
Merit Calculus 1, Fall 2009, Worksheet 6

Office Hours, OOPS: 150 Altgeld, Thursdays 6:00–6:50 p.m. (or by appointment)
One worksheet will be selected at random from each team today. This worksheet will be
graded and everyone in that team will receive that mark. Problems labelled F will be
graded.

Problem 1. F If f(x) = 3x + 1 and we want to show the limit at x = 2 is 7, what should
we do? In particular, if a challenge ε = 1/10 is given, what should δ be?
Now continue on and prove (using the ε-δ definition) that the limit is 7.

Problem 2. F What is sin arccos 5
13

? What is arccos−1/2? What is arcsin−1/2?

Problem 3. Golbez (a hyperactive toy fox terrier) loves playing fetch inside the house. He
accelerates while he chases his toy, tries to stop when he gets to the toy, and then keeps on
sliding forward on the wooden floors until he hits the wall (splat). His distance travelled,
d(t), at each time t is described by the following graph:

1 2 3 4 5 6 7 80

1

2

3

4

5

What parts of the graph correspond with each part of the story above?
When is Golbez going fastest? Slowest? What is d(2), d(4)? How can you use this to
estimate Golbez’s speed at time t = 3? Can you find a better approximation? An even
better approximation? What about his speed at time t = 4? Now rephrase all of this in
terms of derivatives.



Problem 4. Explain (complete with beautiful pictures) how to use secant lines to approxi-
mate the slope of the tangent line to y = x2 + 3 at the point (2, 7). Approximate this slope
by using suitable secant lines. Find the equation of the tangent line to this curve. Verify
your answer by sketching the curve and its tangent line.

Problem 5. Use the definition of the derivative to find the derivative of the following
functions at x = a:

a. f(x) = 3− 7x, a = 3 (Why should you expect this answer?)

b. g(t) = 3t2 − 5t+ 1, a = 1

c. h(y) = 1
x+2

, a = 2

d. j(x) = |5− x|, a = 5

e. F k(x) =
√
x2 + 5, a = 2

Problem 6. F Consider g(t) from the last problem. What is its tangent line at t = 1?
Consider k(x) from the last problem. What is its tangent line at x = 2?
What information does the tangent line through a point give us about a curve? What
information does the derivative give us? What is the relationship between the derivative of
a function and the tangent line and what are the differences?

Problem 7. Consider the following limit:
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This is the derivative of a function at a point. What is the function and what is the point?
Evaluate this limit.

Problem 8. Juice Williams is knocked down mid-throw. He hurls the football straight up
in the air. Its height in the air (in feet) at each time t (in seconds) is given by h(t) =
32t− 16t2 + 8.

• When the ball is at its highest, the linebacker tries to grab it out of the air. How high
would the linebacker need to reach to be successful? Would he have been better off
waiting?

• When the ball drops to 8 feet in the air, the defense and offense battle for possession.
When does this happen and how fast is the ball going at that moment?

Problem 9. Using graphs, limits, and sinister voodoo rituals, determine whether the tangent
line to y = f(x) exists at x = a. If not, why not? If so, find its slope.



a. f(x) =

{
x2 + x if x < 1
3x− 1 if x ≥ 1

at a = 1

b. g(x) = |x+ 2| at a = −2.

c. h(x) =

{
x2 − 1 if x ≤ 3
14− 2x if x > 3

at a=3.

Problem 10. NASA has finally made it to Mars! The first astronaut to visit a planet other
than earth hurls a beer bottle high into the sky in celebration. Its height (in meters) after t
seconds is given by h = 10t− 1.86t2.

• What is the velocity of the rock after 1 second? When t = a?

• When will the rock hit the surface?

• With what velocity will the rock hit the surface?

Problem 11. Sketch the graph of a differentiable function – any differentiable function.
Now “zoom in” on one small segment of the graph and draw it again at a much, much higher
magnification. What does it look like? Explain.
What happens if you zoom in on the graph of a function which is not differentiable at that
point? Does the same thing happen?

Problem 12. If a function is differentiable at a point, does it have to be continuous at that
point? Why or why not?

Preparation for next time

Preparation will be based on Section 2.8.


