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(For the Scientific American.) 
Helloehromy. 

Having seen nothing on the subject of He
liochromy, in your columns, since my former 
communication, I now present you another on 
the sam,e subject, which will I hppe stimulate 
artists, and those fond of scientific experiment, 
to further discovery; I propose briefly to dis
cuss the action of light on the chloridated 
plate, and to give you the results of a few ex
periments on it. It is well known to che
mists that light produces little or no change 
on perfectly pure chloride of silver, but that 
it is rapidly blackened If organic matter be 
present, and that this organic matter is gene
rally found in the water with which it has 
been was bed, or in the solution from which it 
has been precipitated. When the chloridated 
plate is exposed to light, this organic matter 
is decomposed, oxygen being eliminated, and 
the free nascent hydrogen reduces the chloride 
to a metalhc condition, and an opposite state 
of electrical excitement is induced. 

' 

Now M. Becquerel and Niepce de St. Victor 
have proved that it chloride of sil ver contain
ing a slight trace of copper be exposed to the 
prismatic spectrum, or to rays of diffaent co
lors, while undergoing this reduction. it is sus
ceptible ot coloration after a protracted expo· 
sure. From this it would seem that this pro
cess might be much accelerated, if we were 
careful to aid nature in her operations, instead 
of trying mere hap hazard experiments, not 
based on rational theory. I will show by a 
fe w experiments that this may be done, and 
to avoid bei ng too prolix, will, at present, 
speak of the chloridated silver plate, unacce
lerated by iodine, bromine, fluorine, chrome, 
or their compounds. 

If the plate, covered with the enamelled 
chloride of sil vel' prepared by Niepce's pro· 
cess, be exposed to a current 01 hydrogen 
while receiving the image, the process will 
be much accelerated, and the image will be 
impressed in (rom halt an hour to an hour; ac
cording to the amount of gas passed into the 
�amerd, the light, temperatul',ll, electric state 
of the atmosphere, &c., instead of requiring 
from three to fi ve hours, as in the original 
process, and the colors of the picture will be 
impressed on the plate in all their original 
beauty. This experiment may be very easily 
perf ormed, it only requiring a few grains of 
zinc in a small vial, containing dilute sulphu
ric acid. The vial and its contents may be 
placed in the camera, and the hydrogen being 
nascent is in its most active state, and as it is 
perfect)y transparent, it permits the light to 
act on the plate, while it is itself engaged in 
reducing the chloride, which it is only capa· 
ble of doing in sunlight. 

The hydrogen, probably from its affinity for 
oxygen, hastens the decomposition of the or
ganic matter, and assists in reducing the chlo
ride, thus acting as a deoxydating and dechlo
ridating agent. There is, ho wever, suffi
cient hydrogen contained in the combined or
ganic matter, to effect the reduction of the 
chloride, hence it is probable that the excess 
mereJ y hastens the decomposition. 

of reducing and fixing the picture:'"-T�8 
a p owerful accelerator is certain, the fixing 
requires further experiment. Pictures may 
be obtained with this gas in hah an hour, by 
passing it nascent and in sufficient quantity in 
the camera and the colors arB preserved. 
There is, however, sometimes a little sulphur 
deposited under the enamel, which gives the 
light parts of the picture a yellowish cast. 
This color may sometimes be removed by 
heating the plate. Carburetted hydrogen acts 
still quicker, probably trom the free carbon 
which results from its decomposition being a 
powerfrt1 reducing agent, and as the carbon 
is not left under the enamel it probably passes 
off unoer the form of the volatile chloride of 
carbon. I obtained one picture in five mi
nutes, by passing int" the camera the gases 
generated from the d istilling alcohol and sui· 
pburic acid in a retort. The gases formed 
were olefi,mt gas and sulphurous acid, mixed 
with a little light carburetted hydrogen and 
sulphuric ether. The colors were very tairly 
represented, but not as good as I had previous. 
ly obtained; I considered this experiment as 
very encouraging, but having only lately tlied 
it, have not repeated it by itself without the 
agency of electricity. 

As electricity is a p owerful agent in decom
posing chemical compounds, it might be natu
rally inferred tbat it would aid in this process. 
[ have often tried it but without, until lately , 
any very im portant results. Dry chloride ot 
silver is not decomposed by electricity, yet its 
decomposition by light, and other agents, may. 
hy it. be much accelerated, and I did not at 
tint use a sufficiently powerful current. J 
now render the plate a part of the conducting 
medium which terminates at the positive pole. 
and terminate the poles in water, to which 
some saline const�tutent has been added, and 
by t.he decomposition of the water am enabled 
to judge of the power 01 the current. By using 
the gases at the same time that the plate is 
thus excited, I have been enabled to take pic
tures in trom four to five minutes, which 
would otherwise req ui re from three to five 
hours for their production. These pictures 
are developed under a hard, tough enamel of 
chloride of silver, cannot be rubbed out by 
the fingers, and will even bear considerabl€ 
buffing, and, if the enamel is thick, are impro. 
ved by the operation, I have not been able 
to permanently fix the picture, but it will 
keep a long time, if not exposed too often and 
too long, to the light. From the above ex· 
periments it seems that a prolonged exposure 
is not necessary to produce coloration, hence 
agents of great energy may be employed in 
reducing the chloride. 

That coloration may be produced, it is im
portant, I think, that the picture by whatever 
process it is taken, be positive, and com· 
plete on its removal from the camera. For 
fixing, it is important that all the organic mat
ter be destroyed, and then, I believe, it will 
be fixed. I am at present engaged in experi
menting with iodine, bromine, fluorine, suI. 
phur, chrome, and copper, and their com
pounds, deposited on the silver plate by elec
tric action, or otherwise, but have not, as yet, 
any results sufficiently matured to p ublish, 
though I have produced coloration. Great 
care is requisite in preparing the enamelled 
plate of chloride, �nd some experience is reo 
quired to judge at what state of its prepara
tion it is most sensitive to light, yet any ar
tist can after a few ex periments prepare it. 

I have had but little time for experiment, 
owing to the pressure of other duties, and the 
weather here has been for the last few weeks 
unfavorable. I am not a daguerrean artist, 
and am under many obligations to Messrs. 
Bisbee and Robinson, of this city, for the loan 
of a camera and other apparatus for my ex
periments. Having been obliged also to make 
the greater part of the chemi cals used, I have 
as yet, been able to make, but a very meagre 
investigation of this interesting subject. 

J AS. CAMPBELL. 

Hot Air and Steam. 
MESSRS. EDITORS-I have read with great 

pleasure your criticism on the Hot Air En
gine, and greatly admire your frank and ho
nest course about this invention-your course 
with every thing. You look the naked facts in 
the face, and speak out what you think, with
out fear or favor. By this course your paper 
has become the real guardian of inventions 
and inventors. I have looked back over all 
your articles on the Caloric Engine, and in no 
case can I see that you opposed this inven
tion, but that in every case (it appears to me) 
you have been actuated solely by a desire of 
seeing and exhibiting what the thing really is 
Yet I cannot agree with you in your conclu
sions, for I think you have left the relative 
specific heats of air and water out of your cal
culation. 

So far as your disoertation relates to the va· 
pors of fluids, you are right: you handle Prof. 
A pjohn COl rectly, excepting that he is right in 
saying" that equal volumes of the vapors of 
different liq uid s will have the same elastic 
force at their respective boiling points," for 
the boiling point is that temperature at which 
the elastic force of the vapor becomes equal 
to tbe atmospheric pressure. But equal bulks 
of liquids converted into vapor exert a force 
inversely as the densities 01 these vapors, 
hence the vapor of alCOhol, ether, &c., cannot 
do tbe work of steam. But no comparison 
can be made between the elastic force prod u· 
ced by that expansion of vapor due to in· 
creased temperature, and that due to the rna· 
king of vapor; unless we take the speci fic 
heats in consideration along with the boiling 
points and latent heats, when the result will 
be largely in favor of the permanent gas or 
vapor, or in favor of expansion and against 
va poriza tion. 

By the doctrine of specific heats, different 
substances have a capacity or appetite for 
heat, which is inversely as their atomic 
weights; a pound of hydrogen will hold as 
much heat at the same temperature as 100 
pounds of gold or quicksilver, 14 pounds oj 
air, or 3 pounds of water: hence a pound 01 
water will require 33 times as much heat to 
raise its temperature one degree, as a pound 
of mercury; or the same quantity of heat 
which will raise the temperature of one pound 
of water one degree will raise a pound oj 
mercury 33 degrees. The specific htat of wa
ter is nearly four times that of air, conse
quently the heat or caloric which will elevate 
a po und of water one degree will heat a pound 
of air four degrees, or four p ounds one degree. 
Now the latent and boiling heat (not the lao 
tent and specific, as Mr. Apjohn has it) of wa
ter, as steam, combined, are 11500, or if a cu· 
bic foot of water, at 320, were confined and 
heated 1150" or to 1182", then, when released, 
it would all become 1728 cubic feet of steam 
at atmospheric pressure, with a sensible heat 
or temperature of 2120; and the availabl� 
force would be 1728 feet. But this same heat 
which raised the water 11500, and produced a 
force of 1728, will raise an equal weight oj 
air 864 cubic feet,4 times 11500 or 46000, 
which will expand it 91 times its bulk, equal 
to 8200 cubic feet, which is the measure of it. 
available force-equal to 41 times the force 
gotten from water. 

The heat which produces a given volume 
by expansion is always less than that required 
to make the same volume by vaporization, 
and this is the case even with steam and wa· 
ter, which have nearly the same specific heat, 
for if 62� peunds or 1728 cubic feet of steam 
at 2t2 deg. are heated apart from water to 
l182 deg., or raised 980 deg., then it will ex· 
pand to three times 1728; if water bot 212 deg. 
is then let in, the 980 deg. will become latent 
in producing one volume of steam from the 
water, and we shall have two times 1728 at 
212 deg. instead of 3 times 1728 at 1180 deg. 
If we have this oddli in favor of hot dr} 
steam, what will it make with air which ha. 
four times the ad vantage in specific heat. 

Let us take one more view ot the question. 

ced 1728 feet by vaporizing the water, would 
make the 2000 feet of the gases increase 4800 
feet more for each degree, would expand it 
1-491 of its bulk at 32 deg., which will give 
2j times advantage in favor 01 the gases over 
steam; but the difference of the specific hea ts 
will make the advantage about double this; 
for the specific heat of the steam is so m nch 
greater than the gases that, taken with the 
specific gravity, it is double the gases; for 
steam, being composed of one vol ume of oxy
gen, with two volumes of hydrogen condensed 
into one volume, makes its specific gravity at 
212 deg., and atmospheric pressure, compared 
with its gases at the same heat and pressure 
as 24 is to 16, and its specific heat double an 
equal bulk of the gas: (I use round numbers 
only for these points about the gravity, and 
specific heats of the gases cannot be nicely de
termined) . 

Hence we see that steam and water will 
actually hold one-third more heat than the 
very gases which compose them. Water is a 
fire.eater, and Jor this was it made by Infi
nite Wisdom. How wondrous, then, may be 
its mechanism; probably it does J.ot consist 
of two little balls, one of hydrogen and the 
other of oxygen sticking side by side? 

This superior power of expanoion over va
porization was first noticed, I believe, by Mr. 
[<'rost, who so c learly sho wed through your 
paper, that it was the cause of the boiler ex
plosions; and that dry steam (his stame) 
might greatly econombe fuel or increase the 
power of the engine; and you gave, in the 
last volume, a letter from a person who says 
that he saved 25 per cent. by heating the 
steam (expanding it dry) alter it left the boil
er. I thought that tbis was a settled matter
of.fact, by Mr. Frost'� experiments and the 
utht::r things you published in favor of it. I 
never shall forget the sorrow I lelt when I 
read in your paper that that truly scientific 
man had breathed his last moments in com
parative poverty. How often is this the re
ward of that friend of man-the Inventor. 

I trust that you will receive this in the spi
rit in which it is given. 

I doubt if the 'Ericsson" would have a 
greater speed with larger engines j for the 
rate of working will be the rate ot heating the 
air, and a larger fire sur lace will heat no fas
ter-it must be made hotter; or else the mo
tor cylinder must condanse into a receiver, 
and this supply the cylinder which propels 
the boat. GEORGE MATHIOT. 

Washington; D. C., 1853. 

MESSRS. EDITORs-In the" Scientific Ame
rican" of Jan. 8th, in giving the reasons why 
hot air must continue to lail in competing 
with steam as a force to move machinery, I 
think you have fallen into an error in not ta
king into account the difference in the speci-
fic and relative heat of water and air. The 
specific heat of air, or the actual quantity of 
heat required to raise the same weight of air 
and water, each the same number of degrees, 
is in the proportion of water 1, air 0'2669, and 
as air is less dense in the proportion of 830 to 
1,  the quantity of  heat for an equal volume, 
or, as it is called, the relative heat is as 1 to 
0'0003215, or as 1 to 1.3110, that is) the same 
amount of seat that will raise 1 cubic foot of 
water 1 deg. is sufficient t o  raise the same vo
lume of air 3110 deg.; or, what raise 1 cubic 
foot of water 1184 degrees, converting it into 
steam, increasillg its volume 1728 times, will 
raise 1 cubic foot of air 3110X 1184=3682210 
degrees, which, divided by 479 (the number 
of degrees by the books necessary to double 
the volume of air) gives 7687 as the number 
of times its volurne is increased by the same 
amount of heat which changes the same vo
lume of water into steam. Divide 7687 by 
1728, it gives 4'45 as the ratio of increase in 
volume by the same amount of heat in Javor 
of air over water. 7687 x2l60 gives 16603920 

Following this train of investigation, I have 
tried many other reducing agents both liquid 
and gaseous. The most important liquid 
agents tried have been, the proto sulphate and 
nitrate of iron, ferocyanide of potassinm, pro
tochloride of tin, and the fluorides of potas
sium and sodIUm. The principal gaseous 
agents tried are hydrogen alone and in com
binatIOn with carbon and sulphur, ammonia, 
sui phuric ether in vapor, chlorolorm vapor, 
sulphuret 01 carbon, chloride of sulphur, hy
dro.sulphuret of ammonia, and sulp�urous 
acid. As very remarkable results followed 
from the appl ication of the gases, I will speak 
o( them more particularly. Sulphurous acid 
has a strong tendency to abstract oxygen from 
organic bodies, it also unites with chlorine in 
sunlight, and so do light and heavy carburet
ted hydrogen, the latter, indeed, without the 
inlluence 01 light. Sulphurous acid abstracts 
oxygen from organic bodies, with which it 
c .. m owes, lorming suI phuric acid, and suI phu-

.ric acid renders cltloride of sil ver unchange
,Ie t 0 light by Oeshoying the organic matter 

Dayton, Ohio, Jan. 20 , 1853. 
lThe above communication from the pen of 

Mr. Campbell is the most important that bas 
ever been published on the subject of " He· 
liochromy" in this or any other country 
We ad vise all our read ers who feel an inte 

" wir,h which it is combined. I hence inferred rest in "sun-coloring," to read the articl. �"mo, .. "" �."., Ib, "',bi, P""'" .it"t .. "ti.�Eo. 

One cubic foot of water at 32 deg. will give 
1728 feet of steam of atmospheric pressure 
and 212 deg. temperature, by the apl'lication 
of 1182 deg. more of heat. If the cubic foot 
of water were resolved into its componeni 
gases they would occupy 2000 feet. Now iJ 
the water and the gases had the same capaci 
ty for heat, then the 1182 deg. which produ-

I bs., raised one foot high by the air, against 
3,732,480 lbs., by the water, or otherwioe the 
neat that will raise one volume of wa ter into 
,team will raise 761:,7 volumes of air 479 de
;rees, doubling its bulk and comirJg to the 
,arne result. You say that it requires 864 in. 
,f air (it should be 1728 in.) raised 491 deg. to 
equal 1 cubic inch of water raised into steam. 
Let us �ee what proportion of heat it wil I take. What will raise 1 cubic inch of water f/1 

one degree, will laise one cubic inch of air dl!!I 
.. ! 
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