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1.1 INTRODUCTION
« | his chapter serves as a self-contained reference on:

The kinematics & dynamics
Some basic vector operations

Rotation and concepts which will be used in the

following lectures.
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INTROUDUCTION

*x\We will review

The curvilinear motion of particles in three
dimensions

The concepts of force and mass

The Newton's law of gravitation (Newton's second
law of motion)

The formulas for calculating the time derivatives of
moving vectors. (the computation of relative velocity4& %
and acceleration). .
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1.2 KINEMATICS

*To track the motion of particle P through space we
need a frame of reference consisting of a clock and a
cartesian coordinate system.

Clock —» track of timet

XyZ axes » |ocation of the particle

Xx|n non-relativistic mechanics, a single
“universal” clock servesfor all coordinate systems.

Unit of time > [s]
Unit of length = [m] or [km]
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KINEMATICS

X The position of the particle
Patatimetisdefinedby
the position vector r(t )

el
L]

r(r) = x(t)i+ y(1)j + z()k

[, ],k :the unit vectors

X The distance of P from
the origin "N

Il =r = /a2 452 4 22

[r|=r :magnitude or length of r
* We know
r=sr-r
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KINEMATICS

* The velocity v and acceleration a of the particle:

v(t) = dx(t);

dy(t), dz(t)» :
dt dt )+ dt

k = v, ()i + v, (0)] + v (0)k

|
auv ()~ du, ().  du(r) - . A )
i ——k=a()i4a,(0j+ a0k

at at dt
* Thelocus of point that a particle occupies as it moves

through space is called its path, or traectory.

alt) =

The path isastraight line — motion isrectilinear

The pathis curved —— motion iscurvilinear
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KINEMATICS

X The velocity vector v istangent to the path:
V = Uﬁf—
Ut -unit vector tangent to the trajectory

v the magnitude of the velocity v.

X The distance that P travels along its path in the time
Interval ds:

ds = v dt
* |n other words |
vV==5§ "J-;: o
* Note that +
vVET

(the magnitude of the derivative of r -£the derivative of the magnitude of r)
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EXAMPLE 1.1

The position vector asa function of time is:

E
L]

r=(8t2+ 7t +6)i + (562 +4)j + (0.3t + 2¢* + 1)k (m) (a)
At t=10s, calculatev andr,

dr N i .
v = d—: — (16t + 7)i + 1562 + (1.26° + 40k

IVl = (1.44¢° + 234.6¢* + 2726 4 224t + 49)°
t=10 >v=1953.3

le] = (0.09¢% + 26.21° + 68.6¢* + 1521 + 149¢ + 841 + 53)2

dr 0.36t7 4+ 78.6¢° 4 137.2¢7 4+ 228+% 4+ 1491 + 42

= — =
dt (0.09t% 4+ 26.2t° 4+ 68.6t%1 + 152+ + 14912 4+ 841 + 53‘,:%

t=10 > =1935.5 ™/
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EXAMPLE 1.1

Xx|f v is given, then we can find the components of the
unit tangenty, In the cartesian coordinate frame of
reference

= — = L]1+31+ —k (1,-'=\/u§+1,.~}%+1,:§)

vl v

* The acceleration may be written

X \Where
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EXAMPLE 1.1

Osculating plane

- @ ‘theradius of curvature

~U, : the unit tangent

-U, *the unit principal

-1, : the position of C
relativeto P r, = pU,
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EXAMPLE 1.1

Osculating plane

*The center of curvature
lies in the osculating
plane

*When the particle P
moves a distance ds the
vector r sweep out angle

dg

ds = od¢

. U
b=
&
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EXAMPLE 1.2

Relative to a Cartesian coordinate system, the position, velocity and
acceleration of a particlerelative at a given instant are:

r = 250i + 630j + 430k (m)
v = 90i + 125j 4+ 170k (m/s)

a = 161 + 125j + 30k (m/s)

Find the coordinate of the center of curvature at that =,
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EXAMPLE 1.2

v = V|| = v/90% + 1252 + 1702 = 229.4m /s

v 90i+ 125 + 170k . . .
b, = L o= AT K 3903 4 0.54495 + 0.7411k
v 229.4

4, = a- i, = (161 + 125) + 30k) - (0.39231 + 0.5449j 4 0.7411k) = 96.62 m/s’

a =162 + 1252 + 302 = 129.5m /s>

\
a= ﬂrﬁr + Qnﬁrf -
‘ > —> a’= a% + “31
u; and u, are perpendicular

o

Page 25/ 338



1-DYNAMIC OF POINT MASSES

EXAMPLE 1.2
a, = \/ — a2 = /129.52 — 96.622 = 86.29 m /s’
uff - (a - ﬁrur)
a?’f

=35 ——[(16i + 125) + 30k) — 96.62(0.39231 + 0.5449j + 0.7411k)]

= —0.25391 4 0.8385) — 0.4821k

v: 22942

0=—=

= . = 609.9m
a,  86.29

rc =r+rcsp

= 1 + o, = 2501 + 630j + 430k + 609.9(—0.2539i 4 0.8385] — 0.4821k)

= 95.161 + 1141j + 136.0k (m)

The coordinate of C are:

x =095.16m y=1141m z=136.0m
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