46 Chapter 2 Kinematics of Particles

Sample Problem 2/5

The curvilinear motion of a particle is defined by v, = 50 — 16¢ and y =
100 — 412, where v, is in meters per second, y is in meters, and ¢ is in seconds.
It is also known that x = 0 when ¢ = 0. Plot the path of the particle and deter-
mine its velocity and acceleration when the position y = 0 is reached.

Solution. The x-coordinate is obtained by integrating the expression for v,,
and the x-component of the acceleration is obtained by differentiating v,. Thus,

o t
[de:fvxdt} f dx=f(50—16t)dt x =50t — 82 m
0 0

la, = 0,] a, = % (50 — 16¢) a, = —16 m/s?

The y-components of velocity and acceleration are

[v, = ¥1 Gy = % (100 — 4¢2) v, = —8tm/s
. . d _ 2
[ay = vy] a, = a (—8t) a, = —8 m/s

We now calculate corresponding values of x and y for various values of ¢ and
plot x against y to obtain the path as shown.
Wheny = 0,0 = 100 — 4¢2, so t = 5 s. For this value of the time, we have

v, = 50 — 16(5) = —30 m/s
By = —8(5) = —40 m/s
v =(—30)2 + (—40)%2 = 50 m/s

a=J(—16)2 + (—8)? = 17.89 m/s?

The velocity and acceleration components and their resultants are shown on the
separate diagrams for point A, where y = 0. Thus, for this condition we may
write

v = —30i — 40j m/s Ans.

a = —16i — 8j m/s? Ans.
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Helpful Hint

We observe that the velocity vector lies
along the tangent to the path as it
should, but that the acceleration vector
is not tangent to the path. Note espe-
cially that the acceleration vector has a
component that points toward the in-
side of the curved path. We concluded
from our diagram in Fig. 2/5 that it is
impossible for the acceleration to have a
component that points toward the out-
side of the curve.
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Sample Problem 2/7

To anticipate the dip and hump in the road, the driver of a car applies her
brakes to produce a uniform deceleration. Her speed is 100 km/h at the bottom A of
the dip and 50 km/h at the top C of the hump, which is 120 m along the road from
A. If the passengers experience a total acceleration of 3 m/s? at A and if the radius of
curvature of the hump at C is 150 m, calculate (@) the radius of curvature p at A, (b)
the acceleration at the inflection point B, and (c) the total acceleration at C.

Solution. The dimensions of the car are small compared with those of the
path, so we will treat the car as a particle. The velocities are

_ km)( 1h m | _
vA—<100 = )<36005><1000 km) 27.8 m/s

_ g 1000 _
ve =50 3600 13.89 m/s

We find the constant deceleration along the path from

[fvdv=fatds:| fcvdv=atfds
v, 0

A

1, 5 _(13.89)% - (278 _ )
ar = 5 W —va%) — oq20 2.41 m/s

(a) Condition at A. With the total acceleration given and a, determined, we
can easily compute a,, and hence p from

[a? = a,? + a,%] a,? =3%— (2412 =3.19 a, = 1.785 m/s?

la, = v%/p] p =v%a, = (27.8)%/1.785 = 432 m Ans.

(b) Condition at B. Since the radius of curvature is infinite at the inflection
point, @, = 0 and

a=a,=—241 m/s? Ans.

(c) Condition at C. The normal acceleration becomes
la, = v%/p] a, = (13.89)%/150 = 1.286 m/s?

With unit vectors e, and e, in the n- and ¢-directions, the acceleration may be
written

a = 1.286e, — 2.41e, m/s?

where the magnitude of a is

la = Ja,% + a?] a = J(1.286)% + (—2.41)2 = 2.73 m/s? Ans.

The acceleration vectors representing the conditions at each of the three
points are shown for clarification.

gom C
60 m

B 150 m

Helpful Hint

D Actually, the radius of curvature to
the road differs by about 1 m from
that to the path followed by the cen-
ter of mass of the passengers, but we
have neglected this relatively small
difference.
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