Math 122B
Exam III
April 15th 2014

The University of Arizona
/
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Name: \

Answers without adequate justification will not receive full credit,
including multiple choice. Include units with your answer when
appropriate, and box all answers unless an answer line is provided. By
signing below I am agreeing to abide by the University of Arizona
academic integrity policies and that all work done on this test is my
own.

Signature:

Tips for Success:
e Look through the entire test before starting to prioritize questions.
e If you get stuck on a question, move on and come back to it later.

e Do a quick reality check after each question: does my answer make sense? Did I include
units? Did I show all my work?

e Read over the entire test at the end to make sure you didn’t miss anything.

e For each question: take a deep breath, think slowly and deliberately at first, then work
quickly once you see what to do.

Requests:
e Show all your steps.

e Please box answers when possible.
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1. Let f(z) be a continuous function with domain R. Below is a sign chart for f(z) and
its first two derivatives. ‘UND’ means undefined, ‘+’ means strictly bigger than 0, ‘—’
means strictly less than 0, and 0 means 0.
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(a) Classify the critical points of f(z) using the sign chart.
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(b) According to the chart, does f(z) have any inflection points? If so, where and why?
: ' Jh. N p
\{CS - X=\ \S 6w \nklection P
Srate %“ (x)  Ohanges from - T .

Ao W;\ \ "/

(¢) According to the sign chart, do you think f(z) will have a global maximum or
minimum? Remember, the domain of f(z) is R.
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(d) Draw a reasonable sketch of y = f(z) given the information above. Hint: f(z) will
have two pieces, £ < 0 and =z > 0, with a corner at z = 0. Exact values are not
necessary unless they are specified in the sign chart.
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2. Find values of the constants a > 0 and b > 0 so that g(t) = ate™® has a local maximum
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3. Let f(z) = e *sin(z) for 0 < z < 2m.
(a) Find and simplify f'(z) and f"(z).
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(b) Find the critical points of f, and use the first or second derivative test to classify
them. You must show work - provide a sign chart or values of f”.
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(c) Find the inflection points of f(z).
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(d) Find the global maximum and minimum of f(z). You must show work by computing
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4. An object at a distance p from a thin glass lens produces an image at a distance ¢ from
the lens according to the thin lens formula:

1 1 1

p q f

The constant f is called the focal length of the lens. Suppose an object is moving at
2mm per second towards a lens of focal length 10mm. How fast and in what direction
(towards or away from the lens) is the image moving at the moment when the object is
50mm from the lens? Hint: we are looking for %g.
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5. The hypotenuse of a right triangle has one end at the origin (z,y) = (0,0) and the other
end on the graph of y = z%¢™%, i.e. (z,y) = (z, 2% ) - see picture below. Here a > 0
is a constant. Find the maximum possible area of this triangle if z > 0. Your answer

will depend on a.
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6. The goal is to design our very own R2D2 robot at minimal construction cost. If you
haven’t seen the original Star Wars, make it a priority. This robot looks roughly like a
cylinder with a hemispherical dome on top:

We will use the following information:

The dome is a perfect hemisphere (half-sphere).

The surface area of a hemisphere with radius r is 2772 and its volume is %7”"3 .

The cost of the dome is $10 per cm? and the cost of the sides is $5 per cm?.
We will neglect the cost of the bottom.

To house the necessary electronics, we require that the volume of the robot be
0.1m? = 100, 000cm?.

(a) Write down, in words, exactly what we are trying to minimize. Break it into
relevant terms.
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(b) Define variables and label the picture on the previous page.
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(c) Write an equation for the total surface area in terms of your variables.
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(d) Write an equation for the total cost in terms of your variables. Hint: $ =
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(e) Write an equation for the total volume in terms of your variables. Remember, the
total volume is fized at 100,000cm?.
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(f) Use the equations found above to write a function of a single variable expressing e
the total construction cost. Don’t forget domain! L {l‘g W=t V¢
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( ) Usi lculus find the robot dimensions (radius and height) that minimize total

cost. You may round your answer to three decnnal places, but you must use calculus!




