
       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 except 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.
 • On the back of this page is printed a copy of the periodic table of the elements. 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.  Other scientific relationships are listed also. 

 • Silent hand-held calculators that do not need external wall plugs may be used. Graphing calculators 
that do not have built-in or stored functionality that provides additional scientific information  
are allowed. Small hand-held computers are not permitted. Calculators that accept memory cards  
or memory sticks are not permitted. Each contestant may bring one spare calculator.  
All memory must be cleared. 

 

          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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Periodic Table of the Elements

Some Standard Properties of Water
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8A
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2
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3
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6.941

4
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9.012

5
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10.81

6
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12.01

7
N

14.01
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O
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9
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14
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15
P
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19
K

39.10
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22
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V
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91.22
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80
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Tl
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84
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(222)
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(223)

88
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(226)
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(266)
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Pr 
140.91
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Nd 
144.24
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Pm 
(145)

62

Sm 
150.36

63

Eu 
151.96

64

Gd 
157.25

65

Tb 
158.93

66

Dy 
162.50

67

Ho 
164.93

68

Er 
167.26

69

Tm 
168.93

70

Yb 
173.04

71

Lu 
174.97

90

Th 
232.04

91

Pa 
231.04

92

U 

238.03

93

Np 
(237)

94

Pu 
(244)

95

Am 
(243)

96

Cm 
(247)

97

Bk 
(247)

98

Cf 
(251)

99
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(252)

100

Fm 
(257)

101

Md 
(258)

102

No 
(259)
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property symbol value

density of water 
density of ice

ρwater 
ρice 

1.000   g cm-3  
0.9167 g cm-3 

specific heats  
ice 
water 
steam

cice 
cwater 
csteam 

 
2.09   J g-1 K-1   
4.184 J g-1 K-1   
2.03   J g-1 K-1  

heat of fusion ∆Hfus  or  Lf 334 J g-1  

heat of 
vaporization

 ∆Hvap  or  Lv
 2260 J g-1 

index of 
refraction n 1.33

autoionization Kw 1.0 × 10-14

  Pressure

1 atm = 760 torr
= 101325 Pa
= 14.7 psi

1 bar = 105 Pa
= 100 kPa

  Energy

1 cal = 4.184 J

1 L atm = 101.325 J

1 Cal = 1 kcal

1 hp = 746 W

1 eV = 1.602 × 10-19 J



Various Physical Constants
property symbol value

universal gas 
constant

R 8.314 J mol-1 K-1 

62.36 L torr mol-1 K-1 

0.08206 L atm mol-1 K-1 

1.987 cal mol-1 K-1

Planck’s 
constant

h 6.626 × 10-34 J s 

4.136 × 10-15 eV s

Planck’s 
reduced 
constant

h/2π 1.054 × 10-34  J s 
6.582 × 10-16  eV s

Boltzmann 
constant kB 1.38 × 10-23 J K-1 

Stefan-
Boltzmann σ 5.67 × 10-8 W m-2 K-4

speed of light c 3.00 × 108 m s-1

speed of sound  
       (at 20°C) vair 343 m s-1

acceleration of 
gravity g 9.80 m s-2 

gravitational 
constant G 6.67 × 10-11 N m2 kg-2 

Avogadro’s 
number

NA 6.022 × 1023 mol-1

elementary 
charge e 1.602 × 10-19 C

Faraday F 96485 C mol-1 

Coulomb’s 
law constant k 8.988 × 109 N m2 C-2 

Rydberg 
constant ℝ 2.178 × 10-18 J

Some Other Conversion Factors

1 in = 2.54 cm

1 lb = 453.6 g

1 mi = 5280 ft  =  1.609 km

1 gal = 4 quarts  =  231 in3  =  3.785 L

property symbol value

electron rest 
mass

me 9.11 × 10-31 kg 
0.000549 u  
0.511 MeV c-2

proton mass mp 1.6726 × 10-27 kg 
1.00728 u 
938.3 MeV c-2

neutron mass mn 1.6749 × 10-27 kg 
1.008665 u 
939.6 MeV c-2

atomic mass 
unit

u 1.6605 × 10-27 kg 

931.5 MeV c-2  

earth	  mass 5.972 × 1024 kg

earth	  radius 6.371 × 106 m

moon	  mass 7.348 × 1022 kg

sun	  mass 1.989 × 1030 kg

distance	  
earth-‐moon

3.844 × 108 m

distance	  
earth-‐sun

1.496 × 1011 m

permittivity of 
free space ε0 8.85 × 10-12  F m-1 

permeability 
of free space µ0 4π × 10-7  T  m  A-1

Some Average Bond Energies (kJ/mol)
C–H 413 C–C 346 C–Cl 339 C–N 305

O–H 463 C=C 602 C–Br 285 N=N 418

N–H 391 C≡C 835 O=O 498 H–H 436

C–O 358 C=O 799 C≡O 1072 Br–Br 193

H–Cl 432 S–H 347 N≡N 945 Cl–Cl 242

H–Br 366 H–I 299 C≡N 887 I–I 151



HS Science  •  State  •  2016 

University Interscholastic League  •  page 1 

Biology Questions (1 – 20) 
 
1.  A thing all life forms have in common is _______. 

A) they all translate mRNA in the nucleus. 
B) they all begin life as a fertilized egg. 
C) they all have genes on linear chromosomes. 
D) they all have mitochondria. 
E) they are have a cell membrane. 

 
 
2.  Which of the following cells would not contain a 

peroxisome? 
A) A bacterium cell. 
B) A fungal cell. 
C) A green algal cell. 
D) A slime mold. 
E) A liver cell. 
 
 

3.  Physicians warn against too much cholesterol in 
the diet. However, our body needs some 
cholesterol to _____. 
A) assist the immune system in fighting off 

infection 
B) create a layer of subcutaneous lipids for 

insulation 
C) maintain the proper level of fluidity in cell 

membranes 
D) provide a smooth lining in the capillaries over 

which blood flows 
E) maintain healthy hair and nail growth 
 
 

4.  An animal’s need to excrete toxic nitrogenous 
waste is directly tied to ____. 
A) the breakdown of glucose to make ATP 
B) the breakdown of proteins 
C) the build-up of CO2 
D) the transport of O2 through the blood 
E) the replication of DNA during cell division 
 
 
 
 
 
 
 
 

5.  Mitochondria synthesize ATP using energy that 
comes from _____. 
A) the transfer of electrons to O2 

B) the fixation of N2 into NH3 
C) heat generated by metabolism of glucose 
D) the movement of organelles via cytoplasmic 

streaming 
E) the release of CO2 into the atmosphere 
 

 
6.  The energy produced in breaking down a molecule of 

ATP cannot be used to create a molecule of ATP 
because _____. 
A) the organisms that hydrolyze ATP are not the 

same as those which synthesize ATP 
B) the enzymes for each reaction function at 

different pH levels 
C) some of the energy released in hydrolysis of ATP 

is lost as heat 
D) the first reaction is exergonic and the second is 

endergonic 
E) breaking the bonds between phosphate groups 

requires more energy than is available to the cell 
 
 

7.  ATP synthase is an enzymatic mill-like protein 
complex powered by ____. 
A) the build-up of CO2 on the side of the membrane 

opposite from the ATP synthase enzyme 

B) ubiquinone molecules fitting into the proper 
grooves in the enzyme complex 

C) the co-transport of H+ ions against their 
concentration gradient into the mitochondrial 
matrix 

D) the passive movement of H+ ions down their 
concentration gradient 

E) the transfer of electrons from NADH and FADH2 

to less and less electronegative acceptors 
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8.  Sulfate-reducing marine bacteria use SO4
2– as a 

final electron acceptor during respiration. Given 
that SO4

2– is less electronegative than oxygen, 
predict how sulfate-reducing marine bacteria 
compare to aerobic bacteria with regard to their 
metabolism. 
A) Sulfate-reducing bacteria are less well-suited 

to their environment than aerobic bacteria. 
B) Sulfate-reducing bacteria are more tolerant of 

an oxygen-rich environment than aerobic 
bacteria.  

C) Sulfate-reducing bacteria do not use ATP to do 
cellular work as aerobic bacteria do.  

D) Sulfate-reducing bacteria produce less ATP 
per molecule of glucose than aerobic bacteria.  

 
 
 
9.   UV radiation can cause damage to DNA by 

inducing connections between adjacent pyrimidine 
nitrogenous bases, thus interfering with base 
pairing during DNA replication. Which of the 
following dimers would be expected following 
exposure to UV radiation?  
A) cytosine-cytosine dimers. 
B) cytosine-guanine dimers. 
C) guanine-guanine dimers. 
D) adenine-adenine dimers. 
E) both A and C are correct.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. In the search for understanding of the structure of 
DNA, Watson and Crick benefitted by reading an 
unpublished summary of Rosalind Franklin’s work. 
What was it about Franklin’s summary that gave 
them the last piece of the puzzle they were missing? 
A) Franklin observed that there is a free –OH group 

on the 3’ carbon of the pentose sugar, which 
would provide an attachment point for the next 
nucleotide during DNA synthesis. 

B) Franklin explained that if the two DNA strands 
are arranged anti-parallel to one another, this 
would provide a mechanism for DNA replication 
via complimentary base pairing. 

C) Franklin explained that the negatively-charged 
phosphate groups would be more stable in the 
aqueous exterior rather than forced into close 
contact in the interior of the molecule. 

D) Franklin’s X-ray crystallography showed that the 
helical molecule was of the perfect width for 
purine-purine associations within the interior of 
the molecule. 

E)   Franklin showed that members of the same   
species always had the same base       
compositions, with equal percentages of          
adenines to thymines and guanines to     
cytosines. 

 
 

11. Eukaryotic translation of RNA begins _____. 
A) after the ends are modified by a 5’ cap and poly-

A tail 
B) after introns are removed and exons connected 
C) at ribosomes in the nucleus, once transcription 

has produced the start codon 
D) at free ribosomes in the cytoplasm, just prior to 

the addition of the 5’ cap  
E) both A and B are correct. 
 
 

12. In a mature human liver cell, genes involved in 
detecting light will be present but not expressed. This 
selective gene expression is likely due to ____. 
A) histone acetylation 
B) the presence of the appropriate transcription 

factor 
C) DNA methylation  
D) proximal and distal control elements 
E) an active repressor on the operator 
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13. There is molecular and morphological evidence 
that protist choanoflagellates are sister to kingdom 
animalia, and protist nucleariids are sister to 
kingdom fungi. This suggests that ____. 
A) fungi are more closely-related to plants than 

they are to animals 

B) organisms considered “protists” form a 
monophyletic group. 

C) multicellularity evolved once, in the ancestor 
of fungi, animals, and plants. 

D) multicellularity has evolved multiple times. 
E) both A and C are correct. 
 
 

14. The mechanism primarily responsible for a plant 
growing taller is ____. 
A) cell division parallel to the direction of growth. 
B) water uptake into the vacuoles of many cells. 
C) asymmetrical cell division. 
D) thigmotropism. 
E) the presence of shade. 

 
 
15. According to the ABC hypothesis of flower 

formation, a mutant lacking “B” floral morphology 
genes will have ___. 
A) sepals and stamens only 
B) sepals and petals only 
C) stamens and carpels only 
D) petals only, with a “double flower” pattern of 

growth 
E) sepals and carpels only 

 
 
16. An animal capable of parthenogenesis will ___. 

A) give birth to live offspring 
B) give birth to offspring without fertilization 
C) lay eggs to be fertilized externally 
D) switch from male to female during their 

lifetime 
E) reproduce through part of the body breaking 

off and regrowing into a new individual 
 
 
 
 
 
 

17. What tissue type would you not find in annual 
angiosperms, those which live and die within a year? 
A) mature fruit 
B) shoot meristem 
C) true vascularized roots 
D) vascular tissue 
E) vascular cambium 
 
 

18. Gas exchange across fish gills is maximized though 
which of the following mechanisms? 
A) The partial pressure gradient favors the release of 

O2 from blood to water along the entire length of 
the gill capillary. 

B) Water and blood pass over the gills in the same 
direction, facilitating the exchange of O2 and 
CO2. 

C) As blood enters the gill capillary bed, it 
encounters water that will absorb oxygen. 

D) Blood flows in the direction opposite to that of 
water passing over the gills. 

E) Both A and D are correct.  
  
 
19. Which of the following can be considered the earliest 

component of cell differentiation in an animal? 
A) developmental plasticity  
B) determinate cleavage 
C) gastrulation 
D) activation of Hox genes 
E) cytoplasmic determinants 
 
 

20. A man and women get into a car accident, and are 
taken to the hospital. They are both in pretty good 
shape, but the woman needs a blood transfusion. Her 
blood is A+ and her husband’s blood is B+. At the 
hospital, the physicians allow the couple’s adult son 
to be the blood donor, and his blood saves his 
mother’s life. Which of the following genotypes of 
blood and Rh factor does the son have? 
A) IAIB Rh+ 
B) IAi Rh+ 
C) IAIA Rh+ 
D) IAIA Rh- 
E) IAIB Rh- 
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Chemistry Questions (21 – 40) 
21. I have a cart loaded with 50 pounds of tin(II) 

sulfate. How many pounds of tin do I have on that 
cart? 

 A) 35.60 lbs D) 39.37 lbs 
 B) 29.86 lbs E) 27.64 lbs 
 C) 32.47 lbs 
 
 
22. Nitroglycerin is a powerful explosive that 

decomposes (explodes) via the following reaction: 
4 C3H5N3O9  ⟶  6 N2  +  12 CO2  +  10 H2O  +  O2 
How many grams of CO2 are released when 156 g 
of nitroglycerin decomposes? 

 A) 121. g D) 78.4 g 
 B) 90.7 g E) 30.2 g 
 C) 60.5 g 
 
 
23. Finish balancing the following redox reaction 

under basic conditions: 
NO2

–     +     Cr(OH)3    ⟶    N2O    +     CrO4
2– 

What is the coefficient for OH – ? 
 A) 3 C) 5 E) 0 
 B) 1 D) 2 F) 4 
 
 
24. A container labeled “concentrated bleach” is 

8.25% by weight of the active ingredient, NaClO. 
Knowing that the density of the solution is 
1.114 g/mL, what is the molarity of NaClO in this 
product? 

 A) 1.23 M D) 0.987 M 
 B) 1.50 M E) 1.82 M 
 C) 1.11 M 
 
 
25. 100 mL of 0.025 M NaOH and 150 mL of 0.020 M 

of HCl are each poured into a large container of 6 
liters of water. What is the pH of this new 
mixture? 

 A) 3.95 C) 4.05 E) 4.20 
 B) 3.55 D) 2.70 F) 4.10 
 
 
 
 
 

26. A saturated solution of cadmium phosphate has a 
concentration of cadmium ions of exactly 40 ppb. 
What is the Ksp of cadmium phosphate? 

 A) 2.7 × 10-34 D) 1.4 × 10-14 
 B) 7.6 × 10-33 E) 2.5 × 10-33  
 C) 6.7 × 10-21 F) 4.0 × 10-6 
 
 
27. Carbon-14 decays to nitrogen via beta decay and like 

all nuclear decay, follows first order kinetics. A 
fossilized bone is found and tested for carbon-14. It is 
determined that the content of 14C in the fossil is 
roughly one third of the typical 14C amount in living 
bone. What is the approximate age of this fossil? The 
half-life of 14C is 5730 years. 

 A) ~ 8800 years D) ~ 3400 years 
 B) ~ 9100 years E) ~ 9600 years 
 C) ~ 6500 years F) ~ 7600 years 
 
 
28. Consider the five solutions given in the choices 

below. Which solution is the best acid/base buffer? 
 A) 80 mL of 0.12 M NH3 + 100 mL of 0.060 M HCl 
 B) 50 mL of 0.050 M NaOH + 25 mL of 0.10 M CH3COOH 
 C) 100 mL of 0.050 M HCl + 50 mL of 0.20 M NH3 
 D) 60 mL of 0.040 M KOH + 60 mL of 0.080 M HBr 
 E) 90 mL of 0.24 M CH3COOH + 45 mL of 0.48 M NaOH 
 
 
29. The following line structure is for the dye commonly 

known as indigo. 
 
 
 
 

How many atoms in this structure  
are hybridized sp3 ? 

 A) 2 C) 0  E) 12 
 B) 16 D) 4 F) 18 
 
 
 
 
 
 
 
 
 

O 

O 
N 

N 
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30. Given the following two reactions: 
 2A  +  4B  ⟶   C ∆H1 = –120 kJ 
 12 E  ⟶  3C  +  6D ∆H2 = –120 kJ 
What is ∆H for the following reaction? 
 A  +  2B  + D  ⟶  2E 

 A) –80 kJ D) –60 kJ 
 B) 0 kJ E) –100 kJ 
 C) –40 kJ F) –20 kJ 
 
 
31. 1.434 g of propylammonium chloride 

(C3H7NH3Cl) is dissolved into water to give 500 
mL of solution. What is the pH of this solution? 
 (Kb = 3.5×10-4 for C3H7NH2) 

 A) 11.51 D) 5.82 
 B) 6.20 E) 4.74 
 C) 2.48 F) 6.03 
 
 
32. What is the maximum wavelength of 

electromagnetic radiation that will break a C–H 
bond? 

 A) 413 nm C) 290 nm  E) 312 nm 
 B) 1.2 µm D) 185 nm F) 180 pm 
 
 
33. Consider the following from a table of standard 

potentials (ℰ °): 
 Cu2+    +   2e– ⇌   Cu +0.340 V 

 Zn2+    +   2e– ⇌   Zn –0.762 V 

What is the potential for the cell as shown : 
Cu  |  Cu2+ (0.25 M)  ||  Zn2+ (0.0005 M)  | Zn 

 A) –0.502 V C) +1.022 V E) +1.182 V 
 B) –1.182 V D) –1.022 V F) –0.342 V 
 
 
34. Consider the following gas phase equilibria 

A (g)   ⇌    2 B(g) 
Under current conditions this system is at 
equilibrium with the partial pressure of A equal to 
1 atm and the partial pressure of B equal to 2 atm. 
The system is now compressed to exactly one half 
of its original volume and allowed to equilibrate. 
What is the partial pressure of B at this time? 

 A) 3.56 atm D) 3.12 atm 
 B) 4.00 atm E) 3.72 atm 
 C) 2.76 atm F) 3.29 atm 

35. Consider an exothermic gas phase reaction in which 
more moles of gas products are formed than the 
original moles of reactants. What has to be the 
relationship between ∆U and ∆H for this reaction? 

 A) ∆U < ∆H B) ∆U = ∆H C) ∆U > ∆H  
 
 
36. Identify the correct electron configuration and the 

proper magnetism term for Mo3+ . 
 A)  [Kr]5s24d1 , diamagnetic 
 B) [Kr]5s14d2 , paramagnetic 
 C) [Kr]5s04d3 , diamagnetic 
 D) [Kr]5s24d1 , paramagnetic 
 E) [Kr]5s04d3 , paramagnetic 
 
 
37. Consider the potential energy diagram and the 

associated mechanism for reactant A converting to 
product B. 

 
 
 
 
 

How many steps are in the mechanism and which 
step is the rate limiting step? 

 A) 3 steps and the 3rd step is rate limiting 
 B) 4 steps and the 2nd step is rate limiting 
 C) 6 steps and the 3rd step is rate limiting 
 D) 3 steps and the 2nd step is rate limiting 
 E) 3 steps and the 1st step is rate limiting 
 
 
38. An electrochemical cell is made out of two S.H.E. 

(standard hydrogen electrode) cells labeled “a” and 
“b”. The only part of the two cells that is not standard 
is the concentration of H+ (or the pH) in solution. The 
potential between the two cells is measured and found 
to be 0.2958 V. Which one of the combinations of 
pH’s below will give the measured potential? 

 A) pHa = 4.5  ;  pHb = 9.5 
 B) pHa = 5.0  ;  pHb = 9.0 
 C) pHa = 6.5  ;  pHb = 10.5 
 D) pHa = 3.5  ;  pHb = 8.0 
 E) pHa = 2.5  ;  pHb = 11.5 
 
 
 

A 

B 
en

er
gy

 

reaction coordinate 
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39. Consider the following reaction and equilibrium 
constant 
   CO2(g)  +  CX4(g)  ⇌  2COX2(g)  K = 9 

 Initially, 0.28 moles of CO2, 0.28 moles of CX4 , 
and 1.44 moles of COX2, are introduced to a 2 L 
container. After equilibrium is reached, what is the 
concentration of COX2 ? 

 A) 0.84 M C) 0.095 M E) 0.78 M 
 B) 0.54 M D) 0.60 M F) 0.060 M 
 
 
40. Consider the following 2-step mechanism and 

determine the proper rate law. 

A +  B      C +  D
  !!!

   !!  
 (fast) 

C  +  E  
  !!  

  F  (slow) 

 A) rate = !!
!!!

A [B]
[D]

 

 B) rate = !!!!
!!!

A [B][E]
[D]

 

 C) rate = 𝑘! C [E] 

 D) rate = 𝑘!𝑘!
B [E]
[D]

 

 E) rate = 𝑘! A [B] 

 
Physics Questions (41 – 60)  

 
41. According to Feynman, two men, Adams and Le 

Verrier, used the Law of Gravitation to 
independently arrive at the same conclusion.  Their 
conclusion led to which discovery? 
A)  The discovery of the planet Neptune. 
B)  The discovery of the magnitude of the 

coefficient G. 
C) The discovery of the relative strength of 

gravitational and electrical forces. 
D) The discovery that mass and weight are 

exactly proportional. 
E) The discovery that planets travel in elliptical 

orbits. 
 

42. According to Feynman, who first discovered the 
principle of inertia?  The principle states that if 
something is moving, with nothing touching it and 
completely undisturbed, it will go on forever, 
coasting at a uniform speed in a straight line. 
A) Kepler. 
B) Galileo. 
C) Newton. 
D)  Tycho Brahe. 
E) Cavendish. 
 
 

43. According to Feynman, electrons can be directed 
through a double slit, and the electron distribution 
forms an interference pattern.  If an observation is 
made of which slit each electron goes through, what 
happens to the electron distribution? 
A) The electron distribution is changed and now 

shows no interference. 

B) The electron distribution is changed and now 
shows increased interference. 

C) The electron distribution is changed and now 
shows interference with decreased overall 
intensity. 

D) The electron distribution is changed and now 
shows interference with increased overall 
intensity. 

E) The electron distribution is unchanged. 

 
 

44. According to Feynman, why do we not observe an 
interference pattern when firing bullets through a 
double slit? 
A) Bullets do not behave as waves, and therefore do 

not interfere. 
B) The momentum of a bullet is too great to allow 

interference effects. 
C) The energy of a bullet is too great to allow 

interference effects. 
D) The wavelength of a bullet is too large to produce 

a distinguishable interference pattern. 
E) The wavelength of a bullet is too small to 

produce a distinguishable interference pattern. 
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45. On an H-R diagram, a plot of stars’ luminosity 
(magnitude) versus their temperature (class), a star 
located in the region indicated is classified as what 
kind of star? 

Magnitude 
   -10 
 
      0 
 
   +10 
 
   +20 
             O    B    A    F    G    K    M   Class 
    
  A)  Supergiant. 

B) Giant. 
C) Main Sequence. 
D) White Dwarf 
E) Cepheid Variable. 

 
 
46. A projectile is fired from ground level with a 

velocity of 50.0 m/s at an angle of 60.0o with 
respect to the horizontal.  When the projectile 
reaches its highest point, it explodes into exactly 
two pieces.  One piece, containing 2/3 of the mass 
of the projectile, is stationary after the explosion, 
and subsequently free-falls straight down to the 
ground.  The other piece, containing 1/3 of the 
projectile’s mass, is boosted forward horizontally 
by the explosion.  How far from the initial launch 
site does the smaller piece of the projectile land? 
A) 221 m 
B)  276 m 
C) 331 m 
D) 442 m 
E) 493 m 
 
 
 
 
 
 
 
 
 
 

47. A box of mass 3.00kg hangs from a string that is 
attached to a box of mass 2.00kg sitting on a table.  
The coefficient of kinetic friction between the table 
and the 2.00kg box is 0.27.  The string passes over a 
pulley which is a solid disk with a mass of 1.50kg and 
a radius of 20.0cm.  Assuming that the string slides 
on the pulley without slipping, what is the 
acceleration of the 3.00kg mass? 
 

 
                   2.00 kg                                   1.50 kg  
                                                                   20.0cm  
                           µ = 0.27     
         
     
 
                                                           3.00 kg 
A)  4.19 m/s2 
B)  4.82 m/s2 
C)  5.11 m/s2 
D)  5.88 m/s2 
E)  6.03 m/s2 

F)  6.94 m/s2 
 
 

48. In the following circuit, it is known that one of the 
resistors is damaged.  You test the voltage relative to 
ground at the two test points and obtain the following 
data: VA = 12.76V and VB = 8.10V.  Using this data 
determine which of the resistors is damaged and how 
it is damaged. 

                                               A 
                                         
                       1000 Ω                         
                                                                          270 Ω 
                                680 Ω                    B 
30.0 V 
                                                                         470 Ω 
 
 

A) The 1000 Ω is shorted (zero resistance) 
B) The 1000 Ω is open (infinite resistance) 
C) The 680 Ω is shorted (zero resistance) 
D) The 680 Ω is open (infinite resistance) 
E) The 270 Ω is shorted (zero resistance) 
F)   The 270 Ω is open (infinite resistance) 
G)  The 470 Ω is shorted (zero resistance) 
H)  The 470 Ω is open (infinite resistance) 
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49. A solid circular disk flywheel with a mass of 10.8 
kg and a radius of 50.0 cm is spinning with an 
angular velocity of 100.0 rad/sec.  A brake pad is 
pressed up against the outer edge of the wheel with 
a force of 900.0 N.  The flywheel comes to rest 
after going through exactly 16.0 revolutions.  
Determine the coefficient of friction between the 
brake pad and the flywheel. 
A) 0.94 
B) 0.60 
C) 0.30 

D) 0.15 
E) 0.12 
F) 0.037 
 
 

50. A proton travelling in the positive x-direction at 
6.50 x 106 m/s scatters from an alpha particle, 
initially at rest.  After scattering, the proton is 
travelling at 1.50 x 106 m/s at an angle of -120o 
with respect to the positive x-axis.  What is the 
velocity of the alpha particle after scattering? 
A)  1.90 x 105 m/s at 8.20o 
B)  1.47 x 106 m/s at 12.7o 
C)  1.84 x 106 m/s at 10.1o 
D)  7.36 x 106 m/s at 10.1o 
E)  9.11 x 106 m/s at 8.20o 
 
 

51. A thin film of oil sits on the surface of a puddle of 
water.  The oil film appears reddish-purple in color 
due to the destructive interference of the green and 
yellow wavelengths.  If we consider the 
destructive interference to be centered at a 
wavelength of 550nm, what is the minimum 
thickness of the oil film?  The index of refraction 
of the oil is 1.47. 
A) 93.5 nm 
B) 187 nm 
C) 281 nm 
D) 374 nm 
E) 404 nm 
F) 561 nm 
 
 
 
 
 
 
 

52. A heat engine is represented by a cycle that consists 
of an isovolumetric process (AàB) followed by an 
isothermal process (BàC), followed by an isobaric 
process (CàA), as shown below.  If 5.00 moles of a 
monatomic ideal gas are taken through this engine 
cycle, what is the total work done by the engine 
during one cycle? 

                    P 
 
1.42 x 105 Pa            B 
 
 
 
 1.01 x 105 Pa            A                       C 
 
                                                                                  V 
                                  150 L            211 L 

A) 23700 J  
B) 19400 J  
C) 13200 J  
D) 7170 J 
E) 6060 J 
F) 1110 J 
 
 

53. The restoring force of a rubber band can be modeled 
by the equation 𝐹 𝑥 = 30.0𝑥! where x is the 
amount that the rubber band is stretched (in meters).  
Using this model, how much energy is required to 
stretch a rubber band by 20.0cm? 
A)  0.016 J 
B)  0.048 J 
C)  0.080 J 
D)  0.120 J 
E)  0.240 J 
F)    1.20 J 
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54.  A deuterium nucleus and a tritium nucleus 
combine in a fusion reaction, producing a He-4 
nucleus and a free neutron.  How much energy is 
released in this nuclear fusion reaction?  The 
masses of the nuclei are as follows: deuterium = 
2.01410178u; tritium = 3.0160492u; He-4 = 
4.002602u.   
A)  6.29 MeV 
B)  14.3 MeV 
C)  17.6 MeV 
D)  20.6 MeV 
E)  23.8 MeV 
 
 

55. The starship Enterprise, as seen by a stationary 
observer, is travelling at a speed of 0.90c directly 
towards a Klingon warship.  The observer also 
notes that the Klingon warship is moving at a 
speed of 0.80c directly towards the Enterprise.  As 
seen from on board the Enterprise, how fast is the 
Klingon warship approaching? 
A)  0.85c 
B)  0.90c 
C)  0.94c 
D)  0.99c 
E)  1.7c 
 
 

56. In the following AC circuit, what is the magnitude 
of the rms-voltage across the resistor? 

 
 
                           47.0 Ω           2.20 µF 
 
                            12.0 Vrms at f = 1000.Hz 
 
 

A) 7.28 V 
B) 6.54 V 

C) 5.47 V 
D) 4.72 V 
E) 1.23 V 
 
 
 
 
 
 

57. Two long straight wires carry currents into and out of 
the page, as shown.  The first wire, carrying 12.0A 
out of the page (the +z direction), passes through the 
point (0.00cm, 4.00cm).  The second wire, carrying 
18.0A into the page (the –z direction), passes through 
(3.00cm, -4.00cm).  What is the magnitude of the 
magnetic field at the origin (0.00cm, 0.00cm) due to 
these currents? 

 
 
 
                            12.0 A          (0.00, 4.00)cm 
 
 
                                              |B|? 
 
 
                                                         18.0 A 
         
                                                    (3.00, -4.00)cm 

A) 12.0 µT  
B) 43.3 µT 
C) 60.0 µT 
D) 118 µT 
E) 125 µT 
F) 132 µT 

 
 
58.  You are working at the Large Hadron Collider (LHC) 

at CERN and discover a previously unknown spin-1 
particle, designated the R+ meson.  Which of the 
following particle decay modes could be valid for 
such a particle? 
A) 𝑅! → 𝜋! 
B) 𝑅! → 𝑒! + 𝜋! 
C) 𝑅! → 𝑝! + 𝜋! 
D) 𝑅! → 𝜋! + 𝜇! + 𝜈! 
E) 𝑅! → 𝑒! + 𝜈! + 𝜋! 
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59.  A 12.0cm diameter sphere of charge has a non-
uniform charge density given by 𝜌 𝑟 = 𝛼𝑟!, 
where r is the distance from the center of the 
sphere, and α = 0.002 C/m5 is a constant.  What is 
the electric field strength at a location inside the 
sphere and 5.00cm from the center? 
A) E = 5.65 x 103 N/C 
B) E = 9.42 x 103 N/C 
C) E = 2.82 x 104 N/C 
D) E = 3.00 x 105 N/C  
E) E = 1.80 x 107 N/C   
 
 

60. A converging lens with a focal length of +18.0cm 
is placed 10.0cm to the left of a convex spherical 
refracting surface.  The refracting surface has a 
radius of curvature of 25.0cm and the refracting 
material has an index of refraction of 1.40.  If an 
object is placed 35.0cm to the left of the lens, 
where is the final image located with respect to the 
refracting surface? 
A) 14.8 cm to the right of the refracting surface. 
B) 18.9 cm to the right of the refracting surface. 
C) 26.4 cm to the right of the refracting surface. 
D) 47.7 cm to the right of the refracting surface. 
E) 66.8 cm to the left of the refracting surface. 
F) 127 cm to the left of the refracting surface. 
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41. (A) page 100: “Two men, Adams and LeVerrier, in England and France, independently, arrived at another 
possibility: perhaps there is another planet… This planet, N, could pull on Uranus.  …they looked, 
and there planet N was!” 

42. (B) page 93: “Galileo discovered a very remarkable fact about motion…. That is the principle of inertia – 
if something is moving, with nothing touching it and completely undisturbed, it will go on forever, 
coasting at a uniform speed in a straight line.” 

43. (A) page 129: “…although we succeeded in watching which hole our electrons come through, we no 
longer get the old interference curve 𝑃!", but a new one, 𝑃!"!  , showing no interference!” 

44. (E) page 132-133: “It turns out that for bullets the wavelengths were so tiny that the interference patterns 
became very fine.  So fine, in fact, that … one could not distinguish the separate maxima and 
minima.” 

45. (B) The HR diagram is a graph of luminosity versus temperature.  The stars indicated are both fairly 
luminous and low in temperature (classes K and M, that is Orange and Red stars).  In order for cool 
stars to be so luminous, then they must be large in size.  That is, these are Giant stars.  These are the 
Red Giant stars, such as Aldebaran in the constellation Taurus.   

46. (D) There are two parts to this problem: first, we need to find the location and speed just before the 
projectile explodes.  Initially, 𝑣!" = 𝑣!sinθ = 50 sin 60 = 43.3 𝑚/𝑠.  It explodes at the maximum 
height, that is where vy = 0.   

  𝑣!! = 0 = 𝑣!"! + 2𝑎∆𝑦 = 43.3! − 2 9.8 ℎ, giving ℎ = 95.7𝑚.   
  The velocity at that point is entirely horizontal and equals the initial horizontal velocity:  
  𝑣! = 50 cos 60 = 25.0 𝑚/𝑠.  We also need to know the horizontal distance travelled: we can get 

that by finding the time: 𝑣! = 0 = 43.3 − 9.8𝑡, which gives 𝑡 = 4.42 𝑠𝑒𝑐.  Thus, in the first part of 
this problem, the projectile travels a horizontal distance of 𝑥! = 25.0 4.42 = 110.5 𝑚. 

  When the box explodes, we have to consider conservation of momentum.  One piece ends up with a 
velocity of zero after the explosion, but we need to find the velocity of the other piece.   This takes 
place entirely in the horizontal direction:  

  𝑚!𝑣! = 𝑚 25 = !
!𝑚 0 +  !!𝑚(𝑣!), leading to 𝑣! = 3 25 = 75 𝑚/𝑠.   

  Now the second part of the problem: taking a projectile at a height of 95.7m travelling horizontally at 
75m/s, where does it land?  𝑦 = 0 = 𝑦! + 𝑣!𝑡 + !

!𝑎𝑡
! = 95.7 + 0 − 4.9𝑡!. 

  This gives 𝑡 = 95.7/4.9 = 4.42 𝑠𝑒𝑐.  (The fall time is the same as the rise time, since the 
momentum change was entirely in the horizontal).  In that time the projectile travels an additional 
distance 𝑥! = 75 4.42 = 331.4 𝑚.  So the total horizontal distance travelled is  

  𝑥 = 𝑥! + 𝑥! = 110.5 + 331.4 = 442 𝑚.   
47. (A) First we need to consider the forces: since the string slides across the pulley without slipping, then the 

tensions on either side of the pulley are not the same.  For the hanging box, the forces are all vertical: 
3 𝑔 − 𝑇! = 3 𝑎.  For the sliding box, the forces in the vertical are: 𝑁 − 2 𝑔 = 0 and in the 

horizontal are: 𝑇! − 𝑓 = 2 𝑎.  Solving the vertical equation gives: 𝑁 = 2 9.8 = 19.6 𝑁.  Then 
solving for friction: 𝑓 = 𝜇𝑁 = 0.27 19.6 = 5.3 𝑁.  Finally we have to consider the pulley:  the 
torque on the pulley is  

  𝜏 = 𝑇!𝑟 − 𝑇!𝑟 = 𝑇! − 𝑇! 0.2 = 𝐼𝛼 = (!!𝑚𝑟
!)(𝑎/𝑟) = !

!(1.5)(0.2)𝑎 = 0.15𝑎.  Here we used the  
  moment of inertia for a solid disk.  So the three equations are as follows: 
  29.4 − 𝑇! = 3𝑎 , 𝑇! − 5.3 = 2𝑎 ,  𝑇! − 𝑇! = 0.75𝑎 
  Using the first two to get T1 and T2, and then plugging those into the third equation gives: 
  29.4 − 3𝑎 − 2𝑎 + 5.3 = 0.75𝑎, which reduces to 24.1 = 5.75𝑎, giving 𝑎 = 4.19 𝑚/𝑠!. 
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48. (D) This kind of troubleshooting problem can be challenging.  One approach is to determine what 
possibilities are definitely not the problem.  If the 1000 Ω were open, then there would be no voltage 
to either point A or point B.  If the 1000 Ω were shorted, then the voltage at A would be 30.0V.  
Neither of these are true, so the 1000 Ω resistor must be fine.  If the 270 Ω was open, then point B 
would have no voltage, and if the 270 Ω were shorted, then point A and point B would have the same 
voltage.  Neither of these are true, so the 270 Ω resistor must be fine.  If the 470 Ω was open, then 
point A and point B would have the same voltage, and if the 470 Ω were shorted, then point B would 
be at zero volts.  Neither of these are true, so the 470 Ω resistor must be fine.  This leaves the 680 Ω 
resistor.  If it were shorted, then the voltage at points A and B would be zero.  So, the 680 Ω resistor 
must be open.  Verifying the voltages: with the 680 Ω open, the only things left is the 1000 Ω in 
series with the 270 Ω and 470 Ω.  This gives a total resistance of 1740 Ω.  Then the current in the 
resistors would be I = 30/1740 = 17.24 mA.  This gives voltages at point A of (0.01724)(270 + 470) = 
12.76 V and at point B of (0.01724)(470) = 8.10 V.  Thus verifying what we concluded, that the  

  680 Ω resistor is open. 
49. (D) To solve this, we first need to get the angular acceleration of the flywheel.  It starts at 100 rad/sec and 

comes to rest in exactly 16.0 revolutions: ∆𝜃 = 16 2𝜋 = 100.5 𝑟𝑎𝑑.   
  And 𝜔! = 0 = 𝜔!! + 2𝛼∆𝜃 = (100)! + 2(𝛼)(100.5), This gives 𝛼 = −49.74 𝑟𝑎𝑑/𝑠!.  
  Now torque 𝜏 = 𝐼𝛼 = !

!𝑚𝑟
!𝛼 = 0.5 10.8 0.5 ! 49.74 = 67.15 𝑁𝑚.  The sign of 𝛼 no longer  

  matters since we are just looking at magnitudes and not the direction of the torque.  Here we also used 
the moment of inertia for a solid disk. 

  Finally 𝜏 = 𝑓𝑟 = 𝜇𝑁𝑟 = 𝜇 900 0.5 = 67.15.  This gives the coefficient of friction 𝜇 = 0.15. 
50. (C) This is a two-dimesional momentum problem, made easier by the alpha particle starting with an 

initial velocity of zero.  For masses, we will consider the proton at 1.0u and the alpha particle at 4.0u.  
The initial momentum of the proton is then:  

  𝑝!!! = 0 and 𝑝!!! = (1.0𝑢)(6.50×10! 𝑚/𝑠)  = 6.50×10! 𝑚𝑢/𝑠.   
  Now the initial momentum of the alpha is zero in both the x and y directions. 
  After the scattering event: the proton has changed direction, so its new momentum is: 
  𝑝!"# = 1.0𝑢 1.50×10! sin −120 = −1.30×10! 𝑚𝑢/𝑠.  And… 
  𝑝!"# = 1.0𝑢 1.5×10! cos −120 = −7.5×10! 𝑚𝑢/𝑠. 
  Conservation of momentum requires that the alpha particle must balance these changes in 

momentum: 
  𝑝!"# = 0 − −1.30×10! = 1.30×10! 𝑚𝑢/𝑠. And… 
  𝑝!"# =  6.50×10! − −7.5×10! = 7.25×10! 𝑚𝑢/𝑠. 
  Dividing by the mass of the alpha (4.0u) gives the velocities: 𝑣!" = 3.25×10! 𝑚/𝑠, and 
  𝑣!" = 1.81×10! 𝑚/𝑠.  Thus, the magnitude and direction of the velocity is: 
  𝑣! = (3.25×10!)! + (1.81×10!)! = 1.84×10! 𝑚/𝑠.   
  And 𝜃 = 𝑡𝑎𝑛!!(3.25×10!/1.81×10!) = 10.1° 
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51. (B) This is a simple case of thin film interference.  Because the index of refraction of the oil is higher than   
  the indexes for both air and water, there is a reflection phase shift at only one of the two reflective  
  boundaries.  This means that destructive interference occurs when 𝑚𝜆 = 2𝑛𝑑, where d is the 
  thickness of the oil film.  So, 1 550𝑛𝑚 = 2 1.47 𝑑.  This gives a thickness for the oil film of  
  d = 187nm. 
52. (F) To find the total work done, we need to calculate the work done during each part of the cycle.  The 

first part is easy: Aà B is isovolumetric, and the work done during any isovolumetric process is zero.  
For the next part, we need the temperature of the isothermal process.  Using the ideal gas law… 

  𝑃𝑉 = 1.42×10! 𝑃𝑎 150×10!! 𝑚! = 𝑛𝑅𝑇 =  (5.00 𝑚𝑜𝑙)(8.314 𝐽/𝑚𝑜𝑙𝐾)𝑇 
  This gives T = 512.4 K 
  The work done during an isothermal process is  

𝑊 = 𝑛𝑅𝑇ℓ𝑛(𝑉! 𝑉!) = (5)(8.314)(512.4)ℓ𝑛(211/150) = 7270 𝐽 
  The final step is the isobaric for which the work is 𝑊 = 𝑃∆𝑉 = (1.01×10!)(150 − 211)×10!!. 
  This gives W = -6160 J.  This one is negative since the gas is being compressed. 
  The total work is then W1 + W2 + W3 = 0 + 7270 – 6160 = 1110 J. 
53. (C) In this case the energy is best calculated by using the work equation 𝑊 = 𝐹 ∙ 𝑑𝑟 = 30.0𝑥! 𝑑𝑥!.!

!  
  This gives 𝑊 = 30.0 !

!𝑥
! = 10.0(0.2)! = 0.080 𝐽 

54. (C) We can get the energy released by looking at the mass differences: ∆𝑚 = 𝑚! +𝑚! − (𝑚!" +𝑚!) 
  So, ∆𝑚 = 2.01410178 + 3.0160492 − 4.002602 − 1.008665 = 0.01888 𝑢 
  Converting to MeV gives: 𝐸 = 931.5 0.01888 = 17.6 𝑀𝑒𝑉. 
55. (D) This requires the relativistic addition of velocities, and since the ships are moving towards one 

another, all of the velocities in the formula are positive in sign. 
  𝑣!" = (𝑣! + 𝑣!) (1 + (𝑣!𝑣! 𝑐!)) = (0.9𝑐 + 0.8𝑐) (1 + 0.9 0.8 ) = 0.99𝑐 
56. (B) First, we need the capacitive reactance: 𝑋! = 1 𝜔𝐶 = 1 2𝜋(1000)(2.2×10!!) = 72.3 Ω 
  Then we need the total impedance, recalling how reactances and resistances add in series: 
  𝑍 = 𝑅! + 𝑋! = (47)! + (72.3)! = 86.3 Ω. 
  Then the current in the single loop circuit is 𝐼 = 𝑉 𝑍 = 0.139 𝐴, which gives a voltage across the 

resistor of 𝑉! = 𝐼𝑅 = 6.54 𝑉. 
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57. (E) Each long straight wire produces a vector magnetic field.  The magnitude of each is easy to calculate: 
  𝐵! = 𝜇!𝐼 2𝜋𝑟 = (4𝜋×10!!)(12.0) 2𝜋 . 04 = 60.0 𝜇𝑇. And… 
  𝐵! = 𝜇!𝐼 2𝜋𝑟 = (4𝜋×10!!)(18.0) 2𝜋 . 03! +. 04! = 72.0 𝜇𝑇. 
  The direction comes from the cross product given in the Biot-Savart Law.  That is 𝐵 = 𝐼×𝑟 where the 

direction of 𝑟 is the unit vector defined as extending from the wire back to the point of interest (the 
origin in this case), and 𝐼 is the unit vector in the direction of the current.  So… 

  𝐵! = 𝐼!×𝑟! = 𝑘 × −𝚥 = +𝚤 
  𝐵! = 𝐼!×𝑟! = −𝑘 × −.03𝚤 + .04𝚥 /(.05) = 0.6𝚥 + 0.8𝚤 
  Multiplying the unit vectors by the appropriate magnitudes gives the vector magnetic field due to 

each wire.  𝐵! = 60.0𝚤  𝜇𝑇 and 𝐵! = 57.6𝚤 + 43.2𝚥  𝜇𝑇 
  The total magnetic field is the vector sum of these: 𝐵 = 𝐵! + 𝐵! = 117.6𝚤 + 43.2𝚥 
  The magnitude is then: 𝐵 = (117.6)! + (43.2)! = 125 𝜇𝑇. 
58. (E) Particle decay modes must obey known conservation laws, so let us consider the cases in which 

various conservation laws are violated.  𝑅! → 𝜋! violates conservation of momentum – particles 
must decay into two or more products in order to conserve momentum.  𝑅! → 𝑒! + 𝜋! violates 
conservation of lepton number since the positron is produced independent of any other leptons.  

   𝑅! → 𝑝! + 𝜋! violates conservation of baryon number since the proton is produced independent of 
any other baryons.  𝑅! → 𝜋! + 𝜇! + 𝜈! violates conservation of charge – there is more charge on 
one side than on the other.  So the only viable decay mode is 𝑅! → 𝑒! + 𝜈! + 𝜋!. 

59. (A) This requires the use of Gauss’ Law.  Technically, the law states: 𝐸 ∙ 𝑑𝐴 = 𝑄!"#!$% ℇ!, but thanks 
to the spherical symmetry of the problem, we can reduce the surface integral to a simple product.  Our 
Gaussian surface is a sphere with a radius smaller than the physical sphere.  The challenge is 
calculating the charge inside the Gaussian surface: In spherical coordinates  

  𝑄!"#!$% = 𝜌(𝑟)𝑟!𝑠𝑖𝑛𝜃𝑑𝑟𝑑𝜃𝑑𝜙.  This, however, can be reduced to a single integral because the 
  charge density is a function of r only.  So, 𝑄!"#!$% = 𝜌 𝑟 4𝜋𝑟!𝑑𝑟 = 4𝜋𝛼𝑟!𝑑𝑟 = 4𝜋𝛼 𝑟! 5. 
  This leads to 𝑄!"#!$% = 4𝜋 . 002 . 05 !/5 = 1.57×10!! 𝐶. 
  Then 𝐸𝐴 = 𝐸 4𝜋𝑟! = 𝑄!"#!$%/ℇ!.  Or 𝐸 = 1.57×10!! 4𝜋 . 05 !(8.854×10!!") = 5650 𝑁/𝐶. 
60. (C) This problem requires two steps: passing through the lens and then passing through the refracting 

surface.  First the lens: 1 𝑝! + 1 𝑞! = 1 𝑓! = 1 35 + 1 𝑞! = 1 18, giving 𝑞! = 37.06 𝑐𝑚 
  The image from the lens becomes the object for the refracting surface.  The location of this object is 

given by 𝑝! = 𝐷 − 𝑞! = 10 − 37.06 = −27.06 𝑐𝑚.  This image is considered to still be “in air” for 
the refracting surface calculations even if its location appears to indicate otherwise. 

  For the refracting surface: 𝑛!"# 𝑝! + 𝑛!"#! 𝑞! = (𝑛!"#! − 𝑛!"#) 𝑅.  Keep in mind that a convex 
refracting surface has a positive radius of curvature.  This gives: 

  1 (−27.06) + 1.40 𝑞! = (1.40 − 1.00) 25, which leads to 𝑞! = +26.4 𝑐𝑚.  Since 𝑞! is positive, 
then we know that the image is to the right of the refracting surface. 


