TECHNICAL
INFORMATION

TEST REPORT ON THE PERFORMANCE OF
MARINE RADAR

Trade Mark : FURUNO
Model : FR-2155

Report no. : FLI 12-98-022
Date of issue: Oct. 30, 1998

Furuno Labotech International Co., Ud.
9-52 Ashihara-cho, Nishinomiya City, Hyogo 662-8580, Japan
Tel. : +81-798-63-1004 Fax. : +81-798-63-1098







LABOTECH

All tests were performed in Furuno Labotech International Co,, Ltd.
All data herein contained is true and correct to our best knowledge.

All tests were performed by:

name : Katsumi Imamura
function : Test engineer
signature : K . fﬂma ausTdg.

Review and report by:
name : Toshiro Segawa

function : QA manager

signature : [ % 7?7 j%z ‘

This report has been verified and approved by:

date : October 30, 1998
name : Sadatomo Kuwahara
function : Manager Engineering Section

signature : \-)\-\ 4;{4 6

Ly ey P 5






******CONTENTS * k k * Kk *x

1 GONCIAl INfOMAON. e e rsescsssesessnssesas s ceessesses e s e s 4
2 Identification of Equipment (FCC Rule 8 2.925) .o 10
3 RF Power Output (FCC Rule § 2.985).cceuisee s ssssn s srees e srsmme e emes s e 12
4 Modulation Characteristics (FCC Rule § R T 15
5 Occupied Bandwidth (FCC Rule § R 23
6 Spurious Emissions at Antenna Terminal (FCCRule §2.991).....ccceeeeeeeeeeeoo 25
7 Field Strength of Spurious Radiation (FCCRule §2.993)....ccevveeeereeees oo, 29
8 Frequency Stability (FCC Rule §2.995) ...orvooeeersueerseoressomeeeesesesssessooosee oo 31
9 Suppression of Interference Aboard Ships (FCC Rule § 80.21 4 J 34

10 Photographs to Reveal Equipment Construction and Layout (FCC Rule § 2.983)...38

11 Technical Description of Equipment (FCC Rules 8§2.983)......ccceuvmemereemoreoo, 50
11.1 Function of Each Semiconductor or Active Device (FCC Rule §2.983 (d){(6))....cou........... 50
11.2 Description of the Circuits Employed for Suppression of Spurious Radiation, for Limiting or
Shaping the Control Pulse, and for Limiting or Controlling Power ........................ 52
12 Operator’s Manual incl. Circuit Diagrams (FCC Rule §2.983).......cooeuemrereeerreronnn 56
Attachment 1 [ Test data for 6. Spurious Emissions at Antenna Terminal 1 e AT
Attachment 2 [ Test data for 7. Field Strength of Spurious Radiation | A2
Attachment 3 [ Test data for smmmmwmmmpﬁ | A3
Attachment 4 [List of TesyMeasuring Equipment] A4

-page k3 ofsa .



LABOTECH

1.1
(@)

(b)
()

(d)
(e)

(f)
(9)

(h)

1.2
(@)
(b)

(€)

(d)

Furuno Labotech International
o) -98-0,
GENERAL INFORMATION
General
Manufacturer: Furuno Electric Co., Ltd.
Ashihara-cho 9-52, Nishinomiya-city, 662-8580 Japan
Model: FR-2155
Serial no.: 3387-0001
Primary Function: Search, navigation and anticollision
Maximum Range Scale: 96 nm
Discrimination

Range Discrimination: 25 meters on a range scale of 1.5 nm
Bearing Discrimination: Radiator Type, XN4A XNSA

1.18° 0.98°
on a range scale of 1.5 nm
Minimum Range: 25 meters on a range scale of 0.25 nm
Frequency Range: Fixed frequency, X-band
Type of Emission: PON
Power Supply: 24 VDC (for Antenna Motor of Scanner Unit RSB-0050)

200 VAC, 50 Hz/220 VAC, 60 Hz, 3 ¢ {for Antenna Motor of
Scanner Unit RSB-0049)
100/110/115/(*220/*230) VAC, 50/60 Hz, 1¢ (for Display Unit
and Transceiver)
(*: external transformer required.)
Transmitter
Assignable Frequency for Shipborne Radar:
Between 9300 and 9500 MHz (FCC Rule §80.375 (d)-(1))

Type of RF Generator

Magnetron Type: M4505E

Peak Output Power: 50 kW nominal
Magnetron Ratings

Center frequency of Magnetron: 9415 MHz
Tolerances

Manufacturing: +30 MHz
Pulling: 20 MH2

Tolerance for 20°C temperature variation; 5 MHz
Guard Band:
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Guard Band is specified to be equalto 1.5/T MHz, where "T" is the pulselengthin

()

1.3
(@)

1.4
(a)

microseconds. See para (e).

Pulse Characteristics:

(FCC Rule §80.209)

Pulse Type Short Middle 1 | Middle 2 Long
Range Scale (nm) 0.125
0.25
0.5
0.75 (" | 0.75 (%
1.5 (% 1.5 (*)
3(* 3 309
6 (*) 6 (* 6 (*)
12¢) | 12¢%
24(") 1 249
48
96
Output puiseiength (us)l  0.08 0.20 0.60 1.20
P.R.R. (Hz) 2200 1100 600 600
Duty cycle 1.76E-4 | 2.20E-4 | 3.60E-4 | 7.20E-4
Guard Band (MHZz) 18.75 7.50 2.50 1.25

Note 1:(* - Two (2) pulse types are selectable for each Range Scale.
2. Tests were carried out for the underlined Range Scales.

Modulator
Thyristor Type: SH16J12U
Trigger Voltage: Approx. +12 VDC positive
Receiver
Passband
RF Stage: 100 MHz
IF Stage:
Pulse Type Short | Middie 1 | Middie 2 Long
(MHz) 27 27 3 3
Video Amp. : 14 MHz

-page 5 of 56 -
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Gain (overall) (dB): Sufficient to cause limiting, approximately 130

Overall Noise Figure ( dB): 6  (typical)

Video Qutput Voltage (V): 0.7 positive across 75 ohms

Features Provided: Sensitivity Time Controls (Anti-clutter Sea),
Fast Time Constant (Anti-clutter Rain)

If receiver is tunable, describe method of adjusting frequency:
Adjustment of tuning voltage of receiver local oscillator (Automatic and manual)

Display
Type: 21 (in.) mutti-color, 16-level quantization
Rasterscan, non-interlace, 1280 X 1024 pixels
Size of Indicator Tube: 21 in. diagonal CRT
effective dia. 275 mm

Sweep Linearity: 2 % on all ranges
Range Scales:
Range (nm) | Number of Range | Range Ring Intervai (nm)
. |  Bngs 1 _
0.125 5 0.025
0.25 5 0.05
0.5 5 0.1
0.75 3 0.25
1.5 6 0.25
6 0.5
6 1
12 6 2
24 6 4
48 6 8
96 6 16
Range Ring Accuracy: Better than 1 % of maximum scale in use

or 15 m, whichever is the greater

Overall Bearing Accuracy from Scanner to Display:
Better than 1°

PR . e 3 g .
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Target Plot Facility:
Heading Indicator:

Euruno Labotech Internationaf

Simulated afterglow in low shade
Provided, automatic alignment. Heading Line and Heading

Marker
True Bearing Indicator: Provided
Antenna
Antenna Rotation ON-OFF Switch:
Provided.
Reflector: Slotted wavegquide array,
Radiator Type XN4A XN5A
Length (cm) 250 320
Length (ft) 8.2 10
Type of Beam: Vertical fan
Beam Width (between half-Radiator power points)
Radiator Type XN4A XNSA
Horizontal 0.95° 0.75°
Vertical 20° 20°
Polarization: Horizontal
Antenna Gain:
Radiator Type XN4A XNSA
(dB) 31.5 33.0
Attenuation of Major Side Lobes with respect to main beam:
Radiator Type XN4A XN5A
Within +10° 28dBorless | -26 dB or less (*)
Outside +10° -32dBorless | -30 dB orless (%

Scanning (rotating or Rotating over 360° continuously oscillating):

clockwise

Antenna Rotation Rate (rpm): 24 rpm ( for RSB-0049/0050)

Number of Degrees Scanned: 360°
Not provided. Sector blanking available.

Sector Scan:

Type of Transmission System: Contained in scanner unit
Rated Loss of Transmission System per hundred feet:
None. Transmission path is only in the antenna scanner unit.
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Line Power Supply Requirements
Input Voltage: 24 VDC (for Antenna Motor of Scanner Unit RSB-0050)
200 VAC, 50 Hz/220 VAC, 60 Hz, 3 ¢ (for Antenna Motor of
Scanner Unit RSB-0049}
100/110/115/(*220/230) VAC, 50/60 Hz, 1¢ (for Display Unit
and Transceiver)
(*: external transformer required.)
Power Drain: 15 W (for DC Antenna Motor)
90 VA (for AC Antenna Motor)
400 VA (for Display Unit and Transceiver)

Functional Controis

Range selector Tune (manual) EBL offset

INDEX LINE Anti-clutter auto Power Switch

A/C Sea control Gain control Panel dimmer
Heading fine off Echo stretch MENU

Guard zone set/Audio alarm off Range ring brilliance Noise rejector on/off
Interference rejector STBY/TX Trackball (VRM,EBL,GUARD)
VRM on/off Off-center (SHIFT) AJC Rain control
Range set Zoom EBL on/off

Target trail Brilliance (screen}) TRU/REL

Navigation on/off Mark Brilliance Function #1- #4
Range ring on/off Text Brilliance

ARPA function {option})

Construction Features
Does equipment embody replacement units with chassis type assembly:
Yes
Are fuse alarms provided: Fuses are provided.
State units which are weatherproof: Scanner Unit (IEC 529 - 1PX6)
If ali units are not housed in a single container, indicate number and give description
of individual units:
1 X Display Unit Type: RDP-124
1X Scanner Unit Type: RSB-0049 (200/220 VAC, 24 rpm)
RSB-0050 (24 VDC, 24 rpm)

. Y & 7 . ]
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RSB-0049 ]

SEH NO. E R0O21- ]
COMPASS SAFE DISTANCE

I STEEH L Im

EQUIPMENT CLASS

FURUNO ELECTRIC CO., LTD. c €
.\NISHINOMIYA CITY. MADE IN JAPAN

=)
MARINE RADAR
SCANNER_UNT " @
g S

.
f[ MARINE RADAR )
— ﬂ(l

ro’ |__POWER SUPPLY UNIT
A S JFPLY_UNI
TYPE L PSU-001 |

SER. NO. R037-
COMPASS SAFE DISTANCE

o STODL__1m sTEERC___ I m é
EQUIPMENT CLASS L_BJ

FURUNO ELECTRIC CO., LTDC €
\NISHINOMIYA CITY. MADE IN JAPAN J

—
f[ MARINE RADAR ?
S POWER SUPPLY UNIT 1
TYPE [ PSU-004 ]
SER. NO. RO53-

COMPASS SAFE DISTANCE
o STDL__ "Im STEER |:m o
EQUIPMENT CLASS

FURUNO ELECTRIC CO., LTD. c €
NISHINOMIYA CITY. MADE IN JAPAN

Fig. 2.4
Nameplate for Scanner Unit
(RSB-0049)

Note: Scanner Unit Type
Number changes to RSB-
0050 in case of 24 VDC set.

Fig. 25

Nameplate for
Power Supply Unit
(PSU-001)

Fig. 2.6

Nameplate for
Power Supply Unit
(PSU-004)
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3 RF POWER OUTPUT (FCC Rule §2.985)

3.1 Microwave characteristics

The peak voltage was determined using the divider having aratio of 1000to 1 and the oscilloscope.
Current pulse was viewed across the wideband current transformer with output voltage per ampere
1.00.

(1) Nominal values

Pulse Type Short Middle 1 Middle 2 Long
[Range scale (nm) ] 0.125 3 12 96
Pulselength (s} 0.08 0.20 0.60 1.20
PRR (Hz) 2200 1100 600 600
Duty cycle 1.76E-4 | 2.20E-4 3.60E-4 | 7.20E-4
Guard band (MHz) | 18.76 7.50 2.50 1.25

(2) Measured values
Magnetron input pulse voltage

Magnetron input puise voltage was measured at its cathode using the oscilloscope and divider with
ratio 1000 to 1.

Pulse Type Short Middle 1 Middle2 |} Long
g{ggﬂg;:f‘,‘n‘:{:,“g,'ef 50.98 50.98 5098 | 5098
\h’ltl)a;t%nge;n():vi)nput 12.0 12.0 12.0 12.0

Eués%e:rﬁf:m(&‘:g) 0.380 0.436 0.924 1568
aigfgt(i)rr;z (:':Lmu dey| 0-070 0.070 0.070 0.060
g%f% &”‘eagﬁi)tu dey| 0422 0.386 0.416 0.320

Magnetron input pulse current

Magnetron input pulse current was observed across the wideband current transformer with output
voltage per ampere 1.00.

Pulse Type Short Middle 1 Middle 2 Long
Magnetron input | g 4 11.2 12.0 12.4

a em o g em
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90-10 % amplitude)

Pulse Type Short Middie 1 Midde2 | Long
current (A)

Pulselength (us)

50 % amplitude) | 0092 0.154 0.616 1.292
Rise time (us)

10-90 % amplitude)] O-09° 0.090 0.104 0.100
Decay time (us) 0.100 0.157 0.180 0.340

RF envelope of the magnetron output pulse

The RF envelope of them

with the following results:

agnetron output pulse was measured using a diode and the oscilloscope

90-10 % amplitude)

Pulse Type Short Middie 1 Middle 2 Long

Pulselength (us) 0.095 0.158 0.634 1.308
-3 dB points)

Rise time (us) 0.020 0.018 0.052 0.052
10-90 % amplitude)

Decay time (us) 0.115 0.116 0.172 0.296

Estimated efficiency
The estimated efficiency of the RF generator (magnetron) was determined by the following
measurements and calculation. Power output from magnetron was measured using the directional

coupler, power meter and the oscilloscope.

eak (kW):

Pulse Type Short Middle 1 Middle 2 Long

Range scale (nm) 0.125 3 12 96

PRR (Hz) 2191.4 1095.7 603.4 603.4

Duty cycle 2.08E-4 1.73E-4 3.82E-4 7.89E-4

Magnetron input, av.| 19.99 23.27 55.09 117.44
W)

Magnetron input, 96.00 134.40 144.00 148.80
eak (kW)

Power meter reading| 0.054 0.041 0.116 0.248
mW)

Magnetron output, 6.81 5.14 14.57 31.08

av. (W)

Spurious response | 51.33 50.11 54.64 57.92

limits (dB)

Magnetron Output, | 32.69 29.68 38.10 39.38

VTP - Y ¥ -F.)
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Pulse Type Short Middle 1 Middle 2 Long
Magnetron efficiency| 34.0 221 26.5 26.5
(%):

Peak Power Input to RF Generator : 130.8 kW

Estimated Efficiency of RF Generator :27.3 %
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4 MODULATION CHARACTERISTICS (FCC Rule §2.987)

4.1 SCR Trigger Pulse

Tek 30.0MS/s 4? 4!5._Ic_qs1

HS

Fig. 4.1.1 Typical wave form of Trigger Pulse  Scale: 5 Vidiv., 1 u s/div.
(NOTE: SCR trigger pulse is common to all ranges)

R871 4.7

Fig. 4.1.2 Test Point for Trigger Pulse
(in RTB board (03P6666) of Scanner Unit (RSB-0049/0050))

T B T Y
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4.2 Trigger Puise at n#.ﬁnetron Cathode

250M5/s ?

Fig. 4.2.1

Fig. 4.2.2

Fig. 4.2.3

Soons ChI v =45V

Short Pulse (0.125 _nm Range) Scale: 5 kV/div.

Tek P 250MS5/s 128 Acgs
[ B e |

e OV 200Rs CRZ X 45V

Middle 1 Pulse (3 nm Bange) Scale: 5 kV/div.

M

ans ' ——q,

Middle 2 Pulse (12 nm Range) Scale: 5 kV/div.

e e 1 At ELD

200 ns/div.

200 ns/div.

200 ns/div.
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Fg. 4.2.4

Tok AN 100MS/s :[i_.’_lr\cq

L e ow e e

Toons

Scale: 5 kV/div. 500 ns/div.
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4.3 Magnetron Output (detected):

4.3.1  Setup for Measurement:

Dummy Load

Directional Crystal

Coupler Detector
Att. 10dB

Magnetron (Radar RF Unit)

4.3.2 Measuring Equipment List:

Oscilloscope

Fig. 4.3.1

See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT ].
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433 Measured Data:
Tak 1.00GS/s [ _l]o Acgs ‘

Am

Fig. 4.3.2 Scale: 20 mV/div. 50 ns/div.
: -~ m; 2 ﬁ; SvaTE0;0ns Cha X
Fig. 4.3.3 Middle 1 Puise (3 nm Range) Scale: 20 mV/div. 50 ns/div.

Tok QNI 250MS/s i Tl? Acds

Fig. 4.3.4 Middle 2 Puise (12 nm Range) Scale: 20 mV/div. 200 ns/div.
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Tek BIE 250MS/s L T“ Acqs '

EEERaN R SN Y

Fig. 4.3.5 Long Pulse {96 nm Range) Scale: 20 mV/div. 200 ns/div.

. V. e ¥ _F .}
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4.4 Radar Pulse Spectrum:
Measured by the spectrum analyzer.
(Test Equipment Setup and Measuring Equipment List are same as Clause 6.1 and 6.2.)

14:23:83 OCT 21, 19498

~-15.13 dBs HKR %1 FRQ 9.413 Y GHz
ATTEW 18 4B 15.0 Bm
14.8§ dBsQgIv FRY2155 [TX-8.825N0
POS |PK
WYARS
A [NV \f\-\_
¥ Y \-“M
CENTER 3.913 § 2 SFAN 180, 7
*RB 1.8@ HHz *UR {.088 MH2 *57 5.800 sec
Fig. 4.4.1 For Short Pulse (0.125 nm Range)
14:26:28 OCT 21, 1998
-12.21 dim HER ®1 FAQ 9.413 § §Hz
RTTER 1% 48 12,11 dBm
i8.88 de-/01Y FRTA155 T;B%NPK
. nw/\!
-\f\'p YA v \V
] "\..,_...,_L‘
g
:ENT R 5.H13 H g ) ) LI Biﬁ 7
*RO 1.88 RHx VB 1.46 Mz TR Fgo4.42 For Middle 1 Pulse (3 nm Range)
14%:29:38 0CT 21, 1498
-8.78 dBw MKR #1 FAQ 9.412 5@ GH:
ATTEY 18 dB -8.7 dén |
18.8 B/01V FR:2155 [TX-12KH
/ ‘\ PNS [PK
L~ \.x‘.
CENTER 9.914 z FFNJ!IB HHz
AR 1,88 MH: *YB {.88 MH:z *ST 9.888 aec

Fig. 4.4.3 For Middle 2 Pulse (12 nm Range)

ey 1 AR



%} 14:35:29 0CT 24, 1988
g

HKA »i FRQ 3.418 30 GH:z
ATTEN 28 dB ¢.35 dBm
18.89 dB/OIV FAT2155 |TX-96NM
/ \ PDS [PK
—— \
\‘wﬁ"—-—q
M‘\M
CENTER 9.%418 @F GH:z SFAN 50.9d HHz
#*RB {.8d@ MHz YR 1. BB MH:z »5T §5.88@ sec

Fig. 4.4.4 For Long Pulse (36 nm Range)
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OCCUPIED BANDWIDTH (FCC Rule §2.989)

5.1 Measuring Method
FCC rule 47 CFR 2.989 requires measurements of the occupied bandwidth which is
defined in the same section as "the frequency bandwidth such that, below its lower and
above its upper frequency limits, the mean powers radiated are each equal to 0.5 percent
of the total mean power radiated by a given emission."
To obtain the occupied bandwidth of the radar transmitter, a special program (program list
shown below) was loaded to the Hewlett-Packard spectrum analyzer and run by entering
the HP-provided POWER BANDWIDTH calculation command [PWRBW].
The result was automatically displayed on the screen on the spectrum analyzer as:

POWER_BW=----- MHz

10 ! HP_71000 DOWNLOAD PROGRAM 430 )

20 ASSIGN@SaTO 718 430  SUB Limit_line(@Sa)

30 CLEAR @Sa 450 Limit_line: |

40  CALL M_ain{@Sa) 460  OUTPUT @Sa;"CLRDSP:";

50 LOCAL @Sa 470 OUTPUT@Sa;"FUNCDEF LIMIT_LINE, ™",
60 END 480 OUTPUT @Sa;"PU:PA 0,654;%

[ 480  OUTPUT @Sa;"LINET 1;"

80 SUB M_ain{@Sa) 500 OUTPUT @Sa;"PD;PA 100,654;"

90 M_ain: ! 510  OUTPUT @Sa;"PU;PA 201,654;"

100 CALL Pwr_bw{@Sa) 520 QUTPUT @Sa;"PD;PA 300,654;"

110 GALL Limit_line(@Sa) 530 OUTPUT @Sa;"PU;PA 105,630:";

120 | 540 OUTPUT @Sa;'TEXT @-35dB@;"

130 OUTPUT @Sa;"VARDEF K_ey,0;", S50  OUTPUT @Sa;"PU;PA 205,720,

140 ! 560  OUTPUT @Sa;'TEXT @-25dB@:;"

150 OUTPUT @Sa;"FUNCDEF D_LP,* 570  OUTPUT @Ss;"PU;PA 301,743:"

160 OUTPUT @Sa;"MOV K_ey,0;™ 580  QUTPUT @Sa;"LINET 1:"

170 ! 580  OUTPUT @Sa;"PD;PA 400,743:"

180 Main_menu: ! 600 OUTPUT @Sa;"PU;PA 801,743

190 QUTPUT @Sa;"REPEAT:% 610  OUTPUT @Sa;"LINETI;"

200  OUTPUT @Sa;"READMENU K_ey,™; 620  OUTPUT @Sa;"PD;PA700,743;"

210 | location: %Top----Bottom-% 630 OUTPUT @Sa;"PUPA 701,654;",

20 OUTPUT @Sa;"1,%Limit line 9%," 640  OUTPUT @Sa;"LINET ("

230 OUTPUT @Sa;" 2,%Power bw %" 60  OUTPUT@Sa;"PD;PA 1000,654;HD;":

240 OUTPUT @Sa:;"14,%  Exito:": 860  OUTPUT @Sa;""

230 ! 670  SUBEND

260 QUTPUT @Sa;"IF K_ey,EQ,1;,THEN,LIMIT_LINE;": 68C  SUB Pwr_bw(@Sa}

270 QUTPUT @Sa;"ELSIF K_ey,EQ.2,THEN;,PWR_BW;", 690 Pwr_bw: !

280 OUTPUT @Sa;"ELSIF K_ey,EQ,14; THEN;ABORT: " 700 ! Calculating Power band width

230  QUTPUT @Sa;"ENDIF:*; 710 OUTPUT @Sa; "VARDEF P_bw,0;"

300  OUTPUT @Sa;"UNTIL K_ey,EQ,14;" 720 OUTPUT @Sa:"FUNCDEF PWR_BW,"";
310 QUTPUT @Sa;"iP;TS:": 730 OUTPUT @Sa;"CLRW TRA;";

320 OUTPUT @Sa;"ADORT;": 740 QUTPUT @Sa;"CLRDSP;":

330 OUTPUT @Sa;" 750  OUTPUT @8Sa;"SNGLS;"

340 ! 760 OUTPUT @Sa;"MXMH TRATS;TSTS:™
350 Define_keydef: ! 770 OUTPUT @Sa&;,"MOV P_bw,PWRBW TRA,99.0:%
360  OUTPUT @Sa;,"KEYDEF 7.0_1P, %DLP  TEST%:": 780 OUTPUT@Sa;"DIV P__bw,P_bw,1000000;"
o ! 790  OUTPUT @Sa;"PU;PA 10,800;HD:";

380 OUTPUT @Sa;"FUNCDEF D, 800 OUTPUT @Sa;"TEXT @POWER_BW = @:";
300 OUTPUT @Sa;"KEYPST" 810  OUTPUT @Sa;"DSPLY P_bw,8,3.";

400 OUTPUT @Sa" 820  OUTPUT @Sa;,'TEXT @ MHz @™

410 ! 830  OUTPUT @Sa;""

420 SUBEND 840  SUBEND

Fig. 5.1 Program for Calculation of Occupied Bandwidth
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5.2 Test Equipment Setup:

Same as Clause 6.1.

5.3 Measuring Equipment List:

Same as Clause 6.2.

5.4 Test Result:

The test result is shown below.

14:19:43 0CT 21, 1936
L -15.14 dBm MKR #1 FRQ 9.413 8 GH:z
ATTEY 18 4B W 115.14 dBn
i0.08 d8/01V FR{2155 [TX-8.[1 25NN
POS |PK
POHER_BW =} 641375 iz
CENTER 3.9%13 1 GHz SPAN 50@.8 MH:z
“RB 1.0@ MHz  »VB 1.88 MHz +ST 5.0808 sec
Fig. 5.2 Measurement of Occupied Bandwidth
Occupied bandwidth = 64.375 MHz
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6 SPURIOUS EMISSIONS AT ANTENNA TERMINAL (FCC Rule §2.991)

6.1 Test Equipment Setup:

' DIRECTIONAL
RADAR RADAR | DUMMY LOAD
DISPLAY RFUNIT] COUPLER
UNIT '
_____________________ BuT
|
HIGH PASS NOTCH NOTCH FILTER FOR
FILTER FILTER FUNDAMENTAL FREQ,
No. 2 No. 1 Used only for
. 5.8t0 12.5 GHz
Used only for 12.510 40 GHz
ATTENUATORS Usedonlyfor 5.8
10dB/1 dB to 18 GHz
EXTERNAL
MIXER Used only for 18 to
HP 11970K or 40 GHz
HP 11970A
SPECTRUM
ANALYZER
HP 71210C

Fig. 6.1
6.2 Measuring Equipment List:

See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT J.

Note: (1) The characteristics of Notch Filter (No. 1) aredescribed inFig. 6.2 to Fig. 6.5.
(2) The characteristic of High Pass Filter (No. 2) is described in Fig. 6.6.

6.3 Test Conditions:

Radar Range Settings:  0.125 nm (Short)/ 3 nm (Middle 1)/ 12 nm (Middle 2)
96 nm (Long )

-PAara P Atapn



6.4 Emission Limits:
(a) Frequency Range (FCC Rule §2.997) : 10kHz-40GHz
(b} Emission Limits (FCC Rule §80.211)

Frequency removed from Frequency Emission attenuation
the assigned frequency (Hz) (mean power ,dB)
50- 100 % 9310 - 9360 M
(of the authorized At least 25
bandwidth) 9460 - 9510M
100 - 250 % 9160 - 9310 M At least 35
9510 - 9660 M
more than 250 % 10k-9160M | 5 |east 43 + 10 log 10 (mean power in
watts)
9660- 40,000 M

Note: (1) Assigned frequency (center frequency} = 9415 MHz
(2) Authorized bandwidth = 100 MHz

6.5 Test Results:
As shown in ATTACHMENT 1 , the spurious emissions at antenna terminal of EUT are

found lower than the specified limits.

(Note: Spurious emissions for 10 kHz to 5 GHz are not found due to the antenna terminal

structure. (wave guide tube)).
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Gﬂa&aclenﬂur_ﬁum;m_l (for X-band)
2 1
INPUT — ’—Q.__‘ ~—— OUTPUT
3

' STUB TUNER Fig. 6.2 Setup of Notch Filter No.1

Band pass filter This notch filter is used Io
222 fortundamental

’ inclease the dynamic range of
_%. signal component  yng gpectrum analyzer

DUMMY LOAD

P

-10dB

-20dB

-30d8

Fig. 6.3

6.0 7.0 8.0 GHz

—— v ' 0as

-10dB
/ ( -20 08
\| V

-30 98

Fig. 8.4

8.0 9.0 10.0 GHz
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-10 dB

-20 dB

\ -

-30 dB8

\l/

.yt

Fig. 6.5

9.3

. istic. of Filter No. 2

9.4

(for X-band)

Tapersd Wavéguide

Tapered Waveguide
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FIELD STRENGTH OF SPURIOUS RADIATION (FCC Rule §2.993)

7.1

7.2

7.3

7.4

7.5

7.6

1.7

Furuno Labotech Internationaf

Test Site: Rooftop of 6-story building,
FURUNO ELECTRIC CO., LTD.
Ashihara- cho 9-52, Nishinomiya-city, 662-8580 Japan

Date: Oct., 1998

Distance between the radar set and measuring antenna: 10 m

Radar Range settings: 0.125 nm (Short)/ 3 nm (Middie 1)/ 12 nm (Middle 2)
96 nm (Long )

Measuring Equipment List:

See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT ].

Test settings:

EUT

Field Strength Limits:

(Measuring Antenna)

(@) Frequency Range (FCC Rule §2.997)
(b) Emission Limits (FCC Rule §80.211)

Spectrum Analyzer

10 kHz - 40 GHz

Frequency removed from Frequency Emission attenuation
the assigned frequency (Hz) (mean power ,dB)
50- 100 % 9310 - 9360 M
(of the authorized At least 25
bandwidth) 9460 - 9510 M
100 - 250 % 9160 - 9310 M At least 35
9510 - 9660 M

-nana 20 nfee
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0. : -98-

Frequency removed from Frequency Emission attenuation

the assigned frequency (Hz) smean power ,de

Q, -
more than 250 % 10k-9160 M At least 43 + 10 log 10 (mean power in
waltts)

9660 - 40,000 M
Note: (1) Assigned frequency (center frequency) = 9415 MHz
(2) Authorized bandwidth = 100 MHz

7.8 Test Resulits:
As shown inATTACHMENT 2 , the field strengths of spurious radiation generated by EUT

are found lower than the specified limits.
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8 FREQUENCY STABILITY (FCC Rule §2.995)
8.1 Setup for Measurement
DIRECTIONAL] [ FREQUENCY
X5328 N RADAR
500 /50 W RFUNIT
ENVIRONMENTAL
CHAMBER
POWER
METER
436A
with
POWER
SENSOR
8481A
Fig. 8.1

8.2 Test Conditions:
1) Radar Range settings : 0.125 nm (Short)/3 nm (Middle 1)/ 12 nm (Middle 2)

96 nm {Long )
2) Ambient Temperature settings: - 20 to + 50 °C (10 °C step)

3) Power Supply Voltage settings: 85 /115 % of nominal voltage (85 to 115 VAC)

8.3 Measuring Equipment List:

See ATTACHMENT 4 [LIST OF TEST/MEASURING EQUIPMENT ].
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8.4

8.5

Report no. : FLI 12-98-022

Frequency Tolerance Limits:

"The frequency at which maximum emission occurs must be within the authorized
bandwidth and must not be closer than 1.5/T MHz to the upper and lower limits of the
authorized band width, where "T" is the pulse duration in microseconds. *

(FCC Rule §80.209)

1) Center frequency (fp): 9415 MHz

2) Authorized bandwidth (f{AUBW)): 100 MHz

"Upper limitfrequency of the authorized band", fUAUBW) = f, + f(AUBW)/2 = 9465 MHz

"Lower limit frequency of the authorized band", f(LAUBW) = fq - f(AUBW)/2 = 9365 MHz

3) Assignable frequency bandwidth : 200 MHz (between 8300 MHz and 9500 MHz)
(FCC Rule §80.375 (d)-(1))

"Upper limit frequency of the assignable band", f{UASB) = 8500 MHz

"Lower limit frequency of the assignable band", f(LASB) = 9300 MHz

4) Guard Band (f(1.5/T)) :

Puise Type Short | Middle 1| Middle2|{ Long

Range Scale (nm)| 0.125 3 12 96
Pulselength 0.08 0.20 0.60 1.20
(4 sec)

GuardBand | 18.75 | 7.50 | 250 1.25
f(1.5/T) (MHz)

Test Results:

Shown on Fig. 8.2.
(1) “"Upper Tolerance Frequency measured (at - 20 °C)", f(U) = 9417.5 MHz

(2) "Lower Tolerance Frequency measured (at +50 °C)", (L) = 9406.1 MHz

(3)-(a}
f(U) + max. §(1.5/T) = 9436.3 MHz < f(UAUBW) = 94656 MHz S f(UASB) = 9500 MHz

(3) - (b)
f(L) - max. f(1.5/T) = 9387.3 MHz > {(LAUBW) = 9365 MHz 2 f(LASB) = 9300 MHz

So, both  are found within the specified limits.

e - L I ¥ -7 .

ar—



LABOTECH Fuuno Labotach International

FREQUENCY STABILITY WITH VARIATION OF PRIMARY SUPPLY VOLTAGE:

The built-in voltage reguiator allows no frequency variation against variations of
115 % of nominal power supply voltage (85 to 115 VAC for nominal 100 VAC).

[:req. (MHz)

9418.0

9416.0

9414.0
——Short

3
—#—Middle 1

9412.0

—4—Middle 2
~¥-Long

9410.0 -

8408.0 |-

9406.0

9404.0

04020 | - S R SCSl SRR RPN ISR RO

94000 |- - S R e S S

9398.0 i i . L
-20 -10 0 10 20 30 40 50 60

. (°C
LFig. 8.2 Frequency Stability with Variation of Ambient Temperature Tem. (C)

P . R B e
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9.1

9.2

9.3

SUPPRESSION OF INTERFERENCE ABOARD SHIPS (FCC Rule 8

80.217)

Measuring Antenna Characteristics at Representative Frequencies:

Whip antennas are used to determine the level of interference caused by the radar to
shipboard receivers. These antennas have the following characteristics (refer to

impedance charts attached):
Length | Test Frequency | Impedance (Q) 0 R () CorlL
(Hz)
6m 500.5 k 1k -90° 0 80 pF
6m 1.992 M 1.25 k -86° 87.2 64 pF
6m 10.00204 M 158 109 140 pF
4m 275 M 95 83.5 128 pF
5/8 L 150 M 116.5 105.5 52.5 nH
1/4 2 450 M 70.5 345 5.68 pF
Test Site: Rooftop of 6-story building,

Furuno Electric Company, Lid.
Ashihara-cho 9-562, Nishinomiya-city, 662-8580 JAPAN

Measuring Instrument List:

See ATTACHMENT 4 [LIST OF TEST/MEASURING EQUIPMENT |].
(Instruments for measuring antenna characteristics are listed below.)

(1)
(2)
(3)
(4)

RF Vector Impedance Meter, HP 4815A
Spectrum Analyzer, ADVANTEST TR4172
Spectrum Analyzer, HP 8566B

Antennas,

for 14 k - 10 MHz, 6 mwhip

for 10 - 30 MHz, 4 mwhip

for 30 - 300 MHz, VHF whip

for 300 - 1000 MHz, UHF whip




LABOTECH

9.4

9.4.1

9.4.2

9.4.3

Test Results:

Euruno Lahotech International

Interference levels to the respective antenna were measured at 2 m from the radar which
was put in OFF, STANDBY, TRANSMIT conditions., and found within the specified limits,

Harmful Interference to Receiver (FCC Rule §80.217 (a))

Limits:

Results:

for 14 - 490 kHz, 5 uV/m
for 490 kHz - 1 GHz, 1 uV/m

There is no spurious component which is deemed harmful
interference. (Test data are shown in ATTACHMENT 3 )

Electromagnetic Field (FCC Rule §80.217 (b) - 1)

Limits:

Results:

for below 30 MHz, 0.1 uV/m at 1 nm (-20 dBuV/m)
for 30 to 100 MHz, 0.3 uW/mat 1 nm (-10.5 dBuV/m)
for 100 to 300 MHz, 1.0 uyW/mat 1 nm (0 dBuV/m)
for over 300 MHz, 3.0 yW/mat 1 nm (2.5 dBuv/m)

Interference was measured with the antenna located 2 m from
the radar and converted to levels at 1 nm. Thereis no spurious
component exceeding the limits.

(Test data are shown in ATTACHMENT 3)

Power Input to an Artificial Antenna (FCC Rule §80.217 (b) - 2)

Limits:

Resuilts:

for below 30 MHz, 400 uW

for 30 to 100 MHz, 4,000 uwW

for 100 to 300 MHz, 40,000 uwW
for over 300 MHz, 400,000 uW

There is no spurious component exceeding the limits.
(Test data are shown in ATTACHMENT 3)

YT F -y ¥ .
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ZSWR R.COEF PHASE IMPEDANCE < NORM.>LORC

REF -33.9 dBm ATT10dB MKR4  10.00204 MHz

488 860 m 27 21801-i{2.280 140pF
PH-CCR
PHASE QFFSET,

3095

RBW

300 Hz
vew

300 Hz

SWP 100 mS
SPAN 10 kHz

Z2SWR R.COEF PHASE IMPEDANCE < NORM. >L ORC

REF -35.0 dBm ATT 10 9B MKR3 27500 MH2

234 402 m -35°

MARKER 3
27500 MHz

RBW

D0 Hz
vBW

0 Hz

SWP 200 mS

_nanc 368 nf56 -
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S TEST ANTENNAS
ZSWR  R.COEF PHASE IMPEDANCE < NORM. >L OR C
AEF-33.7dBm  ATT 1048 | MKR7  150.00 MHz

269 458m  -2¢° 211Q-8900  525nH

MG-COR PH-COR R=211x50=10550

MARKER 7 Ca=525nH

150.00 MHz

RBW

100 Hz
. VBwW

30 Hz

SWP 500 mS ENTER 150.0 MHz
SPAN 10 kHz '

ZSWR R.COEF PHASE IMPEDANCE < NORM. »L OR c
REF -35.1 dBm ATT 1048 MKR 1 450.00 MHz

4.1 612 m -68° 6890-]1.23m  588pF

=0.689 x 50 = 34.502

MARKER 1
450.00 MHz

Raw

100 Hz
vaw

3¢ Hz

SWP 500 mS CENTER 450.0 MHz
SPAN 10 kHz

_nage 37 ofs56 -
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1 TECHNICAL DESCRIPTION OF EQUIPMENT

Furuno Labotech Internationaf

(FCC Rules §2.983)

11.1 Function of Each Semiconductor or Active Device (FCC Rule §2.983 (d) (6))

ANTENNA UNIT

TRANSCEIVER MODULE (RTR-030)

Modulator Trigger PCB 03P6666

CR850/CR851: Switching

CR853: Reverse Voltage Protection
CR854. Switching

CR855 to CR858:; Reverse Voltage Protection
Q850: SCR Driver

Q854: Switching

Q884: Current Amplifier

uUsso: Monostable Multivibrator
Ussi: AND Gate

U852/U853: Inverter

Modulator PCBs O3P6668/03P6827/03P6669

CR801/CR802:
CR807:

CR816 to CR824:
CR825:
CR840/CR842:

Chassis Mounted Parts

CR803 to CR805:
CR808/CR809:
CRs810:

CR813 to CR815:
V8o :

HY801:

uso1:

Charging

Switching

SCR Protection

Reverse Voltage Protection
Switching

Relay Driver Protection
Reverse Voltage Protection

TR Limiter (BS4122/E3902)
SCR Switching

Magnetron. microwave oscillator
Circulator

MIC, frequency converter

P . U S
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|IE Amplifier PCB 03P6570

CR601 to CR606:
CR608:

CRé609:

CR610 to CR613:
CR614:

CR615:

CR616:

CR617:

CR618:

Q601:

Qe602:

Q603 to Q607:
Q608:

Q609:

Q610:

U601 to U610:
Us11 to U614;

Switching

Thermal Sensor

Level Shift

Switching

Frequency Adjuster
LED

Temperature Compensation
Tuning Voitage Limiter
Voltage Regulator

IF Amplifier

Switching

Buffer Amplifier

IF Switching

IF Amplifier

DC Amplifier

IF Amplifier

Voltage Regulator

MBS Pulse forming Network and Bandwidth Selector

ue15:

ue1e6: Tuning Amplifier
Bearing Signal G PCB MP-3795
Q901/Q902: Puise Amplifier
Uaoi: Photo Interrupter
usoz: Comparator
Interface Board 03P9004

CR1 to CR3: Switching

Ut: Comparator
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11.2 Description of the circuits employed for suppression of spurious radiation, for
limiting or shaping the control pulse, and for limiting or controlling power

(FCC Rule §2.983 (d) (11))

ANTENNA UNIT
TRANSCEIVER MODULE (RTR-030)

Modulator Trigger Circuit 03P6666

The modulator trigger circuit consisting of 850, Q854, Q853 and U850 generates pulses that fire
SCRs CR813 thru CR815.

Normaliy the circuitis stable with Q850/Q853 off. Q850 turns on upon receiving the TX trigger from
the display unit and a negative going pulse is produced at its collector. Then, a positive going pulse
is produced at pin #6 of U850 and sent to Q854, and then anegative going pulse is generated at the
collector of Q854. The negative going pulse is differentiated by C866 and R865, and then only a
negative going differentiated waveform is applied to the base of Q853. As aresuit, a positive going
pulse (Modulator Trigger Pulse) is produced at the collector of Q853 and delivered to the moduiator
SCRs.

The circuit made up of U850 and Q854 prevents the modulator from being fired by noise. The first
stage of the one-shot multivibrator U850 operates immediately after the TX trigger puise, then the
second stage of U850 operates. The output (#9) of U850 is applied to the reset terminal (#3) ofthe
first stage of U850. In this manner, the level at pin #6 of U850 is kept "L” while the level at pin #9 of
U850 is “L". Therefore, even if noise appears after the TX trigger pulse, Q853 is kept off.

The circuit made up of U852 and U853 is a decoder to drive the relays for changing the TX pulse
length depending on the setting of the RANGE selectors and MENU functions of Display Unit.

Modulator

The function of the modulater is to produce a narrow high tension pulse that drives the magnetron. It
is composed of a line-type-pulser.

L801 is a charging choke, which forms a series resonant Circit with the pulse forming network (PFN)

consisting of C811 thru C824, and L811. The TX high voltage in the input is doubled by the
electromotive force of this coil and the PFN is charged up twice the input voltage. The time taken for
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full charge is roughly given by the equationT =27t/ (L X C) , where L represents the L801 andC
capacitance of the PFN.

The PFN is a lumped constant L-C circuit, which is an application of parallel two-line circuits with an
open end. The modulation pulse that drives the magnetron is developed when the energy in the
PFN discharges through CR813 thru CR815. The duration of the pulse is equal to the time required

for the voltage wave to go and retum in the L-C network, and it is given by the durationt = 27N

J (L X C), where N is the number of sections of the PFN.

CR801 and CR802 prevent the energy stored in the PFN from discharging to the input line. The
advantage of employing CR801 and CR802 is that they allow a wide choice of CR813 thru CR815
firing timing and efficient utilization of the stored energy: CR813 thru CR815 can be fired at anytime
after the PFN has been charged to a peak point and fluctuation of trigger timing does not affect the
amplitude of the resultant pulse.

The pulse transformer T801 boosts up the pulse produced by the PFN. Since the characteristic
impedance of the PFN and the inputimpedance of T801 is matched (about 3 chms}, a pulse with half
the network voltage is developed across T801’s primary winding. T801 boosts this pulse up by 18
times and applies the resultant output to the magnetron.

LBO1 is a switching coil. This conducts after CR813/CR814/CR815 turn on completely in order to
minimize heat energy loss. CR816/CR817/CR818 and R816/R817/R818 absorb the counter
electromotive force that develops the moment CR813/CR814/CR815 from damage. C804
decouples the pulse energy that is liable to occur across the magnetron heater when T801
secondary windings are unbalanced or the load is asymmetric.

Duplexer and Mixer

Since the radar system uses a single antenna for transmission and reception, an efficient deviceis
required for switching between the transmitter and the receiver. This radar employs a circulator
(HY801) for this purpose.

The circulator HY801 is a passive directional coupler with three ports. It contains a permanent
magnet and a core of ferrite material and bends the electromagnetic waves in aspedific direction. The
microwave energy produced by the magnetron enters the circulator from port 2. It is bent in the
specific direction and emerges from port 3 with alittle toss, port 1 being isolated. Inthe same manner,
the received signal entering into port 3 is transferred to port 1, isolating port 2. This operation of the
circulator protects the receiver during transmitting and minimizes the loss of the received signal during
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reception.

The received microwave signal from the circulator is delivered to the TR limiter (CR810), which is
composed of a gas filled primeriess switching tube and a varactor limiter. itis apassive device and
no electrode is provided. During transmission it serves as a barrierto protect the MIC from high RF

power generated by the magnetron.

The RF energy from the magnetron ionizes the gas in the switching tube, and the switching tube
behaves like a short-circuit across the waveguide. Leakage energy from the switching tube is

further attenuated by the varactor limiter.
During the receiving period, echoes being receivedby the antenna and entering the waveguide are

considerably weaker and the gas in the switching tube remains de-ionized. In this time, echoes
pass through the varactor limiter to the MIC without any attenuation.

Since the TR limiteris a passive device, it can protect the MIC from strong signals transmitted from
other radars operating in the close proximity even while the radar is switched off.

U801 is a microwave IC (MIC) incorporating a local oscillator and mixer diodes. The received
microwave signal of 9415 MHz coming fromthe TR limiter is mixed with the local oscillation signal in
the mixer diodes and converted to IF signal of 60 MHz.

IF Amplifier 03P6734
The IF signal of 60 MHz coming from the MIC is amplified and converted into a video signai, which
is delivered to the Display Unit.

The IF amplifier is composed of 5 major circuits; Linear Amplifier (Q601), Logarithmic Amplifier (U601
to U610), Video Amplifier (Q606/Q607), MBS puise forming network, Bandpass Selector (Q61 5)
and Tuning Indicator Circuit (Ue1e).

The IF amplifier operates in either narrow or wide bandwidth mode depending on the settings of the
RANGE selector and TX touchpad. For short ranges, a wide bandwidth (27 MHz) is selected as pin
10 of U615 Becomes low. Thus, CR602 to CR605 are conductive and CR601/CRE06 are cut off,
causing the signal to pass through CR603/CR604. On the contrary, CR602 to CR605 are cut off
and CR601/CR606 are conductive, which causes the signal to pass through T603/T. 604, selecting
a narrow bandwidth (3 MHz) on middle and long ranges.

The signal through the bandpass selector is coupled to the logarithmic amplifier and amplified by

Y-V oy g R P
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U601 to U607 and Q603/Q604. Thus, the output signals of Q603/Q604 are fed to Q606/Q607 to
be amplified further, and then sent to the Display Unit.

The IF signal of 60 MHz is amplified by Q609/U610. Then the detected signal (Turning Indicator
Signal} is sent to the Display Unit via U616.

On the other hand, Q608/U610 and U608/U609 are additional ampiifier circuits to make the dynamic
range of the IF signal wider, causing the discrimination of the target echoes to get better. The IF signal
from the MIC is fed to Q609 as well as through resistors R639/R640 which are employed to
attenuate the signal level.

Therefore, Q609/U610 amplifies even astrong signal which may be saturated in Q601/Q602 and
U601 to U607, and then sent to logarithmic amplifier U608/U608. This signal is added to the
saturated signal in U601 to U607, causing the saturation level of the IF signal to become high.

The MBS (Main Bang Suppression) waveform is fed to pin 1 of U616 to eliminate the strong
transmission signal (main bang).

Bearing Sianal G MP-37¢

The bearing signal generator produces asquare wave signal that is used to synchronize the sweep
rotation with that of the antenna.

U901 is a photo interrupter composed of a light emitting diode and a photo transistor. It has a U-

shaped construction. The light emitting diode is mounted on one wall of the “U” shape and the photo
transistor on the other wall. A rotating timing disc is arranged between the two walls.

The timing discis provided with 60 slits at regular intervails along its circumference. It is fitted on the
scanner motor shaft and rotates at a speed of 144 rpm.

The photo transistor receives the light emitted by the light emitting diode thru each slit of the timing
disc and converts it into electric currents. The output of the photo transistor across R903 is a half-
rectified sine wave at a frequency of 144 kHz. This signal is amplified, reshaped and sent to the
Display Unit for display echo synchronization.
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12 OPERATOR’S MANUAL INCL. CIRCUIT DIAGRAMS (FCC Rule §2.983)

(See separate covers)
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ATTACHMENT 1
[ TEST DATA FOR ﬁﬁEQELQUS—EMlSSJQN.&AIANIENNAIEBMMLS]
1. Spurious emissions for 0.125 nm Range:
T:@Eﬁa*oc_r?l,_ls?a_i'_ﬁ_ - Ref. level: -15.12 dBm
iL -15.12 dém HKR ®1 FRQ 9.41Y4 Y4 gH;
ATTEN 1% 4B 15,19 48w
18.88 desg1y FR¥2155 [TX-B.H 25NN L
POS |PK Emission limitations:
~€5d8 1 ~(@8) 25 dB for 50 to 100 % of
-35d48 the authorized BW (1 00 MHZ)
(b) 35 dB for 100 to 250 % of
il : _ the authorized BW (100 MHz)
) £ Without Eil
|
|
- ’ CERTER 9.4913 § OFz SPAN 508.9 Az
*RB 1.88 MHz  «UB 1.8R MH: *5T 5.828 sac
- -
@T&Es&i' ocT 22, 1988 T
-15,12 dBa HKR 31 FRG 9 3FB GHz
ATTEN @ d 45,69 dim
18.88 dB/OIv FRE2455 |TX-8,§ PSNN
PO5 |PK
Emissjon limitations:
() 43 +10logPm=51.33 dB
" ; for more than 250 % of
the authorized BW (100 MHz)
Fig. 1.2 With Filter No.1
[ i : 41 TOF 17.508 GHz
*A8 1.@8 MH:z *UB 1.28 HH:z «5T 5.00@ sec

7:18  OCT 22, 1998

- 2 dBs HKR #1 FRAQ 15,150 GHz
TE df 73,63 dBm
28 _ds/QIv FR121553 |TX-8. ?(SNH

POS P
Emission limitations:
~(c}) 43 +10logPm =51.33 dB
S T L for more than 250 % of
the authorized BW (100 MHz)

Fi 3 With Filter No_ 2
3TAR iE.SBB_ELT TOP 10,808 GH:
R 1.B2 NHz  +UB 1.88 MH:

*57 5.0088 sec

+

o
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11:59:32 0OCT 22, 1988

-15.12 dBm HKR i FRQ 28.62 GHz
N = t§ 68.23 dbm
18.88 dB/OIV FRIZ1SS |TX-8 JL25HH
[ P05 PK
ng‘g‘-“ﬂé" LOSS Emission limitations:

*\(c) 43 + 10og Pm = 51.33 dB
for more than 250 % of
the authorized BW (100 MH2)

14 . \ 1
A P
Eiq 1.4 With Eilter No. 2
10.68 0Pz STOP 26.58 Gz

«AB 1.R@ MHz  +VB 1B8 kH: *5T 5.888 sec

14:84:19 0OCT éé, 1398

-15.12 dBs HKR ®1 FRQ 38.41
N=§ 52.31 dBs
1.8 dBs0IY FR}2155 |TX-8. 2SN
CONVERSION LDSS Fosf iaaiam [imitati
mk- 23 Emission limitations:
W%-(c) 43+10logPm=51.33dB
+—1 for more than 250 % of
the authorized BW (100 MHz)
U I ! . 1 l[ j\
TP W B WY A & Y

i With Filter No. 2

START 26.5d GHz STOF 49,89 GH:z
«HE 1.28 MH:z sU8 188 kHz *ST 5.88@ sec
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2. Spurious emissions for 3 nm Range:

[@ 13:3@:55 OCT 21, 1498
L -12.25 diw MKR #1 FRG 9.41S B CHz

ATTER 1@ g8 12,59 ds
18.20 46,01y FR}a1ss [Tx-an
POS |PR
2548
35d8}——— \\\
] -
CENTER 7,115 50 SPAN SBU. B A
*RB 1.8d MH: +UB {.08@ MH:z *ST 5,808 sec
) 18:38:25 ocT 22, 1938
-12.25 dbm HKR %1 FRQ 9.418 GH
ATTER 8 J 35,90 dbe
18.88 d8/d1v FR}2155 [TX-3N
PDS F"K
Al
R o ok A .
STAR ] ﬁﬁ H TOP 17,588 GH:

. Bal GH:
’ “RE {.0@ HH: *UB 1.08@ HMz ST 5.880 sec

11:41:38 0CT 22, 1998
-1i2.25 dBm HKR %1 FRQ 16,666 GHz

ATTEN 1@ db 65,86 dBm
19,898 d8/QIV FRrE155 [TX-3N
PGS [PK

STRRT 12,5
*RB 1.08 MH:

dd GH: TOP 1B, GHz
*UB 1.88 HH: *5T 5.0880 sec

Ref. levei: -12.25 dBm

Emission limitations:
~{a) 25 dB for 50 to 100 % of
the authorized BW (100 MH2z)
~(b) 35 dB for 100 to 250 % of
the authorized BW (100 MHz)

Fig. 2.1 Without Fil

Emission limitations:
() 43+ 10logPm=50.11dB

for more than 250 % of
the authorized BW (100 MHz)

Fig.2.2 With Filter No.1

Emission limitations:
{c) 43+10 log Pm =50.11 dB

for more than 250 % of
the authorized BW (100 MHz)

Fig. 2.3 With Fiter No, 2
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.y 13:44:31 DOCT 22, 1398

-12.29 _dBa AKR %1 FRQ £@.64 GHz
LG 58.94 dBa
13 a 1V FR}2155 |TX-3N
POS [PK
CONVERSION LOSS
2d.98 dB

e J*_A__..

B.88 GH:
88 1. BB HH1 'UE 188 kHz

5TOP ¢6.08 bhz
»5T 5.008 sec

[@] 14:88:17 0OCT 22, 1396

-i2.25 diim HKR *1 FRQ 38.%43 OHz
™ = 50.94 dbm
18.48 des4iv FR$2155 [TX-3N
L POS [PK
CONVEASION LOSS
24.88 dB

“'L*-l\. NYITH

s

STAR 58 GHz
«A8 1. BB HHz U9 188 kHz

STOP
57 §. FT L] sec

Emission limitations:
|
“(¢) 43+ 10logPm=50.11dB
for more than 250 % of
the authorized BW (100 MHz)

Fig 2.4 With Filter No_ 2

Emission limitations:
Y\(c) 43 + 10 log Pm = 50.11 dB

for more than 250 % of
the authorized BW (100 MHz)

Fia. 2.5 With Filter No. 2
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TE

3. Spurious emissions for 12 hm Range:

13:37:

1533

%} a3 oct o1, Ref. level: -0.59 dBm
8.59 dBe HKR #1 FRQ 9.413 1 GH:
[ATTER 1@ 48 -0.59 dBa
12.88 da/giv FRI2155 jTX-17NN
POS |PK
Emission limitations:
-25d8
3548 \ - 25 dB for 50 to 100 % of
! the authorized BW (100 MHz)
\ 35 dB for 100 to 250 % of
~4 \.\ the authorized BW (100 MHz)
I
[ CENTER 9.H13 O 6Wz SPNNJ'SFHTH?'
“RB 1.88 NHz  «UB 1.88 MH: ST 5.888 sec
@ 18:48:31 OCT 22, 1598 o
-B.59 dBn HKR 81 FR{ S 418 GHz
ATTER i@ dBm
12.89 dB/(QIV FR{2455 TX-!E o}
PaS [PK
! Emission limitations:
43 + 10 log Pm = 54.64 dB
- — for more than 250 % of
. Nnn - the authorized BW (100 MHz)
STAR 8 GH: TOF 13 508 GHz
*RE 1.00@ ﬂHz *UB 1.28 HH:z *S$T 5.889 sec
11:27:23 ocT 22, 1as8
-9.59 diis KR %1 FRG {6,914 GHz
18 4B 63.04 dBm
1e.u8 dosfjv FR$2155 |[TX- 1N
PO JPK
Emission limitations:
(c) 43+ 10log Pm = 54.64 dB
— - N for more than 250 % of
— the authorized BW (100 MH2z)
Fig. 3.3 With Filter No_ 2
ITART 17500 G TOF 1508
*RE 1.80 MHz

UUB 1.88 MH:

GHz
*5T 5.088 asac




13:49:1@ OCT 22, 1598

-0.59 dfm MKA #1 FRQ H

N = |6 1 CER dBm
10.88 da-sgdiv FRT2155 rx-xatn
POS [FK

coNuI:nswr L0ss| S

. Emission limitations:

Yo(c} 43+ 10log Pm =54.64 dB
| for more than 250 % of

l | the authorized BW (100 MHZz)

[l

ok

Fiq. 3.4 With Eilter No. 2

18.88 GHz STOP J0.53 OH:
«A8 1.88 MH:2 =UB 188 kHz «3T 5.208 sec

14:14:54 OCT 22, 1398

-8.59 dfa R #1 FRQ 38.4% GHz
N = 37.43 dBm
19.8¢ dB/Q1V FR12455 |TX- 12NN
POS JPK
CONY 0N LOSS
24 . B8 d4B

Emission limitations:

’\(c) 43 + 10log Pm = 54.64 dB
for more than 250 % of
H ' the authorized BW (100 MHz)

_ILJL.L Y aad

Fiq 3.5 With Filter No. 2

STARA 25.568 OHz
*RB 1.0@ HH: “U8 188 kH:z

STUF 4B z
*ST 5.880 sec




4. Spurious emissions for 96 nm Range:

13:44:11 DCY 21, 1598

1 Ref. level: 2.24 dBm

2Y diw HKR ®1 FAQ 5. 4AB 1| GH:
ATTEN 28 g8 2.24 dom
18,80 dB/g1v FRI21S5 |TX-9gNH
O3 JPK
asdg Emission limitations:
35d8 Wi (@ 25 dB for 50 to 100 % of
N the authorized BW (100 MHz)
- ~N [ _ (b) 35 dB for 100 to 250 % of
“ * * ' the authorized BW (100 MHz)
Fig. 4.1 Wit Eilt
CENTER 9. 406 T 0Bz SFAN 500,90 WAz
«UB 1.d@ MHz *5T 5.88@ sac

=RB 1.88 HHz

[@] 18:42:44 9CT 22, 1998
. 2.24 dim MKR %1 FRQ 9.4
ATTEN 18 4B 36.24 dBm
18.88 d8-/01v FR; 2155 TX-%G M
[}

Emission limitations:

#(c) 43 + 10 log Pm = 57.92 dB

for more than 250 % of
the authorized BW (100 MHz)

SRR o — Fig. 4.2 With Fiiter No.1

. Ghz . z
*AB 1.088 MH: *UB 1.88 MH: *S5T 5.808 sec |

11:@9:11 OCT 22, 1998
2.24 dBm KR %1 FRQ 16.G565 (Hz

ATTER 1@ dB 63.7d dBm
10.80 desgiv FAT2155 [TX- 96NN
POS [PK

Emission fimitations:

() 43 +10log Pm =57.92 dB
o —— 4 g for more than 250 % of
the authorized BW (100 MHz)

Fig.4.3 With Filter N

START 12, z TOP 10,800 GHz
*HB 1.88 HHz  «VB 1,P@ MH: *5T 5.0080 sac




LABOTECH

13:51:51 OCT 22, 1998
) 2,24 _din HKR %31 FR 18 GHz
N = tb . Ba
18.008 dp/QIv FA$2155 |TX-96NH
PDS |PK
CONVERSION LOSS|
a2.98 d8
1 l [ _i I I L i 1
AAL L Ll LI ALk "
A 10 GHz 5TOP ob. z
«RB 1.0@ MHz “YB 1@8@ %Hz «ST 5.008 sec
14:26:2@8 OCT 22, 1998
n MKA_®i FRQ .2 ‘
N = 1.4 »
18.89 ds-/giv FR}2155 {TX-96NH
POS |PK
CONVERSION LOSS
|
L i 11
S L ] i
STHR b .50 z STOF 6.8 Hz
=B 1.88 MH:z *UB 186 kHz «ST S5.8B8 suc

Emission limitations:

W (c) 43+ 10logPm=5792dB
for more than 250 % of
the authorized BW (100 MHz)
Fiq. 4.4 With Filter No. 2

Emission limitations:

9-(c) 43+ 10logPm=57.92dB
for more than 250 % of
the authorized BW (100 MHz)
Fiq. 4.5 With Filter No. 2
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ATTACHMENT 3

[ TEST DATA FOR
1. Harmful Interference to Receiver

(Band : 14 kHz - 490 kHz)

11:14:57 ocT 26, 1998
.8 v

El~j51JI2E3E3EEEESlE)I!_£1EiJt1I]EE1EJEE3EEEi(ZEilifiﬁlliEiEZJSIﬂlEifi]

Bul
18.20 de/qIv FR-2155 qFF
1 U‘V”\
A, - e ey
17,0 kH STOP 4O%
«RB 3.88 kHz

z
“UB 10.2 Lz

kHz
*3T7 L.0@8 suc

11:18:82 0CT 26, 1399

B8 B8 dBuy
ia.88 dB-/qIv FR-2155 T-BY
'y
STAR 7.0 «tH:z 5TOP U080 kAz
“RB 3.88 kHz VB 18.8 kHz ST 1.BBE sec
(@) it:20:16 00T 26, 1390 '
198_ 8@ dayy
HTTER H
18.8§ disdiv FR-ai55s Yx-ug
BUS |PK
i 1
I
START 198 KWz T Rt
*RE 3.8 kHz VB 18,8 kHz ST 1,808 nec




L TE

{Band : 490 kHz - 5 MHz)

[ﬁ] 11:32:28 0CT @b
i

, 133

B.88 dBuY
ATTEN B 44

10,09 gosQiv FR-2155 (FF |
= Pas
nV Ulm
VL
START YO8 LHz STOP 5.00d HAz
*RB 38.8 kHz *VB 188 kHz *57 1.90d sac
11:36:38 0CT 26, 1338
8.08 _diyy
18.89 dasq1v FR-2{55 r-avl
2%
Fl
“START 99% WAz STOF 5. 9WW HHz
*RP 38.8 kHz +UB 1B@ kHz »5T 1.00B eac
11:38:37 OCT 26, 1338 ]
108,08 _dBuY
-
ag_desg1v FR-2155 x-4aK
PUs

AR
i

—
L

v

=

Y.

P iyhprviantry

s

"STHR

H5R ki
*AB 38.8 kH:z «UB 108 kHz

STOF

<yt

3
»ST 1.888 sac




LABOTECH

(Band : 5 MHz - 10 MHz)

’;— 13:28:41 OCT 25. 1998 T
)
18.88 _de/div FA-2155  dFF
[ 7D
M oA P4
i ' V
STAR 3. z . 3
*AB 168 kH: B 300 kH: ST 1.800 ssc
13:25:89 OCT 25, 1398 |
.88 dayy
18,88 dasgiy FR-2{55 -8y
e r-.'J\
e r-f'\‘ J IV
STAAT S.0a@ BH: - F
*RB 188 kHz  +UB 388 LH: *ST 1.808 smc

%] 13:27:86 O0CT 26, 149398

1ga dBuV

HTTE
-89 dg/giv FR-2155 1Ix-48

TP 1. Ul Az

. T .
*AR 188 kHz *VB 380 kH: 57 1.088 sac J




ABOT

(Band : 10 MHz - 30 MHz)

13:54:89 OCTY 26, 1338
']!5 dBuV

19,08 dB/OIV

FR-2155 OFF

0S [PK

AT ~18.68 HHz
L-HB 188 kHz VB 388 kHz

STOP 30,99 WHz

oS5T 1.498 mac

13:58:35 0CT 26, 1998
¥
o

18.64 ds/gQ1v FA-2159 r-svl

POS
et AN T e e
START 1U.BW WA: STOF 39,84 RFz
»AB 188 kHz  *UB 388 kHz +8T 1.808 sac

@ 14:98:36 OCT 25, 1948

FH'TTH B.88 dBuY

.89 dBsgIv

FA-2}5% X-'!%*
P

STRR 19. T
sRB 18@ kH: *Ug 380 kH:

ITOP J0,80 WAz
«ST 1.809 mec




LABOTECH

(Band : 30 MHz - 100 MHz)

14:123:44 0CY 2§, 19398

188, 08 dBuy
RTTER 1@ dB
18,8 de/d1y FA-2]55  qFF
J POS |F
110, ]
e A Wl
5TAR AHz ToPioa; 2
“V8 388 kH: *ST 1.BE@ mec

*HB 38R H2

0ET 26, 1938 ]

[EF] 14:33:37
184,00 dB

Ja,
«RB 308 kH:z

Tl
ATTER 1@ d8
18.89 dB/HIV FA-2155 §T1-BY
POS |PR
i A
-y i e Lo Py
0P 190. 8

z
*UB8 3088 kHz

HHz
*5T 1.084 sac
|

14:35:3? OCT 26, 1998
v

ATTEN 18 g8

18.89 da/qiv

FR-2155 Tx-YeN

PGS |PK

At daioaiiaad u . o

1 LT

STHH

ad
+fg 388 in

iz
W 388 kH:

10 .HR HH:
+ST 1,800 sec




LABOTECH

(Band : 100 MHz - 300 MHz)

15:@87:44 OCT 26, 1398
188,48 dByv

FATTEW 18
ia.89 dB/QIV

FA-2

55 JFF ’
fo

Lt

Lo
STAN .8 HH: STOF 328.°H HH:z
+AB IBE kHz =U8 388 kHz =57 1,808 mac
|%| 15:14:85 OCT 26, 1958
198.88 dBuV
EﬂTTE! t8 4B
18.8g 48041V FA-2155 HT-BY
PGS |PK
| A Il
ThE. B ST0P J08.8 Wi
sA8 3I8A kH:z *UB 208 kHz *ST 1.088 mec
15:13:12 OCT 26, 1998
180.88 diuy
A 1A 48
18.P§ dB/Q1V FR-2155  1X-Y4ON
POS [PK

N

) | Lo

“STAR) .8 HAH:
*R8 32@ kHz *UB 32@ kH:

STOP J98.% HH:z
#5357 1,088 mec




LABOTECH

(Band : 300 MHz - 1 GHz)

15:40:3§ O0CT 26, 1998

2,088 dhuv
ATTLE 1@ 48
B8.8% dR/q1v FR-2155 F
I
.l [ L.J_L_L i, e N
-]

FAGL . B NHz
*AB 388 kH: sVB 388 kH2

P 1. T
«5T'1.BA2 amc J

15:51:48 OCT 26, 1998
189 83 dhuv

FATTER {§ qb ,
8.8§ de-g1v FR-2{55  {1-8Y
i
i i
STAR B HH: STOF T. z
*RE 388 kHz  «UB 384 kHz «8T'1.289 mac J
15:53:52 OCT 25, 1938 I
190.88 dBuV
[ i@ g8
10,88 dB/gly FR-2{55 1x%-48

POS

START JUD. @ AH:
*RE 388 kM2 *U8 388 kH:

STOP 1. Gz
5T 1.088 mac




LABOTECH

2. Electromagnetic Field

(Band : 14 kHz - 490 kHz, Limitat 1 nm = 0.1 uV/m = -20 dBuV/m)

£1114:57 0T 26, 1998
'] ul

18.08 dBs/QIV

FR-2

55 JFF l

A

W

A

9.0 kH:z
RB 3.88 kH:z U8B 18.0 kHz

TP

o

28T 1.BBE sec

t4:108:82 OCT 26, 1938
108 88 dAuY

18.8 g1y

FR-¢

89 §1-8Y

POS

]

I

W W

19, T STup A kHz
#RB 3.@8 WH:z ayB 10.8 kHz »ST 1.888 sec
L
@ {1:2d:16 OCT 26, 1994
108 089 JByy
16.09 dg-s0Iv FR-2155 X-4i
PX

19.8 kH:z
=RE 3.688 kHz «UB 18.8 kHz

STOP R
ST 1.808 sec

kHz

-26 dBuV/m

.26 dBuV/m

-26 dBuV/m



LABOTECH

(Band : 490 kHz - 5 MHz, Limit at 1 nm = 0.1 rVim = -20 dBuV/m)

@11.32:35_ 0Lt 26, 1939
1dd.88 dBuV

ATTE
-89 dgsg1y

FA-g

Y

V

STAR 443!& kHz

*AE 38.8 kH:z ="VE 18@ kHz

3T B KHz
»ST 1.808 mec

Ref. level (dBuV/m)

11:36:38 OCT 2§, 1938
v

| =126-100 =26 (at 0.5 MHZ)
=100- 96= 4 (at 3MHz)

=100- 88=12 (at 5MH2)

-20 dBuV/m limit line

B.88 dBy

i9. 8¢ o FR-2155 9T1-BY

| Pas
L-\___
A I e

byl

STAR kHz ) . T

*RB 38.8 kH: sUVB 18@ kH: =5T t,08% nac

11:38.37 OCT 26, 19%9P
188.88 dBuy

Ref. level (dBuV/m)

*’j = 126 - 100 = 26 (at 0.5 MHz)

=100- 96= 4 (at 3 MHz)

18.8 v

FRA-2

==

=100- 88=12 (at 5MHz)

-20 dBuV/m limit line

Y./

g/t

H9¢ IHz
=R3 3P0.@ kH: *YB 19@ kHz

STOP 5.1
*ST 1.88@ sa

=




LABOTECH Beport no_: F1112-98-022

(Band : 5 MHz - 10 MHz, Limit at 1 nm = 0.1 uV/m = -20 dBuV/m)

13:28:41 0CT 26, 1998
Yy

19.89 dasO1v FA-2455 OFF LK

POS

N T N Y

TOF 1B. 8@ [z
97 1,848 sac

“STAA . z
=*RB 108 kHz =Ub 328 kHz

Ref. level (dBuV/m)

13:25:89 0OLT 25, 1998 =100-88=12 (at 5MHz2)

mt I.i: qu T =100-83 =17 (at 7 MH2z)
. ’ - - = -78=

| 18 ER-2195 QT8¢ IFR—‘ =100 - 78 = 22 (at 10 MHz)

1 -20 dBuV/m limit line

W"ﬁa...”/\\.,ﬂ! V|

S TAAY 5 T TOF . AL
shB 10@ kHz =UB 388 kHz #ST 1. 888 suc
Ref. level {dByuV/m)
[EJIII;:E?:N; um:r 26, 1998 =100-88=12 (at 5 MHz;
AL 199,28 g0 =100-83=17 {at 7 MHz
3884 do/1v Fa-2{s5 x;-agsﬁhT‘_ =100-78=22 (at 10 MHz)
s e —— | -20 dBuV/m limit line
A\ M
I 1™
"4 g
STAAT S, z TOP 10,098 ARz
=f8 188 kH:z sUB 30@ kH:z ST 1.0d8 sac




LABOTECH

(Band : 10 MHz - 30 MHz, Limit at 1 nm = 0.1 uv/m = -20 dBuV/m)

L _180.8

[(d] 13:54:83 OCT 26, 1998
H .08 dBuy

1y ER-2155 grF
FO5 [PK
|
|
A 1 A]
S ey v ST S e v | e =
«R0 188 kH Moo 388 kHz “ist 1.088 EEU
7.—1;1@5:35-?2—5,"1993 - —7—| Ref. level (dBuV/m)
=100-78=22 (at10 MHz)
18,88 de-q1y FR-2155 dr-ev =100-70 =30 (at 20 MHz)
) =100-67 =33 {at 30 MHz)
———— ==—="—1 | -20 dBuV/m limit line
B8 189 LH; o8 308 kA i 968 nec
L) z L4 ", z - . ltl::J
777;;:“—(;5:;7—“77—”7' Ref. level (dBuVv/m)
o g e
d = -70= a z
18.88 dB/qQI1v FR-B155 T%-y4 =100-67 =133 (at 30 MHZ)
B 1 | -20 dBuV/m limit line
A PR oy
STAN

. ] ST . z
“R8 188 kH: «VB 389 kH: =ST 1_808 sec




LABOT

{Band : 30 MHz - 100 MHz, Limit at 1 nm = 0.1 uV/m = -10.5 dBuV/m)

[ 14:29:944 0OCT 26, 1988
108,88 dBuV
FAT 10 g8
18.89 dB/HIV FR-2}55_ OFF
FOS [PK
pd 1A
8. F] TOP . F]
»fB 308 kH:z =Up 388 kHz aST 1.288 sec

14:33:37 OCT 26, 1998

188. ul
FATTEY 14
1a.A8 d8-/01V FR-2155_ §7-BY

FUOS
il i

START 9. z TGP . T
=A@ 388 LH:z «VB 388 kHz +57T 1,888 sec

14:35:37 OCT 26, 1998
EE Eﬂ!,ﬂﬂ gouV
AT id dB
1¢.82§ d8-/Qiv FR-2}5% 1x—%ﬂﬂ
P

UL

ART 38, 7
+HB 3A@ kHz ayg 3IBB kH:z

TOF 184, ]
ST 1.008 sec

Ref. level (dBuV/m)
=100-61=239

- 10.5 dBuV/m limit line

Ref. level (dBuV/m)
=100-61=3%

- 10.5 dBuV/m limit fine




LABOTECH N it ool

{Band : 100 MHz - 300 MHz, Limit at 1 nm = 0.1 uv/m = -0 dBuV/m)

- —
@ 15:87:41 0CT 26, 1998
128 88 dBuv

ATTEN 1
18.88 dBsgIv FR-2{55 (QFF
PD3 P

Ul -

“STAM . @ HH:z STOF J00.0 HH:
sA@ 38 kHz *UB 3IB@ kH: =57 1.008 sac
L
I a —‘

ey Ref. level (dBuV/m)

ATTE st =100-60=40

18. 4§ ge-gdIv FR-2155  JT-BY ,

(1]
0 dBuV/m limit line
iR \

- s All components above the limit
are from external noise or
signals, not from RADAR.

STAR R ITOP W8 HE

RO 384 kHz «UB 388 kHz *37 1,888 nec
_t
r‘@&i‘hi dBuy | - 1398 Ref. level (dBuV/m)
18,88 io/00u FR-2155  ¥X-4BN =100-60 =40

0 dBuV/m limit line

All components above the limit
are from external noise or

START  1HU. B AH: TTor e signals, not from RADAR.
*R8 388 kHz VB 300 kM2 *ST 1.898 sec




LABOTECH

{Band : 300 MHz - 1 GHz, Limit at 1 nm = 3 uV/m = -9.5 dBuV/m)

15:48:3F OCT 26, 1998
2,88 4Byl
=ATTEN i@ dB
18.88 dBsOIv FR-213% F
' )iﬁ;i
A Y R T R W
STHR R z oF 1. F]
«RB 308 kHz aUB 30€ ¥Hz =57 1.000 sec
15:51:48 0OCT 26, 1998
BE. gA dhuv
ATTER T dB
18.B0 dB/QIV FR-2155 93T-8BY
FOS
| i
SThi 8B, @ HH: 0P, T
sRB 398 &Hz +UB 389 kHz «ST 1.88@Q sac
[E] $5:53:32 O0OCT 26, 1958
189.08 dBuy
FATTEN 18 48
1p.88 dB/QIv FR-2155 X-HEEL
POS [P

"START  300. 0
*AB 388 kH:

LLiE3
«UB 3088 kHz

.80 B OBz
8T 1.B8@ sec

Ref. level (dBuV/m)
=100-595=405

9.5 dBuV/m limit line

Ref. level {dBuV/m)
=100-58.5=405

9.5 dBpV/m limit line




3. Power Input to an Artificial Antenna

(Band : 14 kHz - 490 kHz, Limit at 2 m = -81 dBm)

@ 11:23:49 0CT 26, 1996

B.838 dBm

ATTEN @ df f
8- T f 55 ¥

08 IPK

iy
=]
e

kb
oy g

STRA 1%. 8 kHz .8 kHz
*AB 3.88 LH:z "V 18.8 kH: *57 1.8008 sec

- ]

U -
THIV

-81 dBm limit line

IH. kN N 1 s
“RE 3.02 kHz VB 10.8 kH: ST 1.008 sec All components above the Timit
- are from external noise or

signals, nat from RADAR.

11:29:42 OCT 25, 1998

Y. 3T
("}

-81 dBm limit line

are from external noise or
ignals, not from RADAR.

7. 5 %N T 4 kA7 —
“RB 3.8@ kHz = sUB 1.8 kHz ST 1.868 sec All components above the fimit
si



LABOTECH

{(Band : 490 kHz - 5 MHz, Limit at 2 m = -81 dBm)

ATTE

11:42:82 OCT 25, 1988

dBm

P10

14U
b 4

14
ARV
ka
iy b o
“STRA T STOF 5.98d RHz
=A8 JIR. 8 kHz «UB 1R@ kHz =57 1.888 sec

11:45:86 OLT 26, 1998
L]

2R

P WY Tﬂul
T

LS

-

STHR
*RE 3

q 2z
a.8 kHz =yB 18d kH2

L . z
*57 1.BHB mec

v
86—dn-eiy

11:48:31 0CT 25, 1938
-]}

T
P
s
I
14
Ed

| b

?ﬁ_

=

o

-

P —am

B

“STAW] T
sRB 28.08 kHz +VB 1€8 kHz

STOPF 3.

'
#ST 1,000 sec

-81 dBm [imit line

are from external noise or

All compenents above the limit
signals, not from RADAR.

-81 dBm limit line

All components above the limit
are from external noise or
signals, not from RADAR.




{Band : 5 MHz - 10 MHz, Limit at 2 m = -81 dBm)

%13:3&55 OCT 26, 1938 ‘(

40 B T EIT Rl A
£ % -] YUY 1 ¥

... Sy AL A/

\"A ™ N7 vV
; F v
=AB 188 kH:z «UB 388 kH:z =57 1.0488 sec J
13:41:1@ 0OCT 25, 1398 —’
.80 dbm
ATTE |
3-8 i R F—BE

PO

}}£\+L R
o’
-81 dBm limit line

5 L Tt All components above the iimit
. . T .
=RAE 108 kHz *UB 388 kHz *5T 1.808 mec are from external noise or

signals, not from RADAR.

13:43:14 OCT 26, 1998
H.80 dRw
TIEN 8 d

1V

B
B
+

/
\\.x'\ A 2N

™y W

-81 dBm limit line

START S, ARz : 5 All components above the limit
*RB 108 kH:  =UR 38@ kHy *5T 1.808 mac

are from external noise or
signals, not from RADAR.
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{Band : 10 MHz - 30 MHz, Limit at 2 m = -81 dBm}

14:84:44 DCT 26, 1998
ﬂﬁl@:v

.l
[
N

MJWL -

"START 1@,
«RB 188 kHz

F]
*UB 388 kHz

STOF 30.80 ARz
*5T 1,8d8 sac

-81 dBm limit line

All components above the limit
are from external noise or

14:88:42 OCT 26, 1998
a
RATT! U [ Y 5‘5__%%#
7. z ¥TOP 36,08 HH:
«AB 188 kHz *U8 388 kHz «ST 1.808 sec
14:11:86 0OCT 25, i1884@

0
LaL" £ 5

a)se Jg :Huh
Ly o
K

Il

S B A s i

“STHR .
*RB 188 kHz

T
«UB 388 kHz

5T . £l
«5T 1.808 sac

signals, not from RADAR.

-81 dBm limit line

All components above the limit
are from external noise or
signals, not from RADAR.
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(Band : 30 MHz - 100 MHz, Limitat 2 m = -71 dBm)

14:38:35 OCT 26, t398
kA 1@ dB
18.89 desgiv FR-2155 OFF
PO JEK
Mg i
P Y R NP S st VLIl
START 3089 HA:z TOF 168, %8 Az
=RB 282 kH:z #UB 308 kHz *ST 1.00@ aec
|
14145:4¢ OCT 26, 1598
2 d
EN 14 4B
19.8% desgdiv FA-2155 941-BY
P

edbq | 71 dBm limit line

STAR

.B@ HHz
“A8 322 kH: *UB 3B kH:»

. HHz
5T 1.008 aac

are from external nhoise or

[\II cormponents above the limit

signals, not from RADAR.

@ 14:48:83 OCLT @6. 1998
A.80 dim
ATTEN 1@ 4B

ie.88 dB-/01V

FR-2155 {X-4&

P0§

jf
i

k3 | -71 dBm limit line

START 39, @@ HH:z
<RB 308 kHz sUg 308 kH:z

All components above the limit
are from external noise or

237 1.088 aec signals, not from RADAR.
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{Band : 100 MHz - 300 MHz, Limit at2 m = -61 dBm)

E‘I:Sh&:i 0CT 26, 1948
B.89 dﬁ.
BATTER 18 48

19.88 da8sgiv FA-2§55 FF L
POS [PK
Ll 3
Ji ]
POV IR P (BT il o [ o)
STOF J&0.9 AH:

«ST 1.8088 ssc

~ETAR . 1
«AB 3I0B kHz *Uf 388 kHz

14:50:32 OCT 26, 1998
- 2
18.88 dérs0IV FA-2155 {T-BY

(1]

jllL | : 61 dBm fimit line
ik | e

All components above the limit
are from external noise or

START (08.9 HRz STOF 300. @ BH: signals, not from RADAR.

*AB 388 kHz «UB 388 WHz =37 1.080 mec

15:@3:56 OCT 26, 1998
4.8 dBs

18.8§ dBsgiv FA-2{55 “'H”L
708 [PK

\ . | -61 dBm limit line
Y 1 N - e

?

All components above the limit
are from external noige or

STAR ¥ FK: STOP e signals, not from RADAR.
*HB 308 kH: U8 388 kHz =57 1.0€8 sec
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{Band : 300 MHz - 1 GHz, Limitat 2 m = -51 dBm)

15:56:50 OCT 25, 1998
, 8.8 ]
ATTEY 1@ 48
16,89 _de/QIy FR-2{55 0FF
FOS [FK
. I
1 adial hlhd e drathed -
“STAR T RA: Y0P T.O08 ¥ Hr
»RB 388 kHz *UB 388 kH: ST 1.080 sac

16:@2:1S OCT 26, 1938
§.88
ATTEN 1@ l
18.89 dB/fIV FR-2155 3T-8Y
POS [PK
i
pAd iy anbpila -
STAR . 2 STUP 1, 2
*RB 388 kH2 U8 388 kifz *5T7 1.08808 sec

F{E] 16:84:18 OCT 26. 1938
Bl W.ae gy
1 £ ]
18.88 da/d1v FR-2§55 ix-aguk
70
, |
oniaandacoa duda B ot N
STAR 3

.8 MHz
=AB 388 LHz =UB 388 kH:z

. 'z
*3T 1.088 sac

-51 dBm limit line

-51 dBm limit line
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ATTACHMENT 4 [List of Test/Measuring Equipment ]

3. RF Power Qutput

Model

Spectrum Analyzer
Oscilloscope
Directional Coupler
Voltage Divider
Current Transformer
Power Meter
Power Sensor
Frequency Counter
Frequency Meter
Crystal Detector
Step Attenuator
Step Attenuator
Dummy Load

4. Modulation Characteristics

Modef
Oscilloscope

Step Attenuator
Step Attenuator
Crystal Detector
Directional Coupler
Dummy Load
Voltage Divider
Spectrum Analyzer

Type
71210C

TDS680B
P6015
2100
436A
8481A
TR5824A
X532B
4238
8494B
8495B

Type
TDS6808
8494B
84958
423B

P6015
71210C

e m ot e A A ™ T Y

Serial no,
2927A02847
B030202
R94471

2410A19137
2349A39603
41940036
1441A00523
1822A24214
1510A07310
1350A04754
8411057

Serial ne.
B030202
1510A07310
1350A04754
1822A24214
R94471
8411057

2927A02847

epo

; 12-98-0,

Mfr,

HP
Tektronix
Shimada
Tektronix
Pearson Electronics
HP

HP
Advantest
HP

HP

HP

HP
Shimada

Mfr,
Tektronix
HP
HP
HP
Shimada
Shimada
Tektronix
HP
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6. Spurious Emissions at Antenna Terminal

Model Type
Spectrum Analyzer 71210C
Attenuator (10 dB}) 8491B
External Mixer: 11970K
External Mixer: 11970A
Directional Coupler -
Dummy load -
Notch Filter
Circulator MABL32#8
Bandpass fiter =~ = -
High Pass Fiter ~ -===-

7. Field Strength of Spurious Radiation

Model Type
Broadband Rod Antenna M 95010-1
Biconical Antenna BIA-25
Conical Log-Spiral Antenna LCA-25

Double Ridged Guide Horn Antenna :RGA-180
Horn Antenna: m---

Spectrum Analyzer: 71210C
External Mixer: 11970K
External Mixer: 11970A
Notch Filter

Circulator MABL32#8

Bandpass fiter = ----

_paaeAd -2of3 -

Serial no.

2927A02847
36122
2332A00589
2332A01187
R94471
8411057

0496
2650
2886

2927A02847
2332A00589
2332A01187

R9904

e 0. : 12-98-

Mfr,

HP
HP
HP
HP
Shimada
Shimada

Microwave Associates
Shimada
Furuno

IMfr.

Advanced Blectronics
Electro Metrics
Blectro Metrics

EMD

Toshiba

HP

HP

HP

Microwave Associates
Shimada
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8. Frequency Stability

Model

Power Meter:

Power Sensor:
Frequency Meter:
Directional Coupler:
Dummy Load:
Environmental Chamber:

Type

436A
8481A
X5328B

Fur

Serial no,

2410A19137
2349A39603
1441A00523
R94471
8411057

TBE-3HW5GE2F 3013000995

9. Suppression of Interference Aboard Ships

Mode|

Spectrum Analyzer:
6 mWhip Antenna
4 mWhip Antenna
VHF Whip Antenna
UHF Whip Antenna

RF Vector Impedance Meter:

Spectrum Analyzer
Spectrum Analyzer

Type

71210C

14 k- 10 MHz
10 - 30 MHz
30 - 300 MHz

300 - 1000 MHz

4815A
TR4172
85668

-page A4 -3of3-

Serial no.

2927A02847

150M-W2UM
2048A03354
30690116
2637A03642

ofech Internation

Reportno. : FLI12-98-022

Mir.

HP

HP

HP

Shimada
Shimada
Tabai Espec

Mfr.

HP
Furuno
Furuno
Anten
Anten

HP
Advantest
HP






