
Mathematics 1121H – Calculus II
Trent University, Winter 2026

Solutions to Assignment #2
Due on Friday, 23 January.

Please read the handout Right-Hand Rule Riemann Sums and Section 8.6 of the
textbook before tackling this assignment. The subtext to this assignment is to practice
things that you should have learned in MATH 1110H/1111H, not counting the Trapezoid
and Simpson’s Rules.

In all that follows, let f(x) = xe−x.

1. Compute

∫ 3

−1
f(x) dx by hand, showing all the principal steps. [2]

Solution. We will use integration by parts with u = x and v′ = e−x, so u′ = 1 and
v = −e−x. Note that passing from v′ to v is technically an integration in its own right,
which can be done via the substitution w = −x, so dw = (−1) dx and thus dx = (−1) dw:∫
e−x dx =

∫
ew(−1) dw = −ew = −e−x In real life, this is trivial enough that it probably

isn’t worth writing out explicitly.
Anyway, here we go:∫ 3

−1
f(x) dx =

∫ 3

−1
xe−x dx = x

(
−e−x

)∣∣3
−1 −

∫ 3

−1
1
(
−e−x

)
dx

= −xe−x
∣∣3
−1 +

∫ 3

−1
e−x dx =

(
−3e−3

)
−
(
−(−1)e−(−1)

)
+
(
−e−x

)∣∣3
−1

= −3e−3 − e+
(
−e−3

)
−
(
−e−(−1)

)
= −4e−3 − e+ e = −4e−3 �

Note. In questions 2–5, please give decimal approximations to at least 4 decimal places
as your answers.

Here are the SageMath preliminaries for questions 2–5, with a bonus plot:
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2. Compute

∫ 3

−1
f(x) dx using SageMath. [2]

Solution. Here we go:

�

Additional SageMath preliminaries for questions 3–5:

3. Use SageMath to compute the Right-Hand Rule sum for

∫ 3

−1
f(x) dx for a partition

of [−1, 3] into a. 4, b. 16, and c. 64 equal pieces, respectively. [1.5 = 3×0.5 each]

Solution. Here we go:

�

4. Use SageMath to compute the Trapezoid Rule sum for

∫ 3

−1
f(x) dx for a partition of

[−1, 3] into a. 4, b. 16, and c. 64 equal pieces, respectively. [1.5 = 3×0.5 each]
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Solution. Here we go:

5. Use SageMath to compute the Simpson’s Rule sum for

∫ 3

−1
f(x) dx for a partition of

[−1, 3] into a. 4, b. 16, and c. 64 equal pieces, respectively. [1.5 = 3×0.5 each]

Solution. Here we go:

�

6. Find a numerical approximation algorithm or formula for definite integrals besides the
three mentioned on this assignment and give a reference to it. [1.5]

Solution. One class of numerical algorithms for computing integrals, especially multi-
variable ones, are the Monte Carlo methods. In these, the area (or volume, or . . . ) of a
finite region is estimated by enclosing it in a rectangle (or a box, or . . . ), randomly picking
a large number points in the rectangle, counting how many of these are in the region, and

approximating the area of the region by
# points in region

total # of points
· area of rectangle.

�

For example, this plot illustrates a Monte Carlo
calculation of the area of the circle x2 + y2 = 1, yielding
a value of 3.2, not too far off the actual value of π:

This plot was taken from the Wikipedia article about
Monte Carlo integration, which you can find at:
en.wikipedia.org/wiki/Monte Carlo integration
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