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2017-2018 TMSCA High School Science Test #6
B01. Which of the following would exhibit a recessive
phenotype in Mendelian genetics?
A) aa
B) AA
C) Aa
D) AABb
E) AaBb

B06. In biological organization, organs and organ systems
are formed from the association of
A) tissues.
B) organisms.
C) cells.
D) molecules.
E) atoms.

B02. In anabolic pathways,
A) ATP is produced.
B) a net release of energy occurs.
C) examples might include glycolysis,
fermentation, and the Krebs cycle.
D) the products contain more energy than the
reactants.
E) energy is stored in oxidized electron carriers.

B07. All of the following responses would decrease the
transfer of body heat to the environment in a
mammal except
A) constriction of blood vessels in the skin.
B) an increase in subcutaneous adipose (fat) tissue.
C) the presence of hair.
D) countercurrent exchange.
E) water evaporating from the skin.

B03. Cell membranes are primarily composed of
molecules belonging to which organic
macromolecular group?
A) Proteins
B) Carbohydrates
C) Nucleic acids
D) Lipids

B08. Somatic cells in the human body are produced by a
process called
A) gametogenesis.
B) mitosis.
C) meiosis.
D) oogenesis.
E) binary fission.

B04. In the evolution of plants, which of the following
structures evolved before all others in the answer
choices?
A) seeds
B) vascular tissue
C) flowers
D) pollen
E) fruit

B09. Proteins produced by the immune system that bind
to substances perceived as foreign by the body are
called
A) antibiotics.
B) antigens.
C) antibodies.
D) epitopes.
E) growth factors.

B05. Which statement about DNA replication is
incorrect?
A) Replication is semi-conservative.
B) Replication occurs within the nucleus of
eukaryotes.
C) DNA polymerases synthesize long chains of
nucleotides.
D) Replication occurs prior to cell division.
E) Adenine base pairs with uracil in replication.

B10. The trachea belongs to the
A) nervous
B) respiratory
C) lymphatic
D) digestive
E) muscular

system.
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Biology

B11. All of the following are made of cells except
A) eukaryotes.
B) prokaryotes.
C) bacteriophage.
D) yeast.
E) protists.

B15. Which of the following is present within the reaction
centers of most plant photosystems?
A) A pair of chlorophyll a
B) ATP
C) An electron transport chain
D) A light-harvesting complex
E) Carotenoids

B12. Within the past several years, a new level of
biological classification, called supergroups, were
developed. Which domain(s) contain(s)
supergroups?
A) Prokarya
B) Archaea
C) Bacteria
D) Eukarya
E) All domains have supergroups.

B16. Vaccines expose an individual to pathogens and
toxins with low potential for illness. Which type of
vaccine uses live organisms that have been modified
to prevent them from causing disease?
A) Subunit
B) Nucleic Acid
C) Combination
D) Killed
E) Attenuated

B13. Several different species of lizards live in close
proximity and eat the same arthropods, yet never
compete for food. Which of the following
would be the best hypothesis for their ability to
coexist?
A) The lizards are reproductively isolated.
B) The different species of lizards occupy the same
niche and directly compete for resources.
C) The competition for food is reduced because
each species occupies a unique niche.
D) Predators maintain a low number of the lizard
species so that the available food resources
adequately supply the number of organisms in
the community.

B17. A couple takes their dog on a hike through the
woods of a southern forest in the United States.
After returning home, the couple finds two ticks
crawling on their pet. What type of relationship has
formed between the pet and the ticks?
A) Parasitism
B) Commensalism
C) Mutualism
D) Beneficial

B14. A student examines a prepared slide under the
compound light microscope and observes a cell with
several structures, including chloroplasts, a nucleus,
a central vacuole, and a cell wall. The student
concludes that this organism is a/an
A) archaea.
B) eukaryote belonging to Kingdom Fungi.
C) eukaryote belonging to Supergroup Unikonta.
D) plant.
E) bacteria.

B18. A researcher genetically engineered a bacterial strain
by recombining the coding region of a human gene
under the control of a bacterial promoter into the
chromosome to produce large quantities of the
protein product more easily. After inducing the
bacterial promoter, the researcher purified the
protein from the engineered bacterial cells and
discovered that the protein is nonfunctional. Which
of the following is the best explanation for the error
in his experiment?
A) The gene was not expressed.
B) The genetic code table is not universal.
C) The human gene contained introns that must be
removed prior to translation, and bacteria cannot
remove them.
D) The bacterial cells were unable to transcribe and
translate a human gene.
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B19. The following are characteristics of all mammals,
except
A) the presence of milk-producing mammary
glands.
B) opposable thumbs.
C) differentiated teeth.
D) the use of metabolism to generate heat.
E) the presence of hair.

B20. Allele a is located on the X chromosome and can
prevent embryos from developing. Which genetic
cross would cause 100% of male embryos to be
nonviable, but all viable female embryos?
A) XAXA x XAY
B) XAXa x XAY
C) XAXa x XaY
D) XaXa x XAY
E) XaXa x XaY

Biology
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C01. Which of the following atoms has the highest
first ionization energy?
A) P
B) S
C) Cl
D) K
E) Ca
C02. Aspirin is also known as acetylsalicylic acid.
Its skeletal structure is

How many sigma and pi bonds are there in
one aspirin molecule?
A) 8 sigma, 5 pi
B) 13 sigma, 8 pi
C) 11 sigma, 4 pi
D) 21 sigma, 5 pi
E) 23 sigma, 8 pi

Chemistry

C05. For the following reaction:
N2(g) + 3 H2(g) ⇌ 2 NH3(g)
At 25 °C, both ΔG° and ΔH° are negative.
When N2(g) and H2(g) (both at 1 atm) are
placed into a container, no NH3 is formed.
Which of the following is the best explanation
for this observation?
A) The ΔG° is most likely a close to zero so
the forward reaction does not occur.
B) The forward reaction has a large activation
energy, so the reaction is too slow to
observe.
C) The forward reaction has a large Keq so no
product is formed.
D) The forward reaction has a small Keq so no
product is formed.
E) The forward reaction has a negative ΔS°
so it cannot occur under these conditions.
C06. What is the molecular geometry of SF4?
A) trigonal pyramid
B) see-saw
C) square planar
D) tetrahedral
E) “T” shaped

C03. A solution is made by dissolving 32.9 grams
of C6H12O6 into 50.0 mL of water. What is the
freezing point of this solution?
A) −2.8 °C
B) −4.2 °C
C) −6.8 °C
D) −8.5 °C
E) −12.2 °C

C07. How many grams of oxygen are required for
the complete combustion of 13.8 g of butane?
A) 54.7 g
B) 50.2 g
C) 49.5 g
D) 47.1 g
E) 45.9 g

C04. Boyles Law observes the pressure and volume
of an ideal gas are inversely related. Which of
the following best explains this observation?
A) Increased pressure decreases the radius of
the gas molecules.
B) Increased pressure decreases the empty
space between gas molecules.
C) Increase pressure decreases the average
kinetic energy of the gas.
D) Increased pressure increases the average
kinetic energy of the gas.

C08. When butane burns, energy is released. What
is the source of that energy?
A) The formation of bonds as CO2 and H2O
are produced.
B) The potential energy store in the bonds of
the butane molecule is released.
C) The flame produces heat as the reaction
proceeds.
D) The high energy bonds in the butane
molecule are broken.
E) Oxygen atoms losing electrons.
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C09. When KClO3 is heated, it decomposes by the
following unbalanced equation.
KClO3(s) → KCl(s) + O2(g)
A mixture of KCl(s) and KClO3(s) with mass
of 3.58 g is placed into a test tube and heated.

The gas collected in the jar had volume of
158.0 mL with a total pressure of 758 torrs at
25°C. What is the percent by mass of KClO3
in the original mixture?
A) 37.8 %
B) 34.8 %
C) 24.1 %
D) 14.2 %
E) 18.7 %

C10. Which of the following solutions will have the
lowest pH?
A) 0.50 M HClO4
B) 0.50 M HClO3
C) 0.50 M HClO2
D) 0.50 M HClO
E) All of these solutions have the same pH

C11. White phosphorous is highly reactive solid
and when exposed to air, it reacts with the
oxygen in the atmosphere to produce a white
smoke. A piece of white phosphorous reacts
completely. How does the mass of the smoke
produced compare to the mass of the original
solid?
A) The smoke will have a greater mass
B) The smoke will have a smaller mass
C) The smoke and the solid will have the
same mass.

Chemistry

C12. Hydrogen peroxide reacts with the
permanganate ion according to the following
unbalanced reaction
MnO4−(aq) + H2O2 (aq) + H+(aq)
→ Mn2+(aq) + H2O(l) + O2(g)
A titration experiment is conducted between
75.0 g of a solution of H2O2 and a 0.80 M
solution of KMnO4. It takes 36.4 mL of the
KMnO4 solution to reach the end point of the
titration. What is the percent by mass of H2O2
in the solution?
A) 3.3%
B) 4.2%
C) 5.1%
D) 6.8%
E) 7.2%
C13. Calcium carbonate is stable at room
temperature but decomposes at higher
temperature:
CaCO3(s) ⇌ CaO(s) + CO2(g)
At 800 °C, the system is at equilibrium in a
closed container with all three compounds
present.

Which of these will cause the equilibrium
concentration of CO2 in the container to
increase?
A) Adding more CaCO3 to the container.
B) Increasing the volume of the container at
constant temperature
C) Decreasing the volume of the container at
constant temperature
D) Increasing the temperature of the
container at constant volume
E) More than one of the choices (A – D) will
increase the CO2 concentration.
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C14. Which of the following has the longest N – O
bond?
A) NO+
B) NO2−
C) NO3−
D) NO2+
E) All N – O bonds are the same length

C15. You have a mixture of TiCl4 and MgCl2. At
500 °C, the vapor above the mixture is made
of only TiCl4. What is the best explanation of
this observation?
A) The Ti has a +4 charge, making it easier to
vaporize than Mg which has a +2 charge.
B) The Ti – Cl bond is covalent while the
Mg – Cl bond is ionic.
C) MgCl2 has a much greater lattice energy
than TiCl4.
D) The atomic radius of Ti is much larger
than the atomic radius of Mg, making Ti
easier to vaporize.
E) MgCl2 has a much smaller lattice energy
than TiCl4.

C16. At 500 K, the Keq for the following reaction is
65.
A2(g) + B2(g) ⇌ A2B2(g)
Which of the following must be true for the
reaction at 500K?
A) ΔG° > 0
B) Eactivation < 0
C) ΔH° > 0
D) ΔS° > 0
E) ΔH° < 0

C17. When ethyl amine (CH3CH2NH2) is heated, it
decomposes to form ethene (C2H4) and
ammonia (NH3). Using the bond energies
provided, estimate the ΔH° for this reaction.
A) +36 kJ/mol
B) −36 kJ/mol
C) +48 kJ/mol
D) −59 kJ/mol
E) +59 kJ/mol

Chemistry

C18. Given the following standard reduction
potentials:
Fe2+ + 2 e− → Fe
E° = −0.44 V
2+
−
Mn + 2 e → Mn
E° = −1.18 V
What is the potential of the following cell at
25 °C?
Mn │ Mn2+ (2.0 M) ║ Fe2+ (0.20 M) │ Fe
A) +0.74 V
B) +0.71 V
C) +0.77 V
D) −0.77 V
E) −0.74 V

C19. HX is a weak acid. The pH of a 0.60 M
HX(aq) solution is 1.10? What is the freezing
point of this solution? (Assume molarity and
molality have approximately the same value at
this concentration)
A) −0.8 °C
B) −1.3 °C
C) −2.2 °C
D) −3.0 °C
E) −3.9 °C

C20. The vapor pressure of water at several
temperatures is provided on this test. The
vapor pressure of water at 75°C is closest to
which of the following?
A) 100 tors
B) 200 torrs
C) 300 torrs
D) 400 torrs
E) 500 torrs
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P01. According to Tyson, the farther away we
look in space, the …
A) more heavy elements we see.
B) more the fine structure constant
changes.
C) further back in time we see.
D) higher the temperature of the stars.
E) more likely we are to find black holes.
P02. According to Tyson, visible light photons
from the early universe have slid down the
spectrum to become microwaves today.
What caused these photons to lose
energy?
A) The expansion of the universe
B) The scattering of the photons from
cosmic gas and dust
C) Gravitational lensing
D) Spectral absorption
E) The interaction of the photons with
neutrinos
P03. According to Tyson, when the universe
was one-half its current age, a very blue
and very faint species of intermediatesized galaxy thrived. What causes these
galaxies to appear blue?
A) the thin veil of gas and dust between
these galaxies and Earth
B) the expansion of the universe
C) the high velocity towards the Earth that
these galaxies have
D) the glow of freshly formed, high-mass,
high-temperature stars
E) the glow of numerous supernovae
within these galaxies
P04. The great red spot on Jupiter is
comparable to what kind of feature on
Earth?
A) a desert
B) a hurricane
C) an ice cap
D) a jet stream
E) an ocean tide

Physics

P05. Select the answer to this calculation that
has the correct number of significant
digits:

A)
B)
C)
D)
E)

2
1.5
1.52
1.522
1.5217

P06. An apple, starting at rest, drops from a
tree and lands on the ground. If the apple
falls from a height of 3.20m, what is the
speed of the apple when it reaches the
ground?
A) 5.60 m/s
B) 7.92 m/s
C) 15.7 m/s
D) 31.4 m/s
E) 50.2 m/s

P07. A tetherball rope is pulled as shown by a
horizontal force of 6.00 N. Based on the
angle the rope makes with the vertical
pole, what is the mass of the hanging
tetherball? Assume the rope is massless.

A) 350 g
B) 430 g
C) 500 g
D) 750 g
E) 870 g
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P08. A mountain goat fleeing from a bobcat
climbs up the side of a cliff – going from
ground level to a height of 22.7m in just
4.10 seconds. If the goat has a mass of
70.0kg, what was the minimum average
power output of the goat during the
climb?
A) 170 W
B) 2800 W
C) 3800 W
D) 16000 W
E) 64000 W
P09. An airplane propeller starts from rest and
accelerates at a rate of 120 rad/s2 until it
reaches an angular speed of 262.0 rad/s.
Through how many complete revolutions
does the propeller rotate while it is
accelerating?
A) 21 revolutions
B) 45 revolutions
C) 79 revolutions
D) 91 revolutions
E) 180 revolutions
P10. A playground swing acts like a simple
pendulum. If a small 30.0 kg child is
swinging, the period of the pendulum is
2.50 seconds. What is the period of the
pendulum when a larger 50.0 kg child is
swinging?
A) 6.94 seconds
B) 4.17 seconds
C) 3.23 seconds
D) 2.50 seconds
E) 1.50 seconds
P11. A large open tank of water has a small
hole in the side of the tank located 6.50 m
below the water’s surface. At what
velocity is water squirting from the hole?
A) 11.3 m/s
B) 16.0 m/s
C) 22.6 m/s
D) 31.9 m/s
E) 63.7 m/s

Physics

P12. If the charge stored on the 120μF
capacitor in this circuit is known to be
1280μC, what is the voltage supplied to
the circuit by the battery?

A)
B)
C)
D)
E)

55.5 V
36.3 V
31.7 V
21.6 V
10.7 V

P13. Calculate the electric potential at the
origin (0, 0) due to the charges shown.

A)
B)
C)
D)
E)

0.0 V
1990 V
2990 V
3600 V
7190 V

P14. The magnetic field inside a solenoid is
measured to be 0.570 T when a current of
50.0 A flows through the solenoid. The
radius of the solenoid is 3.00 cm and the
length of the solenoid is 12.0 cm. How many
turns (loops) of wire make up the solenoid?
A) 272 turns
B) 1090 turns
C) 1710 turns
D) 6840 turns
E) 9072 turns
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P15. A light ray intersects an equilateral
triangular prism at an angle of 67º as
shown. What is the angle θ at which the
light ray exits the prism. The index of
refraction of the prism is 1.63.

A) 25.6º
B) 34.4º
C) 44.8º
D) 55.6º
E) 64.4º
P16. A spherical polished brass doorknob acts
like a convex mirror. If you place your
hand 5.00 cm from the doorknob, by what
factor is the reflection of your hand
magnified? The diameter of the doorknob
is 8.00 cm
A) 0.29
B) 0.44
C) 0.62
D) 0.67
E) 4.0
P17. Light with a wavelength of 486 nm is
directed onto a metal surface. Electrons
with a velocity of
m/s are
then emitted from the surface. What is the
workfunction of the metal?
A) 0.734 eV
B) 0.911 eV
C) 1.64 eV
D) 2.10 eV
E) 2.55 eV
P18. Which fundamental force of nature is
responsible for holding an atomic nucleus
together?
A) strong
B) weak
C) electromagnetic
D) gravitational
E) pionic

Physics

P19. You plot the position of a toy car at
regular intervals of time as it travels
across the floor, and collect the following
data:

Given this data, what is the toy car doing?
A) the toy car is stationary.
B) the toy car is moving with a constant
positive speed.
C) the toy car is moving with a constant
negative speed.
D) the toy car is accelerating with a
positive acceleration.
E) the toy car is accelerating with a
negative acceleration.
P20. Given the following graph of current (I)
versus voltage (V) for an object,
determine the resistance of the object
from which the data was obtained.

A) 0.50 Ω
B) 10.0 Ω
C) 83.3 Ω
D) 100 Ω
E) 120 Ω
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Constants
R
R
R
e
NA
k
h
c

=
=
=
=
=
=
=
=
=
me =

0.08206 L·atm/mol·K
8.314 J/mol·K
62.36 L·torr/mol·K
1.602 × 10–19 C
6.022 × 1023 mol−1
1.38 × 10–23 J/K
6.626 × 10–34 J·s
3.00 × 108 m/s
2.178 × 10−18 J
9.11 × 10−31 kg

Water data
Tmp
Tbp
Cice
Cwater
Csteam
ΔHfus
ΔHvap
Kf
Kb

= 0°C
= 100°C
= 2.09 J/g K
= 4.184 J/g K
= 2.03 J/g K
= 334 J/g
= 2260 J/g
= 1.86 °C/m
= 0.512 °C/m

Vapor Pressure (torrs) of water
at selected temperatures

Conversions
1 atm

15 °C
20 °C
25 °C
30 °C

12.79
17.54
23.77
31.84

Average Bond Energies (kJ/mol)
C–H
O–H
H–H
O═O
C–N

413
463
436
498
293

C–C
C–O
C═C
C═O
N–H

346
358
602
799
391

=
=
=
1 bar
=
1 cal
=
1 L·atm =
1 eV
=
1 lb
=
1 ton
=
1 tonne =
1 in
=

760 torr
101325 Pa
14.7 psi
105 Pa
4.184 J
101.325 J
1.602 × 10–19 J
453.6 g
2000 lbs
1000 kg
2.54 cm

Some equilibrium constants
water
PbF2
CH3CO2H
CH3NH2

Kw
Ksp
Ka
Kb

=
=
=
=

1.0 × 10−14
3.3 × 10−8
1.8 × 10−5
4.4 × 10−4

17-18 TMSCA HSSC Test #6

Physics

Physics
Useful Constants
quantity

symbol

Free-fall acceleration

g

Permittivity of Free Space

ε0

Permeability of Free Space

μ0

Coulomb constant

k

Speed of light in a vacuum

c

Fundamental charge

e

Planck’s constant

h

Electron mass

me

Proton mass

mp

Neutron mass

mn

Atomic Mass Unit

u

Gravitational constant

G

Stefan-Boltzmann constant

σ

Universal gas constant

R

Boltzmann’s constant

kB

Speed of Sound in air (at 20ºC)

v

Avogadro’s number

NA

Electron Volts

eV

value

343 m/s
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SELECTED SOLUTIONS
C02. (D)

Each single bond counts as a sigma bond. A double
bond is one sigma and one pi bond.

C03. (C)

C05. (B)

Although the reaction is spontaneous, it occurs too slowly at this temperature to be
noticeable.

C06. (B)

Lewis structure:

C07. (C)

Balanced equation:

C08. (A)

Breaking bonds are endothermic processes. Bond formation is an exothermic process.

C09. (D)

2 KClO3(s) → 2 KCl(s) + 3 O2(g)

C10. (A)

HClO4 is the strongest so among equal concentrations, it will have the lowest pH.

C11. (A)

Phosphorous reacts with oxygen to produce the smoke. Law of Conservation of Matter
requires the smoke to have a greater mass than the phosphorous.

C12. (A)

Balanced equation:

C13. (D)

The reaction is endothermic, so raising the temperature will cause the reaction to shift
right, producing more CO2. The expression for the equilibrium constant is
K = [CO2]. Decreasing the volume will does not affect the equilibrium [CO2]

C14. (C)

Because of resonance, the bond order of the N – O bond in NO3− is 1⅓, making it the
longest bond.

The structure has 5 electron domains with 1 lone pair.
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Chemistry

C15. (B)

The covalent nature of the Ti – Cl bond makes TiCl4 molecular and has a much lower
boiling point than MgCl2 (ionic).

C16. (E)

Since K > 1 at 500 K, ΔG° is negative. The number of gas molecules is decreasing
in then reaction so ΔS° is negative. ΔG° = ΔH° − TΔS° for ΔG° to be negative when ΔS°
is negative, ΔH° must be negative.
→

C17. (E)

+

Break: 1 C – C bond (+346 kJ), 1 C – H bond (+413 kJ), 1 C – N bond (+293 kJ)
Form: 1 C ═ C bond (−602 kJ), 1 N – H bond (−391 kJ)
Net = +59 kJ/mol
C18. (B)

Line notation represents: Mn + Fe2+ → Mn2+ +Fe

and E° = +0.74 V

At 25°C,
C19. (B)

[H+] = 10−1.10 = 0.079 M
HX(aq) ⇌ H+(aq) +
I 0.60 M
0M
C −.079
+.079
E 0.52M
0.079M

X−(aq)
0M
+.079
0.079M

[solute particles] = 0.52 + 0.079 × 2 = 0.68 M ≈ 0.68 molal

C20. (C)

the slope between points should be the same
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Physics

PHYSICS SELECTED SOLUTIONS
P01. (C) page 37. “… the farther away we look in space, the further back in time we see.”
P02. (A) pages 49-50. “… the photons that had been born in the visible part of the spectrum lost energy
to the expanding universe and eventually slid down the spectrum…. They’re now microwaves,
which is where we derive the modern moniker ‘cosmic microwave background,’ or CMB for short.”
P03. (D) page 69. “Their blue comes from the glow of freshly formed, short-lived, high-mass, hightemperature, high-luminosity stars.”
P04. (B) The great red spot on Jupiter is an enormous atmospheric whirlpool, similar to a terrestrial
hurricane. Notably, it rotates in the opposite direction to Earth’s hurricanes.
P05. (C) First, we must subtract the two numbers in parentheses: since we are subtracting, the significant
digits of the result are dictated by the least number of decimal places of the two numbers – in this
case, two decimal places (1.791 - 0.28 = 1.51). This gives a total of three significant digits. When
multiplied and divided by numbers with four significant digits, the number with the least amount of
significant digits determines the significant digits of the result. This ends up being three significant
digits, so the result is 1.52. Be careful not to round during the calculation: do all rounding after
completing the calculation.
P06. (B) The is a straightforward free-fall problem, in which the acceleration is 9.8 m/s2 (downward).
Utilizing a kinematic approach, we can use
. The initial velocity and final
position are both zero, so:
, which gives
m/s.
P07. (E) There are three forces acting on the middle of the rope: the horizontal applied force, the vertical
weight of the tetherball, and the angled tension in the upper rope. Since nothing is moving, the
forces must all balance. Starting with horizontal forces, we have the applied force and a component
of the tension:
. This gives
. Now let’s
consider the vertical forces:
. This gives the
mass of the tetherball to be
.
P08. (C) The power output is the energy expended per unit time, so first, we need to determine the
energy expended. Since the energy was used to climb, it was converted into gravitational potential
energy. By assuming a 100% efficient goat, we can get the minimum average output by equating the
energy expended to the gravitational potential energy gained:
.
This energy was expended in only 4.10s, so the power is then:
.
P09. (B) First, we use an angular kinematic equation:
.
This gives the total angle through which it rotates to be:
Converting to revolutions:

.
.
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P10. (D) The equation for the period of a pendulum is

where L is the length of the pendulum.

Notably, mass is absent from this equation – therefore the mass of the child does not matter in
calculating the period. Hence, the period of the swing-pendulum will remain
regardless
of the mass of the child swinging.
P11. (A) To solve this, we will need to apply Bernoulli’s equation. Bernoulli’s equation states
for any two points in a connected fluid. For this situation,
the best points to choose would be 1) the top of the water and 2) at the hole. Since the tank is open
to the air, and since the hole is also open to the air, and (the absolute pressures) both equal
atmospheric pressure. We can also consider that the water at the surface isn’t really moving, so
. Finally, we can take the hole to be at a height of zero, so
. Thus, Bernoulli’s
equation becomes:
.
Simplifying gives:
Using this gives

. Solving for velocity:

.

.

P12. (A) Since we know the charge on the 120μF capacitor, we can determine the voltage across that
capacitor as well:
. This capacitor is in parallel with the 90μF
capacitor, so they will have the same voltage across them. This allows us to get the charge stored on
the 90μF capacitor:
. The total charge stored on the
parallel group is the sum of the charges of the two individual capacitors:
. Since the 50μF capacitor is in series with the parallel group, it will have the same charge
on it as the parallel group. In other words:
. From this we can get the voltage
across the 50μF capacitor:
. The total voltage in the circuit is then the
sum of the voltage across the 50μF capacitor and the voltage across the parallel group:
.
P13. (E) Electric potential is not a vector (thankfully!); so, we only need the magnitude of each charge
and the distance of each charge to the origin. First consider the +12.0nC charge. It is located at
(3.0cm, 0.0cm), so its distance from the origin (in meters) is 0.03 m. The electric potential due to
this charge is:

. Now let’s consider the +8.0nC charge. It

is located at (0.0cm, -2.0cm) so its distance from the origin (in meters) is 0.02 m. This means the
electric potential due to the second charge is also

.

Finally, the total electric potential at the origin is just the sum of the potentials of the individual
charges:
.
P14. (B) The magnetic field inside a solenoid is
where is the number of turns (or loops) per
unit length. So,
. This gives
.
Since the solenoid is 12.0 cm long, we can get the total number of turns:
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P15. (C) Keeping track of the angles here can be difficult. First, we apply Snell’s Law to the incident
refraction to get the angle of the ray inside the prism with respect to the first normal line.
. This gives
. So the angle
between the interior light ray and the left edge of the prism is
. The triangle
formed by the top of the prism and the interior light ray has three angles, of which we now know
two:
and the apex angle of the prism we know to be 60.0º (equilateral prism).
Therefore, the angle between the interior light ray and the right edge of the prism must be
. This is all still inside the prism. The last interior angle we need is that
of the interior light ray and the second normal line:
. One last
application of Snell’s Law to get out of the prism:
.
This gives our answer,
.
P16. (A) Since the doorknob is a spherical convex mirror, we know that the focal length will be negative.
Also, since the diameter is 8.00 cm, then the radius will be 4.00 cm. The focal length is given by
. Now we can find the image location:
. This
gives an image location of

. Then the magnification is

.

P17. (C) The kinetic energy of photoelectrons is given by
, where is the workfunction of
the metal and
is the energy of the photons. Since we know the photon wavelength in nanometers,
we can get the energy in eV with the simple equation:
. From the
velocity of the photoelectrons, we can get their kinetic energy (note that the velocity is low enough
to be non-relativistic):
. Then we can determine the workfunction:
. So,
.
P18. (A) The protons and the neutrons in the nucleus are particles known as hadrons. All hadrons are
composed of quarks, which interact with one another via the attractive strong force. The weak force
causes radioactive decay but doesn’t hold things together; the electromagnetic force is entirely
repulsive in the nucleus since all the protons are the same charge; and gravitation is too weak to be
important on the atomic scale. There is no such thing as a pionic force, even though the strong force
does manifest itself in the nucleus as a pion-nucleon interaction.
P19. (D) Based on the dot diagram, the data shows that the toy car is travelling increasingly larger
distances (in the positive x-direction) at later times. This would mean that the car is moving slower
at the beginning and faster at later measurements. So, the speed of the toy car is increasing in the
positive x-direction as time passes – thus the car is accelerating with a positive acceleration.
P20. (D) Taking a look at Ohm’s Law (V = IR) and comparing it to the graph, we can see that the slope
of the line is related to the resistance. Specifically,
. We need to use a couple of points on
the line (not data points!). I chose (1.0V, 5mA) and (4.0V, 35mA). This gives a slope of
. This leads to a resistance of

.

