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FICT-CATN, LOM-TTPTOn fIF.T.7fiCrPAW .7PATION 
INSTALLATTON RE707.T, TIAMITATTr, JADAN 

by 

Charles 7. Putt 

Altuqucroue Feisroloplcal Laboratory 
Albuquerque, New r'exico 

A Yirh-C.lain, Long-Period Sefsrorraph System, developed by the 
Lamont-Doherty geological Observatory, was installed. at the 
Matsushiro Seisrolorical Observatory near 1-atsushiro, Japan, 
in December 1972. ragnifications of 40,000 for the vertical 
component, 36,000 for the north-south corponent, and 33,000 
for the east-west component, at a period of 30 seconds were 
obtained. Velocity data are recorded both photographically 
and digitally. Displacement data are recorded digitally. 

1. IMTMDUCTION. 

A Iligh-Cain, Loom-Period Seismograph $yster was installed at 

Natsushiro, Japan, during November and December 1972. The system con-

sists of two horizontal and one vertical seismometer with natural 

periods of 30 seconds. Each seisraneter contains two velocity trans-

ducers and one displacerent transducer. 

The velocity transducers are coils moving within a marnetic field. 

One o'c' these drives a 100-second galvanoreter from which the sirrnal is 

amplified by a PTA, split, and recorded both photographically and 

digitally. This portion of the system is called the "hick-ral.n." The 

other velocity transducer drives a 100-second galvanor-eter fror which 

the simal is recorded photorraphically. This portion of the system is 

called the "low-pain" or "standard-rrain." (rig 1) 

The displacement transducer output is recorded digitally. The 

resolution or' the digital recording system is sufficient to allow record-

ing of earth tides. Fbr the vert-Ical seismometer, the instrument's 

response to charges in gravity is recorded, and for the horizontal. 

conponents, tilt data is recorded. 



PHOTOGRAPHICLOW-GAIN 
RECORDING 

VELOCITY 
PHOTOGRAPHIC 

OUTPUTS RECORDING 

PHOTOTUBE 
HIGH-GAINSEISMOMETER 

AMPLIFIER-

DISPLACEMENT DIGITAL 

OUTPUT 
RECORDING 

OSCILLATOR 

DISCRIMINATOR 

Figure 1. Single cornonent block diagram of the 
HGLP System. 

r'amif'ication at AT is limited to about 45,000 at periods of 35 

to 45 seconds because of background noise. This magnification is 

achieved by isolating the seismometers from barometric and theirral 

changes, by filtering out the 6-second microseisms, and by shaping the 

system response to take advantage of a natural low in the earth noise 

spectrum. 

The HGLP system was developed by the Tamont-Doherty Geological 

Observatory. A report by Choy and others (1971) contains a complete 

description of the instrumentation. Although Albuquerque SeismoloFical 

Laboratory has made some minor changes, the instrumentation and instal-

lation procedures used were essentially those described in Choy and 

others (1971). 
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The atsushiro F.eisrolon.ical Observatory is under the direction oP 

the Seis7olorical Division of the Japan 7eteorolo7ical Ar.ency in Tolc7o. 

2. STATTM 177)=-FT 

2.1 Station Location 

Coordinates: 36° 32' 30" north latitude 

138° 12' 32" east lon7itude 

71evation: 1122 r'etres (approxirrate) 

Overburden: /:9 r-etres (approxir-ate) 

The 7atsushiro Seis7o1o7ical Observatory (fir,. 2) is located near 

the small town of 7atsushiro, Japan, on the island of Honshu, about 

200 1 northwest of Tokyo (fir. 3). The nearest larFe city s 7apano, 

with a population oP 300,000. :Jarano is about 11 kr north of ratsushiYie 

(fir. 4). The nearest seacoast is the Sea of Japan, sore 50 kr north-

northwest of the station. 

771, Photooreph s'aow!n7biro Le sro or ca •serva ory 



7ir-ure 3. Index rap or Japan and vicinity F;howinr location o' 7AT 
IrLP Station. 
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33' 

36° 

N. L at. 

138° 10' E. Long. 12' 14' 
Figure 4. Topographic map of Matsushiro area, from Japanese 
Topographic Survey, 1912, by Kokudochiri—in (Japan Land and 
Topographical Organization). Nagano Quadrangle, revised 1960, 
new data 1966, scale = 1:50,000. Contour interval = 20 metres, 
elevations are in metres. "Vault" is station. 
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2.2 Local Physiogranhy 

The station is very near the town of ''atsushiro (fig. 4), A small 

stream passes near the mouth of the tunnel network in which the seis-

mometers are located (fig. 5). The Chikui-gl. river passes within 5 km 

of the station In a general southwest to northeast direction (fig. 4). 

The Sei River lies about 8 it north of the station. The Sci and 

Chikurra Rivers join at a point about 9 km north-northeast of the sta-

tion to form Japan's largest river, the Shinano River. 

The tunnel network is inside a small mountain, dug into solid rock. 

Within a radius of a few kilometres are mountains of about 800 metres 

elevation, and within 40 km there are large mountains of about 2000 

metres elevation (the Japan Alps). The area surrounding the station is 

heavily wooded (fig. 3). The trees range in size from seedlings to 

perhaps 20 metre trees. Some small lumbering operations take place 

near the station periodically. 

2.3 Climate 

The Tatsushiro area enjoys a moderate climate due to its latitude 

and its proximity to a sea coast, even though the area is rountainous. 

Snowfall in winter is -f'requent, but usually does not stay on the ground 

more than a few days. In general, the climate can be described as warn 

and rainy with no definite dry season. 

The wettest month is September, with about 6.5 inches (16.5 cm) of 

precipitation. Average annual precipitation is 27 inches (68 cm). The 

coldest month is January, with temperatures of 20°17 to 40°7. The 

warmest month is July, with temperatures ranging from the lower 60's to 

the upper 80's. The average annual temperature is about 50°F. 

2.4 Local Ceology 

Local formations are primarily Tertiary sedimentary rock intruded 

by quartz-diorite. A stratigraphic section is not available (Hill and 

Minsch, 1965). 
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2.5 .Cultural. Noise 

The only buildirrs close to the station are those of ratsushiro 

Seismological Observatory, sane `'anily dwellings, and a small school. 

Tie road leading to the observatory carries occasional, slow traffic. 

Normally, only traffic concerned directly with the observatory travels 

this road. 

Occasionally same small scale lur:bering operations occur near the 

observatory, but no noise connected with these operations was observed 

on the records. 

Almost daily, observatory personnel enter the tunnel area close to 

the vault, but very seldom enter the HCLP vault itself. Sore very 

small disturbances can be expected daily due to these visits. 

3. SrIATIC CONSTPUCTION AND INSTALLATION 

3.1 General Description 

The network of tunnels shop n- fi7ure 5 was originally blasted 

out during World War II for Japanese defense purposes. After the war 

0.947) the Central Peteorolcrical Observatory in Tokyo installed seis-

mographs there because of the ideal underground location. Since 1947, 

CPO has been upgraded to JMA, and rany types of seismic instrumentation 

have been installed in this tunnel system. 

In areas where instruments have been placed, concrete walls, 

ceilings, and floors have been constructed so there is no danger of 

rock debris falling. In particular, the HGLP vault was constructed 

Just before the installation. Airtipht concrete walls were installed 

across the tunnel to isolate the instruments from short-term tempera-

ture and pressure variations.. The-walls were painted to insure a good 

seal. .Pressure-tight bulkhead doors provide entrance to the vault. 

The construction work was done under contract 1D:.7 a local firm. 

3.2 Seismometer and PTA Rooms 

Figure 6 is a detailed plan drawing of the HGLP vault. The seis-

mometer piers are circular in shape and are attached directly to rock. 

They are isolated horizontally from the floor by one inch of styrofoam 

raterial. 
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The anchor bolts holding down the seismometer tanks are set in 

the rock under the pier in most cases. The holes for these bolts were 

drilled to varying depths of 20 to 30 cm as required. 

The tank bottoms were "prestressed" to a dome about 1.3 cm high 
at the center and placed on a dome of concrete on the pier. They were 

then anchored tightly to the pier with six anchor bolts each, so that 

excess concrete and air pockets were squeezed out from under the tank 

bottoms. The stress was then gradually relieved, with the tank bottom 

anchored tightly to thepiers. 

The cable entrance to the seismometer room is a series of plastic 

pipes sealed with "Scotchcast" resin to maintain the air seal of the 

room. Cable entrances to the seismometer tanks are "Scotchcast" resin 

castings and marine type connectors. 

After placing the seismometers in the tanks, the tank tops were 

clarped securely to the bottoms with 12 C-clamps. Rubber gaskets coated 

with silicone grease were used to assure a good seal. The tanks were 

then purged with argon gas to reduce oxidation, growth of fungus, and 

thermal convection. 

In the PTA room, the PTA's were placed on the floor, as no piers 

were provided. This room also contains a dehumidifier, but tests showed 

that it produced no appreciable noise on the records. The power supply 

for the displacement transducers was installed on top of the junction 

box shown in figure 6. 

3.3 Recording and Console Rooms 

The HGLP recording, room was constructed adjacent to the '.7.7SS 

recording room (fir- The piers are concrete.with flat, smooth,. 7). 

concrete tons. 

There was sufficient space available in the existing console room 

to install the digital recorder and the MIT cabinet in the center of 

the room. 

9 
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3.4 Cabling 

Twenty-seven pairs of shielded cable were installed by 7AT person-

nel.before the installation. Since a total length of about 1600 feet 

of cable was required, it was necessary to splice the cables at the 

midpoint. Signal cables (solid copper) were spliced with crirped copper 

connectors; the rest of the cables were soldered. 

The HGLP cables were routed along with the WWNSS cables. A small 

portion of this cable is above ground and exposed to the elements. 

A shielded power cable in the HGLP bundle provides regulated A-C 

power to the PTA power supplies and the displacement transducer power 

supply. 

4. STATION FACILITiES 

4.1 Available Commercial Power 

Voltage: 100 V 

Frequency: 60 Hz 

Reliability: Power is very reliable with occasional short 
failures. An Exide emergency power system 
was installed in Senterber 1973. 

4.2 Time Standards 

Tire marks for the recorders is obtained through a buffer relay 

from the WWNSS console. This tiring system is corrected daily - to JJY 

radio time signals. In addition, several crystal-controlled secondary 

time sources are available. 

The digital recorder has a built-in crystal controlled tirin7 

system with good accuracy. 

4.3 Station Temperature and Humidity . 
The seismometer and PTA rooms should remain very constant in 

temperature (about 15°C) during the, year due to the underground loca-

tion. Daily fluctuations are almost zero. Humidity is high due to the 

recent construction (water from the new concrete). The seisroreter 

room will probably remain very damps-as there is no dehumidifier. The 

PTA room is kept fairly dry with the constant use of a dehumidifier. 
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The recordinr,boor" is also very temperature stable at about 15°C. 

A dehumidifier runnin7 constantly keeps this room fairly dr77. Humidity 

is about 90, but there is llttle or no water condensation on metal 

parts. 

4.4 PackrTound Noise 

Predominant microseisrs are present in the 4 to 6 second ranc.e 

with an arplitude of 1 micron. There is also noise present in the 16-22 

second ranre with arplitudes from 50 to 100 rillimicrons. Lonq period 

noise seems to be generated whenever the weather is chanF,inrr. Sore 

typical measured periods and amplitudes of this type of noise follow: 

Period (sec.) Amplitude (microns) 

60 0.3 (Vertical) 

90 0.5 (Vertical) 

120 2 (Vertical) 

80 0.'1 (Horizontal) 

180 11 (Horizontal) 

240 10 (Horizontal) 

Although this type of noise cannot technically be called "micro-

seismic," it appears to be 7round motion. Its prObable cause is wind 

or a weather front in motion across the area (long period "acoustic" 

couplin7). 

5. 071E7 IN.T.177.UTTNTATION 

Although an exact and complete list is not available, many differ-

ent types of seismic instruments are oneratinr, at this site. Short 

period and long period instruments are in use. 

Of particular interest is a water tube tilt meter, which should 

correspond to the HCLP horizontal displacement data. Also or interest 

is the two corrponent, 100 metre strain meter. 

It should be noted here that the ratsushiro Seisrolorrical Observa-

tory is used as a testing site for rany types of new instruments. 
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6. A CTIOWLETTZIFNTS 

All of the personnel at VAT were very cooperative, friendly, and 

helpful. Of particular.assistance were Dr. Sw,rehiro of JYA and 

nr. Aihara o4' VAT, both of whom deserve hearty thanks. 

Some valuable help in various things was received from Dr. Hiatt 

(Counselor for Scientific Affairs, U. S. Embassy, Tokyo) and his 

assistant, Nr. Zorn. 
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APPT7NDIX 1. ST.J!.7ARY OF PF,r9Sp!\177, AT TM. 
lvIATSUSHIRO SETS701.krIC.',A1, OBSETTTAr.T.YrY 

Station: ratsushiro Seisrolorical Observatory 
•atsushiro, Japan 

Station Pbbreviation: T7T 

Station Director: • K. Kubota 
Chief, l'atsushiro Feisrolo7ical Observatory 
.Telephone: 262-78-2235 

Station Supervisor: • Pihara 
!'atsushiro Seisrological Observatory 
Telephone: 262-78-2235 

railin7 Address: Director, "atsushiro Seisrolo7ical Observatory 
Japan eteorolor0ical Arrency 
Yatsushiro, Honshu 
Japan 

Station Installation: Noven-ber 27, 1972 to December 23, 1972 

Installation Personnel: Tom. Bill Strahle (ISL) 
"r. West Gilbertson (Philco-Ford) 
14r. Bob Hutt U.SL) 

The ratsushiro Se;sr Observatory is under Dr. S. Suyehiro, 
Head, Seisrolorrical Division, Japan ”eteorolor.rical Arrency, Tokyo, Japan. 
'Telephone: 212-3341. 
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APTIETII X 2. uvl-P7PIOD 1:T3771177T Ci!A7ACTE7TSr.T'ICS 

COMPONENT 

7 N S ' E '3 

Model Number Geotech 7505A Geotech 3700 Ceotech 3700 

Serial Number 7 211 178 

Free ?eriod 30.1 sec. 30.2 sec. 28.6 sec. 

Linearity at Less than + 1 sec. from average for 
T = 30 sec. 1. 3 mm boom displacement 

Mannets NOT MEASURED 
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Standard 572 ohms 570 ohms 550 ohms 
Signal (Top Coil) (South Coil) (East Coil) 

C
o
i
l

R
e 
s 
is

ta
n

c
e

High Gain 
Signal 

Primary 
Calibration 

secondary 
Calibration 

Standard 

High Gain 

569 ohms 
(3ottom Coil) 

3.2 ohms1 
(Top Coil) 

1 
3.0 ohms 

(Bottom Coil) 

84.8 N/A 

84.9 N/A 

567 ohms 
(North Coil) 

1
2.3 ohms 

(South Coil) 

1 
2.3 ohms 

(North Coil) 

38.3 N/A 

82.3 N/A 

548 ohms 

Nest Coil) 

3.5 ohms 
Nest Coil) 

2.6 ohms 
(East Coil) 

90.8 N/A 

90.8 N/A 
r, 

Pri. Cal. .0251 N/A .0264 N/A .0277 N/A 

Sec. Cal. .0245 N/A .0273 N/A .0291 N/A 

Model Number Sprengnethcr VCT-201 DA 

Serial Number 3990 3938 3934 
2 

Sensitivity 
(1: 3mm range) 

3.16 V/mm 3.17 v/mm 3.39 V/mm 

Range of , 

Linearity' t 1 mm t 1.5 mm t 1.5 mm 

4
Sensitivity

(liRear range) 
3.25 V/mm 3.20 V/mm 3.25 V/mm 

Model Number Kinemetrics LG-1 

Serial Number 156 233 246 

Coil Res. 509 ohms 1 512 ohms 505 ohms 

CDRX Set at 3000 ohms 3000 ohms 3000 ohms 

Damping w/ 3K Slightly under Critical Slightly over 

Free Period 100 sec. 100 sec. 100 sec. 
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C OMPONENT _ 1 

NS E.'/ 
--ti 

a1Model Number ki nemctr i cs LG-1 ._, 
o 

L E Serial Number 258 253 252 
4_, c 
— (z,
.- > 

Coil Res. 491 ohms 411 ohms 493 ohms 
u_.---
(1, 1 Free Period 6 sec. 1 6 sec. 6 sec. 

M odel Number Kinemetrics LC-1 

Serial Number 247 181 206 
r 

I Coil Res. 500 ohms 500 ohms 500 ohms) 

CDRX Set AT 3000 ohms J 3000 ohms 

5 ) 

3000 ohms 

Damping w/ 3K Critical Critical Critical 

Free Period 101 sec. 100 sec. 99 sec. 

Model Number Geotech 4100-231 

Serial Number U N K N 0 N 

Coil Res. 80 ohms 80 ohms 80 ohmsr 
CDRX Sn ohms ' 80 ohms 80 ohms 

Damping Critical Critical Critical 

Free Period 0.75 sec. 0.75 sec. 0.75 sec. 

rJain Resistor 1 egohm 1 'legohm 1 !legohm 

1 
Resistance value shown includes pigtail leads. Actual resistance of 

inductive portion of coil is nominally 0.2 ohms (Geotech specification). 

2 
Sensitivity value shown is the slope of the best fit straight line of the 

form Y = a + hX. The method of least squares was used to determine the 
best fit. 

3Value shown is the largest boom displacement for which the actual data 

points do not deviate from a best fit straight line more than + 0.1 Volt. 

4 
This sensitivity is the slope of the best fit straight line (by the least 
squares-method) used to determine the linear range. 

5Value is approximate (not measured). 
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12000 olms 

Seismoreter. ), PTA Galvo 
30.1 seconds 6000 ' 101 seconds 
569 ohms ohms 500 ohms 

; 

High Gain PTA Input 

Filter 
Galvo 
6 seconds 
491 ohms 5500 ohms 

(-"V-1(-1M 
Vf / — ) CrIlvo

Seisroreter 
/ 100 seconds30.1 seconds 6000 -) 509 ohms572 ohms ohms 

Standard Gain 

1 YeF'ohm 

Galvo 
SO 0.75 second 

ohms SO ohms 

High Gain PTA Output 

Figure Al. Diagram showing attenuation networks for vertical component. 
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12000 

Seisromoter 
30.2 seconds 
567 ohms 

• 

Filter. 
Galvo 
6 seconds 
491 ohms 

(I Seismometer 
30.2 seconds 
570 ohrs 

6000 , 
ohms 

Gain PTA Input 

5500 ohrs 

VVV 
6000 
ohrs 

Standard Gain 

Ync7ohr 

80 
ohrs 

Grlin PTA Outi'ut 

PTA Galvo 
100 seconds 
500 ohms 

alvo 
100 seconds 
512 ohms 

1 G 

Galvo 
0.75 second 
V) ohms 

1 

Figure A2. Diagram showing attenuation networks for !Tor- th-South corponent. 
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12002 

0,/\\/ -
PTA GnlvoSeismnrcter 6000 
99 seconds22.6 seconds ohms 500 ohms548 ohrs 

li 

11!flii Gin PTA Input 

Filter. 
G.21vo 
6 seconds 
493 ohr.1 5500 ohms 

r-V.Thr-V....-...-.VV/V T-..., 
Seismometer Galvo 
28.6 seconds 6000 1 100 seconds 
550 ohms ohms 505 ohrs 

<1; 

Stand rd Gain 

1 ife,c,,ohr 

Galvo
80 

0.75 secondPTA ohms 
80 ohms 

High Gnin PTA Output 

Figure A3. Diagram showing attenuation networks for East-West coriponent. 
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APPFNDIX 3. DIrTTAT, DATA PC2UISITION SYSTE" 

Dip-it,,l Data Lop-rer 

Manufacturer: Astrodata 

Serial Number: .101 

Preset InforHation in Data Logger 

Station I.D.: 25 

Record Type: 

Year: 2.(3 as of January 1, 1973) 

Number of Days: 366 (355 as of January 1, 1973) 

Filter: Low Pass Position 

Information Written to Tape 

Channels 1-3: Velocity data, 1 sample per second 

Channels 4-9: Not connected 

Channel 10 (ripest Channel): Shorted 

Channels 11-13: Displacement data, 1.sarple per 5 seconds. 

Channels 14-16: Not connected 
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AP717 ?DIX 14 

Calibration 
Period (sec.) 

8 

10 

12 

1/4 

16 

18 

20 

25 

30 

35 

40. 

145 

50 

60 

80 

100 

P7EQUENCY, P.ESPONSE AN 'IAGY.T.FT.CATION 0177.7.n 

.T,'ATSUSHIP.0 SEM:OIXICP1 OBSERVATORY 

HGLP CALIBPA7T0'.,I DATA POP 
STANDARD PHC72Or:PAPHIC SYST171 

December 1972 

Component !•4arrnification 
7 NS r NAT 

2730 191 0 1630 

3380 31100 3030 

39110 4000 3730 
14660 4330 14190 

5290 14530 10460 

5790 /46/40 /4620 

6350 /4820 /4790 

63110 1160 /4860 

5850 /030 48/40 

5050 41/!0 /4760 

4290 3800 4550 

3710 31480 4280 

3190 31)10 11030 

2470 2500 3320 

11490 1570 2100 

950 1010 13110 
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MATSUSHIRO SEISMOLOGICAL n3SERVATM 

HGLP CALI9RATIMI DATA FOR 
DIGITAL DATA SYSTEM 

December 1972 

Calibration Component Gain in Digits Per Micron 
Period (sec. ) Al(Z) A2(NS) A3 (E'!) 

12 62 74 66 

14 133 130 126 

16 221 179 192 

13 340 253 275 

20 459 303 366 

25 832 493 612 

30 1156 583 362 

35 1257 709 1050 

40 1227 730 1190 

45 1141 699 1207 

50 1051 668 1193 

r,r-,60 0)) 578 1069 

70 631 469 393 

80 522 383 715 

90 427 312 561 

100 323 247 439 

145 119 91 153 

149195 39 61 

293 13 .)9 15 
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APDE\mix 5, DISTIACE'rENT r7RANSDUC17.13 CUIWFS 

NATSUSH-P0 SEIS"OLCrICAL OBSETTATORY 

CALTB7ATInN DATA Pm 
DISPLACF;'"ENT T7PNSDucFP 

Decenter 1972 

Polarity 
Boom Position 
at Scale (rm) 

Z 
Output (T7DC) 

NS 
Outout (V 7) 

Ed 
Output (VDC) 

Up, N, E +9.64 +9.80 +9.55 
+8.06 +8.50 +8.22 

+2.0 +6.37 +6.75 +6.77 
+1.7 +4.65 +5.05 +5.16 
+1.0 +2.92 +3.35 +3.53 
+0.5 +1.21 +1.70 +1.81 

Center 0.0 -0,44 +0.10 +0.01 

-0.5 -2.03 -1.55 -1.83 

-1.0 -3.58 -3.05 -3.62 

-1.5 -5.04 -4.55 -5.41 
-2.0 -6.43 -6.00 -7.14 
-2.5 -7.77 -7.50 -8.78 

Down, SI -3.0 -9.03 -0.00 -10.17 

32 



   

0 

DI G. fr'RAT.:ISDT7C7R CALIBRATTON 
7"iirnber 3990 Station: MAT 

Co'.7monent:Z 
Date: DEC . 1972 

-::t • 
• . . 

:_ • 

"77 

C3. 

—9 

..1 
. .. 

2.5 2 1.5 .5 - I 1.5 2 2.5 3 mm UP 

Boom Position at Scale 
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DI SPT:AC.:77_ 111121SD7C7TI CAT.I.B-2,12:.17TOTT 
Serial TT-umber 3988 Station.: MAT 

Ccm-ocnent : NS 
Date: DEC. 1972 
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314 



 

 

- - 

••••• 

• •  

DI SP1 ACT r_T;',T..I71 D7C77.1: CALIBRATTOIT 
Station: MATSerial T1:11:71.1y.)r 3984 
Componcnt: : EW 
Da t: DEC. 1972 

•. •:7;. •'-'47 • T .:. • 
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Boorn Position at Scale 
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P'7717 6. TA7)" T-TT1.7,7T,7 

F4rure Al. nhoto7rPn1-1 shm-!_nr- 7" r2r..-t7 4-7tbc trt '- ter 
(1oo:-1nr. - east). 
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seisrn7eter3 in nlace. 



 

wimpsompleenr.--•—• ...r• •••••••• -••• • ) 

,; 

shot.ri r".7 —r,corri4 ""Cr)^. 
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-

-ure A7. 71-lotomraph shoinr,""FF console. 

-74,r,ure A8. 7-lotof-rraph shovrine entrance to tunnel. 



recorr!fn- roo-. 

Vr) 7-lotr-roh o' rea t,7017- nrior to the 
-our4 n- 0" sPis-lor*c,t- 17-!t 
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--.M141F.771•errnerrr.7..”7:irt-..!. 

r-,ire ''.!0"4 7ontn..1 Fr-o—?tcr in 7-)1c(f3. 
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