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" ABSTRACT:

The partial reflectlon experiment built at PRL., ahmeda-
bad for studies of the D region of iomosphere basically incor-
porates & high powered transmitter, a SehSitive receivg;, a high
gain antenna system and data recording facility. The design-.
considerations for building a partial reflectlon sounding system
have been dlScuSsed. The de51gn and performance of the 1nd1—
vidual units have been dealt wlth in detail. The authors have'
also outlined the method uf deriving electron denslty of the

D-regicn by meang partial reflection technigue.



INTRODUCTION : | |
The B-region of the 1on05phere is the ionized part of

the middle atmosphere in the altitude region of 50 to 90km.
A knowledge of the behavieur of this region is necessary
because high frequency radio waves passing through this
region get absdrbed. The main parameter of interest is the
electron density distributions. Amongst various technidques
avallable, partial reflection technique has been used in the
‘.last two decades to derive electron'density profiles in the
height range of 60km to 90km. Partial reflection technique
was originally introduced by Gardner and Pawsey (1953) and
later modified by several workers. In this technique a high
frequency radio wave is transmitted vertically up and the
amplitude or. phase of the ordinary and ex%raordlnary
mggnetoionic oomponents of the weakly scattered signals
‘received from the ionosphere are recorded as a funetlon of
height. Electron densities are calculated using the difference
in absorption between the ordinary and the extra ordinary
waves having passed through the D-region i.e. the ratio of
the received extraordinary to.the ordinary wave amplitudes
Ax/ko. Tt is not established that in the upper and middle
part of the P-region. <his method yields reliable results.
Information about the dynamics and the meteorology of the
D~region can also be obsained by PR technidque.

2,0 THEDRY: : A
Partial reflection technique is based on transmission
of high powered RF sigrals in ordinary and extraordinary modes
in sequence and Iecepﬁion of amplitudes of partially refleeted

\
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echo on the two modes as a function of height. The amplitude
(Ao & Ax) of partially reflected echos in the ordinary and extra
ordinary modes received at the ground is given by
. b -
Ax, 0 RX,0 X epo—Z f KX,Q \g
e
where suffixes x and o correspond f%f;xtraordinary ahd ordinary
modes of propagation respectively. R is reflection cuefficient
and K is absorption coefficient. The above formula on simpli-
fication, for avdifferéntial height in two magnetoionic modes

comes out to be

4\ log Ry/Ro ) A log (ax/A)) = F.N. Ah

where N x F ' =2 (K =-K.)
X o

_ Alog (Ry/Ro) — A 1og (Ayx/B0)
FAR

Therefures . N

where N is the electron density and F is the differentiél abéqr—
ption per km per electron. Sshirke and Pradhan(1976) have dis-
cussed in de£ailihOW‘the eleétron density profile can be com-
’ puted from t he obServed ratios of the signal amplitudes

Ax and Ag from the D region helghtS. They have also shown
that by employlng,qua51—long1tud1nal approximation at the

1ow latitude for the sen—wyller(l96u) full wave equations, the
helght variations of the ratio of the reflection CoefflClentS
Rx and Rp are very close to the more rlgorOUS.evolutlon by the
full wave equations for the radiowave propdgatlon in the D-
region at low lgitudes. In the quasi longitudinal approxima-
tion Ry, Ro and F aré independent of the electron dens ity N.

At low latiltude such as
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Ahmedabad dlfferentlal absorptlon F is not 1ndependent of ele~
lctron den31ty. One can choose a hvpothetlcal electron densfﬁf
profile and follOwlng an lterathe procedure of calCUIatlonshw
cne can derive a unique electron dens ity profile for-the given

set of observations.

SYSTEM DESIGNgz

| Partlal reflection experlment involves measurement of
reflections from D region of the ionosphere. A high power tra-
nsmitter and an antenna of narrow beam width are used to trans-
mit pulsed RF in both modes Of circular polarization and the
‘resulting received echoes are recorded on film. The output of
" the receiver is inverted during transmission ang reception for
the second polariszation $O that the ordinary and extraordinary
components can be recorded on the same frame. The receiver
output is displayed on a Ooscilloscope screen, where the hori-
zontal sweep is triggered by the transmittegd pulse. A (Robot
type)reamera photographs the trace which giVes‘amplitude of
botgumodes of reflection and the heights of the;reflecting
layer. This method of recording enables comparison of ampli-

tudes of both Oordinary and extraordinary components at the

Same height.

3.1 Choice of frequeney:

Belrose (1970) has shown that the ratio of reflectlon
coefficient is approxlmately given by (w + wy) / w - wi1),

' where w is angular operatlng frequenqj and w; is longitudinal
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component of electron ngo-fréqﬁéncy. 'Thé_dip amgle at shmeda-
bad is 33..8O and gyrofféquendy is 1.19 MHz. Té obtain maximum
‘Ax./ Adjthé operating frequeﬁcy close to the gyfo frequency is
ideai; However the absorptidn at this frequency would be very.
high, Therefofe a comprbmise is to be made to cover the height
region of interest and low absorption of radio waves. The sele-
cted frequency 2.5 MHz yvield a maximum A, / Ag of 1.7. The
actual operating frequency used in the present system is

2 523 MHz.

3.2 Path loss calculations:

In'order to determine requirements of transmitter output
power and receiver Sensitivity for accﬁraté measurement cf par-
tially reflected echoes following path loss éalculations are
carried out.

The ratio of received power to transmitted power‘in free
space without any attenuation due to ionospheric absorption etc.

can be given by

B = Ar Ag
&Y az 2
where Pp = Power of the received signal

Py = Transmitter output power
Ar?At = are the areas of receiving and transmitting
, antennas respectively,
IS = Wave length in meters
a = Distance in meters

X

Since outpw Power. is dictéted by power tubes in output

stage, 40 Kw of peak pulse POwer is hormally fed to the antenné



'syStembe'a pair»of'4-PleOOOA,tubes;.;inpthe present'case‘thew

same antenna system has been used for transml&Slon and receptlon

by means of TR sw1tch network .30 dlpoles a;eﬂpsed';ng:ectansf'
x" 'I o : 4 .

gular colllnear array as shown 1n Flg 3

"’mfwfriétS (5)\/2)

(&= 200 Km) T et Ot B SR B S PSR WAL S S |
b IR T s h e R R R A S e
ST DR L i T aid v 1075
Pr/ ;Pt 1,414 x 107 , , ~
. __.‘ ), _l'? o _’; £ T . ,,‘ l “:-"‘i'," Jir ook .

‘l So the path;loss;sujferedsbyythe transmitteafRF”pnlse'is
.vabout 50 db.  Loss due to absorptlon at local noon by the ilono=
sphere for moderate - solar act1v1ty is about 40"db, Thefmagnitude
of partlally reflected echoes are normally 50 to 6:0 db weaker
than g reglon reflectlon(Belrose et al 1964) TOtalllng the
above losues(l4O to 150 db) if ‘a RF. pulSe Of peak pOWer Of 40 Kw
“is radlated, the recelved partlally reflected 81gnal would be
between 45 to 140 mlcro volts across ‘a 50 ohm 1nput 1mpedence.;
“In addltlon to the above losses, there are system losses between
S 10 to 20 db as the pulse goes through transmlsslon llnes, mat—
ching networks transmlt Eecelve sw1tches, phase shlftlng net*t
WOrks etc. Thus with the marglnal system galn,. des1gn and 1nsta—
llatlon of each: element was made carefully to obtaln max1mum o

t

mﬁ%gnalmsﬁrength-, SR ,;;_h;W;‘ﬂ B el TR

3.3 Choice of pulse w1dth and repetltlon rate \

The pulse repetition rate of the system were chosen between

1, 10 and 50 pulses per second so that fadlng of the echoes
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‘could be observed. we have ehosen»the £ilm speed in the 35'mh
camera such that we get 1 reeord pef Second. Since both the

modes of polarisation weretfo be recorded on the same film, double
pulses, one of each mode were“tranemitted within 20 ms and rece-~
ived by the system. The processes was repeated every second.
Later with the advent of microprocessor technology, it was possi- -
ble to record data for continuous 5 minutes at ther ate of

50 transmitted pulses per sec.

The width of the transmitted pulse determine height reso=-
»Iution. A narrow RF pulse needs wide BW of the receiving ampii-
fiers for faithfull reception. For optimum signal to noise ratlo,
bandwidth of the receiver is given by Bw = 5/2T where T is the
width of the rectangular pulse. The t ransmitter pulse width
was adJusted to 25 mlcro Sec in order to achleve a halance
between receiver BW and helght resolutlon of the reflectea
signals. The lndetermlnatlon produced by the pulSe wldth in
vhelght is equal to CT/2 where C is the ve1001ty of light and T
is the pulse wldth For a transmltted pulse of 25 mlcrosec W1dth
the indetermination in helght is 3. 75 Km. ,Beam wldth of the
main lobe of the recelv1ng antenna(same as that of the trans-
mieting-entehna) is gbout 199. Therefofe contr ibution of
obiiqUezrefiectien to thelindeﬁermination produced in height
for reflection from 80 Km altitude is about 1.1Km. This be ing
smaller  than the~height of the scattering volume, the ingeter—

mination in height 1s only due'to pulse width.
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3.4 The block diagram of Partial fefleCtiOD-éxperiment built’

_ at.Ahmedabad is showﬂ_in Fig,l; The arrangement'of the racks .

hous ing the transmitter, feceiver, déta recording éystem etcﬂwy
in the experiment room-is shown in Fig.Z2. The progr ammer unitv
synthesizes a 300 KHz crystal controlled pulse generator. ard

- produces - -necessary control waveforms and height marker pulse
train for the entire system operation wiﬁh provisions of chan-
ging P.R.F. and pulse width. The driver unit compr ises of
céscaded stages of modulated class C amplifiers with output
power capability 5 KW. The amplifier units with their plate and
bilas power supplies and transistorised RF Xﬁal controlled exci-
tor units are housed in one rack(L.H.S. rack iﬁ Fig.Z),,bThe

50 KW final power amplifier with its high voltage power supplies,
.filament supply'and éooling éystem are housed in thevadjacent
rack. An electronic transmit-receive switch controlied by the
programming unit enables the»transmitterAfinal-amplifier-output
‘and the receiver input to be connected to the antenna system

sequent ially,

Antenna system comprises of two arrays of 30 dipoles each
placed in East-jest and North-South direction. The antenna
butputs are separately brought to the experiment room by open
wire transmission lines terminatéd on- insulators on the top of

the fourth rack from left in Fig.2. Matched balloons for the -

transmission lines, 90° and O - 180° phase shifting networks
. . \
for obtaining circular polarisation, electronic transmit-receive

. Switch and the programher unit are located in the same rack.



signal is displayed on the C.R.O triggered by the ground pulse.

- data is made available by teletype machine after about 5 minutes

2 8 =

The receiving and f£ilm data recording‘system are housed in the
thrird rack from left in Fig.2. Théﬂfeceiver output 1s combineq
with height marker_pulsés from the programmer unit to facili-
tate scaling of amplitudé of the received echo. An inVertqr

inverts the second received echo in polarity and the composite

A 35 mm ROBOT photographic camera with its shutter controlled by
programming unit takes the photograph of the composite echo at

the rate of one frame per second.

An Intel 8080 microprocessor based data acquis it ion
system stores the amplitude information of the received echo
at 10 predetermined heights in RAM memory and subsequently pre-

processes the data by avéraging. Hard copy of the preprocessed

of cohtinuous running of the partial'reflection system,

TRANSMITTER 2

.kept in view whilg designing the transmitter for PR experiment.

4,1 The basic design of the transmitter closely follows the
design of an ionospheric sounding transmitter. A modulated RF
generator excites the dirver stages which in turn drive the

final power amplifier stage. The following requirements were

1. Output power : : 40 KW during pulse
2. Pulse width : 10, 25, 50 ang 100 mic.o
‘ seconds. -

3. Pulse repetition rates 1,10 and 50 ppé.

A1

4. Center frequency A : Tuhable from 2 to-j MHz rand
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. 5. Output impeqénce 2 Unbalanced 50 ohms.

6. All transmitter units to be properly shielded to
prevent interference to other equipment,

‘Since the final power out put of 40 KW during pulse déﬁ’
not be achieved in a single power amplifier stage, the trans-
mitter was designed ih two separate units' with 5 KW and 40 Kw
oﬁtput power capacity. The 5 Kw'uﬁit is designed as driver
amplifier for 40 KW stage, but itvcan also be used as a stand
alone'transmitter of 5 KW Qutput capacity dur ing pulse., &
transistorised crystal conﬁrplled oscillétor is used to provide
a stable opérating frequency of 2.523 MHz. A programmer. unit
to be discussed later, supplieé modulat ing pulses of 5 wvolts
amplitude and desired duration, usually 25 microsecs to a chain
of CIL 622 transistors, thch amplify the modulating pulseito
—30 volts level and modulate the RF oscillator to generate

~3Q volts peak RF pulse.

e Three power tubes EL 84, BEL 100 and 4PR6 OB are used in
the driver unit having total output power capability of 5 Kw
peak power. The circuit diagramkof»SﬁKw unit is shown in Fig.3.
The first stagé,_employing EL84'is excited by tﬁe modﬁlated

RF génerator. It is operated in glass c régionband iS‘capable
of during 300'V P to p RF during pulse period to the:next stage
employing BEL 100. The plate circuit is a barallely tuned LC.
mla:vmidﬁecqmﬁUEﬂOto3@DW)pmehstetmﬁm
tuning cap2bility. The plate output of ﬁ1.84 Stégezis directly

connected toc BEL 100 control grid circuit. This stage is also

. a class c tuned amplifier having parallely tuned place circuit.
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Tuning is achleved by air varlable 10 - 300 pp capac1tor It
delivers 1 6 Kv p to p RF pulse to the next dr iver stage emplo~ -
ying 4.pR 60 B. The dverage cathode currents of EL 84 and BEL
lOO are monltored by a 1ma/DC ammeter with the help of a 4 pole
2 way switch, The output of EL 84 and BEL 100 are coupled
directly to the grlds of t heir Successive stages without adopting
to impedence matching to the grid 01rcu1ts, becauSe the problems
of addit ional tuning adJustments and neutrallzatlon of a tuned
plate tuned grid amplifer more than Offsets any advantages of
impedence matching. Moreover, by de81gn1ng all circuits to
| provlde more than adequate drive for the follow1ng stages all
- amplifiers are operated well below thelr maxlmum ratlngs impro-
'vlng the long term life of the system. The 4 PR 6O0B power "
amplifier stage has‘been desighed toudeliver 5>Kw ofdéeak powef
into'a‘load cf 50 ohms during pulse period; It is eperateduat
a plate voltage of 5 KV DC» The cqntrol.grid bias voltagé can
be varied from =500 -to ~7C0V in order to vary excitation poten-—
“tial to the final stage. "he plate tuned circuit makes use of
- an air cored transformer hav1ng 26 turns (12 swe, 5¢m dia) in
Primary and 7 turns(12 SWR 9cm dla) in the secondary which is
~tapped suitably to enable link coupling to a 50 ohm coaxial
cable.  The impedence_tranafermation ratio was determined by
Measur ing with an~impedence bridge. An air dielectric variable
capacitor 10~300 pf is used forltuning; In all the 3 stages
of the 5 Ky drIVer unit a high voltage eapacltor is added in

Series to the variable tunlng cap301tor to prevent hlgh DC plate
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voltage from appearing across the plates of air variable capa-

citors. The.chances:of spark discharge happening ins ide the‘grf

éhasis have been minimiSed_in this wéy. ‘Current indicating
meters and insulated knobs connected to the movable plates of
the tuning capacitors are mounted on the frbnt panel of the
chésis to ensure safety aspects during tuning or other human

operations,

4.2 Power supply to 5Kw unit :

- The circuit diagram of power supplies for plates and the
grids of the three stages of 5KW driver unit is shown in Fig.3.

A single transformer is used to Jenerate the following supplies.

1) 300v DC 1mA average current for plate supply of EL84
tWbe and screen grigd of BEL1IOO tube, :

2) ~1UOvV pc variable lm&k average current for control
grid of BEL 1Q0 tube.

3) =700V DC variagble 1mA average current for control
~ grid 4PR6UB tupe.

In the case of 4E§6OB tube, a variable 5Kw supply is used
to supply the plate circuit, Tw§>3B24W rectifier tubés are used
in doubler mode to generate 5KV Dc. An.éuto transformer is used
‘to vary the primary voltate of the transformer supplying 2.75Ky

AC to the rectifier tubeg.

4,3 Final Power Ampl ifier :
Fig.4 shows the circuit diagram of the final Power ampli-
fier employing two 4PR 100UL beam tetrodes in parallel. This
\

| circuit alongwith the plate power supply of 16KV variable pc is

housedlin d separate rack consisting of 5 chases each of
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17" x 14" éize sufficiently shielded to prevent interference With
other equipments. 4PR1000A radial beam pulse tetrodes were cho~-
sén“for final stage because of their compact size, reléfively
high pwer gain for high duty factor applications and less strin-
genﬁ cooling requirements. cooling of the tﬁbes is accomplished
:b§'radiation from the plate and by circulation of forced air
through the base and around the emnvelope. The filaments of the
tubes are supplied by a transformer, bAn autotransformer isw
connected in the primary té'enaklé'variation of filament supply
slowly from O to 8 volts at 20 Amps current. Monitbring of the
filament voltage is provided with é panel mounted meter. The
tubes are operated at class C conditian. Since push pull opera-
tion requires balanced feed in the input stage and balanced
transformer in the plate circuit,. balancing in high power push
pull stages is often found problematic and és é result distorted
waveshape and high harmonies appear in the load due to impro~-
'lperly balanced networks. Hence in the PR experiment, the tubes
‘were operated in parallel as a single tuned stage. The prob-
lems of neutralisation were solved_by the physical separation

of input connections and output tuned circuits. In order to
Preserve system shielding short lengths of coaxial cable are
Used to connect the grids of the final tubes to the front panel..
input connector. The leﬁéfhéiaré much too short to cause any
impedence misma;ch and do ﬁqt ﬁave sufficient shunt capacitance

to-affect the tuning of the driver plate circuit, Thé nominal

grid bias of the tube isikept at -500v but some improvement
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iﬁ pulee?ehape'can be realised'at;the egpense‘of the ootput~”¢,.
power by 1nore851ng it to ~7OO volts.:bThe screen'grids arerf;f
held at 1.6 KV:DC. The plate Clchlt of the flnal amplifier

. stdge ie'éafailely tuned and transtrmer'COupled to load impe-
dence.: : Tunlng is. accomplished by ‘a vacuum varlable capacitor .
of 5 - BOOPF 35 K ratlng.. The air cored transformer offe:s
40 mlcrohenry in the primary. The secohdary;winding in series
with a radio frequency ammeter is connected to a high voltage
unbalanoed.UHF connector on the‘ftont panel and offers 40KW

?~Of‘peak power to-aload iMﬁedence“of~SO ohms. The plate voltage
‘can be variedffrOm'a low voltage to 16KV . Normaiiy the plates
are held at 12 to 13 KV with respect to the ground pstential.
Special attention . is paid’to prOvide?adequate'ihsulation'aKOund
high-voltage points to prevent: ¢orona discharge-inﬁide the "

. chasis.

1
i’y

4PRlOOOA 40Ky class C pOWer ampllfler de51gn notes

r_DC Plate supply voltage Ebb - IR 12,000 volts'
DC Soreen“Supply voltage Eo2'.ﬂ"‘ - . 1600 voité¢v

DC control grid. bias voltage_Eoc . '—SOO g

RF drive‘is_adjuéted so that |

Max inst plate‘ourrent ib max 2 AmMpS
CMin v “. voltage eb min o 16 00 Volts

Max " grld ‘ ec max . 350 volts
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The 5 point appr@xﬂmaticn technigue is used to obtain
‘the following paramcterq for one tubc during the pulse.

.,Dc platc current Ib Ti t,v 24 46 Amps

Peak fundamental RF platc currcnt IP 4.26 Amps

RF power output Po L o 22 42 KW
Plate dis.ipation | _iAA‘c‘““  ; 7 1 KW
Plate circuit cfficiency _;:. | 75;2%

.RF plate rtsistance RL T 2446 Kohms.

For two tubes in parallel, these parameters are:

Ib 4,92 hmps

Ip . 8.5¢ Amps

Po | ' 44.84 Kw
27 P in 60,04 Ky
Rp - 1,23 Kohm

Fig 4 shows the circuit diagram of D.C. power sources
for the final dmpllficr stage. An ollecooled step up transformer
“is ‘Uused to cbtain TRV 2. C. Electronic doubler circuit is made
usc bf tO rectify ang géneraterléKV D.C., Each arm of doubler
rectifler consists of twenty four BY127 diodes arranged in
series configuration. A rcsistancc Of 2M ohm -and condensor
0,005 microfarad are connected accross. each. diodc tc ensure
equal distribution of invcrsc voltcgc and to prchnt burn out
of other dicdcs in case any particular diode malfunction., The
| output of thc EHT is controlled by a:vcriablc autotrans former
inthe pripary cireuit, A 500v step up transgformer 1s used %o
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generate —7OO vDpe for control grid and 1.6 'KV DC in doubler

.mode for screen grld supply of 4PRlOOOA°

fs,0 ‘ ELECTRONIC TRANS MIT RECEIVE SWI’I‘CH v

| | The ideal antenna system for Use with the partial reflec~
tion experiment would employ two separate arrays for tr ansmi-
ttiﬁg and receiving. However in fhe present case space was
évailabie only for oné array .  It»was tﬁefefdrevnecessary to
develop a switching network to enable the antenna feedline to be
connected ﬁo transmitter during the pulse and to the receiver
thereafter. The requirementé of a usable'transmit receive

switching system are as follows z-

a) The maximum switching time between transmit and
receive modes should be less than 100 microsec, to

permit reception of low altitude reflections.

b) The noise jenerated by the switching system should

- not degrad: the receiving system noise figure.
c) The system should have minimum insertion loss.

.d) No appretiable reactive or resistive load should be
Presented to the transmission line:duriﬁg trans-

mission ¢r reception.

e) The operation of the unit should be Very'feiiabié"

o0 prevent receiver damage during transmitter pulse.

- The conveitional vacuum tube TR switch designs -as emplo-
. ] ) \ : )
| - . yed in commuricayion system would be unusable for 40 KW power
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level.- The use-of quarter wave length trensmission was consi- .
dered for T-R switch application.“ If one end of a quarter

wave length transmiss ion line 1is connected in. parallel wlth'the
antenna feed llne at the'transmltter and the other end of it is
connected to the recelver, TR switch dctlon can be realised by
_ shortlng the recelver end of transmission line during trans-
‘mitfing ?Ulsec The quarter wave line would then act as an impe-
dence-ﬁransformer, fefiectingAa very high impedence across the
transmittef‘cutpnt. Tnis design, although suitable in radar
installations, nes serieons ehoftcomings for use with'ionosp—
heric sounding systems. The phyeical size vf the line; quite
large in present application (30 meters) nould'have to be cha-
nged With_each change in operating freduency, and the diude

and the current required to switch it would have to be exce=-
ssively large since the RF current at -the shourted end of the
_lime would be uver 30 amps. The system adopted in PR experi-

. ment,. empluys a silicon digode in series with thefreceiVer

feed llne,YNhlch is connected in parallel thht:he antenna
.feedllne. Durlng the transmltter pulse, the dlode is reverse
vbiased_by a hlgn D.C. voltage. In the receiVe mode, a current
of 25 mA 1s passed throndh the diode to‘switch the diode into

a conducting stage. Fig.5 shows the circuitry employed. A
series of 6 BY127 ledeS have been used. Deach diode has

‘:PIV of 1 Xv. .A didode in. . reverse biased condition offers a -
capacitative reactance and ‘leakage of transmitted power to the
~receiver during transmitted pulSeAresults. Therefore with

six diodes in series, capacitative leakage coupling is Quite
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small. A high v oltage condensériiogdlates the_transmitterighd
-'the ?ntenna from the DC high voltage source, used to reverse
biasithe diode;" iSOlation of the receiver .from the DC vo%#ége
is obtained by means of a bifilar wihding on a torroidal'ébfe.
In case of a brakedown in.the diodes, the torroidal core satUQ.
tes and proteéts the receiver inpdt cifcuit. However ringing
noise generated by high voltage switéhing through leakage
reaétance of the diodes appears to be a problem. Egfforts ha&e
been made to prevent ringing beyond 100 microsec after the end

of the transmitter pulse allowing mninterrupted reception of

earliest possible echoes arring from low altituges.

S ince ﬁhe peak to peak amplitudé of transmitted pulse o
A4OKW power at 50 ohms load impedence if‘4000V, high voltage

to be applied to feverse bias the diodeS‘during tranSmitting
pulse shbuld be higher than 2000y, Allowing a safe margin -
of 1KV in case of mismatch any whéfeﬁbeﬁween the final amplifi
tuned circuit to the antenna feed points, 3KV was considered
“to be the minimum required peak value of the TR switch pulse
during transmit mode. During the receive mode, 25mA was found
to be the optimum current to- forward bias the diodes without
saturating the torroidal t ransformer. Fig.5 shows the circuit
diégram of the pulse amplifier to generate +3500 volts to

-500 volts pulse. A low voltage pulse is amplified in two suc
essive pulse amplifier stages. The pulse duration is adjusted
to 2 m sec. for reception mode and 18 m sec., for transmission -
mode. Since no ionospheric echo after 2 m sec is of any inte-~

rést, high rise time of the pulse from =500 to +3500 volts lev
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due to 2 M ohm plate resistance of REIL5M tube is of no concern

However sharp fall time due to low ON recistance of EL504

dur ing conduction ensures reception of low altitude reflectiong

ANTENNA MATCHING UNIT, PHASE S HIFTER AND POLARISATION SWITCH:

As_mentioned earlier, antenna sYstem comprises of two
arrays of 30 dipoles each placed in north sourth and east west
directidn¢ Two sets ef open wire transmission lines of charac-
teristic. impedence 500 ohms rﬁn for about 500 meters from the
experiment room to the antenna feed points. Cir cular polari-
sation is achieveq by introducing a phase shift of 180° by a

two pole two way switch, as shown in Fig.6. A T section net-

,work conslstlng Of two inductive arms and a capacitative leg

prov1de 9O flxed Pnase shift for our Operating frequency in

the EW antenna array.

The inéertion léss of the Phase shifter network amounts
to about 2.5 gb. 1In brder to compensate for this loss an equi-
valent resistive network haé been added in the N3 arm of the
antepna; Both the networks ﬁave been designed to offer'SO_ohm
umbalanced characte:istic impedence. They are housed5in shi-=

/

elded cabinets to pravent ledkage coupling.

Since the feed wires for antenna arrays are balanced andé
of fer 500 ohms chara:te;istic i?ped@ﬁoe the unbélancéd networksj
are matched‘to the transmission'lines by means of tyo Baluns.
Each Balun consists of primary and secendafy windings wound
on rectangular bakell,e former over ferrlte slabs. Capaci~

tances added with the windings balanece out reactlve components, -
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Tue turhsratio”and capacitance,yaluesfare adjusted by measure-

ment w ith an impedence3bridge.at the present operating frgéﬁenc
The Balun transformer assembly is supported on insullators
inside the chasis .

\

A two pole two way high voltage switch using vacuum sea-

. led reed relays changes phase shift in the transmission line

feeding Ns anténna array from 90° to 270° on each alternate
transmit receive sequence. The sense of polarization can be
selected by switching on or off the currents in two solenoids
driving the relays. The connectiong_are shown in rig.6. It
was found that 50 pps was the maximum(rafe of switching possibl
vwith reed switches for chatter free operation. The discharge

created due to high voltage, high current switching causes

additional noise during reception. Open wire transmiss ion

iines us ing %ﬁ ACSR conductors with 8" separation are connec-
ted by higﬁ Volﬁage feed}thrus. Two sets of transmission lines
extend out Qf the experiment roém_with insu;ator spacers at

the aistance interval of 10 meters to maintain 8" separation

all along their length till the antenna feed points.

PROGRAMMER UNIT 3

The timing and control system is designed to synchro-
nize and control the dperation of the various component units
of the Partidl reflection experiment. A single crystal osci-
llator of 300 KHgz resonat ing frequency controis the various

Sequences of operatioh. A chain of synchronous counters devides
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the crystai-frequency and generates pulses of repetation rate
30 KHz, 1 K’HZ, 100HzZ, SO'H';Z, 10 Hz, and 1 Hz'.;' TTL integrated |
circuits have been.ﬁsed to generate all the control waveforms.
The efystel is mounted in an oven which is maintained at con-
.8tant temperature of 3SOc_i 2°c. The entire system is wifed
on @ single card and ernclosed in a shielded cabinet. The out~
~puts are TTL compatible and brought out on the front panel.
The schematic block'diagram of the programmer unit is shown in
"Fig.7.  The different functions of thé unit are described

: below:

1) The transmitter is modulated'by a compoeite double
pulse with 20 m sec separaﬁion. They are derived
from 5OHz output of the counters. Aan optionvef
.changing modulating pulse rate is provided. In the
case of fast data recording system, 50 Hzg reﬁeta~
.tlon.rdtc of modulatlng pulses is used. The ~compo-
site double pulse can be also repeated at 10 and
1 Hz rate. In the case of photographic data recor-
diﬁg 1 Hz operation is required. The modulatlng
pulSe width can be'varled between 10 to 100 mlcro—
Sec by means of a monostable multivibrator however
normally 25Vmicrosec'fixed pulsefWidth is used. The
monitoring oscilloscope is triggered externally by

the same pulse train.

2) The transmit recelve switch is provided m&th a pulse

train of 2 m sec duration for reception, delayed by
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about 100 micro secs with respect to tﬁe transmitter
modulating:pulse; |

3)In order to dipiay éhe;received echoes for both the?if
ordinary and exrra ordinary mode of polarigzation simu-
ltaneously en the CRO screen, the receiver output for .
the second~transmitted pulse is ihVerted inlpolarity.
Since the CRO is triggered externally by each trans-
mitter modulating pulse, .the ordinary component of
received echoe appears over the inverted extra ordi-
hary component on the oscilloscope screen. This arra-
ngement fac1lltates scaling of the photographlc record.
Pulse train required to 1nvert,rece1Ver output is gene~'

rated as shown in Fig.7.

4) Height marker pulse train1is generafed froh 30 KHz and
6 KHe. 5 Km markers, generated from BO.KHz have
1 mlcrosec Wldth and 25 Km. mdrkers, generated from
6 KHz have 3 mlcrosec wldth The height marker pulses
are analog added with the receiver output S0 that .
narrow thin pulses rise over the 1onospherlc echoes

without dlstortlng the echo structure,

‘-S)The compoeite echg signal is photograpﬂed in 1 Hz
operation. The camera shutter is opened 200 m sec.
before the transmitting pulse andg it is held open
for 7OO m sec. As the shutter is released, film
advance mechanlsm ‘is actuated for SOO m sec. The se-

qUence of operatlon is shown in Plg 14.
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- 6) In‘oraér to switch the aﬁtenna'polarization fr om
ordinary to extra-ordinary mode, a 400-m sec wide
pulse is generated and fed to the solenoid switching
circuit in the polarization control'switch. However,
since the performance of the switch for 50 Hz opera-
+ion .is not satisfactory, this pulse train is used

only for 1 Hz operation.

RECEIVER:

In case of Partlal reflection the echoes received are
not only weak in amplitude compared to E-region reflections,bu1

also vary considerably with change of altitude and time of the

day. So a sensitive receiver with large dynamic change is

required for PR experlment. - The bandwidth of the receiver
should be large enough Lo preserve the amplltude and position
(altitude) information Of the narrow r.f. pulse. FOr opt imum
signal to noise ratio, the bandwidth of the réceiver is given
by.BW'= 5/2T where T 1s the pulse duration. So for 25 micro-
sec pulse width of ER transmitter, receiver bandwidth should
be 100 KHz. It was foung experlmentally, that the echoe
received by the antenna sYstem var ied from. few micro volts to
about 100 micro volts for.most of the time and altitudes.
Therefore the receiver :gain should be'about 100 db with 1
atleast 20 db dynamic range._ But if the'E>région echoe is to
be recorded 51multaneously w1th the weak partlal reflections,
'the dynamlc range of the recelver requires to be 60 db. Howeve
large dynamlc range is not as dlfflcult a prOpOSltlon as large f

pbandwidth of 100 KHz is for design of a receiver with operatlﬂ
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centre frequency of 2.523 MHz. conventional intefmediate fre~:7

quency of 455 Kiz. would yleld about 30 Kiz bandw idth in a hlgh

gain superheterodyne recelver. Since the operating frequencyfl
‘of the transmitter is kept flxed at 2.523 MHz, I.F. ampllfler |
were delsgned for the same cent;e frequency. Thus the necessity
of pfoviding variable local oseiilator»and mixer was eliminated.
The circuit diagram of the receiVer used in PR experiment is

shown in rig.8.

The receiver utilises a dual insulated gate mosfet
>3N187 iﬁ the input stage to have higher isolatiog»betWeen input
and output and convenient AGC COntrel. It is used as a tuned
aﬁplifier with a high Q transformer coupled tuned circuit. TwoO
more tuned amplifiers gnd a detector-amplifier stage are builﬁ
.with CIL931 transistor#s. The tuned circuit empley variable
ceramic trimmers for better stability and high Q coils would
around low permeability torreidel cores . With{:he ﬁse ef
torridai coils,_problems of interstage sepafationeAare elimi-
:ﬁated; The tran51stor§ are biased for 15 volts DC power s upply
Operatlon. Total gain of the recelver is 100 db and dynamic
range of operation 1s found to be 60 db. A gain control is
provided in the AGC ¢ircuit to decrease total gain and increase
stability if;the need arises. 3 db bandwidth»of the receiver
is 85 KHz. Itﬂﬁs pessible to increase.bw to 1bO KHz at the
cost of reduction of gain. The receiverrwirea on a 10 am x
10 cm card is eﬁElosed’in compact 4" x 4" x 1" cdpper box.

Two bnec comnectors and a 9 pin cannon type coﬁnector provide

the input, outpu: and power supply connections.,
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ANTENNA ;

A large éntenna system is requiréd to receive the weak -
‘partially reflected echoe signals., One way to increase s ignal
strength would be to increase the power output of the trans-
mitter. Doubling of the power output of the transmitter incfe:
the signal to noise ratio of 3 db only. .so by multiplying the
odtpﬁt s tages of'the tragsmitter to the extent fina% out puth
‘POWer is increased by 20 db, about 4 megawatts of puwer have-
to be radiated. It is more economical to have a high gain
narrow beam antenha to achieve the same signal tolﬁoisé ratio.
However construction of large gain (20 db) antenna for én‘opera;
"ting frequency of 2.523 MHz, requires large area and long

lengths of feeder line.

In the ideal caée, FR experiment shuula have separate
antennas for tranémission and reception; But with the avai-
lable land and economic reasons only one antenna system was
constructed. The present antenna system consists of 60 half
wévelength dipoles in a rectangular  colinear array._ With 5
dipoles in each line, 30 dipoles are erected in six lines.
Spacing between the lines is ovne half Wavelength. All 30 dip-
oles are fed in phase. Another 30 dipoles at right angles
to the above are also fed in phase, but shifted with respect
to the first set of 90° or 27Qo;to achieve fight or left
circular polarigation. The antenna arrangement is shouwn in
Fig.9. The antenna étructure is sypported on 36 poles made

of galvanised iron pipes standing 70 to 90 feet above the
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ground. .These supporting:poles afe?erraneed in north-south
:and eastwwest dlrectlon in the form of a square of 6 x 6 with
oO meters spacing between thc adjacent poles. The dipole ele~;f
ments are mdde of aluminium conductors reinforced with s teel,
tcommercially known as squirrel ACSR conductors. Wire diameter
'isAquerter inch. Between two successive dipoles of 60 meters
lengtb, a non-radiating length of 60 meters of the same con-
ductor hae been added in‘a folded loop. Since alternate half
wavelengths are folded, the radlatlng dlpole elements have
current distribution in the same Sense.. Slnce the total len-
gth of any line is 5/2x, feed point is fixed between 3/2&,and
1x . In order to‘feed all the six lines of Ne or EW array in
the same phase, the feed Tines connecting tWo_successivevlines
are interchanged. The feeder wire is made of seme conductor
with 8" separation and matches the 500 ohm impedence of the
.antenna. TwoO separate transmission lines have been used for
feedlng the N-S and E-W arrays. All aleng the length of about
500 meters of the open wire “ransmiss ion llnes, PV C spacers
‘have been used at frequent lﬁtervals(about 5 meters) to main~
taln a constant Separatlon o0f 8" between the wires. calcﬁ—
lated antenna gain with 30 dipoles in NS direction and 30
.dipoleeein the EW directien :s 19 db. The calculated 3 db
‘beam w1dth of these arrays is 18 degrees. The direetivity

is an important factor to av01d strong contrlbutlons of obllque ‘
reflections to the recsived 51gnal. Assumlng all the power
is uniformly dlstrlbuteo over the main lobe of the antenna

the reflections received for a helght of 80 Km will be produced
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by a volume with an average width of 2 % 80 x tan(18/2) = 26 Ki.

'Varld hreight of 3 x 105 % 25 % 10—6/ 2 = 3.75 Km, THe indetermi-
. ‘nation in height produced by the finite angle of radiation of
nthe”anteﬁha is B8O(l-cos (18/2) = 1.1 Km, therefore it is small
.compared to the height of the scattering volume i.e. 3,75 Km.

" Hehce indetermination in height depends only on the width of

o . .
the transmitted pulse. An antenna lobe of 18, in this case
is enough for partial reflection measurements and keeps con-

tribution of oblique reflections at a luw level.

DIS PLAY AND RECORDING SYSTEM:

10;1 Photographic recording:

As indicated earllerl‘&e receiver output is dlsplayed
on the uSClllOSCOpe 1n the amplltude Scan mode in the follow-
lng sequence. The osclllOSCOpe is trlggered externally by the
modulating pulse'stream with the fiﬁe base fixed atvO.l m

sec/cm. Wwith 10 cms width of the (RO screen echues received

“from altitudes upto 150 Km can be displayed. The first pulse

of the double pulse train is transmitted and echOes are rece-
ived in the rlght clrcular polarisation. The recelved echoes
with 5 and 25 Km height marker Pulses are dlsplayed in the
CRO screen with reference to the tranSMitted pulse. After

20 M sec the Second pulse is transmltted w1th leﬁt clrcular
polarisation and received echOes are 1hVerted in polarlty.
The second pulse and received echues with height marker pulse
train appear 1nVerted just below the flrst pulse sequence, 50

as to match the altitugde of the recelved slgnals. Slnce the
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receiver is connected to the antenna for 2 m sec from the
o transmitted pulse with the help of TR switch, the entire se-

quence is covered in 22 m sec. The displayed signal is pho=

tographed on . a single photoframé.. IFor photographic recordihg

the pulse repetation rate is fixed at 1 double pulse per. secC.

A 'Robot autorecorder'! camera has been used to take
pictures of 25 x 35 mm size. The shutter operation can be
:controlled externally by means of a relay. The film is advan-
ced automatically after each exposure in about 300 m sec. time.
It is capable of reéOrdingﬁ€w0‘frames in one séc. But it is
operated on 1 frame/sec"ratg.r3Arw§§ch andﬂé framebpounterf
" provided in one corner_of the frame helps'pecording;of time
and identification of the frame on the film. The camera is
actuéted by.a timing circuit built in the Programmer unit.
In this method of recording on photographic f£ilm, sinée the
two transmitter pUISes for each sense of polarisation are
Separated only by‘zo m sec -and recording can be cohtinuedv 
every sSecond, a permanent copy of amplitude information of
reflections from all the relevant,altitudes_iswobtained

within close interval of time,

10.2 Paper chart recording:

In this system, 50 Hz operation of transmitter modu~
‘Iating pulse rate is chosen. & box car integrator is conne-
cted directly to the re¢eiver output. The receiver output
‘}s integrated for all the altitudesﬂby a slowly\scanning

gate and recorded on a paper chart recorder.. The trans-

mitter and receiver operate first on the right circular



polarisation fér-aboutjs minutes and. the output of the box car
integrator is reCSrded £ill the end of the E—region reflection.
The process.islrepeated for next 5 minutes»after switching to
left circulér polarisation. *Iﬁ the process of intgration

noise gets a&eraged‘to a'low.value‘while_the_reflected signals
add up in amplitude. Although signal to néise ratio improves

~ considerably in this method, assumption is made that ionospher ic
_icondigionsvdo not change for a long time of recording which is
ofAthe order of 10 minutes. Therefore results obtained from

this mode of recording are not duite reliable.

MICROFR OCESSOR BASED DATA ACQUIS ITION SYSTEM:

In the case of photographic film recording, the amplitudes

‘of ordinary extraordinary components of the reflected si gnal
(p, and & ) are scaled from the film aftef development and
enlargement. This process of regording and scaling involves
considerable time s ince human operations are involved. If the
receiver output is converted into @ digital signal of 8 bits
with a fast linearlA to D converter, accuracy of measurement
improves to 8.4%, Whilé in case of f£ilm reading, aécﬁracy'can
be 1% at the beét. Therefore if the amplitudes of the reflec;
ted signals AX and AO are:dig%tised and printed, in addition
to séVing in time and-recurriﬂg cost of the f£ilm, accuracy

of méaéurement improves. .The system employed in the present

case 1is described below.

For every transmitted pulse reflections from 70 to

100 Kmé altitudes appear for 200 micro sec after in initial
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delay of 466.66 microsec with respect. to the transmitted pulse.

A narrow gatc of 1 mlcrOSec is uoed as start convert pulse for

" the A to D COHVelter(ADC EH - 8 B1l) which has total conversion

time of 4'microsec(Fig.ll){- After a predetermlned fixed delay
with respect to the transmitted pulse, a start convert pulse
triggers the A to D converter whlch is connected to the rece-
iver output. It produces 8 bits correspondlng to the amplltude
of the received echo for a predetermined altltUde. After 20 m
Sec., as the next pulse‘is pransmitted, the gate pulse is
shifted in time by 200 micro sec. The digitised informetion

now gorresponds to anvaltitude 3 Km above the first one. 10 such
gate pulses are used with 200 micro sec. time duration betweeh
gach. Thus in 200 m sec 10 different gate pulses cover a total
height of 30 Kms. In one second the process is repeated 5 times.
After one second polarisation is changed and the sequence is
continued. 8o in each second 30 Kms of thé ionosphere is
scanned 5 times at the interval‘of 3 kms in the samebsense of
polarisation. The schematic diagram for generation of fixed
delay and t he sampling gate pulse is shown ih Eig.lZ. TTL
counters and‘flipflops have been used to generate 10 sampling
pulses of 1 micro sec width in a sequence discﬁésed above.

- The 50 KHz énd 50 Hz pulse trains are derived from the crystal
.c0ntrolled program.er unit described béfore. The.initial

delay generation can be software controlled by & microprocessor,
discussed below, with the help of a pfeSettable counter 74177
and a 4 bit latch 7475. A programmable read ohly\memory(74188)
has been Used to stofe the height values.with changes of the

~initial delay.
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An Intel 8080 based miéroéompuﬁer of the type Intel MGS80
‘with 16 XK Random acess ﬁeﬁory(RAM), fabricated in the eleétro—
nics laboratory is used for daté acduisition, preprocessing of
data and printing out amplitude information of the gated echces
with £he help of a Teletype ASR 33 machine. As mentioned
edrlier the A-D converter proéduces 50 8bit émplitude information
is one second. A 8255A programmable Peripheral interface is useq
to provide 3 8bits parallel I/0 ports. The A-D converter output
lines are connected to the A port of 8255, After comple tion
of cOnvefsion the A-D converter acknowledges the status by a
End of conversion (EOC) level chénge. The 'C!' port inputs the
' EOC status. The microprocgssor waits till the occurrence of
ECQC state change and the 8 bit word output of the A-D converter
is inputed via the A port énd stored in the RaM memor§ sedquen-—
tiai&y. The initial delay hetween the transmitted pulse and.the
first gate pulse can be adiusted by the 'C! port of 8255, The
'B' port is used to input the height values selected. S ince
50 reflection amplitudes are digitised iﬁ one sec, 300 x 50
= 15000 words (8 bits) are 3tored in the RAM memory in five

minutes .

Ithke case of photographic recording, only one double
pulse 1s transmitted in one sec and any noise signal present
in the reflected echoes is also recorded on the film. In the
case of microp:qoessor based cata recording, five consecuﬁi&e
reflection values for a partizular amplitude ih one sec are

added and average value is printed: After 5 minutes of data
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acquisition; the microprocessorvwbrks‘oﬁ pfeproceséing and prin—
_ting hOde._ The amplltude 1nformatlon after averaglng for one
sec for all the ten predetermlned altltudes is converted to
ASCII characters from binary form and printed serially in 110
band rate by a teletype machine ASR33 with the help of 8251 a
'programmable communication interface used as a serial I,/0 port

to 8080 microprocessor.
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Fig.11 : Data acqQuisition system
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