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near Altoona, and in New Jersey on the seashore. 
I n  the latter location the animal had availed itself 
of the building-material a t  hand by forrnirlg the 
foundatiou of its match-tower of little quartz pebbles, 
sometirnes producing a structure of cossiderable 
beauty. I n  this sandy site tile tube is preserved 
intact by a delicate secretion of silk, to which the 
particles of sand adhere. This secretion scarcely 
presents the character of a reb-lining, but has suf- 
ficient consistelicy to hold aloft a frail cylirlder of 
sand when it is carefully freed from its surroundings. 
A nest recently obtained from Vineland, N.J.,  fur-
nished an iilteresting illustration of the power of 
these araneids to intelligently adapt tllemselves to 
varying surt.oundings, and to take advantage of cir- 
cumstances with which they certainly could not 
have been previously familiar. I n  order to preserve 
the  nest with a view to study the life-history of its 
occupant, the sod containing the tube had been care- 
fully dug up, and the upper and lower openings 
plugged with cotton. Upon the arrival of the nest 
in Philadelphia, the plug guarding the entrance had 
beer1 re~noved; but the other had been forgotten, and 
allowed to remain. The snider. which still inhabited 
the  tube, immediately began removing the cotton 
a t  the lower portion, and cast sonie of it out. 
Guidecl, however, apparently by its senseof touch, to 
the ltno~vledge tllat the soft fibres of the cotton would 
be an e s c e l l e ~ ~ t  niaterial with which to line the tube, 
she speedily began putting it to that use, and had 
sooil spread a soft smooth layer over the inner 
surface and around the opening. The nest i n  this 
conditiorl was esliibited, and showed the interior to 
be padded for about four inches frorn tlie summit of 
the tower. Tlie very manifest inference was drawn. 
that  the spider must for the first time have come in 
contact with sucll a illaterial as cotton, aild had irn- 
mediately utilized its ncw experience by substituting 
the  soft fibre for the ordinary silken lining, or by 
adding it thereto. 

LETTERS T O  THE EDITOR.  

Equa t ions  of t h i r d  degree.  

THE second or third ternis of any equation may 
be made to disappear, and we may therefore assume 

z 5 +  Az2 + B = 0; (1) 
and the so111tion of this equation must involve the 
general sol~ltion of cubics. Assume 

x = ?/Tr -?/f2f -1- 23. (2)
Hence 

y; = dx- jxl + '.& 
2 .  


432xy.z - y)2 = 
64xQ+ 240x"y + 2)" +92x3(y+ x)4 - 64(y + 2)s. 

2 9  -3 x y y  + z ) ~-I-3syy + z)4- (y + x)O = 
-27 zyx6. 

x3 + 3 "Jqxa - (y + x)" 0. (3) 
I n  (1)and (3) ,  equating coefficients, 

AS~ ? G = A ,x y = ~ .  (4) 

-(y + 2 ) 2  = B, y2 + 2712 + 22 " -B. ( 5 )  
Whence, from (4) and (j), 

Substituting these values of y ancl z in (2),  

- J - , formula 

jp A"T$13 + 5-i- - + ---. formula (-5) 

I n  the case of the irreducible case of formula ( b ) ,  
wliichis silnilar to Caidan's formula, formula ,-(a)may 

12
be used. In sucll case, only one part, as \( -2,of 

formula (a)  is imaginary, and -- - 2iis real; \ r  
and if the signs of the  roots of equation (1) be 
changed, ~vllicli is done by c h a n g ~ ~ ~ q  siniultaneously 
the signs of A ancl 11 ill equation ( I ) ,  the converao is 

n 

true, that is, is real, an, \J-2 - Cisi n -

aginary. TVhirli shall be tlie imaginary tcrm is, 
then, arbitrar~ly clioscn. IIence, f,tctorin# p~epara-  
tory to espansiol~ by the binonlial theorem, tlie co- 
efficient of \/qmay be made less than unity ~vllen 
the real term is unity. A. 31. SAWIN. 

Ewnsvillc, ST'is. 
S o l a r  cons t an t .  

I t  is feared that t,he letter of Mr. Hazen (SCIENCE, 
i. 542) ill relation to above topic may not entirely re- 
move the confusion of wliicll he juslly cornl)lail~s. I t  
should be prerrlised that  there are two uliits of heat 
in coinmon use among physicists: the smaller being 
the quantity of heat required to raise the tenipcrature 
of one gram of water loC. ; the larger, the quantity 
of heat required to raise the temperature of one Irilo- 
gram of water lo C. The larger of these uilits is 
a thousand times as great as the srnnllrr,; and. in ordi- 
nary applications, no confusion is liable to arise. I n  
either case, the number of units of heat received by 
the unit-ma$s of water is (sensibly) proportional to  
the number of degrees of rise of tcn1perattu.e. 

With regard to the 'solar constant,' two adclitional 
units are required, -a unit of surface, and a unit of 
time. This constant may be defined in general terms 
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S C I E N C E .  


to be the number of units of sun-heat incident per- 
pendicularly 011 a unit-surface, in a unit  of tirne, at  
the  upper liinit of the earth's atmosphere; or it is the 
number of degrees Centig~ade a unit-mass of water 
would be raised in temperature by the sun-heat inci- 
dent perl>er~tlicul:trly on a unit-surface, in a iuiit of 
tirne, a t  the upper limit of the at~nosphere. The three 
units hereindiaatetl are, of course, arbitrary. Butlnost 
physicists, following the example of Pouillet (Coinp- 
tea reizdus, vii. 24), take the  gram, square ceutirne- 
tre, and minute, as reipectively the units of mass, 
surface, arltl time Wit11 regard to time, there is no 
divelhity, tlie i n~nu te  b ~ i ~ l g  used; but, u~~iversally 
for mass ant1 iurface, some employ the larger u r~ i t s  of 
a kilogram an(\ a srlnare metre, and hence the ap-
parerit, cor~fu-ion. To  obtain a general expression 
for the value of the ' solar constaut,' let 

Q = Quantity of snu-heat incitlcrit normally 011 a 
unit-surface in a unit of tirne = solar con- 
stant. 

S = Area of surface receiving the-heat. 
T = 'rime of receivii~g the heat. 
m = Unit mass of water. 
n = Number of unit masses of water heated. 
to = Rise in temperature of the mass of water. 

Then uve liave 
Q X S X  T = n X ? n X t O .  

Consequently, ~vlien S,T, and it are severally equal 
to unity, we have Q = in X to; and, when ~ r z= 1, 
Q = to = rise in temperature of a unit-mass of 
water = value of solar constant i n  units of heat. 

Now, when the unit of time remains the same, but 
the units of rnaqs and surface are cllarlgetl, tlie value 
of to (which measures the solar constant) will be 
altered, uiiless botll of these units are rllanged in the 
same ratio. For, from the  equation Q = i n  X to, i t  

{dfollows that  to varies as h; but evidently Q is pro- 

portional to the  magriitucle of the unit  of surface: 
unit nf surface

hence to varies as of lllsss of water . 
For e ~ a m p l e :  using Pouillet's uiiits, Langley's 

recent experiments make the solar conbtant = 2 84; 
tha t  is, the sun-heat incideiit ~iortually 011 one square 
centimetre, in oile minute, a t  tlie upper limit of tile 
atinospliere, would raise thc tetnpcxrature of one gram 
of water 2 S4O C., or mould lleht 2.84 grarns of water 
loC.  Now, the unit  remailring the satne, if we 
assume the unit  of rnass to he olle kilogram (1,000 
grams), and the unit of s ~ i ~ f ~ r c eto be oiie square 

as would be desirable. The following are some of 
the results : -

I I 
SOLARCONSTANT. 

XXPERI-
MENTER.  

DATE' Gram-unit8 of heat I'iilogwm - unit8 of 
per square centi- heat per square 
metreper minute, metre per minute. 

I'ouillet . . / IS38 1 1.7633 17.633 
Forbes . . 1842 2.847 28.47 
Crova . . 1876 2.323 23.23 
~ i o l l e. , : 1 1878 2.540 25.40 
Langley . . j 1889 2.840 28.40 

-- .. I --
JOHNLECONTE. 

Berkeley, Cal., June  25, 1883. 

WARD'S  DYNALWC SOCIOLOGY. 
Dynamic sociology, or  applied social science, as based 

upon statical socio10,rly and the less con~plex sciences. 
By LESTERF. WARD,A M. 2 vols. New 
Pork, Appleton, 1883. 20+706; 7f6QOp. So. 

1. 


TI-IISmorb of Mr. Ward is composecl of two 
distinct parts. The first gives the outlilles of 
his pllilosophy, as a basis for his reasoning in 
the one that follows. Tlle second is a cliscus- 
sion of tlie causes and consequences of prog- 
'ess, or evolution, in linrnan society. For 
some purposes it woulcl have been wise to 
give each part a distinct title, reserving for 
the last part the one used; bnt the philo-
sopllic sjstem propoundccl in the first part has 
eviclently been prepared as a basis for the 
second, and in itself nronld not be considered 
by the a~ithor as a complete esliibit of his 
philosophy. 

Vol. i. contains : first, ail outline of the 
work, in which the author's pm.poses are 
clearly set forth ; second, an historical review, 
chiefly clevotecl to a cliscussion of the philoso- 
phies of August Comte ant1 Herbert Sl)encer ; 

metre (10.000 souare centimetles). me should liave , , third, the cosrnic principles uncle~ljing social 
:;1%: = phenomena, in which the outlines of the newthe value of the  constant t'O X 2.81= 28.4 

sgsteiii are set forth. Under the general title 
of ' primarykilogram-units of heat; that is, the sun-heat incident 

normally on one square rnetre, in one minute, a t  
aggregation,' he discusses the 

constitution of celestial bodies ancl chemicd tlie upper limit of the atmospllere, ~vould raise tlie 
temperature of one Bilog~.atri of water 28.4O C., or 
wor~ld heat 2S.4 kilogranls of water loC. 

Moreover, as it requires a definite nurnber of units 
of heat to l i q ~ ~ e f y  a wit-mass of ice, or to evaporate a 

re1,ztions. Uncler that of ' seconclary aggrega- 
tion,' he disc~lsses biology, 1)s-chology, and 
the genesis of man. U~icler that of tertiary 
aggregation,' he discusses the genesis of so-unit-mass of water, or to produce a unit of rnecllai~ical 
ciety and the characteristics of social organiza- 
tion. The pnrpose of this p~elitniilary volume 
on general lhilosophy, and of the introcluction 

energy, it follows that this constant may be measured 
by either of tllese units. 

The exact determination of the value of this con- 
s t a i ~ t  is a mo-t refiriccl ant1 difficult experimental 
problem; for it involves tlie precise estitnation of 
t,lle amount of solar heat al~sorbed in traver-inc the Ward himself. as follows :-

earth's atrnosphel.e, or the law of extinction ofrsun- uTlie purpose of the present chapter
heat in passing tllt.ot~gh it: hence it is, that ,  altllough 
several excellent physical experimenters have at- [chap. viii.], as already announced, has been 
tacked the problem, their results are not  50 accordant to accomplish the complete orientation of 

to the second volame, is tersely given hy Mr 


