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B01. All of the following statements accurately describe 
differences between DNA and RNA except: 

A) both are examples of nucleic acids. 
B) both DNA and RNA use adenine, guanine, and 

cytosine. 
C) uracil is only found in RNA. 
D) RNA is usually found as a double-stranded 

molecule. 
E) RNA uses ribose as the pentose. 

 
 

B02. Some eukaryotic proteins have carbohydrate groups 
added to them prior to their secretion from the cell.  
In which location or structure is this processing 
likely to occur? 
A) Ribosome 
B) Cytosol 
C) Rough endoplasmic reticulum 
D) Smooth endoplasmic reticulum 
E) Golgi apparatus 
 

 
B03. The biochemical structure in this image would be 

classified as a/an:

  
A) amino acid 
B) polypeptide 
C) nucleotide 
D) nitrogenous base 
E) monosaccharide 

 
 
B04. The tissue type found in the epidermis is: 

A) Nervous 
B) Connective 
C) Muscle 
D) Epithelial 

 
 

B05. Out of 2744 members of a population in Hardy-
Weinberg equilibrium, 16.1% exhibit the recessive 
phenotype.  Calculate the percent of the members in 
the population that have a dominant allele. 

A) 35.9% 
B) 40.1% 
C) 48.0% 
D) 59.9% 
E) 83.9% 

 
 

B06. The Hawaiian islands boast the most diverse 
collection of drosophilids (flies) worldwide.  It is 
hypothesized that an ancestral species hitched a ride 
millions of year ago from the mainland on birds or 
floating mats, and then subsequently evolved into 
more than 700 new species.  The formation of new 
species of Hawaiian drosophilids from mainland 
ancestors was through: 

A) coevolution. 
B) allopatric speciation. 
C) sympatric speciation. 
D) geographic evolution. 
E) convergent evolution. 

 
 
B07. In the Hawaiian drosophilids described above, one 

species, Drosophila silvestris, occupies several 
discrete populations in cool, wet forests at 2,500 feet 
in elevation.  During courtship rituals, males brush 
tiny hairs on their forelegs against females.  The 
males of one population of D. silvestris have many 
hairs on their forelegs but the males from another 
discrete population of the same species have none.  
Based upon this information, a researcher could 
predict that the type of isolation driving the 
evolution between these two populations is    
isolation. 

A) temporal 
B) habitat 
C) behavioral 
D) gametic 
E) mechanical 
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B08. The enzyme that binds to the promoter to initiate 
transcription is called:  

A) reverse transcriptase. 
B) RNA polymerase. 
C) DNA polymerase. 
D) helicase. 
E) RNA primase. 

 
 

B09. Identify the cell cycle phase at the end of the arrow 
in this image.  
 
 

A) Anaphase 
B) Interphase 
C) Metaphase 
D) Prophase 
E) Telophase 

 
 
B10. Which of the following is not a characteristic of 

phloem? 
A) Made of mostly living cells. 
B) Transports carbohydrates. 
C) “Up” direction of transport only. 
D) Made of cellulose. 
E) Found in the bark of trees. 

 
 
B11. Anoxygenic phototrophs perform photosynthesis 

without producing oxygen.  For these organisms, the 
electron donor for their photosystem(s) is usually: 

A) H2O 
B) H2S 
C) C6H12O6 
D) O2 
E) CO2 

 
 
 

B12. The types of plants that use phosphoenolpyruvate 
(PEP) carboxylase to sequester CO2 and produce 
oxaloacetate are called: 

A) C3 plants 
B) C4 plants 
C) CAM plants 
D) both C3 and C4 plants 
E) both C4 and CAM plants 

 
 
B13. A researcher isolates double-stranded DNA from an 

organism and analyzes the nitrogenous base content.  
He has determined the DNA contains 27.8% 
cytosine.  From his analysis, which of the following 
statements is an appropriate conclusion? 

A) The DNA is composed of equal concentrations 
of guanine, cytosine, thymine, and adenine. 

B) The concentration of purines is 100%. 
C) The concentration of thymine is 22.2% 
D) The DNA has a higher concentration of 

pyrimidines than purines. 
E) The DNA has a higher concentration of 

purines than pyrimidines. 
 
 
B14. Given the following human Mendelian 

characteristics, predict the probability of having a 
brown-haired, freckled, tongue-rolling child with an 
attached earlobe given the following cross? 
 

BbFfTtUu x bbFFttUu 
 
B = Black hair 
F = Freckles 
T = Tongue-rolling 
U = Unattached earlobe 
 

A) 0 
B) 1/4 
C) 1/2 
D) 1/8 
E) 1/16 
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B15. A scientist has created a mutation in lacI from the 
Escherichia coli lac operon, such that LacI protein 
never binds allolactose.  Which of the following 
statements would be an accurate prediction of the 
effect? 

A) The genes for lacZYA would be constitutively 
expressed. 

B) LacI would never be bound to the operator. 
C) Transcription of lacZYA would not occur, even 

in the presence of lactose. 
D) Nothing, because allolactose represses the lac 

operon by binding directly to the operator. 
E) The intracellular concentration of β-

galactosidase, among others, would increase. 
 

 
B16. Darwin’s finches are monophyletic, meaning that 

they: 
A) are a group of the most recent common 

ancestor and all of its descendants. 
B) are a group of interrelated species that can 

mate and produce fertile offspring. 
C) are descended from more than one ancestral 

species, especially where beak size and food 
choice is concerned. 

D) are a group of related species that does not 
include the common ancestor. 

E) are a group of related species that includes the 
common ancestor but not all of the 
descendants. 
 
 

B17. Which of the following sequences if found in 
double-stranded DNA would be easiest to 
“melt” or peel apart relative to the other answer 
choices? 

A) 5’-TATAATA-3’ 
B) 5’-CGCGCG-3’ 
C) 5’-ACAGGA-3’ 
D) 5’-ATGGGCA-3’ 
E) 5’-CACCAT-3’ 

 
 
 
 
 
 
 
 
 

B18. Saccharomyces cerevisiae is a eukaryote that 
produces ethanol and carbon dioxide from the 
carbohydrates in baking flour; thus, allowing bread 
to rise.  S. cerevisiae produces ATP at which 
specific process in its metabolism? 

A) The reaction that converts pyruvate to ethanol 
and carbon dioxide. 

B) During the intermediate step and the Krebs 
cycle. 

C) Through ATP synthase in chemiosmosis. 
D) The reactions of glycolysis only. 
E) Anaerobic respiration 

 
 
B19. A linear segment of DNA was mixed with a 

restriction enzyme that recognizes the following 
sequence: 5’-GGTACC-3’.  When the DNA is 
electrophoresed on an agarose gel, how many bands 
will be visible on the resulting image of the gel if 
the reaction went to completion and the DNA 
sequence reads: 
 
5’-CCATGGTACCATGGTACGGTACCATGG-3’ 

  
A) 0 
B) 1 
C) 2 
D) 3 
E) Not enough information to determine the 

result. 
 
 
B20. Formation of the chiasmata to generate new 

combinations of alleles for genetic diversity occurs 
during: 

A) Prophase 
B) Prophase I 
C) Prophase II 
D) Interphase 
E) Metaphase I 
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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 

Some Average Bond Energies (kJ/mol)

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 

HBrO Ka = 2.0 × 10–9 

H3PO4 Ka1 = 7.1 × 10–3

Ka2 = 6.2 × 10–8 

Ka3 = 4.8 × 10–13 

C–H 413 C–C 346 O=O 498

O–H 463 C–O 358 C=O 799

H–H 436 C=C 602 C≡O 1072

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. A US nickel (5¢) weighs 5 grams and is made from 
an alloy of 75% copper and 25% nickel. How many 
moles of nickel are in a US nickel?

A) 0.0852 moles
B) 0.0170 moles
C) 0.0213 moles
D) 0.106 moles
E) 0.0639 moles

C02. Balance the following chemical reaction with whole 
numbers.

C3H8   +     Cl2   ⟶     C3H5Cl3    +     HCl
What is the coefficient for the reactant Cl2 ?

A) 1
B) 2
C) 3
D) 4
E) 5

C03. A 2.748 g sample of an iron containing mineral is 
dissolved into strong acid such that all the iron is 
converted into iron(II) ions. That solution is then 
diluted to make a total of 500 mL of solution. 
25.00 mL of that solution is then titrated with 
0.01500 M KMnO4 via the following reaction.

5Fe2+  +  MnO4
–  +  8H+  →  5Fe3+  +  Mn2+  +  4H2O

The equivalence point was reached at 19.63 mL of 
the KMnO4 solution. What is the percent iron by 
weight in this mineral?

A) 59.84 % Fe
B) 63.28 % Fe
C) 24.71 % Fe
D) 2.992 % Fe
E) 11.97 % Fe

C04. A power plant burns 1.3 billion kg of coal each year. 
Assuming that the coal is 2.4 percent sulfur by 
mass, calculate the volume of SO2 emitted each year 
at STP.

A) 3.4 × 106 m3

B) 2.2 × 107 m3

C) 1.6 × 1010 m3

D) 4.1 × 109 m3

E) 5.2 × 107 m3

C05. The emission spectrum for the hydrogen atom 
consists of many lines in various regions of the 
electromagnetic spectrum. Which transition listed 
below corresponds to a line in the visible region?

A) n = 9  ⟶  n = 4 

B) n = 2  ⟶  n = 1

C) n = 6  ⟶  n = 3

D) n = 5  ⟶  n = 2

E) n = 7  ⟶  n = 1

C06. As intermolecular forces increase for a given 
substance, which of the following physical 
properties decreases?

A) boiling point
B) surface tension
C) freezing point
D) viscosity
E) vapor pressure

C07. The structure shown is sudan-I, an organic dye. 
Which of the following empirical formulas match 
the structure?

A) C16H12N2O 
B) C18H12N2O
C) C16H14N2O
D) C17H13N2O
E) C16H11N2O

University Interscholastic League · page �6
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C08. Use bond energies to calculate the standard enthalpy 
change for the following gas phase reaction.

CO  +   H2O   ⟶   H2  +    CO2 

A) +132 kJ
B) +300 kJ
C) –309 kJ
D) +846 kJ
E) –36 kJ

C09. Chloroform (CHCl3) has a vapor pressure of 
200 torr near room temperature. A 9.75 gram sample 
of a non-volatile compound (MWt = 65 g/mol) is 
dissolved into 80.0 grams of chloroform. What is 
the vapor pressure of this solution?

A) 107 torr
B) 138 torr
C) 163 torr
D) 151 torr
E) 178 torr

C10. Which of the following molecules is the one with 
trigonal planar molecular geometry?

A) PCl3

B) CHF3

C) SO3

D) H2CO
E) ICl3

C11. Which of the following compounds has the highest 
boiling point?

A) CH3CH2H
B) CH3CH2Cl
C) CH3CH2OH
D) CH3CH2OCH3

E) CH3CH2CH3

C12. Use the concept diagram below for a simple first 
order kinetics reaction. What is the value of the rate 
constant, k, for this reaction?

A) k  = 1.0 × 10–2 s–1

B) k  = 2.0 × 10–3 s–1

C) k  = 3.0 × 10–4 s–1

D) k  = 4.0 × 10–2 s–1

E) k  = 5.0 × 10–3 s–1

C13. Consider the following phase diagram. 

What is the normal boiling point of this substance?
A) 150 K
B) 320 K
C) 170 K
D) 250 K
E) 373 K

C14. What is the pH of a 0.042 M solution of 
hypobromous acid, HBrO ?

A) 5.04
B) 5.30
C) 8.70
D) 4.53
E) 6.11
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C15. A solution is made by adding 100 mL of 0.25 M 
NaH2PO4 to 125 mL of 0.40 M Na2HPO4. What is 
the pH of this newly mixed solution?

A) 6.91
B) 4.68
C) 2.46
D) 5.00
E) 7.51

C16. Three different reactions (A, B, and C) are carried 
out at various temperatures and the kinetic data is 
plotted.  Inspect the plot below and determine which 
reaction has the greatest activation energy?

C17. The rate constant of a certain reaction doubles when 
the reaction temperature is increased from 30°C up 
to 47°C. What is the activation energy for this 
reaction?

A) 68.5 kJ
B) 32.9 kJ
C) 47.8 kJ
D) 3.96 kJ
E) 51.2 kJ

C18. A saturated solution of Pd(SCN)2 is made by adding 
about one gram of the salt to a liter of water and 
then letting the mixture sit over night. The next day 
the solution is tested and found to have a Pd2+ 
concentration of 2.37 ppb. What is the Ksp of this 
salt?

A) 7.8 × 10–18

B) 3.6 × 10–7

C) 4.8 × 10–24

D) 4.4 × 10–23

E) 1.1 × 10–14

C19. A current of 1.5 amps is passed through a solution 
of aqueous CuSO4. How long will it take to plate 
out 5 grams of copper metal under these conditions?

A) 0.79 hr
B) 1.22 hr
C) 1.96 hr
D) 2.81 hr
E) 3.25 hr

C20. A reaction chamber is pressurized to 3 atm with 
only gas A.  The following reaction then proceeds 
until equilibrium is reached.

A (g)   ⇌   2 B (g) K = 27

What is the partial pressure of gas B in the 
equilibrium mixture?
A) 2.25 atm
B) 4.50 atm
C) 5.00 atm
D) 4.75 atm
E) 5.25 atm

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 

   

Atomic Mass Unit u 1.66 × 10−27 𝑘𝑔 

   

Avogadro’s number NA 6.022 × 1023 𝑎𝑡𝑜𝑚𝑠/𝑚𝑜𝑙 
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P01. According to Guillen, Faraday’s historic discovery, 

expressed in English, is that “Whenever a magnetic 

force increases or decreases, it…” 

A) produces a magnetic tornado. 

B) deflects a compass needle. 

C) produces electromagnetic waves. 

D) decomposes compounds into elements. 

E) produces electricity. 

 

 

P02. According to Guillen, one tiny quirk in Ørsted’s 

experiment that Faraday had noticed was that… 

A) Magnetism produced by an electric current  

always deflected a compass needle the same way.  

B) Electric current flowing in water always 

produced bubbles of hydrogen and oxygen. 

C) Dead frogs near an electric spark would 

invariably twitch. 

D) Both electric and magnetic forces decreased by 

the square of the distance. 

E) Changing magnetic fields produced electric 

fields. 

 

P03. According to Guillen, when Joseph Black heated 

equal quantities of water and mercury in an oven, he 

discovered the idea of… 

A)  entropy. 

B)  conservation of energy. 

C) latent heat. 

D)  heat capacity. 

E)  heat conduction. 

 

P04.  According to Guillen, Clausius could only get 

positive and negative changes in entropy to balance 

out when he assumed that … 

A) energy is conserved. 

B) all engines are ideal. 

C) heat is not a form of energy. 

D) heat is indestructible. 

E) heat is a fluid. 

 

 

 

 

 

 

 

 

P05.  As the Sun ages, what will happen to its position on 

the Hertzsprung-Russell diagram? 

 

 
 

A) it will move up and to the right. 

B) it will move up and to the left. 

C) it will move down and to the right. 

D) it will move down and to the left. 

E) it will not move. 

 

P06.  A box with a mass of 5.00 kg is being dragged 

across the floor by a force that is angled at 17.0º 

above the horizontal.  The coefficient of friction 

between the box and the floor is 0.190.  If the box 

accelerates at a rate of 1.79 m/s2, what is the 

magnitude of the force pulling the box? 

A) 8.95 N 

B) 9.36 N 

C) 18.1 N 

D) 19.1 N 

E) 20.3 N 

 

P07.  A 30.0 kg child slides down a frictionless slide, 

starting from rest at a point 12.0 m above the bottom 

of the slide.  Another child with a mass of 20.0 kg is 

sitting, at rest, on the bottom of the slide.  The first 

child collides with the second child and the two 

tumble together off the end of the slide in a perfectly 

inelastic collision.  Ignoring friction, what is their 

speed immediately after they collide? 

A) 10.8 m/s 

B) 9.20 m/s 

C) 6.51 m/s 

D) 6.13 m/s 

E) 4.34 m/s 

 

 

 



                  Science · Regionals · 2017 Physics 

University Interscholastic League · page 11 

 

P08.  Given the following circuit, what is the current 

flowing in the 150.0 Ω resistor? 

 

 
A) 23.4 mA 

B) 30.4 mA 

C) 41.4 mA 

D) 52.7 mA 

E) 72.4 mA 

 

 

P09.  Two charges are located near the origin of a 

coordinate system.  The first charge is +20.0 μC 

located on the y-axis at (0, 1.50m).  The second 

charge is −12.0 μC located on the x-axis at 

(0.800m, 0).  What is the magnitude of the electric 

field at the origin caused by these two charges? 

A)  0.799 × 105 N/C 

B)  0.887 × 105 N/C 

C) 1.69 × 105 N/C 

D) 1.87 × 105 N/C 

E)  2.48 × 105 N/C 

 

P10.  A certain excited atomic state de-excites very 

rapidly – too rapidly for you to measure its lifetime.  

Instead, you can measure the minimum width 

(minimum uncertainty) in the energy released 

during the de-excitation process.  That minimum 

energy uncertainty is 0.274 meV.  Using this energy 

width, and using the Heisenberg Uncertainty 

Principle ( ∆𝐸∆𝑡 ≥
ℏ

2
, where ℏ =

ℎ

2𝜋
 ), estimate the 

lifetime of the excited atomic state. 

A) 0.144 picoseconds 

B) 1.20 picoseconds 

C) 19.2 picoseconds 

D) 144 picoseconds 

E) 4530 picoseconds 

 

P11.  A continuous wave laser with an output of 

300.0mW is focused to a circular spot with a 

diameter of 0.500mm.  What is the maximum 

magnitude of the electric field due to the laser at that 

focused point? 

A) 1.10 × 104 N/C 

B) 1.20 × 104 N/C 

C) 1.70 × 104 N/C 

D) 2.40 × 104 N/C 

E) 3.40 × 104 N/C 

 

P12.  A crane with a 30.0m long horizontal arm is holding 

a 5000.0 N load at its end (as shown).  The weight 

of the crane’s arm is 800.0 N, and the support cable 

that is also connected to the end makes an angle of 

25.0º with respect to the horizontal crane arm.  What 

is the tension in the support cable? 
 

 
 

A) 5,400 N 

B) 10,900 N 

C) 11,800 N 

D) 12,800 N 

E) 13,700 N 

 

P13.  A hollow plastic cylinder is used as a thermos.  It 

has a surface area of 0.117m2 and a wall thickness 

of 1.00cm.  The cylinder is filled with iced tea at 

0.0ºC containing a total of 53.0g of ice.  If the 

outside temperature is 35.0ºC, how much time will 

pass before all of the ice in the tea has melted?  

Note: the thermal conductivity of the plastic is 

  𝑘 = 0.12 𝑊/𝑚𝐾, and the heat of fusion of ice is 

𝐿𝑓 = 334 𝐽/𝑔.   

A) 2.51 min. 

B) 5.54 min. 

C) 6.00 min. 

D) 7.43 min 

E) 8.51 min. 
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P14.  A diverging lens with a focal length of −20.0cm is 

placed 8.00cm to the left of a concave mirror that 

has a radius of curvature of 50.0cm.  An object is 

placed 16.0cm to the left of the lens.  Where is the 

final image located relative to the lens? 

 

 
 

A) 15.0cm to the right of the lens. 

B) 60.0cm to the right of the lens. 

C) 1.88cm to the left of the lens. 

D) 11.5cm to the left of the lens. 

E) 26.9cm to the left of the lens. 

 

P15.  In the following Feynman diagram, what particle 

would be correct for the missing vector boson? 

 

 
 

A) 𝑊− 

B) 𝑍0 

C) 𝑊+ 

D) 𝛾 

E) 𝐻0 

 

P16.  A train moving at 20.0m/s accelerates up to 35.0m/s 

after leaving a small town.  If the distance travelled 

by the train while it was accelerating was 420.0m, 

for what length of time did it accelerate? 

A) 56.0 sec 

B) 42.0 sec 

C) 24.0 sec 

D) 15.3 sec 

E) 10.3 sec 

P17.  A coaxial cable with a radius of 1.00cm carries a 

current of 1.20 A in the +𝑧 direction in its inner 

conductor.  It carries a current of 0.800 A in the 

  −𝑧 direction in the outer conductor.  What is the 

magnitude of the magnetic field outside the cable, 

due to these currents, at a point that is 5.00cm from 

the center of the cable? 

A) 32.0 μT 

B) 8.00 μT 

C) 4.80 μT 

D) 3.20 μT 

E) 1.60 μT 

 

P18.  During a volcanic eruption, a 50.0kg rock is hurled 

from the caldera at a speed of 540.0 m/s and at an 

angle of 68.0º above the horizontal.  The caldera sits 

at a height of 350.0m above the surrounding fields.  

If we assume the surrounding fields are perfectly 

flat, how far from the volcano does the rock land? 

A) 10.5 km 

B) 20.8 km 

C) 22.4 km 

D) 27.8 km 

E) 55.5 km 

 

P19.  A solid disk flywheel has a diameter of 3.00m and a 

mass of 600.0kg.  It is mounted horizontally and 

accelerated by a torque of 24.0 Nm.  If it starts from 

rest, how long does it take to accelerate the flywheel 

up to a rotational kinetic energy of 50.0J?  Note: the 

moment of inertia of a solid disk is 𝐼 =
1

2
𝑚𝑟2. 

A) 2.08 sec 

B) 4.17 sec 

C) 5.41 sec 

D) 7.65 sec 

E) 10.8 sec 

 

P20.  A spring powered toy sled with a mass of 375g is 

placed on a floor where the coefficient of friction is 

0.280.  When the spring is wound up by 5.30cm and 

released, the sled moves 2.25m across the floor.  

What is the spring constant of the spring in the toy? 

A) 40.6 N/m 

B) 733 N/m 

C) 824 N/m 

D) 1650 N/m 

E) 5890 N/m 
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Chemistry SOLUTIONS 

C01. (C)  5(25%) = 1.25g Ni  
÷ 58.69 = 0.0213 mol Ni

C02. (C)  C3H8  +   3Cl2   ⟶  C3H5Cl3  +  3HCl

C03. (A)  0.015(19.63)(5/1) = 1.472 mmol Fe 
÷ 25mL = 0.0589 M (same conc for all 500 mL)  
× 0.5 L = 0.02945 mol Fe   × 55.85 = 1.645 g Fe 
÷ 2.748 = 0.5984  =  59.84 % Fe 

C04. (B) 1.3×109 kg (2.4%) = 3.12×107 kg S  
3.12 × 1010 g / 32.07 = 9.73×108 mol S (same as SO2)  
V = nRT/P = 9.73×108(22.4 L/mol) = 2.2×1010 L 
÷ 1000 L/m3 =  2.2 × 107 m3

C05. (D) All transitions falling to n=2 are in the visible 
region (Balmer Series).

C06. (E)  the more molecules hold tight (↑IMFs), the less 
they tend to escape the surface of a liquid and 
hence, a lower vapor pressure 

C07. (A) 11 H’s on the 16 aromatic C’s plus the  
 H on the O.     C16H12N2O  

C08. (E) break: 1 C≡O @ 1072 and 2 H-O @ 463 = 1998 
make: 2 C=O @ 799 and 1 H-H @ 436 = 2034  
∆H = break - make = 1998 - 2034 =  –36 kJ 

C09. (C)  PC = XC·PC°    80/119.4 = 0.670 mol CHCl3  
9.75/65 = 0.150 mol cmpd  
XC = 0.67/(.67+.15) = 0.817    × 200  =  163 torr  

C10. (D) H2CO where C is central with double bond to O 
and 2 single bonds to the H’s. 3 regions = trigonal 
planar. Others are tetrahedral, trigonal pyramid, and 
see-saw.

C11. (C)  All share the CH3CH2– (ethyl) part. The –OH 
makes that molecule (ethanol) polar with H-
bonding, giving it the strongest IMF and highest 
boiling point

C12. (E) initial has 16 gray dots, final has 10 gray dots.  
first order:  k = ln(16/10)/94 = 5.0 × 10–3 s–1

C13. (B)  “normal” bp means at 1 atm. Follow 1 atm line 
horizontally all the way over to the liq/gas line. 
Intersection is at T = 320 K

C14. (A)  [H+] = (Ka·CHA)½ = (0.042 · 2.0 × 10–9)½  
[H+] = 9.17×10-6 M   -log    =   5.04 = pH

C15. (E) conjugates indicate Ka2. This makes a buffer.  
0.25(100/225) = 0.111 M; 0.40(125/225) = 0.222 M  
pH = pKa + log([HA2-]/[H2A-])  
pH = 7.21 + log(.222/.111) =  7.51 

C16. (C) Arrhenius theory where lnk = -Ea/R(1/T) + lnA 
(straight line plot). the slope of the lines are equal to 
–Ea/R . Plot C is the steepest and therefore has the 
largest value of  Ea.

C17. (B) Ea = R(ln2)//(1/T1 - 1/T2)  
    = 8.314(ln2)/(1/303.15 - 1/320.15)  
      = 32900 J.   = 32.9 kJ

C18. (D) 2.37 ppb = 2.37 µg/L = 2.37×10–6 g/L 
÷ 106.42 = 2.23×10–8 M.  
for 1:2 salt, Ksp = 4x3 = 4(2.23×10–8)3 = 4.4×10–23

C19. (D) (5/63.55)(2)(96485)/1.5 = 10122 s  
÷ 3600 =  2.81 hr

C20. (B) 27 = (2x)2 / (3 - x)  gives quadratic  
4x2 + 27x – 81 = 0, solve x to get 2.25 atm  
B is double x or 4.50 atm
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P01. (E) page 157 “Whenever a magnetic force increases or decreases, it produces electricity…” 

 

P02. (A) pages 150-151 “…Faraday could not put out of his mind one tiny quirk of Ørsted’s experiment…. The 

magnetism produced by an electric current, Faraday had noticed, always deflected a compass needle the same 

way…” 

 

P03. (D) pages 186-187 “…[Joseph] Black did something seemingly innocuous: He baked equal quantities of 

mercury and water in an oven and then checked their temperatures.  Much to his amazement, the mercury was 

much hotter than the water…Black conjectured, the temperature of any material having a large ‘heat capacity’ 

changed very little even after it had absorbed great quantities of thermal fluid.” 

 

P04. (B) page 205 “In the machinations of ideal engines, …Clausius found reason to rejoice… there were exactly 

as many positive entropy changes as there were negative ones…” 

 

P05. (A) As the Sun ages, it will exhaust its Hydrogen fuel and begin using Helium in fusion reactions.  When this 

happens, the Sun will expand and cool, becoming a red giant.  Giants, as seen on the H-R diagram, are up 

(brighter) and to the right (cooler) of the current place of the Sun on the diagram. 

 

P06. (C) Several forces are present in this problem: horizontal forces include friction and a component of the 

pulling force, while vertical forces are gravity, the normal force and the other component of the pulling force.  

Acceleration is entirely in the horizontal, so the vertical acceleration is zero.  In equation form:  

 Horizontal:  𝐹𝑐𝑜𝑠(17) − 𝑓 = 𝑚𝑎 and vertical:  𝐹𝑁 + 𝐹𝑠𝑖𝑛(17) − 𝑚𝑔 = 0 

 Starting with the horizontal, we get: 𝐹𝑐𝑜𝑠(17) − 𝜇𝐹𝑁 = 𝑚𝑎 = (5)(1.79) = 8.95 

 Or 0.9563𝐹 − 8.95 = 0.19𝐹𝑁 which gives: 𝐹𝑁 = 5.0332𝐹 − 47.105 

 Now we plug this into the vertical equation: (5.0332𝐹 − 47.105) + 𝐹𝑠𝑖𝑛(17) − (5)(9.8) = 0 

 This gives: 5.3256𝐹 = 96.105 which leads to 𝐹 = 18.1 𝑁 

 

P07.    (B) This is an energy-momentum problem that must be done in two parts.  We use conservation of energy to 

acquire the speed of the first child at the bottom of the slide before the collision: the child starts with only 

gravitational potential energy, and at the bottom of the slide all this energy has become kinetic energy… 

 𝐸 = 𝑚𝑔ℎ = (30)(9.8)(12) = 3528 𝐽 =
1

2
𝑚𝑣2 = (0.5)(30)𝑣2, this gives 𝑣 = √

3528

15
= 15.336 𝑚/𝑠. 

 At the bottom of the slide, the first child collides with the second child.  Before the collision the second child 

isn’t moving, so all the momentum is from the first child: 𝑝𝑖 = 𝑚1𝑣1𝑖 = (30)(15.336) = 460.1 𝑘𝑔𝑚/𝑠. 

 After the collision, both children are moving together at the same speed.  The total momentum must be 

conserved, so: 𝑝𝑓 = 𝑝𝑖 = 460.1 = (𝑚1 + 𝑚2)𝑣𝑓 = (30 + 20)𝑣𝑓 = 50𝑣𝑓.  This gives 𝑣𝑓 =
460.1

50
= 9.20 𝑚/𝑠. 

 

P08. (C) Although this looks a little like a Kirchhoff problem, it can be analyzed using series and parallel rules.  

The key is to notice that the 150 Ω and 200 Ω resistors are in parallel with each other – then the 80.0 Ω 

resistor is in series with that parallel combination – and finally, the 100 Ω resistor is in parallel with the entire 

upper group.  The first parallel resistance is 
1

150
+

1

200
=

1

𝑅𝑃
, which gives 𝑅𝑃 = 85.714 Ω. 

 So, the upper group’s resistance is: 𝑅𝐺 = 80 + 𝑅𝑃 = 165.714 Ω. 

 And finally, the total resistance of the circuit is 
1

100
+

1

165.714
=

1

𝑅𝑇
, which leads to 𝑅𝑇 = 62.366 Ω. 

 Now we can get the current drawn from the battery: 𝐼𝑇 =
12.0

62.366
= 0.1924 𝐴. 

 And, by the laws of parallel voltage, we can also get the current in the 100 Ω resistor and the current in the 

upper group.  𝐼100 =
12.0

100
= 0.1200 𝐴, and 𝐼𝐺 =

12.0

165.714
= 0.0724 𝐴. 

 Then the voltage across the first parallel group is: 𝑉𝑃 = (0.0724)(85.714) = 6.206 𝑉 

 Which allows us to get the current through the 150 Ω resistor: 𝐼𝐺 =
6.206

150
= 0.0414 𝐴 = 41.4 𝑚𝐴. 

 

 



P09. (D) We will calculate the electric field from each point charge separately, and don’t forget they are vectors. 

From the charge on the y-axis: |𝐸| = |
𝑘𝑄

𝑟2 | =
(8.99 × 109)(20.0 × 10−6)

(1.50)2 = 79911 𝑁/𝐶.  This charge is positive, so 

the vector field points away from the charge – at the origin, this will point in the negative y-direction.   

And from the charge on the x-axis: |𝐸| = |
𝑘𝑄

𝑟2 | =
(8.99 × 109)(12.0 × 10−6)

(0.80)2 = 168563 𝑁/𝐶 This charge is negative, so 

the electric field will point towards the charge – at the origin, this field will point in the positive x-direction.   

Since these individual fields are perpendicular to one another, the magnitude of the total electric field is just 

the Pythagorean combination of these two individual fields: 

|𝐸| = √(79911)2 + (168563)2 = 186545 𝑁/𝐶 ≈ 1.87 × 105 𝑁/𝐶. 

 

P10. (B) We are told to use the Heisenberg Uncertainty Principle, so ∆𝐸∆𝑡 ≥
ℏ

2
.  Also, we have ∆𝐸 = 0.274 𝑚𝑒𝑉. 

 We need to convert the energy uncertainty into Joules:  

∆𝐸 = (0.274 × 10−3)(1.602 × 10−19) = 4.389 × 10−23 𝐽.   

Then, using this minimum energy uncertainty: ∆𝑡 =
ℏ

2

1

∆𝐸
=

6.626 × 10−34

2(2𝜋)(4.389 × 10−23)
= 1.20 × 10−12𝑠 = 1.20 𝑝𝑠. 

 

P11. (E) We can find the electric field from the intensity of the laser spot, so first we will need the area of the spot: 

 𝐴 = 𝜋𝑟2 = 𝜋(0.25 × 10−3)2 = 1.9635 × 10−7 𝑚2.   

Then the intensity is 𝐼 =
𝑃

𝐴
=

300 × 10−3

1.9635 × 10−7 = 1.528 × 106 𝑊/𝑚2. 

 Now we can relate this to the electric field strength: 

𝐼 =
1

2
𝑐𝜖0𝐸2 =  1.528 × 106 = (0.5)(3.00 × 108)(8.854 × 10−12)𝐸2. 

 This gives: 𝐸 = 3.40 × 104 𝑁/𝐶. 

 

P12. (D) This is a static equilibrium problem involving both torques and forces.  Fortunately, since it is in static 

equilibrium, everything adds up to zero.  We will consider only forces acting on the crane’s arm.  First, 

consider the horizontal forces: a normal force N1 acting on the left end of the arm (pointed right) and a 

component of the tension Tcosθ acting on the right end of the arm (pointed left).   

For vertical forces, we have a normal force N2 on the left end of the arm (pointed up), weight of the arm mg 

acting in the middle of the arm (pointed down), a component of the tension Tsinθ acting on the right end of the 

arm (pointed up), and the weight of the load Mg acting on the right end of the arm (pointed down). 

 

 For torque, we will take the left end of the arm to be the pivot point.  This means that N1 and N2 do not 

contribute to the torque because their distance from the pivot is zero.  Also, the component Tcosθ does not 

contribute to the torque since it is directed straight at the pivot point.   

 So only Tsinθ, Mg, and mg contribute to the torque.  If we take the length of the arm to be L, then the torque 

equation is: 𝜏 = −𝑚𝑔 (
𝐿

2
) + 𝑇𝑠𝑖𝑛𝜃(𝐿) − 𝑀𝑔(𝐿).  The first and third terms are negative since they would 

make the arm turn clockwise around the pivot point and the second term is positive because it would make the 

arm turn counterclockwise around the pivot point.  We know this must sum to zero, so… 

−𝑚𝑔 (
𝐿

2
) + 𝑇𝑠𝑖𝑛𝜃(𝐿) − 𝑀𝑔(𝐿) = 0  or  𝑇𝑠𝑖𝑛(25)(30) = (800)(15) + (5000)(30).   

Thus, 𝑇 = 12800 𝑁. 

  

P13. (C) This is a two-part problem: first we will need to find the rate of heat flow into the thermos.  Heat flows 

into the thermos by conduction, so 𝑃 =
𝑘𝐴Δ𝑇

𝐿
=

(0.12)(0.117)(35−0)

0.01
= 49.14 𝑊.  Here, L is the wall thickness 

and A is the surface area of the thermos.  Now we must find the energy needed to melt the ice. We only need 

to consider the latent heat of fusion since the ice is already at the melting temperature (0.0ºC).  Thus, 

 𝑄 = 𝑚𝐿𝑓 = (53.0)(334) = 17700 𝐽.  Finally, we can get the time by dividing these two values: 

 𝑡 =
𝑄

𝑃
=

17700

49.14
= 360.2 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 = 6.00 𝑚𝑖𝑛𝑢𝑡𝑒𝑠. 

  

P14. (A) There will be three steps to this problem: light going through the lens, light reflecting from the mirror, and 

reflected light going back through the lens.  For all three steps, we will use: 
1

𝑝
+

1

𝑞
=

1

𝑓
 

 Going through the lens the first time: 
1

𝑝1
+

1

𝑞1
=

1

𝑓1
=

1

16
+

1

𝑞1
=

1

−20
.  This gives 𝑞1 = −8.89𝑐𝑚. 

 This first image becomes the object for the mirror: 𝑝2 = 𝐷 − 𝑞1 = 8 + 8.89 = 16.89𝑐𝑚. 



 The focal length of the mirror is 𝑓 =
𝑅

2
= 25.0𝑐𝑚, which is positive since the mirror is concave. 

 Now, 
1

𝑝2
+

1

𝑞2
=

1

𝑓2
=

1

16.89
+

1

𝑞2
=

1

25
.  This gives 𝑞2 = −52.05𝑐𝑚. 

 This second image becomes the object for going back through the lens: 

𝑝3 = 𝐷 − 𝑞2 = 8 + 52.05 = 60.05𝑐𝑚 

 Finally: 
1

𝑝3
+

1

𝑞3
=

1

𝑓3
=

1

60.05
+

1

𝑞3
=

1

−20
.  This gives 𝑞3 = −15.00𝑐𝑚.  That is 15.00 cm to the right of the lens. 

 

P15. (A) The missing vector boson is emitted when a strange quark changes into an up quark.  The boson then 

produces a negative muon and an anti-muon neutrino.  To conserve charge in either the s  u transition or in 

the muon production, the vector boson clearly must be negatively charged.  There is only one choice that is 

negatively charged – the 𝑊−. 

 

P16. (D) First, we should find the acceleration.  The easiest equation to use for this is: 

𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎Δ𝑥 = (35)2 = (20)2 + 2𝑎(420).  This gives 𝑎 = 0.982 𝑚/𝑠2. 

Now we can use another kinematic equation to get the time: 𝑣𝑓 = 𝑣𝑖 + 𝑎𝑡 = 35 = 20 + (0.982)𝑡. 

 This gives 𝑡 = 15.3 𝑠𝑒𝑐. 
 

P17. (E) This is an Ampere’s Law problem, in which the magnetic field strength depends on the current encircled 

by an Amperean path.  Since we want to know the magnetic field outside the cable, our path is around the 

entire cable, and both the current in the inner conductor and the current in the outer conductor are included.  

Therefore, the total current is the combination of these two currents.  Since the currents are in opposite 

directions, we combine them by taking the difference: 

 𝐼𝑖𝑛𝑠𝑖𝑑𝑒 = 1.20 − 0.80 = 0.40 𝐴.  Then, by Ampere’s Law: |𝐵||2𝜋𝑟| = 𝜇0𝐼𝑖𝑛𝑠𝑖𝑑𝑒, or |𝐵| =
𝜇0𝐼𝑖𝑛𝑠𝑖𝑑𝑒

2𝜋𝑟
 

 Thus, |𝐵| =
𝜇0𝐼𝑖𝑛𝑠𝑖𝑑𝑒

2𝜋𝑟
=

(4𝜋 × 10−7)(0.40)

2𝜋(0.05)
= 1.60 × 10−6 𝑇 = 1.60 𝜇𝑇. 

 

P18. (B) First, let’s decompose the initial velocity into horizontal and vertical components:  

𝑣𝑖𝑥 = (540) cos(68) = 202.3 𝑚/𝑠. And 𝑣𝑖𝑦 = (540) sin(68) = 500.7 𝑚/𝑠.  We can get the time that the 

rock is in the air by looking at the y-direction displacement equation: 𝑦𝑓 = 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +
1

2
𝑎𝑦𝑡2.  Taking the 

field below the volcano to be 𝑦𝑓 = 0, we get: 0 = 350 + (500.7)𝑡 + (0.5)(−9.8)𝑡2.  This simplifies down 

to: 𝑡2 − 102.2𝑡 − 71.43 = 0.  Using the quadratic formula to solve gives: 𝑡 = 0.694 𝑠𝑒𝑐, 102.9 𝑠𝑒𝑐. 

Although both times are possible, we can rule out the shorter time as unrealistic for a rock flying upwards at 

such a high velocity.  Therefore, we use 𝑡 = 102.9 𝑠𝑒𝑐.   

Using the x-direction equation, and knowing that the acceleration in the x-direction is zero, we get the 

horizontal distance traveled: 𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑥𝑡 +
1

2
𝑎𝑥𝑡2 = 0 + (202.3)(102.9) +

1

2
(0)𝑡2 = 20,800𝑚 = 20.8𝑘𝑚. 

  

P19. (E) Rotational kinetic energy is given by 𝐸 =
1

2
𝐼𝜔2.  So, we will need to get the rotational inertia first: 

 𝐼 =
1

2
𝑚𝑟2 = (0.5)(600)(1.50)2 = 675 𝑘𝑔𝑚2.  Then 𝐸 =

1

2
𝐼𝜔2 = 50 = (0.5)(675)𝜔2.  This gives us a 

final rotational velocity of 𝜔 = 0.385 𝑟𝑎𝑑/𝑠.   

 We also know the torque and its relation to angular acceleration: 𝜏 = 𝐼𝛼 = 24 = 675𝛼.  This gives an angular 

acceleration of 𝛼 = 0.0356 𝑟𝑎𝑑/𝑠2.   

 Now we can use rotational kinematics – knowing that the flywheel starts from rest: 

 𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 = 0.385 = 0 + 0.0356𝑡.  This gives the time: 𝑡 =
0.385

0.0356
= 10.8 𝑠𝑒𝑐. 

 

P20. (D) Using conservation of energy, we can see that the energy starts as elastic potential energy, converts to 

kinetic energy and is then dissipated into heat by friction.  The work done by friction is 𝑊 = 𝑓𝑑 and must be 

equal to the original elastic potential energy 𝑈 =
1

2
𝑘𝑥2.  To find the frictional force, we consider the force 

diagram, in which the only x-direction force is friction.  The y-direction forces are the normal force (pointed 

up) and the weight (pointed down).  Since there is no motion in the y-direction, these two forces must balance.  

Thus: 𝐹𝑁 = 𝑚𝑔 = (0.375)(9.8) = 3.675 𝑁, and the frictional force is: 𝑓 = 𝜇𝐹𝑁 = (0.28)(3.675) = 1.03 𝑁. 

 Going back to energy: 𝑊 = 𝑓𝑑 = (1.03)(2.25) = 𝑈 =
1

2
𝑘𝑥2 = (0.5)𝑘(0.0530)2. 

 This gives 2.315 = 0.0014𝑘, or 𝑘 = 1648 𝑁/𝑚 ≈ 1650 𝑁/𝑚. 

 




