
Calculus I Final Exam Version B
December 3, 2019

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 both problems. EACH WORTH 20 POINTS.

1. For the function f(x) = x3 − 3x2 + 3x + 1,

(a) Find the critical numbers.

(b) Find the intervals on the x-axis where it is increasing, decreasing.

(c) Find the x and y values of the local maxima / minima using the first or second
derivative test.

(d) Find the x and y values of the absolute maxima / minima in the interval [0,3].

2. For the function f(x) = (2x2 + 1)20

(a) Find the derivative f ′(x) and the second derivative f ′′(x).

(b) Find an equation of the tangent line to the curve at x = 0.

PART II

Choose any 10 problems. EACH WORTH 16 POINTS.

1. Let f(x) =

{
4− x2 if x ≤ 2
x− 2 if x > 2

(a) Sketch the graph of f(x) showing clearly all x and y intercepts.

(b) Find limx→2+ f(x)

(c) Find limx→2− f(x)

(d) Is f(x) continuous at x = 2? Explain.

2. Evaluate the following limits

(a) lim
x→1

x2 − 3x + 2

x2 + x− 2
(b) lim

x→∞

x2 + x− 5

4− 2x2

3. Differentiate the following functions:

(a)
1√

x2 + 4
(b)

tanx

1 + 3x tanx

4. Let f(x) = x3 + 2x + 5 on [−1, 3]. Check that it satisfies the conditions of the
Mean Value Theorem on [-1,3]. Find the value or values of c in (−1, 3) for which
f(3)− f(−1)

3− (−1)
= f ′(c) as in the conclusion of the Mean Value Theorem.



5. The curve defined by x3 + y3 = 6xy is called the folium of Descartes. Use implicit
differentiation to find the slope of the tangent to this curve at (3, 3).

6. Use logarithmic differentiation to find the derivatives of the following functions where
they are defined:

(a) y = (cosx)3x (b) y = (x2 − 5)2(x3 + 4)3.

7. Find the linearization (linear approximation) L(x) of f(x) = 2x3 − 3x2 + 1 at a = 2
and use it to approximate f(2.1).

8. A ladder 10 ft long rests against a vertical wall. If the bottom of the ladder slides
away from the wall at a rate of 1 ft/sec, how fast is the angle between the ladder and
the ground changing when the bottom of the ladder is 8 ft from the wall?

9. Evaluate the following limits

(a) lim
x→1

lnx

x3 − 1
(b) lim

x→∞
2x sin(1/x)

10. Sketch the graph of a continuous function f(x) that satisfies all of the following
conditions:

(a) Asymptotic to y = 2 as x→ −∞.

(b) f(x) is increasing and concave up in the interval (−∞, 3/2).

(c) f(x) is increasing and concave down in the interval (3/2, 2).

(d) f(x) is decreasing and concave down in (2,∞).

(e) f(x) has a local maximum at x = 2 and f(2) = 3.

(f) From the above information, determine where its inflection point is and mark
that point on the graph.

11. An open box is made from a square cardboard of length 30 inches by cutting out
four squares at the corners all of equal length and bending up the sides. Find the
maximum volume the resulting box can have.

12. Show that the area under the curve y =
cos(lnx)

3x
from x = 1 to x = 2 equals

sin(ln 2)

3
' 0.213.

13. Find the Riemann sum approximation for
∫ 6

1

1

x
dx using 5 intervals and left end-

points. Then do the same using 5 intervals and right endpoints. How does the
average of the two approximations compare with the actual value ln 6 ' 1.79?

14. Evaluate the following indefinite integrals:

(a)
∫

2 sinx cosx dx (b)
∫ √

x(x− 1)2 dx.

[Hint for (b): Expand
√
x(x− 1)2 and then integrate].

15. Using the Fundamental Theorem of Calculus, find the derivative f ′(x) if f(x) =∫ x

0
(t2 − 2t− 3) dt. Where is f increasing and where is f decreasing?


