
MASSACHUSETTS MATHEMATICS LEAGUE
FEBRUARY 2004

ROUND 1: ALGEBRAIC FUNCTIONS
ANSWERS

A).

Q_

A) If f(x) = -2x2 + 7x - 3, calculate f(3 + h) - f(3 - h) in terms of h.

B) If f(x) = x + 5 and g(x) = x , solve the equation f(g(2 - a)) = g(f(a - 3) for a.

C) If f(x) = 2x + 1 and g(x) = 3x - 2, solve the equation / " ' ( /" ' (w)) = f(g~x (w)) for w.



MASSACHUSETTS MATHEMATICS LEAGUE
FEBRUARY 2004

ROUND 2: NUMBER THEORY
ANSWERS

Q .

A) Given (ABA)9 - (BB0)u where 0 is zero, and A and B are distinct natural numbers. Determine

both possible values of A and B. Write the answers in the form (A, B).

-72003 _,_ Q2003B) Determine the units digit for the sum of 72003 + 9

C) How many positive even integers are divisors of (l23)(l84) ?
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ROUND 3: TRIG. IDENTITIES OR INVERSES
ANSWERS

Q_

(cot<9-cos0)(l +sin0) , „ , x t . „ , .
A) Simplify ^ to the form T(9) where T is one of the six tng functions.

cos 6

B) For 0° < 9 < 360°, solve
1 + tan2 0

3 1
C) Using principle values, express cos(sec~' cos"1 —) in simple radical form.
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ROUND 4: WORD PROBLEMS
ANSWERS

Q_

A) What is the larger of the two numbers whose sum is ten, if the sum of their reciprocals is 8/15.

B) An elevator went from the bottom of a tower to the top at a speed of 4 meters/second. It
remained at the top for ninety seconds, and then returned to the bottom at a speed of 5 m/sec.
If the total trip took 4 5 minutes, how high is the tower?

C) The sum of the squares of three-positive odd integers is 967 more than the sum of the
squares of the two even integers between them. Calculate the sum of the five consecutive
integers.
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ROUND 5: GEOMETRY CIRCLES
NON-CALCULATOR

ANSWERS

A).

Q_

A

A

A) Three circles of areas n, 4;r, and 9n are drawn tangent to each other. Calculate the area
of the triangle formed by connecting the centers of the three circles.

^. i ^ ^ ^ ^

B) In the figure, AC is a diameter of circle O, AB = — J3C, D is the midpoint of AC. Find

the value of BC/AD in simplified radical form.

6

C) In circle O, CD 1 AB, CE = 5, CD = 14, and the ratio of AE to AB is 1 to 6. The area of
circle O is kn. What is the value of k?

C



MASSACHUSETTS MATHEMATICS LEAGUE
FEBRUARY 2004

ROUND 6: SEQUENCES & SERIES
ANSWERS

A) In an arithmetic sequence often terms, the tenth term is 14, and their sum is 5. Find the second
term.

B) The second term of a geometric sequencers 12, and the sixth term is 1024/27. Find the first term.

C) The six terms 2x - 3, t, 7 - 12y, x + 3, 3y - 4, x + 12 are in arithmetic sequence. Find the
ordered triple (x, y, t).
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ROUND 7: TEAM QUESTIONS
ANSWERS

A)

B)

a

D)

E)

F)

A) If f(x) = 2x2 - 17x + 24 and f(x + a) = 2x2 - 5x - 9, calculate the value of a.

•>ndB) Determine the 142n positive integer divisible by three or five.

C) Express cos2 sin2 — in simplified radical form.
' V 24 24 F

D) The hundred's digit of a three-digit number is one more than twice the units digit, and the
tens digit is three less than the units digit. If the digits were reversed, the number obtained
would be 396 less than the original number. Find the original number.

E) In the figure, AC = 9, GC = 6, GE = 3, and AD = DG = GF. Find BC.
(noT To Sc«U)

r

F) An infinite geometric series has a sum of 54 while the sum of the first three terms is 52.
What is the first term?
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ROUND 1: ALGEBRAIC FUNCTIONS
ANSWERS

A)_r

B)_

O -3-7/5

A) If f(x) = -2x2 + 7x - 3, calculate f(3 + h) - f(3 - h) in terms of h.

B) If f(x) = x + 5 and g(x) = x , solve the equation f(g(2 - a)) = g(f(a - 3) for a.

C) If f(x) = 2x + 1 and g(x) = 3x - 2, solve the equation / " l ( / " ' (w)) = /(g"1 (w)) for w.

Z

f- 1
J

H 2 ?-j r.
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ANSWERS

B) X

c)_J_2=o

A) Given (ABA)9 = (BBQ) where 0 is zero, and A and B are distinct natural numbers. Determine

both possible values of A and B. Write the answers in the form (A, B).

?t A na+A = /i/tf + na

B) Determine the units digit of 72003 + 92003.

y

7

1
ll" n- /

C) How many positive even divisors does (l23)(l84) have?

^ 6

-132.

rLl fix -
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ROUND 3: TRIG. IDENTITIES OR INVERSES
ANSWERS

A) € -S C <9

B)

( c o t 0 - cos0)(l + sin<9) , „ , N 1 _ . * . . . ,,
A) Simplify ^ to the forai T(9) where T is one of the six t n g functions.

cos 9

/t_0£_©_ _ Case \ ( \\ Sin OJ (Coze - Sih&C<KeJ( / 4 S>* &J

( i - s l h ^ Jl -

B ) F o r 0° < 0 < 360°, solve
t a n 2 ^ 2

3

J '

3 1
C) Using principle values, express cos(sec"1 cos"1 —) in simple radical form.
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A)

B) ^ 0 0

A) What is the larger of the two numbers whose sum is ten, if the sum of their reciprocals is 8/15.

X, (o-x. _/_ _/__ _ _p_
X / o - x *" 'S-

_ Pc?x

^ o X^ f, L£

B) An elevator went from the bottom of a tower to the top at a speed of 4 meters/second. It
remained at thd top for ninety .seconds, and then returned to the bottom at a speed of 5 m/sec.
If the total trip took 4.5 minutes, how high is the tower?

• ^

C) The sum of the squares of three positive odd integers is 967 more than the sum of the
squares of the two even integers between them. Calculate the sum of the five consecutive
integers. y • ± i v J. U

Xll -

06. X--Z3 -** -/SS"
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ANSWERS

A).

B)_

(o

Q_

A) Three circles of areas n, An, and 9n are drawn tangent to each other. Calculate the area
of the triangle formed by connecting the centers of the three circles.

A

B) In the figure, ylC is a diameter of circle O, AB = —BC, D is the midpoint of AC. Find

the ratio of BC to AD in simplified radical form.

. a /

C) In circle 0, CD 1 AB, CE = 5, CD = 14, and the ratio of AE to AB is 1 to 6. The area of

circle O is kn. What is the value of k?

C.

- /<
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ROUND 6: SEQUENCES & SERIES
ANSWERS

A) ~/<7

A) In an arithmetic sequence often terms, the tenth term is 14, and their sum is 5. Find the second
term.

tt-^,^ &i f c - - / 3 + 5 — / o

B) The second term of a geometric sequence is 12, and the sixth term is 1024/27. Find the first term.

C) The six terms 2x - 3, t,-7 ~ 12y, x + 3, 3y - 4? x + 12 are in arithmetic sequence. Find the
ordered triple (x, y, t).

X-, «} - 7- /ay .-7, (̂ ,
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ROUND 7: TEAM QUESTIONS
ANSWERS

A). 3

a 5

A) If f(x) = 2x2 - 17x + 24 and f(x + a) = 2x2 - 5x - 9, calculate the value of a.
( x.+cC)'1'- p (X-t-a) + W ^

B) Determine the 142nd positive integer divisible by three or five.

is -fU. ( 3 0 4 ^ - 2 . 0 ^/t/o-jlrs i^s *>/

,1K . , 7 * . . j , /

C)Express cos* sin* — in simple ra .c 'Ki l
2 4 2 4

y
D) The hundred's digit of a three-digit number is one more than twice the units digit, and the
tens digit is three less than the units digit. If the digits were reversed, the number obtained
would be 396 less than the original number. Find the original number.

E) In the figure, AC = 9, GC = 6, GE = 3, and AD = DG = GF. Find BC

F) An infinite geometric series has a sum of 54 while the sum of the first three terms is 52.
What is the first term?


