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Kinematics in Cartesian Coordinates The position, velocity, and acceleration
vector of a particle expressed in Cartesian coordinates are respectively

r = xEx + yEy + zEz,

v = vxEx + vyEy + vzEz = ẋEx + ẏEy + żEz,

a = axEx + ayEy + azEz = ẍEx + ÿEy + z̈Ez.

(1)

Rectilinear Motion Consider a rectilinear motion of a particle in the direction
of Ex.

r = xEx,

v = vEx = ẋEx,

a = aEx = ẍEx.

(2)

We can then relate the position, velocity, and acceleration of the particle
in rectilinear motion through an expression without explicit dependence on
time,

a =
dv

dt
=

dv

dx

dx

dt
= v

dv

dx
. (3)

These problems are taken from J. L. Meriam, L. G. Kraige, and J. N. Bolton
(MKB), Engineering Mechanics: Dynamics, Ninth Edition, Wiley, New York,
2018.
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1. [MKB 2/24]

2. [MKB 2/28] Take the unit vector Ex to point along the horizontal. You
may take the origin to coincide with the location of the plane when the
parachute deploys (ie. when v = 200 mi/hr). Be careful to convert mi to ft
and hr to sec.
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3. [MKB 2/25] Take the unit vector Ey to be pointed vertically upwards
and take the origin to be located at the initial position of the rocket. In this
case, the position vector of the rocket would be r = rEy. You are given the
acceleration in m s−2 to be

a =


3 0 ≤ t < 8

−9.81 8 ≤ t < ttop

0 ttop < t ≤ tend

where ttop is the time at which the rocket reaches the apex of the trajectory
and tend is the time at which the rocket comes backs to its initial location.

Note that this problem seems to assume that the velocity at the apex changes
very quickly from 0 m/s to 0.85 m/s downwards, so we will neglect this
transition.
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