MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 1: COMPLEX NUMBERS

ANSWERS

B)

C)

is in simplified a + bi form.

A) Calculate ab when
J 4 + 3i

(@xb)

23 +6i

B) Calculate the absolute value of: ——=——— in simplified radical form.
) S -\/5 _ iﬁ p

C) Find the imaginary roots of the equation x* + x* = 6x? = 14x ~12=0



MASSACHUSETTS MATHEMATICS LEAGUE

NOVEMBER 2003
ROUND 2: ALGEBRA 1 ANYTHING
ANSWERS
A)
B)
O)

A) Sharnell could earn a weekly salary of $200 plus 15% commission of sales at the Radio
Barn, or she could earn $300 plus 10% commission on sales at Woofen Etc store. Compute
the dollar amount of sales Sharnell would have to sell to generate the same salary at

each business. -

3 14 6
x—1 x x} - x*

B) Solve for x:

C) If the graph of {(x, y): y = ab™} contains the points {0, 3) and (3, 24); compute the value of
a+b.



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 3: GEOMETRY AREAS
ANSWERS

. A)

B)

0)

A) The shorter diagonal of a rhombus is equal to the diagonal of a square, while the longer
diagonal is equal to twice the side of the same square. Calculate in simplified radical form
the ratio of the area of the rhombus to the area of the square.

B) A regular hexagon and a square share a common side. Calculate the ratio in simple radical
form of the area of the hexagon to the area of the square.

C) In regular hexagon ABCDEF, the area of triangle ABD is 9. Calculate the area of
the hexagon.



MASSACHUSETTS MATHEMATICS LEAGUE

NOVEMBER 2003
ROUND 4: ALGEBRA 1 FACTORING
ANSWERS
A)
B)
O

A) Factor completely: (x* — 5x + 2)2 -4

B) Solve forx: (x -5 +5=x

C) Find both sets of three consecutive odd integers such that four times the square of the third
diminished by three times the square of the first is 89 less than two times the square of the second.



MASSACHUSETTS MATHEMATICS LEAGUE

NOVEMBER 2003
ROUND 5: TRIGONOMETRY
NON-CALCULATOR
ANSWERS
A)
B)
9

A) Evaluate and leave the result in simplest radical form.
sin30° + cos30° + cot225° +tan135° + csc120° + sec300°

B) Solve for 0° < x <180°:  cos(x)cot®(x) = cos(x)

C) The area of a regular octagon is 2884/2 . The circumference of its circumscribed circle
is k7. What is the value of k?



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 6: GEOMETRY ANGLES

ANSWERS

A)

B)

C)

A) Given two parallel lines cut by a transversal. If ZABC = 6x + 6y — 36, LCBE = 4x, and
ZBEF = 3y, calculate the degree measure of £DBE .

. AN
C B

D/

—

E f
/

B) What is the smaller angle formed by the hands of a clock at 4:36?

N
7

C) Given two parallel lines. If ZABC =3x -5, ZBCD =110°, ZCDE = 90°, and
LDEF = x + 5; calculate the value of x.

o
* T
N\




MASSACHUSEL IS MATHEMATICY> LEAGLLE
NOVENMBER 2003
ROUND 7: TEAM QUESTIONS

ANSWERS
4) D)
B) E)
Q) F)

-

A) Express the value of a + b in simple radical form when 9 (1 + i)s(f - 1) is in standard

a + bi form.

B) Cameron is thinking of a positive integer with the property that it is the average of a prime
and a perfect cube where the cube is larger than the prime. How many integers less than 100,
and which are primes satisfy Cameron’s property?

C) Arectangle with integral sides is divided into four smaller rectangles by drawing a pair
of perpendicular lines in its interior. If the areas of the four smaller rectangles are x, 2, 3,
and 6; list all possible values of x.

D) The top and base of a fish tank are congruent rectangles whose lengths are 10 inches more
than their widths. If the sum of the height and width of the tank is 50 inches, and the combined
areas of the top and base is 400 square inches less than the total area of the four sides, what are
the dimensions of the tank?

E) The pilot of an airplane calculates the angle of depression of an airport to be 30°. The
angle of depression to the airport from a second airplane 1000 feet directly above the first
is 45°. In simple radical form, what is the altitude of the first airplane?

F) The sides of a heptagon are extended to form a seven pomted star. What is the sum
of the angles formed at the poiats of the star?

Al



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 1: COMPLEX NUMBERS
ANSWERS

A) -'_)2/@5'

B) 1!/5

C)~/+—'('

>, CalculaTe al,

A) Simplify and leave in a + bi form.
4 + 3i

5 y-3, _ 20-)5¢ 4y 3,
Y+ Y30 2 S 5

015 - - /1/25“

23 +6i
-2 —i2

|-acseld] ST S ey
|-va- 0 Tva 0V

B) Calcuiate the absolute value of : in simple radical form.

C) Find the imaginary roots of the equation x* + x* — 6x* —14x - 12=0

- -/ - X v '
316 L; (f L/q O X o drxiEso
_ar ox 20 X H A T LA
(xw)

x = =/ 1¢



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003

ROUND 2: ALGEBRA 1 ANYTHING
ANSWERS

A) f 2000
B) 2/3} &
o 5

A) Shamell could earn a weekly salary of $200 plus 15% commission of sales at the Radio
Barn, or sae could earn $300 plus 10% commission on sales at Woofen Etc store. Compute
the dollar amount of sales Sharnell would have to sell to generate the same salary at

each business.

200 +.,)5x = 30c¢ t./ox

;65’)(:/00

. 3 14 6
B) Solve for x: - =7
x-1 x x’ - x°

D - 1Y (x=1) = 6 (2y —2 )/ X =) =c
U 1Yy +1v = ¢
XTI x4+ § =0

{7

C) Ifthe graph of {(x, y): y = ab™} contains the points (¢, 3) and (3, 24); compute the value of
a+b.

v
a b =3, az3

3
20 =29, LPog b7 a4+l =5



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 3: GEOMETRY AREAS

ANSWERS
A_ 1t
m_30/2
C__ 27

A) The shorter diagonal of a thombus is equal to the diagonal of a square, while the longer
diagonal is equal to twice the side of the same square. Calculate in simplified radical form
the ratio of the area of the rhombus to the area of the square.

5  RBb VT Arse rhombus= L oAz
c
\e \ AC =2 feux Spucct = |
ANS 21
| A K

B) A regular hexagon and a square share a common side. Calculate the ratio in simple radical
form of the area of the hexagon to the area of the square.

- . YV3
A A RN
2 As y T g T T
\ .
21

C) In regular hexagon ABCDEF, the area of triangle ABD is 9. Calculate the area of
the hexagon.

A X (% -L)(L\/\:g Xl\/.'i\:/oo XL:éL@
L 2 - ’
%ﬁ 2 (:'__)E_LL@ :élé»@‘/}: '3[,,.3_:’27
F 2x C H & L/ 9/

= D



MASSACHUSETTS MATHEMATICS LEAGUE

NOVEMBER 2003
ROUND 4: ALGEBRA 1 FACTORING
ANSWERS
A) L (X = D=4 )x-5)
B) L// 5 ) 67

0. 29,2530 -5 -3 -]

A) Factor completely: (x —5x+2)2 —4 g '
(X sx 42 +2)(X -5x t2-2)= (X =S x k)

(- 1 )X =Y ) (x=5)x

B) Solve forx: (x —5) +5=x | s |
(x-5) - (x-¢)=9 (><~§)[(x —¢) ~/jfa
(X~5‘)(><~s“+f)(><—§,/) )
()(—S‘)(x~t/>(9¢~é>:a

=4 50

C) Find three consecutive odd integers such that four times the square of the third diminished
by three times the square of the first is 89 less than two times the square of the second.

T T
X, X 42, X4Y Y (x4y) -3x = 2(x42) - P9
Ut 3o 40y =TTz X FPX 4P P

T B R e e .
w Tl 2yx -tz o (X4 5)x -2F) =0
-S‘)~3’/~/ or ?/9/ 3/133



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND S: TRIGONOMETRY
NON-CALCULATOR

ANSWERS
A) 6/5”+‘7J§>/(q
B 455 905 135"

o_ 1Y
A) Evaluate and leave the result in simplest radical form.

sin30° + cos30° + cot225° +tan135° + csc120° + sec300°

| V3 2
Ly i -+ A 4+ 2 .
2 | 7z
R A T+503 . SSH1S

5 =+ =+ f
5 ﬁ G a3 IEYERE b

B) Solve for 0° < x < 180°:  cos(x)cot®(x) = cos(x)

Cosx =0 coT “X =1, Teww =21
)(':QOQ/ X = [/5"2 IZS’:’

C) The area of a regular octagon is 288+/2 . The circumference of its circumscribed circle
1s kz. What is the value of k?

i\ L x Tenys = LPEVE C 27X = 24T
X )
/

l/x"[}_ _2fa =9

lKLsng)ng/qv
><={2“



MASSACHUSETTS MATHEMATICS LEAGUE
NOVEMBER 2003
ROUND 6: GEOMETRY ANGLES
ANSWERS

“A) 132°
B 78°
C_ /g

A) Given two parallel lines cut by a transversal. If Z4BC = 6x + 6y — 36, ZCBE = 4x, and
ZBEF = 3y ; calculate the degree measure of ZDBE .

c g/ " 57 bx+6y -36+ Y% =180
lox + by =2/b X =12
E F OX + 2Y=10§  fy=p®
} . > YX -3y =0 - L DpE=/fo - e’

Gx = Jof = /322°
B) What is the smaller angle formed by the hands of a clock at 4:36?

M hand Z‘é”. 260 - 2/6°
b {

/\‘ howr hand 120 °4 2 2o _-|z3§°
14 S ’
2/L - 13§ = 78"

C) Given two parallel lines. If ZABC =3x - 5, ZBCD =110°, ZCDE =90°, and
ZDEF = x + 5 calculate the value of x.

S ' ZX-5 + S -x =/)o0°
Ix +8F0° =ylo°

vV



MASSACHUSETTS MATHEMATICS LEAGUE

NOVEMER 2003
ROUND 7: TEAM QUESTIONS
SOLUTIONS
ANSWERS
A, B D) 30 x Yox20
B ] ) 500 + 5003

o, %9 mn _540°

a G(7=-9, (+0°=~2+2(, (V2-4) 7=y 2zl
—q(-2+42/) 4z - -9 (-2-9/2 420 - L) =

' -~

[- 2/ ¢ 4+ 2721 9

2442 —2d vy, atb=p2
B2 @ ¢ (a €3 17 STEPILS

’7@’1/7 ’7@,2/( SN S 7

g r1 YE3 i

c _1r | (R _ 2 7
2 x| X [afr | 22!
2@@35(933 7| X ég
2L {0 a | ‘3 L

D) The top and base of a fish tank are rectangles whose length is 10 inches more than the
width. If the sum of the height and width of the tank is 50 inches, and the combined areas
of the top and base is 400 square inches less than the total area of the four sides, what are
the dimensions of the tank?
-2 o - -X/) -0
W= X) —(: X4)o 1’): Co X 2X (X+/O) ()('f‘ )(‘Sa X)+1X(50 ) o

Sivap iy To x " -fox -300=0 (3x+l) (X -30) =0
f wex=3e, LYo h:2o

E) The pilot of an airplane calculates the angle of depression of an airport to be 30°. The
angle of depression to the airport from a second airplane 1000 feet directly above the first

is 45°. In simple radical form, what is the altitude of the first airplane?
XV3 = x+looo, x= 1200, < soo(Vit)
V2 = S00+ 3’005

'sot.

X
X{3

F) The sides of a heptagon are extended to form a seven pointed star, What is the sum
of the angles formed at the points of the star?

[ 1 o
U s r‘—j, hbf’T, STnf!: /c?afa_i)/fl‘?_?.’—:’]j‘i' 5(-1?\::707‘]7 - gL/O



