
:is t o  which thc I l l t l i : ~ ~ ~ ~  I:ro~n these data, it is :I silnplc ~iinttc!~. to c m ~ ~ l i i -i l~c lnrc  tlint tlie isln~itl 
was once the cclnctery for the nc~iplibo~-iny1)ute how ~nucl i  dry n l :~ t tc .~  or Ilo\v ll~ricll of  
~n:lillland, niitl therefore will not : i l l o ~  tlie :lily 1):wticulnr illgreclicnt of' tlio fool1 tile :111i- 
~~iounc lsto be csplorctl. 11i:iI received, nlitl what p :~r t  of' tllis !':~.i!ctl to 

Subseclucntly, 1ic!:1r tlie vill:~gc oi'Sn11 JI igt~cl .  11c tligcstcd. 
Mr. Miller ant1 ~ ~ l l o t o g ~ . : ~ l ~ l l e t l  c s :~~l~ i l l c t l  tlic 
twins of a n  oltl cll~wcll, sur- 

c~rcd with c:~l~tli. 'I ' l~t! i1111:111it:i11tss:iy tlifit this 
pavement es tc~ l t l s  1i~1. I~nll':i mile :irouncl tht, 
c.liurcli, nnd t l ~ : ~ t  a 1)rontl. 1):ivccl ~ v n y  on(.e lctl 
from the (~1111rcli to  tile \v:~tcr, n mila :lu-ay. 

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

H~:KSI.I:I<I:I.:in11 Stollmn~lli. i l l  tlwir B e i -

Tllis aictllotl of c:sl)criniciit clvid~.ut$ will 
give dil,cc.tly tho iligcsti-

. I,ility of rill!. fotltlcr whic.11 
(.:In t)c lnntlc tllc~ csc.lr~sivc> 
Soot o I : I ~ I I I .  111 
t11ca cnsc of' ~i~:~tt!ri:~LIilcc: 

so sinipl(.. I n  this ( m e  it 
is lirst s1eccss:Iry t t ~  tleter- 
]nine tlie tligc~stil,ili:y of n 
-:~lnl)lc of liny. or otllcr 

coarse fotltlel.. This  
clone, tllc :u~ili~:il is  
given a m i s t ~ ~ r r  of this 
cGonrse ti)tltlPr :lllil the 
c o l ~ o c ~ ~ t r : ~ t c t lii)clcler ill 
c l a e s t i o l i .  : I I ~ I !  t l i ~  

1v1iic.h is tlicl.cstc~l is de- ;.,ternliilctl. 1 ~ I V I I .  on 
t Ile nssunl1)tioii ;lint the 

~ : I I I I Ol)~,oportiouof 

ill tile first. wc,c:llclllnte llol,. nll lc . l l  of  tilc. 

. ,? ---.. . ,  111(~ c.onrsc. i 'o~lclt~~ 
- was tligcstt.!i in 

tl1c1 .ccoll(l ~ r i n l  ns 
toll-

c.entr:~tecl f'otltlcr 1i111st linvc I)c.el~ tligcstcd in 
ortlcr to  yicltl the rcs~i l ts  ol~sc~rvc~tl !il)on tlic 
i~listurc:. 

Certni~l  sources of error 11:1vt% 11ccll iq~loretl 
in the general st:~teliicllt give11 :11)0vc.. '1'1111s 
tllc escrctioli is always inorc 01. lcss ir:,egrllnr 
from tiny t o  tlny : :~nt l  tlic cscrctctl 111:itter coil- 
t:lins, ill :ltltlitio~i to  liiitlipe~tctl t'oo~l. :)lore 01. 

lcss intcstinnl nilreus. nlld re~ l i i i :~~i t s  ot'ctigestire 
juicvs, wllic.11. t l ~ o ~ l g l l  sni:~ll in nllioilnt relti-

'l'lle~i 

tr i ige 2211' rutioite1le)l .f;;tter.u7rg cler ~ o i e d e r k i i u e r ,  
~)l~blislletlill 1S I ~ O ,rcl~ortetl 1)rnc:tic:illy thc first 
tlctc!~~miiintioi~sof' tilth dipesti1)ility of tlie proxi- 
mntc col~stitucwts ol' c.nttlc-f'ootls. Sillce tlint 
tirne. :I lnrgc 1111nlltc~r of' simil:lr tletcrlnil~:itioiis tively. arc  not ontirely t o  11c ~~cplcc tc~ t l .  
ul)oii \.:~rious li)tlcic!lss. :111tl witli the sevcr:ll it Ilas recently I)chc~i she\\-11 t11:it soll~c! !I(-1r:ions 
sl~ccies of' tlolllchstic :~~~i i i in l s .  of tlie food l':~il to :~pl)c:lr i n  tile. thstGrctn.I1:lvc 1)ccli ili:1cle. 
cl~icfl~..it' 1101 c.llti~.cly. 1)y tlic: Gel-ninn es1)el.i- 1)rcausc: they slltfi~r n fei.lnc~~t:\tiol~ tile. ali- i l l  

~ l i e ~ ~ t - s t : ~ t i o ~ ~ ~ .I I I  tli(~sc~ t I ~ ~ t ( ! r ~ ~ ~ i ~ i : i t i o ~ i s  c:lii:ll.tllc ~ i i e ~ i t a r y  r:~tlicl. t1i:ui l)ct*nuse t11c.y arc 
il~c~tliotlcll~l~loyctl n11c1 Stoli- 1)y l I ~ i i ~ ~ c . I ) t ~ ~ . g  
mnlnl, ant1 wllicl~ is licre givc.11 i l l  outline, 1i:ls 
beell universully li)llo~rcd. 

Tllc food of tllc! :~iiilnal is \ ~ r i g l ~ c t l ,  suit:il)lc 
:weomit being t:ll<c>n of' an)- 1,ortioll left UII-

catell, a ~ i d  :I s : ~ ~ l ~ l ) l eof' t l ic foot1 is snl!jcctctl 
t o  clicnlicnl :~li:llysis. Tlic solit1 escrcment of 
the : ~ n i ~ n a l ,  (:oi~sists for the most pnrt ~v l~ ic l i  
of' t l ~ c  nlldigestod 1,ortioils of tllc Sootl, is also 
c:irc~t'~illy coll(~ctc11. \\.cipllc!tl. nlltl nnnl~zet l .  

tligcstc(1 ill :i11~- 1~1.01)erSCIISC. 'l'llis is 1):1rtic11- 
1:lrly tllc c.:~sc \\.it11 cellulose ( sce  S , * ; e t ~ ~ : t - .Xo. 
100, 1). I 1  ) . Finnlly. the inethotls of' :~~i:tlysis 
i l l  use for Sotltlcl~ :11i(1 cscrclncnt :ire not in 
all rcsl,ccts c.nl,nl)lo of g iv i i~g  ~11:\rj~l,y (lcfine(1 
1 'C~ll l t~.  

A~iotlier class of' errors, tlic s1n:~ll uxivoid- 
nblc errors of \ve~gliing nacl cliemicnl :uinlysis, 
~ i s~ ln l lyless c:olisiclcred, may grow t o  very con- 
sitlcrnhlr tlil~iellsions w1ic11 11ll11til)lietl 1nn11y 
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t1nrt.s i n  colnputi~lg tlic composition of large 
amounts of fodcler from tha t  of small samples. 
I n  some recent digestion esperiaients macle by 
t h ~writer a t  tile Wisconsin agricultulzl esperi- 
rnent-station, a computntio~i was matlc of the 
infinenee of these analytical crroys, wit11 i,esulti 
r e l y  similar t o  those arrived a t  by T<i~ll~r ' ill a 
paper on the effect oS cooliing and other 
mctllocls of prcpxlation, upon the rligestihility 
of wheat-bran. 

In  both cases i t  mas assumed th:it no mate-
rial loss of either foclder o r  escrerneut had 
occurred. 111view of tlre care taliell in  the 
conclticl of the cupelilnents, this assumptiol~ 
secllis justified. I t  a t  least doe5 not magnify 
the probable error. I t  mas l i l i e ~ i s e  nssumed 
that tlic s a l n p l i ~ ~ g  I n  tlie wns free from error. 
w ~ i t e r ' s  rsperiments, n~inlyses of' four snnil)les 
of the same 1laj agreccl so closely :IS to  jnstif:~ 
the assumption. r11 slloit, the (.omputations 
were eonfi~leil to  tlic efeect oC a7eal!jticnl eryor,.c 
npon the results. 

\T7itli these csplanatioris, virc g i ~  l~elon-:Ie 
statcnient of the errors t o  which tile s e ~ e r n l  
cletern~in:~tioi~sere found to i ~ e  -n subject : 

Probable ewoys .  -Hay. 
- - -.- - --- -

~ 

Iciihn's experi. -\rmtiby'.i 
mants. eul~crilnerrts. 

Dry matter . . . . . 
Organic niatter . . . . 
I'roteine ( N  X 6.25 j . . 
Crude fibre . . . . . 
Fat I ether extract) . . . 

I t  sl~ould, perhal,s, bc atldecl, that  
of a cligestio~i esper i~nent  are  usually esprcsse 
in l,cJr cent of tlie amo~unt fed. Tile a h o ~ e  
res~l l ts  mean, that  if, for esaml~le ,  3 0 ~ / ,of' tllc 
protc>ine ferl was foulld to  l i a w  been tligcsteil, 

o ~ ~ y l o ~ e c l(see :tl)ove), the crl.orz ale. so l o  
speak, concentrated in  the 1)y-focltlei. a, tlic 
following statement shows :-

Prohuble eyrors. -B,y-foclcle~s, 
-- --- - - --- .- .-- -. ------ --- . ~ -..-

! I<iihn3sex- ; 
, pcri,ucntti,~ , arms by'^ experiments. 

' Nalt ' Cot?oo~ee<l -
i spvonts. i meal. 

Uryn1attc.r . . . 
Orgallie rnattpr . 
Proteine . . . . 
Crude fibre . . . 
F a t . .  . . . . 

I t  i5 e l  i c i c ~ ~ t  Sro~n these r e s u l t ~  that tietei- 
inillatioils of tllc cligestibility of concteiitrated 
fodclcrs a rc  subject to  a so~nen.ll:~t corlsiclei-able 
crror. TVllcn they contain but  little of an 
ingredient. the relative crror lnav 11e very 
large, ns in  tlic. case of the crude fibre of the 
cottonseecl-nlcal. while, if tile ingredient is prcs-
cnt  in lalsger niiiount. a s  in thc lnalt sprouts ant1 
l ~ r a n ,  the relative error is recluced. 

I n  00th Ku11i1's anrl the n riter's cxpeliunents. 
Iiomcver, a iccond iourcac of uncer ta iu t~  was 
discoverecl in tile fztct tliat the same :~nunal  
inay digest tlie saliie foclder to  a soruewhat 
dityerent extent a t  dilferent times. 'l'he a riter's 
cxpcrilnents skiow one unmistakable cuample 
of this, :llicl ICnlln's seheral. 

Now, as  stntetl above, tlie c.alcrilntion o r  tllc 
tligestit~ility of' a concelitrntctl fodtlcr 1s 11asecl 
on  tllc :iss~ir~ll)tioii of r~rlaltcretl digestil)~lity of 
tlic comse fodder. I f  this asznmption is i ~ o t  
true, the whole of the error tllnr iiitrorlncctl 
~vill. by the metl~orl of complitntio~i eml)io~-ed. 
attncli to  the coueentrnted focltle~x. ' r l~clolion-

tlie t rnc a m o a ~ ~ t  irr the writer's e s ~ ~ e r i r n ~ ~ ~ t s  
wxs proi~ahly not less than -48.8.; % nor inorc 
t11:111 5 I .  15 7;. 

'l 'l~nt tlie prolxthle error al)l)twrs s~n:~ller in 
the \\-ritct~,'s csperiments is  lwgely d11c to tile 
mctliotls of calcc~lation einployerl. X o  strict 
rules can 1 7 ~folio~vetl i r ~  sr~cll a computation, 
but  :I he lest ibr tlie considerable 8clil ~ n r ~ s t  
exercise of' good , j u d g m c ~ ~ t .  1i;iilln nislie(1 to  
a-\-oid inaliing the error al)pc:ir too slri:ill : tlie 
writer, wit11 a sornemlint differciit l ~ r ~ r p o s e  ill 
view, wislietl t o  avoid e s a g g e r a t i ~ ~ g  I t  is i t .  
plain that  in hot11 espt.riments a reasonable 
degree of accuracy w:ts : ~ t t a i ~ ~ c t l .  

N e s t  let 11s tn rn  t o  tlie results npon hy-focl- 
ders. IIere. owing to tlie i~iothorl 11ccessarily 

1 L,,, , f7i f . ,  xxis .  1 .? ~ , ~ ~ i i i . I ~ s - r t n t i o ~ ? r ~ ~ ,  

ing st:lt~lncnt bhows wllat J ~ I . J  co~~sitlt~i~:thlr 
errors In:t\. :II i ic  fro111 tliir ior11 ce, c.oniI~i~it.(l 
u i t h  l l ~ e  analj tical errors a l~ovc  ~iotetl  :-

Possible ewors .  

-

nl'y l2 l~I t , (? l '  . . 
Org:ti~icm : t l t e ~  . 
I ' ro te i~~e. . . . 
(:riide fibre . . . 
Pat . . . . . . 

~ ~ 

3lalt C'ot:iin*eed-
T:rsl~I. ' h:>l.OlitS. 1 1,le;Ll. 

- , ---- ~-- . -- -- -
A
i j, 


I ,  . Pi?. ,:/.,it. ' P . ' / , ~ ~ l i l .  
1 I.,; 4.3 4.7 
9.6 - -


1 , j .A  .i.7 3.2 

!)1.5 ! 10.9 51C.4 

:%.L - -
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The espeiiments whicli we hare I)een con- 
sidering compare favorably as to methods and 
care witli previous experiments of the same 
sort ; and it does not seem uilwarranted to 
conclude that those, also, are silbjcct to errors 
of somewhat the same inagnitucle. It appears 
plain that can, with proper care. determine 
the digestibility of the total ration fecl with a 
very satisfactory degree of accmacy ; but it 
seems equally plain that we caunot compute 
from that result the digestibility of 1-u1 single 
fodder con~l~osing the ration nith thc hope of 
obtai~~iilgany thing more than apl)~osilnately 
correct figures. The data n-hicli we h:1\ e for tlie 
digestibility of the concentrnted fodders are of 
more or less mlne for practical l)urposes, since 
they are usually the aIeragc of several deter- 
ininations ; hut for scientific pnrpobes sucli 
deterininatioiis are of verx donb t f~~ l  value. 

11. Y. Anvs1:1-. 

A X  II~VTHIL'OPOJIZTRICLABORATORY. 

IN the February niuuber of the Journal of t l ~ r  
Ant11rol)ologiral institiire of Great Britain and Ire- 
land, Nr. P ranc~s  Galtor1 describes the laboratory 
which 11e establisl~ed a t  the International liealtll ex- 
hibition to fainlliarize the public with simple metll- 
ods of measuriiig and recording inany of tlie pliysical 
cliaracteiist~cs of man. The instru~nents in action 
dealt w ~ t h  kernrless of sight, color-sense, judgment 
of eye, Iirari~ig, highest audible note, breathing. 
power, strength of pull and squeeze, swiftness of 
blow, span of arms, l ie~ght  st~ncling and sitting, and 
weight. yo111e other : ~ p p a ~ a t u sriot in actual use, 
such as a balance to de te~mine delicacy of toucl~,  was 
exliibited. 

All these instruments were so contrived as to econ- 
omize the tiine of the attendant; so that, although 
each person measured was in the laboratory about 
twenty minutes, 11e consurned but seven millutes of 
the attendant's time. Thus i t  x a s  possible to meas- 
ure ninety persons daily, and cover the runrling ex- 
penses of tlie laboratory witli a tax of threepence 
each. Of course, the reductiori of expenfe to a n~ini -  
Innm gives a much broader field for worlr, especially 
in introducing periodic systematic measurements into 
schools, which is one of the ultimate objects of this 
demonstration. 

Keenness of sight, or power of accomriiodation of 
tbc. eye, was measured by means of an original in- 
strument of a flat, sicltle-shape, upon which were set 
upright, at  regalar intervals, small blocks of woocl, 
covered below wit11 printing in diamond type, and 
having printed a t  the top in large type the distance 
in inches from tlle eye-piece. The number of inches 
at which tlie diamond-type is legible is an expression 
of the accominodatirlg power. This test showed, 
that, of 850 persons, forty per cent harl both eyes 
equally effective, while sisty per cent had a notable 

difference in the power of the two eyes. Tlii? average 
difference between the two eyes was t,wo inchei: b~it, 
the average strength of the right and left eye was 
allnost exactly the same. The color-test was l-lnlrn- 
gren's light-green test, nicely arranged to econnmi:~e 
t,ime. Judgment of the eye in  dividing a line into 
halves, and in setting a movable arm square upoii a 
board, vere  tested in ingeiiious Tvays, which dolttit. 
less among cllildren wonlcl express tlie native <i:~;tl~- 
ty, but oftentimes among aiiults would be only a 
measure of faci1it)y acquired by occupation. The 
lligl~est andible note Tvas rneasured by five wl~istles, 
set to elnit 10,000, 20,000, 30,000, 40,000, arid 50,000 
vibrations per second resp~ctively. Of 31'7 illales 
betmeen forty and fifty years of age, a I~ui~dre i lper 
cent heard tlle first whistle, to four per cent who 
heard the last. I n  this, as ill every other ~~ar t icnlar ,  
the males excel the females. 

The spirometer nsecl consists of a co~~nterpoiseci 
ressel suspendecl in 71--ater, whicli rises as air is 
breat,hed into it, and sliows t,lie number of cubic 
inches of displacernent by a scale at  its side. The 
breathing-capacity iricreases rapidly i n  early youtl~, 
heconies stationary between twenty and thirty, or a 
little later, and thenccforwartl steadily tleclines. Up  
to tlie age of t\vent,y, the breathing-capacity has been 
the same for botli sexes; but at  that  age that of the 
inales becomes half as great again, - a ratio which 
is maintained througliout after-life. Unexljectedly, 
it appears that there is 110close relation between tlie 
breathing-capacity and tlie strength of pull or of 
squeeze. T l ~ elatter, which Tvere estimated by means 
of Salter's instruments for the purpose, show that 
the left hand is about s i s  per cent weaker than the 
rigllt, anti that women are wealier than inen. Of 
the 1,657 adult women measured at  the laboratory, 
the strongest could exert a strength of squeeze of 
but eighty-six pounds, or about that of an average 
1na11. 

Por the first time, s~viftness of blow was measured, 
either of a blo~v delivered with the fist straiglit at a 
pad upon one end of a flat bar running freely between 
guides, or of a pull, by l~olding a stirrup attached by 
a string to a similar bar, and strilring out into space. 
The swiftness is registered by meails of a spring with 
pencil attached, which is set free, and vibrates trans- 
versely as soon as the bar begins to move. T l ~ ere-
sults of this measurement are not discussed. 

A curious fact, wliicll came to light on comparing 
the height sitting with the height standing, is, that  
in women an increase in stature is accompanied by 
n disproportionate increase in the length of the legs, 
wllile in men, for all statures up  to six feet, the ratio 
between height sitting and lieight standing is the 
same, 54: 100. 

During the continuance of the laboratory, 9,337 
persons were measured, of whorn 4,726 were adult 
males, and 1,657 were adult females. The results of 
all these measurements are not fully discussed, nor 
has 31r. Galton perfected liis ideal of a laboratory. 
Anlong other nleasurernents which will be added to 
the list, are those of the head, its maximum length 
and breadth wit11 graduated calipers, and its maxi- 


