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SIGM UND HAPp,\PonT 

Slr:tig ht Line j\ IOl ion 

I·IG. No lin".l~C'<; or " cllidt·s aH" 

II'C,! ill !Ill' modified hy!,ol.ydir time 
\\hich ;\ rd:lIi\cly mull In n LII;on 10 
tilt; kn,t.; th \)( 11\ ~trOk( .. ' 111(' '1111 ,1:("lf 
of plkh di.l IllCH:r J) is ,Llli"rlM}'. T he 
dri\'C ,Jufl. \,hlll! IIlrlh thl" T ,h.lJl(·d 
.trlo. j\ (Oluentnl. wilh thi, J.:c .• r. T IK' 
.,l1l·r In.] pl.met ,l:('.H~, the r,llIer h .t\·jn).: 
l pilch di,uml('r of 0 12, rotltt' {rt't'I}' 
ou I'i,ot~ in 11K' .11111 extcmion~ Pitch 
,]i,lIl1(1cr of t he iolll'r I, of no J,:rornci 
,ic;11 ~ i,~nifi(,u"t·, .dthough t h i~ ~e;1r 
. I o("~ 11.1\"(' .W importlllt 1l1("("h ~ rl tl.tI 
{und ion. It (C\:'(o N" tilt' (nl;uiorl of 
thc pl~nt·t ,!.lcJr, tluI\ prodm:inJ,: t ru~ 
h)'J'OC)" he motion with of(lin.H), 'I'IIT 
I!('~r~ onl~' !'uch:ln ;trr.IO.I..:clOoll 0( ' 
~'U l'll" on ly ;thoUI lulf ;t~ mud. ~P"lC 
.I~ .1Ot." .111 c'ltlil.dcnl Illc(h~oi~1II (on· 
t.lin i ll~ ,Ln iOlt'flu l ~{,I r. ('('nter III" 
l,uKe' f? i\ Ihc '11111 ~f 0 12. f) ' I .l l1 d 
.In ;IThitr,lTr t1i,I,LIlH' ,I . dl'lnIllUlt·.t by 
.1 p.lflicub r ~pl' l il,Hion. Pnmh '" .In.1 
Ii nn the (Irill'n link. whi, h i, (1)("1.1 to 
tltt· pbl1l.'l . .tc~nil>c ~tr;ltJ.:ht linl' 1'.111t, 
thrOllj:h l )Irol..e of 41<. All poinh I't' 
t .... ccn ,./ :In.! n Ir;llC (' lI il"(·~' whilc 
Ihe line .-I ll t'nnl0l'c~ .1n .1'lf,)i" 

Parallcl1'>IOI ion 

fl C; ~-A 111,1.(111 nlO<llf~lljon of Ihe 
111.'( h.lIIi,rn in 1-'1,1::. 1 .... ill proJu(e ;tn· 
other trJlC of u,cful rnotioo If the 
pl.lIll'1 J.:l·.tr h.l~ Ihe ~,IIIlC dl.llllell'r .• , 
Ih.1I of Ihe ,11m ,l.:t·..,. Ihe :Wll ""ill f'· 
rn;!in p.lf.ll kl [(I ihdf Ihroll;L:holll Ihl' 
rornpkte q.I~', All 1'01111> 011 II'l' .mn 
"II I !11('r(·h\· til" rilx· ,if, k~ 'It r. .. IIII~ 
R Heft· .t.!.!.,io. Ihl' po,ilion .111.1 ,il.lln· 
etn of titc hiler ,l!('lf .Ut· .,f 11(1 J.:CIt 
IIwtric.d impOrl.IIlII·, T lti'lIIc,h.llli,tn 
(.111 I'll.' 11'1.1. f'IT l·\,IIIII,lc. 10 (f()"· 

pufnf.llt· .1 I1l1!fofl11lr mOl m.l! I'.tl"·f 
\1 eh, TIt(· \ .llu(· f"r /? i~ dIO'~11 ~II' It 
dU I 2-/? or 11,1' (ifllull{Cf('mc uf dlt, 
I I f. 1(' de .... ,,1101:.1 hy 11 .(' I1('(·./ll' 1.11 rilf, 

1·'IIt.d, tltt .I<. .... lfl'l I'i'/.IIH{·. "C:III'I·t:11 
'UI'I·,~jll' lillt~ of Ix·rfnr.ltlon, J( Ihe 
.cnln .lilun,,· I{ j, m ... ]e .Idl",t .• hl<
the 'plcin~ of l>erfor.tte.! litt, .... "Ill Ix' 
l,Hit·,1 .I~ clc~ire,1 
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Imermiuem Mot ion 

Plo"~ ' 
9~' 

A 

FI G. I 

I·IG. Tltj~ nlCt. h.lIli,m, tll'dol>e,l 
hr the .lIIt hnr .mll to hi' J..no" Ic.l;.:c 
IImd. IJIl I'll.' ld.tpled 10 prodtl(c .1 

'till" •. 1 \ .ITI~hle ,!','c,1 wilhout ,101' or .. 
I.,ri.lhk 'I,~·t·.! w,lh momenllf}' r('le,,, 

1110/1011 Uniformly fot.l/ IIl).; Inplll 

'h.dt ,lfiIC~ the 11l.lIn ;lrotm.! tlte 
'l'''lIl..d .Inll i.lle·f. Ihe .lfIll '>en 11l,E: l, 

.1 1111" Ixlll'nn Ihl' cluill .m.! thc end 
of 110,· outl'"t ,h.tft 1(,lIll ·' Iu.: 'I'ftlo, I.l'I 
tlflll' mu,1 bl' 111 tilt' r.tllO .\ 'If ""'itll 
tltt· qdl' of tht: rn.td,irle. "hut· fI j, 

lilt· num!>c .. r of tnlh nn lIlt' \I'TO' h1. 
.tIl,1 \ til<" I1l1mlx'[ of [inl.., III 11.(" 

FIG. 2 
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FIG. 3 
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IhJ IIl \Xlhen point JI tr .• H;1- .lIound 
thc !>prOt."t·t frurn pOlllt . 1 I" I"J~ l llon 
Ii, the ((,lIlk rOt.lle~ uni(ormJ\, lic· 
1 ..... ("01/3 ~nd C. I' .k'l·l ... r~tl·'. 1,,:IWt't.ll 
c. .lnd ,., It ~cccler~tC'\, .10.1 ~t C 
I[ll'ft· " ,llllOIl1CIlt.It): d"dJ 1.1) \ 11,111,"::' 

Ill.!) tlte ,i7.c ,md rOsition of tile i,lIeT, 
or IIIl' k-n,l.:ll" 0 the .Hm and (T,mk. 
.1 1,lricI}, nf mntion~ cln he .. 1't.lll1ed. 
I f in Ihe ~I..eld •. Ihe len:.:th of lhe 
If,ml. i~ ,llI1rtl·uc·d. l hnd flIH'(" 

l>Cfio.l w,11 Uhlir in 111l' Ihiuit\ of r.. 
if the Olnk i~ ItnJ,:thl'n"I. tltt· Oq'put 
IdOi.it), \\ "I '·.Iry hc:l""un I 1"ll.i\irnulll 
.111.1 mintUlilin \\j!lllllit rl'.1< IIIIIJ.: Iff 0 

L. ....................................................................................................................................................... ...... ......... < 
no 



• 

• 

• 

, 

L //0 
.......................................................................................................................................................... , ............... . 

Specific Types of Motions 
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FIG. 4 Caullsst! 

J IlIcrmi t Il' ll( j\lotion 

I;J( . , I An OpCr.lll1l.L: lytic or ISO 
,k,,lo: motion .1Il,! Il'lll.lq.: .hldl j~ pru 
du(c.l br dll' rnc~h.lIl1'm T bo.: mpul 
,haft driH"S the fl." ,dud. h lll;L:."I.;(·.j 
1\1111 till: output , Iu(t ,t.:l'.lf dunl1,t.: h.dl 
Ihe \ ft Ie \'('Iwn the r.l lJ.. l'n,l:.I,I.,:I'), the 
lo.k It'el l! .iI Ihe lowl:f lnd of the 
coull"" ;trl dl~l·n;L:J,a.;l·,1 .1I1.L (011-

\·c rM:1r. wlwn rll(' Lid. " .b,en,t:.I.L:I',t, 
the lOll)"'\(,, /l'l,th .Irl~ cn).!.IJ.:(·'1. II1l'rd,) 
[,xlll1.1: Ihe oulpul ,J1,lft IlO,itll d) 
T Ile I]I.IIl ,l!I:-Oll-r l'0jllt~ t)Hllr .11 thl 
de.ui,('ntl"r l"hilil)l1\ '0 th.1I III(' nl(lllllll 
of till" ,l!1'JT " HlIllinltoll\l} ,111.1 1'1(."1 
ti,tly J.,>Olcnu-.1 Ih I.lTrlllJ.,: U .111.11111' 
.JliUlll·tt-r "I dw ,t:1·.H. the number tlf 
Tel'olllliol1' 1ll.lllc hy Iht 01111'111 ,h.dt 
duril1,l! till" opef.ltill,l! h.llf 01 till' ')lk' 

cOIn he.' I.Hi.,.! 10 ~lIit T'·IIUlfeml"IIl'. 

Ro tatio nal J\101 io ll 

Hei :> '!l l i' .11N.'me of h3{~I.I,h 

nukc, 11m old hUI little 11'0('<1 lIlcdu 
m,m .' I're."(NOII, 10W lthi rcrl.ltr.:IIlUll 
lor ,Cr.:,tr or ch:lln lInlc, olhnw;w It,c,1 
10 rOl.II(' I'Jr.llld ,kI f" An)' nllll1lX'r 
of ,11;Jfh j:.TI",lkr flun two C.1n lx' 
dTiI('u from '3ny one of Ihc ,h.d", 
1'((1\1<1 .. ,1 1 .... 0 ("onlhlion~ ,ut· fullilk.J 
(1) All \ fJIl'" !1lu~1 kllc I]u.: '.IIll,· 
11'1l,l!lh 1' : .111,1 (2) lit(, ."'0 pulr.l!or" 
fomlc.1 Iw 1111' ,113ft, A ,md f f.lln(' 
pi\ol (('III~'r' fj IlltN I,,· .. 1,lItll,11 Thl 
nllin tfl',hll.tnl.I,l!C of Ih" tlll'lh.IIII'11l 
i'll' d)Il.II11tl Ilnh.II.llllc, ,,!.uh l Imit ' 

Ihl· 'I"'('d of ror.UlOll. '1 \I Je~'l'lI lhl 
cfT"'l of thc \ihrJtion~ produu:d, 1Ill' 
fUllIl' \holl l.1 Ix' Ilud(' ;'1\ li.t:hl .• , 1\ 
1011\i~ t cnt with ~trl'n,l!t h H'(llIlrl'rnl'nl~ 
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F:I!'I l Call1-Fo lluwe r J\IOIitlll 

]"1<; . C> F.1,11.,lIll ,Idlllll C\'l'~' /I 1), lt" 

\\h(·o If " .1 _1 .ltl\dr 1.11J.:,1· I1ll1nl>l .. ·r, 
1.111 IX' Ilhl.linnl wull ,hI' n1.lI1III)I,1 
1.1111 .1Ilt! ,l!CJ r III" h.I1I1'II1. A '1l'J.:,k 
001.11('.\ 1.1111 .J..:I',!Tt'd I /I 10 " ,kill 
lurnill,!! tUKl .1 If lie 11l0\,1'~ Icl.lll\d)' 

,1o ... '} IIndu thc folluwcr_ The I\olthk 
llulll,t<1 1,lIn .lfr.III,l!I'mUII "10 .... 11 j, 
dl .... i,l!IlI'1 '0 "I'>\:r.lt(' ,11(' IC\'('f (II1n' HI 

IOU ('~,k", imp.ltlin}.:: h) il .1 r.II"d 
IllOll'1II1'!U One of 111(' Iwo i<l(11Ii".1 
1.111" ~ r lll Ihl' 1 "ill looth t:l"tr .Ift I-.l'\ul 
II> 'hc hll,hlllJ.,: "hllh' IIlTlh (n'd)' 
.Hilt In.! Iht, (~n ,Juri '11\(' 1.1I11·r car· 
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FIG. 6 

lie) ,Ill' 'Hlmd ,.111\ ,m.] Iht Stl-tuoth 
J.,:l'.lr. "hi' W· .111,1 H)tIIOQlh .l!cJr, .Irc 
IIllcJ.,:r.d .... 1,,11' dlc 10 tooth l!Uf I ~ 

aU.tdl(·'] 1</ JIll' "!1('"qdc dr;\c ,It.,f, 
Onl' of tllC ~.Ull' lurn~ in Ih~ r.IIIO of 
~11 Nil tIT I I. ti,(' ollll-r m Ihc r.lllo 
20100 IIHIt' ~u 1')41 1Jf' ',< I ltl 

no"ll l', lltl'fllurc: (oin{ i.k IIlh(.· l'Il'f\ 
100Ipk,(IY2'.i): LC\I;tIlW\Ullll11 

" Ilw ("tIUl\.dllll of .1 ) .UI1 tul l1ln ~ III 
.1 rJtlo 01 1 I in rd.ltlOn 10 Illl' .In\< 
,11.lft To oh t.lin f;hl (.tnl "hIl1l", 'I 

11111'\ he hrok{'11 dow II in\" prunl' 
fJl.tor,. For 1·~.ll1ll'k. ,f lOti .... rrl' 
faclorcd into , ,lIId :!O. lh~ [1<>' 'II' 
..... oultl foi n ,i.j(, JfllT l"'Hy 'II ,\,1 
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