
machine cuts out the ice where the runners of the 
log sleds run. A team of horses will haul surprising 
loads over these ice-paved highways. Fifteen tons of 
logs is accounted only an ave'rage load, and in some 
districts there has been adopted a system known as 
trailing-hitching three sleds one behind the other and, 
pulling them with the same horse powe'r. In this man­
ner loads aggregating seventy-two tons have been mov­
ed successfully. 

The redwood forest belt of California, whichfextends 
along the coast range of mountains from the vicinity 
of the Oregon line southward three hundred miles to 
the bay of Monterey, affords most striking exemplifi­
cations of the possibilities of machinery and power ap­
plications to tra:.lsportation in the lumber industry. 
Power appliances are utilized almost exclusively in 
getting out and loading the logs, and bull teams, each 
consisting of seven or eight yoke of oxen, are em­
ployed for ordinary highway transportation. At the 
mouth of the Noyo River and other points, where the 
seacoast is bold and whe're wharves cannot be main­
tained, an ingenious method is employed for loading 
deep-sea ships. A steel-wire cable is stretched from 
the high bank to the vessel, and on this is operated a 
traveler from which depends a sling of chains carrying 
the load of lumber. The force of gravity carries ,the 
load to the ship, and the traveler is hauled back by a 
donke� engine. About one hundred and fifty thou­
sand feet of lumber is the daily loading record with 
this apparatus at. Noyo River. At many points along 
the Mendocino coast this plan of loading lumber is 
employed where there is no harbor at all, and where 
the cable is run dirEctly out to the open sea. 

In California also the employment of the traction 
engine as a transportation agent in the lumber in" 
dustry has reached its highest development. Loads' 
too large to be haulEu easily by six and eight horse 
freight teams, and yet forming a traffic scarcely large 
enough to justify the construction of a railroad, are 
hauled expeditiously and economically by the trac­
tion engine freighting outfits. The engines in use in 
the lumber districts of the Pacific coast will haul a 
load of from 40 to 60 tons at a speed of two to three 
miles an hqur, and will ascend, with full load, grades 
of 10 per cent. A traction engine freighting train con­
sisting of the engine and five lumber trucks is capable 
of turning in a circle the diameter of which is only 
49 feet. 

The traction engine is also employed to load the logs 
on the trucks. The engines travel through forests 
without having the roads previously prepared, and 
under such conditions' a traction eugine has hauled 
15,000 feet of logs on two trucks down a 17 per cent 
grade. An aggregate of 30,000 feet of lumber' has been 
hauled up a 10 per cent grade by a single engine, and a 
60-horsepower engine on one occasion unloaded 50,-
000 feet of lumber from six trucks and took on water 
and fuel for the return trip in the total elapsed time 
of only 55 minutes. 

The water transportation of lumber partakes of its 
most picturesque form in the construction and manage­
ment of the giant rafts, which are used to convey 
logs and lumber from Puget Sound to San Francisco. 
A lumber raft of the type constructed on the Pacific 
coast is about 400 feet in length, and cOlltains ap­
proximately 5,000,000 feet of lumber. The log or pile 
rafts are usually made up of logs averaging about 
60 feet in length. From 12,000 to 15,000 piles are em­
bodied in such a raft, which thus contains about 800,000 
feet of piling. One of the log rafts constructed at 
Astoria a short time since was 625 feet in length, 60 
feet beam, 32 feet deep, and had a draft of 20 feet. 
Some of the piles had a length of 120 feet and a di� 
ameter at the butt of 22 inches. A large force of 
men worked for eight months in the construction of 
the raft, which cost $30,000 to build. 

In order to hold the. logs forming the raft in place, 
1¥.1-inch chains are passed around the mass of piles 
every 12 feet of length. Running fore and aft through 
the center are two 2-inch chains, one holding the bulk­
heads at each end and the other attached to the haw­
ser. From this tow chain are lateral chains rUlll;ling 
out from the center to connect with the encircling 
chains. There is provided 75 fathoms of 1 � -inch tow 
chain and 150 fathoms of 14-incn manila hawser. These 
immense rafts are towed to San Francisco by powerful 
tugs. Some idea of the saving in cost effected by 
the rafting method may be imagined, when it is stated 
that in the case ot the annual consumption at San 
Francisco alone, amounting to 30,000 piles a year, the 
saving OTer the cost of material prior to the intro­
duction of rafting amounts to $150,000 per year. The 
ratting method has �een employed to some extent on 
the Atlantic coast, and on one occasion a raft of 645 
feet in length, containing 1,000,000 feet of piling, was 
towed from Nova Scotia to New York. 

Almost every phase of lumber transportation is char­
acterized by an element of the picturesque, but the 
spectacular features of the industry reach their cli­
max in the "drive," whereby advantage is taken of the 
spring thaw to fioat the winter's accumulation of logs 
down streams and rivers to the sawmills. When a 
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"jam" results, the lumbermen are ealJ.ed upen to per· 
form some ot the«nost arduous and ,most hazardous 
work known to the world of industry, anll very fre­
quently it is found necessary to employ" dynamite to 
break the jam. The logging railroad has to a con­
siderable extent displaced this old-fashioned method 

'"of bringing the logs to the sawmill, and even in locali· 
ties, such as some parts of the Adirondacks, where 
water transportation is still adhered ',to exclusively, 
the lumber companies have constructed great fiume 
systems, often many miles in length 'and with "feeders" 
similar to those of an, irrigating canal. By means of 
these narrow artificial waterways, logs are conveyed 
from remote lumber camps to the rivers or stre,4tms, 
down which they float to the sawmills. 

.. ... .. 

AN. EARLY ROAD LOCO.OTIVE. 
The early miniature road locomotive which we il· 

lustrate was the ingenious mechaniqal creation of Will­
iam Murdoch, the well-known assistant to James Watt, 
and the first to discover the illuminating properties 
of coal gas and to reduce his discovery to practical ap· 
plication. 

. The machirre should, perhaps, be more strictly term· 
ed an automobile, since it was essentially' a road mao 
chine. Murdoch, as is well known, while co-operating 
with Watt, invented several devices in connection with 
steam engines, the most important at which, no doubt, 
were the "D" slide valve and the eccentric. The pre­
cise date at which Murdoch made his first attempt at 
the construction of this workable locomotive is not 
known. According to the testimony ot Murdoch's son, 
it was invented and constructed in 1781; but another 
reliable source places it at 1784. Certain it is, hQw· 
ever, that it was built some time between 1781 and 
1'186. During these years, Murdoch was waIting at 
Re<lruth, in Cornwall, upon the erection of some pump· 
ing engines for Messrs. Boulton & Watt, and in aug-

.UllDOmI'I .. �nNE. 
Length, 19 incbes; bei�bt, 14 incbes; eitreme widtb, 7 lrI<lbes; pillton," 

incb diameter; iotroke 'about 2 incbee. 

ust of 1786 the firm's ag6llt at Redruth wrote to his 
principals: "William Murdoch' desires me to iBform 
you that he has made a small engine ,of ",,-iach dia­
meter and 1¥.1-inch· stroke, that he has �plied to a 
small carriage which answers 'amazingly." UPOll the 
receipt of this intelligence, Boulton inspected Mur­
doch's creation, and described, to Watt, in a letter the 
next month. that Murdoch "had made bis 'steo.m car· 
riage run a mile or two in River's great room, making 
it carry the fire Shovel, poker, and tongs. Willia-m UBeS 
no separate valves, but lliIes 'u..e 

"
valve ·Pis�OIl." 

James Watt, however, had 'long before 'devoted his 
attention to the question' of steam propulsion �pon' 
roads, but although he took out a patent describing a 
locomotive in 1769, he did not build an engine upon 
his designs, owing to pressure of work, and trouble 
that he was experiencing in estAbliilhing and pl'ovi� 
the validity of certain of his �viouspat�. 

As may be seen in our illlliltration, Murdoch's ma­
chine is rather primitive in its 'delrign, but yet it con­
tains some of the features or. the engine of to.,day in 
a crude form. It is very small, and is in reality 
merely a model, since it is only 19 inohes in length, 
by I4 inches in height, and 7 iriclles in elltr.eme wi'llth 
over the driving wheels. The frame of the locomotive 
consists of a rectangular piece of wood moullted upon 
three wheels-two driving wheels at the rear mounted 
on an axle with a crank, and a single steering wheel In 
front. placed in the center underneat� the board, and 
running in a fork. Steering was accomplished by 
moving the little han�le' above, to which the fork was 
attached, in the desired direction. 

The boiler is placed behind the driving wheels. It Is 
a small rectangular v{lssel, made of brazed copper, 414 
inches long, by 3lA! hiches wide, and 3% inches high. 
A flue· i� �itt'Eld obliq��(y into the boiler, contracting 
from a' circular chamber, forming the firebox, to a, 
small funnel in the top of the boiler. Murdoch used 
a small spirit lamp to generate the necessary heat, ar­
ranging ft to, .bum Within the t1re\:lox. &lid the gases of 
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combustioll were carried off by the fiue. The steam 
cylinder is mounted above the boiler, with the lower 
part thereof passing into it, so that part of the cyUn­
der Is surrounded by steam. The piston rod passes 
out of the cylinder upward, and is connected to one 
end of the vibrating beam, which passes to the front ot 
the carriage, where it is pivoted into the upper end 
of an upright stout pillar. The diameter of the piston 
is only %, inch, and the stroke is approximately 2 
inches. The piston rod is actuated simply by the ex­
panilive force of the steam alternately raising and de­
pressing the piston, after which the exhaust passes 
out into the atmosphere. The piston rod, in moving 
up and down, causes the beam· to turn the driving 
wheels, by means of a connecting rod attached to the 
crank of the axle, and the carriage then moves either 
forward or backward. The arrangement of the steam 
valve is ingenious, as it is driven from the beam by 
a projecting rod, in such a way that the valve is moved 
at theflnish of every up and down stroke by the last 

portion of the upward or downward movement of the 
beam. The valve piston has two pistons;' grouI)d to 
work easily, yet pressure proof, in the valve 'cylinder. 
The space between the two pistons is in constant co�­
munication with the boiler, and the steam enters' 
through two orifices-one at the top and the other at 
the bottom of the cylinder-arranged in such a manner 
that when the piston valve is up, the steam enters the 
upper orifice, and forces down the piston, while the 
exhaust steam from the under side escapes through 
the lower orifice into the air through a tube connect­
ing the two pistons of the valve. Thus this valve is 
virtually a double piston slide valve, with a hollow 
piston rod for the exhaust. 

The safety valve is placed near the steam cylinder, 
being let into the boiler and held down in position by 
& IIIWLll tongue of metal. To preserve the balance of 
the engine, and to prevent its tipping up through the 
extra. weight thrown on the back by the admittance of 
water into the boiler, a compensating leaden weIght is 
placed above the steering wheel. The wheels are 
built of brass tubing brazed at the joints. 

When Murdoch had convinced himself of the prac­
tical working of his engine in running round his 
room, he submitted it to a severe trial on the high 
road, where it gave a very conclusive evidence of its 
traveling powers by outrunning its designer. It was 
on o.ne of these trials that Murdoch threw the unso­
phisticated village vioar into a terrible paroxysm of 
fear. . Murdoch had taken his engine, one night, out on 
the high road near Redruth, lighted the lamp, got up 
steam, arid started the engine,' he himself followirii it." 
The vicar was walking along the road, when he espied 
the light of the lamp, heard the steam hissing, and the 
rumbling of the wheels. As it was too dark for him 
to perceive the object, he gave vent to terrific shrieks 
of terror and fled for his life, thinking His Satanic 
Majesty was after him. 

When the possibiUty of Murdoch's engine was shown 
to Watt, the latter advised the inventor to discontinue 
his experiments, as he feared they might seriously in­
terfere with the inventor's regular w()rk. Subsequently, 
however, Watt offered to advance Murdoch $500 to 
found a locomotive bUSiness, with the latter as partner, 
if the inventor could build, within a year, an engine 
ce.pabJ'e of hauling a carriage carrying two persons, 
in addition to the driver, together with two hours' 
supply of fuel and water, to travel at four miles an 
hour. It is said that Murdoch built three locomo­
tives in all, the last of which was a large one, but of 
this there is no conclusive evidence. Certain it is, how­
ever, that in 1786, Murdoch abandoned his experiments. 
The inventor never again attempted to solve the prob­
lem' of steam locomotion, and only kept his first engine 
to exhibit as a curious toy to his intimate friends. 
The engine remained in the hands of the Murdoch 
family until a few years ago, when it was secured by 
Sir Richard and Mr. George Tangye, the eminent Eng­
lish engineers, to whom we are indebted for permission 
to publish the photo of what is indubitably the most 
historical relic in the annals of steam locomotion. 

.,.,. 

Rotary converters operated six-phase will give from 
35 to '45 per cent greater output than when operated 
three-phase, according to an ,article by Mr. A. S. M. 
Allister in' the American Electrician. Hence economy 
dictates three-phase transmission, with transforma­
tion to six-phase at the converters. The simplest 
method is to use three transformers, the primaries 
being either star or delta connected, and the secondar­
ies star connected. A delta connection on the 'low­
tension side, as well as on the high-tension side has, 
however, the advantage that the breakdown of one 
transformer does not render the plant useless, as the 
two remaining transformers take the load of the mISS' 
ing one. 

..' ... 

The United States Steel Corporation will make an 
exhibit at the World's Fair that will cover two acres 
of fioor space in the Palace of Mines alld Metallurgy. 
It will be the first exhibit of so wide a scope ever at· 

, tempted. and will cover every branch of the industry. 
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