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Abstract

A new set of ionospheric data taking programs have
been completed for the Arecibo Ionospheric Observatory.
One will cover the 200-2000 km range and measure elec¬
tron number densities, temperatures and composition with
a time resolution of 25 min. at low altitudes and 1 and
one-fourth hrs. at high altitudes.

The other program

will measure number densities, temperatures, and photoelectron fluxes in the 250-500 km region (i.e., pure 0+
region) with a time resolution of approximately 5 min.
By increasing the efficiency of the CDC-3300 computer
system, these programs increase the capabilities of the
Observatory and improve the value of the data for geo¬
physical studies.
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I.

INTRODUCTION

Regular incoherent backscatter observations of impor¬
tant ionospheric parameters have been undertaken at inco¬
herent scatter radars for the last six years.

During this

time both equipment and techniques have been steadily im¬
proving.

A,set of new computer programs has been written

which significantly improves the data taking ability of
the Arecibo Ionospheric Observatory by now fully utilizing
the capabilities'of each of the system components.
The techniques of incoherent backscatter can be brief¬
ly summarized.

A powerful radar transmits a pulse at a

sharply defined frequency.

The weak returned signal, scat¬

tered incoherently from ionospheric density fluctuations
at each height interval, is sampled digitally at regular
intervals.

An on-line digital computer does real-time

data spectrographic processing.

The pulsing is continued

until sufficient samples have been taken to insure the
desired statistical accuracy.
Since the scattering is incoherent, it is possible
to calculate the electron density from the power of the
returned signal (if the electron cross section, and also
the antenna, receiver, and transmitter characteristics
are known).
Theory predicts that the electron cross section is
greatest at thermal equilibrium, and decreases as 1/(1+T /T^)
The electron to ion temperature ratio T/T^ should be
known to calculate the absolute density profile from the
received power profile.

Conversely, if the absolute den¬

sity profile is known by some other means, the temperature
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ratio can be calculated from the power profile.
The returned signal consists of two parts; a narrow
peak centered at the transmitted frequency, and weak lines
displaced by approximately the ionospheric plasma frequency.
The frequency spectrum of the returned signal is the
fourier transform of the time autocorrelation function.
The autocorrelation function can be formed by sampling the
returned signal at regular intervals and forming appro¬
priate lagged products with a real-time computer.
The width of the central peak in frequency corresponds
roughly to the doppler shift of the thermal velocities of
the ions.

Thus the width depends on the ion temperature

and mass, and measuring the width can give information on
these quantities.
For a single ion species the shape of the central peak
depends upon the temperature ratio, T /T..
e 1

Thus T /T. can
e x

be determined by measuring the spectral shape.

For mixtures

of ions the power spectrum contains contributions from each
species.

Thus it is in theory possible to separate the

ionic contributions and determine the composition from the
power spectrum.
■+■

In practice, only widely differing masses,

+

+

such as NO , 0 , H , and sometimes He

+

can be distinguished.

The lines of returned power which occur at the trans¬
mitted frequency

T

the ionospheric plasma frequency allow

the absolute electron density profile to be determined.
This is done by receiving at a set of frequency bands off¬
set from the transmitted frequency and finding the altitudes
at which a given frequency offset shows a return above the
normal system noise.

Comparing the absolute density.profile

3

thus obtained with the power profile determines the temper¬
ature ratio T /T..
e i

Also, the intensity of the lines'is

proportional to the flux of extra-thermal electrons, i.e.,
photoelectrons, as these electrons enhance the density
fluctuations, of which the lines are a manifestation.
In addition, if there is a net drift of the plasma
toward or away from the radar, the spectrum will be doppler
shifted from the transmitted frequency.

Thus plasma drift

velocities can be determined.
By observing the above characteristics of the scat¬
tered signal a great deal can be learned about the iono¬
sphere.

However, a height interval of from about 100 to

2000 km is observable at Arecibo, and the same pulse lengths
or data taking techniques are not applicable over the entire
interval.

The following sections will discuss some of the

considerations that went into the design of the new set of
data taking programs.

4
II.

THEORY

Given N scatterers with random spatial distribution,
in a volume illuminated by a radar wave, the scattered
power will be proportional to [Evans,, 1969]
N <J
where a is the scattering cross section of an individual
scatterer.

Because of the scatterers random motions the

phases are random, and so power instead of voltages add.
The scattered power can be written
PR

** PT £r) lA2GNcr/h2

where
= power at receiver
= transmitted power
= electron number density

a

= scattering cross section

CT

= pulse length in space

2

X

= radar wavelength

G

= gain factor of antenna

L

= loss factor of transmission lines, etc.

h

= altitude (range) of scattering volume

Since all of these parameters are measurable (in
theory except cr and N, if a is known it should be possible
to measure the number density directly from the backscattered
profile.
The radar waves can also be considered to be scattered
by density fluctuations in the ionospheric plasma.

The

electron motions are controlled by the ions presence over
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lengths greater than the debye length so that the low
frequency components of the random density fluctuations
of the electrons are severely damped.

There is thus a

critical relation between the radar wavelength used and
the plasma debye length.

If the wavelength used is much

less than the debye length the radio waves will be scat¬
tered largely by the high frequency components of the
electron density fluctuations, and thus the spectrum of
returned power will resemble that corresponding to the
electron doppler shifts.

However, if the wavelength is

greater than the debye length the radio waves will be
scattered by the low frequency components of the electron
density fluctuations, which, because of the need for
charge neutrality over distances greater than the debye■
length, are essentially dominated by the low frequency
components of the ion density fluctions.
A complete expression for the scattering cross section
as a function of frequency is given by Fejer (1961) when
collisions and the effect of a magnetic field are ignored
as
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term on the right will be much wider in frequency
the second term.

than

This term represents the scattering

from electron influenced fluctuations,

and is generally

referred to as the electronic component.
has a much narrower bandwidth,
Q ,
e

first

as Cl.

The

is much

and this gives rise to what is termed the

second,

term

smaller

than

ionic

component.
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4iri

For small values of — , the ratio of the radar
wavelength to the debye length, the ion component dom¬
inates, and the returned power is in a narrow bandwidth
centered on the transmitted frequency.

The electronic

component contributes only two small bumps at
where uu

01=01^10)^

is the local plasma frequency.

4n^d
For large values of —
the electronic component
A

dominates, and the returned power is wide bandwidth
corresponding to the electron thermal velocity doppler
shifts.
,

Incoherent scatter radars as a practical matter

4rr£ „
operate in regions where —
«1. as the signal to
A

noise ratio becomes very low when the signal bandwidth
increases greatly.
Figure 1 (from Moorcroft, 1964)

shows the power

spectra for a pure 0+ ionosphere for differing values of
the temperature ratio T /T,.
0

The principal effect of

i

changing this ratio is to vary the center frequency to
wing peak amplitude ratio.

The two wings that make up

the power spectrum can be thought of as two ion acoustic
waves, with Maxwellian distributions, one propagating
toward the radar, the other away.
While it may be easier to think physically in the
frequency domain, it is generally easier to calculate
and work in the time domain.

8

The power spectra is the fourier transform of the
autocorrelation function of the signal, i.e.,
03

.

' ' 4
\
, .
-iujt
a (uu) =
c(t) e
dt
J

— CO

Thus any information contained in the power spectra
is also contained in the autocorrelation function.
>

The autocorrelation function can be calculated by

forming mean lagged products of the signal with itself,
i.e.,
c(t) = s(t) s (t+t)
Thus the autocorrelation function can be calculated
by sampling the signal digitally and doing appropriate
multiplications and additions with a real-time digital
computer.
Representative autocorrelation functions for pure 0
ions and differing values of T^/T^ are given in Figure 2
(from Farley, 1967).

It will be noted that increasing

T /T. has the principal effect of lowering the first
e i
minimum of the autocorrelation function.

The zero cross¬

ing gives information about the ion mass and temperature.
For example, if the ion is heavier, it will be harder to
accelerate, and thus density fluctuation components will
persist longer.

Thus the zero crossing of the autocorre¬

lation function will move to larger values of time lag t.
For mixtures of different ions both the power spectra
and the autocorrelation function will be a sum of the
power spectra or autocorrelation functions of the respec¬
tive ions, smeared by Debye interactions.

s
Thus it is, in principle at least, possible to deter¬
mine composition from the power spectra or autocorrelation
function.

However if there are three ions present, there

are five parameters to determine, three percentage compo¬
sitions, T^ and T^.

This is generally too much, given

the accuracy to which the power spectra can be determined.
Fortunately there are generally simplifying assumptions
that can be made.

For example, at high altitudes T

e

T .
i

At high altitudes it is also found that the percentage of
H

is always low

20%) which simplifies the analysis.

0

Compositions have been determined for all regions of the
ionosphere accessible to backscatter techniques at Arecibo.
Figure 3 (from Moorcroft, 1964)

shows power spectra for

several different compositions.

In general it is necessary

to do a least squares fit to a library of theoretical func¬
tions in order to determine compositions and temperatures..
The total scattering cross section can be determined
by integrating
a = (a duu
J 0)
Buneman (1962) showed that a can be approximated by
a
®

~

2

e

(1+a ) (1+T

2

,

+a )

S/

T.

l

)

This expression is clearly not valid for all values
of T /T. as it implies cr-*o as T ,
e

i

e

but for the range

/T

i
of T^/T^ encountered in the ionosphere it is a good
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4TT^

approximation.

If

^

c

-<<1, the expression reduces to

cr
a =

1+T e

/,T.

l

Thus in order to derive a density profile from a
power profile, it is necessary to correct for the effect
of T /T. . Thus T /T. must be measured as well as the
e l
e r
power profile in order to get a true density profile.
One way of doing this is to calculate the autocor¬
relation functions at a series of heights.

Then Te/T_^

can be determined at these heights and be used to correct
the power profile.
(3
The electronic component for ~— <<i consists of twc
lines at uu=uu

op

.

These lines generally contain very

little power, but under certain conditions they can be
detected by a sufficiently powerful radar.
The returns from the plasma line are enhanced by
fluxes of energetic photoelectrons so that the plasma
line may normally be detected at Arecibo during the day.
This effect is not included in the theory of Fejer,
who assumes that the particles are Maxwellian without a
high energy tail.

Perkins and Salpeter (1965) have

worked out the theory of these enhancements.

The high

energy particles can feed energy into fluctuations at
the plasma frequency by the mechanism of Landau damping.
Thus the degree of enhancement depends critically on the
slope of the particle distribution function near the lon¬
gitudinal wave velocity.

Thus it is possible to measure

the fast photoelectron energy spectrum by measuring the
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plasma line enhancements at several different plasma
frequencies

(i.e., altitudes).

In addition, of course, the plasma line gives an
absolute measure of electron density as a function of
altitude.
Using this absolute electron density profile, as
we(ll as the power profile discussed previously, the tem¬
perature ratio can be determined.

This gives an inde¬

pendent way of checking the values of T^/T^ calculated
from the autocorrelation function.
If there are bulk plasma drifts along the line to
the radar, the returned power spectrum will be shifted
in frequency by an amount equal to the doppler shift of
the bulk motion.

Thus, by carefully noting the center

frequency of the returned signal, the bulk ionospheric
drift velocities may be determined.
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III.

EQUIPMENT

For ionospheric studies the Arecibo Ionospheric
Observatory uses a 2.5 megawatt peak power transmitter
operating at 430 megahertz.
duration can be transmitted.

Pulses of 2 usee to 10 msec
A 1000 ft. diameter spherical

reflector collects the returned signal.
Receivers are isolated while power is transmitted,
then reinserted.

The returned signal is amplified, beat

to a lower frequency, and sampled by an analog to digital
(A/D) converter.

A CDC 3300 digital computer is used to

J

read the outputs of the A/D converter and do real-time
data processing.

The rate at which transmitted pulses

can be repeated is governed by the data processing time
or the six percent transmitter duty cycle.
The CDC 3300 computer is a medium sized computer
with good real-time capability.

Execution times are rel¬

atively slow, a load or store takes 2.8 microseconds,

a

jump 1.3 usee, and a multiply about 20 usee.
A typical experimental setup is shown in Figure 4.
Three different channels, i.e., different ways of pro¬
cessing the returned signal, are used in ionospheric work.
The density channel is narrow bandwidth centered on
the transmitted frequency.

It is looking for the central

peak of the returned signal.

Essentially it is just the

amplified signal beat down to a frequency that can be
sampled conveniently by the A/D converter.
The recovery channel is offset in frequency by 1/2MC,
where no signal is expected, and thus measures the system
noise and receiver gain.

Because of a new duplexer,

iso¬

lation between the transmitter and receivers is now very
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good, but it used to be necessary to measure the recovery
curve of the receiver from the transmitter pulsing.
present the recovery channel
monitor.

At

is used largely as a systems

The recovery channel is square law detected,

i.e., the voltage is squared, before going to the A/D
converter.

This is done to

save computation time.

The

square law detectors are accurate to 5-10%.
Plasma line channels are frequency offset by from 3
to 11 MC and are used to detect the plasma line component
of the returned signal. ' The

frequency offset can be con¬

trolled by the CDC 3300 computer by changing a mixing fre¬
quency sent from a Hewlett-Packard frequency synthesizer.
The A/D converter has eight channels, of which five or
six are used for plasma lines.
:

Packard frequencies are sent,
can be examined.

The plasma

If three different Hewlett15 to 18 plasma frequencies

line channels are offset from

one another by 1/2 MC and square law detected.

Bandwidths

of 100 and 500 kc are used.
A typical interpulse period is shown in Figure 5.
The period between the end of the radar pulse and the
turning on of the receivers

is used to sample the system

dc level in the square law detected channels.
region is used to sample system noise.

The noise

It should be

located in time such that there is negligible signal
returning from the ionosphere.
constant temperature noise.

The calibration pulse is

It is used to provide an

absolute measure of receiver gain and signal strength.
The sampling interval can be
msec.

varied from 5 usee to 10

It is generally choosen to be equal to 1/(filter

bandwidth).
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Several other features are available to facilitate
specific experiments.

Transmitter pulsing can be control¬

led to a limited extent by the computer.

Double pulse

schemes, having the advantage of improved height reso¬
lution, are possible.

The transmitter frequency may be

changed slightly, thus avoiding the problem of having to
wait for the last signal to return before transmitting
the next one.

This allows improved time resolution for

low altitude studies.
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IV.

IONOSPHERIC DATA TAKING

At Arecibo the incoherently scattered signal is
used to measure electron densities, electron and ion
temperatures, ionic composition, drift velocities, photo¬
electron fluxes, and collision frequencies.

Tradeoffs

and compromises in measuring these parameters must be
made.

An experiment will concentrate on measuring one

or more of these parameters, with varying emphasis on
height and time resolution.
Height resolution is largely determined by the length
of the radar pulses.

If the radar emits a single pulse of

cT
duration t , returns from a height interval —r- will be
o
2
received at time t.

Hence for good height resolution

the pulse should be as short as possible.

The height res¬

olution should be better than the ionospheric scale height,
which at low altitudes
with t

o

(100-400 km)

requires that pulses

^ 100 be used,

However, temperatures and composition are measured
by forming the autocorrelation function
c (t) = s (t)

s (t+T.)

while enough time lags t are taken to define the autocor¬
relation function to the desired accuracy.

The width,

in

frequency, of the returned signal, and hence the width of
the time autocorrelation function, depend on the ionic
mass and temperature.
large

low.

(0

+

; LS

'

In the E region the ionic mass is

^2, NO+ is 30)

and temperatures are relatively

The power spectrum is narrow, and the autocorrelation
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function broad, so c(t) must be calculated for large
values of the time lag t.

The same ionospheric volume

element must be illuminated at time t and t+T.

For a

single pulse this implies that the radar pulse length
t

must be greater than the largest lag

At low alti¬

T.

tudes lags out to 400 usee must be measured to see the
zero crossing of the autocorrelation function.

A 400

usee pulse gives a height resolution of 60 km, while the
ionospheric scale height is on the order of 10-15 km.
These difficulties'with density and temperature
measurements at low altitudes can be resolved by using
a double pulse scheme.

The radar transmits two short

pulses with a separation in time approximately equal to
the time lag to be measured.

Thus only a small volume

region is illuminated at both;t and t+T.

(See Figure 6).

A short single pulse is used to measure c(0), the zero
time lag point on the autocorrelation function.

—: 2

c (0) = s (t)
c(0)

Since

i
!

is also the value of the power profile.

The radar

transmitter is stepped through a sequence of pulse sepa¬
rations to measure the different time lags needed.

Using

this technique with 100 usee pulses a height resolution
of 15 km is achieved.

By using a quadruple pulse scheme,

a height resolution of 4 km has been obtained.
Between 130 and 250 km the ionospheric composition
changes from a mixture of NO+ and 0^+ to essentially pure
0+.

The autocorrelation function narrows so that lags

out to 300 usee will include both the first zero crossing
and the first minimum.
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In the pure 0+ region, the altitude range between
250 and 600 km (the upper boundary is very dependent on
solar cycle and diurnal variations), the zero crossing
generally occurs between 80 and 100 usee, and the first
minimum before 160 usee.
good.

The signal to noise ratio is

Thus relatively short pulse lengths can be used

to measure the 0+ region autocorrelation function.

And

since, if pure 0+ composition is assumed, it is only
necessary to measure the zero crossing and first minimum
in order to determine T

and T., a great deal of com-

putation time can be saved by only calculating lags of
80, 100, 120, 140, and 160 usee.
'

At higher atlitudes the transition from 0+ to H+

and Ee+ occurs.

Also the ion temperature uncouples from

the neutral temperature and tends toward the electron
temperature, which is generally higher.

Thus at large

altitudes the power spectra broadens and the autocorre¬
lation function narrows, so even fewer time lags would
be necessary, except that generally at least 20 points
are needed to fit the experimental autocorrelation func¬
tion to a library of theoretical functions.
However, radar pulses of much longer duration (usu¬
ally 1 and 2 msec) are used in the height region from
600 to 2000 km.

This is because of the fall-off in the

signal to noise ratio caused by decreasing electron density and the 1/r

2

fall-off of returned power.

The expression for the r.m.s. difference between
the calculated value of c

(T.)

and the actual value c

(T.)

18

is approximately (for low signal to noise ratio)

[Farley,

1969)
2
<(C(T.)

- C (T.)

2

) > =

(1+2

2

C

(T.) )

where k is the number of independent samples, N is the
noise amplitude, and S is the signal amplitude.
A 2 msec pulse will illuminate 10 times the volume
of a 200 usee pulse.

Hence the signal strength will be

approximately 10 times that of a 200 usee pulse.

Thus

approximately 100 times more independent samples will be
required for a 200 usee pulse to achieve the same stat¬
istical accuracy as with a 2 msec pulse.

The poor (300 km)

height resolution for the 2 msec pulse is accepted at high
altitudes to get reasonable (i.e., 25 min.) time resolution.
There are many ways of forming a given time lagged
product of c(t) on the autocorrelation function.

Two ob¬

vious ways are
C

(T) = S (t-

“)

S (t+T;/2) .

and
t -r N-l
.
J.t
c(t) = Hf— 2 S(t ) S(t +T.) where t = t k=d

~

+ kt
g

where the summation is taken over as many products as are
possible with the given pulse length and sampling interval.
At large signal to noise ratios the subtraction of
the noise ACF is not critical, i.e., it can introduce
errors smaller or of the same order as the statistical
errors in the signal itself.

In this case calculation

time should be spent on defining the signal ACF.

The

signal ACF does not cross zero until about 100 usee.
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Hence, if the signal to noise ratio is high numbers will
be highly correlated unless they are taken 100 usee apart
in time.

Thus for large signal to noise ratios the sec¬

ond method is wasteful, as most of the products are not
statistically independent.

A modified first scheme,

where two or three products are taken per lag, all spaced
in time so as to be nearly independent, is generally
optimal.

(Although this has the tendency to reduce height

resolution) .

!

At low signal to noise ratios the subtraction of the
noise ACF becomes critical.

The noise autocorrelation

function, which is a measure of the filter shape, crosses
zero at approximately'

(filter bandwidth)
Hence if the sampling interval'is choosen to be 1/(filter
bandwidth) the multiplications of method 2 will be nearly
statistically independent, and this method will be more
efficient.

This is because the signal takes a substantial

time to reach 1500 km and return, approximately 10 msec,
and if on the same pulse a region is going to be examined
where no signal is expected, (i.e., the noise region), in¬
terpulse periods of the order of 30 msec are necessary.
Hence the computing time is available, and should be used
to perform the extra multiplications.

20

V.

IONOSPHERIC STUDIES

One of the major efforts of the Arecibo Ionsopheric
Observatory is the accumulation of relatively complete
data on ionospheric behavior over a complete solar cycle.
To this end one 24 hour run per week has been devoted to
a general monitoring of ionospheric behavior.

As this

time represents a large fraction of the total ionospheric
observing time, the data taken must be comprehensive enough to be used for specific studies.
The altitude range that the Arecibo Ionospheric
Observatory can study is approximately 100 to 2000 km.
Below 100 km ground clutter, low signal to noise, and
receiver recovery make studies and questions of inter¬
pretation difficult.

Above 2000 km low signal to noise

caused.by the debye length becoming comparable to the
radar wavelength, which changes the width of the returned
signal from that associated with the ion doppler shift
to that associated with the electron doppler shift,
effectively hinders any studies.

A 40 me transmitter,

of low reliability, is available, and may be used to
push the altitude range upward.
The 100-2000 km range contains height intervals in
which different data taking techniques are necessary or
desirable.
a)

One way of defining these is:

100-130 km.

A region of high neutral density.

The neutral scale height is approximately 4 km.
Because of the large ionic mass (major constituents
are O^"*" and NOT) relatively low temperatures and

21

high collision frequency the signal autocorrelation
function is very broad, hence a multiple pulse tech¬
nique must be used.

Temperatures and collision fre¬

quencies can be determined from the autocorrelation
function.

Because of the low signal to noise, an

integration time of an hour and a half is necessary
in this- region.
b) 130-250 km.
sition region.

This is the NO+, 0

+

to 0+ tran¬

Also it is region of maximum solar

heat input to the ionosphere, and thus essential
for heat balance studies.

The autocorrelation func¬

tion is broad, and the scale height is of the order
of 15 km.
sary.

Hence a double pulse technique is neces¬

The autocorrelation function gives ionic com¬

position, ion temperature, and T^/T^.

Generally

data can be taken in this region with a time resolu¬
tion of 20 minutes.
c) 250-550 km.

This is:the 0+ region.

By assuming

pure 0+ ion and electron temperatures can be calcu¬
lated from just the first zero crossing and first
minimum of the autocorrelation function.

This,

along with a good signal to noise ratio, allows
data taking shortcuts.

Plasma lines occur in this

region, giving another method of calculating the
density profile.

An integration time of about 5

minutes can be achieved.

The upper boundary of the

0+ region varies from day to night, and also with
the solar cycle.
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d)

550-2000 km.

sition region.

This is the 0+ to He+, H+ tran¬
The signal to noise ratio is poor

so long pulse lengths must be used.

The auto¬

correlation function can give composition and tem¬
peratures.

In this region

uncouples from the

neutral temperature and heads toward the electron
temperature.

Because of decreasing signal to noise

ratio this region is generally treated as two.

A

1 msec pulse is used to cover the 600-1000 km alti¬
tude range, and a 2 msec pulse is used for the rest.
No autocorrelation functions are taken above 1400
km because of the low signal to noise ratio.

The

integration time for the two pulse lengths together
is about 45 minutes.
The program that is used for examining region a) can
also be used to examine b), although the differences in
the integration times might make this impractical.

And

the double pulse program used for region b) can also take
data throughout region c).
In the past, weekly 24 hour runs have been alternated
between the N-ll, which measures densities over the entire
altitude range with temperatures and composition at high
altitudes, and the N-12, which measures densities, tem¬
peratures, and compositions in the altitude range 130-600
km.

The N-ll uses a single pui-.o technique, while the

N-12 uses the double pulse technique.

Because of the long

integration times and delicacy of the measurement, it has
been necessary to do measurements in the 100-130 km region
only as a special experiment.

In addition to the weekly

24 hour runs a three day N-ll is used to monitor high al¬
titude behavior at the equinoxes.
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In addition to the general studies, several spe¬
cialized studies are underway.

Scintilations by radio

sources are being connected with ionospheric irregular¬
ities.

The ionospheric density is measured by a step

frequency program, in which the transmitter frequency is
changed slightly for each successive pulse so that it is
not necessary to wait for the return signal.

Time res¬

olution for density profiles on the order of a minute
can thus be achieved.
The step frequency program is also being used to
study artificial heating of the E region.

A long pulse

is transmitted with the 40 MHz radar, then closely spaced
short pulses are transmitted with the 430 Me radar.

If

the electrons have been heated by the long pulse Te/T^
should have increased, and therefore the returned power
decreased.
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VI.

THE DATA TAKING PROGRAMS

A set of computer programs have been written that
increase the data taking capability of the Observatory.
The programs are completely compatible, so that they can
be run without changing the experimental setup.
A general program, termed N-11P, was designed for
the 24 hour weekly runs.

It has the advantage of being

able to monitor high and low altitudes simultaneously.
This is done by having the radar emit first a ■ long pulse,
which is used to gather high altitude information, and
then a short pulse, for low altitude information.

The

sequence is repeated until sufficient samples have been
taken to give the desired statistical accuracy.

The

computer program which processes the returns from both
pulses has approximately the same time requirements as
the old program, which had only long pulse data to
process.
The pulse sequences for the three long pulses used
are shown in Figure 7.
usee,

The long pulse lengths are 500

1 msec, and 2 msec.

Table I lists the information

gathered by each pulse sequence.
Pulse
Lenqth
500
1000
2000
300

Altitude Range
for Density
106-1000
200-1500
200-2000
100- 600

km
km
km
km

No. of Spectra

7
5
5
10

Altitude Range
for Spectra
175- 550
600-1000
1000-1400
200- 450

km
km
km
km
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Alt. Rng.
Sht. Pise.

100-600
100-600
100-600
-

Short
Pulse
Length
60
200
200
-

Zero Crossing
& 1st Min.

No
Yes
Yes
Yes |

No. & Alt.
Separation

10-25 km
10-25 km
10-25 km

Integrati
Time 3x10
Pulses
12
30
33
5

Min.
Min.
Min.
Min.

TABLE I

All sequences take plasma line data along with the
above listed data.

The 300 usee pulse length refers to

the new plasma line program, which will be discussed
later.

Generally the 1000 usee program is run for 20

minutes and the 2000 usee is run for 25 minutes.

Change¬

over times between different pulselengths, i.e., 500, 1000,
2000, is approximately one minute 30 seconds under normal
conditions, but can be lowered to approximately 30 seconds.
Thus a sequence can be run in approximately one hour 15
minutes.
)
Because the short pulse is being used to obtain tem¬
perature information in a region where pure 0+ ionic com¬
position can be assumed, it is only necessary to calculate
the zero crossing and first minimum of the autocorrelation
function.

To do this lagged products are formed at lags

of 80, 100, 120, 140, and 160 usee.

The short pulse

density value is used for the zero time lag.
It should be noted that for the lower ionosphere,
where changes tend to be more rapid, the time resolution
is approximately 25 minutes, while the upper ionosphere
is monitored with one hour 15 minute resolution.

26

The information gathered is: from the long pulse;
densities, temperatures, composition; from the short
pulse; densities, T^/T^,

an<

^ photoelectron fluxes.

The

short pulse T^/T^ information can be gotten from the
data in two ways, from the first minimum of the autocor¬
relation function and from the ratio of the power profile
and the absolute density values.

Thus increased accuracy ,

can be obtained as well as having an internal check on
the consistency of the data.
It should be noted that the sequence as it now stands
does not try to obtain temperatures or composition in the
100-200 km region.

Such an addition would involve insert¬

ing a double pulse sequence, which would increase the total
time needed to over an hour and a half.

Past data taken

continuously in the 130-250 altitude range indicate that
major changes in composition occur in this region with
times of the order of 20 minutes, so measurements spaced
at 1.5 hour intervals are probably, not worth the extra
time necessary to obtain them.

However, the N-11P does

measure a density profile at this altitude continuously,
and this can give valuable information for heat balance
studies.
Because of the present arrangement of mixing fre¬
quencies used at the Arecibo Ionospheric Observatory to
measure plasma lines and ionospheric drift velocities,
the two cannot be measured simultaneously.

Since drift

measurements have not been perfected at the time of this
writing> it was decided to include the plasma line measure¬
ments.
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The N-11P is being run on a regular basis at Arecibo.
The 500 usee N-11P program has been run continuously
in nighttime experiments to study the 2 AM collapse of
the ionosphere.

The data is now being reduced.

In addition, a new plasma line program, completely
compatible with the N-11P, has been written.

It uses a

300 usee pulse, and is designed to take data on the pure 0+
portion of the ionosphere.

By calculating the zero cross¬

ing and first minimum of the autocorrelation function, as
well as five plasma line channels, electron and ion temper¬
atures as well as densities and photoelectron fluxes can
be calculated.

With a time resolution of approximately

five minutes, it is unequaled for studying F region be¬
havior. It allows a substantial improvement in the accuracy
of the calculations of photoelectron fluxes.

These are

calculated from the intensities of the plasma lines, which
are enhanced by the high energy tail of the electron energy
spectrum.

To calculate this accurately it is necessary to

know the Maxwellian portion accurately.

The new program

has been used to take data for the joint Arecibo (backscatter-photometer) - Argentina (photometer) conjugate
sunrise experiment.

Data analysis has not begun.

Also, a version of the plasma line program that takes
twice as many independent samples on the autocorrelation
function is being used to look for short period (approxi¬
mately five minutes) temperature and density fluctuationsin the F region.

Two four hour runs have been completed,

but indiscriminate radar transmissions on assigned fre¬
quencies by ships of the United States Naval Test Facility
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at Roosevelt Roads, Puerto Rico on both occasions have
made the data of dubious scientific value.

However, it

appears that the program will be able to see 15% fluc¬
tuations in T /T. on the order of 2-4 minutes, and fluce i
tuations in Th on the order of five minutes, and density
fluctuations on the order of two minutes.
A flow scheme of the data taking program is given
in Figure 8.

The program is written in COMPASS, the

assembly language for the CDC 3300.

The program has tried

to optimize all critical loops for shortest possible execu¬
tion times.
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VII.

FUTURE POSSIBILITIES

Several improvements in the overall capability of
the Observatory could be achieved in the near future.
A sequence consisting of a multiple pulse program and
the new plasma line program could replace the present
sequence of the double pulse program and the old plasma
line program.

The multiple pulse program could concen¬

trate on the 130-250 km region with improved height
resolution, while the new plasma line program would
carry the measurements up to around 600 km.
The measurement of drift.velocities in the near
future will greatly increase the available information.
However, there appear to be difficulties involved with
simultaneous measurements of high altitude drifts and
compositions and temperatures.

This is a result of the

current method of measuring drift velocities, which
mixes the incoming signal to a frequency such that every
second point on the autocorrelation function gives infor¬
mation on the drift velocities.

'At high altitudes, where

significant correlation exists only out to a time lag of
approximately 200 usee, and points are generally sampled
every 10 usee (because of the 100 kc filter bandwidth) , .
taking half the points from the autocorrelation function
might make a meaningful determination of temperatures
and composition impossible.

Possible solutions,

like

halfing the sampling frequency, involve difficulties.
However, it should be possible to incorporate F region
drift determinations into a general sequence without
undue difficulty.
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Other substantial improvements will probably have
to await equipment changes.

There is a lower time limit,

that required for the signal to reach the height region
under investigation and return,

that will probably limit

time resolution even if a much faster computer (or as
has been suggested by some,
obtained.

a one bit autocorrelator)

is

This limitation could be circumvented by

sending successive pulses at slightly different fre¬
quencies, but the current transmitter is only capable of
doing this for short pulse lengths.

A new computer could

be fruitfully used to do on-line analysis of the data,
and interact with the data taking program in controlling
the sequencing of observations.
The data taken with the new programs will hopefully
be analyzed in the near future.

More runs are scheduled

to try to detect short period temperature fluctuations
in the F region.

If none are observed, an upper limit

on the fluctuation time can be determined which can be
compared to theoretical calculations of fluctuation
times.
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FIGURE 8
Flow Scheme of N-11P

1. Set system's locations, position MT if
STOP.

SJ4

off, then

2. When START is pushed, program assumes the pulse length
is in 31, B3 contains the^set of HP frequencies to be
used, and B2 is an option|to read new parameters.
3. To optimize running time all loop limits, jump addresses,
etc. are defined after the pulse length has been specified
and are.then written into'the desired locations.
4. [Two input buffers are used. program will read into one
while calculating on the numbers read into the other
during the 2 previous IPP1s.]
Define buffer sizes.
5. Clear storage areas and initialize flags.
6. Define the input buffer for the first read,
set trans¬
mitter control to long pulse position and reset the
Hewlett Packard frequency.
7. STOP if this is the first time through, otherwise continue
8. Read output tape heading parameters; date, time, etc.
9. [The interrupt system used by this program works in the
following manner. An interrupt will occur at the com¬
pletion of a read instruction. A different type of
interrupt will occur upon sensing an error condition, a
timing error, parity error, etc. The program uses the
end of read interrupt to orient itself. At the end of
the first read, corresponding to the long pulse, the
program defines and issues the second read, for the short
pulse. Both reads fill the same buffer.]
Enable the
interrupt system.

10.
Issue the first read (transmitter is posit
pulse) .

11.

The basic control loop begins here. The two input
buffers are exchanged so that for the next set of
reads the other buffer will be used. A check is
done to make sure that the second read has been com¬
pleted, then the new buffer locations are stored in
the read instructions. The first read (long pulse)
is then given. The program then goes to do calcula¬
tions on the data just read in (at the same time it
is reading in new data). This is the end of the basic
control loop.
a) (Letters indicate interrupt processing)
Program control comes here upon completion
of first read. A check is made for parity
errors. Then the transmitter control is
positioned to transmit the short pulse dur¬
ing the next IPP. Then the second read in¬
struction is given. Then program returns
to where it was when interrupt occurred.
b) Program control comes here upon comple¬
tion of second read. Check is made for parity
errors [If a parity error is found data read
in from both long and short pulse is ignored].
Then transmitter control is repositioned for
long pulse, and a flag is set to tell that
second read has been completed. Then program
returns to where it was when interrupt occurred.

12.

Calculations that are done depend on the pulse length.
They are summarized briefly:
long pulse - power profile, autocorrelation function
500 usee
^
j- • i
,
short pulse - power profile, plasma
lines (5) ;

1000 usee

long pulse - power profile, auto¬
correlation function
short pulse - power profile, zero
crossing, plasma lines (5)

2000 usee

same as for 1000

13. After doing calculations program checks if it is
necessary to convert from single to double precision
[CDC 3300 word length is only 24 bits].
If not,
program goes now back to step 11.
If so, program
, converts instead of calculates during next two IPP1s.
14. After converting from single to double precision the
program checks if enough IPPs have been accumulated
to write a magnetic tape block. If not, program
continues.
15. To write MT block, numbers are converted to floating
point, stored in output buffer and then output. The
program then goes to step 5.
16. Data taking is stopped by hitting a stop button, which
creates an interrupt and is recognized. A transmitter
failure is recognized in a similiar manner, and data
taking is stopped until the transmitter resumes operation.

