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INTRODUCTION 

Radio astronomy is defined as the astronomy based on the reception of radio 
waves of cosmic origin. The radiation measured in radio astronomy has in almost all 
cases a Gaussian probability distribution in amplitude. Generally it cannot be 
distinguished from thermal noise radiation of the earth or its atmosphere, or from the 
noise generated in a receiver. 

In radio astronomy observation the signal to noise ratio in the radio 
frequency(RF) and intermediate frequency (IF) parts of the receiver is typically in the 
range -20 dB to -60 dB, i.e. the power contributed by the source under study is a factor 
of 10-2 to 10-6 of the unwanted noise power from the atmosphere, the ground and the 
receiver circuits. 

Because radio astronomy signals are so weak in comparison to those of 
other services, radio astronomy observations are highly vulnerable to radio interference, 
and to exacerbate the problem cosmic signals generally have no characteristic modulation 
that would help to distinguish them from noise or from many forms of interfering 
signals. 

The main observing instrument at NCRA is the Giant Meterwave Radio 
Telescope (GMRT),comprising of 30 different parabolic antenna making observations at 
frequencies ranging from 50 MHz to 1500 MHz. 

The personal computer and the workstation in the main observatory 
building and offices are a source of Electromagnetic interference with the astronomical 
observations. The central square antennas of the telescope are situated near to the 
observatory control building making it even more susceptible to low level interference. 

The aim of this project is to limit the RF emission from personal computers to an 
acceptable level. This is achieved by shielding PC unit with a conductive material to 
reduce EM! reflections or absorption i.e. the design of a Faraday cage. According to the 
measurement that is available in GMRT virtually all the emissions appeared to be 
generated by the main processor unit with the very little contributions from monitor, key 
board and other peripherals. 



PROJECT DEFINITION 

The setup for development of green PC consist of: 
• Permanent portable measuring setup with whip aerials. 
• Measurements of mesh type shielding cage .. 
• New aluminium enclosure as a improvement to mesh type. 

MEASURING SETUP 
Initially a measuring setup is configured to check the shielding efficiency. To cover the 

frequency range of 100 MHz to 10Hz, we require voltage controlled oscillator (VeO) 
working at different range of frequencies in which the output frequency of oscillator 
changes according to the input voltage. the frequency can be varied using variable 
potentiometer..The potentiometer is 10 Kohm. A switch mechanism is provide to select 

the desired yeo. The circuit dialfthe yeO is sho~.n in fi•. !. 

FIXEI{)-----i 
POWER SUPPLY 

~. 

veo 
MODULE 

ATTENUATOR 

The whole setup consist of:
1. veo 1 (100 MHz to 200 MHz) 
2. veo 2 (200 MHz to 350 MHz) 
3. veo 3 (400 MHz to 620 MHz) 
4. veo 4 (900 MHz to 1600 MHz) 
5. 4 way combiner 
6. 12 volt battery 
7. Whip aerials 

The block diagram of the measuring setup is shown in fig. 2. Fig 3-6 show the 
frequency vs voltage graph of all 4 veos. Fig 7-10 represent the power vs frequency 
graph. 
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TEST SETUP FOR "SHIELDED CAGE PROTO TYPE- II " FOR EMI RFI MEASUREMENT 
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4 way combiner: I 
All yeOs output go to 4 way combiner. It is a resistive circuit which combines the 
outputs of 4 YCO. Due to loss in the combiner we use a MAR 3 amplifier so that overall 
output of the 4 way combiner is 0 db. Circuit diagram and response of the combiner is 
shown in fig 11 and fig 12-15 respectively. 
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The output of 4 way combiner, fed to a whip aerial. It is a monopole antenna with a 
ground plane. The length of the antenna depends on the wavelength which is inversely 
proportional to frequency. We use the frequency range from 100 MHz to 10Hz. So we 
choose the frequencies in logarithmic form, like 125 MHz, 250 MHz, 500 MHz, 1000 
MHz, for whip aerials. 
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1. INTRODUCTION 

Radio astronomy is defined as the astronomy based on the reception of radio 
waves of cosmic origin. The radiation measured in radio astronomy has in almost all 
cases a Gaussian probability distribution in amplitude. Generally it cannot be 
distinguished from thermal noise radiation of the earth or its atmosphere, or from the 
noise generated in a receiver. 

In radio astronomy observation the signal to noise ratio in the radio 
frequency(RF) and intermediate frequency (IF) parts of the receiver is typically in the 
range -20 dB to -60 dB, i.e. the power contributed by the source under study is a factor 
of 10-2 to 10-6 of the unwanted noise power from the atmosphere, the ground and the 
receiver circuits. 

Because radio astronomy signals are so weak in comparison to those of 
other services, radio astronomy observations are highly vulnerable to radio interference, 
and to exacerbate the problem cosmic signals generally have no characteristic modulation 
that would help to distinguish them from noise or from many forms of interfering 
signals. 

The main observing instrument at NCRA is the Giant Meterwave Radio 
Telescope (GMRT), comprising of 30 different parabolic antenna making observations at 
frequencies ranging from 50 MHz to 1500 MHz. 

The personal computer and the workstation in the main observatory 
building and offices are a source of Electromagnetic interference with the astronomical 
observations. The central square antennas of the telescope are situated near to the 
observatory control building making it even more susceptible to low level interference. 

The aim of this project is to limit the RF emission from personal computers to an 
acceptable level. This is achieved by shielding PC unit with a conductive material to 
reduce EM! reflections or absorption i.e. the design of a Faraday cage. According to the 
measurement that is available in GMRT virtually all the emissions appeared to be 
generated by the main processor unit with the very little contributions from monitor, key 
board and other peripherals. 

2. EMI SHIELDING PRINCIPLE 

The importance of wave impedance is shown by electromagnetic wave 
encountering an obtrude such as a metal shield. If the impedance of the wave differ 
greatly from the natural impedance of the shield much of the energy is reflected and the 
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From these frequencies calculated length of whip aerials are, 
1. 60 cm for 125 MHz. 
2. 30 cm for 250 MHz 
3. 15 cm for 500 MHz 
4.7.5 cm for 1 OHz 

TESTING FOR ISOLATION 
The most widely used method for determining a large enclosure's shielding 

effectiveness is :
By using the measuring setup a reference field strength is measured in free 

space (outside the enclosure ) by varying the potentiometer. The free space loss can be 
calculated as, 

Free Space Loss=32.4+20l0gF(MHz)+20l0g R(Km) 
F is the frequency expressed in the MHz. 
R is the distance between the transmitting and receiving antennas. 
AT 2.4 GRz, this formula is :100+20 Log R(Km) 

A transmitting antenna is then placed inside the enclosure(shielding cage).we use 
two type of enclosure. 

1. Mesh type enclosure 
2. Aluminium enclosure 

Mesh type cage 

This shielding cage was available. The cage consists of a metal frame with 
removable top. The design is that of stainless steel wire mesh (5 mm *5 mm : grid). The 
dimension of the box is 50cm in length, 35 cm in width and 66 cm in height. These was 
chosen to be more wider and higher then the CPU. The extra depth is required for the 
interconnecting cables, power lines filters etc .. adequately small mesh size was chosen to 
ensure shielding effectiveness at higher frequencies. 

After putting the transmitting antenna in to the enclosure the drop in field strength 
is determined. This drop is the measure of shielding effectiveness. When a spectrum 
analyzer is connected to the receiving antenna, field strength can be measured at any 
point inside the enclosure. 

Spectrum analyzer gives a measurement of a signal in the freq. domain and plots 
the amplitude in dBm vs. freq of each sine wave in the spectrum of that signal. 

compliance testing of commercial equipment is typically conducted in open 
field sites to avoid reflections that could interfere with the measurements of emission 
from the equipment, placed on a turn table. A receiving antenna is located at 3, 5 andlO 
meter away from the transmitting antenna. The measurements are taken in all four 
directions. 

http:cage).we


Advantage:
1. No need of additional ventilation. 
2. It is cheaper due to stainless steel mesh. 

Disadvantage: 
1. It gives poor isolation at higher frequencies. 
2. Usage of floppy drive and CD drive are tedious. 

Result:
The shielding effectiveness of the cage is above 30 dB up to 350MHz but above 

350MHz the isolation reduce to 12dB. So we put the EMC tape at all corners and take the 
measurements again. This time the isolation hardly improve 4-5dB. The measurements of 
isolation (without tape and with tape) is shown in table 1. 



COMPARISION BETWEEN WIHTOUT EMC TAPE AND WITH TAPE 


FREQ. 
Mhz. EAST 3Mtr. 

ISOLATION (dbm) 
EAST 5Mtr. EAST 10 Mtr. WEST 3Mtr. WESTS Mtr. 

WITHOUT WITH WITHOUT WITH WITHOUT WITH WITHOUT WITH WITHOUT WITH 
TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE 

170 29 29 30 29 22 22 17 21 9 14 
200 27 41 27 40 24 34 23 36 12 26 
275 29 26 26 25 25 21 22 14 22 15 
350 43 37 36 32 32 28 35 33 25 20 
310 22 23 22 22 12 13 18 17 14 14 
450 29 43 30 36 13 29 24 39 12 33 
550 10 12 24 12 12 12 3 2 4 4 
620 30 30 31 27 21 20 24 24 20 24 
800 23 22 23 22 12 12 16 16 13 13 
850 25 26 26 26 14 15 24 24 22 21 
950 20 33 22 24 18 22 12 23 17 16 
1000 18 27 8 32 16 23 15 23 4 14 

NORTH 3Mtr. NORTH 5Mtr. NORTH 10 Mtr. SOUTH 3Mtr. SOUTH5Mtr. 

FREQ. WITHOUT WITH 
TAPE TAPE 

WITHOUT WITH WITHOUT WITH 
TAPE TAPE TAPE TAPE 

WITHOUT 
TAPE 

WITH 
TAPE 

WITHOUT WITH 
TAPE TAPE 

170 11 16 15 20 23 28 19 18 16 16 
200 23 44 29 45 23 37 25 52 32 49 
275 32 34 30 26 32 34 29 30 29 29 
350 47 52 39 41 29 28 41 53 41 41 
310 15 14 14 14 16 16 18 17 19 19 
450 18 34 16 29 6 14 23 34 21 36 
550 21 26 45 17 19 15 21 24 23 24 
620 26 32 34 35 23 24 30 28 48 46 
800 13 12 8 12 8 13 12 12 15 16 
850 16 17 18 12 25 23 27 24 26 23 
950 7 0 8 ·3 27 21 15 15 21 19 
1000 ·2 ·2 -6 -4 12 8 15 13 25 23 

Table 1 



Aluminium Enclosure 

A new aluminium enclosure is proposed • to overcome the disadvantages of 
mesh type cage. The enclosure has continuous welding, with a door type mechanism at 
the front and rear side. So it's easy to handle the CPU. The dimension of the box is 21 
inch in height, 11 inch in width. 26 inch in length more wider and higher then the CPU. 
The extra depth is required for the interconnecting cables, and fans for cooling. On both 
door a shielding gasket is fued to provide extra shielding. The box is shown in fig. 12. 

The measurement process is repeated, using measuring setup, for selected 
frequencies from 100 MHz to 1 GHz. This time the potentiometer is fixed for a particular 
frequency then readings are noted. The measurements are shown in table 2 

ISOLATION OF ALUMINIUM ENCLOSURE 

Freq(MHz) East 3 m East 5m East 10 m West 3m West5m West 10m 
250 68 74 73 74 79 71 
500 65 53 61 64 53 56 

1000 27 55 56 63 59 41 

Freq.(MHz) North 3m North Sm North 10m South 3m South 5m South 10m 

250 69 72 n 72 69 71 

500 70 56 60 71 65 61 


1000 68 66 58 50 67 56 


Table 2 

The comparision between mesh type cage and aluminium enclosure is shown in 
table 3. 
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ISOLATION OF MESH TYPE SHIELDING CAGE Be ALUMINIUM ENCLOSURE 

FREQ. ISOLATION (dbm) 
Mhz. EAST 3 Mtr. EAST 5 Mtr. EAST 10 Mtr. 

WITHOUT WITH WITH WITHOUT WITH WITH WITHOUT WITH WITH 
TAPE TAPE AL. EN. TAPE TAPEAL. EN. TAPE TAPE AL. EN. 

275 29 26 68 26 25 74 25 21 73 
550 10 12 65 24 12 53 12 12 61 
1000 18 27 8 32 55 16 23 56 

WEST 3 Mtr. WEST 5 Mtr. WEST 10 Mtr. 
FREQ. WITHOUT WITH WITH WITHOUT WITH WITH WITHOUT WITH WITH 
Mhz. TAPE TAPE AL. EN. TAPE TAPE AL EN. TAPE TAPE AL. EN. 

275 22 14 74 22 15 79 71 
550 3 2 64 4 4 53 56 
1000 15 23 63 4 14 59 41 

NORTH 3 Mtr. NORTH 5 Mtr. NORTH 10 Mtr. 
FREQ. WITHOUT WITH WITH WITHOUT WITH WITH WITHOUT WITH WITH 
Mhz. TAPE TAPE AL EN. TAPE TAPE AL EN. TAPE TAPE AL. EN. 

275 32 34 69 30 26 72 32 34 72 
550 21 26 70 45 17 56 19 15 60 

Table 3 

CPU measurements:
First the free space radiation of different PCs (monitor,CPU,keyboard) are 

measured in open field sites, in two directions at 5 meter. Measurements are taken in such 
a manner that it cover the frequency range (100MHz to 1GHz). To cover this whole 
frequency range Log periodic antenna is used at the receiver side. Same process is 
repeated to measure the radiation from CPU after placing it in aluminium enclosure. The 
drop in field strength gives the shielding efficiency of the enclosure. The Graphs are 
shown in fig. 13. Refer to annexure 2 for reamining graphs. 

Result:
The isolation of the aluminium enclosure is around 65 dB at all frequency range. 
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~........... 
 .................... 
......... . 
dBI 

",: : : . .. 6: : : 
0 ••.... ... . ..... !" ......... ~ ........ S ~ ....... !..... !.........! 
........! .................... . 


Pk 

:1. 

2 

3 
4 
5 

CEHTER 250.8 MHz 
tRES Bioi 88 kHz tVBW 98 kHz 

. ., .. 

Freq (MHz)
:1.62.0 
:1.75.0 
227.0 
234.0 

u e Amplitude
-69.65 dBm 
-66.29 dBm 
-60.85 dBm 

243.5 -53.56 

dBm 6 
dBm 7 
dBm 8 
dBIl 9 
dBm :1.0 

SPAH 288.0 !'1Hz 
SWP 667 IIseo 

19:11:94 AUG 18, 2009 
4u 17:96=89 Aue 19, 2009 E 166 MHZ. 

REF -48.9 d m tAT 0 dB -713.22 dBm 

SMPL .... .. ~ ..... . 
LOG •••••• ;' ..... ~.... •• •......... i ~ ......... i· ........ i ......... : .......... : ......... : ........ . 

5 · 
dBI 

.. . .
••••••••• : •••••••• ~ : • • • • • • • •• • ......... : .......... %.......... : 

~ 

••••••••• : ••••••••• : ••••••••• : ~ ~ ••••••• 


. . . . .· .. . . . .......................................................................· ~ . . . .· ....· - . . .• ~~ •••••• : .......... l ww~~~~~~~t~~~··· .".' •••••••• : •••••••••· . . . ,· . . . 

. . . .· . . . . ... ~ 

.. ... . .~.. ..,.,. 
Marker Trace Type Freq I Time Ampll~ude 

:1.= (A) Freq :1.75.8 !'1Hz -49.65 dBm 
2: (A) Freq 208.0 MHz -61-: 84 dBm 
31 (A) Fr ... 1255.5 MHz -68.8S dBm 
4: (l'I) Fr.q 881.8 MHz -78.22 dBm 

0.0 MHz 
tRES BW S0 kHz tVBW S0 kH:z: SWP 667 msec 

z 

wi th S h jE.Jclih(J 

FiG..,. 1'3 



Future scope:
1. For ventilation fans should be placed at both sides. 
2. To connect the peripherals from the box, the shielded connectors and cables 

should be used. Refer to annexure 4 
3. Aluminium enclosure can be replaced by Flectron metallised materials. As it 

gives shielding effectiveness up to 85 dB at 1 GHz. Refer to annexure 5. 

References:
1. Antennas by J.D. Kraus 
2. EMIIRFI shielding magzines of Chomerics. 



ANNEXURE 1 

EMI SIflELDING PRINCIPLE 
The importance of wave impedance is shown by electromagnetic wave 

encountering an obtrude such as a metal shield. If the impedance of the wave differ 
greatly from the natural impedance of the shield much of the energy is reflected and the 
rest is transmitted across the surface boundary. where absorption and the shield further 
attenuates it. BeCause most metals have an intrinsic impedance of only milliohms less 
low impedance H field energy is reflected and more is absorbed, this is because the metal 
is more closely matched to the impedance of the field this is also why it is difficult to 
shield against magnetic fields. On the other hand the wave impedance of electric field is 
high so most of the energy is reflected for this case. 

At frequencies over 10 Mhz, EMI shielding is governed mostly by absorption. 
Shielding effectiveness of metallic enclosure is not infinite, because the conductivity of 
all metal is finite. They can however approach very large value because metallic shields 
have less than infinite conductivity. part of the field is transmitted across the boundary 
and supports a current in the metal. The amount of current flow at any depth in the shield 
,and the rate of decay is governed by the conductivity of the metal, its permeability, and 
the frequency and amplitude of the field source. The residual current appearing on the 
opposite face is the one responsible for generating the field which exists on the other side. 

The current density in the metal shield is not affected by the shield's 
thickness the only difference with their shield is that a large part of the re-reflected wave 
may appear on the front surface. This wave can add to or subtract from the primary 
reflected wave depending upon the phase relationship between them. For this reason a 
correction factor appears in the shielding equation to account for reflection from the far 
surface of a thin shield. 

Absorbed Energy 

Transmitted energy 

Fig 1. Attenuation of EMI by shield 



EMI SHIELDING EQUATION 

As described above, electromagnetic waves incident upon a discontinuity will be 
partially reflected and partly absorbed by the material. The effectiveness of the shield is 
the sum total of these two effects ,plus a correction factor to account for reflections from 
the back surfaces of the shield. 

Reduction in the field strength are determined by the frequency ,the shielding 
material conductivity, thickness and permeability, and by the distance between the 
radiating source and the EM! shield. 

how well a shield reduces the energy of (attenuates)a radiate electromagnetic 
field is referred to as its shielding effectiveness or SE .The standard unit of SE 
measurement is the decibel or dB. The decibel value is the ratio of two measurement of 
electromagnetic field strength taken before and after shielding in place. Every 20 dB 
increase in SE represent a tenfold reduction in EM! leakage through a shield .A 60 dB 
shield reduces field strength by a factor of 1000 times (e.g. from 5 volts per meter to 5 
millivolts/meter) 

The overall expression for shielding effectiveness is written as:

SE=A+B+R 

where 

SE is shielding effectiveness, 

R is the reflection factor, 

A is the absorption factor. 

B is the correction factor to account for reflections from the far boundary 

(All values are expressed in dB(decibel» 

Reflection loss includes reflections at both surfaces of the shield and is dependent 
upon the relative mismatch between the incoming wave impedance and the frequency of 
the impinging wave ,as well as upon the electrical parameters of the shielding material 
itself . 

The correction factor (B)can be mathematically positive or negative (in practice it 
is always negative)and becomes insignificant when A>6 dB. It is always only important 
when (Le. below approximately 20 Khz) 

WHERE EMI SIDELDING IS NEEDED 
Requirements for EM! shielding abound in computers ,medical devices ,and many 

other types of electronic equipment ,as new emission and immunity requirements are 
placed on these device, the importance of shielding grows . 

GROUNDING ISSUES 
shielding against EMI emissions is commonly provided by a conductive 

enclosure. 

I 



the separate parts of the enclosure must be electrically bonded together and grounded for 
the shielding to work .disruption in the electrical continl}ity between parts adversely 
effect. Shielding performance proper grounding of PCB ,and shielding enclosure 
component is also a method for reducing board generated EMI. however improper or 
ineffective grounding may actually increase EMI emission levels.with the ground itself 
become a major radiating source. 



Port -2 Response of 4way comb.+ Mar Amp. 

Date: 01.07.2003 

111>1: Transmlssdcn Log Mag 10.~ dBI Ref ~.0~ dB 
!>2:Reflectlon Log Mag S.~ dBI Ref -lB.0~ dB 

dB 

1 

1 : 

-1 

-2 

2: 


-4 


-5 


-6 


-7 


I Me as 1: M I\r6 E5ltL 130 ~ MHz 
-2.73 ~dB

° He as2:M rl 1O.130 ~ MHz 
... tl 25.rt11 9dB 

r~ ~ f( 
V 

~ If ~~.. 
~ 

-
° ~ ~ S'" 1: ~/ ~ ,..b- 19- ~N~~ 

J..J

'7[
°2 
° 
° 
Start HiL 0130 MHz Stop 1 5130.0013 MHz 

1 : 113.013013 
2: Sttl.0rt1rl)riJ 
3; 2SriJ.0riJi'lriJ 
4: 5013,1313013 
5: 70rt1.0G11(iJriJ 
tl> aSriJ.0G11(iJriJ 
7: 1I31!l9.013"'9 
B: 15",",130013 

-8.037 
-1. 0~1 
-1. 122 
-1. 683 
-2. 189 
-2.730 
-2.962 
- 3,934 

1 ) 
2: 
3: 
4: 
S: 
6: 
7: 
8: 

10.9000 
S~.riJ~~~ 

2S~.riJ~0~ 

500,130130 
70~.G1I~~~ 

8S~.G1I~rt1~ 

1"'13 Ill. "0130 
1513"',9"'0'" 

-25.1319 
-26. a 31 
-17.~26 

-13.434 
-l1.~Sl 

-12.679 
-13.938 
-17.634 



Port -3 Response of 4way comb.+ Mar Amp. 

Date: 01.07.2003 

"'1: Transmission Leg Mag le.0 dBI Ref B.eB dB 
l>2 : Re fl ec ti en Le .Mag S 0 dBI Re f IB .eB dB 

Me as1:M ~1"6 E5rf.L ~11l a MHzdB 

1 

1 : 

-1 

-2 

2: 

-4 

-5 

-6 

-7 

-


-2.53 ~d:B 
~ 

Me as2:M 1"1 1~.~11l ~ MHz 
6 2lf.67 ;ld1J 
V r~ ~ tr 
 ~ I.f,. 1~ 

~~ 

...............~ 
--~ ~~I).,..--~ 1 
D~ ::,k/l 

-
 jn
/ 


.... 

~:f 

~ 2 

"" It.! 

~ 

Sta.rt UL 11l~11l MHz Stop 1 S~I1l.~0~ MHz 

1 : 1~.0~11l~ 
2: SQI.BBel'il 
3: 2SQI. BQle2 
4: 511l11l.~11l11l11l 

S: 7eQl.BQle2 
6) BSQI.BmeQl 
7: 1~11l11l."~11l11l 
B: 15I1la.~l1ll1la 

-8.~~1 
-Ql.'JBLf. 
-1. B0Lf. 
-1. 366 
-1. B2e 
-2.S3e 
-2.887 
-4.839 

1 ) 
2: 
3: 
Lf.: 
S: 
6: 
7: 
8: 

1~. ~1t.H!~ 
50.m0B0 

2S0.Ql011l~ 

5~0.11l0~0 
7B0.Ql0fl10 
B50.Ql0fl10 

10"0.a0"0 
15"0.a000 

-24.675 
-26.BBLf. 
-18.673 
-13.499 
-11. Ql72 
-10.6S6 
-1~. 176 
-Q.742 



dB 

1 

1 : 

-1 

-2 

2: 

-4 

-s 

-6 

-7 

Port -4 

"'1: Transmission 
t>:2:Reflection 

Response of 4way comb.+ Mar Amp. 

Date: 01.07.2003 

Log Mag lB.~ dBI Ref ~.B~ dB 
Log Mag 5.~ dBI Ref -1B.~~ dB 

Stop 1 S~(1J.~~~ MHz 

~ 

~~ IT 
,y-,fl. 

I 
i 

{f ~ 

....r7\ 
~ 

~1i S 

/....- (lj 
..... 

~V 
~2 

~ 

~ 

Stal"t HL (1J~(1J MHz 

Me as 1: M"rb Es~. ~(1J ~ MHz 
-1. 31 ~dB 

Me as2:M ,r 1 1~.~~ ~ MHz 
& 24.61 dB 

I.f 1~ 

~ - ~ ~~D. --~ 
0 

1 : l~.a~(1J~ -8.~3b 

2: 5~.~~1il~ -{11.QQB 
3: 25{11.~IB{11 -{11.7'12 
4: S(1J".""Ill~ -1.776 
5: 7IilQl.~~IilQl -{11.B82 
6> B5~.a~BCi1 -1. 314 
7: U (IJ(1J I "" 1ll(1J -1. 674 
B: lS(1J".~"Ill" -2. 333 

1 ) 1~."~~~ -24.671 
2: Sill. 1~r21~ -26.q4~ 

3: 2S~.I~~~ -1'1.151 
4: sa~.,,~~~ -14.143 
5: 7~~.1~~~ -11.4B5 
6: 85~.1~~~ -1~.'1B7 

7: 1~"~.(1J~"~ -1~. 34-6 
8: lS"~."~~~ -1~.2Sa 



15:49:55 AUG 14, 2003 
4D' 14 :21 : 48 AUG 14, 2003 
REF -68.3 dB. IAT 0 dB 

SMPL . .. .
· .. .
LOG .. ~· .... ·: ..•... · .. i"' ... ~.·i~ ........ ·········i·····.· ................................... .

2 . . . 
dBI ·········:·········:·····1··:·.. ······ .........;............................................ · . .· .. .••••••••• J .......... , .......... , •••••••••••••••••• ; ••••••••••••••••••••• ,. ............... . 
.. ... . . . . . . . ....... "........ .... . . . .. ............ ................... . .. ......... . 4.. . . . .. .
~.....· .,.. .. 

k 
1 
2 
3 
4 9 

5 
 19 

CENTER 458.8 MHz SPAN 200.8 MHz 
tRES Bioi 30 kHz tllBW 30 kHz SWP 667 .. lUte 

A.p ItudE! 
-73.14 dBIII 

Pk reoq (MHz) A.plitu ,. 
6 
7 
8 

-55.16 dBIII 
-53.44 dB. 

15:42:49 Aue 15, 208! 
4D' 14:11111 AUG 14, 200! 
REF -63.8 dBm tAT 0 dB 
SMPL . . . . .. ..· . . . .. .. 
LOG •···· •• ··i······· .. ;···· ...... j ••••••••• :; •••••• ·; •• • ••• ··.i •. ··· ............. ; ......... ; ........ .
2 ...... .. 
dBI ......... :......... :......... :......... ;....... : ... 3.· .. : .................. : ......... :.6.8 .. . .. ..· . ... . . .

••••••••• J ....... •• ; .......... t • ,. ........ t· 
 ..... ~ ........ ~ ......... '''5 .... ~ ......... ~ ...... .
· ~ . . ..· . .. . . .... : ........ : ....4 ........... : ......... :..... ..
• • •••••••• • • • • • • •• •• ......... • • ,. ....... * .. ........
~ .. . .~ 

k AMP Itude Pk 

1 -49.63 dB. 6 

2 -64.45 dB. 7 

3 -68.52 dB. 8 

4 -72.28 dB. 9 
5 498.8 -71.06 dB. 18 

CENTER 450.0 MHz SPAN 200.0 MHz 
iRES Bioi 30 kHz tVBW !0 kHz SWP 667 l!!Seo 

MKR 414.0 MHz4D' 17 :86 125 AUG 13, 200S 
-71.12 dBmREF -67.5 dBIII T 0 dB 

SMPL 
LOG .. ·...... ~ ......·.. i· ..· ............. ~ .................. ~ ......... ~ .........\......... ~ ......... 


.......... : •••••• ~ •• : ... 00' ••••••••• ~.~.~ .............. ~ ..... ~ .......... ~.~ ......... : •••••••• ~~.
dBI 

.. ... . . .. .. . . i ........... ~ .. i.................. ;...............;............ i .......... ...... : ............... i .. .............. ; . ~ ~ ........... i .. • ...... •... . 


.. •............ ; ...... ~........ •.......... i ........ • ...... i ................ : .............. i . 

: : : : : : : : : 
Marker Traee 

1: (A) 
2: (1'1) 
91 (A)
41 (A) 

Type 
Freq 
FrE!q 
Fr.q 
Freq 

Freq I Ti.me 
958.0 MHz 
875.5 MHz 
401.0 MHz 
414.0 MHz 

AMpli.iude 
-72.82 dBm 
-75.91 dB. 
-53.30 dB .. 
-71.12 dBm 

CENTER 458.8 11Hz 
IRES Bioi 38 kHz IVBW 31'1 kHz 

SPAN 208.0 MHz 
SIolP 667 .seo 

2 



15:51:59 AUG 14. 2993 
47 F S WITH AI1P. E 
REF -69.3 dBm IAT 9 dB -72.79 dBII 
SMPL 
LOG ... ...... . ... ........ : .~ ....... ; ........ , .......... ;.......... ......... "' ..... "'.. ....... ........ . 
.. ~.: .
~
2 
 . . 
.................................................................
dBI 

· . 
. . ...... . ; ........ i· . . .. . .. . ~... . . . .. . ........ ;.......... ......... ..:...... . ........ i .. •••••• ,. 
... . . ......... :........... .... ".,...... .........:......... ......... .,.... ~... .................. . 
· . .· . . 

l1arker Trace Type Fr.q I Till. Alllpl 1 t.ud. 

11 (A) Freq 571.9 MHz -70.16 dBII 

21 (A) Fr.q 699.9 MHz -77.51 dBm 
a: (A) Freq 699.9 MHz -72.79 dBm 
4: (A) Freq 612.5 MHz -78.aa dBII-


CENTER 659.9 11Hz SPAN 200.9 11Hz 

IRES Bioi a9 kHz IVBW 30 kHz SWP 667 IIISilC 

1514a:12 AUG 15, 2093 
47 14112 :28 AUG 14, 2993 
REF -67.6 dBIl IAT 9 dB 
SMPL 

LOG 

2 
dBI 

.. .... .......... : ········t····· ... J •••••••••••••••••• : ••••••• -;, •••••••• : •••••••• , ••••••••• , ••••••••• . . .... . .........: ........('..... j................. ·~····if· ·~..6....·(.....(.-8 ... ~ ....... .. 
....... ", ..... ···1········· ......... ; ...... *' ....... : ..... ···f···· .... , ........ . . .. .. :9. ............ ............. .............. .. ., ........... . ........ ...... ~ .... . ., .,. .. 

k Freq Hz) lip ltude 
1 571.0 -67.93 dB .. 
2 601.5 -57.28 dBII 
3 660.0 -72.97 dBm 
4 666.9 -68.64 dBIl 
5 672.0 -73.54 dB .. 

CENTER 650.0 MHz 

Pk 
6 

Freq I't z 
678.0 

Amp tude 
-7a.69 dB. 

7 701.5 -65.68 dBm 
8 720.9 -72.34 dBIII 
9 735.9 -75.56 dBII 

10 
SPAN 209.0 MHz 

IRES BW a9 kHz tVBW 39 kHz SWP 667 IIISilC 

19=14:53 AUG is, 290S 
47 13149 =11 AUG 1a, 2003 MKR 799.5 MHzREF -101.8 dB.. tAT 9 dB -106.42 dBm
SMPL 

LOG 
 ....."... i.· ........ i ......... i......... ;"........ ......" . ......... ......... i ......... ~ ....... ".

1 · . .. . .· . .. . .dBI .........:.........:........:......... :....................................:.........:........ . 


Marker 

.......... ......... ;......... ;.......... .· . . ........ :.........:.. " ..... :.........:............... . 

Trace Type Freq I Tin'iI Amplitude

1= (A) Fr.q 567.0 !'1Hz -196.27 dBm
2= (A) Fr.q 600.5 !'1Hz -103.65 dBm
3= (A) Freq ~67.0 MHz -102.57 dB ..
4= (A) Freq 700.5 MHz -106.42 dBIl 

CENTER 650.9 MHz SPAN 200.9 "HzIRES BN a9 kHz IVBW a0 kHz SNP 667 IIIsec 

I 



15153:31 AUe 14, 2003 
4V 14 :23 :29 AUe 14, 2003 MKR 946.0 MHz 
REF -71.5 dBm IAT 0 dB -72.S6 dBm 
SMPL 
Loe 
2 
dBI 

......... ; ......... ~ ! '* ............ * i ~ ........ *:- ••••••••• : • • •••• ••• .."...... • •••••••• : ............. :....... ... ..· . . .. .... ~ ...........................................,. ... ....... . . ......... ......... ..............................., .. 
· . . ~. . . 

... • • • • • • • ; ••••••••• I ••••••••••••••••••• t ............. ~ • • .. • • .. .. •• .......... • ......... ~ ••••••••• t • • .. • .. ••· . . ., .. 

. .· . . . . . .
•••••••.• :' ......... : ~""""":"""""':""'.''''''''!'''''''''''''''' ~ ••••••• ~'!""" . . 

Marker Trace Type
1: (A) Freq 
2: (A) Freq
31 (A) Freq
41 (A) Freq 

Freq I TIm. 
771.5 MHz 
796.0 MHz 
823.5 MHz 
946.0 MHz 

Amplitude 
-80.12 dBm 
-80.39 dBm 
-80.85 dBm 
-72.56 d'Bm 

• 

. 
• 

SPAN 200.0 MHz 
IRES Bioi 30 kHz IVBW 30 kHz SWP 667 m.. ec 

CENTER 850.0 MHz 

15149139 AUG 15, 2083 
4V 14113147 AUG 14, 2003 
REF -70.6 dBm tAT e dB 
SI'IPL ........i.........i........i..........;......... ~ ........~ .........;......... ~ ......... ~ ....... 
.LOa 
2 .... ~ ......... \........ ~ .........\.........:........ :.........:......... ~ ......... ~ ....... 
.dBI 

..... I ••••••••• t • • • • • •• ~ ••••••••• !......... i . . . . . . .. i········· ~ ......... ~ .....,... ~ . . . . . .. 
. 
...:.........:.........:........ :.........:.........:.........:........ 


CENTER 8Se.0 MHz 

So 
2 
3 
4 
5 

.. 
... i ....... : ......... ~ ........ ;......... ~ ....SR~ .. .1.4.0.~ .•••... 

Amp I ude 
-67.19 dBm 
-68.94 dBm 
-73.51 dBI1I 
-71.41 dBm 

Pk 
6 
7 
9 
'3 

10 
SPAN 20e.0 MHz 

SWP 667 msecIVBW 3e kHzIRES Bioi 30 kHz 

4V 13140111 AUG 13, 2083 17141108 AUe UJ, 20eS 895.0 MHz 
REF -76.9 dB. IAT 8 dB -82.62 dBm 
SI'IPL . .. . . .~ 

LOG ......... !............ !""" .... ,. ..... :.,............. .. ........ ~ ..........!.........~"""""!" ........!...... 
.. 
1 . . . .. . .~ 

."" ... "" .. ~... . . . . . . . . . . . .. " .. " .... " ........... " .. " ..... " ~ ..... "" .. . . . . . .. .. .............. ... ... . . . ... ..... "..."· . 

....................................................................................................
dBI .. .. .....· .... . ..... ...... !.......... ~ ...... ~~~! ..................!... ~ ...... "'! .•....... ~ ..•.••••• :"."""",, .. i······ 
.. 
· .".. . 

Marker Trace Type Freq I TIllie Amplitude 

11 (A) Freq 774.0 "Hz -81.22 dB. 

21 (A) Freq 924.5 "Hz -82.29 dBm 

31 (A) Freq 855.0 "Hz -82.77 dBm 
4: (1'1) Freq 895.0 "Hz -82.62 dBm 

R SS0.0 !'1Hz SPAN 200.0 !'1Hz 
IRES BW 90 kHz IVBW 30 kHz SWP 667 m~ec 



16:48:02 AUG 14, 2003 
4t? F'REE SPACE WITH AMP. EAST 
REF' -68.3 dBm IAT 0 dB 
SMPL 

2 : : . .Loe .. ......... ~ ......... ......... .. ····4·· .... "7" ....................................
~ ~ ~ 

2 

.. .. .. .. .. .. . . . .. . 
• • • • • • • • • i .......... i .•..•.... i .. ~ ...... j ............. i .. · .............. i .......... i ......... ; ......... i••••••••. 


dBI 

~~~~~ •• ~.~~.~~ ........... ~ ............................................ ~ ••• § ••• 4 •• 9.' ................... . 

.. .. .. . . .. 
k F'req < Hz) Amplitude

1 162.0 -68.58 dBm 
2 164.6 -79.48 dBm 
3 176.9 -67.46 dBm 
4 244.9 -72.20 dBm 
5 249.0 -72.82 dBm 

CENTER 250.0 "Hz 
IRES Bioi a0 kHz IVBW 30 kHz SWP 667 111104tO 

t······ ...:............:..........:.... ~ .....:.........:.........:.... ~ ....:..........:.............:.......... '" ' g.

15118148 AUe 16, 2993 
4t? EAST 533 MHZ. W\O SHILD 
REF' -61.5 dBIII IAT 0 dB 
SMPL .. .. : . : .: :
LOG ........ , ......... , ......... , ................... ;......... ,....... ,........ ; ......... ; ....... . 
2 ...:3 • : : 19 . 

dBI 

Pk 
1 

2 

3 

4 

5 


SPAN 2ee.e MHz 

·:C::::::~:::::::::l::::::::T :::::::r::4::::r::: ::::~:::. ::~:::::::::j: 
....... : ......... : ......... : ........ : ... 5' 6:····· 

. . 2' . . . . ..... ~ ............. !.. ... ....... ~.. ....... ~ .. ... . .... ~ ....... . 
· . . . ......... ......................... ........:.~~~~ ~.: 

Freq z) Amp ltude 
162.0 -60.89 dBm 
218.5 -71.62 dBm 
234.9 -65.14 dBm 
258.0 -66.92 dBm 
261.8 -79.60 dBm 

/\lap 1 t.ude 
-79.80 dBm 
-69.06 dBm 
-68.18 dBm 
-52.55 dBm 

a96.5 -65.54 dBm 
CENTER 259.9 MHz SWP 667 1111IeOIRES BW 39 kHz IVBW 39 kHz 

19;01119 AUG 1a, 2993 
4t? 17112:28 AUe 13, 2883 533 MHZ E 
REf -49.5 dBm tAT 9 dB 

SI'IPL . . . . . 

LOa ; : : : 19:5 ........ ·: .. · ...... ;······· .. ;···6 7 .. ; ........ ;............................................ . 


dBI ........ ·; .... ·3 .. : ...... · .. :.. · .... : ........ :............................................ . 


. ....................................................................................................
· . . . . .. .· .. . .· . . . . . . .·········,·········;·········1·········;·········,·········,·········1·········1·········,·········· . . ~ 

. . . . . .· . . 
Freq (MHz) Amplitude 

~~0S.3 -67.22 dBm 
214.9 -68.62 dBIII 
216:9 -61.61 dBm 
216.5 -66.12 dB. 
229.3 -69.02 dBm 

CEHTER 258.8 11Hz 

.. . . . . 
" 

Pk Freq (MHz) Amp itude 
6 262.5 -7a.08 dBm 
7 264.0 -71.75 dBm 
8 
9 

10 
SPAN 200.9 MHz 

k F'req (MHz Amp itude 
6 2a4.0 -57.&6 dB. 
7 236.B -56.16 dBm 
B 249.3 -70.78 dB. 
9 ~244.9 -72.15 dB. 

10 246.3 -54.93 dBm 
SPAH 1ee.S MHz 

IRES Bioi S9 kHz IVBW 30 kHz SNP 333 1111IeO 

J 




15:49:55 AUG 14, 2889 
"p 14: 21148 AUG 14, 2889 
REF -68.9 dBm tAT 8 dB 

· . .· .. . 
S!'IPL 
LOG 
2 
dBI 

•••••.••• : .......... ~~~.~ ••••• =•••••• ~.~ ••••• .. ~··t····"''''··· .................................. . .. . 
·········;·········:·····1··;········· .........; ........................................... . . . .. .. ..·········1·········,······ ··s·,,········ .........' ... : .... ~~~ .. *.~ ••• ~ ................... ..· . · .· .. . ~ ................................ .. .,. .......................................................... ..· . 

.. .. .· . . . . . .. . . ... ~ .......... ~: ~ .......... : ••••• ~ ..... t ............. ; • * ......... ; ••••••••• ; .......... ; .............. : ........... J - ........ . 

.. . .. .. 
" . . . 

Ie 
1 
2 
3 
4 
5 

Fre., (!'1Hz)
403.5 
535.0 
540.5 

Amplitude
-79.14 dB .. 
-55.16 dBm 
-53.44 dB .. 

CEHTER 45a.0 11Hz 
IRES Bioi 39 kHz IVBW 99 kHz SWP 667 lalldte 

15:19:36 AUG 15, 2889 
4U 13 :06 :22 AUG 14, 2ee3 
REF -64.1 dBm IAT 0 dB 
SI1PL . . .. 	 . . 
LOG 	 ......... i ......... i ........ ; .... ~ ... ,. ,. 
 .•..........•.• 

2 .. . 
dBI ......... : .••.••... : ...•..••• :........................ . 
. . . 


P 
1 
2 

3 

4 

5 


CEHTER 458.8 11Hz 

19:02:95 AUS 13, 2803 
4U 17:13:61 AUS 13,2003
REf -49.5 dBIa .AT 0 dB 

. 	 . . . .. 	 . . . . 
Ie Fre., (MHz) Amplltude 

G 
7 
8 
9 

10 
SPAH 288.8 11Hz 

Amplitu e 
6 -71.25 dBm 
7 -63.59 dBm 
8 -63.83 dBm., -71.75 dBm 

18 591.0 -56.87 dBm 
SPAN 208.0 11Hz 

IRES eN 30 kHz IVBN sa kHz SWP 667 .see 

SI1PL 

LOG 


dBI 

. 	 . . .. ...· 	 . . . . . . . . 
......... ;......... ;......... ;......... ;......... ;......... ;......... ; ......... ; ......... i ........ . 
::: 4: : : : : : ......... :......... :......... :....... :......... :......... :................... :......... :........ . 
: : : : : : 6: . : 

·········:·······~·:·····2···::t······:·········:5···· ... ;........:.........:.........;......... 

:;::::::l:::::Ir::~T{~: ::.~T:::::::~ ::::::::;::::::: T~::::r:::::::iT:::::: ~3 
..................:.. .~. . : .'. . .'.
· 	 . . . . . . . . 
& & ••••••• : •••• ~ .. ~ •• i ......... : ......... t· ........ :, ...... ~. ~ j .......... i••••••••• : ••••••••• : ••••••••• 
· 	 ... .· 	 ... . 

IPk Fre~ .\~Hz)
1 417.8 

Amp~~iude
-70.19 dBm 

2 426.3 -69.61 dBm 
3 492.3 -68.Q0 dBm 
4 434.5 -59.44 dBm 
5 461.3 -6B.00 dBm 

CENTER 450.0 !'1Hz 

~re., '.I1Hz~ Amplitude
46B.0 -64.61 dBm 
491.8 	 -73.11 dBm 

SPAN 100.0 11Hz 
.RES Bioi 30 kHz .VBW 30 kHz SWP 333 mseo 

5 



15:51159 Aua 14, 2003 
4fT f S WIT H AMP. E 
REf -68.3 dBm IAT 0 dB -72.73 dBm 
SMPL 
LOa .. ~ .... ~. ·~······;·········i····· .. ··· ................ ~.: .................. ~········i·········
. . .2 . .·.................... ~ .. "....... .
dBI 

· ......... : ............. i· ......... ; ........ ~ .. " .""...... . .....•.. i·· . ..... .... .............. . ........ : .......... . . . . ........:.................................... :•.......................... :........ .. . . 

(, 

Marker Trace Type F"req I T hie Alllplltude 

11 (A) F"rltq 571.0 MH:i: -70.16 dBIII 

2: (A) frltq 600.0 MH:i: -77.51 dBIII 
3: (A) F"req 609.0 MH:i: -72.73 dBm 

41 (A) freq 612.5 MHz -78."98 dBm 


CENTER 650.8 MHz SPAN 288.0 MHz 
IRES BW 30 kHz IVBW 38 kHz SWP 667 IIIseo 

15=20:06 Aua 15, 2003 
4fT 13 :07 :48 Aua 14, 2003 
REf -67.7 dBm IAT 0 dB 

SMPL 

LOG 

2 ::2,:.:::::::.:,:::::.:::;:t.:::,::: ~::~:::dBI 


..... ~. ~ ......... ~ .. ~ ...... ~ .................. : ....... ~ ....... ~ ... ~ .... ~ ......... ~ ........ . 


.......... ;......... ;.... ······i··*······;· ........ ;.........:......... ;... ~ .....;........ ·1······, . 
 C'"L 
k req (MHz) Alllplitude Pk F"req (MHz) A lip 1 ude 

1 552.0 -59.52 dBm 6 676.0 -70.34 dBm 
2 568.0 -69.82 dBm 7 689.0 -74.55 dBm 
3 601.5 -71.37 dBm 8 701.5 -63.00 dBm
4 651.5 -64.17 dBm 9 711.0 -71.82 dBm 
5 668.0 -73.41 dBm 10 735.0 -72.92 dBm 

CEHTER 650.0 MHz SPAN 200.8 MHz
IRES BW 90 kHz IVBW 30 kHz SWP 667 mseo 

4fT 17:15:18 AUG 19, 2003 I1KR 636.3 MHz 
REF" -71.5 dBIi IAT 8 dB -75.93 dB. 
SI1PL . .
LOG • •••• O'. ~ 

. 
t ••••••••• 

.
: • • • •• • •• 

. 
: ••••••••• . ............... ; .........•......... 


.. ..... . . 

.. ... . 
~ ~ . . ....... . . . . . . . . . ... ...... .....................................................................
. . . . . ... . ......... ;......... ; .................. ;......... :......... ;......... ; ......... ;......... ;........ . 
.. .... . 

2 
dBI 

.. ..... .••••••••• ; ••••••••• I • • • •••••• • ••••• O' •• : ••••••••• : ••••••••• t·· .•.•••• ; .....•••• ~. • •• ~ ••• : ........ 

Marker Traoe Type F"req I Tllle Amplitude 
1: (A) F"req ':"613.7I'1Hz -75.55 dBm 
2: (A) F"req ,626.0 11Hz -72.44 dem 
3: (A) F"req 630.2 11Hz -76.58 dBm 
41 (A) freq 636.2 MHz -75.93 dBIII 

CENTER 650.0 MHz SPAN 100.0 MHz 
IRES aw 90 kHz Ivaw 99 kHz SWP 333 mtiec 

l 



15;53;31 AUG 14. 2003 
4u 14 ;23129 AUG 14, 200a MKR 946.0 "Hz 
REF -71.5 dBm iAT 0 dB -72.56 dBm 
SMPL 

LOG 

2 


......... ~ .......... ~ .................. ~ ......... ~ .........;........ :.; .... . . 	 . 

*., . • 

•• + •••••• : ••••••••• : • • • • • • • •• • •••••••• :... • • • • •• •• ~ •••••••••••••••••••••••••• : ••••••••• : • • • • • •• •dBI 
......... ~ ......... ~ .................. ~ ..................!......... ~ .........!......... i....... 
. 

Marker Trace Type Freq I Ti.eo Amplitude 

1= (A) Freoq 771.5 MHz -a0.12 dBm 

2= (A) Freq 796.0 MHz -80.a9 dBm 

a= (A) Freq a23.5 MHz -80.85 dBm 

4; (A) Freq 946.0 MHz -72.56 doB. 


CEHTER 850.0 MHz 	 SPAH 2130.13 MHz 
tRES 	 BM a0 kHz tVBW a8 kHz SWP 667 Alsec 

"" 47. ?Aaa 

15 1 20=48 AUS is, 20ea
4u 1a109:15 AUG 14, 2083 
REF -69.3 dB. tAT 0 dB 
SMPL . ' ".:~OG 	 ......... \......... ~ ......... ~ ......... ~ .................. ~ ......... ~ ........ ~ ......... ~ ....... .. 


dBI 	 : :::::::: \::: :::::: \::::: ::::(:~: :~(::::::: ::::::::;::::::::4;::::: :::~::::::::: ~:~:::~: 
.........:......... :.........: ...... : ................. : ........ : ........ ;s .......;.... .. 

i ................ i .. ·· .... ~ .... R~ . .1.4S.! ...... . 

mp i t.udeo 
1 -75.99 dBm 
2 -75.a4 dBm 
3 -76.37 dBm 
4 -75.25 dBm 
S 902.0 -66.97 dBm SPAN 200.0 MHz 

CEHTER 850.13 MHz 	 SWP 667 luec
tRES 	 BW 30 kHz iVBW a8 kHz 

19;05105 AUG 13, 2003 MKR a83.7 "Hz4u 1711618a AUS 13, 2003 -82.31 dBmREF -71.5 dBm tAT 0 dB 
SMPL · 	 .· . . .' ."• ••••• ~ •• : •• ~ •••••• ; •••• « .« .. : ......... : ......... :. .•••• .•. . ........ ; .... «« ••• t··O'O'··· •• f' ••••••••
LOG · . ...' 	 ...· . . .' ."........••••.••..••• ,. •• ~ ................. ~.~ ... ~ ................................ ~ .•..•.... o. _. 0.' .0dBI o • • . ' .'. 	 . . .• ..........·: ••• " ...... .: •••••• 0 •• t •••••••••.'J • ~ ••••••• : •••••••• , •••••••••.": •• " •••••• ~ •• , ....... : ......... ..
· ., 	 .' . 	 .. .' ."• ................................... "' .................. ~ ~ ~ ••• " •••••••••••••••••••••••• * •••••••••••••• 


• • • w ..' 
• ., • a 

freq 	I Time AmplitudeMarker Trace Type 
810.0 MHz -81.69 dBm1: (A) freoq -62.20 dBm2: (A) Freq 8a1.0 MHz 

-82.20 dBm3 I (A) Freq 846.2 MHz 
-82.31 dBm41 (1'1) freq 883.7 MHz 

SPAN 100.0 MHzCENTER 650.0 /'1Hz SWP aaa msectVBN a0 kHziRES 	 BW a0 kHz 

2 



15140:09 AUG 14, 2003*" FREE SPACE WITH AMP. WEST 
REF -66.4 dBm tAT 0 dB 

~~:L ......... ~ ....... ~ .........i......... ~ ..................~5 .......i...?...................... 
2 
dBI 

1 : · ... .. 
.. : ......... : ......... : .................. : ...... .6 ......................... .· ... .. .· ... .· ... .. ..~. t·· ...... ~, ...... ~ ....... I . . . . . .. ... ...........: ........ I···.. .... ........... . ....... . 

... .. .. .,. .................................. . . .' 

~ . .. .· . . . . .. . . 
'''' .. , .... i· .. ~,. ........ i·" .. · ....... j .......... i·· .. " ........ i· .......... i ............. i .... ·•· ..... i·· ...... ·· ... i .. •....... . . . . . .. . ... 

k Fr_q Hz) Ampll u _ 
1 165.0 -70.23 dB. 
2 175.0 -62.04 dB. 
3 180.5 -55.46 dB. 
4 182.0 -71.33 dBm 
5 272.0 -68.85 dBm 

CENTER 250.0 MHz 

15:26:55 AUG 15, 2003*" WEST 533 MHZ. 

. . . . . ...... 

Pk rreq ( z) 

6 288.0 

7 300.0 

8 

9 

10 
SPAN 20S.0 MHz 

tRES Bioi 30 kHz tVBW 30 kHz SWP 667 msec 

REF -49.4 dBm tAT 0 dB 

~:~L ::::I\::::.::r~:::~:~:}< :U. :u::::: .::: U··:u~ :..••.•• 
io.'~.. ":' ...: ......... ~ .. '('1 "'1 ~ .. ~. .~~Iu lll .. iL. .11:.1r1 

i;..... \r." ~~ .........~ u;.w: ITI"I 1,.1'~1'~ . 1:1b I~ w 

......... : ......... ~.•. """: ......... : .... I!': ... : ......... : ......... : ........ 1:."!~ ....1.': ..:., ... . 


......... ~ ......... ~ ......... \......... ~ ......... ~ ......... ~ ....... ,. ~ ......... ~ ......... ~ ........ . 


Pk freq (MHz) Ampliiudek Freq .~MHz) Amplitude 229.0 -60.09 dBm61 163.5 -54.32 dBm 236.5 -51.64 dB.72 175.0 -34.48 dBm 240.0 -67.7S dB.83 180.5 -54.87 dBm 246.0 -69.36 dB.94 189.5 -63.94 dBm 250.5 -61.14 dBm105 217.0 -62.71 dBm 
SPAN 209.0 MHzCENTER 259.0 MHz SWP 667 msltOtVBW 90 kHztRES Bioi S0 kHz 

18165111 AUe is, 200S*" 17:00:04 AUe is, 2003 5SS 11HZ W. 
REF -45.S dBm .AT 0 dB 
SMPL 
LOG 
5 
dBI 

. ... . 
• • • " • # ~ •.. .~ .... ~, ..... ·· .. f···· ...... j" ···~····I·~~·'·· .51 .'0 .~~ ••• , .................. "1'·' ···~··I··· ... ~ .. 

......... : ... :3 ... : ......... : ..... .1..:.........:.........:..................:.........:........ .· . . . .. . .. .. .. . . ... .. 

........ ~ •• I • • ...... ; .... "" .. " .. "i,." .... ".. •• i·,. .. ",,· ...... ; .. •· .... " .. " i ...... .... ...... ..,. ........ i .......... i···· .... . 

. .... : ......... :••4.1: .. : ......... : ......... : .................. : ......... : ....... .. 
: 910 : ::

.9 .................. , .................. ;......... j .•••••••• 

· . . . ... . 
.......... f .. ""··· .... I ....... ., ••• t •••••• ". 'I' •••.••• "'" •• '" ..... : ••.••• " ... , •• ~'" ••• I .......... OJ'''' ...... . · . . .'" . . . .· . . . 

Pk Frltq (MHz) Alllp ltude 
1 175.0 -49.20 dBm 
2 179.5 -56.80 dBm 
3 180.5 -55.25 dBm 
4 216.0 -65.S0 dBm 
5 221.0 -66.92 dBm 

CENTER 250.0 MHz 

. .. . 
Pic req (MHz) mp tude 
6 222.0 -6a.13 dBm 
7 224.0 -55.07 dBm 
8 228.0 -71.78 dBm 
9 244.0 -70.77 dBm 

10 249.0 -69.14 dBm 
SPAN 290.9 MHz 

IIRES Bioi 30 kHz OVBW 30 kHz SWP 667 IIseo 



2 

15143:85 AUG 14. 2003 
;7;? 13141108 AUG 14. 2083 
REt 
SMPL. 
LOG 

dBI 

Marker Traoe Type 

-66.4 dB. iAT 8 dB 

~: ~::::::.1::::::::L::·····i.........i·········!········.i··· ..···.i· ........!........,i.. ...... 
....:.............:.......... _.. :....... ~,.,. ....:~ ........:.,. ............. :........ .,.: .. .:.::.::r·::::::1':::.:::1:::.:::::::::.:::::::::::::::'::::::::j::::::::1:::::::: 

treq I Time Amplitude11 (A) treq 481.8 MHz -71.48 dBm21 (A) treq 441.0 MHz31 (A) treq 	 -76.B1 dBm
535.0 !'1Hz41 (A) F'req 	 -55.8&' dBm
548.5 MHz -72.73 dBm 

CENTER 45e.0 MHz 
iRES Bioi 38 kHz 	 SPAN 288.0 !'1HziVBW 38 kHz SUP 	 667 lII"eo 

15127148 AUG is. 2083 
;7;? 13136128 AU6 14, 2883 
REF' -64.4 dB. iAT 8 dB 

SMPL. : : . : 

LOS ......... j ......... i ........ ; ......... j ............... 8; ......... . 

2 :..'
dBI ......... :......... :................... :........ 0' ..... .. 


Pk 
1 
2 
3 
4 
5 

CENTER 459.8 MHz SPAN 288.8 MHz 
iRES Bioi 3e kHz iVeW 98 kHz SUP 667 ... ec 

.. . 

. ...... : .....1 .. : .... 

Amp ltu e 
-72.77 dB. -66.96 dB. 
-57.81 de. 
-70.87 dBm 
-71.97 dBm 

434.5 -71.48 dB. 

...1 . .0 .• 

Amp itude 

-65.89 dB. 
-66.71 dBm 
-62.21 dB. 

473.5 -69.56 dBm 

18157117 AUe 18, 280S 
;7;? 17181129 AU8 1S, 2008 MKR 511.6 MHz 
REt -65.7 dBm T 0 dB 63.16 dBm 
SMPL. ...... .. .. ~ 

LOa ... ~····.i.·.·· ... ·i· .. ·····1·········j······· .. ~i······.t.; .. , ................ j ......... i·· .. · .. ·. 

2 ::.::: ::dBI ............................................................................................... . 


,. .. .. ... ... "" • 'I.. .... " 

.. .. 
" ~. ..., .. i .. _......... i·.... .. ........ i . ,. ....... ~ .... i .. •• ......... i ............ .. 

............. i·" .... •.. ···; ~... . .... ; .............. i· ....... ,. ... i .... •.•.. '" r............ •• .." ~ # " ......... • .
.. •• ; ;.. ...... .. . . . ., 	 .. .. . . . ... 	 . 
• '" * ~ .... _........ « ... ~ •• " ., •• , ............ ~ .. ,. •••••• " ..................... '"'' .............. ............ 
.. ....... . 
.. . . .. .... 	 .. . .. 	 . 

Marker Trace Type treq I Time . Ampl i \ude 

11 (A) treq 9S0.8 MHz -75.71 dBm 

21 (A) treq 998.0 MHz -S1.87 dB .. 

S: (A) treq 468.0 MHz -76.11 dBm 
41 (A) F'req 511.5 MHz -69.16 dB .. 

CEHTER 	 450.0 MHz SPAH 200.0 MHz 
IRES Bioi S0 kHz IVSW 80 kHz SUP 667 .."eo 



15144122 AUG 14. 2993 MKR 64a.0 MHz,p 13:42:a9 AUG 14. 290a -79.94 dBmREr -68.6 dBm iAT 9 dB 

SMPL 
 .' .· . . . . . . . .

• •••• , ••• : ••••• , ••• ; •••.••••• I •• , ....... t· ••.••••• : ••..••• ~.: .......... : ••••••••• : •••••.••• ; ..•••••••
LOG · . 	 ..' .' . .2 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••· .' .., .dBI 
. .• •••••••• · J •••• ~ ••• ~ .t·· •.•••.. .: .•••••••• .I ••••••••• 1"

. 
••• ~ ••• : 

. 
.......... I'" •••••• : 

.
••••••• "!' w •••••••
· .' .... ..' .' ..,:GI ................ ~ ....... ~ ........... ~~~ ..... " ....................................................... 


Marker Traoe Type rreq I Time Ampllt.ude 
566.9 MHz -78.88 dBm1: (A) rreq 
63a.5 MHz -78.39 dBm2: (A) rreq 
643.9 MHz -79.94 dBm3: (A) rreq -79.40 dBm4: 	 (A) rreq 713.5 MHz 

SP1'\H 2e9.0 MHzCENTER 650.9 MHz 
ttvew 30 kHz SWP 667 mseoiRES BW 30 kHz 

15:28:15 AUG 15. 2093 
,p 13:34:45 AUG 14, 2003 
REr -68.0 dBm tAT 0 dB 
SMPL . 1 
LOG ....... ~ ......... ~ ......... ~ ....... ·7· .. ·· :........ ~ ......... ~ ........ ~ ........ : ....... .. 

~BI ....... : ......... : .... 3 ... :.............. : ........ : ......... : ........ : ........: ....... . 


: .: . g: . . : 
· .. ~. .. ; ......... i ... ~. . .. i· ., .. 	 • * t ••• • .,' • • ~. -. ; •••••••• 


. . 
· ........ i ....,.. ~ .i··· .... ~. i· ........;..........i· ........;.........i......... :' ~ ....,.. ~ ........ . 


7 
a 
9 

AmpI t.u 
-69.18 
-70.94 
-55.96 
-73.70 

668.0 -58.99 

k rreq (MHz) AMplitude P 	
e 

dBm
1 552.0 -55.58 dBm 6 dBm
2 568.0 -55.50 dBm dBm
3 601.5 -72.21 dBm dBm
4 618.0 -56.92 dBm dBm5 624.0 -67.10 dBM 10 SPAH 200.0 MHz

CENTER 650.0 MHz 	 SWP 667 msecttRES BW S0 kHz Ivew 30 kHz 

18=58:17 AUG 13. 2083 
,p 17:02:47 AUG 13. 2089 MKR 634.5 MHz 
REr -69.5 dBm iAT 0 dB -78.18 dem 
SMPL 
LOG . . . . . . .. :......... ~ ......... ~ ......... ~ ......... ! . . . . . . . .. ......... .........i ......... ; ........ . 

2 ....... ~ ......... ~ .........:.........:.........:...........................:.........:....... ..
dBI 

~ ......... ! . . . . . . . .. ......... ~ ......... ~ ......... ~ ......... ;.........;.........i........ .
·...... 


Marker Traoe 
1: (A) 
2: un 
3: (A) 
4: (A) 

Type 
rreq
Fre,,! 
Freq 
F"req 

Fre,,! I TilliE.' 
568.9 MHz 
582.5 MHz 
634.5 MHz 
713.5 MHz 

Amplitude 
-72.42 dBm 
-77.47 dBm 
-78.18 dBm 
-78.44 dBm 

CENTER 650.0 MHz 
IIRES BW 90 kHz iVBW 30 kHz 

SPAN 288.e MHz 
SWP 667 m',leO 



2 

15145:39 AUG 14, 2993 
47 13143157 AUG 14, 2993 /'IKR 946.9 /'1Hz
REr -74.6 dBm tAT 9 dB -63.36 
S/'IPL 
LOG •• '" •••••• , ••••••••• : ••••••••• t .......... : •••••••• ~: ••••••••• , • • • •••••• • •••• M'" , .... ~ ••••• : ••• •••• · . . .. .. • 

* • • • •• ••· . . . 
~ 

..................................................... ,. ............................................ 
.dBI 
~. · . . . .. .. 

· . . . . . . ........................................................................................................
· . . . . . . . . 
•• * • ~ •••• i·· ~ ....•. i·· ....... ; .......... : ......... i ......... j ••••••••• i: ••••••••• i ......... ; ........ . 
. . . . . . . .. . 

Ma~ke~ T~ace Type r~."1 I Time Amplitude 
11 (A) r~e"l 769.0 /'1Hz -80.67 dBm 
2: (A) r~e"l 955.5 MHz -82.98 dBm 
3: (A) r~e"l 987.0 MHz -82.70 dBm 
41 (A) r~e"l 946.0 MHz -63.36 dBm 

4v 17104 U9 AUG :L3, 2903 MKR 879.5 MHz 
REF -73.9 dBm tAT 0 dB -83.50 dBm 
S/'IPL 

,. . . .LOG •• •• • ~ .. I ••••••••• t·· ••.• ~.. ••••••••• ••••••••• ••••••••• ••••••••• + ......... ; ~ •••••••• : •••• " • 


2 
~. 


.... . . ...... . . .. ..... .... ...... ......... .... ~ .... ......... ......... .~ .........................
dB/ . .. .. . 

......... ", ... ~ * ••••• I •• • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••• ~ •• ~ •••• •••••••• ~ .... # 0 ••• 

CENTER 850.0 MHz 
tRES Bioi 30 kHz IVBW 30 

15129:99 AUG 15, 2993 
47 13'33123 AUG 14, 2993 
REr -79.4 
S/'IPL 
LOG ........ 

2 . . ..... ~dBI 

. ...... 

k 

1 

2 
9 
4 
5 

CENTER 

dBm tAT 9 dB 

; ...·...... ; .....9 .. ;..... 
: 2: : 4 .......... .. ...... .' ... 
. .~... . 
........; .... ~ ~ ... i .. . .... 
. . . 

. . . . ..... ........ 


.............. -6 


. ............... 


r~.q 
864.9 -75.06 dBm 
868.5 -79.19 dB. 
872.5 -77.02 dBIl 
888.0 -77.18 dBm 
992.0 -72.11 dBm 

SPAN 299.9 !'1Hz 
.VBW 99 kHz SWP 667 IIsec 

SPAN 200.0 MHz 
kHz SWP 667 IIIsec 

19 : 
,~ ... ".... i .... . .. i ..... .. .. . ....... . 


; ......... : ........ : ................ . 


i8 ......9· ........ i ................ . 


iRES Bioi 99 kHz 

18:59:99 AUG 19, 2003 

.~ ~ ...............
.. ..... .. .... ..... .
•••••••• '1' •••••• ··1'········ .......... ! ••••••.• 'l~"""";' .~ ••••• ':' •••• ~. ·*l'···· '~'.!""'~'" 


Ma~ke~ T~ace Type 
11 (A) r~eq 
2: (A) r~eq 
S: (A) r~e"l 
4: (A) r~e"l 

F~e"l I Tillie 
772.0 MHz 
839.5 MHz 
861.9 MHz 
979.5 /'1Hz 

Amplit.ude 
-80.75 dBIII 
-81. 90 dBm 
-90.99 dBm 
-83.50 dBm 

CENTER 860.0 MHz 
IRES Bioi 39 kHz tVBW S0 kHz 

SPAN 290.0 MHz 
SWP 6G7 msea 

... .. . 
. " ...... i ... ., ...... i .. · ...... ~ .. i· ~"'"'''' ; .... ,. ...... i· ......... . ';; ....... . .. 

u • 
dBm 
dBm 
dBIII 
dBIl 
dBIl 

6 
7 
8 
9 

1111 

(MHz) mplitud. 

850.8 /'1Hz 



15140109 AUG 14, 20e9*" fREE SPACE WITH AMP. 
REf -66.4 dBm tAT 0 

~lEST 
dB 

SMPL 
LOG 
2 
dBI 

. . . .••••••••• :. •• • ••• : ••••• ~ ••• : •••• ~ ••• ~ t • • • • • • • •• • •••••• 

1: 

••••••••• j4 •••••••• ; ••••••••• ; ••••••••• ; •••• ·····1·· .. ·····i·········i·········;·········j·········. . . . . . . . . 
Pk ... ~q (MHz) Amp i t.Ud~'1 Pk
1 165.0 -78.29 dBm 6 
2 115.0 -S2.04 dBm 7 
3 1Se.S -SS.46 dBm S 
4 182.8 -11.33 dBm 9 
5 272.8 -68.85 dBm 10 

CEHTER 258.8 MHz 

. . 
Amplit.udE!

-78.95 dBm 
-68.04 dBm 

SPAH 208.e MHz 
SWP 661 msEPO*RES Bioi 3e kHz tVBW 30 kHz 

15:36:48 AUG 15, 2009*" 13153:29 AUG 14, 2883 

. : : 
Hz) mp u ~k "'."1 dBm176.0 -58.691 

2 180.6 -60.05 dBm 
a 182.0 -66.44 dBm 

183.5 -61.69 dBm 
5 
4 

189.0 -10.94 dBm 
CENTER 258.8 MHz 

REf -67.8 dBm IAT 8 dB 

SMPL .... .
. . . . . . 
~OG ......... ,... .~ ......... :......... ;........ :......... :......... ;......... !......... ~ ...... .. 

dBI ......... ~ ......... ~ ........ ~ .. ·...... ~7 ....... ~ ......... ~ ......... ~ ....... . 


..•...... i ... * ••••• j. ••••••••• j ••••••••• j •••••.••• ; ••••••••• i •.• ······;·········i·········j········· 

......... i ......... ;. .............. ···i ......... ; ...•....• j ••••••••. !...... . 

· . . . ~ . . . . 
· : . : : . 

MHz) Amp tud~ 
244.0 -66.59 dBIII 
272.8 -12.30 dBm 
334.0 -66.23 dBm 

SPAN 280.8 MHz 
msl'C667tVBW 30 kHz SWP

IRES Bioi 30 kHz 

19149:35 AUG 13, 2003*" 18:16:47 AUS 13, 2003 101 166 MHZ 
REf -61.2 dBm tAT 0 dB 

"2.3 

· .· . . SMPL 
LOS 
2 
dBI 

........ ~! ..... w~.~: .... ~ .... ~ ....... ~. :........ ~~ .. ~ ......................... ~ ............... 
· .. ...... ~." .:.........:......... :. ... . . ... ...... ~ .. :.. ... .... ......... ,......... ......... ......... 
; ......... ;.4 ....... ; ...............7 .~i ............................................ . 
2' . 

:.: ::: t :~:::(:::::::~:.6:: ::t:::::~·:::::::::::~::::~~~::~:~~:i::9.::::: 

Pk F ... Elq (MH:t
1 167.0 
2 ..,. 198.0 
" ,,192.0 
~ ..,195.9 
" 2ee.5 

CENTER 258.8 MH:t 
IRES Bioi 30 kHz tVBW 90 kHz 

SPAN 2IH!. 0 MH:t 
SWP 667 ms.o 



~5143:05 AUG 14, 2003 
47 13 14~ :08 AUG ~4, 2003 MKR 640.5 MHz 

dBm 
SMPL 
REF -66.4 dBm ijAT 0 dB -72. 

~. ..,
LOG · ........ i ..... + ••• i• '.' •••••• i· .••..... ; ......... i . "...... °l' .. ~" .". i··· ." .... :. ......... : .. ".... . 
2 · . . . . . . .·.................. ,..... .................... ... _.............. --_. _........ .. .. . . . .....~ ~ . ..... . dBI · . . . - . . . 

· . ~ ....•. ; ......... ! ........• ; ......... ; ......... ; ......... ; ......... ; ..... " - -.;" ...... ".. ;: .. ' 
. . . . . .'i, · . .. . ......... :......... :......... ; ......... :......... ;.........;......... ;..,......:.........;.• 


. . . . .···!·········t·········f·········:·········l· 

MlIl"k.l" Tl"lIc. Type Fl"eq I TI.e A.pIIt.ude 
1: (A) Fl"eq 401.0 MHz -71.40 dBm 
2: (A) Fl"eq 441.0 MHz -76.81 dB. 
3: (A) Fl"eq 535.0 MHz -55.86 ABm 
4: (1'1) Fl"eq 549.5 MHz -72.78 dBDI 

CEHTER 468.8 MHz SPAH 200.0 MHz 
IRES BW 38 kHz IVBW 30 kHz SWP 667 msec 

16:37168 AUG 15, 2993 
47 13 :52 :11 AUG 14, 2993 
REF -67.8 dB. IAT 8 dB 
SMPL 

~:~ :::::::r::::::r:: .:::)::::4.: }.:: :::::l:::::::::i::::::::: ::::~::::::::::::: :~:::::: 

· .· .... . 
........ . ~ .... ~~~~.; ......... i···· ..... ;......... ;.... ·····i·· ....... f, •••••• ···i····· .. ·· i ........ . 

........ ; .........!.... ...; ....... ~ .. ....... ~"* ••••••• ~ ••••••••••• ~. ~~·t········~· ...... . 


· : . : . . . . 
Pk Freq ( Hz Alap tude Pk Ampl.it.ude
1 354.0 -65.49 dBm 6 -70.86 dBm
2 489.9 -69.38 dBm 7 -67.58 dBDI3 401.9 -54.27 dBII 8 -72.32 dBm4 420.0 -78.00 dBII 9 -G8.76 dBDI5 426.0 -65.81 dBII 10 

CENTER 450.8 MHz SPAN 208.0 MHzIRES Bioi 30 kHz Ivaw 30 kHz SWP 667 ... eo 

19:60:30 AUG 13, 2003 
47 18 :16:20 AUG 13, 2993 MKR 535.5 MHz 
REF -64.6 dB. tAT 0 dB -76.50 dBm 
SMPL 
LOG 
2 
dBI 

'13 
, 


Mal"kel" 

• • + • •• •••••••• I ••••••••• l .......... I '" • • • ... ... • ~ • • • • • •• ••••••••• ••••••.•• . •••••••• ~ ••••••••• : ••••••••.· . . . . .. . . .............................. ~ ......... ~~ ........................ ~ .~ ............................ .· . . . .. 
·~·······t·······~ .. 

.· . . .~l... ·~"·····l·····~"'·· ....... ~ ..... ~ ..................... ,~ ........ ~ ........ .. 
" .·................ ........... . . .... ... ... . ....... ......... .......... ............................ . · ~ ~. . . 

........ ·i·........ ;.........i .................................... '" SR~ .. j..4.0.; ........ . · . 

Tl"aoe Type Fl"eq I Tlme Amplit.ude 

11 (A) Fl"eq 499.5 MHz -76.49 dBm 

21 (1'1) FI"e9 434.5 MHz -69.88 dBII 

3: (1'1) Fl"eq 468.0 MHz -76.12 dBm 
4: (A) Fre9 535.5 MHz -76.50 dBm 

CENTER 450.9 MHz SPAH 299.9 MHz 
IRES Bioi 30 kHz IVBW 30 kH% SIolP G67 mseo 


