OAT

Practice

Questions

ANSWERS AND
EXPLANATIONS #1

DIVINE

ASSOCIATES

By Divine Training
www.divine-trainings.com

Copyright © 2024 | Powered by Divine Training
Divine Associates Registration no. 0083936




Answers and Explanations #1

Natural S cience

Biology

1. D: An exothermic reaction releases energy, whereas an endothermic reaction
requires energy. The breakdown of a chemical compound is an example of a
decomposition reaction (AB — A + B.. A combination reaction (A + B —AB. is

the reverse of a decomposition reaction, and a replacement (displacement)
reaction is one where compound breaks apart and forms a new compound plus a
free reactant (AB + C—=AC + B or AB + CD — AD + CB.

2. B: Some RNA molecules in extant organisms have enzymatic activity; for example the
formation of peptide bonds on ribosomes is catalyzed by an RNA

molecule. This and other information has led scientists to believe that the most

likely molecules to first demonstrate enzymatic activity were RNA molecules.

3. D: Enzyme inhibitors attach to an enzyme and block substrates from entering the

active site, thereby preventing enzyme activity. As stated in the question, cyanide

is a poison that irreversibly binds to an enzyme and blocks its active site, thus

fitting the definition of an enzyme inhibitor.

4. E: Electrons trapped by the chlorophyll P680 molecule in photosystem II are

energized by light. They are then transferred to electron acceptors in an electron

transport chain.

5. C: The synaptonemal complex is the point of contact between homologous
chromatids. It is formed when nonsister chromatids exchange genetic material

through crossing over. Once prophase of meiosis I has completed, crossovers

have resolved and the synaptonemal complex no longer exists. Rather, sister
chromatids are held together at their centromeres prior to separation in anaphase
II.

6. A: Monocots differ from dicots in that they have one cotyledon, or embryonic leaf in
their embryos. They also have parallel veination, fibrous roots, petals in
multiples of three, and a random arrangement of vascular bundles in their stems.



7. B: In ferns, the mature diploid plant is called a sporophyte. Sporophytes undergo
meiosis to produce spores, which develop into gametophytes, which produce gametes.
8. B: Anthers produce microspores (the male gametophytes of flowering plants),

which undergo meiosis to produce pollen grains.

9. C: In flowering plants, the anthers house the male gametophytes (which produce

sperm) and the pistils house the female gametophytes (which produce eggs). Eggs

and sperm are haploid. All other tissues are solely diploid.

10. C: In a positive feedback loop, an action intensifies a chain of events that, in
turn, intensify the conditions that caused the action beyond normal limits. Nursing
stimulates lactation, which promotes nursing. Contractions during childbirth,
psychological hysteria, and sexual orgasm are all examples of positive feedback.

11. B: The gastrula is formed from the blastocyst, which contains a bilayered
embryonic disc. One layer of this disc’s inner cell mass further subdivides into the epiblast
and the hypoblast, resulting in the three primary germ layers (endoderm,
mesoderm, ectoderm).

12. A: Vultures eat carrion, or dead animals, so they are considered scavengers.
Detritivores are heterotrophs that eat decomposing organic matter such as leaf
litter. They are usually small.

13. B: The growth rate is equal to the difference between births and deaths
divided by population size.

14. D: Within a habitat, there is a maximum number of individuals that can
conti nue to thrive, know n as the habitat’s carrying capacity. When the popul ation
size approaches this number, population growth will stop.

15. B: Phyletic gradualism is the view that evolution occurs at a more or less constant
rate. Contrary to this view, punctuated equilibrium holds that

evolutionary history consists of long periods of stasis punctuated by geologically short
periods of evolution. This theory predicts that there will be few fossils

revealing intermediate stages of evolution, whereas phyletic gradualism views the

lack of intermediate-stage fossils as a deficit in the fossil record that will resolve

when enough specimens are collected.



16. B: The bottleneck effect occurs when populations undergo a dramatic
decrease in size. It could be due to natural or artificial causes.

17. C: Plants have cellulose as the major structural component of their cell walls.
However, plants store energy as starch, not cellulose. Starch is a polymer of a-
glucose molecules, whereas cellulose is a polymer of B-glucose molecules. The
different chemical bonds between glucose molecules in starch and cellulose make
the difference in whether or not the polymer is digestible in plants and animals.

18. E: Triglycerides are hydrophobic. They consist of three fatty acids joined to a
glycerol molecule, and because of their long hydrocarbon chains, they are not
soluble in water.

19. B: This is an example of negative feedback, a process whereby an increase in

an outcome causes a decrease or slowing in the pathways that led to the outcome.

20. A: A cofactor binds to the active site along with the substrate in order to

catalyze an enzymatic reaction. Like the enzyme, it is not consumed by the

reaction. Allos teric effectors bind to a second binding site on the enzyme, not the
active site.

21. B: Water and carbon dioxide are the two essential consumable molecules in
photosynthesis. First, water is split into oxygen, protons, and electrons, and then
carbon dioxide is used in the Calvin cycle to create glucose. The electrons from
splitting water are used in photosystem II, the protons are used to create NADPH,
and oxygen is a waste product of the splitting of water.

22. B: Auxin is found in higher concentrations on the shaded side than the sunny

side of a stem. More elongation on the shaded side causes the stem to bend toward the [ i ght.
23. D: Insects and most mollusks have open circulatory systems. Vertebrates, the
phylum Annelida (earthworms), and some mollusks (squid and octopuses) have

closed circulatory systems.

24. D: In negative feedback, when a pathway’s output (increased blood glucose)
exceeds normal limits, a mechanism is activated that reduces inputs to the pathway
(reduction of blood glucose). Conditions are monitored by a control center, and
when homeostasis returns, the corrective action is discontinued.

25. C: Gametes are haploid and have only one allele. Half the gametes from this



individual will havetheTalleleandhalfwill havethet allele.
26. B: Sex-linked, or X-linked, traits can only be transmitted to males through the
mother.

27. B: Plants and animals cannot use inorganic nitrogen. It must be fixed, or
reduced to ammonium, in order to enter a living ecosystem.

28. C: The carrying capacity is the maximum number of individuals a habitat can
sustain, so when the population size reaches this number, growth will stop.

29. B: Selection that favors one extreme trait over all others is called directional selection. If
directional selection continues for many generations, the population

will end up with only one allele for that trait.

30. C: According to Hardy-Weinberg equilibrium, p+ g =21and p2 + 2pq + g2 = 1.

In this scenario, q2 = 0.25, soq = 0.5. p must also be 0.5. 2pg is equal to 2(.5)
(.5)

or 0.5.

31. B: Simple molecules were able to form in the earth’s early atmosphere
because oxygen was absent. Oxygen is very reactive and it would have supplanted
other molecules in chemical reactions if it were present.

32. D: Enzymes are substrate-specific. Most enzymes catalyze only one
biochemical reaction. Their active sites are specific for a certain type of substrate
and do not bind to other substrates and catalyze other reactions.

33. D: The enzyme helicase unwinds DNA. It depends on several other proteins to
make the unwinding run smoothly, however. Single-strand binding protein holds
the single stranded DNA in place, and topoisomerase helps relieve tension at the
replication fork.

34. A: DNA synthesis on the lagging strand forms short segments called Okazaki
fragments. Because DNA polymerase can only add nucleotides in the 5” = 3’
direction, lagging strand synthesis is discontinuous. The final product is formed
when DNA ligase joins Okazaki fragments together.

35. A: Transcription is the process of creating an RNA strand from a DNA
template. All forms of RNA, for example mRNA, tRNA, and rRNA, are products
of transcription.



36. D: Mammals often warm themselves by altering their metabolism. Shivering
warms animals due to the heat generated by contractions in trunk muscles.

37. E: The testes contain hundreds of seminiferous tubules for the production of
sperm, or spermatogenesis. This requires 64-72 days. Leydig cells surround the
seminiferous tubules and produce male sex hormones called androgens, the most
important of which is testosterone. Semen is made in the seminal vesicles,
prostate gland, and other glands. Sperm are transferred to the penis via the
epididymis, where they become motile, and thence through the vas deferens.

38. C: Half of the boys will receive the color-blind allele from the mother, and the
other half will receive the normal one. All the girls will receive the color-blind

allele from the father; half of them will also get one from the mother, while the
other half will get the normal one. Therefore, half the children will be colorblind.

39. B: When more than one gene contributes to a trait, inheritance of that trait is
said to be polygenic. This type of inheritance does not follow the rules of
Mendelian genetics.

40. D: The parents in D could only have offspring with AB or B blood types, not
the A blood type.

General Chemistry

1. D: Generally, the larger and heavier the molecule, the higher the melting point.
Decreasing polarity will lower intermolecular attractions and lower the melting
point. Long, linear molecules have a larger surface area, and therefore more
opportunity to interact with other molecules, which increases the melting point.

2. D: Since there are twice as many molecules of hydrogen present vs. oxygen,
the partial pressure of hydrogen will be greater. The mass of hydrogen will not
be greater than the mass of oxygen present even though there are more moles of
hydrogen, due to oxygen having a higher molecular weight. Each gas will occupy
the same volume. Hydrogen and oxygen gas can coexist in the container without
reacting to produce water. There is no indication given that a chemical reaction
has occurred.

3. B: Plugging the data into the ideal gas law using the correct units gives the
correct answer in atmospheres, which in this case is 2.4 atm. The equationis P =



nRT/V. So we have P =1 mol (0.08206 L atm/mol K)(298 K)/10 L. The R value

is 0.08206 L atm/mol K when using L as the volume unit, and delivers the pressure in atm.
4. D: Both liquids and gases are fluids and therefore flow, but only gases are
compressible. The molecules that make up a gas are very far apart, allow ing the
gas to be compressed into a smaller volume.

5. C: As the temperature drops to -5 °C, the water vapor condenses to a liquid,
and then to a solid. The vapor pressure of a solid is much less than that of the
corresponding gas. The argon is still a gas at -5 °C, so almost all the pressure in

the cylinder is due to argon.

6. D: AgNO3, NaNO3 and NaCl are all highly water soluble and would not

precipitate under these conditions. All nitrate compounds and compounds

contai ning Group I metals are soluble in water. AgCl is essentially insoluble in
water, and this is the precipitate observed.

7. B: Pure water boils at 100 °C. Water that has salts dissolved in it will boil at a
slightly higher temperature, and will conduct electricity much better than pure
water.

8. A: The weight % of the acetic acid is the mass of acetic acid divided by the
mass of the acetic acid plus the water. So 50g/(50g +200g) = 0.2, or 20%. The
mole fraction is the moles of acetic acid divided by the total number of moles of

the solution. So 50 g of acetic acid (MW = 60) is 50g/ 60 g/mol = 0.83 moles.

200 g of water = 11.11 moles. Therefore, 0.83 mol/(0.83 mol + 11.11 mol) =
0.069.

9. A: Since we have 1 liter of the solution, then 0.02 M represents 0.02 moles of methanol. The mass
of methanol can then be found by 0.02mol x MW of CH30OH

(32) = 0.64 g. Molality is the moles of solute (methanol) divided by the number

of kilograms of solvent, in this case, it is essentially 1 kg. This is assumed since

the solvent is water and the density of wateris 1 g/mL. S0 0.02 mol/ 1 kg =0.02

m.

10. C: Since each half life is 2 years, eight years would be 4 half lives. So the
mass of material is halved 4 times. Therefore if we start with 1 kg, at two years
we would have 0.5 kg, at four years we would have 0.25 kg, after 6 years we



would have 0.12 kg, and after 8 years we would have 0.06 kg.

11. A: Nuclear reactions convert mass into energy (E = mc2). The mass of
products is always less than that of the starting materials since some mass is now
energy.

12. C: Hund's rule states that electrons must populate empty orbitals of similar
energy before pairing up. The Aufbau principle states that electrons must fill
lower energy orbitals before filling higher energy orbitals. The Pauli exclusion
principle states that no two electrons in the same atom can have the same four
quantum numbers, and therefore, two electrons in the same orbital will have
opposite spins.

13. A: NaCl is an ionic salt, and therefore the most polar. F2 is nonpolar since the
two atoms share the electrons in an equal and symmetrical manner. CH30H is an
alcohol with a very polar O-H bond. CH3CH2Cl is also a polar molecule due to
the unequal sharing of electrons between in the C-Cl bond.

14. D: The correct structure of ammonium sulfate is (NH4)2S04. Its molecular
weight is 132. The masses of the elements in the compound are: nitrogen 28 (2 x
14), hydrogen 8 (1x8), sulfur 32 (32x1) and oxygen 64 (16x4). To find the
percentage composition of each element, divide the element mass by the molecular
weight of the compound and multiply by 100. So nitrogen is (28/132)x100 =
21%, hydrogen is (8/132)x100 = 6%, sulfur is (32/132)x100 = 24% and oxygen

is (64/132)x100=48%.

15. D: 1 kg of heptane (MW 100) is equal to 10 moles of heptane. Since 8 moles
of water is produced for every mole of heptane reacted, 80 moles of water must
be produced. 80 moles of water (MW 18) equals 1440 g, or 1.4 kg.

16. B: Since the conversion of B to C is the slow step, this is the only one that
determines the reaction rate law. Therefore, the rate law will be based on B,
since it is the only reactant in producing C.

17. A: Lewis acids are compounds capable of accepting a lone pair of electrons.

AlCL3 is a very strong Lewis acid and can readily accept a pair of electrons due to

Al only having 6 electrons instead of 8 in its outer shell. FeCl3 is also a strong
Lewis acid, though milder than AICL3. Sulfuric acid is a Bronsted-Lowry acid
since it produces protons. PCI3 is a Lewis base since the P can donate its lone



pair of electrons to another species.

18. B: The Ka of acetic acid is determined from the pKa, Ka = 10-pka = 1.75 x 10-5.
This is the equilibrium constant for the acetic acid dissociation, or K+a = [H]
[CH3COO0-]/[CH3COOH]. Using this equilibrium equation to solve for the [H+],

the pH of the buffer can then be found. Solving for the [H+] concentration, we get
[H+] = Ka x [CH3COOH]/CH-3C00], or [H+] =1.75 x 10-5 x [0.1]/[0.2] = 8.75 x 10-

*. pH=-log[ H+] =5.05.

19. C: Cooling means heat is Leaving the system, so it must be negative. We have
5.9 mol of ammonia cooling 75 °C, or 75 K. So 5.9 mol x -75 K x 35.1 3/ (mol)
(K) =-15.5kJ.

20. C: The first is an alkyne, which contains a triple bond between carbon atoms.

The second is a ketone and contains a carbon-oxygen double bond. The third is an
alkene, which has a double bond between two carbon atoms. The fourth is an
imide, which contains a double bond between two nitrogen atoms.

21. D: Combustion of coal releases significant amounts of Hg into the
atmosphere. When the Hg settles into the water, it becomes methylated and
concentrates in fish, making them toxic to eat.

22. A: The higher the temperature of the liquid, the greater the solubility of the
solid, while the higher the temperature, the lower the solubility of the gas.

23. C: Catalysts lower the energy barrier between products and reactants and thus
increase the reaction rate.

24. B: NH3 is ammonia, which is a base. H20 is amphoteric, meaning that it can
act as either a weak acid or a weak base. HF is actually a weak acid, despite

fluorine being the most electronegative atom. The small size of the F results in a

stronger bond between the H and F, which reduces acidity since this bond will be

harder to break. H3PO04, phosphoric acid, is high in acidity and HCl is a very

strong acid, meaning it completely dissociates.

25. D: To make a buffer, a weak acid and its conjugate base or a weak base and
its conjugate acid are commonly used. Buffers work by using the common-ion
effect and result in little change in the pH when an acid or a base is added.
HCL/NaOH is a strong acid/strong base combination and will not result in a buffer



solution. Although the HNO3/NaNO3 and H2S04/NaHSO4 mixtures are conjugate

acid/base pairs, both HNO3 and H2S04 are strong acids, not weak acids. Neither of these solutions would
in a buffer. Only the NaH2PO4/Na2HPO4 mixture

would result in a buffer as it is a combination of a weak acid and its conjugate

base.

26. A: The heat of combustion is determined by subtracting the heats of formation of the reactants from th:
the products. So 3(-393.5) + 4(-285.8) — (-103.8) =-2220.

27. C: Because all unique materials have differing heat capacities, no two can

heat up the same way. All will require different amounts of heat to warm to the

same temperature.

28. D: Lead (Pb) goes from a zero oxidation state to a 2+ oxidation state, and is
therefore oxidized. Oxidation is the loss of electrons. Hydrogen goes from a 1+
oxidation state to a 0 oxidation state, and is therefore reduced. Reduction is the
gaining of electrons.

29. C: Reducing agents give up electrons to another chemical species, which
cause that species to gain an electron and become reduced. Oxidizing agents
cause another species to be oxidized, or to lose an electron, and are themselves
reduced as they gain that electron. Bromine is very electronegative, and is almost
always an oxidizing agent. N2 is nearly inert, or unreactive. Neon is an inert noble

gas and would not be a reducing agent. Sodium (Na) is very reactive and eager to

give up an electron, and is therefore a good reducing agent in a wide variety of
reactions.

30. C: Reduction takes place at the cathode and oxidation takes place at the
anode. Mg2+ of the salt will be reduced to Mg(0) at the cathode, and Cl- will be
oxidized to Cl2 at the anode. Organic Chemistry

1. B: The general molecular formula for alkanes is CnH2n+2. Each carbon atom
requires two hydrogen atoms and there must be two additional hydrogen atoms to
complete the required total number of bonds to the terminal sp3 carbon atoms.

2. D: Pure compounds are characterized by having sharp melting points. Eutectic



mixtures are also characterized by a distinct melting point associated with a

specific combination of two or more different compounds. Thus a sharp melting point is not
sufficient by itself to identify an unknown substance as a pure

compound. Only b) and c) can be unequivocally true statements

3. C: Only the s and p orbitals of the same principal quantum level are sufficiently

close in energy to combine and form the hybrid sp3 orbitals. The sp orbital is a
hybrid of the s orbital and one of the p orbitals of the same principal quantum

level. Therefore, the 3s and one 3p orbital would form the 3sp hybrid orbital, not

the sp3 orbital.

4. C: Propanol is the alcohol H3CCH2CH20H, molecular weight = 60 g/mole.
Propanal is the aldehyde, H3CCH2CHO, molecular weight = 58 g/mole.
Propanone is the ketone H3CCOCH3, commonly known as acetone, molecular weight = 58
g/mole. All three are readily reactive molecules, and all three
structures are based on a backbone of three carbon atoms. Only answer c) is true.
5. A: Acids and alcohols react to form esters by the elimination of the components
of the water molecule from the two. In this reaction, the —OH from the acid and the
—H from the alcohol “condense” to form a molecule of HO-H, or H20.

6. B: The Z- designation stands for “zusammen” (German, “the same”) and
indicates that the two high priority substituents are located on the same side of the
molecular structure relative to each other. The E- designation stands for
“entgegen” (German, “opposite”) and indicates that the high priority substituents

are located on opposite sides of the molecular structure relative to each other.

The R- and d,l designations indicate the absolute configuration and the direction
of optical rotation about an asymmetric sp3 carbon atom.

7. A: An sp2 carbon atom has three substituents in a trigonal planar geometry. The carbonium
ion is a prime example. As a fourth substituent bond forms, the atom

changes its hybridization from trigonal sp2 to tetrahedral sp3. The fourth bond can

form on either face of the sp2 arrangement to generate either a left-handed or right- handed
tetrahedral arrangement of four different substituents. The three

substituents on the sp2 center must be different from each other and from the fourth substituent
for this to be true. An sp2 carbon atom that meets these requirements has the potential
to form a chiral sp3 center and is therefore referred to as prochiral.

“Delocalized” refers to the ability of electrons to move through adjacent p orbitals



that are subject to sideways overlap.

“Stabilized” refers to the electronic influence exerted by substituents that imparts

greater stability to a particular structure.

“Resonance structures” are equivalent arrangements of the bonds in a molecule.

8. A: The d,l- designation is not generally used since its meaning was deemed to
be ambiguous. The term “racemate” is used when the mixture contains equal
quantities of molecules that are individually mirror images of each other, or
enantiomers. The term “lone pair” refers to a pair of valence electrons on an atom

that are not involved in bonding. A meso- structure is a molecule in which two

chiral centers exist across a plane of symmetry in enantiomeric configurations.

9. D: The carbonyl group is a characteristic feature common to all aldehydes, ketones and
carboxylic acid derivatives. The carbonyl group is a carbon double

bonded to an oxygen (C=0). Amides also contain a carbonyl group bonded to a N atom.
10. D: Proton signals in NMR exhibit “spin splitting” according to the number of
different protons on adjacent carbon atoms. Protons experiencing identical
magnetic environments produce identical signals, so the three protons of a single
methyl group produce just one peak at about 61.0. In an ethyl group, -CH2CH3, the
three methyl protons are affected by the two —CH2- protons and their signal is split

into three slightly different peaks called a “triplet”. The —CH2- proton signal is

split by the three —CH3 protons into four slightly different peaks called a quartet.
Integration of the quartet and the triplet sets of peaks is in the ratio of 2:3
respectively, according to the number of each different type of proton. There is
certainly one ethyl group present indicated by this pattern, but it does not preclude

the possibility that there may be two or more identical ethyl groups in the
molecule. They would still have a 2:3 integration ratio, so in this case the correct
answer is d).

11. C: The permanganate ion coordinates to a C=C bond and subsequently
transfers two O atoms to the alkene carbon atoms. The process requires base
catalysis in methanol solution and produces a compound in which the two C=C
carbon atoms each acquire an —OH group. Compounds with an —OH group on each

of tw o adj acent car bon atoms arecalled “vicinal " diols.

The reaction does not occur in hot acid solution, or with potassium dichromate.

12. C: Activated charcoal powder acts as an adsorbent. The molecules of colored



impurities tend to be polar compounds that adhere to the surfaces of the charcoal
powder. Subsequently, filtration to remove the charcoal powder also removes the
colored impurities. Filtration alone can only remove impurities that are present as solids,
colored or otherwise.

A cosolvent is used in recrystallization either to form a suitable solvent system or
to initiate the formation of crystals.

Chromatography is a procedure for separating compounds in a mixture and is not
part of the recrystallization process.

13. A: Cellulose is a biopolymer, which is a large molecule produced by the
sequential linking of hundreds and thousands of individual glucose molecules.
Glucose is a “simple sugar”, a single carbohydrate molecule, so its polymeric
form, cellulose, is also a carbohydrate. The names of all carbohydrate molecules
end in —ose. Starch is also a carbohydrate. It is similar to cellulose but composed
of shorter polymeric chains of sequential glucose molecules.

Levulose, also known as fructose, and mannose are also carbohydrates. Mannose
is an epimer of glucose. Epimers are diastereomers that have multiple
stereocenters, but they differ in configuration at only one.

Caffeine is an alkaloid, not a carbohydrate.

Gallicacidis acarboxylicacid, notacarbohydr ate.

Pyridine, C5H5N, is a six-membered ring nitrogen heterocycle analogous to
benzene, C6H6, and is not a carbohydrate.

14. C: A carbonyl compound with a protons can rearrange to an equivalent form

that is only slightly less stable than the carbonyl structure. This second form is
called an enol, because it has an —OH group attached to a C=C bond. The two
forms are called “tautomers” and the process of interconversion between the two
forms is keto — enol tautomerism.

Racemization is the formation of an equal mixture of two enantiomers.

Inversion is the reversal of the relative orientation of three substituents about an
sp3 carbon atom in an SN2 substitution reaction mechanism.

Conformational isomerism is the ability of a molecule to exist in different shapes,

for example, the chair and boat conformations of cyclohexane.

15. B: Friedel-Crafts reactions typically use a strong Lewis acid such as AlCL3 or
FeCl3 as a catalyst. Hydrogen chloride is not effective as a catalyst for Friedel-
Crafts reactions. Friedel-Crafts reactions are applicable to most aryl and aromatic
compounds.



16. A: This is a Friedel-Crafts alkylation reaction, in which the benzyl group,
C6H5CH2-, replaces an H atom on the benzene ring to form diphenylmethane,
C6H5CH2C6H5

17. A: Amides are formed by the replacement of an amine H atom by the acyl
group of an acyl halide. Only amines with H atoms bonded to the amine N atom
can undergo this reaction to produce an amide, so only primary and secondary

amines can react in this way to produce amides.

Tertiary amines can accept the acyl halide to form an acyl trialkylammonium salt,

but not an amide.

18. C: Phosphorus is in the same group as nitrogen and forms analogous
compounds. It has oxidation states of +3 in compounds such as phosphines and +5
in compounds such as phosphine oxides and phosphates.

19. C: This is a nucleophilic substitution reaction. The base extracts an a proton
from 4-t-butylcyclohexanone to generate an enolate anion. This then acts as a
nucleophile to replace the bromine atom of 1-bromobutane. The reaction
“alkylates” the 4-t-butylcyclohexanone molecule. The second equivalent of base
allows the reaction to occur a second time, alkylating the cyclohexanone again on
the opposite side of the carbonyl group.

20. B: Proteins are biopolymers of amino acids connected head-to-tail through
peptide bonds (amide structures). The sequential order of the amino acids in the
protein molecule is designated as the primary structure of the protein.

The folding of the molecule at specific amino acid locations is designated as the
secondary structure of the protein molecule, and is due to the relative positions of

the amino acids according to bond angles. This also determines the fundamental
geometry of cavities and other features in the overall structure. Hydrogen bonding
also plays an important role in the folding of the peptide chain in the secondary
structure.

21. C: The initial step of a Birch reduction is the preparation of the Birch reducing
agent by dissolving sodium metal in liquid ammonia. The intense blue color of the
resulting solution is attributed to solvated electrons. Birch reduction is a very
strong reduction method because the electrons act directly on the target molecule.
The method readily reduces the benzene ring to a 1,4-cyclohexadiene system.
Birch reduction has nothing whatsoever to do with charcoal powder from birch



w ood. The active principle in Birch reduction is electrons dissolved in liquid ammonia
from sodium metal. It is not sodium amide, NaNH2, which is a very strong base.
Sodium metal in refluxing THF is a method of ensuring that the sodium contains no
traces of dissolved water. That method is more effective when benzophenone,
C6H5COC6H5, is added to the mixture, and a dark blue color is generated in the
refluxing THF when benzophenone is present.

22.b.Inan SN2 re action, a nucleophile approaches an sp3 carbon center from the
side opposite the substituent that it will replace. As it approaches, the bond to that
“leaving group” weakens and a bond to the approaching nucleophile begins to

form. As this change progresses, the hybridization of the atomic orbitals on the
reactive center changes from sp3 to sp2 + p, and the other three substituents move
into a trigonal planar array about the carbon atom in the transition state. As the
bond continues to form to the nucleophile, the bond to the leaving group
disappears and the hybridization of the central carbon atom becomes sp3 again.
The three substituents that were initially oriented toward the incoming nucleophile
end up oriented away from it in the product structure. This is inversion of the
stereochemistry. The formation of a carbonium ion is characteristic of SN1 and E1 reaction
mechanisms.

Alcohols can be produced by an SN2 reaction, but so can many other types of
compounds.

Carbon-carbon double bonds are formed in elimination reactions, not substitution
reactions.

23.b.R-OH + TsOCl - R-OTs + HCl

R-NH2 + TsOCl — R-NHTs + HCl
Tosylates are produced by the reaction of alcohols with p-toluenesulfonyl
chloride, or tosyl chloride. The reaction of amines with tosyl chloride produces
tosylamides. The reaction of a compound containing both an —OH group and an -
NH2 group with only one equivalent of tosyl chloride would produce a tosylamino
alcohol. But this would only be true if the tosyl chloride was to react at the amine
function instead of the alcohol function, and it would also be correctly termed a
tosylamido alcohol and not a tosylamino alcohol.
Tosyl chloride is the reactant, not the product.

24. C: In a condensation reaction, two molecules are bonded to each other as the
components of a water molecule are “condensed” from them. An —OH group is



eliminated from one molecule and an H from the other, to produce H20 as one of the products.
When this occurs with carboxylic acids the acid anhydride is

formed. “Anhydride” means “without water”.

Acetic anhydride is specifically the anhydride of acetic acid.

A mixed anhydride is an anhydride formed from molecules of two different

carboxylic acids, but these rarely form.

Maleic anhydride is specifically the anhydride of maleic acid.

25. B: Separation of compounds in distillation occurs because of their differential
rates of evaporation and condensation equilibria. The more often the vapors in the
apparatus can condense and evaporate, the more distinct the separation of the
components will be.

The more quickly a distillation process is carried out, the less distinct the
separation of the components will be, making the process less efficient.

A very cold condenser temperature has the effect of forcing the vapor through the
system before it can condense and evaporate again, decreasing both the separation
of the components and the efficiency of the process.

Reduced pressure decreases the temperatures at which the components will
distill, without affecting the separation behavior.

26. C: “Aldo” indicates that the acyclic form is an aldehydes. “Hex” indicates a
six-membered foundation structure, and “-ose” denotes that the compound is a
carbohydrate or sugar.

The term “pentohexose” is a made-up term and has no meaning.

Lactose is a specific compound found in milk, also known as “milk sugar”. Some
people are not able to digest this sugar and are called “lactose intolerant”.
Ketofuranose is a class of sugar molecules whose cyclic structure is based on the
five-membered oxygen heterocyclic “furan” structure and whose acyclic or linear
structure is a polyhydroxy ketone.

27.B: Furan is a five-membered oxygen heterocyclic compound. Sugar molecules
that have this same basic skeletal structure are called furanose sugars.

Pyran is a six-membered ring analog of furan. Pyranose sugars have a cyclic
structure based on the pyran ring.

A pentose is any five-carbon carbohydrate molecule.

Cyclohexose is a made-up term and has no meaning.

28. A: Disaccharides are carbohydrate molecules formed by the linking of two
simple sugar molecules like glucose and fructose. The term “oligosaccharide”



denotes short carbohydrate molecules typically composed of four or more simple
sugar molecules. The sucrose molecule has seven -

OH groups, and dissolves quite readily in many organic solvents.

29. B: “Keto” denotes that the acyclic form is a ketone.

“Hex” denotes a six-carbon structure and “-ose” denotes that the compound is a
carbohydrate.

Such compounds are well known. They do not contain both a C=C bond and a
C=0 group and are therefore not enones. Aldopentoses are five-carbon sugar
molecules whose acyclic form is an aldehyde.

30.D: “Hetero” denotes that different atoms are present in the basic skeletal

structure of the molecule. “Cycle” denotes that the compound has a ring structure rather
than a linear structure.

A “carbocycle” is a cyclic compound whose basic ring structure consists only of carbon atoms.
“Paracycles” is a made-up term and has no meaning. “Macrocycles” are compounds whose
basic structure is a large ring or cyclic structure.
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Physics

1. D: When adding, the answer will have as many significant figures after
the decimal point as the meas urement with the fewest decimal pl
aces. The total mass

(ignoring significant figure) is obtained by adding up all four measurements. This
yields B, not A. But since the first and second masses are precise to only
a hundredth of a gram, your answer can’t be more precise than this. The
number

35.5918, when rounded to two significant figures after the decimal point (to matc
h your measurement of 23.04) is 35.59.



2. C: To add and subtract vectors algebraically, you add and subtract their
components. To add vectors graphically, you shift the location of the vectors so
that they are connected tail-to-tail. The resultant is a vector that starts at the tail of
the first vector and ends at the tip of the second. To subtract vectors, however, you
connect the vectors tail-to-tail, not tip to tail, starting with the vector that is not
subtracted, and ending with the one that is. Think of this just like vector addition,
except the vector that is subtracted (the one with the negative sign in front of

it) switches directions.
3. C: This is a problem of free-fall in two-dimensions. A thrown ball without air

resistance will only be subjected to one force, gravity. This causes a downward
acceleration of exactly 9.8 m/s2 on all objects, regardless of their size, speed or
position. Note: since the ball was thrown directly upwards, the HORIZONTAL

acceleration is 0 m/s2 and the horizontal speed at all times is 0 m/s. B is
wrong

because the force of gravity is always pointed downward and never changes
direction.

ﬁilog"amT,e newton is defined in terms of the fundamental units meters,

and seconds (N = kg "~ m/s2), so it is not a fundamental unit. II is a verbal statement

of F = ma, Newton’s second law, which is true. If F = 0 N, then the acceleration is

0 m/s2. If the acceleration is 0 m/s2, then the speed is 0 m/s or a nonzero constant.
Ipil%\,{/s a nonver bal statement of New ton’s first law, meaning New ton’s fir

can be derived from his second law. Newton’s second law cannot be derived from
the universal law of gravity.

5. C: The centripetal force pushes you in toward the center of the ring, not towards
the wall. The centripetal force also causes the ring to push against you, which is
why it might feel like you’re being push outwards. This force also causes friction
between your back and the wall, and that’s why you don’t fall when the floor is
removed, assuming the frictional force is large enough to overcome gravity. As

the speed of rotation increases, the force exerted by the wall on your body
increases, so the frictional force between you and the wall increases. Answer B is
correct—centripetal force does cause you to change direction—but it does not
explain why you don’t fall. Also note that “centrifugal force” is an illusion;
because you feel the wall pushing against your back, you feel like you’re being
pushed outwards. In fact, you're being pulled inwards, but the wall is also being
pulled inwards and is pushing against you. Finally, you are not weightless on a

ride like this.



6. C: The question asks how much friction is needed to START the block moving,
which means you need to calculate the force of static friction. If the question had
asked about the force needed to KEEP the object moving at a constant speed, you
would calculate the force of kinetic friction. Here, the force of static friction is

equal to mstatic *~ N, where N is the Normal force. The normal force (N) on the
plastic block is the weight of the block (mg) = 10 kg x 9.8 m/s2 = 98 newtons. The

force of static friction = 0.6 x 98N = 59 N. Answer B is the force of kinetic
friction, once the block starts moving. (Note: molecular bonding and abrasion
cause friction. When the surfaces are in motion the bonding is less strong, so the
coefficient of kinetic friction is less than the coefficient of static friction.
Therefore, more force is required to start the box moving than to keep it moving.)

7. B: The weight of the masses is determined from W = mg. In this case, there is a

force to the left/down of 20 kg x 9.8 m/s2 =196 N, and a force to the right/down of

30 kg x 9.8 m/s2 = 294 N. The net force is 98 N to the right/down. This force is
moving both masses, however, which have a total mass of 50 kg. Using F = ma
and solving for acceleration givesa=98 N / 50 kg = 2 m/s2.

8. B: The torque acting on an object is the force acting on the object (in this case,

its weight = mg) times its distance from the pivot point. Here, the masses and the

bar are balanced, so the net torque is 0 N " m. This means the clockwise torque is

). Dividing the

distance in half would only add a factor of %2 to both sides of this equation. Since

this affects both sides equally, the net torque is still zero when both dis

tances are equal and opposite to the counter clockwise torque ( mgd, =med,
halved. C would be the correct answer if the mass of the bar was not zero.

9. D: Impulse is the change in an object’s momentum (mv), which is in units of kg

x m/s. An object’s impulse can change, depending on the forces acting upon it. For

a ball rolling down a hill, gravity provides a constant force, which causes the ball

to accelerate. This creates an impulse that increases as the ball gets faster and
faster. This impulse does not exist for a short time, but will continue as long as the
ball is accel er ating.

10. B: Using conservation of momentum, the original eastward momentum = 75 x

5 =375 kg m/s and the northward momentum is 100 x 4 = 400 kg m/s. Afterwards,

the two skaters have a combined mass of 175 kg. Using the Pythagorean theorem

(for a right triangle w/ hypotenuse A, A2 = B2 + C2), their total momentum will be

V(3752 + 4002) = 548 KG M/S. Setting this equal to mv, 548 = (175) v, gives v

3.1 m/s.



11. B: The work-energy theorem can be written W = DKE. It is derived from
Newton’s second law (F = ma) by multiplying both sides by the distance the
object moves. This work is the work done by a force on an object, and not the
work done by an object. Work is only done by an object if that object exerts a
force on another object, causing a change in its kinetic energy or position. The
work done on an object MAY equal its potential energy, but only if that potential

energy is converted into kinetic energy. In real-life cases, some energy is
converted to heat, for example, so the change in potential energy does not equal
the change in kinetic energy.

12. C: The initial gravitational potential energy of the ball is mgh, where h is the
height above the ground. At the top of the loop, some of this energy will be

converted into kinetic energy (Y2mv 2tfop). Since its height is 2R at the top of the loop,
it will have a potential energy here of mg(2R). Using the conservation of energy:

mgh = %sm v 2top + mg(2R). Additionally, in order to maintain a circular path, the
centripetal force must equal the gravitational force at the top of the loop:

ﬂF‘\'?_}h‘d&ﬁ be rewritten as v 2top = gR. Putting this into the energy
equation, you find mgh = 25 m(gR) + mg(2R). D|V|d|ng m and g from both sides of
this equation shows that h = ¥9R + 2R = RAnswers A, B and D represent
choices that students are likely to find if they do the math incorrectly.

13. B: The total energy of an isolated system is always conserved. However the
mechanical energy may not be, since some mechanical energy could be converted
into radiation (light) or heat (through friction). According to Einstein’s famous
equation E = mc2, energy is (occasionally, like in nuclear reactions!) converted
into mass, and vice versa, where c is the speed of light. This does not affect the
conservation of energy law, however, since the mass is considered to have an
energy equivalent. This equation does not tell anything about the mechanical
energy of a particle; it just shows how much energy would be generated if the
mass was converted directly into energy.

14. D: The phase of a wave changes as the wave moves. When measured in
radians, the phase fluctuates between 0 and 2t radians. It is this fluctuating angle

that allows two identical waves to be either in or out of phase, depending on
whether their sinusoidal forms are matching or not when they cross. Answers A

and B are meant to emulate the wave’s amplitude and wavelength, both of which
are measured in units of distance (meters, for example) and not radians.



15. C: Although the acceleration of a falling object is constant (9.8 m/s2), this is not
true for a pendulum. The total force on a simple pendulum is the resultant of
the force of gravity on the bob acting downward and the tension in the string.
When the pendulum is at the bottom of its swing, the net force is zero (tension = w
eight), although the bob does have a velocity. At the top of its swing, w hen it's
changing direction, the tension is least. Therefore, the net force is greatest here,
too. The bob is stationary momentarily at its highest level. Since F = ma, a large
force means that the acceleration here is highest, too.

16. A: The amplitude of waves that cross/interfere is the sum of the instantaneous
height at the point the two waves cross. In this case, one wave is at its peak
amplitude A. The other wave, in a trough, is at its minimum amplitude -
A. Since

these waves are at opposite heights, their sum = A + -A = 0. Had the waves
both

been peaking, the sum would be A + A = 2A. If they had both been at a minimum,

the sum would be -2A.

17. C: If the waves are 500 Hz and 504 Hz, they will have 504 - 500 = 4 beats per
second. By definition, this would have a frequency of 4 Hz. This would mean 0.25
seconds between beats.

18. B: The density of a homogeneous object, liquid, or gas is its mass divi
ded by

its volume or the ratio of its mass to its volume. Density is inversely proportional

to the volume and directly proportional to the mass. The ratio of the density of
A

to the density of B is 5:4 or 5/4. Hence, the ratio of the volume of A to the volume

of Bis 4:50r 4/5.Alternativelyone couldsolve the equation5VA =4VB.
19. C: The pressure of water at a depth h is given by rgh where r is the density of

water. Here P = (1000 kg/m3 x 9.8 m/s2 x 14 m) = 1.37 x 105 N/m2. To find
the force of the water on the window, multiply this pressure by the window’s area. F
=m(1Im)2 x1.37 x 105 N/m2 = 4.3 x 105 N/m2.

20. D: Irrotational fluid flow consists of streamlines which describe the paths
taken by the fluid elements. The streamlines don’t have to be straight lines because
the pipe may be curved. Answer B describes the conditions for steady flow. The
image of a paddle wheel may be used to explain irrotational flow, but (1) the
wheel will not turn in an irrotational fluid flow, and (2) this only works if the
viscosity is zero. When there is viscosity, the speed of the fluid near the surface of

the pipe is less than the speed of the fluid in the center of a pipe. Rotational flow
includes vortex motion, whirlpools, and eddies.



21. B: As water freezes and becomes a solid, that heat leaves the water and
the

temperature of the water decreases. Water is a rare exception to the rule because it
expands when it freezes. Most other substances contract when they freeze because
the average distance betw een the atoms of the substance decreases. Water, on
the other hand, forms a crystal lattice when it freezes, which causes the Hydrogen and
Oxygen molecules to move slightly further away from each other due to the
lattice’s rigid structure. The coefficient of thermal expansion is always positive.
Answer C just restates the phenomena and does not give an explanation.
Answer D is true but does not explain the expansion of freezing water.

22. C: The electric field at a point in space is the force acting on a small positive

test charge divided by the magnitude of the test charge. Its units are newtons
per

coulomb and it is a vector pointing in the direction of the force. The electric field
produced by a charge distribution refers to the electric fields at each point in
space. All the electric field vectors are tangent to electric field lines or electric
lines of force. The electric field produced by a charge distribution can be
represented by all the electric field vectors. Or, it can be represented by
electric

field lines. In this case, the stronger the electric field the closer together the
electric field lines are. Arrows on the lines indicate the direction of the electric
field. Answer D is incorrect because the field is being represented by electric
fieldlines, notelectricfieldvectors.

23. A: Since like charges repel and opposite charges attract, putting a dipole in an
electric field would cause the dipole to orient so that its negative side will point
towards the electric field’s positive side. Since electric fields flow from positive
towards negative, an electric field pointing from south to north could be caused by
pos i tive char ges in the south and negative charges in the north. Cons
equently, the

dipole will line up opposite to this, with the positive charge on the north side.
Answer B is not correct because such an orientation would be unstable. The least
disturbance would cause the dipole to flip 180°.

24. B: For a positively charged particle, you would used the right hand rule
(RHR) to solve this. Since this is an electron, you can either use the left hand rule,

or use the RHR and switch the direction of the inducted force. The RHR gives you

the direction of a force exerted by a magnetic field on a magnetic field. Holding

your right hand flat, the fingers point in the direction of the velocity of a positive
charge, the palm points in the direction of the magnetic field, and the thumb points

in the direction of the magnetic force. For a negative charge, the force is in the
opposite direction, or downward in this case.



25. C: In a vacuum, the speed of light has nothing to do with its wavelength,
frequency or color. It’'s a constant 3 x 108 m/s. When light travels through a
medium other than a vacuum, such as glass or a prism, it slows down, and
technically different colors of light travel at slightly different speeds. However, in
most physics problems, you should treat all light as traveling at the same speed.

26. D: “Conventional current” -- as is typically used in physics and elsewhere --

s the flow of positive char ges from the positive to negative sides of a
battery. In

reality, protons don’t actually move through a wire. Negatively charged electrons

move, so conventional current really reflects the effective positive charge that’s
created by electrons moving in the opposite direction. Normally, the wide side of

the battery represents the positive side, so conventional current would start from
the wide side and move around until it reached the narrow side of the battery.
Here, the batteries aren’t labeled with positive or negative. However, that doesn’t
matter, since the batteries are oriented in opposite directions. If they had the same
exact voltage, no current would flow. However, if one battery has a higher voltage

than the other, the higher voltage battery would dominate the direction of current

flow. Since you don’t know the voltage of the batteries, you cannot deter mi
ne the

direction of current flow.

27. B: Since the ammeter is connected in series, it will draw current and reduce

the current in the resistor. How ever, ammeters have a very small resis
tance so as

to draw as little current as possible. That way, measuring the current doesn’t
significantly affect the amount of current traveling through a circuit. Voltmeters, on

the other hand, are connected in parallel and have a high resistance.

28. C: A capacitor connected to a battery with a small internal resistance will
charge up very quickly because of the high current flow. Once the potential

di ffer ence on the two plates becomes equal to the emf of the battery, the el
ectr ons

will stop flowing from the positive plate to the negative plate and the capacitor
will be fully charged up. Connecting the capacitor to a battery with a greater emf

w ill cause the plates to acquire a greater charge. How ever, the charge is directly
proportional to the voltage. The capacitance is the ratio of charge to voltage and
depends only on the physical characteristics of the capacitor.

29. A: The maximum current is derived from Ohm’s law. I =V / R =40V / 20
ohms = 2 amps. However, because this is an alternating current, the instantaneous
current actually fluctuates between +2 amps and -2 amps. Electrons effectively



move back and forth. This means the average current is 0 amps.

30. C: The angles of incidence and refraction are defined as the angle made by the

rays with a line perpendicular to the surface. The angles of incidence and

. In this case, because glass has a higher index of refraction (n) than air, the angle
of refraction will be smaller
than the angle of incidence. Increasing the angle of incidence by 5 degrees will
increase the angle of refraction, but it will still be below the original 45°. Proving this w
ithSnell’s law: 1.0xsin(50) =1.3sin(B),soSin(B) =0.59andB =36°.

31. C: Convex is the opposite of concave. A convex mirror bulges outward like

the outside of a sphere. They alw ays produce a small image that is right side
up.

These images are always virtual, also, meaning the image appears to lie behind

the mirror. A convex mirror with an infinite radius of curvature is essentially a

plane mirror.

32. B: If the charged object is negative, it will cause electrons in the neutral
object to move away from the charged object. If the charged object is positive, it

will attract electrons. In both cases, there will be an attractive force. There is also

an induced repulsive force, but the repulsive force is less because the like charges

are farther away. An object has a net charge because electrons have been added to

a neutral object or electrons have been removed from the atoms, ions, or
molecules in the object.

33. B: Answer B correctly states the definition of a conductor. Answer C is
incorrect because a current will also flow in an insulator, for example, although
that current will be very low. In metals, the current flow caused by an electric
field is much greater than in an insulator or semiconductor because the electrons
are not bound to any particular atom, but are free to move. Answer D is incorrect
because a vacuum tube is a device that electrons can flow in, butut a vacuum tube
Is not considered a conductor.

34. C: This is a classroom demonstration of electrostatics. The paper is initially
charged by induction and is attracted to the comb. When in contact with the comb,
electrons migrate from the paper to the comb and the paper acquires a positive

charge. Answer B is might be true, but the transfer of electrons from the paper to

the comb occurs before the transfer of electrons from the air to the comb.

35. B: The two slits cause the light beams to diffract, that is, spread out instead of
travelling in a straight line. As a result there are two light beams superimposed on



one another. When the two light beams constructively interfere there are bright lines,
and when the two light beams destructively interfere there are dark lines.
Chromatic aberration has to do blurring through a lens due to different colors of light.
Doppler shift affects the wavelength of light from moving sources. Total internal

reflection is 100% reflection of light at the boundary between certain materials.
36. C: The emission of light is caused by photons of a specific frequency striking

gas molecules, which excites their electrons and eventually causes them to emit
light. Since this light comes in very specific colors, it implies that light comes is
specific quanta. The ultraviolet catastrophe refers to the frequency distribution of
light emitted by a blackbody. A black body is, basically, a hot object that emits
radiation in a predictable pattern. The threshold frequency refers to the
photoelectric effect. The stability of atoms is a quantum phenomena, however it is
only indirectly connected to the existence of light quanta.

37. C: A magnifying glass is a convex lens, just like the lens used in a telescope or
microscope. For objects located beyond the focal point of the lens, the image is
inverted (upside down) and real. For objects |ocated betw een the focal poi
nt and the lens, the image is virtual and erect (right side up). The focal length is
determined by the radii of curvature of the two lens surfaces and the index of

refraction of the lens material.
38. C: In physics, systematic errors occur when comparing a theoretical value

with an experimental value. The experimental value differed from the actual by
2.1 pounds, which is the systematic error. Since there is always random error,
Answer A is incorrect. But random error is just that — random— so it cannot be

2.1thp(()jund, which is systematic because it's a consistent error due to the
metho

used to take this measurement.

39. D: All of these principles are true except Snell’s Law. Snell’s law is 1.0 x
sin(Bincident) = n x sin(Brefraction) for a ray striking a transparent substance

from a

vacuum. It is true for all rays striking a lens. However, this is not a principle used

in ray diagrams. Although light is bent when it enters the lens, as Snell’'s Law
describes, it returns to its original direction when it leaves the lens. To simplify
this process, it’s often best to assume that a lens is infinitely thin when solving
many physics problems.

40. A: In a Zn-Cu battery, the zinc terminal has a higher concentration of electrons



than the copper terminal, so there is a potential difference between the
locations of the two terminals. This is a form of electrical energy brought
about by the chemical interactions between the metals and the electrolyte
the battery uses. Creating a circuit and causing a current to flow will
transform the electrical
energy into heat energy, mechanical energy, or another form of electrical energ

Y,
depending on the devices in the circuit. A generator transforms mechanical ene

rgy
into electrical energy and a transformer changes the electrical properties of a fo

rm of electrical energy. . . ]
&y Q u a ntita tive Rea s o ning

1. A: The product of 0.34 and 0.06 is 0.0204. Remember to count the number of
places to the right of the decimal.
2. C: Use a proportion to solve the problem. 8/6 = x/15, 60 = 3x, x = 20.

3.C: 8% =8/100 = 2/25.

4.A: The correctanswer is B=3A- 2.

5.D: (75 + 65+ 80 + 95 + 65)/5 = 76.

6.B: 31/4x8/18=13/4x8/18=104/72=13/9=14/9.

7. C: 400/6 = 180/x, 400x = 1080, x = 2.7. Rounded to the nearest hour, it will
take her approximately 3 hours.

8.D:7/28 =1/4.

9.D:x/3+4=7,x/3=3,x=09.

10. A: If x denotes short sleeve shirt and y denotes long sleeve shirt,
x+y=21and 15x + 18y =351

15(21-y)+18y =351

315-15y + 18y =351

3y=36

y=12andx=9



11. B: The cheapest cookie is $1.50, times 3 is $4.50.
12. A: $6 + $4.50 + $7.50 + $6 = $24. 10% of $24 = $2.40. $24 - $2.40 =
$21.60.

13.C: 47 x8/100 =376/ 100 = 3.76.
14.C: 11/2x3=41/2.

15.B: (4x9)-(1/2x6)=36-3=33.

16. B: The product .007 and 7.5 is 0.0525. Remember to count the number of
places to the right of the decimal.

17. B: Approximately 5/7 of the year is non-weekend days. $365,000 x 5/7 =
$260,714.

18.C: (175+320+417 + 533 + 210)/5 = 331.

19. A: The income ($7,056,238) minus expenses ($3,998,100) = $3,058,138.
20. D: -10 is greater than -(-(-15)), which can also be written as -15.
21.A:-4-(-9)=-4+9=5,

22. A: 60 divided by -4 is -15.

23.C: 184,770 divided by 12,318 is 15.

24.D: 7-56/13is 17/13.

25.B: T+C=21.T=3C+1.Ifyousolvefor21 -C=3C+1,youget3C+C=
20.4C=20.C=5.

26.A: 24/ X=60/100=3/5.24x5=3X.120 = 3X. X=40.

27.C:0.09356 - 0.003784 is 0.089776.
28.C: 8/ X=40/100=2/5.8x5=2X.40=2X.x=20.

29. D: Remember that D = RT. 260 = 65T. T = 4.



30. B: A 20% increase in both sides gives dimensions of 24 and 36. To find
the

area, we multiply 24 x 36 and get 864 square inches.

31.D:1yard = 3 feet = 36 inches. 1 yard/36 inches= (4 1/3 yards)/X inches. X =
36 x41/3.X=36x13/3.X=156.

32.C: (-4)(-2)(-6) =8x(-6) =-48.

33. A: Volume = LWH. Here thatis 14 x 10 x 3 = 420.

34. A: The equation for finding perimeter is P = 2L + 2W. Here P = 2x300 +
2x640 = 600 + 1280 = 1880.

35.B:23+(4+1)=2x2x2+5=8+5=13.

36. B: The product of 3.75 and 0.004 is 0.015. Remember to count the

number of places to the right of the decimal.
37.C: 72/3x3=23/3x3=23.

38.A: 75/8dividedby33/4=61/8x4/15=244/120=61/30=21/30.

39. B: The average of 7 and x is 7 + x divided by 2. The average of 9, 4, and x is

9 +4 +xdivided by 3. (7+x)/2 = (9+4+x)/3. Simplify the problem and eliminate
the denominators by multiplying the first side by 3 and the second side by 2. For
the first equation, (21 + 3x)/6. For the second equation, (18 + 8 + 2x)/6. Since
the denominators are the same, they can be eliminated, leaving 21 + 3x = 26 + 2x.
Solving for xgets x=26-21. x=5.

40. D: This is a simple average problem. If x denotes Annie’s score,

86+98+90+x, divided by 4 equals 92. To solve, multiply each side by 4
and add

the known scores together to get 274 + x = 368. Subtract 274 from 368 to solve
forx. x=94.



