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1 . INTRODUCTION

Current work in the field of ionospheric research includes the study of
travel l ing ionospher ic disturbances (lIDs) and ionospheri c tilts , phenomena which
are responsible for significant errors in short-range high frequency direc tion
finders . It has been known for some years(ref.l) that fluctuations exist in
the frequency of ionospherically reflected signals. These frequency deviations
are attributed to changes in reflection height due to the passage of ionospheric
irregularities such as TTDs . The fluctuations impose a frequency modulation
on the reflected signal with deviations up to a few hertz , which can be cons idered
as a doppler shift of the received signal.

Observations of i onospheric irregularities were made by Pierce and Mimno in
1940(ref.2) at which tine they recorded large variations in the number of
reflections of pulses from the F region . Since then a variety of instrumental
techniques have been used by workers in this field (ref.3,4), and in more recent
years the doppler method has been used with considerable success(ref.5,6).

The experiments conducted so far have used essentially fixed equipmen t
installations resulting in inherent limitations on the extent of the information
obtainable on TIDs. In particular , with the existing instrumentation it has
not been possible to obtain statistical data on the extent to which TIDs and
other disturbances can be correlated in space . An understanding of this
parameter is essential to single station location (SSL) systems employing vertical
triangulation (ref.7) and dynamic tilt correction techniques (ref.8).

‘There was , therefore, a need to provi de a reliable method for determining the
spatial correlation of TIDs . It was considered that this requirement could be
satisfied by deploying three or four mobile equipments capable of timing and
recording doppler signatures of overhead events for later comparison and
interpretation .

Such a mobile equipment , DOPLATCH , has now been deve loped for rapid deployment
at remote sites. Due to the cons t r a in t s  which m o b i l i t y  places on the desi gn of
such an equipment , considerable emphasis has been placed on simplicity of concept
and ease of installation and operation . The DOPLATCH pulse transmitter and
receiver are co- located in a caravan and share a small orthogonal delta array
developed for the system. A technique for recovery of the doppler component is
used which requires only one receive r and thus obviates the need for dual
interconnected receive rs as used in previous doppler experiments(ref.9 ,lO) .
Doppler data , local time and apparent reflection height are recorded on punched
paper tape for off-line computer processing.

Thi s note describes the [)OPLATC!I equipment and briefly discusses the back-
ground to the requirement for such a system. The salient design features are
covered in detail and future developments discussed.

2. PREVIOUS STUDIES USING THE I1.F. DOPPLER TECHNIQUE

A doppler technique invented by Watts and Davies(ref.5) has been used since
the early 1960’s with the ori ginal purpose of recording and displaying the
frequency of fading radio signals reflected at the ionosphere . It was soon
realised that the techni que had po t en t i a l  for stud y ing the ionosp h e r i c  e f f e c t s
of solar flares in the E and F regions. During the course of the investigations
it became clear that , even in the absence of solar flares and magnetic disturb-
ances , fluctuations were present in the frequency of ionospherical ly reflected
si gnals , particularly from the P2 region . These frequency changes were attrib -
uted to the motion of i rregularities which produce changes in the reflection
he ig h t .  I t  is  now known that  such ionosph e r i c  d i s tu rbances  can be caused by
a v a r i e t y  of i n f r a s o n i c  waves whi ch fall into the generic classification of
atmosp h e r i c  waves h a v i n g  quas i -per iods  of the o rde r of 5-60 m m .
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Some of the observed disturbances have been directly associated with earth-
quakes , nuclear explosions(ref.1l) arvl possibly tropospheric storms . It is
established that many ionospheric disturbances have auroral zone sources.

The instrumented technique used by Watts and Davies is illustrated in
figure 1. The transmitter is driven by a highly stable crystal oscillator to
ensure that carrier instabilities are much less than the doppler perturbations .
This requires a stabili ty of about 1 part in 108 and pre ferab ly an order of
magnitude better. The receiving system comprised essentially of two inter-
connected receivers with common local oscillators to overcome problems of
differential frequency drift between each receiver. The outputs from the
signal channel , fed from the antenna, and the reference channel are compared in
a phase-sensitive detector and the output recorded on magnetic tape moving at a
speed of 1 in/mm . Analysis of the tape recorded signal was performed at a
play-back speed of 30 in/s by an audio spectrum analyser.

3. PROPOSALS FOR A MOBILE DOPPLER PROBE

Instrumentation based on the technique outlined above was considered as the
bas is of a mobile normal incidence doppler probe . However, the author felt that
a considerable reduction in instrumental complexity could be achieved and
suggested two alternative techniques each requiring the use of only one receiver.

The first method , which will be called the simultaneous injection method ,
gives the doppler component directly as output. The second , or sequential
injection method , gives an output corresponding to the change with time of the
phase path, the time derivative of which is the doppler component , i .e.

A L~P
-

3.1 Simultaneous injection method

If two coherent sine waves , f, and f2, of slightly di ffering frequency
are applied to a suitable linear network , their instantaneous amplitudes
may be added. The spectrum of the resultant waveform consists only of
frequencies f

~ and f2 , i.e.
-- - Let

Yi = A Sin 2ir f 1t

Y2 = A Sin 2ir f2 t

the n

Ym + Y2 = A(Sin 2~ f 1 t  + Sin 2~ f2 t )

f + f  f f I )2A Sin 211( 
‘ 2 

2) t .Cos 27r ( 2
)

This is equivalent to a sine wave of frequency varying
cosinusoidally in ampl i tude  from +2A through 0 to -2A and back wi th  a
frequency of ~ ~~2. Figure 2 shows that if the absolute amplitude of the
waveform is considered, the increase and decrease occurs at a fundamental
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frequency of (f , - f2 )  which is the beat frequency . This p r i n c i p l e  is used
in the simultaneous in jec t ion  method where a coherent reference frequency
derived from the transmi t ter  dr ive  osc i l l a to r  is offset  by a small  amount
and added to the ionosphe rical ly refle cted pul ses containing a doppler
component. The beat , or modulating, envelope of the resultant waveform
(f, - f2 ±Af) where 1~~f is the instantaneous deviation frequency , therefore
contains the offset frequency plus a doppler component.

The offset frequency is necessary to determine the sense , positive
or negative , of the doppler frequency component; it has to be greater than
the largest expected negative doppler excursion to avoid frequency ‘fo ld
back ’ . A sing le channel receiver is used to process the composite signals.

3.2 Sequential injection method

The time-of-- fli ght to the first return of a transmitted radio pulse via
the P2 region is typically of the order of 2 ms . This provides a
convenient window between transmi t and receive in which to inject a
frequency-offset sample of the transmitted pulse just prior to the arrival of
the returned pulse of interest. This train of pulses comprising reference
first and second returns etc., is processed sequentially through a single-
channel receiver. At I.F. the pulse train is split into two sub-channels
with a delay element inserted in one sub-channel equal to the time difference
between the reference and returned pulse. If the two sub-channels are then
re-combined , the reference pulse of one sub-channel will be coincident in
time with the ionospherically reflected pulse in the other sub-channel.
At the appropr ia te  t ime the two channels  are gated into a phase comparator.

As the two pulses are coherently derived , any changes with time of the
carrier phase (other than that produced by the fi xed frequency offset)
, i t h in  the pulse period w i l l  be due to changes in propagation phase-path .
ic time differential of this phase-change will provide the doppler component.
h’~ pulse sequence diagram figure 3 and block diagram figure 4 illustrates
IC sequential injection method.

4.  GFNH1AL SYSTEM DESC RI PTION

For reasons of s i m p l i c i t y  of concept and case of implem entation , the
simultaneous injection method was chosen as the basis of the D01’LATCH system.
DOPLATCII is a frequency coherent system , the reference signal and control
waveforms being derived from the transmitter crystal oscillator. This reduces
problems due to oscillator frequency drifts and has the advantage of not
requi ring the highly stable crystal oscillators which were necessary with
previous 1fF doppler systems . Although doppler variations from ionospheric
reflections of greater than about 2 Hz are unusua l , the offset frequency of
1)OPLATCH is set at 5 lIz. This en su res tha t  dopp le r va r i a t i on s about the centre-
frequency of the phase-locked-loop , used in the demodulation process , are
within the tracking range of the device .

The pulse t r a n s m i t t e r , receiver and a l l  demodulat ion and recording equipments
are co-located in a 15 ft caravan . A small orthogonal delta array , which was
develope d f or the system , is shared by the t r ansmi t t e r  and receiver by means of
a pa s s ive  i s o l a t i o n  unit. Provision is made for reception of either the
ordinary or extraordinary downcoming wave . During transmission the array is
linearly polarised. The equipment is designed to operate on three allocated
frequencies of 6.71S5 MHz, 5.38 M II z and 3.84 MHz , a l l of wh ich are der ived from
the transmitter exciter unit. The equipment will operate at other frequencies
in the Il.F. band by changing to an appropriate divider module.

The caravan provides sufficient amenities such as cooking, water , food storage
and air conditioning to allow the system to be operated for extended periods in
remote locations. The main components of the complete system are shown in
figure 5.
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5. DETAILED SYSTEM DESCRIPTION

This section briefly describes the basic functions of the various components
comprising the system.

5.1 Transmitter

IJOPLATCH was desi gned to be compatible wi th  an ex i s t ing  H . F . beacon
transmitter of local manufacture (ref.ll) comprising three main units:

(a) pulse exciter  type 7404 to prov i de a l l  control functions , frequencies ,
operating modes , pulse length s and timing,

(b) linear power amplifier type 7010G with an operating frequency range
of 2-12 MHz , a CW power output of 250 W and pulse power of I kW , and

(c) power supply unit.

With DOPLATCH , the transmitter is always used in the pulse mode at a
P.R.F . of 50 Hz and generally a pulse width of 300 .Ls.

Additional circuitry was required in the transmitter exciter to eliminate
a residual carrier signal in the interpulse period. Such a residual carrier ,
when amplified by the power amplifier stages and the gain of the receiver ,
was sufficient to mask any ionospherically returned signals.

5.2 Common transmit/receive antenna

The main requirements of the antenna are :
(a) to have a substantially vertical directivity,

(b) to provide the transmitter with a load of better than 2:1 SWR over
the requi red frequency range ,

(c) to be compact and simple to erect , and

(d) to he capable of providing, with suitable external phasing circuitry ,
left or right circular polarisation on receive and linear polarisation
on transmit.

An orthogonal delta arrangement fulfils the above requirements and such an
antenna was deve loped with reference to published data(ref.13 ,14) describing
simple , single-plane , multi-wire delta antennas .

For transmitting purposes , the physical height of such an antenna is
primarily determined by its lowest operating frequency. To maintain an
acceptable SWR at 5.84 MHz (lowest allocated frequency for DOPLATCH) requires
an antenna with sloping elements of not less than about 10 m length.

The method employed of array sharing for transmi t and receive with
polarisation diversity incurs attenuation prior to the receiver. Figure 6
shows the distribution of losses in the pre-receive r stages and give’~ a
measured loss of 9 dB overall. However , a standard insertion-loss measure-
ment is not a true representation of normal conditions where a ir/2 phase
relationship exists between signals from each half of the array . Consequently
such a measurement will result in an addition 3 dB loss being recorded as the
test si gnal is equally divided between the sum and diffe rence outputs of the
quadrature hybrid. In practice , the selected ‘0’ or ‘X’  component of the
si gnal incident on the array will suffer a total loss of only 6 dB in the
pre-receiver stages , the unwanted component being dissi pated in the switch-
able 50 ~2 load.

A typical noise figure for a Racal 117 is around 7 dB to 9 dB . If ,
there fore , we assume a receiver noise figure of 8 dB , then the additional
6 dB input loss , excluding the array , gives an overall system noise figure
of 14 dB , wh ich is just adequate to maintain an externally noise limited
system. This assertion is based on the expected values of atmospher ic noise
in the lower H.F. band for South Australia(ref.15) and neglects man-made
and galactic noise sources.
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For- per~orniance conipar I son pIlrposc’s , an orthogonal del t a a i-ray wi t Ii
suppor t niast of I I ni and ; i I i O t h ( ’  r sea I ed—down ye i s  1 on w i th an ci gli met re
mast we i-c constructed. A sul~~cc i ye assessment of thel r , -c l a t i  ye  p e r f o r man c e

w i th I)OPLATCI I was made I)y a I te i- nate ly sw i t chi ng be t ween the arrays . A f tei-
taking accoun t of the lowe r signa l p ick-up f rom the smaller array i t  was
judged tha t from si gnal/noise ra tio conside rations , there was no p e r c e p t i b l e
di f ference in performance between them. As there  are cons ide rab le  P r a c t i c a l
advantages in keeping the array as compact as pos s ib l e , the  s m a l l e r  array
was chosen for use wi th  DOPLATC II . The photograp hs and d r a w i n g s , f igure  7 ,
give construction details and admittance plots are presented in fi gure 8.

The support mast is 50 nnii diameter aluminium tube in three sections .
latch sloping element is of three-wire construction with vary ing spacing
to reduce impedance changes over- the frequency range . 600 ‘2 nOn-react i ~c
loads , located at the mast—head , terminate the two deltas and 61)0/SO ~
high-power baluns , clamped to the lower p a r t  of the mast , provide impedance
transformation to thc two 50 m co-axial feeders back to the caravan .

5.3 Transmit/receiver isolation unit

Considerable isolation of the receiver from the t ransmitter output
is achieved by using an arrangement of t h r e e  i n t e r c o n n e ct e d , hi gh-power ,
three-port hybrid transforme rs . The effectiveness of this arrangenlent is
critically dependant upon the ‘opposite -port ’ isolation of each hybrid
unit , which in turn relies upon careful construction and interconnection
of the transforme rs. Non -inductive , hi gh-power terminating and ballast
resistors are used in the complete assembly. Fach hybrid has windings of
copper tape interleaved with Mylar insulation and wound onto a pair of
FXllO5 ferri te cores . When connected to the antenna the assemb l y provide s
isolation of the transmitter to the rece i ver of better than 35 dB but the
method incurs a transmission and reception loss of 3 dB. Construction
deta i l s  are shown in f i gure 9 (a ) and Ib) .

5 . 4  Secondary r ece ive r p r o t e c t i o n
Typ i c a l l y  , the osola t i on un i t reduces the transini t ted pri l se to a level

of about 5 V r . m . s .  at the rece i ver. During transmission additional
protection for the recei ver  is prov ided  in the form of a self-terminating
R . F .  change-over diode swi t ch  in  addi t ion to receiver b l a n k i n g .  C i r cu i t
deta i l s  of the s w i t c h  are given in fi gure 9(c).

5.5  ‘0 ’ and ‘ X ’  ray d i s c r i m i n a t i o n
Fo r recept ion , a quadrature  h y b r i d  is used to produce l e f t  and ri ght

ci rcu l a r  p o l ar i :a t i o n  of the a r ray  gi v i n g  d i s c r i m i n a t i on aga i nst e i t h e r
the ‘0’ or ‘X ’  ret urned ray . Figure 10 i s  an a t temp t to show v e c t o r i a l l y
how this  is ach ieved  i n  c o n j u n c t i o n  w i t h  the quadra tu re  ou tpu ts  from the
ar ray .

A self  te r m i n a t i n g  manua l changeover s w i t c h  selects  e i t h e r  the ‘0 ’ or the
‘X ’  output and combines t h i s  w i t h  the refer emcc s igna l  in a directional
coupler. The combined signals provide input for the receiver.

The ‘0’ , ‘X ’  selection switch has a dual  function , the second of wh i ch is
to re g i s t e r  a f l a g  on thepiinched output  tape to record which mode i s  b e i n g
i-eec ’ ved . The f l a g  is  used to select  an ap p rop r i a t e  symbol when computer
p r i n t i n g  t he  dopp le r  signature so t h a t  changes  betwee n ‘C ] ’ and ‘ X ’  modes are
recorded as p ar t  of the si gna tu re .

5.6 Rece iver
Th e problem of s igna l  b r e a k - t h r o u g h v i a  direct radiation , earth-loops etc.,

from a transmitter into a co- loca ted  rece iver  has been su c c e s s f u l ly  d ea l t
with in a previous project(re f.16). The method involves biassing-off the
fi rst R.F. and second I.F. amplifiers of a Racal receiver some 60 Ps before

L~ ~ ,—
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ar r iva l  and for the duration of the pulse t ransmission . This prevents ring-
ing in the I . F .  f i lt e r s  which would otherwise obscure ear ly  ionospher ic
returns such as from the E region . This  b l a n k i n g  m o d i f i c a t i o n  i s  incorpor-
ated in to  the Racal 117 receiver used in the DOPLATCH system .

5 .7  Frequency divider

As mentioned prev ious ly ,  DOPLATC H is a frequency coherent system , a l l
reference and contro l frequencies being deri ved from the t r a n s m i t t e r  crystal
o s c i l l a t o r s . Three divider  chains , appropriate to the three t r ansmi t t e r
f requencie3 , each provide a 50 Hz output for synchronisa t ion  of t r a n s m i t t e r
p u l s i ng wi t h  rece i ve r b l a n k i n g ,  clock dr ive  and generation of s ampl ing
in t e r v a l s .  A fur ther  division to S l Iz  provides the of fse t  frequency used
in the derivat ion of the reference s ignal .

As the P . R . F .  is derived from the crystal osc i l la tor  a problem could arise ,
when using a number of spaced DOPLATCH equipments , due to relat ive dri f t  of
the si gnals from each station . This would cause corruption of the data if
the remote and loca l pulse returns hccame coi”c ident .  To avoid this
s i tua t ion , a switch is provided to enable the f’ . R . F .  to be locked to the
mains frequency thus main ta in ing  a constant spacing between returned pulses
from the network of stations .

5.8 Reference signal  generator

The offset of 5 Hz between the reference and si gnal frequencies is
achieved by the phase-sh i f t  me thod of SSB generation . This method rel ies
on the fact that the upper and lowe r sideband of an A M . si gnal d i f f e r in
the i r phase angles.  Phase d iscr iminat ion  may thus he used to cancel one
sideband of a double sideband system.

Consider  the f o l l o w i n g  DSB output  where the modula t ing  s ignal  f ( t )  is a
pure cosine wave .

fd , ( t )  Cosw mtCosw ct = l/2[ Cos (w c + o-~m ) t  + Cos (w c - w m ) t I

where Cosw m t is t h e modula t ing  si gnal
ari d Cosw ct is the carrier

A SSB s i g n al wo u ld ha ve the si mp le form Cos( w c - w m) t  an d im p l ies tha t
we mus t add to the above expression an expression of the form

fd � (t )  = 1/21 Cos(w c - w m)t - Cos(w c + w m)tl = Sinw mtSinw ct

upon adding,  the upper sidebands cancel leaving the lower sideband

Cos(w c -

This indicates that two modulating networks in quadrature are required ,
t h e i r  outputs be i ng summed by an addir .~ network . Figure 11 illustrates
the c i r c u i t  arrangement .

5.9 Doppler detection

The 100 kF lz receiver I . F .  i s  d isplayed on an osci l loscope and a br ight -
up strobe , which  is coincident  w i t h  a pulse  of re fe rence si gn al , is a l igned
on the return of in te res t .  The instantaneous a d d i t i o n  of the reference
and si gnal w i l l  produce a series of pulses at 50 Hz P.R.F. successively
modula ted  in a m p l i t u d e  at a frequency of S lI z ± a doppler component.  I t  is
necessary to recons t ruc t  the envelope of the modula t ing  s ignal  in order to
e x t ract the dopp ler  component .  A f t e r  de tec t ion  at I . F . ,  a sa mple -and -ho ld
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device stores the instantaneous amp litud e of eai- t i pulse , thus producing
a staircase waveform which is then filtered to reproduce a quasi-sinusoid
corresponding to the orig inal modulation envelope.

A phase-locked- loop, used as a tracking filter , removes the 5 Hz
component from the reconstructed envelope leaving the doppler component as
output . Figure 12 is a simplified block diagram of the process.

5 . 1 0  Digital doppler measurement

The tracking filter VCO centre frequency is 500 Hz , enabling measurement
of the 5 Hz difference frequency to he made to a resolution of 0.01 l I z .
This is accomplished by d i g i t a l l y  sampl ing  the VCO frequency ove r p r e c i s e l y
measured one second intervals , the doppler component appearing as deviations
about the centre frequency .

5.11 Measurement of apparent height

A narrow pulse t ransmit ted ve r t i ca l ly  via  the ionosp he re w i l l  be
received by its various modes of propagation separated in time . For a
network of spaced systems monitoring liD’s it is essential that each is
probing the same region of the ionosp here . A measure of the  apparen t
height of the ref lec t ion point at each s t a t i o n  is ach i eved  by co un t i n g  a
150 kHz crystal  controlled clock for theper iod  of p ropaga t ion  of the R . F .
pulse until the required return , thus giving a recorded height in kilometres.

6. OPE RATING PROC EDURE

DOPLATCH is essen t ial ly  a very s imple  piece of equi pment to operate and
merely requires the a l ignment  and approximate  ampl i tude  adjus tment  of a moveab le
reference pulse to coincide wi th  the rece i ved s igna l  pu l se .  The receiver 1. F .
is  displayed on an oscilloscope as an ‘A’ sca n , f i gu re 13 i s  a typical  exa mp le
of such a d i sp lay . The bri ghte ned refe rence pulse  is moveable on the d i sp l ay  b y
means of a multi—turn potentiometer. It  is a l i gned wi th  the returned si gna l
and immediately combines to produce a s ingle  pulse  varying in ampl i tude  at a rate
of fo ± 1~\f . Occas i onal adj ustment of the reference posit ion is required to
fol low movements due to slow changes in reflection height . Doppler , apparent
r e f l ec t i on  hei ght , t ime and ‘0’ or ‘X’  mode of reception are au toma t i ca l l y
recorded on punched paper tape at a rate whi ch is adjustable  from one sample
eve ry two seconds thence by b i n a r y  integer  steps to once in 64 s .  The tape
format is shown in figure 14.

7. S IMULAFE 0 [)OPPLER CHECKS

Tw o test  arr an gement s were devised to ch eck th e acc ur acy of the comp lete
I)OPLATcJ I receiving systems . Fi gure 15(a) shows the general test set-up
which comprises two synthesizers  driven from a common , s table  frequency s t andard
to provide frequency coherent inputs.

In the first test , both the signal input and the referen ce i nput were provided
by the synthesizers . By varying the frequency of one i np u t  in small , known
steps , th e t r a ck ing  accuracy of the system could he p r ec i s e ly  measured.  The
plotted results , figure 15(b), show almost exact agreement with the input
conditions but as the resolution of the system is limited to 0.01 Hz. changes
of that order will not be accurately di gitized. Response of the tracking
filter to changes as small as 0.001 Hz at around 7 ~~iz have been observed (luring
bench checks but i t  was conside red t ha t  r ecord ing  to accuraces of be t t e r  than
± 0.01 Hz was unnecessary for the proposed application .

The second test d i f f e r e d  from the f i r s t  in that the reference frequency is
gene rated w i t h i n  DOPLATC H . One sy n t h e s i z e r  input  corresponds to fs ( f i gure 5)
and the other synthesizer input to fs ± A f .

— -
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8. F I EI ,I ) T R I A L

A f i e ld  t r i a l  to record doppler data on a s i n g l e , unproven system would g ive
no indication that the instrument was necessarily responding correctly to
movements in the ionosphere , as there would be no independant or absolute check .
A trial was therefore mounted to compare DOPLATCH with another system named
FINGER LANCE(r ef . 16) . Each system measures the doppler component by completel y
di fferent  methods , so that , if the signatures obtained from each , whilst
s imultaneously monitoring the same part  of the ionosphere , showed very close
correlation , then this , together w i t h  the s imula ted  doppler tests , w ould  give
sufficient confidence that each of the systems was functioning correctly.

The results  of a comparison t r i a l  are shown in f i gu re 16. The FINGER LANCE
data was consistently more damped in a m p l i t u d e  (doppler excursion) compared w i t h
DOPLATCH ; this was p a r t i c u l a r l y  no t i ceab l e  w i t h  the former on a sample count of
28 . The problem was subsequently found to be due to a desi gn f au l t  i n  the
FINGER LANCE equipment and will be recti fied. Apart from this difference , a
computer analysis of the two signatures gave a correlation coefficient of 0.996.

9. FURTHER DEVEL OPMENT

Local performance tests and a week ’ s t r i a l  observing TID ’ s at a remote si te ,
as part of a larger experiment involving other io-aospheri c measuring systems ,
have demonstrated the usefulness of DOPLATCH for its intended purpose. As a
result , it is proposed to manufacture in the near future three more systems
based on the prototype described . Three spaced stations will be sufficient to
provi de information on the direction of travel ar-d spatial properties of liD’s
and a fourth station , perhaps provided by FINGER LANCE , will give some redundancy
within the network of stations .

9 .1  Reduction of equipment hu lk
As the beacon t r a n s m i t t e r  occup ies considerable  space w i t h i n  the I)OPLATCH

caravan , a useful reduction in total hulk and wei ght of the equipment could
be effected by rep laci ng th is  t r a n s m i t t e r -  wi th  a s m a l l e r , simp ler u n i t .
Such a transm i t t er w i th  a pu l se power ou tput of 5 kW has already been
incorporated as part of the new lonosonde 4A developed in Australia by the
Ionospheric Prediction Service(ref .17) . This t ransmi t te r  should be admi rably
suited for use with the DOPLATCH system. With some rearrangement of the
units within the receiving rack , the transmitter and passive isolation unit
could he conveniently located in the same rack , w i t h  the fu r the r  advantage
of eliminating the present inter-rack cabling . The resulting compact system
probably represents the optimum development  of the [)OPLATCI I sys t em in  t erms
of cost ef fectiveness and por tab i l i ty .

9.2 Development for possible future roles of DOPL ATCII

Looking beyond the current experiments to determine the spatial
correlation of TID’s , it is interesting to consider the feasibility, using
an array of DOPLATCH equipments , of locating the sources of i nd i v i d u a l
t ravelling disturbances by a long base-line direction finding technique .
As disturbances can trave l at speeds within the range 100 to 500 m/s , a two-
dimensional array of probes , extending over severa l hundred kilometres ,
would be required to determine the velocity vector. There are many possible
array confi gurations , each requi ring about six or eight mobile norma l
incidence probes . For experiments of this type requiring more than , Sa~~,
four probes , there would he considerable advantages in terms of cost , in
further development of the DOPLATCIJ hardware , resulting in a complete
equipment capable of being transported by an average sized station-sedan .
This additional development would he di rected towards provid ing  a dedicated

___ -j
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receiver and composite t r ansmi t te r  dr ive/receiver  loca l -osc i l l a to r  synthes izer .
As the system is requi red to operate at only three allocated frequencies , a
dedicated recei ve r wo u ld be a re l a t i vel y cheap and simple unit to build.
Likewi se the frequency synthesizer would be of basic design requiring few
components . The two stages of refinement wh ich logically follow the
prototype stage are i l l u s t rated in f igure 17 and a basic block diagram for
the final suggestion is given in figure 18.

9.3 Improvements to Delta array
The present mast supporting the orthogonal delta array is raised to the

vertical position by means of a goose-neck secured to the ground. There
are practical difficulties involved with this method of erection as
considerable stress is placed on the mast and also the guys and array
elements can become entangled during the process. It is planned , therefore ,
to replace the exis t ing mast w i t h  one of the pneumatic telescopic type with
a closed length of about six feet. This allows the mast to be secured in
the ~‘ertical position and a11 intermediate guys and array elements to be
attached before elevating to its full height.

10. CONDLUDING REMARKS

The requirement for recording signatures of the overhead ionosphere at
several spaced locations has been provided by the DOPLATCH equipment. The
concept and design of the equipment reflects the constraints imposed by the
need for a compact , self contained and easily deployed system which is s imple
to operate.  F i e ld  tests have demonstrated its effect iveness in providing
doppler data even under conditions of rapidly fading ionospheric returns .

The re is scope for development of the prototype system where furth-~r
reduction in total equipment bulk is deemed desirable. It is possible that
the broadband sha red t ran smi t re ceive ar ray develo ped f or the equ i pm en t w i l l
have useful application for short-range , H.F. skywave communications systems .
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Figure 14
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Figure 14. Paper tape format
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Figures 15 (a) ~ (b)
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Fi gure 16
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Fi gures 17 ~ 18

(a) Present equipment occupies
two racks

(b ) Optimum deve l opment would
require one rack

(c) Further development would require
small  rack
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Fi gure  17 . Showing reduct ion of equipment  bulk  possible w i t h  further  develop-
men t
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Fi gure 18. Basic block schemat ic  w i t h  ded ica ted  receiver
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