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7'HB CHARACTE'RIGTIC OF Con2-
PC)SZ'rl?ZON. 

huctus~usDEMORGAISso~newhere remarks (I  
thinli i t  is in his 'Budget of paradoxes ') that 
some time somebody will institute a conlparison 
among writers in regard to the average length of 

mean word-length suggested itself. The new 
method, while scarcely more laborious than that 
proposed by Dehlorgan, promised to yield results 
more quickly and of a definite1y higher order. 
It also had the advantage of including. in its aw- -
plication, ail that was necessary to the determina- 
tion of mean word-length ; so that, in reality, it 
furnished two distilict tests. 

Preliminary trials of the method have furnished 
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words used in composition, and that it may be 
found pocsible to identilj the author of a book, a 
poem, or a play, in this may. 

In reflecting upoil this remark at  valious 
times within the past five or six gears, always 
with the determination to test the value of the 
suggestion whenever time for the work seemed 
available, a more comprehensive and satisfactory 
metllod of analysis than that based simply upon 

strong grounds for the belief that it nlay prove 
useful as a method of analysis leading to identi- 
fication or discrimination of authorship, and it  is 
tllelefore blought to the attention of the scientific 
and literary public in the hope that some one may 
be found who is a t  once able and milling to secure 
a satisfactory test of its validity. 

The nature of' the process is extremely simple, 
but it  may be useful to point out its similarity to 



a well-known nletliod of lnaterial anal>sis, tho 
consideration of which actually Grst suggested to  
the writer its literary analogue. 

By the m e  of tho spcctroicope. CL lwam of non- 
homogeneous light is analy~ed,  and its compo- 
nents assorLed according to their was e-lrnytti. As 
is well known. each ele~n~nt ,whei i  intencely heatetl 
under proper conditions, senils forth hght nliich, 
upon psis~iratic xnalysls, is fou~ltl to consist of 
gioupa of wales of derinitcl length, and appearing 

evei-y author, as wit11 every element, thli  spec- 
trum lpersists in  its form and appearance, the 
value of the method will he a t  once conceded. It 
has been prca~ed that  the spectrunl of llyairogen 
is the snmc, whethe]. that  element 19 obtained 
fronl the \\ atrr of the ocean or from the vapor of 
tile at~noqihcre. I\*l~rre\.er arid whc~evem i t  air-
pears, I& rnezns hydrugeo, Tt it can he proved 
that the word-spectnxn~ or characteristic curve 
exhibited by an anal) sis of 'David Copperfield ' 

FIG. 2. -SHOWINGFIVE GKOTPS, Or ONE 1HODbAXD WOKIlS E&OH. PROX 'OLIVEIL 17WIS1'.' 

in certain definite proportions. So certain anti 
uniform are the results of this analysis, that the 
appearance of a particular spectrum is indiapu- 
table evidence of the presence of the element to 
which it belongs. 

In a manner very similar, i t  is proposed to 
analyze a composition by forming what may he 
called a 'word-spectrum,' or ' characteristic 
curve,' which shall be a graphic rep~esentation 
of an arrangement of words according to their 
length and to the rclative frequency of their oc- 
currence. If ,  now, it  shall he found that  with 

is identical with that of ' Oliver Twist,' of ' Uar-
nsby R u d g ~ , '  of .Great expectations.' of the 
'Child's I~ist,org of England,' rto., ancl tlrat it dif-
few sensibly from t h a t  of 'Vanity fair.' or 
.Eugene Ai-arn,' w Robinson Crusoe,' or 'Don 
Quixote,' or army thing else in  fact, then the con- 
clusio~i .cv~ll be tolerably certain that  when i t  ap-
pears it means Diclrens. 

The validity of the  method as a test of author-
ship, then, implies the following assr~rnptions : 
that every writer makes use of a vocabulary 
which is peculiar to himself, and the character of 



which does not malerially change from year to 
year during his proclucti\ e period ; that, in the 
use of thnt vocabcrlary in composition, personal 
peculiarities i n  the construction of sentences will, 
112 the long-l-u??,recur n ~ t hsuch regularity that 
short words, long words, artd 13 01~1sof nledium 
length, will occur \rilh ~Iefinite relative fre-
quencie.. 

The first absnnlptiorl \*,ill,perhaps, bc adi~litted 
in  a gclncral way, without clebate. It iseasily 

i n  their curves, and consequently 11s a severe test 
of the method. two contenlporaneous novelists, 
Diclrens and Thackeray, were selected for the first 
examination. The operation cotisistc'cl simply in 
connfing the itutnhcvof letters in every tvord, and 
recording tlre number of words of one letter, two 
letters, three letters, etc. The count began in 
both cases a t  Ihe beginning of the volume, and, 
after a few thousant1 words had been counted in 
order, the b3i>LC was opened a t  random near the 
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seen that to pro\ e or disprove the second will re- 
quire the expenditwe of a n  enomlous amount of 
o r .  Thc iollowing results are offered as a 
means of properly exhibiting the method, and 
as evidence, in some deglee a t  least, of its real 
value. 

It is important, first, to determine to what ex-
tent an author may be said to agree rvith himself ; 
and, second, to what extent does he d i f f ~ r  from 
others. 

As a n  instance in which two writers might 
well be expected to greatly resemble each other 

middle, and the count continued. I n  no case was 
any personal choice exercised, except that both 
counts began with the first chapter. Words were 
counted always in  groups of one thousand. The 
graphic dispbny of the result was made by the 
comtnon method of rectangular co-ordinates, 
using the number of letters in a word as an 
absctssa, and the corresponding number of such 
words in a thousand as an ordinate. As an illus- 
tration, the first one thousand words counted from 
' Olirer Twist ' may be cited ; they were as fol- 
lows :-
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beef e I. l o  .II ]I (1 )I ( I  ?I _I I I l l  
Sumber of words 38 110 235 175 123 91 62 41 85 10 13 7 

Even in so small a number as one thousand, 
the relative distribution of words is approximately 
the same as in a much larger number, although, 
as would naturally be expected, accidental \,aria- 
tions or ' runs ' overshadow personal characteris- 

tics to a great extent ; but not completely, as will 
be seen in the characteristic curves sllown in the 
following pages. 
of a thousand 
compared with 
Stuart Nill, no 
any possibility 
second. 

In  fact, when the ten groups, 
words each, from Dickens, are 
ten similar groups from John 
one of the first set could by 

be mistaken for any one of the 

The graphic representation of the results will be 
readily understood. I t  is only necessary to take a 
sheet of 'squared' paper, or paper ruled in two 
directions a t  right angles toeach other, and, after 

placing the numbers sho\ving letters in each word 
at  points along a horizontal line separated from 
each other by equal distances, above each of these 
place other points whose distance from the base 
line shall be proportional to the number of such 
words in  a thousand ; then join these points by a 
broken line, and the charact~ristic curve is shown. 
Fig. 1 shows the curve thus constructed fro111 
the first thousand words in Oliver Twist,' the ( 

numerical analysis of which is shown above. 

The next diagrain (fig. 2) exhibits five curves 
constructed from the first five thousand words 
the sanie froin work, in groups of one thousand 
each. I t  is presented in order to shorn the varia- 
tion among groups based on a relatively small 
nuinber of words. 

The supe15ority of this niethod over that  of 
simple vord averages, as suggested by DeJIorgan, 
is clearly shown in fig.3. which exhibits two con- 
secutive groups, of one thousancl words each, 
from 'Vanity fair.' The nunlerical analysis of 
these groups is as follon-s :-



ist. One of the curves shows an excess of nine- 
letter words, which does not appear in the other. 
They agree in showing a greater number of 
six-letter wortls than a smooth curve would de- 
mand. This excess may persist, and prove to 
be a real characteristic of Dickens's composition. 
Fig. 5 exhibits these two groups of five thousand 
words combined in one of ten thousand, giving a 
curve of greater smoothness, and approximating 
still more closely to the normal curve of the writer. 

It will be eeen that the total numl)rr of letters 
in the first group is 4,507, and in the second 4,508, 
or an average of 4.807 and 4.508 letters to each 
word in the respective groups. If this average, 
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or ' mean word-length,' lte alone considered, the 
two groups must be regarded as sensibly identi- 
cal ; hvt an inspection of the chagram shows that 
they are in reality quite d~flerent. 

When the nulllber of words in a gronp is in- 
creased to fire thousand, the accidental irregu-
larities begin to tlisappear, the curve becomes 
smoother, approxin~ating illore neaily to the nor- 
mal curve which, it is assumed, is characteristic 
of th r  xvrltrr. Fig. 4 exhibits two groups, each of 
five tk~ousand words, from ' Oliver Twist,' and it  
w ~ l lbe seen that considerable differences still ex- 

In  fig. G ,  two groups of five thou~ancl tvords 
each, frorn 'Vanity fair,' are shown ; and in 
fig. 7, two gioupq of ten tltousand each, from 
' Oliver Twist ' and 'Vanity fair,' are placed slde 
by side for compariscu, the former being iepre-
sentetl by the continuous line, ancl the latter by 
the broken line theseA l t h o ~ ~ g h  curt es differ, 
and while it is believed that tltc cliffercnce wlll 
pers~sl with an increaoed number of words, it  is 
ce~.ta~nlysurprising-, that in the analysis of ten 
thousand fiords from Diclreni, and the same 
number from Thaclrerny, so close an agreement 
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should be found. This agreement is particularly ists ;but I confe.;.; to considerable surprise on find- 
striking in words of eleven, tu7elre, and thirteen ing from the very beginning, that although, on 
letters, the numerical comparison of which is as the whole, this anticipation was realized, the word 
follows :- which occurred most frequently was not the three- 

~ -

Number of letters.. ... . . ..... . . . ... . /Number of r o r l a  in Dirkens.. ... . 
Xumber of woi-ds in Thackeray.. ..I 

11 /85 

30 / 

letter word, as with both Dickeas and Thackeray, 
but the word of two letters. Indeed, the word of 

I d  / I 3  two letters as not only r~lat ively more frequent, 
57 29 hut absuiutp]y ; that is to say, it  occllrred more 
6: 	 1 29 freqllently in the composition of Nil1 than in that 

of either of the novelists, and ~vi th  great uniforrn- ---.----.--------a 

PIG. 6. - 'L 'FO GROUT'S, OF PIYE: THOUSIN1) RTOR1)S EACH, FROM ' TANITY I+AIK.' 

-. 

This closeness to identity rnust he largely the re- 
sult of accident, and it x~*ould not he likely to 
repeat itself in another analysis. 

The writer next examined was John Stnart 
Mill; and to test the persistence of form in com- 
positions belonging to different periods of the au- 
thor's life, and upon d~fferent subjects, two groups 
of five thousancl words each mere talren, -one 
from his ' Political economy .' and the other from 
his 'Essay on liberty.' It was anticipated, of 
course, that wortls of greater length would occur 
far more frequently than in the case of the novel- 

ity, as it  was in  excess in  each thouqand of the 
ten analyzed. The explanation is easy, and is to 
be found in the liberal use of prepositions i n  sen-
tence-building. The proposed method of analysis 
is des~gned to reveal any peculiarity of this kind, 
and the exemplification of ~ t spower thus early in 
the work was e11coura:ing. 

Fiqs. 8 and 9 show the c u ~ v e s  for fi\-e thousand 
words from the 'Polit~caleconomy ' and from the 
' Essay on liberty.' I t  will be obser~cd,  that, 
while they differ conhiderably, there is still, in a 
general way, a striking reseml~lance, and thaf 



they are in inarked contrast with the curves of 
the novelists. An interesting case was furnished 
i n  two recent addresses on the labor question by 
Mr. Edward Atkinson. In reality, one adclress 
was given to two very different audiences. One 
was made up from the workingmen of Provi-
dence, and the other from the alumni of the An- 
clover theological seminary. On reading the two, 
one cannot avoid being struck by the marked dif- 
ference in style, although the two papers are much 

alike in substance. I t  was interesting. then, to 
inquire whether their curves of composition 
would show any marked resemblance. An analy- 
sis of five thousand words froni each paper was 
macle, and the result is shown in fig. 10. A 
very satisfactory, indeed a striking. genrral re-
sen~bli~nce also hewill be observed ; and it ~'i,ill 
seen tha t  IIr.  12tkinson's curve c1iffet.s tlecidedly 
from others previously figured and described. It 
is snown in contrast with that of John Stuart Mill 
in fig. 11. Mr. Atkinson's composition is reainrk- 
able in  respect to the shortness of the words used. 

The average length of ten thousand words in his ad- 
dresses on the labor question is 4.298 letters. The 
mean ward-length of the writers thus far exam-
inecl. based upon a count of ten thousand words 
from each, is as follows :-

Atkinson.. ...................................4.298 

Dickens.. .....................................4.342 

Tnackeray.. ..................................4.481 

Nil1 ..........................................4.775 

A friend has furnished ine with the result of 
the count of the first five thousand five hundred 

worcls of (laesar's ' Co~innentaries.' The mean 
word-length is 6.065. The inost extensive word- 
counting that I know of is that of the words and 
letters in the Bihle. I cannot vouch for the reli- 
ability of the information which periodically floats 
throng11 the cdnmns of the public press, that the 
Olcl Testament contains 592,493 words with 2,728,-
100 letters, and the Xew Testanlent 181.253 words 
with 838,380 letters. I t  is interesting to note, how- 
ever, that these nnmhers give arerages of 4.604 
and 4.625 respectively, agreeing within less than 
one-half of one per cent. 
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Before mnlring nil arlnlysis of Mr. Atkinson's rnc~thotl ot analysis ant1 identificntiou 11:13 hectrr 
composition, and after having counted more than Cnrn15hrd by several fricxnds who 1i:tve hati the 
tliirty thousarrtl frolri other writers, I hacl con- patience to enurnerzte the letters in many thon- 
cluded that a group of one tlronsand m-ords ~11osc  santl words from tliffrretit sources. I'rol'. Stanley 
averago iength was Iebs than four letters \voilld Conlter sends me the result i ) T  a count of tell 
not occur, exctlpt in cornpositions especially writ- thou2antl frorn Uiclrens's 'Ghristi~las carol.' H e  
ten In short .vvords. Out of ten such groups from writes. "I l)cc.arne excecdinglv intcresletl m M, atch-
Mr. Atkinhon's atldrca%c,s, howevtlr, one was lonntl ing how little tricks of co~npoiilroil attecxtcd the 
wllose rnc;ln word-lrnglh tvxs 3.991. I ha\  e re- 'curve.' For instance, one of the cl~ar;~ctcrs, 
cently received from lliln a l>ricsf papor, rntilled 'Scrooge,' appears in ono place very often, ant1 an  

' How (10 we ail gct ;I Ii\irig?'  whirh was pilb- excesq of 7's is tlre result : in another place "Fix-
listred in Ilhrli tci?cl eutrgrs. n~lcl In (Ire ptel~arat~on ziwig,' and the 8's creep up [this is donl)tlessowing 
of which he ~nntle a s1)txc1:il cffort to occ the sllrr- to tho frcx(11ent appear;incc: of the naines]. Olller 
plrst language po5sll)le. 1'11(1 ~rLlc.le contains a variations and esct?sses sewn to c:ome fro111 Dic:li- 
little more than two tl~oir~autlwortl,. tht, nurullcr ens's love of cerktin Forrns of clescri ytiort , w1licl.r 
being too sr~rall tor tlrc vonitrucliorr of  a curve h e  itcrates anti reiterates upon a single j)ug~:.'' 
which wonld bc coo~p:~~.al)?o vritl~ t1lo.i. :rlrcady I h;tve plotletl. these ten thousarltl wortla from 
exhibitthd. Tllc qcr1c~:xI tor111 of one I)a\e11 ul)on the ' C:jrol' with the terr tlronsantl :~lreaily shown 
two tho~~q:ul~d morils i n  sitrlllnr to  IhaL prreviously from 'Oliver T\rist, ' in fig. 12. h very close re-
obtained floim the b;t~)rc writer, nilti tllc mean sc?wbla,nc<rwilt be ok)scrvcd, :mtJ it  will be noticed 
wortl-length is :<.77l .  that the nzenn of these two curves would bc free. 

Inberesting c'vitlence of the. v:llidity of t h ~ .  I'rorn ccrta.in irregularities wl~iclr occur in hotll,. 



and would be a aiuch closer approximatioil to the 
normal cilar:~cteristic curve of Dickens. 

I t  is hardly necessary l o  say that the method is 
not necessarily confinecl to the analysis of a coni- 
position by means of ils rneall word-length : it. 
may equally well he applied to the study of syl-
lables, of words ill sentences, alld in various other 
ways. The results thus far obtained from its ap- 
plication would appear to justify the clairl~ that it  
is worthy of a thorough test through which the 

'alidity of its assun~ptions might be provecl or 
disproved. Its principal merits are, that it  offers 
a means of investigating and displayiag the mere 
mechanism of composition, and that it is purely 
mecl~anical in its application. In virtue of the 
first, i t  might reveal chat.acteristics which a writer 
would lnalre no attempt to conceal, being himself 
unaware of their existelice ; and, of the second, 
the conclusions raachetl through its use wo~lltl be 
independent o f  persoiial bias, tlie worlr of one 
person in the st;n(ly of an author being a t  once 
comparable with that of any other. 

&faay interesting app1icat)ions of the process 
will suggest tliemselves lo every reader ; the most 
notable, of course, being the attempt to solve 
questions of disputed authorship, such as exist in 
reference to the letters of Jnnins, the plays of 
Shalrspeare, and other leas widely known ex-
amples. 11;might also bc utilized in comparative 
language studies, in tracing the growtlr of a lao- 
guage, in studying the growl21 of the vocabulary 
from childhood to ~nnnlloocl, and in other direc- 

tions too numerous to be catnloguc 1. An illus- 
tration of its app1ic:ttion to another lanquage is 
slromn in the analysis ot more than five thousaacl 
words in Caehar's ' Con~mcntaries.'already referred 
to, wl~icli is represented in fig. 13. Tile curce 
shows a relatively larqe use of lonq wortls, ant1 
its peculiar feature is the evident indication of 
two maximum ordinates nearly eqaal to each 
other. 

Froin the examinations tllus far made, I a m  
convinced that one hundred thoasand words iviil 
be necessary and suficient to furnish the charac- 
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teristic curre of a writer,-that is to say, i f  a 
curve is constructed from one hundred thoueand 
words of a writer, taken from any one of his pro- 
duction.., then a second curve constructed from 
another hundred thousand words would be prac- 
ticaliyiderltical withthe first, -and that this curl e 
would, in general. differ from that formed in tlre 
same way from the composition of another writer, 
to such a n  extent that one could always be dis- 
tingiiihh~d fro111 the other. To demonstrate the 

though not probable, that t8.o writers ruight show 
identical clzaracteristic curves. 

T. C. MENDENHALJ~. 

TIDAL OBSERVATIOI\TS' OE' THE GREELI' 
ZArPED1TIOAT. 

THEprincipal tidal ohservatioas were made at 
Fort Conger, on Lady Franklin Ray, by various 
mem hers of the expeclitionary force working under 
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existence of sucE~a. curve will require the enum-
eration of the letters in several hundred thousand 
words from (:ach of a number of writers. Should 
its existence be estahlinhed, the method might 
then be applied to cases of disputed authorship. 
If striking d i f f r r e n c ~sare founcl hetween the 
curves of known and suspected corlipositions of 
any writer, the evidence against iclentily of author- 
ship would he quite conclusive. If the two com- 
positions should procluce curves which are pmcti- 
cally identical, the proof of a cornmon o~ig in  
wonla-1 be less convincing ; for it is possible, al- 

direction of Sergt. Edward Israel, and with n 
general supervision by the conllnanding officer of 
the expedition. They co~isisted of hourly helghts 
of the tide frorn Aug. 20, 1881, to July 1, 1882, 
and the times and heights of high and low waters 
from Ang. 20, 1851, to June 30, 1883, l ~ o t h  series 
read from fixed staff gauges and practically cou-
tinaonr. A broken series of high and low waters 
flom July 1 to Aug. 8, 1880, obtained under un-
favorable conditions, were not used in the discus- 
sion. There were also short senes at  seven out- 
lying stations on the coastr of aleenland and 


