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Example 5.1

A car travels at a constant speed of 100 km/hr along a curved road of increasing grade whose vertical
profile is approximated by the equation y =0.0003x>. What are the tangential and normal
components of the acceleration of the car when its horizontal coordinate is x =400 m?

Solution:

This problem is identical to Example 3.2 except that the tangential and normal (as opposed to
horizontal and vertical) components of acceleration are required.

According to Egs. (5.11) and (5.12) the tangential acceleration of a point moving along a curve is
given by:

_do

a, =—
Lodt

where, by definition, v is along the curve. In this case the velocity of the car (along the curve) is
constant. Thus:
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a, =%:O m/s?

The normal acceleration of a point moving along a curve is given by:

where p is the radius of curvature of the path at a given point. The definition of p is given by Eqn.
(5.14):

2
In this case g—y =0.0006x and % =0.0006 . Substituting these expressions and x =400 in the relation
x x
above we obtain:

3
1+(0.0006(400))’ |2
pz[ ( ( ))} =1813 m
0.0006

This results in a normal acceleration of:

((100)(1000)

]2
a, = 3600 =0.426 m/s?
1813
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These same results can also be obtained from the results obtained in Example 3.2 by a transformation

of coordinates. Resolving the x and y components of the acceleration found in that example along the
tangential and normal directions we obtain:

a, =Xcos@ +ijsin6
aﬂ =

—Xsin@ + ijcos @

where the angle @ is defined by the figure below:

As noted in Example 3.2 the angle # can be determined from the curve parameters by:

0 = arctan (ﬂ

dxj =arctan(y’)

In this case the value of @ at x =400 m is:

0 = arctan ((0.0006)(400)) = 13.50°
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Substituting this value together with values for ¥ and i obtained in Example 3.2 into the relations (i)

we get:

a,=0m/s’
a,=0426m/s’
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