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the man walks three times as fast as the horse. Thill i8 reo 
presented in Fig. 2, in which the track of the horse is divided 
lnto spaces each equal to is- part of the circumference. At 
A A, each part of the man's track is made equal to three 
times that length; and it Is seen tha.t, before the horse has 
accomplished three of these divisions, or one sixteenth of the 
circumference, the man will have overtaken him along the 
line, 0, 1, 2, 3. At B B, the case Is represented that the man 
walks twice as fast as the horse; the engraving SllOWS that, 

before the horse has accomplished five divisions or one tenth 
of the circumference, he will be oV6lrtaken. At C C, we repre. 
sent the case that the man walks one and a half times as fast 
as the horse, ttbl distances from the center, 0, 1, 2, 3, being 
one and a half times the corresponding is- part of the 
circumference. It is seen here that the horse wlll have been 
overtaken when he has passed over seven spaces, or t of the 
clfcumference. Finally, at D D, we have represented the in· 
teresting case that the man walks exactly as fast as t he horse; 
it is seen that, after going through sixteen spaces, or t of 
the circumference, the man will move very nearly in the cir
cumference, but always nearly one space <n of the cir. 
cumference) behind the horse, without being able ever to 
r<lach him. All that he then can do is to stop and let the horse 
overtake him. 

••••• 

SOURCES OF EDIBLE STARCH. 
Besides the well known cereals, the number of plants pro 

ducing starch,in root, stem, or fruit, in quantity suflicient to 
make their cultivation profitable,is very large. The number 
made use of in supplying the starches of commerce is com· 
paratively small. Not more than a dozen contribute largely, 
and the excellence of these is clilarly due in great measure 
to long cultivation. With the increasing demand for farina
ceous foods, and the development of agriculture in trupi
cal countries, where starch. producing plants chiefly dourish, 
many other starch yielders will doubtless be brought under 
cultivation, with as marked an improvement in their quality 
and productive value, we may expect, as the cereals have 
shown, or, more notably, the potato. 

Possibly the effect upon the cultivators may be equally 
important. The cereals. have been to a great extent both the 
occasion and the means of raiJing a«rlculture to its. high po. 
sition in temperate climes. In like maIi.ner the development 
of tropical and sub·tropical communities must come largely 
throngh habits of industry and thrift acquired in systematic 
agriculturp, in which the starch.producing plants must play 
the same part the cereals have in colder regions. 

The arrow root of the W!!st Indies (maranta arundinacea) 
furnishes the standard quality and the common name for 
farinaceous prodncts. Stucb ill starch the world over, and 
its composition is the same, whatever its source. The com
mercial Btarches are more or less impure, more or less dav· 
ored by the elements with which they are associated in 
Nature, and which are not perfectly eliminated in the pro· 
cess of manufacture. There is a difference also in the size 
of the granules, but this requires the microscope to deter· 
mine. Arrow roots contain about 25 per cent of starch, which 
is extracted by a process of grinding, rasping and washing 
the pulp with water. 

Other (m. ap£) sweet, and largely used as an esculent, simply 
boiled. Both have been extensively introduced into other 
parts of tropic Amelica, the East Indies, and the coast of 
Africa. The tubers of the bitter species, which is most ex· 
tensively cultivated, sometimes att&in the length of three 
feet and weigh thirty pounds, the milky j nice being removed 
by pressing and the poisonous principle expelled by the 
action of heat. When heated in a moist state, the starch is 
partly cooked, forming small, hard, irregular masses, the 
tapioca of commerce. Like the potll.to, the manihot has de· 
veloped a large number Ilf varieties under cultivation, differ· 
ing as potatoes do in quality and period of maturing, some 
coming to perfection in six months, others requiring a year 
or more. Farina of manihot, both in its crude state and 
made into thin cakes, is very largely eaten in YElnezuela and 
Brazil, where the manihot is most cultivated, the single pro' 
vince of SantaCatharina having as many as 14,000 establish· 
ments for its manufacture. 

The bulbous lOOt of another poisonous South American 
plant, a climber, furnishes the starch called jpcatupe, said to 
have important medicinal properties. Only a small quantity 
is produced. 

The African arrow roots are of various origin. The Cape 
Verde islands export a considerable quantity, chiedy ex
tracted from the Brazilian cassava root. St. Thomas,Angola, 

.and Mozambique also yield a small amount. In Liberia, 
Si.errf, Leone, and other African colonies, especially Cape 
Col�ny and N!Ltal, the true anolV root (maranta) has been 
largely introduced, and the prepared starch is beginning to 
be exported in noticeable qllantity. Madagascar and the 
Mauritius likewise yield a small amount. 

In 1840 the maranta was brought to Madras, and shortly 
afterwards to several other East Indian conntries, where it 
thrives abundantly, developing in from twelve to fifteen 
months. With good irrigation, a year suffices to secure the 
maximum yield of starch, 16 per cent. More recently the 
same plant, together with the manihot, has been introduced 
into Ceylon, where after much persuasion the nativea have 
been ininced to cultivate them. Now the amount produced 
not only supplies �ge local demand, but allows of con
siderable exportation. 

What is known as tikor,or East Indian arrowroot,com' s from 
the roots of a native plant, the narrow· leaved turmeric (curcu 
ma angmtijolia),whlch abounds in Ticor,Benares and Madras. 
A large part of the diet of the inhabitants of Trevancore is 
the starch of another plant of this genua, while still another 
answers the same purpoae in Berar. In Chittagong, a wild 
ginger plant, growing everywhere in such profusion that it 
is almost a nuisance, has a root loaded with starch of a good 
quality. The supply o(the root is inexhaustible; and with 
a little trouble in digging and preparation, it might be made 
to furnish a vast quantity of cheap and nutritious food. 
Other less known plants l'Upply a large amount of starch 
for local use in India, notably a wild arrow root which grows 
in the jungles. The starch il of excellent quality. In many 
other parts, the natives also lay under tribute for the same 
pnrpose the young roots of the Paimyra palm, which are 
tich in starch. At Goa, a farina is prepared trom the wild 
palm, and in Mysore from the sago palm of Assam (carrllota 
urem) which yields a sago little if at all inferior to that of 
the true sago palms of the Mal,y countries. Less nutritious 
and palatable sagos are also obtained from the Talipat palm 
in Ceylon, and the Pooniz fannijera which grows on the 
Coromandel coast. 

The mOtlt generouB of starch producers, however, are the 
trne Ago palms,of which two sperles (Bagua konigii and BaflU' 
ll1YCia) are chiedy cultivated. Though most abundant in the 
e&lltem partll of the Malay archipelago, these palms are 
found throughout the Moluccas,New Guinea, Bomeo and the 
neighboring islands, and as far north as the Philippines. The 
yield is immense, three trees affording more food matter than 
an acre of wheat, or six times as much as an acre of potatoes. 
As the trees propagate themselves by lateral shoots as well 
as by seeds, a sago plantation is perpetual. Wallace shows 
that ten days' labor or its eq uivalent in money will put a man 
in pOllsession ot sago cakes, the principal if not the sole food 
of the natives, enough for a year's subsistence. A single 
tree contains from twenty.dve to thirty burhels of pith, 
which, with a little breaking. up, will yield from six to eight 
hundredweight of dne IItarch. 

Owing to careful preparation and the purity of the water 
used, Bermuda arrow root has the name of being the purest 
and best in market; but an equally fine qnality is now fur· 
nished from other localities, St. Vincent taking the lead both 
in quantity and quality. In Bermuda,as in most of the West 
India islll.nds, the amount produced has greatly decreased of 
late years, the cultivation of early vegetables for our city 
markets offering larger profits. 

Upwards of 20,000 tuns of sago pith are annually converted 
into commercial sago by the Chinese at Singapore. The 
finer quality, known as pearl llago,is prepared in great quan· 
titi61 by the Chinese of Malacca, lIomething like 2�0,000 
hundredweights being sent therefrom to England alone. 
The manufacture of tapioca is also largely carried on at 
Singapore and at Penang, 75,000 hundredweight being sent 
to England annually from the former port, and 10,000 from 
the latter. 

Japan sago ill made from the pith of a fern palm (ClICaIJ 
re'lloluta), which yields a large quantity of aago.like starch. 

In the Bahamas and other West India islands, and in 
Florida, a starch muc<h resembling true arr01lrrOot is obtained 
from the roots and stems of certain species of zamla. In 
FlorlJ.a they are called conti roots, and the farina prepared 
from them cOllti. In the shops It i. known as Florida arrow 
root. Another West Indian starch, calltd toua le moia, char· 
acterized by the relative coarseness of the granules, comes 
from several species of canna, one of which.canna edulu,has 
been 1a.rgely introduced into Australia, where it yields an 
excellent quality of starch. 

A great number of starch-yielding plants are employed for 
local use in South America; but for exportation the West 
Indian maranta and the native manihots are chiedy cultivated. 
There are two species of the latter (manihot utau6ima),other· 
wile known as cauava root, beiJag biUer and poilonon., tho 

Another starch· yielding plant, now extensively cultivated 
in the East, is the tacca pinnatijida., known throughout the 
South Sea islands as p£a. The tuberous roots rellemble po· 
1atoes, and are largely eaten in China and Cocbin China. 
When raw, the tubers are in�nsely bit ter and acrid, but these 
objectionable qUlI.liti61 are removed by cooking. The atarch 
is of fine quality, much valued for invalids, and the yield is 
liberal-30 per cent. The South Sea tacca grows on high 
undy banks near the Ilea, and yields a starch equ&1 to Ber· 
muda arrow root, .when carefully prepared. 

In other Pacific islands, certain species of aurum are also 
utilized for starch, the one most e1tenaively cultivated 
(aurum 68Culentum) being known as taro. The natives of 
Tahiti diatinguish thirteen varieties, doubtless the resul� of 
artificial lelection. The tubera, which weigh from two to four 
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pounds, each yield as much as 33 per cent of starch, com' 
bined with a blistering bltter principle which is destroyed by 
heat. Our familiar Indian turnip, with its ac:id davor 
belongs to the same family of plants. 

Among the other starch.producing plants, extensively cul. 
tivated tor food in tropical countries, and which arp destined 
to add immensely to the food supply of colder climates, are 
yams, bread fruit, and bananas, including the variety known 
as plantai.ns. The last fairly rival the sago palm in afford
ing the maximum amount of tood for the minimum amount 
of labor. The yield to the acre is, In bulk, forty.four times 
that oj' potatoes, and the proportion of starch is somewbat 
greater. The fruit is also ricber in other elements of nutri· 
tion, so that the meal prepared by drying and grinding the 
plantain core resembles the dour of wheat in tood value. It is 
easily digested, and in British Guian, is largely employed as 
food for children and invalids. The coat of preparing plantain 
meal cannot be great, and the supply might be unlimited. 
The proportion of starch is 17 per cent; in bread fruit it is 
about the same; in yama it rises to 25 per cent, but is hard 
to extract, owing to the woody character of the roots. 

. .. , . 
FAILURE OF PATENT EXTENSION SCHEMES. 

We are glad to be able to state that the Senate Committee 
have agreed to report adversely upon the application of the 
sewing machine monopolists, for extensions of the Wilson, 
Aikens and Felthausen, and Wickersham sewing machine 
patents. 

Adverse reports are also announced on the Tanner car 
brake, Rollin White pistol, and Atwood car wheel. 

The following cases were deferred until next lIession: Nor· 
man Wiard's boiler attachment to prevent boiler eXI,}osions, 
and Butterworth's patent burglar-proof 8afe. 

... ,. 
SCIENTIFIC AND PRACTICAL INJ'ORJIlATIOB. 

RESPIRATION OF PLANTS. 

Veget9.bles, it is well known, exhale carbonic acid in the 
dark. M. Deherain states the curious fact that if a certain 
mass of vegetables thus acting be compared with a like mass 
of cold blooded animals, the exhalating energy will be found 
to be the same in both cases. This is another of those odd 
coincidences which seem to level the distinction between the 
two great organic kingdoms. 

DIFFUSION BETWEEN MOIST AND DRY AIR THROUGH 

POROUS EARTH. 

If a partition of porous earth separates two gases of dif· 
ferent densities, an unequal diffusion takes place !\cross the 
dividing body; the current of denser gas is more abundant 
than the other. M. Dufour has recently investigated the 
question as to what takes place when two masses of air of 
the same temperature, but containing unequaJ. quantities of 
water, are substituted for the gaB. He finds that there is 
still unequal diffusion, and that the moat abundant current 
passes from the dry over to the moist atmosphere. This 
diffusion depends on �he tensions of the aqueous vapor on 
the two aides ot the porous partition. 

GAS LIGHTING BY EJ!ECTRICITY. 

A new pneumatic gas lighting apparatus, now being intro· 
duced by Mr. Asahel Wheeler, of Boaton, Mass., was recently 
tested at Providence, R. I., with satisfactory results. A current 
of compressed air is transmitted from a central engine to di. 
aphragms at the bumers, the moving of which turDS on the 
gaB, which is then lit by an electric spark. Forty lights 
were kindled and extinguished simultaneously with great ra· 
pidity. It is Itated that by this device all the street lamps 
in a city may be lit by the movement of a single lever, at 
any certain point. 

BEER. 

The National Brewers' Congress recently met in Boston, 
Mass., and from the report of the proceedings, we glean the 
following statistics of the industry in this country. A 
steady increase in the consumption of beer of a million bar
rels per annum shows that, the more people drink, the more 
the appetite for drink increases. The capital inveated is 
stated as $89,108,230; 1,113,853 acres of land are re<].uired to 
produce the barley, and are culti vated by 33,753 men; 40,099 
acres are devoted to hop culture, req uiring the work of 8,020 
people; and 3,566 hands are employed in the malthouses. 

M.ILK FROM SWITZERLAND. 

The American procell8 of condenling milk, invented by the 
late Gail Borden, of Texas, has been everywhere copied in 
Europe. Large works have been erected in Switzerland, and 
cows that feed in the fineet Alpine pastures now furnish excel· 
ent milk for the city- of New York. The agents are Messrs. 
Dilelley- & Co., 153 Chambers street. 

• •••• 

EVERY condition in life has its advantages and its peculiar 
sources of happiness. It is not the houses and the streets 
which make the city,but thOle who frequent them; it is not the 
fields which make the country, but tholle who cultivate them. 
He is wueat who best utilizes his circumstance II, or, to trans· 
late it, hia .urroundlngs I and happiness, it we d�8erve it, will 
find WI, wherever our lot may be C&ilt. 

••••• 

In the proposed railway up Mount Velluvius, the engine, 
which is fixed at the bottom of the plane, eet. two drums in 
motion, round whioh the metal1ic cable is wound, by means of 
whioh the trains are drawn up and let down simultaneously. 

a •••• 

A railway train lately arrived at Algiers, Aftica, from Oran 
slx hours behind time, the cauae of the delay being that the 
rails were covered witll a thick lay-er of locusts. 


	scientificamerican06271874-401b

