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p'qr-p(ar)r _ p'qr-p(q'r+qrr) _ p'qr-pq'r—pqr
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X X 1 xn+1

E=Z'@ Zn Ozn_Zn 05n+z2
2

Using quotient and product rule:

The slope of the line is — E so the negative reciprocal is 5.
%fom r2de = %fozn 3 +sin (0)d6 = f_Eg 3 + sin (0)d6 due to symmetry

) 1w’ 1 ' 1 1 1
x) = = — - 4) = — - =
9 (F1)° ) ) (F1@)°f' (F1(@) 322 12

2 -2
, P , . . =z (2
)11_1)1010 In <W> — L'Hospital - il_r)?o In (W) =In (E)
2= 2tandt=1@ (0,2) >y —2=2(x—0) >y =2x+2
yTde = x sin(x) dx - fyTﬂdy = [xsin(x) dx - y + In|y| = —x cos(x) + sin(x) + C.y(0) =

1->c=1-y+In|ly| = —xcos(x) + sin(x) + 1.
However, since y is a function, and the initial condition has a positive value for y, the absolute
value can be removed.

In(f(x)) =1n(3) + 4In(x® + 1) + In(arctan(x)) — %ln(x) = %ln(x2 +1) >
) = (B e L Y - ) = (R 20 (252) = 12va+

x3+1 arctan(x)(1+x2) 3x  x2+1

31V2n

Let f(x) = ——>xf(x) = —sof(x) = Y ox" = — = xf(x) = —In(1 —x) -
ln(l x)

flx) = ——

1 1 22 2 23 .
sin®(x) = E_ECOS(Zx) = 5_5(1 — X+ ) =g — gt e =R DT ((2 )')xzn
mo=pmymapmm—zmm=Pmkw“+2=&“~k—m2 100 = P(0)e " -
100 = P(0)245 — P(O) = 5. P(75) = 355+ 275 = 800
ay _ _ E __In(sec(5x)+tan(5x)) 1_7; _ 1 7,4
— = tan(5x).L = [ L 1+( ) dx = ,;sec(Sx)dx— - 3’1_0_101n[3+\/§]

fde = [(Inu)?du =u(lnuw)? —2ulnu+2u+C =
(Inx)(In(Inx))? — 2(Inx)(In(In x)) + 2 lnx +C
[eV*dx = [2uet du = 2e*(u — 1)]4=% = 2¢2

e Do L= [ () (1) w= [ Jer g
—-— = ——so = — -—= =
dt 2+t dx 2Vt 0 2Vt

We can calculate the y-coordinate of the centroid through the equation,

oy (2VT=y7) ay
Y= T

2
which can be evaluated by the u-substitution u = 1 — y? to give us,
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2 (! 2 boT4
z =23/ —
n_];) Vu du 3w =13
18. D At time t, the light will be at a height of y(x) = R(1 — cos(t)) and at a horizontal position of x(t) =

R(t - sin(t)). The distance traveled by the light is equal to the arc-length of this curve drawn out by where the

light has been. We can calculate this arc-length using the formula,

271 d
_ Yy
L= f dt) dt.

Differentiating and plugging in gives,

21
= Rf J(1 —cost)? +sin?t dt.
0
Expanding and the Pythagorean identity make this equal to,

2 2
R \/2—2costdt=Rf 2
0 0
19. B The osculating circle will have the same curvature as y = x*2 at (0,0). We can calculate this curvature as

= |y— =

and since the curvature of the circle is the reciprocal of its radius, we have that,

dt = 8R

sin—
2

II|

1 [1
r = » = > .
20. C Consider the Taylor series for tan™1(x),
x3 x> X7
X — ? + ? - 7 +

Replacing this into the expression gives,

3x°>

. 5
}cl—r;% 3x5

21. A We can find the centroid of a polar region by

<3x—x + = +O(x7)>—3x+x3

_1' 1 0 2 _1
=limz+ 0065 =5

) 3fﬁr3c059 do _ 3f'8r3sm9 do
x = y=
21 r2 2Pz ao

Here, since we have symmetry about the line y = x, we need only find one of these coordinates in order to
have uniquely identified the centroid. We can calculate the numerator as:

B /2 16
f r3cos@ df = f sin3(20) cos 8 df = —.
« 0 35

Then, we can get the denominator as,

B /2 T
f r?2df = f sin®(26) do = —.
a 0 4
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This means that

%ffﬁcosG de

_ 1 16 ) 4 128
X = = — 2 = —
1.8 , 3 35 n  105%
5 do
2 foc r
And therefore, the value of the radius in polar coordinates must be,
128v2
1057 °
E (n+1)(2x-1)n*1 2x1] -
lim n(:zii)n = x4 <1l- (— 5,—) since at the end points we diverge
n—->oo 2
A 1 . o .
L. Converges by the integral test. f3 —(1 B dn = 5 [1. Diverges by the limit comparison test
with ), \/—ﬁ . III. Converges with the comparison test with > n—lz IV. Diverges using the root test:
n
lim ("—H) = e. Thus, |, I1, IV converges.
n—-oo
B
Z—z = \/—de SA = f Zmlrz — x? /1 + dx = f 2nr dx = 2n(r? —r3). To find

the r that maximizes area: d— =0-2nQ2r — 3r2) = O -1 == Plugr back in to get: —.

A Wecan recognize the integrand is,

1 _ 2
sdr = -1+ tan"!(z)
Jo 1l+x '

Alternatively, we can integrate term by term and see the solution is,

o [_1};\.
Z‘ 2k +1

k=1

-~
0 4

'c'{l'ld knowing fhﬂf,

. . () ! J.li °
a (z)=r—— 4+ —+...
! 3

[sia )

we see that this is

tan (1) —1=|——1|

A The particles speed squared is equal to,
(3t? + 2t)% + (6t)°
which is non-negative and equal to 0 only when f = 0.
C u=@nx)*dv=1-du 4(‘“") dx,v = x [, (In()*dx = x(In)*|; — [} 4(nx)*dx.
Repeat again and again to eventually get

24x — 24xInx + 12x(Inx)? + 4x(In x)3 + x(In x)*|}
=24 —lim 24x — 24xInx + 12x(Inx)? + 4x(Inx)® + x(In x)*

x—0
2 3 4
=24 — lim 241nx + 12(Inx) _ 4(Inx) n (Inx) -
X—00 X X x x

With continuous use of L'Hospital it is apparent that lir% x (Inx)" where n is a finite number is 0.
xX—
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Final anser is thus 24.

28. C 2
The arc-length formula in polar is, [ [r2 + (Z—;) do = fOZ”J(z + 2co0s(6))? + (2sin0)2do =
22 [T+ cos0df = 2v2 [}" [2cos22df = 4 f;" |cos2|d6 = 16

29. D . L oo tan™'(n) \ _ . tan"1(1) tan~1(2) tan~'(n) T
Telescoping series: Yo, In (tan-l(n+1)) =Iln =5 +In ran=1(3) 4+:-+1In ppmevrer i | "
Intan™1(e0) = ln% - lng =—1In2

30. B Choose x-axis and y-axis as shown: 0 .
Fi = pgdlAl Now di = xi,Ai = 2BD - Ax. I T Y
ﬁ:\/ﬁ—@: 1—(h—xl)250 o

2
Whenx = h—1,sin8 = 1,9=;,whenx=h+1,0=—g

T

T T
Leth—x=sin(0),§SOS—,dxz—cos@ dé
T

4 = 21— (h - x)%Ax - ‘
F; = 10000x; - 2/1 — (h — x,)2Ax 5 Pt
h+1
SoF = f 20000x4/1 — (h — x)?%dx. !
h—1 \

2
SoF = L 20000(h — sin 6) cos? 6 d = 100007h

2

YX



