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Preface to the 
Second Edition 

I. ~~~ t,'''''''' " . ~"",", ...... ed .... h,"<>y. , .. , t«hnoloi:)' ho. <vol,od ., • h'l h d<~,,< 
of ocl",". S, .... ,.I d.v<lorm<"" '<ad ong to od,....,od ........... i", " Q mon ,r" ,"", '" 
,<0, "d ,<annl ' Y'''m. h .. , "~'n " Ia«. 'n...., dov<iopm< .. " h", l"""'I',od m ... "";'" 
th o r,,,,, «Ii,"",-

The fi ,,, ... ,,_ ..... pro<,,,.1 ",f",...,< r.lfill" , (he ' <G"".m .. " of <!nii" ,nl'n«H 
and ",hn.d.n~ I. th, now .o".,. I h,,-, _.,...«<1 . ad "'ood, .... ,., >OOf'<" apr''''''''' 
.,,", odd", ... 1 d,"'''', .... "" ,.",1 ""',-<I I'" .)"'"""_ .. ,"" .... ,hod> ro.- oI""'m'I"'" 
_ "d do.i, n d ",,,. ,,,,,,,, profli<. 

1 ... " o.m ~","Iy """"'''~ by lho ""mondou. "'P" .... m.n tt.< prof"",,,,,,,)' from 
tb. ,,," u"'Y and oJ", from "' .... m;.,i .... 1>.0=1 i. Ind,. "d . bro..<!. I 10k, ,." _~un; ly 

'" ,h. n' my f""nd. , ,,"nll"",.nd th, ",ad<" of,h, r"" .... ,"'" f", th,,, '"1'''''''' ''''' . nd 
r=lbo<. , I " ill ulcome "'11"'.,.,' . 00 "."''''''',,-< ori"" .... on 'h< >=>ad .0,,;'" kod,", 
'" it> im,.."·"",,,,' , 





Preface to the 
First Edition 

P.i ... fock . , . .. i. an "'., .. .,. ",..,b"., ,k m<ot, Y" , ..,b;, d .. m<><km d,m.,d '" 
imF""''"'' oI",k" O«m'"lly ''''pl, '"Ii ..... i., , om"""",' ,bat lb, "'><OK'< and ... or lm 
,." .. ,,'; . ," '''''".,'' ' "' ...... !oo ...... b';Jdy dr~;"'t and •••••• 1 {""", "'"1m 'rot ... ,,_ 
1m m« .... ",.. , n d "" "I,m,," to moot '"" ,n''' '1 '" d <m · n."",., i .. J ~ .,,,,m ,." 01' 
P""' "' .,jay l« hDololY _ r odoy ,<0" "'P'"'''' • h I,k 1<",1 or", h " "''''''., '" '" &'.,,.,,", 
b<h iDd ,10m ",om" , I Y " .. pl, foe""_ 

R"" .. "'" <lopm<. "h ,,-, , . k" 01'<4;' ""<ot y •• ,.. iot'" d..i p .m . .. ' f,," n'lpro«,,«, 
moi.<d.l, h"' ·"'''m", "d oth" ",,",tb.im F'"',-i'l procod., .. _ i.,1"'1o.,.. d""'"p od 
ron,,,,1 of,,, ... I .. 'h, P""'" ,,. or ..,ph,,, ",,1M l«!.noIosY ...... prod"",;"" "d h"h" p",d 
m>< .i""" .. I '" "'''I' ••• ",01, -od , • • "i '" ""'" of 1"' .... " 00. Tn.",,,," .. d .. ,".f." ",, 
dp,oe i.i"", .,., ""'. m, d, _ ",." ".1. of "i~ "".,.h. h.o" mad, ,, _~bk t" prodo« 
",.. . h h " "Al" 01< 01' , ... . " . ,to '"I "",..,<lyl "I' I oo.d .. " " ",,,,, I, hi" """ mf,,,,,,,, 1 
'1"«1, "d" wy 10,,1, ""i ... " ib..to"" '"" .,10" " ...... i<Ib l, u p"''' 01", ,,, ... i, .... 

10 " . ,Io<",f"... , imp"" i" ,10" ot""'"" "d " I i.",uhk< '""" k'<I',b,,,,,, h , u b",,, 
'flk, I .... '. "p,dly ,konl i, uw-<k, i, . '''~ . ~"'. , 

wlo, l, book. on I '" "',," a" 1'10", ' " , ..... "ri.II, "'" lop«I , .. "ri .. , ,b,,, i. "<art. 01 
" , 10 book, '" I,d ia "",,~ oak< ,.,"i",,,,,"" ' , P"'''''' '' ' a,,,,,&<h ,,, .. ,,",thl. '""J", .. d 
",10". ",.f«m ,,, ,b, Ind,, " Soand"d , a.d." ,10, SI ""'to 01 m",,,,m,, " , Th, Iu,;' 
"""'I''' 01", ,,, <k,ip a.d 'bm F"""",,. I " " , ,," Ott. ",loa.",,,lr d" I, ... "b i. ,10 .. bool .. 
E" ' '' ' '' ,,,to "'. foo", •• , i .... , """'. a"..,,,",, lIy " , ,,"' ,«I ,,, "'f'h"" ",«I, I ,,,,,,I,, .. ,,, 
'00 d" .. I,d '" ."",,. Th" booI. i, i.", <kd " P'''''' ,b, ,,,boooI_ 01 ' ''''"1 i" • I.dd 
rna .. " "bdp ,b, " l i"" i' l "od .. , .. ""II . "., <k' ip '"I'"'''''. ,,,k,,d , .. ,, " " , " 
,k, 11«1 I"""'" "I ",odinl '" ", i, """'.. .. " .. "'Y ... ' '" ily ' PP'"'''' ,b, .""" Iyi " I 
pri", i ~1<> "d ro""'" ol,h, , • .,,,,. n""n, my " "", .. a d"", '" I i .. " '" io.i.,,,, .... 
loom< '"" .M ..... I , ,," p,,,,d """itknbk "1"""'" i. ", .. ",,,,,,1 , i<k, r 1:0" "'''P ond 
,Ion ".1""" i •. ""<I.",,. ,.'" '''" " i ,10 • • ' "' rW-' i u nd b, .. " ....... ,, ' ro"" ".1 "f'Prooch. A, 
,~, .. m,to"" , " ," Ott, ,.""I,m .. """, a ,.IT""", .. ,., .. , of,~, ,,,",,,,,,,, .1 "P"'" 1'1", 
,.,,,.id b, pm/h . bl, foo, ", ".d,,, ,."""., ,, prob< i ",,10, J ,," ; fi",,,, •• f,b, d""n ", ' " ' g"" 
i,,'01,''''-

S,"" (he , "oJ'" of,,,, ""bnoiosY """'. I Ioav, fd, imp< lkd ,. d",,,, ,, , .. b.J«'" 'h, 
""" d,,, '"m, o' i,lo i, 'h, """, av" labk A,1"' " ol d,lf",n' 'Y1'" 0f,,,,,, 1"""1 'Y"'''' 
..... . 11,«1 ," oJ""" ,i" are , .. "" lIy '''' .... ,,'''" i.,,, , o..'I' Iu" b<" d"" ... «1 i, ,hi , 
booIc f' ""h." '" d", .100" i" (0 p.",."h, ,obi'" io '" '" I"'''' '" pt. a,d <kia, I. <op"" 
"f",,,,,,, '" . 1I.d,d .. a' "I" ... , POI'~ 

A< , ,,0'1«1,,,,,,.,,,,, d" , .... ' 1, .. ,~, •• , h .... n" '0"""'.' t-W.,." d ,,, lun".1 0'1"" 
I 10 .. " ' oo ",10«1 .-II i I, p'or,a ,i 01 ,h i, booIo ,I ",II to. " . , k r" I ir d" <n." 'hat ." I "' h .. " "'I" 
" , .. d"",,",I, n, PO'""" og" A, y .. ",,,,,, .. 1, ... .. , ,, 'h, '''p,,,',m,", of,h, booI. " ill 
b< ,,,,,f. Ily """" «I. 
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1 
Fundamentals of 
Toothed Gearing 

1.1 Introduction 

J .... ,,,,,, • • ,, " ""' ",,Ion " < , .... "po .. i."'"'' ... 00 .. " " , I ,.,,", .,.., t. 'n . ... " 
... , ... "d ""n, "On •• •• ,", ••••• r" by ...... of pro. '"'''' . "~.~m."td ... j"" ;"'" 
" , ... "<0'. 

t ,,-.,, ; 0." tb < .<" " ........ " , .... " . ... ',d .. "' •• , .". , d<, ''''0''''''' . ft • • """' N 
I' ", •• • , ,"'" """'N .... , .11 , "0., ,.< "' ,,.,, ,,, r", .. ~ ... ~ """" . ... , ... < "' •••• d "" 
.k. p""'''' of .... pl •. """ . ..-"""", • "''', ., .,;,',,0, ." .. '",,. .".,,, .. d.O. p." T"'" 
•• ..,1 . .. " .... < "'1"'" of (;ear, ; .... " , , " • . A" h .... ,.< _","'. _" .. " ... .o. 00" ... 
•• ;". t" " ~'" 0<>' ''''o"n.o\ , .. ,",,",."' .. Ib, ' ....... ,,' ,..,. .... . TO, ."' , .. po." 
, •• " .... < _y,,,., .......... II' pro ...... by ", .... , It •• OK' . -.,. .. "'".'" . ..... ' ... 1' . 
• " ',, . ..... ,. 0' ~, ... _ .. ' '' . _ p".,,,,,, { . .... d.", n" I.oon" A" ... "d .. b<'_ ," 
n ,,,,; •• ,,,,!.«>n. rdo d, Vio<; . , ... "" "< " .... "p' of. 0'" .,", .. ;. m,",of .;, ' '''PO'''' 
. " h • ..,,, .. , .. ".,,"_ " """ ""''' . • ,~." .. _ , .... . ,." . " ., to""" ""d "." ,ff""." 
d .. ·;o< mH. f,,". ,." ,w' ~ .• "" ~ .. '" P'"'''' '0"" " " ,,, ,,., """'" "' .. , . ,,,t..,t' 
f."._ n, " " " ''''''''''Y _"".1< to.U , .... ,." .. " .. " ,"" ... ,,'" "" .... ,,, ,' ,""" 
..-, •• to· 0 ''''. ;" '0"'" at"'" 00'"' '" ,.,,""' """ •• " .. , ... , , •• "" , ot ..- "' " " ,,,,.-,,. 
''-0 P'''' ,~"" "-1" .. "" •• ''',_ 0. , or,,,,. '."'''. ,", ""',.,"' .. , ... ""t.,,,,J .. 'h' 
f,"",", 0"", ""."."''', O~'Ro<m" n. '''-0'''' , ...... w . ... ;. ,b, .. ",' __ ""., 
.... ,,,,,., .... """,,,,,"y fI '" " .. ''',' .. 'h' """",,d S ~ ,,, .""""'''' ' , L .... " d 
•• ,,, . I, ~'''. """"", "10'_ Rob<"Will i. olC • ., ...... u",·,,,;,, ~"''''' ' P''''''' ' ••••• 
10 'k'" """ ... " "", " .... ,., .... , I'" ".,,,.,'._ nu'" C . ... , " d ". ,,'P .... Lalu", 
. " oh.o "0 ... .. th, " ,t, p,"",,,,, ,. <h' f~ '" ",..",'" . '" , •• _ 

G .... . p"''' ;, P" ". ,., .... U" . , '"' •• " b<" , ,,'~d ," -,.. ""-,,d ," ,,,." ,h. 
··p·lJow.lly ' " ",."" .,',.,,,', .'" . • 0' .... l'um "'" ...... ,d "d.", ,, ' ""', .. 
, ... , .• "". n, """ " .".." b<,.-,." ". ""H', , •• n,;, • , .. , d"" " 00 .... '" "" (00 

,,,.' w, .... ,d '"."" " ""'''''' '''' '' ,,,. ,. , ••• ,, .. 000'" ". ".,, '''" • • ,",m" .". " , 
"" , d, '". ,b. ;. 'm •. ",. '" ", ..... '"_ No.' • • ,,, , •• " .. " ""to,,, ;. _ to, ''''''''"I 



U I '''0 __ 

r .. ,,,,, b<1t dn,·" '" r"t b«<Xmq ""'_ ...... d • • d . .. boo., ",1 .. «1 by ' "'"., ,,,,,,,., . 
All .... " .. II dm"b ... , ", ;,k",.t od..o ... ,,,ololo.oc., I .... , .. ,,"'" ,ib .. , ,,,,, .b.orlo,., 
'~"i"". '"m I"" '" 'P&<' '''I. ;"m<o", "PO'"" '0 , ... oo.d'"I ' ," d " 1..,,,b, I,,, to .1" f'o' "m." , , ' ''''''1 " ",m .. "",, p',f.,. bI , b« . .. , " .. , ,>, .. m ... "_i",, I, dm,. , 
'" b< ,,,,. lIy <n<k=d, "",.," I,,, 'f"<' • • d. " "''''1'' ''' d",·;., " " ' J,m,."_ WI><. 'oro 
... """ ,yl , ....... '" m,,"",«1 "" ,h h. ~. '" "",lid • " " . " '" ",,,...,d ""<t,,, 1<.,0I,~·; "'. 
;, .. P"" ; 01, to "."' m;' p""'.'" r .... "'" ,k. h ,,, th, "01,,, by I"",;"" dn ,.,. If .. "<i ... ,, , I '1'1"'" 
do,;. , ,I>< ,,,."xt, ",, ' "" " ,., 'yl ",<loo ,;11 '"'''' . """"'" '"" •• "." .. t".,m,,,,,,. '" 
'"" I" ,·,Ioc..,.. n.. ,.,.1" ,·,Ioc ;, .... (," , od "" ' 1"" ",ond ". "'01 " """ P" '" " 0" ("",,)1 
of 'h,,,, <)10.", .. '" ;.""dy p'"""""",,1 to ' " ' d" m"", ... ,10, '1hod=_ Tin. ,,1.0,_ • r, I." if,., .u>v ;., ond ,10, d,;,,, "l' h"","" '" p<""f«tly "''''' ", • • d ,~, <) I ,nd<n '" ,, ; d 
,,, prod,,, -"" , I""" " Iociry " ... m",i ... " 

Th, .I><m ","""m,,', W~,,·"',., ",,-,ibk '" x hi,,·, i. r"""'" "",,' "K" doo ... , 
proda<,. ""' ;",., dm, ... ·i"l" ", . h"""" ~·I"cb ... y I>< ,,, .... by ''';0", f .... ",,_ To 
",..-com< ,, ' ",obl,m '" .hI'l"'J" ,_boO ~ io« I, "'1'''-''''"'''" ,-hi<" ,..00"" ""';,,,~ dn ,., 
•. ,, " ""' f""" '"" I" ,·,Iociry ,,",,_ 

A llloou ' " In,,",,,,,. I,, t", "'" .. ,,' .... p';' ... '''' ;. "'.10, .... '" th., .... rm of "'" p'l< " 
'1hod ..... ·h",k roll ~·"w" , 1,1', ", A<t"", "" 'h, .. "h" , ""h ,,,.,;,,, "."""y .... 
"""bo .. ,_ ..... II ;'I • • d .I ,d •• ,_oo",_ flo .. " P'''' '" d .. 1 _;.., ..-ill "" d,,,,",,," '" th, 
"I,,· •• , >«,;". ",,10.1 ~."" ,lod .. ""01,,, ;, ....... J'" ",,' ,. 

F '" """Iu., ".1 po~.", '" .. m,,,,,,., I"" '" ,,,,,,,11 Y ""'..; .... '"'" ,I< '" ",," "'t "1"'" 
("J ,~"" ,,,",",i,, '" ' po'.'" •• d mol"", 100,.·". 1"''' lid .10. h., • • m<ly, '1'.' '" " "ro,."" 
100 1" . 1 '"''' ' (hi ,ho., r", .b.~, ~·"b ; ' ''''''''' ;., OX", th" "II" Ort""''''' 'k, . h.l" b<", 
I' """II Y 90',., ;, b.o,·d J""" •• " kJ ,."'" .·10", "'" .lu.ft • • ",,, ,10" pan II< I "",i.,,,,,,,,,.,. '"' .X<. j'"'''' II. m.~ '"I 90' I" >Om< 0<10" ' .jl,)", ",,,10 "th" b" i. ' ,ff,,,", pl •• " .• ,i . 
•. <>nO '" ~·"",,_,·I><d, ""...,j_I><I",. 1 "m, An "' ..... 1"'''_ 

I. '"'''' ' ,m", ,I<, '''' <In'I . , ., b<rom< • ""Iy ,om, I " . ...... d '''"'P',I>< ..... , ""J«t_ 
A ,k"1"'" of.m ode,., ... .ui", , ,-."m m ,,' """,mI><. 'h" , , ' m .. , ...,.."",of. , ... do-"., 
;, ,,, ' " • • m" b, I ' '''PO'''' .·itk """1'"'"" . .1, . ... 11" om. 11 d,m ... i ... , of, k, dm ;, l'>,l<m 
.·bd , •• I>< <""" "",,,d .·"h .. " ,m, m P"'"I>I, m ••• f.".n ' i<"C '""' " . ", .. bly f" ,'" 
""" • • , d ,·,tont ... , • ," ".",10 "~o",,, I ,nl< ... , .1< ... " . H, k .. , .... "fy, .""'., oil>< "', ,h • 
• h<m ,00<1.-';00' "" ",i" X,,,,,".,ly, .. ,bAl ,," do, ;", i. ","od .. ".II •• "" ••• .",,,,l ly 
.loI>k 

A IlI>ou,k 'h, 'yp<> •• d ,10, modo I ,"" of I'" """. , .• .,. ... 1<1 y, ,b" loI lo~·"" d. " "'. b< 
...... "I""'h,,,._ 
S,.,~,.j "''''''''''"' J.-I", n.. " •• 1 .... "''''''' "' '' ,,' ;. ' 1'"' •• d , 01><.1 ' ' '' ",,,.,, " '" 
, , i(mU, ' ,20)f .. ".,1, "'I'. 1 "' (m ... "p to ' ,60)"'" doubl""", •• d ' , 200("' ••.• 1' 

to 1,300)""""p l""I'· 
IX""od,., "" , , ' •• mb< , ... ''''''~ t1"" ... d,, ;1" on" .m, th .. 'H" "',,,,,,. ,,,,. h"·,, 

o" p.'.P" '''''''''.W, 'f'«d ,~ " 100000"". "d "".mf" .. ,i.1 "Ioc;"· "r ,,, >00 "",,,I 
.«...d , "",,,II .rr"''''''YJ,"",. lIy "~to £l6.-m. PI .. ,,,,y I'" do-i", ."'I" , ,,.d 1><1",,1 
~"n ,,",lIy ~ ... , ... d""i"" ",t;" 01' t" ~ ..-ilb ... OX_ ..ol .. . r ",,, •• d 'J, [fEd""y " , 11.0", 
98,m, "" •. " ,," ".,." ,. 7~kW '" .p«4.p to 40000 ",m . 

w.,.~.J ...... ·d'" 1,1", Tn",d..,,,,,. "';D;. ,1<", dn,·" ".". 11, , ~to 6(1, '" ;,,,. 

"" ; 'm ..... 'P to '" " "'-... L OO"'""od,., '" 'k, ." m"" '" " '1"_ r m"""" ••• ," from m-: 
d" ,,, .. " " " • .,. ,·,,10 i..,,,,,,., ... doct ... ,,,,,, ••• d ,10, ..... 1><1'"1"01 '" "y _ 0",1'. ' ;, .,,,11 y 



'. ,. 7>. kW •• "'." ,. ,." '. ,. >5 • .000 No> , ....... '" lOOOO ''''' . ••• d"'.' ....... , 
,.,_, ",. 7tlml •. TO, ~ .... ... w"' .. _.· .. " ."" .. """". , .......... " , , 10 .. ,,,. " .. 
•• , .,." " " "" " ,, ' Y< . " ; .. 1 '" "'., , ,,,,,,. '" , ... " ..... ,,,"""" ... "". ,,,, '"." , ,, .. 
..... • "tf_." , .. ,. """.1 """'" flo", •• " _ 0«.,. i • . j " . .... "'; " "'" 10 '"" .... . " ',, .. 
8",1"., ,M,~, n, ,"' ,"; •• ,,11 .;, •• ,.11, •• " 6, , ... ,-, .... d, '". b" "II' .;. , .. 
"I", . .. "",,10 ', " ......... ,. Foo ,;.,,, .. ,,~. ".',,,.,,,,,,. """''' ,.u, """" ."", 
,,,.,, •• ",,,, .. ,,' ."" ." .,",H, 'p« ,n .. . 

S.""" .. '",', n ~h' ",' "''' ' , .. ,', "I" .... "''"'~'"'' " " .... ,,,., ... th'" "'"' , ... ,.<1,'" •• ~. " ... 'I'"'''''' f .. ,., P" """. Gu. "I' ,,, ........ " .<"'w, ...... . 
..... , .. ,,,. ,. ," " ,.,,, .... of."", ... " . .. ,f" ,"" .... '"' ..... " d .. , '"'' of a'" " 
.. ""', ..... f., _ ,II< ,,,,.,, .... " .. , ."""".",,"'. ~;" ...... """"" ", .,,,,.,"" 
... ", . .. ,,, ' ,"H of .. , """" w" ~'H .. ,., th' m .. it.'" d,.,,',. ",', "",, ' , .. ~" ." ".M, .. ,,,,, •• " •• to, " .. , .. ,,,, ..... A, n I"" ."",~,,;o",", f., ... ~ .... , 10." "'". 
of""""". 

G"" .". , • • ". , .. ""', • ., ." ..... ""',, ........ TO •• '" "" •• " fi.; •• · .. ", "'"d 
by ... of, •• • """ " •. "."...,; ..... ,kod, ,",.Ioy". A""" "",. ,',," ..,.", ""'''''''''Lt, . " 
".d f ........ " of8,' .. " H ... ... ' ~ ". b .. "00 to " .. Nim ",' WLt. th. ;." .... ", .. of 
.. ,b"'.·",..,.""",. kI ...... ,, ', ...... , ." ",.'V«! •• d " "" .tt,,,,,,,,, ."." ... 
""' .... "'"" ... " . n, ." ..... , .. ., •• ,. 6lIRoe\;w.1I H .. . . . "C.,,,,, " 0'" ,. ",to'. 
_'fk ... ,~" .... . 

,. '"" of ........... ", .•• ~ ....... , ."" '" .. ~.Lt ., M •• , ... " f .. ,,,.,.;,,; . . ... , 

""'" .... """" <1., •.• ",, ... .... ,,", ,. , f"'" ....... , ... , ",,' ,,,,' '"' ~ .• ~, .f", , .. to 
.. ", •• • " ..... "''''d to ,", . ,, ' , ..... d .. ". n ..... "" ......... "" .".,," ,. ,., 
;. ", . 1 ''' •• , ... If •• '" ,. " .... d , . ; • • too,""""", '" P""''''''''' ... ,." .••. C .... " d ", • 
.. ,."' ... , .... " '"'''' . " .. '" f " . . .. d " .. of .... , d toO" RC "d '"'" , ....... ..-" ."' d 
It HWC. 11". ;" , ,,,, , ' , ..... ,., ..... n'" of , .• "."" . .. " • . "".,," •• ,,, " . ,_I. 
.... 'b" . .... ,,, ,,,,,. 

G .. " "" d , •• " ',, . .. ",,,,,, •• '" "'. L"I'. "" .. "., ... '" . d,,~h ,,,,,,,,. """ " , ..... ' ". '" "" U, .... ,.,"'- A,"" .;" , .. f"""., ,',""';<1 ..... t.,," .. ,, ' ... ".,, ' , ,,, 
'" " "ind , ,,", ... >«"'''' ;. '00'"·' ...... ; ..... " .. '-

A ""'of g . .. " " liN ,,,"uol ..... " . ~...:I . ",." ..... , , ... " ........ ' " <t,,, II"" 
f", Il'JO' " •• ,., ........ , .... . . t<. ""', ,., •• " ""i«<I,'. ;. ,,,,,,,,,, ,,, ""'" "., '" 
"""". " .... ; .. ; •• of,.".·" bo' •• ",,, .. ,, . B" ..... , . "'".''' .... II, .. ,,' .,,,,,,.n, 
"" ,. "',, ', ••• 11.",.". 

F..- , .... " •• '" •• d .... '" "' .... ·"'b ...... , " "' .... ""d """ .... · .... n~. L • • ; .... d 
., ...... """"""'" " ,d. "' .... tt ..... of ... ·f",,,.,, . "''' ." .n ...... f .. ,",;, "'" """ . 
•• "., .... " ••• •• ,"N" ,,,,,, ..... " • • , .. ~""' " .. , ... , •• ,"'" . ".,~ ......... . ", ,,.,, .. . 
r",.; .. I.~, .) .. 1001< ... .. ,.,1 .. /"" .. ,1,.",,;., It ... b«o ,.,.""~, ~ " . """'. , 
..... ,," . .. """'" ".bol. to "0'''''' .'" ..... ,,'" .,,, .. dI •• , .... " .~. ".,.". 1' • 
........ ... "' ...... , to ,,,to.t< ;" .... " ... , ...... th, J.,,, •• ,, ... , 0,.",,,,, •• "" SUm. 
d"",,," .. Uso) . .. , ... ,oJ , •• f.' ... ~· ; •• ", •• "'''' d .. ;''' .. ,0;, ".",. 

n.. ISO «" •• <0'""''' N .. ... ,"" , •• "' "" .. , , •• • , ,. ",.b. , '" of G,,,, -,. ,., do, .,., 
' •• '''' '''.'''. ,,' ". ISO .«_m ..... "'. R ,. , " ,,,,. d -, ,,,,,,,,.,,1 G", Not"'.' . • , .. bo'. f'" G«om<t,,,,.1 "". - .. ,. don t • • " ',, .. , ""',,;."'. 



" ., .. ~~.t ...... _ 
rh< '=n""""wY ,." tho """";0", /oo _hod ~,.n .... '" . 1 .. ",,-=<I by tho ,nd". 

S" nd.,d Spocif"""",, IS,,. ... Dd L~ , ,.,,, ~ "",b broodly " Ily ~ .... ". ISO R«<>mm<nda-,.,.,,-
In ' " n book. tho u rn, . ymbol •. n. '' ''''"' and '"""";"'" '''-0 "",. u.ro '0';" • fn,- mmor 

"<'<1"-, 

1.2 G. n. r.IC .... lficat ionofGea .. 

0.1" .... ", ... "< ",I" ........ ~<m ", ""n. oN,.. d,h ... 101 on ~j,,<~ tho t«th a<. 
<b-,Io<><d. ,orr"", of th. _"'_~oc .. nd any . th« .podal f<"""", ;m. '" ,",<;..n..N ;nto 
'he fol lo_-.. ,!)'!'"'_ 

Sp.,_" '".,.." or"","n~ '1"" ~<"". the .... of". = 1"'''''< I"'",Lk '. to " 
;'. <My '" mount«! 00 , .. flo "h",h "op .... II,] ,. <acb otl .. ,,_ ... ",I""""" . , tho roh,b ",bd 
". <y lind<.. The ,."t«'" "" ""'Ih, alon~ ,1><1,n," and." .,....1101 loth. ui>. A ""k •• 
• "", ~ht_, ;" ,d ,"" . 00 "" ... '''''"i,t d • • • '""' Ie&< d inf,"", d, ..... t<'

""'''''lu/iaJltw'>l I, ''''''I 'on oJ"",, &> .. '" paralld ."d ,b<p.,b .. hdi.q lon<ln<aJ . 
"1>< _h·".., .. . , ,h. d,mo"" or I«'I~ '" hoi" .. . nd to...., ... 1.,,,, ... y ... 1d\_hanOOI '" 
riJht."nd,d. II. 'hn ""U"'''''''. i'may be m,.,"""'" ,I" , >Om< , y,ho" d'''I""'' ,b, ' 0"' 
. "" "'''''Ih, 'P'" ,,,,,, nO ,n. hol.,,1 1' ...... n. I ~ .. . ~"' I"R. Th"p"'"".,ill_ be 
f"Uo ...... i. 'n i. """" .1 
" ,.,;",_.__ AI., k"o,," .. ......,1«<1.,, 1 I"'~ ,n... I "" ' " OC,",JJy ,~." hoi", .. 
I' .... of"""""" ' , nd. , f'lo<ro oid< by oid< , nd ,on on 'n, ...,., bl", k to obu, .. Nmpooit< "" '" 

£".1 •• , -I</VJ I, ,bi.,)'p< "'Fori ... , 'h< "" "" ,"'<I",,,"n. , Thoan~i< b<lw",," ,),., 
'w·o .. " . 'no"< , •• , h' • 0, fi 'ngl'. i . ..... 1 Iy go', bu, ",,' boo( otht, vol"" oJ..,. fl" 1'" b 1& .. 
" , COD< "" _·""h ,«Ib '" I """,,,d. f)" ,,,,Ib '" " ," ~o '. bu, ,,' bo , ~ht 0( ,«,h , ,..duol], 
<1= ... " , nd 'n, ........ ,,"" ''''"1''«<1 "' th " , I I I,",~ ~."," ,,"nd«l. "" ...... """, .. , 
f"''"' ,,11«1 ,),., po"), "''''' ""' , In "" ~l>= 'n, bo",,) I"'" '" "' .... ,=i,. h,,', wuf""" 
01,,,,,,,, ,Iu-"", hc-u, <10, Jo.,;Ib 0( '"" '«th. mIy 'h, po"h ",n,,, ""to, tw'O I"" ,n"",," . t 
'n" "'" 1"""" fI<..·rl F "" havin~ .".ilh, '«th ""' ".,..,..ro 0' """,i,",,,,,,",, .. " "" 
<no,," .... ''''~ ...... A~", th, od .. n' " h)pcid J'''''. '0"", ,,,n .. , oddom • .ro. 
S,I,.I _ ."''' I, ,h,. 'YF" "'be,.II"'" '"" >oooh , I"m"".,,, '''''«1 '" 'h, .n.",,,, a 
'0",1 .. ,," 'h, ''''' .. ,'' b<l~'''''' ,ho i""""",' ,nl "<In I:><iin. "," ".dl y and ''''' .. "." 
...-ho/ (I"O" """ <no! to 'h, oth«. Tbo ,""'ourol'" " ."no! <l<,..,m "" 'h, ~.",,"I .. ma''' . 
.. " ,'".J" '" for GJ....,., • y."m. i, vol ," r", KH"I 'inb<rJ ')"'I,m. "", A J,. , ' h, bi<lo,.,;", 
tooth ho ilhl ... y bo ,,,,,,..d ",~-.ro. 'h, """ "- """y be "",f""" th,oollhoot '" l<Oi,h, 

Z ... 0 ... 111"" ,""" ""'P " . 1 "" d I"" ~'h", 'h" 'r ~OJ on,J." L<m. I, i. ' p' " """" "m 
... thoG I"...., YI' •• •• oI'USA. 

Hyp<>id~,." Tbo" .. ",mil ... o .~' .. , ""' .. I"", bu t ha,', no" ,""",,,,", .. ,,.;,,, tJ, • 
.. i. ,1<10, pin"'" ;, olf, •• ".!.",·, to' h, I'" .. i~ H",,''' '''', tb. 01"". ''''' .. ino ... ,ho , • • ,X<, 
'" ", ... lIy " "'"t "'II< . ... ..,0 <>Ih". J r th, off..., ",~m,io n l'" tn" ' h" 'n .h.n. <,n F"''' 
"'" ."",h" ~ ,Ib adNj .. ", <J.a~ •. th •• "oddl, moun' ,"s "" bo.nn~' IN both 'h, 1'" "" ""d 
II'" .. po>~b ~. l . "",h ''''''', otMoudy th, """"""'" II""" O«d "'" be 0,,,,0 "". ' n, b I&n" 



of,ypold , ..... a< •• yf'<ooloi& .".,01,,,,,,,. H.n« , •••• m •. 

Cm"t< lulical,...,. 110= a<. ,,10 .... "'. 1 ... 10,,1 ,.m. bot ' h", " .. m ., •••• ,I.wh •• 
, ...... . . d do "'" I." " •• ",. C"' ... " ... 1 i<&l ll"'" . .. . 1", """"''' m,,, «",... .. ·.pl .. l , .. ,," 
.. d """,,, ,.an-- ~"' ,.,b •• m .. m d,><.,....~<O •• ,h., a<. ",h .. "",f"I'I' 
W. , ... . ~ ... ,,,,·.~ .. I ,. ,h' •• pl<'" of, .. " . , .'.' . ....... 00·'.1<''''',, ", • • d ' •• pl .... 
,"."Im."h. ""." _lIy ., . ...... "" , . .. ,. "th,,- 1 O. ,ooib <I<m"''' ""both ,b. 
,ompo""" .", 0. I ''''. Th •• Y' «m " " .. ".,I<..",.,Iop'.J" _1<--<."1",,,., 'YP'" 

rho .bo,·, m,.,,, .. ,d 'Yf'<' . .. ,b< m' J'" , I ... " of,,, .. ",,,,rnooIy" UK. n". a<' D, h" 
'f'<",,1 t)f'<' ,", h •• """,th b<vd , ..... , ''''.," . , I"" ""' , ,!," DOd J" .... ton ...... , ...... 
• 01""" , ...... P I.".,i d , ...... . . d ",...,)'<1< ton·d ~ .. ". ,,_ of' ...... ",,1 . 1, Yf'<' ". p.I< ,,<0 
" .m, h<'''"' '''l i",,«I ".d, •• "" . of d,ff"," , m .. "I .. ,,,I.1 «.mr""~ '''''. ,. GI<."", 
" ,"'~ Vin",C.'P"'alWo. -""h" •• J 001 Co .. 1110 .... fool W<>d •. l><I .. v. 1 Holroyd Co. 

n. 01 ... "",1"1,, ,"o.m of ... , oft •• 'YO" oil!' .... Dh. a<. """"'DDly I .... . i ll to. 
dl"" ...... ,. do,,,1 i. , •• ",I."., , h. pl<" • • d ... ,""" ,,,,, . Til< d,If",,,, 'Yl'" of, .... 
do."i o.d .IM".. • .,.. 11< .. ,11.",. ,<0 i. r'I' , . ,., . t o. 

1.3 Pri ... lplos of Tran. mln ion anet Conju9"h1 Action 

Wh<n • "''' of .. ,,;., , . ,, «<th ,,' .,.i." ,,,b ot" '. ""'y """ ... i. p<odDc,d D'.", ... 
, ... , .. ,,«d r .... 'h, d.I,·",,, t" dn,·,. , .. ,. If ... , . p. i, ofl""."" ,_. p<ofil .. D~k h 

." .. do.ip«! th". ,,,. ,,,., '.101" ,·doc.,. " tto .. "","",«I ,.d m".,,, .,d d."., 

..... '" J. " , """ J"" '" .. i <I ,,, ..... ' oo j " '1< ",'Wo • • d tb, tootb pror. i .. " . .. ,d to ' "'' 
,on J' l' '' ,.,,~. , " 0' b« "NO'. '"")"" " 0<'; oo " ",.,,<1 01" 

L • ,o." •• t , 
,,"m .. 1 A .",1.0, "doc,,>" of tho d.;.· .. '""P"'.' oft h, "' '' '" i ~"'. """'" "UN p,.n, 

i ... dl . .. P'" ",ond 



,. ., .. _-----
.... J.nrla'-,.41ho ...... _....-" .... _ ........ ,.ootOil>" ....... _. ", ro<I__ , '~ 

,,_-.. .... " __ 100<011 .... _ ......... 11.10 , LL):I' .. ___ .... -"~ .h .. ...,.. _",". ;n _ , ,, ....... ""'.to ... ""' ....... .". rto,. ....... II ............ will 
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~ .. , ... 

FIt- 1 • .0 __ ,.,_"., ••• ,_ 



,0' , ~--
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F<O" . "'''" .. , .... L .. "Ioc'ty "too. , •• p'''' "",,, .," .... ". ,,,,i .... , at . fi,,' ",, ' ot. 
~"" L, ,, of",,,,, ,., "",. , .. , .. t .. . .. , ..... , of,.,,,,,, "" " p ... ,.,.,., th, pi". ,.'ot , 

,f .. , ,w' ." .• " ...... " ",.n, ... to. Ii,,, of "', .. , " " , .... ';,,, .. at .. rr",,, p"'" 01' 
,.ot •• " ...... , •• , .. ," of .. , ..... " ..... "' . ,," p ..... , . , ••• , , • • pi". ",, ' ot ..... 
• b .. "i. , .. , '.w of •• " i. , . , •• to" UN • . , ... "h of",,,,,, ,.,.". ",joi.i •• " •• ,rr",,, 
.... '" of •• ,,'" at .,rr",,, _,, "' .. of , • • ,,,<t_'"""" "". ,. ,. ",Ii .. " Th<. , •• 
dL .. ,. "",. or"' .. " ..... , "" •• nm b< .... ,. , • • " ,,"" . "" ••• it. '''' ..... , "." " •• _ 

J . , ... ofi",. '", pro"". "",·" ... . 11 ""im . ".", ,,,, "., " " , • • ,h ....... ".'.h," .. 
mn. N·"·;" Pig. \'11l-"hit~ " . .. . thot ,., ... ,,, 0, _."" i"." ' ... ot. ".0. "",", of, .... " 
at .. , ,..,.;'''', .... ", .p .. . dan . , ••• , 0 , IL .. N_ ,"". A" .. " •• 11 ..... , .. . , ... '". , ... . 
p,.fit ... , .. , ,..,iot of,." .. , ' "i • • • " ',, """" ..... i,' , 0 • .... N_N . '" h ~ .f •• " ,., .. 
.... "' .. " ... .... ,,, ' _ n •••• ,." w'LI '" . ,,,.,, •• , •• " • ., L. , •• "", ... , ,,,, •• ~., . , •• 
• ' .. 'tt; .. of " ,. ,." , .... , • • . 

n, '0",," .. " ' h", , ... , . ",," .... , ... ·.Ioc.ty "" •. , 0. ""'''''''' • • , ... L .,. " ,,,.,,'" 
,0. " .. of, .. " .. at , "".I ,.."" co , b< ... ,, ' ••• " ... b<"'~ . 

OW"'', .. " •• it • • , ... b' ... , •• of '.LI; .. .. ' , LLoL". _"" .I,,;,. to ... , .... of 
... . , .... " . n •• L"Ii" 'D." '" . ff", Lb. "' ''. ''' '0' ,'_", .. . ,. ", .. ,,,, "IocLfy ,,", 
." .... ,0 .... , Lo . .. , •• , ,," "",,, , , .... ""'" " II i,". Th;. ~.;u b< .I,,, .. ,,. , •• ".11 ,. 
, •• ,."tiD' .' t ••• , ,, ... p .... " .... of • • " " ... . J . ,bi. """,.«Lo'. "" .. , ... ""''' 'm' 
.. " ,h. "". ,i", ~. ". , •• "P""""'" , ; ",~ • • 1 , •• ' '''' .... ,0. ,itoO " " •• ", . tt 
" ".1." to 'WO '",00" ", .... i .. , bod~" ... of ~·O~ • • , '' '' t., ., ... ",.", (tidio<> 
, ... ,," , 0 .. " .,."," ,,,. '0'''' , "to •• . 

J . FL. _ \.11. , •• , .. " QM, .. .I QM, "P""" , •• , ...... ·.IocLfy ,«t." . ft .. "'. I"" "' 
,h. i."''' ... D'' ",, ' ot Q. SL.,,," ~ ""." ""It.' ,'" •• ,"""., .·,Ioco, at to ,,,,,. , •• " 
,·.Ioc .. ,· .. ,,"'. to .... """ , . ... "D~ '" ......... ,,' , 0. " " .. ""."' ".I ,' O. Q ... o. Q 
A"" ,;.," , • • ,~ .• bod~ .... ,i."', ,., common"."" 0'" 0 .... 00', DO ••.• """, '" .. _ . " .. 
'h' Ii .. of .. ' .... ' ·_S ... , ... ;. "p, .... " • ..,. , •• L, •• Q • ..... .. """" •. QM.,,'QM, . ' " 
, ." ..... ot, 01, .. .I QI, " 'pt< """ '" , •• rom .... "'1'" ..... n. , «to<. ' "" • • ," "'QI. '" 
QI I'''' , •• , ... .. " , . 0(". "',,',, .' ''i. , .. Ioc., •• ~. _m .. "" .. d io So<. 1.6. '", ... "«.", ,,,, ", .. ,,>< ... , •• "~to ' ,..,iot f', , 0. ,.«t." QM ... '1M, _iU ... , .. , .. , 
,. ,h . .. ., • .I""., ••. Slot' , • • " ••• " .. L , ... ". .. , " . , " . ,'" b< .... , .. , , .... .. .. . 

• """"". , ••• ·« tot ."''''''' 1.'' " ....... Coo ....... " ,. , «,,,',, ,·.Ioc,ty of ., "' , • • 
"""' .... "' ...... , "' •• " " . " . p'" roll ••• , .. " .... . """''''. w. ",."w th. , .... ". " 
"' .. , ..... , . " ,.,. ,m ro IL, • • """'". th ..... , of,."", .. ," ,~ .. , •• Ii .. of ".,,"_ 

);0_. lb. ,.n.wi,. ,,'ui . .. ". b< .... b"' ... ,..,., FL •. '-' '-
OJ , • QtIt,. ", • '1M, .M 

0,0 0,'1 
F, ..... 11 .. "i ... ,,, '1M, " ... O. OR, ~ •• ,,' .. 

O,Q O,R 

F,." ... " .. " ',,,,,, '1M" ,,' O,QS, n .". 

9!!J. . ~ 
0,'1 O.S 

'!!.. _ ~~ 0, (1 

0,'1 QM, ., 
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1 ',' _ 0 

rj " ~ ~ "~ ~ 
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l"'l"'oo.!"" l" Ie ,h. ""'joo.nmg '0 " !""'" ~·;,h P. ot..io...ly ,.,ml A. ~·0",0 I,,, oa 01 • .... , 
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t ... , •• n ......... ", • • . w •• ·,U .1"." , .. ,,", clLl " .. _ 01 ,., "",., I ........ ' ,,,',," 
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""""'''"" •• ",". t •• " ... Y'" ... " ' b .... d " .,.., Ity "",," , •• , I "' •• b .. load""' ... ..," 
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b" ... ,," d." , .. on. ,," ... "",,'" ~ ..... ""'0<" "",,,,,lOY"";" "'- "RC JO '" ". 
Thoo< I"" ..... ",,,Uy ,.;tob', '0. ,,00"''' ", ... " . n.< ;"'"'" , .. ,,,,.,,. 

~ , ...... '" ..... nt ...... , " • • '" "" , . ... ..,,,,,,; "''' " .... ". " ..... " m" . ,. I ".oft" 
'''tho H ..... " ""'.". , .. ""rifi<<<I ",,,.y. b., "",,, " topon l<t , .. ''''';''''y """ •. 

Dw " ;" """0"'"'' "'''' .... " lb. =«. ". ",,·ha,.,"'" I"" , .. ,,,,,, ;0<" .. , 
""", ... " . n .. ;" , ... '''0'''' """I. .. No_' , .. ;,,'n ..... b""y '" .... , " ' ''. n", '" 
d;rr""" ""·0" ... ,,. """ .. ,., I, " .. , ... ~.~ , • ., ..,... '" ""'fly . ,".", •. 
C . .. C.,",;';.~ C ... ",b .. ; . " • • , '" r .. , •• ",0 " ~'''' 'Y ."d "'''''' .. r", ."d .. " . ... , 
'"' ' •• """.tl",y •• " .... "n',,"" ...... " . ...... U,.tt "."" .... ;..,.,. ,ot ...... oc ... . 
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, 1»0'1""'" .r •• Irof;' • • , b.n ", ~<&" .'" ",,.,,d in. no "",,,,,,,,,, m<J ,omli l, ""'''''''' .. p • . 
Lik< , .. 1>""''"1 .• ",od,.,. ; .. d,l'I'u. ... procn~ 0., " " . " """"'tom,,, f.,.,.. nom dod ,...,. 
N"ri<i<d I,an , ... ",. iot -""""'," . ... , bra,;'" 1><1«< th •• ",t.., 'Yr<, .... , I~ th"" h'l h 
, . ... n '" ~ hoch ,." .,.. hi ,h .. liRe . , t . XUboo," ' " , , ... _'nN"'y bo ".0" ,Ju.11ow. 

1 •• ""0. H"J";'l Ur=b" ..... .,..., ... ""h' .. ", ... ..toph"dnm .... ad li Re 00 bo, 
' 0' pn>«D ;n,..,I,-"""" «<"""'.; .. 1';11. 1<;1" r.tG __ '9 " to <n""I'''''''''' " u.ro (. 
h","O ", I'''' =f",,,.Ioc,I.,.. II,ro .". i, oo..;...d an" ... """" .' .... ...,h,.,. 
Fill"" H.TJ .. ;.~ Thii !"'." ... i, wmHar t. in<ho<t ... ""d," ..... Only. 'h, h." '«I"'...! i . 
,'io .. ", ,,(WOVidN '" '"". y ... <.ykndla ... ,_ f 10m< 1 ... <ltno" I ,an b< .,«1 ,. h. "k., h, ,ooth 
, .. n •• " I.yon •• ~'dJ .. tho ~"'* IOO'~. if . «,,"")'_ 

SJ .. I C., "-g.r., G Nn Whoa I"" . " t. to. ma.k 01 '"" "«I. t" "",I 0>«1 ohoold ron"""" 
to I he " qu , " ..... " and d .. m,," «.mpoo;' ''''''' .. .. do.,"," ", " I,n. I <0<1.. f" " " I."""n' 
ro. .. "1' .... U,,,,,llr. ""'" _I i, mod< in "I"" h" , <h ", ,I«"" f.m..,,, . Coo ,·,rt ... """ .. 
DOt oomOd=d '"' ,,1>1,. So>«;,,1 m, ohoo I<l !r""',, t. thoroa~hI y """""" "'., . .. ,,1. 11 "",I 
","n,.m,, '" r",."". 'rb, "mp<r".,,"" tb,,,,,,, f., " " .,,,.,,",,, ohoold!r ,."'~, I, 
, r....n" 'h" th, , hu..,"n"" .,.,. """,.". ""."".",d m t;n •• ' " ''''''"y <l un"'«d . 

•• fat ~.< ha .. d""."'" <arl>oo ~" ,,, .. " . """'" " Ioy "",I,., ,.b """ ......... ..,'rl "'" I, 
off"" ; oJ, '" ;"...,,,, n. at .... ., . Dd hood ,,.. ~" ..... M "', .. ;", ",en 1, .. "",I .. " ... d for 
g'"" .""'. " qu ,=n,"" ;""1",,, h,.h "'i<= of " ..... n'" " ron-oooonoombonN ~',<h ,,,,11, .. 
"""h .. " , 1 I""""" '''. Wl><n • ~"'-of ' " 11. ,,"t,," ,..... h.,.knon ... lIoy "",I .. " "''',,''''''' 
=~ .. , h, oj loy""".", pro"""" h, ""''''''l' ".-d" ,.0.1 i'y du<" ", fx' th " oIloy 
""I. '" <nor< ,m",,'" t. prop<' "'a<·",a<m,,,' p"""","", ,h. n <arl>oo "",I. ~·ithout 
"'"im",,,1 ,,,.it on "" a""", ",tb """i. '''''p<' . nd """ ..... 

~<I '" d., ,,i. 1 "" ins,,,,,, I. ",,,. " -..,,d f>lo;. """'" "," I •• " fat mo« ""'"""" ,h. n . 11oy 
""I,. 'h, ""..,. hoon, ' h" . 10"""" " , h"<-o,,, "d "Ioy "'" I. " ,., '"I'm,,, ~"'I"""'~ 
""'" a tb, & .. 1" ",. .. i<l«>., ... , . nd "",k< ,and"""" ... _ "'..-" '" th", .'" boc. u,,", a tho 
""'" ,""" I , "" ",,-.,h'n!. pl. en , .t.on ",<I, '" ~.'" .. ".f"'''''Y . nd " .... ,,,,,oI lb.- ""'" ,""th , 
,nd ",,;. 1 ' J><H ",."o,,~ If. t.o • . ".", _ ' n, . m __ " "I" I.i".. by " ' ;" ~ ,ho .. ""I",,,,, 'he pl"n 
,.t.on ",d . off·..,. tho odd ,,"""".- t"', it j' j ",,;fO«l . Wr.." ",,,,,,.,n! ,, 'h, "'''.'', a<n! 
~I. i" "" _ " " I •. 'h, "'a< .",,.n! alloy "",1,_ th, 10110..-... oJ, ..... , ... 

, . Culooto ",n"" . nd q"""h homl tho .. m< . alloy ""I, "" rrOO"" I ""t" ...n.,,, 
, • .-d , ,,, . M & ",h. 

, . ALIo, "", I. "",., h,V" jYkJ "",nt. '"'"got"", . nd "",,,,, joo '"" . " • . T""I ""''' H. 
,,,,,,fo,,. i '''''''' 

• • Alow<r qu,""b ," ~ "mp< .. '." ma~ """"'" ,n. " "'" ,,,,f..,, ".-dn.. •. H,,,,, . ~"" of 
" Ioy "'" I. '" k .. li.o" t. di.""""" . 

• . G .. ,. "" ,. f,,,,, ,-. ",i~.,,,, "' ,m!",,' , nd .. . " ..- H ono« . 
•. U,ot" ....,~i"abih'Y " "Jh<,-lo.o,d"" .. "." ' hat ofl<=I by "'''" ",boo .",1 • . 
V.no... . 11oy", , I '''''',,''; mr'" di ff"",t prop<"'" '" '"" I. moa .. f., ~"". Tho d,,, .. · 

tm ~ "" "" ""'" , I , .. ,"''' at, ond ",.on! !ria..- i" briof. Tho 1""'1"""" d ,"'''' . 11oy "" I, ,~ . 
.... i' tho", ""h, "''''" ,arl>oo .. ,,,I •• ,,_-.l to ho aror!Kobk in 'h, """ "'ho,, both ' he 
<i nd, d ""I."" ,., th, " '" """'" , on«n'. I. """"....,,-d,. <..-1000 """'"" I ' 10< co, 'h, .. m'. 
tho prop<rt ... '" f.""m •• fOh, . 11oy'", d """,,, to oo ly. 

N ~k<I_N""d ''''''''''' ~ '.-d""" .. d " « "Ith. ,n. =hK1 .... f d"" ,h,y;' ",",¥,nol. 
Chrom ium_ II""""' •• "d ",,' ~,b ." '' ''''_ """" t~ on tho.. oIoto,,,,,d ". ,' Ioy,"~.· itb 

""., l boo, 'h, """,,,Xm on d" , j I "y .. ono«. 



"" ,' , .. _-
V.....J h,.. _ lI ''''''''', .. " hOTO' ''''', """,'h , ,,0 ""' ......... _ 1m!",' """l,h d,h" . IJoy ;. "&" 0., maoh' "'"I" d,ff",.k_ 
............ _ 1 .. <If ...... .. " . ;m,I .. ", un"'"",,_ 
~ _ lI; """"''''' """1,10 0"' do<, "'" .tfu, duo'ih'Y. I tom P"" """ II"",, mt-" 

"'-"1"'''i ... '" ", a1Joy. 
(,"h, ,,,,, -Ni, • • I_ThI, ,omb",,,, ... p<OO '''''' ...-op<""'" d h'lh """I ,h. ,,,at,,, d"tH"y 

'" d no< _ ",.i .. """" _ II"", ,,,,,.. ma< ' i ... o,1 "1 i> _ ~ .. d " ., _ """m,,.' " dlft-"ul t, 
Chromo-V ...... ". n_ Th" h .. tho .. m< ""ii, "'''I~''''' .. e.,Ni .. ",I •. ".oi, •• bH"y. 

,m F"''' , ~"" I th .. d " .... ,,,,,,,",co 1""1"''''''' . " 1><,,,"-
Chromo-""Iybd<n _ _ P",~";. .. ,, F""",.,,,lI y 'h, u rn , •• pl. ;. molybd<n . m .. ",I b., 

'h, okp'" d h .. d .. " "." I>< I'''''' . nd ~.'" _",i ,,,,,,, .. ;",,, .. 001_ Good ",.. h m.ool" y '"" 
h,,"',,"m , n! . " "."'od;~~", 
N~ 'd,., .. yOd<o"," _ P ' ''I~ '''''''' N;'.," "", I. m "m,l .. ,. Cr_Mo .-1>. r"" ........... 

I ""'" bo, ",.. h" .o'hty .. "'" '""'Y Ij<'Od. 

C," I ..... 

e .. """, I" ... . '" ko'l' . ... ,,,., rood darn" '"I''''''''' ily. W h<n I"" ",," I>< d ,~",."'d 
. h. I".'" ""'" moy ",d I I>< t h" only"""""'" """on .. ",,,. Tho .. " .... I " ....... '" """I.",,,,,,, 
",·ko", """~, h I .... 'h, mat. " it",,,. d ... "n. 1 .. 1«,.,... .. .... ;roo I. ",I .. i ,dy •. <Ok • nd 
brittk ''''''f'O'<d '0 "",I. A I "'1' • moo", of , •• ph'I< " ",-",", ; ...... i"", ...... ...! , . .. """ 
.. . 1.10';,, ",. h,"d"i, ~ "' ..... of "'<l h. If '0«<H<d k>..d "I*'"y . nd ,,,,,,.,,,,, ,. ,,",'x, 
.. ""." '" ok,i«<i. 'h" ,ph<,0 ... 1 fl ' P'''' '" p<",l"k "",1_;' ,," ,roo ""'y I>< ."d. In 
"" n' y" .... ,; " ,,,,,<I iron ~""'" ...... bv tho f""' . .s.. "",. 11 w-V. I fWOC"'" &em ;ron p"",o.,-
'" m""h.oM in low ,O>! ..."h,""';', ",.r..,., ","" ~th "'1 ' """"'" . " ..... 1. Tho"I' '" ""., 
~· .... , ,,,i • ..,.,, prol""''''' .. d. " " 'Y '" I.brio.",. 

A"","~'" , . .00-... """,f ............. 1> ."" i. 1m moo . f"", ,,"',. bronz, .. , h, ""'" "",., .. , 
. 11oy . .... _ V"""" ryp<' dbron", ", .. O«! •• ;....- m""n. h. rrwoly b<c .... 0"0.. " .b,hry 
'" ,," h ... ...! I><".y ,I id;.l lo..d, ~·hKh ." """"",=d on ' PI'I "''''''''' "", .. '""""'-I'" .n>_ 
Jl .. , I,." ... i ..... Oron= . " '''Y '0,,"'"'''' """r>i ~"od ,h.".. wh<n """""'l'. 

PIooopbo.- bronz, i'i,,,,,,UY',,,, .. ,.,n,kd r", """"_,,,kook ~·b",h""" .·ith _ofhi~" 
h.ru"" and """"'y . • n<! i>>>«m&ily .... nt f..- mod;,.,. Ioodo . nd .... ium to h'" op«d<.. 

Ton bronz" oI'f<r ,,,,", th. "'~ I"""' . ... h"d ....... nd <on", , .... f..- ~",,"_~h«h f..-
1"",,,,11""1""" . S; I;ro. bronz" h.,., ~m' I .. O"'f""i<o .. .......- bmoun_ B .... ok~ kod«j 
bronu. "" P ""'" bronzo . • I.m,." '" broo= ond . " ... 1 bronL< . 1 .. f",d "id< aPl'I",,,,,,,, .. 
f"" m",,;.I._ 

II"" """." "",,1 "".1" from bronz<o "',ob<o; ..... ~.b<n 'h, 101"" . '" ,,," ,nf.follY"" . 

~· • • ·. t ,"l. 

Vonoo"yl'" of ..,._""''', ... " b<m " .i<kly .. ...! " l'u rn. I<,;.I .. , "" .. , 10 " .. """'_ Th .... 
mat ..... I .... du,ny ,,1«.,.. b<c . .... «',h< .. q .. ;n"",. d.n.~ ...,.i« . t h, ~h '1"001. mil".,,,. 
, ..... ,,'"' .... ml".l.b, I,ry • ...! low '0",;. boll m&' ,f"", .", _ N "",m<toI l", , ... " . " .boo _ .. 
"m"n "'" on d .boo ... rio ... "",,, .I ..... of ,,,ui. l- S "" h .. "" .. I. , ,.. f..- , .. , m.k i'I'" 
1"", .. Uy ",,,,f«<.o """",I., """,Id " , m""i.l ~ """,kIod pi .. "" 10k" .yloo. ",inf..-cod 



•• _. '<1' __ m 

, h"m"",,"m,lom ''' ' '', ,, ~ hok, ... i.,boMod 1""",d ... ,.". "" h"d f&bn<~ <I,. F", roo,o 
.. kul"ion •• 10 ,he .. ,,"" ~'h P'opm'" . nd po"" ,,, ••• m,,,,", ,,,,,'" d II,", ",,' mol .ri. l. 
, .. be """idmd " 10 ... ,h . ... "" P""""'I<. " , bo .. <f , 000" roo, Ho.,n"" r", . ,,"uno', 
.. IeU,," '1OO ",,10 d ... foo • ..,h m".n.1 ". ,,~ i l.bI< 1 ..... 1< • .0' ""'h .. leu,,",.,... sho ... ia 
CIL l, ........ ~'hil.,,, m.y be 1"""'"" ""' " " thou,h , be ,.",, 1. "'""l ,b .0'""",l1l<I. 11", ,n, 
~".n.1o m.y bdm " •• , ,,' i,,",. ,b"" ",~ I ....,., i. "'~ ~tuch ... blc"bem " ~·i <h ... nd ''''I'"'', . nd 'OO' ....... no .. ", . ",n ... , ; ~ •. 

,.""l ly, " .. , ok .... uO«l .. ,II< "",,,,,,<laJ l., ,<AI m".". 1, l . l<, oa, m".ri. l • • ;Ib 
'mprovod 1"<'1"";,, '''''''' ,. bc m.Il .. «I , nd., ......... ,,&d ........ , "",b " , F""".,o, 
Ttl",I"., Pl><no lil<, M .. """ <1< . T .... m" .". '" ... ," ,dly mad< d "ym .0' " " ',, ,,"h 
b.<.h l< imp"S""oo, fll<"' •• e ,h .. f"od und .. b'lb hyd""h' i=""". A • • coo"'l" "" 
<f 1"""'" • nd b.", . ..... '" np m ... ", •• 11. . 'mp"" ", .. d ".v&> ~ """" du "bI .. b • • ,," 
iroo "' " 0' b><l< . 

fIX I .... mod< ol .0."', .... 11., .. b""",.~ phmol" I. m , .. 1<11 m.l<.i. l. m ""'" ~y 
,,0«1 f'" " "" , ........ ,1>'''''1''''''' 1"<'1""''''' S",h I .... "", .... " .. Iy d, IT=t< b."",m. , 
"" .. rom,.."ro ,,, ...... 11" I 'on, S,,,, .. ,. ,·. 1" .. of, h. moduli .0' .""",i'r d,lI< .. m " .. i. 1o 
... """"he , .. "I,i n S' I"", ... f"""".,. und"" k>od "<." .. ,,.,". ",,,.1 ... ,,,,,,.01.1 rl\"' .. 
• , '''''''',,,,,,h .. _h ""'1""""" 'l'"'i.,<ITOO'. «<. Th< .. '''''''"h.,d""" b.". I,tli. <fl«' 
<XI '" .... ..".11 """1, 10 ond rom"""""" of,h.;<"" .hie ... not ,. '" ' "'" oO'm<t&l l .. , ...... 
n .boll ..., ,n ,h .... _ .... Im' ", i,b ,b. "".,th coku .. ' ..... d . , "'1 , .... , 

E, """"""" I " .. I .. b., .•• ...t.I .. h«J ,h. fo<" hoI ,h. 10<>, too<h f""" ful'1h<", m. 1< ,i. l. i. 
,h. N " , b:<ooth 'y"<m, I, h .. . 1 .. ..... r ...... ,h .. ,he a-k."}·i., ~.y d. d,ivi"1 
P'"""' ...... of,lI<", m".n. I ... ,""' .... obtv . ff",1<d by ,h. <o1I'"I "'t ... of,h. """" ~, " 
",.,,11 ,<m", 'n'" ,, ',. F""' oom< ,010 "..,h, ll •• ",m<dy boo. '" ,«I", iOJ,1I< "I'f"O"< ' "',.., 
~·h.,h •• ,,,,,,, "1""'<I . nd .. f. load " ... m ... ... . 

""'""I" I. mio,,«I m".n. I .......... "i"bl.f", h , ~ ~d".,. . TII<"ponon"a",,. ,,_ 
",,,.f..,...,. i" I""'''' . ·1><0". >p«d" ,,",,,,a,,,",,,,,,,,,,, "' ~" k>od "dfi ' <I""","", ,,, 
and " ... ",.lI y b ilh ohocl, 10001 . ... IM·o[;·«I. C","", .. ,,,I,, ... "",""n«! .hm tho e;",h h"" 
vdOOty" abo .. 1 mi. '" """". 

A, ...... ,[,.,11< m".n. I.' .. m' '' '1 ~m, bo,.",«1 ".<1 with flria< 1I ,10,." .. N,mb<l ",,,, 
.... NI .. m' 1 • ..1, '" bo, 01' .... ,"""1 pmo""a",,., . nd I"''''' d" .. b ,l" y "ndo, load, C. " 
,ron < .. . 1", be ""," foc , h. m."., ;<", bu, 00/I<I " .. I '" """,Inrn" m.I&I. (I ; •• b .... 
• nd bronz<) .. nd " ,..,..., •• "."i,·, .1><0.", • ...,.", 
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n. ",k rod "~,.."<n"'),' """""I >«1 ... d . oooth on any loar _,ooth ' y,t<m . n<! <kt,nm "" 
'h, I'<cm or • ..,.., .. , •• ,. .. ~rlI .. ,h. vIDoon " I" ..... r"""" I'<cm d;n><noon, ",«<ill . 
• &m<I)_ tho modul<. ,h . .. 1>01< d<~lh of,ooib. "",.1" "",b and ,b. fi ll ... ,"" ,. , . "" ,,ho. Ih. 
;",'oIute 'Y"om, .... r v..," "",,,rl.Ooth fann. "'fIOI!ibl. ,;., Y f, 1I-<I'rd,,""'" • )'''''''' 10" "ob-,_, .y>l,m .• nd " m.l.dyfo<o<h<. P""'." .. ,10..'""" •• 1t.'I:, W,2!>·,3Il", "' •. Tu 
"""da .... ... . ny "'''_,_. "'''., ;, "001)' """''''Y'' ,"" tho "b.", , • ..,..,;."" <f'" 
....,k t .. " bdon,i.,.,. t hoi ,y"'m, boo ..... . <th. roct ,bat I h, ....,k ;. ,b. b .... or I'o.mdo,;"" 
d • • " .... ,d . p t .... .. ,nl<"'''"'leabl, I""' . 

l . IS, ~H_ l~7l<.lh, ba", .... for 0.""1",, ')'I;...r"oll""(O' 1"",,01 '"I i"",';.,. ,,",. 
f""<' h .. I>«n ",""if .... _ TO. .. I,.n' f,,,",,. of," .. ,ooIb prof,1< '" "JK=",«I on F"l , I 
~ t..oh ;, hoot<! """' fi,,,,,, ofth.bo 0.,....,1.. Eoob .... ""'he oren .. 'flh, ""'"' .. '" ; •• " ' " &h' 
" "" ~·ho<"; • • ~'" <_ "r,o. in","',,,,,,,,, ~h<a 'he boo< ';",1< d ....... " •• inn" ,,_ 
So""'; .... hI' " I."r" p'''' -.d<d '" " ",,h '"" th, <nJ "",foI<l 'n<' . .. , I; ~htly ,.md ., .no.,'" 
'" th, fl~. TI>< 1'' '''"« ",,~I< .. lr .".1 th, I>< 'i ht ofth, _h(o,vil>Ok<kf>!h),.2.11""",. 
th, modol< m, Nomully_ th, m.,';m"", n l"" a tl>< ,od ,., at th, , .. , of_h T" '.llm. bot 
;" m " " , .... , h, m.,';m ,m ;'oJ"" may"" ,><=IN",>!, 0, oj .. , l • ."y ,..., _ th .... d ,., m . .. 
),., ' <P' ., I.,.., .. poW,\< h«.""" ,h,.-- fl iid play. '" iml"""" ",I< '" """'h dT« ... d 
.. "' .. ,""""""".,. ."""" .. "" ill I>< "'" 1 .. <0" th .. book, AU ' he ,"'". "1 ,, ... , at< rv,," 
in th, fl,,,,,, 

Tho "",ftl< "f",n" I"" . '''' '"" th, book .. ,,' '" "",h • ""nn" ,ho( '"' th .. 10"" ,h, 
foll""'",,,I,,"," " i,,,, 

Tho nom,nol ..... b thkk",,"~ . 'h, """,inol """" ....." width, • h> lfp,,,,hp/2 

Th.,;. • - , • !. , 
II,,,,, ;. ' he ",,,,.1..- p,,,, h ,n mm .. d .. ;, th, , ... 1 d, """" Tho ,'''' ', .. p" ,h "', ,oa, " 
on< ,,(, 0, ,mJ>O"'" t 'f'<",r" .. "'" "i,.., .. of. go"" ,, ; . dof""'" .. 'h, I", ~tb ," 0, m '" th, 
r ,"'h ",,,,k bot",," 'n .d J ""n! "<tn .• ". ;, I''''" b)< 

~ d "",z , ... ~ - -- ~~"' , , 
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,oJ laJ p" ,h ,y IUMk" ,Aoroniintl:,",h, 1._, "', ,,n","pl. ;,,,. '" Clop, 1Oho "1l, 1 .. ,~k>o"Y _ 
.. ';0 m,,' "mom ""h.",od. S,"""h" ;, _ """,,,,,bk ia iH<,.,., ~"'. 'h, 'y l,.&" . " 
''f'1 ..,aJoy 0<r0Ih0<I ~'"",I, "lIaJ gu",. lOe pot'"~ d",1oo, or, ... m' ''"i ~"n ""he " me .. the 
"",,,,,,fm'.,,,,", ,ho ond "",,,,,00.. ... , h",." roll ,.", ",h ')'1",01", " ,,'; " ~'ho ... ,,'"'' ~ul" 
""k>o;,y .. ,",- I . .. y "'" '"e "b '" ' "'''" ,;", 1< .. tho ",f=n<e """,0(,",, ,m ,nd tho"", 
im.," " Y.;' loth, bu" . fmm"""",'" "'<>th" pm"""" or,h<" " . Thod;. m<l<,,£ Oh,. 
';,dd . .. 11N '"' ","h d,d,d"mrt«(p<ol for"""'I''''''plrr'''" d .. mrt«, It ~.knot«l Or 
'h, 1<1'., •• " whh "",,,,' ,"bo<n",~ o.,.d, f", P"'"'" . nd d , fo< 'h, mat '"' V"' , 

.""..,<1,,, Tn" , .. 1>0 '""u , .. he "",,,d um d"I< .. , h, "" "Wl< ,;,<)e, Th,,,, . d,d, ~'h",b 
bound> the o u"" odl " or", '«tb .... , ,,, . nd h. d,,,,,,,,,,;, ,k"ooOO Or d. , 
~_ <I",,,, A"" 'non" ,h«"d,,,,,"m ,;"'1,." ;., b, ';n,1o ~ ,",b 00"""'" bottom, ,,", 
roo" O(,h, ,,<t, ••• ;" d,.""", ;, &MK«I Or d, . 
... "ir<", lO,, ;' 'he "",10 from ~'h"h 'he ,,,;oIute ..,.,.., pn>r,~" &,'.1""",. ,,, d" ... t., 
.. &"",«1 Or d., 

A .. ' . . ... , It " 'h, ,od;'1 d,"""e bo"'«o ,ho " '''h d,,10 .n" 'he tip d"""d,, &-..J 
hyh •. 
o,~, ••• ,., I, i, the ,od .. I. ," .... "bot""'" 'he I"t<h ,"'~ .nd th, ""","'Io, . nd "",,,,,,«I 
byhr 
Lo.~, Tho 'O!' I,,,. , """, bottom L,nd " "ho ...n"",,, oJ,e "'I"'''"' ,_" "d '"e bonorn ,""t''''''. 'poc'''''p'''',,'dy, 
W .. Ii~~"p'.' '[h" ;" ,, d",,,,,,, ... =g.>~<m<", "'" 0 ... " n~ ""h . nd •• """,It. ,be >.Urn 

"',", oddondum, ""he m,,,", "<Ih "',", ,~, I ""';" "'" "' .... d" d ,y",m. 
"'~"" " p'.' ni,,, 'he ho'lh, 01 • .... , . nd i. """,I '" ' he oddond.m "I., OOknd um, 
0 ..... "', TO" " 'h, " dl.1 " " t"". bot~= 'he "'I' I ..... 01. ,-" . nd ' ", boo_ I, nd 01 

,h. """", """" '1'""'. 
~ ..... w; .. ~, Th",,, '". ~,.lt" of ,1><1""'" i , 'h , d,,,,,,,,. frum .,.., ond 0(. _ h "" h, "'h" 
~ 

Fa", .j ••••• , TO" i. 'he ...-r.." "' th. ,.". bot.,cno the p" ,b 'y l,nd", on d 'h, ""to"" 
'yl".lo,. 
F" •• • ,,_,., Th" , .. h' ,ur/K. ol th' _h bct~'"" 'h, >,,01, 'yl""", "'" to, .- 'y I """', 

_" ... "," ,,;. dd'onaJ .. th, .. ';0 .,,", p" ,h d .. m"" '" 'h, n.mho< """,'h ' h '''', Tho 
vol"" .,mod"", .. ",!""ocd' , m,lh"",cn, Tho modulo ;. on< ""h, ",")O' . nd de"",,,",,, 
pmm<tmo(. ,e", 

P;.w, J,,, .... II"o(th<O~"I .... i" ""'''" . nd ; ...... Ilr '", d,;.'; " ~,," , ,. k" ol' I ",;nl 
,),>,,," , Tho othc, ,om...-. ~'bo<' " I" ,,,.,, "," , lIy <rl<rr<d t • •• " " .,,". 

O_I .U,d.,., Th"" '"' h" Jio' boo olod f,r '"' '" cl ' ", _"' . ". 'he ,..,d 
''''''''l'''ft'I,., to ,b. "'" ... th, ",toh ''''~ """''''.''"J 'h, "","10, toot, "' ock",,,. 
Clwd4I ""' .... ., .. "', 't ,I . i. ' ", ,_ ",f<'ITaJ ,. ob<"" . """' ckonlal ..J.dcnJu m < •• 

,"'.1..1 ho 'Ih, .• ,,, " oomct,,,,,, , olIN) .. ",dl .. ,", ,honIol """" 'h", k",,, '" .f""porto"", 
" ,hcc"" '«' I"" .. dl "' "pbioaJ .. Soc. 2.1', 

• 



O;"""'",,p~,~ , H; ... ' ", ••• N ; . , . .. '«'..,'0", ;, ." .... " . ,,, ... . t. " d<,." •••• ,. 
' " ,. of, • • """" ofl«th '" ,', p;'" • ; ... ,," ;. ;",. I, ",u.".lIy'''o, N .. "DP". " " .... , 
" " ....... '" , ... " .. , p .. ;0<' ofp ;". , ;'''" .. n . ,, ;, oil'" ;" • • ;" -. ,,. or"" •. n . 
f"""~ ", "',,, .. .. l", .,,~ ... UP ,,' ... ,.,t. 

OP '''''.'j . ""_. Mod" . (mm) 

A,p'.".'" ,·.L, .. ,f!}" """ .. od., .... ,;'" '' AM''''''' II 'oo ''''''''';" •. 
B .. " .. , • • • bo" "'.'. ,.'" ....... y ot." ,,, . . . .. "" ." •• _ .,. , .. " ,, ' •• ,,; . , 

.,,""' •. n". , ..... ~;" " ',fi ... ,,' . ,,, .. ,,. ; . ," "',, • • , """ •• ; . ,', "". 

n ..... , ",." _ .• " . ,,, .• " •• •• ro ... ;. s.e, 1.2 . " .• , •• ,, '" " ••• " .. ; . ... ,. 2.1 to • 
""m,' ......... ,."t,. 'Y'''''. " ••• ''''', " ...... " " . , •• ,,,,fit< .. f .... " ,,, . M_M 

" _._ ..... . ...... '. 
• , .. ... !' 

0-.-0." 

... -..... 

" ... u Ol .10< • .-. .. --, 
d, =<,'" 
d. _ d,o,~ 

~. _ d,_!"''1'~ 

do .d,_' 

• 0 • . . - . • 
•• 
• 

"...:..!!:. • • !1.!..!.: , , 

-, .. . ','" 
11 _ 110 , _ 

o 0 0 

d" - 0,-" ", .. , 
0" _ .,..,. . 

of ,', ""., ,,,. ;, ,, •• '" ,.", p'''. , """ ..-,', •• " . ,,, . p,,,,b .. ,. , . .... ,. "' ... ,' , .. " 
..... _ ., , ,, •• " • • d,, ' " " m ... ; ;, "." f_ " . ,. ",","N .... " • •• • ~ •• <lL " ", .. 
o. L.",. n ... ;" .p.' ." ...... " of " , ,,on«,,. , ... '" ... "", .. " t,, , t. T • • " 2 I. 

J , ... . 1.' 'wo .. " .,,' , .. " ." ........ ~. ;. ..... n, ", •••• "";"'" __ ... 
d.fi .. , to " '", •• ,, 'wo '"'' t, .. " t, . ",oJ;_. 

"N" of"" .... : TO;.;., •• " . .. t ...... b "'" t ••• , •••• •• ., •• ' '''''' " ., ". f ' 0 .. ". " " " •• • 
• f ••• ,," • ". , .... ,,; • • , .. , ''''',. " , • • ",,;. , ~ .... , • • , •• " " ,.... s;.", b, ,w. , t ". 
,,'11 .dm ." •• ", ,, ,,, .0 ",,' ,~.;"", ,II "".,' " , .. ". " 'O'l' of . '''; . ...... I ... ,b. ,f,'. 
" .. "'oot". of, .. '"" . . .. " ... to. ..... n" •• 

'B) 

~.'" '. " 0', '" ., •• ;" • • ~,~ "d<; , • • d 9, ,, ' 9. ' ''''' .. " " (,. "di . .. ) ••• " ,o.d", 
••• t~o .... " .... , ", .. " t,·. "."". r ••• " '''''''' . ;, .. , . ..... ;. d"· ..... t."" 
A N d ... ", .... • .• ,,' I, " •• " "'00, • • b;co ••• '''''' ' _, ... "0" , •• ;. ;ti. I ''''' '''' 'P" 
to, p'to ' po;" ~. '" 0 

------------------------



.. '. n .. .... _ 

I 
<\ 



A", d ",,,,,,_·.d ;, " , ." thro".b ~h~b ,., """" ",,-,j, frnm to, pol", ."".,,, ,., ,odof 
,"",0<1_ 
n. are," .ppw,,' . ....... , .... , ..... '""",,,. " " '_ 1.' . 
A •• , • • j'" ... , . ... """" T .... ' .' ,., , •• , •• " b " .... , " h. «, '" "" ,h, . " . f"", ... h 
• • J ,b. ,n 'f""" "'''''''''''_ h .O".W b< ..,,'" '0<, ,h .. ,.,,,,h ,h. ,,,.Ib . of .,« , n Ib, ........ bo,' ,b •• "". ,b. 
,,,",,pood", •••• "" ... ',ff"." , f" ,b ...... . '". n ..... "." •• fi.., ~._1-' ''', ". " .... d'ffm •• •• , ... _ 
~.I." d ....... r T, ". T,'" .h. "", . .. ",,,,<0<, _b", ... rom_ " • ••• " ,,1'< •• '_'0 
•• " d"J •• ,.,,,.h th, p'''' "", ... ~ ",«0 •• b. bo>.o ,;"'h 

Li ... j."i~" n .. '<t" ' '',"Jo~ .·'~ h ,b. ",,'ot ""'00'" "th, " '0 mot ', •• ""," prom .. 
OK"". Th ', .. . t .. ]...,.. .• •• ,b. p'" " .. , .... , , ,' " ,. , "m, """""'" to',<o' "f.".d '" 
.bo". 
t ••• ,. d ",I •• , TO .. .......... • fth , II ... ""', .... "" .'~ b ,b. po '" 'f,om"" ... ,...d"". 
Ib, ",.". ",' .. ,"" " ..... . . ,b. ,'" ... " ... ,""_ Th', 1<,.tO ;. ""'"""" .... Ib, poi"" ... .. . 
8 "" , 0. " " '" ''' ''''' ............ " . , .• . Th,'" . ,h " .,,, .... AB, • hd ... ,..., "p""'" 
to, ",.,,, ,, ••• d •••••• '" ... "" " " , .. 0 .... , .. . .... "th , ,. ,."" " ..... ,,,. ' ,". ,h 01 
""",,, 0 A • . "d , b, , ... ,' ofK«" p~." ,"wo " th, " • • ,,_ 

Pi ............ 

". ", ... , ,. d".· ..... , ",'0'." ",0"" ,f. " ,,' ., •• , .. ,,, "" ,., ,., •• • ,' If . ,.." " 
" .. "',, •. , ,h.o"h ,bO ... ,,, of ..... o<'. '''"'''" •• ,hO, .. ,,, . ',h th, .. ,," ", • • " ". " .. Ib, ... " ••• ,. ,.." ,d.d "',W .. , ,,., .... , .. .. . ,b, ,.."., "d" ......... ,', P""'" 
"",., ,." "", ... 

• ,,"' , •• ,. 0" 1- n('), A ,. ,b, ",,'ot ., •• "'. , .. ... . ,ot ... "'" d ... · . ... a," ,h, 

p""'" oo.,.f .... '''A .•• ,"" ,. '0 ""_ B "'.~ '. th, 0'''' "" .. , .... " ,., ,.'0 , ,,.d,,d 
p'« 0 • ,,,,,," ... .. "" Ib, "" of"."" . 0.0. " . """""'" to • • •• , ,. ", ,. 0 ,,,,,,,b. profik, ,. 
d,.n "ro •• ' P, ,h .. ,., ,. , .. ," "" I< fo, .. ,., P "'''''''''''''' t>, •• • " ,.", .. J'" "" du, 
, ... ,ot 10'" , ... " ,,",,,, , ,Po n, ... ... ... 0 ..0 . ,J O,P oL, h.""" ,," ," . ,.., •• ,"". 
, . .. ,., "d', '. '''' th, .. ,,, P. TO'. P""'" ... 1< (" Ib, p'«' ",,'ot f') ".- of, h, "" .. , , .... "'" ."""f"' ..... ,0<> .... of • • , ... Tb ' , P'"'''' "." ' . ..... 'd ",",,,,,,,,,,,,,,Ib. G .. ,. 
'«"'~. Ap""." ... 10 " • • , o th" .. ,,, , ... " • •• " d "" . "'''''P'. ' .1, ". fo< lb. "",,, 
A •• d ..... n. "mba' Q f ... Ib, P""'" ••• 10 " , •• ",to' "",,, '''', .. .. "b",, 'pt_ TO, 
"I •• of' h' , .... " .... k afor ,b. " • • • ,,' '00," .. "" 'h ...... ' '' ', 'S_ "l'. '. 2<J' .• " 
,0, " """ " , " , .. . " ., . th" ", ... " "'.' ". \0 'I,' , '~'. 2~· , 30", ,t<. " ",.d' •• ,", " , 
'0." " •• '"J, .... ,,'" ... " ",,, ,,,,,.d,, ', ••• ' t> .<0 ..... <001 . ..... ,h., ,b, .""., •• , .... ," 
... " a , .. b< ,, '" d"'''' ........ tho .... , .. , '''D.'' .. ",. ""'"""I 'po' , •• "'.""-
,"'" f.d'o" ",v.I,"' ... tho .... ,,',. "".,,,,,,,,,_ n , ,.,,," .h ~' . .. ,," " ,b. '''''. 
","" m . " " ,'k • ..,0' _ p""...... ...1< ,.,,,,,' .,,,..,,.. "" ,f •• " ... , • • , ""'" "" •• " •• " d 
0'"'''"' ......... _ ........... , .. ftb, ,.""; .. ,,,, .. f, ,,"" ,, ",', ""'h_'," ",,,,.,, .. , 10. 

_.,." ,b, ''''0'"'' '' .""'". f.,... ,., .... ,'.ok. 'h' P''''.'' ••• ,." .... ,,", .... ,., 
" mo. Rtf",'., " "'1- '-'. ' .. . . .. , d".·, o. th, . ," "" .. . . J "'''''J ",,,,,., to, " ~to' 

.."" p " oO ".",J, .. ... 10 '.,,' " " .. ... """. n .. ,. 



.. ,", ...... -

" 
........... -. 
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(26) 

Th, "I",,,,, b<,~"," 'h' "..,,,.,, .. ,I, d" <" "nt '"' 'h, i •• olu", .-h prom, """ 'h, 
~"".'" ." ,10 0/' """" oIh« 1""'" '"' 'h, " m, ,.,·oIu" ~ill b< ';"" ',I< , ,n ,bi , """ion. 

From ' ... ". i , ",n , 100 b< .«n ,bot tho """ .. , ""~'nt I,", T T .. 'h, t..., ,,,,1<0 . 1", 
m.'" , n "",I, " '0 tho "" I,,,odkul_ t. ' h, 10 .. d ,""= <IU"I~ I'. L"" T,T. ~'h ~h " 
,_;00 .Iy knD''-. " 'h, P''''"''' I m,. ,,," d ",bon '" "oth d ""ion,,, ' h, It"" , Jonl , 'h",h tho 
,..,,,,,,,,f ",.tin~I<''-' .. J." """,,",...nom 1"""" dun", tho,,,,,,,,, d ""ion. 1h;, i, oh.o 'h , 
d" .."ion in • .-Ioch ' h, dn"'1 r""" "" ~ 

In au""""'".., ind.",i ... 25' . '"'''' "'110 i, ~.' " "',.,.,.. ~o.- """Iu« 'p """'- 'h" 
&Oik i ..... lly :t>'. W,th i."'''''1 P"''''' "v. 'h, "-' ""yi." ...... y """""'"""'. 
P, .. ,." . ".In to "",ofho ,,,,,1 ;"" ~' ill bo di"",,,,," ,. Chop. l. 

n, ,11«" oiine" .. in, th, p""." "'Ik '" .. mn..-iL«i .,~ 
, . Th, I,m" ,n, •• mho, 0/',«, h .. ",,,od .n"mutt inli. """~""- T h" .. , o .. y nth< ~"''"'' 

'" ~I, ;. ,nc".",d. p '" """ ~·"h '''"'I'''"'ti...,1y 1 .. ,,, n.,""" ... ""h "n b< I """""" 
",<Mot "nd",." ,n, I "" =, "'" .., in'm,,,,,,, , nd .nd=" " ,n". 

2. Th, ,ho", oi,h, tooth ~ ""'" "'""'tod '" 1""'"". 
1. Tooth ",,' boro"",, """" ,wvod. 
• . TOo" , .. i ", .1 oJ"g ""."'''Y .. """"<d . 
• . Th, ,on'",' .. ,i<>.nd ""m:r '" ","",<d . 
• , To..-b P"""" " d OX" 1""'"" '''''''''''. 
,. T_b "''''<onyini,.,...ity i"""' ..... 





H. ' '' ''~ _ _ 
.,...." ~~ I" 'h, import," ' ,"""'''' 

_ ', : ~ ""'" (2,1) 

'. 
From 10., . 2.7 .. , <"" """m,,,,, ' 0, P"'''''' "", I< • t . ny PO'"' on 'h, ,n,ol , " '" "lo,io. "'h, 
r .... m"", ,.. "",th<d,,,,,,,, , P"''' · fo.- 'urrvi<, ,f tho d ", I< PO" ing th,O"1'h A b'pp<n, to b< 
'h, " '''h <"d, 'h, d .. m,t<, ,..",1,,<0 " known, th< , for. " . nd . nI 'r"_ 

"" ' , • d l ' ..,. ,.,.. _ L roo 2fT 

, '. F;~,,'" (bl ........ , " I '" tooth ""~ bn~'= 'h, "~d«l< .nd ,h,1>.o", , .. I<. from 'h, 
rrOf'<rtl" ""'""01,,, d i",,,,""; '" , .. 10", ><ct ... , .. , .""~. thot 

AI .. , ' ''il. EOD (i" ,.d; •• ) ~ 

S,mil .. ly, . nlll, .oc . lan a, 

N"",_ "", I< EOB • ""il< EOD - "., 

•• dJE _ ""'Iht I,nl"' Du 

'" CE • ""'Iht l"'itO CA 

- - "n., 

0., , nil< WU _ ton ... - ... 

Sim,l .-ty, _&1, WA • '"&"' EOC _ ... to" .. - ~ 

r rom Cn. " "" . """ ,hot'"' """".""" " , • - • h .. b=o "",,«I ••. ;nv "- 11><.-<1"", 

'";1< EOII : 'n .... ' tan .. - ... 

"d ""II, f-<lA. lo . .. , ,, , " , -0, 
V. I '" 01 ;""1",, f"""'m fa- d, ff''' ' ''''il'' '" 1"= i. ,b< AI'f'<"dI •. W, ohall ........ how 
' h<>< " I,"on. , "d , .Iu<. '" b< .,.,.; to rond "'rr"''''' for too<b 'h"k"",,,, " d ifr .... nl 
"","""" ' ''''I 'h, ,ooth prof .... 

kd"''"i '" Fi, . 2.1 (bl, "" '" ... ily "'" ,h .. 

'"II< Ear , ' nsl' EOB + ,"~I< nOF 

n. «nto< hne",,,,,,,," poi", F dl ...... 'h, .""" in """," .. I,nd ,,,",""'neol h.I.". fh«<f"" . 
'" d"" I" tooth thickn ... , ' ,. " 'h, d",I<",,,i., ,hroool b" """" by 

!a _ ',' "'II< uOf (,.".d l .. ,). :, ",~I< ~Of • ,,, • • . + . ~ 

i, YO . 

-'- '" i", a, - ;'" '. --". ". - _ a{!A, • i",' " 0·1 " '. -.. 
>. 
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., .. " '.' " ."',,. ",'" .,., '.Q~ .' >"OT "",,, •• ,0 ... m.' . " ., .. (] -, -, -'OS" ""''''''P 
'" nJ" '" ..." •• ~"" "n" <I "" ~ """' '.' "J '" " " U -"''' ", " " I 0.'0..0. "''''' '' ''"J . I 

-P"" , ,, ......... ''"'',.-.. """"J' ""'" '."'JJ'P'''~.IIOJ 
..... -'U'" "" .... "" "" •• ,'" """''''''"1>'''''' " ''''' . ".d '.' ... " •• "'>, 0" >,r •• "" ,., ," p .P"" . .... , w" ' " p po.,.",. '0'" '" '" '" I., "1"'" """ "'I1l' ""'I' " ... 
"" • • " " ..... "'''' .,' "", .. " " ",," "''''''0 . ",.. ..." ... 00_" '"' ' " """J '''''AI' ' 
" ,n •• , ." .... "''' OJM''''~.,3u'¥""" ,""" ' "0""" "' ~ .... ·m.'.",,>=,» . • " ~' "" " I' 
,""'"" " . ''''''''''' "", ... , ..-..,., ..... >, ... ..".. .... " .,,, .... ' .... p, ........ ,.,r •• 
"",,,," " I""UO."U -..... ..,,,,,, , .... >, .• ,,_'" "..,., .. ~npo>d '" "n", .m' 
., ,, ... . " .• "" ....... "''' ' ... ". o~ -.... I . " " •••• "".,'" W"'.<' ~, •• , p"e' " '''' 
"A, A.' ,. ... "p.,"' ." ... ,,'. ",., ., .. .. ' " .. "., .,,,, '" ... ,. " •• , ."" """" .,' 
.., ' ... ,_ ' " "'"" '."P'''' ~"""..,I A.' I.,~ .. , •• ". ",.._ ".' .',.,. '" "., '! -_ 
.... ""'1' '" .' .. ,,'U -p>"",,"""'''''"'''' '''' ~''''''J'[lOC'l'' ... ,' "".,,' "",·ItI" OS ! , .. ... "'," ... ' .' •. _ .... , ,,'_,., .''S'' "","''''p 01"'" "",",, , ~,d>r-El"J.o.:: '~"',"<>8 

1!IOO1J~ "'~ ... 

', ,' , '>OS .. .,,,1 .. n'_ ""' ''", 
,,00, "" "'J ""' . ..... ".V ...... ' """-' 00"".,." ' " """' 0 ...... " ..... ". ,,~""""" 
, •• 'Vd"' [on". "'" " " ••• ""..., .[" ' ..... ,.., """ ."',. '." . .... ,".' ~""" ' U 

"B'" e'"',,"''' .. '.0" ",." " .. ' .. " .[1 .. II."". ,,, ."'." 
'J " 

•• • ' 0 • ..-, 'OJ ..... 1 '" • • ' D "" , " ..", , 
"'~~··n ". 

" OIL'''' ',,," .... ,,,, '\l 0""" "" ... . ,,·'P .... ''IO '."""", ,. "., .. "" """" .. d" . , ' ,~ •• 
,. .m .. " p ' ... ","".,., ." .. ",.. .. "'" ~ ' .. ,,0 ""',,"'" ", • . ,,,,,",IJOJ ·,>w" .... S 
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"<ooa 
0-1>=. r., r. oDd ~ "I .. , "'the Ie&< . nd h. i. th , od<knd " m .. t h, ""I. and" ..... 'Oy "G"I '" 
'h, ...... I, .. . 

~or ron«ood ,< .... d<o<ribN 1,,« in "" , .. "",_ the ,.,.,...,«1 ,-, I", <if r ,, ' .. and ' h, 
,"", .. d"".,,. . '" t. be ,...,~«l . J1" .B ..,->11 be"",""'" by tho ~'''"';" ~!'''':"'' ""Ill< 'I. . 

J n roon«1"", ~. ith the d;" .. , .., on t he ,on"" n' ,. ",1"",,,,_ " .. ,.,«< ,~ltR .. """ ' hoi 
,hi. ; . .... " " ofth. I."" , """",,",AB. ~ 1ucb .. . ""i,bt h .... , ,,. ,h<I>o .. "~ P •• ~·hoch ;. 
,h<&«o(o ,...,\0. Th i. m&y O«m od<j ... ",a<kL In r,.. 2."""" 0<1)",,.(«<11> "'<""' .. ~ in 
tbe fl l .'" 0-1>= I he b.., po"~ ho. b«n Ia; d "ffa ....... ," -. .. ,;.,.. Th" " . re...". th i. ~. 
f" ... 1"""'''' i"yolu"," '" V ...... " d .,oth ",I"""" '''1''''"' .. "" the bH< ,,,,,I<. '.,-01.,<<<1 
lo ,;milarIYI ,,,,,,,t«i. F,,,," n . lon ,b, ,h.ncl<""","'b, ,n,·oi"", .. ",«s., U ), "" I...,... 
thai 

Sim,wiy 

" , 
' ''' Th= """ii" ,,", TO 

"" ..,- arc r . = I,,,,, ftj-l;"" Th 
c. on "". 8m ",Ie • • 10 .. hi 

S ... ", M I ,eo on the I me of "","", 'h, ,.oio, 10" , th of ,,,,,,,,,,tAB," tOe bu, pitoh "'" • bd) i .. 
me".", "-,h, ,,, .. ,,,,t ",too. 
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,).d".,., <on he ,."..o" y ""'fin .. h .. h 0 play bet"·..,, • "" ;"Il pa .. of&<", "'0' h ; • ...cmb1«J ,,,,,,,,,ion. ";",,., amoun' .,. whtclt , he wMlth 0(0 ,oot. ,_. <>, «do '0. ," .d,_, •• fto • 
..... h"'8 ,""'" m.",,,,,," '" ,,,., ~,"h <""Ie. TO" .. a'b! ,h. <""urn""' ... ',.,., <on;""I .• , 
'"fl.!]" ""'!.to"', and ;, d..i~,,'eO •• J

1 
j f ,,,., ""' . .. ," ;, "",,,,,,,,«I ... '" . 1 "'" of"" ..... ;1 .. 1<nn«I.,,", nonnol.t! ;",,,,W. I •• h , The .. ""'I."""', h.,. ....... """,",,;n f;l . 2.' •. The 

" I .. ;on """, . .." the", """ I)'P<' ","N< :'i.. .... ;. 6,,'en lat«. Un i< .. """"" .... "I"",ft<d,lhe 
.. I .... of bod"""" .'" I""" ,,'h" "f<=>e' to ,h. pi"" ci",",,- Prop« .mo",,' ,f bo" lo" 
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~. "", '01 "" ...... ...."....,.. 



... ' 100 ' ' ' ' ''-_ 

on • • ,,, """"" ru. no . ;of' h 0 ,0_ ><L E=r>< in"", of, 1m". V"' , ind<, In, ond . o"" ""h« 
.pod. 1 P"'f""'< "1'1'1.,,, ..... ~ koro ,ho m"h"u.",ba , .• """,,,. lIy zoro hA<OI .. k, ,h.""". 
PO"""'" ""rr<"·Od.,. bodt .. b .. II> O, .. · .. ,j • • u ... "'.d '0 ono"" ,h . , no ''','''''' ..... d< on 
too ... ...... "",h. '«1h ",m" 1""","",ly, T "" 10,,1. hA<U .. h m. y 1.001 to ",._.,., .mbo.'m" 
j . m mm, • • d . 10 Im ... ly'" , .... "" d ,,·.nt •• , f.i I .... of .... )·""", M .... """, ," ''' ' mo"', ""'Y 
..... I, i. ob,J«",,,obl< nm .. d .. in, ",n.". , 0. 'h">th,,, h • • d, ,,.,....;"" ...,. I .. h '""yo'''' 
n",uniform " . . ...... "'" of_ <>f""w ly ", tho . mount dbo, . ... h ..... " from too!b to 
tooth duo", ",""",", . nd .. 1>«""", • . E,,"';v. hA<Unh ""Y .100 , • • >< non< • • d i ... "", 
I ..... ,. "'''' d,,,·.,.iol< drn· ... 
Spoc;~ ofprop« . moo nt ""hA<U..., II."",f"", .. ""poi"'" im!"","'"" , "' ........ , • • 

"" """' .... ;Iy .... 11 . m"" . ' d hA<U."h .I""'~,,,,, ,;,,.. Id bo .,'OOdod bo<."" Ih .. ~,II 'ne .... .. 
t h, ",,' of,.., ... 01"",,",,,,,, for ",,,, ... . P'''' ' «roo', proIll< . nd moo." •• "".n .... J<_ '" 
bo " pt ""'''''''''''''gly .... 11,,, 

,. '" 1=1 I.,. 'h, 1""1"" . mou.' d bodl .. ", mony foe,"" "" " bo to. '" "to 'on>id",. ,",", 
Thoy "" ' h, , .n::o.' . nd ,,,,,n in Ioo<h ... "' .... ~ p",b """" ._mu.ofi l<, boli, an~I<, <0<, 

I, ""'"101 bo .otN tb ot hA<Unh , .... "~y . ff«" ,h, i.m lut< •• " ..... 
L. ' h, """,,,«I rondhoon, ' h, ""kwb ";U roru,l" d,h, amount by u h",b tn. ,,[,k .... d 

,b, .. oth h .. b«.. =lu<<<I • • _ .. 'h, 'ok<aoc . ... tb. "., ... d; . tone • . Th. ",Io.aoc" 
>p«;f..o on ", '«tb I~·h., . . ... Iup .. , "'i",,), , .. , .. on ,nm,·od .. 1 ,« ,h. , "" block 
m,", .... m,nt . ....... nb«l I. t<, ' " 50, 1.211. dolo",,,", ,h •• mount by .. 'iuoh ,h._, 
" , ,k ... "' • .,. mJ ue<d. TO" ~ill .,. in doJ><nd .., ' h'"", I .. y • • d th, """,oft.lmne. ><k<t«l 
\= St" 2.17 •• d 1,li), Tho ..ooot.,. on '""'" , hock .. ", ;, ", •• lIy """",,.,j by .. nk,., th, ,.It .. d«f'" ,"to", 01""" ,. oorro.,..,..l ,., b. <01<".. " O"""'k<t«l, , • • om."."" t, «g, , .. 
i"df .. ,o dim<mionod , h., , , ' .,kno<o;. u k" "''' d"ho. ' h, _ I", ,,.p , • • h, "Iov .. , 
" .. dud ,ooth ... ",h, lkt ....... ,,"" .. ,h. f, .. I ...,U .. h i. ,h. """"",d ,ond ;,,,,,, h .. btt. 
i II ",,,,,,«I d;. , n m.,,,. 11 y " f ;" 1.", 

F". .... .. "m .. ' of ""urn fo=t .. 1 " '0 ... 0",,1 "",10';', on< V " d ,bo ,..;, ;. hold 
"",,,,,,.,,. . nd 'h, oIho, on<;. """,,01 ,,1I1,,_'" """,boo.h, "'IT~'n,tooth f"".O(, h. 
oIhOO', ... """",1. Tho mo.' ..... ' .. ,h .. «,i",,«1 by. d,oI ,od"."" ..... bly ""'.nt«i, F". 
moo .. ,i., """""I ""' laoh, ,.". bI, f. dOO'-p "V'.' . ;m ol. , ...... n . " i ... "'mon" .... y too --(' ... " . ~ boo m<>h«I .. ith • , ,,,,k, h,,'o no ...,klaoh. Wboo bu, ,;"'loo . " . " fi«l • • • , f,om 
.""h otho,," ,. tho,,,,, of non' ... ndonl , .. <=<I, ... "", • • U ,y",m.,' h. mat"'l i . vol ut<> ~ ill 
h.y. "'0 ho,k l .. H .. ;'" th. "'«>«t.,. 1 ....... >how. ,. f i" 2,'i (b), t.., "'y ~illh",·, •• "" , 
,,,,, I ...,,10'" h<I~=n .... 00 • .1'· .. ~'h><h " 1"1< ' 00'''"' from 'h, ~"" w_ ,h. «n'" 
d .... "'< ;. """_",,nd.rn, 'h, """"'n;, Lo , • ""t •• 1 p ..... u" .. ,I< Q. ;, diff"", ' loom ,h • 
..... ....J p ...... " """I< of", bo", "" . U .... , .... , ,and" ..... , th, Uodiv id .. 1 mot'" ' , .'" 
'00" proflln h. y. ""ro bo<klaoh "ith " 'f'<C' " ,h .... ,., ... ",f,,«><o "",f,1< d ,h ... , k, bu ' 
'hoy ~ill ,""'x, ' ho """ JrDf.r ., oI, ff."",t ""i.", vi>, A and B .. F", 2. lII(b). Tb" 
d,,!,I0<,,. <nt of '"' .... p«'!, "" <0.""" F"""', "'V"'" .. ·.b .ho loo .. , '00 """<:1 of tho """" 
prom •• i. "' ... 'pO'''''''''"'' ''''" 0"" ,"'" It ... , .... ". , th, ...,. laoh bot~· ... 'h, "",f'loo d", mo"" 1<,,10. 

In 1'1 , . " "" h. rond, ..... ·h.,b p",,·. H .. ·bon "'" " . nd",,j,.m mo.h","' ,h. ot .. d.,d 
«nt" d .. to"", "",., bo<n .h,,'n " bomo,,,ally, A • ..., U"" 0«. bof"", " .. . .. ndu d , .. '" 
d",""".;. Ji"" by 
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It h .. b«n "",",,,,n«! bof",,, bat 'n k " d. art-. 10 .. m,,,.,,,m .. " . ,, d,no-tli . """",I 
b."'I"b J, . nd ,b, '0" ;0'" bo.,~, •• "j,_ The .. , • • " ..,;, ,'boib " , 1" .. 1. of badl .. he. _-!I I 
d,,,,"" " F"'" ,be 101,","". 00 _d. "",k .. " .. d "",,, d, .. ,.,,_ The>< """" ' ''-, b«. 
d" I, "i" " d« .. 1 i. "".1.1 / • • d 1.11. Whe. ' h", . ,od .. o.d ",1..-."" or, f"ed fro .. 
'''-;0", <I<.i,. ,,,".ok,.,,on._ 'k, ... ~" "..,; .. of,b, "",klo .... ~ •• 'om. ""lIy fl.ed_ 
(;",,,,1 J"' d, "."f .. d«,,,,, i." ... of,k, ",,,,,,. am Don' ofbock!.>b '" II h< "".1.,." ;. 'kn 
>OC'","_ E."...."'"' .!back l,,' .. for 'p. ' , '''' ''' l""co i . ... 2.20 '0 2.2>. Tb, ... ",,,, .. 
"ad . 10 •• ~- , 'h Sec.l.11 • • d 1.16. S .b",rip" U • • d [ .... d for ,h ,. ~", . . .. J d., .... " ,..1." 
of .. . 101, ,,. « ~ b"b ;, ,,,,,"'oIed "",k'I'",,,1 ,ymbolA, lo",j 1 r .. P'"_ a.d ~"'_ s r .. 
toolll ,"d.", • • d • f .. "m" d • ...,.,,_ TIouA ... dmol,,,k, 10-0-" .. I", (L I of too,ul",k .. " 
(.9) 101""",,, (.4.) ar I'" (2). 
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,.l> " • ' ~C _ _ 

~ """". 'ok,...,<o "" <oo<.b , '"k .... , '" "'" ""«,," ,,«Iti,,« ,,' 'f'<",food " 01.., i , .. 
, •• tomoty '0 d i."ibu", 'h, I>A<kl.,h , II"",· .... " <Y<O Iy ' '''''''I''' ,,' ""·0 """"100,, O(,h, I '" 
pa". H"",n·", ~.""" ,b, " .mbo, O(",,,h of,h,p""o" "'."Y low,'"' ,h,,,,,,, ,o(,,,," ohould 
bo mod, '"' ,b, I'" only. Th" uy 'h, P"'''''' "'''h at< _ ~.,,,,,,,,,,,, . 

•. 1 r ""',..."., 'h, do~", .iIwldloo ,im«! , ,,..,,,,,11.01, ....,kl.o .... Th",~ pro'~'" ohould 
bo m. d, .. ,ha,,, b, "., , d!."m", « .. bo m." """,.= ,,, ,.,..;. ... , o~h, m'''''I'omF'''''''''' ,Ito, ... ' mbly. Soc , ...., . 1 .... . d!."m,,," .. , "G . ",d i. "" d ""'·d ,,,ri"I , ,,d "''''' 
'"''I''''''' <It".". 

I , I. ,..., d"",",. 1 "d ,,, ... 1 ""'.,,1 ,"'H, ' " ' V"'" 'h, , n,It, ", " 'Ih" ....... Id bo 'h, 
"." .. ,,,b..k1 .. h r ... F"' rti,. I .. nonnal boo>'lo,h. 

7, f'<Y'"'' with pr .... " .. ,It. ""'" ,h • • 20'. 0...01"", "G.,,,d II """" '"' 'h, p, .. h 
,it< 1<0 .. h " ., . ,' , .... ,·.I",ofbo.kla>, ,,,' h,d,,«,ion 1'" l",xI",.I",,,, ' ,,,,,,, ,.-.. prolilo •. 

!!. Ottm"" " ",,, db"dl.o'" '" • d,,,,,, fu",-",,," of ", b,,,_,,,,, ... ,, of,,,,, J"" «"h 

~"~" follow.. 
9. Hoek 1.0'" .. inft""",tO t,o .....,h,,,ml ,,,,,no. mO""';"1 '" i .. l, J "m,,,". «"' .. i. ""on"g' 

,"d . 1I00d foe",". 
10. G,,,,, . ,to i" ,im, .fO"d ;n,b '" I o..;.", .• nd in , ..... ;, I""'i_ i." ",m,,," =l ' '" 

m;"'m .... bockt..1L T"" 1dt.1 ·""'0....10"'·. bo~· .. ·" ... '''.<m<ly diff><.it ,. ",h",.-,. " 
".-oh.-"<m,""1'''~ 'f'<"w """""" . nd =tty '«h" .... " . 

"h • • bun """,iDn«! h<IOo-< th" 'h """",,,,0( "" •• 1...., kI ""h ""'" in«l .~« mou,,' "" ~ ill 
"" l"" ....... by 'h, ma~." .<i, orrh, ,ooth" """'" .11o~-.n«O oftlo, ... " ll"" . nd by, h, ,·.hot 
of tho <on'" d "'.n,,, 01 m.-.oc,. 

E~u."o., 1,10,. l,ll .. ,,", "1"''' .... , lo"h, m,,,,mum , ,,d 'h, """ imum ,·.I . .. d,h, 
'''0 k,nd. of...."I0., ,, d,,,, ... ...! "' ,." ""',;..,. Ilo~·"·,,. 'h" ~ _ ... ." ,h .. d.n"l 
"''''''''1. '"' ,,,,, .• ,, ... ho ... ....,klash ~!OCh ""'y '""Y bot",," 'h, ",,,im. m and ' h, 
.... Imu m 10m" . . Th,,, two ,..1"" ~"",,,y ""- '", '~·o .... ,"" I""" .... bl, I,m, .. of,h, 
....,. 10 ... fot ' ", ~",I"y ."d ' h, ZOO< ",""," ho .. bun , ...... fot 'h, , ... 10 ~""';.,.. 

T",·.,;.".o;,b... I. ... ~·""h ... y b< !""",,,to dunn" " .. , .. I "''''''" ~ '''.' .dof" ", 
valu<, • • d,h, ,,·.I .. mu" I" ~· it h,,, 'h',,"" .,,~. I .. «I by ' ", ,.",( .. io , ,,d mu ) I,m,". 11>< 
lolto..·",''''mpk ~iU . mply ,II.""" ,10, P"'"'. 

ElAM'LU' : G;'· .. - Z, : 1401, . 60 .., . 1, "",I"y ."d ""' : 90>', Ia n 0". _ 1,1., 
'r. r.nd ,,' "b"", ",I"" <i" , ''''' ''noll,. .. I" • . 

So/w;o", FNm Apf><ndlc,,) . nd l lzon< J )""I" ' h,foI .... · .. S,-.I"'. i, mi,,"""""{ . ,,1' 
i", '" m, nd ,h .. lot m,,", "urnm l •. ,ho., "" ·'''1'''''' . !>wI.I< .-.1 .... at, ,,,,,. 1<1<0«1'0 "" 
b, ~"'" ""' .. " tlo<y at, no....- '" """." . • 9'"1> 'J")' 

A. . ' \II "&, __ 13.\ 

from E • • l ,ll ."d l.ll ~., h.,., 

A. .'112 A .. _ ·56 

.... . · 168 A .. __ 1ie 

J,("') . ({_90) ·( _ 1l2)1·2( _~) . I .' • • ' .l 

J, (mu.) - - [<_ I~) " ( "&8)] • l ( .056) • • ,1 • • l d 

'Ib=f ..... 'h, l"""i,,lbk I,m," of,h, """"",I ....,U .. b '" l "-l(min) "d J..11(m .. ). T" 
""" un ... ,~ I", . nh, ...,; at,,," ,.. h><. may bo 01 to.. ro ,n ' h" ....... '"" ... _'" ,,r.,...,j os foI .... , 



••••• ,I ..... " ... ofp"'" • 13'\_\'h" 
••••• ,f." .. , ... of . .. , y , • • _ " " ~ " 
To,"' d",,,,o • • " . .. . ' 0 I 

""". , •• ",",',, 'b t .... ''''0. ,. b""". ;. '.<r""n; n~ ."'·." .. 10 I '"'" •• "" ... n" 
.,n • • ,hoi" ' " ,,. ,,;., "'.". , ........... , boo",,,' ••• ,.,' 

b<"~ ,, . ,., •• , ,., (_162 '101) . .. d 
... ,~.". ,., (.30' _ 101) .. , H' 

A • • ;.", •• d l". " I" •. of "'""'. '" . I "~" .',hI . , •• II .. ", • • " . . ... pro ..... t •• 

' '''' ''00 ...... '0' .,,"" '0' .~ 'o .. "' ... 

2.1 "' .............. " Undo«ultin. of "- T ....... 

1.80<. 1.." h •• b«. ,.""0 ... ,." ( •• ,,,'0"" •• " ........... th, .... ''''''' •• d ""., 
•• (~ .. ' ''o ,,, .. ,b ..... "",,' profi .... Ob' .... ,'. , .... , • .., ,,,.1,,, I .. ,do ". b . .. """. 
Fro. Fi&- J .Il. n '00. , ... th, I,a. '" "'''''" of, •• '.0 'm,_",,';" ... ,,', " . ... , '0 t>. 
, •• b ... , I"",. TO. '~'o .... " "'''' . " •• , "0""" ,b. '.0 .,,""" ".,,, •• "",oj, "t>, 
,,,.t> of .,,",". T .. " (u "" .... , T,". T,;' Fir .! 13 ", "" .. ", ·,,,,,f,, .. ,, ,.",,'. 

Jt b ............ .. "d I. So<. L ., to .. " b,,·. "d . . .. ",. '<>oj" •• " "" .... ,., ... , •• 
,,,", ",om •• "" .. . ... ,." .,," '0"""" '''01''''"....-('''''.'''0'''' ,.,m .. , ... ,_ 
"". prof,,,., A.y ... " • • 0." .... ""b. , ... ,." """ ..... " ,,,,L! I, """-<~.j •• " ... " ... . 
1haJ. .... " •• f, ' . ""'" .'O"~ •• ~ , ''', h<,.". ,b •• , .. ,"'" ... ,b, roo< ,'''''' "".,';.," ..,.-,,, .• , ... , ..... 

R'f"' ... ., " " , . " 1', ,,' T,'" to, .... " 0"",.0<, . "m .......... , ... , .... ,,', • 
..... '" of.". "' ..... ". , ... " ..... " "' .. , ..... ""0 .... '.' boo. ,.,,'" o.,,;do of, •• 
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- .. -~.! ...... -
i ntorl"«<"", F"'inl> "" I "" ~"h ... ".,<a<L T ...... the i"'"",,, F""'''''' of"", ..... boo ... i ll ma t< 
",Ih ", """_."vol" ,, """"'" oft ", "' ..... "~"ob,, _ I n 'ho '""" , n q"'''''''. ,h. ,"" .. I <on,",,' 
, • • " P Iatt . t 1"".' A. A t ,h ,. f""nt tb< flank ofth, """'" of' h, do;,-.,.;. forrod .. to <onto<1 "itb 
'he "r "(,h,""" of Ih< Uri..." s ea,. II '"" b< K<'O !'rom Ih< n,"" ,bat th , ,i" of,h, dm ... 
"""" rum<o on , on"'! tod "", 'he boo< ,,,,,a. "',h, Uri ..... C"""G""'tiy .... '''''J "P '' """., 
I. k .. pIo«. Th" ,"""."Ok'''' h .. b<m ,..",.,d .. "in""''''''.'''" o. ""., «<1moIosY. 

In 'h, ' .. mpi<. "" " . ," . 1",,,,,,,,,,, on (he ....,_;'",,101< portioo(. lB) ......... th, '«'Ih "',,-, 
' h, m" .. l .. ,,,h ,ng. In """.II"u..,_"" "'''plott""".., of, h, ,,.,h T T d.n.,th, '''''''''' 
d.," .... 'h, ,,<1 0 ... ·ill ,n,,,r,,, ... ·ith oK h oth ... . . th,y """" on . ... "",0,.,:........ 

'n,.,f",,,,. in ,mtoothil'l\: ; •• nd<.;",bl, ro. .. m ol " ,. ...... "", t. intm=n<,.I', top 
of"no loo,hefth, i'" ofthop. , .... ·i Ill<nd '00 .,i.top",'i on .oft h, n . nk ofth< loo,hefth. 01'"" 
"", .. "",,dth, po;'_ M~ . • "",,,,.1 dpo<1""" <>l th. ,.vol"" prof,1< odj>< ,nl '" lb. bas< 
,;"'I< ... y ,,,, II '" ",,,,,,,.,.,j,,,,.,. i, lb. loo&,h of""",". AD th,,,, f","'" ~ .. k<n Ih, "<tb 
"d ".d"'nm.nlal lo "'''<'<'' _ h ..,Ioon. I,,,n.,.n,,, " ... of,,,,,,,,,. bo . I, m'n .... by "i.~ 

"""'" «I h o. 'h, 1\"". b ul ""h ""I""", h ,,100m ",oort<d 10 b«."" thi. " II. f..- I ."«~",, 
~ '" lho" •••• ,"~p«>bI,,"~ .. ,,,0 " . , ......... ""' 0_1",,, vdocOy. "'""' ............ I"'"""'" t .. n.· 
m""ioo ... , . 

If, ,, , .. ,, m" , r"tu",d by On< "'I~. """".,,"" F""' .... ~ th, 'n .... f,"'"", i • • • ' ..... 'i · 
,,11y .h m, n.«<I •• lh, '" to'", .... . 1"" """"." tho in,.,f"in~ _ "Ih, fl,, ' . 

F ,om Set. ',3"" ... 0< .. ""lF",.,, ..... i, ~;U bo ><m t b " i n .~'n."""" pro<"~ t"«,""n, 
",Ii,n .. "" ... i rtho "'.., "",,.n," _ tbo ~ ... bo,n, produo" • M tb« .It«· ... i, m,,' I i •• 
... ·0 J" " ",mnl "" Ih.., "'l<h ' y l"uk". " bil< I ,,,,,,., ,nu,,, ."lb. ;r,h" ." i,lfff"",,,,. 
o~ , ," .It.,." '" • ,,«u ;. , .. all ' , , • • , of I' , Iooth. '11>< p<Ofil< ,hy , I,""",dd<v" " . f,om 
lb. th,o,.,,,,.1 """" profd • . Tb .. h' pF" n. ~h<n Ib, " to" " " nd. b<yond th. bas< 01,, 1. d' 
p ," ",n, bmnl .... 11 ,umbo, d'l«<lo . n .. """,,·.1 of ... "",1 "Ih, ,_ <>l,h. I'" _h " 
<all«l ."""""",, enJ -. 

n, """" , .. 1",..1 • • lth . ... uk .. , "'I"'" ia th<>-;"ia.y" ,ho _ . IIy . M,,,,y,,i,, , I 0, """" 
b«"""" f.rtb" ~·,ok<n<d. II.,., •. althou~ ,nlm.,.,.,. <an bo a roodod by In. I"'''''''''' 
proc<" h« •• ", I h, , ,,,,,,...,,..in, =.'" .. mad< "to. """" ",," by I 0, , . ", " .. ·ilb th • .,.,..... 
q".nt • ...,.,. "fou l'"l- ,bn i. _ ,.. " , .. . . ..,,,,,,,obl< wi"",," b«, u>< .. i" loo'~ 
""'.",nl .If",c Th, probkm of ,"",f", .. ", .... mpIy •• j",,,.,,d by , no'O" p«>bI<m ,,=<I 
by uM",.n" l-

Tb« •• '" " m . 1 f"XI><aI ~''l'' .. ,..,kl" , tho pd'-", .. mtm..-...o. and undmut"' J . 
0... " thom ",. u" " I."" ~,<>'''''' anlll<. Si""" 

d, " dro> u 

I"J" ~'" .. ''' '", I< , ,,.1 .. , . . . ... 11« bas< ';,,1<. th. ","'n ";",1< d,.",,,,, ",,,,, ,,,nl th. 
um<. n", in ,",n . lIo~,"""" .no. I_h rrofil< ,. bo mod< 01' ,",·01." ' .. R TO" .... II 
P'" """ of 11"p"''''''' .n~l< .yo«m . '" ",<i ...... b)- "'"" d< .. ~"". ;n,pil< ~,h. r",1 'hat 
'net""",1 fo« ... od bo",n, k>odo . " mD«. 

A 00<1><0- f""">< ,I .... y of .hm in." nl,n",f,,,,,,,, ; ,I~ I,m " th, odd<od" m .. lb, do,,'''' 10&< 
... ,b " " 1'"''''' th,,,,, ~ I h. '"tm"" .... P"'"' .. ohown ,n F '1.1.;>0 and 1.2 ] .. ,b " ,h. ~-hOI< 
"""Ib ofl h,,_~ , .... iot, .. 'n.,''' . .... ] d<ptb m ,"""h, ohodod 1"""''''''. rnok '"~" • >lub-"""" . 

R&mn, ,. F'l- 2.1] ~·h"". "'" . nd, rOn ... h ... , ""'" ohon ; . ... ,)" Ih, PO'"' 0' 
lao ~""y . , ,b. " " n ".n,,, PO'"' " .1 ... ,." ,. 1""" f" .. tb. mu ,mum . dd.nd.m , .. t~. ""k 
b ... i, ~ to , P"" '''' ""II ...... ~ .... ]flo, "'" h .. to. adOoodum ........ ·n in ,h.ro ... ,., ' h, 
""" .," bogin. &t A, Und", utt '"~ u k" pia« a, ......... by ,n. don .. h", . Ir"",,' lb, oI.ad,d 



~ ... z.>O 

P'~lO~ 

F!e-2..' .... -. .... nd __ .... _ 

_ "'" " ",,"m-,d. "';'U '"", .. "ilb roo'" r . 'n .. "" ....,..,j, . '"' roo'"' d,.",., " ... ,.,";, 
..,... ... . d ;",,,f,,,,",, il olo.;"""yd ,m , .. " d_ Th, " "" ,0Dd""",,10< ... '" d,,, ,~-. ~"" 
"'''" " , ....... i. f,,_ 2_10_ 

Q,., imp"'''"' """,Iu,.., .. -""'" n. b< d" u k ,.,,, ... ,,/'0 " ,k. if. i'" ",- ilb '"' .. m, 
""";,10«1 ... ",.dom .. ,", , ..,k """ m<>"" -..-;'" e'" ""'. " , roo'"' d,.",., , ..... ',..ill h, .. 
,b, I ,., d "", .. . , " roo'.' """"~-""" """"...,, ,b, ",lob 1''''.' r • • J ,", .. ",I""",, po ,n' r . 
-n- ", ,,, """ I""~ hl"y ,I .. ",f",,",, _ 

W, " ". ,.,,,,1 .. , . ..,.." .... '" " il'k, •• m"", 0/""",. o/" ~;ruoo " I""b ,h .. " m" ",, .dtlo 
• ",k .. -"" .. , i." ,I",oc,. " ~-iU .'",m,," whb • • y " ' '',, ' ' '' '''-Ini ,", ..""., "i'''''' 
•• mb" d"" b ~-; ....... lOy 01,,,,,,, ofi",,,f,,,,",, ,,~'"' P""_ 



n . , ... ' .. .... _ 

'fa "" .. "0 dm.' fo< on< =>Oft "' ono<h", it may """"" """" , IT><> <>«<""'Y '" k..,", tho 
m,,"" "J, .. tho .nd,,<u" to ~ , ad,u,. 

'n s.~ :1.10. on 'qut.,. rortb, nun,mum n.""',""'" '0 " '0", .nd"".","~ .-ti= .. , .-
.in' Q 

Tb,obo,~ " P"'''''' ;, .. , .. fo< ,"ndo"l",,_h .·hh 'h, oddtt>dum .ft)" ...,k b<,n, equal 
'olb, ...... 1, •. n, i,non' ", .... ioon ;. 

h _'in·a. ~ . , 
TIo< ""d",,. ·f,,,, m,. imum " um"" 0/"", ;, tiv," by 

' - = 
211,. 

• ,in' a 

Th, " ... ""."'"~ ""' " ' <an '" d" .... ,"ro wi,h th, b< l~ .(~""""",,,l .nd """"""",,,,.1 
",,,",,,,,,,. TIo<", "' I" ...... , . " ti''''' in "1»",,,,", P"'I"ph, . ·1110 "' ..... """ '0 hJ- 1.21. 

, • Und,",u~i",,",u, • , , Ph,b """ .. d iu, 

' . • U",d .. ,,,,,",. , 

a • S" od"d ~'" ... ''' .. , .. 
A. II. "d C '" "'Ji" '" .. d" .. , 'h, ... J"" ohhh ". '" ",,,,, .. ,,,," f,,,,,, tb, f"II" .. · .. ~ ",,,",,,,,,,. 



"'" c • !'I. 
'. 

B · invC . " o C _ C 

A'lkA ..... 1« .. , .... &om ,h. lollowi-' <G""t>oo 

fly ,,,,,,,,,, i"l .. d ;o",,,,".,h. "h,., ".1 ..... "'I" ,h. lollow",. "la'ioo, 

A._r -r. "'" ra·A .B) 

~ ... -
'" a l 

I.S". l ,9,h. (>h<""""'''''" oI"" "n.",n< ... d "d""."io",d """',,""" ,b=ofb.,.. 0.... 
d,,,,.""'. I, "' .. ~ ,k .. 'r '""'" ~'hK h m.oI><d ,," k, ,ack ~,itbo., iowl"."".-..-ouJd 
,", ...... ",lib ' 1m .. ,h. "m. ,;"' .. ,h. ~'"_ " witb .1.,..", """ ",,, ho", ,",.n«<"O< •. 
S"b ')'po ... ,m ,,","" "ill <n' •• ti". 'oo,h 1""1""''''"' m "m. to Oath ,h. m." 

f ' "'"I .... ~' i 'h .".d • .-.I oooUt ",""",,"". ,h ... ,.im ... nom .. , of ,«, h" h"h , .. 0 ioo n. 
k,,', '" m .. . ,,"h "acl. " i,lMHt, i., ... f",o<. ca ... "k."1«I, kdmi . ,10 f'll ' U3(b), 0)", 

h mol ,., n •• ,. .. b< .. 1,,«1 by pm,,& , h. odJ,"'.m h 0< 01" ",k ,h, .. , n " . , ... ,fm n<. f'O i", 
T 01",10. pt""'". T .. fol l""' io, ,,1" '0" "'" b< orrtv.d " 

"'''''''. 
tina : er. ~ l!I.. 

, n 

• n • 
'" ' • • - . , ~ 

, , • • 
, ., , , 

• • , 
'" • .. • 0 -, .. , 

• • , 

, .. , 
.". , , ~ ' : ." , _ • ,h.itmi"'I", .. i", mum '.m~ or,«, h 1' .201 .i.· • 
F", 20" 1, 1I ... .,.,h tooth .,. ... m,' ' • I J, ''''" o'b.,,~".m •. ,h. vol"", m : J2 f", loil" f.lI_ 
d<p' h. 1M", 2IT ".bo.d L 2f<t<~!' f,"_ .. pt h .y".m, 

S i n<<lh ... ,..1 ... " '<0< "'m. i"d for . " "''''" m<olt i"11 " ,,, h . ",k. <h<y n" . 1", .. " l •• 
.,. ,h. m,mm.m " I.,,, f",. p"'"'" m .. hi'I ",,,h any 1m ", i_ ,.,. i"1 ,10. da'I" 01" 
i.l<.f",",., TIt. I """"" pro< . .. by botob"l i" .. 1"1"'" '" ,h • .-It 0<, .... "'n ... "" l 



- ", .. __ ' "Goo.""-, 
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• , 
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---.mI. , .• "on '" ..... h. II"",", ,hem;",mum val ... d',h,",mh« «'''.' 0 orp,n.,., • .,< . 1", ' h, 
m'''m .... ~·h"h <on t.. '<non' .... by . i0oi> .. ithoo, """"'.'''"1-

Th<" . " .. hO"< , ........ ,,"" pro= ... . ,0." • bob " "'" .oM. f ,," .. amp i<. f oil" ........ " '"' 
m<1hod " _, • p "" on-Iyp< ,utl",_ Th .. bo", mln'm .... """,,,",, «,,,,,10 of • •• ,o. f"".,t. ""'" 
.'ill "" ~',rl_ ~ ...,...,."ru <>1"" ...... 1I><",f""" .. <I<ri,.,j far. "m"," and ' 1''';' m."h ro. 
<kt,,," i.,., 'he hm"'"1 .... b<, of 1«1 h or" ,,,...., 

~<f"';n, '" , -".. 2.2' W. the oondo,,,,,, .-""'" i"",f""o,,, "') '" ,,-oodod h .. bono ~ 
" ",,d. r .• n<! T, '" tbe "","" d"anW""y ... 10<<< ,h. I,,,,, "''''''"''', f''''''' ,h"'''I'' 'h, ""iot 
of ",,,,,,,,,ftb ... 0 PO"" d,d,. ""h, pI" h "";" ~ , ,"'" g'"" . both I he . ... """ .... To .vo,. 
,"«.f""", •. " .. _"""th&< ' h, 10m",", ,000.""" ~ill'" ...,h Ih&( ' h, " ' 0 " Od,d,< mo" 
, .."" ... ,h""'lb r ,,,dr,, 'f-=r"",_ the ,."" l and to. f ... I",""I> """n\>et,A.nd B. """,o • 
..... T, . nd T . "''<'<''''''''' _ C"" .... n nl lr ru 1I-do"u, " .... ""t}, addend.m • In, .'< h,,-< from 

,h,fig" '" ,~~~~~~~~~;~ ' ... 0.. T, • r • ... . ~(O,T,.J' • ,T,T,l' • 4", moai' + (T,P • 1"1';/ 
• (" ,""d ' (r,""" r" in . f . ,; ooo'a' (r, ' r,f.in'o 

o ' -', ', "" 
•• • =. ",d ." 

" 
,, ' + ... m2, z .I!L.Z. , ..... , . 

Sim" ,fyifl , and " ... "",i" ~ ... ,<1 
, 

z, • 2:,:, - ' (1' ;l 
un'. 

, 

h .2:, • _~·C,~ , 
.. ', .. n ~ 

Whm ", •• d. (0 infinity, "" 0..,'< tho Iom " ,.,<o.,,, 

• 

- ";n a' , 

• 
"" a 

• • » . ~ ---'--" z, • 
• In a , ;.'a 

Tni. i"",, ... ~'h"" ",,,,k (z, .. nf,nl'YI""''''"' ~·hh. p .... ". '" num\oe" ,(,.<tb " 0' W. 
h.,'< . I,,,dy om.od .. ,h • •• ,,",' "'1"",;", from F""'""". I ... nd-F"''"'' 

Th< vol", or> . .... Icol.o"d from ", aIM"" "'1""''''' " . hshdy mo« ,b ,n " .(z, _ "."", 
T ....... r"',. """" r>«>P'<to" " .. It. 

"rom r. • . l.lj." 'M b< >«" th&<.",. o.. ........ z, . 1", doc"' . ..... I f.. • ... th<. ' ", "".,mum 
""mo., or« .. h bm"~' . round IJ.1'\o .. " tho ",,,w',,,, d<p><1«1 in f". 2.2, (.). '"pa" 
.. ""'" " "0 d , , ' ,,,,, 1« Ih. ,'oJ", d &",,"1 ,. ro. ~, .n., ,n>< rt; n; ,.< ,..1., ./_ , • , i. 0: • • 
I.,. . nd •• '"' foe oth" "" ... Tb., tho ml.,m.m ownb<, a: tooth 0( ", p'0_ ,. a vo'" 
"""""" '"1; ' • f..., ...... <th. I"" """" ,..,Oo. 
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,," ~ c ."", ~·1· . . .. 0:' , ~ "' .u , .• ~ ~ "c "- -u~~!OHn' f3 ~~,; "'~ ihi ~ ~ ~q~~.q;;. ~ H"n~ '0'" ~ ~ 
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;.""f<o<"'< "';11 ".< pi"", . Ilo~'" -"'. If tho '_"" uk.. ebo< " ",.;dd',r. ,ntm«=c, ~-ilI 
OC"'". ,. . ''''<''' '"~ procn~ ". ,.It«"';U 10k, 0 ", mot., from I " iotm<,,;.; «<><. 

Tl>=f"",_ y" ,10 &"""""" '", P'""'" """ ob.iou ....... m i. to m . k, th.".It , n ~ .... n .,men' 
In"" h n.y '"" Ih, '" '''"I "P of,., ""I. _type ,uti" ..-I>obJ""""'Ioo., h 'I'''''' ..... ,m<y 
.'I><.,b, ""'"I"';'" 00Vu· Torlf",uh .. _ to, ,u'o<, .. ... "lxIo ... 'n lop ..,..,W .... J" .. "', .. 
,h .. ,h. oddoodum lon, ""h. ''''' ''1''' ,.It,,", I>obj"" ."",0.. Ih. ,., .. , or ...... . , ",0.. 
I he < .,, , n ~ ..,,_ ""gIn. . To ,ft;", I.;., t" out"" ;. ." .......... by • -",W,ro d , """", .. th" 
,h. ad<kndum h .. or Ib, ""k J"" P""'" thm" ~" .i>< ,.om«<n« ""'"t, i.t Ih. poinI or 
' '''1'''''1_ Th .. ,utl« olf ..... ... bun """'n '" I'lI.2.2«o). 

All Ih. ' ''' .... ,;1 ......... ·., ,b, .. 1<, offieh<ry or '"< 1M""'" m." ...., b< moo i .. H .. ,11 
,,,,«.>«1 bd""d •• nd. Ln "' ...... '<><do. . I."«p;..",,, blank i. '" b< ","" ,0«1. II>< dwa<t"d 
.. h",o ,anlo< "k.I.t«!..,. """".1 .. I '''''' 1.",- w ...... "."..,d. on«>rr«1od .' •• 00 i. ,.,..,. 
t he ~, _ ,., P''''' Ie"" (i.. _ t" ",r=oc, Ii"" d,', ,,'" "t .. "... ,. from"," pi,,,,, d", 
''''. '" " • • d.,d pror, ~) i" •• J,n< to 'h, ~,"'" "",1.",( tb'l"' ''' .tt", "", ... 1 F"",b 1"".' P. 
IVlom. J>o.,-"-,, .• h, "" i. ~-ithd,,~., ' " " .".,,"'" .1"". Thi. 'M bo ..,'" ,. f iJ_ U'(b). 
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Tb, rK' m-<=><, h"" HH " '" lon~<,< . la'I' "' to 'h<~ i"h dITIt. ,.",ad." ;' ou, loy 
on . mo.nl <qu,1 t. , m .. ; I1 , ... 1n'o. 

'Th .. . mo.nl <m " .h. pro,",", """"''''' d ,h, I"' . ... 'h, ,,,,,tT~ .... , ;, ''''''' n .. . h, 
",,,,,",,,,,,.f.., __ . Not, 'h", .. dim<n."",b~ boo"m .. " .... ""'d In mm. We ""II..., I .. " 
'h ot X "'" b< POO'"'-' " ... ~",.., . P"",",-d, «O""<<<IN ~m ;, ' .".,n ., S_p'" ~m . nd 
"". '" '<ly o;on«tro ,." .. S_ m; nu, " .. _ T" f..d I h < <0IT«1"" foctor f", P'""" ~ 1>00< n u mo., 
'" t«th I ... ~'ith'n .h. m In , m WD 0"",1><, __ fi<.J '" ,,-O«! ..... ,, "''' "~_ "" pru<<<<i .. PO' 'h < 
.n<k""""",,,," "",,_. In f';I_ l.l4 (b) 'h, rK' .. ,, ;'hdn~·n! .. ' ""'I h .. ' 0" 'h, 
od<knuurn I,,,,, a,h. ''''. p"''' .h, .. ,b 'h, '_""M' F"',nt :roi" . "",x... 'flu. I"""' ~ 
i . 'h, 1""""'" from n-h",,!h, ;"-01",, profiltof' h< ~'""'" t_h >t.,,,. Rofomn, to ,h •• bo,.., 
,,~ 
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T"" abo> ... "w'ooo p..,. . thOOR1" . 1 "1'''''''''''' at h "",,",,"," "'to< ",,"'" ;",. m ,n,m , m 
v.l", • , .. "", .. . n.m", «, .. «h, m." 100,-, ., "ood ....d",,, ' ''nl_ f' ... ~20· . '" mo~- tn., 
,h, oiorom",aJ v".",r,_ i. 17_ Ub ... I"' ..... p"'''''d .. ' ,h .. . ,h,", .nd",u";"~ oo.,_ 
.m" ,h. to<Otb "",,," m""h . nd _ ""h ,b. "''''', .. ,,' I,m,"n, n"",'" or,.«hh ...... "k.n 
"' , .. W •. , .. "b •. oom< '0 ,h. " I""," ", '",h """''' commonly...o .. 

" '''' ,~'~'~-~'. Pultinl: ' .. ;, th • .oo>< .q .. t .... x Ix ... , ... """,I "' =<o_ "hoclo ;, obould Ix. f'i,..,, ' _ .. 
{ . ........ ,' , . I"ph ," . 1 '<p<''''''''' "'" .. ", .ro,." ... "..t"",_ The . mou ,' ,f ...-.0<1 .... f..".,,
""''''''} ,,,,,",,,,,,,,,;nl "' 'h ....... , a t< «h '" ""Wj '" dm .," , J <0 ... d ,,«<I r ,,0<1 from 
,h ;, ""'" _ TIo< fil"'" . ... ...,.." '"" ""I\'t,,-, . 11""",,,1< I, mot or ,hoo,,"",'''' f.."o< r ... tho", 
Jl<'" in ~-h.,h ,h. num'" ..... "b I.",,,,,. to. !"""". I ,-.1", or. . . nd . 1", '0. Ooondary 
I;"" at wb"b ,h. 1""" "I¥ """" .... tooth boc"",.. """', .. "' ",. k.d" flo< hm" ,n,",m h« or 
.. « h, ;, . """,,.,. ... ,\,. 1""" " anll. a . nd of ,h. ", I" ""8k ~i n " ..... 10< 1",. 1 '''''_ 
Th,,, .. , b. .. ""'" oho"" 1, . ,.,,,, ,,11 Y '" f' , f' 1.1 ~(bj • ru! (. j_ 

H ""l" bo montoon«lh." tha, ,n ,h. "1" """,a """" " 1""". 'f'«d ~lo)"" p. <t '" d« ..... i" ,n, 
th. no lP' "ud< or, h •• 1 .... -.1>1< -. ","n._ Th< """'""k"dod ;-, 1 u<> or: ... . ft .. . Ikro-"~ • 
....pna1 . non--dot"",,",, I. undo", " " 'n~ ;-;"'v;. 'l""'d . " .. 101"",,", 



-~- ...... -- "'·0"-""8' - "°1 ;' "1" · 051.11 :r~. ~o~;:"~qh"~~~"!",!"~ ... ~~,,",, _9 ~ : , ~. 
·'8"' · . " " _=0° 0 8 00'1 _ ~ a'" ·'"'1 §';;~'-~ ~H~l~~.·~d;t~~~.iPO'H"I~: = "~ 
"O->-If·"~"'~-;::"a_,·~~~"~_·;;~ .i1.~~" 

~~H~, ,a H ~~~, n rUHn j01 a~ ~~ ~;~~~~i~ ~ 
~"E. _~_ ~n n - - ~ """ " '<,~ ".nif · . -."---g'l;;a.'i if~.-~.~·~~;r~ . if -' _' ''' _ =. ~" =-. ~ ;.;:~ i;=o ~~ .. ~ "-,, ·[:.:;§~e- ~.;r;;.;.;r~.~1ll"".l1.;: : ; : 
~ ~~""·~~t .. - !!" ;r.r < ~5:o'il""~ l"~!!"~"'~:"~ 

'! "' ~"''''Q,3,;;;.i '' ~ S . 3 ;;?-q~~~"-"!.;r : "r.p,, ' "" " -" ..... ;._o·l';; .. ~~ .. =-.. If~~ 1;;~~" ~ .. ";'.;:~if;r~~,.~g;. "'~~' ;: ;.o;! . ~:; ~· I~=-l;=' 
-! ."~ '~"-" '0'- .. . "" • • g .. <_. 05 .. n", • __ .. ",0"' no"",,,, __ ~, 0_ . 

~ _ n ~ r ~ ~ ~ ; ': " ~ § ~ ~~. ~ i h" .. ~ ~ ~;! Po:; ! H:,J 
~;r~~;r~ . ;r ~~0'!8~ " ~d~~':!. • '~::q" ;: ~ ;~g 
.n ;; ~ i ~ ~ ~ 2" ~ if ~ ~ ~ .. - ~ ~ ~ ;; ".-1" J ~ u ~ j. , ! i _ "r ~ ~ 
'~" 5 '~;;!l-~ ... ~";;1-· " '-1·"~~" • :l.ll~ "j' SO " "_.· • • ·o ~ ... . "'-•.• " ~~~~fl~i~r[~;f:'~~~! ~-~ ~~"~5'i~~ii~.;' 
~P~ l~ H~ ~.:i ~ ~nd ;U"' ~f~H -r~ P ~ 
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p;.",' f' ."'i".l ;:r .. ",~ .2 =- "' ~ ill- o~ ~ .. .. ~ . " 0" [""~",," .. ~;;. - "''' '~i3 
~~n~~ ! ~!~ d-H~H ~o ~~ n -:;.pn p ,, : .~. ~. :l. ""'l~-;., ~~·!i- .... 8~'5- "," ~ ",t~~~".l 
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Unl;' , """",I ,.".n. ", ",,,,,,00<1 geat>i ,,,'« I1><J . ", cus'orn-bo ilt. ",MOl be osed ... 

loto« h.n,,, b I, .,,,, "" I", t h, <00=1000 f",tor i,,,,1 f .. "'" d .. d , .... .. In 'h, ,0>< <i ' h, .... -
_Y"""'· ",,,,,,,,, .... «>n«lro , .. " ''''' ""ly he m .".f"","",d b)' '", I"''''''ion pro« ...... T~ 
, ... m'''''''''_ ... "",<I< by forn><d too. in , mil,,,, """" '"' , <t< . boo, ,h i." no< «"""", .. oily 
,labk ... ,h. '''''''', ... ;-,n. • ..,.,.,rn.,. .. the I"' rt,," I..- <10;,. I"",m<'<" . • nd .. d<.... the 
.h, " , ofth. tool. "hi.m,,". th .. , I.,., numb<. d r<><m<d i00i. bn ... b< _k«. "d , ,,,h 
"'" m,, " b< h ..... , "'''" .. " , I • • <00=«0 gunnS.Y" ..... " """,,,,,,,,,to, ;, """"~ h.""",I I .. 
on mo .. '""" • . n .... .,. ", ",00<1 ..... 11". "-,h. <""",<0 '''' _b ,y.1<nL 

In • , ... ««0 I"', th. fo lk" ..... "'''.'''m.'' ... "'""' ...... 1'« «1 

" .. , "ock d, ..... t<, d, ' d roo. 
p",, " ,,,,kd,,m,'" d • m, 
C;""I .. ~, "h. • ~ .. 

Tlo< folJ" ";"Cf"'",m<t'" ' ...... ' 
1 ," dITl< d .. m<t .. d. ~ boU'" "" on om,,,", d ' 'X '" in "'" ofS_p l., ''"'' . nd 

.moll« by ""Zm '" '"'" <is_m '".'I'''' ' ( Hm. 'h, (O"lH.,h .. _".", .. ken onto..,""'" 
~ hK' .. ill ... d,." ...... on s.~ '."_1 ,"" ........ Uy.;I', <",tom&" 10 <>f>«U lhe ,,,,,,,,nl '" 
""''''_ ,n " ,m. of moduk. the ,oa"", Io<,n, thot si"", % " d;..."."", b,. ;1 ....... no< ''''vq 
. nyphyso<oI """<I"- Dotxm ",. m,Il, ... ,,", .nd ... ",0.;' ... , .. , 101,,,,,,,,, .. . It sho~·"he 
... , .;'ode by ~'h",h the ""M . ... '.,olo<....d' b,U'" '" "".11 .. ~ .. lly from Ih, " .. "" d: 
'h, blanl., depend;n, on ~. h<tbeo- . I, l""'"'' ., >qJl"V<_ 
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• 

,., <"" •• c, "'. ' . ..- " .. ".' IA .. """"0<1"" • ,,'f"" • ••••• • '»hu TOOTII.'C; . ·It • •• , ., """,,0<1.,, • ..nuo , . _U 
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u . ' _""""' _ 
R"", d",10 . .. m<l.,a, .... """" bol~"- '" , .. oil., by ' h, .. m, omo.", . , I. 'h, <0" of d._ Tb, 

_·1>01, d,",h oft_b "m" ., tb, .. m, •• 1,,, '''''1''"1 .,""",_ 
T-n tb,d.", . .... ""'" I,."", .. d.-b '1'"'" ~·idth , .... """" ,,,,,,, • .,,, .. ,U,, ly I ... ", 

,. I h, "'" of p",h "" Iy 'on«t<O ~""_ n, ", . .,"' •• If", I. " " of "'I""" I Y ,,,,,,,,,«I ~""'_ 
L • • I"";""<iy ,or=t<O I"'. 'h, . dd"d.m I, ,""" ,," by 0 ' omo.", ofX. ,."1 ... ,, • • 

lopp,". )ood 'n, dM<odu," , .. """,pond"II)· do"""",, by ,b, .... , .m".". Tho"",,,, , . 
If", '" "" of,h, "'JO''''<iy .on«t<O 1""_ N""",l ly. 'k, .--_fi ll ...... ""'" , ..... 11., on "" 
of I"" " ". <iy ,,,,,,,,,«I '''''_ n I, ... , ","; m '"to I ,If ... "" .. " .. ' ''''''' ~""'" proO 1,,,,,_ 
N' I""" ,"""" .... _ .... ,,, Ih, " " . ,," tlr' tooth """I,k d"" . " • . Ho_·"·,,. thi> 
"",; .,,"to I ,If", " I.,." Y • • Ihfo«l i , " " " 01' I ' '" ., lib • I'''''' ., .. bo, 01' 1«1 h. 

'11-" .. n",,,,,, of d;If ... nt t~ P" ,," • mo,"" of .OIT<CI "'" fa""" "" 'k, .b. p< 01' I k, oooolr 
prof. 1<1 .... 0. '" . hen I. " ' I ' l. l. on" l.n. II " oIw from 'k m f.1'"'' h" 'k, '" I.,., ""' .. 
oI"I""",,,ly .m=t<O I'" i."m,I,, ;. <lToct .. ",,· .. ~'b,"" h 0",_"'" ,od,.II~· ,,1";«10 
Ib, ~", h ,;"'10_ Coo,~"",tly. !I" _ b ,."l.", at 'k, "It<k ",,10;. '"'". ,," _ ;, • • '''''''_ 
' ''''''"''1 d,m l .. "o. 01' ''''''h 'P"" .. 'h, "".1 .. p", b Ifm "mm, '''''''Ied- II m. y bo 
... " " on<d .," ,b " tlr, ,If ... of profol, CO'-"'IO' "" tooth f""" d« " .. " .,; Ih , .. " " .. I 
•• mbo, 01'",,, of~.r . ",,, h. · .. f.,ity. " at , ~_·,th • """ b, rlT«1 i , uro. I, Ik I .. .-.-c_ 
I"",,'" Af'P',," I, ~. M<tMd .. 

0.. ,ff«t . r, h, PO>""" "'"',''"''''' '0,.." th, toot_ '""'" . , • .."" 1"''' ,'" .. , k, ,or, ... ''''' 
fl<to< ,ne"",,_ C"",,~..,.tly. 'k, '0' I. ,," 1>«""", , .... .,..... ... 11 , ... 11., I.d . I" .. " d y 
,,, . 1,, ... 1"',",«1 t ;, Tb " ~bo"""""",, ;, ,.,m'" "-1" ..... 1'- I'k, p<ok"l l,m" "". 
_.duy t" ,b, . rn o." of poo.i~,~ ,orrttt .... 'hoi -r 0. "",,10«1_ n, ,bop' of. 1"0.«1 
tooth h. , Iott •• how..;. f" I . 1_' 61.). f k" roJ'" . 1.., , he~·"h< " I .. ,,. .b. , ,,,,S-ol.' I'"' 
(b I. ,,,,,,, .1 goo' .• , '" <1 S -'" ; ... J '" (d ) . 

I'i < h ... , notioN '" s... Ulhot ' h, 1"01.,, ,w,', "'" """, ,ne"" I, I L Y fl.", ""d .. " ... ,." 
• ___ r r,,,,,, ,, ' h .. ",,<I<f"'m,....., h I "'J'" '" "d_ It ~., h«a ",,«I P«' I oooiy I halik, prom, 
of. "", it"',ly ,,,,,,,,«I ,-n{L •. ; .. f .. ".d n .. ~) ., "'""f"""I oI'lh .. por1lO. oflk, 1.,·"1 . ,, 
_'bod! .. r .. ,h, ,,,,oy from I., t.... , .. I<t • • • i . .... of .. ",d l .. .,.,,,._ "Of""'''_ 1"" "'" 
,,,,,,,,tloa " .. It. i' I'-''' ''' '00" ,k"'",, " ,h,.-- All tkm "'1"' " ,,,,,0;,,,, '" mol,. 
1"'''''''' Iy ,,,,,,,,I<d tooth """' d"",, .11 b, bot,_ " oj 1"',,,«1 • lib,,,,,, _ ." -00' w,,, II . " " 
I ",~,d V_ 

T!>o" l b p<'< '"l II .. " "," ,ro,,,,, ' h, .... 'm ... ,·.1"" "1""""" ,..,..t __ .. I<to. II""_ 
to« , b, rorr«"", ""'" , .,,-;'" ,.,bot I,m ll .. i. <." of. 1"" '" too<k. Ik , '''I' I .. d ;. uro. 
QI,,· .... ly'n; ... " ",0. olloHu. IS, Jl~ "" ... .......d.,bot tb, ". ,."l.", >ho.ldi>< J'''''' 
Iboo ",,~ ",I to UIIl r .. h" d,.«1 I"". I. "'«p' I"""I .. ",~ Ik " ro.y b< ","""", 10 O_1~ ... 
I •• " .. 1 F"'",;«.lo.ouw. ,., I"" vol ... oft., 101' Iud .. , bo in-o'i h, oow, '" I .l! '" " ... 
'" ~" .. for ...... 1 ,. "" '"I ~·,tbc .. '"'0"""'; .,"y .. , ,,f,, .. , ",,,, ... ," I ,If« ... N ,m,k 
1m. " ;, . 1",,,-. .. , 1 .. 101, Ie , ... l tlo, ,-,I", oflop I •• d by th<omk.1 "k.I .. ,o", _·"". 'Sh 
,""""",,, f.<I"" '" ;.,·01 ,.",. 

Th, ,d .... t fo"". I,,h.,., . I"ody ...... 1"'" I.S ... 1.J to """,",no Ih, 'ootk tk"'",, 
at .. y ,yhndo'(l.<j,H • • , U). To"I<.I .. , 'h, top I.>HI tb,d."" . 01' . 'on«t<O J'''. '' '' 
I '"port'"t to """ .. bo, t h" I, I h, """,., "I""t ""'. tb, ,,,,,,,,tN ,·. 1 "', 01' t" ,_Ir ,k,,' " " 
" 'h, 1" "II , I", w, . (I ;"'" I "" ;. I, ,, ""' ... I . • >HI . f ,., " d ,., " ,b, ,; ~ , lITk,. '" to bo 
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(N"<I~" i. do. , 0."" ""' ... ; ..... mod.l<. "l.o)" DO ~",.lti .. "<lY_1 
Tb< .ro., ..... """' " " "0 1 "" ""1,-,,, 0,. ",d 'DO". ... ,bo.k Th 'r <." ... 001,,0 ""I Y by."" 

,«h,," '" i. "01" i oJ!> , Jh<' m" h<m,"". m_. N ,.',,,,,. Raph_ ... thod. H""'n' . .. I.,.,. '"" 
.1", b< 010 .. i.", by "i. 1 •• d .n", .. "t.o.l. by i." ~ I., "' ...... bl, "b" ",), ,..1 " . or. '" II>< 
fi ", ''1"''''''" ..... ''.I f''' a .i'''' ' ' ''l tbi. ",I" "0 i . th l'...,.,..j ", ... " 00 • • d ,b •• ..,h'i., 
,." tiJi 'h< '~'O ,.,." of> : . ' h, I~' "1""0", ,,1Iy'1o " " "".'''' .. I"" of . i • .,o""d t o', 
Co."I""1 r~ 1,15 (0). ifa",rt;,aJ "d ... n ' ''''''f''''''I •• , toz ' [O.i' .. «" 'h, ",. ' i.,I,m " 
,m," ' 1"" " , o=pond""o . -""'b ,b. ,., .. , or. .. fou'" to'" ",,,"nd '.1.'-", tim p."'_ 
,.1" '''' . -"h po. ked ""k. tho "",,;<1< d .... """ 1"-" by 

d.~ '{12 ' b ) E ' ",. 1.. ~ .' Mm. 

TOOIII ThIck .... '" Co,." ""~ GeMs. tho P!1<II CIn:Io 

n, " .""i",, or, f""h,,-<iy "" ... t<J J<O' b .. b<m 0100 ... i . Fil_ l.lI. Th. am ... ' of 
"""", .... i . +" .. m, lI ,m"", Tk, rroll l< ... 1",,,,, h"" oflh< ,..,k os do,(t<J by . , . ma •• 'of 
x., from ,It, ' '" '" "'10 ' "" '"I I 'oo ~h It ,on to,,,,, It, ~'''' It ci,d,", It , I" '"' 1"" " P. I'lt, 
I' ''''''"11 I., .. , h, ,." .. . . 01 ,b, P'''' ' "",I< of, h, , ... . " to roll ,. J , .. ,"" It k, ,,,. P'''~ 
" I ,.01"" "koch . t< ",II "J ,, ;, ' a", , I 'Pr'"'" P' " h, I. " ofl" n.,. H. 01 ;t"" a ...... 1 RO .... 
t" Y ~ ""Id h,,', rolbl . , ,~, pro/H, ,,(=n<. 10 ", ,,,,,k MM ...... " , boo r no . 0 on " tb, 
profil<"r=. « I,., • · ... ldb ... , h«a ,h ' I"''''''I Io ... I. th, 1""'"' ",.,,, ,,, ;" I",f""" 
t~, fi~ "~ at th, ,ooth ,b d .... ofth, I'"'' 'h, p,t<h ,.<1, t •• ,, " ., ~".I "'f"2 .' -r.I 
('" • ,,, .d,,d I ''')'' """ ... "",,01 by ••• """ n! of Ix '" , ,, 0 do< ,. """," ,""- H,,,, 

FIg.2.11 

",A' < " "I ,ht I"pb A'P 

T""'" _ ...... '" <..,.. ........ - -" ..... ,'''''-,-,,, ....... .... .... _ .-.l.oOIDi 
" h, " ... ";."" {". ,b, too<lt ,It,d,,,, ... , .. ,d." .• " .. rol ..... 

r", S _pi .. ''' ' 

• • !. + "., to,. · , ~. h,. , to. " ""' 



"' H" ~ __ '" 
, .. • _ _ .1x .. ". , ,,- . 2,.,,,,, , , (2,21) 

I, "" roo"""_. =s..,I_Sa,d A~x A. M<lhod . _ 

.. 13 Ty!>o, ofC_Gorng 

",0«1 on ,h. «<='000 """" ,1""" n, bo d ... ,r .... i,to, •• brood <0"1""'"' ' j;. -"""'8. 
"d (>IS .... ,;" . 

S.iINring 

I, S._, .m"" ,h. ,. , 'ompon<'" '" ". m' '''lp'''' "'1"" ,«.;, .• num<ri" lI y ..... 1 
"""",ion f"","""" , ....... " f,,""" .... I ~.bo-.". IL Y '" _ .. ';In~ N omuolly. 'h< P' ''''''' 
;, pro,Mkd "hh r-itlV' '''''"'''""' " d ,h. 8'" ,'i" ""V"'" ,,,,, •• ot ..... In "'hOI ~oru. 

., . ... 0 0 .. , •• • , (2.30) 

n .. i, . tb .... ""' i " n S-p l" V'" ond ,h. I'" .. on S_m" " ,.,,I'_ T ... S.-I .. ~ nr" .1", 
'""u .. ,h, "loa;.noI . kart od<I<nd "m',y"""'_ 

In S. _I"";n .. l>«, ." "',bd"" ,h .. ", . m",,", '" "","",ion ... "",,1 , nd _, ... 'h", 
<If«1 i . to ""Ihfy .Kb "' ..... .. f"" .""" dlIT""""'" ". ,,,,.,,,nod .. 'h ot ". , ~." p lt, b 
<l«1n """ ", .Kh "'h,, " tho p h" h fIO"t f'.nd ,b. ,""',," !"""." '"II. " " ,, on, .. , ... ,,,,d,,d" ""''' '"81,,, ... ,h"..., 0 fY"''''''''''NV'',' I" If' n 0, •• 1 , ..... Abo. tho "nt" 
di,,,,,,. "m" .. un,d ...... ..,d i, "",01 '" ", ""'" "' ,h. 1""" d",k ",d, i, Ho..'''''''. ,,10k. 
WK'<Ifl«I<d 1""'I'yot, m, 'h, m' ........ Ion. of,h. "f","" profil< I,h, 0..;" ,,,kl';""'_ 
P''' "'''''Ib ,h."""",1 .. "b flO'''' pi ., ... m • . " " ,,",1\aJ ,uy ~ , . "'''''''''1""1,, th, 
, om"".1 ,·. 1""., r. , .... I, I, "'" of 'b ......... ,'"",h """""lly ,.,,,, ... ,h • ..,..i,·, 
ron«1ion, ' " , ult« i.~ ",orfrom ", J'" bl,"" ""1< by , n " t ", , mou"oi'xm( ... ml 
,.-hil. ,u ''''I'' ,h .. " ", I."J<O ... "" ,·"h i l>"~ d' '"''t« ,,,,,..«I by '" omoun! '" 
.,an (mm)" pro<Ioo«.i. 'n ,n .... ,', ~.U'. ,b, ,ult« " .. ",,<I to,·"-'], ,h. "'" ",,,,, by 'h, 
...... , mOIl", '" t' " ;" diamot" i. "",II" by , . , mou.t '" I >Un (mm) ,h •• '" tho ,_ '" 
WK'<Ifl«I<d i""'- S,"'" " "", on, i, _ """"'Y for S._~ ..... ~, tho "'" bI .,b . 1< .. mply 
mod< "'IW' or " .. 110" ,,' h, ""''''y bo. by ,h • • m",,"' ,nd i" .... o.r"", f=l ,ng'"'''' 'h, 
, "'-< ",IIn, """b .. , _ (,r""" ,"I" "'l'ia, .... I .. " on 'h" ""' .... 1 

n..s.-II""""II ~ """", lIy m,," ' "' .... ,10. """"" ... ","0 .. lo .... Thoe' ''J"'''''" "".'" 
,""""d "d tho , .... t«,10 . I .. .ko"", b<oomr , i~ , roe,", ly "" ,.Ie f<"",'''~'. ""';"';"1"
"""," 'k' IN! for "", II «<ioct,,,,, "" .... .. " "nd. t . "oak .. ,10. "<tb "',h, 1' ''_ ~. S~-

~"".I .. . 100 """""m<' "''''''"''' • ~ "'~ / ... ""ta," '1"";,;. ",.",", ,h. """""I tootn, 
ick"" ""h.I .. 'p .... . ' , h. ""'if~ ,lidi ..... lox;'"."",,,,..., tho m<>hm,t«,h fl" " '1< 

.. bo du"p_ iJ<> ...... "". nonn&Ily ,h.p' ''''''' t«'h '" "oak", ,h"I'" """ "' ..... _ 
, I< mod< "" h. ""' .. roo«".I. tho. ' " ""'" ,·.In..-.bl< to I=, h l ' ond ", .. t. Th. S. _,y",m 
" noI.,. "10,10 .. ,h. t"",h "''"I '' .. d ....... by 'N""" ,h . ..... ,"'ib,h'" to ,,",h domo&,_ 

.... 'h" t)1'' '' 1 ...... I.'h, numb« d"<lb "'pi'""" "J.., ,h .. ,h, "",,'oe,1 I,m" .. , 
nom"",, of"<lh ., ,.,>Od und"".lt i"S' . A .... ' " ""'" J,h.",,10 ... bolh ,10, I"" >houId 
II< <Gu. 1 t •• , I " . .. lth .. "'"'" ,b, Iim"i't"1 m .. ,m ... , ....... , ot''',Ih. Th .. i. 

' , ", .a 2<_ 
Tob l ... ' 1Pv" th' .. f"<', .... ,,, Ih. d,"""ion,,/ ...... ; . .. S.-gurin, 
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~2.2' GI_, ......... i ...... ",t ., I . ", t. __ 1'. < .. ""d ;"'o« _ ~"",,.l·o find 

,o. d.....".X>m of '" ,1Ab1< ~""_ , 
S ol. '; • ., o · .", (,' ,,),"' ... . , ' • z.) . wi"""" l,' " • , .. , 

,. " . " . ' .... " . ~ ~ •. "'," ' , ~ .... ~"" ~ >,' I '"0'," " 
" , ... h< pi."" h .. ,. be «><= ..... U""S Ie.q. l.11 ... lid 

X," ",,11 ". II~ 
Th< " fit" di,w><' i. t. """' .. unol,,«<I. fl<ne<, on S,-r"';", i, ioo ",,,«l .... , . - 0.118. 
U ... , Tabk , .. .... oak "I.« ' h< "'l"'''' d; ........... " ",,' 

d . ... ... . + 2m '2>,,, = (11x lJ)' ,1 , 10) • 11. 1.1 II , 10) - "Uhm 

d •• ~=, • 1m • h,m ~ I'" "'I' (2) 10) -11 ' t o II., 1O) ~ 91' ........ 
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In S_g"rin,th< . om "Hh, prot".k """""""''',{("< to" ""',mn ..... , • • 0"'1 ... 1 '" ..... II i • 
• "h« _Iv< .. ""i-'''''''' II"",'",' .... ,i>< , urn ;, posit~·< on . 1 ... " .. , II ..... on <>nlo. ,. to • • 
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U"nl f-'l ' 1.8 f", ", ,..,"', .1, .,.,....«1 ,-n "'~."""' .• ~. 10 .. , 

2'.'[~ + ; ••• - ; •••• ]+ 2' .. [t. + ; .. '. -; .... ]. 
'~.od;"i by 1r ... 

2u.c 

" 

[
!L. , ••• _ ;., • • 1, ,-,[!>. 
2" '., a,. . '···-;·,··1·' " 

U';"II ", ,,"', ;"" 2f, • m z, . nd 2f . ... t , and Ib, Eq. 1. JJ • • n ... ,.-." .".,,,.,. "" ba .. 

_ ""'['" "I " 
U"n, tb, ... 1." a., " d., I",,,, f-'l' 1.11 " '" "'.",n, 

rIO •• 1 . :h, • la ••• T 'h.," ... . . • • '" (z,' . ,J (invc . - ;nv cr) 

" .. ! la n a u , + i ,J" • • • •• • ' .. (z , ",.1 (on, a - in. a ) 

(.,' ',){i'''' _ muj 
x, + x, " 

1 la. a 

, 1". "(' , ' .,J + , .••.• '"'0. " . - , 
>, . ... 

( 1.11) 

/1.JJ) 

E~ .. "on . 1.J l . nd 1.Jj . " ,," ,mo'y ,mport>'" ", .. ;.",. ;n '''' 010.,,"- E'I"" ioo 1,11 
,;,." •••• ",,,,, .. ,on I" .. h""",.n' ,",.,,,1 <"«=",. 1"lon " , pro"", d " lnbot.,. ,I ~'h>oh 

'""'"~ th, ~,"oon.nd the ~, .. ";11 "'.bown ,nSo, 1.11. ~~,,"on !JJ ,i,·" . .. n"p"'"K>o 
I", "" " ''';nl th, ,~ L", a th, """"'I pr<"." . ... ', ". S"'" ,i>< pr<"." lon, ,., , he i;.., 
d .. I_ I .. "'h",d to 'he 000"", .. , .. 'hot '",Ie. h .. im p-o"'i .. '" ... " ... '" , .• ,., a,h, 
~' '''';''I ~''' ... " &to" , .. " ent .... i.to «1 ",'i,,", "" ·,,k· i .. force ,".I Y' ; ~ """.'" "' ;' I.nd 
,,' , ,, i m""".n' "",.Lot ..... d . II'" "" . 

.. " •• 1 c ..... m,"'.«;. " S -<'M'H<JU G ... ;.. I. f '1- 1.1', ", " ",,,di ... ,,,,, ", .. .,n. in 
. n S-.c<>n«t<d v .. in~ ' r>"m oIon~ "·;' ... h" 'Y'''m.ba,·, """ .non. u... '" the ,.1 "11" 
me nt ,"" h, " ""_,,, ... 'h, <on", rn ... "" ""n .. 'h« ' '0,'''' .. ""od<d. " h .. """ 
.no., .• ;n f i;- 2.'S a 80<, 1,' 'hot mo .... , .r "" " t<n<kd <on", d .. ,,,,,,,, . • "",.;d..-.i>Ic 
. moon' d ...,1.1o.b ."",,«1 ,""un the "'''"j; ~""'. F", l""I""' .. n. inl '"' 'he ~"' .... 
"" b.<i.lod, rn." '" <I,m ,",,«I. t"" . ... .. lIy. , 10 ;, ...,kI .. , ,,_ "' "' "",1.=1 "it" 'h, 
....,kl .. h . hoch .. de li """ d y ,hen •• d ~·h",b ;s. " ,.it ,"" " ,h .nnmg ,,, ,, .-10 "",m" 
, au>«! by ;mpartin, ,_h·Il", ' "", Iok< ... " ... wd, .. . ,,,.i, a ", ,en'" d i, tone, 
,."""" ... Th", .. """hu """ d,,,,,,»«1 in '" S=tion,deol , ... " itb ba<1. 1 .. h . nd Iok<""" 
'Y"'"" on I"'" (S"S.,,~.8. 2.27 . nd 1.11/. 
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To .. lhfy ", df",,,ilh, ...,U.., ",,.,,d by ,I>< ""od<d ,,,,,Ir< d,,,,",, ""d ,. '''"1 ,1>< 
prom"of", ""b of,b, m.II"" .... i • ....,OI""-f= ""''''''c 'h, ~"TI ." .... g" ""'" 
"""h oIl><<I;JI ,b, ,ooth ..,n"" " " I. ,,,,,,",,,.nd ,I>< ~""' ." In m<Y_ 1 h .... k"" .... .. 
• pu>O;"l" . ;..,,, b, I,m a .. ·~".hed· .. l. ti ," 0 ""b '" h .. _ I II, ob.. .... 'h" ,I>< dr." of p".hi., .. " oJ.ort ... p"" ..... «nI" d,ll"",,_ 

• 
• 

• 

~,!.,!-____ L ___ , " 
Fig. 2.3' C .. , ..... _~ ("",""""1 ..... _ ...... -...... "..,-, ... , .............. , ... ,--""-

,. ~;I- 2 _11, ' h. pooh- "' ,h, ""h In an S_I '''';' I h.o,', to=. ,"" ... n hrl"" p".h I., I. (a) 
. nd . fl<'p""'i" ~In (b). Alontl ~'Itb , ..... ,..,."ioon •• , h '1""h"",'" on '""""", .,.. ,,,nd,,d 1'''
h .. oj." to=. ...,..~ in F;I. l ,ll fo.- ''"''r-'''''' 1""1"''''- Th< 10 1"""I~ " I".,n. <a" be 
" .. hh.l><d rr- 'h, _'1' ,fl h. v.r.o., «"'" d;""",,, from ~'I- 1.I. , 

., • ••• (r, ....... ) 

" • C""" d"'''II<' ,n •• ,"K""'"'<! 'P''''' . d, .d. . , >, , . , 
(l.3O) 

Rd,mn, '" f"I_ 2 _ 1C ',~ 'h, ,~, 'yhnd<n . ~" p"oh i.J'''"''''' roll,., 00 tb", "'I""'''~ 
..... , lUOC, .. b· ... ,; •• d .. m''''' d •• dd ",.-.,d" , and, ,"'I""';"<ly. fl><, .... , .. , 
"."., '" 'h, .. " ';ITb '"""'Ib ~, ~""I:" po;" , .:;:.. h,o,.; . """-p""'." "'I" th< 
"~'<rl"1 F""''''' '1IIl('·"., 

R« . II,", rq, ' .7 " d ,",,,bly 1ra"""" ' 1- "" bo,', 
J ~ . ". 



4 _ '., · ' ... · .. 
.~ .. 
. , 

d •• _ 1". _ d, , .. " 

""''' ~ "'" ~ 
"'-- , , .... 

" .. " '. _. 
••• c<, " • , • • , , , .. o • 

" • '. ~ " • '. ,-, '0, 0 • , , .. - • .-• (2.35) , -', , _. ,., .. .. 
• , . , ,, •• 2.~~ , . .. . "" ... L, '''1'''''' '' ,, ' ... f,J . , ." ... & ...... ~. , ', fO .. , " " " 

., ...... " ....... " •• '" .. <.k,L.",. TO, ",,, of,b, wo,'". 1"""" ••• ,. ". " ... 
"'"L.,,. fro .. • ~.1.JJ. 

r .... . n, " . """ .; ,,,.,, • " " L",' ,. , •• " .U< .,," 0< ... ,. " "" ohi." ~, .. f"L"~·. 

" _.", m 

N." •• • , . b •• bov< •• '" ,., ; , " " .;, . ,,, 1i,.1. J O" , .• • L. ",; , , •• ,.,.",,"., .. -""', .. .-. 
Th< ,,,""Mat, """oJ .• , " at" ...... " ...... ,,~,, ''''' f" ,,,. A, ,, •• , " .. of'.n"' ..... i, 
"""0"'" to "1''''' ••• ' ;[f","" a, _4 I. , ..... of ..... """ . .. as ••• u . 

•• f",; • ••• " 1. 1.JI(<I • • , • .--..... '' ' I' a! t.,.. b." ,',,~, ..... th. ". Ii .. of.";o. 
" 00,.',,,, "«"""",,, .. ".,,, ,,' ,., f",,, ,,,, ... ,.,,,, •. hp ..... to,.".b ... .. ~ "", 
,01" ~ 0. , •• ,,,. of, .. " .. 0,0 '" ~o l " 0 ', ,. , . ..... ""," ... of, • • """ of, .o . .... n .. 
,,,. ,'. '" ,b .. , . .... 0." ... .... ;.a, _ . rb< ,n W",'". , '", .. _ I" .... ,'.~ ... '. _ . 

;:~.~ ,~'~~ .,/> TO.w ....... " ... " " .L. "" •. F",", ""''''y .• ,<0, .". b'.. ,b. f"''''''· ... 
fiJI", ..::l:- _ .:! __ ' ''' I ...JL.. 

O;P '., "" 0. ""' 0. 
., 

'. 
It. t"'"'.,, .... ,,, "" ",rr",." ",., .~I.r , .• ""'">' ,,,'" •• " ,b. """ ••• "." 

b« ..... "rr",,, f" ... ,.. " ...... " . " • .,,, .. ,, , . " " of ''''0'''' .. ..... . TO" " . 
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1.1' ' '' ...... , s,..G.'''' 
In I. " ", • • , , .... tho t« tb ""'"t "" ", in, Ok .f.ri., _ It " ,"o k"""",, .... '" " . , .. , ." 
~,.,. tn. rim "" ~ ho<b tho , ." i . ,..oo",od " i "n •• hoped aD""".'.'. Tho ,n(..".' , •• " k .. , 
""'" Y .""Ii,,,'''''',. In , ""'" f",~u<", '"""I ,h. pl. n,,,')' 1m 'Y"<m~ 

Thotooth spo<", . .. n ',",n, 1 lm""",., 1<", ... ", .... '. th. """" ,fth. ,,"' .. , JUT 
~". "hooh i, mot"' , .nd ,h._ ..... ,.to"",' J<""on=pon<h,o lh,,,,,,," "1'01"". mot'"i 
.".mal VaT , n. tooth . n< tb. _u...,...,. 01" .. '"tm .. ] , ... ,an be I""""oonod h,., 
" • • d" d , .. , ~' i'" 'h, """,,.d om ond ,~< OOkndum in <n''''...! _"""". but ,hi , i . .. . 
, ... "lIy don< '" ordo-< to .1I,m" th. in,«f,,«>o. ,jfu" , .d . 1", t" i~ tooth . ,,, .... , 
Nomu'ly. both ' " in" .... 1 diom",,, "th.," to",.1 J"" nO ,h." ... "",,, d , .met"ofth. mat .", 
pOo"'" '" mod, . 1'lhdy I.'¥", ,h • • ,h. ,;., "hi" .. """",",ns" th. '''''''<01,,,,,,,1 tooth 
j> ...... t .... . f, l""_ 2. " ........ 'h. ,nl<m, '.n,.,.,.. m<t.". U ... , lIy. Ih. P"''''' " th. d",.." 
and 'h, i.,,,n. ',, .. i . 'h, <1< ..... """_ 

Tlo< und,,,,,,,,,onod ,h"",'",,"", <f' h, i.,,, •• 1 , ..... '" '0 De not«! ,io-._, i,' ..... a' h, 
""",.1, ,,,,_ 

,_ Si,.,,, h, <0" ", d,,,,,,,,,, ,. ,""I '." ,dY<I'''' ~m Y'" h" i.,i.I< , • • 1,,,, '<Ya"~<m<n' 
i."""" ""'-' roo""y port".I " ,""",'oon , ..... 

2. 'fDe ,00li0 foom •• r i.I<,,,1 , ..... . " ."on~" ",n Ihoo< of'h, ",.",~i., ",,""', 
I" ... · 

1. 'fOe .,""'" <f..,." d.n , ~ "1""'''' "much """",he, ,M. !h al a,b, """",uonool 
" ,,,,,.1 I'" do-i" •. 

f . Th, ><.>< ad,,.., .... 01"_'" " .. " " 'h, """ fOO" 'h, ' • .-0 m,mbe", ,omr>ri. in". 
i"em.1 '-',_ Th" «ml" ;, '"""'cd .l oOooJ.iow "ca, . M I""" ,ft".,,,,,,y_ 
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6. I>u< 'D I ... , .. h"" 01' " too ... "''''I'''".I,·<ly """. "", '" I. 'DO"'" .1"' , It .. , ..... ? 
C """'~ ... " y. ' h, Ioad".",,,t Y DO '" y on'''D,>1h ;, '''''<>~ ,n,I, ok< """d., h" I ' '''''"., 
'b.l , f,of~<a" . 

,. ... 0<00""""". ar d«" .... Ioool ... ".<1_ •• '" , ;mp"" f""" • ., M ~'" 00, ar"""h 
,"""m,.' " m"h """" ... ""It;., ;, , .,"" '"'"'" •. 

•. S",,«b, ,ha", 01' •• ,"'<m . 1 V", d,h.f"rnu " '"~ oI' , ,,.,, I •• ,,d o..."b. m,, ",., 
'tt". i. ;, oJ '· . ... l' ••• fo.- """" 1. ,.d •• """'., ",. 

I ... " ", •• 1 , <a, dm" two ')'",' .'" ",f",,,,, . ... y ,,~, ph" • . F;",;. 'h, , ,,. 1 ~,od. 
'h ' ", ,b, "''' '"lo''"'" I'',''''''O;k ar_ "'<m'" " I" ,h. """'00'01". 1"""'" ar,b. "'"" ... ., .... 

l 'b, lor , .. I, 01' 'h, (~m" ~ .", • • 1 ' ' '' 010><."", ,, ' ,n. I" .. 01' x ' _ .. tb, tor .Il h, _ 
,,, •• , "., id«h, 0.", "",1<"",,,, "'" ......,. ,",,,,", .. ;.,",." 1"00 I • . C """' ...... Iy, ,b, 0'" 
,."d<t", b . .. ""I, ~' I II " ... I. ,,,f,,, ,,,,,,,h,,,b<a.too . "' .... b,-mod;fy"" "<t .. " '" ,h .. 
"""'0A0' ",,,,,,,loU ,h ,'·,.",f",,,,,,pooo'" '''' ...... TJo.m<.M,ro 1."m.I,,,, " ...... , ,. 
r". 2." . 

-'-" ":7i~ """" '" ", ... '"."" 

:b. 
1>q, 2.3' 

__ 0 , ,,"_ ._, ' '''_ 

' . .... " .,'., .. >-< ... _--



r h, """"" typ< 01" .. ,«f",,,,,. i." II ,d"f"" Ii.". T> " t) p< or ,"",1m" •• ;. """10,, t" 1>, 
;""" , I i< .... Y ..... oooIy. Tb. p"od ",i hm",n, f.."", "",""ly;nJ ' " ' <k>;~" of •• ," " , .. I I'" 
'Y'"'' ;.,h •• iff",oc,b<'n .. ,b. "mOm of ""h', a.d" "-,k, ... ... , _mbm . "'''_ 
' " , . d,ff« ... " ;. too om oi l . , d t" <ktnmoo" I <fl<rt ;. no! ,,~' " <m of by .. i " 01, ",.".",,', 
m"," ' ''. 100 10'1'" Ii P ,.,",(m"", m.y ,.,,"'. T"., ;" fool ,., m.y"'o pix. Ortn., t h< I 'r' 
«',bopn .. ,", '" tb,; ... ",. II"' ;. tb."" .... -10", tn." ""1"'''''-' ,;, , 1 .. 1,"' .... '.bon 
'" f''II_ 2 .JI . 

Th. Iootlo profi l. 01" " i .,,,,, I,,,, .. """"-, , ... " d of ..."-,, • • ,. 'h , "", . r """,. 1 
J"". H« . ... of,h i., b."" ,I h, r""I,., 1)'1'" ofi, ton...., ,,« oc,un N'''= ,10, ;DOC';'" "",fib 
.. th""th oftb"'''''"l m.mb." 1P, ... d""'ofmHh . f'ODh",. "", • · .... ,h ,pinioni. I" I' 
"""1",«1<0 do< " ,,, •• 1 1.0<, 

f'""I ,",,,. to. . vooi<d ,r. m .. ;m"," doff"""", io""'" .. mb",b<t ... ", 'h, i'''' " d 'h , 
p'''." .. m ..... "'d Tb" " " ""b ""'14_~' f.l l-d'p'b 'f''''''. wfor:W- r,lI _d,/.'k ' n "m 
"d~ ""' .... , ,,b,_ ' f'''m, ~ , . J"" .. I ,.I,.,b, p' . ..... "m''',. ",,,,,1.1 "'" b< " J" ,bo • 
• bo.Un_,b.,-d, ~t b , p;,,' d" m,'" of,b, ,"",,,. 1 J'" "'" W' f,II-d,pdo ""h_ rh, rollo..';"J 
. "",1 ".1, 'f'PI",,"k for J"" " ,,,.d,,d ".t<, .I,,, .... ,, " . I",...,j by....., d'''J"'''' 

"',-.,J> 10' !< , 
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G.",;mpo« Iood, on b,,,uin~' '" ~'h",h 'h, .h.no<.",i"~ th , , .. " . '" ",,, •• ,,,«1. 1Jq><nd
'"1 00 the ' IT,"" m,nl ofth, , e&< d,m, ' h, m'inolUd< d,h, I",-.-h d,;.·;" ~ro«, . nd the 
"""'" ... ' h, 1>< .. ,",I00<I. '" d, ~';bol«i "" 'h< ...o .. id. , 1 Oo"; ' l' .....,roin~ l y_ "" h, ""'" 



u.,' . , ,.. __ 
0/' "'"oca" i" .... '1"" from 'h, "" . ltaD' ,.,10.1 !OO« • • ,",nl ~ 'h, ... .,;"I~ ,hru" _ .. 
u i.olly oIona ,ho ••• ft. It, oIwcro .. «l. " "';11 bo d"" • ..ro I. Clup. 1 00 "'" ocol i" .... ~'" 
..I ..... "", ,,{ , , ' 'l'l" 0/' boooin i- ,h .. i ~ journol '" ",,,. fut,,,,,, bo'''''i. bol l, ro It...", ' h "''' 
bo&ri.~. rt< .. . ,d dot"", i ... ,,,,,, ,t ;(o . i" "i II dq>md.""""'1 o<h<, foc""". ~ , , ' load i, ' " 
'0 '''')'. In " .. 0/' .... ,_f,"'",", bo..-ins<. ,10, ""10",,, .00 "'" ••• 1. 0/'", " .... ltd Io<. n., 
moouf",.",,, ';" dot. ; I •• boo, ,10, load " "1''''11'''1'"''"'''' 0/', ..... 'n'" ofb<..-in" • ..d , ... " 
..,1«1100 .. oc<du= ... " " ,10, ""',.,., oft ... mosIl""I"'" .... '" " .bl, 'YP<,oo ol", ofb< .. in, 
~ no probkm .-", 'h, Io<. nng load" It< k..,..". J. "'" o/'joumo l b<arinl~ ~ . • 
rroI'" .... n ni h" ' 0 bo <bi.".a.fi..-,omt<krinF..-i~ .. ..... 'n. J of bo"itt¥- . 1.".·_ 
""''' , ')'p< of I.""' .. ton. "". I n any" "' . • ""'"'*'" _ .... Iy.;. ;. ""1.;«<1 bri~ ' h, n i h, 
')'I" • ..d .;'" O/, .... nnl .... I<c«d,,<k.;gn<d. • • ,10, <I., moy "'. f"" ... ;·1"", .... bo";.~. 
loAd .. "ni' ....J hf, '''1''; .... I,,: <b ,1I" ",kul. riono .oouJd,~,.,;th tho .. ,,,.'" ,. ' h, 
mon.f", .. ",~. , ... Iooj: ",,~ F", =l""'"",, i'" un i .. ;, ~'n,,,.I . • ...,.."" I,f, 0/' "'.000 hour. " 
th, ",.oJ <n"""". 

I, bo,""" .hown inS., l. '~ 'hot """'F. wh.clt .. """,",I,, , , ' <oc<h , tr>" . uwh><h ",", 
oloo, 'n, Io.." ,{"""",,, oan 10< ...."t,.,. I". 'n OOffif"""'"'o.F, who<b .. "n~,",,, 1 '0 'n, p,,,,b 
d rd, o/'th, .", .ncl "hoth i. "" .. lIy ,h, .mvmll i'<re<, • ..d F, "'h,,,h ,,'h, , ... i. 1 ''''''I''''''''' 
d;=t«l " ... .-d. 'n, .... o/',h, I"' ...... ""' "" ""'." '" ....,lu l PU'l""'· 

• n 'h tf,~ ID • .-in,d,'-V""". "'orin" Ioo.tl. '" """,1 " '" of I'"' -dt-i,.., """,tat;""'"" .t.o..-. 
", I'h 'h", """",h" , .. ....... «no •• fknoo.n f""",- In ttll " ..,. ""bot;npt h ... ncl . for 'n, 
uhi ... " _ m , , ' bo..-ini- I,,,,, t • .-,th '1'1""1""" oubottipt>. "",h .. 1.11, <1< ., ... ncl, for 
'h, "" 1"'"'''' di ... ",,~ . 00."~'ri."N,t ondrbov< , ... u, .. 1 "" .... " " Ii"", bofoot. In 
,,,,h c"" ,., "" ult"n' load .. . "'onnl i " It< "" ... ""'" ,,(.II th' ,..d,,;o .,.1 i'<re< ~ 
"";n~~ t, ,, bo.ri"l' 

s..-....... .. "" ...... 
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Th< mogn"u<k. 0/' th, ,~ o "" u I,,", bo..-i~ f""".":', II ocf",td "p"" 'h' 1""""'" ofth, "..
.. ;, ,, """,,,«oJ ~ tho ,bofl . • ..d "" ~"," " 
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" ,oumal 1. <I<fi"", .. ,hat _Ion "'h, .""f( _·luch ,,,,,,a...! ,",ok. b.an.,. To<l«, ,,,,, ,,, 
,h",,, " ,b"o"",.I. ' h, di.m«<, .. fi "".Ie.",,,,, on 'h, bu .. of tho Io<vi.g la.c,;. ",",""'" 
and ,h,. i , ; ,""".od ai' ,." ,b< b<nd '"I .. "' .. produ<od. Th< I",,,,, 0 10< ,amod b)' ' h, b<ann, 
i'sivm b, 

(2 £9) 

_.10<" ~ i. ' h, d" m<1" "1><,,,., ,. mm_ L ,. 'h, I,"~'h <i,h, Io<vi., ,. mm, . nd ~ ;, ' h, 
'f'OC,foc Io<",n, p''''.''' pm<lu<,d in Nl1I\m', Th,,, ,....."'" dl, "'P',,<n<. 'h, I""F""" "" 
.. 'h,"-Wj ...... !. 

For .. f, _""' .... , m." b. <qU01" "" Io .. ,h • • ' h, . 11o.....,k.,..ri.Il~"".",..p . Th< ,·01 .. 
of P "'pend. on the ""'"" ooool" ",",- "",om",,,,,, .. 1 " doe,t)' ...- ,h. >h.n. 'd",,,oo ... 
opd.,,,,, , ,"".d, 1 . nJ ')1'<01 hobrk.""" . nd .... "'i- E." m " ,"" oflh. dyn ... ~ Io..d ""Yi., 
"""'''Y i.", h" ,n,'oood_ F..- . i""'hf .... " leu 1.0,.,.,., the , 01"" ..... 1J_~k b..n., P'''''''' 
for """""'" 1><' '''1 m. kn. I." ... ff""'''·,Ioc, .... Il;v''" i. Tobld . \) ,an b. 0 ... . 

, .. "",I. ""Y I>< ...... " od on , ,,o-In",,,., Io<ann" .. m ~"I I><. d.,. ' ''''''-. .. >I",," 
b<uin""'jou •• ,j b.an'r- r", ' h, pro"" ",lcruoooolant,_I, ;",,,,, b."i. , •. 'h, ",.d" ... y 
",I" to <0 .. """'" .. "'" d"d 10<,,,., .... ol,,'onn, '''"'!W''''- I. ,h; . ... ,"" onIy,.,.rna I 
b<u in" ~' ill 10< d,,, •• O<d. 
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10 . ,n. 1 I>< .. in, ... .,imp!< ,. '''''''''''''''''. <&'y"' in . .. I, ,he"", ,n ' .... "'q.' '" 1 .... 1'.,,, 

. n d """,",lIy ..""... f"" . nd ,ml"'" d.m pin,. 11""'·,,· ... , ' "' "'" '" ,Id"""" ,,,.")' "'SO • • d ", 
' 1",m "," . ,,,,. romid=blr """" 1.10 .. , . ... Mod<m ",. ii" !"'K"" "II. 'e, .bc" "jo. m. 1 
I><.nn~. h., 'n,I'D~'h tD d,,,,,,,,,, , .Uo([, od ) """=oO.4-o,B' ...J 1.(' __ 1,2, TIoouS" Wl<.lIyL 
"""'Id I>< ", .. I .. or I" . ,h •• d , 'bi ........ ';.,. ""'r"" I>< I""~b~ .. . dh,,,,,,, b<c • • ",", ' 0, 
~i f,. 1><. "n, p''''.''' P F".>d. .. ,,<1 i. '"" of d, If",., I><""n, """,, .. I. . Sh. ft I><,nl m. d, '" 
"",I. 'h, fu l .... i"l",I",,,,,. <on I>< U><d r .. d,lf""" ... ,,,,i.I •. 

L = 1, l,S d I..- bronL< " ,un "",. 1 
= 1 ~ ,2' I..- .·h,I< "",. 1 
= 2·ld I..-""t ,ron 

~:'" <ll_, 8'''''''1 load • WOOO N. """'" 1500'1'"" To d",mHn, th , ",I".n' 
p ... m<t,,, r", 'h, I><..-inl. 

Sol.t. ... Tl><foll" .... n'I<n" "'" ",I<c",,,,, '" moJ, ,,·ilb ' 0, hdpofT. ble1, IJ, 

"",n.l, ""ft_f,~", Duo'" "h", """,-
, :d= 1 '" , ~ 2 d,p, ~ liJlJ NI"",', ' .' dLp~ ,,20000 . d. u. 1IlO,:, ~ . 00 ... 

~ (mI.). ";0160. 1IlO~ ] .lb 10, 1500'W' 1(10.. i , 

,'bi. "k>city i.,,·,11 ... ilh in ,b, val", _ if ..... th, .. 10k. Tho bondini """""oj ~' i,h," th, 
1"""",1 port"'" " I "'" by 

~ , "JIll" 20000. ::1m · WOOOO NI,m.z", _ 0.1. d'. " • .. 
WOOOO. 0. " 10""~ ~'b<nc<,,~ • 2000 NI,m' . JON!mm' 

rh .. ""''' .. I", " . 1", .·h',n tb,..,.,...1 P'.., ... ibl, ;·. 1 .. I..- "",I "I<ct<d. 11,""" 'h, 
d.""" ...... . nd '"' ..... "".1. ,,1«0«1 • '" ",, <pI>bI,. 

L21_000 I~" 

I. N U" .. ""'1. 'h, .haA 00 ~'h>eh ,b, ~'" .. moun,«I . .... r d"'",,, foet ... h .. , .. I>< ta' , • 
. n'. aocount. St .. " ,""''"" ,,;.,. i • • m.)O< f"',,, ro. _·h",h '0, ",ad", our ..,r" .. . " ...J ,,<I 
book. "" mechon K' . ,1><", th .. " 1""" .. d" I, ..-.II>;n dot,,!. In " 10k. I .. " M . nd N. 'h, 
" ..... ",<1 .. «1 ;·. 1 ..... ',h.Jid iom""" .. d 'h, foil« .. d.i " , .... ,"<f'f><d ,taA.h,,·, 1>< .. 
,,,=. 'Ib<", d. " """,1<1 I>< mod, . " .hM, f,u"s,h, .tafi d.""",;"'~ 

"yond 1.'1' 'h, m.;n "'I<muni"~ Io<'on fO<, h".lowoti.n" t~, <I"mol", .n h, ohafi ". 
,b, m .. im"", b<ndin ~ "",",,", . nd 'h, """"' ., .h",h " " ..."ocIooL Tho dot""'in" ..... 
I><nd '",,,.,,,,<,,,b .. ",,,, ",. I,.·it~ ;.s." 1.19fO<'pu, &"" . nd in S.d .ll f .. I><I",. II"" . 
E,p""ioo 1",!twG'" , ,,""" Ji"" in 1>«. HI .nd " oil>« pb<". 

T h' n<x' "'P" '0 .. I, . I"" h, ""'. , . I<nt bondinl """"",t ''''' 0, oomb.n«IrlT"" _M.ni 
. nd_. n .... I ;"'n .,. 

(1.70) 



~' ",,, . , •• T." tI,,, m" ,mum ,·.1 " •• 'b<nd", ... m, ", ,.d ,.,." " """';""y _ E.,,, ... 
, ., . ~ b ..... 00'.' m., 1m. m d .. ,.~; 00 _m,..y tb..,.,-, ~·b",b, . , I •• l oon • • ' h, , h .. ",. <o" 
,!o<ory 0.- , b, ,."" M, '0>_ H<ody' k<o.y .• ,d , . ; . 'b<o.y I. """",lIy 'l'Pb, . Ok for m " ",. 1 .. ". 
f,,...hafi._ 

5«,..., mOO . I" Z • 0,10' for. ,.j;d . .. ft , f d, . m"" d • • d s .. . "" .. ",I. ,," . , r .. t .. 
,i"" by 

". -,;"'.0: ~13 •• 
('-"I 

.. h ... ", • '" mt "'; b I< ""di,\""" , .. d. • p""",,;hl< ,,,,,ion.ol , b ... ", .... n, foIkno· ... 
• U. nb , " I"" ca. "' tal " ... b.~ m"~",h 

".. . .fO" W NI",m' I", F, ... 
• • • " 1oa NI",m'f..- y, n . .. 01 . 11")' ""I. 

A • • rou~h " ,<kl, ... ,,, .. ,,. b< ul" •• lO'4.ft h, " d" """ h m" d,b, .han m"",. 1 I. 
"",0«1 b<nd"'J_ , E' . to U Nlmm'for ""I b' '''I . lt lm", " .. ii, " ' '"I th 1< .. ,h. , ""'Nlmm'_ 

• • W"' I OOl'lmm' fa- ""I ofUTS ''''''''' ' , . ' " Nlm .. ' . 
Th ,,,,,,,,,,,,nd,,, .... ,,,I .. , ",'" " ~, ... by 

~'b,,,, .... < '" ,b , b<oJ .. , •• d 'h, ,,,,,;"""1 ""'''.''1'",01",,,01 "";=t,,d,. 10, d .. on"" 
of' b, .... A., I"'" by 

d > 3~ {"n) • YO- I. " .. 
8 , .. <k. "".". "'"' ... ''' ... ~ .h.~, '" ,.-."m<> ,,,,,.«1 f ... ,,,If,,,,,, <kfl«t"" "d 

,",,,,I 'p<<<1. f oo " ' I,b.n., . ",,, ," .. ,I, oft~· I " m ... ""b< ",«d«!. f or ,,,,,b, , ,,,, ,h .. 
,. 'h, d""d .. ~ I.." ". for 'h, ,lt lm'" ,,"'""" .fl h, .ha~ d"m'I<>_ 

Th, .,~I<oftw .. t .. I I,," by 

" '.' ." 
~ h", T · T "'. "" (N , m). L • l .. I tb of , b. fi (om), I • Pol" .......... t of I .,~ .. of", .ha fi "" ... 
«<t .... ('m·). ond G • modol .. of,; ~,d"y (N/<m~' 
F", .;".!" ,10.~ . 

/ ~ ..t'132 G I", ",.I ; .. rouod .. ' OO N!",, ' _ , 
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Sb. ft> "h"b . " ., ,. "'''h ... . d 1><000 .. ,f."" ""od by ....,h, n< ' I, .. "" "", •• "d .. ,b, m 
"""" It! ... 'M,l'" .,. ,." 'h, "' ~«'"'" "b"b ,,, . It, from "". looJ"l'. [I, m,."",,; ,d by 
th, w n . hauld 0., ,"'",,,d,",,,, ,, ' h, 1><.,; , I' ,. ,od "" <I<lk".,... T h, .... I tn, to "'~ ,,""'" 

m." ""'p' ~·;'b" ,It, . 110_1, 10 .. " "." b ;. """".lIy~ . 00, 'D 0 .003 " .. " 'h , 'p". L • . ,b, 
d,,, • • ,, b<tn,," ,It, 0., ' '; ' 1'. 

I .. ", ofh;" .",od >hafi.,,,;,hn "~,,, to, ,hoD "oo,-om) of"rt ... """ of .. ..,bi.". ,b, 
,';,;,., """,d . hau'd 0., , ......... ,,,b. I. ,,,, .. ' h, ."" .. " "" , I"",on . Th, ,·;b .. ",," 
. mpl;"d, "'y "" ,b ''''. ,.,1." •• ,. """ . it;"", (.H." of,h, .h. ~ . R" ...... , ... '" 
d " . , . " h".1 .b. fl,<I", lty. ,b , r"",.""y of,·;""",,, of,,,,,, .. 1 ro«" "d of,b, .hoit 
,y""m ,0< ","". n<>p',d " ~ h". "' ... """ " .. ;. ""II'" 'h, ',,,,,,,1 op=t"". T, moo 'h" 
dl",tb .. " " . "d by "" p"'''''''''' ' ''". ,b, ''''''"., ....... m," b< ~·""Ir .uy (rom ' h, 
";, , "I 'p"od" ltd ...... Id I" .. I"" ,_.,., ,,,,,,,"m,, ~-MkIY 1>< .... ,., '''''''''"' ........ 

TO, " .... b " ..... " ,.,b..""", h" m .. nly .. ,b" «.,,;(. ,,1 ro.., ~h" I. " ''''. by 
; m~"'",,' .. 1 .. , ln, .. d ... 11«,.,. of,h, ,b.n. A,,,,· .. , "",b,m";,, lly. 'h, m",,1 ."",d i. 
,;,· .. by 

~·h""f . ,ho " ............ " d.n.oti'''i" , .. )01"'" .... I '''''''p .d ,;b",,". m",,,, . 
A. ''''''''' 'DO of,b" Im"".d,", f. II." of,b" ,It. ft ;,. ;" .,." .. n, ,·;bn, .... H,u,,,. 'h, 

, h, ft Qo., • • "' ( .. 1. 11 of ... "d" . p,,,,,, "I • • ","~ . ,'",b,. ;. of.' m." ,mpo" . ",,<I;"-h;lb 
"""'" ••• n. "I"b" ~·hb ,b, _ hi " ,I,,,,,.,, m, •• "d,., ,h,",. 

= O.nom .. l ..... on ..... T_ 

-r h, f ... " .,,, .. , 00 II""' ""b . " _ lly 0<1,,,", " ,0 from p' "'''''''' h., po." •• d ,p«<!. 
T",,, fo.-, ... ~·h;"h '" .00.·' "' '" .. m""d Iood,.I00~·"",. ,;",ooly ,b" th"""",,1 "I"", . 
I. ,,'0.1 ~'''''. ' h", foIT ... m., ... ",«<ltd ,,., ........ bI , ""' .. " oI",IT .. " d .. to "" ;"lI 
. " o. ~.;. J .. ~m ... " ,,",,, b .. ;. '''''''' of""h , .. 0«1 by ,.,,;.,,",,'.""'«. tkf ..... . " 00 • • d 
"'11«, "'" of"" ••• d« lOAd " " I. ~p".oo, of ",,,,I,,,,"," .. d <k< 01 .... "00 of, h,"" ""';,., 
o","~ ' "' ""'''' of..,,, .... ; no" to fore""", .. ,-.,do to ,Iut.~, 'h, ,.<1", Ity 01", b" ;0< rt" l·m",,, 
of 'h, .. "b .. U " " .• !to n ",,,.h J " "",", • • d '''P'''' load. . fh"",dol" .... 1 foIT" ,,'" b '" 
"'I"'impo><d on • .. "ody I"."m;""' ) lOAd . " " ".,-, lIy ,."""d .. -dy .. m,do .... ·•. 

Allltoo;h """"",, bI , ,,,,,,,b h .. "". "m'" ,., by """", I. , II, ft, ld ,iL Ed . 
u"" .. , b.m. G. N I<m on • • nd .. b", . ,., "ya"" load " .. " . , •• "'" 01", h, I"" , ,nd""ood 
p",,,,,m , •• 01" l' " ",,,It,. 0<1",". n" ,·;bn, ... 01, .. ",,,,; ,,;,. ;od",od by 'h, dy .... " load • 
• t< '" rompla 'h", no '<XDf' i«<j , .. ,;.f..,,"')' m"bod. 01","'"1""'''' 01" ",b fOK" h,,·, 
",,",.«l, .. 0 ,,1,,1."00 ... =1 00 , .. """" ,, ... 01"';,'" bod", I" d to ,"",," ,,to ,,,,. 1,,. 

Co. " ... , I'J '"'1"",,,,,1 " p""C ,It,,-.fon . ,It" ' "'' " . .. ",;" 1,, pO,"""""". " ( .. r.-.-
~· h " ,0< ,,,,,,It,",,, from ,b" , .. ,· .. ,;"",,1 f ...... I". Whot ", .. lIy"p,,'" ~"'. I'" t""" 
""'" ;. , .... " d"!".o. on d"·",, f""on. "';"fly. ,0.,,, m. , I>< .... "ibod •• ",",",,, , ....
" " h ;. m" •• "., ..... \0< , 01" Imp<tf«1"'~ .. "" Iy. ,b, ,_It prof,1<> "" """" p<tf"" 
,.,·01., ... ' h, ,_h opoc l' l'.t< n<w ' ", f .... ; ' .. ,m""""f",,, .. ;, o<m " ,,, ,,d "" .. " 
",<tt. ... n"" "d" 1 .. 0; 'he .b. n •• d mau.' ,., • • 1 .. d,fl"". ""'" load; ,b" toot. ,I,m, . " .. , 
... p<tf""ly pml l, 1 to ,h, .",; , "" oI"'po, J""" .. d .. ,f""" d"" I.., ,," " oflood 0<'." 
to ,,, pi.." ..,to .. ,b" f .. , .. " n •• , of"'," h. n" ,,,.1, of . 11 ,.«, tkf",,, •• d """" ,II, 
d) ",m " load ~·b,, ' ", ...... " ... '" ,II, 100<1 "'mod f,,,,,, tho ", .. I 1""". 1" . 

• 



l>y .... " load I ;'" ,,,,to oboc~ • • d ,"'.....,,_ K,,,,,,,, b h .. ,,,,,",, " ,h . tt! .. 00'" <11"'0., • •• 
"I>< , 'M loAd ..... . , f"'o,l from """m . h • • po" ... "". to ,h, .. " po ;,- Tky 0000,,, , pot' 
• • d ",,,b ' I "" ,,;<11"" impo<'_ Tb, d)n.o m;, load " m""""",; ly"' tho m",m.m 1"'" .. ok, 
,"" • • t of ;mf>O<1 . n"""h I""f«' d"«m" ",,,. of tb . . ...... , oft., dy •• m>< I ..... .. DOl 
I"",;bl<. 'P!"""" " " ,-. 1." ... b< _"d. ,b, ""I""' ''' d'p<.d '"I"_ tt.< •• """.t of 
,"m; , ,ft., ' 0''' '"1 .. m , •. ok, """'f""'" ,,, •• ,. 'I""'"I ,.d prof'k> of "", _ ..,... " d 
.. "" .. I ol l , m . 

• _h om"" •• ""nom'" l ..... 

R""" ... ,.,1 yoi. of dy"" m '" 100<1 ,. ""'m<ly di ff ~ " I t " d " ".", .. """ .. 1 to. "" "" "'" d .. ; t " 
OWJH>'<' . on." ..... ,., I, .. .. ".f..,,"')' .... kod orp ...... ' "'k<t .... of,,, .. I"';, o. .. d.., 
tb , <le.i,.,j ... '" 1<>01. A '''' "".i ll n<,.., ' " ' ,,;,1>00, 1"00""", """" ...... bot ' ;De' Ii>< 
" .. ~"" .... ,ft b. DO'''' I'."" "" i . "''''try ,,1 .. « '" tb, .,,,"""y ... ;'h ~·h"'b tb. l""~"'< 
too." 'u, _ .,"'" .. . b< "."""" 01 r 10k., •• • ,nto";" .. ,.d"" ""I ("""' of tb. X' ",K r of t h, 
. ... "" . Ob,·..aJ, DO"" '" "" .... "'''' .., ""'''' ;' •• """ """" 'Y-

• 

• 



_ " .. _~.t '" 0- _ 

,.,." , .. ''''''0 ,'< "'"" ••. "." .... ,"'" d, ,.;, ....... 0 ..... " , D",; " ok. '0 .. .., of 
,,<t' " 1""""' .• ,,,. _'" ... 0<';,,0 . ........ ",,",J 10., i, " ,,',' by 'n p"" "'''''', . , "',, pt"" t • • ,,, ' ,, .... ;, "" OAt ";, .. I, U i . .. ,«>, ... , .... , .... . ,"'" ... ;. s." 
1_'", ' .7 Fi, ,,, 2 ." ,.\ ••• ~". ",,",," ","""";0. or, •• "*,_"",, , . ... ",,',,"', 

;, "" of. 'P" . ... , . ;, , ••• ,' •• , ... ''''''b R",lIi," S", '.''' ' ' . 7 ~ P';' of"",,' '0"'" 
;, , . . ... " •• ;.". " 'Y •• ",.,,,. , ..... ,""',,',, ... ,," "t' .!;", AB . . .. " .to ' " ;'''''". 
00< "" ; '" , . ;, ;, " ;,, ; . .... , ...... p. io ....... """ .. If .. , • • ,.'"' "' .. ~ "I<t" , I"" , 
pm " . ..... " •• " . .. "',,_ ·n,,,",,,.,,, ", , po;" C "",, .... '''''PO' '0 ......... . • n, p.; , ;, ,.dd .. ,y ;."'" .. by CD, A' ok ;, "'" 0'. 0'." , .;, ,,, ,00 •• ", of ... . ' ..... , 
.. . , " on P'" to, ..... f . .. "-'_ Th" ' m ... ,,,,,' by ••• ",,0", AI F., ... ; •• ,,00 , • 
.. ' ,,'io.;, ,,,,, ,·,,,,,,,.bt<.o,, ••• ,b" ... p' " , .. .-",. ,", •• ",. , .. " , h.". TO. 
"" oft>, .... ","K"" ",... .. , of ". ,.h l, ' 00 •. A •• " , .. ",,'" P'''''' of .... _ .... 
" '" ',,"'w, ,. "" 2 .' (b).,m", "'"''' ''' "',b, "" . ... , •• " ""',... p'.m ....... ". ,., ,...,~ . , , .. " .. " ,.,," off,., "."",,. A", •• ,,,..,, ", ""., "',, '" '''"'' ... ,.w." 
F, • . ' ."(0), H", ,., ",., t ,.". " . .. ,,,,, .. I, "'" D "hm ,. , ........... 00'" ... , •• 
• ", ........ .. " . '00" bt< .... , ." .. " " .. ,b, f." ...... ""''' .... , ,. to ....... , 
t ..... . 

n, ( .... "" . " .. , .. L, • ,,' ,,<t' • 'K' '" ""'P"" ", .... ,"""00" "",(,It ... " .. I ,. 
H'., "'."". I. , ., ,. , " .. " .... ,." " .. ',,, ••• , .. f.", ... '.'''''''''' , ..... ,'" 
, .• ""'" , .. 10 . ,," .... . 1." . . ... .. , ..... """ ,. ... '..., '" ... . . . ."". AU " ... ' "'''"."' 
.. ....... , ,.",.It ',ff" .... ,. ,', .... ~ " .... , .... ,," I" .". 0" '". ' " , ...... , ...... ~ , ... ' 
""." ... f ro .. ,., ",,,II ,,. "",,"·f.,,,. " ' " • . n ..... _ li ... '"'' M., ", •• ,h.' ... 
d.,,,,,. I. FI, . , . 'o.:d). h ... , .... " fi .. , ... fi , ... ,' " r .. , ".01 .. '..., ,b, ,,,,' , .. "i • 
• ,' of ..... , .. <0' .,' '0 .. « ,,,,, . .. .. ok< ,',," 10. of tho ,.to ,; •• ". ''', ... , •• , to" . , . , . 
", ... I, ,.01." ~.". ,.""."''', ,nt p.tt, •• 00" ..... ""I""" . .. ... ,,' f ..... It" tho> 
....... f .... lm'., ''''', .. , I .. d.",," ..,.. .. L '-' "'K' .... "fi''' ••• , .. ."" .... -" • 
. .. • , ...... ,,, •• , •• - " ' ''''' , ,,,,,.,,,,- by ... " ,",.<0. 

s .... .. d.,,·,., ... "" II, .. , .. r .<0." .... ,1>0<1,,, bt<. ,,·.,,·N ,. r" ........ " .... " ... , 
.. ""d .... n . .. ... , '" (oo , ,,'''' .... ''' ' ..... , ... , .... to. dy .... " ,., . .... '». 

Po.H _ d . 

" "" '" hi ..... ""'" ~,," .. """".1< "''' .,i.' .. of _,·io. ''''", h"'" "'Y "', .. . ,,;., ",",.,., ...... ... "., "''', .,. .. " . ;" ,.,;",. , .. "" .... " ... , "' ... , ,,"" 
d .... " ... ,Ii., d ,It,,,,,, .... " .... ",,"" ,.,'" ....... , .. , • • lot . ,. " .... ,., 
_,,,' ,,"... """',,;' ........ ,, .... . ,.d." ",,,,I •• '" ,', ... 1. , ••• " ..... , .... to 
I,. ,., ... " ...... "",d'" . ,I", .. ,b, ..,.;,., .. , .... "., ..... ,. 10 u.. """'''. 
I,.,,,,,,,. ,b" , ...... " ... . '" ...... " ',, ',,, ...... " .. . " '. " ,, ' . ,,,. 0<"." , ... , 
,.<to" .. " . ,",,', •.• ,,", . ... , It .... , ... , .. , ... " " ,,. , "" '" , .... ,,, .... bi,' ,., 
. ... bo,,, "., .. " 'j ,,,,,d", 
"""" .•• ,,, ... ... "' ... ,. , ' .. " ... pp li''' .... . ," 0<"''''' '.' t." .. ;."',, ',,, ... , 

,"" ,. ,. ,', '0'"'''' .. " ... "" ,.. " ", .. ;" ,1" ..- .... , .. ,,, ' ''''0, .. , •• ,,," "" .... . Th, 0<"1t,,,1o. t." .. ,. , 1, ... " 
T, - I"a -

'
, • (~ .17) 

n. "P'''' '"' '''' T. '" ...... od ...... , ..... 



"m. 

, • 

, -, 
'" 

T , .. «.1"" ... ''' ... ; • . ~"' 

(2.nI) 

.... D' ~ .... "'''' ..... ~.~ •• "b«. "',.,'" .. ' •• ·fl'_" ... ' ....... ," ... , .... , 
,"".,,'''''0" '" •• ,," ........ ;, NOl', S_, ",0." ,, ' .... 'f.""''' 
of ... ,." • •• '.'., ' ••• • '" , • • G." ... ,,"", .... OD' 

OI",",G) ~ w.,." ... , •• ,."".,.,,,.,, ,,,, 
[} ~ D' .... "' " 'Y'''''' ",,"",' ....... .. "' • , , , p •• ,,,,,, ." "" .. . 

w< .... 0', foI ........ ""tOo. 

, • 

'. " ... m ...... of', ,,,;.;" ... _ ."" "'''''", > .... t. 
• • .. ", .. , .. 000 do. to.",';" I, ."''' 0<' •• " ......... ,J 
.. < ".,.t .. ",loco!>,;' ..... .. "" .. t_ 
O • A • • ,) .. • "t'"",,, L, ,, " , •• P" "" ...... ,m' 
I ~ St .. ,; . ,,,, b"' ;,, , j .. . I, "" ..... , 
• ~ S'''., •. ' .. 

11.") 

V. L", of I .... I}'" ,""'..,. _""0' ",'od " .... f ••• , ;. m •• " . """C, or _,-", •. 
n, W D' ". L." oI ..... , .. J ,_"", of .. . . .. " ..... " • .." .. . 11, , ;'" L, "'001.01"1:110' 
of, • • ", • • • f", ... " oI t"'" '«.', 

F". "'0<' .... <tOo. 01 ,. < Mot", "" ••• ; •• " • • t • "'. ,., "'M ; t ..... i, ;, "' .... '" (0 .d' 
,. , .", ' "''','' '"" " "" ,." .... '"' •• , "n., ....... T •• " """", to , .. " ' ", •• ,ny· _ 1><" .... ," "',', _ . ..,~ , ... " •• ',.",. ,,, ... ,,1<.,.1<' .· It. ".,.." ,. ,', .oto, •• • f, . n .. ,. 
"" .. by."" ,., f, "._, •• "'""''' 

WO~ • (WO'), • (~J ' (W/>', . ' (~J . ( '1'0')" . (~]' • (UO) 

_'m (WO' ), , .... ny .• · ... ' ••• ,., .ft •••• ,"' .. . .. , ..... '" ,Lo. ,', ,.,', ... .... (WO') .. 

(W M ... ", .... . n." .. ''' __ '" 111. WO' ",." ... 'h' '",N' ""h' .'" .. ,.,,, ', . .... ,, '" 
.... ''',. ". """ ,,, Ly, . , , •• "" •• • ,,, .. .. ". "'" ... , . ft •.• " .. ,""., "'I', ,.,." ••• " .. of 
,", . ,'". m,,"" ... .. ,. "', .. '.''''' 0' ''''' ' ' m." 'hoi. ' ." '" """ .. ". to b" .... ' 
.,.",. t. " . «, .. " •. , .... 

• ih •• " . .... " "".,." . , " •• , ... ,, 'bl< ......... ". ". "" ' " ,." •• ". '" ... " ... '" 
" .". " ,.lJt. "., .. " .. ,", "". ,.,." "'to, .", ..... Th" ., •• ol,., ,., •• , fo," f, • ., 
, •• " ". ""_." •• •• "' •• ",. ........ , .. ".,.., .. , fo,mol ... '" ,", .. ","',.." ,." .. 
• • ", .. , ... ....,. " ........ ";,,, ,. ", .•• ~, , •• "'""" ..... , " .. L« " •. T hI'''''' ,. ad, ..... 
,. " ',, ,. s... •. ,,,. 'h" "' ... ", ... . 



-" . ' .. _-
Th, d) .... " load. ",'CO, , .. b«n dof.....! .. ", .... 'mum i."a." ",,,,,, loAd "'''" I '"' ", 
m"b"1 ""b of I"" du"nl .." ., •. ""'Y '" m"t<d d" ., """td< r""""" Ii" ...".", 
rond """'~ •• m"', of ,to to'. "".'" of du, y. '1 ",of"';," . . ... . ... d., '0 ,n ,,,,,,,I f""ton. . • "'" 
.. d,ff""" 'Yf'<' ... _h "ro<. ~'h,," "ad to >ptt<l A",'u"io,,, ~h, ,. 'um ;i'~ no< to 
..... , ''''''''If''''''''du,'.'''''''''''''''Y.,,.,,I='''"''o,docd''''''' •• nd dd"onna< ... of'''''unde, 
load. Ik"'Ieo. .•• .." 8m i,. """ '"I m." ..... ,"'",f"",. r"" ....... '"'''''' , ;, fol .... "",", 
", ..... "qu"" 'h, . "" I"", """ of fore, '" ,wI' it> ,·doc rty. Bot, <> 'crn.ol • • d m ' '''''' I 
10"""", ;.ft""", ", ""'I""u<k "'dynonuc Iood.. 

£", .. ", l"tHY , 1'0.", f..,,,,,,,, " "',,'co ''''''of!or .';'1" , ,~ I"". Ii, en i. hol< •. 1O . The 
"I"". of .h, ", .. k< r .. ,o< I h." btt" un,..,.,by "'~, k .. ". ta' '"I ""0"""'"",,' ... 'h, 
'Yl" ...... ;'i.I"""''''' ...... ,., . nd ' ... ;n~ ,00<1"" .... ",.'" ofouty . ... 0'0., """, .. ;"",1 
" ....... ,," . '" m .. imum tooth load ".1 """'" ~'h<n 

(2.81) 

Intt,,,,,U;'''''' ' Th<>, raeto,., m .0 , .. ,,,ok. , h. , to "m, ., • ",.""","Iy "' cu,," , .• , u, of 
!h, oJ"", .... 1 load ..... " ,b, "> .. m,, rot<'< • ..,,,~ .., ", ,,,.,,., 1"0111 .... . I "'~, .... boo- of 
com,. ",. ,,<1 "k" 10"""" at" ° b< mad<. Tbi, i.j uotifi ...... h<n "1<.1""""f,,, m .. ", I"'" t< 
m,-.I,·«I. "'<><""'" i. ,..., '" ''''''pAt.ri><ly .... 11,,,1"«1 "'" ~". 'h, df",,,of_, ,ITO". 
"d oth"d,c'" m,.,,1 I",,,,, m "'" ~ ,h • • """" '" " " "'. i", "",«11""" 

N""..."funn . ndJ"'Y "I"~ ' '''' d ' 1'" •• ""tfu,,,,_", 'mx.. """ •• proI1k "''''. 
0' P''' ' , IT"' .• ·h,,' .t< " ",,d by f. u It, m ••• f""....,. T «tb . ... d.cf""" WHI<, load .. " " ,d 
carl, .... 'fh'I'" ""0; mo, '" rooWdcml ., be ""0' .... ' mo,."udc duti "ion< """,,"<I' <)'<k. 
bu' ;, ", .. I I"""'i« ;n,"."o<o", ,~ I '"'' '" ,h .. "" io " m. ;, ,bonl i " . 11 ,b, "me ",.u 1""1 
'" """""" ' f""" "'''' <0, of,h, dn v<. ~, .... TO";;.,, n>< "'anl ul" .,,,,,1=< """' '" O~" ,n 'U,. 
prod"", • ' a mm ... ,., ,fkc, duri •• "I'~'m<n' "'u. ;"I ..... "., .. 1 ">"""'''' load. ","", . nd 
"bt",on . " ,,,, .. «I, • • d ~h."d ""f"1 '", .. m" .. "" ,i,""lY •• ,...". ...... 01> .... ".1)" •• 
1"1" dynam" load ... ~I be ",,,,d ,f'h, maeb;" ' 1 ""....,,;, ..... ,~Ioc;oy .. " Sh .nd ,b, 
'"" " . , m .... " . " ''''''I'''''' i ",I, V""', 

, , ma..."" "',', ,,><~ ' h, .~""'"' , ... " method ""'<loped by Prof. C. N ''''''''" " .. 11'"00 .... ' 
'0 "kul. 1< 'h, dyo""" """,,co. 

'100M on "",rim .. ,,1 """at" _, th, fon"~';"it<I"''''' ,,,, bcm <Icoi ..... 

i'I"," (K. b v '"'' 
AOd"""",1 " "".,,.1 r."" "" '0, _"' ,," oed by dY""m" lood~ N 
Fa,,", """I i"o "'" ... , 'h, . mou"' of Iotol ,n "I""", ,,, ", <IT<<,,,.., ""'"' 
<tro<. , """tom P'" ,cn' ;m<t", 

K • • f ","" "''"' ,m of", '" """"" of '", ,,,,, .... fe,, .. ,.1 ",loci" , =-d, "" 

b • fae, .·;d,h of_h. ".hm,"" 
" • C;" umf,,,,",,.1 vdod". m<l",. P'" ",,,,,,<1 

K. ;. d.ct"m,,><d from 'h, "10,.",, 
(2,&3) 



"' .. ~ 
"-b<,,, 

F _ T .. ~'nri.1 f<>«<on ,h. """". N 
I . 1'''' numm.aJ yol .. (""..,.oed i. m",rom<lm,of,h, 1,'1'"''''';''''''''' ,,, .. 

q-'~fJ <t< . •• ,., on< nuy bo_ 
A .... .. <,rt".," ~i<'., 10, ", .... , K.;' ",ad "''',_ robk 2.1< 

r_w ...... IC . .. _ .. _ ( . . .. _ . 

"--.- • , • • • , " , , , , - K.".· ...... 
~ " " " " " " " " .. .. " - " " " .. " " " " " .. .. - " " " " " " " " " " " - " • • " " " " " " " .. - .. " " " " " " " " " " - " " " " " " " " " " " .- " " " " " " " " " " " .- .. " " " " " " " " " " 

..... _ .. T,,.._ ... ' __ . ..-. ... " ......... ,..,_ ''''. _ _ ' .,_ >O<MO II~ 

\ ' ...... "' ... L 

To",,,,"I.o,, the I'"~ p.,.. m<t<n ,,1ooa 'h, d)-...rn'" k>.od •• """od=<!. Ih< '01.1 ... ",.".1 
foIT,,,d the tot. 1 ''''q"' '" t. b< d,,,,,,,I ,,,,d. n.,,,,",, ~,."" OJ' 

(2.6<) 

T~ (N .. ) • T-.. • • • . -. , lUlU , , 
_ (F,x •• f' . .. ) . _ . ~ ~ " _ 

~·I>=F, .. "d 2' .. '" 'he ,,,,,,I ""1<0 ,,,1 fuo«.J ,h,(o'" to..:'., ~'~dr. and d" the 
P''''' ,mo" d" m""" ""'-

In T. hk 2,~ ,h< " , I.", ""oIlow..,k "",,,,,,f,,,o1,&1 ,doc.,. in "I." on I. mao , f"" ,",,"; 

r.,." .• ,,, . nd """hty"'" .... b" Otto ohon. Th,,,,.,, J"d,""-. i."onIp nd . ,, i l,-.., '" 
. "Ii"" ;'" " 1"01 .. ",,,, Mo I"",.1 .. ;.n«""I ' '''' '''''' ''''''' Th, ,~1"" d,h, .... 'm ... 

l<>oIb "'''' fi • ., b< "le.I .. "" '"' tho bo", ofhbld ." J~'<n on See . ... , . 



U O 01 7 , ~ .. __ 

Tb, .ITO<! 01" '" ' ..... " ..... 1 Iood do, t . Jy"' '"'' ,,,t<, ". 100 "", 1«,«1 •• " '" of , ",.11 
"",," f,,,ot iol ,<io<;.y" I""b •• Iml_ . N""""l ly . • h.", "'I., ..... ," ,m" 100'0'"," tn, 
m. ,.".d, 01" ," , "y", ,,,I , Iood " . O«! by tn, , •• " f.." on •• d 'h, ,·,Ioco. ' P to ..... " " , 50"" .. 8.,..,.-1 'k" ,·. Io"h"", ,,,.,,, '" d) , .. ,,"", Iood " ""IY""J"'I. rh,dy""''' Iood 
, . co .. of ... 1,,,1 J'" " .100 "l, . . .. boon, ,, ,b., or,h"p" , "" foo ,,1, , 1.,.,.,. Tobk 
2. " ~,." ,100 ..,-.,"" I",t ... r .. d, IT""., ""'-.," ,0001" ..... 

, _____ 'c ...... " -.-... - __ n . " 

! , • --, 
• , • -• • """ to"",. • -... , ... -

~ 
' ""'M"" ~~ 

-• • , 
• • • , 
• • • --• • • 

1'_r ... ou" 

• .-•• • , , , " - , --· '. - ! • ' -, -- -, , 
• -• • • 

'1 --

- --- , 
! -, 

• • - • • - • • , i • , -• , --• , 

._ --~ 
;,::-.::. 01/_ 

, ;{ --of 
;;:;~~:g;;O~ ______ "' ____ IL __________ 1. ____ J. __ __ 

, , I 
, '. • , 
, ,1 

• , -• • , . -
, • --
--
" .. 

......................... ;, ... '''H_ •. ' ••••. HO<.N ..... ' .. ' ''~ •. ,," ..... _ .... "."_' ••• N. 
v_~~ ..•.. 
ExampIo2.1 A ,"",", dro ", ".,'" .. '" b,- •• d,<t,,,,",,,, .. '""""n •• n •.• ...,. Joa, d,,,~. 
l 'b, p, .... ' ,l,y," .. ,b, ,b.~ "d " """'"''" . , 'h, ,,.,j of t" , .... n 01" da rn"« .. .. "'. 
rb, foll""d"ld", '" ~, .... , " " d ...... ,.,. . ' . ' W. op=I o'I"."'" • 1OO'l'm, "d", I,", ,,"" 
• ",0."". n,,;. mod i.," . ,,,,,",,,.&« f.I I Iood . ... ,""mal " I .... b, loIy to ,_b 1,,1 .. ,. 
n.. 'y''''';' ,""'0<0<0 to dyo.",,,, 100<1,",. f •• d 'h, ",,,11"'''''' "q" i,«I for 'h, 'y"'" 
d" "'J"d," J'" ..,.,<1..-., ... "''G'''' ,,~, ;"d r., ''''' '.J'' b,,~ '.J. T . k< P ,. lao "" "ro. 1 • • 
•• c •. 



_Goo.. ... , 
s",.,; .... Fe. ,,;,i,1 .. !cubt"", 01', """"'" i'" dri,·,. ,b, fa '","';", ",1" '00 ka ... o«>l 
4 , ~1 , s .. ft d""""" , 1, • .1 , 90""". " ~4,I<ml . ",I",m)l 19 10 . 19. ~OO~ f910 

• 2.36""0. 
From 'h< , ;,.""..ru.. roo>l;'""",. tb, ""~, foc,,",.' I .'; ' "I«"", from T. bi< 2.10. 

I".INJ ~ l • T, (1-1 emYd, I<m> , 1 • T,19. T,IU 
T, • P, (ltW) • %ilOOOln, (rpm) = W. 9~' ' ~IOO N <:m 

F. • 19100 ...... , ... 
R,f"";,,. tot~< """,,;(,od ,,1,ul, ti.no1''''''I,blM. ;, So, 1.1.1 . • ""'~ ,"imal< ........ 

mad< . bout ,b, ,·.1 .. o1',b, ....... 1< .. follo • .-. 
To ,vood ."''''"'';'J, ', .. fin t . .... m«I,. '" ".N .. , .• ,i'I ",· l . L' I. ~~ I". 

p I<ml • 

' · 'N .. ; ;::.:,,..,,,, , "",., 
Th< fuJlo.o·;'p~ 'u<' 01'", ,odf".""",,,, "k<-,,<I, 

K, 7 3. K, . O~. ,,", ~ I 

< .103>3 , 0-", . 1·'", 

, _ 3 .",1«1<0 for ....,h,"", ,,<I.) 

P, • 1 OI:W, n, • SOO rpm .,dd . • 90 mm' . 9"" ~ 0.00 m 

I." rt; "1 tn< ",I,,,n' ",1"". "" J" 

• •••••• ' 16,6 mm 

• <""'0 16.0mm 
'" , lU/3.14 . \.2, mm 

Th, ""''' . .. " " d ......... 1.1 ;, .. ~'" from A!'f""'di. Il. 
T""I', • 17far , '<a'" "r«y ... '"" .nd",""", and "". h l'''"I, ... , 0' 

4,." ", • .1.5 • 11. H.I mm 

T'~'"I . ""I "y • ~ ~ h",b ,. ,om""n"", " with th< "<!oc;,y <ani' .. l'" T, ol< 1.1.1. "d 
,,,,,,,.It,nl tb, ,..,,'"', .. bl<> ';"" far d ,fT",", ' ind. 01'", .. ;, Sec. 1.17. ~, find for '" . .... 
4 , ' 93.5 and ~".h.y • '.Ih< '''''',- . )0 ""', 

Now A' I>I~m ... b~IO . H • .Ilmm · J .l"" 

N"" ,.,1., 01'''1' ",,,I 10"" " ;"""" to,-



... .. -... .. C_-.. 
From "'I. 2_"" w< 10 ,,-,_ 

K, _ J!,'f ' 'Ie,. 'iIl84, 1. ~l+ ."36 ' I~tN I <III 

• I'·' 
" - d,../I910 · 9,"', !oOOfl910 ' .... mi. 

T ... now ", I., ofv mol .. "' . ... ;,,1 d;lI'=ooo, In do. ",I" ol,._ H..." .•• , .• ~ l,p'_ 

K • • '.6. \0-' 01",. r .. nd "Y ""'f"'I .. ,oo f .... T • ." 2 ". 

J1,.".K.K. 6"~ ,.., • • 0 _",", , .•• J .. . . ", N 

'n.. f .. ,1 ,..1." .", 
',. , 1.1"," +I', ... )x~ 

~ I"""" ... • ... ).0 .. 
...... 2N I .. ' ... ; n ~ "" rif~;"YI , . 

- , .. ' 2 

2.23 Con,,,,' St ........ 5." ... Du,. b.", 

T"",,,,, (N,, ) • Sp«<I (" m) 

•• 
3OS. '" ""'1 ~50 ... 

,.,.b<. 0"" m"~. 'h, "'3"'" of,,,.,",, ;" i><orn" . II, • hD<. TO,"" "" "" of, b, .. d,,- id u.d 
m" ; oJ ,.n.."", 'h, 1""'" of <0"''''' -";11 my K"" .. d '"I to I., ,;,-" d,m,""oo. of, h, looth 
profi I, of,b. """"I ' ''' ... ull .. t", b, '" <too " " au . 1"""""" 0(, h, "" •• t of <on1&<' D." h, 
h"of",,,,", ,, tho ,m ,_ • •• ,f",,"'1 . n. oIod< d. ,;."h, '00'" of.." ..... Th< ...... ol 
, ..... t " , ,"",fc"" , .. Io,a ... to t b" of' ... "on"''' oJ 'Y I ",dm of, o.",.tiy , b'"l ; n, ,ad,; 
of, .,""",,,. In 'he no< d "",., 1 ;,m, both 'h, ,.,foc .. '" '0"..,' '" """." ~ h , l , for 
;.lm. 1 ¥""" the, '" ,.'''~ • • d <OK ..... 

fkoo l h ,boo.-.. i colly " , .. h '" ,onl><', 11,,1 '"' .. , .. lIy ';""'!or>' ., •• o.od d « rt .. u- ,d, h 
. 100 J ,h. I,. " h d,', ' «III d", .. m., •• 1 "''''''' ...... po"'''' . A, ,h. ,_b ".(" .. ..,., .• 
"I" " .• • "oc . 0"" ~·"h • ,ombo .. , ... d roIlo", • • d , I,d,., .,,,, b •• d ; •• 1 '" '''"". "",,011.0 
<h< --.. Tb, " .... p' ''''' de, • .",.. ..-"b" 110;. ho.d "'l,"" ,ompl.,,, .... A",,,,,,, .. , '" 
!hod I.y, 'h,,", o ' h" bapp"" "'co ,h. J" ,,_k " , foc .. . .. ,. oc, .... _ . pm., of m" 'm. m 
,ompo''''''-' " .... " , ... "d i. d" " 0 ", of 1hc ho.d d '"",,oct. J . " below ,h;, I"'i" .• m .. i· 
m. m ,.b .. ,f..,. ,b, .. ",."",;".·,!or>. Duc'o,b,m . ,", 1 , 1,d'"I """_ ,_led 0" " fn.,; .. , 
. dd";,, .. 1 ...... ,""""'" .. , • ..,,,""- I. , h. d ,,,,,, .... of ,hd .. , ",h ""',. ",f..,. d<vcl_ . 
, .", .. f",. ''''"1'''''''' ,,,,,, .. d, ,k. 1 • .0"1 . ... of", -"' i'l ,"",.." b, .d ",h,I, ....... of 
"",, I, .. ,," follow> ,k. ",,1"1 ..... 

S '"" 'h, , ... b ,.,f ..... ode' J" fl.." .. , ; " "P""'" .. d ')< I" .. , .. "', ... 11 k"d, d.n'l 
,h . '0"'" of •• ",,,,,. f' ''I'' (" I ... d ,h, , .. foc, •• "",,. n''' ' l h ... oo., , on" , d J'" Ioc" 

, 



f,B."".n ,,,ribu,,bl,, ,. /'a" ~U<. p"'i. Ii . ~."" ''" "' .. , I >« So< 1.')_ n,,<x>u. """,,''''' ' 
",,'<n, 1 pl •• It< ".'" ... ,., ..... ,n", " " .,.d." f .. I",. ~'h",h, . """,0<..1.". . . .. , '-l. 
,,,.I",n m,,'" pi .. ,,,, 110" . nd .. I"m"dy "'P" " " t'" m<t. I. l.bnc, nt>. , nd" 1'=''''''' 
e"" ' ho>< c<oc ••. •• d in ,."'_ hdp iooo<o bolo ofmet. 1 '"' "e I e .. """" • .,f,.,e. """by 
"rod.d'H'''_ 

It ... bon< ,*"",,·od ,h .. ~""nl """'ry 0«"" in ' h" '''';''''>' .f,,,,, pot"b h".,. l'b" ~ bt 
d"" '" ,h. f.." tin t ,h. dl=""" of., .. , ,,. ,.Iox">, <~"'V' .. ,be po,h I", ....... in' ,heeA"ec' 
of the <Omf"<""'" ""' .. """" d'''''I''1 oround ,hi.,...,.. Also. ,hi . "'s'" ••• " ia. ,h. 
"""; ..... d)","m","",". S"" " ,h" P""'" " •••• ily 'h" <In,'''' .-b ....... '" """" "" .... .... 
.. lo",·dy. ;,;. """" .. I""" bl" to pi","" " , ,he m",.".",_ ""' .... ~ "" . "." ... lid,nl 
_.., . 1", promo<'" pi" I' J.ft' e dri .,nl memho, of ,b" V" 1'-'''-

Th< ph<nome""" "P"';'I- ~'""h i. ",,,,, ',,lIy • ')l'< of~ .. t"",," ... ri,.,e r"h"" due ,. 
f'lieuf.,.,I"'I<n<nlly k"",,, " "'''''_ Tho« i .. ronoidenble d,ff......,., "",,","" .. ,",h" 
"'''', defi.",.., <i " "" _ Some 8m "'P<"" ... I", ,be ""m ·.,.·e .... <X,Ju~.dy '0 f. 1 i",. f .. I, '" 
.". p""nl ca, ..... .". " " .... , " ' m. , nd ,0< "e to"" ", bn. i.., " m' '" "'" <i'he ~"n,,,,,1 
th"".I .. ,_h " ...... .". ",hO i'J" mlendn«l.".r",,, parti'le. , am<d '" 'he Jubri".,", 
embeddod '"' 'h"",,,," owf",,,,_ Othm F"efe, "'.'" th" .. oro ~". ,. '1"",,,1 ",n", '0 
""""m,.. ... 11 ' ,nd. of_ do ... V .,d ..rn .. " r,il"", ~Juch ".,1000 p,n '"l- oc"""l- t~ 
1=""le due ,ofatieu .. nd 01 1 k",dwl """;00 . S,;IJ otheR""'''.'' "" tenn t. _e """,,·oJ 
.. _"' m" ,,', I. loy'" , A", I ..... .". . bo-. . ... , nd ........ me", •. and m"", .. dude P"""" 
a ~'O&""",nom<noo . I. ,b","""",,, of ' r""'''' _ CO" ........ "';11 ' ''' th" M>rn",", 10,"", ..... ..,."' 
in 'h" book ,. ; n,","e f"'u,,, .". p I ''''I only . .we thi. ;. th " ""'" """""'" '>'P< of uuf"" 
1"'lue r .. I"",_ O,h<, k ind. off .. I" ." ~ill be doffinN. d...cri!ood , nd d,"' ....... i. St, 1.'_ 

Th< Ge"" .. ph,·. ;"i". H.i"",), Bertz. dn-.,iop«I "F"=""" foo- tb" ""'."'. ~'h",h "" 
""""d .·ben to·" """ . ..1 ,uri",,,,,,,, i. ",nt.,,,. n...e "riO<"< ""'."' .. " "" ,,..,..,11 Y knov. n 
.. " .. !a<'" ''''." ... H"" ", .. "' ... H"",i .. """' •• ,,_ The .ymboIto <knote 'h" ""'''''' ", ... 
m", .. ,.", "p. ~ h;]< . " , O<df", bendm,,' "'''_ uoob ' h" ') mho,,!, . nd a oa"yth<&I'P'o~"",, 
.. b><np<. to ron"",," ,. 'h" """',,.,. ... equo"o •• ~ h",h . '" ",I,,~ nt ,. 'h" "",t" t. F", 
.om , 1. P,. 'land. foo- 'h" ,uri"" r.ti",. " ",n ~'h "d i,. ,·.1""" foo- " ' ''"''''" ,.., molen, I •• '" 
I;''''' ;. Arpondi> E.P, <kno',,, ,-.,., ." .. "n ~""Of.1 ~ ... nd. ro, f"""'".;ble ,_",""m 
. nd', i, ' he """"" "",,, dn'elop<d,, 'h" p,,,,h 1"',n,P d ,.0 m. "nll"" ,_b profile.. 

Con"'" " , ... " Im",.11 r lb" ';oddo., r"to< foo- th" de,,,,,,, ina' I "" " 'h,, ",,,,mite d;men_ 
.\00, d ,ea" .. ""'" _ h .uri",,,, "" .o!h",d"n<d_ M """",bon I"" .... .., h .. ,,,,,finn«!, he 
f .. t th " """'" " ,nta<' F""''"'''. 01" " 1 """'''l' , nd "''''''''y d Jubrie,n' .. .. d .. oIh", 
f""on I ike Inc' ..... ' fum •• I ~ , ,nil"""", ' h e f".,,,,,,,.., .. P'" '" th" .",.., ...-1'",,,. 11""",,'''' . 
.. ff",;"';, renno'"", . " d" p<nmental d." , ,,, I..,k;., ,. <oke , II ,he", <b'I.'" <om"'"" ,nt. 
0«""" t ~ hi ., "". ,n, 'h, "",.1" ",,,_ Bmce. ' , ,, "lea I" """ , ,,, mm Iy ba"d .., "e" zi" "' .. ,""' .. 

I n ma< h"." <b,,,,. rrob""'" f,"l umtly "''''''' "ben ,..-. mom .... .. ·ido c".-.-od ",.-f"", art 
defonnod ~ h<n ,....,.0«1 • i , i n" 0."" "'" "'1"'"'' n", ., , n "eo 01" ,_,." .. nd '" , .. ,." .. i,·e 
,,"""'._ Of p"''' , lao- ; n«"," to 'h" ~"'" <b'I"'" " ' " e ''''' ~'h",e tbe cw'.-od .",1..,,,, m of 
,yb.....,. 1 . hap< """"" <hoy d"."iy ...... ble l ear <oo<h ,uri",,,,_ 

I. F'I ' U ", .~ wocyl,,"mm"""'~; n ron ........ '" ,-"".m;"'. Inf~. ''''W'''' ~nr 
«etb "" ... ,..~ la ""'"I ,o",h_" ' he F""h poi., . K&m~ ' 0 f'I .HI tal. th" m. of 
,"n'.," und", Iood i .. non .... "'" t", , I" of .. · .. h I .. d I, n"" t, Tbe, "e" d ",n\>u,.,. p"ten, 



''''JL''' ~I,~ J"""'JP I" ..... !m.p.~' P!"" "p>P!<'" "'l"" ~h" ,~, '! ''''''''''' P" '~b, 
"~, U,,," I'" .. "" """ ""''''1'''''' .... ~, ... ,,"b> "" II . ""U'! ''''l-'''''' ''''J'"' 
,~, P" oo>z "''I''''''''oJ, '"'l'" ,,~, "I"'!' "'"'I ' ~ , .. " '''I 'I -"I"'''''~ ''1'" .(""!~. ''1' "' 
1. 1 "'.~ , ,,!,~'" P" ' ', .. ,,,,, >1ftI,.,", goP"""' AI""""'!""'''' ' ''I' "",, .,,". JO ' "' P" ,~, 
,,~, P'" w "' , oJ,~ "'l"" '! ·...." ... "'11 . '"' I ~,,!o ''1' P ~h, ,~, "' "I""" " "'"",, I.jG""""" 
'1'1"11. """own .. , .. U .,."I .... >i "!"'"'''''' 1"'''''1''' '"~ '''''''''' ''1'" ,,","',,", J' 
"P" , .... ''1' ~ 'I ·' ''I ' ''I'"' II., !' ""'I' " '""I"' !""" "'l " "1"' "'l "" ,,,,I 'I'""!' ,,»<10. 
~..",.., 'oo"""! ,ooddo u , ~""'IJ. -.... ~, "d " I . " . W ..... l!''''''J'"' '!'OOIJO ....... 1'''>Od 
'1"'1" "" "" ".""." ,~, "'I """' 0, I'>"I!"' "'l ... , "J " """"""P , .... ,,"b> ""II "IJ. 

CW'l:) :~ II • ':rill 7 ~ 'G _ '_." 
('lI1i • II{ III ,( 

"1"" "'!''''''' ,~, Aq "''''''''P ,~, lup"rI'" "\)' ""'=, P"J 'I"w!'~"!'''"'Il''J 
,~, "''1 '" ·0" .. ' ,0"""4 . , ,-OJ' ".,..' , Iu'"~ ! '" po. ·LH po. 9';-, ,'blloo,,!'I"":) 

"'1""'1' J' "I""'"" ,.,!,,,,,",, ,~, ". ",PO' .~ p" "a P" a."",w,,"p 'I'!.o. 
'''I''''I''P '1""''''"--' ''I'P "''''' ... .... ,. '~"" , f'U ' < ''''''lI P"rWo ''1' " .i '''''11 
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_ ""_~.1 ~ __ 
Tb< "" .... r, "I,"'f." .. run",ood "d s.~"'''';''i. F.". 0« ,obk 2.17f"'paioi'l 

of ",m""", " ,,' m.,,,i. I • . 

-

-

.0 .. ' 

-- __ 't 

",-T' ... 

.-.. ----ood_ .- . -.G .. " - -"-'_. .. - .--.. - ".--- "'.-
-~ ..... .. - "-.n,_ .. - ..... .. - "-, ._ .. 1,.,_'., __ . >1 .•. _, .... 

' ..... -

•• •• 
•• 
... 

-
•• 

K.<&lIm.s... I.K,,", .... r"', d",b, '"y ,,'h, rwor<"Y ~ Ivch <I<<<,m,,,,,, ' h, , 0,1"1 of", 
I ' " ... r"" '" "" lot f."",. '11'" of oooth urn"" f .. ,." <a...d by " .... "" j>'<""" . p..
.. 'i. r"'''''Y"""""d hf,,' h,I ..... "". b< .... ....." i, ""h. ur" " 'h, " •• r"" ",'" .. " 
I", .. , II " .. ,to,. 'h, ...n",. ,nd .. """ I,m" 01' 'h, mo,.".1 _0 "Pf'<"'I;x E """., h, .. I"" of 
tb, ... 1"" f' ''I'''' ""'"~th " ''''" , ... "" .. m.at<ri.I ~ I, s.c. I.a th, ''''po" ... ,,, of tb, 
oomp«";"" ""'" gth .Dd h"'d .... of tho ,-.], .... f..,," .. b<m ,mphu ... <l n.. ",,_'or ,."n, 
01 moda-o ;.0 , ,,,;.1 I"'''' ;. ",; ... ';Iy Nood ... th, ....ro<. ",,",th and no< on tb, boom 
",, " ~'h . Th ... r, I,m" of ",m.,,, "" .. ",,",ld. tho"fo«, bom,f.I I, , ...... , , nd thl. l,mh 
...... Id ""'''' ... ,,«<>IN ., .,,>Od .. noc< f. II." . G" od,,,,, for .., i«1; " lh< profX" <Io.<~ 

" .. n '" <ku,\oO '" s... 2." "" """lIb ,01<.1"",,,-



---
,... 51 .... C ..... ...... "" 

hum "",,0",,1,,_ ""know,,,,, """'''''".",, ... " loy .. m.& ..... rol<~ b<" ..... ,b ,..,""'m""" 
;. ,.")",«<1 '" f oIi J"" ,,.... of k>Dn,. Ao Ie&< t«, b h .. -, 10 ~.; 'n ...... "",,,,,d "" d n ",,"oj '"S 
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2.1. "_~ ... w_ 
,fa, 'h , ,n"" •• " ... ~'h' ""' ~ .." .... • nd 'he pm<o«,.", lon, of,h, """ h. th; . f""" p , 

;. "",I, ... ,h,n n ,., 

th, ton~'.''' E """,Knt , F,'.' Q~ 
From f;,. 1.<1 ~< ,on ",Hy "" ,bot ,h. follo~in,;"m,·", .. 1 "''''''' ''' .. ,,,tool 

ComJK'";''' " ,'" 

A=>i' .he" ",,,. 

-, .... ,,:~. 
.! u' • • 

' . . 

,.. 01.,,; 
• It S, 

F.~j . , 

(2%) 

(l." , 

~'he", S, " ' he th " ",'" of tb, , .... k," F""'''''' at th, 'oo' of 00C><!t. 
Reo, ... ,h wotl to th .. fKId h .. ""b l"h'" ,b, f .. , ,b" for,.bl .. ,,," ~"....,''' .. " ",", tb 

'h, '''"'1''''''''' "d 'h, "",,, ""'.,'" <on be "",""IN • .." thm &«1.", ...... io.l . Only 
'h, bend,., .<t, ... ,he"for,. ;. " ' .n '" the d""m'. ," ~ f..,_",·,tIt .. Woc"" """",y _ 
_ .,h. to.,," ,,,1 fot<." 'h, ' .. . . mtt"d Iood ,. ';"<n t.r 

F.,F,"'" 
~ ormolEy ,. 001'"'1 • SO" ,..-obkm, ' h, p, ... .-.. ""d th, """" "';i" n. 'Th. follo~'",&form" io< 
. ,,=olktJ 

' .. 9MO . Ij o.WJ (Nml 
. , (",",I 

C"".m r.,..".1 ",Ioci'y 

irr, (N .. ) " 11)00 
dim .. , 

_ 91 •• P,o.WJ (kef,,) 

" (rpm) 

• " •. l . P,(M'lrioHPI nn krh\J 
~, (."..1 

"(mi.) - ~ d,n, 
_ d,(m m) ~ • . 

moo 
(rpm) 

"-
I'; _ 1000 " P, (kW) (N) _ Hili .",,1.) """ _ 15" P, (1MUi< hpi <kdl 

, . • (M I.) 

S.b" ""' in;F,! "" • fot F N'" f'E' 2.93. m u I" 1'1 y,nl ' h' d,noon,,,, 'ou nd .u m..-. ,., by m, and 
.ft" ''''''"g'.,. "'., h ... ,_ 
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1 .f' 1 ;,1.<8 . nd1.49. 1 h,..,f ~ ... ,<on b< u...J f""p"' ."'h .. l. u""","",," . nd ' <>ITt<tN, .. n . 
Th, "'gn,, "J , "', h, """"k h ...... ~...." 00 ,hd""" r",,,,, , ... , .., , . d8 , I", '''''''''' 
i. ~"'" , • •. n, <Ik<t ... topp,n, '"' ,'" y, l .. mq .. oJ", ",~I;~"i< . • 

80 ...... Q .'"' "I"""" for 'h, b<nd;n, ",," " '" b< ~f,," Or to".' ,nto , ,,,,,,,",, on",h,,, 
fa<t o< "II~ 'h, "",rl"1' f",t o< .,,'" ,""""',no,,,, f"to<", E~ .. tooo U~ ;, bo>N oo Iood to.,. 
;;,,:,::~~:.:::,n,!::':~'7':;;'::~~~~~'::::;:'';:!::'~;':':'::b~~.;:::b':= 
W" b .. ffi';,,,. "" """y,q ". '" .. . ,. ,. b< «JU&I to ' h, «< 1"""oJ ... ,'" , ..... ," " '''feR). 
'I'hot .. • 

.. -

, 
" . - b .. · · ·' 

(1.'001 

S,,,,, 'h, n."'" or " " h . ... ,II •• ' h, ... t""I, m,h, F"""'" . nd 'h, '''' . " ., •• lIy 
J ,ff",,,, ,. " .. "",; .. 01, , . ,n.." 'h, b<nd,", ol " " r .. both tb, m<mb= or,", , .. , .... 

E'I"" ioo 2.100 rOT ","u,"" " ,,' ;", bo , .... 001 " .. n'" h"I~,..·obk """';n, """,,",1-00 
,"-,,,,,;.1. 'Tho, .""Id • • "" .... n '" found in d;f(",,", .... y, . nd ," ""k<_ ~ ' " 'h, 
d .. "''' .... "'th, '''' ob".". Som< ~mk(;""",, di",.....,j h", ,n ' " " ",..-d. 

Pmn,,, lol, bond'"1 " " " " .. ,on b< d=<ll,- to". ,-,.." Al'I"'nd;' E . h"" .'0", """ , ,b 
'h .... '''';''~ , ... """""" , .. , mol,,,, I, . It "" oJ", b< _ toy u, ;ni ' ", ",lat ..... 

(2.101) 

I, h.u """ ,mpba .. ><d b<f"",t h. , J",,,,,,h ,.oj«,,", 0 ""'d,n,;, .. , .. lIy • ..." 1 f" .. to"" 

m , ... f"' I "'" M '''''''"''. 'h, to"~. ""y '" .. t,«1N " ",," , """""y ""',,,,;bk dn" •. K<q>'''S 
011 th,,, f",,,,,, ,. m ,od, """" dc' ip<n p"'("- ,. ",k<' th, """ ""urn 1"""".iOl, tooth bond,. , 
",," ,,«<din, ,. ' h, .urn"" ... ",'" ,),,1<> 'h, , .. ,;, «1"",001 '" ...... 'SO d.,; . ,;" 
............ 1 Hk S",b """i"""" . 1l" ... bIe " , '" ,'oJ"", .. . ,,-,..., dth, "um"', ... . ,,'" 
,)"I<or .. d;lf"""t mot«;. 1 " ... b< ""'oJ"" &em F;,. 2.", ,ft h, " " "rood"""" of . dri .. O!< 
loon ~';,h .. If..,,,,,, "" ..... y. "h.bi< r'" ob"" <on b< ....... _·ith • m,. ,,".m f"to, of 
.. f,'Y. 
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• . 'i 
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." • 0,5" i!OO 
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b • 0.', 112.' • " .2' mm . .. mm 1""01 
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... d.' .!, _ '12." ''', ... " , 

112.5" I>C • U,3 ",I. 
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,b. I,m ;" " oo . ;mpO\od by ,,., b;,k •• arr<o'''' r",,,,,, 

f ,,,," .-'1I-H~q" ~ 2.' f,u,.". Si""". ~ '''", .. ," ' h" d ao q .. _2, '"by '.'''1'"1 " ;,,,,, 
,[1>0,,10.-< 
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H.2 " • '01 _ _ 

,. .. .. • .. .. • • , . .. - ,. ,. 
n, follo"in~prKt"'" ~, ,,,,I.,,,, " '" "b"D'" i n ,oru><e, ..... ·;'h 'bo _;'" . nd ", .. " .. "'" 
i",,,1 ";"1 """."""" I" I'"'''' 

'- A ___ oIhe ~'''' ohoold .,..,.)" be ... i .. o ." • • mru lhe 1<&'- 11ov.· ... ·<r.;n '!""W 
"1"''' I ""'" , ... ,d".,., .• I .. ;n .. idi< "" ,. ;""""""". ""'" 'ho I"" ,." be ....,.m<toll",. 

1. [);""".""'. P'''''' I" '"I. '.0 w-~" I'" ",ho ... " ohoold """""lIy be 'h, __ """">< one. 
3. n, .·;o ,h ",he """_"", .. II,,, ~'" ,boWd be """".·lut ..... 11'" ,h • • ,ha, of i .. ..... Ihe 

m" i' l"'"'poamL " ohooId "".'" <>=0 'h, ,.;dll, of " , met,'''e ~"". . 
., '!'be tooth . ·NIth. O. ohoold "'" 1""f...-.bly be .. "n"'" la ... 
•. net,,, , m,,' I;' ''';Iht ""II" '" 'ho d;=""" of lom, .. ';"", . 
"- !'be""b ,,'h, m.""~ .. '''.' "' I'" """'Id be elo .... <1 pol.""". 
,. C """"" , .... "' .. "'" ;, ;odi "",,0&01< for Ionl Ill< • od "", .... IT« dm,. 
~ . Url""" 0 bel'"" ,ni of ront "p,,,-.t"'. on" ",,,.,. d' • I'""' ," 1'"'' "" ' ko """_"""II,,, 
~" ' " ="",,,,,,,,dod. A .... 11 ... "" ,' "fl'''I'h; " ' 00 . 1 .. be odded to tho I.b";' ,un",,1 from 
"me <0 t;,no "." ' i the ",nn;nl of", 1"''''''-

9. Tbe"e 10 .... can be fi t"" 00 'k , .Iu~ th'''I' (apo""''' (1:10" ' 020,. " h,,,,,&' fo"be, 
." 

la. Tof .. ,h .. " be"", fa"",nl .·it' 'ho oIu~. """oIhe 0, ,,",, . ·,th 'eyo-.-.y. ca, be p ..... 
roned ; .. ><10 ", ba<o d' 'ho ___ 01 1", &,m. if .. be"",""t""", "<0"'''. 

ExampIo '.11 . '". 'pur I'" un,,,. 'he foH....-U.i d " . m Ji"""Z " ..... JOO """. 
a - W •.. " " .. , d'1'" "),,,,1>«>< m",,..1. 
T. ,ale."", ,ho.pp"' "," " " ,me"';""" d',~, "or Ie t.-an,m " 1 .""'''. 

S"I.,,,,,,, From E~ , , "' .. d'."" ... ·, .. ,·, 
IOOC POI .. ) F. (If) • 

• ( .. 1,) 

." .. - ~ -
o K, K,Op 

1000, f'. 0\0000 
p, - = K.K. gm~ .. 

~"'u 

From 'Tobie ' ."' ,K ~ 1 .:"U. yal"" . f K _ ' .• 10 " " "t"'d y ""looted from T. bl< 1.19. 
T.-an'''''' '"1 t", ...,:., "I."'.,., ..... h,,'o ' 

" :1.83 ",I. 



K, ~ 1.0 """ T.N. 2.19 ... ,,,,, .. ,,,,... • - 9.00 ' 9. I • 11 ... _ 

F , " _O, ' ."dr.3 . . .. .s p.,. '0/1000="" U3"""' . '_I3 . ... > I.rHw . • 
" "". ,., .."".' '" .... "'" ~ .'" "<>"01< '0 .. .... " ,b, " , .,,, ..... ,,_ 

... , •• "' ...... ,., ",' 0 .. ' ''' .. ",,' ,_ , .. ,". ,., 0<"1<,,, "" .. ,' " ' ,. s.c.>." .... , ... ".,. 
"' ,b, fol"'w',. ' •• ", .. 

• .• ,,' T • .. , •• " ", .. ,,"" '0 ',., , . .. ~,., ""'''. Wl1' ,. , • • n, .• h«' mo""" , ... ,"0' 
""" .. ' •• ", •. • , •• ,,'" ,. " .. "" " ,., .".,"'" .. !L." ,. _"' •. Oy , ,, .... ' , • • • ,;, 

1(.) _ wI>'. 
"'T. 

'0' P'o,,, "',,,'''' ,, ' ,.0 ... _,,, .. ,,., .. ,,, M'" '0", of",_to' ....... " ." " • • '" 
""'. ,b, , ..... " '''' of, • •• "" • •• , .. . "., • . , " .. , . , '0 .... ,b.",,,,,,,,,.of,h, "0(" 
" ... b, '""n . "" , .... "1<,,, ... I"""" )'" "'",,,.,, .. (b,,",. t. to, d lff",,,,. "'to«. to,,, '''-0 .. , . ... ,. ,b, ... ,," of , .... " '''',''' , .. "'"L"., ... ,w, ... T.,A ., .~. , 
"0'" .,1,·, h •• "'" " ow, ,. Fl • . 1..18._ 

,. F, •. 2." '(i .. dli), ,b. '0" ... ~ .. , ... , .. ,," "P"'''''' '''' '0" '''''''' ''' ,.., .. .. 
.. ,," ... ... ,-",."' 'y ... 0' .,L,'OO ""h .... ..-.... t, ' 0<0'"'''' . .. . ',-.._ 70 .... " , ...... , .. " ............. ,.., •. " n' '"' .... TO""", .. ,'" '''' .. f .. .. ,, ' . .. '''' ...... ... 
• L • ...," ... Lo Ib, " ." "'Iow_ 

, p, ',-, 0 '-" ~ -,"b -, , • • -.-, • " .. ', --
"";" ,. 

-
"''', L '" . -"i ....... _ .-" ....... --

, , 

" I'" _I 

"'- • T'''''' ' • _... .,,,-_ .... --c .• E ~.-.". 

• .. " 
It ii. ,"", f .... 00" ;" ,,,, • • , """too ..... . .. , ,, ' "" '"" .. L ,., b, w ,. , " . ..... , . ,' <-,. 

of , •• ... ,., .... . ,"" , ', "", .... ; .. ,; ... ;,. """ ..... y''''''' , ........... " ....... ;, 
bo. '" '" ,,, •• "." •• ,b. 'm,", .<thl. ,,, •• ,,,""_ ....... " .......... f'" ,." , .. '" 
..... " ,'," .". 'h" " .. " .. ,,"" ;, I, • f •• ,,, .. , of ...... , ' ''''''' . It "'y .... ' f,,_ • f,~ 
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.. ,,,,,.<1>," .. ,-.,..1 0«00<h. G" d .", val ... u." 2 to Lo=<>n<hf", """", I d.,y .• ,., ""cad. 
f" 1."'m,U,.' ""y .•• d"p to 20 ... .,..j.f.,"" " loW. ' ''''~ •• i.,I0< .. ", d<»<>l;'; to".,. 
f ....... . C . .. I., .... or ......... nofu ,.,;"! "'ft.,.."" .. d , ...... of",o<';'< 1;'-< ,h. val ... 
.. 'b ..... ;m'M . 1 1o~·abk"mp<"'"""; .. "'th, ~"od '"f' ~ h",h ;.,"" ., ...,,,,,", , ," by'.' 
to m""" ,,, hm" •• ft" i.,.lat,"; ... ",i.l ~ n. "" "~'"" i> to ...... , • ",. "",obk 
val" f", 'h, 0<,<1"""", ""'" . ft", ,,,.,,.1""1 ,.,,' 00<b . ..... " Ioi"" . nd '"on pnx«<l f."",, to 0.,,, .. ,,,,, t h. 0<,<1"".,. to",,,, r .... do< f""",I, I i, ....... di"' .. ...1 " So< . 2.22. 
Ih ; •• «01, ... ,.,. "'q" ; ... "' &J.k<j t , , •• " "d 'on, ... roc ....... 1 <k'"," , .. ""n of t h.".,. 
d"" dol • . 

It" t"b< -... ' h' tn. " "'''' ''0.,&<<<10.'' '00 ,im<", .. " ob .. f..,,,,,.,,h, "' ..,"."" 
.p«<! •• " f""" ,," 10 tho """"" I ". " "'" I <" ... ",.,., It .. ".Iy ,i ... by ,. , . 

'" "bm n, i, tn, """",I "'""'"' op=I. 
Ito" . ..... ,-, , I ; .. . "",",""""'" ~. Joo" T • .. , .. lIy " """'." • ", .... , ,,,,,, •• , ""01,,,,_ 

,ioo ' '''~"' . j . f' 'C. 2.O.b (m)" ""'~'" , .. "'",; "". of •• " Y"' ."'.""., ~ . ,,,01 -<OJ'-"" 
, .. , .... oIy .... i. ,ool • • ni ". ' " , i , .... c .... ",,; "". of 0' " nyp<. of moton ca. bo 0 .... i O<J 
1 __ """", ... . . r",," ,,"" ""~""_ 

1"0.-.11 P'"""" r"'l""". ,b, p<. l '''''''' of. """'" "" bo "k<., 0 bo .roo.d >.2 '0 2." i "''' 
,I> ""d ""~""_ " ' M bo '''''. _ n, . Hi b WO that 

'h, ",,,1..-,,, .. ,""1'" .. . . y i." . .. ~ motor'''''''''' .. th ol ," " • • t -lo. d , .. ~"' oft'" 
0'; '''' "' "' ~ '''' ., ,k .. '"" . .. 

Th, "'<a ... "I", .. "", ""'I"' h" bo .. .00.. .• i. l'iC_ . ... b (ioJ. Tb" , .. bo ",i,'«I" by t'" 
•••• 1 ... ~.,,,I """Md. 0 ' ..,. '""C .. II . , ' h, " " •• d tbon div .... , ,I", "" by ,b, bH< . 

>.21 O " Ii'yGf __ ErTOraol GNrs 

Si"", iI i. ,.,..t".1 Iy ,m,.,., i bl, '0 [rod .. , .. y '" , i "''',"g'o..,...,.''~· '' ho . t IOU" r. " . d'f 
m, ... <I<,· i" , .. , I""" 1h«<rt".1 Y p<,roo, " ' ..... 10.' of,h, ,om<><-.' ko,', ,. bo . 110 .... <1. 
T bo", ,ko- i .. i on .. " k""n .. ",1=0<"" " .""" .. ,bl< "'.,,_ f' '" «~''''"''''''. tl« .. I "'" 
oftho"" '01<'<. ",,,...,,,1<1 ho "I«"<l .. ~"b and " id< "P"'~bI< . i"" ."""" ... ily P«<'''' 
tol,,,",,, m. l«h, p'od.,,, «>0,1",_ 0. ", 0"" h,.d. too ' oo"" , tol",,,,, ""Y 00' .,nl< 
" , 1" "''''''. I " '.' 0."1",,. ''''1''''''''' foo,k, " u d<" p«", "''I''i,, '", ""'''ary k""~' I«I' 
.. d "P"" ' ''''' '0 , .. bl, k, .. '0 " I,,, P"'P'" .. l<o-an< ... kttp,., '" ", .. d tb, ... +0., f .. ,,,,, 
.. ,ok « ...... b •• ""'''' ,000it ..... . ... i lab,h,y 010." ,., ..... ki"" • . ".," ,,,,,of,,,",,,","~. ,, 
,.,..ib,l.y of ,,,,,,,o.' l,, o,l,,y if n«<I«I. and ...... , .11. too~"""",,,,. ,,,,,,,,,i' f , b, 
«.-.m ~ v;abol" y of , ,, ""f', 

I'k"ODd .. """ ~hh P«" iI I.n" """, ... aI",.. "', b, ,01" .. ". r .. . ".~ of ...... n"" 
'" ~"''' d, ff", .. f..- tho., , . .... of th •• " .1 ... "" p,," i. ot~" "'I i "",i., rom """"". 
'"'. " ,., .u fi • ,d ,b, ""' •• , ,., with ,., ,ormpoDd '"1 ""'_ $,,,,,, k on, ID " i"",,, ;",·01, <d. 
do. i", ", .. i<l<,,,,oo. '" '""'" comri"' ..... 1<><. 0'" of m."" f""- o.ly ~·"b """,al 
"'"", •• " , .... .r" '. ".I .. d ""i"1 ~I"'" ca , b«.rrktl .. ,. 

0 , ,., o"i. of"p"""" '" f'''..m,·, ""f'" ~·~ I .. from ", ,ho .. ,,,<.1 , .... i .. ,"ioo • 
.. d ""' .... "ad ;. 'k, fldd, "1"'''' ko,', la,d 00..-.. , .. <I<li." .. d ",.., I<><'k, p<nn, .. ibl, 
" I"" of", .. 'ol«. ", ,n" d "ron wb",' ... y ho . PfI;« '" , .. "f II"'"'''' ", .. _bo." "" , .. 
n ,,",onably ~ , ,,,-oj'; ,, foo th, ... ""'" f .. ~ ..... "" "'" ., "" ho " t" .. d_ Tho" 
i " od ,,,, , . 110 ""'-' .. 'k, )""b,klco foo """,!&n<, "". by t" ... "",'0,,". , . ".-on and 
,om",,"" . .. bo.-i ,,, • . 

----------------------------------------



, .U •• "~~.1"""_ 

M ; n th". ", ,.10 ... " ,. r""nd 'ol<rm<" r ... ",d ''''Y'''; .... ;ng~ . • ')"10m'" 
Ottoo,,01,-..1 r" l\,,<k .. nd 'okaoc ..... Cm "..do,"I' As P<' Ih«"Iu,,,,m,nt> "'D" n ISO 
~~'''''' ~D. 132S,''''=,ocy "'1'""1101 ;",01", C,."".,,d 'h, "' I.,· ... Ind, .. 
S .. nd. nI Sp<c,r"""",,,~ O.i. IS , 47~1"11, . .w18 . nd -I<l19',f.,""n. " b«n d .... mod ,nto '" 
q .. I"YGO""""""ypdo> _ from 3,b,gn_p«CWooo"'''j'. L_"""""'-qual "y._ ......... C, . "j. 
Qual " , .. ' . nd 1 "50 " ," ,n G,mu.. """"'c<. bu ' ""'" '" nw.ly for moot" ,,",, . nd '" 
".-odO«d!or ..... ""'Iy ooph,,,,,. ,,d mach,,,,,,. Tho quah'r . um Oo" ,of<, to 'h, doC"" a 
"'""~ ... ~., .... ~h"'h,c,.,',"h "" ., b«n modo. Th, l .. II ,yaol,,,dq><nd,an th< 10m", 
,f ",i<~, fo< p,,,n . toot" profi l' and ,..,.., . I, sn""nt. ho ~ual "y GO , .. do """Cnod to .. y 
~arto<.l., ""' ,. t" f""" !'ook no __ >< ~ t«I fa ... y of th .... " ·,,, "" d,,,,,,,,,,. N""""'ly. 
foo . 1''''' ..... " '"H'm. ' ,d,m,"" ... ,10, m" " ",h" Oo""'l t. odonl ... 1 ""'''''''7 l 'odH, 
bot "'" may , 100M" d ,ffm" c..do. "'I"" 'n, 'C",om,nt bot~=n 'h, ...... f,<'o ,", . nd 
'h, u.." . 

f'<~ romrnon ""h"m. ~am!"""nt>. 'h, ".,1" i", .,,,,,11 y;. P"'"'''' '" from • ., lO. ",,"y 
foc t"" inA ...... , th< d",,,,, ... ~",h'y C..do. ,lz. ",.,Lobl< ""'"' ~roc«l""" f", ' ''''''''"''y. 
n """ ~y "G uu''''''' to. b.o<U ..... ""''''"''y "G""m<nt'. p<"",,,,b I< ... '" bd. A_bot ,,,,," 
,mpc" . nt """iol,n'"", ;. tn< od.!" " • • 1 drn . .. "" faT" < .. O<d by .. ." u f",'.,in, "' ... " 
tooth'"l (Oy .. m..r....,.. "'V< bo<a d , ",....001 ;" Se<. 2.m. Qb,ioo,ly. ' h< ~., I "y a ...... '_ 
... ' 1< " dn" ... d,,,,, I. oct"","" , < q= ".-,h, ~ u.l , 'y on-h;n, ,h, ,"'" h'ou. I" r , ndo. 
""""""" 'h< "'""'"" and 1,,= 'h, "ro.-. low..- tn< m ... otud< """, d" ,",",", ofynarn« 
f"",,,. Ad",,, ",I"", .. h,p ",,'" botw=n th, ~u.doty """""''"J. ci« umf"",,,ol volodty. 
d""""" fo,,,~ ond ",boo- dot''''''.;"1 'oc""". Th .. ;,.-... on T.bl< 2.1"-

Tho ., .. 1 ~ .. I" o<. " hocb . " ....d foo """"'"' for d, ff",", typ<' " ~l"""",, • ..d 
"Iu'I"""''' "'I"''''' i. ToOl, 2.11. Th<", >hoold . ct ", . .. ",Ioli",. r...,h, do"S"'" for",k<""" 
a th, "G""it< ~",h',, ~ 

• - ... 



_ ..... ~'" 
&.; d<. t" , . bo,', ISS,... ,[oc" "",,_ LS: 001, I.y. do .... '<G" '" rn< ."fo. m. 01 .. ;"" ~'kd 

'" .. ".d,df ... k« ';'I .' n" ...... ; .U''''. ", .. " "d bd""" I ,ad.. ".d 2 , I ",,,,,,im .. , h. 
j " " ... ;,,,.. ro. ... ,", '''". , p< " .. em ,. "f'« If" .. """ • , d t" "f'« Woo", .... 0{ """". 01", 
,,,,,,,"'n. 

W" I, ><1«'; ' 1 tb, ~ .. I"y 1 '"'1<, ", """,0<, . i>oold , I.-.y. h,p ;, m,od tho "'" " ,I, 
i.v,",''' , Tt>< "'" ,,,., "m, "q"',.ro ""m", r, ""n"1 P'''' do "", ' ''Y '". ,,,"I .... ,,..y ... i, ' 'h, ~"'''y , .-.. I. p"'''''' _ '''''y _ p, ......... ,.,"" ,.-"b . ""nd" l .ro .. offl ,,,m 
011', .... 1" ;" . ~"" I'.""" " .... f"" .. ml""I" I , ;,o;'I ',m, I •• d ron><~ ", .. I, 11><",,, •• 
"<i ll,,dll "'Y "'.« ",I . .. ",,, .. d,,,,"' ' h, d." I'''' ""low. " " " I ,h, tom, ro. q •• I" U "d, 
~ • • "" "Y f", th, .. k, of <ompan""'. - . - - . 
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I, h" b< .. p"' .. al "", ""_ t)' " tn. ,,,1<00. <i' ''' ' lP'in~ q .. hty , ,,d<. ,,'ho .IT ... fa-
1""'. for ,_h prorok and ror ''''''" . I"o"",n', Tt.. """"""'" from tho _".lly .1,,1 
~.I pan"",,,,,, <a" ... """,,,.I Y """" ,«I by .... io< ; """,mo"". b", ,,,h me .. "",· 
mo"" . " oo,......p., -=Hy '" '"'1"" tho """""" ..... ""inl lI",n, 1000, .... 'OOO ,"! 
'1",1" to. ~'ilI rl~ V'" I h, , urn "'",o" . nd ... . 1", "",<I< <""'pi" " ", by ",d, , I . nd I",n 
"'0-00", 
T.po . ... E .... '" 

An .rrm" d<fi ....... ,he H I "" ""'" ,"ro by ." ht,,«,"; t", d..ii" .. I"" ... duo.", ... from ," 
"" .. 1 ... 1., 

~"o'" 0 .. bo broadly <I ... ,f,ro i, to ... ... " <a"~_"'" in<iivOd".d , IT"" . nd ' he 
''''''f''''l'' "'0", 

1"'"OIu,1 <non ;,....!,.., .no... .,H'''' ~ bocb . " 0.., .. """" 01 ODd;.id .. 1 F"'" m" ... a: 
toot.h;",,_ thm wle. l ,-&I """ U .......... h ',od, .... f. IL "",flk m .. f ...!,.,,.., p,tch ,n .. 
f. b& .. ~, "k wo.- f """" ol" n m<", ....... r .. .. di.1 non-ool I. • ...:ih 'l"'k ..... ,m" ,. 
fu.n.. .. "'''''' &<, m~"," "d by 'f'<"w m .... "ol in" ," monto, Symbol{ d . ...... , ..,."'. ""'" 
oinJl< "not .. m, .. ""monl ....... ,""'. d , .. ~ .. u .... y,,,, tn, m, .. """",nl ,,,....I, """ • 
,m". '!"",foNl .. "I' of .n ... 1 .... h ."; " . ... ' h", ""m.b"."IT",,,, ...... <Of. 

rh, """'I"""«rror. of. ,ooth , y,"m ... _, 'h""",1 rlToc'", 'h, P"'''''''' , nd fann of,he 
'ooth • • .-f",,,~ hen, ".m"', ",;.d, ... d ...! """''''''I'', .. ly . n<! ,; .... I .. """,dy. Th" 'Yl" of 
<IT<>< o·ill b< ,bOorol<d I"" on th" ... ,""'-

Z.,i; ...... I . ... " T hed,IT,,,,,,, ') ,,,,,of, ° 0 itI; vi du,d 0".". " 0 d,"' ...... b<\ooo .. The ""..", i. · 
, i ole ,..Iue, '" l i.en '" .. bu I" {ann in Tool, 2 . 2] A , ,n<I ",,,,," ",1", ,_ .... h ' )'pe d ind"i""" l 
errot' ; , mo,," 'N by q>OCiol m .. , urin i , n d i"'f'<"ri~ o~.'p""' ", . 

""'f"''''''''' 'lhK .,., .. ;, . n ,n<I",,,ooo ,. ~'u,,, d, o, " , .. I "",file from '0' ,,10,1 
'""01"" ,.,,/Ho. TO" dep"'. '" ".ny f"'i" " ""' .... ,N ..,.".., ,. '0' ,"""I." promo. It " 
_N by ' ho .ymoo~fi,nd 11',-
,.;,,~""'" ni .... ", _ .. '0 ' dop" ' .,od,ho,,, .. , 1 ..,..;nl of ,ho ,«th from '0' Mk, 1 
one. no ""J""" p',<o tITO, f ;. 'h" ",,,,""'0 ""' .... ted 00 "m,L .. fl . . .. d , ,,. 001.1-'<"" 
""' . When ,he '""'"tem<fl' 'done",~" i<ni,h mot< ,h. n one P"'" ''''''.''''''' 1y.1 ""mb..
of p,,<he •. " .. coIlod 'h, ", .... 1 .. ,,,,, p.,<b err..- /I' . iI<,Mk~ , hete ;. ,b, .. " p,,< h ernx f 
.,hO,' ,, ' h, dHf,,,,,,,, ..,.. . ...., 'ho ",,", I and , " ,"ide.1 bo" p,,<h. '" 

1_"it'''''' '''''' '110 .. " .b.o kno.,n .. 'h, o,,"'dd,,''''' .... When. 'P"'"" beI ... 1 
10" i", .. , i", tooth ' '''''' "","Jd follow, ho ideol p oth _ i ,. I"'ntlld " 'h, .. i . in"" d . ' POI 
10" and" . n ,"~i< "",,01 '0 ,he hel .. ""lie in,,,,,, d. he I ",.11"", The Ioo<h • h 1"""" tITO< i.,. ;nd",,,,,,,, d ...... .,"'" from ' " ...... 01 1'" ,IL 1'h " <ITOt ;. " ,". ily ... " .. ",d on mK rom<!te. 
(!1m)"""" l i,en d" .. "" "" ' ho tooth o·idtb or,h, ;t". I , ;, _0<1 by f, . nd f', 

~.~i.1 ,.. • .-, n"" . m,,, .. , of", ««ntt"';'Y of,", tooth 'Y",m an" '" "'_N by ", 

Axial,.. . ... ' 1 ....... . m ","", .hb, ",00bk d'ho Vat. and .. mo .. urt<I by placi"" d ,oI 
I'"~' ~'hooe "" ~ heitl " • q>OC,f", d,,_, , nd paral lel .. 'ho u;.d, ,,,,,,,,,, of'ho I "'. 

T "",~"'id.""...... This ~ th, , ·. 1"" "b""ned"r ,"O,~t ' ,.. " , do"," ""'"' th"kn"" f ..... 
t", "" .. I ,_h th,,' n"~ me, .. ted .Ion, t" , .",.r", of 'M me.-e,." DO' po",h <) I, ttdet. Th" .. 
d<nOtN"r f, 
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, .- " .-• " "" " .-• " .- " '-, - U'''., 11.0 ·UU 

• ., 1.100, ., ,= 
• •• .- ., • ,-

" .-'. 
, •• 0"" ;:r; 
,. • 1.00 K 

., . , . 
". .. 

• ., ~OO" 
., , ,- •• 

" ., . U, ., • -, 
" 

., ".000, ., · """'. 
= , .... , , '~ - " , " • ....... 
• • ~'" =Ii 
• " • -. • " • ", .... , -• ,,,. ... 
• ., -• • ., • '" • • 
" 
" 

- , 
" •• 

! " '" • , -• ., '-, • ., ,= 
- ., '" , ., , " . .. , 
" 

., .-
" .. = 

~
" , . .-

" 
" • 
" 
" , , 
., 
, 

• • • 
" , 
" " '" 

.,= 
'" 
~" " -'-, --· .-

• -• ,= 
• .-• = -, 
• ---• ,-• -., 

:: ::!=::. 



' . ' ' ' ' 7 '01 _ "-
:.-..:....u:..7. ... :::::; .. '.',.;.,'~I"~;,,tbcddf ..... ""~_.~.""'''''''''~. _aI 

1... '1_r.., ' .. _~_tbc"""·""'C'I'fOI'>'_b<'_I«I'I<"''''' 
T ..... :.lJ ' ..... 1 •• ·__ I .. ' ... I.".· .. ,tbc, '1<'m>r> .... I .. _hodaI.tIo, ..... 
.. "'. r .. """._, " , 

, 

" 

, . , 

, .. H ... "d ,. , 
I • ".0 .. 

, 

, 



• • Kk.lly I"',f«, ,e". ~ ·hoch " ..... 11 Y i"-ible,. "", •• ,,,Io.ns<> in 'he '"otto d i,"",e 
,,;II """'.p 00 ' he ,h.rt.oo""" • " , .. ,h, 1;0< ~· ill ",.1,. 

The , .. I"" "kula,ed lot ' he doubIe·fUnk ,.....,.><i" etrot> . to ,. be .....brood to """ d 
",OM.'" . ngle. ., ' " ,h •• ' 0". They"" ,. be mul';plt«I by fa<tor K .. ·h~h ",,,·en by 

K • 

K . 

K • 

K • 

'.gOl~' 

" " 
~-
WO. 

".2Q· 
tan", 

""gOl D' 
!.on'" 

on '''' cluocon=ted 'I"'"e" ... ,u, """"to .. ,le"l""l ,. , -,. '"" cl "",",oed ' 1"" ''"'' ~·ith ,.-otkins I" '"'U''' .. ,Ie 
«l ... 1 ""- de"", 

in OM< .fu"" ... ",talhd ;.,. 1 i"" ,..,u, wo<l';'i "",'Uto on il< 
«luol " .,de,,,<> 

on '''' cl """",oed hoi 1<,1 ,em" ;tb " ·""'mgF"""'u,,, "sl< ,n 
the 'n."·",,, ,.lane ~ " "_ de,= 

Tho ,-.1"", d , be ,en<" d,"""", ",1< ..... ", ~,,·en, n App<n!t, L . '" .1"". be mul"ploed boj 'h, 
.1",·" toe"", . 

• 21 .. , ,,.10 ... ", .. ,m. . nd T." .. n.-" Ga, .. 

A Ikt produ<1_.,e"",e<J-.,cked . nO ,,,,,,,,,,ted , 0 em"" , ..... "" .. d Mr,,,,,, p. nmete" 
.nd smooth"", dopen' '''''. 

"' . pocbon .. Ga, .. 

D,ff,,,", ~, . '" ioIlawed lOt- me" ...-""",' . nd <I"d;', of i"". SO,· ... I 'l"T'" d "", .. wi., ,od~«, and in>tru"",n" . '" kef" i. ohopo bo< •• ", on< ,n"l"""'" "",thOO for • 
1""".1at- ')l"" i'" may "'" be ", "abler" onotIt<t- '~. I"'. For "'''''PI< .• pu, I'""'"" ..,y 
to ""''''''''' .ood""k 0 .... ' ",.,,,,by hA<H .. h when me""" with. m .. '" I"'. A~,.i" 
type method d"", ... ",,,,,,,,, '"'" be ""'" ,n ,,'" ,fbe l.",,1 i"" ."th . n ,',en nwnh<t .ft«th 
(bu' ,,·ith """" ffiffi<u Ity '''n .. ''''' d <Omf""'bl< '1'"' g' ""). m,,.,,,,,,,,,,", boo""", 
<>t7<m<ly d,W". It i. """' d !-.oI".1 g"'" . ,,,·ml' on odd nwnh<t d t«th . '''' ..... , h, hA<kLo ... 
",d m .. '" i'" ~ d m<a>.",,,,,,,' i, no< " .... ,,~. 1 1y ,;'01< in ,,'" dbel".1 ,e.", 
1>«."", d th, In fi n ite numho. dbe li, "'iI<, ,n uo<. 

B.--IIy. ,be d , ITenont m<tho<b ~ roo, n", .. . rin~ . nO ,h<ck;'~ cl i"" ."" 
m ,heck;'lboj "" •• , ,{",,",."iy ,round pi. , . , ~·i",d"pr<"", d,,,,,,,,,,,. 

(0) ,h<ck;n,boj V<rn '" ,.hpen '" mk"""""". 
(ill) ,heckonlby ,"".bl, ,h.1 _at", " t""p' ..... 
(iv) ,heckon, .. ith the bel" d "1"",, 1 ,~. 

CO' .11 ,be ",,<1-00> ," .... ",ed .boo.~ .... ~-iII I. ", d;"." ,n """ il only ' h' """" """""', 
; .•. m.I""',,,,, .nd drlong d CO" ,«,. It,- Vern,,, .. Ii"", '" m"rom<t<no. .. 'h" ; , the most 
.. ;ddy . nd <Oa"" ,,.,lyw.ed u"dood ,"_. 
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FIXTURES FOR """"'-E fUN<. TEST 

(II UNEAII TYPE 

COMPOSiTE ERR"" C"""-



_ ....... ..,,, 
Tb. m<lhod "'". , •• ,,,bl. P'''.' ... i ... " • • 1", md ,.", f"q •• "ly .•• p.d"lIy i • • imrl. 

" .... I . ,I ... m.'hod 'n .. ,." ,01, I", .. d pi •• d P"'P'" d" ",,,,, " "pi .... I. d ...... nco II. 
"PI""""""" .... ". I. """. ofll''''''';'. " . ''''' " ... bo, of"" , . "",."m ,., 0 .... '" pi .. 
" ",,,d, ~';,b ... "rom"". T""""",I .,,1 .... fo< "",b "" " '''' "''''' '" II"" i . ",I"·,,., 
",I ... 'l'b.", •• I .. , ,,, ... d ,.,1 ... "" ,n .. ,_=I ~' I ,1t 'b .. """""'I ... I . ... If,h. " " •• 1 
,·,,1 •• ;, I'''''' "" ", ,..1., J"',. " 'h, ,,,bl<. ,b, ,,,,,,10 i. ,h" ',, ,b .. ,10 •• " .d" d 
m", ,,,m.o( . • • d;fit i. I,,,, ," """h i"" •• ". ,. ","".fl "''' ~.", .. odd ""m bo"f....v., 
, , ' p, .. . .. ,. bo pi", .. i . ,_b 'P&<" " "." oIy oprto>i" ". f'O'.1 hi •. R, h •• , "bl" ro< .. ," 
, .... " " "I .. .,." I"b I •. , ' ... a< b mooluk "' d " .. <I .. I P'" h. """,to " ,," d P'" ' ., w; "". 01 
P'" f'" d"m"" mo ot b< .. '" .• S" A~' W), 

Tho ,nd"' ld ,,,1 '"'." " d ,10. ' ......... , ""o"b",, . I",. oy .... d,,,.,'" "d"" ,1 i. s..:. 
1.11. 1'0' ,"." .,i'l ,,,,b 'YP' of,,,",,·;m,.1 ""'''. d,ff",., 'H'" d .,..., .. 1 ,hoo~,",,,,,,,, . 
m .. " •• ,,,bI. ro< " , ", I,,.. ,, 'l'P'" of "'." '" ... ",1",1 ,. Nomu ll .... d,,·id .. 1 m o, 
, hook,", ,,,, .. ,, ", .. d onIy';"-,"""f ,b, b, p.", In.,,,,, .,,,i .... ,b .. , «<I.","" ,'''';'1. 
;' ''ru "" , ,,tto. '''';'1. ,t< . " .d ""''' ,ko, " . DC' "";.- 0", I" prod..""", 11""1'''''' 
Rol l,""""",,, r .. """""'.;" "ro" 1""" ,,11, '" Ifk" b, r.'1""', TI .... to." ,,,., .... d, " It 
", i" Ins... l .n 

By ". d I", •. ,., mott """,,",y . , .. "",bod fa- ,hook,", oI,,,,,,h,", i, tb. _, ,, ... m.o( of 
" I d,' om " ",to on 'p«; fi ...... bo, oI .. "h by .. ,,", 01 "om " " "I, P'" 0' "' I ''''''''''on ~." b 
'p« .. 1 """b .. " ". TOi. "",bod i, l no,," " . ,b, ".p •• ' y'"'' oIm.", ... "".t". to , "!>Ioc. 
"" " ... m.o( .y",m -." """" "",""""Iy '" ,10.""""" . I'" i.OI:th· m.",.",.,. ot 'Y'''m. It 
",," ",,,I m<l bod " d i , ." ..... 11, ' PI'h" 1>« . .. , oI,bol .. , t,,, i, ""mpl.y" . " ...... 
I ' ''' '''' bo m ", ... d ~·Io,I ... ill iot " , """,b .. , • ".'" i ..... i. , ,.-j >t ... ,,,.d " "p«"I , .. d 
01 ,11 "''G. ,,,d '0 ob .... . . """' .. m.",",.m,". 

F., ." ... " I "''''''oa to to. ,ff«t,,~ ... ,,,, ... m •• ' ". d d .... I. l d' .... b;.1 " . d,i,,1 
ImF""""". TO. ,. .. " " ",, I" , tbm<lhod of.,,,, ... m .. ' ..... m ",m,l<.." ,b. II"""';" 
f,,"h" ;r . ....... 1 i. d , n , to .. i",o l." ''"'" pror. l<. , b, .... m.1 ",III", i"" pl." ~'b"b i. 
'"I'' ' '0 <h. b ... "I, ...... Tb" .. 01"" f,.,. , , ' '''Y p"", lpl" d i "ol . m,,')'. If""" ... ·0 

p""II, 1 , ,,I'f"'j " '" '0",", ' ,h, ' ~'o,,,,,,b pror. i .... ""' .... " f''II.1.60 ••• h'jn·, .· I1 I"""b 
tho prom" ... , ,,,,,,lIy. Tb.ap'tot'" mol" ,b ... , ,,, ... m •• ' ~·ith tb. ,,1,1"" ... ltb . 4"<or. 
It ,,,. b< .,,' I I •• tt. r""" Fi, . 1.<>0 (. ~ ' " of", ",'" I b, I .. , 01 fi... I '"I " "" roll. hao. " .d 
fN,h.m ,n. ..... dt< I<~' " ' '''''''"", ... "", d PO'" '' •• d h;11 ' ' ''''', .. , ' 1.'01 . " <."." 
d.d, ". , , ' "PI"', I" profil •• 01", '~'o .. "b " •• oon. It , .. . 10. b< "'" tbot ,, " .. ",,10, 
it" ... 1 .. ", d.."!op<J I" I,b 01, b."".., r",.. bolWtt. ,b, i.it,,1 poi." d J" "'"'0 ' oftl>< 
.... ""01 ... ''''' .... I. o'h" .·",do 

w 0 "'''i~''' l"lth . b . .. " I .. " •• b" 

From F,,- H,I (o)~, CO " . 1,0 ," r" th' 

II" ,.0 ~ I!' bo>' p''' 'i • ( I. t_b ,,"' .... .., ,b. b ... d,,1<1 

b", p"' •• """ I .. P''' ' • " " a • U I roo" , from '~. lJ) 

Tooth ,b,,~ . ... .., ,h. b ... d",1< < 0, (~;". ,av . _ ,,,.,,.) 



fbi DlRECTlON FOR REAII .. G Z' 

(OJ METHOD FOOl MUSUIIEM£NT OF """'" T"-""EHT 

."'.1 ..... ., """"'''' 
0, ," ..... ,iIT". ," P'''''''' "",''. i. "' • . II .. .. 
1· .. '.,.i, ..... - ol,.(;; • "") . d«>o"( ~ • ,.,. J 

. • " •. ,[..fA. ' in,,,) -'"" ... ~ [.!. . i .... ) , ... , h 

, 

J f z'" 'h ......... or "" ...... 0;' . ........ ....... , . .. . d., , ... ~ . . .... ,.. £<".,010,," 
"p",~" 

, 



.......... :Ln. 

W • I ( t ' _ 1) • loa"" P''''' I ' ,, ''''''" tho<. '''". "" " .I .... , , ... ., 

, "'" 000" • " .... roo. _ .... 00&. • • "''' roo a ;,va 

• • "" _IV _n.j)~· z i,. .. 

F"" ",.="" ~"". ", "1''''''''''' """," ,food .. 
W ~ '" , • • alb' _ O . .!) F.· , iov Q; • h • • in" 

'0' "',,"" J"" •. itb ''''''''''''''- ,b< v, l "" i. l''''''' by 

'" ~ ". , • • • 1(t'_O . .!I<' , in .... 1 • h m • • i •• 

(l ·' !!1 

(2.,n, 

'n"mm '"" by .loc' ,'" loa>< ''"i,n' 1<",," m,u." m,"", ... '" mad,,,, , V .... ," "h,.. ,,,., ,,,. ,,,,,,b "'''I''''. m", ,"mot", ... ,· ,nc ,.,tab" fi ".'"" .., 'no '"' iI .... d otb<o-""",,,.nn, 
d<vk ... tr"\I.2 .1lIl ,J. 

TI=< ' ''. bow. '''''. ",",,"I,m '''''0", '" " " .y.t<m '" ,"'dinl- If ,I>< "'I", on, I. is h.", 
.. d ", r"", ... id,h o~"" , <> ,;. """,.'. ",,,,d ,",,), " "1"'''' o. m",,,,,,,,,"" .·h"b, ,, _ fitt«J 
•. ;" '1"'",,1 ",,,b m<n" "._ ",,....j "t,,,,",,,lot<d I .. " .... ' "" ..... ·h"b,', m,,,.,,,,,",.t 
os" 00 mad .. " ..... y i .. umbo<. " """,·"."""i ........ ...,h .. "'I><oI·.,ad <IT.,., ,_I Ood<x 
<IT"', profik ''''''''"nd """" ","" ,,,on may , I ... ff« tth. ""'~1 a t" """,""d ;·. 1"". 
t •• om'''' ''nt. ".,.by .... 1~"""'YP<"'m .. "" ... nt "1«'0'1"""'" f"",I1I"'"""''' 1"'" 
f"'O"- R,f""", <h ..... fil.'" , nd .. bl" h ... m-. .... ... "1''' ,1I,,·i . .. ,h. ,<dium of 
" k-u l"",,, , nd ", ('OM;!" lity ..... on i""'",n' th ... ",. 11..., C ,,,, 2 . ' ' nd T,bl<. ! .24 , nd 
u . ,,,-, bo<o , i= r...q .. kk ",f"""". 

T"'d" .. ", ;·obd roo- 20' 1""' ." ~ I"" · 
' fo fiod t" <k ... <d " I"" O(,h, ' F"'" m ..... ......,nt. ", foIJ_inl f""" , 1& ; •• "" 

W . .. lK,.,.,' · h ... .. , • ..." 
Th< va l"" of Z t, r,,,, , ,,,.,.,n«! &om Ch . rt 2.1,'1'\" .. k,., ""1""' ''''' of", ,,!<van' 

p ... m,,, ... ,",,_.,p, .. d • . [' ,~' " !.1lIl "f"'" 'h, do=t"'" r...",adm, . f! ", .. I ... of,' 
T'" , alo",.r /( ;, ,,,,,,," m.m T ... k ! .! . Th. " I ... of/( ". f..."",. . fth, 001" ,,,,I<and 

os .,von '" 'Ta"" 1 .2~ f", tho k<1" ... ,1, ' '''I' S " !Z' ~'h:"h" 'h, ""I ' ... ", .. ">, .,.,,,,,nt_ 
,,<d. fon" •• J< .... (fl < 0'1," • • O.O,-IOOb. 

Example 2. .. G"".:z ~ .\0." • ". Q . :ro',p ' 8' W',x • • 0.' . 
To fl ... tb . .. I ... <# "'. 

, • .,.d •• , •••• Cb . rt ! . L.'" • 7. f .... lobI< !.l'/(, ' '9.L ,,;a',fro .. Tabl< !.2J 

K, : • .• 100'7 ~;" 20' E O.Jf2Q2, 

,', W • 6I19,ISS85 + IO.OlUll • .\0,+(2 . 0 .5.0, 342(0)1 

• 12 I."" mm 
"""t"" .~y of ,n, •• i., 'h, di ..... """'1 .. ,,, • ...,y i. '0 ,hoc. 'h, ,looodal ,h"'".." of 

;ndiv;,j",1 'o.,~ , 'ap"-d<,,,,,, , ... dOoi,,,'. n." .. m,,,, .,,mon,,« .. Oo, . m<d .. , by,h'J<"'
tooth « h", .. "' .--. in [" I , 2.61. rOo .. b n t <qU." .... ... p= '"' ... ~ L U . 
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_ _ c 
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Ail. __ "', 

,~~ ...... .. 1(, .... _ .... _ -_. " -• .. . ' .. .. .. .. 
• .. "." -""'" , .... ,.,. ." ..... , .0"'" .. ~ , .. ,""' .• ,4UI • -"''''' .OL_ , ~, .. " .. -, 

~,.." .-.. .0 , .. " .-• -", .. ,I .-.' -", .. " -"'~I 

• .o,,,,, 
" -"",., .. -",,1.2 .. .0"'" 
"' ~,,> .. 
• .0 .. , .. 

'" .. -.. to",., • ,.142~ 

" .O"HI .' .oo., .. -"",.. .. ,- ~,,,,, 0- -"I .. ~, 
0 ' .0",1, ,.,,~ ... ..,. .0'- -" , ... , ,."4~' ... 
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.. ,. , ' ._-,-",- -~;" .. '" .. ,. ,"' ,"' ,. 
• .0". .,,- .~'S' IO .- .~ .0\'''''' • ... - ." ... , .• ",OG o~ ..... ., .. ",.. .. 
" " " " " " " '" , .. .0"''' .0".'" ~ "'., " .,"" . .0 ''''' .. "'" .. .• , .. >0 . 0, .. ,. ~m .. 
" .0"'" .- .. "'." .. 0 _ ., ... , ~",.. • .'- .. '- .. "". .. .- .. , ... ' .."'" .. .. - .01_ ~'Irn • . , .. .. , .... 

~"'" . ' .,- .- .""00 .. .c , .... 
" ." ... , .. " ... .. ,,'-.' ", .. 
" ." ..... .. ." .... .. ,,'-, .'-.. .• '-.. ."s», 
" ." .... .. ."",.. ,,' .. ,,'" .. ..,.,,, 
" .. ""'" .. ,,~ .. .0'"'' .. .,,-• .~ .. .0, .. " 
'" .01"" .. ."..,. .. .01 .. " .. 0 1 .... 
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,-~ ,-• ~,- " .. .. , .... .- ,,-• .- ~ 1~11 ~'52S1 ~'SUI , ,,- ~, .. ., 
• .. , .. " ... 
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'-' - '" '" " '" , .. " ... .-, .. ,to" .-• --, .-
" ,,-, ,,-
" .-, ,,-, .. " ... .",." .. "'". 
" ,,- .0,"" .. "." , ,- ,,- ,,- ~1712' .. 
" .. .. .. ' .. .. .. 
'" .. 
, .- .. ,.,., ,~ . .- .. "'., -""-.. ' .- ,- ,- ,,= -" If,. ..,,.., 
0 ' .- .- .... .oli'<ll 
0 - .,. .. "' .. .II''''''' . ' ,- ,,- ... " .. 
" .0"." ,.' .-
" ,,-.. .-.. .".." ,- .0, ... , .Ol_ ,,-
• .0,1031 ,,~ ,~. .. ",. .' ,,- -",6m .-.' .0 , ... , ,,- ,,-.' ,~ ,,- .. "," , 

.~" .~I~ ,,~ . ' ,-, ,,- ,- .- .. ,,. .. , -~. ,0.160, .- .0112>< .0, ... , -
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" .0 ,,'" ,- .0 ' .... ." .. ,. ,-
" .- ,O'iS7i 

" ,- ,-.. .- .-.. .- .-
" ,-, .- ,,= .-
" ,- ,- .. ''''''' ,~ 

" .~16<" ,011'00 .""''' ,,- , 
" .016<1 \ .- .o,,,,,, .-, ,m. 
" .• '6<20 .0"'" .• "om .- .. m" 
" .- .. ,,'" ,,= ,~ .'077>:1 

..... _r. , • "" S!6. !IOOOOJll " MiJ 1tAAG .......... A<>. '-"" ..... _ ... _ ".,.., 
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(1. l n, 

(1. 111 , 

!)q .. """ ~'''-'' ..... I,,"bk o'bra.d' od_ """" .. '" ''''''''''"'' _ , . , ,,,L 1'1 .... 
to;, .. .. ... ,,1 •• ,Oto __ 'Kn ,h. , ..... of l. ",.10<" '1"~~ . _ , ' _'"'> OLh«Ilq. 
1.J<o ~~"",,", '.i.t •• • t.o.<~_ "" ,... .... ,,10; .... , "' ... 1.,-.....1. _ .. "" .... 
'po, ...... , II< .. , ...... C ... 1", ... _ ..... _ T_ Mo, Till ... bl< .. ,~ I~< ... 1 ... ror 
...-. I .~ .... y_ " .... ..-..... f_'b,.- ... ,." •• "',._-pl .... 1Ir 
'he 'o";.~. 

" 2 ' 1..11 : , _ 10 .•• Il,Tofiooi S .ad '

$c>to_: j.UnUIra-• • U)">l · J;lM~_ 

jj • I.l I., .. ZI.II.JMJ •• 

, ...... ,' I 01 Go.. 

.. "'" .. con"., ... , ... """" 01 ... -. ,,' .... ,II< _ 1II;,h ... S, ,~ ... I ........ ... 
-""".......-.A, .......... I h • ...a..-.... ,~< """" d ,, __ , .10. """' •• " ........ S d.",,,,,, .. ,_,ft.w"",,"lo,' _ ... ,b<_oI."II<O"" "e ",-~, • . Hi. b . ...... .. pl" d 
In s.c, 2.' "".I;nl ."b 1>0<.,,,,,,_ T ok, .. '"' Yo' • .., S ". 1"" i. Appm.!;'" K •• 01 J 

""'1'«''''1)' . 
~ h.-.I", "II', h' 1"-'" tok,.,,,, ........... lOr In nov, ...... ,.,. , I',. 'P"' .'m, ,h.""""", 

'"~ 'h, """"" ..... , .... m ,h ..... nnd h<n« 'h, ,'. Iuo""" "" d"",,'~ ", ... , for"""",' 
."' •. ,..,....,.«, '."'.1 ....... " "" .. o'""h"' .. _~ '" I:q. 1.1l '"d l. ll • .,.," ..... , . .. 
i ... , ........ , ... ,_ 

._ A .T_h"'",~ ..... o-I, d . ,b._ .1 __ 

(1.11'1 

' ''" 
A. • T_ .. "'~ ...... 1", __ .. 01, ..... ., ...... __ ..... -... ,n A""""ox J 
A_ 'T_do",,,,,,,,. , .. ""'_ 01 __ 
" .. 'T_do,IMo«ouk, ...... ..-_ ......... _ . ........... 11 .. I{ 



_ .... ,.,., 
10 ........ , .. _ ... ,. tlI"'_A, .. d .. ,_.d;, ..... A. • • " ,,10, .. to n,' .... "".0 • • 
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> ••• '''~ •• _ .--

SImIlarly .• he "''''''1''"''"'''' .. I .... ........ fo< A. ,- W/MI ,." "" , . ... 1.0, .... . 
Tho 1""1"" ,,",,,,,ofll>< toot" th,,' n.", to 1<, ... ,., '" _ " ,",,"" ' 01 .... ""<> •• "",II .. ,', 

,01.., •• ,,, .. '"' .h, " "", di,,,,,,,,. (01 "",,0«1 ' ''«1 ~-ill de,.....d "I"'" .h. d"" .. ,,,,,, or ,b, 
<k .. ~.,,_ , ... doe.i""" d<t.,."" ",, ", '01."..,", "" "'y 1M .. <>I"';=<' . fl« """Mkrin, 
m,.y f"",n, ';L b.cl.l .. , "'q""ro, """hod "" ... nof"" ",, 01", ... , m&t,,,. I, """ ..... 'n'" d: 
"00'''""" J"'"", .. ibi< """"" ..... ",,0<1, "d ')1'< ofloo.d. d.'r foc"," and .. , ,, ,<I,vao' 
"" ... m''''' .... ' h, A~' '" to " .-, ;.0" ,,<>. t h, <0",,,,,,,, yol"" , '" f,"" ion, of" u.hty 
"...&. modol •. p<d, , nd 'h, ""'" """, ... de, ; ~",'eO ~. I« t«. "1>< ""'" "",i,,,,,, ""''' w;1h 
I.u, ," h ,,-'" ,",' ro .. on," flh. I 1m," oflo '«"",,<and .h.n ..... on '" I .... ,,, h" -i,, ,mu ;mum 
0... """'" from Ih , datum _i. • . "'ro .. I" , .. "'" !.. , ... " from th, A~;';" 00 tooth 'hkk .... 
and ,,,,,,,, ...... "'" to""""", n" h .. ....." d " I <Im.O",.lIy "1''''''" " d ;. f' ;;_1.12. Th<" .. < 
f " <th« """" I"', h""" "":.<>nd • ,but th,,,, '" "'" ".<1,..... ;" ,be to"""', "bl, "", .'" ,n.,. 
m """""lIy oot m..," ...... Th< App<nd", .. conto i, .·. I.""I.v,., oaJy ro. . , •• 1 '1", 11" ... 
modul\ •• nd .,"" foc"'" of " n,,,.I_ pro<,,,,.1 """. Z.,.., h •• ....d f", ~"T dn.· .. ",'n"" ,." 
1"""',,,,.lly w;"","' bocl.l. .. 1L Z."", .. ",hd ... "" ... ; ... "itO V<ry .... 11 boocl.l. .. 1L lAo .. ! 
", . 01 .. , " i" ,,,,'t< d",."", .. 1 ... ftC .. J . nd J< provMl< bockl..h .. . 11 '""'''. 

,.u 

\ 
• • • 

• ",. "':1 _ ...... _ ..... a." .... _ ....... 00 . ..... 

Som<1hn,,,b, """,I do ......... moy """"'1'"" moo, " '" om 1""""" .. ,",,",,', i. rumpl' ,." . 
Examplo'.17 G; ... , .. . J.~d · ".<ok __ ',"dron<_9db 

b fond tb, <ol .... n<, vol." .r Ii' 
,-./0,; .. , F ,om "rp<ndi>. .0:. "" tuo.·, 

'1'010, ,,,,,, >"IN<> cr. 
_0.00 -0.= 

T.l= oc,.·, lu"'''b 
- 0 .1" 
-0.211 

In ,och ">d,,..d.,1 ""'_ tn, f",1d of'ok...,." .. 42jlm (l2?-~l ' OJ "d 1] ] - , .. : c.). Irth, 
tok.-."", i . J~-"''' .~ •. " mo. .. '"O<a to~, r .. 1d of01l4 2mm,. nA .. t ........ , ", ''-0 
,,'''''''' I,m,,,,b ,, 1" _ 0 .00 .... . ,,. -0.21lmm. Tho.ct", ltol" • ..,,,on "'" , ... , •• y .·.hoc 



bo:,~., .. tho .. t wo" ", .... . pro' Okd ,., d, [f",,,,, .. m ... ' ,,"N .. 42 ~'". F., ... m,I,. i" .. 
h" , ,·. 1.." · 0.100 m .. "d •• _ 1&2 m,.. "d .. ""- TIo< .,., 1 1"""'" .. '" b ... , ,,,,to, 
1 .... ;1,,"'y .. b"H" b ",1"", ... ,. ,b, "'" of ,b'l ' '''". ,· .. i. bl, "' ,k>'''N '),,,m.1 
"P" ot;' . ''''''" , ...... ""_ Th, .. I", .. ,.U,,, .... ,II, ~.,."'yd "'!"" d.,,,,,",, , f. ,,",, . 

Lf, f., '"'''''''. '"' ~.,h'y ••• """ " ,' '. ,h,. ,It, fi" l vol", .r lf 1_f.",""I, 2." ) 
'" . ',.. by 

,to Ill..,' 
•••••• -D .... 

(m .. 1 

It , """Id", "",«I b", ,It" ,b«.I",,,,,, ,·.1" ... I I,'''' '" A.,.....o l, K .... '" ,".I"~"«I by 
'h, ,-,I" d _ ~.;", "" .. 20', Ie .ni,·" "h, ,bo.', ,-.1." , I ","h, ' P" ,"",.",m ,., .. """" 
,. """""I "',.., • • "ol .. ""d .. ,h". 

C,.", d"",,, 101< .. "", at< I I,'''' i. A~I. 1., Th", at< two ron< ""';'""". J • • d K . 
V , 1 .. , I, roD< 1( " "n,, .. 1 .. , .. ,"",,,; 0 z."d _A, "".,;"'«1 ,. 50<.' _:n 1" . 1 , .. "01 .. , 
of t)" " ",,,, dl>l, .. , toJ."..,,, at< " b< """"food by ."I,,"ly'., " ". by ,b, f.."., K _ 
",,, ,IN ,, ,b, .. d .,,-, . .. ""_. 

A, 'm"""; .... ",10".,., ," "d dd,d "",tJ"xI , .. b< Ii. .... "I",,',.,,-op<t "I"."", 
f", "Y 'Yf'< of !"'. '"" "''"I , ,,,,,, Iy ,b, d"",,,.,. 01' 'h, 0.,;""" ~ ho d""" from h" 
k""~'I<dJ< .. d "",""",' Ie "';,, " "''',. " I." of ,b, tol ... ",,, ,onc<m<d_ TobI< '_11 
""., .. , ' oruid. roo '0 ' P'''P'' "I",,, .. of",~". 

--- " .. 
--. 

, ,..-_-, , -.. -
• 

,_, iF_', 

- .. --
.. .. ... 

---,-....... 
-----'ad '_ ---

.. .... ,·ro 

I'm." "' k'~1 " m, "" ,b .. ,b,,, I. I " ... '" ' " , 10< r'" m" '" "b",. d<t, "" , .. 1 b, b" , I .. b 
10 '0' ..... t<d ,"""";...d l" "' •.•• d k<nc" th,y , boald bo: "kct<d)OOIC,,",, ly. C-,..,.bI .. ~ 
,.b .. ,,, '" l"'" '" A"f'<DdI, , . lb, , .. '", .. , 10 .. " d ,""', ,, .... 1 tol",o«, "", l" "''' 
App<"j" • . lb,d l""'"'i .... 1 tol,,,,,,,,,, ,, ~dI ,, '~, IT ,·,1.." <a • • 1," '" obt.o,..,j fro .. IS: 
9,9 .. from .. y ""d," bool '" fit> , ," ,01",,,,,,_ 



' .t .. , ' • , .. t __ 

Tb,,,, " • """'~, 10.. i n th, ,y",m do< '" '", .Iodin, ""'''''' ... """ .. . ., lI<o.Ol<. u, i. , ,ho" 
. " roo- ...... "' t", .. ..,in, • . lo.. <Iv< " Ih, ,h.m , n, of I, "n<o' ,n¥ oil . n. otho, lo. .... '" 
t~ "' th , ,mal l ,flkkn<ybtt",,,,. ,,,I I b"" ,h • • Ih.dTK""'Y"bl .. <d ... 'h, b .. " ....... . 
oJ .,,, , I,dinl ...lr. T .. folIowin~' , I"" '" 'YP"'oJ ror 'h, '1""'''' <I,,,,, .pt"" 

~= 12" ..... ror "","",hi...! ""~ 
. ..... rot ...-Jo ,.oJ 1.00,,«<1 " " b 
• I. " ..... ror ,= ,,,,,,folly """h,nod ,,,u, " hb b)·dtodyn .... '" 1.10"'. " 0. 
"'~'«n ""b .. <f.,,,, w,,' ,b. ;<I<oJ ~,"d ... <I<.;~, ''''''''''''''''' . nd ... ,,"' .Y''' .... "'"plod ~·"h '''Y o;ooo! 

I ."''''. ';0. , nd , .... ofh i rho u, l Ity. it .. "", d,If""I, '" ""i •• n <If",,,,,,,, .. " 'P .. lito ...... 
ro< • • ,,,,,,,,,,,·,dri ... ;n F",,,I, ;'" . rou,," I,.." 

I r .h • • Iod;n, .doc;.y .. b"h, i, I .. d. to ron.id.".bi< 1'''''''''' 10.. 01", to f,,,,t,,,,, , .01 'h, <If",> 
'""y mooy 1> 11 , . " ... 01 .,"'_ 

'n ,hi."", ..... <If,,"""Y ,,,,,,odooin, .b, ''"'' " on, " 1"'''' ""ir "ill bod , "", .. «I. n" i., I" ... 
d., to I><. " "r .l u""' .... _""_ .. ;J ... bo <ok" i",o.«<",nt. 

N"i«"., f, oc ....... toto'" ", .. 01 T, of,h, ,u m,"'" u .. ", hav. ,b,followin" d .. "", 

!i . O,P _ -" 
T, o,f> " 

.. h,,,, O. ond O. '" ,h. «",,,, , nd P ... h, p,,,b roo'"'. d;,id " S'"' Io",of"."" 0, O. ;",a 
pot.,), d",I< .. <I;" . ndr 0...., .h, ,1f«1of.h, rrl<t""",1 -'.ho~·,,~,. '", oct.,1 1'''''"'' 
h "" " " h, 10"" J ,,",,J.O ,0 .",."...·bo, .ny &om t~ '" ' " h fOOint P. lh~ roo'"' P' . I" .. , y. I ... 
bo',,«n P .. d .h, "no" O. -:/'"' do-ivon ' ' ''. C .... od<nn,frl<.""'_ "'" h,vo 'h, ", I .. ,,,,, 

L~~ 
T, 0, P' 

fh, i .. " ",, o<ou. <If""""y" '"y poi "' of".,,..,, otb" ,h." 'h, I""~ P"'"' I ~'ho"th, mot"" 
~ on< of ~.'" roll 10,) ~ ~"'" b,-

~ _ !:I.!:/9.!.. B!:. x-" 
- O,P' O,f> O,P' " 

Si"" P' . In y. 10 .. b<t~.= O . • nd P .O .... <r, ond r , < 0.1'", 
Th=fo«. 'Ir.. i .. I,,'Y ' 10 .. ,10<0 'OO%.OaIY""'" P'ron,iob ""do".; . , ~."'" 'h, "" ,ffoco 

.... h. ",la,;,', oIod,nl"d,,";.)" ''''''o.~ .. i. l OW""" ..... . "'" putioul" in."" " ", """" 
Ie .. 01" '" dod;n, ,. ,."'. 

S,"" t~'''' ;, <I ... ,,,, dd"on .... "'" of """ , ,,",, load ''''' .s." >.12 , .. dynam'" kood. ). 
d .. ,,,"on,"on of toodo ~"".'" at ,ndi.i ..... 1 <0,,",,, ,,<H'" ;., .,.""lIy ,...r""m'n'" 
probkm. M""'.,.,..... ,_b load " ",,on, ' ", .. "",only", Om 'h, <on,",. no' '0 ; . . .. -hoI. .umbo , 
.. 01 ..... th, , ,,.,1 """" profi l< ,,,,,tty , ... f""", to .h, ,,",,,,,,,,,01 00<_ 1I<.id<>. i. "",,".1 
'"= "' .. " th, , ... ,.... .. "0 i ........ hoI. ......... , m.hon, ""~'o p" " of.."th d.nn, ~,,' 
of .h, """""' of "",to. 01", ~,,,·"'t '", , ole • ..,,,,,, from hoin, p"''''''. For 01 1 ",""". 1 pu """"~ 
00 .... " ·,,, th , rolle~· Io,t"'''m' •• ""'"101 ... If",,_ 

~ _ )_ ~ (!.!), [ (AI'~'(BP)'1 
... ~ " ',i M+8P 

""" ·AP .. d ~ f'", 'h' .. ,,,,,n,,of.h, ''"I'" "'<0,,""'_ '" "',,"" ,. f iJ. 2.12_ Po " " 
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~, .. '''' '~"--
J. l'.~;.",; ... """",, •• ,. TI= ""' . " I Ii .. y d." ~ h d . « . ,of. I f", the I'" -<1<" .... 
• "bol, •• It " • • 1.. r", m" ",i " ~ """""" • . lh.o< ,""I .... ,~ ••• mb< , of,odJ, of, h, m.';nl 
0'"' · "'r ' " n.mb .. i. 11« .... _·' .1. " n'" d .... .." ~·" h t.I,,,,,, •. ,,,. 

r&> , .. mplco of <01"""; ' 1 d,u·; , I of I ..... n"" ;'1' ... . . d 2.2 . « I'''". n, """",,,001 
,·.1. " •• d d." ~".," I, 'h"", ' ''-'' ;'I''cr .. ,. ' h, ."m, l, of. 'p'" P'" d,,~· I 'I_"" of. 
¥'"' oJ m, I I ". " See. 8 . 9. o..~.; "I' of II"'''' ~·h ~~ OI' .... 'I""d from fi ,,' 1""""; ' I" .... 11 . 1", 
be "'p""."d i. 11« .. m. m ••• ",. S,m , l,fO<d m";.,,, ... ""i.,.ofd ilf",., ''''''. of C". " .'" ill."",," ; •• io. 2."d,,~ OI' """'Iy . ",d ;" .. ""mbly '''~·;n, •. 

lI'lII "" """""'- ...... ., .!S" _ • 

IKWI' ____ ' ...... _, ... eI< . . .. "'., ••• ..-, 

fle.2.6l C"" •• 'I ... ...- ollilO" ..... go .. · ' zm' ll 
... .". ~ .. 'hn'''"" 
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3 
Helical Gears 

Uk. 'P" lrar..lh, 1><1;«, ,<0" '" <mpIo)-«! to ',," ,mot __ br",,,," pm" ,' ,,,,"n •. 
n.., .. , .... <a • • 1", br ."d ro. ',,",m,",., __ t.ot~·o<n "",,_p""'" ' "'_,",..,«"., 
,b.fu. j . ,h<f ......... " t b" '<on...., "l iN 1''''' lid b,J;" I '" n. "lUI. '" ,hoi .. ,,,,",,,, ,h'1 
'" '"m<d .. "om .... 1><1>,,1 I" n_ ern .. , ... <1 ' " I l " "'" d", ...... '" <k .. ,1 , n s.~ '-1,.1 " 
So" 1. 1_'. ,. oaIy pm".! 1001,,,1 II" " 0-;0 b< d,,,,,,,o«c 

f'il"" j" (.J""'", . pl. "" "hock roll . ... . ... "" I,od<r_ Tho,d"ofth"pl ' D< ... " " "hi 
I ,.., p",lId '" '", • '" of tlo" '1 hod.,.. W h .. of", rl • • , mil, m, n' "r' f""" t h,,) I ,nd ... ox h 

~~~~ ::-"'!':'f ~~::::, ;~,:,~;:':::;:;,'!:, ~'~','~I~,'i,:fo~~:: ;:;;,:~~: :~':;; :t~d ::; 
;<1<.",,1 ; , 'm}' ""P<'" I. " d .. , ",-ont •. Ih, ,.<f .. , ,to" ;"'010« 'f>U' J'" ""'" ;. ' hmby 
",,,,d b)' t h, ,d" ofth, •• "T&PO'. I plOD<_ 

No,,- <c",,<k, F ia- 1. I (b) "'- hm tJo, «I" of, h" pi, ,,,, " ; 0< I ,..0 " tlo" .. i • . W h<, 'h" "" hoN 
,d" 'm"" .... ",-hb th , bm "hod", tb, Ion< "t. th, room "r. bolt.. ~,~. A. tb, J'""" ;'J 



U , "- a , ~ ..... _ 
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co _ 
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• 
• ", .•.• Gonor-'''_'''''''' 

• 



01,,,,, .0. ''I'' .nd Oocom<>. ".'. ' arim. tol pia",. ,h. ~ -.,.".... """ h' ,,"". The 
P'''' '~ "W""" , .. « o.'mml." """ .... Y", a,6, .,a ~ ••• 0< . The "on-'" .... f"'.!oowxi«I",. 
1"" " 1> . -b -b .... " •• ,. ,01_ hdk<»d ,nd " fonn"~. , .. fK. d th" _h d .""",01 I .... · 

" o",.:.-J.I ,.:"", '", ,««"kd ",h,oodaI ....-fo< ... ....,"'.., .. f " . 1. '(.).1. fi~ . l.:~. f>ctoriol 
, .... ""h. p,,,, h ' ylindeo-"'. "" '''' i e&< h .. o.m .!>ow. in ""oly ".".-awed ...... 0... 
n . m,'y d,,,,,,,,, ". "'h"aI o<oo.to, i ... d th. _h '''' .. '" the bod)- d th. O , ~ h <;"li"""" 
" 'h,,,h "" "'K """ h' I, ... on ". <l<>·eio".d p,,,, h pw... 

" ;. oo,iou.!rom ,h. r.~ 'h ot "''''ooa h, • • d a ~ . '" .""GOAI ;. loop Ioe<ou", of,h. 
i.,,,. 1 ""hnot,,,,, ofth • .o~.""h. I ....... " ~I "..". .. em-.op," """'. ", tended" ... . 0 'hot 
apf . a b , Po". <, •• d b "';1 .... be .~uMl i" .. , n",h. lly from , h. , ontrol . m of , h. b..., 
<;" I..:s..-. 1 ,; ",ber ".om., ",0,. ",UI h. "'" d,d .. of, h •• """ d ,,,",,,,,, , d •. n.e..e . '" ". ' u "" 
d",Je. d , h. hel" aI 1m . , ,h. t,,,, <> t","", end, d ,h. "yhnd",. '"H';", 'h, .. idth d ,h. i"" 
N_ 'h,' th.", .. iot, • • ' .Iul..- ph ... doff""",, hetv,.",. ""i.to", . nd b. ~'hno ",ferr..J ,. the 
<;" 1,"""," .. , •. Th .. """, .. . l> 'h, .. ,, ' d ,b, he"".1 I'"' -" "luch ;, 'fU'k ' P!""'" i. 
f'I ' 1.1.11«. ,,,. "'th;, ,,.-;,, . Ionl ,h, "idtb d ,h. hel",.1 1m. ,h. "'" I ....... _ F""lId .. 
th.booom lond .. ,," be """ from ' h, r'l"'" Th" ;._ .. m .. ",d •• p. ' V" " 'he,, . II,h. 
h"" ". !""lId ,. ,h • • "" d ,h. leat. The"f".." ,f the ",I ~.I ,ea, "tho.lb, d .. rom,",nl 
'" •• ,.r. nil< " ... "'" d """"""" ~.". ' Y I, "'<n. pi",,,, """ ;",od, ,,,",he, .0 ,bat ' h, "".It,,,, bod)- " • ""od, tb •• d" "'Y ,"'ovidtoal 'y H""", i. """,ode,.o, ,h. pol' d, h«oo",·',.." 
on ,h ..... f". oI th" 'y l,ndo, ... """ ,Ionl the ".hoI< lenp ""'m"jl 'h, _h " ....... lIu'. 
b« ....... f," ,,,.,<t. ", in< 10 .... i"", ofthe hel", .. d d;ff"' .... , , I ,ndo"" " h m«<n<. ,. th, I'"~ 
. m . t< d,(f=n< . Th" "" . 1" ,. d,ff....", heh. " 1'"'' d,(f«"" ' )'I;oden; " h"h " ill '" 
da"u .. .o i. Soe, u . 

l ANO 

l~N I ) 

l1li. U S/"oIpod hoIicaI goor_n 
..... "" """"'_"--~, .... _ ... ,.n". ,o. 
"' ........... Co ...... _ ,"'-

8«>" ", p.' ~"".t< ... i.,. to "'''1 • • nd ,","yf""""" .""., on ",u,lIy p"r", the.e ~"" 
~ hen 1"""'", .ot to., m""d bet"..., F""II<l ,hafb. The".",. ho,,''''''', '"'"" cle,;"" ron, ;a..,,· 
t. ,n. I; • • '" ", ", .. ,,"" ' ''; •. V<ot" ""'1"', '" d "'"'" .,.. .. ';."..1 ",!",,,ment •.• ",h __ 
""''' ''' ' '''''' . ...-h", <'PI"'"". ' "'"",," ,nl a 'ee,h, fo< "luch 'h, .'" dhel,,", 100" ;, 
F"<f<....L 

Whno • " '" of F",,"<l ""h".1 11"" ....... " . r .. I"" ... ~,ond; ...... m." he .. " , fi.o for 
F""I"" "' .. inl of the •• to 



..... ' .. _-

''''',' ,.",, ~ (J , ' I 

Whrr< ".' 1he "",,, ............ yC)'-.c 
d • nc ....... , ....... , ... _.C)'-. 

}J . ,he .. ''' ..... . ,,~ ..... ~.yh ........... 
d ' 10, pol" ''''' .. d ....... "t' ... -., "' .. 

.... •• ,1. T"" """ ... 1< i. 'he """ph .... ....,. ....... , ...... b. _,""..,.j" "' .... by 

(J,l, 

,. e,,,, .r • ""0<>1 "''', ,"G 1)'1'<> ... ""', .... or. 'G .. id,,,d,., -""" .,'" ....... "', 
,,.n,,',,,, _:.,., 1he ..... ,k>no "'",'. ""'" """"" .. I'i" J,j ,I . ' .. i.h ......... " .h , "'f ....... 
.,..,f,l<, " 'he """""J _'''''' i. ,,~,. "r .... ""1 . P'''' " ,;, h. on,'" 'o .h, """" ..... , o(.h, 
...... """'. """" '" ~ "'''''''I"' h' P"" pOl", Pr ... h. P'" h c, ,""'" .. O/OOWO, If", pl ... ,;. p ... ,d 
" ,ilhl '''Ik. ,. ,h .... ;, of ,h. "", th. ,,, .. ,,',,'" _ :.,. i.obu,...d, 'r ... " "" ,, ""'" 10 -. 
"" """'" L _"" ~flh, "'" •• yhook,j . '" <110 .... .. hi",.lI< ' ,..n,,' , ... ""boo i .. eu""", 't 'he 
"1",.,, ""<om",,,.not ,h. " I .. ",,, ,he, .. I ... <>.r lai...d bdo><r. 

,11 ••• 1. T"".i .... ~_ .... '" ~' N'<moi ""'" In ... ,",&1 .... _""""""",..- .. "d.b, ,,.n.,,,,,, .......... , ,.,. he .. \h, ~;..,..' .. """ ... " 'K ' ....... 

(U) 

""' ''',' nc" •••• " .. _ .. 



. " ..... 

• .... _.-. .. __ ... • .... IG""'" 

• 
• 
• ." .. ,,_ ,uw .. . _ " '" .... , ............ -

• f/lCf<l ............. _ 
.... u . _ ..... __ 77,; • 



.. '100 ' .. __ 

m. • 11", .o"' .. .! mOO. k . (rh<n"n nol mOOuk I", """"", ..... m.. wri,,,, • • • Slmplym, 
, h . , i • . -..."00., ,he "'''''''rip! ~ '" , h .. book.1 

C;",u lu r""o NonnoI<Wcu'",,,"'" 

T, .... ,-=< <""u ta.- roch 

wh= H = Load. 'MZ' Nwrobo< <flt<th 

p(orp ,) . ... 

p,. ~ .. , 

,., 
(3$) 

(3.6) 

1I ... ph<h NonnoI""",p;",O ,~ ." _ ,, (11) 

T..,."·..,,., '-pirl p • • P, _ "I (3,8) 

P,,,,, .. ont;J< I. "." d . he l",01 ' ''' , ; , ; . Un,..,...", '" diff..."",« bmo.=a the """""I 
.. ",. " ~k a {<><a), ...-born ;,,0. ~ .. u",..,V i •• pi""" p<q><nd ~ ul", '" '0" .-h'<o"" 
I"""'" «<,ion),""" ,0. , ...,,,.""'" I"''''u", ... ~k" . ,,_ ",0. ....... u'" ... ,k ,. ,plan< 
" "1'''00 ",.w ,,, , he Va< ax" I'"'' m", """''''''). 1 h< 'n P"""'u" "" ik. "''' '" latod th ... , 

.... . ... "I""' ~ (3 9) 

The..,.,...1 f""".'" ... , k ,,, 20' u " • .dud tooth rrof,k. ",., at...." "'J.j .... "" he " .. ily 
.,.,.;,-ro .. I'mm ~ig . ]. O(So<, ] .121, ~·hoch ,i=< • poctonol ,y.". d,h" 'l'""m, II""MI<s. Ii .. 
oon=i<d ."., i"an., ,0.", "" . 1", -..000,. f"""""" ansi""" ""d <>,. ~-h~h -..ill he uood in 
.... ..,<1;.,., ,,·i,h """""oN 0.1",.1 6"'" '" So< 311. -

f "'" "" ,",oc" It "" he d<finod ,>th, d;"...,,,,,,, 'h" ",Ie 10 d",k th""'Jh ~ boch. 0.1 "" ltooth 
I "" .,. .. 1 ,ooth, i • .,.,.. of. ",,,. 1 ........ 1"..-1mo'> .. 1'mm 'h, i",.;",II"'.;' .... , ,,·h ",h the""".,,, 
qm" "'" <T<l d,he tooth .,..,,<10 , he fi .. 1 ~'''''' . "he "'''''' <nd acro .. ' h" Fa<" "idth 
when 'h" ""'''''' , .. "'~ 

Th< fa« ad",,,,,,,d, hel",01 V'" ;" ,,0«<1 dut,. 'h" 0.1",,1 """"""'" <f 'h< ......., d ,h< 
_h ,1000, ,to Imlth and ,hi. off· ... " I""" 0)' 

11.101 

",., at..." "I" .... <an be .... i>hobod from F~. ' .](d. o·he"b ' width O('h",,,..-.~. 
the f", ,,,,<in,,,,,,d. 'pO< i<" i. ><ro. In " __ II,, 1..1",,1 '''' . w;.nn b ",modo 1,'11"" wilh . 
,y.". ,. "'"""', ,0. r.o" ad,,,,,,,, ~"""<r ' h, " 'h< d ",ul""",,,h """,<>,.,...J,,,¥," , ,,, ... o.li, 
""Ii<. Th; .... "'''' ""',;, ...,.,,"" .... '" 'h" .. ial pi ...... ,I." van ro'''". Th< .-_ foe< 
. " ''-'''''' '" d ..... w I'""b , •• .-.... """ _ ti,"ljo' " 1>< """,NI<ml '" , ,Ofl!Ac". tio U<nn«i 
"_ ''''' ..... ,,,;o"l.and , 10001 ~·;th , he ",~ul.o, " .. ..."","' .. <>plo h,od ' , 'h" "'''' d , ,,. , 
, .. n '" s.e 2.1. ' h< ,,,..1 ' ''''''''' " , .. ""II , ,,,,,"" d,h< oum ,,,he.< ,~, ... Iun. Tb;';. 
_......,. '''''''''' ,h.o, 'h" ,,,0. '1'" ' ,,,an. C""...,,,,,.,, ,., 0.11<01 v an '" d,,,,,,....! ,. 
5o<. l. '. 

~"<1he w" ..... f<ty. ; , " ' '''''''''''Y' '' ' """' .. " ,b" I,m";ow valu< d '0" loot h_w idth 0)' " 
"'''''' ~ "he hm " ;nj1,ondit"", bein,f A ="J ... ' hat 



--" l •• d " L. tb. ,,;' L .. , . ..., ... ,b. ",hx on on< oompkt. tom. 

p",h d",lod" .. <t" In . 0.1",01 e- Oo .. ...,<f,h.Io<lI, "", I •. ,h, ~",h ,"d,d,.m<I,,,,d 
.,h"d"m"", ' «I,n ""boo , .. ,h. , ....... !, ... ,hnS.pu , gn •. It h .. b<m poontod 001 
... """ ,hal '", , .... " . ......, "", ••• " .. .,. ".;", , 10..1"' """""I """ Oo'"g,U;ptinl . ,. FI, . J " (.J 
• ("",,, I now ... Jod,,,,,I,<&< ;, """'''- Thu " ,"" .. m, ••• ,,,',,-,, .. . ,,,",,,,- It "to b. 
.mph .. ,,,,,d "m ,bot """1"'''''-' .,r,h. Xdoon. tho ~",lo 'yl;nde, "m ... ", .. m •. ~ 1000< 
di ... ",, ;, , Iv,," Oy 

. .. u _ _ . , .... _ ''''_~ 
,o.~ 

T;p,,,,,k d .. m".. '" • 'p"' I e&<, 'h.,,~ doci<" i"-'" I¥ 
d. - _.:om 

"""Y "odm ... y _-<>n<!o. .. by I, " _ ~, .... to, d • • , .. , . :z.", 

(3.11) 

n",,,,. ,,,,, t. I"'" .~""'., &om F'I _ 13(,).It. ;.,~ "onIY" the , ..... " . ....., _ ... . nd. 
, ..... .r.",. t" 'oa< ,h. hI' <i",k""" b" ,o odd OD . """,m <q .. 1 to m on bot" . "k,ofd nod .. Uy 
rrom the «."' ... ,h .. 

L, F'I _ 1.3(bJ. <omran"" ....... n...,..... p" "'''''' d,k< bo.~ ,..,. ,ooIb i. ,h. oorm.ol . nd 
" . n .. -"", o«t.,n. lu .. b<no .-... Not. t~< diff......,., ,. tooIb ,l",k ... ", ... 'h« W 0 >«1""" 

"d _e oJ", Ih .. 'he 10<,,", "',he ,_h "''"". 'he ...... e. The to 0 , h" k.e" m ",I"ed ,hu, 

5 (or 5,1 • S, cat {J <l.n) 
f'rom ~;I- 3.3(b), "" "'" m;" at ,b. foH"".-,.~", I" .... 

,; • -----.L _ s. -L , la • • • 2 lan . 

II., S • S, , .. ~ '" , , , lo n •• 

•• lo •• _ lo " . "," ll 
TIo< boo;" ,,),,;,,", or. 10<1;"'1 le..- p'" ;. m<Sh OI. I""" ;" 1'. 01< 3.1 . - h, ~ .. " ." """""I 

""'" oonf"",,;',. ,,, t h' ," nd. ,d bo,;" _k. 
TIo<_ , 'h"'k.m' .... "Y'yl,n<k,- n . It< fu..nd ; • • ';m,I .... , .",~lo;ned i.s... n. 

Tooth ,h;"kne .. ,n "" "'<1"" p l .... " . i>n by 



.. " ' .. _-
• 

- -, 00 , . ---h' .oo' 

-
~- ' <I" • 
... . <1"., ..... ...... -., 

• ,' "' -• 

I.,,,,, ... _ 
" __ .. • ....... • ... 1 

-
.~ ...... 
... . .. " • • u •• ....... -, .. 

1'. "1 

"'''. """"', .... " <knot ..... y <)· j.r<k.-and o<h<r '~'opb '"','. '"< ", .. I ~..-rhe 
pr<>o>O'" .... 1<0 ot< "'''.«1 to...,h o<hn- by .h< "low" 

• .... 0, • .". ' . Ii: 
,., ... _, 1'1-..... _ohO<b<. ... _by 

5.' S. _ , . _ S.<II14~.< _', 
"-.f. ...... Iwt .. -.x ., .... lop ........ d ..... _ <)1_ ,. r., t_ .... ..-... .. odo __ •• d .... ~.,1 and ., ... _;ns.., :L1. 

(.u~) 

ww. .. ""'y .... helnl_, .... _KO ........ "1""_ .......... i ... ..,. _ i ... _k 
....... J ... , ... 11<,;0.) __ ........... _.ho .. 1< .... .",_ ......... ",·toKio i .. ..... 
"' .... i.I' .... _, . ............... ",<"Okoubo< """"do ....t o<h<r "","0(' h<li<oI , .. , .. #i, p''''' 

• '1'"' ..... ' TIIi ... "",in..<"OIn>bo ... ~.oJ ,h ......... , ""'" .. ,, (""""' .. '" he 
">«I I""oh ",,,,,,,1< ... ,,,,,, .. ,II< 11< ,,,,01 ~.,.;, """,-ok> •• ~ .. _. 

,to ><'<.~ .. ,v - N in I ; .. U io<"' oJ..-oush • pl..., ~h~" .. '""""" ,. ,he """" in • heli",,1 "", ,h. ,.."., '"., _".-, p "'" •• ,he I""'h <)' lonJo:< ~,"' "" " ,h., ,ton <II ' .... ,t '" 'MOO' "' .. 
"",d ........ .,i.""""p ......... d ;",h< I"l<h <10"",,«, ,ttho """''' " .. . oJ ti,h< 11<1", ... "" 
On tho ",nl'h«Y "',h .. <11'1"','" ....... h pnx. '",."qIO'" . 1.\, ""' ...... , ,he oI.apo 0 ... ... 
~_" • .i,o .<lh< ""' ...... ____ ax ......... _ ..... _"",.,,,",, _ ...... Iy'ol<n .. 
he 'h ...... ""'" , ........ ,"" ...... pc. ilK. Y ... . ~..- rod, •• If i. ~ .. 010< ,001 n" .... "" ....... ot,. <II.,.. •• P, 1100"""" of.h","""' .... 0-

Th_ d"h .... lipoo .. ,,; ..... by 

$ ....... . 1 ..L.. • ..L... 
1 _ , <ftP 



I, 

PITCH CiIIClf Ofax.v.o.L.f.NT 

-~ 

~ . ' ''-.... 

,. 
!9J.JPSE 

, 
SEClJOHl·l ., 

.... U '." . ..... _ 

l" to,~U 



, . "c.~_, .. .... _ 
.. m,·m,,,,,,, .m • b . d/7. . , 

lo a m,-, .ta, "F""" ........ . . ,,-, """oed .. I<> .... , ." '<''''"JI< i. dean "' .. .. do. . " d b . 
• • d. di • ..,. .. " dn,-, ... ...". .• in fiJ_ l . O(o).from p<> in. A or,~ < «<tangl. , • i"<'f'<ndi,u l..-
.. drnpp<d on " " d",~L n i. J><'J""'d i","" i ... "n<kd ,. m<rt .h, oon'" h .. ..,;.., .... i 
,,"'h tb, miM ' "'' at O. from . im,ionty '"""-ngl ... "" b". 

.!!. _ .!.r R • . , , " .!!... orR_ ' ~_ • ", i ~ , • ....!- .. o . u • ...il.-
< .. '~ -'~ 

A 'P " ., .. , h", n., r>i",h "d,", of" ; « . 11«1. n -«1""-'10., ' ""' ""'_, . ",, _ to. , I I " ... ,",," I 
pu'p.""" h, .-b profi I<. on...,h . 'PO"'" '''''''''f'''''d to ' h , tooIb 1""00 i< or,h , 1><1 ",,11<0' 
in "",""" at I'. Such . '1'" ' I'" .. i ii ,,",-, 1""1"";" . ... il .. 10 ,ho.< " ,h , 1><1".1 ,m .. 
<lni ....... on th , """"'" >«"""- n, " umbo,,.-!« . h .hueb • '1"" rn,,, ~v<n by 

\·, .... ,numbo."' .... hf')= 

• '" 
, . _ . 
m 

'. . 

, 
., 

m" 

(3.17) 

H """ .• h, ..., ... , ".mo., d'«l h 0'" 1o<l.,aJ ~n'" to < n. mb<, 01',«1" " h ~h ,an b< F """.«1 
"" ,h • .. ri .. , or. ' yl ,"<k<h .. in ~ . r"",h " d,", ..,,..1 t" th , " d", " '.<v&I. "of,h, f"'mt at 
" ,tip of,h , mo"", ..... "r. , <lI;po. 00.. "",<1 by ,,'d ' I ' ='"'" th"",p ", hol"" I I'" " . 
~I"",, ~ """ ,,""""'" " ", __ " " " P"''' ' 

rho.oo", ... th.m"",1 ",,''''''"' i. , n "1'1"'"' ["",,;"" ~'h,," ;. ,.ff>< "",I Y . .. ,,"n" ,.,.11 
~..."ical "G"""""" '" Tool" .. n ' h, ""'" yol",. ,b. =,_" 1',,,>«i . IonI '" """'" of,h. 
1.<1 .. , , ,,oilin, '" • hohwxlai ," <f.." . nd 001 in • "mp l' , ,u d,"""",,,".! pi .. , . -rho " .. , 

'q"""'" " 
z.' :1-.' p. ""' ~' ~ """ ~ •• "" Ii, "",I< " 'h, .. '" do<'" 

Foc<olt '" ' , ,"' .,J hoi"," ,<a" '". ~''''''.oo,. u. in, r..--m ,.It,n,' . <t of~ ,.It,,, y, hd 
to. • ..,b p,,,,h 01 ""","I., "."d. Tho do"i , • • 00.., "" <olt" ""i.,.." I"'" in • " 0. 1" ronn i. s.. .•. S. 

To ,,1=1 tb. prop<' ,.,,« "" mo., foo- ,"1I '"1 ",I",oI , ,,,,, ,h, ,·.1", .t,.-(. nd.." .}-i. 
10 0. " .... "01 .. 'h, , .I."", "",.t..! , "N , mb<rcf"" , of I'" '" '" ,u'". 

To fuodz ,,,,""t"'" 3.11 i •• I"""· ..... o" '.p ,. , ro.,,'" p. ,... t '", 0,"" "",;. "",,,, .•• ;n 
,b ... " a ,roo"'" o.h .. II"" 1= 50, 3 . 1~~ f-'l ' ] .17yid .. , ""' , ..." ..-.,< '''" I, ~ h"b ;,.." 
F"""" .. bIe. Tho .." " '"" "J'«"' .'" '" h>ob ; • ....malty """" ,. "",u.,p. and f", ~'luch ",..!y
mod. ,h. ~ .... " ,""Il y " ·,, I.bl, '0 .,..cd "m, ", ... wn "'8 .. bl.o,,,,",- " ';"en "'''''''', 

• to " • • - 0, -
._.c~"~W" "" ' do ) z . • Z If.' a,"'''''' . 
to" . -0-'"0-



· " •• a, _ a , 
(o n a_a 

. , "w a, 
'"v • 

n.. """""I p"nu", ""III<. a." h ~h .. """,lIy20·. ,m 10,," '0 'h, ,,..,, '."'" ~ .. u", ~., . 
•• ,,"' 'h, .... '-t. r., , ••• ,. ,. fu",,;""', "'" Apro<OO;' " . 

11<1",0.11"" "' .... ~""''' • >« d."W«' I'''' ...... " «", ... "fo """,1= or ,", .. ",.1 'pu, 
lI'An "'.ITa'IN,"" ,I>< k<<h . f _h .... ,.,d ... 1 m<mh<.-m .. hlh,ly""''''pha>< ",I.o!;,',,, 
...,h o,h", I • • uch on ' ''''"11'''''''''. , I>< '" " on ~ dun'l ""'"'''''''"''Il'F''''''' of ",.th, 
Ih" ,~ ~_ ,~. ""b .'" .. "",do " ,h. r'" h I, "", o<h<r """ ;n, po " . ,{ ""h .'" ., OJ !'f...<., 
PM'" ... "",,",, ",,100'"11 'ppro.d,.nd """ .. """"" ~ A 0.,1",. 1 I'" , ...... tn.,,""' ;. 
' ppro .. ",,'<dif .~ body" "'""'""or.. ;nfl.", .u ........... ...,h .. <pp<d I"",,,,<h 
d" n.,h ; .. lam , .... x., ... Inn.",,; "",I ,h","""" r!a=I . ok b)' _ """,,,,;"<!y" Ith • oi'lIh, rm-'" d,lfu<r.o" 'Th .. h .. b«n ,lIu"",,«i •• f;1- ,-,. 

7 

''''rinll iood .... ""' .. ~"" I •• h<!""I " " """ ;n """'- ,h. kad,nl <nd ... , h, __ """""' ,n 
,"""", (,,, .. nd ,0., ... B .. 11 <nd I .. ,. Tho"h , ",,>110 pK" "I' Iood ",ad .. lly, I" < """'''', d """11 
load """""",,,,,,;n "'"' I<a<. 'h, '"';'" fA<-< w;dth ,,,,,,,, ... .,. lI y .• ' I .... 'j ......... ,OfiQc(o' 

, I>< ....... 'n" •• ".nd ,0., ","",,,,, I;"" .,..,.' .... ,10". 0 ""'h.n' .... .. panl.,1 '0 ,I>< ....... ,h, 
II"" shall.. Tb .. , , I>< """.," .. , .. f>Io<-< """" ,0., ,,_ 1' " I1, h "-,h, _ . 1""1 ' h, wMi,h 
• I mu""""".ly , I. <OK .... h<!.,01I1"'''''', ..".~", 'h" '0"..,' I."" . ,,,.,., ' h, """"', ",n.." 



~" " . , ~ .... -... 
" .... 0 •• '. b.' i"i' • ...." , po i" h". on ". 'oe<.i , •. "" ,b. ,""'" ,"", " .... od "' "'"'" 
"" i,,". no,', n , ••. ; .. ... " ", ""'" """, ot", 0''''''' d of tho""" •. Ih. ",.'oe '. "" " f",. 
pro."'''' I ,," " "y ' '''''_' ' ' ~..,I< "". ' " ,b, ",,,", ~ iJ" . '''' ... "" , •• """" f." ... n •••. 
T." "." ",,,,b . , " ........ , i, ., .. ,,,, ... , .... "'i"" •• """.-«1 ,,,'." ., .... ,'" '" .... 
""y i ,. ".,,"y .n" .''',." II • .." ",I<.. ,,,. , ••. T .... i<", 0.,.,,,,,, .,.- "',i<., .ut. i •. 
t" "''''' .•• , to ", ' , "'"."bl< ..... i • • ,,,,,"i, ... , "'-'b •• ", •• " 

"" . b,"",,,.,, •• ,,,, ••• " """ ,, •• '." ... " . ,h. '-' i . "''''' , .. ".u .. ,J """"y" 
••• "i"',, _ It"", " ... "i .... '"'" ,m p."." ,0, ... ,,,' ",,""""" <oJ of."""" .. . 
"" •• "0' ''''''''', """ .. , •• 000th " , ••• ,0" <oJ. 8" ...... o,b" ".i" ... "" •• t< , .... ,. 

diff"", ."'" '" "." ," .im' '' ...... ,y •• ,i,. , ... ,..."". 
""" .• "Ii'. of .. "",." .... ,.,,,,,,,oo. """ ",,,.,Ii, •. ". oth" /0<, .. " ... ,,, • • th , 

... >t. h.Ii,., ... " "" .• ' ''"., ' ""'''''''' ••••• " ',, '''" ...... ,", .. ""'" ,b"""" .. i" " .. ,"", ... "b'. ' •• , ... " Th.',Ii"J .''' .. ff''' ..... '' .. 1< •• " , ,, ... '.,'i,b ,,,,,,,, ••• 
k<"y J.ty • • " "" ,.". Tk<y "' . th".,.", ."f"". rot .. " . """'. 

A .. " ..... "". , .", •• ;, Ita •• ' ,,", " ""."",;. ,b., ' ''''''po'"'' ' '.'' .'" ,.;,. n, 
f,I<,",,' '''''''. ~ ""' • • ,' I' '''',," J" ,. t •• '"",., , ' ,. ,' •• n", ... ''''' . ," • n. , tb, " ". PO '''. at. """"",,bI, """""'. n... to th, . , .. ", ", .. , .""..." ", 'o .. d , .... , M.,.".d, <I 

h ,""'" '00'''. th. d<t,; " " ,,' .ff""" """''''''''''''' ,m . Il" ,. "".,.-"" ,,;bk .,i" ... 
"'p",-,y"" "" ~ • . 

It ... k<'" ",i"",. , b ot on< ''''' ...... ,,''' <I", ., ..... , .. I>< t It .. i ....... hi •••• " ... 
"" ,,,' . .. to i, th ot,', .,,, .. ,.to .... d ' "J"'" ,at ..... , ~., I '" tootO ,,,"" y ." " , • • , .. ", 
" •• hotf that"".' ...... ,,,.,.-' •• , .... """0 .... , .. ". t •• ,.,.,. t. k< ,0, .. "" , ... ,. , .. ,. 

h'.lIo.·,. '""".",!h" ,_ ,0, ." ... .. poi., "'''~' ' ' '''~' ' ''' '''''' ' b .. .. """ ,,,,,,. ",,,,,,;,,,.,,,.o<;'y th ... ' P" ,." _ f .. tb . ... " p;,," ... ''''' ~ ... "' . 8" .. " . ;, ,..., 
" , .. ";' ••• ,, <1 .. ,1<., " "'. " ... i •• , ... y, .... " " .... ,i, ... "". i • .... " .. y 
;",,",. TO ', ".'" .,. " , It •• ,. ,...,,, ,' " .''''; •• "." . 

"'" . ' .... ' .. lttll"" "," ,.t" ".". '" ,.",,,.'" , ... ,b ... '0"" " .,.- ''''. <,. '" 
... ,"""bly ",,,, .. «I. n .. , .... to , .... , ' ... ''''',. ..... "" _" ,." . ,,' . ' ~b;. "to 
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--= 
U"'I Eq. 1.31. ~kk~ rio", tho ",,. .. , of tho , ... 1';"1 fu""" .. tho .... ""ui'W'. "'" h.o,', 

... ~ • ~("'M,)"(F'. 'F_)· ·bllW.(M6 . 61)"I72()N 
from I h, ,,"Iot .... ..,.to" d"d .. orin ~ ... ,.f.o'.", .. and .I",!'rum, he ",I,n " t Oool. ..... 

","" 'he folk ...... , .. ) .. "' • . 

""(")' L,. • 00. Ii (3033 ) 

L. : L,r. '" b,,,,,.i n, ;n _",,", koun 
C • 11& ... dy,..."" load ,.,,",abo .. ,",", ,,,on '" tn« . .. k>s"" (N) 
I' , ~:qu; v.l .. t dl""mo< Iood m ,he"", ';" •• oak" I .... from , ;,-'" d., . (t<) 

~ • "" "1"""'"' wh>cb ;. If,,,,1W 1 "..-inv • : s. .. d(, • .,, ) 
Th< 'qu;"'''' "' dynmo>< load (P) .. <kfin«l • • ,h&< " Yl,,,.I>< .. ,,,1 Iood ~·h"h. if . ""loN. will 

... ,' < t ,< .. m«ff ... .., "'",n, hf, .. , " ' "" .. I load> '"' t , e .. .no,,, 0.. to , ""ann, ,arr;" 
_ , od i.1 ood " i. l lood. ,;mull>n<OU.Jy. Th< 1<"" .. 1 «I"""'" ;, 

p.xI,.r,. (3..19) 

TO. .~mboh . nd tho ,.""',i",. i. tho obo,. """,,,,," ,,,, 0"" """'=oI ly . H,,<, F,.t.and. 
r", tb. <0'" I,, ", of . 11, h, """ I f"",<> ""'"1 on Ii>< bo""CILL F ,,-or F .. J, r. i , ' " ", .. I fore<. 
On" X • • d V. ", f.."on t. b< to<.n from ,h •• ""i" "tol"",,~ K.f<m 'I" ., S KF " .. Io~. 
",,,,",,,,,'dy ",k<' boll "an'l No, 6l"S I",. ,o.ft doom<1,, " 25 mm , h< loIJo..i'ld. " .. , 
!ok .. f""" ,h. ,.,.k'S'." C .""," dynanuc IooJ " " ., ' IO.SOO~ . • nd C, " ""''' ,"", Iood 
''' ' '1 - .... N. f.., ,,,,,X "d Y ~~ I "'''''oJ "F"" f", ,,,u ~'h.,h', • I""" .... ".h, ~ ""'''''' nc;, I . ,"" ",ampI,. ' !C, dO<lI720. 1.I1. C~"'.o ."". ,h,,'. 1 "" d. i. I.l ' . AI"" 
"""~>- - 5O<I1720 _I.lh 

Th< .. I",o! X "nd r ~'ill dq><nd "" ~ h<1." .h, ;,.1"",1 F./F. i, V"" .... , I..", .h" .h, 
",I"" " ., I • • h",,,,, 

tF.I F. 0) I.l ' h ' .ll( .. . ) 

,rum ,""10, ,,,, X ~ ._""" d yo ... 

~ 0 ' .'\6 . mo. I ... , ~b "".~ . Prom 0: •• J.l~. "'" ha,', 

'" ('-)' 1.,. .. .. ,,,. ' 1110 - wcs .... " 
s"., •• h" " .. ""b b ... ,h, • • h. "'1" ,=1 hf. ,,It.OOO '''''''. 0.11 .... i' l So, 010/, .. 

,nadoq"" ... d " .• 1>=1.",. '" J«!od. 110', "y ,b,""" h'llo<. ",,(So. '-1' h, '" I, .... ,-.ho<o 
.hhoob .. . 

c . 1l,00 .~ , .nd C. ' II'O(I.~ :. F.lC, • MI4I1! 400 ' 0 ..... 
Th< . , ,, . b,~1>or ", I"" d"F.lC, .. l i,'= ,. ,b. , _ _ .. c.07~'h.,b I"d. , •• ,~I", I.ll 

1..-., Son<. ' / F. ' C'''''' 'I ''''''' ,h , •• ,. 'h" ' '''' .roo.~, 0.". 
X .... '\6 . nd Y:I. .. 



..... , .. '~"""'" 

n .... ,f"'" 1'= . ... . 1'!20 ' \,h '101= 11'10N 

, -.. (17300 ' 
L.: ",' '''' 1710) 

S,..,,,bi, ,·. 1" .. ",,.,,,,h •• "'" "'!"']"..! bo."., 1,1'<000 2<I, .... ""u"- boll bo.,,", Il>, 
030' " f ... II, .. I<cood. 

ro"bo .... ,"" in"..", orduft d;m<n.""".nd o<h" ",hoot d .. " . n ot"" " is ' «""'l' ., 
knoY.. 'h, p'''«' or,h, bond" , mo''''' .... d. I ... ,'' ...... 'm um ,~ I """ W,n'Hld i", u" ,,,, ,h, 
,0>< 01'""" ,,, .. ,,,,Od lc,meo"t«! on •• un ,.b~ "",bou·,th . ""hc"!;,,,,, mou.'..! "" 
,"o,,,,,.h.fl . 

AI' , h<f",,,,,,, <If""",·c ,. d; ff",", 01 . .... , ;" """,·on,.,,' <or,nd r, ,'" b c bond , ,..mom '"" 
" ...... t< ly '" """ .... "'I ly r><'l"""~ uw 01 ..... , ... .non'. i. f,~ . ],U, ""=, .. d F .'" 

;::;~,:;:::;,;;:"~!':.' ,~:~'~!:'~:0~':.:::'!::~!:::;;t:·:,r::;;'~:'~:'-::::"T~ 
'~'o m .. imom "",,,,,.b.,, ,N<. Or 

B_, . ' . L, 
B •• ,. ' .. L, 

Tbc ,,,.t< , or 'h, tu i , 0.«1 f", 'h, .... ,""'"" 1"" 01' ,h. ft d" m<t .... ho . ... "'nd,., 
"""",nt, ", .h.fl i,..w""O<d '0'''' .... 1 ",o" I7.1 . nd ,b,,,,,,,,,,,,1 "",,,,,,ot """"I"' T f ... 
, h. fl ,.kul .. "",- 'h, <If""O(,h< .. i.1 'h ""',on bo "'~~ o. d, bc" lew .lion , . . .... rri 'O 
oot on " c ba.o, dknd '"i . n" _ only, S, . ft"ku I"""" h"" ho<n d,,1t . ... th ,.s.., 1.2] . 

• ,,. Stro"ll"'CaI<......,.,foc HoIlcaIGNc. 

Wn;~ ..... "b,., ", ."o".r ""'" ",,",......,,t i. o, .. "oI"O", . nd "'1",01 '''''~ "b., ho<n 
f>Oint..! 00' " " ., on y ,to" oI'tooeh ,,'"'" ",," "''' '" I "'"'' I moo< '«1n ; n "" . "m"," ,n 
"'" ofhob,,01 , ,,n ,h • • on , .. "oI',~ .. ,,,n, "'''', f",,,,. ",rn';"'"1 tnc .. "''' ro, both thc 
typo" f'" Od " "Y;"''I'''"Y "fa "'1,,01 I'" "';" tho"f""" "I"'''''' ,h .. th&1 01'a'l''''' 
' ''' dn,'c, , • s.., 2,,. 'hc """hod. '" ",'" i ,h "lea I"",,, r" 'I"" I"'" h",,, ho<n d i"" .. 0«1 ;" <kt.H. 
'rb" .. m""' ... d ..... "oo ... d 'h" "l"""'"" _ . .. i," 'h" ",I", ~nt mod,r"""," .,,,. ~ '" "" d"" 
"'10<&1 "'I"" - on ho oo«! r., hol ... 1 .",n . W" 'M ~·ritc th" folkro·"~<qU'''on ... "f'P1 i<d to 

"c "'I,,, I '''''' 
-"-" . • • q. 
". , . , ... , (NJ 

.,DI, 
(1.41 

• , 



__ w 

q". 2,2 .nd • .• U 

-, ' 

F"'1" IIoodll." ..... • ._" .. __ _ 

... -, 
" • <I, p ... 

• 
F" ." " if,h • .,.,.., l .. p. f"""".oo;I tabo,"",,, ,o. diff<r<n,m'll" ,,,.k d "-l "" 'ho 

t=l h d " "n ~",'Km . II .val"" """'''''n • • ,far .1I prx,,,,aJ.,.....,..... T .. . lkro·obk,u 
. '" "''''nnin«l .. in ,1><,..., of .... sun. T .. ~",h f'O'"' f.." .,. .. 



~ "'''-'-. ~ ,,--
, I - P, 

• • ~ eM' " IN .... lU.) 

Th< ,..1"" 01:, <An "" "',n ., Loro. i.hi , . ,aJ~ "'""". Tb< <>p,...loo b tb. boo", I>oli, 
• ' "Ik (JJ <a. "" moly .... h i',),..! .. 

""",' ''"/l ''''a. (1.06) 

C.......! hol.,01 l"" odo.S" ,bot "qo<)' of ... 1.<01 loon ......... 'he ""1" '''''-' . nd b "" 
.......... hoy ........... ""d . « _ p .... "d"" d 'h, i, .... do ... ,""",,".Ilo<b ... mbo"" fih<I'" 
f"''' &<, ,"vol ... ho,"""" 'u, "" 'ytmd.;"l Manu. 11>= " m '" ....... , ..... "f,,,," "' • • 
" 'pi,,' ,<an". bu, " . voxl "",f .. in, , ...... ... ·oU, '1',,,1 00, .. <11""' , tbo ,<".. "=-«I 10.1",. 1 
, ..... " ... ·011 "".>«1 i. ,j, .. _ . 

E",," " "y. ,h..., '" """ ..... ,-,. """, """" 1'''''1''' fi~ . 1.9, Thoyron<>«t ... ow ,h, h Ir 

' 0' . h, ft .",1, i, 1: .nd ,h. "",", ""II i<. oft" , ~." "" ','u ," ,n", m fj, " d {J"lb< l>a.i< 

" ' ''''',, ... ," ... ·luck hoi<.;ood i. S, ... ·" ~ 

(3.471 

II...." I h«oo""uoo "5'" co J' h .. 1 ~,b"oc "l" ... ·""'h ...... 'd "",(" • 001" anJi< ..... '0 be 
own .. in<d _ • • i,," ,. bond .. h. "",'<" " I ard«! •• F""';'-' _ . nd .'on_h. nd hdb. "'il< • • 

""~ti,"_ "'00""'" . ""1;'",,,,,,,.,,, ..... fi ""II. 1: i. "._ Th< "';n",d" ",h, h<H. ""II<> 
.,rth. "'''''1 ''''"f''''<,to'''' "'" bo 'h, .. m<. T;II . ",mbINl; , """', 'h,,,, ;, .. dim • ....., 
bot.,'= • ,roooNI1><1 ",01 ond 0" onl '",,'Y hoi ~ol ~'''-. '". m,,, , f",..-i"l p"" ..... 01", bo'''1 
'h ....... 

Whok '" • roo;' .,r """",",..-I. ",dono'Y 1><1.,,01 I'" 1"'''. ,b. hoi;. ""&1" . '" «t .. 1 i • 
...,"" .... o"d _" ,. "'n><, 'h ......... bo .. ,. " ..... "",0«1 "'1".11'"", T'" . ,.d, 
ol. " ' ''''' '''''''''' hdkal , .. "." " ,,,,,,lIy ' h, " "", but by ... "," " I"i'I ,1>< ,h>~ "'11< 
prop<rly. , .... ol "f'I"""" b,"d, " .. '" ....h<d _ '"", T"'", ' '''. t hn-d""",. f"", p" .. H,k 
romb,no';"", 

/ , RH dd,'" m"h,,,, ~i", RH oI .. v," 
2 RH dri...,. "",do,.p""' l.H Jri",. 
1. LH dn,'" .. ",h," p ""' LH dri..,· • 
• , LH dri...,. """h,"p""" RH dn",. 

W"'. ,. m<do, ' h, """,0«1 "'1"01,,,.,«, h h .. " 1""" ""'....,, b<tY.u-n 'n< mal i"I "'''' Th .. 
do,dopo ,"too h , «",to<! du,,, w<..- , ~" ""'" Um<. Th .. " ,h. "''''''' why ,b" ty '" d &<.,. 
rooi . .. " .. ,,"t r.. only .... 11 load~ ' 0' , .. rnp"' ,. i,"nom"",""oa. d""d.",,,, dn,'< 0( 

.~ .. mob;l. '''I i.",.,d "''''' . im, l .. "f'!' 1"",,,,,, •. TIooy . " _ """,",,,,.xu f", I"'~'" 
.-an, m i .. io " ''''''''' '''', "ith ;"' """ "I ~" •. 'h, I,", ' 0",,,,' bocom, .. band ccnla<'. 'h«<loy 
,nhsa< i,,& ' b, Io.od 'OITY i"~""I'.";ty.f'\=<;aJ,ly. I • • <ro>o.«I "'1.,01 I'" ",,,,,,,-, h."""",,;,., 
"'''' (i) i, nornuolly 10m i ,NI t . 0 mu ,m, m " . 1"" ... , '.F", b, ~"" • .ro".""", .. ,,,,. ,""01. inl 
• )'",m, h"'i ' I .. mil" ".;"",,,"'" .. OX". ,,""" , nd _-...m_~-tood """"" "'" ". ,to ' " ...ro, 

l1>< o...-i,&, " h ~n '''l'J'<''' ' h< doofu ... "'h>ob ' h« .... 0«1 hd"01 " .... ,, m"",t<d 10.", 
,.",,,h,,. nd bot, "."" . nd ...d ,oIload., T"'I""t<m ,ft"'" t" ." load, h .. bo," d" • ...ro 



':0 • 1,. 

'" 50, 11' . It ",<I.va.' ,. ,. I'''''''m ' "" 'b.d ,'"" .... of, •• ,bn .. ' ,..00","" d'f><od ••• 
,h. d;=",," of..,h •. d .. "" .. ;, .• P"'"""" _fib. ,.aM .• od ,h. d".,,, ... of""" I .. . 

0.. of, h. "" .. . d,·, 0" , ... f . ""' .... .." ",,' , .. , 'y' , ... " ,', ,""""",, """"'''y ,.", .. d. 
,10", .. ;. ".,'" d .. ,",,< .• haft .. , I, • • d. 1 'I.m.", .• nd .. ,,' ,..,.;'"",- W "b ' mrl' f.", '" ;d,b 
• • d bod' .... , •• ~ 0'"'''''' • • , ~·hb .. '"d .m, II "'"1" " ""''' d .... ,"'" •• d , h, n '",I • 
.. "boO,,' '"y do .. " .. .,,,1 <f\Oo, ;. ' " ••• .,.. 11 "''"~y of ", ,,m ,,,.d __ . ~ ... ."10,, 
m.mb<, ". oak. ,od_·, .. ,.i~"I. ,h,. f,d'"" ,., « ' r "", •• ,10, . no.. ,,, ... ,'" i. ,eo'''' 
d,",n" " d .h,~ . 1'I.m,.' "' . , .. ",f .. , .• o< ,mpo" "'·' . 

,., hort."' 0 •• '; oJ ""'. ,n •• ".I", I 'y t . .. ;, ' mo",",,", of,,,. «m.m b<,., "",In ... ' I' Ity to 
,m, 1I < b, " , .. ,. ol>a~ ' . 11. or <c"'" d" .. ,,, .• od low '0", . .. ," , ..... , d"" "I' ,.f., roo .... .. ,,,., "e., "';' .•. 

,,.,, .. I,k •• ,d""y.p ... ,, ,1 ,,,,..,',,,1 '''''. ,h,,"" ...... '''.1 J" ' p" "...,d .o,b.,. , 
~ .,, .. , ,,,",I<, r.. '" d .. ",., 1 m<m b",. 'h, .",b d,.m "'" 0(0",," I .m ". 00' i, p<O<'Ort"'" 
to' 10, I, ,,,,,,b "" , •. J, "'. ) .•• borr" t"" 10, I"" " ;., ,b.' " J" "" m 0., of, ,n. "'y .. d .. 
, m.ll" CD< '" d" ... "". Th ... ,b,"rtIl. ''i' "lon",.d ' , ,,,"10,,,,.,,, "''''''y. So"", , " tloo" 
P'" f.<1. ""'; 0. '"p""",' .. ,." ......... '"""" . .. ,10. , ,,, . 11,, •• mb<, of"ct • . 0, hm ,"'f" 
,. ,"""no. " ..... 'd"",,,',,d ' dol ... " . 

,,,,,.d,ffm.' .. h. '"I ', .. " ..... for ,h. ''"01''''. ,b, " •• " ."'. """," I. (",,) ... 0< th , 
" m • . H '.". ,. 'f'<' I 1')-;'1 ' b •• iz,. t" """"" ""","Ie (m,l; ' . 1 ~~) ... ,.,j. K",.I I ,oJ "4· 3. , '. 
d .. p,,,h " "f","", d,.m" .. of , .."". 1 , ." ;. P "'" ..,. -. ' " . - -... -~ ",.~ . 
f", "",,.,j .. ,,,. , ' ''''. tb", d" mct", m ,,,.,, ..,. 

,",Z, 
d, . ... ~, • ",,', 

'. - ". " -, ..... , - , 

(U8) 

(3 49) 

Add .. , 2 m, '" d ... d d, ,i, .. 'k, ""P«'"'' o"" ld. d" m."" .. ;. '" ' " '" '" .... d",! .. ,,,.,, ..... 
~y ""pi. "pp'.p" " . ,.",,~ ;, ;. ~. I" m y to,""",," from t" obo,~ ,~.''' ... , bat to, 

¥'"' h ".;" ,", 1"1" " m b<, of" ... may .. t" .... 11"."" I •• " "',"'" of, b, r . i, ;, «rt .. . 
" .... AI ... <hr,"", I" ,.,'''' "''''oo" 0 be .."i."" .... y..,.."., ,h. " "0 of tit, _b ...... " 
• • d "", by' " " •• 'h , ,,'"' of,k. p,,,b d l. mct", .. "". m _ d""dy proF""''''''' ,. '" ' 
""mb«of" ... . 

"'" ""' .... " '."' 1"", th. I'"~ ".,," proport"' .. ko,·. "'" 0... " •• d"d , .... Th, 
fol kro "'U.;d<l,,,, ca. be , ,,.,. foc '" ' "", l"'''. 

, . A <0",,,,' ,. ,10 '" ,10, ...... , ",t ... of" Ie ... 1 Ji ,·., ' h ..... t ",,,I,, . 
" n, "";p" ,bo.,. ",. at "" .. , «"" hdox .. ,I .. ""',.'" ,101. ,,,.,,, '" ,.;oom" .. 

• hd" l "Iocil)". 
J. \\,,, •• ",~",'''Iox , ., I"b,,;., ' " , .. me hood 'f b<hx. ,b, ,,,,,,,,, " tb. , ,,~,, '",I, 

.I>oo ld 0. "oed .. ,b. d""". 
I . ,. o,d",o ..,. 10 b"b '''"', ,'' .. ,; •. , .... """""I P''''''' '",I, 0100 .... be "",,. ~,"'

d«p ''''''h d'pth oIooo ld b< ""d. 



III ,., ' 'oO"'_ 

.. ""[_ . .... j 
~ _/J, ... ~, 

Aoo, thr "due",," ,,"" .. " .. , ' by 

• • ~ • !.. , " 
_ oI,"""Il,/dl"'1'::, d,eo.p, 

"'T otT d,_ Il, 

"10< foll.wi"l"" ""ion <a. "" olli ,«I at by b'i , ,,,,,,,,,,,,,;cal "" '1""""" 

Un" • U. -.. ·r 1 sin! 
WOO" 'h, , h , ft ... ,1< ! . '" ,h •• ". p, - liD, 

(3.52) 

1bflnd ' h, rond ,,,,," ofmon ,,,,"m « n'" d"" ..,. "h<n ,h • • h.n .. , I< .. 110', "" 1""'«<" 
"~. 

"r ,".,,,,,., on Eq. ' .02, "" ""VO 
4' 'I;' (_ /J, ti '''''/J,j 

I),ff.,,,", ... ,"' 'h " ,n<" d ,,, .. ," •• ' lib ""P'''' ,. /J" . , hn. 
M- _ >''',, (_ p, ta. /J, - j oooec /J, "'~J 
<11, • 

S"""idold/J, ' D, ~, I" ,h • .,.,..,ji,,,,,,, ro. ,h. ""n,m ... "' ,,, " •. Tb .. 

.. , ~ .. . /J, - i "'" /J, "" /J" ., . in' Ill""" p, • j I' , ". /J" i'" 
}.loo, D • • i lt •• /J, . ,/i".in 

(3 5-1) 

(3,M) 

,~, 

._ - ";' I'·,-r (U7) 

1 ..... """"."",,11") shal\o ".,,,.., .... by "u', ,h, ,roo>«IIo<Il" ' I'" 'f'''''' .ff",d. 'h, 
""""b'hl)' of . 1",;., ' h, 'f'A"< '<q"'"'''''' I ,ro"", n«d on", ) .. ,,,100,, ,h .. 1'"1 ,h«,.", 
d" .. """ modulo, " " ,,,"'., .... 1\ 0. &', ..... "" >«. &em rumplo D , 1f""' .... 'Y, " i • 
.... ~ ... I, , . .. kol", 'h, """0.' 1m <1"0 fo.- ".,,-...ion '" • d,ff"",", I""" '"' fnMn 'h, 
""I '"' I ""', "h ,I< '«P'" I ,h. «.," d" .. n<' <On,""', 
EJcaonpIo J ,l, G;",., . h, ft "",I. - 9(1"" ,,, "too . , , 1, A - A, - 4S ,m • • U, 

" " ",.10 
Th. """,, odon,l<o1 I"" .,,' 0 bo .. 01,,,,, «1 ,hot, h, dn von, .. , (N. , 2)1, .. . p, .. h d""",,, 

0(0""'"0 loomm i. ,h.",,, oITo'I,mon" 
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--• • .. - . • • • , · -. " • '" .. G." " 



~ " .. ~.".--
~ ,,-, ; I, bl. ;. " ;, ", .. . d 'h" "",,, .01 my ,,1,,01<. A ....... only ...... bro.d I"'"" I , ... n . 
b< 1"-'" ;. , bn ,.." • ..d. 

A, " ,,,d, mao,,; , I •. "ooz<. """_ ..... 11 ;, mot,ri, l, 0' • .,d, o<d .. ,<I .bo. kl "" ",od roo OD< 

of,Jo, m,m""''''''''' ' ;' ' '' ' p'" """.,k, . hd"p, loc hy;,,, """ of. "", ,f .. 10k""" 
" '; 0 bl", • 10, th, foI lon 'l'pp.""m", rom.." . 0. • .0 oa , •• "" >I, ... " d n o<, I"" 
""oo.b I r "'"pt ... lo,..,,, I" 

I' , T • • ".,,, I I'orc,a(t1,,d,;,,,(NI 
t ~ A 10< ' •• ,. "" 10k." from T. OI , 1_1 (Nlmm~ 

. - • " - ,- ~ 

,~ -~ ~' . V, I ,. , 
'6{1 .... , ". 
~I ' V, I " ... ,., 

n, ,,1 .. ,,-, .lod" l vdo. hy V, i. , ;'<0 0,. 

". = u,'" t/ , •• /J, . u, ... :1:/0 •• /1, ' " t i, /l, ' ", ,;. A
Tb, ""umf.,."" . 1 ,-,loco, ' ." , ;,-'" by 

",: d , ~/'9 ]{1O""., ~'""" d,; ' t. mm "d " ... t. 'P" 

(3.08) 

" 
, 
• , 

W. ,. th. F"""'" .. dm i' l th, I"'. th, pou, Ioad.<1o oI,d"I ;' "" •• ofr";"" """,,,P, 
" , ;,-.,0,. 

f' • ~ ~( .. n~,·""~,1 
• , l+~ Ion', 

('-"'I 

rh, ,001T~i.,. .... hd" , I""."'" p ; •• 1'""'00 of.n, ... 1«1, 1 , .d 'n, ,l id,., ,.Ioc,'1_ Wi .. 
JOOd I,"""""",, ,to vol .. <0. 0. "., . .. 0_' . r oo 'h, 0.-""",,," of, h, ,hd" J,·,locity "" ., ,. 
'h, ,·,loci'1 d l. ,.-.m i. Fill- J . , 11" . 

I •• ,,,,n,d h<l i" I , .. , .yo ..... , . , I<o,'h~· I 0< ,,,,, ... hd, • • d 1<<110 .. 101, h ru.. 0<,. ",Im«l 
'00.1"" . h .. "'00< 1""""""'«1 <If", , Io n tn, "'"'" ' , "d d .M •• _ l..- th, d<l«m, .. "o. of 
1",' .... 1 po~." 10 ... d,ml"". " 1< .1",,",,, ' ''' 0..«1 .. 'h, "",._. I,d,., rh<""""' .... 
"". 1«, ," ,,10, ",b" ' ,nd d . I,d, ". ~.""", "'I"m,d, .. <omF'",,"i,·<ly . ... 11. The <If",,,",y of 
tooth i"," ;. J I >0. by 

, . , 
. 1_ .... _ 1 _ , (Ull 
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f' , ... "'I .,.Q "d "If""o"." ••. ". 1"1,,, , b, .. "j."", \1koo-<'",ol)rifKx..,.. 

'''UI,-AJ· ~ 
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/l, - A - la. p - "-(L -/l) ~P "h.no< ~ , (L ,p)l~ 
N"", ,h " /l >A. IfB. ,,<=<k. ,,"',. 10m,"". .. I.,. 'h,'dri,,, from I'" No. 

~ ... , . ", .. ,·.1" <a. b< ,1<,.,.«1 by PU''' 'I ~ • • ;" Ilq. '-'1. W, "," ,.., 
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• ... p . .... (W_p) 

(3.621 

Tb .. ....,~ .• ,h. , '"., m, .. i"" ""..,."'" !'rom .h, ft l '0 .... n 2 i, ,hN«,><. lly poo, iol< only 
.~ 

A. < (9(r - pI 
Tb'I""",><. 1 I,m" ," " ,..1 ... of A. ;. ",II I<n . WIo<a 'he ,h. n •• ,1. ;, \j(I' 

~ • _!!. pi 
~" f ", b" h • • d 1""",><oI ly ... 1",,«1 ,ff..,;""y d.,; , ,, ' he driv<. "" .... ; .. 01< 'h" ,be "'10, 

"II, "',h,dd,·;,,,, ,, I, ""'"101 I" b<1u<'O JO' , nd 60' 
I. , ''''''''" 0.1" . 1 1m do ,,_ ,h. "'ou' ;. l,m,,«1 by ,h . ,ont •• " p=<'." .. d ,h . , ,,' 

d<>"i<vd- F '" • """",.0 I, h r,., h, ","w; , I "k<t<d """,Id '" '''''' "",".n' . nd an od«i.'" 
""",Iy ofl , "",,", ""," Id be .. ," ",d. Alm._ ",," '" " ,," "","Id be .rou.d h. lf "" " " 
.. ,"m,d ro. """",I 'r " " "'1K-.11",driv< "'';'1' h, .. m, ... "n. 1 , . d rond[,,,,,, •. 0,,,,",,, 
of~; ol,""""'c ".,r .. " ,., 1'"'1""' '' '"""'. ,,", I'"~ ~'''''h> . Tho mon,m ... ",1 ""fo,," , ... fi 
'"I" of'KJ '''' b. ' P • • nd b. • P" • ... h«< P. ,,,nd, b 'he (" . ".,," m,ow- 0'''' and b b 
'h, ",<hI. .. ",ro.--.. f ", 0,,,,1 .. k " I"."" . ' he ,·,1., (o~ '" i, 

. _ 3 , , 10,". 

Roc, lh., Eq. B~. 

• ) , 

To ,h«k . ,", .. "" ...... ".1._ (h, r" lo..·i" f""".1& ,on b< =<I 
h e'" ..... fn> f", "'"PO"'"'" 

(3,64) 
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S," .I,. 11 
l:16Op,C, 

T ... val"ndC, ' ''''' I>< .. kon from Tob., 1 . 7_ 
R.~ m ini p..,. '_50."" 10' f..- .... II 'ngl. W 

. -~ (~'~I ' ~I~.l _ ,, (...!I.... . ...!L...) 
. ... ~. Oin ~, 

" .....--L . :'"', 1 ~ I 
2 4 <0. 2 •• in~ , 

(3.611) 

If 'ho ... ",me' ...... r,., .. ~o . ""Jo" '''' knov." or . "' • ........d .od ,h, i, ",h.o, ' "" ,,'"" in 
,h, abo",«!"";",,. "Ott .. ,~. ,n .., ... ,.,. dfourth <klF't. _., r.,,-, he I><hx .. ~I</I, . Tbj, 
..,." .... ,an I>< war>h",i!y ",e,""", ,ri.1 .". om><."" '" "".kul" .... 14 ,m, ... tth, f"""'" 
",rue. . S.., h m<tbooIo '" ......... on dot,,1 ,n ",I""", booIoo. 

M. foni" i' . ,I>< "",,, d l'gllm In F'" l _12(b) in ","~" ,he ,ooth lion, ol,h, d.wen i"'" 
-.. in "I""" .. , wod" .... w,"" i"<In,·;.",,,. "" " , <Iori,-<tb. fuH""dn~ .. .,.... ..... r.,,
' h, d,ff..."t fu""" ~' i ,h i'" I .. ,h, d ,h'mll ,,~,,~'" 

":-1'. '''' '' 
~'"= "'." th< """""I r-., 00 ,he "'o,b wor .. , .. be_ . .". at .... . ymboh h"·,,h, "",01 
me," I.1l' '" th< fullov.-ms"l ... ' ...... 

T . .... ,;. ,'""" , --p) - tmp ''' (/I.-p) (1671 

"., 
(3.69) 

(a,10) 

b omploJ,J : G;",.: l:~ 90"0, • , ... 'l'm.n. _ lOOrp .. , P, _ O.!lkW, u _ Y . To find the 
~'" w"", .. ;"., .. od <>th« '" I" ~nt dot,oF. '"""'" hehcol ,0 .. dnV<. Uu<" ,!" ,,,,,,",,,,,;",", 
th, d"""".., d thq"' ion >bould "'" """'" "0m .. . 

S.I.,;". .. I. ,_d. "'" doo'II •. ;' ;',",,,,m")' .. ",,"me ...... ","""'""I< ,..1", r."-",,,..-
th< II .... ,nd then I .. ~"J f"" .... 'o dete!-m .... "' ....... ",meten_ The ' ' '''",,""00 .00., 10 '" 
10.0 .... "" "",b """iden",,,, ,,",,,,,1P' "'l"..-.m<n'~ """'" ",,,labihty . . ... 11 d, ...... '«, 
. 11o",.OIed",um f...-",,"1 ,rlocityando"",, (acton. ' n ><iec,i'i'" he];, .. ~tbe <k.;l"'" 
.t..o Idmak< . ,," th" 'h, dn. m~g<"- " l""'i<l«I ... Ith '"" 1M"" on # _ 11>< lOI""""WUidoli .. 
, .. I>< ~; ..... 

• ,. 1 ... '0' ..wn .... J'" "n;~ , _ 7£. 
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,,,",,d. 

d, :Z, ... . '''', 2."'" = J1 \.1"" moo 

• ,,(d, • d)12: 1112. 311.169l1'lz 2 1 ,-""'. mm 

If;, ;. d"i"d to hv< 'k, , ,,' ,, d"""", .. . "look ".mo.,. II <a. "' ,, ~'" os 21 2. • • d 
= . 10.1 " ,", .. " " b< m . d, ... «" uo,1y t. d".,mn.< 'h" ",b •• t P' ",",t,,, ... t" I"n mo, 
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~ _ tao(0I)'"-5-'" 38""1 _ , .. ..,.. 
d. = 111.1110 .2 ., • J15._ m m 

b " U:."., '", , • lOmm 

P," p,n - ~l : o.~ ( 1_0,",,')_ D. 117' kW 
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r.ol""t .. 1 f«« "", ,,,mot''''' Io.od .. 'h< r ,t<b d ,,,,< 
20001: 1000 , t7, 
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I ............ H . 

U"nl F", 1.' lood 1.<9. "" ~,"h<f""" rK! ... foo ....... , . d , .. , " ... in~z, • 17.z,' Ill. 
P _ 31 ' .~, ' • 0. " 'nd ~" - 0.10. ., foJJo~" 
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q. , _ 1.11 

Q , . - 1.2.1 {b)' " " 'PO I" '" I 

• 1.1.1 . 1 _ 62N l mm ' 
'" • 3 

To nod 'h< ' '''',.,'' """. '0<." Eq. ' .t:! 

p.. - ,.,. '" "-
... .-• 

, .... T ..... 2 111 . 1""'foo'I«II<M~1, ~ .. ""' .. O<I "" F"""'t. 3.O.I . nd _to"" '-.lli. II=. 
a... ~ «; foo 5,,- ~< ... nr· 'Il .. .. ,,,,,"" "" ... " 'n~I,. 0;. "d 'h, .. '" ~;, " , I,.,., ' " ,.1<.10,,,,, .. , .. " Eq' '."'nd l ." , """"" ... ,.. n.. ",1"" of h" to,,, ,, "" U ",<rti.'l'b< 
,I"".., , ." ..,~ "" b,,', 

P ... • ,..g.- L"" . 1 

Co.,, "";" ~ 'h, " ",nlthol"l'"' ... I<d, l, ~= '" Aep<nU " E. "" r"", t,at ,b, mot"" I •• l C 
~ 0' ~OCr ' . ' fi .,. h&,do" nllor A""" 0' ,ndoctoon h,nl<n," i- proc<>"'. ~'iI' " " ''-' ,,' F""l""" 
..kq"'I<'y, Tb, d,"",,,,",naI p" .m".,., " " "" f""" ,, "'" T,bk 3.1 o. s.- ~"';"~'fh"';" 1 .-
3.17 R. pIK_ntoi D_,.IP"<h Go ... by _.IoGo . ... 

M.,,~ '""" h' no>." "I"' """" w O" ,,,' ... ., ... ~'h",h" < """" 00 'ho FPS . y ......... m ... ,,<_ 
...."to. In .... h ","".,,,n". '", I"" '" 0..0<1 "" ' ", d"m<1 .. ] P''''' COP) 'Y''''''' of 
"k.''' ....... ,d , '" <., "' I"""""" to,. lJ P ,." .... S,...., tho """ .y ..... , . "" ,b, way .. c ,,,< 
do. ; i"" i . oft", " k"" .......... ' 'h< D POP"" ' '" Ik , ' , .. " '>:. modol< I'"" ~·"hoo , <am.,.,;" ~ 



....... ' ~r _ _ 

"ilh t b, "i" i " , ... ",mot',., Ii.",.", d .... "". '''' .at.,. ,nd ., .. ,Lob i< ",",<i. ,~, ......,~"" 
.. mo" ... ,~, ... c~,,,,, o.hop> ,"'''' .... Y' >loc' _I< co,",, ~Iy. 

Th. 01.",. ot,o<" ,'OO" '" "'~";'«I ,n t • .-o up . , i II ","" «lin ,~, "om,"", ~'b",h foH ..... 
S,,,,. 'h, cbo.,,,, i. ","n, th p'''f''m" u. ""i1ii[l, i< "d , in,,, ,"IT",,,", fO<'t",'" .. f«y " 
o, ... ill'" ,n '" ,h. inot,,1 ",. li" " i<u I" """ [,,,,If. d".ok",,; f..,.., ' ". roo "'t d ...... d "'". i'~ 
.. """""II Y not "",,,,...,.. 

ExamplttJA "'_, d"m« .. lp,,,h. LO", . l' .• , ' W . 
To ",pi><, 'h, ])p f' "" Oy modo"i< ~"". '''I"ns '", ,." .. ,i. "d th, ","" d" , • .." 'h, --So l" ;oo, 

C.nt<<<I"".., • • ~ . Il~ • (.,.") • ~~loI:t)J • H lll in,h • 101.11 mm 

R«IoK,.,. "'00; . 60.'21 : H.l1 '- A . ...... Appondi. Il, tho nco,," modul< '0 Il P , 0.. H . To ' <Of' 
,h. «n'" d" .. nco .n, I,,,od. tlo. ,.m '" '" ron=t«l. W, procood •• fol io"" 

C'" " . d ["an<. "' '''i'' 
co," • , -",>a. 

( ........ E ... Hl) 

N 

IOU 1 B . 
2, • •• ,,,20' 

• • -, -', 
.~ ' . • n'lO" 5l~5" , , tan ~O· (>, • ",J , in. ~. • ;"'~. 

',. " 
I" ",,"nl ,10. ,·, 1.", and '""'1"'1",., f", ' " , ... 1"" uf ,,, " . &-om App<ndi. II , v.< b,,', 

O.OlU)6, • 1 • O . .lI>J~1 (r, • ',I • 0.OW104 

.~. 

E~ ... """ H L y;"kh 

" 

" . 
" ~ O .• i l L · 0 .• Li. ~ 0.1"'" 

d, . .... , _ 2.h2'. IB,d. . H. ,50 

d., , 2(!II2.R1 + l.l - 0.2""'.2.6)- 15(), SHOM.. I .. "" Eq. 13~) 

d~ • 2(102.S7' H _0 ... &4, B, · jl.l ~ ,56.,.h ... 

<, • 2 ], ' , _60 .• _ l..I. j • Uill . d,' ~B, d . • ,5() 

d .. • 69,' 06:1. d~ _ LYo. "E.x," • ,-0:\6-,,", • 0."",,11 



_ ...... ... t 

"""",, Th< ' '"0"" t<' ''"t<, 0; .. , "'" _,f.,,,,,,,,, ".""ool , .d ,~ .. ,., I .... "", ,,<o""'~<o 
."~ 

Si."",ly 

" • • ' .0927'! 

("p" Eq. 2 ."" - [(d,; .. } ....... +._"" 
T" . ' .0927'! 

" .. " , II ," , ,., I.,,of,. to l,. 
elm."", ''' ' ''OP 1·'I"'Eq· 2.n) 

P""' I ", ,,1<;-, .. ,.,1""" .. , I" 
c • •. "" ,.m ~ . ". moduk 2.' 

H"",. ,., .I, ... "", , ... room> '" ,., ",I" oti ., lot,d ;. tb, booK ..... I"'" i. s.c, 2 .', 

ExampIoH 101_ , d ot . .. i. E .. mpl< H, 
fo ",h , ,b, probl<m by "i'l 0. 1."1 ,,, ,,, 

Solu",,, Vi ...... ',Il ,loon , "." ..... "r"'''''''o, of"b,,1 I " " ~·"h d.IT",., .. I" 
." 1,, . A ".dy of,h <.fii/'.". ,,, ... 1, '" ' f,, ' . h .. by ""''"1'"' 0.1" '",I,. ~., n . ,oJ""''''' 
".,,, d""oc, b<t~.«. , P'" of moo, ; 'n"" ~. ; ,boo' , I ,,, ; ' I ' h, i'"' " ," • ..,- ,10, ..... " 
of,«,h of i "",,. ; d ... 1,,,,,, Vi, , .. II 10k, '" ",. "" ofthi, PO"?"'1 " ,b, fol lo-..i., ..... ,,, • 
•• h~tb i, probl<m, 

.. """ n • 
fJ- l·· ,O' .. ,2t"ll ... .. dRHl 

~.,-"", 
, .. p ""p 
..!. 11 • .L!.. 
2 , •• , 

d,. " lOmm . • .• I..,"mm . 

d ' d +1. ' !II .lt , ., , 
d .. • IS'-' 

1>0, t. ,," , ;, ,,"," t; .,fo<' .", I I ~, '"" 1\'" loot top I. , d d" , • • b". ,on«' ""' f""or " d 
diffioult1 i, m" boo' _''''' "1 fo< " " " " I,d;, '"II, ..... <t, ..... ,omb, .. ,_ of th, ,~ .• 
m<t'od. """,ibod abo,,;. ""pI.,,<o "' . ",;" ,h,do,; ,," ,·. 1.". th .. " .• " .... , m' d< ..... 
,on«,," .. d 0. 1",, 1. SU'" • ." .. '" f'OO" DO probI<m If,b, I"" 00' <., by ' 1'""" "1 



,. ,"~ •• t~ .... _ 

m<tbOO. II"",..v<T ... lU I" '"''''U .. " i ... "' 11I "'I_b, ... "moy _ "" I""~bk 'D.ak", .. 
tno " .. I ""h ... ,I, found !or ,. Ie. lot .... du,," , .... "., d,ff","k..,. d oh, p. ,,1<.1 ",,,,,h "'''. 
AI"" ,f "'""" ... prof • ..,. or ,m tooth . « '" "" , ", .. . . " Ihof m""h .... tk, . "", .... ,,, .. 
... . '"' 01". 1"",, __ 110 ron""," tD ,bq"rt".I" _th profil. _ Ohi. "" r "" • .,. •• l""",,,,. lIy 
...... lbI< "'" """"",."lIy ,;'01 • . In ...,~ " "'. 1"" '" ,", "" ,,'"",," m;U'"1 " It" . by 
'"'"p .. ,m " In goo t,,, ,,,.,. " ,"., .... ' -ode< ,h." bo ..... ,." ,n" or tn" ''''''''" ;. 0'" th .. ""od 
" nd • • uoch. ; I , .. "" , .... &'" • I ott 1< .. h bo., .. d, I r n . mp< ""I tlo< , .. , an,-, _ S", h . jk, ; oi< 
.. ",or, ... ' '' ;0 i. ,11 .. " .. ,d ,. do< ....... plo H . 



_>-t, 
"""'""" T",n, ,,. 10' "' n,,,. """"''''1 ", m,n"", . nd """""" of ,b, 1><,,, ani" ~ 
E." "ei< U,~, h.,·, 

, I l.~ 

a" "12." - l(d,.d,j ~ :r(" "')"" .01 
•• ' ,", . "0""'" 

S,,,,, .... ', m ... "" on i'''I '''' o.m"",", and ,r.c.IU .. . lr<ady b<m " .... io ,b,F""'''''''
"arn~'". '" '')' .. 1><, nombon. 
IIy '.-.n'I"',i.,. ~., I" 

, ... ( I "" • 2 . 101.01 ' , " , • ' .• Il'-'l25I (." <J 
Itt 'n,1 , od "m,. "" find tha, On< ~ ;.', ". ~ 13. '" ,h ., "". roo ~ i, 1""""" lIy 

", .. I", ' J h .. i',f!:O·. 

T,kln. '. • " •• " • Il_n • " 
• • 

, , • 2 . ' < " • 10.1." • • 

Ob.Kxo.Jy. ,)", romb.,., ... ,"""" 1><.,," .. 'h, " ",,,,d, ... ,,« ohoold "" k,~' .. iOHl 
.... Ar'" by 'n. l. unnd , I,., ... ,,, ~ ~ . ... ]t' . nd " • ' . ' &0 ~ill =v<lh, 1"''1'''''' ' ' 
,h, fo llo • .-.. ,,,ku l&, ... , .bow 

',~ 20.1, • .. ,d, ~ 2." 2(\'«, ... "'. 2 '11.' ''' mm 

d.~ I" . ""'mm 

• . 3 (H "" .1~. 3o&1 • 1~ 11",., 

"""" ,h ;. comb, .. , ... ,an b< •• "",."" " ., """" . , I " .. " .. fl,,, h' ".'" " ...... Th, ".d<, '" od,'i"",, ,J.",. f", o...,kI .. , io ... , 0 ,,,,, . nd . .. ,,0 ,n.,.."1"" , •• ,1 u. <Ok""" '" ,ootb 
d .. '""<I.k,.,.,,,. 

Wb<o ,oonpa=!" ' 1"" ''''''. i, "0 "" ....., 'h" 'h, ..... h,n I ,and"""" ~bd ; " I , .... n.. ,., 
• ,"", ..... bI, inllu<"", "" th, rlfocim<y ~ 'h, ' 1'''m. Tb .. i, "",i.ly do< ,. ,b, diff,,,", 
.".," of load d , ",ibu, ... p'" «n. '" "'" ~,h"." ,y .... or", .",. dn ." d.,io" h"""", 
or .. ,,,,,,-

In . mot, 0, om ~ ' ""' I", ... h, _ '''''',,' '" 10,; on, and Iood d, .. ,; b",oa """I.o",·dy 
.im~i<, 'h on i. <00< "1b.""I,,, .. ;. m<>I<. A. 1"',,,",, .. , ,n 1"" "'"" h'l'''''' ,,,,,too, 1>< ..... 
• ~ 'h, ~'hok ~,b, 'OP «lvor", <Io-i,',n _ '" , .. ,' ~'o"' '''" . r ... ,"".,..., 10 .. ;' 
I"""" . , ,hi , 1"""'- I n 'on" .... tb, Iood d, ~ ribul "'" ,n <0'" 0"" ''''''1''''' tak" pi .. , aloo& 
, d .. "",,1 0 ... " ", _ ,"of .... .. "'0'" '''''' on St, 3.'.0 .. " •• It ",,,,,b .." .... ;. ,',,' 'h, 
"" 'lh'of,I,.,,,,,", 01 lTip .... ~."" ,b, m. ', n I ,,,' 0 ... ri" ,,,,,u",,,",' Y . 100, 'h, di .. """, ilo rIO 
<"OM ..... ,,,h "",,,·., .. 1 ',..n"· .... ' "',.., ~u.<tooth. 'Th .. "".1 .. '" . 1"", ,m .. "of1", 
01" '0 ,_b fn<'"," ,h. n ;n oa", of,p" ' , ,,,., " ito ..b,,,,.1 ob, •. -r ... fn<,,,,,,1 '0," " ""''''y obooo, ,..., ...... 



.... , .. . ' .. _".,..,. 

Eq ....... U'I ...... , ....... 

~ . '- f~I","1 ., '. 
'Tho .bo" ... . " .... ;, ,,., .. "p ......... ro< t ••• m, .... ,.. 'P" "" dri,,,, " ..... 

,bon tb " , " .mo ... .,. ro. " '''' ' ' '''' ".;, ... by 

~ _ l- O,I_Hu _+.1.) (3,11) . '. 
, . I . . ............ ho., ,b. 4 ;rT ..... ("'on .0>. to . ......... i . .... d , .• , ... ".;, .•• 

p",· ..... ,.i. ," .. "' .... """" ,(S.nl.' aod l,l9 ). 



4 
Worm and 
Worm-Wheels 

.. , F'''''.m • • ' ... ... W'''''' . ... W ...... _ OrIYH 

W""" '" d uno_ .. !>ttl d d,., .......... 11 Y g,od r .. """. F""I I d , """· •• t''''''''''. nl" _ •• ,1, 
,,,,<1m, .,,"m •• -.",b'l1" «0,",,"00 "' ;0 • • " ;,,-oI ,od. ,."",' Ih,y ." . Iw"'pioy,d" 
"""., """ '" "' >p«O <N. ,,,,,, ""Y . pp loc. " ... . AI"., "d, ,,ion ",io .h • • " ..... 'k . lly 
""."' • I "1< m. 1,;"1 " " ",, oft.,O"" _ A ...,i<l, or .. """ .... "·,, loa" b<m "',-,Iop«! ",,,b .,., 
~"" .. "",01 • • d ;" ".,',,,, <&",,' h, ; "hI"" """'" of. f'l'h," .... <; ..... to, !""port;" •• 0 otll" 
" P"'" ' " ,II ;. ,h.&pl«_ U .,U ''''ri<t 0"' d,,,,,,, "," oaIy to tho.., typ<o , -b" .... mo," 
..-mool, .",d ;. ",.,1. '''.m.' ..... 1 """I".""" •. 

n, """" '" .... ono .... i,·, 'po<m" " "", 11 y I h. dn,' ; "I"" .. b<,. ".'1" ,II" "' . ot . Iway, 
th< <&><_ n, ..... """..,.Iy g,,, 'f""" t" ... ,1. ... ,.,..,. .... <"1 ",<1,,<. 1 0-"""_ 10, ,""'. 
""mbl" th.,.", ..... ""'" ,-b". w,,,,, •• muod th, ,001 'yhodoe< ;. ,1001 ... 1 fa"'",,_ n, 
profik oftf>< , ........ ;., ,' h" ",, ; ,bl. I , I " otly <""'", ok" .. don""". " , ') '" of ""il ' u .... 
.. d, .. " ... I .. ,,; , ,h i, ,hop"'- Tho ~, ,,,,,, _~'I=I" hobboO "". III .. k ~'b~ h "' ",,'0< 
.. >d, h ~'i"" Th., i, ,,110< • ",h "" ,,0<" OI .. k. "d ,b I. I, do", " , • • <tb. ~'h«1 " " ,""Iof" ,II, 
W«m. Th, ' ob ... ,d fo< ''"'''';."., ~'",,"_"" " • • ,,"', ""pl.",, o/",h, ~''''''' , 1.0'." 
....,.-d,. ,h. ,b.~, oftb, """""ooth ..,fi.." ' h, ,Io, p' oftb, ~'h«1 ,_b. Tb" '"""' ,10 .. ' h, 
~'h«1 '",,'h "'"" b< "'"' • 0001 ' h", i""'o,."" ~,I< '001"" " ~';,h ,b, ,b". d on ' b, ~'''''''. 
n. ~'h«1 ,,<t, '" ,",vO<.,d . " ,b id" """. "d , ... " 'h , .. MIdI<. 

Th ... "b" , .<t,,," '" • ~'"",,-<Io-,,', " a ""..0""'00 01 ,lid,., •• d ",110., .. " h " Id,., 
I"",· .. h 0,,, Jo "10,, "" ,." ... ", ... , I.,"" ""0«'. '",,"n,,;, ",.; I" '0' b, ".,,0<. 0.1 ",I 
. , v .d';". Bo< ' h, ~ .... -<Io-,,', h .. ""'0< l..o .mry;' . "po< ity 'h ," ,0. ,,,,o=I·h<I ~al 
'P"" 1>« • • " ,b, ~'"",,-do-,,', ,,,' • II., , .. "," ~ h"", ,b. ,.,.""_1001,,,.1 h"" • ""lot 
",,,,,,, ooly ,, " ., ' '''' i, .. "'" , on •• I"",d ,., po~'" ",,", .. 1,,10'" "0''''''''' ; ' s.., J.". 

rh«,<tb .nb .. ,,,,,,, , • .-',,,,,,-<In,', ,y,"m mar.' m.y _ 0. of " ,'ol , " I""". Th,. ~ III 
dop<D<I uf"'" " , '),p< 0/" 0001 .,," ,. ' "'"., ,h. ,b",. d" n. too<lo prot; k of,., ~'b<, I i, . n 

-----------------------------------------



"""7'~ __ 
;",·.1 .... A"mm ,.. y ..... ",,,,,,,10 • • ,,,,,, , _10 or", .. d 1>< 1" . 1' 1'" " d ",01_ , '" ""m Oo, d,..,," .. «f.«<d '0 . , ,b ••• mbo, 0I'7".rt". Tho,. ,10". <a. bo " ' II ... " .. , ., mol"_".,, 
""""". T ... "O,.,'"'" ""001'. """""_,,, ... 1 ... 00.. _ <l<p<"" oo ly .. ,h. d"mot." of" . 
"""'" • • d " . . ... 1. To nod ,b. «d"""," ''';., ,b. "mrl .. , ... thod ; • ., dl ,·id< ,h. ""m Oo, 
01',«," 01'" •• · ... 1 (1'.) by ". , . mo., .,,,.,,. d,b. """" (I' ,1, 

T ... """" • • d ,I>< • kl • .,<I" >am. h , d ofb<l,,_ H""·.,· ..... Iok • .,ot d p..-. II.I bel",.1 
I'''', ' ". m.~."od .. of,b. "'Io, .. , I .. d.""" and ,h ...... <1.« q.'" d,IT."", . ,,;, 
"" .... '" 10 'r« ,fy ,h. -1 • ..1"" J I." of". 0''''''' . rh. I.od • • ~I. ,,,om r I .m ... tary 10 , •• ,<I" 
"", 1._ W,,'. 9<)' , .. /\ "il. "'·mm_ ... , .... Iud ,,~I.oI"h. """'" ; •• q .. 1 to ". 1>< 1" ",I • 
• ~ , . "'.1>«1. " .. ,t.. .... I ,I ,01, of",''''''' •. , ,,. ;. """",lly ... Of", 'f'« If",,, ,... or ... ",. 1 r ",. 
01' ,I>< """" ;. ,."",n colly .q •• 1 "" 10« ,,,,.1 ,, pi". d ,10 • ..-"""_.·1>«1. I. " .. 01' mod.l. _ 
,t.. ,,1, . 1" ,""' ..-...... oo " ... 1. 1 mod. l, •• d 00' "" ,b .... m. 1 mod.l<_ 

Thoolb .n." ,"o" ""i., ot"' , " . ~ " J I" . " p<>O'ibl •• 'h, ",mpoD<'" d. " .. m-doi,·, 
"" 1' .... 11 ym.o""d ..... _ '.'<n.« .. , " . f"" I tb 90' ,IuoA .. , I< . Wh, 1<, 10, •. "'" 0..,;, I' 
... <1<,,1"'" fo.- h '&to ,, ' "" Iood, . " , 0''''''' ....... ' .. " m .. " ",-..i"" •• d h"h .. d"l lood, _ 
'" f ...... oo ., on J ; • . ,""' ........ ;) i . imp"" " "ot h " ". oJ" fl, on . ·h",h tho m< "' ..... on " •• " 
"'" moo" ...... ''''l' ,<><=lIy 01" ...... TO. co",« d""",, mo " tolly p"ri,,,I, .vith 'h, 
" b l,,'" ,·. 1 ... ,10.01. """" I ..,o~y " co ",,, d", .. " ". bo x Ol ... · ... by ""'I ,on",'''' •· ... ,1, •• d,,,, .,,.,j on Sot, "" 

... "J" d"h, . b. p" d" , ... ",,_,10«..1, ><"", 1 ' )'P<' ",;n ".~. Tb ... ",0 bo " " '"P 
i" So<, u . brood',. f •• ,,) p<n" '" ~ ... , .~, _ .m-.od ,,10.,. ;. "" I ,b, _"d'" In'''' .. i. 1 
=t ..... ,.",d ",'b",b ;, ""' J h,-, Id ,d i. oomul "'''oon. "". d ' ''' 1'1''''''. profik . ·bld, " 
"'"'"" i. "onn,1 =,_ .. d,_,,·,;, . ",1 >«' ...... d ,Io,,,d "h,,~~ .. .. .. ,·.I.t<profil< 
i , ,10, ""0"'" " 0«' ''''. b .. lok, " .... . "1Ll> ' )'I'< -.-"b ",n,,,,,, prorok oI'-..onMooth .. . 1 .. 
" ... ,. ,"d. ".i.l ap~Io""",,. f", ,to .... ) . d, ..... , .. ( ... 50., 0..01. 

S,,.,<o , .. , "'"bl"m""" of <iTi,'i , J ""JY ;, d .. , 1 ,.., ... moo. I Y'. ,, ' f""" dl>< .. d . ,,,, 
,h •• hd ,.,x,.,. bo,,,,·, .. 'h, .... ;.1 ,om,.".."" , •• · .. m_ " to I I, 'I fn' ,,"'" I PO"' ''' 10 ... 
" "'"""f",,, "".,,1 fo.- • ok, 'f." to ..... ,,· ... , to .. ,. ,," I .. ,b. """IT,,;""', off"";",, b, ",i "" ' 
"'oo"'_ 0., ... y to "10,,,,·. " ,, ;,", ..... , d,,,i.,, I,, .. ,,_I. r.. t" ~.""" •• d ,b, 1J'ti. 
Comb, .. " •• " 01'" .... ond J'" "'ot" .... " . d,,,,.,'" I. """.1 '''" ... 01'""" ,b. , ,,, ., 

""" .. t r"""-
SI"" ,b. """'_I"" .. """'''' ... by 'h, 1' ..... ;'J ... "'<:<I. "n .... '''''''' .... ,. , •• u "" 

"''''" •• "Ol".,d I. ,10. " ... "p . ....... 1,.01 ' ''''_ I' •• ·,,· ... .. ,b, p ... m<l." 01','" 
,. , ,.tt" on d , •• " oI',h. """" " ..... '"' " • • , . 001) ,10, " ... 1 ,an b< ,on",'''' '" _ ,b • •. """. 

lb, •. id< '1'1'" ,,,,,,,,01', , , o·""""jri,·, .,."m ",m, f,om 'h, f,,' ,h .. ,10. ' Y't<m . lT",d, to 
, ,, .• • d .. " •• ·h. 10, i "" " ••• m' ..... ra' 10 .·;,k ,om "...'i,<I) 10..." ... ,,10, . ,m. lI " '" 'mll 
d,,,,,, , ,,o", " d 'p'" "q."' .... " . rio: O<TOOI<m •• ' i. '0"' ''''''P''' •• d . 1", , ....... 
>mOOt , on d .. , .. I<" "1""" "'.. Sol f _lod i'pb,lo,y or i"",·.".,b, I '" d dm,. ,'b," "" 0 I "d. ;. 
"",,, •• " ... , ' . bI, ' ;.01' ., ... <1 import. ", i, . ""1",,, ,,.,, Ii •• ' ""' ; ' J 'G "'pm<o, .. d 
. 11 .... , .. ,n" ",,, . Ott .... , •• I .... "" ... Io:1d i, '""",od'" ,ood lt ..... , .. ,, ' _"., po • . ." 
,, -.iitbd .. -..n, low .. ",II ril'K ""'). 10,, 10 fri<t ...... I ..... , hi., ,; "to h, " , .. d ,om,.."",·<iy 
.... - '" "m""d po.'-" ". ,h. ",a;, d"..1, ... ,,& .. . 



D<;><odi ... "" 'h, ') "" d Y"""". ' h, ~""" .,,,,,," "'" bo .... of .. 'o=! in • I .. ". ,,;,h • ," ",i., 
><>ol '" , •• 1>oOlO .. ....,hm. ,,,,\,Ioy; ... hob . , • d"",la< <u"". "ca. bo J><Oduc<d by '" ' ''' 
m«_ " ~'<Il 

f'", ~"..,I ... d «o.on"". 1 manof"'t .. " t" ,0tl'"l ~ a tho ooo! i, pnn'.w •. ,u, • "",\,1, 
.. .-.;~h, ., ewv<d fonn. ,. ",I.to"" '" tho m""of,«wi ' i JO<OC""" in"'lvod. "'" ".d,,· 
mmt.....o _ h fom" d th< """" '" , ...... lIy uO«! ,n pn<t'" l!'i •. ' , 1). 

m Ty"" Z . , ',", tooth Itonl. i.dd.,,,... .. 'h< .. .. I "",fil<. n". typ< a"""" ,.."., h ... 
"",,,,..,odol fomo ... ,u, ""'l\ht.~d«l ""'"' rroIib i . tho . ,,01 "";.",. I. tno."·",,, ""..,.. 
thot ". ' n "",ion., " , 10, "11<0'0 tb. ", ;01 "",ion,' h, profiJ, ,, • • "'f<hi mO<!i ,, " ""no.!. Wh<n 
.......,..; ... k,. """""I " th, ""'"" tho _ " profiJ,,, ''''',.''' . "~"'l>Ond," . "' ..... wilh 
o " . """"dool .,"""" tm.d . It ,_ bo prooIu<-<d by 0 ,inll< poinf "",)" ith ,uttm, «1;, 10.0'"'1 
,h. "G ' ",d rroIil< • • d " 1oc .. «1 ,n ,h . .. .. I pLo"" a' h, """". Anw,1< a ;. '"' I fa,,,,,1 "rofol< 
d th«001 ;. ,h. ooo! anl l<. 1 h" ') "" a ~'onn ca., I>obo ,...,...,«1 by • ",. "'" 'yp<' "tI" wo", i.~ 
,. OA .. i.1 ~I."" a th. """". 

@ T)'1'< iN , lb i. " , ;m,l .. '0 """ ZA ,,,,,,, '" " ,", .. ad of", .... 1 o«t .... "" >oodo ,...,.ok i. a "."",,,,,,"1 f""" ,·hh """1 lot .odo, in '"" """""I >«t""'. f' "",,,,. b"' 'oo ''' ' 
",1" ;0", <0. bo obt"nod m tho"y ",. Tl>< ,001 i , a " ",,,,.,,,,,01 torn. ;. ,h. """",I , •• ,,"". Th. 
,_h "",f,I<" . I,~tl) ''''''«1 ;" ," . . ... 1 ... ,,""'. Tl>< "",f,1< , .. '" mad< by . 'urn , nil ~ ,od 
......,.1""''' 1) by ond-m dlml ,uti", 0' f"", . nd ,i<l< ml lhn" ult". 

(ill) T)'1'< a, In thi"y,., ,10, ooo!;. a " _zo,,W fonn. Ou' ,h. """" profol< ath. """'" 
.. """·ox i . oo ... al ........ a.d """'."." n .. ial o«t""'- TO" 1)""" ;,{'''Iu<.tiyuO«! r" ",!3 I. 
ad"'."'I"" off"" • • "', .... , '0""1 JO<OC ....... 1'ooth "",f,b .",obb ,nod by ""''''' ol "'" 
• • d ro<. m, II '"I '"" '''' Irind;'I" 1>«1. ..... 1< a .. th< ooo! " Il"' ,. ,h. '"'I f.m I pror.1< a ,h. 
~ . od anl l< y;' tho I,ad _II, ofth. ~."""-

(i.) 1')"1'< nTh .. typ< .i""",," "on.otop.. , • • bo l;"1 , .. , • ". i. vo1,,, too<h,., . nd 
,"," !O, ... 11 "ombo. a t«th . Tbo ~'o",~"",ad ;,.n ,",·01 . " bo l;"""'- n. _th 'ann i. , . 
i"'oM, ;. ,,,.,,.,,'" "'"""" .. '" ,b. "''''' d, "'1.,,1 I"'. """OX ;. """"'" ""boo on" 
"'p"'" .... 'dy h)~" ;n ,". ", ;.1 o«t"". Tho """" "",f,1< ;. J'fi"Ioc<d by 0 '''f''.roM!>.1 
.... 1'«1'0 ' . ' .1 ooo! _·h"b ;, """""Iy . <t ... by . ,nod"1 ,,'"'.I ... by 'I"";oJ hob-c,tton. 

11,,1 do, tho . 00'-', fo,,, """""'" ')1"" , "onn-<L;,', ~'ith """'" . .....,.,= pronlq. ;, . 1", UO<d 
i. ", ind."",1 f,dd f..-, .. m.ny ad, ... " S'" Th"" " 11«1 ,, CA vEX d!-;v< ""d;. ",,,,,," Iy 
"",«I ,. Soc. H . 

I. """"'" pcKt" •. " ,,' Sh' <y Ii "",,,.1 """'" " ';!h """".rowl profi I< or ........ -th ",ad . nd 
~'I>«I ... ;th ,.ml." ,_h i. , ,,,,...ro. 1'h .. typ< of!"";,, ",, thoorn"aUy mIy , I, "" """""t. 
s,.,cw profib hk, CAnX off .. 1''''<0 food " "", "y, 1",,,,, In""",,1 I,"". ,""',n""" 
.... , ... ", .,,, d hob';"''''1 film and b,Jio itydrodyoorn'" lubokan, p«"o", ~hkh ,.....,,, 
ou,l"" "'" .nd ""'. ,m!"," doom"'"1 ,"'..,kOIi< • • nd ... ,..,........... 0. ,,, .. 1;'''''1'' .nd 
""",ioI proport'" . " I"'''' in do",,, in 50< . •.• 

11<> ..... CAVIC>:. """'h,, """ I,, "" .... ;, from IIm • .-. ,"d Uoooock·R_ . 0<<>. ", ofth", 
"",ioI adn '''I''. t"'" '1""'" ty,.,. of"",," , .. n." ,,·;,10 10, Jb <opo<"y .nd 'I""',oIly h'l b 
off""""y "" """ f .. , "''''''';''1 ", "'"'""" 00n0I ty "'~ 1""" . 1" I, ,. ""b " f'\' Ii,",",", .. 
m." •• d , im; I", d,;"" " .h<n hS" '00" ,,,,,,,,,,,,,i,,,, _.w, I"""' ,'0'''' ""t put ;. "' ";1&1 
,ml''''''''''' 
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'...... .. ....... ~"",,_ .. bod 1"""'1 

A . .. "" 'in 01', • • """",oo ,,,,,,,,, " ,i,,, . .. b . ....... ;. " , _U . n •• " ... , • • ,,' 
"' ....... " " • • 1.0" ,,,.,.,,,,' .. " .. ....... . '."'0, ••• , "" ,,, of ''''" TIm " 
"" . ; ... 0< '0. 

"f , .. r.,,,,, ,,, , , ;,', ,.",,,,,.11,, • "",. " ","'-. U .... "". <1>< ... i. " • • • ". , •• ,'" 
•• ,"". "'fi. ",,; , •• ff«" H i, , ........ " .. . , .u,,' , itk .. "", .. ,I>< I." . -" , . .. "", .. 
the ,." '. 0 oI, h. to " h • • "" i. ;, ,h ... , 000 01 " , ... . w.".;, .<t,," . ,n. I ••••• "" . " . .. 
,b ....... " , . ..... i •• , oft •• "H" ' . Tko.,_ ,l." ,,, to •• "", .. " • • • r" •• ,h • .,,,Oi., 
"",. "" .,,,, .. ,.,", """ ' '''0<''' ;' '" .. , .,., .. i . ,..., •••••• ,,, r. , , .... " •• ",. I ... 
'-01",, ", 



u , .. ' , ~ __ 

0-.."......",,;.., .. ., ... '" ,. lh;. Lyp<. ,loon i. F; •. U . botJo "'" """'" "d 'h< .h.d ". 
,.,,,, .. d "d.'h< " ",m , .. ,'" mv«l """i ,ad, .. lIy '0 roll h«., .. , .«of,', ~.""" . ,. <Io.Ok-
' ''.'Iop'"' 'yp<. ,h. ,y",m < .. b.,·, -".><"""",". Tb, " ' ~.m'"' m ... "" ,«.",. "d,h, mo.",,". d im, • • i .. , .-I,j "" """'yod',,«1 10. Th. ~·ono ,.d th, •• " m." ",., •• I'y ro , 
""'''1 .. ,b ... odd" ""'Iy. fb" ''-P< "" m OO'< ",,>I" ... f", .. ,. '0",0<' "" ,b, " • • 1" 
,n,·""!,,., ',p<. C 0","1""""'" b, '''I'' , .. ,.," '" " .. b' ... ..... bk"" '.'Iopi "I '"''''''1''' .,·",m ,. b..-. 'DC" ,. .......... <",,,,i., '''''''''y •• d b'I"" .11'.,,,,,, ......... , ., .. ",j,. 
H • • ·,,,,. mo" b .. , ,,~'""" ,d .. b'Ib ,p«<!, •• d 0<0<,. ""I""'" M"l< ." ... Ioo.i<l ""., ... «1 
'0 P'"'''' """;"I .. d o,·,rio." ,.,. 

T"" ..... 01,"".,·.1"1''"' "0",, 0« ; , oJ .. kno"" .. th, ""1_" ,,"""', ... po,, '. 1"".""" 
">0,,,," ,"" ",1..,«1 '0 .. ,. _"1"""~.o.-m 00, •• '" of"'p«.h" .,.!It, ", .. "" ",oIy 
""" I,om ., ...... ,h .. ,h. h.", P'''' ;, _ '00"' " from ,'",d ,. ,b".d. Th, ",ofi l, .I ,b, 
. ..... ,b",d m," . 1",<oo".",,",ly , .• '" "d .. <10<.", "." .. ,". 

S,"'" """" ,«" ,10.« ,,,. "-I.'" ' "" ~''''"'' " Iow.'"d .. , '" lon,,, I,f<.",,,,;.w to, 
I ... ,,,,io. , nd oL ' " "'P«" " ' " OLd". Th, 'y" <m . Ioo~· .. ·<r. ;, ,""' ,.... ",."y d,ff""l, '" 
m ••• r" ,." •• 'p«;'1 ,.,, ;. , 0001. " . ",~ , ,,«I. 

h .. ;d" ,,,, ~.",," ,.d ",hffi 'Y" .. m.", .. """d .. r ... ,bm "' ••• 00"'" of oL ' " ,omb,,,,,, 
'"""' ",,,,n..,d 0<"", .•. , ,,, food elo<. ,. ;. d." n.1 ."1'. 
,;] CJ'liw~';,oJ .... , .. ow~Mli<al_, " .. . ..t"d ".,I" , .. ~.""" n. m<o' -..-", . , ... d"d 
..""., I"'. f', .. ,mpk.IT •• ,.m, ,, "'" "",., •• d 00.._ "'q.'" ",od .. ".""'.,, of 
' ''l.m,., 0'"'''' d,,,. ,,,,,. ". ;" .. , ,,,,,,,,,1 .,,, i • • 'P" '" n. "" m.d. '0 op<""";"" 
,. ,,,h'y d,,,, ..... ~.""". H ... ·'m. ,....." ,.,...,ily " "'" d"" '" "",. , ,..,,,,,, . 
(;;) "w.".,n.~._" •• ~ ' P"' '" .... ,.,.1 "or Hm, Ln, ...... ;" h,.",d. ~",I ... ')r><. 
~·b,l. 'h< ~ ... ;,. ,i," .. "ood ... ''''·0'.'' ,p . ... kh<o'. n. 'r"'" "p>d loe iad",., b., 
" not ",omm .. ,d," loe ', ~h ""~ ... 'I'PI"",,,,,,,,. Tb, d",·, m. h • • 10 0< ",."",. 

(iii) H';t •••• " .. .,,. .... ;.. Thio; ... m<o, 'yp«;;). '''<pi ' k" ' h, ~ ... 10 .. . " ... ,h" .i"'" 
' ootb (""" ,",I<.d of • • ,"'·0'.1<_. h '''mdy ~", """ "y '" ",,'" '!''', •• ".'''' obl" .. d 
.. , h .. 'YI" of .·""","..,.,. ". La! . h • •• ,, ", of"""", oboo ld "" "'''''y m" "".,d. Th< dn,· • 
... k ... h .. ,,,,,,,,,,. 

(i. ) 11i • • 'ry-... , .. ~,;w T , ,,; •• oo..bk-<",·""I".' ~·",," ·"m' .,·",m ,,";, ,., on'y "'" 
" ;,, ."'. , ..... , .mo., ,b. Iou, 'yp<. d,,,,.,,«1 """ . n •• ' )l". ",,,b "'" ....... ,r" ..... ,. 
'" . I .. < .. ~·" ..... "'C"",,-dm·,',,·",m docb ; . .. m<d . n .. Sam.de""". Tb.dn v<h .. ", 



"""_11& .. 'YP< ~-onn a.d ""1"" .""",,,ed _ L. ,I>i. 'n><. ,." de.i", i.oomt-1 "d ,b" load 
,,, •• m"".1 "pa<ity;' "1'_ SIric, .. " I , Ii ,,,,,,,., '" I='«i"";"" All "'". " " " ... ~., 
...dod. a.d .....,;,1 _Ii", , nd.., u 'pmenl " " ","U I "d '0 <"' ,I> , "'<lb. SpK< '«i"'" m<nl> ' " 
.... 11 ,ompat«!" ", .. ,~"' del ,,-=<I. 

The boo;' dun,,,,,,,,,,,1 .... rn",,, d,", .. """ , »d , be...-be<I!.o .. be.. Hi u",,,,ed •• n.,o ... 
' nJ .... T""" p"am<lm .. .. dI., ....... ,, ','""nt detaH"""""ted .. ..-.of .. ;11 be di",." ed 
,,, ,I>,,oec'",,,-

The"I'.""", ~I, d . ,,-onn--dri,-, i . ... ,. I. , , ' ..... 1 ..." ... d" , .. -""". Thed,ff«=, 
_ .. d,mo.,""'. ""moly. he'l" of _'. 01"..-."" " ,be lip. _b IIn<l."",~ and 0" " 
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,1' • • ,1' .. • F.'. ' ",.m r- /l F. ,", , 
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,n, •• ;' ""<' ... 
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okr"""",,,," d" n", "' .... ,' 1,." 0 It< . 110,,· .... t", m.>.gn'tud< of .. "k" .. b ..... on' b",,,. "UK< 
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,~), - " 2l00<8 < .. , " 'M II· .... ,.· 

~ " ,"'_. < .. , " " _. 
<CO ". ""'0.'0" 

u • • ,,' ~ .~/ . .. • • . ,"" 

d • • " . ... ,. _ ' .. '" • • '"0"' ' .n • 53.25", ... ,. 
d, .. '" ';'1', : '~'", ' ''' .• • ' .n • 49~ 3Jm .. 

,'<10.",,(.1 ' «. • ",I!lOOO'J . .... " , '_I< . '""100000 . , .,. 

F • • 2T,/d .. ' ' " ,,1.7 . lllO(l l 50.65 • ~21~N 

< .. ,,, "" .... , .. " . ..... 01<" n<. ,i,_a_ ,n "Ioc., '" ." t ".; , •• " , ... ,",' I"". __ , •• " 
." T •• " , ". 01" "" '" ''''' "" '" " .,Ii,,, ' •• m. 

Q<o. ,,,, ",.1<".« . '0("' .. \ 
F .. ''''''Y 'O.q, '" b< " . to .. LF,_ '''' , .••. ""." 

q" _ , ... '0". ' " .... 
roO'" H. I "" , •• " , .. , olq • • , to _, ' '00_ R, "" .. , •• , •• ,."." "'''' ' , ..... , 

,,,,,..,,,,,, •. 'h' , .• " .. "'Q, r .. z • • be" tOO" ... 0"""'. n., 

Q" • ,-" ""-,. " ,. ... 
~" Q. 

m, , ,-" to. N/m", ' 0" " " Jo , ,_n 
" , m, ,. " lMN/ m", ' ' . " b;. Q"a. , • " '0' ,_" 

(to .; •••• ' ' ia be .. tk ., 
SO.,,, both , . . . .. ,,,. ,, 'w. "" ~ It'" , . . . .. O~· .... , " ',, •• " .. to",,, . " .. , "J ,,_ ' " 
.,,"m ; . .. ,. _i"'" ,,, '," ....... .,' • 

• 26~. ,. 



fl,"" ... " ,>,,_.;, .. f< . , . ,,,' ,.,f~_ ", ... . , .. " ... ,,' .bo.., vol", ~..,., " • • ,,' 
. 110 .... 01< 000"" !"' ... " I"" . .. ,I.". 

S" ,,<1b. ""6<1< ",, ~""'" "rl"" .. ", p",b """ . .... "''' ... ",,'<1 1" '-'"" ',roli .. , " ..... ". 
,b, bl .... 00 ~I"d. 'h, ,,,' , or",,'<1 I .... orr '.' . • , • • 100 .b",,,,. ly __ _ co, ; •••• ,.. 

F on, Y 'Yf'<'" 1m. tlo,. I ,,,,. 0< q .. h,y ... ,~, ,oa< ,ot" fi. ,>10<0 lono ,. I "I' Iy d,,,,.d,., 
"" ,b, d"'I ' • • d ''''''''''y "'t " ,n.- bl •• ~ . 1.1, .. ,,1. fo.- ",,'<1 I"" '" fo.- otho.-typ"'" 

'

n " as -..<ll 'h, bl. , k ...... id '" , ..... ;, oN • • d "n' ,d t b. t", locol."," "" .. "." "ood<.i . 
• " . l>oold b< ,. k,. '" "-0.0 don«,""" ~·"h •• th, bl . .. . Th, d"'1'" doooid I"'''"'' 

"'''I ,," .......... m ... lo ,d" 'h, """" , .. , " '" •• " 1""1'" " 1'1""' . T b .. ,l>oold '" "I"" 
.. m..,b .. 'h, l>"I't "'t1o, tootlo .. d ,b .... , 101 d" tb . I>oold '" ",,, , ,, ,.«1 " ""1 """ tb, 
bl,h "'t., tootlo. 

I'b, .. b<, .ml"'~'" " ",, .. f".. prop<. blnk do" 1' _"" t., "" of .... b'"" 1 •• d 
' p!"o!"; .. , , .. d,." 1 ,ond It . .... '" no< ,H .. d,.,d '" "' . A ....... r .. to< of ,·".1 .mport • .." 
;, 'h, P""~'" ...... ' Iobl, I"' .... , "If." oa th, 1>00, " d .f,b, bl,, ' . Th; • ••• 1", . I>oold 
ho ,'''l' <"" rul ly .. ..,b.o«I o. ,,,,,,,,d. boc •• " ' ''''''"I " d ..... "., .. ill b< 00n< ~.". 
,,(,,"'" to ,b,. ,.If.." . (S« mO'"" ' 1 d,,, • ..,, i. f i,. 5.}.1 

For"",.""., . ,b, .ko~ , ".1, of t., .. " "',h, ""d I " " ... " b< "..,fly th , ....... ,h, 
do" I ' .b. ~ " I I,. Tho,v. '" y "". 11 do,';" ",.",o"., plo<, I""" t., ,do.1 ,oM It ... " , .. , • • 1 
1""""'''. " " ..... Id b< " . ,. to ... "k, 'h,,, d, ... ' .... '" , •• mol l , vol., .. p<»~bk ... 
........ ; .. ><ri ... '0""'"1 d.ff"oc.h " . ~',II b< ,,,,, ... ,,,," . n, .x<' .. , " ,.,,,.,,, . Wh,l, 
0""" ;' 1 'h, ""~I "" " . ,b, ..... "., d"" ",,,", I"'" i. , , ' d"" ',, m," b< '; I ,dly 
,*",,,,«1 '" ,I>" ,10, " ... . " ...... "d at 'h, "'""" d"" ,,,. lrom 'h, <-.- ' P". 

A. r..- ""d., •. , h,)o" •• 1 ",,,i., • • T< 00' ",..Id=d .. ".bI,. A",i·ln""", l><" i'I' , " " 10<,,,. " •• 1". To ,",. 'm' " ,b, d" nm",,1 ,ff'" ... dolk<t .... b<.,;" • .oo.t.l.b< I""P"ly 
'1'",«1. t h, ."",.nl ",II do""d ' roo ,b, ".ff .. " ... ' h, .~.fl . " "Y'"' t h, , .... . . d ' h, 
"''' , "" ..... mo,""". , t h" " , ~'b"h" 'h, I " .. .. ' " .-oddl, mo.""d 0 ' omlo.n. "",",t«!. 

Moo" '. r >I. .. ld b< n l id .. ,b., 'h, d ... I, ,,,,,,.,, "'th, I'''' WHI" "".,,' ,ODd" ..... '" 
l,p' .. "b .. . llonbk I, .. ,,,. To .. , .. m,,, t., d". 'm" ,,1 ,ff<ct> ..... ' .. Ii, .m' .. , P"'I'" 
. lil.""" "'t o, I .... >l.oold I>< ,""",d. "" .... , .. 0 •• ".,. oIooo ld I>< "', .... "Iy m",h.nod. 
l, Y' . ... ,OJ ho ~y f.,,<0<1 "d ''''rl .... .."",,, Iy """",t«!. 

A. , " .. It ... ",...-;'''' . nd "". " ,,.,«1 0", h)- ,10, "p .. <0<1 m ••• f"' t"''" , th , fou.,.·i" 
",,,,, ,,,.bl, do,,"""' .... y b< to, .... " ,do l,,,,, , I", . , ... of , 'o., _ .... d .... "". 'h, I.n 
"' dq"""oo ... . , .. at th, " .. " of,h, lac< ~'Mkh . ho.ld ... " ,=I 0 .00 ..... ,ho ... , 1 
""',., .... , ... ,., p ..... , hou ld", ",,,,,,,d,, 0.0, .... 'n ,;,b" d"""..,. ... d ,b at ohM''''-
" 0.2$ mm lor ,m .";0. I " " " th" ""'. 

5.12 Elfk:loncyol 110 • • 1 Go ... Orlvo 

F ... 11 p",t;.,. 1 pu ".'''' , 'h, ",,""im<y '" " ... ,ht ",,'<1 0"" d,-i, .... d .... r ' .. 1 0.,'<1 1"'-d..,., 
... b< I"",," loy om " bol""",I,,, "'" '''''p • .-.nd hohcol . , .. do,,·,. Tb", I",m , I ... bo~·,,· .... 
' " '" I>< ,,<0<1 "i,h "" ... mod.foc. " ..... "pi ...... hoimo-. 

" _ tb, , ...... ' h, ". " 0.1 .. mb<. "'""b "' .. I>< , ,,," ,"" .. d "'t., ", .. I .... b< .... 
''''' , . Tk, "I";,.,, '" , ,,.,. h)-



~ "'''_'~''--

• " . - I. '''''' 0{ """Ilh, b<vd SO'" -, 
• _~.·L,~C in <&0< of ... ", 1 m-d , .... 

'".~". Po 
" . ...., ~_ • The moddl< 'f',,,1 " V O{,..., "",,,,I b<vd guO". 

U,ms "",. '-",t he ..... Ii<d ",..,..,., far II>< 01'1",.;,,,,, 01' """, hI b<vd l oa." ;j"""" 
~ • 1 _ r ~ (>alL.. ~I (5.38) 

" . 
U""Il ItJ. '.71 , "" 1« 'h, 101 ..... · ... v .... to. 'h, 'p,nd bn~1 F oe 

'I • 1 _ , .• _6.' ~ '_dE ",,'6. + ""~! _'6'1 , '. .. 
1 .... mff«=< f..,Lon on th, aIMw< f"""ol",, MY< 'h, . ", .. "",aninp.nd .~Iu<> 
.... "',""1, .. ' he ",I,..-.nl ",,,,, ... (8 ... 2.$. 2.29 . od ' ·IIl_ 



6 
Spiral Bevel Gears 

L' Gener.IClaulftcallonol Splral_GHra 

Swot ..... " I'" ; .. .. , .. ,<om ll, .",d .. "'" of b<",1 ' "'' ,h .. h .... , "". ,~ .... d 
lon,,,.,h .. ll, . 100, tb, loo" h of ,h, , .. th. t kowJh. "",tly ' 1',,,.1." 1. ton.! I"" ' , ~,h .... Od 
. '''' ,." • f,,, otb,,, ,.h". ,,,,,.1>1< ... ".1 ........... do..,. f. 1I ;. ,h'. ' oki"'l'. "",',,,k<k .. 
, ;"", ",,,,,,1 bro-d 1"'-'" loooo 'm". " , -m ;ocl.d, .. ,b '"I", t" , .... ,,,,,.( ...... <1 '"'' 
... "h do.o' h,,-, ",,, ,h, "<tb. Ad ... "" ..... · .. " "'""''"1 ",,, ,btl,,,b ""' '" "'1'" to 
• , r. !. " .. "...., to tb, co",,, 'flh, , ... (LO. 'h, ""b do "'" ,... .. " " '"'" tb, ' r<' .h<. 
,,,,,><Iod b.t '" obi"!"' " , 1", «1 "" ' h, conocaI bl,.k) , • • J .. ",,,,,to ... ,. ,d",od .,., 'r"" 
b.,.d i""- fb,,,, I"n '" ilio l",,~'" .. ·',k",'b<"I I ' '''".' "obJ ..... """I ...... <1 I ' '''"' 

a,,",,'od-,oo'Ood ..... ·,1, .. " ..... ~h '" """".IlY'",,,,,,,,,,,d ,. " .. ,"c, o',g b< d,,,,.,=1 
;. th .. , h.p'''' Tb, rna. " ad ".1&., ofLh<M I"" "'-.,. I b, " ,. "h,_,_h<d " ... "',, I; ' ''" '0' 
f..", n" a. mo", ""b " , .. ,o " ",,,.t lh, " mot;'"" ""' •• '" ,fth< , ."'ro_ ....... d ""."""of 
to< 1<<1,.' """"'"",m .. b;' p ,, lu, b<on< " th< '''''''1 p.i , ,><.,,,,d.l " .n "nh< ,h. F'" 
"I th.IooI', t b" ,,,,«I tooth«l ""'<1 , <m , ,,.< 'P"'i.1 P"'f'<'''''' ~ b ~~ m "mmm,«I bdow. 

'- Lon!", """ '_'.~.~.m'" "m< i . rlf",'", d,,,, '" , 1m, " .. ,.,", """'''J.f, ........ " 
".. . 

1. ",'" t., ",.,,,t ,";, n .... "" ,,,,'«1. 
J . H<m", " " "''''''''' J,..t • • 1 ,.d "",&",~,.< "'." I" ... holt 100,,,, oflh< ,m "<th. 
o. r~< ""'''' bd " , ... "a..-"" y , ... 11 . 
I . '! ~< n ,"< , .d , b, _ " "., tb, of" .. b ' " ' ' '" ., . 
• . r b< m .. ,m,m " m"', of " .. b to ,,·oid .. .1<"",,,,, i. """,«I , Ik., . 11",,1'1' d,,,, • 

... Iob I""" """,t., . .. ," foo ,b, .. m, 'P"" ''G"""".". If.,,,.,'''l'' 
, . " 1""",1 ''''''P''''''',ly b'I~" ",.,m", ... mi.;, "'""' ...... . 
~ . n", ' ''"." "'" ,"". Ir .... ",,·,to n,,,,,,,.,,),,,,, ofl",d.. H,.", ,b", 1'''' " " 

" •• " " of "m.h,."" ot '" ... ,,""" p .d "'''''1 'Y'''''''' 
• . Abo. ... ll . • pml ..",1 J"'" " ., " "'" """ " "roo,,, poe I 'y tb •• , , ' " " I Jb' -"""",," 

... ,01 '''''. 01 , ,, pmm<l<n ",m, ,, ,., t" """. 
H«>adIy. Ih,,,, '"'' h.,., "m,l" . d'·"''' I"' '''' Ih , ""I,hl-loot""d too,, 1 J"" .. ,b< 

""1",, 1 i" """ ,,.,,,t" 'P" J"n. 



" ••. '-_.''"--
0' ....... "" ," "0" ' """. , .p'''' b<,~' , .. " ... "", , . . ... " """. "0,,, .'0., t" 

"idlk ." •• ' '''0' " ,yo .,,« ... P'"'"' ";"'" ~_ pt';p'''' '"_ " ' ,, •• " .u •. " .''''''', ,., 
••• , ."', •• t •• , . _,u "p<'" "" ,k ..... ",."'" .... " ...... mplo, ••• od .. ". profil< d,'. CO,,,, , .... 

n. "',,' """lot, "" """" '" b< "ood', I' ...... ,,, • ..,,-.. ""toO"',, ""' .... " .". 
I . no .,,, . , ... ,,' , .. .. , , ... ". t«'h •• • , • • " • • 'h< .« "' . ,~, .. . , ... ". , •••• , '" 

p"''''" .,. " . m .. "", w.,," '" ."., .... ,... UOA . n" ... , •• m U, ",,' '0< _'«" rr-a« • 
.... • "."., 1(0)","", • • ,. to< 'pt<'.,."''''''' ... . m "..,,,lb,,,, ..... ;.,,", ... , •• 
... .. ''''' ' """'" t' " .,,' o'",b",. . , I.~" ....... TO .. ,,,. , " "" " .,,, ... lI , M ', n. , .. , • •• "" ."' ..... pro,,,,,,,'ol, ,._" d, , •• co.,,,. 

" Zoo ...... ,, ' . ... , • • " . I.ob« •• ," ..... .,. t •• GO ..... W .. , •. Wlot. " •• pO,,' • •• L. 
;, UN, to •• p''' ' .. ,'" I '" ;, .......... ,.". .. ", .... . Zorol . .. " ... ",. "'0'"" ,. h' ••• 
p,,,,,,'o. '".," '" ,.,. • ,," ",.""'" """ .. " .. b,,·, • , ... ,,"' •• ".,. ,._ T" '" ,b of ""'" I 
•• " . ..... ' ''.'''''' ~ ... ,_.'"' ...... , .... f." ... , ... ", .. U, "',,bI, •• ,,' ,.,,' ... " 
to ..... ,f",,, .. . " b< "''' '''' '' ru. .. , "' _ 

•. H,..-;. " ",." ," _ ", '.''' ' .. ,,' ... '" ~ .... " '" "' ."" •• , '0.-;'''''',,,,,, 
".h_ .. ' •••• n. , b" " • •• """''',n<o ". ,n ... ft." • . """".o" .... b,po" ... " off« 
"'0 ,.",." ' .""'1". m 8« .... "";ow. b. ft '" " , ,,, •• • ft "''' , .... "' • . « "'" " ""' , • • • "' . ... . ,. f ' , '''. '' 

, .. , 0"" b" ·' .... . "0.""" ... , .. , ... """, ..... f."" ... f.' ""',. '" ' ,ff"", .. , r., '" "" .. " .,; ,., of Ib, , ,,_ TO,, " "" ' '0 Ib, f"" ,b " , "' •. «." ,,',-, ,b. ft P" '" ot, 
• ",~."_"",,,." booI, of", ,-,'''k. 10, " "" of.,,, '" ." ... , ..... ',"",b, .. ~."," 
.b'" b,', •• " .. ,, ' " ... ,"', ••• ,_"" ... "' •. 

lill ,. , ... . ,,"" ' .0""".". ,·h ... to." , ••• urlk;'", off ..... ,~.". ,b. ,,. •• b.ft. , ,b, 
. .. ft •• • , .... 00' • •• "., • ',b , ...... d ..... " . , ... ""." " • • ", ' " of. ", .. ,." 
." ••• " "0"';' '_ ", . .. , ... tb. " " ,," , c. .... """ "" ..,.. ...... " .. .. " .. , 
.,,,,,, p";""' c .. ... " . . . .... . "" , •••• ft w"b ., ' ,." to .. , "" .. "bO, .. ''''''' • • , •• ";,.,,.b.R_ 

n, ,.,f" .. " !b ... ,,' .."". of"". "", ." b,,,,,,,,,,,,,,, •. If to . off .. , ,. "'0 .• ,.;, ..-
b,po" . .. " ...... , ..... , ..... , '. '''' .. ,.,' . ... ''', . • _ 8,,·. , ., ... . d' A"" .. ,.; .... "., .,,' 'o.",_"" .. !bot ''''''' • • • M,".'"'' '.;,,'_ 
n .... '''' '" "" .... , • • «1 " ; •• ,,"; .. . 

•. S.,,,, b< .. , •• "'~ ;'", .. 0'." _, ,,," "'y .... i.' ......... Pallo;d ''' • ..-•• ". , .. ,.,' 
.'". '''',Iop<.! .,. • G ...... .. . " f.".",. ~ " ••• , .... , •. n. b, '.b, ""00" " . ... , '''''' 
,., "." . , ... ,", ""'" ~ "". 

6. " "'"' •• " . t .. ,.,' ... " . ... , .• ,.",.. " • S ~ ,,, .... ,' "" "'. O,rl" ...... ,. ",""do""" 
" _" "'''' '' • • "d._ TO. " ,. " of,,,,, ,, ,. " .. m .. . 

1. K",,, "."b ," ""' , .n ... ".'" ."" ., ''''''', '" ... " .. '" ,', GI ..... """'. 
,," .. th ot , ..... , • • • ; . " " •• '.oeo .. "" "'00,"",,_ TO" 0."" " .. , ,_'""' of <110 """b 
. "' • • ", k • • " , ... "c..-. ,'''', ... ,. ,', C.k .... . ,", .. . 

s" "'" " .... " .... " .. ," ,", '''' ... , «n. '. 0,"''', p ... b~' ." •• , ... " , ••• .,. Ib", 
n. ' , ....... , .. ~ ••• " " •• <omt '''''0'' or •• ,,,, ... ,." ., .... TO ... ",_, •• ,n" . 
.. ,., ....... ... ,."'. ,t • ..,,, ... ,""'" .. , .,." ""' •. 

n, " ff" .. ,. ""'. of "',~' . u " '" "'"'",,. " " , . '.1. Th, .. . ' '''. " ... "'''". " 
• " .... " .. ", "., " . ,", ".w • • , ... ..-", ,,,"',,,,. "." '" , . ... _ n, " ..... . . " ... 
"'" ' ' .... "'0 ...... . ",, 'b<. ,.8«. S.l. 
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S'''''",H'-U>EC 

."''''-u\''.! IPALl()j[) 
TOOT....,. BY 

K'''OE'''6£RaJ 

'" 

-~-- .. 

'" 08, ","" 

" " 

~"'-
C .. cu,AA1 GLEAOON I 

'" 

Th< 'p,,,1 OnoJ 1< ... . « . 1", <"<I",>«I",,,O«I;nl" tho "",hod , ........ , ("'''''''. 
1 . o.".,'''''''''y hobb;nl,n p "t ~',th "tt,,, I><ad, G"-'o ..... ""'-<I.y."m",~-n ,nl"'" 

""""""" ... th .. m<thOO, I. tl><", .y""m" tho """" """<". doc" .... or< an. ,h<_to 
J..,,'lht "top««l !'rom '-" _-..-d, tho . ,"" , TI>< 1""'''''"1 """,h "'" ;, fi un! "',th • 
, ..... loT <ut" , I><ad ~_ <0"";", ""'Iht ... ln! ""tt .. " 'h< frooot , .... , ' h ""h '" 
K~, I'"'' .« . 1", .... uf.."wn! ... th" 'l""'m '" I''''''';''''. but 1><", """ .. I ,"to" • 
..-,,~ 'n '" " " ho .... '" on<d , Tho to«h ... tho"""".", of <on>tant l><'lht throol;hoo ' 
th< "'"Ith , 

1. G<n<rn .... ", " .. ,,"""'" 'p ,,,,1 t.obb;n, "lth ""to .. ho..!, Tho 0<.1; ,,,,, 10'" b<~ '" 
th" ""'p>. -rho too<h ; , of ~1ooJ ",.'" "' k)""",,1ood .. d " ... """tan' 1><';11', Th< 
""'"'to"" ;, rlfm..l ""," """",Iy'" th< ,"tt" h<ad fi"n! "lth • ><rio .... , .. ""',,, 

3. ('....".,""' ... ,,,",on,,,,,,, '0",,1 i>olob;nll,," h """,,", " 'yl ,miric. 1 toobo Th< K l'"l"ln~ 



« ' .. -- -
I"" '" "od"",d by' k .. ,y",m , n"""th ''''' .. , .. I "'01"" '" d, h, 'ooto k" ~o' , .. , .. I Y 
'0.''' " '- rho , ",'''''''00 ;. '"'"' by . 'p" . 1 'yp< ,",,,,,, . b<>"d , m typo ,,,"",. 1 ko~ ,.,,"' . 

• ,. Sp""_ Go .. Gooo , ... . . .. _ ~ ... _ . 

rh, .. , "",,,,,,ooI"IIY 0/' 'I' " . 1 bo,,<1 " ..... , k, .. m, •• " to« . K o/',h, "" I , 0' _ ..... d bo,,1 
~<O", 11>< """''""'' "' .. , 0"', b«fl "'fl",d I. St, ., • . n" "m ... -..<II .. , h"" I." "". "b",h 
"''' P<'"'''' ., 'r" .1 bo,,<1 ,,,,,,,,,,Iy. "'""'",,dJf .... h« .. '" "'th" "I'". I.",k. ~'oI' bo ... r,..,o 
".I .1"".,,,<1 ,. ,bn S«t..." 

S" .. 'A.", 
To. 'P'''' b<>"d '"'' In m"h '" obou In.-... ' .2.TIo" ><>'''' ~-d d,m ....... 1 r"''''''''' ,n , bo .. d,",,," on ,b" =,k>nol ";"~" of,k, ,,,,n .. wdl .. "" " , ,,,,,,'n ''''-
•. ~::~~: ~ ~;~ ~"::~%.~ '.', i~t~';!::~~ '7~!:,=:' ~','o-: ~~~':~, ::I';~ 1t~: '~::.o~ 
,u" of "diu, R., ,, ' i. , .... ,..,j bo .. "'" ' " "" J" "" 'h« m ', . " b, po'.' of ,,""''','''' 
.. d, h«od .. hbro " 1 0 ,h .. po,.t. Tk, ,"".1 ,.,1<0100, ~'" 0 .,"" """ """"'. '", ' .. ,10, f", 
ad,'."" , f", "kI,b • • d , I".' .. ""'" '" .Oon" • "',," lI f .... "',"n<' " Fio- ' .1. 

Th •• p''', •• " ••• ..,..... 01"",, i, ",,'bI to, m"ldl< 'p"" . n,I,,", ,;m"ly .. , .. I .. ,I. i. "."""'" ..a". ' ho ,~,,,I"I', , I>o~-.v<T. v.n ... , d,ff...."t """,' I" .. ,,,. TIl, ' "'"' •• ,''' 
.tth, ,, p .n' 'h" root ,",,1<. .. , ... _ .. b)'Oy m bol. a.'" ~,"'I""",'<I y. A, .. Y ""'" d" .. "" 
~'. 'h, ,"". 1",1, fl ' foo GI< . .... 'p'''] bo.,<! ' "'' n. bo r""od "'- Eoj. 6.1 

(S,11 

a' h", r ;. ,b" " " ,o>.{, . .... t."oft .. m" ... "". 1 '""" . .. Joo .. ,. " F;" ,., .TI,,,,,, , ' 0' ' P''" I 
.. , I, ,,; n", oc,oro", '" dni,. ".n ,id,,,,,,,,, •. ;t> .,"' I ".1 '"' ., 3~' , 

S,." , , ' tooth . " ,.". .. , • , .... ""' ..... am" •• ' ".ml'r " •• It. a'bn. t~o ,",b "m 
... to. C •• ,,,, of""", ,b, ,, """ """ "'''<tb ., . 11 t l"" ', .. ,"'d .... ,m, ... ,,,,,d i. St, .,1. 
,k, t""tk .. ,,""', .. .. ,,,d .. 1 "d ,on" ...... bo" ",,, of to, .. ".1 "'oth ~TI"" ; •• 1"" 
,_"', t. , mootb .. d ~. '" ," , ,,.,. ,,"""" .. , for t o, 10m, "". tho 'p, .. 1 bo",I. k"" 
I'''t.,- load "'')'; ' J '''''''';'y to " 'k, ,,,.;,b, ,i<I<d """,, 

11' 0'. o,b" ""J' f"" ."p<"''''. 'k, 'p",1 . n, l, ohoold bo .. ",I.,,, .. ,bot . roc" , .. 'oct 
, .. , ..... t I, .. , L.2j .. "" ... d. "' .. ,." .. ,,,,,,,,,h,,, .. of <In,',. bow .. , ......... ;.,d ~'bn. 'h, 
foc, ",,",,' , .. ,. ;, b<t~', .. '-"'0'" '.0, 

II.~ .. S~;,.I 
11'". maod "'- ,b, f,,.,, , "" ... f .... ' ",X. ;flk, ,_~ m.'" • dochu, , "". 1 _ ", 
.. >< ~'; , d ,.,t.n ," >t'" p<', ,h .. h" ..... , ........ n ,~,_"."'I<J .p",I , n, ",',"" .. ""' 
fu"', I. fi ·""d,,' ,",,,I. I • • "".k,., rm, ,~, k .. d. of 'h, ,"".1, of'b" .... p""'"' m,mb"" 
..-. . In y' ....,...;",. ,. I'" ""~"IIY. "" '"" ..... '" .. I"""fy • , • ..b, .. t .... by tho bood 
of 'r ;,,1"', h, P""'" • Iocb ;. """'" lIy ,b, d, h, ,., ""mboo J'"" bo m< ot",,,,,d b", ,bot '"' 
h.d.f" I " I" I. y ••• p'" .. f"." 0' ,_no<" '" Q " I ".'" of .po""" •• d ,b«ffk",,,,y 
o/',~, J",.,.,t '" , ..... mod . 

• 
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m",,;.. of Ro<4IiM 
n., d"",hoo at ,,,,,,to,,,, ;. <kt,nn;, ro • • ,· .... ·ro from 'h, boo • • ,bot ;~ "'" from 'h, ap<x. 
""",,"" , "ily .tb, .... fi.1on; ." Ib ;" mo" ",ro i"'; ' .. ,d to rot.I< ,. <loch.",. , .. "d och·;"" 
d ... , ,,,,, 

, ',Iuri • • <L [};"";.. '" " , ;,.I • • ~ • • ,. ,; •• 
n, ""1«<",, .. h.nd at",,,.1 and oi" .""", .. ,"'.,;.", ";11 <kp<nd on ..,v, .. 1 f",,,,,,- 0.1 t)'p< 
, nd m'I . " """ of load. """,.,; "~ mnd" "",, . _ of""''' .... <1<. Th,,,, .. '" , hotc< oa • 
,-n·.."bl< oo v, bu' th, f<>l l"""'n .""" """ ""'y b< I'V<" for •• oro;",')' oov< . _h",h ~ ill 
do,,,,,,,,,,,, 'h, prop«' ... ""'.,.. 
n"t. Ih, 1,,11000· ... "'10. . .. , . b< .,pt ;. mind 

Ii) An I.n 1"" ..... 00';' 1 ' .,.,kY. "", ,,"d, '0 m."" ,,;01 1 y " '-'y hom ' h, ron< .. """ 
(I.) An RH "'"""', d';""1 ,.,.,b, ... ""dot. """~ .. " lIy 'o.",d, ' h, ron< ,,",I<. 
(wJ An LI' 1""'''''' d,;,·; n,an"-<""k~·;"" "nd. '" """., .. ,.lIy ", • .-onh ,b, <00< " .IT<, 
(W) An RH ,"""'" d!;,.;"' .... "'.,.,. ,,; ... """' '0 ",,~., ", ,.IiY'''-' Y from 'h, 000< " , " , . 

T h< I<,.It • • «ff", of, .. I h,, " "'"'"' """,Id bo ,,,,,,lolly """,,,,,,,«I bo_ n .. 1 ",I<c_ ~ 
mod<, II tho moun".I" •• " h ..... " .""h .h.tth.,., " .00, " , " ond_pl.y In 'h, pin_ .... fi. ,h,. 
, . RH P"""', d!" i, g ,.,.,k~· ;"' .• ,0 h,,', • """"ocy '" «<I"" tho boo" .... ",u 'h<t«tb of 
F"""'" a.d I",m. y ~""""'~<I"". An lH "'."" '" ,,,,,hrondo;'" ~.;n '" ~od'"', .... h tional 
bat. 1, 01>, U "",II,.. ~ . ...." tr.. ' ''' .. , "', p ...... " .. ~I, , .d , p" al .. , ,,, 1"""'''' th, ba "" of . p;, .' 
""'" Id b< "" ..,i«1ro .. to , II •• · ' h, " .. I ,b",,, ~'h",h ~' 0lI " "" '0 mov< both 'h, P'" '" .nd t h, 
I,,, ,," ' '''m,'' . Jr_ ,bo. only 'h, p,n"" ....... Id b< . 11ooo·ro '" t",d to"""~ " " , ... .....!L 

SO" " '" _ .... Cu, c_" 
Coml""'"'' . hap" ... """' . ... d;ff=ot 'p".1 0.. .... Inn ... " b<m ,,",w. ;. ~"U. Po ,.' "In ,..,b , ..., "1" -'''<''' ' h, I"' '"t ... i,,, , ,,,,,,,," "'t , .. " "'th< m.""~ I'-' ''' Th< " "';,, 
d,ff...,." ... 1"'.;,"" . ... ", P'''' <00<. 'h, blank """, • • d th,.- 000< i. "","', h, GI",,,,,,,, 
o."Ii' ... and th< Kiln",I"""', ' Y'''''''' can bo ",;Iy >«n, 

II .. ~ ~ ,', ; .. , . 0"''"" '" .".,;." •• ~ I.,;, 1/,1." .. I. , '...." 
I. "'" ol.~, .. 1 bt,~ 1 l"'" "",1...!,.,h)'l'O>d ll""'. 'h< "" .. I. ", '" ;.trod""" add, "",,. 1 fuo« 
",m""",_ ~ . ...." <Omf"«<I,o , ... ;"" o..-rl inn, In • h< 1 ~0I , ..... , . ... ;01 th,." "".1" 
bot ..... at,b, bol" ,.,1< .. "" hav< >«n '" C"'r' J ... bob .. 1 ''''''', U" , ,~ " , ... 1 tb •• " .. 
, 1"un<1"", ol,h, bol" "'I lt , Ion<. I. "..,of.~". b<,~II""''''''''·'Vff . ,~, 'pml .. , ,,, ;;.<0 
n>< "boIh .. ,oI , .d , ... ;.1 ... ,_ x ... . 

" " .... .00. 

"'"111, , 

II ca. bt •• " n ~ F" n ,h., 'h, " ,"",.,.. 01 'h< ",. 1 thrn" d<j><nd • .,.., Ib , b •• d of 
hi li,. th< d,""' ....... """,.,... ", I .. iv< 1""0.,. ol ,h, "m.,. . nd 'h< dli,'" ~<". a. d ",·b"h.,. 



..... E.'.n ...... 
tho I '" i , , ••• ,;, ,. , . , ,h •• ,; .... " .. I><, . I, ",. of ' P"" " '" ''''', " . dd" i •• ,. tl>< ..... ,., 

f.".". tb, P'''' """ "11, ;,,1 .. . "" .. no .. , . ,r . <too . AB tbm 1..,10" d <t, "" ,0< ~,<t,,, ", 
.... 1 <om"" ..... ·HI ... k< '0, , .. , "", .• n . y ., tou ,d. ", ""'" " .. ,,_ 

A. f" .. ,b. """';0 • .,r,k, ""I"" ",.1 .... f>"",.,., """ .... d, ,b, f • • d ..... " 1 
"I If","" b<t .... "'~, ",at," "",, .. I ..... ·01 p'" on .... .o" ,,' ", ' p".1 ,, ' 'Yr0 "1,,,, • 
.. ", .. h .. ,"'''" '0, fo"",,, "". ", "i.1 ""PO"'" ,'uY' ,,,.I tof"",,,,, rl , l .. .. d 
,~, , .. ,,".,r .... b . . ... 1<" ", I. " .. m" ,b. dl""",.. to. ,,,' " , ",,,,1.,,,, "", .... y I>< 
., ,b" to .. "d •• ,. ~.y f .... " •• _ ,.ot". d.p"" 'I'r«" ,b, . 1,. ,,," , I p.,r" , elk ,I.,," 
""I" " fo",_ C .. , .. ,,,,,111. ". "i.1 W« •• ,,.b .. ,d. to "', .• 'h, ,,... .... po .. " .. " .,. 
."h "",.m" •• po,,,,,·, .. d ,b, ot,,, ..... .. , .", .• . ,,1. 1100" . ",,,,f.,,. "~ It ,. , ... '" 
• r " . 1 1><,,1, •• db)·po"' . ".0< ,b. ""h." " i.1 " ... "".,,' "'y . • , • eo,,,!,,,,,,, ,fboth". 
P""'" ".1 • •• d ,b. 'p" . 1 .,,1., ... " .. ,'" ,,,,,,,,,. ", ,,,",,, 01', ,d,,«, ... Old 
.... " to" of,b, " ".1 •• , 1, I .. ,,, ... ,,,",,d,,,, '" ol,b, d", I I" '- fb """f>""'" ."" ... r 
"', .. . ... ) , <1< . ".I ••• " .... "IY. I .. , . b.d,l"k .• , "'Y ... ) "" ....... m, "" otb .. I", • 
• " I b, ",." .-bd ... ) ,,,.1, i'j . .... i'I '" .. ".,,_ S,,,,,. P"'P" """I '" 'p". lbo, .. I"d 
bypo' d "on .. "''' "" . "b. "I' 'k, od ° h.ppo" . ,"'" . "" ... bl. ",. 1 ""pl. ",." to' <itl>< • 
.. ""',, "',ho ,''' -''', .. "".10 .. d" I" " 1,,1,, ,. .. oI',b"" I.K" ... ''''r''''''', rot ,k • 
.. I", ... of,b. p""" k",d ° 1'0 .. " ' I, .. d .. b .. . 11 ,«I (.".n. F;:<", • . 1, II .. " " , ,,b. "b .. , 
,,1,,1,., '"" •. "'. ,b. h"ld "!"op l"l , d"",,,,, "' , .. ", ... lid ,It, .. 1. 1 ,b"" 1"",,,_ 

R"./", .. d I'''' ... 
n, .... fo",,,, ,<1 1" , .. 'p i", 1><,.1 .'" ",,0 '" 
m 1 k. '''1",; .1 ' 001. lood F 
(til U • • ",I '.''''F ' 
Uu) TI>< ,," .. I .. ~",,; • • w«. F. 

All 'h, . "',., I"", .. . " ,.r,,,,d to ,b. '" It! ""," ",,,,,,til 

r •• T",,,,,. I 10<>1. Iood Tk" I .. , "I"'''' by 

T. ", ,,, I. I ,_b lood .. p ........ "".,,,1 i .... I. I" .. (.". " . , ,,,1. 1 ,..," 
loo d, .. l ... f"" i. """"p"., ",01, .. ,,_ n" .. , .. ,;. 1 '''''' 1.,,1. .. r '''''' 
.. t! " " It. d,Ik"", " " " oI'h,poio 1" "_ 

~(N,"l • 9"0"' . KA "' .. " .... ,O1~ .... ,!t. ,." .. 
• 

H",.P,;' 'h, "o .. ,,,. 1 ",0101 1"''-'' '" kW. ".I n, i. ,h ... oto, .p«J " 'p"_ 
F""", K .... " . " ° I,k. <If«,. f. dd" ,.,,1 op",,,o .. 1 .. , '"p''' ( ... " . So l« " " '" II: ~~I 

d'p,ad .. ,b, .. "" .. ,oo.d ,tto ... , d "P''''''''' . 1'.1'''1'''' i. T. ' I. ,.,. (Soc, '.n ,£0.- 0 , .. 
I>< " k .. rot K too lot . 11 P' .. ,""I I'" 'l"""-
To. u;,I""" Tk . .... I f"",,, ... ,", .. ,b. , ..... ., ..... "" <I. I>< ""p,,,d Irnoo 
T.bk6. '-lftho , ... 1"" .... I lorr ... of"",,, ,,·. "p. "" ,b. fo« •• , d"",," . ... y fro .. ' h, 
" ... 'P" N""i,, "l' ... ,,"'" ""', ...... , to ... ,d, ,b . . ..... n. ,d." .. I><,w«. ,0, 10", 
..... , '" . ' rl,, 1 ",'<1 .", lid ,to '''P'' . 1;""" " ' " ro. ,b. I"",." " ,Ito." i. "'1_ ._\{b), 
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I fob, ,,,.1 to .. " ,j" I "P'" t I" f""" I. of P'''''''''' .i; •. tit .. ,0, f""" ;. d,,,,,«1 to",.., . 
II>< _ .m.lh. , ; .. . .... yfrom ,b,m. "", ""mb<<- N" ."" 'i;. iod l,,,,, . d",,"oa . ... y 
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"'aI""'c;.,., •.• . -_ ..... ------ -- .' • +~---- - -- n, '.' .:) _."" .... ' .... , -~ . F, ' ..';" _._~ . .. , .... , 

-- • • " • .:.~ '_0000' - '*'_""" -•• , . ".n. "" •• " ''''') 
I. , .. h of ,., 000" ""'~ ~ hi l, "''"I,b, ... "", f""".I" I""';. ,., to",,, for th, 

d,,,,,"," ,, ,,,,, of d,ff"".t fOOT". ,m ,hould h< ... ,. ,. '"'"" ,10 .. ,10, ,.I" ... , v. I",. of 
pmm",,,. ",,,,,,,,,,,d"1 '" 'h, p,rt" , I .. "",m"" i. ~."""" '" '",,"' ... . 1 hoi ... prop<' 
.. b"" ipt""" ",b,d to th, fOOT" .. J '"11''''',i. """'n"t 'forpt,,,,, ,"d I ro. J"'" ' for 
'h, d,; "'100' mho, .. d 2 f.rlh, d'; ,. "" m""h<, ... ,h"o" may h< _ Th, """"" I P"" "'".,1, 
(a;. ,b, "" .... , ,,~I, oa tb, d,;v'"l , id< of,h, ,_h. 

Oi"", .. ,., t '"" r • .,,, •. , ••• • , , 
L" .. ODd".,. o·b", th, d d,',,;, orRH 'p,,,1 " d th, w=t .... of roIo t", •• , .. ,;-<Iocko.,,<a.d 
,10, d,;m " ' 1 h< PO"'''" " I"'. ,b, dn,·,. "",m h<, ;,. '*""""'y of l H op;,,1 ,"d ,.,"" '" 
,Io<~..-i", d i=t ..... 

f'rom T.bl .. , l.""""y;'& ,' it, tho abov, " "'I , m .. ' of dm·,. , < "" ., 

Am i f"", ofd",,« . 1". • ;;'ii It .. Q ,i, c5 . '''' ~ "'. ~) 

T'~ '"I t" 0'""" 10 1><,., d""" "d " "I"' "I,h, , • ...,.;1" '10 ,10, PO""" "d! 10 I"'.'" 
Iu,', 

" - .:,;~ 1, .. ~ .i "5, • .;.~ ... ~,) 

,", -....&... ,to,. ,.,~, , .. fJ"" b.) -, 
Th, "'1, .. ,,1 f""" " " ,II, .. m,_ H,"".F, ' ''. ' '', ''',<0" h< " k.I" ,d r,"" ,10, I'''' 
d .... ' '''' " "",·" .. d ,.,..,J . "P" ' h, ",u.! ro,;;; ,l..,_ "" • • , ' .. mpk, .. ~, fr' 20', ~ .35', 
I: ' 6, • 6, • 9(1' ond 6" 30'.6, ~ ""_ 



.... , _~.t ..... _ 
Pro .. do< ..."," ,~.""' • •. F. , " ob"uWy POO;t"~. n, . ",1 fOIT< of th. on, ... il1t'" m,,,,", ;. 

F" _ -""::: 
"'" '" 

I". >0' ,i.,.,. - ,;" " . ,oo .... ~. r. •• _"", .. 

S,",,!, .. ; •• Ia. P"';"'" "",b tb, dnm •• d ok, dri .. " "" mho. to ," to """" ' ''''Y (rom 
tb, ' pu . Tho .... , ""'h""'. ti<O ; , th, 01"",, ,,,,,pi,, .,, . 1,0,..l; d r... d.i,-"h' '';1lI: lH 
'p, .. 1 .. d dod ...... ''''' '0' " " '"1 with. mi". '''' oav,", RH ,""oJ ...... "-<Ioc~,.;,,, 
' "''''.0. T,bI, 6.1 f", ,. d .. 1 _ .. , .. b< ,; .. ,I.,I •• O«! for ,"",1,,_ .. d ,....,~;"J. 

,t,,,,, C.Jc.I.,i • ., .. J , ... " !.'i'g 
S,.,,,b, "',..0 too<k.! On-" ~m .. " ,........... by d, rr,,,",,yp<' .f"ucb,"" •• d ,; "',th,,,, 
i"". I •• b.", d ,IT""., J<Om<U.,, 1 ,,,,,fi Jun, ,on. d<p<od ; oJ oa I k, m .. , f",." n, pro< """ 
,.,-01,«1. iti. adm, bl,.o pm""" " I ,.1. to"". O<'<'<><dml ,. ' " ' .... " .. , ;."' oltho m .. , f oeM_ 
'" of", " I" ... , m..,b" " .. d , . ,,;"' pro< ....... 

A. r" •• , h, """l th .. 10.1.""" . .. «on<.....,., , ),do'" .. "l' "'"F''''''' on •• 'P". I ton· .. 
I"'" I. " • ..,1. " " I>< .. ~, ... b< ",.,nd 15 t. 25~ , ;,h" " •• th .. d, h, ".", ... pond •• , 
" , .. , h,. " d,d "", ... ,,,n . 

I.Soo .•. '. "",h." .... ' hoI ,I><" ,,," ,''';'''' .y .... m .. ""o"h., •• ..-bKb ,~, """, .""..1 
,,,n ", ..... f" ",-«I. Ex ' 'r",m h .. "" ... ~ , ,,,,",,,,,,oJ , h. ",1<,;,,,,,,,,,,",o.,d.,, 
o .. ~ 1'" , 1...- , .. ",,, " , .. ,,,h .. ,, ... ,,,. ,"".,ofwhkh th, >,; .. , ""' .. , .... 1><100., ;., [. th " 
p.rt ;..,,,. y",m '" ,.-00..0<01. H,""., h. tooth "";~" ",II my . ,,, ... m"'II,-. G ..... 1<.,." ... . 
• • d d."" ...... , pm m"'" t.a..o "" _ .,.um .. iU "'" I>< ,~'>d ""'t""', "",room '"I "' .... . 
• tb".y """. B,,;do, . • do.;, .. , ... y hv< h;, ",,-. .d' "'y""''''''' ",. ,d. til,""",,,,, ton • 
•• d """''"''''' I ... p"""'" .pto m d "' . .. , "", ... ''',. " ... """I." .• '..-ar' ""d, ", ,. 
b, V< • d,. I","' ,,;tJ. ,~, "p,1 '''" "'"'" ,b, do"I"" ". d"" ~"t.", ,b, ,,"" , ., pm m<lm 
.. d mo~" ,h. c"""'''y .. , .. f. " ,,;n, d .... ·i., •. n .. .... y .• 1 .... t,,"1 " ,.1, ,,;II b< ,n .. "d 
""" . .. , ", "P. , "'" .. ,h. Ia<. of propo"'I"' pm .. " .. d man.f"wn"i r , <ili,;" .... y 0' 
• • ). not b< ,n • P'I'''"'" ...... , ' h, ~'" ff' h, d .. " , .,' an d .. 1,,1 .. , .... .. , mad, b<r .. du.nd 
,,;, h""t 1";0< '0'" I tat; ... . 

I. ",any ,oo."n . 1 .",, ',", .... ".bo<~ h.,k 'h, f.., 'h,i" r..prod""n, 'p" .1 1><,01 ~" .. ;. 
'h, ', ""'" ,bop>. bot "hKh .... ,n", " ... lor "pi .. "" ... .. 'p'" p"" fo< th, ;, .. "" ... " 
., ~ .. r "",0. tb, .... 1 P" '''''' ,," oK.load t b<" ; "m, to rom .. 'p,d. 1 , .... ;n ' h, m .. , I",,",, 
of ." .. 1 "", ... ~"". Th, """ •• m"" ol ""b "'l'" .", .. , IT>"" ..... f", lUn., d .. w,",. d 
,h, .. '"'' r .. oJl otb" body 1""';'" ",,"" 'h, ,«" poo1 ' ''''~ .. -hK h .. , . bo-o .••• ",lid. 
.... ,,,,,d ,,,,,~. I OI.n" .. ·"h " m,i,n,,,,,,,h'''' pllou",,,,. n, fi "" .. hd l,"'b,onJ,,', 
f", '0 ."' ,b, ""~ 1""' .... """d"J ,. ," """ ,y",m. I"" ... i<kd " r.lm.,b, "'_,~. 
,, ~" "."." •• d """'''''" ' ' 'on ... " pro, POW"". '0"1'''. "".". prop<~ , ... ''" .. ,", .. '''' •. 
d,"" .... I , .d 'P'" '""""" ". op«<I."' ... n .... d hf" '"'1"",;", pro<'"'''' and . 11 otb" 
"1 ..... ,. .. m<l"' . Th." .... t' .',.-oo..o<Ol . 00 d<h",,«t. oIooo ld r,,", ' h, """"''''' ~·" ho", 
d,ft"~ ,hy .. d oIooutd " ........ My d.,, ". t'''' .. m' .... 1 bf<. 

fi.l G .... GIl S"lOm 01 Splrol eo..- Goo,. 

On,.n h, P''''''''' olt h, 'p, .. 1 ""'.<1 , """'1IoooIosY ,,", GI,,, .. I\'.rn,fltooh .. , .. , USA. 
Tb,GI",,,,, 'y",m ..... on~, .. lIy do,~ lop<O ;. tb, ~PS on '''. 1 ...... ;:1> m,ui, GI ...... ".", .. 

• 
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M '''ted i. 'nobo';"" '"1 <flh" ,h"",,_ tj" "1', .. 1-<0."" <if. Gka>on b<vd i'" ; • • • "" 
... d",k Th, 1m f"'"m"", and ",la, ;o", ~I"ch "'0J,,,·.h,,, "'"'I"" ,., .. ':>R ... i ,"", 
,iGl<""", "".k •. n.,.., d." f""" '" t. '1' ,,,1""',1 ~<.,., r", ~< .. " l ,,," , ,,,;. 1 p"'J""<'- Tn" 
'0<" '" """ f..,,, ,«1 Or ", ~, ..... ,;"" F""""". rt.. ,-oI,o"y of,b, dot . ... r,,, le .. ,,,~ l.l 
L>P ,n" '''''''''''. 1 h< GIeuon • • , • • "n. I ""d . «"""",,0( p . .. ~'h",b <lo "'" <.., fonn .. ,be 
ot • • d.,d ,.,.,...,",.",i .... t..", _ Tb<.< moy bo """..,=1 •• sp«iol d"'8'" .,d iM look 'P' " I 
100,-,1> r.,..,.,,,,,,,,,;,-, "'''4x1, dri,.~ ~ .. " <if..,. pS<" "'" 12 ... " ....... " 1 b"","umb<-< 
" t«th ,bon " '" 'h, ......... . n" """",at"" '1'<.". 1 ,,,,. • . 

n .... '" <mp"'''' oIGI ... ".d .. il/'l; .... """". 1 op<n ""I'«I"''''m<n''. A'OO<d~ ""ho 
p",,,.t day mmon u.,' ;sn. ,h. f"", ""'" 01 ...... ',,"" hi.", i . ... d< """lid ."h, root """ 
d.m<n' ,."h. m'''''ne, .. Th< """"",oi,b .. i"o , .... ",« .. "an' 01<" ..... ' h''''shoot tho 
l'"lth oft h. toot, fnxn '-I. '" r""" . Th , .. I", F""'" ," th •• ", ofl"" , 001,." od, i on the '"tI." 
.·" ..... 'nll«;._o=>o • • "h ..... 11 .nd, n..", ... w-... ~ I .b'h .. Y"l<m ., N . nd,h ... ,,,, 1 
"II.;. ~ . 
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f . d"",,,,n, ,b, m .. tt .... '."1" "" ,h. pt''''" ,' .~ . u = . 11 ,10, foI""'"'1 fonn.b 

r (" .. I • !I5.'AI , p. ();Wj • !IMO , 2, ' • 4M .. 
• 0 ,("",,1 !oOO 

rb, ........ , " I., or , .. ~ .. " ,. bo ... I"pli«l by • ",,·k <1",,,.,,\: ~ 10,,·.1 .... or.,,," b ... , 1>«, 
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A, "" ,d "",,,. 'h, ,,1«,..., or 'h, /"', ... K . ·ill <kp<oJ "" ,10, ",,,'k, ,,,,,,",, ... , on , 
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" • ~ .. - 91 .'" 

.. 10"'"1"".1 r .. ",." ,b, ,,>D< . H""" 
F" • ~, • .0: 
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• I ... w·.in 31' '''' 7" • nn U· ... 3r,..· 7", 
• 



- .' ''~~ .. _-
_ ...!!...- I" ' .'i." _" ", _',' .... P. ~ 

1173 
'" I'"2!r ,i. ""' 21' ""- , .. 

roo " . 
" .... " . 2!' 53, 

: _ II K 

Coo .. " .. , Firo- I .' [II), n f,od , hot th" p'."'" """, '" "",,,,, .uy from th, ""'" ' po'. ~"; " 
In. __ ;, ",,,,,,,<I ,." .. d, th< .,.., . 

T ..... dio.l"""'" ""' .. rollo..· , 1o",T.ol, U) , 

•• 0 

u 

" 
II , 
II 

I • u 

• " 
" .. 
" • .. 

• c ,,, •• ,.' •• ''''., ", - ,i. M' ,;n 31' J.I' 1") 

• 
E ...1:..... (\.on .... " ""P.' ;" J,l 

... /1. 

_ ...!!!!. " '" 20'"", '" Zi' !03" . ... " .... .,. Zi' 53} 
roo ". 

• ... M 

r., • F" _ .. tH 

• • • • • • , . ". ,. 
" FIg.I." T_"""'_q.bt(u ........... _!l<" ... 

.. 
_ "' __ ,_," .. _,_ ...... ' .. ~ ... , .. . ... 7 7, . ... ,~ 



....... , ...... . r " " , ",1M" 1_ 1_. ,_, ..... " ,,!.o, 

;~r,"'--- - II • '~.' .~. _',. r.... ...'M'_ J1'lj'r 

t • • • _ 10 . T! ... 
- _'~ . .. d, ... ' M' fOIl r.2"I!5' r.r 

f or ............ 0 ... _ I,. ,_._ , ............... _ f_ .",',11 .. _. 

, ...... U·.f,, · IJt 

F ..... ' 7'1 ....... ,,1.14 



Th, owl. "." h' " •• ,,'«.., , ..... t " " . foc'", . q" ;.~" -'" i. f';,. '-1.11", ""'"" '" t" I"" . 
hy .. """,I .. , ... , U J<l t" ful l""",, nl." 

F..- /I~ • w ,;, • 20 '""' • U , •• , , ,," 
q, • '.11 

F"" .mh'"J korinl " .... ri'l f",,,,,. q~ <# '-, , . .. ~,._ F, .. lIy. ~., om .... 'k, .. oJ •• , 
"" "" of the "' ..... ,n" il""""" t h, folio. i", '"""" •• , 

<1 ... 
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• • ' .1 •• t." . 1.1 . "".' N l mm' 

1. < • 
"bo. Otto , mph''''N bd..., ,bat ro< •• b.nk""d I"" · 'ke """,,' "" .. ;. " , .. lIy ,", 
<k<,d'"I<k"I" 'nk'rioo. W, ,b.11 "'" ,,1,.I.t< t" ..,r .. , " ,""" ..... ,Ioped .. th , o<"b« 
t""~"" . 

Fro .. l . bl, 1.1 l .S", 1.U, ~~ '" ,b, mot,n. ] rorific .... for ",01 "" "",I 

Y • • 2., .JNt"''''-
n, P'''" !""., ""fk.""" " • f,,,,,, ,,,,, ",b, '1', .. 1 '",I<. r ... ~ • • Ii' 

, • • 1.51 

1.0"", of'l'". 1 b<>-d I"'" Ih. tooth I,.,t. fx"".y" .. ~" ,m .. ,b. doff",.! m'I., tod" 
of I"", on ,0. m. t,oth do'; • • "'''on , , ....... lIy ~ "" ,.01" 1'0. of ''' 'o<t <>I'll>< .... ),'"~ 
""h ;. m .. imom. ,no' r .. t",;' "k.I .. «I •• fol..".·o . " -. - .... 

... U 1. 

C on,,,,,,,nd,,, '0' h" ,., 1" an d I • • a ~' . ~~ fl nd ,b, ,-, I u< of tb, f", ' '''' ,,,' , .. ., _ CR,~ to b< 
'-' ~f""" F'i _ • . U _ rb, "'""-"" '0",'" .. too. Ol. " i " -" by 

CR, • .l. . ..J.... E ,1 
q. 1.13 

f ,.,lIy. "" i " ,b, ,., 1"" of" I"rnm f'i _ •. U , ""''"f''''''l'"I ,. 'n, .bo,-, ,-., "". of C R,.. and Ol. 

'I"O.'" 

.'. 1 

• 



- --~ 
--;'~.;-'-i-~r-r- --; 

i. 
I; 
ii 
l~ 

I . ! 
~I ., . 

• '!!~ • 
II! , 

• HI 
• 
" 

.1. 

, , • • , • - • , - , 
-



" 

" 

.. 

.. 
• 

~ . 

· 2~N / .. m' 

~ ••• ",;.~ M '''''';''')' "''''', tb. rollo~; • • 

.. ..- pi .... : f ', ... 'Iono .... l'St 70) 

,'" ... , : ...... 1 .. '·· .. "·,St.o) 
1"",. App".; ' ': .~. ,<I, •• rol'"" i . . ...... t. ",'," 

.... ... ~",);'Id """., • • <"N/mm' 
•• d . . .... 'i .. ;' • III Slmm' 

.. ... 
•• 

I .~ 

" , 
" .. 
• •• .. 
" 

• • 



f o.- f', <ij(), y.<ld .. ",.~tb : lOONI",,,,' 

,.d.""" I""" • !lINlmrn' 

--.... ~ .. 
U. " l -"'l. '.01, u ,"1, 1. " to, • • nn;',;bI. md'''1 ""' .. 

bel = _· , 
lMSI", .. >" .. _ " .. , - ZI.' N I ", ,,,' , , 

, , " .. , -~ - '" - • 12' N l rnm' _ 2:1.1" , •• ' 
:. ~ .. " " 

f"" ,b, " 1.1."",, "h llou" , ,ooto<t P"'''''' , to , .,,,,,,. 1 "dtb I .. ", y;'k! ''''' ' It'' '" ,b, 
<ke lm"I,n"noa 

p .. • "yo · C, - 190. , _ lOON I",,,,' :.p, " "'N /",", ' 

H"" C, ;, th , hf< (""0< ",1000< ,·. 1., ; . .. ~, ... I fo.- ,,,.too,,,,,, d",·,. r,o .. ,b<,... 
.. 1..1, ,,,,", .•. , find tlo, .. atm, h ",1«1«1 ,,';11 "",,10, 1"" 1"'" roo tb ;. ~'" --d,;,',. 

A, " , «d ", I .. ,. f'Il'H .. d 0.9 ....... d" .·i •• , f", K"" ... p" "'" and I" '. A!\or m,k l' l 
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T.bl,5.7, f h'p",m"", .·,.,h '" """""""., both ,h ... y",m " d .:,', ... . y",m. , I, .. i. 
TobI< ' .' " '' ... , " .. " .d 1><". OoIy ,ho" d . .. "h.," d,ff .. from ~." ... '''''' ' ,. , • • d '" 
"",.10" '0 ,h. AITmd ,,,,,hoop " ,i,,,, ,. T.bl, • . , .11><" '" '0 to. ... d oo ""'J""'''''''' . ·tth 
F;,.. 8.16,1.17 " ol '. 11. 

I. Arr<ttd SY' «mll " f ,h." .. , m " ",," " "0 ~= " .... 'h.I' ...... "'" oon«t..i. 0."",,"". 
S. . gearing i,\.,.,,,11 Y ",. ort<O to. n. , ..... ,,,,. r .. ,,,,.% 1 ..... 1 in m.c.hod,. ~ , ' 1""""" fo.-
,~. ,'" ,,,.,, .. ,.,," fot ,h. II" '). i,. f, ,,,,,;"" "r,h, t"., .. ,,,,,, . .. t;o, , .d ;.,. b< .. k .. 
from p~ '.11. n. 0.", "" .Ioch 'h, " I ... " th, ,"""',.,., roc"". "'" 1=. ftx<O ;. " , 
..... h"t"'. ofb<o<I" l """',, .. 'h, '''''' ' _. of,h. "',"'" "d 'h, ''''. ""h .. ,h. _ 
f",'",~ q _ q .. - 9" T .. ,·.1" <fq . ·,do "'1'«' to 'h, , .m ,",'h, ,'i"",,1 ...... , ,",""h., 
"d ' ... i:'oIto.·. to f,C' ' .20 . Th, '""" " h •• d 0<." "k.lo ,..., "",,,J,",, foc 'h, A~ 
, .. n.,,,. "'mod, I. t'''om, '"""" .. I. ,h""".r K "'." ,,,,,.,, II """,d ;. Eu m" I, 
... . T .. .. .. , (""" , Ix", ",101. b" '''' oJ... ...... , .. '" to .. tb. I""""j"''"'''''' 
.. I" ... , o. M,rnd ''''''Con I y, " " .""od ,. ' h, "p' ....... "plo< ........ ' h, . .. .. I .. ... 
o. ,b. "'0 .y",m. d,ff". F'I "'" ' .,,,.d ' .U'" "",.,.., <0 bot, ", 'Y'''m •. f',."", '.21 
DO d • . ,, _ ' h, ,,,",.,, .. ,oot"" ""0 f.."", .. d ' h, f.." ,,,,, ... t .. t ;o "'I"'t"'<iy, f", ,m;., "",fono,., ., ". Arnoo<i Sp"m II. 





7 
M isce lIaneous 
Gearings 

1.' Gur T"in 

A V"' ,,," ,,,,,,lot, d . ,,,,,,,,",,,,,,,, d '~'O .t """" 1'0". ""," 01«1 <w' ' .'&1 '"1 ,h, r... 10 
'"n,m" _'I''' or """-'" ao d • t.o to .," ... .,...0 "" ,,,,., or;"""""'. I<n<ru I y ... «"""" 
t" """"'"'" ind ...... ol """h,,,,,.,. •. If. I.,.., «" ... ,,"'" " "",,",~. ;, ,ao .., ot,,, 0«11»' .,i., 
,~" loon only. Ob.;""' ly. tn ,h .. , .. , """ , e .. h •• I. be ''''''''''''1)' b ... , .... by ,,,,"in, 
proI>lnru ,r '1"" •• d o<h...- d ,llk .. I"", Such • d..ii"_ 1I><",f"", " F""'lod«L To obui. ' h, 
"". i«d op=I ... tio . • " , in .0 .... 0IIy """iot, of 0<V<n 1 .... 11, ..... " "'I",nnl"onold«abl y I,,, 
....... S""ho ,,," may "",h,,1e any on< type 0{ '"'' 0 .. ''''''!.'''''.., of d, 1T...." tt" .. " of I"". 
,, ~, '~"'. ""1 .. ,,1, bo,-d, .. ""U •• """" " " """"_~'b<rl_ 

h ·o ')l><' ofl<&< , .. ,". '" ~<"""lIy u..o-iil,h, onh""')' ~ .. """. If; l- 7.1(0)1 t." bocb 
. lil"" <0 .. 1< "" f,X«! . ,,, .. ,d.ti" t •• • ~., f"m< of ... I"""",_ and (,i ~ he '1"")'<1.,,,,., .. ,;" 
i. ~h h .. I, .. , <DO''' •• m ",to,,,,, !&t;,-, I , ,be f" .... in add , to"" to, he V .... """,;.,. . bo", 
;".,... .. ,,_ T"" ooronl.y"om ..... " lied tho p l .. ,W} I'" '",a. "",,,,d ;n Sot: , .,. 

Aa ",d,,,,), ,m '",n "'" bo ';"'1'10 . , """pound. I . . .. "",10 '",n . ...,h ,ba~ <om .. on< 
, .. , ""'YO' """'n i. F" . Bib). C",",O,. """",to< "" ,h. ,b.~S •. " ' h, d.;,· ... . nd 0 driy<> 
0, .. h~~,;"' u'" dri,·., G •• C", .. 0, ."h, wl,,, "'h,,,h "'" . ., ,h. 1""1""" .. ,,,,", in,,,, d,,... 
<,;"., of,., .. , ....... ·;,boot "",;n, . ny off"" ... ,h. "" "", ""b, ""n_ lb, .. , ... . 1", "'''''' 
"", .. " , h. I1'P botw«o ,h«ff«'i'-"i''''''' ,h • .-d" .ffom" 11' ,1>0"", to «d"." ' h, d"m.".", 
d ....... , ..... In • rom"","", ""' . .-.. " FiC- 7, \(,). """"d,h< ,h.~, "'" ' U " ' """" 
,"R. It .... I .... , """" ",., .. " bo ob.-.o""" ;n ....... 11 . n<! """""" fonn. '" ........ '" F'I _ 
1,1(. ), ,h. dny;nl'.o ' h, dd",n . h.ft, mo, bo ....",<0 to boo ,,,....1, if",.","')'_ 

I n oar ""a. ,h. " ' "m&!. "",<0 ,,,;,,, (I) " I "''''' ..,. 

, . Rob' ..... 1 '£ffi' offo, ,, "'i,· in. "''' 
Rob,,,,,,,,1 """" ofl .. , <ki"", " .. 



r_. " . '~'--__ 

(1)) "'"""--E T!WI< 

I" COMPOUHD l _ 
Ag. T,' Gear ..... 

fl •• t" " " Iv< 10' .. tb. = ;""", 1 oil,....J " I i,'" Or .. 
""""" j • 1 _ 'k ,."",.~,,,,," n,'" ,b. or=! (rp'" oith. H", . nd ,h. '"' 1''' oi,n. . " 
" ,, ' ' ' 'P«I.., . S ..... d ~Ml, ,b. ",mo., ol",,,,h . .. "" ""I"".db): ,~. P'''" d,am."'" in 
th •• boo,. r.I. ~",,,, r,~ th. ",i, in fi l ' B(b) ••• b ..... ~~ /->J. (_ •• I •• ) "I.~ .nd I:., 
~ ~nl" .•. ,,,,. 'p', ".ond.),". tI." ", ". ""mo., ,It"",b aiod ."".d. m 'I'", if, .. " O,. av'" ,th. ""I'''''' ''90 .nd"' ''.1 """ ,on .n "I'F"";'" .. n ... S;m iI .. ly lor ". coonpoond " ... 
i, F'J. 1.1(.), "" , ,, .• 

e • ....!L. ~:!u~ " ., -.... ".j -', 
J n ",<hoc, ,,,,, ¥"".,." _""""""""non" ' I'" 100, .. - in , 00 ""nol .nd "on "",,,, ;'Iu" g" 

'" ... 1"",""<",,,,,,, mm '1 to'.n i",o '''''' ,.j ... ,,"," """ Th< 0,-...11 or=! , ... "', ... ro,lo. tb. 
mmm.m , J __ obl. >:p«<I,," oc'Km in ony """ " 'I' . ". 'P'" "'~'''.m.n'' , ,h. ,..1.", oi 
"", ......... ,,, .... &om . .. ~. '" '''1' "., ~" , '" """lly on ,.0m"""" I"0~"""<'"' and ,h. If<'" 
,_h mod 01 .. ~''''''h m .. " ""' ...... iI1 "" oi """, ..... ,·dy i"""""1 ,..1" .. from ." ,. 10 " .. , 
,omm<m.,,'" ., lib ""G"'" .. tb"Y ,no","", f_ '"' .n ~,,"nd •• • h. o. 'P" ,.oo; • • """"",,, 
","" 
1.2 P'IAnotar; ...... 

An "I''''Y' I~ '" pi" . .. ')' I ' " , .. .. , .... i.I> of On< at """" '0'''''1 ~ .. " ",.ol,i" ",,,.,oo a 
«.,,, I,w. no. .. , '" "'mpo"",,,a,",,ha~ ... " .... "'.00.-. "' f' , ~, 1.2 "d H . no. " ... 
.... lIy ,"" ... ,,01. «n,,,1 &"'.,. at •• n , ... (S ). On<"' '"""" ~""" ,.""",d""h. '"" _ 
<alb! p I, n<l ' ''"'' (P), ' m"",",,,,,·.tb """at,""", .. m, ", ""''''" ,h. pi, ,,,, I""" , ,,,moun'''' 



" ' o",.u 
,,''''.no,., ... , ••• , '" ,", .. ' ..... T' ", •••••• ,,, ... ,. , " . ... "CR' wbioto', .-." . " 
.. dot ."" ... " 

__ "'''' " _ ... -
• 

• 

1'1\1.1,3 C,,, . .... 01 .... ' ._ ..... 



,. " .. ~.'-.--
The " P«" ~'h",h ,h....,',m •• plo"""y ~ .. u .y ... m .,. i" ",...po<1 .... ~ <""">.ioJ 

m ," ~<m on t or drn '"Sand ... ; ..... h,lb. I",¥< ..,...I ,«1""'>00 f"",iool" ", .i .... vio i " 0 ..... " 
.... e. """ib, '" ... ofa ".mh<, of ,omb, .. ,""'ddd,- ;".,nd do",.., inp"" and ou'P''' ' . Lo ,V 
Iocqu< ""', . ...;.., F"""ib,] i"<~ .ad d ,ff.",", """ib,l, , ... d ,.",,,,,, ... d ... " .... 

A un iO" f.a<"", of ,h .. ,,.,.. oC lean",,, I hat " , .. " m ," """",of .h. ~ .. r . " ,"" rotal< ~·ith 
'",.,''' to ou.. ... Il~ th i. ,' .... "'i"" .. ;"""'1""'kd '" .h. ,)''''m h ....... ""l.uood I. 
l",. , .. ( . ... ). Co",,"', th, mo,·"""'nt ...... " '" F" 1.01'1."'" pi, ." P i,f=ly ",,, h.d to 
lb . .. rn A. ""un,," , 'hat ,h,,.. ... Sap bot.'.." ' h, ,uo , ." S . nd Ih. pi, ." ,,,,, ,,,.,A 
ro,"" • • _ IS .. "",", • "" I h, ... n ..... 'Y <f p .,,1]. 1 ny> poo ", d<~ ".,ud ........ ·n b<c"" 
p "f",,1 Y mou oj .... 00 . . 1,... ...... Ioco"" 0 t h. """."' or. p .... "~ " 'mY;"f ~Ia .. . 
m<ny-;o-round.- It "'" "" ... ~) .. ,," 'hat '" ,I". ,00<. "I.", P .... .. DO ~"'" ,"",,' ,I> 
",,-n ..... I n 0 tho, " om" ,h, do,; i""" the ,n I' 1.,- "f'«u, of th .. "" • • ~., of plan" .. n , and 
... '"n ..... tho_ f", on< rot""" of tho .. m. 
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CO" " ,, "'_ ~~. 1 .~(b1 ~.,,< p ;, Loc'" loA. >od ok., ""'. '0 .... " ...., .b." S. I, .k;, 
" .. ",,;., ~; •• , ~.,. oc,",,' , •• ,,' , S TO«",,, ort' " L, , ... t •• ,,', '" ~ ... 0. ph" '" 
' h i' po, ..... ,,, . ",",, 'm , ... ,.,", • • "'."" , .... ,,"«, ••• ,,,, ... 'hat ; • .l' ... . " D." 
, . .. ·to. O. Thi, ;, ' "'01''''' , 0 ... """" .<t • •• ", ........ d '0' .. nO ,,,,, . ,. ",.n.,\. 

~.",,, , ", .I 

Com ." '" fi t . 7.4{cl both P •• d S u , f, .. 10 "" ... A ,,",,' " 0 Pd,i,,, S. Th~ ;' . ..... ,. 
1_ .... ,,, ;, ,0 . "d.,,,, .. ,,,,".r. .i<. ;, 1"-" .... 

". proors " , (, • N .... " oft«thl 
• 

C.le ..... onol Rodu<I"" Ratio 

TO. . ",.'" "d.", .. " Ii. ;, .. ",""dO, I'" ".i. '"~ bt f . .. d .... to, '0 ''''_'', ....... . 
• -." . ". d.",,; .. , .... ;, "m'1. 
roh.I., .. ",""", 
n.",.ot of ,k. '''''' ..... ,,'" "' " . ... , .... " i , •• , ..... '" . ... ' '''''ltm •. Th .... " . "" .. 
'" •• · •• ~ot bt< . ....... "'''' • • • • • ' . . .. , ;''; . ' •• f'''' •• ' t.<''.';.I'.b l<Oi, ... ,".O'<O< 
, ;"." or .0 .... " , .. '"0"0" ,..to, .,rr ... " ,oto" """,.,0 .. " .. .. L . ... " ' .• , " , • ••• 
• , ••• " ,,"' ....... I"" ''''"'' , .... , •• ", •• "" "" lb. 0", ,""' .... 'o .. , ... dI ... ""0''' ' .'.0"' ... ., ' 'o",d _, .. "" ''''0' m"""". ' 0 ~ '''"Ll, ...... ,,"", ,"",.n', ..... . b. 
" ..... " 0", , ... "'"d o. ,0toO< <0 bIo<. ,hm" . " " . "" " L ... , ... ",,," ",On .. . h. 
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11", .. II. .. ",ilb 'he "" .It ~",,,uoJ~ _,D«l 
Ref=; •• '" F .... B Ib), . "b,< "' made •• ......,..,. ".,h, ("Ho ... i ... """ " ,, 

" • 
~ - -• • • · , . , . , --, ......... ... · , . ). "- •• -- (_!a " • '. -- '. " . , " -.. , • !a ,- ' .. - • '. '. 

E.<aonpIo 1.1, G;".".: ""'''' =a", ,:>o, 
f. find ,h ..... «1 or ,"" II'"' ~ Ii>< ..-m mol ... ' ... , n.. n"n'"'' f..od. 

S"I.,;,," : FoOD Ii>< ,00.,', .. Ok. "" i« 

1. ~ .. , . '00 , 
w" , 

'poNoAh.,." gu , • • , ~ • •• 'I"" 

At. ,."",,,,,,,,," 
r .. probkm ,an b< ~"«I simply "" . ,in, the lOlm. .... g« ... t .... 

• 
• , • AbooIu'.,.""']ot ....... on rpm .H", fin , ,<0, in , h. 'no," 

n, • Ab>o/." "'ru l" .op«d in rpm of' h, I .. , i"" '" 'h, ,,,in 
~, • A1=IvI<anl . lot.,.=l in 'pm <>ftb. " .. " arm 

-· , 
• 

· , 

(1.1) 

n,,, m<thod .. kno.,' . .. 'h, . I~", mnhod .... i . d arir ... in th, follo..· .. ,,,""'pt.. 
E. ample 7.2 : ~i,...., 7.1 11"'<>«<";' bo"" d." from ......... ;, ;''''1" ,=1 '" &<It"" .It, mot, 
>p«<I ""00 bn.'...., ,h. ",; .... nd ,h. ll>l lo~ <r. The , n"u'" .. th, ri"II"'" fl.od. 
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L" ", fi .-.,"" , . "" ,,," """ on< ""oIot .... , ;, I t n" ~ n,, ' , 
', • • 0 ._U ) _ _ J 

(-"") ' /-'''! , 

fl"" 'h, "'1";'-' " '" UId." '" • d;,,,,,,,," 0/'""""", ",...,.., '" ,bat 01'", dri,-" ~-b",h " 
... , JII<d • F""""-' ' ;1' · Apply .. , I'I:J. 7.', "" , ,,-, 
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o _ n. 
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'. -82<! U! 
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; .,,-

n .. - ·o . _~~ •.• 
1 ,n" ' .,, .,,- n, 1 __ 
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Th=r"", ", .1""",,, 'f"<'I .. "o o/',h, ~-hoi< ' Y'''m;. ~,= ", 
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.10 f"J"" U I.). H«<.lh .... """" .. . , 1" ;",0 "'" '''' ,,,;,,., 0100"" I. Ih. ""I , ... i'l 

",k,1< "1'1" ' '"1'.' . I,.b. .. , m<tbod . w, h,,', 
r",. '. <om""' ;'I' " _, - s, 
1'" .. <, ",mp"""J'« _y - x -So 

< • .3.... ~ <, ~ - ~ z,-'.. ,., 
Tk."f .. ,_ ro. """ ""01, ,,,," <£, h, Om, ,", ." I" 

.a 1 ~ .. ~ '. _ ~ ~ _ A, 

'" 
.. • !r. X ...!... 

" -'" 
B, '''"'1'''''' '" n, "" I " 

", 

1 -0 , . ,,-" . 
". 

I _ ". 

'. K • • _ ... . .! 
1- '. 

• '.'.,1,·<.'.,', 
','.,'," .. ',,', 

" • ~ ("""'-'.~ •• ,.,I 
Tkmf .. " , • 

". "', " " "'-"'.,'. 
". f, " " 1.7 (0. 

~ , ~ • h ,', • 0-". • • • 
" , '" z .... J _ 0, 

S,,,,!,"f,',.,, ,,', I" 

" 
' 0° <" 

"'" J_ n. 

" . . z., z, _N ... ,,, 01",,,,,,,,,,, offal ...... j' ''" If .. """ ,,,ol."oo .r,", d,;,'" (s,l '.,z._',,'. 
1 ~ ,"- . ,. 

n. z~z, 

1. F'lm 1.7l1;), I. ' hn "" Ih". '" , .... dn'<n- th< m ... dd,'" S '" tho o«ond&ry 
d,i,..,,,, . Th,ro"" ••• )_", ""both d ....... ... o.ddro to",Ia" th ,(,il."'",,, .!kn"',", lb. 
",mh<, of",'ol.,,,,,,, oI"tb. 0«"""'')' ... ,,-'" .. n, fo, """ >n.""",.,. oI"t o, d';,·"S . ~~ k,,·, 

" 

• • !t . -.!L . _ !t . l~, ". '. ',-0, 
-.", .. ,', ' ', -',", 

~,_ .,~,,,, Thomo .. , • ..l. . :,.:, '.... ", :,,,,", 
n, pl • • ""y ,wi", ')."'" 0", J ..... ·01 J<I" h .. m I.Y .",,1; ,,""'" tk, moot " ... ,"'" t.. .. , 
'k, d; ff",.".1 of m •. roo, rul l,y d nm of"' .... ,"K h ,., _b .. d., h" "I"'p"".'" Somo 
" ...... ' IT," J om '"" '" d, ",.,..,j bo",. 



'.t> >,~ •• ' .. , __ 

II. f' l u" U ",.1 , tlm ,..., tl .. ",d"""" . .. t;o , - ' . " r 
• . " I ." 1. '1 . 1. Hm. i - '" O.,.I,~ ~ ... '" • _ Shlt •• ,I, r f OUOWl'RjP) 

" ,. 
f". 7 •• ' 80 ... "".....,. .,. ...... 

I'k, abo" "1""" '" "'" ,b, """",,,,. , .. , . ... "' ""blid.,d;. ' h, follow l'l '"""'-
k&"';' 1 ,. f~ 1 " lbl. , .... Id<,AB "d CD , ... .... of th, •• " "d ' 0, pi .. " «>_,,·,Iy. 
G~I' .. " ..... 'i.8th< ,,<D. ,I I .. f,,,,,d t. on ' h' pi,", oft h, pof'<'. W,. III ...... only, ....... , 
'", ",.1""," .f, 'o .boo, 1".""'"n,,,F .. ,h, "'" ,.,"" .beu';'" "., .. l ·, S,""" ro.. t., 
P'''''' ' ., '" no! , .......... ,' 0, """ '''of th. pi" " , .h h ; "'" "d by;,. ,-" " P I''''''"' 
. ·hb '0"' of,", 'u , . AD ,.d CU h", 11« •• 1",." ><po .. t«l. 

~ • •• h,; JIB """ ,"".,,1 .·,th t., . " , 1, G f , i.., f"ed by • " y " " m, 1" ..... ;.,. th .. n"" I .. 
... , .. "d, ofrotato"" ofG ~ """Id ..... , 00<0 "1 .. 1 ., th at ... JIB H'D<'. ' "," ",. n of AI:; by 
• •• ",,,.ot d. m. y "' ,,,,,,,,,.-ro .. ,/0 E b .. "". ,.,",ed ..,. ,k. " ""'u"'. Tlm"". "oo " .". 
CD , ..... m' tb, n<W poo;" OO CrY on t" .un&« oft., '''' I'''''' ,.,,"" ..... . , '" ,j" fl • • ",. 
It " " .. ' ''' &om F'I' ' .'lbJ ,bat du, t.,b l, ," ;~ In &- COb., , ... ,«1..,. " 'mo.", d~.oo., 
h""",,., .. F. 

f '",m,,,,,,,"?, 'h, roU .... ·,'"' " I .. , .. n. "' "bt .... d 

",M' . ACJ. 
AG _ 0,." .. . 

110. ... AA' n • • I", to. '"~ '" .. "1 .. 1 t.OA "6", ,b, ;, fi ... " lm.d "'1'. 
T"",/"", AG d, - OAd8"' OA ''''' ad , . O.4d ~. TI=<I"0.-< de • , • • ad. 
f'or " ""'plot, "'''" •• oI"t ... , ... . . , '" ..,.. .•. ,;" thdo ll",,';.,"1""'''''' 

H...". ;. ",m •• .-. ... , Ion . • 1><, th, " .. .... ... "" rom""" ",'.,",,,,,, 10'11, _ h ), th, 
pi .. " .. . , COm . . .. "" • • , . ... a ' '''01 .. ,,," ,beu' ,to 0'-' "., ,, . 

n """ th , t~·. I"'"'' bo-oul " oot. m .... th, ",,, I numb<, of,,,·.I," .... . ' , • • ph ." IN 
""" ",·.1., "." of, b, . na "' I ;"' • ..,. 
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HUMPAGE RE<>UCOON GU R lIHlT ,., 
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,." ., "'~~.'~--
~iu<h toll l" ~',<h tho .... , ... ,,,,,.,,,,,, 1, I;"'" Ii>- "'" 1 
In "'d .• • ... 

E~ ... " .. 1.1, tho",f""" ; •• ,,",,,liood,,, I,, ,,," f", a.y "'" m .. h'"l ""'·" 1 .... 10.0" " 1 ,Ioa~ 
, .,1,., ," ""'. W, nd " ~'b",h fbI .... ·.' " df«' 01'" , .Io.ofi ' .110,...,01 0.' ,.,,,,,.,.'tlm", 
",,,,;, I,,y of,h, dm" '" ", foll" • .-", . "". 

to. .. I '''' H (b), H", , f"" OD< """I.,"", 01' fbi......,. A, ", •• mbo , of ",ta,;,,", of dnm S, 
"I"'''' try-

, '- r ""'" , . L O. Tb, "Y F'" 01' m a , II'"' ,.,; .k." .... .. tho H" m P'IW'"'." 'oo ,.., •• i , ~ h,b 
;, w m<t;',,., .>«1 '" m..,h,"" """' .• '" on< ""'01",.., '" 101 .... ·'" " ' " ' ".,"bo, of",,,,,,," , of 
Om" ".,i, .. o,· ' / ' , ~, . l.':>' 1 _ .:1 , .:1 

I, z. z, 

r """""",01 ""bod 
ro "" ... 1", " .. tly ~. ' " b, ,", .. ~ ... " __ tak" , la<, ;. , • .,..,,..1;" "" •. ,,,,,,Mi« th, 
f""",,,''', """",';',1 'm ' m, ", <lop""'" '" '-;1. 1. ' 1. TIl, .... l" n. ,b, ••• , nO ,b, ~ I,.". 
t"",h .. " .. lly a" bo P' "b PO '"' P, ' ",," "", be;nl 0, •• d 0" Th , ••• I. r,ud . ... ,., .... ,",., 
dock,.;'" d"b mok" '.'rl. n" to " II "'''' tll, P"" .... 'Y 01'" , , •• " ", "' .. P"';""" .. Ith 
0: •• ,", ".,,.,. n, I."i, and 'b, .... · "",;'00"' oI',b, .. m ,,,k,, •• '"ii, B''' '"'''O,,, 
>loon. T h, """ ro"" PO'"' i,'" ,II, .. f<>I l; "Il of", P I. not. Tho ;." "I P' lob win' P on ", , I .. " 
"""'. ,.,," F'''' • """ P"'''''' Q. S""" ,b, ,oil '"I ;, ~. I ,100", '"Y 01, F'f"'1'. ;, co. bo "'" ,bot 

", pp·. ",QP' 

..... -.-

f I ' I i 

• 

" "",, • • 01 """"11"" 



... to __ ' .n 

"".t"" .f,", " m . f'.rth",."", 'h, ...... ",,,,al . ... <it., pl,o<' J'" '" Oi T _ S '''''''", ;" ''" I 
,·,~",. I '''' O,P "'" om'l'''' tb, 1""''''''' 0;'1 .~« rot,, ;"" , ;t " " "" m lly ""0 ,bat tno 
plo",,! ' ' '' .... ~-hok , .. ,,,,,,<4 ,10,0.,10 '" .. ,I< 1'0;'1 f' rom I«>m«'l' '" n, ,, 

N",,_ ~D« m PP' • m QP ',..., 10.,., 

o,r",.u,rxo 
0 ,' 

' " o:r " 
• !l . . . .... li. t_ !l. • • 

" ... ,1 2 " 
~·b«<r~ • • d , , .... 'Io,p,'" "d" . Dd..<. "d,. ,,<110, .... '"',,',,'" <fIb, '"" • • doh , pl •• " 
"'f" ,,,,,,ly. " d .. "th. mOO . 1<. 

Tho",,_ 0",,1. 1'O;Q • 9, ,001.!I.,' ''lh!.>.) 
z_ f, 

' 0 ".10" ~'<mI~ ;1 ,10, " .. mol" .. "., ..... " ",,01., ...... o.,..,h, ",,'" 0 " i, a. B _2 J<, ",. 
,b, pi,,,, '"" .... " an '''I'' <i h 11 •• ,,1_,.1. thot ;'. 11 . ,.1> •• ",·01", ..... Th,,,f .. ,_ tb • 
..ro"""", " ". "1"= ..,. 

i,'lIO ;;l/' -.-[>+ ::] /2 •. 1.7. 
II obou ld "" ""' ... 10m ,!oat h. d tbm bu. DO ,"''','''' oft., "m ," " 'h , ... ,'" . ..... f= tD 
"''' ''. ,h,. 'h , .po<m """,Ioj Ion ...... ,ro .. ,d" .. ,;mpl, " .. , ,.,," i ••• iJ~ 

CI!l .... ' .. 1 

I'h, d,ff",,,..! .. .. m« h ....... ,"".;",.' of .... l q»<)',j ~ '"'' y,o<m by m", ",r ~ loch " ." 
~'h<d "r., , o<"""""k '" po.m,n.d ,. roll f ..... ,h aD ' " . ",10« ~~ik "", .. ,,, .. , ' """. 1< i. 
, ''''pk bu ' ;'1'"''''''' .,".m d' pl ••• " " I<on.,. n .,.. «,.. " y ,)'po' d' """""', d,ff."",,,1 
.. «100." .... 100 . .. . impk." , .. , ' )·pod'd;ffmn", II •• ,«1 ,. "'II' 1. Ia,:bJ'" .... ",l bod ,.,.. 

n. ,....-" to both ,h«." " I<> d' .... _ , k ........ f""" ,n. "J;" ,Iorou,h ,10. 1<0 ' box 
",k. r<0p<1k< . k, ft "hK " " .,.i<> , b<vd p"' .... I' .... lly hypoid) at " .. od ouml><,«1 2 i, ,k. 
"I"", P .. ,oo 2 m •• h .. ,.,, " ,1o«i'I I '" J.a",) .. fin.d '" ,h. d,ff=o, .. 1 .. 0< 1 ,On 7._ 
bn·d ''''' ~ ' " f,,,, I. ""," ",«I by .. " .. ofp;nl U.,·.I> . m,,, " " ith bo ,·. I • • ond •. • K ' d' 
~ 0.,10 .. f",., ,,, 'h< ;."" " ... or ,h. '..-."m "I.~ ,h. , ,,.,,r ~'""h <an)"" . too", ... ,,1>«1 •. 
1 , . ~'bok .."100.,,,. ;. moO>«! ;0 ,1"." '",1,,,, ohon ;, ,h. f,l'-'TO), 

II' I><nth .... ;. """ i"1 "" • "'" i, lo, f",h , 2 dn m 3. n ; " ",,, .>lh. m. 7."'')"; ' 1 ' h. p' ,. 
QU, ",,·d. ~ '" ,,,. ,.,,, . h od I",. ,_h,,,,«,.,"'. ",,·01 .. . . d. _at. ". _" .. 
.,\0 .... " ."lm,,"O< ,h •• · I>« I •. It .. , b< ,""""hat ' ' "''"P''''''''' 3, 7. ', ~ , 6, .. d ,h ... I<> 
,,,,",,,, ..... " d ,b."" '" ", \0" , .• '"", ...... , b<t~.«o ,h.,". 

_ , " p_,h. <" .. h • • loft '"'" . nun", .. .. rn . lorn. p<riod. ,h. ,ii " ,,1>«1 h .. , . 
""'." .100,." "",;; ..... p",h 'h" ,h. 1.1'< ~·I><d. 00,;""'1,... , . n , h, ,,10«1 m." ,,,,,,, f ..... 
,h .. ,h. k~ ,,\offi to ... ~. ,h, . pouiOk.", bn·d ., .. d.lo .0 .. " f."., ... , • I •• 1><1"" ,,,la' • 
• beu' thw, .. ,,·;du, 1 pi", ,,,, ".d, 'hoy m f=ly ,"",""d.", ""y I>< o< .. fmm ti l- 7.10 ("01, 



,.,. ""---,"-o-p 
, •• " ... of"",·." <po.' , •• "". of, •• """,. ~ ... ,' "'.' "("""6)"'0,""' .. "'.0, , •• 
0,"" ..... , •• ",, ' of""L • " , t. p .. h ... " .. , of ... ·.L , , .... ,_,;\< '""". n", • 
• Off", ... " ."~I", ' .. ,. " .... "",. .... , .... , .,. 3 .... , D .... " • • "" u., '" •• ,,,,,, .. , 
""L, . ... , •• 'm "" •.• " J ... , " to,y .'Y "".'y •• 11 ., ..... lk· .. ",, ', J" '. ~.; ... 11 
, •• h ... ,., ... , ••• "',, •• , """ .... , ..... , ... n" ". ",·.L, ' .... '.01' •• " .......... ;,. 
,"to"' ,, b .... " . , ••• , . , t ........ ...... , . 
n. ~ . ..". ' .. "' ..,. ,. ''''' .. d .... , •• w to, .... '.h, ,,,. 

w, ... , .. " • .., •• L, " ', • • , • • ••• , .. "",,", ,",." .. , .~ •• ,b.o •• '."" .". , ...... ,."." 
, ....... ; '''L .. . ..... ff ... " ... 1< ... hod of.".;" •• Ib ' . , .... ";".. on •• to" ...... . .. 
",.,·MI,d ~ ". th. p" p" ",., •• "." .... to ob, " . Ib .. Y" 0( IIIOtion ." d."o, ..... «b., " •. 
" "Y ...... ,,,., ... , .. "."m. , •• 0,,, .... ,,," "' . ,.,,,,,,"",,,,,.,,.,,,,,,,, ,,' , •• d,i, .. 
,"' .. 0< "" ..... ", "0' •• "~ .. "."' ..... "" ", •• , ...... , .bI. wloc '" , .. , •• "" k ;., to ... A','.,.b ;", ,', .• " """',,. t ........ p." of •• " •••• "' ... ·, ••• "" ,,' .b. , .. to otto,. 
,'n •• LI, .. y .... " ••• ".L •.• ""'ty ,,' ""',,,,", ,hm"";,, ',, .. ,_., .. 'h' "'0 ' '''', 
ooLy .... d' ., of .. ,b .,,, ....... ,,'" ,. " """" . 

. ~ ... ,'".,,, ........ ", . 11, ...... " .... ,. , k .. " .. ,.'''",'"0' .; .. ;, ... " · ...... " d '0 
.... , •• · .... bL. '~"" ' ,y .. ,,, •.•• t .. " , . . ....... , .... ,""" • • " .... ,. , •• "''' .... " .. 0>'" 

• • ... "' .. bI'. A ..... Ok ..... , ..... ,." •• , . ... <t'." •• ,10, ...... , "", •• b, tk. "'pO-
,."".IL,' .... "'P" ;, , ••• oo, "'" .... 0<. 

F '''''' ,h. 'p, ",", ...... '''of'· ... . ,b ... . ... ; . , • , .. ,., " .. .. ,,, .... ,..., ; .. " to· ° """"~ 
(;J ........... """" .' .... 11 ...... ; . ,b ..... , ...... ' ,b .. ",,,.; ,,,,,, oftb •• ",.,. 
, ........ , ... "dod .••• (i,) ,..,.. "' .. "'m ' '''' '" •• , . ,,, '"0" .... "." ",.~,. to 
.rod ... """ ..... "n .... n. IOn .. ,""""'" F. ..... '" oft •• fi .. , •••• , ;'" L""" •• ,,' .,,, ... •• ".""' .. o<., ........ ,. '''';''' .. .. " ......... ,,,'''; •• '"' ..... ,,.~, ... "L .. of'h • ....,." 
•••• p. ; .. , ... "' ... ,,"'., "".,,,.,, 'oo ... " ',, •• ",... of ......... ,,,.,, • • " . bm" .. , 
.. , .« ••• '0< " ... , •• " .. , .... ;.,0 '. , .. .. , ... o ....... . L ••• , ••• ,; .... ;."""0 ••. n, "", 
."" .. of , •• """-<',,,L .. ........ y "" ,,,,,,-,, .. ,. , • • , ... of ' '''''''' ' ..... " to" •• , ... 0 ....... ,k. "" ,fl •• "; " ",,,, .,,,.L •• m .... ; • • 0."." .......... U." •• tb, , ...... 

""., tb. ",... 'Y" •• "" ..... """d .. ,. f ... ""n'", of . ,,,01,,,,,". 
W •• h. B .;"' ... ,b,,, "." ........ t,p" ofoo. ·"",'" . .... ,"' . ... ,"" ,tt'"". 
r", '-n ..... " • • • ,"'"' , .... ," 'w •• 11'.", '0,"".' . .... Ok.,. fo<' . So<, "" ... , 

, ... "'; ..... 'li " ... ,."" •••• " ., .... ""'" ... d , ••• b,,,. ,, ••• ,,,·,,,,," ... ,,,," "" 
••• , ....... L,'. , . . .... , p''''''. ,lOlt<" •••• , .. " .... " " .. ,001.;. , ·' .. b , •• """. ro,,,, 
••• '«'"''''''' '' ' n ...... , ... " .. ,o .. p ... "",y .Io. ,y . .. , •• ,b. 'o.~ .. d " .... . ....... .. 
""'''' ........... I< ..... , "'''' ..... , •• , ..... ,, ' ,.M'" , Loo • • •• '" oft ... ,,,. of 
.«b •• ;,. 

1, fl •. 1.'11.)'" .;". ""." of"", ..... ,,,' .11'" .", .... , ~ ........ . "" . ..... , ... . "" F, .. dF, '" • .", .• ;. "" • . n ••••• L .. ,,""., .. ". j .. "I'''' .. "" .«<><01 ,., ,. , •• 
, .. , .. , ' " , •• ; ; of t •••• " , . . ...... .. ;" . ..... bm.t , .... " , ... o.,,<t. W, • • , ..... , . 
'" " , •• _ it ...... ..,~, , • • 01 .. li .. ,. Ib, rol"'. , •• •••• , .. ,,"";" ... of ... dri" . . ... , 
.. ,",. ,." ... ,., ".' , .. ,,"",,' ro, of, ••• , ' " . .... , ........ ". " ." ... " ... . A, <h;. 
_" ..... , .... , ... , j , .... , ... "' ••• "' • ., .... ,b .. \/i " ""","'" "''''''0.. Tk!.; •• .., • .• 
;. <h. "', ... "., , .... ". " 9, = 9, ~ 0". A. ,', •• ' •• «oto, ... Ot. "."or, .. tb. ,0 ;., of " .... " 
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, ..... lly i."" •• " ,HI II ~. '>IO.~ ... ", .., ,, .... Im. m. Coo><,""otiy.;" m,.,m.m " 
' hI> P''''' " d lIi"''' oj. 'm .. lm, m. TIo< .;, .. tioo I. ""."' ... d ' '' " l, b, ", .. , 1"'1 ..... Ifol"'h. 
"""i..,. t b, " .m"" 01",,,,,, , •• , ...... by ",h 1m '" " "'m ""'''. of "' .. n<. ' h, .. m •. 

,. F "'- 1. ' 1(0) ~ •• <1 h '" ,~, "''" I ·mop "d ", .. ,·m,,,,,, .. ,, "'o.p«t"'<ly. c" tho d" to.." 
bot~·,,,, tho J""""lri< ".,,,,,,d """of,h.IOC,. ', . .... ,; ,,,,'h, d,ot, .. " f..-F ,0<1 F ,. 
,b. po'" "' ,oa'",' .. 'h, "", It"", .-. ;. ,b. fi ; "",. , , .d " '" ,h. d,,,,.,,. f';" , ". ,'.d 
F, '" " Y i.ot,." ",.0. po'" of,,,,,,,,,, ,. ~",,' I "" ~ ... ",by ,h." "h.,.. '0" "d by 'h , .. , I .. 
", , .d e,. II <0. b< "'''' from tb, ~~,. tb .. 

' i' r, - ,, · ,, - lo (1.3) 
'1 b. , . , . 1" " loc,'Y", " th. do-i, I. U "'; ' , .. ",ot " " t~, "'""''"'0''' " 1, 1" ,'010<;'" 
,",'h, d" .... J"';' ;;,.'" by . - ", " 
.. ,hal tho ; .. .. . ... ,""' ,·<I"""y,,too .. ,i, .. '" 

~. .., _5. 
w, M ,ld, ' • 

" - . ' 

,., 
" - .' oi l "" ,,~I (~ /.)' l 

II " •.• ;. ' h, • • ",,,,,,,I ,',1"" " =""""'Y " ,h. ,II , "'" .. d I, , ;" '" by 

X"-~' < , - - . -• • 
Tb. , ..... "."' •• ,'<1",", "". ;'. !h.,d"",. ;;, .. by 

i • ~ _ 5. _ 1-""' '',;1 - (&1.)' 

", " 1 _<ooe,~l-(&I.I· 
l\h,. f, • 9, - O. "ll¢<it, .do 1 ... ", .. om " d ''''I'h"b","«~ .. '',,". "'" J " 

.. 1 (~I.)' '-, 
1_ 1 (., . )' 

", .. m. • ".1" , 01"1 .. ob .. ,....! • h<n 9, • 9, . ,80" 

• 
l _(.,.j' (.. 

(7.') 

(7.0) 

(7.1) 

IH) 

11.9) 

0·101 

on,. tb. <0.'" d"to"" ,",'h, . h,f" P.F ," , ,, .... , . d ,h. ",I"i ... bot_·,,,, • ond . ;"0 ", 
,,1<.1,,«1 ro< ' f""" .. I" ... 1 .. 01";_. fb;, " " b< f ... nd by oml ,h. ", I" ,,," , 

• (1. '" 



... ' ................... ,." 
Th, abo,~ . q ... "", , ... 1", b< ~'n l"" .. 

6 . 2 '.JK/Il • .[K1 (1.11) 
• 

, ·15[·I"'c' " i_ " 
Tb< ,.., .. bld ... fwoc' ... d' 9, i'I"-"" by ' h< ", 1,000 

, • ~ ~ ~ . 2(,)'lh,,,,e,b-I&l e )'I. 

" '" 
(1, 111 

Tbn ",I", ... "oq><<><" "" Oy Ih, " .. ' .. , in f'J_ 1.11 (0 ). 

" '- I. Tbn ""'''y. """"~ in f"'I_ ', "[bl,b .. '"'" ",to, ,w ... " d'" ", ,," " .x<. off_ a t 
an an, k d9(/' , Tb." ,k4«I " .. ' ..... "' ..... bk , ' 10 ...... nd '" ,,11« -h ,v«onkr"" d hr=- I. 
,n ;'l"" co. L..- '"0<. lh, " II ' ..... ""Ion;" tn. OOCoM oro" . " d, h,,, " .. ""..-di lTon >I"h, Iy &om 
,h., d . bo ... ,mpo<. Th'I'''' "''''' ._ II>< " loom""" <,n",,, .. ",,,,,,"', '"'. romr>~ 
.... «1')'<1001"', ",,,, ioo .. ..."." '" th, "' ..... AI th, "";t"'" ..... ~~ in , h. foiu'" e, .90' '"" 
9, - 0' . n. ",bon' oqu"'." '" 

x '" (7.14) • lo-b)-(· -O) _'" 

• , ... ,.1.(0 -l) ... ~ ., 

(7 . "I • • 
• " " ~h<"" ' el&, 

r,,, 1. 1, ,h i.,."",'Y," """"~ on n._ 1.11 (,), , " =-",,.11y """,.,.0 " .. d"d '~"'r'" 
m. too" ilh " " <.., J"P'< ~,,,-,,"'",h"'. '!'<" iaJ,~. Th< >p«d m.,,,,,,,,, .. ,a.,,,..,.,,,.,,,,,", 
ctlm " . 1", .!>o .... '" 'k, fil""" Th< ,oo" m off_ ..... I~' "" 'hot in ' h, ,.,.""", .no ..... 
9, • 180', flo< ,<I,,,n' <Gu"",,, ,, 

R, • ~ "".. 9, '-1" - " I;n'" (1" ~f 

, ... ~ X 
• • • (7,J7) , '. , , - X , 

1.0 ~,_ . .. Go.rs 

Wh o. rowy _;."" 01 inl<",, "I<., n" , ,, "«qUi,,", ' pu, ~ .. " ha,'i n ~ '{'« .. I ,hlf'<' m 
. .... L "" '''Yf'< of,""i n ph, dm.,."""" " " on .... ,""t ~ I" ,,"'Ky. _'~<O ,, ' h, .in,,",, 
"",mlo< ... l .. 10" 1<, .. ",on'''''.n~I,,''doc ;'Y '" 10'", ;, ,;, ",..;, ~'i<" ' h, d, i'-"n"'
Hu' "'"'" ,10< I<<<h of ,10< ,<lu" " , ., " "",," , 'h, 00"." '''' " ..,k<d ' r""" ""',, _ 
,hot" 00<"",,", ond "no" .. """"", I, .. r ... F""'l'«,fO«l p<riod d ",to,,,,,, \ '; , 
o<li.-.,«I by ,10< ' oolk ... , h, doi,'" I f'il- 1.11). 



n, • • ,,,.I!"" "" ... '" '00, ..... . w. or." .... " .... ,.".'" '" ... ". " •• , "" • 
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••• 'oot"", , .... H . ""',.,. , ;"' , .. ""n' ... r", .,'''' 00. rots """ ,," .. , """'" 
,'"., •• "" ", .. or." .,' ,., ' I'" , "'"'' "" ' ; '. to .... " , ... , .. '" " .. of,., •. "., •• ",. !, 
"""''' ", """0' ..... ,. ,,,,,,' or .... ,;'" " .. .. " ...... u .... ""',' of ••• f' " .... . 

A""''', ,,, .. ,,,.,,, •• , .... ,' .. "' .... ", .. ,b .. ;" .... ""'" . ,,' •• , . .... . , .... ; .. 
TO" .• " ., ;, , . ... .. . . . . , .,;". ~ .. ro, ""'" " , .. " " ... """ •• , .. . .. .. , ''''" .• , .. 
"", .......... ,,, ..... " " " , .,"' . .... .... ... " .. b" """h ",. ,,0< ;. oro, ..... w"b 
... ..,,, .. ;, .•• " .. " , • . , ,, ..... 1< , .b, ' n", ... , bo" ... , .n, to,,, .... " "". 
, ,,"".,,. " '."""' . "",,'''. """ ... , ;.", .. "" ." .. . , .... , ..... '" .'" of "" • . n, 
., ; " •• , .. b" .. . , • • " ... " .0. b.o< "''''''. '''' ""to' .; .. " .. L, .. <OA<m "", .. ,." 
, ••• ;" " ..... , .. ;".If",' •• , . .... ", .. of •• ,,,> _000 of." ", ...... " ... ' '''''''. If " .. ,,, .. 

,,,.1." ""_ .. ....... -_ .... _-", _ .... -
~'I-"" , ~ M',_ . .... __ 

J "". ,,, .. . ... ," •• , ", •• of 'lff" .. , '"'' ... ,fI<O , ... Lo, '" ,. '" ", • • • " .oo ; '.' . 
....... • ;"'" ,<oj""" ......... Y ... "',,., ... " .. ",. 

'0' " ....... " .. of"., .. ,,_ 'h' ••• ft ..... . '" .. _ ... fi .... '''. ' • • • of .... "' ... , ... 

"""".Ily ." ..... " 
'- C ... ", ... .. , ••• , • ","".", . n" ".,,,,, ... ', 80<. '. ll . 
2, c . .. """" ",~,., .. ""'''',, .. ""'Y" 0",, ', of ..... " Y' . ,' . " .. ,. ,h. «,,, ... , 

A ....... "' .. to, " •• fO . .. _ • 
•• C ... " .... "'00" . " .. " . S " .... " . ...... ; . .. _., ..... ~ j.' ,."Lm ,"0",'. " .... ,. 

" .. ;. h.· ... " ,p"'" 0< •• ;, ... ,. A, ..... , •. 0", ",, '''' ,." ,,, .," .. "'''' ..... ,. ,h, .. ",,,,,,,. 
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B" id",' •• bo. < _ """ <A" , • • ""OO". "'. ,,, . ...... Oi" '" •• , ." ." • . T . ... ,. < .... ft •• 
... k,'.", b< ",i, , ... ,,,,, •• ',."pl; .... "' ., ~;'h ., .. " •• b,; •• _fi •• " ." .. _fi''',._,,, 
ok. , . . .. . .. ,'< •••. 

S. I 0." or< • • 'h_l., y .... " ;"" . ,, ' .;" ...... " . W'. m-" ,0<,"" ofior~ ... . . ",,', ." 
, .... " .. , •• ",. , t •• • pl ' .. , .,.f" ." , ••. , ,,,d.l ••• pl l ' ''' ••• fI . ,", ''''". [ . , It;_ •• , • 
.. '" _ 'Oh ,,< ,." .. ,0",,'0'1'00;'" .. """;0 ... ",.; .... ,,, .. , .. , • • • oft •• • .., or.,"" 
'OW"·" ...... ,, , .... "k; •• <l,.,.,,_ I •••• ,,, wb<" t .. , ... , " . . . .. ;,,,. by '.0'-'"'''''' 
'<y., .L." ... ,.t ;01. Ib, ••• f,,,. " ••• b .• , .. i •• ,k. '<".'Y', ,,, .. , .... > ,.< " , •• " r''', •. 11". , .... ''''.L' •• •• to., •• ,., ••• _" •• ,",,,,;,, ,.-"".to .. , Sp l ••• , . " .. ,,, ;.,,. 
"Y' ..."." '" ,bol' I'u ", ",,,.,b, . b"". to to" '00,,,, ••• "",,1M. I . ...... , . ,,' , 
bi .. " . ... 01, .... ". C •• ", ,' . of, . , jo lo1" '" .... " . .. L'.d"",,: .. ,, .... " , .b .f, ". 
b< .. . .. '" ... ,~ """ " " . • "" •• " 00, , . , "a '<a •• a .. "".r ." .... fi' . 
TY" 'd "'" 
TO,,, " .... offi" ',,, ,Ib<' b< ... u, ...... 11 ' ",,' b<, ., , .. . . b ... ,', """._.,.n. 

L "'oj<>< " . m"" r", n L, i . ,., , .. L,,, r., .. "b .. L • .•••• , • ."oll<d b, , .. ,L • • ,b . ... jo< 
" ,m",,"", ",,, .. r •• Ii .. , . F", " .. " L •• , , • • ., ..... '". ,00< ""'" " ,, " u •• ". JO' ..... "" 

2. "', .......... ," file TO L. '' '' "fi' .. """,o'~' .. ,· .. ,L • • ,', .L. o, , ,, ... ,, 0( ", 

L, .. " .L '.Ii ... . C .. "" •• L' .... .. '0""" . , ,., . 1"", , ,, .. ,," 
J. " ' , b . .. " . r.Ie ·.L""." fi, L, ""L,,' by , .• .,.'" 'h ' '00" ,. k."", 
All , • • 'M,', ,",,, " .... ..... bu. " o~ , L, f' i&- , ., . Ib~ TO, '''' of f •• "",,, ,' . to b< 

"0,,,, • III "", .. '''"' •• , . mo"" of""""y ""L,,' ,,' 'a' ...... '' '0'' N. F .. .... ,-r., 
,w, " .. " ,' . , .. " ,fI, ",.., ..... '" b«.", " ,. " .•• "r.,.,,,.L,, b."" k .. , "',,,L.,,Io. 
b<,. "'. ,., '.ro .... Ski, ro," . 0' .. """ t< .. ,0. ., . .. 'n 'n" """. ~ .... . ".,'" .. 
,. , m,;, '"L. , "L,,,Lo,, , . .. mojo ' . , "; ' 0' "' . .. "" fu L. ,m,"'·' " 

An ", 'M" ""'. of fit> " ... "b-4 I, ",. '.ro ,wo , ...... _""'ia.,r. _'m , . ... ". 
" ,,,,,., ... ".". , .. ,~ .. .. ta, .... L •• ,,,t>o .. , ... ".fi' ~a", .. " ,,,I,, ... , ... .. 
"",',,,' 
D'-"'~" Sp"'" 
8o,"', "" ,.a", id,' ... .. ,.1." •• ",,' .... , b«, ." ,. "" ... ... '" ., .... " . .. , .. .. 
""""M' f,." "I" ... " .. '"d ... " . .. "' .. ,.,,' .... ". " , ...... ,,, • • 1,, '0' "I"""" 
of .,L .......... , .,d"",,,,",,' .",', IL." ... y .. follow"', r. .... ;'" ." •• " ta, '0'-
.. ifo,", .,."""'0. of ..... "" ,a, '."" l,Y". n .. "., ., .. ", ,ff«",', ...... ""yl, . 
"'''''' L."o ... " ... Ta.,o"", I. ta .. . ;''' .. 

"(N'''I ~ .''phL''. (1.1 8) 
~'m, ~ A'''_ •• k a" ,; •• ,,,.,," 

_ ..:oJ", Il.OOONl<m'foro""j. ',,, ~ "' 0" ' a,at ''' " .... ,. Ta l, " . .. ;.m .. , ' 
to ' '''''' .. 'OOOON/<m'~ Ita '0<" " . .. , "", .. "t 

, '000'0 '000 N.~m ' fo< 0'''''''' .", .. 0.;.;." 
• , " " ." of ,.IL" , ,' 1<",) 
l ,l" " ' ''' ''''' ' ',(,m) • _N ... b,,"'.,_ 

, , M","" "., .. . ... . "" .... ,," •• 100 ' d;. ..... , V. (om) 
, ,,' .,.,' " L, ... . " "" ••• "', "', ,. " , .... ",,.'" ..... . n,,, ,.11", b,,·, ta, fo lLoo la • .. , ........ 



"., ... _-- "--..... .. 
'- ."~" " ... ,, 'oti. , ",.., it.;, . ,., .. to .. ". _"" " ''' ' 
I. ,,, ,'''' .,1""" ... " ..,,, •• .,. ,'< " .. ' ..... f"""."",« .. " .. , .", .. " .. i. 

Ii>< " .. of"", ... , .""_ 
J . TO", . " .... ,,,' , .. If.""""., o<t .oo "." , .. ,. [" • • ioo>,_fi",' "" .. bl, .;1 

"",, ;''<If . ... to"" ;, _ •• ,;, •. 
,. S"""'"'.'''' ",,, .. ,,. bt.o.<.".'.b"",,, .. , ........ " .. ,.OP .• " ..... .. >,,,,,, 

.. ". ,,, ;. .. , . in' ." .. .... "". ~ ;t' _ O" k ... " . .... bop ., """'" .q •• ,.,..._ 
CO"" ",,""" ....... . , ... ", •• " .,,, .... " •. 

No, •• " " "", •• , .,1 .... .. . ,., .,. •• bO"._ ,." ... " • • • • ; .... , ,'< , .. " •• L •• " '" 
•• od,,,' ,; ,'" b, '"",' iOI ., by •••• ". i , ...... k.,,, H._,w. ,I." " i, . ,,,.,, ,'< 
,, ;, .. .. , , "<l i« '" ... _. , .... ""., " ''' ''_ it i.".;"" •• , "I ... d;,," ••• L. "''''.b ..... 
'i.""i ...... ". ,,""" ." " •• i .. , ,, , . .. ... ,,,I,. t. " .. ".1 ,.< ' it _ 

Th, ;" ,1,,, .,Ii .. _. <, •• " .,.." .... ,," .. t", ...... ,""' a",", .. ... , ,, " ... '"' ,0, 
,.,., "''', ',y •. E. ' .... " "'''' '''. ,,, ,.,, ... '""'''" •• ,,''',, '". ',."b ""_,,.,,' , •• 
" """', ""~. ,,, . ..... 10 • • " , ••• "',.,,0<, 10. , ""," .",,,,,, , •• ". "., ... 

.. b,b. '" ,,,. ,. ,, " II " "><If_.".",, ............ s •• " ,,,,, " •• ,.., ." .. " . " ... . 
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"I" .. "od 1>«"" 'h, ''''' '" "." po '"' to th. "m. """I d,."" "'" .. ""'''' ... ,. 'h, " " 
of ," ,,,,,.1 i . .. df 'h, d,ff""". If, c R, i. ><ry . m.l l. R ~ ""I • • • my Iu, h ,·.100. "," 
'''''''''''''''''. , h .... n .. , """,, ... '<ry' m" h ",h"od. 

R,,,,,d. <..-riod ou' I, d.ff""" , , ... "," h .. yioldod 'h, fo1 l ...... , ;, f ..... """. 
1. N", ik"" .y,"'m .. b.It." h" 'h, ''''''poad''li "'01.", 'Y'''m ,.., .h.1oad . rt<! mtdlU'" 

load ,,,,, .. ,,, .. . ",,1'''''00' ~'h"" 'h, .poro,." "'" h"h. 
1. N",' " "" ,_h , .. f .... ... " • • "d ",i"" •• d .,., • ...! j '0' "m.o 'h , load ",'"b ti" 

,,,.1,,, "" Iooth ",f"" .. , "k 
" Tbo" " Ib 10Id. do ... 1<.0" ' h, 'yp". 1 f' "I''' P"''''''''''' I.k, pi" .. , . ~·, .. i'l do .... 

.. ••• f .. " . , " o'h" . 1I ,od f.,I".". 
• . S o,·.ko, , .... ,, ' bo", J""d" h,,,· t",,,oo, ot 1m""",. fa- ,"<om I" ,b, load " "",'1)' 

J"" .. i. ", 'm .. '", .• "" '''" ••.• ,', ~ .. "'. " J. m'rid .. , . "d o'h" !",,,,., .... 
S. Tn. I.bo-k . .. '''''''.'1ro"""" 0( ""' .... '" ~m I<<tb I. m ... ... ""<11<,,,. ""'"1 

""h I<.d to fono ., ' ;, od film. " ...... n., , '''''''Il00.' .... ,.1 .. 10. 0(_"," . 

• . f h,.m.II, tlkion,y" P"~'" ''''.'m ...... ;. """th. N",;w,' 'Y'''''' ;.b'i""'." 
; . .. " o(,.ml" , '''''.1. 

Th" .... , ho~..,.". «~." d".o , ... tal" too. Com f'",od, "h".,·o'.1< ' Y'''''. ,b, N", IX"" 
' p,.m ;, ""1,1,, •• d .1," I,., ""d. ly "''''',,' '" " " .. i ..... ,",to • .I;" .. " . 

¥ "." 1. ' .( . "boB' ""'· .... v Im p ..... m"h. J " .. ",,,,oj",, ,." .. ,."-<"""",."",,,~ 
profil<' , .. fomt ,. "'" .. otbo •. ,bu. ""'<1,,\,,., th, ... "., ,.m, ."to. Tbn I. I. ,oot" " ,. 
", "",,·,., ..... 1 (" ,,'" .11 ,",'.1 , '" ,ootb. " " wh ~h .. " Ioo<b ,,,f,, .... '" ' , •• 1 .. ,.".,,"' 
'" bo<h .... , ... i , fomt. 

W, b,,', "'" "n. p' ,,,' 2 'hat '" " h"". , •• ,"" ,~Ioc"Y .. ';0 d."" ...... ';. •. 'h, 
""""""" ., ..... 1 '0 ", !"ofi I" 0( 'h, m .. O I, I P'" d" I<"b . , 'h, P"'"' of","".", m, , ' P'" 
".o.,h . r..od PO'" ' co ", 1".< o(",."".I< ... od ", r " "b PO '" P ,S .. ~ "".;" ... !"od",,,, 
'.'J" '" .. "" •. Th, ""'"""'" """",I ... ,,' obq ,h .. la .. i. , II P"""'"" "'00"" i. 0'00 " 
""I, "'"J'I'''' .,"""- I. " " of '""01,,,, 'p.' , ..... "" k"" .. , . .. 'h , .. " " , ,~ , ... . , 
'00"" . 1001 0 " .. , ~b' I ... " '"0" 'h, ,,,,,,b wKith b . f ' .. ,,,,,t,,, h..,d .. ,.~" ", P"''''''" •• 
u" . "" rot,,,. bol ' .... 1 .... ,h. __ of 'h , dtiv ••• r-.- ,oot, "d "d, . . .. " ... , ;, . 
W, b .. , .1"" ",.,h , '0. ''''' m."" ,,0' . .... boh.o" • • Ir",o 0''' ' "yl " o." d.;,. by 
r",," •• ~·"ho", . 1'F'!"l', ... ,d" " ..... i ..... 0( _"'" .. ;,ho,' (' ,p"'''1 ;'n . r 
1"""". 

I. N",·i .... y",m . • 0' ;' of 'p. ' ."" <""tKt .. Iy ""'" d." " . """"I<I< ''''''OD. 'n 
""',,",,""'''. 'h, " .. ""'" "",m.1 pa"" ,hro.,h ,h'p",b Po'"' . 'GOry "'" p", I,_dori1\j" ' <""'",,,, 00' ....... H<n< •. th , '.'J" 'I< "',oo.;. Dot .. hM""" Ho .... ,·" .• f .. , '" ,.;",tli .. on 
I. fin " ... ,.1,.. oI'N.'·".v .,"' ,<0", " "b of •• fl. " , ..... 1 ' h >Ok"" ...... , .. d ,. I " b" b.t , u h 
."" >I' IO<l y. "' of"""". " •• ~., '" ""'tht 'h, <G",,,, ' p"'.' ... , ......... ' h, " " . from . .. 
,,0. 'o •• o,h" . >t h, I"" .0 .. 1<. I, Dt h .. ~'''''''.'' . mo •• ''' •• pa .. ""'Ii,,1 ,<0 ,, ;. m.oh. 
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___ "';"";'., ,ro ........ 
• • . ........ 00. _ __ ... , _ ... .. . . .. ~, ... "' " 7 - : 
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"" ...." ... , ... Ib, 0.' "0-';' ,;._ 7.' '; (I.), , . ", •• "", '''jo,." .<t, .. ;. ".md .. d 
tho P""'" .. ", , ,, ... ;,, ' ..... 01. 

n.. .,,, ....... ... ,.'ot ,."'''' ""''''""IIy oo 'y. Am,II,. ~ " ... 11 '"..,., .. " • "", 
". ", .. " ... " ........ . "., ,,<t' ...... . ;. Flo<- 7 .I (oj. C 10 .. ,oa'"",," Y • ft"",,,,, " ... . 
d.,. , ... " .. 0(". ",, ' ot .. d .. 1oad . od ,,, ' "" ... n •• ,,,.,, ;. ''''' .. "'._ 

W, . . ... "";. CO. , ...... Ib;, .... of , •• ""d" '" ",.,",,,,.0 "" Ioy .. O Ib, ,.,'". 
"" " .. . , .. "" " . '" "..","'" "" .. , H, '" '" .at"' ... W. , ,, , .j,. ""~ ...... ,'," """ . 
,oam. ,."'" .. " •• of.", ,00<, , .. "';, ..... ,,""''' '" ' '' '.0< .. ,,""_ n ........ . 
• " ''", ..... oft>, '.''';'.,,,y ,.,,"" of", "I' .... "P" '" ofN." OI." ... ,;'. 
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Miscellaneous Topics 

... Rod""tionG . ... Un' .. 

"""'" ......... , .... "" . .... ... " '" '''''' '''0.''' "" '''' P"'""" .i •• , .... " • ". , ....... ,',,', "'" ''''' ,.,,' .,..,J •• " •••• tp." ••. n .• , " •• ,,, .... ,,, .<>< .. ; .... ,~«. I •• 
po , .... _ ... ...,'0 • • , ... , ' «~"' . ''''''.''' t .... ..,.; '" t. bt do ;". "" ," .. '"'" ",' ' .. DOn. t 
ro" O. bolO ;. po, .. d "'" "'0'" of th.,," ""'0''''' .•• '''b' .. , P' .f,." Ii" .. " P'" ""d. 
n", "',, • • , . 1 ... bt . ,," . .... ,_., "" ~.~ "" ;'. " ,pt'" ;'''''" •• ,. ;,,_ 

1'8.<, ' .1 ~ . ..... , d .. if"" wn.f, .. ,. " l eo, "",,,.,k.;, ", .. " , ,,""''', .. ''';'', '''''' . 
..,0-" . ...... " '.'" ..... , .... ,,,. ,, pm . ... " ..... "". d.",,, ... A ,..,,,,,, ;,,,, I'" 
0''''.;' .". n, .0<.,, ' I . . ...... I .·.~.;, ,,.,,, ....... 1o, ,,". d." .0' , to" .,,,", 
•• ,&<,,, ,,' ;, "'.""" "'." .. , w" ... 00 b,,' . n. "'M -... , bo.-;, . ". ,. '0""" "'" 
• ••• ,; " ,L •• t • • ;n"",.I. " ..... , .. , "._, , •• I"'" . • , .ft • .• ".," .,.ft., " .1 ... , " , .. 
""'., .... ". TO.'trmmay . 1" b< . ... _" , .... .. '.pl, ,h •• , ,,, • • • , ,.. <"",0." . TO • • ",,' ...... _·"h ..... "' ..... "" .. "" •• ;". ,,. b< .,,. .. ,,. ,, SO< '.'.1 . ,k'. ,,, .... . ,' 
. , ,n k'" ,. ,." __ . 0' . " •• -. ...... -, .. ,"'" ",,' ,,' ... , ... ... <om" , ,, ",d." ..... " ... ...... 

"''''''''''' ' ''""''"''y bo.h •• ; It·'. " ....... , ; • • "" .. l<IoI",i'.", .... ,." .,,' 
p'" ,I •• ' , .. .. ,,, •• "' .......... " "''', .. " ... , b< or ... . '" ,. ",,,, .. , ,.d. ,<0" .... ," 
',p' ...... "''''''''''''' '' • ..,., ,. ' . '" b,,, . 

0 .". •• , . . .. th • ." ..... , .. of, •• • ".; •• ". tho ., ' " . ".ft •. "d.<lj .. . ...... b< 
<> " . "' , ... ;. '" , • • '0 ,h>. ".' , ..... . 

I. 'p" '" k.I~., . ... " ",,Ii .... ;". Tk ... " ........ ","., • •• ft ... d •• y "," ~ .t., 
.... , m.o< " . ... of",,,,,, ... I'" ~ . I) . 

1 ...... , . .. "'. ""; .. " ';" . n ...... " ..... ft..," ... " •• ,,. ", •• , ... lIy . ",. " .. " " 
to .. ,' ... .. ,"". ' .'1- Tk. , ... ""y ... ",.p'"'' ,,,.,,"' , •• ,, ....... 0' '''y ... , .. 
.... " '''''''''l "'" •• ;. ,h. < .... f ... ' bo,,, .. ; ' . ~ ypoid " "'. ' " .. ' ' ' " , rr",,, " , •. 

1. "'", .. '" " ,,",mHhffl "' ... ,,'''' •• ,,,. Tk . .... ,. ,k .... " ,. ",at';"", .. ,,« ...... 
.... " " .... ,,, •• (r;I· I.J~ 

a .. ",,, " ..... w .... _ """. 1< " "",,' •• y """ .. "" ..... "'" ............ of .. . 
""" ·,,1,,, ... , "' . .. ... ." .p ....... '·. ' lotl~. ' ... " _k", lb. '.p., .. d , •• '"""" •• ,,, . ,, 



" ." .. ~-! .. --

.--

G r.. ..,. """"'" oonOll ...... 

.. "J" t .. ,I" t" m ' 01 k""r" ",h< I ""I i <O'" "...b<n<d ~. , .. _ ..... do"-,, . , d .,b, , .... ",d 
dri ,-". I •• ,omb ........ d",., ~'hh _'" do. ~"''" ;,.....! '''''lb-<p«J <ompo"""bo<,.", 
th , <ifi,-,. of. 0-""" On,,;' .',,..,, " '" b 'I",d •. PI", .. ,y 1'''- 00, .. "".'"" 0-1><" . 
" Ib ,oda<, ... ' '';0 " d. ".mp"" .... 1,. ,,<lb, mm ,n""". f ... 'k, .... , P""-" • • d;", 
,,,, .... pl. " ,,,,. 1m box co. h< M d<, ;p«i 'hot ," " "I't .. ooly b.lf., """.,j",. 01",", 
, -",kt oh ro.,..." ..... 1 1m box. I, <o-",i.ol ., .. too." 'h, .x<' " th, ,n o" •• d th, ."'P"' 
.h. n. '" t. on< ",. il ),t 1,,,,,_ Tk, d .... h"'''I,of,hi''YP< I", .. th, fo<tI~ ....... " .... r .. 
;"" .... .. t<proj«'''" f""" th, """'oftb, ''''_ "" oJ " ''<'''oJ ., IooId th o too",.,. of 
'h, two . h.h Tt.. "" " ~'m'" , .. I", proo< to .. , .. h,"moot. 

R.pI 100, ""' i .. 1m too.. '"' """on«1 , b pm,", oft' " ' ". n too",., •. G,,,, o-;t' .,., 11 
..00. I "h,-"". t« 0<'"""1 of dm .. . d, ".t< I, .... 0,.",. d'''"loP< ,,' , .. h<>id.. ,.,j" ,., 

'h, mo •• r .. ,.,;ol co~ . C""",",I.t.k. ,,,," m. ot to. "" ,."'" ,. "",,,,. ,,, ~.", "" '''''''' .. , 
0 ..... 11 <I\k......,._ 



".,,' . & ,_ OJ 
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i 
l 
I 
, 



.. :' ''':::';.::.~:-

r..ew d Mo" .. 

Q" "'d .... on . " • "' ), •• ," '" ~'ki, ), t),< "'; m, mov.,( .1. "" ........ 1 '" d tn, 'f"'od ,,,,,,,I,,,,, 
•• " (f'" bo.) ",,.,oM "1"'«, .oto .. , .. y ... . , ..... I< ,~t •• ,,_ "''''''''J mo., 
.d .... " ,,,. th" "' .. ,,, .. "' .. ,'". 10< 01" SP&<'"'' do,!,""""" db 'h, " •• f • • ; .,..,...,, .. " 
""",I '"I.' " d . 1 "' •• i, . l lo~·, tb. _'" .h. h '" 1".' ",", ; "Mk tI>< J'" bo,_ T h, _ .. .. d do, 
~, .. box may to. "'p."" .. d ,h .. 1>011<0 '"I<li><, ro< , ... ""t ...... <>< .tho 01«1""01 .. , tb, 
"""u,I .. 1 "''''P''''<'''' ""'Y be...,1oo<,j ,. h' , .. , """,; ••. 

lkp<>uI. "10,..,.., ,h. I Yf" or mo •• ' ,.,.nd I h< ;.to" . 1 ... <d.I"'ooI mol""." d .. "fO«! ; ",. 
A'"I'_""'""od '" f _ _ "","",'" 'YP"'- &to ,,"" typ'" '" , ..,J ;. ,nd.", ;,,_ ,uch .. rol l« 
lAbl. dm -" ro. ''" "'J ." II • . , .. , ik m .. h ''''' . . .. d . 00" of • "" I ;.ne... S """"I I y. I h<y ." 
..... t r .. .,., 11 1''' ..... "f'pb .. ,ooo,. A. f .... ,""m . l. '" "".,. ....... ",," mol..,,,,, op=I 
"",, "" " . b< ""po...! """,d"'1 '"tho l'u; " .,',t<m "",d, I ok< .h, n.m_I '" dn ... '1'" 
., .. 1,,,1 , ,,, " , •• ~'hb F'",.II<I ,b,n •. pl" ot,,), 1""'1"' '"Y o,b" .. " , bl. ,omb, .. ,;"" 
""t=!, A ft.n~","'u"UOI""" _or .. .-, ;" f";I' U . 

F "" ' ;'" , .. "f""", .. ,,", h, JO op«d-n<hK1;" 'It I • • od foo- .b, fiax". ' ,; "" '",I ,..., . " h 
<>Ik". ~.""",ty"" ,..I",;"" '"" " "", ... lIy ' =!. n .. n. b< of doubb""", .... 1;'"" If ,'''Y 100< 
Of'<<<' '" ,.,; .. "d. Fa '""".« .. " op«d "","""", "'1' . ..... 11 d , • • fi')p<'p«d ,«"' '" 
" .. =!, ,. '" '''1<>""," """" "00. ~'h«< ,,_ ,,)' '" d,om F"'"'''' ,<[b. ok, I I" '''" ..... 'k, 
pl •• ot.ry ''''';.,' '" <mploy<d. 

S* ~1'I'« 7 1 , .... I<>rS .. ndardGNr eo-
S", ""d """", '1'.'. ho I ,,,I • • d o,b< , typ< of,,,, ""'-, .. "moo " f." ... d ",. f,,,,, ."",lat."" 
,. ,b, f",ld . Tho", fi ,m. olm ""'01" "'" 0' b" "h •• , ",k" 1,01 11,«"." 1;';"1 ok,., 1«1 
.. f"""""", "' .. '''''''.~, k '" ,.-00 "'" """ .. ~'d I •• t" do" '0 )'<IF' .. I"" b, ",b, 'YP'" ••• 
, I ",.r I'" bo." fo< th, ""',." ","'" 'm, '" ... ,,; "". Boo Id". IS , , ... I. Y' """' " " I.<t,,,,, 
P'''' ,d.", r .. ~'..-m Oft" 10<1 ""I ,,,, bo,,,, ,,"'luI< >< ""'''"' , •• " • • d",d I'" bo" , •• """. ,, 
" 1, .I"",.,,bo,1d ho m.d, .. 1"" IS, "O]"h, .. I"., 1''''"'' of~h , .",d,,,,,,,'" bd .,.... 

f .. " I""', ')'«<>IT<''') I'" •• d "" or ,b, I'" bo.. ,b, follo..-",;; """"""".,.~ botb ' h, 
p',m, ~,." .... 'h< d",,," ....,b,., ... , ... nl"I. 

, 



'.'·_0' __ '- " 
._ Tn><' r ... p,; m ........ <n ••. ,. ,k<"", moton, ,.,« •• 1 """,,"" 'oa '"l,no. 

F .. On,'" mach"" • . '.,. '''''''~ """hoo< toolo 
;c Pow,,: For pnm' """.,-- ...... f"""<'" 

Fa ... ;" " m..,b..., _ oct", I"""'",, "~.i ,,m,"" 

..................... 
Com"",,,,,,1 .oo, bo.. .. '" ""1_ F" ..... '" ,,, ,",.bytb, .... " r..,' '''''' of,", ''' ' bo..,~ 

n....po •. " v.I. ... . ,,11,d , b, ",..t" p""-"--.• " " ,-", o. tb, m.nof",."" .... ,op " . 10'J 
. -" b t" .. I",., dot • . 0 "" .... pi, d .. , . .... " ,"",U In T, bl, K,_ 

" , ... t." ;. d.,~f"" ",coni .. , to ... . ;,,_ ""d 1"""..-. ",,,, m,m w,._ "1'""", . 
.... ; m " •• ...,«1. ,....." "" .. tM>. ; "PO' • • d ""~" .r>«<i._ .. d d , m<o ,;""" I ,o." ... ,"to, ,f..,y . 
To f,dlo,,,, 'Y''''''''' ",I"",.,. of ,b, ,<><=t I'" bo. ,01."","""" "" Ill the oF''''''"1 
,ond""", •. 1h< fol .... ,'U .... , •• " '" , b, f""" oh t< •• ". , 1,-... 

L C. "'.I" , .." .." •• 1 P""-" "'1""d (0< d,; ,- .. , the moe.,"" "tb, do""" >f>«d. 
"- 0,,<,,",", <he 'Yf" O(Ioool(U. ".H" IlI)wh><b ;. Ii~<ly ,. bo,",,,",,,,,d by , b, dn,-m 

",,,b,,, d.,i., ..... ·"'. from Tabl, i.1, 
J_ 1>01""""'"""" t" on m, "'''''' . .I""," •• '" ""k<ood t,,1" oflo.od "I;"'" ;0 hbl, ~_l. 

",I«t th, ."',.,, f",,,,,(SF) from 1.bl, .~ , 
._ C.k.I" , tb, "", " ,,-01 ............ by ."'1 I., "I",,,,, 

• . S, I", •• k, ngh. "" " th, 1m loa. from tb, m ••• roc'"'''' wo"""", " th .. tho " " d 
po~'" .... h, I'''bon ",I" .. d i,,~ .. I" "''''''. ,,' th" .h, .. Ie.,,,od ,~"",.I, •• pou, 
r .. th, ,.,," .p«<I " "0 0( ,1>< I '" 1<,,_ 

Bmj" ll>< ...... ~ ,n""., o tb" . "",,, I .. "d bola.. oIoooki bo ,hock .. .. ... dl 
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U I, ;"", .... " ... "' ... . ,.," . ;" "' , .. . ... . . ;, ; . ... , •• f .. , " " ; •• " •• " ' ,." .. " . " 
f.<I ...... " .. . L "";'''''''''. 000';', ., ..... " I ,b,~,," ... , .,." " L."" ........ " •. 

F., •••• ,, ; •• , •• ,;" 01,", . ... bo" d, " ... " .... ' f."''''' . ,," d,"" .. , , .. , .. ;" •. 
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'''; ••• , .. ,, ',,' . , .. " , . .. , ,,,",, ... ..... " ",, ...... ""i",. 
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,oO" I .. d ""I Io.ds. Cyhod,;", b<,,; "I"" ,",to 0), _-... "')pod " I , .. d, .,w.""".'", •. 
for b,, " ,ad,,1 o.d "'. 1 ........ , ,dfol 'I '; ' I.pk<ncol boo ll ., roll« ",,,i' I'" ~·,II • • to ... "d 
<o11t. b .. ".""" 1''''''' lIy "oJ . H .. ...,~ ,." .b I " om" ... tOOM o~ h" 0100,,, I)'P<' ofb<"" I' 
"" oiw"""loy«i. T" . 110. ; ", .,,.,, ",obl,m •. ..ro I, 0. .... ,. " " '" ",",,,n,,, .,ed. C. k, 1 .. _ 
of .. ,;.!,;","" 1><"'"1'"'' 1,,,,,lIy boo ... oa ... ,,';'<1& or., I, .. , L HIOO,'I''''' ", .. I)""". 
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n." " J be" .. , , •• n .. .., .. 1 ... , ...... ,. S""b be";" r do _ ' ... ,m" " 1 .",,1 ., ,k, . " 
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,, ' be.nnJ "", ... "b",b ,"to,,, , , J'" bo. bo.'; ' 1 " d 'k, .",,, ,i"I,flk, be"; , .... d by 
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be. ".,. m.ot be bored ,. , "J' d",,,, of I"'" I ".,'- Dol ' , be b.I,·"", .. '" ",ble;! . • « , "" by 
hoi" , .d " '" ' "d ,k .. bored '" ."emol'" , ,,,",,,_. Tu "",.,o! ml .. h ...... '. " m, " be 
"",<11 ," .. ,e;! 'k" 'h, _,I< ,.« ... , '" perio<<ly ",,,,,,01. f..- I"""" " " ;" "onti · 
f,,,' , .. be''''r. ,, ~' " J'., ........ ,' k, rlf"'tor "" .. """"., .. ,ioo., h' be ..... J ",," . f .. ,""" 
h"" ... d" d",d, k, ,·,1." d 'n, fi 11<""",, of ,,, .... ppM .... f" '" d d ,h, ' 000;'1' " ~""", 
,be" """ i"" '" """," ,<d. 
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Tb, .bo,·" ,,,,, " .. f", ... " tb, '}j ~ boo", ,." "P" D,N 1U17. tI",.'" dodo """",..-""", 
"-,h, .'" ; •• ;, ..... ~,. L.L., .. . "'.prorol< ...... ot «to''''' ,. 'b' .... " ,,,. "", ' ,S, "" 



I 
I • 
I 
5 

, 
.J 
" II , . 
J ~ , 

, 0 

n 
~ ~ 

-;; '! 

H . , 
" , 
~! 
~'t 
J" 
l ' 

• • • • , 
." 

o. ... , . ~ 
~ .P~ 

" (: . • 'j< j < • 
o , 

ill ~ h 
o '0, . ' . 
~ "~ .. j ;;1 
~At~ 
~ b ~~ 
'Wl ~ ~ ~L "' , '. . , -~ 
""'-~ ~ L 
E £ p.~ 
:;j ~t~ 
1" = .... ~ 1 'i ~ 51 . .. _ 

k 

t 

1 
~ 
o , 
• 

j ... - . . 5 

:i:; ~ !-~ -" ' ',-:is .. •• - ~ i. 

t1l'j"ll 
j 

"C "0 

~ l""l" ,; 1 't: - ~ ". :::: '0 " " . 

~ , 
• • , 
~ .. 
o • .. -. 
~~ 

" • • , . 

" I 
1 
; 
} · ' .l.t- = 

~ c Oil 

"" ., , "". ., 
lL 
- n · " 0, . · -o 0 

':!: ~ ~ 
~.t-" 
'" !CO.., ; 
~ ~ ~ 
~ .. .!l 

; , · . . .. 

~ 
• , 

I 
i 

~ :- ~ II 

• t'1 n 1 , .. 
'" ~~.~ 
:: H ~ ~ ~ 

~ • • 
, 
• 

, "1 ' • ' . 1 .,. 
"~g..., "' u __ _ ' :. 
;;",:;':;t' 0 -" ~ .! ... --",, " " ~ . ... - . ~" . 

• ~'l!" 0,0; ~ 1! 
1 1 'i' l ' . , 

, 
:;> 

1 

• 
~ 

~ t~ .... ~ 
~ .. " . ... 
"_5 0!! ," ~ ... .. "'" . -,' . ;; "" -~ ..:: = 

-,, £~ 
p~ 

1 , 
j 

"1 : .... , J1 ~ -
-IJ :.~..; 1" - " ... - ... ~~ ;; 
~ t: " "j'o" . " ~ ' ''.l:.,, _ E~ :' ~ '" 5 
"H Ii, -" " I' ::::f ::0 " ~ j ..... ..... ." ~t _ .... -~ ..,-- . 
]'iiE-~ Ei ,;. ~ ~~e~ 

'

0 '-,il - ':: I 'II -!!." " ....... .,-... --
" ""~ - ... 1= ...... ;: . ;; E ~ 1i~1i -! '" ~ _. i: . u Ji .: ... ",:0;", 

."j", 
~ l ~ 
! 1 0 

~ll 
, 
..II ><i . " , , . , • • 

• • • • .. r ,,: 
• 

• • i.=-""":" .... , ., . · -" .... .. '" . · ,. 
..; .. ",- ~ .... 

,-

, 
.Lri , . - , 
H 
• 0 · , 
a] 
~j 
"-

• • ; ~ 

,\, 
• • o , 
• 

t~ -. · , · " , ' ., 
Ii ~ i 

15 ,0; ~ , 
;..!!~ ~ 
> 1"' " · .. o • 

-5 j -'< ..l 

1 , i , • , " . 
It'" .. 
~~ -: ,..; 

• • _5 • • 

" ..' ~. , , 
"'~ .,~ 

) ~ 
~ ..; ~ 



,_u " 7, ,,_ .. __ _ 

• " " ,. " " " ,. .. " . " " .. •• . ~ , . •• - '. "' .. --,,_ .... .. . - •• •• •• ~ ~ '" - 0." .. .. ..... -.. . ,,, .. - .. , . •• '.1' ,. .. .. _. ',-'" 
" . - '" .. •• , . ... .. • • •• ---... , . - •• .. , . ,. 0.11 ,. ,. ,. .._ .... -.. ... •• ,. "' ... 0.11 ,. • n .. ........... -. .. ,- ,. ,. ... ,. 0." •• •• •• - , , ,u 

'" ~ •• l ." ,. .. 0." ,. ,. •• --- ! • . - '" , . .. . " 0." "' ,. •• .. ............. 
•• "',;""" .." .. ,. ,. 0." •• ,. ,. _ ........ 
U \0._ ~ ,. ,. " 0." ,. " ' .. • ._-
'" H."" ,. ,. ,. ,. 0." ,. .. .. --• 11._ ,. ,. ,. •• •• ,. ,. •• f " ,.,,'" 1." ,. .. ,. 0." ,. •• .. 
• ,,- ,. ,. .. ,. 0." •• ,. ,. ,... ; 



,_u_ 
c 

! • ., 
" ,. '.' ... . .. ,. - T, ...... " 

" .. - •• - ,. ,. '" ,. ,. ,. 
• - ,. ,. ,. ,. •• ,. .. .. , 
t' ~.~ ~il l:l~ IU .. " .. .. ill I 
• . ,- ,,.., •• '0.00 - ... 11.>0 "' , . j • _. ... .. .. . _ .. ... 12.50 •• i~ .. " ., .. "" ,1.1, ''" - '- ... ,. .. . - ... ,- ... --, •• - ,. .. ... " . . - ... ..... - ... ,. , . .. .. '" •• -0.' J • • 11." •• ,. .. ... .. ... ... ... _ .. •• •• , . .. .. - •• ... • • -- .. . .. ,. .. so ..... ".11 11.' .. -- "., ... ,. --



111. Af . l .25R %.~ U~ .. . ' : u . .. ... ,. .r,; _ pI.i • •• AWl! tao • 

" • (/IK 111-,.; ,I, a: D." v.r. ,I, . 
N . %,. "'... %, ~ 2... .. .' ~ "'. '" + I,' Vm - pl,i .. . .-...J2 ta u 

p - 110_ LV _ ,.; . ; . a ' 0.6 +(iii >I. a 

Our ,« th ". b<", br fono m ,II , ' I ,"tI,,,, ''''", . 0<' of <0 JIot" to .... '" I od f", , ,,lop' « I. 
or_k. n, ,,,to , "'''' .. " .. b, I,,," b<low 

• 
• 
• 
• 

--
• 
• 
, 
• 

" ~I ... 
,~" 

1M. 

,. J" , ""II I' I. 'h, ,_10 " n .. , .ho p<' pro<io<oO ' '' ' F'!''''"m, '' ", lib .. "' ...... bl, 1, .. ,,,. 
'1'1>0", I"". how,,,, ... ,,' ' h, anI "" ry 01'"" """,1 "'~"""""". In ' '''', .. " '0 ,I., .. ,11"'1 
"""hod. I "''''t''' '".,,,."'. prod"" "'''''' t-o ....-1' .. " . Moorom .• • • "".,,,l,,, .•• y 
'''''' '''1 '),p<of •• It" of. , I,'''' modook , .. b< ,,,d f . ... y •• rnb<" fj , ,,h "" I., J"" to 
born ••• I .. ,,,,oO . 

8,,10.. , b, dl 0<_')1" 0< , ; "" 1" .1yp< ... 11 ,n J ,"It" . do><""oO '" f" ... d_m,II,,1" '" ,",,,,, 
,,<0 I •• ......t. n", '" " .mll. ''''' f<>< ,"It I. ,,~"' 0<10,1.,,11"" of I " " modulo. (10 mm 
. nd . I>o"." ho" ,,;, 001 _;/Ik to <0' tn, " " h by boI>b'.J motbod . 

' n""'of~'onn • • d ~."""." h« 1 •. 'h, """" ,h".o. <0. b< mad< on . 1" " ~'i,h prof'< ' ''' 
• • d r,,,",, . W ...... '" .10. pro<ho<"" by mi ll "" . !'rod",t .... of ....... ofd, ffo,,,,, profib h .. 
boon d;", "_ ;, so<. .... 

f", bobb "', •• P"" ho I "" I ''''. tn, d"m ",n,. '" bd,. . nJ I, of, b, o..b "' ... f"""""". 
ofth , J"'- With. ~<mD-~'h«1 bob, Ioo~""" . 'h, ... tt" ;.o ;ff""" . S..,h. I>ob ,,, " bo ","I')' 
of,h, """"'. A. , ",.1" . ",m," ". ""I. '" ,b, hoi. d" ."", .•• ,1, of,h, ,b" ••. load of 
'b,,,d .... " b< ,I., >om< •• tb", , 1,,., ,,,,,.-,10, ~·onn . O,. ""lIy. ""'0 ')'p<' of 10001."" " , 
00., to p«><k><, " """_.·,,,,1 ""h _ 'ho ;,,· r=l bobb,.,,, "'" ,b, bob" lro " ,1., 11, .. to ,ho 
J'" bl. n' ~y .,-oJ " lI. , .... d' i ,, ' 0"".,,, il<tn<a ,I., tDoI ,.0 ,, ' bl,. ~ . .. d , b, 
" ., ... ,,,I_I,,d boI>b"J ..-h",. lottO' nJ ,I<, '" "'_'0-< <D'''' 0" "." bot.·"", 'h, , x<. or bob 
," . b l ,"~ , ••• " " ., h, 0001 ., 1«1 . lonl th, . m. I . .. ho, ~·onI • . th, ..... 1=1;., d,,,,,,,oa.of 
th, 'we "",bod •• " " d , ht _ •• ,t.. to , ,,,h 01100,. n, "..,.,... .. '" i>od prod,,,,,, ""''' .« . .. " 
' ' '" I ". u"KIn .100,". ".,k. t-o fl,-< " 'h. ,kol> .. " . 1", """ ,. """"", ", .. m . ~' 10001 "",. 
rho" k,,', 10..- produ<t""' <Op" ;'Y, 

r . , "'." ' ry P"'I"""". ,I., Ioob. ~ ,,,,b ." ... " ~'Oddy ' ' ''' foo "",,"·ohod . '" tJ."", b, ,,,, 
00 • """'" b", I" """ ht .• "lod I.,,,, "'.,,"'" ~'bd ,,,,,,,opoow!>,, 'h, A,<k,m«k .. ~.""" . 

TI",,;.~. 10'110 """'"'y. 
for' '"'''''.''''' ..... ,ht_,"",lood !on·d " .... t~~ ""';procol'''I toolo"" """",",,," i . 



•. " H_ .. __ 

.... ,dol ',pe "fm",h"" . F '" ,",,«I·_IoN bo,.-.I I.m. fo«·mdi 'YP< ,.tl< ... ", ...... Sp, .. 1 
"",~I , .. " co • • 1 .. "" ,.><",,<1 '" ....... 1 """b,n", by m .... ..-, ... >c.1 0010 ... 

f, .. lIy. to ,booo;", tb, molt ' pp,op"'" .,«hod f""" ,b, mo, P""''''''' ... , I.bl. I..
m" . foct"" "-J"' ''<th. ,h. '''' .. ,,'''' ...... 10 ..... ,. m,od th. foI ...... ;"i,"".;d.,.. ' .... , 
Th< "p. dt> of,h , moc h,", ,,, "" '0'""''''''"'''' • hh tb. ~L< • • d .bop< .. ' 0, J"' .• ror<' 
... "".1 "I«t ..... 'h, m.,.". J , ... prod"'t ... ""'. ' h, 1'"1,10 .. " ... ;",.<>Iv .... .... ,«I"",ol 
,omp<"",", .r,b. ",,,,i.,,, .• n' mo" ,m,.,...." _ "" " .... ,"' ,· i. " ht, of....,.....""". 

l ...... " ;.,. 0( , .. " ;. "q • .-.d to , .... " """",b "",,,t ... "-,h, d"". fl,.,,,. , tbo",. ,b 
koo.·I<O" .. , h, d,ff",,,t "P«" .. I, om."" m«bod, ",.Il." .. I, "", .. " ,. i mpe"t; ,., 
f ... " " ..... ""',. I. ,,«., , .. n. ' h, t«1onoIos:Y .. 1.0.;." ",,, .... 1,0. .... " b ........ ... 
• "" ... 1, '_plle.1<O " d .."." ... ,,,1<0. Th ;, >«t"'" d .. l. , ·,Ib ' h< brood f.".", ... ' h, 
""'j«'. 

LubtIeaIIonond Lubtkanto 

'n "Y J'" dn,· •. ,h. f.n ...... '" 'YP<" "moti.n '" ,0I"'i- •• d ..J .. ,.,. T ... ", """0' 
~ m, I to"""' ... y. b", th'" "" ,." ,d . .. " f.oc" •• " ,fth. ''''' .. , .. '" •• d ..... 0("1""''' "' • . 

F ..... m ~I ,. ;" .. " ofhYi>Oid .. ..-,,,,,,-<In,· ... ;, "th, .I id" " ""' . ... ,, •• I>och " .. ~ .. "" 
"'I ... ..,.". 

To,ff«'i,·<Iy .. ~ tb.d<lnm,.tol ,ff.." " ..... " tb .. , ., .. "., i ... i.", ... "honU'" 
.Y ...... , J " ..... ' .. n i ... >< n" . I, fi h. _b ",n ..... ,,' ob . .... , .. w • • bl<l, ' Ith "f",,,·.,<I,k 
.. 'I""k f" lmby .. " .. , o(tb. tooth "n •• " m.y'" th, ",,10 ",h, .b .. "" .. . I.bo i,,, ,", 
m<d, ' "'. SI"'" frietio. I .. ,b to, h, """" ''''' .fMa, "lucb m. y"" .. Ift";",t "".,b to .. ,,, 
,h • .,.,oJ " mp' ' " to 'h, m, I"., po'.' ofth. m<l. 1. W, loi'l "'PO" mo, "'''''' "i,' tb, 
",.1"., d"local"", of r"'''' 0( ,ooth ,,,,f .. ,. , .. 00,",1< 1 .. I"le." .. "" y I.ad '0 "ad •• 1 
• . " "., .... y of th .. oo' 0 • ...r",. w ith F""P'"' .. 1«1"", of ~." "",,, .. Ion d I.b",,", ...... 11« 
<0", .. , <I. bo p",,·.ot,d " ..... th. I.b""., ' " .. w",.,,,, folm "''"l tb. fb, I,b<, .. ".~ 
""d" m doo.ld ka,·, """''" .... 00 • .,. to .... ,~ . , . ,,,bl, oil 1Ilo."'"",n ,b , ,,,,,, b ...,f.m 
•• d t •••• " i. 'hh folm •• "' , load. T ... ""on , ... i ...... """" ,I."" re"" ""b" ,b, I.b,;"., 
'" , " .. "h ..... d ,10, Iood, on , ,b, '''' ... ", i. 1 m." "" "'"0' ......... , . ", i" tb. <o. ,,,t 
P'''' '''' t" . , ,,, ,u,d ,."""b t" I" "" ... ·"ho.' .. "" ... b,." , f' ''I"' f"I",. 

h ... .,.l ly. 'h, ~'" I, o.i,, ", i .. i."od,d to ""'-' tb, fali" .. ·,., m" . """,,,"" 
'- 1'. ,<d." ,I., ,.""., oOI'o(m." . , "n." . ,."",,1. 

2, ro"d, ,, I'ri< ' ..... d po'."""" 
• TD . ot .. . , ...... , by d""I"' in,b .. , . 
• . 0 p'".''' P'"; ' '' ",Id,., on, b< .. ko". 
6, To ' my add,",· ... ,. ,b, .-b ""f" .... 
•. To .. n, . ... , ..... , i"bl, ,,, ..... "' .. ,, i, tb, .mU"",", 
1, '1' a m ,",m,,,, DO'''', ,·io.,,_ ond .bock . 
~ . fa p"' .... ,,"""""". 
H... i .. , , ..... """" ., ' " m" .... I""''' ........ 1 .. ",,,<d .. t by tb, I, """.L 



. ''''_' __ ' _ 'oD 

p",!,<, .<I,,,i.oo of l"" M ", ... " ;",'00" ronaid<,,'!. k",,~ kdti;' ,," ".,."",." . Th, 
<10.;",,, mo" ,now Ih, M'O< l"',om<1'" lik< typ< d , "';n,. 0r><" " " ll ,ond""",, ,," In. 
.... ODb i< 01 .. ,,...,1<'; .. oc. d lk, "'lu";,, 1 ... ri<onL Op.",,, , I ,ODd" ..... """I,',"m "" ... ,"" t. 
"'n"h the I<&< .. " " wbJ«t«l. """" P''''.''' do<" ...... "",i« 'I"',d ... I"""'" t. " , ....... ;. 
.. t ... toy ",."I"bncati' J.""" id< 'l"";";' u" foo-m d~"". I "I"id.o. 'I'''''_Oil rom,.." , .. 
f.", i. h ,,1<0 • • ,. ,o.", ~!oc, '.'"''1''''''' 10.", f .. ,,,,, . 100, ...... ",b .. ",nti,1 dot . .. 
"" .. ;t" Ioad..,onyml """ "y ,, ' "' .. , ,.' .... "'0. " r • .",; .. ,. th, ",1«"", d •• " , .. ', bri,.",, _ 

_ .... nu,;.,b." ~ I\mc,""" I dot,,;.,,,,,,,,". f .. Jty I.bri<. ,.,. I, ad .. , ..."y ,)',. ".11 no 
",n.." <1<1",,, d,,,,.,,,d '" Sf<. 1.1. I, i. , tho"'''''''. ; m ""'., h-< tn " ",n,,," I.bo-I '" t mu" !.. 
",1,<" .. . nd th, ~ro«<" ' "1 r, 1m d I.b,i,, ", m. ; . .... <0 "'" r"""ly . M "",,,",,,,,,,1)' "" ,h, 
m<>h;n, t«,h d th, &"'., n" foIm ""y b< ""Y,hin in oa>< dhouod";, I ... ';'. ,,,,", In th .. 
.... 1,.n..Id ... ,n •• « d ,h .. tho lubn .. n' h, •• mpl. odk<,;,-. prop<~ ; .. " d "'"" ... ,." 
"'P'''' of, •• ftlm. Soon. n " ..... . ,,11 to • • ,1.0< •• od .. bound.ry lub<k .. .,., oond""",,_ b ot 
, h ..... ,' d "';00' dama" ,an 1>< ",.odoO by ".,.1 .. 1, .... ";n' , .. fi lm_ h ... I,b .p l .. h 
'" d ... I.o ';'1 '>1'" d M.,,,,,,,,,.bowoduy lobn" ' '''1 rond" ....... y ........ ;m<> ' PP"" " Ith 
I""'ibl< "'1"'" of I. b<k .. '"If,] m '''' I, i"I . "h • • ,",1 h" mf. I ,,,",,,,,,,,n,,,. "",h .. n-,Iduoj] 
. , ,,, ... 1 • . • un .. ",,, , od" 11,.,_ Tho dov<ior>m<o' d "","",., .. ,d ox,,,,,,,, P"''''''' (EP) 0 I ,. 
h .. ,..,..,«1 ' h,,, do"'l,nl ,ff"",o , q. ,,""' .. d, ..... ,,.,; I",,;n ,h;. "" _ _ 

n. do,-,Iopm<ot, of I e .. I. 'n" .. ' """"""'" foo- d .. I .. , , 0 ' . ... "'" h .. k<m mo;nly .... 
.. .. .,-moI l od,~n'''m<n ' in ' h, '" fin«n.,.f,dd.l , , .. I .. duc" 'h, ... 1<.0< 0,,,,,,,,,,",,,1<> 
, od ",,,,,,,,. ,,-. ,-,h",," ,), .. , ;,. ,mF""'-""'nt of l'"",b h, . m" ",)' ,,,-«1 10, 1"1' ,,""' _ 
Whm h,....id ""Mr.",,,,,,, dri .. CO"" '0 1>< .,.,;. ' h, ""'-« ''G' '''''''''' domood," h'lb 
""fonno .. , rrom ,h. Im .. 10 "Iud. "",.1«<1 .. ' h, dcv<Ioftm<o,of,', EP .. 10_ 
A".~ from , f<..- ""'" '>'P< I'" 'Y , .. m . ...... "" .. , ;. " ..... '''' ... "" """,""Iy , . bri, .. ," 

by .. h _ U .. of ""'I" min ... 1 "01." .ulftcitn' ;n m"ld,)' ...... d Im.d ...... I, " ... ," 
""""" .. ". "_k<,,, m", ;mom "ol..,,,,,, ,tob, I "y " ... , ,,;, 1 ... tiM .. "" ""It, y oil. d , """"Y 
I"d<, ,. '0 90"",,,,,,, ... ,, arouod •• 'C ,'" "'G" =I_ 'n , ,,,.nl. n-, .. "d""" "ith iac", .. I"1 
,-i""",>, of,;!. 

A ....... '" . EP oih . , Ithou,h <h<y • ..--. &'-,Iopod pnm,n]y fa.- ' h, ..... ., .. "'" d hypoodl"'''' . 
.... , 'Yl'" of~ .. " at. , I .... n.,«1 by ,h .. <""S"'Y of .iI. b« ..... of ' h, ... ny ad, ... "",, ,h,y 
off,,_ A"""'" ')'f>< of.a. .,,,,b "P<"" " b'lb P""'''''''' .. ' h, m.I".po.,.... (hlP) I'" 
I,bri " " . "' ony ind.",; .. f""f" th,,, oi h ,. """h' m"",1 '" EP ", I., aod q. I«. f,,, 
''''',"'''''' . ,, ', .. ' )-P< . , " '" .1, .. ,,,<>,, 'h", p ia ... ,,"_ TO .. I,ad." """",I" .. "", of 
" ",I. '" d .;mol ,ft< .. "'" of, "-"""'Y ron"" I d "''' , ...... .,., ;n , h . .. ,,""'" 1''"<> of oil. n-"",h 
h,,-,t. to. k'p' ;n .toeI.. 

'n .h. rt, r .. """""I ~m-dn,,~ "n" h, m , .. ,,] ",b " ithou, odd",,-.. oJoould mttt , '" 
"q,,,,,,,,n" la ...,., of ,h. " "._ rOO' b' lh ... duty. , .at .... , ,,,, .. ,non, m,1d odd",,-.. , an to. 
",,". W"", ,h .. " 00( ,,,,,,,",,,,,, .. IT",,,,,,, ' h, EP .. I"""" '""l h,,,, ","'''"''&< ofodd " ,,-.. 
' " cmpIoy«l-

A> P"'",«I 0", .. , I, ... ,,1«, ... of , """'" I.",k . .. ~iU "'r<od ... ,h. , .. , ,....m"." 
. od ""'-"'" road" ..... T. blc 8_1 i> ,""nd«I ,. oi ... n odc, ~.u<h ,,10<1.,., 'n",;a~'hi<~ at< 

comm,",u .. " ...-;th 'h' 0«.1;""". d,],. ,,",,_ Htoadly ' P<" " l- .mall .. 'k< "'''''''' .lnd 
I""'" 'h, ''''''h P"""'" and ...-fa,,, ' .. i hn .... .... ,,' m. ot 1>< , h. me";,>, d ,n. oiL 
B .. l dc~, ""b..- me",I,>," ,ond",,;,~ Lo a h'I"" hydrodynanne " " 'I' h_ 
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- -,._,000_' . >''''''-_ ....... (4~ .. .. '< 

- ,. , . .. 
• , . 
• .. 

• -'--, • •• d ,h, pm m<l<n . "' , F" • • db bn. ' b ••••• 1 ... 
""" " "r · 

To Ol, g . ~!'m ~;"'h ... ;. ~ hook tho ,""oo;,y , .. t.. .. doo .... ... """"",,, d,h, "Ioc lty 
~r · H "' .. .. ro. ,10>«1 I m -d",.. w", .. , ""'1'<""'" ''"I '" klw .... " •• d """C. 

,-" . ," .. , ",-_ .. .. ... -.. .. -.... _" to " 
"" H, 

, ____ ,02/" 
• =--' , -• •• •• n " , . , . .. .. .. • 

,~, 

-~ .. , .. .., ,~ .. .. ... .. - .. " ..... C - .. .. ,. .. ,. .. .. .. .. 
T D orrh , • t 'h, aro,', ",I", ... , tho fo l lc~''"' ronD." m.,. to. ' PI' I "d 

V...".;,y 1<&) . 1001 ... • ,. 200'0 ulo I. mi.) 

Th" , r",v • • ""_. tb. ' ;0<0",>, . 100' .... ' . 200' •• · •• " to " .,St, "b",h to ll l" .... ,, " lb. 
"" , ,,,,,.. I.T,bkU. 

S, ,f .. < ro., ,. 01 t«,~ h., • d """ 10'''''"1 "",b. o1T ""'Y of m.i, .. " ," J to, '" b ""' ;" dlIIO. 
I. , • • m.l .... 1><, load. '" ........ ,,"' Iow .. d . p=!. '" ....... m or "'<h. ' k, ..... , .,,,, ,. t. 
lh. ~<'''''', th< 10 ... ·,,;, 'h, "''''''' '1)' ""b.od '<G"~' ' 10 ... ·"" . .... ,, " " p ly ",,';,b«l "",do 
. .. r. ", • • d " .... """y .... • lod'"1 ,,",,<y. ;, I. dofforu lt r., . bydrod) ... m" fi lm to "" 
.".bh.k.d .. """ " i.«I. 
Ch .. o<' .... ''''. oIl •• ri .......... , .... N ... ~01 -'''' .... 
" ' r . i, oI,o'"''U"''' . -ith 1,bri<,,«1 ,.<! h .• hyd",dy .. m" .-.,j", i . """"'" o-kl,h , •• d. 
to '«r , w'Y ' " . m •• k"l t«,~ of ,h. om from on< ... ,k" b<r fO""'" I ' ,Io,,~ n , MI film in 
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,'''' .... 

b. 't • ..." ,. I>< "'. ,,, • • , , •• '""." .... 1. " ... " '" ... <0.'" , ••••• L.''"''''' •. 
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.OO .. ,".,tI, ." .,.,,, ...... "m,",", b .. " " ... , . " ,' , "<t ' .., ,., "'" .... ,.,' <>, .. ,.", . ... , 
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... ,,;.L .... , •• , " ... to ....... " , ',,"-

"<"Mi.~ Th •• " , or" •• , .. B.",.., .... ,'"'"'"", ....... ,<..-. .... ;. So< 1," ,A, ,.,j ...... , 
"'''''. "' .. ". ; •• ".,,;. 11, .""b" . ... " to. L,b,;' ...... ,.B, ... c~"'. ,;0,,, .. , .. " . , 
""". , ;,,, . ,, '''' •• , ,_ , •• ,; , "' , .... " ... 0 .... , . " •• ;" . , ; ..... lo< ' "' " ••• ". 
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00. A .. ,." . " .. .... '" I' • · .. ,0 , .. ,." , . . .. , ... " 0(" ~ n~, • • SI " '" ,. , ... ,to i ..... ' 
"to, ."L .. ,,,,, .. ,, ... , ." ,",,,,;," "'n •• to, "',,",, , ... , •• ,,,,,,,,.,,".11 .. ,, 
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v. ,,, •• '",.' ...... 1 ,.,"'.,",.'" I '''' ; ' Ap~,"di, S. , .. f." ••• ,,,y 'Y01bol." , ,"", 
" I",...., ,"u ,. "p","''' V. TO", ••• • ".<t " ',, ..... ;. "', •. '" , •• " n.";,,..] 
,. I "'." ". p'" .. d , ••• ".;"L", . " f" ""., ""'. A,, ' I.; . . ....... , "''''"'y •• L "'y 
.. b .. " <h< p""'''''''' ",.t ..... , ,Itt, ." ,,,,,,,;1 y . Th<'" ;0'" .... 'd .. m" II, .. Itt, ", 
'" I """. , ... , • • , t •• .. ,f." q' " L,y "q' ;"d , .« p;' I ; •• ; . d , ••• It; ... ..... t ••.• ~. '". 

p,.'"" witL .. "'j«t"' . 
] . th .. , . .. ,."". " ,boo" '" bo, .. ;. "' ,,., , . .. , •• d, ......... 1 ,., .... " 'Y"'" ... 

•• '"; . I '. d • • ; 'k tho .'" '" I", .. d t., .... , .. ,.Iom; '''' ""d ,. s.,,'." .. d , _,,_ n. ,u 
.,", .. , ....... d .. diff",., "''';d .... ; •• , . lto ... '" •• d •• " "" '" ,,,.f,,,,,_ m" " "d 
"'..,.. .. , '" . ... "" :uidolino. f'" ,", " .,." ... , re i",." " ... "". 
,;", ... 1 T omo""""s:t 
.'., "' ••• ,".p"" .,' ,,,,.,"<d,,,., ,'.,_,., "',, ... '''''tiolf ... , ,b,d;ff." .. , "" • . , .. 
,b.;, ,L",,, " II '" 0 fit . A f~ ;. "" •• 11, ,Ia"ir,td ;". ,"" ... ,,, .. ,,,;,,.,d ., •• " 

(i) c'''' •• " roc "m • " . .... '" ; • • L .. " pro, ...... "'" ..... , •• ., .. ". P"". 
n;) l . ",f",,,. fi, .. ...... '" "f." .. , .. Lot, ..... ,b, ."" . " .. " .. ' I<d ... d 

I iii) T "'," L.o fi' ....... fa, " .... .,y. ,,,lit,, d"", <It'''-'' ." ..... ,'" .. " r" ma, " ,"it, 
d, '" "'". '''' . ,b. ,",to . I , '," of t~" m"'i"l: p' "' . 

ToImI_: D., ,. '" .... ;to" . ; .. ".,.." ,,,,,d '" ", ••• f." .. , •• .,,,,,,, .. d "b .. 
"".". i", .. , ", .. lbl. '0." , .... " P"'"'' I, .. ,". t ;"" d; _." 00_ H "'. m, eo n bo ., . d" 
it " ," • ., M <=AOO>.,.IIy ... .,. '" ' ", ".,, ' ,,"''' . ,.~ "-Ib, P'" .,11 M .,o"bit"._ 
II .. ",. oo m'." "·",,",;'I;o,," 'ro .. ," , ;.l .. 1 " ........ ..... M .,,,,,I<d to n" "",", •• ;. 
"II. , to''''''', ~",' ;. tho di lT. ",",. "',. '" ,ho ma,;m"m . '10.· •• 1< .. d ..... ,. ,,,,,,, ."ow.", '·.1 .... uU'" Ii .. ,,, . " ..... , •• ",""' ............ "'y,,. , •• "", •• ,,,,m,,.tb, ,,;0<;,,' .... '" lb. • •• • f' 
bo. ,,· 'Y'" '' •• , .. . -"I< . .. ,,' .,,, ... . TO • •• " 'h" " .", .. "' ...... 11' ,,,,..,...,,, M .. ", 
or ;" ,. h .... t "',,"' ... in " ,,,i. " P" "_ N.,.,.II,. " " ...... " """ ,,,,, , ,h.ft.·" •• 
• ~ <oJ.,. nu' h. n. h" I .. ; .. lb. " nit"",,,",", " ''''' '''' ~ " ... '.". Ib " ,r tho wL ...... 
... "" boL, ., " .. d"dL .... . h f " . 'it" d;ffm" '0' .... "' .... .. " " .; .. d '" .. bi<,·, ,h • 
... " . d fi" ..... . .. LOy •• d "-~"Iy. C~."q .. ,, " L. " ,," .... .... i_,; .......... lb . bol< 
... ;. ,y ,t<., il moot " .... " "y .«<1 . ,"" LM< 01'1><>10,""' II, "I" ,'" '" tho 100 I . ... ' •• ,. "'". 
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H" ;d"tIw .. ~"."'" !\obi •• " " '" m,m."r" ... d to I "'''''' _·h>ck ,,,,,om """, I y" .. d ... ,;,,, ..... , 
Ciffl .. : M,"y p" l ... ,Io.~ .. " fin<d .· I!h ,,,, ;;!". G"",m ", ,,,10 , 1"1.,,, .. ," ,,1 .. 1, '" 
~,.,;d,d_· I 'IoWI".",,, , ,",ha~H 12.H Il , . ..... H 14. Th;';.oho .. n,n U .. ,,;., l,1 "So< ',lO . 

""""Y" '101",",,, t., ", ..... , .... 100",. " " d ,b,r" '" "". ;" ' ''''''''''' d" I",,,;,, 
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,'",/" •• , '" 00 ... L, .. , f,L, ."L. '" .". ; ..... '.1 ,.,-'" ~."" ". r. .. ,d "" I'" ,,," 
hou'i.~,fol ... "" .. ro. th< . ..... ;" .. , '" , ... " ;.80<. n .. .. .. "'" '."" 1 '" 
"''''''''~ .. 
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... " ., .• 1/ ," '0 ........... . ...... , .. ,,, .. ,. my do .. to''''' ' ' '' •• , ,. ""'''' . ... .. ,;. , 
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I,,.,,". "' ... " .... ~ ""p'"'''' ,." ; ..... ;0 ..... """ •• ,<t, .... ,,, •• ,, • ••••• , ... 11 '''' 
I,,,.,, "'l' .,,, .. ,,,' ,. ( •• 1, .",,,,,,, ... , Ik' ,., .. ,"" ,"<0,' r ..... '.f,"',"'" bt,,; ,", " • 
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•• ,jo" •• ' ... " •• " .. ;,,',. ,"" ••• , '"'''' n",,", .. ,,,,,",,,, ...... . .,p,,,,."' ... 
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,,,., •• , ... . . ... . ,. , ..... , ;. f' ~" ......... "' ... ro< , ..... . fOO' ............ , ;0 • • ," ."'" 
'''''''',,,. i . .... . fj ..... , ... " •••. " .n.d" ... , .... 'h lb ... ,,, ... """,, ' '' 'to, .. ". 
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APPENDIX" 

Construction of Involute Gear Tooth 

r ...... d' 

n., ;",1", ,_h profi l' m.,"nd" d If' 1"""" ""I l, co, '" d" n .. "pl . .. ,od ""-. 
T>, ;·. 1." ",h, d" .. "", of, h, "P ""I< d,. ,h, p' " b , 1",1< d ,,,d 'h, """ , ;",k dr ." 

" k.I .. ,d "I''' ,b, ful lo ..... , ,, I .. ,"",_ 
• _ • .1 

d. "",,·2m 

d, ".,,-2 , 1.21>m 

TIr, ";0'''' .,'"''',,. &om"" b,,,, , I",,, ro , dl,,,,, ,,, ..... ",b " I ''''' ..,. 
d, · . ",d., 

Dy F""""",01 '''",'''''''00. 'h, 0.. '" 'OK I, I, fowod by fi" , <10-,,,,,", ' ,.."", 1 ".,,01 I .. , . 
, ." ~'i 'h 0 ""''''. ,b«",I"",, I.,d 0", " f'<" b"',h,,, p""'"""iy <. k .1. ,.. I Fi~, A. 1 (>. II 
Th, p" ,b dITI< ,n"",," 'h, ,'",,,,, 1 " " " I I '''' "C _ 1 h";,, h, p",b 1"''''_ l 'b, I, '" m "" "'" 
;, ,h .. "" ... " " '"1" '" , I, .. If· ~'i tlo 'h, Ioon"",tol "'" • • d 1"";" " '''"Ib C. ~ 
l"' l"od" .1., from 'h, "",,, I, d,,,,,,,," 00 ' h, I '''' m "', ... """,., '" tA . Th, "",I, ,.."'., 
t/"'Ui"hA .·,,10 0 .. ".", I, ,h,"'" d,d,. 0. both . ok,,( ... , ,b, """or .. ,Oo. ;,d " Wlod .. .., 
,~ ",I 1'.,,, 1"",1. , tb, 1"""" E;. E;. E. ~ .. ., ~ E,. E " 'Ie_ 1< ,,,, 1"""" co ," , N" ,;"'1< 
.. " <'<"" E "'" h<l , ", of",,,,," """""k Po;."" , . ~" ", '" 'h" " ... r mod '" 'h, 0.." , ;"'1< 
loy m"M or, ;",.1. , ... , ... i ,h r . >".,., · r;i';" .. ,nto A,"" "'<' "". T "', .... " th '" d,n • 
from 'h, po,nlO A •• A. ",.0. 'h,,,, '''I''''. po"" C •• C ,. ___ ,CO "' ..... ',d ,ffm,o.; "Ir A 
,c,.r c .... ,C,' E ,C.A.c, . E C .... ,C ,. E,CtI<,Joo.m""'''l'''m'', ;v",;" ""h".,·o ''', 
""·,,,\;;,h.'n, ... of'l'" 'oo:';. "".d, f,o" 'h , "I' ·, .. kop, . ,h, "'"d"I, . F", ,h, .. k< 

0( , I"-;,y 10d 10 ... o"~ ' h, d" .·;" ,,,,,,,,,,,,,,,, .... y 1"''"''. ' ~, E" E _ r ;. E,;, A I' 
" . , C ,.C: ."'" h.,·, 00' bu • .-.• I, 'h, <10- ' .' 1'1 , 

F, ... Ih,"'o< ,;"'I<., h, ' '''''h profik I, ""O.d<O "P .. ,h, .... "",1< .. ....... 1. A I ro, """ 
""',, ' h, " d .. 1 .. ,," 'h, "'" "",I< . • fill« " ro",okd. 'h, ,.,1 .. m .·h",h ,. d<t, .. "n«I 
"',Old;.; 10 'h, ..... , , .d prorol< oll " ........ So, 1. 1. 

n., prorok of,., GO h,,,"" ml h, J'" _ h co. " . ; m, 1.,1 y." "" '"pl, ; '" mlod 'hat ,Jo, 



..... ' iI • " 

,,«"W- ""'" " "' ,.,,. " ,I., P'Io' , ... ., i. ~. l f d",«,« " I",",""~., ,. A' p n. , " ", il. nco 
Ioc",,,b, ",".' 00 th, 0' h".id< ~'",,~ """"pond, '0 1"""- C «" I"t ,id<, ,b, ,...r,i< d .. hI. 
Iu, .... d"u . 

An ' ,.,..0""' '' . nd .i"", I,rl<d m<thod «'d,nin" h, in;'olut<_h h .. """ ohon ,n ~'l- Al 

(b). rh .. "",hod , .. d"l"''' f", ",di""l' ","",,,n'at,,,,, ~. d lOwin, ~'"", . n .," " ,,"""''' 
"'" n«<I<d_ AA.,d" .. ·'n , tho ""'''00<)' "",In .. W""'.' h, 0.", "",It" dn ... .. w..-.. ~ "'c 
. n '" ,. d" .... with "d,., (R ) _ AC .... ,' 'h, " ",,, &t A _ T .. "" C ,cc. ~"·,, o ",. ",,,,b l, 
"""'"ximo' .... o!IM,n,'oIu"" profi., .. _" '" OOj"''' for oil ,.,...,,;"ol""'J""'<" o . f " .. i:I' .phi, 
"'p'''''''' ''O" ;.""",,<m<d, l'ho .. m, """, .. ;, "",.tod for.b,otho.b. lr«"h, ,oc<), profilt. 

' ;g.A,' _ _ • 
_ .>cU 

l"'~" "h ,, """ ..... ddlOw in ~!h' ,n,olul< ,.r.-, ~ .h, """" ",w-a" """, """,, h i, , .. "',, 
• bboo.,.. """ ... _ F", both onron-e<<<O . m! ,,,,,,,,t<d ,m profi;" .• bi. method ~m " , 
"""'" ,...r,1e.. So""" ;"""h,, "",hod ;, ,I", . >«1 f", m."n, tom" I"" "d IOnn look. 

F; .... ,I., ,~I "". of tb, "I,von' <l",I" .. , fowod Oy <.k.I .. ,,",,_ .,in, ,hof"",,"I.., ~""n i. 
CIo'p, 2 , nd 3. R'nll'n~ th, !,-,,,m",,, "I""';"'" «"" 'n,ol'I< '''''.,' E<!' I.hnd "". "" 
... rt to pi .. from 'h, ba>< <l",I,_ yo", . ... ," '"J .. h'II' ''' vol"", for ' h, . ngl" '" find 'h, 
<Orr<'f""'di ... vol .... of 'h" "d, ,oord, ....... PI""" J '''''' ,·.1"",., 0 , .. ph p'p'."r a 
,,'hll, ."" .... POP" " d Po'''''' • ...-""''-' ...... th, 1>0", "",It .. ' h, "p, ... ., , nd i",nin, 
,I.", r><' '"t~ "ill "." ,I., i" "0 1u« profllt. 

b find ,I., ",ho, "",fl l' d, h, tooth. ," , .. hi. 01""1"'''' m.d< ,n ", «, .. >t,,.,. ,i"" 'h, 
'""'.""" , ."''' to.--n!. ' h, I<fl . Th, tooth ,b"'n ..... 'h , 0.", "",It" then "","1.«0 • • d 
... ,',d ,., th, Iu", , .. I<. no> , "d, .X<" ...... 1d ...... bt •• II.bl, ,,,, .. N tO"'""'f'OOd .. 'h, 
"'''' Ioc...,. «' .h. ori J '" oft h, otho , b.1 f bef"", """Iyin, .h, "".tor,," ""'''' """. 1'" olh .. 



' 00 " . ... , 

prof,,. I. ""., I, ... mil" uy ,. ",,,, , I,,, ", • ....., ,~. A •• ,10.<>. '"" """" tb" •• .., .. 
.. ", p",b d ",I" . d t'<I 'r "K I,,, •• )· b<" 1,.I",d b)- , .... 'b, f ", .. ,1"11 " . I. C "p' 2" d 
,. n, "I" la,oO ,..1." n. ,.,. b< """po"d ~'I,h 'h, d" ,,;.~ ,,' d,n . \C,,"'"" . ,,,,,...,.. 
rh, "" of", ,,,,,,10 profil,. i • . ,10, pan;"" from ,10, b." , '", 1<10 tJ" ,oot '''', .. , ~''''I ,.,10, 
fill<t. ;, "" . .... b<1oo<. 

SI"" 'k, 1</\ "d tI" .i .b, 10 ... prof,b . " """'" '"""" . • m"b ,lmphfioO _""" wil l 
b< '0 d,,~' fi "" __ prof'l< .... "'''P' "'." ".d • • POP<'. ,.,..". h." d 'hen 1<. """ '"" .",,,, 
,rofil, • ft, ".>I,b I I' ad j. >li'I ,b, ",,,,,,,d profil< '0 """""'" ~ it. m, ""',· .... ,Il' Ioc ..... _k· 
t, I" "", po""" 'h, 'h", "",b .. iodl,,,,d , bo ... _. 
Hl' " '"I th, """"lp"""""''''"1 '" J"."' "'' m<tlooo>. 'h, ",·o,.".-b profi l .. of. __ 
ca. b< "" n ... pap<'. n, 'f'<"" I "yo't 0' , "",Ilood 1" , ., ."' ""I" 10, rae, .. d n .. ~ ,ompoi .1 •• 
'he ,-n profil< can b< d"n. b ot tb, ml<, ""'" pan " "' of , . , "" •• " . bo "P""'"'oO 
" .Io.""lIy. A, 100,,,,00 d"~'b<" I. , , ' Ioool. ,h i. """" .'rod.old "0"",. , 1".1" ... . 
[b" " P« ' " ""t " , .. "" of I. tho olio" m"'od .... .rnboO '" f" .• ·h",b '" .. I)' rood 
. pp",lm"lo", of """ . profil<&. fly " i., ,., I"'''''''' metlooo> .. d d'f><od"'l apon "'" 
b.m .. .. d "",,,m .. ,,1 """'''1'.' """ .... bI1 rood ",pi", of ,., '00" " " b< d,,~", ~ ,,,. 
ca. b< • ...0 ... . 'f><' "". ',,, f", "" "l' r""" _I .. "'. m"t" profil< to ~"' "' ,10, i0oi 
" • OOf7i'Jm .. ' , ... IIy ,10 I .... "Md. ,., """Old I ••• , __ , ",. 111' I ",,,, ,,d .10., '" lIb oth" 
pan"'''' of ,., too,b profil'. H.""·,,. all ,10, m<tkoJ . .... "iboO '" ,,, pro<i.o<' .. !T",;"', 'y 
, ,,,,,,, """'" profi l ... m ... 11 ,. I"" ~, ... ~' I ,b I"J' .. od.I ... " ... d "' .. 0 ' '''''4 ",' III. 
,m,l l" mod , I". " bee...,.. 1""""''"l ll' ,M;,u~ to m.I,,, I. ", d"'IJ"I., """n<y .. d 
"'."." li"ly., "'<I' I • . Th, ~""" '". "",olood "d< .. nboO b<1o" ,I<" by "" •. 

S,,~ I, 0 • • '''''P'''"' ''''''"lP'f><' . ""~',", prof,l<oft;" ''''''ootb ""I . ~,,,,k. Tk .. n 
,b, ",.~I", ofth, i0oi roo I""'''''' ' ' loot, profih Fa ",I,odly 00 ,10, 0" " .. , 000.-.1 by 
adlo<.l" tap' ." .. ~ p ... . TIo< add"d.m ,f,'"""I."". I. 1.2.'1_1< ", I' h ""P«' to ili 
pl"b 10 .. MM .• • " . "ovid<, ,be ' '''. ''''''1",1 1 .. " • • of,_b th" ' .. ,, and ,ootb ,ap. n .. . 
,,,. """,""" ... " "",fono", ,,, ,b, B .. ", J<.c. " PO ' IS, "". '" ~'b",b " ,<th, ",,10 h ... , 
doO",dwn ,~ ",I" '-23m. I. 'hI> " •• ,...";.,,, '" So, . ... 00 ,."" prof'h 

S", 1, 0 •• 0<.",,,.1000< '''''pm", ""I • • P'f><'. d" .. ", P"" "", I, of", ... , to b< 
d"n . 0 . t, ,, ",po'. '" .-b prom .. . ·111 b< ~",,, 'oO . 

Sltp l. The ~it<~ Ii"" M M <l,1ot ,.Itt, "'~ i . ~;Yidotd 10 .100<,. ",,",I •• rl • • Sly h' 10 ...... 0 . 
.. d " mo."d , . b. '. __ _ " .·dl . ... . b'., , "" .. 00 both , I,j" of, . , ,·,,,,,. 1 " ",,, hn<. , • • 
.. m,l"m ..... . 'he P''''' ,lITl< of", , .. ," <lhWkd ........ 1 ,"",,·. I . .. d "mb<,oO 1,2.3, ... 
.. d 1 ., 2', )'. <l<. T. I,,, I,,,,, , ...... t , I'J .m,.'. d".· , , '" """,111"."".,10 ',m "" .. " 
pmll" '0 tb, co .. " II" .. "'''' of,b",,' "d " d,,1 h." ro. ,be , ","0 "' ,j"n. Tho." 
d'on .. Fi¥- " .2(,1 .01>.;'",,11, . m, II .... , ,",,,,·.1 •. me", ,,, I,,,,, on" ",,,,,,, ,,,,111 b< , , ' 

. I"m " " "''" I, . 

SI<, I, >/''' . pb<, , , ' 10"'''''''"1 POf><' .= th,," m ~I", I ... ,' , " "'''. th .. th'p .. ,h 
10 .. of,h, ~k tool .. " 'J'ot '0 , . , p,tc h ';",1< of", ;'" " til< pIlch ",,;01 I' .. ,loon .. 
l'8- A.l I", lb, " rt;".1 'h '" J' " .. ,be co",,, 10" oft" p",b ,;"'1<. 



.u 'di ' 

n,. .... J C _ ,l'" ,lI io, ,_I 'oi,. 



'iL ... . U 

.-

F • . A.' 

S,<I' 5, rh, ,>ck. ~.''''" ;,.,d" ,b"""p"'"' ".,,". I"'P<' , ,, ... , ' h, I'" ",td, ,,,d,.;, 
";,;01, ,""", h ,) ... PO!"'. lb, ",00 1, of ,h, ,..,. ;, "" ... ".., ..... ,h .. F"P<' br 0 , ko", F""'t!. 

S,<I''' No.', , h ,~ ood , . tot< ,k. F"p"'. ""h • ., •• ""'", .. of .... aod 'of"",...,"". n i, 
moo", , k .. 'h, ~ ,"b 10 "" of,h, , ..,. h .. ..... roIlod 00 tho P'''' ,mok . .. ,h .. ,h .. I .. ", ~..,... 
ta " ~' "' ,. 'h, ,,,,k at P"''' , . L. th .. , ..... tI .... th, ,ad i,1 10", ' h".u ~h , ~;" "' tl",' ly 
.up<"mpoO<d oa ,b, F""II<II ,,,, ,)" .. , ' ..... 'b. ,.., •. fun ' th ... th"" oft h,..., ... bof .... 
Nut. ,ki~ . od .0"" tb. P' P< ' ... " .. ""'"tt b " d 1 """,,;do ;" 'h, ......... moon .. " d d" .. 



U , 
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,." f\ 
,." J\ !\/\ 
,." J\ f\ f\ 
- Il J\ f\ /\ 
,., Il f\.. f\ f\ 
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APPENDIX W 

Checking of Gears by Means of. 
Balls or Rollers 
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