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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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PROGRAM — PROJECT - JOB

TITLE

Time Projection Chamber (TPC) Solenoid Fault Location, ?aqnetﬁc Studies

INTRODUCTION

On September 30, 1980, Phillipe Eberhard requested the assistance of Magnetic
Measurements Engiheering in locating faults in the Time Projéction Chamber (TPC) |
solenoid with the aid of sensitive, mggnetic-fig]d detecting probes. This note
reports on magnetic fié]d maps that a?ded in localizing solenoid shorts and dis-
continuties. In addition, ten washers used in mounting the LNy transfer tube were

found to be highly magnetic.

- TPC SOLENOID AND FAULT DESCRIPTIONS

Figure TA is a schematic representation of the TPC solenoid. The solenoid
consists of three concentric coils. The inner coil is ultrapure aluminum (UPA)
and the outer two coils are superconducting (SC) coils connected electrically in
series (point C).

Suspected faults were: 1) a low resistance short to ground from the UPA coil,
2) a Tow resistance short between the inner SC cojl and the UPA coil, and 3) a

high resistance area in the inner SC coil.

SELECTION OF MEASUREMENTS SYSTEM

The preliminary test plan was to energize (at Tow current values) various
~combinations of the three coils and to measure resultant magnetic fields with a
hand held probe. We found this procedure time.consuming, and mechanica1 instabili-

ties introduced significant scatter in the data.
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Magnetic Measurements Engineering (MME) recently implemented a "Data Logger"
system, utilizing a Tektronix 4051 mini-computer as the controller. This system
monitors, records and plots magnetic-field measurements in real time. Very slight
program changes allowed the MME Data Logger thbe used for the TPC Fau]t Search
Program. A simple mechanical aid was devised to position and to locate the Hall

probe.

INSTRUMENTATION

Figure 1B is a schematic diagram of the instrumentation used and Table 1 Tists
the specific equipment. Figure 2 describes the frame of reference and the means

of positioning the Hall probe.

RESULTS

Table 2 1$ an index of- the data runs made. This report tabulates bn]y the
data saved on tape files. These tape files are available. for further data analysis
and plotting. |

Shorted turns between adjacent windings of the UPA coil are evident in
Figures 4A and 4B in the vicinity of x = 9 cm. Variations of UPA coi]vwinding
density are noticeable 'in Figures 4A, 4C .and 4D at x-positions of 150, 170 and -
318 cm. . ‘

A short to ground from the UPA coil in the vipinity>o% x = 8 cm is evident in
the data plots of Figures 7 and 8.

The data of Figure 14 indicates a short to ground from the SC coil in the

vicinity of x = 10 cm.
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SCOPE
' CBL
HALL PROBE H3 EXT. GAUSSMETER
DV M1
TPC '
SOLENOID
' HARDcoOrRY COMPUTER
DVM 2 :
S-CURRENT LIMITING RESISTOR (2 5:A2)
l .
DCPS

FIGURE 1B SCHEMATIC OF INSTRUMENTAITON

/’SUPERCONDUCTING COILS

ULTRAPURE

FIGURE TA° SCHEMATIC OF THE TPC SOLENOID INDICATING FAULTS..

FAVLTS

GROUND SHORT
ALVMINUM

THE "OPEN" FAULT WAS DISCOVERED DURING OUR INITIAL TESTS.

cColLla
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'Ha11 Probe F.W. Bell Axial Hall Probe Model HAB8-2508 S/N 107786
: Cal = 0.7424 Used Cal = 7.424 x 1.0026 = 7.443 = -
Ext. Cable F.W. Bell Model X0OV0-0025 S/N 139565 |
Gaussmeter F.W. Bell Model 810 HR S/N 101199 ERDA 504143
F.W. Bell Model 8860 S/N 99627
10/6/80 Gaussmeter changed to:
- 18:00 F.W. Bell Model 810 R3 Channel 1 DOE 517835
DVM 1 Hewlett Packard Model 3455A S/N 1622A08417 DOE 517459
Scope NLS Model MS-215  S/N ]973' |
Computer Tektronix 4051 >S/N B051568 ERDA 504556
Hardcopy Tektronix 4631 S/N B094611  ERDA 504505
DCPS Powef Designs Inc. Model 5015 Transistorized Powér Supply
DVM 2 DatavPrecision Model 258 S/N 4457

TABLE 1 INSTRUMENTATION LIST
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(8L/6"A2Y) L9LP9-009, R6E-TYH

Aluminum 1" x 1/2" x 1/8" Channel

Top‘of Channel
6.5 cm below
bottom edge of
threaded hole

Solenoid South End

\'
“-Top of Channel

4.8 cm below ‘v///gfii”/" ~12 0 c]ock Position

bottom of . 4\

threaded hole Solenoid North End
x = 0.0 cm at bore
tube edge

FIGURE 2 FRAME OF REFERENCE AND PROBE LOCATION.
CHANNEL LOCATED AT THE 6 0'CLOCK POSITION.
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DISCUSSION

Short term fluctuations/drift (+ tens of milligausses) were observed during the
measurements. Replacing the Gaussmeter (on October 6, 1980 at 18:00 hours) did not
significantly reduce the fluctuations/drift. Because the observed variations were
slow compared to the time required for co]]ecffng data and beéause these drifts did
not interfere with the information we were gathering, it was decided to continue
with data acquisition rather than study and attempt to correct the drift problem.

In hindsight, the most probabTe cause of the drifts is the zero temperature
stability of the Hall probe devices which is specified at under +90 mG/°C. |

As the probe was held and'positioned by hand, brobe temperature variations
through finger contact could easily have been several degrees Celsius.

In each data run, there are noticeable drifts bétween adjacent data pairs
every 30 or so data pairs. This drift is the result of time Tapses which occured
while the computer display was being refreshed. In somé cases, data runs were
repeated.to ensure that this drift was not a real phenomena.

The data scatter seen in Figure 10 was the result of an inexperienced Hall

probe positioner with hot variable fingers.

RECOMMENDATIONS (MIG)

If further studies of this type would be uséfu], I would suggesf~that we use
our LSI-11/CAMAC/GPIB Data Acquisition System to automaticai]y position the Hall
probe by means of a stepping motor. 1 also would recommend’that_a temperature
regulated Hall probe be used if very low magnetic fields are to be mapped in the

future.




LBID-508

LAWRENCE BERKELEY LABORATORY « UNIVERSITY OF CALIFORNIA, CODE MME:BOOk SERIAM1:_293 PAGE
ENG!NEERING NOTE No. 631|TPC-LBL-81-3 1 or 54
HOR DEPARTMEN N . . LOCATION DATE
M.I. Green Electronics Engineering _ : '
D.H. Nelson Magnetic Measurements Frgr. LBL January 16, 1981
ACKNOWLEDGEMENTS

G. Gibson and R. Smits were extremely helpful in setting up the equipment.
Most of the very tedious and accurate Hall probe pbsitioning was accomplished by

G. Gibson.

Burns

Deolivares

Eberhard

Gibson

. Green

. Hartwig/W.H. Deuser

Martin

Nygren/J.N. Marx

Pripstein

. Ross

. Smits

Stevenson

Taytor

L.J. Wagner .
Electronics Engineering Master File
Magnetic Measurements Engineering (4)
TPC Representatives (9)

TPC Files (5)

Distribution:

oDTUVOTITT=

-

B
dJ
P
G
M
E.
P
D
1
R
R

M.
J

oo

This work was supported by the U.S. Dept. of Energy under Contract DE-AC03-76SF00098.

RL-3220-2a{ Rev.8/71)




DATE

10/3/80
10/3/80

10/3/80
10/3/80
10/6/80
10/6/80

10/6/80
10/6/80
10/6/80

10/6/80
10/6/80

10/7/80
10/7/80
10/7/80
10/7/80
10/7/80

10/7/80
10/7/80

TIME

n

14:

15.

.14
i5:
18

18:
20:

14:
14:
15:
15;
15:

15:
16

13
13:

TAPE
FILE
NO.

3

n
12
13
14

15
16

TABLE
NO.

3

FIGURE
NO.

3

4A,8,C,D

5A.8B

.
2
13
14

15
16

COIL AMPS
- 0
uPA 0.500
UPA 0.500
uPA 0.500
UPA 0.500
UPA 0.500
UPA 0.500
uPA 0.500
UPA 0.500
sC 0.500
sC 0.150
SC & UPA  0.100
SC & UPA  0.100
sC 0.100
SC 0.100
sC 0.100
SC & UPA  0.100
SC & UPA  0.100
TABLE 2

1

TERMINAL

POLARITY

+ -
co AB
€0 AB
AB co
AB ch
co AB
AB GND
AB GND
GND o
GND o
B o
GND c
c co
co o
c GND
GND o
GND o
o AB
C

AB

INDEX OF DATA

X~
{cm)

=20
-20

-20

-20

RANGE
to +350
to + 18
to +350
to +350
200

to + 30

to +350
to + 30
to + 20

to +350
to +350

to + 30

to +.30 -

to + 30
to + 30
to + 25

to + 30
to + 30

RUNS

.~ X~INCREMENT
{cm)

10
0.5, 1

0.5, 1
0.5, 1.
0
0.5

10
0.5, 1
0.5

0.5,
0.5, 1

0.5
0.5
0.5
0.5
0.5

0.5
0.5

REMARKS

Background Run

Overhead crane moved,
Stopped and repeated

A -25m6 zero shift at
end of run

Polarity reversal of previous
data set, +9 mG zero shift

Unsuccessful attempt at taking
data by alternating polarity
Operator error - data

not saved

Repeat of previous run to
check polarity, Gaussmeter
changed

~-90mG zero shift

Hall probe rotated between
positions 25 and 30 cm

Repeat to determine if quantum
Jump is real, -55mG zero shift
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LBL MAGNETIC MEASUREMENTS ENGINEERING ~- MIG--88-18-832--11:13
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X B % B
(CMY  (GAUSS) (CHY  <GAUSS)
-28.8  8.172 230,80 8,195
-18.8  8.164 549.8  9.199

8.0 9.179 556.8 9,202

10.8 B8.176 260.8  D.393

20.9 0.139 2708.8 0,204
30.8 0.183 589.8 9,218
48.9  9.151 298,98  B.231
5.8 9,185 1608  9.221
68.9  ©0.177 318.9 6,224
70.8  B.174 329.8 9,228
80.8  8.154 339.8  §.227
99.8  9.181 346.8  ©.216
190.8  B.182 356.8 9,222
118.8  8.185 o

120.8  9.1896

136,80 ©.187

148.0  9.189

150.8  B.198

166.86  ©.189

170.6 0,183

180.8  ©.189

190.0 0.189

260.6 ©.191

210.8  9.192

1220.8  ©.195

TABLE 3.

LBL MAGHETIC MEASUREMENTS ENGINEERING -- MIG--80-19-83--11:13

TPC SOLENOID-FAULT SEARCH-~ ~-~ BACKGROUND RUN-~ NO CURRENT

6 OCLOCK,AXIAL PROBE POINTING TOWARD NORTH END OF SOLENOID(BLDG WEST)

805-0197
£62- 1N

"ON 3009 FWW

€-18-181-2dL LED
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LBL MAGNETIC MEASUREMENTS EHGIHEERIHG -~ MIG--88-18-83--14.18
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FIGURE 4B
LBL MAGHNETIC HERSUREHEHTS ENGINEERING ~-- MIG~-88-18-83--14:18
TPC SOLENOID ~ FAULT SEARCH - UPA COIL, AB-4CD+,8.67U,08,5888 ~--
PO0S=6 OCLOCK, AXIAL PROBE POINTING TOHQRD SOLENOID HOPTH
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X B X B A B “
(CH>  (GAUSS) (CMY  (GAUSS) (CM>  (GAUSSH (CH
-20.8 8,362 2.5 0.47¢ 15.6  0.953 35.9
-13.8  8.363 3.8 9,483 15.5 8.971 26.9
-18.8  0.365 3.5 08.491 16.8  9.982 37.8
-17.8  8.365 4.6 9.498 16.5 08.933 5.0
-16.8  8.366 4.5 6.588 17.86 1.062 35.8
-15.8 8,366 9.8 0.518 17.5 1.816 49.0

--14.8  0.368 5.5 8.558 18.6 1.61s5 41.9
-13.8 8.371 6.8 9.549 18.5 1.621 42.8
-12.8  8.373 6.5 B.589 19,6 1.0826 42,0
-11.8  8.378 7.8 0,589 1.5 1.836 44. 0
-18.6 8,382 7.5  B.5lil 28,6 1,034 5.0

-9.86 8.393 8.8 B.629 21.8 1,944 46,8
-8.0 8.393 8.5 B.842 22.8  1.854 47.9
~7.8 ~ 8.298 3.8 ©.c45 22,8  1.857 2.9
-6.86 6.4082 9.5 9,655 24.9  1.P83 43.9
-5.6  8.485 18.6 8.562 25,8 1,873 8.8
-4.6  8.412 186.5 B.873 26.8  1.8B77 51.8
~3.8  8.425 i11.8 6,781 27 .8 1.881 52.8
~2.8  8.432 11.5 8,732 23.8  1.833 53.9
-1.8  98.435 12.8  B.772 2%.8  1.838 54,0

8.6 0.443 12,5  8.513 39.8  1.831 55.8

8.5 6.449 13.8  8.843 31.8 1,885 96.9

1.6 0.45¢ 13.5  0.383 32.8 1,857 57.8

1.5 8.463 14,8 - 8,911 33.8  1.933 58.49

2.8 8.479 14.5 8,936 34.8  1.833 93.6

TABLE 4.
LEL MAGHETIC MEASUREMENTS EHGIHEEPIHb -- HIh-—BB 18-83--14:18

B
(GAUSS)
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AB-,CD+,8.67U, 8. 5088 -~-

(COMTINUED) .
LBL MAGHETIC MEASUREMENTS ENHGIHEERING ~~ MIG--88-18-63--14:18

TPC SOLENKOID - FAULT SEARCH - UPa COIL,
POS=€ OCLOCK, A¥IAL PROBE POINTING TOWARD SOLENOID MORTH

TABLE 4.

|



X B X B & B 2 B
(CM>  (GAUSS> (CM)>  (GAUSS) (CM> (GAUSS) LMy (GAUSS)
166.8 1.196 185.8 1,241 216.8 1,248 235.86 1.242
161.8  1.194 186.06 1.241 211.6 1,245 1226.8 1.229
162.8 1,198 187.8 1.241 212.8  1.250 237.8 1.224
163.8 1.182 188.8 1.241 213.8  1.252 228,811,225
164.8 1,192 189.0  1.238 214.6  1.251 22%.6 1,224
165.8  1.188 196.8 1,237 215.8  1.248 240.6  1.228
166.8  1.1¢62 191.6  1.239 216.6  1.24¢ 241.0 1,227
167.8 1.128 192.86 = 1.241 217,86 1.244 242,66 1,232
168.8  1.8°77 193.8  1.243 218.8  1.243 242.8  1.232
169.8 1.816 194.6  1.242 219.8  1.241 244.8  1.2328
178.8 8,372 195.8 1.244 228.8  1.242 243,8  1.238
171.8  8.972 196.8 1,247 221.8 1.242 246.8 1.238
172.8  1.825 187.8 1.24¢% 222.8 1,246 247.8  1.231
i73.6  1.889 198.8 1.243 223.8  1.248 242.8 1,232
174.86  1.141 199.8 1.242 224.8 1,249 243.8 1,238
175.8  1.174 288,88 1,245 225.8 1.252 258,89  1.223
i76.8 1.193 281.8  1.248 226.8 1,255 231.8  1.228
ive.8  1.2064 2b2.8 1,249 227.8 1,255 25z.8 1,225
178.8  1.211 283.6 1,249 223.8 1.256 23%.8 1.225
179.8  1.219 284.6 1,253 229,88 1,256 234.8  1.22Z
1¢6.6 1.215 283.8 1,253 238.8  1.252 235.8 1,222
181.8 1.223 286.8 1,253 221.8  1.251 256.8  1.223
182.6 1.229 27°.6 1,252 232.8  1.248 237.8  1.221
183.6  1.224 206.6  1.258 233.8  1.247 258.8 1,217
184.6  1.237 289.0  1.249 234.9 1,244 239.8 t.Zle
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268.8 1.217 293.8
269.8  1.217 294,49
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27¢5.8 1.218 308,08
276.8 1,267 381.9
277.8  1.206 282.8
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279.8  1.261 284,06
2g8.8  1.200 385,98
281.8 1,199 306,40
28z2.8  1.198 367.0
282.8 1.195 308.0
284.8 1.194 369.0
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X B

(CM> (GAUSS) (CM>
268.8 -0.771 28
261.8 -0.772 286.
262.8 -8.772 287.0
263.8 -8.778 2
264.8 -8.773 289
265.8 -8.774 296
266.8 -8.771 291
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268.8 -B.768 293
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27°9.8 -B.74€ Jed
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X B X B 4 B A
(CH> <(GAUSS) (CM>  (GAUSS) (CM>  (GARUSS) (CH>
260.0 -1,312 285.0 -1,257 3i8.8 -1.177 327.%5
261.8 ~-1.385 286.8 -1.251 311.6 ~1.170 328.0
262.8 ~1.386 287.8 -1,253 312.8 ~1.1€9 328.5
263.8 -1.383 288.8 -1.250 313.6 ~-1,163 329.0
264.8 -1.385 289.8 -1.249 J14.8 -1.159 329.5
265.8 -1.297 290.8 -1.255 315.86 -1.157 320,90
266.8 -~1.239 291.8 -1,251 316.8 -1.154 238.5
267.80 ~1.388 292.8 ~1.248 317.8 ~1,158 3321.9
268.8 -1,294 293.8 -1.249 318.8 ~1.141 331.5
268.8 -1,297 294.8 -1.24¢ 219,86 -1.136 332.8
278.8 ~-1.292 295.6 -~1.24¢6 328,68 -1.131 3322.5
271.8 ~1,277¢ 296.48 -1.248 328.5 -1,127 3232.9
272.8 -1.274 29¢7.8 -1,23 J21.B8 ~1.124 3232.5
273.8 -1.272 238.8 -1, dgl 321.5 ~1.122 3324.0
274.8 -1.278 293.8 -1.224 J22.8 -~1.119 324.5
2¢5.8 -1.263 J6B.B  -1,223 322,95 -1.115 335.8
2¢06.8 -1,266 Jel.g ~-1.214 323.8 ~1.111 335.5
277.8 -1.264 Je2.n  ~-1,203 323.5 ~1.183 336.9
2°8.8 -1,259 383.86 -1.,281 324,98 -~1.183 336.5
279.8 -1,263 4.8 -1.134 324.5 -1.181 337.8
288.86 ~1,261 385.8 -1.13%9 325.8 -1.835 337,53
281.8 -1.259 Jo6.6 -1.192 325.5 ~-1.830 1335.9
282.86 ~1,269 307.8 -1.187 326,98 -1.885 338.5
283.8 ~1.260 308.8 ~1.173 326.5 -1.878 233.9
284.8 -1.259 389.8 ~1,177 327.8 -1.972 - 339.5
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X B
(CM> (GRUSS)
340.8 -0,349
341.9 ‘9.32?
342.8 -8,322
343.8 -0.383
344.8 -8.297
345.8 -9.284
346.8 -~0.268
347.8 -8.254
348.8 -8.251
349.8 -8,252
356.8 -~-8.243
351.8 -8.244
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g

X B X B 4 B A
(CM>  (GAUSS) (CM>  (GAUSS) (CH>  (GARUSS) C(CM5
39,5 8.581 64.0 0.489 89.8 8.521 114,
48.8  0.435 65.8 8,485 90.0 08,524 115.
41.9  0.495 66.0 0.492 91.0 06,526 116,
42.8  8.4893 67.0 0.492 92,0  08.525 117,
43.8  0.487 68.8 9.489 93.8  8.3529 118.
44.8  8.493 63.06 B.489 94.9 B.3523 119.
45.8 9.491 76.8 0.499 95.8  B.3526 128,
46.8  0.488 71.0 8,487 3.8 0,520 121,
47.8  8.487 72.8  8.494 97.0 6,525 122.
43.0 B.481 ’3.8  B.49¢6 95.8 6.3521 123,
43.8  6.483 74.8  8.581 93,86  0.52% 124.
°8.8  8.491 75.8 0,496 106,80  6.528 125,
°1.8  6.4%0 76.8  B.499 181.8 8,526 126,
92.8 ~ 0.492 °7.8  B.499 182.8  B.525 127.18
53.8  8.491 7.8 B.582 82,8  8.524 128.9
94.8 8,491 ’9.8 8,382 164.8  0.523 123.8
55.8 8,491 88.6  8.505 185.8 8,523 128.9
56.8  B.488 81.8 B.3583 185.8 9,523 1321.9
57.8 8.489 2.8 98,433 187.6  B.524 132,
o8.8  08.461 83.8 8.583 188,90  9.525 132.98
59.8  8.486 84.8 0,587 163.8  ©B.523 124.9
66.6 0.484 85.8 8,587 118,96 8,523 135.9
61.86  6.486 6.8  8.586 111.8  98.523 135.8
62.86  6.487 gv.8  8.503 112,98 9.3524 137.48
63.8  8.48¢8 g8.8 0.511 112.8  9.524 128.9

TABLE 16. (CONTIHUED)
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X B X B A 7 | 4

(CMY  (GARUSS? (CM> (GAUSS) (CM> (GAUSS) (Ci>

139.86  8.558 164.0  8.556 189.8  0.566 214.0
148.8  6.543 165.8  0.538 1990.8  6.56% 215.o
141.8  8.553 166.8  8.561 191.8  0.567 216.0
142.8  0.558 167.8  B8.556 192.8  0.565 217.9
143.8  0.547 168.8 8.560 193.8  0.565 215.8
144.8  0.556 169.8  B8.559 194.6  0.564 219.9
145.8  ©.558 170.6 8.538 195.8  B8.564 . 1 229.0
146.8  8.544 1?1.8 8,551 196.6 8,562 ... 221.0
147.8  8.553 ivr2.8  8.551 197.8  0.564 222.9
148.8  8.548 172.8  B.554 193.6  B.560 223.8
143.8  9.548 174.8  6.5439 133,85 8,561 224.8
156.8  8.544 175.06 8,545 288.8  B.562 225.8
151.8 8.5486 176,86  6.5531 281.8 0,561 226,08
152.6  8.362 177.8 B.543 28z2.8  B.355 227.49
153.6 6.568 1?8.8  B.551 283,868  B,563 223.9
154.86 0.564 179,66 8,547 284.8  B.561 223.8
155.8 6.539 188.9 8,343 285.8  B.339 238.9
156.8  08.561 161.8 B.547 2u5.8 8,362 231.8
157.8  8.565 182.8 8,543 287,83  B.361 232.b6
158.8 6.564 183.68 8,563 283.8  9.553 233.9
159.8  8.559 184.8  8.568 289%.8  8.582 274.08
166.8  8.563 185.8  8.563 219,86  8.555 233.18
i61.8 B.561 ig6.8 8,570 211.8 B.355 235.18
162.86  8.559 187.8  b.571 212.8  9.554 237.9
163.8 6.559 188.6  ©.563 213.8  8.5&7 233.9

TABLE 16, C(CONTIHUED)

LBEL MAGHETIC MEASUREMENTS ENGINEERING -~ MIG--88-10.06--20:29
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POS=6 OCLOCK, AXIAL PROBE PNTG TOWARD SOL. HDRTH, G1ORI#1
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239.8  0.551 264.0
240.8 0,546 265.80
241.8 8,548 266.0
242.8  0.545 267.08
243.8 8.558 268.8
244.8  B.546 269,
245.8  8.575 270.
246.8  0.576 271.
247.8 8,573 272.
248.8  6.579 273.
249.8  8.582 274
250.8  8.582 273,
251.8  8.581 276
252.8  8.577 277,
253.6  B.575 2789,
254.6  B.577 279.
255.8 98,568 288.0
256.8 0,368 281.06
257.86 8,578 282.8
258.8  B.577 283.6

59.8  8.578 284.0
268.8  B.577¢ 285.0
261.8  B.575 283.0
262.8  6.568 287.8
263.8  B.568 288.8
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X B X B

(CM) <(GRUSS> (CM>  (GAUSS)
329.5 8.462 344.6 8.195
338.8 98.458 345.6 0.193
338.5  8.456 346,86 0.190
331.8 8.448 347.8 0.192
331.5  8.445 348.6 0.189
332.8  8.438 349.8  0.182
332.5  8.432 356.06 0.188
333.8 8.422

333.5  ©.489

334.8 0.390

334.5 6.372

335.8  98.358

335.5  8.339

336.8  B.389

336.5  B.289

337.8  8.27

337.5 8.254

338.8  8.251

338.5 6.247¢

339.8  8.237

339.5 6.218

248,86  B8.212

341.8 0.210

342.6 0.216

3 8.264
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X B X B A B
(CHd (GRUSS) (CH> (GAUSS) (CHM)  (GARUSS)
8.8 0,266 12.5 ~ 8.384 25.86 8.476
8.5 8.278 13.6 8,394 25.5 0.478
1.6 0.284 13.5 0.4865 26.8  8.431
1.5 8.286 14,8 08,413 26,5  0.481
2.8 8.232 14.5 0.418 27.8  8.4873
2.9 8.2%4 15.8  6.424 27,3  B.482
3.8 9.285 15.5 0.438 28.8 8,433
3.9 8.235 16.86 8,435 2.5 . 8.4835
4.8 8.293 16,5 9.4328 29.68  8.485
4.5 8.292 17,8 B8.441 25.5 ' 8.486
9.8  8.294 - 17.5 8,443 .
9.5 8.293 6.8 6.44%
6.8 8.29%5 18.5  ©.449
6.5 B.299 19.9 B,449
7.8 B.233 19.5  9.452
7.5 B.3282 28.8 B, 444
g.8 8.387 28.5  B.464
8-5 80311 : 21-8 Bn46f
9.6 6,317 21.5 ©8.469
9.5 8.324 22,80 B.459
6.6 6.3231 22.5 B.471
18.5 8.339 22.8 8,473
11.8 8,349 23.5 08.47°4
11.5 . 361 24.8 98,475
i2z.6 0.374 24.5 8.476
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