RSN T RS 205 W5T GIEMs (WSS9 D

R HERBEH OBERICOWT (E2H)
—Z2piBE R & Tucker X o i —

WA HoR* - RO B

BE RE™ . KR

Et@**

Experiments on the Ship-Borne Wave Recorder (2nd Report)

Yoshifumi TAKAISHI, Tomihiro HARAGUCHI,
Toshihiko SARUTA. and Shigeo OHMATSU

Abstract

In the previous report, two of the present authors et al. showed the full-scale ship
measurements of waves by using two kinds of ship-borne wave recorder, i.e. the one

consists of a radar distance meter and an accelerometer and the other used the ultrasonic

distance meter. The results were compared with the wave buoy measurements and with

some results obtained by the model ship.

This second report describes recent development of a new ultra.sonic wave height meter
and the results of full-scale measarements on the ocean weather ship, this time in comparison

with the conventional Tucker wave recorder as well as buoy wave meters.

The influence of radiation and diffraction waves on the measured wave heights due to
presence of ship body and its motions has been clarified theoretically.
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Fig. 1 Block Diagram of Ultra-Sonic Wave Meter
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Table 1 Nominal Performance of Ultra-Sonic

Wave Meter
Measurable Wave 0~10m (+5m)
Height
Measurable Distance 2~12m ;
Accuracy - +1% (of full scale) |
Nyquist Frequency 1Hz (—3dB)
Frequency of 28.5kHz

Ultra-sonic

Beam Angle of
Ultra-sonic

Measurable Wave

about 5 degrees

within 15 degrees

Slope
Environmental Temperature —5°~
Condition 40°c

Humidity within 95%
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Fig. 2 Photograph of the Ultra-
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Sonic Wave Meter

Fig. 3 Comparison of Relative Wave Records Measured by the Ultra-Sonic
Wave Meter and the Electric Capacitance Wire Wave Meter
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Table 2 Principal Dimensions of Keif-Maru.

Table 3 Schedule of Wave Measurement.
Navigation of Keifu-Maru

Fig. 4 Photograph of the Ocean Weather Ship
“Keifu-Maru”
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Fig. 5 Arrangement of Experiment on Board
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Fig. 6(a) Ship Route of the lst Experiment
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Fig. 6(d) Ship Route of the 4th Experiment
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Fig. 7(a) Wave Spectra Measured During the
3rd Experiment

BB ORABLAETSE, MEE TOREIEESR
NIz EMRI NI, Fig. 7(a), (b) &, TOEBRT

{m?: sec)

WAVE SPECTRA
(usw)

Test No.
15:30 42608
12:55 42605
) 42602
'80.4.26
09: 45 42601
off Oshima
42418
42417
42416
42415

42414

42410

42409
'80.4.24
09:54 | 42408
15 10 87 5 T (sec) off Irozaki
L
0 1.0 Wired/s) 2.0

Fig. 7(b) Wave Spectra Measured During the
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Table 4(a) Observed and Measured Waves of the 1st Experiment

Ty

Test Mon/'?)ay Wind Se\all sual Obse rvatl"snwcl i Cnﬂrbs‘;eed :2’\:/ BUOY Tl;r([;{CAER C:;::::;: Lxp
% Time |Direction| Speed |Direction Period | Height |Direction| Period | Heignt |Sea Swell Hs| o |Hs] T || T | B | g Comments
dog| s deg sec m deg sec m| = T~ | deg Kt m | scc| m | sec| m ec | m
1 o] | 23 60 2 05 | 16 7 05 o7
12 1 :40,;,]1 +55. 60 2.3 60 2 0.5 16 7 a5 07
13 ygnpegzear| 90 3.9 90 2 05 |18 | 76 [08/705 ;D 195-§T0P 13 | 54 H* ;’?k 11| @ % PMs
14 |igg7~ 10 | 50 | 110 2 05 90 7 15 62-150 16
21 45/5& s 3% | 26 | 340 1 0 |4aw| 96 15710 25 | 95 | 18
22 | gosmog] 30 | 25 | 340 1 02 |4/1| 9/6 |15/10| Y~ |290-$TOP 23 |94 | 18
23 9:55~10:15 340 22 340 1 0.2 40190 96 15710 b\ 75—8T0P| 1.7 20 | 64 |'18 |85 18 @
24 | joperrig| 350 | 21 | 340 1 0z |4 m| o6 1010 I | so-stop 16 [ 84 | 14
25 | agogar] 320 | 26 | 320 1 01 o) 95 e/ TN 210-STOP 12 |95 | 14
26 13:47~ 360 8.2 360 2 0.5 150,790 6/9 10705 180150 12
27 1400~ 360 82 | 360 2 05 |180/% | 679 |10/05 180—150 12
28 |aqpeiqis| 360 | 82 | 360 2 05 N19/% | 679 |10/05 180-150 12
31 déln;— 360 4.0 360 1 02 |e 30| 91 [15710 Q” 120-STOP| 28 23 | 58 '21? %* 15 | @ % rvs
Remarks; SRI : Ship Research Institute Usw : Ultra-Sonic Wave Height Meter -
TU : Institute pf Industrial Science, BUOY : Accéleration Wave Meter
University of Tokyo TUCKER : Tucker Wave Meter
© JMA : Japan Meteorological Agency
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Table 4(b) Observed and Measured Waves of the 2nd Experimént
Test M“"/'Bay Wind Sezlsual Obs”vafms"wen - “:’g;ecd ;;:/ B’(ngY TT:II(?‘IQ)R Lo:;,",‘f:,o: Exp
s Time Direction| Speed |Direction| Period | Height |Direction| Period | Height |Sea &:\e_l/l . sl T [ls] v [ma] T | & Comment's
deg s deg sec m deg sec m deg Kt m |sec| m [sec| m |sec| m

1 lé/;%~ 9:05] 20 137 20 4 15 295 1 -9 10 205—15 18

2 [ho~mis| 30 | 157 30 5 25 | 110 8 20 |e95-sTOP 26 | 67 | 32

3 a0~ 40 60 | 49 3 1w | 100 8 25 e 33 | 79 | 27

4 oo~ 160 50 | 160 3 10 10040 | 8s5 [z00| N | ao-sTOP 33 | 80 | 24

5 L 220 | 112 | 220 3 13 [wom |-gs | 200 T | so-sTop 24 | 84 | 25

6 |io:mg~riiio| 220 64 | 220 2 [ 07 [100160| 86 | 2015 (€= | 70-sTOP 33 | 80| 26

7 o~ 220 | 41 | 220 | 2 o5 || 86 [2015]  (E- | es—stoP a2 ef 25| @

8 |30~ 250 | 111 | 250 3 12 |10as0| 86 | 2015 I |145-STOP 17 | 77 | 28

9 |14:00~ 240 | 100 | 240 3 1w |was| 88 [was| W |135-s10P 258 52 27 | ®

10 1515 240 | 100 | 2s0 3 10 100 8 20 30015 22

n 2 20 | 90 20 | 3 15 30 8 20 0% | 28s—sT0P 35 |92 | 25

12 | ggon 20 90 20 3 15 90 8 20 ¥, |280-sTOP 1881085 25 | ®

13 |ige0t0iss] 200 | 105 20 3 15 70 8 20 (5 |310-sTOP 32 | 87| 25

14 [} aoenres| 20 | 120 20 4 20 ) 8 20 07 1ess-sTOP 30t 584 28 [ @

15 13:3~ 30 125 30 5 20 70 9 ! 25 L{\ 305-STOP 36 84 | 32

16 jia0~ '

17 VB ol 10 160 10 5 20 70 9 25 0 | zr0-sTOP 29 78] 32| ®

18 | gug~ gs3] (325) | (185)] 40 1 15 45 7 25 i~ 38-15

19 | g~ 78l 10 150 10 5 25 80 9 20 {0~ | 265-STOP 30 | 70| 29

20 |10:07~ 5 | 119 10 3 07 = - — 0~ | 270-STOP 07

21 VB el 5 | 112 10 4 15 - - - O~ | 285-sTOP 16 | 65| 15

22 [l 10 50 | 360 2 03 | 180 6 05 0~ | 270-sTOP 03 | 81| o6

23 | gi50~10:05) 10 60 10 10 05 170 7 05 Ay~ | 250-STOP 07 | 85| 07

24 Logr~13:07] 70 65 70 2 05 120 9 10 D=, |325-STOP 20 [ 78| 11

25 |lamgugze0| 50 | 12 0 1 15 | 100 | 9 15 n 70-14 21

26 | 7.5u1s00] 35 113 340 4 15 90 8 20 Oy, |300—STOP 22 | 83| 25

27 B .. 80 | 13 30 4 20 80 8 20 Oy 23| 76| 28

28 | 15 | 152 20 4 20 80 8 20 [ |280-STOP 32X 564 28| @ *xPMs
29 ||pugeroisol 20| 114 20 4 20 | M | w8 | as20| LR |275-STOP 23 | 79| 32

30 11:10~11:17] _ ‘ @

31 |i3:300pai08| 207|325 20 4 20 {1080 | 107 | 2015| AR |280-STOP 24 [ 77| 32

sz [WB 250 96 | 250 | 5 20 {070 | 08 | 1515 N |120-sTOP | 28|87 ] 29

33 | gig~gim| 220 96 220 4 15 | 16040 | 108 1515 K 120-STOP ~ 1 30H 5.9ﬂa 26 | @>%PMS
34 |10.0m 230 | 131 | =230 5 20 | 010| 98 | 2015| Y- |130-sTOP 25 | 88 | 32

35 ||gspening 20 | 130 | 240 5 20 | o1e0| 98 | 2015] _ |140-sTOP 29[ 26] 32| @

(EFIEER, AERKAL, FHEos 4 Vi) oRE
BOWTNDICEENBALUALTHREST ETE L
Vo WRETOHEICHE - T, FA—OERICDNTER
DEENREETH 2,55, DX ISHEFEBRDORE
HTHAI.

7 4 R X 2 EREEEE Tucker KD ZH
LB E, BOBLIEYDRETREETHED, K
BRBECRAUA & —DEZRLTN S,

EENOSSERRIC X 3 BEEEHr &, Tucker
KPR TRIE LicB#EEE OBRZER LicDhsFig.
B TH5, Fi, B EBRESOHEHRE Fig. 2612
KT AR, JLRFEEOR & B OMET #iT i &
B9 HaE & W OFHE E OBREER TR U, C

uC & 3 EEHME OFEEER 35ET T X BEIE D
EWNR B,
3.2 £ %8

Witk 4 Bich iz 2 EmEEIc kY, Mk (Ship-
borne) FiRetE U THEFRRRKRT Tucker K, #A
AEBEETE LTIEE 74 KR CIEAE T 14 R
(PMS) 0, EREWIBET OHBERET> 720 2O

B, RIETTRA &S T, W5 mAEE ORICHEE

L, 2oL R HoicAlETE 35 LbERoRE
EWRWRETBIZIZER R RETH 2 BB ICEE LT,
T OWBECEHRI Ui AR 2 v OBIRERESR XD

CEHEMCERINTWS Tucker REHEKT B &, 1F

BRIUER, zinvEF—BEr<s 525, 8
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Table 4(¢) Observed and Measured Waves of the 3rd Experiment

Mom Wi Visual Observation Coaree SRI U TNA Number of
Test Day Sea Swell 2 Specd |__USW BUOY | PUCKER VISUALL Comparative B
fa Time (Dircction] Speed |Direction] Period | Height |Direction] Period | Height | Sca Swell Hys| * JHYys| 0 [1ps) T4 i | g Comments
deg w5 deg sec m deg sec m [T T~ | deg Kkt m | sec | m |sec | m [sec| m
" TUCKER {Sbd ()
42201 P8:25~08:3| 50 40 40 2 05 140 7 10 « | 305-8TOP| 10 | 73 07 | 93| 11 .
T IO
42202 108:47~08156) 50 60 10 2 05 140 7 10 %gg—STOP 15 | 87 12 | 86 | 11 | TUCKER: Por o)
%
42203 {09:36~09:45 50 23 50 1 05 140 7 1.0 il 90f 10 51110 Q8311 |@
423
42301 [13:02~13112) 250 250 3 08 | wam| 27 |10/10| "™ |as0-stop| 15 | 77| 14| 5111 | T s @
42302 |13:12~13:21 15 | 51
12304 {15:45~15355| 230 230 3 08 .| 90160 87 |1010 335-s1op] 13 | 14| 16 [ 54} 10 | 70 | 16
42305 {15:55~16.01 [ 18 | 56 T
42306 {16:04~16:13 15|79
42307 |16:14~16:23 13|76
4724
42401 (00:52~0L:01| 310 | 164 | 310 5 25 —_ — 15 ‘\ | 200-s10P 24 | 70 20 | 70 | 29 I
42402 [01:01~01:10 25 | 6.9 TUCKER : Sbd{
42403 01:10~01:19 Q‘\ 23 | 6.7
42404 01:19~01:28 22 | 65 -
42405 [01:28~01:%7 24 | 63 L
42407 109:45~09:54 ~ 39 | 63 TUCKER : Por'1(=)
42408 {09:54~10:03 260 2 05 200 40 | 61
. 8 25 20—-STOP
42409 [10:03~10:12 42 | 62|27 | 56|29 | 6425 |@
42410 {10:12~10:21 42 | 63
42412 [12:56~13:06 =3 29 | 57
42413 13:05~13:14| 270 35 | 270 2 05 280 8 25 Q 20-STOP | 29 | 54 | 18 | 50|18 {60 |25 |@
42414 (13114~13:23 27 54
42415 [15:0~15:2| 280 | 38 | 280 2 | o5 | 280 6| 20 | 2 5-STOP| 24 | 52 ) 17 ) 50} 15 158 | 21 |1 ®
42416 15:29~15:37 0 23 | 54
42417 D100~21109 23 | 51 25
42418 P21:0g~21:18| 290 | 104 | 290 4 15 —_ — 20 —gTOP| 21 | 48
42419 21:18~21:27 21 | 48
42420 [p1:27~21:38 22 | 49
42421 [21138~21:43 ‘21 | 47
Ly 26
42601 09:45~09:54 39 | 64
42602 {09:54~10:08 “,ﬁO | 39| 68
42603 ho:o3~10:12| 50 96 50 5 20 73 7 25 155-8TOP| 43 | 64 | 28 | 54 (31 )70 |32 [®
42604 [10:12~10:21 39 | 64
42605 (12:55~13104 o 31 | 64
42606 [13:04~13:13] 50 62 45 3 10 70 8 25 ﬂ 165—$TOP| 33 | 68 | 21 | 52 |25 | 75 |27 (@
42607 [13:13~13:22 31 | 62
42608 [15:0~15:39 _ 27 | 69 {15 | 57 124 (79 |21 |@
0 8 20 _/4 3
42600 [15:30~15045| 0 26 80 2 05 8 180~STOP| 37 | 73
Table 4(d) Observed and Measured Waves of the 4th Experiment
R Visual Observation N SRI v JMA Number of
Test |Monp | Wind Sea Swell ot | _USW__|_ BOOY | TUGKER Comparative Iip
s Time |Uirection| Speed |Direction Period | Height | Direction| Pertoa | Height |Sea Swell HY3| T |Hy3| T [HY3| T | Hv | & Commels
deg m's deg sec m deg sec m [ == | deg kt m | sec | m | sec m | sec | m
LR KA 45 5 z — | 180 5 - l:) 18515 | 08 | 43
- . . - 190 6 10 . 08 | 65
2 |os~izw| 25 28 | 30 | 2 03 O - 07 | X [3078TOP| 10 | 47 | 12 | 47 | 35} 47 | 13
. . . P 190 8 1.2 60
3 [15:00~15:15 190 82 | 190 3 08 2 H 5 b: 90-STOP| 12 | 47 |13 | 44 | 38 | 29| 18
1
4 ogf‘uﬁwm 230 | 170 | 230 6 25 190 8 30 Ds. |126-8T0P| 38 | 72 324 ;‘: 39 | @
5 |mm~12i0f 250 | 161 | 250 6 20 190 8 30 DNy, |140-STOP| 44 | 76 49 g; 36 | &
6 [12:36~12:52 245 220 250 4 10 200 50 i) 324—140 | 34 [102 51 | USW:Sbd. (Lee)
e15:50] i 17 | 60 o
7 |18130~15190) 250 | 150 | 250 5 20 200 7 20 (e~ |145—sTOP| 22 | 57 |24 | 60 | 37 | 20 | 28 | @
190 8 5
8 | e 10 81 10 3 0 | 33 | 7 3 /67 163-150 |11 | 58 21
9 |09:40~09:55| — — — — - —_ — — — No.
10 [10:53~11:10} 15 590 15 4 05 110 8 10 d,“ 0145 |10 | 68 11
11 i;{},gﬂm 40 103 40 6 20 60 7 15 O [297-sqop|21 |52 (21| 48 {19 | 58 {25 | &
12 [12:40~13:00] 40 90 40 6 20 60 7 15 77 [300—STOP| 21 | 55 | 23 | 50 |19 |57 | 25 | ®
13 [15:00~15:20 40 75 40 5 15 60 7 15 [RZ [300—STOP | 20 | 48 | 19 [ 35 |19 |56 [ 21 | @
14 (l,glfl&og;m 100 30 100 2 05 150 5 10 Q// 90—140 106 | 40 11

Q70
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Fig. 14 Comparison of Measured Wave Spectra
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Fig. 20 Comparison of Measured Wave Spectra
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Fig. 26 Relation between Wind Speed and Wave
Height
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Fig. 27 Measurement of Relative Wave Height
by USW
T PRESNIZET B, DR OIMABIZIC K 2
WO LETEMZ 2 EF5E, MANCE T BHE kA
ZBE ( 3RATERINE,
C=f+z-{ (2)
IR TELS WISOABE: 7 1S BRMATES Lo,
KB OEBER & &5 &, (=h+la,E=Ff—C'
THBPL, AHERIZ
h=&+2~—%q (3)
TH2o ~h, MEAMEEARERTRIELLES 2* 12
RRTRD LN B,

h*=E+z (4)
B, AlEdd, EOAHMEEROBERICH 3,
h*=h+Ca (5)

¥ b RO Lo 2 ABE OB o CHUICZEE
TERELTENEN
h*=hy* cos(w+¢) ]
h=h, cos(wt+ky) ; (6)
La={ao cos(wt+eq)
EBL &, WEEE h* BIRRER B,
ho* = «/(cos By +Cao coS €a)?
+(sin &y +Cao sin eq)?
CZTABEDRE o 121 & LT3, BRSO
y BEROEREEMOMEH 1 18 LTRATHRD &
Nz,

(7)

=% €08 x+¥o 5in y (8)

(2) Tucker JHREOELS
Fig. 28 1C/RT X 91C, BEX 2 OMEANCEAG f27k
FERFCRIE UIcEBIKE p: &, #MAD FTFERr 2 &
ZROCTEE UCERS 4 13 ‘

Dz
ok
n of +2z (9)
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Fig. 28 Measurement of Relative Wave Height
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ThHb. EOARFEROINTEL oN0Ehb, 0k
QR0 D z #HEET B E, B & b OBRERRD
XHiTiE 5,
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ok - B2
h h La—5 og (10)

T iz, MAlOKERIT B 5 ERKNES ¢ i,
20=0 [cB 1T MBI OEE Y po &, E=po/pg D
BRicks0s, WRRFKROXIITES,

= bt La = (r—b2) w0

EEIKEEASE ROMEZEAIC L 5 ZEEIKE ps
&, WRkOWEL X AEBIKE pe SOFTHELEE
ZABERRDEHIETCLNTE S,

p=(pip+p p)cos wi—(Pps;+pi)sin ot (9
ccig, suffix R, IZ#h %1 real part KU ima-
ginary part 2%£7, ‘

F72 po, D2 IRIELTE B % g’ Psg? DED
WCRT T LILT B,

1% = ho** cos(wi4-e**) 19
LRY &, KEFTHIE LERIE At 3EEIKE
OEEROCTRACEIDRD 5N B,

ho** = { cos ky—%(ﬁslz"—zbm“maz)}z

+ { sin &y ——;?(psl"—psf—ﬁdf)}z i)

2T, Lacosea=pap®/pg, Casinea=pas/pg
ThH5bo
3) FEBRERUER

K& OEERSBEIMERARERAILONT
Tucker KPR KCEEFRERE (USW) iT&-
TRIE Liclkicd 3 a8 =N, WRick g
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B UTzo A MY w FEEIC & BHAES) & ZEKE DS
i3, BMROEISIcXE a5 22 HH Ui,
TR OFEEFEE%S Table 5 KRS, &I, Mk

Table 5 Principal Dimensions of Ocean Weather

Ships
Items Keifu-Maru Kofu-Maru

Length (Lpp) (m) 72.00 42,50
Breadth (By) (m) 12.60 7.70
Draft (d) (m) 4.30 2.8
Displt. (4) (ton) 2200 532

Cs 0.550 0. 556

kG (m) 4.43 2.56

GM (m) 1.24 1.11

Tr (sec) 9.27 5.86

Tr : Rolling Period

23E o DIERIRET, HOHSAEI80° (A »D
0°FT30°HBXLDNTIT - 73, WREHICES X
CAVLNaHAAmELT, BEEAED2DOOr —
ZICDNTCORERAERT T &icd B,
BEMICT T AR % Fig. 291K, EESLICHT 3
b D% Fig. 30 K2 hZIRT, Th bR OB
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Fig. 29 Wave Amplitude Ratio on Ship Side of
Keifu-Maru
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Fig. 30 Wave Amplitude Ratio on Ship Side of
Kofu-Maru
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Fig. 31 Wave Amplitude Ratio on Ship Side
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Fig. 32 Wave Amplitude Ratio on Ship Side
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Fig. 81 XU Fig. 32 Th 3,
CNODREREZ LD TERT B ERDL S ITHER

%85,

a. MEFTR /L>1 OEWEICDOTE, USW
7 Tucker KVHEOWHICEWVERRIET 3, 2/L
<1 OEWREHFATIE USW i3k S8¥ 28525
ET 505 Tucker TPPIER (10~15%) OEE
ZHET 3,

b. IR TIRAMRITIC weather side OWEEFHs
lee side Db DK BFRAIEEEZSZ 2, YT,
weather side WK DWVTRN3 & USW 3 hE
BEHY Tr(=2r/wr) FETHEREMDLE
{7 BERE, o0/lor<l.5 OHEFTEOWEICGE
WEZHT, USW & Tucker 13 A/L>1 £ TOH
BTRZIREVERR Y, ChEDEREERTIE
Tucker 5&H, USW 2EH ORERIET 2,

4.2 MBEIRRT FVTFSLY¥—

BHRERIRERICE OO ETE IR BT &

N BHEEEBELTOREDOI A E -2y b,
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BT —2 0454 YFA GIZRBETH Bo
BEMMIEE) KT AMEERY AL LKL s, £
TR OB E LTARS bV T F+ 54
P—Z2BAL, F4EIOERTRAWOTZOFPES
HET B,

T DIEWEERE L, CPU ix i8085A LA Li-8 &
v MEIEET, £ = YEBM64K N4 P HD, Basic
Trus s v ISNTEs, CORER% Fig. 331,

DISPLAY Fig. 34 Photograph of Spectral Analyser
18085Aa
v K_ — 2ROBERE% Fig. 3LITRY, 7 — 2 T OHHER,
INPUT MEMORY SRIZSCEA LD ERUT, 124ED7—4%,
. saxs oy FRT £f0-C256f 32T S ST b LFHIELC
Lo TIT =R+ 5 LERDZEDTHE, VA1

YFURBQYA Y FURERLTVS,
—C;—E—@ Hk AR B & b AR DR B

BEBeRD 2FER, Y TRNICEYARI A

——@ DB TEZT 5 FHEER I
CASSETTE

: FEEIC K 2% Fig. 518 T MO LED
Fig. 33 System of Spectral Analyser 5, FTInEE, skt nohoitEE R

DATE 801113 £xp.No 030004 sanp.TIME .8  NO.OF DATA 1024  BLOCK SIZE 7256  AVE.TIME 7

ABS.YAVE SPECTRUM

1 v-acc
o 0 0 1 .05303 42 .013333
10 2 .040385 43 010814
2 0 3 042919 44 .00308
) 3 g 3 087832 45 .012938
S E R R
Q - .
: 18(HIR.) § 0 7 1125022 48 .01562)
7 0 3 .160617 43 .011287
4 [ 3 ,106347 0 . 5183
30 o 087322 s1 .008005
- 10 :D3ed5E 3% :D3a0ae &3 0ilnes
3. 428 R-¥AVE 12 .013123 33 0A480S 54 .006133
" 13 1003353 33 .027036 SS 006772
11 1008321 35 .011733 sSg .006734
15 0011338 37 :Daes & :oodid
B il- b IR T AL (hati ‘!“",,.,I.‘.. I R LA 17 opan2% 38 028164 o3 1192
\ i | " 18(HIN.) 18 .003834 38 026381 60 .004D77
! i 18 .015513 40 .017035 61 .002811
20 .03783° 41 .010235 62 .002444
3.1
€0 005279 £D 1.11352 ED 1.5005
PH sl SR &rghege I G dnes
7 13
y-Acc TiP) 6.4338 -VAVE 1P 175771 RBS.VAVE T1p) s.27115
-0d11s1 8yp 362436 - 148874 e 53813 140617 aup 580
[NARROY 8AND) INRRROY EAND) INARRAY #ANDI
16441) 1171) 085344 (D) 1171) ,343325  fheA1) 11710 1.12088
11731 138336 0731 i.51816 {1731 1.73138
117101 173385 (17300 131387 i/10) . 2.27718
INEUHAN) [NEUHANY INEUNAN]
1710 048122 11710 547883 11F1) 645486
$1/31 I11%6S 1173 i.15837 11731 i.s3104
117191 158847 117100 176583 17101 298361
1 1 1 1 Rneas ] 1
NI T4 NEDF . ENCERE] NG ENERET
INEG. IRAIISEC] SNEC. [RRITSEC) PNEG, [RABISES)

Fig. 35 An Example of Output on Spectral Analyser
(278)



7R EEDRARY b5 A TH B,
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B R AE KA ET DT & IEEE R O I D
LFDARY b+ RS BEBKISSN LI B, TO
B OERCII T 0 s 5 6% T 27 5 — Tt
FHEDBEZDNB,

5 %

Bii% 4 [Blichic 2 EMERIC L L BEEAKRE <
Tucker RIBET CLEREEE) RO7 1 NKRE &
DHREERZTT - 120

Z D8R, BEENEREHIEREERSC LT
BEh, BE0ERTIE Tucker B & L
WARY FAVEEZ BES I T, MEMEEAE
—HTEEAOE RN, 74 NEEF b KB
Tucker 3%, BEWXNOMBIERF &L DT <
7R VBREESLZTHWBEEEZ b

ZRY 5 LADEEEAOTRDLEZERE S OE
11, ERBOFAIGECE-T, FNThOREBEHO
BB 3EANRONZBABHZ, Chid,
L& DA &R OB B & OBIRP, &
IRE DFHRIE OEIEEICA BT 0 B 2 IBEFIC
BERAH B EHEEE B, 4B OFRICY - TERED
BEBEE 3T L ICBCHERT 2MEND 5.

HHHEIc kD, Tucker REBERRICKT 3M
BREBEFIh, COBE, BERUlEZERE
weather side OIEBREIC LI ZDOBBEHTHBENS,
WP OEFTINTVEFEEEMF AT LB TE
foo ZDBATOEEMN BEILE SEFH6HUT
OEFERTIREENKRENBETESHEB L .,
(Fig. 29, Fig. 30)
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BEFOFHARD b OMEHICRIL DL S I T, i}
WA v 74 VIRFER b—ISTRE i,

ABIBINEESEE LTRRO KD IRHERND
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(1) ZEhoBEFESORENKE S, HEKELOR
M A FIEE LT 7T m: 5 mOEEZE 4/
—T&F, HRERTIZ5 m*= 3 mEENSERICH
FTEHMEEbN B, HEERHZMIT L TRk
DK & OREH ORI SEAT I FIREE 31213,
JE ki B E R B OES BIZEHERO v
— =R E) BHOVBLERSHL . UL LSS
SRS N IRAT IR & BT H 50 0
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N OB IS RELBVB S TH S
Do

2) XN EROKETDA Y 54 VBT HSHE
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