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ABSTRACT

Measurements of the sigral fluctuations of the cosmic source
Cassiopeia A and artificial earth satellite Transit IV A were
recorded sirmltanecusly at Willismsburg, Virginia for the periocd
July 1963 through August 1963. A linear correlation analysis done
on the accumulated date indicates that no linear correlation exists
between radio star and satellite scintilletion activity.

To investigate the possibility of a general correlation between
these two phenomena, published features of radio star scintillation
activity and satellite studies dore at the College of William and
Mazry are compared. Latitudinal, diurnal, and elevation angle effects
seen to indicate that there is a good _eneral correlation between
radio star and sateliite scinmtillaticn. DBecause seascnal effects
and variations %;tﬁ tie selay cycle are not fully understood for
both star and satellite sciutillation phenomena, no direct comparison

is possiblcs
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INTRODUCTION

Early investigations of the ionosphere were conducted by bottom
gide sounding technigues with access to only the lowest regions. With
the discovery of discrete sources of cosmic radio emission by Jansl:yl
the upper regions of the ionosphere were made available for observation.
In 1946, Hey, Parsons, end Phillips,® observed short period irregular
fluctuations in the amplitude of noise power from the cosmic source
Cygrus A at a wavelengbh of five meters, At that time these fluctue~
tions were attributed to variable euission of the source. In 1948
Smith® and Little and Lovell ™ separstely conducted a series of ex-

periments showing conclusively that these fiuciuations were local in

3

origin and prooobly were preduced by chinges in the index of refrac-
tion of the lunosphere. 4 survey of subseguent observations is given
by Bocker ® in which . notes ea increaze of scinbillation with in-

reasing zenith angle, & woxivan of scintillation at midnight, and a

good correlation between amplitude scintillation and sPread F reflec-

ne advent of artificial earth satellites has mede possible a
- more comprehensive end divect study of the irregulerities responsible
for scintillation phencmena. Extensive studies of the icnosphere
using signals transmitted by artificial earth satellites have been

cerricd out by Yeb and Swenson © and meny others. A swummary of these



investigations, given by Lawrence and Merbin,” indicates the same general
trends as those observed by Booker® for star scintillation.

It would appear‘§hen that & simultaneous study of the ionosphere by
satellite and ra@io star observation would offer a more complete and com-
prehensive method of investigation than either methed by itself., To
further investigate the possibility of correlation between satellite
and star scintillation Slee® and Parthasarathy and Reid® have made
simnpltaneocus cbservations.

Slee observed the 108 Mc/s radio signal transmitted by the 1958
alpha from February 1 until March 10, 1958 at Sydney, Australia. At the
same time cbservations of the cosmic radic sources Hydra-A, Vipgs-A and
Taurus-A were made at the nearby frequency of 85.5 Mc/s. The zendith
angles of the cosmic sources ranged from 22° to 56° and corresponded
approximately with the same range of zenith angles of 1958 alpha. The
scintillation activity of the satellite sicnal on 31 nights (82 transits)
is summerized in Figure 1. The veriical lines ghow the range of scin-
tillation indices observed on each night., For comsariscon, the nights of
high cosmic source scintillation (index = 0.3) are indicated on the graph
by the average cosmic socurce index. Tubic L give:s o general comparison
of star and satellite indices. Froan thiese resalbs, Slee concluded that
there is no one-to-one correspondence between the indices for the satellite
oad She cosmie scurces, but that there & general relation, The average
darasion of the satellite fluctuaticn peaks (lesg then one second) is
coni . sheat with that predicted for & scurce with anguwlar velocity about
100 times that of a cosmic radio scurce. He 2lzo concludes that the
regicn of the ionosphere causing scintiilation is below 350 km because at

the satellite's perigee of 350 km there was no marked decrease in



scintiliation. Further, there seemed to be correlation between time of
appearance of satellite scintillation and the occurrences of fluctuations
of the cosmic radio source.

Parthasaraéﬁy and Reid® bhave mzde similer cbservations; however,
their results seem to be scmewhat less conclusive. The 20.C05 Mc/s
signal of 1958 delta 2 (Sputnik III) wss recorded at College, Alaska
(6k.9°N, 147.8°W) from August to October, 1958. At the same time the
Geophysical Institute recorded radio star scintillation continuously at
frequencies of 223 and LS55 Me/sec, and a rough corparison of these records
with satellite records was carried cuob., According to Parthasarathy and

Reid, the scintillation amplitude shouid incrense 23 the square of the

‘}

of seiatillaetion at 223

=
4

Cl‘

avelength, thus they assert that even a @

Mc/s would produce violent fluctuaticon in the 20 Lo/s signal, Their ob-
servations reveal %Hthalt ou iy occasions tihe sabtelliite signal showed
less than 5 percent {luctbiatuion waile the 223 Me/fs fizctustions amounted

to.as much as 30 to 50 percent. Fron these resulls the cuthors conclude

that either the rogion responsible for scintillation phenciens is very

sharply bounded ir the horizontal plane, or that the sabtellice 1958 delta
2 was moving below the irregularities. They also note that in view of the
excessive height of 1958 delta 2 {greater than 6C0 km) the latter con-
clusion implies & height for the scintillation region greater than that
currently accepted.

From the results of these two studies it would seem reasconable to
conclude that due to the random distribubion of irregularities in the
ionosphere a one-to-cne correspondence between the satellite and star

fluctuation indices would not be expected., Since, however, the star and
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THE IONOSPHERE

The ionosphere, as proposed by Watson Watt, is the region of the
earth's atmosphere in which there are free electrons in significant
nurbers. Specifically a committee of the Institute of Redio Engineers®
defines it as the part of the earth's upper atmosphere where ions end
electrons are present in guantities sufficient to affect the propagation
of redio waves, At present its lower 1limit is thought to be about 50
km and its upper limit sbove 5C0 km. The icunosphere consists of regions
arranged approximately in horigontully stratified layers denoted by the
letters D, E, and F. Farly observations indicated that these layers were
defined by shérp peziss in the electron distributions as a function of
height. Recently, however, rocket measurements have indicated that these
laﬁers are not necessarily defined by mzwima in the electron densitys
frequently they are marked only by & ledze where the gradient is small.
In order Lo avoeld inconsistencies, the ccamiittee recommends the iono-
sphere be divided into regions cailied D, E, and F, so that the part of
the icnosphere below SC Ima is callied the D region, that between 90 and
160 ¥ the B rezion, and that above 160 km the F region. The electron
density is greatest above 100 kma rising to a maxima of about 10° ani® at
the "peak" of the E layer (about 120 km) znd to a greater meximmum,
10° eri™® at the peak of the F, layer (about 300 km). Figure 2 gives a

plet of electron density as a function of height for an average daytime



ionosphere for the year 1962 while Figure 3 gives the diurnal veriation

of the electron density.

D Region

The D region exists only during the day, merging into the E region
at night. This regicn, being the lowest, has a much higher particle
density than the others giving rise to a higher collision freguency. Due
to the high collision frequency mediun wavelength radio waves are appre-
ciably ebsorbed. Only wvery low frequency (3-30 I{c/s) echos cean be obtained
from the D region using relatively large power.

Aiken,'' in a preliminery study, has concluded that solar X-rays and
ultreviolet radistion do not penctrate the D region noticably at sunrise.
The major portion of the uprper norxal D region is produced at layer sun-
rise by attenuated ILyrzn alphs redieticn, Also the action of cosmic rays
a,r;& photodetnehment Trom nogative ions leads to & build up of the lowest
porticn of tiig D rezion recciing e maximum daybtime value within a short
tine of lLiger sunrise., This gives rise to a D region consisting of two
layers differentiated by their origin,s In & late study Nicclet and Aiken?
have conducted a thecretical study of the D region ccnecluding that ioni-
zaticn processes ecorrespond to (1) a normal ionization of nitric oxide by
Lyzmen alpha with a resulbant ionizetion peak et 85 km, (2) cosmic radiation
as the primery ionizing agent below 70 km, and to ionization by X-rays of
2 kev or more varying with solar activity. In addition to the two normal
layers described by Aiken in his preliminery study, they predict a complete

transformation of the shape of the normal D layer due to the effect of

solar flares. They also assert that the D region is not a downward



elongation of the E region, as previocusly suspected,'® because the tail
of the E layer is due to ionization by X-rays of A > 31 % and, there-

fore, is formed by processes other than those that create the D region.

E Region

The E region is situated approximately in the middle of the iono-
Sphere. The maxirum ion density is about 10° electrons per cubic centi-
reter (occuring st about 120 knm) subject to variation of about 50 to
60 percent in the course of the sunspot cycle. This layer, like the D
layer, is also closely asscciated with the sun. The electron density
increases from sunrise reaching & noon mavirum, then decreases until sun-
set. It is not certain whether this layer exists during the night.
Rocket measurements have revealed that the primsry ionizing agents for

the E layer are soft X-rays, I3 , Os, and O appear in greatest abun-

.

Ea v

dance in this regzion. Dizscciative recombination between electrons and

ositive molecular ions account for the dissappearance of electrons in the.

o]

E layer,

Sporadic E

At times measurements of abrupt increzse in the critical frequency
reveal distribution of intense ionizaticn between 90 and 120 km. Because
of its irreguier nature this region is referred to as the sporadic E

layer, Its appearance seems entirely unpredictable and its structure and



origin are not lmown. Solar corpuscular radiation, meteors, thunder-
storms, ionospheric currents, and winds and turbulence are all thought
to contribute to the formation of this layer. Three models have been
proposed to account for experimental observations: a thin horizontal
layer of high electron density superimposed on the normal E layer R

& steep gradient occuring in the upper or lower part of the normal E
regicn, and blobs of appreclably different electron density embedded in

the normal E layer.

¥ Region

The F region is that region occuring gbove 160 km. It is subdivided
into two layers, Fy and F,. The F, peak occurs at 160 km with an electron
density of 2.5 X 10° electrons/em® during the dey and merges up into the
¥y, layer at night. During the dark hours the ¥, peak rises to a height
of'abcut 350 k. According to Martyn"s the F, ionization peak (5 % 10°
electrons/cm3 ) occurs at an average height of about 250 km during the day,
thus the Fy; region is closer to the E region than it is to the F, region.
At sunspot minimum, however, there is reason to believe that both the Fy
and ¥, regions are formed by the same solar ionizing radiation (ultra-
viclet and X-ray radiation). The F, region is perturbed by both solar and
lunar tidal influences as well as by conditions asscciated with magnetic
storms, These disturbances usually result in & decrease in electron density
and zn increase in the height of the layer. Occasionally, reflected iono-
sonde echos are diffuse and broader than the incident transmitted pulse

indicating reflection from en anisotropic region, a2 vhenomena termed spread



F. It is ‘thought that the spread F region consists of randomly distri-
buted "blobs" of electron densities differing from their surroundings.
Yeh and Swenson® observed good correlstion between the night time scine
tillations of satellites 1957 &, and 1958 o, and the occurrence of iono-
spheric spread F. Booker S also observed similarities in the diurnal
vaeriation of spread F and radio star scintillation. Both exhibit a mid-
night maximum end are chiefly a night time phenomena, The results of a
later, more complete study by Briggsls seem to indicate a negative cor-
relation between radio star scintillation and spread F phencmena. The
data accumulated in this study extend over one ccmplete solar cycle from
1%%9 to 1960. These data show that the scintillation effect is greatest.
at sunspot maximum, while spread F echos occur more frequently at sunspot
minizug, It is concluded that at swunspot meximum the ionospheric irregu-
laxrities which cause radio star scintillation must be mainly ebove the
level of meximwm ionization of the F region.

The upper limit of the F region is generally taken to occur where 0%
ceases to be the predominate ion. This region is accessible only by “top

side" soundinrg satellites.
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EQUIPMEKRT
The eguipment used in this study consists of radio star and arti-

ficial earth satellite receiving equipment. Cassicpeia A was observed

at a frequency of 39 Mc/s while Transit IV A was observed at 54 Mc/s.

Radio Star Recelvirnz Egquinnment

A Ryle-Vomberg systen'” was used to record fluctuations in the
cosmiec radio scurce Cassicpeic A, The receiving equipment is shown :m

ebail in Pigures 5, 6, 7, and 8. The

{‘a

block disgram in Figure 4, and in
description of this system is due mainly to Hollinger.*® The general
operation of this gyctem zay be described as follows: ' the receiver inmput
is repidly switchied bebween the aericl end a noise dicde used as a cali-

brated scurce. The cubyut is then smplified at the switching frequency

{\

end recti_ ot in a prhesc-sensibtive detecbor. The output of the phase
detector is used to ccabrol the noise dicde cutput so that it is always
equal to the sign:l from the zerial., This forms & null balancing system
and the noise dicce current is a reasure of the received aerial power.

The signel to be measured froem the radic source has & roughly constant
mean power over the frequency renge of interest and is such that any given
freguency is randomly related in amplitude and phase to any other frequency.l®

-

Such a signel is commonly termed white noise. Since the input of the receiver

15



is to be switched between this signal and a comparison source, it is
necessary that the comperison socurce be of similar nature.

The temperature-limited noise diode is such a source. The dicde is
driven with a sufficiently high voltage between the enode and the filament
so that all electrons emitted from the filement are drawn to the ancde.
Thus the anode current is limited only by the temperature of the filement.

The mean-square velue of the noise current in a bandwidth AOf is
i2 = 2elIpf

wvhere e is the electronic charge, and I is the mean ancde current. If
this current is fed through a resistor the maximum power available at the

input of the receiver will be

. :";. \ o )
P = ( L ) r = eIEAT
i 2

where R is the reszistance, Effarquisﬁlg kas shown that the thermal noise
power aveilible in a freguency bandwidéh AL from any passive network at

absolute vonperabure T ig

P = EIAT
vhere K is Bolbtzmamn's constant, Thus the resistor, operating at tempera-
ture T, , will contribute its own thermal noise power,

P, = KTL,Af.

Therefore the equivalent thermal power at the inmput of the receiver will

be

P, = KT, AT + eIRAT
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wiaich is a linear function of the anocde current. This defines an equiv-
alent temperature,
To =T, + elR
2k
Thus by employing & temperabture limited noise diode it is possible
t0 generate a noise power commarable to the power received at the aerial,
vhich is relatively high at very high freguencies. Obviocusly an attempt
to use the Johnson noise power generated by a resistor is impractical
due to the necessarily high resistance temperature, of the order of .
thousands of degrees, dictated by Nyguist's relation.
The aerial and the noise diocde are alternately connected to the input
of the receiver by meens of en electronic switch. Thus the receiver imput
will be some mean noise power modulated at the switching frequency; the
amount of modulation will be proporticnal to the power difference between
the aerial and the noise dicds., Thais vignal‘is fed to a superhetercdyne
regeiver, and the dobtected zigmal is the impul to 2 high Q zudio awplifier
wailch anmplifies abt the gritching or modulation freguancy. The ocutput of

m

the zudio zuplilifier is independent of the level of the mean power signal

and progortional to the modulation cozmponent. This cutput is fed to a
phase-sensitive detector which is driven abt the seme frequency as the
switch and phase locked with it. The nodulation component is rectified,
vhile all other noise or signal at the gwibtching freguency will have &
rendcn phase with "esvuc“ to the detector and will average to zero., The
cutput of the phase detector is thus a d.c. voltage proportional to the
“ifference bebtween the aerizl end noise diode signals., This d.c. voltage

tive feedback fashion to control the diode filament

s used in & neza

|2

¢a

voltage

(o]

nd rike the diode signal equal to the aerial signal. The
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receiver, use

n this memmer, is a null detector which meintains equal

noise dicde and serial signels., The noise dicde current is recorded on

A nmore detalled description of these components follows, and once
again, is due wm2inly to Hollinger.

The aeriel is a five-element "yagi" designed at 39 Mc/sec. It has
e gain of six over an iostropic standard and a2 beam width of approximetely
L5® petween balf power points,

A11 B+ power is supplied by a Sola constant volbage d.c. power supply
giving 0.6 amps at +250 volts. Receiver power is supplied by a vacuum
tube regulsbor at +250 volts from the Sola. A -150 volts d.c. bias supply
is incorporated in the conbrol unit. This supply is also used to drive
the noise dicde,

The preamplifiers are the Cascode grounded grid type with gain from
10 to 15 and noise figures from 2 to 3.

The electronice switch consists of two opposing diocdes in the signal
lecads from the noise dlode and the preamplifier. An applied square wave
bias aliternately renders one conducting while the other is shut off. Thus
the receiver input is successively connected to the preszplifier and then
to the noise dicde abt the frequency of the square wave (1000 cps).

The signal is fed from the cutput of the crystal switch to & super-
hetercdyne receiver where it undergees cne stage of R.F. amplification and
is then beat with the third harmonic of a 10.131.Mc/sec crystal controlled
cscillator., Following three stages of I.F, erplification, the signal is
detected and sent to the audio amplifier. The receiver has a gain of
eporozinately 2 X 10°, a bandwidth of approximstely 80 Ke/sec and a noise

figure of 10 to 15.
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The audio amplifier includes a twin-T rejection filter in a feedback
loop. HMaximum rejection occcurs at the switching frequency. The amplifier
has a Q of =2bout 12 and a moximm potenticmeter tuned gain of about 5000.
The minimum signal level capable of mmplification is 1 to 2 millivolts.

The signal is fed from the cutput of the andio amplifier to the phase
cdetector. The phase detector functions as & switch that is opened and
clocsed to ground at the frequency of the driving sgquare wave. When the
switch is opened, the signal appears at the integrator where, after in-
tegration, it is sent to a cathode follower. The cathode follower pro-
vides & means of adjusting the bias of the d.c., amplifier wpich follows
and at the same time prevents loading of the integrator.

The signal from the cathode follower is amplified by a d.c. smplifier
with & gain of 15. The d.c. level at the plate, 2bout +150 volts in the
operating range, is.used to coatrol cne leg of an "and" circuit while the

other leg is held ot = met: Zevel of w150 volts and fed with & 2.5 Ke/see

L

coshids oseillasbor. The

sine wave fron a whoo Junction of the two diodes

is essentially ov the d.c. auplifier plate potential, and for any é.s Ke/sec
signal tc Lo passed, it zust rise above this potential to render the diode
on the 2,5 Xefzec side conducting. Thus only the higher side of the 2.5
Kefsec sine wave is passed, and by changing the d.c. amplifier plate po-
tential more or less of the 2.5 Ke/sec signal is passed.

The 2.5 Kefsec sigmal passed by the "and" circuit is then amplified
by & cne-stage a.c, axplifier with & gein of 5. It is then amplified in
a power arplifier which devives the Tilaments of the noise diode.

Thus an increesing signel et the phase detector causes an increase
in the noise dicde cutput which brings gbout a decrease in the potential

gt the phase detector,‘thus coxprising a negative feedback network.
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The plate current from the noise diode is fed through a tuned re-
scnence circuit and two series resistors, while the signal to the crystal
switch is inductively ccoupled cut. The rescnance circuit provides a means

adjusting the mumber of millismperes of diode current eguivalent to &
given signal.

The signal to be recorded may be taken off either of the two series
resistors, thus providing a means of bypassing the low band pass filter.
The filter consists of a differentiator followed by an inbegrator. The
differentiator has a time constant of gbout 60 seconds snd removes the
large gradual frequency variations. The integrator removes the rapid
veriations. Bowkill®© has showm that in order to preserve the amplitude
and phase of the signal to within 107, the time constant must be less than
l/lO of the mezn fading perici. For the signal of interest the scin-
tillation periods are between 50 and 350 seconds®® 3 thus the integrator
time constant was chosen o bhe apwronis tely 5 seconds,

The oubpub of the Tilter is fed to a cathode Pollower in order to

@
(¢}
Q
£
v
H
]
iy
O
=
g

~
a
©

rmateh impedance with the

-

Two potenticaeters in the ocutnut of the catlicde follower allow adjust-

-

ment of the f.c. zerc and the gain of the eguipment.

The cutput of the cathede follower is sent to a Veriem G-10 Graphic

cf

Recorder, with a response time of about 1 seccond and & full scale sensi-
tivity of 100 millivoltis.

A mechanism is incorporated in the contrcl unit to prevent large signals
Lrom saturabing the equipment to & point where the system cannot return to
nomsil operation after the signal is removed., A large signal can drive

he punte of the d.c. amplifier to a very low potential thus applying a

[

larze reverse voltage across the dicde in the d.c. amplifier side of the
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"and" circuit. This will reduce the impedance of the diode below the value
it has in the operating range. This increases the loading effect of the
circuit on the 2.5 Ke/sec oscillator, and thus reduces the amplitude of
ite ocutput and decreases the noise diode cutput from what it would be for
e spaller signal. This process constitutes a "lmee" in the signal response
of the unit, and once over this "knee", it cannot return to normal opera-
tion. This is prevented by restricting the cathode of the cathode fol-
lower bias tube from going to very high potentials despite a high potential
on its grid.

Essentially this is done by connecting the two cathodes by a diode
placed in such a seanse that it conducts when the bias potential rises
above the set potential from the cathode of the power amplifier, In this

ranner the bias is prevented from rising much above the desired level.
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Satellite Receiving Equipment

A detailed description of the satellite receiving equipment is given
by.Alexander.21 For completeness, a general description of the receiving
system will be given here,

The antennas used for satellite tracking were hzalf wave folded di-
poles tuned to 59 Mc/s. Construction of these antemnas is described by
Martin.zz The antennas were aligned so that one was in the north-south
direction while the other was aligned in the east-west direction in such
a way that their midpoints intersected. The antennas were supported by
alurinum masts about 30 feet above the ground thus reducing the .effect of
ground cbstructions. The ground plane was not known, nor was an artificial
one constructed.

A Tapetone TC-5L cormver was used to convert the Sl Mc/s satellite
signal to an imtermediste Frequency of L.l ¥Me/s. The converter unit in-
corporates a cascode R,F, ampiifier ztage and crystal controllied local
osciila%or. The enbtizs wni® has a gain of hly éb and & noise figure of
3.2 db,

The signal from the converter was fed to a Collins 51J-l radio com-
runications receiver. Thes recelver is a superheterodyne employing single,
double, and triple comversion to tune the frequency range of 540 Xc/s to
30.5 Mc/s in 30 one megacycle bands for AM or CW reception. A setting
error and drift of less than 1 Kc/s is attainable with frequency stability
within 300 cps at room temperature. The sensitivity is such that less than
a five =zdcrovolt signal gives a signal to noise ratvic of about ten db., For

the input frequency of interest (1L.L Mc/s) dual conversion is used. One

stage of R.F, amplification is used on all bands. The signal frequency is
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beet against a crystal controlled high freguency oscillator to produce
an intermediate frequency of 1.6 Mc/s. This sigrnal is then combined in
the second mixer with the v.f.o. output to produce a 500 Ke/s fixed ILF.
The cutput of the second mixer stage is then amplified by a 500 Xe/s I.F.
amplifier. The second intermediate chanmel is fixed tuned to 500 Ke/s.

It consists of a mechanical filter followed by four amplifier stages.

t

The ocutput of the second intermediate channel is then fed to the detector.

The detector is one half of a 128X7 dusl triode Hube used as a diode with

H

ectification taking place between the plate and the cathode, the grid

o'

eing connacted to the plate. The outpubt signal is tezken from the diocde
test point ebove a 100 K load resistance in parallel with a 330 yy farad
capacitbor for R.F. filtering., The signel is then fed to a cathode follower
to present & constant irpedance to the detector after which it is integrated
to prevent emplification of Ireguencies higher than the linear response of
the recording system. The oubput of the integrator is fed to a four channel
Erush Pen Recording System (lcdel ED 5211~03) which provides sensitivity
in steps of 0.0, 06.02, 0.05, C.1, .2, 0.5, 1, 2, 5, and 10 volts per

chart line {(ma). s range permits #ull scale measurements from 0.04 to
LOO volts. The pen mobor has a d.c. censitivity of 1.5 volis per mm. The
freguency response is such that the rcecorded peak to peak amplitude of a
constant voltage sine wave will be within + 1/2 chart line of nominal Lo
iines from d.c. to 10 cps or within + 1 chart line of a nominal 10 lines
from d.c. 60 100 cps. lMeasured trace linearity is with two percent of full
chart width at any freguency up to 100 ecps. The weximum emplitude is 40
lines peak to peak wp to B0 cps, 20 lines up to 70 cps and 10 lines up to
100 cps. An eight speed transmission provides chart speeds of 1, 2, 5, 25,

50, 125, and 250 mm per Second.
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EXPERIMENTAL PROCEDURE

Using the equipment described in the preceding section simultaneous
ster observation and satellite rasses were recorded during the period
July 1963 through August 1963. Several previous simultaneous observa~
tions have been included in this study and are listed in Table 3.

Satellite arrivels were cormpubted using prediction bulletins supplied
by Godderd Space Flight Center. Position computations of the radio source
Cassiopeia A are described in detail by Hollinger, Forty-six usesble
simuitaneous star and satellite passes have been analyzed for scin-

tillation.

P o T [N S ol S e oy
Viewrod of Annlyeis of Star Doba

‘The output of the star recelving eguipnment wos recorded on a fixed
spen G-10 Verien recorder. The chuart paper is five inches wide with
subdivisicng of one twentieth of an inch, each corresponding to cne milli-
volt deflection. The balance position was chosen at L0 millivolts, and
all recordings were made with a charl speed of one inch per minute,
Gradual, prolenged fluctuaticns were elimirated by and band pass filter
incorporated in the system. The star reuained in the 45° beammridth of
the antenne Tor about three hours., Recordings were taken so that the

half-hour satellite records spamned the middie of the three hour star

records, rendering meximaum reception of the star signal during the satellite

31
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»oss,

The star records were analyzed for this half-hour pericd by visual
comparison with a set of preanalyzed records; Six minute intervals of
the star recordings were compared o equal inbtervels of records whose
fluctuation indices were compubted by measuring the amplitude of the signal
at 15 second intervals., The indices for these six minute interveals were
then averaged over the total half-hour pass giving rise to an average
fluctuaticn index for the pass., The fluctuaﬁion index is defined here

as the ratio of the root mean sguare deviation from the mean to the mean

amplitude:

vhere X; is the ;th signal arplitude, X the mean value, and N the number

of measurenzats,

Backgrouwnd uvize glves zise fo an index of about 0.025, while 0,032
is characteriziic of weal scintillsticn. . An index of 0.260 is indicative

of strong scintillation., Six minule intervels of sample records are

showa in Figure 10 . Record A shows no scintillation and is equivalent

to background noise. Records B and C have indices of 0.032 and 0.107
regpectively. Hecord B illustrates weak scintillation while C is character-
istic of moderate scintillation. Records D and E have indices of 0.225

and 0.260 rezpectively and indicate strong scintillation.
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3 L3

¥ ) by R A 4 W ] - Je L
Hathed of Annlwyzis of Satelllibe Dothao

Because of the venid fading rabte of satellite secintillstion, come
i 5 b
mutation of the scinbilletion indenx as described in the previcus section

E 2 g g e g7 obe < ~ o Prum mwnde T woe o B qede o % s ) e e 2 -4
i3 dmpracticel., Consecuencly & scindtiliation index was assigned by visual

ingpection to every Ten second intervel of the satellite record as &

t

measure of the scinvillation depth. The indices for ten second intervels
were averaged over the entire half-hour record giving rise to an average
scintillation index for each pass. The indices used are modifications of

those proposed by Yeh ernd Swencon and are shown in Table 2.
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EXPERINENTAL RESULIS

A linear correlation analysis was done on L6 sizdultgneous star .and.
satellite passes. In Figure 12 the averazge fluctuation index of the star
signal is plotted as a function of the aversge scinbtillation index of the
satellite signal. A summary of the data is given in Teble 3. The co-
efficient of cor;-elation between these two sebts of data is -0.18. The

gignificance level of the correlation coefficient for 46 date elements is
.25 . These results seem to irndicate that there is no linear relationship
between star and satellite scintillstion. This might be anticipated due
to the randcm nature of the scintillation, Sabtellite records illustrate
rapid varietion from periods of weok scintilletion, while radio star
scintillation is thought to be constont over large areas (400 miles) and
cve;r pericds of tire of szoveral howss. ? This effect is generally attri-
buted to the large velocity difference ¢f the sources. These resulis are
in general agreerent with thosze of Slee,® Parthaszrathy and Reid,” and
Lavrence >

Assuming the C.‘;’Z'Bl ty distributicn of the irregularities in the area
of the sky over the rcceiving station to be constant, no attempt was made
to observe the satellite and star simultonecusly in the same part of the
sky. Also these data were taken at sunspob mdniswm, Briggsm has shown
that radio star scintillaticn is o minime: at this time. Another fact
accounting for the generally low values of star scintillaticn indices is

that during the period of observetion (suxmer 1953) Cassiopeia A appearad

37
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2-11-62
3-20-62
1-17-62
1-30-62
7-19-62
7-19-62
7-19-62
7-29-62

Flyctuation
Index of Star

0.060
0.093
0.155
0.029
0.03L
0,029
0.2L6
0.C32

~1
0.C34

Ave Index
of Satellite

0.50
0.1

0,70
0.50
0.56
0.30
0.82
0.57
0.56
0.80
0.60
1.11

0.90
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TABIE 3 {Continued)

e Date Fluetuation Ave Index
Index of Star of Satellite

2L 1350 7-10-63 0.0L3 0.3

25 1207 7-11-63 0,028 0.65
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only at high elevabion angles. It has been shown'™™ that the scintillation
index decreases with increasing elevaticn angles, tending to & minimum at
high elevation angles. Consequently, it is difficult to observe even a
general correlation between star and satellite scinbillation indices as
was observed by Slee. Of the 46 passes taken, on 28 nights of L1 vwhen the

star scintilistion index was low, the satellite scintillation index was

lowv., OFf the 5 nights when the star scintillation index was high, there
were 3 nights when the satellite scintillation index wes high. Due to
the lack of sufficient scintillation activity in the radio star signal
a general correspondence cannot be inferred.

In order %o further investigale the possibility of a general cor-
relation bebween star and satellite amplibude scintillation a detailed
comperison of sateliite studies made at the College of William and Maxry
and published features of star scintilistion will be made,

Briggsle has conducted the nmost cornrehensive and extensive inves~

tigation of radio star scintillation to dabte, Cazssiopeia A was cbserved

a

oons . : Py @ wo

at a frequency of 2L iMc/s et Cambridze (32° ¥, C° E) over the period 1549
to 1961. Durinz this tiic, briges observed & distinet veriation of the
scintillaticy index with the solar cycle. The scintillation index has its
largest velue at sunspobt meximam (1957 - 1958) and a minimm velue at

suaspot minimum (1954 - 1955). Chivers,”®

observing the signal of
Cassiocpeia A over & pericd of four years at Jodrell Bank, has noted a
similer variation with the sunspot cycie. Both observers have noted a
negative correlation between spread F phencmena and radio star scintillation

activity over the solar cycle. Booker® observed good positive correlation

between these two phencaena, His data, however, do not extend over a
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cozplete solar cycle. It is generaliy agreeazd’*s that spread F and
radio star scintillation are night time phenomena. Degg, 2% at Jodrell
Bank, has conducted & study of radio star scintillation and spread F over
the period 1954% to 1955. He observed a morked correlaticn between fluc-
tuation ard spread F although this correlation was not found to exist on

en hour to hour basis, The diurnal maximum of occurrence of scintillation
wes found to be several hours earlier than that of spread F. There is also
a seasonal variestion of Sprea& F which is not apparent in the observation
of radio star scintilleticn.

A1l observers agree® that there is a maximum of amplitude scin-
tillation in the middle of the night. Using four scurces, Ryle and
Hewish?®”? have plotted the fluctuation index as a function of time shown
in Figure 13, where a wmidnight mexizmm is clearly evident. Briggs has
eliminated varistions with solor time by successively averaging 12 monthly

o

mean curves of fluccuation index versus T for each sidereal hour, in-
troducing successive displacswesnbts of Uwe hours. This averaging process
leaves only the variations with sidereal time. ALl curves averaged in this
manner exhibit maxime neayr nidnizht and are falirly sysmebrical about these
maxima, Little and Mawwell,®® ab lenchester, cbserved thet the fluctuations
are largest at night. The nobe, however, that at low elevation angles,
fluctuntions appear to ve independent of the hour of the day; 2 similar
coservetion was made by Ecliton, Slee, and Stanley®® in Australia. EBolton
et ol. chserve, in addition to a midnight maxinum, a meximum et middey of
corprrable importance &s shoun in Figure 1k, Harrower®® has made a study
of ¢iurnal and seasonal variation in the cccurrence of amplibtude scine-
tillation at Cttawa. His results are given in Figure 15. By averaging a

year's data, the dependence of zenith angle upon the occurrence of amplitude
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scintillation was found. By means of this curve, all data were converted
into zenith observations. This corrected data then gave the diurnal and

seasonal variationc illustrated in the figure. This curve also illustrates

o

night time maxiwum in the rate of occurrence throughout the year. There
is also a daytime maximum in the winter and a smwaller daytime maxirum in
the summer. Their observations generally agree with those of Bolton, et
al., It may be concluded, then, that amplitude scintillation is definitely
a night time phenomena at 21l but low elevation angles, with a maximum
near midnight. In addition, some observations indicate the presence of a
wealk midday meximunm.
Briggs has examined variations of the fluctuations index with the hour

nzle of the source over the period 1949 to 1961. His curves show a
mximum at the time of lower itransit and fall off symmeirically about
this maximum. Chivers, during the period 1955 to 1958, made a similar
analysis and found %hat the mazimum veluce cof the scintililation index

Briggs'! curves also
howsver, he concludes that

v apoear on all of his

worring the variation of

£

scintilliation index with zenith angle, since the zealth angle of the source

hour angles Any given zsnith angle will occur for
two different hour ar_ les. Since the curves of fluciuztion index versus
hour angle are approxivately symmetrical it is permissible to average
the two vaves of the fluctvation index, which are approximately equal,

to obtain a mean zenith angle curve. These curves show a coantinuous.
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increase of scintillat'ion index with increasing zenith angle for the
entire period over which data were taken. Booker, at Cambridge and
Manchester, has also observed similar zenith angle dependence. (Figufe
16). All observers generally agree that there is a marked increase of
amplitude scintillation with increase of zenith angle3.

Briggs and Parkin3l have conducted a signifiéance study of zenith
angle ratios, defined as the ratio of the mean scintillation index at
lower transit to the mean scintillation index at upper transit. They
have shown that these ratios are larger than can be explained theoreti-
cally on the basis of the changing zenith angle ;lone. As a result of
this study, Briggsl® concludes that the degree of irregularity of the
ionosphere must increase with increasing latitude.

In Australia, Bolton et al, have observed a seasonal variation in
fluctuation index comparable in importance with the diurnal variation.
They observe a minimm at the equinoxes and & maximum at the solstices.
Chivers, however, observed an opposite variation, the maximum activity
occu'ring at the equinoxes and a minimm of activity occuring at the sol-
stices. Briggs con&:ludes that his results give no suppor‘l'; to the sug-
gestion that the scintillation effect is a maximum at the equinoxes;
moreover, it is concluded that if there is any seasonal variation it must
be very small. This is also in agreement with the results of Dagg.

A description of satellite studies conducted at the College of
William and Mary is given by Lawrence and Martin7. The diurnal varia-
tion of satellite scintillation was examined by averaging 509 passes

of Transit L4 A over one hour intervals for an entire 2L-hour day. Data
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for this study were teken for the perilod January 1962 through February
1663. Ficure 1TA shows this hourly average for all months of the

year and for all elevation angles. A distinct maximum is evident
shortly after midnight. A similer midnight meximum is reported by

all observers for radio star scintillation. Figure 17A also shows a
secondary mexirmm occurring at midday. Bolton, Slee and Stanley in
Aystralia observe a simllar midday maximum for radio star scintilla-
tion as does Harrower in Cansda. This secondary maximum is not observed
in the United States or in England. To examine the elevation effects
on the diurnal study, the data were reaveraged for elevation angles
above and below 20°. The resulting curves are shown in Figures 17B

ered LTC respectively. The wnidday maximum is still evident for eleva-~

ol

tion angles less than 200, but is not as evident for elevation angles
greater than 20°. The midnigzht maximum is still apparent on both
curves.

" To investigate the voriction of sstellite scintillation with

e 4

latitude, the avercge scintillation index waz ploticd as & function of

latitude for ezch hour ¢f the day for elevalion awilcz greater than
20°. The resulbing histograns are shown in Figmre 18. These histo-
grems show that during vpericds of relatively strong zcintijisation,
there is & distined variation of the scimntilledion index with latitude.
Buring these pericds secintilletion activity appears to be 2 minimam

at the latitude of the cbservation station {37° @I} and increases when
alellite moves to the north or socuth of the station. In Figure

19 scintillation indices have been reaveraged over all hours of the

dzy anld are plotted as a function of latitude. This curve shows a
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minirmum of activity about 33 latitude. Tt is interesting to note

that the increase of scintillation activity for satellite positions

north of the observation station is markedly greater than the increase

for positions to the south of the station. Brigss has observed that
[ 2

the scintillation activity for cosmic sources also appears to have a

v

marked latitude effect with greater activity at higher latitudes.-

-

ignificance study

o
O]

hzs been done on ths data presented in

Figure 18, With reference to Figure 18 this study way be explained as
follows: The average scintillation indices for the latitude intervals
20-25, 25-30,,..05 50-55 were assigned to latitudes of 22.5, 27.5,.0..,
52.5 which are the midpoints of the suczssive intervals. This was

done for each hour of the day. Thus for each latitude 22.5, 27.5,....,
52,5 there correspend 2 values of the average scintillation index (one

-

for each hour of the day). A correlation analysis bastween the scintillation

indices for each latitnde was donz for 21l lstitudes. The resulis are

shown in Figure 20 where the correlation coefficient is plotted as a

1. |

Jsieis)

curves have been

{ \‘
e
o)
I
W
:’f
"3

1....!
©

\.)')
S'

e

Tunction of latitude.for each 1ab
dravn through the points to fgcilitate interpretation of the graphs. The
significance level of the correlation coefficient For 2l data points is .3L
and is indicated by the horizontal line drawn through each curve. Consider
the curve for the latituds interval 35 »LOO The observing station is at
about 37 N latitude. If the scintillation activity is tc be a minimm at
the observers latitude, the scintillation index in the interval 350-h00
shounid not correlate well with the scintillation indices observed when

the satellite is north or south of 37°. This is indeed the case. The

more rapid decay of the correlation coefficient for latitudes north
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of 37° indicates a greater change in the scintillation index in the
nerthly direction. The slower decay for latitudes scuth of 370 indi-
cate a less intense change in the scintillation index in the southerly

irection. These changes are significant since the significance level
falls below the features discussed. The other curves nmay be interpreted
in the same manmner, All curves appear to show the existence of a mini-
mom of scintillation activity at about 33° latitude and also show the
north-south asymmetry aboub the observation station.

Lawrence and Martin have examined the seasonal variation in satellite
scintillation for 3 month intervals centered on the solstices and
ecuinoxes. The data were averaged over two hour intervals Throughout
the 2L hour day for each of the three roni periods for all elevation
angles. It is concluded that scintilisiiosn activity is strongest during

a period centered on the =: Tunrnal equinor and weakest during a period

H

centered on the vervzl zouintix. Chivers reports a mexiryua of the mean

scintilliation inde:r for coswic rediation at the equinoxes and a minimum

at the solstices. Bolton et al. observe the opposite effect while
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present. Conseguently no comparison of scasconal variations of satellite
scintillatidn and radio star scintillation can be made here.

Aldexander has conducted a study of the variation of satellite
scintilletion with elevation engle at Williamsburg, Virginia. The
scintillation index was averazed over five degree elevation intervals

for all azime:: angles for 70 passes. It is concluded that maximum
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scintillation occurs near the horizon and decreases steadily as the
elevation angle increases to 20°. Above this"elervation the activity
.appears to level out at a minimum. A sharp increase in scintillation
activity above 65° is attributed to poor statistics and the high
apparent velocity of the satellite at high elevation angles; a pheno-
mena which glves rise to an extremely rapid fading rate. A decrease
in cosmic scintillation activity with increasing elevation angle,
noted by all observers, is in general agreement with the results
jobtained by Alexander for satellite scintillation.
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3. At Willismsburg a variation of satellite scintillation acti-
vity with elevation angle is observed. HMaximum activity occurs near
the horizon and decreeses steadily as the elevation angle increases
to 20°. Above 20° activity appears to level cut to a steady mininum.
This also is in general agreement with the elevation effect observed
for vradio star scintillaticn.

Since seascnal variation of radio star scintillation is not well
understood, no comﬁarison with seasonal variatioan of satellite
scintillations reported at Williamsburg has been made. Although
variations of radio star scintillation with the solar cycle have
been published recently in the literaiurel6, there are at present
no similar studies for satellite scintillation available. Latitu-
dinal, diurnal, and elevation angle effects seem to indicate thet
there is gocd general corrcleticn between radio star and satellite
scintillation activity. IFurther imvestisations of scasconal effects
end variation of scintillavion phenomsna with tue colar cycle will
provide a more cclrliete basis for comparison of satellite and cosmic

scintiliaticn pPLl. I3l
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