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In ali i-,ranches oi engineering, ;ls ir:

urost fields of endeavor. there are

alternative. everi conilicting, schools

of opinion u'hich verv in poi)ularitv trr

the' u'hinrs oi' the time.

Aeronautical engirteering provides
no e rception. F or vears tire adlo-
cates oi the rn onoplane fc,ught 3 ir-rs-

ing fight agai nst the pop ularit,v of the

iriplanc-.. until the positiorl \lras ret'erseci

lr--v the derland for highe:: perforrlran-
ces in general ancl the introcluction of

the, ihick cantilever u'irtg il particuiar.

ir \\'ilsi the salne u'ith engines. In a

I)eace lrivirig u,r;rid, r.r'here \r'ar seetleri

to ire an alrarrrJoncd pastinre :rncl

econonrv csl r,rperalioll-(otlttrlercial op-

eration. \f ils rrf i-rrilnc irrtportllllce. the

air coc;icrl cnginc \\rAS sul)rente. T'hen

conditions altercd anci otirer standards

lussertecl tircnrselves to govern tire t'tlttc
r",i tirc clrginc.

\\''ar, rt'ith its cotr irlu irrjccl disrcgard
ior cc()nor];\rr clcnranclcC tire supcrirrr

;rcrforrnence o{ thc I4crlins:trtd tireir
inritutions atirJ lcit bcl:incJ e rel)c\t'cd
rtlachrtrcnt ior thc liq uirl coolccl cl)-

ginc. 'l"iutt iight, tlutt c.r,nf'lict <.,i opili-
ir;n., is rl()!{, ()\,(r. {trr airt'rlft;tistr"rr:
rngitrcs oi' ritlrrr t \'])(' ir:n'c rc:rcltt,rl

lll

the zenith oi their tleveioptlrent antl

are rapidiv lieing re piace ci lr)' gas tlrr-
bine s),ste llls rhat req r-rire no spe ciltic

cooling cievices otht'r tl-ratt the col)-

versicltt c;it hc:rt ir-rto rrseirrl rt"orli.

Nevertheless thcrc is Il0 Iack oi
opinionatile conflict. (ias turlrittes havc

aireaclv deleiopecl intc, drstinctive tvpes.

cach u,ith its o\\'It pe cuiiarities thar

provicle focd tor argutxent as to their
advantages and cJisadvanta[es. N:rtur-
alir' \\,e f,nd adr'ocate s of e;rch t)'pe ;

reardr, to support the ir cri;inions r'r'ith

sound arglilnents i',ut u.ith conlellietlt
clisregard for sottttr of the cr',n sjdc;:a-

tions that couicl deirreciate their tite,-

r.,ries.

Clossifying ComPonent

A.s far as aircraft are concertrctl. the

gas'turbinc svstell-i is usecJ as a turlrri-

ie't, either u'ith or r'l'ithout lt prc;1.lellcr

attat.iuncrtt. itncl, at the prese llt t inle.

tlrc lr)ost ilistinctivcll' classiitf ing c()lll-

p()llcnt is the r.()tl)llrclssor. This alsr, is

thc (:()tIl1;t,rtrcnt ttrlrt clluses ti-re tnr.rst

arguttretlt-: thc ;rtlr'tIl)tllgt=s lrrttl ,lis-

atlr rtllt:tge s oi tlrc lrxi:tl tr'pcs lls lrgltitrst

tlrr,sc ol tlrc (('ntriiugal 11''1lcs. 
.I"iit

icrttrt'r is ilr fln't,t':tt tirc lll()ltlcttt.

l'he conreilsirs c:i rilrrilir',ii see ms tr, bt'

tiiat the: ariul corlr prcssor u'il1 sooll

ottst aitogethcr its rival r.rrrrl. certuinir "

ciesign tclrrle r-rcie s poini tou'ur tis suiii
a happ,cninl. Ilaling seeu a lot oi
slracic: n'r,rk clonc l:or therrr" Lirc nraiur-
j.tt' o1t clesigne rs llo\\. eiitering tite-: turbr,-
j"r ricitJ:rre concentratinE on the arial
tvpe oi urnit l',ccuuse. uncler r:erlain
cc.,nclirion.s. u,i'ric'h arc encoLlrrrerecl in
high-specd flighr. it is the ri'lorc eiTici-
c:rt r-niicirine.

ltlou.ever. an<l it,ell knc;u,ing ti're
u'eight of conrrarl"r.,uinion. ir js i)ro-
1:i,sed he re to ciiscuss sojlte cii- the cr.,n-

sicicrutiolrs ihrrt Iil.,'or- ilie celtrjfutaj
r'{)n-t })rcs.l()r.

Jr i.. adnritrecl th;rt the a>;iai collrpres-
s()r ran ()i)e rate u'itir greater elTicierrc\r
than its rir al can, hut r,r,hat is ire -
qucntlv anc] convenieni].,, overioc,ker]
is the l":ict that it rlr;e s so onll :rt or
Ilcar pc:ik opcrating cc,nclitions. The
st'r'cral stages of a n axial cronrpressor
(ilr) eesilv Llc rr-ratcl-recl to give elTicient
o1)craLion 1:rrlvidccl on]r, one "set rif op-
crutittg r:r,n<-litiorrs is invr;lved. Ii the
trnit is rc(luircd to ol)crarc under r.r,id-

cli, r';rrr,ilrg corlclitions rllany extra ci;f-

{"icult ics rr rc crlcoLl ttteretl and r:-r uch

cxl)crirrrt,rrtal u'ork ),ct retnltins [reJclrc
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thc maiority of thcse cltl lre t.,r'crcornc.

Whcn thc conditir.rns changc lrr,nr

those uuder '"vhich an :txiltl cotnl,ressor

ol)er.rtes with greatcst cfiicie ncv. knorvn
es the design point' the incir.lcrrce on

sorne or all oi the bladcs changcs and

crruses e retluction in ovcr-all cificiencv.

li the change continucs, either bv alter-
ing the rnass 1.lorv :1t constent rotational
speed or vice versrt, the incidence on

sc,me of the biades will ever.rtually

relch stelling r,alue and an undesir-
eble condition known as surging rvill
resuit.

Compleie Breokdown

This is follorveC. unless the unit is

rcturneti to rnore sr-ritabIe operating

conditions. bv conrplete breakdorvn of
tlre airilon, an,-1 failure oi' the engine

to operate. There is onl-r, one rota-

tional speed end onlv one mass air-
iiorv :rt thet speed when all stages of
lrn axial compressor are matchecl and

oprbie oi opereting rvith a high de-

gree r>l etTicienct'. On the other hand,
rvhile it aiso operatcs ,'vith greetest

efficicncy r-rnde r certain deiineci con-

tlitions. the centrifugai type of cotn-

pressor is tiorv so drasticalh, affected

lrv rrrv chrnge in those coniitions.
The re is no danger of stalling the
lrilrtlrs lt lou' spcc,is lrt.l eor.tscqttentlv

less rr<,luble in mainlainin-q ihe nir-
i:lolr, or in starting the operlting cvcle.

The .rxiai Ltotrpressor is. in itact, ver,v

iempernruent,rl rnd [uss1, lbout its
wtrking con.litiorls. .\t the design

point it can. ii :r'ell ,lesigned and main-
tlinerl iu gco.l ,nech,ltrical conclition.
operate rvith ,ur ove r-alI efiiciencv of
rbout 3i 1 . as rgainst somcw'hiit less

tlran 30'',- in the ctse of r comparable

rrentriiugxl ti'pe. :\ I'erv clcsir:rble :rtl-

\-llntilge oi cor.rrse, but. es urentioned
lretore. anv dilersion iroLn the ,.lesign

point lvili crLrse I gre0ter reclr-rcrion in
overall elTicie ncv oi ttre former tvpe

than it i,vill in the case of the latter.
Tvpicel et{icierrcl curves are shos-n in
the accorl-rp;roving greph fronr w.hich

it ivi11 be i,ien thrlt the exial unit rlain-
trins its arltlntttges in efficiencv onlv
in the vicinitr.ol thc design point.
Under other corr.litiorrs ti-re centriiugul
tvpe oi unir is the nrore efTicieur.

This lbilitv ro r.r'rrrinrein r high (le-

-lr('c ()l t{licicrrcr' ,r,r,'1..r r',rrr i,rg ,.,,,'
rlitions, rvhich rr'e crn eell t'lcribiiit,,,,
is an asset oI de betable vaiue r.vhen

lpplied to aircrrft engines. but space
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THE AEROCAR
One 0f the most e lusive 0b-

jectives oi aviation has alrvavs

be e n the roadable airPlitne.

Above and belorv are 
- Photo-

graphs 0f a model 0E a rnachine

rvhich constitutes the -latest Llt-

ternpt to malie it comllination
auto-airpiene.

Knox'n AS thc,\erocar and
rrade br, -'\erocer [nc.. oi Long-
\:iet\:: W;rsiringtrin, this project
has lctua]1'"' acl:,,gnce d far bevond

the rntitle i st.lge . .\ s hort time
.rgo },lor-rlton Pr. Trt,lor. ntanager

of -'\crocar. toln.J ^.t i;'c;',,tlt ilftd
. I irport .

"\\,:orris L'rllnot con'','ev the ile-

reii rii sllcli r c.levetropmenl .

\,\,'e har-e spent iour ve.irs doint
it. The fiight corllponent is nolv
Llnder construction (shouitj now
be com ple teci ) end rve antici-
pate ftight lests in the sLlm n-Ie r.
0r-rr operarion of thc car Io
i.late inclicates setisfrrctorll :1tlto

anplicatioit of the eir-cooied air-
crair engine. This is the Intlsi
rlifficuir blrt leesr speciacriiar
part el.rhc proicct. Ttre .irive
linc is ciirect from;r Crosslev

i.rLrtonrobilc. bttr tr-trne (l aroLlnt'l

to r)lake rire r'itir i1 irorlt ri:trcei

ilrive . . ."
'Ihe iiimcnsions of the Aero-

car:ls;.1n eirl;ilne .lre eirpro.Yi-

llrlrtelv thrt of the a\-erilge stnrlii

lighrpirure. Prin'cr is l"rv ri Frrnk'
iin ::; u-iLh ;l i)lirrirnrtrtr outptlt
tlr I l; hp. The cnrising spee d

iurs beerr e stimltteci rlt t)\"e r i 00

m pil. ('ili tlrc eir ) : tics ignc..i rox(i

sl)eee(1 is i;0 rrph. rr-lrtrirnum.
Cl-rengeoler- tirne ir,rtl rtirplrtir':
to :lLltolnobilc is ]r-rsr t)ttc lttlrlLlte .

Carr\:inq r\\'o l)ilsscltgers. the

rrircrrlL't irls rr ih,ing rttlgc t'lt

<l\'er i tiil ur iies: 0n thc roati irs

rellge is e\tcr-r,-tre,.1 to --'Lltl rnilcs.

<1r,,cs nor l)crrr) 
jt :l t !iscr"r.ssirrn oi thc

mittler herc. We erc collccrr)c(l lvith

cotnprcssors;rn(l itir thc illolncllt it

in ust be acccpte tl th;rr licxilrility is ;l

ve rv de sirrrblc quelitY bccattsc ()[ t hc

\,rirvillg clcnrands p[ac-etl tlpon ltn llero

cngine rltl(i the varying etmosllhcric

.onditions un(ler r,vhich it rnust op-

f rate .

To be flexible a turbo-iet r)-l tlst in-

corporlte il flcxible con') Pre ssor of

coLrrse. btrt the fiexibilitv oi thc latter

is of importance t'or another reasoll.

\\rith the present dav l<now'letlge ir is

ilossibie tc ,,iesign 1n ;rxiei cotllpressor

ro gir,e ll prcssure ratio oi up to ii: I

rvhiie still mxinraining sood e$icicttcv

rinLi reasonabie itrexil-'ilitr-, [lr-rr ir seer]1s

unlikelrr rhar ihis ratio can be greet-

i), incre:tsed w'ithout serious sacrilice oi
the other q ualities. [t will the refo;:e

i;e necessar\I, when higher pressure.s

rlre reqr-iired. to spiir the process ol:

coll-l pression betq,'e en t\\'o or tnore

Llnits rnd the rnatching of these Llrlits

u'i11 be ircil itere cl in the LrASe of tire

tentrifr-rgtl contpressor bv reeson of its
soo(l tleribilirv churucteristics.

High Pressure Roiio

The piacing oi e nurnher oi stilges

in series to give e higher pre ssure ratio.

c:,rn be eccottli:iisheci quite easiiv rvhile

siill rnaintriining sood efficiencv lnt-i

i'ie xibilitv. Tlhe marching oi axiai

dollt Llressor Llnits. horvet-er. is it Ye r\I

t11uctl iriore cornpiicatecl proceecJing.
-i'he nrmchi ng of anvth ing up to :0
strlges orl i,1 single shait hes alread-lr

beer: ci.:tre. Lrut onlv tt the expense of

.rlmost rll ilesibilirv. Furthenllore the

.rsse nth[\r rerlLlire .i e xtre melv ecctlrltte

l)llrnuf ectlire I rltl mei Ilten;lnce llt1L;

\\'oi.liLi havi ivirhstotltl vcr\: little lL;tist:

irr servict.

^\ rnrrlati]Llsttlle nt of oniv one or [rvt:

,legrees in tlre incidence oF or].: blarle

i:()\\'rvoLlitl ireve resuite(1 in \-erv seri-

r)LrS loss oI i)eriorlrence. Th.: ullit
u'or-rirl there[,tre hrive been totellrr Llnfit

t:or :rircraii irse. Th.- nratching ol t\\'o
I ncrrhr rr ic.tll-r' irt.lc pe tr.ic n t col-tl p rcsso rs

is ;.rn crsie r i)roccss [ltrt \\'t)ttlrl rcsult in
rl ler\: cuntl;ersotnc etlgitle. ifhe gcIl-

tr:tl r-olllllltctllt'.ss rli tire t:cl)trilttrg:rl
..icsigrr. on rhc otltcr irltrtl. ie n,.ls irscli
l lore re lrr.iiii- ttt ittt'tlr[)orirtioll irt it

r'r)lllilotttrri ir trif.
\,rrv let tls.:t,trsi.-ler sorlle of the

othe r poirrts ot'l w'[rich the trvo t,v*pes

rri colrlpres.sor tre compxrecl. Over-

11
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rll diemeter is a favorite one u'ith the

axiel :rclr'<rclttes Lrecettse. trlit i<-,r ulit.
thc exial .lcsign is ,lilnrctricrrllY srnall-

cr thun its rilal, llolvcver, u'e llltlst

r)ot bc crlrriccl ru'at' irt' tiris adlantage

lrcfr,rc asscssing its true I'alue. It is

overall clirrneter o[ thc enginc th:rt

counts :tnd this is not tlcr:essarilr,, cotl-

trolleci hv colltl)re ssor dirrtncter.

Present-tluv engines irtcorporltins
axial conrl)ressors rrc, adrt-rittedlr'.

diametricelll sn'raller-bl only a iclr'
inches. be it enrpl'rrrsize,.l-then thost'

incorporating ccntrifugel corlrpressors.

but. as engines of highel pollrers nre

developecl. c<>tubustion spece and trtr-
bine diar.neter u"ill be tire. controlling
factors. The adlantage ttined fronr
small cornpressor tliamcter r.vill Lre

nullified bv lirtue of the fact that it
rl'ill be absorbecl in thc olerall dian.reter

of the engine.

And hon' rnuclr ldvantige is a feu'
inches reduction ia engine overall dia-
rneter an1's'a\-i 'lllo the designer stili
laboring under the Christnras tree
cornplex it is likeil to rrean quite a

lot. An1' saling in frontal area, no
matter hcu' slight. can be considererl
a saving Srrcc so )orrg as engirrcs are

allou,ed to hang on the outside of the
airframe like en afterrhought and
cancel out a goodlv portion of their
propulsile efl'ort l,r' drrrgging on the
airstrear.n.

An Enlighiened Age

But ra'hat u'as good enough for the
piston engine era is not necessarily

good enough in a rnore crnlightened
age and therc are indications that
greeter efforts are alreeclr being made
to place the engirres insidr the airfran.re
u-hcre thev can do their u,ork u'ithout.
at thc samc tinre inrpcding tl'rc progrcss
<rf the aircrait. Tirc olcrall diametcr
of the engine consecluentl-r' ireconres

of conr,1rarativcly littlr in-rportance. if
onll'a feu.inches here or there are

involved.

Ccrtailrlr. it is of n(, nrore irnporl-
ancc than the olerall length, on u'hich

Point thc ctrrtrilLrgll cornPressor is at

an a<lr'antage. ]n othcr u,ords, the
s[ight advantegc in rivcrl]l <lirnrcter
rnir,yt,l lrv tlrt' :rxill c()rrl)r('\sor crr$;r)('

is olrtlirrcrl tt ll)c cxl)crst of r,r,crrll
lrrrglh lrrrtl u'lriclr r,f thcsr rlin.rcttsions
is tllc Ir)(,r(' itrrprirlrrrrt rlclrcn.ls r,n

t irr'rttrrrl;rtrccs-

l.l

Rcli:ririiitv in se n-ic e is sCIltlethifig

tirat usualiv ittrproves lls lttore csper-

ictrce is g:rirtctl btrt it is ciotrl.tiul
u'hclirer tlrt'lt>;ilri ctrgitre u'ill evtlr

sLlrprss its rir'.il in this rcsirtct. Tc
bcgin rvith. tlte ltlatles ol atI eriti
t olr pre ssoi- lll ilsr lle lll;-r tlu l:acture ri

lrntl instullcrl u'ith e xll'clt-le ecL:Ltrec\I.

rnintrtc errors itt ltlacie llrofile or settillg

cllusc'\'crv troticettllle iosses irl cflici-
c:nc\'. f'hcrei'orc. the ltt:.lttttiacturing
costs lrrer l,igh rrrtd thc te ntptetion to

rctluce' tl)t'sc. irr silite oi tlre c.onseqLlelit

recluctiot-r in the qtraiitv oi the finish-
c'rl 1-rrr,tlrtct is evcr ltresent.

A Prime Exomple

This ixilrpcncrl in tire case r:f the

Gerr-nan I-leinkel-I-lirth OII turbo-ier:

u'hic,h \\'as l-rcing tooled up for illass

prc,duction torvarcl tire etrcl of lhe \\'er.
'l-his enrinc itrcorltoraie'ci lr rirree-stafc

asiel cr)nlpiessor u,r:lking iir series ll'ith
r{ diagonei stagr ancl it \1'AS cill.ilneei

thrt tlre arrenge tnr:ttt iurci det'cio1",r'ct

ri n-rnxin'rr.lr'lr c,r'crall atiiai"retic elTicienct'

ol over 8ti'.. Thcr: chatiges ir-r cl.:ar"-

Arlces [o sllou' easier rnanufactltrt ltr<i

i ncrcase d reiirririlitr, in se rvire-6o111-

1)ressor biacle rI ee p \\'3s ollc of the:

rne]or cr,.ises o{ llre ak."]o\\'t'} in tire
(lerrnan errgir-res. u'irich \\'ere all axial

tll)cs-_rcsLrltccl in re tJucing tire eiTici-

cl)(-\' to alrr,ttt S].. 1,.

Thc I'leinl;cl Ilirth Otrl rrlse, prnvitl-
cri ir sirarir rcrn-)inrier of the high cost

of nlan r-riucturing exial r'orllprcssoi
bia.Jes. Ir \\:es clesigned rvith the oi-r-

iect t,f .ler"eioiring an engine suitabie

it1;r rpess rtl.od gction apci 5[)(]-r"r-ran-hours

ri'rachining tinre for tire er-rtire rngine
lcss rrc(-css()rics \\'ils the gc,al. A goal

tiiat \\"cirt tirc \\'a\. oi all i{itier's iropes.

The positicrr ir)'\"-ll, I)ar'\\'as tirat tht
iai:ricatirit i of tir e n riai conl1) re ssor

irlrdcs rlr,r,c, rccluircrl t't11 r'Iren-irour*.

In service: the axiaI cornl)re "ssor is

inte rrscll r"u]ncr-:rlrlc to ciurnlge f rc,n-i

ice ancl cthcr l'oreigr) nlittter. The
clearances lretu'een rotarv encl sration-
lurv hiades nrrrst lre sn:aii to n-rlrintain
effi.,ie nt ()i)er;ltion ancl it c:3n he re:r<lilv

appreci;rtcri thlt f,orrling c.,f r-,niv onc

l:tratlc coulcl v<-'rv quicklv result in
.st riplrirrg thc crrtirc :rsscnrblv. This
ltts trr:rlrlterrt'tl ()n scvt:rrl <,r.-.::rsiotts lur,J

tirc rxr.'lttsinlr oi"irt,, irr,rn tlrc ,tinslrl'ittil
is ()ll(' r,i tlrt' Iriggcst 1,r,,illt'l:rs cn('{)ut'}-

tcrt'rl iri tirr' ()i)(:rrrtiorr oi' lxiul trtriro-

ilts rrt t lrr' ;rrt'sr^lrt t in tt,. ]ivrrt rirrEi

or srncl cen verv .ir-rrckiv .latl:;tg'.'

the ..iclicatt:iv fornrc.l irrcfile rrf tirc

l-latlrs srrfiicientlr tti .ilusc consiilerlirltr
rclitt,.-tit,n ir: olrerltlittg cfTicicllc\..

I-Jon" \"crl tttt-tci-l Jcss I'ultterallie' is

the cc,ntriltugei cottll)ie ssor. ln thc

ltap\: vear.i that titis t\'pe oi cott-tl)resS()r

has I'teen in use, it: t.he fr,rnr'rif e sllpc'r-

charger: for pistori engitres rinlt' isr,lal-

eci clses t,i .:()ll r1;icte fuiitrre' itrr,ttr ice

bornirar:cinrcnt irat'r i',ecr) reiiortcci. Its

rc,L:ust r.-()nstrtrction c..,u1tIccl u'itit it:;

lack oi tlerpcnrJe n*' on .liffit'ultlr fortt't-

cd i-',iadc profilcs atrd sulall u'ori;ing
cieerrtni:es girc ir thc :ririlitr, to haniiie
rrli hut tlre rnost une\1rcrtt't.l fit,Lsai-n.

f-(, sr11r'r up- therefore. thc liriai culll-
pre ssor i s the nrorc e iTicient m:rchine

undcr design point condiLic,ns bur is

less fiexibie tiian the centrifugal tvpe

and consequentlv tire lttter is able to

lri,lcl a irither averegc ciircic;:i:v t-tnc.lr:r

rr u'itlc r;iilSc of c)perratin$ cc-rrri.'litiolrs.

"Llsc, i;e.:uuse of it.s fieribiiitr, ancl ils
cL)nlgxici construction. the ccntriir-igaL
t\"i)c lentis itseif nrorr reldilr"tc conr-

I)(iLrndirig rnci ll-ul\'. tircrr'i:orr. he tlrc
uisis] tli)c ut c()nlpressor"lviien irigh
irrcssure ratios rrre in rienlanci.

Ariei r'ollrpressors :1re oi snralici"

r.iverlrll c]ianrctt-'r tl-ran tirat oi- the cen-

trifugais but tiris is not iike]r' to remain
.ln irlportlnt lsset. Cenrrittugel corrl-

I)rcssor-r rlo not dcl)cnei c,n lr ilu'g'e, nurri-
irer of i"risticlir,risiv iornrct] i:iurics and

thcir r')llrluiacturing t-()sl is r:on-rprira

rivclr 1,,ri-. Tiris rvpe is rjrur-e rciir,irlr
in se rvice thrrr thc axial t\.pe bccalrse

it is less vu]nerabit. [o ice. sanc]. ancJ

other air irrrprrriries.

A Foloi M isloke

The position fior\"is not riniilir tirrt
u'irich face d (irert Iirirain :rnd ( icr-
rlianv n'hcn thcse t\\'o natir-rn:;. iricit-

l)c nr.le ntir'. lrioticr:re cl the l er-propr.rl-

siorr idca. 'I-lte higher irtlii etTii:icttcics

oi tt-re: arial c:otlrpressor is relrlizcd irttt,

tirc c()st tlust not lrc rri'ci-iookc,,J. Tirc
(rernrans tlade tl-re fatal mistal<c rtt
entirelr' abancloning thc r:entrifugal de-

sign and scri<,uslr" rerarclccl tlre dt'r'ciop-
tt.tcttl oi the ir e ngilie s t hcre hr,. fire at

Jtlritairi. (,ro the othcr han.i.' in rr char-
lrctcristic:rlJt' conser\"ative mrnner. con-.

('ct)tratcrl ()r'r this tt'1lc u,iiilc quic,tiv
:tsscssirrg tlrc: rlrr,rlitit's c,i thc otltcr r,ncl

i)r()(ltt.,rtl clr11-ir-rcs tltat \\'crc:. ltrtl stili
ilrc. tir crl\'\'oi"tirr u'r,r1,1. trr is too

t';trlt' l'(1 to :t1r:rt,,l,,tr tlrt' t r-'tttr il-rr:,ii
('(,llllll'('\t{tf .

rtlfi{R"f f;}' *ntl "l 
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