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SPECIFICATION forming part of Reissued Letters Patent No. 11,860 dated October 23, 1900,

Original No. 655,858, dsted Augast 14, 1900, Applioatinn for relose fled September 81,

To all whom it maoy concerrn:

Beitknown that T, NTkoLA TESLA, Acitizen
of the United States, residiag in the borough
of Manhattao, in the city, county, and State
of New York, baveinvented certain new and
useful Improvements in Methods of Insulat-
ing Electric Conductors, of which the follow-
ing is a specification, reference being bad 4o
the acommpanying drawin K

It has long been known that many sub-
stances which are more or less conducting
when in the fluild condition hecome insnla-
tars when solidified. Thus water, which is
in a measure conducting, acquires insulating
properties when eonverted intoice. Theex-
isting information on this sabject, however,
has been heretofore of & ‘ionera.l natare only
and chiefly derived from the original observa-
tions of Faraday, who estimated that the sub-
stances upon which he experimented, such
as water and aqueous solutions, insulate an
electrically-charged conductor about one hun-

dred times better when rendered solid by.

freezing, and no attempt has been made 10
improve the quality of the insulation obtained
by this means or

_ such purposes asare contemplated in my pres-
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ent invention. Iu the.course of my own in-
vestigations, more especinlly thoseof the elec-
tric properties of ice, [have discovered some
novel snd importans facts, of which the more
prominent are the following: fiest, that under
certain conditions, when the leakage of the
electric charge ordinarily taking place s rig-
orous!y prevented, ice proves itself to be &
much better insulator than has heretofore ap-
peared; second, thatits insnlating properties
may be still further improved by the addi-

“tion of other bodies.to the water; third, that
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the dielectric streugth of ice orother frozen.

. nqueaus substanee inoréases with the reduo-
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tion- of temperature and corresponding in-
crease of hardness, and, fourth, that these
bodies afford & utill more effective insulation
for conductors carryingintermittent or alter-
nating currents,
surpriringly-thin layers-of ice being capable
of withstanding electromotive forces of many
hundreds and even thousandsof volts. These
and other observations have led me to the in-
vention of a novel method of insulating con-
ductory, rendered practicable by reason of the

rticularly’ of bigh rates,’

d

to practically utilize it for j gree

- them insulated when it is

1000, Berial ¥o. 80,728,

above faots and advantageous in the utiliza:
tion of electrical energy for industrial and
commercial po :

This method
tric conductor by
maintaloing in soch

rposes. : 58
consists in insulating an elec-
freesing or solidifving and
Btate the material sur
rounding or contignous to the conductor,
asing for the purpose & gaseous cooling agent
virculatin tbmngbonoormoresuimbleeh‘an—
nels extending through or in proximity to the
sald material. . . - .
Ini the practioal carryingout of my method
I may employ & hollow condunotor and pass
the cooling agent throngh the same, ‘thus
freezing the water or other medinm in con-
taat with or closs to such cosduetor, or I may
use expressiy for the eirculation of the eool-
ing agontan lud:trondenu channel and freeze
or solidify the adjucent substande in which
any number of conduotors way be embedded.
The condunetors may be bare or covered with
some materisl which is eapable of keeping
frozen orsolidified.
The frozen mabs may be in- direct souch with
the surrounding medium, or it may be'in a de-
pro from contact with the sume by
an inelosure more or less impervious to heat.
The cooling agent may be any kind of gas, a8
atmospheric air, oxygen, carbonic aeid, am-
monia, illuminating-gan, orhydrogen. Itmay
be forced through the chanuel by pressure or
suation produced mechaaically or otherwise.
may be coutinually renewed or indefinitely 85
used, being driven bask and forth.ov ateadily
ciroulated in elosed under any suitable
oonditions a8 pressure, densityytem-
rature, and veloclty. ]
To conduce w » better understanding of g0
the invention, reference is now made to the
accompunying drawings, in which— -
Figares 1. 8, 8, 7, 8, and 9 illustrate in Jon-
gitudinal seotion typioal ways of carryingout
my invention; and Figs. 8, &, 5, and 10, in 95
section, or partly 0, constructive details to be
deaci -

ribed.
In Fig. 1,
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C {8 a hollow onduactor, sach as
astes] sube, laid in a body of water and com-
munieating with & reservolr r', but elevtric- I00
ally insulnted from the same atj. A pump
or compressor p, of ALY suitable conatruction,
contects ¥ with another similar tank 3, pro-

videa.wit.,hminlewmvo‘u' Theairorother
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gas which i3 used as the cooling agent enter-
ing through the valyor* is drawn through the
tank r'and puwp p into the reservoirr’, eneap-
. ing thence through thé‘conductor.C nnder
§ any desired pressure which may be regulated
" by a valver’. Both the reservoira v’ and *
are kept at & low temperatum by guitable
‘eans, as by colls or tubes 'y ¢ and & P,
through which any kind of refrigerating finid
10 may be q!.rcu]\a.a ted, some provision being Fref-
erably made for adjusting the flow of the
rmme, a8 by valves.y’. . Tho gas continuonsly
ing'through the tube or conduetor C be-
‘ingvery cold will freeze and maintain in this
15 state the water in contact with oradjaceat to
the conductor. and. s0:insulate it. Flanged
bushings¢' 43, of non-condiicting material,may
be used to prévent.the leakage of the current
which would otherwise occur, owing to the
20 ‘formation of a superfisial film of molsture
" averthelce projectln'ﬁbut df the water. --The
- tubé being kept insulated Ly this means may
" “; then be employed in"the.manner of an ordi-
_* .nary telegraphio or.gther cable by connect-
35 ing.either or both of ihe terminals &' b* in &
© circuitAncluding the eafth. - .
- 1n:insny cases. it:Will, be of advantage to
.cover. the hollow conductorwith a thick-layer
.- :0f somé cheap material, as felt, this-being in-
16 dicated ' by C* in Fig..2. ‘Buch' a [eo‘.vyrlngi

' ~5?angx}hb]p‘ by water, would -be ordinarily.

--littleor tio usé;. but when' embedded in the
.+ Joo Tt dip frévas.;ho‘in_snlathig. ualities of the
., “vaanie. In thls instance it forthermore serves
157t0 greatiy reduce the gnantity of ice required,
.-“1ts rate of melting, and the influx of heat
-+ Trom -the outside;, thus diminishing the ex-
- pepditure of energy necessary for the main-
..~ tenance of normat working conditions. As
4@ regurds this energy and other:particulars of
“importance they will vary according to the

.. > Apecial demauds in each ense. . .
.- /Generally considered,the cooling agent will
--have to carry away heat at a rate sufficient
: 48 1o keep the conduotor at the desired tempera-
"+ .ture and to maintain a layef of the required
" » thickbess of the substance surrgunding it in

- - a frozen state, compensating continually for |

“ - theheat Howing in throngh the layer and wall

-'50.0of -the conduetor and ‘that.generated by me-

. ‘chanical and electrical friction. - To meet
' 7.} these conditious, ita cooling eapacity, which
. .. s dependent on ithe temperature, density,
* . ‘Yelocily, and apecific heat, will be caleunlated
$5:by the help of dats and formule. familiar to

oo ugtneers.  Alr will beé, as & ‘rule, suitable

“for these contemplated; but in exceptional
- Instanées some other gas, as' hydrogen, ma,
.--8 resorted to, which will permit a muo

Gdgmter rate of cooling and a lower tempera-

. vire 1o be reached, Obviously whichever
gg?be employed it should before entering the
.. nollow conductor-or channel be thoronghly
-, .Aried’and separated from-all which by con-
- 5g" densation and deposition-or otherwise might

' ‘eause an obstruction to its . For

" thene’ purposcs apparatus mpy be employed.

which is well known and which it is unnec- -
to show in detall, = .
Iustead of being waated at the distaut sta-
tion the cooling agent niay be turned tosome
profitable use.” Evidently in the {ndastrial
and commercial exploitation of my invention
any kind of cooling agent capable of meeting
the requiirements may be conveyed from one
‘to another station and there utilized for re-
frigeration, power, heating, lighting, sanita-
tion, chemical processes, or any other put-
‘pore to which it maylend itself, and thus the
revenue of the plant may be incrensed. -8¢
. As to the temperaturé of the conductor, it
will be determined by the nature of its use
and considerationgof economy. Forinstance,
if it be employed for the transmission of tele-
raphic messages, when the loss in electrical 85
riction may be of no consequence, & very low
temperature may not be required; but if it
be used for transmitting large amounis of °
eloctrical energy, when the frictional waste -
may be a serious drawhack, it will bLe desir- go
able to keep it axtremely cold. The attain--
ment of this object will be facllitatad by any
provision for reducing as much as possible
the flowing in of the heat from thesurround
ing mediam. Clearly the lower the tempera- 95
ture of the conductor the smaller will be the
‘loas in electrical frietion; bat, on the other
hand, the colder ‘the eondnetor the greater
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“will be the inflax of -hesat from the outside
L and the cost of cooling agent. From. such so

and similar considerations the temperature
u;m:(il‘ng'the highest economy will be ascer-
tained. - ' C

Most frequently in'the distribation of eloo-

tricity for induatrial purposes, as in my sys- 1o}

tem of power trausmission by alternate cur-.
rents, more than .one eonductor will be re-
quired, and in such eases it may he conven-
fent to circulate.the cooling agent in a closed
path formed by the conductors A plan of 11¢
this kind is {llustrated in Fig. 8, in which C'
and (P represeat two hollow conductors em-
bedded in a frozen mass underground and
communicating, respectively, with the reser-
voirs R’ and R*, which'are comuected bya
ciprocating or ot.heunlmblgl'gninp P. Cool-
ing ooils or tubes T" T* and T® T?, with regu-
lating-valves v':v" are émployed, which are- -
similar to and serve the same purpose as
those shown in Fig. 1. Other features of ‘1a¢
‘similarity, -thongh ‘unnecessary, are.illus. .,
trated to facilitats an understanding of the - -
‘plan. A three-way valve V? is provided,
‘which when placed with its lever1 as indi- . -
cated allows the cooling agent  to enter i1

11§

| through the tubes u’' # and pump P, thna

filling the reservoira R' R?and hollow oon-
ductors C' C*; but when turned nimety de-
grees the valve-shuts off the communication

1o the ontside through the tube «"and sstab- 13¢

lishes a connection betweon the reservuir R*

and pomp P through the tubes u*and u?, thus

?emming the coeling agent to be eirenlated -
a the closed path C' C* R 1'-4* P R’ by the
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action of the pump.  Another vAlve V', of
suitable eonstruotion, may be used for regu-
lating the fiow of the cooling agent. The
conductors C' C? are insulated from the res-

. 5 ervoirs R’ R? and from each other at the
joluts J’ J® J*, and they ave farthermore pio-
tecled nt the places where they. enter Aud
leave the ground by flanged bushings T'T' I*

1, of tnsulating material, which estend iuto

10 the frozen mass in order to -prevent the eur-
* rentfrom leaking, asaboveexplained. Bind-
ing-posts B’ B’ and B? B*are provided for con-

pecting the conduetors to the circuit at exch |

station. .

In laying the eondnctors, as (' C?, what-
ever be their number,.n-trench will gener-
ally be dug and & trough, round or square,
as T, of smaller dimensions than thetrench,
placed in .the same, the intervening apace
g0 being packed with some material (designated

by M M M) more or less impervious to heat,

15

as sawdust, ashes, orthé fike.  Next the con-

duotora will- be put in-position and tempo-

rarily supported in any convenient manner, .

25 and, finally, the trough will be flled with

water or other substance W, which will be

gradnally frozen by circulating the cooling
‘agent in tha closed path, as beforedescribed.
sually the trench will not be-level, bat will

30 follow the undaulations of the ground, and
this will make i% necessary to snbdivide the
trough in sections or to-effect the freezing of
the substance filling it snocesaively in parta.

- This being done and the conductors thus
35 insalated and-fixed, a layer of the sime or
simflar material M M M will be placed.on
the top and the whole covered with earth or.
pavement. The trough may be of metal, as

. sheet.iron, and in cases-where the ground
40 ia used as the retura -circait it may serve
.88 & main, or it may be of uny kind of ma-

terial more or less tnsulating. Figs: 4 and

6 fllustrate in cross-section two such under-
. ground troughs 1V and T, of sheet imetal,

45 with their adiathermanoasinclosures, (desig-.

nated M’ and M", respectively,) each trough
containing o single central bollow conduotor,
a8 C' C". Ib the first case the jnsulation W'
is aup d to'be ice obtained by freezing
so water preferably freed of air-in order to ex-
clude the formation of dangerons bubbles or
. uavities, while in the second ‘case the frozen
mass ‘W is some agneous or other substance
or mixture highly insolating when in this
condition. . -
1tshould be stated that in many instances
it may be practicable to dispense with a
trough by resorting to simple expedients in
the placing and insulating of the couductars.
In fact, for some purposes it may basufficient
to simply cover thelntter with a moist masx,
as cemeant or other plastic material, which so
long as it is képt at A very low temperature
:lnd frozen hard wilt afford adequate insula«
on. . :
Another typleal wny of carrying out, my in-
vention, to which reference has already been
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made, is shown in Fig. 6, which represents
the croessection of a trough, the same .in .
other vespects as those before shown, but 7¢
containing instead of ahollow conduetorany
kind of pipe or conduit L. Theccolingagent
may be ‘driven.in any convenient manner -
throngh the pipe for.the purpoee of freez-
iog the water.or other substance filling the 75
trough, thus insulating and fixing & number

of conductors6é ¢. Sucha plan may be par-
ticularly suitable in oities for insulating and:

-fixing telegraph and telephbne wires or the -

like. In such cases an exvesdingly-low tem. 8o
perature of the cooling agent may not be-re-
guired, and the insulation will:be obtained
at the expense of little power. The conduit
L may, however, be used simultaneously for .
conveying and distributing any kind of gase- 85 -
ous cooling agent for which there isademand -
through the distrlct. Obviously twosueh con-
duits may be provided and used in & similar .
tanner as the conductors O’ . . . - :
It will often be desirable to piace in .the go
saine trough a great number of wires or bon-
duotors serving for a variety of - purposes.
In such acase & plan may beadopted which is

-illustrated in Fig. 7, showing & trough simi-

lar-to that in Fig. 8 with the condunotors in 95 -
oroas-section. ‘The eooling agent may be in
this instance circulated, as in Fig. 3 or oth-
erwise, through the fwobollow conductors C*
and C', which if found advantageous may be
covered with a layer of cheap material m_m,
such as will improve their insulation, bot not
prevent the freezing or solidifioation of the
surroundingsabstance W. The tubularcon-
ductors ' C, preferably of iron, may then
serve Lo convey -heavy currents for supplylng
light and power,while the amall ones ¢’ ¢’ ¢,
embedded- in the ice or frozen mass, may be
used.for any other purposes. . .
While my invention contemplates; chiefly,
the insulation of conductors employed in the
transmission of electrical.energy to & dis-
tanoe, it may be, obviously, otherwise use-
tully applied. - In some instances, for exam- .
ple, it may be desirable to insulate aud sop-
port a conductor in piaces as is ordinarily
done by means of glass or porcelain insnla-
tors. ‘This may be effectod in many ways by
conveying a cooling agent either through the
conductor or throngh an independent chan-
nel and freeiing or sulidifying any kind of
substance, thus enabling it to serve the pur- -
Sush an artificial insulating-support
is iMlassrated in Fig. 8, in which a represents
a vessol filled with water.or other substance
40, frozen by the agent circulating through
the hollow contluctor C'', which is thus insa-
lated and suppurted. To improve the iasu- .
Jation on the top, where it ix moet linble to
Kive way, a layer of some substancew’, s oll,
may be used, and the condnctor may be cov-
ered uear the support with insulation 4 1, as
shown, the same extendiog into the oil, for
reasons well underatond. '
Another typical application of my inven-
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. ondary conductors, bare

10

15

20

t5

4

9, in which P’ and §’
the primary and sec-
or insulated, of &
transformer, which are wound. on a core N
and immersed in water or other substance W,

tion is shown in Fig.
represent, respectively,

contained in a jaiIT, and, as before stated,

preferably freed of air by boiling aor other-
wise. The cooling agent is circulated in any
convenient manner, as through the hollow
primary I", for the purpose oi freezing: the
substance W. Flanged bushingsd d and oil-
cupsee, exteuding into the frozen mass, illus-
trate suitable means for insulating the ends
of the two conductors and preventing the
Jeakage of the currents.. A transformer as

described is especially fitted for use with ¢ur-

rents of high frequency when a low tempera-

ture-of the conductors is particularly desir--

dable, and ice affords an exceptionally-effect-
ive insulation. Co

It will be understood that myinvention may
be applied in many other ways, that the spe-
clal means here described will be greatly va-
ried according to the necessities, and that in
each case many expedients will be adopted
which are well knowi to engineers and elec-

. tricians and on which it is -unnecessary to

40
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dwell.
that in some. instances a special provision
will have'to be made for effecting a uniform
cooling of the snbstance sarrounding the con-
ductor throughont its longth. Assuming in
Fig. 1 the cooling agent to escape at the dis-
tant end freely into the atmosphgre or intoa

' reservoirmaintained at low pressure, it willin

passing through the hollow conductor Cnove
with & velocity steadily increasing toward the
end, expandingisotbermally,ornearly so,and

‘hence it will causean approximately-uniform
formation of ice along the conductor. * In the.

plan illustrated in Fig. 3 a similar result will
be in & measure attained, owing to the com-
pensating effect of the hollow conductor C’
and C*, which may be still further enhanced
by reversing periodically the direction of the
flow in any convenient manner; butin many
cases special arrangetnents f',ﬁ ‘have to be

-employed to render the cooling moreg or less
~ uniform. For instance, referring to Figs. 4, |

5, and 6, instead of a single channel two ¢on-
centric channels L’ and L? may be provided
and the cooling agant passed throngh one and

returned through the other, as indicated, dia--

. grammatically, in Fig. 10. In this and any

L3

similararrangement when the flow takes place
in opposite directions the object aimed at will

. be more completely attained by reducing the
~ temperature of the circulating cooling agent

6o

- trated the concentric tubes may be used as.

_at the distant station, which may be done by .

simply expanding it into a large reservoir,
as R or cooling it by means of a tube or coil
T or otherwise. Evidently in'the case illus-

“independent conductors if insulated frotn

6s

eAch other and from the ground by the frozen

or solidified substance.
Generally in the transmission of electrical

However, it may be useful to state’

11,865

energy in large amounts, [
of heat Lo be carried off may be considerable,
refrigerating apparatus thoroughly protected
against the iuflow of heat from the outside,
as usual, will be employed at both the sta-

very great also at intérmediate points, the
machinery being advantageously operated by
the currents tranxmitted or cooling agent

sating. effect of the oppositely - circulating

transmisision is the most important consider-
‘ation or when the chief object is to reduce
tlie cost of the mains by the employment.of

fort will be inade to maintain the conductors

‘known refrigerating processes, as those hased
on the regenerative principle, may be resorted
to, and in this and any other case the. hollow

may themselves form active parts of the re-
frigerating apparatus.

 séen that my invention forms » fundamen-

lished methods of insulating conductors em-
ployed in the industrial and commercial ap-
plication of electricity. It aims, broadly, at

penditure of a moderate amount of energy
instead of securing it only by virtue of an in-

as heretofore. ore es

td provide, when and wherever required, in-

the transmission of electrical energy under

able and at distances until now impracticable
by dispensing ‘with the necessity of using
costly conductors and insulators.
What I claim as my invention is—
1. The method of insulating electric con-
ductors herein described which consists in im-
parting insulating properties to material sur-
rounding or contignons to thesaid conductor

cooling agent, us set forth.
_dactors herein described which consists in re-
‘lidified condition the material surrounding or
tained in ciroulation through one or more
channels as set forth, . '

3. The method of insulating electric con-
ductors ‘herein described which consists in

when in a frozen or solidified state, and main-

cooling agents. | In large plants of this kind .

cheap metal, as iron or otherwise; every of-

From the abovedescription it will be readily:

‘tal departure in the principle from the eetab-
obtaining insulation by the continuous ex-.

‘herent physical property of the material used -
C inlly, its object is

conditions of economy heretofore unattain-

by the continued action thereon of & gaseous-

2. The method of insulating electric con-

contiguous to the said conductor by the-ac-
tion thereon of a gaseous coolingagent main-

when the quantity

70

tions and when the distance between them is

75

conveyed. . In. such euses a fairly-uniform. .
freezing of the insulating substance will be -
‘attained without, dificulty Ly the compen-

8o

when the saving of electrical energy in the

8s

at the lowest possible temperature, and well- .

9o-

conductorsorchannelsinstead of merely serv- -
ing the purposeof conveying the cooling agent.

95

10t

105

sulation of high quality, of any desired thick-
ness, and exceptionally cheap,and to eouble .-

© 118

ducing to and maintaining in a frozen or so- -

‘130
surrounding or supporting the condactor by -
material which acquires insulating properties .
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‘taining ‘the material in such a state by the
circulation through one or more channels ex-

tending through it of a gaseous cooling agent,
as set forth. . : o

4. Themethod of insulatinganelectriccon-
ductor which consists in surrounding or sup-
porting ‘said conductor by & material.which
acquires insulatiog properties when frozeu or
rolidified, and maintaining the material in
such state by passing a gaseous cooling agent
continuously through a chanuel in said con-

- daetor, as set forth.

I5
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the said material as set forth. -

5. The method of insulating electric con-
ductors, which consistsin surrounding or sup-
porting the said conductors by a material
which acquires insnlating properties when in
a frozen or solidified state, and maintaining
the material in such state by the continued
application thereto of a gaseous cooling agent,
ax'set forth. o . ,

6. The method -of insulating conductors
herein set forth which consists in surround-
ing or supporting the conductors by & mate-

-rial which acquires insulating properties
when in a frozen orsolidified state, and main-

taining the material in such state by the cir-
culation of & gaseous €00
a circuit of pipesor tubes extending through

7. The method of insulating electric cbn-

ductors which consists in layiug or support- |..

ing the conductors in a trough or conduit fill-

cooling agent through

ing the trough with a material which acquires
insulating . properties when frozen or solidi--
fied, and then causing a gascous coulingagent
to circulate through oune or more.channels ex-
tending through the materisl in the trough so
:n t: freeze or solidify the material, a8 sef,

orth, : ‘ ) )

. 8. The method ‘of insulati electric con-
ductors which consists in embedding thésame
in & moistor plastic componnd which acquires

insnlating properties when iu a frozen or so--

lidified state, and maintaining the compound

‘in such state by circulating 4 gaseous cooling

agent through one or more channels extend-
ing through the compound,as set forth.

9. The method of jnsulating electric con-
ductors which cousists in laying or support-
ing the conductors in a trough or oconduit, fill-
ing the vrongh with & matarial which acquires
insulating properties when frozen or solidi-
fied, protecting the trough from thesurronud-
ing medium in which it is laid by an adia-
thermanous inclosure, And then freezing or

‘soliditying the materisl surrounding the con-

ductors and maintaining the same in such.
state by circulating a gaseous cooling agent.
through one or more channels. extending

through the same, as seb forth.
gh tho 8ame, &8 8O IKOLA. TESLA.
. "Witnesses:

DRURY W, Codmm,
Jonn C. KERR.

%

40

45

so

55



Relgsued Oct. 23, 1900.

‘No. 11,865.

N. TESLA.
METHOD OF INSULATING ELECTRIC CONDUCTORS.

(Appiieation fled Sopt. 91, 1900

M

2 ONRYRAANI RN

YA 97 Sl

g
AR S \ m”m@.ﬁw ‘7

M
i
w’; \: .er, ARG o

AN
memx \memw ?

R

R LA

P N

R AR R TRNATERS

s,

e
W77

B
;
SRINOTRUSN IR

X TL AU Nt U LR ST ;r.r/ T A T LA TR RHAN TV AN A WS SN SR s v AR T O TN AN L SO

SULAETUNAS LU BAS AU I/AVANS M ¥ PG ATE IR 7 AN AT WIS .,EEH‘A).(C(.?457Jf¢$;éu’|u§rﬂgn—d9f‘%gnggv"gnéngﬂsezyrage&: Lwiiay 3

MMM&‘\\‘\‘\‘}\\\i\ﬁ\\\\(\o\\‘!‘\;(\‘\fﬂ\‘\-\\v\\‘)Q\\\\\‘tN\k\\)\&\b\Q&*\(‘A\)\,\FO\\(\\\-\\-\*\\)h\?‘\\\t}\’\gikl‘g!*‘a\\\tg
5

3 Mm §§Q§a§§\§m§&w«&§&t§\§&?§§§N§§\§\§\§§Q§§§§§§.§M %
37 % 1 B
ne.

'Yl
ﬁu\\\x.\\\ksuo‘\ua\u‘\\.\\vs“*§Q§§5\§§\0\\v\\<\\e~\¢ LS 1 TRV B LR T 0% T I LY R LS LSI LS AL LY LT T Y 15 LYK LY SV LI A 2L, | L .
AV 7§ ANV I Lo T 1300 <8 IO LAN L TR LA PATI WAV N ARSI H TS P00 R RN WHAFAR WY U YL WA SO LCITH DA N0 A § X! R

| | R R R R R R AT RN T R RN RERRRVIER RS | & u _-_ I
P ey
£o iitas s NS
L

O
OB 2
'y

[ .4




