
MA 114 Worksheet # 20: Numerical Integration

1. Conceptual Understanding:

(a) Write down the midpoint rule and illustrate how it works with a sketch.

(b) Write down Simpson’s rule and illustrate how it works with a sketch.

(c) How large should n be in the trapezoid rule so that you can approximate∫ 1

0

sin(x) dx

with an error less than 10−7?

(d) How large should n be in Simpson’s rule so that you can approximate the integral in part (c)
with an error less than 10−7?

2. Use the midpoint rule to approximate the value of
∫ 1

−1

e−x2
dx with n = 4. Draw a sketch to

determine if the approximation is an overestimate or an underestimate of the integral.

3. Approximate the integral
∫ 2

1

1
x

dx using Simpson’s rule. Choose n so that your error is certain to

be less than 10−3. Compute the exact value of the integral and compare to your approximation.

4. Use a trapezoid rule with n = 4 to approximate the length of the curve y = x2 on the interval from
0 to 4.

5. The velocity in m/s for a particle traveling along the axis is given in the table below. Use (a) the
midpoint rule and (b) Simpson’s rule to approximate the total distance the particle traveled from
t=0 to t=6.

t v(t)
0 .75
1 1.34
2 1.5
3 1.9
4 2.5
5 3.2
6 3.0

6. Simpson’s rule turns out to exactly integrate polynomials of degree three or less. Show that
Simpson’s rule gives the exact value of

∫ h

0
p(x) dx where h > 0 and p(x) = ax3 + bx2 + cx + d.

[Hint: First compute the exact value of the integral by direct integration. Then apply Simpson’s
rule with n = 2 and observe that the approximation and the exact value are the same.]


