Relay Test — Answers and Solutions 2019 MA® National Convention

Question 0

A: 2x+5=11,s0x = 3. [A = 3]

T T 1 1
B: coOSs—=cos—=-. |B=-
A 3 2 2

¢ f=8x+3 f(3)=8(5)+3=7.[C=7

Question 1

1

1 1 5
A: (log, 16)(logss 7) + (l0gs 1331)(logy, 625) = 4 () + (o) (FE5)
=2+ 20 (L5 9 4 3(4) = 14,

log5 \log11

B: y=x%—14x — 72 = (x — 18)(x + 4). Zeros are 18 and —4, so the positive

difference of the zeros is 18 — (—4) = 22.

. _i 3 l 2 = x' :l 2 l l
C: x(t)—lzt +41t +int. v(t) = x'(t) PR 2 e
a(t) =v'(t) = St+s— 1/t2.
a(22) =22 41— —=11+--—=114+2_ =112
2 2 22 2 484 484 484 484
C=1122 o =2
484 484




Question 2

A:

y2—20x —4y +304=0-> y?—4y+4=20x—304+4.
So, (y — 2)? = 20(x — 15). The vertex s at (15, 2). The parabola opens to the right,
and the distance from the vertex to the focus is 24—0 = 5, so the focus is at

(15+5,2) = (20,2).2p + 5 = 2(20) + 5(2) = 40 + 10 = 50.

The centeris (1,50) and the major axis is 2a = 50, so a = 25. The area of the ellipse is
abm = 25bm = 100m, so b = 4. The coordinates of the endpoints of the minor axis are

(1,50 + 4),sor =50 —4 =46ands = 50 + 4 = 54,
The side of the square cross-section is x + k, so the area of the cross-section is
(x + k)? = x? + 2kx + k2. The volume of the solid is found by

k. 2 2 I E 2 2 k_k3 3 3 _
f +2kx+k)dx—[—+kx +k x] =X 1 k3+ k3 =54,
3 0 3

So,2k3 =54, and k3 =2 |c =2
3 7 7

Question 3

A:

123, =1(61) +2(6°) +3(6 ) =6+ 2 + % = % A= % or 85

k 2

’I_f’ and XT = 13

=1 k]' So, the

k-6 k-6
row-2 column-2 entry of X71XT is — ﬁ 3) + ﬁ (k) = %

So,s2 =Y ,2k—-18=17k—102 > 84 =15k » k=22=2 28
k—6 2 15 5

. |B=—
5

3 5 . N ... 28 _ 8 32
Integrate to gety = % - x? + K. Using the initial condition, <~ =373 + K.
So, K =25—8—§+%=—84_40+% =2=-2% Whenx=1,
28 5-3+1 142 142

15 15 3
1 1
y=-—a4Z= =2 lc=2
3 5 3 15 15 15




Question 4

d ! ! o .

A: E(f(g(x))) =f (g(x))g (x), so at x = 3 thisis
f'(9(3))g'(3) = f'(2)g'(3) = 8(6) = 48.
d? a ’ " / l
ﬁ(xz gx)) = E(xz g’ () +2x g(x)) = x2g" (x) + 2xg' (x) + 2xg'(x) + 2g(x).
At x = 3 thisis 9(4) + 2(3)(6) + 2(3)(6) + 2(2) = 36 + 36 + 36 + 4 = 112.
The sum of these valuesis 112 + 48 = 160. |4 = 160

B: [1160]] = 160 = 32(5) = 25(5). The total number of positive integer factors is
G+DA+1)=6() =12

G 1+iV3=2cis(3), sothisis 2'%cis () = 212 = 4096. |4096]| = 4096.
The sum of the digitsis4 + 0 +9 + 6 = 19.

Question 5

2

A: fH=1+1=2. f'(x) =2x+ gx_i ,sof'(1) =2 +§ = g Equation of the tangent
lineisy — 2 = %(x —1)->y= gx —%. If 66 = x2 + /x, then by inspection x = 8. On
the tangent line, when x =8,y = %(8) —§ = 53—5 A= 53—5

B: The polygon has [53—51 = 18 sides, so there are 18 interior angles with measures of k,
k+1,k+2,..,k+17. So,k+k+1+k+2+--+k+ 17 = 360. Thisis
18k +§(o +17) = 360, so 18k + 153 = 360. k = %=§ B =22—3 or 11.5

C: The x —intercepts will occur at multiples ofz—: , Which for the interval given is at

2T 4T 44

x=0—,—,..,— ,2m. There are 24 x —intercepts. |C = 24
23’23 23



Question 6

. _ 20, 1 _ 1.5 MR 1w
A: This area is fo (2 x —W) dx = [Zx S Xx“ —arcsin x]o =1 s
_7_ 1o phpg=l lozt 1[0
8 6 8 6 24 24 24
B: This can be written as — = A, so % = E. 2 - E, SsOXx = @. The sum of the
1+A 14 247 41 24 576
numerator and denominator is 697 + 576 = 1273. |B = 1273
. _ _ . (13w (1273 \ _ V3 | V3 _ _
C: k—1+2+7+3—13.sm(3)+sm( 3 )—2+2—\/§.
Question 7
A: Separate into lim 37x+ lim %+ lim Zsicnx =3+0+0=3.
X—00 X—00 X—00
B: Approximating ff(x In x)dx using a right Riemann sum with two equal subintervals
gives1(2In2+3In3) =In4+1n27 =1n108. |[B = 108
CC s=14+0+8=9.108=—,50108—108r =9,s0r =—=—. [C ==
1-r 108 12 12




Question 8

A: v-w=2(7)+ (-5)(—-6) +4(—9) =14+ 30 — 36 = 8.
i j k
VXW= 2 -5 4
-6 -9
=i((- 5)( 9 — (=6)(4)) —j(2(=9) = 7(9)) + k(2(=6) — 7(-5))
= 69i + 46j + 23k. Final answer is 8 + 69 — 46 — 23 = 8. [A = 8]
8\/_ 0
B: f(x) = 8\/— Average rate of change on [0, 8] is = /8.
ffx)=-== So— V8- 4= \/_c—>16=80—> c=2.[B=2]
2\/2 \/E
C: Looking for the first 3 terms of (2x — 1)°, which are
(8) (2%)° + (i) (2%)5(=1) + (g) (2x)*(=1)? = 64x° — 6(32)x° + 15(16)x*.
This is 64x% — 192x° + 240x*. Sum of these coefficients is 64 — 192 + 240 = 112.
C =112
Question 9
. . (6 282 (2 4 4 4
A: The constant term of the expansion is (2) (x%) (;) = 15(2%) = 2*(3)(5). The
number of positive integer factors of this term is
4+1DA+ DI +1)=5(2)(2) = 20.
B: The particle changes direction at t = i =2andt===4. v(t) =t?>— 6t +8.
f v(t)dt = [— —3t? + 8t] =-—12+ 16 = —, so the particle has travelled 29 units
fromt=0tot = 2.
f v(t)dt = [— —3t? + 8t] =——48+32—-—= —%, so the particle has travelled
another; unitsfromt = 2tot = 4. Thisis a total of23—0 +§ = ? = 8 units travelled in
the first 4 seconds.
f v(t)dt = [— —3t% + 8t] = is — 75+ 40 — (?4 — 48 + 32) = g, so the particle
travelled another; units from t = 4 until t = 5. The total distance travelled is
g+-==. =2
3 3
28 28 . (k—?) 3k-28 3k-28 28 .
C: Slope between (1,?) and (?,k) is 5—1 = So, = = 3 making

9k — 84 = 700 » 9k = 784 — k = 724.02%




