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N_\ $Qpfd'e® ?2og\i'd\ek kXk'fe _Xj [lirer k. \ gXjk
T\ p\Xij Y\e dXb'e™ \ok\ejm\ \og\i'd\ekj n’k_ Xe “ejkil)
diek befne Xj X ITY\i kik'er dXZ_ e\ Jfi k \ gligfj\ f]
[\k\id'e’e” kj 1j\]lce\jj Ifi  d\Xjlirer k_\ jkilerk_  Xe[
\cXjk’Z'kp f] nffc*  N_\\ \og\i'd\ekj ni\  ZXii'\[ fe ‘e
filli kf [\m\cfg d\k_ffj i kKNI kNI kjker
dXZ_e\ n_Z_ nflcl] Y\ jl)I'Z\ekcp XZZIiXk\ kf Y\ f] mXcl\
e k \ jklp 1 kA\(\[Nzk f] 2Z2\ikX'e iXMekj fe Kk \ jki\erk_
Xe[ \cXjk’'Z'kpf] k_\ nffc TY\i( Ifi \oXdgc\( ‘e Xe \og\i'd\ek
kf [\k\id e\ '] Xccfn'e” nffc kf NdX'e ‘e jN\g [g Ifi tc
j_fik k'dv n\Xblej k\ IY\i* ek fir (0 X _Xj YWe JX[(
k_\ nfib nXj leflkXb\e Xj gi\c’d’eXip kf fk_\i \og\i'd\ekj(
n'k_ ef ‘ek\ekfe f] glycj_e® k \ ilckj ‘e Ylcc\k'e Ifid(
kT oefn N\d\[ X[m™ XYc\Ifi  k_\ Jfecfn'e™ i\Xjfej  kf glY)
c’j_ XYlcc\kk'e 'm’eM X j_fik jlddXip  f] k. \ i\jlckj fYkX'e\[*
%C&\ZXI\  f] k_\i dfjyel Ij\ice\jj kf k_\ nffc 7ifn\ij(
[\Xc\ij  Xe[ dXel]XZkli\ij6 kf kK VYW ] gyl j_\W\g(
Xe[ kf fk\ij n_f dXp Y\ k_‘eb’e™ f] Yipe® TY\i kikenr
dXZ_e\i6  %-&<\zXI\ k_\p dXp \eXYc\ k_\ cXpdXe kf ]fid
fd\  \jk'dXk\ f] k \ jZ\ek’TZ mXch f] Zfezcl “fe [[I1Z\[

JXo\j  Jifd  k \ Qffc  FXYfiXkfip f] k \ Oe’miijkp f] Qpfde”
?og\i'd\ek MkXk'fe)Hf**  N_\ \og\i'd\ekXc nfib fe k \ mXi'XY'c'kp
fl jki\e™k_ Xe[ \eXjk'Z'kf] k \nffc I'YNi n_Z_ j di\cp jlddXi'q\[

‘e k_'j Ylec\k'e ') i\gfik\[ e [\kX'c e Xjlggc\d\ek ki k_\ Nn\ekp)]ijk
eelXe L\gfik f] k_'j MkXk'fe*
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lifd  \og\i'd\ekj YX)\[ fe d\Xjli\d\ekj dXN nk_ X TN
k\jk'e® dXZ_"e\*

M eZ\ k\ej'c\ jki\erk _ Xe[ \cXjk’Z'kpXi\ knf f] k_\ dfik
“dofikXek gifglik’\j  f] Xep klok'c\ TY\i ‘e k_\ [\k\id eXk'fe
fl ki mXcl kf k_\ dXel]XZkIii fl IXYi'Zj( k iV _Xm\ Y\\e$
\m\iXc [Ni\ek  kpg\j f] ‘“ejkild\ekj M \[ Ifi k \i d\X)
jlivd\ek( Xe[ k\\ ‘ejkild\ekj  _Xm\ zfd\ kf Y\ kid\[ ‘e
MeliXe Y\ kijker dXZ_'e\i* N_\ be[ f] TY\i kiker dX)
Z e\ )\l Xkk_j MkXk'fe’j k \ fe\ k_Xk_Xj zfd\ ‘ekf k_\
diik MeliXc I\ ‘e k \ Oe’k\[ MkXk\j* Cek \ fg'e'fe f] k. \
nitk\i(  k_j ) kN YAk dXZ e\ k_Xk_Xj Y\e Zfejkilzk\[ Ig
kf k_\ gi\\ek k'd\( Xe[ $jXj \][Z\ek Xe “ejkild\ek 1Ifi k\
d\Xjli\d\ek fl k\ej'c\ jki\erk_ f] “e[m’[IXc TY\j Xj'j miip
c’b\cp kf Y\ “em\ek\[*

N_\ Jfccfn'er [\jzZi'gk'fe ] k \ dXZ ‘e\( kiMk \i n'k_
k \ ['XANiXdXk'Z [iXn'er( ) kXble Jifd  GXkk_\nj$ N\ok'c\
@ Y\ij(' Yp k_\ Zflikjp f] k\ Xk fi Xe[ f] Qc\p # Mfe(
k_\ glyc’ \ij5

INWN _ Xm\Y\e XeldW\i ] dXZ_e\j Dmj\[ 1fi k\
gligi\  f1 [kide’e™®  k \ kigjc\ jkilerk_  Xe[ \cXjk'Z'kpf]
IXYi'Zj Xe[ pXiej( Xe[ X [\n  “ejkild\ekj _Xm\ Xcjf Y\e
X[Xgk\[ 1fi k_\ k\ k'e* f] jercd ITYNj* ;) k\ “e['m’IXc
ITYN( _fo\m\i(¢ ) Xmlip jc\eli  Xe[ \c’ZXKk\ fya\zZk(\jg\Z Xccp
‘e k \ ZX)\ f] Z2\ikX'e mWKkXYc\ TYij( k_\ [\KidexXkfe f] “kj
g_pj'ZXc XZkfij j Xe fg\iXk'fe n_"Z_ i\hli\j X [\¢’ZXk\cp
X[aljk\[  XggXiXklj* Ce dXZ_'e\j n_"Z_ ihI'i\ k \ kXb'en
fe fi f]] f] n\~ _kj( k\ aXi’j ljiiXccp jlII'Z\ek kf YiXXb k_\
TN Y\fiv o Ckj kil YilXXbTe  jkiXTe jOINXZ_\[* O N\ jXd\
Zir'k'zZ'jd "j Xcjf kih Jfi dXZ_'e\j \dgcfp'e® nXkli Xj Xn\'”A_k*
;odxXz_e\ Dm\[ Ifi k VIV f] k. J_eX[leg_"X Nlok'c\
MZ_ffc _Xj gifm\[ mlip jXK'j]JXZkfip Ifi [\Kid'e’e®  k_\ k\gjc\
jki\erk_ Xe[ \cXjk’'Z'kpf] Xcdf k Xep IY\i( Jifd miip J'e\ Xe[
[\cZXk\ TcXd\ekj kf zfXi \ Xe[ jkifer _XTij* ; [XNXdXk'Z
[i(Xn'er  f] k_j dXZ_e\ “FAml\e* N\ TYN kf oY\ KK\ )
ZcXdg\[ Y\kn\le k_\ aXnj Xk #<$& \ gf'ekli XkkXZ_\[ kf k_\
\e[ f] k. \ YWXd XYfm\ k \ Igg\i aXn Y\e” Yifl* k kf k\
Qif)dxib  fe k_\ jZXc\ %M&f_"c\ k \ cfn\i  aXn ) iX\[ i

|gg* _2_)/*
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cfn\i\[ e “kj jkXe[ lek’c k_\ [VI\[  [jkXez\ Ykn\\e k_\ aXnj
jofYkXe\[*  Nf fykX'e ZfdgXiXYc\ i\jickj k_'j ['jkXez\ j_flc[
XenXpj YV KO\ jpXd\( Xe[ v+ \d*( e k \ zZXj\ f] cfer ITYij(
kf - \d* fi j_fik TY\j( _Xm\gifm\[ kf Y\ Mf[ clerk j f]
I\ kP K\jk* N\ je[eMYXi %L& °j dfm\[  IfinXi[ Yp
klie'e® k_\if[ %N&(M_"Z_ dfm\j k_ \ iXZb Xe[ g'e'fe Xk %JI&(
lek’c k \ "iX[IXk'fe fe k\ n_\¢ %A&’] Xkaq\f kf k\ ‘e)
[zXkfi*  Oeli k\\ Zfe['k'fej Kk W\ 7 ef jkiX'e fe k\
i ;o jkikZ_"emMIfiz\ ) k \e gcXZ\[ fe k A\ TY\i Ypdfm'e?
k \ YXi %L& YXZbnXi[ Yp kliee® k \ iff 9%N&6 k_\ dfk*fe
fl k_j YXij dX)\  le’]fid Xe[ NiX[IXc lek’c k A\ TY\i J'eXccp
Yi\Xbj lefi  k \ jkiX’e k_lj gcXZ\[ Igfe “k* N_\ "iX[IXk'fe
fe k. \ n_\\¢ %A&ncck \e e[ZXk\ e \ZhiXdj k \ YiXb'en
jkiX'e f1 kA ITYNi YVer kjk\[*  N_\ \cXjk'Z'kp'j fykX'e\[ Yp
nXkz_‘en ZXi\llccp k_\ gfiekli dfme® Ig k \ jzXc\ f] d'cc)
d\k\ij Xk %M&ek’c k_\ ilgkl\  f] k \ T'Y\i kXb\j gcXZ\6 k_\
[ikXez\ k_j gfieki dfm\ igi\j\ekj k_\ XZkIXcjki\kZz_ f]
k A\ TY\ie Xe[ 1 k\ c\erk_ f] TYNi kXb\e Y\kn\\e k_\ aXnj
oo+ \d*(C k)TN nteeilgilek  [Ti\Zkep k_\ gliz\ekX™M ]
\cXjk'Zkp* ; Sk \ c\e”k_ f] TY\i kXb\e ’j fecp - \d*( kf fykX'e
k \ gliz\ekX™ ] \cXjk’Z'kp 'k 'j e\z\jjXip kf dick’'gcp k_\
Xdflek f] jki\kZ_ ‘e d'cc’d\klij Yp]'m\6 Xe[ Ifi fk \i cl\e”k j
fl TY\j jdcXi gifgfik’fej ncc _fc[* N_\ n\"_k %Q& Xk
kK ViXi Ve[ f] k. \ Y\Xd ZXe Y\ dfm\[ YXZbnXi[ fi IfinXi[(
Xe[ 7j i k O\ gligf\ ] Xalik'e® k \ YXcXez\ff k_Xkk \i\
joef jkiX’e Xk #<$n_\e k. \ ‘e['ZXkfi fe %A&dXib q\if*
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N\ n e %A&j ANXIXK[ e NZ7iXdi(  Xe[ Kk_j dXibj
K\ e Y'ckp fl k\ dXZ 'e\6 k \ kikXchiX[IXk'fe fe %A&
lee'er Jifd  qif ki /++= Q\e IY\j X\ Kk _Xm'erX
MXKI Kej'e\ jkikZ_ k_Xe /++ [ZAiXdi( X To\[ X[[k'feXc
MA Kk fl L+ -0( MIQKZ*(MiXdj dXp Y\$_ler Jifd  %Q&( Xe[
K dlik Y\ X[\ ki k\i\X[er fe K\ n e n\e k\TYi
YIXbj*  ;Sk\ \eXjkZkpfl K\ TYN T jf A\XK Xj kf ZXiip
k\ gfekii Ywpfe[ k\ cdkj f] k. \ jZXc\ Xk %M&(X j_fikii
cerk fl TYN dlik YV KjK\[*!

N_\ XZZzZIiXzZp Xe[ jg\[ nk_ n_"Z_ k. \ YiXb'e jkiX'e
Xe[ \eXjk’Z'kpf]l jerc\ TYNj dXp Y\ d\Xjli\[ O _fn\mi(
efk k_\ fecp IXZkfi n_"Z_ [\k\id e\j k_\ 1j\Jice\jj f XTI\
ki\k'er dXZ_ e\ nk_ i\jg\zk kf nfic fi Zfkkfe fi Xep fk_\i
j9\Z°Xc ZcXjj f] Kwok'c\ iXn dXk\i'Xc* N_\ fk N [XZkfi 7j k_\
mXi'XY'c'kf] k N\ ITY\ij k \d \em\j n'k_ i\jg\zk kf k_\ hIXc'kp
n_"Z_ ) kf YV d\Xjli\[* i In ZfezZi\k\  “cclikiXk'fej dXp
\eg kf j_fn  k_j dfi\  Zc\Xicp*$Miggfi\  Tijk k Xk'k © [\)
i\l  kf befn n_Z_ f] knf gXik'ZlcXi nffc TY\j = k\
kifeMi*  N_\p Xi\ K\K\[ “e k \ dXZ_'e\ Xe[ k_\ fe\ _Xm'enr
k \ AN YiXXben jkiXe ) N2 kYA kO jkifeMi* 19)
of \ X" Xek Xk’k’j [\l  kf befn n_"Z_ f] knf jXdgc\j( f]
kK\e TY\j \XZ_(7j k_\ jkifemi* ;Skni\  befnii “e X[mXez\
k_XK\XZ_ TY\i “e \XZ_ jXdgc\ _X[ k \ jXd\ YiXber jkiX'e
Xj\mlip fk i TY\i “e k_XkjXdgc\( ‘knflc[ fecp Y\ e\Z\ jXim
kf k\ kfe\' T'Y\i Jifd \XZ_ Xdgc\( Xe[ k_\ jXdgc\ Ji+,, n_"Z_
k \ jkifei - TYNi nXj kXb\e nflc] Y\ ZXe N\[ k_\ kifeNi 5
Yk “( fe k O\ fk i _Xe[( \XZ_ jXdge\ n\i\  dXD\ Ig ] TYj
f] mXip'e® jkiverk_( k_\ \ek'i\ eldY\i e \XZ_ jXdgc\ nfic[
_XmVkf YA KK\ Xe[ k \ fe\ _Xm'erk \ M \k d\Xe fi Xm\i)
XM YilXb'en jkiXe g\i TY\i nflc[ Y\ Zfej N\ k_\  kiferi*
lggf \ Jik \i  k Xkkj [\ I\ kf befn n_"Z_ f] knf ]Jc\2\!
fl nffc _Xj kA "\ XmliXM YilXb'er  kiX'eg\i tY\ir  ;Sk
n\i\  befne e X[mXeZ\ k_XK\XZ_ T'Y\i “e \XZ_ Jc\2\ _X[ \*I¥)
XZkepk \ jXd\  YiXber jkiX'e X \miip fk \i TY\i ‘e k_Xk
1eW\z2\( 'k nflc] fecp Y\ e\Z\ jXip kf d\X I\ fe\ I'Y\i kixd
\XZ_ Je\2\ Xe[ 'kj YiXXbe®  kiX'e nflc]  i\gi\ ek k_\ Xm\iXgz
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YilXbe™ jkiX'e g\i TY\i f] k_XklcWz\6 Ylk fe k_\ fk \i _Xe[(
T %Xjj XZkIXcepk \ ZXj\ n’k_ \m\ip ]c\2\& \XZ_ ]c\2\ j Zfd)
ofi\l f1 TYNj f] mXipe” jkilerk_( k \ d\k_f[ ] gifZ\[li\
joefk jf ojdgel Xj e kO \ givmfli o ZX)\F o N ) YAZXIN X
jofymflj  kf Xepfel e k \ c\Xjk ]Xd'c'Xi n’k_ nffc( k_Xkk_\
eldv\i  f] TY\j "e\m\e Xgfle[ f] nffc 7j jf ~\Xk k_Xkkf Xcc
“ek\ekj “kj otddfiiyel  kf d\Xjli\ k_\ YilXb'en jkiX'e f] k_\d
Xcc'e['m [IXcep*  N_\iNfi\ ‘kdXp Y\ Zfej\i\[ Xe “dgfs5 )
Y c'kpkf befn ki X Z\ikX ekp k_\ Xm\iX™\ YilxXb'e” jkiX'e f] k_\
IY\j "e X ]c\2\ f] nffc*r ek fI*r "k dgfi  CYel kf \m\i
befn kA kiN  Xm\iX™ fi  d\Xe( "k dXp( _fn\m\i(  jk'cc Y\
ofii’yel  kf [iXn jXdgc\ Jifd \XZ_ ]cWZ\ k_ Xk Xi\ jdXcc
\eflr_ kf _Xm\ Xcck Vi TYNij kK[ Xe[ Xkk_\ jXd\ k'd\ Y\
fl jlz_ XeXkli\ Xj kf i\gi\\ek  k \ \ek’i\ ]Jc\2\ jf kilcp k_Xk
k \li d\Xej dXp Ifi XccgiXzk ZXgligfj\ Y\ N Cejk\X[ 1]
k \ kih d\Xe* N_\ jXdgc\j n'cc _Xm\ kf Y\ [iXne Yp k \
dk ff befne Xj iXe[fd Xdgcer(n_'Z_ diXe Kk Xkk\
IY\ij dijk Y\ Jifd \mlip gXik f] k_\ ]JcW2\ Xe[ k_Xkk_\ \c\z)
k'fe f] ‘“e[mIXcj dljk Y\ c\lk \ekiilcp kf Z_Xez\* N_\
g\ f] k \ jXdgc\ kf Y\ [iXne [\g\e[] Igfe knf k_eN5 k\
XZZliXZp n'k_ n_"Z_ kj diXe dljk i\gi\\ek  k_\ ki d\Xe
Xe[ kN mXi'XY'c’kd] k \ T™YW\ij nk_ ig\zk kf k_\ hiXckp
yver diX I\[( Ce k) ZX\( k\ YilXber  kiXer @fi k. \
cXZbf]l jiiI'Zz\ek jgXz\ "k n'cc Y\ ‘iegf Y\ kf A'm\ X [\kXc\[
\ogcXeXk'fe f] n_p k_j° ki\( Ylk Xepfe\ n_f [flykj “kzZXe
gifm\ “kkf _“d\ic] Ypk\ Jfccfn’e® \oglidiek n'k_ zZXi[ 5

NXb\ X gXZbf] ,++ ZXi[j Xe[ fe 0+ f] k \d gcXz\Ifli
jofkj \XZ_ Xe[ fe k \ i\dX'e'e® O+ gcXZ\Tm\ gfk \XZ_* N_\
d\iXe eldY\i f] j*gfkj g\i ZXi[ n'cc Y\ /*0*  _IJlc\ k_\ ZXi[$
k fiflx_ cp Xe[ [iXn XkiXe[fd knf jXdgc\ (fe\ ZfekX'e'er
«  ZXi[] Xe[ k\ fk \\i -0 zXi[j* =XczZlcXk\ Xe[ Nzfi[  k_\
d\iXe eld\i ] jofkj o\ 2ZXi[ 1fi \XZ_1f] k\ Xdgc\j* LY
g\ Xk k_\ j lllc’er Xe[ [iXn'e® f] k_\ jXdgc\ Ifi O+fi ,++
kdyj( i\zfiCer  k \ d\Xej \XZ_ k’d\( Xe[ ‘kn'cc_\ ]fle[ Xk
k \\e[ f] k \\og\idiek k_Xkk_\ diXe f] k \ Xdgc\) f] -0
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_Xm\Y\W\e fe k \ n_fc\ eWXi\i kf /*0( k_\ ki d\Xe( k_Xek \
d\iXej f] k \ jXdgc\ f] ci(j_fner k Xkk \ cXiMi k_\ eld)
Y\i ‘e k\ jXdge\ k \ dfi\  XZZliXk\cp kj d\Xe n’cc i\gi\j\ek
k_\ ki $d\Xe(

@fi k \ j\zfe[ gXikf] k \ \og\i'diek Z_Xe™ k_\ eldY\i
fl jofkji fe gXik f] k \ zZXi[j jf k _Xkk \I\ Xi\ -0 zZXi[j n'’k_ D
jofkj \XZ_( -0 n'k_ / jofkj( -M n'k_ O jgfkj Xe[ -0 n'k_ %&
jofki*  N_\ d\Xe eldY\i f] jgfkj g\i ZXi[ n'cc jk'ccY\ /)05
L\g\Xk k_\ j Nlc’e” Xe[ [iXn'eM jXdgc\j f] .+ Xe[ -0 ZXi[j
\XZ_ Xe[ b\g X izfii f] k \i diXej lek'c XYflk k \ jXd\
eld\i X\ fykX'e\[ Xj ‘e k_\ gi\m'flj gXik f] k_\ \og\i'd\ek
Xe[ kn'cc Y\ Iflefl k Xkfe k \ n_fc\ k \ dXej [N Jifd
k \ kiN d\Xe dfi\ k Xek \ dXej f] k \ jXxd\ jg\[ jXdgc\
lifd  k\ Tijk gXik f] k \ \og\i'd\ek( j_fn'e® k_Xkk_\ "N\XKk\i
k \ mXi'XY'c'kg_\ c\j XZzliXk\cp k_\ diXe f] X~'m\e eldY\i
fl k\kj n'ccilgij\ek  k \ kil d\Xe*

N_\iNfi\( kf i\klie kf k\ [ Zljfe f] k\ YixXber
kiX’e f] nffc IYN( k \ dfi\  XZzZliXk\ep 'k *j [\ Ci\[  kf _Xm\
k \ diXe f] k \ iXe[fd jXdgc\ i\gi\\ek k \ kih d\Xe f] X
1eZ\2\ f] X ~AMmle mXi'XY'c'kk \ cXiMi k \ eldhi ] TY\j k
n'cc Y\ e\z\jjXip  kfd\Xjli\ Ifi k_j jXdge\( Xe[ k_\ 7MivXki
k \ mXi'XY'c'kf] k \ TY\ij ‘e k \]c\2\ nk_ i\jg\zk kf Yi\Xb)
oM jkiXe( k O\ eXiMi k \ eldY\i  “e k_\ jXdgc\ vk Xidljk Y\
[i(Xne Xe[ k\K\[ ‘e fihi kf fykX'e X diXe k_Xkn'cc i\gi\)
ek k \ kih diXe n'k_ X Am\e XZzIiXZp* N_\ zZXj\ Ij\[
Ifi “cclikixk'fe ‘e n_"Z_ “knXj [\ kf ]'e[ k_\ ZfdgXiXk'm\
jkilerk ] k \ nffc “e knf ]1c\Z\j j X kpg'ZXcloXdgc\ f]
X cXiM ZeXjj fl zZX)\j n_"Z_ Zfelifekj k_\ giXZk ZXcnffc
dXe ig\Xk\[cp*  Cejk\X[ f] k \ JeW2\( _fn\mhi(  k \\  dXp
Y\ Xep Xdflek Jifd X [\n flez\j kf jimliXc YXA* N_\
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The difference between the average tensile strength of the
cold and the hot bars would be considered as being caused
by the change of condition. A method analagous to this
cannot be used in the dip experiment because the relatioa
between breaking strain and cross section is almost as far
as possible from being constant, even in the fibers of a very
small lock of wool from a single sheep. Consequently, it is
necessary to draw from the sample of wool used in the ex-
periment a random sub-sample which will be sufficiently large
that the mean breaking strain of the fibers in it will accu-
rately represent the true mean of the portion of the sample
that remains and then after the experiment to find the mean
breaking strain of all the remaining fibers of the sample, or
another sub-sample containing enough fibers to represent the
true mean with sufficient accuracy. Here again the size of
the sub-sample for a given accuracy of its mean is dependent
upon the variability of the fibers in the sample.

It should now be quite evident why with respect to any
given class of fibers the value of the most perfect fiber testing
machine of the type which measures the fibers individually
is largely dependent upon the variability of the fibers them-
selves, for it can be conceived that the variability of, for in-
stance, the wool fiber could be so low that the mean of a
random sample of 25 or 30 fibers would represent with ac-
curacy, sufficient for the most careful scientific work, the true
mean breaking strain per fiber of all the wool produced in a
flock of a hundred pure bred sheep, or so high that it would

" be impossible, with even the most liberal use of time, to ob-
tain a mean sufficiently accurate to be of value for the broadest
commercial comparisons, to say nothing of possessing any
dependability as a measure in scientific work.

All that has been said in regard to breaking strain is also
true in regard to elasticity.

All the detailed explanation of the foregoing pages has
been given in the hope that it will make clear the fact that
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the usefulness of the most perfect individual fiber testing ma-
chine is dependent upon the variability of the fibers in the
material to be tested, and to emphasize the necessity of mak-
ing preliminary experiments to determine the accuracy of the
means, calculated from a given number of measurements, be-
fore it is safe to base any conclusions upon what these means
seem to show in regard to any particular experiment.

For the purpose of determining how much dependence
can safely be placed upon the accuracy of the means of one
hundred, one thousand, and greater numbers of measurements
of the breaking strain and stretch of wool fiber, the Wyoming
Station has measured the breaking strain of 59,400 fibers and
the stretch of 5,000 fibers. Exclusive of one sample of top
which no doubt contained fibers from a large number of sheep,
the fibers were from 26 fleeces, representing a wide range
as to character of fiber, breed of sheep on which grown, and
geographic;a.l distribution. Consequently, the results of these
experiments can be safely applied to wool in general.

Lack of space makes it impossible to describe each sam-
ple in detail. All that can be said in addition to the descrip-
tion given in the tables is, first, that the commercial grades
are all from the Philadelphia wool market, being from fleeces
collected by F. M. Jennings, an experienced wool sorter and
instructor in the Philadelphia Textile School. The other sam-
ples were collected by the writer personally and unless other-
wise stated they are from ewes. The numbers prefixed are
merely identification numbers of the station and indicate the
order in which the samples were first studied.

The wool that was used in these experiments was not
cleaned in any way, but was left in the condition in which
it was taken from the sheep, except for the small change due
to the loss of volatile substances between the time of shearing
and testing. The wool in the sample of top had, of course,
been scoured and oiled for combing.
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The samples were all taken from but one shoulder of the
fleece they represent. The wool from the shoulder is sup-
posed to be the strongest and evenest part of the fleece. The
samples were of two sizes—handfuls of a few ounces each,
and small samples ranging in size from the thickness of a
man’s finger to that of a small lead pencil.

The reason for taking these small samples and taking
them from what is supposed to be the most even part of the
fleece was that it was desired to get means with as little vari-
aiton as possible in the hope that they would be suitable for
the accurate measurements of the effect of reagents upon the
wool fiber. There is scarcely any doubt that means of the
same number of measurements on random samples represent-
ing the wool from a whole fleece or a whole bag of the most
even wool would be found to be much more variable than
those resulting from the experiments which are being con-
sidered.

Two machines of the kind previously described were used
in the experiments, and the measurements were made by
three observers, but any group of means compared in the
tables on the subsequent pages is always the work of one
observer with one machine, for in case two observers tested
fibers from the same sample of wool their results were kept
separate and the means obtained from them clearly distin-
guished in the table. Therefore, none of the variation can
be attributed to change of observers. The length of fiber
between the jaws of the testing machine was in most cases
25 mm.,* but in some cases 40 or 50 mm. The groups com-
pared were always made with length between the jaws un-
changed. Approximately the middle portion of each fiber
was tested but no particular attention was paid to whether
it was nearest the weather or the skin end of the fiber. The
testing was all done under ordinary room conditions.

*t will be remembered that 1 inch = 254 mm. Therefore, the
length used was approximately 1 inch.
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In the tables the measurements are divided into general
classes, according to whether the samples were or were not
mixed before drawing the fibers for testing. The first ex-
periments were made with unmixed samples upon the suppo-
sition that samples so small and even, as the ones being
studied, could not be rendered more homogenous by being
mixed. The results obtained cast some doubt upon the cor-
rectness of this supposition, and consequently in the later
experiments especial care was taken to mix the samples as
thoroughly as possible before drawing the sub-samples for
testing. '

The results of the measurements on the fibers from a
sample were recorded consecutively in the order made. As
soon as one hundred fibers were drawn and tested their mean
or average breaking strain and stretch were calculated and
designated the mean of the first hundred. Then another hun-
dred fibers were tested and their mean found in the same way
and designated the mean of the second hundred, and so on
until ten or mofe means of hundreds were obtained for the
same sample. The mean of all the fibers tested from each
sample was calculated and termed the mean of the total num-
ber tested, and where two or more thousand fibers were tested
from a sample they were grouped and their means designated
as the mean of the first thousand, mean of the second thousand,
and so on.

By this method of grouping the recorded measurements
it is made possible to judge of the accuracy with which the
mean of samples of a given number is likely to represent the
mean of the whole sample by noting the variation of the
means of the groups of this size from the same sample. For
the sake of illustration, take the results of 1,000 breaking
strain measurements on 2. Pennsylvania Half-Blood, which are
as follows:
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Mean of 1st hundred....6.569 grams} Consecutive pair with greatest
Mean of 2nd hundred....6.977 grams difference. -

Mean of 3d hundred....6.614 orams

Mean of 4th hundred....6.624 grams

Mean of 5th hundred....6.388 grams—lowest

Mean of 6th hundred....6.724 grams

Mean of 7th hundred....6.905 grams

Mean of 8th hundred....7.152 grams—highest

Mean of 9th hundred....6.992 grams

Mean of 10th hundred. .. .672) grams

Mean of thousand........ 6.767

Difference between highest and lowest mean == .764 grams
== 11.20% of 6.767, the mean of the thousand.

Greatest difference between two consecutive means = .408
grams = 6.03% of 6.767.

It can readily be seen that if the difference between the
fifth and eighth means is 11.29%, the one or both of them
differ from the true mean by more than 574%, and since this
was found to occur in only ten trials, it is pretty likely that
the mean breaking strain of a random sub-sample of 100 fibers
will differ from the true mean of this sample of Pennsylvania
Half-Blood by more than 5%%. For some purposes at least,
this would be little better than a close guess. To illustrate
concretely, suppose a breeder had taken two shoulder samples
from two sheep, 4 and B, whose wool had the same general
appearance as the sample under consideration, and suppose
that the mean of a random sub-sample of the wool from A
is 11% stronger than the mean of a like sub-sample from B,
which sheep has the stronger wool, and if A4 is the stronger,
how many per cent stronger?

It is also important to know how much two consecutive
means are likely to differ from each other.” In this case the
greatest difference is more than 6%. To illustrate, suppose
it is desired to measure the effect of sheep dip upon breaking
strain, and that 100 fibers are drawn from a sample of wool
such as this one. Their mean breaking strain is found and
then the sample is treated with sheep dip and another 100
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fibers drawn and tested and their mean is exactly the same.
What effect did the dip have? From what we already know
of the variability of the means of hundreds in this sample of
wool, we can see that it is impossible to determine from these
data what degree of effect between making the wool 6%
stronger and rendering it 6% weaker should be ascribed to
the dip. Keeping these facts in mind, a study of Table I
will give a pretty clear idea of the accuracy of the means of
samples of 100 fibers as a measure of breaking strain.

This table does not show all the means of hundreds for
the various samples, but is a summary showing the total num-
ber of fibers tested from each sample, the mean of the total
number tested, the highest and lowest means of hundreds,
together with their difference in grams and expressed as per
cent of the mean of the total number tested, and also the two
consecutive means having the greatest difference together with
this difference in grams and as per cent of the mean of the
total number tested.
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Value of Fiber Testing Machines for W ool. 21

Table IT shows for samples from which two or more
thousands were tested, the means of thousands, compared in
the same manner. In Table III two means of five thousands
from one sample and three from another are compared.

Stretch measurements. were recorded on only 1,000 fibers
from each of five samples. Their means of hundreds are
compared in Table IV. In all the tables whenever a difference
is expressed as per cent the mean of the total number tested
is used as the base.

A study of the differences in Table I makes it very evi-
dent that for measuring the strength of even small quantities
of wool the mean breaking strain of a sample of not more
than 100 fibers is of little or no value. This is especially evi-
dent when the small size of the samples from which the.sam-
ples for testing were drawn is noted. The least difference be-
tween the highest and lowest means is 9.56% and occurs in
8. Port Phillip 6os, an unmixed sample from which 10 means
are compared. The greatest difference between means is
45.57% and occurs in 17. Shropshire, an unmixed sample, from
‘which 20 means are compared. The greatest difference be-
tween means of hundreds from a' mixed sample is 34.65% and
occurs in 27. Range Rambouillet, a small lock from which 50
means are compared. As is to be expected, the greatest dif-
ferences between pairs of consecutive means are on the whole
somewhat less than the difference between the highest and
lowest means of hundreds, but are still so high that they em-
phasize great variation and consequent inaccuracy of the means
whose comparison is summarized in this table.

Table II shows that if the samples from which they are
drawn are not thoroughly mixed, sub-samples of 1,000 fibers
each show such a wide difference of mean breaking strain that
they have little or no value as measures of breaking strain
for samples no larger than a handful, for the difference be-
tween the highest and lowest means in any one sample ranges
from 8.06% in 18. Range Rambouillet B with only five means
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Ifi  ZfdgXijfe  kf -++a" ‘e 6.%9@KFDI@JALQHIIDB n'k_
Tlk\e d\Xej 1fi ZfdgXijfe* N_\  Ifid\i Xdge\ j_fnj X
[Milezv ] 3*+1" Ykn\\e knf Zfej\zZlk'm\ d\Xej( n_‘c\ ‘e
k_\ cXkkii jXdgc\ k_j [I\\ez\ ) 43" N_\ eldY\i  f]
IY\ij kyk\[ Jifd do\[ jXdgc\i nXj jf jdXcc k_Xk'e Yk fe\
ZXj\ X\ dfiv k_Xek_ i\ d\Xej f] k_fliXe[j lifd k_\ jXd\
Xdge\  zfdgXi\[( Xe[ ‘e k_j ZXj\ k \ eldWi  zZfdgXi\[ ]
fecp I'm\* =fej\hl\ekcp( kK AV ) oc\jj 2\ikXekp Zfez\it'en
k \ XZzZIiXZp f] k \\ *d\Xej k_Xe'] XcXiMNi eldY\i ] TY\j
X[ YWe KGK\[( Ifi kN ) ojzXiz\ep Xep [flyk  k_Xk'] \m\e
k\e d\Xej Jifd \XZ_ jXdgc\ n\i\  XmX'cXYclfi ZfdgXijfe(
k \ [i\ez\j fzzlire®  nflcl Y\ Ifle[  kf* Y\ Xk c\Xjk Xg)
gi\Z’XYcp MiWXKN*F H\mlik_\e\jj( k' XmX'eXYdXkX j_fn k_Xk
k \ diXe YiXber kiX'e fl (+++ IYNj 7 IXi Jifd YVer X U
o\i\Zkcp  XZZIiXk\ d\Xjli\ fl k\ dXe YiXber jkiXe f] X*
jdXcc cfzb f] nffc k_XKYX[ Y\e ZXi\llccp do\[ Y\fi\ k\
I\ nmiv o [iXne( Ifi k \ "AiXk\k [Th\ez\  Yikn\\e d\Xej
iXeny lifd qif ‘e -0* 9@KFDILOKALQHIIDR#k_ Ylk knf
d\Xej(  ZfdgXi\[ kf =+ e -2* 9@KFD9@JALQHIIDP#k_
I'm\ d\Xej ZfdgXi\[* ;S[\iez)j ef 7i\XKk\i  k_Xe k_\ cXk)
ki Xi\ Jflel kf Y\ f] Zfddfe fzzlileZ\( k_\ d\Xe Yi\Xb'e®
jkiX’e f] ,(+++1Y\j ncc Y\ f] mip [fiykllc —mXch Xj X
d\Xjli\ f k\ jkierk_ ] (++ 1fi zZfdd\iz'Xc gligf\  *

fkn'k_jkXe['e® k_\ IXZkk_XKk]fi dfik gligfj\ k_\ [iXn)
‘e Xe[ k\keM fl o++]1YNij f] nffc “e fihi  kf [\k\id'e\
k_\ K\e “c\ jki\erk_ f] XjXdgce\ nfle[ Y\ _ _cp "dgiXzZk ZXYc\(
NXYc\ CCQ_fnj k _Xkn \\  k \ jXdgc\j n\i\ efk ZXi\]lccp
do\[ WY\Ifi\ [iXner k. \ jlY)jXdgc\j( k \ d\Xej f k_ j
eldvi ‘e knf jXdgc\j [N Ypdfii k Xe0" n.\e fecp knf
Xe[ k_ i\ d\Xej i\jg\zZk'm\cp Xi\ ZfdgXi\[*

ek fIn_ YX)\[ fe X i\eXk'mi\cp jdXcc eldY\i  f]  k\jkj(
NXYc\ CP gf'ekj jkifercp kfnXi[ k_\ ZfeZcljfe k_Xkk_\ d\Xe5
fl jkikzZ_ d\Xjli\d\ekj n'cc Y\ Jflel kf j_fn X mXiXkfe
X MiXk Xk c\Xjk Xj “dcXi d\Xej f] YilXber kiX'e d\X)
jli\d\ekj*
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@fi k_\ dfi\ giXzk’zXadb'e[j fl nfib k \ kid\ i\hl'i\[
kf dXb\ k_\ k\kj °j Xe ‘dgfikXek ]Xzkfi* ;e \oglik n'cc efk
XmiX™MN fm\i MFTYNj g\i _fli(  Xe[ X glijfe n_f fecp nfibj
Xkk fzzXjfeXccp n'cc efk Y\ XYc\kf k\k dfi\  k_Xe ,++ T'Y\j
‘e X [Xp* =fe \nl\ekcp X jki[p f] k \ kXYc\j dXb\yj 'k Zc\Xi
k_XkY\ZXIN f] k_j kid\ \edek k \ " mXiXY'ckg] k_\
nffc  TYNi n'k_ Ng\zk kf k_\ knf Z_XiXZk\j lei Zfe )
\iXk’fe i\e[lij k_\ dfik g\pzk TY\Ni k\k'er dXZ_"e\ mXcl\)
c\j Xj Xe ‘ejkild\ek  kf Y\ I \[ [i\Zkcp 1Ifi Zfdd\iz'Xc Xe[
“efliki"Xc  gligfj\j( it IXi( Xke\Xjk( Xj k_\ nffc 7] Zfez\ie\[*
GfVim\i( Kk \ T\c[ ] k_j dXZ_'e\ “e k_\ jZ\ekTZ jki[p f]
nffc  TYN 7j Xkk \ dfik X miip c’d’k\[ fe\( Xe[ ZfeZcl “fej
YX\[ Igfe k_\ d\Xjli\d\ek fl k \Yi\Xber kiX'e Xe[ jki\kzZ_
fl e[mIXc TY\j dXp nlcc Y\ iVXi[\[ n'k_ Zfej"NiXYc\
jo\gk’Zjd*

Ckj_flc[ Y\ le[\ijkfff k_Xkk_\ Zfezcli'fe ] k_7j Yic)
c\k’e Xggcpfecp kf nffc Xe[ Xi\ [N kf k \ eXkli\ f] k \ dX)
k\i'Xc Xe[ efk kf “dg\i\zk'fej ‘e k \ dXZ_ e\ I\ e k\
\og\id\ek(  Xe[( lik \idfi\( k_ Xk'k © miip dfjjYcl k_Xk
k W\ dXZ_e\] _Xm\Xn[\ T\c[ f] Ij\lce\j ‘e k .\ kijker
f1 fk i Kok'c\ I'Yij*
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