Mathematics 222, Lecture 10 (Kent) Your Name:

Second Midterm Exam  April 15, 2004

e Write your answers to the 8 problems in the spaces provided. If you must continue an
answer somewhere other than immediately after the problem statement, be sure (a) to
tell where to look for the answer, and (b) to label the answer wherever it winds up. In
any case, be sure to circle your final answer to each problem.

® On the other side of this sheet there is a collection of facts and formulas.

® Wherever applicable, leave your answers in exact forms (using 7, e, V3, In(2), and similar

numbers) rather than using decimal approximations. Also write 3@ rather than cos (%)

e There is scratch paper on the back of the last page.

BE SURE TO SHOW YOUR WORK, AND EXPLAIN WHAT YOU DID. YOU MAY RE-
CEIVE REDUCED OR ZERO CREDIT FOR UNSUBSTANTIATED ANSWERS. (“I did it
on my calculator” and “I used a formula from the book” are not sufficient substantiation...)

[ Problem | Points | Score ]

1 7,6
2 6, 7
3 6, 7
4 12
5 12
6 12
7 7,6

8 6, 3, 3
TOTAL 100
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Some formulas, identities, and numeric values you might find useful:

Values of trig functions:

6 | sin@ | cosf | tan®

0 0 1 0

-1 | V3 | V3
6| 2 2 3
m | V2 ¥2 1
1| 2 3

3 1
A R ]
1|0 | —

Derivative formulas:

d _ 2
1. 4z tanz =sec“zx

d —
2. Iz SecT =secx tanz
d : _ 1
3. g arcsing = —=—
4. 4 arctanz = —51
*dx 1+=x
5 4 arcsec z = —4
© dz lz]vVz2~1
d =1
6. dz lnx =z
d ,z __ ,x
7. et =e

Algebra formulas:
1. In(zy) = In(z) + In(y)
2. a*tV = g% q¥

3. gb = eblna

Trig facts:
1. tan@ = g—io%
2. sec = —06.%3
3. sin?@ +cos?9 =1
4. sec?f = tan?0 + 1
5. sin(z +y) = sin(z) cos(y) + cos(z) sin(y)
6. cos(z+y) = cos(z) cos(y) —sin(z) sin(y)
7. tan(z +y) = %&;
8. sin?z = }(1 — cos 2z)
9. cos?z = 1(1 + cos 2x)

Integral formulas:

L futdu= Zgut 4+ C,ifn# -1
2. [fdu=Inj+C

3. fﬁ:mcsinu+0

>~

. fli—‘:‘,:a.rctanu+0

(%]

. [sec(u) du = In|sec(u) + tan(u)| + C
6. fudv=uv— [vdu

Differential equation formulas:

1. Springs %+E%¥+B2y=0
E=%49 B?=t

2. Kirchoffs’ Law L%Q-FR%?-F%Q = E(t)
=%
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Problem 1
Given f(z) =In(1 + 3x)

(a) [7 points] Find the Taylor series for f(x) centered at (z — 1).

(b) [6 points] Find the convergence set for the series.
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Problem 2
(a) [6 points] Write out the first three non-zero terms of the MacLaurin Series of g(z) = cos(z) e™%.
(a) [7 points] Find the third order Taylor polynomial centered at z = 0 for hz)=(1 +m)% and bound

the error R3(z) for 0 < < 3.
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Problem 3 ]
(a) [6 points] Solve the differential equation x% ~2y=23ify=1whenz =2.

(b) [7 points] Solve the differential equation y” — 4y’ + 5y = sinz — cosz.
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Problem 4  [12 points]

When a certain spring is loaded with a 2.5 pound weight, it stretches 3 inches. The weight is then removed
and the spring is then loaded with a 3.2 pound weight and brought to equilibrium. It is then stretched 2
inches and released. Find the equation of motion if the damping force is proportional to twice the velocity.
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Problem 5  [12 points]

Sketch the graph of the equation 4x2 + 32 + 16z — 4y — 80 = 0 showing the center, vertices, foci, and
asymptotes (if any) on the graph. Find the eccentricity.
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Problem 6  [12 points]
Calculator problem. Give answer to 2 decimal places.
Solve the problem using conic sections.
three listening stations A, B, and C are set up on a shore line so that station A4 is located at (0,0), B at
(10,0) and C at (0,10). They are monitoring an ocean that lies in Quadrants II, III, and IV. One day,
station A hears an explosion. Exactly 8 seconds later, stations B and C hear the explosion. If it is know
that sounds travels at 1 unit per second, at what point P(z,y) did the explosion occur?
Hints:
i) Find the equation of the curve that the explosion lies on if we only had data from stations B and C.
ii) Same as part one, but this time using only stations 4 and B.
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Problem 7

Consider the two circles 7 = sinf and r = v/3 cos 6.

(a) [7 points] Find the area of the region inside both circles.

(b) [6 points] Show that at the point of intersection which is not the pole, the circles intersect at right

angles. (Hint: consider tangent lines).
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Problem 8
(a) [6 points] The arc length of a polar equation can be found via the formula

B
L= / (O + [F(8)2d0

where o and § are the starting and ending angles, respectively, and f(8) is the radius from the pole. Find
the length, L, of the logarithmic spiral f(6) = BeA? in terms of A and B, where A, B > 0 and —o00 < 8 < 0.

(b) [3 points] Using your knowledge of infinite series, explain why the above result is not necessarily
surprising. (Yes, this is an open ended question, but you should demonstrate some understading of infinite
series and how this concept relates to the question. Perhaps illustrating your point with a diagram or
picture could help.)

(c) [3 points] Find lim4_.o L, where L is the formula you found in part (a).
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- Scratch Paper
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Scratch Paper
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Scratch Paper
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Scratch Paper



