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ABSTRACT 

 
 
As wireless devices become more prevalent, the radio frequency (RF) spectrum is 

becoming more densely populated with cell phone and internet related broadband 

activities (e.g. text messaging, web browsing, and wireless routing).  This feasibility 

study presents a sensitivity study on how location, use of an antenna and motion may 

impact the ability to measure RF power density for specific frequencies.  The RF power 

obtained from a nearby radio station was compared to the relative RF power available for 

frequencies understudy.  The results of the study indicated that 2.4 GHz is significant in 

terms of prevalence and power density which allows for technological opportunity and 

caution due to potential health hazards. Optimization of a 2D inductor is also presented 

and which makes it easier for RF inductor designers to selectively choose the dimensions 

and number of turns of the inductor based on the desired inductance and power. 
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Chapter 1  
 
 

INTRODUCTION 

 
 

1.0 Background 

 

Portable devices such as pocket organizers, cellular phones, personal digital assistants, 

and laptop computers became pervasive over the past decades.  As the technology for 

these devices improves, the need and desire to use them have also increased 

exponentially (Grzywacz, 2002) over the years with tremendous increase in the number 

of users.  For example, in 1985 the number of cell phone users in the United States of 

America was 340 thousand but increased to 13 million in 1993 and 69 million in 1998 

(Tesar, 1983). Also in 2002, the number of users went up to 180 million people 

(McFarland, 2002).  Figure 1.1 shows the pattern in which the use of cell phones 

increased from 1984 to 2002 and the information used for this figure was obtained from 

(Tesar, 1983) and (McFarland, 2002).  The growth in users had a corresponding growth 

of band-width and broadband applications, especially recently.  Examples include, 

EVDO (Evolution Data Optimization) (Novatel, 2006) and UMTS (Universal Mobile 

Telecommunications System) (UMTS, 2006) which are standards for broadband 

applications for wireless devices.  Additionally, Bluetooth and RFID technologies are 

becoming increasing abundant.  These technologies have secured frequencies between 

900 MGz and 3 GHz for their operation. The consequences of this increased band-width 

over these frequencies are yet unknown and therefore unreported.  Furthermore, the 

impact of increased power densities now in common spaces is not measured (Parker, 

2005).  Currently, there are studies about the potential public health hazards associated 

with increased power densities (Moulder, 2006).  Users are finding issues with signal 

clarity as the space becomes increasingly populated (Parker, 2005).  Others are looking 

into novel ways of using these frequencies (Harrist, 2004a; Parker, 2005). 
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Increase in Cell Phone Users from 1984 to 2002
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Figure 1.1: Histogram of Cell Phone Users in USA (McFarland, 2002; Tesar, 1983). 

 

 

When the use of portable devices first started, there were huge in size and massive in 

weight as compared to what is being used today. However, as the technology for these 

devices improves over the years, there is also a reduction in the size of these 

communication devices (Sabate et al., 2002) and hence a reduction in sizes of the 

batteries to power them. The source of energy to power these devices is not inexhaustible 

and thus calls for the need to either replace the batteries or recharge them with time by 

plugging the phone into the wall outlet in order to recharge the battery.  This makes it 

very inconvenient sometimes to stop in the middle of a conversation only to recharge or 

replace the used-up battery. It is even more disturbing in situations where there is no 

power available to recharge the phone raising the questions of its “wirelessness” (Harrist, 

2004b).  The problem of charging and recharging of cellular phones can be solved by 

making good use of energy from electromagnetic radiation sources such as radio 

frequencies (RF) (Parker, 2005); a source of free and inexhaustible energy. Sources of 
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this energy include; satellites orbiting around the earth, radio and television towers, as 

well as cell phone antennas (Harrist, 2004b).  The energy from RF frequency can be 

harvested by means of an effective antenna connected in a circuit, using variable 

capacitors with diodes to convert the alternating-current (AC) captured from RF 

frequencies by the antenna to direct-current (DC) (Parker, 2005). The harvested energy 

can either be used to power a portable device or store for future use (Parker, 2005).  

 
 

1.1 Electromagnetic Waves  

 

Electromagnetic waves with high frequencies otherwise known as electromagnetic 

radiation are as a result of the motion of electrically charged particles and travel through 

the media from one place to another.  One form of electromagnetic waves is radio waves.  

Although each wave possess little energy; however, they are increasingly abundant and 

have great penetrating capability. They are absorbed by molecules that contain available 

electrons, such as the atoms of most metals.  When radio waves come into contact with a 

metallic surface, such as an antenna, the free electrons start moving, producing weak 

electric currents that have frequencies similar to the radiowaves (Carr, 2001). Thus, radio 

waves cause the electrons in metals to move and hence create weak electric currents in 

the metals (Carr, 2001). The electric currents generated at these radio frequency levels 

are used by radio and television transmitters and receivers.  As can be seen from Figure 

1.2, radio waves have longer wavelengths than light waves in the visible spectrum.  

These waves are used for mobile phones, amateur radios, televisions, radio broadcasts, 

and radio frequency identification (RFID) systems. 
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Figure 1.2: Electromagnetic Spectrum (Moulder, 2006). 

 

1.2 Project Description 

 
Two-dimensional printable circuits are one of the next generation technologies that 

nanotechnology by way of organic, conductive materials provide (Parker, 2005).  This 

research seeks to build radio frequencies (RF) based technologies.  RF technology is 

given both by nature and by man.  There are a number of devices and technologies that 

operate in the RF spectrum.  Therefore, there is an abundance of RF waves and which can 

leverages RF reception to extract power.  This research work focused on the feasibility 

study of RF inductors or antennas for energy harvesting. It also seeks to rectify the 

electronic oscillation induced by electromagnetic radiations by centering the field using 

variable capacitors. The unique importance and distinction of this technology is that the 
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energy obtained from it is purely from electromagnetic waves; a form of inexhaustible 

natural sources and increasingly abundant man-made sources. 

   

1.3a Project Goals 

 
The goals of the research are: 

1. Build a radio frequencies (RF) circuit with optimized parameters 

2. Experimentally determine the amount of energy captured by the RF circuit   

 
 

1.3b Research Objectives on Radio Frequencies for the Dissertation 

 

The objectives of this research are of five-fold and are as follows: 

     1.   Design an RF circuit 

     2.   Optimize circuit parameters to center around target frequencies 

     3.   Develop strategies to improve power generation 

     4.   Measure cost benefits of strategies 

     5.   Present optimized system of the energy harvester 

 

An RF frequency includes the amplitude modulated (AM), frequency modulated (FM) 

and the microwaves (MW) and thus covers a wide range of frequencies (100 KHz < RF < 

300 GHz).  The tuning of the circuit to the best optimum resonant frequency is important 

because, both the induced current and voltage oscillate equally with the RF waves 

producing them but only the resonant frequency which is desirable can be detected at the 

outlet terminals and thus, the need to resonate the circuit (Carr, 2001).  This called for the 

use of capacitors and inductors. The induced current and voltage in the system oscillates 

back and forth between the terminals in the circuit due to the continuous reversal in 

polarity of the radio waves and to direct the current to flow uniformly in one direction, a 

diode which asks as a switch shall be incorporated into the circuit to center the current 

flow (Parker, 2005).  Figure 1.3 is a flow chart of the process. 
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Figure 1.3: Flowchart for Energy Harvesting Process. 

 

Currently, RF inductors are used in several applications. These applications includes the 

use of RF inductors in military communications systems such as “space, satellite, radio 

and GPS (Global Positioning Systems)” (Gowanda, 2005).    
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Chapter 2  
 
 

LITERATURE REVIEW 

 
 

2.0    Introduction 

 
Michael Faraday and Joseph Henry in 1831 found out that a time varying magnetic filed 

can induce current in a closed electrical conducting loop if it is placed in the time varying 

magnetic field and the current or voltage induced has a direct relationship with how fast 

the time varying magnetic varies (NDT, 2005).   The physical behavior of an electrical 

circuit that tends to oppose the starting, stopping, and changing of current flow or 

direction in the circuit is termed as its inductance, L and is measured in Henry. In other 

words, it is the electrical component that is not a resistor but opposes the flow of current 

and hence stores energy in the form of a magnetic field. This phenomenon is known as 

inductance and is a measure of how much energy can be stored in the magnetic field of a 

given device. The process in which any variation  in current in a circuit results in the 

variation of voltage within it with a direct proportionate amount is known as self-

inductance (NDT, 2005). However, if this change is caused by an external circuit then it 

is known as mutual induction. In other words, if the change in current flow in one circuit 

causes a change in the state of another circuit by inducing current in it then the process is 

known as mutual inductance (NDT, 2005).  According to (Edminister, 1993b), for any 

“time varying magnetic flux Φ linking an open surface S that is bounded by a closed 

contour C, then there exits a voltage v around C.” Hence, with reference to Faraday’s 

law, 

 

d
v

dt

Φ
= −          (2.1) 
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d di
v

di dt

Φ
= −          (2.2) 

di
v L

dt
= −          (2.3) 

 

Where L is known as the self-inductance and v is the induced or back-voltage.  

The negative sign in Equation 2.2 is a confirmation of Lenz’s law and determines the 

direction of the induced current or voltage. Lenz’s law states that “the induced emf in any 

circuit is always in a direction to oppose the effect that produced it” (Fogiel, 2004). Thus, 

the expression for the induced emf given by (Lee, 2003) is as follows:  

emf

d
V N

dt

Φ
= −          (2.4) 

where, 

 N = Number of turns in the antenna coil 

 Φ = Magnetic flux through each coil 

Thus, the magnetic flux Φ, which is the sum total of all the magnetic field density B 

through the antenna surface, S is also calculated as (Lee, 2003): 

s

B dSΦ = •∫          (2.5) 

Ampere’s law also relates current with magnetic field and stated that the magnetic field 

intensity surrounding a conductor created by the current flowing through that conductor 

is proportional to the current in that conductor.   Thus, by (Hayt & Buck, 2006), in a 

closed loop electrical conductor with current flowing through it, the magnetic field 

intensity H  generated based on Ampere’s law is given as:    

 

H J∇× =          (2.6) 
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Equation 2.6 is the Ampere’s law and J the current density. For a given material with 

permeability, μ, the magnetic flux density, B , and the magnetic field intensity, H , is 

related as follows (Hayt & Buck, 2006):  

 

B Hμ=          (2.7) 

 

In addition, a combination of the divergence and Faraday’s laws shown in Equations 2.8 

and 2.9 respectively yields an expression for the flux linkage, Ф, that go “through a given 

cross-sectional surface area, S” (Hayt & Buck, 2006) and (Edminister, 1993a): 

 

0B∇× =          (2.8) 

B
E

t

∂
∇× = −

∂
         (2.9) 

s

B dSΦ = •∫          (2.10) 

 

Hence, based on Equations 2.4 and Equation 2.10, the induced emf given by (Lee, 2003) 

is as shown in Equation 2.11. 

 

02 cemfV fNSQB osπ α=        (2.11) 

 

where, 

f  =  Frequency of the arrival signal 

S   =  Area of the loop in square meters (m2) 

Q   =  Quality factor of circuit 

Bo = Strength of arriving signal 

α = Angle of arriving signal 

 

Thus, based on Faraday, Henry, and Ampere’s laws, current can be induced and 

measured in an antenna due to the RF signals that it receives. 

 9



2.1  RF Inductors and Capacitors 

 
The major components used in RF circuits are inductors and capacitors with tuned 

resonant frequency as:   

 

1

2
f

LCπ
=          (2.12) 

 

Where L is in henrys, C is in farads, and F is in hertz. 

 

Majority of the inductors used in RF circuits are spiral, toroidal or circular shaped types. 

There are other types of inductors which are spiral in shape and used in many RF and 

antenna applications. These spiral inductors can either be circular, triangular, or 

rectangular in shape. The most commonly used among these types of inductors is the 

rectangular shaped inductors (Carr, 2001) (especially the square spiral inductor) as shown 

in Figure 2.1.   The computation of the inductance for the spiral shaped inductors is never 

straight forward. However, according to (Carr, 2001), the equation for calculating the 

inductance given by “F. W. Grover of the U.S. National Bureau of Standards in 1946” is: 

 

( )
( )42 2

1 3

1

1
H

K N bK aN
L K N a LN K

N b aN
μ

⎛ ⎞⎛ ⎞ +⎛ ⎞
= + +⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎜ ⎟+ ⎝⎝ ⎠⎝ ⎠⎠    (2.13) 

where; 

N = Number of coil turns  

( 1)b Nw N s= + −         (2.14)  

oa d=           (2.15) 

 

K1, K2, K3, and K4 are 0.008, 1.4142, 0.37942, and 0.3333 respectively (Carr, 2001).  

Both a and b are measured in cm. 
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Figure 2.1: Spiral Inductor Geometry (Musunuri & Chapman, 2003). 

 

Self-induced distributed capacitances created in loop-wound coils are significant 

especially in radio frequency circuits and must be accounted for when calculating the 

resonant frequencies by subtracting it from the total capacitance to get the resonant 

capacitance. When dealing with square loops, the stray capacitance in picofarads based 

on “Bramslev” can be approximated as 60a (Carr, 2001). In this case, “a” is measured in 

meters.  

 

The parameters from both figures are defined as follows:  

w  =  Width of the trace 

n  =  Number of turns  

t  =  Thickness of the metal trace 

s  =  Spacing between turns 

di  =   Inner diameter 

do  =  Outer diameter 

l  =  Length of the trace  

2 ( )

( ) / 2

2( ) 2 (2 1)( )

o i

avg i o

i

d d n s w

d d d

l d w n n s w

= + +
= +

= + + − +  

 11



2.1.1  Capacitance 

 
In a spiral inductor, the successive turns of the inductor possesses a dielectric medium 

between them and which in turn acts as a capacitor. This capacitance that exits between 

the adjacent turns is not significant but this however has significant effect when 

considered between the inlet and the outlet ports of the inductor (sum total of the 

individual capacitances) (Musunuri & Chapman, 2003). Hence the capacitance, which is 

more evident in multi-layer inductors at RF frequencies and above is given by (Musunuri 

& Chapman, 2003) as:  

 

             

o ild

m

A
C

d

ε
=          (2.16) 

where,  

             C = Series capacitance in picofarads (pF) 

Ao  =  Overlapped area between entry and exit segments  

dm  =  Separation between two interlayers 

ildε   =  Permittivity of dielectric medium between layers  

 

 

2.1.2  Inductance 

 
There is more than one formula for calculating the inductance of the spiral inductors and 

the actual inductance may be different from the calculated inductance due to the presence 

of parasitic or stray capacitance. The use of these expressions depends on the geometry of 

the figure. Some of the mathematical expressions found in literature and presented by 

(Musunuri & Chapman, 2003) are as follows: 

 

By (Lee, 2003) and (Yue & Wong, 1999), the inductance of a straight thin film inductor 

measured in nH can be estimated using the following expression: 
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2

0.0002 ln 0.5
3

nH

l w
L l

w t l

⎛ ⎛ ⎞= +⎜ ⎟⎜ +⎝ ⎠⎝ ⎠

t+ ⎞
+ ⎟      (2.17) 

 

Also from (Grover, 1962), a formula developed and termed as  the “Bryan’s equation” is 

given as: 

 

5
30.00241 ln 4

4
i o i o

nH

i o

d d d d
L n

d d

⎛ ⎞⎛ ⎞+⎛ ⎞= ⎜ ⎜⎜ ⎟ ⎜ −⎝ ⎠ ⎝ ⎠⎝ ⎠

+
⎟⎟⎟      (2.18) 

 

Another expression given by (Greenhouse, 1974) for L in picohenry (pH) is 

 

( ) ( ) ( )2
2 0.222

10 180 log 5 log 9.5 8 0.914o
pH o o

o

t wd
L d N d

t w d

⎡ ⎤⎛ ⎞⎛ ⎞ +⎛
= + − + +⎢ ⎥⎜ ⎟⎜ ⎟ ⎜⎜ ⎟⎜ ⎟+⎢ ⎥⎝ ⎠⎝ ⎠⎝ ⎠⎣ ⎦

⎞
⎟

   (2.19) 

 

A similar expression for a flat square coil of rectangular cross section with N turns given 

by (Grover, 1946) is 

 

( ) ( )
2

2 2

10 10

0.2235
0.0467 log 2 log 2.414 0.02032 0.914

( )
o

H o o o

o

d
L d N d d N t

t w d
μ

⎛ ⎞⎛ ⎞ ⎛ ⎞⎛ ⎞
= − + +⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟+⎝ ⎠ ⎝ ⎠⎝ ⎠ ⎝ ⎠

w+

s

        

     (2.20) 

None of the above mentioned formulas took into consideration the spacing, s, between 

adjacent turns. However, an experimental formula developed by (Mohan et al., 2005) 

(Musunuri & Chapman, 2003) does take the spacing into consideration and is given as: 

 

3 51 2 4

nH o avgL d w d n
α αα α αβ=

      (2.21) 

where, 

          β = 0.00162, α1 = -1.21, α2 = -0.47, α3 = 2.40, α4 = 1.78, α5 = -0.03. 
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2.1.3  Parameters affecting Inductor Performance 

 

The performance of an inductor depends on several parameters including the sheet 

resistance, the skin effect, eddy currents or proximity effect, and the turn-bend resistance 

(Musunuri & Chapman, 2003). In spiral inductors, each conductive line produces 

magnetic field that affects nearby or adjacent conductive lines. When a time varying 

current flows through a conductor, it creates a varying magnetic field which intersects 

other closer or nearby conductive lines and by Faraday’s Law, induces small circular 

rings of current known as eddy current. As the source producing these eddy current 

varies, the eddy currents also vary and hence produce a magnetic field that opposes the 

initial magnetic field generating the eddy currents.  This phenomenon affects the inductor 

by decreasing the rate with which the current alternates during high frequencies and also 

generates heat.  

 

 

2.1.3.1  Sheet Resistance 

 
Another physical property that affects the performance of spiarl inductors is the sheet 

resistance. For any spiral inductor with uniform thin film thickness, it is a measure of its 

resistivity per unit area to the current passing along the sheet. The sheet resistance which 

is measured in ohms/square (Ω/□), is the same as the resistivity of a two-dimensional 

system and range from 0.03 to 0.10 ohms per square based on the technique used 

(Musunuri & Chapman, 2003). In general the resistance of a conductor is given as; 

 

 
l

R
A

ρ=   

 

But  

A = wt  

l
R

wt
ρ=
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Thus, 

l
R

t w

ρ
= ×   

s

l
R R

w
=  

s

w
R R

l
=  

where,  

R  =  Resistance of a three-dimensional conductor 

Rs  =  Sheet resistance

ρ =  Resistivity 

A   =  Cross-sectional area 

 l   =  length of the conductor 

t   =  Sheet thickness 

 

2.1.3.2  Skin Effect 

 
The effect due to skin effect at AC currents, which is associated with high frequencies, is 

more predominant than at DC currents which have low frequencies.  This is due to the 

fact that at AC current there is an unbalance charge density flow in the conductor with 

majority of the charge density highly populated at the outer peripheries than the middle of 

the conductor and thus creating more resistance in the middle of the conductor than at the 

peripheries (Lee, 2003).  This phenomena  is known as the skin effect (Weatherspoon, 

2006) and (Lee, 2003).  By moving deep into the conductor, one will experience a 

decrease in charge density and as the move continuous deeper and deeper, there exits a 

point δ inside the conductor called the skin depth where the charge density is said to 

decrease to 
1

e
 or 36.8% of its initial value at the periphery of the conductor (Pozar, 

2005a; Lee, 2003). 

 

From literature, the resistance of an inductor at DC current is generally given as; 
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  DC

l
R

A

ρ
=         (2.a) 

 

Also at high AC currents, the resistance due to skin effect from literature is given as; 

 

  
2

AC DC

r
R R

δ
=        (2.b) 

 

Thus, by combining (2.a) and (2.b) gives the resistance at microwave frequency as; 

 

  s
2

kin

l r
R

A

ρ
δ

= ×  

  s 2 2
kin

l r
R

r

ρ
π δ

= ×  

  s
2

kin

l
R

r

ρ
π δ

=        (2.23) 

where,   

ρ   =  Resistivity of the conductor 

 f  =  High AC frequency 

δ = Skin depth   

 l = Length of the circular conductor  

μ = Permeability in henrys per meter of the conductor 

 δ = Skin depth 

 r = Radius of the circular conductor 

 

From (Pozar, 2005a), an expression for the skin depth δ of a circular conductor is given 

as; 

 

 
1

skindepth
f

δ
π μσ

=         (2.24) 
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The resistance due to skin effect can be minimized by increasing the width (w) of the 

inductor and hence increasing the optimum “surface area” of the inductor for any given 

“volume” (Scher, 2004).  In addition, while Long (Long, 2004) suggested the use of 

“magnetic materials with permittivity greater than that of free space to minimize skin 

effect losses as well as coupling to other inductive components in the circuit”, (Musunuri 

& Chapman, 2003) and (Bui, 1999), claimed that the skin effect can be assumed to be 

insignificant if the skin depth is greater than the depth of the inductor print or layout.   

 

 

2.1.3.4  Turn-Bend Resistance 

 

The bend spot of a conductor offer some impedance to the flow of charges at that spot 

and hence for a spiral inductor with sharp turn-bends at 90o, the effect of the bends to 

current flow is significant and must be taken into consideration (Musunuri & Chapman, 

2003). This effect is known as the turn-bend resistance and hence the overall resistance of 

a spiral inductor given by (Musunuri & Chapman, 2003) is as follows: 

 

  
( ) ( ) ( )( )4 2

2 1 2 4 4s i

n
TR R d sn n n

w

−⎛ ⎞
= + + − − +⎜ ⎟

⎝ ⎠
nR    (2.25) 

 

where,  

RS  =  Sheet resistance of the metal in Ω/�  and ranges from 0.03 to  

                        0.05Ω/�  (Musunuri & Chapman, 2003) 

RT  =  Turn-bend factor (usually “2.5” (Musunuri & Chapman, 2003)) 

2.2  Current Rectification (Half and Full Wave) 

 

A diode, which is a “two-terminal semiconductor device with a non-linear V-I 

characteristic relationship” (Pozar, 2005b), is specifically designed to permit the flow of 

current in one direction.  It allows current to flow through it with a measurable resistance 

when the voltage applied to it is in the forward direction. However, if the applied voltage 

is in the reverse direction, the diode offers a great resistance to current flow.  The 
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rectification of current from AC to DC in half or full wave rectification can be done using 

diodes.  In a half wave rectification only one diode is needed as shown in Figure 2.2  but 

for a full wave rectification, four diodes are needed to direct the flow of current in only 

direction. This configuration is shown in Figure 2.3.  

 

 

Figure 2.2: Half Wave Rectification.  

 

 

Figure 2.3: Full Wave Rectification. 

 
 

 18



 
 

Figure 2.4: Schematic Layout of Design for Full Wave Rectification. 

 
 

2.3 Previous and Current RF Inductor Technology 

 
RF inductors are used in several industrial processes and military applications which 

include communication systems, satellite, radios, GPS systems, crystal oscillators, and 

wireless networks (Gowanda, 2005). There are other applications that use RF inductors 

especially in the health sector but none of the systems mentions above depends solely on 

electromagnetic radiations as its source of energy and none of them is used as means to 

harvest energy.   

 

In addition to the above mentioned commercial RF inductor systems, a non-commercial 

battery charging system using radio frequency was developed at the University of 

Pittsburgh, in 2004 as a masters thesis by (Harrist, 2004a).  In his work, he used an 

existing antenna with charge pump technology to charge a cellular phone battery. To 

charge the cellular phone battery, (Harrist, 2004a) captured ambient 915-MHz RF energy 

and which gave him 4 mV/sec charging time. Even though he was able to get the cellular 
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phone light emitted diode (LED) light turned on for a short period of time, this was not 

enough to completely charge the battery. In addition, Harrist work was done using a 

signal source and a charge pump to convert and magnify the current from AC to DC.  

Another study was carried out by Peters (Peters, 2004) in 2004 as his maters thesis to 

design and fabricate spiral inductors for RF applications based on software simulations. 

From his study results, applicants can design an efficient inductor by specifying only the 

desired inductor area and frequency.  In June 2005, a workshop was held on “energy 

harvesting for embedded structural health monitoring sensing systems” using ambient 

energy at Los Alamos National Laboratory by the Los Alamos National Laboratory and 

the University of California, San Diego (Park et al., 2005). There are several papers 

written on ambient energy as means of energy source and most of which can be found 

from (Fry et al., 1997; Glynme-Jones & White, 2001; Mateu & Moll, 2005; Paradiso & 

Starner, 2005; Park et al., 2005; Qiwai et al., 2004; Roundy, 2003; Sodano et al., 2004).  

A recent discovery of a “paper-like, polymer-based rechargeable battery” by a Japanese 

scientists (Nishide et al., 2007) to power portable or nano devices therefore called for the 

need of inexhaustible rechargeable sources of energy to continuously recharge this 

flexible batteries.  

 

As there are concerns and interests in the increasing power density of frequencies in the 

range of 0.9 to 3.0 GHz, it is important to measure these frequencies and compare their 

levels to innocuous baseline.  In this study, an FM radio station was used as the baseline.  

The RF signals were measured by means of the energy produced via antennas at selected 

frequencies using a spectrum analyzer and multi-meter.  The signals measured were 

based on both transformer and motional effects. 
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Chapter 3  
 
 

METHODOLOGY AND DESIGN REQUIREMENTS 

 
 

3.0 Introduction 

 

As the size of portable electronic devices decreases, their applications and the need to use 

them also increases. This inverse relationship calls for the optimization of these 

parameters to determine the best parameters that can give the optimum desired 

application. In this chapter, optimization of the RF inductor was done based on its power 

and voltage. Comparison of these optimized parameters and the original parameters are 

shown in Table 3.1. The design of the final optimized RF circuit is also based on the data 

contained in Table 3.1.  

 
 

3.1 Optimization of Inductor Parameters 

 
The type of inductor selected for this research is shown in Figure 2.1. This figure was 

selected in preference to other designs because its geometry makes it possible to interact 

with and capture more RF energy. For any given area, the rectangular spiral inductors are 

said to have more inductance than the circular spiral inductors (Peters, 2004) using data 

from (Carchon & De-Raedt, 2003).  The model of the inductor in series with its stray 

resistance Rs and in parallel with its stray capacitance Cs is as shown in Figure 3.1.  

Equation 2.12 can be extended and is applicable to any RLC circuit. Thus, by using 

Equation 2.12, any RF circuit can be tuned to the desired frequency. Also, by knowing 

the resonant frequency, both the inductor and the capacitor can be selectively varied to 

that frequency. 
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Figure 3.1: Inductor Model with Stray Inductance and Capacitance. 

 

One of the goals of the circuit design is to be able to get the possible maximum power 

output and from Equation 2.11, the induced voltage is given as; 

 

 2 cemf oV fnAQB osπ α=
 

 

A is the inductor coil area and from Figure 2.1, A can be calculated for a square spiral 

inductor as; 

 

o oA d d= ×
 

 

Also from Figure 2.1, 

( )2o id d n s w= + +
        (3.1) 

 

Thus, 

( ) ( )2 2i iA d n s w d n s w⎡ ⎤ ⎡ ⎤= + + × + +⎣ ⎦ ⎣ ⎦  

 

Hence,  

( ) ( )2 2 2 cemf i i oV fn d n s w d n s w QB osπ α⎡ ⎤ ⎡ ⎤= + + × + +⎣ ⎦ ⎣ ⎦    (3.2) 

 

But   
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2V

P
R

=  

 

( )( )
( ) ( ) ( )( )

2
2

2 2 cos

4 2
2 1 2 4 4

i o

s i

nf d n s w QB
P

n
TR d sn n n nR

w

π α⎡ ⎤+ +
⎣=
−⎡ ⎤

+ + − − +⎢ ⎥
⎣ ⎦

⎦

s

w

w

w

   (3.3) 

 
Using Equation 3.3, one can be able to determine the best dimensions that would give 

maximum voltage and power with cos(α) = 1. The optimization of the parameters was 

done using Equation 3.3 and the Matlab code shown in Appendix A. By using this code, 

the following results were obtained. 

 

1. di = -2*s*n-2*n*w  

2. w = s 

3. s = w 

 

Thus, from the above results; 

 

4id n=          (3.4) 

4id n=          (3.5) 

s w=           (3.6) 

 

Using Equations 3.4, 3.5, and 3.6 the optimized outer diameter was determined as shown 

in Equation 3.7.  

 

2 ( )o id d n s w= + +          

4 4od nw n= +          

8od n=          (3.7) 

6
2

i o
avg

d d
d

+
= = nw         (3.8) 
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But from Equation 2.21, the empirical formula for calculating the inductance is given as; 

1 2 3 4

nH o avgL d w d n s 5α α α α αβ= . 

 ( ) ( )1 32 48 6nHL nw w nw n
α α 5wα α αβ=  

( ) ( )1 3 4 1 2 3 53 16 8nHL n w
α α α α α α αα α β + + + + +=      (3.9) 

 

Also, the recommended pitch value of a spiral inductor for optimum performance is 

within the range of 1.5 to 2. The pitch p of an inductor is given as; 

 

w s
p

w

+
=          (3.10)  

 

Thus, for the optimum design inductor, p = (2w)/w = 2.  The results of the optimized 

parameters are shown in Table 3.1.  The dimensions of the inductor given in Table 3.1 

was further confirmed by determining the maximum voltage at cos(α) = 1 using Equation 

3.2 and which gave the same results.  

 

By Substitution, the optimized power was determined as shown in Equation 3.11.  

 

2
3 2

2

128 cos

24 20 4 8

o

Optimim

s T

fn w QB
P

R n n nR

π α⎡ ⎤⎣ ⎦=
⎡ − + +⎣ ⎦⎤

     (3.11) 

 

 

Figures 3.2 and 3.3 are contours of the optimized inductance and power respectively that 

can be used for designing RF inductors. By knowing either the number of turns (n) or the 

width of the trace (w), one can selectively choose the power and inductance needed for 

the design and the vice versa.  
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Table 3.1: Summary of Optimized Parameters in terms of n and w. 

Parameter Original Formula Optimized Formula 

Inner diameter di - 4nw  

Outer diameter do ( )2id n s w+ +
 

8nw  

Average diameter 
davg

( )
2

i o
i

d d
d n s w

+
= + +  6nw  

Spacing s - w  

Pitch p 
w s

w

+
 2 

Inductance LnH
1 2 3 4

o avgd w d n s 5α α α α αβ  
( ) ( )1 3 4 1 2 3 53 16 8 n w
α α α α α α αα α β + + + + +

 

Power 

( )( )
( ) ( ) ( )( )

2
2

2 2 cos

4 2
2 1 2 4 4

i o

s i

nf d n s w QB
P

n
R d sn n n

w

π α⎡ ⎤+ +
⎣ ⎦=
−⎡ ⎤

+ + − − +⎢ ⎥
⎣ ⎦

TnR

 
2

3 2

2

128 cos

24 20 4 8

o

s T

fn w QB

R n n nR

π α⎡ ⎤⎣ ⎦
⎡ ⎤− + +⎣ ⎦
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Figure 3.2: Contours of Inductance as a Function of n and w. 
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Figure 3.3: Contours of Power as a Function of n and w. 

 
 

3.2 Inductance Calculation and Circuit Design 

 

The design of the circuit was done by first calculating the inductance of the inductor with 

some arbitrary values for n and w using Equation 3.9. The calculated inductance was then 

used to determine the capacitance needed at the resonant frequency.  The most common 

frequency for personal communication systems (PCS) phones in the US is at 1800-2200 

MHz (Moulder, 2006) and hence, the average value of this range was selected as the 

resonant frequency.  With reference to Figure 2.1 and Table 3.1, the computation was 

done as follows: 

 

Let 

 

 w = Width of the inductor trace = 0.001m = 1mm 
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 n = Number of turns = 6 

Using the optimized parameter formulas shown in Table 3.1, the following results were 

obtained. 

 

Inner diameter:  

 di  =  4nw  

=  4*6*0.001 

=  0.024m (24mm)  

 

 Outer diameter: 

 do  =  8nw 

  = 8*6*0.001 

  = 0.048m (48mm) 

 

Average diameter: 

 davg  = 6nw 

  = 6*6*0.001 

  = 0.036m (36mm) 

 

Spacing in between inductor trace 

s = w 

 = 0.001m (1.0mm) 

 

Inductance in nano henrys: 

 LnH = 
( ) ( )1 3 4 1 2 3 53 16 8 n w
α α α α α α αα α β + + + + +

 

= (6^2.4)*(8^-1.21)*(0.00162)*(6^(-1.21+2.4+1.78))*(0.001^(-1.21-

0.147+2.4-0.03)) 

= 8.2288e-012 H 

= 8.2288 pH (8.2 pH) 
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The resonant frequency given in Equation 2.11 is
1

2
f

LCπ
= .  Hence, resonant 

capacitance was calculated using the computed inductance and the average PCS 

frequency (2000MHz) (Moulder, 2006). 

 

2 2

1

4
C

f Lπ
=

 

 

Hence,  

( ) ( )2
2 9 1

1

4 2 10 8.2288 10
C

π −
=

× × 2
  

C  =  7.6956x10^-10 Farads 

  = 770 pF 

 

The required capacitance at resonant frequency, C = 770.0 pF.  Table 3.2 contains 

summary of the computed optimized inductor parameters. 

 

Table 3.2: Summary of Computed Values with n=6 and w=1.0mm. 

Parameter di do davg S L C 

Optimized 

Value 

24mm 48mm 36mm 1.0mm 8.2288 pH 770 pF 

 
 

Using the information contained in Table 3.2, the inductor and the circuit was designed 

and shown in Figure 3.4 and 3.5 respectively.  
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Figure 3.4: Inductor. 

 
 
 
 

 

Figure 3.5: Complete Circuit. 
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Chapter 4  
 
 

DISCUSSION AND ANALYSIS OF RESULTS 

 
 

4.0 Experimental 

 

The experiment was conducted in two phases; the first phase was a broadband sensitivity.  

In this study, RF signals were measured using a Fluke 189 TRMS multimeter. This was 

done using an RLC circuit with a standard antenna with impedance of 50 Ohms and 

frequency range of 2400 MHz to 2485 MHz inserted in to the inductor on a breadboard. 

Using this simple circuit, measurements were taken at different locations with the aid of a 

multimeter.  The test included the impact of using an antenna, location and motion on RF 

measurement. 

 

The FAMU-FSU College of Engineering was used as a reference point.  Site 1 is FSU 

Center A which is about 2.0 miles from the FAMU-FSU College of Engineering. Site 2 is 

Lake Lodge which is also about 1.3 miles from the FAMU-FSU College of engineering 

and is a residential area where there is a high usage of wireless devices (e.g. cellular 

telephones, cordless phones, wireless routers).  Site 3 is FAMU-FSU College of 

Engineering which also has a wide range of wireless devices.  Site 4 is the National High 

Magnetic Field Laboratory and is about 0.3 miles from College of Engineering.  For site 

4, the test was conducted for both inside and outside of the building to see if there was 

any effect due to the magnetic field. Also, additional test was conducted outside site 4 

with the antenna in translational motion to see the effects of both transformer and motion 

effects on the induced current. 

 

The second test was how specific frequencies may affect RF power densities.  An 

E7404A spectrum analyzer was used to measure using bandwidth of 9 KHz to 13.2 GHz.  
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A standard antenna with impedance of 50 Ohms and frequency range of 2,400 MHz to 

2,485 MHz was employed.  The antenna was directly connected to the spectrum analyzer 

to obtain AC power, current and voltage.  This test was conducted at three different 

frequency levels (2.4 GHz, 1.9 GHz and 80 MHz). The choice of 2.4 GHz and 80 MHz 

with a span 100 and 30 MHz respectively was due to the fact that wireless routers and 

new broadband technologies such as EVDO operate at 2.4 GHz while other activities 

such as the FM stations operate within the range of 95 +/15 MHz. The 1.9 GHz frequency 

was however arbitrary chosen. 

 

The span for both the 2.4 GHz and 1.9 GHz frequencies was 100 MHz while that for the 

80 MHz was 30 MHz. The power in dBm was converted into mW using Equation (4.1) 

given by (Cafe, 2007a). The converted power in mW is shown in Figure 4.1. 

 

( )
( )

10
10

p dBm

P mW

⎡ ⎤
⎢⎣=

⎥⎦         (4.1) 

 

Using an antenna with a 50 Ω impedance, the power in dBm was further converted into 

voltage in volts using Equation (4.2) given by (Cafe, 2007b). The power in mW could 

equally have been converted into voltage in volts using Equation (4.3) given by (Cafe, 

2007b).  

 

( ) 10

20
10

p dBm

pkV

−⎡ ⎤
⎢ ⎥
⎣ ⎦=

        (4.2) 

 

 
( )

2

100

pkV
P watts =

 
       (4.3) 
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Figure 4.1: Power in mW for 2.4 GHz with 100 MHz Span Frequency. 

 
 

4.1 Results and Discussion 

 
The data contained in both Tables 4.1 and 4.2 are the voltage and current readings of part 

one of the test. From the readings taken, it was realized that the amount of voltage 

obtained at any particular location depended much on the reception at that location. This 

was verified by looking at the cell phone reception bars at those locations. The highest 

amount of voltage was obtained when the setup was in motion outside the building and 

this was due to both transformer and motion effects. 
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Table 4.1: Impact of location on a broad range of RF as measured by multimeter. 

Voltage (mV) Current (µA) 

Location 
Without 
Antenna 

With 
Antenna

% 
Increase 
in Volts 

Without 
Antenna

With 
Antenna 

% 
Increase 
in Amps 

FSU Center A 0.116 1.603 1281.9 0.36 0.47 30.6 

Lake Lodge 0.102 2.479 2330.4 0.35 0.44 25.7 

FAMU-FSU 
College of 

Engineering 
0.206 2.199 967.5 0.33 0.44 33.3 

 
 

Table 4.2: Impact of movement on RF as measured by multimeter with an antenna. 

 

Location 

 

Minimum 

Voltage 

(mV) 

 

Maximum 

Voltage 

(mV) 

Site 2 1.875 2.480 

Site 4 (inside, stationary) 0.513 1.065 

Site 4 (outside, stationary) 0.092 0.116 

Site 4 (outside, moving) 15.823 23.367 

 
 
From both Table 4.1 and 4.2, Site 2 has the highest stationary VA. The account for the 

high stationary VA is still not certain but the insight gathered has more to do with 

variations of power densities with locations.  The main learning is that with antenna 

seems significant than without antenna and moving seems far better than all cases. The 

data collected from the second test are shown in Figures 4.2, 4.3, 4.4, and 4.5.  The peak 

powers obtained from these graphs are summarized in Table 4.3. From these the 2.4 GHz 

range appeared to have more power density than the other two frequency ranges. 
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Figure 4.2: Power in dBm for 2.4 GHz with 100 MHz Span Frequency. 
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Figure 4.3: Power in mW for 2.4 GHz with 100 MHz Span Frequency. 
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Figure 4.4: Power in mW for 1.9 with 100 MHz Span GHz Frequency. 
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Figure 4.5: Power in mW for 80 MHz with 30 MHz Span Frequency. 
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Table 4.3 summarizes the maximum AC power obtained for the various frequency levels.  

From Table 4.3, it is observed that the maximum power was obtained at a peak frequency 

of 2.4630 GHz shown in Figure 4.3.  

 

Table 4.3: Summary Table of Maximum Power, Voltage and Current. 

Maximum peak. 
Max Power 

(nW) 
Comments 

105.725 MHz 14.454 Nearby radio 

1.946 GHz 0.0589 Wireless 

2.463 GHz 29.512 
Wireless, Cordless, 

Broadband 

 
 
The baseline frequency was associated with radio station 105.7 FM which was about 4.6 

miles away from the point where the test was conducted.  It had a greater power density 

than what was found at 1.9 GHz.  

 

 

Figure 4.6: Preliminary Test Set-up. 
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Figure 4.7: Preliminary Test Set-up. 
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Chapter 5  
 
 

2-DIMENSIONAL INDUCTOR ANALYSIS 

 

 

5.0 Introduction  

 
Two-dimensional printable circuits are one of the next generation technologies that 

nanotechnology provides by way of organic, conductive materials (Parker, 2005).  RFID 

(radio-frequency identification) is an example of a 2-D technology; however these 

technologies do not widely use organic materials.  Thus, the manufacturing technology 

required for systems that do not use organic materials require lithography, carbon vapor 

deposition (CVD) and other high cost, overly complicated techniques (Parker, 2005).  

Use of organic nanotechnologies promises increased production speeds, lower costs and 

simpler fabrication techniques.  Radio frequency sensing is of interest for the growing 

RFID and other radio frequency (rf) technology industries.  Each radio frequency wave 

possesses little energy; however, they are increasingly abundant and have great 

penetrating capability.  They are absorbed by molecules that contain available electrons, 

such as the atoms of most metals. When radio waves come into contact with a metallic 

surface, such as an antenna, the free electrons start moving, producing weak electric 

signals (Carr, 2001).  

 
 

5.1 Background 

 

This work studied the rf power available to a 2-D antenna for the purpose of rf sensing.  

This work seeks to provide insight into the ability to print organic electronics.  Based on 

electromagnetic induction, currents can be obtained in an antenna when RF signals are 

received by the antenna.  Although, the organic materials have available electrons in the 

outermost shell, it conducts electrons and is affected by externalities very differently than 
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with metallic systems. As such, this research examined the ability to sense RF signals 

using differing organic material systems and what are specific needs in order to print the 

RF antennas. 

 
 

5.2 Experimental 

 

Several factors were considered for experimental design, which were materials 

preparation, material choice, material processing, circuit design and characterization 

technique. 

 
 

5.3 Materials used 

 

Materials used for the RF inductor included graphite, polypyrrole, PEDOT-PSS (Poly 

(3,4-ethylenedioxythiophene)-polystyrenesulfonic acid) and carbon nanotubes. The 

desirable properties of these materials are summarized in Table 5.1 (AMRI, 2006; Beurer 

& Kretschmer, 1997; Chen et al., 2003; Degarmo et al., 2003; Gref et al., 1994; Kastantin 

et al., 2003; Kruis et al., 2003; Lee & Park, 2005; Manning & Harvey, 1999; Quan et al., 

2001; Shold et al., 2004; Sirringhaus et al., 2000; Sixou et al., 1996; Velegol & 

Fichthorn, 2004; Voitl et al., 2004). 

 

 

5.4 Fabrication 

 
In the current research, the fabrication of the RF inductor was done using an ink jet 

printer and a stamp. The polymers used at the different stages were polypyrrole and 

PEDOT-PSS.  Carbon nanotubes (SWNTs and MWNTs) and iodine were added to these 

materials to enhance their conductance. The mixture mixed in an aqueous solution 

dispersed with Triton X 1000.  The subsequent solution was then heated until desired 

concentration was achieved. In addition to the above mentioned materials, there were 

other materials added to the solution to ensure that the product was capable of being used 

as a printing solution with the intended quality. These materials are as follows; Triple 
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distilled and deionized water, dynol 604, ethylene glycol or glycerol, and 

dimethylethanolamide (DMEA). Using an inkjet printer, an RF inductor as shown in 

Figure 5.1 was printed. The antenna was then used to form a complete circuit with a 

variable capacitor and a resistor.  A multimeter was used to measure the short circuit 

current and the open circuit voltage. The setup is shown in Figure 5.2. 

 

 

Table 5.1: Summary of Properties of the Materials Used. 

 

Material Properties 

Graphite 

1. Metamorphic rock from soft coal 
2. Posses both metallic and non metallic properties 
3. Thermal and electrical conductive 
4. Inert with high heat capacity 
5. Possess lubricative properties 
 

Polypyrrole 
(PPy) 

1. Conducting electroactive conjugated polymer 
2. Has stable long-term conductivity 
3. Has good mechanical properties 
4. Easier to fabricate 
5. Greatly affected by aging effects and degradation 
6. Very sensitive to humidity   
 

PEDOT-PSS 

1. Conductive polymer for polymeric electronics 
2. High transmittance 
3. Suitable for flexible electrical devices 
4. Suitable for deposition processes such as inkjet printing  
5. Easy to process 
6. Mechanically flexible 
 

Carbon 
Nanotubes 

1. Have remarkable electronic, optical, and magnetic properties 
2. Good mechanical properties such as yield strength, tensile 

strength, and fatigue 
3. Very conductive   
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Figure 5.1: Single Rectangular Thin Inductor. 

 
 
 

 
 

Figure 5.2: 2-Dimensional Inductor Test. 
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5.5 Results 

 

The analysis of the 2D inductor was done both theoretically and experimentally. The 

theoretical part was done using only the lead printed inductor. However, the experimental 

part was done using all the three materials. 

 
 

5.5.1 Theoretical Characterization  

 

The lead printed RF antenna was first theoretically characterized as shown in Figure 5.3. 

The antenna was printed on a sheet of paper using a lead pencil. The intention of the 

characterization was to find out how the size of the inductor affects both the inductance 

and parasitic capacitance of the inductor. Five lead inductors with different sizes were 

printed their inductance and capacitances calculated using Equations 5.1 and 5.2 give by 

(Mohan et al., 2005) and (Musunuri & Chapman, 2003) respectively. The resonant 

frequency for each inductor was then calculated using Equation 5.3. From the results 

obtained shown in Figure 5.4, it was clear that the resonant frequency increases as the 

size of the inductor decreases. This increase in frequency is due to the fact that as the size 

of the inductor decreases, both the inductance and the parasitic capacitance decreases and 

hence increase in the resonant frequency. Using the energy relation shown in Equation 

5.4, the theoretical energy from the inductor was then calculated for the different sizes 

and shown in Figure 5.4. 
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where,  

E = Energy 

h = Planck’s constant 

C = Capacitance in picofarads (pF) 

Ao  =  Area of overlap between entry and exit segments  

dm  =  Distance between the two metal layers used as entry and exit segments. 

ildε   =  Permittivity of the interlayer dielectric.  

 

 

 

Figure 5.3: RF Antenna. 

 
Figure 5.4: Calculated Energy of RF Inductor Based on Frequency. 
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5.5.2 Electrical Analysis 

 
Table 5.2 contains the current and voltage obtained using graphite, polypyrrole, and 

PEDOT-PSS with carbon nanotubes for the RF inductor. From Table 5.2, even though 

the power obtained is still low, it is promising that there is a potential of improvement by 

using materials with good conductivity. Due to the way graphite was applied 

discontinuities were formed as graphite sheets laid on each other.  Thus, this system 

presented high resistance and lead to high energy losses.  It was however greater than that 

theoretically predicted.  

 
The low performance of the polypyrrole was due to both aging with time and degradation 

with environmental effects such as humidity. PEDOT-PSS performed well and was found 

to be more conductive, flexible, and more suitable for deposition processes.   

 

Table 5.2: Table of Results for Current and Voltage. 

 

Major Material 

 

Voc (mV)

 

Isc (μA)

 

VA (nanoWatt)

 

Comments 

Graphite 0.02 0.018 0.00036 Poor conductive 

pathways 

Polypyrrole 0.12 0.028 0.00336 Oxidation over 

time 

PEDOT-PSS 0.88 0.330 0.29040 Ease of coating 

 
 

5.6 Viscosity and TGA Analysis 

 

Viscosity test on the solution was conducted to see if the viscosity of the final product 

was within the recommended range of 1.5 to 25 centipoises (cp) and preferable from 1.5 

to 18 cp (Maxwell & Fell, 1982).  From the results obtained shown in Table 5.3, the 

viscosity of water (used as reference) at 60 rpm was 1 cp and that for the solution was 4.0 

cp and hence was within the recommended range. The TGA test was conducted to find 

out if the solution carbonates as a result of the high nozzle firing temperatures during 

printing.  During printing, the heating elements of the cartridge nozzle warm up to 
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temperatures greater than 300o C causing the ink to evaporate. This also creates high 

amount of pressures in the order of 125 atmospheres to initiate the printing process and 

thus forcing bubbles of the vaporized ink out of the nozzles on to the paper forming 

prints. Figure 5.5 and Figure 5.6 are the graphs of the TGA test performed on ink-jet ink 

and the solution 1 respectively.  From Figure 5.5 it was observed that the solution 1 

consisted of 94% of water by weight and which burn out completely at 100oC. However, 

the carbon nanotubes and the polypyrrole sustain temperatures beyond 300oC.  The 

amount of polypyrrole and carbon nanotubes in the mixture was increased by further 

boiling the mixture to reduce the water content by weight as shown in Figure 5.7.  

 
 

Table 5.3: Viscosity Test Results for PPy Using Water as Reference 

Viscosity 
Speed/RPM 

Water Solution 

0.3 0 0 

0.6 0 0 

1.5 0 0 

3.0 0 0 

6.0 0 0 

12 0 0 

30 0 1.5 + 0.5 

60 1.5 + 0.5 4.0 + 0.5 
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Figure 5.5: TGA Test on Ink-jet Printer Ink  

 46



 
Figure 5.6: TGA Test on Solution 1 
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Figure 5.7: TGA Test on Solution 2 
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5.7 Cost Analysis on 2D Inductor 

 
Table 5.4 contains the cost of the materials and labor involved in the fabrication of the 

RF antenna circuit. The cost analysis was conducted to determine potentially if it worth 

pursuing this project. That is if it is economically feasible.  

 

Table 5.4: Material and Labor cost. 

Materials and Labor Quantity Price per quantity 

 

Poly (3, 4-ethylenedioxythiophene)-

Polystyrenesulfonic (PEDOT-PSS) 

 

25g 

 

$81.90 

Dimethylethanolamide (DMEA) 2L $42.50 

Ethylene glycol 1L $49.60 

Glycerol 500ML $36.70 

Deionised water 1L $16.20 

Dynol 604 (surfactant) Air Product 40lb $21/lb 

MWCNT 1g $3,178/lb ($7/g)-R&D 

SWCNT 1g $227,000/lb ($500/g) 

Printer and print materials  $ 500 

Labor  $3000 

Total Cost of Production = $4254.90 = $4255.00 

 
 
Suppose a minimum of 30 refilled cartridges can be made from the materials listed in 

Table 5.4 and each cartridge is capable of printing 500 pages (J&R, 2006) with each page 

containing about 10 circuits. Thus, a total of 150000 circuits can be printed from the 30 

cartridges. 

 

From Table 5.4, total cost of producing the 150000 circuits is $ 4255.00.   

Hence, cost of production per circuit =   $4255/150000 

                                                               = $0.028367 
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                                                               = 3 cents per circuit 
 
Also, each circuit consists of 4 diodes ($0.60), a resistor ($0.10), and a capacitor ($0.15) 

costing a total of $0.85.  If the accessories of a single circuit also cost a sum of $1.0, then 

the overall cost of producing a circuit is 0.03 + 0.85 + 0.5 = $1.38.  

  

By looking at the cost price, the selling price of each circuit can be set to a minimum of 

$1.99. 

 

The metric is defined as the ratio of dollar cost per year to the output power in kilowatt-

hour per year.  

 

Thus, the metric = 1.99/18.93456 = 0.105 

   = 11 cents per kilowatt-hour 

 

The number of people using mobile phones increases significantly as technology 

progresses and this means that there would be more customers for the trickle charger and 

hence there would be mass production leading to low cost of production, lower prices and 

increase in profit.   
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Chapter 6  
 
 

CONCLUDING REMARKS AND RECOMMENDATIONS 

 
 

6.0 Concluding Remarks 

 

Four key factors were observed from the data obtained from this analysis. Using the 

circuit with the antenna produces more power than the circuit without the antenna 

indicating the significance of the current induced in the antenna by the received signals 

and which if properly rectified can be stored and used in low power devices. In addition, 

more power was obtained from the circuit when in motion and this was due to the 

cumulative effect of both motion and transformer effect.  Furthermore, the power 

obtained at 2.4 GHz with a span of 100 MHz frequency was higher than that obtained at 

both 1.9 GHz and 80 MHz.  Finally, the AC power in all cases is in the nano watt range 

and can be used to power nano devices.  As the world moves in to the nanotechnology 

era, this therefore opens the door for source of energy to power nano devices.  

 

Elements that may have impacted the study are Wireless routers, EVDO and UMTS 

operate at 2.4 GHz.  The tests were performed inside a building that had wireless routers 

widely available.  Further, the photons at 2.4 GHz are have a higher energy than the other 

photons at lower frequencies.  Given their power intensity and vast distribution, it is 

important to further capture opportunities for RF devices, as well as understand any 

impact on health.  Some have looked at RF energy harvesting devices, the measured 

power densities appear to low for any current practical applications. 

 

The ability for a printable 2D antenna to measure radio frequency (rf) power was greatly 

affected by its geometry/dimensions, material conductivity, and printability.  An antenna 

with sharp turns introduced high turn-bend resistance and which was eliminated using 
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rounded edges. Skin effect was also considered when selecting dimensions.  

Discontinuities in the printed inductor as was found in the case of the graphite and 

severely affected the performance of the graphite inductor. Even though polypyrrole 

blended well with iodine, the inductor printed using PEDOT-PSS was far better than that 

printed using polypyrrole in terms of smoothness and continuity. It was also realized that 

polypyrrole inductor could not be used after about the first one to two hours from being 

printed. This was due to aging with time or degradation due environmental effects such 

as humidity. Currently, the amount of power obtained from the 2D inductors is in the 

nanowatt range however, there is still room for improvement by using organic materials 

having higher conductivities.   

 
 

5.2 Recommendations 

 

Preliminary study on RF inductors as sources of energy appeared to be very promising. 

There is however potential challenges that this new technology faces such as converting 

it to DC current using diodes. The minimum voltage required to turn on low voltage 

diodes such as the 1N34A germanium diode which is the modern substitute for galena 

and most other germanium small-signal diodes is 0.2V. Since the voltage generated from 

RF inductor circuits are very low as can be seen in both Table 4.1 and 4.2, a research into 

semiconductor materials to develop diodes that require microvolts to turn on is highly 

recommended.  Another recommendation for future work is to look at ways to combine 

the 2D inductors together either in series or in parallel without nullifying their 

inductiveness (cancelling their inductances). Lastly, as the power obtained is still at the 

nano level, it is recommended that research be conducted to determine how this energy 

can be used to power nano devices. 
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APPENDIX A 

 
 

Optimization Code for Inductance and Power 

 
 
%Function definition 
function [ddi, dw, ds, d2di, d2w, d2s, di, w, s, L_res, Max_dBm_2_4GHz, … 
Max_dBm_1_9GHz, Max_dBm_80MHz,  Max_24Power, Max_19Power, … 
Max_80Power, Max_24Voltage, Max_19Voltage, Max_80Voltage, …    
Max_24Current, Max_19Current, Max_80Current, Opt_24Frequency, … 
Opt_19Frequency, Opt_80Frequency] = Power_Optimizer 
 
% Defining system variables and constants 
syms n di w s f Q Bo alpha Rt Rs positive 
 
%n = 6; 
alpha = 0;  %Incident angles 
Rs = 0.05;     %Rs is sheet resistance with a recommended value of 0.05 
Rt = 2.5;      %Rt is the turn-bend effect with a recommended value of 2.5 
 
power = (((2*pi*f*n*Q*Bo*cos(alpha)) * (di + 2*n*(s + w))^2)^2)/(Rs*(((4*n - 
2)/w)*(di + s*n) + (2*n - 1)*(2*n - 4) + 4*n*Rt)) 
 
%First partial derivatives 
ddi = diff(power, 'di');     
dw = diff(power, 'w'); 
ds = diff(power, 's'); 
 
%Solution for stationary points 
[di, w, s] = solve(ddi, dw, ds, 'di,w,s'); 
 
 
%Second partial derivatives 
d2di = diff(ddi, 'di'); 
d2w = diff(dw, 'w'); 
d2s = diff(ds, 's'); 
 
Q1 = 3.5;   %Assumed value for quality factor 
Bo1 = 1.0e-009; %Assumed value for magnetic field  
f1 = 2.4 *10^9; %Selected frequency 
n1=6;  %Number of inductor turns 
Rs1 = 0.05; %Sheet resistance 
Rt1 = 2.5; %Turn-bend effect selected from literature  
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% Contours of Power as a function of n and w 
          figure (1) 
          [n1, w1] = meshgrid(6:1:11, 0.005:0.001:0.01); 
          %[w1, n1] = meshgrid(0.001:0.001:0.005, 5:1:10); 
          P11= (((128*pi*f1*((n1.^3).*(w1.^2)).*Q1*Bo1).^2)./(Rs1*(24*n1.^2 - 20*n1 +  
  4*n1.*Rt1 + 8))).*1.0e-009; 
          [c,h] = contour(n1, w1, P11, 20, 'k'); 
          title('Contours of Power as a function of n and w'); 
          clabel(c, h); 
          xlabel('Number of turns (n)'); 
          ylabel('Width of Inductor (w)'); 
 
          alpha1 = -1.21; 
          alpha2 = -0.147; 
          alpha3 = 2.40; 
          alpha4 = 1.78; 
          alpha5 = -0.03; 
          beta = 0.00162; 
           
% Contours of Inductance as a function of n and w 
          figure (2) 
          [n2, w2] = meshgrid(5:1:10, 0.001:0.002:0.01); 
          %d_out = d_out + e; 
          L_ind =  
(8^alpha1)*(6^alpha3)*beta*(n2.^(alpha1+alpha3+alpha4)).*(w2.^(alpha1+alpha2+alpha
3+alpha5))*10^-9;  
          [c,h] = contour(n2, w2, L_ind, 20, 'k'); 
          title('Contours of Inductance as a function of n and w'); 
          clabel(c, h); 
          xlabel('Number of Inductor Turns (n)'); 
          ylabel('Width of Inductor (w)'); 
      
          f_res = 2.4*(10^9); 
          Cap = 10^-9; 
          L_res = 1/(4*(pi^2)*(f_res^2)*Cap); 
           
          load GHz_2_4.txt; 
          load GHz_1_9.txt; 
          load MHz_80.txt; 
          [m,n] = size(GHz_2_4); 
           
          for i=1:m 
            frequency_2_4GHz(1,i) = GHz_2_4(i,1); 
            frequency_1_9GHz(1,i) = GHz_1_9(i,1); 
            frequency_80MHz(1,i) = MHz_80(i,1); 
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            dBm_2_4GHz(1,i) = GHz_2_4(i,2); 
            dBm_1_9GHz(1,i) = GHz_1_9(i,2); 
            dBm_80MHz(1,i) = MHz_80(i,2); 
             
            Power_mW_2_4(1,i) = 10^(GHz_2_4(i,2)/10); 
            Power_mW_1_9(1,i) = 10^(GHz_1_9(i,2)/10); 
            Power_mW_80(1,i) = 10^(MHz_80(i,2)/10); 
             
            Voltage_V_2_4(1,i) = 10^(((GHz_2_4(i,2)-10)/20)); 
            Voltage_V_1_9(1,i) = 10^((GHz_1_9(i,2)-10)/20); 
            Voltage_V_80(1,i) = 10^((MHz_80(i,2)-10)/20); 
             
            Current_Amp_2_4(1,i) = Power_mW_2_4(1,i)./Voltage_V_2_4(1,i); 
            Current_Amp_1_9(1,i) = Power_mW_1_9(1,i)./Voltage_V_1_9(1,i); 
            Current_Amp_80(1,i)  = Power_mW_80(1,i)./Voltage_V_80(1,i); 
             
          end 
           
          Max_dBm_2_4GHz = max(dBm_2_4GHz); 
          Max_dBm_1_9GHz = max(dBm_1_9GHz); 
          Max_dBm_80MHz = max(dBm_80MHz); 
           
          Max_24Power = max(Power_mW_2_4); 
          Max_19Power = max(Power_mW_1_9); 
          Max_80Power = max(Power_mW_80); 
           
          Max_24Voltage = max(Voltage_V_2_4); 
          Max_19Voltage = max(Voltage_V_1_9); 
          Max_80Voltage = max(Voltage_V_80); 
           
          Max_24Current = max(Current_Amp_2_4); 
          Max_19Current = max(Current_Amp_1_9); 
          Max_80Current = max(Current_Amp_80); 
           
          for i=1:m 
              if (Power_mW_2_4(1,i) == Max_24Power) 
                  Opt_24Frequency = GHz_2_4(i,1); 
              end 
               
              if (Power_mW_1_9(1,i) == Max_19Power) 
                  Opt_19Frequency = GHz_1_9(i,1); 
              end 
               
              if (Power_mW_80(1,i) == Max_80Power) 
                  Opt_80Frequency = MHz_80(i,1); 
              end 
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          end 
           
          %title('Power in dBm for 2.4 GHz Frequency') 
          figure(3) 
          %subplot(1,2,1); 
          plot(frequency_2_4GHz, dBm_2_4GHz); 
          title('Power in dBm for 2.4 GHz'); 
          xlabel('Frequency'); 
          ylabel('Power in dBm'); 
           
          %subplot(1,2,2); 
          figure(4) 
          plot(frequency_2_4GHz, Power_mW_2_4); 
          title('Power in mW for 2.4 GHz'); 
          xlabel('Frequency'); 
          ylabel('Power in mW'); 
           
          figure(5) 
          %subplot(1,2,1); 
          plot(frequency_2_4GHz, Voltage_V_2_4); 
          title('Voltage in volts for 2.4 GHz'); 
          xlabel('Frequency'); 
          ylabel('Voltage in Volts'); 
            
          figure(6) 
          %subplot(1,2,2); 
          plot(frequency_2_4GHz, Current_Amp_2_4); 
          title('Current in mA for 2.4 GHz'); 
          xlabel('Frequency'); 
          ylabel('Current in mA'); 
           
           
          figure(7) 
          %subplot(1,2,1); 
          plot(frequency_1_9GHz, dBm_1_9GHz); 
          title('Power in dBm for 1.9 GHz'); 
          xlabel('Frequency'); 
          ylabel('Power in dBm'); 
           
          figure(8) 
          %subplot(1,2,2); 
          plot(frequency_1_9GHz, Power_mW_1_9); 
          title('Power in mW for 1.9 GHz'); 
          xlabel('Frequency'); 
          ylabel('Power in mW'); 
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          figure(9) 
          %subplot(1,2,1); 
          plot(frequency_1_9GHz, Voltage_V_1_9); 
          title('Voltage in volts for 1.9 GHz'); 
          xlabel('Frequency'); 
          ylabel('Voltage in volts'); 
           
          figure(10) 
          %subplot(1,2,2); 
          plot(frequency_1_9GHz, Current_Amp_1_9); 
          title('Current in mA for 1.9 GHz'); 
          xlabel('Frequency'); 
          ylabel('Current in mA'); 
           
           
          figure(11) 
          %subplot(1,2,1); 
          plot(frequency_80MHz, dBm_80MHz); 
          title('Power in dBm for 80 MHz'); 
          xlabel('Frequency'); 
          ylabel('Power in dBm'); 
          
          figure(12) 
          %subplot(1,2,2); 
          plot(frequency_80MHz, Power_mW_80); 
          title('Power in mW for 80 MHz'); 
          xlabel('Frequency'); 
          ylabel('Power in mW'); 
           
          figure(13) 
          %subplot(1,2,1); 
          plot(frequency_80MHz, Voltage_V_80); 
          title('Voltage in volts for 80 MHz'); 
          xlabel('Frequency'); 
          ylabel('Voltage in volts'); 
           
          figure(14) 
          %subplot(1,2,2); 
          plot(frequency_80MHz, Current_Amp_80); 
          title('Current in mA for 80 MHz'); 
          xlabel('Frequency'); 
          ylabel('Current in mA'); 
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APPENDIX B 

 
 

Table B 1: RF Data at 2.45 GHz with a Band of 100 MHz. 

11/27/06   16:52:48 A:\TRACE119.CSV  

Title:                       

Model:                    E7404A   

Serial Number:           US40240148   

Center Frequency:        2450000000 Hz  

Span:                     100000000 Hz  

Resolution Bandwidth: 622000Hz  

Video Bandwidth:        3000000 Hz  

Reference Level:         -3.90E+01dBm  

Sweep Time:              4.00E-03 Sec  

Num Points:               401   

    

    

  Trace 1 Trace 2 Trace 3 

Hz dBm dBm dBm 

2400000000 -7.41E+01 -2.15E+06 -2.15E+06 

2400250000 -7.36E+01 -2.15E+06 -2.15E+06 

2400500000 -7.40E+01 -2.15E+06 -2.15E+06 

2400750000 -7.18E+01 -2.15E+06 -2.15E+06 

2401000000 -7.16E+01 -2.15E+06 -2.15E+06 

2401250000 -7.19E+01 -2.15E+06 -2.15E+06 

2401500000 -7.31E+01 -2.15E+06 -2.15E+06 

2401750000 -7.09E+01 -2.15E+06 -2.15E+06 

2402000000 -7.13E+01 -2.15E+06 -2.15E+06 

2402250000 -7.34E+01 -2.15E+06 -2.15E+06 

2402500000 -7.29E+01 -2.15E+06 -2.15E+06 

2402750000 -7.28E+01 -2.15E+06 -2.15E+06 

2403000000 -7.26E+01 -2.15E+06 -2.15E+06 

2403250000 -7.31E+01 -2.15E+06 -2.15E+06 

2403500000 -7.20E+01 -2.15E+06 -2.15E+06 

2403750000 -7.10E+01 -2.15E+06 -2.15E+06 

2404000000 -7.27E+01 -2.15E+06 -2.15E+06 

2404250000 -7.39E+01 -2.15E+06 -2.15E+06 

2404500000 -7.39E+01 -2.15E+06 -2.15E+06 

2404750000 -7.34E+01 -2.15E+06 -2.15E+06 

2405000000 -7.03E+01 -2.15E+06 -2.15E+06 

2405250000 -7.31E+01 -2.15E+06 -2.15E+06 
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2405500000 -7.40E+01 -2.15E+06 -2.15E+06 

2405750000 -7.37E+01 -2.15E+06 -2.15E+06 

2406000000 -7.34E+01 -2.15E+06 -2.15E+06 

2406250000 -7.39E+01 -2.15E+06 -2.15E+06 

2406500000 -7.40E+01 -2.15E+06 -2.15E+06 

2406750000 -7.36E+01 -2.15E+06 -2.15E+06 

2407000000 -7.39E+01 -2.15E+06 -2.15E+06 

2407250000 -7.37E+01 -2.15E+06 -2.15E+06 

2407500000 -7.31E+01 -2.15E+06 -2.15E+06 

2407750000 -7.19E+01 -2.15E+06 -2.15E+06 

2408000000 -7.33E+01 -2.15E+06 -2.15E+06 

2408250000 -7.41E+01 -2.15E+06 -2.15E+06 

2408500000 -7.36E+01 -2.15E+06 -2.15E+06 

2408750000 -7.40E+01 -2.15E+06 -2.15E+06 

2409000000 -7.40E+01 -2.15E+06 -2.15E+06 

2409250000 -7.29E+01 -2.15E+06 -2.15E+06 

2409500000 -7.29E+01 -2.15E+06 -2.15E+06 

2409750000 -7.38E+01 -2.15E+06 -2.15E+06 

2410000000 -7.35E+01 -2.15E+06 -2.15E+06 

2410250000 -7.38E+01 -2.15E+06 -2.15E+06 

2410500000 -7.37E+01 -2.15E+06 -2.15E+06 

2410750000 -7.32E+01 -2.15E+06 -2.15E+06 

2411000000 -7.39E+01 -2.15E+06 -2.15E+06 

2411250000 -7.39E+01 -2.15E+06 -2.15E+06 

2411500000 -7.43E+01 -2.15E+06 -2.15E+06 

2411750000 -7.28E+01 -2.15E+06 -2.15E+06 

2412000000 -7.19E+01 -2.15E+06 -2.15E+06 

2412250000 -6.99E+01 -2.15E+06 -2.15E+06 

2412500000 -7.00E+01 -2.15E+06 -2.15E+06 

2412750000 -7.20E+01 -2.15E+06 -2.15E+06 

2413000000 -7.14E+01 -2.15E+06 -2.15E+06 

2413250000 -7.12E+01 -2.15E+06 -2.15E+06 

2413500000 -7.22E+01 -2.15E+06 -2.15E+06 

2413750000 -7.06E+01 -2.15E+06 -2.15E+06 

2414000000 -6.80E+01 -2.15E+06 -2.15E+06 

2414250000 -6.81E+01 -2.15E+06 -2.15E+06 

2414500000 -7.03E+01 -2.15E+06 -2.15E+06 

2414750000 -7.34E+01 -2.15E+06 -2.15E+06 

2415000000 -7.35E+01 -2.15E+06 -2.15E+06 

2415250000 -7.23E+01 -2.15E+06 -2.15E+06 

2415500000 -7.36E+01 -2.15E+06 -2.15E+06 

2415750000 -7.25E+01 -2.15E+06 -2.15E+06 

2416000000 -7.36E+01 -2.15E+06 -2.15E+06 
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2416250000 -7.31E+01 -2.15E+06 -2.15E+06 

2416500000 -7.36E+01 -2.15E+06 -2.15E+06 

2416750000 -7.36E+01 -2.15E+06 -2.15E+06 

2417000000 -7.24E+01 -2.15E+06 -2.15E+06 

2417250000 -7.35E+01 -2.15E+06 -2.15E+06 

2417500000 -7.32E+01 -2.15E+06 -2.15E+06 

2417750000 -7.32E+01 -2.15E+06 -2.15E+06 

2418000000 -7.41E+01 -2.15E+06 -2.15E+06 

2418250000 -7.34E+01 -2.15E+06 -2.15E+06 

2418500000 -7.34E+01 -2.15E+06 -2.15E+06 

2418750000 -7.37E+01 -2.15E+06 -2.15E+06 

2419000000 -7.34E+01 -2.15E+06 -2.15E+06 

2419250000 -7.33E+01 -2.15E+06 -2.15E+06 

2419500000 -7.38E+01 -2.15E+06 -2.15E+06 

2419750000 -7.32E+01 -2.15E+06 -2.15E+06 

2420000000 -7.39E+01 -2.15E+06 -2.15E+06 

2420250000 -7.40E+01 -2.15E+06 -2.15E+06 

2420500000 -7.43E+01 -2.15E+06 -2.15E+06 

2420750000 -7.39E+01 -2.15E+06 -2.15E+06 

2421000000 -7.36E+01 -2.15E+06 -2.15E+06 

2421250000 -7.29E+01 -2.15E+06 -2.15E+06 

2421500000 -7.39E+01 -2.15E+06 -2.15E+06 

2421750000 -7.33E+01 -2.15E+06 -2.15E+06 

2422000000 -7.35E+01 -2.15E+06 -2.15E+06 

2422250000 -7.23E+01 -2.15E+06 -2.15E+06 

2422500000 -7.38E+01 -2.15E+06 -2.15E+06 

2422750000 -7.18E+01 -2.15E+06 -2.15E+06 

2423000000 -7.31E+01 -2.15E+06 -2.15E+06 

2423250000 -7.35E+01 -2.15E+06 -2.15E+06 

2423500000 -7.29E+01 -2.15E+06 -2.15E+06 

2423750000 -7.07E+01 -2.15E+06 -2.15E+06 

2424000000 -7.34E+01 -2.15E+06 -2.15E+06 

2424250000 -7.32E+01 -2.15E+06 -2.15E+06 

2424500000 -7.27E+01 -2.15E+06 -2.15E+06 

2424750000 -7.11E+01 -2.15E+06 -2.15E+06 

2425000000 -7.40E+01 -2.15E+06 -2.15E+06 

2425250000 -7.34E+01 -2.15E+06 -2.15E+06 

2425500000 -7.36E+01 -2.15E+06 -2.15E+06 

2425750000 -7.28E+01 -2.15E+06 -2.15E+06 

2426000000 -7.38E+01 -2.15E+06 -2.15E+06 

2426250000 -7.36E+01 -2.15E+06 -2.15E+06 

2426500000 -7.42E+01 -2.15E+06 -2.15E+06 

2426750000 -7.29E+01 -2.15E+06 -2.15E+06 
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2427000000 -7.43E+01 -2.15E+06 -2.15E+06 

2427250000 -7.35E+01 -2.15E+06 -2.15E+06 

2427500000 -7.32E+01 -2.15E+06 -2.15E+06 

2427750000 -7.26E+01 -2.15E+06 -2.15E+06 

2428000000 -7.36E+01 -2.15E+06 -2.15E+06 

2428250000 -7.37E+01 -2.15E+06 -2.15E+06 

2428500000 -7.36E+01 -2.15E+06 -2.15E+06 

2428750000 -7.41E+01 -2.15E+06 -2.15E+06 

2429000000 -7.28E+01 -2.15E+06 -2.15E+06 

2429250000 -7.26E+01 -2.15E+06 -2.15E+06 

2429500000 -7.25E+01 -2.15E+06 -2.15E+06 

2429750000 -7.30E+01 -2.15E+06 -2.15E+06 

2430000000 -7.10E+01 -2.15E+06 -2.15E+06 

2430250000 -7.08E+01 -2.15E+06 -2.15E+06 

2430500000 -7.09E+01 -2.15E+06 -2.15E+06 

2430750000 -7.15E+01 -2.15E+06 -2.15E+06 

2431000000 -7.17E+01 -2.15E+06 -2.15E+06 

2431250000 -7.08E+01 -2.15E+06 -2.15E+06 

2431500000 -7.03E+01 -2.15E+06 -2.15E+06 

2431750000 -6.94E+01 -2.15E+06 -2.15E+06 

2432000000 -6.89E+01 -2.15E+06 -2.15E+06 

2432250000 -6.83E+01 -2.15E+06 -2.15E+06 

2432500000 -6.79E+01 -2.15E+06 -2.15E+06 

2432750000 -6.84E+01 -2.15E+06 -2.15E+06 

2433000000 -6.75E+01 -2.15E+06 -2.15E+06 

2433250000 -6.73E+01 -2.15E+06 -2.15E+06 

2433500000 -6.66E+01 -2.15E+06 -2.15E+06 

2433750000 -6.73E+01 -2.15E+06 -2.15E+06 

2434000000 -6.75E+01 -2.15E+06 -2.15E+06 

2434250000 -6.60E+01 -2.15E+06 -2.15E+06 

2434500000 -6.51E+01 -2.15E+06 -2.15E+06 

2434750000 -6.63E+01 -2.15E+06 -2.15E+06 

2435000000 -6.59E+01 -2.15E+06 -2.15E+06 

2435250000 -6.60E+01 -2.15E+06 -2.15E+06 

2435500000 -6.58E+01 -2.15E+06 -2.15E+06 

2435750000 -6.65E+01 -2.15E+06 -2.15E+06 

2436000000 -6.54E+01 -2.15E+06 -2.15E+06 

2436250000 -6.53E+01 -2.15E+06 -2.15E+06 

2436500000 -6.52E+01 -2.15E+06 -2.15E+06 

2436750000 -6.43E+01 -2.15E+06 -2.15E+06 

2437000000 -6.55E+01 -2.15E+06 -2.15E+06 

2437250000 -6.59E+01 -2.15E+06 -2.15E+06 

2437500000 -6.55E+01 -2.15E+06 -2.15E+06 
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2437750000 -6.59E+01 -2.15E+06 -2.15E+06 

2438000000 -6.56E+01 -2.15E+06 -2.15E+06 

2438250000 -6.60E+01 -2.15E+06 -2.15E+06 

2438500000 -6.58E+01 -2.15E+06 -2.15E+06 

2438750000 -6.67E+01 -2.15E+06 -2.15E+06 

2439000000 -6.51E+01 -2.15E+06 -2.15E+06 

2439250000 -6.56E+01 -2.15E+06 -2.15E+06 

2439500000 -6.49E+01 -2.15E+06 -2.15E+06 

2439750000 -6.53E+01 -2.15E+06 -2.15E+06 

2440000000 -6.56E+01 -2.15E+06 -2.15E+06 

2440250000 -6.62E+01 -2.15E+06 -2.15E+06 

2440500000 -6.60E+01 -2.15E+06 -2.15E+06 

2440750000 -6.58E+01 -2.15E+06 -2.15E+06 

2441000000 -6.70E+01 -2.15E+06 -2.15E+06 

2441250000 -6.71E+01 -2.15E+06 -2.15E+06 

2441500000 -6.70E+01 -2.15E+06 -2.15E+06 

2441750000 -6.84E+01 -2.15E+06 -2.15E+06 

2442000000 -6.87E+01 -2.15E+06 -2.15E+06 

2442250000 -6.93E+01 -2.15E+06 -2.15E+06 

2442500000 -7.00E+01 -2.15E+06 -2.15E+06 

2442750000 -7.04E+01 -2.15E+06 -2.15E+06 

2443000000 -7.04E+01 -2.15E+06 -2.15E+06 

2443250000 -6.95E+01 -2.15E+06 -2.15E+06 

2443500000 -7.09E+01 -2.15E+06 -2.15E+06 

2443750000 -7.02E+01 -2.15E+06 -2.15E+06 

2444000000 -6.98E+01 -2.15E+06 -2.15E+06 

2444250000 -7.19E+01 -2.15E+06 -2.15E+06 

2444500000 -7.30E+01 -2.15E+06 -2.15E+06 

2444750000 -7.22E+01 -2.15E+06 -2.15E+06 

2445000000 -7.34E+01 -2.15E+06 -2.15E+06 

2445250000 -7.35E+01 -2.15E+06 -2.15E+06 

2445500000 -7.29E+01 -2.15E+06 -2.15E+06 

2445750000 -7.39E+01 -2.15E+06 -2.15E+06 

2446000000 -7.38E+01 -2.15E+06 -2.15E+06 

2446250000 -7.40E+01 -2.15E+06 -2.15E+06 

2446500000 -7.27E+01 -2.15E+06 -2.15E+06 

2446750000 -7.33E+01 -2.15E+06 -2.15E+06 

2447000000 -7.27E+01 -2.15E+06 -2.15E+06 

2447250000 -7.44E+01 -2.15E+06 -2.15E+06 

2447500000 -7.35E+01 -2.15E+06 -2.15E+06 

2447750000 -7.32E+01 -2.15E+06 -2.15E+06 

2448000000 -7.28E+01 -2.15E+06 -2.15E+06 

2448250000 -7.38E+01 -2.15E+06 -2.15E+06 
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2448500000 -7.37E+01 -2.15E+06 -2.15E+06 

2448750000 -7.34E+01 -2.15E+06 -2.15E+06 

2449000000 -7.35E+01 -2.15E+06 -2.15E+06 

2449250000 -7.37E+01 -2.15E+06 -2.15E+06 

2449500000 -7.36E+01 -2.15E+06 -2.15E+06 

2449750000 -7.34E+01 -2.15E+06 -2.15E+06 

2450000000 -7.43E+01 -2.15E+06 -2.15E+06 

2450250000 -7.35E+01 -2.15E+06 -2.15E+06 

2450500000 -7.31E+01 -2.15E+06 -2.15E+06 

2450750000 -7.37E+01 -2.15E+06 -2.15E+06 

2451000000 -7.40E+01 -2.15E+06 -2.15E+06 

2451250000 -7.34E+01 -2.15E+06 -2.15E+06 

2451500000 -7.38E+01 -2.15E+06 -2.15E+06 

2451750000 -7.32E+01 -2.15E+06 -2.15E+06 

2452000000 -7.26E+01 -2.15E+06 -2.15E+06 

2452250000 -7.39E+01 -2.15E+06 -2.15E+06 

2452500000 -7.37E+01 -2.15E+06 -2.15E+06 

2452750000 -7.33E+01 -2.15E+06 -2.15E+06 

2453000000 -6.98E+01 -2.15E+06 -2.15E+06 

2453250000 -6.68E+01 -2.15E+06 -2.15E+06 

2453500000 -6.37E+01 -2.15E+06 -2.15E+06 

2453750000 -6.32E+01 -2.15E+06 -2.15E+06 

2454000000 -6.13E+01 -2.15E+06 -2.15E+06 

2454250000 -6.10E+01 -2.15E+06 -2.15E+06 

2454500000 -5.86E+01 -2.15E+06 -2.15E+06 

2454750000 -5.70E+01 -2.15E+06 -2.15E+06 

2455000000 -5.63E+01 -2.15E+06 -2.15E+06 

2455250000 -5.45E+01 -2.15E+06 -2.15E+06 

2455500000 -5.43E+01 -2.15E+06 -2.15E+06 

2455750000 -5.46E+01 -2.15E+06 -2.15E+06 

2456000000 -5.42E+01 -2.15E+06 -2.15E+06 

2456250000 -5.45E+01 -2.15E+06 -2.15E+06 

2456500000 -5.30E+01 -2.15E+06 -2.15E+06 

2456750000 -5.18E+01 -2.15E+06 -2.15E+06 

2457000000 -5.06E+01 -2.15E+06 -2.15E+06 

2457250000 -5.04E+01 -2.15E+06 -2.15E+06 

2457500000 -4.94E+01 -2.15E+06 -2.15E+06 

2457750000 -4.94E+01 -2.15E+06 -2.15E+06 

2458000000 -4.87E+01 -2.15E+06 -2.15E+06 

2458250000 -4.89E+01 -2.15E+06 -2.15E+06 

2458500000 -4.89E+01 -2.15E+06 -2.15E+06 

2458750000 -5.00E+01 -2.15E+06 -2.15E+06 

2459000000 -5.14E+01 -2.15E+06 -2.15E+06 
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2459250000 -5.11E+01 -2.15E+06 -2.15E+06 

2459500000 -5.04E+01 -2.15E+06 -2.15E+06 

2459750000 -4.90E+01 -2.15E+06 -2.15E+06 

2460000000 -4.77E+01 -2.15E+06 -2.15E+06 

2460250000 -4.82E+01 -2.15E+06 -2.15E+06 

2460500000 -4.74E+01 -2.15E+06 -2.15E+06 

2460750000 -4.76E+01 -2.15E+06 -2.15E+06 

2461000000 -4.75E+01 -2.15E+06 -2.15E+06 

2461250000 -4.79E+01 -2.15E+06 -2.15E+06 

2461500000 -4.78E+01 -2.15E+06 -2.15E+06 

2461750000 -4.74E+01 -2.15E+06 -2.15E+06 

2462000000 -4.71E+01 -2.15E+06 -2.15E+06 

2462250000 -4.63E+01 -2.15E+06 -2.15E+06 

2462500000 -4.58E+01 -2.15E+06 -2.15E+06 

2462750000 -4.55E+01 -2.15E+06 -2.15E+06 

2463000000 -4.53E+01 -2.15E+06 -2.15E+06 

2463250000 -4.60E+01 -2.15E+06 -2.15E+06 

2463500000 -4.68E+01 -2.15E+06 -2.15E+06 

2463750000 -4.72E+01 -2.15E+06 -2.15E+06 

2464000000 -4.81E+01 -2.15E+06 -2.15E+06 

2464250000 -4.94E+01 -2.15E+06 -2.15E+06 

2464500000 -5.02E+01 -2.15E+06 -2.15E+06 

2464750000 -5.09E+01 -2.15E+06 -2.15E+06 

2465000000 -5.19E+01 -2.15E+06 -2.15E+06 

2465250000 -5.21E+01 -2.15E+06 -2.15E+06 

2465500000 -5.20E+01 -2.15E+06 -2.15E+06 

2465750000 -5.19E+01 -2.15E+06 -2.15E+06 

2466000000 -5.13E+01 -2.15E+06 -2.15E+06 

2466250000 -5.22E+01 -2.15E+06 -2.15E+06 

2466500000 -5.18E+01 -2.15E+06 -2.15E+06 

2466750000 -5.29E+01 -2.15E+06 -2.15E+06 

2467000000 -5.34E+01 -2.15E+06 -2.15E+06 

2467250000 -5.37E+01 -2.15E+06 -2.15E+06 

2467500000 -5.49E+01 -2.15E+06 -2.15E+06 

2467750000 -5.60E+01 -2.15E+06 -2.15E+06 

2468000000 -5.65E+01 -2.15E+06 -2.15E+06 

2468250000 -5.81E+01 -2.15E+06 -2.15E+06 

2468500000 -5.78E+01 -2.15E+06 -2.15E+06 

2468750000 -5.87E+01 -2.15E+06 -2.15E+06 

2469000000 -5.82E+01 -2.15E+06 -2.15E+06 

2469250000 -5.97E+01 -2.15E+06 -2.15E+06 

2469500000 -6.10E+01 -2.15E+06 -2.15E+06 

2469750000 -6.19E+01 -2.15E+06 -2.15E+06 
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2470000000 -6.45E+01 -2.15E+06 -2.15E+06 

2470250000 -6.52E+01 -2.15E+06 -2.15E+06 

2470500000 -6.61E+01 -2.15E+06 -2.15E+06 

2470750000 -6.80E+01 -2.15E+06 -2.15E+06 

2471000000 -7.02E+01 -2.15E+06 -2.15E+06 

2471250000 -7.10E+01 -2.15E+06 -2.15E+06 

2471500000 -7.40E+01 -2.15E+06 -2.15E+06 

2471750000 -7.39E+01 -2.15E+06 -2.15E+06 

2472000000 -7.39E+01 -2.15E+06 -2.15E+06 

2472250000 -7.34E+01 -2.15E+06 -2.15E+06 

2472500000 -7.46E+01 -2.15E+06 -2.15E+06 

2472750000 -7.35E+01 -2.15E+06 -2.15E+06 

2473000000 -7.39E+01 -2.15E+06 -2.15E+06 

2473250000 -7.35E+01 -2.15E+06 -2.15E+06 

2473500000 -7.42E+01 -2.15E+06 -2.15E+06 

2473750000 -7.30E+01 -2.15E+06 -2.15E+06 

2474000000 -7.42E+01 -2.15E+06 -2.15E+06 

2474250000 -7.31E+01 -2.15E+06 -2.15E+06 

2474500000 -7.30E+01 -2.15E+06 -2.15E+06 

2474750000 -7.34E+01 -2.15E+06 -2.15E+06 

2475000000 -7.38E+01 -2.15E+06 -2.15E+06 

2475250000 -7.41E+01 -2.15E+06 -2.15E+06 

2475500000 -7.35E+01 -2.15E+06 -2.15E+06 

2475750000 -7.26E+01 -2.15E+06 -2.15E+06 

2476000000 -7.28E+01 -2.15E+06 -2.15E+06 

2476250000 -7.33E+01 -2.15E+06 -2.15E+06 

2476500000 -7.27E+01 -2.15E+06 -2.15E+06 

2476750000 -7.35E+01 -2.15E+06 -2.15E+06 

2477000000 -7.31E+01 -2.15E+06 -2.15E+06 

2477250000 -7.32E+01 -2.15E+06 -2.15E+06 

2477500000 -7.40E+01 -2.15E+06 -2.15E+06 

2477750000 -7.41E+01 -2.15E+06 -2.15E+06 

2478000000 -7.34E+01 -2.15E+06 -2.15E+06 

2478250000 -7.41E+01 -2.15E+06 -2.15E+06 

2478500000 -7.33E+01 -2.15E+06 -2.15E+06 

2478750000 -7.36E+01 -2.15E+06 -2.15E+06 

2479000000 -7.31E+01 -2.15E+06 -2.15E+06 

2479250000 -7.37E+01 -2.15E+06 -2.15E+06 

2479500000 -7.28E+01 -2.15E+06 -2.15E+06 

2479750000 -7.18E+01 -2.15E+06 -2.15E+06 

2480000000 -7.19E+01 -2.15E+06 -2.15E+06 

2480250000 -7.00E+01 -2.15E+06 -2.15E+06 

2480500000 -6.82E+01 -2.15E+06 -2.15E+06 
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2480750000 -6.97E+01 -2.15E+06 -2.15E+06 

2481000000 -7.30E+01 -2.15E+06 -2.15E+06 

2481250000 -7.00E+01 -2.15E+06 -2.15E+06 

2481500000 -7.04E+01 -2.15E+06 -2.15E+06 

2481750000 -7.08E+01 -2.15E+06 -2.15E+06 

2482000000 -7.40E+01 -2.15E+06 -2.15E+06 

2482250000 -7.38E+01 -2.15E+06 -2.15E+06 

2482500000 -7.30E+01 -2.15E+06 -2.15E+06 

2482750000 -7.22E+01 -2.15E+06 -2.15E+06 

2483000000 -7.33E+01 -2.15E+06 -2.15E+06 

2483250000 -7.37E+01 -2.15E+06 -2.15E+06 

2483500000 -7.37E+01 -2.15E+06 -2.15E+06 

2483750000 -7.38E+01 -2.15E+06 -2.15E+06 

2484000000 -7.40E+01 -2.15E+06 -2.15E+06 

2484250000 -7.39E+01 -2.15E+06 -2.15E+06 

2484500000 -7.27E+01 -2.15E+06 -2.15E+06 

2484750000 -7.33E+01 -2.15E+06 -2.15E+06 

2485000000 -7.37E+01 -2.15E+06 -2.15E+06 

2485250000 -7.39E+01 -2.15E+06 -2.15E+06 

2485500000 -7.39E+01 -2.15E+06 -2.15E+06 

2485750000 -7.33E+01 -2.15E+06 -2.15E+06 

2486000000 -7.41E+01 -2.15E+06 -2.15E+06 

2486250000 -7.41E+01 -2.15E+06 -2.15E+06 

2486500000 -7.31E+01 -2.15E+06 -2.15E+06 

2486750000 -7.28E+01 -2.15E+06 -2.15E+06 

2487000000 -7.43E+01 -2.15E+06 -2.15E+06 

2487250000 -7.42E+01 -2.15E+06 -2.15E+06 

2487500000 -7.25E+01 -2.15E+06 -2.15E+06 

2487750000 -7.35E+01 -2.15E+06 -2.15E+06 

2488000000 -7.32E+01 -2.15E+06 -2.15E+06 

2488250000 -7.37E+01 -2.15E+06 -2.15E+06 

2488500000 -7.38E+01 -2.15E+06 -2.15E+06 

2488750000 -7.36E+01 -2.15E+06 -2.15E+06 

2489000000 -7.36E+01 -2.15E+06 -2.15E+06 

2489250000 -7.33E+01 -2.15E+06 -2.15E+06 

2489500000 -7.36E+01 -2.15E+06 -2.15E+06 

2489750000 -7.34E+01 -2.15E+06 -2.15E+06 

2490000000 -7.34E+01 -2.15E+06 -2.15E+06 

2490250000 -7.38E+01 -2.15E+06 -2.15E+06 

2490500000 -7.40E+01 -2.15E+06 -2.15E+06 

2490750000 -7.39E+01 -2.15E+06 -2.15E+06 

2491000000 -7.33E+01 -2.15E+06 -2.15E+06 

2491250000 -7.41E+01 -2.15E+06 -2.15E+06 
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2491500000 -7.35E+01 -2.15E+06 -2.15E+06 

2491750000 -7.40E+01 -2.15E+06 -2.15E+06 

2492000000 -7.31E+01 -2.15E+06 -2.15E+06 

2492250000 -7.41E+01 -2.15E+06 -2.15E+06 

2492500000 -7.35E+01 -2.15E+06 -2.15E+06 

2492750000 -7.37E+01 -2.15E+06 -2.15E+06 

2493000000 -7.32E+01 -2.15E+06 -2.15E+06 

2493250000 -7.28E+01 -2.15E+06 -2.15E+06 

2493500000 -7.38E+01 -2.15E+06 -2.15E+06 

2493750000 -7.31E+01 -2.15E+06 -2.15E+06 

2494000000 -7.40E+01 -2.15E+06 -2.15E+06 

2494250000 -7.30E+01 -2.15E+06 -2.15E+06 

2494500000 -7.24E+01 -2.15E+06 -2.15E+06 

2494750000 -7.35E+01 -2.15E+06 -2.15E+06 

2495000000 -7.31E+01 -2.15E+06 -2.15E+06 

2495250000 -7.29E+01 -2.15E+06 -2.15E+06 

2495500000 -7.32E+01 -2.15E+06 -2.15E+06 

2495750000 -7.28E+01 -2.15E+06 -2.15E+06 

2496000000 -7.36E+01 -2.15E+06 -2.15E+06 

2496250000 -7.34E+01 -2.15E+06 -2.15E+06 

2496500000 -7.34E+01 -2.15E+06 -2.15E+06 

2496750000 -7.34E+01 -2.15E+06 -2.15E+06 

2497000000 -7.31E+01 -2.15E+06 -2.15E+06 

2497250000 -7.33E+01 -2.15E+06 -2.15E+06 

2497500000 -7.31E+01 -2.15E+06 -2.15E+06 

2497750000 -7.39E+01 -2.15E+06 -2.15E+06 

2498000000 -7.27E+01 -2.15E+06 -2.15E+06 

2498250000 -7.26E+01 -2.15E+06 -2.15E+06 

2498500000 -7.36E+01 -2.15E+06 -2.15E+06 

2498750000 -7.30E+01 -2.15E+06 -2.15E+06 

2499000000 -7.21E+01 -2.15E+06 -2.15E+06 

2499250000 -7.29E+01 -2.15E+06 -2.15E+06 

2499500000 -7.37E+01 -2.15E+06 -2.15E+06 

2499750000 -7.43E+01 -2.15E+06 -2.15E+06 

2500000000 -7.32E+01 -2.15E+06 -2.15E+06 
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APPENDIX C 

 
 

Table C 1: RF Data at 1.95 GHz with a Band of 100 MHz. 

11/27/06   16:55:10 A:\TRACE120.CSV  

Title:                       

Model:                    E7404A   

Serial Number:           US40240148   

Center Frequency:        1950000000 Hz  

Span:                     100000000 Hz  

Resolution Bandwidth: 622000Hz  

Video Bandwidth:        3000000 Hz  

Reference Level:         -3.90E+01dBm  

Sweep Time:              4.00E-03 Sec  

Num Points:               401   

    

    

 Trace 1 Trace 2 Trace 3 

Hz dBm dBm dBm 

1900000000 -9.15E+01 -2.15E+06 -2.15E+06 

1900250000 -9.09E+01 -2.15E+06 -2.15E+06 

1900500000 -9.01E+01 -2.15E+06 -2.15E+06 

1900750000 -9.00E+01 -2.15E+06 -2.15E+06 

1901000000 -9.06E+01 -2.15E+06 -2.15E+06 

1901250000 -8.96E+01 -2.15E+06 -2.15E+06 

1901500000 -8.91E+01 -2.15E+06 -2.15E+06 

1901750000 -9.14E+01 -2.15E+06 -2.15E+06 

1902000000 -9.12E+01 -2.15E+06 -2.15E+06 

1902250000 -9.03E+01 -2.15E+06 -2.15E+06 

1902500000 -9.13E+01 -2.15E+06 -2.15E+06 

1902750000 -9.02E+01 -2.15E+06 -2.15E+06 

1903000000 -9.13E+01 -2.15E+06 -2.15E+06 

1903250000 -9.06E+01 -2.15E+06 -2.15E+06 

1903500000 -9.11E+01 -2.15E+06 -2.15E+06 

1903750000 -9.02E+01 -2.15E+06 -2.15E+06 

1904000000 -9.09E+01 -2.15E+06 -2.15E+06 

1904250000 -9.07E+01 -2.15E+06 -2.15E+06 

1904500000 -9.10E+01 -2.15E+06 -2.15E+06 

1904750000 -9.06E+01 -2.15E+06 -2.15E+06 

1905000000 -9.09E+01 -2.15E+06 -2.15E+06 

1905250000 -9.10E+01 -2.15E+06 -2.15E+06 
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1905500000 -8.98E+01 -2.15E+06 -2.15E+06 

1905750000 -9.14E+01 -2.15E+06 -2.15E+06 

1906000000 -9.14E+01 -2.15E+06 -2.15E+06 

1906250000 -9.06E+01 -2.15E+06 -2.15E+06 

1906500000 -9.12E+01 -2.15E+06 -2.15E+06 

1906750000 -9.15E+01 -2.15E+06 -2.15E+06 

1907000000 -9.10E+01 -2.15E+06 -2.15E+06 

1907250000 -9.01E+01 -2.15E+06 -2.15E+06 

1907500000 -9.13E+01 -2.15E+06 -2.15E+06 

1907750000 -9.12E+01 -2.15E+06 -2.15E+06 

1908000000 -9.14E+01 -2.15E+06 -2.15E+06 

1908250000 -8.86E+01 -2.15E+06 -2.15E+06 

1908500000 -9.04E+01 -2.15E+06 -2.15E+06 

1908750000 -9.12E+01 -2.15E+06 -2.15E+06 

1909000000 -9.03E+01 -2.15E+06 -2.15E+06 

1909250000 -9.17E+01 -2.15E+06 -2.15E+06 

1909500000 -9.22E+01 -2.15E+06 -2.15E+06 

1909750000 -8.99E+01 -2.15E+06 -2.15E+06 

1910000000 -9.10E+01 -2.15E+06 -2.15E+06 

1910250000 -9.15E+01 -2.15E+06 -2.15E+06 

1910500000 -9.10E+01 -2.15E+06 -2.15E+06 

1910750000 -9.07E+01 -2.15E+06 -2.15E+06 

1911000000 -9.02E+01 -2.15E+06 -2.15E+06 

1911250000 -9.06E+01 -2.15E+06 -2.15E+06 

1911500000 -9.23E+01 -2.15E+06 -2.15E+06 

1911750000 -9.06E+01 -2.15E+06 -2.15E+06 

1912000000 -9.09E+01 -2.15E+06 -2.15E+06 

1912250000 -9.08E+01 -2.15E+06 -2.15E+06 

1912500000 -9.12E+01 -2.15E+06 -2.15E+06 

1912750000 -9.11E+01 -2.15E+06 -2.15E+06 

1913000000 -9.00E+01 -2.15E+06 -2.15E+06 

1913250000 -9.13E+01 -2.15E+06 -2.15E+06 

1913500000 -9.03E+01 -2.15E+06 -2.15E+06 

1913750000 -9.08E+01 -2.15E+06 -2.15E+06 

1914000000 -9.09E+01 -2.15E+06 -2.15E+06 

1914250000 -9.18E+01 -2.15E+06 -2.15E+06 

1914500000 -9.16E+01 -2.15E+06 -2.15E+06 

1914750000 -9.18E+01 -2.15E+06 -2.15E+06 

1915000000 -9.09E+01 -2.15E+06 -2.15E+06 

1915250000 -9.11E+01 -2.15E+06 -2.15E+06 

1915500000 -8.92E+01 -2.15E+06 -2.15E+06 

1915750000 -9.09E+01 -2.15E+06 -2.15E+06 

1916000000 -9.13E+01 -2.15E+06 -2.15E+06 
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1916250000 -9.05E+01 -2.15E+06 -2.15E+06 

1916500000 -9.08E+01 -2.15E+06 -2.15E+06 

1916750000 -9.18E+01 -2.15E+06 -2.15E+06 

1917000000 -9.06E+01 -2.15E+06 -2.15E+06 

1917250000 -9.03E+01 -2.15E+06 -2.15E+06 

1917500000 -9.12E+01 -2.15E+06 -2.15E+06 

1917750000 -9.06E+01 -2.15E+06 -2.15E+06 

1918000000 -8.99E+01 -2.15E+06 -2.15E+06 

1918250000 -9.06E+01 -2.15E+06 -2.15E+06 

1918500000 -9.09E+01 -2.15E+06 -2.15E+06 

1918750000 -9.08E+01 -2.15E+06 -2.15E+06 

1919000000 -9.04E+01 -2.15E+06 -2.15E+06 

1919250000 -9.06E+01 -2.15E+06 -2.15E+06 

1919500000 -9.12E+01 -2.15E+06 -2.15E+06 

1919750000 -9.10E+01 -2.15E+06 -2.15E+06 

1920000000 -9.02E+01 -2.15E+06 -2.15E+06 

1920250000 -9.05E+01 -2.15E+06 -2.15E+06 

1920500000 -9.10E+01 -2.15E+06 -2.15E+06 

1920750000 -9.14E+01 -2.15E+06 -2.15E+06 

1921000000 -9.02E+01 -2.15E+06 -2.15E+06 

1921250000 -9.05E+01 -2.15E+06 -2.15E+06 

1921500000 -9.05E+01 -2.15E+06 -2.15E+06 

1921750000 -9.04E+01 -2.15E+06 -2.15E+06 

1922000000 -9.14E+01 -2.15E+06 -2.15E+06 

1922250000 -9.13E+01 -2.15E+06 -2.15E+06 

1922500000 -9.07E+01 -2.15E+06 -2.15E+06 

1922750000 -9.11E+01 -2.15E+06 -2.15E+06 

1923000000 -9.03E+01 -2.15E+06 -2.15E+06 

1923250000 -9.07E+01 -2.15E+06 -2.15E+06 

1923500000 -9.11E+01 -2.15E+06 -2.15E+06 

1923750000 -9.12E+01 -2.15E+06 -2.15E+06 

1924000000 -9.12E+01 -2.15E+06 -2.15E+06 

1924250000 -9.08E+01 -2.15E+06 -2.15E+06 

1924500000 -9.10E+01 -2.15E+06 -2.15E+06 

1924750000 -9.10E+01 -2.15E+06 -2.15E+06 

1925000000 -9.05E+01 -2.15E+06 -2.15E+06 

1925250000 -9.09E+01 -2.15E+06 -2.15E+06 

1925500000 -9.06E+01 -2.15E+06 -2.15E+06 

1925750000 -9.17E+01 -2.15E+06 -2.15E+06 

1926000000 -9.00E+01 -2.15E+06 -2.15E+06 

1926250000 -9.08E+01 -2.15E+06 -2.15E+06 

1926500000 -9.11E+01 -2.15E+06 -2.15E+06 

1926750000 -9.12E+01 -2.15E+06 -2.15E+06 

 70



1927000000 -9.12E+01 -2.15E+06 -2.15E+06 

1927250000 -9.14E+01 -2.15E+06 -2.15E+06 

1927500000 -9.04E+01 -2.15E+06 -2.15E+06 

1927750000 -9.10E+01 -2.15E+06 -2.15E+06 

1928000000 -9.14E+01 -2.15E+06 -2.15E+06 

1928250000 -9.00E+01 -2.15E+06 -2.15E+06 

1928500000 -9.06E+01 -2.15E+06 -2.15E+06 

1928750000 -9.06E+01 -2.15E+06 -2.15E+06 

1929000000 -9.13E+01 -2.15E+06 -2.15E+06 

1929250000 -9.04E+01 -2.15E+06 -2.15E+06 

1929500000 -9.01E+01 -2.15E+06 -2.15E+06 

1929750000 -9.11E+01 -2.15E+06 -2.15E+06 

1930000000 -9.14E+01 -2.15E+06 -2.15E+06 

1930250000 -9.13E+01 -2.15E+06 -2.15E+06 

1930500000 -8.99E+01 -2.15E+06 -2.15E+06 

1930750000 -9.02E+01 -2.15E+06 -2.15E+06 

1931000000 -9.13E+01 -2.15E+06 -2.15E+06 

1931250000 -9.04E+01 -2.15E+06 -2.15E+06 

1931500000 -9.09E+01 -2.15E+06 -2.15E+06 

1931750000 -9.06E+01 -2.15E+06 -2.15E+06 

1932000000 -9.00E+01 -2.15E+06 -2.15E+06 

1932250000 -9.06E+01 -2.15E+06 -2.15E+06 

1932500000 -9.04E+01 -2.15E+06 -2.15E+06 

1932750000 -9.04E+01 -2.15E+06 -2.15E+06 

1933000000 -9.02E+01 -2.15E+06 -2.15E+06 

1933250000 -9.14E+01 -2.15E+06 -2.15E+06 

1933500000 -9.10E+01 -2.15E+06 -2.15E+06 

1933750000 -9.08E+01 -2.15E+06 -2.15E+06 

1934000000 -8.98E+01 -2.15E+06 -2.15E+06 

1934250000 -9.01E+01 -2.15E+06 -2.15E+06 

1934500000 -8.97E+01 -2.15E+06 -2.15E+06 

1934750000 -9.04E+01 -2.15E+06 -2.15E+06 

1935000000 -9.10E+01 -2.15E+06 -2.15E+06 

1935250000 -9.06E+01 -2.15E+06 -2.15E+06 

1935500000 -8.95E+01 -2.15E+06 -2.15E+06 

1935750000 -8.59E+01 -2.15E+06 -2.15E+06 

1936000000 -8.24E+01 -2.15E+06 -2.15E+06 

1936250000 -8.16E+01 -2.15E+06 -2.15E+06 

1936500000 -8.12E+01 -2.15E+06 -2.15E+06 

1936750000 -8.21E+01 -2.15E+06 -2.15E+06 

1937000000 -8.05E+01 -2.15E+06 -2.15E+06 

1937250000 -7.87E+01 -2.15E+06 -2.15E+06 

1937500000 -7.95E+01 -2.15E+06 -2.15E+06 
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1937750000 -7.97E+01 -2.15E+06 -2.15E+06 

1938000000 -7.62E+01 -2.15E+06 -2.15E+06 

1938250000 -7.42E+01 -2.15E+06 -2.15E+06 

1938500000 -7.38E+01 -2.15E+06 -2.15E+06 

1938750000 -7.49E+01 -2.15E+06 -2.15E+06 

1939000000 -7.83E+01 -2.15E+06 -2.15E+06 

1939250000 -7.89E+01 -2.15E+06 -2.15E+06 

1939500000 -7.76E+01 -2.15E+06 -2.15E+06 

1939750000 -7.64E+01 -2.15E+06 -2.15E+06 

1940000000 -7.79E+01 -2.15E+06 -2.15E+06 

1940250000 -7.97E+01 -2.15E+06 -2.15E+06 

1940500000 -8.11E+01 -2.15E+06 -2.15E+06 

1940750000 -8.29E+01 -2.15E+06 -2.15E+06 

1941000000 -8.31E+01 -2.15E+06 -2.15E+06 

1941250000 -8.17E+01 -2.15E+06 -2.15E+06 

1941500000 -8.10E+01 -2.15E+06 -2.15E+06 

1941750000 -8.02E+01 -2.15E+06 -2.15E+06 

1942000000 -8.13E+01 -2.15E+06 -2.15E+06 

1942250000 -8.39E+01 -2.15E+06 -2.15E+06 

1942500000 -8.21E+01 -2.15E+06 -2.15E+06 

1942750000 -8.14E+01 -2.15E+06 -2.15E+06 

1943000000 -8.12E+01 -2.15E+06 -2.15E+06 

1943250000 -8.32E+01 -2.15E+06 -2.15E+06 

1943500000 -8.39E+01 -2.15E+06 -2.15E+06 

1943750000 -8.52E+01 -2.15E+06 -2.15E+06 

1944000000 -8.57E+01 -2.15E+06 -2.15E+06 

1944250000 -8.31E+01 -2.15E+06 -2.15E+06 

1944500000 -8.32E+01 -2.15E+06 -2.15E+06 

1944750000 -8.37E+01 -2.15E+06 -2.15E+06 

1945000000 -8.53E+01 -2.15E+06 -2.15E+06 

1945250000 -8.32E+01 -2.15E+06 -2.15E+06 

1945500000 -7.85E+01 -2.15E+06 -2.15E+06 

1945750000 -7.61E+01 -2.15E+06 -2.15E+06 

1946000000 -7.23E+01 -2.15E+06 -2.15E+06 

1946250000 -7.43E+01 -2.15E+06 -2.15E+06 

1946500000 -7.58E+01 -2.15E+06 -2.15E+06 

1946750000 -7.79E+01 -2.15E+06 -2.15E+06 

1947000000 -8.01E+01 -2.15E+06 -2.15E+06 

1947250000 -8.38E+01 -2.15E+06 -2.15E+06 

1947500000 -8.65E+01 -2.15E+06 -2.15E+06 

1947750000 -8.55E+01 -2.15E+06 -2.15E+06 

1948000000 -8.23E+01 -2.15E+06 -2.15E+06 

1948250000 -7.90E+01 -2.15E+06 -2.15E+06 
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1948500000 -7.80E+01 -2.15E+06 -2.15E+06 

1948750000 -7.83E+01 -2.15E+06 -2.15E+06 

1949000000 -7.86E+01 -2.15E+06 -2.15E+06 

1949250000 -8.00E+01 -2.15E+06 -2.15E+06 

1949500000 -7.88E+01 -2.15E+06 -2.15E+06 

1949750000 -8.46E+01 -2.15E+06 -2.15E+06 

1950000000 -8.86E+01 -2.15E+06 -2.15E+06 

1950250000 -9.13E+01 -2.15E+06 -2.15E+06 

1950500000 -9.09E+01 -2.15E+06 -2.15E+06 

1950750000 -9.13E+01 -2.15E+06 -2.15E+06 

1951000000 -9.16E+01 -2.15E+06 -2.15E+06 

1951250000 -9.09E+01 -2.15E+06 -2.15E+06 

1951500000 -9.01E+01 -2.15E+06 -2.15E+06 

1951750000 -9.07E+01 -2.15E+06 -2.15E+06 

1952000000 -9.11E+01 -2.15E+06 -2.15E+06 

1952250000 -9.09E+01 -2.15E+06 -2.15E+06 

1952500000 -9.14E+01 -2.15E+06 -2.15E+06 

1952750000 -8.86E+01 -2.15E+06 -2.15E+06 

1953000000 -9.05E+01 -2.15E+06 -2.15E+06 

1953250000 -9.08E+01 -2.15E+06 -2.15E+06 

1953500000 -9.04E+01 -2.15E+06 -2.15E+06 

1953750000 -9.14E+01 -2.15E+06 -2.15E+06 

1954000000 -9.04E+01 -2.15E+06 -2.15E+06 

1954250000 -9.14E+01 -2.15E+06 -2.15E+06 

1954500000 -9.10E+01 -2.15E+06 -2.15E+06 

1954750000 -9.11E+01 -2.15E+06 -2.15E+06 

1955000000 -9.06E+01 -2.15E+06 -2.15E+06 

1955250000 -9.11E+01 -2.15E+06 -2.15E+06 

1955500000 -9.06E+01 -2.15E+06 -2.15E+06 

1955750000 -9.16E+01 -2.15E+06 -2.15E+06 

1956000000 -9.05E+01 -2.15E+06 -2.15E+06 

1956250000 -9.14E+01 -2.15E+06 -2.15E+06 

1956500000 -9.06E+01 -2.15E+06 -2.15E+06 

1956750000 -9.11E+01 -2.15E+06 -2.15E+06 

1957000000 -9.03E+01 -2.15E+06 -2.15E+06 

1957250000 -9.17E+01 -2.15E+06 -2.15E+06 

1957500000 -9.12E+01 -2.15E+06 -2.15E+06 

1957750000 -8.99E+01 -2.15E+06 -2.15E+06 

1958000000 -9.06E+01 -2.15E+06 -2.15E+06 

1958250000 -9.05E+01 -2.15E+06 -2.15E+06 

1958500000 -9.11E+01 -2.15E+06 -2.15E+06 

1958750000 -9.09E+01 -2.15E+06 -2.15E+06 

1959000000 -8.93E+01 -2.15E+06 -2.15E+06 
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1959250000 -9.05E+01 -2.15E+06 -2.15E+06 

1959500000 -9.18E+01 -2.15E+06 -2.15E+06 

1959750000 -9.16E+01 -2.15E+06 -2.15E+06 

1960000000 -9.19E+01 -2.15E+06 -2.15E+06 

1960250000 -9.06E+01 -2.15E+06 -2.15E+06 

1960500000 -9.10E+01 -2.15E+06 -2.15E+06 

1960750000 -9.11E+01 -2.15E+06 -2.15E+06 

1961000000 -9.13E+01 -2.15E+06 -2.15E+06 

1961250000 -9.11E+01 -2.15E+06 -2.15E+06 

1961500000 -9.10E+01 -2.15E+06 -2.15E+06 

1961750000 -9.03E+01 -2.15E+06 -2.15E+06 

1962000000 -9.00E+01 -2.15E+06 -2.15E+06 

1962250000 -9.12E+01 -2.15E+06 -2.15E+06 

1962500000 -9.04E+01 -2.15E+06 -2.15E+06 

1962750000 -8.95E+01 -2.15E+06 -2.15E+06 

1963000000 -9.16E+01 -2.15E+06 -2.15E+06 

1963250000 -9.16E+01 -2.15E+06 -2.15E+06 

1963500000 -9.05E+01 -2.15E+06 -2.15E+06 

1963750000 -9.05E+01 -2.15E+06 -2.15E+06 

1964000000 -9.12E+01 -2.15E+06 -2.15E+06 

1964250000 -9.06E+01 -2.15E+06 -2.15E+06 

1964500000 -8.84E+01 -2.15E+06 -2.15E+06 

1964750000 -8.63E+01 -2.15E+06 -2.15E+06 

1965000000 -8.44E+01 -2.15E+06 -2.15E+06 

1965250000 -8.48E+01 -2.15E+06 -2.15E+06 

1965500000 -8.59E+01 -2.15E+06 -2.15E+06 

1965750000 -8.75E+01 -2.15E+06 -2.15E+06 

1966000000 -9.05E+01 -2.15E+06 -2.15E+06 

1966250000 -8.97E+01 -2.15E+06 -2.15E+06 

1966500000 -9.05E+01 -2.15E+06 -2.15E+06 

1966750000 -9.03E+01 -2.15E+06 -2.15E+06 

1967000000 -9.16E+01 -2.15E+06 -2.15E+06 

1967250000 -9.02E+01 -2.15E+06 -2.15E+06 

1967500000 -9.11E+01 -2.15E+06 -2.15E+06 

1967750000 -9.14E+01 -2.15E+06 -2.15E+06 

1968000000 -9.15E+01 -2.15E+06 -2.15E+06 

1968250000 -8.96E+01 -2.15E+06 -2.15E+06 

1968500000 -9.08E+01 -2.15E+06 -2.15E+06 

1968750000 -9.12E+01 -2.15E+06 -2.15E+06 

1969000000 -9.13E+01 -2.15E+06 -2.15E+06 

1969250000 -9.00E+01 -2.15E+06 -2.15E+06 

1969500000 -9.00E+01 -2.15E+06 -2.15E+06 

1969750000 -9.06E+01 -2.15E+06 -2.15E+06 

 74



1970000000 -8.92E+01 -2.15E+06 -2.15E+06 

1970250000 -8.51E+01 -2.15E+06 -2.15E+06 

1970500000 -8.35E+01 -2.15E+06 -2.15E+06 

1970750000 -8.27E+01 -2.15E+06 -2.15E+06 

1971000000 -8.37E+01 -2.15E+06 -2.15E+06 

1971250000 -8.45E+01 -2.15E+06 -2.15E+06 

1971500000 -8.10E+01 -2.15E+06 -2.15E+06 

1971750000 -7.70E+01 -2.15E+06 -2.15E+06 

1972000000 -7.65E+01 -2.15E+06 -2.15E+06 

1972250000 -7.74E+01 -2.15E+06 -2.15E+06 

1972500000 -7.84E+01 -2.15E+06 -2.15E+06 

1972750000 -8.21E+01 -2.15E+06 -2.15E+06 

1973000000 -8.66E+01 -2.15E+06 -2.15E+06 

1973250000 -8.85E+01 -2.15E+06 -2.15E+06 

1973500000 -8.86E+01 -2.15E+06 -2.15E+06 

1973750000 -8.95E+01 -2.15E+06 -2.15E+06 

1974000000 -8.51E+01 -2.15E+06 -2.15E+06 

1974250000 -8.30E+01 -2.15E+06 -2.15E+06 

1974500000 -8.26E+01 -2.15E+06 -2.15E+06 

1974750000 -8.34E+01 -2.15E+06 -2.15E+06 

1975000000 -8.59E+01 -2.15E+06 -2.15E+06 

1975250000 -8.92E+01 -2.15E+06 -2.15E+06 

1975500000 -9.01E+01 -2.15E+06 -2.15E+06 

1975750000 -9.08E+01 -2.15E+06 -2.15E+06 

1976000000 -9.00E+01 -2.15E+06 -2.15E+06 

1976250000 -9.09E+01 -2.15E+06 -2.15E+06 

1976500000 -9.01E+01 -2.15E+06 -2.15E+06 

1976750000 -8.98E+01 -2.15E+06 -2.15E+06 

1977000000 -8.89E+01 -2.15E+06 -2.15E+06 

1977250000 -8.96E+01 -2.15E+06 -2.15E+06 

1977500000 -9.03E+01 -2.15E+06 -2.15E+06 

1977750000 -9.15E+01 -2.15E+06 -2.15E+06 

1978000000 -9.10E+01 -2.15E+06 -2.15E+06 

1978250000 -9.05E+01 -2.15E+06 -2.15E+06 

1978500000 -9.08E+01 -2.15E+06 -2.15E+06 

1978750000 -8.96E+01 -2.15E+06 -2.15E+06 

1979000000 -9.02E+01 -2.15E+06 -2.15E+06 

1979250000 -8.97E+01 -2.15E+06 -2.15E+06 

1979500000 -9.16E+01 -2.15E+06 -2.15E+06 

1979750000 -9.09E+01 -2.15E+06 -2.15E+06 

1980000000 -8.97E+01 -2.15E+06 -2.15E+06 

1980250000 -8.79E+01 -2.15E+06 -2.15E+06 

1980500000 -8.98E+01 -2.15E+06 -2.15E+06 
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1980750000 -8.84E+01 -2.15E+06 -2.15E+06 

1981000000 -8.29E+01 -2.15E+06 -2.15E+06 

1981250000 -7.78E+01 -2.15E+06 -2.15E+06 

1981500000 -7.63E+01 -2.15E+06 -2.15E+06 

1981750000 -7.47E+01 -2.15E+06 -2.15E+06 

1982000000 -7.66E+01 -2.15E+06 -2.15E+06 

1982250000 -7.94E+01 -2.15E+06 -2.15E+06 

1982500000 -8.27E+01 -2.15E+06 -2.15E+06 

1982750000 -8.60E+01 -2.15E+06 -2.15E+06 

1983000000 -8.87E+01 -2.15E+06 -2.15E+06 

1983250000 -9.00E+01 -2.15E+06 -2.15E+06 

1983500000 -8.91E+01 -2.15E+06 -2.15E+06 

1983750000 -9.07E+01 -2.15E+06 -2.15E+06 

1984000000 -9.00E+01 -2.15E+06 -2.15E+06 

1984250000 -9.05E+01 -2.15E+06 -2.15E+06 

1984500000 -9.06E+01 -2.15E+06 -2.15E+06 

1984750000 -8.87E+01 -2.15E+06 -2.15E+06 

1985000000 -9.06E+01 -2.15E+06 -2.15E+06 

1985250000 -9.06E+01 -2.15E+06 -2.15E+06 

1985500000 -9.07E+01 -2.15E+06 -2.15E+06 

1985750000 -9.03E+01 -2.15E+06 -2.15E+06 

1986000000 -9.07E+01 -2.15E+06 -2.15E+06 

1986250000 -8.98E+01 -2.15E+06 -2.15E+06 

1986500000 -9.09E+01 -2.15E+06 -2.15E+06 

1986750000 -9.13E+01 -2.15E+06 -2.15E+06 

1987000000 -9.08E+01 -2.15E+06 -2.15E+06 

1987250000 -8.98E+01 -2.15E+06 -2.15E+06 

1987500000 -8.98E+01 -2.15E+06 -2.15E+06 

1987750000 -9.09E+01 -2.15E+06 -2.15E+06 

1988000000 -9.05E+01 -2.15E+06 -2.15E+06 

1988250000 -9.09E+01 -2.15E+06 -2.15E+06 

1988500000 -9.07E+01 -2.15E+06 -2.15E+06 

1988750000 -9.03E+01 -2.15E+06 -2.15E+06 

1989000000 -9.10E+01 -2.15E+06 -2.15E+06 

1989250000 -8.97E+01 -2.15E+06 -2.15E+06 

1989500000 -8.96E+01 -2.15E+06 -2.15E+06 

1989750000 -9.13E+01 -2.15E+06 -2.15E+06 

1990000000 -8.99E+01 -2.15E+06 -2.15E+06 

1990250000 -9.08E+01 -2.15E+06 -2.15E+06 

1990500000 -9.07E+01 -2.15E+06 -2.15E+06 

1990750000 -9.01E+01 -2.15E+06 -2.15E+06 

1991000000 -9.07E+01 -2.15E+06 -2.15E+06 

1991250000 -8.88E+01 -2.15E+06 -2.15E+06 
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1991500000 -9.05E+01 -2.15E+06 -2.15E+06 

1991750000 -9.15E+01 -2.15E+06 -2.15E+06 

1992000000 -9.09E+01 -2.15E+06 -2.15E+06 

1992250000 -9.10E+01 -2.15E+06 -2.15E+06 

1992500000 -9.07E+01 -2.15E+06 -2.15E+06 

1992750000 -9.04E+01 -2.15E+06 -2.15E+06 

1993000000 -9.04E+01 -2.15E+06 -2.15E+06 

1993250000 -9.05E+01 -2.15E+06 -2.15E+06 

1993500000 -9.10E+01 -2.15E+06 -2.15E+06 

1993750000 -9.01E+01 -2.15E+06 -2.15E+06 

1994000000 -9.02E+01 -2.15E+06 -2.15E+06 

1994250000 -9.09E+01 -2.15E+06 -2.15E+06 

1994500000 -9.08E+01 -2.15E+06 -2.15E+06 

1994750000 -9.06E+01 -2.15E+06 -2.15E+06 

1995000000 -9.00E+01 -2.15E+06 -2.15E+06 

1995250000 -9.13E+01 -2.15E+06 -2.15E+06 

1995500000 -9.01E+01 -2.15E+06 -2.15E+06 

1995750000 -9.12E+01 -2.15E+06 -2.15E+06 

1996000000 -8.84E+01 -2.15E+06 -2.15E+06 

1996250000 -9.14E+01 -2.15E+06 -2.15E+06 

1996500000 -9.09E+01 -2.15E+06 -2.15E+06 

1996750000 -9.06E+01 -2.15E+06 -2.15E+06 

1997000000 -9.05E+01 -2.15E+06 -2.15E+06 

1997250000 -9.11E+01 -2.15E+06 -2.15E+06 

1997500000 -9.10E+01 -2.15E+06 -2.15E+06 

1997750000 -8.97E+01 -2.15E+06 -2.15E+06 

1998000000 -9.00E+01 -2.15E+06 -2.15E+06 

1998250000 -9.10E+01 -2.15E+06 -2.15E+06 

1998500000 -9.07E+01 -2.15E+06 -2.15E+06 

1998750000 -8.98E+01 -2.15E+06 -2.15E+06 

1999000000 -9.04E+01 -2.15E+06 -2.15E+06 

1999250000 -8.89E+01 -2.15E+06 -2.15E+06 

1999500000 -9.15E+01 -2.15E+06 -2.15E+06 

1999750000 -8.94E+01 -2.15E+06 -2.15E+06 

2000000000 -9.11E+01 -2.15E+06 -2.15E+06 
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APPENDIX D 

 
 

Table D 1: RF Data at 95 MHz with a Band of 30 MHz 

11/27/06   16:56:22 A:\TRACE121.CSV  

Title:                       

Model:                    E7404A   

Serial Number:           US40240148   

Center Frequency:        95000000 Hz  

Span:                     30000000 Hz  

Resolution Bandwidth: 120000Hz  

Video Bandwidth:        300000Hz  

Reference Level:         -3.90E+01dBm  

Sweep Time:              4.80E-03 Sec  

Num Points:               401   

    

    

  Trace 1 Trace 2 Trace 3 

Hz dBm dBm dBm 

80000000 -8.46E+01 -2.15E+06 -2.15E+06 

80075000 -8.43E+01 -2.15E+06 -2.15E+06 

80150000 -8.80E+01 -2.15E+06 -2.15E+06 

80225000 -8.61E+01 -2.15E+06 -2.15E+06 

80300000 -8.72E+01 -2.15E+06 -2.15E+06 

80375000 -8.97E+01 -2.15E+06 -2.15E+06 

80450000 -9.04E+01 -2.15E+06 -2.15E+06 

80525000 -8.76E+01 -2.15E+06 -2.15E+06 

80600000 -8.97E+01 -2.15E+06 -2.15E+06 

80675000 -8.76E+01 -2.15E+06 -2.15E+06 

80750000 -8.83E+01 -2.15E+06 -2.15E+06 

80825000 -8.81E+01 -2.15E+06 -2.15E+06 

80900000 -8.68E+01 -2.15E+06 -2.15E+06 

80975000 -8.70E+01 -2.15E+06 -2.15E+06 

81050000 -8.99E+01 -2.15E+06 -2.15E+06 

81125000 -8.86E+01 -2.15E+06 -2.15E+06 

81200000 -8.71E+01 -2.15E+06 -2.15E+06 

81275000 -8.72E+01 -2.15E+06 -2.15E+06 

81350000 -8.91E+01 -2.15E+06 -2.15E+06 

81425000 -9.12E+01 -2.15E+06 -2.15E+06 

81500000 -8.98E+01 -2.15E+06 -2.15E+06 

81575000 -8.52E+01 -2.15E+06 -2.15E+06 
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81650000 -8.80E+01 -2.15E+06 -2.15E+06 

81725000 -8.87E+01 -2.15E+06 -2.15E+06 

81800000 -8.63E+01 -2.15E+06 -2.15E+06 

81875000 -8.83E+01 -2.15E+06 -2.15E+06 

81950000 -9.17E+01 -2.15E+06 -2.15E+06 

82025000 -8.97E+01 -2.15E+06 -2.15E+06 

82100000 -9.03E+01 -2.15E+06 -2.15E+06 

82175000 -9.14E+01 -2.15E+06 -2.15E+06 

82250000 -9.26E+01 -2.15E+06 -2.15E+06 

82325000 -9.33E+01 -2.15E+06 -2.15E+06 

82400000 -9.19E+01 -2.15E+06 -2.15E+06 

82475000 -9.15E+01 -2.15E+06 -2.15E+06 

82550000 -9.17E+01 -2.15E+06 -2.15E+06 

82625000 -9.11E+01 -2.15E+06 -2.15E+06 

82700000 -8.88E+01 -2.15E+06 -2.15E+06 

82775000 -9.12E+01 -2.15E+06 -2.15E+06 

82850000 -8.94E+01 -2.15E+06 -2.15E+06 

82925000 -8.92E+01 -2.15E+06 -2.15E+06 

83000000 -8.84E+01 -2.15E+06 -2.15E+06 

83075000 -8.95E+01 -2.15E+06 -2.15E+06 

83150000 -9.07E+01 -2.15E+06 -2.15E+06 

83225000 -9.04E+01 -2.15E+06 -2.15E+06 

83300000 -8.79E+01 -2.15E+06 -2.15E+06 

83375000 -8.93E+01 -2.15E+06 -2.15E+06 

83450000 -8.72E+01 -2.15E+06 -2.15E+06 

83525000 -8.75E+01 -2.15E+06 -2.15E+06 

83600000 -8.81E+01 -2.15E+06 -2.15E+06 

83675000 -8.72E+01 -2.15E+06 -2.15E+06 

83750000 -8.48E+01 -2.15E+06 -2.15E+06 

83825000 -8.25E+01 -2.15E+06 -2.15E+06 

83900000 -8.38E+01 -2.15E+06 -2.15E+06 

83975000 -8.63E+01 -2.15E+06 -2.15E+06 

84050000 -8.79E+01 -2.15E+06 -2.15E+06 

84125000 -8.84E+01 -2.15E+06 -2.15E+06 

84200000 -8.61E+01 -2.15E+06 -2.15E+06 

84275000 -8.64E+01 -2.15E+06 -2.15E+06 

84350000 -8.70E+01 -2.15E+06 -2.15E+06 

84425000 -8.74E+01 -2.15E+06 -2.15E+06 

84500000 -8.66E+01 -2.15E+06 -2.15E+06 

84575000 -8.64E+01 -2.15E+06 -2.15E+06 

84650000 -8.59E+01 -2.15E+06 -2.15E+06 

84725000 -8.83E+01 -2.15E+06 -2.15E+06 

84800000 -8.82E+01 -2.15E+06 -2.15E+06 
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84875000 -8.64E+01 -2.15E+06 -2.15E+06 

84950000 -8.51E+01 -2.15E+06 -2.15E+06 

85025000 -8.74E+01 -2.15E+06 -2.15E+06 

85100000 -8.63E+01 -2.15E+06 -2.15E+06 

85175000 -8.79E+01 -2.15E+06 -2.15E+06 

85250000 -8.79E+01 -2.15E+06 -2.15E+06 

85325000 -8.82E+01 -2.15E+06 -2.15E+06 

85400000 -8.42E+01 -2.15E+06 -2.15E+06 

85475000 -8.61E+01 -2.15E+06 -2.15E+06 

85550000 -8.75E+01 -2.15E+06 -2.15E+06 

85625000 -8.90E+01 -2.15E+06 -2.15E+06 

85700000 -8.74E+01 -2.15E+06 -2.15E+06 

85775000 -8.93E+01 -2.15E+06 -2.15E+06 

85850000 -8.42E+01 -2.15E+06 -2.15E+06 

85925000 -8.54E+01 -2.15E+06 -2.15E+06 

86000000 -8.38E+01 -2.15E+06 -2.15E+06 

86075000 -8.42E+01 -2.15E+06 -2.15E+06 

86150000 -8.78E+01 -2.15E+06 -2.15E+06 

86225000 -8.84E+01 -2.15E+06 -2.15E+06 

86300000 -8.66E+01 -2.15E+06 -2.15E+06 

86375000 -8.60E+01 -2.15E+06 -2.15E+06 

86450000 -8.86E+01 -2.15E+06 -2.15E+06 

86525000 -8.80E+01 -2.15E+06 -2.15E+06 

86600000 -8.85E+01 -2.15E+06 -2.15E+06 

86675000 -8.73E+01 -2.15E+06 -2.15E+06 

86750000 -8.78E+01 -2.15E+06 -2.15E+06 

86825000 -8.62E+01 -2.15E+06 -2.15E+06 

86900000 -8.64E+01 -2.15E+06 -2.15E+06 

86975000 -8.73E+01 -2.15E+06 -2.15E+06 

87050000 -8.73E+01 -2.15E+06 -2.15E+06 

87125000 -8.81E+01 -2.15E+06 -2.15E+06 

87200000 -8.86E+01 -2.15E+06 -2.15E+06 

87275000 -8.65E+01 -2.15E+06 -2.15E+06 

87350000 -8.82E+01 -2.15E+06 -2.15E+06 

87425000 -8.50E+01 -2.15E+06 -2.15E+06 

87500000 -8.59E+01 -2.15E+06 -2.15E+06 

87575000 -8.66E+01 -2.15E+06 -2.15E+06 

87650000 -8.56E+01 -2.15E+06 -2.15E+06 

87725000 -8.61E+01 -2.15E+06 -2.15E+06 

87800000 -8.52E+01 -2.15E+06 -2.15E+06 

87875000 -8.64E+01 -2.15E+06 -2.15E+06 

87950000 -8.52E+01 -2.15E+06 -2.15E+06 

88025000 -8.34E+01 -2.15E+06 -2.15E+06 
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88100000 -8.24E+01 -2.15E+06 -2.15E+06 

88175000 -8.38E+01 -2.15E+06 -2.15E+06 

88250000 -8.66E+01 -2.15E+06 -2.15E+06 

88325000 -8.05E+01 -2.15E+06 -2.15E+06 

88400000 -7.33E+01 -2.15E+06 -2.15E+06 

88475000 -7.05E+01 -2.15E+06 -2.15E+06 

88550000 -6.99E+01 -2.15E+06 -2.15E+06 

88625000 -7.26E+01 -2.15E+06 -2.15E+06 

88700000 -8.46E+01 -2.15E+06 -2.15E+06 

88775000 -8.48E+01 -2.15E+06 -2.15E+06 

88850000 -8.32E+01 -2.15E+06 -2.15E+06 

88925000 -8.42E+01 -2.15E+06 -2.15E+06 

89000000 -8.47E+01 -2.15E+06 -2.15E+06 

89075000 -8.34E+01 -2.15E+06 -2.15E+06 

89150000 -8.32E+01 -2.15E+06 -2.15E+06 

89225000 -8.32E+01 -2.15E+06 -2.15E+06 

89300000 -8.37E+01 -2.15E+06 -2.15E+06 

89375000 -8.26E+01 -2.15E+06 -2.15E+06 

89450000 -8.35E+01 -2.15E+06 -2.15E+06 

89525000 -8.38E+01 -2.15E+06 -2.15E+06 

89600000 -8.25E+01 -2.15E+06 -2.15E+06 

89675000 -8.17E+01 -2.15E+06 -2.15E+06 

89750000 -7.61E+01 -2.15E+06 -2.15E+06 

89825000 -6.71E+01 -2.15E+06 -2.15E+06 

89900000 -6.28E+01 -2.15E+06 -2.15E+06 

89975000 -6.30E+01 -2.15E+06 -2.15E+06 

90050000 -6.98E+01 -2.15E+06 -2.15E+06 

90125000 -8.01E+01 -2.15E+06 -2.15E+06 

90200000 -8.10E+01 -2.15E+06 -2.15E+06 

90275000 -8.09E+01 -2.15E+06 -2.15E+06 

90350000 -7.97E+01 -2.15E+06 -2.15E+06 

90425000 -8.22E+01 -2.15E+06 -2.15E+06 

90500000 -8.06E+01 -2.15E+06 -2.15E+06 

90575000 -8.12E+01 -2.15E+06 -2.15E+06 

90650000 -7.93E+01 -2.15E+06 -2.15E+06 

90725000 -8.02E+01 -2.15E+06 -2.15E+06 

90800000 -8.04E+01 -2.15E+06 -2.15E+06 

90875000 -7.87E+01 -2.15E+06 -2.15E+06 

90950000 -7.83E+01 -2.15E+06 -2.15E+06 

91025000 -7.79E+01 -2.15E+06 -2.15E+06 

91100000 -7.87E+01 -2.15E+06 -2.15E+06 

91175000 -7.84E+01 -2.15E+06 -2.15E+06 

91250000 -7.76E+01 -2.15E+06 -2.15E+06 
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91325000 -7.74E+01 -2.15E+06 -2.15E+06 

91400000 -7.10E+01 -2.15E+06 -2.15E+06 

91475000 -6.88E+01 -2.15E+06 -2.15E+06 

91550000 -6.87E+01 -2.15E+06 -2.15E+06 

91625000 -6.99E+01 -2.15E+06 -2.15E+06 

91700000 -7.92E+01 -2.15E+06 -2.15E+06 

91775000 -7.88E+01 -2.15E+06 -2.15E+06 

91850000 -7.75E+01 -2.15E+06 -2.15E+06 

91925000 -7.82E+01 -2.15E+06 -2.15E+06 

92000000 -7.75E+01 -2.15E+06 -2.15E+06 

92075000 -7.58E+01 -2.15E+06 -2.15E+06 

92150000 -6.67E+01 -2.15E+06 -2.15E+06 

92225000 -6.00E+01 -2.15E+06 -2.15E+06 

92300000 -5.91E+01 -2.15E+06 -2.15E+06 

92375000 -6.00E+01 -2.15E+06 -2.15E+06 

92450000 -6.30E+01 -2.15E+06 -2.15E+06 

92525000 -7.63E+01 -2.15E+06 -2.15E+06 

92600000 -7.85E+01 -2.15E+06 -2.15E+06 

92675000 -7.63E+01 -2.15E+06 -2.15E+06 

92750000 -7.73E+01 -2.15E+06 -2.15E+06 

92825000 -7.63E+01 -2.15E+06 -2.15E+06 

92900000 -7.56E+01 -2.15E+06 -2.15E+06 

92975000 -7.73E+01 -2.15E+06 -2.15E+06 

93050000 -7.58E+01 -2.15E+06 -2.15E+06 

93125000 -7.08E+01 -2.15E+06 -2.15E+06 

93200000 -6.32E+01 -2.15E+06 -2.15E+06 

93275000 -6.05E+01 -2.15E+06 -2.15E+06 

93350000 -6.01E+01 -2.15E+06 -2.15E+06 

93425000 -6.14E+01 -2.15E+06 -2.15E+06 

93500000 -7.29E+01 -2.15E+06 -2.15E+06 

93575000 -7.58E+01 -2.15E+06 -2.15E+06 

93650000 -7.57E+01 -2.15E+06 -2.15E+06 

93725000 -7.76E+01 -2.15E+06 -2.15E+06 

93800000 -7.65E+01 -2.15E+06 -2.15E+06 

93875000 -7.76E+01 -2.15E+06 -2.15E+06 

93950000 -7.55E+01 -2.15E+06 -2.15E+06 

94025000 -7.56E+01 -2.15E+06 -2.15E+06 

94100000 -7.58E+01 -2.15E+06 -2.15E+06 

94175000 -6.92E+01 -2.15E+06 -2.15E+06 

94250000 -6.24E+01 -2.15E+06 -2.15E+06 

94325000 -6.26E+01 -2.15E+06 -2.15E+06 

94400000 -6.44E+01 -2.15E+06 -2.15E+06 

94475000 -7.55E+01 -2.15E+06 -2.15E+06 
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94550000 -7.65E+01 -2.15E+06 -2.15E+06 

94625000 -7.78E+01 -2.15E+06 -2.15E+06 

94700000 -7.60E+01 -2.15E+06 -2.15E+06 

94775000 -7.63E+01 -2.15E+06 -2.15E+06 

94850000 -7.51E+01 -2.15E+06 -2.15E+06 

94925000 -7.38E+01 -2.15E+06 -2.15E+06 

95000000 -7.73E+01 -2.15E+06 -2.15E+06 

95075000 -7.62E+01 -2.15E+06 -2.15E+06 

95150000 -7.68E+01 -2.15E+06 -2.15E+06 

95225000 -7.69E+01 -2.15E+06 -2.15E+06 

95300000 -7.58E+01 -2.15E+06 -2.15E+06 

95375000 -7.11E+01 -2.15E+06 -2.15E+06 

95450000 -6.76E+01 -2.15E+06 -2.15E+06 

95525000 -6.75E+01 -2.15E+06 -2.15E+06 

95600000 -6.75E+01 -2.15E+06 -2.15E+06 

95675000 -7.36E+01 -2.15E+06 -2.15E+06 

95750000 -7.68E+01 -2.15E+06 -2.15E+06 

95825000 -7.61E+01 -2.15E+06 -2.15E+06 

95900000 -7.85E+01 -2.15E+06 -2.15E+06 

95975000 -7.61E+01 -2.15E+06 -2.15E+06 

96050000 -7.69E+01 -2.15E+06 -2.15E+06 

96125000 -7.71E+01 -2.15E+06 -2.15E+06 

96200000 -7.48E+01 -2.15E+06 -2.15E+06 

96275000 -7.69E+01 -2.15E+06 -2.15E+06 

96350000 -7.46E+01 -2.15E+06 -2.15E+06 

96425000 -7.39E+01 -2.15E+06 -2.15E+06 

96500000 -7.16E+01 -2.15E+06 -2.15E+06 

96575000 -7.13E+01 -2.15E+06 -2.15E+06 

96650000 -7.52E+01 -2.15E+06 -2.15E+06 

96725000 -7.62E+01 -2.15E+06 -2.15E+06 

96800000 -7.66E+01 -2.15E+06 -2.15E+06 

96875000 -7.64E+01 -2.15E+06 -2.15E+06 

96950000 -7.63E+01 -2.15E+06 -2.15E+06 

97025000 -7.67E+01 -2.15E+06 -2.15E+06 

97100000 -7.14E+01 -2.15E+06 -2.15E+06 

97175000 -6.21E+01 -2.15E+06 -2.15E+06 

97250000 -5.76E+01 -2.15E+06 -2.15E+06 

97325000 -5.73E+01 -2.15E+06 -2.15E+06 

97400000 -5.88E+01 -2.15E+06 -2.15E+06 

97475000 -6.52E+01 -2.15E+06 -2.15E+06 

97550000 -7.76E+01 -2.15E+06 -2.15E+06 

97625000 -7.47E+01 -2.15E+06 -2.15E+06 

97700000 -7.60E+01 -2.15E+06 -2.15E+06 
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97775000 -7.60E+01 -2.15E+06 -2.15E+06 

97850000 -7.52E+01 -2.15E+06 -2.15E+06 

97925000 -7.74E+01 -2.15E+06 -2.15E+06 

98000000 -7.44E+01 -2.15E+06 -2.15E+06 

98075000 -7.58E+01 -2.15E+06 -2.15E+06 

98150000 -7.55E+01 -2.15E+06 -2.15E+06 

98225000 -7.51E+01 -2.15E+06 -2.15E+06 

98300000 -7.66E+01 -2.15E+06 -2.15E+06 

98375000 -7.40E+01 -2.15E+06 -2.15E+06 

98450000 -7.29E+01 -2.15E+06 -2.15E+06 

98525000 -7.11E+01 -2.15E+06 -2.15E+06 

98600000 -7.20E+01 -2.15E+06 -2.15E+06 

98675000 -7.51E+01 -2.15E+06 -2.15E+06 

98750000 -7.42E+01 -2.15E+06 -2.15E+06 

98825000 -7.54E+01 -2.15E+06 -2.15E+06 

98900000 -7.36E+01 -2.15E+06 -2.15E+06 

98975000 -7.37E+01 -2.15E+06 -2.15E+06 

99050000 -7.44E+01 -2.15E+06 -2.15E+06 

99125000 -7.36E+01 -2.15E+06 -2.15E+06 

99200000 -7.48E+01 -2.15E+06 -2.15E+06 

99275000 -7.21E+01 -2.15E+06 -2.15E+06 

99350000 -7.29E+01 -2.15E+06 -2.15E+06 

99425000 -7.28E+01 -2.15E+06 -2.15E+06 

99500000 -7.24E+01 -2.15E+06 -2.15E+06 

99575000 -7.39E+01 -2.15E+06 -2.15E+06 

99650000 -7.25E+01 -2.15E+06 -2.15E+06 

99725000 -7.42E+01 -2.15E+06 -2.15E+06 

99800000 -7.14E+01 -2.15E+06 -2.15E+06 

99875000 -6.98E+01 -2.15E+06 -2.15E+06 

99950000 -6.88E+01 -2.15E+06 -2.15E+06 

100025000 -6.84E+01 -2.15E+06 -2.15E+06 

100100000 -7.09E+01 -2.15E+06 -2.15E+06 

100175000 -7.21E+01 -2.15E+06 -2.15E+06 

100250000 -7.25E+01 -2.15E+06 -2.15E+06 

100325000 -7.20E+01 -2.15E+06 -2.15E+06 

100400000 -7.10E+01 -2.15E+06 -2.15E+06 

100475000 -7.40E+01 -2.15E+06 -2.15E+06 

100550000 -6.94E+01 -2.15E+06 -2.15E+06 

100625000 -7.01E+01 -2.15E+06 -2.15E+06 

100700000 -6.94E+01 -2.15E+06 -2.15E+06 

100775000 -6.87E+01 -2.15E+06 -2.15E+06 

100850000 -7.24E+01 -2.15E+06 -2.15E+06 

100925000 -6.92E+01 -2.15E+06 -2.15E+06 
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101000000 -6.50E+01 -2.15E+06 -2.15E+06 

101075000 -6.20E+01 -2.15E+06 -2.15E+06 

101150000 -6.20E+01 -2.15E+06 -2.15E+06 

101225000 -6.41E+01 -2.15E+06 -2.15E+06 

101300000 -7.09E+01 -2.15E+06 -2.15E+06 

101375000 -7.27E+01 -2.15E+06 -2.15E+06 

101450000 -6.94E+01 -2.15E+06 -2.15E+06 

101525000 -6.88E+01 -2.15E+06 -2.15E+06 

101600000 -7.14E+01 -2.15E+06 -2.15E+06 

101675000 -7.11E+01 -2.15E+06 -2.15E+06 

101750000 -7.34E+01 -2.15E+06 -2.15E+06 

101825000 -7.16E+01 -2.15E+06 -2.15E+06 

101900000 -7.15E+01 -2.15E+06 -2.15E+06 

101975000 -7.19E+01 -2.15E+06 -2.15E+06 

102050000 -7.12E+01 -2.15E+06 -2.15E+06 

102125000 -7.30E+01 -2.15E+06 -2.15E+06 

102200000 -6.99E+01 -2.15E+06 -2.15E+06 

102275000 -6.94E+01 -2.15E+06 -2.15E+06 

102350000 -6.88E+01 -2.15E+06 -2.15E+06 

102425000 -6.81E+01 -2.15E+06 -2.15E+06 

102500000 -7.39E+01 -2.15E+06 -2.15E+06 

102575000 -7.19E+01 -2.15E+06 -2.15E+06 

102650000 -7.34E+01 -2.15E+06 -2.15E+06 

102725000 -7.27E+01 -2.15E+06 -2.15E+06 

102800000 -7.21E+01 -2.15E+06 -2.15E+06 

102875000 -7.32E+01 -2.15E+06 -2.15E+06 

102950000 -7.25E+01 -2.15E+06 -2.15E+06 

103025000 -7.42E+01 -2.15E+06 -2.15E+06 

103100000 -7.23E+01 -2.15E+06 -2.15E+06 

103175000 -7.31E+01 -2.15E+06 -2.15E+06 

103250000 -7.41E+01 -2.15E+06 -2.15E+06 

103325000 -7.32E+01 -2.15E+06 -2.15E+06 

103400000 -7.46E+01 -2.15E+06 -2.15E+06 

103475000 -7.39E+01 -2.15E+06 -2.15E+06 

103550000 -7.39E+01 -2.15E+06 -2.15E+06 

103625000 -7.41E+01 -2.15E+06 -2.15E+06 

103700000 -7.28E+01 -2.15E+06 -2.15E+06 

103775000 -7.36E+01 -2.15E+06 -2.15E+06 

103850000 -6.88E+01 -2.15E+06 -2.15E+06 

103925000 -6.91E+01 -2.15E+06 -2.15E+06 

104000000 -7.02E+01 -2.15E+06 -2.15E+06 

104075000 -7.36E+01 -2.15E+06 -2.15E+06 

104150000 -7.72E+01 -2.15E+06 -2.15E+06 
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104225000 -7.52E+01 -2.15E+06 -2.15E+06 

104300000 -7.71E+01 -2.15E+06 -2.15E+06 

104375000 -7.56E+01 -2.15E+06 -2.15E+06 

104450000 -7.54E+01 -2.15E+06 -2.15E+06 

104525000 -7.65E+01 -2.15E+06 -2.15E+06 

104600000 -7.51E+01 -2.15E+06 -2.15E+06 

104675000 -7.74E+01 -2.15E+06 -2.15E+06 

104750000 -6.92E+01 -2.15E+06 -2.15E+06 

104825000 -6.44E+01 -2.15E+06 -2.15E+06 

104900000 -6.28E+01 -2.15E+06 -2.15E+06 

104975000 -6.33E+01 -2.15E+06 -2.15E+06 

105050000 -6.61E+01 -2.15E+06 -2.15E+06 

105125000 -7.63E+01 -2.15E+06 -2.15E+06 

105200000 -7.70E+01 -2.15E+06 -2.15E+06 

105275000 -7.61E+01 -2.15E+06 -2.15E+06 

105350000 -7.60E+01 -2.15E+06 -2.15E+06 

105425000 -7.26E+01 -2.15E+06 -2.15E+06 

105500000 -6.27E+01 -2.15E+06 -2.15E+06 

105575000 -5.34E+01 -2.15E+06 -2.15E+06 

105650000 -4.87E+01 -2.15E+06 -2.15E+06 

105725000 -4.84E+01 -2.15E+06 -2.15E+06 

105800000 -4.95E+01 -2.15E+06 -2.15E+06 

105875000 -5.82E+01 -2.15E+06 -2.15E+06 

105950000 -7.22E+01 -2.15E+06 -2.15E+06 

106025000 -7.58E+01 -2.15E+06 -2.15E+06 

106100000 -7.65E+01 -2.15E+06 -2.15E+06 

106175000 -7.83E+01 -2.15E+06 -2.15E+06 

106250000 -7.70E+01 -2.15E+06 -2.15E+06 

106325000 -7.82E+01 -2.15E+06 -2.15E+06 

106400000 -7.75E+01 -2.15E+06 -2.15E+06 

106475000 -7.79E+01 -2.15E+06 -2.15E+06 

106550000 -7.72E+01 -2.15E+06 -2.15E+06 

106625000 -7.67E+01 -2.15E+06 -2.15E+06 

106700000 -6.77E+01 -2.15E+06 -2.15E+06 

106775000 -5.77E+01 -2.15E+06 -2.15E+06 

106850000 -5.45E+01 -2.15E+06 -2.15E+06 

106925000 -5.34E+01 -2.15E+06 -2.15E+06 

107000000 -5.31E+01 -2.15E+06 -2.15E+06 

107075000 -5.85E+01 -2.15E+06 -2.15E+06 

107150000 -7.59E+01 -2.15E+06 -2.15E+06 

107225000 -7.91E+01 -2.15E+06 -2.15E+06 

107300000 -7.83E+01 -2.15E+06 -2.15E+06 

107375000 -7.84E+01 -2.15E+06 -2.15E+06 
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107450000 -7.96E+01 -2.15E+06 -2.15E+06 

107525000 -7.90E+01 -2.15E+06 -2.15E+06 

107600000 -8.06E+01 -2.15E+06 -2.15E+06 

107675000 -7.74E+01 -2.15E+06 -2.15E+06 

107750000 -7.91E+01 -2.15E+06 -2.15E+06 

107825000 -7.78E+01 -2.15E+06 -2.15E+06 

107900000 -7.72E+01 -2.15E+06 -2.15E+06 

107975000 -7.89E+01 -2.15E+06 -2.15E+06 

108050000 -7.82E+01 -2.15E+06 -2.15E+06 

108125000 -8.01E+01 -2.15E+06 -2.15E+06 

108200000 -8.07E+01 -2.15E+06 -2.15E+06 

108275000 -7.98E+01 -2.15E+06 -2.15E+06 

108350000 -8.16E+01 -2.15E+06 -2.15E+06 

108425000 -8.05E+01 -2.15E+06 -2.15E+06 

108500000 -8.15E+01 -2.15E+06 -2.15E+06 

108575000 -8.11E+01 -2.15E+06 -2.15E+06 

108650000 -8.06E+01 -2.15E+06 -2.15E+06 

108725000 -8.21E+01 -2.15E+06 -2.15E+06 

108800000 -8.00E+01 -2.15E+06 -2.15E+06 

108875000 -8.08E+01 -2.15E+06 -2.15E+06 

108950000 -8.06E+01 -2.15E+06 -2.15E+06 

109025000 -8.15E+01 -2.15E+06 -2.15E+06 

109100000 -8.14E+01 -2.15E+06 -2.15E+06 

109175000 -8.11E+01 -2.15E+06 -2.15E+06 

109250000 -8.21E+01 -2.15E+06 -2.15E+06 

109325000 -8.14E+01 -2.15E+06 -2.15E+06 

109400000 -8.18E+01 -2.15E+06 -2.15E+06 

109475000 -8.22E+01 -2.15E+06 -2.15E+06 

109550000 -8.20E+01 -2.15E+06 -2.15E+06 

109625000 -8.32E+01 -2.15E+06 -2.15E+06 

109700000 -8.04E+01 -2.15E+06 -2.15E+06 

109775000 -8.23E+01 -2.15E+06 -2.15E+06 

109850000 -8.23E+01 -2.15E+06 -2.15E+06 

109925000 -8.19E+01 -2.15E+06 -2.15E+06 

110000000 -7.76E+01 -2.15E+06 -2.15E+06 
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