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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 to 10 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 vuinerable 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 contro] 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 EMI 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.

.
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MEASURING SETUP
- Initially a measuring setup is configured to check the shielding efficiency. To cover the
frequency range of 100 MHz to 1GHz, we require voltage controlled oscillator (VCQ)
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 VCO. The circuit diagram of the VCO is shown in fig. 1.

o

i VCO
FIXE[D MODULE ATTENUATOR
POWER SUPPLY
The whole setup consist of:- fie. 1
1. VCO 1 (100 MHz to 200 MHz)
2. VCO 2 (200 MHz to 350 MHz)
3. VCO 3 (400 MHz to 620 MHz)
4. VCO 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 VCOs. Fig 7-10 represent the power vs frequency
graph.




TEST SETUP FOR " SHIELDED CAGE PROTO TYPE—II" FOR EMI RFI MEASUREMENT
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4 way combiner: Ww‘a&l&.ﬁ—‘“wﬁm

All VCOs output go to 4 way combiner. It is a resistive circuit which combines the
outputs of 4 VCO. 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.

122V

R6&

L1
§
>

200
L. Cc3 i C&
~ OWf, . OWf

300nH
}

WPUT [D—IANVA

I
C2
R1 K I

INPUT | 2 8e
O— VWY RS e OUTPUT

wPUT [ L AAN2 02

Fic

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 1 GHz. So we
choose the frequencies in logarithmic form, like 125 MHz, 250 MHz, 500 MHz, 1000

'MHz, for whip aerials.




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 to 10 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 EMI 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 GHz

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+20logF(MHz)+20log R(Km)

F is the frequency expressed in the MHz.

R is the distance between the transmitting and receiving antennas.
AT 2.4 GHz, 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 and10
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. ISOLATION (dbm)

Mhz.  EAST3 M. EASTSMr.  EAST10Mi.  WEST3 M WEST 5 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 9 2 22 17 21 g 14
200 27 41 7 4 U 34 23 36 12 26
275 29 26 26 25 25 21 22 14 2 15
350 43 37 36 32 3 28 35 3 25 2
310 2 23 2 22 12 13 18 17 14 14
450 29 43 30 36 13 29 24 39 2 3
550 10 12 24 12 12 12 3 2 4 4
620 30 30 i1 7 U 20 24 24 20 24
800 23 22 23 2 12 12 16 16 13 13
850 25 26 26 2 14 15 24 24 22 2
950 P 33 22 2 18 2 12 3 17 16
1000 18 27 8 32 16 3 15 23 4 14

NORTH3Mr.  NORTHSMi.  NORTH10Mr.  SOUTH3I M. SOUTHSMw.

FREQ. WITHOUT WITH  WITHOUT WITH WITHOUT WITH WITHOUT WITH WITHOUT WITH

TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE TAPE
170 11 16 15 0 A 28 19 18 16 16
200 23 44 29 4 23 37 25 52 2 48
275 32 34 30 6 3 34 29 30 29
350 4 52 9 4 28 41 53 4 4l
310 15 14 14 14 16 16 18 17 19 19
450 18 34 6 29 6 14 23 34 2 36
550 21 26 45 17 19 15 2 24 23 24
620 26 32 34 35 23 24 30 28 48 4
800 13 12 8 12 8 13 12 12 15 16
850 16 17 18 2 % 3 27 24 26 23
950 7 0 8 3 27 21 15 15 21 19
1000 -2 -2 $ 4 12 8 15 3 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 fixed 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) East3m East5m East1l0m West3m WestSm West10m

250 68 74 73 74 9 71
500 65 53 61 64 53 56
1000 27 35 56 63 59 41

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

250 69 72 72 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.



26 inch
l< o
[ !
C&D
S o Y 4
. ¢ 1
}‘"-\_ 1 X.“'\\ I
| S P} e !
jr ! e =t R » !
i T . T !
i ! L T 5 1
i i I i .E :
! ‘ P i
A LA E | 8
= : i B ! E i ' E
s . H [ H )
B i ! ' ! ‘
[e] . ] . ]
= ! i b i !
e i b A i |
RSttt (el plaiailhetiatididiie it et k\\ ‘*m.‘\ i sl
~\.\ - i ~ . - -~ - - ! -~ ~
~ D R ‘~\\ R
_‘L v ~.. ~~
~
I 11 inch o
11 inch n -~
T “1 4
T i '
; j
i !
E i
=} ! !
3}
& ! !
B ; i
— M .
~ : B&F ;
| i
! !
' !
! !
i i
A i j
1 26 inch I
et -

Note :~ 1.6mm thick Aluminium sheet with continues welding on all sides except A and E side. Prep. By : Hi hu Jain
Side A and side E are the doors of the rectangular box with continues SS Hing on one side. ©p- BY - Hiimansu

W W W W W W W W W\ W)




ISOLATION OF MESH TYPE SHIELDING CAGE & 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 Mrr. 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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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. EMI/RFI shielding magzines of Chomerics.



ANNEXURE 1

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
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
Incident wave
E,H,plane wave
Reflected wa
Secondary Transmitted energy

Reﬂiti/m/

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 EMI 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 EMI 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 (i.e. below approximately 20 Khz)

WHERE EMI SHIELDING IS NEEDED

Requirements for EMI 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,



the separate parts of the enclosure must be electrically bonded together and grounded for
the shielding to work .disruption in the electrical continyity 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.
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18
Melas2: Mkr1  [18.880 MHz
: b H24.675dB
1: \/
K & [ 8 A I
-1 @
it i WP gl N
_ N ZS h#’g?a
2@ 5 t
s
/ 4
2: /§
e
—Sﬁ?
-68
-70
Start 14,208 MHz Stop | 500.0288 MHz
1: Mkr (MHz) dR 2iMkr (MHZ) dRB
1: 18. 8800 -8. 881 1> 18,8280 -24.675
2! S5@a.2ae4a -@.984 2: 30. d0R@ -26.8B4
3: 25Q.@24@2 @ -1.@04% I: 250.0008 -18.673
4: 590.0000 -1.366 4: S@02.028@ -13.499
S5: 7@d.00800 -1.8280 S: 700.8082 -11.d72
6> B85@.2a080 -2.530 6: 850.68002 -18.656
7. 10@0@8.0888 -2.887 7: 1@82.0088 -18.176
B: 1500.8@88 -4.839 8: 15@@.08888 -9.742




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

P Trarmsmission

P?:sz]cction

Date : 01.07.2003

Log Mag 18.8 dB/ Ref @.8@ dB
Log Mag 5.2 dB/ Ref ~1B.@8@ dB

4R Héasl:Htré 50.08Q MHz
. ~1.31hdB
Melag2: Mkr1 [10.8B@ MHz
. é? J24.671dR
' A A ———
T 15 [ & %
-1
. N
..2F ;: V..ﬁ‘ ./\?
Nard > °
2 / !
Nz
-5
_SF
-70
Start 10.080 MHz Stop | S@2.2828 MHz
1: Mkr (MHZ) dB 2: Mkr_(MHZ) 4B
1: 18.8088 -8.82% 1> 12.d@@@ -24.671
>: S@.e@@@ -@.998 2:  50.8008 -26.94@
3: 25@.¢04@8 -@.792 3:  250.@2@82@ -19.151
4: 500.0008 -@.776 b: 500.00080 -14%.143
5: 79@.088@ -@.882 . 700.2088 -11..485
6> B85@.088@ -1.31% 6: B50.@2000 -10@.987
7: 1290.0028 -1.674 7: 1000.02828 -18.346
B: 158@.0800d -2.333 8: 150@.8202 -1@.258




WEST

16:49:55 AUG 14, 2003
A7 14:21:48 AUG 14, 2883

REF ~-68.3 dBnm #AT 8 dB

SMPL : - 3 5
LOG |...... U TN fesreearontorennnnesdonneennan esaacnens reerannecloeecaenesderns R
2 : :

B/ e i s e e e e et e
! i: Freq (MHzZ) Amplitude
2 7

3 8 -

4 9

5 i@

CENTER 458.8 MHz
#RES BW 38 kHz

#VYBW 30 kHz

SPAN 200.8 MHz
SWP 6567 msec

Fyee Seace
15:42:49 AUB 15, 2893

47 14:11:11 AUS 14, 2083

REF -62.8 dBm #AT B dB

SMPL : : : : : :

Leg ... Feereeenes Fermereean HEPTOS ES I P Tevesnnes CGeveravens S fereeoens

2 : : : : : : :

I 1- V2 EErT eeseuenatenieanns Cirsessaeas 2 [ A e B R RRCIEETEY rrestaninsnons :.8.8
......... L”“”“L““““huuuuil. ; UCTOURURITRT I I I
ST USN USSY I FESON IOO0E SO0 S O S &

: : | : : :
e rreenares U TR SO A : RG..148.; Loes
........ " .L.ﬂ . 8 30 A N N Lhogeeennnantn
J ; ....... :““ ; ......... ? ......... g. & } { »? t }.u?x?
kK Freq (HMHz) Amplitude Pk Freg C(HHZ) Amplltude

i 434.5 ~49.,63 dBm 6 £36.8 -68.38 dBm

2 444.9 ~64.45 dBm 7 5839.5 ~71,37 dBm

3 459.5 ~58.52 dBm 8 §48.5 -68.84 dBm

4 489.8 ~72.29 dBm 9

g 498.8 -~71.86 dBm 110

CENTER 458.8 MHz
#RES BW 39 kHz

*VBW 30 kHz

SPAN 288.0 MHzx
SWP 667 mseo

Without Skie'c‘iha

AUG 13,

2808
B

MKR 414.9
-71.42

dBm *ﬂT 8 d

......... P“uunynnuupnuununnuuinnﬂ“““ ”“p"“nup“h“"?n"“”
Marker Trace Tyvpe Freq / Time Amplitude
1: (A) Freq 258.0 MHz ~-72.82 dBnm .
2t (A) Freqg 875.5 MHz ~-75.91 dBm
8: (A) Freq 491 .8 MHz ~53.30 dBm
4: (A) Fregq 414 .8 MHz ~71.42 dBm
CENTER 458.8 MHz SPAN 200.8 MHz
¢ #RES Buoaa kHz #UBW 38 kHz SUP B67 msec

Wit

Qbie)cﬁh%

2]



No RTH

15:541:59 AUG 14, 2863
A F & WITH AMP. E
REF -88.3 dBm #AT @ dB ~72.73 dBm
SMPL
LOG
2
dB/

: : R .
Marker Trace Type Freq Time Anplitude
12 C(AY Freq §871.0 MHz ~798.16 dBnm
2: (A) Freq £99.0 MHz -77.541 dBm
3: (AY Freg 699.9 MHz -72.73 dBm
42 (A> Freq 6412.5 MHz -78.38 dBn
CENTER 658.0 MHz SPAN 200.8 MHz
#RES BW 39 kHz #VBK 30 kHz SUP BE7 msec

15:43:12 AUG 15, 2883
A 14:12:28 AUG 14, 2003
REF -67.6 ¢Bm tﬁT 9 dB
SMPL B

LOG
2

dB/

k Fregq Amnplitude

1 E71.8 ~67.83 dBm [} E78.0 -73.608 dBme
2 684 .5 ~E5E7.28 dBm 7 781.5 -65.568 dBm
3 660.8 ~72.97 dBm 8 728.8 ~72.34 dBm
4 666.8 ~68.64 dBm 9 735.0 -75.56 dBm
5 672.8 ~73.54 dBm 118
CENTER 658.0 HHz SPAN 28@8.0 MHz

#RES BW 39 kHz #VBMW 36 kHz SHP 667 msec

19:14:63 AUG 13,

29@3

47 13:48:11 AUG 43, 2083

REF -101.8 dBm  #AT © dB "Kfigg?;g i
SHPL - - -

LOG

1

dB/

Ll ¥ Ml

gL

io 2.5

SOPIOEH R [P A H

Marker Trace Type Freq / Time Amplitude
13 (A) Freq 567 .9 MHz -~106.27 dBm
2: (A> Fraq €00.8 MHz -183.65 dBm
3: (A} Freq «567 .8 MHz ~182.57 dBnm
4: (A) Freq 780 .5 MHz -186.42 dBm
CENTER 658.8 MHz SPAN 280.
#RES BW 38 kHz #VBW 30 kHz SWP ® ez

667 msec



SOLTH

15:53:31 AUG 14, 2003

A 14:23:29 AUG 14, 2003

REF -71.5 dBm #AT © dB

SMPL - -

LOB  eeeeeeiiieennn. UPESUSTOTIN fevrrerees veeeeeeis s
2 :

B/ B T

Marker Trace Freq / Time Amplitude
13 (AY Freq 7741.5 MHz ~88.42 dBm
2: (A Freq 796.9 MMz ~80.39 dBm
3 (A) Freq 823.5 MHz ~80.85 dBm
4: (AY Freq 946 .8 MHz ~72.56 dBm
CENTER 858.8 MHz SPAN 268.6 MHz
RES BW 30 kH=z #VUBW 39 kHz SWP 667 msec

45:43:39 AUS 15, 288@3

A7 44:13:47 AUBS 14, 20823
REF -70.6 dBm #AT @ dB
SMPL - - -
LOS
2
AB/  feerdorertenn i [t e
[ N FT T fernennnns E""""'E ......... freseees ! i Ty

k  Freq {ﬁHz) Amplitude Bk  Freq (HHz)? Ampllitude
1 759.¢ ~67.19 dBm 6
2 882.8 ~68.94 dBm 7
3 868.5 =-73.51 dBm 8
4 946.8 ~71.41 dBm 13
5

NTER 860.0 MHz SPAN 2080.0 MHz
cE ERES BW 38 kHz 8UBUK 38 kHz SWP BE7 msec
A7 413:48311 AUG 13, 20083 47:41:08 AUG 13, 20038 895.8 MH
REF -76.9 dBm %AT 9 d 23 .62 dBa
SMPL -
LOG
1
ds/

#VBW 30 kH=z

Marker Trace Freq 7/ Time Amplitude
1t (A Freq 774 .8 MMz -84 .22 dBm
2: (A Freq 824 .5 MHz -82.28 dBm
31 (AY Freq 855.8 MHz ~82.77 dBm
4: (A Freq 895.8 MHz ~82.62 dBm
8 MHz SPAN 2860.0 MHz

SWP 667 msec



£:48:02 AUG 14, 2003
4VFREE SPACE HITH ﬁHP.
REF -68.8 dBm #AT

EﬁST
dB

SMPL
LOG
2
daB/

A
k Freq (MHz) Amplitude Pk Amplitude
1 i62.8 -68.58 dBm 6 ~-73.08 dBm
2 164.5 ~-78.,48 dBm | 7 -74.75 dBm
3 1?5.8 -~67.46 dBm 8
4 244 .0 ~72.28 dBa 9 -
g 2498 .9 ~72.82 dBm 18
CEHTER 266.0 MHz SPAN 280.8 MH=z
#RES BW 30 kHz #VBW 30 kHz SWP 667 mseo
TR SO OO U S e
15:18:48 AUG 18, 288
A7 EAST 533 MHZ. HNO SHILB
REF ~-61.5 dBm #AT B dB , .
SHPL : : : : : : : : :
LOG ..o Torecurens Teveearsnairensenne TR S ORI WO N S Teecernnn B
2 : : : : : : : ooooooooooo
da') ....... seeesesveraanies R A Al S B B
/ ATy
.........é .............................. : "
......... FIPS, i
. %, | YT, q.‘. ; e ﬁ_ bk i
MHz? Amplitude Pk Freq (MHz mplitude
%F reqi%z.% -sdiae dBm ) 267 .5 =-78.88 dBm
2 218.5 =71.62 dBm 7 283.8 -60.06 dBm
3 234.9 ~-65.14 dBm 8 294.58 =-68.18 dBm
4 258.0 ~66.92 dBm 9 381.8 -52.85 dBm
g 261.8 ~70.50 dBm 110 396.5 ~65.54 di;
CENTER 258.8 MHz SPAN 2@80.0 z
#RES BW 38 kHz #VBH 30 kHz SHP 667 msec
19:041:13 AUG 13, 2@83
Agr 17:42:28 AUG 413, 2063 £33 MHZ E
REF ~-49.5 dBnm #AT © dB
SMFPL v
LOG
Y
Az

k Fregq C(HMHzD (HHz)

1 p208.3 -67 .22 dBm 5 234.8 ~B7.56 dBm
2 214.06 ~68.62 dBm 7 236.8 ~56.415 dBnm
3 2168 ~61.61 dBm 8 249.3 -7@8.78 dBm
4 216.5 ~66.12 dBm 3 w»244.8 ~72.15 dBm
S 229.8 -68.62 d8Bm 1106 246.3 -54.93 dBm

hmplltiﬁe Fk Freq

Amplitude

CENTER 25@.0 MHz
#RES BW 39 kHz

#YBW 38 kHz

SPAN 160.8 MHz
SWP 333 msec



15:49:55 AUG 14, 2003
A7 14:21:48 AUG 14, 2003
REF -68.3 dBm #AT B dB
SMPL 3
LGG [P S PO cen
2
dB/

Freq (MHz2
48

535.8
548.5

mhmmpx

Amplitude Fk
3.5 -73.44 dBm &
~-55.46 dBm 7
~-53.44 dBm 8

3
i@

Freqg (MHz)

Amplitude

-

CENTER 458.08 MHz
RES BW 30 kHz

15:18:36 AUBS 15, 2883
A7 13:86:22 AUG 14. 2003
REF -64.1 dBnm #AT B8 dB

#VBW 38 kHz

SPAN 2080.8 MHz
SWP 667 msec

SMPL
LOG

2
dB/

Pk Freq (MHz)

Amplitude Pk Freq C(MAZ) Amplltude
1 367.5 -72.55 dBm b 462.8 -71.25 dBm
2 491.9 -50.33 dBm 7 468.8 -632.58 dBm
3 434 .5 -4 .24 dBm 8 484 .5 -53.83 dBm
4 446 .6 ~-71.83 dBa 9 4914 .8 -71.75 dBnm
S 450.8 -65.27 dBm i8 581.8 -56.87 dBm

CENTER 458.8 MHz
#RES BW 3@ kHz

19:82:85 AUS 13, 2083
47 17:13:51 AUG 13, 2003
REF -49.5 dBm

SVBW 3@ kHz

#AT © dB

SPAH 208.8 MHz
SWF 667 msec

SMPL
LaG
5
dB/

Pk Freq (MHz> Anp

tude Pk

Freq {(MHz)

Amplitude

11
1 417.8 -78.19 dBm 6 468.8 -64.61 dBm
2 426.3 -69.61 dBm ? 4914.8 -73.11 dBm
3 432.3 -68.80 dBm g '
4 434.8 -59.44 dBm g
S 451.3 -68.80 dBm 110
CENTER 458.8 MHz SPAN 1969.8 MHz

#RES BW 32 kHz

#VBW 3@ kHz

SWP 333 msec

8]

CFY

®



15:51:59 AUG 14, 2003
A7 F S WITH ANP. E
REF -68.3 dBnm #AT @ dB

~-72.73 dBm

SMPL
LOG
2
dB/

Marker Trace Type Freq /7 Time fAimplitude

11 (A) Freq 574.8 MHz -70.16 dBm

2: CA) Freq £@0.0 MHz -?7.51 dBm

3: C(A) Freq 6509.8 MHz -~72.73 dBm

41 CAY Fregq 642.5 MHz -78.38B dBm
CENTER 658.8 MHz SPAN 28686.8 MH=z
#RES BW 30 kHz #VBW 38 kHz SHP 667 mseco

15:28:86 AUB 15, 2003
13:87:48 AUB 14, 2883
REF =-67 .7 dBm #AT @ dB

sMPL H - - - - ;
LOG : : :
2

dB/

Pk req (MHz> Amp

Freq (MHz)>

Amplitude

litude Pk
1 §52.8 ~59.52 dBm 5 E76.86 ~-70.34 dBm
2 568.8 -69.82 dBm 7 £€83.80 ~74.55 dBm
3 681.5 -714.37 dBm 8 784 .5 -63.80 dBm
4 E51.5 -64.47 dBm 9 7141.2 ~-741.82 dBm
5 €68.80 -~-73.441 dbBm_ 118 785.8 -72.92 dBm
CENTER 658.0 MHz SPAN 200.8 MH=z

#RES BMW 38 kH=x #VBKW 38 kHz

A7 47:45:48 AUG 43, 2003

SWP BBE? msec

MKR 636.3 MHz

REF -?1.5 dBm #AT @ dB
SMPL T . . .
LOG
2

dB/

~75.93 dBm

Marker Trace Type Freq /7 Time
1: {A) Freq L B13.7 MHz
2: (A) Freq 7 626.8 MHz
3t (A) Freq 638.2 MHz
4: (AY Fregq 636,2 MHz

Amplitude
-75.55 dBm

-75.93 dBm

CENTER 658.8 MHz

#RES BW 38 kHz #UBKH 3B kHz

SPAN 108.86 MHz
SWP 32332 msec



185 =1543 :2331 2ﬁg!.lﬁ 14, 2083
1231 AUGS 14, 2803 MKR
REF ~71.5 dBm *AT @ dB _33%58 dom
L ' ‘ . ?72.56 dBm
LOG ... T TR : ; ; : Y
L foenee i eeeeenens feverarersjecoresarairentrnnneionanans
dBZ  eeceeeriiiianiinnti, Cevnnransretassaen [ Sereeiirrenseenrrec ity
Marker.Trace Type Freq 7/ Time Amplitude
%: {AY Fregq 7714.5 MHz -88.42 dBm
: {AY Freq 796.0 MHx -806.39 dBm
3: (AY Freq 823.5 MHz -80.85 dBm
41 (A) Freq 946 .8 MHz ~72.56 dBm
CENTER 8586.0 MHz
SPAN .
#RES BW 39 kHz #UBK 38 kH=z SNP2%%7QQ§2€
. .aw i1 A7 . 2RG3

46:281:48 AUG 15. 2803

47 13:09:15 AUS 14. 2083
REF -69.3 dBm #AT @ dB
SMPL , " : :
LOB :
2 :
dB/ :
.ﬁ - i't d; PQ Freq C(MHz» Amplitude
i reqaigfé) j?gﬁsg %Bm 6 912.86 ~-78.36 dBm
2 g27.8 -75.84 dBm 7 33,8 -76.69 dBm
3 868,55 ~-76.37 dBm 8 344,55 -75.17 dBm
4 agg.0 -75.25 dBm g
B 9@2.8 -66.97 dBm 119 TR MUI'T:
CENTER 252:%30 & #VBW 38 kHz SWP 667 msec

#RES BW 38 kHz

19:985:05 AUG 13,

20883

A4F 17116:03 AUB 13, 2603 MKR 883.7 MHz
REF -71.5 dBm #AT 8 dB -82.314 dBm
SMPL - - -

LOG :

2

dg/

Marker Trace

Type Freq 7 Time Amplitude

13 (A Freq g810.@ MHz ~81.69 dBm

2: (A Freq 831.0 MHz ~-82.20 dBm

3: (A) Freq , 846.2 MHz -82.2@ dBm

4: (A) Freq 888.7 MHz ~-82.31 dBm
CENTER 850.9 HHx SPAN 1686.8 MHz
#RES BW 3@ kHz #VBW 38 kH=z SKHP 333 msec

D



1

A3

15:40:99 AUG 14, 200
47 FREE SPACE WITH MIP. HEST

REF -66.4 dBm #AT 8 dB
SMPL
LOG
2
dB/
......... 3.,.......;.........;.........E.........E.........i.........E.........E.........,.........
k req (MHz) Amplitude |Pk Ffreq (MHz) Amplitude
1 165.86 ~70.23 dBm 6 288.0 -78 .95 dBm
2 175.8 ~§52.84 dBm 7 388.8 -~68.04 dBm
3 190.5 ~55.46 dBm 8
4 182.8 ~-741.33 dbm 9 -
5 272.8 -6£8.85 dBm ie

CENTER 258.0 MHz
#RES BW 3P kHz #VBW 38 kHz

15:26: 5533&!.!"6“215; 2063
WEST & .
gZF ~49.4 dBm #aT B dB

SPAN 29€.8 MHz
SHP 667 msec

SMPL
Log

5
dB/

Fk Freq (Mﬂz). ﬁmplxtudt Pk Freq (MHz> Amplitude

163.5 ~54.32 dBm & 229,90 -508.89 dbm

% 175.9 *34.48 dBm 7 236.5 -54.64 dgn

3 188.5 ~54.87 dBm 8 248.8 -67.73 dBn

4 183.5 ~63.94 dBm 9 246.8 -69.36 gen

S 247.8 -62.74 dbBm 110 2590.,5 -61.14 [
CENTER 250.8 MHz SPAN 2%%53 NH%
#RES BW 38 kHz #YBW 38 kHz SWP mse

18166111 AUG 13, 20963
/A7 417:80:04 AUB 13, 2003 533 MHZ W
REF -45.5 dBnm #AaT 6 dB

SMPL EA
.06 1

5
dB/

- & . . N - .
ssstdrgredressabprrensoane Trresnanss HISETEIEE Jerraenees Freceviens gemrverane greresanne Jeeereenan

Pk Freq (MHz) Amplitude Pk Freq
1 §5.8 =-43.20 dBm 6
2 179.5 =~56.88 dBm ?
3 180.85 ~56.25 dBnm 8
4 216.0 -65.38 dBnm 9
5 221.8  -656.92 d8m_l1@

(MHZ) Amplitude
222.8 ~68.413 dBm
224.90 -55.07 dBm
228,88 -71.78 dBa
244.8 ~78.77 dBm
248.8 -69.14 dBm

CENTER 268.8 MHz
#RES BHWH 39 kHz #VBW 390 kHz

SPAN 200.8 MMz
SUP 667 msec



i

FYee :>Pa¢c

15:43:05 AUB 14, 2003

(FER R TAN

18341:98 AUG 14, 2883

W wsigeanom

REF -66.4 dBn AT B dB MKR_540.5 MHz
REF - : ' ~72 .28 dBn
LOG :

2 i e L
d8/ |-

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

.........

..........

as

......

.........

Harker Traoce Type

1: ¢A) Fre
23 (A Fhe;
8: CA) Fregq
43 (Ad Freq

Freq 7/ Tinme
481.0 MHz ~71 .49 B
441.8 MHz -76.81 gB:
535.8 MHz ~55.86" dBm
$48.5 MHz ~72.73 dBm

Amplitude

CENTER 450.2 MHz
#RES BW 36 kHz

18127 :48 AUB 45,
13:36:20 AUS 1

#VBM 30 KkHz

SPAN 200.0 MHz
SWP 667 msec

REF -64.4 dBm *
SMPL :
LOB

2
dB/

P k

1 -72.77 b

2 -57 .84 I4

3 -78.37 8 467 .5

4 -74.97 g 472.5

8 434.5 -71.48 dBm 118 473.5 -69.56 dBém

CENTER 458.2 MHz SPAN 200.8 MHz
#RES BW 3@ kHz #VBW 30 kHz SUP 667 msec

18:57:i47 AUB 13, 20983
Ar 17381329 AUS 13, 2003

MKR 5141 .6 MHz

REF -65.7 dBm -$AT 8 dB ~=63.16 dBm
SMPL ; T T N . "
LO6
2
d8/
Marker Trace Type Freq / Time "Amplitude
4 (A Freq 360.8 MHz -75.71 dBm
2% (A) Freq 398.9 MMz -61.87 dBn
3: (A) Fregq 468.8 MHz -76.14 dBm
4: (A) Freq 51414.5 MHz ~63.46 dBm
CENTER 458.8 mMHz SPAN 2860.8 MHz
#RES BW 38 kHz #VYBUW 38 kHz SHP 667 msec



15:44:22 AUG 14, 2003
A 13:42:30 AUG 414, 2083
REF ~68.6 dBm 4T @ dB

MKR 643.8 MHz
-79.84 dBnm

SMPL
LOG
2
daB/

Freq /7 Time

Marker Trace Type
1: ¢AY Freq 566.8 MHz
2: (AY Fregq 633.5 MHz
31 (A) Freqg 643.0 MHz
4: (AY Fregq 743.5 MHz

Ampli tude
-78.88 dBm
-79.30 dBm
-79.84 dBm
~79.40 dBm

CENTER 658.0 MHz

#RES BW 38 kHz RVBH 39 kH=z

15:28:15 AUG 15, 2883
Az 13:134:45 AUG 44, 2083
REF -68.8 dBm #AT © dB

SPAN 280.08 MHz
SWP 667 msec

SMPL f [
LDG
2
dB/ P
i

k Freq

i

2

3

s

PAN 2

CENTER 558.8 MHz

#RES BW 388 kHz #VBW 38 kHz

18:58:17 AUG 13, 2083
47 47:02:47 AUG 43, 20693

SWP 667 msec

MKR £34.5 MHz

REF ~-69.5 dBnm
SMPL B
LDB

2
dBg/

#nT @ dB

~78.18 dBm

Marker Trace Type Freq /7 Time

: (AY Freq

568.6 MHz ~-72.42 dBm

Amplitude

25 (A)Y Fregq 582.5 MHz ~77.47 dBnm

3: CA> Freq 634 .5 MHz ~78.418 dBm

4: (A) Fregq 713.5 MHz ~-78.44 dBm

CENTER 6586.0 MHz SPAN 20
#RES BW 398 kHz 4VBH 38 kHz SWP Gg%amgii

O



16:45:38 AUG 14, 2083

47 13343157 AUG 14, 2003

REF =~74.& dBm #AT 8 dB

SMPL

LOG

2

B 1 - 7 LT O D L T L R TTIITTrn B

Marker Trace Type Freq /7 Time Amplitude
1+ (AY Freq 768.8 MHz ~-080.67 dBm
2: (A) Freq 855.5 MHz -§2.08 dBm
3: (A) Fregq 887 .6 MHz ~-82,790 dBm
4: (A) Freq 946 .8 MHz ~63.36 dBm

CENTER 850.8 MHz
#RES BW 38 kHz

15:129:006 AUG 165,

2083

#VBW 30 kHz

SPAN 20@.0 MHz
SWP 667 msec

A7 13133123 AUG 14, 2003

REF -70.4 dBm ¥AT 2 dB

SMPI, ; } -
LOG

2

a8/

k Freq (ﬂHz).

fAmplitude Pk
- 8 dJdBm 6

Freq <(MHz) Amplitude

i 768 . 864.0 ~75.86 dBm
2 ?83.0 ~74.50 dBm 7 868.5 ~70.10 dBm
9 802.8 -~72.86 dBm 8 872.5 -77.82 dBa
4 816.8 ~78.77 dBn g 888.8 -77.18 dBm
5 827.8 ~-69,69 dBm i@ 802.8 ~72.11 dBnm
CENTER 858.8 MHz SPAN 208.8 MHz

$RES BN 38 kHz

18:59:33 AUG 13,

#VBW 38 kHz

20883

SHP 567 msec

4> 47:84:88 AUG 13, 2083 MKR B878.5 MHHz
REF =~723.9 dBm #AT © dB -83.58 dBm
SMPL . T " -

LO6

2

dB/

Marker Trace Freq 7/ Time Amplitude

121 (A) Freq 772.0 MHz -8¢.75 dBm

2: {A) Fresg 838.5 MHz ~841.80 dBm

3: (A} Ffreq 861.4 MHz -~8@0.99 dBm

4: (A) Freq 279.5 MHz -83.52 dBm
CENTER 8E0.8 MHz SPAN 200.0 MHz
#RES BW 30 kHz BVUBW 38 kHz SHP 667 msec



15:42:09 AUG 14, 20063
/4 FREE SPACE WITH AMP. WEST
8 dB

REF -66.4 dBm AT

SHPL T3 : : : :
Lo6 ... [ 1 fevecnrvonforerancnn Teveriinnn Terrinries R
2 4 : . . :

dB/ ey :.p,.{“”“”€ ......... T JRREEPTIEY J LR :

Pk EFreq (MHz) Amplitude Pk Freq (MH;) ﬁmplstude

1 165.8 ~-78.23 dBm 6 298,60 ~78.95 dBm

2 175.8 -52.84 dBm 7 388 e ~68.04 dBm

3 186.5 -55.46 dBm 8

4 182.8 ~-741.33 dBm 9 -

8 272.8 _-68.85 dBm 110

CENTER 250.8 MHz SPAN 2808.0 MHz
#RES BW 30 kHz #YBH 38 kHz SWP 667 msec

15:36:48 AUG 15, 2083
4o 13:153:29 AUG 14, 20803
REF -67.8 dBm #aT @ dB .
SMPL 7 - - - - - -3
LOG

2
dB/

N x * -
P IR L re s LACREREELE SR A HETER cunagaes

N
wraaussengurrErae ..---.-.-.,. anvases ;
:

k Freq (MRz> Am litude Pk Ffreq (MHz> Amplitude
1 q175.a —53169 dBnm 6 244.9 -66.59 dBm
2 1806.5 -60 .05 dBm 7 272 .8 ~-72.32 dBnm
2 182.8 ~-66.44 dBm 8 384.0 -66.23 dBm
4 188.5 ~-67.69 dBm 9
S 189.8 -70.84 dBm 18
CENTER 258.8 MHz SPAN 208.80 MHz
#RES BW 30 kHz #YBW 38 kHz SEWP 667 msec

/;.'9 21488 =1385 4ﬁUG 13, 2063
H t47 AUG 43, 2983 W 166
REF -61.2'680 #AT @ dB 86 rHz

SMPL
LO6

2
dB/

Pk Freg (MHz) Freq ani>

S %Pplitude
. ~651.84 dBm 235, -78.,
¥+ 188.0 -63.36 dBm 242, g -gg,%g gg:

1

2 7

3 v 192.8 -70.85 dBnm 8 »£264.,8 -71.G6 dBm
: 9

S a

Pk Amplitude

195.8 -67.56 dBm 3 -
4 288.5 -78.64 dBm 36.% 78.27 dBnm

CENTER 256.0 MH=z SPA
N 208.9
#RES BW 38 kHz #YBW 38 kHz SHP 667 mﬁii

e



Y1

Y3

o o Spmc wyjily N AA L il A IR B AR T DR e Y

15:43:05 AUG 14, 20663

/47 13:41:88 AUG 14, 2883 MKR §48.5 MHz
REF ~66.4 dBm #AT @ dB - « g dBm
SMPL .
LO®
2
dB/
Marker Trace Type Freq / Time Ampllitude
1: ¢(A) Fregq 401.0 MHz -71.40 dBm
2: (A Freq 4441.8 MHz ~76.81 dBm
2: (A) Freqg £36.6 MHz -55.86 dBm
4: (A Freg 848 .5 MHz -72.73 dBnm
CENTER 45@.8 MH=z SPAN 209.8 MH=z
#RES BW 38 kHz #VBHW 3@ kHz SUP 667 msec

15:37:58 AUG iS5, 2003
47 413:52:11 AUB 14, 2003
REF -67.9 dBm #AT 8 dB

Pk Freg (MHz)

Amplitude Pk Freq (MHz) Amplitude
1 354.0 ~65.408 dBm 6 432.0 -79.86 dBm
2 408.0 -69.38 dBm 7 438.89 -57.58 dBm
3 401 .9 -54.27 dBn 8 5@1.0 -72.32 dBm
4 420.8 ~790.060 dBm ] £535.8 -8588.756 dBm
5 426 .8 -65.81 dBm lig
CENTER 450.0 MHz SPAN 200.0 MHz
#RES BW 30 kHz #VBW 30 kHz SHF 667 msec

19:58:30 AUG 13, 2083

A7 18:451:120 AUG 413, 2803 MKR 535.5 MHz
REF ~64.6 dBm #AT 6 dB -76.56 dBn
SMPL " s R " . - T
LO8
2
dB/
Marker Trace Type Freq /7 Time Amplitude
1t (A Freq 409.5 MHz -76.49 dBm
2t <A) Freq 434.5 MHz ~6%.88 dBm
3: (A Freq 468.0 MHz -76.42 dBm
4: (A) Freqg £35.5 MHz -76.58 dBm
CENTER 458.0 MH=z SPAN 288.8 MHz
¥RES BW 30 kH=z #VBW 30 kHz SWP 657 msec

)



