
       GENERAL DIRECTIONS:

• DO NOT OPEN EXAM UNTIL TOLD TO DO SO.

• Ninety minutes should be ample time to complete this contest, but since it is not a race, contestants
may take up to two hours. If you are in the process of actually writing an answer when the signal to
stop is given, you may finish writing that answer.

• Papers may not be turned in until 30 minutes have elapsed. If you finish the test in less than
30 minutes, remain at your seat and retain your paper until told to do otherwise. You may use this
time to check your answers.

• All answers must be written on the answer sheet provided. Indicate your answers in the appropriate
blanks provided on the answer sheet.

• You may place as many notations as you desire anywhere on the test paper but not on the answer
sheet, which is reserved for answers only.

• You may use additional scratch paper provided by the contest director.

• All questions have ONE and only ONE correct (BEST) answer. There is a penalty for all incorrect
answers.

• If a question is omitted, no points are given or subtracted.

• The back two pages of this test include a copy of the periodic table of the elements, as well as
listings of other scientific relationships. You may wish to refer to this table in answering the
questions, and if needed, you may use the atomic weights and atomic numbers from the table.

• A simple scientific is sufficient for the high school Science contest. The UIL provides a list of
three approved calculators that meet the criteria for use in the Science contest. No other
calculators are permitted during the contest. The Science Contest Approved Calculator List is
available in the current Science Contest Handbook and on the UIL website. Contest directors will
perform a brief visual inspection to confirm that all contestants are using only approved calculators.
Each contestant may use up to two approved calculators during the contest.

       SCORING:
All questions will receive 6 points if answered correctly; no points will be given or subtracted 
if unanswered; 2 points will be deducted for an incorrect answer.
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B01. Phosphodiester bonds formed during dehydration 
reactions link adjacent: 
A) amino acids.
B) nucleotides.
C) carbohydrates.
D) lipids.
E) phospholipids.

B02. When examining a bacterial cell under the 
microscope, an student might expect to observe all 
of the following except: 

A) flagella.
B) cytosol.
C) nucleus.
D) cell wall.
E) capsule.

B03. Examine the structure below. This organic 
macromolecule is a/an: 

A) nucleotide.
B) disaccharide.
C) phospholipid.
D) amino acid.
E) carbohydrate.

B04. DNA replication occurs immediately prior to all 
of the following except: 

A) Mitosis.
B) binary fission.
C) Meiosis I.
D) Meiosis II.
E) G2.

B05. The ends of linear chromosomes in humans are 
called: 

A) telomeres.
B) centromeres.
C) kinetochores.
D) centrosomes.
E) histones.

B06. HIV integrates into the human host genome as a 
provirus.  This type of multiplication cycle is 
similar to    in bacteriophage. 

A) transformation
B) binary fission
C) the lytic cycle
D) the lysogenic cycle
E) generalized transduction

B07. Bacteria that can convert N2 to NH3 are 
undergoing a process called: 

A) dinitrification.
B) ammoniafication.
C) nitrification.
D) nitrogen fixation.
E) ammonia fixation.

B08. With rare exception, enzymes belong to which 
major organic macromolecular group? 

A) Lipids
B) Carbohydrates
C) Proteins
D) Nucleic Acids
E) Amino Acids

B09. Compare the wild type coding strand to the 
answer choices. If the gene on this strand were 
expressed, which modification would result in a 
frameshift?  

5’-ACGTTATGCAAGGATAACAG-3’ 

A) 5’-AACGTTATCCAAGGATAACAG-3’
B) 5’-ACGTTATGCAAAGGATAACAG-3’
C) 5’-ACGTTATGCAAGGATAACG-3’
D) 5’-ACGTTATGCAAGGAAAACAG-3’
E) 5’-ACGTTATGGAAGGATAACAG-3’
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B10. In eukaryotes, chromatin structure facilitates gene 
regulation. Which of the following reorganize the 
structure of the chromosomes to promote gene 
expression? 

A) Histone acetylation
B) DNA methylation
C) Histone deacetylation
D) Chromatin remodeling
E) Splicing
F) mRNA degradation

B11. Mendel’s monohybrid crosses yielded a genotypic 
ratio of    and helped formulate the Law of 

. 
A) 3:1; Segregation
B) 3:1; Independent Assortment
C) 1:2:1; Segregation
D) 1:2:1; Independent Assortment
E) 9:3:3:1; Independent Assortment

B12. The process that converts sunlight energy into 
organic material occurs within the    of 
some eukaryotic cells. 

A) mitochondria
B) plasma membrane
C) peroxisomes
D) nucleus
E) chloroplasts

B13. A recessive gene located on the X chromosome 
is lethal. What percentage of any surviving 
offspring will be a carrier for the gene in the 
following genetic cross? 

XAXa x XAY 
A) 100%
B) 75%
C) 66.6%
D) 33.3%
E) 25%
F) 0%

B14. Carnivores that eat herbivores are considered: 
A) primary consumers.
B) secondary consumers.
C) tertiary consumers.
D) primary producers.
E) secondary producers.

B15. A calibration plot was generated by testing 
known concentrations of a protein solution.  
Biuret reagent was added to each sample and 
the absorbance was measured using a 
spectrophotometer. The data were plotted to 
generate a calibration curve. The absorbance 
of a protein solution with an unknown 
concentration was also measured. The 
absorbance read 0.193. What is the estimated 
protein concentration in the unknown tube?  

A) 0.100 M
B) 0.180 M
C) 0.210 M
D) 0.386 M
E) 0.993 M
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B16. The final electron acceptor in the aerobic electron 
transport chain is: 

A) nitrate.
B) ATP.
C) oxygen.
D) pyruvate.
E) NAD+.

B17. In blood glucose regulation, the pancreas secretes 
two antagonistic hormones. Which of the 
following stimulates cells to breakdown glycogen 
and release the products into the blood stream? 

A) Glucagon
B) Insulin
C) Calcitonin
D) Melatonin
E) Oxytocin

B18. Cystic fibrosis is a recessive inherited disease. In 
a population of 255 individuals, the following 
genotypes were observed: 

Genotype Number of 
Individuals 

AA 224 
Aa 22 
aa 9 

Given this information, determine the allelic 
frequency for the dominant allele in this 
population. 

A) 0.0353
B) 0.0784
C) 0.1879
D) 0.8121
E) 0.9216

B19. Angiosperms are plants that produce flowers for 
sexual reproduction. Within these structures, 
pollen is specifically produced in the: 

A) anthers.
B) filaments.
C) carpel.
D) stigma.
E) style.

B20. Examine the microscopic image. This section 
would be classified as     tissue. 

A) Connective
B) Muscular
C) Nervous
D) Cardiac
E) Epithelial
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constants
R = 0.08206 L·atm/mol·K
R = 8.314 J/mol·K
! = 62.36 L·torr/mol·K

e = 1.602 × 10–19 C
NA = 6.022 × 1023 mol-1

k = 1.38 × 10–23 J/K
h = 6.626 × 10–34 J·s
c = 3.00 × 108 m/s
" = 2.178 × 10-18 J

me = 9.11 × 10-31 kg

water data
Tmp = 0°C
Tbp = 100°C
cice = 2.09 J/g K
cwater = 4.184 J/g K
csteam = 2.03 J/g K
∆Hfus = 334 J/g
∆Hvap = 2260 J/g
Kf = 1.86 °C/m 
Kb = 0.512 °C/m 

densities

#air,dry = 0.001184 g/mL
#water = 1.00 g/mL
#ice = 0.917 g/mL
#Fe = 7.87 g/mL
#Au = 19.3 g/mL
#Hg = 13.6 g/mL

standard thermodynamic data

conversions
1 atm = 760 torr

= 101325 Pa
= 14.7 psi

1 bar = 105 Pa

1 cal = 4.184 J
1 L·atm = 101.325 J
1 eV = 1.602 × 10–19 J

1 lb = 453.6 g
1 ton = 2000 lbs
1 tonne= 1000 kg
1 in = 2.54 cm

some equilibrium constants
water Kw = 1.0 × 10–14 
Ni(OH)2 Ksp = 6.9 × 10–18 
CH3CO2H Ka = 1.8 × 10–5 
CH3NH2 Kb = 4.4 × 10–4 
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 1.01                 4.00

 6.94 9.01           10.81 12.01 14.01 16.00 19.00 20.18

 22.99 24.31           26.98 28.09 30.97 32.07 35.45 39.95

 39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.64 74.92 78.96 79.90 83.80

 85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29

 132.91 137.33 138.9 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.20 208.98 (209) (210) (222)

 (223) (226) (227) (261) (262) (266) (264) (277) (268) (281) (281) (285) (286) (289) (289) (293) (293) (294)

 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0

 232.0 231.0 238.0 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262) 

 1                 18

  2           13 14 15 16 17

   3 4 5 6 7 8 9 10 11 12

 1A                 8A

  2A           3A 4A 5A 6A 7A

   3B 4B 5B 6B 7B  8B  1B 2B

substance
∆Hf° 
(kJ/mol)

S°
(J/mol K)

CO2 (g) –394 214

CO (g) –111 198

C2H2 (g) 227 201

C3H8 (g) –104 270

C6H6 (l) 49 173

H2O (l) –286 70

H2O (g) –242 189
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C01. What is the molar mass of barium chlorate?

A) 272.2 g/mol
B) 220.8 g/mol
C) 204.8g/mol
D) 208.2g/mol
E) 304.2 g/mol

C02. What is the percentage aluminum by mass  
in alum, KAl(SO4)2·12H2O ? (to the nearest tenth)

A) 18.6% 
B) 5.7 % 
C) 12.3 %
D) 10.4 %
E) 7.1 %

C03. What is the name for the formula, FeCO3 ?

A) iron(III) carbonate
B) ferrite carboxide
C) iron(II) carbonate
D) silver(III) carbonate
E) iron(II) carbide

C04. Calculate the number of hydrogen atoms in a 
1.234 g sample of benzene, C6H6 ?

A) 9.52 × 1021

B) 1.14 × 1023 
C) 6.24 × 1023 
D) 5.71 × 1022 
E) 3.16 × 1022 

C05. A 1.33 g sample of KOH was completely dissolved 
in enough water to make 364 mL of solution. What 
is the molar concentration of KOH in this solution?

A) 0.0651 M 
B) 0.0237 M 
C) 0.00863 M 
D) 0.133 M
E) 0.0916 M

C06. When filling atomic orbitals with electrons to 
determine the electron configuration one should 
always remember Hund’s Rule in the filling order. 
Which statement best describes Hund’s Rule?

A) No two electrons can have the same set of 
quantum numbers with the atom.

B) Two electrons cannot occupy the same orbital 
with the same spins.

C) Electrons must occupy degenerate levels within 
the atom singly, before pairing begins.

D) Electrons spins must match when within the 
same atomic orbital.

E) Energy levels within the atom are filled with 
electrons from the lowest available energy level 
up.

C07. The f-orbitals of an atom get their distinctive shape 
because

A) there is one nodal sphere that defines the radial 
space around the nucleus.

B) there are three nodal planes that define the 
angular space around the nucleus.

C) there are two nodal planes that define the 
angular space around the nucleus.

D) there are two nodal points on the x-axis of the 
atomic cartesian grid radiating from the nucleus.

E) there is one nodal plane that defines the angular 
space around the nucleus.
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C08. Which species listed is isoelectronic  
with the ion K+ ?

A) Ne
B) P2– 
C) Ca
D) Sr2+ 
E) S2– 

C09. An electron within an atom makes a 3.68 × 10–19 J 
quantum jump to an upper energy state absorbing 
the energy of an incoming photon. What is the 
wavelength of this absorbed photon?

A) 540 nm
B) 2.13 µm
C) 865 pm
D) 635 nm
E) 428 nm

C10. Manganese reacts with oxygen to make the mixed 
oxidation state, manganese(II,III) oxide. 

Mn     +      O2    ⟶      Mn3O4 

Balance the reaction and then calculate how many 
grams of Mn3O4 are produced from the reaction of 
21 g of manganese with 10 g of oxygen. 

A) 31.0 g
B) 35.8 g 
C) 26.1 g
D) 19.8 g
E) 29.2 g

C11. What is the electronic geometry for phosphorus 
pentachloride, PCl5 ?

A) square pyramid
B) trigonal bipyramid
C) octahedral
D) tetrahedral
E) trigonal planar

C12. Exactly 10 grams of nitrogen gas is in a 5.25 L 
container at 32°C. What is the pressure of nitrogen 
in this container?

A) 0.0524 atm
B) 0.179 atm
C) 1.10 atm
D) 1.38 atm
E) 1.70 atm

C13. 42.0 g of water at 55°C is cooled such that all of it 
becomes ice at –32°C. How many kilojoules of heat 
must be extracted for this change? 

A) 12.5 kJ 
B) 17.3 kJ
C) 26.5 kJ
D) 20.2 kJ
E) 23.7 kJ

C14. Which one of the following is a  
non-polar molecule?

A) SF4 
B) PF5

C) NCl3 
D) O3 
E) all four listed are non-polar

University Interscholastic League · page �7



Science · Invitational B · 2017 Chemistry

C15. Consider the line formula for isopropanol which is 
shown. What is the bond angle shown within this 
molecule?

A) 103°
B) 90°
C) 120° 
D) 180°
E) 109.5°

C16. What is the pH of a solution of  
5.2 × 10–4 M HNO3 ?

A) 3.28
B) 4.72
C) 2.27
D) 10.72
E) 8.82

C17. What is ∆H°rxn for the following reaction producing 
benzene?

3 C2H2 (g)     ⟶    C6H6 (l)

A) –730 kJ/mol
B) +534 kJ/mol
C) –178 kJ/mol
D) –632 kJ/mol
E) +227 kJ/mol

C18. What is the molar solubility for  
nickel(II) hydroxide ?

A) 1.2 × 10–6 M
B) 5.1 × 10–5 M

C) 2.6 × 10–9 M

D) 1.5 × 10–6 M

E) 3.3 × 10–7 M

C19. Exactly 22 mL of NaOH is titrated to the end point 
with 13.75 mL of 0.0232 M HNO3. What is the 
molarity of the NaOH solution?

A) 0.00145  M
B) 0.0108  M
C) 0.0455  M
D) 0.0145  M
E) 0.0319  M

C20. A completely gas phase exothermic reaction is at 
equilibrium at 100°C. Which of the following 
occurs when the temperature is then raised to 
110°C ?

A) The reaction shifts to the right so that more 
product molecules are made from the reactants.

B) The reaction does nothing and the moles of 
reactants and products remain constant.

C) The reaction shifts to the left so that more 
reactant molecules are made from the products.
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Physics 

Useful Constants 

quantity symbol value 

Free-fall acceleration g 9.80 𝑚/𝑠2

Permittivity of Free Space ε0 8.854 × 10−12  𝐶2 𝑁𝑚2⁄

Permeability of Free Space μ0 4𝜋 × 10−7  𝑇𝑚/𝐴

Coulomb constant k 8.99 × 109  𝑁𝑚2/𝐶2

Speed of light in a vacuum c 3.00 × 108  𝑚/𝑠

Fundamental charge e 1.602 × 10−19  𝐶

Planck’s constant h 6.626 × 10−34  𝐽𝑠

Electron mass me 9.11 × 10−31  𝑘𝑔

Proton mass mp 1.67265 × 10−27  𝑘𝑔

Neutron mass mn 1.67495 × 10−27  𝑘𝑔

Gravitational constant G 6.67 × 10−11   𝑁𝑚2 𝑘𝑔2⁄

Stefan-Boltzmann constant σ 5.67 × 10−8   𝑊 𝑚2𝐾4⁄

Universal gas constant R 8.314  𝐽 𝑚𝑜𝑙 · 𝐾⁄  

Boltzmann’s constant kB 1.38 × 10−23   𝐽 𝐾⁄
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P01. According to Guillen, which of these was NOT an 
observation of Galileo’s? 
A)  Tiny moons circling around Jupiter.
B) Craters and “seas” on the Earth’s Moon.
C) Heavy objects and light objects fall to Earth with

identical speeds.
D)  The planets raced around the Sun in orbits that

were ovals instead of circles.
E) All of these are observations of Galileo’s.

P02. According to Guillen, The disagreement 
between Isaac Newton and Robert Hooke concerned 
which topic? 
A) The law of universal gravitation
B) The strength of centrifugal forces
C) The nature of light
D) The position of the Sun in the solar system
E) The solution of the three-body problem

P03. According to Guillen, Daniel Bernoulli measured the 
pressure of water flowing in a pipe by… 
A)  Examining the force on a small wooden teeter-

totter exerted by water flowing out of the pipe.
B) Examining the rate at which water flowed out of 

the pipe.
C) Examining the height to which water rose in a 

straw attached to the pipe.
D)  Dividing the weight of the water in the pipe by 

the area of the pipe.
E) Puncturing the pipe and measuring the rate at 

which water escapes the pipe. 

P04.  According to Guillen, Daniel Bernoulli determined 
that a fluid flowing quickly has a pressure that is 
___________ the pressure of the same fluid flowing 
slowly. 
A) Always greater than
B) Always less than
C) Always the same as
D) Sometimes more and sometimes less than
E) Unmeasurable, unlike

P05.  The fact that Mars has no significant magnetic 
field helps to explain what? 
A) Why Mars is so small.
B) Why Mars has no surface water.
C) Why Mars only has tiny moons.
D) Why Mars doesn’t have atmospheric oxygen.
E) Why Mars is so cold.

P06.  Two masses are attached to a rope that wraps over 
a pulley as shown.  Assuming the rope slides 
without friction and ignoring air resistance, what is 
the acceleration of the masses when they are 
released? 

A) 15.8 m/s2

B) 9.80 m/s2

C) 6.30 m/s2

D) 4.20 m/s2

E) 2.38 m/s2

P07.  Given the circuit shown, determine the 
current flowing through the 1200Ω resistor. 

A) 6.10 mA
B) 7.50 mA
C) 9.59 mA
D) 10.1 mA
E) 12.5 mA
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P08.  A 170kg bumper car travelling to the right at  
5.00m/s collides with a smaller bumper car (with a 
mass of 150kg) that is initially at rest.  The first 
bumper car bounces backwards (to the left) at a 
speed of 2.00m/s.  What is the final velocity (after 
the collision) of the smaller bumper car?  
A) 3.00 m/s 
B) 3.72 m/s 
C) 5.67 m/s 
D) 7.00 m/s 
E) 7.93 m/s 

 
P09.  Two electric charges are placed on the x-axis as  

described below:   
a 1.50μC charge is placed at x = 3.00cm and  
a 2.20μC charge is placed at x = -2.00cm. 
What is the magnitude of the Coulomb force acting 
on the 1.50μC charge? 
A) 0.590 N 
B) 11.9 N 
C) 33.0 N 
D) 74.3 N 
E) 540 N 

 
P10.  A wooden block with a density of 0.550 g/cm3 is  

placed in a container full of corn syrup (with a 
density of 1.32 g/cm3).  As expected, the block 
floats.  When it is in equilibrium, what percentage 
of the block is above the surface of the syrup? 
A) 32.0 % 
B) 41.7 % 
C) 58.3 % 
D) 75.8 % 
E) 91.0 % 

 
P11.  A 1.20kg box sits on top of a frictionless slide at a  

height of 3.20m above the ground.  The box 
descends down the slide and onto the ground.  What 
is the velocity of the box when it reaches the 
ground? 
A) 4.85 m/s 
B) 5.60 m/s 
C) 6.13 m/s 
D) 7.92 m/s 
E) 8.68 m/s 
 
 
 
 

P12.  A small scorpion has been sealed in a solid clear  
plastic hemisphere to make a decorative 
paperweight.  The radius of curvature of the 
hemisphere is 12.0cm, and the index of refraction of 
the plastic is 1.55.  If the scorpion is placed 8.00cm 
below the curved surface of the plastic, then how far 
into the plastic hemisphere does the scorpion appear 
to be located? 

 
A) 4.17 cm 
B) 5.85 cm 
C) 6.76 cm 
D) 9.06 cm 
E) 12.6 cm 

 
 
P13.  A mass of 900.0g is sliding across a frictionless  

horizontal floor when it encounters a 1.50m stretch 
of “sticky” floor on which the coefficient of friction 
is 0.480.  If the initial velocity of the mass is 
8.50m/s, what is the velocity of the mass after it 
goes across the sticky part of the floor? 
A) 3.76 m/s 
B) 5.11 m/s  
C) 5.70 m/s 
D) 6.23 m/s 
E) 7.62 m/s 

 
P14.  A car travelling at 30.0 m/s accelerates at a 

constant rate up to a speed of 60.0 m/s in 8.50 sec.  
How much distance did the car traverse while 
accelerating? 
A) 191 m 
B) 383 m 
C) 510 m 
D) 638 m 
E) 765 m 
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P15.  What is incorrect about this particle decay? 
 

Λ0 → 𝑝+ + 𝑒− + 𝜈𝑒 
 
Λ0: Baryon +1, Strange -1, Spin +1/2 
𝑝+: Baryon +1, Strange 0, Spin +1/2 
𝑒−: Lepton +1, Strange 0, Spin -1/2 
𝜈𝑒 : Lepton +1, Strange 0, Spin +1/2 
 
A) lepton number is not conserved. 
B) electric charge is not conserved. 
C) baryon number is not conserved. 
D) spin is not conserved. 
E) strangeness is not conserved. 

 
P16.  A cube that is 8.00cm on a side gives off 160.0 W  

of electromagnetic radiation.  If the emissivity of the 
cube is 0.6, what is the temperature of the cube? 
A) 262 K 
B) 384 K 
C) 492 K 
D) 592 K 
E) 926 K 

 
P17.  The energy levels of an atom are as follows:  

ground state: 0.00eV, excited states 1.75eV, 1.98eV, 
2.62eV.  Which of the following wavelengths would 
you NOT expect to be emitted from an excited 
collection of these atoms? 
A) 332 nm 
B) 473 nm 
C) 709 nm 
D) 1430 nm 
E) 1940 nm 

 
P18.  A light ray in air enters a substance at an angle of  

incidence of 53º.  If the angle of refraction is 27º, 
what is the index of refraction of the substance? 
A) 0.57 
B) 1.25 
C) 1.48 
D) 1.76 
E) 2.20 

 
 
 
 
 
 

P19.  A 100.0g mass is attached to a spring and pulled  
20.0cm from equilibrium.  Once released, the mass 
undergoes simple harmonic motion.  If the period of 
the motion is 1.20sec, what is the maximum velocity 
of the mass as it passes through equilibrium? 
A) 0.240 m/s 
B) 0.549 m/s 
C) 1.05 m/s 
D) 1.51 m/s 
E) 2.30 m/s 

 
P20.  An atom of Berkelium-245 emits an alpha  

particle, a negative beta particle, and a gamma ray 
in rapid succession.  What is the atom after these 
three decays? 
A) Curium-241 
B) Curium-240 
C) Americium-241 
D) Americium-240 
E) Berkelium-241 
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Biology  
B01  B  

B02  C  

B03  E  

B04  D  

B05  A  

B06  D  

B07  D  

B08  C  

B09  B  

B10  A  

B11  C  

B12  E  

B13  D  

B14  B  

B15  B  

B16  C  

B17  A  

B18  E  

B19  A  

B20  E  

 

Chemistry 

C01  E  

C02  B  

C03  C  

C04  D  

C05  A  

C06  C  

C07  B  

C08  E  

C09  A  

C10  B  

C11  E  

C12  E  

C13  C  

C14  B  

C15  E  

C16  A  

C17  D  

C18  A  

C19  D  

C20  C  

 

Physics 
P01  D  

P02  C  

P03  C  

P04  B  

P05  B  

P06  E  

P07  A  

P08  E  

P09  B  

P10  C  

P11  D  

P12  C  

P13  E  

P14  B  

P15  A  

P16  D  

P17  A  

P18  D  

P19  C  

P20  A  
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Chemistry SOLUTIONS 

C01. (E)  barium chlorate = Ba(ClO3)2 = 304.2

C02. (B)  KAl(SO4)2·12H2O = 474.46  
%Al = 26.98/474.46 x 100% = 5.686%   

C03. (C)  FeCO3 is iron(II) carbonate

C04. (D)  1.234 g  of benzene, C6H6 = 78.12 g/mol.
1.234/78.12 = 0.01580 mol     
× 6.022 × 1023 = 9.512 × 1021 molecules of glucose  
× 6 H’s per molecule = 5.707 × 1022 H atoms

C05. (A)  KOH = 56.11 g/mol. 1.33/56.11= 0.0237 mol 
÷  0.364 L = 0.0651 M

C06. (C)  Hund’s Rule is about filling degenerate levels 
by keeping electrons in separate orbitals with the 
same spin (+1/2) until full, then pairing begins.

C07. (B)  The value of quantum number � is the number 
of nodal planes or cones �=3 for an f-orbital, three 
nodal planes.

C08. (E)  K+ has 18 e- .  So does sulfide, S2–.

C09. (A)  λ = hc/E = 6.626 × 10–34 (3 × 108)/3.68 × 10–19  

λ = 5.40 × 10–7 m  =  540 nm 

C10. (E)  3 Mn  +  2 O2  ⟶   Mn3O4    
21/54.94=0.382 mol Mn    //   10/32=0.313 mol O2  
Convert Mn to O2: 0.382(2/3)=0.254 mol O2 needed  
there is excess O2, so limiting is Mn. 
0.382(1/3)=0.1274 mol of Mn3O4 × 228.82 = 29.2 g

C11. (B)  PCl5 has five electron regions (bonds) around 
the P and is therefore trigonal bipyramid.

C12. (E)  P = nRT/V = (10/28.02)0.08206(305.15)/5.25  
= 1.70 atm of N2 (g)

C13. (C)  for 1 gram the answer is: 
55(4.184)+334+32(2.09) = 631 J/g 
scale:  × 42 g = 26502 J = 26.5 kJ

C14. (B)  only the PF5 is non-polar (perfectly symmetric). 
The others will each have a lone pair of electrons on 
the central atom thus causing a polar molecule. 

C15. (E)  isopropanol has 4 electron regions around the 
central carbon and is therefore tetrahedral - so the 
angle is 109.5°.

C16. (A)  pH -log[H+] = -log( 5.2 × 10–4) = 3.28 
HNO3 is a strong acid - so conc matches [H+]

C17. (D)  3 C2H2 (g)     ⟶    C6H6 (l)  
Use ∆Hf° from table:  
∆H°rxn  = 49 – 3(227) = –632 kJ

C18. (A)  nickel(II) hydroxide   
Ni(OH)2  Ksp = 6.9 × 10–18 
Ksp = 4x3  solve :  
x = 1.2 × 10–6 M

C19. (D)  13.75(0.0232) =  0.319 mmol 
÷  22.00 mL = 0.0145 M

C20. (C)  LeChatelier’s principle with temperature. An 
exothermic reaction at equilibrium will be “pushed” 
back (more reactants, to the left) when the 
temperature is raised.

University Interscholastic League
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SELECTED SOLUTIONS – UIL INVITATIONAL B 2017 
 
P01. (D) page 36 “Finally, Kepler disclosed, the planets raced around orbits that were shaped like ovals, not 

circles.”  Galileo’s observations are on pages 37-38. 
 
 
P02. (C) page 42 “…he [Newton] surmised, it was colored light – not white light – that was pure and immutable.… 

Robert Hooke had greeted the publication with particular scorn and condescension.” 
 
 
P03. (C) page 99 “…water rose up in the glass tube and stopped at a certain height… That height was a measure of 

the flowing water’s pressure.” 
 
 
P04. (B) page 100 “Slow-moving water…always had a higher pressure…than fast moving water.” 
 
 
P05. (B) With no magnetic field, Mars has no shield against the charged particles of the solar wind.  These 

particles dissociate water into hydrogen and oxygen and strip the low mass hydrogen out of the atmosphere.  
This helps to explain the lack of water on the surface of Mars. 

 
 
P06. (E) This is a simple Atwood machine.  Noting that there are only forces in the vertical direction, we can write 

force equations for each mass.  For the heavier mass, which will accelerate downward: 𝑚1𝑔 − 𝑇 = 𝑚1𝑎 
 For the lighter mass, which accelerates upward: 𝑇 − 𝑚2𝑔 = 𝑚2𝑎, which leads  

to 𝑇 = 𝑚2𝑎 + 𝑚2𝑔 = 3.5𝑎 + 34.3.  Plugging this into the first equation: (5.75)(9.8) − 𝑇 = (5.75)𝑎 
or 56.35 − (3.5𝑎 + 34.3) = 5.75𝑎.  This gives: 9.25𝑎 = 22.05, or 𝑎 = 2.38 𝑚/𝑠2. 

 
 
P07.    (A) This is a complex resistor circuit that can be analyzed using series and parallel rules.  First combine the 

top two resistors which are in series: 𝑅1 = 1500 + 600 = 2100 Ω.  Now this group is in parallel with the 
middle resistor:  1 𝑅2

⁄ = 1
2100⁄ + 1

1200⁄ , which gives 𝑅2 = 763.6 Ω.  This combination is in series with 
the final resistor: 𝑅𝑇𝑜𝑡𝑎𝑙 = 763.6 + 800 = 1563.6.   
Then the current flowing from the battery is 𝐼𝑇𝑜𝑡𝑎𝑙 = 15.0

1563.6 = .009593 𝐴. This is also the current through the 
800 Ω resistor.  So, the voltage drop across the 800 Ω resistor is 𝑉800 = (. 009593)(800) = 7.674 𝑉.  This 
means that the parallel group of resistors gets the remaining voltage: 𝑉2 = 15 − 7.674 = 7.326 𝑉.  By the 
laws governing parallel circuits, this is the same voltage across the 1200 Ω resistor (𝑉1200 = 7.326 𝑉).   
Thus, the current through the 1200 Ω resistor is 𝐼1200 = 𝑉1200

1200⁄ = 7.326
1200⁄ = .00610 𝐴 = 6.10𝑚𝐴. 

 
 
P08. (E) This is a conservation of momentum problem.  Initially, only the larger bumper car has any momentum 

since the smaller car is at rest.   
Taking “to the right” to be positive, we get 𝑝𝑖 = 𝑀𝑉𝑖 = (170)(5) = 850 𝑘𝑔𝑚

𝑠⁄  
After the collision, the momentum must be the same (momentum is conserved).  Both cars are now moving, 
so we have: 𝑝𝑓 = 𝑀𝑉𝑓 + 𝑚𝑣𝑓 = 𝑝𝑖 = 850.  Also, notice the final velocity of the larger car is negative (to the 
left).  So, (170)(−2) + (150)(𝑣) = 850, which gives a final velocity for the smaller car of 𝑣 = 7.93 𝑚/𝑠 

 
 
P09. (B) The Coulomb force depends on the charges and the distance between them.  The distance between them is 

(3-(-2)) = 5.00cm.  Then, from Coulomb’s Law: 

 𝐹 = 𝑘𝑄1𝑄2
𝑟2⁄ = (8.99 × 109)(1.50 × 10−6)(2.20 × 10−6)

(.05)2⁄ = 11.9𝑁. 

 
 



 
P10. (C) Buoyant force is given by: 𝐹𝐵 = 𝜌𝐿𝑉𝑢𝑔 = (1.32)𝑉(9.8) = 12.936𝑉𝑢.  Here 𝑉𝑢 is the volume of the block 

under the surface of the liquid and 𝜌𝐿 is the density of the liquid.   
Since the block floats, then the buoyant force is balanced by the gravitational force: 𝐹𝑔 = 𝑚𝑔 = 𝐹𝐵.   
We don’t know mass, but we can get mass from the density of the block and the total volume of the block: 
𝑚 = 𝜌𝐵𝑉𝐵 = 0.55𝑉𝐵.  So, 𝐹𝑔 = 𝑚𝑔 = 0.55(9.8)𝑉𝐵 = 5.39𝑉𝐵. 

Since these forces balance, 12.93𝑉𝑢 = 5.39𝑉𝐵, leading to 𝑉𝑢
𝑉𝐵

⁄ = 0.417 = 41.7% under the surface.  This 
leaves 100 − 41.7 = 58.3% above the surface. 

 
 
P11. (D) This is an easy problem using conservation of energy.  Initially, all of the energy is in the form of 

gravitational potential energy:  𝐸 = 𝑚𝑔ℎ = (1.2)(9.8)(3.2) = 37.632 𝐽.   
 At the bottom of the slide, this energy has completely transformed into kinetic energy: 
 𝐸 = 1

2𝑚𝑣2 = 37.632 𝐽.  Thus, 𝑣 = √(2)(37.632)/(1.2) = 7.92 𝑚/𝑠. 
 
 
P12. (C) This is a refracting surface problem.  The hardest part is realizing that the surface is concave as seen by 

the object (the scorpion).  Since it is concave, the radius of curvature is negative.  Also, note that 𝑛1 = 1.55 
while 𝑛2 = 1.00 since the object is in the plastic and the image is “in the air”.  The equation for images 
formed by refracting surfaces is: 

 𝑛1
𝑝 + 𝑛2

𝑞 = 𝑛2−𝑛1
𝑅 .  Working in cm, this gives: 1.55

8 + 1.00
𝑞 = 1.00−1.55

−12 , or 0.19375 + 1
𝑞 = 0.045833.  

 Leading to 𝑞 = −6.76𝑐𝑚.  That is, the scorpion appears to be 6.76cm into the plastic. 
  
 
P13. (E) This problem can be solved by either force and kinematics, or by work and energy.  I will use the work 

and energy method.  The mass is on a horizontal floor, so the forces in the y-direction are gravity and the 
normal force.  There is no motion in the y-direction, so the forces must cancel: 𝐹𝑁 − 𝑚𝑔 = 0.  In other words 
𝐹𝑁 = 𝑚𝑔 = (0.9)(9.8) = 8.82𝑁.  So, the frictional force is 𝑓 = 𝜇𝐹𝑁 = (0.48)(8.82) = 4.23𝑁.  
Now consider energy.  Initially, there is kinetic energy: 𝐸𝑖 = 1

2 𝑚𝑣2 = (0.5)(0.9)(8.5)2 = 32.51 𝐽.   
Some energy is converted to heat through work done by friction: 𝑊 = 𝑓𝑑 = (4.23)(1.5) = 6.35 𝐽. 

 Thus, the energy remaining as kinetic energy after the “sticky” floor is: 𝐸𝑓 = 32.51 − 6.35 = 26.16 𝐽. 
 Solving for final velocity: 12 𝑚𝑣2 = 26.17, so 𝑣 = √(2)(26.16)/(0.9) = 7.62 𝑚/𝑠. 
 
P14. (B) This is a nice kinematic problem: First, find the acceleration: 𝑎 = ∆𝑣

∆𝑡⁄ = (60 − 30)
8.5⁄ = 3.53 𝑚/𝑠2.  

 Now we can use a kinematic formula to find the distance travelled: 
𝑥 = 𝑥𝑖 + 𝑣𝑖𝑡 + 1

2𝑎𝑡2 = 0 + (30)(8.5) + (0.5)(3.53)(8.5)2 = 383𝑚. 
 
 
P15. (A) In a particle decay, several quantities much be conserved.  In this case, we can use the properties given to 

look for a discrepancy between the initial particle and the decay products.  Baryon number remains +1 
through the decay, so it is OK.  Strangeness changes from -1 to 0 in the decay, but that is allowed – 
strangeness is not conserved.   Charge remains constant at 0 and spin is conserved at +1/2.  However, notice 
that the lepton number changes from 0 to +2 in the decay.  This is not allowed since lepton number must be 
conserved.  Therefore, it is the lepton number that is the problem. 

 
 
P16. (D) This is a heat transfer through radiation problem, which utilizes the Stephan-Boltzmann law.  The law 

states that the power emitted is: 𝑃 = 𝜎𝐴𝜖𝑇4, where 𝐴 is the surface area, 𝜖 is the emissivity, and 𝜎 is the 
Stephan-Boltzmann constant.  First we need the surface area: one face of the cube has an area of  
𝐴1 = (0.08)2 = 0.0064.  Since a cube has six faces, the total surface area is 𝐴 = (6)(0.0064) = 0.0384 𝑚2 
Plugging into the Stephan-Boltzmann law: 160 = (5.67 × 10−8)(0.0384)(0.6)𝑇4, which leads to 
𝑇 = √1.225 × 10114 = 592 𝐾 

 
 



 
 
 
P17. (A) Any photon emitted from one of these atoms would have an energy equal to the difference between two 

of the energy levels.  The energy level differences are: 2.62eV, 1.98eV, 1.75eV, 0.87eV, 0.64eV, 0.23eV.  
Using the simple equation 𝜆 = 1240𝑒𝑉𝑛𝑚

Δ𝐸⁄  gives possible photon wavelengths of 473nm, 626nm, 709nm, 
1430nm, 1940nm, 5390nm.  Clearly, the wavelength that is not expected is 332nm. 

 
 
P18. (D) This is a refraction problem, needing only Snell’s Law: 𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2.  Plugging in gives: 
 (1.00) sin 53 = 𝑛2 sin 27, which gives 𝑛2 = 1.76. 
  
 
P19. (C) First we can use the period of the oscillations to get the spring constant of the spring.  For this we use the 

mass-spring period formula: 𝑇 = 2𝜋√𝑚
𝑘⁄ .   

Solving for k gives us: 𝑘 = 𝑚(2𝜋
𝑇⁄ )2 = (0.1)(6.28

1.2⁄ )2 = 2.739 𝑁/𝑚. 

Now the total energy stored in the mass-spring system is 𝐸 = 1
2 𝑘𝐴2 = (0.5)(2.739)(0.2)2 = 0.0548 𝐽. 

Maximum velocity is when this energy is all in the form of kinetic energy: 
𝐸 = 0.0548 = 1

2 𝑚𝑣2 = (0.5)(0.1)𝑣2.  This gives 𝑣 = √1.0955 = 1.05 𝑚/𝑠. 
 
 
P20. (A) Use the periodic table to notice that Berkelium is element 97, so this isotope is 𝐵𝑘97

245 .  The emitted 
particles are the alpha, 𝐻𝑒2

4 , the negative beta, 𝑒−1
0 , and the gamma, 𝛾0

0 .  Subtracting these numbers from the 
original nucleus gives a mass number of 245 − 4 − 0 − 0 = 241,  
and an atomic number of 97 − 2 − (−1) − 0 = 96.  Again, using the periodic table, we can see that the 
daughter isotope is 𝐶𝑚96

241 , or Curium-241. 
 
 
 
 
 


