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• I Jmvu aroat ~ 1D C&VJ"'allia f1fl' l'!eatt easo of 

SJ'IlUtlllfe· to- Sbn M.D. ~. ~ of St&UoU.a, Illsti\tlte . . . 
ot A:gd.cultural. ~ sttl.ti&Uc., to7t J4o valur:.ble grddanca, 

bel¥ luteJvd a1l4 91iln&blo e:rf.Uo!eu tb:Olf&hDut. tbe gnne of 
. . . 

tbe lnYeftlgatton acd mtlllB thla \bade. 

J lllll eratoN t.c) Dr. v.o. raoae. sta.U&Ucrd. .841Jhu, . . 

la.U.tute ~ ~tural.IJe&eaJOh BkU.au.c-. to. ~ 

DfJC!t&IIU'T tii.GS.llU., to C!U'S'7 ~ tbia liiOJ'k. 
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A peat dca1. of :U.taatuo lo avaU.ab\e Oil ftaJIOSUIO ~ 

ctocdpn. a. aaS limlta' (uS41. 195'1) ~ tile coJlC&pt of 

~Wntli:U.V. an4 duivecl tb,ci DSCQ8f1U7 qllll Qllfflalont OODI!itiolla 

to.- a c!I:Jalp to bo rotatablo of OJdu d. fhcl7 ot.totm4 t11o 1'0ta. 
f 

tah1.o doaS6Da:~ po:•oVJ.oal. ~ 91 ft8ll'1u - cat,.. 

I'OfJl4ar lOUd fi&Voo. ~oat, &,so u4 Dapol' (mt) obtoSnel 1m 

tnft aS to SOl'loa of eocom' Oltlol' 19t&tablo ~ 1n tlu'ce asmnatou 

tr.-. o M.f~ ~ Ga:riUDor e\ al (19$9) ~.eaco 

tlWd Ol'dw ~ doolaDO _., 6 taotora. J)lapw (J.900) oplD, 

~ u lDtiDite lllll'1eD of IDCIOzd ~ .otatablo 4otd.p 1n 

.. OJ> JilOJ'D dl.llontdoallt Dao (1981) ~ both mcozd aas Wd 

Older c!olllena GO flrllct!m?nl ~ Gf fb.ctorie1 do.... lim) 

neon",.,_ Jhe GD4 ~ (1982) lllll4 J.lao. (1943) ba'lo 819011 o 

~ techdquo., b WIG ~D of IIICh 4oalaDa thro~J&fl 

a.J.a. doolp botra·.W:blocka of oqual IUI4 ~ ataca. 

t'bol18h a IIUI;Ibar' of antrJon 11mt ~ ~tablo do~ 
. =- ho.o GlVP chtl ~ \o tho nQ!fllao of l09'Gla of dil'to:tautl 

~. ~ualy~ ~tho 4ooSczl _. bo, 11 tile aunbtn' of 

lfm4a s.a.~argo, "''lll!Q51¥1e, it. llltOoaa di.ft1ol4t. to opon.t,o tho cto~ 

1D pracUcnl altua"ooo. HeDcl:l thoro lo a 111:184 few obta! !!Sag ~ 

'111"- a:a\JQ1' 141 •bar ot·loval• 

fiiD Mn1nll!!! nmber of 1ovel.G Wl.th \lb1ch 0 eccDm! ~ fttoo. . ' 
'· 

to.blo ~ em be o?mtre4 lo t!mJo d ~ a U&d.W JUDbof' of 

atmb t.bftlo llm.l1led 4aal&U lo lfP!dhbJa. $. ruad ~ CUG0 h) 

Q1ll'l cleo (laa - ~ (Uq) ~ obta1.alll'l tbleo 

lG90llc4 eecor.d ordoJ' IOta~ doolsDB \bm'D,Bb a.z.a. cba1gDD ..wa 
~a ail. 



/ -·· .. -
othu ISCII'ln of GGCOIII'l OldQ 4oa1pa obtoSJ!04 ·b,v lbo iiiJI4 

~ (1902) ~ ttwo lAwo1e u .,y. ·.a).. ~ 
Dao (JSOJ) hall &1110 sJ,VG 8QIIIO c\htil' CIQQQI¥1 Gt'4a IQktahJG 4eedpa 

G.1Gb. l'Qq.1d.ro CliMill 01' GVOl). &I)1'G lovG1e. 

Jlrul-(1901) Gttoa,pto4 fo1o tbo fbs\ ttmo to ~ 4DeSp 

o1 tbp COI:Ibo1 Q01IPIJII1to t1PQ iD fl..o lo1rola to 4caSp&J in tlmlo 
'; 

1ovo1a. l.b,e pe~~Gll\ imoaMgnttOfl &ll:la d ~ aet.bo4o. tiJJooq1l 

tbtoh • oalGUD& haS.pJ caa be collVel'tod to th.l'oe ~ deatgpn. 

ito ban- alGO pl'f#uon\e! 1D th& prestZit tll&ld.o, a IIGW GOI'lo8 

ot ~ ozdcllo ~~e doll.,. botb 1D ttvo ad th1'es 1e'lro1Bt 

obta'D!!blo tbroup tho ~.a. doalp V,lth tile ~ 

• ( v. t. r, b • A ). 
'fb1li4 OJ'dQ1o> 10\atablo deoip obtat.llld IV 1la8 P4 tWaa'nban 

(1.962) nqu1N a 1aaop mm)P' ot 1oV,Ob ot GACb ot tbe ~ D. ----
haVe pnaenW a •hOd tJu.oovab vblall Wd ~ .... t.eN.e dodii"'J 

both ~aoqti~Jnttal Qd ~ em bo cbteSne4 ln tlve 1tmlla... 

A atiJ'lee ot \bbd Ol'de:l' rotAtiM.& ~ 1D f1vo levob 

baa ala» boOn obW uA4 \bl'o• thO ~ BoLD. dea1p . 

• '"' ~ r, b , >. , f ). 
l.so\IT, •-bvo preantot tbSJN1 Oldw fttatablo de.ldpa apto· 

SO .t'e.Gto1'8 o"'doahlo. \b1v4P tba D.LB. ~ with blooU of. QDo> 

j 
0~ s1so#. < 

t!:la U)\d!on& azil'l Cll\bo4 of co~ afoptod b7 Jlla tmd 

~ (1902) lUJ.'IO· boeu fo]Jovod IJl tbie th&G1e. 
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a. @e!l!.t P1'l'l!! mtatnblq f!l!?ldmt ln a Jm'l.u 
By~ tho ~ stven by Da8 (19"-) ~ ~ 

eoma1 cuuposs.to c2oa~p to 4oa5.p 1D a ~ u 'u poa&dli'o, iD 

pDIP'Bl. to .colllfl:llt t:IDIIl ot \be aooom 01"'bv 4oCJ1&118t a'fO''ab'o 1D 

Utetntute, to tJII'8o 1o1'011o4 doat,gne, 'the ~ la tbo amo m.. 
ftlp'"\lt::!•d of tbo Qtllt•owo 1evu1a la 1101118 of )he CX!I!Ib5fta\!ON' 110 eo 

to,zve.~ om a!lkamllcmll to1lowil4 '1:17 Npot.itlon of tbollo 

CIOl:lb1m~tsODa, ~ bo 4ittoront ll"'3bol' of it~ tor c!U'fDI!Crl\ 

conM....U.Q""' so ua to caUCIO' t~~e m•tt01t I 'II14 
a s['llt.1•l· tt~o 

mmbt.Jr of repaUUoDB ae G1= thf t7P&of cmMm~ts.ono to bo 

~cd dspea4a oo tto liPtbod ot c=on~ o~ tho &18l8ZJD 'Ub1c:b 

baYo to be CIOUVUi W to tbto lowl1e4 do~ lfot!OVGI't tlla 

fblJodrv ~ fll7 obto.11d.atr tbo cmbe;r o~ I'OpGUUona ot ~ 

ouloJ' i)po:J or cmM md.oDB 1a two 1D t1u» caao ot all socoD! OJdw 

dodp wh1oh aro obtaimblo lu tul1lt3 B.I.B. c!ceSgne, S'llP r;oU 

(t>, b, ••• , b) or (b, o, ••• , o) w111 a1m bo tuea e.o siuti~ ,. 

Cli808 of Mln"C84 daalgrul, ~ boiJ:Is IP iD tho ~ and 1IOl'D iD W1o . ' 

1£ a secoDS Ol'dd' I'Otatab1o doaiSn crm r., obtai.Dcd ~ 

eota or tzl2tllml comb'mtsou obh•""llllt fl'l:lm om or cm'O 84.B. 

t!odgaa wlth 07 v:l~ uwqual bloclt auor, t!um We de"'B.!I can 

bo ~ to a 8 1wel1e4 Clodp tu ~ ~·c1D8 the mWic:niJl1J 

lD all tbe blocks, by a atnsJo onJ!rrovn and \boA l'qiO!lths tho b'octo 

of a.1aoa '&• Pi ts=o who2:'o pt a ~ 6/a6 ( ea obta11m<J 1'1'0111 tbD oi'!P-

1181 @ld.ga ) aaS as. 1a tile tltl\wwn om:oc:S.ated Jllth tho blooka ot moo 
'\ 1D tbo Q1':lg5neJ 4oiJ1srl aJd a U tile qntmgvn aBZlOOillltoc! to th3 

~b'ock& 



•• t ... 

' . 
It p1 happens to be a ~'CtiQn .. aQ.t iD equal to, ¥~ 

tbGD lt btus to .be c:omwW fb..at to the floe.oA5o.n \_/Q bT multi­

.~ each ot \. IUII1 Cl.t by an luteger &lllCb. that ll· bac:omos tbD 

lD.- ~ll multiple of ell ~•a. r&ld, ·the blocks of &JUGa Irs, 
aro to be ftpeatecl ~ tmea CUld thoee ot tho lal'geat me k, Q 

tf.mea. 

$ levellec1 4es1gns. 

Let ~ IUikDovn a be aaSQOlaW to tho 'bloCika of tbG larger­

af.ee alii! ~ to t.boll$ ot the othw eUq. tat '»J,~ ba the c:olitri­

but1on tfolll t11e bJ.oolta ot ...,..,,or abo 11:1 r...._ 6 &DIS /a»L.-t S..3
8• 

1ibm the uulmoc &.1. in t.b.e 'bl.ocb t..e rop&BC£1! b7 a. thoS.r ~­

button w:U1 m.dent~ be =4• Nov. ln ol'dol' to make the la\~·<1- ' 
/ 

c:ontrtbu.tton, ca.4 eqnii( to the f'ormer ~ 4, let us ropeat tho l!!!!llllcrt 

b~Jto. P. ttmas. o.t'teJ' 11eplacin« tbo un'kr»wn as, by a, ISO t!lat tht · 

COJltl1button lleCOllltiB pca4, ll.:lv, U pfJJ1.6 
1111 ea,. 4 &.e., 

p a a14/'!-4 • the C011tribut1oll8 t'rolll botb tr1U bo tbo _...,.,... 

:fl-.p ~.t~L~IIr-baoUODt-that.~ p 0 efq stq, it Gal1 

al'lrqs be llltlde ~ tv repeatlus the blocke of the laJoger alae 

q times Ol' &Ill' of lts llUltlple. 

fho caee ~ 111'0 lliOl'G tbtm tljQ U1lbowt1a can al.GD bo 

pl'G.e4 on tho llllU linea. 

• have obtalne4 belov, the ftluss of a,. 4/a4 t~ VIU'lotts tl'P88 

of deB1F 81'1a1DB fZom the. 41tferent metboda of oonelnn)cti.loD. tho 

eases 1, a uS s 'llhloh ~ al.Y~ ialow tJ:oam tb& 'IIOZ'll: o.f Daa (~, 



I 
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~ (1.963) 81'l4 i'faB1 (1.904) have A111> been gl'dll tor tho 

eab of COllll)1otloD. the7, bowVUJ", ~ the pl'l)blar.1 tJom a 

41tfarent austo. 'lhe ~ '110ft vhlcti vas etatc4 SA ~ 19Ga 
' . 

WD aom ~DUy. A paper OOJltatrdetB 80lJIO or *be roatts 

presellted iD tho thoaiB •• 1'0114 at the lfth iumval coDteronce of 

ttae JDMq ~ ot A.¢claltUI'Gl StGUnJ.ca w 1r1 tt~e nm 

..eak'Of .J~. 1M4. 

b 11 fhm'B/J C!!DtJ;p1 cogppelt! doe' pt 

!laD (19Gl) obbJaed tbRe lcmlle4 I!IO'II:)al cmter rotatable 

cloe1pa ~uab ttw l.ove11tA contra1 ~aite de&S.pa by t.•trt111 

tho eo\8 ( e.a. ._.., a) aDI (a, 01 •••• 0) hohad ot (a,o, ... ,11) 

4111! (b, a, ... , o). Jt Wilt mmtbv (d ~ obtair181S flrom tho ad 

(a. a, •••• a) be a. ~- of b
4
/a4 co D lD t.ho ~ ~ 

cmpoalte dea\gn. Bem:le tho eo\ (a. 0, .... 0) obtainn4 fiOlD 

(b, o, ... , 0) 117 np.'laoiag b b7 a 1.8 to be &'epelltod a tt1119e. 

eem B• fh!Pprm B.l.fJ.. 4e!!snp rith r < s :» • 
For, the ~SoD of &I8COlXI 01'4sl' JOOt.atable d.GotgDD, • 

ll!we to lnbo«ucc a eat. of t.JpD (\,0, •••• 0) tt I' '- 8 1\ SA a 

a.t.B. deld.p. Nov, w tab the ad <•• O, • ••, 0) lA p1a.ce of 

(b, o, •••• 0). t4Va tbo ad (b, o, ... 0) - ba'I'O flrom the 

l'81at1oll L 1tJ. 
4 

• 8 I "'12a/'• tl1e equ11UoD 

Ill ' 4 ..JII 4 
1'.2a • lb Cl a"A .. ra ••••••••• (1) 

1lhole 111 ( ~ k) la IJI10.h t.bllt a ~ton of 1fA ciomM D!'\Jo= out (d 

ll 
2 can be eo tatera tbat 1h 14ent1t7 povp does DOt bol.Qde IIZI1 

1Dtcftat.1on v1th lees thiXl t1110 taotoh. .. 
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~-Gq;lll;\loll (l) lt tOllovl t.bAt b., ••• ·f8;>.- .. ) ... 1 ......... (U) 

-
'll1aD,. tbo -' (e. 0, ... , 0) io to be npoa~ p tsmoo w11ero .p-Ill' 

p o b6/•' o (8 /1 • r) aM. 

O,a Ia 

fi1botl • > 8" • llu Gild ~ (1862) took tiD co\ 

(b, II. •••• b) lD addltlozt to tho a .. cmM.mtioiiiJ obtldrn' A'OIII O.l.B. 

dDG!gD ~ ault.tplled " vltll a"' c 01' a aaltablti lftctloD a ... ) o.....,.,Saflo 

c=blnnUomJ to obta1D ttao 4C1sSeD poSnto &D aa41Uorl to tboso oN,eSmblo 

llaD Ulo D.L!. 4ocdp. 
o ~ a a a., t.bD ftlatJoD L ~ 0 8 L-1\ a1 it G\11ow tiJd 

•••••• .. (W) 

ft1ID, tar ~ thU ave levaUed da.,SD to \!mlo 1cmiUcCl deatt&D 

• 1dl1 tuo • ect (e. -. • ••• Q) 1n pJAae or tzae en (b. 11. ••• , II) 

Bid I'Opod tllo Oo COIIb1Ds.t1oD8 of B.J.a. daa1fl,D p'Uaaa whelo 

II 
yt II a.a I (r • a ;>. ) a • 



/ .. ' .. 
-

(-. a, ... ,a) ast. ia to flO npoaW ca t1aoa lUll t!1D a - CQ111b1mtsone 

o1 t21o B.l.& aoutsn • \J•e. 

(i) rm,agb &.r.a. ~ tritb tbrao block ... otlte1Did 

thJ'o1l,8h B.J.B. deutpo of the &mloe , • I , 
b• v -/- • B:. r a a • 1 , 11 • B, I. • 1, Vl8re S lo 

a prir:le Ol' a ~ powa 

ll'aiZI \!lo ~ ISU!oo of B.t.a. «ea1p !lao ("l.tGS) 

otJte1 ... a oaw eedee Of B.J.B. ~lliallO td.tb UD.Oqtta1 bloolc d&ee 

alii! r • SA. 
/ 

DaD (UOI)toolr tb1oo 41ftute4ff ~levels "'1• ~ 
ard a, tor easoczf,&Uifg ld.th bJacb ot &d8oa ~ a 8 • < Ira Ill a 
aDSJta aS ( IJ•1) n~wlJ'· fo7 ach fJ1JIJ1.tJ;I:JD'I.-,_"al 
~ll!)~au 

• • 
- 4 8 4 a ·C., a a.aa • akt... '\4 

~ at'• araS a"'s. 8t'e cmtkble fl'llottoae ot a• ard •"1 
l'ellplllOU'98ll' eual) \bat t!lll s.&m\1*7 QI"'UplS ot tiltuacUoae 

De =eaaa17 tmr obtatzdcg t2u1m & mt liOataia 81\1 ~ 14tb 

leGs tbaa I taotcrr~ 

rrov, to.c.oD!Ml'\ tllia 'I .1ovGlle4 c!oal4D to 't1fte levoUo4 

4o&llaza. w ll!U UIIO tho theoi'CI 1. 
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(:ll) np1aae GU * thftlo tm~~aDtma auto oz14o ouo ""'"• 
av a,.. fii8D tile bJDolm ot a1A Ira • a .. to be npea.te4 

liD ftpGB\ed Jta a f\4/~·a 8t)l • k'1 f Ume8 10 G8 to IJlva II tbreo 
' . 

~dotdp. 

• •eavo9, ti DJ8, 

it 0 a • .• a a>. • 

flieD. pt a ··~ a ' aDI ~ • a8/VP a e. 
tJms, .e &ft a \!Ilea 1evoUa4 &ud.pln S7f IDMIOZ'tRl pointe. 

. 
(B) thlutigb B.LB. 4odp• v1\b tlD bJoc!t a1zoo obtald 

~ P.B.LB. dealpa 111\b two GG8001a\o olnezoaa 

• JWa:a a P.a.z.& 4Ddp wl.tb ~ (•• b , 1'1,Jr,-

?-.J.' ;:>. ~- 'V ~ ) "X l > " a ' ve cara sa' ""t/8 ·bl,..ke 

-each of abe a tu PD'tlDa togetbcr ID a blool& t1:0 vcatronto 

1 a' am:h tba\ Gl:o t11o troa....., aN eac= acmaS•a. fllo 

• b bloata ot tiiD P.a.z.a. 4oaisD tophar VS.f.b aU the Vfla/2 
'>Jocb ot a1ae a C!1Cib npe:Ltccl ( ~, • A a ) u.a. ldl1 fbm a 

B. LB. 4oatp v1Ul blocko of e1sea k lUllS a , i\ a i\ l aa4 

• o •~, • "a ( :>.,_- ?.a). 
Dae (1963) ~ aoaolld OJ'40J' ~ 4Did6Da 111 

CBGDOS...... ~ wlth tl.le b1"'*e of P.B.LB. 4rudSD aid it; 



'· ......... 
lol& 

111e. t11a .,.te b~ r. •'!'Pl101t7',f11R14 c:oua1n &a\ \he 

- .. .,. a/1 • r ~--.· ";4u be oon•• u 

ro oouel'l tble dedp to t!lNo·loQ11ed ctoflip ve ue \lie 

~~. e.Jfq~ts! 

-~. - ~\be - 1UI'Icrlow leveltt bto or.i1l' OJ» 

level GaT ~· SeooDtU7t, - ~' • vaa/1 bJoo)a 

P., • -a •t~ • • ~ 8 
) • C 11 1 - ?>8 A u._e. to Btt a 

eecon:t a48l' '110tat4'tilo deat&tl &.D t 1e1e11. 

u. llouevcrr, -,:;. I.A ., VI$ ee\e (~, 0, •••• o) o 
' 

(S,.t '\• ·-~··&J.. ) llae .~ .. tate .. f.l:lr:!1cdea Otll"~ ,lD -· 

.a IIZ!I!l e.. 

,. • tab the l?.B.J.a. ..... vital , • lit 

• -·· ti •a,' .t.~,-.at, "••O; '\•10 



/ 

... so ... 

1 a • 4 8 6 

' 8 10 10 ' e 

' a e 10 u Ill 

' • a 4 u II 

10 8 sa • 8 a . 
4 I' aa ' 8 • 
• u • 1 t • 
lOU 0 ' a • 

s. ' 
a e 

/ 
/ 

8 9 ----

• 10 

8 u 
& JS 

-

D 18 poalble to .-. a ....,...,., ~ I"'tatobbe deldp iD tlllee 

lne18 tv eeiO"'"tll:!a "1 to. 1Dth tJpoa ot bloo" ail! 18pe3Mqr_ 

tllo 111 r:zld an of b1oate o1 1!180 a •· ~ tslleo' tlbelv 



•tJ.lt-

tllu P.D.J.& Bae:l&U wltb lll01'9 t!w:a t1lo eeGOCd.ate 

o'Jas1181J• 

• • 

.._ Cl P..a.a.e. tleld,gD fd.\b ~· '"• tt , .. 1 • .,. 
A,• ~ft. .... ,. J.,t ~· ~ .... '\) ,.._ ~l > ).a ), •• >il.t.' 

- .. en w.tfl b10Qb ,~ 111 a. a, .... t ) .. of es.n • -
taoJ""SII6 lD a block ol1 $)1)118lble ~· of twor:a••n\1 'ihlcb .,. 

-~~\b aaoolata. t.lsm!, tile b• hlocb ottlut t.,B.s.a.. 
«oaSaD ~ 11lt.tt. an vn.e /e btootca of elSe a , oaGh l'6piSaf.e4 

(i\1• i\t) \il:llae, tJUl tom a I.LB. dodp wl\h ~ 

"• b* • [ tw,/a) Ps.-~£) 1 ~·f~atCAs. .. ?!th 
t -.a' :A • .--/ 

Jlu (JSd) obte'""' -=oat orin' 10te.tablo 4Df1~ t>.1 

...,..tat!q ae...,. ~ IRe1a u thao uo ueoolate ot=naa 

ezol...Uqr _b &a\ om 14U& tdl.lOh the ~ "'& u uGOOSat.O, 

tile h1oob-f.D * ttb- belQs u~ •• •.e ct• .. .... ;,,,. 
r .,.•.,a fd.U 1M. «*atanJt lt 

~ .. , • -*-(a, a, •••• a) .. to bo tabD etd 

\lma tllo det1ga' em bo obtnt..S 1D [a ( t. J.) • J.] loYe1e -... 

~ • 1, a, ••• , t.-



I 

-· 18 ... 
-

Q1 Ulilc:w 1. .. CI:ID wctua U. '".,.I' ot 1ave1e ot lll&lb 

doa1&U tna {a C{ • 1) • .1 J to a. 
r.et !IS eell"'daw \bD IIIU tmtaowa 1eft1 a r. all wtmcd ate 

olnaaa lm1u.stns the fJnt. OZI6. tJiml YD.l /1 bJocb ue to lie 

npoatet p.t Ulle8 ...., . 

J'ol' v> 8 • tbe ~ (Ga.• ~· .... , ~) blt.o to lie tabD 8lld • 

can eet a 118C011d cm'ID rotatable &l.dp iD 8 lneh b.r 1/MIIm»ns oe 

.S.8CI"lbll4 iD - .. 

!Fmb't W \!Ia foB.LB.. _)tedp 110 Y II b• Cl 8, 111.!111 .0. &"~ D .. 
' _...--> 

t.1 • a, ".a • a, "• • s. ;>. 4 • o1 11.. a, Da o a. "a. a 
-~01., 

IJuaa vo,/1 • 8 'blonu an to be ...,..te4 Pa' ttmu. 

Y11f!a .. a ~Pa tSIIea Gild YD.f/2 • • bloaa, 114 u.e. ._. 

Pa • .._•J-,. • • a(k' -a) • ( "1 • "a> • 4. 

Pa 0 .,·,~·· ~~·- 8). o., - "~ • 8 

Hare, fblo tblt Ol'lb'ned cJnlsD k D f. ~ D It .. edit 

• > 8 ).. 1 coneeq>on~ b7 taHas \be 0116 ("J,• &.!.• ... , as. ) 
8111! npoaU.DjJ tbo Cl.bo-.e dadin·~ ~ .... 

PJ. a a.lvt I Cr- • i~.). a• • a.a6/4.a4 • a, 
w pta~~-~ I'Otata!lle 4edp ill tbleG IIWa1a. 



·• aa,.. 

.._. then~ b a a.Lo. dee'&» td.t.h paallltlb.rlt (v, Sr. ...-. . ~ 

ti #.A )1 • am alwap se',• IID"1n of &.1.0. ~ tbr 

(v • a ) ~e, 0 ~ a ::: v .. a, lll1tll ~ block .Uee 

lft.J'. 1 a &. 2. •••• .t=h t.J:Id the ~8 P GJ14 ' J'f!ll!dD 

W!!!),nncJi4 tlb11e tb PII'!'W1P b• llq cbaDao tbJI' 8 :? Jt. 

fb' ~ u •·•'• 4 to each o£ t11oae t-1"'*',. 
CGD • a~ ( or a 8Ultable flra<ltfon /-'1 ) eii80Cdato 

«*btanttor» Oo1a the b\oV.kn o£ ~ l.al'&ilbt> lilA ~ ...., 

'l ~ 'to ~ fl. U Ira tO, l • I, SA ... , be tbo ot11eJo b1ook 

.,..., thGil v lbJIIGA\1zal ~ b1oob of ll18u 1rt, , pt. tbles trhuG 
•t .. "t / _.. 

P& a 8 1 C• a, 31 •••• d 8 • la 4 Altable 
~ -

t.reGUoD ot a , a • a. a. .... , u requbo4 11om t~~~e pue~Gl 
. ' 

pt'U'iplop of co~tou, • da11 bo ~ u J11a1'4V deld.t!Jl 

pointe ~ tbb dealp u aN obtAtuable fiQir lbo a.t.a. d.eaip 

taJo v treatada pl'O'f1da4 a < k ard f\ • t. It 1br 

fll:lllll a < tr. t..?.tat met,e a 'll, < k 1 tileD tba doatp p)J3te 

~ ~ t;flh a c!edp wJ1l be losa \ball Uote oMotnod lb1P 

Y tniO\Itnuste. h1r a ~ k , the manbP of deiSSD polato ca allQP 

.. ate lua b7 -~u. tbe \no .... all ~ ln 6 'b~ 

Ina a t!nQ 1M" ltQd eec:md cwiU ~Ne 4eaSsn b • 

~ obtrdmd tbloop tiiD D.t.e. de&d&D ulth •• 8 ?I • 0 

eaJ'letJ of tblee 1fteU.e4 IIOCOI:Id ol'4o7 IOta~ 4a111Gu C11D be 

Ob\ld,., to7t (v • a ) fA~• elm , 0 ~ a !'E • • a , wltll u. 

SIIIIIO OJP -.nap •• ot de~tp po!rl\~o fhuo deldpl to• 



.. 
•tlt ... 

(v • a ) factol'a Gl'e nmt:il _. 14th tbo ldrdlalDI CJiillba1r o£ dDGiglt 

p)SzlttJ, boa Gl) tor, p1'0't'1W to7 a. _.. ... • • u liD tala tbt 

fbr (v-.) -tactme, \hue be ran~ e1li1 B.f.a. lfaitp 

v1~ cq12111 bloQ oihat • vWa .. o a:>. • !hat~, u eucb a da• 
14th • o 8 A O&late fbi' (v • ., ) ~ tbeo • • Wee w.lue 

7 

apto (a' - 1). 

-- the s.t.B.t a.a1p (i.G, e, e, 14 a ) vlllota 41,.. • 
ttuee'l....uetl.,"!!4P'lD 112 'fiJDislte, vo ~so\ t2ane 1oveUd 

acon!l ~ doll&u fbi' J.S. lOa 1.8, II·Gid U ~ deo . . 
.S.\b SJJI poJ.nte by Gllitt!Ds ~apeftl'ftl1.7 1., a,- 8, 6 aQI S 

vwtsoe=• !be maben of po!D.ta lA \hoe$ 4etl8ua ue 11""'.._, ,, .. 
kntmt Gl) tor, ~ - 4aatr.n ~ ~ fl'*" to» vb1cb the 

liii'A"'D' of po1Dto w1U be ~.UJ ie ~ by ua5.aa t.be -a • ~ ot the a.s.a. .SOatp CU, t, a, u., a ) 
&Joftswltb tile M (a. o, ... '· 0) npGl!llt~ e ttmss. 

ftlo'Q8b "' ~law a S.LD.. ~ v.lt!l equal-bloCk cdaae 

ro. .. • so- 8.11111 .. o a >. , •s deet.p can a1t» be ol>tntne4 tv 
Old.ttirlg l'lrall the ~ B.l.L cto.sp (U, 0. 0. 1B, a) , -

o· keatante oCCUJ'IDa ln a ~ ~ .en. t.!ao 4eo1P 

( ~ ~ 0. J.G, 8) we CI!Jil•'~ to omit t.lle twut••nte Ull 

tbe DTI!!Ibor·of Uea.tlilel$~ Je, e erd "' wd.Dt theoo dnlp - oau 
' " •• j 

elm eo' thnO 1~ 88QQai .. OJ'4u --~ 4ealst&tJ vltb 240 

polnta - 10, 9 m:d 8 ~ , t I ~ ' 

tat <l8lltlOt \1118 the cteatsn (U, 0. 0. 1.0, t) fU o'btA'!!\ale 
f • AOtol' zotatable 4ee'Sao oa u avo a &.LB. <deatap With eqel 

block ol8ee a v:lth .. o ~~ ' taotor.a-lll•• * dedan 



/ 

... ~.~ .... 

(t, a, a, 7, I. ). -ales \hl_!l· dedp-w c:m en tbno le9o11eiS 

11811'0"4 OI'I!R I'Otatab1o de&'ll.pstcw 6 azd I thotora sd.th 16 IIOiJ:lt .. 

fo3P' • aDd a taotore wUb 24 ~ a tcw a f4ctoa tilth m 
potato. 

lloll" flw levalJs4 cocona ~ I'OtGtable ctoetsn lbJI 

v ~" obW.ml4 ~ the a.x.a. 4aeS.sD GS.\h w r/t &A , 

V8 CIID aR 111ld.1AJ'l;r, a tiU'1ee of fi'fO Jbwl1ad liOCOz:d ol'du 

4leatgne "fa ( v - • ) factoftl w1\h \be =- eeta ol """""""' 

''one, 

tiD cao all» &d a eGJloo of tbftu 1owUo4 a:oCDD4 urdu 

IOtatabla d!t"'pu ~ (v - a ) ~ baa 11 tzmse 1mslJ.eO 

oocorltl ol'dezo ~Jo c!oaf.co. fol' v ~ obW_, tt•rv•'4b 

B.LB. 4ocd.p nth 1r j_ ~-~ , ~ tllD IJaDO 110\e of 

=ab\natioJia vlll.1 (e, 0, ... , G) 0"1 (a, e, •• •t o) (vide 

GilDS 8 azd 8 of eeotloQ a) • il»" lr < 8 ~ t t!llt rmm}lelio Of 

1ropeUUGDe of tllo eat (e, O, ... ,0 ) ~taao Uo eamo fol' eacb 

ot tllo (v • • ) taotoPa , 0 ~ • ~ • • 8 oxcop\ fOJo tile 

felr caeu whGD Ira, < t. Jblo 1r > 8 :>. 1 tho '1RIIbel', ot 

~\loaao of tbo ~ seta NIIWl \be 081!0 u Irs.. " 
cud U tbo fadp poS~G ob\etm ~ t!lo aut (a. 0, n•t o) 

J'i'mSQ t.ll9 eamo. U ~ < II , c!odgzm c:ao AU1 bo fD1mfl ,_, 

tho f¢!ll'llt\1 p:rinc!ploo diiCQIIGCd iD caaoa a rm4 a ol fSI'CUon a. 



~' opp::tUO tbat - ld!!dll!1!!!3 ~ of 1ovo1o o1' oach of 

t21o tacton vWl w!l1ch a thU4 or&IJ' I'Otatablo 4ell1p coQl.d bl 

obtc1Dcl2 &a flvo, t'l'!ougb tb.o abcolute a1nfl!!l1'J\! CBQ bo ftnrr o~&:o. 

~ Ollll' t'Gif dedp with I lavelG Of oacb o1' tJ.Ie tactolo 8fCI 

41"1dlMlo In ·lltofttu:to. 'l!lo i!oaSgDa SlVGD 1:v Dae dllbnf:llm!ml;) 

(1Qal) b ' GZI4 sa taotma arct 1n tl\10 le1181a. tho otw ~ 

Sl'IIJQ IV tbG::I. ~ ~ liU:!Illlw of levolo 1 CXIl!IO l'Oq'Qia ao 

aazw ao u ·~ ~. apa1'6 IL'oa the practical eo:ud«ei'I:P 

UomJ, aa Uso Dtlillbu of 10vo1e ~ &t IJalonPI8 cU.ttkuU to 

d.vo the· eJgobdo eq-.timm. w:. ~ -~ to obtdh ~ 

oftlcJ' de~ 1D • lotaltlo 

Ia b cuoa of aeaotd ~ IIOtatablo &ioit1PIIIt the oat.Gt1Qll 

deaSSftl' c:oll14 flo ~ to tbnl\,lovoUd 4ea!.pa llo' roped!Ds 

cartG1D Met of qombJ •t!mm. In .tho caee of tb11'l! uleJ' !Otatablo 

4&alsao. W.o teobntqao11 to ~ doee 110\ eee:~~ to Ire GJpllcablo, 

tllfovs!l \liD npoUUoD oi ~ tmuJ of Me 10 UOIIDII'!:IV IIOlliO 

olco.tbo cothot ol' obta1rllZ113 8116 4!fsl8Ditla. ill &Cil8Z'Ill. to tate ,rt. 

1uad two -~ Cboecm de elrotl' \be fliUowiQs cot& oZ CI'JI:Ibto. 

aa\lora 

(l) (a, 8t .... olJ (U) (b, b, •••• WJ 
(W.) (o; 0, ••• , 0), (Sv) ( bt 0. •••• O)! 

(v) (bt PJ; o, ••• , o), (vS) ,.., .. o, ••• , 0) 

tm4 ('111) tho a• ~1111 obtdll3bltt 11'03 &1.& dcelgftJI'OWIIP 

c1oublF ba.lcmaec1 Q10 COl:lplmo:otlll'l haSS"'DD 



/ 

... 1.'1 ·-

GJl4 ~ .. p, q, I' -.. ...... flbt.t tb!ov&b \bo I'Ol•ttmla 

~ Cbo t!l1ld =- do"IP'' vo ~ 1lo t,t.dtlq ~ion. lD tGIIII8 

~ p, q, I' ate., Gild tJio pol'lltlve Sateaw4 m171Uou ol p, q, I' 

etc., .ul e;bo U t.bu mnbcn' of WOJGUt.10118t ODC881Jal7 tO» \b.o 

Z'Oil,POVtlva 80\a. 

ll!laa /. • 8/<- So a 6oubJ.7 U.LD. doalso wltb. ~ 

(v, 1ft r, b•,,)., !'- ), tJd.td tPder ~ 1d.lb ft.vo 1ove1s om, 

lD ~ lto oMet....t tu WdQI Ute ccta (a, o, • ...., D) aod 

(b, 0. ·-• o), n,oatea ca GJIIl • t.smae ~. ~- • 

111\tr t11o a .. ClQ'IM!fttloJ:Ia of the ~ a.t.U. doaf.sD ttiOb Gft to 

bo~pt.t"""e 

l'oJo It ~ a f' , m armera1 ~ t111 \118 cJ!olco o1 GlZCh 

GGtG ~ pgaalblo. 

ltben a ~ a.z.a. dodpclo d a:mntlblo, w tab a 
~ 

a.La. aeatso ~ &te c:oapl~ ~ o tbat tbe 

cm!dnr4 doaSp bGcamoo a ~ O..t.a. doai.&Do 

l\lc!mplgt, A. .,.~$tal Wid ~ ~lo ... '- • 

t'Dctoro c:m-bo ~ tdth tt~o toUovJns po1&:it~Ot 

(i) 1\ a G p poliM of a • ( t. a, S. CS. 1., 0) a a8, 

(U) 6c& poUto of (a, o, a. 0) a a, 

(Ul) a. polat.e of ( b, o, o, O) a e 

(lv) ltb polate ot (a. c, c, a) a a 4• 



~ 

16 m
0 

• a m4 • u pa4. a qrt.. a I [ JJJra• • 4 f/46] 

10 ca0 
• a·n° • UpaG • a qp.o a I [ 10 m

0 
• • f!D.o ] 

J.8 me • 4 PGG cr a (liS CB
0j. 

tb:l \!d.ld GqliA\ioD glvott 4 p D 16. 8 II llb1ch h 

=Uoftc4 wm:m a D 1 alld p a B. Plltt$J:IS tllooo val11ml lD tbo 

.fJ.nt - ~ aDS letUn:J b
2/G8 

a ., • so\ 

lbeeo oqnat.•on11 Gl'O ll!lt.Softo' U q a 0 am'1 I'D 1. 

sl:dq ,p D 10 aa4 ---~- M 'IJl11ch tmpuoo tbat 8 = 0. 

fhuDt 118 so' G tiVO love11e4 t.ld.fd OJ'deJ' IOtatablo doldgD 1n 210 

polnt.a. 

ftoQ the Avo lcm3lled llODI"IJGql40h+dG1 tJd.rd ~ ~li.tsblo 

~ obtai ned u do0Cil'lbo4 oulla1', wo couJ4 obtatn £JOq,llf3~1.nl 

dolllgag tu cU....W.US Ulo' 118\o Into tw bloc:ko rmch \bat oaob llloGJa 

to Q j(i*ii!I!S o1'deJo JOt.o.table dodgn. l'ib ao=rol t.eobn'qao ft# 8UCh 

cubod1V1a1on ot aeto tDEID podblo. 

ID COI'taiD de~S1f5Do, VO CIID c!lddo t!lo 4eolp polnto ot 

tbo c:ota into tiD blocfm iD iiUV<aGl ~ For aanp1~ let WJ 

c:ons1c1u tbo DOD-~ \blJ'd OTdor 10tatablo t2tJG1&G m a 

• 



(&) II p polnto of a - ( ~. a, a, a, t.. 0) a a' 

(U) o ca p)iuto o1 (a. o, o) a a 

(Ul) o i' polata of (b., o, O) a a 

Old (tv) Jt m poia\o ot (A, a, oJ a a' • 

1lbe1'o p D 81 q a 16, 1' Cl J. Qld D o ~ t\:lW .,.,,.,... Of ~ 

poUte & t!ma 214. 

liO CDD go\ a ~lal WZ11 ~ doiSlflD by t...Hn,g tbo 

t., blO'lko ae 

1\. • u t.:ot=o ot (e. a. o) • a8 

0 poimo ot (b, 9, 0) a 8 

De• 96 po'""' of a -: (8, a, a, 8, J., 0) • aa 
90 pointe of (Da o, 0) a e. 

AD al.t.arm\1'10 to Abovo lG to tAb tbo tao Moolm 1W 

~· 18 JlO' nto ot (o., a, a) a r1 
Opoh\oot (b, 0, 0) a I 

48 p)tn\o of a- (t, a, a, a, 1. O) aa
8 

4S pos.a;ta of (a, o, 0) • 8 

Ba• 48 point& ot e.- (B, e, a, S, &, O)'a~ 
48 polcto of (a, o, O) a a. 



/ 

~· u potn\o ot ca.~ G) ar1· 
o poSrRe ot ~~ o. 0) • a 

ta .,lAta ot G • c a,a. a. a, a. o) al-
98 pos~. ot (e, o. o) • a 

sa• 26 po\nto ot a. c a. a. a. it, a. 0) • aa 
2t polDta .of (a, o, 0) a a. 

~· u "Pd* ot c-. "' ., • a8 

o p:)iulo o1 (~ o, o) a a 
84 p:)\ate of a • '( a, a. S. a, 1, 0) a J1. 
84 p:)iult ol ~ O, 0) a B 

---./ 

ea• u poiate of a ... ( a. a. a. a. l, 0) • .j 
12 polma of (a, o, 0) a L 

~tatehlo dOaS&U· la a.ve 1eve1o ~ U toctore !avo bileD 

pwe"'*' 1D Ua cppetDillceo I aid lJ napooU'VGJJ'• 



-· 21 ... 

hom Q ~- a.t.B. dDai6D wlth the pol'DmOtvo 

(l', k, r, 't!, /. , t- ), ve can al~s eof) a IIOJ'ioe of doublY 

a.x.a. dDII1pe v1th (v • x), o ~a {: v .. s,~ bl' 

Ol:llttlqJ aJU :Ill • \1'04tmenta. lD tbe re.aultiDg dotdgn tho 

~e of b
0

, r, i\ aD4 r l'fll:ltl1n the asmo. Jlbl' a >;- It, tho 

volll8 of 't,-~ olao dDcreuo. 

13.1 o.s:roo1Gt1Qe aD UDlmo1m a to ea.Cih ot thesa bloc:ko 

we Q8Jl set Jl' (o:r a suittlble 1'root1on szk') assoalato 

comb1Dat1ona from tho blocke of tho large!$ Glso ft. U 
•a lit , 1"• a, a, ••• , be tho otbt~Jt blooll o1Bce then,. 

k•- J'cl& 
I'GpCiatiDg the blooko ot a18ea ~' a - · Umeo (tt•1 ~ frt.), 
ve $ball beaef;UIIs 88 IIIIUO' daaip po!ftts to be illolw!ed 1D a 

Wl'd oar ~table daqign fin' (v .... x) facton aa Al'e ob~ 

able through the ~ fi.J,.B. detdgn v1tb , treatmento pJ'09iltBd 

a< k. It, bowovv, the lal'gest bloak lliso. 1e ~. ( < k) 
J'cl .. lr'l 

then tboeo b1ocka 111'0 to be npeated a t4moa- whOftl 

kJ. 3 ~ • Jib~' a >; k thll rmmbel' ot dealgn PQ1-I)W call ~ 

be tla4e mallei' b.1 otd.tt.lrls treataenta all OCCI1I'J'1Ds 1n G bloCk. 

Fl'a::l a tive lovellad t.b1rd ol'dDr l'Otateblo deslp 

tol' Y fUctoro obtA'"""' t.lrroQSb ~~ B.I.B. dcaSp .S.th 

II a 8 f. , 110 caD get, through the same seta, • Blll'loa of 

ts.ve lovolled thUd ordu l!eaigaa to• (v • II',) .fllatoro, · 

o ~ a < ,.. .. s, 14th tbe - nnrabere of repetittou of --
tbe ditteJooJlt eet.e 88 I"BClQll'cd tor \bB dellip lD v factoi'O 

a.at tba value ot '. "tJl /a8 w11l l'tmWl the aago., Aa cmah tbo 



-· 22 ... 

mzmbor ol deaisD point.a 1D tho deeigl:l wit.b (v • • ) tactoro, 

0 ~ • ~ " - a. v1U bo le~ ~ tbllt ot tbe &JD!gD w1tb , 

-.- . 

. l'r'om • a.~ ~d tMr4 01'4ol' mtGtsble doelp tor 

v taatoro, Qbta1ll.ed t!n'o1lgb douhJ,y o.t.e. &~G.tttn with ?. + ·a;-, 
A DO.ri.o8 or fiw levo11e4 t.b1rd ol"'for l'OV.~ 4edp o:m 

Ubwico b) obtatned .fQ (v - x ) tactol-o, 0 ,.!S; a ~ v • a, 

oleo. 

4A ~116 appltO"\SOD ot thle £18~ ot obto.i.Jp 

Ails Wzd OJ'I1Bl' =tGtD.bla. &Jidgno ·tn. fJ:vo ltmi1D :l.a \tJat t# 

8 ttactot-a U .vo caa tbo eote (b, 01 ... , 0) ezrJ thoila a ..c:nabSia 

lm\102111 obtnfnablo fl=, Vlo doub~ B.LB. closip (8, 4t '1, U,S, 1.) 

1dlo:c'O /. o 8('4 , tiD ae\ ODl.7 a ~ ~ d . .Cot 
a deoi&De !!a\ u \10 emS.\ 0%19 veda\nat bQo tho ~ a.t.a. 
c!oe18D Gild gQZIIll'dO~~ thlrd 01'4DS' &'OW.ablo c!oalgD 14th tho 

Glll!IO two ~ or cota acr ~ abo1o1 110 cbaU so' a 

tlw 1Blre11c4 t.hUI! ~ I'Ota.tablo 4oel.p SA 'I ~ wltb· - ' 
~- aaa poiota. LS1mwtco, 117 Olii1WD& &o tum. a, a, • = s 
ttciltl::\Jr4o boD .tbo c:amo ~ B.LB. dealp with 8 faatmo,-- it 

11111 b:t. poop\b'lo to p f:l..vo.lcve11c4 t1dziS Ol"dcl7· tatatnJ>la· 

4oalpa 1n 0, s. 4 Oll4 8 faotOro vlth no, ~ 2811 alliS 214 

posnt.s ruapoctotvoq. 

Btn)JnJ>q, w QaD 1m3 tho ~teteb'lo ~· fbr 

&8 fnctoJ'1) obtnJmb'l.o tbrou3b tbo t>C'®b't»tiozla ot tiD·~ 

o.Le. 4et4eD (I.G,.s, u, so, .,, a) ru ~ tldld cm11a> 

tll1zd. PJ1!w c!oalp t= all rmwo of ~ mi)SIQS bob 

u~e. 



' 
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ln genthle b3' OlllitUJla & \reat.m.,n\a fnll 

( 1&, a, u, ao, v, a );:.d tnlr1'18 the me (b, b, o, ... ,o) 
am\ (b, o, •••, 0) we cara get ~ .c!estp t= (lG - II) 

factoloe. o ,.;; a ~ sa 1lheD the fir~ Gild eecolld eatu o:te 

oa.cb tnklm once IUl4 tlD thUd 8$ ie tatoD q tlmoa wheN 

q ~;:~~ b. 'lhu, for U, W. 1!, S.S, U, S.O, I alld 8 faaton, 

tbP 'IQl.uos or q tdll be a, 4, o, o, 10, aa, 14 an4 lO 

nupecU~ au'& tbo fl1llllbOV of 4e81p P91Jlte rcapecti.,. 

dl1 be : 1120, 4SU, 41300, 4296, 4280, 4aGO, 4286 IUl4 4Q80. 

fheoo rmrnbAnl GJe C01\a1cteftbl¥ """"'Jer than tl:loaa obtnSnnbla 



-v!Q'GliiiOt.bodl) uo ~lnble t• ~ thVd 

ol'dQ rot.akMe <leotpo. IQ llliUV' c:aeo11 thea dccip ~ too 

aal:\1 (luS.sD potnta. ~. uae (l968) obt.atnnd oecotJS or<lol' 

~ 4eotsoo t!IN1t4b U.LB. 4oldgrla tlltb Mooko of tiii.Oq1Jal 

Olmoe wb1ob cmsgellto4 tbat Wid OJ'dGi' l'Otlltablo dealpo vlth 

~11' fM1lor Mlrlv ot polll\o llliq' t» ~ \a• 
thlo ~ liGDC& GO attc:lp\ vu III04e to ~ \b.b4 

01'l1eV avta.tahle l'lootsnn. botb ... ~ ud DOqliOZltf.a1. 

VlloaglA a.J.B. dod.s.atl witlllllocb ot Gl'lliJqUa1 st..,. • QI'G 

PH'eet>Uns bolov. deJd.&'lO 1IPtO 10 faOtofOa 

{l) A dt!$P' tor ,t f!!W'P By oalt\Jils OM 
/ 

~ ft'OII ~ e..1.u. 4o..Sp c a, a, o, a.o, a. 1) 

ve ss& tv» rrepal'4to 4oub~ a.r.s. derd.p aa C4. a, a, 4t a, &) 

8114 (f., a, 81 0. I, 0).· &e\ u ~ tho ~ a with the 

~ a.s.a. 4oetp ( 4, a, a, 4, e, l) tm4 (4t a, a, a, s., o) 
0124 ~ \tao eectm4 ~ a.Ls. 4oci2.&D a \tmee. We aoto 

r- Gl " foJo * CIO"'biMil aea~p. ~t.~tm;, • to"'ca ~aJtJ~er, • 
l8t8 ' b. o, 0, 0) aa4 ( 0, 0, 0. 0), - - llfta Vlo l'Olatlona 

ot e t.bbl2 .,. .. 4oolgq, Vlo 'tbNo eqaatlona aa 

4B a4 • a (t>4 • o'-1 11 a ( 24 a'-1, 
49 a$ • a (b0 + o'? 11 G ( at a6) 

ard 24 a6 
11 8 ( 8 o.l?. 
~ tJ8/a8 

11 a aDS o~a • ~ • 8e' floca 

tbo tbt\ t.m._ oquatSOno 
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I • ,, a ae, 
sl'lba •• a.a49 - \'0 1.206, • tbuG go\ a «eG'p t.o' 
fbcton ~\b. 9G polnto. 

A ~ tbhd ~ cleel&D cso ll1110 be obtatml4 

td.tb tl8 eamo ~ ot design polrlta U we take tho tw h1ocU 

sa.. a .. c-. 1!, B, 0. J., 0) • I 
~ OllCIO 1IIOZ'O 

&a• a - (4, a, s, 4r ;. 1) a a8 

Cb. ~ o, o) • a 
( o, o, 0, 0) a L 

'Jbe GOlut~ ot e aa4 tJ ...SO \!lo Game loJ' tbf.e 

(U) A 4!1!!'8 tp A ~ ~ ~ tbe 

...,lnxwn o 'ld.th t.be do~ S.'-D. cJadpe (s, 4r t. a, a, a) cm1 

(S. e, f, 1Q, t... 0) 6114 l'ep'UIOS t.ha eao:md dollbq B.LS. 4etSeAt 
t ~a lUllS t.etrtq fiii.'llbG t1sa aeta (b, o, o, o, O), (o, 0, 0. 0.0) 

Blll3 (4. 4, o .. 0, 0) • 80' tha oqua\S.one aaa 

129 a4 • lA ~ • a (b• • o., o 8 (lkl a• • 4 ~'), 
128 a'' • u 4
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• a (bo t o~ • a (64 l 1 

• ' if? 
end 44 rl~ • t 4° • a ( u rb. 
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· I • t'l2 • a• ua 
I • t.3 • w. wh1Cih uo ..UllficrJ ~o~- o • t.B09 cma 
'• o.m. r.t., ~· cA c. \klrd ~l'l1el>" ntakblo d~ with 

aoo goSilkl 1n 1). te.oton. 

A ~ «e.Ssn d~ m J:~Q.lnte eaa &1&'.) b& 

o~ U' vo "t.tiQ tbG t\il) ~a o.tn 

BJ.t a • (S, a, 4t 101 1, 0) a rf­

(b, '- b. bt b) • rJ1 

Ba• t1 • cs. "' ~ s. •• 2) • a' 
a.. (5, a, 4t 10, :&. O) a rP l'epEiatad 8 t1m0e 

(c. c,. o, 0, 0) 3 ~ 

ca, o. o. e. o) as 
,., o, 0. 0.. 0) ... 

~ _. dJ3ataO tbe •lutto~ 1dll be* 

o a a1Jrii o t.OGO 1 t o Ja/tP . o S.082J 

u 111 Jl/tP v liMJta atl4 , • Jlftl! • v.aes., 

cus> A "'*' ar ! amn• tt 110 Old" 0110 

thll-= oa.ob from tho B.J.S. ao.,.,o (?, a, a, '1, J.) ml 

,,, .. tt '• a) 110 "'ta ~ aalgl:t. ill ~o b1ocrlll1llea 

m., ~. a anS '" !llml. liT ~ tiP bloab of e1tae a, " 
~ a b]A)cJra ·or alae s, a tmae aQS CIJIID01at111a ., Cllt18 aDr> 

know a 1dth ell the b:locka wo COG set a tb1r4 ~ matable 

&>a18rl&a a ~· b7 w.saa ~ th!a eot Cb. o, ••• , O). N.a 

de~ 1D ftva levele, hllppeDS to bo • GUIO ae sl'C!Qll &D cectiora S. 

(b) A c!e"m,~' ta.qt.cpmt 87 oaeoc1atlrls ~ 
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'IDilrDDw a with* a.t.a. do~ (7, a, s, '• 1) an4 

('11 t., 4, '11 B) ve got a tbbd..Gl'd.er rotate.ble dadp U we 

npcat tho a.ra a.r.B. da&S.gp, a Umeo a toto t11o a 
(b, 0. ... ,.. 0). fhio dealp lo alisO p:roaen\ed in GCGttaD S. 

·' 

(v) A d!!pl£1! for 9 f!otorm U' '118 omit om ~ 

li1l'l!da tiQa tbo B.loB. cSaot.p (9,. a, .. ~ 1), w sot the ftGllltlq 

doo.l{!ps 1D two bloQk s1IIG8 ,.,., 8 cm4 a. ~ u .. take ~ 

ClDIJ!plCOOZitary doldGO w t1Z1a11 be eotUIIS two QD1"' blocll a1I!OIS vtrr., 

5 Gild e. 'fht:ul, ll7 ~ t.llo 1m10 ~ a tdtb all tboso 

b'oob a npo!ltlr!s t11o blockD of fl1ao a. 1G tJ.Dce, blackn of 

eiao s, a tsaoa lUid b]on):• ot 14110 s, a tia:ee 111!1 p a tJa1r4 ~­

IOt..teblo dold.p U vo \alre ~ tho sote (~ 01 ... , 0)1 

(o, o, 0, ... , O), (4. 4, o, •••• o) IUd (e, 01 •••• 0). 1'11& ~ 

oqud'ou will boa 

4 a 192 o.4 • l(bt • e'l • IS(ot • d~ • 8 [ 2 8 U3 04 •· (l(G4 • at)] f 
6 a 192_ ao • lil(b0 • eO, • 28(~0 • 48) • o [a • ua o4 • 4(o

6 
• a\J 

CJXl a a192 aG • 4 (o6 • o,& ) • 8 (192 a'l. 

PntUDs o a b2/a8 , t • o2/tP • 1a a ~/a a amS 

,. • e2/tla • .. - him tho Qbovo eqwatfo=t 

,.a • oa • 192 - 8 ,,a • .1), 
.} • D& D 8 &192--4 '.tJ8 •. o'> Gld 

,s • D.a a -ea. 
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obtai ned u a tak8 1n 1\• tho bloau of Gbea a tm4 a npoate4 18 

aDd 8 Umrle I'Oep&ctivo~,. aloZ!pS.th tbl) M (4, cS, .. •• tO emt I.D 

Sa , the blocb ot llllln & e.u:1 0.· t12a b1Qca ot a1.1110 1 ~a 

ttooa. aloW.tll the eo\o (b, ot· ... , o), (o, o, o, ... , o), 

(o,e, .o, ••••. o), (1, 1, o, ••• , 0) alll1 (w, o, ... , O). Tho ~ 

~ of the detd.&D vU1 b8 eat181'le4 tbn 

' e.ooo , , .. -J/;a • v.m 1 ,_. J.JI/- D cs..a, 
4.'135 • a= 12/il • 4.01» 01.14 rs;a tl/~ • JJJ.aar. 

•(vll A. dellfe Qr 9 (!ctom Av asaoc1at1113 the .,. 

taom a wJ.tb t1xt s.r ... a. doa~SDB ('9, s, 10, ~ s) W2l! (9, .. a, ss, s) 
ml4 NpC~atliiS tbo cecotd dee£aD 2 Umoa, 110 sot a ttdrd OJ\tn' ~ 

• ..,/f ' ' • 

derdgo b7 toklns ~/tho •o (~ o, · ••·• o), (4, o, ••• , ~) GZl!i · . . 
' to. c, o, •• ., o). ~ }"-• a to:r • OOI:Ib1ne4 ~ N• 

dealp vi.th 1332 delil1aD poiato was Siv~ b.1 llao e.ra4 ~ (1$62). 
,1, • • ' :. .: 1_. ,' ; ." • •' 

·('Vii)- A 4tt!!{R! ·ttm UUaatsm U 110 omit. or!§ t.1'111a~ 

aent tzocD t.tre 4o\1bl¥ a.t.B. 4oB1an (U. 11, JJJ, aa, e. a) • pt. ~ 

- B.t.a. ·doalgu 118 (SO. s, '· 19, .4) c.mt (II), ' &, u, a). tat 
' ' . 

u BUI)CJ,ato t.bo unknoa a tilth tho B,LD. 4old.pa (101 s, 9, 181 4) 

1!1114 (10, ., o, u, a) aat "post tho ~ a.t.s. dealp a tDa.. 

ib go'\ r Ill a tor tho npbtaecJ do~ 'fllc~~t b)' teldng ~J' •. 

IIOtCI (b, o, .... 0) aaS (c, o, .... 0) va sot a th11'4 OS'I1ol' def!S,p 

... SG9o pOt&a. fiD t.breo oqlllitione wUl. * 
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1D a 82 e.4 • e (b6 • <~'> a S (6 a 82 a'l, 

s.s a 82 e.0 • a (b6 • o6) a lt (6 a 112 a&) ~ 
end G a sa e.G • a ( a a 82 aO,. 

87 ~lus 8 a tPta1 ad t Q .P/o.2, 'lie get tbo 

t11'et tw 4g1311Uolla· e.at 

,P • .j- =48 

C1d ~ • t.8 ~:~~ 240, .htcb. GN aatletled ra. e • t.tM El1l4 

' CJ 4.280. 

A aeqnenti oJ 4eal&a can oleo be o'btdfted vltb tho 

~ Dlll:lbel" o.f deaip points by t.llkiDg tho tw blocko t.iea 

1\• a- (10, 4, o, u, I) a a4 

l'epOil.ted QDC8 tiiOl'O 

Bat a - ~~ s, 9, 1.9, 4) a as 
Cb; o, •••• 0) a II 

Cot o, ... , o) a a. 

We' can get. a Gl!lriea ot 'I 1strel1e4 ~ OS'4er &'Qtat.. 

b1o detd.gmt by Olld.ttius a trea\lru:mt.e. 0 ~ a ~ v - 8 , fr:lm a 

doub~ B.LD. deaf.p with tho ~D (v, It, r, b
0

, 'A, f'- ) 
IUd vi til ).. o 8 f< p1'0VJ.do4 a tbS.:Il ~ rotcltnb'" 4oal.sll CliA bo 

obtni""" ~tho n-mm!d•t.lontl ot tho doublr B.I.B. doldp 
. ll· 

(v, k, r, b ,II 1 /'- ), A= 8 f aD4 the eoto (b, 0, •••• 0) m:d 

(o, 0, •••• Oh 'lbD mluU.one ot a a tP/Jf a t. ca t/lr/4 tdl1 

~ tbo liii.EI.G ~ all tho (v •a ) trostmeota, 0 ~ a ~ " - a. 
fto mpoUtioDIJ ot blocb of 41ttwcn11 ·ot.tsu, obtained b7 om1t.Uns 
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X tl!catlilonte tna ~ ~ S.LJ. dollf.,p, t!1U bG all4B liD 

as.GCillniOCl 1n ~ cecUo;l a. 
For oxnmplo, \hQJ'O ~xbtq a f ~4 -tbird Ol'CSn' 

~te.blo 4.eaign for U ~e obttlinablo tln'o~ tbo c.oaomMMts.cm.a 

of t1zo doubJ¥' Bol•.U. do~J18Q {.U,· D, U, 83, 6, 2), /.,a Jfl ml 

tbo seta (b, o, ... , 0) all4 (c, o, ... , 0) dth 1100 dealp potnto. 

~ b7 omttlJls ln tum1, e, s, 4 IUI4 5 t~cAtaonta rro:a t1:1a ~ 

B.I.a. da.oSsD (~ s, 15, 83, &, e).. wo can so' tbb-4 o~ rotatc.­

blo 4oD!sna 1'o1' 10, ~. e, 'I Blld 6 ~aton rupecU.veJ,y with 1090, 

10112, 10SS, 1084 IUI4 1048 dealsn poluto. Sit111al"!T, tbo v lmlel1c:4 

\b1s'd otdeJo l'Otatable deGlp toJ' S fo.ctcml, obtoir.lablo ~tho 

n--o:PQMaationa or tbo 4oubl7 e.x.e. douian (&, e, &, i.o, a, 1), 

f,aa Sf' nD4 tho BOte (b, o, .••• ,. o). Olll! (o, o, •••• o), vlt.h 

100 deD!p po!uto. 1t1a7 bO t1S84' to pve tb1I1S ordoP rotatablo doBiB'J2D 

toJ' 4 lllld 8 ·i'aotoro vlth ·96 ·fmll VI ·doe1sn poiQta ftepoctivolT .. 

\ 



&· ~ 1'1# obtai~ aocrm4 oNcll" rotatable· 4eatsno 

ln t!lroo 1Gvo1o lme bean dci!CZ'111sd. through tbla fllll\llad tbe cxf.Gtloo 

1z1s flOCOIId or4ar I'Otatable dea18na can bD .c:wvG:tted to dos1gno Witb 

th1'ee 1rmt1a or each of tile i.'acitore. l I11Z:llbar or oumple111 hue 

becD g1WD to ~to We mtbo4. , 

'lho f.JrftsUpt1on )lu been ~ed to obtain t1d.l4 

ordCit I'OtBtabl!J c!oalgns, both ~ooqtUI21tial and GO•pumttal• td.th 

ri.vo icvoia 0t eaoh of tf= t&otOn.' ho tablea siviJIII thbd 01'dl:lz' 

I'Ototable 4eul&~U~in t1w lGVOle'bavo··lloGn aiVOD aloDpltll"' 4eta11e4 

c;r;mple it# 4 fllottmJ. 

A earlea of ftvo levollod eocoud Ql"'!ar llotatable 

<'loutpn. obtoinablo thl'oiJah \bD bmlDslbn or- trl!atmenta lu a B.l.B. . 
c!a"'gD bso been p:rooorite4. A 1MPrO WlG1'Il1 GG1'1tJZ o.f thno lufe1J.cd 

P"CQnd ~ rotatablo def.lltns baG been ~ ~ tl¥) 01111""' 

Ot.ou of treatrmato.. IWU~it, tile COI'1oe obtahmd· throuib thO 
/ . --

a.~. a. dell1gns vltb I' o a A .llQOI'ID to be of p:n'DlZ:D\1Jlt ~ 

'ih1l:l ooriea holpa ua in sPt.tJ.os tbno 1rmll1ed deoiStl& with cmUo 

mn'fm' of delliSJl pointa.- A 111Z!lbBr of &ll1Ch Wl01\z1 deelsM bavo bceD 

BlVCI!l 1u eoot1oa a .. 
18 hllvo a1eo oi>Wha«< a 13CJ'les oe t1w ~ thbd 

01"4m' l'Otat&ble ~p fV OZIU~ GOm8 boa-=s 1n a ~ 

~!.n. dGalp. fte atillty U: *& tJle '=liM's of c!aataD pointe lQ 

~fiG tb1l'd. Older Z~Jtatsble 4oslgDD 111'0 ~ to lei"O' .Wnt. A 

1100 o~ ·I'Otll~bla G&'Nttiiil:lf:UU to obtalls Wl\1 Ol'dclr ~a 

\ ,-F. 
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4oclp 1111" 'bloc1ca ofl1U~Bql~Al ~aes. A lflJ"lSo of I.IOWa levoUe4 

thl.r4 ordor JOtatable 4ea14na obtd.1111d t~ tho om1os1on ot 

~o loa ~ D.L.L 4ealp baa alcO beOD si~ 'l'bU, 

serien a1110, .belps 1a r01fno.2ll3 tl!o llUI!Ibei' ~ dea:d.p potnt.s ~ a 

la!oeo ostont. 



iL:'Ot 'fiPiaOi O,illr=tro:a-.rt.i -., ; c;,-,;;.litiai' 
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fGcton Osaoo:le.\o ~ to be WilliS tiD' Uons of mn'IIQ'P SQlnt\ollo 
(v) lllllltlplt cntt.oD. =ell of tho d 

C!n!!!MmtloXIGl pointo 

~ -- ... --~.JB) ............... _OrtJ. .. LBl. SN,&) ..J1il}... i!Jl-
8 I:P(B, 8,81 8,1,0) r. fP 8 

(~O,O)a8 Ia 

(tt, 011 0) a I 1 

(a, a, o )a sz' a au 'b~a., • 

I a.(a,a,a,s,J.O) a ttP ' 
Ca. o, o) a a 10 

Ctt. b, b) a a8 l6 o8/b8 o 4 

... ,._~a,._a,1) a a8 a 
(a, o, o, O) • a 8 

(b, o, o, o) a a 1 

(a, a, o, 0) • at 4 asa b1/J! D 4 

Doo(~a.s,G.i,O) a i' 1 

Co. o, o, o) a a 8 

(b, bt b, b) a a6 B 116 o8/tP = 4 

c:.(.,a,s,o,J.,O) a al e 

{b, o. o, o> • a 1 

Co. a. o. e) a a6 1 au b8/tPa 4 
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~:~ ~---- .:~::'!. ~----- _t:_'~.lC::'~l~-(~ -- ' 
a a-(ftB.4,JO,i,O) a a' 1 

(a, o, o, ·o, o) al •• 
(1l» b, ti. b, b} • a' -. 228 ,}Jtll D 4 

·• a-(s,s,G;~,a,1) ~~• a .. ' 

(a, ·o. o, o, 0) ar fl 

,., OJ 0, o, 0) a a 1 aso tJ!/Jla 4 

' 
6 1 o-(0,811.1.1,1,0) a -,1 l ~ 

> I '' 

,., o, ••• , 0) a a • 
(~ b, ... , b) ... I 280 ' ,p /f}C ,., 4 

' I ' ' 

0 o-(e,&,10Ao,1l a r1 ... 
(b, 0; •••• 0) • a -
(a, 0. .····_a) x at 1 2f49 .,.,,. .D 6 

9 ".,<; ... ,., ... } 
<:oii!Pl-- e. U.D. r-=a. a-Cv,a:a.v:3' x :t 
npeate4 OIIC8 EDl'(t 

(b, o, , .. , 0) aa aaa b1/,P. a 4 

--

' a-(f,a,&,:U,J.,O) a~ l 
' ' 

<a. o,_ ••• , o) xa a 
(b, b,. ••• , b) at ca9

) a 2EO .t-/b•-=-4 
' ... ' 

8 ,..<.~~''·""'·'> x a
4 1 

(b, o, ••• , 0) • a 1 

(b, "- o, •••• 0) • I- I. 

(a, a, •••• D) •t (B9
) I. - 'b1/JJ a 4 
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~-----~~-----------~----------------~~ 
~·~11.- _:~---_eo_:_~~-- ... -1~~: 1 a:l: ~~ ":':. ~:-
B c-(9,4.7,~1.1} a a~ as 

(o, !'· •• •• 0) a a IDO 

(b, o, • • • .. 0) a a 18 'm3 'b1/rP a G 

~l•lll,lll,lil,tl a ,P } 
"""'t1Lfl!l!f!!!te'17 n.J.a.o. 

/"-=8 8 e.-(9,'90.J.81 8) a 8~ 
I'Cijl438tod Ot1CO CDl'O 

(b, 0, •• ., 0) a ll 88 
a (b. b, o, ••• , o) a e ' 100«d b1/a8 a 4 

0.(10,8,9,18,4) • .. } 
.~B.%.11.0. 
c-(10,&,9,18,4) • rl I"- a a 8 

(b, o, ••• , o) a a u 
(t. b, o, •••• 0) • '" &. 10UO 'b8/a8 o 4 

' ... 
u .. (u,.&,u~n,o,a) a I u 

(a, o, .•••• 0) • 8 l4t 

(b, o, •• •, o) a e 14 J.mO tP/a8 a 0 

a-(u,o,u,li.,l) a a0 } 
ra• cnmplnentAJ~ B.LB.D. a 

a-(ii,O,U,i2,5) • aG 
fb. O, .•••a 0) ~ ~ 16 

(b,, b-. 0, •.••• O)a ~ 1 CI880 'ba/•' o o 

C)oo(u,o,'U,'aa,s) a a0 } 
~ D.l.B.D. f"a I • 
Oot(U, f 11t,20,.7) a t(a') 

(b,. o, ....... o) a a 26 

(b,. b,. o, .... , 0) • s/4 8 Ut24 tP/Jlo 4 
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14 a.UA. v;u•aa.o> a l (a'~)} 
conp1~ S.t-.B.P. f-a I 4 
a-(14,7,1.8,110.,6) •• <a') 

~ 

-
Cb. o, .... o) a a eo 
(b, ~ o, ••• , o> • aa J 14806 tfl/,P a 6 

I > , • 

' ' } o-(15,f,9,SS,8) al 
CQ!IIp1fi#'Mol7 B.LB.O. /'-a 8 
o-(1t,e,e,ss,4) at ca'> 
(b, o. ... , o) a a a 
(~ • .,., o, •••• 0) • " 1 4320 tP/a8 a 4 
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J.bt o£ ~-~ ~ ~fta~blo dealgnp lD flvo~ 

BJ.• (s,a,a) .liE a8 
(b,U.O) z 2 

Ba• oo-(8,2,2,8,1.0) • fl!4 
(a,o,o) a a 

BJ. • (a,o, o) z a 

(~~b) ·•*' 
1\1• aoo(81 2,a,a.1,0) & il 

(a,O,O) a 2 

(b,b,b) a a8 

%' (o,a.O,O) a .J' 
&a• Ca.o,o;o) x a 

k (b,o,o,o) a a 
ao-(4,8,8,4.2,1) • i 1 

~· ~(4,2,8,6,1.0) • sP 
.sa• (a.o,o,o) a a 

(b,b,b,b) a a4 

1\' eo-(~a,a,e,i,o) .. i' 
Ba• (b,o,o,o) a a 

(c,a,a.a) a '!-4 

2 

' 8 

10 

l 
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1 
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• 
8 

1 

a 

1 

8 

8 

a 
l 

1 

192 

1'18 

26 

• 1loldpsl with aeten~vo go'\ aave:ral al.t.ena.tlvoa ot 'lll'ldch 01ll:r ODe b 
6iVUZJ, 
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lSD B.L• ('b,b~b,b,b) • , 1 

(a.OaO.,O,O) a 2 ~ 52 ,PitJl a 4 
a,.• (b,b,b,b,b) a rl 8 

(a,o,o,o,o) a a 6 '• .,... .. 
--.~ ... 

e-(5,2,4,101 1.0) X fll 1 1'18 

5 ~· a.(s .. s,s,w,a,1) • as 1 

(a,o,a,o,o) • a u 
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1. fietfb n,o. Md p.mpor. N.n. (!.959). Soeond ol'l!al" l'Ot:ltable 

-doalp 1n tb1'09 d1CMJfil!ou. Arm. &th. Stat. so. 
a. BD§&t g,c •• C1stwo!'thY1 ""?.'. @\11 ~G. a.s,(a.95fh. 

i'ablea of f,B.LB. dosigtu) Witb two GSI.l0e1ato cloosos. 

'loeb. BDU. to. 20'1, E:uth CaJ:ool!Jm. Aq:1. ~- station, 

a. && o.Ju. (1i5f!)• 'fhe ~ion cixl oap\oitation ot 

l"&~nGG aurfacasa Some ~ conB1dc:rattono en4 

8ll;£lllplou. 81o:mtrics 10. 

4. Sms, (},&F, nnd ll!W£«ma J?• W. (&j60 b). Soml !II'JW tbree 1ovo1 

eo~ for tho at®y or qu::mtito.tiw va.t'1Ablea. 

fcchnozl!)triCS 2. 

9, U!s:t 9.AP. and J!ohn!tAA- p, W. C&OS!!l, A elMs of tbMO lovol 
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oecona ~ 4ea!(!lJIO tor cvfaoo ttttS.ng. $teo~ 'l'C~Qho. 

Dlqww ~ Qmup tech. ~ lb. 20. h'l~ 

ti.aivovoit,.. 

0. -., g. 1!-f• and ij~ J., 8; (19!1'1h Mu.lt.U'actoni:Jl ~ri.Jo 

conta1 deolp tor~~ ~ llziQ. 

v. S:GlM ,J,P. W%>· Do~ ~ il:lccmploto blcclc ~¢.spo 

tor ClllpGnmcnt& in dlcb tb3 tl'Oil~ ot~v are co~ 

latoc1. as.o::otnoa 10. 

a. P@a!f.!l, t1W,l. ~or l'Otato.blo <~&~ ~ ~· : 

dotl1snoe 3 o fm!SAJl £be. ~ Stt\t. 18. 

e. nan; I.!Lt 9 11m~ Lln l19i!l• eo~ ot rota~· 

d,e~ tb.ro~ a.i.a. ;!e~. A1m. lath. et&.t.. ts. 

10. Piw. fU. C?=9M). On Q)!l~Jt.rW~tlon of I!8C3l'd ol'tlo:l> ntl:lfAblo 

do~ thl'OUSb B,I.s. 4ooigns ld.tb blocko of utcquolldf.leo. 

Cal. Gto.t. AtJU5QIPo lluU. Uo 
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U. 0'AA2£e )f,B. 'Ml· So<md ordel' I'Otll\Gblo dalillwla lD tou 

Ol' 11101'6 c!ii!!OI)liJDQDo Ami. lath. Btat. J1. 

-sa. 1/mom'• q,R, {\9601, fJdrd <m.!or I'Ottlteblo c1at.1Sp in tbzoee 

M.mrmatona, Alln. Hatb.. std. 31. 

U.. J!l¥fl!l'• .l!aJ\t (&.1!!!9). A tbbd o*r I'Otatablb dcldp b fov 

c!l!menal(ll!lh Arm. Mdb. Ste.t, S1. 

14. 9!n'd1•· P.A,, G:oa999fl!t &,:a. a. M4 i!t!W, it-b. «11!S»), lt4l<l 

cm!ol' I'Otetablo daat.p foJ' explol'iog lrOI\IpOI!Ge tllll'fa~ 

AJillr lfatb. StAt. SO, 

J.l, 8imm, t.L !!l!!'! !l!!a&!'!'. (1904),, &scoa1 o:rdGP rota~ dedp 

t,a thl'6D lt:m>lc. Pap&r ~ at the 17th nmma) Coat. ol 

lad. Spa. Of Asno s&4t. 

10. Jhm'11P!ll!.: v.,, WW• Co~too of GOGOJlll una tb.lra o~ 

I'Otatable c!oatBDDo fheaia nb:ld.ttor.i to I.A.R.S,, &!w DeUd. 

J.'r. RMbay{!Ab p. 4196!). ~ion ot cecom'l cm'lar I'Ota\Oblo 

4aalp Vaough ~ bl.ook «ea~pa. lOU&'. W. ~ 

Mq.ot/!. 1, 

sa. l)ML 8.1I· (&f!W• A wt~ on tho co~ioD of a c1o.sa d 

fl8Cllmll cm2eJ' ~ de~ Jow, tnt. 6tQ. AeJ. e. 
w. !'meW• P.f. ,196!)). On ln'rsaUglltlon ~ napo.=o ~ 

'l'bOata oubd\tod to I.A.a.s •• msv l)ol!d., 


