
       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. An organism’s specific combination of alleles is 
termed its: 

A) phenotype. 
B) genotype. 
C) trait. 
D) alleles. 
E) haplotype. 

 
 

B02. Which of the following is the best example for 
anaerobic respiration? 
A) A cell’s use of organic compounds as final 

electron acceptors. 
B) The production of lactic acid by skeletal 

muscle tissue in response to high-energy 
demand but low oxygen availability. 

C) The reduction of nitrate (NO3) to nitrite (NO2) 
to free nitrogen (N2) by some bacterial species 
living in anoxygenic environments. 

D) The transfer of electrons to pyruvate to yield 
ethanol and CO2 in order to regenerate NAD+. 

E) The use of the electron transport chain and 
oxygen as the final electron acceptor. 

 
 
B03. Peptide bond formation occurs between the    

and    functional groups of adjacent 
monomers. 
A) amino; carboxyl 
B) phosphate; amino 
C) R-group; amino 
D) nitrogenous base; carboxyl 
E) R-group; carboxyl 

 
 
B04. A population in Hardy-Weinberg equilibrium 

contains a total of 6992 individuals.  Out of the 
total, 724 exhibit the dominant phenotype.  What is 
the frequency of the recessive allele in this 
population? 

A) 0.0532 
B) 0.1035 
C) 0.3218 
D) 0.8965 
E) 0.9468 

 
 
 
 

B05. Examine all of the answer choices below.  Which 
choice is the most inclusive (e.g. the grouping that 
would include all of the others)? 

A) Class 
B) Genus 
C) Family 
D) Species 
E) Order 

 
 
B06. Examine the image of a transmembrane protein 

embedded within a biological membrane.  What can 
you predict about the area indicated by the arrow?  
 

 
 

A) The amino acids are mostly hydrophilic. 
B) The amino acids are mostly hydrophobic. 
C) The indicated area could easily move between 

the current embedded state and the 
extracellular or intracellular environment. 

D) The indicated structure is a fatty acid. 
E) The embedded portions of the protein would 

be covalently bonded to adjacent 
phospholipids. 

 
 
B07. ____________ tissue, found within the 

gastrointestinal tract, involuntarily produces 
rhythmic contractions to move food and digested 
material through the alimentary canal. 

A) Epithelial 
B) Connective 
C) Cardiac muscle 
D) Smooth muscle 
E) Skeletal muscle 
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B08. Morphological and molecular evidence suggest that 
land plants are most closely related to: 

A) cyanobacteria. 
B) red algae. 
C) green algae. 
D) amoebas. 
E) photosynthetic bacteria. 

 
 
B09. A mistake during cell division in a human female 

results in an egg cell having two copies of 
chromosome 21.  Upon fertilization, the resulting 
zygote has three copies of chromosome 21.  This 
condition causes Down syndrome.  The error could 
have occurred: 

A) during mitosis of the stem cells in the ovaries 
that produce eggs. 

B) when the chromosomes failed to separate from 
each other during mitotic anaphase. 

C) when sister chromatids failed to separate from 
each other during Meiosis II. 

D) when homologous chromosomes failed to 
separate from each other during Meiosis II. 

E) when sister chromatids failed to separate 
during Meiosis I. 

 
 
B10. An organism that uses organic compounds for both 

its carbon and energy sources is classified as a/an: 
A) photoautotroph 
B) chemoautotroph 
C) photoheterotroph 
D) chemoheterotroph 
E) autotroph 

 
 
B11. When comparing and contrasting plant and animal 

cell structures, which of the following statements 
would be incorrect? 

A) The membrane-bound organelles within both 
cell types form compartments for specific 
functions. 

B) Both chloroplasts and mitochondria are 
involved in energy transformation. 

C) The central vacuole stores inorganic ions 
within plant cells. 

D) The cell walls of plant cells assist with 
preventing cell rupture during turgor. 

E) Mitochondria are absent from plant cells. 
 
 

B12. A taxonomic grouping consisting of taxa from 
different ancestors is called a    group. 

A) monophyletic 
B) polyphyletic 
C) multiphyletic 
D) domain 
E) paraphyletic 

 
 
B13. A newly discovered antibiotic has been shown to 

target peptidyltransferase activity in certain groups 
of bacteria.  Recognizing that eventually all of these 
would be affected, you could conclude that the most 
immediate effect to the bacteria when a researcher 
exposed a susceptible group to this new antibiotic is 
that: 

A) the bacteria failed to replicate their DNA. 
B) the bacteria were unable to synthesize new 

cells walls. 
C) a critical catabolic pathway was disrupted. 
D) the bacterial membrane was disrupted. 
E) the catalytic activity of the bacterial ribosome 

was inhibited. 
 

 
B14. True-breeding, red-flowered plants are crossed with 

true-breeding, white-flowered plants.  All of the 
offspring of this cross have pink flowers.  Given this 
information, what can you predict about the 
outcome of F1 self-fertilization?   

A) All F2 offspring will have the pink phenotype. 
B) Only 25% of the F2 generation will be true-

breeding. 
C) The phenotypic ratio of the F2 offspring will 

be 3:1. 
D) The F2 phenotypes would be ¼ red, ½ pink, ¼ 

white. 
E) All red F2 individuals will be heterozygous for 

the flower color allele. 
 
 
B15. Relative to the other cell cycle phases listed, in 

which phase do cells spend a majority of their time? 
A) Interphase 
B) Prophase 
C) Metaphase 
D) Cytokinesis 
E) Anaphase 
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B16. __________ is the process in which individuals 
in a population tend to survive and reproduce 
more successfully because they have specific 
inherited traits that others in the same 
population do not have. 

A) Adaptation 
B) Evolution 
C) Natural selection 
D) Selection 
E) Variation 

 
 

B17. Plasmodium, the pathogen that causes malaria, is 
transmitted to human hosts through the bite of an 
infected mosquito.  Once inside the human, the 
pathogen travels to the liver and transforms into a 
form that infects red blood cells.  Emergence from 
the red blood cells ultimately causes the painful and 
life-threatening symptoms associated with the 
disease.  The relationship between Plasmodium and 
humans can best be described as a/an     
relationship. 

A) mutualistic 
B) parasitic 
C) commensal 
D) saprophytic 
E) asymbiotic 

 
 
B18. The first step in the Calvin-Benson cycle of 

photosynthesis incorporates CO2 from the 
atmosphere into an organic compound.  This process 
is called: 

A) reduction. 
B) regeneration. 
C) CO2 synthesis. 
D) RuBP. 
E) carbon fixation. 

 
 
 
 
 
 
 
 
 
 

B19. The type of mutation that converts a codon, as read 
on DNA, from a CAC to a CAT is called a/an    
mutation. 

A) nonsense 
B) missense 
C) deletion 
D) silent 
E) insertion 

 
 

B20. Translate the eukaryotic gene located on the 
following coding sequence. 
 

5’-TACCATGTACAAAGTCCTTTAGCC-3’ 
 

 
 

A) Met-Tyr-Lys-Val-Leu 
B) Tyr-His-Val-Gln-Ser-Pro-Leu-Ala 
C) Met-Val-His-Val-Ser-Gly-Asn-Arg 
D) Pro-Ile-Ser 
E) Met-Phe-Gln-Glu-Ile 
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Chemistry 

constants
R = 0.08206 L·atm/mol·K
R = 8.314 J/mol·K
𝑅 = 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
𝓡 = 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

𝜌air,dry = 0.001184 g/mL
𝜌water = 1.00 g/mL
𝜌ice = 0.917 g/mL
𝜌Fe = 7.87 g/mL
𝜌Au = 19.3 g/mL
𝜌Hg = 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 
boric acid Ka = 7.2 × 10–10 
NH3 Kb = 1.8 × 10–5 
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Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
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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

C4H10 (l)
isobutane

–134 201

C3H8 (g) –104 270

C6H6 (l) 49 173

H2O (l) –286 70

H2O (g) –242 189
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C01. What is the name of the compound VN ?

A) vanadium(III) nitride
B) vandium(II) nitride
C) veridium(I) nitrate
D) vanadium(I) hyponitrate
E) vanadium(III) nitrite

C02. What is the molar mass of magnesium perchlorate?

A) 127.21 g/mol
B) 191.21 g/mol
C) 253.84 g/mol
D) 223.21 g/mol
E) 123.76 g/mol

C03. A 11.0 gram sample of potassium permanganate 
(KMnO4) is dissolved in water and the volume 
adjusted to 400 mL. What is the molarity of this 
solution?

A) 5.75 M
B) 0.139 M
C) 0.215 M
D) 0.0696 M
E) 0.174 M

C04. A 25.00 mL aliquot of sulfuric acid (H2SO4) is 
titrated to the complete neutralization point with 
exactly 28.41 mL of 0.135 M NaOH. What is the 
molarity of the sulfuric acid

A) 0.153 M
B) 0.238 M
C) 0.0767 M
D) 0.119 M
E) 0.135 M

C05. Write the line/dot structure for the organic 
compound propane, C3H8. How many non-bonding 
pairs of electrons (lone pairs) are there on this 
structure?

A) three
B) zero
C) four
D) one
E) two

C06. Following the Aufbau filling order, which of the 
following orbitals is the last orbital filled with an 
electron for the element cobalt?

A) 4s
B) 4p
C) 3d
D) 3f
E) 4d

C07. What is ∆H°rxn for the following reaction - which 
happens to be the combustion of isobutane?

C4H10 (g)  +  6½ O2(g) ⟶  4 CO2(g)  +  5 H2O(l)

A) –546 kJ
B) –2872 kJ
C) –3140 kJ
D) –2980 kJ
E) –2256 kJ

C08. What is the approximate bond angle for Cl–C–H  
in the molecule dichloroethane, ClCH2CH2Cl ?

A) 109.5°
B) 90°
C) 120°
D) 104.5°
E) 180°

University Interscholastic League · page �6
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C09. A saturated solution of thallium(I) chromate, 
Th2CrO4, has a Th+ concentration of 120 µM. 
Calculate the Ksp for thallium(I) chromate.

A) 3.5 × 10–12

B) 3.3 × 10–15

C) 8.6 × 10–13

D) 1.4 × 10–8

E) 6.9 × 10–12

C10. Enthalpy is a state function defined by a set of other 
state functions. Which of the following is the correct 
definition?

A) H = U – TS
B) H = U – PV
C) H = U – GT
D) H = S + PT
E) H = G – U

C11. A bottle of eye wash for the lab is actually just a 
0.20 M boric acid solution. What is the pH of this 
solution?

A) 5.76
B) 7.00
C) 9.08
D) 4.92
E) 9.14

C12. A 2.50 L container has 34.5 g of KClO3 solid in it. A 
vacuum is then applied to the container, the pressure 
brought to zero, and then sealed. The container and 
sample are then heated to a high temperature and the  
sample decomposes completely into solid KCl and 
O2 gas. The container then cools to 30°C. What is 
the pressure inside the container at this point?

A) 4.20 atm
B) 1.92 atm
C) 2.80 atm
D) 5.14 atm
E) 3.68 atm

C13. The equilibrium constant for the reaction

2 SO2(g) + O2(g)  ⇌  2 SO3(g)

has the value K = 4.0 × 1024 at 298 K. What is the 
value of K for the reaction

SO3(g)  ⇌  SO2(g) +  ½O2(g)

at the same temperature?
A) 2.0 × 1012

B) 4.0 × 1024 

C) 2.5 × 10–25

D) 1.4 × 1012

E) 5.0 × 10–13

C14. The standard potential of the Cu2+⎥Cu electrode is 
+0.34 V and the standard potential of the cell

Ag(s)⎥ AgCl(s) ⎥ Cl–⎥⎥  Cu2+(aq) ⎥ Cu(s)
is +0.12 V. What is the standard potential of the 
AgCl⎥Ag,Cl– electrode?
A) +0.46 V
B) –0.22 V
C) +0.23 V
D) –0.46 V
E) +0.22 V
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C15. A reaction has an activation energy for the forward 
reaction of 162 kJ. The same reaction has a reverse 
activation energy of 107 kJ. What is ∆H for this 
(forward) reaction?

A) +55 kJ
B) –269 kJ
C) +162 kJ
D) –55 kJ
E) +269 kJ

C16. Consider the simple reaction:   A ⟶ B.  
The reaction is second order in A with a rate 
constant of 0.024 M-1s-1. If reactant A is initially at a 
concentration of 0.25 M, how long will it take for 
the concentration of A to drop to only 10% of its 
initial concentration?

A) 19 seconds
B) 18 minutes
C) 9.3 seconds
D) 25 minutes
E) 96 seconds

C17. An ideal gas held at constant pressure is heated from 
25°C to 75°C and the volume changes. What is the 
percentage change in the volume?

A) 200% increase
B) 14.4% decrease
C) 16.8% increase
D) 33% decrease
E) 11.7% increase

C18. An atomic orbital has the following four quantum 
numbers:  n = 5,  ℓ = 3,  mℓ = –2,  ms =+½
Which of the following is the correct designation of 
this orbital?
A) 3d
B) 5d
C) 2p
D) 4d
E) 5f

C19. When equal volumes of the following solutions are 
combined, which one produces a solution with the 
best acid/base buffering capacity?

A) 0.25 M HNO3 and 0.50 M KOH
B) 0.50 M NH3 and 0.50 M NH4NO3 

C) 0.40 M HNO3 and 0.40 M NH3

D) 0.70 M NH3 and 0.35 M KOH
E) 0.15 M HNO3 and 0.30 M NH4NO3 

C20. Consider the following exothermic gas phase 
reaction at equilibrium:

2 AB(g) + C2(g)   ⇌   2 AC(g) + B2(g)

What happens if this reaction at equilibrium is 
cooled to a lower temperature?
A) the partial pressure of AB increases
B) the partial pressure of AC decreases
C) the partial pressure of C2 increases
D) the partial pressure of B2 increases
E) all partial pressures remain the same

University Interscholastic League · page �8
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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⁄

Speed of Sound (at 20ºC) v 343 m/s 
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P01. According to Guillen, which scientist discovered 

“animal electricity” by experimenting with electrical 

sparks and making dead frogs twitch? 

A) Andre-Marie Ampere

B) Humphrey Davy

C) John Tatum

D) Alessandro Volta

E) Luigi Galvani

P02. According to Guillen, Michael Faraday’s first 

scientific publication was about … 

A) The invention of the battery.

B) The chemistry of an Italian rock sample.

C) The mathematics of electric fields.

D) Electricity generation using magnetism.

E) The creation of an electric motor.

P03. According to Guillen, there are several natural 

processes for which there appear to be no opposing 

counterparts – processes that appear to not be 

reversible.  Which of these is one of the irreversible 

processes involving heat discussed by Guillen? 

A)  An object rolling downhill.

B) the forward motion of a pendulum.

C) an object exploding.

D)  heat flowing from hot to cold.

E) none of these are irreversible.

P04.  According to Guillen, which scientist discovered 

that electricity always heats up the wire through 

which it flows? 

A) James Joule

B) William Thomson

C) Rudolf Clausius

D) Michael Faraday

E) Sadi Carnot

P05.  What defines the point when a proto-star evolves 

into a main sequence star? 

A) When the surrounding gas envelope disperses.

B) When the core temperature exceeds 2000K.

C) When hydrogen fusion begins in the core.

D) When accretion of new material stops.

E) When helium fusion begins in the core.

P06.  A ball with a mass of 250.0g is attached to a 

massless string and hung from a vertical pole.  A 

steady horizontal wind is blowing so that the ball is 

pushed away from the pole and the string makes an 

angle of 24.0º with respect to the vertical pole.  

Assuming the ball’s position is constant, what is the 

force exerted on the ball by the wind? 

A) 1.00 N

B) 1.09 N

C) 2.24 N

D) 2.45 N

E) 5.50 N

P07.  Given the circuit shown, what is the current flowing 

in the 75.0 Ω resistor? 

A) 120 mA

B) 89.2 mA

C) 48.6 mA

D) 40.5 mA

E) 19.8 mA

P08.  A small car with a mass of 400.0 kg accidentally 

rolls down a hill, reaching a speed of 5.80 m/s at the 

bottom of the hill.  There it bumps into a 650.0 kg 

truck that is stationary.  If the car bounces 

backwards from the impact at 2.20 m/s, what is the 

forward speed of the truck after the collision?  

A) 1.35 m/s

B) 2.22 m/s

C) 3.57 m/s

D) 4.92 m/s

E) 8.00 m/s
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P09.  Two charges are located on the x-axis: a +10.0 μC 

charge is at x = 0.400 m, and a -15.0 μC charge is at 

x = 1.50 m.  What is the electric potential due to 

these charges at x = 1.00 m.  You may assume the 

potential goes to zero as x → ∞.   

A) -120 kV

B) -45.0 kV

C) +60.0 kV

D) +135 kV

E) +420 kV

P10.  A long tube, 85.0 cm in length, is filled to the top 

with motor oil.  The density of the motor oil is  

0.910 g/cm3.  What is the gauge pressure at the 

bottom of the tube? 

A) 109 kPa

B) 93.7 kPa

C) 77.4 kPa

D) 8.92 kPa

E) 7.58 kPa

P11.  A hockey puck with a mass of 150.0 g slides 

horizontally across ice.  The initial velocity of the 

puck is 13.0 m/s.  If the puck comes to a stop after 

sliding 47.0 m, what is the coefficient of friction 

between the puck and the ice? 

A) 0.0570

B) 0.0920

C) 0.180

D) 0.270

E) 0.370

P12.  A lens taken from a pair of glasses has a focal length 

of -22.0 cm.  If the lens is used to view a 15.0 cm 

tall candle that is 1.00 m away, how tall is the image 

of the candle? 

A) 2.70 cm

B) 3.30 cm

C) 4.23 cm

D) 7.07 cm

E) 12.3 cm

P13.  A juggler throws a ball straight up and catches it as 

it comes back down.  At what point along the 

trajectory of the ball is the acceleration equal to 

zero? 

A) on the way upwards.

B) on the way downwards.

C) at the top.

D) the acceleration is never zero.

E) the acceleration is always zero.

P14.  An open-closed pipe used in a pipe organ is 2.35 m 

in length.  Assuming that the room containing the 

pipe organ is at 20ºC, what is the frequency of the 

third harmonic of the pipe? 

A) 109 Hz

B) 182 Hz

C) 219 Hz

D) 255 Hz

E) 365 Hz

P15.  The half-life of a certain radioactive isotope is 

known to be 238 days.  You acquire a mineral 

sample containing this isotope and leave it in a 

drawer, undisturbed, for exactly one year.  When 

you finally test the sample, you discover it contains 

69.0 g of the radioactive isotope.  How much of the 

isotope was present in the mineral sample when you 

first acquired it one year ago? 

A) 73.3 g

B) 106 g

C) 132 g

D) 200 g

E) 320 g

P16.  A certain oven can be treated like a cube that is 

70.0 cm on a side.  The oven’s walls are 5.50 cm 

thick and have a conductivity of k = 0.030 W/mK.  

If the interior of the oven is at 180ºC and the 

ambient temperature of the room is 20ºC, what is 

the power loss through the walls of the oven? 

A) 43 W

B) 170 W

C) 260 W

D) 290 W

E) 320 W
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P17.  You are a space colony construction worker who 

has been assigned to run an electric cable 

horizontally between two buildings.  The buildings 

are separated by 320.0 m and the maximum current 

that will be carried in the cable is 250.0 A.  

Unfortunately, the planet on which you are working 

has a very large magnetic field of 11.8 T.  In your 

colony’s location, the magnetic field is oriented at 

30º with respect to the cable’s path.  What will be 

the magnetic force on the cable when it is carrying 

maximum current? 

A) 472,000 N

B) 545,000 N

C) 818,000 N

D) 944,000 N

E) 1,640,000 N

P18.  A stunt driver directs a car horizontally off the edge 

of a sheer cliff at a speed of 30.0 m/s.  The car lands 

at a point that is 96.0 m from the cliff base.  How 

tall is the cliff? 

A) 31.4 m

B) 50.2 m

C) 93.9 m

D) 133 m

E) 161 m

P19.  A mass of 150.0 g is hung from an unstretched 

spring, causing it to stretch by 31.50 cm.  The mass 

is then pulled slightly and released, so that it 

undergoes simple harmonic motion.  What is the 

period of oscillation of the mass? 

A) 35.0 sec

B) 11.3 sec

C) 5.26 sec

D) 3.56 sec

E) 1.13 sec

P20.  A cylindrical space station with a diameter of 

50.0 m is spinning so that people on the outside 

circular edge experience a centripetal acceleration 

equal to that of Earth’s gravity.  What is the angular 

speed of the cylinder? 

A) 0.196 rad/s

B) 0.392 rad/s

C) 0.443 rad/s

D) 0.626 rad/s

E) 0.885 rad/s
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Biology 
B01 B 

B02 C 

B03 A 

B04 E 

B05 A 

B06 B 

B07 D 

B08 C 

B09 C 

B10 D 

B11 E 

B12 B 

B13 E 

B14 D 

B15 A 

B16 C 

B17 B 

B18 E 

B19 D 

B20 A 

Chemistry
C01 A 

C02 D 

C03 E 

C04 C 

C05 B 

C06 C 

C07 B 

C08 A 

C09 C 

C10 B 

C11 D 

C12 A 

C13 E 

C14 E 

C15 A 

C16 D 

C17 C 

C18 E 

C19 B 

C20 D 

Physics 
P01 E 

P02 B 

P03 D 

P04 A 

P05 C 

P06 B 

P07 C 

P08 D 

P09 A 

P10 E 

P11 C 

P12 A 

P13 D 

P14 A or B 

P15 D 

P16 C 

P17 A 

P18 B 

P19 E 

P20 D 
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Chemistry SOLUTIONS 

C01. (A)  VN = vanadium(III) nitride

C02. (D)  Mg(ClO4)2 = 223.21  

C03. (E)  11/158.04 = 0.0696 mol KMnO4 
 ÷ 0.4 L = 0.174 M

C04. (C) ratio is 2:1 for NaOH : H2SO4
0.135(28.41) = 3.835 mmol OH-  
÷ 2 = 1.918 mmol H2SO4  ÷ 25mL = 0.0767 M 

C05. (B) propane: CH3–CH2–CH3 . Each C with 4 bonds 
and no lone pairs. All e- are in bonding pairs.

C06. (C)  [Co] = [Ar] 4s2 3d7 

C07. (B) Look up values from table and then:
[4(-394)+5(-286)] - (-134) = -3006+134 = -2872 kJ

C08. (A)  both C’s are identical and are sp3 hybridized. 
This means 4 single bonds each and that all the 
angles are tetrahedral : 109.5°

C09. (C) Th2CrO4 ⇌ 2Th+ + CrO42-  (2:1 ratio) 
when dissociated [Th+] = 2x, [CrO42-]= x 
120µM = 1.2 × 10-4 M = 2x,  x = 6 × 10-5 M
Ksp = [Th+]2[CrO42-] = (2x)2(x) =  4x3 
= 4(6 × 10-5)3 =  8.6 × 10-13

C10. (B) U = H + PV , which means  H = U – PV

C11. (D)  look up Ka from data page: 7.2 × 10–10  
approx holds: [H+] = sqroot(7.2 × 10–10 · 0.2) 
= 1.2 × 10–5 M  → -log(x) → pH = 4.92 

C12. (A) balance: 2KClO3(s) → 2KCl(s) + 3O2(g) 
34.5/122.55 = 0.282 mol → x 3/2 = 0.422 mol O2 
P = nRT/V → 0.422(0.08296)(303.1)/2.5 = 4.20 atm 

C13. (E)  rxn is reversed and halved so Kʹ = (1/K)½  
 = (4 × 1024)½  = 5 × 10-13 

C14. (E)   E° = E°cathode - E°anode  (anode=left side, 
cathode = right side) so that 
     +.12 = +.34 - E°anode     

E°anode   = .34-.12 = +0.22 V

C15. (A) ∆H = Ea,forward - Ea,reverse = 162 - 107 = +55 kJ 

C16. (D) drop to 10%(.25) = 0.025 M
1/[A] - 1/[A]0 = kt    1/.025 - 1/.25 = .024(t)
t = (40-4)/0.024 = 36/.024 = 1500 seconds
1500 s / (60 s/min) = 25 minutes 

C17. (C)  V2/V1 = T2/T1 = 348.15/298.15
ratio of volumes is 1.168. Original V = 1
therefore 1.168 is 16.8% more than 1.

C18. (E)  n = 5,  ℓ = 3 is all that matters. For
ℓ = 0,1,2,3 orbitals are s,p,d,f  so 5f is it.

C19. (B) only 0.50 M NH3 and 0.50 M NH4NO3 gives a 
solution with BOTH a weak base (NH3) and the 
conjugate acid (NH4+) of that base - which is 
required for a buffer. No other solution results in 
both being present.

C20. (D)  LeChatelier’s principle with temperature. An 
exothermic reaction at equilibrium will be “pulled” 
forward (more products, to the right) when the 
temperature is lowered.
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P01. (E) page 120 “…Luigi Galvani’s bizarre discovery of “animal electricity.”  Nineteen years ago, in 1791, the 

Italian anatomist had been experimenting with electrical sparks when he noticed they invariably caused dead 

frogs nearby to twitch.” 

 

 

P02. (B) page 148 “…beginning with a rock sample he had collected while in Italy.  In 1816, Faraday published 

his results – ‘Analysis of Native Caustic Lime in Tuscany’ – in the Quarterly Journal of Science.  It was his 

first scientific publication….” 

 

 

P03. (D) page 171 “There were several natural processes for which there appeared to be no opposing counterparts, 

and at least two of them had something to do with heat.  First, heat seemed always to flow from hot to cold, 

never from cold to hot. … Second, friction always changed motion into heat, never the other way around.” 

 

 

P04. (A) pages 194-195 “Recently Joule himself had made a remarkable discovery: Ordinary electricity always 

heated up the wire through which it flowed….” 

 

 

P05. (C) The distinction between a proto-star and a main sequence star is the presence of hydrogen fusion in the 

core.  A proto-star is heated by gravitational collapse; once the heat is great enough, hydrogen fusion 

reactions within the core begin, and a main sequence star is born. 

 

 

P06. (B) Only three forces are present: a horizontal wind force, a vertical gravitational force, and the tension in the 

string.  Since the ball’s position is constant, the system is in static equilibrium, so all forces must balance.  

Note that the angle is given with respect to the vertical.   

The horizontal forces are:  Σ𝐹𝑥 = 𝐹𝑤𝑖𝑛𝑑 − 𝑇𝑠𝑖𝑛(24) = 0, so 𝐹𝑤𝑖𝑛𝑑 = 𝑇𝑠𝑖𝑛(24) 

 The vertical forces are: Σ𝐹𝑦 = 𝑇𝑐𝑜𝑠(24) − 𝑚𝑔 = 0, so 𝑇𝑐𝑜𝑠(24) = 𝑚𝑔 = (. 25)(9.8) = 2.45𝑁 

 Then 𝑇 = 2.68𝑁, and 𝐹𝑤𝑖𝑛𝑑 = 1.09𝑁 

 

 

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

resistors on the right side, which are in parallel: 1 𝑅𝑝
⁄ = 1

90⁄ + 1
75⁄ , which gives 𝑅𝑝 = 40.9 Ω.  Now this 

group is in series with the other resistor: 𝑅𝑇𝑜𝑡𝑎𝑙 = 40.9 + 60 = 100.9 Ω.  So, the current flowing from the 

battery is 𝐼𝑇𝑜𝑡𝑎𝑙 =
9.00

100.9
= .0892 𝐴.  Then the voltage drop across the 60 Ω resistor is  

𝑉60 = (. 0892)(60) = 5.35 𝑉.  This means that the parallel group of resistors gets the remaining voltage: 

𝑉2 = 9.00 − 5.35 = 3.65 𝑉.  By the laws governing parallel circuits, this is the same voltage across the 75 Ω 

resistor (𝑉75 = 3.65 𝑉).   

Thus, the current through the 75 Ω resistor is 𝐼75 =
𝑉75

75⁄ = 3.65
75⁄ = .0486 𝐴 = 48.6𝑚𝐴 

 

 

P08. (D) Using conservation of momentum, we see that only the small car has any initial momentum since the 

large truck starts at rest.   

Taking the direction of the small car’s initial motion to be positive, we get  

𝑝𝑖 = 𝑚𝑣𝑖 = (400)(5.8) = 2320
𝑘𝑔𝑚

𝑠⁄ .  After the collision, the momentum must be the same (momentum is 

conserved).  Both the car and the truck are now moving, so we have: 𝑝𝑓 = 𝑀𝑉𝑓 + 𝑚𝑣𝑓 = 𝑝𝑖 = 2320.  Also, 

notice the final velocity of the car is negative (bounces backwards).  So, (650)(𝑉𝑓) + (400)(−2.2) = 2320, 

which gives a final velocity for the truck of 𝑉𝑓 = 4.92 𝑚/𝑠. 

 

 



P09. (A) The electric potential depends on the charge and the distance from the point of interest.  The point of 

interest is at x = 1.00 m.  So, the distances from the point of interest are as follows:  

for 𝑄1 = +10.0 𝜇𝐶, 𝑟1 = 1.00 − 0.40 = 0.60 m and for 𝑄2 = −15.0 𝜇𝐶, 𝑟2 = 1.50 − 1.00 = 0.50 m. 

The electric potential due to each charge is given by: 

𝑉1 =
𝑘𝑄1

𝑟1
⁄ =

(8.99 × 109)(10.0 × 10−6)
(0.60)

⁄ = 149800 𝑉 

𝑉2 =
𝑘𝑄2

𝑟2
⁄ =

(8.99 × 109)(−15.0 × 10−6)
(0.50)

⁄ =  −269700 𝑉 

Since electric potential is a scalar, the total electric potential is just the sum of the potentials due to each 

charge:  So, 𝑉𝑡𝑜𝑡𝑎𝑙 = 149800 − 269700 = −120000 𝑉 = −120 𝑘𝑉 

 

 

P10. (E) Gauge pressure means that we get to ignore any atmospheric pressure pushing on the surface of the liquid.  

We need only consider the pressure caused by the liquid itself.  Since the liquid is static, the only thing to 

consider is the depth.   

First, though, we need the density to be in the correct units: 0.910 
𝑔

𝑐𝑚3⁄ = 910 
𝑘𝑔

𝑚3⁄  

Then, 𝑃𝐺 = 𝜌𝑔ℎ = (910)(9.8)(0.85) = 7580 𝑃𝑎 = 7.58 𝑘𝑃𝑎. 

 

 

P11. (C) This can be solved using conservation of energy, though you could also use forces and kinematics.  I’ll 

solve this using energy: first we need the initial kinetic energy: 𝐾 =
1

2
𝑚𝑣2 = (0.5)(0.15)(13)2 = 12.68 𝐽. 

 The puck comes to rest, so all of this energy is converted to heat by friction.  Thus, we can equate the initial 

kinetic energy to the work done by friction: 𝑊 = 𝑓𝑑 = 𝐾 = 12.68 𝐽.  The frictional force can be found by 

doing a quick force analysis.  Note that the puck is on a horizontal surface, 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 = (0.15)(9.8) = 1.47𝑁.  Then friction is: 𝑓 = 𝜇𝐹𝑁 = 1.47𝜇.  Putting this all together with the 

given distance traveled: 𝑊 = 𝑓𝑑 = (1.47𝜇)(47) = 12.68 𝐽.  So, 𝜇 = 0.18. 

 

 

P12. (A) This is a thin lens problem, so we know 
1

𝑝
+

1

𝑞
=

1

𝑓
.   Plugging in, we can solve for the image location:  

1

100
+

1

𝑞
=

1

−22
, which gives: 𝑞 = −18.0 𝑐𝑚.  Magnification is given by: 𝑀 = −

𝑞

𝑝
=

18

100
= 0.18.  So, the 

image height is ℎ′ = (0.18)(15.0) = 2.70 𝑐𝑚. 

  

 

P13. (D) A ball tossed in the air undergoes changes in velocity, with a decreasing speed while it is going up; a 

speed of zero at the top, and an increasing speed on the way down.  However, the acceleration, which is due 

to gravity, is constant throughout the trajectory (at 9.8 m/s2 downward).  Therefore, the acceleration is never 

zero. 

  

 

P14. (B) The formula for the resonances in an open-closed pipe is: 𝑓𝑛 =
𝑣𝑛

4𝐿
 where n is an odd integer and v is the 

speed of sound.  The speed of sound at 20ºC is given as 343 m/s.  Since n must be an odd integer (1,3,5,7…), 

then the third harmonic is when n = 5.  So 𝑓𝑡ℎ𝑖𝑟𝑑 =
(343)(5)

4(2.35)
= 182 𝐻𝑧. 

 

 

P15. (D) The amount remaining of a radioactive sample is given by 𝑁 = 𝑁0𝑒−𝜆𝑡, where 𝑁0 is the initial amount of 

the sample and 𝜆 =
ln 2

𝑇1
2⁄

 (here 𝑇1
2⁄ is the half-life).  Fist, we can get 𝜆: 𝜆 =

ln 2

𝑇1
2⁄

=
0.693

238
= 0.00291 

1

𝑑𝑎𝑦𝑠
. 

 Now, −𝜆𝑡 = −(0.00291)(365) = −1.06.  So, 69.0 = 𝑁0𝑒−1.06, giving 𝑁0 = 200𝑔. 

 

 

 

 



P16. (C) The power is lost through conduction, given by 𝑃 =
𝑘𝐴Δ𝑇

𝐿
.  So, first we need the surface area of the oven.  

Each side has an area of (0.7)2 = 0.49 𝑚2.  Since there are six sides, we have a total surface area of 

𝐴 = 6 ∗ (0.49) = 2.94 𝑚2.  Then the power loss is 𝑃 =
(0.030)(2.94)(180−20)

5.5 × 10−2 = 257 𝑊 ≅ 260 𝑊. 

 

 

P17. (A) The magnitude of the force on a current carrying wire due to a magnetic field is |𝐹| = 𝐼𝐿𝐵𝑠𝑖𝑛(𝜃) =
(250)(320)(11.8) sin(30) = 472,000 𝑁. 

 

 

P18. (B) Since this is a free-fall situation, there is no acceleration in the x-direction.  Knowing the horizontal 

velocity and the horizontal distance traveled, we can get the time the car is in the air: 𝑥 = 𝑣𝑥𝑡 = 96 = (30)𝑡.  

So, 𝑡 =
96

30
= 3.2 𝑠𝑒𝑐.  Now, the initial velocity is entirely horizontal, so 𝑣0𝑦 = 0.  We also take the final 

position to be at 𝑦 = 0 since the car reaches the ground at the bottom of the cliff.  Thus, using the kinematic 

equation for the y-direction: 𝑦 = 0 = 𝑦0 + 𝑣0𝑦𝑡 +
1

2
𝑎𝑦𝑡2 = ℎ + 0 +

1

2
(−9.8)(3.2)2 = ℎ − 50.2.  Or, solving 

for height: ℎ = 50.2𝑚.  

  

 

P19. (E) First, we can get the spring constant of the spring by examining how far the mass stretches the spring.  

The force exerted on the spring by the mass is 𝑚𝑔, while the force of the spring pulling back is given by 

Hooke’s Law: 𝐹 = 𝑘𝑥.  Equating these: 𝑘𝑥 = 𝑚𝑔 = (0.150)(9.8) = 1.47 𝑁 = 𝑘𝑥 = 𝑘(0.3150).   

So 𝑘 = 4.67 𝑁/𝑚.  Then the period of oscillation is given by: 𝑇 = 2𝜋√
𝑚

𝑘
= 2𝜋√

0.150

4.67
= 1.13 𝑠𝑒𝑐. 

 

 

P20. (D) Centripetal acceleration is given by: 𝑎𝑐 = 𝑟𝜔2, where r is the radius (half the diameter) of the cylinder.  

We want this to equal gravity on Earth, thus: 𝑟𝜔2 = 𝑔.   

Solving for angular velocity…𝜔 = √
𝑔

𝑟
= √

9.8

25
= 0.626

𝑟𝑎𝑑

𝑠
. 

 

 

 

 
 




