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PXECISION OF OL'SERTIIITION AS A 
Ul lANCII  OF INSTRUCTION.  

T r r c  sometimes find the philosopher envying 
tile physicist becanse tlie results sought by tlle 
latter can be espressecl exactly. In so cloing, 
he cloubtless orerloolis the fact that all quanti- 
tative vorli has to be regarded as g i ~ i n g  inere-
ly an approximation to the truth. P\Tumerous 
and refined as are the precautions adopted, 
the careful espcrimenter must aclmit that his 
ineasurements coritain errors n~hose sources are 
more or less hidclen. Success will lie, not in 
ignoring this, but in recognizing i t ,  and stndi- 
ously avoiding any unwarrantecl claim to accu- 
racy. His investigation may establish some 
law beyoncl a reasonable doubt. This law may 
be expressible in exact terms ; but, so far as 
the direct quantitative results are concerned, 
he must give up, once for all, the popular 
notion of exactness. He must aclmit that the 
work merely shows it to be reasonable to as-
sume the truth to lie sornenrhere between two 
limits, respectively greater ancl less than the 
one magnitude which he names. Desiring 
that these limits shall fall as near together as 
practicable, he will stucly the observations for 
internal evidence of the precision attained ; 
but any appearance of accuracy greater than 
might reasonably be expectecl will often cause 
him more uneasiness than would a greater ap- 
parent error. Until the extent of the error is 
recognized, and found to be in harmony with 
experience derived from other similar obserra- 
tioris, a cautious observer will not be confident 
of the result reached. 

As the scientific professions are currently 
taught, i t  is possible to get a fair training 
(as a chemist, engineer, or electrician, for 
example) without properly appreciating the 
practical limitations to precision. H e  may 
instinctively acquire correct notions of the 
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perfornlanccs of the iastruments he i~lost fre- 
quently uses ; b ~ i t  let a new operation, n~itll a 
clifferent instrmnent, be required, ancl he mill 
too often develop tile wildest notions as to the 
great accliracy attainable by the use of suffi- 
cient care. TVllat is needecl in our professional 
courses is systematic instruction in the general 
science of plnnning, conclucting, and discuss- 
ing observations, accompanied with adequate 
practice. This should be given as early as 
the student is fitted to profit by it, in orcler 
that the subsequent practical training in special 
branches may have :L firm founclation. 

Tlie field for such instruction is ample. A 
good routine observer is one n.110, being in- 
formed of the accuracy clesirecl a t  each step, 
is able to take just care enough to attain i t ,  
n~ithout wasting time ancl energy in uselessly 
perfecting certain parts of the work. Our 
professional observer must acld to this the 
goocl judgment ml~ich is able to discover the 
relative accuracy required in different parts of 
a complex observation, and to decicle how ac- 
curate to aim to make a single performance of 
the whole. In  general, he will seek to avoid 
errors which usually occur in a single direc- 
tion ; but he will not always take the greatest 
care to avoid errors which are as liable to be 
negative as positive. Life is short. Time, 
to most, is money; and the ability to repeat 
an observation will often depend upon the 
ability to clo it quickly. Moreover, in man! 
cases, mere lapse of time allows additional 
errors to enter. Having a~roided the larger 
errors, he will therefore seek to eliminatc 
the effect of the smaller by repeatedly per-
forming the work. Recognizing, then, the 
importance of reasonable speed, he mill a11011 
rough measures of certain quantities, pro-
vided the final error of the complex operatiori 
is not thereby appreciably affected. All thih 
calls for a clear nnclerstanciing of the causes 
of error, and an ability to reason out their 
effect upon the result. The knowledge of tlie 
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differcntial calcnlns required is indeed ele- important rneaiis of stndg-ing the precision 
mentary ; but it must be a tool which can he xtlainecl, bnt jast here is a great abuse. I t s  
a p ~ l i e das readily, for instance, as tlie knowl- results, demonstrated for a veq- large number, 
eclge of the properties of logarithms. 1111 the are applicii to very limited series of measure- 
principles are covered by the cnstomary courscs ments. Again : its ass~lmption of ecjnal prob- 
in physics and mathematics ; but aclditiollal spe- ability for equal positive and negative errors is 
cial practice in their employment is very d ~ - allo~red. in face of tlie fact that a prepoatler-
sirable. ance of error in one direction is tu~avoiclahle. 

I n  the planning of observations, the theory The rising generntioil of cspcrimenters ill 
of maxima and minima gives important aid : every field of applied science shonl(t therefore 
but this theory has so many other applicatioris, be taught the manj- limitations mhich surround 
that we can hardly nsli of the r e g ~ ~ l a r  course its application. ancl they should learn to avoid 
in differcntial calculus such attention to this that indiscriminate use of its principles which 
onc point as would insnre the required facility. has led to so many unfounrlecl claims to ac-
I n  the absence of such a course of instruction curacy. 
as is recommended in this paper, the matter ,TTTe have 011tliucc1 a subject the st~cccssfut 
is left to slow acquisition through practical ex- teucliing of which requires qualifications not 
perience. Iinowledge is  often thus bought at  to be fonnd in every scientific professor, and 
a high cost. the successful study of which requires a con-

A general understanding of instruments centration of the attention not likely to be 
of precision, so necessary to snccessf~~l given to it as a subordillate part of some othei* plan-
ning of observations, is also within the field course. illready the alspearailce of treatises 
of instruction proposed. Instrumental errors on probabilities, errors of observation, and 

least squares, has enabled writers sshould be treated systematically : their pre- on .i-tron-
liminary adjustment to zero, their elimination omy, geodesy, physics, and engineering, to 
from the mean of pairs of observations properly devote their attention to special al?plicatious, 
taken to that end, their determination in such and has saved the waste of space which mo~llcI 
manner that corrections may be duly applied. otherwise be given to the general theory. 
and the cost in time of varionsly managing Similarly, we should avoid that distraction of 
them, should conie to be understood through the student's attentioil from the main subject 
suitable practice. Here, particulnrly, each of :L professional course which results froin 
professional course is liable to inculcate its the necessity of frequently pansing to give 
own narrow view. additioi~al information about the subject of 

A n  examination of the proceedings of the this article. 
leacling learned societies will convince one of Althongh the first object of establishing a 
the importance of good method in thc discus- conrse of instruction in any bisanc1l of applied 
sion of results. I t  will also develop the fact science is to put the stndents into possession 
that there exist nnmerous valuable, analytical, of the bc~st methods already reached by worliers 
and graphical processes, which at  present are in that field, the end attainecl is often some-
not likely to be brought to the attelition of more. instructor's attention ist l l i ~ ~ g  The 
the professional student. speedily called to conspicuous omissions, and 

Tlle theory of probabilities as appliecl to his energies are consequently bent upon sup- 
observation a,ould naturally be treated in thc plying the defect by deinonstrating and testing 
course proposed. I f  it were pre~iously given some theorem or lnethod which meets the 
to the student as a branch of pure mathe~natics, want. Thus the schools conie to tlie aid of 
the attention could herc be riveted upon its the professions. Are they yet cioing their 
use, wliich calls for the exercise of much whole duty in regard to the science and art of 
practical good judgment. I t  furnishes an observation? 


