Answers
Mu Alpha Theta Limits and Derivatives
2006 National Convention Mu Division

1)E(2-7°/4)

18) E (f'(x) =0 and concave up)

24)E (7 /2)
25) A
26) C
27) B
28) A
29) A
30) D



Solutions
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1)E. f'(x)=2xsinx+x’cosx = f"(x)=2sinx+2xcosx+2xcosx —x”sinx =
2

Vs Vs
"(=)=2——.
fr)=2-7
e . +1 3
2) B. Using L’Hopital’s rule, the expression becomes = —.
2x+3 5
3) D. The velocity is given by x'(t) = 4> — 2t = x'(2) = 28, thus it moves to the right at 28 umts
sec

4) D. Plugging O into the expression gives
f'(x)=2xsinx+x" cosx = f"(x)=2sinx+2xcosx+2xcosx—x"sinx. L’Hoptial’s rule is used

3
twice and the expression becomes M = — -2 =2.
—CosX -1
5) E. Since no limit exists for the function as 1 is approached from the positive side, no limit exists.
dy dy(dtj , d%y d(dyj(dtj ) 5
6)D. —=— — |=21)(H)=2t". —-= 41)(t)=4t" = 4(2)" =16.
) dx  dt \dx (0(®) dx*  dt\dx )\ dx S )
7) B. The limit is =1 only when the term in the numerator with the highest exponent is 4. This only occurs
when A =2or A =-2, thus the sum of all possible values of A is 0.
8) A. f'(x)=2xsin(x)In(x)+x” cos(x)In(x) +x* sin(x)In(x) = f'(z)=-x"Inx
9) D. Between every root of f(x)there is one point where f'(x)=0, thus A =n—1. Between every root of
f'(x), there is one point where f"(x)=0,thus B=n—-2.S0 A+B=2n-3.

10)B dy _—0x _cos(x)-y

Cdx dy x+3yt
1yc. f(x)=log 9=2 = fi(x ——ln9[ ]: File)=—112

Inx nx) e
()L SE)f'(x)

12) . g(x)—zm(zf(x)f( )= m
13) B. f(?JrO.l)zf(?)Jrf'(?)(O.l):% +2(. 1)=§+02
14) C. Using substitution, if u :% , then the limit becomes lui_r){.}((1+%)”)i = e% =A-B=-1.

15) A. f'(x)=3x> —18x +24 = 2(x — 4)(x —2) . Thus the two relative extrema occur at 2 and 4. Since,
f"(x)is negative at 2, this is the relative maximum.

16) D. Plugging in h directly gives % Using L’Hoptial’s rule, the expression becomes 2f'(x+21)+2f'(x~2h)

When h1=0 itbecomes 4f'(x). f'(x)=2mcos(2rx)=4f'(0)=8x. 1

17)E. yzrsin&zsinZQ:%:sinZH x=rcos€=sin9cos€:%=cos29

d—y:d—y(ﬁj:tanZH:tan 2{2} =1
dx do\dx 8
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18) E. Using the product rule of derivatives, it can be seen that f'(x) =0, thus NOTA is the correct choice.
d z d
19) B. a__Y = & _

. i -1 .
. Integrating both sides gives — = arctan(x)+ C . Using the fact that

dx  x2*+1 y K+l y
4 © & -1 =z -3
f(l)=—=,==="+C=C=0.Therefore —=—=y=—.
T 4 4 y 3 T

20) C. If the polynomial is written in the form Ax® + Bx>+Cx+D, then D=2, 3A+2B+C =13,
12A+2B=18,and 6A=6.S0 A=1, B=3,C=4,and D=2.Thus f(1)=

21) B. i[arc sec(x’

2
dx \/x — xxlx4—1 '

22) A If G'(11) = sin(u) = j sin(u)du =G(x*) - G(x) =
f'(x) =2xG'(x*) - G'(x) = 2xsinx —sin/x .

3x° —3x*—4x-3

23)B. f(x)= > =3x" +3x+2+ 5" The third derivative of the first three terms is 0.
X— X—
The third derivative of the last term is the only one that matters. Thus
-6 -6
") = = f"3=—=-6.

n 1
24) E. The expression can rearranged to liml-z 1 = '[ 1
0

-0 31 = N2
o)
n

25) B. Using substitution, if i = l , the limit becomes lim In([l+ 1} )=Ine=1.
u

u Uu—oo

= = arcsin(1) —arcsin(0) = z.

26) C. The sum can be rewritten as the integral Isin(ﬁx)dx _ Zcos(r) + cos0) _2 .
V4

v VA

1 N i j‘xdx 1
27) B. The limit can be rewritten as lime" =" = e* =¢2.

28) A. Using the first theorom of Pappus, the surface area can be found to equal 7* (r02 —1? ) . Thus
dr,
9 _ o

dt dt
29) A. The water filling the cone forms a cone that has a height twice the length of its radius. Thus

zh® AV ah? dh dh | 4 8
h=2ro>V=—r—=o5—=
12 dt 4 dt dt 97[ 97[

30) D. The limit can be rewritten as lim— Z f J- VJ1—x%dx. This integral is equal to a quarter of

n—ew 4

-2 S = 7 (25)2) - 2(4)(2) = 47

the area of a unit circle, thus the answer is Z



