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Find the value of x for which 9—x=8-(2x-5).

The sum of twice a number and three times the same number is 135.6. Find the
number. Express your answer as a decimal. ‘

There are three consecutive odd integers. If five times the largest is 53 more than
twice the smallest, find the largest of the three consecutive odd integers.

If (5x—2)% —(x—3)* =3 is written in the form ax’ —7x+b =0, find the value of
(a +b) . Assume that @ and b are integers.

Find the largest number which can be expressed as the product of positive
integers (not necessarily distinct, but each of which is greater than three) if the
sum of the positive integers is 31.

X
If 8§ =16, find the value of x. Express your answer as an improper fraction
reduced to lowest terms.

Dolly has exactly four coins: a penny, a dime, a quarter, and a half dollar. If one
of Dolly’s coins is selected at random, find the probability that the number of
cents in that coin is an integral multiple of ten. Express your answer as a common
fraction reduced to lowest terms.

) 12
Find the value of x for which 2x+3 -1= +1.
x—3 x+3

How many times is the numeral 4 required in numbering the pages of a book from
1 to 1399?

If the product of the roots of x> —3x+17 =0 is added to 4 times the sum of the
roots of the same equation, the resulting value is k. Find the value of k.

. Find the value of the smallest

AW

. : 2
87 is divided into three parts in the ratio of 1 :5 :

part.

On a perfectly straight road on a perfectly flat surface, Steve starts riding his bike
due south from point A at the constant rate of 15 mph. On the same road exactly
three hours later, Monica starts riding her bike due south from point A at the
constant rate of 18 mph. In how many hours after Monica starts will she catch
Steve?
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Find the value of & such that the equation 5x* —12x+3k =0 has exactly one
solution for x.

The quadratic equation whose roots are the reciprocals of the roots of the equation
~37x* +114x+1=0 can be written in the form x2 +kx+w=0. Find the value of
(k+w).

If —;— is expressed as a decimal, find the 75" digit to the right of the decimal point.

A horse drinks 2.14 milliliters of water per second. If the horse drinks at this

same rate, find the number of milliliters of water the horse will drink in % hour.

All ages in this problem are in years. Grandpa is now 4 times as old as Margie.
Twelve years from now, Grandpa will be 3 times as old as Margie is then. Find
the number of years in Grandpa’s age now.

Find the smallest positive integer greater than 19269 that is an integral multiple of
330.

If eight times the sum of a number and eight is equal to 56, find the number.

Choosing from the set {1, 2,3,4,5,6, 7,8,9} , how many distinct sets of 5 different
integers exist if exactly two members of each 5-member set are in the ratio 1:2?
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1. The degree measure of the supplement of ZABC is 136°. Find the degree
measure of the complement of ZABC.

2. Find the degree measure of each angle of an equilateral triangle.

3. (Always, Sometimes, or Never) For your answer, write the whole word Always,
Sometimes, or Never—whichever is correct.

Two times the length of a diameter of a circle is more than the circumference of
that circle.

4. In a parallelogram, the degree measures of three angles are represented by
3x+11, x+51, and 7x-31. Find the degree measure of one of the larger angles
of the parallelogram.

5. (Multiple Choice) For your answer, write the capital letter which corresponds
to the correct choice.

In the diagram, if ABCD isa A B
parallelogram, then ZBCD
must be congruent to: D C

A)  ZBAD
B)  £ADC
C)  Z4BC

Note: Be certain to write the correct capital letter for your answer.

6. Find the area of a rectangle with a base of length 30 and a diagonal of length 78.
7 In the diagram, RHOM is a rhombus, R M
ZRHM =(3x-11)°, and
ZMHO = (x+27)°. .
Find the degree measure of ZHRM . H )

8 Given the points: P(—4,1), R(12,3), and Q(5,10). How much farther is R
from P than Q is from P? Express your answer as a decimal rounded to the
nearest tenth.

9 A regular hexagon ABCDEF is rotated 180° clockwise around the axis AD . If
AD =8, then the volume of the solid generated by the rotation is kn . Find the
value of % .
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A segment of length 40 is divided in the ratio of 3:5. Find the length of the
shorter part.

The diagonals of a rhombus have lengths of 54 and 240. Find the absolute value
of the numerical difference between the number of units in the perimeter of the
rhombus and the number of square units in the area of the rhombus.

In the figure below, three lines intersect at H as shown. If two distinct rays, each
of whose endpoints are at H, are selected at random, find the probability that the
rays are opposite. Express your answer as a common fraction reduced to lowest
terms.

Two vertices of an isosceles right triangle are 4(0,0) and B(4,0). If AB isa

leg and all points of the other leg of the right triangle, except for one endpoint of
that other leg, lie in Quadrant /7, find the remaining vertex. Express your

answer as an ordered pair of the form (x, y).

In a circle with center at O, points B, 4, C, and E lie on a circle in the order given
and in a clockwise direction. AE isa diameter, minor arc B4 =96°, and minor

arc AC =140°. Point D lies on chord BC such that AD L BC. Find the degree
measure of ZDAE .

In right triangle ABC, the length of the hypotenuse is 9, and the sum of the
lengths of the two legs is 3413 . Find the area of triangle ABC.

Find the degree measure of one of the interior angles of a regular hexagon.

In square SQUA, AU =1.63x, A U
and ZASU =(5.41x-12)°.
Find the perimeter of square SQUA.

Express your answer as a
decimal rounded to the nearest tenth. S Q

How many of the interior angles of a right triangle are acute angles?



WRITTEN AREA COMPETITION GEOMETRY
ICTM REGIONAL 2007 DIVISION A PAGE 3

19.  Given A4BC with B(7,0) and C(19,0). Point D lies on BC such that

£LBAD = ZCAD . If AB=17 and AC =8, find the x-coordinate of point D.
Express your answer as an improper fraction reduced to lowest terms.

20. In the diagram below, B, C, and D are collinear; D, E, F, and G are collinear; C,
H, and G are collinear; B, H, J, and E are collinear; and C, J, and F are collinear.
The length of the segment from B to E is 494, BC:CD =2:3, and
DE:EF :FG=2:3:4. Find the length of the segment from H to J.
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46 (degrees optional) 5988
1. 11.
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Never 3 (4,—4) (must be this ordered pair)
3 .
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Find the value of x such that Vx—-3 = 8.

(Multiple Choice) For your answer write the capital letter that corresponds
to the best answer.

If 3x+y* =18 and x =1, then the values for y are:

A) Both integral.

B) 1 integral and 1 non-integral.
C) Both imaginary.

D) Both irrational.

E) 1 rational and 1 irrational.

Note: Be certain to write the correct capital letter as your answer.

Find the arithmetic mean (or average) of 18 and —14.

3 1
Solve the determinant equation for x: | -1

X = -24.
1 2

- N

Let i =+/—1. The reciprocal of %———%i can be written as x + yi where x and y

are real numbers. Find the value of (x+ ).

If £ ={(2,3),(0,4),(4,5),(7,5)} andif g ={(5,7),(2,4),(4,2)}, find the value
of f(g(®) + g(f (7).

Let i = \/——1 . If z=a+bi where a and b are real numbers, let z be defined as
the complex conjugate of z. If z+ 3z =84-16i , find the value of z. Express
your answer for z in a +bi form.

If x varies inversely as y, and if x=8 when y =5, find the value of x when
y =13. Express your answer as an improper fraction reduced to lowest terms.

_ log(x) N log(y) N log(x+y)
3 3 3

for all positive values of x and y for which x° + y = 340xy(x + ).

+
Find the value of k& for which Iog( al . yj
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In the number base problem, 12,,,  =9,,,. Find the value of 24 ,, . Express
your answer in base ten.

2x*+3x-5 x*-x-6 x*-16 x%+x-2

Given 4 fractions:

3x2—x—=2" 2x*—x-21" (x+4)(x-4)" (x+D(x-1)
Assuming non-zero denominators, if one of these fractions is selected at random,
find the probability that the fraction will reduce over the integers. Express your
answer as a common fraction reduced to lowest terms.

Ifxz\/23+\/23+\/23+w/23+... ,thenxzk“/‘;

where k£ and w

are positive integers. Find the value of (k+w).

If 2x+1, 7x-119, and 5x—57 form an arithmetic progression in that order, find
the value of x.

Find the sum of the two distinct values of £ for which the cubic polynomial

equation x> —9x> +15x+k =0 has a double root (meaning two of the three roots
are equal) when solved for x.

Find the value of k if 2x—3 is a factor of 8x® —16x* + kx+ 3k .

Find the ordered pair of the form (x, y) that represents the point that is the
reflection of the point (5, —7) with respect to the line y =x. Express your answer

as an ordered pair of the form (x, y).

Let x, y,and z be three integers such that x < y <z and such that y—x=z-y.
If the product of these three integers is a prime positive integer, find the value of
x.

The line y =3x+ p is tangent to the parabola y =2x*> —4x+2. Find the value of
p . Express your answer as an exact decimal.

Find the fifty-sixth term of the arithmetic sequence: 1,3,5,7,9, -+,

If x and y are each positive integers and each is less than 100, how many
distinct ordered pairs (x,y) exist such that (x, y) lies on one of the bisectors of
the angles formed by the lines 5x-12y+80=0 and 12x+5y-2=07
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Find the real value of x such that 3/x—-2 = 6.

If (r,s), (5,8), and (10,—4) represent vectors, find the ordered pair (r,s) such
that (r,s)+(5,8)=(10,-4).

If A is aradian measure such that tan(A) =0.9143 and such that 7 < 4 < §2£ ,

find the value of 4. Express your answer as a decimal rounded to 4 significant
digits.

The absolute value of the number of radians in the angle of the rotation of the
minute hand of a clock during a time period of 72 minutes can be expressed as
kn . Find the value of k. Express your answer as an exact decimal.

For all real-valued x, 2(sin(2x)cos(2x)) = A(sin(Bx)). If 4 and B are positive
integers, find the value of (A4 + B).
For how many distinct real values of x does 2= gg— ?

The vertex of an angle is (2,0). A point on the initial ray is (6,0), and a point on

the terminal ray is (5, 7) . Find the cotangent of the angle. Express your answer

as a common fraction reduced to lowest terms.

Find the units’ digit of 71000

In Triangle ABC, AB=6, BC=12,and ZABC=90°. D lieson AC such that
ZABD = Z/CBD . Find BD.

If f(x)=19x-6, g(x)=ax+18,and f(g(7))=2065, find the value of a.

From three girls and two boys, two persons are selected at random to form a two
person math team. Find the probability that the two persons selected were a girl
and a boy. Express your answer as a common fraction reduced to lowest terms.

An ellipse has its vertices at the points (6, —3) and (—4, —3) and has the endpoints
of its minor axis at the points (1,—5) and (1,—1). The eccentricity of this ellipse

k e .
can be expressed as — where k& and w are positive integers. Find the
w

minimum value of (k + w) .
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A set of experimental measurements of the freezing point of an unknown liquid
yield an arithmetic mean of 26.24° Celsius with a standard deviation of 1.48°
Celsius. If this same experiment had been conducted on the Fahrenheit scale, find
the sum of the arithmetic mean and the standard deviation in Fahrenheit degrees.
Express your answer as an integer rounded to the nearest Fahrenheit degree.

Let a sequence {u, } be defined by =5 and the relation u,,,,) —u, =5+ Tn?,

n=1,2,3,4,.... If this sequence is expressed as a cubic polynomial such that the
coefficient of n> is % , find the coefficient of n. Express your answer as an

improper fraction reduced to lowest terms.

It is known that x varies directly as y and inversely as the square of z. If x :—g—

when y =10 and z =3, find the value of x when y=20 and z=2.

The area of a circle with center at (2,5) and passing through (-3,17) is k= .
Find the value of k.

Let xe {—9, -8,-7,-6,-5,-4,-3,-2,-1,1, 2,3,4} . If f is areal-valued function

such that f(x) =, ’x_+f , find the sum of all possible distinct values of x that are
x pa—

in the domain of f.

The transformations necessary to produce the graph of y =2x?+24x -1 from the

graph of y = x’ are a horizontal shift 6 to the left, a vertical stretch by a factor of
2, and a vertical shift k¥ downward. Find the value of k.

1

If A is a radian measure such that sin*(4) = ITE how many distinct

solutions are there such that 0 < 4 <7 ?

Let n(A) refer to the cardinal number of A. If n(4)+n(B)+n(C)+n(D)=115,
(AN B)+n(ANC)+n(AND)+n(BNC)+n(BND)+n(CND)=99,
n(ANBNC)+n(ANBND)+n(ANCND)+n(BNCND) =41, and
n(ANBNCND) =17, find n(4AUBUCUD).
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By definition, what one word description is given to a triangle that has sides of
three different lengths?

(Always, Sometimes, or Never) For your answer, write the whole word Always,
Sometimes, or Never—whichever is correct.

The two distinct diagonals of a convex quadrilateral intersect each other.

Find the perimeter of a rhombus if the lengths of the diagonals of the rhombus are
respectively 6 and 8.

The dimensions (in feet) of three rectangular floors are shown below. If one of
the floors is selected at random and it costs 13 cents per square foot to paint the
floor, find the probability that the cost of painting the floor selected is more than
$15.00. Express your answer as a common fraction reduced to lowest terms.

14 14 7

If 0.2x+0.5y =0.6 and 0.4x—0.3y =1.72, find the value of x.

Assume that A and B are two distinct points on a perfectly straight highway and
that A is k& miles from B. A man leaves point A at 12:42 P. M. and heads toward
B at a constant rate of 40 mph. At 12:57 P. M. that same day, the man’s wife
leaves point B and heads toward A at a constant rate of 50 mph. If the two meet
exactly halfway from A to B, find the value of & .

2
If (x3 + 13) ()c—8)2 is expressed as a polynomial in x, find the degree of that
polynomial.

Find the sum of all integers greater than twenty and less than one thousand whose

number base five representation consists of all identical digits. Express your
answer for the sum as a base ten numeral.
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In the figure to

A B
the right with degree measures -\ 82°
as shown, find the degree 56°> C
measure of £ ABC.
97° 141°
E D

If x*—=13x+2 =0, find the sum of the reciprocals of the roots.

Points 4, B, C, and D lie in plane f. No three of the four points are collinear.
From point P outside the plane, PA is drawn such that ZPAB =(5x+y+2)°,

ZPAC =(2x+3y-5)°, and ZPAD =(8x+w-28)°. For what value of w is
PA L [?

(Multiple Choice) For your answer write the capital letter which corresponds to
the correct choice.

How much water should be evaporated from x gallons of a solution that is 30%
salt to obtain a solution that is 50% salt?

A) Zx
B) Zx
C) —x
D) —x
E) —x

Note: Be certain to write the correct capital letter as your answer.

One light has a 7 watt bulb; a second light has a 40 watt bulb; a third light has a
75 watt bulb. Two of these lights are selected at random and turned on. The
other light is left off. If the two lights selected are left on for 12 hours, find the
probability that more than 1 kilowatt-hour of electric energy will be used for these
12 hours. Express your answer as a common fraction reduced to lowest terms.
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In the diagram, P and O
are centers of the circles. A

AR is a common internal e‘\

tangent segment with points

of tangency at 4 and R. "
PA=4,0R=7,and PO=13.

Find 4R . R

(Multiple Choice) For your answer write the capital letter which corresponds to
the correct choice.

Which pair of numbers would represent the degree measures of two angles that
are neither complementary nor supplementary?

A) 45 and 45 B) 90 and 90 C) 50 and 50
D) 20and 70 E) 40 and 140

Note: Be certain to write the correct capital letter as your answer.

All ages in this problem are in years. A man is three times as old as his wife was
when the man was as old as his wife is now. The man is now 48. Find the
number of years in the present age of his wife.

(Always, Sometimes, or Never) For your answer, write the whole word Always,
Sometimes, or Never—whichever is correct.

If k is a positive integer such that the slopes of two consecutive sides of a

parallelogram are respectively k& and — %, then the parallelogram is a rectangle.

(Always, Sometimes, or Never) For your answer, write the whole word Always,
Sometimes, or Never—whichever is correct.

If a theorem is true, then the converse of that theorem is true.

The lengths of the sides of a right triangle are all integers. The first side has a
length that is an integral multiple of 13, and one of the other sides has a length
that is prime and is 50 more than the length of the first side. Find the smallest
possible perimeter of such a triangle.

The sum of the cubes of the roots of a quadratic equation is equal to 36 times the
product of those roots. If the sum of the roots of that same quadratic equation is

12, the larger of the two roots of the quadratic equation is equal to k + w\/7

when expressed in simplest radical form. Find the value of (k+w+ f).
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1. 11.
Always
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4 14.

4 C
5 15.
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6 .
8 Always
7 17.
2675 or 2675, or 2675, Sometimes

8 18.

164 (degrees optional) 208
9 19.

13 or 6-1— or 6.5 11

10. 2 2 20.
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. 1 2 5 6 6 8
Find the value of x such that .
3 4 8 9 x 13

Is the vector (—3,8) perpendicular to the vector (12,4.5)? Answer Yes or No,

whichever is correct.

(Always, Sometimes, or Never) For your answer, write the whole word Always,
Sometimes, or Never—whichever is correct.

If [C] and [D] are two matrices, then [C][D]=[D][C].

A line passes through (3,6), (—4,4), (-11,k), and (w,8). Find the value of
(k+w).

If an expression is selected at random from the following four expressions:
4x -8, x2+5x— 6, x2+3x+ 4, x?-11x+30 , what is the probability that the

expression selected will factor over the integers? Express your answer as a
common fraction reduced to lowest terms.

In what quadrant is cosine positive and tangent negative? For your answer, write
a Roman numeral.

Find the cosine of the second largest angle of a triangle that has sides with lengths
of 10, 14, and 16. Express your answer as a common fraction reduced to lowest
terms.

If x is a real number, find the sum of the squares of all distinct x such that

0 _ 4096% =0

If one of the members of the set {5 8,304,430,510, —42} is selected at random and
substituted for x in the trig function sin (x°) , find the probability that

sin(x°) > 0.5. Express your answer as a common fraction reduced to lowest

terms.
If f(x)=x"-2 and g(x)=2x+1, find the value of f(g(5)).

G A O S D (o)
Let P = 2 2 °? 4 02 0216 232 g002 . If n=25, then
2W 21
225 .. . .
P= 2 . If w and f are positive integers, find the smallest possible value

of (w+ f).
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If x is a positive integer, find the sum of all distinct values of x such that x—6
is an imaginary number.

(Multiple Choice) For your answer write the capital letter that corresponds
to the best answer.

In how many non-congruent scalene triangles does the cosine of one angle equal
the sine of a second angle?

A) 0 B) 1 C) 2 D) Ineveryright triangle but in no obtuse triangle
E) None of the choices (A—D) is correct.

Note: Be certain to write the correct capital letter as your answer.

One of the numbers of the set {120, 130,140,150} is selectea at random. Find the

probability that the number selected is the degree measure of an obtuse angle
formed at the intersection of the two distinct altitudes drawn to the legs of an
isosceles triangle with a vertex angle of 80°.

Find the sum of the odd integers that are greater than zero and less than 68.

In Triangle ABC, AB =80, BC =99, and ZABC =60°. Find the length of
AC.

In a room with exactly 6 distinct persons, exactly 12 handshakes between 2
distinct persons are made. No two of these handshakes took place between the
same 2 persons. Of the persons in the room, exactly two persons shook hands
with exactly three other persons. Two distinct persons from these 6 persons are
selected at random. Find the probability that those two distinct persons had made
one of the 12 handshakes. Express your answer as a common fraction reduced to
lowest terms.

Find the value of (log, (a))(log, ())(log, (d))(log,(c)).

A drawer contains an odd number of orange socks and an even number of blue
socks. Two socks are drawn at random (without replacement). Find the least
number of orange socks and the least number of blue socks that could be in the

drawer such that the probability that both socks drawn were orange would be % .

Express your answer as an ordered pair of the form (#orange, #blue) .

Three positive integers are in arithmetic progression. Let S be the sum of these 3
positive integers, and let P be the product of these 3 positive integers. If

P <1000 and if P has exactly 8 positive integral divisors, find the sum of all
possible distinct values of § .
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stated in the Contest Manual. Exact answers are to be given unless otherwise
specified in the question. No units of measurement are required.

1. 11 11.
Yes
2 12.
Sometimes
3 13.
12
4 14.

3 (must be this reduced
4 common fraction)

IV (must be this Roman numeral)

| =

(must be this reduced
2 common fraction)

512

| ™o

(must be this reduced
5 common fraction)

119

10. 20.

53

15

1156

91

4 (must be this reduced
5 common fraction)

(15,6) (must be this ordered pair)

117




10.

11.

12.

13.

CALCULATING TEAM COMPETITION

ICTM REGIONAL 2007 DIVISION A PAGE 1

Find the value of 2.016>%4%)

Squares A, B, and C, and D have sides of respective lengths 6, 6.8, 12, and 8.6. If
one of the four squares is selected at random, find the probability that the area of
that square is more than 47.1. Express your answer as a common fraction
reduced to lowest terms.

Find the value of cos(28°17").

The expression y =1.864x> —56.24x” +68.87x—102.1 has a local minimum
between x =14.98 and x =22.11. Find the y-coordinate of this local minimum.

Solve for x: 5.247x—(2.789-1.603x) =18.89.

If x and y arereal, and x* + y* =3, find the maximum value of (x + y)°.

T=2r, f3£2 is a formula for the period T (in seconds) of a pendulum whose

length is L feet. If the period for a pendulum is 1.389 seconds, find the number
of feet in the length of the pendulum.

Let the two lines whose equations are respectively 2x+6y =15 and y=4x+5

intersect at point 4. A circle with center at point A4 intersects one of the given
lines at a point B and intersects the other of the given lines at a point C. If the
radius of this circle is 12.42, find the largest possible value of the area of the

sector bounded by minor arc BC and radii AB and AC.

The area of a square is 568.6. Find the area of the circle that is circumscribed
about the square.

Find the perimeter of an equilateral triangle whose altitude has a length of 18.21.

Find the degree measure of the acute angle of elevation of the sun when a 40-foot
mast casts a 30-foot shadow.

In AABC, AB =98.45, BC =54.62,and £ABC =51.16°. Find the area of
AABC.

Given: A4(-1,10) and B(3,2). Point C(x,y) lies on the perpendicular bisector
of AB and is a distance of 62 from the midpoint of AB. If x>0 and y >0, find
the value of (x+ ).



14.

15.

16.

17.

18.

19.

20.

CALCULATING TEAM COMPETITION

ICTM REGIONAL 2007 DIVISION A PAGE 2
From the chart shown, WAGES - NUMBER OF EMPLOYEES
find the fraction of
employees that earned $250.00-$259.99 12
less than $310.00 per 260.00-269.99 11
week but at least $260.00 270.00-279.99 26
per week. Express your 280.00-289.99 19
answer as a common fraction  290.00-299.99 12
reduced to lowest terms. 300.00-309.99 13

310.00-319.99 6
In Triangle ABC, AB =245, and ZABC =60°. Ifall sides of Triangle ABC

have integral lengths, find the smallest possible perimeter of Triangle ABC such
that the perimeter is greater than 2200. Express your answer for the perimeter as
an exact integer.

)
If x=1.673, find the value of 2x .

In a circle with an area of 753.8, the length of minor arc CD exceeds the length
of chord CD by 0.06311. Find, to the nearest hundredth of a degree, the degree
measure of minor arc CD. Express your answer as a decimal.

Find the value of 3

J5.063

_4
5

-2
If (3x) =1.887, find the value of x if x>0.

Find the absolute value of the shortest distance from (2,5) to any point on the

graph of the ellipse whose center is at (0, 0) , whose major axis is vertical with a
length of 8 and whose minor axis is horizontal with a length of 6.
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Correct X 5 pts. ea. = ‘ School Code

Note: All answers must be written legibly. Round answers to four significant digits and write
in either standard or scientific notation unless otherwise specified in the question. Except
where noted, angles are in radians. No units of measurement are required.

53.13 or 5.313x10 or 5.313x10'

1. 0.02904 or 2.904x107 11. (degrees optional)
1 (must be this reduced
) 2 common fraction) . 2094 or 2.094x10°
0.8806 or 8.806x107! 90.18 or 9.018x10 or 9.018x10"
3 13.
9 (must be this reduced
. -6323 or -6.323x10° “ 11 common fraction)
3.165 or 3.165x10° s 2205 (must be this integer)
5 .
1470 or 1.470x10 or 1.470x10' .
6 (trailing zero is necessary) 16 1.685 or 1.685x10
26.42 (must be this decimal)
7 1564 or 1.564x10° 1. (degrees optional)
127.1 or 1.271x10? 3.469 or 3.469x10°
8 18.
8932 or 8.932x10? 1 0.1507 or 1.507x107"
9 .
63.08 or 6.308x10 or 6.308x10' 1.555 or 1.555x10°

10. 20.




10.

FROSH-SOPH 2 PERSON COMPETITION

ICTM 2007 REGIONAL DIVISION A PAGE 1

A radius of an old circle is increased by 2 units and becomes the radius of a new
circle. The area of this new circle is 25.34n . Find the circumference of the old
circle. Express your answer as a decimal rounded to the nearest hundredth.

The sum of 6 consecutive positive integers is 87. Find the smallest of the 6
integers.

How many of the following nine numbers are integral multiples of 11?
{88,121, 275, 913, 583, 264, 301, 16258, 425}

Let k£ be a positive integer such that k£, k+8, and k+16 are the lengths of the
three sides of a right triangle. Find the value of % .

The lengths of the diagonals of 3 squares are respectively 8, 10, and 14. The ratio
of the area of the smallest square to the area of the largest square can be expressed
as k:w where k and w are positive integers. Find the smallest possible value of

(k+w).

Given the points: F(-2,1), G(10,4), H(x,y),and J(1,8). If FGHJ isa
parallelogram, find the value of (x+y).

Find the sum of all distinct values of three digit integers greater than 500 if each
three digit integer is a square of an integer.

If k+/32 + +200 — V1682 = /2 and if w243 + 192 — /1875 =+/3 , find

the value of (k+w).

In AABC with 4(-2,-1), B(-2,5), and C(6,-1), find the coordinates of the

point that is equidistant from A4, B, and C. Express your answer as an ordered
pair of the form (x, y).

Let x represent the number of real solutions of the equation
1 -4 5
2y’ +15y* ~176y +84 =0. Find the value of determinant: |6 x 2
7 5 1



11.

12.

13.

14.

15.

11.

12.

13.

14.

15.

FROSH-SOPH 2 PERSON COMPETITION
EXTRA QUESTIONS 11-15
ICTM 2007 REGIONAL DIVISION A

The sum of 3 positive integers is 20. Find the largest possible product of these 3
positive integers. ‘ '

Find the number of distinct integers x such that 9 < !2x+5 | <17.

A triangle has sides of lengths 9, 10, and 17. The length of one of the altitudes of
this triangle is an integer. Find the length of that altitude.

The length of the diagonal of a square is 8. Find the length of a radius of a circle
that is inscribed in that square.

If f(x)=2x"-7x"+2x-1, find the value of f(4)+ f(5)+ f(6)+ f(7)+ f(8).

ANSWERS

294

242

1245
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Total Score (see below*) = _ School Code

Note:  All answers must be written legibly in simplest form, according to the specifications stated in the Contest
Manual. Exact answers are to be given unless otherwise specified in the question. No units of measurement
are required.

Answer Score
(to be filled in by proctor)

L 19.06 (must be this decimal)

12
2. :
7
3.
24
4.
5. 65
6. 24
7. 6621
7
8.
(2, 2) (must be this ordered pair)
6
10.
TOTAL SCORE:
(*enter in box above)
Tie Breakers:
294 :
11. * Scoring rules:
6 . st :
12. Correct in 1™ minute — 6 points
13. 8 Correct in 2™ minute — 4 points
14. 242 Correct in 3™ minute — 3 points
15. 1245 PLUS: 2 point bonus for being first
in round with correct answer




JUNIOR-SENIOR 2 PERSON COMPETITION
ICTM 2007 REGIONAL DIVISION A PAGE 1

Find the midpoint of the line segment that joins the center of the circle whose
equation is x* +8x+ y*> —4y =10 with the point where the line, whose equation is
y =8x+80, intersects the x-axis. Express your answer as a simplified ordered

pair of the form (x,y).

Find the sum of the product of the roots of x> —3x—10=0 and the product of the
roots of y* —11y* +38y—-40=0.

If $10,000 is invested at 7.6% annual percentage rate and is compounded
quarterly, find the number of dollars that this investment will accrue to after the
interest has been credited at the end of 6 years. Express your answer rounded to
the nearest dollar.

A rectangular sidewalk of a uniform width of 4 surrounds a rectangular garden
with dimensions of 100 by k. If the area of the sidewalk is 1728, find the value
of k.

With lengths and degree B E

measures as shown, find 100

the value of 3 L 28

sin(£BAC) + cos(£LEDF) . 90°

Express your answer as C 4 A F D
a decimal.

One number is selected at random from the set {4, 5,6} , and one number is

selected at random from the set {3,7,11}. Find the probability that the sum of the

two numbers selected is more than 14. Express your answer as a common
fraction reduced to lowest terms.

2
If f(x)= iziix—%, then as x > 2, f(x) = k. Find the value of k. Express
X"+

your answer as a common fraction reduced to lowest terms.

A semicircular arch has its endpoints at (—a,0) and (a,0), where @ >0. The

point (a -2, 214 ) is on the arch. Find the y-coordinate of the highest point on
the arch.

Find the sum of the first 14 terms of the geometric progression: 5,-10,20,---.

n

. Let L=]1m( ). Find the smallest positive integral
v MG

_ 1
value of n for which |L—an I < —9—

Let a, =



11.

12.

13.

14.

15.

11.

12.

13.

14.

- 15.

JUNIOR-SENIOR 2 PERSON COMPETITION
EXTRA QUESTIONS 11-15
ICTM 2007 REGIONAL DIVISION A

Find the absolute value of the distance from the point (3, —1) to the line
y=x+4.

824
N = ———— then log(n) = klog(824) — wlog(22.6). Find th
\/’227 en g( ) g( ) g( ) ind the

value of(w-—k).

If

If Jim selects two marbles at random without replacement from 7 orange marbles
and 3 blue marbles, find the probability Jim selected one marble of each color.
Express your answer as a common fraction reduced to lowest terms.

If the parametric equations 3 are converted to a Cartesian equation of the
2
y=t"+1

form y =ax® +bx+c, find the value of (a+b+c).

Find the number of distinct points in the real number plane that are common to
the curves x* +4y* =1 and 4x*+)* =4.

ANSWERS

42

3 or 0.3 or .3

10

7 . .
s (must be this reduced common fraction)
10
2



Total Score (see below*) =

Note:

A

Jr/Sr 2 Person Team schoo RO7

School Code

All answers must be written legibly in simplest form, according to the specifications stated in the Contest

Manual. Exact answers are to be given unless otherwise specified in the question. No units of measurement

are required.

Answer

(—7, 1) (must be this ordered pair)

1.

2. 30

3. 15710 ($ optional)

4 A 108

s, 1.56 (must be this decimal)

6. % (must be this reduced common fraction)
. % (must be this reduced common fraction)
8. 15 (feet optional)

9. —27305

10. 49

Score
(to be filled in by proctor)

TOTAL SCORE:

Tie Breakers:

42

11.
3
12 AO or 0.3 or .3
V (must be this reduced common fraction)

13 15
14. 10

2
15.

(*enter in box above)

* Scoring rules:

Correct in 1** minute — 6 points
Correct in 2" minute — 4 points
Correct in 3™ minute — 3 points

PLUS: 2 point bonus for being first
in round with correct answer




L.C.T.M. 2007 Regional Oral Competition — Coding Divisions 1A and 2A

1. Here is a simple coding scheme:

Letterr: A B CDEVF GHI J KLMNOP QRSTUVWXY?Z
Encodeas: ] K L MN OP QRS TUVWXYZABU CDETFGHI

(1) Using this scheme a message was encoded as PXCQNANWRWNYV
Decode this message.

(i)  Your answer to (i) should reveal at least one bad feature of this coding scheme.
What is one bad feature? Are there others?

2. Here is a copy of Alphabet Spiral #1, Key 5, from page 6 of the reference

" Key 5. Alphabet Sniral %1,

An expanded version of this key, not shown here, would be needed for the encoding formula
S(x)=3x+5 (mod 29), where x is the integer (1 — 29) paired with the variable character X. For
example, to encode the letter W, which corresponds to 23, write f(23)=3e23+5=74=16 (mod 29).
Then write the 16-th letter, P, to stand for W.

(1) Use this scheme to encode the message SEND MONEY
(1))  Decode the response NHRG

3. Suppose that a coding team wants two more characters, a question mark (?) and an apostrophe (°),
added to the list of 29 characters in Key 5. They let ? correspond to 30 and * correspond to 31 and
decide to use the formula f(x)=4x+1(mod 31). Then, for example, P would be encoded as C since

f(16)=4e16+1=65=3(mod 31).

Decode the message MEZMUR (a 6-character message) which was determined using this scheme.

Regional Oral A - 2007



I.C.T.M. 2007 Regional Oral Competition — Coding
Divisions 1A and 2A
SOLUTIONS
1. ) The message decodes as GOTHERENINEPM
(i)  Because of the absence of spaces between words, this could be interpreted as a report
(GOT HERE NINE PM) or as an instruction (GO THERE NINE PM). This ambiguity could
be very important. Other bad features of this scheme are the inaccessibility of important
punctuation marks and the ease with which the code can be broken.
2. The formulais f(x)=3x+5 (mod 29).
(1) SEND MONEY is encoded as DTRQEOURTV
(i)  The response NHRG is decoded as CANT
Details:
NHRG —14 8 18 7 subtract5 9 3 13 2 "divideby"3 3 1 14 20 > CANT
3. The formulais f(x)=4x+1(mod 31)

MEZMUR —13 5 26 13 21 18 subtract1 12 4 25 12 20 17 "divideby"4 3 1 14 3 5 12 > CANCEL

Regional Oral A - 2007



I.C.T.M. 2007 Regional Oral Competition — Coding
Divisions 1A and 2A

JUDGES’ QUESTIONS
1. Solve the congruence 2x+7=1(mod 11) for x.
ANSWER: 2x+7=1(mod11) = 2x=-6=5(mod11)=> x=8

2. Suppose that the coding team in Problem 3 decided to add just the question mark, and not the
apostrophe, making 30 characters (including space) instead of 31.

(1) How would the 4-character message WHO? be encoded?

(11) Does it seem that using 30 characters is a good idea? Why or why not?

ANSWERS:

()  WHO?—23 8 15 30 multiplyby4 2 2 30 30 add1 3 3 11— CCAA

(i)  Using 30 characters is NOT a good idea, as illustrated here since both W and H encode to the
same letter, C, and both O and ? encode to the same letter, A. This makes decoding
impossible. This will not happen when the modulus is a prime integer.

Regional Oral A - 2007



