
April, i89o.] On the Hea t  o f  Uaporizatioa, etc. 297 

which, like ethylene,  carbonic acid, and  the protoxide of 
azote, have  their  critical points  at  ordinary  temperatures .  
These  are the bodies tha t  I propose to invest igate ,  and with  
the Academy's  permission,  I will communica te  to it  the 
resul ts  of my  researches on this  subject.  ~ 

ON THE H E A T  OF V A P O R I Z A T I O N  o~' L I Q U I D  CAR-  
BONIC ACID NEAR ITS C R I T I C A L  POINT.  

Bv E. MATHIAS.f 

[Translated by Chief Engineer ISHERWOOD, U.S.N.] 

In a preceding note:~ I described a me thod  of measuring,  
at  constant temperature, the hea t  of vaporizat ion of liquefied 
gases, the  source of the  compensa t ing  hea t  being the hea t  
of di lut ion of sulphur ic  acid in the water  of the calorimeter.  

I have  applied this me thod  wi thou t  modification to sul- 
phurous  acid, to carbonic acid, and to the protoxide of 
ni t rogen,  wi th in  the  l imits  of the a tmospher ic  tempera tures  
of the  room in which I operated ( +  2"5 ° to + 220). 

In order to operate between + 22 ° and the critical point  
( +  31°) of carbonic acid, the  me thod  was modified in the 
fol lowing manne r  : 

By means  of a sui table  sys tem of burning '  gas jets  fitted 
wi th  regulators ,  I raised the  t empera ture  of the  operating- 
room a li t t le above the t empera tu re  t ° at  which I wished to 

experiment,  and I ma in ta ined  this  raised tempera ture  con- 
stant.  I then  filled the outer  space of the Berthelot  calori- 
m e t e r  wi th  water  of the  same temperature ,  and, finally, I 
filled the calor imeter  wi th  water  at  t °, and closed i t  by a 
cover t h rough  which the vert ical  tube  from the reservoir of 
the liquefied gas passed. A sensit ive the rmomete r  showed 

* The work has been done in the laboratory of the physical school at the 
Sorbonne. 

.\ 
t Comfltes Rendus, 1889, p. 47 o. 

+ Com;btes Rendus, I889, p. 1146. 
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the  t e m p e r a t u r e  of the  w a t e r  in the  c a l o r i m e t e r  a n d  of the  
l iquef ied  gas  in t he  r e se rvo i r .  T h e r e  was  t h e n  e s t a b l i s h e d  
b e t w e e n  the  a i r  of t he  room,  t he  o u t e r  space  of t h e  calori-  
m e t e r ,  a nd  t he  c a l o r i m e t e r  i tself ,  an  e q u i l i b r i u m  s u c h  tha t ,  
i f  all t h e  c o n d i t i o n s  we re  a d r o i t l y  a d j u s t e d ,  t h e  t e m p e r a t u r e  
of  t he  c a l o r i m e t e r  w o u l d  v a r y  w i t h  e x t r e m e  s lowness .  W i t h  
a l i t t l e  e x p e r i e n c e  t he  w a t e r  of t he  c a l o r i m e t e r  co u ld  be 
b r o u g h t  w i t h i n  o'o5 ° of t he  t ° and  m a i n t a i n e d  the re .  U n d e r  
t h e s e  cond i t i ons ,  I r a i s e d  t h e  c o v e r  of t h e  c a l o r i m e t e r  and  
p r o c e e d e d  w i t h  t h e  e x p e r i m e n t  as a t  o r d i n a r y  t e m p e r a t u r e s  
to  t h a t  n e a r  w h i c h  t he  r a p i d i t y  of  c o o l i n g  i s  a l i t t l e  g r ea t e r .  
T h e  sole i n c o n v e n i e n c e  of th i s  m e t h o d  is t h a t  t h e  exper i -  
m e n t e r  is o b l i g e d  to  be  u n d e r  t he  t e m p e r a t u r e  t ° of the  
e x p e r i m e n t .  

D e n o t i n g  b y  P '  t he  d i m i n u t i o n  of t h e  w e i g h t  of  the  
r e s e r v o i r  of t h e  l i que f i ed  gas ,  t h e  w e i g h t  P of t h e  l iquid  
v a p o r i z e d  a t  t ° is g iven ,  a s h a s  b e e n  s h o w n  * b y  t h e  f o r m u l a  , 

% 

P = F  . . . . . . .  
~__ ~I, 

and  ~P b e i n g  t he  d e n s i t i e s  of t h e  l i qu id  a n d  of i ts  s a t u r a t e d  
v a p o r  a t  t °. 

In  t he  n e i g h b o r h o o d  of t he  c r i t i ca l  po in t ,  t h e  coeff ic ient  

~ #~- ha s  v e r y  l a r g e  va lues ,  a n d  t h e  w e i g h t  P of t h e  gas  

w h i c h  pas se s  off s h o u l d  be  m o r e  a n d  m o r e  l e s s e n e d  in  o rder  
to  p r e v e n t  too  g r e a t  a d i s c h a r g e  a n d  c o n s e q u e n t l y  expan-  
sion.+ 

As  t he  l ique f i ed  gases ,  a l t h o u g h  p r e p a r e d  w i t h  the  

• J. Chappuis, C~l~tes Rendus, 1887, p. 897. 

~-It will be sufficient to discharge the gas in the Bourdon manometer 
which indicates the pressure, the second cock being closed and inoperative. 
Previous experiments gave the weight of gas corresponding to the indications 
of the manometer. The weight of liquid vaporized can thus i~e exactly regu- 
lated. In order to avoid expansion, I generally limited myself in the definite 
experiments to the vaporization of only the weight of liquid comprised between 

and ~ gram per minute (discharge ~- x 5 to 20 minutes). There are 
thus developed but small quantities of heat, and the interior cooling of the 
apparatus, which is difficult of measurement in the case of high pressures, 
becomes negligable. 
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g rea te s t  care, a lways  contain  a little air, they  have to be  
analyzed, and denot ing  by  a the propor t ion of air thus  
found, the  numbers  ascer ta ined  for the hea t  of vaporizat ion 
mus t  be a u g m e n t e d  in the  ratio of a in 100. ~ 

I have thus  de te rmined  the hea t  of vaporizat ion of car- 
bonic  acid wi th  three  samples  of the l iquid independen t ly  
p repared  by  myself ,  and containing,  respect ively,  o"7I, 2"i 5 
and  o'76 per  cent. of air. 

The  fol lowing are the number s  obtained,  correct ion be ing  
made  for the air:  

Heats of Vaporigatton ExlOeri- Heats of Vaporization Cal- 
mentally Determined culated by Formula 

in Calories. in Calort~'s. 
Teraperalure t ° of the 

Carbonl~: A cid. 

6"65 50"76 51 '05 
I2"35 44"97 45'23 
I6"46 39"92 4O'3O 
22"04 31"8o 32"oo 
26"53 22"50 22'80 
28"I 3 I9"35 18"34 
29"85 I4"4o ! I 64 
30"59 7"26 7'or 
3o'82 3"72 4"6I 

The  third co lumn contains  the number s  calculated by  
the  f o r m u l a - -  

L 2 • 1 1 8 " 4 8 5  ( 3 1  m t).-- 0 ' 4 7 0 7  ( 3 1  m t)2, 

deduced  b y  Messieurs  Cailletet  and Math ias  t f rom the well- 
known formula  of C lapeyronm 

T d p  
L = ~ ( u ' - -  u) d t  

and  the ascer ta ined values  of u, # and d p 
d t  

The  acco rd  of the  number s  exper imenta l ly  de te rmined  

The heat of dissolution of the air in the liquefied gas is also neglected. 

More exactly L t = L ioo , L :  and L being the crude, uncorrected 
i o o - - a  

numbers. 

t Cailletet and Mathias ,Jout~nalde  Physique, 2d series, vol. v, 1885, p. 562. 
The formula in L has allowed the foreseeing of the beat of vaporization at 
2ero, which has recently been determined by Mr. Chappuis, Cam#/es R t n d u s ,  

I888, p. ioo 7. 
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and ca lcula ted  b y  the formula  is, I m a y  say, a v e r y  satisfac- 
tory  verification of the  fo rmula  of Clapeyron.  

If a curve be  cons t ruc ted  hav ing  the t empera tu re s  for 
abscissas  and the exper imenta l ly  de te rmined  number s  for 
the  ordinates,  the  t angen t  to the  curve  at the  crit ical po in t  
will be  found  perpendicular  to the  axis of the  abscissas,  f rom 
which  the conclusion would  seem to be  war ran ted  tha t  
a t  the cr i t i ca l  po in t  the lateJzt hea t  zs r igorous ly  nothing,  and,  

consequent ly ,  t h a t  a t  the  same  t e m p e r a t u r e  the  e q u a l i t y  u ~ u r is 

also p e r f e c t l y  r igorous.  

There  can be  d rawn from the above  proposi t ions  o the r  
immed ia t e  deduct ions ,  which  will be  given in a fu ture  
memoir .  

THE H O L L E R I T H  E L E C T R I C  T A B U L A T I N G  
S Y S T E M .  

% 

[Rejbort of  the Committee on Science and the Arts.] 

[No. 1,458. ] HALL OF THE FRANKLIN INSTITUTE , 
PtIILADELPHIA, J a n u a r y  2, 189 o. 

The  Sub-Commit tee  of the  Commi t t ee  on Science and the  
Arts ,  cons t i tu ted  b y  the  FRANKLIN INSTITUTE of the  S ta te  
of Pennsylvania ,  to w h o m  was  referred,  for examinat ion,  

THE HOLLERITH ELECTRIC TABULATING SYSTEM, 

R e p o r t  t h a t  ." The  Hol le r i th  Electr ic  T a b u l a t i n g  Sys t em is 
a device b y  which  electr ic i ty  is appl ied to the  compi la t ion  
and tabula t ion  of census  and o ther  re tu rns  of a s imi lar  
na tu re  which  requ i re  summat ion  and classif ication under  
var ious  heads  and in 'different groups.  

The  me thods  consis t  essent ia l ly  in first recording the 
data  re la t ing  to each person b y  p u n c h i n g  holes in shee ts  or 
s tr ips of e lectr ical ly  non-conduct ing  mater ia l  (paper), and 
then  count ing  or ta l ly ing these  da ta  e i ther  separa te ly  or in 
combina t ion  by  means  of mechanica l  counters  opera ted  b y  
electro-magnets ,  the  circuits  t h rough  which  are control led 
b y  the per fora ted  cards or strips. 


