
Calculus I Final Exam Version 1
December 7, 2021

Howard University Mathematics Department

MUST GIVE STEP BY STEP EXPLANATIONS TO GET CREDIT FOR ANSWERS.
No calculators or electronic devices are permitted.

PART I

Do ALL 3 problems. EACH WORTH 20 POINTS.

1. Consider the function f(x) = 2x3 − 3x2.

(a) Determine the critical number(s) of f(x) on the interval [−3, 3].

(b) What is the global maximum of f(x) on the interval [−3, 3]? What is the global
minimum of f(x) on this same interval?

(c) In part (b), why are we guaranteed that there will be a global maximum and
minimum on [−3, 3]?

2. Compute the derivative of the following functions using appropriate derivative rules:

(a) f(x) = ex secx.

(b) g(x) =
x2 + x + 1

lnx
.

3. Show that the derivative of f(x) = x2− x+ 1 is 2x− 1 using the LIMIT FORMULA
for derivatives.

PART II

Choose any 8 problems. EACH WORTH 18 POINTS.

1. For the function f(x) = ex − x on the real number line, i.e, the interval (−∞,∞),
find the following:

(You may need the fact that e = 2.718, 1/e = 0.368 approximately).

(a) critical points (b) local maxima/minima (c) inflexion points

(d) intervals where it increases/decreases (e) intervals where it is concave up / down

You must explain how you arrived at the answers. Not enough to draw graph.

2. Given

f(x) =


2 sinx

x
if x < 0

x2 + 2 if x ≥ 0

Show that f(x) is continuous on the interval (−∞,∞).



3. Find the vertical and horizontal asymptotes of the function y =
x2 + 4

x2 − 4
. To find

horizontal asymptotes, use L’Hospital’s rule as x→∞ and x→ −∞.

4. The position of a particle after t seconds is given by s(t) = e−(t−2)
2

. Find the velocity
of this particle after t seconds. Is the particle always moving in the same direction
(i.e, does velocity change sign) ? What happens to the position as t approaches ∞ ?
Explain answers. Do not use calculator.

5. Show that f(x) = x3 − 3 satisfies the conditions for the Mean Value Theorem in
[−1, 1] and find c ∈ [−1, 1] such that f ′(c) = (f(1)− f(−1))/(1− (−1)).

6. Differentiate y = xsinx using logarithmic differentiation.

7. Use implicit differentiation to find the derivative of sin−1 x. Start with the equation
y = sin−1 x and solve for x first.

8. Find the linearization (linear approximation) L(x) of f(x) = sinx at a = 0 and use
it to approximate sin(0.01).

9. A rectangular box has a square base and top, so length and width are same. If height
plus length must equal 15 inches, what is the length that gives the maximum possible
volume? What is the maximum volume? You must use derivatives.

10. Evaluate using integration by substitution:

∫
(lnx)2

x
dx.

11. Use the fundamental theorem of calculus to evaluate the following :

(a)

∫ 1

0

(t7 − t) dt (b) F ′(x), if F (x) =

∫ x

1

esin t

ln(t3 + 5)
dt.

12. Write the Riemann sum approximation for

∫ 5

0

ln(x+2) dx using 10 intervals and left

endpoints. You don’t need to evaluate the sum.


