
MT110: Calculus and Analytic Geometry

Homework 3
Due: Fri, Oct 26, 2:00 pm Fall 2018

Tips to avoid plagiarism

• Do not copy the solutions of your classmates.

• Your are encouraged to discuss the problems with your classmates in whatever way you like but
make sure to REPRODUCE YOUR OWN SOLUTIONS in what you submit for grading.

• Cite all the online sources that you get help from.

• Keep your work in a secure place.

Problem 1

For each of the relevant intervals in the graph of g(x) shown below, state whether the function is
continuous, continuous from the left only, continuous from the right only or neither.

Problem 2

For each of the following functions

(a) f(x) =
1

x + 2
, x0 = −2

(b) f(x) =


1

x + 2
, if x 6= −2

1, if x = −2
, x0 = −2

(c) f(x) =

{
ex, if x < 0
x2, if x ≥ 0

, x0 = 0

(d) f(x) =

 x2 − x

x2 − 1
, if x 6= 1

1, if x = 1
, x0 = 1

(e) f(x) =


cosx, if x < 0
0, if x = 0
1− x2, if x > 0

, x0 = 0

(i) Sketch the graph of the function.

(ii) Explain why the function is discontinuous at the given value x = x0. State the type of discontinuity
(removable, infinite or jump).

(iii) At which of these values f is continuous from the right, from the left, or neither?
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Problem 3

Suppose f and g are continuous functions such that g(2) = 6 and lim
x→2

(3f(x) + f(x)g(x)) = 36. Find

f(2).

Problem 4

The function f(x) =
x4 − 1

x− 1
has a removable discontinuity at x = a.

(a) What is the value of a?

(b) Find a function g that equals f for x 6= a but is continuous at x = a.

Problem 5

(a) Suppose f is continuous on [0, 5] and the only solutions of the equation f(x) = 6 are x = 1 and
x = 4. If f(2) = 10, explain why f(3) > 6, using a graph and referring to an appropriate theorem.

(b) Find all the intervals on which g(x) =

√
2x + 3

x− 2
is continuous.

Problem 6

Evaluate the following limits and justify each step by indicating the appropriate properties of limits.

(a) lim
x→∞

3x2 − x + 4

2x2 + 5x− 8

(b) lim
x→−∞

x3 − x + 1

x2 + x− 2

(c) lim
x→−∞

√
2− x3 + 16x6

1 + 4x2 + 2x3

(d) lim
x→∞

√
2− x2 + 12x3

1 + 4x2 + 3x4

Problem 7

Sketch the graph of an example of a function f that satisfies all of the given conditions.

(a) lim
x→0

f(x) = −∞, lim
x→−∞

f(x) = 5, lim
x→∞

f(x) = −5

(b) lim
x→2

f(x) =∞, lim
x→2+

f(x) =∞, lim
x→2−

f(x) = −∞, lim
x→−∞

f(x) = 0, lim
x→∞

f(x) = 0, f(0) = 0

(c) lim
x→2

f(x) = −∞, lim
x→∞

f(x) =∞, lim
x→−∞

f(x) = 0, lim
x→0+

f(x) =∞, lim
x→0−

f(x) = −∞

Problem 8

Make a rough sketch of the curve y = xn (for n ∈ Z) for the following five cases:

(a) n = 0 (b) n < 0, n is odd (c) n > 0, n is even

Then use these sketches to find the following limits for each case (a) to (c).

(i) lim
x→0+

xn

(ii) lim
x→0−

xn

(iii) lim
x→∞

xn

(iv) lim
x→−∞

xn
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Problem 9

A tank contains 15000 L of pure water. Brine that contains 20 g of salt per liter of water is pumped
into the tank at a rate of 50 L per minute.

(a) Show that the concentration (in grams per liter) of salt after t minutes is

C(t) =
20t

300 + t

(b) Using the result in (a), predict what would happen to the concentration after a very long time?

Problem 10

Use the precise definition of a limit to prove that

(a) lim
x→−∞

(
1

x
+ 2

)
= 2 (b) lim

x→∞
lnx =∞

Problem 11

For each of the following curves,

(a) y = 4x− 3x2, (2,−4) (b) y =
√
x, (1, 1) (c) y =

2x + 1

x + 2
, (1, 1)

(i) Using the limit definition of the slope of a tangent line, find the slope of the tangent to the curve
at the given point.

(ii) Find an equation of the tangent line to the curve at the given point.

(iii) Sketch the curve and tangent on the same graph.

Problem 12

For the function g(x) whose graph is given, arrange the following values in increasing order and explain
your reasoning: g′(−2), g′(−1), g′(0), g′(2), g′(4)
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Problem 13

Find the derivative of the function using the limit definition of derivative (a.k.a. derivative from first
principles). State the domain of the function and the domain of its derivative.

(a) f(x) = 1
2x−

1
3

(b) f(t) = 5t− 9t2

(c) f(t) =
1√
t

(d) g(x) =
√

9− x

(e) G(t) =
1− 2t

3 + t

(f) f(x) = x
3
2

Problem 14

For each of the following graphs, copy the graph of the given function f(x) onto your assignment sheet.
(Assume that the axes have equal scales.) Then sketch the graphs of f ′(x) and f ′′(x) directly below it.

Problem 15

Open the following link and

ll out the midterm course evaluation survey for this course. This survey is totally anonymous. Your
feedback is very valuable to me as this will help me improve this course and teach you better for the rest
of the semester. So please try to be as honest as possible with your responses. If you dislike something
about the course, you are encouraged to pour your heart out in the comments.

https://goo.gl/forms/Pdw7zQBNsLz3FmhB2

Answer the following questions while filling out the survey and write down the answers on your as-
signment.

(a) What is the 12th question in the survey?

(b) How many total questions are there in the survey?

Complete the survey and write down on your assignment “I have submitted the survey”.
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