1.10 Position, Velocity, Speed, and Acceleration.
The position, = (in m), of an object that moves along a straight line is changing with time, ¢ (in
sec), as follows:
T =+16 — 12t + 2>
) Make a plot of the position x vs. time from ¢ = 0 to t = +6.
) Make a plot of the velocity, v (in m/sec), vs. time from ¢t = 0 to ¢t = +6.
) Make a plot of the acceleration, a (in m/sec?), vs. time from t = 0 to t = +6.
) What is the velocity at ¢t = 0, +2, and +47
e) What is the acceleration at ¢t = 0, +2, and +47
) When is the velocity zero, and what then is the x position of the object?
) What is the average velocity between t = —1 and t = +37
) What is the average velocity between ¢t = 0 and ¢ = +67
) What is the average speed between t = 0 and ¢t = 467
)

At what time does the object reverses its direction?
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Problem 1.10 (Position, Velocity, and Acceleration)
a) z(t) = 16 — 12t + 2t (see plot)
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b) By differentiating, v(t) = —12 + 4t (see plot) i?l o z(t) =16 — 12t 4 2t

c) Another differentiation yields a(t) = 4 (see plot) . %(2)
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d) Using the equation in  part b): ®o6
v(0) = —12 m/s, v(2) = —4 m/s, 4
v(4) =4 m/s (2)
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e) Using the equation in part ¢): a(0) = 4 m/s?, 4 I R B

a(2) =4 m/s? a(4) = 4 m/s? 0 1 2 3 4 5 6
t (s)

f) Set v(t) = —12 + 4t = 0 to find that t = 3 s.

Now, plug this ¢ into the equation for z(t) to — T

find the position of the object when the velocity 12 B o(t) = —12 4 4t d

is 0. To summarize (3) = —2 m, v(3) = B 7

0 m/s, and of course a(3) = 4 m/s?. o 4r =
~ — —
g 0

g) The average velocity between two times is de- = - —

fined as 4T _
5 = olt2) —x(t) sl ]
e f2=h -12 I B B R R
3) —x(—1 —2—-30
Ly, =@zt _ _8m/s 0 1 2 3 4 5 6
3—(-1) 4 t (s)
h) We use the same formula 5 —
_ z(6) —z(0) 16—16 t) =4
e =" 60 6 =0m/s 4 a(t)

i) The average speed s is the total distance trav- RS N
eled over the time taken. The total distance is g 5 L |
found by adding up each one-way segment of ©
the complete journey. Looking at the plot, we 1 4
can see that the object traveled from x = 16 m
to x = —2 m and back to z = 16 m (this is 0 —
why plots are useful). The total distance is 36 0 1 2 " i()’s) 456

m and the time taken is 6 s. Therefore, the
average speed is s = (36 m)/(6 s) = 6 m/s.

j) What does it mean to reverse direction? Of course, it means that you're going one way,
and then you turn around and go the other way. If you’re going in the negative direction,
you then start going in the positive direction and vice versa. In other words, your velocity
changes sign. The point at which this happens is at zero (this is an important concept).
You can also think about it in terms of the calculus. If you reverse direction, then your
position will be a local minimum or maximum at that point. To find where this happens,
you take the derivative of position and set it equal to zero. This is exactly the same as
setting velocity equal to zero since velocity is the derivative of position)

(From part f), we know that v(3) = 0 so the object reverses direction at t = 3 s.
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