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Course Outline

Week Date Course Content
1 Warming up, general introduction to dynamics
2 Kinematics of a particle
3| [cremaiesotapaoe
4 Kinetics of a particle: Force & acceleration
5 Kinetics of a particle: Work & energy
6 Kinetics of a particle: Impulse & momentum
7 General review & problem solving
8 Midterm exam week
9 Kinematics of a rigid body
10 Kinematics of a rigid body
11 Kinetics of a rigid body: Force & acceleration
12 Kinetics of a rigid body: Work & energy
13 Kinetics of a rigid body: Impulse & momentum
14 General review & problem solving
15 Final exam week




Kinematics

Rectilinear motion
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Kinematics / Curvilinear Motion

Curvilinear motion occurs when a particle moves along a
curved path. Since this path is often described in three
dimensions, vector analysis will be used to formulate the
par t ipositeon, selocity, and acceleration.
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Kinematics / Curvilinear Motion

Rectangular Components:

Occasionally the motion of a particle can best be
described along a path that can be expressed in terms of
Its X, Yy, z coordinates.
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Kinematics / Curvilinear Motion

Rectangular Components:
The “dot” notation X, y, z represents the first time derivatives of

x = x(t),y = y(t), z = z(t), respectively.
The velocity has a magnitude that is found from
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Kinematics / Curvilinear Motion

Rectangular Components:

Important Points

® Curvilinear motion can cause changes in both the magnitude and
direction of the position, velocity, and acceleration vectors.

e The velocity vector is always directed fangent to the path.

¢ In general, the acceleration vector is nof tangent to the path, but
rather, it is tangent to the hodograph.

® If the motion is described using rectangular coordinates, then the
components along each of the axes do not change direction, only
their magnitude and sense (algebraic sign) will change.

® By considering the component motions, the change in magnitude
and direction of the particle’s position and velocity are
automatically taken into account.
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Kinematics / Curvilinear Motion

Numerical Example:

At any instant the horizontal position of the weather balloon in
Fig. 12-18a is defined by x = (8¢) ft, where ¢ is in seconds. If the
equation of the path is y = x?/10, determine the magnitude and
direction of the velocity and the acceleration when ¢t = 2 s.

@ Karadeniz Technical University  -Mining Engineering Department / Dynamics Course / Spring 2019




Kinematics / Curvilinear Motion

Numerical Example:

Velocity. The velocity component in the x direction is

d
vy =k = (8) = 81t/s—

v, =y = %(xz/l()) = 2xx/10 = 2(16)(8)/10 = 25.6 ft/s T

When ¢ = 2 s, the magnitude of velocity is therefore

v = \/ (8 1t/s)> + (25.6 t/s)? = 26.8 ft/s

The direction is tangent to the path, Fig. 12-18b, where

v 25.6
2= tan 1 ——
IUX

1 = 72.6°
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Kinematics / Curvilinear Motion

Numerical Example:

Velocity. The velocity component in the x direction is

d
vy =k = (8) = 8ftfs—

v, =y = %(xz/l()) = 2xx/10 = 2(16)(8)/10 = 25.6 ft/s 1

When ¢ = 2 s, the magnitude of velocity is therefore

v =\/ (8 ft/s)® + (25.6 t/s)> = 26.8 ft/s
The direction is tangent to the path, Fig. 12-18b, where

v 25.6
1o tan 1 ——
'vx

= 72.6°

Chain rule

The chain rule of calculus can be used to determine the time derivative of
a composite function. For example, if y is a function of x and x is a function
of #, then we can find the derivative of y with respect to ¢ as follows

dy _ dydx
dt dx dt

(C-1)

In other words, to find y we take the ordinary derivative (dy/dx) and
multiply it by the time derivative (dx/dt).

It several variables are functions of time and they are multiplied
together, then the product rule d(uv) = du v + u dv must be used along
with the chain rule when taking the time derivatives. Here are some
examples.

v=20681t/s

§, = 72.6°
R AN




Kinematics / Curvilinear Motion

Numerical Example:

Acceleration. The relationship between the acceleration components
1s determined using the chain rule. (See Appendix C.) We have

: d
ax—vx—dr(S)—O

a, = b, = %(umo) = 2(&)i/10 + 2x(¥)/10

= 2(8)%/10 + 2(16)(0)/10 = 12.8 ft/s* T

Thus,

a=1\/(0)%+ (12.8)> = 12.8 ft/s?

The direction of a, as shown 1n Fig. 12-18c, 1s

12.8
6, = tan™! == = 90°

a=128ft ;"s’j
\{ A, = 90°
B

@ Karadeniz Technical University  -Mining Engineering Department / Dynamics Course / Spring 2019



Kinematics / Curvilinear Motion

Numerical Example:

For a short time, the path of the plane in Fig. 12-19a 15 described by
y = (0.001x%) m. If the plane is rising with a constant velocity of 10 m/s,
determine the magnitudes of the velocity and acceleration of the plane
when it is at y = 100 m.
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Kinematics / Curvilinear Motion

Numerical Example:

When y = 100 m, then 100 = 0.001x% or x = 3162 m. Also, since
v, = 10 m/s, then

y = v 100m = (10 m/s) ¢ t=10s
1.I
Velocity. Using the chain rule (see Appendix C) to find the -
relationship between the velocity components, we have
. _d 2 . y = 0.001x2
v, =y = T (0.001x7) = (0.002x)x = 0.002xv, : : -
Thus 100 m _///

10 m/s = 0.002(316.2 m)(v,)
v, = 15.81 m/s

The magnitude of the velocity is therefore

v =102+ v} =\/(1581 m/s? + (10 m/s)* = 18.7 m/s
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Kinematics / Curvilinear Motion

Numerical Example:

Acceleration. Using the chain rule, the time derivative of
gives the relation between the acceleration components.

a, = v, = 0.002kv, + 0.002xv, = 0.002(v; + xa,) v
When x = 3162 m,», = 1581 m/s, », = a, = 0,
"4-’-1.jh Y
] : I
0 = 0.002((15.81 m/s)* + 316.2 m(a,)) o

a, = —0.791 m/s* wom | _—

The magnitude of the plane’s acceleration is therefore

a=\/@ + @ = \/(-0791 m/s)? + (O m/s?)

= 0.791 m/s*
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Kinematics / Curvilinear Motion

Moton of a Projectile
The free-flight motion of a projectile is often studied in terms of its

rectangular components. l
y a=g
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