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Net Change Theorem The integral of a rate of change is the net change:

f[ f’F'(x) dx = F(b) — F(a)
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If V() is the volume of water in a reservoir at time ¢, then its derivative V'(¢) is the ,
rate at which water flows into the reservoir at time z. So V ({;\ O Flw WO
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is the change in the amount of water in the reservoir between time ¢, and time 2.
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If the mass of a rod measured from the left end to a point x is m(x), then the linear

density is p(x) = m'(x). So Nles Wl he flese 7o 1D
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» If C(x) is the cost of producing x units of a commodity, then the marginal cost is
the derivative C'(x). So

| “Cw dx = Cx) = Clx)

X

is the increase in cost when production is increased from x; units to x units.

« If an object moves along a straight line with position function s(z), then its'veloc-
ity is o(1) = s'(1), so

2] "'Zv(t) dt = s(t,) — s(t,)

is the net change of position, or'displacement, of the particle during the time
period from #, to #,. In Section 4.1 we guessed that this was true for the case
where the object moves in the positive direction, but now we have proved that it is
always true.

- » If we want to calculate the distance the object travels during the time interval,
— Q‘—-’ we have to consider the intervals when v(7) = 0 (the particle moves to the right)
and also the intervals when v(7) < 0 (the particle moves to the left). In both cases
the distance is computed by integrating'| (#) |, the speed. Therefore
\’_/—\r ., * .
v (3] J “| v(#) | dt = total distance traveled
& Figure 3 shows how both displacement and distance traveled can be interpreted
A, in terms of areas under a velocity curve.
A,
0] ¢ W ot displacement = "z v()dt = A — Ay + As
distance = “’Z |v(?) |[dt = A, + Ay + A
FIGURE 3 Jn
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50. A honeybee population starts with 100 bees and
increases at a rate of n'(¢) bees per week. What does
100 + |, n'(t) dt represent?

100 + n(lS’\ - nlo\
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Asme M(0) = 100

48. The current in a wire 1s defined as the derivative of the

charge: I(r) = Q'(¢). (See Example 2.7.3.) What does
| 2] (¢) dt represent?
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