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Oscillations around the vertical center of gravity axis are thus
dampened and impact blows on the side of the rail heads
prevented.
 3.	Permitting a certain amount of vertical and transverse move-
ments of the individual axles.    Movements imparted to the in-
dividual axles by uneven track or small obstacles will be taken
up by the axles themselves and not imparted to the entire mass
of the locomotive.
 4.	Massing the bulk of the weight as near the center of gravity of
the locomotive as possible.    When this is done only a small guiding
force will be necessary to keep the locomotive body in its proper
position relative to the track  and transverse oscillations are
easier to dampen out.    The excessive nosing often noticed when
single truck cars and switcher locomotives are operated at fairly
high speeds is largely due to the large amount of overhanging
weight.
 5.	Keeping the center of gravity high.    The distance from the
point of restraint to the center of gravity is thus increased, there-
by decreasing the movement which tends to cause oscillations
about the center of gravity.
The first passenger locomotives built for both the N. Y. C. &
H. R. R. R. and the N.T.,N. H. & H. R. R. gave much trouble
on account of their serious nosing. The riding qualities of both
types were greatly improved by the use of pilot trucks. Loco-
motive builders, profiting by the experience gained in the opera-
tion of these locomotives, are now building locomotives which
have very excellent riding qualities.
Costs.—Since most of the locomotives now in service were at
first more or less experimental and had large development charges
included in their first costs, authentic information regarding loco-
motive costs is difficult to obtain. Cost data that have been
published from time to time indicate that the first costs range
from 12 to 26 cts. per pound. Locomotive maintenance and
repair costs largely depend on ,the nature of the service in which
the locomotive is operated. A study of Interstate Commerce
Commission reports and other published data indicates that
these costs range from 3 to 12 cts. per locomotive mile, with an
average value of about 5 cts.
Although some arguments in favor of the electric locomotive
as compared with its steam rival will be considered in a later
chapter, it may be said in the conclusion of this discussion that

