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B01. Amino acids are to proteins as     are to 
nucleic acids. 
A) nucleotides 
B) fatty acids 
C) monosaccharides 
D) sugars 
E) base pairs 

 
 
B02. Which structure is not common to both 

prokaryotic and eukaryotic cell types? 
A) ribosome 
B) plasma membrane 
C) cytosol 
D) cell wall 
E) DNA 
 
 

B03. A dialysis membrane containing a solution with 
an unknown solute concentration was placed 
within a beaker of 4% glucose for one hour. At 15 
minute intervals, the mass of the membrane 
containing the unknown solution was recorded. 
Based upon the experimental data in the table, 
which of the following statements is most likely 
correct? 

 
 

      Time (minutes)      Mass of Membrane 
(grams) 

0 106.9 
15 104.7 
30 96.2 
45 85.9 
60 72.4 

 
 

A) The solution inside the dialysis membrane is 
hypertonic. 

B) The solution inside the dialysis membrane is 
hypotonic. 

C) The solution inside the dialysis membrane is 
isotonic. 

D) There is not enough information to 
determine the relative osmolarity of the 
solution inside the membrane. 

E) The solution in the beaker is hypotonic. 
 
 

 

B04. All of the following are involved in DNA 
replication. Which is mismatched with its specific 
function? 

A) Helicase – unwinds the DNA 
B) DNA polymerase I – removes the primer 
C) DNA ligase – catalyzes a phosphodiester 

bond to seal the nick 
D) RNA primase – synthesizes an RNA primer 
E) DNA polymerase III – fills in the gaps left 

by DNA polymerase I 
 
 

B05. Sometimes cells exit the cell cycle and enter into 
   phase, which is a non-dividing but 
metabolically active phase. 

A) G1 
B) G0 
C) G2 
D) S 
E) M 

 
 
B06. At elevated temperatures, cholesterol reduces the 

fluidity of membranes by: 
A) preventing tight packaging of phospholipids. 
B) promoting covalent bond formation between 

adjacent phospholipids. 
C) reducing phospholipid movement. 
D) assisting with the incorporation of more 

saturated fatty acids on the existing 
phospholipids. 

E) encouraging tighter associations between 
adjacent phospholipids. 

 
 
B07. Which two molecules are produced during the 

light-dependent reaction of photosynthesis and are 
required in the Calvin-Benson cycle? 

A) ADP and NADP+ 
B) ATP and NADH 
C) CO2 and NADPH 
D) ATP and NADPH 
E) CO2 and ATP 
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B08. Enzymes often require cofactors for proper 

structure and/or function. All of the following are 
examples of organic cofactors except: 

A) NADPH. 
B) vitamins. 
C) NADH. 
D) FADH2. 
E) divalent cations. 
 
 

B09. A mutation occurring within the coding region of 
a gene that converts one amino acid to another in 
the protein sequence is called a    mutation. 

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

B10. An operon that is only expressed under a given set 
of environmental conditions is called a/an    
operon. 

A) repressible 
B) inducible 
C) constitutive 
D) selective 
E) excitable 

 
 
B11. An alternative version of a gene is called a/an: 

A) character. 
B) trait. 
C) phenotype. 
D) genotype. 
E) allele. 

 
 
B12. Some flowers exhibit incomplete dominance. 

Given this information, what is the probability of 
acquiring pink flowers from this genetic cross?     
       RR x Rr 

A) 1 
B) ¾ 
C) ½ 
D) ¼ 
E) 0 

 
 
 

 
B13. Fertile individuals that readily move from one 

geographic location to another contribute to: 
A) gene flow. 
B) genetic drift. 
C) founder effect. 
D) bottleneck effect. 
E) Hardy-Weinberg equilibrium. 

 
 
B14. Out of a total of 4398 individuals in a population 

at Hardy-Weinberg equilibrium, 329 exhibited the 
recessive phenotype for a trait. What is the 
frequency of the dominant allele? 

A) 0.075 
B) 0.273 
C) 0.962 
D) 0.727 
E) 0.528 

 
 
B15. Two organisms belonging to the same phylum 

would also belong to the same: 
A) Class. 
B) Family. 
C) Genus. 
D) Order. 
E) Kingdom. 

 
 
B16. Fertilizers, microbial action, lightning, and 

legume crops contribute primarily to the    
cycle. 

A) carbon 
B) phosphorus 
C) nitrogen 
D) water 
E) mineral 

 
 
B17. Regulation of human body temperature is 

controlled by: 
A) negative feedback. 
B) positive feedback. 
C) repressive feedback. 
D) inductive feedback. 
E) activation feedback. 
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B18. The nutrient exchange between fungi and plant 
roots can best be described as: 

A) parasitism. 
B) mutualism. 
C) commensalism. 
D) saprophytic. 
E) asymbiotic. 

 
 
B19. Cells that have long fibers, contain actin and 

myosin, are involved in movement, and are 
excitable and responsive would be classified as 
   tissue. 

A) Epithelial 
B) Connective 
C) Muscular 
D) Nervous 
E) Lipids 

B20. The three domains of life were constructed using 
sequencing data of: 

A) genes for ribosomal proteins. 
B) cellular respiration genes. 
C) genes for proteins associated with DNA. 
D) genes for rRNA. 
E) genes for tRNA 
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Chemistry 

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 
PbF2 Ksp = 3.3 × 10–8 
CH3CO2H Ka = 1.8 × 10–5 
CH3NH2 Kb = 4.4 × 10–4 
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1                 2

3 4           5 6 7 8 9 10

11 12           13 14 15 16 17 18

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

58 59 60 61 62 63 64 65 66 67 68 69 70 71

90 91 92 93 94 95 96 97 98 99 100 101 102 103

 H                 He

 Li Be           B C N O F Ne

 Na Mg           Al Si P S Cl Ar

 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

 Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

 Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og

 Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

 Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

 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

Cl2 (g) ? 223

CH4 (g) –75 186

C3H8 (g) –104 270

COCl2 (g) –220 284

H2O (l) –286 70

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

A. 169.0 g/mol
B) 211.6 g/mol
C) 179.6 g/mol
D) 149.6 g/mol
E) 290.9 g/mol

C02. The empirical formula for the artificial sweetener 
aspartame is C14H18N2O5. What is the mass 
percentage of carbon in aspartame?

A) 60.41% 
B) 65.22 % 
C) 53.78 %
D) 63.91 %
E) 57.12 %

C03. What is the name for the formula, CrPO4 ?

A) chromium(III) phosphate
B) correlium phosphite
C) chromium(II) phosphate
D) chromium(IV) phospho-tetraoxide
E) chromium(III) phosphite

C04. Approximately how many oxygen atoms are  
in a 9.0 g sample of glucose, C6H12O6 ?

A) 3.0 × 1022

B) 1.8 × 1023 
C) 9.0 × 1023 
D) 6.0 × 1022 
E) 3.6 × 1023 

C05. A 1.74 g sample of NaBr was completely dissolved 
in enough water to make 216 mL of solution. What 
is the molar concentration of NaBr in this solution?

A) 0.124 M 
B) 0.00806 M 
C) 0.0783 M 
D) 0.0713 M
E) 0.0648 M

C06. The aufbau principle in chemistry (atomic theory) is 
best described by which statement?

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

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

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

D) Electrons cannot be in an antibonding orbital.
E) Energy levels within the atom are filled with 

electrons from the lowest available energy level 
up.

C07. The d-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 is one nodal plane that defines 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 are three nodal planes that define the 
angular space around the nucleus.

University Interscholastic League · page �6
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C08. Which species listed is isoelectronic  
with the ion S2– ?

A) Cl
B) P2– 
C) Na
D) Ca2+ 
E) O2– 

C09. An excited electron within an atom falls to a  
lower energy state and emits a photon carrying  
3.13 × 10–19 J of energy. What is the wavelength of 
this emitted photon?

A) 635 nm
B) 1.52 µm
C) 934 pm
D) 540 nm
E) 213 nm

C10. What is the electronic geometry for chloroform, 
CHCl3 ?

A) square planar
B) see-saw
C) trigonal bipyramid
D) tetrahedral
E) trigonal planar

C11. Chromium reacts with oxygen to make 
chromium(III) oxide. 

Cr     +      O2    ⟶      Cr2O3 

Balance the reaction and then calculate how many 
grams of Cr2O3 are produced from the reaction of 
34 g of chromium with 18 g of oxygen. 

A) 47.8 g
B) 49.7 g 
C) 51.4 g
D) 57.0 g
E) 45.2 g

C12. A methane (CH4) sample is in a 12.5 L container at 
30°C and has a pressure of 3.25 atm. How many 
grams of methane are in this container?

A) 1.63 g
B) 12.5 g
C) 19.7 g
D) 16.5. g
E) 26.2 g

C13. 21.5 g of water at 20°C is heated such that all of it 
becomes steam at 160°C. How many kilojoules of 
heat must be delivered for this change? 

A) 58.4 kJ 
B) 60.2 kJ
C) 63.8 kJ
D) 9.82 kJ
E) 71.8 kJ

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

A) CBr4 
B) SF6

C) NCl3 
D) PBr5
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C15. Consider the line formula for acetaldehyde which is 
shown. What is the bond angle shown?

A) 109.5°
B) 90°
C) 120° 
D) 180° g
E) 105°

C16. What is the pH of a solution of 0.0062 M HCl ?

A) 1.32
B) 2.21
C) 3.12
D) 2.78
E) 2.12

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

CO (g)   +    Cl2 (g)    ⟶    COCl2 (g)

A) –111 kJ/mol
B) –331 kJ/mol
C) –166 kJ/mol
D) –220 kJ/mol
E) –109 kJ/mol

C18. What is the molar solubility for lead(II) fluoride ?

A) 1.8 × 10–4 M
B) 3.3 × 10–8 M

C) 3.2 × 10–3 M

D) 2.0 × 10–3 M

E) 1.0 × 10–7 M

C19. 50.00 mL of NaOH is titrated to the end point with 
16.25 mL of 0.0140 M HCl. What is the molarity of 
the NaOH solution?

A) 0.228  M
B) 0.0114  M
C) 0.00455  M
D) 0.00343  M
E) 0.0431  M

C20. A completely gas phase exothermic reaction is at 
equilibrium at 100°C. Which of the following 
occurs when the temperature is then lowered to 
85°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.

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⁄  
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P01. According to Guillen, when Isaac Newton was in 
Woolsthorpe to avoid the Black Death in 
Cambridge, he worked out the details of a new 
mathematics that would one day come to be 
called… 
A)  Abstract Algebra 
B)  Calculus 
C)  Trigonometry 
D)  Analytic Geometry 
E)  Differential Equations 

 
P02. According to Guillen, in order to take advantage 

of the rotation of the Earth and gain an extra 5% 
boost to their rockets, NASA decided to launch 
their rockets in which direction? 
A)  East 
B)  West 
C)  North 
D)  South 
E)  Direction doesn’t matter 

 
P03. According to Guillen, Daniel Bernoulli was 

intrigued by the physics of… 
A)  Gravitation 
B)  Kinetic energy 
C)  Light and color 
D)  Chronometers 
E)  Fluids 

 
P04. According to Guillen, when Daniel Bernoulli left 

Russia, he recommended that ________ be 
appointed his successor as professor of 
mathematics 
A)  Christiaan Huygens 
B)  William Harvey 
C)  Leonhard Euler 
D)  Gustave Gaspard Coriolis 
E)  Christian Goldbach 

 
P05. Globular Clusters are large spherical collections 

of stars that orbit in the halo of the Milky Way 
galaxy.  Most of the stars in a globular cluster 
are… 
A) Cepheid variable stars 
B) Very young blue stars 
C) Very old red stars 
D) Older blue and white stars 
E) Younger red and orange stars 

 
 
 

P06. A crossbow is aimed horizontally at the top edge 
of a target that is 1.60m in diameter.  How far 
away should the target be placed so that the arrow 
strikes the target directly in the center?  The initial 
horizontal velocity of the arrow is 30.0 m/s. 
A)  2.45 m 
B)  4.90 m 
C)  8.57 m 
D)  12.1 m 
E)  17.1 m 

 
P07.    A 3.00kg crate is being pulled by a horizontal 

force of 18.0N across a horizontal surface.  The 
coefficient of friction between the surface and the 
crate is 0.22.  What is the acceleration of the 
crate? 
A)  2.16 m/s2 

B)  3.84 m/s2 
C)  5.28 m/s2 
D)  6.00 m/s2 
E)  8.16 m/s2 

 
P08. Given the capacitor circuit shown, what 

is the charge stored on the 100μF capacitor?  You 
may assume the circuit is in equilibrium.   

 
A)  161 μC 
B)  671 μC 
C)  1200 μC 
D)  2140 μC 
E)  2720 μC 
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P09.   A 110.0kg football player moving to the right  
at 5.50m/s tackles another player, whose mass is 
95.0kg and whose velocity is 3.50m/s to the left.  
Immediately after the collision, assuming that 
they stick together, what is the final speed of the 
two players? 
A)  1.33 m/s 
B)  2.48 m/s 
C)  2.87 m/s 
D)  4.57 m/s 
E)  8.52 m/s 

 
P10.  Two charges are placed near the origin of a  

coordinate system.  A +12.0nC charge is placed 
on the y-axis at (0, 4.00cm).  A +15nC charge is 
placed on the x-axis at (3.00cm, 0).  What is the 
magnitude of the electric potential at the origin  
(0, 0) due to these charges?  Assume V∞ = 0.0 V. 
A)  1800 V 
B)  2700 V 
C)  4500 V 
D)  5250 V 
E)  7200 V 

 
P11.  Four blocks of equal volume are placed in a 

container of water (density = 1.00g/cm3).  Block 
A has a density of 0.30 g/cm3, Block B has a 
density of 0.60 g/cm3, Block C has a density of 
0.90 g/cm3, and Block D has a density of  
1.20 g/cm3.  On which block is the buoyant force 
the greatest? 
A)  Block A 
B)  Block B 
C)  Block C 
D)  Block D 
E)  All blocks experience the same buoyant    
     force. 

 
P12.  A box of mass 2.20kg slides across a 

frictionless surface at a speed of 13.50m/s.  The 
box impacts upon a massless spring with a spring 
constant of 750 N/m, and compresses it.  What is 
the maximum amount that the spring is 
compressed by the box?   
A)  19.9 cm 
B)  28.1 cm 
C)  51.7 cm 
D)  73.1 cm 
E)  103 cm 

 
 
 

P13.  A square constructed from conductive 
copper wire is 20.0cm on a side.  The resistance 
of the wire square is 0.400Ω.  The wire square is 
placed in a perpendicular 0.0600 T magnetic field.  
If the magnetic field vanishes in a time of 5.00ms, 
what is the current induced in the wire loop? 

 
A)  0.190 A 
B)  0.940 A 
C)  1.20 A 
D)  3.77 A 
E)  6.00 A 

 
P14.  A 10.0cm tall light bulb is located 14.0cm  

to the left of a lens.  The lens has a focal length of 
+20.00cm.  What is the size and orientation of the 
image of the bulb? 
A)  33.3cm upright 
B)  23.3cm inverted 
C)  14.3cm inverted 
D)  5.88cm inverted 
E)  4.12cm upright 

 
P15.  A cannonball is launched at 60.0m/s at an 

angle of 55.0º above the horizontal.  On the way 
back down, the cannonball lands on the top of a 
tower that is 25.0m tall.  How far horizontally 
from the launch point is the tower located?  You 
may assume the ground is level and ignore air 
resistance. 

 
A)  153 m 
B)  306 m 
C)  327 m 
D)  345 m 
E)  467 m 
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P16.  The Ʃ+ baryon is a particle that will decay  
into a proton and a pion: 

 
Ʃ+  Æ  p+  +  π0 

 
What fundamental force is responsible for the 
decay of the Ʃ+ baryon? Some properties are as 
follows:  
Ʃ+ baryon (charge +1, strangeness -1, baryon 
number +1); proton (charge +1, strangeness 0, 
baryon number +1); pion (charge 0, strangeness 0, 
baryon number 0)? 
A)  Weak Force 
B)  Strong Force 
C)  Electromagnetic Force 
D)  Gravitational Force 
E)  Higgs Force 

 
P17.  Two slabs of concrete that form a bridge  

are barely touching on a hot summer day (T = 
40.0ºC).  By how much will the slabs be separated 
on a cold winter day (T = -15.0ºC).  On average, 
the slabs are 8.00m long.  Also, the coefficient of 
linear expansion for concrete is 12.0 x 10-6 ºC-1.   
A)  1.44 mm 
B)  2.64 mm 
C)  3.84 mm 
D)  5.28 mm 
E)  10.6 mm 

 
 

P18.  Electromagnetic radiation of an unknown 
wavelength is directed onto a metal surface.  The 
workfunction of the metal is known to be 1.38 eV.  
If the photoelectrons emitted from the surface 
have a velocity of 5.47 x 105 m/s, what is the 
wavelength of the light shining on the surface? 
A)  278 nm 
B)  556 nm 
C)  899 nm 
D)  1460 nm 
E)  2340 nm 

 
P19.  A centrifuge is spinning with an angular  

velocity of 2500rpm.  It decreases its speed with a 
constant angular acceleration of  
-20.0 rpm/s until it reaches an angular speed of 
1600 rpm.  Through how many revolutions did 
the centrifuge spin while slowing down? 
A)  92300 rev 
B)  3080 rev 
C)  1540 rev 
D)  1070 rev 
E)  22.5 rev 

 
P20.  The half-life of Cobalt-60 is 5.27 years.  If  

you start with 1000g of Co-60, how much remains 
after 46.0 years? 
A)  0.16 g 
B)  1.95 g 
C)  2.36 g 
D)  12.7 g 
E)  15.1 g 
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Biology  
B01  A  

B02  D  
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Chemistry SOLUTIONS 

C01. (B)  strontium nitrate = Sr(NO3)2 = 211.6

C02. (E)  C14H18N2O5 = 294.34  14C = 168.14.  
%C = 168.14/294.34 x 100% = 57.12%   

C03. (A)  CrPO4 is chromium(III) phosphate

C04. (B)  9.0 g sample of glucose, C6H12O6 = 180.18 g/
mol. 9/180.18 = 0.0500 mol     
× 6.022 × 1023 = 3.0 × 1023 molecules of glucose.  
× 6 O’s per molecule = 1.8 × 1023 O atoms.

C05. (C)  NaBr = 102.89 g/mol. 1.74/102.89= 0.0169 mol 
÷  0.216 L = 0.0783 M

C06. (E)  Aufbau is the “build up” principle

C07. (C)  The value of quantum number � is the number 
of nodal planes or cones �=2 for a d-orbital, two 
nodal planes (or cones in the case of dz2)

C08. (D)  sulfide (S2–) has 18 e-. So does Ca2+.

C09. (A)  λ = hc/E = 6.626 × 10–34 (3 × 108)/3.13 × 10–19  

λ = 6.35 × 10–7 m  =  635 nm 

C10. (D)  CHCl3 has for electron regions (bonds) around 
the carbon and is therefore tetrahedral.

C11. (B)  4 Cr  +  3 O2  ⟶  2 Cr2O3    
34/52=0.654 mol Cr    //   18/32=0.563mol O2  
Convert Cr to O2: 0.654(3/4)=0.49 mol O2 needed  
there is excess O2, so limiting is Cr. 
0.654(2/4)=0.327 mol of Cr2O3 × 152 = 49.7 g 

C12. (E)  n = PV/RT = 3.25(12.5)/0.08206(303.15)  
= 1.633 mol.   × 16.05. =  26.2 g

C13. (A)  for 1 gram the answer is: 
80(4.184)+2260+60(2.03) = 2716.52 J/g 
scale:  × 21.5 g = 58405.18 J = 58.4 kJ

C14. (C)     NCl3  is trigonal pyramid geometry and has 
one lone pair - this causes the molecule to be polar. 
Others are all perfectly symmetric and therefore 
nonpolar. 

C15. (C)  acetaldehyde has 3 electron regions and is 
therefore trigonal planar - so the angle is 120°.

C16. (B)  pH -log[H+] = -log( 0.0062) = 2.21  
HCl is a strong acid - so conc matches [H+]

C17. (E)  CO (g)   +    Cl2 (g)    ⟶    COCl2 (g)  
Use ∆Hf° from table:  
∆H = -220 - [0 +  -111] = –109 kJ

C18. (D)  lead(II) fluoride  = PF2  Ksp = 3.3 × 10–8 
 
Ksp = 4x3  solve :  
x = 2.0 × 10–3 M

C19. (C)  16.25(0.0140) =  0.2275 mmol 
÷  50 mL = 0.00455 M

C20. (A)  LeChatelier’s principle with temperature. An 
exothermic reaction at equilibrium will be “pulled” 
forward (more products) when the temperature is 
lowered.
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SELECTED SOLUTIONS 
 
P01. (B) page 24 “…puzzling out the details of a new mathematics that would one day come to be called the 

calculus.” 
 
P02. (A) page 59 “…NASA usually preferred to launch rockets eastward, with the Earth’s spin…” 
 
P03. (E) page 66 “Fluids fascinated the mathematician in Bernoulli…” 
 
P04. (C) page 105 “…Bernoulli recommended that Euler be appointed his successor as professor of mathematics.” 
 
P05. (C) Globular clusters, like all of the halo stars, consist of stars from the very beginning of the Milky Way 

formation – very old stars.  Blue and white stars are short lived and do not last to be very old, thus the stars in 
Globular Clusters are very old red stars. 

 
P06. (D) The initial velocity is entirely horizontal, so 𝑣𝑦𝑖 = 0 and 𝑣𝑥𝑖 = 30.0 𝑚/𝑠.  If we take the center of the 

target to be 𝑦𝑓 = 0, then 𝑦𝑖 = 0.8 𝑚.  We can use the kinematic equations in y to get the time to reach the 
target: 𝑦 = 𝑦𝑖 + 𝑣𝑦𝑖𝑡 + 1

2𝑎𝑦𝑡2 = 0 = 0.8 + 0 + (0.5)(−9.8)𝑡2, so 𝑡 = √0.8/4.9 = 0.404 𝑠.  Then we can 
get the x distance: 𝑥 = 𝑥𝑖 + 𝑣𝑥𝑖𝑡 = 0 + (30)(0.404) = 12.1 𝑚. 

 
P07.    (B) The forces on the box are as follows: In the y-direction are the normal force and gravity.  There is no 

motion in the y-direction, so: 𝑛 − 𝑚𝑔 = 0.  In the x-direction are the applied force and friction, and there is 
acceleration in the x-direction, so: 𝐹 − 𝑓 = 𝑚𝑎.  From the first equation, we know 
𝑛 = 𝑚𝑔 = (3)(9.8) = 29.4 𝑁.  We know friction is related to the normal force by 𝑓 = 𝜇𝑛 = (0.22)(29.4) =
6.47 𝑁.  Then, 𝐹 − 𝑓 = 18 − 6.47 = 11.53 = (3)𝑎.  So 𝑎 = 3.84 𝑚/𝑠2. 

 
P08. (B) First we combine the capacitors using series and parallel rules.  Remember that capacitors combine 

differently than resistors: The two in parallel add, so 𝐶𝑝 = 100 + 270 = 370 𝜇𝐹.  This combines in series 
with the 470μF capacitor: 1 𝐶𝑡𝑜𝑡𝑎𝑙

⁄ = 1
370⁄ + 1

470⁄ .  So 𝐶𝑡𝑜𝑡𝑎𝑙 = 207 𝜇𝐹. 
Then the total charge in the circuit is: 𝑄𝑡𝑜𝑡𝑎𝑙 = 𝐶𝑡𝑜𝑡𝑎𝑙𝑉𝑡𝑜𝑡𝑎𝑙 = (207)(12) = 2484 𝜇𝐶.  Capacitors in series 
have the same charge stored on them, so 𝑄𝑝 = 𝑄𝑡𝑜𝑡𝑎𝑙 = 2484 𝜇𝐶.  From this we can get the voltage on the 

parallel capacitors: 𝑉𝑝 = 𝑄𝑝
𝐶𝑝

⁄ = 2484
370⁄ = 6.71 𝑉.  This is the same voltage on each capacitor in the 

parallel group.  So, finally the charge on the 100μF capacitor is: 𝑄100 = 𝐶100𝑉100 = (100)(6.71) = 671 𝜇𝐶. 
 
P09. (A) This is a conservation of momentum problem, and a perfectly inelastic collision.  First, find the 

momentum of each player taking “to the left” to be the negative direction. 
𝑝1 = 𝑚1𝑣1 = (110 𝑘𝑔)(5.5 𝑚/𝑠)  = 605 𝑘𝑔𝑚/𝑠 
𝑝2 = 𝑚2𝑣2 = (95 𝑘𝑔)(−3.5 𝑚/𝑠)  = −332.5 𝑘𝑔𝑚/𝑠 
After the collision, the total momentum is the sum of these two momentum, so  
𝑝𝑓 = 605 − 332.5 = 272.5 𝑘𝑔𝑚/𝑠. 
Since they stick together, the total mass after the collision is the player’s combined mass:  
𝑚𝑓 = 110 + 95 = 205 𝑘𝑔. 

So, the velocity after the collision is: 𝑣𝑓 = 𝑝𝑓
𝑚𝑓⁄ = 272.5

205
= 1.33 𝑚/𝑠. 

 
 
 
 
 
 
 
 
 



 
P10. (E) The electric potential produced by each charge is as follows.  Fortunately, electric potential is not a vector.   

𝑉1 = 𝑘𝑄1 𝑟1
⁄ = (9 ×109)(12×10−9)

(0.04)⁄ = 2700 𝑉. 

𝑉2 = 𝑘𝑄2 𝑟2
⁄ = (9 ×109)(15×10−9)

(0.03)⁄ = 4500 𝑉. 

The total electric potential is the sum of the individual potentials: 
𝑉𝑡𝑜𝑡𝑎𝑙 = 𝑉1 + 𝑉2 =  2700 + 4500 = 7200 𝑉. 

 
P11. (D) In water, blocks A, B and C will float.  Block D will sink.  Recall that the definition of buoyant force is 

𝐹𝐵 = (𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑)(𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑏𝑗𝑒𝑐𝑡 𝑢𝑛𝑑𝑒𝑟 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒)(𝑔𝑟𝑎𝑣𝑖𝑡𝑦) = 𝜌𝑉𝑔.  Now, the density of 
the fluid and gravity are the same for all blocks – so the only difference is the volume under the surface.  All 
four blocks have the same total volume, but only the one that sinks will have its entire volume under the 
surface.  So, the greatest buoyant force is on the block that sinks. 

 
P12. (D) This is an easy problem using conservation of energy.  Initially, all of the energy is in the form of kinetic 

energy: 
𝐸 = 1

2
𝑚𝑣2 = 1

2
(2.2)(13.5)2 = 200.5 𝐽 

When the spring is at maximum compression, the energy has completely changed into elastic potential 
energy.  The total energy must stay the same, so from conservation of energy: 
𝐸 = 200.5 = 𝑘𝑥2

2
1 = (0.5)(750)𝑥2.  Solving for the compression:  

𝑥 = √200.5
375⁄ = 0.731𝑚 = 73.1𝑐𝑚. 

  
P13. (C) This is a typical Faraday’s Law problem.  We first need the area of the wire square: 

𝐴 = 𝑠2 = (0.2)2 = 0.04 𝑚2.  Now we can get the magnetic flux through the wire square.  Since the field is 
perpendicular to the area of the square, we have no angles to worry about: 
Φ = 𝐵𝐴 = (0.06)(0.04) = 2.4×10−3 𝑇𝑚2.   
Faraday’s Law states that the change in flux over change in time gives us the voltage induced in the wire.  
Since the magnetic field vanishes, the final flux will be zero.  Thus, the change in flux is 2.4×10−3 − 0 =
 2.4×10−3 𝑇𝑚2.  The time is given, so the induced voltage is then: 

|𝑉| = ∆Φ
∆t

= 2.4×10−3

5.00×10−3 = 0.48 𝑉.  We also know the resistance, so using Ohm’s Law, we get an induced 

current of: |𝐼| = |𝑉|
𝑅

= 0.48
0.4

= 1.20 𝐴. 
 
P14. (A) First we need the location of the image:  using 1

𝑝
+ 1

𝑞
= 1

𝑓
 gives 1

14
+ 1

𝑞
= 1

20
, leading to an image location 

of 𝑞 = −46.7 𝑐𝑚.  This is negative because the image is virtual – a fact that is obvious since the object is 
closer to the lens than the focal length.   

Now, the magnification is: 𝑀 = −𝑞
𝑝⁄ = −(−46.7)

14⁄ = +3.33.  Since it is a positive magnification, we 
know the image is upright.  The size of the image is: ℎ′ = 𝑀ℎ = (3.33)(10) = 33.3𝑐𝑚.  

 
P15. (C) This is a more challenging projectile problem.  First we need the components of the initial velocity: 𝑣𝑥𝑖 =

𝑣𝑖 cos 𝜃 = (60) cos 55 = 34.41 𝑚/𝑠, and 𝑣𝑦𝑖 = 𝑣𝑖 sin 𝜃 = (60) sin 55 = 49.15 𝑚/𝑠.  Then, we will use the 
y-direction to solve for the time that the cannonball is in the air: 
𝑦 = 𝑦𝑖 + 𝑣𝑦𝑖𝑡 + 1

2𝑎𝑦𝑡2 = 25 = 0 + 49.15𝑡 + (0.5)(−9.8)𝑡2.  This gives us the quadratic equation: 
−4.9𝑡2 + 49.15𝑡 − 25 = 0.  Solving this equation gives 𝑡 = 0.537 𝑠, 9.49 𝑠.  Since the cannonball lands on 
the tower on the way down, that will be the longer of the two times (the shorter time is when the cannonball 
reaches a height of 25 m on the way up).  Therefore, we use 𝑡 = 9.49 𝑠 
Now we consider the x-direction – there is no horizontal acceleration, so  
𝑥𝑓 = 𝑥𝑖 + 𝑣𝑥𝑖𝑡 = 0 + (34.41)(9.49) = 327 𝑚. 

 
 
 
 
 



 
P16. (A) Notice that the decay process does not change the total charge, nor does it change the total baryon 

number.  Both of these are conserved quantities and will not change in any particle decay.  Strangeness, 
however, can change.  Notice the total strangeness goes from -1 to 0 during this decay.  Any decay in which 
strangeness changes must be mediated by the Weak force.  Neither the strong force, nor the electromagnetic 
force can affect strangeness, and no known decay is attributed to the gravitational force.  The “Higgs force” is 
a fake answer, as there is no such force.  

 
P17. (D) This is a thermal expansion problem, so we first need the change in temperature:  

∆𝑇 = (−15) − (40) = −55℃.  Now the change in length of one slab is  
∆𝐿 = 𝛼𝐿0∆𝑇 = (12.0×10−6)(8)(−55) = −0.00528 𝑚 = −5.28𝑚𝑚.  Each slab will shrink by this amount, 
but half of the shrinkage will be from opposite ends of the slab.  In other words, on their touching side, each 
slab will shrink by 2.64mm, for a total gap between the slabs of 5.28mm.   

 
P18. (B) First we need the energy of the photoelectrons.  The velocity is low enough to be non-relativistic, and we 

know the mass of an electron, so: 𝐸 = 𝑚𝑣2
2
1 = (0.5)(9.11×10−19)(5.47×105)2 = 1.363×10−19 𝐽.  

Converting to eV: 1.363×10−19 

1.602×10−19 = 0.851𝑒𝑉.   
Now, 𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 = 𝐸𝑝ℎ𝑜𝑡𝑜𝑛𝑠 − 𝜑, or 𝐸𝑝ℎ𝑜𝑡𝑜𝑛𝑠 = 𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 + 𝜑 = 1.38 + 0.851 = 2.231 𝑒𝑉 
Converting to wavelength: 𝜆 = ℎ𝑐

𝐸⁄ = 1240 𝑛𝑚𝑒𝑉
2.231 𝑒𝑉⁄ = 556 𝑛𝑚. 

  
P19. (C) The units in this problem are the hardest part, but there is no reason to convert them right away.  Using 

the rotational kinematic equations: 𝜔𝑓
2 = 𝜔𝑖

2 + 2𝛼Δ𝜃.   
This gives: (1600)2 = (2500)2 + 2(−20)Δ𝜃, resulting in: Δ𝜃 = 92250 𝑟𝑒𝑣 ∙ 𝑠/𝑚𝑖𝑛.  Odd units, but 
converting one of the time units gives: ∆𝜃 = (92250 𝑟𝑒𝑣 ∙ 𝑠

min
) (1 𝑚𝑖𝑛

60 𝑠𝑒𝑐) = 1540 𝑟𝑒𝑣. 
 
P20. (C) First get the decay constant for Cobalt-60: 𝜆 = ln 2

𝑇1
2⁄

= 0.693
5.27

= 0.1315 𝑦𝑒𝑎𝑟−1.  The exponential decay 

formula gives the remaining material: 𝑁 = 𝑁0𝑒−𝜆𝑡 = (1000)𝑒−(0.1315)(46) = 2.36 𝑔. 
 
 
 
 
 


