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Marks

1.(9) Evaluate the given limits:

(a) lim
x→4

2x2 − 5x − 12

x2 − x − 12

(b) lim
x→+∞

(
√
x2 + 5x − 4 − x)

(c) lim
x→0

2x + 4 sinx

5x
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2.(6) Consider the function f(x) = x 1
5 on the interval [1,32] .

(a) Verify that the conditions of the Mean Value Theorem are satisfied for the given
function and interval, and state the conclusion of the theorem.

(b) Find all numbers c that satisfy the conclusion of the Mean Value Theorem.

3.(7) (a) State the limit definition of the derivative for the function f at the point a .

(b) Use the limit definition in part (a) to calculate f ′(1), where f(x) =
√

3x + 1 .
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4.(12) Find the indicated derivatives. You do not need to simplify your answer.

(a) f(x) = 1

x6
+

√
x

7
+ π f ′(x) = ?

(b) h(θ) = 5θ + θ2cos(θ) dh

dθ
= ?

(c) g(z) = (z2 + 9)3

z3
g′(z) = ?

(d) f(x) =
√
x3 + 1 f ′(2) = ?
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5.(7) Use implicit differentiation to find an equation of the line tangent to the curve

3x2 + xy − y3 = 1 at the point (x, y) = (−1,1) .

equation of tangent line:
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6.(7) A sugar cube dissolving in coffee has edge length x (in mm) and volume V (in mm3).

(a) Assuming the sugar cube maintains the shape of a cube as it
dissolves, find an equation relating the rates dV

dt and dx
dt .

x
x

x

(b) Because it is the total surface of the cube that interacts with the coffee, the rate at
which the volume decreases is proportional to its surface area so that dV

dt = k(6x2)
for some negative constant k. Suppose that k = −1 in units of mm/s.

i. Show that the rate at which the edge length is decreasing is constant and give
the value and units of dx

dt .

ii. How long does it take for a sugar cube with initial edge length 10 mm to
dissolve?
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7.(12) Consider the function f(x) = 4x3 − 3x2 − 6x .

(a) State the domain.

domain:

(b) Find all x- and y-intercepts.

x-intercepts: y-intercepts:

(c) Find the values and location of any local (relative) extreme values and state the
intervals on which the function is increasing and decreasing.

local max: local min:

increasing on: decreasing on:
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(d) Find any inflection points and state the intervals on which the function is concave
up and concave down.

inflection points:

concave up on:

concave down on:

(e) Use your information from (a)-(d) to sketch a graph of the function.

y

x
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8.(6) Find and state all horizontal and vertical asymptotes of f(x) = x
2 + 2x − 3

1 − x2 .

Show all relevant limits in your work.

vertical asymptotes:

horizontal asymptotes:



MATH 110 Final Exam Page 10 Fall 2015

9.(10) A rectangular picture frame encloses an area of 600 cm2.
The top edge of the frame is constructed out of heavier
material than the other three sides. If the material for the
top edge weighs 200 gram/cm and the other three sides are
made from material weighing 100 gram/cm, find the
dimensions of the frame that would minimize the total
weight of the material used.

y

x

x =

y =
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10.(9) Evaluate each of the following indefinite and definite integrals:

(a) ∫ (x2 +
√
x − 1)dx

(b) ∫ x
√

1 − x2 dx

(c) ∫
π
2

0
cosx sin3xdx
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11.(10) Find the area enclosed by the curves y = x2 + 1 and x + y = 1 . Your solution must
include a labeled sketch of the relevant area.

area=
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12.(5) Consider the given graph of the function f(t) .

1 2 3 4 5 6

−2

−1

0

1

2

f(t)

t

(a) If A = ∫
4

2
f(t)dt and B = ∫

6

4
f(t)dt which of the following is correct:

A < B, A = B, A > B

Clearly justify your answer.

(b) Let g(x) = ∫
x

0
f(t)dt . At what x-value does g(x) attain its absolute maximum on

the interval [0,6] ? Clearly justify your answer.

x =


