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St·STORIGl 8ITTl8Y·$t 
SEND $1 FOR SAMPLE CELL. 

THE WILLARD ELECTRIC & BATTERY CO. 
CLEVELAND, OHIO. 

Every llecbanlc. lletal Worker. or 
l:fi��)�b

l
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Catul"J,.-rue. It contains 710 pa,;res9 
siz.e 1HM!x:-;�. and ts an exh�usUve 
unfl illMTrUctive list of all tools tbat 
,uav be retluired. 4< Mailed free to 
an�:one mentioninJl' this paper and 
st:'nelin.r us3.';cents. Discount sbeet 
forwarded with every copy of tbe 
book. 8end stam{,s or money order. 

MONTgOMERY",CO. 

J 
CROOKES TUBES AND ROENTGEN'S 
r.h�
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�(����f���::Je�
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1\bullt CruukeA tubes. 8(,IK�TI"I{, A)JIo:flICAN 81�PPr.K. 
�1r.ST. No •. 1 NI. HoI9. ·J3N. 24:J. !l44. ,ft·J. 79.;. !ttl.;. !tNII. 111;)11. 111.;4. I til;). 1 tI.;fI. 1 II;}' . .. 1.0 
SCIII:NTI FI C A j\J to:UIC AX. NOtll4 , . �. 1 .. 'lnd 1 4. vol. 7�. 
These prn(u!'el�' Illll,�truted P.(�P(·LF.�.;S·1'8 contain n 
)DU�1 exhAIIJ!lth'e toIerif'8 uf urticle� UII Cruokes tubes and 
the experimeDt� nerfofllled with them. AllltfnJl t

.
hem will 

be fOlllld Prof. Crnokefll' early lertllre�. detnilinll very 
fnlly the experilllellt8 which '(I el'�il ejt tilt! world. Rod which are now alluin ext':ttnll uttemiiln in connectioll 
witD Ruenuren'a photo�rl\phr. Price 10 eents each 
'1'(1 be had At this omce nnd trom ull newsdealers. 

Buy Telephones 
THAT ARE GOOD··NOT .. CHEAP THINGS." 

The dllrerence In cost Is IitU... We lIuaranlee 
our apparatus and guarantee our eustHllwr:j 

agatnst IOS8 br patent suits. Our guarnn· t�e and instruments are bU.'1 "o«u'. 
WESTERN TELEPHONE CONSTRUCTION CO. 

260·264 South Cllntnn St .. Chicago. 
Lar{/tg .lfalltl/acttlr". "I T,·lrplfOIIt·. 
<xc/wl,·,lv ill thl Cultfd Nt .. t,.. llAKER>l ASD JOBBERS IN 

FIN E 'rOOLS, 
106 Fulton Street, Ne.York City. HOUTS AUTOMATIC TELEPHONE SWITCHES 

Experimental & Model Work 
Oirculara ct ad"iu Irtt. Gardam &; Son. 00 Jobn St..N .Y. 

THE OBER LATHES 
For Turning A%e. Adze. PIck. 
Sledge. Hatcbet. Hammer. Au· 
lCer •• ·i1e. Knife and Chisel Han. 
t.I'�s. \YhifHetrees. Yokes, Spokes, 
Porch Spindles, Stair Da! usters, 
Tqble and Chair Legs and otber 
iJ'regular w ork. 

tr Stnd/oT CiTcu/ar A. 
'1'lIe Oller Lotbe Co.; Choa;rlu }·all., 0., 1: .l'l.A. 

EI.IW'l'RO MOTOR. SIMPLE. HoW '1'0 
ma"e. B1 G. M. Hopklns.-DeoCrlp,tloU 01 a omall electr" 
motor de'f'iflerl and c .. 'nstrul'tetl 11' til a view ro 1 188isttn, 
amateurs to ma.lre a motor WOIcb mhl'bt be dri"en W ,tn 
attvamage by a currflnt d("lived tr"m a 'lattery. and 
wnlcb w(luJd bllve su1l1rlen:. power to operate a foot 
l&:tbe or any rnaclllDfo j'equiriOlP not over one man power. 
\\ Ith U Ggure" Contaloed 1u ,('"..,TIII·,f' AM�""'AN 
8epl'L ... AI!..NT, No • • i41. !':'lce]O cem.l. To oe bad at 
this o!l1ce aDd from all Ilewsdealera. 

1, Yol :IIrt a lnanufactlrtr of Sbttt Intta. 
aJtlcles, 10U ans naturally Interested ID New Ma-

us f:��&r�:: o'rl����I��� r�·u:��J.ttgl����� 
No.1. ROLLING MILL MACHINEIIY FOil SHEET METAL 
No.2. TUSE AND WillE MILL MACHINEIIY 
No.3. SILVEIIWAIIE ANn COINING MACHINEIIY 
No.4. HAIIOWAIIE AND BIIA .. GOODS MACHINEIIY 
No. IS. BICYCLE MACHINEIIY 

ADDRESS 
THE WATERBURY FARREL FOUNDRY a IMCIIIE CO. 

WATERBURY, CONN. 

�':t'o�c�� STEEL Btlt. Pullty *In tbe \,"orld. UDbreakable. very 
�r,!'�·8��!�

l
p�:r,e��al!���":.�� 

.peed. Cheap first cost and power 
!!aver. Steel bU8blngs to fit any 
sbaft. Up-to-date dealers wIll se­
cure terrItory. IT For price and 
description. write 

AIUUU<!AN 1'1TI.l.EV ('0. 
18tb aDd Hamilton St... ·PbllB. .Pa 

c:r See SCIENTJI'IO AMERICAN. Feb. 6, t8\l7. PRIZe 84. 

Cl)trt lIrt 
Somt [tltl 

Tbose wbo want ODe or more copies ot the 

50tb JlnnlVtrsary nUlllbtr 

of tbt Sdtntlne Jlllltrkal 
Ihould wrIte for tbem wltbout delay. 

It is practIcally a beautiful book of refereDce OD 
tbe blstory and Il'rowth 01 ScIence and the Indu .. 
triRl Arts durIng tbe last 00 years. 

It I. profusely must-rated. prInted on beautiful 
paper. and cooslots of '/2 pages. Tbe price Is 25c. a 
COpy. 

It bas receIved blllb encomiums trom tbe public 
and ftatterlnll edItorIal notice. from more tbaD 
tbree thousand contemporarle •• on account of Ita 
flm' appearance and tbe rare e%cellence ot Its con­
tent .. 

It wt1l be recoll'lllzed In the future. as It Is now. 
u a standard authorIty 00 all sclentlftc subjects 
coDcernlng tbe last balf centul'1. 

SeDt to 1m,. address on receipt of 25c. Addreu. 

MUNN & CO.. PubliWn. 
36J Broadway, New York City. 

80me of Us advnntal!fl's: 1st, It is R�ri('t1y 
automatic. 2d. It CHlt lJlIt·tely tlu(>l" nwny 
witb tbe" manuul" R,,·itt'llbnnrd. 31.1. Cun­
nection betwpen suh:-.crilwrN i� ciirt·(of IlIHl 
instantaneous. "th. Nfl t'ttntral uffl(�e Hlle­
rator to hear. tlpIA", c)r interrupt cnllvr'rl'lUa 
ttonM. 5th. Unitorm nnd uninterrupted 
service At nil houl'R of 41uy ur Hight. 

I::]r l'blA applhmce is l'lHld (Hltrh:ht ur 
lessed. at option of cut'tolUer. and fully 
guaranteed. 

aT ",end for mustrated c lrcular�. A. to 
HUI"M .. \ .,oI11ft.ic 1'.·"·p'unu· �"'i'('h 
Co., l'n"ker, �o. flakfHR1 I:. �1 A1 

Van 
Universal 

Norman • •  
Bench Lathe. 

THE SANDBLAST PROCES8.-BY J. J. 
HCII' z:lpfTel. A full deftcription uf thil'l illten'!4t ilia: IU·o. 
cesf' and ofthe apllurl'lhls ernplol"ed; with n dil'lCII�l'Iillll 
of .its cftpnbiHtieR :lDd pre�ent anel flltllr� uJlIIIif!aT ioll!". 
\Vlth 8 ilimstrntionR. f'ollhtined in �('U:�TIFJ(' I\�U:IC. 

f{'AS' SUPPI.I::'IRST9 Nn. 1 en It. "rire JO celll�. 'l'u be 
bad at this oftlce and from un newlilliealers. 

. . 
' . . 

PATENTS 
TRAM MARKS, 

DESleNS, 
OOPYRICHTS ""c. 

AD10ne sending a sketch and deSCriptloD ma1 
quIckly ascertain, free, wbetber an loveotion ll 
prolmbly patentable. Communications strlctl, 
coofldentlal. Oldest RjZency tor seCurlDg paten� 
ID AmerIca. We bave a Wasblngtoll offlce. 

Patents takeD tbrough MUDD It Co. receive 
lpecial ootlce lu tbe 

SCIENTIFIC AMERICAN, 
beautifully musfrated, llU'IIest circulation of aOT.scleotlftc Jouroal. weekl1. termsf3,OO a year; '1.00 Sl% months. SpecImen copies and HAND Boolt ON PATENTS sent tree Addrea 

MUNN cl CO. 
361 BroadwaY, New iOl'k. 

"mOON" JlUTOMATIC 6REASE £UP 
It bas beveled leatber wasber wblcb Insures 
a II"ht jol",. and """.0111 worklnll. 
Wasber Clln be expan<1ed by ndju.t1n" a 
t��h e ��
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Is rellulated by screw. 'lPe,e.e excellent fea­
tUres are leaders of otber�. 

It you are Interested. talk to us. 
AMERICAN INJECTOR CO. 

331 Congress Street, W., Detroit. Mich. 

X Ray Apparatus 
B. v. BAILLARD. tOIl LIberty StTeet. N. Y. 

Tho TYDowritor 
EXCHANGE, 

H Barclay St., New York. 

156 Adams St'l Chicago. 

38 Court Sq., B oston. 
818 Wyandotte Street, Kansas City, Mo. 

We w1l1 save you trom to tl' .OO--.l"'r cent. on Typewriters 
of all makes. or- Sind for CutalOfl"" 

KRAFTUBERTRAGUNGSWERKE RHEINFELDEN. �;�YO�O[b�
h
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I
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. t4M�OO H. P. NOW AVAII.ABLE, TO BE INCltEAS .. ;n TO :1fI.ono II. I'. 
Tbe.Ootilpan1 II ID a poeltion to let electric enel'lJ1 at ueepttona1ly cbeap rates. and on the most tavorable 

terma. Tbeil' 61110 ofter . to appltcan .... wlsblnll to eet&blllb tbemselvel Dear. tbe.works, s'lltab\e land on eltber tbe 
German (Badlab) or toe SwIM aide of the RbIDe, 10 tbe TIc1nlt1 of Important rallw.,IID_. Cbeap labor. 

,., twa.r W"""'"""'" ...- ...wr. Tlte ..... er. Krattulltrtraeu...-ke. Rlleilltel .... Swiberla ... 

Horae cover. M. J. Aberson ..... ... . ...... ......... .. fl!\l,:186 
Horse Ice creeper. N. /I; N. ll:ckbardt. Jr ........... i,sI.Ma 
Hot water and steam boiler furnace. A. C. )1 ott .. 0<11.001 
Ice macblne.. prellmlnar:r cool er ftlr. R. F. 

Scbroeder .......................................... MI.4�1 
Index rtngs, manufacture of, C. II. Veeder ........ J�I.:ii7 
In baler •• '. 8cl1uUe ................................ ... io>'I.:1'4 
In�ectur, U. )1. Ro .................................... i.'I.aa 
1��e�:,'ri-;.{�r.fT. ��
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Illkstulld. automatic, J.#o N. 'J'hullIus ................. ;...s1:4!17 
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t .. ;jj,.cC .................. · ........ 0<I1.U1 
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Journal bearlr\¥:. It. �1. �Ielhui.h .................... i,sl:,m 
����:�:t ��: �UL�r�U��·I','��I�r���',�'cr�.'.':.':.'.'.':::::.':.' �:l:�i,� 
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C
i��'ji;I!,li .��'. ��:I"���l.'''::::::::::::::::::::::::: �{�1:1� J�"ddert()rchnrd. It. UHWIlUlH ....................... : .. �I ;t�1 

J�adleM, UIJjHlI'utU:-' f1fr l"lulIH:iHIl. C. �. J'rwe ........ {.sl· :;tij 
),allllJ.)1. •• :-Ott.·"CII� . . , ............................... :"�I:.U:! 
jMlhllJ h.rll(·k�t,.J. 1\1\\'111, .Jr ... .................. , • . . .  { ...... I.;-,u;; 
,sst. " : U. A ... IOItI. . . • . . .  , ... " ... " ................ , ;}. .... I. �:Jl.1 J��IIIUIl Jllkt· t.·xlruc·tur. L .... :o:trnube .............. ;-...... I.;I:..'r. 
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L!etu�cl t !·,lll�h·l'tiIlJl I�I JIJ'II·nt IIl'1. '1'. )1. Hh'hllrcl�llll ;· .. "'I.�!11 
j,ICI�lItll'l II I Joi.lm�1I Ilurl Idt':-.. cli:-.t rilmtilla,:: III' elt.'Ii\'CI"· 
LllI:N'f;il

l
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I
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J .. H(·k. �t�(� Uit'yt'le lo(�k. huot lock. �ush lock. 
• 

:-Oc-'nl lllC'k. 
J�llt: c·llrritlllc·l'I. ulliolle�inl! clt'vic'c. for. ('. Hoelill .... 5I;t,r,;a 
1,,""1111 J1nllt.·l"n IUntdlllla,:: IIIcc'hllllil'llll, ... \. ('hllliler-

toll ... .............. .......................... ..... {lHl.:t\li 
J41.H 1111 Ilit·kt.·I· l'IlI'ulI. X J..t'IIU1irp ..................... , { .. '·d.��'! 
1.00111 wpH l'It0l' IIlulillll. \V. )tc-)th·luwl. ........... { .. "II},I:I 
Lfltll' IIlakiIlIlIllAC·IIi1H·. K t.(>III,·r(� clit CinuC'lwl· ... ;,,,"11.;·,,"'41 
liail lllnrkillll lUllt 'hilH·. Eth .. idaie "t, yHlIII.: ........ {JSI.;-I;� 
llulIlIl'IkHtC·. :-;. ltuhillowlt1. ........................ ... {" .... 1.;-.. ;, 
)Ial"t. hollnw. I'. II. )It·tiit·hnH ...................... Z" .... 1.;-IU 
.\Iuh-h hox. l'It'1f uttnc'hilla,:: tiltilla:. L . •  1. "·i1cl\!' ..... { .. "iI.51 ..... 
ltenl'lllrilllllUuttt'r ill \'urinlllt· t .. st ttlht�s. HIIJlurn-

hll'lfol · ..... II. �hn\'�r, ..... , ............ ........ ,. !)'�1.472 
)1f"c·hnui(·uI IlIOVt'IIINlt. K KIUIIJII ... , ...... , ...... , : .. �I.21IU 
llt'lIIu"y rllll! •• 1. A. Ciot'tz . ....................... ... ;"""i"'-�!I 
�t('tallic' tllht'. tlt·xihlt·. :0: . ..... nnk .................... !" .... 1.:{.J,3 
)lill. N'('l"'otullltt lIIill. "·illchllill. 
)1illt'rul:-.. IIUlC'lIi1H'I'\" for c·olu.·('lItrntina:. R �tlltz { .. ',q .i2!' 
)l illilla:�lIlphllr, Ilh!:l!illl'l"� C·nrroll ................. ;-,,';I'�j9 
)1 i.�c·r. :-OPt· C 'ukt' 1IIi.�t'r. • 

)tui:ottt'lIillll nwl l'I('nlillll d('vic·p. ell\·(>loll. U. It 
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.\lulol' WI.H·t'1 d('�·ic·c·. C'. F. Cillclclurcl. ................ {�1.?;ioi 
)lultipIYIlIJ,: tlt·vwt', :\1. �). J\l1.IIJt .................... { ..... 1 :!tl4i 
)ll1l'1it· hox. t;. A. Brlwhlulit:-<C-'lI. , . . . .. . . .. , .......... {,,�I·!.1tj" 
)1tll'lit'ltl illl'lfl'lIIl1t'lit. mil olllHtic', 'I'. P. B .. uwn ...... !' .. "il ·:�.u ;\anlt� plnh' for 1III1hfPllnc·lu:-.iHJ,:lulIltll'l •• 1. 1 I1IS!"t'I -
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Clxielizilill Hl'l'n .. at IIl'1. A. )Ic·:';ic·ol. ................... ! .. "iI.:lti2 
"nil (·ur. I). )1Hc·clollnltl.. ...... " ...................... { .. �I."�' 
I·nillt, C'. I., )tlull·(·l'I . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . .  !""il."�; 
"nllt'r ('lIltilll: lIuuhilw. 11. ...... t'il'lh�r .............. i)"iJ. .. li 

(MAY S, l8<}7. 

Study 
tnstruction by mall,adapted to 

)lethodRapproved by Jead4 
ingeducators.ExlJerienced 
and competent instructa 

Law 
ors, Takessparetimeoniy. 
Three courses-Preparato-­
r)"businAss,college. An 
port unity to better 
C:litionand 
dents and 

NAZARETH INDUSTRIA T, SCHOO I .. 
Hl'onxville �. Y. 

U:oIOER THE CHARGE OF THE SISTERS OF 
"T. JOSEPH OF NAZARETH (EPISCOPAL). 
Industrial training for girls of good character to ren .. 

der tbem self-supporting. 
Terms $100 a year. No vacations. 

DRY BATTERIES.-A PAPER BY L. K. 
Ufthlil. Ir enl illl! of open circuit batteries. hi storical dry 
hHtlt'rl"�, IIHIr1ern dry batteries, Hel1esen's batterY, 
Hrynll'l'I hnttp.rr. I\oller's battery. and the efficiency of 
dr,.- ("{'II!'!. \\ it h ;) Il\ustratlOns. Contained In SCIEN� 
TIt'I(' A)IF.III1·AN SUPPLEMENT, No. 10Ul. Price 10 
(>c·lIll'1. 'J'o lJe bad at thjs office and from all news­
dt.·nlt·r�. 

MODEL MAKER L���:n���'i��?[a�����
r

�g'��� �,,-ery •
. 

ll. SANGER. 36 Cortlandt St .• NEW YORK 

ICE .U.\I·llIN1'S. Corll •• Enlrlne •• nrf·WP1· •• 
nud nottI  f'l'!'ol' lUnchint·ry. THE VILTER 
l"'G. ('0 .• 800 Clinton Street, Milwaukee. Wis. 

$5000 We on'er casb for simple ideas. patented 
or not. Send 10 cents to cover postage 

anl1 expense, nnd we will send plan and particulars. 
II. H. "·It.�!liKLIN IUFG. CO .. SyraCU8e, N. Y. 

F. �. UO}:nRICII & CO., 100 Fulton St •• NewYork. 
)Jachinery Df'Mig-ning, M,.chanical and I'atent Oflle.· 
''''11,,'1111.[. D(>�igI18 of Manufacturin� Plants and Spe­
ciul )tJl<'illllf"n·. Detail and Working Draw.tng.s furnished. 
Jtnelltitlll:-' ,uid Mecbanical Problems worked out. 

1�����t«'O TYPE WHI:ELI. MOCEl! LE-XPERlMENTAL WDRK_IMALLMAOtIWlKY _�vt\.T,ta. (Te. nEW YO &TE"ClL WDRKS 100 ""'aaAU a'! N.l'. 
"ullc'r 1111111 :-,c·rc·PII,.1. Hi�holl ........................ !) .... I..i';t 
::�:!�!!I\I�?i·

I:.I(�!/,"!;h��.�·;.I:\�!�!���:k::::::::::::::::::::: ?;::;��i: W ILLSON CARBIDE WORKS ����m���; 
"l'lI wipc·r . •  1.:-0. BC· IIIZ ................................ r .. "iI:)!.�1 Hf 2(W) lhli'. '15 f. o. b. New York, including iron case 
PhutoJlruphh' Hpl'nrntll� . . 1. ()t'llIIi� ..... .... ...... .. {" .... IJ�(I l,n('kll�(,S. Patentees and manufacturers for export. 
Phutnlll"Ullhw l'lhuttt.·I� t i. ,,'. )UII!" . • • • . . • . . . . . . . . .  , !,,"'iI.2!t; " ('ffl('tl:?tl �lnich.·11 Lane, N ew York. 
l'it·k • .  1. ;\. :-Of'otl." , --_ .. _ . . , ................ , ...... !.sl t�) 

I
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I�i'" "1'(" (rHlllt'!". hllpll! 'II� fur IUUlIo.oillf,( llr tukillU" J. STEAM , ,�.:�n. �1. �:'. H".'·!'h:I�I.m ......................... �I.�a: ! (, and GAS ENGINE CASTINGS 
:.:��el:III' ;f�:���l�!�riil�·d�.�·t .. t�. ::t"" .. : ·;ii;.i-}:.:::::.':::.'.':: �:b;�; .. both Stationary and Marine. Uynamo 
""1111('1'. C'. \\'. '" U .. IIt·I· .................... , .......... a.�1 :"""'1 

. . 
and motor parts and complete Machines, 

I'htl form. �t'C' Un .... t·1 I'lntform. 
• , 

. Electrical Supplies, Telephones. 
"Iutthlll l'Itulli1l. lIuft·l'I. ill:o;trulIINlt fur •• Tulles & " IT Send stamp for catalog. 
Plu!�

c
:!:::r��;(:�I�ii:O(·iri·l;ill�:r:·I:::i.'Kii,�:::::::::::::: ��::Rf� MIANUS ELEC. CO., Mianus, Conn. 

I'low. IlUIla,:: . K II. "·ullc·llt'r ......................... r ...... l...tHl -'-
.. Hc·k .... l'ln1"(·ty. ]0;. II. UllrJ,:t·r ........................ 5."i1.fit.t� ACE N T S Polil'lh. Wllotl. c. ll nc·kip ........................ , ..... S,"II.:{l.1I-' 
I'Hl'Il. :-;'pc "\'Iu"� )IHI"t. 
1'0wl'r. cll',·ll'k .. 1 1f/1lI"lIIi •• i"n nf. It. :II: 1I1ml(>r .. fof<l.fN SALESMEN ON SIDE LINE 1:.I�,·pr trnl .. l'IlllItt!I�JlIII(·c·h.nlll.:-.III •• J. )'. Jo .rl7.�I1 ... : .. f�I.;-.j7 . WANTED FOR I rc l'Il'I fur ( ulloll "001. ('te .. . Ct. A J.u,Vf) ...... '\1,tit ... ;}. ... I.titll 10 ifleld Antomatic Drill Feed and Pre e .. rhlluq· hnttc·I"�·. U. U. )Iul1utt ................... , .. £l."iIA2Ii .·ur URe with Hand Braces. Displaces 1.t�ichets 1·J"!lIf�·I' :4 IHII!.C· In:O;lc·lIc·r .. IJ ... f. Jh·(·..;nll ................. ",1,2;1 E\'(�rr man workin1metal needs it 
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J:::::::::::::: �::�::�i; " .. I". �.U .'1·H, 130a Arcl. !St., Phna., Pa. 
"rilllilill wrnllltt·rl'l. }ol.tc'lwiI lIuwhilie fur • . K U. 

ti(·lkIH!)I ............................................ r""'I.2rtl 
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