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1 GENERAL INFORMATION
1.1 General
(a) Manufacturer: Furuno Electric Co., Ltd.
Ashihara-cho 9-52, Nishinomiya-city, 662-8580 Japan
(b) Model: FR-1510 MARK-3
Serial no.: 3366-0003
(c) Primary Function: Search, navigation and anticollision
(d) Maximum Range Scale: 96 nm
(e) Discrimination

Range Discrimination: 35 meters on a range scale of 1.5 nm
Bearing Discrimination: Better than 2.6 ° on arange scale of 1.5 nm

(e) Minimum Range: 35 meters on a range scale of 0.25 nm
f) Frequency Range: Fixed frequency, X-band

Type of Emission: PON
(9) Power Supply: 24/32 VDC

100/110/115/220/230 VAC, 50/60 Hz, 1¢

1.2 Transmitter

(a) Assignable Frequency for Shipborne Radar:
Between 9300 and 9500 MHz (FCC Rule 880.375 (d)-(1))

{b) Type of RF Generator

Magnetron Type: MG5241 or E3566
Peak Output Power: 12 kW nominal

(€) Magnetron Ratings
Center frequency of Magnetron: 9410 MHz
Tolerances
Manufacturing: +30 MHz
Pulling: 23 MHz

Tolerance for 20° C temperature variation: 5 MHz
(d) Guard Band:
Guard Band is specified to be equal to 1.5/T MHz, where "T" is the pulselengthin
microseconds. See para{e). (FCC Rule §80.209)
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(e)

1.3
(@)

1.4
(@)

(b)
(c)
(d)

(f)

Pulse Characteristics:

Furuno Labotech International
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Pulse Type Short1 | Short2 |Middle 1| Middle 2 |Midde3| Long |
Range Scale (nm) 0.125
0.25
0.5 0.5
075(%) | 0.75 (% | Q.75 (%)
1.5 (% 1.5 (M 1.5 (%)
3 3 3 (% 3
6" 6 (") 6 () 6 (*)
12 {(*) 12 {(*) 12 (%) 12 (%
24 (%) | 24() | 24 (%
48 48
26
Qutput pulselength (us)] 0.07 0.15 0.30 0.50 0.70 1.20
P.R.R. (Hz) 3000 3000 1500 1000 1000 600
Duty cycle 2.10E-4 | 4.50E-4 |4.50E-4 | 5.00E-4 | 7.00E-4 | 7.20E-4
Guard Band (MHz) 21.43 10.00 5.00 3.00 2.14 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
FET Type: 28K1450
Receiver
Passband
IF Stage:
Pulse Type Short 1 | Short2 [Middie 1]|Middle 2 | Middle 3| Long
{MHz} 27 27 27 3 3 3

Gain (overall) (dB):

Overall Noise Figure { dB): 6
Video Output Voltage (V): 0.7 positive across 75 ohms

Features Provided:

Sufficient to cause limiting, approximately 130

(typical)

Sensitivity Time Controis (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)
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1.5
(@)

(b)

(c)
(d)

(e)

(f)

(9)
(h)

(i

1.6
(@)

(b)

Display
Type:

Size of Indicator Tube:

Sweep Linearity:

15 (in.} multi-color, 16-level quantization
Rasterscan, non-interlace, 1024 X 768 dots
15 in. diagonal CRT

effective dia. 180 mm

2 % on all ranges

Range Scales:
Range (nm) | Number of Range Rings| Range Ring Interval {(nm)
0.125 5 0.025
0.25 5 0.05
0.5 5 0.1
0.75 3 0.25
1.5 6 0.256
6 0.5
6 )
12 6 2
24 6 4
48 6 8
96 6 16
Range Ring Accuracy: Better than 1 % of maximum scale in use

or 10 m, whichever is the greater

Overall Bearing Accuracy from Scanner to Display:

Target Plot Facility:

Heading Indicator:

True Bearing Indicator:

Antenna

Better than 1°

Simulated afterglow in low shade

Provided, automatic alignment. Heading Line and Heading

Marker
Provided

Antenna Rotation ON-OFF Switch:

Provided, interlocked with the Power Switch and Transmitter Circuits.

Reflector: Slotted waveguide array,
Radiator Type XN12AF XN20AF
Length (cm) 120 200
Length (ft) 4 6.6

s D ~FERQ
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(e)

(9)

(h)

1)
(K)
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(m)

1.7
(@)

(b}

1.8
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Type of Beam: Vertical fan
Beam Width (between half-Radiator power points)
Radiator Type XN12AF XN20AF
Horizontal 1.80° 1.23 °
Vertical 20° 20°
Polarization: Horizontal
Antenna Gain:
Radiator Type XN12AF XN20AF
{(dB) 27.9 30.7
Attenuation of Major Side Lobes with respect to main beam:
Radiator Type XN12AF XN20AF
Within £10° 24dBorless () | -28dB orless
(£20° for (*)
Qutside +10° | -30dBorless (*) | -32dBorless

(£20° for (*))

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

clockwise

Antenna Rotation Rate (rpm): 24 rpm ( for RSB-0074)
42 rpm ( for RSB-0075)
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.

Line Power Supply Requirements

Input Voltage:

Power Drain:

Functional Controls
Range selector
INDEX LINE

A/C Sea control
Heading line off

24/32 VDC

100/110/115/220/230 VAC, 50/60 Hz, 1¢

200W
310 VA

Tune (manual)

Anti-clutter auto

Gain control
Echo stretch

_nage 7 of 58 -

EBL offset
Power Switch
Panel dimmer
MENU
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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) A/C Rain control
Range set Zoom EBL on/off
Target trail Brilliance (screen) TRU/REL
Navigation on/off Mark Brilliance Function #1- #2
Range ring on/off Text Brilliance
ARPA function (option)
1.9 Construction Features
(a) Does equipment embody reptacement units with chassis type assembly:
Yes
(b} Are fuse alarms provided: Fuses are provided.
{c) State units which are weatherproof: Scanner Unit (IEC |PX6}
(d) If all units are not housed in a single container, indicate number and give description
of individual units:
1 x Display Unit Type: RDP-119
1 X Scanner Unit Type: RSB-0074 (24 V, 24 rpm)
RSB-0075 (24 V, 42 rpm)
(Transceiver Type: RTR-062 (contained in the Scanner unit))
(e) Approximate Weight of Complete Installation:
Display Unit: 26 kg
Scanner Unit: 31 kg ( XN12AF-RSB-0074/75 )
34 kg ( XN20AF-RSB-0074/75 )
H Approximate space required for installation exciuding scanner:
Display Unit: 560 mm (W) X 461 mm (H) X 605 mm (D)

1.10 Operational Features
(a) Is positive means provided to indicate whether or not the overall operation of the
equipment is such that it may be relied upon to provide effective operation in

accordance with its primary function:

MagnetroryXtal checker
(b) Is the equipment for continuous operation:
Yes
{c) Is provision made for operation with shore based radar beacons (RACO NS):

Yes (RACONS and SART)

nano B ofb8 -
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2 IDENTIFICATION OF EQUIPMENT (FCC Rule §2.925)

The following nameplates are permanently fixed on the corresponding equipment

units.
FCC ID: ADB9ZWFR1510M3
Material of nameplate: Aluminum, 0.5 mm thick

MARINE RADAR

—

¥

CANNER UNIT
TYPE RSB-0074 Fig. 2.1
SER. NO. R093- Nameplate for

COMPASS SAFE DISTANCE
5 sToC—Im steerC___1m
EQUIPMENT CLASS

FURUNGC ELECTRIC CO.,LTD. C €
NISHINOMIYA CITY. MADE IN JAPAN

Scanner Unit
(RSB-0074)

=/

—
MARNE RADAR
—
0

) SCANNER UNIT ©
TYPE [_Rseoors ] Fig. 22
SER.NO, | R094: il Nameplate for
COMPASS SAFE DISTANCE -
L S steerl_Im ¢ Scanner Uit
EQUIPMENT CLASS

FURUNO ELECTRIC CO., LTD.
kLNlSHINONHYA CITY. MADE IN JAPAN

—)

— \

MARINE RADAR
| MODEL [FR-1510MARK-3 |

Cy DISPLAY UNIT \9
TYPE [RDP-119

NPUT  [2a-82vDC () | Fig. 2.3

Nameplate for
SER.NO. .
ER.NO. [ oas ] Display Unit

FCCID: | ADB9ZWFR1510M3 ] (RDP-119)
[ FURUNO U.S.A., INC. ]
[ MADE IN JAPAN ]

OMPASS SAFE DISTAN Note: O

COMPASS S ISTANCE (1) 100 - 115 VAC, or

@ sTD[__|m STEER[ ] m @ (2) 220 - 230 VAC
EQUIPMENT CLASS for AC Power Supply.

NISHINOMIYA CITY. MADE IN JAPAN

FURUNO ELECTRIC CO., LTD. ( 6
/)

.
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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 a ratio of 1000to 1 and the oscilloscope.
Current pulse was viewed across the wideband current transformer with output voltage per ampere

1.00.

Nominal values

Puise Type Short 1 Short 2 Middle 1 Middle 2 Middle 3 Long
[Range scale (nm) 0.125 0.5 0.75 6 12 96
Pulselength (us) 0.07 0.15 0.30 0.50 0.70 1.20
PRR (Hz) 3000 3000 1500 1000 1000 600
Duty cycle 2.10E-4 4.50E-4 4.50E-4 5.00E-4 7.00E-4 7.20E-4
Guard band (MH2z) | 21.43 10.00 5.00 3.00 2.14 1.25

Measured values

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

Pulse Type Short 1 Short 2 Middle 1 Middie 2 Middle 3 Long
z{ggl‘jg't}g‘n"g,“g)'ef 40.54 40.54 40,54 40.54 40.54 40.54
\'ﬂ,?g;ee" ﬁ?vi)"p“t 6.20 6.20 6.20 6.00 6.00 6.00

E“és;'egﬂg}i&‘:g) 0.294 0.480 0.892 0.960 0.896 1.332
f}‘gf’gg"; (;%"tu de)| 0072 0.080 0.080 0.080 0.080 0.080
?g%?% E,Lmea,ﬁ;i)me) 0.230 1.228 1.104 0.932 0.684 0.296

Magnetron input puise current

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

Pulse Type Short 1 Short 2 Middle 1 Middle 2 Middle 3 Long
Magnetron input
current (A) 3.6 3.6 45 5.9 5.9 59
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Pulse Type Short 1 Short 2 Middie 1 Middle 2 Middle 3 Long
Pulselength (us)

(50 % amplitude) 0.106 0.155 0.294 0.458 0.678 1.128
Rise time (1s)

(10-90 % amplitude) 0.078 0.080 0.150 0.252 0.276 0.260
Decay time (us)

(90-10 % amplitude) 0.095 0.110 0.222 0.240 0.288 0.748

RF envelope of the magnetron output pulse

The RF envelope of the magnetron output pulse was measured usinga diode and the oscilloscope
with the following results:

Puise Type Short 1 Short 2 Middle 1 Middle 2 Middle3 | long
Pulselength (us) 0.115 0.157 0.309 0.474 0.686 1.132
(-3 dB points)

Rise time {(us}) 0.020 0.020 0.150 0.150 0.180 0.180
(10-90 % amplitude)

Decay time (KS) 0.095 0.114 0.236 0.222 0.156 0.156
(90-10 % amplitude)

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

coupler, power meter and the oscilloscope.

Pulse Type Short 1 Short 2 Middie 1 Middle 2 Middle 3 | Long
Range scale (nm) 0.125 0.5 0.75 6 12 96
PRR (H2) 3089.1 2876.1 1544.6 1004.9 1004.9 600.0
Duty cycle 3.55E-4 4.52E-4 4.77E-4 4.76E-4 6.89E-4 | 6.79E-4
Magnetron input, av.| 7.93 10.08 13.32 16.86 24.40 24.04
(W)

Magnetron input, 22.32 2232 27.90 35.40 35.40 35.40
peak (KW)

Power meter reading| 0.260 0.319 0.406 0.471 0.695 0.663
(mW)

Magnetron output, | 2.944 3.612 4.598 5.334 7.870 7.508
av. (W)

Spurious response | 47.7 48.6 49.6 50.3 52.0 51.8
limits (dB)

Magnetron Output, | 8.29 8.00 9.63 11.20 11.42 11.05
peak (kW):

Magnetron efficiency| 37.1 35.8 34.5 31.6 323 31.2
(%):

R A N T .
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Peak Power Input to RF Generator : 28.7 kW
Estimated Efficiency of RF Generator :34.3 %

_nana 1?2 nfRA -

Eurunc Labotech International
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4 MODULATION CHARACTERISTICS (FCC Rule §2.987)

41 FET Trigger Pulse

Fig. 4.1.1 (Typical wave form of Trigger Pulse) Scale: 5 V/div.
Short 1 Pulse (0.125 nm Range}) 100 ns/div.
1 1 2 . ]

Bz T
l .
i Ji ' Test Paint for Trisgger Puise

i<l ¢
u.'.«‘ L4 ‘E

mavm
. 1<
<2
TGS § "]
L T AT

™e. (<1 %

i

PRI
e Gt =

YT F Ty N S—

Fig. 4.1.2 Test Point for Trigger Pulse
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4.2 Trigger Pulse at Magnetron Cathode
Tak NN LSOMS/ b 1
16 Aug 1984
172arn
Fig. 4.2.1 Short 1 Pulse (0.125 _nm Range} Scale: 2 kV/div. 200 ns/div.
WK teoMS/ 577
Al ¥ i T L 1 T 1
o bt WS R Y 20 g 1

1713

Fig. 4.2.2 Scale: 2 kV/div. 500 ns/div.

M Aug i0dE
1725219

Fg. 4.2.3 Middte 1 Pulse (0.75 nm Range} Scale: 2 kV/div. 500 ns/div.
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B8 Aug 1N
by 3]

Scale: 2 kV/div. 500 ns/div.

Fig. 4.2.4
AT 2 U0 ) .“mm
Y
Fig. 4.2.5 Middle 3 Pulse (12 nm Range) Scale: 2 kV/div. 500 ns/div.

Tou N 19OMEMN shaAmY, o

26 Aug 1N
1218

Fig. 4.2.6 Long Pulse (36 nm Range) Scale: 2 kV/div. 500 ns/div.
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4.3 Magnetron Output (detected):

43.1  Setup for Measurement:

Dummy Load

Oscilloscope

Directional Crystal

Coupler Detector
Att. 10dB

Magnetron (Radar RF Unit)

432  Measuring Equipment List:

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

Fig. 4.3.1
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4.3.3 Measured Data:

Yok G 1. 048X/ 118 Aogs

T Y Y Y v

N Avg 1083
1L {14

Fig. 4.3.2 Short 1 Pulse (0.125 nm Range) Scale: 50 mV/div. 50 ns/div.

78 Aug 199t
1580518

Fig. 4.3.3 Short 2 Pulse (0.5 nm Range) Scale: 50 mV/div. 50 ns/div.

28 Ay HROR
TR0

Fig. 4.3.4 Middle 1 Pulse (0.75 nm Range) Scale: 50 mV/div. 100 ns/div.
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26 Aug 1R
1R47:80

Fig. 4.35 Middle 2 Pulse (6 nm Range) Scale: 50 mV/div. 100 ns/div.

26 Aug 1902
10
Fig. 4.3.6 Middle 3 Pulse (12 nm Bange) Scale: 50 mV/div. 200 ns/div.

Yok I IneMEN

36 Aug LEsS
1540200

Fig. 4.3.7 Long Pulse (96 nm Range} Scale: 50 mV/div. 200 ns/div.
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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 and6.2.)

%] 13:26:59 AUG 26, 1938
-2, 33 din HKR #1 FRO 9. 413 4 GH:

Hrn e - \{ \ :\-15 egﬂr_i-;n:.lgp%nﬁn
AN AAY.

YY)

NTER 5.9f9 4 GH: Lfll HH:
*R8 1.9 Mz <UB 188 s ST 5.008 e Fig, 4.4.1 For Short 1 Pulse (0.125 nm Range)
13:52:01 AUG 26, 1998
-9.04 dBa HKA &1 FRQ 9. 417 S GH
ATTEN 18 -0.8Y dim
1d.89 d8/0Iv fA-1518 TX-8.6NN
ANTU 705 PK
VA A BEIYAY NN
L 1 v V 1
CENTER 8,417 5 UH: FUR RN
*RE 1.20 AH:  +U .06 fhz «ST 5.008 eec  Fig. 4.4.2 For Short 2 Pulse (0.5 nm Range)

13:57:84 AUG 26, 1938

5,25 de R 8| FAQ 9.Y17 @5 GHz
TEN 28 dB §.29 dis
18_B§ da/0iv A-1588HK3 JTX- "
W\ 05 [P
7\
"f\/\/\u ['\VA .
TENTER 3.417° 86 CGH: SPAN S6.068 FHz
*RD 1.90 WH:  ovB 1.80 Mz ST 5.000 0ec  Fig. 4.4.3 For Middle 1 Pulse (0.75 nm Range)

Cmara 1 nfFaR -
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14:00:88 RUG 26, 1338
18.62 dis HKR 84 FAQ 9.416
ATTEN 34 18.53 dbs
18.89 db/QIVv R-1518HK 1;-:@
/ \q POS
mr\(\f‘ v
A VAN
Uwq
ENTER 3,916 31 Gz SE.IJ HHz
*RS 1.90 MH: -0 1.08 B2 5T 5.i98 sec  Fig 4.4.4 For Middle 2 Pulse (6 nm Range)
14:21:18 AUG 26, 1938
ig, 84 d8 KR_#i FRG 9,443 OHz
ATTEN 38 o8 1!.?3 diia
8.8 41y FR-15180K3 |TX-1281
] ‘\ POS PK
o \\-‘\
'\J\NN
VN
TENTER 5,915 #6 GH: SFAN 58,08 AH:
R 188 MHz  -UB 100 M ST 588 s Fig 445 For Middle 3 Pulse (12 nm Range)
14:25:82 AUG 26, 1398
i 14.81 dBw NKA #1 FRQ 9.415 38 @
TTEN 30 4B 14.85 die
18.09_gB/qIv A-1510HK3 JTX-

/ \ POS [PX

CENTER 9.4915 [{:]] R T
*RO 1.09 MHz VD 1.8 MHz o857 5.808 sec Flg. 4.4.6 For Long Pulse (96 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 tothe 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 718 440  SUB Limit_line(@Sa)
0 CLEAR @Sa 450 Limit_line: !
40  CALL M_ain(@Sa) a0 OUTPUT @Sa:"CLRDSP.";
50 LOCAL @Sa 470 OUTPUT@Sa;"FUNCDEF LIMIT_LINE.™
% END 480 OUTPUT @Sa'PUPA 06547
o ! 40 OUTPUT @Sa;"LINET 1"
80 SUBM_ain{@Sa} 500 OUTPUT @Sa;"PD;PA 100,654,
S0 M_ain: ! 510 OUTPUT @Sa'PU;PA 201.654,";
100 ~ CALL Pwr_bw{@Sa} 520 OUTPUT @Se;"PD;PA 300,654;";
110 CALL Limit_line(@Sa) 530 OUTPUT @Sa;"PU;PA 105,630
120 ! 540 OQUTPUT @Sa;'TEXT @-35dB@;";
130 OUTPUT @Sa; "VARDEF K_ey.0;" 550 OUTPUT @Sa;"PU;PA 205.720";
140 ! 560 OUTPUT @Sa'TEXT @-25dB@:";
150 OUTPUT @Sa;"FUNCDEF D_LP"" 570 OUTPUT @Sa;"PU;PA 301,743
160 OUTPUT @Sa;"MOV K_ey 0" 580 OUTPUT @Sa'LINET 1%
170 ! 500 QUTPUT @Sa;"PD:PA 400,743,
180 Main_menu: ! 600 OUTPUT @8Sa;"PU;PAB01.743"
190 OUTPUT @Sa;"REPEAT", 610 OUTPUT @Sa"UNETL"
200 OUTPUT @Sa;"READMENU K _ey."; 620 OUTPUT @Sa;"PD;PA 700.743";
210 | location: % Top----Bottom-% 830 OUTPUT @Sa;"PU.PAT01,654",
200 QUTPUT @Sa;"1%Limit lHne %% 640 OUTPUT @Sa’LINETL"
230 OUTPUT @Sa;" 2.%Power bw %" 850 OUTPUT@Sa"FD;PA 1000.854HD"
240 OUTPUT @Sa"14,%  Bxit%;", 660 OUTPUT @Sa"™"
250 ! 670  SUBEND
260 OUTPUT @Sa;"IF K_ey,EQ, 1;THEN;LIMIT_LINE": 680  SUB Pwr_bw(@%Sa)
270 OUTPUT @Sa;,"ELSIF K_ey.EQ,2,THEN;,PWR_BW.", 620 Pwr_bw: 1
280 OUTPUT @Sa:'ELSIF K_ey.EQ4, THEN;ABORT:": mwe ! Calculating Power band width
200 OUTPUT @Sa;"ENDIF;", 710 OUTPUT @Sa; "VARDEF P_bw,C."
300 OUTPUT @Sa"UNTIL K ey.EQ, 14" 720  OUTPUT @Sa;"FUNCDEF PWR_BW.,™";
310 OUTPUT @Sa'IP;TS;", 730  OUTPUT @Sa;'CLRW TRA:"
320 OUTPUT @Sa;"ADORT", 740  OUTPUT @Sa;"CLRDSP";
330 OUTPUT @Sa;""" 750 OUTPUT @Sa;"SNGLS;",
340 ! 760 OUTPUT @Sa;"MXMH TRATSTSTS."
350 Define_keydef. ! 770 OUTPUT @Se;"MOV P_bw,PWRBW TRA,99.0,"
360 OUTPUT @Sa;"KEYDEF 7,D_LP, %DLP TEST%:" 780 CUTPUT@Sa;"DIV P__bw,P_bw,1000000;";
370 ! 70 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 @S&"" 820 OUTPUT @Sa'TEXT @ MHz @
410 ! 830  CUTPUT @Sa"""
420 SUBEND B40  SUBEND
Fig. 5.1 Program for Calculation of Occupied Bandwidth

_nacno 2?1 ofh8 -
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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.

13:21:59 AUG 26, 1996

-2.51 dBm MKR %1 FRG 9.420 @ GHz
ATTER 10 dB . 7‘ -2.74 dBn
18.08 dB/01v FR-151MK3 {TX-B. 4 25NH
POMERL BH =| 78625 quz POS [PK

I '“M
%

CENTER 9.4919 4 GHz SPAN 54@.0 MHz2
+RB 1.0@ MHz  «VUB 1.8@ Mi: +ST 5,088 sec
Fig. 5.2 Measurement of Occupied Bandwidth

Occupied bandwidth =  70.625 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 3
,,,,, BUT
HIGH NOTCH NOTCH FILTER FOR
PASS FILTER FUNDAMENTAL FREQ.
FllLTEH No. 1 Used only for 5.8 to 12.5 GHz
Used only for 12.5 to 40 GHz
EXTERNAL
MIXER Used only for18to
HP 11870K or 40 GHz
HP 11970A
ATTENUATORS
11 dB/ dB Used only for5.81o
18 GHz
SPECTRUM
ANALYZER
HP 71210C
Fig. 6.1

6.2 Measuring Equipment List:
See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT ].

Note: (1) The characteristics of Notch Filter (No. 1) aredescribed inFig. 6.2t0 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 1)/0.5 nm (Short 2)/0.75 nm (Middle 1)/
6 nm (Middle 2)/12 nm (Middle 3)/96 nm (Long)

e mam T AFED
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6.4 Emission Limits:
(a) Frequency Range (FCC Rule §2.997) : 10kHz - 40 GHz

(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 - 9510 M
9160-9310M
100 - 250 % At least 35
9510 - 9660 M
10k-9160 M |Atleast 43 + 10 log 10 (mean power in
more than 250 % | 9660 - 40,000 M|watts)

Note: (1) Assigned frequency (center frequency) = 9410 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 iower 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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Characteristic of Filter No. 1 (for X-band)

2 1
wour — A ] i

3
—— stusTungn  Fig- 8.2 Setup of Notch Filter No.1

Band pass filter This notch filter is used to
= for fundamental inclease the dynamic range of
signal component the spectrurm analyzer
DUMMY LOAD
1 ' 0dB
\f\_f""h-..—' i
i _i .10 dB
-20dB
-30dB
Fig. 6.3
6.0 7.0 8.0 GHz2

08
T A
]/ -20 @8
\ < -30 dB

Fig. 6.4

8.0 2.0 10.0 GHz

Cmartes 6 AFRR -



T 0 dB

-10 d8
g .20 d8
X\ .30 dB
N, //
\ r/ Fig. 6.5
2.3 9.4 9.5 GHz

Characteristic of Filter No. 2  (for X-band)

This filter is used to filter cut the
high level fundamental signal to
avold damage 1o the analyzer.

Tapered Waveguide Tapered Waveguide

10 GHz cutolf Waveguide

High Pass Filter Construction

0dB

-10 €B.

-20 dB

-30 d8

Fig.6.6

8.0 9.0 10.0 11.0

Y. ¥ ... B & ¥ ; |

12.0 13.0 GHz

-01
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7 FIELD STRENGTH OF SPURIOUS RADIATION (FCC Rule §2.993)

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

7.2 Date: Sept, 1998
7.3 Distance between the radar set and measuring antenna: 10m

7.4 Radar Range settings: 0.125 nm (Short 1)/0.5 nm (Short 2)/0.75 nm (Middle 1)/
6 nm (Middle 2)/12 nm (Middle 3)/96 nm {Long)

7.5 Measuring Equipment List:
See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT 1

7.6 Test settings:
See Fig. 7.1 - Fig. 7.5.

7.7 Field Strength Limits:
(a) Frequency Range (FCC Rule §2.997) : 10 kHz - 40 GHz

(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 Atleast 25
bandwidth) 9460 - 9510 M

100 - 250 % 9160 - 9310M Atloast 35

9510 - 9660 M
o 10k- 9160 M At least 43 + 10 log 10 (mean power in
more than 250 % {9660 - 40,000 Miwatts)

Note: (1) Assigned frequency (center frequency) = 9410 MHz
(2) Authorized bandwidth = 100 MHz

7.8 Test Results:
As showninATTACHMENT 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
e, | coupern L1 wETER || EUT.
X5328 T RADAR
502 /50 W RFUNIT
ENVIRONMENTAL
CHAMBER
POWER
METER
438A
with
POWER
SENSOR
8481A
Fig. 8.1
8.2 Test Conditions:

1) Radar Range settings : 0.125 nm (Short 1)/0.5 nm (Short 2)/0.75 nm (Middle 1)/
6 nm (Middle 2)/12 nm (Middle 3)/96 nm (Long)
2) Ambient Temperature settings: - 20 to + 50 °C (10 °C step)
3) Power Supply Voltage settings: 85 /115 % of nominal voltage (20.4 to 27.6 VDC)

8.3 Measuring Equipment List:

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

8.5
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Frequency Tolerance Limits:

"The frequency at which madmum emission occurs must be within the authorized
pandwidth 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 (fg): 9410 MHz

2) Authorized bandwidth (F(AUBW)): 100 MHz

"Upper limitfrequency ofthe authorized band”, f(UAUBW) = fq + f(AUBW)/2 = 9460 MHz

" ower limit frequency of the authorized band", f(LAUBW) = fg - f(AU BW)/2 = 9360 MHz

3) Assignanble frequency bandwidth : 200 MHz (between 9300 MHz and 9500 MHz)
(FCC Rule §80.375 (d)-(1))

"Upper limit frequency of the assignable band", f(UASB} = 9500 MHz

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

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

Pulse Type Short 1 | Short 2 | Middle 1| Middie 2 Middle 3 Long

Range Scale (nm)] 0.125 0.5 0.75 6 12 96
Pulselength 0.07 0.15 0.30 0.50 0.70 1.20
(4t sec)
Guard Band 21.43 10.00 5.00 3.00 214 1.25

f(1.5/T) (MHz)

Test Resulls:

Shown on Fig. 8.2.

(1) "Upper Tolerance Frequency measured {at - 20 °C)", f(U) = 9425.9 MHz

(2) "Lower Tolerance Frequency measured (at +50 °C)", f(L} = 9413.1 MHz

(3)-(a)

f(U) + max. f(1.5/T) = 9447.3 MHz < f(UAUBW) = 9460 MHz < f(UASB) = 9500 MHz
(b)

f(L) - max. f(1.5/T} = 9381.7 MHz > f(LAUBW) = 9360 MHz > f(LASB) = 9300 MHz

So, both are found within the specified limits.

—
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FREQUENCY STABILITY WITH VARIATION OF PRIMARY SUPPLY VOLTAGE:
The built-in voltage regulator allows no frequency variation against variations of
+15 % of nominal power supply voltage (20.4 t0 27.6 VDC for nominal 24 VDC).

Frequency (MHz)

9429.0

Fig.8.2 Frequency Stability with Variation of Ambient Temperature

" [—e— Short1 |
—a— Short 2
- Middle 1

» b Middle 2
—%— Middle 3
—a— Long

9409-0 ----------------------------------------------------- _@1—

9404.0 | - - R

9399.0 ‘ i i i i i i

20 10 0 10 20 30 40 % e

Temperature {°C)

v 2 AfRA _
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9 SUPPRESSION OF INTERFERENCE ABOARD SHIPS
(FCC Rule § 80.217)

9.1 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 (€2) 0 R (9 Corl
(H2)
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 A 150 M 116.5 105.5 52.5 nH
1/4 A 450 M 70.5 34.5 5.68 pF
9.2 Test Site: Rooftop of 6-story building,
Furuno Electric Company, Lid.
Ashihara-cho 9-52, Nishinomiya-city, 662-8580 JAPAN
9.3 Measuring Instruments:
(1) RF Vector Impedance Meter, HP 4815A
2) Spectrum Analyzer, ADVANTEST TR4172
(3) Spectrum Analyzer, HP 85668
(4) 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

9.4 Test Results:
Interference levels to the respective antenna were measured at 2 m from the radar which

was put inOFF, STANDBY, TRANSMIT conditions., and found within the specified limits.
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9.4.1 Harmful Interference to Recelver (FCC Rule §80.217 (a))

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

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

9.4.2 Electromagnetic Field (FCC Rule 880.217 (b) - 1}

Limits: for below 30 MHz, 0.1 uV/mat 1 nm (-20 dBpV/im)
for 30 to 100 MHz, 0.3 uV/m at 1 nm (-10.5 dBuV/m)
for 100 to 300 MHz, 1.0 uV/m at 1 nm (0 dBuV/m}
for over 300 MHz, 3.0 uV/m at 1 nm (9.5 dBuV/m)

Results: 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 )

9.4.3 Power Input to an Artificial Antenna (FCC Rule §80.217 (b} - 2)
Limnits: for below 30 MHz, 400 pW
for 30 to 100 MHz, 4,000 uW
for 100 to 300 MHz, 40,000 uW

for over 300 MHz, 400,000 uW

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

D . T ¥ ]
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MEASUREMENT OF IMPEDANCE OF TEST ANTENNAS

ZSWR R.COEF PHASE IMPEDANCE < NORM. >LOR C

REF -33.9dBm ATT 10dB MKR 4  10.00204 MHz

4.88 660 m 27 218Q-j2.280Q
PH-COR

PHASE  OFFSET C =140 pF

140 pF

R=218x50=10%Q

1/32
3095 ‘
RBW !
300 Hz / -
VBW '
300 Hz ||
SWP 100 mS - CENTER 10.0000 MHz
SPAN 10 kHz
ZSWR R.COEF PHASE IMPEDANCE < NGRM. >L OR'C
REF-35.00Bm  ATT10dB MKR3  27.500 MHz

2.4 402 m -35° 1.67 €1 - ] 906 m{l

MARKER 3 C =128 pF

27.500 MHz

RBW

300 Hz
vBw

o Hz

SWP 200 mS CENTER 27.50 MHz

I Y. S ¥ )

128 pF

R = 1.67 x 50 = 83.5Q

98-
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MEASUREMENT OF IMPEDANCE OF TEST NNAS
ZSWR R.COEF PHASE IMPEDANCE < NORM. >L OR C
REF -33.7 dBm ATT 1048 MKR7  150.00 MHz

2110-j990Q  525nH
A=2211x50=10650Q

2.69 458 m -24°

MG-COR PH-COR
MARKER 7 C = 52.5 nH

150.00 MH2z

RBW

100 Hz
vVBwW

30 Hz

SWP 500 mS TER 150.0 MHz

SPAN 10 kHz

ZSWR R.COEF PHASE IMPEDANCE < NORM.>L OR C

REF -35.1 dBm ATT 10d8 MKR 1 450.00 MHz

6891-j1.23mll  5.68 pF
= 0.689 x 50 = 34.502

4.16 612m -68°

MARKER 1
450.00 MHz

RBW

100 Hz
vBw

30 Hz

SWP 500 mS CENTER 450.0 MHz
SPAN 10 kHz

P - B & ¥ 4 |
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TECHNICAL DESCRIPTION OF EQUIPMENT (FCC Rules §2.983)

ANTENNA UNIT

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

TRANSCEIVER MODULE (RTR-062)

Modulator Trigger PCB 03P9243 (RFC)

CR1 - CR4,

CR6 - CRe: Over-Voltage & Reverse-Voltage Protection
CR&: Reverse-Voltage Protection
Q1-Q12,Q15: Current Amplifier
Q13-Q14: Buffer Amplifier

Ui: +5 V Regulator

uz: Inverter Gate

U3: Monostable Multivibrator
U4: PLD

Us: Oscillator

ue: NAND Gate

uz: Regulator

us: Photo-Coupler

U9 - U10: Comparator

Modulator PCB 03P9244 (MD)

CR1 - CR3, CRs:
CR4:

Q1-Q4, Q21:

as - Q20:

U1:

u2:

Reverse-Voltage Protection
Rectifier

Switching

FET Gate Driver

Regulator

Photo-Coupler
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Chassis Mounted Parts

CR870 - CR871:
CR880:

HY801:

uso1t:

Vv801:

IF Amplifier PCB 03P9232 (IF)

CR601-CR607:
CRe608:
CR609:
CR616:
CRe22:
CR626:
CR629-CR630:
Q601-Q602:
Q603:
Q609-Q610:
Q614-Q615;
Qé16:

Q617:

Q618:

Q619 - Q620:
Q625-Q628:
Q630:

Q631:
Q635-Q636:
U601-U603:
U604
U605-U609:
us1o:

ue11:

uei12:

Report no. : FLI 12-98-019

Clipper

Limiter

3 Ports Circulator

MIC Frequency Converter with Limiter
Magnetron

Switching

Over-Voltage Protection

Protector

DC Restoring

Thermal Compensation

Clamp

Over-Voltage Protection

IF Ampilifier in Cascade Connection
Switching

IF Amplifier in Cascade Connection
IF Amplifier in Cascade Connection
Bias Fix

Detector

Current Buffer

Tuning Indication Amplifier

Video Amplifier

Emitter-follower Amplifier
Over-Voltage Protection

Switching

IF Ampiifier

Band Width Select Comparator
DC Regulator

IF Amplifier

Pulse Generator

Inverter
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Bearing Signal Generator PCB MP-3795

Q901 - Q902: Pulse Amplifier
Ugo1: Photo Interrupter
Ugo2: Comparator

ey B AFEQ
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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) (1))

ANTENNA UNIT
TRANSCEIVER MODULE (RTR-062)

Modulator Trigger Circuit 03P9243 (REC}
The modulator trigger generates the pulses that fire the modulator FETs.

The pulse forming circuit of U2 to U6 produces the four trigger pulses TRIG1 to TRIG4,
the pulselength of which differ depending on the setting of pulselength (P/L A, P/LB

and P/L C). For short pulse 1 (SP1), TRIG1 to TRIG4 have same length (0.12 ps). For
short pulse 2 (SP2), middle pulse 1 (MP1), middle pulse 2 (MP2) and middie pulse 3 (MP3),
TRIG1 to TRIG4 have different length (between 0.10 to 1.04 us). For long pulse (LP},
TRIG1 to TRIG4 have same pulselength (1.2 us). These pulses are sent to the modulator

board.

U4 also produces the bandwidth selection signals (BW:S, BW:L}, which are sent to
the IF amplifier for bandwidth selection.

The circuit composed of U7, U8 and Q15 is provided to regulate the magnetron

heater voltage.

The U10 is a current amplifier to detect the average magnetron current.

Medulator Board 03P9244 (MD)

The function of the modulator board is to produce a high tension pulse that drives the

magnetron.

The high voltage (TX-HV) is charged into C1 to C4 through R1/R2 while the magnetron
is inactive. This high voltage is discharged through the puise transformer T801 when
FETs Q1 - Q4 are conductive. T801 boosts the voltage and makes the magnetron

oscillate.

-pane 53 of 58 -
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Because the magnetron oscillates only when the FET is conductive, transmission
pulselength can be changed by the pulselength fed to the gates of FETs.

Also the magnetron current is proportiona! to the discharging current via the FETSs,
thus the transmission power can be changed by the number of FETs conductive.

The four puises TRIG1 to TRIG4 are produced on the modulator board and applied to
the gates of Q1/Q2/Q3/Q4 via the current amplifier Q7/Q11/Q15/Q19.

The relay K1 and coil L1 are provided to eliminate the ringing at the trailing edge of the
transmission pulse across the primary winding of T801. This relay is active when the
short pulse 1 (SP1) is selected.

Duplexer and Mixer

Since the radar system uses a single antenna for transmission and reception, and efficient
device is required for switching the transmitter and the receiver, this radar employs circulator
HY801. The circulator HY801 is a passive directional coupler with three ports. The incoming
signal is bentinthe specific direction and emerges from another port with little loss, the other
port being isolated. in the same manner, the received signal entering into another port is
transferred to the other pont, isolating one port. This operation of the circulator protects the
receiver during transmission and minimizes loss of the received signal during reception.

The diode limiter is a self-activating switch made of two PIN diodes. Its function is to
attenuate the strong transmission signals from the magnetron and other boat radars
through the antenna and to protect the MIC (microwave IC) U801. The PIN diode conducts
at a certain level of microwave power. When the dicde is the cut-off state, the input
impedance of the diode limiter matches the impedance of the waveguide, and the
microwave energy is delivered to the MIC. When the diodeis put into a conductive state,
the waveguide is short-circuited and most of the input energy is reflected back to the
transmitter side. The strong signal is thus weakened down to about 50 mW by the diode

limiter.

_mnanasSd nfsR -
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U801 is a microwave 1C (MIC) incorporating & local oscillator and mixer diodes. The
received microwave signal of 9410 MHz coming from the diode limiter is mixed with the
local oscillation signal in the mixer diodes and converted to IF signal of 60 MHz.

IF Amplifier 03P9232 (IF)

The IF signal of 60 MHz coming from the MIC is amplified and converted into a video
signal, which is delivered to the display unit.

The IF amplifier is composed of six major circuits; Linear Amplifier
(Q601/Q602/Q609/Q610),

Logarithmic Amplifier(U601 /U602/U603/U610}, Video Amplifier (0625/Q626/Q 627/Q628),
Bandwidth Selector (U604, CR601 to CR607), Tuning Indicator Circuit (2614 to Q620)
and Main Bang Suppression Circuit (Q630, 0631,Q603, CR631, CR626, CR608,
CR609, U611, U612).

The signal applied to the base of Q601 is amplified in cascade by Q601 and Q602,
and sent to the bandwidth selector.

The IF amplifier operates in narrow or wide bandwidth mode depending on the

settings of the RANGE switch and TX touchpad. For short ranges, a wide

bandwidth (27 MHz) is selected, since the levels at pin #3 of U604 and pin #6 of

1604 go high, thus CR602 to CR605 and CR607 are conductive and CR601/CR606
are cut off, causing the signal to pass through CR603/CR604. On the contrary, CR602to
CR605 and CR607 are cutoff and CR601/CR606 are conductive, which causes the signal
to pass through T603/T604, selecting a narrow bandwidth (3 MHz) on medium and long

ranges.

The signal through the bandwidth selector is coupled to the jogarithmic amplifier,
amplified and detected by U601/U602/U610. Thus, the detected signals are fed to
Q625/Q626 to be amplified further, and then sent to the display unit via buffers Q627,
Qe28,

The IF signal of 60 MHz is amplified by Q609/0610, U603, Q614/Q615 and detected by
Q617. Then the detected signal (Tuning Indicator Signal) is sent to the display unit
via Q618 to Q620.
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On the other hand, Q609/Q610 and U603 are additional amplifier 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/Q610 as well as
through resistor R651 which is employed to attenuate the signal level. Therefore,
Q609/Q610 amplifies even a strong signal which may be saturated in Q601/Q602 and
U601/U602, and then sent to logarithmic amplifier U603. This signal is added to the
saturated signal in U601/U602, causing the saturation level of the IF signal to become
high.

The purpose of main bang suppression circuit is to minimize transmission leakage
near the center spot on the screen.

When the magnetron current Puise generated in Modulator board 03P9244 is fed to
inverter U612, pulse generator U611 produces a modified rectangular puise.

This pulse is fed to the emitter of Q603 through Q630 as a main bang suppression
waveform, then Q602 turns off during transmission to eliminate direct reception of the
strong TX energy (main bang).

The bearing signal generator produces a square 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 configuration in the shape of "U" shape. 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 disc is provided with 60 slits at reguiar intervals along its circumference,
It is fitted on the scanner motor shaft and rotated at a Speed of 144 rpm by the 24 rpm
scanner motor.

L L pmagw 2 oo
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The photo transistor receives the light emitted by the light emitting diode through each
slit of the timing disc and converts itinto electric current. The output of the photo transistor
across R903 is a half-rectified sine wave at a frequency of 144 Hz. 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 ]
1. Spurious emissions for 0.125 nm Range:
18:47:50 AUG 25, 1998 Ref. level: -3.1 dBm
-3.18 dBa MKR 91 FRQ 9,418 1 GH:
HTTE! 18 ¢B -3.18 dis
10.88 d8/01V FR-1518MK3 [TX-0. 02540 . T
POS [PK Emission limitations:
-25dB = (@ 25dB for 50to 100 % of
the authorized BW (100 MHz)
3548 ~=-—-(b) 35 dB for 100 to 250 % of
the authorized BW (100 MHz)
Y Fi L Wit Filt
CENTER 9,918 T 6Ri PR SE A
:BB Lﬂﬂ KH:  «uB 1ﬂﬁ_ﬂ_ﬂz _'ST 5.008 gec
@) 19:32.33 AUG a, 1938
-3.18 dwn HKR %1 FRQ 9,418 GHz
ATTEN 19 4B 20.29 dB
10,88 dB/gIv FA-15]@MK3 [TX-8.125N)
POS [PK
t
Emission limitations:;
i L =——(c) 43+ 10logPm = 47.69 dB
A for more than 250 % of
TR S ) IR the authorized BW (100 MHz)
Fig. 1.2 With Filter No.1
STAR . GHz TOP 12. X
A8 1.88 Méz <UD 1.80 Mz 4T 5308 sec |
H@ 19:02:18 AUG 26, 198 ]
| -3.10 dBm KR #1 FRQ 15,591 Mz
ATTEN 1@ d8 63,59 dEw
‘ 10.88 dh/QIy FR-15{@HK3 [TX-B.125NN
| POS [FK
l Emission limitations;
—(c) 43+ 10log Pm = 47.69 dB
. . for more than 250 % of
i ak s * the authorized BW (100 MHz2)
| Fig. 1.3 With Filter No. 2
START 12, 2 ToP 10,808 GH:
*RB 1.88 MH:  <UB 1.88 HA: *57 5,000 zec
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a9:48:45 AUG 27, 1398
-1,

([@ 18_dfim KR 84 FRQ_18.8% OHz

N = 16 50,24 dBa

\ 19,8 dB/[1V A-151aKK3 |TX-8. 12500
POS [PK

|{ convERSION LOSS

1 B

22.90 d

Emission limitations:

<—(c) 43+10log Pm = 47.69 dB
for more than 250 % of
the authorized BW (100 MH2)

STARY N 2 STOF 26,58 ohz

+RB 1.88 BHz  +VB 188 kiiz 5T 5.088 sec
(@‘wiﬁ?'alﬁ'nfws?_ -

-3.18 dow WKR 8% FAQ 37.53 GHz

W= 5§.59 dBa

\ 18.08 d8/sd1v R-151@MK3 |T-8.8 258
POS IPK
| |.convERs10N LOSS
\ eH.8y o8 Erission limitations:
\ ~—_(c) 43+10logPm =47.69 dB
for more than 250 % of

| the authorized BW (100 MH2z)

. 1.5 With Eier N

\:ﬁﬂ AL

l— —-

STOP 8. 1
iﬁ] 5.088 sec

.58 GHz
M4z =UB 188 erz 3
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2. Spurious emissions for 0.5 nm Range

Ref. level: -0.37 dBm

T[@ 11:21:39 AUS 26, 1898
‘ -B.37 dBl . WKAR w1 FRQ 9.417 95 ©
ATTER 18 ﬂ -8.3 G%ﬁ
10.89 d8s IU FA-1510MK3 [TX-8. 581 e
7S JPK Emission limitations:
-25d8 «(a) 25dB for 50to 100 % of
3548 ) the authorized BW (100 MHz)
. (b) 35 dB for 100 to 250 % of
the authorized BW (100 MHz)
Fig. 2.1 Wit Fil
TENTER 9.410 B GHz SPAN 508.08 fHz
R 168 A B L8 Me_ ST 5008 sec |
@E 29 avG 26, 1998
-9.37 dBa KR 81 FRQ 9.41H GHz
ATTER t@ 0 36,499 dBa
10.88 dB/qIv FA-1518HK3 |TX-8. Nﬂ
POS
t
Emission limitations:
- (c) 43+ 10logPm =48.58 dB
\ . for more than 250 % of
R N . the authorized BW (100 MHz)
5. 080 oMz TOP 12.588 GHz
| RO .88 MH:  «UB 1.80 MHz 5T 5.888 sec
~ig5e:.sa AUG 26, 19%8 |
-9.37 dBa KR %1 _FRQ 16,536 GHz
ATTER 18 48 63.74 dis
18.99 des0Iv R-15]BMK3 |TX-0.ENM
POS IPK
Emission limitations:
- (c) 43+ 10log Pm = 48.58 dB
for more than 250 % of
1 — the authorized BW (100 MHz)
———y¥ e SN > ey >
2 T _BEd CHz
B 1.B8 MHz +87 5,808 sec

Ay 123
[-na 1.88 MHz




{_?ﬁﬁrﬁﬁde;_w_i_ﬁj
-8.37_dbn KR ¥4 FAQ 10.85 O

N = [ 5577 din |
18.84 d8/01v F-151anKa (139, 5WY

CONVERSJON LOSS
2e.99 48 L. e e e
Emission limitations:

~ () 43+10logPm = 4858 dB
for more than 250 % of
the authorized BW (100 MHz)

SIS S =Jf

YART 10,99 OH: STOP T SH R
R0 1.88 Hiz VB 188 ki +ST 5.808 sec |
@B 10:18:47 AUG 27, 1998 ' N

-9,37 dBa MKR_*1 FRQ 37.59 Oz
Na 57.9% doa |
19,84 da/lIv -5 anks (10
P
convinstoN L0sS
24,89 dB Emission limitations:

« () 43+10logPm= 4858 dB
for more than 250 % of
the authorized BW (100 MHz)

Mlm L e | .

START 25,58 Ohz STOF Y8400 ¥z
B .00 NH VB 100 iH: | aST5.008 sec_|



LABOTECH

3. Spurious emissions for 0.75 nm Range:

Ref. level: 6,13 dBm

11 31114 RUG 26, 1998

6.13 doa MKR 1 FAG 8.437 5 Gz
[ ATTER 28 da 6.1
[19.08 dB/q1v FA-15180K3 |TX-0.
’ POS
| -25d8
35d8

woo i}

|

Emission limitations:

=~ (a) 25 dB for 50 to 100 % of
. the authorized BW (100 MHz)
™ (b) 35dB for 100 to 250 % of
the authorized BW (100 MHz)
Fig. 3.1 Wit Eilt

SPAN 580,

CENTER 5.49T7 5 6H:
*AB 1.88 KH: U3 1.B@ MH:

z
*5T 5.808 sec

| [@@aj te:38:84 Aus 26, 1338
i

] 2. BBA GHx
*RB 1.28 HHz *UB 1.08 MH:

z
*ST 5.900 sec |

k8 1.084 HH:

,13 dBe HKR %1 FRQ
RTTEN 28 4o
’ 18.89 dB/HIV A-15180K3
|
| ,
‘ Emission limitations:
ﬁ 1=—1{(c) 43+ 10logPm = 49.63 dB
for more than 250 % of
/ R A ekt Canats W the authorized BW (100 MHz)
; Fig. 3.2 With Filter No.1
f TAR TiF {2.5a0 oH
|

—— —
18:57:18 AUG 2B, 1998
6.13 dBn KA #1 FRQ 15.701 GH:
|TATTER 28 48 53.4d dBa
18,88 dB/(1v FA-{S1AMK3 |TX-0. 75NN
_ POS PK
|
l Emission limitations:
<—{c) 43+10logPm = 49,63 dB
for more than 250 % of
Nt B ey SV R T ﬂ the authorized BW (100 MHz)
|
| Fig.3.3 With Filter No, 2
J STARY 17500 Oz TOF 1.
[

*VB 1.88 MHz

iR
«5T 5,080 sec J
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13 dBm

(@@ 09:47:23 AUG 27, 1998
o

HKR #t FRQ 1B.BY GHz

N =16
18.89 dg/0Mv

CONVERSION LOS
22.99 db

R-1518MK3 [T4-0, 750N

51.59 dBa
PDS [PK

me

STHR

16.90 GH:z
*AB {.BQ MHz VB 1P@ kH:

STOF ¢5.36 GHz
,447”'37 5.00@ sec

18:22:49 AUG 27, 1998

G.13 dBm KR #f FRQ 38.45 OHz
N = : 49,63 dfa
1g.8§ da/QqIv FR-1518MK3 ITX-0.VSH
PQS [P
CONVERSION LOSS
24.80 d8
L |
1 N - —

STAAT 26.
*RB 1.28 MHz

T
“Un 188 ke

51 . 1
57T 5.088 sec

Emission limitations:
(c) 43+ 10log Pm = 49.63 dB

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

Fio 3.4 With Filter No. 2

Emission limitations:
(c) 43+ 10log Pm=49.63 dB

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

Fiq. 3.5 With Filter No. 2



ABOT

4. Spurious emissions for 6 nm Range:

(@ A3 e 2, tem

18.86 dBw HKR #1
ATTEN 38 4B
1e.8% de/Ql1y FR-15
] -25dB
f
i ' \\
|
J
|
CENTER T YI6° Y [z SO0, @ HH:z
*RE 1.8@ MH: YD {.p@ MHz *57 5,808 sec

{_ ) 18:48:19  AUG 26, 1358

I 18.85 db MKR #1 FRQ §,418 GH:

|| 1e.a8 gy R-t5

l

| -

|

|

!

|

|

STAR . 484 GHz
“RE 1.8@ HHz  +UB 1.88 MH;

@ 18:55:88 AUG 26, 1998
| AL 18.86 Ba HKR ¥1 FRQ

GH
+5T 5,088 g

ATTEN 38 {8

‘ | 18,89 dB/0jv A-15

|

J

I

|

I

|

!

J

|

|

Lsmn T2, 500 Ol
*HD 1.88 Whz  +UB 1.0 Hh:

T
aST 5.909 gpec

Ref. level: 10,06 dBm

~—(a) 25 dB for 50 to 100 % of

the authorized BW (100 MHz)

T (b) 35 dB for 100 to 250 % of

the authorized BW (100 MHz)

i Without Eil

Emission limitations:

() 43+ 10log Pm =50.27 dB
for more than 250 % of
the authorized BW (100 MHz)

Fig 4.2 With Filter No.1

Emission limitations:

() 43+ 10logPm = 50.27 dB

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

Fig. 4.3_With Filter No, 2
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g4:59:33 RUG 27, 1998
18,86 dén

e

HKR &

FAg $6.84 6He

B 3,50 dba |
~ 19,88 db/01v ER-15)8HK3 [TX-6
l 05 PK
convERs 10 _LOSS!
| [22.59 dB
|
{ 1
oy . Yy L'_ o o _; ™
|
|
|
|
TART 10, 1 TTOP 36,50 Ofz
A 1.88 Rtz VB 1BB KMz »ST 5.008 aec

) 18:26:38 AUG 27, 1398
19.85 dBa MKR 8% FRQ 37,53 OHz
K=y 43,74 doe
| 10,89 dastiv FA-15anca |16
| cunu} S10N LOSS
\ 21, 6§ db
» m#

L —

. T
\'HB 1,89 NHz  =vB 3§98 ki:z

STOP HE.

L

ST 5,800 sec

Emission limitations:

S

~{c) 43+10log Pm = 50.27 dB
for more than 250 % of

the authorized BW (100 MH2)

Fio. 4.4 With Filter No. 2

Emission limitations:
\(c) 43 + 10 log Pm = 50.27 dB
for more than 2560 % of
the authorized BW (100 MHz)

Cio 4.5 With Elller No.2
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5. Spurious emissions for 12 nm Range:

Ref. level: 12.35 dBm

11:51:15 AuG Eﬁtwigﬂﬂ

12.35 gBu MKR €1 FRQ 9.416 3 GH:
ATTEN 36 48 12.33 d8a
18.89 dp-qiv Fi-13, 8K TX- L2 Emission limitations:
-25d8 =——(a) 25 dB for 50 to 100 % of
548 / \ the authorized BW (100 MHz)
~— (b) 35 dB for 100 to 250 % of
RN the authorized BW (100 MHz)
~ \._h_l; it
Fig. 5.1 Without Fil
CENTLR 9,4916°F GHz SPAN m‘d"mﬁ‘
*RO 1.88 fH: vUB 1B MHz ST 5.200 sec |

| @ﬁj{m:wa:eq AUG 26, 1998

2.35 dia HKA i FRG 9.418 GHz
RTTEN 3@ qB 15.13 dB»
i0.98 d48/01V R-151AHK3 |TX-12N4

Emission limitations:

= () 43+ 10logPm=51.96dB
—l I for more than 250 % of
the authorized BW (100 MHz)

Fig. 5.2 With Filter No.1

5TA 3.948 GH:
i'BB 1.88 HHz VB 1,80 Mz

TOP {0, GH:
*ST 5,880 sec

S

"'[@) 16:51:56 AUG 25, 1998

12.35 dba HXR #1 FRQ 16.769 GHz
RTTEY 3P 4B 43,99 dBa
18.89 dar/Qiv FR-151AHKI [TX-120N

POS [PX

Emission limitations:

- (¢} 43 +10logPm=51.96dB
JP! S A T TS S s Y for more than 250 % of
the authorized BW (100 MHz)

Fio. 5.3 With Filter No. 2

3TRR 12.5!!1]% TOP a.m_EH‘J:

*RB 1.88 NH:  =UB 1.B@ MH: «8T 5.808 sec
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@] R9:56:35 AUG 27, 1998
12,35 dba
N -

18.88 da/g]v

CONUERSION LOSS

HKR #) fRQ 18.8Y4 GHz
39,69 dba

FR-£010MK3 |TX-12N0
Pos PK

22.98 db

Emission limitations:

START 10,99 Gz
[ *RB 1.88 MHz  +UB 188 ki:

5T 5.088D sac

=-(c) 43+ 10logPm=5196dB
for more than 250 % of
. N VR ¥ T P T S the authorized BW (100 MHz)
Fig. 5.4 With Filter N
STOF ©6.58 6H:

”@Ejm:anasq AUG 27, 1998
1
N -

L-ns 1.88 NHz  *UB 189 kH:

2.35 dim HKR 81 FRQ 38.43 §Hz

p 42 iq dis
18.88 dB/OIv FA-15]BHK3 Tx-ol H

P

COMVERSION LOSS
24.80 db
PR Y Y - drgsarys M h- ! Jon
STAAT 26.58 OHz sﬂﬂfJ 9,88 GHz

Emission limitations:

=-{c) 43+10logPm =51.96 dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 5.5 With Filter N

»ST S. 000 sec
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6. Spurious emissions for 96 nm Range:

Ref. level: 13.7 dBm

[ 11:57:47 AUC 26, 1998
13,78 dBw NKR %3 FRQ 8.415 5 GHz _
RTTER 38 dB 13.7q dEa
18,88 dB/g1v A-15}8HK3 [TX-36NY
Pos K Emission timitations:
2308 - (a) 25 dB for 50 to 100 % of
35d8 /I g the authorized BW (100 MHz)
\ S (b) 35 dB for 100 to 250 % of
the authorized BW (100 MHz)
aly vy —
Fig. 6.1 Without Filt
CENTER 9916 9 6H: spﬁnjm. Ak
"R 1.88 fH: +UR 1.B8 MH: +ST 5,008 sec

@ {8:44:48 AUG 26, 1998
1

1.78 dBm HKR #1 FRQ 9.448 GH
ATTEN 30 B 13.7Y dBa
1.8y de/dIv FR-151anK3 |TX- ﬁ

Emission limitations:

(¢ 43+10logPm=51.76 dB
— ol for more than 250 % of
3 B the authorized BW (100 MHz)

Fig. 6.2 With Filter No.1
5 B89 CHz TOP {2,580 OH:
[RB L.AB HHz <UD 1.8@ MH: =ST 5.808 sec
[ 10:48:41 AUG 26, 1998
13.78 da KR $1 FAQ 16.852 GH:
ATTER 38 dB 43.03 dow
18.89 d8/Oiv R-15]8AK3 |1X-9
BDS JPK

Emission limitations:

= () 43+10logPm =51.76 dB

A-wipw mwr»m%uw for more than 250 % of

the authorized BW (100 MHz)

Fig. 6.3 With Filter No. 2

START 12.50@ GHz ToP 15,889 GHz
*RB 1.88 NHz «UB 1.B8 MH:z *37 5.408 sec
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| @ 1e:01:08 AUS 27, 1538

RE 1.08 MHz

13.78 dBm MKR #1 FRQ 48,84 GHz
N =16 8. n
118.9§ dB/gIv R-151@HK3 [TX-S60N
POS [PK
COMUERSION LOSS
22.99 dB
. TR N TR AW
START 16.0e STOP 26,58 GHz

z
«UB 1B@ kM2

8T 5.008 sec

13.70 dB

18:34:38 AUG 27, 1998

MKA #4 FRQG 28.86 GH:

!

Y

39,67 déa

LOSS|

FA-1518MK3 T%- ]

TART ~ 26,
sRB 1.99 MH:

[’
sUB 108 kH:

5TOF 19, A8 OHz
#ST 5,888 sec

Emission limitations:
() 43+10logPm=51.76dB

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

Fiq 6.4 With Filter No. 2

Emission limitations:
-—(c) 43+10logPm=51.76dB

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

Fiq 6.5 With Filter N
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Fundamental Signal

161.'7 T (d8a¥/u)
) EE ST e e W
3o = I
=3 15
-«
b
N T —— =
M -
M ——
2 504
" 104
=
Q
-l
]
0
=z
Z 100 ,
£
B 5C
-

using Conicel =
=

Biconical Antenna, Log-Spiral Antenna, = Ridged Guide Antenna, Hom Artenna
Modei BIA-25 Model LCA-25 MH . Model RGA-180 i
- sl : o
10X 100 I 1 204 1004, 2004 16 106 18 406 M

Graph/]- 2  Field strength of spurious radiation measured vith pick-up antenna ( 0.5 am range)
{ Shoyt 2 Pulse)
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Fundamental Signal
177 {44 (diuv/x)

BELOW FUNDAMENTAL

a—y

00-E

== 1 Linit of measuring. instruments’ -
-2 5 : balow. thig Linit. =2

ATTEN.

" Measured by using Double ==

= == " = ) ra.muwn_):.o_..n?m Ridged Guide Antsnna,
— = ——— et - S Model LCA-25 .Mv Model RGA-180
10K 100% 1 ] T 100, 20 G % 1w 4% o

Graph _Nu L. Field strength of spurious radiation weasured with pick—up antenna { & nom range }
(Middle 2 Pulse)
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Fundamental Signal

175 43 (d8u¥/n)

[
Nl

|

1

(d B)

BELOW FUNDAMENTAL

=z
o =
£ 50
<
Measured by ——
Measured by using using Conical Messurad by using Double £
Biconical Antenna, E= Log-SpialAntenna, = Ridged GuideAntenna, =R Liom Antenna
Model BIA-25 == Modal LCA-25 M Mode! RGA-180 T
: = = - == P == . = [
10K 100K i 1 20 1004, 2008 16 106 18 406 (Hz

Gragh']-6  Field strength of spucious radiation measured vith pick-up antenna ( @6 am range)
A __lo?%‘ Putse )
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ATTACHMENT 3

[ TEST DATA FOR

1.

{Band : 14 kHz - 490 kH2)

Harmful Interference to Receiver

| 15:44:51 SEP 4, 1998
TR
3

8.8y dB/fHy

FR-1%$18NK3 %FFl

A

N

START TH. & kfA:z
*AB 3.88 kH: =UB 18.@ kH:z

—

kH:
+ST 1.288 »sec

15:49,83 SEP Y4, 1999
Bul

18.8 /Iy

FA-1§:81Kq ST-B

STAR

T T B kA
L-ns 3.88 kHz  sU8 1@.8 kH:z

. ]
_'BT 1.0888 Bac

%jtmsnw SEP 4, 1938
18@. (1]

ATTE
18.88 dgsQIv FR-1%1 3 TX- M
i
“STAR 1%.& kH: STOP .0 kHz
L__'l'ili 3.88 kHz *UB 10.8 kHz 57 1,808 mec




TE

(Band : 490 kHz - 5 MH2)

[—7{:;?1'37"3':9— y 1988 ]
.10.5 di/q1v FR-1$51BHKY OFF
POS [PK
\ \hll
il [
STOY 0. z

STAR WHz
*RB 38.8 kHz +UB 1088 kHz

83T 1.080@ suc

5:98:58 SEP 4, 1898
g, 88 dijyy

FR-13408HK] ST~
08 K

|
—t=

STOP 3. T

SIART 1 1
sAB 3.8 kiz YB 108 kHz

57 1.080@8 wuc

[’7 16:11:27 SEP 4, 1998
. 1 yVy

.

18.89 4841V FR-1$18NK] TX-

i
i

5TOP 5.008 HHz

kHz
*RB 38.8 kH:2 «yB 1088 kHz +5T7 1.4008 oec
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(Band : 5 MHz - 10 MH2)

16:25:55 SEP 4, 1898

. @8 dBuyl
18.88 dusfd1v FR-1§18MK] OF
POS JFK
A Fa VAl

\

[t
s

/
Vi W PAYA

. z
=RB 1@@ kHz *VB 380 kH:z

TOF 19, H
*ST 1.08448 sec

| 16:129:82 SEP 4, 1988
180,98 _douy
-
18.89 gesQ1v FR-1§

A
A

ATl AV, Vi

TOP Iﬂlli z

START 3. HHx
L:HB 188 kHz «UB 388 kHz

5T 1.BE0 Bac

[ 16:31:26 SEP Y, 1598

1 dbyY
10.89 dasgiv FR-1§18NK3 % PNH
F_

" 7 7\ Y /?\

i

STRAA , 2
“RE L1BE8 kH:2 »U8 A8 kH:z

X L LiF} J
"7 1.880 ssc




TECH

(Band : 10 MHz - 30 MHz)

18:47:43 SEP @, 1998

48 dBuv
-
i8.8§ de-/01v FR-1518BMK3 OFF
R be‘;
) e Aaa . Labl and o
SYRAT 1P. 9@ HH: STOP . Az
2 *U8 380 kHz oST 1. 888 sec

*R8 100 kH

18:52:53 SEP B, 1358
8,88 douy

19.8§ gB/QIv FR-$§1BRK? %T-B
| STV VYRCRR Ay

“STAR . z FTOF 3@.88 WH:
«RB 188 kMz «UB 388 kHz »37 1,088 pac

%‘_]mssma SEP 8, 1998
188 88 dRyy

18. 8¢ d6/QIV FR-1§18HK3 TI(-s N

START 1IW,.B@ HHz STOP 3. HH=z
*A8 128 kHz sUR 386 kHz ST 1,098 =ec
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{Band : 30 MHz - 100 MHz)

11:23:44 SEP @, 1998
88.88 douv
MRTT 1
10.89 d4B-01IV ER-1318MK] OFF

“JHUJI ﬂ. ﬂ
"START 39,89 HA:z TEF‘*!ITHTH“J:
«RE 388 kHi  +UB 388 kM: ST 1.009 sec
[ 112930 SEP b, 1398
188,88 dBuv
TTER 10 48
18.80 d8/d1v FR-1$10mkd sT-8
55
A i '
O O DO SV PO B O .
90Tz TOF {99 00 ANz
| +h0"308 ki el 3m ke ST 1088 pec

[E]u:anas SEF 8, 198§
v

TE
12.8§ d4B/QIV FR-151BMK] Tx-sﬁkﬂll

A N
Mg ™ - P Y U ...'IU v "
STAAT 99, : TOP 100,28 AH:
“RB 380 kH:  *VB 388 kH: “ST 1.68B sec
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{Band : 100 MHz - 300 MHz)

%] 13:16:58 SEP B8, 1988
188,88 dBuv

RATTEM (@ gB
10,08 dB/QI1V

FR-1$1@HKY OFF
FO5 [PK

STAH f#8.9 A
*AB 388 kH2

Hz STOF 386.¢ AHz
*Up J8B kHz =37 1.8808 sec |

@13.22:!3 SEP H, 1998
104,88 dBuY
pATTE

18 4B
in.eg dB-/Qiv

FR-1§1anK] 81-B _
05 [PK

“ I s i
o n 1| N R
TRAY THR.@ HAz §T0F 369, 9 Az
+RB 38O kHz  +UB 388 kHs _ +5T 1.800 sse
@j 13:27:34 SEP B, 18988 ’ T
188,80 gBul
EATTEN 1@ B
1g.08 geqry FR-1518MK] T dfN
N h T |
el i i
“START 1U0.€ ARz STOP 3608 WAz
sAB 308 kHz  =UB 3@E kH: «3T {.808 sec
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(Band : 300 MHz - 1 GH2)

13:51:87 SEP B, 1998
)

FR-1518MK3] OFF

POS |PK

STAR Ju@. @ mMH:
“RB 320 kH:z suB 398 kHz

STOP 1.008

[4:F]
5T {.008 ame

13:56:87 SEP ©, iﬁgﬁu

g o

18.80 dg/01v

FR-1$1QHK3 57~

POS

STRAT a@@. & HHz
*RB 38@ kHz =UB 38R kH:

[\ OHz
«5T {.888 sec

14:88:53 SEP 8, 1998
180.88 dauy

FR-151@NK3 TX-ELNH
POS [PK

MATTEN 1@ 4
i0.8¢ dé-/gIv

STAR

Jd@.8 HH:
*AB 388 kH:2 +U8 398 kH2

UF 1.B8P @ oH:
«ST 1.4B@ sec
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2. Electromagnetic Field

(Band : 14 kHz - 490 kHz, Limit at 1 nm = 0.1 pV/m = -20 dBuV/m)

15.44:54 SEP 4, 1998
8@ 88 dRyv

.

16.8 1y

FR-1y18HK3 OFF
POS
:
Q“"db‘]ﬁa ‘i\lﬁm A ,
Yo ——
TART I7.¥ KRz YTOP 499.4 kHz
(*RE 3.2 kHz  +VB 10.8 kiz “eST 1.908 sac |
15:49:83 SEP H: 1988
diuY
18, sgd1v FA-1§10HKS ST

| “START 19.8 kH:z
L:HB 3.88 kHz =y 18.8 kHz

ST . z
=87 1. B8R sec

r 15:50:14 8EP 4, 1988
) ag dBuV

-

10.88 dB/g1y

FA-1

181K TX-4BN

I9.8 kHz
*A8 3,08 kHz «Vj 18.8 kHz

STOP YOA. B LH:
=37 1.888 sec

-26 dBuV/m

-26 dBpV/m

-26 dBuV/m
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(Band : 490 kHz - 5 MHz, Limit at 1 nm = 0.1 pV/m = -20 dBuV/m)

16:@3:13 SEP 4, 1998 )
} yv
3
18.80 dasgiv FA-L$180K BFFLK

G
I}
¥
A 1
START 498 &Nz STOF 5.8 WAz
7'RB 33! kHz HUBV{VHB kH: ‘ 25T 1.408 aec
) Ref. level {dBuV/m)
16108:58 SEP 4, 1998 =126 - 100 = 26 {at 0.5 MHz)
=100- 96= 4 (at 3 MH2)
18.88 d - FA-1§1 60 =100- 88=12 (at 5 MHz)
—==—F=={ | -20 dBuV/m limit line
T
“STRRT 98 WA ELCLT L BT
'RB 38”.5 kHz VB 18_3_ kHz -ST _1.800 ac
Ref. level {(dBuV/m)

(@) 16: 1827 oo M. 1998 =126 - 100 = 26 (at 0.5 MHz)
T =100- 96= 4 {at 3 MHZ)
HETm s e || 2100 88-12 (at 5 MHZ)

.
i

1| -20 dBuV/m fimit line

3
T s

998 LAz STOF S_N'J HHz
“A8 38.8 kHz «U8 108 kH: «S5T 1.088 »sec
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(Band : 5 MHz - 10 MHz, Limit at 1 nm = 0.1 uV/m = -20 dBuV/m)

16125:55 SEP 4, t84e
1]

BsOiv FR-1

LLE DFF‘
PO

7\

STHRT 5. MH:z
*RB 188 kHz AUB 380 kH:

TOF 10, 080

AH:z
ST 1.888 mpac ]

16:29:02 USEP Y%, 1998

10.89 de/f1v FR-1

18MK3 ST-

(A T

 \

N4

STRR

3. T
*RE 18R kH:z sV 388 kH:z

TOF_10. 408

z
=37 1,088 sac

[R]u;:af;éé SEP 4, 1998
104, uy

*ATIEY B
18.8%9 db/ii1y FA-1

" W) Fa
/

3TAR . 2
*RE 188 LH:z U8 308 kHz

TOF 1@.8

L
3T 1.888 se

Ref. level {dBuV/m)

=100-88=12 {(at 5MHz)
=100-83=17 (at 7 MHz)
=100-78 =22 (at 10 MHz)

-20 dBuV/m limit line

Ref. level (dBuV/m)

=100-88=12 (at 5MH2)
=100-83 =17 (at 7 MHz)
=100 -78=22 (at 10 MHz}

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

18:47:43 SEP @, 1988
, gouy
=
18.80_desf1y FR-1§184KY OFF

1)
o

—._v e — b e | T
STRAT 16,80 HH: 99. 88 AA:
«HB 108 kHz  =UB 388 4Hz «ST 1.B80 mac

18152:539 SeP 6, 1988
10.8) gp/g1v FR-1518nK] ST-B

PO

— T
s a L o
ITARY 10, z ¥YOF 30,98 BT
*RE 188 kHz  sVA 380 kM: ST 1, REB sac
%} 1855182 SEP B, 1988

1 ul
2.8 1y ER-1§1amK3 Tx-ubN

N - L " a.aal_J

“START 19,90 WA: STOF 38- T
aRB 188 kHz  +UB 388 kH: 57 1.0E0 sac

Ref. level {dBuV/m)

=100-78=22 (at 10 MH2)
=100 - 70 = 30 (at 20 MHz)
=100 - 67 = 33 (at 30 MHz)

-20 dBuV/m limit line

Ref. level {dBuV/m)

=100-78 =22 {at 10 MHz)
=100-70=30 (at 20 MH2)
= 100 - 67 = 33 (at 30 MHz)

-20 dBuV/m limit line



Furuno Labotech International

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

{1:23:41 SEP 8, 1398
BuV
19. B4 dbs0Iv FR-1$18MK] OF
05
LA i, JL-
3. T TOF 109,80 Az
| R0 308 kdz  -vB 388 kHz ST 1,000 ud
11:29:38 SEP B, 1998 ' ]
A 108, 80 dByy Ref. level {dBuV/m)
FATTER 10 ¢ =100 - 61 = 39
FA-1§1ONKY 8T-
3
— — = - 10.5 dBuV/m limit line
]H [P |
0, BE FHz TOF 184, 7
(oRB 388 kHr  +UB 8B kW 5T 1,808 sec
%]111:31135 SEF B, 1998 Ref. level (dBuV/m)

TTE Iai%?':ﬂ =100-61=39

18.89 di/ FR-1518BHKY T)(-s"IPHH

— =t = - 10.5 dBuV/m limit line

STAR 39. H TUpP . z
=RY 380 kHz sypg 388 kH:x «ST 1,088 sec
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(Band : 100 MHz - 300 MHz, Limit at 1 nm = 0.1 uV/m = -0 dBuV/m)

13:18:58

SEP 8, 1938

. 188, e8¢ déuy

FRATTER 18 dB
18,08 desfiv

FA-151@HK3 OFF
PO [PR

N " l l ] ]
Lo LUV NI LY .
STAR 184.8 AH: STOF 3ad.q HH:
fR?WBBB kHz +U8 388 kHz #5357 1.B08 euc

13:22:83 SEP B, 1998
188,88 dauy

RTTEN 18 4
ag dB-/giIv

FR-1§1@MK3Y 8T-B
POS IPX

H

i, .

e T 5| N
START ~ 16070 HH: 5T0P 38@.8 HHz
'ﬁq 3@2 kﬁ;___ sUB 38R kHz +57 1.080 amc

[@F] 13:27:31 SEP B, 1938

8.88 dbuv

FATTEN 1R dB
i@.a da-giv

FA-1§1BHK3 TX-4BNK
FOS |F

adedmhan i

TART 100@.4@
A8 308 kH:z

WHz
sUB 328 kH:

STOP 308,

LLF
457 1.288 se

2
c

Ref. level (dBuV/m)
= 100 - 60 = 40

0 dBuV/m limit line

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

Ref. level (dBuV/m)
=100-60=40

0 dBuV/m limit line

Alt components above the limit
are from external noise or
signals, not from RADAR.
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{Band : 300 MHz - t GHz, Limit at 1 nm = 3 uV/m = -9.5 dBuV/m)

| @@ t3:51:07 ser @, 1338
SATTER 8 48
. v FR-1518KK3 QFF
PBS {EK
W BN O N R 1L
START 3899 Az e T
«RB 380 kH:z =g 388 kH: «97 1.008 =mec

100.90 gpgv o 1990 : Ref. level (dBuV/m)
1 =100-595=405
18.88 d4B8/0IV FR-1518HK] ST-
9.5 dBuV/m limit line
1
EL LI STOF 1,868 0 Oz
=fib 388 kHz ,,_ﬁﬂf 308 kHz =37 1.008 sec

[E] 14:88:53 SEP §, 1988
108, 08 dByY
FATTER 1@ 48

1e.08 dB/01v

Ref. level (dBuV/m)
FA-1518NK? Pé-sjk?(n =100-595=405

9.5 dBuV/m limit line

|

STAR JeR. P HH: 5THP 1.080 @ GHz
*RE 388 kHz +U8 308 kHz 87 1.888 sec
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3. Power Input to an Artificial Antenna

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

15:54:21 SEP 4, 1999
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ama e SV P
START {70 4H: 5TOF YO0 Wz
“RE 3.88 kiz  +UB 10.€ kH; ST 1,088 sec

oL

:57:20 SEP Y, 1998
¥ dBm

II-
4

mi

“RE 3.8 Az

T
*UB 18.8 kHz

-81 dBm limit line

fr 2D
1o —|
] -4
(= dnall: -

15:59:39

are from external noise or
signals, not from RADAR.

L4 - zJ All components above the IimitJ
*3T 1.888 sec

Bill

SEP 4, 1998

i
144 La

I
v

STHH

L

=RE 3.

1.7 kH:
B@ kH: U8 18,8 kHz

TOF 499, z
57 1.048% amc

-81 dBm limit line

are from external noise or

All components above the limit
signals, nct from RADAR.
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(Band : 490 kHz - 5 MHz, Limitat2 m = -81 dBm)

[ﬁ] 16:15:28 $SEP 4, 1998
a. »

PATT

4.

o e

=
-4

=9

5 |PK

1
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V

\

W, W-ﬂ"

458 kH:z
*R8 30.8 kH: sUB 188 kH:

STOP 5.868d WHz
=57 1.808 ame

16:16:39 SEP 4, 1998

8.88 dBm
n EN B

o T4

.
BH7 TV

T
=

o

1
0

G

q'—-_

1 |

STAR 198 kHz
sRB 38.B kHz «VB 188 kHz

N ¥ 3
«57 1,900 mec

[ﬁj 1G:22:@3 SEP 4, 1998
i 0d_déw

n-20h 1L
o TV

=

il
V

Wi Ly

“START 998 ¥Rz
sRB 3@.8 kHz Vb 180 kH:z

ITOF 5. 000 WA

2
»8T 1.808 sec

-81 dBm limit line

All components above the limit
are from external noise or
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 : 5 MHz - 10 MHz, Limit at 2 m = -81 dBm)

Fgl $16:37:288 3SEP Y, ‘1958_-—“"-“"“- T
]
T d

LB
T

1t

o "
L) TV

T
=

o
K
kel
N
n

N TAAN
Y . /
A FAUAY/ /i

$TAR 9. z TOP 19, MHz
A 108 kH: *JB 388 kH: «5T7 1,808 sec

EE B

ATTE
: Y- “M#s

Al A
\ VAN
3 L\ AV[/T M

L/
\“*Qf ¥ -81 dBm limit line

All components above the Timit
L ] TP {8, AHz fr P [ ;
[ “RB 108 kHz *UB 388 YH:z 57 1.9888 smc a_re om external noise or
T signals, not from RADAR.

M)
=
e
N

.H:‘:"ILI:BB SEP - "L- 1558 . o ]
2,98 dis

AH A

¢ b

PO IPK

Y

'\ A
FAVA A\ |/

V*} -81 dBm limit line

. - All components above the limit
0 z . -
+RB 188 kHz VB 308 kH:z +ST 1,688 mec are from external noise or

e — sighals, not from RADAR.

P
Pl




LA TECH Report no. ; FL1 12-98-019

(Band : 10 MHz - 30 MHz, Limit at 2 m = -81 dBm)

E%wasa:au SEP B, 1888
) 3
CRTTE o
+8 84 <orAIY 8-t
5 (PR
L i
Iy oy o 3 e .Mv
“START 18 B0 HH: STOP 36,08 HAz
<R 188 kHz  =UB 388 kH: +5T 1.000 asc

ﬁilﬂlﬁiﬂ SEP B, 1998 -
R By h%%q%:

N
=]
N3

-81 dBm limit line

All components above the limit

1 3 5YOr 9.9 ARz /
s {BA kHz  =vA 388 kHz 3T 1.888 sac are from external noise or
B signals, not from RADAR.

%jthnaxas SEF 8, 1998
a -

FATTE
I E-tH B

-81 dBm limit line

e 2
All components above the limit
SYART 1H. 7 3T ] z are from external noise or
=RB i@d kHzﬁ +UB 384 kHz «9T7 1.008 sac signals, not from RADAR.
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(Band : 30 MHz - 100 MHz, Limit at 2 m = -71 dBm})

%]11r3"h2‘l SEP 8, 18898

10 dB
19.80 de-dly

FR-1

pi@HK3 OF

STARY 34,08 HH:
*AB 388 kHz  UB 380 kHz

TOP 188, HHz
*ST 1.6888 sec

t1.38:13 SEP 8, 1998
dB/0Iv

FR-15LBHKY 8T-
B
Y - ‘_h:'al . %
START 34, z TOF LU@.90 HAz
*RE 388 kH:  UB 388 kh: *ST 1.000 sec
) 11:48:21 SEP 8, 1998
8 dim
EATTEN L8 de
16,80 dB/0IV FR-1$1BMK] TX-4BNN
P05
VPSP Yt W N ) ol
STAA } 1 P 180,10 T
*A8 3IPE kH: -yg?ﬂﬂ kHz «ST 1.@80B sec

-71 dBm limit line

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

-71 dBm fimit line

Alf components above the limit
are from external noise or
signals, not from RADAR.
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{Band : 100 MHz - 300 MHz, Limit at 2 m = -61 dBm)

) 13:38:43 SEP 8, 1998 .
.08 dBa
LRTTEN 10 dB
18.80 de/01v FR-1510nKd OFF
P05 [PK
I i |
. Y SO PO 1O
B HH3 STOF 00,8 Az
*RE 3B kHz  +UB 388 kHz «5T 1.208 mec

%]1&35:51 SEP B8, 1988
g

198. % AHz
*RS 308 kHz +UD 30@ kHz

&

13:38:18 SEP B, 1998

A,B6 db
E

RATT i 48
10.08 dB/OIV

fR-1%

L1BNK rx—*un
FOS JF

"START 1@R@.@ HH:z
*RB JEE iHz «UB 33_!_ kHz

STOP 360.%

=37 1.88

LU

2
é sec

[T
EATTEN quﬁﬁ
10.88 do/4Iv FR-1518NK] sr—sk
S [PK
-61 dBm limit line
I " | |
":r'.. gt 1/ Y Y .l-.l-l e

All components above the limit

are from external noise or

STRA WLTIE_I—“:_ signals, not from RADAR.

+857 1.0288 aesc

-61 dBm limit line

All components above the limit
are from external noise or
signals, not from RADAR.
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(Band : 300 MHz - 1 GHz, Limit at 2 m = -51 dBm)

14:@4:12 SEP @, 1938

0.80 dpa
ATTEN 18 4B
88 da/Qiv

ja.

18NKY OFF

POS

PK

START 300 % FH:
*R8 388 kHz  <Ug 380 KMz

N1

oF 1. GHz
57 1.002 sec

-51 dBm limit line

73] 14:80:@5 SEP 8, 18998
A.08 dEm
RTTER 1@ dB
ta.84 dB/01y FA-1g1ankd Stoy
e M
STARA J00. B HAz 5TO0F {.98@ @ OH:
*RE 388 kHz *UB 38R kHz *37 1.04Q sec

~ SEP 8, 1398

FA-1

18HKJ TK-ﬂkNg
POS |PK

STRR

JE08. 9 HAz
*RB 3B@ %Hz «J8 388 kH:z

.@e8 9 0z
5T 1.P@@ sec

-51 dBm limit line
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ATTACHMENT 4

3. RF Power Qutput

Model

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

4. Modulation Characteristics

Model
Oscilloscope

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

Type
71210C

TDS680B
50364S
P6015
2100
436A
9481A
TR5824A
X532B
4238
8494B
84958

Type
TDS680B

84948
8495B
423B
5D364S
P6015
71210C

[ List of Test/Measuring Equipment ]

Serial no,
2027A02847
B030202
R94471
R05762

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

Serial no,
B030202
1510A07310
1350A04754
1822A24214
R94471
8411057

2927A02847

Mir,

HP
Tektronix
Shimada
Shimada
Tektronix
Pearson Electronics
HP

HP
Advantest
HP

HP

HP

HP
Shimada

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

Modei

Spectrum Analyzer
Attenuator (10 dB)
External Mixer:
External Mixer:
Directional Coupler
Dummy Load
Notch Filter
Circulator
Bandpass filter
High Pass Filter

Type

71210C
84918

11970K
11970A
50364S

7. Field Strength of Spurious Radiation

Model

Brecadband Rod Antenna

Biconical Antenna

Conical Log-Spiral Antenna

Type

M 95010-1
BIA-25
LCA-25

Double Ridged Guide Horn Antenna :RGA-180

Hom Antenna:
Spectrum Analyzer:
External Mixer:
External Mixer:
Notch Filter
Circulator
Bandpass fitter

71210C
11970K
11970A

MABL3248

Furuno Labotech International
Serial no, Mfr,
2927A0847 HP
36122 HP
2332A00589 HP
2332A01187 HP
R0O5762 Shimada
8411057 Shimada
———- Microwave Associates
R9904 Shimada
..... Furuno
Serial no. Mfr.
0496 Advanced Electronics
2650 Hectro Metrics
2886 Electro Metrics
- EMD
I Toshiba
2027A0287 HP
2332A00589 HP
2332A01187 HP
Microwave Associates
R9904 Shimada
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8. Frequency Stability

Mode!

Power Meter:

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

Type

436A
8481A
X5328
5D364S

PL-4E

9. Suppression of Interference Aboard Ships

Model

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

Ao dAd _FAF2

Eurunc Labotech International
Serial no, Mfr.
2410A19137 HP
2349A39603 HP
1441A00523 HP
R9425 Shimada
8411057 Shimada
1632712 Tabai Espec
Serial no, Mfr,
2927A02847 HP
- Furuno
.- Furuno
150M-W2UM Anten
---- Anten
2048A03354 HP
30690116 Advantest
2637A03642 HP






