
CHAPTER IV. 

INCOMPLETE PAIRS OF ELEMENTS. 

Closure of Pairs of Elements by Sensible Forces. 

IN our examination both .of the lower and higher pairs of 
elements, ,ve have hitherto assumed that the reciprocal restraint 
of the two elements forming the pair was con1plete; i.e., that each 
of the two bodies by the resistant qualities of its material and 
the fonn given to it, both enveloped and constrained the other. 
We have made this assumption also, expressly or tacitly, in inves­
tigating the forms to be given to bodies in  order that any sensible 
forces tending to alter their required relative motion might be 
balanced by latent forces. Under certain circumstances, however, 
the strictness of this condition may be some\vhat relaxed,-when, 
namely, precautions are taken to prevent the possibility of sensi­
ble forces having certain directions ever affecting the pair. If this 
can be done, it is obvious that it is no longer absolutely necessary 
to make the pair entirely self-closed, bodily envelopment being no 
longer essential for restraint in those directions.· 

In order thus to prevent the disturbing action of sensible forces 
acting in any given direction upon an element a which is to be con­
strain�d, we allow another sensible fore� to act· upon it continu-· 
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thenamehicL<o11." 

illuot,..tiono of fo_..,l.-1 p11irs; they""' le� in oontiuulLI. 
contact with their p11nncr�etneo!.8 tha. n.ilo, hy �ertieal do .. n. 
"•"1olooingfo""'"-

lnhallth&Mondhoimilar�fo_..,J,.,.nraprw,ut.,hit.aelfol,. 
,·ionolyand,,atun.!ly,andofl.cn�lyh•irnp1ilicothehoon.truc-. 
hon. Thi,,howe,,er,i.onlyouohoftheway•hiuwhicliithooouhrs; 
"·•nmot1,iv<e.,dtocou!idcrothers 

*"'''· 
ForC&-closure in the Rolling or A:l<oi<ll. 

Whilehiuthe""-juot1oontiou"'1th60\.jc.::tofthohcl""iugfo,oo 
i.o eoentially to !"'"·eut th� ""l"""tiou of t ho inc·ornp\et<>ly fo,u><J<l 
ckme,ob, it u,ay ,wd,•r c,ertain circ,.u>atan""" hu� a. "'"cl, 
,.·idtr P"'I"- Tl,i, ""'",.. ,.-hen tLo action ofa. force darisc,1 
fromhit,fricU.,n,ioW'<'dlooon,p\.Mthei,,ciprooal.,.,.tn.i"thoflhe 
clement&. An illw,t,..ti-011 of thi,, i,, farui,h"'1 by the friction 
�·locelo(fig. lnJalroody1ne,otio,1.,,.\in�37. llere,J..,fof'OO-el""u"' 
h""nothmenelytohholdhthe\,.·ocylindertiuh0011t.act,butaloohto 
pre. tl,crn oo,trongl}' togel.her"" to i,ni,•ent ,lidiug under a 
giw,n lllllg<'llli.J. fo«:e,-iu other 

S�!�E:::i�:;;;,:1.:: 1 go-·-.. ·- -·
.lly • moffl otrici �nmioation iJJlo 

tt;,cue,.,·ee,.noeo,that.tltccl"";ng 
ro,.. p,._th6omallm,lJ!hn,_. 

<> ··•oltheh,urlaco,,htogetherhoo .. lo 

whoola,ouch fo�mponcnt., M fio.lft. 
tend to oepa,ate the v,·l,C<'lo l..,in:; 
""5imed bythehcloo,Wj!foru. histl,iooonaequchuoehofthCprooa.ing 
1og<t00 of two l;od;.,. which i,, oo"'"-dcred in muhMioo under 

'11,i, e>upk,ymcut nr foro,,..:;l.,.un, ....,un ,·•ry f,equcntly. lt• 
•rplicationi,i tl><ic:u.e ofth9Jri,·i1,g-whool1u[!OC<Jm�i,·.,.ioiw 
f"lrt&"t iu the loish"'t d,g....,. The whohle denlopment ol o\Or 
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railways has been directly dependent on it. EYery one is familiar 
"'ith the fact that at the first the notion of "adhesion " between 
the "'heels and the rails was thought so illusory that it could 
scarcely obtain a trial,-restraint being obtained by the use of 
suitably profiled pairs of elements. Blcnkinsop's toothed-rail, and 
those of the Liverpool and Manchester Rail,vay, Brunton's revolv­
ing legs, and other even less practical constructions all illustrate 
this. 

The constrained rolling of axoids under f orce�closure differs 
es�entially from the mere closure of an incomplete pair of elements. 
The two things may, however, occur together as "'ell as singly. In 
the driving-wheels of locomotives they are united ; in the ,vheels 
of the carriages there is nothing more than closure · of elements by 

pressure. 
In the latter case it ,vould be possible to bring about the ele1nent­

closure by the addition of a second pair of elements, an additional 
rail, for instance, which could be so en1braced by a suitably for:qied 
piece connected with the carriage as to render any rising of the 
latter from the main rails impossible; but this "'ould not in any 
,vay 1nake the ,vheels more like the driving-,vheels. Such an ar­
rangem�nt has indeed been employed on the Rigi railway. With 
it  the motion of the carriage on the line may be more accurately 
described as that of an ordinary closed pair than as occuning with 
force-closure. 

,ve see that force-closure finds important and numerous appli­
cations. It always retains, however., a certain incompleteness. If the 
closing forces be not sufficiently large, or if unforeseen disturbances 
occur, the constraint may be destroyed or temporarily broken. Not­
,vithstanding this, force-closure-as the examples given show--is of 
most essential service in machinery. It leads us besides to an 
entirely different kind of pairs of elements, "'hich are in n1achinery 
of even greater importance than those just considered. We shall 
exan1ine these more closely in the following paragraphs. 

; 

' 
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§ 41 

Flectional Kinematic Elements. 

w. i..n lt.i1'•rt• .. ,,-,t 11t.o .. ,._.;1.1 Mt _; ..... , •lti,lt. 
wo ,.....i.-.1 •• "" -•ti•l forU,_.....__ r..,. wltiolt.• •••i­
-1c1 lt.,i -1.-, .. lt.,o •-i- .. ,. rvi,.: t• , ..h . 1 •• ,.1. i
••plo• rigWiay. --•l•• im-vobillty. l'h" -u•..t tit.• .,_ 
,.,..,;._1h.._,1. bo•i-,h,,r tlt.e o\oo .. ai i..d 1-• nit..Wy olt-• 
f o r htlti,hpo,p:ao,tltiolt.ei.. tlt., .. ,tti<a •fh•uloi .. looill:". Tl,.o 
•l•i•*li<J of ��lo,- lt.ewne<, •""- •• tloo.l \•li• H•T 
_,., M, t.lto f .. ,-tio• ..r ,i,-1.o ...1, ;.i. •'"'• • -\•W•M •• 
•ootlt.l;r ri�iL H, ••••lf. •• •1'- ootlo -- H, o·'o,llo •• 
_i,W.OI in ol\ ,ii-i,,-, •• n•i•t.oio •pp••i••- •ol•olu 
i--\i!ity -'o.1< ,.,. ••i- .i: .. .,;01,o f- io. • l- one 
·i-ita, 011J •ml'l"Y \MN -i• ••lw oHh tt--.... l•u• "' 

"''"''1-"ill<l, tohtl,ei>hsl""ialhc:1pal>ility ofh~i,i...ne<,htli"y.-illhod 
•xactlyhosil'theyhweteh"°mpkte\yrnoi,,t.nl,, 

i ah
or A�h:o=:;'!.�!: :�:•::: i:�i.1:8:TI:::w:,h�:"!� 

i o 

�;:�:• :�::�h�:��h, :�:eil\;1::l:t:� ;:t 
made .,nlf,<\onlly rigiol ullde• the action o{tcn,ile fo..,.,. <>fh""-Y 
'""l!oitn<ln We moy include ch<,m�ll m>d<.r lhenome of leno,oo-
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i.,n,ion•o'l;"n• °"" 1., ,·ory,-\ily uoil.oo iotohpaira or olem,mu 
•·ilhri,:iJbodMllol ,-ariow,hformo. 'Thuahwemayhh.ne a rounded 

bu (Fiii:. 12�)on• -..·bi,·h thoy •li,!eh, f"""'-,,\'""'l io  bo!.bdireo• 
tioos.-----Jl<lll•y (Fig. 11:;),tbe teo,ion--org,n moving up...,,,i,, on 

oneh,i,leol it , do.,.n,ranloon the other;-drum (�-;�h. 12G) upon 
which it can bo, coil..Jh, and ooon. We findh'"- po.irs of �le-, 
mentz ....,.J anJhappl;,,,dhinhthehm"'I nriow, ...,y,,,hin ]><lllep 
andhc n.neo,inhhelt.-trains, in rop,,--trsin-. iohrub,neri:,,d ropetowing, 
etc. The �l�ml'nlll al,.-a11 reoiprocally �"·elope -1, other,-bm 
ahhooghhlh•hem·clopoienth1- -tim""hiotoh e11dooun,,lli<J• 
ha..., nol- tho latter u an -•·nliol characteriotic; th�y mlul. 1,., 
d-' lheN'fOTe &$ hisbe• I'"''" of eh•bWDblh. 

J)ire::tlyh<>prc-J to _,ion-organ,hthen.hataodh<>tb"" whic h 
- m<>l,,oularhimmon. o ebilityoolyhinhr-efen,1.,,.ht on1p,,,_rn
f....,., and which m11y lhe,.,fon be nllod pruaure-organo. Tu 
lhi, da81 loel"'1g all f!ui,ls, liquid and gaoe,,n,,-...,i,,rh, ,1team,oilh

air, ol<l. n,1 f-..looura applied to 0...... m"" be ouch u oon. 
timn.lly p- their ,ool..,WOllh�herh. ln order, ],o�r. that 
tb,y1.-...yh"°' alteththefrhformbyhutenoiononheither1ide, allhtbo 
-..rfaceoolhthofluldbodyt.iJ .. t�hnonn,,l to thehdil'OCtionof 
1notioo mua& be p,-1 �her with the •me f.,,,,.. Thi1 LO 
dooebylhehhe!pofhl.1MolhfOT001,-th.t ia,bJh011C]°'iDJ!h!hnhfluid 
ioh,._l,ohuitable formondreoi,tanoeh. Tlti,occura,fo:reromple, 
inatcam-orh•-aU!r-pipe1h(Fig.12i)h, aodintheh4'ylindetoolpumpt,or 

ofoteaJD•o:r blowiog-eogi- (Figh. 12�),aod ao <tn. It l,anlly � 
to hehf'O'.utedout hoa·hutT(:me!y important ahpo.rthr,_,_n>-o<gm1 _
gf tbiohkrndplayh1otbeoonatructionolh1no,llll>ftl. 

Aooth<rch.,diO'eringbui littlefromhtheonojuot J..,ribed , l,u 
Leen formed "! �hJM,. from oo,oeofthehtenoion--0,gaoa ,by 
enclooing tl.,m 1n 1u,tably ohapedhY-1a,aodhbaviogthu1hn,11dered 
tidenyhJDOlion imp<9ible,huliughthem u pre.ure--0,gano. Tho 
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flat-Uuk chain of the No,..ta,\\ era,,... .. (•'ii;. !��) i, encl-.! in 
• (ube,oo tltat it can bep"""""'fo,,.·ard; \ho\hin lm,\;-Ob,n,t of 
W,,,J hu been m&deot.pobloeof utii,tingp,-unoeatitaf,...endoby 
l>«lding ileinea hollo,r cylinder (Fig 13<!), ita pomc1-.then act;ng 
lih the •tontl of an offfi. Wi«-rop,o hu aloo bc<,n ......I ;., • 
..-m1ewhn.teoimilare1ny 

Theevru<•un,.orga.n,,eformec!oo,edep•inofeefou,entalil.e1heelo"'._.,. 
]..;ne; ru, .,,..,,ml, f..,,..e,·er, ol tbeireirt<>locuW mo,·eal,ility,they 
J<1nol.t,,,eei...,,Je.,·ithelb.ohighcrpain. 

lfeweeoompu-oe\lu,et,.oclaMeSeofe(l"iroeofedernentoetoe,..Jtid1 (he 
.

ron>1dem1on of foroo,--,lo,n,.. hu led ua, woe ..,., 1hatethoye.,.., 
clo.oly neloted. They both ha.·� the peculiarity tM.<they""" be 
uotdeineoooe, ..ayeonlye; witheaeclosingefon,e,ethati.,eofeonoeparti­
cular kind or diroetion, tho l<lnoiO<t•<"g•n only will, i..n,iou,the 
1,,_.,l'O-<l�,l•toe"11lywithethru,t lftheeropoeine}"ig.e1�6 beepu,hed 

• 
upw,u¾,ite<L<- not ...i. the drum in motion.nor cantheepi,tolt 
(Fi�. !��)he moved bywithdra,.·ing the ft1tid froru !><hind it. The 
p•ir are dooe<l on one &ido only; they aro wono,-kinetic, a 
1,eculiarityewhich .. 0e1holl findfnrthereonetoebelougtoeotl1erept.ir11 
rJ.o. 'll,eyeo111·eeLLi,etoetheire mol"'ulare}ieldiogo-,eo•ewan\eof 
Ji�,,,_ in all ua:pl, • si!lll'l• or • •mail number of ,lira-ticmL 
Thi,e'l,ualityeble,.-h•teioeknowne;ne�u,.....,rg,,noeuefluidity.eio 
1<:nsion--0rg,uu,eu ae�ihilityorepli.al,ility. Al • oommonJ ... igno\;o,. 
for bolh, we TlltlY u .. tho .. ord �tional, ornJ thuef,,n, call 00\h 
!.eno>.)n- and P,_lltt-Orll•ne. when<'Dlpfoyed"" t;nomolic eleUl<enla, 
lloctiooll,leelement-. 

Thetwooetaofeo111•11• ot.ndopv,-letoeach otl,�, M J)(Wli>e 
and�i,·e.eserdoti-0nedireetlyei!ldicaU!deolroebye \hoen1tur<e of 
their elooii'l! ro� Tho pill<' filled ..-ith wot<sr, }"ig.e127, •umd• 
oppooitoe\otb,,ropeioe}'ig, 12-l ; tl,eecylinderhavingeapiotonmo'°d 
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forward by a fluid pressure on one side, Fig. 128, corresponds to 
the drum in Fig. 126. The application of a column of ,vater for 
transmitting pressure, which has lately been made in n1ining 
operations, furnishes again the opposite of a rope used in tension. 
Thus the tension- and pressure-organs are contra-positive. They 
must therefore be equally reckoned among kinematic elements. 
Willis' exclusion of all meohanisms of which fluid organs form a 
part, to which we alluded in the Intwduotion, was therefore 
incorrect. If belts, pulleys and so on, are to be considered as 
forming portions of " pure mechanism," it is logically impossible 
to omit water- and wind-mills, or steam-engines. We have only 
to think of the importance of the latter to be astonished that one 

· of the most valuable and most extensively applied of machines, one 
possessing also the greatest delicacy and acc\ll'acy in its motion, 
should ever have been considered unkinematic,-incapable of 
scientific kinematic treatment,-" impure." \Ve shall on the other 
hand be able to see further with what scientific foroe and with 
,vhat important consequences kinematic science can be brought 
to bear upon these machines. Although Willis' view of the matter 
is not acknowledged as a principle, its incorrectness has not been 
specially pointed out ; practically it has had the result that this 
class of machinery has scarcely ever been treated kinematically by 
English writers, and by others only seldom, and even then generally 
not with the requisite thoroughness. 

§ 42• . 

Springs. 

\Vhile in the tension... and pressure-organs ,ve have had elements 
in which the application of force could occur only in a certain very 
simple manner, there is in machinery another class of elements 
which can be arranged iiO as to be used with any possible application 

· of force. These elements are springs. They are familiar in many 
forms and for many purposes ; always, however, under the con­
dition which we found to be necessary in the case of the flectional 
elements,-with the limitation, that is, that in each special case 
a single force-application only can be used. The various con­
structions of springs may be classified according to the nature of 
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incolllplot.o pain of elelllenlo and an, mnch nu<! for tLat pur;� . 
.. inhthehcaoe of •pring-paa,kod pi,ton., ,pring l"'"'I., for TBlchet­
whoclo, etc.; ther pby aloo a m""t import•nl put in the r.orini( of 
eneQ,7,hl<l whichh....,,hallhuturn(ruthero11.hSpringaof<>Tg11nicmat& 
ri•l,hindi�-n,bbe•,hY"{:et..blo�bro,•kin,ctc.hgroollrh"""'mbleht.ension­
�'1,"""; th6""hof hardmat.erial800m morolike lhehrigidhelemeata. 
lnhchfill'hnu,de ofhaction theyrat.herh,_mhlethehp,_,,,.,_<JIWWI,h"" 
being, within ..,_.,.hat wide li.wits,�laalleh. TI>ey,liffor-.,_�y 
from the rigid elernrnlo, hoWOl'et, notwil.1..taruling th<l app,neul 
roocmbt.nce,hforhinhllt...,hl.hehl!exibilityiosuppooc<\htoh\.oohrednOOO 
lo oo 11mallh"" o.mo,ml that ii way be neglecl"'1, while in the tpring,, 
it i,hintentiollllllyhmodovcryoo08iJ.,.,.hle. 

Closure of a. Pair of Elements by a. Kinematio Chain . 

two apnr-wh<>ol• fnrni.bcd 
with =nratcly fitting l«<lh, 
-havehbytheirhprofilehf o rm,1 
thohn,,,,.,_,.,hrootrainthinhtho 

s din,ction ofhtruJtangenthT T ;  
thehteelhhmayal&ohboh..,hlllil.de 
that Ilic whocl, cannot be 
raoY«l n��rer together; there 
is required only .... tnfot 
ai,.i.inol divcrgcnth motionhin 
lhehdirection N N of t.heoo.r­

rnalo. ThUlcan behrupplie<l byoncoft.hehmetho.l,hoonlidenrl inha 
fonoor�rticle. Let u, tab th" fift.hme\hoo. (§ 35), in whioh paralle!,o 
tohronlct�h"'"rvehlll! profilc,o,hthen wchhvehaaha p,,n.llclhLohthe 
(point-)pa\hhofth-Ohcentr,, ofhonohofth., ,.·hee!,o ahcircularhl'it'!(,h&I>d 
asapin,J.leltohtJ:te ollierhcent.rehiU,lf ahcircle, th- glvingnot.ho .
pro:ll\o ol,own inhJo'ig.h131,an annulathgrooy-0hforthe\fheel a, and a 
cylindric pin moving in it for tho •·heel b,--and hythe,e the 

.AnhinoompletehJl"irofh<elcmcntomayo.loo bohc\c.cdhhyi:incm.tio 
linkoge. Twohbodios <1 handhbh(l.ig. 133) Mvingfor theirhaxoid1 
�.in:ularcylindors,andhhavi11ghllieirsurface!!hlh,led,-inhot.herh"·o� 
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,_,.,. ,...in;entbotheoga iu o toon,·e rge n tet.nddive,g,,nte".""ioni•oblained lf w e ww-- further,ethate�,,.e.,,, v rovid..Jefor pl'OV..,ti latualemotion,eweht.v•befo,o tu t.eolooedpoi, ogThio n><'thodofclooute io ll(IC practialble in the .,._eoommonly """urring ; i..-ibly ite_,..., he,e !IOmcwhat lu-fotobed; ""WU 

- rr- nt1y, how8'1'e r , that it i o in 1K1woywi1hout pecedont.. Inpnctio, we u oe ftlheran ...,,ilyarn.n gedkinein11tice1ink"!l"hel""°n d &od �- I f, r._,, inrta,.,., . ..., t.\t&rh both to a 8.lld to b (ooouiolly "·ith Lhcir t.1<,:,id,, or Jlitch ourf..,.,,.). llOl�l eylinden, e n cl°"" thcoo 

i n opo n ecylinden, &od«> n n<>0tetl,o !otte r by a eri gid\». r (Fi!{- 135),the ""'Tllint i n  the il i r edion .\'Nor the nmmah io perfect (we may he,e, u a l ooin the lute.....,, allow the poi n i . of t.he l<:dhtobe qui te f,.,., u thcyuonoloogur,quirodfo- r re otraint). Ti:iot.dofa dOOC'<l k i n omatio poi,, ,.-.1,a ,· � i;ow a dO<IC'.! ki nou;:1; chai n 
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<>fhthroohlinh TI1ot.ro •heehl • "al>llhb,withhtheirhoo11M.ill. cylin­
drie pi111, fonn two of th- linbh; th0 third is the b.,- ,, with 
it& t•<> p&rallel cylindrfo l1<>leo, whieh f o nn the beoringt for Ute 
uleoofhthehwheelah . 

TI,ehchain-chl<>onre hy •hieh thehgiYen in<)Ompla.ehp11ir hu 
here ti.en c l,-!, or  mode intoh• conatnined pair, i& need Mtl­
otantly not only f o r  cylindricwh<,elo hut &180 forhbev,:hl-whe,bh, 
l,yperho loidal-wl,eel•,h"""'•·"·heeb,hcto. 

Yery frequhently it io =p loyed merely in -ier to oimphliry • 
oo,utn,ction,-the e]e.....,t n� f o r  the pair-do1nre being 
aetuallypreahent,ha\�hhinoornplctelyfonnedh. n..,h...,,.,. ,,,.._  
chani""1 oh<>wn in two fonno in }"ig:o. 136 and 11\ih, forhuample, 
wu,i,,u inh"""hh....,ofhth.,hlhree f o llo•dng linb:h" • ocre,.. with 
0011ui.ilhcyli,-..lric jouhmal•, b a h11nthpr<>filf<l extemany.,.• priom 

ponllel toh tl,eui&ofhthe .,,,..,,,.._ r a guiding pri,,m for the nuht, 
carryi"l! beoriugofor thehjOllnlAloofthehocr,,wh. Inhl<'ig.136heacbof 
•hehtbreehl"'inhishoompletelycl-1,hin 1-1g. 137 tho c loouhreof100 
pairhb c iohiooomphletch. Reotnintogainlththehllpwanlhmotionof the 
nut b iahhen, given byU10 link •.•hich ia <>f a •u it&ble form. for 
that J>U�; • h�nn:oientlyarranged chain-elooureh thath � 

occur9,h1-idoththe1noornphleteh:,-l •pphliedhpair--dotuN).
Chain-e loonn,aloooecnn•long,rithhfo�-ehl The ooture. ornmon 

mlchet workh(l'ig.h138)hfuniliabeoanh,..amphleofhthio. The motion 
of the •orking end of the pawhl ish,� f o roo-elooed in !Il01';ng 
hM:k•ard.0'¥er thehteeth;t1,e motion of iu joiotod endi1hchain­
dOo1ed. uking p l""" in circnlar •res ahoutthe uis <>fhth,whe,l 
This rneehanis,n i1h1t the .. rnehti,ne oiogle-aelingonhly,or mo no­
killetio, • p ropertyolreadypointedou t iu connectionh•ithFig. 126h. 
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Theehydnu!ioefl"""' giv.-. "•e"" i n ,tnrnt i v e tnmp!e of•em<: dumiom oombiuingchfWl-,wJ forco-dooun,e. Tu }'ig . J;!�th<, pump nlvoo ue omi\\oo for tho oalc of deam<en. 'fhe vouel d o,,r r iffl ll,o eha i n.,,looul'O t,rt.,.,,.n the pi,lon,,, a a n d  b, with which i\ ill p r i,,mat.ical\y" J.,;,.,,_1, At tho 1Bmc time it cnolo.,ca the fluide, ,  whkl, i, !oroo-cloocd b y  tho p,-u,m upon tho t..-opiotons i n  the <mly di>0etiou ufmotion lef\ poooibL, toeil The hyJn;ulio P"""' fom'" the oonl,.._..p<>oiti,eeof A m,wl,jw, apl"',;,u,ly moo!; unlil<e it, I.ho pulley-bcldo, U.e presonrc-.,,ga11 wakt iu tho o no being rcplao,J by the kn:r icm--0,g,w "'fl<' in ti-.., otJ,cr. If we oubot.ituto rigi< l rou n dcd l.Gn •t thoeWV o.n ed hottom oftlLot..cl:l<J fo r lhe u sualepul!cJ<, .. in "fig. 140e, t!oe logical oor re opcm dcnec 

�T11 ... 1.. ,,o.1'0 
hotwoon lb..., two moohani>mo hooomC'l ovOnemor,.ohviow,.t Thochai n enow,ei nJ...I. J.o.etJ.rooliul:!, otLly,e\>11t thi o i, merelyeh<•o1,!lM tM t,mioo--0,ga n doe oenot need aeoo11fini n gev"""!. The motion of the Jlioet, b, u a whole, i, ,till force-cl,-\ by t.l.i� Jo.d l f To UOOO a epnfill.l. pai •etooompo\ b toemove i n a eohaigl,t l i n e i n  .-.fere n oo t o  a ,  the simiklrity ..-ouU b e  otill """"eoornplcto. H i• wortJ,notici ng how monyillu,1<ailo.n,eOOOW' i n 1oo d c r u ongiw,,ri.ng ofwhatwornaycallethcint<n:ha n g<:Abilityeoft,en>ion- a n d ep...,.u«>­o r !l"u• , of whichwohave haed hem on illu,lmli o n .  Too arni.nge-­mont for tingiug LeUo by ai r-1,..,..ur.,, uow Leoorning u\o,U11h·dy 
...... , bw.f:!"• r-llpiw,o,"" .. ,.. ,')'ol�<>l_l_, ,11.!l•i p, ; ,  willdt,w,.Sog-00,, _e...,,,.., __' "• •- " e"'"1"""11Te_, .,_,,,.e......,e-"T'''"' nr "e•"""""""'8 ,1we-,e,.,,,.. .. -,e,.e.,w,mce,ao ...... .. n,.,e.., • .,e"'e""e•bool•'"'•�- �,11, 11,, .... w,;; blo<k. .. ..n,,1, ..ow. m ....:;,, i.. .. ,...,..,._ , ... el-■- -...U .. frielioa.e J■e-, .... , ... - ....... .... .. - , ......_ .aa.. 1o npn, ..a..i , 11o11, .. ..,11o,-,-1< 
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u...I,oiaoobviomi!yothe ooutta-po1iti.., of the old bell-rope ; the 
(oiuglo-act.ing) "vater-rod,o� uoed in n1inec, of the iron t.ooaiOb• 
rod,,,-.id partly abo tho hydraulic cmne of the rope or clwu 

Thco......ter-whocl (Fig. 141) gi,.., n•o• fnrther il\w,tration ofo" 
fo""'""l<)l!Non100ham•ru. T!teoenc\ooure of the water in thoochan­
nclo• i•oagainot,.·.,._fold. Itoi•odnooinothefinioplaoeotootheoaction 
of \..tent folC<llloin the channel walla,oandot,h�-n furlherotothe foree 
of gn,.v:ity, which prevent> tl,e wat,,r moving UJlWOrda In the 
benl portiou ofot.he cluumel tho ,...,w,, i• paiTlld both villi thu 
l!,-tA_-virluallyoa toothedorimoofolheo11'h<,el----.ndoala,;,o11'ithot.he 

. �t�li:��� 
linb,-the wheel a,owith its 
ohaft, the watcl" /,, and the 
channcl ,owith the,han be,,,. 

:�:.i ��� ·��1;: !"T. 
effected by tho ohain; the 

foro&-doollNl produroo at the OQD1C time tho cnvclopm,nt (hero 
enclooure)ooflho ftoato with t1.,ftectioruileleme11tob,o.odth� oonfinc-­
n1ent of the latter within ii. cha.,nd, which we w\W look UJ>OOo.,. 
ao,·,,..,loonly po.rtiallyoclooe<I 

The,.,..., mo.oy ,- in ,..hich theaxoid ro!lingo{§§37and40)ta\,:e,, 

plaee, or ac. l"""loia rendettJ poooible, hy chaio-cloeun, iuatead of 
diredforce-clooure. ThcYellomilway i, a g'""'lcxamplooftLio. Here. 
thoodriviug-wh.,.,18,oiu,tffidof b<ill.'!' heldoouotheoraib,ou u.,aaJ,oby 
the ..-eigltt •1.,;ve them,an: m.de horizontal wdh.,Jd •gaioat • cenlnJ 
byo,.,.o&m1ng<OLnenlofo•pringsofonning a kinematicochain. In thiA 

,.,.domanytiw.i!&ro- theoapriogocanoboousc,dowitlto groo,to&dv,.,.. 
1->b", l<>ro.,. ,.,. clc11J<:11t o,t once 11«:tiomU and elaat.ic it odmiui of 
&dvimt.ar,>llOoemp\oym<,nt unt!eronryingof""""'- luothiso1pecial 
arnngemcnt, howe,-cr, there ia oft.en a cert11in iw.ieteruli.oaro,_ of 
motion; the po,..jbility occu'" ofa •mt of ove,halancing of t.heofor,:,e.­
a-� 
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Complete Kinematic Closure or the Flectional 
Elements. 

Wo ha,·c II001l th�t ti,., !k,ct;ona.ldcmont. m•y ,wei,·e, by _. 
of pai,,do.,ure u,d fon»<:lo\ure, impo1111nt., prac;ic,.l aud in 
lheh higb<Mhd,gre,ehnluablchkinemalichnpplications.h Wohfourul 
ro,,,., .. .,i.,.= to he M·o.y• �,y, lmt to a ditfcreat. ""tent 
inhdill"erenth CU10S.h Inh tbehcaot1ofh thehOOtdh inhFig.h l24h..., 
n,qu.iced the aboiolnleh'(Jl'Ovcntion of every f°""' i,QI. a<:ting OI a 
diN>Cthpullhnponh theh oo rdhit,,eif;h forh tho forow,10f<l1rohinh lhe 
hydnulichp,- nothing mQrn is � t.han that down,unlforre 
obonld be ca,-\ to act upon tho pW:m,s. If ·,re go one ol.ep 
furt.herhwc ean mabhe'l"Oflhthioun....,_.,y ; ""h,an,tbat is,1,hnit 
thohllect.ionalhclcmentonn"""'"edlyinlo whatYe havehcallcd (§ l) 
machinalh•yMmsh. 

Tbcromonlofhthehforce-<:lo,,u..,hillhef!"ectoobyhtl,ouoeorh,uitably 

comhillOOforce-cl...dchainA. The<JQm111QnhUT"allgcmcntofbe\tp11l•
1.,,,,(Fig.U2) giv,- u., a hfa.ruil;.re.n.mpleofthil. llere wo havetwo 
cylindriehpnllep,h11 andh,,hfiti<:<lYi1h conuio.l,haftt,ond oonneot<:d 
by abar urhfrawe d ,.lllchcarri,., the 1-:ring,, for I.he latla; tb• 
hcltbelcuging to 11 i., made i11onehpi..,.,h,.itbhtliatofh,,-th1> two 
fo""ing t.h• oo,nmon endleu band�- By I.hi, mean, we obtain a 
kinematichcho.in inhwhicbth&hflectionalhelemcnt no lon� req_nireo 
n�alhfofl>O--cloou,.., Wehmighlhregani it .. , comhinationof 
hrohchaina, .. hofhthohformofh•ig.h125, tbei,d°"""' acting oon· 
tinuow,ly inhoppoojt.. diroo.ions. 

n.o ch:t.i11-cloau� � ill t•ofolJh. Iu the fi..t place, .. bu been 
mentione,.l, it mahlo tho forc11-cloture o! the fiactional e\oIOent � 



nnn,._,. by 8Ubotituling for it \lie action of th<! fatenL r.,,.,,.. iu 
the f,..mo d.h lnthe oerondhpilloo, it c ntirelyoonot.Tftin,t.hehaxoidroll­
ing,tl><1"""uringofh,.-hi.c,hbyfome-chloo"1<l n dioeu-1in � .vl. The 
puhlleyoboinghcylindric,htheuoi<lahheN>a:eontbeonehhlloollie our· 
r.,,..o f theheltsoontinuaUyn:mningoffandon. ondonhtheothetthe 
peripb,ro.l aurr.....of th,, pulk-yo. n- ourf.,,.. are Lnrughl oo 
finnlyhllltohoonl..,Lbyhthehlatenthfo"""''""\inghthrou,:hhd.that they 
cannot olideuponh,...hothcr. l'he chainobtaineJhhao fonrhlinks 
the l..-o pu.lle)·•"anJ , ,.ilh thcir a tw\a,hthehllndb,haw:lthefnlwc 
d, with tbe shaf\1-ring,,. Theh'1>0<.ionl! in thehchainooc12'cnetly 
.. ifhit1holoment.hwe,..,hoornpletelyn,_(id. faeryhongul••hDl-Otionof 

nil� 
143 moy be oonlidered the <><mln• 
pooilive o/. thi,, mechani,m. The 
llrohpiotomha .,,d,. fitting tightly 
intoahc<lft?""tingh-:--ihd,hMehnu.de 
toh foruih,hdiu,rhpa,B • ..,,hh,t,and 

l",5. Ul, 
�: ��:-:�� ...���/�::I� 

in J. If th<, piston � bo 111oveJ to \he lefth, the d,-,nding 
ool.umnof..-1ter b can ... thohpi•lon , tohm0>..,hto thehrigltt;hjwd . 
.. muc!twtur \.o moveduponeoohluronao rnov .. do..,, the othw. 
Ifhearobo tal,;en tohfillh theh,·-1 dhpufectly,allairhi-.,iogh,.,. 
rnoved frorn theh,.--ater,hthe action ofhtLe rne,:haniamhi.Jl oomplet,.,, 

:::w:!: �h
1� �I� rn�:h�':! .�!fn ;:h:n!:t!g:::! 

hiointer..tinghe>:per>lll<lht.,h,nthhti1be;, .. longhH 3000hmet....,hnoe,,I 
.. ..-atcr-� .,. in Hg, 139.t Ewry •m>lhl olidingof on<> pi""'n
lohoceo1npan1edby thehtt1m,,,pondlnghrnotionofhtheh�. Thi> 
mechanismh,the brdily 11ekno�ledg,xl contra-potitive oflhe familiar 

· Stte-p.111$. 
t z.-,,,.eo1a 1'. .,,.,.,,.,,. e,_.,.,...evo1.etlii.e(1Ntlep,e«11 
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185 CRAIN CLOSURE OF SPRINGS. 

endless band, is now coming into more extended use as a double­
acting water-rod. 

Springs also, like tension- and pressure-organs, can be completely 
constrained and used in mechanisms by means · 
of chain-closure. The common clock-spring, 
Fig. 144, illustrates this. The spring a is con­
nected at one end with the cylinder c, and at 
the other with the barrel b, which is paired 
with c, and connected to the clock-work. 
It thus forms a link in a closed kinematic 

FIG. 144. 
chain, and this is one of its special uses in 
machinery, where in some cases a constrained motion of special 
exactness becomes of great importance. 
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