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ABSTRACT

Seabed logging (SBL) is an application of marine controlled source
electromagnetic (CSEM) method which is used to detect the location of oil reservoir.
A recently developed transmitter is using Horizontal Electric Dipole (HED)
transmitter based on electromagnetic (EM) surveying technique. The technique has
proven particularly useful for detecting thin and highly resistive layers of
hydrocarbon reservoirs. However, to detect the hydrocarbon reservoirs at very deep
seawater still remains a challenge. This project has come out with a new idea of
constructing twin curve antenna together with feeders which made from nickel zinc
ferrites to enhance the induced magnetic field. Aluminium is the best fit to this
project design since it has higher resistance corrosion, light, cheaper than copper and
also easy to fabricate. From the CST simulation, the shape of half ring antenna gives
greatest improvement on the amplification of EM wave as compared to the ring
shape. Later on, the investigation of the thickness and the curvature of the antenna
were observed. Three different diameters which is 0.38mm, 1.00mm and 10.00mm
were tested and the results showed that the aluminium rod at a diameter of 10.00mm
gives highest percentage of 12.79% improvement. The half ring shape gives better
result output with a slight increment of 16.80% as compared to the parabolic
curvature. The combination of magnetic feeders and the half ring antenna enhanced
the output of EM wave with 4 number of toroid gives the maximum amplification
signal of 7001%. Other method to amplify the input current signal is by using bridge
amplifier. Further improvement to the current design was done by combining two half
ring antennas with feeders and as mentioned earlier, it is called as twin curve antenna.
This antenna has been tested in a scaled tank filled with salt water and the

propagation of EM wave is improved at 388.53% comparing to the earlier design.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Seabed logging (SBL) is an application of the marine controlled source
electromagnetic (CSEM) method which is used to detect the location of the oil
reservoir. This method has been used for the past three decades and the application as
a direct hydrocarbon indicator was introduced for about five years ago [1]. The SBL
method is based on the idea of transmitting the signal from the transmitter which
located above the subsurface under the seawater and the wave will be guided along
the thin resistive layers within conductive sediments. The implication is that the EM
data have the potential to increase the detection rates by 50% or even more [2]. This
method includes broadcasting an EM signal from a horizontal electric dipole (HED)
transmitter and the response of it will be detected by the receivers which are located

on the seafloor.

Referring to Figure 1, the EM signal which comes from HED transmitter is
propagated along the seawater and it will penetrate through the subsurface until it
reaches the hydrocarbon reservoir. The electromagnetic signals can propagate from
the conductive regions to the resistive regions. Under this condition, the signal which
comes from conductive region, the seawater; will be guided horizontally along the
reservoir and reflected back to the seafloor. In a relatively thin and high resistivity
subsurface layer (~20-1000 Qm), EM energy propagates at a higher velocity but with
less attenuation as a guided wave and it is transmitted back to the receivers at the

seafloor [3]. As compared to the resistivity of the seawater which is only 0.25Qm its

makes contrast for about 400 scaled.



HED Transmitter

Resistivity Receiver

of
seawater
(0.25Qm)

Resistivity of
subsurface layer
(~20-1000 Qm)

Figure 1: Location of HED transmitter and the receivers based on SBL method [4]

The nearest detector will detect the reflected signal and gives response to the
data logger. The recorded data will be sent to the surface for further data analysis.
This is how the current technology is used to detect hydrocarbon reservoir. Drilling of

well which incurred cost and provide no guarantee can be avoided.



1.2 Problem Statement

1.2.1. Problem Identification

Seismic technology is currently developed to identify the existence, location
and extent of reservoirs in subterranean rock strata [5]. However, this technology is
unable to distinguish between the different possible compositions of pore fluids
within them and this has made the success rate of the exploration wells only about
10-30% [5,6]. Another technology recently developed is using HED transmitter based
on electromagnetic (EM) surveying technique and this method is able to distinguish
between water and hydrocarbon due to their high different in resistivity value.
However, to detect the hydrocarbon at very deep seawater still remains a challenge
and yet to find any solution. A transmitter that can boost up the EM signal up to
289% at 100m was previously designed and developed by using this technique [7].

Another great improvement based on the existing design is vital to this project.
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Objective and Scope of Study

The purpose of this project is to design powerful EM transmitter that can

produce higher magnitude of EM wave with magnetic feeders as secondary tools to

enhance the induced magnetic field. Upon completing the fabrication of the antenna,

simulation of design antenna will be done first to validate output result. Testing and

experimental work will be performed to demonstrate the capability of transmission

electromagnetic wave.

There are several objectives of this project;

L]

To develop a new design of EM transmitter by using CST software.

To validate the data simulation by producing a prototype together with
magnetic feeders.

To increase the input current signal by employing full bridge power amplifier.
To demonstrate MVO (Magnitude Versus Offset) studies in the scaled tank

with salt water.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 Literature review

2.1.1 Seabed logging

Seabed logging is an application of marine CSEM which are used to detect
and characterize hydrocarbon reservoirs in deep water areas. The basis of the
approach is the use of horizontal electric dipole (HED) source which generates ultra
low frequency (~1071-5Hz) but powerful electromagnetic (EM) signals which being
towed approximately 30-40 m above the seabed [3]. The dipole emits a low
frequency signal into the surrounding media, and the signal is then be recorded by

stationary seafloor receivers having both magnetic and electric dipole antennas [8].

The transmitting energy which comes from very low frequency sources tends
to attenuate in seawater along with seafloor sediments saturated with conductive
saline water. Therefore, it is not that efficient to transmit the signal at very high
range of deep water. The rate of decay in amplitude of the electromagnetic energy is
controlled by geometric and by skin depth effect. Because in general the seabed is

more resistive than seawater, skin depths in the seabed are longer.

Overview by T. Eidesmo et al. [5] described that the effect of the reservoir on
the survey results will depend strongly on the direction of flow of the currents
generated by the transmitter or the direction of the electrical fields. When the
electromagnetic energy is transmitted, the magnetic field will be polarized

transversely to the resistive hydrocarbon layer and this is known as transverse

magnetic mode, TM mode.



In the TM mode, the magnetic field enters the resistive hydrocarbon layer
under a critical angle and propagates along the layer [5]. Due to lower conductivity
sediments of the layer, the electrical field will be attenuated less and be guided along
the layer. The EM energy which constantly propagates along the reservoir will be
back to the seafloor. This guiding of electric field will give the overall performance of

the hydrocarbon structure.

2.1.2 Magnetic feeders

Overview from F.N. Kong and H.Westerdahl in their paper of excitation of
long wire antenna state that the magnetic feeder constructed by a toroid coil on a
ferrite ring can generate strong magnetic field [9]. The power delivered to the ferrite
core generates the magnetic flux inside it. When a metal cylinder of conductor is
inserted at the middle of the ferrite core, the energy of the magnetic flux will transfer
into the current flowing along the antenna conductor. At high frequency the core loss
becomes high, which leads to a low efficiency but wide bandwidth of antenna is
produced. At this paper, an experiment was conducted where the efficiency of ferrite
core in feeding long wire antennas by using only two ferrite rings is to be observed.
From the result, it is proved that the utilization of magnetic feeder can enhance the

magnetic field of the dipole antenna.

Another view is that they applied low electromagnetic wave frequencies to
detect hydrocarbon layer inside seabed and the typical frequency is 0.1-5Hz. It is
shown that higher permeability ferrite material is one of the vital properties in making
antennas working at that lower frequency range. One of the advantages of using
magnetic feeder is that there is no physical contact between the feeder and the wire in
which they can place the feeder at an optimum location to achieve best impedance

matching.



2.1.3 Square wave current waveform

Square wave is frequently used as the transmitter waveform in marine
controlled-source electromagnetic or in seabed logging [10]. This type of waveform
is easy to generate and it has the advantage of transferring maximum energy to the
subsurface of seawater due to the transmitter current is running at its peak amplitude
at all times. For a half period of time switching, the electric dipole transmitter is
running at maximum current at one polarity. The frequency domain current
amplitudes of the square wave are proportional to the inverse of the frequency.
Therefore, the current amplitudes are reduced with increased frequency and at the

same time the electromagnetic field is easily to absorb when the frequency is higher.

2.2 Theory

2.2.1 Electromagnetic (EM) waves

—

B

Figure 2 : Propagation of electromagnetic wave [11]

Electromagnetic waves are transverse wave that have some electrical and
magnetic properties. It consists of electrical field and magnetic field which are
perpendicularly to each other as per illustrated in Figure 2. Maxwell's law of
electromagnetism state that a changing electric field will generate a magnetic field,

and thus changing magnetic field will induce an electric field [12].



2.2.2 Biot Savart Law

The Biot-Savart law is an equation in electromagnetism that describes the
magnetic field B generated by an electric current [11]. The magnetic field B is
directly proportional to the current flowing along the material and a distance between
the antenna and the receiver also affects the magnitude of the magnetic field. Based

on Biot Savart law, the magnetic field B is given in the following equation:

o
B=2“ﬂR [11]

where R is the distance between the antenna and the point in space and po is the
permeability of free space which gives a value of 4n x 1077 A/m. Also, we can
observe the direction of the magnetic field which can be determined based on the

right hand rule as per shown in Figure 3:

Figure 3: An electric current produces a magnetic field [13]

2.2.3 Ampere’s Law

Ampere's Law states that for any closed loop path, the sum of the length
elements times the magnetic field in the direction of the length element is equal to the
permeability times the electric current enclosed in the loop [10]. The current flowing
under the material is directly proportional to the integral magnetic field.

f B-df = PUIcnc
c [11]
where, f( is the closed line integral around the closed curve C and /fenc is the net

free current that penetrates through the surface S.



2.2.4 Electrical Properties of Material

There are three main electromagnetic constitutive parameters of a material
medium. They are; electrical permittivity & magnetic permeability p, and
conductivity o. The conductivity of a material is a measure of how easily electrons
can travel through the material under the influence of an external electric field [11].
Based on the table shown below, silver shows the highest value of conductivity
followed by copper and aluminium. Even though it has higher conductivity, it is still
quite expensive as compared to the copper and aluminium. Therefore in our

application we will consider only these two materials which are easily available in the
lab.

Table 1: Conductivity of some common materials at 20°C [11]

MATERIAL CONDUCTIVITY, o (S/m)
Silver 6.2x 107
Copper 5.8x 107
Gold 4.1x10’
Aluminium 3.5x 107
Iron 10’
Mercury 10°
Carbon 3x 10

2.2.5 Interference of waves

Interference will occur when two or more waves that come from the same
sources and same frequency coherently to each other. The waves will be combined
together depending on resultant displacement at a point is equal to the vector sum of
the displacements of different waves at that point [14]. When the waves are in phase
with each other, the constructive interference will occur and the resultant amplitude is
twice as large as the amplitude of an individual wave. While destructive interference

occurs when waves come together in such a way that they completely cancel each

other.



@ = Maximum

@ = Minimum

Figure 4: Two point source interference pattern [15]

2.2.6  Skin Depth

The skin depth is very important in hydrocarbon exploration. Skin depth can
be defined as the depth of electromagnetic wave that can penetrate below the surface
of the conductor (seawater) at which the current density decays for about 0.37 factor

given by:

5= |2 [16]

[0

where p is the magnetic permeability of conductor, ® is the angular frequency of
current and o is the electrical conductivity of the metal. From the formula shows
above, the skin depth varies with the square root of the wavelength. Hence, in order
to increase the skin depth, the wavelength should be higher and the frequency used to
transmit the EM wave should be lower [17].

10



CHAPTER 3
METHODOLOGY

3.1 Project Flow Chart

v

Literature review

A

Simulation design using CST software

Y

Preliminary experiment and data analysis of
the result obtained

v

Fabrication of prototype design

Testing of the

prototype design
Satisfy?

Final experiment in a scaled tank

h 4

Validation of the prototype design

A
End of Final Year Project (FYP) 2

Figure 5: Flow chart of the project
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There are several steps involved upon completing this project which can be

divided into five main parts.

e Research and literature review

e Simulation design using CST software
e Preliminary experiments in the lab

e Fabrication prototype design

e Testing prototype design in a scaled tank

The first part of this project is devoted to literature survey. The topics include
Sea Bed Logging (SBL), electromagnetic concept, magnetic feeder enhancement and
some other relevant theories together with the current technology used in
hydrocarbon exploration are critically reviewed. This is essential to get an overview
of the project before running the simulation. The fundamental of electromagnetic
wave is very important in order to apply to this project so that any problem facing

later on can be encountered easily.

After completing the research studies, the next step is to simulate the antenna
design by using CST software. This is an initial stage to develop the antenna design
which includes verification on the material selection and also the shape of the antenna
that can affect the simulation results. Details of this design will be explained under

the results and discussions.

From the simulation result, the best shape of the antenna design will be
chosen to continue with the lab experiment. This lab experiment is aimed to select the
best antenna design that gives powerful enhancement of EM wave. By employing the
magnetic feeders to the antenna, the resultant output is boosted up several times that
gives higher amplification. After that, the fabrication of the antenna will be performed

before proceed to the next stage of the project.

The final stage of this project is by testing the antenna’s capability in placing
them in a large tank surrounding by salt water. This condition is to provide a

conductive medium for the EM wave to propagate more effectively as compared in

the air.

12



3.2 Technical design

3.2.1 Computer Simulation Technology (CST) Software

CST EM studio is the most suitable software that can be used to create the
first prototype design. It enables full 3-dimension simulation in a wide application
range that can be used to simulate various design of the antenna. Various shapes of
transmitter design can be created to observe the output results. The results of EM
wave can be presented in a form of electrical field, magnetic field, electric flux
density and also magnetic field intensity. Therefore, a data analysis can be made in

order to select the best design of the antenna.

Various applications in this software can be found which includes actuators,
brakes, generators, motors, sensors, switches, and also shielding effect. It provides
both orthogonal and tetrahedral meshing in one 3D EM simulator and also three types
of solver that can be used in running the simulation which includes electrostatic
solver, magnetostatic solver and also full wave solver. The solver which depends on

the needs of different sources and the materials must be chosen correctly.

3.2.2 Tools and equipments of the experiment

3.2.2.1 Transmitter

The purpose of a transmitting antenna is to generate a useful electromagnetic
field at a distance [18]. A transmitter can be made from many types of conductor. In
this project, the material of the antenna is aluminum since it provides higher
propagation of EM wave, light, and can withstand to the corrosion and also easy to

fabricate. It is functioning to transmit the electromagnetic wave.

3.2.2.2 Function generator

The function generator of brand model Instek GFG-8250A is used to generate
EM wave and the minimal frequency of 1kHz is selected to ensure that the waveform
can be transmitted in a long range. Besides that, at frequencies of 1 kHz, the power
loss in the internal resistance of the conductor is negligible and all power is either

radiated or transferred to the terminations without loss [18].
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The maximum rating of SMHz is applied if the main concern is to supply
higher concentrating EM wave. Without function generator, there is no power supply
to the antenna and the EM wave cannot be produced. The output signal can be varied
up to the maximum amplitude of 20V peak-to-peak. As per mentioned earlier in the
literature review, the square wave transferred the maximum energy to the subsurface

of seawater since it is running at the peak amplitude at all times [10].

Figure 6 : Instek GFG-8250A Function Generator SMHz

3.2.2.3 Decaport data acquisition system

The function of the receiver is to detect the received signal and transfer the
waveform to the data logger. The same concept is applied to this leading technology
system where the magnetic field produced from EM wave can be sensed by fluxgate
magnetic field sensor of brand model Mag-03MSS100. This sensor is then connected
to the decaport data acquisition system (DAS) Model NI PXI-1042 for the

configuration purposes. The fluxgate can detect EM wave in three different

directions which are Hx, Hy and Hz.

Figure 7: Decaport data acquisition system
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 CST Simulation

4.1.1 Simulation 1

The first simulation was to compare the strength of EM wave between copper
rod and aluminium rod. From the Table 1, copper material gives higher value of
conductivity than aluminium. It can be defined that the more conductive of the
material, the easiest electrons to flow and they can emits the EM wave easily. This
can be proven by running the simulation in both condition of material. Below is the

setup parameter of the antenna and the simulation result is shown at Table 3.

Table 2: Setup for the antenna in CST EM studio

SPECIFICATIONS DETAILS
Frequency 1kHz
Supply voltage 20V
Diameter (dipole) 0.4mm
Length 50mm
Material(s) Coppper and aluminium
Shape Rod
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Table 3: Result for simulation 1

TYPES OF D-field E-field B-field H-field
MATERIAL (C/m?) (V/m) (Vs/m?) (A/m)
Aluminium 6.28x 107 [7.089x 107 ] 9.74x 107 | 0.7754
Copper 9.06 x 107 0.1023 | 2.11x10° | 1.67846
Comparison between copper and aluminium
2.50000E+04
2.00000E+04
1.50000E+04 =@ Copper
1.00000E+04 =g Aluminium
5.00000E+03
0.00000E+00
D-field E-field B-field H-field
(C/m2) (V/m) (Vs/m2) (A/m)

Figure 11: Graph of comparison between copper and aluminium rod

From the result recorded, copper rod gives higher value for D-field, E-field,
B-field and H-field. Moreover, by observing the simulation result of Figure 9 (c¢) and
Figure 10 (c), it is clearly seen that the alignment of magnetic field is greater at the
copper rod. Electromagnetic wave consists of magnetic field and electric field. The
contribution of electric field is higher than magnetic field based on the result obtained
where the generated output is amplified at 44.31%. Even though the copper rod can
generate electromagnetic wave slightly higher than aluminium, other factors need to
be taken into consideration such as the cost, and also the ability to withstand able to
the corrosion under the seawater at high pressure and high temperature condition. A
copper rod is initially being processed from the continuous casting system yield lower
tensile strength and lower hardness [20]. Therefore, it can be concluded that
aluminium is the best fit to this project design since it has higher resistance corrosion,

light, cheaper than copper and also easy to fabricate.
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4.1.2 Simulation 2

For the next approach, we want to observe the effect of the voltage source
over the electrical field, magnetic field, electric flux density and also magnetic field
intensity. We fixed the length of the antenna at 1m and also the diameter at 0.005m.

Below is the setup for the antenna used in our simulation and the results of the

experiment:

Table 4: Setup of the antenna

SPECIFICATION DETAILS
Types of material Aluminium
Shape Cylinder
Diameter (meter) 0.0l m
Length (meter) Im

Electrical conductivity

3.50 x 107 S/m

Type E-Field (pean)
1

Froquemcy 1
Phace  degrees

Heminum 34 759400 Ufm ot S8.8308 J 8/ 8

Frequency 1kHz
Boundary condition Magnetostatic
E-Field [1]

Figure 12: Simulation result of electric field
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Figure 13: Simulation result of electric flux density
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Table 5: Result for Simulation 2

O.uus
0.007
0.006
0.0Us
0.004
0.003
0.002
0.001

0

o} 5

10 15

Magnetic field vs. input power supply

E source
(V)

20 25

Voltage
5V 10V 15V 20V
Source
E-Field
1297.42 2594.83 3892.25 5189.66
(V/m)
B-Field (T) | 1.77628 x 10~ | 3.55256 x 10™ | 5.32885x 10 | 7.10513 x 10™
D-Field : : . "
1.14876 x 10 | 2.2975x 10 | 3.44627x10® | 4.59503 x 10
(C/m?)
H-Field
1413.52 2827.04 4240.56 5654.08
(A/m)
B-field (T)

Figure 14 : Magnetic field over voltage source

Based on the table 5 and from the graph shown above, we can see a

relationship between the voltage source supplied to the conductor rod is directly
proportional to the E-field, B-field, D-field and H-field. The magnetic field is
amplified at 300.00% from 5V to 20V. Thus, a conclusion that can be made is that the

higher value of voltage source supplied to the antenna, yields higher output of

transmission of electromagnetic waves.
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4.1.3 Simulation 3

The relationship between the length of the antenna over the electric field and
magnetic field was investigated in this simulation. The length of the antenna is one
the main factor that affects the performance of the transmitting signal from the
transmitter to the receiver. The current source supplied to the antenna is fixed to the

20A and other specifications are shown at Table 6:

Table 6: Setup for the 3" simulation

SPECIFICATION DETAILS
Types of material Aluminium rod
Frequency 1kHz
Diameter 0.9mm

Length of variation (cm) 50, 70,90,110,130,150,170,190,210

Boundary condition Magnetostatic

Table 7: Result for simulation 3

Length (cm) | Electric field | Magnetic field
(V/m) (T)
50 1.545 x 107 2.05x 10"
70 2.072x 107 3.17x 107
90 2.585x 107 473x 107
110 3.07x 107 6.04x 1077
130 3.545x 107 8.02x 10"
150 3.996 x 10 9.71x 10"
170 4.438x 10° 1.20x 10™
190 4.863x 107 145x10™
210 5.266 x 107 1.65x 10™
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E-field vs. length of Aluminium
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0.005
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Figure 15: Graph of electric field vs length of aluminium

From the result, as we increased the length of the aluminium rod, the value of
the electric field and also the magnetic field is increased. We can use equation [11] to
calculate and validate Table 7 results. The magnetic field in space is proportional to
the electric current along with the sum of the length elements. We can prove that the

signal is strengthen when we increase the length of the antenna by 240.84%.

4.1.4 Simulation 4

From the simulation 3, as we increased the length of the antenna, higher
electric field and magnetic field is produced which yield greater result output. Thus,
for this simulation, 200cm is to be chosen for the length of the antenna. The variation
of configuration will be investigated and the antenna is designed to the three different

shape; straight, ring, and half ring.
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Table 8: Setup for the 4™ simulation

SPECIFICATIONS

DETAILS

Material

Aluminium

Diameter (Rod)

0.9mm

Length

200cm

Outer Diameter (Ring)

64cm

Inner Diameter (Ring)

63.1cm

Outer Diameter (Half ring)

127cm

Inner Diameter (Half ring)

126.1cm

Below is the simulation result for three different configurations:
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Figure 16: E-field and B-field for three different configurations

22




Table 9: Simulation result for the 4™ simulation

SHAPE OF
E-field (V/m) B-field (Vs/m?)
TRANSMITTER
Straight 4.86283 x 107 1.45x 10
Ring 1.364 x 10~ 3.16x 107
Half ring 0.15401 1.36x 107

Comparison between straight, ring and half ring

0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02 |

ol S

Straight Ring Half ring

® E-field (V/m)
m B-field (Vs/m2)

Figure 17: Result for three different configurations for simulation 4

From the result, we can conclude that the half ring antenna gave the greatest
improvement on the amplification of electromagnetic wave. The signal is amplified at
3067% as compared to the straight shape and 1029% to the ring shape. This can be
explained where the shape of the ring antenna gives greatest cancellation of magnetic
field as the signal is outward to each other. While for the half ring antenna, the strong
signals can be observed due to the higher concentration of electric field at the center
of the antenna. This shows that the signal for the half ring antenna is more stable and
capable enough to transmit strong electromagnetic wave and thus can be chosen for

the best design antenna.
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4.2 Preliminary Experiments

4.2.1 Experiment 1: Curvature of the EM transmitter

It should be recalled that the half ring transmitter had resulted to the highest
magnification of the EM waves. This work promise deals with studying the effect of
curvature on the magnification of the EM waves. With the same shape of antenna but
different angle of curvature, this experiment is focusing on the total flux density that
can be detected at receiver. A comparison between half ring and parabolic (curve)

antenna is to be tested in this experiment.

Table 10: Setup of the experiment 1

SPECIFICATIONS DETAILS
Model of function generator | Instek GFG-8250 A
Input waveform Square wave
Transmitter Aluminium rod
Detector Bartington (Mag-03MSS100 sensor)
Length 0.974m
Diameter rod 0.009m

(b) Rod 2 (parabolic)

Figure 18: Two different curvatures of the antennas
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The results are shown at Table 11 and represented in bar chart to see the
comparison between the two rods. It should be noted that the length of the rod was

kept constant and the voltage was fixed to 20V peak-to-peak.

Table 11: Result for experiment 1

TYPES OF ROD MAGNETIC FIELD (T)
Rod 1 (half ring) 7.23Ex 107
Rod 2 (parabolic) 6.19x 10™

B-field (T)

/.40E-08
7.20E-08
7.00E-08
6.80E-08
6.60L-08
6.40E-08
6.20E-C8
6.00E-08
5.80E-08
5.60E-08

Comparison between half ring and parabolic shape

Rod 1 (half ring) Rod 2 (parabolic)

Figure 19: Bar chart for two types of rod with maximum magnetic field

From the bar chart, half ring produced higher magnetic field intensity with an
increment of 16.80% as compared to the parabolic rod. This is due to the higher
concentrating of magnetic field which produced from the center of the antenna. A
wide curvature of parabolic antenna give affects to the transmitting electromagnetic
wave since the signal propagation from one end to another end of the antenna is

longer thus weaken the signal once it is arrived at the end point of the conductor.
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4.2.2 Experiment 2: Effect of Diameter/Cross Section of EM transmitter to the
B-field

The objective of this experiment is to investigate the significance of different
thickness of aluminum which is varied to 0.38 mm, 1.00 mm, and 10.0 mm. We fixed
the diameter of the half ring antenna at 620 mm and the length gives 974 mm after
calculation. The supply voltage is 20V peak-to-peak with running frequency at 1 kHz.

Table 12 shows the diagram for different thickness of aluminium.

Table 12: Different thickness of aluminium
DIAGRAM THICKNESS

0.38mm

1.00mm

10.00mm

Table 13: Result for experiment 2

DIAMETER ROD (mm) B-field (T)
0.38 6.41x 10"
1.00 6.69x 107
10.00 7.23x 10
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Comparison of three different diameter between
aluminium rod and wires

7.40E-08

= 7.20E-08

° 7.00E-08

tf‘:__’ 6.80E-08 S

@  6.60E-08
6.40E-08 Cross
6.20E-08 i sectlon
6.00E-08

0.38

Figure 20: Bar chart for three types of different cross section

Based on the result obtained, the aluminium rod gives highest value of B-field
with percentage of 12.79% as compared to the aluminium wire. We can see that there
is no much difference of output result since aluminium wire has greater purity of
conductivity that can produce higher EM wave as well. However, the thickness of the
rod still affects the output result. The greater thickness of aluminium rod gives a
medium for electrons to flow easily thus producing higher magnetic field. Below is
an illustration shows different cross section between them to shows a clear picture on

how the cross section affects the results.

10.00mm

—::@ 0.38mm

Figure 21: Illustration for different cross section of aluminium rod and wires
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4.2.3 [Experiment 3: Effect of magnetic feeders to the strength of magnetic field

In this experiment, we have two objectives to be implemented. The first
objective is to observe the effectiveness of using magnetic feeders with a half ring
antenna. The maximum number of magnetic feeders used in this experiment is five
and it is placed equally divided over the length of the antenna. Secondly, we want to

observe the magnitude of EM wave detected by fluxgate over the distance.

Table 14: Setup of the experiment 3

SPECIFICATIONS DETAILS
Type of material Aluminium
Length of material 974mm
Diameter of rod 10.0 mm
Diameter of half ring 620.0 mm
Types of magnetic feeder Nickel Zinc Ferrites (20 winding)

Figure 23: Setup diagram of the experiment 3
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Figure 24: Nickel Zinc Ferrites with copper windings as magnetic feeder

Table 15: Requirements of magnetic feeders

SPECIFICATIONS DETAILS
Code D28
Material Nickel Zinc Ferrites
Shape Toroid
Inner diameter 0.0195m
Outer diameter 0.0370m
Height 0.0200m
Number of copper winding 20
Diameter of copper winding 0.0008m

Nickel zinc ferrite is one of the ferromagnetic materials which exhibit strong
magnetic properties due to the fact that their magnetic moments tend to align readily
along the direction of an external magnetic field [11]. When an alternating current is
supplied to the copper windings, the copper windings will excite the feeders. The
feeders which made from the nickel zinc ferrites will be induced once the current is
flowing along the circulating winding. According to the Maxwell’s Law, an
electromagnetic radiation is consists of a magnetic field and electric field which are
perpendicularly to each other. Therefore, the perpendicular electric field will be at the
centre of the toroid thus amplifying the output of magnetic field which is already

exists at the aluminium rod.
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Below are the graphs plotted after obtaining the results for each number of

toroid and Figure 26 is shown combining graph into one plotted axis.

Magnetic field (T) Magnetic field (T)
5.00E-09 9 00E-09
4.00E-09 8.00E-09
' 7.00E-09
3.00E-09 6.00E-09
5.00E-09
2.00E-09 4.00E-09
- 3.00E-09
1.00E-09 o) spiizls '
1.00E-24 SSTanoe 1.00E-09 Distance
(x10* 0.00E+00 (x10?
LO0E09 0 20 40 60 80 100 mm) mm)
0.00 20.00 40.00 60.00 80.00 100.00
(a) No toroid (b) 1 toroid
Magnetic field (T) Magnetic field (T)
1.80E-08 4.5E-08
1.60E-08 4508
1.40E-08 3.5E-08
1.20E-08 3E-08
1.00E-08 2.5E-08
8.00E-09 2E-08
6.00E-09 1.5E-08
4.00E-09 = 1E-08
2.00E-09 istance SE-09 .
0.00E+00 (x10? 0 Distance
m) (x10?
0,00 20.00 40.00 60.00 80.00 IOO.Odrl 0 20 40 60 80 100 mm)
(c) 2 toroid (d) 3 toroid
Magnetic field (T)
Magnetic field (T)
1.00E-07 9E-08
9 00E-08 SE-08
8.00E-08 7E-08
7.00[7:-08 G6E-08
5 00E.08 E
4.00E-08 4E-08
3.00E-08 3E-08
2.00E-08 , 2E-08 .
1.00E-08 Distance IE-08 Distance
0.00E+00 (x10? 0 (x10?
mm ) mm )
0.00 20.00 40.00 60.00 80.00 100.00 0 20 40 60 80 100
(e) 4 toroid (f) 5 toroid

Figure 25: MVO of magnetic field over a distance
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The effect of total number of magnetic feeder(s)

Magnetic to the output

field (T)

1.00E-07

7ORE-00 Storoid
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Figure 26: Magnitude versus offset for observation of curve transmitter

From the results obtained, we can see that the magnetic feeders can enhance
the magnetic field of the antenna. It is proven that the utilization of magnetic feeders
can generate strong magnetic field with 4 number of toroid gives the maximum
amplification signal of 701%. Current in the coil windings induced higher magnetic
field which produced from the feeders causing the detected signal to increase. By
placing the detector away from the antenna, the magnitude of EM wave is decreasing
and shows larger attenuation. In a real application, as the signal is transmitted over
the seawater, the received signal contains three parts: the received signal due to the
direct wave, which is the same as the signal received at the seabed case, the reflected
wave, and the refracted wave. Since the reflected wave travels a longer distance in a
seabed, a high attenuation occurs; the reflected signal is always weaker than the direct
wave [21]. It is worth to note that using 5 magnetic feeders had resulted in a fall of
the B-field. This is due to the fact that when more current is injected in the twin

dipole, the resistance will increase and this had resulted in the fall of E-field and
B-field due to Maxwell law [11].
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42.4 Experiment 4: Design and Development of Power Bridge Amplifier

This experiment is mainly to focused on the amplification current output
generated by the power amplifier circuit which has been modified from the audio
amplifier circuit. Power booster amplifiers can be easily designed using this device
that provides a high current capability up to 3.5A and drive very low resistance loads
obtaining an output power of more than 20W based on the bridge configuration. From
the circuit, the TDA2005 needs a very low number of external components and has a
very simple mounting system with no electrical isolation between the package and the

heatsink which can be seen at Figure 27.

r

Heat sink

Figure 28: Setup of the experiment 4
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The complete circuit diagram of the amplifier is designed by using P-Spice
schematic. We have two terminals input; 12VDC input supply to power up the
internal circuit and the signal input from the function generator to feed in
electromagnetic wave to the antenna. The output of power amplifier circuit is then

connected directly to the transmitter from the signal output as shown in figure below:

RS
o 4 M
12V DC
*) l J_
:[ C1 I c7
c4
SIGNAL C8 1 s - 1 /|
mp% — >
- . o
10 J_C )
T ' OPAMP i 2
2 c10
Ik . SIGNAL
TDA 2005 R1 QUIPLE
C6 C5 RE
— F— % T e—— = "
P . + )
: 5 il
OPAMP c3
c9
4 |
1L}
6
R7 R2
)
m

Figure 29: Circuit diagram of 20W power bridge amplifier

Below is the value for each resistor and capacitor used in this circuit:

R1=R2=1Q, R3=2KQ, R4=1KQ, R5=100KQ, R6=R7=12Q, Cl1=C2=C3=104
C4=C5=100pF, C6=2.2 uF, C7=10 pF, C8=2.2 puF, C9=C10=220 uF, IC=TDA 2005
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Table 16: Results for experiment 4

CONFIGURATION B-field (T)
Without amplifier 72x10%
With amplifier 2.32x 107

From the result, the data is transferred into a bar chart to see a major difference

between the two configurations. See Figure 30.

B-field (T) Significance of amplifier over output magnetic field

2.50C-07

2.00£-07

1.50£-07

1.00E-07

=y -
0.00E+00

Without amplifier Withamplifier

Figure 30: A comparison between two configurations of the antenna

We can see that the output signal is amplified at 220.89% when the bridge
amplifier has been used to increase the output current thus increasing the output
signal. It is proven successfully with the utilization of power bridge amplifier as one
of the method to generate higher output waveform instead of combining magnetic
feeders together with the antenna. This result implied with the simulation 2 which
reported that as we increased the input power supply, the amplitude of magnetic field
would be higher. In our case, other method is applied to generate higher input current
since the input sources which is function generator has a minimum capability to

produce higher amplitude input current signal.
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4.2.5 Experiment 5: Effect of Different Position Detector

The next experiment is to determine the focus point of detector that gives an
optimum output electromagnetic wave transmitted from the antenna. There are two
configurations in placing the detector; zero displacement which is equivalent to the
‘r’ distance and double position from the first one which is equivalent to the ‘2r’
distance. An illustration to this setup experiment is shown at figure below. For the
first configuration, we placed the detector at three different configurations to detect

highest possible value of magnetic field generated from the curve antenna.

Antenna 7
Antenna 2r
S Detector
Detector
Figure 31: Detector at ‘r’ distance Figure 32: Detector at ‘2r’ distance

Table 17 is shown the configuration of the setup experiment:
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Table 17: Result of configuration 1 with an illustration of setup diagram

CONFIGURATION SETUP DIAGRAM B-FIELD (T)
DETECTED
Antenna
Series 1 n\ ; 2.51x 107
Detector
Antenna
Series 2 1.09 x 107
_ D=31cm '
Detector
Antenna
2.50x 107
Series 3 _| D=62cm
Detector
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B-field (T) Detection of magnetic field across diameter of the

antenna at different positions
3.00ct-07

2.50C-07
2.00E-07
1.50C-07
1.00C-07
5.00C-08

Diameter
0.00CL+00

(cm)
0 20 40 60

Figure 33: Result of configuration 1 for experiment 5

From the result, we can see that a minimum value of B-field is achieved when
the detector is placed at the center of the curve antenna. We fed the injected current at
both end of the antenna. Hence, there is more flux density and higher concentrating of
the magnetic field at both ends as per shown in Figure 34 which gives an
amplification signal of 31.58% as compared to the center position. All of these results

were observed when we placed the detector next to the antenna.

H

i\

Figure 34: Pattern of magnetic field of curve antenna

The results for configuration 2 are tabulated in Table 18.
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Table 18: Result of configuration 2 with an illustration of setup diagram

CONFIGURATION

SETUP DIAGRAM

B-FIELD (T)
DETECTED

Series 1

m Antenna
2r

D=0cm

r Detector

2.51x10%

Series 2

m Antenna
I 2r

D=7.75¢cm
<>

t Detector

293x 10

Series 3

m Antenna
2r

D=15.50cm |

—
r Detector

3.74x 10

Series 4

m Antenna
| 2r

D=23.25cm
Gt

Detector

424x 10




Series 5

/ ﬁ\x Antenna
. | 2r

D=31.00cm |
44—

Detector

436x 10

Series 6

F\— Antenna
-
‘ 2r

D=38.75cm

Detector

424x 10

Series 7

m Antenna
! 2r h

D=46.50cm

Detector

3.74x 10®

Series 8

m Antenna
‘ 2r

D=54.25cm
——p

Detector

2.93x 10
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Antenna

Series 9 | 2r

2.51x 10*
D=62.00cm
Detector
B-field (T) Detection of magnetic field across diameter of the antenna
5.00C-08 at different positions
4.50L-08 . * -
4.00C-08 < A =
3.50L-08
3.00£-08 * >
2.50C-08 & PY
2.00C-08 Bmax
1.50C-08
1.00E-08
5.00£-09 Diameter
0.00E+100 b
O & ) “ O \e) O “ Q
S A 9 v S e 9 ¥ a9

Figure 35: Result of configuration 2 for experiment 5

From the plotted graph, we can see that the focus point that gives higher
concentration of magnetic flux density that gives amplification of 73.71%
improvement is positioning at the center of half ring antenna. However, the output
signal has been reduced when the detector is placed at both end of the curve antenna.
This result is inversed from previous result where the output of magnetic field is
lowered at the center of curve antenna. As we increased the position between the
detector and the transmitter, we can eventually see a major impact on the cancellation
of EM wave from both end of the curve antenna. Thus, this result is validated with

respect to the simulation result of Simulation 3.
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4.2.6 Experiment 6: Effect of solenoid to the output magnetic field

This experiment is intended to improve a current design of the antenna. An
inductor can store magnetic energy in the volume comprising the inductors. A typical
example of an inductor is a coil consisting of multiple turns of wire wound in a

helical geometry around a cylindrical core, as shown in Figure 36.

Figure 36: Magnetic field lines of a loosely wound solenoid [11]

This form of winding is represented as a loosely wound solenoid. By using
this concept, we construct the antenna with a solenoid of copper wire to induce higher
magnetic flux density. We make a comparison between curve antenna with windings
and also twin curve antenna with two set of windings. An illustration to the setup of

this experiment is demonstrated at Figure 37 and Figure 38.

Figure 37: A curve antenna with windings Figure 38: Twin curve antenna with two
set of windings

4]



40 turns of winding
for each segment
FUNCTION
GENERATOR 1
(f1)
) Top view
FUNCTION
GENERATOR 2
(f2)

Figure 39: Setup of the experiment 6

For the twin curve antenna, the design is originated from the two curves of
half ring aluminium rods which is centered at the middle and also combined to form
3-dimension of hemisphere shape as shown in Figure 40. We fixed the number of
windings at 40 turns for each segment of half-curve antenna with a constant
separation between them. The power source of the antenna must be limited to the
external supply only which is to the windings. As a result, the current will not be
flowing along the conductor. If a current is flowing directly to the conductor, it will

circulate within the same point of the antenna which can caused a short circuit.

=

Figure 40: Twin curve aluminium rod  Figure 41: Front view of twin curve antenna
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Table 19: Result of the experiment 6

CONFIGURATION MAGNETIC FIELD (T)
1 curve antenna + winding 9.83x10®
Twin curve antenna + 2 windings 1.93 x 107

B-field T) Detection of magnetic field at 2 different configurations
2.50E-07
2.00E-07
1.50C-07

1.00C-07

5.00C-08

0.00€100

1curve antenna + winding Twincurve antenna 4 2 windings

Figure 42: Bar chart for two different configurations

From the result, if we make a comparison between the curve antenna without
winding and the curve antenna with a winding, we can see that the signal is amplified
with an increment signal of 125.46%. This amplification is higher with the twin curve
antenna which gives greatest result output with percentage increment of 96.34% as
compared to the curve antenna with windings and 342.66% with a comparison to the

previous design antenna, which is the curve antenna without windings.
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4.2.7 Experiment 7: Prototype design testing in scaled tank filled with salt

water

The goal of this experiment is to testing the final prototype design in salt
water. The experimental setup consisted of a large water tank is shown in Figure 45.
The tank had a surface area of 1.82 m by 0.91 m and depth of 0.61 m. A conductive
environment was created by filling the entire tank with saltwater. A resistivity of
1.18Qm is measured by using the resistivity meter. The twin curve antenna was used
as source and the inline configuration were used to allocate the source and the
receiver where basically the separation distance between them is parallel to the

distance of the antenna [22].

Sample of salt
water

0.61m

Figure 44: Scaled tank filled with saltwater



The antenna was clinging to the upper part of the trolley and it will be moved
together with the trolley along the side of the tank. As mentioned in literature review,
the detector is positioned at the seafloor. Hence, to simulate the SBL application, we

placed the detector on the floor of the tank.

Figure 45: Setup of the experiment 7

MVO in salt water with antenna design '

2.50E-07
E
o 2.00E-07
&J g without
=  1.50E-07 feeder
E:: ==fll==with 4
g 1.00E-07 toroids
5.00E-08
0.00E+00 Distance
(cm)

0 20 40 60 80 100 120 140 160 180

Figure 46: Result of the experiment 7

From the graph plotted above, it shows that the magnetic field as a function of
source receiver offset. The red color curve shows that the magnetic field response to
the toroids inserted into the antenna and some distortion were observed at the output
waveform. This is due to the hysteresis where difficulty of aligning the magnetic
domains in the toroids. The antenna has some limitation of receiving input current

signal where the size of the antenna must be parallel with the wavelength being
transmitted.
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Below is the table of summary for result prototype design:

Table 20: Summary of the prototype design

CONFIGURATION DETAILS IMPROVEMENT
Curve antenna Curve antenna =
: without winding +  with winding A25:46%s
P A Twin curve
2 ki e antenna with 342.66%
without winding + sie
winding
Twin curve
Curve antenna antenna with =
3 Without winding B+ T minding a4 288 0%
toroids
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

After performing several preliminary experiments, we can see that the
development of powerful antenna for hydrocarbon exploration is achieved. A twin
curve antenna with magnetic feeders was successfully invented. This invention is
coming from the scratch idea in development of powerful antenna. The results from
the experiments had shown impressive output readings. An increased in the magnetic
field is achieved when we increased the input sources from 5V to 20V and it is
amplified at 300.00%. We increased the length of the transmitter and also we changed
the shape of the antenna. It is concluded that the half ring gives greatest improvement
on the amplification of EM wave. The signal is amplified at 3067.09% as compared
to the straight shape and 1029.11% to the ring shape. A further investigation by
varying the diameter and the curvatures of the antenna which shows that aluminium
rod gives highest value of magnetic field with percentage of 12.79% as compared to
the aluminium wire. The antenna with half ring shape is shown very promising results
as compared to the parabolic shape. Moreover, the utilization of magnetic feeder
enhanced the magnetic field intensity of the dipole antenna with 4 number of toroid
gives maximum amplification of 700.88%. Next, by adding bridge power amplifier
circuit to the antenna has boosted up the input current signal by 220.89%. Relative to
the current design, a twin curve antenna is developed where the effect of interference
wave has been included to obtained best output result. The final prototype design has
been tested in salt water which gives accurate output result and based on the findings,
it is confirmed that the magnetic feeders can be used to enhance the electromagnetic
wave by percentage increment of 388.53%. However, there is a constraint to include

the amplifier in the current design since the antenna itself has some capability to

received high power input current.
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5.2 Recommendations

For the next planning future work, it is recommended to conduct the
experiment which includes the pre-amplifier circuit and the toroids together. The
antenna needs to be up-scaled as comparable to the size of the scaled tank so that it
could drive more input current signal. Here the scaled tank has to be enlarged and so
that the scaled factor is decrease. Studies must also be conducted to change the
frequency which has to be reduced with the increasing size of the scaled tank.
Without changing the current situation, a very high saturation of electromagnetic
wave will be circulating along the antenna and limits them to go further. Other
recommendation for this project is to further investigate the characteristic of the
antenna by varying the resistivity of salt water and make a comparison between them
in obtaining accurate readings. Moreover, the frequency of the input current signal
can be varied at several readings. The lower the frequency, the higher the
electromagnetic wave can penetrate through the salt water. Besides that, we can also
investigate the impact of placing the feeders at different places. Instead of putting the
feeders in the middle of the antenna, we can actually placing them at the center and

the end of the antenna as shown in figure below:

prover e

Figure 47: Middle position of magnetic feeders based on the existing design

Figure 48: C_enter position of Figure 49: End position of
magnetic feeders magnetic feeders
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APPENDIX A
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DI(S:;I;CQ tor:‘gi q 1 toroid 2 toroid 3 toroid 4 toroid 5 toroid
0.00 3.05E-09 | 7.04E-09 | 1.57E-08 | 3.98E-08 8.62E-08 | 7.87E-08
0.40 2.33E-09 | 6.92E-09 | 1.22E-08 | 4.12E-08 8.82E-08 | 7.55E-08
0.80 2.35E-09 | 5.43E-09 | 1.28E-08 | 3.68E-08 8.51E-08 | 7.85E-08
1.20 2.04E-09 | 6.88E-09 | 1.02E-08 | 3.78E-08 8.81E-08 | 7.56E-08
1.61 2.06E-09 | 5.86E-09 1.01E-08 | 3.65E-08 | 8.39E-08 7.84E-08
2.01 2.09E-09 | 7.12E-09 | 9.39E-09 | 3.42E-08 8.64E-08 | 7.69E-08
241 1.88E-09 | 7.73E-09 | 7.56E-09 | 3.35E-08 8.07E-08 | 7.80E-08
281 1.90E-09 | 5.70E-09 | 7.76E-09 | 3.17E-08 8.23E-08 | 7.82E-08
3.21 1.83E-09 | 7.66E-09 5.42E-09 | 3.18E-08 7.60E-08 | 7.48E-08
3.61 1.13E-09 | 6.24E-09 6.45E-09 | 2.97E-08 7.78E-08 | 7.72E-08
4.02 1.69€-09 | 6.57E-09 | 5.37E-09 | 3.03E-08 | 7.26E-08 7.19E-08
4.42 1.88E-09 | 7.59E-09 | 5.336-09 | 2.78E-08 | 7.38E-08 7.02E-08
4.82 8.05E-10 | 4.82E-09 5.27E-09 | 2.85E-08 | 6.82E-08 6.74E-08
5.22 1.10E-09 | 6.92E-09 | 3.83E-09 | 2.73E-08 | 6.83E-08 6.08E-08
5.62 1.18E-09 | 6.01E-09 | 4.69E-09 2.60E-08 | 6.12E-08 | 5.94E-08
6.02 1.22E-09 | 5.24E-09 | 3.07E-09 | 2.49E-08 | 6.13E-08 5.29E-08
6.43 9.27E-10 | 6.00E-09 | 4.29E-09 | 2.19E-08 | 5.39E-08 5.16E-08
6.83 9.93E-10 | 4.41E-09 | 3.95E-09 | 2.26E-08 | 5.50E-08 4.61E-08
7.23 8.41E-10 | 4.51E-09 | 3.82EF-09 1.94E-08 | 4.72E-08 | 4.32E-08
7.63 9.52E-10 | 2.70E-09 | 3.68E-09 | 1.92E-08 4.76E-08 | 3.90E-08
8.03 8.67E-10 | 3.47E-09 2.75E-09 1.75E-08 | 4.11E-08 | 3.43E-08
8.43 8.29E-10 | 2.99E-09 | 3.50E-09 | 1.71E-08 4.15E-08 | 3.23E-08
8.84 8.51E-10 | 3.30E-09 | 2.14E-09 | 1.61F-08 3.51E-08 | 2.80E-08
9.24 1.06E-09 | 2.98E-09 | 2.83E-09 | 1.46E-08 | 3.54E-08 2.62E-08
9.64 1.05E-09 | 2.10E-09 | 2.34E-09 | 1.47E-08 | 3.05E-08 2.26E-08
10.04 1.35E-09 | 3.16E-09 | 2.03E-09 | 1.31F-08 3.10E-08 | 2.15E-08
10.44 | 8.21E-10 | 2.71E-09 | 2.37E-09 | 1.33E-08 2.73E-08 | 1.92E-08
10.84 | 1.07E-09 | 2.64E-09 | 1.48E-09 | 1.16E-08 2.74E-08 | 1.73E-08
11.24 | 9.76E-10 | 3.20E-09 | 2.30E-09 | 1.19E-08 2.27E-08 | 1.54E-08
11.65 | 1.01E-09 | 1.69E-09 | 1.77E-09 1.08E-08 | 2.23E-08 | 1.41E-08
12.05 | 9.62E-10 | 2.69E-09 | 1.996-09 | 1.05E-08 1.91E-08 | 1.31E-08
1245 | 1.23E-09 | 2.67E-09 | 1.72E-09 | 9.71E-09 1.87E-08 | 1.18E-08
12.85 1.15E-09 | 2.03E-09 | 1.92E-09 | 9.05E-09 1.60E-08 | 1.17E-08
13.25 | 9.93E-10 | 2.43E-09 | 1.65E-09 | 9.22E-09 1.54E-08 | 9.68E-09
13.65 | 1.14E-09 | 1.18E-09 | 1.63E-09 8.30E-09 | 1.38E-08 | 9.39F-09
14.06 | 1.08E-09 | 2.30E-09 | 1.66E-09 | 8.05E-09 1.38E-08 | 8.13E-09
14.46 1.03E-09 | 1.89E-09 | 1.57E-09 | 7.38E-09 1.21E-08 | 7.83E-09
14.86 | 7.34E-10 | 1.37E-09 | 1.45E-09 | 7.77E-09 1.18E-08 | 7.39E-09
15.26 1.15E-09 | 1.65E-09 | 1.51E-09 | 7.16E-09 1.04E-08 | 6.85E-09
15.66 | 8.76E-10 | 1.22E-09 | 1.20E-09 6.71E-09 | 1.05E-08 | 6.94E-09
16.06 | 9.35E-10 | 2.14E-09 | 1.28E-09 6.45E-09 | 9.05E-09 | 5.96E-09
16.47 | 8.48E-10 | 1.85E-09 | 1.07E-09 6.17E-09 | 9.78E-09 | 6.20E-09
16.87 | 8.68E-10 | 1.17E-09 | 1.18E-09 6.35E-09 | 8.87E-09 | 5.22F-09
17.27 1.00E-09 | 1.25E-09 | 1.37E-09 5.50E-09 | 8.33E-09 | 5.15E-09
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17.67 6.09E-10 | 1.51E-09 | 1.25E-09 | 5.40E-09 | 7.73E-09 | 4.82E-09
18.07 1.15E-09 | 1.75E-09 | 1.35E-09 | 5.46E-09 | 6.96E-09 4.38E-09
18.47 8.66E-10 | 1.10E-09 | 1.21E-09 | 5.38E-09 | 6.40E-09 | 4.29E-09
18.88 8.61E-10 | 1.34E-09 | 1.66E-09 | 4.45E-09 | 6.08E-09 | 3.91 E-09
19.28 | 8.20E-10 | 1.16E-09 | 1.13E-09 | 5.38E-09 | 6.05E-09 4.00E-09
19.68 6.66E-10 | 1.24E-09 | 1.31E-09 | 4.72E-09 | 6.02E-09 3.52E-09
20.08 8.48E-10 | 1.16E-09 | 1.04E-09 | 4.44E-09 | 5.58E-09 | 3.17E-09
20.48 1.48E-09 | 1.336-09 | 1.23E-09 | 4.71E-09 | 5.17E-09 | 3.19E-09
20.88 1.02E-09 | 8.67E-10 | 1.39E-09 | 3.90E-09 | 5.15E-09 | 3.20E-09
21.28 8.16E-10 | 1.17E-09 | 1.05E-09 | 4.09E-09 | 4.73E-09 | 3.10E-09
21.69 9.71E-10 | 1.21E-09 | 1.29E-09 | 3.64E-09 | 4.50E-09 | 2.72E-09
22.09 1.08E-09 | 1.05E-09 | 1.12E-09 | 4.27E-09 | 4.33E-09 | 2.66E-09
22.49 9.17E-10 | 1.38E-09 | 9.63E-10 | 3.89E-09 | 4.10E-09 | 2.90E-09
22.89 1.29E-09 | 9.53E-10 | 1.12E-09 | 3.55E-09 | 4.19-09 | 2.85E-09
23.29 1.09E-09 | 1.03E-09 | 1.11E-09 | 3.10E-09 | 4.17E-09 | 2.64E-09
23.69 7.54E-10 | 1.22E-09 | 1.22E-09 | 3.63E-09 | 3.65E-09 | 2.81E-09
24.10 7.66E-10 | 1.04E-09 | 8.05E-10 | 3.45E-09 | 3.36E-09 | 2.35E-09
24.50 9.63E-10 | 1.08E-09 | 1.01E-09 | 3.39E-09 | 3.33E-09 | 2.18E-09
24.90 1.07E-09 | 1.40E-09 | 1.19E-09 | 3.53E-09 | 3.31E-09 | 2.24E-09
25.30 8.90E-10 | 9.46E-10 | 1.11E-09 | 2.79E-09 | 2.85E-09 | 1.94E-09
25.70 1.03E-09 | 9.79E-10 | 1.38E-09 | 3.17E-09 | 3.17E-09 | 2.35E-09
26.10 7.25E-10 | 1.22E-09 | 1.26E-09 | 2.76E-09 | 3.02E-09 | 2.12E-09
26.51 8.31E-10 | 1.02E-09 | 1.09E-09 | 2.80E-09 | 3.06E-09 | 2.01E-09
26.91 1.05E-09 | 9.94E-10 | 1.12E-09 | 3.08E-09 | 2.87E-09 | 2.05E-09
27.31 1.05E-09 | 1.00E-09 | 1.44E-09 | 2.66E-09 | 2.66E-09 | 1.57E-09
27.71 1.05E-09 | 9.11E-10 | 9.79E-10 | 2.72E-09 | 2.57E-09 | 2.06E-09
28.11 1.05E-09 | 9.33E-10 | 1.11E-09 | 2.44E-09 | 2.58E-09 | 1.88E-09
28.51 1.44E-09 | 1.11E-09 | 8.85E-10 | 1.97E-09 | 2.34E-09 | 1.87E-09
28.92 1.15E-09 | 8.93E-10 | 1.01E-09 | 2.29E-09 | 2.24E-09 | 1.69E-09
29.32 1.04E-09 | 9.10E-10 | 1.13E-09 | 1.99E-09 | 2.16E-09 | 1.66E-09
29.72 1.08E-09 | 1.29E-09 | 1.16E-09 | 2.30E-09 | 2.73E-09 | 1.56E-09
30.12 9.62E-10 | 9.66E-10 | 1.49E-09 | 2.12E-09 | 1.98E-09 | 1.82E-09
30.52 7.06E-10 | 9.05E-10 | 1.34E-09 | 2.10E-09 | 2.22E-09 | 1.57E-09
30.92 9.53E-10 | 7.74E-10 | 1.42E-09 | 2.23E-09 | 1.76E-09 | 1.80E-09
31.32 1.10E-09 | 1.53E-09 | 1.09E-09 | 2.77E-09 | 2.08E-09 | 1.65E-09
31.73 9.58E-10 | 1.09E-09 | 1.05E-09 | 2.04E-09 | 2.02E-09 | 1.36E-09
32.13 1.15E-09 | 1.23E-09 | 1.16E-09 | 2.07E-09 | 1.81E-09 | 1.59E-09
32.53 1.05E-09 | 9.95E-10 | 8.38E-10 | 1.96E-09 | 2.08E-09 | 1.28E-09
32.93 9.62E-10 | 1.17E-09 | 1.37E-09 | 1.64E-09 | 2.31E-09 | 1.03E-09
33.33 1.056-09 | 1.02E-09 | 1.13E-09 | 2.25E-09 | 1.68E-09 1.23E-09
33.73 9.03E-10 | 1.10E-09 | 8.09E-10 | 1.88E-09 | 1.87E-09 1.51E-09
34.14 | 8.86E-10 | 1.17E-09 | 1.04E-09 | 1.85E-09 1.90E-09 | 1.50E-09
34.54 1.37E-09 | 9.13E-10 | 8.91E-10 | 1.47E-09 1.80E-09 | 1.64E-09
34.94 1.06E-09 | 1.21E-09 | 9.00E-10 | 2.18E-09 1.62E-09 | 1.21E-09
35.34 | 8.40E-10 | 1.02E-09 | 9.28E-10 2.15E-09 | 1.52E-09 | 1.77E-09
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35.74 | 9.50E-10 | 9.03E-10 | 9.93E-10 1.98E-09 | 1.94E-09 | 1.10E-09
36.14 1.12E-09 | 8.22E-10 | 9.32E-10 | 2.09E-09 | 1.71E-09 1.39E-09
36.55 8.63E-10 | 9.06E-10 | 7.99E-10 | 1.69E-09 1.82E-09 | 8.45E-10
36.95 8.55E-10 | 7.17E-10 | 1.04E-09 | 1.56E-09 | 1.42E-09 1.11E-09
37.35 7.47E-10 | 9.64E-10 | 8.17E-10 | 1.81E-09 | 1.53E-09 1.28E-09
37.75 1.12E-09 | 1.19€-09 | 1.10E-09 | 1.80E-09 | 1.62E-09 1.17E-09
38.15 9.67E-10 | 1.15E-09 | 1.17E-09 | 1.55E-09 | 1.27E-09 1.51E-09
38.55 8.44E-10 | 7.91E-10 | 8.77E-10 | 1.75E-09 | 1.52E-09 1.15E-09
38.96 | 9.17E-10 | 1.06E-09 | 8.87E-10 | 1.75E-09 | 1.37E-09 1.86E-09
39.36 8.70E-10 | 1.28E-09 | 1.17E-09 | 1.76E-09 | 1.34E-09 1.64E-09
39.76 1.35E-09 | 9.40E-10 | 8.48E-10 | 1.55E-09 | 1.47E-09 1.29E-09
40.16 1.11E-09 | 1.29E-09 | 9.29E-10 | 1.66E-09 | 1.68E-09 | 1.14E-09
40.56 7.53E-10 | 1.16E-09 | 9.76E-10 | 1.67E-09 | 1.72E-09 9.82E-10
40.96 1.36E-09 | 1.01E-09 | 1.05E-09 | 1.56E-09 | 1.23E-09 | 1.14E-09
41.36 1.49E-09 | 1.14E-09 | 9.80E-10 | 1.76E-09 | 1.67E-09 1.70E-09
41.77 9.38E-10 | 1.07E-09 | 8.10E-10 | 1.29E-09 | 1.40E-09 1.56E-09
42.17 1.23E-09 | 8.98E-10 | 9.39E-10 | 1.52E-09 | 1.35E-09 | 1.54E-09
42.57 1.03E-09 | 1.36E-09 | 9.20E-10 | 1.49E-09 | 1.06E-09 | 9.96E-10
42.97 8.38E-10 | 9.38E-10 | 9.04E-10 | 1.48E-09 | 1.52E-09 | 1.06E-09
43.37 8.14E-10 | 8.87E-10 | 1.00E-09 | 1.93E-09 | 1.22E-09 | 1.18E-09
43.77 7.93E-10 | 8.03E-10 | 8.75E-10 | 1.43E-09 | 1.11E-09 | 1.38E-09
44.18 1.06E-09 | 8.82E-10 | 9.44E-10 | 1.39E-09 | 1.15E-09 | 1.28E-09
44.58 1.36E-09 | 7.38E-10 | 1.01E-09 | 1.10E-09 | 1.06E-09 | 1.24E-09
44.98 1.34E-09 | 1.03E-09 | 9.54E-10 | 1.66E-09 | 1.27E-09 | 1.13E-09
45.38 | 9.98E-10 | 6.77E-10 | 1.10E-09 | 1.32E-09 | 8.71E-10 | 9.04E-10
45.78 1.17E-09 | 9.06E-10 | 1.07E-09 | 1.37E-09 | 1.10E-09 | 1.41E-09
46.18 1.10E-09 | 1.07E-09 | 6.90E-10 | 1.18E-09 | 9.14E-10 | 1.50E-09
46.59 1.24E-09 | 1.03E-09 | 1.08E-09 | 1.65E-09 | 1.03E-09 1.22E-09
46.99 1.06E-09 | 8.67E-10 | 1.27E-09 | 1.486-09 | 1.16E-09 | 1.22E-09
47.39 1.29€-09 | 9.91E-10 | 9.56E-10 | 1.74E-09 | 9.90E-10 1.02E-09
47.79 9.21E-10 | 1.21E-09 | 8.66E-10 | 1.37E-09 | 1.43E-09 1.17E-09
48.19 1.11E-09 | 7.83E-10 | 9.25E-10 | 1.58E-09 | 1.35E-09 9.35E-10
48.59 1.39E-09 | 1.11E-09 | 8.84E-10 | 1.19E-09 | 1.24E-09 1.08E-09
49.00 1.08E-09 | 6.00E-10 | 1.47E-09 | 1.19E-09 | 1.12F-09 7.44E-10
49.40 1.65E-09 | 1.08E-09 | 1.38E-09 | 1.43FE-09 | 1.05E-09 7.89E-10
49.80 1.45E-09 | 1.11E-09 | 9.40E-10 | 1.42E-09 | 1.51E-09 1.52E-09
50.20 | 9.59€-10 | 1.35E-09 | 8.69E-10 | 1.30E-09 1.02E-09 | 1.20E-09
50.60 7.99E-10 | 1.08E-09 | 7.26E-10 | 1.15E-09 | 1.28E-09 8.49E-10
51.00 1.08E-09 | 1.53E-09 | 1.16E-09 | 1.38F-09 1.60E-09 | 7.93E-10
51.40 | 9.11E-10 | 1.03E-09 | 1.56E-09 | 1.69E-09 1.38E-09 | 9.82E-10
51.81 1.22E-09 | 6.53E-10 | 1.00E-09 | 1.49E-09 1.15E-09 | 9.69E-10
52.21 1.09E-09 | 9.22E-10 | 1.02E-09 | 1.27E-09 1.26E-09 | 1.31E-09
52.61 9.37E-10 | 1.13E-09 | 1.14E-09 | 1.43E-09 1.16E-09 | 8.15E-10
53.01 7.61E-10 | 7.67E-10 | 1.13E-09 | 1.22F-09 9.33E-10 | 9.91E-10
53.41 1.15E-09 | 1.17E-09 | 1.30E-09 9.32E-10 | 9.39E-10 | 1.10E-09
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53.81 1.02E-09 | 1.18E-09 | 1.11E-09 | 1.30E-09 | 1.20E-09 | 1.36E-09
54.22 1.20E-09 | 8.49E-10 | 1.16E-09 | 1.41E-09 | 1.20E-09 | 1.12E-09
54.62 1.11E-09 | 1.27e-09 | 1.00E-09 | 1.54E-09 | S.35E-10 | 1.02E-09
55.02 1.04E-09 | 1.02E-09 | 1.23E-09 | 1.30E-09 | 7.95E-10 | 9.41E-10
55.42 1.05E-09 | 1.09E-09 | 1.01E-09 | 1.21E-09 | 1.06E-09 | 9.27E-10
55.82 1.12E-09 | 1.13E-09 | 9.42E-10 | 1.08E-09 | 1.22E-09 | 8.98E-10
56.22 1.25E-09 | 6.59E-10 | 1.12E-09 | 1.20E-09 | 1.05E-09 | 1.11E-08
56.63 1.12E-09 | 8.20E-10 | 1.26E-09 | 1.37E-09 | 9.39E-10 | 1.13E-09
57.03 8.86E-10 | 1.15E-09 | 1.24E-09 | 8.25E-10 | 9.48E-10 | 1.29E-09
57.43 1.32E-09 | 9.25E-10 | 1.13E-09 | 1.23E-09 | 1.10E-09 | 9.66E-10
57.83 1.03E-09 | 8.69E-10 | 8.49E-10 | 9.70E-10 | 1.12E-09 | 1.29E-09
58.23 1.32E-09 | 1.12E-09 | 6.14E-10 | 1.03E-09 | 9.94E-10 | 1.36E-09
58.63 1.04E-09 | 8.22E-10 | 9.58E-10 | 1.40E-09 | 8.87E-10 | 9.39E-10
59.04 | 9.66E-10 | 1.14E-09 | 9.08E-10 | 1.18E-09 | 8.89E-10 | 1.40E-09
59.44 1.05E-09 | 1.07E-09 | 1.06E-09 | 1.01E-09 | 1.06E-09 | 6.84E-10
59.84 1.15E-09 | 1.11E-09 | 1.09E-09 | 1.40E-09 | 1.21E-09 | 1.36E-09
60.24 1.42E-09 | 9.72E-10 | 7.76E-10 | 8.88E-10 | 1.02E-09 | 7.50E-10
60.64 1.26E-09 | 9.58E-10 | 1.01E-09 | 9.82E-10 | 1.30E-09 | 1.44E-09
61.04 8.79E-10 | 7.48E-10 | 8.38E-10 | 1.03E-09 | 8.56E-10 | 1.28E-09
61.44 1.30E-09 | 9.67E-10 | 1.17E-09 | 1.40E-09 | 1.27E-09 | 1.35E-09
61.85 1.21E-09 | 1.01E-09 | 7.26E-10 | 1.29E-09 | 1.33E-09 | 8.45E-10
62.25 1.25E-09 | 6.36E-10 | 8.57E-10 | 1.01E-09 | 1.08E-09 | 1.10E-09
62.65 1.28E-09 | 9.15E-10 | 1.18E-09 | 9.97E-10 | 7.16E-10 | 9.37E-10
63.05 1.04E-09 | 9.87E-10 | 1.03E-09 | 1.06E-09 | 1.06E-09 | 1.31E-09
63.45 1.16E-09 | 1.17E-09 | 9.90E-10 | 9.81E-10 | 9.25E-10 | 1.03E-09
63.85 1.33€E-09 | 7.63E-10 | 9.61E-10 | 7.14E-10 | 1.10E-09 | 1.48E-09
64.26 1.32E-09 | 1.34E-09 | 9.97E-10 | 8.50E-10 | 8.96E-10 | 1.08E-09
64.66 1.27e-09 | 1.07e-09 | 8.37E-10 | 8.37E-10 | 1.14E-09 | 9.78E-10
65.06 | 9.58E-10 | 1.06E-09 | 9.02E-10 | 8.12E-10 | 9.53E-10 | 8.25E-10
65.46 | 9.45E-10 | 1.14E-09 | 1.24E-09 | 7.82E-10 | 1.18E-09 | 9.80E-10
65.86 9.56E-10 | 1.36E-09 | 1.09e-09 | 1.00E-09 | 7.51E-10 | 1.06E-09
66.26 9.01E-10 | 8.28E-10 | 1.22E-09 | 1.26E-09 | 1.21E-09 | 1.16E-09
66.67 9.84E-10 | 8.98E-10 | 1.04E-09 | 8.15E-10 | 9.05E-10 | 7.63E-10
67.07 9.76E-10 | 9.82E-10 | 1.09E-09 | 8.68E-10 | 9.03E-10 | 1.03E-05
67.47 1.22E-09 | 9.51E-10 | 1.34E-09 | 1.09E-09 | 1.05E-09 | 1.05E-09
67.87 1.52E-09 | 8.73E-10 | 8.87E-10 | 1.17E-09 | 9.73E-10 | 1.22E-09
68.27 1.07E-09 | 8.30E-10 | 7.38E-10 | 1.35E-09 | 1.08E-09 | 9.60E-10
68.67 1.10E-09 | 9.20E-10 | 7.98E-10 | 9.95E-10 | 1.29E-09 | 1.50E-09
69.08 1.57E-09 | 1.01E-09 | 1.28E-09 | 1.12E-09 | 1.06E-09 | 1.11E-09
69.48 1.23E-09 | 7.59E-10 | 1.27E-09 | 7.28E-10 | 7.30E-10 | 1.13E-09
69.88 1.19€-09 | 1.32E-09 | 7.74E-10 | 1.10E-09 | 9.43E-10 | 9.85E-10
70.28 1.73E-09 | 8.65E-10 | 1.18E-09 | 8.34E-10 | 1.14E-09 | 1.12E-09
70.68 1.31E-09 | 1.01E-09 | 6.71E-10 | 1.29E-09 | 9.49E-10 | 1.16E-09
71.08 1.14E-09 | 9.39E-10 | 1.13E-09 | 9.47E-10 | 7.66E-10 | 1.21E-09
71.48 8.08E-10 | 9.40E-10 | 1.14E-09 | 8.80E-10 | 9.67E-10 | 8.66E-10
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71.89 1.04E-09 | 9.97E-10 | 1.13E-09 | 9.67E-10 1.22E-09 | 9.39E-10
72.29 8.78E-10 | 1.25E-09 | 9.90F-10 | 7.58E-10 9.02E-10 | 1.14E-09
72.69 1.24E-09 | 9.15E-10 | 9.15E-10 | 7.55E-10 | 7.89E-10 8.99E-10
73.09 7.93E-10 | 1.17E-09 | 9.63E-10 | 9.34E-10 1.11E-09 | 1.17E-09
73.49 1.09E-09 | 6.47E-10 | 1.03E-09 | 9.83E-10 | 1.12E-09 6.07E-10
73.89 1.25E-09 | 1.04E-09 | 9.00E-10 | 8.75E-10 | 6.44E-10 1.51E-09
74.30 1.23E-09 | 8.60E-10 | 1.11E-09 | 8.48E-10 | 7.52E-10 9.16E-10
74.70 1.176-09 | 1.086-09 | 1.18E-09 | 1.05E-09 | 1.05E-09 7.25E-10
75.10 9.60E-10 | 1.11E-09 | 1.06E-09 | 1.12E-09 | 9.55E-10 9.92E-10
75.50 1.10E-09 | 1.29E-09 | 1.07E-09 | 8.89E-10 | 9.19E-10 | 1.09E-09
75.90 1.71E-09 | 1.12E-09 | 1.12E-09 | 9.04E-10 | 8.58E-10 9.53E-10
76.30 9.92E-10 | 9.18E-10 | 8.85E-10 | 1.10E-09 | 9.36E-10 9.65E-10
76.71 1.02E-09 | 8.49E-10 | 9.35E-10 | 8.85E-10 | 1.04E-09 | 1.05E-09
77.11 1.22E-09 | 9.57E-10 | 7.61E-10 | 8.77E-10 | 7.90E-10 | 8.75E-10
77.51 1.24E-09 | 7.54E-10 | 8.30E-10 | 1.42E-09 | 8.19E-10 | 1.31F-09
77.91 1.26E-09 | 8.89E-10 | 8.50E-10 | 1.05E-09 | 1.17E-09 | 1.21E-09
78.31 1.18E-09 | 7.39E-10 | 7.31E-10 | 9.28E-10 | 6.19E-10 9.65E-10
78.71 1.02E-09 | 1.04E-09 | 1.12E-09 | 8.40E-10 | 7.42E-10 | 9.66E-10
79.12 1.28E-09 | 1.09E-09 | 8.35E-10 | 1.21E-09 | 8.60E-10 1.09E-09
79.52 1.54E-09 | 8.44E-10 | 7.49E-10 | 8.88E-10 | 9.58E-10 | 1.44E-09
79.92 1.07e-09 | 7.97E-10 | 1.00E-09 | 8.83E-10 | 7.62E-10 | 8.74E-10
80.32 1.02E-09 | 7.14E-10 | 9.50E-10 | 9.29E-10 | 7.35E-10 | 1.30E-09
80.72 1.16E-09 | 1.01E-09 | 1.14E-09 | 1.01E-09 | 7.07E-10 | 1.09E-09
81.12 1.21E-09 | 8.44E-10 | 1.03E-09 | 9.47E-10 | 9.29E-10 | 1.19E-09
81.52 1.56E-09 | 1.11E-09 | 6.96E-10 | 8.73E-10 | 9.22E-10 | 9.94E-10
81.93 9.83E-10 | 1.19E-09 | B8.65E-10 | 1.16E-09 | 9.93F-10 | 1.21E-09
82.33 1.30E-09 | 6.86E-10 | B.95E-10 | 1.16E-09 | 9.09€-10 | 1.49E-09
82.73 1.19E-09 | 1.04E-09 | 9.17E-10 | 9.55E-10 | 9.65E-10 1.32E-09
83.13 1.30E-09 | 8.31E-10 | 1.22E-09 | 9.21E-10 | 9.44F-10 1.13E-09
83.53 1.30E-09 | 1.01E-09 | 1.13E-09 | 1.01E-09 | 9.10E-10 1.24E-09
83.93 1.00E-09 | 7.56E-10 | 8.65E-10 | 8.57E-10 | 1.28E-09 1.19E-09
84.34 9.97E-10 | 8.99E-10 | 9.07E-10 | 9.74E-10 | 9.83E-10 1.14E-09
84.74 1.29e-09 | 1.23E-09 | 1.16E-09 | 1.03E-09 | 8.82F-10 1.28E-09
85.14 1.06E-09 | 8.93E-10 | 1.16E-09 | 1.18E-09 | 9.7S5E-10 1.17E-09
85.54 | 8.42E-10 | 8.65E-10 | 1.19E-09 9.50E-10 | 9.33E-10 | 1.40E-09
85.94 1.29E-09 | 8.69E-10 | 1.30E-09 | 8.24F-10 9.26E-10 | 1.66E-09
86.34 1.15E-09 | 8.68E-10 | 1.22E-09 | 8.53E-10 1.20E-09 | 1.56E-09
86.75 9.50E-10 | 6.99E-10 | 8.73E-10 | 1.06E-09 1.05E-09 | 1.39€-09
87.15 1.12E-09 | 7.82E-10 | 9.48E-10 | 1.10E-09 1.03E-09 | 1.32E-09
87.55 1.35E-09 | 9.62E-10 | 7.60E-10 | 1.04E-09 1.03E-09 | 1.67E-09
87.95 1.14E-09 | 9.30E-10 | 1.24E-09 | 9.75E-10 1.09E-09 | 1.11E-09
88.35 1.01E-09 | 1.07E-09 | 8.97E-10 | 6.89E-10 8.07E-10 | 1.09E-09
88.75 9.76E-10 | 8.03E-10 | 1.00E-09 | 1.01E-09 7.48E-10 | 1.41E-09
89.16 7.65E-10 | 8.31E-10 | 9.18E-10 | 7.78E-10 9.91E-10 | 1.33E-09
89.56 1.09€-09 | 7.96E-10 | 8.18E-10 | 7.37E-10 1.07E-09 | 1.05E-09
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89.96 7.55E-10 | 9.55E-10 | 7.32E-10 | 8.56E-10 | 1.20E-09 | 1.13E-09
90.36 1.29E-09 | 9.05E-10 | 8.47E-10 | 9.81E-10 | 1.01E-09 | 9.83E-10
90.76 9.24E-10 | 1.02E-09 | 9.53E-10 | 1.19€E-09 | 7.39E-10 | 1.04E-09
91.16 1.06E-09 | 7.48E-10 | 1.12E-09 | 7.96E-10 | 7.98E-10 | 1.66E-09
91.56 1.05E-09 | 8.57E-10 | 1.01E-09 | 8.58E-10 | 9.77E-10 | 1.14E-09
91.97 1.47E-09 | 1.09E-09 | 9.46E-10 | 7.60E-10 | 6.27E-10 | 1.41E-09
92.37 9.38E-10 | 8.46E-10 | 9.63E-10 | 9.31E-10 | 1.09E-09 | 1.21E-09
92.77 9.63E-10 | 9.39E-10 | 8.88E-10 | 1.09E-09 | 1.16E-09 | 1.19E-09
93.17 1.21E-09 | 1.38E-09 | 9.17E-10 | 9.38E-10 | 1.37E-09 | 1.51E-09
93.57 1.69E-09 | 1.14E-09 | 1.10E-09 | 1.07E-09 | 1.08E-09 | 1.71E-09
93.97 1.53E-09 | 6.39E-10 | 1.50E-09 | 8.25E-10 | 1.09E-09 | 1.27E-09
94.38 9.38E-10 | 1.22E-09 | 1.71E-09 | 9.00E-10 | 8.91E-10 | 1.42E-09
94.78 1.17e-09 | 9.91E-10 | 9.33E-10 | 8.53E-10 | 8.28E-10 | 9.99E-10
95.18 1.12E-09 | 9.41E-10 | 1.44E-09 | 1.25E-09 | 7.90E-10 | 1.21E-09
95.58 1.61E-09 | 7.63E-10 | 9.61E-10 | 1.07E-09 | 6.79E-10 | 1.38E-09
95.98 1.21E-09 | 9.06E-10 | 7.86E-10 | 1.08E-09 | 9.16E-10 | 1.20E-09
96.38 1.02E-09 | 1.00E-09 | 9.38E-10 | 7.31E-10 | 7.96E-10 | 1.05E-09
96.79 | 8.94E-10 | 1.04E-09 | 8.26E-10 | 8.82E-10 | 1.10E-09 | 1.31E-09
97.19 1.58E-09 | 1.21E-09 | 8.00E-10 | 1.07E-09 | 7.70E-10 | 1.30E-09
97.59 1.02E-09 | 1.03E-09 | 6.72E-10 | 9.81E-10 | 1.15E-09 | 1.93E-0S
97.99 1.16E-09 | 9.83E-10 | 7.46E-10 | 9.68E-10 | 8.74E-10 | 1.45E-09
98.39 9.28E-10 | 8.64E-10 | 1.15E-09 | 1.06E-09 | 8.20E-10 | 1.62E-09
98.79 1.08E-09 | 9.16E-10 | 7.23E-10 | 1.30E-09 | 1.12E-09 | 1.32E-09
99.20 1.41E-09 | 1.13E-09 | 1.13E-09 | 1.25E-09 | 1.21E-09 | 1.38E-09
99.60 9.45E-10 | 6.59E-10 | 1.15E-09 | 9.01E-10 | 9.49E-10 | 1.37E-09
100.00 | 1.73E-09 | 1.14E-09 | 1.00E-09 | S.24E-10 | 9.80E-10 | 1.27E-09
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APPENDIX B
DATA FOR EXPERIMENT 7
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Distance Without With 4

{cm) toroid toroids
0 9.43E-09 7.61E-09
2 1.05E-08 1.53E-08
5 1.12E-08 1.41E-08
7 1.33E-08 1.55E-08
10 1.29E-08 1.59E-08
12 1.86E-08 1.72E-08
15 1.74E-08 2.15E-08
17 2.45E-08 2.18E-08
20 2.31E-08 2.49E-08
22 3.30E-08 2.55E-08
25 3.67E-08 2.23E-08
27 4.51E-08 3.68E-08
30 5.42E-08 4.58E-08
32 5.92E-08 5.57E-08
35 7.37E-08 5.70E-08
37 7.64E-08 5.08E-08
39 9.38E-08 5.20E-08
42 9.40E-08 7.71E-08
44 1.14E-07 1.02E-07
47 1.11E-07 1.10€E-07
49 1.34E-07 1.06E-07
52 1.23E-07 7.67E-08
54 1.51E-07 9.29E-08
57 1.25E-07 1.42E-07
59 1.65E-07 1.69E-07
62 1.52E-07 1.69E-07
64 1.76E-07 1.46E-07
67 1.71E-07 1.03E-07
69 1.83E-07 1.47E-07
72 1.87E-07 2.05E-07
74 1.90E-07 2.15E-07
76 1.93E-07 2.09E-07
79 1.92E-07 1.68E-07
81 1.94E-07 1.19€-07
84 1.90€E-07 1.75E-07
86 1.93E-07 2.12E-07
89 1.78E-07 2.13E-07
91 1.91E-07 1.99E-07
94 1.59E-07 1.58E-07
96 1.85E-07 1.18E-07
99 1.57E-07 1.65E-07
101 1.77E-07 1.84E-07
104 1.60E-07 1.85E-07
106 1.67E-07 1.73E-07
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108 1.55E-07 1.33E-07
111 1.55E-07 1.05E-07
113 1.43E-07 1.34E-07
116 1.43E-07 1.46E-07
118 1.32E-07 1.46E-07
121 1.26E-07 1.32E-07
123 1.21E-07 9.56E-08
126 1.09E-07 7.30E-08
128 1.10E-07 8.53E-08
131 9.15E-08 8.97E-08
133 9.76E-08 8.90E-08
136 7.58E-08 7.47E-08
138 8.25E-08 5.53E-08
141 6.26E-08 4.53E-08
143 6.44E-08 4.76E-08
145 4.50E-08 5.00E-08
148 4.45E-08 4.66E-08
150 2.78E-08 3.83E-08
153 2.70E-08 3.09E-08
155 1.26E-08 2.61E-08
158 1.22E-08 2.70E-08
160 9.82E-09 2.70E-08
163 1.46E-08 2.42E-08
165 1.51E-08 2.14E-08
168 1.88E-08 1.89E-08
170 1.82E-08 1.58E-08
173 1.99E-08 1.55E-08
173 1.98E-08 1.43E-08
178 1.99E-08 1.21E-08
180 2.00E-08 1.11E-08
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