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XVII. On~t~rlal Navigation. By Sh G~ort6~: CAvL1Zv, Bart. 

To Mr. Tilloch. 

s , . , -  I AM glad to find that the public attention is called to 
aerial navigation by Mr. Evans, in your Magazine fbr November 
last. This subject is of great importance to mankind, and is 
worthy of more attention than is bestowed upoa it. An unin- 
terrupted navigable oeean~ that comes to the threshold of every 
man's door, ought not to be neglected as a source of human 
gratification and advantage. Mr. Evans proposes the aetion of 
a hrge inclined plane suspended below a common balloon~ as 
tt,e means of making it take an oblique course in its ascent, and 
by means of the same plane to make the weight of the appa- 
ratus cause an oblique descent towards the same point of steer- 
age. This principle is unquestionably capable of performing 
what that gentleman proposes~ although the construction he has 
given is only adapted to effect the purpose in aseending~ as the 
want of weight in the plane would prevent it from operatlng~ 
exeepting in a very limited degree, in the descent. In the small 
balloons used by'Mr. Evans, the plane was~ in fact, the whole 
burthen supported ; and h ene% under ~he small velocity gene- 
ra ted; the  deseent was as oblique as the ascent. But in the 
balloon 80 feet in diameter described by that gentleanan~ the 
plane in ascending would reeelv% aeeording to his estimate~ 
above 2000 pounds of reslstanee from the air~ and thus become 
efficient ; whereas in  descending it could only sustain a resist- 
ance equal to its weight~ which of course will be as little as pos- 
sible~ and hence it will be nearly inefficient. The general prin- 
eiple~ however~ is perfectly true ~ and when applied advantageously~ 
although it is an indirect way of gaining the proposed horizontal 
point~ yet it will be as effectual as the process of tacking in or- 
dinary navigation. Mr. Evans estimates that a Montgolfier 
balloon of 80 feet in diameter~ with a plane suspended under it 
in an angle of 70 ° with ~ perpendicular line~ the dimensions of 
which are as 1"4 to 17 compared with the great circle of the 
balloon~ will be carried through the air by a power of ascent 
equal to 2792 pound~ with a velocity of 28 feet per ~eeond~ and 
hence that the travelling horizontal speed will be about 19 miles 
per ho u r .~ I f  the resistance of air be taken at one pound per 
square foot at a velocity of 23 feet per second~ which is two feet 
more thml the common engineering estimate~ the resistance of 
et globe to~ i¢~ great.circle, according to Mr. Robins's experi- 
menl;s~ as 1 to 2"27~ and the resistance of the plane as the sqtmre 
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$2 On M~rial Navlgatlon. 

of the sine of the angle of ineidenee,--it  will requlre about 
12450 pounds to produce this rate of conveyance in Mr.Evans's 
balloon ; and hence the power he allows is not one-fourth part 
of what is required. This apparatus would, however~ according 
to my calculation, travel with the speed of about 8¼ miles Fer 
hour*, which is quite sufficient to show the utility of the princi- 
ple, whether the mistake be in Mr. Evans's figures or my own. 

A fcw years ago I made many experiments upon the power 
of inclined planes, some of which exceeded 300 square feet in 
area: an account of these may be seen in Mr. Nicholson's Jour- 
nal for November 1809, ancJ February and March 1810. It 
may be affirmed with confidence from these experiments, that ill 
obliquely descendil~g the efficacy and steerage of the inclined 
plane have been completely ascertained. My object was to leave 
out the unwieldy bulk of balloons altogether~ and to make use 
of the inclined plane propelled by a light first mover. Although 
my attention has hitherto been diverted from making further 
experiments, I am fldty convinced that this mode of a~rial na- 
vigation is practicable, and will, ere long, be accomplished. In 
the mean time I shall be glad to promote any promising ex- 
periments upon the steerage of balloons, and therefore offer the 
following observations ~;hrough the medium of your Magazine. 

In considering the means for obviating the relative resistance 
of balloons in passing swiftly through the air, the leading ge- 
neral principle is evidently to increase their dimensions far be- 
yond the limits hitherto adopted. The weight of their super- 
ficial materials, and the resistance they meet with, being as the 
squares of their diameters; whereas their power of support be- 
ing as the cubes of these diameters, it follows that their power 
may be made to bear any required proportion to their resistance. 
Thus a balloon of one yard in diameter meets with ten times 
more resistance, in proportion to its power~ than a balloon of ten 
yards in diameter. 

The next consideration is~ that a globe is by no means the best 
shape for obviating resistance; a greater extension in the llne. 
of its path, with a corresponding diminution in the section per- 
pendicular to it, may be adopted with great advantage. Keeping 
in view these two leading principles~ the former of which places 
the proper scale of experiments beyond the expense that indivi- 
duals choose to appropriate to such purpose% I propose that 
the following plan be adopted by those desirous of promoting 
this noble art :~Firs% that a subscription be entered into for 

** An error in tile paper of. Mr. Evans. was corrected in our number for 
December~ making the velocity 10~ miles per hour. 
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On A~rial Navigation. 83 

obtaining a proper fund ; - -and secondly, that a committee be 
appointed by the subscribers for the purpose of carrying such 
experiments as may appear eligible into effect. To such a com- 
mittee I should be glad to submit the propriety of making the 
following experiment, which would be capable of trying all the 
expedients hitherto proposed for steering balloons. The prin- 
ciple proposed by Mr. Evans is only applicable, at present, to 
fire-balloons ; an~t as these are the cheapest, and upon a large 
scale with proper precautions may be made safe with respect to 
fire, I propose that the experiments be made upon the Mont- 
golfier balloon. The scale I propose to adopt, though as smaR 
as is compatible with the object in view, will appear to any one 
who has not calculated tile proportions required for tile success 
of the experiment, of stupendous magnitude.--Amazement would 
have been the consequence of presentiltg to the imagination of 
an ancient Briton the idea bf a British hundred-gun ship, when 
only contemplating the principles of navigation exhibited in his 
humble coracle covered with a skill. From the truck of the 
flag-staff to the extreme of the bowsprit, a vessel of this sort 
will measure about 90 yards ; and it is a wonderful effort of hu- 
mall ingenuity arising fi'om the gradually accumulating know- 
ledge of ages:--but  the long boat of a6rial navigation com- 
mences about the bulk where the man-of-war of common navi- 
gation has reached its full growth; and what may be the vessels~ 
I hope not men of  war, of this sort which a thousand years of 
human invention may bring to light, I am at a loss to contem- 
date. 

\ A 

Let A B C represent the plan, side and end elevation of a 
balloon or a~rial ve~eb made of woollen cloth~ and kept to its 
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84 On .,l~rlal Navigation. 

shape by light poles attached to it, and internal cross bracings 
of wire or cord~ opposing the tendency to become circular from 
the internal pressure of the heated air: this vessel to be 15 
yards in elevation, 30 in width, and 100 in length. A.bout 
27 yards below this vessel must be suspended a convenient boat-  
shaped ea U by six ropes collecting the cordage of the netting. 
This boat must be furnished with a light fire-grate; and an 
oval chimney of thin metal must descend from the balloon and 
cover the fire. This chimney to be furnished with three fine 
wire nets to preveut sparks from ,passing up it. A sail or rud- 
der D must be attached to the boat from behind, which ean be 
turned to either side by bracing the boom to which it is fixed. 
The cloth made use of being woollen will not be subject to take 
fire; but it is requisite that it should be made air-tight~ and like- 
wise impervious to rain, by some coats of paint or varnish on 
the outside. The machine being thus completed so far as it is 
necessary to try the principlo of the inclined plane, as soon a~ 
the balloon is inflated, let the front ropes be lengthened and the 
hinder ones shortened, till it stands in an angle of about 30 ° with 
the horizon~ when it will be found to rise in an angleofabout 45°~ 
and the horizontal velocity towards its destined harbour will be 
about 20 miles per h o u r % ~ T h e  power of the heated air would 
be about 17600 pounds: of this about 6800 pounds would be re- 
quired to generate the velocity specified~ and the remainder will 
be consumed in the weight of materials, fuel~ passengers, &c. 

I t  may seem at the first view extraordinary that I should 
propose to make use of so long a chimney ; and this requires 
some explanation. The exterior resistance of the air to the an- 
terior portion of the balloon, will amount on sonae parts of it to 
about 26 pounds per square yard at the proposed speed; and 
hence an internal pressure at least equal to this must be created~ 
for the purpose of preserving the form of the balloon. This is 
most readily effeeted by force of the long column of heated air 
passing up such a chimney as I have described ; fo U were the 
air within it no hotter than the general temperature of the hal- 
loon~ the 27 yards of chimney added to half the height of the 
balloon would create a pressure rather exceeding what is re- 
quired ; and I conceive it will~ fi'om its greater rarefaction~ cre- 

This calculation is p.rouudcd upon the fi,llowing data : - -Tha t  in Mont-  
gotfier baltoons one cubic yard of  space has been found to ~ive 11 ounces 
o f  power - - t ha t  the form of  the vessel will prevent it fi'olo receiving more  
than a third part  o f  the resistance tiant its greatest  cross section would re- 
ceive at the same velocity ; and that  a velocity of  twenty-three feet  per 
seco~d in air, creates a resistance of  o~e pound per  square fi)ot, according 
to some careful e~periments of my own upo~ a very large scale, 
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On .,4~rial N'avigat~on. 85 

~te as much pressure as will permit the prow of the balloon to 
be depressed to an angle of 30 ~ with the horizon, and still en- 
able it to resist the impression of the air in descending. I t  is 
scarcely nec~s~avv to observe that the balioon m~st t)e, a~ usual~ 
thr~fist{ed with a'large valve at thz top, al~d likewise with one at 
the bottom, to permit the escape of the hottest or coldest air as 
reqt,qred. If the specific heat of air be to that of water as 1"79 
to l, i.t will req~fire about 580 pou~lds o~" fuel to inflate this bat- 
loon, e:~elusive of what will be consumed to supply the waste of 
heat dl~ring the opecation ; and when a second rise is required~ 
by h~ving- suffered the escape of air equal to the power of 6800 
pounds, it will req~fire the ,'apid combustion of 340 pounds of 
,~ha~inas, ehot.l)ed straw, &e. to ereate a renewed ascent. I-!enee~ 
ineluding waste, probably about 100 pounds of fi~el will be ex- 
pended for every mile of eonveyanee~ exelusive of the first in- 
flation. 

When this experiment has been made, it will be easy to try 
whether the balloon can be driveaa directly ibrward by ~ail~ wafted 
by the steam-engine at a less eypen~Je of fuel. in the former 
ease the balloon had to proceed along two side~, of a right-an- 
gled triangle only to gain the length of the hypothenuse : henee~ 
as the resistance varies as the square of the velocity~ the same 
horizontal speed of ea~veyanee will be obtained with rather less 
tha~a half the resistance in the one ease than the other. The 
eonsumption of a ~team horse power is about 30 pound~ of wa- 
ter and six or seven pounds of fuel per hour. I have made se- 
veral calculations relative to this subjeet~ bu~ it will oeeuIiy too 
much space for any ol~e number o, ¢ your valuable Magazine to 
detail them ; I shall therefi)re dose this paper, already perhaps 
too long, by stating, that if the dread (~f fire should deter any 
one f,'om wishing to promote thi~ experiment, notwithstanding 
the adoption of woollen elo~:h to wevent it, a perfect security 
fi'o~n this accident 1~ay be obtained by u dug steam in lieu of 
heated air for inflating the balloon, or at least a great mixture 
o~ it with the heated alr. The power of steam is greater titan 
air at the usual temperature in Montgolfier balloons in the ratio 
of 18 to 11, although tt'e first inflation will eo~t more fuel in 
the ratio of 2"6 to 1. ] 'he reslstanee to a steam-balloon will be 
only as 1 to 1"38, when eompe.red with one of the same power 
inflated by heated air; and hence a considerable saving of power 
would be the result of adopting it. But several inconveniences 
arise upon the introduetio~ of steam into balloons, the chief of 
which are the necessity of doubling the strueture~ so as to sus.- 
peud the steam balloon within one of heated air or go,% and of 
the materials bei~g ineapable of abs(~rbing water. Hbwever, I 
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86 Mn Attempt to draw 

think it very possible tha t  the following lines of Dr.  Darwin 
may eventually be realized : 

" Soon shall thy arm, unconquer'd steam [ afar 
Drag the slow barge or drive the rapid car; 
Or on wide waving win~s expanded bear 
The flying chariot through the fields of air. 
Fair crews triumphant, [eanil~g ~rom above, 
Shall wave their flutteri~lg kerchiefs as they move; 
Or warrior bands alarm the ~hping crowd, 
Alld armies shrink beneath the shadowy cloud." 

I remain, sir, your obedient servant, 
Brompton, near I~1alton, Yorkshire, GEORGE CAYLE¥. 

Dec. 24,, 1815. 

XVI I I .  Mn tlttempt to draw a Parallel between the ~trts of  
Painting and Sculpture v-. 

T h E  appellation of Sister Arts is generally given to Painting and 
Sculpture: this mode of expression taken in "a general sense is 
correct ; but the relations and resemblances which they respec- 
tively present to the eyes of  a common observer are very remote, 
when they are considered attentively and with the eyes of an 
artist. 

Several eminent artists and amateurs, whom i have tile ho- 
nour to rank among my friends~ having expressed their sur- 
prise that very little had been written upon sculpture,  while 
the most petty scribbler thinks himself qualified to decide dog-  
matieally on the merit of painters, and to dwell pedantically 
on all the parts of a picture; it oeeurred to me that the rea- 
sons for such a seeming neglect of the former art, and such an 
excess of  criticism on the latter, were to be sought for in the 
essence of  the two arts. In these few pages I shall therefore 
endeavour to give a general idea 'of  both. 

Painting strikes the senses most forcibly, and the aid of eo- 
lours gives it the advantage of etoselv resembling nature. Not 
only do the abundanee and gclat o( its productions diffuse it 
more widely and facilitate its reception in the world; but the 
means of  its execution are so familiar and so welt known, that  
all men regard it as a common property. But it is not in this 
point of view, nor in this spirit, that  it is made for all the world. 

Sculpture, more confined to the workshop, less in view and of 
more difficult removal~ slower in its operations and less extensive 

* Translated from an unpublished manuscript of Count Caylus, in the 
possession of M, Fayoll% member of the French I~stitute.~_~tgasin En, 
¢!lC~op~di!lue, 
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