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Solutions:
1. .: a=3b= ?3 13, multiplying them together results in 5.
2. @ : Rearranging into polynomial form results in the equation (log;,x)? + log;yx — 6 = 0, resulting in the roots

10.

11.

12.

13.

14.

(logyp x +3)(log;y x — 2), meaning x = 0.001 or 100

. @ . First, solving for f(1) gives the expression , /1 — (log1 10)2 = /1 — (—1log, 10)2 = ,/1 — (log, 10)2, which

means 0 < x < 5 or 10 < x < o0. For f(—1), the domain will simply be (—c0, —10) U [—15,0)

. . Using exponent rules, this expression is simplified to e?? = ¢, or a = ab. This can be simplified to a’~1 = b,

and thena = bfxl/g

. The real part of ¢'* i F can be simplified to % the real part of which is sin2x. Solving

for the roots of cos x = sin 2x gives the answers 2 , 32” , g,and 57”.

e~ In(x?+1) 2

is even, since x~ is even. However, since sin x is odd, the entire function is odd, since an odd function
multiplied by an even function is odd.

. : Rearranging into quadratic form gives the equation 11 * 112¥ — 121  11% + 330, or 11(11% — 5)(11* — 6), which

means x = log;; 5 orlog;, 6

) X —x —x_x . tanh(—x —2x_1 1—e2%
. . tanhx = G——, so tanh —x = {—_%. sinhx + coshx = ¢*, so sinhxicosilx =G% = ex:eSx
. . . pe 52 _ . .
. : The expression can be simplified to 37% t6*=3, —x2 4 6x — 3 = —(x — 3)? 4 6 meaning the maximum value of

the quadratic is 6, and the maximum value of the expression is 3°.

: Logarithms can take positive, non-zero arguments. x? 4 2x — 3 is positive for (—oo, —3) U (1,00). x + 3 is posi-
tive for (—3,00). x — 3 is positive for (3,00). The intersection of all of these is (3, o). However, since the denominator
of the fraction cannot be 0, x # 4. Thus, the answer is (3,4) U (4, o)

: A point is rational if y is a power of 3 and x is a power of 2. There are 7 powera of 3 under 1000 and 10 powers
of 2 under 1000, meaning there are 70 possible points.

@ : The taylor series of e* is e¥ = § + {7 + ’5—2, + ’é—? + ’% + ..., which means the approximation for e* +e¢™* =
24+ x2 4+ % This means 2, x2 + 2, and 2 + x2 + % count as approximation, but %3 + x2 + x + 2 does not.

Loab o _ 1, 1y-1 logyo x 1 In(10x) x2\—1 _ (In(10x)+log,, x+In 10+log, L0 1_
: 22 = (=+7)" %, sofora = and b = In10xlog. % = =
@ a+b (u + b) In10x In 10*10gx ( log,o x + Bx 10) ( log,, x )
In(10x)+21log;q x¥In10—In10\ 1 _ ,In(x)+2log;; x*In10 . -1_ 1 _ 1
( Togyo ¥ )= Togyo X )7 = (In10+2n10)™! = 53095 = oo

:  Logarithms only take positive arguments. x? — 1 is positive for (—oo,1) U (1,00). % is positive for

(=5,—1) U (1,00). w simplifies to x + 5, which is positive for (—5,c0). The intersection of these is (=5, —1) U
-3

(x+1)%(x—1)(x—3)(x+5)
(x+5)(x— 1)(x7—)

(1, 00). If the expression is simplified to In(

), it’s clear that the only hole in the domain is {3}
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[B|: 2=¢%50 ()" = "1, 50 2ax = a+1,and x = ail
I limy (14 2)* = €”, therefore limy 0 (1 + %) — e — _1

: Vx2+x > 1in order to be positive in the square root, and avoid a zero in the denominator. Solving for the

bounds of this inequality gives the polynomial x> + x — 1 = 0, so the roots must be %\@, and the function exists for

(—o0o, =52) U (F5%2, )

: If V is the volume of a single violin, and F is the volume of a single flute, then 10 loglo(sv) = 15, which means
103 ~ 32 = %, and F = I' For the volume to be equal, 10 loglo(%) must equal 0 for a violins in the orchestra. This
means % =1,0r ¢ =1, meaning a = 5.

: The maximum amplitude of the voltage of the signal is 22.5, and the minimum is 5. This means the difference
ns?
in decibels is 101log;((—5~) = 20 logo(13) = 201og;(45) — 20 = 101og;,(2025) — 20 = 33.06 — 20 = 13.06
'

o logi (x —n) = In(x—n) meaning the function has a vertical asymptote for x = m + 1. The domain of

In(x—m)
In(x — n)is (n,00), andIn(x — m) is (m, c0), meaning both n and m must be lower than m + 1 for the vertical asymptote
to exist. Lastly, n cannot equal m as the logarithm would cancel out, meaning the answer is (—oo,m) U (m, m + 1).

: The holes of - ( 7y oceur where cos(Inx) = 0, or where Inx = k7 + 7, which means the general solution for
holes is €57 x e2

. ; ; e 3x2420x4+27 1 1 1 : _ 1
@ : Through partial fraction decomposition, % = w11 + =3 + 575 This means f(log, x) = gy T

1 1 _ 1 1 1
log, x+3 + log, x+6 ~ log, 2x + log, 8x + log, 64x

= log,, 2 +logg., 2 + log,,, 2. Therefore a + b +c = 74

: (62ni+e%i)2025 = (141)2% = (\@)2025(%4_%)2025 _ (\@)2025@%) _ (\/5)2025(%4_%) — 01012 4 51012;

tf(x) =logo(TE_o(2") + X021 (2¢)) simplifies to log,,(2*1) = (x + 1) log;, 2. Although this function is linear,
due to the summatlon the domain only includes non-negative integers, so the function is one-to-one but not onto.

@ : All roots such that x!2 = 1 or x'® = 1 are also roots of x** = 1. The least common multiple of 12 and 16 is 48,

meaning there are 4 roots such that both x!2 = 1 and x'¢ = 1. This means the probability is 12+154=4 = %

@ : To solve this problem, n must be found such that log,x = x and = 1. This means that n = /x and

xlnn

; —1Inn, orex =n, meaning x = e and n = /e

. In(cos6x) —In(v/2cosx — 1) —In(v/2cosx +1) = In(4cos® 2x — 3cos2x) — In(2cos?> x — 1) = In(4cos’ 2x —
3c0s2x) — In(cos2x) = In(4 cos?(2x) — 3) = In(2cos(4x) — 1) = In(y/3 — 1). This means that 2cos(4x) — 1 = /3 — 1
and cos(4x) = g However, the initial expression has cos 6x, which is negative for ({5, J), and V2 cos x — 1, which is
negative for (%, Z). Since the answer can only be in the interval (0, 75 ), the only answer is 2.

i nmi-ti . )
2025 e 2 . .. . . i Q2026mi
) Y= ( — %71 ), meaning this is a telescoping series, and equals e? — &y =

22025

i+ 2026
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29.

30.

: Given that the function is even, it can be proven that the function is always increasing for (0, c0) and always
VeX—2e*+1 _ ¢*—-1 _ _ 1 1

decreasing for (—o0,0), by observing a similar function, T = &1 = = F +1 The terms P and
1 . . . Ve2x _Dex 41 . . . ‘/EZx,eJur
— zy7 are always increasing, meaning ***— is always increasing for (0, c0), and thus Y77 has a minimum

at x = 0 and converges to a maximum value as it approaches infinity. These values are 5 land 1.

\/f" 1) \/f" 1) \/ff(n 16 f”(n)l) k.. = fi,(n ,and f(n) = nf(n —1). Since f(0) = 1, this
is a factorial. Y 5> ,( nl = e, but since the question asks for all natural numbers, 0 is not included. This means
E?’l=1(r[!) —6—].



