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7. On the back of this page is a copy of the periodic table of the elements as well as a list of some
potentially useful information in answering the questions. Other scientific relationships are listed
also.
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B01. What part of a chloroplast contains
chlorophyll a?
A) intermembrane space
B) stroma
C) inner membrane
D) outer membrane
E) thylakoid membrane
B02. During metaphase I of meiosis the random
orientation of pairs of homologous
chromosomes is an important source of
genetic variation in gametes. Which of the
following best describes this process?
A) crossing over
B) synapsis
C) independent assortment
D) conjugation
E) chiasmata

B03. Which of the following plant is most
susceptible to photorespiration?
A) soybeans
B) prickly pear cactus
C) pineapple
D) corn
E) sugarcane
B04. Why would a biologist use Polymerase
Chain Reaction?
A) to analyze different fragments of DNA
based on size
B) to determine which specific genes are
turned on throughout development
C) to amplify DNA for further testing
D) to add a gene that codes for a specific
protein to a bacterial plasmid
B05. Choose the process by which cancer cells
travel to different parts of the body.
A) oncogenes transcription
B) transposons
C) mutation
D) metastasis
E) angiogenesis

B06. Antidiuretic hormone decreases blood
osmolarity through the addition of
aquaporins to which part of a nephron?
A) distal tubule
B) collecting duct
C) proximal tubule
D) descending limb of the loop of Henle
E) ascending limb of the loop of Henle

B07. Which model organism below would a
biologist use to investigate the effects of
wavelengths on oxygen production?
A) Saccharomyces cerevisiae
B) H. sapiens
C) Arabidopsis
D) C. elegans
E) D. melanogaster

B08. Psychoactive drugs like LSD and
mescaline, produce their hallucinatory
effects when they bond to receptors for
which neurotransmitter?
A) glutamate
B) serotonin
C) acetylcholine
D) substance P
E) nitric oxide
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B09. Near the UT San Antonio campus is a
unique population of fireflies. Most fireflies
have a green glow to their abdomen, but this
population has some mutants that produce a
bright red pulse of light. Biologist were able
to figure out that this is caused by a single
point mutation, and that only those with the
mutation on both homologous chromosomes
will have the red light. A graduate student
was trying to determine how this population
was changing over time and was able to
count every single adult (2,366 total). Only
274 of the fireflies exhibited the red pulse of
light. Assuming this population is in Hardy
Weinberg equilibrium, how many of the
fireflies are carriers of this mutation but
don’t flash red at night? (assume complete
dominance)
A) .34
B) 1562
C) 1061
D) .66
E) 531

Biology

B12. Both sepia eye color and vestigial wings
are recessive traits. If you completed a
dihybrid cross (VvSs x VvSs), what
percentage of the offspring would the wild
phenotype?
A) 56%
B) 38%
C) 19%
D) 6%
E) 66%
B13. Which of the following groups of plants is
the most primitive?
A) conifers
B) angiosperms
C) gymnosperms
D) bryophytes
E) ferns
B14. Choose the arrow that identifies where an
amino acid gains its nonpolar characteristics.
A
R

B10. Which biome below would have the least
amount of nutrients stored in the soil due to
high decomposition and assimilation rates?
A) Deserts
B) Tropical rainforest
C) Tundra
D) Temperate deciduous forest
E) Boreal forests
B11. Which hair like bacterial structure is used
to stick prokaryotes to their substrate or each
other?
A) cilia
B) peptidoglycan
C) fimbriae
D) capsule
E) pili
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B15. The gel below represents five different
plasmids that have been cut into three pieces
by a restriction enzyme. Which letter
represents the lane with the smallest
plasmid?
A B C

D E

_

+
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B16. Which of the following age structure
diagrams represents a population that is in
the final stages of the demographic
transition?
The vertical axis is age with youngest on the
bottom and oldest on top. The horizontal
axis is the number of individuals in each age
group. The left hand side of the graph is
males and the right hand side of the graph is
females.

A

B

C

D

B17. In terms of biological classification
reptiles are all grouped together in the same
___________?
A) species
B) genus
C) family
D) class
E) order
B18. Which of the following organisms are
primarily responsible for nitrogen fixation?
A) fungi
B) bacteria
C) tiny soil nematodes
D) cycads
E) mosses
F) protists

Biology

B19. A biologist is studying a population of
captive hatched monitor lizards in an effort
to demonstrate optimal foraging. Which of
the following experiments would be best to
investigate the optimal foraging model?
A) offering different sized food items and
measuring the amount of time finding
and manipulating the food vs. the caloric
intake.
B) look at blood enzymes to determine the
vitamin levels and how that correlates to
hours of inactivity.
C) use the feces dry weight in order to
determine which individuals are able to
assimilate most efficiently.
D) cross-fostering study
E) Measuring the tail diameter and growth
rates of individual lizards from different
parents
B20. Which of the following hormones makes
the collecting duct in the nephrons reabsorb
more water?
A) calcitonin
B) triiodothyronine (T3)
C) thyroxine
D) parathyroid hormone
E) antidiuretic hormone
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C01. In which compound does carbon have the
lowest oxidation state?
A) CO2
B) H2CO
C) CF4
D) CH4
E) HC2H3O2

C02. According to the equation
SnO2 + 2H2→ Sn + 2H2O
What volume of hydrogen, measured at
1.0 atm and 298 K, is required to react with
3.5 g of SnO2?
A) 2.1 L
B) 0.54 L
C) 1.3 L
D) 1.1 L
E) 0.97 L

C03. When the net-ionic equation for the following
reaction is balanced using the smallest
possible integers, what is the sum of the
coefficients?
(NH4)3PO4(aq) + CaCl2(aq) →
Ca3(PO4)2(s) + NH4Cl(aq)
A) 6
B) 8
C) 3
D) 4
E) 9

C04. Benzene, C6H6, reacts with oxygen to form
CO2 and H2O. How many grams of oxygen is
needed to complete combust 1.00 moles of
benzene?
A) 130 g
B) 160 g
C) 240 g
D) 270 g
E) 320 g

Chemistry

C05. Consider the following mechanism:
B + H3O+ → HB+ + H2O
HB+ + H2O → HB(H2O)+
HB(H2O)+ + H2O → H3O+ + HBOH
Identify a catalyst and an intermediate in the
reaction.
A) catalyst: HB+; intermediate: HB(H2O)+
B) catalyst: HB+; intermediate: H2O
C) catalyst: H2O; intermediate: HB+
D) catalyst: H2O; intermediate: H3O+
E) catalyst: H3O+; intermediate: HB+

C06. What is the molecular geometry of SO3?
A) linear
B) trigonal planar
C) trigonal pyramid
D) T shape
E) tetrahedral

C07. A sample of an ideal gas has a volume of
0.500 L at 35 °C and 1.10 atm pressure. What
is its volume at 95 °C and 4.20 atm?
A) 0.072 L
B) 0.098 L
C) 0.156 L
D) 0.287 L
E) 0.342 L

C08. How many grams of solid NaHCO3 are
required to completely neutralize 35.0 mL of
0.225 M H2SO4?
A) 3.42 g
B) 0.87 g
C) 2.67 g
D) 1.87 g
E) 1.32 g
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C09. Arrange the following in order of increasing
boiling point: HF, HCl, HBr, HI
A) HF < HCl < HBr < HI
B) HCl < HBr < HI < HF
C) HBr < HCl < HI < HF
D) HCl < HF < HBr < HI
E) HI < HBr < HCl < HF

C10. The graph below shows the relationship
between which of these ?

Chemistry

C12. A 50.0 mL solution contains 0.20 mol of NaF
and 0.20 mol HF. Which of the following will
change the pH of the solution?
I. adding 10.0 mL of 0.20 M HCl
II. adding 0.10 moles of NaF
III. diluting the solution from 50.0 mL to
100.0 mL
A) I & II
B) I & III
C) I only
D) I, II & III
E) II only

C13. The quantum numbers of an electron are n = 4,
ml = −3 and ms = + ½. What values are the
possible values of l?
A) 0, 1, 2 and 3
B) 1, 2 and 3
C) 2 and 3
D) 3 only
E) 2 only
A)
B)
C)
D)
E)

y axis
pressure of the gas
volume of the gas
volume of the gas
Pvap of the liquid
Pvap of the liquid

x axis
volume of the gas
temperature
pressure of the gas
temperature
temperature−1

C11. Balance the equation below with smallest
whole number coefficients.
Cu(s) + NO3–(aq) + H+(aq) →
Cu2+(aq) + NO(g) + H2O(l)
What is the coefficient of water?
A) 4
B) 3
C) 6
D) 2
E) 5

C14. What are the signs of ∆H and ∆S of a reaction
that changes from non-spontaneous to
spontaneous as the temperature increases?
A) ∆H and ∆S are both negative
B) ∆H and ∆S are both positive
C) ∆H is positive and ∆S is negative
D) ∆H is negative and ∆S is positive
E) more information is needed to determine
the signs of ∆H and ∆S.

C15. What is the pH of a saturated solution of
Pb(OH)2?
A) 11.24
B) 10.56
C) 9.13
D) 8.83
E) 7.91
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C16. A student conducts an experiment to
determine the empirical formula of hydrated
copper (II) sulfate. The student measures the
mass of a sample of the hydrated crystal, then
heats the sample and measures the mass of the
solid after heating. The formula obtained by
the student is CuSO4·6H2O. The formula of
the hydrated crystal is actually CuSO4 ·5 H2O.
Which of the following could account for the
error?
A) The student did not heat the sample long
enough to drive off all of the water in the
hydrated crystal.
B) The used too much of the hydrated crystal
initially.
C) The student waited overnight before
obtaining the mass of the dried sample and
the it absorbed some water from the
atmosphere.
D) The balance the student used was only
accurate to +/- 0.01 grams rather than +/0.001 grams.
E) During heating, some of the CuSO4
decomposed and escaped the crucible.

C17. From the thermodynamic data and enthalpies
of combustions provided in the reference
sheet, determine the standard enthalpy of
formation of CO(g).
A) −111 kJ mol−1
B) −234 kJ mol−1
C) −283 kJ mol−1
D) −342 kJ mol−1
E) −321 kJ mol−1

Chemistry

C18. A rigid container holds an equal number of
moles of N2 and H2 gas at a total pressure of
10.0 atm. The gases react according to the
equation, N2(g) + 3 H2(g) ⇄ 2 NH3(g).
If the partial pressure of the H2 decreases at a
rate of 0.60 atm·s–1, what is the rate of change
of the total pressure in the container?
A) −0.40 atm·s–1
B) −1.00 atm·s–1
C) −0.80 atm·s–1
D) +0.20 atm·s–1
E) +0.60 atm·s–1

C19. The first ionization energy of Na is
495.9 kJ·mol –1. What is the longest
wavelength of light that could remove an
electron from a Na atom?
A) 3.48 × 10−6 m
B) 1.25 × 10−5 m
C) 241 nm
D) 471 nm
E) 627 nm

C20. What is the value of ∆G° for the
electrochemical cell represented below?
Pt(s) │NO│NO3−║Cu2+│Cu(s)
A)
B)
C)
D)
E)

239 kJ mol −1
359 kJ mol −1
138 kJ mol −1
−317 kJ mol −1
−426 kJ mol −1
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Physics

P01. According to Neil deGrasse Tyson, about 85%
of the gravitational force that has been
measured in the universe arises from
substances that do not otherwise interact with
“our” matter or energy. This “missing mass’
problem was first fully analyzed in 1937 by
______________. Today we call this missing
mass “dark matter.”
A) Robert Wilson
B) Fritz Zwicky
C) George Gamow
D) Robert Dicke
E) J. Richard Gott
P02. According to Neil deGrasse Tyson, scientists
used to believe a medium of transport was
necessary in order for EM waves to propagate
through space. The “aether” was proposed as
the weightless, transparent medium permeating
the vacuum of space through which light
moved. In 1887, Albert Michelsen and
____________ performed an experiment that
disproved the existence of the aether.
A) J.J. Thomson
B) Max Planck
C) Ernest Rutherford
D) William Hershel
E) Edward Morley
P03. According to Neil deGrasse Tyson, Einstein’s
equations for general relativity contained a
“cosmological constant,” which allowed him to
represent a static universe. In 1929, this
scientist discovered that the universe is not
static. He found convincing evidence that the
universe is expanding.
A) Werner Heisenberg
B) Erwin Schrodinger
C) Edwin P. Hubble
D) Paul Dirac
E) Clyde Tombaugh

P04. The point of no return, beyond which even
light is trapped by a black hole, is called the
event horizon. The radius of the event horizon
of a black hole is called the _____________
radius.
A) Lowell
B) Schwarzschild
C) Kepler
D) Einstein
E) Hawking
P05. How many picometers does it take to make
one micrometer?
A) 100
B) 1000
C) 10000
D) 100000
E) 1000000
P06. A helicopter ascended vertically at a speed
6.00 m/s. Just as it reached a height of 45.8 m,
a 10.0 kg object was released. How much time
did it take the object to reach the ground?
A) 3.01 s
B) 3.37 s
C) 3.73 s
D) 4.09 s
E) 4.45 s
P07. A 2.85-kg wooden block is released on a 40.6º
incline and it accelerates down the incline at
4.42 m/s2. Find the coefficient of sliding
friction.
A) 0.263
B) 0.285
C) 0.307
D) 0.329
E) 0.351
P08. How long does it take a 2000-W motor to lift
a 300-kg load from the ground to a height of
20.0 m above the ground?
A) 27.2 s
B) 29.4 s
C) 31.6 s
D) 33.8 s
E) 36.0 s

Copyright © 2018
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Physics

P09. A bicycle accelerates from rest at a rate of
1.50 m/s2. The radius of the tires is 33.0 cm.
How fast will a small rock, stuck in the tread of
one of the tires, be moving when it is at the top
of the tire after 4.00 s?
A) 6.00 m/s
B) 7.50 m/s
C) 9.00 m/s
D) 10.5 m/s
E) 12.0 m/s

P13. An electron is traveling due north at a speed
of 3.36 x 106 m/s. It encounters an electric
field of magnitude 8.69 x 104 N/C and in a
direction of due south. How far will the
electron travel before coming to rest?
A) 369 μm
B) 5.57 mm
C) 67.2 mm
D) 844 mm
E) 9.66 m

P10. Joe stands at a railroad crossing and pulls out
his new sound meter. The meter indicates the
train’s horn has a frequency of 600 Hz as it
approaches Joe. The frequency drops to
540 Hz as the train leaves the crossing. If the
train is moving at a constant speed, how fast is
the train traveling? The air temperature is
20.0ºC.
A) 14.2 m/s
B) 15.5 m/s
C) 16.8 m/s
D) 18.1 m/s
E) 19.4 m/s

P14. A 2.00-m-long horizontal straight wire,
carrying a current of 36.2 A due east, exerts an
attractive force of 0.177 N on a second
2.00-m-long parallel wire. If the wires are
4.00 mm apart, what is the current in the
second wire?
. A) 51.0 A
B) 48.9 A
C) 46.8 A
D) 44.7 A
E) 42.6 A

P11. For his senior project at Cal Tech, Phil built a
steam engine that operated between 540ºC and
260ºC. What is the efficiency of his steam
engine if it attained 70.0% of the maximum
possible efficiency of a heat engine operating
between these temperatures?
A) 0.363
B) 0.322
C) 0.282
D) 0.241
E) 0.200

P15. A radio voice signal sent from Neil
Armstrong when he was on the moon’s
surface was sent back to Earth. The signal
was received at NASA headquarters and
then beamed to a group of scientists 38.7 m
from a loudspeaker. How much time elapsed
from when the sound signal left the moon and
when Neil’s voice was heard by the scientists?
The distance from his location on the
moon’s surface to NASA headquarters was
385,000 km and the air temperature at NASA
was 20.0ºC.
A) 1.10 s
B) 1.25 s
C) 1.40 s
D) 1.55 s
E) 1.60 s

P12. A parallel-plate capacitor, filled with a
porcelain dieletric, k = 6.6, is connected to a
120-V battery. The plates have an area of
2.00 m2 and the plate separation is 2.00 mm.
After the capacitor is fully charged, the battery
P16. A 2.00-inch-tall candle is placed 24.0 cm
is disconnected and then the dielectric is
from a diverging lens with a focal length of
removed. Find the energy stored in the
18.0 cm. Describe the image.
capacitor.
A) reduced, inverted, real
A) 2.78 mJ
B) enlarged, inverted, real
B) 30.6 mJ
C) reduced, erect, virtual
C) 442 mJ
D) reduced, erect, real
D) 1.22 J
E) enlarged, erect, virtual
E) 18.4 J
Copyright © 2018
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Physics

P17. Find the kinetic energy of an electron
traveling at a speed of 2.66 x 108 m/s.
A) 2.02 x 10-14 J
B) 3.22 x 10-14 J
C) 5.98 x 10-14 J
D) 8.43 x 10-14 J
E) 9.53 x 10-14 J
P18. Find the maximum kinetic energy of electrons
ejected from a surface with a work function of
2.50 eV when illuminated by light with a
wavelength of 440 nm.
A) 0.800 eV
B) 0.640 eV
C) 0.480 eV
D) 0.320 eV
E) 0.160 eV

P19. A raft is made of twelve logs tied together.
Each log has a radius of 20.0 cm, a length of
6.00 m, and a density of 680 kg/m3. How
many 75.0-kg men can the raft support before
the men start to get their feet wet? The raft is
in a lake with a water density of 1000 kg/m3.
A) 26
B) 30
C) 34
D) 38
E) 42
P20. According to the Bohr model, what is the
wavelength of light emitted when a
hydrogen atom makes a transition from the
n  5 to the n  2 energy level?
A) 400 nm
B) 434 nm
C) 468 nm
D) 502 nm
E) 536 nm

Copyright © 2018
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Densities
Constants
R
R
R
e
NA
k
h
c

=
=
=
=
=
=
=
=
=
me =
F =

1 atm

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
96500 C·mol−1

Standard Reduction Potentials
4H+ + NO3− + 3e− → NO + 2 H2O
E° = 0.960 V
Cu2+ + 2e− Cu

air,dry
water
ice
Fe
Au
Hg

=
=
=
=
=
=

0.001184 g/mL
1.00 g/mL
0.917 g/mL
7.87 g/mL
19.3 g/mL
13.6 g/mL

Standard Thermodynamic Data

substance
CO2 (g)
CH4 (g)
H2O (l)

(kJ/mol)
−394
−75
−285

Enthalpies of Combustion

E° = 0.340 V
substance
CH4 (g)
CO (g)

Conversions

(kJ/mol)
−890
−283

=
=
=
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
Pb(OH)2

Kw
Ksp
Ka
Kb
Ksp

=
=
=
=
=

1.0 × 10−14
3.3 × 10−8
1.8 × 10−5
4.4 × 10−4
1.2 × 10−15
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Physics
PHYSICS
Useful Constants

quantity

symbol

value

Free-fall acceleration

g

9.80 m/s2

Coulomb constant

k

8.99 x 109 N·m2/C2

Electron mass

me

9.11 x 10-31 kg

Fundamental charge

e

1.602 x 10-19 C

Speed of light in a vacuum

c

3.00 x 108 m/s

Density of water

ρ

1000 kg/m3

Permeability of free space

μ0

4π x 10-7 T·m/A

Planck’s constant

h

6.626 x 10-34 J·s

Gravitational constant

G

6.67 x 10-11 N·m2/kg2

Permittivity of free space

0

8.854 x 10-12 C2/N·m2

Electron volt

eV

1.602 x 10-19 J

Density of water

w

1000 kg/m3

Threshold of hearing

I0

10-12 W/m2

Universal gas constant

R

8.314 J/mol·K

Rydberg Constant

R

1.0974 x 107 m-1
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SELECTED SOLUTIONS
C01. (D) The oxidation state of carbon in CH4 is −4.
C02. (D)
C03. (A) The balanced net-ionic equation is 3Ca2+ 2PO43− → Ca3(PO4)2
C04. (C) Balanced equation:
C05. (E) A catalyst is used in one step and produced in a subsequent step. An intermediate is produced and used
later.
C06. (B) The Lewis structure of SO3 is
The molecular geometry is trigonal planar

C07. (C) Using the combined gas law:
C08. (E) Balanced equation: 2 NaHCO3 + H2SO4 → Na2SO4 + 2CO2 + 2H2O

C09. (B) HF has the highest boiling point due to the hydrogen bonding between HF molecules. The others are in
order of increasing dispersion forces, which is related to the polarizability of the molecule (a function of
the size and number of electrons).
C10. (D) The vapor pressure and the temperature of a liquid are exponentially related.
C11. (A) Balanced equation: 3 Cu(s) + 2 NO3–(aq) + 8 H+(aq) → 3 Cu2+(aq) + 2 NO(g) + 4 H2O(l)
C12. (A) The equilibrium reaction is HF(aq) + H2O(l) ⇄ H3O+(aq) + F−(aq), adding HCl increases [H3O+] and
affects the pH. Adding NaF shifts the position of equilibrium to the left and affects pH. Diluting the
solution with water does not change the ratio of [F−]/[HF] so pH is not affected.
C13. (D) When ml = −3, l must be 3 or larger.
C14. (B) ∆G = ∆H − T∆S, when both ∆H and ∆S are positive, ∆G is positive when T is small and becomes
negative when T increases. Spontaneous reactions have negative ∆G.
C15. (C) For the reaction: Pb(OH)2(s) ⇄ Pb2+(aq) + 2 OH−(aq); Ksp = 1.2 × 10−15 = [Pb2+][ OH−]2 = 4x3;
x = 6.7 × 10−6
[OH−] = 2(6.7 × 10−6) = 1.3 × 10−5 M;
pOH = 4.87;
pH = 9.13
C16. (E) The mass of water is calculated by mass of hydrated crystal – mass anhydrous solid. Decomposing the
anhydrous solid results in higher calculated mass of water, which results in a larger mole ratio of water
to CuSO4.

TMSCA Chemistry Test #11

Chemistry

C17. (A) The reaction

C18. (A) From the balanced equation: when PH2 decreases at 0.60 atm·s−1, the PN2 will decreases by 1/3 as much
or 0.20 atm·s−1 and PNH3 will increase by a factor of 2/3 or 0.40 atm·s−1.
Rate of change of total pressure = −.60 −.20 + .40 = −0.40 atm·s−1.
C19. (C)

C20. (B) The reactions in the cell are:
Ox:
NO + 2 H2O → 4H+ + NO3− + 3e−
Red:
Cu2+ + 2e− → Cu

E° = −.960 V
E° = 0.340 V

Net:
2 NO + 4 H2O + 3 Cu2+ → 8 H+ + 2 NO3− + 2 Cu
E° = −0.620 V
∆G° = − nFE° = −(6 mol e−)(96500 C mol−1)(−.620V) = +359 kJ mol −1
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 F  ma
P5.

1 pm = 10

12

Fp  Ff  ma

y  y0  v0t  .5at 2

m

P7. mg sin    mg cos   ma
9.8sin(40.6)   (9.8) cos(40.6)  4.42

P6. 0  45.8  6t  4.9t 2

6

1 mm = 10 m

t  3.73 s

  .263
W
P
t
mgh
P8. t  P
300(9.8)20
t
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v  v0  at
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A
C  0
d
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C  8.854 x1012 

 .002 
P12.
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E

 v  vo 
f f 

 v mvs 
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600  f 

P10.
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e  1

260  273.15
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9.11x1031
P13. v 2  v02  2a ( x  x0 )

U  .5CV 2

0   3.36 x106   2ax

U  .5  8.854 x109  (792) 2

x  .000369 m

2

U  0.00278 J
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P16. 18 24 di
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di
 0.429
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1
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1
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2
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 3 


14
K  9.53x10 J
K max  hf  W0

FB  Fw

v  f , v  c

P18. K max 

hc



 gV  nm1 g  m2 g

P19. (1000)(12)  (.2)2 (6)  

 W0

 6.626 x10  3x10   2.5 1.602 x10



440 x10
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K max

8

19

9

K max  5.127x1020 J 

1
 0.320 eV
1.602 x1019
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1 
 R 2  2 
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1
1 1
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2 5 
7
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n(75)  (680)(12)  (.2)2 (6) 
n  38.6  38

