
11/5/2012 Fall 2012, Calculus I Quiz 7 Sitaraman
Howard University Math Department

Instructions:
PLEASE PROVIDE STEP BY STEP EXPLANATIONS
WRITING ONLY ANSWERS WILL NOT GET FULL CREDIT
Time Limit 30 minutes
Please read the questions carefully before answering
Each problem 10 points. Challenge problem is extra credit.
Any points you get in excess of 40 is extra credit.

1. Find the intervals where the function f(x) = x2ex is increasing, decreasing, and also
find its local maxima and minima using the first derivative test.

f ′(x) = 2xex + x2ex = xex(2 + x).

This is defined everwhere. It is zero when xex(2 + x) = 0 =⇒ x = 0 or x = −2.

So there are two critical points and three intervals I = (−∞,−2), II = (−2, 0)

and III = (0,∞).

In I we have f ′(−3) = (−3)(2 +−3)e−3 = 3e−3 > 0 so f(x) is increasing.

In II we have f ′(−1) = (−1)(2 +−1)e−1 = −e−1 < 0 so f(x) is decreasing.

In III we have f ′(1) = (1)(2 + 1)e1 = 3e > 0 so f(x) is increasing.

So at -2 function is local maximum because it is increasing, then decreasing.

At 0 it is local minimum because it is decreasing, then increasing.

2. (20 points) Graph the function y = x+ sinx in 0 ≤ x ≤ 2π.

[Note: You only need to look in the interval [0, 2π]. Also, If there is only one critical
point, first it has to be either local maximum or minimum before you can call it absolute
maximum or minimum. It could be neither max nor min].

You must find the following:

a) All the local maxima and minima and inflexion points.

b) Where it is increasing, decreasing, concave up and concave down.

Solution:

We have y′ = 1 + cosx. This is defined in [0, 2π] but it is zero when x = π and
cosx = −1. This is the only critical point in this interval.

y′′ = −sinx. This is zero at x = π, so the second derivative test doesn’t work.

For using first derivative test, we divide the interval into two parts.

In [0, π] we have 1 + cos(π/2) = 1 so function is increasing.

In [π, 2π] we have 1 + cos(3π/2) = 1 so function is increasing.
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Since function is increasing both before and after π, it is neither maximum nor mini-
mum.

So there is no local maximum or minimum.

To check for concavity we look at y′′ at various points.

y′′ = −sinx is negative from 0 to π and positive from π to 2π.

So function is concave down in [0, π] and concave up in [π, 2π].

Since concavity changes at π, it is an inflexion point.

Graph is given in a separate link on Update page, just under solutions.

3. Show that Limx→∞
lnx

x
= 0 using L’Hospital’s rule. [This shows that lnx function is

much smaller than x as the value of x increases].

Solution:

First we check that L’Hospital’s rule applies. We have both lnx and x going to ∞ as
x goes to ∞. Also derivative of denominator is not zero near ∞. So it applies.

We get upon applying the rule, Limx→∞
lnx

x
=

(lnx)′

(x)′
= 1/x

As x→∞, 1/x→ 0. So the limit is 0.

4. (Challenge) The function sinxx can be made to be continuous at 0 in the interval
[0,∞) by defining (sin0)0 = Limx→0+sinx

x. What is this limit?

Solution: We use L’Hospital’s rule to find this limit. But first we need to convert it to
the form 0/0 or ∞/∞.
We do this by taking lny where y = sinxx.

We get lny = xln(sinx) = ln(sinx)
1/x

.

This is of the form ∞/∞ as x→ 0+.

Using L’Hospital’s rule we get Limx→0+
ln(sinx)

1/x
= Limx→0+

(ln(sinx))′

(1/x)′
= Limx→0+

cosx/sinx

(−1/x2)

= Limx→0+
−xcosx
(sinx/x)

= 0/1 = 0.

In the last step we used the fact that sinx/x→ 1 as x→ 0.

So lny → 0 and thus y → e0 = 1.

So the limit should be 1 in order to make the function continuous at 0.
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