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Appendix A

Design Equations for Folded
Dipole

S

Looking in the direction of the
green arrow in the x—y plane

o

Figure A.1: Folded dipole general dimensions.

The following design formulae are outlined in detail in the paper by Green
[1966]. The input admittance formula for a folded dipole is given by:
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1 J
Y = - Al
MZp QZOtan(%) (A1)

where

e /p is defined as the approximate input impedance of the equivalent
linear dipole.

e M is the impedance multiplication ratio.
e 7/, is the characteristic impedance formed by the arms of the dipole
e [ is the overall length of the dipole.

Forl = ”7’\ then we obtain

1
Y = Yo Z=MZp (A.2)
M = (1+a)’ (A.3)

_ cosh™H(4w? — v? + 1) /4w
“ 7 cosh[(4w? — ? + 1) /4vw] (A-4)

D= Dl6(112109(1))+2vlog(2w)/(112+1)) (A5)
D,

=_= A.6

v=1 (A0
S

= — AT

w= (A7

Where

e D, is the diameter of the driven arm

D, is the diameter of the non-driven arm

D is the diameter of the equivalent linear dipole

S is the conductor centre line spacing

w is the spacing ratio



Appendix B

Radar Power Calibration
Experiment

B.1 Aim

Derive a relationship between the actual transmitted power from the radar
and the power setting control of the ATRAD radar configuration software in
order to verify the count rate curves as established by McKinley’s equation:

ptl/QG)\3/2

N Sz

(B.1)

The method of performing the power calibration measurements on the the
two different Buckland Park systems (VTX and STX-II) is the same despite
the differences in connectivity of the 1:2 and 1:6 splitter-combiners used with
the systems.
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B.2 Equipment

Required equipment for making the necessary measurements.

—_

. Signal generator capable of producing a stable frequency at VHF.
2. 3x “N-type” or equivalent 502 dummy loads

3. Vector volt meter or oscilloscope

4. 3x “7/16” DIN male to female N-type adapter

5. 3x RG-213 cables with N-type connectors

6. 3x RG-58 cables with BNC connectors

7. 3x T-pieces

8. 3x N-type to BNC adapter

B.3 Making Voltage Measurements on a Power
Splitter

When making voltage measurements (as described in the following sections)
it is important to realise that the device is in fact a power splitter circuit
and not a voltage splitter circuit. This means for the 1:2 splitter-combiner,
the voltages do not split in the ratio 1:2. See below.

Gysel Network with

dummy loads

=P
Port2 ) >

Figure B.1: 1:2 splitter combiner electrical layout diagram.
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2 V2
=Z— Poo = P = Py — —vor
0

P b 7,

P= P+ Py= 2P,
= Pport = g

V2ort _ V2
= n T o
V2
= szort = 7
e
Vport - =

V2

In general for a N-port splitter-combiner the voltage relation between the
sum port and any of the other ports is:

_ ‘/SUIH
ort \/N

It is important to take note of potential sources of loss (attenuation) in

Vb

making measurements. Some coaxial cable (e.g. RG-58) can exhibit up to
0.5 dB of loss. This amount of loss can lead to as much as a 10% error in
the power calculated from voltage measurements. Before undertaking any of
the measurements as outlined in the subsequent sections, it is important to
quantify the loss introduced by the cables used by using the manufacturer’s
specification and performing calibration measurements with the cables to be
used.

B.4 Measuring Directional Coupler Calibra-
tion Factor

It is possible to measure the output power from the radar transmitter by
means of measuring the voltage on the forward monitor port of the 1:2
splitter-combioner. The monitor ports are connected to a micro-strip di-
rectional coupler which is located along the sum port line on the 1:2 PCB as
can be seen in Figure 5.6. The directional coupler has a induced current flow
due to the current flowing along the sum-port line thus enabling us to deduce
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what the voltage is on the sum-port. In order to make use of these ports
we need to determine the associated calibration factor; i.e. just how much
of the power flowing through the sum port on the splitter is being sensed
by the micro-strip coupler. In the absence of having an appropriate network
analyser, we are able to determine this with the equipment listed above. The
calibration factor in dB is determined by using the following expression:

V.

Vi
where V; is the input signal voltage and V, is the voltage measured on the
monitor port.

B.4.1 Determining the Calibration Factor for Monitor
Port M1

This will be the forward port when the device is being used as a splitter and
the reflected port when used as a combiner.

1. Disconnect the 6:1 combiner from the sum port and connect the signal
generator to the sum port using a 7/16 N-type adapter.

2. Disconnect the 2 output/input ports on the 1:2 splitter and terminate
the ports with 502 dummy loads using the 7/16 DIN Male to female
N-type adapter and dummy load or equivalent BNC adapter and BNC
502 dummy load .

3. Terminate monitor port M2 on the 1:2 splitter with a N-type dummy
load or suitable equivalent.

4. Connect the vector volt meter or oscilloscope to the forward port.
When connecting the oscilloscope be sure to use either the 5082 in-
ternal termination on the oscilloscope (if available) or a T-piece with a
502 terminator on it.

5. Measure the voltage on port M1 and calculate the calibration factor of
the micro-strip coupler using the above equation.
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Oscilloscope
Signal Generator
N %

° [e}e]

Port 1]]:1 50Q Terminator
[ |SUM PORT
bt M% Port2]]:‘ 50Q Terminator
d

1:2 Splitter

Figure B.2: Setup diagram for measuring monitor port calibration when the
splitter combiner is used with a VTX system.

When the 1:2 is used in conjunction with the STX-II system, the flow
of current is in the opposite direction and hence we need to determine the

calibration factor for port M2. In this case the the test setup can be seen in
Figure B.3

Oscilloscope

VA‘ Signal Generator
A %

o) Q o

50Q Terminator Port 1

dff{sum PORT
1M1 Port 2]]:‘ 50Q Terminator
M2
1:2 Splitter

Figure B.3: Setup diagram for measuring monitor port calibration when the
splitter is used with a STX-II system.
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B.5 Determining the Losses Inside the Split-
ter and the Balance of the Output Power

In order to measure the loss in the 1:2 splitter, we can measure what the
output voltage is from each of the outputs and add them together. We can
then calculate the loss in dB using Equation (B.2). For a more accurate
approach we can use the Vector Voltmeter which provides both magnitude
and phase and then calculate the vector sum of both outputs which can then
be compared with the input reference signal.

Oscilloscope
h‘ Signal Generator
~ e
o]
PORT 1| ——
L [|SUMPORT
i PORT 2| F——
h

1:2 Splitter

Figure B.4: Setup diagram for measurements.
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B.6 ATRAD Software Power Slider Calibra-
tion

We want to determine what the physical correspondence between what the
software power slider indicates and what physically is transmitted to the
antenna. In order to do this we need to reconnect all the components back to
the original configuration for normal operation and connect the oscilloscope
up to the forward port (M1 for VIX or M2 for STX-II operation) of the 1:2
splitter. See Figure below.

1. Connect all the components up in the appropriate configuration as
indicated in Figure B.5 or Figure B.6.

2. Start the radar using the normal experiment parameters

3. Measure the forward voltage on the forward port of the 1:2 splitter with
the oscilloscope

4. Once an accurate measurement has been made stop the radar and cal-
culate the power being fed into the splitter using Equation (B.2).

5. Using the radar config software, setup an experimental sequence with
a series of experiments with same parameters but different Tx power
levels. For example, vary the Tx power percentage by 10% which will
give a series of experiments with Tx power levels ranging from 10% to
100% in 10% power level increments.

6. Run the experiment sequence to obtain a baseline for calibration.

B.7 McKinley Count Rate Curve Verification

The final stage involves operating the radar at the same power percentage
markers that were used in determining the base-line calibration in the pre-
vious section. The experimental sequence is required to be setup with the
radar configuration software. the procedure for setting up the experiment is
as follows:
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Oscilloscope

oo

PORT 1
SUM PORT

Forward PORT 2 Tx Antenna

1:2 Splitter

. VTX
Beam Stering

SUM PORT 6 Input;l Unit
6:1 Combiner

Figure B.5: Setup diagram for VTX system measurements.

s

Oscilloscope

PORT 1
SUM PORT

PORT 2 jL
Forward

1:2 Splitter

RF Drive

ST Tx Antennas

Figure B.6: Setup diagram for STX II-40 system measurements.

1. Determine what percentage power levels to run the experiment at.

2. Using a normal meteor observation experiment for the system in ques-
tion, use the “Edit As” feature from the the “File” drop down menu.
This way all the experimental parameters will be copied over for the

new experiment.

3. change the experiment name to Ezperiment name XXX and the ex-
periment tag to Experiment tag XXX where XXX is the percentage
power level the radar is being run at. Do this for all the power levels
required and then add them to the experimental sequence.
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4. Once this is complete, save the experiment sequence changes and then
select the experiment sequence containing the experiments from the
drop down menu and start the radar.

5. In the ATRAD analysis suite, select “Analysis Control” — “Met” —
“Configure”. Set the appropriate analysis channels etc and experiment
name and tags.

6. This will produce the required .met analysed data file to be used.

The radar is operated over say a 4 day period such that we can obtain a
more statistically accurate estimate for the count rates at each power level.
The daily count rate for each power level can be estimated by multiplying
the number of echoes in each of the daily analysed met files by the weighting
factor associated with the experiment. For example, if the radar was run at
25% power levels (i.e. 25%, 50%, 75%, 100%) then you would multiply the
counts for each of those analysed files by 4 which would give you the effective
daily count rate for running the radar at that power level. The standard
deviation of the data can be used as an estimate of the error bars. The
results can then be compared with the theoretical results generated with the
expression given in Equation (B.1). While the actual received power will not
be known with 100% accuracy, an average theoretical value can be used until
one can be directly measured.



Appendix C

Supplementary Winds Analysis
Results

C.1 Davis Meteor and MF Winds

Comparison

The following plots are supplementary results obtained during the course of
analysing winds from different locations.
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Figure C.1: Davis MF O-mode and 33.2 MHz meteor scatter plot comparison.
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Figure C.4: Davis 33.2 MHz and X mode scatter plot comparison summary.
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Figure C.7: Davis MF O-mode and X mode scatter plot comparison sum-
mary.



Appendix D

Supplementary Temperature
Analysis Results

The following plots are supplementary results obtained during the course of
analysing temperatures from different locations.
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