Boom probe, linear output
12 10,5 160 RF probe, monitor
11 7.35 110 Receiver #1, AGC
10 5.4 81 Receiver #2, AGC
9 3.9 59 Magnetometer
*deviation = *7,5%

**modulation index = 5
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channel assignment depends on the desired bandwidth. Channel 18 is usually
selected for the fine structure experiment, giving a bandwidth of 1050 Hz,
The various channels are combined and transmitted to ground on a 240,2 MHz
carrier. The telemetry ground station strips off the 240,2 MHz carrier and
records the raw FM signal (containing all channels) on one track of an FM
tape recorder. This track is usually called the "combiner" track. In
addition to this data signal the ground station simultanecusly records a
number of other signals on different tracks. To aid in the digitization of
the data & 100 kHz reference signal is recorded r 1 a separate track.
Another track, called the "etation multiplex" (labelled MUX), contains two
time codes for absolute determination of elapsed time on the tape, a voice
record of the flight progress, aﬁd miscellaneocus data from instrumente
monitoring the telemetry signal,

4.3 Sources of Noise and Distortion

There are a number of noise sources whiﬁh must be identified to
properly analyze the daté. A periodic modulation of the fine structure
signal at the rocket spin frequency is often observed. Axial spin provides
stability for the rocket., The spin frequency, nearly constant throughout a
particular flight, is generally from 4 to 8 Hz., This is most accurately
measured by an on board magnetometer measuring the compoment of the earth”s
magnetic field along the axis of the magnetometer, The strength and
character of the effect on the fine structure sigmal varies from rocket to
rocket, and even during the same flight the effect slowly changes with time.
Figure 4.3 shows a segment of data exhibiting severe spin contamipation,
The most probable source of this noige is the passing of the Langmuir probe
through the rarefied wake of the rocket, This is borne ocut in the

observation that spin noise shows up strongly in flights using boom probes
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as opposed to nose tip probes. Figure 4.3 exhibits a spin frequency of
3.984 Hz from a rocket equipped with boom probes. The existence of two
oscillations every spin period is consistent with the suggestion that the
booms are passing through the wake of the rocket: in one revolution each of
the two booms passes through the wake once, It is assumed th;t this spin
noise is an added component to the fime structure signal. Modelling the
noise as band limited and consisting only of hammonics of the spin frequency
opens the possibility of filtering out the spin noise,

A second source of noise is the distortion added by the logarithmic
electrometer, In the analysis leading to equatioms (4.1) and (4.2) it is
aspumed that Aﬂe/<ﬂe> << 1, Smith and Royrvik (1985) discusses the
generation of harmonics by the electrometer for a sinusoidal input. He

finds that the strength of each harmonic falls off rapidly as the order of

the harmonic increases. The signal expected from the probe contains & large

range of frequencies. If the power spectrum obeys a power law, k", and

has a large spectral index, =-n, then harmonics from the lower frequencies
could be comparable to the strength of the spectrum at high frequencies,
This would lead to overestimation of the epectrum at high frequencies,

Smith and Royrvik (1985) concludes that for a power spectral index of -7 or
greater the distortion is negligible. S8pectra with smsller spectral indices
are not cxpected from the fine structure experiment., However, spectras with
exponential decreases as described in Section 3.5 could indeed be affected
by this.distortion.. Fortunstely, most of the information extracted from the
spectra resides in the wave number ranges below the exponential decrease.
Efforts to obtain information from the higher frequency ranges of a steeply
sloping spectrum wust not overlook the possibility of distortion.

A third source of noige is interference from other experiments on board

e ————— L
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the rocket, The fine structurxe esperiment is especislly susceptible to
voltage transients that temporarily change the potential between the rocket
body and probe. Other probe experiments on the rocket which use the rocket
body as an electrode can generate such transients, Transients can also be
generated by mechanical vibrations of the rocket. As an example, Table 4.2
gives various events during a flight that could lead to electrical noise.
Door ejection and boom erection refer to the insertion of the boow-mounted
Langnuir probes into the ionosphere. These events are quite violent and
vibrations can persist for about a second. An aural replay of the fine
structure signal exhibits surprisingly distinct metallic vibrations
dorresponding to these events, Fortunately, the noise from these various
sources of interference is easily identified, and although it is much
stronger than the first two sources of noise described, its transient nmature
only causes isolated data dropouts as opposed to persistent contaminpation
of the signal,
4.4 Analog Preprocessing

An analog processing method developed by Klaus and Smith (1978) allows
for easy identificatioh of irregularities and a rough estimastion of their
spectra. The basic purpose of the system is to plot im various frequency
bands the rms amplitude of the fine structure sigpal as a function of time.
A block diagram is shown in Figure 4.4, The FM tape recorder plays back the
combiner track, and the tumable discriminator decodes the desired channel.
The 100 kHz reference signal is passed through a discriminator with a center
frequency at 100 kHz, Tape speed fluctuations cause fluctuations in both
the data signal and the recorded.reference'signal. The 100 kiiz
discriminator produces & voltage proportional to the tape speed fluctuation,

Adding this difference signal to the discrimimator output prevents

T T T T T ‘




Ll AN W AL B . e

56
Table 4.2 Flighi log from 28 May Peru flight,
Nike Apache 14,532
Site Chilca Peru !
Date @ 28 May 1975 (Day 148)
Launch Time : 20 26 Universal Time {nomimnal)
|
15 26 Local Standard Time '
20 25 : 59.7 (actual) ]
Second Stage Ignition 20 26 : 19.5 UT iy
: !
40 kft Baroswitch 20 26 : 21.0 UT f
70 kft Baroswitch 20 26 : 27.0 UT
Door Ejecticm (61 km) 20 26 ; 50.6 UT L
Boom Erection (62 km) 20 26 : 51.1 UT
Probe Sweep On (128 km) 20 27 : 41.1 UT P
70 kft Baroswitch Off 20 32 : 50.1 UT I
40 kft Baroswitch Off 20 32 : 54.5 UT
Loss of Signal (Splash) 20 33 : 07.7 UT
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fluctuations in tape speed from distorting the amplitude. The delay of the
100 kHz discriminator is matched by a 75 jsec delay added to the data line,
preserving synchronicity between the tape speed compensation and data
signals, Due to the FM nature of the tape, jitter in the tape speed causes
jitter in both amplitude and phase of the output. The phase jitter is
uncorrectable by snalog means and must simply be tolerated as 8 source of
noise. The compersated signal is then fed to a bandpass filter. The
frequency bandwidths are chosen to increase geometrically (e.g., 10~20 Hz,
20-40 Hz, 40-80 Hz, etc,), This gives spectral content at evenly spaced
pointe on a logarithmic scale. The bandpass filtered signal ie fed to an
ac-to~dc converter and the resulting rms voltage is recorded on a chart
recorder, A time code is simultaneously plotted. The result is a plot such
as that in Figure 4.5, from the 28 May 1975 Peru flight. The frequency
bands are converted to wave number bands by multiplying the frequercies by
2m/v where v is the rocket speed,

This plot gives a broad view of the data, allowing for quick compari-
sons between structures at different altitudes., The regularly spaced spikes
seea clearly in the 0.18 - 0.36 rad/m band result from another probe
measuring plasma resonmance. The spike at 70,3 km is attributed to
interference from an usknown source, Magnification of the raw fine structure
data at 70.3 km is shown in Figure 4.6, A gimilar extraordinarily large
signal swing occurse at 84.8 km. The apparent extended bandwidth of this
spike observed in Figure 4.5 arises from clipping of the signal. Since the
28 May 1975 Peru flight is an equatorial flight the beginning of the
electrojet is visible at 90 km, The regions of most interest are the
altitudes between 75 and 80 km and the irregularity at 87.5 km. Once the

regions of interest have been identified from this broad overview, detailed

A
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inspection may begin at the proper altitudes.
4.5 Digitizer

To perform further analysis the analog data must be digitized. Prior
to the development of the present digitizer system all digitization was
carried out at the NASA fscility at Wallops Island, Virginia., S8ince the
turnaround time for the digitization varied from weeks to months, a
digitizer system based on an Apple II microcumputer was dev.:loped at the
University of Illinois capable of an 8-bit resolution, a digitizipng rate of
5 kHz, oand & continuous record size of 25 kilobytes. Thie eystem soclves a
number of problems with the old system, The Wallops Island system returns a
digitial tape in a format compatible with a PDP computer. To use these data
on the CDC mainfriame this tape must bié converted to CDC format with a
conversion program (McInerney and Smith, 1984). The program is quite lengthy

and conplicated, requiring the user to have a fair degree of familiarity with

the CDC Cyber tape system at the University of Illinois, To obtain data from

the convertes tapes, another Cyber program must be run to contiol the
mounting and playback of the tapes. The data generated are in a rather bulky
format, making disk storage expensive.

In the new system the turnaround time for digitization is of the order
of days, and the data are stored convéniently on floppy disks rather than on
fapes. The data are transferred to the Cyber via a telepiivne modem.
Essentially, the new system shifts control of the data to the user, avoiding
complications and delays. Familiarity with the analog tape system is
neuessary to the exteﬁt reeded for the analog processing described in
Section 4.3, It is not suggested that the new system is éuitable for all
applications; it is most efficient when handling small amounts of data. The

time overhead needed for the old system can pay off in studies requiring.

e e B £, et ‘
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large quantities of continuous data. In smaller projects this overhead may
dominate the expended effort, making the microcomputer system a more
attractive choice.

A bilock diagram of the digitizer system is shown in Figure 4.7. The
recorder plays back the FM combiner tr ck, the 100 kHz reference, and the
two time codes, The EMR tunable discriminator selects thn appropriate data
channel and corrects for tape speed fluctuations as described in Section
4.4. 1In addition, the discriminator has a built~in low pass filter
necessary for reducing the cross talk from adjacent data channels, As
suggested by Table 4.1, this filter ie set to 1050 Hz for IﬁIG channel 18.
The tape speed compensated data are sent to the A/D card for processing by
the Apple computer. To assist in sampling data at regular intervals with
respect to the tape, the 100 kHz reference signal is converted to a logic
signal by a8 phase locked loop circuit. The Apple repeatedly counts a fixed
number of these logic pulses and takes a sample, resulting in a constant
samﬁling'rate.

Use of the Apple internal clock for timing is svoided for a number of
reasons. First, fluctuations in tape speed would cause the data to be
sampled at irregular intervals with respect to the tape time frame. The 100
kHz reference exhibits the same fluctuations as the tape, providing a clock
syrchronized to the data. Second, the Apple 1.023 MHz clock is not regular:
every 65th pysec an approximately 140 nsec delay is added for videoscreen
contrcl. Cimtinuing with Figure 4.7, to ensure that the digitization starts
at a precise time, a 1 pulse per second (1 pps) clock signal is obtained
from the Datum time decoder, giving a positive transition exactly on the
second. This transition is used to trigger the digitization at a precise

and reproducible instant.
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The A/D card is made by Mountain Computer and is capable of taking a
sample every 9 usec, The card can sample data on any ome of 16 input
channels. The input lines are bundled in a standard 26 wire ribbon cable.
To minimize high frequency noise on this unshielded cahle, the cable is
wrapped in copper tape, The analog to digital converter on the card accepts
an input in the range -5 to 3 V, converting this to a digital value in the
range 0 to 255, The -5 to 5 V range is not adjustable, so any scaling of
the input must take place external to the card. Software controlling the
card is straightforward. Each of the 16 inputs is treated as & memory
location in the Apple peripheral card I/0 space (addresses $C080 - SCOFF).
1f the card is in slot §, chkannel X may be read from address $C080 + S * $10
+ X. Each time the address is queried the card begins another sample. Two
read commands are thus required to take a valid sample: one to start
sampling and one to load the result into the Apple,

Interfacing of the timing signals to tﬁe Apple is performed by a 6522
Versatilé Interface Adapter (VIA) on a peripheral card made bj John Bell
Engineering. A system diagram of the VIA is shown in Figure 4.8. The card
occupies 16 bytes of address space in the Apple II peripiieral card ROM space

($C100 - $C7¥F). The various functions on the 6522 can request servicing

- from the Apple by setting a bit in the interrupt flag register (IFR). Each

bit in the IFR has a corresponding bit in the interrupt enable register
(1ER)., Preconfigured high, this corresponding bit emables a set bit in the
IFR to pull the Apple IRQ line low, initiating an interrupt.

The first timing signal required by the digitizer is a trigger to begin
taking data. This is derived from the I'ﬁps signal from the time decoder,
attached to lime CAl of the VIA., By configuring the peripheral control

register (PCR) bit:O high any positive transition on CAl sets IFR bit 1.

U Ry R
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IER bit 1 is low, disabling IFR bit 1 from pulling Eﬁa low. The Apple,
waiting in & loop which continually examines the IFR, exits the loop when
IFR bit 1 goes high, starting the sampling,

The second timing signal needed by the digitizer is an interrupt every
20 cycles of the 100 kHz reference (for a 5kHz digitizing rate). There are
two timers on the Vii: TIMERL and TIMER2, TIMER2 is used to count the 100
kHz reference pulses from the phase locked loop circuit, the output of which
is attached to line PB6 of the VIA, Each negative transition causes the
counter value in TIMER2 to decrement by one. When the counter value
decrements from $0000 to $FFFF, TIMER2 sets IFR bit 5. Since IER bit 5 is
set high, the VIA pulls Eia low. The starting values of the counting
regiasters are written by the interrupt service routine to the TIMERZ low
latch and high counter byte, The second act, writing to the high counter
byte, causes the VIA to place the low latch value into the low counter byte,
to clear IFR bit 5, and to start TIMERZ counting pulses. Appropriately
refilling the counter every interrupt cycle results in an interrupt request
every 20 reference cycles,

A flow chart of the digitizer software ie shown in Figure 4.9, The
system consists of a BASIC program named DIGITIZER CONTROL end a collection
of assembly language subroutines called DIGIAUTOSTART.0BJO (complete listing
in Appendix II.1). DIGITIZER CONTROL, listed in Figure 4.10, uses POKE
statements to pass various parameters to DIGIAUTOSTART.OBJO. These include
the number of samples to be taken and various addresses. DIGIAUTOSTART.OBJO
is assumed to begin at $8000. However, a NOP instruction is placed at
$TFFF, and line 470 calls this address, This odd starting point is due to
an idiosyncrasy of the Apple II that prevents a BASIC program from calling

address $8000. The first subroutine called by DIGITIZER CONTROL (called in
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Figure 4.9 Digitizer software flow chart.
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DIGITIZER CONTROL

THIS PROGRAM CONTRCLS THE ASSEMBLER PROGRAM DIGIAUTOSTART.OBJO.
TO SAVE MEMORY SPACE, REMOVE ALL REMARKS BEFORE LOADING,

D$="": REM D$ EQUALS CTRL D.

POKE
POKE

POKE
POKE
POKE
POKE
CALL
REM

CALL

-32754,47: REM CHANNEL PARAMETER = A/D SLOT * 16 + AfD INPUT
CHANNEL.

~32755,16: REM HIGH BYTE OF BUFFER ADDRESS. LOW BYTE ASSUMED ZERO.

-32752,168: REM LOW BYTE OF NUMBER OF SAMPLES TO BE TAKEN.
-32751,97: REM HIGH BYTE OF NUMBER OF SAMPLES.
-32748,128: REM HIGH BYTE OF INTERRUPT SERVICE ROUTINE.
32767,234: REM PUTS A NOP AT $7FFF.
32767: REM CALLS DIGIAUTCZTART.OBJO AT $7FFF. FIRST

ROUTINE INITIALIZES THE BUFFER AND PERIPHERAL CARDS.
=32757: REM CALIS THE WAIT LOOP TROM WHICH INTERRUPT OCCURS.

PRINT D$;"BSAVz R###{##TYP@XXS,A$1000,L25000"

END

Figure 4,10 Integer BASIC program DIGITIZER CONTROL.
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lire 470) configures the VIA and creates a buffer to hold the sampled date.
Before returning to DIGITIZER CONTROL, the subroutine waitse for the positive
transition on line CAl. Once triggered the subroutine starts the counter on
the VIA and returns to DIGITIZER CONTROL. The nmext subroutine called is
simply a wait loop (called in line 480), When the VIA counter finishes
counting down, IFR bit 5 is set, pulling JRQ low. An interrupt service
routine takes 8 sample from the A/D card, restarts TIMER2, places the sample
in the buffer, and returns to the wait loop. 8ince five seconds of data are
needed, the buffer is 25000 ($61A8) bytes long. When the final sample is
taken the interrupt service routine does not return to the wait loop but
rather to DIGITIZER CONTROL. The buffer is then saved on floppy disk in
binary format.

Once the external hardware of the digitizer system is set up, running
the program only requirus loading the appropriate files into the Apple and
starting the sampling at the desired time. The two files needed are
.DIGITIZER CONTROL and DIGIAUTOSTART,.0BJ0. Omigsion of address parameters in
loading DIGIAUTOSTART.0BJO causes the file to be loaded at the default
address $8000, Loading at another address necessitates changing the POKE
statements of DIGITIZER CONTROL. An alternate starting address also
requires the re. isembly of the assembly code of DIGIAUTOSTART.OBJO. A
memory map showing the addresses used by the digitizer is given in Figure
4.11. To take a 5 second data segment at, for example, 50 seconds into a
flight, the snalog tape is started about 20 seconds earlier. When the time
code tranalator displays 49 seconds DIGITIZER CONTROL is run. Digitization
then starts at exzactly 50 seconds, the next positive tramsition on CAl.
After five seconds the sampling stops end the buffer is writtem to disk.

The file name has the following format: "R" + rocket number + file type +
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$800 LOMEM
FREE RAM
81000
BUFFER
(25000 BYTES)
871A8
FREE RAM
88000
DIGIAUTOSTART.
0BJ@
' 88112
FREE RAM
$9540
DIGITIZER
CONTROL

$9600 HIMEM

Figure 4.11 Memory map for digitizer software.
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"@" ¢+ elapsed flight time from launch to first sample + "8". For example, a
data file for the 28 May 1975 Peru flight (code number 14.532) at 50 seconds
into the f£light would be labelled R14532DATR505. This name must be
substituted into DIGITIZER CONTROL before the program is run,

To achieve the highest resolution possible the data signal is amplified
to the threshold of saturating the +5 V input range., This amplification
is provided by the EMR discriminator. To calibrate the amplified data the
digitizer is run with a frequency generator substituted for the FM data from
the tape recorder. A block diagrem is given in Figure 4.12, Since the
frequency generator does not suffer from tape speed fluctuations, the 100 kHz
reference is disconnected from the EMR discriminator and the delay is
omitted, eliminating tape speed compensation. The frequency generator
mimicks the output of a VCO. Stepping the frequency generator from 7.5%
below to 7.5% above the center frequency of the VCO simulates stepping the
VCO input from O to 5 V, The digitized values for a number of frequencies
are taken with the A/D system, treating the generatof as a data signal,
This provides & calibration between VCO input and digitized output, Since

the frequency generator does not exhibit tape speed fluctuations the tape

speed compensation is disabled.

4.6 Data Postprocessing

The final process in the data analysis is transferring the binary files
from floppy disk to the Cyber mainframe computer and performing spectral
analysis., Properly transferring and formatting the data is a three-step
process, The binary files must first be converted to text files., Next,
these files are transferred to the Cyber via a 300 baud modem. Finaily, on
the Cyber the dat: must again be reformatted to simulate files created from

Wallops Island tapes. Once the files are in the proper format they may be
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submitted to SPECTRA and other progreams, SPECTRA estimates the power
spectrum of an irregularity by processing the discrete Fourier transform
(DFT) of a number of data segments, The estimate ie then compensated for
the filtering impowed by the experimental apparatus, The corrected estimate
is plotted on a high resolution graphics terminal. The spectrum may be
stored vhile others are calculated, Further processing can calculate
averages, differences, and smoothing of the stored spectra., In an attempt
to reduce the effects of spin noise, a simple moving average can be applied
to the data before spectral analyeis, In some cases this allows for a more
confident estimation of the spectrum at lower wave numbers,

To transfer a binary data file to the Cyber it must first be converted
to a text file. The binary file is stored in memory wstarting at $1000. An
APPLESOYT program called TEXTIFY (listing in Appendix II,.2), stored at 5800,
converts segments of 20 bytes inio text strings 60 characters long. BSingle
and double digit numbers are padded with zeros. These strings are collected
into a text file and stored on floppy diek. Due to Apple DOS limits on file
sizes, one binary file, 25000 bytes or 99 disk sectors, must be converted to
two text files with a total of 302 sectors. |

These text files are then transferred to the Cyber via a telephone
modem. The transfer is supervised by a set of programs called APPLE TERM
(Version 3.0), written by Neil Rumy for the Computing Services Office at the
University of Illinois. The motem used is a 300 baud Micromodem II made by
D.C. Hayes and Associates, Inc, It may be inserted into any of the
peripheral card slots in the Apple. Booting APPLE TERM loads various
subroutines and asks the user for the telephone number of the Cyber hookup.
Once connected, the Apple ucts as a Cyber terminal. The user opens a

destination file fcr the text files using the Cyber”s ICE editor. A useful
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file name format is "D" + the last three digits of the flight number + "A" +
the elapsed seconde from launch corresponding to the first datum in the file
(e.g., D532A50). After opeming the file the insert mode is invoked, The
Cyber displays & line number and a question mark, the insert mode prompt.

To start the transfer the user types <ESC> T. APPLE TERM then takee control
of the keyboard, opens the specified text file, and sends the data. Each
line of the ICE file receives one record of the text file, Upon completion
of the transfer the_uaer saves the ICE file.

At this point the ICE file is still not in the format acceptable to
many programs developed for rocket data analysis. These accept the Wallops
Island format, 1In this format, diagrammed in Pigure 4.13, the data are
segmented into records, each with 1251 bytes. Each record consists of one
real byte giving the starting time of the record, followed by 1250 integers
divided into 250 framea. A frame has five channels, each of which is
assigned to a different experiment. This channel arrangement facilitates
synchronous comparisons between two or more experiments., Thus each record
contains 250 pamples from a single experiment., If data from only a single
experiment are needed, this format is rather uneconomical in memory usage
when compared to the ICE files,

Conversion of the ICE files to the Wallops Island format requires a
simple FORTRAN program called APL2CDC (complete listing in Appendix I1I.3).
Progran APL2CDC reads in data from the ICE file, inserts the proper time
bytes, packs each data point into a frame with four filler points, and
writes out the constructed records to a8 new file, The unformatted write
statement used writes out a8 whole 1251 point array at omce., Other programs
reading this file must use a corresponding unformatted read statement with

an identically sized input array. Files created with unformatted write
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Figurz 4.13 Format of a data record using the Wallops Island format.
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stat-ments cannot be edited by ICE. Due to the agproximately fivefold
increzase in file eize, limits on the Cyber system force the new file to be &
direct access file, as opposed to the original indirect access file. The
only major difference between the two file types 1li2s in the way the Cyber
stores them. In a FORTRAN program, both file types are read from and
written to in the same manner. Since the Wallops Island format entails an
appreciable increase in storage costs and required memory, long-~term data
storage iz most efficient using the ICE files.

Once in the appropriate format ths data may be Fourier amalyzed and the
pover spectrum estimated. This is accomplished with an interactive FORTRAN
progran called SFECTRA (complete listing in Appendix II.4). A flow chart of
SPECTRA is shown in Figures 4.14 and 4.15, SPECTRA, written by Bruce Tomei
(in Roth, 1982b), employs a power spectrum estimation method developed by
Welch (1967). 1Ir. this method consecutive, possibly overlapping,
periodograms are averaged together. An intréduction to various metbods of
power spectrum estimation is available in Opperlieim and Schafer (i3/5).
SPECTRA requires access to twe software libraries available on the Cyber:
Internatiomal Math and Statistical Library (IMSL) and the Graphics
Compatability System (GCS) library of plotting routimes., SPECTRA first asks
a number of questions allowing the user to control the analysis. These
include the starting time of the data of interest, the number of data points
desired, and the DFT block length. Ths starting time is approximately knrown
from the analog preproceésing; A plot ¢f the digital daté'allows for an
even more.pteciae determination of a starting.point. Such plots are made by
a FORTRAN program called DATPLOT (complete listing in Apper -x IL.5). The
number of points to which SPECTRA is applieé is also determined ftom a

DATPLOT output. VFigure 4.3 is an example of a plot by DATPLOT. The time
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span of interest is multiplied by the digitizing rate to give the number of
points to be analyzed. This sequence of points may be divided into smaller,
possibly overlapping segments. It is these segments to which the Fourier
analysis is applied.

The chosen length of the DFT may either match or exceed an individual
date segment length, an inadequately long dats segment being padded with
zeros. When the data are segmented, the digital valucs are calibrated to
give values of ANe/<Ne>. A Hanning window is applied to each segment to
produce a better power spectrum estimate. The DFT of each windowed data
segment is found with a fast Fourier transform (FFT) routine in IMSL. The
squared magnitude of ths DFT times some scaling constants gives the power
spectrum estimate. To correct for the variocus filters in the rocket
expecriment, SPECTRA divides the spectrum by the theoretical transfer

function of the filters. This corrected epectrum is plotted using GCS

grapliics routires. The individual spectra are then averaged together to

give a best estimate of the power spectrum. The averaged spectrum may be
stored while a different averaged spectrum is calculated. Two spectra may
be stored at one time, |

A number of modifications to SPECTRA allow for twurther processing of
the spectra. The aim of these processes is to produce a better estimate of
the spectral index. First, two storeﬁ spectra may be averagad together,
This allows for the spectra. of twe noncbnaecuaive segments to be averaged.
Such an average may be pecessary to avoid a data segment flawed by intez-
férence. Second, the difference of two spectra may be calgulated. With
this function an estimate of the background noise power spectrum may be
aubtracted from another spectrum with boith signsl and noise. Third, a

spectrum may be smoothed by dividing the frequemcies inte groups whose size
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increases with frequemcy by a constant factor. This has the ef fect of
dividing a logarithmic frequency axis into equal segments. The correspond-
ing magnitudes in each frenuency range are averaged and plotted.

To study the effects of spin on the power spectrum, & moving average is
applied to the rawv data prior to spectral analysis, This proucess is per-
formed by a FORTRAN program called SPINFIX (complete listing in Appendix
11.6) which convolves an entire file of data points with a rectangular
window function. The window has height of unity and length equal to the
spin period, In the frequency domain this process transforms to multiplying

the power spectrum by sz

sinz(mT/2)/(mT/2)2, where Tp is the number
of data points in a spin period, T is the spin period in seconds, and w is
the angular frequency. The filtering action of the averaging necessitates
some winor changes to SPECTRA. Multiplying the calculated power spectrum by
(nfT/Tp)2 leaves a spectrum multiplied only by sinz(wa) vhere £ is the
ftequencyf This should eliminate strong peaks at multiples of 1/T, the spin
frequency. The power spectrum of the data in Figure 4.3 is shown in Figure
4,16, Figure 4.17 shows the power spectrum of the same data after SPINFIX
is applied. The FFT length is chosen to extend over at least one spin
period. Figure 4.17 shows a dramatic¢ reduction of spentral power in the
Lower frequency ranges. .
4.7 Summary

The analysis described in this chapter may be viewed as a series of
ref inementa toward the ultimste goal of estimating the power spectrum and
the spectral index. Irregularities must first be identificd and distin-
guished 7rom noise added by the éxperimental apparatus, The ideﬁtification
is achieved by the'analog processing system developed by Klaus and Smith

- (1978). This system also provides a rough estimate of the fine structure
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Figure 4.16 Specﬁrum of spiu noise before application of program SPINFIX.
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spectrum. Once interesting portions of the signal are identified, the data
may be digitized. Detailed plots of the digital data provide the exact
locations of irregulnrrities within the data record. These irregularities
are then subjected to digital snalysis. The resulting cpectrum has far
better resolution than that afforded by the analog amnalysis. Smoothing and
noise subtraction provide further ways of improving the spectral index

estimates.
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5. RESULTS

5.1 Introduction

Thie chapter presents some results of the analysis described in Chapter

4. Fine structure dats are examined from the nine daytime rocket flights
since 1975 that have carried the fine structure experiment, Possible

ionospheric irregularities are found with five of the niue flights, and

power spectra of the irregularities are calculated. Many spectra exhibit a

wave number range with a spectral index close to ~5/3, consistont with the
existence of an inertial range of turbulence. The slope and wave numbex
range of the best fit lines to the spectra are tabulated, Of particular
interest is the upper wave number extent of the best fit line. This limit
is compared to predictions made by Ractogi awnd Bowhill (1976),

Section 5.2 describes each rocket flight on which irregularities are
observedf A particular irregularity from the 28 May 1975 Peru flight ig
analyzed to illuastrate the analysi« procedure, Measured parameters of all
cbserved itregularitiée are tabulated. Section 5.3 discusses the results
derived in Section 5.2 and makes comparisons to the spectral model of Hill
and Bowhill (1976) and to the inertial vange predictions of Rastogi and
Bowhill (1976). Section 5.4 presents the conclusior that the observed
irregularities are consistent with those expected from atmospheric
turbulence,

5.2 Ohservations of Irregulsrities

The 28 May 1975 Peru f£light was launched from the Punta Lobos rocket

range at Chilca, Peru at 15 26 local standard time (LST). The coordinates of

the site are 12.5° 8 and 76.8° W. The prime objective of the flight was

to cbserve the equatorial electrojet, This site is particularly interesting
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gince the Jicamarca radio observatory is located only 60 km north of the
rocket range. The close proximity of the two sites facilitates coincident
rocket and radar messurements, More details of the launch operations and
\ flight are available in Klaus and Smith (1978), including comparison of
Langmuir probe eloctron density measurements to incoherent scatter
measurements taken at Jicamarca.

The fine structure data from the 28 May 1975 Peru flight, although
containing some interference, in general are of exceptiomal quality. There
is no discernible spin contamination since a nose tip probe was used.
Analog preprocessing produces the strip chari records shown in Figure 4.5,
The data are marred by interference spikes appearing every helf second,
attributable to an RF resonance probe on the rocket, Two isolated noise
spikes occur at 70.3 and 84.8 km, Their source is unknown, but the
shortness and strength of the spikes suggest they are due to interference.
Not so easily explained are the four fluctuations seen following the large
‘Bpike at 84.8 km. Examination of the digital record reveals no cbvious
common features between them. They cannot be attributed to spin since their
spacing is not exactly regular or close to the spin period. Aside from
thes? three groups of isolated noise epikes, the only other noise present is
the unavoidable noise due to the telemetry system.

The fine structure data reveal the presence of six irregularities
between 70 and 90 km., Table 5.1 lists their altitudes and vertical extent,
To illustrate the analysis process, the irregularity at 74.9 km is
congidercd here in detail. The top plot in Figure 5,1 shows a portion of
the digital record at 74.9 km. This represents the raw fine structure

signal without correction for the various filters in the experiment. In

particular the observed signal is not corrected for the low frequency

-~
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Figure 5.1 Upper plot shows portion of digital record from the
28 May 1975 Peru flight, Launch time at 15 26 (LST),
Altitude of the irregularity center is 74.9 km. Lower
plot shows the magnetometer output.
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attenuation from the ac amplifier. Low frequency components thus appear
de-emphasized. The upper independent axis gives relative distunce along the
flight path while the lower axis shows elapsed time from launch. The center
of the irregularity, at 900 m on the dictance scale, occurs at 74.9 km
altitude. Interpretation of the observed temporal fluctuations as spatial
fluctuations with scale sizes read directly from the distance axis requires
the assumption of isotropy. With this assumption, a temporal oscillation
with frequency f correaponds to a spatial oscillation with wave number k
given by
k= 2Znf/v (5.1}

where v is the rocket velocity, Most spactra presented im this chapter,
although calculated for temporal frequencies, display a wave number axis
with values found from equation (5.1).

The two-sided character of the 74." km irregularity suggested by Figure
4.5 shows up quite strongly in Figure 5.1. It wight be suspected that the
two distinct portions of the irregularity are the resuli of rocket spin.
However, analysis of the irregularity reveals two countering arguments,
First, as observed in Figure 4.3, each cycle of the spin modulation should
closely resemble the neighboring cycles. This is not the case in the top
portion of Figure 5.1. Second, any %atthing features of the two suspected
cycles should be separatéed exactly by the spin period._ A portion of the
magnetometer signal coincident with the irregularity s shown in the bottom
portion of Figure 5.1. The spin périod is measured to be 0.245 seconds. In
contrast, the time displacement between the two large dips on the left of
each apparent spin cycle in Figure 5.1 is 0,207 secoﬁda.

Two power spectra ﬁre eatimateq, one for each of the two prominent

halves of the irregularity. The two power spectra each have an FFT length
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of 512 points. The average of the two spectra is shown in Figure 5.2a. The

frequency scale is convertrnd to a wave number Rcale using equation 5.1 with
a speed of 1,50 x 103 m/eec, The units on the vertical axis are converted
from Bz} to (rad/m)™). A noise £loor due to the telemetry system is

seen at approximately 10”7 (radlm)-l. This i1imits the useful wave

e S ST,

number range to below 1 rad/m, where the irregularity spectrum crosses the

noige floor. T help measure the spectral index, & noise estimate, Figure

5.2b, is subtracted from the averaged spectrum. The difference is shown in

Figure 5.2c. The data used in calculating the noise estimate come from a
data segment adjacent to the irregularity, The observed noise is attributed
to the télemetry system. Since the telemetry noise enters the signal after
the ac amplifier, the SPECTRA correction for the high pass filtering boosts
the low frequency teleueiry noise components above their actual level. This
partially accounts for the spectral strength at low frequencies observed in
Figure 5.2b. The difference spectrum is smoothed by SPECTRA ueing the
.process discussed in Chapter 4. The window multiplication factor is l.4.
The resulting smoothed spectrum is shown in Figure 5.2d.

Three separate regions of the smoothed spectrum may be distinguished.
A line may be fitted between the first point on the left and the boint at
0.23 rad/m. The best fit line has a slope of -1,7. The second region,
between 0.23 and 2.6 rad/m, exhibits a slope of =3.7. The third region is
that above 2.6 rad/m. 1Imn this region telemetry noise overwhelms the signal
and little information may be extracted. The V-shaped dips shown in Figure
5.2d are an artifact of the computer plotting toutine,.which rounds up
off-scale points to the lowest point on the graph. The average of a set of
pointes on the difference_npect:um (Pigure 5.2c) may be negative and hence

-off-pcale. Negative points are therefore set to the lowest point on the

(- >




B T L A Tas R A
AR I RN . O T N T

90

|O-' Vo T T vrTTg LA N A R R | T T rrrr
Chilca, Feru
'g =2 28 May 1975
L 1526:59 (LST)
3 Altitude: 74.9km
= 3 FFT Block Lernigth: 512
~ 10
Nﬂ
A
Z x4
IO
¥
Zﬂ.)
q & .
poo 3
- -
L))
g o 2
".5.1 -
14 I(iT
%
Q -
6 16°
~ [ | .
IO = 1 [ llllll-_l 1 l_llllllo | llll.!lli
(o] 10 10 10

WAVE NUMBER (rad/m)

Figure 5.2a Power spectrum estimate of the irregularity shown in Figure 5.1.
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Figure 5.2b Estimated noise power spectrum for the 74,9 km irregularity.
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vertical axis.

Figure 5.3 shows the smoothed power spectun of an irregularity at 87.5
km. The best fit line to the wave number region below 0.19 rad/m has &
slope of -1.8. The second steeper slope has 8 value of -7.5. The total
power is much greater than that in the irregularity at 74,7 kn, Figure 5.4
shows the electron density profile from the 28 May 1975 Peru flight. Note
that the altitude of the 87.5 km irregularity coincides with a large
electron density gradient. It might be suspected that the irregularity is {
merely the response of the ac amplifier to the sudden increase in electron i
dengity. However, the data record at times immediately following the
irregularity shows very little activity, in spite of the continued presence 3
of the gradiernt. It is thus reasonable to assume that the source of the
irregularity is geophysical and not instrumental.

The results described above are given in Table 5.1, along with the
results from other irregularities from the 28 May 1975 Peru flight. The
wave number ruange over which the power law extends is determined from the
unsmoothed difference spectra. In most cases the best fit line extends to
the lowest wave number on the spectrum, The low limit listed in Table 5.l
thus reflectr the lowest wive number for which the «FT is calculated and is
a function of the FFT size and the digitizing rate, The high limit listed
is the largest wave number at which the spectrum remains on the best fit
line.

As mentioned previously, the digitized fine structure signal (e.g., .l f
Figure 5.1) is not corrected for the low frequency attenuation from the ac
emplifier. To measure the maximum deviation of an irregularity, this
atteﬁuation must be accounted for. To correct the observed fa ximum

deviations, the main frequency component of the deviation is estimated and
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Figure 5.3 Smoothed difference spectrum of the 87.5 km irregularity.
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the attenuation calculated. For exemple, the maximum deviation obeerved in
Figure 5.1 is 1.2%. The main frequency component of the deviation appears
to be 44 Hz. With a lower 3 dB frequency of 54 Hz, the amplifier attenuates
a 44 Hz eignal by 1.6. The corrected deviation is thus 1.6 x 1.2% = 1,9%.
All deviations in Table 5.1 represent correcied values,

The 18 January 1976 Wallops Island flight was launched from Wallops
Island, Virginia (37.8° N 75.5° W) at 14 12 LST, The primary purpose of
the flight wae to observe the winter anomaly, The rocket alsc carried a
maes spectrometer prepared by the University of Bern, Switzerland. The
placement of the spectrometer beneath the nose cone prevented the use of &
nose tip probe configurstion. Instead, the probes were placed on booms
extended from the sides of the rocket payload. Unfortunately, the ncee cone
shell detachment to expose the spectrometer malfunctioned during the f£light,
damaging the telemetry system and the propagation experiment. Thus no
calibration between electron density and probe current could be calculated.
Tﬁe probe and fine structure experiments were not damaged. A description
of this flight is given in Edwards (1976).

S8ince no calibration is available for the probe current the electron
density can be only roughly estisated. Processzd values for the probe
current are also unavailable, Fortumately, the raw probe current signal is
available on amalog tape (IRIG channel 15). Plotting this signal on & strip
chart provides a way to measure the probe current, albeit with less_accura;y_
than a digital analysis would yiéld. To convert the observed current to
electron density, an average calibratiom value from other flights is applied.
Using a calibration value of 3 x 109 cm-alA yields the concentration

data shown in Table 5.1. Due to the coarseness of the probe current

. measurement and the high degree of spin contamination, calculations of the
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e¢lectron density grad.ent are unreliable, and only order of magnitude
estimates are given. It is possible to observe a large positive gradient in
the probe current beginning at 84 km.

The data reveal four ionospheric irregularities. Their altitudes and
thicknesges are given in Table 5.1. As observed in Figure 4.3, spin
contamination is a serivis problem in the fine structure data from the 18
January 1976 Wallops Island flight. To calculate a power spectrus estimate,
8 number of noise samples are analyzed and their average spectrum subtracted
from the irregularity spectrum. The segments of noise and irregularity data
have the same phase with respect to the spin contamination. The slope and
limits of the best lines fit to the spectra are given in Table 5.1. A
smoothed spectrum from the irregularity at 82.2 km is given in Figure 5.5.

The 12 August 1976 Wallops Island flight was launched at 10 54 (LST).
The main purpose of the probe experiment on the rocket was to observe
sporadic E layers, Details of the probe current analysis are given in
Edwards (1977). The fine structure experiment again used a boom probe
configuration. The spin contamination was very small. It should be noted
that the propagation experiment data on this flight are unreliable above 84
km (Edwards, 1977), This unreliability contributes uncertainty to the
electron density calculations above 84 km since the propagation experiment
is used to calibrate the probe current.

Only one irregularity is observed in the data, occurring at 83.5 km. A
smoothed spectrum from this irregularity is shown in Figure 5.6. This
irregularity is superposed upon the steep electron density gradient ofteén
observed between 80 and 90 km, The peak fluctuation of the irregularity is
unusually high: 13%.

The 8 January 1977 WallopB'Island flight was launched at 14 03 (LST).
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Figure 5.5 Smoothed difference spe'ctrum of the 82.2 km irregularity from the
18 January 1976 Wallops Island flight.
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Figure 5.6 Smoothed difference spectrum of the 83.5 km irregularity from the
12 August 1976 Wallops Island flight,
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The primary purpose of the flight was to observe the winter anomaly., A
description of the flight preparations is given in Edwards (1977). The data
suffered from moderate spin contamination,

Only ore irregularity was observed. As shown in Table 5.), ile
irregularity extended over a relatively short altitude range, Figure 5.7
gives the smoothed spectrum. The large dip at 0.06 rad/m results from the
estimated noise spectrum exceeding the estimated signal plus noise spectrum.

The 27 February 1983 Peru flight was launched from the Punta Lobos site
at 11 33 (LST). Its principal purpose was to study electron concentration in
the equatorial D and E regiois. On this flight the fine structure
experimegg wos modified to allow greater gain in the ac smplifier., Thuse
changes are documented in Roth (1982a, 1982b), The flight did not carry the
mase Spectrom:ter, permitting use of the nose tip probe configuratien,

The data reveal one irregularity at 85.8 km, superposed un 8 steep
electron density gradient. This irregularity is thoroughly investigated by
Royrvik and Smith (1984) and is coimpared to simultcnecus coherent scatter
measurenents at Jicamarca. A spectrum of this irregularity is shown i
Figure 5.8.

5.3 Discussion of Results

All spectra calculated show a low wave number rangs over which a power
law may be fitted., That the slope of this fitted line usually has & value
cloge to =5/3 (T#ble 5.1) suggesis the presence of an inertial range of
turbulence. As a consequence of spectral aliasing, the one~dimensional
spectra do not show the spectral decrease expected below the inmertial range
in the three-dimensional spectra. In the wave number ranges above the
suspected inertial range, the measured spectra do not slways deumstrate the

same behavior. Some show a second power law range, as in Figures 5.2a and
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Figure 5.7 Smoothed difference spectrum of the 75.9 km irregularity from the 8
January 1977 Wallops Jsland flight,
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5.3, while others show a more curved decrease in spectral power. In all
spectra the telemetry noise floor prevents observation of the upper wave
number behavior over any sizable wave number range, It is interesting to
note that three of the five flights discussed show irregularities superposed
upon the electron density gradients, All three irregularities have quite

high wmaximum ANel<Ne> values.

. e e i 3 A 7 MR T SR T e e

Qualitative comparisons may be made with the spectral model of Hill and
Bowhill (1976) described in Chapter 3. Figure 3.3 shows the predicted
spectra for various values of the parameter £, equal to ZB(k*Ikc)“/3.

This parameter should be of the order of unity in the D region. The
predicted spectrum for £ = 1 shows no viscoug-convective inge or power law
above t'.. inertial range. No viscous-convective range is found in any of
the irregularities observed, in agreement with the model. Figures 5.5, 5.6,
5.7, and 5.8 show a curved decrease as predicted by the cpectral model. 1In
contrast to the model, Figurgs 5.2a and 5.3 show a power law dependence
above the apparent inertiai tange.

The results of Table 5.1 may be compared with predictions by Rastogi | ?ﬁ
and Bowhill (1976) of the wave number extent of the -5/3 power lew
dependence. For two models of =, Rastogi and Bowhili (1976) calculate the
variation of ky with altitude, Figures 5.9a and 5.9b, using model 1 and
model 2 of £, respectively, show three weve number ranges. Below k, the

energy spectrum should vary as k'5/3. Above ki the spectrum is pre-

‘dicted to fall off exponentially. Superposed upon Figures 5.9a and 5.9b are
the upper wave numbey limits given in the last column of Table 5.1. It
should be notéd that the calculated spectra used in cre;ti;é Table 5.1 are
one-dimensiénal spectra, As suggested by Figure 3.1, the upper limit of

the -5/3 power law reaches a higher wave number in the three-dimensional
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Figure 5.9a Suggested profile of cutoff wave number demarcating range
where ~5/3 power law holds (k < k). Wave number of
Jicamarca (50 MHz} and Arecibo (430 MHz) incoherent
_scatter radars are shown. The wave number range used for
VHF forward scattering is also shown. ¢ from model 1
(Rastogi and Bowhill, 1976).
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Figure 5.9b Suggested profile of cutoff wave number demarcating range
where =5/3 power law holds (k < k,). Wave number of
Jicamarce (50 MHz) and Arecibo (430 MHz) incoherent
scatter raders are shown, The wave number range used for
VHF forward scattering is also shown. € from model 2
(Rastogi and Bowhill, 1976). :
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scalar spectrum than in thz one~dimensional spectrum. The values in Table
5.1 thus underestimate the upper wave pumber limit of the apparent inertial
range. Also, the values plotted in Figures 5.%a and 5.9b are from scalar
spectra, as opposed to energy spictra. However, viscous and diffusive
effects should be expected to begin at approximstely the same wave number
since k, = ky in the mesosphere. It is thus not surprising that the
scalar spectrum inertial range extends to the same order of wave number as
the energy spectrum as suggested by Figures 5.9a and 5.9b.
5.4 Conclusions

The scalar spectra shown in this chapter demomstrate consistency with
theorics of homogeneous, isotropic turbulence measured in one dimensiom.
All the spectra show a definite wave number range over which the scalar
spectrum variee as a negative power of k., Most theories of turbulence

predict an inertial range with a k-5/3 dependence, The dats in Table 5.1

give spectral slopes close to -5/3, consistent with an inertial range. -
Above the imertial range, turbulence theory predicts that viscous and

diffusive effects cause a precipitous decrease in the spectrum. Due to the

small Schmidt number, no viscous-convective range is expected in mesospheric ‘;ﬂ

turbulence,

Although not in agreement on the exact form, most turbulence theories
predict an exponential decrease in the spectrum above the inertial range.
Rill and Bowhill (1976) incorporate these theories into a model for the
scalar spectrum., The model is extended to one-dimensional spectra under the
assumption of isotropy. Many of the measured spectra agree qualitatively
with the shape of the predicted spectrum. To show further consigtency with

turbulence theory the spectra are compared to predictione by Rastogi and

Bowhill (1976). They predict the upper wave number extent of the inercial




108

range. The measured limits agree approximately to the predictions. Perhaps
more importantly, the measured inertial limits decrease with increasing
altitude, in agreemeit with the functional dependence on altitude predicted
by Rastogi and Bowhill (1976). The agrecment of the measured spectra with
the models of Hill and Bowhill (1976) and Rastogi and Bowhill {1976) support
the conclusion that the observed ionospheric irregularties are comsistent

with irregularities expected from atmospheric turbulence.

PRE———,
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6. BSUMMARY AND SUGGESTIONS FOR FUTURE WORK

6.1 Summary

Mesospheric electron density irregularities are often observed by both
radar and rocket studies. These irregularities are suspected to be the
result of turbulent advection of ions and electrons. Possible mechanisms
for generating atmospheric turbulence include Kelvin-Helmholtz and Rayleigh-
Taylor instabilities, Turbulence may be qualitatively described as the
cascading of energy from large scales to small scales. At the emallest
scales the turbulent energy is diseipated by viscoeity (for turbulence in a
velocity field). or by.molecular diffusivity (for turbulence in a scalar
field)., Most theoretical studies of turbulence attempt to estimate the
spectrum of homogeneous, isotropic turbulence., Physically, such a spectrum
gives the turbulent energy per wave number. Most theories predict an
inertial range in the spectrum for flows with sufficiently high Reynolds

5/3 in the inertial range.

number, The epectrum is expected to vary as k
The theories do not agree closely in describing the scalar spectrum above
the inertial range, slthough most theories in general predict an exponential
decrease with increasing wave number.

Langmuir probes on sounding rockets provide an in situ method of meas~
uring mesospharic electron density irregularities, In the fine structure
experiment flown by the University of Illinois, a Langmuir probe is extended
from the rocket into the ionosphere. As the rocket passes through an irreg-
ularity, the probe current fluctuates in time. With the assumption of iso-
tropy, temporal Iluctuations are interpreted as spatial fluctuations meae-

ured in one dimension., The measured current from the probe is processed

on board the rocket to produce a voltage proportiomal to ANel<Ne>. The
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signal is telemetered to the ground and ie stored on an FM analog tape.

Using digital analysis, the power spectra of the irregularities are

estimated, The analog data are digitized with a microcomputer based
digitizer, The microcomputer stores the digital data on flcppy disks. The
data are then transferred to a CDC Cyber mainframe computer for spectral
analysis. The FORTRAN program SPECTRA estimates the power spectra of the
irregularities using an FFT routine available on the Cyber. Further
processing subtracts estimates of the background noise spectra and smooths
the resvlt of the subtraction. These smoothed spectra help to identify
spectral indices and general trends in the spectra.

The measured spectra appear consistent with the predictions of turbu-
lence theory. The observed spectra all exhibit power laws with spectral
indices c¢lose to ~5/3, consistent with an inertial range of turbulence.
Comparisons to a spectral model by Hill and Bowhill (1976) and to predic- L
tions of inertial range limits by Rastogi and Bowhill (1976) show further |
conaiateﬁcy with theory.

6.2 Suggestions for Future Work

Thexe are two significant ways by which the fine structure experiment
could be improved. Coincident radar measurements would help to establish

the existence of a turbulent layer and perhaps help to determine isotropy.

Reduction of telemetry noise would increase the upper wave number limit of

the turbulence spectrum,

Coincident radar measurements of an irregularity would provide data
unattainable from the Langmuir probe experiment. The coherent-scatter radar
technique can measure a single component of the ecalaxr spectrum. The
advantage of the radar technique is its ability to measure a spectral

component that in the rocket data is obscured by telemetry noise. The radar
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thus provides insight into the shape of the spectrum at wave numbers above

LT

the inertial range, The combination of radar and rocket measurements is y
uvsed by Royrvik and Smith (1984) to compare measurements of an irregularity
from the 27 February 1983 Peru flight with coincident radar measurements at
Jicamarca., Radar can also measure aspect sensitivity of an irregularity, an
indication of anisotropy. This property cannot be measured by the fine
structure experiment. Kmnowledge of isotropy is essential in allowing
comparisons of measured one~dimensional spectra with theories predicting
three-dimengional spectra.

Reduction of telemetry noise would increase the highestL observable wave
number of s megsured spectrum. Telemetry noise could be greatly reduced by
use of a digital telemetry system. One possible analog noisz reduction
scheme is described in Roth (1982b). Essentially, the method takes advantage
of the relatively large spectral magnitude expected at low frequencies in
an irregularity spectrum, The fine structure experiment described by Klaus
and Smith (1978) uses an approximately 50 Hz 3 dB point in the ac amplifier
high pass filter to prevent saturation of the telemetry system by the low
frequencies., Further attenuation of the low frequencies allows the overall 7~3@
gain to be increased, giving a better ratio of signal to telemetry noise.
The new system places the 3 dB point at 400 Hz and raises the ac amvlifier
gain to 000._ The power spectra calculated from this new system show an
order of.mégnitude decrease in the telemetry ncise floor. Ideaily the 3 dB
point should occur just below the frequency at which the irregularity
apéctrum crosses the telemetry noise floﬁr. Inclusion of this system in

future rocket flights would raise the highest observable wave number of the

calculated spectra.

The above analog noise reduction scheme could be improved by the use of

e
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8 more elaborate filter. If ingstead of a single~pole low pass filter the ac
amplifier ueed a filter more closely matched to the expected irregularity
spectrum, then the amplifier gain could be increased further, improving the
ratic of signal to telemetry noise. SPECTRA could then easily correct the

calculated irregularity spectra for the filter transfer function.
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APPENDIX I FREQUENCY REBPONSE OF AN AC AMPLIFIER

To make corrections for the filtering of the ac amplifier used in the
fine structure experiment the upper and lower 3 dB points of the frequency
response need to be known., Figure 1.l shows & circuit diagram of the
amplifier circuit. The logarithmic electromecer driving the ac amplifier
has an output impedence of 1 kf Including the electrometer output imped-
ance in series with the 11 k@ resistor gives an amplifier gain of 100 and
upper and lower 3 dB frequencies of 1.7 kHz and 60 Hz, respectively.

The frequency response of three mmplifier circuits was measured. To
simulate payload conditions the amplifiers were tested after their incor-
poration int¢ circuit modules used in an actual payload. A Hewlett Packard
frequency synthesizer (model 3325A) was used as the input to the ac ampli-
fiers. The frequencies at which the amplifier output was attenuated by

times the maximum output are given in Table I,1l.
The deviation of the measured values from theoretical predictions does
not seriously affect the data analysis. The measured lower 3 dB frequencies
are in good agreement with the value of 5; Hz found by Klaus and Smith
(1978) for the 28 May 1975 Peru flight. Unfortuustely, the lower 3 dB
freqﬁenciea were not measured on the other eight flights studied in this
thesis. The lower 3 dB frequency is needed by SPECTRA to correct for the ac
‘emplifier high pass filter. Thé value 54 Hz is adopted to represent the

3 dB point for all flights. Although the measured upper 3 dB frequencies
differ markedly from the expected values, telemetry noise d'oﬁ:i.né;es the
irregularity spectrum at frequencies of the order of the upper 3 dB fre-
quency. Exact correction for the ac amplifier low pass filtering is thus

unimportant. However, should telemetry noise be reduced on future flights
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Table I.] Measured frequency response of ac amplifiers,
Awplifier Lower 3 dB Frequency (Hz) Upper 3 dB Frequency (Hz)
1 57 806
2 52 1140
3 58 1600

SETRE
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to such a level that the jrregularicy spectrum is stronger tham the high
frequency telemetry noise, then pains should be taken to accurately measure

the upper 3 4B frequency.
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APPENDIX 11 SOFIWARE LISTINGS

I1.1 DIGIAUTOSTART

SCURCE FILE: DIGIAUTOSTART

0000 1 ;THIS PROGEAY TAKES A LARGE NUMBFR
0000 1 :0F SAMPLES FHOM THE A/D CARD AND PUTS THEM IN A BUFFER. THE STARTING
{1000 3 ;ADDRESS 15 GIVEN BY BUFH AND BUFL, SINCE BASIC MEMORY STARTS AT $9600
00001 4 ;(WITH DOS LOADED) AND WORES DOWM, DIGIAUTOSTART SHOULD BE LOADED A WAYS
0000 5 ;BELOW THAT TO ALYOW FOR A BASIC PROGRAM. $8000 IS BUGGESTED. THE PROGRAM :
0000 6 ;FROGRAM DIGITIZER CONTROL TAKES UP ABUUT A PAGE OF MEMORY (§100). A8 I8, i
0000 7 ;THIB PROGRAM RUNS AT A DIGITIZING RATE OF 5 KHZ. THE JOHH BELL INTERFACE ;
0000: § ;CARD IS IN SLOT 4., THE A/D SBLOT IS NOT FIXED BUT 18 CONTROLLED DY CHNL. !
0000: 9 ;THIS PROGHAM ALSO ASSUMES A REFERENCE FREQUENCY OR 100 KNz, OX 10 USEC i
0000: 10 :PER REFERENCE PULSE. TO CHANGE THE DIGITIZENG BATE THE DGPAUS ASSIGNME'Y
0000+ 11 :MUST BE CHANSED, °TO CHANGE THE J.B, CARD SLOT THE BELSLT ASSIGHMENT WUBT ]
0000: 12 ;BE CHANGED, BOTH CHANGES REQUIRE RECOMPILING. THE DATA COLLECTION IS i
0000: 13 ;18 TRIGGERED BY A POSI'TIVE TRANBITION ON THE CAi LINE OF THE JOHN BELL CARD, '
0000: 14 ;A 1 PULSE PER SECOND SIGHAL IS AVAILABLE FROM THE TIME CODE TRANSLATOR
0000: 15 ;IN THE ROCKET LAB. THE PROGRAM USES THE JOHN BELL CARD TO COUNT A
0000: 15 ;NUMBER OF EXTERNAL CLOCK CYCLES. WHEN THE COUNT IS UP, THE J.B. CARD
0000: 17 ;GENERATES AN AN INTERRUPT REQUE3T SIGNAL, THE COMPUTER GETS OUT OF THE
0000 18 iWATT LOOP AND JUMFS TO THE INTERRUPT SERVICE ROUTINE CALLED IHNDLR.
0000; 19 ;THIS PROGRAM IS A MODIFICATION OF A PROGRAM CALLED CLKREAD, CLRREAD
0000: 20 ;AND OTHER A/D PROGILME CAME WITH THE MOUNTAIN HARDWARE D/A A/D CARD,
0000: 21 ;DIGIAUTOSTART BY ROD STOLTZFUS, WRITTEN SEPTEMBER 1984
0000: 22 ;FOR THE AERONOMY LAB AT THE UNIVERSITY OF ILLINGIS.
—wwe= HEXT OBJECT FILE NAME 18 DIGIAUTOSTART.0BJO
6000 23 ORG  §8000 ;PUT PROGPRAM AT LOCATION 58000
8000:78 24 START  SEI ;CALLED FROM A BASIC PROGRAM, START JUMPS TO
B0OO1: 25 ; BUBRGUTINE INIT AND INITIALIZES THE PERIPHERAL CARDE.
8001:4C 72 80 26 JMr  IRIT
B004:78 27 STOP SEI ;RESTORES REGISTERS AND SIUICH. T
8005:4C E1 80 28 JHP FINISH =
BOOB:4C 1B 80 29 TICK J¥MP  INNDIA {INTEREUPT SERVICE HOUTINE, THE INTERRUPT
8008: 30 ; VECTOR $03FE AND $03FF CONTAING IKNDLR'S
800B: 31 ; ADDRESS NOT TICK™S ADDRESS,
BO0B:4C 07 81 32 DUMMY JMP WAIT +A LOOP IN WHICH TO WAIT FOR AN INTZREUPT.
80QE: 33 ek ik red ol ok ik ke kol ok ok ok ok ek el ik
BOOE: 34 ;DATA STORAGE LOCATIONS: POKED BY A BASIC FROGRAM.
B0OE: 35 ;N*ttnmﬂﬂnmtm-mmmwm -
BOOL: 36 CHML D8 1 i=A/D SLOT# ¥ 16 + A/D CHANNEL NUMBER (0 TO 15).
3007 : 37 BUPFER, DS 1 ;HIGH BYTE OF STARTING ADDRESS OF THE BUFFER il
8010: g WHICH MOLDS THE DATA. LOW BYTE ASSUMED TC BE 500, :
8010: 39 ; THIS ABEUMPTION MAY T. ALTERED BY CHANGING BUFL
8010: 40 ; IN THE INIT SUBROUTINE.
8010: 41 COUNT D8 2 ;NUMBER OF SAMPLES TO BE TAKEN AND STORED,
8012:EA 42 NOP
8013:EA 4H3 KoP
8014: 44 INTADH D8 ) ;HIGR BYTE OF THNDLR ADDR. PROBABLY EQUAL TO THE
8015; 45 ; HIGE BYTE OF THE ORG ADDRESS {SEE FIRST LINE).
8015; §6 3 RRIeiinkinksRink & Wik bk ik el ik dek ik nink ook ok b ook
8015: 47 ;INTERNAL VARIABLES NEXT
8015 48 ik ik iRk ko ik ok ook Winknb ol ik ikl -
8015:00 43 FLAG pre 500 $NOT USED
B016:00 50 STATUS DFB 500 ;NOT UBED
8017:00 51 BUFL  DFB 500
8018: 52 BUFH D8 1
- B0)9: 53 BAMPLE D8 1
801A: S4 TMPELD B 1 $UBED FOR TRMPORARILY HOLDING A BYTE.
-8018B: . 55 3 irkirkiiinkcieink Ak inhniek ook S etninkoninobniiioiniok kg ik b ink &
801B: 56 3EQUATFES '
8_;,)1_5': 57 ;H*ﬂﬁ******tﬂﬂmmmﬂttw**ﬂ*ﬁﬂtﬂiﬁ*ﬂm**m*
801B: 58 ;THE DASE ADDRESS FOR ALL APPLE SLOTS 18 $C000.
801E: 59 ;THE J.B.CARD ADDRESSES START AT C500 WHERE "S" IS THE J.B.”S SLOT NUMBER.
801B; 60 ;THE J.B. CARD USES THE ROM LOCATIONS, NOT THE DEDECATED LOCATIONS, ON
8G1B: 61 THE APPLE I/0 MAP. TEE A/D CARD USEE THE DEDICATED ADDRESSES 50 THF
801B: 62 ;A/D BASE ADDRESS IS §C080.
4




0004
CL00:
GGIE:
0009:
0008
8010:
801D:
n002:
0u03:
8011:
000B:
C408:
BO1B:
8018
C409:
8018:
000D:
C4L0Db;
000C:
C40D:
0012:
C402:
C403:
801%:
BO1B:
80184
8018:
8018;
801B:
801B:
8018;
:113 8:H]
8018:
801B:
8018:
80LR:AS 45
801D
801p:48
BOIE:
801E:
801E:8A
801F:48
8020:98
802]:48
8022:
B022:
8022;
g022:18
8023:AD 08 C4
8026:
8026:69 12
8028;
8028;
8028
8028:8D 08 C&
802B:
B802B:
802B:A9 00
802D:FA
BOZE:EA
802F :EA
8030:EA
8031:68D 09 Cc4

8034:AE 0B 80

8037:Pu 80 CO
BO3AEA
B03B:EA
B03C:EA
803D;:EA
8038:EA
803F:BD 80 CO
8042:8D 19 80

BELSLY EQU 4 3J.B, CARD iN SLOT &.
JBBASE EQU BELELT*256+49152 ;THE BABE ADDRESS OF THE J.B. CARD,
BETINT EQU 14 ; INTERUPT ENABLE ADDRESS REGISTER ON THE J.B, CARD.
CLRIRQ EQU 9 ;J.B. CARD TIMER2 INTERUPT CLEAR ARD COUNTER START,
TMADDR EQU 8 yLOW DBYTE OF TIMERZ LATCH,.
CNTL EQU COUNT ;LOW BYTE OF ALDRESS CONTAINING THE NUMBER
0¥ SAMPLES TO DE TAKEN,.
;DATA DIRECTION REGISTER A ON JOEN BELL CAKD,
{PATA DIRECTION REGISTER B ON JOHN BELL CARD,
;HIGH BYTE OF SAME ADDRESS.
;AUX REGISTER ADDRESS ON J.B. CARD.

»

DDRA  EQU 2
DDRE  EQU 3
CNTH  BQU CNTL+l
ACR EQU 11

TICL EQU JBBASE+TMADDR ;ABSOLUTE ADDRESS OF TIMER 2 COUNTER LOW BYTE,
H WRITING T2CL WRITES TO THE LATCH. READING T2CL
H READS FROM THE COUNTER LOW BYTE,

T2CH EQU JBBASE+CLRIRQ ;ABSOLUTE ADDRESS OF HIGR COUNTER BYTE,

H ‘THERE 18 NO TIMER 2 RIGH LATCH BYTE,

IFR BEQU¥ 13 sINTERRUPT FLAG REGISTER ADDRESS ON J.B. CARD,
JBIFR EQU JBBASE+IFR ;ABSOLUTE ADDRESS OF IFR.

PGR EQU 12 $ADDRESS OF PERIPHERAL CONTROL REGISTER,

JBPCR BQU JBBASE+ITFR ;ABSOLUTE ADDRESS OF J.B. PCR

DGPAUS EQU 18 ;THIS CONTROLS THE DIGITIZING PERIOD. SEE IHNDLR.
JRDDRA EQU JBBASE+DDRA ;ABSOLUTE ADDRESS OF DATA DIRECTION REGISTER A
JADDRP EQU JBBASE+DDRB ;ABSOLUTE ADDRESS OF DATA DIRECTION REGISTER B

;ii*t*iiii*i**iiiﬁti*iﬁi*t&ttt*ﬁ*********ﬁ******************t*tt
INTERAUPT HANDLER
;t*tiitttiiiitt*it******ﬁ***i**ﬁii*t*iitt*ttitt**t*i*****tt*i**********
; THIS ROUTINE IMMEDIATELY RESTARTS DHME J.B. CARD

; COUNTDOWN. 1IT THEN TAKES A SAMPLE FROM THE A/D CARD,
; FIGURES OUT WHERE THE NEXT FREE BUTFER ADDRESS IS,

; STORES THE SAMPLE THERE, INCREMENTS THE VALUE OF THE
; NEXT VREE BUFFER ADPRESS, AND DECREMENTS THE NUMBER
»
;
;
L

OF SAMPLES YET TO BE TAKEN,

HNULR - LBA  $45 {THE APPLE INTERRUPT RESPONSE
3 PUTS THE ACCUMULATOR AT §45.
FHA .
H GET THE ACCUMULATOR FROM 545
3 AND PUT IT ON THE STAGK.
TXA
PHA
TYA
PHA
: .
: RELOAD AND RESET TIMERZ LATCH ON J.3, CARD,
:
CLC
LbA T2CL sLOAD ACCUMULATOR WITiL THE LOW COUNTER BYTE,

; WHICKR BY THIS POINT HAS DECREMENTED BELOW ZEE.,

ADC {DGPAUS ;ADD 18 TO IT. SINCE TIMERZ RESTART 18 20 CYCLES
H AWAY AND THE REFERENCE PULSES ARE 10 USEC LONG,
H TWO REFERENCE PULSES WILL HAVE PASSED
H PASEED BY THE TIME TIMERZ IS RESTARTED
8TA TaCL ;REMEMBER THAT WRITING T2CL WRITES
H TO THE LATCH NOT THE COUNTER,
H THIS STEP RELOADS THE TIMER LATCH APPROPRIATELY.
LpA $00 )
NOP
Kop
Nor
KOP
BTA T2CH ;BTORE 0 IN THE HIGH COUNTER BYTE, STARTING TIMER2.
LDX CHHL
LDA §C080,X  ;READ A SAMPLE AND START ON A NEW READING,
KOP
NoP
NOP
NoP
NOF
LDA §60B0,X  ;READ SAMPLE STARTED BY PREVIOUS LINE.
STA SAMPLE ;6TORE THE SAMPLE IN A TEMPORARY LOTATION,

118
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B045:AD 17 80 135 LbA BUYL ;LOAD ACCULKULATOR WITH TWE LOW BYTE OF THE
8048 136 AVAILABLE BUFFER SPACE,
8048:8D 55 B0 137 BTA PATCH+¢l  (BTORE IT AT ADDRESS PATCH+1. NOTE THAT THIS
BO4D: 138 ALTERS THE PROCRAM ITSELY, .
BOAB:AD 18 BD 139 LDA BUMY ;LOAD THE HIGH BYTE OF THE BOTTOM OF AVAILABLE
804E:8D 56 80 140 S8TA FPATCH+¢2  ;BUFFER SPACE STORE 1T AT ADDRESS PATCHeZ.
8051:AD 19 80 141 LDA SAMPLE ;GET THE STORE BAMPLE OUT OF THE TEMPORARY LOCATIOR.
B054:6D 00 01 142 PATCH  BTA §0100 {SBTORE ACCUMULATOR IN THE ADDRESS GIVEN BY THE
805/: 143 ; NEXT TWO BYIES. THESE ARE THE VALUES PUT IN BY
8057: 154 THE PREVIOUE “STA PATCH" LINES,
BOST: 145 THE VALUE OF $0100 IS JUST A PLACE HOLDER.
BOS7:EE 17 B0 146 INC BUFL s INCREMENT THE LOW BYTE OF THE ADDRESS OF THE
805A: 147 LOWEST AVAILABLE BUFFER BPACE TO
805A: 148 ; GET READY FOR THE NEXT SAMPLE.
805A:D0 03 149 BHE DECCNT ;IF BUFL WAS INCREMENTED 10 2ERO BUFH MUBT
BO5C: 150 ; BE INCREMENTED ONE TO TAKE CARE OF THE CARRY,
BOSC:EE 18 B0 151 NG BUFH
BUSF:CE 10 80 152 DECCNT DEC CNTL ;DECREMENT THE NUMBER OF SAMPLES YET TO BE TAKEN.
8062:D0 08 153 BNE LEAVE $IF CNTL WAS NOT DECREMENTED TO ZERO
80643 154 3 THEN LEAVE IHNDLR,
8064:AD 11 B0 155 . LDA CNTH sOTHEBWISE CHECKX CNTH TG SEE I¥ IT IS ZERO,
8067: 156 ; IF CNIH 18 ZERO THEM ALL
8067 157 REQUIRED SAMPLES HAVE BEEN TAKEN
8067:F0 7D 158 BEQ EXIT ;IF ALL REQUIRED SAMPLES ARE IN
8069: 159 EXIT FROM THE DIGITIZER,
BO69:CE L1 &0 160 DEC CNTH +1F ONTH WAS NOT ZERO, DECREMENT IT SINCE
BO6C: 161 ; CHTL WENT THROUGH ZERO,
806C:68 162 LEAVE PLA
806D:A8 163 TAY
BOGE:68 164 PLA
BO6F :AA 165 TAX
80/0:68 166 PLA
BO71:40 167 RTI
B072: 168 ;*****m*m*nn-m***m*unn“*ﬂnumu*t***wwwu-
B072: 169 ; . e
8072: 170 ; INITIALIZE INTERRUPIS, ETC. T
8072: 171 ;
BO72: 172 ;**HM*“mmﬂﬂtﬂﬂﬂ*t***mtm**ﬁtﬁ“ﬂ***m o 'j_é
BO7z:48 173 INIT PHA ;
8073:8A 174 TKA
8074:48 175 FHA
8075:98 176 TTA
B076:48 177 FHA
8077:AD 11 8u 178 1DA CNTH {MAKE BURE THAT AT LEAST ONE SAMPLE WILL BE TAKEN.
BO/A:DD 08 179 BNE OKAY
807C:AD 10 80 180 LDA CNTL
8U/F:D0 03 181 BNE OKAY
B80B1:EE 10 By 182 INC CNTL ;IF NOT FORCE AT LEAST ONE SAMPLE TO BE TAKEN,
8084:AD OF 80 183 OKRAY LDA BUPFER ;LOAD AND STORE MIGH B.[E OF DATA BUFFER
8087:8D 18 80 184 STA BUFH ;AT BUFH, _
B80BA:A9 00 185 LDA  #500 +LOW BYTE OF DATA BUFFER 15 ASSUMED TO BE ZERO,
BOBC:BD 17 B0 186 8TA BUFL o
808F:A9 1B 187 1pA SIMNDLR  ;PUT LOW BYTE OF IHNDLR ADDR INTO ACC, .
80v1:8D FE 03 188 BTA §3FE {STORE AT LOW BYTE OF INTEREUPT VECTOR. :
BOY4:AD 14 B0 189 LDA INTADH ;PUT BIGH BYTE INTO ACCUMULATOR.
B097: 190 ; FOR INFO ON INTADH SER
8097: 191 ; YDATA STORAGE LOCATIONS" SECTION.,
8097:8D FP 03 192 STA §3FF ;STORE AT THE INTERRUPT VECTOR HIGH BYTE.
809A: 193 ' .
809A; 194 ; .
809A; 195 ; L : or
805A: 196 ;SELECT TIMER2 PUNCTION ON J.B, CARD BY SETTING UP THE AUK. CTRL. REG. -
809A: 197 ;SET UF THE INTEHUPT ENABLE REGISTER TO ALIOW OKLY TIMERZ INTERRUPIS,
BO4A A2 0B 198 LDR JACH 3J.B. ADDRESS OF AUXILIARY CORTROL REGISTER. ;
B03C.8 20 199 LDA #4620 ;T0 BZ WRITTEN TO THE AUX CONTROL REGISTER.
B803%:39 00 C4 200 STA JBBASE,X ;BELECTS TIMERZ EXTERMAL COUNT MODE.
80A1:4% OF 201 LDK #SETINT  ;J.5. ADDRESS OF TBE INTERRUPT ENABLE REGISTER,
BOAS:a¥ AO 202 LRA  #9A0 CODE TO ENABLE TIMERZ INTERRUPT. .
BOAS:9D 00 Ch 203 ~ BTA JBEASE,X ';HTORE CODE JN INTEREUPT ENABLE REGISTER, T
BOAB:A9 5F 204 1DA  #85T 4CODE WHICH DISABLES Al.L OTHER INTERRUPIS. o
80AA:9D 00 €& 205 : STA JBRASE,X ;DISABLE ALL OTHER J.B, INTERRUPIS.




80AD:A9 (0
80AF:80 03 C4
80bB2:

80b2:

8082

80B2;

8082

8082+

80B2:

B0B2:

BUB2

B80B2:

80B2;A2 OD
80B4:A9 FF
B0B6:9D 00 C4
80B9:A2 0OC
80BB:A9 00
8UBD:9D 00 C4
80c0:

EOCO:AD OD C4&
£0C3:F0 FB
80C5:

80CS:

80C5:

B0OC5:A2 0D
BOC?:A9 FP
80C9:9D 00 C4
80CC:

80¢C;

80CC:

80CC:

80CC:A2 0B
BUCE:AS 12
8UD0:9D 00 C4
80D3:A2 09
8OD5;A9 00
80D7:9D 00 C4
80DA:

80DA:

BODA:

80DA:

B0DA:

80DA :68
80DB:A8
80bc:68
80DD:AA
80DE:68
80DF:58
BOED:60

80EL;

80E1:

80E1:

8NE]:

80E1:48
BOB2:8A
80E3:48
80EH: 99
BOES:48

80E6:

8CGE6:

BOEG:

80E6:

BOEG:

B0E6 ;

80ES6;

SUEG ;A9 7F
BOEB:A2 OB
BOEA:9D 00 Cc4
B0ED;A9 65
B80EF;

A0EF:8D FE 03

206
207
208
209
210
11
212
213
14
215
216
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Los 100
8TA JBDDRB ;CONFIGURE DATA 1/0 REGISTER B LINES AS INTUTS.

-

;FINISH UP INITIALIZATION UPON RECEIVING A POSITIVE TRANSITION ON LINE CAl.
iVIRST CLEAR THE IFP. THEW BET UP THZ PERIFHERAL CONTROL REGISTER TO

;8ET THE CAl INTERRUPT FLAG ON A NEGATIVE CAl TRAKSITION. THEM SIT IN A
iHAIT LOOP ,MONITORING THE IFR.ONCE A FLAG IS SET START THE COUNTER AND

3 START DIGITIZING.

{NOTE THAT THE CAl INTERRUPT ENABLE BIT IS !INOT!I SET.

iIT IS5 ONLY RECEBSARY TO DETECT IFR BEING GET.

217 ;DO ROT WANT INTERRUPT SEQUENCE TO START.

218 LDX #1FR

219 LDA #§FF

220 STA JBBASE,X ;CLEAR THE IFR.

221 LDX #PCR

222 Lba 400 ;INTEREUPT SET ON A NEGATIVE TRANSITION ON CAl,
zzz BTA JBBASE,X ;WRITE TO PCR.

%4 ;

225 STRTDG LDA JBIFR

226 BEG STRTDG ;IF IFR IS CLEAR, STARTING BIGNAL HAS

227 ; NOT YET BEEN RECEIYED,

228 ; IF IFR NOT CLEAR THEN CONTINUE TO AWAIT TRIGGER,
219

234 LDX #IFR ;CLEAR THE IFR

231 LA #5FP

232 8TA JBBASE.X

233 ;

234 JLOAD UP TIMER? LATCH

235

236 ;

237 LDX #THADDR

238 D4 DGPAUS

239 BTA JBBABE,X

240 L #CLRIRG

241 LA #3500

222 STA JBBASE,X ;START COUNTER ON TIMER2.

243

244 3 RESTORE PEGISTEES

245 ;SINCE THE J.B. GGUNTER If RUNNING AT THIS POINT, THE FOLLOWING STEPS
226 ;SHOULD NOT TARE LONGER THAN THE TOTAL TIME COUNTED DOWN BY THE J.B. CARD,
247

248 PLA

249 TAY

250 PLA

251 TAX

252 PLA

253 CLI

254 RS

255 ;nwwmmwwtmmummmw Shedrinr ik dnke il

256 ; PINISH UP AND DISABLE J.B. CARD.

257 H AR Rl dedrbrie ik St drindnbede ok o i ik W ik dinink

258 ; :

259 FINISR PHA ;SAVE THE REGISTERS

260 TXA

261 PHA

262 YA

263 PHA

264 ; CAUTION 1111

265 ;THE FOLLOWING ROUTINE IS REACHED BY A JUMP FROM IENDLR. EBXITS PURPOSE

266
267
268
269
270
271
272
273
274
275
276

$168 TO RETURN TO THE BASIC PROGRAM FROM THE CALL TC THE WAIT LOOP.
;TO DO THIS THE ADDRESS OF THE
$WAIT LOOP, PLACED ON THE TOP OF THE STACE BY THE IHTEREﬁPT
JMUST BE SKIPPBD OVER, BRINGING UP THE ADDRESS OF THE BASIC STATEMENT
$AFTER THE CALL TO THE WAIT LOOP.
EXIT Lba - #57F i

LDX {SETINT iDIBABLE J.B., INTERRUPIE.

STA JBBASE,X _
1pA #5863 :THESE FOUR STEPS RESTORE THE
i _ ORIGINAL INTERRUPT VECTOR

STA ~§3FE




80F2:A9 FF
80F4:8D PP 03
BOF7:68

BOFE :AB
80F9:68

BOFA :AA
80FD:68
HOFC:B8D 1A 80
80FF:28
8100:

B8100:

8100;
8100:68
8101:68
81i02:AD 1A B8O
8105:58
B106:60
8107:58
B10B:EA
£109:4C 08 81
gl0c; :
8loc;

810

277
278
279
280
281
282
283
284
285
186
287
288
289
290
291
292
293
294
295
296
297
298
299

- owe we

VALY
BACK

- e we

ST TRACINIE (N, W Ok

.
PP S T

8TA
PLA
TAY
PLA
TAX
PLA
S8TA
PLP

PLA
PLA

€Ll
RIS
CLl
NoP

15¥7F
$IFF

THRHLD

THPULD

BACK
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;RESTORE THE
JREGISTERS.

38AVE ACCUMULATOR TEMPORARILY
{TAKE FROCEBSOR STATUE BYTE FR(M STACK,
TH1S HMIMICKS
THE ETI INSTRUCTION WITHOUT RETURNING TO THE
INTERRUPT CALL
$WASTE THE RETURN=TO-WAIT-FROM=INTERRUPT ADDRESGES.

$GET ACCUMULATOR FROM TEMPOBARY HOLDING BPOT.
sRETURN TO BABIC PRNOGRAM, NOT TO WAIT LOOP

M#:w%#_ﬁwwmikg
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40
50
51

52
33

100
110
120

130
150
200
300
410
500
550
600
610
100
150
800
%00
9o

ks PP L et 2 A Pyl e Sy | g e A 3 R At St et o imar e e e e

2 TEXTIFY

REM PROGRAM TEXTIFY, RODNEY STOLTZIFUS, FEB.1 1984,
REM THIS PROGRAM CONVERTS A BINARY FILE TO A TEXT PILE
am WITH THE PORMAT XYZXYZXYZ WHDRE XYZ I8 A THREE PLACE DECIMAL
INTEGER.
REM THE USER BUPPLIES THE START™!G ADDRESS OF THE BINAY FILE IN
APPLE MEMORY.
REM THE RECOBDS OF THE GENERATED TEXT FILE HAVE 20 THREE DIGIT
NUMBERS .
D$ = CHRS (4)
INPUT "AT WHAT ADDRESS DOES THE BINARY DATA START IN MEMORY?";8TART
INPUT "HOW MANY BYTES TO BE CONVERTED? SHOULD BE A MULTIPLE OF 20,";
LNG
INPUT YNUMBER OF FILE (#) 7 (FILE NAME 1S ROCKET TEXT#)™;N$
PRINT “RUNKING..."
PRINT D$"OPEN HOCKET TEXT':N$
PRINT DS"WRITE ROCKET TEXTY;N$
REM START GIVES THE ADDRESS OF THE FIRST BYTE T0 BE TRANSMITTED.
FOR J = 1 To (ING / 20)
C$ -
FOR I = 1 TO 20
REM  ADD 1000 TC EACH NUMBER T0O GIVE EACH NUMBER THE SAME LENGTH.
X = 1000 + PEEK (START + (J - 1) % 20 + (I - 1)) '
REM BUILD STRING WITH RIGHT 3 CBARACTERS OF THE OFFSET DATA
C$ = C§ + RIGHTS ({ 5TRS (X)),3)
HEXT I
FRINT C$

920 Y = FRE (0)

1000
1100
1110
1200

NEXT J

PRINT DS"CLOSE ROCKET TEXT";N$
PRINT "FINISHED: DATA ON DISK"
END

122
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II,3 APL2CDC

PROGRAM APL2CDC{INPUT,OUTPUT,APLFIL ,APLCUT, TAPE]=INFPUT,
+ TAPE2=QUTPUT,TAPEI=APLF 1L, TAPE4=AFLOUT

THIS PROGRAM CONVERTS AN ICE PILE TO A FILE CAPABLE OF

} BEING READ BY THE PROGHAM SPECTRA AND OTHERS WITH THE ;
’ SAME FORMAT NEED. THE ICE FILE CONVERTED I5 TRANSFERRED ¥
FROM THE #PPLE (SEE APPLE PROGRAM TEXTIFY FOR FORMAT). E
THE APPLE FILE 1§ CALLED ROCRKET TEXT. , d

THIE PROGRAM ASSUMES A SKHZ DIGITIZING RATE AND A .05 SECOND
RECORD LENGTH. TO OHANGE THIS, CHANGE THE LENGTH OF THE ARRAYS., .
AND FIX THE TIME SPACING BETWEEN REGORDS (1.E, CHANGE RECPRD, i
THE TIME PERIOD OF ONE RECORD) :
‘THE OUTPUT RECORDS HAVE THE FORMAT I[F/DATA/F/F/F] WHERE F IS
FILLER (I.E, IS5 GNLY TAKING UP SPACE) AND DATA IS THE DATUM.
THIS FIVE POINT SEQUENCE IS CALLED A FRAME AND THERE ARE 250
FRAMES PER .05 SECOND RECORD,

TEXTIFY AND APL20DC WERE CREATED BY RODNEY STOLTZFUS
DECEMBER, 1983

AS OF FEB, 3, 1984 THE FORMAT OF THE APPLE FILE IS 20

3 DIGIT NUMBERS PER TEXT LINE. THIS CAUSES PROBLEMS AS THE
APLZCDC  OUTPUT SHOULD BE IN BLOCKS OF 250, THE SOLUTION IS
TC READ IN 500 POIKTS AT A TIME AND PRINT OUT 2 ARRAYS AT
ONE PASS THROUGH SUBROUTINE REFORM, ESSERTIALLY THIS MEANS
THAT THE NUMBER OF INPUT POINTS SHOULD BE A MULTIPLE OF 500

aAaoooaaaOoNo0aOOaoODanNoGan

H FATHER THAN 250.
¢
C
e s s sk ol ol vl ok v o o 9 o o ol ek Aol o ol o i ok ok vk e el i ok ok ol o e o ool e o i o o vl ol e e e W e
C
c VARTABLE DICTIONARY
Cc
c
€ LARRAY: HOLDS THE INTEGER DATA BEFORE TRANSMITTING, TARRAY
c I8 EQUIVALENT TO ARRAY(2 TO 1251)}.
C
C JRRAY : HOLDS THE TARRAY AND THE TIME CODE. THE TIME CODE IS
c IN ARRAY(1).
¢
¢ DATNUM: IS5 THE TOTAL NUMBER OF DATA POINTS IN THE FILE
¢
C  DATA : IS AN ARRAY THAT HOLDS 50C PIECES OF RAW DATA.
c
¢ 1,1,k : GENERAL PURPOSE COUNTERS,
C
¢ BLOCKS: GCIVES THE WUMBER OF 250 POINT BLOOKS IN THE INPUT FILE,
c
€ RECPRD: GIVES THE TIME DURATION OF ONE RECORD,
c
e e i i sk i el ol vl s sl ke e vl i ok sl s ol ok ok o Aokt e e sl e e e o o o ol o e o e e e e o ek oy
C
INTEGER DATA{500),I,J,K,DATNUM, BLOCKS,J19
REAL TIME
G
¢
PRINT#,"WHAT IS THE UNIVERSAL TIME OF THE FIRST RECORD?"
READY , TIME
PRINT*,"HOW MANY DATA POINTS ARE IN THE INPUT FILE?"
PRINT*,"(MUST HE MULTIPLE OF 500. SEE OPENING PROGRAM COMMENTS)"
READ* ,DATNUM
c
€ READ IN THE DATA IN DOUBLE BLOCKS
¢ .

BLOCKS=DATNUM/250
D0 110 I=1,BLOCKS,2
DO 100G J=1,500,20
J19eJe19
READ (3,900) (DATA(K),K=J,J19)
100 CONTINUE
c .
C INSERT THE FILLER DATA AND THE TIME CODE FOR TWO BLOCKS.
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C  WRITE THEM OUT TO TAPE4 (BEE PROGEAM STATEMENT),
c
CALL REFORM{DATA,I,TIME) Co
110 CONTINUE :
900 FORMAT(20I3)
STOP
END

SUBROUTINE REFORM INSEWTS THE EXTRA DATA POINTS,PUTE ON
THE TIME MARK, PUTE THE DATA INTO ARBAY, AND WRITES OUT ARBAY,
IT PUTS OUT TWO ARRAYS IN A PASSH.

oaonoa

SUBROUTINE REFORM(DATA,RECNUM,TIME)
REAL ARBAY(1251),TIME,RECPRD

INTEGER RECHUM,DATA(S500),IARRAY(1250),K b
EQUIVALENCE (ARRAY(Z),IARRAY(1))

PUT IN EXTRA GARBAGE DATA POINTB

SET THE RECORD DURATIOR TIME. FOR 5KHZ IT SHOULD BE .05 SECONDS, . !

OO Gat

. RECFRD=,05

D0 210 Ke=1,2

D0 200 J=1,250
TARRAY( (J=1)%5+41)s9999
TARRAY( ((J=1)%5)42)mDATA(J+250%(K~1) )
TARRAY({{J=-1)%5)+3)=9999
TARRAY (((J-1)%5)+4)=9999
TARRAY( ((J~1)%5)+5)m9999

200 CONTINUE

THE NEXT STATEMENT ATTACHES A TIME CODE RELATIVE TC TIME,

WITH A RECPRD SECOND REQORD LENGTH, EACH AFFIXED TIME CODE SHOULD .
BE RECFRD SECONDS GREATER THAN THE PRIVIOUE ONE. B
(RECNUM~1) IS USED SINCC THE NTH HECORD SHOULD MAVE A TIME CODE I
OF (N-1)%RECPRD, THE (K-l) IS5 USED SINCE SUBROUTINE REFORM PUTH SN
OUT 2 RECORDS, ONE AT K=l AND ONE AT K=2. R

Sooooaoon

ARRAY (1) *TIME+ (FLOAT({RECNUM-1}+(K~1} J*RECFRD)
WRITE(4) ARRAY .
210 CONTINUE _ ‘ e
RETURK =
END




T S e, s M R AT e B e oot e @ G M A ke o R miia T - SR

125

II.4 SPECTRA

PROGHAM BPECTHA I8 AN INTER-ACTIVE ROUTINE WRICH ALLOWS HE
COMPUTATION OF POWER BFECTRA TO BE USEDR IN THE CALCULATION
OF FINE BTRUCTURE IRBEQULARITIES. TUE FINE STRUCIURE DATA
FILE TO BE ANALYZED IS ENTERED THROUGH DEVICE 3. THE USER
IS THEN PROMPTED TO PROVIDE INFORMATION REGARDING THE DATA
AND THE ANALYSIS. A LINEAR FIT MAY ALSO BE PERFORMED ON
TUE DATA AND THE SFECTRAL INDEX CALCULATED. THE USER MAY
BTORE VALUES OF THE SPECTRAL INDER AN MAGNITUDE IN ARRAY
INDEX, FROGRAM BPINDEX MAY TUEN BE UEED TO PLOT THE
BPECTRAL INDEX AND MAGNITUDE A A FUNCTION OF ALTITUDE.

PRIOR TO EXECUTION OF BFECTRA, THE UBER MUST PROUVIDE
CERTAIN PARAMETERS. THESE PARAMETEAS ARE

1) GAIN -- THIS I5 THE GAIN OF THE EXPERIMENT.
2) GHANNEL =-- THIS REFERE TO THE CHANNEL NUMBER

OF THE REQUIRED DATA AS STORED oM

A CDC PORMAT TAPE, !
3) MINMAG -- THIS IS THE LOWER BOUNDARY ON TUE

PLOTTING AXIS.

4) BANDCAL =~- THIS I5 THE ARRAY WMICH CONTAINS
THE DATA CALIBERATIONS AS DETERMINED ;
FROM PROGRAM CWALCAL, : :

5) LOLIMIT ~~ LOLIHIT IS8 THE LOWER BOUND ON THE ?

FREQUENCY OF DATA POINTS TO BE INCLUDED
IN THE LEAST SQUARES FIT.

6) HILIMIT =-- HILIMIT IS THE UPFER BOUND ON THE
FREQUERCY OF DATA FOINTS T0 BE INCLUDED
IN THE LEAST SQUARES ¥ift, '

e

7 FC -- THIS IS THE UPPER 3IDB FREQUENCY OF TME
TELEMETRY LOW PABS FILTER,
8) FAC -~ THIS IS THE UPFER 3IDB FREQUENCY OF THE

AC AMPLIFIER,
9) FLE -~ THIS 1§ THE UPPER }DB FREQUENGY OF THE
LOGARTTHMIC ELECTROMETER,
10) BBAND -~ THIS IS THE NUMBER OF THE BROADBAND
AMPLIFIER OUTPUT BEING PROCEBSED. (TO
BYPASS DEFPMPH, SET BBAND .EQ. 0}
THESE VALUES ARE ENTERED'UNDER THE TITLE "EXPERIMENT
PABAMETERS" IN THE PROGRAM. (WRITTEN BY BRUCE TOMEI, 1983).

THIS VERSION OF SPECTRA IS MODIFIED FROM THE ORIGINAL VERSION
BY BRUCE TOMEI. AN ATTEMPT HAS BEEN MADE TO DOCUMENT
MAJOR CHANGES. DEBUGGING OF ‘THE ORIGINAL I8 NOT
RECORDED. THERE 15 AN EXTENDED
PLOTTER ROUTINE ALLOWING INCLUSION OF THE ROCKET BHOT
NIFMBER, THE LAUNCH TIME (IN UNTVERSAL TIME), THE WUMBER
OF SECONDS INTO THE LAUNCH AT WHICH BPECTRA ARE DESIRED,
THE ROCKFT SPEED AT THAT TIME, YHE ALTITUDE, THE ROCKET
ANCLE OFF VERTICAL, THE FFT BLOCK LENGTH, THE SEGMENY
OVERLAP, THE DIGITIZATION RATE, UHE ROCKET SPIN RATE,
AND THE GAIN OF THE EXPERIMENT,

NEW VARIABLES AND CONSTANTS ARE: SHOTWUM,ALTITUD, AND ROCKEPD.
THIS VERSION OF SFECTRA DOES NOT ASK FOR THE ANGLE,
OR THE SPIN RATE OF THE ROCKET,
RODNEY STOLTZFUS. 10/11/83
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ANOTHER MODIFICATION: '

SPECTRA USED TO PLOT A STRING OF SEQUENTIAL PLOTS. YOU COULD
PLOT AS MANY AS YOU WISBHED OUT OF THE AVAILABLE SEGHMENTS.
HOWEVER, YOU COULD NOT PICK OUT INDIVIDUAL PLOTS. FOR EXAMPLE,
YOU COULD NOT PLOT ONLY THE FIFTH SEGHENT; YOU HAD TO

PLOT BEGMENTS 1,2,3,4, AND 5.

THE MODIFICATION ALLOWE YOU 70 CHOOBE ANY AVAILABLE PLOT OR
PLOTS. THE COMPUTED AVERAGE IS OVER 'THESE BELECTED
PLOTS RATHER THAN OVER THE WHOLE RANGE OF SEGMENTS.

THIS ADMITTEDLY CONSTRAINS THE AVERAGE PLOT TO COVER ONLY
THOGE SPECTIRA WHICH ARE ACTUALLY PRINTED. YOU MUST PLOT
ALL BPECTRA YOU WISH 10 HAVE INCLUDED IN THE AVERAGE.

THIS MODIFICATION 15 PERFORMED BY PUTTING THE DESIRED PLOT NUMBERS
1N AN ARBAY CALLED PLOTS, YOU CAR INCLUCE UP TO 99 PLOTS.
SUBROUTINE SELECT HANDLES THE CONSTRUCTION OF THE ARBAY CALLED
PLOTE.

2/16/84 RODNEY STOLTZFUS
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MODIFICATION: BSPECTRA NOW HAS THE ABILITY TO BAVE AVERAGE
PLOTS FOR LATER PROGEBSING, YOU CAN PUT AN AVERAGE PLOT
INTO MEMORY LOCATIONS (CALLED PLOT BAYS) AND GO BAGK TO
GREATE MORE AVERAGE PLOTE.

PROCESBSING INULUDES AVERAGING TWO PLOTB, TAKING THE DIFFERENCE
OF TWO PLOTS, ZERFORMING AN INCREMENTED WINDOW AVERAGE,
AND PLOTTING THE FINAL KESULT,

THERE ARE CURRENTLY TWO PLOT BAYS PLUB A WORKING DAY IN WHICH
PROCEBSED DATA IS KEPT. 1F NECEBSARY, MORE BAYS CAN BE
IMPLEMENTED BY DECLARING NEW ARRAYE AND ADJUSTING THE
SUBROUTINE CALLS,

A PLOT BAY CONTAINS THREE ARRAYS: THE FREQUENCIES OF THE PFT,
THE CORRESPONDING MAGNITUDES, AND ASSQCIATED PARAMETERG.
THE PANAMETERS ARE THE TIWY OF THE PLOT, THE SIZE OF THE
DATA ARRAYS, AND 'ITHE FFT S'ZE.

KOTE: DEPENDING ON THE NUMBER OF PLOT BAYS, THE FROGRAM MAY
REQUIRE MOKE CENTRAL MEMORY THAN IS USUALLY GIVEN TO
A RESEARCH ACCOUNT., 1F THE PROGRAM WILL NOT RUN AT
NORMAL TIHES, YOU MAY NEED TO HAVE YOUR CENTRAL MEMORY
LIMITS EXPAWDED,
3/12/84

SPECTRA WAS WRITTEN BY BRUCE TOMEL, 1983.

SPECTEA HPQUIRES THE FOLLOWING EXTERNAL INFORMATION:
THE IMSL LILPARY {ACCESSED BY GRAB, IMSL)

THE GCS LIBRARY (ACCESSED BY GRA2,CCS8(TEKT,3D) )
AN INPUT FILE IN STANDARD ROCKET FILE FORMAT

PROGRAM BPECTRA (INPUT,OUTPUT,BATALI,INDEX,TAPE]=INPUT,

* TAPE2=0UTPUT, TAPEI=DATAL ] , TAPE4=INDEX)

INTEGER N ,K,M,OVLP,WINDONO,DISPLAY ,OPTION ,CHAKNEL,YHRS , IMIY,8,
* NUMBER,FITL,FIT2 ,REPEAT M2 ,BIAND,DIGHATE, JJ,PLOTS (100),
* TOTAL,QUES ,PLTSI2E,FFTS IZE

REAL mm(wss).ma(zoan MAGAVE(2049) +PREQ(2049),X(4096) ,
BANDCAL(5) ,MAXMAG,MAXFREQ, LTIME ,8TIME , BMPT IME ,8ECB ,GAIN ,
MINMAG, KREAL,SLOPE,YINT HILIMIT, munz'r FC,FAC,FLE,SHOTHUM,
ALTITUD,ROCKSPD »SAVMAGL (1025) .smmcz( 1025) '
WORKMAG(1025),SAVFRQL{1025) ,8AVFRQ2{1025),
WORKFRQ{1025),PARAMSL(10) mmusz(lo),

WKPARMS(10) AVPAEHE(IO)

COMPLEX 2(2049)

EXTERNAL CABS

nn'm 2,DATA ,MAG,MAGAVE, X, FREQ, SAVMAG! , BAVMAG2 ,WORKMAG,
SAVFRQL SAVFRQZ ,WORKFRQ,PARAME] , m\nmsz
WKPARME , AVPARMS /2049%((0.0,0, 0)} 4096*(0.0).

2049%(0.0) $2049%(0.0),4096%(0.0),2049%(G,0),
1025%(0.0),1025%(0.0),1025%(0..0),
1025%(0.0),1025%(0,0),1025%{0.0),10%(0.0),
10%(0.0}, 10*(0 0), 10*(0.0)/

i

REMINDER TO CHECK EXPERIMENT PARAMETERS,

LAk 2 3 N S 2

#Iltlﬁi

FRINT*, "REMINDER:MAKE SURE YOU HAVE SET THE EXPERIMENT"
PRINT*, "PARAMETERS CORRECTLY (I.E. GAIN,BANDCAL,ETC. )"
PRINT*,* "

ENTER USER-SPEGIFIED VARIABLES

PRINT*,"ENTFR THE LAUNCH TIME. (HH MM SEC.)"

READ* , THRS , IMIN ,8ECS

LTIME=FLOAT {IHRS*3500+IMIN*60 ) +6ECE

FRINT* “ENTER THE DESIRED STARTING TIME. (SECONDS AFTER LAUNCH)Y
SEADY , STIME

IF(REPEAT .EQ. 1)GOTO 50

PRINT*,"ENTER THE NUMBER OF DATA POINTS."
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READ® N _
PRINT®,“ENTER TUE BEGHENT LENGTH (MUST BE AN EVEN INTEGER)"
READY, L
PRINT® " NUMBER OF BEGHENTS OVERLAPY
sul/1,
PRINT4 8,0
I¥(8 .EQ. 1) GOTO 40
IO 100 12,1
KREAL=FLOAT (N={(I~1) }/FLOAT (1~ (1-1))
IP(KREAL~AIRT(REEAL) 100,20
EwIFIX(EREAL)
PRINTS ,K,I-1
FORMAT{ 13X, 14,10%, 14)
CONT INUE
PRINT®,"ENTER THE NUMBER OF SEGHENTS "
PRINT®, “THE DATA SHOULD BE DIVIDED INTO
READ* K
OVLP={L¥K~N)/(K=~1)
PRINT®, ‘ENTER TIE DESIRED WINDOW, 1~RECTANGULAR"

PRINT® " 2-BARTLETT"

PRINTw,® 3=-HARNING"

PRINT® " 4=1AMNING"

PRINT® " 5-BLACKMAN™

PRINT®, " 6~BLACEKHMAN-HARRIS "

READ* , WINDONO '

FRINT*,"ENTER THE FFT BLOCK LENGTH (HUST BE A POWER OF )
READ* M

H2=M/241 -

FRINT, "ERTER THE DEBIRED PLOT. I=-LINEAR™

PRINT® Y =LOGARITHMICY

PRINT® » 3-NO PLOT"

READ* ,OPTION

FIT2w2

DISPLAY=2

FITl=1

PRINT®,"D0 YOU WISH TO PLOT INDIVIDUAL PERIODOGRAMS? 1-YEg"
PRINT'. " z_Noll
READ* , DISPLAY

THE FOLLOWING ALLOWS THE USER 70 BELECT INDIVIDUAL PLOTS TO
BE PLOTTED (AND INCLUDED IN THE AVESAGE), PLOTS (100}

HOLDS THE RESPONSE TO TME QUESTION,

HODIFICATION Y0 ORIGINAL SPECTRA PAOGRAM. S8EE INITIAL PROGRAM
COMMENTS OR COMMENTS FOR SUBROUTIRE SELECT. 2/16/84

FRINT#,"DO YOU WISH TO DISPLAY AND AVERAGE ONLY CERTAIN PLOTSI"

PRINT* ¢ 1=YES, I OHLY WANT SOME OF THE SECHRNTS"
PRINTW," 2-H0, I WANT ALL SEGMENTS AVERAGRDY
READY ,PLOTS (100}

CALL BUBROUTINE BELECT. THIS WILL PUT THE DSIRED PLOT HUMBERS
INTO THE ARRAY CALLED PLOTS. YOU CAN INCLUDE UP TO 99 PLOTS,

CALL SELECT(PLOTS ,NUMBER,K,TOTAL)

PRINT*, "FERFORM LINEAR FIT TO INDIVIDUAL PERIODOGRAMB?  )—YEG"
PRINT®, 2—Hip"
READ®, FIT2

PRINT*, "FERFORM LINEAR FIT TO AVEBAGE! FERIODOGRAM? 1—YES"
PRINTS, ¥ _ 2-~Ho"
READ*,FIT]

PRINT™, "WHAT 1S THE NUMBER OF TWE ROCRET SHOT?"
READ* ,BHOTHUM

PRINT*,"WHAT I THE ALTITUDE FOR THIS ANALYSIS?"

READ® ,ALTITUD

PRINT*, "WHAT I8 THE ROCRET SPEED AT TMIS ALTITUDE?"

READ* , ROCKSFD .

PRINT*,"WHAT IS THE DIGITIZING BATE OF THE DATA?"

" READY,DIGRATE

FRINT*, "ANY CHANGES? 1-yEgY
PRINT*," ' 2-Kb"
READ¥ B

IF(5 .EQ. 1)GOT0 }0
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GAIN=35 ,000
CHANNEL=2
HINHAG*0 000000000001
BANDCAL(1) =115 ,50
BANDCAL(2)=5 0600
BANDCAL(3)=127 ,000
BANDCAL(4 )=248,000
BANDCAL(5)%370.000
PRINT®,"D{) YOU WANT TO CHAMGE THE BANDCALS? 1-YEB'"
PRINT®, " 2~-NO"
READ¥ ,QUES
IF (QUEE .EQ, 2) GOTO 75
PRINT® "ENTER THE BANDCALS AS YOU ARE ASKED:"
PRINT® , "'BANDCAL(1)?"
READ*  BANDCAL(1)
PRINT®, "DANBCAL(2)7"
READ*® , BANDCAL(2)
PRINT®, "BANDCAL(3) 7"
READ*, DANDCAL(3)
PRINT®, "BANDCAL(4)?"
READ® ,BANDCAL( 4]
FRINT®, "BANDCAL{5)?"
READ® , BANOCAL(S)
75  LOLIMIT=16A.0
- HILIMIT=2500.0
FC®1050.0
FAC=1880 .5
PLE=2507 ,0

BBAND = 2 IF YOU WANT TO SELECT YOUR OWH LOWER 3DB DEEMPHASIS
POINT.

BEAND=2
BEGIN PRCCESBING

50 REWIND 3
CALL LOAD(DATA,N,CHANNEL,LTIME ,8T IME,SMPTIME)
CALL CALIB(DATA,N,BANDCAL,GAIN}
CALL SPECTRM{DATA,MAG,MAGAVE,¥REQ,X,2,N,K,H,H2,L,0VLP, WINDONOD,

" BMPFTIME , OPTION , DESPLAY, NUMDER ,MINMAG, PIT2 ,FITI,

* LOLIMIT HILIMIT,¥C,FAC,FLE ,BEAND ,LTIME ,STIME ,BHOTNUM,

* DIGRATE, TOTAL,PLOTS)

CALL FILYCAYL(MAGAVE,FREQ,M2,FC,PAC,FLE)
CALL DERMPH{MAGAVE,FREQ,i42 ,BBAND)
CALL MAXMIN(MAGAVE,FREQ,MAXMAG , MAXFREQ M, H2)
Jy=0
BETTING JJ=0 WILL CAUSE 0 TO BE PRINTED ON THE AVERAGE
PLOT.
CALL PLOTTER(MAGAVE,FREQ,M,M2 ,MAXMAG, MINMAG, MAXFREQ, OPTION,

* SLOPE,YINT,FIT1,LOLIMIT HILIMIT,STIME, SHOTNUM,

" ALTITUD ,ROCKSPD, IHRS ,IMIN ,BECS ,DIGRATE ,OVLP ,CAIN,JJ)
PRINT*, “D0 YOU WISH T0O STOHE THE BPECTRAL INDEX? 1—YES"
FRINT*," 2-=fip"
READ® 5
1F(6 ,EQ. 2)GOIG 60
CALL STORE(SLOFE,YINT,LTINE ,STIME,SHPTIME,N)

60 PRINT®,"ARE YOU FINISHED? 1-YES"
FRINT®," 2=-No"
READ*,8
IF(8 .EQ. 1)8TOP

it e e ol sl et s o o ol e ot sl e ol e sk Sl b sk s e St ek

THE FOLLOWING SECTION ALLOWE FURTHER ANALYSIS OF SPECTRA.
SPECIFICALLY IT ALLOWS THE USER TO BAVE THE AVERAGE PLOT MADE BY
BUBRCUTINE SPECTRM, AND ALLOWS THE USER TO JREATE MORE BPECTRA,
THE SFECTRA ARE EAVED IN ARBAYS SAVMAGL ARD SAVMAG2.

EACH ARRAY CAN HOLD UP TO 1025 POINTS (CORRESPONDING TO A 2948
POINT FFT.
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¢ FREQUENCIES ASBOCIATED WITH THE BAVED MAGNITIUDES ARE IN ARRAYS
C BAVFRQL AND BAVFRQ2, CERTAIN PLOT PARAMETERS ARE STORED IN
C PARAMS]1 ANL PARAMS2, THY ORDER OF BTORAGE 1& TIME, NUMBER OF POINTS,
C AND FFT BIZE.
c IN ADDITION T0 THUESE THREE ARRAYS THERE I8 A WORKING PLOT CALLED
C WORKMAG. WORKFRQ AND WKPARMS STORE THE FREQUENCIES AND THE
€ ABSOCIATED FREQUENCIES AND PARAMETERS,
[
C FIRST, BTURE NIE AVERAGE PLOT IN ONE OF THE PLOT BAYS. ALBO SET UP
C AN ARRAY AVPARAM,
c
PRINT*,"DO YOU WIS{l T0O BTORE THE LABT AVERAGE PLOT? j-YES"
PRINT®, " 2-NG"
READ* , QUES
IF (QUES .EQ, 2} GOTO 100
AVPARME (1 )=ETIME
AVPARNS (2) M2
AVPARMS (3 ) =M
c
C DISPLAY WHICH PLOTS ARE WHERE
c
CALL PRTSTAT(PARANS] , PARAMBZ ,WKPARMS )
PRINT*, "IN WHICU BAY DO YOU WISH TO STORE THE AVERAGE PLOT"
PRINT® " 1-BAY#L®
PRINT®,* 2-DAY#2"
PRINT® " 3-DONY BTORR"
READ*, QUES
¢
C USE SUBRQUTINE TRNSPLT TO EWITCH TME AVERAGE PLOT INTO A PLOT BAY.
¢
IF (QUES .EQ. 1) CALL TRNSPLT{MAGAVE,FREQ,AVPARMS ,SAVHAG] ,SAVFRQS,
*  PARAMS1)
IF {(QUES .EQ. 2) CALL TRNSPLT{MAGAVE,FREQ,AVFARMS ,SAVMAGZ ,5AVFRQ2,
*  PARAMS2)

100 CALL PRTSTAT{PARAMS),PARAMS?2 ,WKPARMS)
PRINT*,"DO YOU WIBH TO CONTINUE TO PROCESSING? 1-YES "

PRINT®," 2-HO, GO BACK :
PRINTY," ¥OR MORE SPECTRA
PRINTW," 3-QUIT BPECTRA"
READ®, QUES

Ir (QUES .EQ. 2)G0TO 110
Iy (QUER .EGQ, 3) STOP

BEGIN PRUCEBSING
ASK THE USER WHICH PROCESS IN DESIRED. THE SUBRGUTINE MENU
ASKS THIS AND RETURNG WITH A WNUMEBER IN QUES.

[+ N oW NN

105 CALL MENU(QUES)

ANY SBUBRQUTINE WITH "SET" IN IT MERELY SETS UP A CALI TO THE
ACTAUL MATHEMATICAL ROUTINE DESIRED.

aoahon

IF(QUES .EQ. 1)CALL DIFFSET(SAVMAGI,BAVFRQL ,PARAME] ,SAVMAGZ,
» BAVFRQ2 ,PARAME2 , WORKMAG, WORKFRQ, WKPARMS }

IF(QUES .EQ. 2)CALL WNDOSET(SAVMAG),,SAVFRQl ,PARAMB) ,BAVHAG2,
W

SAVFRQ2 ,PARAMSZ , .
* WORRMAG, WORKFRQ , WKPARMS )
IF(QUES .EQ. 3)CALL TRNSBET(SAVMAG] ,SAVFRQI,FARAMS] ,BAVMAGZ,
w BAVFRQ2 ,PARAMS2 ,
" WORKMAG, WORKFRQ, WKPARMS )

IF(QUES .EQ, 4)CALL AVRGSET(SAVMAGL ,SAVFRQ) ,PARAME) .wau.cé s
bl BAVFRQ2 ,PARAMS? , WORKMAG , WORKFRQ, WKPARMS )
IF{QUES .EQ. S)CALL PRTSTAT(PARAMS) +PARAMS2 , WKPARMB )

FFTSIZE=IFIX(WKPARME (3))
PLTS IZE=IFIX{WKPARME(2))
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IF(QUES .BQ, 6)CALL PLOTTER{WORKMAG, WORKFRQ,FFISIZE,
* PLTS 1ZE,HAXMAG, MINMAG, HAXFREQ,
* OPT 20N ,8LOPE, YINT,FIT] ,1OLIMIT, HILINIT,
" WKPARMS (1) ,SHOTHUM,ALTITUD ,ROCKSPD, IHRS,
* IMIN,BECS ,DIGRATE,OVLP,GA ™ ,J1)
mquzs -EQ. 8) CALL COPYSBET(SAVMAGI ,BAVFRQL,PARAMSI,
BEAVMAG2 ,SAVFRQ2 ,PARAMB2 ,
* WORKMAG , WORKFRQ ,WKPARMS )
IF(QUES ,67. B)YCALL FRNTERR(3)

IF QUES WAE NOT EQUAL T0 7, GO BACK TO THE MENU,

IF (QUES .NE. 7) GOTO 105

GO BACE TO THE BEGINNING OF SPECTRA FOR MORE PLOTS
110 PRINT*,"ARE YOU FINISHED? 1-yzg"

PRINT# " 2-No"
READ* ,QUES
IF (QUES .EqQ, 1) STOP
FRINT*,"GO BACK TO MAKE MORE PLOTS,"
FRINT*, "DIFFERENT TIME,SAME ANALYGI5? 1-YES"
PRINT®," 2-Yo"
READ* , QUES
REPEAT=0
1F (QUF8 .EQ, 1) REPEAT=L
cuTo 10
STOP
D

SURBROUTRNE LOAD READS A SPECIFIED GUANNEL ON A

FDP2CLC G

UJVERTED TAPE AND STOREE THIE DATA IN ARRAY
E NUMBER OF DATA POINTS TO BE READ AND THE

TIME CORRESPONDING TO THE FIRST DATA POINT ARE ENTERED

BY THE Us
CORRESFPON

ER. 1F THE STARTING TIME ENTERED DOES ROT
D TO A SPECIFIC DATA POINT, THE FIRST DATA

POIKT CF THE DESIRED CHANNEL FOLLOWING THE GIVEN
STARTING TIME WILL BE THE FIRST TO BE READ. FOLLOWING

IS A LIST
(FOTE ==
SPECIFIES

OF THE SUBROUTINE VARIABLES,
THE NUMBER IN PARENTHESES IN THE READ STATEMENT
THE DEVICE TO BE READ, THIS BHOVULD BE MODIFIED

‘IN ACCORDANCE WITH THE USER’S PROGRAM STATEMENT,)

DATA
N
LTIHE
STIHE

FTIME
SMPTIME
TIME

FHAME
CHANNEL
POINT
IPOINT
STPOINT

=ARRAY CONTAINING THE CHANNEL SAMPLES,

. =NUMBER OF SAMPLES TG BE READ.

=LAUNCH TIME IN UNIVERSAL TIME (IN BRECONDS).
«TIME CORRESPONDING TC THE FIRST SAMPLE 70 BE
READ (IN SECONDE FROM LAUNCH).

~TIME CORRESPONDING T0 FPIRST SAMPLE IN A RECORD,
=CHANNEL. BAMPLING PERIOD,

«TIME OF DATA POINT IN UNIVERSAL TIME (LTIME+
STIME).

=THE FRAME NUMBER (A FRAME 18 A 9ET OF FIVE DATA Ponu's).
=THE DESIRED CHANNEL TO BE READ.

»THE DATA POINT CORRESFONDING TO TIMZ

«THE LARGEST INTEGER LESS THAN OR EQUAL TO POINT.

=THE PIRST DATA POINT TO BE READ (STARTING POINT).

SUBROUTINE LOAD (DATA,N,CHANNEL,LTIME,STIME,SMPTIME)

REAL DA

w
INTEGER
EQUIVAL

TA(N) .ARRAY(HSI) LTIME 8+ IME ,TII‘[E SI‘IPIIHE P'.I'IHE +POINT,
TIMELL

IARRAY(1250),JPOINT,STPOINT ,CHANNEL
ENCE(ARRAY(2),TARRAY(1))

TIKE=LTIME+STIME

READ(3)

ARTAY
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PTIME=ARBAY(1)
BEAD(3) ARRAY
BHPT IME= (ARRAY (1) -PTIME ) /250,0006000
REWIND 3
c

C LOCATE THE PROPER RECORD

L+

10 READ(3) ARRAY

¢ TIMELl 15 THE TIME OF THE RE.ORD PREVIOUS TO TME DESIRED ONE,

€ THE .0001 IS USED TO PREVEN" LCUND OFF FRRORS.
TIMEL] = TIME-(SMPTIME*250.0000) + .000}
IF (ARRAY(1) .GT. TIMELL) GOTO 20
GoTo 10

20 POINT={TIME-ARRAY(1))/(BMPTIME/5.0)+1,0
IPOINT=POINT
IF(POINT-FLOAT(IPOINT) ,LT. 0.000001) GOTC 30
IPOINT=IPOINT+]
IF(TPOINT .1E. 1250) GOTO 30
READ(3) ARBAY ;
IFOINT=~1

30 FRAME=(IPOINT-1)/5+]

STPOINT={FRAME~1 )} *S+CRANNEL
1F{IPCINT .LE. STPOINT) GOTO 40
STPOIRT=STPOINT+5
TP(STPOINT .LE. 1250) GOTO 40
READ(3) ARRAY
STPOINT=CHAKNEL

T

T e R R R e R

i il SR,

c
¢ READ IN THE DAYA
c

40 DO 100 I=1.N
DATA(T)}FLOAT(TARRAY (STFOINT))

BTPOINT#STPOINT+5
IF{STPOINT .LE, 1250) GOTO 10G
READ(3) ARRAY
STPOTNT=CHANNEL

100 CONTINUE
RETURN
END

PRV i et ot g e

AUBROUTINE UALIB FERFORMS THE NECEESARY
CALIBRATIONY 80 THAT THE DATA IS REPRESENTATIVE

OF THE OUTPUT FROM THE EXPERIMENT. THESE

CALIBRAZ IONZ INCLUDE ADJUSTMENTS FOR EXPERIMENT
GAIN, DIGITIZER GAIN, SIGNAL OFFSETS, AND
DISCRIMINATOR NON-LINE/RITIES. YHE NON-LINEARITIES
ARE REMOVED WITH A CALIBRATION CURVE OBTAINED BY

A PIECEWISE-LINEAR FIT TO THE CALYBRATION VALUES
(BANDCAL(5)),

GO0 aOOOao0n0aO0O0nn

SUBRCOUTINE CALIB (DATA,N,BANDCAL,GAIN)
REAL DATA(N),BANDCAL(5),GAIN
INTEGER N
DO 100 I=l,N
TIF(DATA(1) .GT. BANDCAL(2)) GOTO 10
DATA(I)={{1.25/(BANDCAL{2)=~BANDCAL{1) 7 )*DATA(I)
* w(],25%BANDCAL(L) /( BANDCAL( 2 )~BANDCAL{1) }}-2.5) /GAIN
GOTO 100 _
10 IF(DATA(I) .GT. BANDCAL(2)) GOTO 20
DATA{T)=({1.25/ (BANDCAL(3)-BANDCAL(2}))*DATA(I}
» =(1.25%BANDCAL(2) /( BANDCAL(3 }-BANDCAL{2) })-~1,25}/CAIN
GOTO 100
20 IF‘DATA(I) .GT. BANDCAL(4)) 60TO 30
DATA(I)=((1.25/ (BANDCAL{4)~BANDCAL{3) ) I*DATA(L)
* . -(1, 25*BAHDGAL(3)f(BANDCAL(4)-HANDﬂAL(3))))IGAIN
GOTO 100
30 nATA(I)-((x.25/(BANDCAL(S)-nAnncan(k)))*nATA(I)
" ={1.25%BANDCAL(4) / { BANDCAL( 5 ) ~BANDCAL(4) ) )41 ,25) JGAIN
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QETURN

] 100 CUNTINUE |
; END

SUBROUTINE SPECTRM SEGHENTS THE DATA, REMOVES THE MEAN, \
WINDOWS THE DATA, COMPUTES THE PERIODOGRAM, UPDATES AN i
AVERAGE OF THE PERIODOGRAMS, AND THEN DISPLAYS THE i
INDIVIDUAL PERIODOGRAMS. AN AVERAGED PERIODOGRAM IS ;
OBTAINED UPON RETURN FROM THE SUBROUTINE.

aocOaaocaaonoann

SUBROUTINE EPECTRM(DATA,MAG,MAGAVE,FREN,X,Z,N,K,H,H2 L, OVLP,
* WINDONO , SMPT IME ,OPTION , DISPLAY , NUMBER ,MINMAG,
] F1TZ,FIT1,LOLINIT,HILIMIT,FC,FAC,FLE,BBAND,
* LTIME , 8TIME, SHOTNUM, DIGRATE, TOTAL, PLOTS )
INTEGER N,K,M, M2 0OVLP,D,L,WINDONC,IWK(12),DISPLAY,OPTION,
> HUMBER ,5,BBAND,V,FIT1,FIT2,PLOTS (100, TOTAL, PRESPLT, DIGRATE
REAL DATA(N),MAG(M2),MAGAVE(M2},FREQ(MZ),X{M) ,MEAN ,WK(1)}, .
* SMPT IME ,MAXMAG, MINMAG, MAXFREQ, LOLIMIT, HILIMIT , FC, FAC, FLE,
" LTINZ ,STIME ,SLOFE,YINT
COMPLEX Z{M2)
c
¢  INITIALIZE ARRAYS
c
DO 100 I=) M2
MAGAVE(1}=0.0
2(1)=({0.0,0.0)}
100 CONTINUE
DO 700 1=i M
X(1)=0.0
700 CONTIRUE ‘
D= (N-OVLF) /K I
5=l L
PRESPLT=1 ‘

BEGIN SPECTRAL ESTIMATIOR

oo

PRINT*,PLOTS (1) ,FLOTS(2),PLOTS (3) ,PLOTS (100}

<

, D0 200 J=1,K

THE ARRAY PLOTS CONTAINS THE PLOT NUMBEL'S DESIRED BY THE USER.
THE FOLLOWING STEP CHECKS WHETHER THE DISIRED PLOT NUMBER (CON-
TAINED IN FLOTS (PRESPLT) ) MATCHES THE J*TH PLOT ABOUT 10O
BE CALCULATED BY THE "DO 200" LOOP, IF THERE IS A MATGH THE
LOOP IS EXECUTED AND PRESPLT IS INCREMENTED. IF THERE IS NO
MATCH THE LOOP IS SKIPPED ( J BEING AUTOMATICALLY INCREMENTED} ) .
AND AGAIN THE STEP SEES IF PLOTS (PRESPLT) = J,
A MODIFICATION BY ROD STOLTZFUS, 2/16/B4

AaAaaQaOn G aaano

FRINT*,PLOTS (PRESPLT),J !
1¥ (PLOTS (PRESPLT) .NE. J} GOTO 200
PRESPLTPRESPLT+1

READ IN THE APPROPRIATE DATA SEGMENT,

[zl =N

D0 300 I=1,L
x(1)-nAn<1+(J—1)*D)
300 CONTINUE
¢
€ MEAN REMOVAL
¢

MEAN=0.0 | ‘
DO 400 I=1,L ‘ _ |
rmw-rmm\»(x(l)-mm) JFLOAT(I) ‘ |
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400 CONTINUE
Do 500 I=1,L
R{I)=X(1)=MEAN
500 CONTINUE

APPLY WIKDOW TO DATA.

aaa

CALL WINDOW(X,L,M,WINDOND)

Y L

COMPUTE PERIODOGRAM
FOR MORE INFORMATION ON FFTRC S8EE THE IMBL DOCUMENTATION.

CALL FFIBC(X,M,Z,IWK,WK)
DO 800 I=1,m2 {OPTIONAL)
2(1)=conJe{z(1)) (OPTIONAL)
800 CONTINUE (OPTIONAL}
LO 600 1s=] M2
MAG( X ) =(2 ,O%SHPT IME/FLOAT{L) Jw(CABB{2(1)))n*2
FREQ{I)=(1-1) /{FLOAT(M)*SHPTIME)
600 CONTINUE
c
€ AVERAGE PERIODOGRAMS
c

[+ X =N+ aoOano

Do 900 I=1,H2
MAGAVE(1)=(1.0/FLOAT(TOTAL) )WHAG(I)+MAGAVE(L)
%00 CONTINUE

4
C  DISPLAY INDIVIDUAL PERIODOGRAM
c

IF(DISPLAY .EQ. 2)GOTO 200

IF(5 .GT, NUMBER)GOTO 200

CALL FILTCAL(MAG,FREQ,M2,FC,FAC,FLE)

CALL DEEMPH{MAG,FREQ,M2,BBAND) _

CALL MAXMIN(MAG, FREQ,MAXMAG,HAXFREQ,M,M2)

S CALL PLOTTER(MAG,FREQ,M,M2 ,MAXMAG, HINMAG, MAXFREQ,OPTICN ,5LOPE,

* YINT,FIT2,l0LINIT,HILINIT,STIME ,BROTNUM,ALTITUD,

* ROCKSPD, IHRS ,IMIN ,SECE ,DIGRATE,OVLP,GAIN,J)
IF(FIT2 .EQ. 2)GOT0 10
PRINT*,"D0 YCU WISH TO STORE THE SFECTRAL INDEX? 1—YES"
PRINT®, " 2—Np"
READ®,V

. IF(VI.BQ. 1)CALL BTORE(SLOPE,YINT,LTTME,STIME,SHPTIME N)

0 B8e3+
200 CONTINUE

RECONSTRUCT ARRAY FREQ{ ) SINCE SUBROUTINE PLOTTER DESTROYS IT.
FOLLOWING LOOF ADDED ON B. TOMEI”S SUGGESTION. 10/24/83

oo

Do 999 Iwl M2
FREQ(T )=(1~1}/(FLOAT(M)*SMPT INE. }
999 CONTINUE
RETURN
IND

BUBROUTINE WAXMIN CALCULATES THE VALUEE OF WAXMAG, MAXMIN,
AND MAXFREQ AND RGUNDS THEM TO APPROPRIATE VALUES FOR AXES
PLOTTING.

aoocooOO0no0an

SUBROUTINE MAXMIN(MAG,FRZQ,MAXMAG, MAXFREQ,M,M2)
INTEGER M, M2 . -
REAL MAG(MZ),FREQ{M2),MAXMAG,MAXFR!
MAXMAG=0 .0
MAXFREQWFREQ(MZ) .
U0 100 I=1 M2
IP(HAG(T) .GT. MAXMAG) MAXMAGeMAG(I)
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100 CONTINVE
CALL LIMITS (MAXMAG)
RETURN
END

» SUBROUTINE FILTCAL PERFORMS A CALIBRATION TO THE SPECTRUM

IN ORDER TO COMPENSATE FOR THE ROLLOFF LFFECTS OF THE
TELEMETRY FILTER, THE AC AMPLIFIER, AUD THE LOGARLTHMIC
ELECTROMETER. THE TELEMETRY F1LTER IF MODELED AS AN
IDEAL 3-POLE LOW PASS FILTER (SEE ZIMMERMAN,1980). THE
AC AMPLIFIER AND 10G ELECTROMETER ROLLOFFS ARE MODELLED
AS SINGLE POLE LOW PASS FILTERS, THE INPUT PARAMETERS
ARE

FC =~-- THE UPPER 3DB FREQUENCY OF THE TELEMETRY FILTER,

FAC -- THE UPPER 3DB FREQUENCY OF THE AC AMPLIFIER.

FEL ~- THE UPPER 3DG FREQUENCY OF THE LOG ELECTROMETER.
HC,HAC,HEL ARE THE MACHITUDES SQUARED OF THE TRANSFER FUNCTIONS

CORRES PONDING TC THE RESPECTIVE FILTER.

SUBROUTINE FILTCAL(MA%,FREQ,HMZ ,FC,FACFLE)
INTEGER M2
REAL MAG(N2) ,FREQ{N2),0MEGA,PT,WC;WAC,WLE
Pi=3.14159265%
Cs2 OWPISFC
WACWZ ,O%PI*FAC
WLE=2 ,0%PI%PLE
B0 100 I=1,M2
OMEGA=2 .D¥PIVFREQ{1)
HCe7 . 75338WHOWRS [ ( ({2,101 99%NCY*2Z~OHEGAWS] ) &2
* +# H0165*(VCROMECA YR w2 )% (1 T 54B0+HCeZ
* +OMEGAYW2) )
HACSWACH#Z { (WACWR2+0MEGAW*Z )
HLE=WLE#*2f (WLE*#2+0MEGA®*2 )
MAG(T ) =HAG( T}/ (HCHHAC*HLE )

100 CONTINUE

noaaaooooooaoaoofonaoaooanan

RETURN
EXD

SUBROUTINE DEEMPH PERFORMS DE~EMPHASIS ON THE SPECTRUM
OBTAINED FROM THE FINE STRUCTURE EXPERIMENT. THE PRE-EMPHASIS
FILTER IS MODELED AS A SINGLE-POLE HIGH FASS FILTER WITH
CUTOFF FREQUENCY EQUAL TO THAT O¥ THE BROAUBAND AMPLIFIER.
THE DE-FMPHASIS FILTER 15 THEN OBTAINED BY TAKING THE INVERSE
OF THE PRE~EMPHASIS FILTER TRANSFER FUNCTION, DE-EMPHASIS
I5 RFQUIRED FOR PAYLOADS 33.028, 31.029, AND ANY OTHER
PAYLGADS WITH THE SAME EXPERIMENT CONFIGURATION., THE
PARAMETERS ARE
1) BBAND ~ THIS KUMBER REFERS TO THE RUMBER OF THE
BROADBAND AMPLIFIER WHOBE CQUTFUT 15 UNDER
ANALYS1S, FQR BBAND .EQ. 0, DR-EMPHASIE
15 BYPASBED. '
2) WC -- THIS IS THE LOWER 3DB CUTOFF FREQUENCY OF THE
BROADBAND AMPLIFIER.
3) HDE -~ THIS IS THE MAGNITUDE SQUARED OF THE DE-EMPHASIS
FILTER TRANSFER FUNCTION.

SUBROUTINE DEEMPH{MAG,FREQ,M2 ,BEAND)
INTEGER M2,BBAND,L

REAL MAG(MZ),FREQ(M2),PI,0HEGA,WC,HDE
PI»3.14159265

IF{BRAND .EQ. O)RETURR
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[N =

WC=2 ,0*P1¥400 .0

IF(BBAND .2Q. 2) WC=2,0%PI*53%,9

DO 100 I=2,M2
OMEGA=2 .0*PIVWFREQ(I)
BDE= (OMEGA**24WC#W2) JOHEGA®WZ
MAG( T )=HDEWMAG(T)

100 CONTINUE
RETURN
FHD

SUBROUTINE PLOTTER PLOTS THE POWER DENSITY VEREUS
FREQUENCY OR SCALE SIZE IN LINEAR OR LOGARITHMIC FORM,
A LINEAR FIT MAY ALSO BE FERFORMED ON THE LOGARITHMIC PLOY.

oOocooaoocaoataoon

i
HOTE THAT THIS SUBROUTINE WILL ROUND OFF POINTS WHIGH ARE OFF
THE PLOTTING SURFACE., THUS THE ROQUTINE 15 A BIT DESTRUCTIVE,
A& LOCAL COPY OF THE MAGRITUDE ARBAY COULD BE BE MADE IF ABSOLUTE
INTEGRITY OF THE DATA I8 REQUIRED.

IF CURVE FITTING IE CHOSEN, THE INPUT MAGNITUDE INFORMATION 15
TOTALLY DESTROYED IN PROVIDING INFORMATION TO THE LINE FITTING

SUBROUTINE.
Wiri '

aoOoOanoaooaoaam

SUBRGUTINE PLOTTER (MAG, FREQ,M,M2,MAXMAG, MINMAG, MAXFREQ,OPTION,
* SLOPE ,YINT,FIT,LOLIMIT,HILIMIT,STIME ,SHOTNUM,
* ALTITUD, ROCKSPD, THRS ,IMIN,SECS ,DIGRATE ,OVLP,
* GAIN ,PLOTNUM) :

INTEGER M,M2,0PTION,FIT,J,IHRS,IMIN,OVLP,DIGRATE,PLOTNUM

BEAL MAG(M2),FREQ(M2)},MAXMAG, MINMAG,MAXFREQ,YINT,SLOPE,

* LOLIMIT,HILIMIT,X1(3),Y1(3),5TIME,TIME ,ALTITUD,ROCKSPD,
* 8ECS ,GAIN ,5HOTHIM, REALK , REALM, RELOVLP, REALDIG, LOCMAG(2049)

bk
SUBROUTINE PLOTTER ADJUSTS THE DATA TO FIT INTO THE LEGAIL BOUNDE

€ OF THE REQUESTED PLOT, FOR EXAMPLE, IT CHANGES ANYTHING <

C MINMAG TO MINMAG. TO PRESERVE THE ORIGINAL DATA THE ORIGIN/L

C DATA IS SAVED IN MAG,

Ciririede

c

¢
c
c
c
c

DO 5 I=1,M2
LOCHMAG(T y=MAG(T)
5  CONTINUE

INITIALYZE PLOTTING PARAMETERS

CALL USTART
THE FOLLOWING DISPLAY CAPABILITY WAS ADDED BY RODNEY
STOLTZFUS, 10/09/83.
TO USE, REMOVE THE C”S AT THE BEGINNING OF THE LINES.
ALSO MAKE SURE APPROPRIATE PARAMETERS ARE PASSED INTO SUBROUTINE
PLOTTER AND BPCTRH, :
CALL UWRITE(52.,96.,"ROCKET BHOT )
CALL UWRITE(52,,95.,"LAUNCH TIME ™M
CALL UWRITE(52.,95.,"PLOT NUMBER;")
CALL UWRITE(52.,92.,"SEC AFTER LAUNCK;")
CALL UWRITE(5Z.,89.,"SPEED 3™
CALL UWRITE(5Z,,86.,"ALTITUDE '
CALL UWRITE(S52.,83.,"ROCKET ANGLE 1
CALL UWRITE(52.,80.,"FFT BLOCK LENGTRE;").
CALY, UWRITE(52.,77.,"SEGMENT OVERLAP;")

L+] aaann
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CALL UWRITE(52.,75.,"FIGITIZING RATE ;")
CALL UWRITE(S52.,72.,"ROCKET SPIN narz'")
CALL UWRITE(52.,69.,"CAIN "
CALL UPSET{"PRECISTON".6.)
CALL YSET(“REAL")
CALL UWRITE(84.,98.,8HOTHUH)

CALL UWRITE(84.,72.,5PINRAT)

CALL UWRITE(84,,83,,ANGLE)

CALL UWRITE(84.,86.,ALTITUD}

CALL UWRITE(B4.,89.,ROCKSPD)

STIME IS THE TIMP AFTER LAUNCH

WHEN STIME IS PASSED TO SUBROUTINE PLOTTER 1T CONTAINS THE
TIME OF THE FIRST PLOT, 1IN PLOTTER, A LOCAL COPY CALLED TIME
15 USED FOR LOCAL BANDLING,

IF PLOTNUM IS 0 THE AVERAGE PLOT IS BEING REQUESTED, THUS
CORRECT TIXE §,T. IT IS THE FIRST PLOT'S TIME (I.E. STIME).
THE FOLLOWING FORMULA ASSUMES FFT LENGTH @ SEGMENT LENGTH.

TIME=STIME+ ({ FLOAT(PLOTNUM-1) )*(FLOAT (M~OVLP}} /(FLOAT{DIGRATE)))
IF(PLOTHUM .EQ. 0) TIME=STIME

CALL UWRITE(84,,92,,TIME)
CALL UWRLTE(96.,95.,5ECE)
CALL UWRITE(84,,69.,GAIN)
CALL USET("INTEGER")

MUST MAKE ALL VARIABLES REAL TO BE PASSED WHEN FLOTTING.

CALL UWRITE(84.,95.,FLOAT(PLOTNUN))
CALL UWRITE(84.,95.,FLOAT(IHRE))
CALL UWRITE(90.,95.,FLOAT(IMIN}}
CALL UWRIYE(84,,72,,FLOAT(DIGRATE))

CALL uwmnfef...n. ,FLOAT(OVLF))

CALL UWRITE(B4.,80,,FLOAT(M))

CALL USET("TEXT")

ERD DISPLAY MODIFICATIONS BY R.S.

CALL USET("XBOTHLABEL"}

CALL USET("YBOTHLABEL")

CALL USET{"OWNSCALE")

CALL UPSET("XLABEL"," ;")

CALL UPSET("™YLABEL"," ;")

CALL UPSET("TERMINATOR",";")

CALYL UPSET("VERTICAL",3.0)

CALL UPSET("HORIZONTAL",2.0)

CALL USET("SOFTWARE")

CALL UDAREA{0.0,7.0,0.0,5.7)

CALL UPRINT(40.0,2.0,"FREQUENCY - (HZ);™)
CALL UMOVE(4,0,0.0)

CALL UROTAT(90.0)

CALL UPRINT(25.0,0.0,"POWER DENSITY (DELTA W/N) /HZ;")
CALL UPRINT(79.0,1.5,"2;")

CALL USET("HARDWARE")

CALL UBSET{"SYSTEM")

THE FOLLOWING TEREE STATEMEN1S MAY BE USED TO
SUPERCEDE THE QUTPUT OF SUBROUTINE MAXMIN. IF
THIS 1§ DESIRED, REMOVE THE COMMENT MARKERE.

MINMAG=10E~12 (OPTIORAL)
MAXMAG=10E-4
MAXFREQ=1000.0 (OPTIONAL)

CALL UWINDO{0.0,MAXFREQ,0.0,MAXMAG)
IF(OPTION .EQ. 2)GOTO 10

PERFOBM LINEAR PLOITING
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CALL UPLOT1(FREQ,MAG, FLOAT(MZ)})
GOTO 20

PERFORM LOGARITHHIC PLOTTING

10 CALL UWINDO(} .0 MAXFREQ,MINMAG,YANMAG)
CALL USET("XYLOGARLTHMIC")
CALL USET{"LOCXAXIE")
CALL UBET{"LOGYAXIS")
J=0
Do 100 I~i,M2
IF(MAG({I) .LE. MTNMAG) MAG(T)=MINMAG
IF(FREQ(I) .LE, MAXFREQ)} J=J+l
106 CONTINUE
FREQ(1)=0.01
CALL UPLOTL(FREQ,MAG,FLOAT(J))
CALL UFLUSH .
CALL UPAUSE

RESTORE THE MAG USING THE SAVED LOCMAG,
DO 195 1Ie1,42

MAG( T )=LOCMAG(Y)
195 CONTINUE

PERFORM LINEAR LEABT-SQUARES FIT IF FIT .NE. 2.
IP(FIT .EQ. 2)RETURN

FREQ(1)=0.0

FLAG DATA POINTS WITH MAGNITUDE EQUAL TO ZERO
OR WITH FREQUENCY OUT OF LIMITS,

#i#% ORIGINALLY B. TOMEI HAD ,EQ. IN THE SECOND PAIR OF FOLLOWING
%A% CONDITIONALS, THEY HAVE BEEN CHANGED TO .LE.

Cxikdw B 5, 3/]11/84

DO 200 I=2,M42
IF(FREQ(T} ,LT. LOLIMIT)FREQ(I)=0.0
IF(FREQ{I) .GT. HILIMIT)FREQ(I)=0.0
IF{MAG(I) .LE. MINMAG)FREQ(I)=0.0
IF(MAG(I) .LE, (.0)FREQ{I)=0.0
200 CONTINUE

REMOVE FLAGGED DATA POINTS AND CUMPRESS DATA
#wwwFLAGGED PCINTS ARE THOSE WITH FREQUENCY LESS
wh**THAN 0.1, IF THE PLOT”S LOWEST FREOUENCY IS
*WkwLFSS THAN 0.1 CHANGE THE CONDITIONAL WHICH
*heAYHICH REMOVES THE DATA POINT

JI=]
PO 300 I=1,M2
IF(FREQ(I) .LE. 0.0)GOTO 300
MAG(J)=ALOGLO(MAG(I))
FREQ{J)=ALOG10(FREQ(I))
I= 3+l
300 CONTINUE

PERFORM LINEAR FIT
CALL ULINFT(FREQ,MAG,FLOAT(J-1),SLOPE,YIN]
GENERATE FITTED CURVE (THREE POINTS ONLY)

F1{1)=LOLIMIT

Y1(1)={10 ,0%*YINT)*(X1(1)¥*SLOFE)
X1(2)=( LOLIMIT+HILINIT) /2.0
¥1{2)=(10 O*WINT )*(X1(2)**SLOFE)
X1({3)=HILIMIT
Y1(3)={10.0%*YIRT)*(X)(3) ¥+ LOPE}
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PLOT FITTED LINE

CALL USET{"LINE")
CALL USET("OLDECALE")
CALL ¥PLOTI(X),Y¥1,3.0)

20 CALL UFLUSH

(==

CALL UFAUHE
CALL UERASE

RESTORE ARBAY MAG USING THE SAVED DATA IN LOCHAG

DO 25 I=1,M2
MAG(T ) »LOCMAC(T)

25 CONTINUE

A0 0O000

11
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[+ W -N~]

10

a0

20

100

CALL UEND
RETURN
END

BUBRCUTINE STORE STORES THE SPECTRAL INDEX DATA IN ARBAY
INDEX IN THE FOLLOWING FORMAT~ TIME,SPECTRAL INDEX,
MAGNITUDE. ARRAY INDEX THEN BERVES AS THE INPUT ARRAY
FOR PROGRAM SPINDEX.

SUBRGUTINE STORE (SLOPE,YINT,LTIME,BTIME,SMPTIME, N)
INTEGER N

REAL SLOPE,YINT,LTIME,STIME,SMPTIME,AVTIME
AVTIME=(LTIME+ETIME )+ (FLOAT(N)*SMPTIME } /2.0
WRITE(4,11) AVTIME ,SLOPE ,(10.O%*YINT)
FORMAT{1X,F9.2,1X,F10,5,1X,813.6)

RETURN

END

SUBRCUTINE WINDOW APPLIES A SPECIFIED WINDOW TO THE DATA
BEGMENT X, THE WINDOW I$ BPECIFIED BY WINDONOD. THE
WINDOWED DATA IS ALS0 NORMALIZED BY THE INCOHERENT

PORER GAIN OF THE WINDOW (IPG).

SUBROUTINE WINDOW (X,L,M,WINDOND)
INTEGER L,J,R,WINDONO,M

REAL X(M),PI,IPG

PI=3,141592653 .
Got10(10,20,30,40,50,60 JWINDONO

RECTANGULAR WINDOW
RETURN
BARTLETT WINDOW

J=L/2

B+l

IPG=0,0

DO 200 1=1,J
WEIGHT=FLOAT(I-1) /¥LOAT(J)
X(I)=X{1I)*WEXGHT.
IPG=HEIGHT**2+IPG

CONTINUE

Do 200 1=R,L
WEIGHT=FLOAT (L~1+1)} /FLOAT(3)
X(I)=X{1)*WEIGHT
IPGWEIGHT**2+IPG

o ——




200 CONTINUE

IPG=1PG/¥LOAT(L)
00 201 Is],L
X(1)»X(1}/8QRT{1FG)

201 CONTINUE

C
C
c

RETURN
HANNING WINDOW

30 1PG=0,375
Do 300 I=1,L
WEIGHT=0.5%(}.0-C05(2.0*PI*{I~1) /L))
X(1)=X({1)*HELIGHT /BQRT{1PG)

300 CONTINUE

c
[

c

RETURN
HAMMING WINDOW

40 1PG=0.1974
Do 400 I=1,L
WEIGHT=0,54~-0,46%C06{2,0%P1*(I-1) /L)
X(I)"X(I)*WEIGHT/SQRT {1PG)

408 CONTINUE

C
Cc
C

c
C
c

oooOonaooonannn

RETURN
BLACKMAN WIRDOW

50 1PGu0.3046
DO 500 Is1,L
WEIGHT=0,42~0, 5%COB(2,0%PI*(I-1) /L)+0,08%C05(4.0%P1*{I~1) /L)
R{1)=X({I)*WELGHT/SQRT(IPG)
500 CONTINUE
RETURN

BLACKMAN~UARRIS WINDOW (4-TERM)

60 IPC=0.269672277
D0 600 1I=1,L
WEIGHT=0,40217-0.49703%C05 {2, 0*PI*FLCAT(I-1) /L)
* +0.09392%C08 (4 ,0*PI*FLOAT{1~-1)/L)
» «0 . 00183%CO5 (6, 0*PT*PLOAT(I~1) /L)
¥(1)=K(I)*WELGHT/SQRT{IPC)
600 CONTINUE
RETURN
END

BUBROGUTINE LIMITE ROUNDS THE VALUE OF MAX FOR EASE IN AXES
PLOTTING., FOR lO%#(N+1) > MAX > 10%N ,(N GREALER IHAN OR
EQUAL T0 1.0), LIMITS ROUNDS THE VALUE OF MAX U? TO THE
NEXT (N-1)TH POWER OF TEN. PGR 10%*-(N-1) > MAX > loww-} ,
(¥ LESS THAN 1.0), LIMITS ROUNDS THE VALUE OF MAX UP TO
THE NEXT -{N+1)TH POWER OF TEN.

SUBROUTINE LIMITS (MAX).
REAL Z,Y,FACTOR,MAX,DELTA
Ir(MAX .GE, 10,) GOTO 10
Do 100 1=3i,15

- Z=10,0%w(I-14)

100 IF(MAX .GT. Z)PACTOR=10,0%¥(I-14)
Y= {ATNT{10.0%HAK/FACTOR))/10.0
MAX"FACTOR* (Y+.1)

RETURN
10 Do 200 I=1,B
2=10 .O%*]

200 IP(MAX .GT. Z)FACTOR=10,0%*(I-1)
DELTA=0 .0
IF(AMDD{MAX,FACTOR) .GE. 0.0001)DELTA=1.0
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HAXSFACTOR® (AINT (MAX/PACTON }+DELTA)
RETHRN
END

SUBROUTINE SELECT ASKS FOR THE PLOY NUMBERS DEGYRED. IF THE
USER ONLY WANTS T0 BEE FLOTS 3 AND 12, THE USER ENTERS THESE
NUMBERS. THE PLOT HUMBERS MUBT BE ENTFRED IN CRDER, 1,%, PLOT
12 CANNOT BE REQUESTED DEFORE PLOT 3. THE SUBROUTINE VERIFIES
THE SEQUENTTALINESS OF THE DATA.

THE SUBROUTINE ALSO RETURNS MUMBER WHICH TELLS THE HIGHEST PLOT
NUMBER REQUESTED, THIS VALUE IS NEEDED POR OTHER BUBROUTINES,
VARIABLE YOTAL CONTAINS THE TOTAL NUMBER OF INDIVIDUAL PLOTH
BEING REQUESTED.

THE VARIABLE K CONTAINS THE NU}BFR OF SEGMENTS THE DATA WILL

BE DIVIDED INTO. 1T IS THE MAXIMUM NUMBER OF PLOTS PERMITIED,

50

100

200

PLOTS (10C¢) CONTAINS 1 IF INDIVIDUAL PLOTS ARE DESIRED, 2
IF ALL BEGMENTS ARE TO BE PLOTTED. TH THE LATTER CASE,
PLOTE WILL CONTAIN 1 10 K.

SUBRGUTINE SELECT(PLOTS ,NUMBER,K,TOTAL)
INTEGER PLOTS {100) ,NUMBER,K,TOTAL,VER

INITIALIZE

NUMBER=0
FRINT#,"GOY TO SELECT ROUTINE"

CHECK IF ‘IME UEER WISHES ALL POSSIBLE SEGMENTS OR JUST A VEM.
PLOTS(100) IS 1 IF SELECTED PLOTTING IS DESIRED, 2 IF ALL ARE
HANTED.

IF (PLOTS (100} JBE. 1) GOTO 400

PRINT*,"ENTER THE TOTAL NUMBER OF DESIRED PLOTS"

READ*, TOTAL

IF (TOTAL .EQ. E) GOTO 400

PRINT*,"ENTER THE DESIRED PLOT NUMBERS, ONE AT A TIME, AND"
PRINT*,"IN ORDER AS YOU ARE QUERIED,."

PUT THE PLOT NUMBERB INTO PLOTS. FIND THE HIGHEST PLOT
NUMBER AND PUT IT IN NUMBER.

DO 100 I=1,TOTAL
PRINT*,"PLOT NUMBER?"
READ% ,PLOTS (1)
NUMBER=PLOTE (1)

CONTINUE

VERIFY THAT THE PLOT NUMBERS ARE Y# ORDER.
VER=(
IO 200 I=1,TOTAL
IF (PLOTS{1) .LE, VFR) GOTO 300
VER~PLOTS (1)
CONT INUE :

IF THE PROGRAM GETS HERE, VERIFICATION IS COMPLETE AND THE
SUBROUTINE CAN RETURN TO WHERE IT WAS CALLED FROM.

RETURN

VERFFICATION ERHOR COMES HERE.
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PRIAT#®  "eadPLOT NUMBERS ARE NOT BEQUENTIAL. TRY AGAIN."
PRINT®, “a¥*REMEMBER, 1F YOU WANT ALL TR PLOTS, RESPOND"
PRINT*,"T0 MIE NET QUESTION WITH ™,K

G0T0 50

IF ALL PLOTE ARE DESIRED, PUT IN ALL POSGIELE PLOT HUMBERS,
THAT 15, § 10 K,

NUMBER=K
TOTAL=K

D0 500 I=1,K
PLOTS (I )=1
CONT INUR
RETURN

END

THE FOLLOWING SUBRGUTINES WERE ADDED HARCH, 1984,

SUBROUTINE MENU(QUES)
INTEGER QUES

THIS SUBROUTINE EXPLAING THE VARIOUS PHOCESSES WHICH CAN BE
APPLIED TO STORED PLOTS, THE USER CHOOSES, BETTING QUES
TO 1"8.

PRINT®, "wﬂhtﬂn*aw*tﬁmu**wma--mm&&*ntaﬁﬁ."
FRINT® M ©

PRINTw v ©

FRINT*, "1} SUBTRACT PLOT #1 FROM #2, THE PLOTE MUST BE O¥ THE"
PRINT*,"SAME SIZE, THE RESULTING PLOT IS PLACED IN THE "
PRINT*, "WORK PLOT."

PRINTw M ¥

PRINT*,"2) MAKE AN INCREMENTED WINDOW AVERAGE OF THE WORK "
PRINT*,"PLOT, THE RESULT I8 PLACED IN THE WORKPLOT."
PRINT*," H .
PRINT*,"3) TRADE THE CONTENTS OF TWO PLOT BAYS. THE PLOTSY
PRINT*,"NEED NOT BE OF THE SAME SIZE."

PRINT*." LU

PRINT%,"4) AVERAGE PLOTS ¢l AND #2 TOGETHER. THE RESULT "
PRINT*,"I8 PLACED IN THE WORK PLOT,"

PRINT* " "

FRINT*,"5) BHOW THE TIME, SIZE, AND FFT S81ZE OF PLOT BAYL"
PRINT*." L1}

PRINT*,"6) PRINT OUT 'MHE WORK PLOT ONTO THE SCREEN."
PRINT®," ¥

PRINT*,"7) GO BACK FOR MORE PLOTS OR QUIT THE PROGRAM,"
PRINT* " 1~

PRINT%,"8) COPY A STORAGE BAY TO THE WORK BAY."

PRINT®, " ©

PRINT® " o

PRYNT | Midrrirse s s et ek s de s e i s e e e ek s S trirdrindeiniedr itk e g 1t
PRINT® "

PRINT¥, "TYFE IN YOUR CHOICE"

READ* , QUES

FRINT® * »

Pﬂm’r*," "

RETURN .

END
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SUBROUTINE DIFPFSET(SAVHAGL ,SAVFRQ} ,PARAMEG] ,BAVMAGZ ,BAVFRQZ,
* PARANG Z , WORKMAG, WORKFRQ, WKPARMS )

THI8 SBUBRGITINE BUBTRACTS PLOT#l FROM PLOT#I. THE IWO PLOTS MUST
BE OF THE SAME BIZE, THE RESULTING SPECTRUM IS PUT IN NORKMAG,

[+ E- -0 ]

INTEGER QUES i
REAL JAVMAGL(1025),5AVMAC2(1025),8AVPRGI(1025), i
" SAVFRQ2(1023) ,4HORKMAG(1025) ,HORKFRQ{1025), {
" PARAMSI(10) ,PARAMB2(10) , WKPARME (10) !
FRINT®,"THIS ROUTINE SUDTRACTS PLOT#L FROM PLOT#2, THE PLOTS" 3
FRINT®,"MUST BE OF EQUAL SIZE. THE RESULTING PLOT Is" ',
PRINT®, "PLACED IN THE WORK PLOT" :
CALL PRTETAT(PARAMR] ,PARAMS2 ,WKPARMS ) !
PRINT®,"DO YOU NEED TO SWITCH PLOTS 1| AND 2?7 1-YES® ‘
PRINTw," 2-=N0O"

PRINT®, " 3-ABORT ROUTINE"

BEAD® ,QUES

IF (QUES .EQ. 3) RETURN

I¥ (QUES .EQ. 1} CALL THNSPLT(SAVMAGL,BAVFRQ!,PARAMAL,BAVMAGZ,
* BAVFRQ2 ,PARAMB2 )

CALL DIFFRNC(5AVMACL ,SAVFRQ! ,PARAME] ,BAVMAGZ ,BAVFRQZ ,PARAMS2,
* WORKMAG , HORKFRQ , WKPARMS )

RETURN

END

SUBRQUTINE WNDOBET(SAVMAG] ,SAVFRQL ,PARAMS] ,8AVMAG2 ,BAVFRQZ,
* PARAMB2 , WORKMAG
. HORKFRQ  VICPARMS }

REAL BAVMAG]L(1025),8AVMAGZ2(1025),8AVFRQL(1025) ,8AVFRQ2(1025), |
* PARAMS] (10),PARAMEZ(10),WORKMAG(1025), WORKFRQ(1025), A
* WKPARMS(10) (-

INTEGER QUES !

THE FOLLOWING DOES AN INCREMENTED WINDOW AVERAGE OF THE WORK PLOT.
THE NESULT 15 PUT IN WURK PLOT ALSO,

aaaa

PRIEG*,"THIE ROUTINE COMPUTES AN INCREMENTED WINDOW AVERAGE OF THE " i
PRINT*, "WORK PLOT, THE REZULT I8 ALOS PUT INTO 'THE WORK PLOT." .
PRINT*,"DO YOU WEEL TO PUT A SAVED PLOT INTO THE WORK PLOT." .
PRINTw 1-YES ,DAYQL" s
PRINT®," 2~YES , BAYP2" :
PRINT®," H=No"

PRIKT* " 5=ABORT" ;
READ* ,QUES i
IF(QUES .EQ. 1) CALL TRNSPLT(S5AVMAGL ,BAVFRQI ,PARAMS] ,WORKMAG, b

* WORKFRQ, WKPARME ) ;
IP(QUES .EQ. 2) CALL TRNSPLT{SAVMAG2 ,SAVFRQ2 ,PARAMS2 ,WORKMAG, :
* WORKFRQ, WKZARMS )

IF(QUES .EQ. 5) RETURN

CALL WHDOAVE(WORKMAG, HORKFRQ, WKPARMS )
RETURN

END

SUBROUTINE IRNGSET(BAVMAGL ,BAVFRQL,PARAMS],SAVMAG2 ,BAVFRQZ, : R
* PABAME? ,WOREKMAG,
® WORKFPRQ, WKPARMS }

REAL SAVMAGI (1025),8AVNAG2(1025) ,5AVPRQL(1025),6AVFRQ2(1025), P
” WORKMAG(1025) , WORKFRQ(1025) ,PARAMS1{10),PARAMS2(10),
* WKPARMS (10)

INTEGER QUES
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SWITCH PLOTS AROUND

PRINT®,"ItIE ROUTINE TRADES PLOTS BETWEEN A SPECIFIED PLoOT"
PRINT*,"BAY AND THE WORK PLOT.!
PRINT*, "W ICH PLOT DO YOU WISH TO TRADE WITH THE WORK PLOT"

PRINTw # { 4-NO SWITCHING }"
READ* ,QUES

IF (QUES ,EQ. 1) CALL TRNSPLT(SAVMAGL ,BAVFRQl,PARAMEL ,WORKNAG,
" WORKFRQ, WKPARMS )

Ii‘ {OUES .EQ. 2) CALL TRNSPLT{SAVMAC2 ,BAVFRQZ,PARAMNBZ ,WORKMAG,
WORKFRQ, KKPARMS )

c.M.I. PHTETAT(PATAMEL ,PARAMS 2 ,WKPARMS )

RETURN

mD

SUBROUTINF, COPYSET(SAVHACL,BAVFRQL,PARAMSL ,SAVMAGZ ,SAVFRG2,
. PARAME2 , WORKMAG, WORKFRQ, WKPARYS )

THIE ROUTINE COCIEE A STORAGE BAY TO THE WORK BAY, NOTE THAT
THIS WILL DESTROY WHATSVER 18 IN THE WORK BAY PREVIOUS TO THE
CALL, TO COPY THE WORK BAY TO A STORAGE BAY, TRADE THE WORK
BAY WITH THE DESIRED STORAGE BAY, AND THEN DO THE CORYING.

INTEGER QUES

BEAL SAVMAGL(1025),5AVMAG2(1025),WORKMAG(1025),
b 5AVFRQZ(10257,WORKFRQ(1025), PARAMS1{10) , PARAME2(10) ,
* WKPARMS (10)

PRINT*,"COPIEH A STORAGE BAY TO THE VWORK BAY"

PRINT#* 0 ©

PRINT®,"WHICH ETORAGE BAY DO YOU WISH TO COPY?"
PRINT®," 1=-BAYSL"

PRIRT®, " 2-BAY {2V
an'r*," 3~-ABORT ROUTINEY
READ* ,QUES

IF (QUES .EQ. 1) CALL UoPY(EAVMAGL,SAVFRQ] ,PARAMSL ,WORKMAG,

L WORKFRQ, WKPARMS )

:r (Ques .EQ. 2) CALL COPY{SAVMAG2 ,BAVFRQZ,PARAMS2 ,WORIHIAG,
WORKFRQ, HKPARMS)

1:-~ (QUES .EG. 3) RETURN

EETURN

END

SUBROUTINE AVRGBET(SAVIAG],SAVFRQI,PARAMS1 ,5AVMAG2 ,SAVFRQZ,

* PARAME2 , HORKMAG , WORKFRQ, WKPARMS )

REAL WORKMAG(1025), wum&mq(mzs) BAVMAGL(1025),85AVMAG2(105),
* SAVFRQL( 1025) ,EAVFRQ2(1025)

INTEGER mmus(m).mnnml(m) +PARAM32(10},QUES ,ERR

PRINT®, "AVERAGES PLOT BAYS 1 AND 2. 1-CONT INUR"

PRINT*, " 2-ABORT ROUTINE"
READ¥, QUES

IF (QUES .EQ. 2) RETURN

MAKE SURE BAYE 1 AND 2 ARE OF THE BAME SIZE

ERR=(
CALL SIZEERR(PARAMS),PARAMS2,2 ,ERR}
IF(ERR .NE, 1) RETURN

PERFORH AVERAGING

CALL AVERAGE(SAVMAGL ,8AVFRQL ,PARAMS! ,SAVMAGZ ,SAVFRQZ,
* PARAHSZ ,HORKMAG, WORKFRQ, WKPARMS }

RETURN
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SUBROUTINE DIFFRNC(LOCMAG,LOCFRQ!,LOCPAR] ,LOCHAGZ ,LOCKRQ2,
J LOCVARZ ,WORKMAG, WORKFRE ,WKPARKS )

INTEGER I1,ERH,K

REAL LOCMAG)(1025),%0CFRQI(1025),L0CHAGZ{1025),LOCPRQ2(1025),
» WORKMAG(1025) , WORKFRQ(1025) ,LOCPARL(10) ,LOCPAR2(10),
* WKPARMS(10)

CHECK TO BEE THAT THE TWO ARRAYS HAVE SAME 5.¢E.
ERR=0
CALL BIZEERR(LOCPAR) ,LOCPAR2,1,ERR)
1F (ERR .NE. 1) RETURN
TARY, THE DIFFERENCE
K=IFIX(LOCPARI(2) + .1)
DD 100 I=l1,K

WORKMAG( 1) =LOCHAGZ (1)-LOCHAGL(L)
WORKFRQ{ X }=LOCFRQL (1)

100 CONTINUE

PUT LOCPAR] INTO WKPARME, I.E. EXCHANGE PARAMETERS

WHPARMS(1)=0,0
HEPARYNS(2)=LOCPARI(2)
WYPARME (3)=LOCPARL(3)
FETURN

By

SURROUTINE WNDOAVE{WORKMAG, WORLFRQ,WKFARMS )

INTEGER TOTLFRQ,K1,N,BINS,ENDCNT
REAL WNDOSTZ puwamw mnnmq(wzs) ¥1,HLDARRY(1025),
* womemc(lozs) -iomcmq(mzs) HUL'IBIZ mmvs(w)

FRINT* ,"THIS ROUTINE COMPUTES A WINDOWED AVERAGE OF A"
PRINT*,"PLOT IN THE WORK PLOT."

PRINT*,"IHE RESULTING PLOT IS TUT IN THE WORK PLOT."
PRINT*,"IT WILL HAVE A DIFFERENT SIZE THAN THE INBHT®
PRINTW,"PLOT,"

PRINT®,"THE FIRST FRRQUENCY OF THE INPUT PLOT I5 ",WORKFRQ{Z}
FRINT*, "WHAT EHOULD THE FIRST WINDOW FREQUENTY BE?"

HWNDOFRQ(L) SHOULD BE 0.0 , CORRESPONDING TO WORKFRQ'S FIRST
FREQUENCY BEING 0.0, .

‘READ® , WNDOFRQ(2)

WNDOFRQ(1)=0 0

PRINT®, " »

WYDOSTZRWNDOFRG(2)

FRINT®," ®

ERINT#,“HOW MANY WINDOWS DD YOU WANT?Y

READ*, TOTLFRQ

PRINT*," “w

FRINT®,'"WHAT SHOULD THE MULTIPLYCATIVE WINDOW INSREMENT BET"
PRINT®, "(SHOULD BE GREATER THAN 1}" ‘
READ* ,MULYTS IZ

PRINT® M »

PRINT*,"T0 WHAT POWER LAW DO YOU WISH TO FIT THE SPECTRUM?"
PRINT*,"(SHOULD. BE A KEGATIVE NUMBER)"

READ* , POWRLAW

FPRINT® " ®

VALIDATE POWRLAW AND MULTSIZ

If (PCWRLAW .GT. 0.0) CALL PRNTERR(1)
IF (POWRLAW .GT. 0,0) RETURN
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IF (MULTSTZ ,LT. 1,0) CALL PRNTERR(2)
IF (MULTBIZ LT. 1,6} RETURN

EET UP AN ARRAY OF THE LOWFR FREQUENCIES JF EACH WIDOW
THE YIKST TWO FREQUENCIES WERE DETERMINED BY WNDOSIZ AND "
THE USER EFECIFIYD FIRST FREQUENCY.

DO S0 I=3,™RTLFRQ .
WNDOFRQ( I )= (WRIDOFRG( T~1 }~-WHDOFRQ( T-2) )AMULTS IZ+WNDOFRQ(I-1)
50 CONTINUE

HOW SEARCH THROUGH THE WORKFRQ, FIND ALL POINTS THAT FALL IN
A BIN, AVERAGE THEM, AND PLACE EACH AVERAGE SUCCESSIVELY 1IN
THE WORKMAG. IF NO FREGUENCIES FALL IN A BIN, PUT ZERO IN THE
PROPER WORKMAG SLOT,

THIS MIGHT PLACE ZERO IN THRE FIRSBT BINH AND IN THE UPPER BINS
IF TOTLFRQ TAKES THE SEARCH ABOME THE HIGHEST FREQUENCY IN
THE WORKFRQ ARRAY,

THERE I5 ONE LESS BIN THAN THERE ARE WINDOW FREQUENCIES.
56 BINS=TOTLFRG-1.
BINE=TOTLFRQ-1

LOOK THROUGE ALL BINS FUR APPROFRIATE POINTS

ALSO WATCH FOR EMPTY BINS. AFTER 2 EMPTY BINS IT CAN BE ASSUMED

THAT NO FREQUECIES EXIST IN THE HIGHER BINS, COUNT THESE WITH ENDCHT.
EVERY TIME WE GET A BIN WITH AT LEAST ONE COUNT, RFSET THE

ENDCNT TO 0

Kl=IFIX{WKPARNS5(2) ¢ .1}
ENDCNT=0
DO 300 I=1,BINS

N=0

ADDUP=0.0

DO 200 Jw1,K!

WNDOFRQ(I) 13 THE LOWER FREQUENCY QF THE I°TH BIN, AND
WNDOFRQ(I+1} 153 THF UPPEIR FREQUENCY OF THE I“TH BIMN

IF((HORKFRQ(J)} .GT. WNDOFRQ(I)) ,AND. (WORKFRQ(J) .LT.
* WNDOFRQ(I+1))) 110,200
110 Neli+l
ADDUPwADDUP+WORK 4 5(3)
200 CONTIKUE

AT THIE POINT, NemQ MEANS NOo POINTS WERE FOUND,
ADJUST ENDCNT ACCORDINGLY.

IF(N .EQ. 0} HLDARRY(I)=0,0

IF(N .NE. 0} ENDCNT={

IF(N .EQ. 0) ENDCNT=ENDCNT+1 .

TF(ENDCNT ,EQ. 2) WRPARMS(2)=FLOAT(I)

IF{N .NE. 0} HLOARRY(I)=ADDUP/{FLOAT(N))
300 CONTINUE y

CHECX IF THE DATA BINS WERE NOT EROUGH TO COVER THE INPUT
DATA. DO THIS BY CHECKING FOR ENDCNT LESS THAN 2, IF THIS
18 THE CASE THEN WKPARMS(2) SHOULD BE SET TO BINS.

T ANY GASE FRINT OUT HOW MANY BINS WERE ACTUALLY USED.

IF (ENDGNT .LT, 2) WKPARMS(2)=FLOAT(BINS)
PRINT*, "THERL ARE " ,WKPARMS{2)," FREQUENCY BINS IN THE"
FRINT*, "INCREMENTED WINDOW AVERAGE SPECTRUM,"

NOW WE HAVE A COLLECTION OF AVERAGE MAGNITUDES FOR A BET OF BINS.
TO FROPERLY ASSICH EACH VALUE TO A PARTICULAR FREQUENCY IN
A BIN WE MUST ACCOUNT FOR THE POWER AW WEIGHTING.

DO 400 I=2,BINS
F1=WNDOFRQ(T)-WNDOFRQ(I~1)
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HORKFRQ(I) CCCWpOFRG( Y y*(MULTS 1Z+1 .0) -MULTS IZ*WHDOFRQ(I~1) yuw {

(POVHLAWY] .0 )-WRDOFRQ( 1) **(POWRLAW+1,0))/ f

* ( (POWRLAW+1.0)*MULTS IZ%(F1) ) )¥*(1,0/POWRLANW)
400 CONTINUE

WORKMAG ARRAY,

DOaOn

1
I
BOW PUT THE TFMPRARY HOLDING ARRAY (HLDARRY; INTO THE !
i
|

El«IFIX(WKPARMS(2) + .})
Do 350 I=1 K}
WORKHAG( T} "HLDARRY(1)
350 CONTINUE

3
1

CUANGE THE PARAMETERS IN WKPARMS
WKPARMS(3} THE FFT S1ZE IS THE SAME,

oona

WKPARMS(1)=0,0
RETURN
END

THE FOLLOWING SUBROUTINE MOVES ONE WORK BAY TG ANOTHER '

oan

.

SUBROUTINE TRNSPLT{LOCHMAGI ,LOCFRQ] ,LOCPARL ,LOCMAG2 .ZDCFRQZ,
* LOCPAR?Z)

REAL LOCMAGL(1025),LOCMAG2{1025),LOCFRQ1(1025),
* LOCFRQ2{1025),L0CPARL(1025),L0CPAR2{1025),
w SAVEMAG, SAVEFRQ,BAVEPAR

INTEGER 1,J,K,MAXEIZE

FI¥D WHICH OF THE TWO ARRAYS IS LARGER AND USE THE INTEGER P
VALUE IN THE LOOP,

oaoaon

MAXSIZE~IFIX(LOCPARL(2) + .1)
1¥ (LOCPAR2(2) ,GT, LOCPARL(2)) MAXSIZE=IFIX{LOCPAR2(2)+.1)

aH

SWITCK ELEMENTS OF THE TWO ARRAY BETS

DO 200 1= ,MAXSIZE
SAVEMAG=LOCMAGL(I)
LeCMAGL{ 1) =LOCHAG2(T)
LOUMACZ{ I )=SAVEMAG
EAVEVRQ=LOCFRQI(1)
L00FRQL (1)=LOCFRQ2{1)
LOCFRQ2({I)=SAVEFRG

200 CONTINUE
D0 300 1=1,10
SAVEPAR=LOCPARY(1)
LOCPAR] (1) =LOCPARZ{L)
LOCPARZ (T )}=BAVEPAR
300 CONTINUE
RETURN
END

RS

SUBROUTINE COPY(LOCHMAG] ,1OCFRQL,IOCPARL,LOCHAGZ \LOCFRQ2,
. * - LOCPAR2}

THIS ROUTINE COPIES LOCAL BAY#l TO LOCAL BAY$2. THE CONTENTS
OF BAY¢2 ARE DESTROYED,

QOO0

INTEGER I,81ZB

REAL LOCMAGL(1025),L0CMAG2(1025),L0CFRQ1(1025),
* LOCFRQ2(1025),LOCPARL{10) ,10CPAR2(10)

SIZE=IFIX(LOCPARL(2) + ,1)
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Do 200 1=],8IZE
LOUMAG2 (1, )=LOCMAG] (1)
LOGFRQ2(1)=LOCFRQL{T)

CONTIKUE

Do 300 I=1,10
LOCPAR2 (1)=LOUPARL(L)
CONTINUE

RETURN
END

UBROUTINE PRTSTAT GIVES THE FLOT 8AYS AND THEIR BIZES
SUBRGUTINE PRTSTAT(PARAMSL,PARAMS2 ,WKPARMS)

REAL PARAMSL(10),PARAMS2(10),WKPARMS (10)
INTEGER I,J,K

FRINT*, "PLOT BAY TIME SIZE (POINTS) FFT SIZE"
PR[N'I*’ U0k v 3 v sy s ek sl i e e e o ke vl e e ol i e e o ol v e dr e v e e e el 1
PRINT*," "

WRITE(2,900) 1,PARAMS)(1),PARAMEL{2),PARAM3L{])
WRITE{Z,900) 2,PARAMS2(1) ,PARAMSZ(2),PARAMSZ2(3)
WRITE{2,1000) WKPARMS(1),WKPARMS(2) ,WKPARME(3)
FORMAT(I1,11X,¥6.3,2X,F5.0,13X,F5.0)

FORMAT(9HWORK PLOT,3X,F6.3,2X,F5.0,13X,F5.0)

RETURN

D

SUBROUTINY, AVERAGE TAKES THE AVERAGE OF TWG PLOTS.

100
o

¢
[H

oaan

P

SUBROUTINE AVERAGE{LOCMAG],LOCFRQL,LOCPARL ,LOCMAGZ,
* LOCFRQ2 ,LOCPAR2 ,WORKMAG, WORKFRQ , WKPARMS )

REAL LOCMAGL{1025),LOCHAG2(1025), WORKMAG{1025),LOCFRQL{1025),

LOCFRQ2{1025),WORKFRQ(1025),LOCPAR1{10},LOCPARZ(10),
WKPARMS {10),ADDUP
INTEGER 1,J,POINTS

* ®

POINTS=IFIX{LOCPAR1{2) + .1)

B0 100 I=1,POINTS
WORKMAG( T)=(LOCHAG] (1)+LOCMAG2(1)}/2.0
WORKFRQ(I)=LOCFRQL(1)

CONTINVE

UT PARAMETERS INTO THE WORK PARAMETERS

WKPARMS(1)=0,0
WKPARMS (2)=LOCPARL(2)
WKPARMS {3 }wLOCPAR1(3)
RETURN

END

THE FOLLOWRIG THO ROUTINES DEAL WITH ERRORS

10

20

SUBROUTINE PRNTERR(I)

INTEGER I

610(10,20,30)1

ERINTW," "

FRINT#®, "4k POWER LAW MUST BE A NECATIVE NUMBER¥#*w'"
PRIN-T*," [1]

RETURN ’

" PRINTW M W _

PRINT*, "r+*THE MULTIPLICATIVE INCREMENT OF THE WINDOW MUST"
PRINT*,"  BE GREATER THAN 1.00%w#"

PRINT* " *

RETURN
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20

PRINT® " ®

PRINT®, "WATHERE ARE ONLY RIGHT ALLOWED COMMANDSWw&"
PRINT*, " *

RETURN

EXD

EUERQUTINE. S1ZEERK(LOCPARY ,LOCPAR2 ,I,ERR)

REAL LOCPARL1{10},LOCPAR2{10)
INTEGER 1,ERR,SIZEl,SIZE2

THIS ROUTINE CHECKS IF TWO ARRAYS HAVE THE SAME SIZE. ERRs1
IF THE ARRAYS HAVE THE SAME SIZE. OTEERWISE ERR=D,

SIZEL=IFIX(LOCFARL(Z) + .1}
STZE2=TFIX(LOCPARZ(2) + .1)

IF (S5IZEl ,EQ. SIZEZ) ERR=]

IF (ERR .EQ. 1) RETURN

GOTo(10,20}1

PRINT®," ¢

PRINTY, "W *ARRAYS ARE OF DIFFERENT SIZES IN DLFFRNCR#w!
PRINTW," ¥

RETURN

ERINT®*, " #

PRINT*, "A#®ARRAYS ARE OF DIFFERENT SIZES IN AVRGEETWA#M
PRINT*, " ©

RETURN

END
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II1.5 DATPLOT

PROGRAM DATPLOT(INPUT,OUTPUT,DATA29 ,TAPE)«INPUT,
+TAPE2=0UTPUT , TAPEI=DATA29)

THIS PROGRAM READS 2000 POINTS FROM A ROCKET FILE AND PLOTE

THE POINTS AS A FUNCTION OF TIME, THIS PARTICULAR VERGION ASSUMES
A RECORD LENGTH OF 250 {SEE OTHER ROCKET FROGRAMS FOR ROCKET FORMAT)
AND A DIRITIZING RATE OF 5000, THE PLOTTING STARTS AT STRTIM
BECONDS INTO THE PILE, RELATIVE TO THE FILE"S BEGINNING.

THIS ALLOWS USE WITHOUT KRMOWLEDGE OF THE ABSOLUTE TIME OF ZACH
RECORD, THE USER MUST ONLY KMOW THE DESIRED POSITION RELATIVE

TO THE PARTICULAR FILE"S BTARTING TIME,

T0 RUN THIS PROGRAM THE GCB PLOTTING LIBRARY MUST DE ACCESSED
WITH: GRAB,GCBS(TEKT,3D), THIS IS ENTERED PRIOR TG NUN. THE
LIBRARY IS NOT NEEDED TO COMPILE BATFLOT.

ODOOO0OOAO0Aan0n

REAL ARBAY(1251),TIME{2G00),CHAN{2000),TSTPRNT ,5TRTIM
INTEGER TARRAY(1250),I,J,K,L,STRTREC,DIGRATE,SKIP,HAXMAG,
* QUES
EQUIVALENCE (ARRAY(2),IARRAY(1))

C DIGRATE IS THE DIGITIZING RATE OF THE DATA.
DIGRATE=5000

C  MAXMAG IS5 THE LARGEST EXPECTED VALUE OF DATA.
MAXMAR=256
FRINT*,"THIE PROGRAM PLOTS 2000 POINTS. IT ASSUMES"
PRINT*,"A ROCKET FILE AB THE INPFUT."
PRINT*," "
PRINT*,"AT HOW MANY SECONDS INTQ THE FILE SHOULD THE PLOT BEGINT"
READ® ,STHTIM
CALL USTART

30 REWIND 3

STRTREC I5 THE FIRST RECORD WHICH WILL BE PLOTTED.

THE FOLLOWING LOOP PUTS THE FILE READ POINTER AT THE PROPER PLACE,
THE RECORD IS NOT READ.

THE "+ .1" HFLPS PREVENT ROUNDOFF¥ ERRORS FR(M THE IFIX

[+ R+ R-Rr RNl

STRTREC=IFIX{(FLOAT(DIGRATE/250) Y*STRTIM + .1)}+1
SKIP=STRTREC~}
IF (SKIP .EQ. 0 ) GOTO 50
DO 40 L=],SKIP
READ(3) ARRAY
40 CONTINUE
S0 DO 300 K=1,8
READ(3) ARRAY
TIME {(R~1)*25041)=ARRAY (1)
D0 100 I=2,250
TIME (T+(R-1)*250)~TIME (I+(R-1)#*250-1)+(1.0/(FLOAT(DIGR.[E))}
100 CONTINUE
C
C NOW LOAD UP THE ARRAY CALLED CHAN. NOTE THAT CHAN IS REAL AS
C ALL GCS GRAPHICS ROUTINES REQUIRE REAL NUMBERS A5 INPUTS.
D0 200 J=1,250 _
CHAN(J+(K~1)*250)=FLOAT{IARRAY{J*5-3))
200 CONTINUE
300 CONTINUE

SET UP A USER DEFINED AREA THE SIZE OF A TERTRONIX SCREEN.
AlS0 SET THE VIRTVAL UNITS IN THE RANGE OF THE DATA BY MEANS OF A
UWINDO COMMAND,

[~ NeNs RNl

CALL UPSET("PRECISION",S5.)

CALL USET("OWNSCALE")

CALL UDAREA(0.0,7.0,0.0,5.7) ]

CALL UWINDO(TIME(1)},TIME{(2000),0.00,FLOAT(MAXMAG))
CALL UBLOT}(TIME,CHAN,2000.0)

CALL UPAUSE . ,

PRINT#,"n0 THE NEXT ONE? 1-YES"

PRINT® " 2-Ho"




LN et X

READ% , QUES

CALL UERASE
STRTIMSTRTIM+ .4

I¥ (QUES .EQ. 1)GOTO 30
CALL UEND

8TOP

END
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PROGRAM SPINFIX(INPUT,OUTPUT,DATAIN,DATCUT,TAPE1=INPUT,
TAPEZ=0UTIUT, TAPE3=DATAIN ,TAPE4=DATOUT)

PROGRAM SPINFIX BY RODNEY STOLTZFUS  11/1/83

THIS PROGRAM FILTERS ONT THE SPIN FREQUENCY

FROM ROCKET DATA, THI1S FREQUENCY IS OF THE

ORDER OF 4-8 HZ. THIS FILTERING INVOLVES CONVOLVING THE

THE DATA WITH A RECTANGULAR WINDOW 1 HIGH AND OF LENGTH
SPINPRD. THIE CONVOLUTION TRANSFORME TC MULTIPLYING THE
SPECTRUM DY A SIN SQUARED FUNCTION, PUTTING HOLE IN THE
SPECTRUM EVERY 1/SPINPRD HZ, THE CONVOLUTION PERFORMED 18
HOT EXACTLY CONVENTIONAL. INSYEAD OF ADDING UP THE WHOLE
INTERSECTING GROUP OF POINTS, THE LEAD POINT IS ADDED AND THE
TRAILING FOINT IS SUBTRACTED FROM THE PREVIOUE SUM., THE
INITIAL VALUE 18 S5ET AT ZERO. THE ONLY EFFECT THIS HAS IS TO
DISTOKT THE OFFSET. ALS0, EACH POINT IS NOT NORMALYZED BY
THE TIME INCREMENT BETWEEN POIRTS.

ARRCNT BUBHLOCKS OF DATA ARE READ INTO A LARGE ARRAY.

THIS DATA IS ANALYZED UNTIL ANOTHER BUBBLOCK IS NEEDED,
WHEREUPON DATA IS READ IN AND FLACED IN THE APPROPRIATE
POSITION WITR RESPECT TO THE OTHERS. THUS THE

DATA CYCLEE THROUGH THE MAIN BLOCK.

THE MAIN BLOCK MAY RE VIEWED AS CIRCULAR. TWO WIFERS
ROTATE, SAMLING THE DATA. WHEN THE TRAILING WIPER
FINJSHES A SUBMLOCK A NEW ONE IS INSERTED,

THE COVHTER KEDCNT RUNS FROM 1 TO HOWEVER MANY DATA
POINTS ARE DESIRED, THIB WILL RUN INTQ THE TUOUSANDS.
EVERYTIME IT PASSES AN INCREMENT OF ARRCNT250 THE FLAG OVIRFLY
IS INCREMENTED., THE COUNTER PNTCNT INDEXEE THE SUBRLOCK
IDATA. WHEN IDATA 15 FULL IT IS WRITTEN INTO TAPEY,
PNTCNT IS RESET AFTER A DATA RECORD IS WRTITEN OUT,.

WHEN RUNNING THE OUTPUT DATA THROUGH THE "SPECTRA'PROGBAM

YOU MUST MULTIPLY THE SPEGTRUM BY (CONSTANT )*{FRE-
QUENCY)**Z IO ADJUST FOR THE RECTANGULAR WINDOW.

IMFORTANT NOTE
THIS FROGRAM ASSUMES DATA RECORDS IDENTICAL TO TMOSE OF
ROCKET SHOTS 31.029 AND 31.028. THAT MEANS A DIGITIZING
BATE OF 5000, RECORD SIZE OF 1250, AND FIVE DATA CHANNELS
PER FRAME, THE SECOND CHANNEL BEING THE ONE OF INTEREST.
VARIABLE DICTIONARY

TIMELL THE TIME MARKER OF THE RECORD PRIOR TO THE
STIRTING RECORD.

BLKCNT THE NEXT SUBBLOCK TO BE FILLED.

ARRAY CONTAINS 1251 DATA POINTS. A& USUAL THE
- FIRST CONTAINS THE CORRESPONDING TIME.

TARRAY 18 THE EQUIVALENT OF ARRAY BUT IN INTEGER
FORM.

IRAWDAT CONTAING FOUR BUBBLOCKS WITH THE TIME AND THE
FOUR OTHER DATA CHANNELS STRIEFED OFF.

SPINFRQ IS THE SPIN FREQUENCY OF THE ROCEET.

BFNERD IS THE PERIOD OF THE SPIN IN TELMS OF
. - DATA POINTS,.

ARRONT 15 -THE NUMBER OF SUBBLOCKE IN THE MAIN BLOCK.
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THERE SHOULD BE ENQUGH SUBEBLOCKE TO COVER TME SPIN PERIOD
PLUB AN EXTRA SUBBLOCK.

LEFTOVR I8 THE DIFFERENCE BETWEEN THE BLOCK LENGIH AND
THE 8PIN FERICD.

IDATA CONTAINS THE INTEGER FORM OF THE PROCEBBED DATA.
I ARE ASBORTED COUNTERS.

NORM I8 ‘HE NORMALYZED INDEX (POBITION 1IN IRAWDAT)

OF THE DATA POINT SPNFRD AHEAD OF THE CURRENT POINT,
OVERFLW TEL1S THE JNCREMENT OF ARRCNT*250 THAT REDCNT

I8 ON. BEE PROGRAM HOTES ABOVE THIS DICTIONARY.

REDCNT INDEXES THE ARRAY IRAWDAT. REDCNT IS UNBOUNDED.
SEE OVERFLW. REDCNT COUNTS THE POINTS THAT HAVE
BEEN READ ALREADY.

PNTCNT INDEXES THE ARRAY IDATA. PNTCNT IS CYCLED FROM
2 TO 251,

REAL ABRAY(1251),SPINFRQ,STRTIME,TIME,YIMELL ,SPAN
INTEGER SENPRD,ARRCHNT,LEFTOVR,IDATA(251),IRAWDAT(C000),

+ 1,J,BLKCNT,REDPNT,PNTCNT,OVERFLW, IARRAY (1250) ,SFANPTS

10

20

100

110
120

EQUIVALENCE(ARRAY(2),TARRAY (1)}
INPUT THE SPIN FREQUENGY.

PRINT*,"WHAT IS THE SPIN FREGUENCY OF THE ROCKET"
READ* ,BPINFRQ .

FRINT*,"WHAT 18 THE STARTING TIME IN U,T. BECONDS"
READ* , STRTINE

PUT THE BATA CORRESFUGNDING TO STRTIME INTO ARBAY.

READ(3) ARRAY
TIMELI=STRTIME~0.05100.

IF (ARRAY(1) .GT, TIMEL1) GOTQ 20
GoTO 10

CONTINUE
TIME=ARRAY(1)

FIND EFIN PERIOD, BLOCK SIZE, AND LEFTOVER.

SPNPRD=IFIX(5000,0/52 INFR())
ARRCNT=2+((IFIX((5000,0/SPINFRQ)}+.5)}/250)
LEFTOVR= (ARRCNT#250 )~-5 PNPRD

LOAD UP IRAWDAT WITH ROCKET DATA

B0 100 11,250 :
IRAWDAT(I)=TARRAY{ (I-1)%5+2)
CONTINUE
DO 120 J=2,ARRCHT
READ{3) ARRAY
DO 110 I=}1,250 _ _
IRAWDAT(I+{J=1)*250 )= TARRAY { (I~1}%5+2)
CONTINUE
CONTINUE

BEGIN FILTERING

BLRCHT=1
IDATA(1)=0
REDPNT=1
PNTCNT=2
OVERFLW=0

ASK FOR THE DESIRED NUMBER OF SECORDS,
MUST BE A MULTIPLE OF 0.05000 .
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PRINT#*,"HOW MANY SECONDS OF DATA DO YOU WANT?"
READ*® , BPAN

BPANPTE=IFIX(SPAN*5000.00+.1)

0O 300 I=1,SPANPIS

CALL PROCESS{PNTCNT ,REDPNT,TRAWDAT,IDATA,SPNPRD,TIME,

+ OVERFLW,BLKCHT ,ARRCNT)

300

400

500

CONTINUE
STOP
END

SUBROUTINES GETNEXT AND PROCESB

SUBROUTINE GEINEXT(BLKCNT,LOCIRAW)

REAL LOCARRY{125})

INTEGER LOCIARR(1250),I,J,LOCIRAW(2000),BLEKCNT
EQUIVALENCE{LOCARRY(2),LOCIARR(L))

READ(3) LOCARRY

PUT DATA INTC LOCIRAW AT THE POSITION BLXCNT.

DO 400 I=1,250
LOCIRAW( (BLECNT~1)¥250+41 }=LOCIARR( (I~1)%5+2)
CONTLNUE
RETURN
D

BUBROUTINE PHOOESS(LPNTCNT ,LREDPNT ,IRAWDAT,IDATA,
+ SPNFRD,TIME ,OVERFLW, BLKCNT , ARRCNT)

REAL oUTPUT(1251) ,TIME

INTEGER IOUTPUT(1250),LENTCNT,LREDPNT,IRAWDAT(2000)},IDATA(25)),
* 8PNPRD,OVERFLW, BLKCNT ,NORM, OFFEET , ARRCNT

EQUIVALFNCE (QUTPUT{2), I0UTPUT(1))

IF ((LREDPNT) ,GT. (ARRCNT*250%(OVERFLW+1})) OVERFLi=
+ OVERFLW+1

BUBTRACT ARRONT*250 FEOM THE IRAWDAT INDEX IF THE INDEX
BECOMES GREATER THAN ARRCNT*250.

HORM=LREDPNT-ARRCNT*2 50*OVERFLW+5PNPRD

IF (NORM .GT. ARRCNT*250) NORM®NORM-ARRCHT*256
IDATA(LENTONT ) »IDATA{LPNTCNT~ | )~IRAWDAT{ LREDPT-ARRCNT *
+  250%OVERFLW)+IRAWDAT(NGRM)

IF THERE ARE 250 ELEMENTS IN DATA, THEN WRITE OUT.
IF (LPNTONT LT, 251) GOTO 700
QUTPUT(1}=TIME

LOAD UP THE FIRST, THIRD, POURTH, AND FIFTH CHANNELS OF THE
DATA FRAME WITH JUNK.

ALSO PUT IN AN OFFSET AS THE DATA OTHERWISE WILL BE CENTERED
AROUND ZERO.

OFFSET=0000

Do 500 I=l,250
IOUTPUT({I=1)%5+1)=IRAWDAT(L)
I0UTPUT({I~1)*5+2)=TDATA(T+1)+0OFFSET
IOUTPUT((I-1)%5+3)«IRAWDAT(I+250)
T0UTPUT((I-1)%5+4 ) =IRAWDAT(1+500)
IOUTPUT{ (I-1)%5+5 )sIRAWDAT(I+750)

CONTINUE

IDATA(L)=IDATA(251)

WRITE(%) oUTPUT

LPNTCNT=1 -

TIME=TIME+,050000
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WHEN REDPNT I6 PAST A SUBBLOCK, THAT SUBBLOCK MAY
BE DISCARDED ANDREPLACED BY A NEW ONE. THIS IS DONE
VIA THE GETNEXT SUBRUUTINE,

o000

" 700 CONTINUE

D0 800 I=l,ARRCHT
IF ((LREDPNT-ARRCNT*250%OVERFLW) ,EQ. 250%I) CALL
+ GEINEXT (L, IRAWDAT)

800 CONTINUE
LREDPNT=LREDPNT+1
LENTCNT®LPNTCNT+}

RETURMN
END
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