
       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.

SCIENCE
District 1 • 2016

UNIVERSITY INTERSCHOLASTIC LEAGUE
Making a World of Difference



Periodic Table of the Elements

Some Standard Properties of Water

1A
1

8A
18

1
H
1.008

2A
2

3A
13

4A
14

5A
15

6A
16

7A
17

2
He
4.003

3
Li
6.941

4
Be
9.012

5
B
10.81

6
C
12.01

7
N
14.01

8
O
16.00

9
F

19.00

10
Ne
20.18

11
Na
22.99

12
Mg
24.31

3B
3

4B
4

5B
5

6B
6

7B
7

8B
8

8B
9

8B
10

1B
11

2B
12

13
Al
26.98

14
Si
28.09

15
P
30.97

16
S
32.07

17
Cl
35.45

18
Ar
39.95

19
K
39.10

20
Ca
40.08

21
Sc
44.96

22
Ti
47.87

23
V
50.94

24
Cr
52.00

25
Mn
54.94

26
Fe
55.85

27
Co
58.93

28
Ni
58.69

29
Cu
63.55

30
Zn
65.41

31
Ga
69.72

32
Ge
72.64

33
As
74.92

34
Se
78.96

35
Br
79.90

36
Kr
83.80

37
Rb
85.47

38
Sr
87.62

39
Y
88.91

40
Zr
91.22

41
Nb
92.91

42
Mo
95.94

43
Tc
(98)

44
Ru
101.07

45
Rh
102.91

46
Pd
106.42

47
Ag
107.87

48
Cd
112.41

49
In
114.82

50
Sn
118.71

51
Sb
121.76

52
Te
127.60

53
I

126.90

54
Xe
131.29

55
Cs
132.91

56
Ba
137.33

57
La
138.91

72
Hf
178.49

73
Ta
180.95

74
W
183.84

75
Re
186.21

76
Os
190.23

77
Ir

192.22

78
Pt
195.08

79
Au
196.97

80
Hg
200.59

81
Tl

204.38

82
Pb
207.20

83
Bi
208.98

84
Po
(209)

85
At
(210)

86
Rn
(222)

87
Fr
(223)

88
Ra
(226)

89
Ac
(227)

104
Rf
(261)

105
Db
(262)

106
Sg
(266)

107
Bh
(264)

108
Hs
(277)

109
Mt
(268)

110
Ds
(281)

111
Rg
(272)

112
Cn
(285)

58

Ce 
140.12

59

Pr 
140.91

60

Nd 
144.24

61

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

Es 
(252)

100

Fm 
(257)

101

Md 
(258)

102

No 
(259)

103

Lr 
(262)

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 � 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'
earth0moon

3.844 × 108 m

distance'
earth0sun

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
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Biology Questions (1 – 20) 
1.  The attraction between water molecules allows 

water to have  
A) high surface tension.  
B) low surface tension. 
C) low boiling point. 
D) low specific heat.  
 
 

2.  At 25ºC, if the concentration of H+ in a solution is 
10-4 M, what is the concentration of OH– in this 
solution? 
A)  10-4 M 
B)  10-7 M 
C)  10-8 M 
D)  10-10 M 
 
 

 3. In a cell specialized for protein production, one 
would expect  
A)  prominent lysosomes. 
B)  frequent duplication of the genome. 
C)  numerous prominent nucleoli. 
D)  large vacuoles. 
 
 

4.  Epinephrine is produced and excreted by cells in 
the adrenal medulla, after which the hormone 
travels through the blood. Which cells will respond 
to the signal? 
A) Those cells with the proper receptors for that 

hormone. 
B) Those cells close enough to the adrenal gland to 
receive the signal before it diffuses. 
C) All cells will respond to all hormones, but the 
responses will vary. 
D) Only cells that are close to blood vessels will 
be able to respond.  
E) Only cells with the proper transcription factors 
will respond.  
 
 

5.  An orange in a basket is best described as having 
what kind of energy?  
A)  light energy 
B)  chemical energy 
C)  actual energy 
D)  thermal energy 
 

6.  Most of the hydrolysis of ATP is used to _______ . 
A)  create heat to keep animals warm 
B)  facilitate diffusion 
C)  drive endergonic reactions 
D)  create the ADP required for cellular functions 

 
 
7.  Living organisms are carbon-based, and carbon is an 

essential part of organic macromolecules. The carbon 
found in our proteins was originally non-organic 
carbon obtained from 
A) the atmosphere, via photosynthesis. 
B) the ground, via plant roots. 
C) the vegetables that we eat. 
D) the minerals we get from vitamins. 
E) using fire to cook meat. 

 
 
8.  In cellular respiration, oxygen becomes reduced as 

___________ is oxidized.   
A)  glucose 
B)  water 
C)  carbon dioxide 
D)  ATP 

 
 
9.  The “Central Dogma of Biology” refers to  

A) the fact that a hypothesis can be disproven but not 
proven.  

B) the practice of having a control group as well as a 
test group. 

C) the fact that all living organisms are made of one 
or more cells. 

D) the idea that all experiments must be 
reproducible.  

E) the concept that genetic information flows from 
DNA to RNA to protein.   
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10. The following distinguishes prokaryotic protein 
synthesis from eukaryotic protein synthesis. 
A) Prokaryotes translate the intron portion of a 

gene, whereas eukaryotes splice introns out 
before translation. 

B) Prokaryotes can begin translation of a gene 
while it is still being transcribed, but 
eukaryotes cannot.  

C) Unlike eukaryotes, prokaryotes do not require 
the DNA to be unwound to single strands prior 
to transcription. 

D) Prokaryotes can have many copies of RNA 
polymerase working on a gene simultaneously, 
but eukaryotes can only have one RNA. 
polymerase functioning on any particular gene.  

E) Prokaryotes make proteins from just 20 amino 
acids, whereas eukaryotes use 40 different 
amino acids. 

 
 
11. The trp operon in E. coli is “repressible”, and the 

genes coding for the synthesis of tryptophan will 
be transcribed unless the presence of tryptophan 
A) deactivates the repressor 
B) activates the operator  
C) deactivates the transcription factors 
D) activates the repressor 

 
 
12. The chromosomal DNA of the cloned sheep 

“Dolly” originally came from   
A) the egg of the surrogate mother. 
B) the sperm of the donor father.  
C) a mammary cell of a female sheep. 
D) the fusion of sperm and egg from the donor 

parents. 
E) a laboratory in which the DNA nucleotides 

were created through chemical reactions. 
 

13. A restriction enzyme is used to cut DNA from 
different sources so they can be combined to form 
recombinant DNA. A key aspect of a restriction 
enzyme’s usefulness is that it 
A) cuts the double-stranded DNA at an angle within 

the restriction site, leaving “sticky ends”.  
B) originates from bacteria, so the bacterial immune 

system does not see it as a foreign invader. 
C) is able to target the exact sequence of the genome 

where the researcher wants the foreign gene 
inserted. 

D) will sequence a length of DNA, using mRNA as a 
template.  

E) will only make restriction fragments that contain 
functional operons.  

 
 
14. You have a young friend whose maternal grandfather 

is colorblind, which is an X-linked recessive trait. 
Everyone else in the family sees normally. The 
mother in this family is expecting a new baby girl. 
What is the chance that the new baby will also be 
colorblind? 
A) There is no chance that the daughter could be 

colorblind.  
B) There is a 25% chance that the daughter will be 

colorblind.   
C) There is a 50% chance that the daughter will be 

colorblind.   
D) The daughter will definitely be colorblind (100% 

chance). 
E) There is no way to determine this from the 

information provided.    
 
 
15. The term epigenetic inheritance refers to  

A) a phenotype that is due to interactions between 
the genotype and the environment. 

B) inheritance of traits due to something other than 
the sequence of DNA nucleotides. 

C) inheritance of a single trait that is due to the 
interaction of two or more genes.  

D) a situation in which one gene influences several 
different phenotypes.  

E) a situation in which there are more than two 
alleles for a given gene. 
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16. A cell divides and produces non-identical daughter 
cells. This routinely happens at cytokenisis, ____ 
A) following meiosis, or following mitosis of 

somatic cells in a growing embryo. 
B) following mitosis in the testes or ovaries. 
C) only following meiosis II.  
D) only following meiosis I. 
E) following meiosis I and following meiosis II. 

 
 
17. Which of the following is an example of the 

process of microevolution? 
A) A woman begins jogging as a way to get into 

shape. At first she can barely go around the 
block, but a year later she can easily jog five 
miles. 

B) A family from the coast goes on a week-long 
winter ski vacation. During the first two days 
they are all tired because of the high altitude, 
but on the third day they find their bodies are 
able to get enough oxygen, and they no longer 
feel the effects of the altitude.  

C) Our side yard is full of red and white poppy 
flowers in the Spring. Our daughter loves the 
red ones and picks them the minute they open. 
There seem to be fewer red ones each year.  

D) A man with blond hair and blue eyes marries a 
woman with green eyes and black hair. Their 
three children all have dark hair, two have blue 
eyes, and one has green eyes.  

E) A man got chicken pox as a child, and when 
his own child gets chicken pox, the father is 
exposed to the virus but does not fall ill.  

 
 

18. Although extensive, the fossil record is an 
incomplete record of Earth’s biological history, 
because it is skewed toward 
A) species with internal or external skeletons or 

shells. 
B) species that lived (and died) in the proper sort 

of environment. 
C) species that existed for a long time before 

going extinct. 
D) species that had large or widespread. 
E) All of the above. 
 

19. Prey animals have many adaptations to prevent being 
caught, killed, and eaten. In contrast, plants have 
evolved a mechanism of sustaining attack by 
herbivores while still remaining healthy and 
contributing to the next generation (reproducing). 
This ability depends on their unique _______. 
A) asexual reproduction. 
B) ability to use insect pollinators. 
C) ability to grow tall. 
D) meristematic growth. 
E) relationship to mycorrhizal fungi. 
 
 

20. Vertebrate circulatory fluid consists of several types 
of cells suspended in  
A) plasma. 
B) cytosol.  
C) stroma. 
D) extracellular fluid. 
E)   lymph.  
 
 

Chemistry Questions (21 – 40) 
21. A compound containing only C, H, and O is analyzed 

through combustion analysis. Combustion of 2.553 g 
of this substance gives 5.501 g of CO2, and 2.252 g of 
H2O. What is the empirical formula for this 
substance? 

 A) C3H5O C) CHO E) C7H12O2 
 B) C5H10O2 D) C3H6O2 
 
 
22. Some old instructions say to dissolve one half pound 

of Na3PO4 into some water. After it all dissolves the 
volume is then brought to exactly one gallon by 
adding more water. What is the molarity of this 
solution of Na3PO4? 

 A) 0.425 M D) 2.04 M 
 B) 1.38 M E) 0.525 M 
 C) 0.366 M 
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23. Which of the following formulas corresponds to 
the one for sulfurous acid? 

 A) H2SO4 C) H2S2O3 E) H2SO2 
 B) H2S D) H2SO3 
 
 
24. A 458 g sample of CoCl2·6H2O is put in a drying 

oven and is converted to anhydrous CoCl2. What is 
the weight of the anhydrous CoCl2?  

 A) 196 g D) 308 g 
 B) 232 g E) 250 g 
 C) 215 g 
  
 
25. What are the allowed values for the quantum 

number ℓ, when ! = 4, !ℓ = −2, and !s = +½ ? 
 A) 2 and 3 
 B) 3 only 
 C) 0, 1, 2, and 3 
 D) 1 and 2 
 E) 2, 3, and 4 
 
 
26. A central atom in a molecule is surrounded by 

three single bonds and one lone pair. The 
molecular geometry for this atom is  . 

 A) trigonal pyramidal 
 B) angular 
 C) tetrahedral 
 D) trigonal planar 
 E) T-shaped 
 
 
27. A sample of neon gas at 300 K and a pressure of ! 

is compressed to one third its original volume and 
the temperature is increased to 400 K. What is the 
new pressure? 

 A) 3! 
 B) 4!/3 
 C) !/3 
 D) 4! 
 E) 3!/4 
 
 
 
 
 
 

28. What volume of 0.18 M NaOH will it take to 
completely neutralize 36.0 mL of 0.54 M H2SO4 ? 

 A) 288 mL 
 B) 216 mL 
 C) 120 mL 
 D) 60 mL 
 E) 108 mL 
 
 
29. Estimate ∆H for the following gas phase reaction: 

CH3CH2Cl  +  CH3OH   ⟶		CH3CH2OCH3  +  HCl 
 A) –12 kJ D) –5 kJ 
 B) +5 kJ E) +19 kJ 
 C) +12 kJ 
 
 
30. An amount of 16.4 g of HBr is dissolved into 1250 L 

of pure water. What is the pH of this solution? 
 A) 3.79 C) 2.77 E) 4.74 
 B) 1.95 D) 3.87  
 
 
31. A 0.038 M solution of a weak base has a pH of 10.25 

at room temperature. What is the Kb of this weak 
base? 

 A) 8.4×10-7 D) 5.6×10-10 
 B) 1.8×10-5 E) 8.3×10-9 
 C) 1.2×10-8 
 
 
32. Which reaction below corresponds to Ka3 for arsenic 

acid? 
 A) H3AsO4 ⇌ 3H+ +   AsO4

3–   
 B) H3AsO4  ⇌ H+ +   H2AsO4

–   
 C) H2AsO4

–  ⇌ 2H+ +   AsO4
3-   

 D) H2AsO4
–  ⇌ H+ +   HAsO4

2–   
 E) HAsO4

2–  ⇌ H+ +   AsO4
3–   

 
 
33. pentafluorophosphate (PF5) forms a molecular solid 

at low temperatures. What type of forces hold it in a 
solid configuration? 

 A) only dipole-dipole forces 
 B) dispersion, dipole-dipole,  

and H-bonding forces 
 C) only H-bonding forces 
 D) only dispersion forces  
 E) dispersion and dipole-dipole forces  
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34. Which of the following statements about 
intermolecular forces (IMFs) is true? 

 A) IMFs tend to increase as the symmetry of a 
molecule increases. 

 B) IMFs tend to decrease as the symmetry of a 
molecule increases. 

 C) IMFs are independent of the symmetry of a 
molecule. 

 
 
35. Consider the following reaction. 

CO(g)  +  2H2(g)  ⇌  CH3OH(g) 
At a given temperature, an equilibrium mixture of 
this reaction contains 0.12 atm of CO, 0.15 atm of 
H2, and 0.21 atm of CH3OH. What is the value of 
Kp for this reaction? 

 A) 97 
 B) 12 
 C) 35 
 D) 52 
 E) 78 
 
 
36. Ag2SO3 has a molar solubility of 1.55×10-5 M. 

What is the value of Ksp for this compound? 
 A) 3.7×10-15 
 B) 2.4×10-10 
 C) 1.5×10-14 
 D) 4.8×10-10 
 E) 7.4×10-15 
 
 
37. A first order reaction (unimolecular) is 88% 

complete in 1.5 hours. What is the rate constant, k, 
for this reaction? 

 A) 4.7×10-4 s-1 D) 2.4×10-5 s-1 
 B) 2.4×10-2 s-1 E) 1.8×10-3 s-1 
 C) 3.9×10-4 s-1 
 
 
 
 
 
 
 
 
 
 
 

38. Consider the following reaction: 
2 N2O5(g)     ⟶				 4NO2(g)   +   O2(g) 

At a certain time period during this reaction, 0.125 
moles of N2O5 are being consumed in a 5.00 L 
container during each second. What is the reaction 
rate for NO2 during this time period? 

 A) +.0125 M/s D) –0.0250 M/s 
 B) +0.0250 M/s E) +0.0500 M/s  
 C) +0.100 M/s 
 
 
39. An aluminum anode in a voltaic cell is oxidized to 

Al3+ ions as the cell is allowed to run. What amount 
of aluminum is converted (consumed) when the cell 
runs for 3.5 hours at a constant current of 1.8 amps? 

 A) 4.56 g C) 3.17 g E) 8.74 g 
 B) 6.34 g D) 2.11 g   
 
 
40. When ½  mol of a specific fuel is burned at constant 

pressure, it produces 1820 kJ of heat and does 15 kJ 
of work. What is the value of ΔU for this process 
(combustion)? 

 A) +1805 kJ D) –1820 kJ 
 B) –1835 kJ E) –1805 kJ 
 C) +1835 kJ 
 

 
Physics Questions (41 – 60)  

41. According to Feynman, when a piston moves inward 
and slowly compresses a gas, what happens when an 
atom of the gas hits the moving piston? 
A) the atom’s momentum slows the piston’s motion. 
B)   the atom loses energy during the collision. 
C) the atom picks up speed from the collision. 
D) the atom adsorbs onto the piston’s surface. 
E) the atom emits energy in the form of light. 
 
 

42. According to Feynman, when we try and tell if we 
“understand” the world, one way to determine 
whether our ideas are right is by… 
A) rough approximation. 
B) mathematical symmetry. 
C) checking self consistency. 
D)  observation and reason. 
E) reducing the number of variables. 
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43. According to Feynman, nature behaves in such a 
way that it is fundamentally impossible to… 
A) unify all of the fundamental forces of nature. 

B) explain complex chemistry and biology in 
terms of the laws of physics. 

C) predict statistical averages for a repeated set of 
experiments. 

D) make a precise prediction of exactly what will 
happen in a given experiment. 

E) describe atomic behavior in an analytic way. 

 
 

44. According to Feynman, Yukawa predicted the 
existence of a particle associated with the force 
that holds protons and neutrons together in a 
nucleus.  What is the name of that particle? 
A) the muon (µ-meson) 
B) the pion (π-meson) 
C) the gluon 
D) the photon 
E) the K-meson 

 
 
45. Once a star dies, if the stellar remnant has a mass 

below the Chandrasekhar limit of 1.44 solar 
masses, then the stellar remnant is most likely a… 
A) black hole 
B) neutron star 
C) pulsar 
D) white dwarf 
E) quasar 

 
 
46. A two-stage toy rocket launches from rest with a 

net upward acceleration of 5.20 m/s2.  Exactly 8.00 
seconds after launch, the first stage separates from 
the rocket and free-falls back to Earth.  How fast is 
the first stage moving when it hits the ground?  
Ignore air resistance. 
A) 15.5 m/s 
B)  29.1 m/s 
C) 39.1 m/s 
D) 57.1 m/s 
E) 70.6 m/s 
 
 
 
 

47. An 80.0 kg skier sits atop a snow-covered hill that is 
150.0 m above the valley floor.  The skier starts from 
rest and descends along the frictionless snowy slope.  
After reaching the bottom, the skier slides 
horizontally across some rough ice, and the 
coefficient of friction between the skis and the rough 
ice is 0.2.  How far across the rough ice does the skier 
slide before coming to rest? 
A) 750 m 
B) 400 m 
C) 375 m 
D) 30.0 m 
E) 13.8 m 
 
 

48. Three capacitors are connected in the following 
circuit to a 12.0V battery.  What is the charge stored 
on the 40.0 µF capacitor? 

                                                     40.0 µF 
                        80.0 µF 
                         60.0 µF 
 
    12.00 V 
 

A) 0.0692 µC 
B) 111 µC 
C) 213 µC 
D) 267 µC 
E) 2080 µC 
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49. A box with mass M1 hangs from a string that is 
attached to a box of mass M2 sitting on a table.  
The coefficients of friction between the table and 
M2 are µs (static) and µk (kinetic).  Assuming that 
the pulley is massless and frictionless, and the 
boxes start from rest, what condition is necessary 
for the boxes to accelerate? 

               M2 

                 
 
                              µ 
 
 
 
               M1 

 
A) M1 > µsM2 
B) M1 > µkM2 
C) M1 > M2 

D) M1 – M2 > µsM2 
E) M1 – M2 > µkM2 
 
 

50. A small moon is observed orbiting an exoplanet of 
unknown mass.  It is noted that the moon 
completes a circular orbit once every 16.5 days.  
The moon is measured to be 195,000 km from the 
planet.  What is the approximate mass of the 
planet? 
A) 1.24 x 1027 kg   
B) 2.05 x 1025 kg   
C) 2.16 x 1024 kg 
D) 5.47 x 1022 kg   
E) 2.51 x 1021 kg   
 
 

51. A small mirror needs to be able to magnify an 
object by a factor of 5.00 when located at a 
distance of 1.50cm from the object.  Furthermore, 
the image needs to be upright.  Which of the 
following mirror specifications will work? 
A) convex mirror, f = -1.25cm.  
B) convex mirror, f = -0.375cm.  
C) concave mirror, f = 0.25cm. 
D) concave mirror, f = 1.25cm. 
E) concave mirror, f = 1.88cm. 
 
 
 

52. An AC circuit consists of an AC source (set to        
24.0 Vrms at a frequency of 200 Hz) connected to a 
2.70 µF capacitor.  What is the rms-current flowing 
through the capacitor and what is the relationship of 
the phase of the current to that of the voltage? 
A) 13.0 mA, current leads voltage  
B) 13.0 mA, current lags voltage 
C) 57.6 mA, current leads voltage 
D) 81.4 mA, current leads voltage 
E) 81.4 mA, current lags voltage 
 
 

53. Two charges are placed on the x-axis.  One charge, 
Q1 = +3.50 µC, is located at the origin (x = 0.00 cm).  
Another charge, Q2 = +1.50 µC, is located at              
x = 9.00 cm.  What is the Electric Field magnitude at 
x = 6.00 cm?  
A) 75.0 kV/m  
B) 975 kV/m 
C) 6.25 MV/m 
D) 15.0 MV/m 
E) 23.8 MV/m 
 
 

54.  A bundle of wire carrying a DC current is oriented in 
a North-South direction.  A compass held directly 
above the bundle of wire deflects to an angle of 45o 
when the compass is exactly 5.50cm above the center 
of the bundle.  If there are 15 strands in the bundle, 
how much current, on average, is flowing in a single 
strand?  Note: the magnetic field of the Earth is 0.5 
Gauss. 
A) 0.292 A  
B) 0.648 A  
C) 0.917 A 
D) 4.38 A 
E) 13.8 A 
 
 

55. The average cat has a body temperature of 38.6oC and 
a surface area of approximately 0.30m2.  If a black cat 
(with an emissivity of 0.95) is located in a room in 
which the temperature is 20oC, what is the net energy 
loss of the cat due to radiation emission? 
A) 1.93 cal/day  
B) 33.2 kcal/day  
C) 686 kcal/day 
D) 2400 kcal/day 
E) 3144 kcal/day 
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56. When stationary, an ambulance has a siren that 
produces a sound with a frequency of 540 Hz.  
While you are driving at 20.0 m/s, you hear an 
ambulance approaching from behind you.  The 
frequency that you hear is 660 Hz.  How fast is the 
ambulance driving?   
A) 101 m/s  
B) 79 m/s 

C) 62 m/s 
D) 52 m/s 
E) 46 m/s 
 
 

57. Consider the simple harmonic oscillations of a 
mass attached to a spring.  Which of the following 
combinations of spring constant and mass will 
result in the greatest frequency of oscillation? 
A) spring constant = k, mass = m 
B) spring constant = k, mass = 2m 
C) spring constant = ½k, mass = m 
D) spring constant = 2k, mass = 2m 
E) spring constant = k, mass = ½m 

 
 
58.  Which discovery proved that a neutrino must have 

a rest mass greater than zero?  Note: this discovery 
resulted in the awarding of the Nobel Prize in 
Physics in 2015 to Takaaki Kajita and Arthur B. 
McDonald. 
A) the discovery that neutrino collisions with 

nuclei can produce electrons.  
B) the discovery that neutrinos oscillate between 

different identities. 
C) the discovery of the deflection of neutrinos by 

a strong magnetic field. 
D) the discovery that there exist three different 

identities of neutrinos (e, µ, τ) 
E) the discovery that neutrinos are 

supersymmetric partners to quarks. 
 
 
 
 
 
 
 
 
 
 

59.  A geologic sample is found to contain a large amount 
of lead-208.  Measurements on the sample find that it 
emits two distinct energies of negative beta particles, 
two distinct energies of alpha particles, and three 
distinct energies of gamma radiation.  If all of these 
emissions are part of a single long decay chain, what 
is the parent radioactive element that eventually 
decays into lead-208?   
A) polonium-216 
B) bismuth-216 

C) polonium-218 

D) radon-218 

E) radon-219 
 
 

60. A sample of four-level atoms is found to produce the 
following spectral lines when energized: 295nm, 
500nm, 544nm, 642nm, 717nm, 2254nm.  If the 
ground state is at E = 0, which of these could be the 
energy of the second excited state? 
A) 0.55 eV 
B) 1.73 eV 
C) 1.93 eV 
D) 2.28 eV 
E) 4.21 eV 
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41. (C) page 8: “What happens when an atom hits the moving piston? Evidently it picks up speed from the 

collision.  You can try… and you will find that it comes off with more speed than that with which it 
struck.” 

42. (A) page 25: “If we know the rules, we consider that we “understand” the world….The third way to tell 
our ideas are right is relatively crude but probably the most powerful of them all.  That is, by rough 
approximation.” 

43. (D) page 35: “…nature, as we understand it today, behaves in such a way that it is fundamentally 
impossible to make a precise prediction of exactly what will happen in a given experiment.” 

44. (B) pages 38-39: “Yukawa suggested that the forces between neutrons and protons also have a field of 
some kind, and that when this field jiggles it behaves like a particle.  … a little while later, in 1947 or 
1948, another particle was found, the π-meson, or pion, which satisfied Yukawa’s criterion.” 

45. (D) When small stars such as our Sun die, they will leave a white dwarf as a stellar remnant.  The 
Chandrasekhar limit of 1.44 Solar masses is the maximum mass that a white dwarf can have.  Larger 
mass remnants will collapse into neutron stars or black holes. 

46. (E) First, we need to know the height at which the first stage separates from the rocket:  
  ! = !! + !!! + 1 2 !!! = 0 + 0 +  1 2 5.2 8 ! = 166.4!  
  We also need to know the velocity of the first stage at the moment of separation: 
  ! = !! + !" = 0 + 5.2 8 = 41.6 !/! 
  Using these as the initial position and velocity, we can calculate the final velocity using free-fall 

equations: 
  !! = !!! + 2!∆! = (41.6)! + 2 −9.8 −166.4 = 1731 + 3261 = 4992 
  So ! = 4992 = 70.6 !/! 
47. (A) Use conservation of energy.  Gravitational potential energy à Kinetic energy à work done by 

friction.  You don’t really need to find the velocity at the bottom of the slope, but I’ll do it anyway: 
  !"ℎ = 1 2!!! = 80 9.8 150 = 117,600 ! = 1 2 (80)!!.  This gives ! = 54.2 !/! 
  The work done by friction removes all of the energy from the skier.  So ! = !" = 117,600 !  
  On a horizontal surface: ! = !" = !"# = 0.2 80 9.8 = 156.8 !"#$%&' 
  Thus ! = (117,600)/(156.8) = 750! 
48. (C) First, determine the total capacitance of the circuit: Parallel branches add: !! = 40 + 60 = 100 !" 
  Series combination add inversely: 1 !! = 1 80 + 1 100  Thus, !! = 44.4 !" is the total 

capacitance. 

  Now find the total charge stored in the circuit: !! = !!! = 44.4 12 = 533 !" 
  Charge is the same for series, so !! = !! = 533 !"; Thus the voltage across the parallel branch is  
  given by !! = !! !! = !""

!"" = 5.33 !"#$%.  Because they are in parallel, this is the voltage across  
  both the 40µF and the 60µF capacitors.  !!" = !!" = !! 
  Then the charge stored on the 40µF is given by: !!" = !!"!!" = 40 5.33 = 213 !". 
49. (A) Since the boxes start from rest, it is static friction that must be overcome to begin acceleration.  Static 

friction is generally larger than kinetic friction, so if the forces are large enough to overcome static 
friction, then those forces will certainly be large enough to overcome kinetic friction.   

  The forces on M1 are tension and gravity, while the forces on M2 are tension and friction.  In order to 
accelerate, the tension must be greater than friction: ! > !.  Also recall for static friction: ! = !!!.  
For a horizontal surface ! = !!!.  In other words, to accelerate we need ! > !!!!! 

  In order to accelerate M1, we need gravity to be greater than tension.  In other words: !!! > !.  
Combining these two inequalities: !!! > ! > !!!!!.  Or, reducing: !! > !!!!. 
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50. (C) Since the moon orbits in a circle, then it is subjected to a centripetal force equal to !! = !!! !.  The 

force providing the centripetal acceleration is gravity, which for such a long range is given by  
  !! = !"# !!.  Equating these gives: !!! ! = !"# !!, which reduces to ! = !!! !. 
  To find velocity, we consider the orbital path length (circumference) and the orbital period.  We need  
  both in better units: R = 195,000 km = 1.95 x 108 m.  T = 16.5 days = 1.43 x 106 seconds. 
  Thus, ! = 2!" ! = 2!(1.95 ×10!) (1.43 ×10!) = 859 !/! 
  So, ! = (859)!(1.95 ×10!)/(6.67 ×10!!!) = 2.16 ×10!" !". 
51. (E) Magnification = +5.00 and p = 1.50 cm.  ! = −! ! = 5, so ! = −5! = −5 1.5 = −7.50!".   
  Also 1 ! + 1 ! = 1 !, so 1 (1.5) + 1 (−7.5) = 1 !.  This gives ! = +1.88!".  Since f is 

positive, then the mirror is concave. 
52. (D) Frequency is 200Hz, so the angular frequency is given by ! = 2!" = 2! 200 = 1257 !"#/!"# 
  Capacitive reactance is !! = 1 !" = 1 (1256)(2.70 ×10!!) = 295 Ω = Z 
  Current is ! = ! ! = !"

!"# = 81.4!".  In capacitive circuits, the current leads the voltage. 
53. (C) !! = !!! !!! = (8.998 ×10!)(3.50 ×10!!)/ . 06 ! = 8.75 !"/!.  E1 is directed to the right. 
  !! = !!! !!! = (8.998 ×10!)(1.50 ×10!!)/ . 03 ! = 15.0 !"/!.  E2 is directed to the left. 
  So, the electric field magnitude is !! − !! = 6.25 !"/!. 
54. (C) Deflecting the compass by exactly 45o means that the East-West B-field produced by the current in 

the wire exactly equals the North-South B-field of the Earth. 
  The B-field produced by a straight segment of wire is ! = !!! 2!".  This equals the Earth’s 

magnetic field (converted to Teslas).  So, !!! 2!" = 5×10!! ! = (4!×10!!)! 2!(0.055) 
  Thus, I = 13.75A for the bundle.  There are 15 strands, so each strand get ! = 13.75 15 = 0.917! 
55. (C) Energy transfer by radiation is given by the Stefan-Boltzmann Law: ! = !"#(!!! − !!!), where 

temperatures are in Kelvin. 
  Thus, ! = 5.67×10!! 0.95 0.3 38.6 + 273 ! − 20 + 273 ! = 33.2 ! 
  Converting Watts to kcal/day: 33.2 !/! (86400 !/!"#)/(4186 !/!"#$) =  686 !"#$/!"# 
56. (B) Doppler shift is given by ! = !! (! + !!) (! + !!) .  Since the observer is moving away from the 

ambulance, !! is negative.  Since the ambulance is approaching the observer, !! is also negative.  
Using 343 m/s as the speed of sound, we get: 660 = (540) (343 − 20) (343 − !!)  

  This gives 343 − !! = 264, or !! = 78.7 !/!. 
57. (E) Frequency of oscillation of a mass-spring system is ! = 2! ! !.  So maximum frequency is 

achieved with the largest ratio of k/m.  The ratios are : A.1k/m, B.½k/m, C.½k/m, D.1k/m, E.2k/m. 
58. (B) The Nobel Prize in Physics 2015 recognises Takaaki Kajita and Arthur B. McDonald for their key 

contributions to the experiments which demonstrated that neutrinos change identities. This 
metamorphosis requires that neutrinos have mass. (Press Release, Royal Swedish Academy of 
Sciences, October 2015) 

59. (A) Lead-208 has Z = 82 and M = 208.  If these emission are all part of one long decay chain, then the 
parent element is two negative betas, two alphas, and two gammas removed from the final daughter 
element.  Negative betas have Z = -1, M = 0; Alphas have Z = 2, M = 4; Gammas have Z = 0, M = 0.  
Working backwards to the parent: Z = 82 + (-1) + (-1) + (2) + (2) + (0) + (0) + (0) = 84. 

  And M = 208 + (0) + (0) + (4) + (4) + (0) + (0) + (0) = 216. 
  So, the parent element has Z = 84 and M = 216, which is Polonium-216. 
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60. (D) There are four energy states, with one at !! = 0 (ground state).  The highest state can be found from 

the most energetic spectral line: !! − !! = !! = (1240!"#$) (295!") = 4.21 !".  Here we are 
using ℎ! = 1240 !"#$.  The other spectral lines are given by differences between energy levels, but 
it is not known which spectral line goes with which energy level difference.  So you have !! − !!, 
!! − !!, !! − !!, !! − !!, and !! − !! for the other spectral lines.  The energies of these spectral 
lines are: 2.48 eV, 2.28 eV, 1.93 eV, 1.73 eV, 0.55 eV.  A little trial and error give two possible 
choices for the energy of the second excited state: !! = 2.28 !" !" 2.48 !".  Only one of these is 
given as an answer option. 

 
 


