
catch the bird a second time in the particular position 
herein presented. It shows the wing at the instant 
of beginning the up stroke. The position of the wing 
relative to the body may be observed, and the change 
in the angle of incidence, the under side of the wing 
showing now, whereas in Fig. 1, the wing making its 
down stroke, it was the upper surface instead. 

The other view on the same plate shows the extended 
wing with the light attached. 

Fig. 3 is the record of motion. The vibrations were 
not uniform; long strokes, sho·rt strokes, and flutters 
are alike transcribed, but, in general, the elliptical 
movement may be readily made out. 

Diagram 2 shows this eilipse in its relation to the 
bird's body, the upper end of the ellipse being above 
and forward of the wing's attachment. The line c l� 
represents the extreme reach as it is extended prepar
ato·ry to a down stroke. The tip then traverses the 
line of the ellipse, the wing being progressively flexed 
throughout the downward movement, so that, upon 
reaching the lowest point, the wing's extremity is 
nearer the body than at any other moment of the 
cycle. At e the angle o-f incidence is changed from 
negative to positive, and the wing shoots upward, 
forward, and outward, cutting the air like the edge 
of a knife blade, thus regaining, without resistance, a 
point from which to deliver another telling stroke. 

It is believed by the author that these mo·vemenis 
are variously modified in different birds, and that in 
the same bird they may be and are modified as occa
sion requires. For instance, in vertical flight, the 
wing would smite the air nearly broadside on during 
its downward movement, the air being avoided during 
the up stroke by the flexion of the joints, the contrac
tion of the feathers, the angle assumed and the direc
tion of motion; the reduction of surface exposed being 
accomplished, not progressively, during the entire 
down stroke, but suddenly, when the stroke has prac
tically been completed. (See Diagram 3.) 

Vertical flight would then be accomplished by means 
of a reaction from the air which is smitten by the 
broad side of the blade, the edge only advancing to 
the point of attack. Horizontal flight is performed 
by a bro-ad backward beat, the thin edge only again 
advancing to the point of attack; and any intermediate 
direction of flight is the result of a combination of 
these movements. 

Now, the question arises as to whether the beating 
wing should not be given greater pro-minence in our 
plans for the attainment of mechanical navigation. 

The aeroplane has been thoroughly tried. The most 
competent and fertile minds have given it years of 
laborious study, incredible patience has been bestowed 
upo-n it, and large sums of money have been expended 
in experimenting with it. Nor have these efforts been 
in vain, surprising phenomena having been produced. 
The most encouraging structure of this form is Mr. 
Langley's aerodrome, which made, in comparison with 
what had hitherto been done, a really wonderful 
sho-wing; but it demonstrated the fact that an aero
plane pure and simple can never be a success as a 
weight-carrying device. 

But it is said: If the great birds can sail and soar, 
why cannot a man-made machine do the same thing? 
And since it is obvious that less power is expended in 
this form of flight than in any other, it would seem 
reasonable that the aeroplane principle is the proper 
one to pursue. 

But there is not a sailing bird which does not beat 
its wings when it starts to fly. The start is the diffi· 
cult achievement, both with the bird and the man
made machine. Moreover, no bird bearing away its 
prey-its load-ever proceeds otherwise than by flap
ping its wings. The reaction obtained from this move
ment is the vital thing. And movement is the vital 
thing for stability also, as shown, fo-r example, by the 
bicycle and the gyroscope. 

The bird above described weighed within an ounce 
of a pound, and had a wing spread of 60 square 
inches-less than half a square foot to the pound. 
The most successful air-runner ever built weighed be
tween 25 and 30 pounds and had 54 square feet o-f sus
taining surface-approximately 2 square feet to the 
pound. 

Comparing power employed, the engine of the air
runner developed more than a horse power. The bird's 
power was considerably less than 0.01 that of the man
made machine, or 0.3 weight fo-r weight. 

What will account for all these factors in favor of 
Nature's flying machine, since it is much heavier in 
proportion to size, has far less sustaining surface in 
proportion to weight, and but a small fraction as 
nauch power available? It is the beating wing. 

. . , .  

The sand-blast as a substitute for soap, water, and 
scrubbing brush is a novel idea, but this has been used 
recently in the renovation of the Government Printing 
Office and the Treasury Building at Washington. A 
Chicago company has had a portable plant built for the 
purpose and engages in the business of cleaning the 
fronts of marble buildings in all parts of the country. 

Scientific American 

ELECTRIC LOCOMOTIVES FOR YARD AND 
SHOP WORK. 

During the past decade there has been an increas
ing use made of the electric locomotive for general 
industrial purposes, and it is being rapidly introduced 
in the large manufacturing plants both in this COUIl
try and E urope. Industrial electric lo-comotives may 
be divided into the following classes: First, mining 
locomotives for underground work; second, surface, 
narrow-gage locomotives for transpo-rting material in 
brick yards, earthworks of whatever character, or the 
surface workings of collieries; third, factory locomu
tives and switching 10cO'motives for use on standard
gage tracks in hauling and switching cars in the 
factory or upon its sidings; and, fourthly, tipping or 
foundry locomotives for use in foundries and steel 
mills. 

The locomotives of the first three classes are usually 
standard types, and are o'ften made to stock patterns, 
while the last requires special treatment to suit eacl! 
individual case. The standard types are each pro
vided with two motors, one on each axle, which are 
either geared to the axles by means of straight
toothed, cut gear wheels, e'r directly connected to the 
axles without the use of gearing. Where two motors 
are employed, all the axles being drivers, the whole 
weight of the locomotive is available for adhesion, 
and there is no necessity fO'r carrying ballast. In 
locomotives employing one motor only, but half the 
weight of the locomotive is available for adhesion, 
and, as a result, it is a common thing for the wheels 
too skid, long before the full power of the motors is 
developed. Some manufacturers attempt to solve the 
difficulty by coupling the two axles together, as in 
steam locomotives. An important advantage in the 
use of two motors is that the series-parallel control 
can be employed, and it is thus possible to travel at 
half speed without having resistance in circuit, that 
is to say, without waste of energy, for with the motors 
in series the starting effort is almO'st doubled for a 
given current. Yet another advantage is that the 
lise of two motors provides a certain reserve in case 
of accident, a simple movement of the controller en
abling one or other of the metors to be used singly, 
but, of course, with a reduced load. A two-motor 
locomotive is much cheaper in proportion too its power 
than a locomotive with a single motor. 

The storage battery locomotive, it is needless to 
say, has great adhesion on account of the weight of 
the batteries. 

By the use of storage batteries, moreover, the trol
ley, which is often troublesome, is eliminated, and for 
certain classes of work this absence of the trolley 
renders the type peculiarly suitable. Speaking gen
erally, it may be said that where the fire risk is an 
important consideration, the use o-f the electrically
driven locomotive becomes almost imperative. 

In shops, foundries, and manufacturing establish
ments where heavy material is moved on narrow-gage 
cars, the electric locomotive is particularly serviceable 
O'n account of its great handiness and of the fact that 
it runs with per�ect freedom around curves of as low 
as 12-foot radius. Among the principal applications 
of the narrow-gage type may be mentioned its work 
in taking trains of trucks from the pit mouth or 
tunnel entrance too the various sorting and washing 
buildings, or to the standard-gage cars for loading. 
It is also in great demand at quarries, sand pits, bla3t 
furnaces, and at sugar, coffee, and other plantations. 

The comr>act little trolley locomotive shown at the 
top of the fro-nt page of this issue is used on the three
foot gage tracks in the rail mill of the National Steel 
Company. It carries two motors, one on each axle, 
which operate at a potential of 220 volts. The drivers 
are 30 inches in diameter; the wheel base is 5 feet, 
and the te·tal weight is about 8 tons. The locomotive 
is 14 feet long, 10 feet high, and 4 feet 8 inches in 
width. In electric locomotives of this class it is cus
tomary to estimate the drawbar pull as one-fifth of 
the weight on the drivers ; but in practical work on 
tracks that are liable to be wet or greasy, as is gener
ally the case in shops and mills, the driving wheels 
will slip before the estimated draw bar pull is reached, 
and sanding the tracks is usually necessary under such 
cO'nditions. 

As there are no severe limiting dimensions to be 
considered in the surface locomotive, it differs alto
gether in form from the mining locomotive, although 
the construction of the truck is much the same. Upon 
the truck is mounted a roofed-in cab, as shown in 
the illustrations just referred to, and the driver stands 
upright in a position where he has the controller, 
brake, sand-box lever, and alarm gong placed con
veniently behind . 

The storage battery 100comotive, which is shown 
below the illustration of the trolley locometive just 
referred to, has a drawbar pull of 1,000 pounds; the 
weight of the battery is about 6 tons, and the machine 
may be operated either from the trolley wire or by the 
storage battery; me-reover, it may be charged from 
the trolley wire, a feature which renders this locomo-
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tive a very valuable and flexible machine. It will be 
noticed that the battery box is carried on the top of 
the locomotive. The connections are such that it may 
be charged at the same time that the motors are 
being driven with the current supplied thro-ugh the 
trolley. 

Much attention has lately been given in coke-mak
ing plants to the question of transporting the 
lorry from the bins to the coke-ovens. In the out
fit here shown an equipment of electrical motors 
has been applied with very satisfactory results. 
The frames of the metors have been so arranged that 
a simple and efficient connection can be made with 
the axles of the lorry. 

Another important use of the electric locomotive 
has been found in the yard work connected with large 
modern blast-furnace plants. We show an illustratiO'n 
of an electric locomotive which is equipped with a 
special motor for tipping the ladle. The combining 
of the ladle and locomotive in one machine has been 
found too be very advantageous because of the ease of 
operation, the reduction in space, and the smaller 
number of parts. It will be seen that this form of 
construction is suited also for the tipping of wagons 
loaded with earth, coke, or minerals. The particular 
100comotive here shown is at work at some blast fur
naces at Seraing, Belgium. 

••••• 
Autolnobile News. 

A new speed record of 27 seconds for the kilometer 
was made by the Hon. C. S. Rolls in Welbeck Park, 
Nottinghamshire, England, on February 26. A 72 h. p. 
Mol'S racer was used, and the rate at which it traveled 
was equal to 83 miles an hour. The best previous offi
cial record was 29 seconds, made November 17, 1902, 
by Augieres on a Mors car, in France. The record, 
which is 2 seconds better than the existing one, is not 
considered official, as the course was on a down grade. 

The results of the 4,000-mile tire test conducted by the 
A. C. of Great Britain were announced recently. The 
tires awarded first prize were the Dunlop double tube; 
the Collier double-tube tires obtained the second prize; 
while the third prize was divided between three sets 
of Dunlop and one of Talbot tires. The Collier tire 
showed the least wear of any, but the dynamometer 
tests showed that the same car with these tires on 
pulled from 15 to 30 per cent harder than when fitted 
with Dunlop tires, and the resiliency was found to be 
less. 

News comes from Worcester, Mass., that the Mor
gan Truck Company has completed and tested with 
success the largest automobile ever completed. The 
vehicle has a capacity of ten tons to a Io-ad, and is 
built entirely of steel. The motor used is a steam 
engine. The boiler is of the torpedo water-tube type. 
The automobile is so constructed that two or three 
loading bodies can be used, remO'ving the trucks and 
running gear and placing them under another body, 
thus saving an enormous amount in time and expense 
of loading. Two big cranes are attached to the truck, 
operated by the engine, capable of lifting the largest 
steel beams or granite blocks. The total daily capa
city of the truck is estimated at 400 tons. 

The long-distance race on the Continent this year 
will be from Paris to Madrid--a distance over the route 
chosen of 531 kilometers, or 329%, miles. The race 
will be run on three successive days-May 24, 25, 26. 
Among the French manufacturers who have entered 
machines are the following: Mol'S, 10 cars; Panhard
Levassor, 12; Renault Freres, 10; Dietrich, 9; Decau
ville, 4; Ader, 8. The manufacturers of the German 
"Mercedes" car have entered 6 machines; the makers 
of the Belgian "Pipe" machines have entered 4; Eng
land will be represented by Edge and Jarrott on Napier 
cars; and America by 2 Matheson machines, built by 
the motor car company of that name, Grand Rapids, 
Mich, and by H. S. Harkness and W. K. Vanderbilt, 
Jr., who will drive special cars which they are having 
built. 

MM. Gobron and Richard have recently arranged a 
new classification of vehicles which is to be used in 
classifying the racers in the Circuit de I' Argonne. The 
idea is to use the total cylinder area, instead of the 
weight of the cars, as a basis of classification. The 
four classes to be arranged on this basis are as follows: 

1. Total cylinder area equal to or less than 1.5 liters 
(91.53 cu. in.). 

2. Total cylinder area equal to or less than 2.5 liters 
(152.55 cu. in.). 

3. Total cylinder area equal to or less than 5 liters 
(305.11 cu. in.). 

4. Total cylinder area equal to 0 r less than 8 liters 
(488 .17 cu. in.). 

These four classes correspon i to vehicles of from (1) 
6 to 10 effective h. p.; (2) 15 to 18 h. p.; (3) 30 t o  35 
h. p.; (4) 40 to 5 0  h. p. The volume indicated is the 
product of the surface of the piston by the stroke and 
number of cylinders. Those who do not wish to reveal 
f.hese dimensions, cannot enter the race; while the 
penalty of disqualification will more than suffice in case. 
of fraud. 
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