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same diameter as the chamber, and arranging a considerable enlarge- 
ment at that part of the outside tube to which the surface of the mer- 
cury corresponds at the normal pressure. 

This regulator of IV[. Rolland has now been in use for several years 
in the principal tobacco manufactories of Paris, Dieppe~ &c., and has 
always kept the pressure within the limits above indicated. I t  might, 
however, if necessary, be made still more precise by connecting tho 
float with a compensating counterpoised lcver~ such as 5I. 1~. has in- 
troduced into his thermo-regulator. 
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A Problem in tl~e Conversion of lYfechanical Power into Heat. 
By John  D. VA~ BUaEN, U. S. Naval Engineers. 

PRO]3LEM.~TO find how much the temperature of a given weigat of 
air will be increased by a given gradual compression, and also the 
mechanical effect expended in producing this compression, supposing 
no loss from conduction or radiation, upon the hypothesis that ]~eat 
and mechanical effect are convertible in the ratio of Joule's eqvivalent. 

Let  the figure represent a cylinder, with a piston moving in it with- 
out friction or weight, anti confining beneath 
it exactly one .pound of air, by means of the 
compressing force P. Let  the piston have an 
area of exactly one square foot. The l~ro - 
blem then is: to determine the increase of 
temperature of the air due to forcing the pis- 
ton from ~ to a given point A, and the me- 
chanical effect expended. 

~ O T A T I O N .  

p ~ initial pressure in pounds per square 
foot exerted by the air against the 
piston. 

px~pre s su re  in pounds per square foot 
exerted by the air when the piston 
has been driven through the path x. 

t ~ initial temperature of mir in degrees 
Fahrenheit  above 32 ° . 

tx ~ temperature of air in degrees Fahren- 
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heir above 32 °, corresponding with x, px and tx. 

w ~ weight of one cubic foot of air at temperature t and pressure p. 
p = co-efficient of expansion for air for 1 ° Fahrenheit.  
s = specific heat of air compared with that of water as unity. 

772 : J o u l e ' s  equivalent = mechanical effect in foot-pounds equiva- 
lent to the heat required to raise one pound of water 1 ° Fah- 
renheit. 

x = distance through which the piston has been forced when the 
temperature and pressure are respectively tx and px. 
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Now, since the work of resistance is equal to the work of the applied 
compressing force, we may confine our attention to the former. We 
may also overlook the influence of the inertia of the air, since the com- 
pression is to be gradual  and with uni form velocity. Then, if the 
piston be forced through the differential path dx, from any position x, 
the work expended upon the piston, and converted into heat in the 
air~ due to this motion, is in foot.pounds, 

p= . . ( : , )  

and the temperature added to the air by this must therefore b e ~  
_ p ~  dx 

d t x -  772 s--' (2.) 

But we have, from Gay Lussac's law, 
v 1 + pt p_~ 

v-~ ~- 1 + eta" p '  . (3.) 

Where v = initial volume of air, and Vx = volume of air correspond- 
ing with px.  Then, if b = whole length of cylinder, we shall have- -  

v b l + p t  p~ 
• . ( 4 ; )  

¥-~- b - - x  1- f -?tx"  p ' 
p b 1 -4- pt~ 

"'" T~--l+pt" b - - x  ' . (5.) 

or, 

Hence, from (2), 

1 pb  l + P G . d x ,  . . (6;) 
dt= = 7-72-s.'-~+ ?t " b - -  x 

dtx p b d x 
"'" 1 ~- /,t~ -- 772 s t 1 -t- [,t) " b - - x '  (7,) 

dt~ p b - d z -  = o, 
l + ? t ,  7 7 2 s ( 1 - t - p t ) ' b - - x  

In (8)place the constant 772" s p(lb -f- ?t) - -  a, 

dtx dx 
• - -  0 7  

• " 1 -t" ? t ~  a " - b - - x  

and, integrating by the rules of integral calculus, 

I log.. (1 A- eta ) A- a log.o (b - -  x) + c = 0, 
? 

where log.e ~--l~eperian logarithm. 
But when x ~ 0 ,  tx = t ;  

• '.  o ~ - -  1 l o g . e  (1  + ? t )  - -  a l o g . e  b, 
P 

1 + ptx 4- a log.~ b - -  x _ O, 
• ". log.. 1 -4- ? t  b 

orp 

(8 . )  

• (a  ; )  

(9,) 

• ( : 0 , )  

(:1;) 

(12,) 
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E'+, ' .  (,,) 
1 + p t  

ttTence, 

¢7:)°,=,.  1 + p t  " 

and, solving for t~ 

+, , )  +,o, ('0) 
~ow, introducing the value of a, 

p b p  

E ( ~ )  "2I'('+P' --1 ] }  ' ' t '~ = ( l  + p t )  . ( 1 7 . )  

1 
But b . . . .  

W' 
PP 

[ b '1772~(1+Pt) 
• " . t x - = E ( l + p t ) \ ~ !  -- 1 ] + p ,  (18.) 

I f  w o = weight of one cubic foot of air at temperature 32 ° Fahren- 
heit, and pressure j% = 14"76 x 144 lbs. per square foot, then 

- 2,0" 1 + / , t '  (a.) 
Introducing (b) in (18) we g e t - -  

PoP -] 
b ~  - -  1 2 +  e, (]9.) 

I t  will be observed, in (19), that tx is independent of the pressure, 

sincePg-is constant. This is correct;  for we have taken a constant 
we 

weight of air, and the path of the work of compression must therefore 
vary inversely as the initial pressure, the initial temperature remain- 
ing the same, no matter what the degree of compression. The effect 
of increasing the initial temperature above 32 ° is observed to be to 
increase the temperature G just 100 pt per cent. This is also correct;  
since, if we have the same initial pressure, the path of the work of 
compression is increased precisely 100 pt per cent. by this increase of 
initial temperature, no matter what the degree of compression; and, 
therefore, the temperature G should also be increased by this amount, 
since the increase of temTerature measures the work done. I f  x ~ 0~ 
tx = t ; if x = b, tx - -  cx, which are correct results. 

:By introducing the values of p, Pc, we, and s, the formula becomes 
very simple : 

p = .002039, Pc --  14"76 X 144 = 2125"44t 
s = "238, w o = "081241 lbs. ; 

...,.= B, ]÷.oo,o,o 
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: :  E(491-I-t) (b-b--x)"29°sas- 4 9 1 - ] .  (20,} 

b 
an.d, putting ~ x = r = degree of compression, we finally get-- 

.290333 
tx = (491 + t) r - -  491, . (21.) 

The meehanicM effect expended, or work of resistance is, for w 
pounds of air~ 

w = 772 s (tx - -  t) w, . . (220 
= 183"74 (tx - -  t) w, (23,) 

since every degree of temperature added must be produced by the con- 
version of 183"74 lbs. feet into heat. 

H E A T  ]-:)RODUCED BY IMPACT.  

I f  a force P strikes the piston moving with a veloeity of v feet per 
second, and is brought to rest by the cushioning of the air; which is 
not allowed to rebound after the greatest compression, the work ( 
one-half the living force) of the blow i s - -  

p V ~ 
. . ( 2 4 , )  

when g = 32~ feet, and hence the increased temperature due to this 
blow, and appearing in the air, i s - -  

p V ~ p ?)2 
- -  = "0000846 P v ~, " (25,) t x - - t : 2  X 7 7 2 s g  367"472 g 

in degrees Fahrenheit. 
:But, if the weight of air be w pounds, t h e n - -  

p v 2 
t~ - -  t = "0000846 , (26,) 

w 
when t x - - t  is temperature added, not units of heat. 

A very striking instance of the conversion of mechanical power into 
heat is the heating to redness in broad da.yloht of an iron target when 
struck by a heavy shot from a cannon. The heat is often so intense 
as to weld the shot firmly in the target. 

EXAMPLES UNDER EQUATIONS (21), (23,) AND (26). 

EXAMPLE 1.--Kequired the temperature of 10 lbs. of air after com- 
pressing it, from a temperature of 32 ° Fahrenheit,  into one-fifth of its 
original volume, and the mechanical effect expended. In (21) make 
t~-O, and r = 5 ;  

.290333 
.'. t ,  = 491 X 5 - -  491 

= 2 9 2 ° ' 4 ,  ( 1 . )  

w -~ 183"74 (t~ ~ t) w = 183.74 X 292.4 X 10 
= 537255.76 lbs. feet. (2.) 

From this and other calculations we g e t - -  
In i t i a l  Tempera tu re  82 °, t ~ 0. In i t i a l  Tempera tu re  182 °, t ~-  100 °. 
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(Jompression to one-fifth, tx = 292°'4 tx = 452 °.0 
" one-tenth, tx = 467°'1 tx =61;2°'2 
" one-twentieth, tx ~--- 680°'7 ~x = 9t9°'3 

The  increase in temperature,  for the six cases in order, i s - -  

~x - -  t : 292°-4 tx - -  t =352 °.0 
,, _~= 4t~7o.1 ,, ~ 5620.2 
,~ ___580o.7 ~, --819o.3 

Tile temperatures  above zero, Fahrenhe i t ,  a r e - -  

~x q- 32 ~ 324 °.4 tx q- 32 ~_ 484 ° -0 
,' ~499 ° .1 - ~-694°.2 
" ~ 712°-7 " ~-= 951 °.3 

As  a proof of the ar i thmetical  work, to tenths of • degree, we have 

352 - -  292'4 562.2 ~ 467"1 8 1 9 ' 3 - -  680'7 
- -  ~ = "204. 

2~3"2"4 467"/ 680"7 

E x A ~ p r ~  2 . - - A  cyl inder  containing ten cubic inches of air, con- 
fined by a plunger-piston receives a blow upon its piston from a weight 
l" -~ 10 lbs., moving with a velocity of 30 feet per second. Requi red  
the temperature  given to the air~ supposing the ini t ia l  tempera ture  
32 ° Fahrenhe i t .  

• 0000846 X 10 × 900 = .1619o.  5 
t x  - -  t - - .  10 

"081241 × 1-728 

t~ + 32 : 1651 ° '5  Fahrenhe i t .  

This  affords an explanat ion of the well known exper iment  of light- 
ing  t inder  by sudden compression of air. The principles involved in 
equat ion  (21) are involved in the problem of finding the amount  of 
condensat ion taking  place in the cyl inder  of a steam engine,  using 
steam expansively. 

The writer hopes to give $ solution of this last problem at some fu- 
ture  time, and it is with this design in view that  this paper  is offered 
for publication.  

Bureau of Steam Engineering 7 )Iarch 207 1866. 

Water Freezing at a Depth of Twenty-five Feet. 
We copy from the Detroit Free Press the following article, on account of the sin- 

gularity of the difficulty which it gets forth, and because it may~ in many cases~ be 
of importance to engineers to be aware that such effects may occur. The explana- 
tion suggested by :Prof. Douglass is undoubtedly correct, the phenomencm of ground- 
ice having been long known and carefully observed, and the remedy which he pro- 
p~)ses would doubtless be effectual. It may, perhaps, be added, that, when a platform 
floating on the water would be in the way of navigation, a wooden shield secured t~ 
few feet above the mouth of the pipe would secure the same result. 

The Water  Commissioners have encountered a difficulty in obtain- 
ing water from the r iver in the winter, which may be considered a 
s ingular  phenomenon.  A brief  description of the inlet  pipe and na-  
ture  of.the difficulty may be interesting.  The inlet  pipe to the pump 


