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NEW YORK, MARCH 17, 1893. 

WHERE IS THE LITRE?-A MODERN SCIENTIFIC PUZZLE- 

PICTURE. 


BY STEPHEN H. EMMENS, Y?UKG\VOOD, PA. 


IN Engineering News of Oct. 20, 1892, appeared a n  article on 
Fuel-Gas Values, in  mliich I gave a table entitled " Some Metric 
Constants," designed to show the variations of value to be forlr~d 
in the text-books even with regard to so fundanlental a matter 
as the volume of the litre. The publication of this table has 
caused me to receive a lctter of protest from my f ~ i e n d ,  Mr. 
Latimer Clark, F.R.S . who, as all the world knows, takes rank 
among the foremost living authorities on the subject of weights 
aild nieasures; his "Dictionary of Metric and other Useful Meas- 
ures " beinga permanent masterpiece. This letter contains much 
that is interesting to the scientific world, as will be seen by the 
following quotations which include all the material passages:- 

' (1have looked over the varying list of values and it  is not 
very diacul t  to account for the discrel~ancies. Many of them 
have taken the values as defined by Act of Parliament, and as 
published by the Board of Trade. But all the world has known 
for years past that this valuation is very far wrong, and therefore 
the more careful writers have eildearored to correct the error as  
far  as they were able by using the best results they could obtain 
or hear of. Some of them, Ilowever, are not quite so easily ex- 
plained (S A. Ford. for example). 

"For the past thirty years no scientific writer or worker h:is 
used the Board of Trade official value of the cubic inch of water, 
viz., 252.458 grains. This is the simple cause of the discrepan- 
cies you point out. You have been a little hard on me in tlhe 
matter, and your article would certaiuly lead any one to suppose 
that I had given three different values for the litre, which is 
very far from being the case. After the book was all printed 
ready for issue, the new Board of Trade measurements came out 
arid I rewrote and reprinted a great part of it in order to make it  
conform to the new legal defi.nition of the Board of Trade. Up 
to September, 1891, I had always assunled the cube rlecimetre 
and litre to be identical. . . . At page 57 I call especial atten- 
tion to the change, in the footnote, and again in the article 
'Water,' a t  page 90, and I give there a table of the volumes of 
the litre and cube decimetre. Then, again. a t  page 103, I give 
a special note on the capacity of the litre. I beg you to read 
these with care, for it is evident thal you have read hastily and 
have never put your back into the question. If you had read 
carefully you would have found abundant warning against con- 
founding the litre with the cube decimetre. They are practi- 
cally the same, and can be differentiated only by means of the 
most costly apparatus used by the most skilful physicists and 
with extraordinary precautions; but then you were writing fro111 
a scientific point of view and you ought to have read carefully. 

' $  Then in reference to the 'cube inches into litres,? page 47. 
You ignore the six places of decimals given in the firbt column, 
and pass on to the subsidiary coluuln of reciprocals where only 
two are given, and by some process you expand then1 into five 
places of decimals, sonie of which are, of course, sure to be 
wrong. Strangely enough, too, while going to this trouble, you 
tail to botice that on this line and the one above it  ('into cube 
ilecimetres') the two figures are given differently, viz., 61.04 and 
61.0270. This would certainly have caught your eye if you had 
been really studying the question, but I fancy you mexe more 
intent upon writing a rattling article for the press. 

'' I hope you will find some opportunity of correcting the ini- 
pression that  illy book is not trustworthy, for it is a t  the present 
day the only hook that gives the English measures correctly. 

" 1  note that in the constants you have adopted, jou use 
28.3127 as giving the number of ' litres in  a cabe foot.' I do not 
quite seo what you take this from, but in England the number is 
28.3110, while the number of cube decimetres is 28.3153. 

'' In the United States the melre is by law == 39.37 incl~es,but 
in England it is 39.37079 inches. From the latest measurements, 
however, the U. S. nunlber is likely to turn out Inore accurate 
than the English number." 

In order that this letter may be clearly understood i t  is desir- 
ahle to quote the published statements to which it refers. 'i'hese 
are as follows:- 

1. The reference to Mr. Clark's book in my table appeared 
thus:-

CLI. inches in Cu. feet in Litres in 
"Autborily. I litre. 100 litres. 1 CLI. ft. 

Dictionary of Metric: 
Measnres, by 

Latimer Clark, F.R.S. 61.0364 3.5322 ?8.3110 
Ditto 61.04 3.5333 28.3093 

Ditto (cube decimelre.) (51.0270 3.5'116 28.3153'' 
2. After directing attention to some current arithmetical in- 

accuracies on the  subject of the heat-value of natural ga?. I re- 
n-~arkedas follows, in the paper concerning whichMr. Cla1.l; has 
written n1e:- 

"Considerations of s2ace forbid my entering a t  further length 
into the correction of published errors. Every careful rjiail r ~ h o  
has ever consulted a text-book will grimly aclruit the juscire of 
this remark; even though he may t\-illingly agrep wit11 ~ n e  in 
sincerrly thanking the Trautwines and Elaswells and Gtnelins 
and Ciarks and Thornsons and Favres and Regnaults anr! Rerthe- 
lots. aucl all the brilliant compilers who have done so muclr good 
and worthy work in aiding the progress of knowledge." 

3. The foot-note at  11. 57 of Mr. Clark's book is:- 
"The litre was designed to he the voltuu~e of a cube dccin~etre 

of water in vacuo at  tnaximunl density, but is actuallysomemhat 
greater. It is now understootl as the volume of one kilogram of 
water freed from air, a t  i l ~ a s i n ~ u n l  rlensity and weighed in 
vacuo. I t  is, therefore, dependent on the dimenhions of the 
kilogram and not of the metre. Tho litre used in these tables 
has tho capacity above defined; the equivalent weight of water 
employed is not the kilogram but the actual weight in  air (see 
' Water ')." 

4. The arlicle ' '  Water" a t  page 90 of Mr. Clark's book is :-
..'l'lie weight of the cube inch of water a l  62O F.,used in the 

follo\rring table arid throughout the work, is not the old alld well- 
known cubic inch of 252.458 grains, but the newer determination 
by the Standards Department of the Board of Trade, viz., 1 cubic 
inch of distilled water, freed from air, a t  6a0 F., weighed in air 
against brass weights, barom. 30 inch =2;i2.28599 grains. This 
measure has already been legalized. I t  is distinguished by the date 
1890. The old weight of the cubic inch mas legalized by Act of 
Parliament in 1824, and when used i t  is distinguished by that 
date. 

''The gramme of waler is very conrrno~~ly identicalcot~t~idered 
with the cubic cenlimctre, and the kilogranl is similarly taken as  
equivalent to the cubic tlccimetre or libre, but these r e l a t i o ~ ~ s  are 
only true when they are weighed in vacuo and a t  maximum 
density, 4 O  C. 'The litrr of water (1 kilogram in vacuo a t  4 O  C.) 
when weighed praclically, tlrat is, against brass weights in air, 
baroni., 30 inchea, loses 16.5 grdinu, owing to displace~i~entof 
air, and then weighs a t  4O C. only 998.93 grarnmes instead of 
1,000. The difference is, of course, greater a t  ordinary tempera- 
tures. In  addition to this, the kilogram, and therefore the litre, 
is supposed to be intrinsically heavier than the cnbic decinietre 
of wacer in vacno by about 120 tnilligrams or 1.85 grains, oxving 
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to slight errors in the ori^mal determination. Dr. O. J . Broch 
(International Coiiunittee of Weights and Measures. Annales de 
Chimie et Physique, tome X., February, 1887) remarks tha t the 
centimetre employed in fixing the dimensions of the original 
ki logram of water would appear to have been g-^ny longer than 
the present s tandards. The freedom from air was also a point 
which was not regarded at tha t period. 

Weight of Distilled Water, Free from Air, Weighed against Brass 

Weights, Barom 30 Inch. 

' • I t would not be possible to measure th<- litre or the cubic deci
metre strictly as defined by the French Statutes, for they pre
scribe that the water shall be weighed at 4° G. in measuring ves
sels which are to be correct at 0° G. There is a similar anomaly 
in the definition of the American gallon." 

6. The values given at p 47 of Mr. Cla rk ' s book are:— 
Multiply. Divide. Log. 

Cube inches into cube decimeters, .016386 61.0270 2.21448 
" litres, .016884 61.04 2.21441 

7. The values given at p . 57 of Mr. Clark's book a r e : — 

V o l u m e s . 

C u b e i n c h of 1824 

kt " 1890 

** " w e i g h e d in v a c u o 

C u b e foot (62.2786 lbs . ) , 1890 

Ga l lon (10 lbs) 

L i t r e (1 Ki log . in vacuo) 

C u b e d e c i m e t r e 

C u b e c e n t i m e t r e 

I n g r a i n s 

i 

62° F . 

252 458 

252.286 

252.556 

435950.2 

70000. 

15398.6 

15396.3 

15.3963 

4 ° C . 

252.741 

252.568 

252.839 

436438.2 

70 78.3 

15415.8 

15413.5 

15.4135 

I n g r a m m e s 

62° F . 

16.3591 

16.3479 

16.3654 

28249.11 

4535.93 

997.814 

997.662 

.9977 

4 ° C . 

16.3773 

16.3662 

16 3837 

28280.73 

454 ! .0I 

998 930 

998.779 

.9.188 

" Water increases in volume from its max imum density at about 
4° C. (or 39.2° F.) to that at 16f° C. in the rat io of 1 to 1.001120 
(log. 0.0004863). At the same t ime its density or specific gravity 
diminishes in the same ratio, or as 1 to .998881 (log. 1.9995137). 
These figures are taken from government reports. The true 
m a x i m u m density is said to be at 3.945° C , but 4° C. is the ac
cepted s tandard." 

5. The " N o t e on the capacity of the l i t r e " at p . 103 of Mr. 
Clark's book i s : — 

" T h e relation between the British and Metric measures of 
capacity depends on the value which we assign to the litre. 

" This value may be obtained as follows. The litre is the volume 
of one kilogram of water at 4Q C. in vacuo. If we suppose the 
l i tre of water to be raised in temperature to 62° F . , its weight 
will not change, but i ts volume will have expanded to 1.00112 
litres (Chaney, Proc. Roy. S o c , No. 294, Sept., 1890). If 1.00112 
litres at 62° F. weigh 1 ki logram, or 15432.35 grains, then 1 litre 

will weigh '— = 15415.08 grains. 
B 1.00112 * 

" If we bring this new litre into the air, and weigh it against 
brass or bronze weights, it will sustain a fur ther loss of weight, 
due to the buoyancy of the air. This will amount to 16.491 
grains, as described below, and the weight of the litre in air at 
62° F . , Bar., 30 in., will then be:— 

15415.08 grains 
Less loss by weighing in air 16.49 
Weight of the litre in London at 62° F., 15398.6 grains 
" The original litre has, therefore, lost 17.25 grains by its expan

sion in volume, and 16.49 grains by the buoyancy of the air act
ing on it and the weights which counterbalance it. Having thus 
ascertained tha t the litre of water at 62° F. weighs 15398.6 grains, 
and the cubic inch 252.286 grains, we easily find tha t the litre 
contains 61.0364 cubic inches. 

" T h e loss of weight in air is thus calculated. Mr. H. J . Chaney, 
warden of the standards, who has recently re-determined the 
weight of the cubic inch of water (Chaney, Proc. Roy. S o c , No. 
294, Sept., 1890), finds tha t one cubic inch of ordinary air, con
taining an average proportion of moisture and carbonic acid, 
weighs in London .3077 grains at normal pressure and tempera
ture . 61.0364 cubic inches, therefore, weigh 18.781 grains. The 
weights, if of bronze, have a specific gravity of 8.4, and if of 
brass of about 8. Taking a mean density of 8.2 we get 
18 78 
___L^=:2.29 grains due to the displacement of air by the brass 
8.2 

weights. Deducting the 2.29 grains from 18.78, the displacement 
due to the water, we get 16.49 grains , the value used above. 

Multiply. 
.035322 

61.0364 
1000 

Divide. 
28.3110 Litres into cube feet, 

" " inches 
" cube centimetres, or gram. 

water at 4° C. 
8. The values given at p. 32 of Mr. Clark' oook are :— 

Multiply. Divide. 
Cube feet into cube metres, .02832 35.3166 

" " decimeters, 28.3153 _ 
" " litres or kilogs. 28.3110 — — 

of water 4° C. 
9. The values given at p . 24 of Mr. Clark's book a re :— 

Multiply. Divide. 
Cube decimetres into litres, 1 -——— 

" " cube feet, .03532 28.3153 
" " " " inches, 61.027 
10. The values given at p . 61 of Mr. Clark's book are : -

Multiply. Divide. 
Cube metres into cube feet, 35.31658 _ . 

" " " " inches, 61027.05 

_Log. 
2.54804 
1.78559 
3.00000 

_ L o g' 
2.45202 

1.45202 
1.45196 

Log. 
0.00000 
2 54798 
1.78552 

Log. 
1.54798 
4 78552 

The foregoing quotations, together with Mr. Clark's letter, 
form a very excellent puzzle-picture, in which, presumably, the 
litre is somewhere to be found. Before, however, I adventure 
upon the search, let me clear away four small clouds tha t might 
otherwise befog the expedition. 

First , Mr. Clark is mistaken in imagining tha t I had not read 
his book carefully and tha t I '* confounded the litre with the 
cube decimetre." No. 1 of the foregoing quotations shows tha t 
in my table I specifically drew a t ten t ion to the distinction be
tween the two measures in question. 

Second, Mr. Clark is mistaken in imagining tha t , with refer
ence to the values given at p. 47 of his book, I " failed to notice 
that on this line and the one above it (' into cube decimetres ' ) the 
two figures are given differentTy, viz., 61.04 and 61.0270." No. 1 
of the foregoing quotat ions shows tha t the two figures in ques
tion must have " caught my eye "; for I duly included both of 
them in my table and took care to show tha t one referred to the 
litre and the other to the cube decimetre. 

Third, Mr. Clark is mistaken in imagining that my " a r t i c l e 
would certainly lead any one to suppose tha t (he) had given three 
different values for the l i t re ." Any careful reader of the table 
(vide quotation No. 1) would see that I cite Mr. Clark as having 
given two different values for the litre and a thi rd value for the 
cube decimetre, which is, in very deed, the case. 

Fourth, quotation No. 2 shows tha t I took some pains to pre
clude any impression tha t Mr. Clark's book is not t rus tworthy. 

Coming now to the main question, let us commence our inves
t igation by summariz ing the s ta tements in Mr. Clark 's book and 
letter as to the various measures tha t all come under the common 
denomination of u l i t re . " They are as fol lows:— 

A. — " LITRES " PROPER. 

1. *5 Litre = 1 cube decimeter, or cube metre, very nearly 
1000 J J 

The volume of 1 kilogram water at 4^ O. . . . It is now unde r 
stood as the volume of 1 kilogram of water, freed from air, at 
m a x i m u m density, and weighed in v a c u o " (p. 57). The ac 
cepted tempera ture of max imum density is 4Q C. (p. 91). The 
weight of 1 Kilog. of distilled water, free from air, in vacuo a t 
4° C , is 15432.35 grains (p. 103); and the weight of 1 cubic inch 
(of 1890) of water under the same condition is 252.839 grains (p, 
91). Hence the volume of the s tandard litre is 

cubic inches. 

15432.35 
252.839 

=61.036272 
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2. If a standard l i tre of  distilled water, free from nir, be 

weighed in  London against brass weights ina i r  a t  62O F.. barom. 
30 in., the result tvill 11e 1539.i.6 grains (p. 103); and the weight 
of 1cubic inch (of 1890) of water under the  same conditions is 
252.236 gralos. Hence the  volunie of the  London ' l i t ~ e  (of 

1890) is  	15398 6 61.036284 cubic inches. I2= 
252 286 

3. The volume of the  "London ' litre (of 1824) is 15398.6 -
252.458-

60.9947 cubic inches. 
15398 6 4. The value ot -adopted by Mr. Clark is 61 0364. 
232 286 

5. The rveight of 1lrilogratn of distilled water, free from air, in 

vacuo, a t  62' F., is 1 5 ! ? !  = 15415.0851 grains, and the loss by 
l . 00 l l2  

weigl~iug in air  is  16.491 grains. The rveight of the litre i n  Lon- 
don at, 62" F .barom. 30 in.. is  thus 15398.594 grains;  ant1 this, 
d~v ided  by 252.286, gives 61 03636 cubic inches a s  the  volume 
of the London h t r e  (of 1890). 

6 On the basis of 61.03626 cuk~ic inches per litre, the nutnber 

of litres in  1 cubic foot 1s 17"8-:= 28.31104.-

61.03626 
7. On the basis of 61.0364 cubic inches per litre, tllr nuluber 

of litreh in 1cubic foot is 28.310973. 

8. The .c alue of 1728 
-- adopted by Mr. 	 Clark IS 

Cu. in. per litle 
28.3110. 

B.-CUBE DECI>IETRES. 

1. The English metle is 39 37079 inches. Hence the Englisll 
cube decimetre is 61.027051 cubic ~ n c h r s .  

2. The weight of 1 cubic decimetrr of distilled water, free 
f rom air ,  weighed in a i r  a g a ~ n s t  brass weights, a t  4' C., bar. 30 
in., is 15413.5 grains;  and  the  weight uf 1 cubic inc.11 under simi- 
lar  conditions is 252.568 grains. I lence the \ olunle of tlle stand- -
arc1 cubic d e c i i ~ ~ e t r e  (English 1J90) i s  .t5t1''' = 6lillilBLI cubic 

-33.568 
inches. 

3. The value of (3.937079)3, adopted by Mr. L'la~lc, is  6:.0270 
cubic inches. 

4. The U .  8. metre is 39.37 inches. Hence the  U. S. cube deci- 
metre is 61.023377953: cubic inches. 

5. 	011 the basis of 61.037051 cu. inches tser cnhe decirnetre. tlie 
1728 -numbcr  	 of cube decimetres in 1 rnbic foot is -

61.027051 
28 31531. 

6. The value of -
1728 

, ado;~cetl b) BIr. Clark, is 
cu. in. per cu. dec. 


28.3153. 

7. The number  of U. S. cube decimetres per cubic foot is  

C.- CONVERSION VALUES. 

1. " Cube centimetres into cube decimetres (litres)" - divide 
by 1000 (p. 17). 

2. Cube centimetres "into litres" -divide by 1000.05 (p. 17). 
3 Cube decirnetres " in to  litres "-multiply by 1 (p. 24). 
4. ' ' Kilogram = 1000 grammes =1litre,  or  1cube d e c i m e t ~  e 

water, 4" C, Miller, in 1856, found the  kilogram = 13432.349 
grains in vacuo. I t  was originally intended to be the weight of 
a cubic decimetre of water a t  maximum density i n  vacuo. I t  is 
now a definite mass of plat nurn antl is slightly heavier t han  the 
cubic decimetre of water" (p. 50). 

5. "Cuhe metres or steres (= 1000 litres very neally) in to  
l i trrs" -multiply by 1000 (p. 61). 

"Cube metres or steres into c ~ t b e  decimetres" -multiply by 
1000 (p. 61).
"Cube metres or steres into cube feet "--multiply by 

35.31658 (p. 61). 
"Cube nletres or steres in to  cube inches "-multiply by 

61027.05 (p. 61). 
6. ''Kilograms (or litres) of water in to  cube inches "-mu1-

tiply by 61 170 (p. 92). 

i L  Cube feet of water into litres, FaQ F." -mult ip l j  by 28.:>11 
(u. 93),,.-


" Cube feet of water in to  kilog,ranis 62O F."-multiply by 

28.249 (p. 93). 

From this snmmary i t  tvill be seen that Mr. Clark's book anti 
letter present us wi th  quite an  extended range of choice for ttic 
value of a litre, viz. :-
Standard litre (1890) 61.036272 cn. inclies. 

" 	 decimetre 61.027051 .. & .  

" (weighed in air) 61.027129 ..b 8  

London litre (1890) 6 1.03626 .. .. 
" (1824) 60.9947 i t  .. 

Clark '( (1890) 61.036284 L i  6 .  

4' < L  6' 61.0364 .. , .  

'< decirnetre 61.0270 <. .. 

' 6  61 02705 I *6 .  

U.S.  6 t  61.023377953: " .. 
. L  kilogram" (in vacuo, 4O C., 1890) 61,104666 .'( I  

i (in a i r  6d0 F.) 61.170 ' L  6 .  

and,  in addition to tllese, I may quote the  following f l .on~ T:~ltle 1 
of tlie Ixfore-mentioned article on '' Fuel-Gas Values," viz. :--

Authority. Cu. ins. in litre. 
U. 9. Dlspensatory. 16th ed. 	 61.0280 
G. Gore. LL.D ? F.R.S. 61.024 
Professor V. R. Lewes, F.C.S. 61:024 
Profpasor J. D Everett, F.R.S. 61.023 
Trautwine (said to be U. S. Standard) 61.0254 

c 6 	 61.0244.2.i 

Haswell (said to be by Act of Congress) 61.022 
' 6  61.02524 

Gmelin 61.0267 
W. Crookes, F . R  S.  61.02709 
Thonison and Tait 6 1.02433 
8 A Ford 64.99008 

The suggestion made by Mr. Clark that these discrepancies 
may for the most part he explained by the  difference bet\\-eel] tlie 
1824 and 1890 standards i s  obviously insufficient if the  difference 
he r e f ~ r s  to be that  of t he  cube inch value; for as the  1824 value is 
60.9947 it clearly was  not adopted by the authorit'ies above quoted. 
Some other explanation is, therelore, required; and as so con-
summate an  authority as Mr. Clark appears unable to  advance 
one, I may perliaps be allowed to h int  t ha t  the caure of the  tr:lry- 
ing values is to be found in  sheer laxity of ralculatior~. 1 Itnow 
that  so comnionplace a theory is r a t l ~ r r  shoclring, and  I duly 
blusEl a s  I advance i t ;  but, really, when I find hlr. Clark hims(,lf' 
deliberately adopting the ra lue  61 0364 as  the quotient of 

'E6and adopting i t  as the hasis of his7r,ook, whereas the  11 rle 
252.266 
quotient is 61.0362>4, or, if four places of decimals be u ~ e t l ,  
61.0363, I may  plead for pardon wit11 some assurance of the sattie 
being accorded. The example here cited is even still more to 
the uoint: for the  value 15398.6 is aclol~ted by Mr. Clall: as the 

15239 15 result of the  calculation -""- 16.491. whereas the  t lue  result -

l.UOll2 
is 15398.594 and this cliricled by 232.286 gibes 61.036%;. 

But let it not be imagined that  I make these remarks in  :my 
fault-finding or critical s p i r ~ t .  I a m  too conbcious of n ~ yown 
short-comings to  be rrilling to s ~ t  ln the seat of ,judgment. In  the 
before-mentioned table. for example, I derived Mr. Clark's second 
value of cubic feet i n  100 litres " from his figure of 61.04 cubic $ '  	 ,,'.6104 -,>inches per litre. The calculation was, of cuurse, -- -0 93-4;

1728 
and yet, when 1corrected the proof of t he  article, I inadvertently 
allowed the  value to appear as 3.5323. So I must  ask ~ n y  x i r n -
tific brethren to  understand t h a t  my observations are not intended 
a s  any  disparagement of the Dictionary of Metric Mea,suresn or 
a s  casting any  adverse reflection upon the other text-books I have 
quoted, all of which I regard as admirable examples of scientific 
work and a s  trustworthy a s  reasonable mortals can expect then1 
to be. 

And so we come back once more to our question, Where,  
after all, i s  t h e  l i t r e ?  Our puzzle-picture turns out t o  he of a 
lialeidoscopic variety and  appeals in a difierent aspect tu every 
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observer. I n  spit? of the much-landed simpli~ir~yof metric 
measures, we find that the .'litre " has as many meanings as the 
i'yound," that it  is addicted to  the reprehensible habit of imper- 
sonating its fellow-nieasures, 1-hat the virtue of its nlorher centi- 
metre is open to grave suspicion, and that its own constancy is 
no better than it should be. What, then, are we to do? The 
answer to this question appears to me to be plain enough, and, 
indeed. constitutes tho object I have had in view in originating 
and pursning the discussion. The lesson of the litre teaches us 
the importance of a duly that is too oftenneglected, namely, the 
prefixing (or affixing) to eyery scientific paper, or Lreati~e, a 
table, or other statement, setting forth the values assigned to the 
constants employed by the author. If this be (lone, i t  matters 
not one whit whether the val~les chosen are in accordance ~ v i t h  
the t~lost rigorous determinations or depart therefrom. I f  any 
reader choose to attach different values he can then do so; 
whereas under the present system of every man being a hidden 
law unto hirnself, the perusal of a scientific worlr is not a process 
to which the phrase '' eiliollit mores " can be justly applied. 

Another lesson that  we may learn fro111 the litreis the futility 
of a besetting scientific sin, namely, the Affectation of Accuracy. 
The owner of that holy and hosallnhcl thing, the " scientific con- 
science," is apt- to deem himself ' ' not as other men" aud snliles 
coulplaccntly at  the thought that he has expended long years 
and ia fortune in determining, for exainple, that a cubic inch of 
water under certain conditions weighs 252.28599 latiler than 
252.28598 grains. And yet the same gentleman will, from. 11is 
lofty pedestal of [~hjsics, look down with much pity, if not with 
ahsolute contempt, upon the equally conscientious entonlologist 
who (vide ATatW?*e,Nov. 1'7, 1892) nea1.s away a thinking and 
working lifetime in determining \vliether a certain insect walks 
upon more than tlzree legs a t  once. The results of the most re- 
fined investigationq are bnt approximaticnu to the truth, after 
all; and in most caws of scientitic work an approximation suffi- 
ciently rlose to the truth to serve :rll practically useful purposes 
can he arrived at  easily and expeditiously. Accuracy, therefore, 
nlay often be, in the true sense of the term, excessive, even if 
intrinsically trustworthy; but when we consider that nrhat ap- 
pears accnrate to one generation is regarded as inaccurate by the 
iiext, we must snrely deem it but a poor thing to boast of. 
Talre, for example, Mr. Clark's confession that up to September, 
1891, he "had always assumed the cube decimetre and litre to 
be identical"; a confession which, coming from so distinguished 
an authority, is tantamount to a demonstration that most other 
phys~cists shared the same erroneous impression, and theretore 
that the much-vaunted accuracy of [nodern work in pllysical 
sclence has not existed lo  the full extent claimed. And yet we 
all know that the work has been really magnificent and solid, 
hoth in Its contributions to the world's store of knowledge and 
in its adrancement of the welfare of mankind. This certainly 
teaches us that reasonable care in  scientific measurement is suffi-
cient care, ancl that extreme care is, by the very nature of things, 
dooinerl to fail of its ohject. 

A PRESUMABLY NEW PACT RELATIVE TO THE CEDAR 
WAXWING (AXPELIS CYEI)&OEUJI). WITH REMARKS 
UPON TIIE IXPORTAN(:E OF B THOROUGH KNOWL-
EDGE OF FIRST PLCNAOES. 

IT i.i considered by every one that the individual waxwing pos- 
sessing wax tips on both secondaries and rectrices is in the highest 
development of plumage, while a high development of plumage 
in any species whatever is usually accorded to the olcler birds. 

Coues states that, "Specinieils apparently lnature and full- 
feathered frecluently lack the wax-tips ": that " their normal 
appearance is unkno\vn," and that " birds in the earliest lrnown 
plu~nnge n ~ a y  possess one or more." Beyond this little appears 
to be known. 

I n  a somewhat extensive series of waxwings in the National 
Museum, in tliy own and other collections, appendagee on the 
wings were developed in forty-five, fifteen displayed the orna- 
ments on both wings and tail, while the rrmaintler, apparently 

adult birds, \\?ere entirely unadorned. (It might be well to state 
that the females as well as the males possess these tips, although 
less frequent,ly, while some specimens examined shorvrd the or- 
narnentson both wings and tail.) Now, the natural conclusion 
from this would be that  those birds possessing wing-tips only 
mere older than those having none a t  all, while the fifteen on 
\?-\-hich hoth wings and tail were adorned were even older aritl 
were in t,he highest perfection of plumage. This is disproved by 
the fact that four birds of the year still in the striated plumage, 
taken in August, September, and Octolrer, respecti~ely, di~play 
very distinct tips on the secondaries; and if on the seconilariri; 
a t  this early age \\-hen older birds possess none a t  all. why should 
they not also appear on the tail-feathel.sTJ The suppc:sition of 
older birds only being adorned being disposed of, the question 
arises, mThen do these llor~ly appendages appear? and on this I 
itm at-11e to throw considerable light. 

I t  was in the summer of 1884 that I was spending a month at  
Port Byron, N. Y., when I ran across a nest of the waxwing, con- 
taining four young, every one of which had the wax tips on tail 
and wings perfectly developed. These birds were nearly fledged, 
although unable to fly, and I had good opportunity to oh$ err e 
them. Not being interestecl in collecting birds a t  that time they 
were not preserved, a circumstance to he legretted, but the full 
import of these appendages being developed in nestlings mas ap- 
preciatecl. 

The follou,ing table for the calendar year shows the conditions 
of specirnens examined. So regularly and so neaily is it conl-
pletely filled that it  is evident that a n  examination of a large1 
series wouid ~xudonbtedly iill the gaps.' 

---

Jan. 8 $ 3
i 

Feb. ' 8 i 
I 

2i i 

Apr. 8 3 8 J

I 

July 

A U ~ .  , i 3 $in1 a 8 3 

Sept. 1 i i i n l  
I
1 8 3 

Oct. 

Nov. 8 I 1 r - 2 

Dec 

With this evidenceit is apparent that these handsome ornanlents 
are by no means a sign of age, but are, on the contrary, a purely 
individual development, appearing sometimes in their highest 
perfection in the nestling, while in an adult they may be entirely 
absent or barely beginning to appear; or again, appearing a fen 
months after attaining first plumage, to go through a regular 
course of growth and development. Inasmuch as an individual 
with wax on both tail and wings is exceedingly rare, and the 
August and September birds are just beginning to acquire the 
tips it would he interesting to know just how often this develop- 
111ent in the nest occurs, ancl this is puhlislied mainly with tile 
hope of elicitinq further information on the subject, and of 
prompting those in the field to be on the watch the coming 
season. 

The importance of thus studying the first plumages cannot be 
too highly esti~uated, for not until comparatively recent year? 
has a careful and thorough study of the life-history of each ancl 

1 In  this table an attempt has been made to show merely that both sexei 
are adorned for each month in the respective columns. In  a number of in- 
stances severs1 individuals were found for each. 


