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Answers and Explanations #2

Natural S cience

Biology

1. B: Glycogen is a polysaccharide, a molecule composed of many bonded
glucose molecules. Glucose is a carbohydrate, and all carbohydrates are
composed of only carbon, oxygen, and hydrogen. Most other metabolic
compounds contain other atoms, particularly nitrogen, phosphorous, and sulfur.

2. E: Endocytosis is a process by which cells absorb larger molecules or even

tiny organisms, such as bacteria, than would be able to pass through the plasma membrane.
Endocytic vesicles containing molecules from the extracellular

environment often undergo further processing once they enter the cell.

3. A: Because the energy of the products is less than the energy of the substrate,

the reaction releases energy and is an exergonic reaction.

4. C. The diploid chromosome number for humans is 46. After DNA duplication
but before the first cell division of meiosis, there are 92 chromatids (46

chromosomes). After meiosis I is completed, the chromosome number is halved

and equals 23. Each daughter cell is haploid, but the chromosomes are still paired (sister
chromatids). During meiosis II, the two sister chromatids of each

chromosome separate, resulting in 23 haploid chromosomes per germ cell.

5. C: Genes code for proteins, and genes are discrete lengths of DNA on

chromosomes. An allele is a variant of a gene (different DNA sequence.. In

diploid organisms, there may be two versions of each gene.

6. C: Angiosperms produce flowers, with ovules inside of ovaries. The ovaries
become a fruit, with seeds inside. Gymnosperms have naked seeds that are

produced in cones or cone like structures.

7. C: Alternation of generations means the alternation between the diploid and
haploid phases in plants.

8. C: Plants exchange gases with the environment through pores in their leaves



called stomata. Animals exchange gases with the environment in many different

ways: small animals like flatworms exchange gases through their skin; insects use

tracheae; and many species use lungs. 9. B: Platelets are cell fragments that are invol
ved in blood clotting. Platelets arethe site for the blood coagulation cascade. Its
final steps are the formation of

fibrinogen which, when cleaved, forms fibrin, the “skeleton” of the blood clot. 10. A: HCG is
secreted by the trophoblast, part of the early embryo, following

implantation in the uterus. GnRH (gonadotropin-releasing hormone. is secreted by

the hypothalamus, while LH (luteinizing hormone. and FSH (follicle-stimulating hormone. are
secreted by the pituitary gland. GnRH stimulates the production of LH and FSH. LH
stimulates ovulation and the production of estrogen and

progesterone by the ovary in females, and testosterone production in males. FSH stimulates
maturation of the ovarian follicle and estrogen production in females

and sperm production in males.

11. B: The gastrula is the first three-layered stage of the embryo, containing
ectoderm, mesoderm, and endoderm

12. B: Carbon is released in the form of CO2 through respiration, burning, and
decomposition.

13. A: Pioneer species colonize vacant habitats, and the first such species in a
habitat demonstrate primary succession. Succession on rock or lava often begins
with lichens. Lichens need very little organic material and can erode rock into soil

to provide a growth substrate for other organisms.

14. B: Character displacement means that, although similar, species in the same
habitat have evolved characteristics that reduce competition between them. It
occurs as a result of resource partitioning.

15. B: Adaptive radiation is the evolution of several species from a single ancestor. It
occurs when a species colonizes a new area and members diverge

geographically as they adapt to somewhat different conditions.

16. A: The first living organisms probably had not yet evolved the ability to
synthesize their own organic molecules for food. They were probably

heterotrophs that consumed nutrition from the “organic soup.”

17. A: Proteins have a greater diversity of functions than any other biological



molecules. It is nucleic acids that encode genetic information: proteins merely

carry out the instructions encoded in genes.

18. B: The active site of an enzyme is a uniquely s haped three-dimensional s pace
that is the site of biochemical reactions. Substrates fit within the active site in such

a configuration that the enzyme and substrate can bind together. This union is

called the enzyme-substrate complex. This pairing is very short lived because as

soon as the chemical reaction that the enzyme catalyzes takes place, the enzyme

and product dissociate.

19. C: In competitive inhibition, the competitor binds to the same active site as the substrate,
preventing the substrate from binding. In feedback inhibition, an end product acts as an inhi
bitor: the question does not tell you that this has occurred.

An allosteric enzyme has two binding sites, one for substrate (the active site) and one for effector
(the allosteric site), and an allosteric inhibitor binds to the latter, not the former.
20. B: The three-dimensional structure of an enzyme is critical for its ability to

bind substrates and catalyze reactions effectively. The three-dimensional structure

is held in place by hydrogen bonds between amino acids, and these hydrogen

bonds are easily disrupted, denaturing the protein (enzyme), by changes in

temperature and pH.

21. A: During chemosmosis, energy from light is used to extract electrons from
water and pump protons across the thylakoid membrane, creating a creating a
proton gradient that powers the generation of ATP and NADPH. Once these
molecules are created, they power the processes described in alternatives B-E.

22. E: Short-day plants flower when day length is decreasing or night length is
increasing. When plants are exposed to light during the night period, it resets their
circadian-rhythm clocks and interferes with their calculation of night length.

23. A: The mouth produces salivary amylase, the enzyme that begins the
breakdown of starch into maltose.

24. E: Muscle contraction (shivering) creates heat, so this would not be an
effective way of maintaining body temperature in a hot environment.

25. D: A locus is defined as the location of a gene on a chromosome. Alleles of a gene are different
forms of the same gene, and they have the same locus. Some



alleles may be recessive and some may be dominant.
26. C: If two different traits are always inherited together, they do not segregate in
meiosis and are linked.

27. C: A K-selected species has a population size that is constantly at or near
carrying capacity. Its members produce few offspring, and the offspring are large

and require extensive parental care until they mature.

28. E: Pollution affects the health of ecosystems and can limit population growth,

but as it is a byproduct of human activity, it is not dependent on the density of
the

population.

29. B: Random mating would lead to an equilibrium of allele frequencies, while
nonrandom mating (for example, inbreeding or sexual selection) would cause
changes in allele frequencies.

30. E: Adaptive radiation is the evolution of several species from a single
ancestor. It occurs when a species colonizes a new area and diverges as its
members specialize for a particular set of conditions.

31. B: The endosymbiont theory, that early prokaryotes invaded other cells and
took up residence there, is based on structure and function of current organelles.
The fossil record does not provide direct evidence of this because early
microscopic organisms would be unlikely candidates for fossilization.

32. D: DNA is composed of nucleotides joined together in long chains.
Nucleotides are composed of a pentose sugar, a phosphate group, and a
nitrogenous base. The bases form the “rungs” of the ladder at the core of the DNA
helix and the pentose-phosphates are on its outside, or backbone.

33. D: DNA polymerase does not match base pairs with 100% fidelity. Some
level of mismatching is present for all DNA polymerases, and this is a source of
mutation in nature. Cells have mechanisms of correcting base pair mismatches, but
they do not fix all of them.

34. C: The lac operon controls transcription of the gene that allows bacteria to
metabolize lactose. It codes for both structural and regulatory proteins and
includes promoter and operator sequences.



35. C: Plasmids are small circular pieces of DNA found in bacteria that are widely used
in recombinant DNA technology. They are cut with restriction enzymes and DNA of
interest is ligated to them. They can then easily be used to transform bacteria.

36. B: Although DNA and RNA have the same basic structure, there are some
important chemical differences between them. DNA uses deoxyribose as its sugar,

while RNA uses ribose. In RNA, the base uracil replaces thymine. RNA can base-

pair with itself to form a double stranded molecule; however, it generally is
single-stranded.

37. A: If implantation occurs, the embryo secretes HCG. This stimulates the
corpus luteum to produce estrogen and progesterone to maintain the pregnancy.

38. E: The head contains a haploid nucleus with 23 chromosomes. The head al so
contains the acrosome, a lysosome containing enzymes that are used to penetrate
the egg.

39. C: If non-disjunction occurs late in embryonic devel opment, only some of the
individual’s cells will have extra or missing chromosomes, resulting in mosaicism.

40. B: The mother can only be ii and the father must be heter ozygous because the
son is type O.

General Chemistry

1. A: The kinetic energy of the gas molecules is directly proportional to the
temperature. If the temperature decreases, so does the molecular motion. A
decrease in temperature will not necessarily mean a gas condenses to a liquid.
Neither the mass nor the density is impacted, as no material was added or
removed, and the volume remained the same.

2. C: Graham’s law of diffusion allows one to calculate the relative diffusion rate
between two different gases based on their masses.

3. A: Since there are 7 moles of neon out of a total of 14 moles of gas in the
cylinder, the partial pressure of neon will always be 50% of the total pressure,
regardless of the temperature.



4. C: The most electronegative atoms are found near the top right of the periodic
table. Fluorine has a high electronegativity, while Francium, located at the bottom
left on the table, has a low electrongativity.

5. A: Heat is absorbed by the solid during melting, therefore AH is positive.
Going from a solid to a liquid greatly increases the freedom of the particles,
therefore increasing the entropy, so AS is also positive.

6. B: Density is determined by dividing the mass of the solution by its volume.
The mass is 200 g, and the total volume is 0.2 L, or 200 mL. So 200 g/200 mL=1

g/ mL.

7. D: Acidity increases as we travel down the periodic table with regard to the
halogens. Even though fluorine is the most electronegative element and would be
expected to stabilize a negative charge well, it is such a small atom that it is
poorly able to stabilize the negative charge and therefore will have a stronger
bond to the hydrogen. As the atoms get larger, moving from fluorine to iodine, the
ability to stabilize a negative charge becomes greater and the bond with the
hydrogen is weaker. A stronger bond with the between the halogen and the
hydrogen will result in less acidity, since fewer hydrogen ions will be produced.

8. C: Since there are three moles of NH+ 4 per mole of salt and 1 mole of PO3-4 per
mole of salt, the total ionic concentrations must be 2.7 M of NH +4, and 0.9 M of
PO3-4.

9. D: During osmosis, solvent flows from the lowest to the highest concentration
of solute, in this case B to A. The membrane is semi-permeable and only allows
the solvent to move, not the solute.

10. D: Using the decay formula, C-14 remaining = C-14 initial(0.5) t/t half-life. So, 1 mg
(0.5) 20000/5730 = 0.09 mg. This problem is best solved using the decay formulasince
20,000 years is 3.5 half lives. If a student is careful in their reasoning, this
problem can be solved without the decay formula. After 3 half-lives, there would be 0.125 mg
remaining. If allowed to decay for 4 half-lives, 0.0625 mg would remain. Since only half
of this half-life were allowed to elapse, only half of the

material would decay, which would be 0.03 mg. Subtracting this amount from 0.125 mg, the
amount remaining after 3 half-lives, gives 0.09 mg, which is the

amount of material remaining after 3.5 half-lives. 11. C: The mass number is the number of
protons and the number of neutrons



added together. The number of protons is also known as the atomic number and

can be found on the periodic table. Therefore, the number of neutrons is the mass number
(238) less the number of protons, in this case, 92, so we have 146 neutrons. The
number of electrons always equals the number of protons in a

neutral atom, so C is the correct answer.

12. D: Each oxygen has a charge of -2 for a total negative charge of -8. Potassium

(K) only exists in compounds as +1. Therefore for the molecule to have a neutral

charge, the Mn must be in a +7 oxidation state.

13. B: The nitrogen is missing its lone pair of electrons, and should have two dots
above it. A correct Lewis structure shows how the atoms are connected to each
other as well as all of the valence electrons in the compound. Each bond
represents two electrons.

14. C: Three oxygen are equal to a total charge of -6. Therefore, the two iron
atoms must equal that with a positive charge, or +6. So each iron atom must be
+3, and the compound is iron (III) oxide.

15. C: 100 g of HBr equals 1.23 moles, and 100 g of Mg equals 4.11 moles. From the
coefficients of the balanced equation, the ratio of HBr to Mg is 2:1. This means that
to react 1.23 moles of HBr, 2.46 moles of Mg would be required.

Since 4.11 moles of Mg are present, Mg is in excess.

16. D: For a general reaction, a A + b B—» ¢ C + d D, the equilibrium equation
would take the form:

_eayxaar
[CH,ICL]

[CTIDT Hor

[AT3Y

where a, b, c and d are the coefficients from the balanced chemical reaction. Pure
liquids and solids are excluded from the equation. Since all reactants and products
in the problem are gaseous, the equilibrium equation for the reaction would be:

Kg:

17. A: First, one must understand that pKa is the acidity dissociation number. The
larger the number, the less acidic. Acetic acid is a carboxylic acid. When H+ is
given off, a negative charge results on the 0. Because there is a second equivalent
oxygen bonded to the same carbon, this negative charge can be shared between
both oxygen atoms. This is known as resonance stabilization and this conjugate



base will be more stable and more of the acid molecules will remain dissociated res ulting in hi
gher acidity. For ethanol, when the O-H bond breaks, the negati ve charge resides
completely on the O. It cannot be stabilized by other atoms and therefore reforms the
methanol rapidly. This results in very low acidity, since very few protons will be released.
18. C: There are 0.05 mol of sulfuric acid being added, but a total of 0.10 mol of

H+ since sulfuric acid is diprotic (H2S04). This is being added to 0.1 mol of

NaOH. The moles of acid and base exactly cancel each other out; therefore the

pH of the resulting aqueous solution will be near 7.

19. D: In1I, dissolving a solid into aliquid breaks up the organized solid matrix,
therefore increasing disorder. III converts single particles into two particles, and

in IV, solid ice sublimes into a gas. Both of these processes also increase

disorder and thus, entropy. Il is a decrease in entropy, since 7 molecules, with 3

being gaseous, are reacted to form 2 solid molecules.

20. A: B is 1-butanol, since its longest chain of carbons is 4, not 3. C is 3- pentanone,
since there are 5 carbons in the chain and it is a ketone, rather than acarboxylic acid. D
is 1-butene, not 3-butene. The name should be assigned by

giving the double bond the lowest number.

21. A: NMR, or nuclear magnetic resonance, allows one to determine the

connectivity of atoms in an organic molecule, by “reading” the resonance signals

from the attached hydrogen atoms. IR, or infrared spectroscopy, can help to

identify the functional groups that are present, but does not give much information

about its position in the molecule. Mass spectrometry breaks apart a large

molecule and analyzes the masses of the fragments. It can be useful in analyzing
protein structure. HPLC, or high performance liquid chromatography, is a method

used to separate a mixture into its components.

22. D: The fact that AG for the reaction is negative indicates the reaction is spontaneous.
This does not mean the reaction will be faster or slow. Diamondsas we all know do
not rapidly convert to graphite, and in fact do so only very

slowly, over millions of years, thank goodness.

23. B: The carbon of a carboxylic acid has three bonds to oxygen atoms and one to

a carbon atom. The carbon bonded to the carboxylic carbon will have an

oxidation state of zero. Each oxygen atom will have an oxidation number of -2.

However, one oxygen is bonded to a hydrogen, which will have an oxidation



number of +1. This results in a total oxidation state of -3 for both oxygens bonded
to the carbon. Therefore, since the carbon must balance the oxidation states of the
oxygens (-3) and the carbon (0), the oxidation state of the carbon must be +3. The
three bonds to oxygen give a +3, and the bond to carbon is 0.

24. D: Mendeleev was able to connect the trends of the different elements
behaviors and develop a table that showed the periodicity of the elements and
their relationship to each other.

25. D: Different molecules must have the same chemical formula to be isomers.
They differ only in which atoms are bound to which. Having the same mol
ecul ar

weight does not necessarily mean two molecules have the same formula.

26. C: Proteins are large polypeptides, comprised of many amino acids linked
together by an amide bond. DNA and RNA are made up of nucleic acids.
Carbohydrates are long chains of sugars. Triglycerides are fats and are composed
of a glycerol molecule and three fatty acids.

27. C: Normality refers to the concentration of acid equivalents (H+ ions), not the
concentration of the solute. 100 g of phosphoric acid has a MW of 98 g/mol. So,
100g/98 g/mol = 1.02 moles of phosphoric acid are in solution. The total volume
of the solution is 0.4 L, so the molarity of the solution is 1.02 mol/0.4 L = 2.55 M.
Since there are three acid equivalents for every mole of phosphoric acid, the
normality is 3 x 2.55=7.65N.

28. A: Communities around the world who drink fluoridated water have shown
dramatic decreases in the number of dental cavities formed per citizen versus
those communities that do not drink fluoridated water.

29. A: Density is mass per volume, typically expressed in units such as g/cm3, or
kg/ m3.

30. B: Acids and bases will react violently if accidentally mixed, as will reducing
and oxidizing agents. Both reactions can be highly exothermic and
uncontrollable.

Organic Chemistry
1. A: The number of carbon and hydrogen atoms corresponds to the general
formula for alkanes, CnH2n+2. This indicates that the compound is saturated and there



are no double bonds to any carbon atoms. There can therefore only be single
bonds involving the C and O atoms, which is satisfied only if the compound is an alcohol
(one of thirteen possible isomers) or an ether (thirteen other possible i somers). Al
dehydes and ketones have a double bond betw een a carbon atom and an oxygen
atom and ther efor e cannot have a for mula that agrees with the formula
C6H140.

2. D: The formula contains six carbon atoms and six hydrogen atoms. Structure a)
corresponds to the formula C6H12. Structures b) and c) correspond to C6H8. Only
structure d) of these possibilities corresponds to the formula C6H6.

3. B: In this reaction, the electron-rich C=C bond of 1-methylcyclohexene accepts a
proton from the strong acid solution forming a C-H bond between one of the C=C
carbon atoms and the H+ ion. This results in the formation of a 20 car boni
um ion at C2 if the C-H bond forms on C1 or a 3o carbonium ion at C1 if the C-H bond
forms on C2. The process is a reversible equilibrium, and since a 30 carbonium
ion is more stable than a 20 carbonium ion, any 20 ions formed would rearrange to

the 3o ion structure. Addition of H 20 to the 3o carbonium ion, followed by loss of

H+, produces the product 1-methylcyclohexanol.

4. A: This is the definition of the carbonyl functional group. The term “carbonyl”

refers specifically to the C=0 group. The other three each contain a carbonyl
group, but are not of themselves a carbonyl group. The carbonate group is the
CO2-3 ion, and the term “carbonate” is used to refer to salts and esters of the
corresponding carbonic acid. The carboxylic function is the —COOH group. The

acyl group is the carboxylic function without the -OH and can be represented by

RCO. It is a carbonyl bonded to a carbon group (R). Ketones, al dehydes, ester
S

and amides all contain acyl groups.

5. A: Optical isomers are properly termed enantiomers; molecules whose
structures are exact mirror images of each other but that cannot be superimposed
on each other. Such molecules have no planes or axes of symmetry, and are
therefore asymmetric. An optically active compound may have only one isomer or

it may have many. The number of possible isomers depends on the number of
asymmetric carbon atoms in the molecule.

6. C: Enantiomeric isomers, or enantiomers, are molecules that are identical in
every respect but are non-superimposable mirror images of each other according
to the orientation of substituents about a central atom.



Geometric isomers are compounds that differ in their geometric structure only, for
example, cis- and trans-2-butene. Conformational isomers are the different shapes
that can be adopted by a

molecule, for example, the chair, twist and boat conformations of the cyclohexane
molecule. Structural isomers are compounds with the same molecular formula but
different

molecular structures, for example, C2H60, which represents either ethanol,
CH3CH20H, or dimethyl ether, CH30CH3.

7. A: Multiple bonds between two atoms bind the two together more tightly,
bringing them closer together physically. Thus, they have shorter bond lengths. The
total bond energy of a multiple bond is at minimum the sum of the energies of the
individual bonds that make up the multiple bond. Therefore, they have higher
bond energies according to their multiplicity. For example, the bond lengths and
energies of bonds between carbon atoms follow the order:

C-C<C=C<C=C

longest shortest

Multiple bonds are sites of increased reactivity in molecules, especially as they
are the defining feature of many different functional groups.

Bond lengths and energies are not relevant to molecular weights.

8. C: Chromatography of a tangible quantity of some mixture of compounds is used
to separate those compounds from each other so that they can be collected in pure
form. Small-scale chromatography is often used in laboratory procedures to
monitor the progress of a reaction, usually through the disappearance of a
compound as the reaction or other process progresses over time.

9. A: Caffeine is an alkaloid compound and therefore contains nitrogen. The —ine
ending of the name indicates the presence of a nitrogen atom in the compound. The
molecular structure shown contains no nitrogen and therefore cannot possibly be
that of caffeine. The IUPAC name of the compound is 2-cyclohexyl-5-methylhept-
4-en-3-one. It is, however, a conjugated enone, because the C=C bond and the
C=0 bond are separated from each other by a single C-C bond.

10. A: The C=0 bond stretching absorption appears in IR spectra in the range of
1760-1670 cm-1.

The CN bond absorption of nitriles appears in the range 2260 - 2220 cm-1

The C-0-C bond absorption of ethers appears in the range 1260 — 1000 cm-1.
The C=C bond absorption of alkenes appears in the range 1680 — 1640 cm-1.



11. B: The mechanism of a reaction in which a nucleophile displaces another from
an sp3 carbon atom with inversion of the stereochemistry of the other three
substituents is called a bimolecular nucleophilic substitution reaction. The
mechanism is indicated by the SN2 tag.

An SN1 reaction proceeds by loss of a nucleophile from a molecule, forming a
carbonium ion intermediate.
The E1 and E2 reactions are elimination reactions and not substitution reactions.

12. C: In all forms of chromatography, the separation of components in a mixture
is achieved by the differential rates at which the compounds adsorb and desorb
from the surfaces of the stationary phase particles. The more times this can happen
as the mixture progresses down the column, the better the separation of the
components.

Solubility plays a role in chromatography but does not solely determine the
separation of the components.

Similarly, polarity plays a role in chromatography but does not solely determine
the separation of components.

Absorption is a different process than adsorption and is not involved in
chromatography.

13. A: Sugar molecules are polyhydroxy aldehydes and ketones in their linear
forms. They can form a cyclic structure by an intramolecular reaction that
produces a cyclic hemiacetal or hemiketal structure. These cyclic structures are
either five- or six-membered oxygen-heterocyclic rings. They are not bicyclic.

Sugar molecules can bond together very easily and are often found naturally in that
form, like sucrose, starches and celluloses. Simple sugars that are naturally
crystalline are easily recrystallized. Others tend to be thick, syrupy Liqui
ds rather

than crystalline solids.

14. B: Grignard reagents are formed by the reaction of alkyl and aryl halides with
magnesium metal in an anhydrous oxygenated solvent such as diethyl ether or
tetrahydrofuran. A radical mechanism splits the carbon-halogen bond in such a
way that the alkyl or aryl radical and the halogen radicals coordinate to a
magnesium atom to form alkyl (or aryl) magnesium halide.

A Grignard reaction occurs when an appropriate Grignard reagent is reacted with

a substrate molecule, such as a carbonyl compound. Grignard reactions are used
to add structures to other molecules.

Magnesium bromide (MgBr2) is one of the disposable by-products of Grignard



reactions.

15. A:

16. D: All three are different names for the same compound produced by this
reaction.

17. A: The lone pair electrons on the N atom of an amide are stabilized by
delocalization into the carbonyl group system. The orbital hybridization of the
N atom is thus stabilized as sp2 + p, which has trigonal planar geometry. Rotation
about the amide C-N bond is restricted by the p orbital overlap.

18. B: Phosphines do not add to imines and phosphine oxides do not add to the
carbonyl group. The Wittig reaction involves the attack of the carbonyl group of a
ketone or

aldehyde by a phosphinium ylide, which results in the production of an alkene and

a phosphine oxide byproduct. Typically, a triphenyl phosphinium ylide is used as

a Wittig reagent. The carbon group of the Wittig reagent forms the double bond of

the alkene in the same location as the carbonyl of the reactant ketone or aldehyde.

19. B: The Williamson synthesis produces ethers by the reaction of sodium
alkoxides and alkyl halides. The reaction proceeds via an SN2 mechanism. The
alkoxide is produced by treatment of an alcohol with a very strong base such as
sodium hydride to extract the —OH proton. An alkyl halide is then added to the
solution, and the alkoxide ion nucleophile displaces the halide to form the ether



product.
20. A: All steroids have the 6-6-6-5 ring structure in answer a). The other three
structures are not steroidal, although they do have some similarities.

21. B: An annulation reaction forms a ring structure in a molecule. This may be a new ring
on an existing ring. A bicycloannulation reaction forms two ringstructures in a
mol ecul e, by joining one part of the molecule to two other parts of

the same molecule in the same step. The reaction can be used to form complete three-
dimensional tricyclic structures.

A “double addition” reaction occurs when two addition reactions are involved in

a single reaction during a synthesis.

A “coordination reaction” occurs when an organometallic coordination compound

or complex is formed.

22. D: All of these compounds possess a nitrogen-containing ring in their
structures, so all are nitrogen heterocycles.

23. A: Amine oxides are very polar and have a bare oxygen atom bonded to the
amine N atom. They are often used as surfactants. Oximes are imines in which

the imine N atom has an —OH group bonded to it. Imines and epoxides do not have
bonds between N and O. Imines have a C=N double bond, and epoxides have a
three-membered oxygen-heterocyclic ring structure. Pyrans and furans are six- and five-
membered oxygen heterocyclic rings and do not contain N atoms in their structures.
Cyanates are the functional group written as -OC=N, with a terminal N atom, and
isocyanates are written as —-N=C=0, with a terminal O atom. Although both
contain N and O, neither have a nitrogen-oxygen bond.

24. D: Nitriles are characterized by the presence of a carbon-nitrogen triple bond.
Addition of H20 to this bond produces a hydroxyimine, or oxime, analogous to an
enol, which then rearranges to form an amide.

25. B: Polymers in their solid state fracture conchoidally like glass. As they are
heated and become more plastic, they attain a state in which they lose the ability to
fracture like glass. The temperature range in which this physical property
transition takes place is known as the “glass transition temperature”, Tg. At
temperatures below Tg, fracturing is observed, and at temperatures above Tg it is



not observed.

26. D: Trimyristin and tristearin are “triesters” of glycerol, myristic acid and
stearic acid. Base-catalyzed hydrolysis, or saponification, must return all three of
these materials.

27. A: Diols and dicarboxylic acids undergo condensation reactions to produce
linear polyesters. Glycerol has three =OH groups rather than two, and can
therefore form ester links to more than one diacid molecule. This results in the
formation of cross-linked polyesters.

Diglycerides and triglycerides are the diesters and triesters formed by reaction of
diols and triols with monocarboxylic acids.

Saccharides are carbohydrate “sugar” molecules.

Polyethers do not contain an ester linkage.

28. D: Plasticizers are incorporated into the physical structure of a polymer and
act to keep the polymer molecules separated. This provides flexibility or
“plasticity” to the polymer.

Stabilizers are compounds added to prevent destructive reactions such as
oxidation from occurring.

Adjuvants are typically unreactive materials added to a polymer in order to impart
certain properties such as color.

Block copolymers are polymers that are composed of a long section, or “block”,

of one type of monomer and then joined to another block composed of a
different

type of monomer.

29. C: Glucose molecules are formed by photosynthesis and used in the formation
of starch and cellulose biopolymers.

Fructose is a simple sugar found in fruits and vegetables.

Galactose and galactulose are epimeric forms of glucose.

30. C: “Plastic” means that the shape of the material can be changed by pressure
alone.

“Thermoplastic” means that a polymeric material becomes plastic when heated.
“Thermosetting” means that the material becomes solid when heated, as the
heating process promotes the formation of cross-linking bonds.

“Thermonuclear” refers to the energetic activation of reactions between atomic
nuclei through extreme heating.

“Neoplastic” is a term used to describe a cancer growth.
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Physics

1. C: Vectors have a magnitude (e.g., 5 meters/second) and direction (e.g.,
towards north). Of the choices listed, only velocity has a direction. (35 m/s north,

for example). Speed, distance and time are all quantities that have a size but not a
direction. That’s why, for example, a car’s speedometer reads 35 miles/hour, but

does not indicate your direction of travel.

2. C: The average speed is the total distance (400 m) divided by the total time
spent travelling (100 s). Answer A would be correct if the question as ked
for the

instantaneous velocity while the runner was stopped. Ans. B is the runner’s
average speed when running at her usual time, finishing the race in 80 seconds.
Answer D is the average speed if the runner had completed the race in 20
seconds, not 100.

3. C: In a uniform gravitational field, such as occurs near Earth’s surface, an object
will move like a point mass located at the center of mass. However, this does not
necessarily mean that the geometrical center of an object is the same as its center
of mass, depending on its shape, design and mass distribution. The center of mass
of a sphere or cube is at its geometric center because you can

imagine the sphere as consisting of a large number of point masses located at certain
points in space. Multiplying the point masses by their location and

dividing by the total mass gives the center of mass. I is not true because the space
station may not be completely symmetrical. IIT is true because the space station is
undergoing uniform circular motion around Earth. If the orbit had been elliptical, this
would not be true because the speed would have changed depending on the
station’s position. How ever, even though the speed is constant in a circular orbit,
the velocity is not. Since velocity has a direction associated with it, and the space

station is moving in a circular path, its velocity is constantly changing.

4. A: Newton’s third law is that if object A exerts a force on object B, then object



B exerts and equal and opposite force on object A. This means for every action
(force) there is a reaction (force in opposite direction). The box is in equilibrium because
the force of the table on the box is equal and opposite to the force of

gravity (weight) of the box pushing against the table. Since the force of the box
against the table is an action force (caused by gravity), the reaction force would

be the table pushing back against the box.

5. C: Centripetal force can be expressed as F = m(v2/r)cos6. Increasing the radius
effectively decreases the force unless you also increase the velocity. By assuming
that the maximum centripetal force remains constant, you can increase the
maximum speed v by as much as V2. Any higher and the v2 term will be too high

for the new radius.

6. A: The force of gravity points straight down. The normal force is perpendicular

to the surface of the block. The force of friction points down the slope. The only
one of these diagrams with all three vectors pointing in those directions is Answer

A.

7. B: Using Newton’s second law F = ma, the acceleration of all three blocks,
which have a combined mass of 9 kg, is a = 25 N / 9 kg = 2.78 m/s2. The force
pulling the rear block is F = ma = 4 kg x 2.78 m/s2 = 11.1 N. Another way of
thinking of this is the tension represents 4/9 of the total force, since the total mass

is 9 kg and the rear block has a mass of 4 kg. This must equal the tension on the
rope pulling on that block. Answer C is the tension of the string connecting the 3

kg and 2 kg masses. Answer D is the tension on the rope pulling all 3 masses.

8. A: A collision is considered elastic when neither object loses any kinetic
energy. Since the cars latch together, this can’t be the case. You could easily prove

this by calculating the cars’ KE = %2mv2. If the railroad cars had bumpers instead

of couplers, the moving car would stop and transfer all its momentum and kinetic energy
to the stationary car, causing an elastic collision. In a closed system like this one,
however, the conservation of momentum is an absolute law, where an

objects” momentum is its mass times its velocity. There are no external forces

acting on the two cars. The only forces are between the two cars themselves. The
momentum before the collision is the same as the momentum after the collision:
mvinitial + m(0 m/s)= mvfinal,+ mvfinal. So mvinitial = 2mvfinal, and vinitial =
2vfinal. Thus the final

velocity is half the initial velocity.

9. A: Since the box is moving at a uniform speed, the net force on the boxis 0



newtons. Thus the work (W = Fd) is also O joules. Answer C incorrectly assumes

that 2 newtons of force are used to move the box 5 meters, and while it’s true that

the teacher is pulling with 2 newtons, the frictional force counteracts this. Answer D
incorrectly assumes the work performed by the teacher and the work due to
friction add together for a net work of 20 newtons. Answer B incorrectly uses W

= F/d. The vertical forces acting on the box—gravity and the normal force—also

have a net force of 0 newtons and work of O joules. 10. A: In addition to understanding
power, this problem requires you to

understand unit conversions. The power P is the work divided by the time, and the work
here is the average force times distance. Since the force increases evenly from 0
to 2000N and decreases at the same rate, the average force is 1000N. Keeping in
mind that 20 cm = 0.2 m and 100 milliseconds = 0.1 seconds, this

means P =1000N x 0.2 m/ 0.1 s = 2000 watts or 2 kilowatts.

11. D: Answers A, B, and C all shed light on what conservative forces are but do

not answ er the question of why the work on an object doesn’t depend on its
path.

Friction is a force that causes kinetic energy to be lost and where the amount of
loss depends on the path taken. Work can be expressed in multiple ways, including

as the sum of potentials, and all that matters is the beginning and ending position.
Think of this in terms of gravity, gravitational potential energy, and the work done

by gravity. In this case, W = APE = mgAh, where h is an objects height. Dividing

work by the change in position shows mg = APE/Ah. Since mg is a force, you can

say F = APE/Ah, or the force equals the work/change in potential energy divided

by its change in position.

12. D: The jumper’s weight is 9.8 m/s2 x 100 kg= 980 Newtons. Insert the weight —a
force—into the equation F = kx, where k is the spring constant and x is the
displacement from rest of the spring. The displacement here is 5 meters. 20 meters
Is unnecessary information, and just a measure of how long the spring is, not how

far it was displaced. k = F/x =980 N / 5 meters =196 N/m.

13. A: The Doppler effect shows that light/radiation from a object moving away
has a longer wavelength. A car moving towards the RADAR gun would have a
shorter wavelength. Since ¢ = vf (where ¢ = speed of light, v = wavelength and f =
frequency), increasing the wavelength would cause the frequency to become
smaller.

14. C: As the amplitude of the pendulum increases due to resonance, it will swing
higher. However, the period of a pendulum is not connected to how high it swings.



Only the length of the pendulum affects its period. Obviously, the length of a
pendulum will not be affected by how high it’s swinging or whether it’s in
resonance.

15. C: Three full waves fit into the pipe, according to the question description.
The wavelength of the third harmonic in this pipe organ is 1.2m/1.5 waves = 0.8

m. Using the wave equation (v = f), f =340 m/s / 0.8 m = 425 Hz.

16. C: If the sub stays at a constant depth, its buoyant force must be equal to its
weight. If the buoyant force was larger, it would rise. If lower, it would sink. All
objects underwater experience a buoyant force, so it cannot be zero.

17. B: To increase the flow rate, you’d want to: (1) reduce the length L of the
pipe, (2) make the pipe wider, and (3) have a fluid with low viscosity (just think

of how much slower a viscous fluid like molasses runs as compared to water).
Answer B is the only answer that describes all of these changes.

18. C: In a vacuum the only forces acting on the molecules of aluminum are
other

aluminum molecules. Inside a fluid, the molecules of the fluid collide with the
sides of cube and exert a force on the surface causing the cube to shrink in size
slightly. Also, the temperature of water deep in the ocean is very low. This causes

the vibratory motion of the aluminum molecules to decrease, which decreases the
dimensions of the cube.

19. D: The bulk modulus describes a substance’s reaction to being squeezed and
its change in volume, which directly affects its density. The elastic modulus is the

ratio of stress to strain for an object. Young’s modulus deals with the elasticity
and length of an object. The shear modulus deals with the elasticity of a shape and

the stress that’s applied perpendicular to its surfaces.

20. B: Concerning answer A, if an object has a positive charge, it is because
electrons were removed. In the case of a conductor, the electrons will migrate
away from the surface, leaving a positive charge on the surface. The electric field
of a negative point charge points towards the charge. The electric field of a sheet
of charges will be perpendicular to the sheet.

21. B: The electric potential, which comes from the electrostatic potential energy,
is the potential of a charged particle in an electrical field. The stronger the field or
the higher the charge, the higher the potential. So putting a point charge near a



dipole will create a potential, depending on how strong the dipole’s field is. For a
potential of 0, you would need to be far from the dipole, so its electric field
strength was effectively 0. At an infinite distance from a dipole, the distance
between the charges is approximately 0 meters, so the net charge is 0 coulombs.

22. B: A moving electron produces a circular magnetic field that is perpendicular

to the velocity of the particle. Since the magnetic field produced by the electron
exerts a magnetic force towards the electron, the charge on the particle is positive.
This conclusion requires the correct application of the right-hand rule for the
creation of a magnetic field by a current (thumb in the direction of the velocity of a
positive charge with fingers curling in the direction of the magnetic field) and the
right-hand rule for the magnetic force on a moving charge (fingers in the direction

of the positively charged particle’s velocity, thumb in the direction of the magnetic
force, and palm in the direction of the magnetic field). Answer D is wrong
because there are no particles with only a north pole or a south pole. There may
be a force between the electron and the particle if the particle is a tiny magnet, but
the direction of the force would depend on the magnet’s orientation, and hence
answer A is wrong.

23. B: Although the wavelength of light is related to its color, the frequency really
determines light’s color. For example, light slows down when it enters water. This
doesn’t change the frequency or the color of light, but it does change its
wavelength. The fact that light sometimes acts like a wave and sometimes acts like
particles is called “duality.” The energy of light can be expressed as E = hv,
where h is the Plank’s constant and v is the frequency.

24. D: Current can be expressed as the flow of charge per time, which Answers A
and C both express. Answer B follows from the units in Ohm’s law, V = IR.
Answer D is the only incorrect way of expressing current, although watts per volts
would be an OK way to express amperes, which follows from the Power equation
P=1IV.

25. B: For resistors in series, the total resistance is the sum of their individual

r esi stances. For resistors in parallel, the total resistance is given by 1/R =
1/R1 +

1/R2 + ... First, the bottom two resistors have a total resistance of 2 W+ 4 W= 6
W. Then add this in parallel with the 3 Ohm resistor. 1/R=1/3+1/6 =1/2.SoR

=2 W for the bottom three elements. To find the total resistance, add this in series

to the top resistor, foratotal R =10 W + 2W = 12W.



26. B: Answers A and C are wrong because they doesn’t have the units of energy
(joules). To make things easier, the correct answer follows the same form as other kinds
of energy (KE = %2mv2, a spring’s potential energy is 2kx2, etc.) The capaci tance i
s defined as Q/V, so the energy is proportional to QV. The potential

at a point in space is determined by the concentration of charge at that point, but

the potential difference (V = work/charge) is defined in terms of the motion of a

small test charge. At the very beginning of the process of charging up a capacitor,

the work needed to move a test charge from the positive plate to the negative plate is 0
volts. As the capacitor charges up, more energy is required to move the charge
because the charge is repelled by the negative plate. The total energy stored is Q
" average voltage. Since the voltage increases linearly, the average voltage is %2 V.
27. A: The current that flows in the resistor connected to the battery without the
capacitor is 5 * 10-5 ampere. When the battery is disconnected this is the initial
current as the electrons flow from the negative plate through the resistor to the
positive plate. As el ectrons build up on the positive plate, the current
decreases.

The decrease is exponential, so the capacitor never fully loses its charge. Answer

B is the time constant for the RC circuit (resistance " capacitance). After 30
seconds, the current is 37% of its initial value. When the time lapsed is three
times RC, the current will be reduced to 95%. Within a short time, the current will

be so small it will not be measurable with an ammeter, although it will technically
never fully discharge.

28. D: For constructive interference, the waves must arrive having the same phase.
Therefore, neither Answers A or B can be correct. Constructive i nterference occurs
w hen the w aveforms add together, producing a maxi mum thatis twice as i
ntense as either of the individual waves. Answer C would cause the waves to
be out of phase by 1, 3, 5 or 7 (etc.) half-wavelengths, meaning the waves would
be out of phase by a half-wavelength. Only Answer D assures that

the two waves arrive in phase.

29. C: Aray of sunlight consists of many different colors of light. The speed of red

light in water is slightly larger than the speed of violet light, so the angle of
refraction of violet light is greater than that of red light. This causes the light to

separate and creates a spectrum of colors, like in a prism. Raindrops do exhibit
total internal reflection for all the wavelengths inside the droplet, although this is

not what causes the rainbow. Instead, this causes a second refraction as the
sunlight emerges from the water droplet, which can sometimes been seen in nature



as a “double rainbow.”

30. D: Since the lens is convex, the focal length is positive and the image will
appear behind the lens. You can use the lens equation to solve this. 1/f = 1/o + 1/i,
where f is the coal length, i is the image location and o is the object location.
Since the object is in front it has a positive sign. 1/10 cm =1/20cm + 1/i,s0 1/i =

1/20 and i = 20 cm. The positive sign for the image means that it is behind the
lens.

31. B: This question is asking about a concave MIRROR, not a lens. Since light
does not pass through a mirror—it only reflects off of it—the different colors of light
all bend the same amount. If light was passing through a lens, the different
colors would bend slightly different amounts, causing chromatic aberration. That’s not
the case here. Spherical aberration occurs because the focal point of the mirror
changes slightly as you move away from the center (optical axis). Astigmatism
occurs when incident rays are not parallel to the optical axis. A

circular beam, striking a lens or mirror at an angle to the optical axis, will become a
parabola. Distortion concerns magnification and occurs in both mirrors and lenses.
32. B: Medical ultrasound machines use echolocation, in w hich sound w aves are
bounced off objects and the returning sound waves are used to create an image.

This same process is also used by some animals, such as bats and dolphins. The
spectrum of sound has three areas: infrasonic, audible, and ultrasonic. Humans can
hear sound waves between 20 Hz and 20,000 Hz, so these are the cut-off points.
The Doppler effect refers to the changing pitch of sound for objects that are
moving towards or away from you.

33. B: Although Answer A is also true, Answer B correctly states the law of
conservation of charge. Answer C is only partially true because there are other
elementary particles with a charge. Answer D is false because a photon will
produce an electron-positron pair. There is also the example of a proton and
electron combining to form a neutron.

34. D: Dipoles -- meaning two poles -- are either electric or magnetic, but
represent a simple a pair of opposite charges with equal magnitude. Just as a
magnet cannot have only one pole, many physicist believe it’s impossible to have

a mono-pole, which has only one pole. Dipoles are important in chemistry
because many molecules, water for example, are polarized. The charges in



nonpolar molecules are uniformly distributed throughout the molecule. The oxygen
side of a water molecule has a net negative charge and the hydrogen side has a net
positive charge because the charges are not uniformly distributed.

35. B: This is Gauss’s law, which concerns electric field lines. Electric field lines
leave positive charges and enter negative charges. Electric field lines entering a
surface are positive and electric field lines leaving a surface are negative. If there
is no charge inside the surface, the sum of the electric field lines is zero.
Coulomb’s law refers to attractive force between any two charged particles.
Faraday’s law regards the creation of electric fields from moving magnetic fields.
The Biot-Savart law concerns the creation of magnetic fields from moving
charges.

36. A: Diffraction gratings produce so much destructive interference that large
distances separate the bright lines due to interference. This means diffraction
gratings can be used to separate light consisting of different wave lengths. Answer B is
wrong because blue light, which has a shorter wavelength than red light, refracts
and diffracts less than red light. The greater the wavelength of light, the

more it changes direction when it hits an edge.

37. B: Specular reflection occurs with smooth surfaces such as mirrors or a water
puddle. All of the light is not necessarily reflected because there can be refraction

and absorption. Answer A is wrong because a rough surface consists of many
smooth surfaces oriented in different directions, so the light will not necessarily
reflect at the same angle as incidence. Note, however, that for each small surface

on a rough tabletop, for example, the angle of incidence is equal to the angle of
reflection.

38. D: Parallel rays striking a concave mirror intersect at the focal point. If the
rays weren’t parallel — say they were both coming from an object near the mirror

— then they would intersect elsewhere, depending on the focal length and their
distance from the mirror. For example, Answer B would be correct if the rays

both started at the focal point. For an object between the focal point and the
mirror, the virtual image is created by extending the rays geometrically behind the
mirror. The center of curvature is at the center of the sphere that defines the
spherical mirror and is equal to twice the focal length.

39. C: Sunlight consists of photons and cosmic rays. Sunlight is produces when
hydrogen, deuterium, and tritium nuclei combine to form helium. This nuclear



reaction is called fusion. Fission occurs when a nucleus disintegrates into two
smaller nuclei. In both fission and fusion, energy is released because the binding
energy per nucleon increases. This decreases the mass of the nuclei.

40. D: Because you do not know the exact distribution of heights, Answer D is
correct. The deviation of a measurement is the difference between the mean
(average measurement) and the measurement. The standard deviation is the square
root of the mean of the deviations squared. On average, about 68% of a sample
will fall within one standard deviation. So if the standard deviation is 0.05
meters, ABOUT 68% of the students will stand between 1.64 +/- 0.05 meters. But

this is only true if you have a fairly normal distribution of values. Similarly, this
does not mean that half of the students are necessarily taller or shorter than the
average. Since it is an average, you could have a class with a 20-foot giant and
seven 5-foot-tall students and have an average that is a fairly large 6.857 feet.
Answer C refers to the Mode, which looks for the most popular value.

Q u a ntita tive Rea s o ning

1. B:The relationship can be expressed as: 15/10 = 45/x; 15x = 450; x = 30.
2. C:The total amount of the bill is: 3.70/x = 8/100; 370 = 8x; x = $46.25.

3. D: First set the relationship up and solve for the number of packs:
x/2=5/packs; x(packs) = 10; packs = 10/x.

4. A:The correct expressionis: J=1/2K + 5.

5. B:IfE+B=225,and E=2B + 5, then 225 - B = 2B + 5. Solving for B, 3B =
220and B=73.3.225-73.3=151.7.

6. A:Plugginginxandy, you get (4(3) = 4) + (-10 + 4), which is 8 + (-6), or 8 -
6=2.

7. B: The average rate of cooling is: (86° - 38°) / 9 hrs; 48° / 9 = 5.33° F per
hour.

8. D: Calculate the weighted average of the 3 tests: (80+75+92) / 3 = 82.3;
Calculate the average of the 2 oral quizzes: (22/25) x 100 = 88 and (19/25) x 100



=76, 50 (88 + 76)/2 = 82. Multiply each grade by their weight, and then add them

all up to determine the final grade: (82 x .45) + (88 x.25) + (91 x.15) + (82 x.15) =85.
9. C:Calculate the average price as [(3.5x2) + (0.3 x5) + (1.25x 3) + (0.45 x

6)] /] (2+5+3+6) =0.93.

10. B: 68% = 68/100. To express as a fraction, move the decimal two places to
the left, .68.
11. C:21/7x32/3=15/7x11/3=165/21=718/21=76/7.

12. D: Remember the order of operations: (27 + 9) =3 and (V25x 2) =10; 3x 10
= 30.

13. B: Double the number that is added to the previous number. So, 4+2=6,
6+4=10, 10+8=18, 18+16=34, and 34+32=66.

14. C: An improper fraction is one whose numerator is greater than the
denominator.

15. A: 1 kilometer is equal to 100,000 centimeters. 250/10000 = .0025.

16. B: 144 x 0.40 = 57.6 + 144 = 201.6 and 168 x 0.40 = 67.2 + 168 = 235.2;
then, convert to feet: 201.6/12 = 16.8 ft and 235.2/12 = 19.6 ft.

17. A: (x2)3=x(2x3) =x6;(y2)5=y(2x5) =y10;(y4) 3=y(4x3) =y12;y10-
y12 =y (10+12) =y22.

18. B: (x2)5y6z2 [ x4(y3)4z2 = x(2x5) — x4 = x10 — x4 = x6; y6 —y(3x4) =y6 —y12 = y-
6;z2-22=20
or 0; so the answer is: x6 y-6 .

19. D: 1 gallon = 128 ounces, so 8 x 128 = 1,024 ounces for 8 gallons. %2 = 64
gallons, and %2 = 32 gallons, so 64 + 32 = 96 ounces to fill the 32 gallons; the total
ounces required is 1,024 + 96 = 1,120 ounces.

20. B: If mangoes are represented by x and coconuts are represented by y, then:
x+y=10,and 2x + 4y = 30 2(10-y) + 4y =30 20-2y+4y =30
2y =10



y=5and x =5, or 5 of each type of fruit
21. D: 12(45-8) =540-96 =444, but 45(12-8) =540 -360 =180.

22. C: The least common multiple of the fraction 12/15 is 3, lending 4/5.

23. A: Using the Pythagorean theorem: 252 + 352 = c2. 625 + 1225 =c2. ¢ =
sqrt
1850 =43.01.

24. C: The number of jobs he did not getis 15 -6 = 9. The ratio is 9:15 or 3:5.
25. A: Total # of students=14+9+5+2=30. 5+2="7. 7/30=X/100. 700 =
30X. X =23.3.

26. C: 14+9=23and5+2=7. 23-7=16.

27. D: Brown eyes = 14 and Green eyes = 2. So, the ratio is 14:2 or 7:1.

28. B: 42/9=38/9and 2 2/3 =8/3. 38/9 +8/3=38/9x3/8. 114/72 =
57/ 36 =

19/12=17/12.

29. A:%5/15=43/5/X; ¥2X=15x23/5. ¥2X=69. X=69x2=138.

30. B:20/1 =240/X. 20X = 240. X =240/20 = 12 hours.

31. C: If X represents the original price of the jacket and Y represents the
discounted amount, then 0.30X =Y and X -Y = 28; X -0.30X = 28; 0.70X = 28;
X =28/.70 = 40.

32. A:V=mr2h.V=3.14x(32) x12. 3.14x9x12=339.12.

33. D: The decimals are counted as 3 spaces from the right, so 41.20 x 10.5
432.600.

34. B: The equation for perimeter (P) = 2L + 2W. So, 600 = 2(250) + 2W.
Sol ve
for W: 600 - 500 = 2W. 100 = 2W. W = 50.

35. D: Multiplying a negative number by another negative number yields a
positive
number, in this case -2 x -10 = +20, which is the largest answer choice.



36. C: (0.45+0.0+0.75+1.20+1.1+0.2+0.0) / 7=0.53.
37. B: (0.25) X=80.X =80/ 0.25. X =320.

38. C: He would have to pull out at least 9 (5 + 2 + 1 + 1) to make sure he has a
yellow one.

39. A: 55x7/100=55x.07 = 3.85.

40. B: He gets paid $12.00/hr for the first 40 hrs: 12 x 40 = $480. For time-and- a-
half: 5x1.5=7.5.7.5x12 = $90. So, 480 + 90 = $570.



