
Math 111, Introduction to Calculus, Fall 2015
Final Exam

Saturday 19 December

1. (6 points) Use the limit definition of derivative to find f ′(2) where

f(x) = 4x− x2.

2. (2 points each) Find the derivative of the following functions.

(a) sin(lnx)

(b) 5x

(c) cos2 2t

(d) e
−1√
x

(e) (
√
t)t

3. (3 points each) Evaluate each of the following integrals:

(a)

∫
sin(lnx)

x
dx

(b)

∫ 4

0

1√
2x+ 1

dx

(c)

∫ ln 2

0

ex

ex + 1
dx

(d)

∫
x(2x+ 5)8 dx

(e)

∫ 3

0

|x2 − 4| dx

4. (2 points each) Evaluate each of the following limits (or explain why it does not exist):

(a) lim
x→4

3−
√
x+ 5

x− 4

(b) lim
x→∞

(x− 1)(x− 2)

2x2 + 3

(c) lim
x→0

x3 − 7x

x3

(d) lim
x→1

6x− 6

|x− 1|

(e) lim
x→1

f(x) where f(x) =

{
x2 + x x ≥ 1

3x− 1 x < 1.



5. (6 points) Use the ε-δ definition of limit to show that the function

f(x) = 4− 3x

is continuous at x = 2.

6. The function f(x) along with its first and second derivatives are given below:

f(x) = e−x
2

, f ′(x) = −2xe−x
2

, f ′′(x) = (4x2 − 2)e−x
2

(a) (1 point) Does the graph of f(x) cross the x-axis? Explain your answer.

(b) (5 points) On which intervals is f increasing or decreasing? Find any local maxi-
mum and minimum of f .

(c) (5 points) On which intervals is f concave up or concave down? Find the inflection
points of f .

(d) (1 point) Calculate the horizontal asymptote of f . Explain your answer.

(e) (3 points) Sketch a graph of f(x) on the following axes that shows all the above
information. Make sure to label the axes to show the positions of the maximum,
minimum or inflection points.

7. (4 points each) Use a linear approximation to estimate each of the following values:

(a) 1√
26

(b) ln(0.98)

8. (6 points) Find the equation of the tangent line at the point (1, 1) to the curve given
by equation

y3 − y = x lnx.

9. The velocity of a cyclist is given by

8t2 − 8t miles per hour

at time t hours after the beginning of a ride.

(a) (2 points) Use a Riemann sum with 4 pieces and left-hand endpoints to estimate
how far from home the cyclist is after 2 hours.

(b) (3 points) Use integration to calculate the exact distance the cyclist is from home
after 2 hours.

(c) (3 points) What distance has the cyclist traveled during those 2 hours?

10. (8 points) A girl watches the International Space Station crossing the sky directly above
her. She knows that the Space Station flies horizontally at a height of 100 kilometers
above the ground and she has to turn her head at a rate of 0.1 radians per second to
follow its path. How fast is the Space Station traveling?



11. (8 points) A zoo keeper wants to build a panda enclosure in the shape of a right-angled
triangle. The hypotenuse of the triangle is to be along a river and does not require
any fencing. The other two sides require special panda-proof fencing and the zoo can
provide 200 yards of this fencing. What is the largest possible area of enclosure the
keeper can build? (Make sure you explain how you know your answer is the maximum.)


