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SOLUTIONS

1)

(@) y=44x—24 (b)  y=440x — 420

(c)  y=440x — 440 (d)  y=440x — 460 (e) NOTA
SOLUTION
%(ZOxZZ)]Fl = 440(1)%' =440 > y — 20 = 440(x — 1) > y = 440x — 420.
(2)

(@ 10 by =

© 1 d = () NOTA
SOLUTION

xB=Ax?—-A+1-5xB-1=AK*-1)>x=1. Fur‘Ther',23x22=2Axa‘rx=1—>A=?.

[D]

(3)

(a) 2a3 —-2a’ +C (b) 2a”’-2a3+C

(c) a?—a’ +C (d a’—-a*+cC (e) NOTA
SOLUTION

M = -2 da - [ a5(7a* - 3) (- %) da = [ —14a® + 6a® da = 2a° — 2a” + C.
(4)

@ 3 (b) =

© = (d) 2= (e) NOTA

SOLUTION
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Whenx>2,y=1—-(x—-3)2. When0<x<2,y=,1—-(x—1)2. When-2<x<0,y=
J1—(x+1)2 Whenx< -2,y =,1-(x+3)2. These are four semicircles of radius one,
so the total area is 27, [D]

(5)
(@) —360 (b) 360
© 35 & = (&) NOTA
SOLUTION
%(Zoez")] e 40e21"() = 40¢!"® = 40(9) = 360. So the normal slope is —%.
xX=In
(6)
931013 931012
(G) (108—-98)2 (b) W
4 13 94 12
(C) (19081—098)2 (d) (1081_098)2 (e) NOTA
SOLUTION

G @O B+ @R @) (T - ) -

190_4(1016) _ 931012
(108_98)2 - (108_98)2'

(7)
(@) —2022 (b) —1011
(c) 1011 d) 2022 (e) NOTA
SOLUTION
fommdx. Letx == —>dx =— > T2 1() ( dlz‘)=_f0°°%du. If
u M 12022\ u 2022+u+2022u

the integral is the negative of itself, it must be zero.
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(8)

(@  ["VeZ+901de (b) ["VE+30d6

©  [°"V606 +2ds d) [*"VeZ+600+901d6  (e) NOTA
SOLUTION

r=30whend =0andr > r+2mas 0 » 0 + 2n. Therefore r(0) = 0 + 30. Therefore the
arc length is " Vr2 +12dg = [7°" V62 + 606 + 901 d6. [D]

(9)

(@) 125 (b) 250

(c) 500 (d) 1000 (e) NOTA
SOLUTION

Let (xo,0) be the point the Flash is at. Then D? = (x — x,)? + (\/})z =(x—x0)%+x>

2DD'=0=2(x—x9)+1->x=x, —%—> D= \/i+x0 —%= \/XO —%will be the distance from
daD 2xo 1000
the curve to the Flash’s location. Therefore — = —f— = 7 = 250.

2 xO—% 2

(10)
(@ e ()  5i(3)
(© i @ 3n() () NOTA
SOLUTION

% = k(T —Ty) > In(T — Ty) = kt + C > T(t) = Ce** + T,. The ambient room temperature

T, = 40 so T(t) = Ce** + 40. Cap starts at -20 so T(0) = —20 = C + 40 —» C = —60. Finally
after three hours Cap has warmed 10 to -10. That means —10 = 40 — 60e3* - k = éln (Z)

In(X
Therefore Cap will reach 37 when 37 = 40 — 60e*t - kt = In (%) ->t= 11:1(12(%)) = migffgs)-
3 6.



Mu Alpha Theta Nationals 2022 Washington DC
Mu Comic Sans Answers and Solutions

(11)

(a) (e2922 — 1)In (2022) (b) 2022

(o) In (2022) (d) e?022-1 (e) NOTA
SOLUTION

- 2022x

Let f(x) = (1 + T)x Therefore f(2022x) = (1 + i) . Now, in general %;—bf(ab) =
a _1d o f(2022x)—f(x) % 20221 d _
2y f(@b) = 3o f(ab). So Jo =————dx=[; J| T fOx)dydx =

x dy
oo 20221 d 2022 po1 d . . 2022 d
I 12 2 f ey dx = 1% [ <2 f (o) dy = (lim £() = lim £(0)) 72 =
(2922 — 1)In (2022).
(12)
35 325
@ - b -
3 3

(0 -= 0 - (e NOTA
SOLUTION
By similar triangles we know that g = % =4->h=4r-> % = 4%&V = %m‘zh = %nr3.
Therefore % = 4nr? %. The initial volume is V = %n(SOZ)(ZOO) = 500200” so half that will be
250000m _ 4 3 o3 a _ spEdr _dr 1 dn_ 1 35

3 3 —>r—5\/§—>dt— 7T_Zon\/ﬁdt_)dt_ 203\/2_5_)dt_ 5325 25'

(13)

@ = b) I

(c) g (d) % (e) NOTA
SOLUTION
lim Y% = lim Y} 11 = fl dx _ [arctan ()]} =2
nooo k=1 k2402 n—oo k=1n(5)2+1 0 x2+1 s 4
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(14)
@ =
() e

SOLUTION
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(b)
(d)

The area of R is given by [* =

[lnzb) b_x]o -

(15)
@ 7
© =

SOLUTION

© x o xe ¥
o wmdx =1y

e = Zn=1ﬁ ==
(16)
@ = (b)
() 69 (d)
SOLUTION
S| =iy
(17)
(a) 3x2 sin(x%®) — 2x sin(x**)
()  sin(x%%) —sin(x**%)

(e) NOTA

Q|-

(e)

(e)

Washington DC

NOTA

] = 1. Therefore we need % = f0°° b™*dx =

(x+ 1)2 x+11g

5o =—2-b=2

NOTA

P = [y B o = B [ et = B [ e

Clearly f(1) = 22 S0 ————

4-4-)

(e)

NOTA

1
~ 60(14)-9(12)+10(1) _ 61"

2x sin(x**) — 3x? sin(x

— sin(x

66)
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SOLUTION

2
;—xf; sin(t??) dt = 2x sin(x**) — 3x? sin(x%°). [D]

(18)

(@) 20 (b) 22

(c) 24 (d) 26 (e) NOTA
SOLUTION

D'V +M'(2)=L(RMW)R (M) +L(R2)+L2R(2)=LB) x4+ (-1)(2) + (1)(6) = (5)(4) +
4 =24,

(19)

(@ 6 (b) 7

() 8 d 9 (e) NOTA
SOLUTION

f_olzf(x)dx =6- folzf(x)dx = —6 since f(x) is odd. Now f_262f(x)dx — 7% = f_66f(x)dx +
[ fedx = [ f(x)dx. Finally [, fG)dx =10 = [ f(x)dx + [, f(x)dx = [ f(x)dx.
So [* f)dx = =10. Thus [ f(x)dx = [ fFO)dx + [J° f(x)dx — [, f(x)dx = 22 — 6 —
10 = 6.

(20)

(@) 4140 (b) 2025

(c) 2205 d) 270 (e) NOTA
SOLUTION

Let x be the height of the mouse from the ground. Then, to move a small height dx will result in an
amount of work dW = 4dx + 2xdx - W = f045(4 + 2x)dx = [4x + x2]§> = 180 + 2025 = 2205.
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(21)

(@)  log,(11) (b)  logz2(2)

()  log,(22) (d)  logy(2) (e) NOTA
SOLUTION
A=22e" > 1=22e% >k =-In(22) > = e "% @ = ~In@22) ST 1:1((222)) =
10g22(2).
(22)

(a) 0 (b) e?

(c) e*t (d) 23 (e) NOTA
SOLUTION

ex_eZS d
m = —[e*]y=23 = e,

li
x—23 x-23 dx

(23)
1 1
(G) 20221 (b) Jo18!
(c) ﬁ (d) ﬁ (e) NOTA
SOLUTION

xteX’ = x*y® )y 2 The 2022 derivative at x=0 will be the coefficient of
- n=0 g T Am=0 gy -

x2922 5 2022 = 2n+ 4 > n = 1009 - The answer is 10109" D]

(24)

@ = by =

49 94

€ -= @ -2 (e) NOTA

49 94

SOLUTION
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4.3 2 _ 3..3.,/ 4.2 _ r_ r_ —3y*x?-2x ’ =
Yix® +x°—14y =22 > 4y°x°y' + 3y*x*+2x —14y' = 0>y = oo as Y 31 =
-3(9)-2(3) _ 33
4(27)-14 94’

(25)
(a) 1 (b) x1011
()  vaxion (d) Sx%022 (e) NOTA
SOLUTION
d 20227 _ 4 r.20227 _ 2021 9% _ 2021 _ , du

/ [x2044] = ™ [x%944] = 2022x il 2022x =u— -

dl d [x2022]
d d %2022

=) )

x2022 — %uz - u = /21011,
(26)

(@ 2+In (g) (b) 6—In(2)

() 2+1In (g) (d)  4+In(3) (e) NOTA
SOLUTION

8/22+1+22x _ _u?-1 _u 8/22V1+22x , 3 2u? o
f3/22 —dx>u=VI+22x>x=——->dx —Edu—>f3/22 ——dx = S, = du=
f232 + u22—1 du = f232 +ﬁ— ﬁdu =[2u+Influ—1|—Injlu+1]]13 =6+1n(2) —In(4) — 4 —

In(1) + In(3) = 2+ In (3).

(27)

@ b))

© d) — (e) NOTA
SOLUTION
Uesm s A e & e D
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(28)
160
(a) =5
(c) 120
SOLUTION

foz 20V2xdx = 202 Ex%]z =202 (E) (2\/5) _ 160

3"

(b)  4.69

d) 460

(b) 1

(d 3

(29)
(@) 470
(o) 4.65
SOLUTION
V22 ~ V25 -3 (55z) = 5 — = = 470,
(30)
(a) 0
(c) 2
SOLUTION

Washington DC

(e) NOTA
(e) NOTA
(e) NOTA

Divergent since the tferms
do not limit to zero

Conditionally Convergent via
alternating series fest.

Absolutely convergent
(Taylor series for e”x)

Absolutely convergent via
Sterling's approximation &
the ratio test.

Absolutely convergent via
the root fest

Diverges via Raabe's test

. 2022 q
Since tan(9) = e diverges

Convergent via the ratio

Diverges since there is a

via the p-test test term dividing by zero
Conditionally convergent via | Absolutely convergent via NA
alternating series, and the the p-test.

integral test diverges when
negatives are removed.

4-3=1.




