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1. A DESCRIPTION OF THE TOWED THERMISTOR SPAR

The thermistor spar is designed to measure small scale thermal structures
between 1 and 10 m below the sea surface with a resolution of 0.5 mK and a
sampling rate of 4Hz. A 2 m x 2 m catamaran is towed in undisturbed water ahead
of the ship's wake by an armoured conducting cable attached to a point on one of
the catamaran's hulls and taken to a point well forward on the towing vessel,
figure 1. A 10 m long, hollow streamlined spar is suspended between the hulls of
the catamaran. This spar has an 82 kg weight attached to its bottom. The
coupiing between the spar and the catamaran is via a universal joint and swivel,
thus allowing the spar to remain nearly vertical and pointing into the local

flow, decoupled from the angular motions of the catamaran.

There are twelve thermistors fitted along the length of the spar's leading
edge, one noise monitoring resistor, a pressure transducer and a forward Tooking
1 MHz sonar transducer to detect bubble clouds, figure 1. Two inclinometers are
also fitted to the top plate of the spar. Wires from these sensors run
internally up the spar and are taken to two 6" diameter pressure cases containing
the electronics mounted in a compartment in each hull. A shipboard 16 bit ADC
(analogue to digital converter) digitises the sonar signal at two fixed range
points together with the other 16 channels. The data is stored via a Sea Data
digital cassette recorder and is the direct output of the ADC. The decimal
output for each channel is in the range 0 to 65536 and is in uncalibrated, non-
engineering units ("counts"). A real time graphical display and hard copy is

produced by a BBC microcomputer for monitoring.

2. THE PERFORMANCE OF THE SPAR ON CHALLENGER CRUISE 18

There were three tows with the thermistor spar during this cruise in
September 1987, two in the Bay of Biscay over La Chapelle Bank and the third in

the Porcupine Sea-Bight area as summarised in Table 1 below and indicated in

Figure 2.
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TABLE 1
Run Area Tides Start Lat. Long. Stop Lat. Long.
1 Biscay Neaps 246/2000 47°51' 6°24' 247/0317 47°27' 6°35"
2 Biscay Springs 253/1730 47°45' 6°32' 254/0245 47°07' 6°44"

3 Porcupine Neaps 262/1900 51°33' 11°24' 263/0300 51°22' 12°02'

On the first run the data collected was of reasonably good quality but at
0247 the catamaran capsized in 5-6 m swell after completing about two thirds of
its planned track. The catamaran righted itself over a period of minutes, and on
recovery the spar was found to be undamaged apart from the severance of the
inclinometer cable. Some damage was also sustained by the towing cable near the
towing point. On the second run the spar was towed over nearly the same track as
run 1 so that Spring-Neap differences could be investigated. The data was
generally more noisy (in terms of spikes) than that collected during the first
tow. The third run was carried out over the Porcupine Sea-Bight and, after about
the first hour of the tow (during which data of high quality was obtained), the
data became badly contaminated with noise spikes. This was due to an open

circuit which developed in a Marsh and Marine underwater connector.

Generally, thermistors 1 (at the top of the spar), 3, 6, 8, 9, 11 and 12
(at the bottom) were found to be noticeably contaminated with white noise, as
compared with the other thermistors. After the cruise, this was diagnosed as
being due to unintentional reversal of the screen and core of the wires used for
these particular sensors, and this fault has now been corrected. The other
significant fault in the data was that the sonar channels, thermistors 1, 3, 5, 7
and 9, and RX and PX, were often simultaneously contaminated with large spikes.
This fault seems to be apparent in every second channel logged (and so, because
of the order of logging, does not appear in, for example, thermistor 11), and may
result from an intermittent fault with the sonar or the analogue multiplexer,
which logs each channel in quick succession, but in a definite order. This fault
was totally eliminated for tow 2 when the sonar signal output was disconnected at
the ship unit (at 0025h on day 254; the spikes at 0120h were during a short test

reconnection of the sonar).
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Finally, during run 1, all the thermistors, and RX, were intrinsically more
noisy than during the other tows and on previous deployments. This probably

resulted from a poor Sea Earth condition.

3. DATA PROCESSING ROUTE

The processing involved firstly transferring the data from ten Sea Data
tapes to three 9-track 1600 BPI magnetic tapes using the IOSDL Digidata system
and Sea Data model 12B reader, one 9 track tape for each thermistor spar run, as

detailed in Table 2.

TABLE 2
Data Processing
Sea Data tape number Run number Magnetic tape number

CHALL8701
CHALL8702
CHALL8703
CHALL8704
CHALL8705
CHALL8706
CHALL8707
CHALL8708
CHALL8709
CHALL8710

CH188701

CH188702

CH188703

WWWMNRNNN P
N e e M N S A N S

For each Sea Data tape the following operations were carried out:-

(1) A data file was created in which each successive 100 records had been
averaged together, and a plot of this averaged data was produced which
showed the general trend of the information on the tape.

(ii) A detailed plot of the raw data was obtained, showing every data point.
These plots, and subsequent spectral analysis, showed that some
thermistors were typically contaminated with white noise, and others

with occasional large spikes, as already described.

(111) A Tow-pass filter with a cut-off at 0.5 Hz was applied to all the

thermistor data and significantly reduced the general noise levels. In
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addition, the Targe spikes were listed and then individually removed
from the data file.

(iv) Finally a high resolution plot was produced of the filtered, despiked
thermistor data. It was found necessary to only plot every second point
(0.5 second spacing), and this was consistent with the choice of the
filter. In these plots, the noise monitoring resistor, RX, shows the

raw data, and so has been neither filtered nor despiked.

This report contains averaged plots for all ten Sea Data tapes, but high
resolution plots for the first eight tapes only, the last two being too badly
contaminated to allow the presentation of any useful results. A description of

the numerical programs used in the data analysis is given in Appendix 1.

4. A DESCRIPTION OF THE AVERAGED PLOTS

The 100-point averaged plots are presented as Appendix 2 and show data
averaged over successive 100 record sections (25 seconds). The upper twelve
traces displayed show the individual thermistor channels, T1 being at the top of
the spar, T12 at the bottom, and an approximate 1 K scale is indicated.
Temperature increases towards the top of the figure. Immediately below the
thermistors is the noise monitoring resistor, labelled RX with a 10 mK scale, and
next comes the "total" angle, TOT, scale in degrees. This is the angle of the
spar from the vertical and is calculated from the inclinometer angles. The
individual inclinometer angles (F.A. for the Fore-Aft, P.S. for Port-Starboard)
are shown with a positive number representing AFT and STARBOARD. Finally, the
output from the pressure transducer, converted to metres and labelled PX, and the
depth, labelled DEP, are shown. DEP is the depth (in metres) of the pressure
transducer calculated from the inclinometer angles. It is a check on the
attitude of the spar in the water. On tapes 9 and 10 DEP provides the only depth
information since the pressure sensor output had become unreliable. The tick
marks on the time axes at the bottom of the plots are at intervals of 15 minutes
and every hour. The only useful sonar information is shown on the plot for
tape 5 (S, range 3.4 m, S, range 9.2 m), and on this plot, and that for tape 6,
TOT is shown at the top of the figure.
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5. A DESCRIPTION OF THE HIGH RESOLUTION PLOTS

These plots (originally 2m long) have been divided into overlapping
sections and photo-reduced to enable them to be included in this report. They
are presented as Appendix 3. The twelve thermistor channels are Tl to T12 from
top to bottom, and these have been despiked, filtered and only every second point
is plotted. The despiking leaves a gap in the data. The vertical scales for
each successive thermistor are in counts, with about 4000 counts corresponding to
1 K. Temperature again increases towards the top of the figure. After the
horizontal record count scale, the raw data from the high-stabjility resistor RX
is shown, giving an indication of the electronic noise levels (scale again in
counts). The spikes were only removed from the resistor when they were large
enough to over-plot the thermistor data. Finally, the time scale (GMT, and
Julian day) is indicated. Tick marks are at intervals of 1, 10 and 60 minutes.
Note that, because of the increased activity, the vertical scale for the second
tow, tapes 4, 5, 6, 7 is one half of that for tapes 1, 2, 3 and 8. Also, about
1 minute of data near 0000/254, tape 6, for T12 is off scale, and tapes 9 and 10
were not plotted because of the poor quality of the data.

6. CALIBRATIONS OF THE SPAR

A pre-cruise laboratory calibration was performed for the first time for
this instrument (thermistors plus wires) during August 1987. However,
thermistors 1, 3, 6, 8, 9, 11 and 12 were contaminated with noise and this,
coupled with the fact that two thermistors were replaced before the cruise, meant

that this calibration was of 1ittle use.

A post-cruise calibration was then carried out in March 1988. Having
effectively eliminated the noise contamination problem, this exercise was much
more successful, but applying the calibration coefficients so obtained to
isothermal sections of the actual cruise data revealed that thermistors 1, 3, 5,
7 and 9 were Tow by typically 50-60 mK. However, by marginally adjusting the
calibration coefficients it was possible to ensure that all 12 thermistors gave
the same temperature to within about 5 mK for isothermal sections of the cruise
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data covering the range 15°C to 19°C. The calibration coefficients finally
chosen are listed in table 3 (where the temperature of the nth thermistor is
ap X Ty + by, where Ty, is in counts), but plots of isotherms have not yet been

obtained and so cannot be presented here.

TABLE 3
Calibration coefficients
Thermistor an X 104 bp
1 2.51798 6.30887
2 2.51119 6.37546
3 2.55525 6.11259
4 2.52819 6.21015
5 2.53678 6.21279
6 2.50769 6.30036
7 2.53493 6.20946
8 2.58124 6.14156
9 2.53084 6.27164
10 2.51880 6.29418
11 2.50306 6.37783
12 2.52962 6.11780

Whilst preparing the spar for use in another cruise (the ARE IF88 trial),
it was observed that the output from thermistors 1, 3, 5, 7 and 9 was altered
when the 1 MHz sonar power supply was connected. Since the sonar was not
connected during the March 1988 calibration, this may partially explain the above
problem for these thermistors. The reason for this effect is not known, but the
above calibration, giving an acuracy of about 5 mK, is good enough for most

purposes.

7. CONCLUSIONS

Tows 1 and 2 in the Bay of Biscay reveal striking differences in the
amounts of small scale activity (SSA) between Neap (tow 1) and Spring (tow 2)
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tides, with far more activity at Spring tides. Maximum SSA, indicative of the
upward mixing of cool water, seems to occur near 0000/247 on tow 1 and at
1830/253 and 0000/254 on tow 2. The first two of these locations are about 20km
onto the sheif from the break, the third about 20km into the ocean, and coincide
approximately with where internal tidal energy, emanating from the shelf break,

is predicted to reach the ocean surface.

Tow 3 is interesting by way of contrast and reveals the relative absence of
high activity mixing regions in the Porcupine Sea-Bight. This might have been

anticipated from recent work on internal tidal generation and mixing.

It is intriguing to conjecture that small-scale activity resulting from
mixing in or near the thermocline, as opposed to wind-wave mixing, may only occur
at certain locations on the Continental slopes around the British Isles, where
internal tidal generation is Targe. It seems Tikely that mixing events such as
those presented here are responsible for the production of the region of cool
surface water over the shelf break in the Bay of Biscay, often observed in the
lTiterature. The temperature anomaly may be in excess of 1°C at Spring tides,
extend for hundreds of km along the break, and be up to 50 km in width. The data
presented here will enable a detailed investigation of the mixing regions to be
conducted (the subject of a future report), but the rich variety of thermal

structure, and the usefuliness of the towed thermistor spar, are already apparent.
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APPENDIX 1

Computer Program List
The computer programs used in the processing of the thermistor spar data
are listed below. A1) programs are written in Fortran 77 and were, with the

exception of SPARAV and SPARPLOT, developed during the current financial year
specifically for use on the new NERC IBM at Wallingford.

TREAD FORTRAN - A program to read 9 track 1600 BPI magnetic tapes in the
format created by the I0SDL DIGIDATA SYSTEM.

SPARAV FORTRAN - An averaging program to create a data file for the
averaged plots.

SPARPLOT FORTRAN - A program to plot the averaged data.

LPLOT FORTRAN - A program to produce a 3 m long plot containing every
point on a Sea Data tape.

SPIKE FORTRAN - This program 1ists the record numbers of the large
spikes.
LPASS FORTRAN - A program to low-pass filter the data with a cut off

frequency of 0.5 Hz.
SELDEL FORTRAN - A program to selectively delete particular data spikes.

FPLOT FORTRAN - A program to create a filtered, despiked plot of every
2nd point in the data file.
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APPENDIX 2

Averaged Plots
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APPENDIX 3

High Resolution Plots



47600 —+

:
47406
47206+
T 47405 —
47050—'5 k
- 47206+
47060 —+
4760G - -
£ -
[ 46800+
47400
47200+ 47800
T
47006~ 47606+
r

47606 47400—5
UV N
T :

L 47200+
27405+

46855+ 47400 —
47500 — 47205-;:

47406~ 47005~

£7205 -~ 46200~
- :
47005 L 48056
47806 —
i_
47606 =
Records
24505 —
24405—

o RX
24200 <
24056 —

Time

CHALL87-01

YWWW‘WWWWWW gy

g RS I “W‘*"’\‘WM"VWW‘VW\‘W . . . - e ' )
e M Pty e I g

gy AT | N
rm W \MWMWWMWWWMWNMMMMMWWMM\’!W,MWWW M}WMMWWMWMWWWW“ WWWMW

N W | | *' ‘ | o i i ,

}r WWWWW WWWWWW AL ML TMW Lt "MWWMM\V}NWM W_wumwwwaﬂmmmmﬁ ik VWWMMW'\{WW Wﬂm ¢

!
130C0

At o,

14362 15000 1800 17602 190 20ccc 219z

21007246
]

' |
T . — ! 1 | ,



g

A7600 .
47400 WWWWMW%
R S MWMWMNWW AR A et
#7000 47200 WWWWWMM'WMW
er A ot
AR s Ao ST
47600 bt NS wWV“h*”“"””*”“""vﬂw*uwmwwwawwMAnvwvwwwmnnwv«vwnnwn
raso g 3500 WMV, TS B A
/WY g,
47800 *“ﬂwﬂwrﬂ““"‘*“W“ﬂMﬂﬁmﬁﬁﬁmﬁmhwhMWMMNW""W"WV*MfV“ﬂ“*“““”“W*”VW‘ﬂM"ww
47600 NWWWW%WWWW ot T HE \N‘\%

47400 N WMMWW !
MMWWWWWWWWWWW

" 47200 K"MWW‘ MMWWWW'\WW ‘ M
ﬁﬁhmwwﬁﬂhwquhhm,%*YﬁvwwwwMW“Mwwwvww«qﬁwﬂqumwwn \“inwwwﬂ%wﬂx

47000

47600
47400
47200

47000

47000

WWWWMWWWW%WWW%

et A o M

47400

47200
AT e A A AMAM NN o i B

47000 —

468001

\‘l\rﬂ. W_NN,NNYM o -
TVMMNVWW&NWMNWTrVVN - " " | .

Cilid WMWWWW M’WWWWW‘W“WW P %’WW/‘ Py
LA

47600

47400+

Pﬁwﬁfﬁk"w "qph*#YWV%PM&WWWMV+»W%*M~*AM@mewmwmkamﬂhﬂwﬂuﬂmwﬁvpnnrymvwruwﬂw
r1“fw‘ﬂ¥¢ﬁ**4}7T~WWTWﬂnﬂywwyvvwwmyrhwwuyrﬂﬂhnr - , nm"’V“T'P“VT#“MM#V

47200t

470001

24600 }‘ 260c 290¢ 3oces Noce 320c2 33002 340c2 3502 38022 390c2 42022
24400

ERX WWWﬂMmm»%mNMﬂwwMmwmwmM4wmMWuﬂuwww«wq#“4~MuM&umwuumdemmuAuu " eritonane ~ J i neid oMapard ol VT onarbtn

i ~ e -

24200 L i

'.
24000 —’: ' ’

|

. _ 22007246
Time — . | ; i

CHALLS87-01




g

47600

47400

A7200

-t

47000

47600

47400

47200

-

47000

47600

47400

47200

47000

47600

47400

47200 -

’—I_T_'TT_I_T_*TI—T_'

47000 -

47400
47200
47000 :
46800 :

47600
47400
47200

47000

47400
e WWWWWWMWWWM
47000 WMMMWWWMWWW e LT

46800

47800
47600
47400 Vﬁ"w"hvmwhmhw‘ﬂWV\MJWW*FﬁrMNMWMN"Mﬂ%MMwnwNVNﬁwMWnPM»WWmWVNN“WWNWVWMGWV\MWVWWWHWMM

47200

47800
47600
47400

47200

47000
46800

46600

45400

foied 2z 410C2 420C2 43000
340C2 3spce 36000 3700 380C2C 390c2 40022

adoudn RONIPTION S WO | dod Adhdrolor A - A Acdogranin { prashaiimanbominins) !
b/ Mo

Time — " ‘ :

CHALL87-01



S

I*rw“r‘ |’“T‘1'1”l

T l‘T“l

el T r"'r“rr‘I

B
~
™
[&]
(S}

~
~
D
(@)
(&}

[N
~
N

(&)
(&)

SN I _—_—

~
N
(@]
(&)

Py
S
I
(o]
[}
|

AR
N
ro>
Q
(&)
1
[N TR IR O ATUR IR AN

o TR L e
47855 ;-E . w o WW\W"Y MWM"Y | B
47600 t v MWWWWMMWM “MWWWMWW’WWMMW“W Aemas iy
s A L

r L
rra0sd T fw M : W i ey '“‘”WW‘W”WMWWMNM"WW%WWM
\mﬁWWf'M % M!M"‘MMM*"MM‘” P

006 ¥
48000 T o M W’VW{W _— MWMWT YIS 1 ,YLNWJW‘V’MW\WNW MYV
478"30—4& ‘Mm i e W MT\NMMH*/%WMW‘*M’“W*{"’
Mgt
M\h). W“'wﬂm{‘w ' W \W " et " " MW“ W\\MW(M
48050+ memmw ; S Laaa™ b AT gy,

b PV bl e e | B g N TR oy, v AT
sz gt AT —"

b ﬁ NAMW f
e7600-+ MWM“ ' P g . (AR T, A T AN g iAoty T 0
4740\1—‘;'; \MAMM NMW&MMWW
a7200-f . WM”""M WWMMWMWM TN AR A Vbt o PNV A»\MAN‘MWW\

et A mewww»’mmmwwww
47000 o NWW ey

o s g g it I TN o DO WA i g s Oyt AT
phadippe: L%
48550 W W,\L ,Jﬂ,{‘{' MW\\W;- Caluil TL( WWN N At s & lnf‘rw

P Wl w"«“‘

47800 Py P'*’Mm Vacue , {/WWWMFM‘MW'M«MWM e Adariaii A AR LSV e AR (i
4760 _E Nua,-w"\‘ At /«_hJ | 2 AR "t (4 ¥y NWLﬁW“W\(WVWfM”w e (\""‘"VW"”\’«'\", A .Dl’\’{\ ("A
- E \ /“*""JM}WW'\,\ME\ JW‘W ' .. W Fomrw, ; W\'w AN
47400+ o~ ™ e ,41* e W ‘ T e Ny *T«.M,W abon o wmﬂ Mﬂ X

) ,_rhf‘("“ M,frhk’"\’ﬁ""\ A, “ o, w}ﬁw‘;WMmr\w w,n'r W
sge0p = oA b A f V\\

: ,a Tk, o m Mm’w\wmrm " e bl 1Rl A

sanne - e MOV W PR ?'*\N'f"f‘ ;}m |
e - AT Sy P W AR i WW Mgy g el M’W\"ﬁ‘ V¥ M‘W Aﬁ W \W m&(" P(W ‘“ T’ W V} ll
27600 - A AR ‘ i
759t l |
| ,"
Records ; . uéc: ' 2;’33 3cc2 40‘CC sn:cc 5007 7002 e:;:: s0c: Y ooz 11002 m";:; 13088 v
RX wwiwww A : WWWWMMMMW‘MWNI m‘.'ﬁ':‘ ‘ R b R ﬁm.«m.m—-'-
¥ i } t ! ! i i bt I P H
I . | | i |
1 ' | ? ] i i L ' .
, | ! | ! L '
© 23007246

Time : i | — e v !

CHALL87-02



48000
47800
47600
47460

M”WWWM

g

47800 JMW"TWM MN"
WWWWMWMWWWWWM W

47600 "‘&WW""WVWWM

47400

WWWWWWWWWWWWW

v MYty
7500 sra00 T W Ve
Wi St T
47600 WWWWWM'MMWMWMMWWW ity gt "’*W A g
48000 WWN’W\« MMMWWWW&M‘W* M “r \‘\"MWW
47400 Vi
47800 ey o s - V',WW‘W*"*V 'W"nm Fitywhyes, Yok o
e v WMWRWWWV‘MW “W"\ WM"U YYPh 'W\‘\’ b W"\‘H "B
47800 47600 YR, W‘*wwmpwmmw"w W\M! Wm
\'«ww«{ ' \'L‘, W MWW“ T N”WM
47600 'VNW“‘VWMFWWWW j : AR, Ty, 4 WMW Pt
~ ' AN Y A omp gttt M o s v e | ‘ MWW
47400-L 48000 qmwuwm*w L L L LT v B \ i by
i L“‘ [ a .((f‘ ks IW'
W\W WMMW led k. W"{» At
47800 YUy et ATy it o e WP YN Fppsd
e ™ Ham A ”“»%MW M W\“\h WWWMW
47800+ 47600-L * v vt T m‘,\'{ W,
. H W“%Wr\m I"W.N-WM ”
47600 47400 Wwwﬂwwmwmemm%W‘w WMMWW ‘ Mr% "
N e (ST W’W‘ gt k" fifey.
47200 M " it ¥, [e—— AT it ’
S ke, e W-,ywww‘” o
47800 T 47000 MUV A ) TR R . rwers ey PR—L L Wy, l " P
A g % ™ “WWWW M’V’]"‘“‘VW '"r‘ruw *‘ T W’“"‘d‘y’v .
47600 ngiyey, e Mgt ot g,
E . ) ! it ot ..
[ 48000 f Py i, AN TR o AT AP i W g™
47400 T I v W”\“M TP AT Y Wwvwwmmwxww F g WMM"M""" ' M, '¥ RGITISE i
o4 7800 ‘ ivh"\l'\"l}»" ‘KK‘ ‘ MWM‘W ‘ ﬁ’f W\W i Yo, »Iv\ - YYW;‘T‘ ™
- e Il _— : ¥ Wy WM’«U‘-"‘ I " ."“'T\“'k‘n\ W
47600 ! "N me ,Wwwwwmmwm M,:MW’W ™Y Y PN V e WW‘WW-'MJV; e
47800 W i ‘1 et MV pivgpi sl .k i
47400 m ' T” "'\,\WW i J | ' me wfw Y\\“ .“W‘('(]A“’JN""W b @ ,wo‘-)i‘s.,-_ﬁ\ hrf ﬂ“g
47600 48400 1 l: ’» . rp‘m"ﬂff' /V‘r‘ ‘V . m.‘\'lm'(‘m&\.m:-'\ Ly-,‘w'*‘ ? R W M'\ M’f/\*‘ — “-i.v‘.,w\’\r
oot o FH i | "mwffm e - o
48200 ,! l' H i ‘ ! , o b :W/”* e r\ — NM:;,\Y\( N
47200 1800 i M f'NM : - Wm,mwmwww r ey ’V"Y""r"ww ™V
18000 T g | !I ] ‘ ‘ ‘ Fﬁ{'ﬁ/w%m kwww “a # Y Y ‘
' i i \ ! il e, \
47800 - 1 j |i ’ i - ;;W-"'VWM\! 2 '(‘T‘ ™, T\'\v’\, i
1 E ‘ i ) i '1‘ e e " Fr-'..r\v‘,‘f."",'.'r\.
: : ! oo
" i( : { 'WMV-WAM"MW Vi m/»' - -vwl‘f.w\m\ e
Records I . W!\”"\"mu«.\ et
18000 1700° 18227 ) a i o - N _‘1
24400 : B 90¢ 20cec 210%T 220¢c 2350 2402z 2se0cc 250C 270cc 2830 Wﬂ\\‘u'm
RX >~ " . ; s Y WV F PN Opra S, . ", n ™
24200 ' : A 1 5 v - Ao Ao U e T N W
24000+ l ‘ i l i
e ! E i i
23800 < ; |
Time I OOOQ/ 247 |
T T |

CHALLB7-02

e o



48000
47800
476001 47800
47400 47600
47400
47800 47200
47600
48000
47400
47800
47800 47600
47600%
s7400-L 48000
47800
47800 -+ 47600
47600 -f 47400
47200
478001 47000
47600—E
_E 48000
47400 ¢ -E
- 47800—E
47600
47800
47400
47600
48400
47400
48200
47200 —+
48000
47800—]E
Records
24400
b ORX
24200
£
L
24000+
23800 <

Time

CHALL87-02

AN*AWYanWMMMq¢Mww~m%

Mg MO
y
M WWW“WMWW i .
; | A
W“YMWWW et M

* gy MMM e LT Wﬂ“‘m"‘” " -
t‘ i ¥
!
WM AM Pt e Pih et e MWWWWM
i v . J
wafvwrf‘* g Rl o LAl TRV Al .
\ M M W MWy M i
M el o™ - ettt ", o
ol i AN o P o AT
rfw#f“”ﬂwmy e «mM#VV*Mvﬂﬂwﬁﬁﬂ*«”?ﬁ A TRy T e
R r e e ettt
et ' W el A At Y
: AT Rl W
i P AP e / W A
/ ; o i R S ot
gt g™ et R e
o ; » » MMM f
W Y
! o A P
o M e W . e
o A ” : =
e , [,V(’ WJ\W‘N MMW /MM UL A i wﬁe’W‘ e
vy W o o e y iun,, e e
el rMnananmM e P oY e
™ 4 e Wi . g
A e iy ol Ky WV
M AT NM"M'*‘”{Mh M"‘" g i heh v i, ;,ANJ“f%N s
Ahr\wl: ' ‘ M“W‘ PR ﬁ‘m 1W‘w"m\k\r;"*“\ffrﬁg‘ﬂv“,\mw‘vr. W’v‘/:w“l .
M"‘"“'\,\ v A‘,ﬂrﬂn‘?’( 4 o WS "\P M‘ ! ""\M\")mﬂl Pf\ MM ) , v ) Fr‘i' m,-tr:h,l._~',v.':’\“'»"- "
e a5 { »«M,w‘v"*‘{"ﬂ‘mv et A Mu.r'”w”‘“""\“”.'“‘W’u_xﬂwm m‘\f"\‘f’ ‘
' et e T Y o MWW R *
,./-." A Nt ooy ' . il
At ﬁwﬁ e t«~’-"""\Mr A’L’“d'hw AW
T AL ,M'V’n“'“mﬂ ) }Mm”*ﬁ"m it e
"\'A\':«‘ b’ ,-I“W’ f\r"’ﬂr\w - v e NM MWM'W
A [§ 2%
P ."' o~ il thxw o JVMA‘M
¥ e o eV
PR kol e A
o ;”'\‘M/[‘n /A‘_/."?'\‘N'V*
el s ."\" " ’
. J“'»M"A '
ana il " : ¥
! ‘r‘.,.»w : wl MM*M'\”
\‘I-\"" 'A'M""AK l;“f»\:‘" ‘
i , - ' ' : ' , 4 ,
NG Jecze 3106 320¢ 3308 340C 3506 3602 prdals} 38022 p}felrzed 40C2C 412C2 42202 43022
AT
g sy s s S “ At W et i s
i
|
5
01007247

i — . ,




4360 -
[ toa0e WM W ' A MWWTWMMWPWWWWNWWVW ,
49200 L J438] "E &fwﬂﬂ’mmg M ‘M WYY L,{'klmﬂ I{"mﬂ\iﬂ\w F“f‘w‘l -~
#3200 Pt gl A AU L TR TV | WS g Yy
_E MM' W’fw H W W"W': '
s950c— #3995 t WMWAW (W W{WWﬁ . A“MW“”MM
- 8800 AVt g ‘
sase T BT ey a1 e L R N
43200 : 19506 | e Ll *WMNAWW WW W"W'\Mw e WMWW‘W’ " WWW Mg
1 e i i e Www,wwmmwwa'\mm%L,mffwm,\q\w A L
. 45400 -+ W‘Nﬁ T LI A \W(W{W S | it
49500 1 ‘E W W Wm M W M‘Wﬂfﬁ ; w.;wﬁwrrww
- 4920
4340¢ — e _
- il ™ WMWWWWHW WA i 1 K M
- o W m/hﬂ o ,‘mww W.N)MN ! 4'\* MWVWW’W s ﬂ""‘w
faaee T P sy ; ' | Ay al e Y
49500 - ot r PP L MUy W'\“’rﬂfw’“’wmewv‘mmwﬁm i TR
- it A ,' ' M) ,/Ww
oo & e i P A L
49600 —: 3400 E WA rﬂ”ﬁ"w Mwwfwﬂ r*'"ﬂ\ﬁfww,wf\_f‘mMJ
I 49200 g Y MWWW"HW ey reyss Y
49400 (Tl
E . WMW N WY WMWWMM ”
£a20t = F e B AT A A0V
16800~ A a1 A T VT SRR, RS et NS
E /}"’V\”"Wf W eV MWMW‘WMW‘& ! i MW ";WMA“'“‘WWW
ansco— “EET ey Pl . oy e
: Amr o 9 / i tom . | :
29007 — /W{W‘Wﬁ"‘wfwﬂ b MMHH,,,WJ\~.‘I"‘{MW M‘AM\N ey e AN e PR b «
el =T 49607 T .\‘\ W Wﬂ‘n ! . " m“wws":; ATy ? MM“MJWYWFJMK'\(M\ /M [oren
z “ ' WA i AR W Wit '\ W i
49000 - - erwf\‘“"\’*’ ! i Wrm*"’\f\'ywwww,-; - ) m‘\"\"‘y"‘v\wmm"‘“" ,\M,,,,,N e
49400 — “‘M o W ! A e T Al O h\)n‘-/'\-r\m\r Pyt e -“\»‘M’(P‘m~m\,~'};\’,w’ " e Y
e pyopen VAT AT A B L VPO e
43R0t M ﬂ ""NMN"n m""Y“"M'\/r ‘ M M{,\M W W\M‘f\r\;\_Lﬂwwnn:"-M'\-,“'T'J'“ J~\,~\~.
49480 — wwm--ﬂ“‘ el i Tt W\«WwfwV*"'w,n_mwww-«,M\uwﬁmww»w |
: eyt i WA i M s,
49000 = , "Wn(t..r"\ﬂﬂ ’%/\r./\v'\'r“"\nlm".ﬂ NPV £ e th . A
- sesse VT e anw"*“‘“\mrmw iy g ™
23000 = - e WL e o e st ottt N 2T
- re L Y e #\ o ' W"M A A . 3 4
raen —: 430 : » y /\W\-’."N‘W M ' /Y“Mﬁw‘n MW,""WM'“ ‘thqu MRM'WY e Tﬂ‘g.hv'“ﬁww . ‘
S et § s, P POV
L L v “\
ape & hW“"!W#ﬁ'W
4340 -
Records ; wer 2022 3cct a0cc snlcc s0co recs 8332 soc: 10032 noct 12.1':::
24400 — ‘
E RX “"'1 et ' bt daseia Yo wordond LV iy '|l v i Vi umvssmbalalasts e T A A bt T AN Hse s AtV Y g AR S vt Ao bl ey PP AN
24200 — i
: i 1 i '
24000 —' ! ! | |
- : i i .
23850
02007247
| ! |

Time | I { 1 i

CHALL87-03



13822 tieel 1280 13222 14862

= T ICTm N i a8 e
- W L

Tlme T T T T T T ] T T T T T r r T
, " ¥ T I'r t ' T T ' u l + T T T T T T T T T T 1 L T T T
CHALL87-04 |




47200

66666
444444
AR
46200~
00000

45800

46200
00000
45800
45600

44444

T T M NWM\\——M\\M \ \‘“’"'MW“
N
T Y M[V’\
W‘L\ red ¥ f‘v“*‘\a\ \/‘MY

T
26220

1900/ 253

32kl

CHALL87-04

]

vvvvvvvvvvv



s

- 47000 -

F 46400

“F 46600

£ 47400

:E 46200 W~W”qumm‘ JN\* &LM - H’”M

Records

47400
47200

46800
46600 -

47600
47400
47200
47000
46800

47200
47000

> I M
o .mww Wwww e ——
xrmw“¢ww# %J/\VMth”V Py e ahﬂp# S Ttk ol AT ey e ”“””V/VWJYT
M"M frar W ki e \w»'\\k{w b T g g W’W‘m
W WW X \[ e e

\ w% :

45400

Hn%rnnnwﬁ MUY I - bbb brrrbreherrieerheerd
F
b
;;
%

fwm " 4, ”"WM e WMWWWW
1 MWW T ww |

W J"‘“\
ﬂ r/ e W“‘\lu "'Wwf ey [
o

| " M Mﬁ
. &%‘W \W M \w M

46400
46200
46000

4
w
03]
(o]
o

T | T T
27¢c: 2602 230¢2 33002 302 32200 33002 34220 3rect 3505

R —

24400 RX e ( ' N N
24200 [ (

|
24000 | 5

19007 253
Time —_— i ——————— " et

CHALL87-04



bbb

QOO0 0

hrrbrrbrrbed

OO0 O0oO

7 % .
r,»"* DT A A e S
48205 w ‘\'U’AW ™, N e
48000 MM M e MW
id By y ——— .

e WWM —— -
rfT”w“ﬂVWf ﬂwrynﬂ”#/ e e e |

48400

482005&E

48000

48000 WW rﬂrﬂfﬂuw‘f*

£7600 ‘ ) M%M

47800 ! A A
47605} ) v WWWWWVWMWW
‘ ‘b W ,._.,_-,—'"/“—’._

48209
48000
47800 e
47600 o000 R YL N R ——_—L
47400 47400 <E % MWM
n
47209 g P e s
47096 E WWMWM Ah‘wwvwwv N WM
48000 " / H“~*~*vm*mqrvvwww«wqu-*uv««hwﬂmw ) 4
46800 mo by b ks
47800 % ‘ ,‘ R i P bt Pk,
) ; ‘ “¥.,
47600 i | W ” WMWW&M W,.n"“‘"
47400 48200 ‘ f i it 4v”"v“j“”WN““W#\wWWVWMVMNnﬁWWmeanVMmﬁﬁwwwaﬁwfwwmvw~w- ”M”*”“waunmﬂﬂﬂwwvw ﬂﬂmw
47200t 48000 J i ' ' rVw* TR ULy T— T
. | i A A i T
= - o
: [028) b’ % N ;
48000 — 47400~ ﬂ#1¢ymﬂw%w*M#m ”Wﬂﬂﬂﬁ”ﬁ%v MW’MNWM*””“””“”WH*N"qu rencnghernthniig
4 fk m . " WWNMWW. d
7800 < ﬂ"w“» . -
47600 b, A \N F\xwwmm4*¥ﬂ”“W“ﬁYwﬁﬂgww QMMr““" P
27400 Mv‘ V‘\MLW‘ e vy o asdnsinmelay Ly s
47200+ 48400 w i ‘WMW ' e " Mﬁ YWWW%W W
s
47000 48200 'i\ u}ﬂ¢?wA iy vﬁmwﬁW%MW,r#¥““VM$ﬂ‘»«
. U
47899
47600 -
47400+
Records f | ——t i | ] i —— % } — {
43C2 Sooec 8002 70e2 8CCC 32C2 10022 11062 120C2 13022 140CC 1500
24400
24200 (—~ ( (
24000
20007253
i | | } i

.
Tlme llzr T T T T T T T T { T T T T T T T T T { T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T T

CHALLS87-05



48400
48200
48000
47800
47600
47400

48200

47200~ I#ﬂ(M/w«"*"”“““*~wm~*rr”””'mwua
48000
47800 M"\\\w W
47600 48400
474005 48200 /w,/’””“_“ﬂ___hx““"“”ﬁf/‘ﬁ—”
48000
47800 T
48200 47600 -F - )
48000
47800 —~—-wxx‘_‘*‘“\\y~"\ ’Jf’_wﬂ__“ﬂ_l,nff
47600 T
47400

48200 i L~*-WM“
48000 _”"*‘“‘\M_“\N\uw—~w~\~\\—‘“\mk\’—g—idﬂfﬁ-~k—w /wﬂgdrﬂw“’"ﬂ—“““¥-\~_ w&vﬁmrrTﬂAWM
47800 T #*Mkm””"w"“”*wwﬁwﬂ”%
47600F ,-c00 4~Mpw~whw,n-ﬂ“’"w“““”“*ﬂ~g“u,¢~ww””r«“““*””* et
47400 47400 M W‘ )
roo0 i rapotempasn ¥ )*M\mwmr*-“~uu¢vxwh»u»w - ‘ FET,
48000 47000 Mw~Mﬁ&%“MmM“KMh*m“HM¢MVF~«*““*“““*‘*”#AMMA g et et i N e ha etk s kg b
46800 L uphn,. *MMMM*mwwhﬁﬂwﬁﬂfv*fWW“
47800 e Y Jkﬁﬂhmwvm 1b%%ﬂt ﬁWl
47600 \&h“"”*“w-M4~mw e N g S et VNWVW
47400 48200 *uwﬁwp44~?“*4*“wm"bﬂau*d*ﬁ B o S \vbbﬂfp_ﬂnﬂﬂlp_—‘—w Ve e pht T /ﬁ\_AV “

47200

LI'VT'LTTF}‘TFT'*'TTF“'TTH i T f T l
S
D
o
[w)

47600 N .
48000 47400 i T ol ™
47800 Mﬁ%”“"“““*hﬂ*nwmm A T LTIy s N,
. . o ﬁN(ww’“””“““ Mot iy g

47600 ”wﬁ*anN“ pﬂmrw%wV«7WmW el ku“h”“bwvﬁ AL A s - W “ﬂmﬁﬂwﬂﬁwk
47400 pqnmuhymk*ﬂmmdﬁyv&wMG#m%nkﬂ“ s,
47200+ 48400 M Wb, #wwh”*bw
47000+ 48200 s LY pem—e '

48000 B it

47800

47600 -

47400

Records 4 | : | | — | 4 | e | | | ! i -
15002 16002 1700 1800 1 9553 20ccC 210C2 220€T 230¢cC 240C2 250C2 250cC 2rces 28027 232¢2
24400 ,
24200 (
24000
21007253
. | I |
Time — T — . — ; ; — : } — +—

CHALL87-05

‘ T T



00000
00000
00000

w
)
/
5
i
)

ed M | ’ A “w
§§§§§§ 00000 MMWWM Wm iy WW? w"” W wwww
= WV”W W{ M\ WWM w I syt

:;zzzi“’‘“”’””‘"*\Ww,,,,.,W,,,,,,,,.“,.w.‘,%,‘,«wM ol WWWW W«’W\:\\M
£ S e e i
00000 ' W\\\M e T 11 MWLWW/ w N%\W AN \\hf W [ l |
" N . wrm\mﬁv f‘w
\ W \:’\Jﬂmw

00000
S o &V ;
. 47800 ' .
S are00 MW Y P N oo
8000~ 47400 : W vyt ’m
i A
, 2

LT LV
,ALWWN/ b

000000
44444

00000

.
¢
T|me T T T T T L N L A S S B B S S I i T T T T T T T T T T T T T T —T f T T T T T

CHALLB7-05



S

e

48000
A478GC0
- 47600
47400
47200 47800
47008 47600
46800 47400 c— uMMM#MM _..n'"‘\

47200 i
bl I AAISGAS e o s et i m——~
47000 m- ~—— / o e Raasas s O

47600 1 4eens
47600 1 46600 WM
47400 L__,\%
47200 ‘M\"vw.»—‘_ JW ) TTTT— T —————— e
- - — - - e
/“'\.,\‘ —""'\\\/, '""""’WNW

47000
47800 g ..u/""h
%47600 o L"AW .
47400 -y ~ L ot and P M aveieastar—— i M
3 17890 3‘47200 ) ’/‘* -,.......W’Iv T e thwm‘w_mﬂw”wmwfwwyv
476003 47000 e . "] l
47400 e P h -

X
47200 - e e N e e ‘
47000 47800 m% T —ﬂw T T — TR lemr—wwﬂﬂ J Wﬁm‘ﬂgmﬁ
-—-*""‘f{r T _,,—-\
46800 47600 ~ WWW LAJ[ L’.JL\‘
7 . - ot oy e e _
:7222 T S T - T —— e % f‘{wﬂ' HW"TYI"" WTWNMM e M“\WM‘MW‘W&L b

47600 m

%:;;gg e MWWWW\WN %\v‘m w' WM”‘W |

47000 - ; 4 | " ; v
L ey ™ L L V) i T

i 46600 s e S » —
— 47400 T 46400 X o - — K i \ A p‘w.wpmr.’ Mg " e
3{ 47200 1 46200 ’WW‘?VM’ W‘ﬂ.’i’. w p o I]J’ 1" N ,,,,«.MNIN }l“ W‘l v
47000 V"‘.‘Mmp . WWVWWMW
46800 ” C e o - W‘y-vww e %. fM: ) m’ﬂ\ ,,WMMM oo
46600 T 47400 repy wolighani,  VETET g oy , Nn*p L e T
46400 47200 L W lHM; Wi, . o g PRI 80U e kiemirrtaaria ; : M W
47000 Tomas i - N 4 M"‘ MW\«Wv AR by . - ﬁ""“ ‘ M y
/ IM e | f “ MW 1 ‘
47200 i ::ggg “——.% /ﬁﬁﬂ/"‘""ﬂx. '.MK} L\f\_,\vv h e, \ \ :l Yg' “\ wJ{ W W‘ vff"*«'
10800 ) W Mo T T W”N\] 'H M
46800 ~ " " -~
46600 47800 WM-LML”M i 'M ” 1 w‘ M/—'W.H\L—\Nx'wwyn,»ﬂ .
46400 I 47600 " WW‘\W’“ yna i’ WWMW“’\; A% \’
46200 ::;gg h *M WJMM V i YMMMW WMM M(MJW
) o
#6000 T 7800 YW d‘wM M L‘M i A P e T ’ oy }p N e Wyl ! gt "
i’ 46500 : rere w " M“h""* ! H‘q% W’ M
46600 %{\ ! ”(‘ W Mw MW‘\ }"wlﬂw/w

Records ‘ et ', ’ l % ' ' \ , Wiy —W S—
1) ~ ﬂ“] ; M“ o~ raecs 13022 14203 15002
P i

|
10C9 2080 3ees 4000 sooC #0C0 7000 80C2

124200 w H l —j IEMH‘,A!" rr
24000 . “ { | i
: ~ . i

; |
1 o : |
Time A _ | . “ 2300{253 | ’ ’ |

CHALL87-06 ‘ _ ;

[ {
A
]




i
r
i{ _
}
“ 4 csegz
k

”F.?: , M._ ;, el

ggﬁ%{r{ }% a x L sf ol é}&?iﬁig

p\ ¢ tjy% i é\é e Zz?g,%s}és

5 m Pt %gézf AT NNSER N zé

Al |

o é%
_;_.3%%%?% }?ig}z%?g, s

! %; iy

Mg

Q__f:=é;=5hm-g=__&

.y),{.t.

-—

s%r?,%z}?%?%;%%%ééi{ o _

{&?t(r;& yzlljr&{t;ssisaafrrci;rs>\;zsr;r+»;t;sfrLry;ts:&r;xes;;xsxznx:xlle TN | zgf??ﬁ

syg;wc\(r;ar/s T A . TR fut rLrgr J i r;‘gaz qﬁ

_()\r)%\ M J/..

&c{ ,ECL‘? parad riérr\;.gr I \, Trvd,

.\}gﬁ%%?&é%%ﬁ?fi§§g§§$¢%§%x J} 3 ifﬁ f 537{: ﬁ:ﬁi

U RIS N E{,;z

?éﬁg
i 4 [y

g “~ y ssr1:SLP1§§(9?¢§53z?>E&r}5$LC\cﬁE&fﬁ%rkE

I(E7)?#(1CLL(H}IESLtXH(\(¥lH/J/r » - ’
a Ly
s \ N

p——TYY

vi?i!\

90-£811VHD
swi)

ooare T

F

oozve £

Xy E

00bpe L
spioday
0099¥
00894 um

0004
002 0009¢¥

0% Ly gozey
009./% 00y 9y
oogsy £ 0099y

6689%
0004¥
00938+t H 00229
0089%
coozp £
oomuv.m 00¥9y —
0092t < oooww‘m

0688y £
0004¢

0obgb 00v 24

0099+

0689t .

0004¥ omwww.u
0024t
00b 4

go0zy 0094%

ooz

Cob2b

oowuv“m 0089h

0084t 0002t mw
cozLy f
00vLy £

0002y - 0092y £

coeLy 00844 =

00% 44

0094%

0082¢ = 4004 —
oomkvnw
GOv b

0099 ooc~¢um

o089y £ ooy,

500y

0022%

COvsy £ 5089

co9sr £ cooZi Amm

cossy £ oozl -
cOov Ly
9094 -
0082¢
5008

o,



|

¥SZ/0010

coeey

2aCtr

soacy

20068 scost

23048

00%C

Saosg

90-48TTVHD

swi]
000vZ —
k
ooeve +
Xy F
oovbe L
spioday
0099¥
0089% £
0002v £
oozzy £ 0008% ¢
oopsy £ 0029% £
cogzy - 00¥9¥ ¢
0082% £ 0099¢ £
ocs9v £
0002¥
0099¥ = o0zsy <
0089% £
5002¢ =+
0o2ivy |_m 0¥y ¢
00bZy = 0099%v £
0089b £
0oLy £
0029% ¢ 0022F +
covoy £ O0V4¥ =
o099y £
ooy £ cosen
060t £
0022¥
GCO.Lb oov Ly
o0z iY F oosr =
covLy
009.¥ .m 5089 ¢
0084% = 5004y £
cozLy <+
sy 2y £
6004y = gg9,9 £
coely £ gogyy £
002t £
oootum
0084y = goosy ¢
co22y £
Coviy £
oowov.lm 0092 £
C089Y £  gogyy -
600l .m
CoCLv £
coviy £ £089% —
009sy £ co0zv £
c08ZY £ ooeuv
ooivuw
0092v -£
0084v £

0008y -+

N



s

51000

50800
50600
50400
50200 50800
50000 50600
50400
50200
50800 50000
50600 49800
50400
50200 51000
50000 50800
50600
50400
50800 50200
50600
50400
50200 51000
50000 3 50800
50600
50400
50800 1 50200
S0600 51_50009
50400
50200 - 56200
50055 50000
49805
496065
sos06 3 49400
spaps T 49200
50200
50060
49805 50600
50400
50205
50660 1_32222
50400 v
50200
50059
49806 T 51000
49600 3 508C0
49400 50600
50400
50200
50000
i 49800
Records
(o]
24400 py
24205
24000
Time

CHALL87-07

WVW , ,
“’*‘“"“*”w*ﬂ*v‘ﬂW”V““*Vﬁ'MMV*#wW"K*Fw"”“V“”d"VVh"w*““““V”dhu"“‘“'"*N+~v-~w\AvYﬂwq,,.,wwww-rrvv~*"*ﬁnwrw1vWTyprr e AN N e g s NN g s,
Harfor ey
\M\\ﬂ“ i T T e e MW’WWMW’MFW W '“W‘Wﬁw‘ﬂw“‘wwwmmwwwm"ﬂw“ lf”' ' T A A e
A AT '*Mﬁ“W*Vijnphﬂvmph
\qu%“ﬁ A > Yw“MJvﬂdqmﬁﬁrurﬁ“vMHVVANWMNﬂuv*A‘ MjrlLﬂﬁ&ﬂ\fm%hv*ﬁnﬂ»“M“V“WMY&MNMW“WW“““”**"‘*%ﬂ% ”“vaﬁj ﬁmrvﬁr”w“'-qupwv”""wxﬂferM”ﬂ¢M#‘ﬂ¥hﬁvqwﬁm*&ﬂﬂkwfw[
e WF“YVWMM*“‘““\grvwﬂhv“*-w"“ﬂﬁﬂiﬁg " 4 ! "rﬂﬁw , |
“t Pt g W‘W g WWMM\MMWW NMM W”‘""W”‘"’”TW“"“""""""‘*«,WMM\WWW

_——‘i

t '
1002 20cc ece
< 40CC S00C :
8000 roce 8300 900C 1008 "1acs 12082 13022 142C :
2 boiel z 180CC

0200/254

i



37600

37400

37200

37035

37800

37600

37400

37600

37400

37200

37036

36600

37400

37200

37000

3890

(&)
(&)

bt

37800

37600

37400

b

37600

37400

37200

37000

37600
MWV
T AN
37400:E ﬁ"**.x"ﬂﬂVvvw"r\/H,.Aluw
Nt e ettt ™ s A" pmpap O PR U WWWWWW
V"**F“"“JubNM‘v\~"Nhﬁ*rﬂvf\mm*vﬂﬂlwufwkﬂ‘vNI\
r’vvv-
W‘\a’"‘\/"\/\gﬂ/\"‘\/ Ly .
37600 y .
mefwwwmmm~
i = e W N
W’-—\M N,
37400 )
‘}E f"ﬂM’f‘\MW'\"M’\‘(w,‘mﬂ\/w\r‘,\(‘
! T T M gy AT A e e A P N e IO o . -
37220 e A, N . e p«wﬂ* N
v Fu~Nﬁ“wwﬂW/ﬁvMwFWk~*wuﬂVﬂﬁU”L~NMJﬂﬂmammAruawwM
37600~ NN , " MWM
AT AT o WY
37400 i 0 e Y VR .
’."-“‘ 8 ,'vvw‘-\/—\./ .'V_‘_,':
e e AP TTN el y aon\ NN NS N e L
LTl ahnet an e s i e et ]
37200 R hheaa it e WM.WWWV‘M*'VWW.NJ,M,. -
*‘Wr" Ve,
YR Vi, .
! s W"’/'N' " \r\ /.\« i
374C6 *‘M'WWM’W'WWWWMWW O e e ol
“hh"f-”~"A““““““”“*VQ“““”“““"“P*{“H1}HV~YVw
7200 TN A it
L
WWWMWWWW
37000 ‘ i et S PN IUPP RNV Wl
N aa
v(\'g\ll‘ﬁﬂ" w"\ NVM\'.'\"V'N\ r"‘f\
3 e i S ey ¥ B e VT 3 Y e o , 4y
374CC T e e T e e A T T e i e B e A e A B T W O U A PP TN TS M»WAN\( "m‘u T N, '
vy v W vV ]
1/ VNt s AV i i
37200 '( \ V""V--, \’*\v,fr\(_ﬂl r’ws
2 o U i et Ve o VL [V L VN VR S LSV P ~ L i
37030 ‘ N AR s g PRV V\«'M«WV"‘“FY!FWI'\W;J}"\ DA AN
: R Vv /(“v " u‘ﬁ'l o . ]
36806 W W A
T M e, e g B i e Y A cad i ¥ LY o b ~ S, .
e o e e e T TP e T Y L NP pTe WWWW%"’\VWY\LF\}‘NN
. ; T o M”*“\WF m !"!"f:' M )
' S AT Khﬂvmf”’hfﬂgma
d Wi
Records — ’ ' ! L
LS 4000 soee 8050 700z BoC: %00C 10058 11063 12822 1320z 14362 15002
24400 ‘ J ,
- |
RX ], | | H
24200 i
24000
23800 -+ 19007262
Time ‘

CHALL87-08

!
{



S

S

37600
37400
37600
37200
37400- PR e et
37000 W
37200~ %% e T
"W ey, ver W
37025 p——
. g
07600 W
TN A s
W
*
37600~ /WV'W"\AWM M
7 i e v vprme
37400 37600 JM,__~,,_.*f«*'”’”"""”’"'ﬁ~ydﬂﬁr_v’
37400 ’AWW\‘/\M Mﬂw
E MVY" ‘m___,__“ —— . T i
37600 37200 et e I
-F”\WW'/ M"MW
37400 ] ‘(PM WWM T
3760CC -t ¥ ,—AMMN -
37200 F - s e
- PIUNSESSEE o ol
37400 e ey T A
Wy " ST ——
37200 37200+ N g e
N hhanie
o A s AT
37000} W f\/u\\"’(l J\J"s\r"’w»-‘mw"\’ v
e e st

37200

37400 37000~}E W”U‘
WVWWN‘\:’”W Nv-w”(“‘"""‘mwr«
37200 ﬂ'f a Lt ¥ v > "\(Jm -— W —yTT
374C0 - R '
37000 WW”WV‘ \/,.V,rf e el
prmm e e
37200% LPY‘ ,’\‘.‘ — ,_,n-mrv‘ﬁ'r A MANTY
1 ‘-’“‘,/J "
B
. s Y N I ™~
38060 37099 g _ e o YT o
G " V’WV‘V" ‘/‘\[" al . ,/WW!@N\(T"’MM"‘L' AR
37800 36800 y _— - e T B
~ et YT T
w».w"’%“” N A
37600 “”WJWQNV~”v“mnW - )ﬂﬁwwwmﬁghm*ygﬂﬂ%ﬂﬂf*%"%*ﬂdw\rd"Mr*V
) L o v
37400 " VNSNS s’ b
Records — : ‘ ' : ' ' '
1sesz re0cc 17ees 18222 19282 20022 21002 22002 23202 24022 25002 2800c
24400 ' { i . |
e r i S E——
24200 | | L |
24000
23800 20007262
Time : — — ————————— _—

1

CHALL87-08 ‘






