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1. Evaluate the following integrals. Show your work.
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2. Evaluate the following integrals. Show your work.
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3. (8 points) For each integral below, state which method applies best.

Your answer should be in one of the following forms:

. u-substitution, with u =... (specify the substitution)

. integration by parts, with u =..., and dv = ... (specify the parts)

. trigonometric substitution, with x =... (specify the trig sub)

. partial fractions, with fractions: (’*—] + ... (specify the fractions, do not calculate A, etc)

No need to justify or compute anything — and do not evaluate the integrals!
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4. A drone starts from a height of 2 m above the ground at ¢+ = 0, and flies straight up, with velocity at
t seconds, 0 < ¢ < 10, given by
vi(1) = 0.3¢ mfs.
At t = 10 seconds, its battery fails, so from that time on the acceleration acting on the drone is

ar(t) = —9.8 m/s°,

causing it to eventually fall down and crash on the ground.

(a) (5 points) What is the drone’s height above ground at the moment when its battery fails?
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Answer: L meters

(b) (5 points) How long does the drone take to crash on the ground, from the time its battery fails?
Round your answer to the nearest tenth of a second.
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5. (8 points) Find the area bounded by the curves:
y=sinxand y = sin’x, for0 < x < m/2.
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6. Let R be the region in the xy-plane bounded by the curves: NIE c&
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(a) (5 points) Set up, but do not evaluate, an integral (or a sum of integrals) equal to the volume of
the solid of revolution obtained by revolving R about the vertical line x = 3 using the method of
cylindrical shells.

Volase = [ 27 (rodundlheight delx

— & Ix
- ju 20 (3-x) e Ax

f,zzn (2-%) 6\&0&

Answer:

(b) (5 points) Set up, but do not evaluate, an integral (or a sum of integrals) equal to the volume of
the solid of revolution obtained by revolving R about the vertical line x = —1 using the method
of disks and washers.
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7. (10 points) Find the mass of an empty leaky bucket given the following information:

* The bucket held 10 liters of water at the ground level and was lifted to the height of 16 meters.
* While being lifted, water leaked out of the bucket at the rate of 1/8 liters per meter.
* The total work done was 1960 J.

Assume that the mass of the rope used to lift the bucket was negligible and can be ignored.
The mass of 1 liter of water is 1 kilogram, and the acceleration due to gravity is 9.8 meters/sec>.
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ANSWER: mass of bucket m = 3.5 kg
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8. (10 points) Consider the region in the first quadrant bounded below by the x-axis, bounded on the left

by the y-axis, bounded above by the graph of y = 2 — x? for 0 < x < 1, and bounded above by the
graph of y = /2 —x for | < x < 2. See the picture.

Find the center of mass. Give the answer in the exact form.

Note: You can use symmetry but to get full credit, you have to provide a computation supporting the
use of symmetry. Saying that the picture looks symmetric is not enough.
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Alternative Approach:
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8. (10 points) Consider the region in the first quadrant bounded below by the x-axis, bounded on the left
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8. (10 points) Consider the region in the first quadrant bounded below by the x-axis, bounded on the left
by the y-axis, bounded above by the graph of v = 2 —x% for 0 < x < 1, and bounded above by the

graph of y = /2 —x for 1 < x < 2. See the picture.
Find the center of mass. Give the answer in the exact form.
Note: You can use symmetry but to get full credit, you have to provide a computation supporting the
use of symmetry, Saving that the picture looks svametric is not enough.
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9. (10 points) Find the solution of the differential equation that satisfies the given initial condition:

dy 2 2 72
— =14ty 1y, y(0)=1.
dr ¥ Yy ¥(0)

For full credit, write your answer in explicit form, y = f(t), and simplify it.
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10. A pan of lasagna has an internal temperature of 40° F at the time when it is placed in an oven whose
temperature is kept constant at 380° F.

(a) (3 points) Newton’s Law of Cooling states that the rate of cooling (or heating) of an object is
proportional to the temperature difference between the object and its surroundings. Use this
to write a differential equation and an initial condition for the internal temperature y(t) of the
lasagna at ¢ hours after it was placed in the oven. Your equation should involve an unknown
proportionality constant .

LERES
- — 380
Differential Equation: t ( 3 ) and y(0) = (107

(b) (5 points) After a half hour in the oven, the internal temperature of the lasagna reaches 140° F.
Compute the constant k and find the temperature y as a function of time ¢, in hours.
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(¢) (2 points) The lasagna is finished baking when its internal temperature reaches 165° F. When
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(round to the nearest two decimals)
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