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Part III
(1) (12 points) Differentiate the following functions. Do not simplify your an-

swers.

(a) g(x) =
lnx

x + 1

(b) f(x) = ex cos(2x)

(c) h(x) =
√
e4x + 1
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(2) (12 points) Evaluate the following integrals.

(a)

∫
x2 − x + 1√

x
dx

(b)

∫
sin2 x cosx dx

(c)

∫ 1

−1
e−3x dx
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(3) (12 points) Note: the possible answers for limits are a number, +∞, −∞ or
“does not exist” (DNE). Justify your answers.

(a) Find lim
x→3

x2 − x− 6

x− 3
.

(b) Find lim
x→0

sin 3x

ex − 1
.

(c) Find lim
x→0

1

sinx
− 1

x
.
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(4) (12 points)
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(a) Sketch y = f ′(x) on the right hand graph.

y = g(x)

y = f (x) y = f ′(x)

(b) Find
∫ 5

−5

g(x) dx, for the function drawn below.
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(5) (12 points) Consider f(x) = x3 − 3x.
(a) Find the critical points for f(x).

(b) Give the intervals for which f is increasing, and intervals for which it is
decreasing.

(c) Give the intervals for which f is concave up, and for which it is concave
down.

(d) Decide which critical points are maxima, minima, or neither.

(e) Sketch the graph of f(x).
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(6) (12 points) Consider f(x) =
4

x + 2
.

(a) Sketch the graph of f(x), showing any asymptotes.

(b) Find the slope of the tangent line at x = 2 using the derivative rules,
and write down the equation for the tangent line.

(c) On your graph above, sketch and label the tangent line at x = 2.



8

(7) (12 points) A region in the plane is bounded by the x-axis, the graph y =
16− x2, and the lines x = 0 and x = 3.
(a) Sketch and label the boundaries, and shade in the region.

(b) Compute the area of the region by writing down an integral and evalu-
ating it.
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(8)  (12 points) Let f (x) = x2 − 2x − 2. Find f ′(x) using t he l imit definition of
the derivative. Show all your work.
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(9) (12 points) The area of a circular oil slick expands at the rate of 10m2 per
minute. How fast is the radius growing when the area is 100m2?
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(10)  (12 pts) U se l inear approximation to estimate    
√ 

10.   Compare your answer 
with value you obtain from your calculator.
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(11) (12 points) You wish to build a rectangular window frame in the following
shape.

The total length of the frame should be 40ft. The total length is the
perimeter plus the two vertical pieces. Determine the width and height which
gives the largest area.
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(12)  (12 points) Use i mplicit differentiation to find the tangent l ine to the ellipse
4x2 + y2 = 8 at the point (1, 2).




