
Rurnl Electrification !1tlminiotration 
Telephone Bl)61near1nc antl C:inotruction Manual 

l. GENERAL 

/1PPLICATION AND USE OF DRIDGED '.CAP ISOLA'l'CRS (BTI) 
Fm SUBSCRIBER I.OOPS 

2. mmcIPLE OF OPERATION Alm <Yllim CHARAC'l~lUSTICS 
3• t,PPLICATION OF B'L'I'S FOR CEH'.IJ!J\L OFFICE BRIDOmG 
4. APPLICATION OF BTI 'S 'ro LOADED I.OOPS 
5 • ILWS'IDATIVE EXAl-tl'LES 

TADLE I 
FIGUI'.ES 1-2 
EXAMPLES 1•9 

1, GEtlERAL 

~ection 428 
Issue No. l 
October 1965 

l.l This section provideo ,21\ borrowers, consulti?l{l enaineers, contractors and other intereoted 
porties with tachnicnl ini'ormation :f'or use in the deai&n and c0ru1truction o:f'.HEA borrowers' 

telephone systems, It diacwsoe11 in particular h011 Bridged Tap Iaol.ator devices IU'e used in sub
scriber loop appllcationo, 

l.2 I/here the aubscribar distribution in a loop may indicate the need ot an end section ( including 
bri!3eed taps) in e:r..ceso ot l2 Kf, in maey instances the tranllllli■don can be improved. by the u■e 

of Bridged Tap Inolator dcv:!.cao hereafter abbreviatad at BTI, Several tachniquea ot achieving tap 
isolations are bein« explored but 11t present the on.l,y device, conlidered eatistactory is the "Sature.ble 
Raactor" type or coil isolator, 1/hffl the Hturable reactor 11 uaed in th11 application, it is retcrr~d 
to a.a 11 Bridsed Tap I::;olator or BTI, 'lheae devices ore alao know by other name■ in the industry such 
as "inductor, 11 "reactor, " ''bridge litter, 11 and "ioolator. " 

1.3 BTI's are utilized to eliminate the effect of brid8ed tapm 110 that 1ub1criber line fill.a will not 
bo adversely af'tectod. I/hen properly applied they electrically iaolate taps and thwi ef'tectively 

contribute to reducin(J the end section after the la11t loadi.ng point to a maximum ot 12 KF tor an:y sub• 
scriber, even though tne total ;phyaiceJ. leagth of the end ■action inclu.dJ.ni tape rfllAY' sreatly exceed 12 
!CF. Aloo, used in central o1'1"1ce locationa tor brid(lin6 i-u-• at the 111111ntrame, the-y help improve line 
fills. The correct application procedures tor usine thc■e dffice■ are given in pu9'%'8ph.a 3 e.nd. 4. 

2. mmcIPLE OF OPERATIOU Alm ~ CHARA~ISTICS 

2.l 'lhe function of' a BTI is to simulate the "on" and "ot:f'11 switch action. 'lhe device baa a pair of' 
balanced windings lilta a loading coil throuGh which d-c current can pass but where passage of 

speech frequencies depends antirely on the particular "state" o:f' the switch. It is the presence or the 
aboenco of d-c loop current through the BTI which enables the device to produce "on" or "ott" switch 
action. \·/hen there is no d-c loop current tlowine; through the BTI, as tor example when the telephone 
set io on-hook, the device preoants a very h18h imped/lnce (switch in 11ott" position) which adds to the 
normnl impedance, o:f' the line reoultiDg in low bride~ lo811, Tb.u.11, when a BTI is placed at the beginning 
of a bridsed tap under an oft-hook condition the core becomes saturated, its impedance is reduced to a 
very low value, and tho circuit through the tap then operates much the same as though the device ws not 
present. The impedance cho.racteriotic of the BTI io shown in Figure l. 

2.2 The DTI requiren th.at the d-c loop current remain above a certain minimum value in order to produce 
proper s'llitch action. Insufficient current doec not saturate the BTI and this can result in severe 

speech distortion or 1"oilure of the device to operate, BTI's may not be effective as bridsed 'tap lifters 
when subscribers on the same line are located in different branches and more thftn one telephone set is 
off-hoolt at the sruuc time. '.illi:i is because the d-c loop current divides among the branches having sets 
off-hoolt and the individual. branch current may not be sUfficient to ca:npletely saturate its associated 
BTI, Inadequate core saturation can al:io result in looded loops during revertive call conditions if 
subocribers have been placed behleen loadina coils i:::olated with BTI's. This situation will also result 
in either severe speech distortion or inability of the subllcriber to be heard. The amount of d-c loop 
current needed to properly operate BTI'n is 23 milliOl:ll)Cres err more when the most dj,stant telephone set 
ia off-hook and '-2 milliD.111pcres or more in aey bx-anch when two or more telephone sets are off-hook at 
the same time, Failure to meet these requirem.cnto vill result in severe noise 0r distortion problems. 
Correct procedures for mainta1nill6 adequate d~c loop C\U'I'ent needed to aesure proper operation are dis
cussed in paragraphs J o.nd 4 below, 'fuc insertion loss characteristics of the BTI 'With loop current 
are shown in Figure 2 at three different _frequencies. 



2.3 M'I 1s paas multifrcqucnc.7 ringuig CUH'®tB and dia~ eun'entm u:!.th 1:WJD:>at n~blc clitJtm"tion. 
They also have the capability of irorking on ll!:!.es \lhich use tubea of tlw ,,~i:H,%1 OJ: 1.mbim.rnd t~?tJt::f11 

in smea w1 th ringe:t"fJ su.cl:i. ao might be reqm.red for superimpooed l'i!lgil,(';. 'lll.<J iM~,i~ looo int:11'6mw..it2. 
:!J:.\to the loop by each 'BTI unit is tappi:'Oximatel;r 0.3 db in the vo:!.ca fto{J,'U13Mf ~a woo th@ devic@ io 
saturated. Tile total d-c loop resillltance ot the device is lll~ts.1¥ 20 ohwl uhieh llld.dm to the cmta:!.de 
p,:!Jmt resistance. BTI'o are quite suscepttble to the induced vol~e fr® powm- line expol!lure and excl!le• 
sivc noise conditions crui. rcouJ.t it thq are :!.mp:ropcr.cy t1pplied. Par~J;hm 3.7 rui.d 4.10 gin the cOffoot 
application p:rocedurea ,Illich help avoid noise p.t"Qblamt:1. BTI's cwmot be \Wed cm line;; UQ:!.llg looel oott@:ey' 
tal.kinc or Western Elactric C~ 507 ty;;>c telephone seta due to i.Mut'fic:!.ant d-c loop cur.rent (lti!H 
than 23 milliamperes), •~'he cJ.imirul.tion of the local b11tte:ey' frau the telephone 1/Wd th@ Wlfl:I of a 2~volt 
or a. 46-volt booster pa\lcr oupp.cy at the centml office providefJ M mdeqwlte 11u~ of loop c::urNnt so 
tlu!.t BTI's cm be used. ilhen using Western Electric C~ 500 rr./F mouitor ~ t~eJ,lhoo,ti rJet&l, Ol!' 
equivalent, the llliOI1:!.tor fc11turc becrome11 ine:t.'fect:l.vc -whcm Wied behind t!I' bridged tap islolator b®Cf<\US@ the 
b..1ch :!.mpedwlce of thia device 1men not saturated will prevent l)'Al!ISQSe of' voice :f.'req_u®cy c:urrenta. The 
srunc 1rill also be true on loops wh:1.cll do Mt ~ depend on d•c loop CUTNnt for their o~t:l.cm 
such no l',7r0Gram circuits, for c::mmple. With regard to testirlg irub1u::riber loo'Ji)l!I, bridged ta-p :I.sol.awn 
ohould be inserted on the :;ubscriber side of branches ar tape, genera.ll;y u close to the bridgins point 
l!U3 pocoiblc. ilb.cn placed on the c~ side of the line at branch. pointm thq fl~@ no uaetul ~•• 
:31milarl.y when 1.nstru.J.cd cloac to the telephone set they are Mt efi'ective M 'b:t1.d!Je litters. No mor11 
than tw bridged tap isolators mu.st be 1n series with the loop in a call bertll@an Mt:/ lilUb111C'l'ibeni 1n the 
loop. 

2.1~ A special type of BTI is avail.able which u.aea a resistor comwet1td t!lcrtlU e111ch ot the ~111 1n 
the BTI. Tile purpoae of the reaiaton is to allow tar ~ertJ to tJtill rf:!ll!lllin conn.acted divided• 

tooaground. This arrw1Gcment, hom!'Ver, cause.a noise and were the ill1"l\J$l1C@· frcm ~ lines 1s lu@l, 
the a.mount of noise will be c:ccessive wen with h:l.&n impcdrulce ri.llger111. Bact!.WllC this resiGtor type of 
DTI is still h~ susceptible to llOise and because it t'Ul:1:her ~UIIHI the circuit 1.nsertic:m loos, 
its use is not rcc:c:m:rmendcd. The conventiOMJ. (nClll•Nflistor t:y'pfl) m should be W!led and all ringers 
1n the loop llhould be connected bridged. 

2.5 Bri~ed tap iaolator units are a:!.milar in eize and m~ce to cm exchmnee type l~ coil 
and can be s:!.milar ~ mounted 1n t~ houa irl611. To 11.vo:l.d conf'UIII ion vi th lol!ld.ing coils , the 

complatcd unita are encapsulated. 1n a bright red cue. 'llle unit beu-e the de111~tio11. :oo-40. 

~. ,\PPLICATION OF l3R.tOOED 'MP ISOLAroRS FOR CEN'IML OFFICE ll'Rl:DGINO 

3.1 llldiv:l.dwu. 110ll•loadcd pain to be bridged 11.t the central office lfflll1l't meet the bridged tap 
requirements of 9 !CF m.n-:d.m:um end individual lOlildad pun to b111 bridged at the cemtrel office 

111WJt .l!l(!Ct the end-section requ.irement of l2 Ki' ~. 

3.2 Bridge up to three sepirate pairs onl:r, ea.ch pair having not more the one sullmc:-iber, IU1d place 
an ottice 1110untcd bricJecd tap isolator 1n each pair. UH Table I to ch@ck that 11utficient loop 

c:un-ent will be 11,vaila.ble to the bridged tap 1.aolators. 

3. 3 Bridge up to two separate pa1ra cml.y, eiach pair ha~ not mm:-e ttwl two 11ublllcriba:N esch Md no 
bridged tap i.llolllto:ra on their field s:idll. Place offlca mmmtad bridged ta-p :l.111oll!ltors in e&cb: 

pair. Uoe Tuble I to check that sufficient loop cu:rr<mt Yill be IIM\~ble to the bridgcad. tap :1.solmtcn • 

3.4- Bri~e up to two sep!mlte pairs onl:r, one bavi.ng not moro ttwl OM mub111c:ribff and tM otha- pair 
not more tb4D. three subacr1ben and no bridged tap 1.nolatora on the field 111:i.de. Place office 

mounted bridged tap iaolatora in e&eb. pair. Uae To.ble I to cbAck that 111ut':ficilllnt loop eur:reut \l'i.U be 
aw:l.lable to the bridged tap iao.laton. 

3.5 Do Mt bridge pairs at the cent.rul office which Wle bridged tap uol.atm'!ll on their fieJA. 1111do. 

3 .6 Do 110t bri~e pru.rs at the centraJ. o:t:l.'ice 'Which a.n equipped with ~ UM adapten • 

3. 7 Connect all rinacra on a bridged 'oaau onl:r 1n the pain bt1t1DC bridged t.t the centr&l office \Wing 
BTI'a. 

4. APPLICATION OF ID.:cx:m::D 'MP ISOL!\TORS 'l.'O I.OADED WOPS 

4.l Connect those :subscribe.rs wo are cloae toeether on the !l~ line. El.imiMto cmble b'rru.lches, 
latc:ra.ls and taps oot 1n use by cutting dead and lea~ tloat:I.I\g at both emdll. 

4.2 Coru:iec:t sullscribcrs beyond last loading point only. U tM end section. ( tota.1. l~th of nan• 
loaded mLin line and taps) :I.Ill less the 1.2 iO' with regard to err::, oubscriber in the loop, do !Wt 

·•se ffi'•• If the end section with regard to WX!f irubsc..-!ber is longer than l2 Kl', wse BTI'n to reduce 
1:!.s Wl'.10Unt to less than 12 XT. 

I;. 3 Do not connect subocribers 'betveen load.1.ng poillt:1 and do not use BTI' s to cO!ltlect subaeribex-11 
between l.ood.in/5 points. 
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4.4 If the end section of 12 lCF cannot be met with BTI'e, use the 19-sauge low capacitance single-pair 
wire, only in the amount needed. A 24 lCF end section using the low capacitance wire ia equivalent 

to bridging 12 lCF of exchange type cable. 

4.5 If the end section ia lone;er than 24 KF when UGine; the low capacitance wire, a separate cable 
circuit must be extended. 

4.6 Do not place BTI's 1n more than three different taps in any one loop. 

4.7 Insert BTI'a at tap bridging point only. BTI's placed cloee to the ,telephone set are not effective. 

4.8 Do not bridge at the central office loaded pairs on long line adapters or loaded pa;1ra using bridged 
tap isolators on their field aide {after the lact loading point). 

4.9 Use the 24-volt or the 48-volt booster power supply on all loops having a loop resistance of 1700 
ohms and greater to assure proper BTI performance. 

4,10 NOTE CAREFULLY: Dric]ge all ringers in the loop where BTI's are used, 

4.11 Where cCQPUtations arc required, use 0.3 db for the insertion lose of each BTI in a talking 
conwaction, REIi TE & CM-426 shows typical examples, 

4.12 The appllcntion of BTI'a ie not s~le nnd otraightforward but rather· it is difficult and 
ccmplex because of the inherent characteristics Jt the device. 'Jherefore 1 to the extent pos

Bible BTI's should be elimi.natcd :i."ran use by better subscriber grouping 1 cutting dead pairs not in us1:, 
~• Good design should be the pr:1mry objective, l'\lrthermore, ;,roble:ms with BTI's can arise at a 
later date it the subocriber loop has undergone physical change, Whenever problems are experienced 
with BTI's on revertive calls due to 1.nautt'icien.t d-c loop current in one of the taps and it is not 
possible to provide other corrective means, the insertion of a balanced resistor of the correct value 
to make the current in the tape more nearly equal will be found helpful. in aoJ.vicg the problem, 

4.13 A more eft'eci;ive m.enns for solving such a lcm loop current problem is to increase the voltage 
of the booster power supply in the central office. A 48-volt to 48-volt d-c to d-c converter 

can be used for doing this econcmically because it applies to a number of loops, This cost of such a 
converter unit for three ampere output capacity is approximately $300 and this cost is divided by all 
llnea equipped with l~ line adapter equipnent. In addition to improving BTI operation the increased 
voltace aida s~ aa well as the transmisoion performance of the transmitter in the telephone set, 

4.14 Excessive noise can be caused when BTI's a.re installed on subscriber loops equipped with 
automatic number identification of the type '1hich inherently unbalances the line in the talking 

condition when the influence from the power system is present. 

4.15 Hith certain type:; of' central office equipnent, one side of the line relay is heavily unbalanced, 
llhen DTI's are applied to such equipnent, this will result in generation of BTI noise which may 

interfere ae eroostal.k to other workina pairs. Furthermore, with sane types of central office equipnent, 
~baclc tone distortion mny be encountered on lines equipped with BTI 's, 

:, 
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'?ABIE I 

RESISTANCE GUIDE :roR ~IOOIOO PA:mB 
n CJ!ffl'RAL OFFICEl MAm FRAME 

WHEN THE D.c. LOOP RESmTANCE2 
m cee OF THE PAm UPON WHICH 
'l'HE omER PA:mB WILL BE BRIDGED 
IS: 

0-20 
20-4o 
4o-60 
60-80 
80-100 

100-125 
125-150 
150-175 
175-200 
200•225 

250 
300 
350 
4oO 
450 
500 
550 6oo. 

600-1000 

THE D.C. LOOP RESmTAN~ m ome 
OF THE PAmB TO BE BRIDGED SHOULD 
NOT BE LESS 'IKAN THE RESISTANCE OF 
COUJMN (l) AND SHOULD NOT EXCEED: 

160 
180 
2l0 
260 
34o 
4oO 
430 
490 
530 
580 
64o 
TOO 
750 
8oo 
84o 
88o 
910 
925 

1000 

1 BRIDGE PA:ms ONLY WHICH MEET THE ~ OF PARAGRAPHS 3. 2, 3. 3 and 3. 4. 
THESE PARAGRAPHS ARE REPEATED HERE~ CONVENIENCE: 

3. 2 BRIDGE UP TO THREE SEPARATE PA:ms ONLY, EACH PAm HAvma NOT r-oE THAN om: 
SUBSCRm:R, AND PLACE Alf OFFICE lOJN'l'Eil BRIDGED TAP moLA'.OOR IN EACH PAm. 

3. 3 BRIDGE UP TO 'l'WO SEPARATE PA:mB 01l'LY, EACH PAm HAVING NOT l-aE 'IKAN '1'10 
SUllSCRIBEl'{S EACH A.ND NO BRlDGED TAP mOLA'l'CltS ON THEm rIEU) SIDE. PLACE 
omCE lOJN'l'!ED BRIDGED TAP mOLA'ItltS m EACH PAm. 

3 • 4 BRIDGE UP 'l'O 'l'WO SEPARATE PA:mB 01l'LY, ONE PAm HAVING NOT MJRE THAN ONE 
SUBSCRIBER AND 'l'HE O'IHER PAIR NOT r.r:)RE '!KAN '00\EE SUBSCRIBERS AND NO BRIDGED 
TAP mOLA'JX.'RS ON 'l'HE FIEIJ) SJDE. PLACE OFFICE lOJNTED BRIDGED TAP mOLA'l'ORS 
IN EACH PAm. 

2 INCLUDE RESISTANCE OF PLANT ONLY AND Ul.ADINO COIL WHERE USED. DO NOT INCUIDE 'l'EIZPHONE 
SET Rl!EISTANCE OR CENTRAL OFFICE EQUIPMm'i'I' RESISTANCE. 
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RllA 'fl to 04~ 

ILUJIITIWrM l!:)C/\Mi'UI l To abaV bow to treat a loop eimlar to tbt - ,._. 'bal.olt, 

PflOCm1RI 

l, Tbl _. ot bn40id tap to Mch eubllc:rtbu I.el 

Subll, "A" Sulla, "ll" Suba. "C" Buba, "'D" 

1.8 1.3 l,5 0,9 
2,0 2.0 3,1 3.1 
1.5 1,5 1,8 1,8 
~ ~ L.-1 L.-1 
6.a tt 5,7 lr:t 7,7 kt 6.111:t 

2. '1h18 1a l.HI tban 9 lr:t, ~, tbt tvo pain can be ~ 
at tbt central office mi.lltrae 111.tballt bridglld tap itOlaton, 

3, Ea.ch loop WO -1:41 ite OWll tz,anaiuian ~ m 'bri4IJll4 
tape, 

IWJll'rMTIVZ !XAMPUC _! To abaV bow to ~ta loop 1ia:Uu' to tlll - ablMI 11&1.ow, 

m•s~-----...;t.00P=---" .... u;;;.•;.;;a_u_~..,;;.22 ..... 0o\_. __ 11L _________ © IIIJIICmDIP 

~--.:;;t.OOP=..::11..::3::..· 7:._D'::.:,., ..:22:..:0o\:·...:III,: 
- JI llUJISCIIDD 

Pll0CmJlll 

l, Tbl 'br1dpd. tap lMICtb to loop "I" lllheariblr "I" !dim loop••• 
111 Wl•l.ecl&teii ill U,2 lr:t 

2, '?hill 1a sz-tar tban 9 kt, bi-etore, 'br1dpd. tap 1.eOJ.atan -
Wied 1neuhloop at tm Ol2Str&l Qff1ce ~. 

3. 9mk rm- 4,o, a ~ ,pl.it, 'rlll 4,o. 1.0ap rNiltaw at 
loop 'X'111 ll,2k:tx32,39 ~ • 3'2 at-■ 
1001) "I" UI 3,7 kt X 32,39 om/kt• J.a0 at-■ 

4, far t!lolM "1ue1 ~ 4.o. loop r.a11tanol, ioop ~ to Mell 
loop vUl be ad.equate to Mtu.r&te 1"KC't0N, 

5, E&c.b loop WO -ta it.a <Ml tnna181im ~ta, 

6. 111npn 1n 1.00p1 "A" and. "ll" "" -.ita4 bri4-d,, 

Pv. 3,9 

Pv, 3,T 

ILUB~ 1!1XAMPL1 3 To 1boW bow to ~ a loop 1:ill:l.l.ar to ti. - lbrMI blllalr, 

lll'I'SfA---.JLOOl'i:l:IJ.:..JftL---..L.J.a.ii3..1R--------r""2 ... ..,T_,<i) 
L:::£j----.:2.:..o __ ~o:.:;,8::...,@ 1 

co LOOP ll ~-o o ©a.o lot.la Locipl a a.\, ., 

PH:>ClllllUI 

l. oi:,. 'br1dpd tap len«th to loop "ll" vtmi loap "A" ta un•l.aOJ.ated 
1a at l.lut U,9 lr:t, 

2, 'l'hia 1a 5"atar tlan 9 kt, ~, 'br1dpd ta; ieCllaton 11:N 
UNd at ti. centr&l attice ~, 

J, ci.ca tor 4..c. loop eurr-mt ~t. b mu:1.mm 4.,c. loop 
,_:1atuice ~ loop "A" 1a: 9,9li:t X 32,39 om/'d • 320 oi.

Tbl lldJuam 4.. a. loop 
l:'ffi.1- ~ loop "JI" 1a: 2,8 lrt X 32, J9 om/'d • 91 0tma 

i.. J'ar tbDN ftllwa ~ 4,o, loop l:'ff:iatance, loop current to .-ch 
loop vUl \Ml edaqlAta to Mturate rmatan, 

,. lllMIII loop &llle met.a Ua - ~tall~• 

6. 1t1z,,pr, 1A 1.oopa "-'" ud -,. "" --4 wJ4,pl. 

kiiiUillLll - llect1cm liQ8 

Pv. 3,9 

Pv. 3.1 

Pv, 3,T 



") 11,0 
... .,, 

U'l 

~ 

1, 'Die tot&I. 1.M1ctb ct ti. loop lncl.u4f.nl 111.l bri4ead, tefe UI 
(1,2' + 4,, 1t 3) + (l,5 + ,.o + 0,9 + 2,0 + l,O + 0,5) • 26,T lit 

2, 'ftl1a la l.oapr tb1.n l8 Id, 1.'laetan, D-66 l.ce41.nl I.I~. 

3, 'Illa tot.&!. 1Ami't2i ot tba linll atwr \bl lut loa4Sllc ,-tat lat, 
1,5 + ,,o ♦ 0,9 + 2,0 + l,O + o,, • lO,f Id' 

Ii, 'nit.a I.a l.eH tall 12 kt, 'bfttoft, IIO bl'14aa4 tap 1aol&Wl'9 &ft 

_...,. w tllll ---- ~A\ I.I •t. 
!!13!1 "X" ta41ca1alla lo.4 pOiat, 

XUJJHIIAfM ljlWIPU! 

~ q r••2 
2.0_lJI 

A 

\ 

l,O 

1, 'b. wt&!. lAncth ot tbl l.oClp lncl.u41nl aU wiqK • Ml -
1! l!t, hNfOftt l).66 ~ l.l IMICMI, (4 l.oe4 po1.Au), 

a. \!bl wW leacth ot 11.na att.n tlll lut ~ point (aoil lo, i.) 1.11 
i.., • 2.0 • a.o • 1.0 • ,.o • 1.0 + 1.0 • 1.0 • 11., lit 

3, ti.I l.l Cllftl' 12 let IO that llz,1ql4 tap UOlaian 1ft _f.da:Nd, 
llat ~ ta;, iaOl.aton an IIOt •tt.i•Uw, tor tbl ,-nicNlal' 
aubeatllar 41.ttrllalttcn ot ~ l:llMllll,e, IA Nduoin& -. a4 
Notioa to 12 lit, 
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-· -· ----

,'"\ 

!!!!'.!!!9 

s.ouoa liall 
.lw,U,1 

a.ouoai. 
rv. i.,03 

..,..,1,0 (Au Du~ lll D') 

·~.oO 

. .!!!!!!!:!!!! 



':' ~ t" . 

' II 11
( I I I' I ~, -i, ~ ~ ~l 

8 I 'i r ~ ill ft ~1 ~ 1 l .... 

1 I . . , -, , . Ii, 
t" t" iu i ii' ; ~ { -ill ; ; i i 

I ~ ~ I (' ' t II "' i ~ .. • . . i s 'ii ua. ..-0t.r 

'; ~ i ii~~ f ' i 
• 0 ~ f 5 .. ~ [ t .. .. i O ~ .. 

'!' i; I . -; 
~ 0 1~-: ~ I .,qa 11:-.:.. 
~ ! ~i ; Q "8 . i . Ii .. .. .. 
" • I.I Q 

!f 
~i 

' I 

f 
f 

ll!~f~i 
I I 
I 
r 

l 

I 
i 

Q~ f .. ~ 
I!" 

-
I!" 

~ yt fl' 'fl !- ~ 

'l' fltttr 1'1' ii' ·11 

• 11 f · i J. • ·'! l 
: ;1 11 ;11 !'' ~!1 i1 ~ ~J rl.r1 lr i, I' 
~ ~, l{t-i' It: !i .f 
l. 1. ~~ , •.• i j I 
:. ~s 'l 1• 

1
\ -- • 

! ~! it!i! :~J. ~! ! 
1 

t f~frl ,fl ;1 ~ 
•i (' ~- lfi oi 
j i!lff , •• i- I 
ei • · l • I I .: i -
!I 1:!:f JI ~, i ~1 i Ill~. I t q i 
~ f i~ r. 

.. 
!" 

• .. 
! 'ii 

... .,i I 
! I 

' I .. 
i ~-t .. f ·p, ·,,, 
I 

'I ,, ' I I,~, 
I Ii 
I I~ 

';- f" ~ !It ~ 

It l! t" :r 
.f ii ~ f. I 
f' Ir ~! -! Ji·~ it [f I ~ 
tc !l -i Ir 
~; I it iJ 11 -,~ :1 ·. ff f ... 
11 I ;I ~ 

II t: ~ .. i 
II • ;J 1 

1
l If! ! ! 1 rr I 

!I ~, 

,; 

of i 
. ~ -0 

e 

I II 
i; 

! 

If 

i 
I 
I 
f 


