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June 3rd, 2014
Dear Student,

Thank you for picking up a copy of GRE Algebra. I hope this book
provides just the guidance you need to get the most out of your GRE
studies.

As with most accomplishments, there were many people involved in the
creation of the book you are holding. First and foremost is Zeke
Vanderhoek, the founder of Manhattan Prep. Zeke was a lone tutor in New
York when he started the company in 2000. Now, 14 years later, the
company has instructors and offices nationwide and contributes to the
studies and successes of thousands of GRE, GMAT, LSAT, and SAT
students each year.

Our Manhattan Prep Strategy Guides are based on the continuing
experiences of our instructors and students. We are particularly indebted to
our instructors Stacey Koprince, Dave Mabhler, Liz Ghini Moliski, Emily
Meredith Sledge, and Tommy Wallach for their hard work on this edition.
Dan McNaney and Cathy Huang provided their design expertise to make
the books as user-friendly as possible, and Liz Krisher made sure all the
moving pieces came together at just the right time. Beyond providing
additions and edits for this book, Chris Ryan and Noah Teitelbaum continue
to be the driving force behind all of our curriculum efforts. Their leadership



is invaluable. Finally, thank you to all of the Manhattan Prep students who
have provided input and feedback over the years. This book wouldn't be
half of what it is without your voice.

At Manhattan Prep, we continually aspire to provide the best instructors and
resources possible. We hope that you will find our commitment manifest in
this book. If you have any questions or comments, please email me at
dgonzalez@manhattanprep.com. I'll look forward to reading your
comments, and I'll be sure to pass them along to our curriculum team.

Thanks again, and best of luck preparing for the GRE!

Sincerely,

fpfé

Dan Gonzalez
President
Manhattan Prep

www.manhattanprep.com/gre 138 West 25th Street, 7th Floor, New York, NY 10001 Tel: 646-
254-6479 Fax: 646-514-7425
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Introduction

We know that you're looking to succeed on the GRE so that you can go to graduate
school and do the things you want to do in life.

We also know that you may not have done math since high school, and that you may
never have learned words like “adumbrate” or “sangfroid.” We know that it's going
to take hard work on your part to get a top GRE score, and that's why we've put
together the only set of books that will take you from the basics all the way up to the
material you need to master for a near-perfect score, or whatever your goal score
may be. You've taken the first step. Now it's time to get to work!

How to Use These Materials

Manhattan Prep's GRE materials are comprehensive. But keep in mind that,
depending on your score goal, it may not be necessary to get absolutely everything.
Grad schools only see your overall Quantitative, Verbal, and Writing scores—they
don't see exactly which strengths and weaknesses went into creating those scores.

You may be enrolled in one of our courses, in which case you already have a
syllabus telling you in what order you should approach the books. But if you bought
this book online or at a bookstore, feel free to approach the books—and even the
chapters within the books—in whatever order works best for you. For the most part,
the books, and the chapters within them, are independent; you don't have to master
one section before moving on to the next. So if you're having a hard time with
something in particular, you can make a note to come back to it later and move on to
another section. Similarly, it may not be necessary to solve every single practice
problem for every section. As you go through the material, continually assess
whether you understand and can apply the principles in each individual section and
chapter. The best way to do this is to solve the Check Your Skills and Practice Sets
throughout. If you're confident you have a concept or method down, feel free to
move on. If you struggle with something, make note of it for further review. Stay



active in your learning and stay oriented toward the test—it's easy to read something
and think you understand it, only to have trouble applying it in the 1-2 minutes you
have to solve a problem.

Study Skills

As you're studying for the GRE, try to integrate your learning into your everyday
life. For example, vocabulary is a big part of the GRE, as well as something you just
can't “cram” for—you're going to want to do at least a little bit of vocab every day.
So try to learn and internalize a little bit at a time, switching up topics often to help
keep things interesting.

Keep in mind that, while many of your study materials are on paper (including
Education Testing Service's [ETS's] most recent source of official GRE questions,
The Official Guide to the GRE revised General Test, Second Edition), your exam will
be administered on a computer. Because this is a computer-based test, you will not
be able to underline portions of reading passages, write on diagrams of geometry
figures, or otherwise physically mark up problems. So get used to this now. Solve the
problems in these books on scratch paper. (Each of our books talks specifically about
what to write down for different problem types.)

Again, as you study, stay focused on the test-day experience. As you progress, work
on timed drills and sets of questions. Eventually, you should be taking full practice
tests (available at www.manhattanprep.com/gre) under actual timed conditions.

The Revised GRE

As of August 1, 2011, the Quantitative and Verbal sections of the GRE underwent a
number of changes. The actual body of knowledge being tested is more or less the
same as it ever was, but the way that knowledge is tested changed. Here's a brief
summary of the changes, followed by a more comprehensive assessment of the new
exam.

The current test is a little longer than the old test, lengthened from about 3.5 hours to
about 4 hours. When you sign up for the exam at www.ets.org/gre, you will be told
to plan to be at the center for 5 hours, since there will be some paperwork to
complete when you arrive, and occasionally test-takers are made to wait a bit before
being allowed to begin.

Taking a four-hour exam can be quite exhausting, so it's important to practice not
only out of these books, but also on full-length computer-based practice exams, such
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as the six such exams you have gained access to by purchasing this book (see page 7
for details).

There are now two scored Math sections and two scored Verbal sections. A new
score scale of 130-170 is used in place of the old 200-800 scale. More on this later.

The Verbal section of the GRE changed dramatically. The Antonyms and Analogies
disappeared. The Text Completion and Reading Comprehension remain, expanded
and remixed in a few new ways. Vocabulary is still important, but is tested only in
the context of complete sentences.

The Quant section of the new GRE still contains the same multiple-choice problems,
Quantitative Comparisons, and Data Interpretations (which are really a subset of
multiple-choice problems). The revised test also contains two new problem formats,
which we will introduce in this section.

On both Verbal and Quant, some of the new question types have more than one
correct answer, or otherwise break out of the mold of traditional multiple-choice
exams. You might say that computer-based exams are finally taking advantage of the
features of computers.

One way that this is true is that the new exam includes a small, on-screen, four-
function calculator with a square root button. Many test-takers will rejoice at the
advent of this calculator. It is true that the GRE calculator will reduce emphasis on
computation—but look out for problems, such as percents questions with tricky
wording, that are likely to foil those who rely on the calculator too much. In short,
the calculator may make your life a bit easier from time to time, but it's not a game
changer. There are zero questions that can be solved entirely with a calculator. You
will still need to know the principles contained in the six Quant books (of the eight-
book Manhattan Prep GRE series).

Finally, don't worry about whether the new GRE is harder or easier than the old
GRE. You are being judged against other test-takers, all of whom are in the same
boat. So if the new formats are harder, they are harder for other test-takers as well.

Additionally, graduate schools to which you will be applying have been provided
with conversion charts so that applicants with old and new GRE scores can be
compared fairly (GRE scores are valid for five years).

Exam Structure

The revised test has six sections. You will get a 10-minute break between the third
and fourth sections and a 1-minute break between the others. The Analytical Writing



section is always first. The other five sections can be seen in any order and will
include:

e Two Verbal Reasoning sections (20 questions each in 30 minutes per section)

e Two Quantitative Reasoning sections (20 questions each in 35 minutes per
section)

¢ FEither an unscored section or a research section

An unscored section will look just like a third Verbal or Quantitative Reasoning
section, and you will not be told which of them doesn't count. If you get a research
section, it will be identified as such, and will be the last section you get.

Section # Section Type # (Questions Time Scored?
1 Analytical Writing 2 essays 30 minutes each Yes
2 Verbal #1 Approx. 20 30 minutes Yes

(Quanritative #1

3 (order can vary) Approx. 20 35 minutes Yes

10-Minure Break

- #) . . ¥
4 Verbal #2 Approx. 20 30 minutes Yes
fra ke )
Quantitative #2
5 {order can vary) Approx. 20 35 minures Yes

Unscored Secrion
¢ (Verbal or Quant, Approx. 20 30 or 35 minutes Mo
order can vary)

Last Research Section Varies Varies No

All the question formats will be looked at in detail later in the chapter.

Using the Calculator

The addition of a small, four-function calculator with a square root button means that
re-memorizing times tables or square roots is less important than it used to be.
However, the calculator is not a cure-all; in many problems, the difficulty is in
figuring out what numbers to put into the calculator in the first place. In some cases,



using a calculator will actually be less helpful than doing the problem some other
way. Take a look at an example:

If x is the remainder when (11)(7) is divided by 4 and y is the remainder when
(14)(6) is divided by 13, what is the value of x + y?

Solution: This problem is designed so that the calculator won't tell the whole story.
Certainly, the calculator will tell you that 11 x 7 = 77. When you divide 77 by 4,
however, the calculator yields an answer of 19.25. The remainder is not 0.25 (a
remainder is always a whole number).

You might just go back to your pencil and paper, and find the largest multiple of 4
that is less than 77. Since 4 does go into 76, you can conclude that 4 would leave a
remainder of 1 when dividing into 77. (Notice that you don't even need to know how
many times 4 goes into 76, just that it goes in. One way to mentally “jump” to 76 is
to say, 4 goes into 40, so it goes into 80...that's a bit too big, so take away 4 to get
76.)

However, it is also possible to use the calculator to find a remainder. Divide 77 by 4
to get 19.25. Thus, 4 goes into 77 nineteen times, with a remainder left over. Now
use your calculator to multiply 19 (JUST 19, not 19.25) by 4. You will get 76. The
remainder is 77 — 76, which is 1. Therefore, x = 1. You could also multiply the
leftover 0.25 times 4 (the divisor) to find the remainder of 1.

Use the same technique to find y. Multiply 14 by 6 to get 84. Divide 84 by 13 to get
6.46. Ignore everything after the decimal, and just multiply 6 by 13 to get 78. The
remainder is therefore 84 — 78, which is 6. Therefore, y = 6.

Since you are looking for x + y, and 1 + 6 = 7, the answer is 7.

You can see that blind faith in the calculator can be dangerous. Use it responsibly!
And this leads us to...

Practice Using the Calculator!

On the revised GRE, the on-screen calculator will slow you down or lead to incorrect
answers if you're not careful! If you plan to use it on test day (which you should),
you'll want to practice first.



We have created an online practice calculator for you to use. To access this
calculator, go to www.manhattanprep.com/gre and sign in to the student center using
the instructions on the “How to Access Your Online Resources” page found at the
front of this book.

In addition to the calculator, you will see instructions for how to use the calculator.
Be sure to read these instructions and work through the associated exercises.

Ay

Throughout our math books, you will see the 22\ symbol. This symbol means

“Use the calculator here!” As much as possible, have the online practice calculator
up and running during your review of our math books. You'll have the chance to use
the on-screen calculator when you take our practice exams as well.

Navigating the Questions in a Section

Another change for test-takers on the revised GRE is the ability to move freely
around the questions in a section—you can go forward and backward one-by-one
and can even jump directly to any question from the “review list.” The review list
provides a snapshot of which questions you have answered, which ones you have
tagged for “mark and review,” and which are incomplete, either because you didn't
indicate enough answers or because you indicated too many (that is, if a number of
choices is specified by the question). You should double-check the review list for
completion if you finish the section early. Using the review list feature will take
some practice as well, which is why we've built it into our online practice exams.

The majority of test-takers will be pressed for time. Thus, for some, it won't be
feasible to go back to multiple problems at the end of the section. Generally, if you
can't get a question the first time, you won't be able to get it the second time around
either. With this in mind, here's the order in which we recommend using the new
review list feature.

1. Do the questions in the order in which they appear.

2. When you encounter a difficult question, do your best to eliminate answer
choices you know are wrong.

3. If you're not sure of an answer, take an educated guess from the choices
remaining. Do NOT skip it and hope to return to it later.

4. Using the “mark” button at the top of the screen, mark up to three questions
per section that you think you might be able to solve with more time. Mark
a question only after you have taken an educated guess.
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5. Always click on the review list at the end of a section, to quickly make sure
you have neither skipped nor incompletely answered any questions.

6. If you have time, identify any questions that you marked for review and
return to them. If you do not have any time remaining, you will have already
taken good guesses at the tough ones.

What you want to avoid is surfing—clicking forward and backward through the
questions searching for the easy ones. This will eat up valuable time. Of course,
you'll want to move through the tough ones quickly if you can't get them, but try to
avoid skipping around.

Again, all of this will take practice. Use our practice exams to fine-tune your
approach.

Scoring

You need to know two things about the scoring of the revised GRE Verbal Reasoning
and Quantitative Reasoning sections: (1) how individual questions influence the
score, and (2) the score scale itself.

For both the Verbal Reasoning and Quantitative Reasoning sections, you will receive
a scaled score, based on both how many questions you answered correctly and the
difficulties of the specific questions you actually saw.

The old GRE was question-adaptive, meaning that your answer to each question
(right or wrong) determined, at least somewhat, the questions that followed (harder
or easier). Because you had to commit to an answer to let the algorithm do its thing,
you weren't allowed to skip questions or to go back to change answers. On the
revised GRE, the adapting occurs from section to section rather than from question
to question (e.g., if you do well on the first Verbal section, you will get a harder
second Verbal section). The only change test-takers will notice is one that most will
welcome: you can now move freely about the questions in a section, coming back to
tough questions later, changing answers after “Aha!” moments, and generally
managing your time more flexibly.

The scores for the revised GRE Quantitative Reasoning and Verbal Reasoning are
reported on a 130—170 scale in 1-point increments, whereas the old score reporting
was on a 200-800 scale in 10-point increments. You will receive one 130-170 score
for Verbal and a separate 130—170 score for Quant. If you are already putting your
GRE math skills to work, you may notice that there are now 41 scores possible (170
— 130, then add 1 before you're done), whereas before there were 61 scores possible
([800 — 200]/10, then add 1 before you're done). In other words, a 10-point difference



on the old score scale actually indicated a smaller performance differential than a 1-
point difference on the new scale. However, the GRE folks argue that perception is
reality: the difference between 520 and 530 on the old scale could simply seem
greater than the difference between 151 and 152 on the new scale. If that's true, then
this change will benefit test-takers, who won't be unfairly compared by schools for
minor differences in performance. If not true, then the change is moot.

Question Formats in Detail

Essay Questions

The Analytical Writing section consists of two separately timed 30-minute tasks:
Analyze an Issue and Analyze an Argument. As you can imagine, the 30-minute time
limit implies that you aren't aiming to write an essay that would garner a Pulitzer
Prize nomination, but rather to complete the tasks adequately and according to the
directions. Each essay is scored separately, but your reported essay score is the
average of the two, rounded up to the next half-point increment on a 0—6 scale.

Issue Task: This essay prompt will present a claim, generally one that is vague
enough to be interpreted in various ways and discussed from numerous perspectives.
Your job as a test-taker is to write a response discussing the extent to which you
agree or disagree and support your position. Don't sit on the fence—pick a side!

For some examples of Issue Task prompts, visit the GRE website here:

www.ets.org/gre/revised general/prepare/analytical writing/issue/pool

Argument Task: This essay prompt will be an argument comprised of both a claim
(or claims) and evidence. Your job is to dispassionately discuss the argument's
structural flaws and merits (well, mostly the flaws). Don't agree or disagree with the
argument—simply evaluate its logic.

For some examples of Argument Task prompts, visit the GRE website here:

www.ets.org/gre/revised general/prepare/analytical writing/argument/pool

Verbal: Reading Comprehension Questions

Standard five-choice multiple-choice Reading Comprehension questions continue to
appear on the revised exam. You are likely familiar with how these work. Let's take a
look at two new Reading Comprehension formats that will appear on the revised test.
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Select One or More Answer Choices and Select-in-Passage

For the question type “Select One or More Answer Choices,” you are given three
statements about a passage and asked to “indicate all that apply.” Either one, two, or
all three can be correct (there is no “none of the above” option). There is no partial
credit; you must indicate all of the correct choices and none of the incorrect choices.

Strategy Tip: On “Select One or More Answer Choices,” don't let your brain
be tricked into telling you, “Well, if two of them have been right so far, the
other one must be wrong,” or any other arbitrary idea about how many of the
choices should be correct. Make sure to consider each choice independently!
You cannot use “process of elimination” in the same way as you do on normal
multiple-choice questions.

For the question type “Select-in-Passage,” you are given an assignment such as
“Select the sentence in the passage that explains why the experiment's results were
discovered to be invalid.” Clicking anywhere on the sentence in the passage will
highlight it. (As with any GRE question, you will have to click “Confirm” to submit
your answer, so don't worry about accidentally selecting the wrong sentence due to a
slip of the mouse.)

Strategy Tip: On “Select-in-Passage,” if the passage is short, consider
numbering each sentence (i.e., writing 1 2 3 4 on your paper) and crossing off
each choice as you determine that it isn't the answer. If the passage is long, you
might write a number for each paragraph (I, II, III), and tick off each number
as you determine that the correct sentence is not located in that paragraph.

Now give these new question types a try:

The sample questions below are based on this passage:

Physicist Robert Oppenheimer, director of the fateful Manhattan Project,
said, “It is a profound and necessary truth that the deep things in science are
not found because they are useful; they are found because it was possible to
find them.” In a later address at MIT, Oppenheimer presented the thesis that
scientists could be held only very nominally responsible for the consequences
of their research and discovery. Oppenheimer asserted that ethics, philosophy,
and politics have very little to do with the day-to-day work of the scientist,
and that scientists could not rationally be expected to predict all the effects of
their work. Yet, in a talk in 1945 to the Association of Los Alamos Scientists,
Oppenheimer offered some reasons why the Manhattan Project scientists



built the atomic bomb; the justifications included “fear that Nazi Germany
would build it first” and “hope that it would shorten the war.”

For question #1, consider each of the three choices separately and indicate all that
apply.

1. The passage implies that Robert Oppenheimer would most likely have agreed
with which of the following views:

Some scientists take military goals into account in their work
Deep things in science are not useful

The everyday work of a scientist is only minimally involved with ethics

2. Select the sentence in which the writer implies that Oppenheimer has not been
consistent in his view that scientists have little consideration for the effects of
their work.

(Here, you would highlight the appropriate sentence with your mouse. Note that
there are only four options.)

Solutions

1. (A) and (C): Oppenheimer says in the last sentence that one of the reasons the
bomb was built was scientists’ hope that it would shorten the war. Thus,
Oppenheimer would likely agree with the view that Some scientists take military
goals into account in their work. (B) is a trap answer using familiar language from
the passage. Oppenheimer says that scientific discoveries’ possible usefulness is not
why scientists make discoveries; he does not say that the discoveries aren't useful.
Oppenheimer specifically says that ethics has very little to do with the day-to-day
work of the scientist, which is a good match for only minimally involved with ethics.

Strategy Tip: On “Select One or More Answer Choices,” write A B C on
your paper and mark each choice with a check, an X, or a symbol such as ~ if
you're not sure. This should keep you from crossing out all three choices and
having to go back (at least one of the choices must be correct). For example,
say that on a different question you had marked

aOw >
SR



The answer choice you weren't sure about, (B), is likely to be correct, since
there must be at least one correct answer.

2. The correct sentence is: Yet, in a talk in 1945 to the Association of Los Alamos
Scientists, Oppenheimer offered some reasons why the Manhattan Project
scientists built the atomic bomb; the justifications included “fear that Nazi
Germany would build it first” and “hope that it would shorten the war.” The
word “yet” is a good clue that this sentence is about to express a view contrary to the
views expressed in the rest of the passage.

Verbal: Text Completion Questions

Text Completions can consist of 1-5 sentences with 1-3 blanks. When Text
Completions have two or three blanks, you will select words or short phrases for
those blanks independently. There is no partial credit; you must make every selection
correctly.

Leaders are not always expected to (i) the same rules as are
those they lead; leaders are often looked up to for a surety and presumption
that would be viewed as (ii) in most others.
Blank (i) Blank (ii)
ldecree |hubris |
|proscribe | avarice |
conform to anachronism

Select your two choices by actually clicking and highlighting the words you want.

Solution

In the first blank, you need a word similar to “follow.” In the second blank, you need
a word similar to “arrogance.” The correct answers are conform to and hubris.

Strategy Tip: Do NOT look at the answer choices until you've decided for
yourself, based on textual clues actually written in the sentence, what kind of
word needs to go in each blank. Only then should you look at the choices and
eliminate those that are not matches.

Now try an example with three blanks:



For Kant, the fact of having a right and having the (i) to enforce
it via coercion cannot be separated, and he asserts that this marriage of rights
and coercion is compatible with the freedom of everyone. This is not at all
peculiar from the standpoint of modern political thought—what good is a
right if its violation triggers no enforcement (be it punishment or (ii)

)? The necessity of coercion is not at all in conflict with the
freedom of everyone, because this coercion only comes into play when

someone has (iii) someone else.

Blank (i) Blank (ii) Blank (iii)
|technique |amortization ‘questioned the hypothesis of
|license |reward |Violated the rights of
prohibition restitution granted civil liberties to

Solution

In the first sentence, use the clue “he asserts that this marriage of rights and coercion
is compatible with the freedom of everyone” to help fill in the first blank. Kant
believes that “coercion” is “married to” rights and is compatible with freedom for all.
So you want something in the first blank like “right” or “power.” Kant believes that
rights are meaningless without enforcement. Only the choice license can work (while
a license can be physical, like a driver's license, license can also mean “right”).

The second blank is part of the phrase “punishment or ,” which you are
told is the “enforcement” resulting from the violation of a right. So the blank should
be something, other than punishment, that constitutes enforcement against someone
who violates a right. (More simply, it should be something bad.) Only restitution
works. Restitution is compensating the victim in some way (perhaps monetarily or
by returning stolen goods).

In the final sentence, “coercion only comes into play when someone has

someone else.” Throughout the text, “coercion” means enforcement against someone
who has violated the rights of someone else. The meaning is the same here. The
answer is violated the rights of.

The complete and correct answer is this combination:

Blank (i) Blank (ii) Blank (iii)

license restitution violated the rights of

In theory, there are 3 x 3 x 3, or 27 possible ways to answer a three-blank Text
Completion—and only one of those 27 ways is correct. In theory, these are bad odds.



In practice, you will often have certainty about some of the blanks, so your guessing
odds are almost never this bad. Just follow the basic process: come up with your own
filler for each blank, and match to the answer choices. If you're confused by this
example, don't worry! The Manhattan Prep Text Completion & Sentence Equivalence
GRE Strategy Guide covers all of this in detail.

Strategy Tip: Do not write your own story. The GRE cannot give you a blank
without also giving you a clue, physically written down in the passage, telling
you what kind of word or phrase must go in that blank. Find that clue. You
should be able to give textual evidence for each answer choice you select.

Verbal: Sentence Equivalence Questions

For this question type, you are given one sentence with a single blank. There are six
answer choices, and you are asked to pick two choices that fit the blank and are alike
in meaning.

Of the Verbal question types, this one depends the most on vocabulary and also
yields the most to strategy.

No partial credit is given on Sentence Equivalence; both correct answers must be
selected and no incorrect answers may be selected. When you pick 2 of 6 choices,
there are 15 possible combinations of choices, and only one is correct. However, this
is not nearly as daunting as it sounds.

Think of it this way: if you have six choices, but the two correct ones must be similar
in meaning, then you have, at most, three possible pairs of choices, maybe fewer,
since not all choices are guaranteed to have a partner. If you can match up the pairs,
you can seriously narrow down your options.

Here is a sample set of answer choices:

tractable
taciturn
arbitrary
tantamount

reticent

[T/ [m [B] ] [=] ]

F| amenable

The question is deliberately omitted here in order to illustrate how much you can do
with the choices alone, if you have studied vocabulary sufficiently.



Tractable and amenable are synonyms (tractable, amenable people will do whatever
you want them to do). Taciturn and reticent are synonyms (both mean “not
talkative”).

Arbitrary (based on one's own will) and tantamount (equivalent) are not similar in
meaning and therefore cannot be a pair. Therefore, the only possible correct answer
pairs are (A) and (F), and (B) and (E). You have improved your chances from 1 in 15
to a 50/50 shot without even reading the question!

Of course, in approaching a Sentence Equivalence, you do want to analyze the
sentence in the same way you would a Text Completion—read for a textual clue that
tells you what type of word must go in the blank. Then look for a matching pair.

Strategy Tip: If you're sure that a word in the choices does not have a partner,
cross it out! For instance, if (A) and (F) are partners and (B) and (E) are
partners, and you're sure neither (C) nor (D) pair with any other answer, cross
out (C) and (D) completely. They cannot be the answer together, nor can either
one be part of the answer.

The sentence for the answer choice above could read as follows:

Though the dinner guests were quite , the hostess did her best to
keep the conversation active and engaging.

Thus, (B) and (E) are the best choices.

Try another example:

While athletes usually expect to achieve their greatest feats in their teens or
twenties, opera singers don't reach the of their vocal powers
until middle age.

harmony
zenith
acme
terminus
nadir

cessation

[T/ [m B] Q] [=] [>]

Solution



Those with strong vocabularies might go straight to the choices to make pairs. Zenith
and acme are synonyms, meaning “high point, peak.” Terminus and cessation are
synonyms meaning “end.” Nadir is a low point and harmony is present here as a trap
answer reminding you of opera singers. Cross off (A) and (E), since they do not have
partners. Then, go back to the sentence, knowing that your only options are a pair
meaning “peak” and a pair meaning “end.”

The correct answer choices are (B) and (C).

Math: Quantitative Comparison

In addition to regular multiple-choice questions and Data Interpretation questions,
Quantitative Comparisons have been on the exam for a long time.

Each question contains a “Quantity A” and a “Quantity B,” and some also contain
common information that applies to both quantities. The four answer choices are
always worded exactly as shown in the following example:

X>0
Quantity A Quantity B
X X2
(A) Quantity A is greater.
(B) Quantity B is greater.

(C) The two quantities are equal.
(D) The relationship cannot be determined from the information given.

Solution

If x = 0, then the two quantities are equal. If x = 2, then Quantity (B) is greater. Thus,
you don't have enough information.

The answer is (D).

Next, take a look at the new math question formats.

Math: Select One or More Answer Choices

According to the Official Guide to the GRE revised General Test, the official
directions for “Select One or More Answer Choices” read as follows:



Directions: Select one or more answer choices according to the specific
question directions.

If the question does not specify how many answer choices to indicate,
indicate all that apply.

The correct answer may be just one of the choices or as many as all of the
choices, depending on the question.

No credit is given unless you indicate all of the correct choices and no others.

If the question specifies how many answer choices to indicate, indicate
exactly that number of choices.

Note that there is no partial credit. If three of six choices are correct, and you
indicate two of the three, no credit is given. If you are told to indicate two choices
and you indicate three, no credit is given. It will also be important to read the
directions carefully.

Here's a sample question:
If ab = |a| % |b| and ab # 0, which of the following must be true?

Indicate all such statements.

a=>b
a>0andb >0
ab>0

Note that only one, only two, or all three of the choices may be correct. (Also note
the word “must” in the question stem!)

Solution

If ab = |a| x |b|, then you know ab is positive, since the right side of the equation
must be positive. If ab is positive, however, that doesn't necessarily mean that a and
b are each positive; it simply means that they have the same sign.

Answer choice (A) is not correct because it is not true that a must equal b; for
instance, a could be 2 and b could be 3.

Answer choice (B) is not correct because it is not true that a and b must each be
positive; for instance, a could be -3 and b could be —4.



Now look at choice (C). Since |a| x |b| must be positive, ab must be positive as well;
that is, since two sides of an equation are, by definition, equal to one another, if one

side of the equation is positive, the other side must be positive as well. Thus, answer
(C) is correct.

Strategy Tip: Make sure to fully process the statement in the question
(simplify it or list the possible scenarios) before considering the answer
choices. That is, don't just look at ab = |a| x |b|—rather, it's your job to draw
inferences about the statement before plowing ahead. This will save you time
in the long run!

Note that “indicate all that apply” didn't really make the problem harder. This is just
a typical Inference-based Quant problem (for more problems like this one, see the
Manhattan Prep Number Properties guide as well as the Quantitative Comparisons
& Data Interpretation guide).

After all, not every real-life problem has exactly five possible solutions; why should
problems on the GRE?

Math: Numeric Entry

This question type requires the test-taker to key a numeric answer into a box on the
screen. You are not able to work backwards from answer choices, and in many cases,
it will be difficult to make a guess. However, the principles being tested are the same
as on the rest of the exam.

Here is a sample question:

If xAy = 2xy — (x — y), what is the value of 3A4?

Solution

You are given a function involving two variables, x and y, and asked to substitute 3
for x and 4 for y:

XAy = 2xy - (x =)
304 = 2(3)(4) - (3 - 4)
3A4 = 24— (-1)



3A4 =25
The answer is 25.
Thus, you would type 25 into the box.

Okay. You've now got a good start on understanding the structure and question
formats of the new GRE. Now it's time to begin fine-tuning your skills.
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Equations

The GRE will expect you to be proficient at manipulating and solving algebraic
equations. If you haven't faced equations since you were last in school, this can be
intimidating. In this chapter, the objective is to help you become comfortable setting
up and solving equations. You'll start with some basic equations (without the
variables at first), and then work your way up to some pretty tricky problems. Time
to dive in.

The Order of Operations (PEMDAYS)

3+4(55-1)-32x2="

Before you start dealing with variables, spend a moment looking at expressions that
are made up of only numbers, such as the example above. The GRE probably won't
ask you to compute something like this directly, but learning to use order of
operations on numerical expressions will help you manipulate algebraic expressions
and equations. So you have a string of numbers, with mathematical symbols in
between them. Which part of the expression should you focus on first?

Intuitively, most people think of going in the direction they read, from left to right.
When you read a book, moving left to right is a wise move (unless you're reading a
language such as Chinese or Hebrew). However, when you perform basic arithmetic,
there is an order that is of greater importance: the order of operations.

The order in which you perform the mathematical functions should primarily be
determined by the functions themselves. In the correct order, the six operations are
Parentheses, Exponents, Multiplication/Division, and Addition/Subtraction (or
PEMDAS).



Before you solve a problem that requires PEMDAS, here's a quick review of the
basic operations:

Parentheses can be written as () or [ ] or even { }.

Exponents are 5%~ thesemmbers. Eor example, 52 (“five squared”) can be expressed as 5
x 5. In other words, it is 5 times itself two times.

Likewise, 43 (“four cubed,” or “four to the third power”) can be expressed as 4 x 4 x
4 (or 4 times itself three times).

Roots are very closely related to exponents. For example, J/¢4 is the third root of 64
(commonly called the cube root). Q/a is basically asking the question, “What
multiplied by itself three times equals 64?” This is written as 4 x 4 x 4 =64, so /54
= 4. The plain old square root \/E can be thought of as iﬁ . “What times itself equals
9?” The answer is 3 x 3 =9, s0 /9 = 3.

Exponents and roots can also undo each other: /52 =5and (3/73)=7.

Multiplication and Division can also undo each other: 2 x3+3=2and 10 + 5 x 5
= 10.

Multiplication can be expressed with parentheses: (5)(4) =5 X 4 = 20. Division can
be expressed with a division sign (+), a slash (/), or a fraction bar(—): 20 + 5 = 20/5
b

i

= — = 4. Also remember that multiplying or dividing by a negative number changes

5
the sign:

4x(-2)=-8  -8+(-2)=4

Addition and Subtraction can also undo each other: 8+ 7—-7=8and 15-6 +6 =
15.

PEMDAS is a useful acronym you can use to remember the order in which
operations should be performed. Some people find it useful to write PEMDAS like
this:

pEMfIrD.-\flrs
—_—

For Multiplication/Division and Addition/Subtraction, perform whichever comes
first from left to right. The reason that Multiplication and Division are at the same
level of importance is that any Multiplication can be expressed as Division, and vice



versa; for example, 7 + 2 is equivalent to 7 x 1/2. In a sense, Multiplication and
Division are two sides of the same coin.

Addition and Subtraction have this same relationship: 3 — 4 is equivalent to 3 + (—4).
The correct order of steps to simplify this sample expression is as follows:

3+4(5-1)-32x2
Parentheses 3+4(4)-3%%x2
Exponents 3+4(4)-9x%x2

Multiplication or Division (left to right) 3+ 16— 18
Addition or Subtraction (left to right) 3+16-18=19-18=1

Remember: If you have two operations of equal importance, you should do them in
left-to-right order: 3 — 2 + 3 =1 + 3 = 4. The only instance in which you would
override this order is when the operations are in parentheses: 3 - (2 +3)=3 - (5) =
-2.

Next are two problems together. Try them first on your own, then an explanation will
follow:

5-3x43+(7-1)

M/D

A/S

Your work should have looked like this:



_ 413 = (7 — 2
5—3x4=(7-1) 16
TV L 4w 4 X 4
5—3x43+6 —» A3=4x4x4=064—
s 64
5—3x64+06
b — 1
- ‘-”*'\» b4
5-32 e
e e
=27
32
6i192
-18
12
-12
0

Here's one more:

32 + 24 x(5-3?)

Here's the work you should have done:

32+2% x (5-3%)

32+2% x (5-9)

32+2% x (—4)

32+16 x (—4)
2 x (-4)



-8

Check Your Skills

Evaluate the following expressions.

1.-4+12/3=
2.5-8)x10-7=
3.-3x12+4%x8+(4-6)=
4.24x(8+2-1D/(9-3)=

Answers can be found on page 45.

Solving for a Variable with One Equation

Expressions vs. Equations

So far, you've been dealing only with expressions. Now you're going to be dealing
with equations. The big difference between equations and expressions is that an
equation consists of two expressions separated by an equals (or inequality) sign,
while an expression lacks an equals (or inequality) sign altogether.

Pretty much everything you will be doing with equations is related to one basic
principle: you can do anything you want to one side of the equation, as long as you
also do the same thing to the other side of the equation. Take the equation 3 + 5 = 8.
You want to subtract 5 from the left side of the equation, but you still want the
equation to be true. All you have to do is subtract 5 from the right side as well, and
you can be confident that your new equation will still be valid:

a+0=:8
59 =9
3 =3

Note that this would also work if you had variables in your equation:




Next, you're going to see some of the many ways you can apply this principle to
solving algebra problems.

Solving Equations

What does it mean to solve an equation? What are you really doing when you
manipulate algebraic equations?

A solution to an equation is a number that, when substituted in for the value of a
variable, makes the equation true.

Take the equation 2x + 7 = 15. You are looking for the value of x that will make this
equation true. What if you plugged in 3 for x? If you replaced x with the number 3,
you would get 2(3) + 7 = 15. This equation can be simplified to 6 + 7 = 15, which
further simplifies to 13 = 15. However, 13 does not equal 15, so when x = 3, the
equation is not true. So x = 3 is not a solution to the equation.

Now, if you replaced x with the number 4, you would get 2(4) + 7 = 15. This
equation can be simplified to 8 + 7 = 15. Simplify it further, and you get 15 = 15,
which is a true statement.

That means that when x = 4, the equation is true. So x = 4 is a solution to the
equation.

Now the question becomes, what is the best way to find these solutions? If you had
to use trial and error, or guessing, the process could take a very long time. The
following sections will talk about how you can efficiently and accurately manipulate
equations so that solutions become easier to find.

Isolating a Variable

You know that you can make a change to an equation as long as you make the same
change to both sides. Now, look at the various changes you can make. Try to solve
the following problem:

If 5(x — 1) - 30 = 10, then x = ?

To solve for a variable, you need to get it by itself on one side of the equals sign. To
do that, you'll need to change the appearance of the equation, but not its value. The
good news is that all of the changes you will need to make to this equation to solve
for x will actually be very familiar to you—PEMDAS operations!

To get x by itself, you want to move every term that doesn't include the variable to
the other side of the equation. The easiest thing to move at this stage is the 30, so



start there. If 30 is being subtracted on the left side of the equation, and you want to
move it to the other side, then you need to do the opposite operation in order to
cancel it out. So you're going to add 30 to both sides, like this:

5c;x—nﬁ—'_‘w = 10
+3{}a + 30
5(x —1)3 = 40

Now you've only got one term on the left side of the equation. The x is still inside the
parentheses, and the expression in the parentheses is being multiplied by 5, so the
next step will be to move that 5 over to the other side of the equation. Once again,
you want to perform the opposite operation, so you'll divide both sides of the
equation by 5:

F(x—1)7 40 These horizontal

5 5 lines mean division.
(x—=12 =8

At this point, you could cube (x — 1), but that is going to involve a whole lot of
multiplication. Instead, you can get rid of the exponent by performing the opposite
operation. Roots are the opposite of exponents. So if the left side of the equation is
raised to the third power, you can undo that by taking the third root of both sides,
also known as the cube root, as shown below:

(x—1)=2

Now that nothing else is being done to the parentheses, you can just get rid of them.
The equation is:

x—1=2

After that, add 1 to both sides, and you get x = 3. This would have been hard to
guess!

Now, take a look at the steps that you took in order to isolate x. Notice anything?
You added 30, then you divided by 5, then you got rid of the exponent, and then you
simplified the parentheses. You did PEMDAS backwards! And, in fact, when you're



isolating a variable, it turns out that the simplest way to do so is to reverse the order
of PEMDAS when deciding what order you will perform your operations. Start with
addition/subtraction, then multiplication/division, then exponents, and finish with
terms in parentheses.

Now that you know the best way to isolate a variable, go through one more example.
Try it on your own first, then an explanation will follow.

If4./(x—6)+7=19, thenx =7

A/S

M/D

P

The equation you're simplifying is 4,/(x —6) +7 = 19. If there's anything to add or
subtract, that will be the easiest first step. There is, so the first thing you want to do
is get rid of the 7 by subtracting 7 from both sides:

44(x=6)+7=19

4J(x—=06) =12

Now you want to see if there's anything being multiplied or divided by the term
containing an x. The square root that contains the x is being multiplied by 4, so, your
next step will be to get rid of the 4. You can do that by dividing both sides of the
equation by 4:



Now that you've taken care of multiplication and division, it's time to check for
exponents. And that really means you need to check for exponents and roots, because
they're so intimately related. There are no exponents in the equation, but the x is
inside a square root. In order to cancel out a root, you can use an exponent. Squaring
a square root will cancel it out, so your next step is to square both sides:

AJx—=6)=3

(Vx=06)) =3
x—6=9
The final step is to add 6 to both sides, and you end up with x = 15.

Check Your Skills

Solve for x in the following equations.
5.3(x+4)>-5=19

3x-—7

6. +20=6

7.3(x+5)-7=-8

Answers can be found on page 45.

Equation Clean-up Moves

You've covered the basic operations that you'll be dealing with when solving
equations. But what would you do if you were asked to solve for x in the following
equation?

Sx—3(4—x)

23'..

=10

Now x appears in multiple parts of the equation, and your job has become more
complicated. In addition to your PEMDAS operations, you also need to be able to
simplify, or clean up, your equation. There are different ways you can clean up this
equation. First, notice how you have an x in the denominator (the bottom of the
fraction) on the left side of the equation. You're trying to find the value of x, not of
some number divided by x. So your first clean-up move is to always get variables



out of denominators. The way to do that is to multiply both sides of the equation by
the entire denominator. Watch what happens:

éxx >x ~ 34~ %) =10X2x

If you multiply a fraction by its denominator, you can cancel out the entire
denominator. Now you're left with:

5x — 3(4 — x) = 20x

No more fractions! What should you do next? At some point, if you want the value
of x, you're going to have to get all the terms that contain an x together. But right
now, that x sitting inside the parentheses seems pretty tough to get to. To make that x
more accessible, you should simplify grouped terms within the equation. That 3
on the outside of the parentheses wants to multiply the terms inside, so you need to
distribute it. What that means is you're going to multiply the 3 by each and every
term inside, one at a time: 3 times 4 is 12, and 3 times —x is —3x, so the equation
becomes:

5x — (12 — 3x) = 20x

Now, if you subtract what's in the parentheses from 5x, you can get rid of the
parentheses altogether. Just as you multiplied the 3 by both terms inside the
parentheses, you also have to subtract both terms:

5x — (12) — (=3x) = 20x
5x — 12 + 3x = 20x

Remember, subtracting a negative number is the same as adding a positive number;
the negative signs cancel out!

Now you're very close. You're ready to make use of your final clean-up move—
combine like terms. “Like terms” are terms that can be combined into one term. For
example, “3x” and “5x” are like terms because they can be combined into “8x.”
Ultimately, all the PEMDAS operations and clean-up moves have one goal—to get a
variable by itself so you can determine its value. At this point, you have four terms in
the equation: 5x, —12, 3x and 20x. You want to get all the terms with an x on one side
of the equation, and all the terms that only contain numbers on the other side.

First, combine 5x and 3x, because they're on the same side of the equation. That
gives you:



8x — 12 =20x

Now you want to get the 8x together with the 20x. But which one should you move?
The best move to make here is to move the 8x to the right side of the equation,
because that way, one side of the equation will have terms that contain only numbers
(—12) and the right side will have terms that contain variables (8x and 20x). So now
it's time for the PEMDAS operations again. To find x:

8x—12=20x

—8x —8x

o

e

=1
1

-]
b

—=]
—1
12

1
-1 ==x

X

-

[N

Before moving on to the next topic, time to review what you've learned:

¢ You can do whatever you want to one side of the equation, as long as you
do the same thing to the other side at the same time.

* To isolate a variable, you should perform the PEMDAS operations in
reverse order:

1. Addition/Subtraction 2. Multiplication/Division 3. Exponents/Roots 4.
Parentheses

e To clean up an equation:

1. Get variables out of denominators by multiplying both sides by that entire
denominator.

2. Simplify grouped terms by multiplying or distributing.

3. Combine similar or like terms.

Check Your Skills

Solve for x in the following equations.

3 114+ 3(x+4)
' X—3

9. —6—-5(3—x)
2—X

=7

=6




10. 2x+46(9-2x)
Xx—4

=-3

Answers can be found on page 46.

Solving for Variables with Two Equations

Some GRE problems, including word problems, give you two equations, each of
which has two variables. To solve such problems, you'll need to solve for one or each
of those variables. At first glance, this problem may seem quite daunting:

If 3x + y =10 and y = x — 2, what is the value of y?

Maybe you've gotten pretty good at solving for one variable, but now you face two
variables and two equations!

You might be tempted to test numbers, and indeed you could actually solve the
above problem that way. Could you do so in under two minutes? Maybe not.
Fortunately, there is a much faster way.

Substitution

One method for combining equations is called substitution. In substitution, you
insert the expression for one variable in one equation into that variable in the other
equation. The goal is to end up with one equation with one variable, because once
you get a problem to that point, you know you can solve it!

There are four basic steps to substitution, which can be demonstrated with the
question from above.

Step One is to isolate one of the variables in one of the equations. For this example,
y is already isolated in the second equation: y = x — 2.

For Step Two, it is important to understand that the left and right sides of the
equation are equivalent. This may sound obvious, but it has some interesting
implications. If y equals x — 2, then that means you could replace the variable y with
the expression (x — 2) and the equation would have the same value. And, in fact,
that's exactly what you're going to do. Step Two will be to go to the first equation,
and substitute (hence the name) the variable y with its equivalent, (x — 2). So:

3x+y=10 - 3x+(x—-2)=10



Now for Step Three, you have one equation and one variable, so the next step is to
solve for x:

3x+x—-2=10
4x =12
x=3

Now that you have a value for x, Step Four is to substitute that value into either
original equation to solve for your second variable, y:

y=x—-2-y=3)-2=1

So the answer to the question is y = 1. It should be noted that Step Four will only
be necessary if the variable you solve for in Step Three is not the variable the
question asks for. The question asked for y, but you found x, so Step Four was
needed to answer the question.

Now that you've gotten the hang of substitution, try a new problem:
If 2x + 4y = 14 and x — y = —8, what is the value of x?

As you learned, the first step is to isolate your variable. Because the question asks for
x, you should manipulate the second equation to isolate y. Taking this approach will
make Step Four unnecessary and save you time:

X—y=-8
x=—-8+y
x+8=y

Then, for Step Two, you can substitute for y in the first equation:

2x +4y =14
2x +4(x+8) =14

Now, for Step Three, isolate x:
2x +4x +32=14
6x = —18
x=-3

So the answer to the question is x = —3.

Check Your Skills




Solve for x and y in the following equations.

11.x=10
x+2y=26

12.x+4y =10
y—x=-5

13. 6y + 15 = 3x
x+y=14

Answers can be found on pages 46—47.

Subtraction of Expressions

One of the most common errors involving order of operations occurs when an
expression with multiple terms is subtracted. The subtraction must occur across
every term within the expression. Each term in the subtracted part must have its sign
reversed. Here are several examples:

x—-(y-z)=x-y+z (Note that the signs of both y and —z have been
reversed.)

x-(y+tz)=x-y-z (Note that the signs of both y and z have been
reversed.)

x—2(y—3z)=x-2y+6z (Note that the signs of both y and —3z have been
reversed.)

What is 5x — [y — (3x — 4y)]?

Both expressions in parentheses must be subtracted, so the signs of each term must
be reversed for each subtraction. Note that the square brackets are just fancy
parentheses, used so that you avoid having parentheses right next to each other. Work
from the innermost parentheses outward:

5x - [y—-(Bx—4y)] =
5x — [y —3x+4y] =
5x —y+3x -4y =8x -5y

Check Your Skills

14. Simplify: 3a — [2a — (3b — a)]



Answer can be found on page 47.

Fraction Bars as Grouping Symbols

Even though fraction bars do not fit into the PEMDAS hierarchy, they do take
precedence. In any expression with a fraction bar, you should pretend that there are
parentheses around the numerator and denominator of the fraction. This may be
obvious as long as the fraction bar remains in the expression, but it is easy to forget
if you eliminate the fraction bar or add or subtract fractions, so put parentheses in to
remind yourself:

-1 2x-1 -1 2x-1
Simplify: X2 = XB — Write on your paper ;15:{X2 ) _{ X3 )

The common denominator for the two fractions is 6, so multiply the numerator and
denominator of the first fraction by 3, and those of the second fraction by 2:

(.‘:‘—1}(i] B [2:{—])(2]_{31‘-3] B (4x —2)
2 3 3 G 6

)
v

.

Once you put all numerators over the common denominator, the parentheses remind
you to reverse the signs of both terms in the second numerator:

(3x —3)— (4x—2) _ 3x- 3—4x+2 e _x+ ]
G &) G G
Check Your Skills
a+4 2a-2

15. Simplify: 3

Answer can be found on page 47.

Check Your Skills Answer Key

1.0: -4+ 12/3 = Divide first.
-4+4=0 Then add the two numbers.




2.-37: (5-8)x10-7=

(-3)x10-7 =
-30-7=
~30 - 7 =-37

3.-74: -3x12+4x8+ (4 - 6)
3x12+4x%8+(-2)
-36 +4x 8+ (-2)
~9x 8 -2
~72 + (=2) = ~74

4.8 2°x(8+2-1/9-3)=
24 x (4 -1)/(6) =
16 x (3)/(6) =
48/6 =
48/6 =8

5.x=-2: 3(x+4)3-5=19
3(x+4)3=24
(x+4)3=8
x+4)=2
x=-2

6.x=-7: 3x—7

+20=0
5
dx—7 ,
X4
5
3x—-7=-28
3x =-21
X:_
7.x=-6: 315 _7=-8
J(x+5) =1
x+5=-1
=6

First, combine what 1is inside the
parentheses.

Then multiply —3 and 10.

Subtract the two numbers.

First, combine what's in the parentheses.
Multiply -3 and 12.

Divide —36 by 4.

Multiply -9 by 8 and then subtract 2.

8/2=4and9-3=6.
4-1=3and?2*=16.
Multiply 16 by 3.
Divide 48 by 6.

Add 5 to both sides.
Divide both sides by 3.
Take the cube root of both sides.

Remove the parentheses, subtract 4 from
both sides.

Subtract 20 from both sides.

Multiply both sides by 2.
Add 7 to both sides.
Divide both sides by 3.

Add 7 to both sides.
Cube both sides, remove parentheses.
Subtract 5 from both sides.



8.x=11: 7
x—3

1M+3(x+4)=7(x-3)
11+3x+12=7x-21
23+ 3x=7x—-21
23=4x-21
44 = 4x
11 =x

9.x=3 2 23=% _¢

2—x

-6 -53-x)=6(2 %)
-6—-15+5x=12 - 6x
-21+5x=12 — 6x
-21+11x=12
11x =33
x=3

11.x=10,y =8: x=10

x+2y=26

(10) + 2y = 26
2y =16
y=8

12.x=6,y=1:

11+3(x+4)

x+4y =10
y—x=-5

Multiply both sides by the denominator
(x—3).

Simplify grouped terms by distributing.
Combine like terms (11 and 12.)

Subtract 3x from both sides.

Add 21 to both sides.

Divide both sides by 4.

Multiply both sides by the denominator
(2—-x).

Simplify grouped terms by distributing.
Combine like terms (-6 and —15).

Add 6x to both sides.

Add 21 to both sides.

Divide both sides by 11.

Multiply by the denominator (x — 4).
Simplify grouped terms by distributing.
Combine like terms (2x and —12x).
Add 10x to both sides.

Subtract 12 from both sides.

Divide both sides by 7.

Substitute 10 for x in the second
equation.

Subtract 10 from both sides.

Divide both sides by 2.



y=X—95
x+4(x—-5)=10
x+4x—-20=10
5x—20=10

5x =30

xX=6
y—(6)=-5
y=1

13.x=11,y=3: 6y + 15 = 3x
x+ty=14

2y +5=X
(2y+5)+y=14
3y+5=14
3y=9

y=3
x+(3)=14
x=11

14.3b: 3a - [2a - (3b — a)]
=3a - [2a-3b + a]

= 3a — [3a — 3b]
=3a-3a+3b
=3b

15.

Isolate y in the second equation.
Substitute (x — 5) for y in the first
equation.

Simplify grouped terms within the
equation.

Combine like terms (x and 4x).

Add 20 to both sides.

Divide both sides by 5.

Substitute 6 for x in the second equation
to solve for y.

Add 6 to both sides.

Divide the first equation by 3.

Substitute (2y + 5) for x in the second
equation.

Combine like terms (2y and y).

Subtract 5 from both sides.

Divide both sides by 3.

Substitute (3) for y in the second equation
to solve for x.

Rewrite the expression carefully.
Distribute the minus sign and drop
interior parentheses.

Combine like terms (2a and a).

Distribute the minus sign and drop
brackets.

Perform the subtraction (3a — 3a) to
cancel those terms.

Rewrite the expression and identify
the common denominator (12).

Multiply the first fraction by 3/3 and
the second fraction by 4/4.

Show the products on top and bottom
of each fraction.



20-52 a+4 2a-2

12 4 3 Combine the two fractions into one
fraction with the common
3 o (a+4) 4 o (2a—2) denominator.

3 4 4 3
Distribute the 3 and the —4 and drop

_Ja+4) 4Q2a-2) parentheses.
12 12
Combine like terms (3a and —8a),
_3a+4)—4(2a-2) including constraints (12 and 8).
12
_ 3Ja+12-8a+3
N 12

_ 20-5a
12

Problem Set

1. Evaluate —3x2, —3x3, 3x%, (-3x)?, and (—3x)? if x = 2, and also if x = —2
2. Evaluate (4 + 12 +3 - 18) - [-11 —(-4)]

3. Which of the parentheses in the following expressions are unnecessary and
could thus be removed without any change in the value of the expression?

(@) (5% - (12-7)
(b) x+y) = (w+2)—(axDb)

4. Evaluate [ gt

}{4+8+2-+ﬁﬂ

5. Simplify: x = (3 — x)

6. Simplify: (4 —y) — 2(2y — 3)
7.Solve forx: 22 -3x)-(4+x)=7
4z-7
3-27

8. Solve for z: -5

9.



Quantity A Quantity B

3x(5+6)+-1 3x5+6+-1
10.
(x—4)P+11=-16
Quantity A Quantity B
X —4
11.
2x +y =10
3x-2y=1
Quantity A Quantity B
X y
Solutions
1. If x = 2: If x =-2:
—3x2=-3(4)=-12 —3x2=-3(4)=-12
-3x3=-3(8)=-24 —3x3=-3(-8) =24
3x2=3(4)=12 3x2=3(4)=12
(-3x)% = (-6)* =36 (-3x)>=62=36
(—3x)> = (-6)> = -216 (-3x)% = 63 = 216

Remember that exponents are evaluated before multiplication! Watch not only the
order of operations, but also the signs in these problems.

2.-3:(4+12+3-18)-[-11 - (4] =
4+4-18)-(-11+4) =
(-10) - (-7) =
-10+7=-3
3. (a): The parentheses around 52 are unnecessary, because this exponent is

performed before the negation (which counts as multiplying by —1) and before the
subtraction. The other parentheses are necessary, because they cause the right-hand



subtraction to be performed before the left-hand subtraction. Without them, the two
subtractions would be performed from left to right.

(b): The first and last pairs of parentheses are unnecessary. The addition is
performed before the neighboring subtraction by default, because addition and
subtraction are performed from left to right. The multiplication is the first operation
to be performed, so the right-hand parentheses are completely unnecessary. The
middle parentheses are necessary to ensure that the addition is performed before the
subtraction that comes to the left of it.

4,
25 4+8
- -[4+8+2-(-0)]=
2 | 2-(-6)
M
448 . . C ; : ; iti
2+6 | (44+48+2+06)= Subtraction of negative = addition.
12 -
[?] —|4+4+6]|= Fraction bar acts as a grouping symbol.
J . i
== 14 = Arithmeric
3 28 25
i M Arithmeric
2 2 2

5. 2x — 3: Do not forget to reverse the signs of every term in a subtracted expression:
x-B3-x)=x-3+x=2x-3

6. =5y + 10 (or 10 — 5y): Do not forget to reverse the signs of every term in a

subtracted expression.
(4-y)-2Q2y-3)=4-y-4y+6=-5y+10 (or 10 - 5)

7.-1: 2Q2-3x)-(4+x)=7
4-6x—4-x=7
=-7x=7

x=-1

8. 4/3:



3—22:_
4z — 7 =-5(3 - 22)
4z-7=-15+10z

8 =6z
z=8/6=4/3
9. (B): Evaluate Quantity A first:
3x(5+6)+-1
3x(11)+-1
33+ -1 Simplify the parentheses.
33 Multiply and divide in order from left to
right.
Now evaluate Quantity B:
3x5+6+-1
15+ -6
9 Multiply and divide in order from left to
right.
Add.
Quantity A Quantity B
-33 9

Quantity B is greater.

10. (A): Simplify the given equation to solve for x:

(x—43+11=-16

(x—4)}=-27
x—4=-3
x=1
Quantity A Quantity B
x=1 —4

Quantity A is greater.

11. (B): Use substitution to solve for the values of x and y:



2x+y=10=>y=10-2x
3x—-2y=1->3x—-2(10 - 2x) =
1

3x-20+4x=1

7x =21

x=3
2x+y=10=>2(3)+y=10
6+y=10

y=4

Quantity A
x=3

Quantity B is greater.

Isolate y in the first equation.

Substitute (10 — 2x) for y in the second
equation.

Distribute.

Group like terms (3x and 4x) and add 20 tc
both sides.

Divide both sides by 7.

Substitute 3 for x in the first equation.

Quantity B
y=4
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Quadratic Equations

Identifying Quadratic Equations

This section begins with a question:
If x2 = 4, what is x?

You know what to do here. Simply take the square root of both sides:

Ve =i

x=2

So x = 2. The question seems to be answered. But, what if x were equal to —2? What
would be the result? Plug -2 in for x:

(-2)’=4—>4=4

If plugging —2 in for x yields a true statement, then —2 must be a solution to the
equation. But, from your initial work, you know that 2 is a solution to the equation. So
which one is correct?

As it turns out, they both are. An interesting thing happens when you start raising
variables to exponents. The number of possible solutions increases. When a variable is
squared, as in the example above, it becomes possible that there will be two solutions
to the equation.

What this means is that whenever you see an equation with a squared variable, you
need to:

e Recognize that the equation may have two solutions.



¢ Know how to find both solutions.

A quadratic equation is any equation for which the highest power on a variable is the
second power (e.g., x°).

For an equation such as x*> = 25 or x?> = 9, finding both solutions shouldn't be too
challenging. Take a minute to find both solutions for each equation.

You should have found that x equals either 5 or =5 in the first equation, and 3 or —3 i