
BC Youth STEAM 2022 Contest

1 Math: PEMDAS – 1 ticket

Compute the following expression:

9× 3× 2 + (32/2) + 1952

2 Biology: What are we? – 5 tickets

Because you are likely a human taking this contest, what is the taxonomic classification of
the family that humans belong to?

3 Statistics: Don’t Be Fooled – 10 tickets

The following table compares the hand dominance of 100 Canadian high-school students and
what type of art form they enjoy more. Suppose one student is chosen randomly from this
group of 100.

Visual Arts Literary Arts Total
Left-handed 22 22 44
Right-handed 23 33 56

Total 45 55 100

What is the probability that the student chosen enjoys the visual arts more as a form of
entertainment?
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4 English Literature: A Bit of Poetry – 20 tickets

Read the following poem.

I hoped to never find the day where you spoke so easily,
the words i never wanted to hear;
but they are here, is sticking with me—
and will do so for the next four months.

5 The day is almost over, the night falling into place,
a bloodbath of sorrowful thoughts besieging my mansion,
to call it his own; he who is an artist, perhaps,
encapsulating every corner with a form
of darkness and ripping the eyes of a cat out

10 who calls me his and i to him. Let us cry by him! Listen
to the withdrawing purrs and sudden sadness
for finding a friend so lost—
though he is familiar with this feeling.
Let me thus cry alone, enclose my wailing thoughts

15 and sit by the sleeping angel’s side for a turnover
of darkness. The morning comes, sable lightning
recedes from every corner of my being, my cat’s eyes
drawn back into him, the mansion lightened once again.
But my eyes are weakened—body frail—unable to see through the lights
that embroiders my every being. ah, so it happened to be:
I have once again dreamed of her.

(2022)

There are many types of forms of poetry out there, including short and long poetic forms.
What form is this poem primarily associated with?

5 Astronomy: Unknown Messier Object – 30 tickets

Below is an image of an open cluster. Give the Messier number of the astronomical object
shown (e.g. M67).
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6 Chemistry: Balance! – 40 tickets

When you balance the equation below, what is the sum of the coefficients a, b, c, and d?

aC4H6 + bO2 → cCO2 + dH2O

7 Finance: Dabydoo’s Company – 50 tickets

Dabydoo’s Company has eight account titles with balances listed below.

(1) Accounts Receivable - 2000
(2) Accounts Payable - 2000
(3) Cash - 30000
(4) Wages Expense - 2000
(5) Depreciation Expense - 1500
(6) Sales Revenue - 1900
(7) Accumulated Depreciation - 1900
(8) Direct Material Inventory - 590
(9) Miscellaneous Expense - 100

What is the total equity?

8 Visual Art: Colours – 75 tickets

What is the movement associated with this painting and who were the three forefront people
associated with this style of painting?
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9 Math: Expensive Hiking Trip – 100 tickets

Travelling to a remote hiking location, a group of teenagers decide to split the $5100 cost
needed to get there. When two of the friends decided not to go on the trip, those remaining
divided the $5100 cost equally, and each friend’s share of the cost increased by $40. How big
was this original group?

10 Chemistry: Weird Hydrogen Bonding – 150 tickets

H− are anions found in metal hydrides such as NaH or MgH2. Interestingly, however, BeH2

does not form an ionic, lattice structure, and instead follows a unique covalent, polymer-like
structure as shown below:

Here, the hydrogens seem to form two single bonds! However, this is actually representative
of a more general type of bonding that is present in most notably boron hydride structures.
What is the general name of the Be–H–Be bond present here?
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11 Physics: Equivalent Resistance – 200 tickets

If all the resistors in the diagram below have equal resistance R = 50Ω, what is the equivalent
resistance from point A to B?

12 Biology: Past Generations – 300 tickets

Below is a pedigree tree for a certain disease:

From this information, what is the most likely inheritance pattern for the disease?

13 Chemistry: Nile Red – 400 tickets

Nile Red is known for his amazing experiments. For example, in one episode, he transformed
plastic gloves into grape soda. At the 12:22 minute mark, he introduced step 3 of that
process which involves phthalic anhydride. An anhydride is a group that contains two acyl
(or carbonyl) groups bonded to the same oxygen atom. The product of the reaction essentially
swaps that oxygen atom with a nitrogen atom, creating a new organic group. What is the
general name of that functional group?
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14 Psychology: Social Psychology – 500 tickets

A group discusses a sensitive topic and the end result is that the group makes a decision that
is more extreme than the average position of all the group members prior to the discussion.
What is this an example of?

15 Statistics: The Importance of Mental Health – 650

tickets

Mental health treatment during the COVID-19 pandemic is emphasized more than ever,
especially for those who are still in their teenage years. In a survey conducted by a regional
research center that asked a random sample of 820 teenagers in Canada if they have gone
through some form of mental health treatment, 52% answered yes. Jason constructs a one
sample z proportion test at the 95% confidence level for the proportion of all teenagers in
Canada who would respond that they have gone through some form of mental treatment,
checks the conditions, calculates the confidence interval, and gives a proper conclusion based
on the confidence interval. What is the margin of error in this case?

16 Chemistry: Tricky Electrochemistry – 800 tickets

A metal X goes by the following series of reduction potentials:

X3+ + e− → X2+ E◦ = −0.55V

X2+ + 2e− → X E◦ = −1.15V

What would be the reduction potential of X3+ + 3e− → X?

17 Physics: Golden Cannonball – 1000 tickets

Jeff the pirate is trying to sink an enemy ship in the Mediterranean Sea with a cannonball
made of an alloy of iron and gold. However, when he fires his cannon, he misses terribly!
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Jeff later catches sight of the cannonball floating in still water. If exactly half of the cannonball
is submerged in the water, what is the density of the alloy used to make the cannonball?
Assume that the nearly hollow cannonball has an inner radius of R = 12.0 cm and a thickness
of t = 0.150 cm (so that t≪ R) and that seawater has a density of ρw = 1030 kg/m3.

18 Music: Guess the Score – 1250 tickets

Below is an image of a section of the score of a certain musical composition. What year was
this piece composed?

19 Physics: Michael’s Bouncy Ball – 1500 tickets

Michael is at the Grand Canyon and is standing next to a 50m tall cliff. He throws a bouncy
ball off the cliff with speed 10m/s at an angle of 60◦ with respect to the horizontal, as shown
in the diagram below.

If the bouncy ball has a coefficient of restitution η = 0.7 with the ground (i.e. after each
bounce, the bouncy ball’s speed is η times of what it was before), what will be the total
horizontal distance that the bouncy ball travels away from Michael? Give your answer to
three significant figures.
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20 Computer Science: Big Numbers – 1750 tickets

If b is the inverse modulo of amod c, ab ≡ 1 (mod c).

(a) Find the modulo inverse of 2110
18
mod 109 + 7.

(b) Find the modulo inverse of 2110
18
mod 109 + 3.

21 Math: Trees Are Great – 2000 tickets

Trees in Computer Science and Math are very prevalent. For example: binary trees or the
infamous TREE(3) number. This may be useful in the following problem.

There is a list of 2048 distinct numbers. Every time, you can pick two numbers that you
choose and compare them. You are given the task of finding the minimum number of com-
parisons it takes to find the maximum of the 2048 numbers. It is easy, of course: just pick
the first and second numbers, record the maximum of them, and compare that maximum
with the third number. Repeat the process on and on until you reach the 2048th number.
This would require a total of n − 1 comparisons. Now you are given the more difficult task
of getting the maximum as well as the second maximum in a different set of 2048 distinct
numbers. Please determine the bare minimum number of comparisons required.

22 Physics: Pencil on the Moon – 2500 tickets

An astronaut is on a spaceship that is on the surface of the Moon. She attaches a pencil
to a pivot on the wall of the spaceship so that the pencil can only rotate up and down. If
she holds the pencil at 30◦ to the vertical lets it fall down, how long does it take to rotate
through 150◦ and hit the wall? You may find it helpful to solve this problem numerically,
using Python or another coding language.

The pivot is frictionless and the acceleration due to gravity on the Moon is 1.6m/s2 and the
pencil is 20 cm long.
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23 QuantumMechanics: The Quantum Realm is Bizarre

– 3000 tickets

The s-orbital is often depicted as a sphere of electron density without any nodes. However,
this is not always true. The radial wave function for an ns orbital, where n = 1, 2, 3, . . . for
a hydrogen-like atom as a function of the radius is given by:

ψ(r) = c · (720− 1800ρ+ 1200ρ2 − 300ρ3 + 30ρ4 − ρ5) · Z3/2 · e−ρ/2,

where c is a normalization constant, ρ = Zr/a0, Z is a constant corresponding to the effective
nuclear charge, and a0 is the Bohr radius, which is also a constant. What is the value of n?
Or, in other words, what s-orbital does this radial wave function correspond to? Note: you
can essentially ignore the constant terms as they do not influence the result you should get.

24 Armageddon: Physics – 4000 tickets

An asteroid in the solar system is moving closer to the Sun. When the asteroid reaches the
Earth’s orbit, its velocity vector |v⃗| = 9.85 km/s makes an angle of 105◦ with its position
vector from the Sun. State (a) what type of orbit the asteroid is in and determine (b) the
following parameters of the asteroid:

• Semi-major axis

• Eccentricity

• Angular momentum

• Period

25 Chemistry: Figure out the Compounds! – 5000 tick-

ets

In a 10 liter evacuated chamber, 100 g of a metal oxide underwent a full decomposition re-
action at 600◦C and released O2 gas. The resulting pressure inside the chamber was 1.57 atm.

For the fun of it, in another pathway, the experimenter reacts this metal oxide with NH2OH
to form a ternary compound A that is soluble in water. A then reacts in water with (1.5
equiv.) KX in a 1:1 ratio to form an insoluble compound B, where X is a halogen. 10.0 g of
A with 90% yield was able to form 13.5 g of B.

X2 is added to this solution that still contains some KX, and compound C is formed. Though
the experimenter did not try this, it was also reported that when B reacts with an equimolar
amount of X2 in a solution of DMSO, a well-known polar aprotic solvent with the formula
C2H6SO, complex D is found. The metal’s oxidation number A, B, and C are the same and
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are different from the oxidation number in D. All of the reactions are in the diagram under
the questions.

(a) Determine the full chemical formula of A.
(b) Determine the full chemical formula of B.
(c) Determine the anion of chemical C.
(d) Determine the full chemical formula of D.

26 Computer Science: Lots of Coins – 7500 tickets

A country has a weird currency system: coins are worth either 11, 131, or 526.

For the interval [1018, 1018 + 1, 1018 + 2, . . . , 1018 + 105], one would like to know the bitwise
xor sum of the minimum number of coins needed to represent each value within the interval.
In other words, let f(i) be the minimum amount of coins required to represent i money.
Output f(1018)⊗f(1018+1)⊗f(1018+2)⊗· · ·⊗f(1018+105), where ⊗ denotes the bitwise
xor operation.

Note that it is guaranteed that any amount of money within the interval [1018, 1018+1, 1018+
2, . . . , 1018 + 105] is possible to be represented by the three given types of coins.

27 Math: What a Mess! – 10000 tickets

The diagram below shows a 2D cross section of the mess a child made when playing with
geometry toys inside a large box. There are two circles, with the smaller one having radius
r = 5 · 2

√
3050−10

2
√
3050+10

. For the 50 cm × 100 cm rectangle that rests against the right wall, vertex
A is 110 cm above the bottom of the box, and this rectangle touches the irregular triangle
at one point Z. This triangle touches the left wall at point Y and the bottom of the box at
point X such that YOX is a right triangle that inscribes those two circles. Both walls and
side ZX, where ZX < 25, are perpendicular to the bottom of the box. What is the area of
△XY Z? Round to the nearest whole number if necessary.
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28 A Washer in Space: Physics – 12500 tickets

Suppose that an astronaut in space has a flat washer of mass M with inner radius r and
outer radius R.

(a) If the astronaut holds a small ball of mass m a distance of x away from the washer on
its symmetry axis, what is the gravitational force that the washer exerts on the ball?

(b) Now suppose that x ≪ r. If the astronaut releases the ball from rest, what will be the
period of the small oscillations of the ball? Assume that m ≪ M so that the washer does
not move while the ball oscillates.
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Throughout both parts (a) and (b), neglect gravity. Give your answers in terms of the given
variables and any necessary fundamental constants.

29 Chemistry: No More Valance Bond Theory – 15000

tickets

Crystal Field Theory (CFT) is a theory that describes the breaking of the degeneracies in
typically the d-orbitals of transition metal coordination complexes, and it has been relatively
successful in predicting spectrochemical and magnetic properties.

In octahedral complexes (i.e. [Cu(H2O)6]
2+), the d-orbitals are often depicted to split into

2 energy different levels. However, a distortion known as Jahn Teller distortion can lower a
complex’s symmetry and the energy of occupied orbitals. This results in either the increasing
or decreasing in energy of orbitals with z-components and therefore shorter or longer bond
lengths along the z-axis.

For a certain complex, it undergoes Jahn Teller compression, and its CFT splitting is de-
scribed in the diagram below:

For the distorted complex, the eg set lies 0.956 eV below the ground state energy level of the
d-orbitals, the energy required for the transition from the eg set to the b1g set is 1.620 eV,
and the crystal field splitting energy of this complex is 3.482 eV.

(a) What is the energy of the a1g set relative to the ground state energy level of the
d-orbitals in eV?

(b) What is the energy demand for the transition from the b1g set to the a1g set?

(c) What is the expected colour of the complex if the transition in (b) is responsible
for colour?
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30 Pathology: Medical Mystery – 20000 tickets

A 11-month-old girl was presented to you, a well-known doctor in the area. Her parents report
that she often shows fussiness around food, boredom when playing with toys, clumsiness,
and periods of grizzling and crying, even after only 2-3 hours awake. Physical examination
indicated she has jaundice, an enlarged spleen, and skeletal deformations, most notably on
the child’s face. A complete blood count test revealed microcytic hypochromic anemia, and
hemoglobin electrophoresis showed that most of the patient’s hemoglobin is fetal hemoglobin.
Increasing intake of iron does not improve her condition. What is the most likely diagnosis?

31 BONUS: Organic Chemistry Puzzle – 25000 tickets

Draw the structures lettered A through J (each structure is worth 2500 tickets):
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