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(d)

Report no. : FLI 12-98-017

GENERAL INFORMATION
General
Manufacturer: Furuno Electric Co., Ltd.

Ashihara-cho 9-52, Nishinomiya-city, 662-8580 Japan
Model: FR-1760DS
Serial no.: 3371-0006
Primary Function: Search, navigation and anticollision

Maximum Range Scale: 120 nm
Discrimination
Range Discrimination: 34 meters on a range scale of 1.5 nm
Bearing Discrimination: Radiator Type, SN4A SNSA
2.83° 2.53°
on arange scale of 1.5 nrm

Minimum Range: 28 meters on a range scale of 0.25 nm
Frequency Range: Fixed frequency, S-band

Type of Emission: PON

Power Supply: 24 VDC for Display Unit

100/110/115 VAC, 50/60 Hz, 1¢ for Power Supply Unit

Transmitter
Assignable Frequency for Shipborne Radar:
Between 2900 and 3100 MHz (FCC Rule § 80.375 (d)-(1))
Type of RF Generator
Magnetron Type: MG5240F
Peak Output Power: 60 kW nominal
Magnetron Ratings
Center frequency of Magnetron: 3050 MHz

Tolerances

Manufacturing: +25 MHz

Pulling: 13 MHz

Tolerance for 20°C temperature variation: 1.4 MHz
Guard Band:

Guard Band s 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) Pulse Characteristics:
Range Scale (nm) (Short) | (Middie 1)| (Middle 2)| {(Long 1) | (Long 2)
Q.125
0.25
05
075(% | 0.75 ("
1.0 (*) 1.0 (%
1.5 (*) 1.5 (%
2 (*) 20"
3 (% 3
4 (%) 4 (%)
6 (%) 6 (*)
8 (*) 8(*" 8(%
12 (%) 120 | 1209
16() | 16(9
24 (") | 24(9
32
48
72
96
120
Output pulselength 0.08 0.20 0.60 1.20 1.20
(_s)
P.R.R. (Hz) 1900 1100 600 600 450
Duty cycle 1.62E-4 | 2.20E-4 | 3.60E-4 | 7.20E-4 | 5.40E-4
Guard Band (MHz) 18.75 7.50 2.50 1.25 1.25

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

1.3 Modulator

(a) Thyristor Type: SH16J12U
Trigger Voltage: Approx. +12 VDC positive
1.4 Receiver

(a) Passhand
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(b)
()
(d)
(e)

()

1.5

(a)

(b)

()
(d)

Euruno Labotech international
Reportno, ; FLI 12-98-017
RF Stage: 100 MHz
IF Stage:
Pulselength Short | Middle 1 | Middle2] Long 1 | Long 2
(MHz) 27 27 3 3 3
Video Amp. : 14 MHz
Gain (overall) {(dB): Sufficient to cause limiting, approximately 130

Overall Noise Figure ( dB): 4  (typical)

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

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

Features Provided:

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

Display

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

effective dia. 225 mm

2 % on all ranges

Type:

Size of Indicator Tube:

Sweep Linearity:
Range Scales:

Range (nmy) Number of Range | Range Ring Interval (nm)
Bings
0.125 5 0.025
0.25 5 0.05
0.5 5 0.1
0.75 3 0.25
1.0 5 0.2
1.5 6 0.25
2 4 0.5
3 6 05
4 4 1
2] 6 1
8 4 2
12 6 2
16 4 4
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Range (nm) | Number of Range | Range Ring Interval (nm)
| 1 RBings
24 6
32 4
48 6
72 6 12
96 6 16
120 6 20
(e) Range Ring Accuracy: Better than 1 % of maximum scale in use
or 8 m, whichever is the greater
(f) Overall Bearing Accuracy from Scanner to Display:
Better than 1°
(9) Target Plot Facility: Simulated afterglow in low shade
(h) Heading Indicator: Provided, automatic alignment. Heading Line and Heading
Marker
(i) True Bearing Indicator: Provided
1.6 Antenna
(a) Antenna Rotation ON-OFF Switch:
Provided.
(b) Reflector: Slotted waveguide array,
Radiator Type SN4A SN5A
Length (cm} 250 270
Length (ft) 8 8.9
(c) Type of Beam: Vertical fan
(d) Beam Width (between half-Radiator power points)
Radiator Type SN4A SNSA
Horizontal 2.60° 2.30°
Vertical 25° 25°
(e) Polarization: Horizontal
() Antenna Gain:
Radiator Type SN4A SNSA
(dB) 26.0 26.4

_marna 7nf&l7 _
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(9) Attenuation of Major Side Lobes with respect to main beam:
Radiator Type SN4A SNSA
Within £20° -23dBorless | -20dB orless (*
(X10° for (*))

Outside +20° -25dBorless | -30dB orless (*)

(£10° for (*))

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

clockwise

(i Antenna Rotation Rate (rpm}: 24 rpm ( for RSB-0051)

i) Number of Degrees Scanned: 360°

(k) Sector Scan: Not provided. Sector blanking available.

()] Type of Transmission System: Contained in scanner unit

(my} Rated Loss of Transmission System per hundred feet::

None. Transmission path is only in the antenna scanner unit.

1.7 Line Power Supply Requirements

(a) Input Voltage: 24 VDC for Display Unit
100/110/115 VAC, 50/60 Hz, 14 for Power Supply Unit
(b) Power Drain: 135 W for Display Unit

300 VA for Power Supply Unit

1.8 Functional Controls
Range selector Tune (manual) EBL offset
INDEX LINE Anti-clutter auto Power Switch
A/C Sea control Gain control Panel dimmer
Heading line off Echo stretch MENU
Guard zone set/Audio alarm off Range ring brilliance Noise rejector onjoff
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- #3
Range ring on/off Text Brilliance

ARPA function (option)
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1.9
(@

(b)
(c)

(e)

®

1.10
(a)

(b)

(©)

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 60529 - |PX6)
If all units are not housed in a single container, indicate number and give description
of individual units:

1 X Display Unit Type: RDP-120
1 X Scanner Unit Type: RSB-0051 (24 V, 24 rpm)
(Transceiver Type: RTR-032 (contained in the Scanner unit))
1 X Power Supply Unit Type: PSU-002
Approximate Weight of Complete Installation:
Display Unit: 36 kg
Scanner Unit: 90 kg ( SN4A-RSB-0051)
92 kg ( SN5A-RSB-0051})
Power Supply Unit 7 kg
Approximate space required for installation excluding scanner:
Display Unit: 535 mm (W) X 822 mm (H) X 673 mm (D)
Power Supply Unit 340 mm (W) X580 mm (H) X 140 mm (D)

Operational Features
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:
MagnetrornyXtal checker
Is the equipment for continuous operation:
Yes
Is provision made for operation with shore based radar beacons (RACONS):
Yes (RACONS and SART)
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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: ADB9ZWFR1760DS

Material of nameplate: Aluminum, 0.5 mm thick

{7 N
{ MARINE RADAR )
I ]
c'b SCANNER UNIT @
TYPE RSB-0051
SER. NO. R032-
COMPASS SAFE DISTANCE

5 STD_____1m STEER[:] m o g
EQUIPMENT CLASS

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

</

” N
E MARINE RADAR
|
) | POWER SUPPLY UNIT
TYPE ‘ PSU-002
SER. NO. R038-

COMPASS SAFE DISTANCE
5 ST m STEERL_ Im é
EQUIPMENT CLASS

FURUNO ELECTRIC CO., LTD.C €
\\__NISHINOMIYA CITY. MADE IN JAP AN

-/

SER.NO. | 3371 -

P
( MARINE RADAR A
. MODEL [ FR-1760DS | )
y DISPLAY UNIT \\°
TYPE | RDP-120
INPUT | 24 vDC

| FURUNO U.S.A, INC.
| MADE IN JAPAN

|

|

g

FCCID: [ ADB9ZWFR1760DS |
|

]

COMPASS SAFE DISTANCE
G) ST [ Im steeR_Im

EQUIPMENT CLASS
FURUNO ELECTRIC CO., LTD. ( €

G

4 NISHINOMIYA CITY. MADE IN JAPAN
\_

Fig. 2.1
Nameplate for
Scanner Unit
(RSB-0051)

Fig. 2.2

Nameplate for
Power Supply Unit
(PSU-002)

Fig. 23
Nameplate for
Display Unit
(RDP-120)
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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 1000 to 1 and the oscilloscope.
Current pulse was viewed across the wideband current transformer with output voltage per

ampere 1.00.

Nominal values

Pulselength Short Middle 1 Middle2 | Long 1 Long 2
Range scale (nm)} | 0.125 3 12 48 120
Pulselength (us) 0.08 0.20 0.60 1.20 1.20
PRR (Hz) 1900 1100 600 600 450
Duty cycle 1.52E-4 2.20E-4 3.60E-4 7.20E-4 5.40E-4
Guard band (MHz) | 18.75 7.50 2.50 1.25 1.25

Measured values

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

Pulselength Short Middle 1 | Middie2 | Long 1 Long 2
Eti{:ﬁﬂggﬁ'n"&“ge' 48.50 48.50 48.50 48.50 48.50
\“,ﬂjtga“;;f;’k"v‘)"w‘ 10.0 10.0 10.0 10.0 10.0
'(DS%SQ' e:,%g}it(gjg) 0.290 0.344 0.768 1.376 1.376
(F}‘g?gg";,‘j (::Iz)"tud o 0068 0.070 0.060 0.060 0.060
g%‘f% (t,i/ongﬁi{u dey| 0-468 0.514 0.420 0.348 0.348

Magnetron input pulse current

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

Pulselength Short Middle 1 Middle 2 Long 1 Long 2
Magnetron input
current (A) 10.0 11.0 13.0 14.0 14.0

a1t !d AfE7T L
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Pulselength Short Middle 1 Middle 2 Long 1 Long 2
(F;”c;sieggg}it(b‘gg) 0.082 0.112 0512 1.148 1.148

gig?gg"l/eo (:rﬁzalitu dey| 0090 0.088 0.086 0.081 0.081

OOt ot e ey 0112 0.150 0204 | 0348 0.348

RF envelope of the magnetron output pulse

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

Pulselength Short Middle 1 Middle 2 Long 1 Long 2
Pulselength (lus) 0.088 0.120 0.518 1.152 1.152
(-3 dB points)

Rise time (us) 0.018 0.020 0.022 0.033 0.033
{10-90 % amplitude)

Decay time {us) 0.130 0.180 0.200 0.348 0.348
(90-10 % amplitude)

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.

Pulselength Short Middle 1 Middle 2 Long 1 Long 2
Range scale {(nm) 0.125 3 12 48 120
PRR (Hz) 1813.1 1097.4 587.3 587.3 448.4
Duty cycle 1.59E-4 1.31E-4 3.04E-4 6.76E-4 5.16E-4
Magnetron input, av.| 15.96 14.49 38.55 94.72 72.32
(W)

Magnetron input, 100.00 110.00 130.00 140.00 140.00
peak (kW)

Power meter reading| 0.080 0.0758 0.191 0.452 0.340
{mW)

Magnetron output, | 5.664 5.366 13.522 31.999 24.070
av. (W)

Spurious response | 50.53 50.30 54.31 58.05 56.81
limits {(dB)

Magnetron Output, | 35.50 40.75 44.45 47.30 46.60
peak (kW):

Magnetron efficiency| 35.5 37.0 34.2 33.8 33.3
(%):
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Peak Power Input to RF Generator  : 124.0 kW
Estimated Efficiency of RF Generator : 34.8 %
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4 MODULATION CHARACTERISTICS (FCC Rule §2.987)

4,1 Thyristor Trigger Pulse

Fig. 4.1.1

Tek SD.BMSIis 6% ACgs ]

& .

b T WoURY & W 1005 CRZ 76 0mY

Typical wave form of Trigger Pulse  Scale: 5 V/div., 1 Les/div.
(NOTE: Thyristor trigger pulse is common to all ranges)

R871 4.7

)
i R872 4.7

27 ‘é

-12V

Fig. 4.1.2 Test Point for Trigger Pulse
(in RTB board (03P6666) of Scanner Unit (RSB-0051))

e om g em A A m~E
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Fig. 4.2.4

Fig. 4.2.5

Tek Tooms/s

eport no. .

16 Acgs

Long 1 Pulse (48 nm Range) Scale: 2 kV/div. 500 ns/div.

Tex BN 1ooms/s

16 Acqs
T

J

R ns — 1

Long 2 Puise (120 nm Range) Scale: 2 kV/div. 500 ns/div.



LABOTECH Furuno Labatech International

e ! Fi -98-0
4.2 Trigger Pulse at Magnetron Cathode
250MSIS .81 AcCqs )
Fig. 4.2.1 Short Pulse (0.125  nm Range) Scale: 2 kV/div. 200 ns/div.
Tek ZSOMSI?“ ]l_s? Acgs ]
= ﬁm T s
Fig. 4.2.2 iddle e (3 Scale: 2 kV/div. 200 ns/div.

Tek 1 DUMS/f a1 ZTAcqs

%W -S00ns ChZ L —4.E0V

Fig. 4.2.3 Middle 2 Pulse (12 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

Reportno. : FLI 12-98-017

Directional Crystal

Coupler Detector
Att. 10dB

Magnetron {Radar RF Unit)

432 Measuring Equipment List:

Oscilloscope

Fig. 4.3.1

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

rmvarmn 17 nfE7
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4.3.3 Measured Data:
Tek 1006878 eSS

Fig. 4.3.2 [0} e (0. Scale: 20 mV/div. 50 ns/div.

TeK SOIE 1.00(:5;(5 T121 AcCqs

Fig. 4.3.3 Middle 1 Pulse (3 nm Range) Scale: 20 mV/div. 50 ns/div.

Tek SIHR SODMS/? T 15 Acgs

100 ns/div.

Fig. 4.3.4

P Y T O L



Fig. 4.3.5

Fig. 4.3.6

Tek 250MS/? .

R EO O
Long 1 Pulse (48 nm Range) Scale: 20 mV/div. 200 ns/div.

Tak IR 250MSI? . 331 ACqs

Long 2 Pulse (120 nm Range} Scale: 20 mV/div. 200 ns/div.
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4.4 Radar Puise Spectrum:
Measured by the spectrum analyzer.
(Test Equipment Setup and Measuring Equipment List are same as Clause 6.1 and6.2.)

18:39:36 OCT A, 1988

-¢,87 dia HKR &1 FAQ 3.842 5 GHz
ATTEN 18 dB -2.8§ din
18.80 d48-01V FA-1¥6805 [TX-B.3250

v POS PK
WA

AN v

TEATER 3,992 5 oW: PRV 198,80 Pz
AR 1,08 HHz VB 1.08 MHz 57 5,800 sec
Fig. 4.4.1 For Short Pulse (0.125 nm Range)
16:41:29 OCT 4, 1988
{35 ot MG 85 FAQ 3. B4 G
01V o FA-1}168D8 Tl'('-

it

By M.

SPAR T44.8 WA

CENTER 3 R 2
+87 5.088 moc

LT
=RE 1.BB HH: sU8 1.88 HH:

Fig. 4.4.2 For Middle 1 Pulse (3 nm Range)

16:43:37 OCT A, 1998

11,91 dEn HKR ®1 FRQ 3.847 BA GH
ATTE 11.84 dis
10.P% dB/Q1V j \ FA-176808 |TX- 7(

N
a7 N
AT w\\
—
TENTER 3.807 63 GH: SFAN 59,490 AWz
RE 1.B8 HHz  *VB 1.84 HH: ST 5.B08 sec

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



18:47:44 0CT B, 1998
16,235 dbs HER 81 F

RY 3.845 75 6Mz
ATTER 38 48 /\ 16.20 dBn
19.84 d8-div FR-17680S [TX-4BNK

,J \ POS [PK
7
../I/ \"‘\
“ A\
CENTER 3,855 75 Ohz SPAN 50.08 AWz
sRB 1,00 MHz oUB {.B8 MHe

+5T 5.088 sec
Fig. 4.4.4 For Long 1 Pulse (48 nm Range)

10:51:28 OCT B, 1398
16,149 dim HKR &1 F
ATTEN 38 4B

A} 3.846 63 GH
KT L
18,808 dasQiv FR-1T£8083 {TX-12PNN
/ \ POS IPK

AN
"\a\’“‘h

P

TENTER 3.845 B3 Gz
*RB 1.88 MMz  =UB 1.0@ NHz

SPAN 58,80 Az
#5T 5.800 aec

Fig. 4.4.5 For Long 2 Pulse (120 nm Range)
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S 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 718 440 SUB Limit_line(@Sa)

30 CLEAR @Sa 450 Limit_line: 1

40  CALL M_ain(@Sa) 460  OUTPUT @Sa;"CLRDSP;";

S0 LOCAL @Sa 470 OUTPUT @Sa;"FUNCDEF LIMIT_LINE,"";
6 END 480 OUTPUT @Sa;"PU,PA 0,654

70 ! 490 OUTPUT @Sa;"LINET 1,

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

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

100 CALL Pwr_bw{@Sa) 820 OUTPUT @Sa;"PD;PA 300,654;"

110 CALL Limit_line{@Sa) 530 OUTPUT @Sa;"PU;PA 105,630,

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

130 OUTPUT @Sa;"VARDEF K ey,0; 550 OUTPUT @8Sa;"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 ! 50 OUTPUT @Sa;"PD;PA 400,743;";

180 Main_menu: ! 600 OUTPUT @Sa;"PU;PA&01,743;";

180  QUTPUT @Sa;"REPEAT;", 610 OUTPUT @Sa;"LINETL";

200 OUTPUT @Sa;"READMENU K _ey,"; 620 OUTPUT @Se;"PD;PA700,743;";

210 ! location: % Top----Bottom-% 630 QUTPUT @Sa;"PU;PA701,654,"

220 OQUTPUT @Sa;"l,%Limit line %" 640 OUTPUT @Sa;"LINET I;";

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

240 OUTPUT @Sa;"14,%  Exit%;"; 660 OUTPUT @Sa""

250 ! 670 SUBEND

260 OUTPUT @Sa;"IF K_ey,EQ, 1; THEN;LIMIT_LINE"; 680  SUB Pwr_bw{@S5a}

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

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

200 OUTPUT @Sa;"ENDIF;"; 710 OUTPUT @Sa; "VARDEF P_bw.0;",

300 OUTPUT @Sa;"UNTIL K _ey,EQ,14;"; 720 OUTPUT @Sa;"FUNCDEF PWR_BW,"";
310 OUTPUT @3a;"IP,TS:"; 730 OUTPUT @Sa;"CLRW TRA";

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

330 OUTPUT @Sea;"" 750  OUTPUT @Sa;"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 LP, %DLP  TEST%:" 780  OUTPUT@Se;"DIV P__bw,P_bw, 1000000;";
s | 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.

18:35:44 OCT B, 1998

RL -2.77 dBa MKR #1 FRQ 3.843 1 GHz
ATTEN 1@ dB r\ -2.89 dén
19.28 dB/0Iv FR-1768DS5 [TX-@. 125NN
POMER_BH =] 53125 MH: \ POS IPK

CENTER 3.4d43 H CGHz SFH’NJ'Sm Wz
*RB 1.88 MHz  =UB 1.0@ HH:z *5T 5.088 sec
Fig. 5.2 Measurement of Occupied Bandwidth

Occupied bandwidth = 53.125 MHz
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6.2

6.3

Furuno Labotech International
Report no. : FLI 12-98-017

SPURIOUS EMISSIONS AT ANTENNA TERMINAL (FCC Rule §2.991)

Test Equipment Setup:

RADAR
DISPLAY

UNIT

; DIRECTIONAL
RADAR § - DUMMY LOAD
RE UNIT COUPLER
EUT
HIGH PASS NOTCH NOTCH FILTER FOR
FILTER FILTER FUNDAMENTAL FREQ.
No. 2 No. 1 Used only for
_ 21t05.8GHz
Used only for 5.810 40 GHz
ATTENUATORS Usedonly for 2
EXTERNAL
MIXER Used only for 18 to
HP 11970K or 40 GHz
HP 11970A
SPECTRUM
ANALYZER
HP 71210C

Measuring Equipment List:

Fig. 6.1

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

Note :

(1) The characteristics of Notch Filter (No. 1) are described inFig. 6.2 to Fig. 6.5.

(2) The characteristic of High Pass Filter (No. 2} is described in Fig. 6.6.

Test Conditions:

Radar Range Settings:

0.125 nm (Short)/ 3 nm {(Middle 1)/ 12 nm (Middle 2)

48 nm (Long 1)/ 120 nm {Long 2}
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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 (H2) {(mean power ,dB)
50-100 % 2950 - 3000 M
{of the authorized At least 25
bandwidith) 3100- 3150 M
100 - 250 % 2800 - 2950 M At least 35
3150 - 3300 M
more than 250 % 10 k- 2800 M ,
At least 43 + 10 log ;o (mean power in
watts)
3300 - 40,000 M

Note: (1) Assigned frequency (center frequency) = 3050 MHz
(2) Authorized bandwidth = 100 MHz

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 2 GHz are not found due to the antenna terminal
structure. (wave guide tube)).

[ > F g o o, B



LABOTECH

Characteristic of Filter No.1 (for S-band)

INPUT ——>Z;__O_< «~—— OUTPUT

T

I— STUB TUNER

~, Bandpass filter for
fundamental
signal component

Fig.

eport no. : -98-01

6.2 Setup of Notch Filter No.1

This notch filter is used
to increase the dynamic
range of the spectrum

analyzer.
DUMMY LOAD
i fﬁ e 0dB
-10 dB
-20dB
-30dB
Fig. 6.3
2.6 2.84 3.08 3.32 3.56 3.8 GHy
\\ // -10 dB
-20 d8
I -30 dB
Fig. 6.4
3.01 3.03 3.05 3.07 3.09 G4z
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Characteristic of Filter No. 2 (for S-band)

This filter is used to filter out the
high level fundamental signal to
avoid damage to the analyzer.

4 )

Tapered Waveguide Tapered Waveguide

3.5 GHz Cutoff Waveguide

Fig. 6.5
0dB <
4
-10 dB /
-20 dB ‘ //
/
/
nﬂ A nv[’
VI W
2 GHz 3 GHz 4 GHz

Fig. 6.6
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7.2

7.3

7.4

7.5

7.6

7.7

Eurunc [abotech International

Re . FLl 12-98-017

FIELD STRENGTH OF SPURIOUS RADIATION (FCC Rule §2.993)

Test Site: Rooftop of 6-story building,
FURUNO ELECTRIC CO., LTD.
Ashihara- cho 8-52, Nishinomiya-city, 662-8580 Japan

Date: Dec., 1998

Distance between the radar set and measuring antenna: 10m

Radar Range settings: 0.125 nm (Short)/3 nm (Middle 1)/ 12 nm (Middle 2)
48 nm {Long 1)/ 120 nm (Long 2)

Measuring Equipment List:

See ATTACHMENT 4 [ LIST OF TEST/MEASURING EQUIPMENT .

Test settings:

EUT

Field Strength Limits:
(a) Frequency Range (FCC

(Measuring Antenna)

10m

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 % 2950 - 3000 M
(of the authorized At least 25
bandwidith) 3100- 3150 M
100 - 250 % 2800 - 2950 M At least 35
3150 - 3300 M

C mmaren D0 AfET
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Frequency removed from Frequency Emission attenuation
the assigned frequenc Hz {mean power ,dB} %
more than 250 % 10k-2800 M

At least 43 + 10 log o (mean power in
watts)

3300 - 40,000 M

Note: (1) Assigned frequency (center frequency) = 3050 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
DUMMY
LOAD COUPLER  }uud METER EUT.
X5328 RADAR
50§ /50W RF UNIT
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 (Middie 2)
48 nm (Long 1)/ 120 nm (Long 2}
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 ].

-page 30 of 57 -
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8.4

8.5

Report no. - -98-

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 (fg): 3050 MHz

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

"Upper limit frequency of the authorized band", fUAUBW) = fy + f(AUBW)/2 = 3100 MHz

"Lower limit frequency of the authorized band", f(LAUBW) = f, - f(AUBW)/2 = 3000 MHz

3) Assignable frequency bandwidth : 200 MHz (between 2300 MHz and 3100 MHz)
(FCC Rule §80.375 (d)-(1))

"Upper limit frequency of the assignable band", f(UASB) = 3100 MHz

"Lower limit frequency of the assignable band", f(LASB) = 2900 MHz

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

Pulselength Short | Middle 1| Middle 2| Long 1 Long 2

Range Scale (nm)] 0.125 3 12 48 120

Pulselength 0.08 0.20 0.60 1.20 1.20
(1L5€C)

Guard Band 18.75 7.50 2.50 1.25 1.25

f(1.5/T) (MHz)

Test Results:

Shown on Fig. 8.2
(1) "Upper Tolerance Frequency measured (at - 20 °C)", f(U) = 3050.0 MHz
(2} "Lower Tolerance Frequency measured (at +50 °C)", f(L) = 3040.4 MHz

(3)-(a)
f(U) + max. f(1.5/T) = 3068.8 MHz < f(UAUBW) = 3100 MHz < f(UASB) = 3100 MHz

(3) - (b)
f(L) - max. f(1.5/T) = 3021.6 MHz > f(LAUBW) = 3000 MHz = f(LASB) = 2900 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

T 15 % of nominal power supply voltage (85 to 115 VAC for nominal 100 VAC).

Frequency (MHz)
3050.0 s

3046.0 |
3044.0
30420 | - -
3040.0
3038.0 |- -

3036.0

3034.0

—e—short
& Middle 1
& Middle 2
g | ONG
—¥—Long 2
———- Mean

-20 -10 0 10 20 30 40
i Fig.8.2 Frequency Stability with Variation of Ambient Temperature

50 60
Temperature (°C)

“NAana I AfF87 _
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9 SUPPRESSION OF INTERFERENCE ABOARD SHIPS
(FCC Rule § 80.217)

9.1 Measuring Antenna Characteristics at Representative Frequencies:

Euruno Labotech Internatiopal
Reportno. : FLI 12-98-017

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) 8 R (Q 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 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, Ltd.
Ashihara-cho 9-52, Nishinomiya-city, 662-8580 JAPAN
9.3 Measuring Instruments:
(1) RF Vector Impedance Meter, HP 4815A
(?) Spectrum Analyzer, ADVANTEST TR4172
(3) Spectrum Analyzer, HP 8566B
(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 in OFF and TRANSMIT conditions, and found within the specified limits.

-pade 33 of57 -
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Report no. : FLI 12-98-017

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

Limits: for 14 - 490 kHz, 5 uV/m
for 490 kHz - 1 GHz, 1 pV/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 §80.217 (b) - 1)

Limits: for below 30 MHz, 0.1 pV/m at 1 nm (-20 dBuV/m)
for 30 to 100 MHz, 0.3 uW/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/mat 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. There is no
spurious
component exceeding the limits.
(Test data are shown in ATTACHMENT 3)

9.4.3 PowerInputto an Artificial Antenna (FCC Rule §80.217 (b) - 2)

Limits: for below 30 MHz, 400 uwW
for 30 to 100 MHz, 4,000 pW
for 100 to 300 MHz, 40,000 uwW
for over 300 MMz, 400,000 uW

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

PR . I B O b
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MEASU OF
ZSWR R.COEF  PHASE IMPEDANCE < NORM. >L OR C
REF-339dBm  ATT1008 MKR4  10.00204 MHz

4.88 660 m 27 2180-j2280 140pF

PH-COR =218x50 = 10902

PHASE  OFFSET C = 140pF

1732
3095

RBW

300 Hz
vBwW

300 Hz

SWP 100 mS CENTER 10.0000 MHz
SPAN 10 kHz

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

REF -35.0 dBm ATT 10 dB MKR3  27.500 MHz

2.34 402m -35°

MARKER 3
27.500 MHz

RBW

300 Hz

vBw

0 Hz

SWP 200 mS
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0, : -98-0
SUR S
ZSWR R.COEF PHASE IMPEDANCE < NORM.>L OR C
REF -33.7 dBm ATT 10d8 - MKR7  150.00 MHz

2.69 458 m -24° 2110-9%0Q 525nH

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

MARKER 7 C =52.5nH

150.00 MHz

RBW

100 Kz
vBw

30 Hz

SWP 500 mS
' SPAN 10 kHz

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

REF -35.1 dBm ATT 10dB MKR 1  450.00 MHz

4.16 612m -68° 6390-]1.23m2 568pF

A = 0.689 x 50 = 34.5(1

MARKER 1 C =568 pF

450.00 MHz

RBW

100 Hz
VBW

30 Hz

SWP 500 m$ CENTER 450.0 MHz
SPAN 10 kHz
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11 TECHNICAL DESCRIPTION OF EQUIPMENT (FCC Rules §2.983)

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

ANTENNA  UNIT
TRANSCEIVER MODULE (RTR-032)

CR850:
CR851:
CR853:
CR854:
CRB855:
CR856:
CR857:
CR858:

Q850:
Q853:
Q854:
Q884
uss0:
ussl:
uss2:
uss3:

6

Switching

Switching

Reverse Voltage Protection
Switching

Reverse Voltage Protection
Reverse Voltage Protection
Reverse Voltage Protection
Reverse Voltage Protection
Switching

SCR Driver

Switching

Current Amplifier
Monostable Multivibrator
AND Gate

Inverter

Inverter

Modulator PCBs O3P6668/03P6827/03P6669

CRB801:
CR802;
CR807:
CR816:
CR817:
CR818:
CR818..
CR820:
CR821:
CR822:

Charging

Charging

Switching

SCR Protection
SCR Protection
SCR Protection
SCR Protection
SCR Protection
SCR Protection
SCR Protection
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CR823: SCR Protection

CR824: SCR Protection

CR825: Reverse Voltage Protection
CR840: Switching

CR842: Switching

Chassis Mounted Parts

B13: Diode Limiter

B14: Diode Limiter

CR803: Relay Driver Protection
CR804: Relay Driver Protection
CR805: Relay Driver Protection
CR808: Reverse Voltage Protection
CR809: Reverse Voltage Protection
CR813: SCR Switching

CR814: SCR Switching

CR815: SCR Switching

V8ol : Magnetron. microwave oscillator
HY801: Circulator

uso1t: MIC, frequency converter
L801: Charging choke

T801: Pulse transformer

IF Amplifier PCB 03P6570

CR601: Switching

CR602: Switching

CR603: Switching

CR604: Switching

CR605: Switching

CRe606: Switching

CR608: Thermal Sensor

CR609: Level Shift

CR610: Limiter

CRé611; Switching

CR612: Switching

CR613: Switching

Reportno. : FLI 12-98-017
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CR614: Frequency Adjuster
CR615: LED
CR616: Temperature Compensation
CR617: Tuning Voltage Limiter
CR618: Zener Diode
CR621: Limiter
CR623: Tuning Detector
CR624: Aftenuators
CR625: Limiter
CR626: Reverse Voltage Protection
CR627: Reverse Voltage Protection
Qe01: IF Amplifier
Qe602: Switching
Q603: Buffer Amplifier
Q604: Buffer Amplifier
Q605: Buffer Amplifier
Q606: Buffer Amplifier
Q607: Buffer Amplifier
Qe08: IF Switching
Q609: IF Amplifier
Qé610: DC Amplifier
Q611: Cascade Amplifier
Q601 toU610:  IF Amplifier
usit: Voltage Regulator
usia: Voltage Regulator
Ue13: Voltage Regulator
Ue14: Voltage Regulator
U615: MBS Pulse forming Network and Bandwidth Selector
Ue16: Tuning Amplifier
STC PCB ATT-7362
CR1: Overvoltage Protection
CR2: Overvoltage Protection
CR3: Switching
CR4: Level Shift
CR5: Overvoltage Protection
CReé: Overvoltage Protection
CR7: Overvoltage Protection
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CR8: Thermal Compensation
CRe: Thermal Compensation
CR10: Thermal Compensation
CR11: Thermal Compensation
Q1: Buffer

Q2: Emitter Follower

Q3: Emitter Follower

Q4. Current Mirror Circuit
Qs: Current Mirror Circuit
Qeé: Switching

Q7: Switching

Ut: DC Amplifier

u2: Monostable Multivibrator
MBS PCB 03P6569

CR501 : Overvoltage protection
CR503: Overvoltage protection
CR504: Overvoltage protection
CR505: Overvoltage protection
CR506: Overvoltage protection
CR507: Overvoltage protection
CR508: Switching

CR509: Switching

CR510: Switching

CR511: Overvoltage protection
CR512: Switching

CR513: Switching

CR514: Switching

CR515: Switching

CR517: Reverse voltage protection
Q501: Emitter-followered amplifier
Us01: DC amplifier

us12: DC regulator

us03: Monostable multivibrator

Bearing Sianal G PCB MP-3795/03P6609

e ) AFET
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Qgo1: Pulse Amplifier
Q902: Pulse Amplifier
U901: Photo Interrupter
Ugo2: Comparator
[nte

CR1: Switching
CR2: Switching
CRS3: Switching

Ut: Comparator
Motor Control PCB MSS-7737
CR1: Switching
CR2: Switching
CR3: Switching
CR4: Switching

Q1: Switching

L g

Yy p—
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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-032)

Modulator Trigger Circuit 03P6666

The modulator trigger circuit consisting of Q850, Q854, Q853 and U850 generates pulses that fire
SCRs CR813 thru CR815. Normally the circuit is stable with Q850/Q853 off. Q850 turns onupon
receiving the TX trigger from the display unit and a negative going pulse is produced at its collector.
Then, a positive goingpulse 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 aresult, a positive going pulse (Modulator Trigger Pulise} is produced at the collector of Q853 and
delivered to the modulator SCR.

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 pulse, then the
second stage of U850 operates. The output (#9) of U850 is applied to the reset terminal (#3) of the
first stage of U850. In this manner, the level at pin #6 of UBSO0 is kept "L” while the Ilevel 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 modulator 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 Circuit
with the pulse forming network (PFN) consisting of C811 thru C824, and L811. The TX high voltage
inthe inputis doubled by the electromotive force of this coil and the PFN is charged up twice the input

voltage. The time taken for full charge is roughly given by the equation T = 27/ (LXC), where L.
represents the L801 and C capacitance of the PFN,

The PFN is a lumped constant L-C circuit, which is an application of parallel two-line circuits with an
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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 retun in the L-C network, and it is given by the durationt = 27T N

J (LXC), 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 thruCR815
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,

Duplexer and Mixer

Since the radar system uses a single antenna for transmission and reception, an efficient device is
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 a specific 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. In the 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
reception.

The diode limiter is a self-activating switch made up of three PIN diodes. Its function is to attenuate
the leaks of RF energy from the magnetron and from other radars through the antennato protect the
MIC (Microwave IC). The PIN diode has particular characteristic and conducts at a certain level of
microwave power. When the diode is in a cut-off state, the input impedance of the diode limiter
matches the characteristic impedance of the waveguide, and the microwave energy is delivered to
the MIC. When the dicde is 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.

The MIC incorporates a local oscillator and mixer diodes and low noise amplifier. The received

-nanosd nf87 -
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microwave signal of 3050 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.

ifier 03P65

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 5 major circuits; Linear Amplifier (Q601, Q602), Logarithmic Amplifier
(U601 to UB09, Q604/Q605), Video Amplifier (Q606/Q607), Bandpass Selector (Q611 to Q613,
CR601 to CR6086) and Tuning Indicator Circuit (Q609/Q610, U610/U611).

The signal applied to the base of Q601 is amplified in cascadeby Q601 and Q602 and sent to the
bandpass selector via T602.

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, since
the levels at the base of Q612 and the cathode of CR614 go high, thus CR602 to CR605 are
conductive and CR601/CR606 are cut off, causing the signal to pass though CR603/CR604. On
the contrary, CR602 to CR605 are cut off and CR601/CR606 are conductive, which causes the
signal to pass through T603/T604, selecting a narrow bandwidth (3 MHz) on middle and long
ranges.

The signal thru the bandpass selector is coupled to the logarithmic amplifier and amplified by U601
to U607 and Q604/Q605. Thus, the output signals of Q604/Q605 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 and detected by U611. Then the detected
signal (Turning Indicator Signal) is sent to the Display Unit via Q610.

On the other hand, Q609/U610 and U608/U609 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 as well as thru resistors R636/R639 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/U609. This signal is added to the
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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 the base of Q603 and the emitter of Q601
thru Q603, then Q603 and Q601 turn on and off respectively so as to eliminate the strong
transmission signal (main bang}.

Main Bang S ion G3PB5ES

The purpose of this board is to minimize transmission leakage near the center spot on the screen. It
includes operational amplifier U501 for “Di MONITOR” signal and +5V regulator U502 for MIC.

Then the TX trigger is fed to pin #4 of cne-shot multivibrator U503, pin #6 of US03 produces a
positive going pulse. This pulse is mixed with the TX trigger pulse through CR508 to compensate
for delay time caused by U503-1/2. Since the cathode voltage of CR510 is determined by the
MBS-T signal on the SPU board of Display Unit, the charging curve for C517 varies depending on
the setting of the MBS-T signal. At the moment the charging curve exceeds the threshold level of
U503-2/2, a positive going pulse is produced at pin #10 of U503 and differentiated by C523 and
R531. Since the cathode voltage of CR515 is determined by the MBS-L singal on the SPU board
of Display Unit, the level of the differentiated waveform is passed through C520 and Q501 and
applied to the base of Q603 on the IF AMPLIFIER board as a main bang suppression waveform.

Rearing Sianal G tor MP-3795

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 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 disc is provided with 60 slits at regular intervals along its circumference. It is fitted onthe
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.



LABOTECH Furuno Labotech International
Report no. : FLI 12-98-017
S ensitivity Time C \TT.

If the received signal enters the MIC attoo high aleve!, the signal saturates making it impossible to
differentiate signal strengths.

To prevent saturation of the output signals of the MIC and IF amplifier, the received signal is
attenuated before entering the MIC by a PIN diode just in the same way as an STC circuit.

The circuit composed of Q1, Q2, U1, U2,C7 - C10 and R9 to R11 generates an STC waveformin
synchronism with trigger pulses and feeds a current into the PIN diode of limiter RU-7394 through Q4
and Q5 to attenuate the incoming signal.

Motor Soft Starter MSS-7737

This is motor slow-start control circuit for protection of the scanner motor.
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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 6. SPURIQUS EMISSIONS AT ANTENNA TERMINALS ]

1. Spurious emissions for 0.125 nm Range:
15:58:13 OCT A, 1998 Ref. level: -3.06 dBm
-3.86 dBw MKR #1 FRQ 3.843 B GH:
ATTER 1@ dB {\ -3.P4 din
1@.98 de/giv FA-1F6RDS ITX-8.125NH o
J/f‘ \ POS [PK Emission limitations:
-25d8 W - (a) 25 dB for 50 to 100 % of
3548 ™ < the authorized BW (100 MHz)
Y ™~ (b) 35 dB for 100 to 250 % of
W-M" the authorized BW (100 MHz)
Fig. 1.1 Without Fil
CENTER 3,093 B0 SPAN 580.8 AAz
“RE 1,88 HHz <UB 1.B@ MHz +5T 5,000 sec
16:25:58 0CT @, 1553
-3.86 dBa HKR %1 FRQ 3.BY8 GHz
ATTEK 18 dB 23.97 dBa
14.88 dB/01v FA-1768D5 Tx-a.lgesun
05 [FK
Emission limitations:
44— (c) 43+ 10logPm =50.53 dB
\C for more than 250 % of
A meniy ot s gt the authorized BW (100 MHz)
Fig. 1.2 With Filter No.1
START 2,888 GHz STOF 5.00W GHz
*B 1.80 NHz  sUB 1.88 MHz ST 5,888 aec
|
15633:21 0CT B, 1998
ATTEN 10 45 fIKA2_FRQ SRR
18,08 do-qdiy FA-17680S [TX-8,
PBS [PK
Emission limitations:
<4+— (c) 43+ 10logPm =50.53 dB
- — 31—t for more than 250 % of
- g the authorized BW (100 MHz)
Fig. 1.3 With Filter No. 2
START 5.H6A CH: TOP 12.588 OF:
*RB 1.B8 HH:  *UB 1.8@ HH: *8T 5.088 sec
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16:55:58 OCT B, 1994
-3.86 dBa MKA #1 FRQ 17.863 GHx
ATTEN 18 4B 63.57 dBm
18.09 dB/QIV FR-1FGA0S [TX-9.1 25N
POS |PK
— Y rerey Py ‘ 4
START 12, Fl TOF 10.880 GHz
RO 1.8@ MHz *UB 1.88 NHz «5T 5.8P8 sec

Emission limitations;

¥i—(c) 43+ 10log Pm =50.53 dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 1.4 With Filter No_ 2

:
R

¥ (0

. 2d
*RB 1.8d@ HH:z

GHz
*UB {808 kH:z

0CT B, 1898
HKR 21 FRQ 21.37 GHz
N = 67.89 dBa
19.88 dB/QIV FR-17680S |TX-P.A25NH
POS |PK
CONVERSION LOSS
22.98 dé
LT ——— - dhomfunait sacd
STAR STOP 26.

tH2
ST 5.0008 sac

Emission limitations:
43 + 10 log Pm = 50.53 dB

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

Fig. 1.5 With Filter No, 2

17:58:26

o6, 5
*AB 1.88 MHz

GHz
*UB 1488 kHz

0CT 8, 1998
-3.86 dBm HKA %1 FAQ 37.22 (Hz

= 66.1d dBm

1@.80 dBsQ1y FR-17EADS |TX-@.[ 25NN
POS [PK
CONVERSION LOSS
24.8¢ dB
VY P oA o e, .

STAR STOF 40,0

GHz
*5T 5,000 sec

Emission limitations:

—-{c) 43+ 10log Pm = 50.53 dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 1.6 With Filter No_ 2




LABOTECH

2. Spurious emissions for 3 nm Range:

13:56:47 O0CT B8, 1938

8.086 dBa HKR #1 FRQ 3.R45 5 GHz
TEN 2B d8 8.86 dBm
18.89 gg-/gIv FA-1P680S |TX-3N
POS [PK
-25d8
-35dB
N

b, o

CENTER 3

LAYS B z
*RB {.08@ MH: VB i.88 MH:z

SPAN 580.8 AHz
5T 5.80R sec

Ref. level: 0.06 dBm

Emission limitations:
A (a) 25 dB for 50to 100 % of
W the authorized BW (100 MHz)

@] 16:31:43 0CT B, 19398
.B6 dBa HKR #1 FRQ 3.845 CHz
ATTER 28 g8 2o, dBm
10.8% dB/OIY FR-176@DS |TX-3N

POS [PK

/

MJ“

b

STAR

c. 3
«RB 1.88 MH:z *UB 1,88 HH:z

5TOF 5.B8@ BHz
«57 5.808 sec

16:49:23 ODCT B8, 19596

8,86 dfa HKR %
ATTER 2@ dB
18.09 4B/01V FR-1

1 FRQ 9.13 H
55.89 dBm
FERDS |TX-3N
POS [PK

< ©

35 dB for 100 to 250 % of

(b)
the authorized BW (100 MHz)

Fia. 2.1 Without Eil

Emission limitations:
43 +10log Pm =50.3 dB

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

Fig. 2.2 With Filter N

Emission limitations:

{c) 43+ 10logPm=50.3dB

u..g.m,ﬁrmf...._.

START 5. BAW GH:
*RB 1.08 HHz «UB {.80 HH:z

TOP 2.5 GHz
*ST 5.088 sac

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

Fia. 2.3 With Filter No. 2



LABOTECH

16:58:14 ©OCT 4, 1998

12,580 GH:z
*RB 1.88 HH:z «UB 1.08 HKHz

.86 dBm KR &1 FRG T.Baé GHz
RTTE! EL: (] a3, n
10.a0 dB/0Iv FR-1FERDS |TX-3INH

POS [PK
- W—nw:ﬂ
TAR TOP 18.00¢ Oz

8T S:BBB sec

Emission limitations:

4ﬂ,f(c) 43 + 10 log Pm =50.3 dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 2.4 With Eilter No. 2

r,,,,,. — e
%‘13115122 ¢CT 8, 1938
a
H =

A6 _dBm HKR %4 FRQ 26, 18 GH
3 23.94 db=
18.88 dBsQ1V FR-176808 T%BQN
| CONVERSION LOSS
22.9§ dB

8. 70 T

S THH T
=yB 188 kHz

A8 1.80 NH:z

STOP 8G6.%0 GOHz
«ST 5.808 sec

Emission limitations:

43 + 10log Pm = 50.3 dB
for more than 250 % of
the authorized BW (100 MHz)

—(c)

Fic. 2.5 With Filter N

17:52:31 0CT B,

[ﬁ] 1988
p.86 dbm MKR #1 FRQ 27.6R GHz
N = 61.1d dBm
18.80 dB/0IV FR-1F500S |TX-3N
POS [PK
| CONVERSION LOSS
24.8y dB

STRRT 26.5

.28 GHz
«AB 1.B@ MHz *U8 188 kHz

STOP 4A. OHz
+5T 5.008 saec

Emission limitations:

—-{c} 43+ 10logPm =503 dB
for more than 250 % of

the authorized BW (100 MHz)

Fia. 2.6 With Filter No. 2




LABOTECH

3. Spurious emissions for 12 nm Range:

Ref. level: 11.79 dBm

@11153523:;5 oeT 8. 1998 R_*1 FRY 3.848 } GH
nTTEﬁ'aajB' Hk 11,79 dBr
18.80 dB-QIv FR-1]6805 TX-IELH
FOS [PK Emission limitations:
~83d8 / ¥ (a) 25dBfor50to 100 % of
35d8 ]’ v the authorized BW (100 MHz)
L {b) 35 dB for 100 to 250 % of
o the authorized BW {100 MHz
rarivalrlnpah mﬁ“ ( )
Fig. 3.1 Wit Eilt
NTER 7.@98 L GHz SFAN S6d.8 HAz
sRB 1.A@ MHz  *UB 1.BB MH:z *ST 5.888 sec
16:33:43 ©OCT &, 1888
11.79 dBm HKA #1 FRQ 3.845 GHz
LATTEN 28 4B -9.74 dBa
10.89 de-/div FR-176805 |1%-12NN
POs [PK
Emission limitations:
| () 43+ 10logPm =54.31 dB
FA 4 for more than 250 % of
the authorized BW (100 MHz)
™ il w b - e . Y
Fig. 3.2 With Filter No.1
START 2. 8@@ GHz STOF 5.A0d Oz
L «RR 1,88 HHz =UB 1.B8 MH: +5T 5.99@ sec
16:47:86 0CT B, 1998
11.79 dBm MKR %1 FRG 11.5 z
"ATTEN 2@ dB 54.51 %?-
10.89 dB/OiV FR-1}6805 |{TX-12NH
POS [PK
Emission limitations:
| _(c) 43+10log Pm =54.31 dB
A for more than 250 % of
the authorized BW (100 MHZ
WP FOVERAN NI A M“_*Lam ( )
Fig. 3.3 With Filter No. 2
START 5. 000 GHz TOP 12.9 z
«RB 1.8@8 HHz «UB 1.P8 MH: «ST 5.0@8R sec




LABOTECH Funino | abotect ftamatons)

17:@1:@9 OCT A, 1998
11.79 dBm HKR 81 FRQ 17.B@1 GHz
EATTER 28 dB 53,94 dba
10,88 de/g1v FR-176008 [TX-12hY
P03 {PK
Emission limitations:
4 (¢) 43+10logPm =54.31dB
for more than 250 % of
wwﬁfm&- i the authorized BW (100 MH2)
Fiq. 3.4 With Filter No_ 2
BT 12.508 GHz TOF 16.8 1
sRB 1.8@ NHz  *VUB 1.@0@ MHz *ST 5,800 sec

@]m:m:ss OCT B, 1998 |
11.79 dBm HKR 81 FAQ 21,34 GHz
H= |6 49,12 dim
18.88 d8/QIv FR-17680S |TX- 12K
PoS [PK
couul'iﬁsm L0SS
2.90 di
Emission limitations:
- (c) 43+ 10log Pm = 54.31 dB
for more than 250 % of
VSR PO | SR W — . the authorized BW (100 MHz)
Fiq. 3.5 With Filter No. 2
STARY 10,00 ONz 5TOP PE.58 OAz
sRB 1.88 MHz  +VUB 180 kHz s§T 5.800 sac
F’ ]

18:8@8:31 OCT 4, 1598
[ MKR %) FRAQ 36.47 GHz

47.53 dBnm
v FRA-1TEBD0S TX'léhH
POS [PK

LOSS

Emission limitations:

¥--—(c) 43+10logPm =54.31dB
for more than 250 % of
— - = — ==, : the authorized BW (100 MHz)

Fiq 3.6 With Filter No. 2

STAR ob.3d GHz STOP . GH:z
*AB 1.68 MHz VB 18@ kHz «5T 5,008 sec




L

TE

H

4. Spurious emissions for 48 nm Range:

@ 16:88:28
16,14 dBm

0CT 8, 1998

R #1 FRQ 3.B46 9 OHz
ATTER 30 d8 15. T dbm
10.80 dB/01v FR-1}620S [TX-48Nn
705 P
2546
3sde I\

A

CENTE . BHE
*RB 1.88 MHz

9 OH:
*UB 1.88 HHz

SPAN SAU.@ Az
=57 5.808 sec

Ref. level: 16.14 dBm

Emission limitations:

(a) 25dB for 50to 100 % of

the authorized BW (100 MHz)
(b} 35 dB for 100 to 250 % of

the authorized BW (100 MH2)
Fiq. 4.1 Without Fil

e,
*AB 1.88 NHz

GHz
*UB 1.0@ HH:z

16:36:38 OCT &, 1998
16.1Y4 dBa MKA_ 1 FRQ 3.8Y45 GH2
-5 S dia]
18.09 dB/0Iv FR-1750DS [7X-4BNH
POS |PK
P ey . J_".r__.._'_ g
STAR STOP 5. THz

«57 S5.8088 sesc

Emission limitations:

43 + 10log Pm = 58.05 dB
for more than 250 % of
the authorized BW (100 MHz)

—(c)

Fiq. 4.2 With Filter N

*R8 1.8@ HHz

16:44:26 O0OCT d, 1938
16.1Y4 dBam HKR #1 FRQ %.575 Hz
] [¥]
18.88 dB/OIV FR-176@0S |TX-4ENN
FOS
- - FERTV P S - L) —
STAR 5.88d GH ToP {2.50

2 z
*UB 1.A8 MH:z *3ST 3.@88 pec

Emission limitations:

‘f_,(c) 43 + 10 log Pm = 58.05 dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 4.3 With Filter No. 2
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17:@3:22 OCT B, 1998
14 d8n HXKA ®1 FAQ 16.529 GHz
a0 Jg S
18,8 da/fiy FR-1}5805 [TX- 48N
PDS [PK
17,500 GH: TOP 15,988 OFz
sRE 1.88 HHz VB 1.8@ HHz +5T 5.008 sec

Emission limitations:

«4—(c) 43+ 10logPm =58.05dB
for more than 250 % of
the authorized BW (100 MHz)
Fig. 4.4 With Filter No. 2

18:21:23 OCT
16.14 dim

B, 19398

19.98 dB/01v

HKR 81 FRQ 28 69 GHz
. ]
FA-176805 |T4-4GNY

CONVERSION LDSS
. dB

MML!-—

Emission limitations:

—({c) 43 + 10log Pm =58.05 dB
for more than 250 % of

the authorized BW (100 MH2z)

Fig. 4.5 With Filter No. 2

tteric iy, ytongpa it
~START T84 TH; STOP 2550 OHr—
*RB 1.P@ MHz =VUB 188 kHz sST 5.808 mec
( 18:83:30 OCT €, 1998

i 16.14 dém HKR #1 FRQ 3?.23 GHz

= . | ]
ig.p@ dB /o1y FR-176808 JTX-48NN

POS |PK

CONVERSION LOSS
24.0§ de
STHAR o6.58 GHz 5TOP Gd.B0 GHz
sRB 1.B8 MHz »V8 188 KkHz «5T7 5.88@ aac

Emission limitations:

—{(¢) 43+ 10log Pm = 58,05 dB
for more than 250 % of

the authorized BW (100 MHz)

Fia. 4.6 With Filter No. 2
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5. Spurious emissions for 120 nm Range:

[@ 16:19:84 0OCT 8, 1996
1

.85 dim A »1 FARG 3 09?
ATTE d8 6.8 Bm
18.890 dBs/QIV FR"i’Eﬂﬂ&_T - NM
POS [PK
-25d8

3548 / I\

A

“CENTER 3.B47 5 Gz
*RO 1.8@ HHz *UB 1.88 MHz

SPHFJ

KRz
=ST 5. BBB sec

Ref. level: 16.05 dBm

Emission limitations:

(a) 25 dB for 50to 100 % of
the authorized BW (100 MHz)
~(b) 35 dB for 100 to 250 % of
the authorized BW (100 MHz)

Fiq. 5.1 Without Fil

16.85 dBm

HKR #

16:39:14 OCT 8, 1988
38 dB
10.48 dB/fIv

FR-1

1 FRQ 3 a43
6805 TX 12BNH
S |PK

STHA ¢.B00 GHz
«RB 1.8@ HH:z *yB 1,88 MH:z

STOF 5,880 GHz
*ST 5.008 suc

Emission limitations;
—-{c) 43+ 10log Pm = 56.81 dB

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

Fiq. 5.2 With Filter No.1

16:42:20 OCT A, 1938
16.85 dBm KR »1 FRG 11.219 GHz
I eu. qd
18.88 cB/Oiv FR-176@08 [TX- 1 2BNN
]
T S mmw
START _5.BAW GHz TOP 13.58@8 GHx
“R8 1.88 MHz  »UB 1.B@ MH: 5T 5.008 sec

Emission limitations:

c) 43+ 10log Pm =56.81 dB

-
4 for more than 250 % of

the authorized BW (100 MHz)

Fia. 5.3 With Filter No. 2




LABOTECH S apart o L 12-58-017

17:88:57 oCT B, 1998 o

.85 dBm MKR 1 FRQ 17,872 GH:

18. 88 dB/[IV FR-176808 [TX-12fNH
Emission limitations:
4i-—(c) 43+ 10logPm =56.81 dB
for more than 250 % of

N i e " the authorized BW (100 MHz)
STARY 123,500 OHz TOP 1. uge CHi Fig. 5.4 With Filter No. 2
BB 1.88 HHz *UB 1.0@ MHz ST 5.888 sac J

18:23:29 OCT @, 1998 |
15,85 dfa HKR 31 FAQ ‘al%.aq GHz
18,08 ds-qIv FR-176@0S [TX-12BNA
FO§ [PK

CONVERSION L0SS
22.90 db

Emission limitations:

4+1-(c) 43+10logPm =56.81 dB
for more than 250 % of
L the authorized BW (100 MHz)

EEWRTY e - ” adeitus

Fiq. 5.5 With Eilter No. 2
START 10,80 GHz STOF 26.58 GHr
*RB 1.088 MHz  *UB 198 kHz «ST 5,088 sac

19:86:26 OCT @&, 19498
16.85 dBa HKR #i FRG 3@.38 GHz

N = H9. 04 dBw
10.@9 da-giv FR-17680S |TX-12BNH
POS [PK
CONVERSICN LOSS
24.8§ dB

Emission limitations:

¥ (c) 43+ 10logPm =56.81 dB
for more than 250 % of

— - - e i the authorized BW (100 MHz)
Fiq. 5.6 With Filter No. 2

SYART 25,50 CRz ITOF 9990 GH:

*RB 1.88 NHz VB 188 kHz »3T 5,088 sec




ATTACHMENT 2 [TEST DATAFOR 7. FIELD STRENGTH QF SPURIOUS RADIATION]
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ATTACHMENT 3

1.

[ TEST DATAFOR
Harmful Interference to Receiver

{Band : 14 kHz - 490 kHz)

18:28:17 DEC 16, 1938
102,088 déuY

18,88 48761V

WUEWNMn

VO w

START 14.0 kHz
*RB 3.8@ kH: +VB 108.8 kH:

STOF 456.¢ kM
*5T 1.0888 sac

18:27:56 DEC 15, 15998
199,84 dBuY

18.08 dBs0V

TH-BLE YK-‘IB*
[H

1“ ‘.I

L T e —

START 19,0 kiz
sRB 3,88 kHz _ +VB 0.8 kH:

STOF 998.8 LH:
«5T 1.980 sec




LABOT

{Band : 490 kHz - 5 MHz)

18:43:15 ODEC 16, 1998
198,83 gAY

o

19,09 gd6/01V

RTR-@)2 FF
FBs

Il

“START 038 kHz
RE 30.0 kH:z s 1R@ kH:z

ST0P 5. tiHz
45T 1,088 sec

[@ 1@8:49:43 DEC 16, 1938
18@_@8 dBuV

19.80 des01v

W

“STAR kHz
*RB 30.8 kHz _ +VB 188 kH:

STOP 5. 908 ARz

sS5F 1,000 wec




LABOT

(Band : 5 MHz - 10 MHz)

{1:42:84 DEC 16, 1993

168.88 dayy
FATTE
18.89 48/0iV

HTR-GLE JFF I
E]

I~

/o

“START 5.
«f8 120 kHz

]
B 3188 kiz

OF 18. 1
»ST 1.008 sec

11:2@:13 DEC 16, 1998
B.88 d8uY
.48 dB/gIv

Th-8

STRA .
*HDb 188 kHz

z
VB 388 kH:z

CRL: L
+ST 1,008 pec




LABOTECH

{Band : 10 MHz - 30 MHz)

%] 12:54:38 DEC 16, 1998
A diuy

10,8} ge/iv 1A- FF
, ]
k lll' ok r o N —
START 16 08 W2 STOF 30,90 AHz
AR 188 kHz  =UB 388 kHz ST 1.0008 seo

13:@2:24 DEC 16, 1999
dBul

18.989 dB/H]V

HTR-H}E_*L-FHE‘!_
PX

k"::::-.

“JTART 1. 1
+AD 1@0 KMz +U8 388 kH:

STOP
15T

ELACL B
1.80@ sec




LABOTECH

(Band : 30 MHz - 100 MHz)

13:47:48 DEC 16, 1598
L'

RATTE B

10
18,89 desdIv RTR-932 {0

PQS |PK

START 30,80 ff:
+AB 388 kHz  +VB 3B kiz

TOF 100,80 Wz
«5T 1.B80 sec

13:54:498 DEC 16, 1999
188, A8 dfuy

18,88 dB/MIV RTA-

-

START 3d.8@ FA:
shB 388 kH2 sUB 388 kH:

TOP 100, B8 HFz

25T 1.88Q pec




LABOT

H

(Band : 100 MHz - 300 MHz)

14:33:83 DEC 16, 1938
28.88 dbuy
ATTEN 1@ 48
10.89 d4B/Q1V RTR-§32__|OFF
L
i -
“STAR N 1 STOF 3804 A
«RB 388 kH: +Ug IR kH:

457 1.8008 sec

14:43:49 DEC 16, 13998
188, 88_diuy
LATTED 1B 4B
18.B9 desf1v RTA-932  |TX-4BNN
P08 [P
i I
el I A
N STOF 1800 WAz

sRE 388 kHz  =UB 388 uM: ST 1.088 sec
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(Band : 300 MHz - 1 GHz)

15:84:21 OEC 16, 1598
106.088 dBuY

FATTER 18 qB

10.09 dé/Q1y

RTR-§32  |OFF

Ao

STAR .
*RB 328 kHz

1
sUf 38R kHz

SYIP T WaH 4 R

25T 1,008 sec

15:12:31 DEC t{6, 13398

109 83 dBul
RATTEW 18 4B
18.89 dB/01V RTR-832 Tﬁ;iﬂpﬂ

ART  Jad.
«AR 308 ki:z

1
sUB 3088 kHe

ST0P 1.B0F @ OH:
+57 1.809 sec




LABOTECH

2. Electromagnetic Fie

Id

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

1@:2@:17 DEC 1G, 1398

] “

L 18@.88 dBuY 26 dBMV}'m
i8.8)p 4801V TR-8j2 FE
1
; t Qi A |
g VIV ¥ R
“STAAT 19.B kW2 STOF Y983 &z
<Ab 3.88 kHz VB 18,8 kilz +5T 1.020 sec
18:27:56 DEC {6, 1338
195! ;' Y 26 dBMV/m
v HTH-BLE 4!"{5*_’
e

STUTI'W!H [1Lf]

START {9.B
AHE 3,88 _kH:

Iz
VB 18.8 kHz

57 1.090 sec




LABOT

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

18:43:15 ODEC 16, 1998
108.00 dBulf

17
18.89 dB/QI1y TR-ELE JFF '
P05 |PK

STAR

U9 kHz
SR 38.@ kHz  «VE 188 kH:z

STOF 5.408 Afz
«ST 1.808 mec

18:43:49 DEC {6, 1938
180,88 diul

18,89 dB/ TR-8

\\

N
PE3S [PK

)

1l

\n

START 998 kH:
*AB 38.8 LH: +UB {BB kHz

3T . L‘F}
*ST 1.8088 sec

Ref. level (dBuV/m)

=126 - 100 = 26 (at 0.5 MHz)

=100- 96= 4 (at 3 MHz)
=100- 88=12 {(at 5 MHz)

-20 dBpV/m limit line



LABOT

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

11:12:84% OEC 16, 1998
1P2.38 dfuV

o
18.8 01V TR-B32 iFF l

STAR . 1 ToP 18 2
+*AB 188 kH2 sVB 384 kH:z +ST 1.8@0 sec

11:28:13 DEC 16, $998

88. 88 dByV
i08.89 de-soly TA-832 13}‘&%!#7_
T
v
N \J. /AV/
TN
STAA

5. 1 UL
sRB 188 kHz Ul 3JBR kHz «57 1.980 sec

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



LABOTECH Repart no._ FL| 12-98-017

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

12:54:38 DEC {6, 1838
dBuY
.
B.89 dB/OIV TR-932 JFF

1"

“START {9,009 AAz STOF 34.88 HAz
«AB 164 kHz «yf 388 4H: «§7 1.088 aec

Ref. level (dBuV/m)
[E] 13:82:24 DEC 16, 1398 =100 - 78 = 22 (at 10 MHz)
T =100-70 = 30 (at 20 MHz)

w.ai 4871y Em-a;a x-qgub =100 - 67 = 33 (at 30 MHz)

[F]

-20 dBuV/m limit line

|
I B e PUNN Y PR TR T

TART 10. z STOF 30,89 iz
*RB 189 kHz sUB 388 kH: +ST 1,008 sec




LABOT

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

13:47:48 DEC {6, 13%A

. z
*R8 380 kHz VB 3088 kHz

L 188 88 dBuV
8.8) da/qiu ATR-§32
08 PK
ﬂ X | i
" un-unu*r dhdiuiiond, J
STHE

.18 HHz
45T {.008 sec

i@, bg
/

e
'}

13:54:48 DEC 16, 1998

déuV

ATR-

W

<RB_ 388 LM;

“START 36,06 WH

T
U8 390 kHz

TOP_{0W.9K FHz

+37 1,880 pug |

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

- 10.5 dBuV/m limit line
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(Band : 100 MHz - 300 MHz, Limit at 1 nm = 0.1 uV/m = -0 dBuV/m)

14:33:09 OQEC {5, 1998
.88 dauV
12.00 dB/OIV ATR-§32
PBS {PK
i
wtafutue bl A ’ La.
STUF 180,89 HAz

“STRRT 1FG.9
*RB_388 WkHz

Tz
sUf I8 kHz

15T 1.008 sec

w 14:43:19 DEC 16, 1398
198,08 gBuU

1V

ATR-G32  |TX-4BNN

bl

STHR

i@,
*RB 388 kH:

T
Ul 3B kH:

STOF 4B

.4 HHz
<57 §.00@ sec

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

0 dBpV/m 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 1 nm = 3 uV/m = -9.5 dBuV/m)

13:8%:24 DEC 16, 13998
188,88 4BuV

ATTER 18 4B

18.00 dB/1V

RTR-

32 |OFF

jir o

START 98¢ 9 AH:z
RB 300 kH:  *VA 38@ kH:

. UHz
5T 1.08@ sec

15:12:31 DEC 16, 19498
189,08 dBu¥

18.89 dB/fIv

ATR-

iz TX—thq
[

STAR B T
*RE 380 kH: sUB 388 kH:

[ LJ§! EUI—J—FR?J

57 1.008 wuc

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

9.5 dBuV/m limit line
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3. Power Input to an Artificial Antenna

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

8.00 dBm

1@:33:34 DEC 1, 1948

LaT]

FATTE d

IV

A

Al \PJM

Wvimfoiaiticiuley o

STAAT 14.0
*RE 3.88 kH:

WHz
4yB 18.8 kHz

STOF 994,68 kHz
aST 1.080 sec

1A:41:27 DEC 16, 1998

8,88 din
=RTTEN @ d,
] !

¥

iniai Eﬂ*ﬁ:
FOS IPK

"OTART 19,0 &
sfB 3.88 kHz

Hz
VB 1H.@ kH:z

5T . 2
25T §1.808 ssc

-81 dBm limit line

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

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

8. 60 diu

$1:@8:51 DEC 16, 1990

ATTER @ df

(1]
Y

STHR

090 &z
sRB 30.8 kHz +UB 1B@ kH:

SIMTETEIJW“F“

2
s57 1,008 sec

B.00 di=

11:86:31 DEC i6, 1598

RTTE [

P
ory

J%%LF

\ﬂ\uﬂum

|

STRAT Y90 kHz
*RB 38.8 kHz  *VE 1BA kHz

STOF 5. 1
+57 1.908 sec

-81 dBm limit line

All components above the limit

are from external noise or
signals, not from RADAR.
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TECH

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

11:29:1F OEC 16, 1994
P 80 dia

FRATTER @ d

LT3

Ty

)——

START 5. WEW KRz
BB 18R kHz _ <UB 38R WH:

T

LR
+57 1 068 mec

dBs

%J 11:37:28 DEC 4§, 1598
E )

‘ [

'Eg? : 8 df
i m
r 2.

\

V" Fal

SYART 5. E0F KAz
“RE 108 kHz  +VB 388 kHz

TOP
*5T

e

1.888 sec

-81 dBm limit line

All components above the limit
are from external noise or
signals, not from RADAR.
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{Band : 10 MHz - 30 MHz, Limit at 2 m = -81 dBm)

13:46:59 ODEC {6, 1398
din

FATTEN B d
n 4

LITI
%4

IR

wd

STAAT  18.80 NWH:z
sR8 108 kH: VB 3BE kHz

STOP 3.

1
+87 1.80@ sec

$3:28:1¢ DEC 16, 1998
B.80 dBm

L. ETTI
LA

—d

4

1088 AH:z
«RB {84 kH: U8 3BB kH2

] . 1
=57 1.0888 sec

-81 dBm limit line

are from external noise or

All components above the limit
signals, not from RADAR.
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(Band : 30 MHz - 100 MHz, Limit at 2 m = -71 dBm)

%] 14:11134 DEC 1B, 1998
[] dén

PATTEN 18 48
18.89 dB/g1V

ATR-§32 N;F l

kb

STAAT 30.80 AA:z
*RB 398 kH: «UB 388 kHz

TOP 1¢8.6d HHz
25T 1.888 =ec

@ 14:18: 18 DEC 16, 1998
. a2 834 db
ATTER 1

18.69 dB/Oiv

ATR-Q37 T%—‘iﬂkﬂ

ek

k3

START 3#. T
“RE 380 kH:z VB 388 LH:z

=71 dBm limit line

TP {00.90 AAz
«57 1,888 sec

All compaonents above the limit
are from external noise or
signals, not from RADAR.
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(Band : 100 MHz - 300 MHz, Limit at2 m = -61 dBm)

14:22:99 DEC 16, 1998

37 1.080

.08 _din
18.89 dBsDIY ATR-932__ |OFF
POS [PK
1 (1
il
AR 1 oo | Lo
X 1 STOP J0&. 8 MH:
<R 38D k2 syB 300 kHx +5T 1.988 sec
14:25:@6F DEC 16, 1938
2.80 dow
ig. 98 dB/qiv ATR-#32 TX-
! s
“STAR : 1 STOP JU0. 8 Hllz
*R8 8@ kHz +Uf 388 kHz aec

-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)

15:16:13 DEC {6, 1938

0.08 dBa
RATTE
18.89 d8/Q1v RTR-§32 QEE ‘

[1]

N M

| N | A F Y o - ”
“STAR . Fl . Ofz
*RB 308 kK: *UB 348 kH: «5T 1.988 mec

15:24:37 DEC 16, 1398

8.88 dba

18. 0§ da/Oiu ATR-B32 -
PTS [PK

i |

L oal PN
. 1 §T0F 1.!!!!‘1‘511?‘“I
*AB 388 kHz __ +UB 388 kH: *ST 1,889 sec

-51 dBm limit line
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ATTACHMENT 4

3. RF Power Output

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

Model
Oscilioscope

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

Iype
71210C

TDS680B

9481A
TR5824A
X536A
4238
8494B
84958
4D106

Type
TDS680B

84948
8495B
423B

P6015
71210C

Serial no,
2927A02847
B030202
R7231

2410A19137
2349A39603
41940036
1441A-01864
1822A24214
1510A07310
1350A04754
R18083

Serial no,
B030202

1510A07310

1350A04754
1822A24214
R7231
R18083

2927A02847

 pmmam A A 4 A ED

[ List of Test/Measuring Equipment] (for S-band radar)

Mfr,

HP
Tektronix
Shimada
Tektronix
Pearson Electronics
HP

HP
Advantest
HP

HP

HP

HP
Shimada

M,

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

Model

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

Type

71210C
8491B

11970K
11970A

7. Field Strength of Spurious Radiation

Model

Broadband Rod Antenna

Biconical Antenna

Conical Log-Spiral Antenna

[ype

M 95010-1

BIA-25

LCA-25

Double Ridged Guide Horn Antenna :RGA-180

Horn Antenna:
Spectrum Analyzer:
External Mixer:
External Mixer:
Notch Filter
Circulator
Bandpass filter

71210C
11970K
11970A

RC-6584

Serial no.

2927A0847
36122
2332A00589
2332A01187
R7231
R18083

0496
2650

2886

2927A0287
2332A00589
2332A01187

IMfr,

HP
HP
HP
HP
Shimada
Shimada

TDK
Furuno
Furuno

Mir,

Advanced Electronics
Blectro Metrics

Electro Metrics
EMD

Toshiba

HP

HP

HP

TDK
Furuno
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8. Frequency Stability

Mode|

Power Meter:

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

Iype

436A
8481A
X536A

4D106

Serial no.

2410A19137
2348A39603
1441A-01864
R7231
R18083

TBF-3HWSGE2F 3013000895

8. 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

Iype

71210C

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

300 - 1000 MHz

4815A
TR4172
85668

Serial no,

2927A02847

150M-W2UM
2048A03354
30690116
2637A03642

IMr,

HP

HP

HP

Shimada
Shimada
Tabai Espec

Mfr,

HP
Furuno
Furuno
Anten
Anten

HP
Advantest
HP






