
Sharon Math and Science
Tournament - 2021

Team Round
The SMST Committee has worked hard to create questions that are challenging and interesting to
solve. No one is expected to be able to complete the entire test perfectly. You will most likely see
questions that are challenging to you. Give these questions your best effort, and do as many as
you can in the 30 minutes allowed. Keep in mind that there is no penalty for guessing or for
incorrect answers. Each full question is worth 3 points.

Math Section

1. How many triangles are in the figure below?

2. The Fibonacci sequence is an infinite sequence where the first two terms are 1, and each
successive term is the sum of the previous two terms {1, 1, 2, 3, 5, …}. Considering the
entire sequence, what is the probability of randomly selecting an odd number? Write your
answer as a fraction in simplest form.

3. In the diagram below, the number in each circle is equal to the sum of the numbers in the 3
circles below it. For the bottom row, you are given the numbers 1, 2, 3, 4, and 5. If each
number in the bottom row can only be used once, what is the difference between the greatest
and least possible values of the top circle?
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4. Jacquelyn is riding the school bus when a UFO appears and teleports the bus onto an alien
mothership. She sees a sea of yellow school buses, each occupied by terrified and/or
awestruck students, and a multitude of aliens, each with 10 legs and 4 eyes. There are a total
of 2002 legs and 1384 eyes on the ship, including those of the students on the bus. How
many students are on the ship? (Assume the bus drivers were not teleported along with the
school buses.)

5. The SMST ship was traveling across the North Atlantic when a crew member notified
Captain Julia and Chief Officer Andrew of an iceberg. On a coordinate plane, the iceberg is
at (5, 4) where each tick is 10 miles. If the ship is going along the path of y = −0.75x+1.5,
what will be the shortest possible distance, in miles, between the SMST and the iceberg?

Science Section

6. Given the following diagram, calculate the total resistance of the circuit in k𝝮. Hint: In a

series circuit, . In a parallel circuit,𝑅
𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡

=
𝑖
∑𝑅

𝑖
1

𝑅
𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡

=
𝑖
∑ 1

𝑅
𝑖

7. In Brazilian monkeys, rough fur is dominant to smooth fur, and black fur is dominant to
white fur. A rough-coated, black monkey (whose mother was smooth and white) is mated
with a smooth, white monkey. List all of the possible phenotypes of their offspring and the
corresponding phenotypic ratio. (Hint: You can start by either making two separate Punnett
squares or making one 4 by 4 Punnett square)

(continues on next page)
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8.
a. This glorious landform is an active steep

cone-shaped volcano with a crater at its summit.
The base of the volcano is 78 km in
circumference. It has erupted at least 16 times
since 781 AD. It’s most recent eruption was in
1707, creating a crater on the southeastern flank.
The eruption ejected .8 cubic km of ash, blocks,
and volcanic bombs, helping create layers of ash,
rocks, and lava. What type of volcano cone is
this?

b. If the volcano initially ejects a boulder of mass 1000 kg directly upwards and the
acceleration due to the volcano is 50 m/s2, what is the magnitude of the net force on the
mass at that moment? (Ignore air resistance. Hint: A free-body diagram may be helpful)

9. The diagram below is a food chain in a fictional biome. (Part A) List each of the secondary
consumers. (Part B) List each of the tertiary consumers.

10. (Part A) Balance the following chemical equation using the smallest whole number
coefficients. Submit your answer as a 4-digit number with the coefficients in order from left
to right. (Part B) Identify the type of chemical reaction.

___ Li + ___ H3PO4 → ___ H2 + ___ Li3PO4
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Answer Key and Solutions
Each full question is worth 3 points. Partial credit was awarded for numerous questions at the
discretion of the SMST Committee. Note: The listed percentages do not reflect partial credit
awarded.

Q # Answer
(% Correct in
SMST 2021)

Solution

1 16

(16.67%)

To count the number of triangles without missing any, we must count the triangles
based on how many ‘parts’ they have.
There are five triangles with one part, shown in the top left diagram.
There are six triangles with two parts. Each one is outlined and shaded in a different
color in the top right diagram.
There are two triangles with three parts. Each one is outlined and shaded in a different
color in the bottom left diagram.
There are three triangles with four parts. Each one is outlined and shaded in a different
color in the bottom right diagram.
There are no triangles with more than four parts.
Therefore, the total is 5 + 6 + 2 + 3 = 16

2 2/3

(42.86%)

Notice that the Fibonacci sequence {1, 1, 2, 3, 5, 8, 13, 21, 34…} is a repeated pattern
of odd, odd, even, so the chance of choosing an odd number is ⅔.

3 10

(42.86%)

To get the largest sum, the largest numbers should be used in as many circles as
possible. Thus, 5 should be put in the middle circle (applies to three circles), 3 and 4
should be put around 5 (so they apply to two circles each), and 1 and 2 should be put on
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the edges (so they only apply to a single circle each). In this way, the maximum value of
the top circle is determined to be 32. Note that the figure is symmetrical, so the
positions of 3 and 4 or 1 and 2 can be switched without changing the value in the top
circle.
To get the smallest sum, simply do the opposite, putting the numbers so that the
smallest numbers apply to as many circles as possible and the largest numbers apply to
as few circles as possible. Thus, 1 in the middle (three circles), 2 and 3 around 1 (two
circles), and 4 and 5 at the sides (one circle). In this way, the minimum value of the top
circle is determined to be 22.
The question asks for the difference between the greatest and smallest values so subtract
to get 32 - 22 = 10

4 486

(21.43%)

This problem should be solved with a system of equations.
Let a = the number of aliens and s = the number of students
Each student has two legs and each alien has ten legs. In total, they have 2002 legs. This
can be represented with this equation:
2s + 10a = 2002
Each student has two eyes and each alien has 4 eyes. In total, they have 1384 eyes. This
can be represented with this equation:
2s + 4a = 1384
There are many ways to solve a system of equations. However, one can note that both
equations have ‘2s’ in them. Therefore, we can use elimination by subtracting the
second equation from the first equation:

2s + 10a = 2002
− (2s + 4a = 1384)

–––––––––––––––––––––––––

6a = 618
a = 103

Afterwards, ‘a’ can be substituted back into either equation to solve for ‘s’
2s + 10(13) = 2002
2s = 972
s = 486 (students)

5 50

(16.67%)

The shortest distance between a point and a line is the length of the perpendicular
segment drawn from the point to the line. We can find the equation of the perpendicular
line because it goes through the point (5,4) and its slope must be , the opposite4

3

reciprocal of the slope of y = −0.75x+1.5 or (the line of the ship’s𝑦 =− 3
4 𝑥 + 3

2

path). Using point-slope form, we have . We then need to find the𝑦 − 4 = 4
3 (𝑥 − 5)

point of intersection between this line and . If we substitute the second𝑦 =− 3
4 𝑥 + 3

2
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equation into the first, we get . When we solve this− 3
4 𝑥 + 3

2 − 4 = 4
3 (𝑥 − 5)

equation, we find that x = 2 and substituting that into either equation gives us y = 0, so
the intersection point is (2,0). Now that we have both endpoints of the perpendicular
segment, (5,4) and (2,0), we can use the distance formula to find the length of the

segment: . The length of the perpendicular segment is 5(5 − 2)2 − (4 − 0)2 = 5
units, but since each tick/unit on the coordinate graph is 10 miles, the shortest possible
distance between the iceberg and the SMST is 50 (miles).

6 0.625

(9.52%)

This is a parallel circuit, so the reciprocal of the total resistance across the branches can
be found by adding the reciprocals of each of the resistors.
1/R = 1/R1 + 1/R2 + 1/R3 = 1/10 + 1/2 + 1/1 = 1.6
R = 1/1.6 = 0.625 kΩ (Also accept: 5/8)

7 See
explanation

(11.90%)

Phenotypes are the physical trait an individual shows. The white monkey is recessive
for both traits and as such carries two recessive alleles. The black monkey is
heterozygous for both as they have to have a dominant allele to be black and
rough-coated and a recessive allele from their mother, who only carries recessive
alleles. Set up either the Punnett squares on the left or the 4 by 4 Punnett square on the
right. Heterozygous alleles (Tt or Cc) result in the dominant phenotype being present
(black color or rough fur type). Homozygous recessive alleles (tt or cc) result in the
recessive phenotype being present (white or smooth fur type). If using the two 2 by 2
Punnett squares, multiply the probabilities of each phenotype occurring for the different
genes (there is a ½ or .5 chance of each of the phenotypes, black, white, smooth, and
rough, occurring). For example, there is a .5 chance the offspring will be black and a .5
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chance the offspring will have rough fur, so there is a .25 (.5*.5) chance the offspring is
black and has rough fur. Do this for each potential result (black/rough, black/smooth,
white/smooth, and white/rough) and the phenotype ratio (between black/rough,
black/smooth, white/smooth, and white/rough) will end up being 1:1:1:1. For the 4 by 4
method, simply count up the number of boxes. For each potential result (black/rough,
black/smooth, white/smooth, and white/rough), there should be 4/16 boxes which match
the result. Thus, the ratio (between black/rough, black/smooth, white/smooth, and
white/rough) is 1:1:1:1.

8 A)
Stratovolcano
or Composite
volcano

B) 40,000 or
40,200

(A: 30.95%)
(B: 7.14%)

Part A: Stratovolcano or Composite volcano are acceptable. These are characterized by
layers of debris creating the volcano.

Part B: Set the positive direction to be upwards. The net force is equal to the force from
the volcano minus the force due to gravity since they act in opposite directions. Since
F=ma by Newton’s second law, the force from the volcano equals 1000kg*50m/s2 or
50000 N upwards. The force due to gravity equals 1000kg*-10m/s2, or 10000 N
downwards. The net force is therefore 50000-10000 N, which equals 40,000 N. Also
accept: 40,200 N if you used 9.8m/s2 for the acceleration due to gravity.
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(1 points for part A, 2 point for part B)

9 See
explanation

(% Data
unavailable)

Secondary consumers consume primary consumers (which are the animals that eat the
plants that are producers). Tertiary consumers consume secondary consumers. Follow
the arrows (which represent the flow of energy) to identify them.

a) Secondary Consumers: Bonobo, Cheetah, Hippo, Lion, Proboscis Monkey,
Rhino, Unicorn, Zebra

b) Tertiary Consumers: Gazelle, Lion, Proboscis Monkey, Rhino, Zebra

(1.5 points for each part.)

10 A) 6232

B) Single
replacement

(A: 35.71%)
(B: 14.29%)

Part A:
To balance the equation, there must be the same number of each element on both sides
of the arrow. See below.

Start with Li and PO4 3Li + H3PO4⇒ __H2 + Li3PO4
3 Li and 1 PO4 on both sides

Then H 3Li + H3PO4⇒ 3/2H2 + Li3PO4

3 H on both sides

Multiply by 2 to get rid of fractions 6Li + 2H3PO4⇒ 3H2 + 2Li3PO4

So putting together the coefficients, you would write your answer as 6232.

Part B:
As Li is replacing H in an A + BC ⇒ B + AC form, this is a single replacement
reaction. Also accept other equivalent names such as single displacement or
substitution.

(2 points for part A, 1 point for part B)

Average score: 7.643
Standard deviation: 7.015
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Written by: The SMST Committee 2021
Compiled by: Nihar Iyengar, Jeffrey Xiang, and Ashley Xu
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