2025 John O’Bryan Mathematical Competition
Freshman-Sophomore Individual Test

Directions: Please answer all questions on the answer sheet provided. All answers must be
written legibly in the correct blanks on the answer sheet and in simplest form. Exact answers are
to be given unless otherwise specified in the question. No units of measurement are required and
it is advisable to leave them off. Each problem has the same point-value.

1. Ifw’ +w’+ 17 =k + 2w’, find the value of £.

2. Inthe diagram, AE intersects BD at point C. AB and DE are
parallel. CD =24 and BD = 33. Find the ratio of the perimeter c
of AABC to the perimeter of ACDE . Express your answer in
the form a : b where a and b are positive integers with no
common factors.

D E

3. A square has perimeter 12. Find the length of a diagonal of that square. Give an exact
answer as a simplified radical expression.

4. Someone stole 5 candy bars and 2 bags of potato chips. Each bag of potato chips sells for
$2.19, and each candy bar sells for k cents each. If the value of the 5 candy bars and 2 large
bags of potato chips that were stolen was $7.83, find the value of k. Express your answer as
an integral number of cents.

5. If the smaller base of a trapezoid is increased by 4 and the larger base of a trapezoid is
decreased by 12, by how much is the median increased or decreased? Assume that both bases
have positive lengths after the change. Give an increase as a positive number or a decrease
as a negative number.

6. A sale on Vitamin D allowed customers to buy 3 bottles and get 2 free. During the sale,
Cody purchased 75 bottles of Vitamin D at a cost of $150. How much would he have been
charged for this purchase at regular price?

7. Solve for k if (x*x?)° = x",
8. Find the value of the product (ab) given that % + % = gand a+b= 125 .

9. A triangle has vertices at (4,8), (12,7), and (x,). The midpoint of one of the sides of the
triangle is (7,5). Find the area of the triangle.

10. The lines kx + 3y =9 and 8x + 2kx — 2y = 15 do not have a point of intersection. Find the
value of k.



11.

12.

13.

14.

I5.

16.

17.

18.

19.

20.

In the diagram, points 4, B, C, D, and P lie on a circle. AD
is a diameter, and the measure of ZBCP is 45 degrees. The
lengths of minor arcs AB and CD are in the ratio of 7:8
respectively. Find the degree measure of £ APC.

The numerator of a fraction is a positive integer that is one
more than its denominator. The sum of the fraction and its

. . 25 . . . .
reciprocal is > Find the numerator of the original fraction. =]

Alex’s age is the same as Brent’s age and Carter’s age together. In two years, Alex will be
twice as old as Brent will be then. Six years ago, Carter was twice as old as Brent was then.
How old will Carter be in two years?

The sum of the squares of two original positive numbers is 10. The product of the squares of
these two original numbers is 2. Find the square of the sum of these two original numbers.

The length of one side of a regular hexagon is 2x and the length of the side that is opposite
the first side is 3y. If the area of the regular hexagon is 1944+/3, find the value of (x+y).

Katie randomly places 3 identical math, 2 identical science, and 2 identical English books on
a shelf. Find the probability that the 3 math books are together on the shelf. Express your
answer as a common fraction reduced to lowest terms.

A line is tangent at the point (6,10) to a circle whose equation is (x — 2)2 + (y — 7)% = 25.
If the equation for the tangent line is written in the form y = mx + b, find the value of b.

A vehicle travels one mile at 8 mph (miles per hour), a second mile at 12 mph, and a third
mile at x mph. The average speed for the combined 3-mile trip is w mph. If k£ and w are both
positive integers, find the sum of all possible distinct values for £.

A square is inscribed in a regular octagon, with each vertex of the square at the midpoint of a
side of the octagon. Each side of the octagon has length 6 units. The perimeter of the square

may be expressed in the form k + wﬁ where k, w, and p are all positive integers. Find the
smallest possible value of (k + w + p).

Two circles have radii of 8 and 12 with centers that are 24 units apart. Find the length of a
common internal tangent between these two circles. Give your answer as radical expression
in simplest form.



Name: Team Code:

2025 John O’Bryan Mathematical Competition
Freshman/Sophomore Individual Test

Note: All answers must be written legibly in the correct blanks on the answer sheet and in simplest form.
Exact answers are to be given unless otherwise specified in the question. No units of measurement
are required. Each problem has the same point-value.
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2025 John O’Bryan Mathematical Competition
Freshman-Sophomore Individual Test

Note: All answers must be written legibly and in simplest form. Exact answers are to be given unless
otherwise specified in the question. No units of measurement are required. Each problem has the
same point-value (1 point).
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2025 John O’Bryan Mathematical Competition
Junior-Senior Individual Test

Directions: Please answer all questions on the answer sheet provided. All answers must be written
legibly in the correct blanks on the answer sheet and in simplest form. Exact answers are to be given
unless otherwise specified in the question. No units of measurement are required and it is advisable to
leave them off. Each problem has the same point-value.

10.

11.

12.

. Let f(x) =x+3and g(x) =2x — 1.If f(x) = g(x) — 3, find the value of x.

Find the degree of the following polynomial: 3x(x* + 5) + 6(x*(x — 7)*)* + 34x — 9.

The second term of a geometric sequence is % and the fourth term is § Find the sum of the eight and

tenth terms of this geometric sequence. Express your answer as a reduced common or improper
fraction.

Leti=+v—1andlet (x— 1+ 2§), (x— 1 — 2{), and (x - 5) be factors of the polynomial
%} + k® + wx + p where k, w, and p are integers. Find the value of (k + p).

Let f(x) = k(log;(x)) where k represents a non-zero constant. Then f(343) — f(7) = wk. Find the
value of w.

There are 8 teams in a league. Each team in the league must play every other team in the league
exactly 15 times in one season. Find the number of games that will be played among the teams in this
league during one season.

The sum of the squares of two original positive numbers is 10. The product of the squares of these two
original numbers is 2. Find the square of the sum of these two original numbers.

Katie randomly places 3 identical math, 2 identical science, and 2 identical English books on a shelf.
Find the probability that the 3 math books are together on the shelf. Express your answer as a common
fraction reduced to lowest terms.

If f (x) = x% + 8x — 19, find the minimum value of f (x).

Alex’s age is the same as Brent’s age and Carter’s age together. In two years, Alex will be twice as
old as Brent will be then. Six years ago, Carter was twice as old as Brent was then. How old will
Carter be in two years?

Find the focus of the parabola whose equation is y — 3 = % (x + 2)2. Express your answer as an
ordered pair of the form (x,y).

A regular polyhedron has 4 distinct vertices and 6 distinct edges. If the length of one of these edges is
9, find the total surface area of this regular polyhedron. Give your answer as a simplified radical
expression.



13.

14.

15.

16.

17.

18.

19.

20.

The vector <4.2, 7.5> is perpendicular to the vector <=3.6, £>. Find the value of k. Express your
answer as an exact decimal.

Let f(x) = 9x — 256 and f (g(x)) = g(f (x)) = x. Find all points that the graphs of f(x) and g(x)
have in common. Express your answer for any and all distinct points as ordered pair(s).

In the diagram of A4BC with measures as shown, AC = k. Leti = V-1, A
Find |80 + kil.

In the standard three-dimensional rectangular coordinate system, a triangle
has vertices (1,0,0), (0,13,2), and (0,0,8). The distance from the centroid c 190° B

of the triangle to the y-axis can be expressed as %W where k, w, and p are

positive integers. Find the smallest possible value of (k + w + p).

Dora, Griffin, and Jayden repeatedly take turns tossing a fair, standard cubical die. Dora begins,
Griffin always follows Dora, and Jayden always follows Griffin. Find the probability that Griffin will
be the first to toss a die that lands so that its uppermost face displays an odd number of spots. Express
your answer as a common fraction reduced to lowest terms.

A vehicle travels one mile at 8 mph (miles per hour), a second mile at 12 mph, and a third mile at k
mph. The average speed for the combined 3-mile trip is w mph. If k£ and w are both positive integers,
find the sum of all possible distinct values for k.

Each of 25 persons writes down 5 different integers at random from the 25 integers from 1 to 25
inclusive. Each of the 25 integers is then called off one at a time in a random order. As soon as all 5 of
a person’s numbers have been called off, the person yells: “Bingo.” Find the probability that at least 1
of the 25 persons will have yelled “Bingo™ before the 18th number has been called. Express your
answer as a decimal rounded to 4 significant digits.

In the diagram, points A, B, and C lie on FE , FD , and ED -
respectively. If EA=10 , AF=5 , BF=12, BD=22, CD=16,

and CE=19, find the area of AABC . Express your answer o
as an improper fraction reduced to lowest terms. A
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Note: All answers must be written legibly and in simplest form. Exact answers are to be given unless
otherwise specified in the question. No units of measurement are required. Each problem has the
same point-value (1 point).
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2025 John O’Bryan Mathematical Competition
Questions for the Two-Person Speed Event

***Calculators may not be used on the first four guestions***

1.

Let & be the number of distinct negative integers greater than —182 that are equal to 6 times
an even integer. Let w be the smaller of two consecutive odd integers whose sum is 624.
Find the value of £ + w.

Of a group of 26 mathletes, 11 like both algebra and geometry problems, 12 like both
geometry and trig problems, and 9 like both algebra and trig problems. Find the absolute
value of the difference between the greatest number possible and the least number possible of
the 26 who like all three types of problems.

Let % be the number of distinct ways to arrange 3 pairs of books on a shelf if each of the
books in a pair are completely identical. Let w be five more than the sum of the first twelve
natural numbers. Find the value of £ —w.

In the diagram, points A, B, and C lie on a circle with center O. A

Points B, D, O, and C are collinear. AD is perpendicular to BC

and the lengths of AC and AD are 17 and 8, respectively. Find the

perimeter of AABC. Express your answer as an improper fraction B D O C
reduced to lowest terms.

**%(Calculators may be used on the remaining questions***

5.

In a class of 25 students, a subgroup of 15 students scored an average of 72 on a math test.
The overall class average was 76. What was the average score of the remaining 10 students?

The first term of a geometric sequence is equal to the first term of an arithmetic sequence,
and the fourth terms of each sequence are also equal. The common ratio of the geometric

sequence is 2. If the first term is an integer, and the common difference d of the arithmetic
sequence is an integer such that 0 < d < 54, find the largest possible acceptable value of d.

An ice cream cone has base-radius 6 units and height 10 units. The cone is ]
filled with ice cream, which also extends from the top of the cone in the shape v
of a perfect hemisphere. Calculate the total volume of the ice cream cone and o
its contents. Give an approximate decimal answer rounded to the nearest
tenth.



8. Tennis balls come only in boxes of 7 and 16. Thus, if you wanted 19 balls, you could not get
19 exactly with any combination of whole boxes of balls. Let & be the largest number of balls
you could not get exactly with some combination of whole boxes of balls. A tennis net
consists of strings that form layout consists of a rectangular grid of 6912 squares. If the net
pattern has between 20 and 30 squares in height, let w be the sum of all possible integer
values for the number of squares representing its height. Find &k +w.

Tiebreakers (if needed)

9. (T1) The lengths of all sides of a right triangle are whole numbers. If the length of one side of
the triangle is 12, find the largest possible value of the perimeter of the triangle.

10. (T2) A coin flip will be used before a baseball game to determine the home team.
Unbeknownst to the players, the coin will flip Aeads with probability 1/3 and tails with
probability 2/3. One of the players is asked to “call” the flip. What is the probability he calls
the flip correctly? Give your answer as a reduced fraction.

11. (T3) A sum of $5,000 is invested and grows to $24,000 in 10 years, compounded quarterly.
As a percentage, what annual interest rate was applied? Give your answer rounded to the
nearest whole number.

12. (T4) What is the units digit of (67)*°*°?

Answers

1. (326) 2. (6) 3.(7) 4. (136/3) 5. (82) 6. (49)
7. (829.4) 8. (140) 9. (84) 10. (1/2) 11. (16) 12. (7)



Names: School:

2025 John O’Bryan Mathematical Competition
Two-Person Speed Event

Note: All answers must be written legibly and in simplest form. Exact answers are to be given unless
otherwise specified in the question. No units of measurement are required. Each problem has the
same point-value.

SCORE Calculators are not allowed to be

used on the first four questions!

This competition consists of eight
2. competitive rounds. Correct
answers will receive the following
scores:

3. 1%: 7 points
20d: 5 points
All Others: 3 points

4, There is a three minute time limit
on each round. You may submit
only one answer each round. To
submit your answer, fold this

5. sheet lengthwise and hold it high
in the air so that a proctor may
check your answer.

6.
7. T3.
8. T4.
SCORE
T1.

T2.




Names: Correct Answers School:

2025 John O’Bryan Mathematical Competition
Answers for the Two-Person Speed Event

Note: All answers must be written legibly and in simplest form. Exact answers are to be given unless
otherwise specified in the question. No units of measurement are required. Each problem has the
same point-value.

SCORE Calculators are not allowed to be
3 26 used on the first four questions!
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competitive rounds. Correct
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scores:

3. 7 1%: 7 points
20d: 5 points
Must be this All Others: 3 points

improper
4. 1 3 6 / 3 fraction There is a three minute time limit

on each round. You may submit
only one answer each round. To
8 2 submit your answer, fold this

sheet lengthwise and hold it high
in the air so that a proctor may
check your answer.
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2025 John O’Bryan Mathematics Competition
5-Person Team Test

Abbreviated Instructions: Answer each of the following questions using separate sheet(s) of paper.
Questions will not be scored without the following two items:

Place your team code in the upper right corner of each page that will be turned in.
Place question numbers in the upper left corner of each page that will be turned in.

Questions are equally weighted. Teams must show complete solutions (not just answers) to receive
credit. More specific instructions are read verbally at the beginning of the test.

1.

A quadratic polynomial g(x) = x? + px+ g with real numbers p and ¢ is called a
double-up polynomial if it has two real roots, one of which is twice the other.

(a) If p = —15 for a double-up polynomial g(x), determine the value of g.

(b) If ONE of the roots of a double-up polynomial g(x) is equal to 4, determine ALL possible
values of p +g.

(¢) Determine all double-up polynomials for which p + ¢ = 9.

A 3 x 3 grid is filled in with 0’s and 1’s, as below. The grid receives 1 point for each row,
column, and diagonal whose sum is ODD. The grid on the left, for instance, has a score of 0
points since the sum of the values in each row is 2, the sum of the values in each column is 2,
and the sum of the values in the two diagonals (D1 =1+0+1=2and D2=0+0+0=0) are
all even. The grid on the right has a score of 3 points.

11110 1 1] 1
0 01
0 1 0|11

(a) Fill in a 3 x 3 grid with 0’s and 1’s so that the grid has a score of exactly 1 point. Show
why your grid has a score of 1 point.

(b) In a 3 x 3 grid, suppose the value of the middle cell is 0. If all the remaining cells are 0’s or
1’s, explain why the score of the resulting grid CANNOT be 8.

(c) In a 3 x 3 grid, suppose the value of the middle cell is 1. Find ALL such grids that have a
score of 8. Explain why there are no others beyond those you list.



3. In the diagram below, point M is the center of the circle with diameter AC and radius of 1 unit.
A chord is drawn from point A to an arbitrary point B (distinct from point A) and extended to
point P so that BP = 1 unit. Note that there are an infinite number of locations for points B and
P. Let S be the set of all possible locations for point P.

(a) Let U be a point in set S so that segment UM is perpendicular to segment AC. Determine
the length of segment UM.

(b) Let V be a point in set S so that segment VC is perpendicular to segment AC. Determine
the length of segment VC.

(c) Is S (the set of all possible locations of point P) a circle? Explain why or why not.

4. The parabola y = x> — 4x + 12 intersects the line with equation y = —2x + 20 at points A and B.
(a) Determine the length of segment AB.

(b) A line parallel to y =—2x + 20 intersects the parabola y = x> — 4x + 12 at distinct points P =
(p, P> —4p + 12) and Q (g, ¢* — 4q + 12). Find the value of p +g.

(c) Let point M be the midpoint of segment AB (from part (a)) and point N be the midpoint of
segment PQ (from part (b)). Find the slope of segment MN.



5. The figure below depicts quadrilateral ABCD. Let points E, F, G and H be the midpoints of
segments AB, AD, DC, and BC, respectively.
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(a) If the length of segment BD = x, where x is some positive real number, find the sum of the
lengths of segments GH and EF. Justify your answer.

(b) If the area of triangle AEF = 25 square units, find the area of triangle ABD. Justify your

answer.
(¢) Show that quadrilateral EFGH is a parallelogram. Justify your answer.

6. A three-tuple of positive integers (x1, x2, x3) is said to be super-squared if it satisfies BOTH of

the following properties:

1) xi>x2>x3
(2) Theexpressions x5 + x% and x% + x5 + x5 are BOTH perfect squares
Likewise, a four-tuple of positive integers (xi, x2, X3, x4) is said to be super-squared if it
satisfies BOTH of the following properties:

1) xi>x2>x3>x4
(2) Theexpressionsx? + x%, ¥} + xZ +x%,and x3 + x5+ x} + x% are

ALL perfect squares

(a) Determine all values of p for which the three-tuple (12, 9, p) is super-squared.

(b) Determine all values of ¢ for which the three-tuple (32, ¢, 9) is super-squared.
(c).Find a super-squared four-tuple (x;, x2, x3, x4) with x; <200. Show that your four-tuple is

super-squared.



