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B lime=e.
X—-T
2. C @-1? x-1?2 _x-1)?

fx)=e s —>f(x)———(x—1)e 8 —>f”(x)—__ 5+

2

(x—1)
11—6(x—1)2e_ g =0->(x—1)?2?=4->x—-1=4+2->x=-1,3. S010

3. C ;—x [sin (x3 +2x + g)] = cos (x3 +2x + g) (3x2 + 2) — the answer is 2 cos (g) =
1.

4. B Thisisan ellipse with foci at (0,3) and (4,0). So twice the distance from the center to
afocusis2c =v32+42=5-¢= ; Further, for this ellipse, the sum of the

distances from the foci to the curve is 10 » (a — ¢) + (a +c¢)=2a=10->a=5

is the length of the major axis. Since ¢ = va? — b? S2=25-_p25p= iWe

2571'\/_
2

have the minor axis as well, so the area is mab = w(5) (—) =

5 A 3 2. _ 23 _ 2 _ _ ; _ 3x%-2xy
y3 +x%y —x34+3=0-3y%y’ + 2xy + x%y’ — 3x? 0—>y—3y2+x2—
12-4 g
3+4

6. B y= x(zx)y - ln(y) = (2x)¥ In(x) - ln(ln(y)) = In(In(x)) + y In(2x) -

2
1 ' m x _yln()  1+ylnk)
yln(J/)y xIn ( ) +In(2x) y* + s yln(y)—ln(Zx) "~ xIn(x) 1-yIn(y)In(2x)’

7. D Ingeneral, Acos(0) + B sin(8) has an amplitude VA2 + BZ. So the amplitude is 13,
which makes the difference from maximum to minimum 26.

1 1 1
8. B Letu=In(n(nk))) - du = mln o

0 dx 1 1% 1
fee xIn(x) In(In(x)) In(In(In(x)))2024 f u2024 du = [_ 2023 u2023]1 2023
9. C Jy 24f(x)d =— f_24f(x)dx = fo f(x)dx = 10 since the function is odd. So

f_Z:Of(x)dx =6= f_zgof(x)dx + f2204f(x)dx =0+ f;:f(x)dx = f2204f(x)dx
again since the function is odd. Therefore fozof(x)dx = f024f(x)dx -
f2204f(x)dx =10—-6 = 4.

10. A y=ax(a—x)=a?*x—ax? >y =a?—2ax > m = a? — 4a. So the equation
of the line is y — 2a? + 4a = (a? — 4a)(x — 2) - The y-intercept is y, = —2a? +

8a+2a%—4a =4a -2 = 4% - 12
dat dt

11. A letu=v1-¥x>1-ud3=Yxr->1-3ud+3ul - u=x—>dx =
(—9uz+18u5—9ug)du—>f13 —i/_dxzflo(—9u3+18u6—9u9)du=

[gu4 - Eu7 + iulo] 9+35-18+20+9+«14 _ 81
* ¢ 10 0 140 140"
12 D cot(20) = E=T= i - cos(20) = = =1 - 2sin?(@) - sin?() = — - >

12
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13.

14.

15.

16.

17.

18.

19.

20.

For a tangent line to go through the origin, 2ax, = axf“’ - Xy = \/é. The slope is
0

therefore Za\/: = 2vab. The area is thus f‘/_ ax? + b — 2Vabx dx =

[x+bx—\/_x]\f ab\/—+b\/7 \/_b a.

3a

m=— [2 cosh (g)]xﬂn “ = sinh (1n(4)) en—ea) 27_% = %. The line going

2

though (0,2) with slope -3 Zis y= _gx + 2. Its intercepts are (0,2) and G 0).
The distance between these points is E +4= g
P(5) = P(1,4) + P(2,3) + P(3.2) + P(4,1) = :—6 = % P(10) = P(4,6) +

P(5,5) + P(6,4) = % = 1—12 So in order for Romir to win, he must roll a 5 on the
first, or not a 5, then Sydney not a 10, then he rolls a 5, etc. So the desired

probaviiyis P = (5) + (5) (5) () + (5)” () (5) + =32 (55) =

Ly (22)"_1 1127 _3
9 k=0 27 22 — .

91—— 9 5 T s

fx+20h fx+20h x—24h

lim J.x+zoh 1O 40— lim fdt+f; ,,, FOdt T i (Ol 5
h—0"X~24h h h—>0 h h—0 h

x+20h x—24h
2 pae-fy " rar _ 44 ([ F(O)dt] = 44f ().

4 Jim =
Let VV be the event that a person is vaccmated, and let H be the event that a person is
hospitalized. Then P(V) = 0.9 and P(V|H) = 0.6. Letx = P(H|V), so that

U — , _ pwv)P(H|V)
P(H|~V) = Kx. Then by Bayes’ Law, P(V|H) = PPV +P VP (H<T) -
06=—"—=—" 554+06K=9->K=22=6.

0.9x+0.1Kx 9+K
Let r be the radius of the marble. The amount of water needed will be the volume of

the cylinder filled to a height of 2 minus the volume of the sphere, so V =

242 (2r) — grrr3 SV =2m(24)? —4nr? =0 > 1?2 = %(24)2 Sr=12V2.

Let k > 2 be the number of consecutive odd integers. Then an integer N that can be
expressed thisway if N = 2n+ 1)+ 2n+3) + -+ (2n+ 2k —1) = 2nk +
Yk (2i—1)=2nk+2—= k(k+1) — k = 2nk + k? = k(2n + k). Therefore, when N
is even, either k is even — 2n + kiseven OR 2n + k iseven — k iseven. Thus, N
must be a multiple of four if it is even, and 2022 does NOT have this property. Note

that if N is odd it must be composite, but none of these numbers are prime so
everything else works.

P(1x| <v3) =P(—V3 <X <V3)=P(—V/3 <3tan(d) <V3) =
P (arctan (— g) < @ < arctan (\/3—5)) =p (__ <0< ) i‘(‘%) 1

=

f@©de
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21. D
22. B
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26. D
27. C
28. B

Let X be the amount of time it takes Tiger to escape. Then E[X] =

E[X|Door 1]P(Door 1) + E[X|Door 2]P(Door 2) + E[X|Door 3]P(Door 3) =
2(20) +3 (24 + E[X]) + (48 + E[X]) - E[X] = 2222 4 2E[X] > E[X] =
92.

V=2 foooxe_xzdx =2n foooge_“du = n[—e U2 = 7.

V= nfooo(e‘xz)zdx =n[ e dx= nfooo%e‘“zdu ==

First consider I, = fooo xZ"e=**dx. Note that I, = g based on the information from
the previous question. Then using integration by parts, I,, = fooo x2ne=*’ dyx =

1 217 o 1 .2 0 )
[ x2n+1e X ] _ x2n+1(_2x)e X dx = f x2n+28 X dx =
2n+1 0 0 2n+1 2n+1-0

2 2n-1 2n(2n-1) 2n(2n-1)(2n-2)(2n-3)
—1 >, =—1_,-1I, = L= L,_,=
2n+1 n+1 n 2 n—-1 n an n—-1 42n(n-1) n—-2

_ (Zn)!I (2n)! \/_ Thus: f e —x2 COS(\/EX) dx =

qnp 07 gnp o

® _x2 oo (- 1) (\/—x) e} (_1)n(\/§) © 2n —x? — 1)n2n —
fo e Y e dx _ano—(Zn)! fo dx = Y- 0 2! L, =
g0 ("2 )T V_Z 2 _ [=

n=0 (on) 4nnl 2 n=0 5 7\ 4e

If H, is the event that the first n flips are heads, then we want P(H,<|H,,) =

P(Hz5NHp4) _ P(Hgs) _ \'2023 . N
b Py In general, P(H,,) = {25 P(H,|Coin i)P(Coin i) =

2023 ;’n;A, i 1N _long, 1 P(Hzs) _

=0 (2023) (2024) = N—I>I;>loz ( ) ( ) - f x"dx = n+1’ So P(Hpy)
fxX) =Y ganx™ =24 3x+ Yo, ax —2+3x+2n 00Ln+2x”+2—2+
3% + Xn-o(@n+1 — an)xn+2 =2+43x+ X5l oAne1 XV = X0 apx" T2 =2 4
3x + X Yo Qa1 X" —x2 Y8 pax™ =2+ 3x +x(f(x) —2) —x*f(x) =2 +

25

26

&=

N
wu

2+
x+fO)x-—x?) > f)A—x+x*)=2+x-f(x) = 1_xfx2
1i xIn|x—4| — i In|x—4| _ —and lim xIn|x—4|
x—o0 |x]|In|x2-16]| x—o0 In|x—4|+1In|x+4| 2 xo—oo |x|In|x2—16]
. In|x—4 1
lim ——2=* _ _ _ 1 55 there are two horizontal asymptotes. Note that
x——00 In|x—4|+In|x+4| 2
. In|x—4 . In|x—4 1 . .
lim —onetl + =t 4 1 o this is not a vertical asymptote, and
x—0* |x|In|x2-16| x—0* — In[x2-16| 2
1
1 -4 . 1 —4 . Y2 1
_xlnlx—d] + 2 i I fim—ay =
x—+4 |x|In|x?-16]  x—>+4 7 In|x*-16] x->+4 x—4+x+4 x—4 14—

x+4-

1& lim — &";il = 0 so these are not vertical asymptotes. However, there will be

xX-—4

X—4

vertical asymptotes when In|x? — 16| = 0 » x?2 — 16 = +1 - x = +V15, +V/17.
So, the total is 6,

, x3 . k k3 k k
From Taylor’s Theorem, x — — < sm(x) <x->—5——=< sm( ) <—-
n 6no n?

221 ( : 6n6) = Zk 1 Sm( ) = Z n(n+1) - )’ < Zk 1 sin ( k)

2n2 24n6

IA
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n(n+1)

Since the lower and upper bounds both limit to %2, by the Squeeze Theorem

o) does the desired limit. sin(8) = E -0 = g-

29. D 1 1 _ 1 1 xP _ 11 X b X _u
i e = I am e dx = ; x—z(a) dr. Letu= 7 —~x=20=

X u+1 b 1 _

_E_)dx (u 1)2du Thenf (_x) dx_f ( ) W) (u+1)2 -

1au—)00

co 1 u
J; uz_bdu=f1 quz[l_a]uﬂ. Sincea>hbh—->2a>a+b=2-a>1,

[ul—a]u—>00 _ O _ L 1

1-aly—4 1-a a1

3. C . (1+ ) —2ax ( ) — p(20)(24) — 480
X—>—00



