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12.

e l(eX-1) . e¥ 1. e*-1 1. e*-1
Assuming the limit exists, l1mm }gr(l) — }Cl_r)r(l) oD e}}_r)r(l) G D" By
I’Hospital’s, —hm L lim =1

e x—0 ln(x+1) ex=01/(x+1) e
u/2
lim(secx)°Y ¥ = lim(1 + tan? x)<°t */2 = |im (1 + l) = +/e.
x—0 x—0 U—00 u

4 6
The Maclaurin series of the denominator begins ’26—4 - % + .-+, so the numerator’s
Maclaurin series must start with an x* term. To eliminate the first four terms of the
3
Maclaurin series for e2*, f(x) = 1+ 2x + 2x? + % and f(3) = 61.

Letu—arctanxf/ du ln(1+u)|"/4 (1+§).1+4=5.

Integrate by parts twice. fxze"‘/3 dx = —3x%2e /3 + [ 6xe /3 dx =
—3x2e™*/3 — 18xe™/3 + [18e™*/3 dx = —3x2%e™*/3 — 18xe™/3 — 54¢™*/3 4+

C = —3e */3(x% + 6x + 18) + C. Evaluating at x = 0 and x = 6, the value of the

integral is —3e2 - 90 + 3+ 18 = 54 — 22 222 — 1,
e 54

While a u = tan x substitution is possible, a Weierstrass substitution x = tané is

_2x 1-x2 2
better, noting sint = ,cost =—=, and dt = —;
1+x 1+x 1+x

fn/z sin3 x cos? x

integral is equal to

_ 1 (m/2 2 2 N S O S _
—16f0 sinx cos? x (1 — cos x)dx—léfo(u ut) du =

0 16
=(3-3) =5 L=120.
16 \3 5 120
From the given information, - M, so as Ax and Ay approach 0, we have
A Dyf(xo'y'o)
@ _ _Dx
dx Dy’
Expanding, 4x*y + 3x3y? — x%2y3 + 2y — 2024 = 0. By the Product Rule or the
3 2.2
previous question, 2 = — LEEYHXY2XVY ey oy ated at (3,4), this is — 22 =
dx 4x*+6x3y—3x2y2+2° 542
— 2 e [-5,-4).

271
D, =2x+ 3y —1and D, = 2y + 3x — 4. Solving the system 2x + 3y = 1, 3x +
2y =4givesx =2andy = —1. f(2,-1) = —1.
r+rsin@ = 1, giving r = 1 — y. Squaring, x? + y2 = y? — 2y + 1. The y? terms
cancel in simplification, giving the parabola x? = —2y + 1.

1 21 _ 121 2 _ r2m (9
Efo (3+2cosh)db ——f (9+12cos6 +4cos®0) df = [, <—+

2
2w 11

(1 +c0529)) o = [, — — do = 11m.

a _ _ 2 2 —
d9_ 4sm9f \/(4+4c059) + 165sin% 6 do =

4f2n\/1+2c059+c0526+51n29d9=4\/_f V14 cos8 do =
4\/—f2n |s_1n9| 8\/_f0 sin 6 9_8\/_f2du_32.
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Setting 4x — x? = x givesx = 0 or x = 3. f03((4x —x2)2 —x¥) dx =

5 3
O —8x% +15x%) dx == — 2x* + 5x3] =22 162 +135 ==,
0

Multiplying by m gives a volume of % 108 +5 = 113.
5/ /2\1°
With u = 2x + 1, 27tf4xv2x+1dx =Ef9(u—1)\/ﬂdu=§(2u s Z)] =
1

5 3

_(@_18_ 2)_%6[397140701(—39

2 5

The area of the region is fo (Vx —x2)dx == — 5 =1 Because y =+xand y = x?
are inverses in the first quadrant, the centr0|d of this reglon isonthe line y = x. The
distance from this line to y = x — 4 is 2v/2, so by Pappus’s, the volume of the

rotated region is 27 - 2v/2 - § = % and ABC = 24
The point corresponds tot = 2 — = g =2- E’ which equals % att = 2. The

derivative of W|th respectto t is

1
Rule, so F T 2(t-1)2(2t-2)
Note that x = 1 — cos 2t and y = sin 2t. Then (1 — x)? + y? = 1, which is a circle
with radius 1 and thus a circumference of 2.

2 = 6t2 and = = 6t. 21 f 3t2V36t* + 36t2 dt = 367 [, t*VtZ + 1dt.u =

t2 + 1 gives 18w flz(u — DVudu=18n (§u5/2 _ —u3/2)] 24+§4\/— 24+

1
24 +2+5 =55,
The first three derivatives of y = tan x are y’ = sec® x, y"’ = 2 tan x sec? x, and
y'" = 2sec* x + 4 tan? x sec? x, which evaluated at % are 2, 4, and 16. Thus, the

>. This must be divided by & by the Chain
2(t-1 dt

.Whent = 2, this equals %

Taylor series is T(x) = 1 + 2 (x — %) +2 (x —%)2 +§(x —%)3 and T G + 1) =

1+2+2+ g = ? Note that even though = + 1 > . the Taylor polynomial is a
cubic whose domain is all real numbers.

t —tanb t —tanb
From tan(a — b) = ———=2 e have tana tan b = ——"2

— 1. This causes

l+tanatanb’ tan(a—b)
+1
the inner sum to telescope. Y.3-; X572, tan = ta nm(zl = _
mn+1)w mnn 61mm mm
30 yeo (BN MG ) g0 (BT @M o) _y30 g o
m=14an=1 tan% m=1 tan% m=1

—1830. The sum of the digits of 1830 is 12.

By the Limit-Comparison test, the series is equivalent to Y, 1
conditionally convergent.

ydy = ‘i—x, so y2 = 2Inx + C. Using the given shows C = 1 and y = v2Inx + 1.
Setting this equal to 3 gives a = e* and Va = e? = 7.389 ...

The characteristic equation is y? — 3y + 2 = 0, which has roots 1 and 2. Thus,
f(x) = Ae* + Be?*. Plugging in points gives A + B = 2e — 1 and Ae + Be? = e2.
This gives A = 2e and B = —1 50 f(x) = 2e**1 —e?* and f(2) = 2e3 — e*.

(el , Which is
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The LHS can be recognized as the derivative of (x2 + 1)y using the Product Rule;

alternatively, it is the step after multiplying by the integrating factor when solving
dy 2x
dx | x2+1

point (0,2) gives C =2,50 y =

—+C Plugging in the
When x = 2, y—— 6+5=11.

4( 2+1)
1 1 1 1 L 1 (eg—a)(e;—b)+(e1— b)(e1 c)+(e;—c)(e— a)
a+b  b+c c+a S—c  S-a S-b (e1—a)(e1—b)(e1—c)
3e?-2e,(a+b+c)+(ab+bc+ca) . e?+e,

. By Vieta’s, e = _3, e, = 2, and e; = —4,

e3—eZ(a+b+c)+ey(ab+bctca)— abc eiep—e3
11

Evaluating, the expression is — Py

The limit is possible via I’Hospital’s or by setting u = x — 1, where

u+l_q, 1+u+u?+0(ud))-u-1 2 3
lim S ( el ) = lim 520 _ o
u-0 In(u+d)-u u-0 <u—u—+0(u3)>— %=1 -2y o(u?)
By the Bounds Trick, the integral equals f”/z 059 _ 49. Summing the integrals

p . o p 1+ \/esin29t9 '
m/2 sin@+cos /2 sin 8+cos .
glVES 21 = fO m = fO 1+\/m ae, and u = sin@ —
cos 6 givesf 1 1+j_ By symmetry, the original integral equalsf \/_ and
/2 cos¢ /2 cos @—cos? <p

u = sin ¢ gives f m = f T f (COt(p cscp —
cot? ) dep = —cscp + cotp + <p]ﬂ/2 =2

5
r'(6)+1r(8) (n)
r'(0)-r(8) \/_’

2 cos 8 — 20 sin 9 r ( ) V2 (1 - —) Plugging in to the normal slope gives —.

Note that sin & = cos 6, so the slope is and since r’'(0) =

sinh2x = =" The Laplace transform of this with s = 3 is - f (e7t —

2
e dt——(l——) =2

5 5
Inspired by the flavor text, draw a perpendicular from B to AD and call the
intersection point E. Because AABD is isosceles, AE = ED. Let AE = x, EB =y,
and DC = z. Then x? + y? = 25and (x + z)? + y> = 49 aswell as 2x + z = 9.
Subtracting, 2xz + z% = 24. Factoring, 2xz + z? = z(2x + z) = 92,50 z = g

Plugging back into 2x + z = 9 gives x = % The desired ratio is 27’5 = %9



