Alpha Logs and Exponents Solutions 2019 MA® National Convention

1) B-log;3x=3->33=27->3x=27->x=0.

n
2) C-lim (1 + %) is one of the definitions of e.

n—-oo

3) A—e® =cos@ +isinb

4) A — The PageRank Score works on a logarithmic (base 10) scale. Therefore, a difference
of k in the PageRank between two pages means the page with the higher score receives
10 times more visits than the other page. Thus, in this case, the difference of 3k in
PageRank means legendsonly.com receives 103 = 1000 times more visits than

penguinsonly.com. So, the answer is 16500 X 1000 = 16,500,000.

5) B—\/1406—\/1406—\/1406...=x - V1406 —x = x - 1406 — x = x*> - x> +

x — 1406 — (x + 38)(x — 37) »The answer must be positive, so x = 37.

.. log2+log4+log6+log8+log12+log2
6) D — Convert all the logs to base 10, giving: 021071 00t 0 0g 2V 082 —

log48
log110,592
log48 -
2 1 3,5
x“(y2)°z
7) D-—F——7=~= x7y2
x~5yZ (z10)2
2 3 2
8) C—[2 3 1|=6-loggb=x->x=2
4 9 1

9) B — The x-coordinate of the maximum is found with the formula % given quadratic
. 2 -b -9 . 49
equation ax“ + bx + c. So, Py Plug it into v(t) to get 5
10) B — v(t) factors as —(2t — 1)(t — 4), so its roots are % and 4. She reaches maximum

velocity at t = %, so she has been running for % ,or 1.75, seconds.
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11) E — Make the substitution log x = y. Equation now is —17y + y? + 74 = 2 -» y% —
17y +72->(y—8)(y—9) >y =8,9 > logx = 108 logx = 10° -» 10° + 108 =
1100000000.

12) B — By inspection, the solutions to the equation should be in the form 4001%, where a is

any value. Plugging in 4001 for x, you get Y4001 £ 4001%° = 40018¢ - 4001% 3=
40018% - a? + % =8a > a?—8a+ % = 0. The variable a can take on multiple values,

and the product of the solutions to this equation will be the sum of the values a as a
power of 4001, so the answer is 40018,

13) B - log,(logs(log;(logys €))) = 13 — logs(log;(log,s C)) = 213 -

213

log,(log;s €))) = 32™° - log,s € = 73% = € = 157" . Since the prime

factorization of 15 = 3 * 5, the answer is 2.

—ix e1x+e—1x

,cos(x) =

14) A —sin(2x) = 2 sin(x) cos(x) — sin(x) = elx;f in Euler’s form.

X_g=ix  gixyp—ix e2ix_p—2ix

Therefore, sin(2x) = 2 * e —— * = .
21 2 21

15) A - The only real solutions are 2 and 4 (this can be seen graphically), so the sum of the

solutions is 6.

log625 log243 log14641 log16807 _ log625 log243 log14641 log16807

16)B - log1l  log7 log5s log3 ~ log5 log3 log 11 log7 =4-5:-4-5 =
400.
17)C-11m‘/—f hmmzlim 1__L_8B

%3 x-3  x53 (@-3)(AH3)  x-3(Vx+V3)  2V3 6

IS)E -f(x) _ JCOSZ(x)—sinZ(x) :\/ cos(2x) . . 3w JZ;TE

1-tan2(x) 1—tan2(x) Plugging in Y for x, we get
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19) D—For f(x) to be defined, we should have —1 < logz(xz—z) <1l- % <—<2 -
1<x?*<4-[-21]u[12]
20) A-The range of the function is just the range of sin™! x, which is [_7", %].
21)C —Letlog, a =logz b =loggc =log,(a+b+c)=x->2*=a,3*=b,6" =
o7 =a+b+c-25+3* 465 =7 > O+ +D¥=1-x=2->

1
10g4'9'36 6 — Z

1

22) C-The domain of
log(1—x)

is (-o0, 0) or (0,1) and the domain of Vx + 2 is [-2, ). The

intersection of these is [-2,0) U (0,1).

log(x-3) _ log(79x-1 ) N

23)B - logs(x — 5) — log,;(79x — 185) » === 3log

3log(x—3)-log(79x—185)

—-3)3
3log3

79x-185

— 3log(x —3) —log(79x — 185) = 0 -

15x%2 —4x + 60 =0 - (x — 2)(x + 2)(x — 15) » x = 15. X cannot equal 2 or -2
because then the log(x-3) will be undefined.

24) B — The hypotenuse of the triangle is e*, and the side opposite the angle is2 In x. Thus,

the side adjacent to the angle is\/ e2* — 4(In x)?. The tangent of an angle is opposite over

2Inx

Je?*—4(lnx)2 ’

adjacent, so you get

25)A -y =2%>"D - x2 _ x —]og, y = 0. Using the quadratic formula, you get

J1F4 /
TEylta o8y 1+24 ngy.f(x)z1,sox=§(1+,/1+410g2y)—>f_1(x):§(1+ 1+ 4log, y).

26)D - f(x) =log(x + Vx2 + 1). f(—x) =log(—x + Vx2 + 1) = log—:fj%l =

—log(x +VxZ + 1) = —f(x) = f(—x) = —f(x), so, the function is odd.
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27)E — Plugging in % for f'(x) gives us -1. So, using point-slope form for the equation of the

line,wegety—l=—1(x—§)—>y=—x+1+§—>y-interceptisl+§.

28)C-xlog, 10 = x - lﬁ) gglxo = lonx' So going back to the original equation, and dividing
both sides by log x, we have lozé =1- llongi =1- % . lo;x =1- lfoggleo =1-1n10.

Therefore, — = l(1 + lni), and 2 =5,
2 10 b

’logx

29) C — The measured amplitude of the earthquake is the amplitude of 150 sin x + 360 cos x,

390

which is V1502 + 3602 = 390. So, magnitude = logAi — log— =10g 200 =
0 .
log2 +1og 100 = log(2) + 2 = 2.301
30) D — The domain of 1 — x is all reals except 1; the domain of V4 — x? is [-2,2]; the

domain of In x is (1, ); and the domain of the sine function is all reals. The intersection

of all these is (-2,1).



