
       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
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.  Raw fish left in lime juice for 30 minutes is as safe 

to eat as cooked fish because 
A)  Fish oil is rich in unsaturated fatty acids, 

which react with the lime juice, essentially 
“frying” the fish. 

B)  Bacteria are repelled by lime juice. 
C)  The lime juice changes the primary structure 

of proteins. 
D)  The lime juice interrupts the weak bonds 

between R-groups. 
 
2.  According to the pH scale, a solution with a pH of 

4 is ___ as acidic as a solution with a pH of 8.  
A)  Twice 
B)  Half 
C)  1,000 times 
D)  10,000 times 

 
 
3.  An example of the connection between structure 

and function can be seen in the cristae of 
mitochondria, which serve to __________ in the 
organelle.   
A)  increase surface area  
B)  increase CO2 uptake 
C)  remove more glucose 
D)  increase circulation 
 
 

4.  A friend of yours is happy because they just got a 
new treatment for their asthma. When you look at 
the drug pamphlet, it shows the chemical diagram 
for the drug as: 

  Without knowing anything else about the drug or 
asthma, (but given your understanding of cellular 
communication), where in a cell do you think the 
receptor protein for this drug has its active site? 
A)  Within a peroxisome. 
B)  Within the centrosome. 
C)  Within the cytoplasm. 
D)  On the outside of the cell membrane. 

 
5.  A transfer of potential to kinetic energy will always 

produce _________. 
A)  light 
B)  heat  
C)  metabolism 
D) more energy 

 
 
6.  What can be said of a “phosphorylated intermediate”?  

A)  It is highly stable. 
B)  It is a source of multiple phosphate groups. 
C)  It has received a phosphate group. 
D)  It has given up a phosphate group. 

 
 
7.  Plants are able to harvest light because they have 

pigment protein complexes containing ______. 
A) chloroplasts 
B) mitochondria 
C) thylakoids 
D) chromatids 
E) chlorophyll 
 
 

8.  Imagine an individual for which the electron transport 
chain of ATP production is inefficient, such that extra 
food must be consumed to produce the same number 
of ATPs. One consequence of this would be that this 
individual would ____ 
A) consume less O2 but produce a normal amount of 

CO2. 
B) consume a normal amount of O2 but produce 

more CO2 than normal. 
C) consume less than normal O2 and produce less 

than normal CO2.  
D) create more body heat. 
E) gain weight. 
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9.  A major difference between eukaryotic and 
bacterial DNA replication is that 
A) eukaryotes, being multicellular, take much 

longer to replicate their genomes.  
B) the eukaryotic DNA polymerase works at a 

much faster rate than bacterial DNA 
polymerase.  

C) eukaryotes must move their mRNA out of the 
cell for translation, whereas bacteria do not. 

D) eukaryotes replicate their genomes using DNA 
polymerase, whereas bacteria use RNA 
polymerase instead of DNA polymerase.   

E) the efficiency of eukaryotic DNA replication is 
enhanced by having many origins of 
replication per chromosome, whereas bacteria 
have just one origin of replication.  

 
 

10. Which of the following is true for eukaryotic gene 
expression? 
A) Proteins called transcription factors are 

enzymes required for post-transcriptional 
modification. 

B) The functional mRNA transcript of a gene 
may contain many fewer nucleotides than the 
actual gene. 

C) Unlike in prokaryotes, after transcription 
eukaryotic RNA is exported out of the nucleus 
without modification. 

D) If a protein is to function in the nucleus, then 
the mRNA is translated by nuclear ribosomes. 

E) Do to enzymatic proofreading capabilities, 
eukaryotic mRNA does not have to be in 
reading frame during translation. 

 
 
11. The lac operon in E. coli is “inducible”, and the 

gene coding for the synthesis of beta-galactosidase 
will not be transcribed unless _____ . 
A) the lacI repressor gene is up-regulated 
B) the bacterium requires lactose 
C) the bacterium is in the presence of glucose 
D) allolactose, the inducer, inactivates the 

repressor 
 
 
 
 
 

12. One novel aspect of the experiments that led to the 
cloned sheep “Dolly” was that 
A) researchers had never before cloned an animal. 
B) both the sperm and the egg came from the same 

parent. 
C) they started with a nucleus from a fully-

differentiated adult cell. 
D) the entire organism was created in vitro, without 

the need for a surrogate uterus. 
E) researchers had never before performed nuclear 

transplantation. 
 
 
13. Mature cells with the potential to dedifferentiate and 

give rise to all the specialized cell types of an 
organism are called 
A) totipotent cells. 
B) growth factors. 
C) flexor cells. 
D) omnipotent cells. 
E) facultative cells. 
 

14. A population of gophers lives in a field. Of these 
gophers, 910 are brown and 90 are white. You know 
that color expression in gophers is due to one gene 
with two alleles. Assuming the population is in Hardy 
Weinberg equilibrium, what is q for this population?   
A) 0.60 
B) 0.90  
C) 0.91 
D) 0.30 
E) 0.09   
 
 

15. Chromatin is made from 
A) DNA associated with various lengths of fatty acid 

tails. 
B) DNA associated with protein. 
C) double-stranded RNA wrapped around histones. 
D) multiple nucleoli bundled together. 
E) four strands of nucleotides, twisted into a double-

helix.  
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16. A cell actively moving through the cell cycle will 
pause at the M checkpoint, resuming only after 
___. 
A) the cell has completed mitosis 
B) all chromosomes are attached to spindle fibers 

from both poles 
C) a hormone signals that cell division is required 

in that tissue 
D) all sister chromatids have successfully 

separated from one another 
E) the metaphase plate has been constructed 
 
 

17. Which of the following scenarios is an example of 
genetic drift? 
A) During migration, several gazelles from 

population A happen to become disoriented 
and end up in population B, where they stay 
and reproduce. 

B) Tube-shaped flowers with red petals are 
especially attractive to hummingbirds. 

C) A population of frogs has tan individuals and 
green individuals. A flood carries a few of the 
tan frogs down river into a side stream, where 
they start a new population. 

D) Many plants are able to reproduce clonally by 
sending out underground shoots which give 
rise to new offspring.  

E) Infant mortality is extremely high for some 
fish. This is offset by the great number of eggs 
produced, such that the population is sustained 
even though the proportion of survivors is low.   

 
 
18. Scientists are able to estimate the absolute age of 

fossils by 
A) measuring radioisotopes in rocks surrounding 

the fossil. 
B) evaluating the fossil’s order in the rock strata. 
C) measuring the ratio of certain isotopes 

contained within the fossil. 
D) determining how deeply the fossils were 

buried. 
E) both A and C are correct. 
 
 
 
 
 

19. We animals depend, directly and indirectly, on plants 
for our food. For their nutrition, plants rely greatly on 
relationships with non-plant organisms, including 
A) bee and bat pollinators. 
B) humans to provide fertilizer. 
C) predatory wasps that kill plant-eating caterpillars. 
D) soil bacteria and mycorrhizal fungi. 
E) fruit-eating birds to disperse seeds. 
 
 

20. In the human cardiovascular system, the rate of blood 
flow greatly decreases as blood travels from the heart 
away to the body tissues. Although we need a steady 
delivery of oxygen to our cells, the slower rate has 
the advantage of 
A) allowing the oxygen time to diffuse from the 

capillary into cells that need it. 
B) preventing the thin-walled capillaries from 

breaking.  
C) maintaining sufficient blood pressure to get the 

blood back to the heart. 
D) allowing interstitial fluid to leak out from the 

capillary and bath the surrounding cells. 
E)   there is no real advantage to a decrease in blood 

flow rate. 
 

Chemistry Questions (21 – 40) 
21. A organic amine containing only C, H, and N is 

analyzed through combustion analysis. Combustion 
of 2.757 g of this substance gives 5.048 g of CO2, and 
2.755 g of H2O. What is the empirical formula for 
this substance? 

 A) C3H9N2 C) C2H4N E) C5H12N3 
 B) C4H11N2 D) C3H8N2 
 
 
22. Some old instructions say to dissolve 1.50 pounds of 

Na2HPO4 into some water. After it all dissolves the 
volume is then brought to exactly 5 gallons by adding 
more water. What is the molarity of this solution of 
Na2HPO4? 

 A) 0.591 M D) 1.29 M 
 B) 0.468 M E) 0.253 M 
 C) 0.366 M 
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23. Which of the following formulas corresponds to 
the one for bromous acid? 

 A) HBrO4 C) HBrO E) HBrO2 
 B) HBr D) HBrO3 
 
 
24. A 500 g sample of CuSO4·5H2O is put in a drying 

oven and is converted to anhydrous CuSO4. What 
is the weight of the anhydrous CuSO4?  

 A) 284 g D) 344 g 
 B) 449 g E) 392 g 
 C) 320 g 
 
 
25. What are the allowed values for the quantum 

number ℓ, when ! = 5, !ℓ = −2, and !s = −½ ? 
 A) 2, 3, and 4 
 B) 4 only 
 C) 0, 1, 2, 3, and 4 
 D) 1, 2, and 3 
 E) 3, 4, and 5 
 
 
26. A central atom in a molecule is surrounded by two 

single bonds and two lone pairs. The molecular 
geometry for this atom is  . 

 A) trigonal pyramidal 
 B) tetrahedral 
 C) angular 
 D) trigonal planar 
 E) T-shaped 
 
 
27. A sample of hydrogen gas at 250 K and a pressure 

of ! is expanded to twice its original volume and 
the temperature is increased to 500 K. What is the 
pressure of the gas after these changes? 

 A) 2! 
 B) ! 
 C) !/4 
 D) 4! 
 E) !/2 
 
 
 
 
 
 

28. What volume of 0.24 M KOH will it take to 
completely neutralize 32.0 mL of 0.60 M H2SO4 ? 

 A) 160 mL 
 B) 64 mL 
 C) 13 mL 
 D) 80 mL 
 E) 125 mL 
 
 
29. Estimate ∆H for the following gas phase reaction: 

C2H4   +   3 O2   ⟶		 2 CO2   +   2H2O 
 A) +298 kJ D) –837 kJ 
 B) –1556 kJ E) –1763 kJ 
 C) –1300 kJ 
 
 
30. An amount of 13.6 g of HBr is dissolved into 1250 L 

of pure water. What is the pH of this solution? 
 A) 3.96 C) 5.12 E) 4.04 
 B) 2.93 D) 3.87  
 
 
31. A 0.024 M solution of a weak base has a pH of 11.12 

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

 A) 7.7×10-5 D) 8.6×10-5 
 B) 8.9×10-6 E) 7.2×10-5 
 C) 1.3×10-10 
 
 
32. Which reaction below corresponds to Ka2 for 

phosphoric acid? 
 A) HPO4

2–  ⇌ H+ +   PO4
3–   

 B) H3PO4  ⇌ H+ +   H2PO4
–   

 C) H2PO4
–  ⇌ 2H+ +   PO4

3-   
 D) H2PO4

–  ⇌ H+ +   HPO4
2–   

 E) H3PO4 ⇌ 2H+ +   HPO4
2–   

 
 
33. Chloromethane (CH3Cl) forms a molecular solid at 

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

 A) only dispersion forces 
 B) only dipole-dipole forces 
 C) only H-bonding forces 
 D) dispersion, dipole-dipole,  

and H-bonding forces 
 E) dispersion and dipole-dipole forces  
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34. Compare the physical properties of NH3 and PH3 
under the same set of conditions. Which is true? 

 A) NH3 has a higher vapor pressure than PH3.  B) PH3 has a higher vapor pressure than NH3.  C) NH3 and PH3 have the same vapor pressures. 
 
 
35. Consider the following reaction. 

2H2S(g)   ⇌   2H2(g)   +   S2(g) 
At a given temperature, an equilibrium mixture of 
this reaction contains 0.45 atm of H2S, 0.018 atm 
of H2, and 0.034 atm of S2. What is the value of Kp 
for this reaction? 

 A) 1.4×10-3 
 B) 5.4×10-5 
 C) 7.6×10-4 
 D) 2.4×10-5 
 E) 3.2×10-6 
 
 
36. La(IO3)3 has a molar solubility of 7.26×10-4 M. 

What is the value of Ksp for this compound? 
 A) 2.8×10-13 
 B) 2.5×10-12 
 C) 1.0×10-8 
 D) 7.5×10-12 
 E) 4.1×10-13 
 
 
37. A first order reaction (unimolecular) is 70% 

complete in one hour. What is the rate constant, k, 
for this reaction? 

 A) 3.3×10-4 s-1 D) 9.9×10-5 s-1 
 B) 2.0×10-2 s-1 E) 5.2×10-3 s-1 
 C) 6.5×10-4 s-1 
 
 
38. Consider the following reaction: 

4 PH3(g)     ⟶				 P4(g)   +   6H2(g) 
At a certain time period during this reaction, 
0.0660 moles of PH3 are being consumed in a 3.00 
L container during each second. What is the 
reaction rate for H2 during this time period? 

 A) +.0220 M/s D) +0.132 M/s 
 B) +0.0330 M/s E) –0.0220 M/s  
 C) +0.0147 M/s 
 

39. An iron anode in a voltaic cell is oxidized to iron(II) 
ions as the cell is allowed to run. What amount of 
iron is converted (consumed) when the cell runs for 
2.5 hours at a constant current of 1.5 amps? 

 A) 10.4 g C) 3.91 g E) 5.18 g 
 B) 7.81 g D) 2.83 g   
 
 
40. When ¾  mol of a specific fuel is burned at constant 

pressure, it produces 2850 kJ of heat and does 21 kJ 
of work. What is the value of ΔU for this process 
(combustion)? 

 A) +2871 kJ D) –2850 kJ 
 B) –2829 kJ E) –2871 kJ 
 C) +2829 kJ 

 
 

Physics Questions (41 – 60)  
 
41. According to Feynman, when carbon burns in the 

presence of oxygen, the reaction can produce flames 
because… 
A) carbon dioxide molecules from the reaction move 

so fast as to heat up from air friction and emit 
light. 

B) unreacted carbon atoms that escape from the solid 
carbon have enough potential energy to emit 
light. 

C) carbon and oxygen atoms combine into an 
excited molecular state, which emits light when it 
decays. 

D)  carbon and oxygen atoms snap together with 
tremendous energy, generating heat and light. 

E) only carbon heated to the point at which it glows 
can react with oxygen. 

 
 

42. According to Feynman, the jiggling of a particle in 
water – the Brownian motion – is caused by… 
A) fluctuations of the bond lengths of the molecules 

in the particle. 
B) bombardment of the particle by the atoms of 

water. 
C) chemical reactions taking place on the surface of 

the particle. 
D)  changes in the kinetic energy of the particle as the 

temperature of the water fluctuates. 
E) dissolution of the particle as molecules are 

dissolved from it and go into the water. 
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43. According to Feynman, the aim of fundamental 
physics and the primary problem in basic 
theoretical physics today is…  
A) to amalgamate the different classes of physics. 

B) to unify Quantum theory and Relativity. 

C) to explain heat in terms of the laws of 
mechanics. 

D) to finish the laws of electromagnetic theory 

E) to find phenomena that do not follow our 
current understanding of physics. 

 
 
44. According to Feynman, the ultimate basis of an 

interaction between atoms is… 
A) magnetic 
B) electrical 
C) gravitational 
D) the strong force 
E) the weak force 
 
 

45. The Milky Way galaxy, the galaxy in which we 
reside, is classified as what type of galaxy?   
A) irregular 
B) elliptical 
C) spiral 
D) barred spiral 
E) lenticular 

 
 
46. Two cars are racing along a straight stretch of 

road.  Car A is initially at rest, but accelerates at a 
rate of 10.5 m/s2 beginning exactly when Car B is 
passing it.  Car B is moving at a constant speed of 
42.0 m/s.  The finish line is 400.0 m from the point 
at which Car B passes Car A.  Which car wins, and 
what is their separation at the finish? 
A) Car A wins by 141 m 
B)  Car A wins by 76.2 m 
C) Car A wins by 33.4 m 
D) Car B wins by 76.2 m 
E) Car B wins by 33.4 m 
 
 
 
 
 
 

47.  A 2.00m aluminum rod is balanced about a pivot 
point located 40.0cm from the left end of the rod.  
Two masses are attached to the rod: a 100.0g mass 
located 20.0cm to the right of the pivot point, and a 
750.0g mass located 30.0cm to the left of the pivot 
point.  If the rod is of uniform size and density, what 
is the mass of the rod? 
A) 342g 
B) 375g 
C) 408g 
D) 512g 
E) 613g 
 
 

48. Four resistors are connected to a 24.00 V battery as 
shown.  What is the power dissipated in the 120.0 
Ohm resistor in this circuit?       

               
                                   120.0 Ω     60.0 Ω 
     80.0 Ω                     
                100.0 Ω 
       
    24.00 V 
 

A) 10.8 W  
B) 4.80 W  
C) 3.32 W 
D) 0.953 W 
E) 0.423 W 
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49. A box with a mass of 10.00 kg hangs from a string 
that is attached to a box of mass 5.00 kg sitting on 
a table.  Another box of mass 4.00 kg hangs from a 
string that is also attached to the 5.00 kg box, but 
on the opposite side (as shown).  The coefficient of 
friction between the table and the 5.00 kg box is 
0.250.  Assuming that the pulleys are massless and 
frictionless, what is the acceleration of the 5.00 kg 
box? 

 
              5.00 kg             

                 
 
                              µ = 0.25 
 
 
 
    4.00 kg                                           10.00 kg 
 
 
A) 2.45 m/s2 
B) 3.07 m/s2 
C) 3.72 m/s2 
D) 6.60 m/s2 
E) 9.23 m/s2 
 
 

50. A disk of steel (linear coefficient of thermal 
expansion 12.0 x 10-6 K-1), is heated from room 
temperature (20oC) until its area has increased by 
1.00%.  What is the final temperature of the steel? 
A) 437oC 
B) 853 oC 
C) 710 oC 
D) 1126 oC 
E) 1687 oC 
 
 

51. A 90.0g ball is thrown downward from a height of 
5.30m above an uncompressed spring.  When the 
ball strikes the spring, it compresses the spring by 
48.0cm.  Knowing that the spring constant is 60.0 
N/m, what was the initial downward velocity of 
the ball? 
A) 6.35 m/s 
B) 7.19 m/s 
C) 7.82 m/s  
D) 14.4 m/s 
E) 16.3 m/s 

52. An AC circuit consists of a constant voltage AC 
source in series with a resistor and a capacitor.  
Which of the following is true about this circuit? 
A) the voltage and current are in-phase at low 

frequencies 
B) the voltage leads the current at low frequencies. 
C) the voltage across the capacitor is greatest at high 

frequencies 
D) the voltage across the resistor is greatest at high 

frequencies. 
E) the voltage across the resistor is independent of 

frequency. 
 
 

53. A pendulum is used in an elevator to measure the 
vertical acceleration of the elevator car.  When the car 
is stationary, the period of the pendulum is measured 
to be 1.22 seconds.  When the car is accelerating, the 
period of the pendulum is measured to be 1.02 
seconds.  What is the acceleration of the elevator car? 
A) 1.61 m/s2 
B) 1.92 m/s2 

C) 2.95 m/s2 
D) 4.22 m/s2 
E) 9.44 m/s2 

 
 

54. A 20.0 cm length of wire carrying a current of 30.0A 
levitates above another wire carrying a current of 
75.0A.  The second wire is secured to a lab table, and 
the two wires are separated by 3.30mm.  What is the 
mass of the levitating wire? 
A) 0.0928 g  
B) 2.78 g 
C) 13.9 g  
D) 17.5 g 
E) 27.3 g 
 
 

55. An object is placed in front of a concave mirror at 
exactly the center of the radius of curvature of the 
mirror.  What kind of image will be formed? 
A) virtual, upright, same size  
B) virtual, inverted, reduced  
C) real, upright, magnified 
D) real, inverted, magnified  
E) real, inverted, same size 
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56. A laser of unknown wavelength is directed through 
a diffraction grating which has 800 lines/mm.  The 
resulting pattern is shown onto a screen located 
1.20m from the grating.  The first maximum is 
located 88.0cm from the central (zeroth) maximum 
on the screen.  What is the frequency of the laser? 
A) 240 THz  
B) 327 THz 

C) 406 THz 
D) 654 THz 
E)   812 THz  
 
 

57. A certain capsule of radioactive waste has a half-
life of 140 years.  If the activity of the sample 
today is 5.00 Ci, how many years are required for 
it to decay down to a safe level of 10 µCi? 
A) 800 years 
B) 1150 years  
C) 1840 years 
D) 2650 years 
E) 2930 years 

 
 
58. Predicted by Steven Weinberg, and discovered in 

1983, which neutral (uncharged) particle mediates 
the weak force? 
A)  the photon, γ  
B)  the pion, π 
C)  the gluon, g 
D)  the W boson 
E)  the Z boson 
  
 

59. A 150.0g arrow is shot horizontally at a speed of   
35.0 m/s through an apple that is initially sitting at 
rest on a table.  The arrow passes cleanly through 
the apple, emerging with a speed of 28.0 m/s.  The 
apple flies off the table horizontally at a speed of 
11.0 m/s.  What is the mass of the apple? 
A) 37.5 g  
B) 72.9 g 

C) 95.5 g 

D) 129 g  

E) 327 g 
 
 
 

60. Two charges are placed on a coordinate plane as 
described: Q1 = +12.0 µC located at the origin (0, 0), 
and Q2 = +8.0 µC located at (3.0m, 0).  How much 
energy would be required to bring a third charge       
Q3 = +5.0 µC from very far away and place it at 
location (0, 4.0m)?  
A) 0.29 J  
B) 0.21 J 
C) 0.096 J 
D) 0.063 J 
E) 0.048 J 
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41. (D) page 16: “…the oxygen may arrive with only a little energy, but the oxygen and carbon will snap 
together with a tremendous vengeance and commotion, and everything near them will pick up 
energy….we are getting heat from the combination of oxygen and carbon….in certain circumstances 
it can be so enormous that it generates light.  This is how one gets flames.” 

42. (B) page 20: “Therefore, if we look at very tiny particles (colloids) in water through an excellent 
microscope, we see a perpetual jiggling of the particles, which is a result of the bombardment of the 
atoms.  This is called the Brownian motion.” 

43. (A) page 26: “At first the phenomena of nature were roughly divided into classes, like heat, electricity, 
mechanics... …the aim is to see complete nature as different aspects of one set of phenomena.  That is 
the problem in basic theoretical physics today – to find the laws behind experiment; to amalgamate 
these classes.” 

44. (B) pages 29: “The ultimate basis of an interaction between the atoms is electrical.” 
45. (D) Our Galaxy has been known for a long time to be a sprial-type galaxy; however, investigations in 

recent decades have produced significant evidence that the Milky Way has a bar, or barlike structure, 
in its central region. Thus the Milky Way now has a classification of barred spiral of type SB. 

46. (C) First we need to determine which car wins.  To do this, calculate the time for each car to traverse the 
distance of 400.0m:  

  Car A: = !! + !!! + 1 2 !!! = 0 + 0 +  1 2 10.5 !! = 400 , this gives !! = 8.73 !"# 
  Car B: = !! + !!! + 1 2 !!! = 0 + 42 ! +  0 = 400 , this gives !! = 9.52 !"# 
  Since Car A has the faster time, we know that Car A wins.  So how far does Car B travel in the time 

to take Car A to win?  ! = !! + !!! + 1 2 !!! = 0 + 42 (8.73) +  0 = 366.6! 
  Thus, Car B is 33.4m from the finish line when Car A wins. 
47. (A) This is a matter of calculating torques.  Since everything is in equilibrium, we know that the torques 

must sum to zero.  We will take the pivot point to be the origin (x = 0).  Three forces are involved:   
!! = 0.1!" 9.8 = 0.98 ! !" 0.2! !! !ℎ! !"#ℎ!. (clockwise rotation) 

  !! = 0.75!" 9.8 = 7.35 ! !" 0.3! !" !ℎ! !"#$. (counterclockwise rotation) 
 !! = (!) 9.8  !" 0.6! !" !ℎ! !"#ℎ!.  (clockwise rotation).  M is the unknown mass of the rod, with 

its action located at the center of the rod – which lies 60cm to the right of the pivot.  
 Summing torques: − 0.98 0.2 + 7.35 0.3 − ! 9.8 0.6 = 0 
 Solving gives ! = 0.342 !" = 342 ! 

48. (E) First, find the total resistance of the circuit.  The first series group: !! = 120 + 60 = 180 Ω 
  This group is in parallel with another resistance: 1 !! = 1 180 + 1 100, which gives !! = 64.3 Ω 
  Finally, this is in series with the last resistor: !! = 64.3 + 80 = 144.3 Ω 
  Then !! = !! !! = 24/144.3 = 0.166 ! = !!.  Note that currents in series are equal to the total 

current through the series combination. 
  Now, !! = !!!! = 0.166 64.3 = 10.7 !"#$% = !!.  Note that voltages in parallel are equal to the 

total voltage across the parallel combination. 
  So, !! = !! !! = 10.7/180 = 0.0594 ! = !!"# 
  Which gives a power dissipated by the 120 Ω resistor as: ! = !!! = (0.0594)! 120 = 0.423 !. 
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49. (A) Sum the forces on each box: For the 10.00 kg box: !" − !! = !" = 98 − !! = 10! 
  For the 5.00 kg box: !! − !! − ! = !" = 5!.  Note ! = !" = !"# for a horizontal surface.  This 

gives ! = !"# = 0.25 5 9.8 = 12.25 !"#$%&'. 
  For the 4.00 kg box: !! −!" = !" = !! − 39.2 = 4! 

  This gives three equations with three unknows.  Solving for the Tensions and substituting into the 
middle equation gives: !! = 98 − 10! and !! = 4! + 39.2 

  Then !! − !! − ! = 5! = 98 − 10! − 4! − 39.2 − 12.25 

  Solving for acceleration gives: 19! = 46.55, or ! = 2.45 !/!!. 

50. (A) The coefficient for area expansion is twice that for linear expansion, so Δ! = 2!!!Δ! 

  We know that Δ! !! = 1% = 0.01.  So, 0.01 = 2(12.0 ×10!!)Δ! 

  This gives a ∆! = 417 ℃.  Therefore, the final temperature is !! = 20 + 417 = 437℃ 
51. (A) Use conservation of energy: Initial energies are Kinetic and Gravitational Potential, final energy type 

is Elastic Potential.  !" + !"# = !"!.  Be careful to include the extra height of compression in the 
GPE calculation. 

  !
!!!! +!" ℎ + ! = !

!!!! = !
! 0.09 !! + 0.09 9.8 5.3 + 0.48 = !

!(60)(0.48)! 
  Solving for velocity gives: ! = 6.35 !/! 

52. (D) Capacitive reactance is !! = 1 !", which decreases as frequency increases.  Therefore, the voltage 
across the capacitor decreases as frequency increases, so the voltage across the resistor must increase 
as frequency increases.  Also, in AC-RC circuits, the current leads the voltage at all frequencies.   

53. (D) The period of a stationary pendulum is given by ! = 2! ! ! = 1.22 = 2! ! 9.8.   

  This gives ! = 0.369!.  Now, for an accelerating pendulum, we have  ! = 2! ! (! + !). 
  So, 1.02 = 2! 0.369 (! + 9.8), which gives ! = 4.22 !/!!. 

54. (B) The force between two parallel conductors is given by ! = !!!!!!! 2!". In order to levitate the 
upper wire, then this force must equal the gravitational force on the upper wire. 

  Thus, !!!!!!! 2!" = !" = (4!×10!!)(30)(75)(0.2) 2! 0.0033 = 0.0273 

  So, ! = 0.00278!" = 2.78!. 

55. (E) The focal length of a mirror is: ! = ! 2.  For this case, we also have ! = !.   
  Then, 1 ! + 1 ! = 2 !, leading to ! = !.  Also, ! = −! ! = −1. 

  Since q is positive, the image is real.  Since the magnitude of magnification is 1, the image is the 
same size as the object.  Since magnification is negative, the image is inverted.   

56. (C) First, find the angle of the first maximum: !"#$ = ! ! = 0.88/1.2 = 0.733.  So, ! = 36.25° 
  The grating spacing is given by ! = 1 800 = 0.00125!! = 1.25×10!!!. 

  The wavelength is ! = !"#$% = 7.39×10!!!. 
  And the frequency is then ! = ! ! = (3.00×10!)/(7.39×10!!) = 4.06×10!" !" = 406 !"#. 
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57. (D) Activity ! = !!!!!".  Here ! = ℓ!(2)/!!

!
= 0.693/140 = 0.00495 !

!"#$%. 
  So, 10×10!! = (5)!!(!.!!"#$)!, which gives ℓ! 2×10!! = − 0.00495 ! 
  Solving for time: ! = 2650 !"#$%. 
58. (E) The Weak force is mediated by two charged particles, the W+ and the W-, and by one neutral particle, 

the Z.  Gluons mediate the strong force, pions mediate the nuclear force, and photons medaite the 
electromagnetic force. 

59. (C) Conservation of momentum: !!""!!!"" = !!""!!"## +!!""!!"". 
  Plugging in: (0.15)(35) = (0.15)(28) +!!""(11), and solving gives !!"" = 0.0955!" = 95.5!. 
60. (B) When the charge is located “very far away” it has an electric potential energy of zero.  Once it is 

brought near to the other charges, it has an electrical potential energy given by: 
  ! = !!!!! !!" + !!!!! !!".  Note !!" = 4.0! and !!" = 3.0! + 4.0! = 5.0! 

! = (8.988 ×10!)(12 ×10!!)(5×10!!)/(4) + (8.988 ×10!)(8 ×10!!)(5×10!!)/(5) 
  ! = 0.1348 + 0.0719 = 0.21 ! which is the energy needed to bring the charge near to the other 

charges. 
 


