3 Section 13.4: Motion in space

e Definitions:
Let 7(t) =< f(t),g(t), h(t) > describe the position of an object at time ¢.

then
» The velocity of the object is v(t) = () =< f'(t), ¢ (t), h'(t) >.
s The speed of the object is |Jo(t)|| = ||/ (¢)].

-
s The acceleration of the object is v/(t) = 7 (t).

e Example 1: Suppose that two objects A and B are moving along the unit

circle. The position of object A is

ra(t) =< cos(t),sin(t),0 > ” e |
nate 2 - — _——; XY=
and the position of object B is Gosu.\) T ('sm lt’) \ j

rp(t) =< cos(t/2),sin(t/2),0 > . LQIML he—fe-)
The parameter t represents the time. Which object is going faster on the unit

circle?
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e Example 2: Suppose that the positions of two objec
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described by
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Here, t represents the time. Compare the positions, velocities, speeds, and

accelerations of the two objects at a given time.

The velouties has swme ﬂu@'\'\m&_ - owvc{,\'e
SO) ﬂ- o.v\(L B ha,\m/'\'\ia, Same SPQG:L

Tre Gm\em&crom Q-‘(’ A and B ave :Iem.


iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)

iPad Air 11-inch (M3)


=
(10)

e Example 3: A particle was fired at (0,0, 6) with initial velocity vy = (3,4, 1),

and moves with constant acceleration @ = (0,0, —2). Find the position of the

E‘LC/,_ particle where it hits the ground (z = 0).
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e Example 4: Consider two moving particles whose positions at time ¢ > 0
are given by
1) = (t+ 1,2t — 1,3t — 4),

7 (t) = (3t,2t* + 1, —t* + 3),

1. Determine whether the particles collide.
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2. Find the intersection points of their paths.
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e Example 5: Consider two moving particles whose positions at time ¢ > 0
are given by
r1(t) = (3t,3 4+ 4,1 + 2t),

75(t) = (34 2t,2 4 3t,5 + 2t),
[a)]

1. Find the minimum distance between the two particles.

2. Find the shortest distance between the trajectories of the two particles.



3. Newton’s Second Law of Motion: If F(¢) is the force acting on a
moving particle, and a(t) the acceleration of the particle, then

. FATE® = malt).
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4. Example: A projectile is fired with angle of elevation « and initial ve-
locity vy. Assuming the air resistance is negligible, and the only external
force is due to gravity, find the position function r(¢) of the projectile.
What value of ov maximizes the range (the horizontal distance traveled)?
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5. Definition: Suppose an object is moving in a circular path:

—

r(t) = acos(0(t))i + asin(0(t))].

.__db

Then we define the angular speed by w(t) := .



