12.6: Curvilinear motion: normal and tangential components

From: Engineering Mechanics, Dynamics, 6th edition
By: R.C. Hibbeler,
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Page 48, example 12-14: A skier travels with a constant speed of 6m/s along the parabolic path
=(1/20)x*2 shown. Determine his velocity and acceleration at the instant he arrives at A. Neglect the size

of the skier in the calculation.
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Page 49, example 12-15: A race car C travels around the horizontal circular track that has a radius of 300ft. If
the car increases its speed at a constant rate of 7ft/s*2, starting from rest, determine the time needed for it to
reach an acceleration of 8ft/s"2. What is it's speed at this instant?
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Page 50, example 12-16: A car starts from rest at point A and travels along the horizontal track shown. During

the motion, the increase in speed is at=0.2t m/s"2 where t is in seconds. Determine the magnitude of the
car's acceleration when it arrives at point B.
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Page 51, problem 12-93: A particle is moving along a curved path at a constant speed of 60ft/s. The radii
of curvature of the path at points P and P' are 20 and 50 ft, respectively. If it takes the particle 20 sec to go
from P to P', determine the acceleration of the particle at P and P'.
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Page 51, 12-94: A car travels along a horizontal curved road that has a radius of 600m. If the speed is
uniformly increased at a rate of 2000km/h”2, determine the magnitude of the acceleration at the instant
the speed of the car is 60km/h.
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Page 51, problem 12-95: A boat is traveling along a circular path having a radius of 20m. Determine the
magnitude of the boat's acceleration if at a given instant the boat's speed is v=5 m/s and the rate of

increase in the speed is dv/dt =2 m/s"2.
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Page 51, problem 12-97: A car moves along a circular track of radius 100ft such that it's speed for a short
period of time 0 <=t <= 4s is v=3(t+t"2) ft/s, where t is in seconds. Determine the magnitude of its
acceleration when t= 2s. How far has the car traveled in 2s ?

V)= 3 (E+€7) ,/Q

4
Vay=3(2#27) = 108 FY% aé Qa Ay

8%

v. Zo_
Ap = P = 100 = 317

A (3¢ +3¢°)

2=V +/ac¢)'7 - Vawds o5y - sy fert

= . 15
3({7‘1{ ) ::ZE‘

/(5:-5(&"/'{'2);(‘(‘
:3(‘4‘} 3(2‘{{

S=urg’ 4+ ¢7

Sy =15Y+ @ = 194E

Engineering Mechanics - Dynamics - R.C... 82/148 22/09/16



12-98. Ata given instant the airplane has a speed of 30 m/s and
an acceleration of 14 m/s® acting in the direction shown. Deter-
mine the rate of increase in the plane’s speed and the radius of
curvature of the path.
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Page 51, problem 12-99: A race car has an initial speed of V0=15m/s when s=0. If it increases its speed
along the circular track at the rate of at=(0.4s) m/s*2, where s is in meters, determine the normal and

tangential components of the car's acceleration when s=100m.
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Page 51, problem 12-101: A particle travels along the path y=a+bx+cx”"2, where a, b, c are constants. If
the speed of the particle is constant, v=v0, determine the x and y components of velocity and the normal
component of acceleration when x=0.
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Page 51, problem 12-103: The motorcyclist travels along the curve at a constant speed of 30ft/s.
Determine his acceleration when located at point A. Neglect the size of the motorcycle and rider for the

calculation.
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Page 52, problem 12-105: A bicycle B is traveling down along a curved path which can be approximated by
the parabola y=0.01x"2. When it is at A (20,4), the speed of B is measured as v=8m/s and the increase in
speed is dv/dt = 4m/s*2. Determine the magnitude of the acceleration of bicycle B at this instant. Neglect the
size of the bicycle.
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Page 52, problem 12-107: The ferris wheel turns such that the speed of the passengers is increased by v'=(4t)ft/
s"2, where t is in seconds. If the wheel starts from rest when alfa=0deg, determine the magnitude of the velocity
and acceleration of the passengers when the wheel turns alfa=30deg.

V= ag = 4t #¢5"
@LA:O, d:ﬂ.
. . 277 -R
@o=30", distance traveled's /s:S= “35° xex

Q= 95, ‘,/V
dv e = b¢
4:%
/v:?t.('l{f
2z
V= 25
43 25 = Zt/z
V:z? .
As= 2_5 - At
2,3 z s
S:—a‘c' —D> 20.9% = 37
t{S:: 3,97
¢=314 -—=> v=2¢ N
:Z'?.//
=727.9 N/é

aAé = ‘/CI = ‘73/0/ = /2,6/2
v: 9t
W= p =gy = 9.9

a= Vart+a?

= V/Z.Jzz* 3.5f,
= 260y f&/s"

Engineering Mechanics - Dynamics - R.C... 88/148 06/11/16



Page 53, problem 12-110: The ball is thrown horizontally with a speed of 8m/s. Find the equation of the
path, y=f(x), and then find the balls velocity and the normal and tangential components of acceleration

when t=0.25sec.
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Page 53, problem 12-111: The plane travels along the vertical parabolic path at a constant speed of 200m/
s. Determine the magnitude of acceleration of the plane when it is at point A.
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Page 54, 12-113: Atoboggan is traveling down along a curve which can be approximated by the parabola
y=0.01x"2. Determine the magnitude of its acceleration when it reaches point A, where its speed is
Va=10m/s, and it is increasing at the rate of Va'=3m/s”2.
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