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BOATS A N D SAI L S. 
BY WALTER BURNHAM, 

SAILS. 
Supposing four playing cards be stood vertically in 

a row, with their edges touching, and the area thus 
made be regarded as a sail, as represented in Fig. 

1. The wind which would pass through a line equivalent 
to the right hand edge of the fourth card and the left 
hand edge of the. first card (that is the after-leech of a 
sail and the mast) may be regarded as a column of wind 
divided into four parts, A, B, C, D, moving in the direc
tion shown by the arrow. 

In Fig. 2, A is the column of air which strikes on 
the first card and is turned or deflected by the first card 
and passes aft over the three remaining cards. This 
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ACTION OF WIND ON SAILS. 

column of wind does not lose its dimensi'Ons very much. 
A little is "spilled" over the t.op and bottom of the 
card but it turns in balk. If it does not turn in bulk, 
t.hat is to say, if the bulk of wind is materially affected, 
then its pressure must be materially increased or dimin
ished, which is seen at once not to be the case, or the 
wind must be backed up. 

For many years I was under the impression and con
ducted my experiments under the belief that the wind 
did materially lessen in its bulk, but of late years I 
have become positive in the opinion that the deflection 
of wind which would have struck on the first card, or 
the section of the sail nearest the mast, remained about 
the same in size, density and velocity and passed aft 
over the sail. This is why I speak so positively. 

Column of wind, B, is that column which would 

Fi&. 1. 

strike on card 2, but which never reaches the card be
cause the deflected wind, A, from the first card is inter
posed between it and the sail. Similarly so in 0 and 
D. It will then be seen that on the first part of the 
sail there is a very good wind; on the second part of 
the sail a . mixture between a dead-ahead wind and a 
favorable wind; on the third part of the sail two dead
ahead currents; on the fourth part, three. 

In investigating this further, the following experi
ment was tried, shown by Figs. 3 and 4. On a boat a 
framework was put up that carried six smaller frames, 
covered with muslin, thus constituting sails. Each of 
these six sails was pivoted in the center so that they 
might take any angle. The first plate or sail was set 
at the angle shown by No, 1, Fig. 4, the course of the 
wind being shown by the arrow. No. 1 was fastened 
in this position. Then No, 2 was slowly moved until it 
was found to be set at the angle which received some 
wind, that is, "set so it would draw" and fastened. 
Nos. 3, 4, 5, and 6 were similarly and subsequently so 
set. When it was found that No. 5 was set almost fore 
and aft, the leech or after part of sail No. 6 was really 
to wind ward of the keel. This may seem, when so 
stated, astonishing, but it will readily be conceded 
when it is remembered how the jib will .. back" the 
mainsail as shown in Fig. 5, or how much more in
board the boom of a main8ail must be drawn than that 
of the foresail, and numbers of other similar experi
ences. 

Attention is also called to the fact that if some cot
ton be thoroughly saturated with tar and lighted, the 
smoke from it cannot be made to touch the' sail un
less held forward of t.he mast and quite in line with 
the wind. As you go to windward. of the mast the 
distance the smoke will remain from the sail increases, 
going to show that the bulk of the wind as it is turned 
by the sail does not materially diminish. 

For these reasons, attention is called to Figs. 6 and 
7. Fig. 6 representing a tall and narrow sail, which is 
undoubtedly the speediest; Fig. 7 being a low and 
broad sail, which is undoubtedly the slowest. 

The course of the deflected wind and its unaltered 
bulk, is without iloubt the explanation of why a cat· 
boat can outpoint a sloop, and a sloop outpoint a 
schooner, and a schooner outpoint a ship. 

Fig. 2 and the fact·s that are gathered from it, are also 
an explanation of why a perfectly flat sail, as s hown 
in Fig. 8, is not good. It also shows why a bellied sail 
is better than a quite flat sail, as shown in Fig. 9, and 
it would also point to the proper curve in a sail being 
that shown in Fig. 10. In old times they used to fasten 
the sail free on the boom, as shown in Fig. 11, which 
represents a too much bellied sail for beating. The 
custon'l now is to lace the sail on the boom, as shown 
in Fig. 12, and I think that with the lacing of the sail 
it is very easy to secure a too flat sail, as shown in 
Fig. 8. 

I have almost always been able to speed a boat up 
and increase her windward work materially by remc
ing it on the boom, as shown in Fig. 13. 

Figs. 3 and. 4 suggest an experiment in sails which I 
have very thoroughly tried, and of which illustrations 
are given later, but before I leave the sketches I wish 
to explain what I have found to be the case in a sail 
running before the wind, as illustrated by sketches 16 
and 17. 

In Fig. 16, A is the sail and B B is the wind, and 0 
is the cone of dead air that rests upon the sail. Allow 
me to liken the sail and the wind and this cone of 
dead air to one's putting his hand into sand and mov
ing it. It would be found that a cone of sand remains 
on the h and. Any one who has gone out on the boom 
of a sail "running" has found himself in a place of 
comparative calm, the smoke from his cigar remaining 
with him. If the sides of the cone are at a correct 
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© 1899 SCIENTIFIC AMERICAN, INC. 

angle, the wind will be " split" and pass the sail with
out exerting its greatest effect on the sail, whereas if 
the sail have openings in it they allow the base of the 
cone to constantly pass through, bringing the apex 
nearer the base and increasing the angle of the cone. 
In a sail of 100 square feet area, I have found that 65 
per cent of the area being covered by cloth and 35 per 
cent· of the area being open, their speed was equal. 
What I have said of Figs. 16 and 17 must be thought 
of when looking at the following photographs. 

PHOTOGRAPHS OF SAILS. 
The accompanying photographs are a few of many 

experiments that have been tried-the general results 
may be stated as follows: 

III running before the wind, all sails set at right an-

Fig. 6. 

Fig. 6. 

gles to the wind are IDaterially benefited by having 
holes in them through which the wind may escape and 
thereby lessen the height of the cone of dead air that 
rests on the sail. In beating, the sails are subject to a 
very much greater windage than they would be if 
there were no openings in them. Each section' IDay bt· 
considered a little sail on the hoist of which the wind
age is felt. When a large sail is composed of a num
ber of Sill all sails, the "windage" of the large 8ail is 
very materially increased, as has been explained above, 
and this "windage" or direct contact of a su bstan
tially dead·ahead wind is so material that unless the 
advantage gained by getting rid of the "spilled" 
wind is very great the "windage" is materially felt, 
the result being that while any one of the forms that I 
have tried causes the boat to move at least one,haif 

Fig. 4. 
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faster on a certain wind (that is on wind particularly 
adapted to the slant of the members and their"' spill") 
on any but that certain wind it is a trIfle slower than 
an ordinary sail. 

Taking the whole field and sails as they are use:}, the 
old form of sail, that is, the sail having uo openings III 
it, is best. 

I present the accompanying photographs, as they may 
he of interest as photographs of odd forllls of sails, and 
fUI'[her in the belief that some of the phenomena 
shown in them may be of material benefit in setting 
sails and also in cutting them. 

The accompanying photographs are not arranged in 
or(ler, but being numbered, attention can be called to 
each one. 

Fig. 1. This is a sail composed o'f strips running per
pendicularly. Each strip is kept flat and stretched 
apart by �trips of wood inserted in pockets, that is, 
H stretchers " are used, 01' " battens," the last or stern 
cloth is the sail having five battens in it. 'fhese strips 
were connected together by being tied at the points 
where the battens callie, the f!'Ont edge being held 
taut, the rear edge of the one in front of it strung out 
to leeward the distance which the uniting string al· 
lowed. By tying them ciose in or far out I could learn 
the thickness of the " spill." These expel'imellts soon 
proved that the "spill" was about as thick as the cur
rent of direct air which struck on each strip. Fig. 2 is 
a view from the rear, which shows the opening between 
the strips through which tite "spill" passed. (It is 
assumed that the wind deflected by one member passes 
off of that member to leeward, and on in front of the 
Ul'xt member behindit.) Fig. 3 is a different form. In 
th is, each me III ber is in the form 
of a triangle, its apex forward, 

Fig. 4 is that photograph of 
those shown from which the 
gl'eatest iufol'lllation III1lY be de
rived. It is made of indh-idual 
perpendiculal' strips which one 
raised amI lowered by an iudi 
vidual halyard and downhaul. 
In this way I could set the first 
three and leave unfuded the 
next two, and set the next one
half way up, the next one three
quarters, and the next one-quar
ter, but in that way getting ex
act balallce. The llIembers be
ing individual and all set, whell 

Jeitutifie !mtrieIU. 
crease includes $12,268,474.32 for public works at vari
ous navy yards and stations, the CUI'rent appropria
tion for the saUle purpose being $5,840,7t;6.50. 1<'01' the 
Ilew Naval AcadeLUY $2,021,000 will be required as 
compared with the current appropriation of $720,000. 

For the increase of the navy, iucluding construdion, 
machinery, armor and armament, $22,983,101 will be 
required, while the current appropl'iation is only 
$10,392,402. The Bureau of Construction and Repairs 
req uires $3,000,000, additional. The Bureau of Steam 
Engineering $1,000,000, and for pay of the navy about 
$700,000. 'l'he Bureau of Ordnance on the other hand 
requires about $iOO,OOO less. 

• • • 
XIPHOPAGES, OR HUMAN DOUBLES. 

The first Itviug double monster that we know much 
about was described by Isidore Geoffroy Saint-Hilaire, 
and consisted of the twin sisters Helene and J uuith, 
who were born ill Hungary in 1701 and died in 1723. 
The Sialuese twins, Chang and Eng, attracted much 
attention in their time and were exhibited in Europe 
and Ameri�a. They were born in 1717, \Vere manied 
and had children, and died at an advanced age. These 
two brothers were connected by means of a ligament
ous uand passing from the epigastrium of one to that 
of the other. Later on, the two sisters, Millie and 
Christine, who were born in Columbia County, South 
Carolina, in 18tH, were exhibited in Europe. These 
twins were connected by the back. Recently, there 
ha\'e been presented to the Academy of Medicine of Rio 
Janeiro, Brazil, two sieters connected with each other 
in front and thus belonging to the category of \Vhat 
are now called Xi phopages.... By this term are de-
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The Fuel Value of Cereals •• 
At the present time, when the consumption of stored 

fuels is so enormous, it seems to be interesting to ob
tain some data as to the annual production of fuel ma
terials by ordinary growth. The fact that in some 
parts of the country coal is very expensive whereas 
corn and other cereals are very cheap, makes it inter
esting to know whether it might not be more economi
cal to burn the corn than to export corn and import 
coal. That has been done in some states at certain 
times when corn was very plentiful; but compara.
tively littie data exists on the subject. At the meeting 
in Toronto of the British Association for the Advance
ment of Science, Lord Kelvin read a vpry interesting 
paper on the annual product of fuels and gave some 
speculations with regard to the way in which the oxy
gen of the atmosphere has been supplied by the con
stant production of stored fuel, bringing out the ap
proximate result that if the stored fuel were all burnt 
again we would be left with an atmosphere free from 
oxygen. SOllle of those points created quite a little in: 
terest at the time; and last year Dr. Mel'S gave a short 
account of Lord Kelvin's paper before the Science Club 
at Terre Haute which, in sOllie way, got into the news
papers. The whole subject has in consequence been 
again brought prominently before the public through 
sOllie of the inforlllation bureaus sending out abstract's 
of that paper, with photographs of Lord Kelvin and 
others, all over the country. 

It occurred to us, while talking that matter ovel', 
that it might be pl'Ofitable for sOllie of our students to 
take up the mattel' and lIlake soule deterulinations of 
the actual fuel value of some of these cereals; it would 

be good practice and would fur

I gave it a good full of wi IlLI , 
"laid down" in their proper or
der. As I gradually let out the 
bOOIll, one lIIem bel' after anothel' . 
would spring to wind ward and 
belly out just as much to wind
ward as the other members did 
to leeward. As I caught this 
snap shot, it will be �een that 
while members 1. 4, 5, 7, and 9 
remain bellied out to leeward as 
they should ue, that members, 
3. 6 and 8 are siuliiarly bellied 
alit, but to windward_ I account 
fur this by the thickness of the 
current of deflected wind. No. 7 
shows the same �ail full of wind. 

Fig. l.-THE SISTERS RO DICA AND DO O DICA. Fig. :t..-Tl1E 8lSTERS ROSALINA AND MARIA. 

nish some information which 
might be valuable. Following 
out that idea one of our senior 
students took up the subject last 
spring and the results which he 
obtained are those which I have 
embodied in the table accom
panying this paper. You will 
find a rather interesting result, 
for instance, in the case of corn 
(see yellow corn in the table), the 
fact that whether you take the 
stalk, the corn, or the cob, you 
get very nearly the same fuel 
value per gralllme or per pound. 
\Ve have it here in the gramme 
unit; heating value in Brith 
Thermal Units per pound is got 
by umltiplying by 9/5. The per
centage of water does not differ 
very much in the three cases. 
The dl'y corn would be a littie, 
but comparatively little, hig-her 
than the others. You will find 
also the rather curious result 
that all these cereals come very 
nearly alike with the exception 
of the few that are known to 
contain considet'able quantities 
of oil. Those run up high; but 
the ordinary cereals such as corn, 
oats, wheat, rye, barley, millet, 

Fig. 5 is a vie w of the same sai I showu as in Nos. 1 al](1 
2, in which strips Nos. 2 and 8 are furled and Nos. 3 and 
7 are half hoisted. 

Fig. 6 represents two boats with substantially the 
same kind of sails, the difference being that the sail 
on the forward boat is composed of five members, 
whereas the rear sail is composed of six. 

For a long time I have been convinced that the more 
individual members in a sail, the speedier it was. (I 
have asserted above that these sails are very much 
more speedy when sailed as they are adapted to be 
sailed, that is, on a certain wind and course only.) 
Thesa two sails then are exactly of the sl!.me dimen
sions, placed on boats of the same model and sailed the 
same conrse, all things being alike but the sub-divisions 
of the sail, in one case into five members, in the other 
case into six. I always stal·ted the sail with five mem 
bers ahead of the sail with six members, and invariably 
the sail with six mem bers out-sailed that with five. (I 
have of tell wondered in view of the above experiments 
on the hull and sails, if the fasWlst boat under certain 
conditions would not be a boat of immense beam and 
shallow draught, that bad a number of sails set on 
masts, that ran across the boat instead of fore and aft.) 

I feel that the hull of boats is better understood and 
'arried out than is the set and draw of the sails. I 

suggest that when, as has often been the case, two 
boats of seemingly the same 1lI0dei of hulls raced, the 
different results were more attributable to the sails 
than to the hulls. 

.1 • • 
Naval Esthnates Cor the Year. 

The estimates for the naval establishment for the 
fiscal year ending June 30, 1901, have just been ap
proved by Secretary Long. The estimates amount to 
$73,045,183.15, an increase of $24,537,187.57. The in-

bignated two well-developed individuals with one um
biliclls in COllllnon and connected from the lower ex
tremity of the sternum to the navel. Such double 
monsters are curious. 'fhere are some that are pro
vided with a thoracic cavity proper to each individual. 
These are genuine Xiphopages. In othel's, the inde
pendence of' the thorax is limited to the upper part of 
the thoracic cavity. M. Marcel Baudoin, who has 
made a special study of such monsters, designates 
these latter by the name of Thoracopages. 

The true Xiphopages are rare in science. In fact, 
the number of thos'e born living and that have been 
observed does not appear to exceed seven or eight, and 
several of these have not lived longel' than a few days, 
or even a few hours. 

In 1892 there were exhibited in Europe the two 
sisters, Rodica and D oodica (Fig. 1), who were born in 
the English Indies in 1889. They were three years and 
some IllOuths old when they were exhibited in Brussels. 

In Fig. 2 are shown the two sisters, Rosalina and 
Maria. who have just been discovereu in Brazil. These 
two girls are ten years of age and were born at Ca
chaeiro de Itapemerim. The parents were anxious to 
know whether 01' not they could be separated. That 
all depends upon the nature of the junction. Three 
Xiphopages have already been operated upon, two of 
them with success, and. all were of the female sex. 

With radiography, it will be easy to ascertain 
whether the two bodies are absolutely consolidated or 
whether they are independent. If the latter is the 
case, a surgical operation might be performed with a 
considerable chance of sllccess. 

For the above particulars and the illustrations, we 
are indebted to La Nature. 
--- .-- -----:c-------:-------• From ;upo., a .word, used in the anatoorlcaillenlle of eDlliform carti-
lage, and 1tllrrVUJ, "to IlL" 
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rice, etc., are very nearly alike 
in their values; they run from about 3,800 to a little 
over 4.000; oats being the highest with 4.200, millet 
coming next, 4,137_ Cottonseed, which we would ex
pect to be high, is a little low in water (but that 
would not bring down the nuulber very seriollsly) 
giving us 5,160, sunflower seed 4,900, and the casto!' 
bean the highest of all, 5,400. 

I may say that the word was done in the chemical 
laboratory at the Ruse Polytechnic Institute under the 
supervision of Prof. Noyes, with whose permission I 
have presented the results to this section. 

Sub.tance. Heating value in 
thermo pe� gramme. Percentage of water. 

---------- ---_·----- 1-------
Yellow corn .... .............. .. 
Yellow corn.talk .. .. .. . . . .. .. 
Yellow corncob ........... .. 
White corn.... .. ... .... ... . 
White corncob ....... ......... . 
Cornhu.k . .......... ........ .. 
Mixed oat . ................. . . 
Wheat .............. .......... .. 
Rye ._ .. .. . .. .. . ... ....... . 
Barley .................. ....... . 
Millet ........ . .. .... . . . . . . 
R ICe . . .... .. . ...... . ...... .. 
Navy bean . ............. .. .. .. 
Wheat .traw .. .. ..... ...... . .. 
'fimothy hay ...... ........... . . 
Cotv'n.ced .... ... ..... . ....... .. 
Cotton . ... .. . .. .. .. ...... .. 
�Ilnft()wer seed, •• • . . . . . . • •  
Ca.tor bean.. ... . .. 

4,093 
4,030 
4.015 
3,850 
4.065 
3.939 
4,2ro 
4,096 
3.852 
3,807 
4.137 
3.755 
3,860 
4.043 
4,137 
5.152 
4,157 
4,932 
5,(05 

• ••• 

12'1 
10'8 
10'1 
130 

i·I··il 
12'8 
12'1\ 
11'7 
10'8 
13'2 
13'S 

';;:7' 
·ii·s 

6'2 

THE Egyptian Railway Administration has accepted 
the tender of a Belgium firm for the supply of twenty 
locomotives. 

* A paper by Prof. Thoml1B Gray, of Rose Polytechnic In.titnte. Terre 
Haute, Ind. Read Augn.t 23, 1899, at the Ohio State Unive",ity, Columhn., 
0_. before the Section on Mechanical Science and Engineering of the Ame 
rlcan A •• ociation fo,' the Advancement of Science. Reported e.pecially for 
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