
Fall 2018 Math 115: Calculus I (Section 21 and 41) Elóısa Grifo

Worksheet 27

Problem 1. The record time for the 100 meter dash is 9.58 seconds, set by Usain Bolt at a race in
2009. Let v(t) be Bolt’s velocity, in meters per second, t seconds after Bolt starts the race. Several
values of v(t) are shown below.

t 0 0.5 1 1.5 2 2.5 3

v(t) 0.6 3.5 5.8 7.7 9.1 10.1 10.6

(a) Assume that Usain keeps his velocity constant in each of the intervals [0, 0.5), [0.5, 1), [1.5, 2),
[2, 2.5) and [2.5, 3). Compute the total distance Usain ran in the first 3 seconds.

(b) Now assume instead that Usain keeps his velocity constant in the intervals (0, 0.5], (0.5, 1],
(1.5, 2], (2, 2.5] and (2.5, 3] and compute the total distance he ran in this situation.

(c) For each of the situations described in (a) and (b), make a sketch of the graph of the function
v(t). Can you represent each of the sums computed in (a) and (b) on the respective graph?

Assume now that v(t) is a continuous increasing function for the first three seconds of the race.

(d) Based on the values provided on the table make a new sketch of v(t).

(e) What information about the graph in (d) do the sums in (a) and (b) provide?

(f) Estimate the error when you compute the area below the graph of v(t) using (a) and (b).

Problem 2. The figure below shows the velocity of a car for 0 6 t 6 12 and the rectangles used
to estimate of the distance traveled.
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Figure 5.10: Left and right sums if f is decreasing

Accuracy of Estimates

For either increasing or decreasing velocity functions, the exact value of the distance traveled lies
somewhere between the two estimates. Thus, the accuracy of our estimate depends on how close
these two sums are. For a function which is increasing throughout or decreasing throughout the
interval [a, b]:
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(Absolute values make the differences nonnegative.) In Figure 5.10, the area of the light rectangles
is the difference between estimates. By making the time interval, ∆t, between measurements small
enough, we can make this difference between lower and upper estimates as small as we like.

Exercises and Problems for Section 5.1
Exercises

1. Figure 5.11 shows the velocity of a car for 0 ≤ t ≤ 12
and the rectangles used to estimate of the distance trav-

eled.

(a) Do the rectangles represent a left or a right sum?

(b) Do the rectangles lead to an upper or a lower esti-

mate?

(c) What is the value of n?

(d) What is the value of ∆t?
(e) Give an approximate value for the estimate.
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2. The velocity v(t) in Table 5.3 is increasing, 0 ≤ t ≤ 12.

(a) Find an upper estimate for the total distance traveled

using

(i) n = 4 (ii) n = 2

(b) Which of the two answers in part (a) is more accu-

rate? Why?

(c) Find a lower estimate of the total distance traveled

using n = 4.

Table 5.3

t 0 3 6 9 12

v(t) 34 37 38 40 45

3. The velocity v(t) in Table 5.4 is decreasing, 2 ≤ t ≤ 12.

Using n = 5 subdivisions to approximate the total dis-

tance traveled, find

(a) An upper estimate (b) A lower estimate

Table 5.4

t 2 4 6 8 10 12

v(t) 44 42 41 40 37 35

(a) Do the rectangles represent a left or a right sum?

(b) Do the rectangles lead to an upper or a lower estimate?

(c) What is the value of n?

(d) What is the value of ∆t?

(e) Give an approximate value for the estimate.

Problem 3. The velocity v(t) in the table below is decreasing for 2 6 t 6 12.

t 2 4 6 8 10 12

v(t) 44 42 41 40 37 35

Using n = 5 subdivisions to approximate the total distance traveled, find

(a) An upper estimate.

(b) A lower estimate.
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Distance as area

Problem 4. A particle’s velocity is given by v(t), where

(a) v(t) =

{
2, 0 6 t 6 3

−8 + 2t, 3 < t 6 6
(b) v(t) = 3t2, 0 6 t 6 6.

(i) For (a), compute the particle’s displacement (signed area under the curve) between t = 0 and
t = 6 using geometry.

(ii) For (b), estimate the displacement of the particle, using left and right sums with n = 6.

Problem 5. A bicyclist starts from home and rides back and forth along a straight east/west
highway. Her velocity y = v(t) at time t (in minutes) measured in feet per second is given below
(positive velocities indicate travel toward the east, negative toward the west).

(a) On what time intervals is she stopped?

(b) How far from home is she the first time she stops, and in what direction?

(c) At what time does she bike past her house?

(d) If she maintains her velocity at t = 11, how long will it take her to get back home?

Problem 6. The table below gives the expected growth rate, g(t), in ounces per week, of the
weight of a baby in its first 54 weeks of life. Assume for this problem that g(t) is a decreasing
function.

week t 0 9 18 27 36 45 54

growth rate g(t) 6 6 4.5 3 3 3 2

(a) Using six subdivisions, find an overestimate and an underestimate for the total weight gained
by a baby over its first 54 weeks of life.

(b) How frequently over the 54 week period would you need the data for g(t) to be measured to
find overestimates and underestimates for the total weight gain over this time period that differ
by 8 oz?
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