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ABSTRAGT

An equipment developed.to measurefFaraday rotation tQ
determine the total electron contentA(TEC) of the ionosphere
using geosynchronous satellite ATS-6 is déscribed. A1l the
circuits used .in the equipment were designed and fabricated
at Physical Research Laboratory with“mostly'indigenous components.
The equipment is capable of measuring'Faraday rotation to.anv
accuracy of + 2°. This equipment design can be used for meas-
uring Faraday rotation of other geosynchronous satellites,
with a little modlflcatlon in the front-end converter. aIt
con31sts of a rotating antema, a VHF receiver, a phase meter
and a chart recorder. The receiver and phase-meter can be

used as separate modules for other applications too.

Six of these equlpments were deployed at various insti-
tutes in India and all them nave functloned satlsfaotorlly without
major breckdowns. The data collected from these equlpments have
yielded wealth of sclentlilc 1nf0rmat10n regardlng the total
electron coatent over the Indlan sub~cont1nent whlch was not
~available earlier. U81ng the total electron content data, the -
‘TEC contours have been made for Indlan sub—contlnent. Range and
| range rate error correctlons to estlmate orbltal errors for
tracking any satellite bﬁve been worked out. Travelllng
1onospherlc dlsturbances have also bcen detected over the
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Indian sub—contlnent.: The speed of TIDs rangés from a feWAmetres

$o 200 metres. Further soientifio‘work'ie:unde; Progress.

1. Introduction

NaSA planned to launch a geostatlonﬂry gsatellite ATS—6 for
satelllte 1netruct10na1 telev151on experlment (SITE), radlo
beacon experlment and other experlments. Iﬂltlally the satellite
was in the western hemisphere for one year and was moved %o 35° R
by middle of. July 1975. .The radio beacon experlmentAon board
consists of cafrier f:equency transmissions at 40.016 MHz,
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140.056 Miz and 360.144. Mz . These beacons cen be made use to

study the following characteristiCs of “the iOnosphere:

(a) Total electron content (TﬁC) by measuring the Faraday
rotation of the electric-vector of the 1ncom1ng electromagnetlc

wave, : o
(b) Group delay caused -to VHF waves, and

(e) Amplltude and phase changes to VHF waves due t¢ the
1onoephere. '

" The present article describeS‘a simple eXperimental'set—up
developed to megasure the TBC of the 1onosphere using 140 056 MWz
beacon signal. We have developed six -such unlts qnd deployed
them at Patiala (Lat. 30. 3° N, Long. 76 .4°E), Udalpur (Lat 24 6°N,
Long.73.T°B), Abmedabad (L;r 23.0°N, Tong.72. 6°F), Ragkot (La't.
22.3°N; Tong . 70.7°E), Bombay (Iat.19.1°N, TLong.72. PT) and Valtair
(Lat.17.7°B, Long 83. 3°L) TEC measurcments are useful to
.1ﬂvestlgﬂte characterlstlcs of the travelllng 1onosphericv

dlsturbances, solar flare effects, ionospheric’ storm.effects etc..4
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Such a coordlnated effort to 1nvest1gwte the 1onosphere has been

made for the flrst tlme at 1ow latltudes.

2. Caloulation of Total Electron Content‘

The VIF ‘beacons from the sateliite~trqvel through part of the
exosphere and -entire ionosphere 1nclud1ng lower atmosphere.
Tltherldg92 pointed out that the electron oontent in the
exosphere is about 5% and 1n the 10noaphere is about 95¢ Hence,
most of the Faraday rotatlons of the beacon signals take place

in the ionosphere.

At VHP range (140, 056 Miz) where the freguency is much
greater than the electron gyrofiequency of the 1onosphere (1.4 MHz)
and where in the absence of appreciable refraction, Faradayr
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‘rotation’is given by Browne et al.” as:
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where {1 = Angle of rotation of the plane of polarization .
NT = Total electron content
f = Wave frequency
N = Tlectron density
B = Earth's maghetio field
a8 = Angle betweon the magnetlc field and the direction

of propagatlon
‘%y” = ﬁZenlth angle of the satclllte




hs = Height of the satellite o , . :
T Weighted mean of B Cosé%,SeC“Q’afound the altitude of
T2 peak B '

It

K (is a constant) = - 2.97.x 10" -2

KD unlte.v,t.
! .

The instrument described in the next section records
Acontinuonely Faraday rotation with time on the chart andihence

TEC with time can be calculated without any tedious cemputationsn

3; Instrumentation

(i) System block diagram - Fig.1 ‘shows block disgram of the

| eguipment Plane polarized signal at 140. 056 WHz is recelved by
vlyagl antenna rotated at 1 Hz. ‘When the plane containing the
antenna elemente coincides with that of the incoming 81gnal the
recelved output reaches maximum; a mlnlmum ig obtalned.when the
antenna plane is orthogonal to the incoming -polarization :plane.
Hence the effect of antenna rotatlon is to amplltude modulate the
81gnal with a frequency of 2 Iz. For Farade; rotatlgn measuremen:
a reference gignal of the same frequency is generated-by-two
permanent magnets (M1 and M ) attached to the rotating shaft of
vthe antenna and & Sen81ng 0011 flxed -hear the ehﬂft The detected
output of the receiver and the reference. 51gnal are passed throvph
two independent phase-matched active filters at 2 HZvW1th a -
bandwidth of O. ﬂ Hz'to'get clean 2 Hz sine waves. These waves
are further Squared and phase compared. The phase dlfferene
between the two is 1ntegrated and . ampllfled in, a dec. ampllflen ar.
fed to a chart recorder. Thus the changes 1n Faradwy rotatlon ang
are continuously reoorded on chart. Fig .2 ehows‘a typlcalfFaraday

rotation angle plot for daYtime,
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(11) Rece1v1ng antenna svstem - An elght element yagl antenna

w1th folded dlpole as the drlven element is used. The antenna has
10 db galn over half wave. dlpole and . bas an output impedence of
50 ohms. Tt is rotated at 1 Hz by 1/4 h.p. motor. The beacon
Sigﬁal receiQed by the antennavis passed‘on to the preamplifief
through»induction:coupling via a rotary transformer made on )
printed board oardé. Two permanent magnéts (M1 and Mé)«are also
mounted on the rotating shaft. The sensing coil for reference
signal is mounted close to nagnets. Due to the rotation of antenna,
lines of.foroe of magnets cut the Sens‘ing._;c:oil'y thus inducing a 2 Hz
- electrical signal in the coil. This servesvaS‘a'reference'signal‘
for pbaseiﬁeééuréﬁent. | |

(iii)_Eggggzggv— .4A double superhetrodyne reéeivef.at 1401656
Mz has been built mostly with indigenous solid-state components.

It has the following characteristics:

oo

50 ohms

140,056 Mz

(3) Sensitivity Better than =135 dbm

(4) Overall gain . g 140 ab |

(5) Bandwidth + 3.0z at ~3 db points
| + 10 ¥Hz at -60 db points

(6) 1st IF - : 10.7 Miz

end IF . g 455 KHE e
Better than 45 db.

(1) Input impedance
(2) Frequency

. oo

0

(7) Image'rejeCﬁion

~au

The receiver is made up of preamplifier, down comverter and
beat frequency oscillator. The préamblifier (Fig:B)bconsists of

two stages and has a measured noise figure less than 3 db and a
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gain of 35 db. Bandwidth éﬁ 3 db p01nt 1s 1.5 MHZ.“ D.C. power
to the preampllfler is sent thrOUgh the output cable with output
: s1gna1 rldlng over. it, thue dVOldlng additional cable for D.C.
*supply.- Input and output unpedancee are 50 ohms and are matohed

with the cable 1mpedance ensurlng max1mum power transfer

, The 81gnal from preampllfler is translqted f1rs+ to 10 7. MHZ
in the first down convertcr and then to 455 kﬁz 1n tbe seoond
down comverter (Flg 4). The flrst down converter consists of a
. crystal controlled oscillator at 4%.1187 Miz., whloh is trlppled
to 129 3561 MHz and mixed with the 1ncom1ng signal ng1ng rlse
to 10.7 MHzAas first I¥ signal. It is amplified in one stage
amplifier and is mixed with a crystal nontrolled ogeillator of
| 11.1548 Miz to give an IF of 455 Wz, . Thls IF signal is
amplified and detected in a two stage IiF ampllfler hav1ng a
gain of 60 db. An integrated- 01rcu1t is used in the last stage
of IF anplifier which also glves detected output, and AGC output

to monitor signal strength.

To facilitate audlo—monltorlng of satellite signal a beat
frequency detector (Flg 5) and a variable frequency oscillator
lu51ng a varicap deQe,ewhlch~generates waves of 455 kHz + 5 ¥z,
have been incorborefed. The 455 kHz IF gignal is'mixed with BFO
signal to produce a + -5 kHz audio,ethus indicating the presehee.of

the satellite signal.

(iﬁ) Phase meter and filter c¢ircuit - The detected outputs -

from receiver as Well as reference “signal from the sensing coil
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are passed through two identical channelé»conﬁistingﬂoiHa buffer
stage'ahd»an:abtive.filter”with mulfiple feed back ;bop, To
balarce. out the phase«err§r;ihtroduced to signals as they pass
athrough their regpective channels,'both the filters are matgged for
gain and phase (Fig.6). The filtered outputs are clean 2 Hz
~sinisoidél-waves, which;areISquared‘in_two stages of a hexinverter.
These processed square waves are.applied-to a R-S flipeflop

whose output is a pulse with width proportional to the phase
difference'between the tWo square waves. This pulse is integrated
and then amplified in a D.C. amplifier whose gain an&fZéf&*ﬁﬂ |
getting oansbe,édjusted according to .-the reguirement. The output

of the D.C. amplifier is recorded on a strip_chart;recorder.

4. Discussions

| :Tﬁélpvérall édoufééy of phésé.measurement'by the equipment
described aboVé'is of the order of + 20, The total variation of
phase due to ioncsphere i.e. Faraday rotation, at 140 Mz is of the
order of thrée cycles. Hence the above accuracy of + 2° is a good
achievement for measuring Paraday rotation. (

With modification in the front-end converter of'the equipmént
it can be used for any other geostationary satellites. In addition’
the phase meter can élso be used for other applications invblving
the measurement of pﬁase. Six such equipments were operated
successfully at six different locations in India and have given

valuable data on total electron content for equatorial and. low

latitudes.
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