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1 N ol,enill:'; his tiftil leeture rtt the Royal l!Jstitution 
011 tlle al)ove �llb.i"I·t !:Sir J, J. '1'ltolllsOll ;;aiLi that at the 

"lid (If t.iIC last lecture lH� had poilltell out that the 

I )(I)lpler )Irilll:i)lil' provided a lJIe/hod (If determining 

ti,,, lIature (If the system to whieh were due the varL 

.ltI� lilll's oJ.served ill the !:-'vectnllTl of a ;;a�. 'l'he 

id(';[ of tIlt' III(,(hod we (lw(�d t.o Stark. til applyillg it, 

:1 di�l'lliJr.�e tuhe was u:o;('(1 h a villg a perforated lIcga­

tin' el,,(:trude. 'I'll(' slTl'altl of positively el('drilied par­

ticle:; woidl )I"s�c(l with great velodty through thb 

eatllOt!" illto tIle gas lrellillr!, prodm'ed light, the �pec­

trulll of whkil was (�xalllilJed. i:>ome of the Jilles of 
t his spectrum w('re then fouml to he displaced from 

their 1I01'lllai positiollS, while other liues were unaf­

fected, 'I'll" charad,('r of the re�ults obtained was repre­

sellted ill Fi:.;, I, which r"pre�l'ut:ed the variations in 
illtellsity ob�erve([ in the imltl('(liate lleigh\)orhoocl of 

olle of ttw Ily,ll'Ogen lilies, 

With this gas there was eon,.;iderable luminosity 

in the !lol'",a l, 01' "rest," pOSition of the hydrogen line, 

Illld this wm; 1'l�1)]'l!s"lItl'd il l the diagram by the first 

p"ak, l;'ollowillg this there was a comparatively c1ark 

�pace, alld thell "aJtlI! a sec 'olHl peak, which represelltecl 

the di>:ipl;(('('d position of tlw lille. '1'hi,.; displacel tlent 

WitS prOdUl'('d, Oil til(' l.opplm prill('iple, by the motion 

of lIre I tUII [IIOIIS pal'tklcs IowaI'd tlll� observer, It 

wOlfld 1,(' se"11 that IIOt ollly was t'lw line llisplacec} , 

but it was also c'0IIsic11'l'ahly lIroadcllcd , owiug to the 
f:ll'/: tllat 1111' vclneitil's of the I muillons partielcs dif­
('''n'd alllollg thclw,;clves to a very great extent. The 

ligllt I'cpn's,,"tl'ci hy this :,;ccond peak mu"t have been 

..,;iVNI Ollt hy lIJovillg [Jarticlf�s, or it would not hnve 
bC'�1I ilisplal'l'ci. Hl'lIce one of the systems that came 

thl'ou,gh tll(' op('lIing in n,(' cathode was Ule source 

(If tiris displac:('d Ily(ll'o,gl'II linc. 'rll(' particles thus 

pa:-;:..;illg \V{lJ'{', 110\\'('\'<.'1', a Vl'ry lllixp(] lot. This \vas 

w('ll shoW II 1>,v1<'ig. �, Wlli('], ShOIl'I'(1 the paths traceLi 

Oil 1I phf>togl"lplril' platt' wll('11 honlhanJeIl hy )lositil'e 
]';I,\'S pl'odul'('ci ill ail' ily til(' 1IIl'llwc1 h(' hall often de­

� .. wril)('tl ill 111nt rOUlll. I�JCI<:h trn('(' wn:..; Blade hy a clif­
ft'rc'llt sySkl1l of partic·lps. allll it would I)" scell tlmt not 

ollly \VPI'P tllt-',"';<' �.vst(·lll:"; 1l11l1Il'I'fJll:":. hut PHch gave a 
tT:I('" or ('ollsicil'l'ahh' 1"II,,,tll. C( lIIsicll'I', for examplp, 

Ilrl.' lilll' COI'I'I'SI'UII(lillg to ('0. 1£ all the [lartides of 

this ,,,;IS l'Hss('d tlll'On"ll tIll' ('athocil' ,,'itlt the sallie vel­

ol'it,v, tlw 10ll,g lill!' shown wOllld llnl'(' h('('1] contracted 

up into H sing!(' h l'i,�'ht s]Jot. That the tracc was 

stl'('("',,'<1 out. ill tlll' fashion l'l�pJ'('"ellt(,c1, showed that 

dil'l'('I'('IIt' ]lal'l'i"!I'S of this gas 1];1(1 11iifprl'nt velod­

ties alld I"'lll'" 1'1,,' <lilT('n'IIt ciis[llac('JJlClJts frolll 

'Ill a,\is ell'all'II thl'ough tl,,' ('('IIt]'al spot, Th,� vel-

(wity of tl,,' P:ll'tit'!('S ('Ol'l'('spolldillg to <lily voillt of 

till.' 11"1('" c'ollhl h,' cil'll'l'llJill,'d I),\' lIIeasurillg the verti­

,'al ciispla('('II"'III, as till" W:lS liirl'r-tly pl'I'l'ortiollal to 

fll(' hl'ight aho\'(' U,,' irori;.;,,"tal axis of tlle ligure. 

Ul'tul'lring to 1'1", dis,'ussio[] of the iloppler effect the 
led lIrer oils('l'vt'd tha t since h('a I'y pa rtkl es like thol:ie 

of llJerclIr,v IllOl'l'd 11101'(' slowly tll<l1l lighter Olles, the 

dis[lla('ellH'IIt of tIle spl'ctral lille� wou1c] be less, so 

that frulII th(' allJOunt of this displaceIllent it was 
possi bl e to d etermine wh"Urer the particles concerned 

we're Ileal'Y or ligllt . Very cOllsidl'l'ahle care was, how­

ever, II,'c('ssary in ilJter]lrd.illg the spectroscopic oh�erva­

tiOllS, It would lw oilserved that the displaced hydro­

!;ell I i II,' ill Ii'i,,,, 1 shuwccl two pl'aks, one of whic:h was 
I.IIIll''' II('an:1' fhe "I'cst" positioll of t.he line thall the 

01 IH'r, A"'�lIa I lIll'aSllrl'IIl"IIt illclkated that the ratio 

or tI,,· l'plcl('iti('S ('orn'spo"din,g to f'lll'SI� two pl'al,s was 
not Vl'ry dillerellt frolll 1/ '2 : 1 . Now this ratio was 

tirat whit-I! the velocity of an atolU of hy rlrogen would 

tl(';]r to that of a lIloh'('ule. It Imc1 beel! contended ac­

e"rdill,gly that the light !'('pl'l's('ntefl hy the displace­

ment: in l"i,'" 1 was given out both by atoms and by 

molel'ules of hYllro,,,PlJ. 

He did not tllink thn t Ulis int('rprptatioll was a 
If',gitilllat(' 0111', If w(' stncli('rl th(' IlistrihutiOIl of the 

v('lociti('s ill lii;],gr;]lllS IIf the Idlld r('pr('s(,lIted in Fig. 

2, n p('cllli;]ril'y quit(' analo,l!;olls to tlll' dOllhle peaks In 

Fig, 1 could oftl'u he ol;s('I'I-p(J. 'l'lw hyclro,,,pn line, for 

e�flJllpl(', woul(1 at tirst Ill' fairly uuiform, hut 1ater 
\)(,C:-111](' bf';]11 I'rl at cerbJiIJ plares, aftpl' wlrieh the line 

becmlle lrJo['P uniforlll, Nnw the ('ellfe]'s of thc 
(\\'(, iI('n(ls \I'"rp pxact:I.1' at "oint,s COI'I'(,Sp,,"(lill,g to 

1'"I,wilks !Jm-in:.:: 11IP mlio of \f:! to l. �)1P('tI'O­

�t'flpi(' ()h�f-"f'\'ati()ns \V1�nl(1 �llo\v IJlftxilnn ('oJ'I'f'SlIOlHling 

to j IIf'S(' hl-" l'f'l(J('iti('�, a nrl we wOll1el !::('t exactly the 
�--�--��------,-���-

appearance of the diagram reproduced ill J<'ig. I, al­

though the bertds in question were Jlrodueell hy tlll' 

atom of hydrogell, and not by the llJOlecule. 'fhe ex­

planation of the peculiarity was that tlre particle re­

spon:-<ible for the lower velocity 1ml} acquired its speed 

while still part of a moleeule, but uroke up aftcr get­

ting through the cathode. It hall therefore. ollly tILe 

velocity corresponding to a moleeule. These considera­
tions showed how imllortant it was to check the :,;peetro­

scopic observations. 'rhis beaclecl appearance was often 

to be seen in positive-ray photograplJs, and whatever 

showed as beads on them would be represented as 
peaks in the spectrum, and might lead, as he hclieved 

it had done in the case cited, to an entire misinterpre­

tation of the resul ts. 

If the spectrum of hydrogen were observer1 as c1e-
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scribed, it wa� found that the series of lilies repre­

selJteLi by Balmer's formula were all dis(Jlaced, allLl by 

about the same amount. The second spectrum of hydr(>­

gen, to which Balmer's lines did !Jot belolJg, was also 
to he seen. Thi::; second spectrum was a very compll­

cfltl�d one, having an enormous number of tiue lines, 

partieularly in the red and the orallge, which had the 

peculia rity that none of them showed any displaee­
ment ill Stark's exp(eriments, but continued to OCCUIJY 

their normal positions. Only "seriec;" line" were, in 

fact, disjJlaced. 

An illtere�ting question thus arose as to the origin 

of the second speet.rum of hydrogen . Photograp11S such 

as t.hat rpproduced in Fig. 2 showed that Bot merely 

charged atoms, but charged molecules. CHlIle through 

the perforrttccl cathode. Thus, in the c'ase of hyflrogen, 

we had al'<Hn� of IIYflrogell, molecnles of hydrogen COll­

�isting of two atoms, a 1111 molt'<'ul('s of lly(]rog(,11 

eOllsisting of three atol li s. All thrc" w('re ill rapid 

motion, and allY light emUte(1 hy thcm wonltl 

show the Dovpler clIpct. It follow .. ,,, therefore that 
the secuml �pc('tnlJll of hydrog,,11 cOl1ld not he given 
out. by anything that emJle throllgh the hole i]J th(' 

c 'rttho(1e. It coul l] tl,US lIot he atJrihllt('d cith('r to tll!' 

positin'l.l'-('ha I'g('d atoms 01' hI ]lnsitil'ply-c'ha rg('1i mol('� 

enles, and must. hal'e rtS its 80111'('1' smll('1 irillg (hilt had 

not passed through the eathoLl(;. Possibly it a ruse froll! 

the vibrations of a molecule Olle of whose atoms was 

positively and the other negatively electrified . That 

this second spec·trulII was eertaillly ]Jot rll1C to tlH� po:,;i­
tive rays thellJ�e1 ves could h(' shown by callsill;; posi­
tive ray" of 011(' :.;as to hUlIJI';[rd the lIIoleeuks flf an­

other. 'l'hb llatl iJecn dOlle Ily l'"rforatillg UI(' ('athot!p 
hya vcry lille holl), 'Llld II"rldll"'; Uris holt, the ollly ",,�ans 

of eOUllJlullication between tire two sitlps of the cathode_ 

By means of a IllllUjI it was pnssiblt' to prevent allY 
avvredable illterurixtllre of the :.;asps on o[lpo::>ite sides 

of the eathode, 'rIll' pusitivp rays wel'e thelJ In'ol'ide(} 

clltirl'ly hy part.kl('s of tIll' Oil" ga�, :lIId sp('('rl'oscopil' 
oiJserl'atioll shUlI'(',1 f'ltn t nil t he Ii ""S corresp,,"d i ng to 

this, ,:;as were displ:",cd, whil" riwsp I.Il'I,,"gi",g to tile 

01 her ,gas a II ol'('upil'd I'hei I' IIOl'm;1 I po�il'i(lllS, a lid were 

not llisplaced. This WlJS, (If ('Ollrse, exaetly wllnt woulLl 

hUI'e beell expel·t('d, hilt. 11'. lVas al ways plcasi ll g to 
hav(� SUi'll alltieipaLiolls verilil'd hy 'I<'tilal c:\ppJ'irlll'uL 

It would be �ec" tlra!. while the spcd,r(ls('opt' sprver! 

as a very powerful illstrUJII('IIt of rl'sea I'dl, thcre was 

SOllie little (11t1ieulty ill drawillg really ddiuite l'Oll­
elusioll'" frotll tIl(' oh�el'vatiolls HI'Hle, ()IIe l,(,illt, ill faet , 
was �till ill a state of a('nt(' (·'HltrOI'I'rS.l"---l'i..:" wcre the 

lilll�'; of, sny, lJydro,"('" ,gil'l'II (luI' 1Iy th,' atolll while it 
was positively ell'l'i:rilil'd, (II' after it 1I:11i hc','oll'" lIeul.rnl 

by react.! 1Ii rillg a II{',�:I ti \"(' ella I'g{�. 'I'li i:--: q uest ion \vas 

still del)ah-d, alld it could IIOf: he saiel that. any kiwI 

o[ unanimity of \'i('W lind yet hl'('11 arrivl'd at. It 

would, IIOW('I'I'1', f'('l)uil'(' I'pry pOl\'l'rflll ('I'id('IIC'(' to lnakC' 

us Ill'liel'e Ulnt tlw lillc sP"Ct.l'lIll1 or ir.\'dro,�l'II was "IIrit.­

tl'd while UII' lJyliJ'()gell atom was still positi l'('ly ell"rged, 

silH'l' we 1l:IIi, ill tI,l' \'.eellJ '"1 plIed, """"l:'; of tilldillg 

Ollt ti le IIuture of tlw actual vil'l':Jtol' J'('StllII r::;lhle, 

wlldhl'], it werc all atolll (lj' all ('iL-cirou. TIll' )/;('I'lIIall 

l'fr,�('t showed ('oneillsi \'('1.1' that th,' line �pedrulil origi­

nated ill I'iilratin,l!; ell'('/:]'olls. 

Now data dr:IWII j'r()]11 IIHIII,I' illd('p"III1('IIt s(lurees 

,gal'" n'asoll fof' til(' hl'li('f Ihat ,I ""11 IT" I atom of 

hydro,gpu l'olltaill .. d ollly "II" ('I ('('ITOII , so tll:lt it. was 

lIot poss1111(' to I':lk(' ollt ""' 1'('. 'I'll(' jlo�iti\'('I,v-('ilarg('d 

atolll' of hydl'o,gl'II was a('('Ol'dill,,,ly 011(' 11'1Ji<'h hall lost 

it's ('I('droll, Hl'II"(' I'ery strc)II," ('I'iel('IICe woul d 1)(' re­

quire(1 to ('stal)lisil tir(' I'l,'w that it \"as " positi"cly­

C'lHu'g('d atolll of 1I,I'dl'og('" ",ili('iI \l'as the: sol i f'(" , of the 

I iJJ(, s[J('etnllll. 

TIle s[)eak('r's OWII "i"\I' W'I� that hot'll til(' eOlltelltl­

ing' schools 'V('1'(\ ill a �('IIS(" l'i,:..!;ht.. To g(lt, the line 

�pectl'JllII it. Il'as II('C"'S�;I I',v for th(' a tOlll to ila 1'(' lost 

its ('I('droll so as to h("'OJIIl' posil'i n'l.I' 1'il:lrgl'(1. hut it 

was 0111,1' ns all ('h'dl'oll ('aliI" ha('k tilat; i'lli' li,�ht was 

giH'II out ill till' t"'(II"'�S of til(' atolll h"('Olldll,g II('utra1 . 

This ullioll of tIll' )lositin'I,v-l'll:ll'gl'1i atOlJ] with all elel'­

troll was JIIad(', II III rl' pal'ti('lIlal'ly, dlll'ilJ,!!. til" illstallt 

of a collisioll with a ",oi,','ul,' of the ,g;lS Iilrollgh wJ,il'll 

tire atulIl was JJI()\'il',�, 1'l'of,'ssol' l->tl'lIU, 1'0[, ":\;lUlplt', 

ilad sUhj edcd till' gas lc(l]ullanl('d 11.1' UI(' t;(lsitive rays 
to a stro",g elcdl'i<' field, wlriell \I',mld ila \'(' tlle ,'IT('l't 

of' liriving out a"y fret' I'lectrolls, HI' f"IIIlIl, alld silll­

ilar expel'iml'nts lIIade 11.1' til(' s]l"akel' ,gal"� (lIe sallie re­

sults, tilal' t:ll(' IIl'i,,,iltness oj' th,' li,,('� ]lroelul'ed \I'as vpry 

litll<' dilllilllshl'd iJy the aetio" oj' 1:11(' Iil'ld. 

H,'fel'J'ill,:':: hal 'k to II'ig. I, it lI'olild III' �('('II t Ilat th('I',' 

\\'a� a JIIark(�d ,g;l]l hl'tw('('11 til(' IIol'lllal :llId iJll' dis­

placed )lo::;itioll of tllC ilydl'O,gl'lI lille, Appal'elltly lJotl!­

ill,g It's>; tlr all a (,(:I'laill displa('cII"'III was to h,� oh­

tailled. Agaill, as tire v,'hwity of tl,,' jI;II'Iic-I,'s was 
i ll(:I'('ased we :lPt,,'al'ed to apIII'''''''1r a S('('olld lillrit, ns 
it had IIot hel'II fO[fllt! possihil' to gl'l 11101'(' tllall a ,'('r­
taill ciispla('('jlJ(,IIt of lire lill(' "1'1'11 11'1"'11 tI", I 1 "'OI'I'ti('aI 

Vl'lotity of the rays was 1Il1ll'1r ,gl'(':II('1' Ilrall 111:11 1I1'('('S­
,,:I I'y to PI'Odlll'(' t hI' 111:1 X illl lllll displ;II'(''''''IIt ohs('I'\'('cl. 
Now it lVas \\'('11 kllO\l'II tll:lt to i((lriill' a ga� tlr" �)l,'('<1 
of til(' posi l in� I':lys lIlust C'x(','('d a t('rl':rlll lilllit. On 
til,' otl]('1' 1""lci, if t h,' s)l(,l'el 1I'(,l'e too ,"I'e<lt thl're was 

vel'y littl,' iOlri..:atiolJ. Till' adual IlIJllinosity woulel a,'­

I'onlill,gl,v '1)')1<':lr to 1)(, <IIII' /0 till' l'('tt,,'1J to lH'utrality 
of tlll' pnsiti\'1' 1';],1' ill tl,,' :11'1 of i,,"i/'ill,� the HlniP('ull' 

nf III(' ,g"s willt wlri('1t it' ,'ollid('(J. 

A "'till fllrth"I' adl';11)('(' ill I It .. ap)11 i,'atinll of t1l(' 

I )oJlPII'I' /ll'irl('ipl" fo Ihe stllliy of Ih(' ol'i,�ill of lUI1I­

jll",'<ity lwd I"'('IJ' 1IJade ]'("'('nti.v 1,.1' Fabry HIlC1 Perot, 

'1'llPi I' IIIl't llOd 11'!lS fOlllld(',l ()II (JII(' of Illo�l' icil'rt"', which. 

Jikf' thf' t'('h.-Ioll �I':lf·ill.�, 011(' \vonld ('ollsidf'l' illlpl'nc­

t'lenlcl(' nll t 'il it W:lS :Idllall.l' Inadf' In II'Ol'k, 'l'11('�e ('x­
i"'l'illll'III<-I':< 11:1<1 :I/I/llil'd (l(lp/lI('I"� prilwi)l!" fo Ihp 

sludy of IIH' 1IIIIIill"sil� or H ,,"S ".I' ,,1\�l'l'\'inl!; thl' 
"I'"nel(,lrill,� of t.hE' sped 1',,1 lill('� du(, to tll(, 1II0li01l of 

the gaseous particlcs. These WCl'C ill continual motioll" 
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i'iOllle mo ving toward all okwrver, and otlwrs away from 

h i m ,  T l w  rl'�1I 1 t  waN a b roadl'uillg of t l l e  �lle('tral  lille 

hy all amount depel!(li n g  Oil the spl'pd of tIl(' particle, 

and, a;,; Lonl H l l y l eigh hall nllsen'cd, tll(' aetual breadth 

, 'on'('s] ) ()lIded \'l'ry fai r l y  with the a verage v e l odty with 

which the lII o 1 ('('1llcs were lIloving t h rough the gas, H, 

t] len'[on" the origin of a sjlpetral l im, were a l i ght 

a t om ,  t hi,; woulrl h a v e  it \'e l'Y hi,gll vel ocity, a))(l the 

\\� idellillg be � �OlTP;';POlld ill g l y  great.  If a htJ3VY atolll 

\\'pn' res]!Ol I � j l >l (' .  the \\'i<]ell ing woul ll he lpss, Hpw'e 

}\ ('I'ti ratl' llH'a"lll'pn)('llts  of tlte w idelling woul <1 suffice 

to dpt('rm i ll e  the a I'era g(' n�l o!'i ty of the partic l e  re­
SjH) l l S i lJ l t' for t l u, PlllissiolJ ,  Theil from the l a w  that 

a l l  p a r t i (' l t,� i l l  a ga:--;eOll;-4 I n i x t n l'e h a l] t he �:llll e k i lletie 

(' n e rgy UIP llIa s s  oj' t 1 1 ( �  part it' l l' ( 'uli i d  be , Ipt erm i m'd,  

TlJ i"  b('a uti fil l eO I l<'p pt i ol l  \Va s tlw more i JII  p o [' t.a u t  be­

( ' ; I U�C' so 1I 1 :l l l ,l' l i l l l", s h owed a \' ( ' I oeity prf('I't. The on l y  

po i l l t. OP" I I  t o  >,usp i ( ' iol l  i ll O w  l'Xpe rillleut" ill ql\()s t i O I l  

\v a s  whpt h p r  n ( '! la rgc'd p n r t i<- I l' \l' ou l d  lia\'!' t i l(' vel oci t y  

n o nn a l l y <I ll(' t o  i t ,  T h i s  ( 'on l d  1)(' sptt l ed by a cOlllpari­

SOil with res n l ts ()lot a i n l' d hy Stark's JlI <�t l lOd in COJl(Ii ­

t i o n s  iu whidl  b o t h  llld l lOtlS wew applic a b l e ,  I f  t h l' 

reliabi l i t y  o f  t he lIPW p i a u  w a R  t h u s  eOllfi l'lIwd, ful! 

eOllti <l(,IJ(�P ('on l <l be p U ll'l'll ill tIl(' illterIlretatioll tlla t 

lVIl',.;sr;,;, I" abr,v ami Bu isson put on t h pi r result,.;, I f  

the IlldllO<i really d i d  g i n) t h e  Ydocity (If tile a tom 

IJp a r i n g  t lw v i iJrati n g  systc'm whiell was respol lsib l l' 

j'or t hl' s[)petr a l  l i m,s, t h c, met hod cou l d  be applied to 

llUl I I Y  (,li SPS whc]'(, S t.a rk's p l a n  ( 'uu l d  tlot he used, 

As I I(' had a l rea dy lIIl'llt i oIl C ( \ ,  HlP Zeelll a n  efrect 

sh owed UIP n n t u rl' oj' till' SOII ]'('(' froltl which light wa" 

p ltliU ed ,  w l wtllcr it were du(, to a l l  e l ectron or to a 

body of v('ry Ill lH'h grea t  .. r ltla�s,  I I I  tilis COlllll'(,li on , 
howl' l'pr, it " h o ll l ci be Hol('d t h a t  to prolllL('l' v i s i b l e  li ght 

till' d cc , t r o l l  11111"1. be Hss( w i atl'd w ilh all  atoll! ,  "ill (,p 

d i n' ( ' (. nld i a t i o ll  frulI1 a fn' .. eI(�dron had llever ypt 

IlI ' ( ,1I oll"l'l'I'eli i ll tlll' �Jlel' t.ro:,wop(', 'Vel'(' t his  pm;sible, 

t ] I ( '  cl i s l ll a " ( , II [ ( 'lIt w ou l d  he PIlOl'lU OU", owing to tIle 

i Jl l II J ( ' I ISl '  s[l(' ( ' ( 1  of t ll t' e l l-d rOll , The lIl'(,Ill:lIl effect h a d ,  

1 1 0 \\'( ' \'(' 1' ,  llO n'f('f'(' IW(, tu fn�e ekd rolls, h u t  unly t o  

( 'h 'd r O ll s  a ss()(' i at ecl w it h  a ll atom, 

1<'a l'l l d: IY,  ypars ago,  h a ll sought to discover some 
e tT(" ,t of lII a g tleti"lll on l ight.  III' (] i d  fi l ld t h a t  a Illag­

ll l'l i ! : ti c' l l! ('oll l d  bl' lll adl' t o  rotate the p l a lJ(� of pol arl­

z a t i u l l  of j lo l a r ii\( 'd l i g11 t ,  hut h e  had fa i l , '(] to o])scrn' 

a ny err"ct of I I I H .L: IlPiis lll Oll tlJ(' J i g l l t  .L: i n ' u  o u t  hy,  �m'y, a 

socl i ulIl tlalll(' ,  J)n'('ds of this  k i n <l h a d ,  I IOWl' l'e1', b ('pll 

d i s , ' o Y( ' I'Cll llY )',(,Pl!lal! on stml yillg the speetl'llm of 

v a r i olls suhst:l l1 ('('S as (' x( ' it ('(1 by a spark llaS�l' (1  he­

t\Yt'('l l  thl' pnlps of n Y('ry Ntrol l ;;  llUt.�ll (,t.. jl;l-'elli u n 
foulI'\ tha t in s t rong jiP l d s  t h e  l im's ol>sPI' H'Il \\'(,I'e I10t 

in tlle S :I IUC ,  \losi ti Oll as t l\(',\' w('l'e \\'11('11 tIJ(' lIl a glletie 

H e l d was al>"( ' l l t .  N i n g l l' l i m's \\'l'\,( '  IIr ok(,n lIjl, ill  till' 

01' i g i l l l l 1  eX l ll'I'illl'-'lIt� , i llto t h n'(' (,(Il11pOlH'nt",  More ex­

kl lsh'(, stwly Im(l, h ow!' \,!'!' ,  �11o\Vu that the type of 

n'�()l llt.i ( ) 1l (, ffedell va!'il'd ('oll"idl'1'alJl y ,  bl' ing i ll  ('1'1'­

t ai l l  , 'a�( ��  1'( ' 1',1' ('olllp l it -aied, 

This I H ) W l' r  of a Illagnd to resol ye 11 Npeelral J iUl' 

into ('Olll] lo lll'nts llpjll'w kd Up OIl t h e  mass of tlle \lar­

tie l () n,sj)ol l s i h l e  for tlw ('lll is"ioTl twi llg ('x('('('diI lgl �' 

slllal i .  III fad, i ll\,psti .L:ations lwu l l'  pri or to Ze('nUlll '� 

I'X P(' rilll('llt� gan' ('x l lr('ss i o ll s wlli('] 1  1 ('(1 t o the i dea that 

til(, l ight ('lll i t ll'<i i n  a magl lPtie tkl <l sl loultl not Ill' 
qll i t  I '  t h e  "auH' as ll o nwl l l y ; hut when t1H'N(, l'Xprl'N' 

s i ow' \I'I, I'\, (' x p n's,,('d 1 1 ll1rt l' rical l y, i t  H PIH'a1'ed tll a t ,  

a s s l l lll i n g  I he 1' llIitt illg pa rti ( 'I l' t o  haw' tile KllW l l l'st 

1lI : I >'S 1 I I ( 'n  knowu,  t i l e  ('ITp('t \\' o n l d  be SO Iu i n utp t h a l 

i t  w o u l d  hI' hOI'(' I ('"" t o l ook for i t. A t.  tllHt ti llH', i n  

flu ,t , t I I( ,n' was 11 0  k l l ow l !' , l gp a s  t o  tlu, ('x i ste lH'l' of 

] la l'l 1 < - l l's s l ll a l l p !, t h : 1 1l I l l(' nt olll , a u d  Z('('llI a ll 'S  S llf'e('NS 

\I'as du(' to t i l "  (a d t ll a t  S llCI1 pa1' Ul'les o r  corpuscle,; 

1 I ( ' I Ilal l y  I'x i skd,  

The l ('dll l'l'l' here NltOwed t l \ (' effect of a m a ,gnetie 
th, 1 I 1  011 ti l <' ( ' o r p ll�(' l l'S Hl O\'illg ill a d i seha 1',L:p-t n\)p,  

\\'i t h  I lO I II H ,g n l' t  I l ( ' a r ,  t ll, '  pari k l es, he o!lsl' l'\ 'ed , IllO\'('t! 

in a st ra i g l l t l i l l < ' ; w h i l e t lw l'f'j'( '( -t of I l r i l l gil l g  ll l':t]' 11] (' 

d h'; ( ' l l : l l'g(� H �1 I"Oll ,� Ill c l ,t!; l l ('t "T ( I �  to ( '11 l' i  1'01111 <1  t11(, 1 1' 

[ la t h s i l d o  , ' i re ' l ps or s p i r a l s  h a Yi n g t I l l' I i I H's of llI a g­

ndi< '  JOI'I'(' as a x p�,  'Vlll ' l l  t1 I <'S(�  partkiPs "IHI II r Olllul 

t i l (' l i l l t'S ( If I I l a .c:; n d k  fore" i n  tlJis \Ya �' ,  II p('('lll i a r i ty 

,, (, t I ] (' lIlotioll  \Y a "  tltn t tl j (' l i m p  l a k "ll  to ( '01)1 ]ll ('t l' 

(ln l' re vol ul i o n  waN a l ways , 'onsl a l l t .  It , l i d  1I0t lllHttpr 
how hig t ll (' s ]li m l  m i ght I I(' I l o r  h ow sl ll a l i. 1£ dON(, 

i ll t o tl l (, a x i s  I h,' jla r t k l ('s lll l ) \' ( 'd ) lI o n' " l ow l y ,  \v h il l' 

i f  fa r t h e r  oll t. t i l ( '  sp( '('d i l l e n'asP(l. w i t h  tll( '  n'slllt t h a t  

t 1 1 <� t i llW fO!' a ( ' o m p h-tl' rot a ti o n  was ('olls t a l l t .  I II  

s l l "rt,  t 1 w  11 111 111 ) (' 1' o f  rot at io l l s l Il a d l' 1 )('1' s('('nIH] w a s  

proporti onal t o  t h e  

thp l llaglletie fo rct', 

lIe 
( 'XPrl ,SSiOIl -- , wl)( , ['(' l! d (' Ilokd 

In 
(' t l lP ehar,C:;l' of pl edridt �' lJol'll<' 

IIY tlle part.h- l t', and 111 i t s  m a ss ,  so tha t i n  a U lliforlll 

fieW till' tilll P 1l ( 'pl'I H l pd �() \ (, I y  Oil  t!I('SC'  tl m'(' (ju a n t i tips,  

:-i 1 l ]JPOSl', I I O\\', that" i ll s i d ( ,  tIl(' n t oill j'('prl's( ' l ltt'd hy OlP 
( ' in' l l' in Fi .L:, :: t l l ( ' I ' < '  Iva .- a I l I a g 1 l d i<' Ii( 'ld ti ll' d i l 'l'di on 

{l1' w h i l ' l I  \\" : \ s n'pI ' ( " ' ( ' l l l l '<l I I ," ( 1 ) (' Y' 'I ' l i e n l J i l l (' "l ! O\\, Il ,  

,\ 11 ('1 ( ,(,tI'01 l r:t l l i l l .C:; i l l t o  I l l ('  : 1 1 0 1 l )  \vo n l l l  <I ( 'sC I ' i l ,(, :1 

�pi t'; J 1 :1 J ' f ) l l I H J t l l i :-; ; I X h-:  (If 1 1 1agl l (lt i i '  fol'( " ( ' .  and tllroug i l -

ont it" motion the r a t e  a t  wbit'li i t  1'(' volved w ould hI' 

, He I' propo�'tlOnal to --- , It would th preforn ]'[u J ato o u t  
'In 

a �[lectra l l i l l l)  hav ing t i le COlTPspomJillg fn' l]IH'llcy, 
T,he lll : l gnptie forc!' l'l,p1'f'Sp ll(p(] ill Fig, :J wa� as­

s nnH'fl t o  he tJm t i lltril l�k t o  tIlt' at om ; hut suppose> 

a ll  a d ( li t i on a l lip i d  11",  clue t o  a ll out" ide sourcl', WPI'l, 

establ ished, and l ot t11 i " Jip l d  he paral l el to tllP atomie 

Ji dd, ThOll, i f  tile two lields \\,(' 1'(' in UIl' "mne d i ]'Pc-

He 
tio n ,  the ]mrtiele would make, no t turns in u ni t  

rn 
H + H , 

t i nw ,  bu t c t, urns,  011 t]H' o Ow]' h and , if the 

two li e l d ,.;  were in opposite !I i  reeti o ll s ,  tht' 1Il1l l lher of 

1/ - 11" 
turns m a d n  w o u l d  be e, and t ho fn'qnoney 

rn 
of t lw I i g h t  ('m i t  ( '(] \\"ou l d  he I I'S" t h a  1I i f  t 1 ](' (' X krna 1 

licit! wc r(' ( ':tI ICt' ! < ' d ,  ( ) I I  t lw ulll Pl' h a n d ,  if till' a j l-

j ! : l !  q '9�: " ! M!J ,'/h'J8,1I r 
h ' : ' , ' I i Mf}:J83:t.1/-
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Vlied li el d wen' ] lprVl'nd i ('ul a r  to the intrinsic tie](l , the 

tll l'II S made ]),V tIl(' rotnti l l g  (' I ('l'1roll WOUI II Ile unaffeded , 
IIpl l ('e, i ll a m a gl l l'tie tip l d  O I l' fl'p(jlH'lle,\' of sOllie of 

the (,1 ( '1'1 rOll s would Ill' i lH'l'( 'ascd,  the lIloti oll of others 

wou l e! he l' (' t n rdl'd ,  \\' lI i l p  for a t h i r d  set i t  wou l d  he 

1l I I a ffl'l'1 ('d ,  1I('!I('(' I ),Y supp r i lIl p os illg n li pi d o n  that 

(] up to tl 1<' atum itsl' l f  Wl' Nholll d  altpr t hl' time of \'lhra­

t i oll of t I l l' l i gllt  gi n'lI out. a l l d i n s l c:u] of the normal 

"ingll' l i l l l' \\'(' " lIou l , 1  g d  thre(' l i n (,s, o n e  i ll the o r i gi n a l  

l lo" i ti ol l  n l i d  t il(' utl l(' !'s d i"pl u(,('tJ frolll t his by all alllOllllt 

If "  
prup ort,jonal tu ± --, 

rn 
I II ti l(, for ('goi ll g I l l' h a d  u�pd the idpa of a m a glll'tie 

lI x i s  i l l t.ri ll� i ( '  to till' lI t olll fur , jpsC' r i p tivl' \lU rpORp�, \Jut  

1](, did l Iot  \ lrOIH)�p t o  l 'r ('ss t he i d e a  a t  this  timf', 

A "  II(' had a l l'l ' :u l y  stat(',I , fUl't1H'1' l'pspareh Oil the 

Z('PlIla ll  effc'ct sllo\\' pd tllp rl'solutioll of Nlleetra l  l ilJ ('� 

i ll t o  a gn'at ll umlH'1' of d iffp l'('n t  tY! lPS , A numher of 

t hp"c w pre l'I'l ll'('S('lIlpd i ll Fi gs , 4 a ll( 1  G,  I II th(' simpl l' 

tn '" SIl OW l l a t  the top or Fig,  4 OIlC' l i l lP wa" 1'esol vpd 

i n t o  (11)'('p ('Om poll( ,ll t s ,  T l J i �  \V n s  t h e  ( 'ase with helium 
a lld with SOllIe of tIll' h,l',l r og(' 1 1  l i ll('S ,  all(l was ('�l'ecial ­

l ,v  , 'Omlll()ll w i t h  tI l(' Jightc' r  p l ('llIPl lts  up to l ithi um , 'Vith 

:-:fHlilllll , as t lll� d i a gT : l Ul:-; slHHV(' ( 1 ,  01(11'(1 \va s  gl'entf'l' ('0111-
ph'xit�',  o l l e  of the I i l l P" lwi l l ,L: spl it: into lin', and the 
otl1('1' i lltO fou l' eOlll ponpnts,  III t h e  f'a�(' of the llH'1'­

enry �ppdnlln it wou l d  1)(' S(,(,1l t l m t  sOlli e  l ines (U dde(l 

i n t o  t!Jl'(�('. others i n t o  "ix,  n I ! ( l  a tlliI'lI sPl' i l l  to n i ll l' 

('ompoll PrJt s,  'I'll(' I1otewol'tllY poi nt waN tlln t n 11 tll(' 

1 i 1)(,:-: h(' i o l l ging to the l-i:ltllP I-'('ri<'s u l l ( iPl',v('nt the �anl P  

tYlll' of resol utioll, In f l I P  e a s e  o f  lIeOll , tIw r('�ol utioll 
w a s ,  it \\'0111 <1 I ll' ",'pn , of a n  ('x t rll ol'd i ll :l l'iI �' f'ompl px 

t yp\" O n  111(' oth p!, h n n d ,  i n  tlH' (':1 ,:1' nf i ron ( F i g, f» ) ,  

O I l ( '  l i ll P  "'H �  l l ot llrokl'l I  n p  a t  a l l .  \I' \ i i l , '  otlw!';; WPI'(' 
n'sol \'(�d illtu as lllUlIY UK 1i n, (;OllljH)lJellts, 'rile re"olu-

t i on of a linl' "huwp(/ tha t i t  caIlle from all electroll ,  

a mi n o t  from a l l  a t om, wiJich w a c;  mud] t o o  hl'avy, 

Band spedra (lid not show the Z(,pmau efreet,  whkh was 
to he obtained with l i n e  �jledra onl y, I t  had hl'Pll 

found that some linps i ll tbe ;;(,(,OIICl sllPl'trulll of hydro­

gl'Il w('rp a1'fp('(p<1, but t IJ e  va>'t m a j ority of the lim's 
in this c,pI'taiJ! ly (lid lIot show the (lIIed, 

I f  OIlP took the dew that thne W('I'(' ma gnetie forc('s 

in�i<ll' the Htolll ,  the "aridy of typc�s of reso l u tion ob­

tailled ('oul d  lIP expl ained Ol l the hypot hl's i s  t h a t  thert' 

wel'(' axes of m u gn pth' for"e in a n  a t  o m ,  s O IllPwhat sim i ­

l a r  t o  the aXt'" of a l'l'ysta l .  Suppose t ll!'s\' a x ('s of 

magllPtk fon'(� \\'el'<' !,ppn's!' l Ited \ 1 ,1' () 1 ,  I) II, () ( ', 
I<' ig ,  n, a ll d  ] P t  t h e  appl it 'd fi ( ' l d 1 )('  pa ra l l , , 1  1 0  () , I.  Till' 
, 'olll pUl l cn t of til(' c x 1 p r lJ a i  l i p i d  a l on g  () U wou l d  1 11 (' n  
I " ,  II "  "o� I),  w l wI'" (j d p l lOt cd t il l' a l l g l , '  I ll'l\\'( ' c ' lJ () , 1  
n w l  () C', � ()  t i m !  ", h il (' illl' a p p l h'd J j " l d  w ou l d  a,, '(' l c 'l' " 

at( '  or r"Uud l' il'drOllS spillll i n g  a l)() u t. til" a x c's () " 1 hy 
/I"c 

tlil: eorrospond i llg [lec L'lcrati o li 0 1'  !'('tardatio ll fo t' 
rn 

II" eos Oe 
() C would he ----" , This showed wby tIl l' d i s-

m 

pla('pJ[J e n t  for a l l  t h e  I i n !'s was ll ot of ()(]n:1 1 m ag n i tude, 

",hidl was a (Uflieuity i ll SOllle t h e oriPs w l!id1 had IlPell 

put forw a r d  to e x p l a i n  t h e  Zeem a n  l' ffl'et, as th('�' gave 

If.,e 
the ehange of rt'(�qner�cy in all mrS( 'N  silll p ly as 

'fo i1 l u;,;trate till' )',!)em an w ITl' ( ' !'  tile I (' d u r e r  pass('d 

pol a r ized light th rough a s a l t e , l  Jla Ilw ]l l a('('<I ilet\Vc'PlI 

the voles of all (�]Pdro-lllag nP( , UW IWt' through a nit-ol  

vrism, anll O il to a S( ' rC('ll,  By rota t in g  the n i<:ol t h l' 

l ight on tlIe sCl'peIl \V a "  ex t in g ui s l u'd , hut. 011 then p x ­

citing t h e  m a gn et the s p o t  of l i ght rea ppea red,  i n d i ,  

eating that the ma,((lId i< '  force had a l tered ti l (' f!'e­

l]lIl' I!('y of the sodi ulll light.  

I1e also ('x IJ i h it ('<1 a m odPl w llkh,  frollJ  the lII a tlw­

Inatic'a l poin t  uf Vi('IV, ('o r n�sjlolld"d , he "a i d , very 

c l ose l y to t lte motion of a l l  ('I ('e lrol l  i ll a Ill:1 g lH ' j i , '  liPi d ,  

I n  trave r"i1 I g' a lIla,c:; n l't i(' li e l d  such n pnrt i t- I e  W:I" 
slIhj P('j. 1 0  a for,,!) a t  r ight a llgl es hoth t o  th" tip l d  

and t o  t hl' ( l ir('('(i olt o f'  it� m otion ,  'l' lw lJIodpl (,Ol l ,  

s istc'd of a , 'o l l kal  [ H � n d u l nlll , the h oh of \\' I l i el l  was a 

gyro�('up", W i t h t il ( '  gyroseope lI ot sp i n n i n g , th(' p('I' i ­

o d i dty o f  t i ll'  p e l l d u l ulIl l I a d  a "l'rt a i ll \'a l ill ' ,  whi dI 

was,  it w a "  ShOWI I ,  t I l (' sa llle in \yhkhp \'('l' d i l"eet ioll 

till' pelld u l lllll 1Il 0V()( 1 .  \Vhell ,  lj()\\'l�\,(�l' ,  t h e gy ros( 'op(' 
wa" Sl nlll, t ll e  ru(' of rota tiou o f  til(' ('ollieal pl' n d u l ulll 

was greakr than the llol'ln:!1 if it 1lI0H'(\ in 01 1 1' ( l i rl'(,­

tio l l ,  and I ('s� than the normal if t lw d i r('(' tion W('I'(� 
l'(�v( · I'�('d . �rlH\  fol'('(':-; aeting on the spill l l i l l g'  gY r'ns('op,-, 

w h i l c' t ill' I H' w l ll l lllll rotated were, t h e  I (�d.ll r e r  f'a id ,  

of t h" sal lJ(� c1w l'[J('t ( 'r  a� t h o s e  t o  w h k l l  a l l  (' I "droll 
was suhj(,( 'ted ill  t ra Y l' r s i n g  a ma gnelic fi e l d ,  

\Vit h i n  t h e  l a s t  t w o  ,Vpars S tark b a (1 d isl'o\'(,1'(',1 llll ­

otlwr ('l],(, ( 't  pro(lt!('('d ,,'hen the :spel'tnri l im's weI'(' 

(' l l I i t t c�d i l l  all e lel't rie liPid, I t  wm; d illi('ult to esta h l ish 
a N1rong l' l ectrie lie l (! in IlloSt of such di"dla rgc'-hrl)Ps 

as were usc(l  for Nlleetl'C)s( 'ollil' wOl'k, S t a l'k 11 1 1 (\ ,  how­

(' I'pr ,  "U"('(,(,(]l'd hy v1aeing c l ose bell in!l the eathode n 
l ll'rforated p I a  tc', Ute intersp<l(,(, between the t w o  heing 

sllla l l  ('OHlllarp(] with the " d a r k "  space of the tube, 

C OlIIIPct i n g  up t lI P  cathode and the p l a te,  with tllp 

opposite p o l l'S of a Imt t.('ry, a \'I , I''y i n l ( 'n�(' ti p l d  was 

pr oduced bpl\n'('n t h e  l \\'o,  whil'h i t  \\'11 " fOllnd pos­

s il l l e to ('a IT,\' to tllOu�alH]:-; of Ico l t "  PI'!' (,pl l tin l Pte r witl l ­
ou t  ('n usiJlg' a d i s('hn rge. 

I n  t hl'sl' " OI l ( l i UolIs S t a rk l Iot l'<i that , '(' rta i n of the 

hyd l'ogl'n :l I H l  Iw l i ulJl l iw's w\' re u lf('('(',l ,  \)(' i n g  spl i t  up 

i ll a fash i o n  SOlI l l ' \\'It: l t a na l ogo lL" to, b ILl hy no ltlpH n S  
idl'ntieli l  wi Lh, t hn t oh�( ' r \'('1 1 i ll ttl(' , 'ase o f  t i ll' Zee, 
man erred , ]!'Ol' l'xaIllp l (' ,  a \ i l l (, was d il ' i (kd i n t o  a 

t r ip l C't., as illdka tt�d in F i g, .. ; hut l I ut 0 11 ('  of (l ip  (lin'" 

C 'OIll pOl )('n ts wa� !Jui t l' in the sa lll(> pos i t ioll a� t h e  
ori g i n a l l i l l l' ,  T h (' C 'OIIl P O U ('lIls \\'(' n ' ,  lllon'OH' r ,  p ol a r­
i)';e(1 i n  �onH' ( 'a sps i l l  a p l a lle at r kh t a l l g l e s  t o  t hl' 

t'l edri( '  fore'p,  a n d  i n  ot hpr� i ll a pl a ne pa ra l le l  to t l d s  

f()l'( �e. 'rhi_} ( ,ff(l ( · t  'YH S ,  ho\Y () \,f'l', by l l o  llH'(l I l S ,'''';0 eOIT1 -

m Oil as tlle Zpf'llla n  ('jfpd, a n Ll  w a s  of a I,('I'Y i n'('gu l n  I' 

cha1'a(' l e r ,  Soull'tiIll('s tll(' whol " of the ('Olll poIlpnts 

llrod m'p<l l a y  to t Ill' Ol](' s i d !'  of til(' ori g i n a l  li n e ,  and 

in m a n y  m o rt' ('uses tIll' erred. w:]s a l togl' t h p r  absl'nt,  
In the s[Jpn k l'r 's  opin i on ,  t h e  phf'nOlll('nOlI had more to 

d o  with t il l' n atu re of tlle a tolll ('OU('pl' I l ('II than w i t h  
tll(' elin m e t P r  of t ill' v i l H 'll tors rpspoll"ibl e  for nIP ('ll1i�­

sion of tllp l ight, 

( To lie concl uded , )  

Regenerating Hydroquinoue Developer 
'l'lIlc " ho i. ,l O llI', " t a t C',� t h a t  O l e  q n i lL , , 1  of n �,JlPl l t  dp­

n'lo] ! ( ,r llI a y  J)() n'('()\'('r('d I )y l'p( l\ w i l l ,C:; w i t l! s n l phur 

<J i nx i " (, alld thell  disti l l ill g  \("i lh  ska lll to "" pn rn t (' t h p  

i l l l J l n r i t i p" ,  .\ d " \'l'l o p i l l .(( : l ,L:c ' l d I l l : ! ,\'  hI' oht n i ll ('d ill t 11('  
":1 1 11 (' \\'n ,\' frolll all." � ] lP l l t  d " I'l'l o ] l p r  i ll \l'1i i ..]  I ; 1  pa ra ­

snl )N1 i t ll t ('d I I c ' 1 I /:" I I P  c l (, I ' i n l l h-, ' l I a ,' I H '( ' 1I 1 1�P( 1 ,  i l ll t  i n  
1II0�t ca�('� it w i l l 1 I 0t il" t i l "  o r i ,c:; i l \ : l1 d l ' q ' l o j l( ' I ' 
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PA � E:.VA 

(\,urt.psy of The 1 1 lllstmt.efl \V:l.]" N"w:-;, 

s 

Airships : 

Z F. P P E L I  

and 

. , -

Non - R,igi d * 

SOHle of the Internal Details of Vessels Now in Use 

THF; general principles OIl whieh an ain;hip is  eon­
strullted are too WEll1 known to need any detailed descrip­
tio n ,  but there are some internal details which are of out­
standing interost . 

Airships may be divided into three types : rigi d ,  semi­

rigid,  and non-rigid.  In the first of  these , of w h ich the 

German ZepPEllin (Figs . 1 and 2) is  tho bost known 

oxample, tho gas bags are enelosod in a rigid lattice 

framework of metal , having an outer co vering of fabric 

di stinct from that of which the gas bags are eomposed 

(Fig. 2 ) .  'rho modern Zeppelin is 8upporttlCI by abou t  

eighteen separate gas bags , each of whieh contains within 

itself a small air-ballonot, in whieh the air pnlssure is 

maintainml at a givon point b y  means of  an automatie 

air-pump and relief-valve.  If ,  therefore, tho temperature 

of the hydrogen in the gas bags becomes high enough t,o 

expand the gas , the pressure set up by it on the out"ide of 

the ballonet (not seen in the diagrams) forces the air out 

of the ballonet through the relief-valve , and the eorroet 

pressure is in that way adjusted without loss of  h ydrognn.  

The converse happens in llase the temperature of the 
hydrogen falls ,  and its bulk for  that  reason beoomes less.  

'1'he air-pump then forees the air into the ballone t .  Hn d 
expands it until the hydrogen round it is brought to the 
eorred pressure . Whon it be(Jomes necessary to redlwe 
the buoyaney of the machine , hydrogen call be pumped 
from the gas bags and stored in a com pressing cylin dor, 
this hydrogen being available for use later, whon desi red 
to again increase the buoyancy. By the simultanoous 
manipu lation of horizontal rudders and " trimm ing" de­
vieEls and the diseharge of  ballast ,  a Zeppelin (Jan shoot 
up to a h igher lovel at the rate o f  2,000 foet per minute,  

the ves�ol' s  engines in this case assisting the lift,ing power 
of the gas . '1'his speed of ascont makes it  very difli e lllt 
for an aeroplane to attaek ono of the machines success­
fully from below, as it  eanno t e1imb at anything liko the 
same spood ; but this maneu vcr on the part of  tho Zeppelin 
canno t he repeated indefinitoly, owing to Iaok of spare 

ballast .  
The Lebaudy airship employed b y  tho French i s  an 

e xample of the semi-rigid type (Fig. 3 ) .  In this design 

a substantial keel extonds almost to the full length of the 
vessel ; and to this keel is attaohed the maehirlPry , to­
gother with the a�eommodation arrangeulPnt fur the crew. 
The keel is securely fixed to the gas bag abo ve it , to wh ich 
it giVE'S very considerable support.  In the German 80r­
vine the Gross airship is another of this type.  'rhe on­
velope of a non-rigid airship keop s its shape only by the 
pressure of its gas , the ear carrying the machinery , ote . ,  
being suspended below (Fig . 4) . Tho German Parseval, 
l'-'rench Clement-Bayard,  an d the Astra Torres are all 

examples of this typn.  

'rhe Parseval gas bag: is provided with an air-ballonet 

in its forward end and another aft (diagram right, hand 
Vig. 4, B B) , the amoun t of air in caeh of theso ballonets 
being eontrollod by a pnmp in the ear. Whon i t  is do­

sired to alter tho trim of tho vessel , air is transferred from 

Fig. 5.-Section of the gas-bag o f  the Astra Torres 

( non-rigid type) . 

the eontainor in t h e  forward end to the o ther one, with 

the result that the after-end of the ship beeomes the 
lLUavier (as i n  figure ) .  A eorrl attaohed t o  t h e  exterior 
of the bal10nets passes thro ugh the hydrogen to a valve 

Fig. 6.-Section of the Astra Torres to show the 

arrangement fo the cables inside the vessel. 

in the (lxterior o f  the gas Img . If the hydrogen expands 
to sueh an extent that the oombined capacity of these 
vessels is insu ffioiont to relieve the exeessive pressuro , 
their collapse causes a strain on the eord whieh opens 
the reliof-valvo in the gas bag and ,�Ilow� some of  tho 

h ydrogon to es(,apo.  Th is devim' ,  however, only comos 
into operation in very extremc eases .  

The Astn1 Torres gas  ha,g is  of  ,1 pee uliar s()ction,  as  
shown in F i g .  5.  1'ern](,<1h l o  ean vas parti tions (A A )  aro 
strcteh ed amoss th e in Lorior of tho bag whieh form in 
seet,ion an in vcrted triangle. 'r he apex of the triangle 
(whieh in this e}LSO is at  the botto m )  supports the cable 
mtrrying Ow oars oon taining tho rnaeh inory, o1, e . ,  and the 
si jos of  th e triangh' nrc th erefore s f  rongthoncd b y  plan es 

of nable (l<'ig.  ti ) .  The Astra Torres has pro ved to be 
very fast  and elIieiont ,  its q ualifieat.iolls in this direction 
boing to some ext,(mt aecountcd for by the fad that (,110 
air-rosistaneo on t h e  cabh,s is rOlhwed to a minimu m .  
O n ly two lines of ro pes eL!'(l flxposcd,  as com pared with 
the eohwoh o f  ropes w h ieh is to Ill' found in all o ther types 
of no n-rigid rnaehines.  

Earth(Juakes in California 
I" a papor i l l  thp Nulldin of tho Seismogra phieal 

SO('iety of Anu,riea A n d rew H. 1'a l l1 l p r .  of tll(' U.  S. 

\Veatlwl' Bu rea u , statl 's  t h a t  "during ti l l' p a s t  year 
Ca l ifornia a l o n e  , 'x]Jl,ri ()J l( 'cd n lO t'(' (': \  rt ll« ua kl''' t h a n  
a l l  the r e s t  o f  t h e  U n ited States. T h ough it " ontains 
hut ;-; IHOI' ('(lut of the u n'a of the whol e ('oun try,  i t  had 
m or e  l,a rt.hqual{()s t lwn tlw rem a i ll i n g  U5 vel' cen t of 

the area. Up to Novelll b e r  h;t Cn l i forll i a  had 75 ;';('P­
arate awl disti nd shod{s, whi l e  \Jut (is shocks Wl'I'(' 
reported frolll the r e s t  of the I :n itl ' ( j  Stattc"';. A !'f,gi on 
of high seislll i l'ity derive,.; i t s  i ns t a b il i t y  from a llumlwr 
of eaUst,;.;, among w l J ic h  thp fol l owi n g  a re the most 
i m jJortant : ( a )  L<'o l ds in the l ':t rt ll 's  crust, pither 
emergp(/ or snlHllergf'd : ( I) )  Ill:! rkl' t l  va riations of to]1o­

grn p h i l '  r e l i t 'f : « ' )  grea t l'1l ngl's l H'tw(,l'n O('(,lUI h ottOlllS 
and adjaccnt lllOUtltn i l l  t O jl s .  as fOllnd where h i g h  
mounta ins a I'(' ( ' Ios(' to a l ' o a s t  wh el'(' the occa n hottom 
s l o]les p reeil'i t ous l y  to p·p a t  d p l ' t l1,, ; a n d  ( d )  regions 
where s('( 'nl a r  l ' l evutiol l o r  tlejJl'('ssioll  hi s t i l l  i ll progress. 
A l l  of tIlese fl'a t.lu·cs a rc P f'l'Sl'll t in C a lifor'n i a ,  a n d  
col l eel i v e l y (' x ]ll a i n  its r e l n t i v e l y  h i g h  seismicity.  \Vhil e 
ti le sdslIl icit.y of the S ta te i s  l ll' k n o w l e<l gf'd to he h i gh­
the higlH'st in thp  I l n it l'd Sta t es--t l l( '  a et u a l  d an ,gpr to 
oue l i v i n g  in any pa rticul a r  l oca l i t y  i�  small indeed. 
Thougli w r i tten t h i rty·five yea r N  a go. the fol l owing 
won\s of Gen('ra l Hardenhu r,g lI re stil l t rue : 'Reason· 
ing from the foregoing hist.orica l f:lets ,  I am fi r m l y  
o f  t h e  opi n i o n  t h H t  t lw l'll rtlHlllakC'N of Ca l i forn i a  fi re 
not so Ill IH'h to be d n'ad l'd a s  is  geJwra l l y  supposed ; 
i ll fact , that Uw.y a re fa r l ess d il llge rOuN to l i fe and 
p ro[lprt.v than a re the hurrica nes of the Sonth. or the 
snmnlE'r tornadoes of the �()rth.'  It wou l d appear that 
the relat i H'l y  h i gh seismic-Hy o f  l h e  San Fra nci sco H a y  
i �  t h e  d i J'l'd resu l t  o f  its l ot'a t i on 011 two d ifferent 
stresN p l anes which ('rUNR npa r J ,Y  at right angle;,;. "  
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New Enlarging and Proj ection Apparatus 
11\ ordpr to he i n d !'(lf' D (]rnt 01" d a y l i gh t , tll P "da ylight 

enla rgin g  a p p n rn t m � "  f(lI' n pgn ti vl'N haN bl'l'n l'p]l l a (,1'1i by 

oIle i n  whi( ,1t ll l'ti l ie i a l  light i N  lIspli . Hut by its Ilse 

tit!' a d l'antagps of ,I i ffnsp l i g h t  lnl' l ost, and the h OUlO­

eputrk l i gh t  SOlll'('PS ( I :nn ps ) of th" 1'ol'ms 01' appa rntns 

usna l l y  usel! , i ll w l l i e ll  t h "  l i ,ght ( 'omps froUl II point,  

a re liabl e to (':1l1SI' t ill' f'n l a rgpIllPnt to tlf' " h u rdpr" nlHn 

the origi n a l  lIpgati vp. 'l'h e  P li l a rgPlll l'll 1. oJ e()]lI p n l'a­

til'ely dense lIPga t.iI'ps i n  t l l i "  ma llll l' l' i " a l most i m pos­

sib l e, 'rhp p rol.l plII h a s  hpPli sol vpd i l l  : 1 1 1  i t! p a l ,  silll p l ,' 

way by a 1I1'W n pJla m tus 1'rolll  �('\lltl i d t  ll n (] ll a Pllts( 'h 

and till' whole apparatus m a y  he 1tI0vpd a bout on tlw 

track L. 'rh e  sPli s i ti llPd papPI' 0)) which the ell l a rgp­

nlPllt is to a ppell l' is t1lpn pl a el'(! ppl'ppn (]ipul a r  to the 

I l i rpe/ion of the s l hl p  '". li'ig, � show" the RlJ llW Pl'i11-

dpl e a pvl ie(] to ]l l'oj ('ct i ol l  a ppa ratus for OP1HlllP obj ects, 

sudl as d ra willgs, p r i llt" ,  a l l d  VietUl'PS from prin tt'd 

muttp],. '['lie apparatus Hla y  lip pl a ( ,pd w i t h  thl' open i n g  

in i t "  basI' dirpd l y  OYI'I' tIl P i m age w h ich i s  t o  he PI'O­

jpetp(l . TlIe i :l1IlPS, wliich a rp i n  11 cOJI (\ (,ll srd 1'01'111 so 

tlla t /llPY llo n ot inte rfpre w� th tlip Jil' ill of thp l ight, 

illum i natp the i Jl llel' white sU l'fal'l' of t 1w spll!'l 'P, 'rile 

l ight J u l l i ng d i rp('t1 y Oil t ll p  i lllu g(' b I l i P I Hlf'd by sma l l  

Fig. l .-AJlparatus for photographic enlarging by 

diffused artificial light. 

Fig. 2.-AI1[laratus for enlarging or 

projecting 0l)aqut· subj ects. 

of Bprl i n ,  which m a ];ps usI' of a rtili( ' i a l  d i ffuse ligl lt ,  

A holl ow spll l'l'(, pa intpd w h i t p  insidp u n d  ill ulli i n atp(j 

within by powpl'fn l Ul pta l fi l mliPut l u m ps is  nsp" :I f< a 

:,;onl'c(' of l igh t.. A rpda l l gu l :l l' OI "' l I i l l ,C( in thp spllpre 

a l l ows thp w hitl' dUTusp light to pseu pe a ftI' I' it has 

bl'Pll rdled('d f rolll tI l l'  whitp lII a tt p  OJ' dull li nish w a l l s  

o f  tllp int pri or, a n d  i t  is  t h l' l I  11�('d for tIll> (' U I :lI'gPIllell ts,  

The l a m ps within tltp " p ilprp :I n' (If ('om'sp so :lrra ngpr} 

allll eon"tru('(p(] t lmt n o  d i l' l'et l i,�ht ('sC'upe,; th rollgh t h e  

open i n g  llnd fa l l s  ()) l tl l f '  m',C(a tivp, li'ig, 1 shows the 

a r nlllgplllpnt of tll i"  I'PI',\' ( 'O l l l'(�lI i e n t  piPl 'p  of ap paratus.  

if is the h o l l ow sl' ll('l'p, ( In "'h i l'h tllP Roe];p1 for 01](' of 

m a tte-g l a s s  shiplds s" t h a t  I'h(' l ig h t.  put p l'ing the l ew; 

system 011 tllP opposi t l'  si lk l ' l l l l  I 'eadl i t  oil l y  l>,\' d i l'J'u­

sion. A slll'facp-si l l'l' I'PcI m i  l'I 'O I' I'P( 'pi vp" i1 1 p  l i gh t  j'rom 

thp imagp and d i red" i t  to ti le  Pl'Oj pl'ti ol1 S(,I'('('l l .  T u  
eon t l'ast t o  ti](' (,OUll l l  i ( ' a  tel l piP( 'p" of app:! I ' U  tu,.; fol' simi-

1 :11' !,U l'j/(lSPS ( l'pi,.;eopp ) ,  this a l'I 'H ngPlIlPlI t  i s  eha radel'­

i zpil by its pxtrelllp simp l icity , '1'11P l1s('1'u,l n p"" of this  

spliprical  ppi se'ope ('ti n sell rpp l y bp px a ggpl':lt('(l .  By 

proppr a n'lU lgPHlPnt 01' the m a ttl'-gl asf; s h i pl d s  to pro­

tpet thl' obj pet, from ti l lY d i l'pd light, ( 'rnlll pl pd ,�ol d I pa f  

('a n  bp madp t o  losl' a l l  gl ittpl" cb,v illum i n a t i oll w i t h  d i f­

fuse l ight. A minor lJ vpea rs as a pip(,p of pa PI'I' ,  ami 

its intpl'ior lights is SPP1I. 'I'lil' ('n l a l'gPIIJ Pnt appara tus a shilling tnpt a l  statuI' Iikp a p l aster of Pa ris figul'l'.-

is attlll'lwd to t il l' 1'pda l l gn l a r  Opf'lI i l lg in t h !> s [>11 ('1'(', i<'nnn Run (Mcllfl U, 

A viation Sickness, Its Symptoms and Cure 
THOSE w l i o  go n p  i u t o  t liP n i l'  i ll Hying IIIlWhiIlPS, a s  

wpl J a s  tl iose w lio g o  (] O\l'1I to tlll'  s p a  i n  " h i ps,  a 1' 8  
trollhlpd b y  pP('lI l i a l' a n d  ll l l p l p lIS:l l I t  pi ly s i o l og i l'a l ,li;.­

turiJanf'p;, whidl lII a y  a t  tilll('S III' o f' gl'a v l' 11I01ll ('nt, 
This i s  psppe i a l ly tTUp of ll ('l'o p l a ll l' p i l ot s  0 1' pa ssPllgPl'S ,  

and, to Ipss 11 ('gl'''<', o f  t l losP \V I m  aSl'pn<1 i ll \Ja l lOOllS o r  

d i r igibles,  'I'll I' trl' llll'mlOIl >l  i li l por'tan l'l' of H y i a tion i n 

w a r  l el l d s  th i s  sulJjpci Iw('u l i a r  i ll l (�l'l'st: at thp PI'{'SPlit 

tiuw, aDd L(rrou881' M 1'1I 8nei ( Par i s )  devotl's a slwci al 

a rt i e l e  to the topie. Tl ip  a u thor, DI', Lanll lol l ie1' , statps 

t h a  t tlie SYlllptOli l"  v a  r,Y ;[('('o]'(] ing to tl ip  llPl' iol1 of 

of a scent, of d ('s('('nt , a n d  01'  l n ru l i ng. 

I n  asepncli llg, :I I I  a(,p{'lpl'nt ion of tllP rPRp i ra t. i o n  a n d  

pulsp a l' l'  frPlj nPlIt l y  not pil a t  frolll  1 ,:!OO t o  1 /;00 1Il('tl'rs 

a l titncle, a cC'olll (,l: 1 n i P(l hy n � I i gl i t  lJl' : 1I1ael ip  lo('n [p<l in 

forpliead a)](l tplIl pl l's, hy tl ip  lI ppil t o  n r i l l a t !' a wl by 

i lldefiuaIJ l p  d i scomfort w i l h o n t  vom i t i n g  or n a nSPlI , A t  

1 ,800 U1Ptpl'S tlIP!'!' is a I l i ll l i n 1l t i oll i n  t h p  k pP1UlPSS o f  

hea ring ; a t  t i nu's tliNp n n� ha l hl l' i n a t i olls, a n d  jjll ll l J �' 

au "asthe n i c" cOJHl i t i oll w l l i C' 1 I  prl'vents till' III U SI'lPS 

from obpy i n g  the w i l l  w i l l i  :1 Ill''1 1l a t l' r a p i d i ty,  

On liese-eml i n g  t i ll'  pa l p i  t M i oH R of ti lt '  I le :l r t  IH'('OIlle 

v i o l pnt : l n d a rp ll l'( 'Olllpn u i Pll hy a NPl i s a t ion oj' a u guish ; 

thp lIpudaC'11P i s  int!'lIsP ; till' :l y i n /ol' h a s  an irJ('rpH s i li g  

sPllsation of I i p a t  of t l l p  sld n ,  psppf' i a  l l y  of ti l l' fa ('e, a n d  

a dps i l'P to fl lE'l'p,  w li i cli i s  sOlllPtiuw s  so strong t h a t  t h e  

eyps i n v o l llnt:lI' i l y  dos!" a s  I Ip aPPl'on"' IPs p n r t  II, i ll s p i t e  

of i m m i nent ppr i l .  

Stra ngp t o  say,  OJI l a nrli n g  t l l ps(' troll h l e s  n n' a ng­

nlPutp(l. Besides, t lIP Iio:ld adl(, awl t i l l' SOlli l l O l l'll( 'P,  

hypprpmifl of tlIP ('onjnTl c t i v p  ( eonjnnC't i l'(, s )  i s  obsprvptl, 

witl! cyn n o s i s  o f  the ('xtrPllI i t i ps ,  1J('(,plt'l' a t i o n  of t lw 

pulsp a n d  COTlst a n t  i l H'rpll SI' of arl e r i : i 1  prl'ssnre. 'I'hp 

II l' iator oftI'll fa l l s  a s l pt'p a s  soon as hI' I n nds, am] this  

slepp i f;  trouhlpil a n d  Tl o l l-r('freshillg-, \,, 11 i l p  t l]('  headaehp 

may persist  for IIlany ho urs 0)' PYlOn sel"pm l clays. 

'I' l ie a scPl i t  SYlllp(OlIiS rpl'a l l  thos!' of "1 I I0n n t a i l i  s ick­

tless , "  Imt a l'(, p l'o(lil l'pll at a Ipss a i t i tml l', ht'('an s e  oj' 

tlip n et'VOlI S tpn s i Ol l ,  l l ip ('ol d ,  li n d  a hovp a l !  t h e  rt' l a t i ve 

r H p i ll i t y  or as( 'pn s i oll . B li t  w h a t (I i s t in g n i shps :J " i a tors' 

R ick ness f rotll  1 I l o11n t a i n  S i C 'kl lPSS is t l i a t  tlJP H,V l l l ptOII l>l  

pers i s t  (l u r i l lg desPPlit allll ll l'p n ggl'H v :1 tp<1 n ftpl' l u llll i llg,  

'I' I]('I'P n rp, bes i des, Y U SO-lIIotO], 1'1':1 ('( i ous w itl l  h'vI }('rtell­

sion w l i i dl :1 1'1' Jlp('u l i n r  to t l l i s  l II : J l atly,  :J llil g i v p  it, 

u l'l'ordi l lg t o  Cruclipt a l l d Mon l i n i Pl', a sort oj' l lOSO­

gra p h i C'  a n tonomy, I I 0IVpvl' 1' , t I l l'S" tronb l es u t'(�  1I 0t 

fel t  witl i  tile sall ie  intl'l l s i t,V by a l l  n v i :1 tol's,  SOll l 1' fi n d  

t i l ey d i m in i sh w i t h  ('X iI('I' i t'1i ( ''', a s  i n  t l l P  ( 'USP of mal rle 
m er, It lI PIWal's to Ill' t l'lll' t h a t  ti lP i r  i n tpn s i ty tll'pplIds 

p rill l' i p a l ly on t1lP r a p i d i ty o f' t i l l' dp�epn t ,  

'I' lip e l m s p s  t o  wh il-li a re a s ( ' r i lwtl t lil'sp sympt oms ill­

I ' l n<]e eold n IH] pllys i l 'n l ,  n(' I'\'Oll", a li(I l I Io ra l [a t i gut', 

\V h i l e ( '01<1 lU ay pl'ol' okp t i l l' i l l lP l ' l' l' i ollS I I PP(] 1 0  s l pPl1, it 

(, lI I I II O I.  be t. llp sol .. ('a m;(', S i l l l '(e t iJ p  SOI l l 1 Io l (' l 1 < 'P i n l'l 'pm'PS 

on (jps(,Plill i ng into \\' :l I ' l I lpr n i l' a Jl(l a ftpr l a n d i ng, 

Ann logolls oh.ipctiolls li n' 11 1 >1 (("  to t'a ti,�n(' as a (,U llf'P, 

R i m'" it h n s  bp(,11 obsPI'I'P(] in t l l USP t a k i n g  pllrl in sportR 

t hat: fat igue produce" vn �(,ll l n r  llypn/ p n s i o l l ,  wh i lp thp 

oppos i tl' t l'ou b l e  of 11�'p .. rt(,lIs ion is ('olls t a n t  ill  "'111 11 1 (/es 
(/ 'I ' iatcw"8, . . 

T lit' most i m porta l l t  of ti lP l]plpnni n i llg ( 'U llSPS, acco l'll­

ing to t l l P  fl ll tllOl' ities quoted abol' l',  is f'PpP(] ; lIot hori·  

zonta l ,  hut vPI't i ('a l "ppp(l ,  w h i r' iJ ('a U RPS r a p i ll <11'(,0111"  

IH'pssioll a n d  I'pC'om prpssion in a scl'Jl(l lng a n d  c1ps(,(,ll d illg, 

A t.  P a ll ,  Lpgagn eux n S(,PlI d pll to :l,:!OO met PI'S in :!S 
l I I ill lltpS, ", liprea" i t  1I'0u i d  liuy!' t n k!']) fi ll a l p i n i s t  11 
hours to a scplId thp Sfi lliP (l istrlJ1(,p on foot. The clin rae­

t t'r i s t i p  tl'OlIb l p s  of a y i :ltor'� s i l 'knpss � l'e ('v i n t'pI] SPp(> i­

n l l y  (lu r i n g  n m1 n ftp]' !lpfwpn t i s  w('('('('(]pd hy t11p I'pry 

r a p i d  rp(,Olnpressi oli o f  !lpscf'nt. At V u rPl l l1 ('-snl'- A l l i ,'r 

\'ed r i nps c]psepl)(]l'(] in :'1 lIl i n u tp!,; 1'1'0111 a l lPighl of :l,OOtl 

llIptprs, '{'li p  d i fferenpp of gllspOllS tplisi oll is too grea t 

for tllp organism to regain its equ i l ibrium in so short 

u t il l i e ,  'I' l i i s  exp l a n n  t i o n  is snpported h oi'  t h e  pxppri­

[ l le n t s  of ,J . 'I' i ssot on i n ha l a ti on of air nnpqllally oxy­

gPll lltt'd, and by ohspr v a t i o n s  of d i vers. 

Since tllpsp symptoms arp not morbid they d i sappear 

n n tll r a l l y  in a fl'\\, !Joll r s  01' a t  most a few days, their 

cpssation heing favored by rp8t,  s l eep, and moilPl'ute 

w a r m t  I i ,  Nl'l'ertheless, they are of gravp importan('e 

\Jpell use of tIlP dangel'S t o  w h ieh they pxposp aviators, 

,�speei :l I l y  ns tlwy nre about to l a nd, Hem'p, it i s  h i gh l y  

11 i1 v i slI b i p  tl iat  fl iers shou l d  lIP young, robust,  reso lute 

and l'OOI-!JPll ded fIlen, w i t h  s igh t, hearing, nervous and 

v a scu l a r  systPlll s pp['/'ectly sound,  And t !Jere sLlou l d  he 

[' igorous Pl iIninat iol l  of cun(\idatps who h a ve a tpndplley 

to IIPart trouble,  epilepsy, tnber('ulos i s ,  h a rti!en i n g  of 

ll ltpr ies,  IlPrvous troubl es, ('tc, TIJ('y s llOll ld have IlIP­

tIJo(lipal n n d  pl'ogrps sivp t r n i n i n g, :I diet 1I0Ul' i s h ing but 

1 101 h u l l,y, a n d  fl S  l i ttle fermpn t a h l e  a s  poss ible, 'l'hey 

IIIllSt  ahstain /'1'0111 a l eolJol a n d  not abuse tea 0 1' coffee, 

Thp elot b i ng m ll st he Y('ry wa rlll but not IIPH YY enough 

to I'PstJ'i ( 't  1Il 0Vt�lllen t,  Th!' wpa I' i IIg of goggles, putting 

cott o n  in t li e  I l ost!'i!s a n ll gl'pa s i ng facp H lI d  h a n d s  wil l  

\ J e  sllfli(' i ( ' l l t ]1I'otppt i o)) flgn inst ('01<1,  ]<' in a I l y ,  t hpy arp 

u !l \' i spil to n l o n l l t  a s  slowly a s  possibll' and to clescpnd 

t'1'1'11 1I1 0 1'p slowly,  

Refraction and Accommodation in the 

Dog's Eye :--A Correction 

By H. M. J ohnson 

I N  a n otp which I'f'('entl y a pppared in this  j oul'n a l ' 

tl ip  w r iter n s s p l'tpil ,  OJJ tl lP authority of Freytag, that 
the refra ctive imlieps of' the lt�ns a lit! fluid m edia of 
thp dog's pyp a I'P pradieally idellt i (' u l ,  and tha t SPI'­

pra l other s]Jpeies of i n fl'a-llrimatp m a mm a l s  sul1'p], 
1l I 1(1 p ], the salIlP ('01ld ition , If' tld::; assertion Wpl'P iT'llP.  
its f;igniJi C'allcp wou l d  lop very grpa t. indeed, siuce in 
such case tllp a n im a l s  eoucprning whie h  i t  is m a ile 
could not ehange tI ll'  foeal tii s t a n cp of till' pye by any 
mechanisllJ of accommoda tion which mammals are 
known to possess, 

At til(' timp my n ot:p w a ::;  published,  I had bep1l unable 
to prOl'urp a eopy of li' l'l'ytag's original a rtiel p,' My 
a ssl'rtioll was ba sed 011 m y  a (,C'pptll ll cP of 11 rpf('rpII ('e 
lI l a d e  l.y an American eOlllpilpr to li'l'pytag's wOI'k, i n  
w l l i e li a sprips of val ut's W{'1'P vrpsell ted i l l  tabul a r  
f01'1II a s  }i'l'('ytag's ,  A l 'ofll pa l 'i"Oll of t l l P  l a tter w i th 
t l'll' origin a l  a rtiele ,  wllieh I lHI I'p sinc!' obta inp(], shows 
tll a t  Ii'reytag was i ll cOJ'l'('ctl y quoteil hy hi,; [,p \'lewer, 
�l l tllOugh UIP errol' is ('/ 1':1 1' 1 .1' unin tf'l I t i ou a l .  F['('ytag 
a('tn a l l y  gives a s  mean I'a l ues of tllP rpfraetil'e ill­
d i('ps i n  yOllll g a n d  old d ogs : for the aqupous hUHlor, 
V:::::4!l ; 1'01' tll e vitJ'Pous IlllmOl',  l, :l:l48:l : a llC ]  for the 
l ('us, I'a l uP" rauging lJetll'pen 1.449S and 1 .4(j()(), d e­
pen ding 011 a ge>, 'l'hpsp diffprell(�pH a re greater than 
tho,,!' obt a i  II  i n g  between fllP refra di VI' iudie .. s of thp 
I p11 "; n l l ll fiuill H1P(j i a  ill t lIl' h u m a n  eyp, a n c! are <'OIll­
p n r a h l p  with tI lt' dift'prpnn,,, fou)) (1 in t11p other m a m ·  
m n l "  w l l i eh I<'rp,vtag stull if'll . 

I u  the i l Hl i l' i ll u a l  Ilog ",h i el l  I stwlietl no (' I p a r  evi­
(l ellce of u ('('Onllllollation cou l d  be ohta i u (' d .  MOIUen­
tary fiul'tuatiol1s in I'pfradioll  v a ry i n g  from O,�[) to 
O" T; D ol'c'll s iOll: 1 l 1 y apPp:l rp(j d u ri n g  a ]Il'olon gp(] px­

mn i ll n tiou, 'l' l l Psp may h a vp iJPPlI ( 'auspd by a ccom­
m oda tioll , hut they li re a s  rp:Hl i l y  eXlIl a iu ll hl p  on other 
a ssumptions. Thp fads a re quitf' consistpnt with the 
rpsults obta i n !'(] by Boll plI,"  who I'pfradpIl tlie ey('>; of 
lU(J dogs both bpforp HllIl during mydria sis, 

'1'hl'se i n il ivil]u n l  <logs appa I'Pllt l y  m a ke !ittlp or no 
u s p  of tllPi r mech a nism of a ccomlll od ation, I f  this is 
gPIl Pral l .v  true of '  d ogs a s  a ci aRs,  i t  wou ld i-<ppm that 
the deft'et is l'{'ti n a l  l'a t lwr t l l ll ll in the a eeommodlltol'Y 
a ppa l'a tus itspl f, If it lU a y  hp nsslllUpd t ha t  t he stim­
ulus to a ccommodatio)) ii-' i llclistinctIlPsl'< of t h p  I'ptin a l  
i m a gp, it is evillf'nt nm t a n  a n i m a l  whosp retina i s  
l'pl ativel y in"ensitiv(' to detail  wou l d  h a v e  rel atively 
slight s t i m u l u s  to H C'eom rn otlatioll ,  

A i'  rpga l'(! s ti le eoneillsions whit' ll I d l'('w from the 
p x pp ]' iment" l'ppo]'tp(] i n  tlip a b ovp 1I ote. I still feel 
quitp sa fl' i ll a pp l y i n g  t lll'm to thp (J og. 'l'hey canllot 

l H'OlJ('r l y  Iw I' x t el l ilpll to cov .. ]' othpl' illfraprimate mam­
mals,  howel'pr,  unti l  lll Or(' i s  kn own a bou t tllp pxtent 
a lll] l'lUI,�P of ll ( '( 'Olll l l lod a tioli in the l a tter, 

j " Visual  Pa ttern-discrimin ation i n  t b e  Verte hrates. V. A 
Dem o n s t ration of tll E' Dog':-; l)pl1 eienc,Y in Detail Visi o n , "  i n  
" N otpf'l f r o m  t h e  N e l a  Uespareh Lahora tory," .to u r n a l  of t h e  
'Fra n k l i n  I n s t i tute, Decemher, 1 !1 1 G. 

:!];�I'eyta g, G . : " D i e  Brcchungs i n d i ees (lpr Linse u lld der 
W I O s :-:;igf'Il au gf'llmeflipu bei {l pr  I< a t z e  UIHI beim Kani n e h e n , n  

A rch,  f, '" "rql. Opht lwlrno lu!lie. v o l .  1 ,  1 909-1 0, 

:l B o u e n ,  Rutl ol f : "U('l)('r (len Refl'uktions7.l1 s t a n d  des HUIl­
ilea ngps . "  A rch, /, " eJ'UI, O " h t hal,nolu,(Jic,  yoL 1 ,  HJOfJ- 1 0, 

F.nf'l'O'I" S T\To 'I'E.--'P h e  oriyina,l arNcle referred t o  in t h e  
a b o v p  n o t e  (WaR rep u ll U8hed 'i n  t h e  'if?81U: Of t h e  S C II<; !\"J' lIi'l C  
A M �,f{J(' A N  � " PI '1.F.�[ F. " '[' Of May 1 :1 1 11 ,  No, 2 1 06,  a n d  t lt e  a V o v e  
eO'Teetiun ,rill b e  (Ipprce'i a t c d  b y  our ,'ea (ler .. , It s h o u l d  /Je n o t e d  
t lt a i  'in t lt e  scc01ld c o l u m n  of tlu :  art icle,  a,' 'it ap p eared on puge 
:{ l G) t h e  com]Jositor m, a d e  t h e  'flt a t ter 1"c(ul "a, 11i 8 u a l  onyle of 
aa f(�et 32 1:nch e.') ," ·/.c h ereas it  s h o u l d  have 'l"ead ( fa  'vi.8 u a l  
a n g l e  of :l 3 '  3 2 " . "  
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A LT lI O LG lI  not p()��f'��i n ,!.!;  I he acn'agp of t h e  � a t i on a l  

Zoi . l og ic a l  ( ; a l'd(, l l �  al \Vn :.; l l i n g l oll ,  the �('w York 

Zoii l ogi<- a l  Park ll(']'" to hp d p�c r i I H'<l rank� it m a n y  

t il l l (,� i n  P I'pry pn rti cn l a r p('rl a i n i n !.!;  to (HlP of t1lf'�(' 

impo]'l a n l i n st it u ti ol l s * I I I  t I l t' ti t'"t p l n cl' . it i� far 

llf't.t P I· ta l.( 'n ('n) '(> of 1 iml l l c i a l l y ; :!1J(] to m a i n ta i n  a 

gTPat I I: ! ) ' ]; ( lj' U l i" ki l l d lm it " l 10 11 l d  he <I OI lr' til( '  l l l a tt"I' 

of � n tl i d pl lt 1lI01U'Y i :.;  t h p  a Ii i lll [ JOl'tlll l t  factor, A d d ('( l .  

t lt t' l l .  t o  its  wPH l th ,  W P  t i n a  sk i l l fu l  :1 11(1 j u d icious <l i l'"p­

l o )'s l t i [ J . a l " l  a ll I osl su pp ] '1 >  

('o l l pdj oll o f  nt l'(, a l l d I'n i ll '  

a h l e  :l lI im a l s  I n'Oll glll  to­

gpt l lPl' froJll a ll pll r l :.;  o f  til<' 

w or l <l ,  F i li a l l y  lIO :wol ogi­

('a l ga n l !'1 l  known to Ttl(' 

p()�:.;e,�N(,;'; :';11(,11 p i n  h o r a  t p  

a mI �Ilb;.;ta l l tia l I nt i i tl ingN 

a:--: d oe� this 011(1 ll O I' 11101'fI 

attl'adh'p a n d  tustdu l l y 

l a i 'l out p l'l'llli�ps, 1I1 (lf'pd, 

it iN �( ' iplltitieal1 y  eqniVIH'cl 

i ll n i l  pa l't k u l n rN, a n d  rep­

I 'PNPli t N  ti l < '  h i ghest ]to�sil l l (' 

s ta l ld a rd w itll r('�p('l't to 

('n p a ] ) l !' m a n a g('IlH'l lt a lHl 

fa r - rpa e l li ll ,!.!; ('d m'ational 

adl h'vPIll ( , I It .  It  is  t r u l y  

lll:l n'l' l olls w h a l  tI l (' a utlJOr­

i tipN hn \' e Hc('oJllpl iNll"ti ill 

a l l  <l i l'('l'ti oI l N  s i l l i'P l h e  

Lpgisl a t u l'e of ;\lew York 

Ntall! gra llt ( ,d,  i l l  } ,';!);j, a 

(' h a r l " ,. for tIl(' i ll corpora ­

ti o l l  of tl](' "('II' York Zoii­

l o g ic-a I N oci l ,t ,I' , i ll whi ( ,h 

hody t h i N  pll r];: l'oUlHl i t s  

(Jrig i n .  

'I' l l (' sod d ,v  l l O\\' HUIIl· 
I H 'rs OY(' I '  two ( l wll NHnd 

Ul " Ill I . .  ,]',, ; all(l it  w a s  n ol 

u n t i l  t l l l'('(' Y('l!"" nHpI' its 

i ll (' ol'pol'ati o n  that it as­

NlmH'<l ('o l l t rol of I h i N ell-
1 (' 1' ]  , ,' is(',  tI l<' j i rsl: l m il (liJ l ,l!; 

llI Ulpl't:ll( ( ' 1 l  bei n g  tl lf} B i rd 

!l OllS!' ( ,\ l I ,l!;l1Nt 1 1t h .  1 ,,-:D,"i) ; 

t h "  ( 'OIl Ntrudi oll of thp 

\V i l d - !<'o\\' 1 l'OlH J wa N ('om­
m (' l I (,l'd 011 1 ,1' a f('w (l n ys 

t h preaft"r, It wn s fortu­

nat .. I h a t ,  i l l  t h l '  pn r l y  H (l ,  
Ill i n ist ra t i o l l of i tN n f'rn iI'N,  

;\1 1  a r nl l l ,�(,111(,-ll t  \Y:lN :11'­
I 'i \'I'd HI. t l ll'OU,!.!;h wllkh a ll 

l i d  p l'o f i l N from n i l  N011]'('('N,  

a� itN n'st: lllra l l ts .  ri d i n ,!.!; 

of H u i uU l b .  � : l l f1 of gni(] (' 

a l l d otlw r l 100kN,  IlOtl t I l i ]'(' .  

pl H l 1  Ol!; l ' : l  phs,  a ll d nOw I' 

]'( '1' ( '1 1 \1 ( '8  fOl'ltl l'<\ a COll l lll on 

,mill , ( 'YP I'Y (,Pllt of w h i ( 'll  

w a N  t o  l IP 1 18('d for 11](' p n r­

c h a N!' of IIPW :1 l l ima I �  for 

til('  ('oU pdi o l l ,  T h i s  :I e· 
"(JllI l t "  for t I l (' WOI ] ( l (, I'fu l 

a (_T(-I:-;�i l l l l :"':  t hi: tt  n I'P (,Ol l ­

:...:t a l l t l .\' l ) ( lIi n g  I n a ( h - a l ()'l l ,!..� 

th('sp I h) (':",: : n d uli :t::...: i ol l l'('P:"': .  

gl1 i <l (l-1Jook� al ld p 1 1  0 t (l -
g l'n l )hs :d on e  I'('a l iz(l a YP I'Y 
ti d y  �1lI11 H ll l ma l l ,\', to 

W h ich,  11<.> i t  s:I i(]'  t hron,l!; l l  

n li�ln n n a .�enH\llt in t l H':' :"': p  

lil a t t(,l '�. 1 1l1H'h Of Ill(' POOl'  

c 

K 

:...: l low irp.:,· of' otil (>1' ,gn l ' (l(-'l1 R  i :...: du(', Of t ll P  2(;4 
:I (' ] 'PN eom ]lr isi ll !.!; I h i N  ( j a n lpll. tll('l'P :I I'(' :I l lOnl 
::4 n c l'f'S in wa t ('r su rt'a ('(' . wIdell  i l l l' lwJp tI ll' 

pOJ](I � .  a m I  t h e  COPf' ,  AgaNs iz a ll d  B ronx LakE'S, The 
Park is m ost ('ollypllipn t l y  "itllalp(J i n  t he lIortlwHst part 
of tII(' (,i l .\'. l lping n'lul il .v  lJeu'"sihle by NPH'raJ l im's of 

CHI'S an d hroad ll i g ll lvays for' a u t  ollloll i l ps aJl (l othel' 
(,OI l I·('.vlll l('(�S, It is  n o  w ()]l ( lpl'. tlwn. 1I 0twit h�tallding 
til( '  fll('t t h n t  two day� i l l  tllP w(,pk 1I 1l a dm i "sion f('p of 

* The m n p  a n d  a l l  ( I f  t11(' il l u s t r a t i o n s  lH.;ed i n  this :T r t i d e  

a I'f' ( 'opyri glJtpd hy t h e  -;'oJcw York 7;o(ilogieal Society,  a n d  t h e i r  

use i n  t h e  r)1't'�{'\Ilt ( 'onrH:�('tion lias b e e n  c()nrtpou�l .v n l l ow(ld by 

Doctor I-Iol'nada:y a wl t h e  a foresaid sodpty-a p r i v i 1 ege not 

tt)  hI' f'x t p n ti p(} beyond t h e i r  ap}Jf':1 1'3 IH'(' IW1 '0 \vithout tlu '  issu·· 

U I1 (, C  o f  a si milar [)0 l'Itl i t .  H . '\V . � .  

By Dr.  R. W. Sh ufddl 

�G C('II1.'-; for a d u l t N  : l n d  15 (,P l lt" f o r  c1l i l d l'f'n UlH lpr 
twel H' is eh:u'gp< i ,  that  tllo11sa n d �  of yi sitor" pa"s 
th rough it s ga ll''' a nlllw ll y ,  lll a l lY of tlH'lll ] llIl'('lw si ll ,l!; 

tIl{'  " nui (1p H ()ok" at a eONt of �G cents pel' (:O] ,y.  This 
li t t l e  l lO o k  :I1 lll ost POS"(,S""N t lIp ra n k of all  pl plllPntar,l' 

t 1'(l.a tis(' oIl gf'll('l'a l zo(;l ogS', in so far as bI' j ( lf l i1'('­
h i N tol ' i l'" of anim a l s  are (,() ] ICeI'Il!'(l . It iN 01](' 01' th('  
mo,t ( ' ( J lnplplp [Hloks of its kind PVt' !' pulll i N lIpd , a nd 
of iJl('Nt ima b l P  va l1w to t he visitor who go('s to til<'  

t r ('('s,  li n d  1l l':I r l y  fo rt,\' NP(,<'i('S of " h l' l I l l' .  : I I I  of w I  i i i ' l l .  

a s  \l'p 1 I  a s  t i l !' 11 0 m  of I l l ( '  jI ] ; )('( ' ,  i N  IJI l l l p l '  t i l ( '  ( 'OI i S l a l l l  

Cil l'(' o f  i l ll ( ," I ,, ' r h ' I I ( ' ( ' , l  fo rPNt (' r a l l <i I wl : l l l i NI.  

It wou l d  epr l : l i l l l �' I I (' l l igl J l y  <J<o l r i lll ( ' nt : i l to 1 1 1 ( '  

\wa l H l  of I h iN ('sl i lll :l l ll (' ol lh'Pl '  S l lO l l l d  h , ' I i\'(, 1 0  

:'P(" i l l  Ill ( '  N(, jp l l l i t i l' : l I I ,I' k ( ' l l t  ,l!; I'O I I IHls of t1 1 i � pa rI; ,  

I h l' S(,p l l ('S t o  hI'  w i l l l ( 'ss( '<l i l l  I h ( '  ": l t i o l l : l l 7.oji l o c : i ·  

ca l 1':l l 'k a l  \V:l N l l i n ,l!; l ol l  Oil " 1': : l N l p r l\I ol l d : l ,l' , "  1\' I H ' 1 l  

tl lOllN:I lld "  o f'  I W!,!; I'O c h i l d l ' l ' l I  w i t h I I H ' i l' pa l '( , l l l s  l l l l d  

011 1 ( ' 1 ' :'; ,  I I n l l l .1 I l l l l ('· l l l oo<i , 

: I n d  " f:l i r  1 ,, ' ret ' l l ta !.!;!' o r  

3 ''''{-.. -' __ ....L_-'=--..:d.",.... _�....,., .. -'-_-'-__ ....L_-''--_-' __ ''"'_-,*' __ -'-1 0=-_, w h  i t('�,  1 ' (' :'; 0 1'1 11 11 ' 1 ' ( '  1 0  Foi l  
( ' !}i/8 d o  I\' II I h e' " }I a lll ll l n l ·  

C:t"'IIIc;.tn I,C /, I. Y .  lOOt.cx.1 ''''" l OO l U 'I'. 

Plan view of the New York Zoolog-ical Park. 

] l a r k ,  not on l y  to seC' the an i ma l " !l1l1 to "hld ,\' tlH'1ll 
i nt p l l igpnl l y .  

Eyery rW11I I1P[' of ('oll\,pn i Pllce i s  �\Jppl ip<l h�' f h p  

Huth orities a n d  mlmn gPllH'nt of I h i N i nsti tut i o n ; ilHl p('( l .  
anything whkh Illa y  ('OlHlu('p to tllP ('olltfm't o f  tIl<' 
yisitillg pulllie is at  h a n d ,  There a rf' w lll'l' l e ( l  ( ' h a i rs 
for thORP d esiring tlH'lII ; a fi rst-el uNs l'Psl a u l':l n t . n lH l  a 
('harming slwet of wa tpr in B ronx La kp fo\' the 11sp of 
excursionists a n d  boating·parties , with ('\,pry fa cil ity 

to Plljoy it.  'fhe pa rk is nenrl y a m il e  in I pngth,  alld 
thn'p-jifth" of a m i l l'  in width, Ahout oIlP-thinl of I h i N  
i" co"ered by a magni ficen t 1'01'('1'41: o f  m o r e  1 h a n  a (lmwll 
(Hffen'nl: ya ripties of t n'PH, i n (' lnd i n g  i i I'('  killd s  of oa k;.;,  

t o  H a y  not h i n g  of tllp p l pgant hl<-k ori ps, gUIllS.  t u l ip' 

( : ,  )1 , lit", , 1 "1\t (,', C, h.  
r-w J 

A l I o l l S ( ,  I1 i l l . · '  I I  w i l l  1 1 0 1  

1 ) ( '  1 l ( '('( ':"'::"': :: I I 'Y 1'1 1 1 '  1 1 1 1 '  j-o d p·­

.' wr i I H ' l I lt ,  p l " " 1  < i ( '"I I ' I I ( ' l i ol l  

t l l :l t  t n b's p l : l ( , ( ,  0 1 1  t h i s  

c 

o 

t 

K 

L 

M 

N 

o 

" rel i - I ('l1 , ' r  <i : l ,l' ; " it ( 'a l l  I . .  , 

( \ :I �·,:j l y  i l l l i l g i I H 'd ,  : 1 1 1 (1 � p; I ( ' ( '  

wil l I H ' ",, \ ' ( '<i  1 1 1 1'oll ,l!; 1 1  t i l < '  

I I o l l - d ps( ' l' i p l i o l l  " f  t 1 1  ( ' 

s(,pn l'S t l l a t  fo l l ow N \ l c l l  " 

1 1 : \ 1 ' 1 1 ; 1 1 ' 1 1 1 1 :--: Pl ' : I ( ·tl ( ·P. 

Npp: i 1; i l l ,l!; o r  ( 1 ) ( '  I H ' l l l l l  i f l l l 

p l n l l l  !� I 'Owtl l i l l  Il l(' 1 : 1'0 1 1 ':  
: 1 1 1 1 1  t h p  ,l!;I' l l l l i l  fOl 'PHl s 1 0  

I H '  fOil l i d  1 1 " , 1 '< ' .  1 10( ' 1 ( 1 " 

1l 0 r I l : l d a ,l' 1 ( ' l l s  l i S I h : d  " Ii 
is s a fl '  to ":1 ,1 t1l : 11 1 1 (1 \\' 1 \ ( ' 1 ' ('  

I' l s{' w i t h i l l  l i ft y m i l l';'; of 
N('w Y o rk (' ; I l l  I I H ' I' I '  h(, 
fou l l d  li ll y  IllO l 'e 1 ) ( ' :1 1 1 1  i f n I  

fo r"s!N I I l : l l l  I l l o�t· i ll I I I P  

( ' ( ' 1 1 1 1': 1 1  : l l l d  ( ': I N I ( ' 1 ' 1 I  p O I' ­

ti o l l �  of t i l ( '  Pll l 'k .  'I' h r,,"gl l '  

o l l t  ti lt'  i I 1 ( ' 1  o,;, ,< i ,!.!; rOIJ l I ( j ,; it' 
i� a l >snl ,� l l' l .\' I l I ' I ' ( ':';S: l r,l' t l mt 
\' i s i l o r� ,; l l o l l l d  I I I' r< 'Nt ri l 'i ( ' d  

to ti l < '  \\' , ! I ]( '; ; ('0 1 '  ot I H ' r\\' i " , 

I I I < '  1'( ,pI  " I' Oil I' I I I  i l l iO I l "  of 

I' i" i l o r� \\'on l d  ( j l l i<- k l y  d ( ' ·  

SITO,V "I' ( ' I 'Y �T"llI I ( J  p I l i  II I. "  
( On i d ( '--I �n( )l\. I I .  � : L  ') 

It b I I'll I ,\' 1 I 1 : I I ' Vl ' l ou s 
wha t h n "  I H ' ' ' I I  i l< '(, O l l l l ' l i s h (' < \  

:-,: i l l l o. ,  f l l i:--; ( ' l l l l ' r l n ' i � ( '  \\' , 1 :--; 

l il ' ,� 1  1 : 1 1 11  I t ' l H'd , T i l  oli l y :I 
[" 1\' ,1' ( ' l l l 'S ,  ('OI l I J Il I I ' : 1  t.i 1' ( ' l y ,  

th roll" I ]  Il H'  II I 1 ,;ti l l l pd l i l l : l l l '  

( ' i a l : ! i d  or �('\V Y o rk ( ' i t y , 

1 ) 0( , ( 0 ] ,  IT o l' l I l 1 < i :l y 'N  1 ' ( ' ]',; i ,·; I ­

(, l i t  p U N h  l 1 1 1 t! ( ''' ('(' I II i O l l l l 1 

k ll ( )\Y I ( ' d �( '  of l ' ( lq l l i n ' I l l P1 J t :-.; .  

: l l l t !  t I lt' ,!.!;( ' I I  P l ' : ! I 1 I 1 : 1 1 I : 1 !.!;"-

1 1 1 1' 11 1.  \\' ( ' I" ' IV 1 1 : 1  I',. I I  ,l!;l l  r�  
, ] ( on ,  f r olll 1 II ' ,wt i < - : ! l l y  : 1  

p r' i l l )( ' I' : l 1 1 1' : 1 < ' 1 of I I I I " ! .  
\v h i d .  l ) ( ���( I���(\S  l l () I' i \ ' :l l 

:I I I ,l' Iv l lf' r( '  i I I  t I l ( ' ( ' I l l  i 1 ' ' '  

world ; lI l I d  1'0 ], ilot : ! I I  i < - : l I 

1'( , : 1 1 l i n'" .  I H ' i li l l y o r  d ( ' :.; i ,l!;I ! ,  

.�( I I I ( ' l · : 1 1  : 1 1 j-)' ; l ('t i o l l S ,  lI l i d  : 1  

t l l O lIS l l l l d  i l l j ( , I '""I N l l i o l l ;; 

otl l < ' r  I i l l ( ' >' . i l  i N  sil l lp ly  :! 
1 1 1 ; ! I ' \ " ( ' 1 .  'l l t H ' I ' l '  : 1 ) ' ( \  O\'(,l "  a 
< ! OZ( , I I ,, 1 1 ' \ 1 (' 1 11 ) , ( '"  : I I I Nl d n j l' l ,1 

P:l l l l t i l i l i n  t l Je i r <i 1'8 i!, lh  l l i l ct  

i l l  t I ll' !.!;I ' l l l l . ] "" !' o r  II l l' i r  

� n l ' J ' ( lll l l l l  i l l .��": , 

p l l : 1 l 1 i  !I Ol i N I ' ,  tI l l' Li on 

II O IJ " ( ' ,  t i l('  Iwo l l n i l < i i lll!; N  

fo r l l i l'( I. �.  ,,( ',, ( ' m l  I >n i l d in ,l!;N 

for d i llp]'( ' l I t  NI ) ( " ' i ( ,N  of 
m:Il11Ill :l I " .  t i l (' A(hn i ll i Ni l':l l i oi l  B u i l d i l l g  : l l J d  I l l( '  nppl i l "  
iT onsl', .\] 0 1'<' t i i a n  :j::! . O( )O,OOI l l I a N  I H ' ( , I I  ( ' '' I H ' I I <i e<i  1 1 ,1 '  I I I . ,  

('i ly i n  a ss i s l  i l l g  1 0  (' ]'('1'1 11 1 1'''<' " " H l p l ' l i  l l l l i lll : l l  p: l l l l (, ( ," ; 

:II"l in a (l d il i o l l  1 0  t l ] ('s(' Ill ' Hl ( , J' I I ,  l I j lll' l m l of l il i F f J} ol l l (' r  

1 m  n <i  i l l ,l!;R, pOl l d � ,  ] 100 1 " ,  pn d d l  ... k;.; ,  " n d t I l(' ],t '"I. w i  t It 
oIlH'J '�  for W i l l l< ' l'·qll: ! Itl' l 'R.  l H la l  l l l H I  " t O I ' ( '  1 1 0W4l ' '' ,  M : l I I .1' 

of t l IpN!' : I  rp to II(' Sf'( ' 1 1 i II ti l ( '  ]'( ' p l 'oi\1] ( ' 1  i O I l "  or ti l ( '  p l lO l o­

g ra p hs i l l nH tI'a t i ll g  til(' ]lr{,N(,l I t  a rl i<-I I' ; : l l I d  T ill : ! .\'  stnt !  
t h n t  111(' ['(' : 1 ]'(' 1 1 0  hll i l ( l i ll ,l!;S oj' t l I l '  k i l l d  1 0  ( ' ( 1 1 m  I l li (  111 
i l l  a n y  zoi i l og i('a l g:l ['(l P n ,  I' itl l pr i l l  t l I ( '  O l d  01' t li l' :-.i( ' 1I" 
'Vor l <l .  

A li othf' 1' i l plll 1.0 1 1(' ('( ) I l � ilJ(']'('(l i N  111(' f: l c t  I h : ! t  tll('  
7.o() l og i ( Oa l �oei(lt.v. to h pl } ,  a l o l l g  t- I u '  d ( I \- ( l l oI I I l H ' n t  of 

t h i s  gm n d  i l l �t itUtiO l I . Iw" lH l d pd un' l' I i : l i f :I llJ i l J ion 
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Illon� doI IH],>; to j he fund ; ill faet, U1P liwlllda l re­

'mll],('f'� of t lliN  p: l r k a n' practically l i mi ti p:<f'-llcncc 

til\' " X( ',f'p1iona l l a'u llty of i ts groun d s ,  i t "  l' x t r:w n l i n n l'Y 

f'tnH'tlln'f', a n d  i tf' l on g  list  oj' all  k inds of ,Uli ma l " f['(lTll 

a l l  q u art!'}':> of tlu' ,g I (1)(', 
N ( , \"(' I I  0 1' ('i g l l J  y ('a l'� ' I go 1l 1 (, l'f� \1'PI'(, 1 1 1' \\'<1 1'<1 of 0,000 

SjJ!'c'illH'n>; of a n i lll H l s  in til!' (:() l l pdjol l ,  H llli tltl'He WP]'(' 

( 'ol l sta n t l y  bPin g addl'd to by pn l'ehas(' a lHl \),\' d o n ation,  

l '(']'so n a l l ,\ ' ,  I H ill 1ll 0Nt t'l ll p h a ti(': li l ,I' of Tlm'tol' Horna­

day's \\'ay of t h i n k i n g'  wlwn h (' Sll Ys : " For Il U llUIlI (' 

lll e H  a l I ( I  \\'Olll (']1 tlH' l' P i s  s m a  II p l f'H SIII'f' in 1 h(' ( 'On l l'lll]l l a ­

t i on o f  I i\' i n g  ('J'('atn l'(,N t h a t  : 1 ]' ( '  i l l  pri sons, Hl ld that  

l ook a nd f('pl l ik(' p l' ison ( ' l's , l l i l l in g  ] )('h i ll (l tildl' !la ['s ,  
Bf'tt('r no 'jI,oos'  a l l d  1 10 \\' i l d a n i lll H I  ( 'o l l ('( 'l ioll " 1 ha n  

lll i s ( ' ]'a h l ( '  a l l fl ll l l h : l p p,l' p l' i so ll ('rs ,  ,\ /l IuU./f-fII(trlc or 

lJlul /!!-ke ]! /  'zoo: 01' ;::o i i /o!J i(,lI i !l1I 1 ' dell O i '  ll l l ! '/.', i" IC()! 'S!' 

Ihan nou !:, 1\11t. al t i l (' � a lll P  l i nw, it is foi l .\' for a ll Y  

O[H' t o  �:I.I' t ha t  : I l l  :l.Oi il og it'a l  ,l(ard ( ' lls a ll d  pa rk" a rp 

f l l'lI ;4 of ( ' ],Ilel t.\', :I N  is I w i l l  by a f(,\\' ('x t n'Illl' 1 1 1lm a ll i ­

t:t r i a  lI H ,  T i l l '  ( 'l'( 'a l 1 1 ],( '� i ll 11 1 ( '  ('ol l Pd.i(Hls o f  t l H '  jl,oi i l ogi­

( ' a l  Pa rk ,g i n' lll l i lll p l'a (']w b l (' t p s l  i lll Ol I ,v  to tllP c O l l trary, 

If ou t' l ipa]'s ,  O i l ]' hoo ( ' ( l  a l l i lll a l � ,  ( lUI' l l i n l "  and our 

:J I H'S a l l d 1 1 1011 ]( '.1''' a n' not ] JoHi t i l'{' I .I' happ,v, a n d  fnl l  of 

I h(' ( 'Tlj O.\' lIl ( ' l I t  o (  l i f( ' .  t hP l l n o l l ( '  : t 1'(' i n  t h i s  wo r l d ,  pi thpr 

(':t p l  i n' 0]' 1'n'p, 'I'o- d a y  tllp l i fl' o f  pI'NY fl'(,l' wi lli 

( ' I ' f'atlll'p i" ( 'Ol l s l :Ill 1 1 .1' ti l k d  wi l h  :t l :t rlll , w ith lI .1' i n,l(H 

fl'Olll d n  1I g'(']' , n 1 1 ([ \\'ij h t i l ( '  d a i  l ,v  s l  rug� l (' f o r  food , 

lI'alf'r a ll d  "a t'PI ,\', E n ' I 'Y h U I l I ( ' ]' knows t h a t  a ft!' 1' P\'­

ery lllOll t h1'u l  o f  food , ti ll' ,y il d  : t l l i lll a l  o r  \\' i l d  \ I i nl 

l ook" about (oJ' d a l l g'p ],oUs ( ' II(,lIl i l' H ; a w l  till' u l t rfl ­

h U lIl a n i l a ]'i' llI � t a k" � Illall l lO t !' o f  t h l' mil l iolls o f  w il d  

l i n's t h a t  :ll'l' I'll l l ('d d , I\\'n aJl(I (jpstroY ( ' f] by I lI'pd a tory 

(· I l(' lH i( ·� . "  

"'i t ll t h i �  " lII a l l  < ' i t  .I' o f  (' I l'gllllt a n i m al I l l l i l d i ll gS lI li d 

oth('r >, lruetuJ'l 's : i ts s ll pc'!'h a n d  ('(lstl ,\" g'ro\JIHiH, n IHI  

,,'i tlt n i l  i t ,;  III 011 p,\', l j ( )  Oil(: w i l l  ,,'olld(' !' ",h ell I �lIy  

" P  . .  -1 "  , UIHnl Ze(l 

that lI H  to the animal ('o l lediull it�elf, for til(' exhibi­

tion of whiell n II tlJ i �  outl a y  h a s  been mndf'. n o  one ('an 

h a vp any ('olleelltion of its (,CHll]J l'pllE'lI"iYf'JI(';>H oj' Its 

pxtpnt U I l I l's,; l i P  h il S  "tuflipd i t  i n  i ts e n  ti rd,y, There 

H I'I' ilulHln'ds of form s repl'('s(�Jj tp(1  fl'olll pH'ry depa rt­

ment of tIte vertelil'alp k i llgdolll , Somp an' extrpm e l y  

raI'(' ; others are upon the verge of extilldion, and many 

are not to he fOllml ill allY utllf'l' zoi i l ogil-n l gardell of 

t I l e  ]In�';l' l l t  d :1 Y  'l'lti �  gu n l pll so far olltl'Hllk" e n�ry 

other illstituti on of its killd in tIle worlfl, that to dwell 

on that I loin t wou l d  lie to use val uahle pagp-s]l�J( :c� to 

no ]lraeth-al l'ml. 

Tili" Zoi) l ogka l ( ; a ['( lpil (lopR rrwre, llo\\,pver, than to 

Nimvly ]11 : 1 ('(' a l l I i tpsp fi l l(, ami rare animal " on l'xhibi­

tion ; fo]' i t  Pit iH' I' (Ii r('dl y  lIuh lislws-or iml i recUy as­

sists in jlll b l i siling-imll ptins, book", l'ircul a rs,  and vari­

ous other lIulil iea tioll� ,  magnifi('pnt l y  i llnstrate<1 ,  wliieh 

are el n s s i ('" i n  tllC'ir way, aml which lin \'(� had a trf'mell­

dous inll1l(�ll('p ill  "Jlrp:lfling zoiil ogica l know letlgp ('vpry­

whf'l'e amollg tlie peopl e of thiN f:fJlllltry and aIJ l'oa(l . 

Still , it Ill a y " a fely J I (' :-;a ifl that the work of t1lf' 

Npw York Zo(ilogic' n l  Park, and of tll .. Sueipty under 

\YlIOS(� ('ont l'ol i t  is. has hardly m ore than j n"t IH'gull 

wha t it is �o w('l1 jitt .. <l 1 0  H (: h i eve in thp futnrc;, For, 

tunately,  it  l'nj o.l's tllt' con fi d pll(,(' of Npw York city ami 

Sta l e,  w i t h a l l  til(' \vpa l tl! tilC'Y ('an pour into its treas­

ury_ �l'h(ll'p H l'P t \\'o l ine::-; of ('I1( i(l:1 \'o1' and r(�!-'H:�al'("h IlO\V 

o]l,'n for tJl i �  pO lv('rf ll l orga n i zati 01I to plitpr UPOIl : one 

i" to w id('n a m i  l'lIPI'gpt ka l l y lI11"h al l t h a t  I ('a<l" to the 

pl'()I ('(� t  ion : 11 1 ( 1  i ll ( ' ]'('asp of till' rapifl l y  vanishing wild 

lifp of North Alll ('] 'ie a .  It has a l  [,pally done somethillg 

in tlli" l ipid.  Iiu t  it ( 'a n do a grf'a j dpal m O l'p whit'll w i l l  

rapid ly sholY worthy l'f',mlt", It. ( :an on l y  lie through 

wi "I' l a ws 1II a<lp a l ong st]' i d l y  seiPntifie lines , aIllI 

through til(' Ill']'"i HtPlit dIorl � of "Ut'll a "odely as I 
ha l'<' a tt plll pt('d to d('s('riJ ) ( '  hert', that mallY of our 
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A n  I nyentlon by Means of Which Telephone Conversations ean be 

Carried on ( ) ver Long Distances 

B�' Fra ncis B. Crocker 

AT.'l' lTO (TC II ti l (' i u\'pn t i on oj' I h" " Pupi n i z('d " t"l ('­

phOl l P  l i l l t ' "' ; ) �  111 : H ) P  f i fh '(l1l YPH I':":; : l ,!..!,"O . •  1 1 1 ( 1  i :--; oft P l l  

1 I lf' l l i i o l l ( 'd i ll PH I H' I '''  I '(' i : l t i l l ':':: 1 0  (' l p( ' l r i ( ' : l 1 lll : l j j l'],� , i t' 

i 1: l ;;  [': l 1' ( ' 1 ,I' ,  i f  ( ' 1' ( ' 1 ' ,  IH'( ' I I  d ( ·SI ' l' iJ l ( ,' l .  ( ':\ ( ' ' ' ] It  i ll \'(' 1',1' t f'( ' I I ­

n i ( ,H I  I (, I 'III �,  H l t l i l ln g' 1 I  i 1  i "  : I  1 I 1 : 1 l t (, 1 ' I l l' �T(,: 1 1  g(, l I ( ' l ' :iI 

i l l l f ' I ' ( '" I , : 1 "  h," t h i s  i n n'1 I 1  i l ll l  :I ] l I'Oi J i ( 'lll of ,gn ': l 1 ]11':1('­
t 1<- : l 1 i I I I J lo] ' 1  'I 1 1 ('( '  i ,,, " o l n'd i l l  a ll (,l I j i n , l ,\' s ( ' i <' l I t i f i e  lll : l l l ­

I I l ' I ' ; i l l  1': 1 <' 1 , i t  i" :I lI o t ( '\I'O] ' t l t," f ' X :1 I I I p l (' of ol d � :l i l l i l l g  

gn': l l  p],:l d i ( 'l l l ] , ( ,,, l I l t s  f l'olll I l1l l 'p l �' 'I ji l'i()l 'i J '('a s() lI i l l ,�� , 

' 1' 1 1 (' p I 'oh l ( 'm \\'1 1 "  ( 'oJl( '('in'd,  : l m l  l a ]',g( ' l ,\'  \\'o l'kl'd Ollt. 
I i.\' t l l l'ol' ! 't i , ' : 11 ( ' :l i l - 11 1 1 1 1  i OI l " h<, fol'(' : I ll ,\'  !'X I H ' l' i llH'n l s  II' f' I '(' 

IlI n d !' ,  ( ' V P l l  i ll tI l l '  l : l l iO I ' : I  1 o I ',\', I II I-' ] l i l< ' of it" �l'('a t 

i Ill PO l' t : 1 I 1<' !' : l l l d  I H'(' u l i : l ], i n j pJ'('sf, t i l ! '  ] l l'i n ( ' i jll ( '� ll] lon 

\I' I I i ( ' i l  t l t i � i l l l'Pl i ti Ol I  i s  fou l l d ! '<\ a l l d i j �  1'f': l 1  n a j ll l' ( '  

fi ]'(' O n ( ' 1 1 1 1I i � lI 1 1 d ( 'l'" j ood , P\'( 'l1 h,\' t'l ION( '  11 I1 I('nv isp \1'( ' 1 1  

i n l'o l 'l Il<'d i ll f , l f ' f 'tl' i <-n l lll : l t l ( , I ' '' ,  a l l <l ( '01l ';P(j ll !' l l t l y  t i l l'  

fo l l ll\\' i 1l ,g d "� f ' I' i pt i o ll i s  P I'!'S<' l I t('f/ i ll ns pO]lul n l' I ' l l l �  

g1l:1 ,l((' :l � tl lf ' �llhj ( '(' t  ]I(' l'l l l i l � , 

'r i l i "  i I I Y ( ' l I U I I I I  \\' : l S I Jl l i J i i e l y  d f's(, l' i J I ('d t o  tlll' ,\lIl(']' i ­
( ' a n  1 1I s l i l. l l l <: of 1'; l pd l'i < - ' 1 1 1 ·; I I ,:.::i l l('P l's h,\' l ' l'ofp""or 1' I1 p i 1 l  

i l l  � r : l .v ,  WOO, I Ill !.  \\, : I S  ('( j l l ( ' p h" ( ' f !  : 1 11 < 1 d (' \' (' l opl'd Ii,\' l t im 

,, ( 1] 11 ( ' l i lll(, ( ' :1  l' 1 il'l ' ,  'I' l l<' p l' i ll " i ]l n l I Ihj( ,('t ot'  1 1 1 l '  i ll 1'('1 1 -
t i l lil is ti l f 'O I I �f ' I ' I'(' t l l ( ,  : I I Il ]l l i tll d (' :1 1 1 <1  fOl'lll oj' il l ( '  

. .  I (' l'i l' i ( 'a l  \\':1 1'('''; l ' I I\'l' ( '� J 10Il <l i li g  1 0  J l l l l l l , l ll  S I H ' (' ( 'I I w l lf 'n 

t i l (',\' : 1 1 '(' 1 1 ' : 1 1 I "1 I I i r l pd 1 0  ( 'o l l " i d ( ' l ': l h l ( '  d i � i :l l l < '( ' �  1 ).1' ( 'Oll­

d ll d or " ,  P� I H '( ' i n l l .l" I I I H l p] 'g'I 'Ol1 l 1 d  : l 1 I d  � 1 1 1 ) J Il : l l ' i l l !' f , :t li l !'� ,  

1 1 1  l i d "  \\' 1 1 .1' I I H '  <l i sl : l l l(' f ' , I I w l li ( " h  i ll f l' l l i ,:.:: i h l p  t ( ' I <,pIlOlH' 
( 'Ol l \'Pl':--; : l i i oll I I U I ,\ '  1 1 ( '  ( ' :- 1 1' 1 ' 1 ( '1 1  01 1 L� it l < · I · ( ' : l � ( '( l .  rrhp 
Pu p i l l  i ll l'(,l I t i 0 1 1  of " I O:l f l<-d l it H'S" is  o f l ( ' l l  sn pp(I,�f'd I n  
d (' p( ' 1 1 l 1  I ! J I I I I I  ti l l '  I I ( ' l I l l ' : l l i � : l l i O I l  o j' t h (' i l'  ( ' I ( 'f't l'os tnt i ( '  

( , : t p:I ( 'i i y  h�' i l l i l'Ofl l1( ' i l l ,l( i l i d n(' t a I U ' ( '  ( 'oi l s  : l I OIl ,l( sl]('h 

l i l l f '" ,  'I'l t i �  j l l' i l l ( ' i ]ll ( '  d , ll'" : t p ]l l y  to  I l is  pi Oll P( ' l '  \\'ol'k i ll  

p l ( " , t ]' i ( ':! 1 I 'p>'' 'l1:1 I I<'(:' 11ll <1 i l l  1'lI l 1 i l l ,:':: ( ' i n 'l l it�  t o  m a k  .. 

t l l "1 1 1  l 'f''']JOl l s i  \"(� to fl p:l rti clll n r fl'('Q 1H'JI(',Y of n l te]'­

lin ti l l ,l( (, Il l ' n ' l tl ,  H n t' it (lo('s ]l ot ,  l lO\Y(,H'l', a ppl y to 

" I o: l d (' t l " or " l'Upi ll i %Pfl" ( :Ol\(lucto]'�, 111(1 f'l'd , tile ('0]]­

d i t i o l l  (I f  l' (,�Ol t n l l (,(' i� : l voi <1 p\l i ll  tli(' l a ttpr cas( ' ,  l I ml 

a 1 ''' [ : l ti l'(' l y  l : I I',g\' n lll ollll t  of iTifludnnee m a y  Ill' ad­

r: l l l t: I .�POll � ,  ( '!-'l H'<, i a l1 y  fol ' I O ll g  l il l ( \� ,  j ) I'o\' i l l cd {'X ( · C '�­

N i l"( :  ],P"i st H I W\', hy"1'p],p,,is m](l ('(Ifl y ( :1llT(, llt l os,,\,;; a n' 
11M i ll t  J'o(hH'l'fl a t  ti l(' sanw tinH', 

'I' l l ( '  s illl pl<'st : t l l n l o�y to 1' Illli l l ' "  i ll\'(,l ln Ol I  iN l li p  

fa d 11 1 :1 1  a p ro.i p<'i il {' must ll:l\'p ( '()ll s i (kr:t li l ( � Ill :l SS i n  

ordl'1' to Ol'(' n'oll\ ( '  t ill' llleeh a n iea I l'f'sista n el' of tll" air 

:I u d  t ]'n n�l :I I Oll ,g (l i "ta1l"", Simil a rl y, a eowln eto]' 

1IIn " t  J IHY(' ( ' l eet]'ol1l 11 ,:;Il (' l ie  lilli SI',  or i ll (I1I(' I:I1 w(', in 

< I t'd('!' t hn t. :HI p l petric illl pul " .. or \Yan� Illay OI'\' J'( 'Ol!lP 

tl H'  p l l'<'iTil'n l l' ( 'Si sta llef� and t l':l vel 11 l o n g'  (l i " tn n l''', It 
is l I ( '( ' ( 'ss:t J'�' i l l  Ute cnse of tlw (,Olilluetor to d'i8tri lmtc 
t ill' i ll d ll('t , " I f ' ( '  : 1 1 01 1 :':: t i l "  pa t h  " f  tl l ( '  , ' I f 'd l'i ! '  i ll l J l l l l s\' 

OJ' ,,'al'f',  h ('Il ( '" ti l (' pliP I I IHll Pn on is m o['p ( ' Iospl,\' a n a ­

l ogou "  to t li n t  of a I O ll ,g ( 'o]'d "t l '  . .  t< 'l ] ( '<1 !J<'lW('PIl sup­

po]' t", w iJ i ( ' 1 l  H l l l s t  l i l l i'" < i i "l ri l mtf'd lIl a NS ,  I ll a t  i "  to 

say, it llI u s 1  J I ( '  a fa i r l y 1 ] ( ' : 1 1'.1' conI ill  o['(k]' tl m t  Hlp­

( ' 1 1 1111 i ( ,l l  I v i I  I I' :! t i o u  or \\" 1 1'( ',, IlIH,\' I I (' P l ' O J l: l ,l( l l  1 ('(1 to n 
( 'ol l s i <i ( ' J' : l I J! (' d i st : ! l l ( '" : ! I Ol l ,:!; i t ,  I n  t h f' ( ' : IS" of til e 

pl (', ' l r k: l 1 ('Ol i l i u dol' , fo]' ('X:l lIljll (', a t(' l "pli ol l (, l i m', it 
is n ot ( 'OIlY(, l l i f � l It. to d i " t r i l l 1 ll<' flH' ('I ('('tJ'olll a gll di<: m a l's 

0 ]' i ll ( lu('t ,ll\ ( '( ' 'II1dJIJl'ln /lI, so t i l a t it i s  i l l t l 'ofl 1H 'P(1 in till' 

fO] , ll l  oj' i l l d ll ( 'ta lLl '(' ( 'oi l s  p l ll l'c:fi a t  ( ' f'rt : 1 i ll i l l tprva l �  

tl ll'< l1l,gl lOlll  i t" l (, lIgt h,  Th i s  (,OlT('S)lOli d s  t o  til (' HI (,­
<'I I H lI ic- :iI 1':1 ( '1 t li n t  a l i g l l t  ( 'or<l w i t h d i st ]'il mtc:(1 \\,p i ghls 

:lt t a l'l I P<1 to i t  is ]lra ('ti en l l y l''lu i v:! l f ' l l t  t o  a I H'll Y,Y (:0]'<1, 

I'll] l i l l  d (,j ( ' l' lll i ll l'd hy ( 'al ( 'n l n t i oll H 1 Hl by c:xpf: r imPlit 

t li n t  Uw d i �t:ll l(:f' IH't\\' ('('u t l l (, ('o il s ,  l i lw t i l P  d i " ttlll C'p 

lidw(,l'lI the Wl'ig'll tS,  lllu s t  l lOt (,X('('('(] :t llrf'f;(,1'i1) (�<1 

:1 1 1 10111 l t  in ('aell ]ln l'ti('u l :1 r  ( 'a s .. , 'I'liat i s  t o  SHY,  tllprp 

must 11(' at 1 (':1 :"t n ( '('rta i ll l llllll l l (, l' of ( 'o i l s  v e r  w a y (' 

1 (,lI gt11 ill o]'(lp], to :! ppl'OX i lllntf� a lI 11 i fonn l ,' llistrilmt!'rl 
i m l ne!m l cf', otll( 'rwi s(' tlH'Y lIl a y  (1 0 1ll()]'P h n rm tha ll 

goo<l , i\l o]'( 'ovpr, the �hol'1 esl \\,n \,(' If'lI,!.!;tlt mu:<t be 

(,O I I " hk l' ( ' ( J .  I I I  tl'l('VllOny tile l t i g l l  . .  �t fn'qu('IH'y Il('C(,N­
sa ry to t. r:lll SlIl i t  tlltit'll i ate NIH'('el l i s  n liou t 1 200 wan's 

1 )( ' 1 '  S('( 'O I H J .  'I'l l i s C<ll']'('"powl" 10 th .. ll J1J1f'1' I m rmollic" 

or ( )H�rt ( ) I I C:� in  "ome of till: ('OnSOl ln l lt  "Ollllds,  II(,ll ('P 
t h e \\':1 1'1' I ('n ,gl l t  at tll i" fn'<]l1f'lJ (',Y is ( ,a ku l n 1:l'cl fo1' till' 

gin'lI ( 'o l l d uf't or, t ()g-dJ}(�I' with the I O :l (l i ll ,l( ( 'oi l s, wh ir-It 

l i n n' f I  ( '( ' rl a i ll (( ltn l rl'R i stalH'(', C:t llll l 'i t .y 1 11l <l i llllw,ta ll( 'p 

t l i a t  i s  a ss l l1 l l ('d t( 1 1)(' I1l J i fo l'l ll l y fl i st l' i l m t p(l. A" (] l'lll Oll­

� t l':t t('(1 hy l'n] l i ll , in :l l'oll( l u('tor lla v i l l g 1 I 0t I p>:s th a u 

('i ght OJ.' t('n oj' h i s  ('Oil8 vel' wavp l ('l l �tll. thi " aSSUTll]l­

tion if; :lllJll'oximatc'l y  eorrcet. '1'0 nl'l'in� at these fad" 

Pupin (ll'\'is(�<l Hew mn thematical Illetho(l >: ,  and sol yp<1 

tlle va ri o1ls lI rohlmll� in a m o,;t thorough and exact 

m:Jlmpr, II e  a l so lllaul' experimeutal test:,; UJlon mti.-

1if'i a l  as well a s  actual telephone lines a ml underground 

( 'a lilps which fully confi rmed his theo],ptieal invc;"ti­

,�a tiOl1�.  

PUlli n furth er showed how to d("sign the coil s for 

lo:t tl lng lill!'S i n  orde], to obtain maximum inductance 

with minimum resistallee, hYHtel'esis a n d  eddy current 

I ONS!'S, I II  fad tIl(' pradical sucee"" of his system re­

fjUi reR t lmt these l osses be redueed to a m inimum, and 

t hi� wa,; U(,eOllllllished by ingenious ana eareful eOIl­

strueticm, 

The Pupi n " loaded l ine" permits hig'her voltllgP to 

hf� :J JlPliefl to it, wlwrehy tItf' el c('trieal \l'a n�� llln y  liE' 
tnlllsmiHpc1 to n eorJ'Pspon<lingly gn'a tN' (li Nt:llle(;, III 
IlI P t n l ll slll i � s i ()l1 o f  elpt1.rk power i t  i s  Fm fl i ( 'i l'll t to nsp 

1 1 0  01' :!:!O vol t" to su ppl y JII otor',; loea J l�·, 1.'01' l ong 

liH1I, reptil es, hat.ruehi:,l l I S,  h i n ls. a w l  lIl:t Hl Il W l H  (':t il !lp 
sav(;<1 from utl('r ex t er m i ll a t i o ll i ll thf' ('olll Jl'l r a t iy( ' l y  

near futu)'p, Rl'IIlPlIllwl" tI\(' nt i ll i Ol I �  o f  w i l d  pigl'Ol I �  W\' 
llll <l n ot half n PPll t n l 'Y a g'() � fl lHl II "'" \\'e ilal'(� 1/I1/1f'. 
Other form:" a l'l' f , ,, i ll g j l [,�1  ll �  [,lI p idl,I' ( ' x tel ' l l l i l l :l l ( ' d  ill 

this  eoulltry by Illa ll a� WPI'<' l I wsf :  I l l 'a nU rul  i J i n l s ,  

Another liue of \Yo rk to whit-I! ti l ( :  " (lc i d y  a ll d  p a r k  

should df:vote it"I, l f  i "  I he pstaJJ l i sli l l l ( ' lI I .  oj' I I  I lto l 'ou,:.:: l lIy 
equip]l('(l prosf'('tor i a  I d p U'1 rt l ll PIl1., for 1.I l ! '  ;;tud y oj' l h e 

morph o logy 01' ill l :lt OJll y of a ll  tilt' H ll i l l i a l s  l hat d iP i ll  
thp c o l l ('\'tiollS ,  Tll i s  Il'i ll  J'l'«n i r( '  B o t  oli l y  c x h a  us t i VI '  
prosectorial  work, liut the ( 'sta b l ishlllf'Ili (I f a fU l l d t o 

ltHlHIsoIlle l y  puh l ish IlH' re"u l t s  o f  "nell l a J IO l's  a n d  fl"  
sea rehes, A g'n'at IlWll .l' of our 'llIi lll , t1 fl  of a l l  d as�\'s 

are 1l0W LJUss i ll g' I'upi tl l ,l'  a w a y ,  ' ili d w in ;; ( I011 1 1 (' !' ll�  
t i rf'ly extin('t . If tl1(' stl'll<'tnn: of t l IPS('  is n o t  " j ll d i ('d 

a mi pllb l ishp<l in (Ipl ail  1 1 ,1' t i l l' a l l ll t�om i st" of I Iw l i l' ( ',, ( 'nl  

tiIlll', thp fla y  wi l l ( 'Olll !' \\'1 1 ( ' 11 U\( '  1l1 O l']Iitolo ,!.!; is l s  of [II 
tnr(\ g'('n(lratiol l�  \vi l l  li n n' good { ': lll�P to ;.:1 : I Y  w h : l t 1 I H'Y 

think of ll" and of onr ('n l ]la l >l (' 1 I (' ,:.:: I { '('( i n  S I W I !  i m p o r t ­

a nt field",  T h i s  ( 'lIti r(' d f'pa l'l ltH'1I 1 o f  � d ( ' l w ( '  i s  lI O\\' 
i)(' i ng "ad l y lll'g l f'd p\l in l il i "  ( 'o l i li t ry : H I I iI l i S I l oo k  

haek OVf'l'  ti l(' pa�t forty yt':t l'S ( I ] '  11 1 ( 11 ' ("  I I It i I l k  of 1 Ii ( '  
(,OlTPNjlo n d p ll('p I Iwd w i t it "U<'ll II'ol'kf' r,� i n  I ltb f i ( ' I t! 

af; till' 1'a rk('rs, I I :1 x l  .. y , F ( ) I" ) ( '� ,  I l a ]'\\' i l l ,  N i l '  H icha rd 

Owpn,  CO])f', a mi mallY,  llla ll Y  . .  I I H ' r s  oj' s i l l l i l ar � t a l l d ,  

ing--lll PIl who IH'\'(, I' :1 l l o\\, .. d a ,v " : l r to s l i p l i ,l' \\' i t l l O l1 t  

puhl ishi llg tiwi r 1l11'lllO i l 's U p O I1 l iJ ( '  ( ' ( llll l la m l  i n '  a n H toll l,l' 

of "0111(' of l it " H' J' t"lirn t H  ' li l fl \\' 1 1 0 P O \\' ! ' I' !' I I I I Y i l l c l' {'a �('ll 

our Im owl edge (if Sl]( ' 1t  sll lij pd ,, "  I lJ t 1 1 < '' ' '  I li a  I 1<' 1 ''' 11" ( '  
have fa li Pli fa r lip it i wl w h: l !  \\':1 S I > < ' i l l ,l( : 1 ( ' ( 'Ol ll p I i NIH'd 

tlllring til(> I a l t(']' ha l f  ( I f  t i t  . .  l a ,, 1  f ' l ' l I t U l" .\" ,  W i l l  it 1 I0t  

Ill' Jl"s"ih l p  f o r  tllP "'( 'W York jI,,,i i l og i ( ' n i Nod(, j ,\' to n" 
viv!' UlP i ll l (' ['( ' ,; 1  i ll t i l  . .  " . .  f i ( ' l fb '!  W i t l t i l ,�  I J Il <'q u a lP!l 

j'a dl i l it'� t o  ]Il'o",,( 'u l (' SIWit work, i t "  ll l l ri l'a l "d Jll ( ' :tl IS,  

fi nd its wpigllty i nfi llCll( '(' ,  it m ONt : 1",, 111' ( ' < 1 1 ,1' , ' , I I I  do NO" 

d ist: l l H '(,S p l pl 'i r i < - a l J l r(,s� l l n's :I I ' ( '  nti"; ( '<i 1 0 1 110" i l( ) ( )  l'ol l � , 

01' ( ' \"PIl higl H'l'. I I I � l l l  ;ll I a I ( ) .�on � n U 1 I ll l ( l l '  li h .d l P I' yo l t ­

:l ,l(('� ' l p pl i ('" 1 0 " P ll pi n i,,( 'd " li l l l '" i l l l ' l' I 'n �( '  t i l \ '  < i i s j : l l l< ' ( '  

:I t \\' l i i ( ' 1! j ( ' I ( 'p11OI I i ( ' " Ol l l l ll l 11 1 i < -n t i o l l  Ill : l ,\' 1 ) (' J l r : ! ( ' I i < - : l I I � '  

f ' :l lTi pd Oil. If t l l p  \'o I ta gp \" p n '  I ' ; li :-.:pd 0 1 1  ; lJ ]  ( l I 'd i l l ; ! ! ' ,\ 

11 1 1 1 0: l d ( 'd l i l l ( '  till' ( ' 1 11 ' 1 '( ' 1 1 1. \\,o \l l d  I I ( '  f l I' O Jl o l ' t i o l l n i l ,\' i l t  

" r{,'J.�('d n lH l  1 1 1 ( '  l os"f's woll i d  r i s ( '  i l t  ( ' \, 1 ' 1 1  ,:.:: r , 'n l ( ' r  p J' ' '� 

porti o ll ,  'r l l f' I (ls''''� wou l d :Ii"n  h ( '  : Jl(g' I " II':l tc-d if  l ' ' ' �  

>' i stm l <'(, \I'' ' l '!'  i ll t l'od lwl'<I t o  I i ll d !. I I I < ' ( ' 1 1 1 ' 1', ' 1 1 1.  ( ' I I  1 1 1 ( '  

otlwr lla m l , ti l (' i ll t 1'l 1( 1 I1 " j i O I l  o r  i Jl ( l m' l m w( ' ('oi l ., lI d d �  

t o  n I P  l'('a dnn('p oj' till' l i ll ( '  so tl l a !  til(' f ' U I 'I ' (, l I t  i �  l I ol 

0X(' ( )�sh'(\ ('\'('H \y i t ll ;1 l l i .� h ( ' l '  \' ( ) I t : l g'(' .  T l l i �  ! 'p :H ' l n I H ' ' ', 
�illl p l y  " t O I'PS tl H'  ( , 1 I ( , 1'g,l' 1Il 011 H ' I I i : l l' i i ,Y : 1 1 1 1 1  ]'( ' t l l l ' I I , '  i I ,  

l m t  <l ops l I ot it"pl t' i l l < ' I ' ( , : I � ( '  t I l\' i , ,�,, ( '� ,  'I' i 1 ( ' l ' (, i "  , I  
(, (']'t:l i ll mJlOnllt of I ( )�s i l l  t l IP r"s i � t ' I I I " ( '  a l l d  i l ' ( >! 1 ( 'o n ' "  
oj' t i l l'  ('oil� ,  l>llt fl l l " i . �  1 ' ( ' l n t i l"f 'l ,I' ,� 1 l 1 ; 1 1 1  " 1 1 1 1 1 /1 : 1 1 ' ( ' < 1 w i l l i  

tl l e i l' 1'f'llf'tfllll:C', 

'I'll(' i ll d u"t ]' i n l  : l JI]l l i ( ,: l j  i O l l of " 1 '1 I p i ll i "f ' d "  l i l l "" i 1 :1 " 
1 1('('11 l'(,ll J : l l'k a l ll .l' " u (', '( 's�fll l :ll i f l  i l l l ] l O I ' I ' I I I 1. 1 1 1 1 1 1 1 '  

l i ll ited SLn jps tit" A m " I ' i f':! 1 1  '1'" I ( ',�,'I' : l J " l  , l I l d T f ' I ( ' I II l < I I I < ' 

COIllll:l l l Y  pu n: i Ja,, ( '<1 1'11 [1 i l l 'S i l l l" f ' l l l i OI I "  i l l  t l l i � l i ( ' I <I .  
n l l <l 11:I � " I o: l d ( ' </ " Ill n l l Y  I li oll " : l I I < I "  o f  1 I 1 i 1 < ',,, o r  ( 1 1 ' ( ' 1 '  

I l f 'a d  : l 1 1 f 1  1lll d ( ' I' ,:.:: r01llHl t ( ' l ( ' p I I O I l ( '  ( ', l i d " " \\� i l l l l ' lI / 1 i 1 l  

( 'oi l ,; , I I I  m a n y  ( 'n "f�S ti ll '  ( ' ( 1st of I I I ( '  1 ' 1 1 ' ,:':: 1 '  ( 'O I I ' lt l < 'l o l '�,  

as w('1 1 : t �  their ('xcps s i n '  \I' ( ' i �' i tl : t l l d  I lI rI k, \\'o l1 l d  I I I '  

jll':l " t i ( 'a l l y prohilJit h'( '  i f  i j  11 ' ( ' 1 ' ( '  1 1 , >1 1'01' 1 1 1 ('  s : l l' i l l ,:.?:  i l l  

ti l(' siz(' o f  wire tlla t. i �  >'( ' ( 'II l ' ( 'd  i i ," Pn p i l l '� i l l l' f ' l l jj ol l ,  

T l l i N  ; I ] I /l l i (';.: parI 1 <- u l :! 1 ' 1 ,1' to ti l ( '  \' ( ' ] ',1' i l l l J l O l't:ll l i  1 ( ' I ( ' � 

]IhOl I(� l i m's t.ha t  1 1 :1 1'(, 1 1 ( ' ( ' 11 I ' l i d  l l l l d ( ' I 'l(rol J l l d  ] , f 'I \I" ( " ' 1 1 
'Ya sl l i ngtoll ,  1'1Ji l ' H I ( ' l p i l i ;l , :\'('\1' York ' 1 1 1 < [  Bo"tol l i l l  

o]' (l ('r t o  : 1I'oi< 1 ttl(' d 'lI l :'::f 'l' o f' i ll j ( ' I ' l 'I l pt i o l l of (l\'( 'rl l f ' :1 1 1 

se l '\,i\-.. by s(,\,pre lI" i n d  0 1 ' ,, 1 < ' ( ' 1  "t o n l l S ,  '1' 1 1 1 ' 1 ' ( '  i N  : 1  
praetieal l imit to ti l l '  d i sta l l l 'p j o  \\�1 1 i ..[ 1 s l " , ( , , ' 1 1 ( ' :1 1 1  

l i t '  ��H(,( , ( 'S : · .r l l l l y i l ' : 1 l 1 :--; l n i t- 1 ( ' d  I IY 1 J l j ( I { , I · .L� T ( ) 1 l 1 1 d  4 1 1 '  � l 1 J I ­

lII:1 l'i l l ( ,  ( ' : l b l ( '� ,  Fol'  < l i s1; I I I ( ' ( ' "  of f i fl ,\' lIl i l ( 's 01' 1 1 1 ( 11 ' ( ' 

( 'OPI H']' f 'Ol l , h l< 't()J'� of "I w l l  1 : l 1 'g'( ' s i z( '  \\' o i l i d  I " ,  l ' f ' <l lI i l ' l ' < I 

tIl a t il l f � i l' ( ' ( )�1  \\'1I1I I d  1>( '  "( J i 1 i g' i I ,  : II , d  n i l ',\' \\'( 11 1 / <1 n '  
q n i J'f: so lll l lf' 1 1  ('X I )( ' I I .� i l ' I '  i l l Sl l l : l l i ol l  t o  ( '0 1" ( ' 1' 1 1 1 ( ' 1 1 1 ,  1 1 1 :1 / 

Ow i l1\'('st1ll ( , 11 1  wou l d 1 ) ( ' ( '0 1 1 1 ( '  ( ' ,\ ( ' ( '>,s i \ ' ( "  MO J ' ( ' ' ' \ ' (, I ' ,  I I J ('  

,'('ry oh,kd of U"i l l ,l( I H rg'( '  ( 'ond l l d o l''' i.� j o  ]'(:<1 1 1 ( '( ;  jJ l ( ' i l '  

] ' ('si �tHl l<' f �  n ll([ th f'J'( ' I J.\'  I I I n ](" 11]1 for 1 .1 1 ( '  J'( ' I , t i  i l'( ' l ", 1 1 i ,�' h 

pkdJ'ONlntie ( �:l rJ:l ('ii .\' of llTl <i P l'g l 'l IllI l fl 0)' Nul l l l l l l l ' i l l l '  

('n h l .. ",  At tlw S : l l l '" t. i lll (' HI('s() l n l 'g(' COl l(l ll ( ' I ( ) I '� "' o l i i d 

han: ('OlTe�V()lI d i li g l y  gl'(',\1,('r \' I (' ( 'i.roRtn t il'  ( 'n /I, w i  I �', 

wllkh ca l l s for s t i l l lower ]'('SiNtfl Ilce, :ll ifl so O I L III 
,,1101'1., tlip remedy i l s('l f i ! I ( ' I'('n �e� t it  .. t l 'oll l i l  . .  ,,0 t l l : t i  

"till JilOl'e I'f'IlWd,v i" Jl('('(] (�d, whi!:ll 1'11 1'11 1 ( ' 1' : I < l d s  I I I  t i l ( '  

d illicnlty, a lJ(1 Ole si tun tion : I ] IP (':J I'S 1 ( ) I I ( '  l i O I I( ' I ( 'NS, 

1" ortuu:t tc� l y, thp "Pupi ni�(' (l" Il l l ti (, I ':!; I 'O I l l l < 1 0 1 '  � 11 1 11 1 "I \' i l l ( ' 

eabl l' ma y hn\'(� cOlld w ,t ol's of 1 1 1 1 1( 1 \ ' 1': 1 1 "  " i z(' , b( '(" l1lN ( '  
thei r resist a nce (j(li's J \ ( I j� ha n '  to i ll' 1 ' ( ' \1 1 1( ' ( ' <1  1 0 : I ll 

(extremely l ow va l u (' to 111 : 1 ]( ' 1 1 ] 1  fo\' ti ll '  11i.c.;1 1 ( ' 1 ( '( ' ­

trostatie ( :ullacit.r, 'I'l l l' l a t h' l' i s  / I] 'a l ' l i ( 'n l l ,1' i l l ( ' \' i l : l J il ( '  

when coml ll f'lo ]'s a 1'(' 1 : l id 1 1 1 1 1 1 (' 1' ,:!; I 'o l l l l <i ( I I' 1 I 1 1 1 1 t ' r  II'n t( ']' ,  

due to Ole f'01I< I (,l l " ( ' \' . .  1'1'('('1 1 1 ( '1\\'('( ' 1 1  t l t ( '  ( 'o l l l l n l ' 1 o]'  n n d  

1lIP earth o r  Inlt( � ]' ,  a �  I\,( , il : I S 11 1 ( '  sl l f ' n t i l i l l g" u S l ln l l ,\" 

:l ppl i ('(J to snell ('ubli's, 1 1 1  H ( ', 'ol'd : J I I ( '"  w i l l i I l l l '  P U p i 1 1  
illl'(, Jl t i o ll t ill' el eetrostatic ( 'a l >:u ' i ty i" I l oj I I l ' l l t  ra l i �" ( 1  

Im t:  o \,pl'\yhelUled h y  in tl'odl w i l l g  1 : I I 'g( � i Jl(l u f ' ! n l l ( '( ' , l I p lI ( '( '  
1.1 1 (' a l loYf'-(] {'serihed ('on ti i d  of " (Ju d i !  iOlls  i "  1 1\'" i<l I'( L 
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The concourse. Italian Garden, and north end o f  Baird Court. 

This: l R  t t w  m a i n  pntl'fl JH'P to t I w  park a n d  fncf's o n  the Pelham Pn rkWll Y .  At 1pft i R  t h f'  Ad rn i n i strn t i o n  B u ild i ng-, 

whilp o n  th e ri gh t  i H  Hf'PTl thp ln rg(� hird h O llRe. 

The elegant quarters occupied by the A pes. 

AmplD Rpacp, light and al T' i s  provi fl rd to m a ke the surroundi ngs o f  t11D80 d0li('a tp a n i m a ls as hf'n l thfll� HS pOBsihlp.  

Notf' t h e  a ppropl'iatf' Ilceorntioll s .  

Eagles and Vultures aviary. 

The8e largp bil'cj s speml most of thDlr timp i n  tbn op"n air.  anr! thp roomy ('ages atfor'd au opJlortullity for 
e4"erelae. 

,.. 

SCIENTIFIC AMERILllli 

Some Characteristic V 

Zoologiq 

The Natural Scenery Surpasses A� 
the Collections of A ninlals, Bird 

Alaskan Brown Bear. 

His gpn ial eou ntpnallce nUlkps h im a favorite ''l i t h  

tile pulllie. 

Pigmy Hip popotamus. 

A � l e('k a n (l ('omfortallle looking little a n inw.1 t h a t  
a ttl'l1<'ts mucll attention. 

Great flying cage. 

'This indndf'R sev('rul la rg'f' trees . and a wah.>.r pool. 

m ll \<ing au i(I(,1I1 ho me fo)' lal'l(e a quatiC' fowl. 
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ews I n  the 

al Park 

New York 

Similar Park In the Worl(l, and 

and Reptiles IS a Notable O ne 

A refreshing dip in winter. 

'I'llI' hpar ({{lIlR a re provid ell with Inl'gp h a s i n s  of fl'Psh 

watp!', :i n  which mll n y  hearR (}f'l ight to paddll ' .  

Africal Elephants. 

rrhpRf' grpat a n i m a  l R  are hern seen (Olljo:.vi llg a r n m l d f' 
in the o]len. 

Himalayan Tahr. 

F"ol' the benefit of ilH'se,  and s i m i l a r  n et i \'(' eli mlH'l'R ,  
a rocky arJiliciai  hill  i H  pl"nviril>(l. 

:36 1  

The Elephant House and paddocks, seen from t h e  rear. 

A �pnf'i()llS awl I H'u u tifll"l lnl i l d i ng. with In rg'f> open air f'x('rdsi n �  yards d i l'('('t l y  l 'OTl w'ctpd \'vith tht> i ll d i vi d u a l  
q u a  rtprs with i n .  

S m a l l  Deer house, showing the commodious cages. 

Adj o i n i ng t h f' h O llsf:' o n  ho th sitlps fl l'l' thf' Rf'vf'ral expreiRing- gT0111Hl s for PIl( "h SJWt' i P R .  Rl l l'l'O tlll l i pd hy hitdl 
i ro n  rf' f1 <'PR.  

The Lion house, showing open air promenades. 

'l'hp lions and tigPl"R are most comfortahly housed, a n d  adjoining eaeh eagp iH an  outdoor eagp. " heltm·ed frolll 
the weather. 
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S ·  �. ClenCe the II ome* 

Losses and Other Chemical Changes In  Boiling Vegetables 

By Kat.hcri ne 1 .  'Villiams, ]\L 8(' "  The U n i vers i ty,  Bristol 

J �·tn.
· 

formcr arti c l e  " O n  Cooknd Ti'ood "  in Kno w/edge 
( 1 \) 1 2 ,  xxx v . )  t h c '  au t.h or gnV(' SOrtl c '  ,WC',OU ll t  of her i n vpsti­

gations i nto 1 . 1]('  c, ltem ieal e',olll posi t. io n  o f  eookud fish and 

v c�gc:i.ahlc; food s .  It  wa.s fully uxpbi lH,ct t hat. t.11(' m a i n  

obj('nt o j' th c '  i nv c's l , ig'a t i o n s  W lL S  to n r r i v . '  at a "] I'ar i doa o f  

t h "  val u o  o f  food as sprvce! at 1,all l . .  , a.n d  tiw n�sllHs 

sho\\'c ' c\ t h a t.  Hl a ny ralsc'  id"a,; c 'xist as leo Llw proportion of 

1I 1 1 tri c 'n l s  "on l airlC' ci ; f u ll cl dails W C ' f'(' gi v c 'n as to tlto p rn­

paral. i o n  of 1. l lC '  ar1. i ('lc�s Si., I ('(- 1 C 'd n n d  1 .h  . .  pa.rt p l aYI'r1 by 

wa 1 c : r  i ll t. it" pro(" -,,, o j' (Oool, i ng,  an d a1. 1< - n t , ion was d i­

('! �e f.c>d to t I l l ' ra .. 1 t h at th .. jJc �r(',en tag. ' of wa.l cl' is o n c '  of 

tllO m o s t  i m porl a n t  part.s of food an a. lysi s ; w!' wanl to 

k ll o w  ho\\' nll w l l  so l i d rood \\' C '  n'ali y  ( ' o n SUllH: .  I n meal 

awl li siJ I lw('( �  i s  a h i gi l c · /' p( ,(,! · c ,n ta.go of solid nml kr, and 

t h e: w l wln  (If 1. h c '  fl nslt ( ' ( J [( ,; i sl . s  o f' llll t l' i . ' n t ,; ,  J'nt ,  pro l,n i n , 

a n d  llI i I I  ('ral m a tt( 't' .  VC 'l!:nt,ahl c ,; ,  Oil th e :  o ll l ( ' r  h an d ,  

bpflidc 's  L l ] ( ,s('  II l t ( r i p n ts,  (; () ll l ,a i n st ,ar(; it i rwlosnd i ll c ,"[l 

walls of li b. ,)' or ,  a s  i l  i s  also "ali . - d ,  ( � l' 1 l 1l 1m]().  '1'1](' la.U c 'r 

suhsl a n ('(' bas  a ciouh t.i' u l  valtH' i'l'Orn till' food po i n t of 

vipw as a fll t t ,r i l'n t .  l n s i " ( ,  1 , l L i s  i'r<LlllPwo]'k i s  j'O ll lU[ tho 

s tarch ; i n  the pr',,('Ps,; oi' ( '()()kill� (. 1 1 ( '  star<,lJ gran u l e s  11,1'0 
gtdatinizPcl a.nd hrna.k <lc ) \\ n 1 1)( ,  . ' c M  wall s ,  as ('an 11<: 
,!:pn in a wp l l -, ' ( )o l" , , [  po l nU I .  T h c '  "ffp(. 1  o f  c '()ol, ing- as 

rpgTtl'd s sol i d  Ilw. l l !'r i s  i n kl·" ,'.[ , iug ,  s i u ( ' "  aft ( , !, t hi s  Op <'rll ­
tiotl ti t " rlll trin ll t.s in t ,h , - ( 'ns c :  of fi s h  awl TII ( 'at plJOW a 

b igh er ]wrr:cn l age, w IWl" 'fLS w i t h n:g(' t ,ah l ('s tll(' rc,,·"rse 

is tile ('a,;r, witl]  a few eX(j'�p t,io n s .  O nl .\· t h . ,  c , <l i b l "  por·1. ion 

i s  IH'rp ('o n,;i<i, 'rpd---tl l a 1. i s ,  t ltI'  porl  ion of \C( ·g:l'I.abll's t h u t  

ean be; c'alpn a� ['"oc[ ,  A s im p l e  c! .. f i n i ti o ll of food i e;  til<' 

one to he fo u n d  in Dr. It, ll u h, l ! i n so n ' ,; " Food and t h o  

PriIlC'ipl"s of D id dles" : . . . " any th i n g:  whii' h ,  WIWll 

take n  i u to t l i ., bod,\' ,  i s  c ' ;lpahle o r  pi l lwr r<'\ lHi r i n g  i t ,;  
WU8t O or of l'u l't l i ;.; h ing i 1  w i t , 1 I  rn a t .( 'r ia l fm rn w h idl to 

prod lH'(' lr"aL o r' lH'n l ! U "  a n d  lll l l ,; ( 'n lar work . "  The 

ordi nary 11,1'1.i " l c ' ':  of d i  . .  l a n '  llIiXt.II I" ''; oj' \ a,r i o l1 s  "!H'lll i . 'al 

substall('es , and among t.h l' flI ost i m port an t o j' 1 I w8(- am 

thoso c'on tainin g n i troge u , l\x,lIll p l . ,s of' wli i('h a re glu t C' ll 

in hn�a.d , lpgnlll in  in p u l s  .. s ;  b tl t  ti l esc' a]'(� t h o u g'l l  d if­

fcr"u t  l ' lw rn i('al Sll bs l all('HS and arC' "b,;sifi (-d und c , 1' l.1u., 
g"lwral I ,('r lll pro k i n .  0; o ll - n i t .rog('1l0 1l S is  a. l "rl ll I l s(Oil 
for t h (- l'arh o lrydra l,(',; , ';U I�'ar, s l ,al'e it , al,;o fal , s .  S 1tl, l t  as 

b u t t"r. A llOO,, - !' i m port a n t  l2;ro U l l  i "  ( ·al l  . .  " lll i r" H'al m at­

ter (or ash ) ,  aud .lr pr t '  wc ha ". '  t ,ah l n-sa l t. ,  al so l 'alc ·. i u fll 

s]J(" ' ially ro u n d  i ll a.spll.ragu s  an d s p i n a"l l ,  sail,;  0 1' i ro n  

al so i n  sp i uadl , pm,s a.n d  po l ,ntc J ( ''; : fi na'! I .\' ,  wat,c 'l ' ,  w lt idt  

form s a larg;(' ] Jar!. oj' . ' n-n our m ost so l i d  looki n g  foo.] ,; .  

In Lhi,;  ad. i ; , l o  i t. is proposed m ai n h' j o  d c 'a.! w i th \'C'g" '­

tahl !' foo d s .  A, a r u l c ' ,  m o s l  \'og" [.:thl,,s aro sold in <l 
vagno way as t.o p r iec)· · - hy UI C: h ll lH'h w i th (',arrol ,s ; s p i n ­

aeb ,  hO WI'\'f-r, is sold h;! 0](' ]Jo l l lvL Tim'" samples w('ro 

bought ahou t, tit!' sam() l i m p  at t WOP('Il( '!; p;wh 1)(;1' p o u ll cl :  

( 1 )  Th o  wasi l' w a s  4 Y2 Olll](,!'S ; ( :2 )  sD l i d 1 po und ;� 
OlllH)('S ; wastn,  ;{ OU lH'''S ; (:{ ) tltn  wpigl tl ,  of tho pappr 

innIud"d was !4 of an OI Hl'<' (' , 7 (J U ll e,-,; wn!'(' wastn (Stp I1 I S  

ami l'Oots) , 1 ( �a v i Hg o n l y  X :;.£ O U lH' ('S t'or' (Co o k i ng purpOSl-b . 

The n ox!. q ll ('stion is  h o w lIlU (.h n {ll so is  t lwJ"(' whon 

bouglr t.'?  T h i s  ('"H ,;ist s or l lt c  ski n s  of po tai,o!'s .  Hc'ro, 

i t  m a v  jll' J'() rn arkc'd earl' s h ould  h( '  Cakc'u ill tho ppol ing 

or  po
·
ta.l.o('s , as tJI(" lay PI' n l'xi ,  t 11C' s k in is c ',onside1'ahly 

ridlOr in m i lwral nmtt l ' l' awl protc ' i ll t.h an any o t ll nr 

part of t.h" t l c ·sil ; i t' L i t i s  is wasll'( l thc'n thC' �tar", h  m a i n l y  

form s t lw port ion sc 'rv . .  d at l ahIn .  Tit . .  lwst m l' l hocl to 

(�()()k t b i ,;  vugl'1nh l( '  is i n  t. 1l<' ski n . \Yi t h  grel'n Twa, Ow 
pod s at'll ofj." 11 l oo k. ,,, on as w:w(,C' ; 1 ,h 1'Y j'orm 4;) pU!' ('Pil l 
oj' tIl(' v cgpt ,a h l c' as so ld , hll t, ean ]w u Sf'd for sou P Tn'o v i d l'd 

som "  [)<'�s a.1'( '  add c' c l .  A fue l, H o I, gntll'l'n l l y  kn o w lI is 

that j,[J(' p o d s  aI'" c ' h o pp ed u p ,  ho i l . ,d  or s l C'n m c 'd WI Uti'  
mass i s  soft. ; i t  i s  C h C ' n  ('.1'I 1 s h ('d a n d  passc -e! t.l l ro n �dl  a 

sipv" to separat(' j,]J(' Ii hn!' j'rom t IH' c'd ihl c '  portion ; t.h ., 
laU.,r is  , 'v:1poratc ,d dow n ,  m ixed \\ i Lh sugnt, a n d  so ld  

as a ki n c l of marrnalad ( · ,  OJ' m i x  . .  d w i t lt ('. u rran t r; .  goo so­

berries , or ban ana p u l p  ancl maliC' i n to ja.m. 

'1'wo oxam ples arn g'i v ml 0[' 1 1)(: f(·fllkP in fish as ,;old.  

bu1 it is  o ften c,]('nt]('d h"fon' Je<J.\ i ng' t Itl' shop , whi('h is 

not, u su al l v t h e  ('asC' wi1 h v egntabh,s .  

Before �1'('I;a.rin g  t lw sample for ( :ooking it wa.s wpiglll' d ,  

and tlwn th o rdll se was weiglwd. and pl'l'enn i<Lg(' eal(lu­

lated ; so now til<' l'f'mnin i n g- v ngdahk is wnighed lIdore 

and aftor tho pro('.('ss of ,,()o kinf�, to dd,('J'lIl im- Llw inerea,;o 

OJ' cl (,C'1'('ns(' wh ieh is  (1m, to 1,lw loss 01' ahsorp t i o ll or watur, 

All w nsl l' is I'plTlovnd,  S I l ( ·h a,; tiro hard parl ,  of t11" storns 

of a,;pa.ragll s , hOlte'S a nd Itp,t<l of fish, s h olls  o j'  " i>:g'S . \Vi1.h 

o lle (·. I :l.s:; o f  foods , I I I( :  c ' ( ' I'()�ds ,  th ''I'e is po re;'us(' or was V' ; 

all is eOllSllmf'd as rood . 

All vugf'l,abl l's W " I''' sim ply hoi l l'(1 i ll watc' l' as suppl iocJ 

by Uw Bristol \y".j.<>1' COIrl THmy ; t i1 i ,;  \I ukr is hard , dill' j,() 
1,ito pl'<'snTH'c' of c:alei lilYl narb')lIl1J n ,  hu I is o tlll'l'wisc c 'x­

() , '[I(' n t. .  

,', '['he Chl'lnirflt Ni'U'  ... · 

It w i ll IJP sewn wnw foods "on tain the two kinds of 
l'ofus(' ,  on(' tlw porti o n  n'rno vl'd hefore eooking,  the outer 
Ic-avC's of vl'gnt nhles,  the o thor th o  stem s ,  honos of fish, 
l'k . ,  left aftnr ,,'rv i ng at, tab l o ,  nncl the asparlLgns is  o n e  
f!xam pl . .  ; l hi s  Sam]l\(; eost, !) ncl. pn!' poun d ,  o n ly :� 1 !4 [)('r 
(lell t wa,; fi t  for (·.ooki n g, and of t h i s ;� 1 !4 wlwn nooked and 
sl'l'vnrl a.t  l,ahlo  only firi per "ont c �oltl cl ho caton, making 
th i s  vef.';l\ j,ahl "  nil nxp " n � i \'(' al't. ielo .  A great doal of i n­
for m a t. i o n  l i as honTl p nh l i slior\ in Am uriea, by tho Dopart­
lil c 'nt  of  Agl'imtl t.u]'c- i n  Bull.. t i ns wltielt arn frHdy dis-, 
trihu l,,,(i in l. Imt n(llml,ry a.n d  ('an hn bought hy anyone for 
n Ii'\\' PI'Jl('!' ",wh ; om' i n  (lOpl'ei al is valuable, No. 2k 

(Om"" 01' I'�xpol'i m (\ n t Statio n s ) ,  pJ'( �par"d by Prof . At­
water all d A .  P .  B rYlLll t" on l.itl"d " T h e  Chemi(ml Com­
posit io n ot' l\ m ( \l'iuan [,'ood Matnrials ;"  it  c,on tains details 
or t,ltp analyses o r  ;J , tWO Anwri"an artieJus and eomnlOdi­
ti,,� ll snr/ for I I U Ill/HI food i n  t , lml noun try , hut i n  most 
" usns thc'y are u lI ()ookl-d . 

\r(, In nst now pase; OIL to th(' mai n q lH'stiou--- w hat are 
ti l l' prill e i pal  e ita n gns tli a t.  take ]l la( '''' in tho process of 

E n d i v(' 

( ;  rt�{'n fwa:; 

Pa.r:-> n i ps . 

( � J'('{'n (lrt.lcl t( , I..; ( 'S  
John Dory 

( 1 w'nnlilcl' 
BOfPcolu 
C arro t s  

C('leriru--' 

Vt'ge t a l )k Ill arro w 
Lppl{:-; 
U Ill'lH't 

1{j'; F lI Cl !'; FO){ C () () KI N O .  

(I ll 1 00 !la,rt,s . )  

Food . [{('(use, 

4fl 
7 !/� 

7:! 72  
� 1 Yz 
I f)  
;�s 
2:{ 

7 
1 8  

11 

('ook i lH�'�  T he fi n�t p o i n t , i N  t, J ) (' , tt! )  ':( ' i ll t [ H :  pnre('n taf;(o 
of wat"r ; \ve o" u l ll n ot l ivn on dry t'ood s --thaL is ,  foods 
that. ('o u t.ai lwd I lO wat,nr ; on tlw oj,lwr hand ,  i t  i s  e lelLr a 
h ig h  pC'r(' c :n t.w;c� rn1< lI lt .s in a bu l ky ('ood.  

D il r i n g  1 !H' p ro(' I'S'; of ('ooking rll( -at a n d  n � h  w o  h ave a 
d C'('rl'lt.s(' ill \\'('i l; l l [' .  Pro f'. G r i n dl !'y , of I l l i nois ,  has dono 
a ,  ?:ood d " l11 of work o n  1.l1<' sll hjl'd of loskc's in t.he (;ookin g  
oi' m c'at, ,w!l Ute i n l ll ]( ' rH'" of eooking u po n  1.ho nu t.ri tive 
v nl l ! < '  o f  nwats .  I l l ' fo u n d ,  hpsifi('.s l o s i n g wnLer, some of 
t.he fat. ]lro t,c' i n ,  n n d  m inl'ral mattl'rs am d i ,]solved (JUt .  
Hn c:xnrn i ll .'cl t.ho . 'xtl'<1ets from boil i n g  I na,n bfleY, and 
['o l rn d  as tiJ(' a vc'ra.i(l' of !J l sarnplos t h e  loss of m in oral 
m a.tte'r  was 4'1 !/z pc'r el'lI !. of t.h" tol,al amou n t  J)!'os('nt.,  
of i'at, 1 :2  [wr ('o n l" and of pro t pin 7 )';'  per eon t, .  '1'h o 
Ramo is tnw of I1sh . \V l l i l e  ll u t.r·ien t.s :lorn l os t. i n  th o pro­
(10SS, n,s i s  p roved by tho exam i n a t.ion of tho l iqui d  after 
t.ho mnat i� rnmovnd,  a highor perC'ontago of llu trien ts is 
fou n d  i n  t ltp cj()okc�d "on d i tion a n d  a IO lVor pOl'(,pntage of 

l{ i'; F U R E  ,\ R �·m RVE n AT TABLE. 
(Ill 1 0 0  part s . )  

---------_._---------

A:--; para�u,,-, 

Nnw Ilotatop.;;; 

( � I'('{'n arj. i c ilokcN . 

John Dory 

n{�rrings 

IInddoc: k . 

l\' a mn.  

. .  - - --------- ---· _· 1-----··-

wate!'. Vvil.l l vc'gt:t abl" rood Ow rovms(' is tl'!Hl ; a,s nom­
mon l.,· (O()oked a lill os t  all vogptlLhl ps s h o lV  llTl inen'aso in 
Lll l \  [) ('[,IO"n tago of waU'r an d  a. l ow!'[' por('nnta,ge of nu­
t,['ionts.  T h o  q u es tio n a.risps ; [s this  was to 1l<l<\eSsary? 
Tl1l1L i s ,  "an it be pre ven tnd ? Tn Bullntin 43, Office 
A nll1ri c :an I';xpl'rimont Stntions , Prof. Hnyder desnribes 
t.Ito lo�s in boi ling po Latons, ea.bbago , l1ud rol1rrots . He 
fo u nd wi th potatoos the grnatnsL  loss was when they 
we]'o ppolpd and soaked in no Ie! water before boiling , 
amoun t i ng to one qllartel' of tho tot,al protein prllSlmt-­
" i n  lL bl1 shnl o f  potat.oos t Ill: loss would bo equivalent 
to a. pou nd of sirloin stc'ak. "  Less loss is sustain ed if 
tho po<,l,'d yogotnhlo is at ounc' p l u nged i n to boiling water, 
a� then t,lll' Tll'Otoins a1'O ('oagulntpd on t.110 surf'ace and 
mako tho i lllwr jui('c's kss liable to loss. When the 
potatoc's are c,ooked i n  their skins t.he best results are 
o btainnd .  The loss o f  mineral matt o r  by the first method 
is as high as :1S per ()ent.  As gOllorally (jooked an exeoss 
of water has to be drained off ; this i8 often thrown away, 
Prof . Sn}: dur romarks with carrots a good deal depends 
UpOll tho sir,e of the p ieens into whieh they are ellt  for 
eooking ,  tlw lo,;, bei n g greatest with small pieeos .  Often 
abou t 1 pound of tlw sugar alone per bUBhnI is removed, 
losing 011(1 quarkr of tl\l' total nut.rionts . To got tho 
bc:st food val lI!' j.}\(O pie(,ns should hn brgo and the boiling 

rapi d ,  and as li ttle water as possihlo should bo used.  
Cabbage i n  the raw condition only contains 7 n po unds 

of solid in 1 00 pounds , and of this 2 .11 to �{ POlllllb; ar(l 
lost, in cooking. It is quitn doar that sueh losses o ught 
to be takon i n to aceollnt in drawi ng up diotarios . F urt.hor, 
sueh methods of eooking pro(iuee unpalal.ahln dishHs . 
Of lmislls foun d by the author in t he COllrso of' h er illvosti­
gl1tio lls Rpinaeh may be menti OTl Oll . I n this ease t. 1 ll'ro 

ar,] o n ly 10 po unds or solid in 100 po unds Of the vogo­
t.ablo ; aJt.or eooking t.he loss is 2 Yt  pound s , ahout o no 

fourt,h of tllO totl11 solid. Cl'loriae \J Yz pound s of solid 
in l()() pounds of ra.w, lLnd tIl(' average or three sam pins 
shows 4 n pou])(ls arn los t. .  C urly green,; or borenolo 
1 00 pound s eonta.in o nl.v 1 0 %  PlHUHis soli d ,  and of th i s 
[j .li  po und,; are lo,;t ,  in hot.h (�aSllS about om: hal f  or t h o  
soli d s .  Turnips only no ntain about D p o u n ds of solid 
por too pound s , and hero tho loss is !loariy 4 pounds . 
Tn ("Joking letttl(jc' wo find 1 po nnd lost of 11m 4 jlou n ds 
(or one fo urth) solids in 1 00 poun ds of t i l l' raw vllgl' tahle.  
With the largo varioty of asparagus mattors are rathel' 
boUpr , :18 of tb" S pounds solid o nly �� po u nd is lost per 
HJO pounds ullnooked. 

This, thon , is the result of ordinary method s  of cooking. 
Presum ably tho idea is that sinel) vpgetab l llB  are (:heap 
it does not mat.tel' if noarly half their nutrients are 
thrown down t11f! kitehen sink. flir Henry Thompso n , 
many years ago ,  dre"w attention to this waste in " Food 
and Feeding . "  '1'h(, romody h e  and oth�rs sugg;est is 
tbe usn of the liquid in whieh vogl)tables are boiled for 
tho fo und ation of soup , like the Froneh peasl1nt ' s  "pal­
all-feu ."  "'1'0 t he pot of tho poasant, wbo wastes D oth­
ing whatever , all things are weleoJllo ,  and every atom of 
nutriti ve m aterial--solid or liq uid -'-g'o8s i nto it, to whieh 
are al ways added herbs and vogota.bles , togethpr with 
the liquor i n  whinh any o r  the latter may chance t.o have 
beon hoiled. SOlIle1jmos i t  is a pot  lIuli!1J'e, no  meat of 
any kind having been pl'ocu rable , and very goo d  \Coge­
table ' soups,  moreoV(,r , are edueihle therofrom . "  

}ulOtlwr method of eooking is ()oming to tltn fron t , and 
is  called Llw "Consorvat.ive . "  Usi ng t h is ,  v ogo1.1Lhles am 
no longor m crely washed-o u t  stuff with nil the goodness 
boiled and drainod away alld then prossed in a nloth . 
"Vhen the nnw mothod is empl oyed as littlo water as 
p ossi hle i s  used , and that is ahsorbod or p','aporal es away. 
No draining or press i ng' i,; nonessary, eonsoquen tly there 
is no wasto. 

I have carried out some flxperimonts rO(JfJlltly to test 
tho valuo of this pro(>'e8S and found Yory satisfaetory 1'0-
sult,;. Tho first samplos uS(lll wore carrot� and p,trsn ips . I n  
1 pound ahout ono twnlfth of tho total solid was lost,  
wh ile more roecmtly,  with still moro earn in (looking green 
peas, eeleriae , now potat.oes , salsify, and turnips , the 
waste has heen nil ; all the water Ims been absor bed and 
t he coolmd veg'etable has retai nod all its nutrien ts .  

This  sor ies of vegetables Wl1S eooke(l in a \Vdlmnk's 
boilerptto . '1'lwse eookers aro yery simple in eonstr ue­
tion, and aro praetieally a typo of douhlo S111Wepan. A 
certain amo unt of water is p l aeod botween tho two vossels , 
'1'1113 boih:ret.to is thon plaeed o ver tho hoating apparatus , 
and when stoam nOIllOS through the valve Ote pro]Jar('d 
Yogotahh· can bo put i n  the maehine wi th ha\]' a t.oa­
eupfltl of water, Som o vegotabl()s <11'0 bottor dOll<' 
whon they are put into tho basket whielr fits into tlw 
apparatus,  Potatoes , for example, take I'ltth er longnr 
(looking, htlt the pronoss goes on hy i ts!'l!' and doos not 
noorl nonst,ant att.ont,iou. Ho rne nooks have \lsnd an ordi­
nary sa1leepan for "(Joki ng spinai' ll ,  w ith (J nly t hn add i­
tion or  just.  nnough w at�r to hn absorbe d ,  and ill t.his  
method thoro was no loss of soli(ls . 

'I'lw two mothods (Ian bn oompared , and it i s  soon t.hat 
to get the full value for the mouey spent the " Conserva­
tive" is the most ,)eonomieal .  'ro return to the losses 
in eooking' , i t  is interesting to know exantly whieh of tho 
nutrients are lost· a.nd how the loss is [Lsnortained , As 
SOOll as tho process o f  ('ooking is finished the excoss of 
wator i s  dra.innd off into an evaporating dish whoso 
woight is known ; heat. is applied,  and when only t h e  
solid i s  loft t h o  dish is  again woighed an d the poreentage 
and weight of t.he loss is ealoulated . The solid is  rn­
d U(lod to powder and analyzed. Tho rosult of analysis 
shows nono of the fiber, fat , or s tareh is los t ,  but earbo­
hydrates ill tho form of ,;ug'ar aro, as h as benn said in t)1(\ 
ease of earrots ,  and is also tru e with beetroots , 'fho 
most important losses aro protein and mi!l(·ral mattor ; 
with potatoes ,  pro toin 2f> per (lent , of the total minoral 
matter 38 ; earrots , loss of protein (i n  per cent . H ero 
the earbohyrirates being mainly sugar tho loss is 25 PCI' 
oent of mim:ral matters , :{7 of the total present in eanh 
ease.  

'rlw poreentng'f' por I pon!l(l (lr 1. 1 1"  fo llowi llg VI'g"tahlf'� 
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shows the loss i n  the total solids : Celeriac, loss  one half ; 
of this , 7 per cent was mineral matter and 54 per cent 
protein ; cur ly greens, two fifths oj' the total soli d ,  1 5 :!i  
o f  th is is mineral m atter, 4 1  per cen t protein . Chicory , 
one fifth of solid lost ; of this 42 Y2 per cent protein,  1 2  
per cent ash. Butter-beans lost one tenth o f  the solids,  
of which 28 .l-i per cen t was protein ,  5 Y2 per cent ash .  
E n dive, total l o s s  about one fourth o f  t h e  solid ; o f  this,  
29 Y2 per cent was protein, 1 8 :!i per cent ash.  These 
mi n eral matters are needed by the human body as tissue 
formers,  and can supply the potassium , calcium , iro n ,  
phosphoru s ,  a n d  s u lphur i n  a n  ordinary die t ;  ealcium 
and phosph oru � i n  milk,  the l atter also in carrots , turnip s ,  
potatoos , various varietiEls of beans a n d  pEla s .  Iron 

among ol,her so urces is found in t h o  yolks of eggs, oat­
m eal ,  potatoes , s pin a ch , and applHR.  Prof . Sherman , of 
the U n i v ersi ty of Col umbia,  i n  Bu lleti n 1 85 ,  Office Ex­
perimfm t Stntions, gIves dntails  as to the vnlu e of iron i n  
food a n d  the nends o f  the human body. H I]  also gons 
i n to thf� qm'stion of cakiu m , m rtgmlsiuITl,  and phor­
phor u s .  I n  Bullotin 227 lw , wi th tllf' ass i s t a n ('e of o t h ors , 
g i ves f u ll dHtails of t h o i r  d i etary s t l l d i n s ,  t h o  dl'sirc bei n g  

t o  so lve the question, h ow ITlueh o f  theso elements [tre 
ll('eded in tho h um a ll di et ? 

The lI ext i mportant question is as to the percentage of 
water. W h e n  cooked in an exeess of water which is  
drai ned. off ,  the cooked artielo co ntains more water than 
the u neooked . Cooked the (loll ser vati ve w ay i n  the 
bo i lerette t he pereo ntage sometimes vari n s ,  in thp o ther 
method a lowor perfle niage in the ,jo o ked vegetable is 

q uito an flxm\pt i o n .·-

T H E  P E IW E NT A G E  OF W A T E H  IN THE H A W  AN D 

C O O K E D  C O N D I T I O N H .  
- ----

N a m e .  Haw. Cooker! . I Cooked i n  
Boilcrette. 

Hearlet runnors . lJ3 94 
Boot,ront . R� 8:1 

Endive . !)] 95 
Parsnips 76 8 1  79 

G recn peaR . 70 87 7 :l 
Celeriac . !l l 94 89 
Jerusalom art, i c h okcs . 80 \12 79 
Now potatoos . .  8 1  R3 

S alsify . , . . . . . . . . . R2 Y, 84 RO 

Two vegetablps o n  thi s l i s t  are not as well known as 
t h ey ou ght to b e ,  t h e  nam(lS  arE) oven u n k n o w n  by gro()n ­

grocers do i ng a fairly good busi ness ; sals ify is OIHl of 

thorn .  'rh e  roo ts can be l eft  i n  j,Jw ground u ntil late i n 
t h e  SHason, and it eomes i nto use us n vari ety in the 

w i n ter. It i" of tell " ai l e d  thH oyster plant , because the 
flavor HUggosts t lmt of oys tors . '1' h e  o t h or vegetable is 
e r leriac , wh i eh is  also known as " k not celory" an d · · t urnip 

roottld eel()ry ; "  the root� o nl y  are eaten .  ft. al so flomes 

i nto j ;hfJ m arket d ll f i n g  l,ho  w i nter. Its flavor is some­
t h i ng l i ke cel ory . 

In another class of v ogotahlo foods the chango in the 
percentage of w ate r is  still more m arkod ; that is ,  the 
p ul ses . I n  d eali ng with thesn foods o ne of the most 
important faetors to no nsi d or is the amount of protein 
presen t .  We onen seo the statement that the pulses 
are rich i n  this nutrinnt ,  and for this roason they are 
cal led " poor man';; boof'. " '1 'bi s IH true o n ly in the u n­
(Jooked eond i tion , but n o t  as we oat them. 'l'his idea 
arises from the i n(JoITect method of  doseribi ng the re­
Hults of analysis . In most tahlos the pereontage of water 
is  left o u t ,  and only those of ['at ,  fi ber , protein and carbo­
h ydrates are given , thus maki ng these pereontages appear 
h igher than t h oy roall.v are ; also the oompari son is be­
tween moat and pulses in the u n eooked s tate. Here we 
fi nd for protei n , beef 22, veal 20,  mutton 20, l enti ls 22,  
Pf'HS (dri od ) 2 1.  N o w ,  i n  tJw process of cooking , meat 

has lost water ; therefore , t h o  pereon tagos of fat and pro­

tein are highor in tho cooked ('on d i1. i o n ,  while with the 
pu l seR the reVf1rRf\ ill  tho ease, so th at all Ow pHrcHntagos 
of tho llutrinllts nre lo wf\r : Hopf (boi l ed ) , �·4 ; veal 

(roastpl\ ) ,  2\) ; l on t i l s , !l ;  pea.s , !l : that i s ,  t h o  pereen t age 

of protr.' i n  in the n atural m o i s t  « o ll (l i t i o n  ·ts s('rved at 
tah l o .  

P E H C E NT A G E  OJ;' WAT E R  
-----

N am c .  Uncooked. Cooked. 

Becf . . . .  , .  7 1  5 7  
V pal. . . . .  . 
Mutton . 

Lent,Us . " . . .  . 
Peas, d ried . . . .  . 

. . . 
I 

7 1 Y, 5R 
. . .  fl7 51 

1 2  6(j 
. . . . . . . . . 14 62 

With cerea.l s ,  such as oatm eal , we havo no loss of 
nutri ents ; all the w ater u sed i n  ooo k i n g  is  absorbed . 
Starting with 10 pounds of pa(, h of tho foll owing artieles 
we fin d provost barlny and oats GO, frame-food 1 5G >3,  
plas m on arrowroot l l :l ,  riee (propared b y  a cons('rvative 

method ) :3 ( ;  po u nds . 

These . t h e n ,  an, tJ](' ehief eh anges i n  cooking vegetable 
foods , nnd  it ( ,an n o t  he satisfiwtory that so mu ch of tho 
valuahl < ,  fl l l tr i ( , ll t" s h o u l d  1 )( ,  lo� 1 .  hy bad methods of 

proJl'I I'a, 1 . I O I / I  I t  / 1 1 1 1 \ I " ,  �:J i d  v < 'g'/'tabl{)s are eh eap , b u t 

the great object of cooking is to make food attractive 
and wh olesome, and it is the salts which give the flavor. 
It is a pity the subject of the scien tific value of food is 
not studied in this country in the same way that it is in 
America. Mueh can be learnt from the publications of 
the Department of Agriculture in that cou ntry . 

The Use of Clay Products in Domestic 

Building Construction * 
As ypt t I lP jj p l t l  of permancnt Im il (ling material R has 

h n r (l I y  hepn tOU(']I(,(l. On a ccount of th e i n crea serl oost 
of using s l1< 'h ma terial " in ( lomeHti c  a J' ( �h iteduro, m a u y  

P('Ol l l p  h a n '  hp('u i nfhwl ] ('{) ( l  to  u s e  framo or wood con­
st mct i ou i l l stp:1 ( 1.  Hut Ow suppl y of l umIJer i s  grad­

nal l y  (lP, , ]'( 'a H i u g  tl ml tlIe pPo]l l e  a rl' IIa v i n g  to turn to 

d a y  a mI ( 'PlllPut  l'ro< 1 l 1et.s i l l st l'a (l .  'J'he eYl'r p resent 

f i n' r isk i ll i'ra mf' ( 'onstrnet i Ol I  l Ia s  <1 0UI' m uch to i n ­
fh1 < 'ncl' plI i J l k  spu ti l l l f 'n t  tow a r < 1  HIO I'e J ll' rm a n {)n t  Rtrue­
t u rps. Hdon' 11 11' USI' of pprnu l 1 l l'nt  h u i lll i n g  m a tpria l R  
w i l l  hpr 'ollll Huh'p r s a l  i t  w i l l  h e  u l'('Pssa ry t o  111'vel ov 
a W l lO l p  g r011p of ( · t l1 l t rn d.ors w h o  ul J I l p l 'Hta n d  Ht r lldura l 

proll l plll H H I l I I  h ow to psth " 'l tp i u 1<'l I i gp n t l y .  I 'p to the 

] l 1 'pspn t  timp t h p  us<' of b r i t -k 1 I 1 1 1 1  ti l l' i l l  ( IOlll l'St ic  
a n'h i tpdiu'I '  l u i s  I ) ( 'pn  I'pry J i lll i tl'< 1 ,  i n H SlllU( 'h a s  t he 

i ll c rt'H S (, i l l  ( 'ost h a s  ] lut  its  USI' ou t of till' r('adl of the 
lIl a u  of lIloilpratp lIl pau s .  

Ypry a rt i st i t - ('ffpds ( ',Ill hp oht a i u Pll hy tlIP us(' o f  

I ) ] ' kk : I ml t i l t' .  Iu fnet ,  I 'pry fpw pPojl l p  h a y (' :lIIy 
('o l ) ( " 'pt i o n  of ti ll' 1 l1 J1UhPI'  of ways in which thesp ma ­
t l' ri a l s  ( 'n il i l l '  ( · ( )IIl 1 I i l lp l l. For p X :l 1 l 1p l" ,  WP w i l l  a SSUIlle 
lIH'  <1 pSi ;': 1 l  of a s l l l a l l  h l' it 'k  l'I 'si t lplwP. 'VI' w i l l eOll ­
N i < 1 (' r  fo l' 1 h I' t i m !' ! lp i n g  thp trputn ]('ut of the t'x ­
( (' l' ior " u rfne!'".  '1'Iw 1 in4. p roh l plll that prPHPuts i tself 
is till' ('0 1 01' "<:\WlllP. If wp a NHulIlp tha t wp are to UN'� 

a l i g ht col orpt1 J )] " it 'k  i t  w ou l tl he 11('l'!'Nsa rJ' to ,]pei(le 
upon t.1 I (' eolol '  of thp morta r t o  hI' llNell a mI the width 

of tlw j oi ntH . Thp],(' iN n ot hi ll g  whkh adds or de­
t rud:" mort'  f rom tlIP hl'H uty of a urick wall thau to 
h a n' no eont r aHt hdwppn th(' hriele a J l ( 1  morfar aud 
not  to h n  ye Yl1l' i l'ty of t e x tUl'p in the hrick surfaees. 
'l't'x turp i ll h ri ek Nurfa ( 'PN ( 'au be obtain ed hy using 
I i;.:ht H Il I I  d a rk sluI I 1es  of thl' sa m p urick,  for exampl e,  
i n t ro<l llt"ill ,g hpr(' and t l IP r e  hriek which Imve be(,11 
] m r l l ( ' i l NOIlJ(\\yhat fla r]wl' t l Ul ll othpl'H. An other way i s  

h.v " hooNi u g  n IIlortm' j oi ll t whi c h  w i l l  gil'(' a shadow, 

for p x a l l l pl <" HOIllP h r i "k rpqni ]'(' a flu Hh or Klllooth 

j o i n t to h r i ng out the ('hara f 't( 'r,  whi l e  others l ook hettl'r 
w i t h  ra kptl  o r  i<un k('u j oinl .N.  'l'h e  smooth surface u r ick 
gpI lt'rn 1 1 .1' l ook the h('Nt w i th (/('(']1 ( 'ut j oi n tR,  wh il e wire 
( 'nt h ri t 'k o r  m att N u r fa ( 'p(/ h r i de Nuch aN that ma(1E' at 
I l oo l l (, .  I owa , I 'pq u i rp HlIlooth j oi n tH i n  w hil'h thE' morta r 
("01 l l p H  out fl ush w i t h  tl lP fa('p (If the h r it-k. 

A l l otl H'r WHy i 1l w l I i <- h  a rt i N t i c  t'fTf-'eis eau h e  ohtaiIwd 
i� hy ,·a r .v i ll ,g  till' ('01 0 1' of tlIe JU ortar .  I" or f'x : I lIIpl e. 

a ti m'k I'pll w i r(' " lit h r i ck w il l gP1I P r:t l l .v l ook til!' hpRt 
wl Ip]] w h ite m orta r is lIst'l\. '1'1 liH will t(,IHl to n ( 1 <l eon ­

trn st to tllf' w a l l  a ll ti  II ('nce ('li m i n a tl' a mon otonous 

( ' 0 1 01' H('I I ('1IIP. 

If ( l a rk m ortul' if! 111'('(1 tll i R  f(' n t ur!' r('quir('s eon­

N i l l l'm h l f' R k i ll  i n  trea tm en t  and ( 'a n on l y  h e  s a t i R­
f:wtol ' i l y  t r i P l l  hy l ay i n g  up u R m a l l  pmwl of briek 
work mHl pxppr i m pn1illg 11110n col or f'ffpds, ete. ny 
v a r y i n g  the w i ti t h  of morta l' j o i ntR i nterPRt run he 
ga i ll f'(l. In faet, m a n y t i 1llpR  th(' hpa uty of a particul a r  
k i ml of h rkk i s  pnUrpI )' 1 0Rt h)' m a k i n g  t i l l' j oi ntR  
t o o  n a rr o w .  f; olJ1 Pti m e s  a joint  a R  w il10 a R  % i n ell 

wi l l  a d d  JURt  ti l e r i gl l t 11 0tf' to tlIe n ppea ran f'1' of flIP 
w a l \. M a n y  hriek m a son R w i ll Na y t h n t  Rucll wi<1p 

j o i n tN n re n ot RH t. i sfa dory, hut R 1]('h a e 0 1J (l i tion i R  (1111' 
gpn f'rl i l l y to i g:n OJ':t 1H 'o on tho i r  Plut. Luying up h r if,k 

w itll the w i d t' m o rta r jo ints  is Rompw h a t  m ore I'X­
I l t ' I I N i n' hl'( ' l l 1 lNP  it tn kpR m 1wh l on gpr a 1Jfl a l Ro rpf] U irf-'R 
l l l orp m orta r .  hllt ,gf'n f'ra l l y a Ill a ttpr of n fpw Il ol l n rR 
i l l ypR t p , 1  i l l  H 1 lt'h a ( 'n N(' w i ll  mort' tha n  pay for thl' 
t'xpf'1 l < l i t l l ],('. It i s  so m 1wh m or(' R ll t i Hflwtory to II n Y<' 
a gooti 1 0ok i J l ,g wa ll ! l ol h fr om an ll rt iNt ic  m; w('l l a R  

frolll  n Ntrl l d l l ra l Ht a n ti p o i n t .  Agn i n .  l l i 1l'ert'nt v a r i ­
I' tipH ( If  h r i t ' k t'om h i l l<' < 1 , m n k f' i n tN f 'st i ng wall trpat­

m pn ti4 .  It'or ('x a m p l l' , it  i s  pONsi h l 1' t o  use u I l a rk rl'(l 
hri<-k with a I i gh t huff hrkk, a n <l w]l I ' J1 workp<1 in 

pn l l (' I R amI p ll tt('rn R  g iy('s a v pry u r t iNtk p1'f('d. Cnrp 

m ll N t  he t n k f'n h owevor not to yiol atl' col or h a rm on y  
n or to Rll er i f i t 'e str11('tu l'[l 1 fpaturl'R hy i ntro<ll1<'i n g:  too 
mllf'h OJ'1HJ 1J 1pnta I hri o1\: ,,'ork. 

ITol l ow ti l l' hl ()('k o/Tprs m a n y  o]lport11 n it i p s  for URI' 
i ll hlli l ( l i ng ( '01 I NtJ'1H'ti on . 'I'o-I l a y  n l a rgp Ilf'r(,pn tn gf' 
of fon 1Jfl ll tion H for SJl1 [] 1 I  rpRi ( l f 'n CI'R aro m n (1 p  wit h 

h l o('l", l a i l1 i n  lll ortn r.  'I'hi fl  m a tl' r i a l  olTf'rR m n n y  0]1-

portu n i t i pR a n (1 itR  g:rputost a tlva ll t a gp l iPR in t tl p  a i r  
dwm]wrR within t h l' h l oC'ks. Ohjpct ion h owpvpr h a s  
h l'Pll m : 1 I 1 e  t 1lfl t 11n I I'NR thl' w a l l s a re proppr l y I n i tl up . 

t h e  i l l tprior ( If the lIouse i R  e o l < l ,  (ltlP to t h e  l ea lm gp of 

]H'at . I heliP I'p tl I n t  i t  i R  n m istak .. to a ppl y thp coat­
ill g of ]J I H Rt<'r to thp tik (l irpt't l y , h(,(, llURe of ( '01HI<'nRu­

t i o l l  of 1Il 0iRtm'p on ti l(' R urf:]('eR of the wal l R ,  ('a uRi n g  

"' By All (11l ITohuPA K i lnhn l l ,  PrOff'RROr of � trn{'tu rp Df'Rign, 
[own � t n ttlo ( lol1 t-1ge. 

seriouR resul ts to the i n teri or (l eeoration of tho I'm'· 
fa eeR. The w a l l  Rhoul r1 hI' Rtri p]lpd n nl1  t l l Pl 1  l a thpil  
anrl pI  a Rtprp(1 a s  i n  fra m p  C()J1 Rtrueti o n .  Till' a rgn­

ment i s  m n (l p ,  hOWPVl'r,  t h a t  R11<'1I n ( 'oll (li t i on Il opR n ot 

take plueo, hut tlw nuthor II:IK  flepn lIl a l lY f ine eXa m lll l'R 

of con(/emmtion nu(1 elln 1I 0t reeoJll mcn<1 such a I)fO­
ce<1ure. Holl ow tile ll)'; a l m i W i n g  ma teri a l  ImR many 

merits.  l!'or exampl e, it i s  eas i l y tJlld rapi d l y l a i<l U]I 

antI is eOIlllla rll t i v ely i nexppnsivc i n ( , (mt, lIml, exel m;iv(' 

of brie·Ii: an d eonerde, h; the hest Rurfaee for the lIPlll i ­
('atioll o f  cem on t  Htu('eo. ThiN i s  (ltw t o  thc fact that 
the ( 'OI,fli eientN of eXIHl1lNioll of th e two ma tpri a l s  a rl' 

Iwn rl y equal , ana hOl le(, tlIP el imi lla t i ol l  of crneks alHl 
su rface defeeis. 

Ma l l ufnctuJ'('rR of til e an<1 h r i ck a re hegin n i ll g  to 

rp al ize tllf �  I Ip('('ssi ty for making a pro ll n ( 't whi< 'h  11 01'S 

n ot rpf] u i r o  an ex teri o r  ('oa t i n g  of t't'Ill< ' l l t .  \' pry a rt i H t i t ·  
ptTl'ctR , ; a n  h e  gottf'n h y  u R i n ,g h n  I'd ! lm'n pl! v i t r if i pl!  
h l o( '], for fn dllg, j 11Ht  ti l l' Ra llll' a N  with h n  1'<1 hurlj(',1 
or w i re eut I l riek.  I n  fa d, in N om p  of thp ]·'H NtprI I 
�tat<'R m a ll Y  rps i d pu('PR huVl'  l H'l'll m a d !' of t h i s  m a ­
tcr i a l  a l l (1 very Natisf: l I ·t()]'y rPR u l t;; obta i l H" l .  A t  li l 'Ht 
on(' i s  l JOt n ( '( 'ustolll pd to t h p  In rgp K i zp of t i l(' h l o('\{ s 
i u  com pa r i Non w it h  hrick N izps, I m t  tllP t i uH' iN ('olll il l g  

wh('n R1l<'h lIl a t p r i ll l H  wil l  1 >l' lll Ol'(' w i d p l y  URplI t h a n  
pvpl' bdore. I II  fa(·t.  to-da y  i l l  ru ra l ('oll lmllnitieK til E' 
a gri < 'u l tu r i Kt is h u i l ,l i n g h i H  h a rIl N  of v i t r i /i pd til p a n d  
getti ng t'x(;('l I put rl'sl1 l t H. 'I'IIt' ]'(' i N  JIO I'pU K()Jl \\' h .l'  lie 
"llOu\(} 1I0t I luild hi" hou N(' in tIIP s a ll l (' m a n l ier .  V a r i d y  
i ll  Nurfuel' t l'pa tuH'lIt e a n  lIP oht n i l lt'd i ll ('x u d l y  tlIe 
�m m e  lluumer as w i t h  fu( 'p \ l r i de .Toi l l t s  ('a n Ill' ]loi n tl'd 
w i t h  ('0 1 0 1'('<1 llJorta l' a l l l l  "u r i t'd in w i d t h  if ,1 (>H il'p l 1 .  
'1'0 he surp ,  our e a r j lplltpr fr i t ' l ] ( I H  d o  lLot a pl n'OVp of 
RHell ma tpriah. ;  bpeausp thl'Y Ijp('rl'tl st' thp alIloulLt of 
work for memlJprH of t h e i r  tnuk, a ll l l  so to-fl a y ,  i n  
gl'ttill g  pstimatps upon Imil ilings of ]It'rma ll ('lL t (;011-
"trueti on , it i H  a vt' l'y d ifficu l t  proh l em to get B a t i K­
factory figurcs. '1'lw primary rea H ()lL iH t ha t the m e ­

ella nies  n re n ot familiar ('ll ough wit 11 t l I c  use of suell 
p l'o(luets and, a R  of 01<1, 11 0 I l ot li ke to take u dW 1J('p 
Oil suell (;OIlBtruetion without h(' i n g  h i gh l y ]luid for 
the same . There is 1I0 rPHRon w h y  a h ouse of ti l e 

cOl1struction ('an n ot hI' h u i l t  for :l l lj)rox im a tel y the 

sume e08t aK olle o f  frame, tIlI(l , ill fad, tlle time i s  
eom i n g  Wh(,ll sudl w i l l  hI' the caRe. 

Onl' of tlHl hei4 evil1pl IeE�S of til(' 1l t'( 'pSNity for (ll'rma­

IWllt hui l <l i n,g constru<'tion i s  tl IP (' 1 l 0rIlWUH l i re I ORR 
pn f'll yen r.  In fn er,  tl]('re a n' ( 'ntain l in, 1 )J'ov eution 

a1J ( 1  li re j ) ] 'otp('ti on orga u i z a t i ou H  i n  t h i K  ('oun t ry whkh 
are <loill g  pveryth i n ;.: )lOI'Sil l](> t o  pr]ueate tI l e  puh l ic 
a l on g  l hpHP li rlt's a Jl (I  onl' of t I l(' gn'atpHt Stf '] lN th at ( ,n il 
be taken iR to protp( ·t t lw i H o l a tl'd lIolll ( '  a gn i n " t  ( l pl't l'1w­
tion.  

It'or ovi<l (, I ] ( ,1' of pt'rll1 l l 1 l p n t  h u i l r l in g  ( '01lstl'lwt i on on l' 
h a R  on l y to tnrn to E m'oppn l l  f 'ollnl ri I'R . 'l' h p J"{ '  WI' f i n t!  
tha t  t h e  l ow l y  ]lpa Ra l lt l i yps i ll tl ll'  s n m (' hOUNp w h i " h 
w a s  o('cupil' ( l  h�' h is :JJH'pHtors m a n y  gl'l I l' rntiol l s hpfol'P. 

a n <1 to-duy t fIPs(' h onNps fl rp j1lKt  aR ,gooll :u .; ",l l ('n orig­
i n u l1 �' h n i l t .  '1'1](' j',n ropPH l I h m�  hUll  to l ook t o  ('con ­
om;v of ('OIlNtl'Uetiou i l l  I 'ypry form :I IHI hI' h n s  h(,l'n 
u w u kp to tIl(' ffl (·t that it i N  I lPttpr to  h u i l t !  l lpl'm a ll l'n t l �' 

th a n  to hui lt1 tpm porfl ri l �' n I H1 huyp to r('p a i r  n 1ll 1  rl'­
pl a el' the N am(' with i n  a ]l('r i od of a fpw Yf'n rR.  Th i R  
t'omlit i on i s  fOHterp<l h y  t I l<' ;;( 'n rcit�' o f  l um ! ll'r amI h l'n f'p 
i t s  i nereURe(1 ( ,ORt.  

W i t h  t h e  i llt 'rpa R(, 11 m armfn ( 'turl' of ! Ir ick a TH1 d u y  
]lro(lu<'1s t h o  A ml'rifon n ( ' i t i z('n 1 m ;; I ' "pr�' O] lpol'tunit�' 
to Imil  I] hettpr h omps at l e N R  eONt nl l l i  gl'(' a t (']' ]l l'l'mn ­
l Ipnce tha n pyer ])('1'orp. I t  i N  to  h I' hO] lp(l  t h n t  m o rp 
ppop l P  will tfl kl' lH I Y:m tn gt' of f i l'l' rpHi ;;ti l l ,g eOl l st r u ( 'ti on 
llll <l  nRp th(' R a ITlp i ll I'yery hni l il i l l ,[(. f ly ;;o < lo i l l g, t h p  
d t i l'R n l l rl t ownR of t h i H  f;tn tl ' .  n l l <1 pYPl 'y otll(' r f;tn t(', 
w ill ! lp('oml' m orp hl'a n t i fl l l  n l l l l  a rt i N t i e .  '1' 1 11' NtrndU1'PN 
will ])(' llI Ol'p llprl l l:l l l f ' l I t  : 1 1 ] (1 w i l l  ! ll' N1 1hj( 'cte<l to a 
m in i mum riNk of , l pstruf'ti Oll hy thp t' l pmeut,.,.  

Highly Phosphorescent Calcium Sulphide 
A RF:(!F:NT i SRlll' of tlw (!omp lfw Rrrul'/t8 cOlltn i l lR n n  

n ceoJ1 l 1 t  l l y  1\1. 1' .  H rd('n II of h i "  ('x p(' ] 'i m en ts 011 the pro­

dn ction of h i gh l �' I lhoHphorPNcpl I t  cn ] e i ll m  Rll 11 lh idp.  ( h l P 
of th(' mORt a f'ti yp wa R  m a <1(' hy hea l i ng l u'('dp itn te<l 
!'I In l k  wi th thi rty ] l p r  CPlI t oj' i t N  wpight of I low<l f'rN1 

Rt ick sn ] phur i n  fl cl oR l'd crnci h l e  fo r nn 1 1 0 1 1 1' ,  t h t'n 

i m pre,[(lIa t i ll g:  tIll' eol <l pro(hH't wi th n tra ee of hifmll 1 t  h 

( 0.0001 I)pr C('lIt i n  t h p  form of a n  a l coh o l i e  sol n ti oll of 
h n N i c  h i RlIll1 t h  n i t rn tp ) , n ga i l l  Ill'a t i n g  t] ](� m i x t ure for 
two IHlll]'R l on g:p], nt a <1nl l - rp<l h l'a t ,  n n d  t l ll'n  a l 1 owin,[( 

l he s t il l  el o;;;l'<1 crue-i l l l p  t o  cool R l o w l y  i n  t I l ( '  fn rn n ('e. 

T']'odn ets p x h i h i t i n ,C: I pRS phORphorl'RcplH'1' Wl're m i l dp hy 
i m pl'Pgn a l i ng tlw en I c- i mll Rul p h i de with tn n gAtpi n . m o I Y ] I-

11I'1 mm, or Y:J J w di u m .  TIl(' 1 ) I'I '>(Pl Icl' of ;;odi u m  cn rhon­
fi tI', O J' chl ori<lp, in thc nr i ,gi ll a l  m i x ture h n d  P itll!'r 
1I0 pffpct or t i n i ll j u r i o u R  one on thp phosphm'f'l<epl l ce, 

a ll <1 i m p n ritips i n  th pHe ;;n l t s  may h a l'!, h l'l'n t h l' cansI' 
of lhe phosphm'PRCpnf'1' w h i " h Ve]' n p u il OhRI'IT( '<l w ith 
RIWh t'Il Ke<1 m i x tm'f'R. 

© 1916 SCIENTIFIC AMERICIAN, INC



C,. 

364 SCIENTIFIC AMERICAN SUPPLEMENT No. 2 109 .June 3, 1 9 1 6  

The I)evelopInent of the M ilitary Aeroplane* 

A Diseussion of the Question of Size 

THE investigation forming the subjeet of the present 

a rtiel e was prnburketl upon by the w ritp[' with u view 

to determining so far as is possi ble, as a gPIlPra lization, 

the most apPl'Opriate size or weight of aeropl a n e  to be 

employed for any giv(,n m il itary duty. 

There lias llefm for some tillle past It be lief eu rrent 

with the gpneral publ ic, and among engine(,rR who lIa ve 

not studied tile pl'olllf'In of tii g h t  f'i osel y , that flltul'P 

devel opments a l'e to he I'x p!'eted in the d i rpdion o f a 

gr!'at inerease i n  t h !' in (livi!l lJul "ize anll powpr of thp 

a prop l anl'. 'I'his bel ipf lias bppn reflpete(l in the work 

of sevpra l dpsigners ( notably in Itussi a ) ,  n s  pvi tl pll(,pd 

by tllp eOll stl'uetion of mnehil!('s wPigh in g  :1 or 4 tOIlS. 

Thp writ!'r has never l>plieved i n  thp probabi l i ty of 

early devplopmpnts in this direction ; in 1 nos, in the 

speond volump of Ilis "Aerial l" ight" ( page l [):J ) ,  h e  gave 

ttl!' probable rang!' of �iz!' of til!' flying mneitin(' ( of 1 he 

tlwn "vi Rib Ie" future ) a s  from % ton to :l tOllS weight. 

This estimate was based on various considerations, hoth 

a s  concerning stahility awl as related to the aero­

dynamic amI pngineering outlook ; the latter fOllnd!'tl on 

data given in th!' earlier volume, whpr!' th!' possi b il i ti es 

of constrnction h a ll been fOI'PC'asted w itil consid prable 

accuracy. 'l'Ims til!' wE�ight of Ul!' powE'r installation 

( withont fuel ) of the neropl arw is to-day commonly 

about :2[) lIpr cpnt of the gross wpight. 'I'hi:-; is a s  giV!'1l 

in 1 !J07, on page :{;l:: of Aerial F71,qht, vol. i. The 

gasoliIlf' capacity of tlw standard military m achine of 

to-day i s  a pprox imntely 10 pN cent of the gros's weight. 

This is the ha:-;is gi H'n on page :l:n of the volume afore­

said.  and if> thnt on whieh the final eollUn n in Tahle XV 
is found ell . Again, on page :l4:� et seq ( §  170 ) , and on 

page :2S[) et seq ( §  IH4 ) ,  the question of at,rofoil weigllt 

By F. 'V. I�anchester 

The npx t p o i n t  on whidl a eonven t i on lIlay be made 

COil l'e l'IlS the weight of the fuselage and a l ighting 

cha ssis ; that i s  to say, the whol p of tl w structural partR 

of the maeli ine (':I.eep /in!1 the aerofoil itself, with tail 

and I'Ulltler, memlwJ's w h ose wei,L',llt vll l'ips i n  like ratio. 

'1' I1I's(' compollPllt,; again {,()Illrnonly totnl up to about :l[) 
lIP!' eent of thl' total  gross w!'igllt. a IH ! .  gpnera l l y  speak­

i n g, i t  is not pos s i b l e  to ohtain any rpl i (ef in this part 

of the dead wpight of a Uladtillp by m a k i ng it bi gger. 

Thprp a rp, i t  is truE', (,prtain ] Iarts whid) can be I'p l a ­

ti I'p l y  I p s s  w e i ghty. s n e h  li S  t h ose w hit-h rel a t e  to the 

pil ot and seating ne('olllmOflati ol1s, control ulPeimn i s m ,  

and so fo rth ; but the a l ighting gpn r w il l  ha n' to lIP 
!iisproportionatply hpllvipr on t h e  big m a e h i llf' than Oil 

the small maehiTH', on thp sam I' prilwiple.  a ml for thp 

sanH '  reason , t1mt an el eph a nt '" Ipgs IInyp to Ill' of a 

r e l a t ively gn,atl'r lI iametpr than t1l Ose of a horsp, 01', 
going to an pxtrrml', than those of a stork or flamingo. 

On tlH' other h a n ( l ,  tilt' weight of ti l(' Juspl agp i tself  

m a y  not npeessa l' i 1y rpqui r e  to tIP i nerea se(} qu itp i n  

tilt' s a m e  ratio n s  tlw groRs weight, though it. i s  by n o  

Illf'nllS d e a r  t h a t  a spriolls saving p n n  be lllndp.  I t  i s  

n o t  fai r t o  nASllllll',  f o r  !'xamplf', t h a t  for a giY!'n m i l i ­

ta ry duty o r  pm'pose the s arn e  fnspl a g!' can llf' em­

ployed wit II lli gg(,r flight orga n s  and hea vieI' m otor, 

etc., since tllP l ell gth of' thp fu sel a ge hafl to be rel ated 

in sOllie ,Ipgrpp of proportion to till' fl i gh t  organs t1lt'lll­
ReI VPS aIHI t.o the gPTlPral sizp of tllP maellinp ; a l so ttl P  

strength nIHI s('uutJ ings of the fnsel age Iln ve to be i u ­

crPHspd in proportion to t l w  ]wIl d i ng mOlUpnts,  !'te"  

whit'll Illny he takpll a s  roughl y pl'Oport.iona I to the in­

erea sl' i ll w p igllt, pven if ti l (' s izl' ]Jp n ot. i ll l ,rea sf'rl. 'I'll!' 
W l'itpr feels that. it wou l d  ]lP an optim is t i e  designpr 

is d i scussed, amI in a n  exnmple given for i l lustration i IHlpp(j w h o  woul d px pe('(. to sa Y!' !'I' l a t i v!' wpight on t ltp 

t h e  wing wl'ight i s  :l :2 %  pel' cent of the gross weight. 

In Olle of til!' most popu l a r  of the B r itish maehinps of 

to-day this tiguI'!' i s  a lm ost exaetl y  that rea l ized .  

Although i n  the passages nbove d ted thp qnestion of 
a !'rofoil weight was d iscussed, as affecting the eOIHli ­

tions o f  Ipast expen d i ture of work, it w a s  n o t  spl'ei fic­

nlly lI is('ussed as a fador in detp rm i n iug ttlP best "ize 

of lllHChill P ; in other words, the rPlations IJPtwppn the 

"military load" spedtie!l for any gi H'1l duty and th!' 

gross weigll t  of maehine best empl oye(l , and til!' gasol ine 

eapadty a v a i l able.  'rllP estnblishing of this relation 

is the ollj ed of thp present a rtiel p. 
'1'h p  whol!' prob lem i s  one of considera b l e  compl pxity, 

amI in gE'npral i zillg for p ractical pnrposps i t  is not Ilf'CPS­

sary to take aceount of !'very fador whil'h, striet.ly 

sppaking. pntprR i n to t.he problem. 

In df�al!ng with the problem i n  its simplest form we 

may suppos!' the v!'lodty of the design in contem plation 

to he nn invariable. ThiR assumpti on cannot be far 

from the truth, i n somuch that the h i ghest a dmissible 

m inimum flight speed is Iletprmi r wd for mil itary aero­

nautics by the landing grounds a vailable under m ili­

tary comlitions, nIH1 thp maximum flight spe!'1l is d !'ter­

m ined by the horsp·-power installntion which clIn be 

employed. Thus, if we takp tllf' fl ight Rpeed as eon­

stant, i t  i s  fai r  to allot a certai n  defillitp proportion of 
the gl'oss wpight of the machine ( th e  SHme in !' very 

case ) to the powpr installation. In tlte p I'Psent invpsti­

gation this i s  taken at :l[) ppr cent of the total gross 

weight, as i n  accortiallep with tllf' writer's forpcast and 

with p resent-d ay general praeticp. Till' fi x ing of this 

proportion is virtually tantamount to assprting tllat Hl!' 
gasol i n e  m otor ean Ill' d esigned to a gi yrn horse-power / 
weig h t  fador, whether it bp large or smn l ! .  anI! thii'1 

may he justified on thp grounds that whp],!, a big power 

installation is employpd, it is not unusual to d up l i eate 

the power unit rather than build a speeial l a rgpr type 

of engine ; it  is further justifi pr] hy the fad that so long 

as a givpn sizp of cylinder is adhered to, the best. wh i ch 

can Il!' d one in the way of weight reduetion, with a 

givPIl typ!' of pngille. is practi cally eOllsta llt  whateypr 

be the power Hnd si:r,e of the instal l ation. 'rhus til l'  

lower powerptl engine will Ita v e  a sma lip!, number of 

eylimlers, am! the higher powpred a greater lllllulwr. If 

we consider u l timatel y th e possibil ities of (I psign, it is  

improbahl !' tllat the d esigner will be abll' to ohta i u  a 

better 11Orse-lloWf�r/weigllt fa('tor for an engine of s a y  

200 hors!'-power than he can f o r  one o f  1 00  h ol'sP-pOWPI', 

amI, ns above remarked, tlle h orse-power/weight fndor 
ean only be kept d own i n  the big engi ne hy pm pl oy­

ing a greater m ultip l ici ty of eylinders than in the 

smaller onp. a course whiell beyond a certa i n  poi nt Is  
open to obj!'etion. 

* Eng'ineerinp. 

pel'('pntag(� of total on the ( ,mnh i np([ fusl' l agp a n d  a l i ght­

ing ehassis of tl l e  la 1'gp a erop l a n e  aR compared witll the 

sm a i L  He \lp l ievps t h a t  i n  tak i n g  t11!'SP ('om bi np(j 

wpIghts ns n ('oll sta n t  proport.ion of tile whol e h e  is 

net i n g  fayorntl l y. 1'l1 t1wr t h a n  ot hpl'wi sp, t o  t h e l a l'g'!' 

m a e h i llf'. It. would thus nppenI' t h a t, I'ou ghly speaking, 

half of tlw gl'oss wpight. of an ap]'up l a llf' is m n d p  up of 

its m a i n 8t1'Ul'tUI'(, amI pOWf'1' i n sta l l a ti on w i tl] tll !'ir 

assoein ted pa rts.  a m I  til !' rpm a i n i n ,g h a l f  of the gross 

wpi ght is a va i l a b l p  for tlw m i l i tary l oa d ,  till' a profoil  

wpight . ami ttw eu rrying or gasol i n f'. 

Thp nl'x t sft,p if; to fOl'lllU la 1e  t11(� law hy wh i ch the 

HProfoil w<' i g ll 1  is  rp l n tt'(l to til!' grosR wpight of tIlP 

ma dl in f', thnt is to flay, l'pla te(j to tl l P  tota l wpigllt ('ar­

riP(!. '1'1lP simpl !'s!. hasis  i s  to n SS1l 11J(> nn :wl'ofoi l of' n 

gPOlnptriea !l y  eOll s t a  li t form- tim t is 10 RHY, w h a  tl'ver 

typf' of ll Proj'oi] I" Relpcte(l , wlletlle]' hipl a ne or mono­

plan!' ; Hntl what!'v!' 1' IIlPtllOrI o/' ('onstrueti on is eIll­

ployed--tlln t  is to say, whethel' wood Rpa rs or s(pel 

tuhula r  spa rs.  or w h a t  llot--the spl p('1 ed (nIP of stl'1lf'­

tUI'(' H Il(! lIl!'lIlOd of ('oll struet ion i" ta ken as nppl y i ng 

to a ll poss i h l p  d esigns un(lpr ('oll sid prnti ol1 , l a rge or 

sm a l l .  

Now, o n  t i l (' h a s i s  o f  O'ol1stn n t  I'l'l oei ty , t h e  span mnst 

vary as tIlP "(lnnrp root of tlll' gross w('ight ; this is a 
m atter oj' HeJ'O(I.Vllnmies. Thl' :wl'o[oil wpight. will  vary 

n s tlH' cn\)e of t i l !' spa ll . 1'01' tile hpll d i n g  IIl OIll Pnts a t. Hlly 

poin t  in the w in ,� l l'ngtll or a t  any poi n t  i n  the wing 

stl'lwtn l'(' vary as ttl !' weight m nl ti p l il'd by thp span� 

that. i" to say, a s  til !' span f'nhr!l ; and sinep with simi­

l a rity ( If  dpsigll  the l i TIP[lr (lillH'll s i oll S w i l l vary as ttl(' 

span , the S1TI'Tlgths of ti le Ill PlllllP rs nllmt v:try a s  ttw 

s p a n  squHr!'(I : in oth p ], words.  tll p  s ( 'Hnl .l ings will  be 

proport i ona l alit! t ltp a prol'oil "tl'ul'lu J'P� wil! lIP geo­

IIlPt.ri en l l y  s i m il a r  in ('vpry J'Pspeet. 'I'llus the ae J'ofoil 

\yt'ight wil l vary a s  th(> spHn ('ubpd �- -that i s  t o  say, if 

the gross weight lV, 

3 
Acrofoil weight varies as HT2 

'I'll e  aIJo\'P is t ltt' a ssuTIlption wIt it'll w i l l  he taken 

first. as it fo rms a s i m plp ill1 rodu('ti oll t o  tlw more eom­

p l dl' i n n'sti gation wh i l'l l  fo l l ows : 
I n  ]" i;; .  1 a d i agrnm is gi vell J'Pp res!'nting tile wing 

structure or n erofoi l wpigllt-- tlIP (, lI I'Ve c C c,.  the ordi­

nntps of w h ich ( a x i s  I'f 11 )  represent. aerofoil weight., 

ami absei ssre ( a x is of ;r ) gross w ('ight of Hl€' m a c·him'. 

In ac('ordane(' w i t h  til!' f(I)'pgoing, thp equation to this 

eu J'vP is 

wheJ'e a is n con stant.. 

Let til!' axis oj' 11 he ex tended to O! so tll a t  0 0, rpp­

['Psents to sca l !'  the ('on stant l oa d  which it  is  requ i red 

to earry ; in otllf'1' worll s ,  tile lIl-i lilanl load, com p r i "ing 

pilot, ObSeI'H'r. or gUllll€'l' ( if any ) , with machine-gun 

or otllel' w!'ajJon, ammunition. bOTllbs, ete. 'Then a line 

0, 1 drawn at 4[) d!'grees will repres!'nt, by its ordinates, 

the gross weight, and lines (), 2 and (), 3 will repr!'sent. 

hy the ord inates cut off, the proporti on of the total ( :l5 

per ('ent ill eaeh ease ) a ssigned to tll!' fuselage, etc" nnd 
to til!' power insta l lation respectively. 

The portion of the ordinate eut off by the l ine 0, ,l 
aml the graph c C Co and lying between these l imits, will 

t llen repn'St�Ilt to seu l e  tile weight d isposn b l !'  as gasoline, 

a n ti the proporti on a s  part of til!' gross weight is given 

by the pel' cent seale to the right hand of the fi gure, as 
d!'terrnined by t il l'  lines directed to the origin O!, 

Now. the gross weight corresponding to greatest 

I'pla tivl' gasol ine capacity is defined by th!' point C a t  

wh ich a tangellt drawn to t h e  enI've pass!'s through the 

origin 0,. 

B u t  

or 

lor by ( Ii :  

or 

Let W � gross weight. 

w = aerlofloil weight.  

111 (clonstant) military load. 

dw u -1- M 
d W  W 

dw 3w 
d W  2 W  

aw w -1- M  
2 W  W 

w = 2M 

( 1 )  

'l'hat is to say, t h e  relati ve gasoline capaeity i s  greatpst 

11'l/PYI Ihe {( ITvtoil weig h t  is dou ille th e mili t a ry Zuad, 
This i s  as gi VPll in Fig. 1 by the point C. 
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As in all  ordinary ('asps of a maximum or m i nimum, 

there are n l ways ot.lwr considerations tpml i n g  to make 

thp ))ra eti eal engineering solntion d i ffpr from tha t giv!'n 

hy tile mathematica l sol ution, and tIlP eompromi se to 

be atloptptl i n  any ease w i l l  dell!'ml upon tllP relativp 
importHllep of tile vari ous eonflkting faetors. On re­
fpJ'ring to t1w ligure. it  will he SI'Pll t h a t  nnywherp i n  
tIl!' rpgion o f  t h p  point C over a rangp o f  a bout :l O  p!'r 
cent, or 25 per cpnt of the gl'ORS lond, plus or Ill inu�,  
the ]lI'r('entage of gasol ine d oes not sensibly,  or a t  Ipast 
spriously, v a ry. Hence, s ineI' th!' duty perform!'d is 
constant, it  will  be most uneeonomiea l to empl oy a ma­
ehine of gross wPigllt aR giYen by au ordill n t e  a t  G 
( nearly eigltt times the m il ita ry load ) ,  when a gross 

weight say fi ve times the m ilitary load ( n s  a t  poiut B )  
wou l d  d o  t1w snme work with a bout: SO p!'J' (,Put of the 
max i lllu m  gnso l in(' ppreentagp. and therefore 1'0 per 
(,pnt of the runge of flight.  

In sonlf' ll:l rtieulur Ca>WR wherp the utmost rang!' 
of flight is i m p!'rative it might be exped ient to design 
to a sOlllewlwt h igh!'r gross weight, say six times the 
mil itary l oad ; but for the example tn kl'll i n  no case 
would anything much abovp this be wa rl'antpd. 

I t  is thus ma nifest t h a t  for the purposes of the aero­
na utical engineer or ,lesigner tile mathematienl solution 
for m a x imullJ rel a tive gasol ine capadty d oes not give 
suffieiellt i n fol'ma timl , or a d equately ad n s  a guide in 
spttling th!' specifiea tioll of a d!'sign for any stated duty. 
A graphie l a y-out of th!' typic' given in Wig. 1 i s  1l!'C'!'S­
sary ; it is j \mt a s  illJportant to know tllP extent of the 
sa criliee in gnsolillP eapncity for values of TV ( the gross 
l oa (l ) ,  other than that. of m a x imum, ns to know the 
particular eOll ditiotl de1ining flip m n x imullJ itse l f. Hpllee 
ill the further dE'velopment of the subj eet in the present 
a rticle the matllematicn l  treatment h a s  heen d i searded 
in favor of a purely grn phIe representa t i on.  

'l'he hasis on which the graph c ()  c "  Pig. 1, i s  founded 

is onl y roughly approx imatp, sinep the nerofoil weight 10 
inelnderi as part of the total may he {'ollsid!'l'ed as in 
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reality borne l ocally, and a� not giving ri�e to seriou� 
or sensibl e  stre�ses within the aerofoil structUrt', so that 
the structural stresses within the aerofoil are due to 

the weight W minus the a erofoil weight. '1'hi" intro­
d uces some complication, but the depa rture i s  eas i l y  
dealt with by graphie construction. Thus, in Fig. :!, the 
corrected curve of aerofoil weight i s  obtained ;.:rajlhic­
ally from the curve given in Fig. 1 to comply w i t h  the 
new condition. The curve is  Jir�t laid out aN before, 
and increments of TV are added equal t o  w a t  allY select­
ed points on the curve, the corrected curve being drawn 
through t he points so obtained. The equation t o  the 
new curve is  thus : 

R 
W = r. ( W--w)" 

I n  Fig. 3 an example is ;.:ivell with a curve ( derived 
as i n  Fig. 2 )  representing a maehine desi;.:ned for a 
m ilitary load of 500 pounds a nd with an aerofoil weight 

which woul d ('orr(�spOll(1 i n  pradice ( accordin;.: to the 
ordinary ('urrent methods of constructi on ) to a factor 
of safety of ahout 5 or 6, as reeonunended by the Advis­
ory Uommittpe for Aeronautics. Here i t  w i ll lop seen 
that thp ultimate mnx irn u rn  p ercentagc of gro88 wcigh t 
which can be carrh�d a� ga>;olillP represents about 18 1h 
per cent, and the gross wpight of machine cOlTe"llond­
ing t o  tbis is in the region of U,OOO pounds. Ul earl.y 
from the diagram it would be absurd to build a ma('hin(' 
6,000 pounds i n  weight, for its adual consum ption of 
gasoline would lop twke as great as that of a m a chinp 
:�,OOO pounds gross for thp same duty, and thp l a ttpr 
machine would have over 80 per ccnt of the flight mnge 
of the other, as indicated by the relative gasoline capac­

ity. According to thp rule given i n  thp simpler case, 
Fig. 1,  thp aerofoil wpight = twice the military l oad,  
shown by point A in lTig. 3, the appropriatp gross weight 
is ahout 4,700 ] Iounds, and thp loss of flight range as 

due to the lowerpd percentage of gasoline is a matter 
of about 2 o r  3 per cent-that is  to say, the gasol i n p  
('a paeity w i l l  be about 18 p e r  c e n t  of t h e  gross l oad 
Instead of about 18 1h .  I t  is  pviclent that no sanp de­
signer would go beyond this voint. 

If for ordinary m i l itary flying we takp it that 75 per 
cent of thp maximum relative gasol irlP capacity is good 
enough, then, for the machine in que:;tion ,  the gross 
wpight will be about 2,800 POIllHI8, a8 shown by [Joint B, 
and the aerofoil weight wil l be approximately equal to 

t1lP military load. Thp actual consum ption of gasoli n e  

of s u c h  a machine f o r  a given m i l itary duty w il l  bp 
lpss than half of that which would be necessary if thp 
aetual minimum ( c orresponding; to 6,000 pounds gross 
weight ) were adopted. From the dia;.:ram in question 
it is clear that for thp mil itary load of 500 pounds a 
maehine bf'twepn 1 and 2 tom; weigh t  is a pprop riatp. 
1 ton bping sufficient where a 10 PPl' cent gasol ine ca pa c­

ity is a l l  that is rpquired , a>; in lo('al I'PcOJlI1aissa nce o r  

f o r  defpnsive purposes, a n d  2 tons in the cas!) of a ma­

chinE' for raiding or other purposes in which grpa t· 

range or radilts of action is important. Thus the m a ­
chinp o f  1 ton would h a v e  a fl ight range of betweE'n :100 
and 400 miles, and tha t of 2 tons a bout 700 m i l es ; bp­
yond this no material advantage can be obt ai lJPd .  

As examples o f  t w o  extreme val ues o f  m i l itary l oad 

Fig".  4 and 5 are gi vpn, the construction being 
identica l to that s hown i n  }I'ig. :l. In Fig. 4 the m il i­
tary l oad hm.; bepn assumed as 150 pounds,  a lower l imit 

representing a pil ot only,  with virtua l l y  1 1 0  equipmcnt.  
In Fig. 5 ,  as an extremp case,  thc m i litary l oad has bern 
t akpn as 2,000 pounds, this being a load beyond any­
thing; ordinarily requirpr\ and would correspond to the 
carryi n g  of a \Yhitehead torpedo, or i t  w ou l d  reIH'e­

spnt a capa('ity of three bomh", of G huud rellwei ght eadl. 
I n  both li'ig;s. 4 and 5, a� in Fig. a, the fador of safety 

or dynamic load-factor of tile aerofoil ha s been taken 

In accordance with the recommPlHlations of the Ad viK­
O1'Y Committep for Aeron autics as about 5 or G, ami thp 
weig;hts arp further based on present-d ay l'raetiee iu 
biplanp construction in which this factor of safety is  
embodied. 

These fi;.:ures speak for t hemselves ; it i s  dear that 
if Figs. :l and 4 be taken to represent tile l imits of ordi­
nary military flying, the writer's lD08 pstimatp of thp 
probably useful rallg;e of weight of aeroplaneN it-; ful l y 

j ustiJied. 'I'lle carrying of a load of ovpr 2,000 pounds 
( as i n  Fig. � )  may fairly be regartipd a", d u ty of an a b­

n ormal kind, involving a special  mac-hinp outside the 
ordina ry run of experipnce. �u('h machinPR would fo rm 

hut a very small portion numerica l l y  of thp tota l of tlle 
apronautical forces. 

It is now timp to consider the extent to which the 
a ssumption of a con"tant flight velocity b, in fact, j u"U­

fit'd, and t o  point out the etIed of tile foregoing cOll e l u­

sions on departures from this condition. 1" i rNI, it may 
be rpmarked that the l ower limit of flight vpl ocity-that 
is to say,  the l ower limit for which i t  h.; possi b l e to 
design as the normal speed of flight-�i s dpjprmined by 
questions of stability and by questions meteorologieal 
and military. The superior limit to which i t  is  pos­

sible to d esign is, on the other 1Ia nd, related to the 

horse-power requi re(l, and by the area of the flight 
g;rounds, whidl, lHlder practical m ilitary conditions, can 
he made avail a b l e .  

Ai'i to the l ( J w(�r l i lllit, 1 ir�t  O l I  UH' lj UC;,;f: i O ll  of Nta­

IJi l i ty ,  tho,.;e be",t; qua l ifi e( 1 to spen k ht� re a re in disagree­

ment ; the (,rll X  of tlIP ma tter i:,; whether or not inherent 

stabi l i t  y i:;  necessary or d c s i ra bl e. Ever ;.;it!!·e tlIP for­
m a tion of the Ad visory COlll m ittcp for Ael'on:tuth'" i n  
HlOD there h a ,.;  b e e n  a batt l e, if ou(' may s n y  s o ,  in prog-

ress bdweeH the cwicn titit- ('OBstructor a m i  thp tlying 
ma ll ; h ilt. ttl(; (l i tTe n ' l I ee of O pi ll ioll bdwl'l' 1 l  tile two is 
becoming ]Ps� as tillle gne� Oll. The ;;(' i ell ti l l < - ('ol),;l.rue­
tor,  who has f rolll the [i r,;t  m a i H / a illed t.h a t  rnl1 c h i tl(,,, 

;;houl d VOss(',;;; ill h(, rl' l It  " ta b i l i ty ,  has v i r t ua l l y  won the 
day. Tlt is , it may he "a i d ,  i,.; l argel y d u e  t o  the efforts 

of lhe l a te Mr. T. I';. Busk, who hi msel f bee:tme a p i l ot 
in ord e r  to prove t tt p  t h e n  pil ot's v iew as w rong. B ridl y  
p u t ,  tIw a n ( llmpnt o f  t lt e  p i l ot w a s  tha t a machi ne w ith 

.J\9. J. 

_J_ SQl!//1 'sco GtJfJt'-z& 

i nher ent st a bi l i t y was l esl' read i l y  contro l l ed than one 
w h ie-I! was n e u tral  or actua l l y unt-'ta bl( � ; fu rther , tha t  

t h e  i n heren tl y s ta b l e Ill aehi n e  o f  l I (' ( 'es,;i t .Y  requires to 

be hand-l'on tro l l ecl wh('n a l i g;llt i n g  Ullder cl i fli cu l tiel' , and 
if the pilot ttms of tw('('�s i t .Y  has t o  re l y  upon his own 
skill 0 11  occa� iom.; .  it is hett er that h e  shou l d  a l w a 'ys 
have to do so thau on l ,Y  occa siona l l ,Y. 'rh p  a rgulllen ts 

on t he ntl w r  s i d f' ,  b o\V('VI' I' ,  11: 1  ve p rover! t.oo ,.., t rong for 

this point of view t o  h o l d ; till' fad that a n  inhcren t l y  

Fig. 4 . 

100 1000 tZQO 14QO 160(1 78tJ<1 wooL bs. 

"tab l e  machine w i ll fly i t s e l  r th rough c l ouds and in t lw 
dark,  and h a s  its own Kc use of ti l l' truG plumb as d i s t i n ct 

from Ute U11])(lJ 'UlI. t p l umb,  lU l'aw,;  t.hat it is a t  an enor­

m ous ad va lltage Willer m:tu,Y cond itions whkh have to 
be faced b,Y the m i l i t.a ry machilJl'. Beyond thi,;,  for 
p l ai n  s t raightforward [jying, t he iJlhe rcll t l y  s t a h l e  ma­
chi n e  n,quin;s ('olll]Ja rativ e l 'y  l i tt l e  skil l ,  all(l clocs n ot 
wear down the pi l ot. nudcr b : u l  weatIlcr cond itiollS. It. 
is ,  Iw rh : I ]Js ,  w o rt.hy of remark UIa t ,  OIl the oUwr haud , 

there are p a r t ic u l a r  euscs in liw m il itary usp of a ero­
planes under which til(' COHri  i Li ons a re hetter fIl 1 !J U c\l 
by a rnal'tl i n e  whose sta bi l it,Y is i m perfed ; but: th is is  
a ease for a speci a l  type of maC'll ine for particu l a r  
duties rather t ll a n  a n argulll Pnt agai n st i n herent stabil ­
ity as a general propos i t ion. I<'rom the stan(lpoi li t of 
the presell t article it is ('n o ugh to state t.hat the �l1lall ('r 

rn tlelt i n e  is at a grt'at advantage ov('r the l a rger (Jue on 

the score of :,;tabi lity. FroIll the metporologica l  point of 
view ( apart: from stab i l i ty )  hoth l arge anc! t;rna l l  ma­
chines are on tllP same footing as to the minimum flight 
vel ocity. There is a certain agTPed maximum wind 
veloeit.y which the rnaehinp lllust be cavable of exeeed­
i n g  in such rati o as will  n ot too grea t l y  upset ea l ('ula­
tions a s  to its time of fl i ght. Frollt tIw pure l y  m ilitary 
poi nt of view a l so the l a rge and sma l l machine,. a re on 
a pproximate l 'y  the same foot i n g  as t o  the lower l i m i t  of 
thPir de:-;igned vel ocity. The quel'tion here is  m a in l y  
t h H  t (If {1ll1'81l i t  alld tha t of a rnoDin!f tU I·gut. ' n  t h e  
l a tt e r  f(�sved t h e  sma l l er machine h a s  SOIllP advan tage 
()willg to its abil it.Y to dodge more r a p i d l y .  Therpfore 
it m ig;ht be tol e rated if its speed were " l i ghtl'y l ower ; 
however, tit is is hai r-sp l it ting. It ma'y lop said broa d l y  
t lla t ,  frorn both the mdeoro l ogi ea l  and military point 
of view, t h e  m in im u m  veloc i ty aLimi8fl i b l e  is indppendent 
of t lte ,,;bw of the machiIJe. 

Now, as to the maximum velocity l im it.  Hpre, 
whether we ( 'on,,;idcl' the matter from the point of view 
of size of High t ground o r  from ttw poi n t  of vipw of 
t h e  h orse-vowel' weight fudor, the l a rge a nrl sma l l  ma­
chilies are o n ,  rough l y, the same footing. I t is qui te 
true, however, that, for a given h01'8c-prnocr/weight fac­
tOt·, the l al'ge machine is  capa b l p  of somewhat greater 
s peed ; the ext ent of this advantage, however, i n  any 
designs whkh ltave been �o far prod uced i s  not gre a t .  
It is i lll ll()s�i h i e  to t a k p  aeeouu t, as a general ization, 
of th ii.; ad vantage ; it is clue to the ]los� i h i l i ty of a fpla­
tive red udion in th e  borl y resifltanee. I n  pra cticp, how­
P VCI', the tiesi ;.:ner ean make his own estimatp, and palcu­
l a te, ill view of the higher sveed, what his rpduction 
of svan will he, a]](l w h a t  savIng in aerofoil weight this 
reprPHents ; he can then app l y  a suitah l p  correction to 
Ow aerofoi l weight curves given in Ifi g!';. 3, 4,  a n d  5, 
and from t hi s be will be in a position to eompute to 
wlmt exten t it w i l l  ] Jay to increase h i s  gross wpight for 
a gi ven d uty o ver Umt givpn by tJlP Ilncorreetecl (l i a ­
g r a m .  'I'he w r i ter w i l l  s a y  hpre that i n  allY case with 
whielt he iH acquaint.ed this will o n l y  amoll n t  t.o a mod­
(' rate correet ion, and ( 'an in no case inval i d a te the meth­
od or general resu l ts .  

It if; thus a b undant l y  cl ea I' that, for thp purpoRe of 
b roacl tllPory, the w,;sUHlVt.ioll of consta n t  flight vploPi ty, 
IJO rn a !.te l'  what tllP s ize of the machine m a y  be, i s  ful l  v 
j u s ti fied. It is ,  howcvet·, of in terest from two poi nts (;f 
view to show thp effect of ( lesi gni ng for (U ffe rent veloci­
ties. 1" i rst, we may take i t that the weight of the 
gasol ine moto r per hOl'se-power mav be recluC'ed hv a d ­
vallee i n  knowledge a m i  eX]lerienee� TIll' gross \;eight 
a l l otted to tIle [lower instal l a t i on in "'igs. ;{, 4 a m I  5 
may HIPIJ he redllf'ecl, or a l tc,r nati vel y the power of the 
g- i v e l l  illstal l ati oll can be i rHTp[[sed , a n d  the tl i;.:ht vpl o('­
i t y  a llgm pntpd ac('ord i n g l y .  In t.he fonn !' r  caf;e the 
sol ution i �  g; i v c l I  by the gellPra l theory e n u nc iated. Il�­
sig;lIit lg a different proportion of t h e  gross weight in 
l" ig;;. :l, -I, and 5, by g;iving a d i ffp rent incli n a t i on to 
t h l' l i ll e  from whieh nlP zpro of gasoline pfl Pfl ei ty is 
rn easll l 'ed, thns increasing the ga sol i n e  ca pa c i t y  to the 
l'x t l'ut of the weight saved from the i m proved power 
I n

�
tal lati()lJ . I II the di agram so mod i fied , to compl y 

wtth the lIe w  conditions, the minimum point is  not 
affeded . 

If, 011 the otllPr h a n d ,  the weight. saving t.a ke" thp 
fo rln of additional  motive [lowe I', tIlPn the deliigned 
fl ight vPl (J(' i t.y may he i Uf'rea spd ( but only with the pro­
v i s ion of better fl ight grounds ) ,  and i n vestigation shows 
the e ITed of thi s  as a n  a lteration in the ['w a l e  of tllP 
d i agram . 'rile basis of sea l e  a l te ration hprp is ,  if  V �.� 
velocity of design iu feet per seconr! ,  m u l tipl y the sca l e  

V2 
value of W as given h y  SOrlO' o r ,  assu m i ng hiplane con-

structio n ,  alternati vely by 0.7 I�, where s is the span in 
IS "  

feet .  
I t  i s  of i n t e ret-;t to tak(� the case of a dcsigner who 

ign oring the con s i (\e rfl tioIl s d i scussed i n  th e pre('edi n� 
pa ragraphs, deeides to maiutain a constant span with 
in c-reasp of size and to furnish greater horse-power 
and fly avpropria tely faster. If he take� this COI11'S(,' 
it  i s  f�aHy to Rhow that his aerofoil weight. now i n creasp� 
a pprox imately as the g;ross weight., �o that in thp dia­gnll� the a erofoi 1 weig;ht m a y  now be defined by a 
st l'Cl Ig;h t l i n e  d i rected from the origin ()1' T h e  horse­
pow(�r required fo r any given l'('sis t nnm/tift fH(�tor, 
however, ami ( :onsequpntl y Uw weight of t he power ill­
stn l l atioll, now goes UIl as W X V, and s i nce V in­
creases as y W, thp ra te of the hor:;e-powcr ill;; ta l l a tion 
i n

:
rcases as IV y  IV, or as W�. Thus the posit i on is 

fat � l y  l'E'prpscn tp(k by a tran sposition in the interpre­
tatlon of the constrnction given in Figs. il, 4, a n d  5 '  
t h e  quantity formerly J'eprpsenting thp power i nstall a :  
tlon n ow represents aerofoi1 weight, and t h e  quantity 
formerly represpnting a e rofoil WE'ight n ow reprpsents 
power im;ta l lation, and thus the b i g  machine is at the 
same disad van ta ge as previously : 
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Special Steels* 
With Particular Regard to Their Use  m Motor Vehicles 

'I'll [t-; [WI Il'r lla� a more ai red bea ring o n  the special 

;,ied s used in a u ( om ou i l e  8en'ice t ha n  elsewhere. How­

eyer,  I U1Hlersta ml t h a t the demands m a de on sl){'eial 

stf'e l �  I IY ga s trad.nI' p ractice are i n  most ca s(�s s i mila r 

t o t1lOse Illa rk b.I' a ut o lll o h i l e  serdce. At a n,\' ra t!', the 

a <l va n ta g;('s 1I0SSp�s,,(1 b�" t he s lweia l  st eel s oyer I he onii­

wi ry c a r b o l l  " t ('(' 1 8  n pply wi t h ('q u a l  f01"c(' to tIlP t w o  

,w l"\" i ('('s. i\1 : l t ('l" i a l �  for ct'rtai n trnetor pa rts w o u l d  he 

s ( ' l pet( 'd wi l li rl'fe l'e l l ('p to a hra s ioll  l'e� istn llcP, P8 1H'da l l y  

a t  SOlll t"y h a t  p l (,I' a lt'<l t ( ' IJ I Jlpra tu res, wltpreas i l l  a u l omo­

bi l e  Hcrvkc lII a t ('l'i a l  [or the samp parts woulu UC He­

h'ded with pa rtiellhl r rl'fcre1J(:e to its dyna mic toug;h­

IWSS, 

Nickel S l eel.-The first importa n t  special st eel, of the 

type ns(,cl in antoIl1oliile pruc'tiep, was n ickel steel ; i n  

fac t ,  t h p  l1 i (' k (' 1  "tpel first described hy Riley in 1 SSt) 
was an pntil'l' l ,v IIl'W type of ",peeial sted, the special 

;;tee l s  UJl 10 ( ha t:  I i uw being; tllO;;e u � ('d for tool stpel , etc, 

T h e  n i e k e l  i s  H(Ide(1 f(lr two rea�ol1s--first, on account 

of tlte stre ngthcni II g dfc(ot, a s  ;P h Ill'!' ceut uil 'kcl  i l l ­

c l'eaw's I I I(� e l a stie lim i t  of ca rbon steel by 50 IJcr cent ; 

a l l( /  S ('('OIll I .  the d ylltll u i ( :  tonghllc>l;;, as SIWWll hy fa t igne 

t ests alld t i le Ilotclwd bar impact test,  is <louule that of 

ca rboll st('pi .  Jt m u s t  be pointed out,  howen'r, (lla t 

tltb greal i lll [n' O I'Cml'lIt  i ll l 'l'O!lprties can ue secul'pu ouly 

by lise of a V I' OI'(' /' l ll'a t trl'atlllf'lIt. 

C'h romill lil 8 I cd.,-· Ch romi u m  steP! was intro(l uccd by 

l\1 usltet i ll t he GO's i l l  I'J lI gl a nd a n d  by BmwI' i n  l\'pw 

Yo/'k a t  a b o u t  t l w  HH llle t im('. I t s  most lI o t e lYorthy 

l'I'fe('t on C': l I'b o l l  s tc(' 1 i s  t h e  i l l( 't'('as(' i ll ha rilne,;s 111'0' 

el uted, but t h (' c l a s tic l i mit l i ke that of nlekl'l s(pel is 

a l so i ll l'X ('l'SS o f  t he Pla stic l imit of carbon �tp(' l .  

C I I l'Olll i u lII a l �o i IllP1"OH'S I hi' physica l  s(ructnrl' of "teeh; 

by m a k i ll g;  t ll ('1ll l im'r g;ra i ll(,(l. 'rh i ,.,  h a ,.;  I h e effect of 

offsetting tht) lack or (llldil i l y of ('hro lll i u lll stepl s which 

is p\' i(lPllt f1'oll! the r e l a ti n' l y  l o w('r e l ongation and re ' 
ducti on of area,  I II t h i s  way elil'oll1 i llIll stePi fnrllishps 

a l l  e x a m p l e  o f  the fa l l a ey of j \J(lg;ing "tpel" by static 

t ests a I Ol\(" as tlw rea l tong;hl](,s� of con�Ir\lctiol l  steel 

is urought out only hy Ipsi s "l1('h a s  the dynamic tf'sl s 

a nt! notched lin l' illJpaet t( �sts.  

Chrorrw-X iekd H I('ci.--liere w e  COll1e t o  the most re-

110 W IICti of a ll a uto1l\obil e st('c ls .  I II  com;iderillg the 

effect of a d(l i n g  chrom i u m  allli n iekel to earhon slcpl , 

kt us ('o!lsirle1' lil'st the n il'k,,1 a mi then the chromium, 

1'Iickel on being a dde(1 to c a r bon "I('el rliss(lI Y(�s almost 

l'lltirply i ll tlw f(' ITite :lIld the dTf'ct is to incrense the 

elm;tie l imit. The H ('COII ( 1  intlm' l 1e(' is thn t of (leen'asing; 

the gra i n  size w l li('h ( 'au:-;e� ;t 1 l 1H rkpd 1!H'l'('; \ S P  ill  ton,!!h­

il l'SS which I IHlYC a l 1'l'a dy r('[f'1' l'pd to, Chromium, on 

1 h e  OtllP l' h a l l d ,  1'()1'1ll� a dOll ll l e  elll'lIh1e \Yit h i roll and 

the effeet of adding chrom i u m  t o  n i c k d  �teP] is to i u ­

e r e a � e  the hal'(ll Ies� by Tlleall S of OJ(' douhle ca l'lJide. I n  

t hi e:  \Yay  ehromilllll rais('s  tIll' (' I a s t i<: limit a n d  cla�tic 

ra tio o f  Hickel � t cp ! ,  hut (1 0('1-' !lot (Ipstroy its toug;llIIe�s. 

Ill'ncl' it i� e i L' a J' Uta t ('[ 1 1'0I 1 I i111l1 a li ( I  Il id{(� l  a ([(I <'(l t o ­

gl'tlwl' to c a r b o n  s teel i llerea se, ypry materia l ly,  t h e  

d a st ie  l i m it, t he ('I ,, � t ie r a t i o ,  tlw dYIHlmit toughm',;s, 

a lld t he lla l'(llll'SS,  'l' h i s  st('el i� an l'x('('l I enl example 

of the l l J a lllJ e l' i n  which (Ji l t' s Jl('cia I e lenH'lIt ea 11 I'ein­

foree lI l I o l  ill'r sf!l'(' i a !  e l elll( ' lI t  \yilen a ddl'd to carhon 

"t pd amI c01ll 1 ) i 1l C  t o  pro(] l l <'(, a m l l< ' h  s l1verior "teel. 

Tlw!'c a re lll l lTlp],Oli S  s l (' p I �  0 1 1  t h e  ma rket whieh h a y e  

PIj 1l u !  ot' en'n \)d t('1'  " t : i ! i e  J lrul H'rl i('s ,  but it is  douhtful 

if t hey u n, e«ua l l y ( 'a pa h l e  oj' "Ial l d i n g  1l P i n  ,,(')'\'i('(' ,  

0 1 1 a ( TO IJll t of tIll' d i  t1'('I"(,])('(' i l l  <I ,1" II ;] II I i ( '  I lI'OP(' !' t  i ('s ,  

('li roIll C- Vuwl(i i ll lll ,c' lcci (( wi (!lt ro'(!w- Yiekd- l'all !ltlillm 

0 { ('("{. --Yu n a d i u IlI  n d ded to eli r ()lu i lilTl sl ed and eli 1'01 11('­

n ie k l'l " t t' P !  I l I'O(\ ]lC(,S n il ill(' r(,:1 Sf) i l l  tOll,ghllP"" due to 

t i le  faet I hat i t  lllu ke" th pllI ti nl'1' g;ra i u ('d, 1Il0l'(� u niform ,  

a nd m Ol'(' S1lS('(']I t i h l e  I n hea t trpa t m enL The dll'orne­

ytlWUlillI1l and d l l'OIne-u iel, l'i-Yalia diulll �le(�ls are cla "s(�d 

with tlie cltrollte�nick(' 1 � t el' l s  a8 twill ,g; the \)est eOllstl'ue­

tion stepI ,; as y('t dprpl o]lp(] for tIlis tYlle of s(' r v iee. 

� il ir:o- lI II Ilflll lI ('se � t ('c18. --( 'ertnin I y pP� of s i  l ico­

In[l nga n ('�e �t(\(l l �  11n ye l)('l�ll (h�Yf\ l opf'd '''hid1 I)osses� 

exceptional l y  l l ig;h e l n stle l imit ,., and Iyl l i c h  c a n  I'P"iHt 

vibra tory " t I'Pl'SpS and t ll(� rl'f()re :u 'p m;dul as sjl r i ngs,  

'Punf}stcn �� fcc78 .---rrllllf!;stpn s t flt�1::;  a I'(' ll�f'(l origi n a l l y  

as tool st ppl ou a f't:oll l l i'  of Owi r  g ['(' a t  il n nh lPNs.  hut fliP), 

a l so llos"CSS II l l l'o]l('rt�' \Yh ie h  m a k es t!lE'lll  of u"" i n  

l\utOlIlohi l e  s('lTil'e : yi ;<"  tlmt of J'psisin llce to n lira �ioll 

at el eya I t'd t ('UI JlPnl t urcs.  ( hi t hi s  acco u l lt tlwy lin, 

u �ed for Y:l l n' s .  
----------------------.�----.-

':' ] ): 1 1 " ' 1' J1 ] ' ( ' � t' lI t ( 'd ' I t t i l ( '  " j l l l l f '�()t:l 1 ( ) ( ' ; \ / ;-; 1 ' d i Ol l  or t l \ (� 
.A llI ! ' l'kl l l l  �, O (  i d-�- o r  :\ 1 ( ' ( ' il a ll i (' n l  I'� n � il]('(ll'� fHHl Vl1 h l i �,d l Pd in 
1 1 1 ( '  I I J II I ' I I ( / /  o r  t i l l '  � o ( ' j 1 ' ! .y 

' ,\,,� i � t n l l t  I ' l'o fl ':"; :-: o !' IJ I' l\I ( ' t a llugru l' l i y ,  TlI(' U nhCl':-lity of 
' I illH0i::iu t a ,  

By Samuel 1 .  Hoy t . '  

The :l(hanta ge of the ;.;pe(' i a l  "tl'l'l;.; n l't�r the ea1'l!oTl 

slpel" for \lS(� as ('()n�tI'\l cti()n "t(,pI iN Q u e ,  more than 

to al1�'th ing 1'1 ;.;(', to thp i ll C' l'p: I "P i ll I O l1ghllf'Sf; which is 

sef'u1'pd, e�peei H J\y dynamie tou.gllll e�s, The carbon 

st(' (�h, l!HlI h e  m a d !' H ]lI U'p(' i n l ll y  � t l'ol lg;( 'r  by i lH'rel l s i n g;  

l 11 p  ('arholl  eOl l( Plit a n d  by li pa ! t 1" < 'a t 11] ( ' 1 I 1. h u t  they 

would Ill' truHle h l' i t  ( I e  a l l d  t ! l er f'fo l'( '  o f  1 1 0  1I ,�l', Tile 
� J I ( 'c i a l  stppi;; ,  hO Wl' l' ! ' I" ( �n ll b(' l lla d(' � ( I'Olig a wl t O Ilg;h 

at the Na ill ( '  t i lllf'. 

'I'he i nc l'pa"pll ( ou g; h l l ( ''';'; (:a ll h(' l1 ( il i �('(1 i l l  1 1 1 1 ' ( ' (, d i f­

ferell t  \I'a,\"14,  n ec o l'd i l 1 g  to  I .e ( ' lt n t (' l i ('r : 

1 ... -l\ln i n t a i ll illg; tlw sallie �tr(,IIg;I !J a w l  t o(g;I I I I (''';S,  the 

part,., ( 'all be ma<lp a p ]l1'Pcia h l y  I i g;ht PI'.  T h i s  i ;.;  (If g;reut 

importum'c ill autolll o h i l e  ( 'o l l stnl<'t i OIl 11' 1 " ' 1" ( '  w p i ;� l l t  is o f  

prinw illlVOl'ta Il(�p, ('spee i a l l y n N  In 1' a �  sp('pd, (,l l (JUl'anee, 

ecollomy, a nd u]lkpep a rp ('011('('1' 11 ('<1, Tite (lilll i l 1 is IH'(1 

weight b a l s o  till impol'tnJlI fa( · t oJ' i l l  I I ] ( �  ( 'ost  of ]lroline­

(ion a� tl IP  ('x tra eo"t of l ite "p('(' i a l  ste(']"; i s  oneill  illws 

more t ha Il h n l a w:('d hy t he 1 0 11'('1' llIaJllI fa ( ' I  u l'i I I g  (;osts 

due to tlie I O\\"(�1' w(�ighL 1 11 g;as trad or H('1' l' i ('(' a "a l'il l g  

i l l  t h e  wl'ig;ht oj' till' pa rts,  ('sp('( ' i a  I I �' t i l <' llIo \' i n g  pa rts, 

](''':;('11''; the s u d d('11 s t l'a i ll "  11' l i i C' 1 i  a n' illl pos('d hy fOJ' ( '('(J 

stop[ling a IHI otliel' i l' l' ('g;u I H r i th's i l l  I I I<' "lO r d('e. H u t  t I l (' 

atl l'tl1ltagps of u s i llg; l i g; l i t  \I'p ight  J lH l' t s  i n  p l a ( '( '  o r  li( 'a \'y 

part � ( ' ()Itl pri�( '  l W1" o n l ,l" t i l l '  s a l "i l l g  i l l  ltH l l d l i l l ,l.!" 1 I Il ' 1 1 " l t ( ' �  

rial  011 the floor, ill Jrladl i l l i n g;  a nd i l l  as:,;elll iJ l i Ilg ,  bllt 

a l so tlie :](lYa litagps d p l' i \'('d hy ti l e  1)l I ,l" p 1' .  

2.-'Vitli till' �a IIle wpig;l t t  n 11(1 ( O Ug;llll( 'SN t he pa I'h 

can be more heavi l ,l' l ua li ( ' (l Th i s  1 ('sSpll� til(' <1 :1 I1 g;('I' 
of o v('rlo:Hlill ,g; w h i e li ofl (,l1 j'( 'SlI lt" ill  ddo!'l1I a l io l i s su lli · 

c ient to put t h e  O Vl' r l oa dp([ pa rt o u t  o r S('l' y ie(' . 

c:.-vYi l lt  tlte samp wpig;ht a Jl(I � t  r(,lI g t h III uch g l" ' : 1  t(' 1' 

( (J\lg;lt IlP�H cau he spem'pfl II" l i i e h  a lllOl1l1 t :; to i ll s lH'a ll('e 

against a( 'cirleI1tN a mI fail u !'es, 

III whH t is P I'(',,('ut('(l II 1I0 1'(" r Ita H� refl'lTPd not to 

static toUg;l l I U'SS a,.; d(' I (,I ' lu i l l('t1 by s t a tic (Pnsi 1 p  test,:, 

but t o  d ywl1l1 k to\lg; h l l ('�s as l i ( ' I ( ' l' II I i I I ( ' l i  i l l  < 1 ,\' I I H 1 I I 1<' l I l ,, 1  

ill1 ] ) : lf 't  tesls.  I II fad. a g i'( ' a t  l l l i s ( n k( '  b 1 1l: 1 d( '  h ,l' j 1ll 1 ,,,:� 

ing the YH I ll(' of S1)('e i a  I �L('('l s b�' lU('n l i S  of static  t ('st�  

al olw, ! lot  ol l l y  tlw t t i l ( '  I'p l a ti n' vlI l n l'H o f  spee ia l  a 1l(1 

c a r boll  stcel s a r(' Ilot 1I1'oug;ht ont , \ m l  ( h a t  a t  timps t h e 

resu l ts of "tntif' tpsts a r e  din'etl �' l lI i s l (' a (l i l1g;. T li i s  

i s  n o t  a ph'U H a ll t  t li ()u;�li t  fo!' I l i m  w h o  wOll l d  g; o  (0 \Hli: 

little t rou b l e  a 11<1 (,X]l P I 1SP i ll testi 1Ig; pUIi S t  ]' u c t i o n  st(�P I ,,; ,  

but· it is a fa c t  al ld a s  Hm: h  111l1"t  \)(� "t[lHl l·l' l .I' nl('t.  

I wi,,1t to l'(�]Ipat Hnoth('r i m p o !' ta l l t  poi n t  i ll ('01 I 11P('· 

tioll \vitl l  the ]lrO(l lldi ol l  awl  1 / "(' oj" "]l('<"i n l  Nt( ' (' I ,, : d� . . 

in order t o  make speda l stel'l s wOl'lh w h i l (' t o  j u s t i fy 

tlIP i1l(:]'('a�(' il ('osl ,  Ih('�' mll"t 1 ) (' prolll' r l ,l '  IH'a(  I 1'(':1 tP<1. 

'I'his is n s u b j ect wh ieh h a s  Jl o t  a ;;  ypt.  at  ! (, :I s t  i l l  ollr 

couutry, l't'cdn't1 tltp a ttf�ll t i oll  \yl l ieh i t  (l esNyes :l nd 
which il l  t h e  fntun' is ])011 11(1 to 1)(' ]l:l i <1  to it .  This 

lleg;leet i "  d lH' .  I l)l'lkn�, not only t o  tlie f a d  I ltn t  tllp 

"pec:i a !  "ted i w l ustry i� ill iI � i llfn l lC',I', but· a l so to tlip 

"Vl'ei a l  d i llic n l l i p s  of a "c:ien t i lic l la l ll\,( �  i l l l'o! n'tl bO(]1 i l l  

( h e  (kt( 'rll li l l a t ioll  of  the [l l'ol'( ' l' lll':l l t n' a l lll ( ' lIt to Iw 
elll p l oyl'(] [oJ' e : 1 C'1i ] I a r t ic n l n r  c a " p  m i ll i l l  Pl'o]l('I ' I .I' 

(':t1'1'y i llg O ll t  t he 11( 'a l. t l'P : l tnwll t oj' t he pa r t s ( 'OIl " ( ' l'I I Pd,  

"\ l s o  I Ill i g; h l  a dd t h a t  t lt e  sol l1t ion o f  tl i ( �  P j'()I Jl l'1I1 l it'S 

ill 1,\1'0 d i n'et iOIlS, Tile users of sp(' ('i n l  ,, ( ('(' I s ,  sl1ch as 

ga s I nt c tOl' a ull : 1 I1 1 01l1O\)il p m:l I 1 1 1  fa ('t I1l 'el 'S,  I I J U S t  h e  

a \\"a ke to th('  j lossil iilit il's of � Il(' h  1 1"( ' .  III o l IH ' 1' \1'0 I'd",  

tile maJl u fa e l u re!' III \ 1St  crea l e' a (]PIlI ,uH1 [o r : l  sll ]l( '!' i o l' 

] )l 'otluct i l l  OHl er t liat  he llW �' ll J'o(]uc:C a mo/'(' �a l a b " ' ,  " 

IllO/'(' d ll l'a h l e ,  a ll d  a 1110]'(' l'('()IIOlU i c: i 1  lIl a l'lI i 1 ) (�. B ll t  it 
is a l"o ll('(' ( ';.;sa I'Y for t ll(' m : I !; ( ' r  of �1H'da l ,; t (' ( ' I :" lI ot 

ou l y  1 0  j l l' o<l m'p l i igh g; I" ](](- � t< ' e l ,.:  o f  I I ll'  I II'OPt'1' (,[H'U1ka l 

:l n a l .l' s i s ,  hi lt  h e  IlJ II"t a l so k i l O \\"  I h p k i l J d  of ,, 1 ( , ( , 1  t o  

Ill' IIs('d :1 1 1 ([ ,  wllat is IllO/'( '  i m po r l a ll t ,  thl' Jl l' oJl( 'r Iwat 

trl'at l1 l( ' l I t  t o  s u i t  Ill l' i ll (Jj y i tl ll a l  1'<'(j ll i I'PII1( ' lI t S . 

"'!wtI I P l' tlJ(' m n k e r  o f  t ill' st('PI .  tit" lll : l l l llfal'l ll l'( ' l' 0 1' 

11 m i <l(l lp-l1l a ll " h a l l  n r:t l la l l y ]iNforlll til<' I I Pn t  t n'a t i l l g ,  

dl'JlPJl(!s 011 \Y h i c h  o l l e  i "  best Pfjll i ppp(l t o  do I ha t  k i l HI 

of work.  Of p r i m (' illl]lOI'I : I Il (,(' is t h a t  t I l (' lH' a t  tn'a t­

lIH' l l t  he pl'opprl ,\' ( Io l l t:.  I II otll<' r wol'(! s ,  t li p  �t('('l lI1a kpr 

sho u l d  :H l y i " "  Iyi t h  I hp ma lll I i'al'l 11 l ' ( 'l' a l H I  tl' 1 l  h i m  whkh 

, t npi  is !Il'st sl1it('(1 for h i s  part it'lll a r  P Il 1' PO"l'':,  a l l t h i ll ,l.!"� 

cOl1s irlpre(\, n 11(1 wlla I h('a I '  trp:I t lll P l l t i �  IlP(:l',R:I r,Y i ll 

o J'(I P 1' to \ 'l' ill g (n i l  t h .. d('siI'P(1 ] Il'oJl(' 1' t i l's .  

F 1'oIll m.I' O IY I l  ('x jl P l'iPIH'( '  I ('H l l l i Ot "ay t h a i  t b i s  i (ll'a l 

sta t e  of affa i l'�  exi"ts in tIl('  1 ' lIitl'tI N t  a ((,�, �\, a ma ttpr 

of fn e t ,  tllP �t('('1 mal; P l's,  a s  I'PI> ],('.'; ( ' 1 1 I ('(1 iJ�' t l ] (' i l' sa I ps­

lIlPII, wh i l l' )"(',1(1,1" a t  : 1 1 1  I illl(',� to ]'('('Oli l i t  t l l (' \ ' irtllPs of 

jJ l p i 1' s] ll'ei H I st(, .. l s ,  s('pm t o  PI);;o.;('ss l i tt l (' sl' rYi<'ea h l l' i l l ­

fOI'ma t i Ol I  for t i l (' 1 1 ll I'cl w s ( ' I' n l l d  t l " l I l s a c l  i O l l S  a n' ('a lTied 

Oil  1 a r ,-,(' I .I' Oil : 1  \) : I S ' "  oj' tl l f '  s ( :l t i e 1 1 I'Ol " ' I ' l i ( " ; ,  ( nIP (':I Il -
1 1 0 1  l\' o J l (I( 'r t I t a  I I W l l l Y  l i l a  i l il f : 1 > ' 1 1 l  )" ( ' 1 " ;; 1'( , , , 1  t lI : t l s p ('(' i : i l  

;.;1 ( ' (' l s li re hnt li n \,x P( '! l sj l' e  l \l x u ry ,  

:-l(�x t t lt e  k i lUIR i)f ;.; t e p l  HSI'<! fur d ill" , ' I'(' Jl I  1'n l'l" w i l l  

1 )(' t a k e ll u p  " l' i p tl �' :I n d ,  i l l C' i dpl l lH l l y ,  1 ,o.; l u li l lt a H� it f('w 

wonl" t o  ,.:a,I' H lJoU( ('lI S(' lia J' ( I ( ' l I i l l ,L'; p l'a c t  i( 'p,  

/l ;CiC8 , - It rn l l ;.;  t o  flIp l ot o f  :n l p s  t o  J'('ef'i yp sOllle of 

t Il<' S ( ' I' ( ' l' l 'sl  "( !':I i ll s  wh il' 1 t  : t l' ( '  ('m'o u II I ( ' I'(,( 1 .  A x l ('s ll I llst  

1 ) ( '  s t n t ien i l y  �t ro l l .t; I hi g l l  ( ' l : I � l i ( '  l i l ll i l ) .  d y n a m it'n l l ,\"  

i O Il ,l.!"I I . a J l d ,  i f  pOOl '  d( 's i!!;n o r  w o r k l 1 l a ll s h i p II I 11 � t \ ' "  
C'o lls l<l( ' I"('t l,' t h (',\" ,.;1 1011 1 < 1  n l Ho l l l ll' ( '  1 ,o t h li ig!l � t H l i ( '  H i l t! 

d'y IJ( I Hl 1 t· I t o t ('h t O tl .: .. d l l l t'��_  'r() l 1 g; l l l j ( ';-':� i ;-.;  ;,,;p(,lu'ed I t.\' 

n k k (' 1  lI I U [  VlI Wld i l l 1ll \\" l I i l < �  s l n'n,l.!"t l t  i ,.;  "( ' ( ' l I l'l't! 1>,1' lI i l' k(' 1 

a mI c h roll l i U IlI so t l w I  tl l ( �  � 1 ( �e 1 s 10 be l'('( 'O III 1II('l1(lp([ 

fo]' lI x l p "p\'I'iet' a 1'( '  I I  il'kt'l , e l l  1'0 J)I('- II i (']; l' 1 . e h rotlle·  

v a lll](l i ll J l I .  a wl e l I l 'O IlI( '-II il'k (' I � I'a ll: 1 (l i llI ll  s\( 'pls,  

(!ml/k-81i 1l!ls .- l\ l n l l �' t i l1les it i �  (j('s i rn h l c  t,ll r(,fl lle(' 

tlto \\"l'igll t of t li p  LTHI ", � � l l a ft :llI d at t h( '  �a nl(' ( i Ill(' 

l l u t i u t a i n  a ( 'Pf 'tn in dt.'g I'Pl' of 1 otl.::: l I J J ( '�� : l 1 1 d :--; t i n' I l ( '�� .  

If ":0. it i� a d l� i s ll l ) l (' t o  lIS('  d l l' ( ) ][l(" lI i c ,k( ' 1  o r  ('li r o lJlP­

vanadill ill Htp!, ! ,  1 )]] t. of ( 'Ol l rsr'.  thp 1 ] ( , , 11 t !'('a tJIIl ' l l t s  

\Yo u l t!  he rurr(' !'l' lIt fnJll l  I hos(' fo r a x 1 (''' '  T I l (' /'(" j U  i 1"(" 
IIH�l I t S  fo r t h i N  �(' I' l" ie(' a n' h i g;li l'( ' s i l i( ' Il('Y in COTil h i ll ll ' 

liol l  Wit l l  COlll l H I  r a l  i l'(' I ,\' l O ll" ('l o l lg;at i o l l  so tlta t hpa 1',1' 

imp:l< 'ts ca ll 1)( '  lI !I�ol' l ) ( 'tl \I' i ! h o l1 (  ca u s i llg; S p l' i ol1� d('[o!' l l l ­

a t i o ll s  i l l  t h(' (' 1 'a l l k � � h :l fl. 

(.' '' II/. .,'�//l I II8 , · �Thl' d u t y iN I la t ll ]'a l l ,l' 1 i .:.:l l I ( ' ]' 0 1 1 ( ': l l i l ·  
s h a fts t i l a l l  O il  ( ' r l l l l k ' N i l a fl �  u l l ll :l x l ( 's ,  l l l l (  : I  sa l' i ll g;  i l l  

\\"pi,GJIl (:a lJ 1 ) ( '  dl"p('l\'(\ I Jy U ,.; i l l .l.!" Il k k ! ' ! .  dI I" O I l I ( ' � l I iel( ' I ,  

o r  C'lI r o ll l(" I 'a l i a d i u lt 1  s l< ' ( ' 1 .  

(J c u n .  � l a lJ Y  1 1 ( 'at, t n 'a l ('([ g(,: I I'S a n, I ,p i l lg u;;('d i ll 
p l : /('('  o f  casp l I : l n l ( ' l I pd g( 'a rs.  T I l l' ( 'o l t1 h i l l a t i o l 1  d ( ' s i n'd 

iH llH rli n ('ss a l l d  ()u ,g h ll l'''� ,  t ll" O p rop( ' l' l i ( ' '; w l l i ( ' l 1  a n' 

d i tl i ei l i t  ( 0  ( 'ol ll i > i J l ( ' i ll : 1 1 1.1 O J l ( '  pi ('( ' ( ' ,  I l O II ' ( ' I'( ' I" ,  a g;n'a t ·  

P I' d('g;n '('  o f  t O l1 g I Jl J ( 's"  (': 1 11 1 )<: S(,(: l 1 l"( ' , j  lI" i t l i  til(' sa lllP 

h a nl l 1 ( 'ss by u � i l l t; s] l( 'l'i : J1 s l ( '(' I ;; .  '1' 1 1 (' , ·l t rol l l l ' lI i e k l' I ,  

( '  It , ' ( ) IlH'- \'a I t .. uti l l l l l ,  ; 1 1 1 ( 1  ('ll l"o l ll t' - :--; l l  i (' ( ) - tllfl l l ,!.;:! l I ( '� {" �ft ' (' l :-:.  

:1 1'<' II s('d foJ' t h i ;.;  I Hl r j lo,,( ' ,  

i'/ Irill!!". -- N p r i llg;,.; J'('<[ni / ' ( '  a cOll1 h i n a t i on o f  h i g h  

('I a s t ie l i m i t  a l l d  h i ,g;h dY l l a lll ie 1 ' ( 's i l i (, I I(',I", a nll ( I f  (�Ol 1rSp 
d y n : lIl l i e  ( o ug; h l 1 ( 'ss .  N p l' i J l gs " l i d  ( ' r : l l l k � " l I a f l �  sh a n ' ti )('  
I ' I'OP(' rl y  o f  l l i ,l.!" 1 I  d.l" l l a lll i <: 1"('" il i p l l<',I" i l l  ('0111 1 1 1 01 1 .  'I'h p  

tli rf(, l'l' I I ( ' ( '  fo r t l l l'S(, t lYO sl' ]"\" i c(�s i" t h a i  i ll lil l i '  ('a s(' I l l( '  

p('nll i s�i h lt� (](,j"o l' l l t a l ioJ l  i �  I' p r ,\' s lll a ! l ,  1\" l l i l ( �  i l l  t l] ( '  o(]wr 

ea:-ip it is t lel'(�:--'::-: : I  )"i1�r i : l l'ge. Tl1(� �d ee l s u NPd fj , 1' s p r i n gs 

a rp ( 'h J'O)lH,- \r( l ll a d i ll JU a I l d  a Npt '("i a l  t y pe k ll (l\YlI a �  s i j i e o ·  

1 1 1 (\ Ll ,�U np�e. 

PI'(//YI (,8 . �-l<'nl Ill( 'S w n s t  1 , ( ,  I Ol1g l i a n d 1 1 : 1 1'(, I d g; h  ]'P 
"i s l : l llf:(, to y i i>rato r,l' �t I'( 'SS('N.  :'{iek(, 1 .  (' iJ rO l l l l'- l I k k ( ' I ,  

a 1 1 (1 (' h I'O l lle� I'a l l adillll1 s l {' (' I s  aI'(' I1 s('(1 ( � x t (' I I � i Y(� i y  fo l' 

t h i s  \Yol' k.  

A"' tccri1l,fJ .,1 J'lUN.--- N t eC' r i l t;.!;  a 1' lns H n' �ni ,.j ( · ('t to a ('OJtI­

b i l l a  t ion ( If � t ]"('s�('s w i t i (' h  i s  l > r ( )l> a h l �' lllO /, ( '  ( 'olll p l t'x  

tit a n  til(' sl ra i nH ,Hi t l Je ot II pl' p a r b .  Fol' t i d "  j'( 'a s o ll 

th(,  d (� � i g l l  a l }( l  \VOr k n l : l l l N h i l l  of � t ( l(' l' i Jl .� n l' l l l �  1 I I'() (':--;J J (, ­

d a l l y i m p o r t a l l t .  TIl<' "t ('pj s I l S('([ a l'(' lli<' !; p l  : 1 1 1 ( 1  el l rollH'­

n kk e 1 .  

/lo li('r ]; ('l/ l' in!18 , - - /t o l l (' r  \ 1('a r i l lg;H IlI l Lst  i ) ( '  lIa nl a n d  

.I' d lI o t  t o o  h r i t th'. T h p [, ( '  Ita \"(' 1) ( '( '11 1 11"0 1 ,I" ] I( 's oj' st ('(' i s  

d(,I'<, l oI H'(l fot' tld" \\"ork,  I' i ;', . ,  l li l' i t i ,l.!"i l  ('" 1'1 ) 1 ) 1 1 '  Ii ig;h 

c h r olll i u l i l  s l ( ' ( ' l  a wl (' h I' O Il / ( '� \"a l " l d i l l ll l  ,, 1 ( ', ' 1  { ) i l � h a /'( I ( ' I I I' (1. 

l"(/ II; (,8.�--U a � 1 )('l' i H I  st('d b d ( ' � i n'd fo l' v a  1 1'<,,,, it is  

lI"nally t ll l l gs i p li �t ('l'L h u t  t:l'J " t a i l1 h i g;h l I i l' k ('! " t (�(' l s  a n' 

a l "" llS(,(l . 
( ' ( / 8 (, I/ ard" /I i n y  I 'nl( " { i, '('.� '1' 1 " ,  l i l ' ,� 1  , 1 " 1 1 i t l  I h ( '  P I ' \ )'  

( 'l'!':--': of ( ';:I �(l h a l"d { ' l l i l l .� i� : l I I I J ( ' ; i l i l l .� i l l  j i l l '  ( ' : 1 :--': ( '  i l ; I I 'd t ' l l ­

i ll ,!;' m i x t ll l'(' (J I' "('( 'Ill ( ' I I ( "  rOl' : 1  s l l l l i (: i ( ' l t I  1 ( ' l l g t 1l oj" t i ll1 P 

a n <1  a t  a sll tiit' i (' n t l y  h igh ( ' I1 I I><'l' i l t l l i'( '  1 0  p l'od l l ( 'e 111(' 

('a N(' (ll-s i n '(!. 'l' l w  "c('o l l d :<1 (' 1 '  i "  ( 'a l ]P fl  t li (' 1i 1'� 1  </ I I < ' I H:1I ·  

i 1l g  w 1 l k h  lI a " H" i t N  ( 1 ) j ( ' ('( I I I ( '  n' .g;( ' I I ( ' r: l t i o l l 0 1' 1 0 1l ,c;1 ) { , 1 1  

i ll ,t; o f  1 1 ) (' eo 1 '( ' .  T11<' I h i nl "I( 'p i� t i l ( '  �( ' ( 'o l J ( 1  ( j ll I ' I I( ' I Ii J l .l.!"  

\y l li<:'Il 1 1 ' I S  a s  i l � ( , 1 > jr>et I I I P  li a n k ll i l l .g; of I i I ( '  CH �( ' ,  T h ( ' I"(' 

a l'(' 1I 1 H 1 I �  lI (\I" : > n l n ,L';('" �('( '\ll " l ' (l I > ,r l1 � i ll g  t i l ( '  "I wei n l  " I ('(' I N  

H Il <l I sh: i 1 1  l1I P li t i o ll  �(' \"(' I "a I o f  Il I P l l l ,  

1 .  C (, l"tn i l1 or t I l (' sj l ,'e i a l  t .l"I>(' S  n 1'(' Ill ll (' h I psN a ff( 'C' ll-d 

i1�' tIl(' li r�t H IJl1('a l i l l ,l.!" ]l I'O""SS t h a n  ti l(' ( ' :[,1 ' 1>(1 11 " ll't' i s ,  

Tha t i s ,  t I l l'  a l l l l l'a l i ll ,l.!' jlroduu'" a 111 l1 (' 1 1  � lI1 n l l t' 1' gro w l h  

i n  grn i l l  � i;<l' wh i <-h  i l l  i t s (, l f, " s i(k rroll 1  I' h('  gl'( 'a l ( ' 1' ll a t �  

ura l S tT(, I I g;l h (1 11 <1 tOIl , d u l l 'H" o f  ( I I I' s ] lp( ' i < l l � t l'l' 1 0 ,  l'(' t a i l1 s  

a gr()a t p r  t(' [l ( lcit,Y ;lJI(1 1 on,:..::h ll ( I�� i l l  tll(' ('Ol 'P. 

2 . --Cprt a i l1 s]l( 'c i a l  st( ' ( ' I �  I 'n i l li l  : I  1 iI 0<l i fi('a l i o l l  o f  ( h e  

h ea l  t rea t m e n (  so tI m  ( t h t '  Ii l ',1  a n d  S('('Il IH!  qm' l l ('h i llg;� 

('H ll  1 ) (' cornl> i Jl (' (1 i ll t o  01 1 ('  t l ' '' ' l t lll ( ' 1 I 1  \, l t iel! is ,;, ) ('a l (,l1� 

l atp(1 t l m t  it b s a t i ,;Ia d o l'Y 1"01' h o t h I l I ( '  ( ' : l l' ( '  ; ) l I d  1 1 ]( ' 

cor{' . 

: : .-- 01'11(' resu l t s :l l"(' 1'( ' 1 1 ( [( ' 1 ' ( '([ 1tlOI'\ '  ('( ' 1'I a i1 l  by Il si ll '! 

�{lf'eial  s l ('(' I ,, ;  i .  ( ' . , tll<' e: 1 �(, (,li n 1 1 (' ll1a d( '  1ll 0 l'C un i form 

: l l l (! 1 1 : 1 1'<1 ( '1'  wll i i < '  l iI ( ,  ( ' O J"( ' ('a l l  1 ) ( '  H 1 : l < l t ,  � I I'Ol IL';(' I' :I 1 H I  
1 0n g1 l ( ' 1'  

·' I t  1 1 , 1 ,-; ( ' 0 1 1 ) 1 "  I I I I I ! ( ' ] '  1 ) ; .\ I fI ' l " l , n : 1 1 j i ' l l !  j i l : I J I H I 1 I I  ! I i  
t lw:sc  poi Il t  . .;: rt' l j u i n' ;-: � T j ( ! \l �  l ' o ll � i d t'rn 1 j l ) l J  
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4,-Deformatious due to quenching can be more eaOli1y 

a VOi LlPd with certain svpeial type,.; of tlteels, for i nstallce, 

tbe ai r hardening steel",  'l'11l'se stpel s bel ong- to a class 

of steels that i::; not g-enerally manufactured a t  pre,;ent 

ill th e t inited :';tate�,  and "hould not be confounded 

with tool s teels, 

;;,-.t higher carholl content can be permitted in the 

core w i t hout losi ng the property of toughness, A n  ('x­
a mple iH  fu nLisllc(l by the chrome-nickel steels with 

"'hidl a ca rbon contl'lIt of :jO PCI' cent can be lIsrd, a 
stppl which a l so p ro(l\W('S a ha l'll caSf' suitable for par t s  

sl1hj eet to w e a r  a w l  !'hock. 

G,-- ' I n ca rbon st(,p l s  two of tllp const ituents , f(,rrit(� 

a mI c" mcnt it( ' ,  1 1 : 1 "1' a hahit of forming i ll rel a t i Yl' ly 

la rgp cryst a Is, th e ]In'sp!l('(' of \v h i <'h i� (la l l,,(, l'oll� Oil 

a ('collnt of the ll r i t t\ ( ' I W"8 aIHI l i a !J i l ity of ('x foliat i l!ll 

p rod m'( ' ( 1 t hc]'( 'by, T h i N  ean iI(� (' I imi nal l'd by Ils i n g  

" I H'(�ia J  stpels, 
7 ,�'I' l w  lise of s \I( 'c i a l s t !'d,,; grea t l y  inercmie,; the 

('f ti l':J (,Y of t h l'  I re,l tlLwut, 

Till' par t" ",h i dl a re ( 'Olll nl O lI l �'  ( 'il St' har dened a r e  CH Ill 

"haft s , r o l ler beariug-s,  a nd gf'ars, I" oJ' eam �ha f ( s  a 

l o w  ea rboll , n kkel or ehwIIw-lliel((,] ", t t'd is used which 

is east' h a nl('ned on the w('a rin g s lI rfa ('('s of til<' ca m s , 

F o r  roll!'l' lieil [' i n gs,  l u w  ca riHJll, n il'k!' ! ,  eh rOlu i ll ill , a n d  

cltronw-lliekel stl'e]N a re lIs('d Ll('lI('ndil Lg: UPOJj tlw s('l'\'­

ice,  

�tcds whi('h a n' I tnil! ,  g-ellt'r:ti I y \ls('d for ,,('a rs a l'l '  
low ca r-bOll , I'l Il'Ol1l(' nil'k (,] ami chrO[JIC-I':t n H (liu lll sl pl'ls, 

am\ i t  m i g! , t 1 1(' a d d ( 'd  tha t  tl lI 'S(' s l l'(' I � , I ' a s!'  I I : l rd ( ' I I ( ' " 

1U a p l'(u·th'a l lIlU I 1 1 1t'I': gi \"( '  a 1 1l O J'(' � a t i sfn ("t o ry , ' ( Ji l j ­
!Iina tion or jI]'( ) \ I" r t i ( 's tlw n b v rod l ll'l'd \I� I I I( '  I I l ' , , 1 

tn'a tl'd pa l't .� ,  a l t h oll"lt t!1(' l'X I H ' l l �1' j,; S l lll H ' \Y! l ; l t 

g-I'l'a h'l'. 

I II t i l ( '  l i m i ts of II pa pp]' �llch ;l,; t h i s , it i s  1101 lloN� i l> l "  

t o  Pll n n H' l'a t t' t h p  111:t 1 l ,\' : l ( l \ ' : l tltH gP�"; D �.;j d l'  fl'f HIl �H y i l q  . ..'; i ll 

\\'P C"h1. i l le ]'( 'a sc '(l t O I l ,,,h L ' PS;';,  ('1 <'. , wh il'lL a n ' ckri Yl 'd 

frolll  lI L ( '  l IS I '  0 1' ;,; p(" ' i a l �Il'I' l s , I l li t  I w bl t  t o  (' i l<. ,  i ll ( ' O il 

ehl s i o l l , a (''' 'i( '  \\ !t ieh w i l l  ,;l lO w  a t  l en sI 0 1 1( '  of H L P  po.'s i ­

hi l i l  i ('N ,  

T l l i �  ('x : I III I > I (' i �  t :t k\'1l  fl'olll t h c ' \Y o l' l; "I' ( ; I I i I l I' I , n i l '  

Ho t I'd F n ' ll('h lIll'l ll l l o)'!; r a p liPJ' .  T i d "  ,ii l ' l ' l  waN d(' I'{ ' ]opt'd 

p r i ma r i l ,\' to s i m pl i fy the llt 'a t (Tpa t m( ' tl t  a nd ill fad it 

is � i lll p l y 1J('e('''.�;l ry til  hpnl  tll i '  " t p c l  111' I I) a iJout 1 ,;;;;0 

tI( 'g, l<' a lt r, and a ll o w  i t  t o  1'001 i n  a i r ,  Till;.; t rea tment 

Jll'Ocllwl's 11u; rk;.;i rl'd prup('rt  iI'S ill  t h e  �a rll\� manner tha t  

tll (, ,1,,11 iJ I "  he:! t t rc�a ! fll l' l l t  d oes fol' til(' ca rbo n ;;t(,el�,  
'I'lw corllposit i o fl of Ow ,.,t t'pj is as fol l o ws : C 0,7;; per 

c(,ll t , Nl : L ."� ]1('1' pCIlI , Cr J ,2� ]I"]' 1'1'11 1 ,  :\In 0,;;2 I1pr cellt.. 

T I l l' J1 ropt' r t j( ,� a r  .. dV('t1 in t i l l' follow i n g- faLlp : 

.\ llnelLlcd 

.\ i1' lI ard l ' l w d  

'I 't.Hlsiil' Ela:...; t,h· 
;-) t rengtli Li mit 

I : : X , (JI JO 1 ! I LOi lO i 
l ! I:! , I II H I  1 ,,� J JIl( ) : 

1':lorw.  
I H T  Cl'JJ ( 

l �  
1 ( : 

E lolll! Hesist­
H. I l f  .A . a ll  to to 

piT ( ' . 'nt ,  l lnpa('t, 

10 
:.!O 

T I ll,' ( ' 1 01 1 ,,: 11 i ( l n  : I I I ' !  f'\ 'd u l'1 i o l l  o t' : 1 1'\ '" H 1'" I ,- ,�� i ll  t l u' 

: t i r I L n n l " l l ( ,o i S h ' I ' I ,  I n !! I I I ( '  I ' < ' S i :< ' ; l I ) ( , ( '  10 i lL ' pa<'l i s  n fl-
1 ' J' { '( ' i : Jl d ,\ ,, 1'1 ': 1 1 . , 1 ' ,  ,, 1 " ' \l i ' l ;! :I g['{ 'a i . ' r  dY l u l lll i ( '  I OIl " h ,  

I I I 'S S .  I I \ ( '  1 ' 1 '' ' 1 >1' 1 ' 1 ,1 w l d d L  S , ' I ' Y I " : 1 > ( ' 1 1 1 ' 1' 1 11 : 1 1 1  : I l l y  ol lL l ' l' to 
!l I ' l l \ ' ' ' I S I } ' : I I I ' t il "  " 1I 1 , , ' r i o l' l t ,\"  o [  sl'l ' I ' i : 1! s lt ·" I "  I ) \' e l' I llp 
('n J' ilo lJ �j ( '(\ l� .  

The lJ til izati ()n of ellll C itru s 
Suggestions for Saving a Natural Product '1'hat Is Now Largel y \V astnl 

I "  t Il\' paddng of dt l'm; fr u i t s  a eonsi tl('!'nbl(' \I\'()' 
portion o f  I I I "  f r u i t  e C l l n illl!; i n t o  ti l l' l'ae k i n,,, 1 1 0 IlS(", i f;  
II l l l i t 1'01' " h i pIlU ' L J t ,  a l l ll lIl U St. be d isea nll'd ; t h iN ( lis� 

(,:l l'd( ' l t f r ll i t  l'O lL Nt i t U t t'S t h e  l 'IL l I N ,  a lL (1 IllH ,\'  a m O ll  li t, 

d l l l' i l L g- pO(l r �('H NOlL:-;, to aN Hl llc'h a s  !O l i N'  cc 'nt  of a 

g i n'n lot of f r u it , t l l o lll!;iL o r d i n a r il y  tlw proport i oll is 
1 I0t ;':0 h i g'h,  Tltl' \lsiw i ('a US('S of eull ilLg' al'(' !'x i:rI'lIw 

o n'l'- alJ(1 1I 1 )(lr,r-Nizl ' ,  St('IlH'TIlI rot , traumatic illj n rie�; 

to t I le I Jl,( ' I ,  a nd JJ\ ue lIlo l d� , A few of tlH'Nl' eu l l s a rc 

t lis pos('d of at low pritl'N for (1 llick ;;akN ill tlll' 1 oe:i1 

IlHl r kd.H, wit i l l'  a goo(1 llroportioll a n, ('UllSUlIll'1l hy t he 

l o('a l "':l Ull' or s i mp ly a ll o w ed to (keay 01 1 tlw grou n d , 

A l'( l I Lsidern lJ l e  ll ulll lH' r of tlW�I' cn l l s  11:I I'e t ill, !Ia ynr 
; L l l li  I't J l J (1 ya l up m L i l llva i rl'(\ ,  if u t i  I ill('(l iL 1lll1l'di a tely,  

T lte lIln il l  I J l 'obl(,lll s o/fl'j'( 'd 11'('1'(' ( Il )  1 0  find II sa ti sfac­

: o r,\' lJl'O(,(�SS I I Y  wli ich t hp j u i( 'p of t1HN' ('u l l s eoule! 1)(' 
"I'('sl'r ved for at ] ('ast !I\'O Y(';J I'S ,  with ou t  ('olll1kt wit h  

t lte natio lln I or Ntnte p u n' food 1 : I\ys,  a lld ( II )  I n  de n'l o p 

a lIletb od lIy \\'h it'll t he tj a Y o l'i ll,,, oil ('o u l d  be }'('llI()\'('d 

fl'OlIl t lle ]l('( ' ]�  i l l  sudl a ma l l l l ( '!' th a t tlw P l'o(\lJ('j WOIl!!] 

JLwet tlw (,Olll l llP I 'l'ia l re'l lli }'('ml ' ll t s  f o r  SUdl a ll oil . a mi 

co u l d sull a s  n 11 01ll1, s t k  prod1ld, ill eOlIljJditiol1 wit h 

t lie i l l l pur ted l t a l ia l l  oi l. 'l'lw [,(,COl'pry of t1lP dtrk acid 

j'o l'llll'L1 OlW of tI l !' Ill i ll o r  probl em s , 

.\ largc I LUllIi ) ( 'r of ('x]l ( 'r i llll'll t s  11'('1'(' llIaLi(' Iyi l h 

(U rf(' '''' l lt  ]Jrocess"s t o  det ('rm i }l (' tlll'ir l'i'f('d oil 11\(' 
s t a h i l it y of t lt l' j u i (' ( ' ,  As IUI(I a l rf'a (1y hel'll ( J \ lsl'rn'(I ,  

it  waN ;': ( J oll fOU l l d  t lta t simp l p  p:t N l c' u r i ll n t ioll of t l t( '  

j u lee' W H N  not su llid(' l I t  t o  lJl' Otc'('( It frolll fll r t ltc 'r  

c l t a ng(' ; for H sliort l i lli P  attN p u steu ri ila t i ol1 , IlSll a ll �' 

I ('�N  t lt : 1 1 1  t ll'O I\'('('k�, t I ll' j uiee kppt \\' i tllOll t  H pp u n'll t 

C I Ul ll g l', 1 1 1 1 1.  a ftl'r t lt e  l apse of 1Il i s  t i nll' a ('lta l l,,(' of 

(,, , l o r  lJl'Ca l lU ' t' yi<]P IlI , the j ll ice llark ( ' l li l lg anLl tiLL ' L ll y  

] , ( 'conl i l l" lIHHl!ly ; t lt is ('liange in ('01 01' waN aceOl ll­

pa l l h'd lly H det(' r io ra ti o ll i ll i1a 1'01', wIticll e n'lltua l l y  

1 " 'CH I Ll ( '  (Jllt' l iNin' l y  aerid,  "\ I l :-;pe!'irnf'llS d i d  I Il ,t  elW Il"P 

t o  I h "  Sll LlL( '  d('gl'l'(', but i t  was fOll nd impo;.::-; i b l l' to 

eo rl'l'la t c' 1 l ti s  dirrl'l'l' lLt'(' b!'tW(,(,ll Nllt'ei lllpns with rli ffl'r­

( ' nC('N ill Heidit y o r  � l1gar contl'lIt. NUl'll da r l, p l ll'd s]ll'ci­

Il U ' l l S  H p pl':t n'(l 10 lI( '  st('ri l l' , llO (J 1'g-:l l l i�llI" la'i ll g- shown 

hy i !loe u l a t io l l s 011 s t a l l (l a r c\ aga r or O ll s t !' ril iil( 'd o r a ll gl' 

,i L l ie('. or UI)(I t' "  lI,ie roseopie t'x H lll il 1a t i o ll ,  'I'ltp erft'et 

sl ' I '!lH'd to \J(' d ill' to ( '\ll' lII i C'a l :t et i oll , h l l ! : L l t h ou .:!h : 1  
I : L I',,(' n u m l n ' r  o f  t c 'st s \\,pr(' ttla (k, t l l l 's(' fa i l p(l 1 0  i ndi­

('a lP j ll � t  Idw t e l ta llg-C' I UII\ t n kef) p l a ee i !l t Il l '  d :t rk( ' Jl(�d 

.i l l  i et'. I t  WH s fO ll l ld , h ow(' n'I',  t lta t t lw n'Tl!o \'a l of the 

a i r  d l s s ( J l n'd i ll til(' j ll it'r' a llLl t ha t i ll t i ll' eOll t :d ll (,1' 

a ho\'(, i t. f(J l l o wl'd hy p a t-lh' u riila t i oll,  was slI llie i f'll t t o  

pn' \' r'l l t  t li i s  ckt ('l' i or: l t i o l l  o f  t lt (' j u iel' ro r :t eOll � iLl('rn lI l e  

t i lllP -' i l l  fa d,  a ll fa i l 111'cs wlli ell OCCll l'rt'(\ Iyit h i n  1\1'0 

y ( ' n r s  ('ou ld il(' t ntel'(l t o  a i r  ImYilJ g  "a il l !'cl a C'cI'�:-; t o  t h ('  

j u ice tl l l'ollgli  I ( 'aks \" h i dl d(, \'p l o IWd i ll  t h l'  ;.: t (lV]l!'I'N Oi l  
I OIl,:.( s t a n di ll g"  ll l Hh-'f " (trying ( 'oJH1it ioll�  (If tf'llll J P l'at  U1'P. 
I t  wa s fO ll J l ( I , [ll l ' l lH ' r ,  tlJ:\ t ,  H;': wOll l!l ll n t lll'n ll y  II(' 
('xjl('('(('(l. i t  wa s t h ,' ( Jx�'g(']) of t hl' n i l' \\'h i l'll ", a s  

a d i \'(,  i n  P l'od l lc i n g t h i s  1'1L n llgc', a l ll w u glt n'fJ l a c i ll ." tIl(' 

* �\ 1I 1 1 1 0 1" S a l 1 i-' t l'!l f 't  or a l'n t l ) ( 'r  ('Xtr\1 1 � i Y p  l'( ' P O l' t  o n  th. '  
u t i l i :tm t i u ll of tlH� c u l l  ('itI' U �  fr u its froIlt  t h t,  p:l t'ki u ,:2: h O U�('N 

i n  F l o r i d . ) . ( ' ( )\·P t · i llg.�2: tlH'  <1 11 L h i) I" � work 0 11 tlI i ;.;  H u l ,,i ('v t  d U I' i u 7  

t l)(' p I ' r i n d  frOl I! o ( ' t o )  1('1', 1 ! i l 1 .  to .\ lI.� u :-; t .  ] \) 1 :( n ncb 'l'  th c:  

U l1�picl'� o r  ( h (, F l o r i d a  ( ' i t r ll :-:: ll] x (' h :l ll,!..:'(' .  a t  O w  1\ 1 1 , 1 1 0 11 

1 n :-.; t i t 11 t- (' o j' 1 1 I (1 1 1 �� t 1' i : 1 I 1: ( ' :--' ( ' :1 1 ' ( '11 . oj" tlw l 1 n i Y " I ' N i 1 ,\' or P i t h=;­
{ l l l ff', IL P u l d k:l t i o n l w ""  ) ) (' ( - }1 w i t ll l l t' I .] ,  ll P  t o  th i s  t i m e' ,  in  
n ' I 'Ol 'd;l H i ' { '  w i t ll  l h !' fi'l l () \\' �h i ]l }l �Ti ' j ' J I H ) r d  , ' o l l q d !'t ( ·  l Hl l d i  

en / j o Jl  q l' f l I t '  ( ' u t i !' ! '  !'( ' p o r t  will I /\'  l u a rk n t  n ! n l i ' !' d a i l ' ,  
n(' p u l Jl i �; ] l t . 'd frow 'Flu' ,j o !J ) " lw l  uj / n rl ll .'i l l  fu f ( I ? / rl h' l l,( f i n c c l ' i H {)  
L'lu.; m iH t ry. 

By F, Alex . Mc Dcl'mo U 

a i r  w il l l P Il I' I '  OXyg1 ' 1 1  d i l l  !L o t  p ro d l l ( ' I ' : L S  nl p i ll :( 1 )( 1  

;-; t l'O llg a d:l l' k l ' l I i n " a� wO l l l d hI '  l ' x Jl ( ' ( '1<-d,  l l i l '  1 ' [I' ( 'e i  
lJ('i ng 1 1 1 1 1  l i tt l ! '  d i IT( ' L ' ( ' lIt  fl'o lLl t h a t  o f  : l i l' ; li O I I C ' ,  

It llI a y  1>(' o f  i llt(,I'(':-;t t o  I ll ) t ., IL( 'n'  t iL : I I  0",  I I 1 0s t 

COllllllOl\ o l '"n l l l z ( 'd ('o l l t a lll i L u l t i o ll o f  o r a l lg-( '  j u i ( ' I '  \\ h i l ,1 t  

was ( ' I I("O Il I L t(, I'('d i ll t h i :-;  work \\'n � :t  st l'a i ll o f  t l L ( '  \\ ' i l ll 

,\'<'a:,;t ( " K a l lll l hp[p" ) IVill iu  mWII/ II (u, a ll d  i t  i "  I I Li� 

organ i s lIl wh it'l l  i s  ]'( 'sl 'ons i li l l' for till' ( i <- n ' l " p l l l l' l t 1  or 

t lt e  pst !'1' ' Hlor ( a ]> ]la n'l l t l y  eth y l  a (' ( '( a t ( ' ) \Yi L ielJ llI a y  

so frl'lj lw l l tl y  i l (' l j() t il'('d i ll ora n g-( '  j ll ic-t' w iL i l ' l l  I ! : I N s \ oo<1 

som !' hOll l'S : I t  ruolll i l'llljl('ra t H l' ( ' ; t Il( '  y t'; [ s t  w a s  1 ;i 1 l ( \ I �' 

i dl'!l t iJi(' (1 1'' ' 1' !lW Ily I II' ,  /\llJ,  K I i ; , ' k p l' o f  llw ( ' , 1 1 ' 1 ";1 )(' [',, 

LalJora lo [' ,I ' ,  ( ' ol'e l l lL :t gl ' l l .  ,\ e d i e  : I (' i , [  i<:l t' i (' r i a  1\" ( ' 1'(' 

a l so fOllW\ u('c:l s i o ll:l lI y ,  i ll  e n'ry ( ' : l SI' "b�(' l' \ ' ('(\ l w i ll .!: 

secoulla l',\' tu t h e  w i l d  Y(,:l 8 t ,  H l llI  O l l  l ong st :l l , d i ll " 

nl l'ioHN llw\(1", d('I'pl"jlt'd , 'l'hl' ('0 III III 0 11 l l l w' lll() l d �  of 

tll(' ]lpe] IIf t he n ra n l!;l', f'ull idl l i lllit i /U {('IJ/II a n d J'. 
o /iI;([('C/l III , a p ]J( 'a ]'Pc\ t o  hp \t w l l l l e  t o  ," 1'0 \\' O l l t lt ( '  s t l ' l ' i l 

i Zl,ll j u l! ' I ' ,  a wl : t l l  a H l'lllpt's t o  i l l ( l(' u l n t {' t lr l' l ll d i n 'el l )' 

frolll i l lf!'dl'd f r ll il UJl tlJi" lllPll i ll llJ n'sL J l t ('d i ll � t (': \(1 ill  
t ill' p'o\vtlL of t hI' IV ill in, 

The � i lllJl I (,Nt lll('t holl  or  ('{f('di l l ,,, t ill' l' ( ' n l O \ : l 1 of t ill! 
n i l' from a llc\ a l l O \'(' t lt e  j u iee i ll 1 1 ]( ' l:o l l t n iu( 'rs  N( 'P l ll!'tl 

to IJf' to rpp l a ( "(' it by :-;f) l l l (� ll ( )n-o�i ( l b : j Il g  g a � .  H lI t! o f  

tllOS(' ('OIlHllerei :t ll �' poss i lJ l t "  ea r b o ll (l i o x  i d t' :t PI '( ': I  I'et! t (J 
be till' bps!. ,\ Y('n' l a r,,( '  lll l l l l l l p l' of "1 1l'd lllt'Il S of 

o r a llgl'  alld I!;l'ajl( 'frll it j Ukl'� \\'(" 'p  [l 1' l' l'a l'c'(1, i ll whieit 
tIll' j nic(' Iva s  l'lt: u'"el! w i t h  ca rbolL d ioxili { '  a t  a tl L lo­

�[IJwrie [U'( 'SSllrl' ,  :t IHI Il , ( '  n i l' a llo l'l' / 11 1 ,  l i q u i d \ ' ('i' I : t (�('(\ 

with t h e  cliox i d l' : 1lH' bott I ('� \n'n' t !1('1l st'a 1<-d w i l l i  

l'a rafti lH,d �tolll ' ( ' l'S , I la N I l' u r i z( ' (l .  : t u d  till' j uill ( I l l'1 IH'I ' 1 l  

the S t ()] l ] ll' l'�  a wl till '  !l('l 'ks I; ('I'( ('on'n 'el wil h p:t r: l ll i ll  

\v h i l (' ('oo l i l lg-, T h i s  ��' s(( 'm of �('; t 1 i ll ,,, ,  w l li k  by 11 0  
I1H':t1l :--; p< ' l"ft '<' t ,  ,l':H Y(' :I ('ol l:...; i d ( ' I' H b l l' Jl l l I Il I H ' J' of ':-; 1 H'(' illH ' I l �  

w h i l'll l'( ' llw inc'([ \\ 'i l l lO llt :t [l P:t l'l ' I L t  d L : I I Ig!' for ( \\ 0  ,n 'a r" 

o r  IlI O t'(" ( ' hn r"i ll " ",i ll l  ( ' ( ), u lIlI I' r p n " N 1 J 1'(', w i ll Lo u t  

rellHlY:l 1  of t lL ( '  a i l' P ['('S(, l lt .  did lLot : I rro l'd P l' o t ( '(' l i () ] 1  

aga i l l s t (lc-t (,l'ioI'H l iol l ,  11  IYas fonnd t lLa t p u n '  u it ]'(  ' .,,( 'll ,  

hy(lrog('11 or Illl'1 ham' ( \\':t sll('\! IL ' L  l u ra I ga s )  ,,:I \' ( '  :I S 

gOCH[ l'( '''lI l t � ,  so f: 1 1' n s  1' l'('s(' l' \ 'a tioLL \\" a s  I' O I I ('(' r t l( '(l. n "  
did th{'  ea r !Jon d i o x  i ll( ' ,  b u t  o\\'i ng  t o t h p i r  I U I\' ( ' r  �( ) 1 1I '  
lJ i li t y t h c 'y W('],(' �ull te wllH t lll Ol' ( '  d il l'l l ' l I l t  tu d " : l 1 w i t h  

t h a l L  t) \ { ,  d i o x i (k, N i t ro u s  o x ili( ' ,  a �  I ll i gh t 1 , ( '  ! ' : " ' I , ( ' t l 'd , 

gan! J'( 's l t l ts :t ho ll ! I i i, !, t l tuS( '  ( )f jllI J'( '  o � ,\'g( 'l l ,  i"" fa r 

a s  tl aYol' is t'olL(�('rnpd , 01( '  h y d l'o)'!;l'" \\' :J �  s ll l' l ' r i u t' t lJ 

a n y  of l it e  ( l t lt ( ' r g : I S( 'S ,  l it o l l " h ,  {) f  ('OIl },S" , h : J l'lkr 1 0  
ha w\ I (' ,  T it(' ( 'n r !> o f )  d i o x i d e  g:t n' a s l i ."lt l l y  1I I ' I L : t I Il I' ; l l  

t H ll,f! to t h l'  j l l i (' ( ' .  � ll g�p:--; ti Jl g- i lleip i t ' l i t ft�l' l l l (' l l t a t i o lt t l)  
SOHlt' whu l a � t<- Il i t. 

:-;C'a l i n ." in j'({ C I/ O  w a s  a l so t rh'(l, a l ld P I' (' I ' ( 1I :l 1 I ,\' ] l !'m'('d 
to II!' 1 I l(' Ill ost sa 1i�fa d (Jry lIJ l'1 llOd o f  lLll'd i l l ,,, 11 " ,  !l i lti 

cn lty,  J'J : J r l �' pxpN i lllt'll t N Il�il lg s l'a l i u g h o l t l l ' ''' s h o m 'll 

t!tn t  tiLl' j u ie u  1'f'1.a i lll'tl its tla l'U I' I)('s! \\' h ! ' 1J p: L sl ( '1I1'izl 'd 

lll H]('r n s  cOIll p l ('t(, ; t  \': I (' I L lllll i) S  JiOS" i 1 l i l ', t l h' I I s ll n l P I'OC ' 
f'HH !>p i n ,£: t o  ('x h : l l I s t  11)('  ,'u l I 1: l i l i p r  1 0  n ho ll t  :2 .... ,r) i l ll ' l l ('s  

'-:I ('ll1l lll , \\"h i l ( '  i l l l l l )( ' l's c 'd i ll \I': L l I ' !' a t  a t p I I I l ' L'r; L l II J'('  

s l i g h l l ,\" a 1 'o n '  til ( '  Iio i l i l l i!  p o i n t a t  t lL i s  jln''.''. } } }' \ , : t ill' 

('()}tI ('nt� IY P I'(' tl l l'n ; l ll m\'I ,d lu b o i l n iii t l"  wlt il l '  lII Hlt'r 
the r('d u(' ('(l p n',"Sli n',  10 d r i \'(' (Jilt d i s�(J I Y I ' d  ,,,a �('s , t ll! ,  
l iqllid t li e ll ('(lo l ! ' ( 1. :l n rl t l \(' hot t l ( '  >'( ' ; 1 1 1'(1. :-;ll l'h 1' 1', ' p : l l 'n ­

t i olls I; p]!t (' x (' ('  I 1 ( ' 11 11 ,\ ' ,  :I S l O ll .;! ;I S 1 1 1('  l l l J l t lc s  l'l ' I Wl i l l" t1 

8('a l ( 'll : h l'r'a kn "I '  or I h l '  "" ': t i  \\ , : I S i'u I I O I\' ( 'd  1 , ,\ d i s! ' " I "" ; l  
t i on ;l ll d  r1 ! 'tt ' l' i " I' ; L 1 i Ol l  or fl ll \ 'OJ' ,  ) I "  i ll  I l l l '  1"1'1 "·' 1 ,  i t ' ; , , ( ·  
L:t /( ' r  ( 'x p(' r i ' lI � ' l d �  \\' ( ' 1 ' ( '  I I I : Hh ·  u ;  .. .: i [l .�  { li p  I I W I l I / H !  � , r  
l'i! {' L l ll ll] �( ," l ill ,;! w i llI :J r u l> l l ( , 1' ;!: tsk( , t  ;( w 1  1 ' : 1 1 '  \Y1 !i (' ( 1  

hm; bl'Cll �u widely ul>plied recently in the preparation 

"I' [I IU,[ " ('l id 1 1 1 ' 1  1 '� I ' l '( ' i : l l l y by 1 1 1 1 '  1 ; " , ,( ' 11 :'\ lI t  I 'O l l l l' : I fl} , 

I t  IV : l S rl l l l l l d t l l : l t " '1 11 : 1 1 1 ,1 "l I l Id I' l 's l I i h  \\" ' 1' ( '  l ) i J l : l i L l ( 'd ,  

I I t ( ,  I L Il I i I L  d i Jfl ' r" I I ( ' ( '  i ' L  1 1 1 > 1 ' 1': 1 1 1 1 ) 1 1  l > I ' i l l ", I II , II I I L l' j u i c(' 
i ll 1 1t ( '  ('o n t : J i I H ' (' \1':1 " I " ·: l t . .  ([ I I ) :t p o i l l l  s l k l l 1 l y ,, ],0\'(' 
t lL : 1 1  : I I  lvi L iI ' l l  i l  \\" l I lI l d  hi l i ] ;d I I " ,  Y : I I ' 1 ) l I l l 1  1 ' 1 I 1 p l l l,Y , 'd ,  

t l l ( ' 1 1  1 1 1 1 '  ( ' I > l L i a i u ( ' j' 1' 1 : 1 " ( ' 1 1 i l l  t I l l '  S I ' : L  l i l l ," Ill : I ( ' iL i  I l l' ,  I ' X '  
I l a l L�Il '(\ ,  t ' I J l l l l i t i l i l i  l >I ' l' l l l i t l ( 'd fI J I' : I  J l l i L L l il l '  I I I '  "D, :t llli 
t li ( ' 1i t i l(' j a l' sl': l I ( 'd : \1 ,, 1  ! >: I � I t ' l l r i z " 1 1. o [  l ' O l l rH',  ( lI t'se' 

s('a l "  f: ti l  O" c ' : I N i  " ", I I I y ,  :I III I � \ l ( ' 11 f: l i I L l J '( '" I\"( ' \'(' a l wa y s  

P I' i <i c ' I IC ' ( 'd l i y  d i s('o l l i ra ti l J ll "I' I I II '  ,i l l i c ' , ', 

\\' 11:1 1 ha s ] J( '( ' L L  ,� : l i d h , ' n ' t o l'" r(' I I : I S  r l , r" l' n'tl I W l i ll l .l'  

t o  1 I l' : l ll P '  j u k(' ; 1 1 " ,  J U Lel' , , 1' i 11 ( '  g r : l ! , I , r l ' l l i t  1 ) ' l d r ' rgot''' 

( ,:\ : lI , t l .l' 1 1 11 '  � : I  LL ll '  d i �(' l Il l l n L I i " l l  ; JIL d  1 ' 1 ) ; 1  1 I ,;! 1 '  I l l' 11 : 1 \'01', 

011 � i l llp l (' I" L s t t' J l l' i 7,a l i o l l  i l l  : I i I' ,  : I S  dl l ( 's  t l L ( ' O I' : l lL g-1' 

.i ll i (' ( � .  f A' I l I O H  j u ic('. l i l ) \\' t ' V('r , S( ' (' l ll �  t o  l IP ;\ ;-,:u l l l('w l l a t 

d i trl'j'( ' I J1 J> I' ' ' jl o s i f i l l ll , a s  i t. i "  j'( ' p l l rh-d i ll t it!' l it l ' m t ll },!' 

t l Ul t 1 ' (' 1 : ( ': 1 1 ( ' (\ " i m p l l' 1':J ,, /(o u r i z:l l i l i l l  i �  :i l l  / 1 1 : 1 1 i �  LL c '('('�­

''' : I n t i l P I" ' I ( ' I Jl <i I ' ( ' r i l l n l l i D I I ; 1 1 1 1  d i l'l'd (' X j I ( ' ri l l l l' l l t s  

\\" (" ' ( '  I W L d( '  \y it l l  1 t ' l L L o l l  j Jl i (" " I J l I I  i t  w a s  rD I I I L d  I I t : l t  til(' 
n'I H ' : l l l'(\ J!: I �h'I I I ' i z : l l i l l l l  ( jl: l s t ( ' l l l' i z l ' , 1 : I t  n: : Ii:-) !!( '),!;, ( '( ' I l t ,  

O I L  t w o  0 1' 1"'( ' 1 ' 1 1 1 1' 1 ' ( '  S I I (' ( ' ( '� s i \' ( '  d : t y ,, )  \\:1 " i l l s l J l l i l ' i C ' ll t  

t il i l l h i ll i t  t h i� l: l w l l ,:.!('  i ll \l i'i l l l ,�( '  j ll h�('. 

T i ll '  ( l ' lJI il ( ' r; I I I J I ' "  " I' ] > : l stt 'u l' i z :I 1 iO I l i s  : ll L  i l ll [lol' l :t lit 

1':1 f'l 0 1' i l l  t l i e  i l ; I \' O "  o r  I I \ ( '  j l l i<�e, 'l'''l lI pC ' l': I t ll l' ( '�  1l l ' l o \v 

( i l l <I( 'g, ( \ " d ,  \\ , ' n '  i llS l L i i )( ' L t ' l I t  1 0  p \'(' n' l I t  1 1 1 (' d l ' yelOl) -

11] ( ' 1 1 /  or il l I '  � I ' O " ( ' S  ( I f  1 1 ' ; l I i ( / ,  : L I I <1 w i l l i  S tl i ) S I " [ II ( ' I L t  

fl'] , l! I I ' l l t : t t i o ll ,  \, ' I l i l ( ' ; l i  1 ( ' II ( jJ ( ' I' : t l t l l' t 'N , , 1 , 0 \ ' "  'II ' (\I 'g-,  ( c(, l I t. 

t i ll '  f l :l \ 'ol' i l ( ',,: t l l  1 0  j!( '  1 I 0 1 ie-( , : t ! > I ,\ '  I I I: L I  or coo k ( '!! j ll i l'l', 

H w l  1 : I ( 'kl 'd tiJ(' fJ ' ( '" I I I I ( '�., of I I II '  U I , I I'(': t Il ' (1  Jl l'o(\ UI't. Pm;­
t l ' u l ' i za ti l J I l :I t (i: : - l i;)  I l l ' ,"" t. \'lL t. ,  1'0 1'  I ;)  l ll i l ' U t ( ''' ,  I l l'o \'i dr 'd 

t i l l '  1 'lL i  I n '  \ 'q l l!l l )(' o f  t i L L '  j l l i l' ( '  1'( ': 1( ' 1 1 ( '(\ tl L :t 1  t eIl I l J ( ' l ' : 1  

I l l l ' ( ' ,  .l!' : L  \ ' ( '  t l t ( '  I l l o � 1  s :t l i � r: l d " I'Y n ' ." I L l I ,; ,  so f:t l' : IN  f l : I\'o r 

\I' : l �  ( ' / l I I('( ' I' I I I ' ( \ .  ;-.I 1 ( ' r i l i z i ' l ." : l t 11 11 ) d( ' .l! ,  ( 't ' ll t. a ll d  :l l I t o­

(' I : l l " i l l ." : L t  ]I l' ( '�S l l n' :1 1 ' ( '  0 11 1  of t l ' "  '1 1 1 ( '� t i I i L I  \\" I L ( ' I I  p n L  

s ( ' n" L l i o l l  I If ( : L "  1 L : l I Il L ' : t1 / 1 :1 \ '0 1' is i ll [H' ( ' I I I I � i d ( ' }' ( 'd ; 

:l l l l o (' I :L I ' i n "  w i t l l ll l l i  l iI ( '  " (' p h L I ' ( ' I I I ( ' 1L 1  o r  t i l l' ; t i l' by a 

I I I >l H l x i d i z i l l '" : L I I I I () � l d l ( " ' ( '  ll s l l :l l l y , 'a l J �I 'tl i lL l I II I ' l l i :t l l' 

d :t l ' i; ( ' , li l l ,'" i L l  : I dd i i i oll 1 0  ti l l '  d .. I ( ' r i o l ' : l t i O I l  o r  l I a \' o r ,  

F o r  t IL ( '  ] "" ; /  1 1 : 1  I I I I' i i  \\ ' : t �  fOIl " , 1  t l J : L t  : I I I  o r  t I l l '  fr i l l !  
�IL O ll l d  1 I 0 (  hI'  1 ' 1 ( ' 1 1 ' 1 1  I l l' f" I'( '  1 ' ,\ J> I' I '"s i l l ,l! I I " ,  ,I u ic ' ( ' ; t l l (' 

j il in'  1'1'0 1 1 1  a l l  1 ' 1 ' 1 ' 1 1 '([ f J' L l i t  \\ ' : t � I l a t  :1 1 1 ( 1 t1 l 1 i l l \' i t  i ll .", I J l J i 

if ;, t o  i L )  1 ' 1 ' "  (,1 ' lI t  o r  ( lit' I I I' : L ' I ),!;" " 1\" ( ' 1' . .  I ",'t U I L j Jl ' I · I ( ' ll. 

t l " ,  j l l kc '  I L ; )( I  :t1 I 1 1 1 1 1 I I L l '  ('O 'TI ' I ' I  11 : 1 1' 0 1 ' r If ( ' ' ' I II 'S' ' .  t i l l '  

; L " d i l i O I L  " f  I I " ,  I ' � J l n ' :" ' I ' d  o i l rrolll 1 1 ) ( '  1 " ' 1 ' 1  i �  l J 1 ,� ., i l d ( · ,  

I l I l l  ( ' :o, I Jl ' l ' i l l l l ' L L i s  i l l d i ( ' : l l!- d 1 1 1 : 11  I I I l N d i d  1 1 0 1  " i \' ( ,  :I � 

�: t l i � rl l d o l',\' ;J 1 1 : 1 \ ' 1 1 1' ; I s  I I I( '  L " ' I " l I ti ( l "  o f  1 I 1 1 1 , ( ,, ' l ed [r ll i t 

I I I  I l l I ' l o t I ( ) I , , '  " n ,,,, , ' ( L  Vo l' ,,, r: l J , d r l l i l  . i l l l ('I" i l  IY":t s 

1'0 11 1 1 1 1  W'I ' I " " ' : I I 'Y ( 0  1 ' 1 " ' 1  l ' O ll l p l " I I ' l y  a l l  t i l l '  f r ll i t, ; L l l I i  t o  

� l I l ' l d �' t l L ( '  t i : l l ' o r i l lg by : L d d i l l ,C: ;; 1 0  1 1 1  1 ' ( ' 1' ('( ' l l i  " I' 1 1 1 1 -

p(' ( ' I , 'd U r:t I l ;!:" S :  I'd ( ' l I l i l l l l  o r  t i l l '  C; " : l I ' I ' t' l ' lI i l pl'p l N  1 ' 1'0-

d l " ' I ' ! !  : t  l i 'l u i d  " f  , ' '( I n ' l l l l '  I d ( t l ' l' l I lN', 

TiI(' c l n l' i l l " : i l. i oll "f  t i ll '  j ll i ( ' I '  i �  : t  � ( ' L ' i o l l s p l'oi l l l ' lil . 

F I J I' l'O ll I Ll I l ' I' ( ' i a l 1 >Il I 'po:,, , ' s  i t  \ , , ," I ll �" I ' ) J 1  1 ' ( 's l  t ll : l t t l , t'  

j ll i l ' ( '  1 , ( ,  1I(':t I' I ,I' , ' J I ' ; )  I ' ,  : r  I I  I I O ll �. l l  I h i ,; i �  lI o l  :t I l lL t I I l' n ]  

ci l i l d i t i l l l l  Cu !' P J 'H J l ,� .. :: { '  , i ll i ( ' j l ,  T i l t '  ,i l l i (' ( ' ,  il o \Y ( ' \' ( ' I" .  d o (\� 

1 1 1 > 1  � ' I (' ld { ' ( ·" li i l ,' t l J  t i l l '  i J l d i l " I I ' ,' l LlPt l J o d s  " I'  (' 1 :t l'ilie; l ­
t i o l l  ( . 1'  Ji l l l ' l I l i ' ' ' I : " r  I I I ; ! l l ,\" 1Il I , II H ,d "  t l' il 'd,  tl l p  I > ( ,� t  rp­
Hl l h  \\"(' 1 ' 1 '  " i J t :l i l J ( 'd I\' i t ll ]l" l." , ' ; i ! (' I :l r i ( i ( ' r � ,  t il(' ,i nk!' 

I " ' i l l c: t n l ; " l l  1i 1 ' � 1  I l l l '<l ll .:� I !  .'L ( " i , L l ' i l'y i l l l!  \ '0\\ ' 1  t o  }' ( ' lJ} (l\'(' 
t i l ( '  ." "" " I (' L ' J I : t l ' t  o f  1 I I l '  .' I I Sp" l l " i " l l ,  ; ! L l d 1 1 wlI t lJ ro ll ,l!it 
; 1 li l l (' r i l ' ," (' 1 · I l ! r i l' l l .;!(', T i l l '  i i ' l l l i il ,,0 o iI l : l i ] ) c d  j,; !L ot 

\I : t kr - ( ' I ( · ; ! L ' ,  I i l i l  " o L L t ;! i l ) ''' , 'o I l L i > : > r; L l i \ · , ' I ,\' l i l t l l ' S I I " I " ' ll ­

' I l d t  , \ ] 1  ; t ! l t ' t ' l ) : I I ( ' ! 1 ! ' i f I J ( ,d l l ! ( ' i e_, t u  P ; \ " , j t ' l I I' L- p  o u t  o f  
j ' i H I ! ; i i ' j \ \ 1 ( 1 1  t l H '  ; 1 1 1 ' i l l  i ; I I ' .�.': { ' 1 · l q d ; i i l ! i · t ' � .  : I l t d : 1 1 1 1 1 \\ 1 1,1  
,, ( ,t l l ( ' , t l " ' l l  < 1 1 ' :1 1\ l > Jr I I " ,  " 1 " , 11 '  s Il I H " ' I I : J t a l i t  J i l l u i d  :l H,']" 
,'(, \'p l'H !  ",('e1,s, IJI)ttk lih,,: fl'c,';h j Ull'(', and treat the 
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,i.-DcformatiolUl due to fjlWIICliiug can be more ea"ily 

n v o idl'd with certain �peciaI tYl)e� of steel s ,  for im;tance, 

the air hardplling s( eel s. TIH'tle "tpcl ;.;  IlP\ong to It elas,,; 

of steel" that i s  n ot genera lly manufacturpd at present 

i ll t he Pnited Stat e", and tlhould not be confounded 

w i t h  tool steels. 

;,.--.\ liiglwl' ea rbOll coutent can he permitted i n  tbe 

core w ithout \o:-d ng the property of tonghncs:l. An ex­

a mple is  f u rn i shed by the ch rome-nickcl steels with 

w hkb a carbon con tput of :lO v" r cpnt ca n be uspd, a 
stppI wbicIJ :ti :-:o )J l'Otl u ce:-: It hard case suita\)\e for p a r t s  

:-: ul!j (�('t to wpar alHl shock. 

shaft:--; . roile]" lW:ll'i llg:-;, a lld g(�ar�. For caUl H h a ft �  a 

low carboll, n i<'kt'l ,Ir ch rome-uie l; e l  :-: tp('\ is u s  .. !l whieh 

i ,;  ('ase Iwrtl(,lIpd Oll Ow \\'('a ring- " u rfa('e� o f  ti l( ,  ea m,;, 

For rolll'l' bp;l l' i llg-s.  l o w  ca rboll ,  Il i( 'kt' l .  ch rom i u m ,  a mI  
chrOlne-ll iekd ,4eel" H r<' 11>, .. <1 (lPllL'ndi n g; upnll t h e  �l'l-y., 
ict". 

� t l,t'Ic; whidt a I"(' q u i l t' g-PIl ( ' r n lly ll�l'd ror ,�( 'a r:-: a t'l' 

l , ) \\"  ('m·bOlI. ( 'h l'o lt l l' nickel amI cllrollle- v n n a d iuUl step]", 

lil1l1 i t  m i,:.:ht l ll-'  lI dd p , [ tha t tlll'>''' ,.: ( "" 1 ,, . (";l S('  11:1 r<i" I I l 'd 
i n  a p r:ld i (,lil lIln 1lI 1 " 1" . 1-';i r" a tllf) I",' s:t t h1', w l o I'Y " O l l l ­

\ d l1aOoTl  o f  jl l·opl' l t i l 's t h a l! i ,�  j l l'Od l Wl'd 1 1.1' I I I ( '  \ 1 ( ' '' (  

I ["('n h',l pn r ( s ,  n l l l lO llg-ll ( II<! ('-" I ' ('l1s , '  h' S O Ill( ' \\ l i n l 

G,--- I n  ca ["bOil stee l s  two of the constituent-so fC'l"r it e ,!!;]"(':t tpl". 

alld ('pl!ll'llt ih'. !J a Yle a hahit of fonn i n g  i ll ["pl a t i n,l y  

la rge , 'r.\'sl a b, t h e  p r('s(, IJ(,(, of \\"ll ir'h b <l a ll ,!!;(' r o IlN oIl 

a ,'('oun(' of tllP l )r it t l l' Ill'N" a nd l i a hi l i t y  of ('-" fo l i a t ion 

Jl rod u " ,'( 1 tlwl'l'hy. Tlt i s  (':UJ he " I i m i n a t t'tl by 1]� i ltg 

� p  .. (' i a  I :-; 1  p(�ls.  

7 . - '1' hl' u :-;(' of �p(�l' i :d � ( ,l'h; greu tly i nereases t h  .. 

(' l l i nl l'.\' of tlip t n';l tn]!'n t, 

'I' ll,' par ts w h it'll a re eoltltn o l! l y ( 'H �l' hartlL'ltl'd lUI' cam 

I II f ll ( ,  l i ll lit �  oj' a p a p('r " nell a:-; l ! t i N. i t  i� 1 I 0 t  p"" " i li l ( ,  

t (l PlIll ll l t ' n d p  t h t :  t W l lI Y  : H h'a tJ t a ,�(,i": a �� i d (\ 1" '011 1 �;l \r j lJ g  i ll 

\yp i .:!lI L  i l1(' n' : I �\\d h nl f.!; 1 1 J l P�:-;;  PT e' .. w h i ch H l'V df.' r i \'('d 

1'ro ll1 t l l (' \lS( '  of N Jl l'd : ) !  :-;1t'(' I :-; ,  lI u t  I \\' i �1I 1 0  d t " , ill ( 'o \t­

c l l1 � i o ll ,  a en :-;(' w h ich \v i l l  � lj()w al i t ':! "I 0 1 1 1' 01' t l )( '  l l ( " :,, i ­

b i l i l  i ( '�.  

'l'lt i "  p X B lll p l  .. is t ; J l ';Pl l  from t h , '  \\' 0 1'1; o r  U ll i l l , ' l ,  t h !' 

]wt('d j" I" ( ' l l( 'h IIJpl n l l ( ) ,,, r H p ltl' r  T h i s  ,, 1 . .  , , 1  w a s  ti l '\' !'!O ] ! ( ' ( [  

priultlri 1 .v t o  si mpli fy the h('at jr·pa t lll( ' n t  a n d  in fad. it  

i ,; s i m p l y l1"e(�ssa r:v hI h en l  til l' , Ic!'! U Jl t i l  a IJ ( 'ut 1 ,::;50 

(kg, Fa I l l' ,  allll n l l ,) w  i t  t v  l�o( ( 1  i ll a i l' .  'l' h is I n' a ( lllPIl t 

l'l'< ) ( ItW('S I ll<! ,k:-; in'<I proJ!,' r t i(':-; i ll U,,-, sa lilc ImllJll .. r tlla t 

fl u,' dO Il " I (' lieal t rt �tl t lll(' l i t  d , ,(Os for 01!' ea r bo n :-;tee1 ".  

T lw ('oJn p o� i ti ( )1l of Ilw "l ed j" as fol lo\\'s : C 0.7;' per 

('('11 1 , :\ i  : : ' ,":.! PCI' c(,lJi . C r  1.2:-; pel' c('ll l ,  "hi 0,;'2 pf'r cent. 

The J! ropNt i ",.; a n '  c;i n'll  i ll  tlit' fol lowin;:.: t ahle : 

... \ wH'alpd 
A ir I t arift'l li'd 

I TCll,iI" I 
I S tnmg t h i  

I :  K ,POO 
l H� , OI)O 

, 

E Long, Hnsl s t­
IL or ,\ : alW( �  H) 
pCI' ( ' ( ' Il L  Lnl)Hll't 

10 
:.'0 

:; 
s 

T il t '  I' l j n l ,�' l t j l ) J l  ; l l I d  l"i 'd l H't i l )1I , If a rt 'i t  : I ) " { '  I � ':--;� i n  the 

; li r  1 I : l l 'd " I I ( ' < \ s l ( , , ' I ,  1 0 1 l\  t t l ( '  n 's i :<i a l l l '" 1 0 i Il I P: ,, ' 1  j ,;  :1 1'­
[ l J'{ ' C ' 1 ! l i . 1 ,\' ,:...'.T< 'a j ( ' r. ;--; J l � ' \\' i l l g  il ,!.!. n ·; \t ( ' 1' 1I ,\' [ I ;nn i ( '  t O Il ,!.!' l i ­

I l l ':''',  I I I < '  PJ" I > J H ' ri y  Il h i - ' 1 !  ,.;, ' r l" " � ild i ( ' !" I l ll l l )  :I l l y  o ( l lf' l" 1 0  
<l " fII " I I "\ I · l I l , ' l i l "  :' t1 J > , ' r io r i t y  " r  "p" ( ' i ; 1 1 ,' t< ' ( � I "  ( l I'pr l li !' 

(": 1 1'],0 11 ;;I , 'p ls ,  

1J til izatic)n of Cull Citru s 
Suggestions for Saving a Natural Produet That Is Now Largely W asted 

IN t 1 1 (' l'a(" \( I II," o f  d l l· U "  fru it s  a cOll � i (h�ra hl(' PJ"(J­
Jiorl  i (lll of I h(' f r u i L  ('(l ud ll g i ll t o  til(' pae k i llg h O llses i f;  

II l1 l i t  for N l t iPll l l'l I t ,  1 1 ]](1 IlJ l),.;t Ill' (l hwll nl('([ ; thi s  dis ,  
('a nlell Inl i l  ('(lust i t  II t ( 'S t h e  ( · lI l l s .  a 1l d  lJla y :1lI 1 0Ullt, 

d ll r i l l !!  p"o r ";" lI NOl lS ,  t o  li N  Ill\l('11 as 10 1>('r (,PilI: of a 

gi n'l I  lot .  (lj' f r ll i l. t li o u g h  orrl i  Il a  ri ly till' proportion i:-; 

nol NO ll ig-h. The I1 N1I1I 1 CH UN,'''; (If cu llillg are (>xl n'Jl] p 

O l' el"- a ll ( l  1ll I d l'r -:-;bw , � ielll-l'lld rot , ( ra U llJa t ie illj u ries 
t o  111(' Vl'ci , a ll d  h l u(' Ill o l d,.; . i\ fpl\" of I h l'se CUllH a rc 

tl i :-: UONptl of at  low urk,,:-: for ([uick :,;a k,,; i n  tll(' loca ] 

llI a r kds , w h i l e  a g-oo(1 proport ion are cO IlNn llwt! by t lw 

l oea l eattle or si lllp l y a l l o\\'(,<1 to (le(' a �'  on tI l (' groll n d . 

A ('() )I � i ( l <: r a \l 1 1' lI ullll )('r o f  thl'''l' 1'1I 11 :-;  Ita\"(' t h e  11 a 1'or 

a mI foo(l 1'a l n e 11 lIi l lll !ll i n'd , if ntili Z:l'tl i llllll('(\ia tel y.  

T h e ma i n p ro b l l'IllN oJf('l"('<J \\"P1"(" ( It )  t o  Jiml :1 sa tiNfa c­

t o ry process by \\'hi(' 1 ! ( tw j n i('e of Ihl'�(' CU l l N cou l d  b(' 

t ! l'('served for a t  [ ('a :-: t  t w o  ypa rs,  w i t h out (,Oll tliet with 

I he n ationa l ( J I ·  State' l ) lIn' 1"0(1(1 la \\"� ,  a ll d  ( Ii )  t o  den '] op 

a Illetboil hy \\'Jtklt t h e  ll a \'o r i n ,!!; o i l  ('ou l<l lH' ]"('lllo\,p(l 

from t lJe ]I('( ' l s  i l l  Nu ell a llJa 11 1 1(>1" t lla  t the p ro rlnei would 

IlJ Pet thl' l'olll lllPreia I rpq u i n'lII P l i I s  f o r  NUl'h a ll oil , a ll (1 

('o \l l d  � p l l  a N a (lolllpsl i(' produd, i n  cOfllpl'tiiioll w i l h 

tlw i llll ! l !lt('(1 ltali:ll1 oi l .  T I l l' r l'CO H�rr o f  tllP c i tric a e itl 

fOJ"IlIP<1 (me (If thl' m i llor problem:-;. 

"\ larg-(> ullmi)( ' I' of ('x]!('ri UlPlltN  wen' made w i t h  

(lUTen'lI! pr()ee:-:sp� t o  dl'l( 'rlll i llP t li( ' ir  pffed, Oil (]](' 
st a bi l i t y of t lip j u ke , As h a (1 a l rea d y iJ(,pll ohs( 'r n'(l , 

it" \\"tIS ";OOIl fOUl l (l thn t siIll1l 1 (' l la:-:tl'llriza tion (If t lip 

j uk,' w a :-;  l Iot  s u llk it'lIt'  t (l 1 ) 1"01 .. d i t frolll fl!ltller 

cha l l g(' ; for : t  slJOr t  l i ll l (, aftpr paf'tpnriza t io ll,  usn:t l l .\" 

1 ,,:-;:-: I ha l l  t \yO \\",' ('k:-;,  I ltp j u i ce k('pt l\"i ttlOut :t J!pan'llt 

d W l lgL', IHlt a ft t'r the l ap�l' of Otis tinH' a ('[ Ja llg,' of 

(,0 1 0 1· \I ( 'C: I !lll' e v i <ip u / ,  t h e  j U lee d n r k L'lli llg ami ti uu l l y 

1 l,'('o lll i n g  II l mhly ; ( li i s  c!Ja nge i n  pol or waN aCCOl lJ­

p: u Jied lJy a det('I· ioratioll  in ita nn·, which p \·plli n a l l y  

1 , , '('allH' o lTell:-; i n' l y  acrid.  .\ I l  sPt'<-l JII(,IlS <l i e !  lI u t  d W l lge 

to Ow NalllP dpg l·" (" b u t  it was fou ud i mpo:-;:-;il! I ('  to 

c ( ) rn, l a t (' t h i s  d i tT('!"l'lll:1' t)('tw(,1'1l spe('illl(, lIs w i t h di fft>r­

( 'riC( 'N iu u (' i ( l i l y  or � lIgar COi l tPIlL. :4 Udl lIa r i; p l wd spcci ­

ll H ' l l:-: lI P I ,,'; I l"l ' ([ t o  \ )( '  st('r i l (' ,  Ill) o rgu n b lll" Iwil l g  :-;howlJ 

hy i llOl'u l u t iu I I :-:  Oll s I a ntIa rt! aga r o r  ( I ll stp r il i z('d o['allge 
j u ie( ' . or lI nrll'r lIlir,r os(' ( lpic ('x a  III i l l ll ( ioll. 'rIl l' "fr .. e( 
N ( " ' Ill ( 'd 10 iI(' d m' 1 0  e\H ' mi C';l 1 :t el iun ,  hil I : lI ttlO lig- 1i a 

( ' : I te j ll S I  \I' h a t  e l ul I I gp I I :I (]  1 1I kl'[1 p l a ee i ll tI l < '  d n r k (' Il( , rl 

j u i ce , I t  \\''' � fO U I l t! ,  ] I (I \\'( ' \"('r ,  t ltll l til( '  1'(,I11O \'a l uf th e 

a i r  d i N � ( J[ n'(1 i ll  ttl(' j uiep 1I11ll 1lm t  i ll t hp ('Oll t l l i lll'r 

a li o \'(' it, fo l \ o \\'( '<.1 by j I :l:-;t(' u riha ti o l l ,  was su l li e i t' l l t to 

prl' l"('J l t  t lib d(,( p r i ora l i oll (If t l i l' j ll ic p  for a eOll � i (l ( ' r fl \ \ I (' 

ti ll J(' --,- i ll f:t d,  a t! fl l i h l res w h it'h OC(,llIT('(] \vi/li i n  t w o  

y ( 'a rs ( 'O\1 t<1 I!(' t r: l (�e<l to a i r IHi v i ng gai llf:(1 :1('I'(,:-;S to tIlt' 

j u ice ( h rollg-ll  I ('aks \vhkll (IP I'l' lolw<l i ll  till' ,,:l olillNS 011 

l on g- � I a ndill g  u JJ(l l'f  va r�'ing " nJHl it i Oi I S  of t(' Ill] I(>raturl', 

I t  wa N f"ll l l <l ,  fn rtlJ(' r, t ha t , a s  wOll ltl l I :1 t u m ll .\"  h(> 

P-,, [!Pct('(l.  i t  WlI S tlw ( l x yg" 11 of tll( '  n i l' \I'llit'll w a �  

a ('tbT�) i ll p l·( )d l J(' j l l .� t h i �  ('li n n,gp. n l t h ou gh n'pln e i ug t h p  

* .:\ n t l l O I' ': ';  n l ) � t l':l ( 't  o r  � l  l'a t l H ' r  (' x t c' lU · d n'  l'PlI o r i:  O f l  ilH: 
u t i l i z il tl u n  oj' t I l (' ( ' u l l  d Lr u t-: [l' u i t s  from t ile  pil l'l\.i n g  l1 o u s l' '';  

i n  l,' ] o l' id: "  f 'OYt' l' j  Il gl2, t Il ( '  n 1I L h n l" ':--: work (I ll tl l i :-;  c-: u 1 ,J ('( 't illTriu;!' 
t h t· IH'l'i(l(l 1'1' 0 11 1  ( k t o l l ('r,  1 !, 1  L 1 ( 1 .\ ugU:-1t;  un:), llwkl' t h e  

H u � Vi( ' f '�  o f  i l \('  II� l o l'i d a  t ' i t r w. :  }J x ('\w ngv, n t  t h f '  l\I ( , l1 o u  
l w.d i tu j c' n f  I Il ( l ll �� t l' i il l n( '� ( 'a l' d l .  o r  t l l l' 1 1 Ilh' t ' r �i i y  ( If  P i 1 ! f-.!­
l l l l r�'. l L P u h l k;l t i o ll lUI ":; t l ( ' I ' 1l �\' i i h h p l d ,  ti p to t ll i '�  t i l n p ,  i n  
n ( · " t) I 'd;l l I C t '  ,y i t ll  1 11 1' f! ' l 1 o \\' sl d p a � J'(' t ' l l l l ' ll t  (' ( l l l l f d d ( '  }l u l d !  

cn i i o l!  1) ]' I l l ! '  " ll t i n ' l ' I ' I I I I !' t  w i ll  I I\' J I I n r!f '  n t  ( I  ! n / I ' !" d a t f ' .  
l : I-' p u l d b,l l l' Ll  fnl lu  '},// ( '  . / f) IJ ! , }I (( { ( I! J lul ll 8 t r i u l  1 11 / 1/ r; J l ,u i l/ < '('riil :J 
( ' lt e'rn i:::, t nr  

By F.  Alex. lVl e Del'mo l ! 

a i l' \I' i t l )  P l lrt '  OXyg( ' I l  d i d  11 0 1  p rod l l ( · "  ; I �  n q l i <!  : 1 1 1 <1  

stro l lg it <I a l" l«' l I i l l ,CC n� \I' o \ l l d I " ,  l ' x /I( ' ( 'i<' (L I I I < '  ( , r!"( '(' I 
bei l l g  hut l i t t l l '  d i IT('r(, II L frolll tI ) :l 1 ( I f  : l i r  :11011( ' .  

It may h( '  oj" i JJ l e l"{ 'st. 1 0  lI o l l' h( 'r"  t li a l t i ll ' llI oNI 

eOll l llJOII o l "gn l l i h( '<1 C( l l I t: t llJ i ll : t t i ( ) lI of ora llg-( '  j u i.-( '  \\' 1 li < " l l  

wa ,; PlltOo u lI t ('rc'd i ll t l I i ;.;  w o r k  wn s :t :-;t ra i n  o r  I I I < '  \d l d  
y(!a:-;t ( " l\.n l l lll l i p f,, · ' ) !Vill i,/ (l1/ (mlll /ll , H l i d  it i :-;  t i l i� 

orga ll i s lil \\"hidl i:-; r(':-:I'(lII � i I J i (' fo r t it "  <ic' \'t ' I O P Il l( ' II (  of 

the ('�t(' r olio I· ( a p pn n'n U y  Pl tl y l  n (" ( ' l n k l 1\" 1 1 i t' I I m n y  

so 1"n'<[1I(' l l t l y  l i P  lIoticed i l l orn llg .. j ll ir:(' \I, lt i .. il il H S  N l o( l(1 

some ]}o1l r:-: at r OOlJl t( 'lJI penl tll J"( ' ; til(' y p n s t  I\' I I N  Id l l < l J .\  

i (!elli i Jit,t! fo r  lIle hy ilr,  All,. K l i ; , , \( , ' 1" of I ll .. Ca r];.;] !!»·,CC 

La bo ra l o ry,  COj l\' l I l ta;':'( 'II .  "\e('til' : w i d  h : t ( ' 1  (' r ia \1' ,,1"( '  

a l so fOllllt! oeca :-: iu ll:t  t1 y ,  in ,� \"( 'ry ea sp obs,'r n'.j b ( ' i l l ,!!; 

HPe(JlJ(ln I'Y to t h e  wild yeast, n IH1 OJ! IOllg st a l l d i ll g  

ya riou ,.; lllOWN de1'l' l o/!,,(l. 'I'll<' ("O lll IllO I I lJi 1 l (, llJ(l I (] �  of 

tiJ(' IIP"[ (If t h e  or:lIJg';' l'nll i d l li u lII i l (( l("I1/1l :l 1I(] I'. 
oZ ir«(('(' II !/I . a p]!":J rerl t o  !J(' 1 I 11 n h ip 1 0 ," 1"0 \1- 0 1 1 l li l' ,.; 1\ : l" i l  

i h( ,a j u i ep, u l l ( 1  : i l l  : Jt I C'IJIj1 l s  t o  i l I Ol" l I l n \(' t l l ( ' llJ d in,,.l l y  

fro lIl i l lf( ,(· t ,�d fr ll i t o n  I his ll lPd iHlIl r ( ' ''; \l l l<'d i I! Nt( 'a<i i ll 

/Jl(' grow l 11 of I l l (' 1V il lin. 

'I'll(' � i llll ! l est IllI'i1lOtl of dC('c U u g  t il l' 1 ' ( 'Ill< l Y n l of till' 
a i r frollJ a mi n l , ( )yl' t it "  j u ie(' iu 1 11 (' ("o l ) t a it l f 'l·s �('( ' l I l, 'd 

to bl'  to 1'('] ) U1( o(, i.t  by � 0 1l 1 e  n( )l I-oxhl i z i n .� J!( I � , : l lld of 

tllO�l' C"OI ll llll'rc i a l l y  l l ():-;� i h t (' ,  e: l r l ){ 1 1 1  <1i o x i<11' :t J lJl ( 'a l"{', l  t . ,  
be t h e  b(,Nt. A n'r�' l a r,"('  u lllnlle)" o f  Sj lCdllH'llS o f  
onlllgp a u d  gr:Ij ,, 'fl"ll i t  j l l i ('PS "" '1"(' p rf' p a r,'(l.  i n  \\' l li<-l l  

the j n it,. wa� cha rge(l w i l h  ('a r boll d i o x i d e  ! I I a l lll\ ) ­

Nplt l'rie Jlr( 'N�lH(" n Jl(1  t li ( '  a i r  a bo \ '(' t h , '  l i q l l i d  n'll/ n t'!'(] 

w i th tI IP d i o x i dl' ; th( ,  \J o l t l !' N  \1',, )"(' ( 1 1f ' 1 1  �('a l l'<l witl l  

pa ra lli lJP(1  ,.;Io] !l,,'rs. p a :-: t('u rihl' (l .  a wl tll,' j o i ll t hf>t \\' ( 'l' ll 

the " I ol'f!('r� and Ih,' u('l"i;s 1; (' I't  ('o \ "{' l"l't\ w i l li p a r!l l i i n  

w h i l e' ('()( l l i l1 .�. T h i �  �y;-:l( ' 1Jl of �( ' l il i ll ,s:,· .  \vll i l p  by IL O  
Ill (':l JJ :-:; I I( 'rf,,'c t ,  ,t!:H Y(' a ( :ull:· .. d d (, l'a b l t' l l tUll l H ' I' o r � PI'( ' i l l l ( , l l ;-'; 

w ldeh r l'IlJll i u( ' r! \I' i l  hUlI t :t p p a n ' lI l  d l a ng(' f o r  f \Yo Y" ;] I'S 
or llJOI'('. ( ' ha rg i lJ g w i ll i  ( ' ( ), \l 1 1l 1  . .  r p r,'OHlI n'. \\" i r il o u t  

n'llloya l  o f  I h e  a i r 1 )J'('N( ' IJ I . <1 i( l  1 1 (11 a rro nl )! l'o l ('c i i u ! i  

a g u in�t (ll,teri ora ( iOll ,  I t  \va ,.;  j"(l 11 l1 d  thaI  ]111 1'(' n it 1' ( 1g-t'li. 

hydrogl'n or III l'lha l l "  ( \\'<I Nit('d mtt u ra I gaN )  ga \'( :  n N 
good I'p� u l t s ,  NO fa r aN t ! l'PN(' ITu l i O Li \l' a N  ('o] J(', ' r m', 1. ;1 :­
d i d  tIll' (,H r !>oll ( l i ox i <ll' . b ll l  ()\\" i Il g  t o  t 1t (' i r I U I\- ( ' r  �iO l ll '  
b i li l y t lip." W(']"" sOIlw\I'hai 1lI0l·, , d i t l it - 1l 1 1  t ( l  <l I 'a l w i i t! 

t h a l l t i l(' d i o x i<lt,.  N it rous o .\ i ci ... a s  llI i ,�h l I", l''' I ' ( 'f 'i ( ' d ,  

a "  f1a l" or is ('(I!Jcc'r l J ( 'd ,  (],, '  l l y d l"ogl" ' lJ \I'iI " s lI l I l ' r i o r  j o 
a fl Y of ti l !' ( l I h ( ' r  g : I S" :-:, ( lwugl i .  o f  ('O U )"N". l I ; ) nh> r  l tl 
h:l I ] ( II ( ' .  'I' h (' ('a r bolJ d i ( lx i ri l' ga \"(' :1 � l i ,CC li l I .v 1I 1 1 ) l : l l l l r : 1 1 

t a ll,!! t o  till' ,i n ie( ' .  S II ,!!;ge:-:ti ll g  i llc i p i ( ' l J t ff ' r lll( ' l J t : 1 1 i ' lI l t "  
SOIllP w h o  I nst('(l ii .  

� ('n l i J J g ill nl ( ' 1 1 1) W H :-:  H lso Iried,  H lid " n' l I l n a l l y [ 1 1' \ 1 \' ( ' <1  

to I!p !lIP llI ( lst sa t i sfn ('/ ol"Y Il ((' t ho<i I I f  1ll( 'l't i ll ," t l l\ '  (l illi ­
cnlt�'. En r l y  ('xjI(' r i llll'1I 1 N II s i ll �  S('H I i l l r� !Jol I I " "  �lto \\'l'd 

th a t tll!' j lJlep I'Pi : t i l l cd i t s  fl lI \' l) r  1J('�t \I'h( ' 11 p< l �I ( ' n ri z('(\ 

lllJ(l('r :I S eotJI p l p l "  ; 1  l 'n C l I lllll , I S poss i h l l', 11 1 <'  1 1 S l W l I ' n ,(' ­

f'�S hC' i ll g'  t o  P;--. h H ll ,'  .. .:t l it e' ( 'o n t ; t i l H' l' 1 0  ; ! 1 H l lI t :2,<..., . ;-. i l l(' h ( '�  

vn(, l l11111 , "' h i l , '  i ll l lll<'r�, 'r1 i ll \,,; i l l ' l" n t  a 1 (' l I !) II ' ra t u rf '  

s l i ,c lt l l y  n lion' l il . .  1Io ; l i ll ,(t I'o i ll l  at tl l i s l'n'�,'n r ( ' . I I " ,  

(" JJl l (,lJ i �  \\' ( ' j' ( '  t lt (' 1 1  : 11 1 0 \1'('<1 1 0  ho i l :I I il lk \ 1  !J i l t ,  1 1 I 1 d (' 1' 
tlIe  r('ll u ('('d pn,,':,SlIrt ' .  to d r h' ( ,  o u (  d i �� ( ) I \"( ' (l  ,�: I :" " � . t h , '  
l iquid I h (, l1 . .  o o l l" ! .  a l l <l Illl' hott 1 ( , " t ' ll l (',l. � IW!J P l"l ' I !lI ril ' 
tions h') lt  (' x ('( ' I I " ) ] i l .\ " ,  : l �  I O JJ ,� a� tI", bot l les l"< ' l l l il i l l"d 

"(,:1 1 I'd : b l'(':1 ];: I ,"(' "I' I h , '  �('a l \\' a �  ro l l o \\ ( '<1 li y  <i i ', 'o l "r ; 1  
fl o n  l l l i d  d ( 'h ' r inr: l t i o ll < d"  1 1 ; 1 \ ' 1 ) 1" ,  ; I \� i l l  t h C" ( j' I ' : � 1 l  i ll H '( 
T . ; l t , · "  t ' X PI ' f' i I l H ' I I I �  \\' ( ' l' i ' f ll : l t! ( ,  I I ;-.; i l l .;':" i l H '  I I w l l l / l i !  ( , r  
l'a C ll ll ll1  "pa till," \\ i t  h " ru bhl'r ;:;1:, \« ' (  il l!< l ('H I '  1\ I I i , ' 1 1  

lla� been S(l widely applied recently i n  t h e  prl'llilnt I ion 

" I' rO"( [  1 ' 1' 1 1" I wh ,  " "; 1 " " ' i a  I Iy hy I I ",  1 ; ( ' ( " ' 1 )  ;'\ \ 1 1  ( ' ' '" l p a llY , 

I I  I\,a " r"It Hd i il , , !. " ' 1 1 1 ;) 1 1 .1' !!;( ll id 1"( 's \ l lf �  11"(' 1 " < ' " l d : l i tJ ( ,(i. 
I I " ,  li l a  i l l  d i IT" I " < ' I I('( ' i ll " i l( ' r:t l i l i l l  I " ' i l l g  I I ) n l I I ll' j ll i cP 

i n  I l l ! ' ('o I J t : Ii I I l ' 1' ,,';I S l l l 'a l l 'd 1 0 a po i l l l :-: I i ,d l l l y ; J \ H ) I'(' 
I h a i  a t.  w l l ir- It i l  w o u l d I H ' i l  n l  1 1 1 1 '  I " ; W I I l I l i l  " ) lI p l ",l"l'ti ,  

i/! ( ' I i  1 1 11 '  ( ' I I II I ; l i l ) ( ' 1"  p i: , , ', , ( l i l l  I l l ( '  � ( ' a l i l l i!' I I l a < ' i I i ) I '" J ' -" ­
h :J l I � ( 'd, I'l ll t i l i l i o ll I I ( ' rJ lI i t l "d 1'0 1' a J l l i l l l ) l (' l I l ' so, : 1 1 )(1 

tl ll ' li  l l l (' j ;l J" >" , , , 1  .. <1 :1 ) 1( 1  ] >" s t ( ' l l r i z ( ' d ,  ( I f ( ' ' ' U rH ' ,  I I l('�1' 

,.;(':11" fa i l  ' W(': t S i O l l l l l l y ,  :lII ( [  � 1 I (' 1i fa i l l l l " < 'N  \\ (' l"(' : J i wu y s  

l' v id ( ' l w( , t! 1 i ,1 '  d i s("( ) l o n ll i o ll o r  I I I! '  .i n ir- ( ' . 

,\" I w l  I t :l ';  1 " ,t ' I )  "" i d  1 I l ' ]"( ' ( o r , , 1'1' l ) a s 1 " < ' f( ' I " )" ( ' 1\ I l l:l i ll l y 

I f)  O ["; l l I gp j ll i\"( ' : ttl!' .i l l i<:( ' o f  l li ('  g ra p , ' f r t l i l  1 I I 1 ( I<' r,,CCo,'''; 

t ' X H ( 't l y  j l I e  :-; ;t  H I P  d j :-;( ' o l o l '} !  t i o n  a l l d  ( ' I I < I  J ! ,�( ' of I h l  \' ( lJ' ,  
OI l  � i I IlV l t '  P:' I ""; /  e l l l' i za t i o ll i ll ; \  j l',  . 1 :--: dl l ( l:-';  t l i p 0 1'( \  1I ,�(i 

j ll ke.  ]'( ' 1 1 )( 1 1 1  j lJ i,'l', 1 11 ) \1' ( ' \ ' , ' 1" ,  S"" III � to 1 1 ('  : 1  :-: (l I l l !'wh a t  

(li f[" j"('J il [ ! rojl<J :-! i ti oll , :I N i t  i s  r " I ) ( ) rl\'<! i ll i ll p  l it ( , rH I ure 

l li : l t 1 '(' I , , ' ; ) l p <l s i l J J p l "  P:t ,s t " lI r i ha l i ( l I J  i �  : 1 1 1 t l l ; t l is 11(" '",:­

,S H I·.\" 10  J1 )"(' \(' J ) [  ,1( ' it> r i o ra ( i o l l ; 1 1 0 < l i l '( '(' 1  l' 'o J ll' r i U H ' n ( s  

1\' , , )"(, l W i r!l '  \\- i t  Ii 1 " 1 1 1 ( 1 1 1  .i n i<- ( "  l i l l l. i l  \\': l S  rOlJ l H I  I i l a t  t l i ,' 

r( 'p( 'n t (' tl P : l � 1 < ' i 1 I " i;f,;\ 1  i O Il I I I < l � i< ' I I )" i z ( 'd I I I t o: : ,, ! ) ',  <I , ,!!;. ( ' ( ' II I . 

oil 1 \\'0 or P \ ' ( ' I I  t ll l' ( ' ( '  � l! (· ( · t ':--;� i \"( \ da. "� ) W (! :-;  l I L-'; l I lI j ( ' i (, l l t 

t o  i l l i l i L Ji t  I li i :-;  ( ' 1 1 : 1 1 1 ,"( '  i ll (l n t l l g ( '  j ll ke. 

'1' 1 " ,  i ( ' llJI J I ' )" a  I 1 1 1 ' \ '  of  j l ' l ,.;l p lI l ' i z a i i o l l  i N  a ll  i ll l [Jort: l I l t  

fa el " )" i ll t i l e I l a y o l' "f t l ) ( �  ;j i l i ( " '. '!'''Ill / ! ' ' I" : i l n l " l 's h , ' l o \\" 

i ii I d , ',". ( \ ' I d ,  \\"(' j "( '  i I IN l l l l l l'i" 1 1I 1 0  Pl' ( ' \ " ' 1 I 1. t li l' <l ( ' l'cIOl)-

1 I I( 'nt  o f  1 1 ) ( ' S I ' ' ' )"('S ,, [  I\' il ih.  ; l l Id wit h N II I )�, 'q J l ( ' 1 l 1  
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