
       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

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
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5B
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6B
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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
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107.87

48
Cd
112.41

49
In
114.82

50
Sn
118.71

51
Sb
121.76

52
Te
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53
I

126.90

54
Xe
131.29

55
Cs
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137.33

57
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138.91

72
Hf
178.49

73
Ta
180.95

74
W
183.84

75
Re
186.21

76
Os
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77
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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
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(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.  In pure water at 25ºC, the ratio of H+ ions to OH– 

ions is   
A)  equal 
B)  0.0 M 
C)  7.0 M 
D)  107 M 
 
 

2.  Humans have exploited yeast in making bread for 
thousands of years. What trait do yeast cells have 
that has proven most useful to bakers? 
A) Yeast releases O2, which makes the bread rise.  
B) Bread mold is very common and easy to use.  
C) The baker’s yeast organisms are facultative 

anaerobes. 
D) Yeast release CO2 during alcohol 

fermentation.  
E) Yeast are single-celled eukaryotes that can 

make spores. 
 
 

3.  Human cells are surrounded by 
A) interstitial fluid 
B) circulatory fluid 
C) lymph fluid 
D) hemolymph 
E) plasma 
 
 

4.  The function of this feature necessitates a gas 
exchange system, with intake of O2 and release of 
CO2. 
A) the lungs  
B) the chloroplasts 
C) the gills  
D) the mitochondria 
E) the trachea 

 
 
 
 
 
 
 
 
 
 

5.  If there has been no recent rain and the ground is dry, 
a plant might close its stomata to preserve water. The 
greatest drawback of this strategy is that _____. 
A) the plant could not take up CO2 
B) water would build up in the plant, creating too 

much pressure in the xylem 
C) CO2 could reach toxic concentrations in the leaf 
D) turgor pressure would decrease 
E) the roots could not take up water 
 
 

6.  Gene expression is 
A) the process through which an allele is passed on 

to the next generation through the gamete. 
B) the process through which the presence of a 

particular allele is expressed in the phenotype. 
C) the process in which a sequence of DNA directs 

the synthesis of a protein.  
D) the process of creating RNA nucleotides from a 

DNA template using base-pairing rules. 
 
 

7.  “Gene sequencing” refers to 
A) plotting the location of particular genes on a 

particular chromosome. 
B) determining the exact sequence of the four 

nucleotides that make up a particular gene.  
C) determining the sequence of amino acids that 

make up the primary structure of a protein.  
D) determining the sequence of when adaptive traits 

evolved in a particular lineage. 
 
 

8.  A difference between a benign tumor cells and 
malignant (cancerous) tumor cells is that 
A) a benign tumor cell is specialized and constrained 

to its tissue type, whereas a malignant tumor cell 
has dedifferentiated and can grow in new tissues.  

B) benign tumor cells exhibit density-dependent 
inhibition and thus grow in a layer, whereas 
malignant tumor cells grow out in all directions.  

C) benign tumor cells can divide indefinitely, 
whereas malignant tumor cells will slow and stop 
after about 50 divisions. 

D) benign tumors grow in a location that is not 
threatening to health, whereas a malignant tumor 
is one that creates a harmful mass of tissue due to 
its particular location on the body.     
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9.  In a cross between an individual that is 
heterozygous at three loci (AaBbCc) with an 
individual that is homozygous recessive at the 
same loci (aabbcc), how many different genotypes 
would you expect to find in the offspring due to 
independent assortment? 
A) Two 
B) Four 
C) Six 
D) Eight 
E) Nine 
 

 
10. A potato farmer grows red potatoes that are either 

round or fingerling (long), with no intermediate 
shapes. The red phenotype is due to a homozygous 
genotype (ww). The shape is controlled by another 
gene, where the R_ genotype is round, and rr 
genotype is fingerling. With regard to color and 
shape, how many genotypes are represented in this 
farmer’s crop? 
A) Two 
B) Three 
C) Four 
D) Six 

 
 
11. The farmer from the previous question is going to 

add some variety to his crop. He breeds red 
fingerling potatoes with white (WW) fingerling 
potatoes. All of the F1 offspring are pink.  What 
percent of the F2 generation can we predict will 
have the pink fingerling phenotype? 
A) None will be pink fingerling.  
B) 25% will be pink fingerling. 
C) 50% will be pink fingerling. 
D) 75% will be pink fingerling. 
E) All the offspring will be pink fingerling. 
 
 
 
 
 
 
 
 
 
 
 
 

12. What can you infer from the graph below? 
A) If you remove an individual penstemon growing 

at 7000 ft. and replant it at a 2000-f.t location, it 
will bloom earlier.  

B) If you remove an individual penstemon growing 
at 7000 ft. and replant it at a 2000-ft. location, it 
will change allele frequency. 

C) The population of P. cochinea is in Hardy-
Weinberg equilibrium. 

D) The FTa allele is more prevalent at lower 
altitudes.  

E) For P. cochinea there is a graded change in 
flowering time along a geographic axis.  

 
Flowering	time	in	Penstemon	cochinea	

 
 

 
13. A massive die-off of trout happened in a lake. The 

biologists studying the dead fish believe that the die-
off was caused by infection from a species of 
bacterium that is new to science. Which species 
concept would they not be using, as they gather 
evidence to support or deny their hypothesis that this 
is a new species of bacteria? 
A) The morphological species concept. 
B) The biological species concept. 
C) The ecological species concept. 
D) The phylogenetic species concept.   
E) None of the above species concepts would be 

appropriate.  
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14. Which of the following scenarios is an example of 
gene flow? 
A) During the spring, some male robins happen to 

find a mate, and others do not. 
B) A species of desert bee collects pollen only 

from one species of desert daisy. The bee often 
travels three miles from daisy population A, on 
the east side of a canyon, to daisy population 
B, on the west side of the canyon.  

C) In a population of penguins, half have tufts 
over their eyes, and the other half do not. An 
avalanche moves a group of penguins 50 miles 
away, where they start a new colony. The new 
colony members comprise 13 tufted penguins 
and 4 non-tufted penguins. 

D) A hydra is able to create offspring by mitosis, 
in a process called “budding”. The offspring 
grows as an extension of the parent, and then 
is released into the water as an independent 
individual.  

E) For the gene “A”, an individual with a 
genotype of “aa” has a selective advantage 
over those with a genotype of “AA”, and thus 
more of the next generation carries the “a” 
allele.    

 
15. Two species of beetle used to be separated by a 

river, but the river has gone dry. The beetles look 
very similar to one another (to the scientists, at 
least!). However, the males of species 1 conduct 
an elaborate courtship ritual, whereas the males of 
species 2 do not. After close observation, it is clear 
that females of species 1 ignore the advances of 
males of species 2.  Should gene flow eventually 
dissolve the differences between these two 
populations? 
A) Yes, because the species look the same and are 

sympatric, so they are clearly the same 
species.  

B) Yes, because there are no post-zygotic 
barriers, so fertile offspring will be created.  

C) No, because they exhibit behavioral isolation. 
D) No, because they exhibit gametic isolation.  
 
 
 
 
 
 
 

16. You have crossed an individual that is heterozygous 
at three loci (AaBbCc) with an individual that is 
homozygous recessive at the same loci (aabbcc). 
Most of the 1600 offspring had the following 
genotypes, with numbers of offspring for each also 
shown: 

   Genotype # of offspring 
   AaBbCc 344 
   aaBbCc 354 
   Aabbcc 353 
   aabbcc 349 
 
 
Which of the following statements is the best explanation 

for your results? 
   

A) Genes “A”, “B”, and “C” must be on the same 
chromosome.  

B) The genotypes shown have a higher reproductive 
fitness.  

C) All three genes are inherited in a simple 
dominance pattern.  

D) Two hundred of the offspring died. 
E) Genes “B” and “C” must be on the same 

chromosome. 
 
 

17. Which of the following illustrates the principal of 
maintaining homeostasis? 
A) After a large meal of pasta, your liver converts 

glucose into glycogen. 
B) If your body temperature is reduced due to cold 

surroundings, blood vessels in the skin dilate, 
allowing more blood to flow to the extremities.  

C) On a very warm day, blood traveling through a 
rabbit’s ears may pick up heat from the 
environment and dissipate it to the internal 
organs. 

D) A fish living in the ocean constantly loses body 
water due to osmosis.  

E) the suckling motion of a baby mammal causes 
milk to be released, thus causing the baby 
mammal to suckle more. 
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18. Which taxon is now considered a non-
monophyletic group? 
A) Animalia 
B) Archaea 
C) Protista 
D) Eukarya 
E) Bacteria 
 
 

19. A growth factor is released from a cell and diffuses 
to a neighboring cell, which has the proper 
receptors to recognize and respond to the signal. 
This is an example of 
A) endocrine signaling 
B) autocrine signaling 
C) hormone signaling 
D) ubiquitin signaling 
E) paracrine signaling 

 
 
20. In most animal cells, a newly fertilized egg will 

undergo a rapid succession of cell divisions 
without growth, this is called _________.  
A) Meiosis 
B) Cleavage 
C) Organogenesis 
D) Morphogenesis 
E) Embryogenesis 
 

Chemistry Questions (21 – 40) 
 
21. What is the name of LiNO2·H2O ? 
 A) lithium nitroxide aqueous 
 B) nitrolithiate hydronium 
 C) lithium nitrite monohydrate 
 D) lithium nitride dioxide aqueous 
 E) lithium nitrate hydrate 
 
 
22. What is the mass of 4.55×1022 molecules  

of CCl2F2 ? 
 A) 13.6 g D) 9.14 g 
 B) 1600 g E) 19.2 g 
 C) 121 g 
 
 
 

23. An ore has the formula FexCryO4. Analysis showed 
that the mass percent of oxygen is 28.59. Determine 
the values for x and y. What is the correct formula for 
this ore? 

 A) FeCrO4 D) Fe2Cr3O4 
 B) Fe2CrO4 E) FeCr2O4 
 C) Fe3Cr2O4 
 
 
24. Balance the following chemical equation. 

Co(NO3)3 + (NH4)2S   ⟶  Co2S3 + NH4NO3  
What are the coefficients for this reaction (in order as 
shown)? 

 A) 2 : 3 : 1 : 6 
 B) 2 : 1 : 1 : 4 
 C) 3 : 2 : 1 : 6 
 D) 1 : 2 : 1 : 3 
 E) 1 : 1 : 1 : 1 
 
 
25. Balance the following precipitation reaction. 

Na3PO4(aq) + CuCl2(aq)  ⟶  Cu3(PO4)2(s) + NaCl(aq) 
What is the correct stoichiometric volume of  
0.125 M CuCl2 needed to completely react with  
120 mL of 0.150 M Na3PO4 ? 

 A) 144 mL D) 80 mL 
 B) 216 mL E) 240 mL 
 C) 184 mL 
 
 
26. A gas mixture of oxygen, nitrogen, and helium is 

made and the overall pressure is 1150 torr. There are 
twice as many moles of oxygen as there are nitrogen. 
The partial pressure of oxygen is 540 torr. What is the 
partial pressure of the helium? 

 A) 70 torr D) 340 torr 
 B) 220 torr E) 180 torr 
 C) 610 torr 
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27. H2 gas will partially decompose to monatomic 
hydrogen (H) at high temperatures. If exactly 0.12 
moles of H2 gas is put into a 15 L container and 
the temperature is brought to 2800 K, the pressure 
is found to be 2.14 atm. What is the partial 
pressure of the H(g) in this container at this high 
temperature? 

 A) 1.07 atm D) 1.89 atm 
 B) 2.14 atm E) 0.306 atm 
 C) 0.526 atm 
 
 
28. Rank the following elements according to their 

electronegativities. Rank from highest down to 
lowest.  sodium, phosphorus, nitrogen, aluminum. 

 A) P > Al > Na > N 
 B) N > Na > Al > P 
 C) N > Al > P > Na 
 D) N > P > Al > Na 
 E) P > Al > N > Na 
 
 
29. Consider the following phase diagram for a 

substance. 
 
 
 
 
 
 
 
 
 
 
What is the normal boiling point of this substance? 

 A) 180 K C) 370 K E) 220 K 
 B) 300 K D) 170 K  
 
 
30.  Which statement best describes the relative 

solubilities of CCl4 and CH2Cl2 in water? 
 A) CH2Cl2 is more soluble in water than CCl4.  B) CCl4 and CH2Cl2 virtually the same 

solubilities in water. 
 C) CCl4 is more soluble in water than CH2Cl2  D) No conclusion can be made about their 

solubilities without more information. 

31. Which of the following is the best (true) statement 
about endothermic reactions? 

 A) Each of the bonds in the reaction lengthen 
during the reaction. 

 B) Double bonds tend to convert to single bonds. 
 C) The bonds that are broken tend to be stronger 

bonds than those that are made. 
 D) The bond energies of the products are 

approximately equal to the bond energies of the 
reactants. 

 
 
32. A sample of 0.25 moles of a soluble metal salt, MyXz 

is dissolved into 400 g of water. The freezing point of 
this salt solution is found to be 268.50 K. What is the 
formula of the salt? Kf for water = 1.86°C/m. 

 A) MX2 D) MX 
 B) MX3 E) MX5 
 C) M2X3 
 
 
33. The following schematic represents a gas phase 

reaction reaching equilibrium. 
 
 
 
 
 
 
  What is the value for K for this reaction? 
 A) 5 C) 3 E) 9 
 B) 2 D) 18  
 
 
34. The following reaction has an equilibrium constant, 

K, equal to 2.5×105 at 350 K. 
CO(g)   +   2 H2 (g)   ⇌   CH3OH (g) 

What is the value for the equilibrium constant for the 
following reaction. 

½ CH3OH (g)   ⇌   ½  CO(g)   +   H2 (g)  
 A) 1.25×105 D) 5.0×102 
 B) 2.0×10-6 E) 8.0×10-6 
 C) 2.0×10-3 
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35. The weak acid, HX, has a Ka value of 2.5×10-5. 
What is the pH of a 0.036 M NaX (sodium salt of 
HX) solution. 

 A) 9.40 D) 8.58 
 B) 10.98 E) 7.92 
 C) 12.56 
 
 
36. A 0.005 M solution is made from each of the 

following substances. Which solution will have the 
highest pH? 

 A) Sr(OH)2 D) NaOH 
 B) NH3 E) N2H4 
 C) CH3COOH 
 
 
37. The reaction AB(g) ⟶ A(g) + B(g) has a rate 

constant of 0.0050 atm-1·min-1 at 50°C. AB is put 
in a reaction chamber at a pressure of 4.00 atm. 
How long will it take for the reaction to reach 75% 
completion? 

 A) 167 min D) 187 min 
 B) 58 min E) 277 min 
 C) 150 min 
 
 
38. How many grams of nickel are deposited from a 

Ni2+ solution at the cathode when 2.5 A of current 
is passed for 3.5 hours? 

 A) 9.58 g D) 19.2 g 
 B) 6.41 g E) 5.84 g 
 C) 12.7 g 
 
 
39. The following reaction at 25°C 

2 Ca(s)  +  O2(g)     2 CaO(s) 
 has ∆Hrxn°= –1270 kJ, and  ∆Srxn°= –365 J/K. 

What is the value of ∆Grxn° for this reaction? 
 A) +108 kJ D) –1379 kJ 
 B) –1161 kJ E) +1075 kJ 
 C) –1260 kJ 
 
 
 
 
 
 
 

40. 100 mL of 0.050 M HNO3 was added to 500 mL of 
0.040 M methylamine solution. What is the 
equilibrium pH of this solution? Kb for methylamine 
is 4.4×10-4. 

 A) 10.64 D) 10.04 
 B) 11.24 E) 11.12 
 C) 10.17 
 

 
Physics Questions (41 – 60)  

 
41. According to Feynman, which physical principle was 

first demonstrated by Mayer in connection with heat 
flow in and out of a living creature? 
A)  The second law of thermodynamics. 
B)  The law of conservation of energy. 
C) The law of conservation of momentum. 
D) The principle of statistical mechanics. 
E) The principle of thermal equilibrium. 
 
 

42. According to Feynman, an old physical problem that 
is common to many of the sciences, and that has not 
been solved, is the problem of… 
A) finding the most fundamental particles. 
B) predicting how things change with time. 
C) analyzing circulating or turbulent fluids. 
D)  dealing mathematically with large numbers of 

atoms. 
E) synthesizing complex molecules in the 

laboratory. 
 
 

43. According to Feynman, we can use the principle of 
virtual work, the argument that we imagine a 
structure moves a little even though it is not really 
moving or moveable, to deduce which laws? 
A) the laws of balance. 

B) the laws of thermodynamics. 

C) the laws of momentum conservation. 

D) the laws of friction. 

E) the laws of potential energy. 

 
 
 
 
 
 



HS Science  •  Regional  •  2016 

University Interscholastic League  •  page 7 

44. According to Feynman, in quantum mechanics, the 
proposition that experimental results are the same 
no matter where you do the experiment is 
associated with which conservation law? 
A) conservation of energy. 
B) conservation of leptons. 
C) conservation of charge. 
D) conservation of angular momentum. 
E) conservation of linear momentum. 

 
 
45. A planetary nebula, a small emission nebula 

consisting of an expanding glowing shell of 
ionized gas, is formed when… 

  A)  a dying star explodes in a supernova. 
B) a protostar, a star being born, initiates nuclear 

fusion in its core. 
C) layers of gas are ejected from an old red giant 

star late in its life. 
D) a pulsar ionizes a nearby gas cloud. 
E) a white dwarf in a binary system absorbs too 

much gas from its partner star and explodes. 
 
 
46. A wooden block with a mass of 450.0 g is hanging 

at the end of a string that is 1.50m long.  A 60.0 g 
dart, flying horizontally, strikes the wooden block 
and sticks into it.  The block, with the dart stuck in 
it, swings up like a pendulum until the string 
makes an angle of 26.0o with respect to the 
vertical.  What was the original velocity of the dart 
before it struck the block? 
A) 12.9 m/s 
B)  14.7 m/s 
C) 25.3 m/s 
D) 30.5 m/s 
E) 43.7 m/s 
 
 
 
 
 
 
 
 
 
 
 
 

47. A box with a mass of 8.00 kg hangs from a string that 
is attached to a box of mass 4.00 kg sitting on an 
inclined plane.  The inclined plane is angled at 22o 
relative to horizontal, and the coefficient of friction 
between the incline and the 4.00 kg mass is 0.17.  
Assuming that the pulley is massless and frictionless, 
what is the acceleration of the 4.00 kg mass? 
A)  6.53 m/s2 
B)  5.98 m/s2 
C)  5.31 m/s2 
D)  4.79 m/s2 
E)  3.30 m/s2 
      
     4.00 kg 
          µ = 0.17 
                                8.00 kg 
   22o          
         
     
 

48. A resistor network consists of four resistors and two 
batteries as shown.  What is the power dissipated in 
the 40.0 Ω resistor? 

                        50.0 Ω                     12.6 V 
 

                                             
                              60.0 Ω                 40.0 Ω 
 
 
                           7.80 V                  30.0 Ω 

A) 0.0233 W  
B) 0.0858 W 
C) 0.188 W  
D)  0.294 W 
E) 0.483 W 
 
 
 
 
 
 
 
 
 
 
 
 
 



HS Science  •  Regional  •  2016 

University Interscholastic League  •  page 8 

49. A horizontal solid circular disk has a mass of 
300.0g and a radius of 25.0 cm.  It is accelerated 
from rest by a torque of 0.17 Nm, resulting in it 
spinning about its center.  A small beetle sits on 
the disk at a location 15.0cm from the center.  If 
the coefficient of friction between the beetle and 
the disk is 0.50, how much time will pass from 
when the disk begins to spin until the beetle slides 
off of the disk? 
A) 0.24 sec. 
B) 0.32 sec. 
C) 0.39 sec. 
D) 0.48 sec. 
E) 0.69 sec. 
 
 

50. A golf ball is driven from ground level with an 
initial velocity directed at an angle of 34.0º above 
the horizontal.  The golf ball strikes a tree located 
120.0m horizontally from the tee location.  
Examination of the tree shows that the ball hit the 
tree at a point 23.7m above the ground.  What was 
the initial velocity of the ball? 
A)  35.6 m/s  
B)  38.3 m/s 
C)  42.4 m/s 
D)  65.8 m/s  
E)  102 m/s  
 

 
51. What is the magnitude of the net electric field at 

the origin produced by these two charges:                 
+16.0 µC charge placed at (-2.00m, 3.00m) and     
+12.0 µC charge placed at (0.00m, -3.00m). 
A) 6750 N/C 
B) 8930 N/C  
C) 16,300 N/C 
D) 23,100 N/C 
E) 30,700 N/C 
 
 
 
 
 
 
 
 
 
 

52. You have 2.00 moles of a diatomic ideal gas at a 
temperature of 80.0 oC occupying a volume of 15.0 L.  
This sample of gas is adiabatically compressed until it 
reaches a pressure of 6.00 x 105 Pa.  What is the final 
temperature of the gas? (Note γ = 1.4 for a diatomic 
ideal gas). 
A) 80 oC 
B) 126 oC 
C) 268 oC 
D) 399 oC 
E) 541 oC 
 
 

53. A mass attached to a spring is oscillating horizontally 
on a frictionless surface with an amplitude of 12.0 
cm.  You observe that the mass is moving with a 
speed of 34.0 cm/s when it is 8.00 cm from the 
equilibrium position.  What is the period of 
oscillation of the mass?  
A) 4.82 sec  
B) 2.66 sec  
C) 2.15 sec 
D) 1.65 sec 
E) 0.605 sec 
 
 

54.  The mass of an atom of Nickel-62 is 61.928345 amu.  
What is the binding energy per nucleon of Nickel-62? 
A)  8.441 MeV 
B)  8.565 MeV 
C)  8.671 MeV 
D)  8.721 MeV 
E)  8.796 MeV 
 
 

55. The lifetime of a negative pion (π-) at rest is 2.6 x 10-8 
seconds.  If a pion is travelling at a speed of 0.98c 
(98% the speed of light), how far does it appear to 
travel -- from the perspective of a stationary observer 
-- before it decays? 
A)  7.6 m 
B)  38 m 
C)  54 m 
D)  190 m 
E)  380 m 
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56. An AC circuit consists of a 100.0 Ω resistor in 
series with a 300.0 mH inductor.  These are 
connected to an AC voltage source producing 24.0 
Vrms at a frequency of 60.0 Hz.  What is the phase 
angle between the voltage and the current in this 
circuit? 
A) the current and voltage are in phase, 0.0o 
B) the current leads the voltage by 90.0o

 

C) the voltage leads the current by 18.4o 
D) the current leads the voltage by 41.5o 
E) the voltage leads the current by 48.5o 

 
 

57. A magnetic field of 10.0 Gauss is directed around 
a rectangular area as shown.  The top region of the 
field is directed horizontally to the left and the 
bottom region of the field is directed horizontally 
to the right.  The rectangular area is 5.00 cm by 
2.00 cm in size.  Given this magnetic field, what 
must be the current flowing through the 
rectangular area? 

           
       B = 10.0 Gauss 
                    
                                  2.00 cm  
   
         5.00 cm 
 

 
A) 15.9 A directed out of the page.  
B) 31.8 A directed into the page. 
C) 39.8 A directed into the page. 
D) 79.6 A directed out of the page. 
E) 112 A directed out of the page. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

58.  A proton and an electron collide at high energy in a 
particle accelerator.  The collision produces a muon, a 
pion, two neutrinos, and an unknown neutral particle, 
X0.  The unknown particle then decays into two 
pions, a positron and a neutrino.  What conservation 
law appears to be violated by this interaction/decay? 

  
         P+ + e-                  µ- + π+ + !! + !! + X0 

 
    X0                π0 + π- + e+ + !! 
 

A) conservation of baryon number. 
B) conservation of lepton number. 
C) conservation of charge. 
D) conservation of linear momentum. 
E) conservation of energy. 
 
 

59.  A point charge of +15.0 nC is placed at the exact 
center of a conductive spherical shell.  The shell has 
an inner radius of 4.00 cm and an outer radius of 7.00 
cm, and the shell has a net charge of +5.00 nC.  What 
is the magnitude of the electric field at a distance of 
6.00 cm from the point charge?  
A) E = 0.00 N/C 
B) E = 12,500 N/C 

C) E = 37,500 N/C 

D) E = 50,000 N/C 

E) E = 84,400 N/C 
 
 

60. A lens with a focal length of +12.0 cm is located    
8.00 cm to the left of a convex mirror that has a 
radius of curvature of 30.0 cm.  An object is placed 
20.0 cm to the left of the lens.  What is the distance 
from the lens to the final image? 
A) 55.1 cm 
B) 47.1 cm 
C) 41.3 cm 
D) 36.0 cm 
E) 15.3 cm 
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56. E 
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58. A 
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41. (B) page 50: “…in which biology helped physics in the discovery of the conservation of energy, which 
was first demonstrated by Mayer in connection with the amount of heat taken in and given out by a 
living creature.” 

42. (C) pages 65-66: “Finally, there is a physical problem that is common to many fields, that is very old, and 
that has not been solved…. Nobody in physics has really been able to analyze it mathematically 
satisfactorily in spite of its importance to the sister sciences.  It is the analysis of circulating or 
turbulent fluids.” 

43. (A) pages 79-80: “In this way we can work out the laws of ‘balance’…. This approach is called the 
principle of virtual work, because in order to apply this argument we had to imagine that the structure 
moves a little – even though it is not really moving or even moveable.” 

44. (E) page 84: “The conservation of momentum is associated in quantum mechanics with the proposition 
that it makes no difference where you do the experiment, the results will always be the same.” 

45. (C) Planetary nebulae are formed when a red giant star ejects layers of gas as it dies.  The expanding 
layers of gas are ionized by the ultraviolet radiation produced by the dying star’s core remnant.  
Planetary nebulae glow with a variety of colors, and appear in a myriad of different shapes. 

46. (B) This is essentially a ballistic pendulum.  First, we need to find how to high the block and dart swing: 
  ℎ = ! 1 − !"#$ = 1.50 1 − cos 26 = 0.152 !  
  Now use energy conservation to find the velocity of the block and dart right after the dart stuck into 

the block:  !"ℎ = !
!!!! or solving for velocity: ! = 2!ℎ = 2 9.8 (0.152) = 1.72 !/! 

  Now we can use conservation of momentum to find the original velocity of the dart: 
  !!!! = !!!!!!!! = (0.45 !" + 0.06 !")(1.72 !/!)  = (0.06 !")!!  
  Which gives !! = 14.7 !/! 
47. (D) The forces acting on the 8.00kg box are tension and gravity, giving the equation: (8)! − ! = (8)! 
  The forces acting on the 4.00kg box are tension, gravity, friction, and the normal force.  If we take 

“up the incline” to be the positive x-axis, and if we break gravity into components, then the forces in 
the x-direction give: ! − ! − 4 !"#$% = 4 !.  The forces on the 4.00kg box that are in the y-
direction, perpendicular to the incline, sum up to zero since there is no motion in that direction: 

  ! − 4 !"#$% = 0.  This gives the normal force: ! = 4 9.8 cos 22 = 36.35 !"#$%&'.  Then 
we can get the frictional force: ! = !" = 0.17 36.35 = 6.179 !"#$%&'.   

      Then we get ! − 6.179 − 4 9.8 sin 22 = 4 ! = ! − 20.86 = 4!, or ! = 4! + 20.86 
  Substituting this into the equation for the 8.00kg box: (8)(9.8) − (4! + 20.86) = (8)! 
  Then 78.4 − 20.86 = 12!; or ! = 4.79 !/!!. 
48. (D) This network requires the use of Kirchhoff’s rules.  I do the two smaller loops and the upper node.  

Define currents as I1 flowing up through the middle branch, I2 flowing to the left out of the upper 
node, and I3 flowing to the right out of the upper node.  Then the node rule gives: !! = !! + !! 

  Going around the left loop couterclockwise gives: −50!! + 7.8 − 60!! = 0 
  Going around the right loop clockwise gives: 12.6 − 40!! − 30!! − 60!! = 0 
  Eliminating I1 in these equations and rearranging gives these two equations: 
  110!! + 60!! = 7.8  and  60!! + 130!! = 12.6 
  Multiplying the second equation by -110/60, gives: −110!! − 238.33!! = −23.1.  Adding this 

equation to the first equation to do variable elimination gives: −178.33!! = −15.3. 
  Giving: I3 = 0.08579 A.  Then the power dissipated in the 40 Ω resistor is 
  ! = !!!! = 0.08579 ! 40 = 0.294 ! 
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49. (B) First we need to find the angular acceleration of the disk.  This requires that we have the rotational 
inertia of the disk.  For a solid disk: ! = !

!!!! = 0.5 0.3!" 0.25! ! = 0.009375 !"!! 
  Now, ! = !

! = (0.17)/(0.009375) = 18.133 rad/s2 
  Switching to the beetle, the forces acting on the beetle are: x-direction: friction; and y-direction: 

gravity and normal.  Using the y-direction forces: ! −!" = 0, so ! = !" 
  Then we can get the maximum frictional force: ! = !" = !"# 
  Since friction is the force keeping the beetle moving in a circle, then it must provide the centripetal 

force: !"# = !"!!.  This gives a maximum angular velocity of: 
! = !" ! = (0.5)(9.8) 0.15 = 5.715 !"#/! 

  Finally, ! = !" = 5.715 = 18.133!.  Solving for time gives: t = 0.32 seconds. 
50. (C) First, we have expressions for the components of the initial velocity:  
  !!! = !!cosθ  and !!! = !!sinθ.   
  Using the horizontal distance travelled: ! = !!!! = 120 = !! cos 34 !, giving !!! = 144.75 
  Now consider the vertical distance travelled: ! = !!!! − !

!!!! = 23.7.   
  This gives: !! sin 34 ! − !

! 9.8 !! = 23.7 = 0.5592 !!! − 4.9!!. 
  Combining this with the previously derived expression for !!!: 
  23.7 = 0.5592 144.75 − 4.9!!.  Giving: 57.24 = 4.9!!, or ! = 3.42 !"#$%&!.   
  Then we get !! = !"".!"

!.!" = 42.4!/!. 
51. (A) The electric field magnitude from the first charge is:  
  !! = !!! !!! = (9.00×10!)(16.0×10!!) (2! + 3!) = 11077 !/!.    

This has components based on its location relative to the origin.  Keep in mind that the vector 
direction is directed from the charge towards the origin, so the signs are flipped.   

  !!! = !!(2)/ 13 = 6144.4 !/!  
!!! = !!(−3)/ 13 = −9216.6 !/! 

  Now, the electric field magnitude for the second charge is: 
!! = !!! !!! = (9.00×10!)(12.0×10!!) ( 3!) = 12000 !/! 

  Since this charge is located on the y-axis, its vector direction is entirely in the y-direction.  In other 
words: 

  !!! = 0 !/!  
!!! = !! = 12000 !/! 

  Summing the components gives the total electric field at the origin: 
  !! = 6144.4 !/!  

!! = −9216.6 + 12000 = 2783.4 !/! 
  And then the magnitude is found using the Pythagorean theorem: 
  ! = (6144.4)! + (2783.4)! = 6750 !/!. 
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52. (B) First, let’s get temperature into Kelvin and use the ideal gas law to get the initial pressure: 
  ! = 80 + 273 = 353 ! and !" = !"# = ! 0.015 !! = (2)(8.314)(353) 
  Which gives !! = 391,000 !" 
  For an adiabatic compression, we know !!!!

! = !!!!
! 

  So, 391,000 0.015 !.! = (600,000)!!!.!, which gives a final volume of !! = 0.011 !! 
  Using the ideal gas law again to get the final temperature:  
  !! = !!!! !" = (600,000)(0.011)/ 2 8.314 = 399 ! = 126 ℃ 
53. (D) First, find the total energy of the system in terms of k: ! = !

!!!! = 0.5 ! 0.12 ! = 0.0072! 
  Now, we know that the total energy must be the same at the other position: 
  ! = 0.0072! = !

!!!! + !
!!!! = 0.5 ! 0.34 ! + 0.5 ! 0.08 ! = 0.0578! + 0.0032! 

  This gives a relationship between k and m: ! = 0.0072 − 0.0032 !/0.0578 = 0.0692! 
  The period of oscialltion of a mass-spring system is ! = 2! !/! = 2! 0.0692 = 1.65 !"#. 
54. (E) It is important to carry a lot of significant figures on this problem.  The atomic number of Nickel is 

28, so Ni-62 has 28 protons, 34 neutrons and 28 electrons.  The mass defect is given by: 
  ∆! = 28!! + 34!! + 28!! −!!" = 

28 1.00728 + 34 1.008665 + 28 0.000549 − 61.928345 = 0.585477 !"# 
  Converting to energy and dividing by the number of nucleons (62) gives the binding energy per 

nucleon: 
  !! = (0.585477!"#)(931.5 !"#/!"#)/(62 !"#$%&!') = 8.796 !"# 
55. (B) A particle travelling so close to the speed of light will be subject to time dilation as seen by an outside 

observer.  Therefore, it will have a lifetime that is longer than its rest lifetime.   
  ! = !!/ 1 − !! !! = (2.6×10!!)/ 1 − 0.98! ! !! = 1.3×10!!!"# 
  Using that time and the particle’s speed gives the distance it will travel: 
  ∆! = !" = 0.98 3×10! 1.3×10!! = 38 ! 
56. (E) In an AC circuit, the inductive reactance is given by: !! = !" = 2!"# = 2! 60 0.3 = 113 Ω 
  Since there is only an inductor and a resistor, the total reactance equals the inductive reactance.  Then 

the phase angle is given by: ! = !"#!!(!/!) = !"#!!(113/100) = 48.5°  
  In inductive circuits, the current always lags behind the voltage, so the voltage leads the current. 
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57. (D) This requires the use of Ampere’s Law and the right hand rule.  First, to get the magnitude of the 

current, use Ampere’s Law.  Normally an integral, we can reduce Ampere’s Law to a sum of terms, 
one for each side of the rectangle.  This is possible since the magnetic field is constant and uniform. 

  ! ∙ ! = !!! = ! ∙ !!"# + ! ∙ !!"#$ + ! ∙ !!"##"$ + ! ∙ !!"#!! 
  These are dot products, so anytime B and s are perpendicular, the result of the dot product is zero.  

Notice that B is perpendicular to the rectangle on both the left and right sides.  So those two terms 
will be zero.  On the top and bottom, B and s are parallel, so the dot product can be reduced to a 
scalar product. 

  ! ∙ ! = !!! = !!!"# + !!!"##"$ = 10 !"#$$ 5.0 !" + (10 !"#$$)(5.0 !") 
  !!! = 2 . 001 !"#$% 0.05 ! = 1.0×10!! !" 
  Which gives: ! = 79.6 ! 
  As for direction, using the right hand rule (curl fingers in the direction of the magnetic field, then the 

thumb points in the direction of the current), it can be seen that the current must be directed out of the 
page to generate a magnetic field oriented this way. 

58. (A) Counting the charges, the electrons and electron neutrinos, the muons and the muon neutrinos, and 
the baryons in the first reaction leads to the conclusion that the X particle must be a baryon (on the 
left side, the proton is a baryon).  However, in its decay process, the X particle does not conserve 
baryon number, as it decays into only leptons and mesons.  Leptons and charges are conserved 
throughout both the reaction and decay, and neither energy nor momentum can be examined without 
velocity information.  Therefore, the only law clearly violeted is the conservation of baryon number. 

59. (A) The point charge is located at the center of a conductive spherical shell that extends from 4.0cm to 
7.0cm from the charge.  So, 6.0cm from the point charge places us within the spherical shell.  Since 
the shell is conductive, the electric field inside it must be zero (the static electric field inside any 
conductor is zero).  Therefore, the electric field at a distance of 6.0cm from the point charge is zero. 

60. (E) This requires three steps: passing through the lens, reflecting from the mirror and passing back 
through the lens after the reflection.  Each part can be worked separately: First, through the lens: 

  1 20 + 1 !! = 1 12, so the first image is at !! = 30.0!" to the right of the lens. 
  The first image becomes the object for part two: the mirror.  First, the object distance: 
  !! = ! − !! = 8.0 − 30.0 = −22.0!" 
  Now to find the image formed by the mirror.  Note that convex mirrors have negative focal lengths. 
  1 (−22) + 1 !! = 2 (−30) 
  So the second image is located at !! = −47.1 !".  That is 47.1 cm to the right of the mirror. 
  The second image becomes the object for part three: back through the lens.  The object distance is: 
  !! = ! − !! = 8.0 − (−47.1) = 55.1!" 
  So, the image formed after going back through the lens is given by: 
  1 (55.1) + 1 !! = 1 12, which gives a final image location of !! = 15.3!" from the lens. 


