Mu Polar, Parametric, and Geometry Solutions 2026 MAQ National Convention
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1.

7. Dir=e™?2,r' =2e"/? sin(f) = cos(f) = =

B: z = 1 in the Argand plane represents a single number and is thus a single
point. All other choices are circles of radius 1.

C: (a,b) = (acos(b), bsin(h)). Looking at the x-coordinate, a = acos(b), so a = 0
or b = 0. The first of these cases is uniquely the origin, so b = 0. The second of
these cases is true for any value of a, so P = (x, 0) and must be on the x-axis.

A: cos(2t) = 1 — 2sin?(t), so x = 1 — 2y, which is a portion of a line because of
the restricted ranges of cosine and sine.

B:y= i Since log,t has a range of all real numbers, it is the full graph.
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C: The radius of a hexagon is equal to its side length.

. C: The square is rotated 45° and has side length equal to the distance between the

two pieces of y = % This is between (v2,v2) and (—v2, —V2), which is 4. The

area of the square is 16.
1 rcos(@)+7r'sin(9) _ 3e™?

VZ' —rsin(@)+r'cos(8)  em/2

8. C: The upper bound of the region is clearly 8 = g, and the lower bound is also on
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13.
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the vertical axis, at 6 = — 2. [ (e?°)" d0 = [ e*® d6 = [ =

e27t_e—211'
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. By = %(x +2)-3= %x — % The intercepts of this are G 0) and (O, — —), The

distance between these points is Lyl
\/ 16 9 12
C: By Vieta’s, sin(8) + cos(8) = —%and sin(8)cos(9) = <. 1 = sin%(6) + cos?(9) =

T4
(sin(8) + cos(8))” — 2sin(8)cos(8) = = — £. Thus, b? — 8¢ = 16.8 - 16 = 128.
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B: In the unit square, the relevant parts of the region are above the line y = x + %

D: 6 = arctan G) — arccot (z), sotanf =

and below the line y = x — % These are two isosceles right triangles with leg

length %, for a total area of i.

C: Let e = a + bi where a? + b? = 1. The expression is Z::Z =
(a+1+4bi)(a-1-bi) _ a?+b%-2ib—-1 2ib ib .o . . .
aD7eb? = atrpizari = 2-2a = a1 Note that it is explicitly given that

a # 1. This a pure imaginary number.
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14.

15.

16.

17.

18.

19.

6
, S0 x = sinh(8) =

6_,-6 1/ 2
£ 2e . Solving for 8, €26 — 1 — 2xe® = 0, s0 e = 22 — 5 L VX2 + 1; note

2
the conjugate is rejected since it is negative. Thus, 9 = In(x + V x? + 1).

i6_,—
D: Using the complex definition of sine, isin(#) = = Ze

A: x? + y? = 20262. Deriving implicitly, 2x + 2y =0 so == 5 Deriving
. v\ _ d’y _1( _ZL _—yz—xz__20262
aga1n,2+2(dx) +2y( ) Oso;-;( 2 yz)— =
A: Notice that x? = e*'cos?(t) = e*t — e*'sin?(t) = e4t —y. Deriving x2+y-—
e*t = 0 with respect to x, 2x + d—y — 4ett -Z—x =0, so = 4e*t + — — 2x. When
== thlS is 4e™ + = —/[2e™/2, —x = e2t(2cos(t) — sm(t)) whichatt ==

evaluates to \/—Ee”/z. Comblmng, 4\/_e”/2 —VZe7 = 322,
B: The area of the triangle is 7y, since the base is horizontal. The rate of change
of the area is 7% = 28.

C: Let the distances from L to the sides with length a, b, and c be d,, d;,, and d..
Let the area of the triangle be A. Drawing segments from L to the vertices of the
triangle, 2A = ad, + bd,, + cd.. By Cauchy-Schwarz, (a? + b? + ¢2?)(d? + di +

d2) > (ady, + bdy + cd.)?, 50 d2 + d2 + d2 > —2&

az+b2+c?’
4-842 4-842 4 C 1.
~ = -+ 36 = 48, which is very close to 47.837 ...
13241424152 3.142 3

D: rsin(6) = 1,s0y = 1.6 = = and 6 = = convert to the lines y = = and y = x/3,
6 3 V3

Plugging in values,

which intersect the curve at x = V3 and x = —. The difference between these is

V3
28
8

20.A: 4r*sin3(8)cos(0) = 1, so 4x3y = 1 and this is the graph of y = L9 ="Listhe
4x3 4

21.

line y = x, which intersects the graph at x = \/i_ Part of the area is an isosceles

right triangle with leg length , which has area - > The rest of the area is

oo dx
f1/ v Z’ so the total area is 5.

C: Vertically, a = —10, v = —10t + 25, and y = —5¢t? + 25¢ + 30. This will land
when y = 0, so t? — 5t — 6 = 0 and t = 6. Horizontal velocity remains constant

throughout, so 25v3 - 6 = 150v/3 meters. Nice homer, Big Dumper!

2x
22. A: We wish to maximize x(x) = JW‘ Taking advantage of a bijection, let
_ x _ 4u? . . , _ 8u—64u® . . _
u=e* sok(u) = aaunysz- Deriving, x (w) = R¥YPOEE This is 0 when 8u

64u® = 0, or u = 273/* (ignoring extraneous solutions). This corresponds to ¢ =
—2In(2).
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23.A: The height of the triangle is V1 — x2. The average area is % f_11 V1—x?dx = g

24.A: fs”—_z(xfz)z_g dx = [}° 222 du. Let u 35‘;;(9) so du = —35“(?;“(9)
arcsec(S\/—) 3sec(6)+2\/_ 3sec(@)tan(0) 1 arcsec(S\/E) 2

f an(@) = an (3sec 0 +

do. The

integral becomes —
4

2\/—sec(9)) de = [ tan(6) + V2In(sec(6) + tan(H))]arcseC(SX/—) Note that

arcsec(5v2) = arctan(7). This evaluates to ( -7 +/2In(5v2 + 7))

(2-1+\/§1n(\/§+1))=5-6+\/§1n(2\/§+3)=9+21n(x/§+3).9+8+3=20.

25. D: In the first quadrant (representing half the area), the graphs intersect when
8cos(20) = 16sin%(0). Solving 8 — 16sin?(0) = 16sin?(0) gives sin(0) = %, orf =

| w

- The integral can be split into two parts. [ ™/6 8sin?(6) do = Jo */ 6(4 —

4cos(29)) do =—— [2s1n(29) — 3. f " 4cos(20) d6 = [2sm(29)]’;j‘6* =

2 —+/3. Adding the pieces together gives a total area in the first quadrant of z?n —
2v/3 + 2, and doubling this for the whole graph gives 4?” —43+4.4-3-4-3-

4 =576.
26.C: Convert to polar. r3cos3(0) + r2sin?(0) = 4r2cos?(0),sor = 4sec(0) -

tan?(6)sec(8) = sec(8)(3 — tan?(0)). This equals 0 at § = + ”/3 secz(e)(3 -
tan2(8))” d6 = [ sec?(6)(3 - tan2(9)) o = f 3- u2)2 du =

ff(u — 6u? +9)du—[——2u +9u] - 6vV3+9V3 = ﬂ24+3+5—

32.

27. B: The given Weierstrass substitution can be used to find sin(x) = 132,

1- 2

" t2’ and dx = 0 2t+2(1-t2)+3(1+t2) dt =

1 dt 2 du ul2 _m 1 is i
2 fo ——=2 fl == [arctan 5]1 = —arctan (5) The tangent of this is
1-1/2 1
1+1-1/2 3

5 _$2)3
28.C: Note that 641 = | 01 (135;)5 : 8;233 - 1+2t2 dt. A reverse-Weierstrass substitution

can be used, where the integral becomes 6—14 [ 0”/ 2 sin®(0) - cos3(0) dO =

1 (m/2 . g i O 11 1y _ 1 1 _
afo sin (9)(1—sm (9))cos(9)d9—af0(u —u)du—a(g—g)—a-z—

L 1_1536.
1536 I
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29.D: Of the 62;3 = 9 diagonals of a regular hexagon, 3 of them span two radii
between opposite vertices and have length 2, and the other 6 of them connect a
vertex to another vertex two sides over and have length /3. 23 - V3° = 216.

30.E: The area of the octagon is 2 - 64(1 + v2) = 128 + 128v/2. The areas of
triangles EPT and APT need to be subtracted; those are both % - 8-4+/2 = 16V2.

However, this subtraction over-counts triangle PTX. Set P as the origin. Then A =
(8 + 4v2,4v2), so PA is on the line y = x(v2 — 1). X has x-coordinate 4, so its y-
coordinate is 4v2 — 4, and the area of triangle PTX is 16v2 — 16. (128 +

128v2) —2-16v2 + (16v2 — 16) = 112 + 112v2. 112 — 112 = 0.



