B The Velocity Problem Loe dlj

If you watch the speedometer of a car as you drive in city traffic, you see that the speed
doesn’t stay the same for very long; that is, the velocity of the car is not constant. We
assume from watching the speedometer that the car has a definite velocity at each
moment, but how is the “instantaneous” velocity defined?
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Let’s consider the velocity problem: Find the instantaneous velocity of an object mov-
ing along a straight path at a specific time if the position of the object at any time is
known. In the next example, we investigate the velocity of a falling ball. Through exper-
iments carried out four centuries ago, Galileo discovered that the distance fallen by any
freely falling body is proportional to the square of the time it has been falling. (This
model for free fall neglects air resistance.) If the distance fallen after ¢ seconds is denoted
by s(z) and measured in meters, then (at the earth’s surface) Galileo’s observation is
expressed by the equation

s(t) = 4.9¢*
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EXAMPLE 3 Suppose that a ball is dropped from the upper observation deck of
the CN Tower in Toronto, 450 m above the ground. Find the velocity of the ball after

5 seconds.
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6. If a rock is thrown upward on the planet Mars with a velocity
of 10 m/s, its height in meters 7 seconds later is given by
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‘}Q«) F1nd the average velocity over the given time intervals:
1 [1,2] (1) [1,1.5] (1) [1, 1.1]

(iv) [1,1.01] (v) [1,1.001]% o
(b) Estimate the instantaneous Velocitg\@ \
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(iv) [1,1.01]
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. The displacement (in centimeters) of a particle moving back
and forth along a straight line is given by the equation of
motion § = 2 sin 7rt + 3 cos 7rt, where ¢ 1S measured in
seconds.

(a) Find the le average velocity during each time period:

WX (i) [T, 2]— 5258 L 00X (i) 1, 11]

Aii) [1, 1.01] ~v) [1, LOOL]| .~
(b) Estlma%é"tﬁé instantaneous velocity of the particle
when t = 1.
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5. The deck of a bridge is suspended 80 meters above a river. If
a pebble falls off the side of the bridge, the height, in meters,
of the pebble above the water surface after ¢ seconds 1s given
byly =80 — 4.972.\

k&) Find the average velocity of the pebble for the time
period beginning whe@nd lasting
(1) 0.1seconds (11) 0.05seconds (ii1) 0.01 seconds
(b) Estimate the instantaneous velocity of the pebble after
4 seconds.
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2. A student bought a smartwatch that tracks the number of
steps she walks throughout the day. The table shows the num-
ber of steps recorded 7 minutes after 3:00 PMm on the first day
she wore the watchg.\
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(a) Find the s\l/@gs of the secant lines corresponding to the
given intervals of 7. What do these slopes represent?
(1) [0, 40] (1) [10, 20] (111) [20, 30]

(b) Estimate the student’s walking pace, in steps per minute,
at 3:20 PM@y averaging the slopes of two secant line§)
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