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V. A

A PREVIEW OF CALCULLE 5

Thus, when we solve the tangent problem in differential calculus, we are also solving
problems concerning velocities. The same techniques also enable ws to solve problems
imvalving rates of chanze in all of the natural and social sciences,

B The Limit of a Sequence

In the fifth century BC the Greek philosopher Zeno of Elea posed four problems, now
known as Zenos paradaves, that were intended o challenge some of the ideas conceming
space and time that were held in his day. Xeno's second paradox concemns a race between
the Greek hero Achilles and a tortoise that has been given a head start, Zeno argued, as fol-
lows, that Achilles could never pass the tortoise: Suppose that Achilles starts at position
ap and the twortoise starts at position . {See Figure 9.) When Achilles reaches the point
ds = iy, the tortoise 15 farther ahead at position &, When Achilles reaches a, = &, the tor-
tise is at 5. This process continues indefinitely and so it appears that the tortoise will
always be ahead! But this defies common sense.

iy iy iy dy iy
Achilles = - - - -
LR ET
FIGURE 3 (3 r; T

One way of explaining this paradox is with the idea of o sequence. The successive posi-
tions of Achilles (@, a1, @3, .. .) or the successive positions of the wrioise (5, f, B, L)
form what 15 known as a sequence.

In general, a sequence {a,} is a set of numbers written in a definite order. For instance,
the seguence
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2.2 What ls Mation? 29

CONCEPT CHECK 2.1 Force and Motion

Da the following examples of morion appear to be consistent or inconsistent with
Aristotle’s law of motion?

{a) A hockey puck sliding along an icy horizontal surface

(b} A car coasting along a level road

{c} A piano that is pushed across a room

.

S

2.2 Whatls Motion?

It is now time to consider how motion is described and measured in a precise, math-
ematical sense. The concepr of motion 18 more complicated than you might firse
guess, and we'll need several guantitics—position, velocity (which we have already /
encountered ), and acceleration—io describe ir fully. | /
Let's first consider motion along a straight line, called one-dimensional motion.
A hockey puck sliding on a horizontal wcy surface is a good example of this type of
mation, and the top portion of Figure 2.6 A shows whar would happen if we rook a
multiple-exposure photo of such a hockey puck. Figure 2.6A is called a motion dia-  piy in lualy in his seudies of falling
gram, a multiple-exposure photograph or similar skerch thar shows the locarion of  objects, Although the story may
an object at regularly spaced instants in time. These exposures are captured at evenly  not be strictly accurate, Galileo
spaced time intervals, and we can use them to construct the graph of the puck’s posi-  certainly did conduct experiments
tion as a function of time shown in Figure 2.6B. Here we measure position as the  *howing that light and heavy
distance from the origin on the x axis in Figure 2.6A to the center of the hockey puck. objects fall at the same rave.
For ane-dimensional motion, this distance, which we denote by 2, completely specifies
the position of the object. Wotice in Figure 2.6B that the x axis is now vertical as we
plor the position (2] as a funetion of time {¢), which is plotted along the horizontal axis.

ﬂ_ﬂ—————————————————-ﬂf
i

A Figure 2.5 Galilen is reported
to have used the Leaning Tower of
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A friend is som% one who
understands your past,
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