https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



https://ieltstep.com



[EEEN

w

. Introduction

. Fractions

Problem Set

. Digits & Decimals

Problem Set

. Percents

Problem Set

FDP Connections

Problem Set

. Drill Sets

Drill Set Answers

FDPs Practice Question Sets

https://ieltstep.com

TABLE of CONTENTS



Chapteri
of

FRACTIONS, DECIMALS, & PERCENTS

Introduction

https://ieltstep.com



In This Chapter...
The Revised CRE

Question Formats in Detail

https://ieltstep.com



Chapter 1
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, de-
pending 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 syl-
labus 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
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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 as-
sess whether you understand and can apply the principles in each individual sec-
tion and chapter. The best way to do this is to solve the Check Your Skills and Prac-
tice Sets throughout. If you're confident you have a concept or method down, feel
free to move on. Ifyou 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 fig-
ures, 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.)
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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 |, 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

nNeEw 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 3 hours, since there will be some paperwork to
complete when you arrive, and occasionally test-takers are made to wait a bit be-

fore 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 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.
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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 prob-
lems, Quantitative Comparisons, and Data Interpretations (which are really a sub-
set 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 easierfrom 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
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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 |-minute break between the others. The Analytical Writ-
ing section is always first. The other five sections can be seen in any order and will

include:

= Two Verbal Reasoning sections (20 questions each in 30 minutes per sec-
tion)

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

= Either an unscored section or a research section
An unscored section will look just like a third Verbal or Quantitative Reasoning sec-

tion, 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.
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Section # Section Type n Questions Time Scored?

| Analytical Writing 2 essays 30 minutes each Yes

Verbal *1
2 Approx. 20 30 minutes Yes

Quantitative *1

3 Approx. 20 35 minutes Yes
(ordercan vary)

10-M inutc Break

Verbal *2
4 Approx. 20 30 minutes Yes

Quantitative -2

5 Approx. 20 35 minutes Yes
(ordercan vary)

Unscored Section
. (Verbalor Quant, Approx. 20 30 or 35 minutes No

ordercan 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:
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If X is the remainder when (n)(7) is divided by 4 and y is the remainder
when (14) (6) is divided by 13, what is the value ofx+ 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, how-
ever, the calculator yields an answer of 19.25. The remainder is not 0.25 (a remain-

der 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 re-
mainder 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 L

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

Since you are looking forx +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 incor-
rect 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 calcu-
lator, 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.
Throughout our math books, you will see the 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
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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 fea-
sible 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. Ifyou're not sure of an answer, take an educated guess from the choices re-
maining. 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
guestion only after you have taken an educated guess.

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.
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6. Ifyou have time, identify any questions that you marked for review and- re-
turn 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 ap-
proach.

Scoring

You need to know two things about the scoring of the revised GRE Verbal Rea-
soning and Quantitative Reasoning sections: (I) how individual questions influ-

ence the score, and (2) the score scale itself.

For both the Verbal Reasoning and Quantitative Reasoning sections, you will re-
ceive 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
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guestion 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 I-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. Ifyou 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]/io, then add 1 before you're done). In other words, a 10-point differ-
ence on the old score scale actually indicated a smaller performance differential
than a |-point difference on the new scale. However, the GRE folks argue that per-
ception is reality: the difference between 520 and 530 on the old scale could simply
seem greater than the difference between 131 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
https://ieltstep.com



Pulitzer Prize nomination, but rather to complete the tasks adequately and accord-
ing 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 perspec-
tives. 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/

analyticaLwriting/argument/pool

Verbal: Reading Comprehension Questions
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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 re-

vised test.

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 par-
tial 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 choic-
es 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 ofthe mouse.)
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Strategy Tip: On “Select-in-Passage,” if the passage is short, consider num-
bering each sentence (i.e., writing 1 2 34 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, 1ll), 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 be-
cause it was possible to find them.” In a later address at MIT, Oppen-
heimer presented the thesis that scientists could be held only very
nominally responsible for the consequences of their research and dis-
covery. 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.

https://ieltstep.com



|. 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 onlyfour 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, Oppen-
heimer 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 scien-
tists make discoveries; he does not say that the discoveries aren't useful. Oppen-
heimer 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.
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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

A X
B. ~
C. X

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 scien-
tists 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 ex-
pressed in the rest of the passage.

Verbal: Text Completion Questions

Text Completions can consist of 1-5 sentences with 1-3 blanks. When Text Com-
pletions 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 cor-
rectly.
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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 pre-

sumption that would be viewed as (ii) in most others.
Blank (i) Blank (i)
decree 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 aword 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 your-
self, 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 elim-

inate 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 en-
force 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
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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
(i) )? 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 guestioned 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 coer-
cion 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
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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 some-
one 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 (i)

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 Com-
pletion—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 Equiv-

alence CRE 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

https://ieltstep.com



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 sim-
ilar 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
amenable
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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 talk-
ative”).

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 sen-
tence 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: Ifyou'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 part-
ners, 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.
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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 pow-

ers until middle age.

E harmony
zenith
m
C acme
D terminus
nadir
m
E cessation
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).
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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 = o, 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
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According to the Official Guide to the GRE revised General Test, the official direc-

tions for “Select One or More Answer Choices” read as follows:

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

guestion directions.

If the question does not specify how many answer choices to indicate, indi-

cate 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 oth-

ers.

If the question specifies how many answer choices to indicate, indicate ex-

actly that number of choices.

Note that there is no partial credit. If three of six choices are correct, and you indi-
cate two of the three, no credit is given. Ifyou 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:

Ifab = \a\ x \b\ and ab # o, which of the following must be true?
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Indicate all such statements.

a=b
a>oand b>o

ab>o

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

Ifab = \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 in-

stance, 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
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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 Compar-

isons e[ 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:

IfXAy = 2xy - (X-Y), what is the value of 3A4?
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Solution

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

XAy = 2xy - (X- Y)
3A4=2(3X4) - (3-4)
3A4=24- (-1)
3A4=25

The answer is 25.

Thus, you would type 23 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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Fractions, Decimals, gJ Percents
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Chapter 2
Fractions

This chapter is devoted entirely to understanding what fractions are and how they
work from the ground up. Begin by reviewing the two parts of a fraction: the

numerator and the denominator.

Part 3 pieces = part

3 numerator
4 denominator

whole

4 pieces = whole

In the picture above, each circle represents a whole unit. One full circle means the
number 1, two full circles represent the number 2, etc. Fractions essentially divide
units into parts. The units above have been divided into 4 equal parts, because the
denominator of our fraction is 4. In any fraction, the denominator tells you how

many equal pieces a unit has been broken into.

The circle at the top has 3 of the pieces shaded in, and 1 piece unshaded. That's be-
cause the top of the fraction is 3. For any fraction, the numerator tells you how

many of the equal pieces you have.

Take a look at how changes to the numerator and denominator change a fraction.
First, consider how changes affect the denominator. You've already seen what 3/4

looks like; here is what 3/3 looks like.
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The numerator hasn't changed (it's still 3), so you still have 3 shaded pieces. But
now the circle has been divided into 5 pieces instead of 4. One effect is that each
piece is now smaller. The fraction 1/5 is smaller than 1/4. Rule: as the denominator
of a number gets bigger, the value of the fraction gets smaller. The fraction 3/3 is
smaller than 3/4, because each fraction has 3 pieces, but when the circle (or num-
ber) is divided into 5 equal portions, each portion is smaller, so three 1/5 portions

are less than three 1/4 portions.

As you split the circle into more and more pieces, each piece gets smaller and

smaller:
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Conversely, as the denominator gets smaller, each piece becomes bigger and big-

ger.

Now look at what happens as you change the numerator. The numerator tells you
how many pieces you have, so if you make the numerator smaller, we get fewer

pieces:

Conversely, if you make the numerator larger, you get more pieces. Look more
closely at what happens as you get more pieces. In particular, you want to know

what happens when the numerator becomes equal to or greater than the
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denominator. First, notice what happens when you have the same numerator and
denominator. Ifyou have 4/4 pieces, this is what the circle looks like:

Remember, the circle represents one whole unit. So when all four parts are filled,

you have one full unit, or 1. So 4/4 is equal to 1. Rule: if the numerator and denom-
inator of a fraction are the same, that fraction equals L.

Below is what happens as the numerator becomes larger than the denominator.
What does 5/4 look like?
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Each circle is only capable of holding 4 pieces, so when you fill up one circle, you
have to move on to a second circle and begin filling it up, too. So one way of look-
ing at 5/4 is that you have one complete circle, which you know is equivalent to 1,
and you have an additional 1/4. So another way to write 5/4 is 1 + 1/4. This can be

shortened to 1™ (*one and one-fourth”).

In the last example, the numerator was only a little larger than the denominator.
But that will not always be the case. The same logic applies to any situation. Look
at the fraction 15/4. Once again, this means that each circle (i.e., each whole num-

ber) is divided into 4 pieces, and you have 15 pieces.

aall

In this case, you have 3 circles completely filled. To fill 3 circles, you needed 12
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pieces. (Note: 3 circles x 4 pieces per circle = 12 pieces.) In addition to the 3 full
1

1r
circles, you have 3 additional pieces. So you have: T:3+f 34—.
Whenever you have both an integer and a fraction in the same number, you have a
mixed number. Any fraction in which the numerator is larger than the denominator
(e.g., 5/4) is known as an improper fraction. Improper fractions and mixed num-
bers express the same thing. How to convert from improper fractions to mixed

numbers and vice-versa will be discussed later in the chapter.

Take a moment to review what you've learned about fractions so far. Every fraction

has two components: the numerator and the denominator.

The denominator tells you how many equal pieces each unit circle has. Assuming

that the numerator stays the same, as the denominator gets bigger, each piece gets
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smaller, so the fraction gets smaller as well.

The numerator tells you how many equal pieces you have. Assuming that the
denominator stays the same, as the numerator gets bigger, you have more pieces,
so the fraction gets bigger.

When the numerator is smaller than the denominator, the fraction will be less than
I. When the numerator equals the denominator, the fraction equals I. When the

numerator is larger than the denominator, the fraction is greater than I.

Check Your Skills

For each of the following sets of fractions, decide which fraction is larger:

Answers con befound on page 61.
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Manipulating Fractions

The next two sections will discuss how to add, subtract, multiply, and divide frac-
tions. You should already be familiar with these four basic manipulations of arith-

metic, but when fractions enter the picture, things can become more complicated.

Below, each manipulation is discussed in turn. Each discussion talks conceptually
about what changes are being made with each manipulation, then goes through the

actual mechanics of performing the manipulation.
Up first is how to add and subtract fractions.
FRACTION ADDITION AND SUBTRACTION

The first thing to recall about addition and subtraction in general is that they affect
how many things you have. If you have 3 things, and you add 6 more things, you
have 3 + 6 or 9 things. Ifyou have 7 things and you subtract 2 of those things, you
now have 7 - 2 or 5things. That same basic principle holds true with fractions as
well. What this means is that addition and subtraction affect the numerator of a

fraction, because the numerator tells you how many things, or pieces, you have.

For example, say you want to add the two fractions 1/5 and 3/5. What you are doing

is adding 3fifths to 1 fifth. (A “fifth” is the very specific pie slice, as seen below.)
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If you were dealing with integers, and added 3 to 1, you would get 4. The idea is the
same with fractions. Now, instead of adding 3 complete units to one complete unit,
you're adding 3 fifths to 1 fifth: 1 fifth plus 3fifths equals 4 fifths.
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Notice that when you added the two fractions, the denominator stayed the same.
Remember, the denominator tells you how many pieces each unit has been broken
into. In other words, it determines the size of the slice. Adding 3 pieces to 1 piece
did nothing to change the size of the pieces. Each unit is still broken into 5 pieces;
hence there is no change to the denominator. The only effect of the addition was to

end up with more pieces, which means that you ended up with a larger numerator.

Be able to conceptualize this process both ways: adding 1/5 and 3/3 to get 4/5, and
regarding 4/3 as the sum of 1/5 and 3/5.

1 3 143 4

3+5~ 5 ~5

4 143 1 3

r — =r?

Also, you should be able to handle an x (or any variable) in place of one of the
numerators:

1 x 4

—H- = — becomes 1+ A= 4

You can apply the same thinking no matter what the denominator is. Say you want
to add 3/6 and 5/6. This is how it looks:
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Notice that once again, the only thing that changes during the operation is the
numerator. Adding 5 sixths to 3 sixths gives you 8 sixths. The principle is still the

same even though it results in an improper fraction.

Again, see the operation both ways:

3 5 3+5 8 8 3+5 3 5
6 6 6 _6 6~ 6 6 6

Be ready for a variable as well:

—H— = — becomes 3+ * =8
6 6 6

X=DH

Now look at a slightly different problem. This time you want to add 1/4 and 3/8:
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Do you see the problem here? You have one slice on the left and three slices on the
right, but the denominators are different, so the sizes of the slices are different. It
doesn't make sense in this case simply to add the numerators and get 4 of any-
thing. Fraction addition only works if you can add slices that are all the same size.

So now the question becomes, how can you make all the slices the same size?

What you need to do is find a new way to express both of the fractions so that the
slices are the same size. For this particular addition problem, take advantage of the
fact that one-fourth is twice as big as one-eighth. Look what happens if you take all

the fourths in the first circle and divide them in two:
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What happened to the fraction? The first thing to note is that the value of the frac-
tion hasn't changed. Originally, you had 1 piece out of 4. Once you divided every
part into 2, you ended up with 2 pieces out of 8. So you ended up with twice as
many pieces, but each piece was half as big. So you actually ended up with the

same amount of “stuff” overall.

What did you change? You ended up with twice as many pieces, which means you
multiplied the numerator by 2, and broke the circle into twice as many pieces,
which means you also multiplied the denominator by 2. So you ended up with
— T= . This concept will be reviewed later, but for now, simply make sure that

4 Xi

¥ou understand that Z = é:- .

So without changing the value of 1/4, you have now found a way to rename 1/4 as
2/8, so you can add it to 3/8. Now the problem looks like this:
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The key to this addition problem was to find what's called a common denominator.
Finding a common denominator simply means renaming the fractions so they
have the same denominator. Then, and only then, can you add the renamed frac-

tions.

All the details of fraction multiplication shouldn't concern you just yet (don't
worry—it's coming), but you need to take a closer look at what you did to the frac-
tion ~ in order to rename it. Essentially what you did was multiply this fraction by
| i~=~XxN"= =  As was discussed earlier, any fraction in which the numer-
ator equals the denominator is I. So 2/2 = 1. That means that all the process did
was multiply 1/4 by 1. And anything times 1 equals itself. So the appearance of 1/4

was changed by multiplying the top and bottom by 2, but its value was not.
Finding common denominators is a critical skill when dealing with fractions.

Here's another example to consider (pay close attention to how the process
works). This time, add 1/4 and 1/3:
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Once again, you are adding two fractions with different-sized pieces. There's no
way to complete the addition without finding a common denominator. But remem-
ber, the only way to find common denominators is by multiplying one or both of
the fractions by some version of | (such as 2/2, 3/3, 4/4, etc.). Because you can
only multiply by 1 (the number that won't change the value of the fraction), the only
way you can change the denominators is through multiplication. In the last exam-
ple, the two denominators were 4 and 8. You could make them equal because 4 x 2
- 8.

Because all you can do is multiply, what you really need when you look for a com-
mon denominator is a common multiple of both denominators. In the last exam-

ple, 8 was a multiple of both 4 and 8.

In this problem, find a number that is a multiple of both 4 and 3. List a few multi-
ples of 4: 4, 8, 12, 16. Also list a few multiples of 3: 3, 6, 9, 12, stop. The number 12
is on both lists, so 12 is a multiple of both 3 and 4. Now change both fractions so

that they have a denominator of 12.
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Begin by changing 1/4. You have to ask the question, what times 4 equals 12? The

answer is 3. That means that you want to multiply 1/4 by 3/3: ~lx4/ = I7%A S0 1/4 is
the same as 3/12. Once again, look at the circles to verify these fractions are the

Same:

Now you need to change 1/3. What times 3 equals 12? The answer is 4 x 3= 12, so

you need to multiply 1/3 by 4/4: "= ~ . Now both of your fractions have a

common denominator, so you're ready to add:
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1 1 _Ix3 1x4 3 4 317
4 3 4x3 3x4 12 12-~12

And now you know everything you need to add any two fractions together.

Here's a recap what you've done so far:

= When adding fractions, you have to add equal-sized pieces. That means you
need the denominators to be the same for any fractions you want to add. If

the denominators are the same, then you add the numerators and keep the
denominator the same.

S R
If the two fractions have different denominators, you need to find a common
multiple for the two denominators first.
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Common multiple of4 and 5= 20

< Once you know the common multiple, figure out what number for each frac-

tion multiplies the denominator to reach the common multiple.

15 5 24 8
20 5 4 20

= Using the number you found in the last step, multiply each fraction that
needs to be changed by the appropriate fractional version of 1 (such as 5/5).
< Now that the denominators are the same, you can add the fractions.

20 20—20

This section would not be complete without a discussion of subtraction. The good
news is that subtraction works exactly the same way as addition! The only differ-

ence is that when you subtract, you end up with fewer pieces instead of more
pieces, so you end up with a smaller numerator.

Consider the following problem. What is 5/7 - 1/3?
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Just like addition, subtraction of fractions requires a common denominator. So you

need to figure out a common multiple of the two denominators: 7 and 3. The num-
ber 21 is acommon multiple, so use that.

Change 3/7 so that its denominator is 21. Since 3 times 7 equals 21, you multiply

5/7 by3/3: 7 7*3 “2] =
Now do the same for 1/3. Since 7 times 3 equals 21, you multiply 1/3 by 7/7:

= 1x-“=~r. The subtraction problem can be rewritten as “7-77 , which you can
easily solve:
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Finally, if you have a variable in the subtraction problem, nothing really changes.

One way or another, you still have to find a common denominator.

Here's another problem:

Solve: ¥ <=2
4 320

First, subtract 1/4 from each side:

. J3 2
7~20 4

Perform the subtraction by finding the common denominator, which is 20:

13 J2<5=13 5 8

20 4x5~20 20—-20

So you have g = 0 "
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There are several options at this point. The one you should use right now is to con-
vert to the common denominator again (which is still 20):

xx4 4x 8
5x4 ~ 20 ~ 20

Now set the numerators equal: 4x= 8

Divide by 4:

If you spot the common denominator of all three fractions at the start, you can
save work:

1 C -1A
4 5~20

Convert to a common denominator 1 x5 X X 4 13

oree 4x5 5x4“ 20
Clean up: 5 4x 13
20 20. 20
Set numerators equal: 5+ 4x=i3
Subtract 3 4*=8
Divide by 4: X=2

Check Your Skills

Evaluate the following expressions:
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1 3
3'2+4_

2 1
. Solve forx. * 3
5+5 5

6. Solve forx *—*- °
3 9
Answers cor? befound on page 6.

SIMPLIFYING FRACTIONS

Suppose you were presented with this question on the GRE:

=9

99

—~

4 5 2
a) -
9

This question involves fraction addition, which you now know how to do. So begin
by adding the two fractions: A . But 6/9 isn't one of the answer choic-

es. Did something go wrong? No, it didn't, but there is an important step missing.

The fraction 6/9 doesn't appear as an answer choice because it isn't simplified (in

other words, reduced). To understand what that means, recall a topic that should
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be familiar: prime factors. Break down the numerator and denominator into prime

factorst 0

Notice that both the numerator and the denominator have a 3 as one of their prime
factors. Because neither multiplying nor dividing by 1 changes the value of a num-

ber, you can effectively cancel they , leaving behind onlyy . That is, =

Look at another example of a fraction that can be reduced: 6—13 . Once again, begin

by breaking down the numerator and denominator into their respective prime fac-
10 Jwow S

tors: ) :-272-X31-(;>_ . This time, the numerator and the denominator have two fac-

tors in common: a2 and a 3. Once again, split this fraction into two pieces:

2x3x3 3  2x3_ 3,6
2 x2x3x5 2x5 2x3 10 6

The fraction y is the same as 1, so really you have , Which leaves you with

As you practice, you should be able to simplify fractions by recognizing the largest
common factor in the numerator and denominator and canceling it out. For exam-
pie, you should recognize that in the fraction , both the numerator and the
denominator are divisible by 6. That means you could think of the fraction as - x3~
. You can then cancel out the common factors on top and bottom and simplify the

fraction:
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Check Your Skills

Simplify the following fractions.

25
40

Answers con befound on page 6.

FRACTION MULTIPLICATION

Now that you know how to add and subtract fractions, you're ready to multiply and
divide them. First up is multiplication. Consider what happens when you multiply a

fraction by an integer.

Start by considering the question, what is 1/2 x 6? When you added and subtracted
fractions, you were really adding and subtracting pieces of numbers. With multipli-
cation, conceptually it is different: you start with an amount, and leave a fraction of
it behind. For instance, in this example, what it's really asking is, what is 1/2 of 6?

There are a few ways to conceptualize what that means.

You want to find one-half of six. One way to do that is to split 6 into 2 equal parts

and keep one of those parts.
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| part

Because the denominator of the fraction is 2, divide 6 into 2 equal parts of 3. Then,

because the denominator is 1, keep one of those parts. So 1/2 x 6 = 3.

You can also think of this multiplication problem a slightly different way. Consider
each unit circle of the 6. What happens if you break each of those circles into 2

parts, and keep 1 part?

O Odivideeach O O O keep 1

unit into 2 out ofeven*

O O equal parts O O O 2 pieces

Divide every circle into 2 parts, and keep | out of every 2 parts. You end up with 6

halves, or 6/2, written as a fraction. But 6/2 is the same as 3, so really, 1/2 of 61is 3

6 halves are the same as 3 wholes

00

Either way you conceptualize this multiplication, you end up with the same answer.

Try another example:
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What is 2/3 x 12?

Once again, it's really asking, what is 2/3 of 12? In the previous example, when you
multiplied a number by 1/2, you divided the number into 2 parts (as indicated by

the denominator). Then you kept | of those parts (as indicated by the numerator).

By the same logic, if you want to get 2/3 of 12, you need to divide 12 into 3 equal
parts, because the denominator is 3. Then keep 2 of those parts, because the
numerator is 2. As with the first example, there are several ways of conceptualizing

this. One way is to divide 12 into 3 equal parts, and keep 2 ofthose parts:

divide into 3 parts keep 2 parts
® O o o ® e o o
0 0 [ ] [ ]

............................ H I 1 WWWWWWWWWWWWTWWWWWWWWWWt Z

The number 12 is divided into 3 equal parts of4, and 2 of those parts are kept. Be-
cause 2 groups of4 is 8, then 2/3 x 12 = 8.

Another way to conceptualize 2/3 x 12 is to once again look at each unit of 12. If

you break each unit into 3 pieces (because the denominator of the fraction is 3)

and keep 2 out of every 3 pieces (because the numerator is 2) you end up with this:
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© - s = s = diviaeeach © 0 © © keep 2-out
9 9 9 9 — © ® 0 ® wuntinto —»© ® ® ® ofevery

3 equal parts 3 pieces
e e o o © ® © © © © © ©

You ended up with 24 thirds, or 24/3. But 24/3 is the same as 8, so 2/3 of 12 is 8

24 thirds are the same as 8 wholes

® © © O © © © ©

© ® © O © © © ©
© © © O

Once again, either way you think about this multiplication problem, you arrive at

the same conclusion; 2/3 x 12 = 8.

Now that you've seen what happens when you multiply an integer by a fraction, it's
time to multiply a fraction by a fraction. It's important to remember that the basic
logic is the same. When you multiply any number by a fraction, the denominator of
the fraction tells you how many parts to divide the number into, and the numerator
tells you how many of those parts to keep. Now consider how that logic applies to

fractions:

Whatis —x —?
2 4

This question is asking, what is 1/2 0f3/4? So once again, divide 3/4 into 2 equal
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parts. This time, though, because you're splitting a fraction, you're going to do
things a little differently. Because 3/4 is a fraction, the unit circle has already bro-

ken a number into 4 equal pieces. So, break each of those pieces into 2 smaller

pieces:

Cut each piece
in half.

Now that you've divided each piece into 2 smaller pieces, keep 1 from each pair of

those smaller pieces:

Keep | out of each of
the 2 resulting pieces.

So what did you end up with? First of all, the result is going to remain a fraction.
The original number was 3/4. In other words, a number was broken into 4 parts,
and you kept 3 of those parts. Now the number has been broken into 8 pieces, not

4, so the denominator is now 8. However, you still have 1 x 3 = 3 of those parts, so
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the numerator is still 3. So 1/2 of3/4 is 3/8.

Try one more. What is 5/6 x 1/2? Once again, start by dividing the fraction into 6
equal pieces:

Cut each piece into 6
smaller pieces.

Now keep 5 out of every 6 parts:

So what did you end up with? Now you have a number divided into 12 parts, so the

denominator is 12, and you keep 1x5 = 5 parts, so the numerator is 5 Thus, 5/6 of
1/2 is 5/12.

Multiplying fractions would get very cumbersome if you always resorted to slicing
circles up into increasingly tiny pieces. So now consider, in a general way, the
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mechanics of multiplying a number by a fraction.

First, note the following crucial difference between two types of arithmetic opera:
tions on fractions:

Addition & Subtraction:

Only the numerator changes (once you've found a common denominator).

Multiplication & Division:

Both the numerator and the denominator typically change.

The way to generalize fraction multiplication is this: multiply the numerators to-

gether to get the new numerator, and multiply the denominators together to get the

new denominator. Then, simplify (or reduce):

176 1x6 6 _
2 1-2xl_ 2 .

2 12 _2x12 _ 24 _
H( — e——————— e ——

1 3xl 3
, 3  1Ix3 3

3

1,3_

2 4 2x4 8
51 5x15
6 2 6x2 12
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In practice, when you multiply fractions, don't worry about the conceptual foundation

once you understand the mechanics:

Mechanical; —x — - = —tuhh;
2x4 8

Conceptual: “one-halfof3/8”...cut up the circles further... harder

Finally, whenever you multiply fractions, always look to cancel common factors, in

order to reduce your answer without doing unnecessary work:

ﬁxﬁ:?
7 3

The long way to do this is:

33x 14= *33
X 14

132
330

462

7 x 3 =21

You wind up with —
r 21
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22
21)462

-42

42
-42

0

This work can be simplified greatly by canceling parts of each fraction before multi-

plying. Always look for common factors in the numerator and denominator:

33X 14: 3xII 3 2XT
7 3 7 3

It's now clear that the numerator of the first fraction has a 3 as a factor, which can
be canceled out with the 3 in the denominator of the second fraction. (This is be-
cause multiplication and division operate at the same level of priority in the PEM-
DAS operations!) Similarly, the 7 in the denominator of the first fraction can be
canceled out by the 7 in the numerator of the second fraction. By cross-canceling

these factors, you can save yourself a lot ofwork:

Check Your Skills

Evaluate the following expressions. Simplify all fractions:

https://ieltstep.com



Answers con befound on page 61.
FRACTION DIVISION

Next up is the last of the four basic arithmetic operations on fractions (addition,
subtraction, multiplication, and division). This section will be a little different than
the other three—it will be different because you're actually going to do fraction

division by avoiding division altogether!

You can avoid division entirely because of the relationship between multiplication
and division. Multiplication and division are opposite sides of the same coin. Any
multiplication problem can be expressed as a division problem, and vice-versa.
This is useful because, although the mechanics for multiplication are straight-
forward, the mechanics for division are more work and therefore more difficult.
Thus, you should express every fraction division problem as a fraction multipli-

cation problem.

Now the question becomes: how do you rephrase a division problem so that it be-

comes a multiplication problem? The key is reciprocals.

Reciprocals are numbers that, when multiplied together, equal |I. For instance, 3/5

and 5/3 are reci&rocals, because-x-=—~"=—=1.
A 53 5x3 15
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Another Pair of reciProcaIs is 2 and 1/2, because 2 x 5% T 5o =2-=1 . (Once
again, it is important to remember that every integer can be thought ofas afraction.)

The way to find the reciprocal of a number turns out to generally be very easy—take

the numerator and denominator of a number, and switch them around:

Fraction Reciprocal Fraction Reciprocal

Reciprocals are important because dividing by a number is the exact same thing as

multiplying by its reciprocal. Look at an example to clarify:
What is 6 -f 2?

This problem shouldn't give you any trouble: 6 divided by 2 is 3. But it should also
seem familiar because it's the exact same problem you dealt with in the discussion

on fraction multiplication: 6 -r 2 is the exact same thing as 6 x 1/2.

6+ 2= 3

Dividing by 2 is the same as multiplying by 1/2.
6x 1/2= 3 g oy plying oy

To change from division to multiplication, you need to do two things. First, take
the divisor (the number to the right of the division sign—in other words, what you
are dividing by) and replace it with its reciprocal. In this problem, 2 is the divisor,

and 1/2 is the reciprocal of 2. Then, switch the division sign to a multiplication
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sign. So 6 -r 2 becomes 6 x 1/2. Then, proceed to do the multiplication:

Bro=px =0t _0x1
2 1 2 1x2

This is obviously overkill for 6-~2, but try another one. What is 5/6 -r 4/7?

Once again, start by taking the divisor (4/7) and replacing it with its reciprocal

(7/14). Then switch the division sign to a multiplication sign. So 5/6 -r 4/7 is the

same as 5/6 x 7/4. Now do fraction multiplication:

5.4 5 7 _ 5x7 _ 35

6 7 6 4~06x4~24

Note that the fraction bar (sometimes indicated with a slash) is another way to ex-
press division. After all, 6+2=6/2 =" =3 . In fact, the division sign, -r, looks like a lit-

tle fraction. So if you see a “double-decker” fraction, don't worry. It's just one frac-

tion divided by another fraction.

5

A= 5 4 =5x7=35
4 6 "7 6 4 24
7

To recap:
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= When you are confronted with a division problem involving fractions, it is al-
ways easier to perform multiplication than division. For that reason, every
fraction division problem should be rewritten as a multiplication problem.

= To do so, replace the divisor with its reciprocal. To find the reciprocal Frac-
tion Reciprocal of a number, you simply need to switch the numerator and

denominator (ex. 2/9-> 9/2).

Fraction Reciprocal
2 9

— —» —

9 2

= Remember that a number multiplied by its reciprocal equals 1.

-X - =1
2 9

= After that, switch the division symbol to a multiplication symbol, and perform

fraction multiplication.

Check Your Skills

Evaluate the following expressions. Simplify all fractions.
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1
11.

8 4
r?s

Answers can befound on page 62.

FRACTIONS IN EQUATIONS

When an x appears in a fraction multiplication or division problem, you'll use

essentially the same concepts and techniques to solve:

- V = —
3 A 8
Divide both sides by”" : 12 1
8 '3
15 45
______ X —— =
8 4 32

An important tool to add to your arsenal at this point is cross-multiplication. This

tool comes from the principle of making common denominators.
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The common denominator of 7 and 8 is 7 x 8 = 56. So you have to multiply the left
fraction by 8/8 and the right fraction by 7/7:

8xX_5x7 8% 3H
8X7 ~8x7 56 —56

Now you can set the numerators equal: 8x=5x 7=35

* = 35/8

However, in this situation you can avoid having to determine the common denom-
inator by cross-multiplying each numerator times the other denominator and set-

ting the products equal to each other:

The very important technique of cross-multiplying will be further discussed later in
this chapter.

Check Your Skills
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Solve for x in the following equations:

Answers can befound on page 62.

Switching Between Improper Fractions and Mixed Numbers#

Recall the earlier discussion of why 5/4 equals IIA and how to switch between im-

proper fractions and mixed numbers.

To do this, the numerator needs to be discussed in more detail. The numerator is a
description of how many parts you have. The fraction 5/4 tells you that you have 5
parts. But you have some flexibility in how you arrange those 5 parts. For instance,
you already expressed it as 4/4 + 1/4, or 1 + 1/4. Essentially, what you did was to
split the numerator into two pieces: 4 and 1. Ifyou wanted to express this as a frac-
tion, you could say that 5/4 becomes — - . This hasn't changed anything, because

4 + 1 equals 5, so you still have the same number of parts.

Then, as noted above, you can split the fraction into two separate fractions. For in-
stance — becomes - +- . This is the same as saying that 5 fourths equals
fourths plus 1 fourth. So there are several different ways of representing the same

fraction. . Here is a visual reEresentation:
4 4 4 4
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As a general rule, you can always split the numerator of afraction into different parts
and thus split a fraction into multiple fractions. This is just reversing the process of
adding fractions. When you add fractions, take two fractions with the same denom-
inator and combine them into one fraction. Here do the exact opposite—turn one
fraction into two separate fractions, each with the same denominator. And now that
the fraction 5/4 is split into two fractions, you can take advantage of the fact that
fractions, at their essence, represent division. As was discussed earlier, 4/4 = 1, and

another way to think of4/4 is 4 -r 4.

To switch from an improper fraction to a mixed number, figure out how many
complete units there are. To do that, figure out the largest multiple of the denom-
Inator that is less than or equal to the numerator. For the fraction 5/4, 4 is the largest
multiple of 4 that is less than 5. So split the fraction into 4/4 and 1/4. Note that

4/4 equals 1, so the mixed number is 1V4.

Try it again with the fraction 15/4. This time, the largest multiple of 4 that is less
than 15 is 12. So you can split the fraction 15/4 into 12/4 + 3/4. In other words,

T: A :T+11 . And 12/4 = 3, so the fraction 13/4 becomes the mixed number
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Try one with a different denominator. How do you turn the fraction 16/7 into a
mixed number? This time you need the largest multiple of 7 that is less than or
equal to 16. The number 14 is the largest multiple of 7 that is less than 16, so once
again split the fraction 16/7 into 14/7 and 2/7. In other words, N+2 . Be-

cause 14 divided by 7 equals 2, your mixed number is 2:/7 =

Check Your Skills

Change the following improper fractions to mixed numbers:

Answers can befound on page 62.

CHANGING MIXED NUMBERSTO IMPROPER FRACTIONS

Now that you know how to change a number from an improper fraction to a mixed
number (or proper fraction), you also need to be able to do the reverse. Suppose

you have the mixed number 523. How do you turn this number into a fraction?

Remember that you can think of any integer as a fraction. The number 1, for in-
stance, can be thought of many different ways. It can be thought of as I/i. It can

also be thought of as 2/2. In other words, a unit circle can be split into 2 equal
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pieces, with 2 of those pieces forming a whole unit circle again. 1 can also be writ-
ten as 3/3, 4/4, 3/3, etc.

In fact, you can think of the process of turning mixed numbers into improper frac-
tions as simple fraction addition. The fraction 523 is the same thing as 5+ 2/3, so

you can think of it as y+-* . Now you know what to do—change - so that it has a

denominator of 3. The way to do that is to multiply - by - , which equals
dx3=3%3- 15 &y the mixed number i$ real|¥ﬁ+ £ B 1V
173 1x3 3 3 3 3 3

Check Your Skills
Change the following mixed numbers to improper fractions.
17-3%

18.53

Answers can befound on page 62.

Division in Disguise

Sometimes, dividing fractions can be written in a confusing way. Consider one of

the previous examples:

can also be written as a “double-decker,” or complex, fraction like 2
this: -3
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Do not be confused. You can rewrite this as the top fraction divided by the bottom
fraction, and solve it normally (by using the reciprocal of the bottom fraction' and

then multiplying):

3 20 2% 3~6~3
A

Here's a speed tip for problems like this: notice that, quite often, you can quickly

simplify by multiplying both the top fraction and the bottom fraction by a common

denominator;

Check Your Skills

Evaluate the following complex fractions by multiplying the top and bottom frac

tions by a common denominator:

https://ieltstep.com



Answers can befound on page 62.

Fraction Operations: Know What to Expect

Adding and subtracting fractions leads to expected results: when you add two posi-
tive fractions, you get a larger number; when you subtract a positive fraction from

something else, you get a smaller number.

However, multiplying by fractions between o and 1 yields unexpected results:
9 X ; =3 3<9

Multiplying a number by a fraction between o and 1 creates a product smaller than
the original number. Note that this is also true when the original number is a frac-

tion:

11 1 1_1

271 8 8 2

Conversely, dividing by a fraction between o and 1 yields a quotient, or result, that

is larger than the original number:
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24

3 4
_:6)(_:— 8>6
4 3 3

This is also true when the original number is a fraction:

4= -| =l X- =—=— 3 L

5 —4°'6~4"5-20- 10 10 4
6

Cliec/c Your Skills

1 1 >
21' 2X 4 _

Answers can befound on page 62.

Comparing FractionsCross-Multiply

Earlier you were introduced to the technique of cross-multiplying in the context of
solving for a variable in an equation that involved fractions. Now look at another

use of cross-multiplication:

Which fraction is greater,  or-g- ?
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The traditional technique used to compare fractions involves finding a common
denominator, multiplying, and comparing the two fractions. The common denom-

inator of 9 and 5is 45.
Thus, ~=~ and t =-* eSince 35< 36, you can see that * is slightly bigger than -

However, there is a shortcut to comparing fractions called (you guessed it): cross-
multiplication. This is a process that involves multiplying the numerator of one
fraction with the denominator of the other fraction, and vice-versa. Here's how it

works:

Set up the fractions next to
each other.

Cross-multiply the fractions
and put each answer by the
corresponding numerator (Not
the denominator!).

Since 33 is less than 36, the
first fraction must be less than
the second one.

Check Your Skills
23. Which fraction is greater?  or”"

24. Which fraction is smaller? 5 orE
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Answers can befound on pages 62-63.

NEVER Split the Denominator!

One final rule—perhaps the most important—is one that you must always remem-
ber when working with fractions that have an expression (more than one term) in

the numerator or denominator. Three examples are:

15+10 5 15+10
5 15+10 5+2

In example (a), the numerator is expressed as a sum.
In example (b), the denominator is expressed as a sum.

In example (c), both the numerator and the denominator are expressed as sums.

When simplifying fractions that incorporate sums (or differences), remember this

rule: You may split up the terms of the numerator, but you may never split the terms

ofthe denominator.

Thus, the terms in example (&) may be split:

+
LFO_ b O -5

5 5 5
But the terms in example (b) may not be split:
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Instead, simplify the denominator first:

5 5 1
15410 25 5

The terms in example (c) may not be split either:

No|
542 5 2

Instead, simplify both parts of the fraction:

5+10 25 4
542 7 {

Often, GRE problems will involve complex fractions with variables. On these prob-

lems, it is tempting to split the denominator. Do notfallfor it!
It is tempting to perform the following simplification:
X-y Xy
This is wrong because you cannot split terms in the denominator.

The reality is that1y ; cannot be simplifiedfurther.
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On the other hand, the expression CA can be simplified by splitting the differ-

ence, because this difference appears in the numerator. Thus:

6x —15y  6a 15v_3x 3y
10 - 10 10 . 5. 2

Check Your Skills

Simplify the following fractions:

13+7
T 5

21+6
7+6

26.

480+126
a+b

is . k9.

Answers can befound on page 63.

Benchmark Values

You will use a variety of estimating strategies on the GRE. One important strategy
for estimating with fractions is to use Benchmark Values. These are simple frac-

tions with which you are already familiar:
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2 3

L1 1 1| |
5' 43" 2’ 4

)
To
You can use Benchmark Values to compare fractions:

Which is greater. — or”- ?
255 320

If you recognize that 127 is less than half of 255, and 162 is more than half of 320,

you will save yourself a lot of cumbersome computation.
You can also use Benchmark Values to estimate computations involving fractions:
Approximatel¥ what is — of— 0f2,000?
22 18

If you recognize that these fractions are very close to the Benchmark Values\ and

<j, you can estimate:

-0 f - 0f2,000=-x-1-x 2,000 = 250; therefore, — of — of 2,000 =250
2 4 y I 22 18

Notice that the rounding errors compensated for each other:

~ - ~I"=t You decreased the denominator, so ¥ou rounded ue: —< 1
22 20 2 22 2

— =t You increased the denominator, so you rounded down: —> -
18 20 4 L7 18 4

Note also that
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X 2 2.000=299.000_ 25.000

18 396 99

, SO your estimation was very close.

If instead you had rounded 5 to Ezé instead, then you would have rounded both

fractions up. This would lead to a slight but systematic overestimation:

x 2000 * 333

273
Try to make your rounding errors partially cancel each other out by rounding some num-

bers up and others down.

Check Your Skills

29. Which is greater: 123
250

340

30. Approximate (£)(* yos

Answers can befound on page 63.

Picking Smart Numbersj*Multiples ofthe Denominators

Sometimes, fraction problems on the GRE include unspecified numerical amounts;
sometimes these unspecified amounts are described by variables, other times they

are not. In these cases, you often can pick real numbers to stand in for the
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variables. To make the computation easier, choose Smart Numbers equal to com-

mon multiples ofthe denominators of thefractions in the problem.
For example, consider this problem:

The Crandalls's hot tub is halfway filled. Their swimming pool, which has a
capacity four times that of the hot tub, is filled to four-fifths of its capacity.
If the hot tub is drained into the swimming pool, to what fraction of its

capacity will the swimming pool be filled?

The denominators in this problem are 2 (from 1/2 of the hot tub) and 5 (from 4/3
of the swimming pool). The Smart Number in this case is the least common
denominator, which is io. Therefore, assign the hot tub, the smaller quantity, a
capacity of io units. Since the swimming pool has a capacity 4 times that of the hot
tub, the swimming pool has a capacity of 40 units. The hot tub is only halfway
filled; therefore, it has 5 units of water in it. The swimming pool is four-fifths of the

way filled, so it has 32 units ofwater in it.

Add the 5 units of water from the hot tub to the 32 units of water that are already in

the swimming pool: 32 -+ 5= 37.

With 37 units of water and a total capacity of 40, the pool will be filled to Z‘; of its
total capacity:
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swimming pool hot tub |
capacity: 40 units capacity: 10 units

4/5 filled: 32 units 172 filled: 5 units

Check Your Skills

Choose Smart Numbers to solve the following problem:

3L. Mili‘s first-generation uHear is filled to 1/2 capacity with songs. Her second-
generation uHear, which has 3 times the capacity of her first-generation uHear,
is filled to 4/3 capacity. Will Mili be able to transfer all of her music from her

first-generation uHear to her second-generation uHear?

Answer can befound on page 63.

When NOT to Use Smart Numbers
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In some problems, even though an amount might be unknown to you, it is actually
specified in the problem in another way—specifically, because some other related
guantity is given. In these cases, you cannot use Smart Numbers to assign real nums-

bers to the variables. For example, consider this problem:

Mark's comic book collection contains 1/3 Killer Fish comics and 3/8 Shaz-
aam Woman comics. The remainder of his collection consists of Boom

comics. If Mark has 70 Boom comic books, how many comic books does

he have in his entire collection?

Even though you do not know the number of comics in Mark's collection, you can
see that the total is not completely unspecified. You know a piece of the total: 70
Boom comics. You can use this information to find the total. Do not use Smart
Numbers here. Instead, solve problems like this one by figuring out how big the
known piece is; then, use that knowledge to find the size of the whole. You will

need to set up an equation and solve:

p Killer Fish + : Shazaam Woman = o comics that are not Boom

Therefore, e ZZZ of the books are in fact Boom comic books.

~- =70
24
A=70x 24
7
at:240
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Thus, Mark has 240 comics.

In summary, do pick Smart Numbers when no amounts are given in the problem,

but do not pick Smart Numbers when any amount or total is given!

Check Your Skills

Do not choose Smart Numbers to solve the following problem.

32. John spends 1/3 of his waking hours working, 1/5 of his waking hours eating

meals, 3/10 of his waking hours at the gym, and 2 hours going to and from
work. He engages in no other activities while awake. How many hours is John

awake?

Answer can befound on page 64.

Check Your Skills Answer Key

10
IS sme
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2+3
A

https://ieltstep.com



x 4 8
N 3 9 9
X_8,4
3 9 9
x 12
3~ 9
x 3 12
3 3 9
3x 12
9 9
3* = 12
X =4

5 25 5x5 5x3 5
8 140 8x5 8x5 S

g 2 16 2X8 _2xX _ 2
'3'24 3X8*“ 3xX “ 3

9-
9 3 6
35" 10X7
|O.

3

3x/

—_ X ———
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15 X7_ 5 N [ 0 7
s 14 20 2x7 4x5 2x/ 4xo
12.

8 4 8 15 2x4 3x5 2 x\
6:—+—:—X—: -------- —————
5 155 4 5 4 X

.
3 . 3=3 14
2'4 2X3
3X2X2 XX7 x2 2
2x3 " X x A “
X =2
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6
3 XX=5X6
3* =30
x = 10
1 6+3
6 6
99+1=_ e oo
11 11 11 11
15 3.3.4,3 n 3
4 4 14 4 4 4
18.
].Z ,2 :i( 3_]__2 :15+£
3 3 1 3 3 3 3

10, Alternatively, .
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1 1x,8 | .
207 7 20 L 2xi 2
20. 7 - ix28 7 .Alternatively, - 7 1

2.2 2ild g <t
2 4 2 2
23-
3x4=12 13x1 =13

is therefore greater than ~ .

24-

5x13 =65 7 X9 =63
A

~ 13 13

5
13*

is therefore smaller than -

O© o1
>

[{e]

25. 4: Add the numerator and simplify: 1~ =/-=4 .

26. 2— : Add the numerator and the denominator, then convert to a mixed number:

A+6127 J_

7+6 13 13'2

27. . The only manipulation you can perform is to factor 12 out of the

numerator: . No further simplification is possible.
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28. 2—: Factor 333 out ofthe numerator and a 2 out of the denominator:

99g-6b _ 3(3g-2h)
Gg—4h 2(3g —2h)

Now you can cancel out the 33 - 2h term out of both the numerator and denom-

inator:

3(3g- 2b) 3..3g-2h, 3.., 3
2(3g-2h) 2 3g-2h 2 2

29. -7-:—- is a little less than — , and so is less than —— is a little more than
40 250 250 ° 2 340

1 “and so is more tHan 1 22 is thus greater than ==
340 2 340 250
30. 50: Approximate each term: =4 »and 403 is close to 400.

58 U9J | 4 > 2

. Note that the exact amount is approximately 49.369, so your estimation was ex-

tremely close.

3L. Yes: Since you are only given fractions, you pick Smart Numbers. The number
10 is a good number to pick because it is the common denominator of the frac-
tions 1/2 and 4/3. Mili's first generation uHear has a capacity of 10 gigabytes. Her

second-generation uHear, then, has a capacity of 30 gigabytes.

Her first-generation uHear then has 3 gigabytes filled (1/2 x io) and her
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second-generation uHear has 24 gigabytes filled (4/5 x 30). If she transferred the
songs on the first uHear to the second, she would be at 29/30 capacity. There is

enough room for the transfer.

32. 12 hours: Because you are given an actual number in the problem, you are not
allowed to pick numbers. Assign a variable for what you are looking for: the num-

ber of hours John is awake. Call that total x.
Therefore, your equation will be -A*+-"Ax+-jA-x+2=X

The common denominator of all the fractions is 30. You can multiply the equation

by 30 to eliminate all the fractions:

éXH 1 X H3X + 1 =(*)30

5 10

30

1 Ox+6x +9a+60 =30x

23x +60 =30x
60 = 5x
12 =X

John is awake for 12 total hours.
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Problem Set

For problems 1-5, decide whether the given operation will yield an Increase, a De-

crease, or a result that will Stay the same.

—

Multiply the numerator of a positive, proper fraction by * .
2. Add | to the numerator of a positive, proper fraction and subtract 1 from its
denominator.
3. Multiply both the numerator and denominator of a positive, proper fraction by
sl
2
4. Multiply a positive, proper fraction byEs :

38
5 Divide a positive, proper fraction by — .

Solve problems 6-13.

6. Simplify:

7. Simplify:

3V
5 3

8. Simplify:

9. Simplify: (given that ab =0)

10. Put these fractions in order from least to greatest: ~ ~ ~

11. Put these fractions in order from least to greatest: j, —

12. Lisa spends - of her monthly paycheck on rent and on food. Her roommate,
Carrie, who earns twice as much as Lisa, spends  of her monthly paycheck on
rent and -4 on food. If the two women decide to donate the remainder of their
money to charity each month, what fraction of their combined monthly income
will they donate? (Assume all income in question is after taxes.)

13. Rob spends 7 of his monthly paycheck, after taxes, on rent. He spends  on

food and on entertainment. If he donates the entire remainder, $500, to
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charity, what is Rob's monthly income, after taxes?
14. Arei-i and reciprocals?

15. Estimate to the closest integer: What is  of of 120?

16.
Quantity A Quantity B
2 3 2 4
— X — — X —

3 3 3 4
Quantity A QuantityB
OX +06y
__________________________ 8

3X +y

18. An 18 oz. glass is filled with 8 oz. of orange juice. More orange juice is added so
that the glass is\6 full.
Quantity A QuantityB

Number of ounces of orange juice
added

Solutions?

L. Increase: Multiplying the numerator of a positive fraction by a number greater
than | increases the numerator. As the numerator of a positive fraction increases,

its value increases.

2. Increase: As the numerator of a positive fraction increases, the value of the frac-
tion increases. As the denominator of a positive fraction decreases, the value ofthe

fraction also increases. Both actions will work to increase the value of the fraction.
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3. Stay the same: Multiplying or dividing the numerator and denominator of a frac-

tion by the same number will not change the value of the fraction.

4. Decrease: Multiplying a positive number by a fraction between o and 1 decreases

the number.

5 Increase: Dividing a positive number by a fraction between o and 1 increases the

number.

6. Cannot Simplify: There is no way to simplify this fraction; it is already in simplest

form. Remember, you cannot split the denominator!

7. 1zx: First, cancel terms in both the numerator and the denominator. Then com-

bine terms:

8(3)(-v)2(3)  8(3)(-)2(3)  84(V)2(3) 4 (v)2(3) _ 4((3) = 12*
GX Z>2X ZX

8. \8 : First, add the fractions in the numerator and denominator. This results in 1757

and — , respectively. To save time, multiply each of the small fractions by 15, which

is the common denominator of all the fractions in the problem. Because you are

multiplying the numerator and the denominator of the whole complex fraction by

15, you are not changing its value:
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9 5 14 14
X

1 "
3 13 15 13 15 14 7
27 10,6 16 16 16 8
5 15 15 15 15

|:>

9. 2(2"* - 0) or 4b2- 2a: First, factor out common terms in the numerator. Then,

cancel terms in both the numerator and denominator:

6db{2b2 —a)

=2(2b2 —a) or 4b2—2a
}>nb

. 3 7 9 19 .
i0. 16—<l}—-1<7—<20— . Use Benchmark Values to compare these fractions:
9

s slightly more than T . s sl|ghtl¥ less than T

—is slightly less than 1. —is slightly less than ~ .

This makes it eas¥ to order the fractions: 13—6<l<9—<£ )

13 17 20

11. 32 5., L,Bsin%‘ Benchmark Values, ¥oushould notice that — and,; are both
9 13 3 7 ! 13 9

less than 5 and p and - are both more than L Use cross-multiplication to com
r

pare each pair of fractions:

3x9=27 2 x 13= 26 This. 352
13

9
154 9 .
2Xx7 = 14 3x3=1 Thus, —< ~ .
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This makes it easy to order the fractions: 2 3 2 5 .

12. jj : Use Smart Numbers to solve this problem. Since the denominators in the
problem are 8, 12, 4, and 2, assign Lisa a monthly paycheck of S24, since 24 is the
least common multiple of the denominators. Assign her roommate, who earns
twice as much, a monthly paycheck of $48. The two women's monthly expenses

break down as follows:

Rent Food Remaining
Lisa —o0f24=09 — of24= 10 24 - (9+ 10)=5
8 12
Carrie —o0f48 = 12 —o0f48 = 24 48-(12+ 24)= 12
4 2

The women will donate a total of Si7 out of their combined monthly income of $72.

13. $12,000: You cannot use Smart Numbers in this problem, because an amount
is specified. This means that the total is a certain number that you are being asked
to find.

First, use addition to find the fraction of Rob’'s money that he spends on rent, food,

i A - = -
and entertainment: 2+§+S 4 o4 24 4 Therefore, the $§OO that he donates to
charity represents 1 - ~ - = — of his total monthly paycheck. In math terms,

$500 =—x. Thus, Rob's monthly income is $300 x 24, orx = $12,000.4

14. Yes: The product of a number and its reciprocal must equal 1. To test whether

two numbers are reciprocals, multiply them. If the product is not |, they are not
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reciprocals:

S ., 2V3_ 2(yf)2 _6
2 3 23) 6

The numbers are thus indeed reciprocals.

15. Approximately 10: Use Benchmark Values to estimate: s slightly more than -
, Whereas ” s slightly less than i .Therefore,-* ofyj- of 120 is approximately -y of
~o0f 120, or -~ =10 . In this process, you rounded one fraction up and the other
down, reducing the error you introduced by rounding. Another technique to solve
this problem would be to write the product and cancel as much as possible before

estimating:

B oo 0f120—2 x2_x120 2L x2_yg =L1X0X3 _ 33, £_32,.£_1f
6

40 16 40 16 1 16 16 16 1

This estimate is a bit on the low side, as you only rounded one numerator down.
The error you introduced was = of 5 which is less than 0.5, so you have still esti-

mated to the closest integer.

16. (C): The fractions 3/3 and 4/4 are both equal to 1. Each quantity can be rewritten
as 2/3 x 1, which leaves you with 2/3.
Quantity A Quantity B

2 4

3 X4 =
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Therefore, the quantities are equal.

17. (D): When you add fractions, you cannot split the denominator. Therefore, the
most that you can simplify the expression in Quantity A is <But that isn't
enough to tell you whether the value of this expression is greater than or less than
8.

6(2+1 18

For example, ifx= 2 and y = 1, then Quantity A= 3)+1 Y

. which is less than 8. If,
however, x =1 and y = -8, then Quantity

6(1+(-8)) _6(-7) -42
3(1)+(-8) 3-8 -5

, Which is greater than 8.

Therefore, you cannot determine which quantity is greater.

18. (A): The easiest way to solve this problem is to find out how much liquid is in
the glass after the orange juice is added. The glass is 5/6 full, and 5/6 x 18 = 15.
There are 15 ounces of orange juice. There were 8 ounces of orange juice, so 7

ounces were added.

An 18 oz glass is filled with 8 oz of orange juice. More orange juice is added so the

glass is;-6 full.
Quantity A Quantity B
Number of ounces of orange juice 6 6

added = 7
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Therefore, Quantity A is greater.
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Chapter 3

Digits cj Decimals

DIGITS

Every number is composed of digits. There are only 10 digits in our number sys-
tem: o, |, 2, 3,4, 3 6, 7, 8 9. The term digit refers to one building block of a num-

ber; it does not refer to a number itself. For example, 356 is a number composed of

three digits: 3, 3 and 6.
Integers can be classified by the number of digits they contain. For example:

2, 7, and -8 are each single-digit numbers (they are each composed of one
digit).

43, 63, and -14 are each double-digit numbers (composed of two digits).
500,000 and -468,024 are each six-digit numbers (composed of six dig-
its).

789,526,622 is a nine-digit number (composed of nine digits).

Non-integers are not generally classified by the number of digits they contain,

since you can always add any number of zeroes at the end, on the right side of the

decimal point:

9.1=9.10 = 9.100
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That said, non-integers can be classified by how many non-zero digits they have to
the right of the decimal point. For example, 0.23, 8.014, and 0.0000079 all 'have
two non-zero digits to the right of the decimal point. (Later, there will be a discus-
sion of decimals that do not terminate, that is, they have an infinite humber of non-

zero digits to the right of the decimal point.)

DECIMALS

GRE math goes beyond an understanding of the properties of integers (which in-
clude the counting numbers, such as 1, 2, 3, their negative counterparts, such as
-1, -2, -3, and 0). The GRE also tests your ability to understand the numbers that
fall in between the integers. Such numbers can be expressed as decimals. For

example, the decimal 6.3 falls between the integers 6 and 7:

Some other examples of decimals include:

Decimals less than -1: -3.65, -12.01,-143.9
Decimals between -1 and o: -0.65, -0.8912, -0.076
Decimals between o and L 0.65, 0.8912, 0.076
Decimals greater than L 3.65, 12.01, 145.9
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Note that an integer can be expressed as a decimal by adding a decimal point and

the digit 0. For example:

8=8.0 -123 =-123.0 400 =400.0

PLACE VALUES

Every digit in a number has a particular place value depending on its location with-
in the number. For example, in the number 452, the digit 2 is in the ones (or
“units”) place, the digit 3 is in the tens place, and the digit 4 is in the hundreds

place. The name of each location corresponds to the “value” ofthat place. Thus:
2 is worth two “units” (two “ones”), or2 (=2 x 1).
5is worth five tens, or 50 (= 5x 10).
4 is worth four hundreds, or 400 (=4 x 100).

You can now write the number 452 as the sum of these products:

432 = (4 x 100) + (5x 10) + (2x1)

(“four hundreds plus five tens plus two ones™)
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The chart to the left analyzes the place value of all the digits in the number:
692,567,891,023.8347

Notice that the place values to the left of the decimal all end in “s,” while the place
values to the right of the decimal all end in “ths.” This is because the suffix *“ths"

gives these places (to the right of the decimal) a fractional value.

Now analyze the end of the preceding number: 0.8347
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£
The 8 is in the tenths place, giving it a value of 8 tenths, or — .

The 3is in the hundredths place, giving it a value of 3 hundredths, or loo

The 4 is in the thousandths place, giving it a value of 4 thousandths, or

The 7 is in the ten-thousandths place, giving it a value of 7 ten-thousandths, or

7
10.000

To use a concrete example, 0.8 might mean eight-tenths of one dollar, which
would be 8 dimes, or 80 cents. Additionally, 0.03 might mean three-hundredths of
one dollar, which would be 3 pennies, or 3 cents.

Check Your Skills

1. How many digits are in 99,999?
2. In the number 4,472.1023, in what place value is the *“1”?

Answers con befound on page 83.

ADDING ZEROES TO DECIMALS

Adding zeroes to the end of a decimal or taking zeroes away from the end of a dec-

imal does not change the value of the decimal. For example, 3.6 = 3.60 = 3.6000.

Be careful, however, not to add or remove any zeroes to the left of a non-zero digit
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in the decimal portion of a number. Doing so will change the value of the number:

7.01 = 7.1, for example.

POWERS OF TO: SHIFTING THE DECIMAL

Place values continually decrease from left to right by powers of 10. Understanding
this can help you understand the following shortcuts for multiplication and divi-

sion.

When you multiply any number by a positive power of 10, move the decimal for-

ward (right) the specified number of places. This makes positive numbers larger:

3.9742 x 103= 3,974.2 Move the decimal forward 3 spaces.
89.507 x 10 = 895.07 Move the decimal forward 1 space.

When you divide any number by a positive power of 10, move the decimal back-

ward (left) the specified number of places. This makes positive numbers smaller:

4,169.2 =i02=41.692 Move the decimal backward 2 spaces.
83.708 -i-10 = 8.3708 Move the decimal backward 1 space.

Note that if you need to add zeroes in order to shift a decimal, you should do so:

2.57 x 106= 2,570,000 Add 4 zeroes at the end.
14.29 -r 105= 0.0001429 Add 3 zeroes at the beginning.
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Finally, note that negative powers of 10 reverse the regular process:

6,782.01 x io~3 = 6.78201 53-0447 -r io-2 = 5,304.47

You can think about these processes as trading decimal places for powers of io.
Think about why this is. The expression 10 3is equal to 0.001. As a concrete exam-

ple, if you multiply 6,782.01 by 0.00i, you get a much smaller number.

For instance, all ofthe following numbers equal 110,700.

110.7 X 103
11.07 X 104
1.107 X 105
0.1107 X 106
0.01107 X 107

The first number gets smaller by a factor of 10 as you move the decimal one place

to the left, but the second number gets bigger by a factor of io to compensate.

Check Your Skills

3 0.0652 x 10% = >

264
4 1o

5. Put these numbers in order from least to greatest:
https://ieltstep.com



2
a 234x10™ b. 0.234 xio2 c.2.34xi04

Answers can befound on page 83.

THE HEAVY DIVISION SHORTCUT

Some division problems involving decimals can look rather complex. But some-
times, you only need to find an approximate solution. In these cases, you often can
save yourself time by using the Heavy Division Shortcut: move the decimals in the

same direction and round to whole numbers. For example:

What is 1,330,794 -r (31.49 x i04) to the nearest whole number?

Step i: Set up the division problem in 1.530.794

fraction form: 31 49 X| O 4

Step 2: Rewrite the problem, eliminating  1.530.794

powers of 10: 314,900

Step v. The goal is to get a single digit to the left of the decimal in the denominator.
In this problem, you need to move the decimal point backward 5 spaces. You can
do this to the denominator as long as you do the same thing to the numerator.
(Technically, what you are doing is dividing top and bottom by the same power of
10: 100,000.)
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1,530.794  15.30794
314,900 3.14900

Now you have the single digit 3 to the left of the decimal in the denominator.

Step a: Focus ONly on the whole number parts of the numerator and

denominator and solve.

An approximate answer to this complex division problem is 3. If this answer is not

precise enough, keep one more decimal place and do long division (e.g., 153 -f 31 »

Check Your Skills

64,239,028

6. What is the integer closest to
16,127,512

Answer can befound on page 83.

DECIMAL OPERATIONS

Addition and Subtraction

To add or subtract decimals, make sure to line up the decimal points. Then add ze-

roes to make the right sides of the decimals the same length:
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4.319 . 221.8 10 - 0.063

4.319 Line up the 10.000 Line up the
+ 221.800 decimal points - 0.063 decimal points
226.119 and add zeroes. 9.937 and add zeroes.

Addition & Subtraction: Line up the decimal points!

Multiplication

To multiply decimals, ignore the decimal point until the very end. First, multiply
the numbers as you would if they were whole numbers. Then count the total num-
ber of digits to the right of the decimal point in the factors. The product should

have the same number of digits to the right of the decimal point:

0.02x 1.4 14 Multiply normally
X 2

28

There are three digits to the right of the decimal point in the factors (the digits o
and 2 in the first factor and the digit 4 in the second factor). Therefore, move the
decimal point three places to the left in the product: 28 —0.028.

Multiplication: In the factors, count all the digits to the right of the decimal point—
then put that many digits to the right ofthe decimal point in the product.

If the product ends with o, count it in this process: 0.8 x 0.5 = 0.40, since 8 x5 =
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40. Thus, 0.8 x 0.5 = 0.4.

If you are multiplying a very large number and a very small number, the following
trick works to simplify the calculation: move the decimals in the opposite direction
the same number of places.

0.0003 x 40,000 = ?

Move the decimal point right four places on the 0.0003 3

Move the decimal point left four places on the 40,000 —4

0.0003 x 40,000 =3x4=12

The reason this technique works is that you are multiplying and then dividing by
the same power of 10. In other words, you are trading decimal places in one num-
ber for decimal places in another number. This is just like trading decimal places
for powers of 10, as we saw earlier.

Division

If there is a decimal point in the dividend (the inner number) only, you can simply

bring the decimal point straight up to the answer and divide normally:

Ex. 12.42 3=4.14
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However, if there is a decimal point in the divisor (the outer number), you should
shift the decimal point to the right in both the divisor and the dividend to make the
divisor a whole number. Then, bring the decimal point up and divide. Be sure to

shift the decimal in both numbers before dividing.

Ex 12.42 0.3 4 1242 3=414

Move the decimal one space to the right
to make 0.3 a whole number. Then, move
the decimal one space in 12.42 to make it

124.2.

Division: Always shift the decimals on top and bottom so you are dividing by whole

numbersl

You can always simplify division problems that involve decimals by shifting the
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decimal point in the same direction in both the divisor and the dividend, even

when the division problem is expressed as a fraction:

0.0045 45 Move the decimal four spaces to the right
a to make both the numerator and the
0.09 —900 .
denominator whole numbers.

Note that this is essentially the same process as simplifying a fraction. You are
simply multiplying the numerator and denominator of the fraction by a power of
io—in this case, 1%4 , or %‘% .

Keep track of how you move the decimal point! To simplify multiplication, you can
move decimals in opposite directions. But to simplify division, you move decimals

in the same direction.

Equivalently, by adding zeroes, you can express the numerator and the denom-

inator as the same units, then simplify:

0,0045 0.0045 45 5
0.09 00900 =45 ten-thousandths 900 ten-thousandths = 900~ 100 =0.05

Check Your Skills
7. 62.8 + 45768 = }

8.7.125-4.309 =?
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9-0.00018 x 600,000 = }
io. 85.702-r0.73="7"

Answers con befound on pages 83-84.

TERMINATING VS. NON-TERMINATING DECIMALS

Repeating Decimals

Dividing an integer by another integer yields a decimal that either terminates (see

below) or that never ends and repeats itself:

2"-9 =7 2 9=0.2222...=0.2

The bar above the 2 indicates that the digit 2 repeats infinitely.

Generally, you should just do long division to determine the repeating cycle. It is

worth noting the following example patterns:

4 + 9=0.4444... = 0.4 23 - 99 = 0.2323... = 0.23

— = — =0.0909...= 0.09 — = — = 0.2727...=0.27
11 99 11 99

If the denominator is 9, 99, 999, or another number equal to a power of 10 minus

|, then the numerator gives you the repeating digits (perhaps with leading zeroes).
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These aren't the only denominators that result in repeating digits though, as you
will see when you read about terminating decimals. Don't worry about trying to
memorize decimal patterns for all of the repeating decimals though, you can al-
ways find them by simple long division, which can be done with your GRE on-

screen calculator.
Non-Repeating Decimals

Some numbers, like ,/J and m, have decimals that never end and never repeat them-
selves. The GRE will only ask you for approximations for these decimals (e.g., ~
14, yf} ~ 1.7, and n~ 3.14). For numbers such as these, you can often find an esti-

mate of the decimal using your GRE on-screen calculator Q ,
Terminating Decimals

Occasionally, the GRE asks you about properties of “terminating” decimals; that is,
decimals that end. You can tack on zeroes, of course, but they do not matter. Here
are some examples of terminating decimals: 0.2, 0.47, and 0.375. Terminating deci-

mals can all be written as a ratio of integers (which might be reducible):

Some integer
Some power often

02= - L gar=% a5 3P -3
10. 5 100 1000 8
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Positive powers of 10 are composed of only 2’s and 5's as prime factors. This
means that when you reduce this fraction, you only have prime factors of 2’s ‘and/
or 5's in the denominator. Every terminating decimal shares this characteristic: if, after
being fully reduced, the denominator has any prime factors besides 2 or 5 then its
decimal will not terminate (it will repeat). If the denominator only has factors of 2

and/or 5, then the decimal will terminate.
Check Your Skills

li. Which ofthe following decimals terminate? Which non-terminating decimals re-

peat, and which do not?

: : C.
250 I 741 Vi

Answer can befound on page 84.

UNITS DIGIT PROBLEMS

Sometimes the GRE asks you to find a units (ones) digit of a large product, or a re-

mainder after division by 10 (these are the same thing). For example:
What is the units digit of (8)2(9)2(3)3?

In this problem, you can use the Last Digit Shortcut:
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To find the units digit of a product or a sum of integers, only pay attention

to the units digits ofthe numbers you are working with. Drop any other digits.

This shortcut works because only units digits contribute to the units digit of the
product:

STEP 1: 8x 8= 64 Drop the tens digit and keep only the last digit: 4.
STEP 2: 9x9=281 Drop the tens digit and keep only the last digit: 1.
STEP 3:3x 3x3=27 Drop the tens digit and keep only the last digit: 7.
STEP 4: 4 x| x7=28 Multiply the last digits of each of the products.

The units digit of the final product is 8.

Check Your Skills

Calculate the units digit of the following products:

12. 43x72x 8
13.133
14.1537

Answers can befound on pages 84-85.

CHECK YOUR SKILLS ANSWER KEY
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1. 5. There are five digits in 99,999. Although there are only 9’s, the 9 takes up five

digit places (ten-thousands, thousands, hundreds, tens, and ones).
2. Tenths place: In the number 4,472.1023, the 1 is in the tenths place.

3. 0.000652: Move the decimal to the left when you multiply by io raised to a nega-

tive power. In this case, move the decimal to the left two places:

0.0652 x i0"2 = 0.000652
4. 264,000,000: Move the decimal to the right when dividing by 10 raised to a
negative power. In this case, move the decimal to the right six places. Notice that

dividing by 10 raised to a negative power has exactly the same effect as multiplying

by 10 raised to the positive version of that power:

NN =264,000,000

10 -6

5abc
a=234
b=234
c = 23,400

6. 4: With large numbers, you can effectively ignore the smaller digits:
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64,239,028 64.239028 64
16,127,512 16.12/512 16

Note that it is not good enough to focus on just the first digits in the numerator

and denominator. That would give you y , or 6, which is not accurate enough.

62.8000

+4.5768
7'67'3768: 7"N3 N -

8.2.8i6: HeD

9. 108: Trade decimal places. Change 0.00018 to 18 by moving the decimal to the
right five places. To compensate, move the decimal of 600,000 to the left five

places, making it 6. The multiplication problem is now:

18x6 =108

10. 117.4: Be sure to move the decimal so that you are dividing by whole numbers—
and be sure to move the decimal the same direction and number of places in both
the dividend and the divisor: 85.702 + 0.73 — 8,570.2 + 73.
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/3
127

73

540
511

292
292

Il. Terminating: a.; Repeating: b., c.; Non-Repeating: d.:

250
this only includes 2’s and 5’s, the decimal form of the fraction will terminate. To be

precise, ® =0.044 .

In , 393 is not divisible by 7, and 7 is a prime (but not a 2 or a 5). Thus, the dec-

imal will repeat infinitely:

In -]ins , the prime factorization of the denominator is 741 = 3 x 13 x 19. Since this
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includes primes other than 2 and 5 and is fully reduced, and since the numerator

and denominator are both integers, the decimal will repeat infinitely (eventually!).

In -A5 , both the numerator and denominator are what are known as irrational num-
v 2

bers. This means they are decimals that never exhibit a repeating pattern and there-

fore cannot be expressed as fractions with integers.

12. 8: Focus only on the units digit of each step of the problem:

43=4x4x4 = 64

72=7x7=49
8=18
4x9 =36
6x8=48

13. 7: Since you are dealing with only the units digit of the product, you can ignore
the tens digit of 13 (1) and focus only on 33: 3x 3x 3= 2j-4

14. 5: For higher exponents in units digit problems, try to find a pattern as you raise

the base to higher powers:
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52=25
8= 125

Notice that the units digit is always 5. This is because 5x 3= 25.

Therefore, 1537 — 537= 3Xx 5Xx 5% ... =25X 3Xx ) 25X ..—2= 5

Problem Set

Solve each problem, applying the concepts and rules you learned in this section.

k
1. Ifkis an integer, and if 0.02468 x 10 is greater than 10,000, what is the least

possible value of k?

2. Which integer values of b would give the number 2002 10_b a value between
1 and 100?

) . 4,509,982,344
2 Estimate to the nearest 10,000: 5309% 10
4. Simplify: (45x 2 + 6.6) -r 0.003

5 Simplify: (4xi0-2)- (25xi0-9

6. What is 4,563,021 -r io5, rounded to the nearest whole number?
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7. Simplify: (0.08)2-r 0.4

8. Simplify: [8- (1.08 + 6.9)]2

9. Which integer values ofj would give the number -37,129 x ic/ a value between

-100 and -1?

i .0.00081
10. %Impﬁfy. =

11. Determine the number of non-zero digits to the right of the decimal place for

the following terminating decimals:

12. What is the units digit of 164 x 27*?

13
Quantity A Quantity B
573 0.573 x 105
ToM
14.
Quantity A Quantity B
603,789,420 5
13.3X107
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15
Quantity A Quantity B

0.35

x 0.25

Solutions

1. 6: Multiplying 0.02468 by a positive power of 10 will shift the decimal point to
the right. Simply shift the decimal point to the right until the result is greater than
10,000. Keep track of how many times you shift the decimal point. Shifting the
decimal point five times results in 2,468. This is still less than 10,000. Shifting one
more place yields 24,680, which is greater than 10,000.

2. {-2,-3}: In order to give 2002 a value between 1 and 100, you must shift the dec-
imal point to change the number to 2.002 or 20.02. This requires a shift of either
two or three places to the left. Remember that while multiplication shifts the dec-
imal point to the right, division shifts it to the left. To shift the decimal point two
places to the left, divide by 102. To shift it three places to the left, divide by 103
Therefore, the exponent -b = {2, 3}, and b= {-2, -3}.

3.90,000: Use the Heavy Division Shortcut to estimate:

4,509,982.344 _ 450,998.2344 450,000

90,000
53,420 ~  5-3420 5

4. 5,200: Use the order of operations, PEMDAS (Parentheses, Exponents,
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Multiplication & Division, Addition & Subtraction), to simplify. Remember that the

numerator acts as a parentheses in a fraction:
4.5x2 =9

9 +6.6 156 _ 15.600
0.003 0.003 3 ’

5. 0.0375: First, rewrite the numbers in standard notation by shifting the decimal

point. Then, add zeroes, line up the decimal points, and subtract:

0.0400
- 0.0023
0.0375

6. 46: To divide by a positive power of 10, shift the decimal point to the left. This
yields 45.63021. To round to the nearest whole number, look at the tenths place.
The digit in the tenths place, 6, is more than 5. Therefore, the number is closest to

46.

7. 0.016: Use the order of operations, PEMDAS (Parentheses, Exponents, Multipli-
cation & Division, Addition & Subtraction), to simplify. Shift the decimals in the

numerator and denominator so that you are dividing by an integer:

2

20,0064, _9_%‘?4_- 0.016

0.4 0.4
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8. 0.0004: Use the order of operations, PEMDAS (Parentheses, Exponents, Mul-
tiplication & Division, Addition & Subtraction), to simplify:

First, add 1.08 + 6.9 by lining up the decimal 108
points. + 690
7.98

Then, subtract 7.98 from 8 by lining up the 8.00

decimal points, adding zeroes to make the

decimals the same length. zJM
0.02

Finally, square 0.02, by multiplying 2x2, and 0.02

then recognizing that (0.02) x (0.02) has a total x 0.02
offour digits to the right of the decimal point. 4 ’

-------- £0.0004 0.0004

9. {-3, 4}= In order to give -37,129 a value between -100 and -1, you must shift
the decimal point to change the number to -37.129 or -3.7129. This requires a shift
of either three or four places to the left. Remember that multiplication shifts the
decimal point to the right. To shift the decimal point three places to the left, you
would multiply by 10  To shift it four places to the left, you would multiply by
10 4. Therefore, the exponentj = {-3, -4}.

10. 0.009: Shift the decimal point two spaces to eliminate the decimal point in the

denominator:

0.00081 0.081
0.09 9

https://ieltstep.com



Then divide. First, drop the three decimal places: 8L -f 9 = 9. Then put the three
decimal places back: 0.009.

11. a=2,b=2,c=1:

|:631 0.052 « = N = 0.
<1(oo y 250 , 90 10 V

12. 8: You can focus on the last digits only: 164x 27s—1 64x 73

64— 62x 62— 36x36— 36— 6
73— 72X7— 43X7T— 63— 3
6x3 =18— 8

13. (C): In Quantity A, when you divide by 10 raised to a negative power, move the
decimal to the right, so that 573 becomes 57,300:

Quantity A Quantity B
5% 0573x105
I = 57300

10 -2 ’

In Quantity B, when you multiply by 10 raised to a positive power, move the dec-
imal to the right, so that 0.573 becomes 57,300.

Quantity A Quantity B
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57,300 0.573 x 105=57,300
Therefore, the two quantities are equal.

14. (B): Quantity A looks pretty intimidating at first. The trap here is to try to find an

exact value for the expression in Quantity A. Let's estimate instead:
603,789,420 ~ 600,000,000.

13.3 x io7~ 133,000,000, or even better, 130,000,000

Quantity A Quantity B

603.789.420 600,000,000 5
13-3X107 130,000,000

Now you can cross off the zeros.

Quantity A Quantity B
60 0.000.000 _ 60 5
130,000,000 3

Multiply both quantities by 13:

Quantity A Quantity B
5x13 =65
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Therefore, Quantity B is greater.

15. (C): Whenever you multiply fractions or decimals, it is usually preferable to con-
vert the numbers to fractions. Simplify the parentheses in Quantity A and convert

0.25 to a fraction:

Quantity A Quantity B
. 0.35
| +r x025=
VvV 5
/5 o
— H— X, 1"
V5 5 )
{ V§(/ | '
5 ) via |/ 20

Now compare 7/20 and 0.35. Put 0.35 into fraction form and reduce:

Quantity A Quantity B
e 7_
20 20

Therefore, the quantities are the same.
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Chapter 4
Percents

The other major way to express a part-whole relationship (in addition to decimals
and fractions) is to use percents. Percent literally means “per one hundred.” You
can conceive of percents as simply a special type of fraction or decimal that in-

volves the number 100. For example:
75% of the students like chocolate ice cream.

This means that, out of every 100 students, 75 like chocolate ice cream. In fraction

form, this is written asl5 , which sim?lifies to;l3 )

100
In decimal form, this is written as 0.75, or seventy-five hundredths. Note that the

last digit of the percent is in the hundredths place value.

One common error is to mistake 100% for 100. This is not correct. In fact, 100%
means %8 , or one hundred hundredths. Therefore, ioo% = 1. Another common
mistake is to incorrectly enter percents on the GRE calculator, which does not have
a percent button. For example, 7% must be entered as .07, which is 7/100, not .7,
which is 70%. Practicing some Fractions, Decimals, & Percents (FDP) math by
hand and learning to use benchmarks will help to develop your “number sense”

and so avoid this mistake.

Percent problems occur frequently on the GRE. Another key to these percent prob-

lems frequntly is to make them concrete by picking real numbers with which to
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work.
PERCENTS AS FRACTIONS: THE PERCENT TABLE

A simple but useful way of structuring basic percent problems on the CRE is by
relating percents to fractions through a percent table as shown below:

Numbers Percentage Fraction
PART

WHOLE TOO

A part is some percent of a whole.

Part _ Percent
Whole 100

Example 1. What is 30% of 80?

You are given the whole amount and the percent, and you are looking for the part.

First, fill in the percent table. Then, set up a proportion, cancel, cross-multiply, and
solve:

PART 30

WHOLE 80 100
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You can also solve this problem using decimal equivalents: (0.30)(80) = (3)(8) =

24-

Example 2: 75% ofwhat number is 21?

You are given the part and the percent, and you are looking for the whole amount.

First, fill in the percent table. Then, set up a proportion, cancel, cross-multiply, and

solve:
PART 21 75
WHOLE X 100

1 15 _3 3% =g/ * —og
X 100 ~4

Likewise, you can also solve this problem using decimal equivalents:

(0.75)* = 21 then move the decimal —» 75a&= 2,100 ar= 28

Example 3: 90 is what percent of40?

This time you are given the part and the whole amount, and you are looking for the
percent. Note that the “part” (90) is greater than the “whole” (40). While potentially

confusing, this can happen, so watch the wording of the question carefully. Just
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make sure that you are taking the percent of the “whole.” Here, you are taking a

percent of 40, so 40 is the “whole.”

First, you fill in the percent table. Then, you set up a proportion again and solve:

PART 90 X
WHOLE 40 TOO

96 ._9 _ Ax = 900 X = 225
Jb 4 100

Note that 90 is 225% of 40. Notice that you wind up with a percent greater than

ioo%. That is what you should expect when the “part” is bigger than the “whole.”
Check Your Skills

1. 84 is 70% ofwhat number?
2. 30 is what percent of 50?

Answers can befound on page 105.

BENCHMARK VALUES! 10% AND 50

To find io% of any number, just move the decimal point to the left one place:
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i0%0f500is50 10% of 34.99 = 3.499 io% 0f0.978 is 0.0978

Once you know 10% ofa number, it is easy to find 5% of that number, because 3%
is half of 10%:

i0%of300is30 3% of300is 30 -r2 =13

These quick ways of calculating 10% and 5% of a number can be useful for more

complicated percentages. For example:

What is 35% of 640?

Instead of multiplying 640 by 0.35, begin by finding 10% and 5% of 640:

io%of640is64 5% of 640 is 64 -r2 = 32

Note that 35% of a number is the same as (3x io% ofa number) + (5% of a num-
ber):

3 X64+32=192+32=224

You can also use the Benchmark Values to estimate percents. For example:

Karen bought a new television, originally priced at $690. However, she had a

coupon that saved her $67. For what percent discount was Karen's coupon?
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You know that 10% of 690 would be 69. Therefore, 67 is slightly less than 10% of
690.

Check Your Skills

3. What is 10% of 145.028?
4, What is 20% of 73?

Answers can befound on page 705.

PERCENT INCREASE AND DECREASE

Some percent problems involve the concept of percent change. For example:

The price of a cup of coffee increased from 80 cents to 84 cents. By what

percent did the price change?
Percent change problems can be solved using your handy percent table, with a
small adjustment. The price change (84 - 80, or 4 cents) is considered the part,

while the original price (80 cents) is considered the whole.

CHANGE A X
ORIGINAL 80 100
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Change _ Percent

Original 100
4 1  x
20x=100 * = §
20 . 100

Thus, the price increased by 5%.

By the way, do not forget to divide by the original! The percent change is not 4%,

which may be a wrong answer choice.
Alternatively, a question might be phrased as follows:

If the price of a $30 shirt decreased by 20%, what was the final price of the

shirt?

The whole is the original price of the shirt. The percent change is 20%. In order to

find the answer, you must first find the part, which is the amount of the decrease:

CHANGE X 20
ORIGINAL 30 100

B B 5* =30 X=6
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Therefore, the price of the shirt decreased by $6. The final price of the shirt was $30
- $6, or S24.

Check Your Skills

5 An exam score increased from 1230 to 1600. By what percent did the score in-
crease?

6. 15% of the water in a full 30-gallon drum evaporated. How much water is re-

maining?

Answers can befound on page 705.

PERCENT CHANGE VS. PERCENT OF ORIGINAL

Looking back at the cup of coffee problem, you see that the new price (84 cents)

was higher than the original price (80 cents).

You can ask what percent ofthe original price is represented by the new price:

Thus, the new price is 103% of the original price. Remember that the percent
change is 5%. That is, the new price is 5% higher than the original price. There is a

fundamental relationship between these numbers, resulting from the simple idea
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that the Change equals the New value minus the Original value, or equivalently,

Original + Change = New.

If a quantity is increased by x percent, then the new quantity is (loo + x)% of the

original. Thus, a 15% increase produces a quantity that is 115% ofthe original.

You can write this relationship thus:

. Percent Increase
Original X 1+ G = New

In the case ofthe cup of coffee, you see that »oxfi+{jJ}=80<.05)=s4 .

Likewise, in the shirt problem, you had a 20% decrease in the price of a $30 shirt,

resulting in a new price of $24.

The new price is some percent of the old price. Calculate that percent:

><4_x
> 5 100

5x =400 X =80

Thus, the new price (20% less than the original price) is 80% of the original price.

If a quantity is decreased by x percent, then the new quantity is (too - x)% ofthe

original. Thus, a 15% decrease produces a quantity that is 85% of the original.
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You can write this relationship thus:

o /  Percent Decrease
Original x = 1----=======mmmmmmmmmeee = New
v 100 .

In the case of the shirt, 30 f i 1(135240(0.80):24 :

These formulas are all just another way of saying Original + Change = New.
Example 4: What number is 50% greater than 60?

The whole amount is the original value, which is 60. The percent change (i.e., the

percent “greater than™) is 50%. In order to find the answer, you must first find the

part, which is the amount of the increase:

CHANGE X 50
ORIGINAL 60 100
X 1
- - 2x =60 * = 30
60 2

You know that Original = Change = New. Therefore, the number that is 50% greater
than 60 is 60 + 30, or 90, which is also 150% of 60.

You could also solve this problem using the formula:
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o Percent Increase 'l
Original X 1+ ========-=--ouuu- = New

Thus, 60(1*i™)=60(1.5=2 .
Example 5 What number is 150% greater than 60?

The whole amount is the original value, which is 60. The percent change (i.e., the
percent “greater than”) is 150%. In order to find the answer, you must first find the

part, which is the amount of the increase:

CHANGE X 150
ORIGINAL 60 100

X

- 2*= 180 *=90
60

N W

Now, X is the Change, not the new value! It is easy to forget to add back the original
amount when the percent change is more than ioo%. Thus, the number that is
150% greater than 60 is 60 + 90, or 150, which is also 250% of 60.

You could also solve this problem using the formula:
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o Percent Increase x
Original X 1+ -==-=-=-mmmmmmmmem = New

Thus, €y WL
Check Your Skills

7. A plant originally cost $35. The price is increased by 20%. What is the new price?

8. 70 is 250% greater than what number?

Answers con befound on page 106.

SUCCESSIVE PERCENTS
One of the GRE's favorite tricks involves successive percents. For example:

If a ticket increased in price by 20%, and then increased again by 5%, by

what percent did the ticket price increase in total?
Although it may seem counterintuitive, the answer is not 23%.

To understand why, consider a concrete example. Say that the ticket initially cost
$100. After increasing by 20%, the ticket price went up to $120 (S20 is 20% of
$100).
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Here is where it gets tricky. The ticket price goes up again by 5%. However, it in-
creases by 5% of the new price of $120 (not 3% of the original $100 price). Thus,
5% of $120 is 0.05(120), or $6. Therefore, the final price of the ticket is $120 + $6,
or $126, not S125.

You can now see that two successive percent increases, the first of 20% and the
second of 5%, do not result in a combined 25% increase. In fact, they result in a

combined 26% increase (because the ticket price increased from $ioo to $126).

Successive percents cannot simply be added together! This holds for successive in-
creases, successive decreases, and for combinations of increases and decreases. If
a ticket goes up in price by 30% and then goes down by io%, the price has not in
fact gone up a net of 20%. Likewise, if an index increases by 15% and then falls by
15%, it does not return to its original value! (Try it—you will see that the index is

actually down 2.25% overall!)

A great way to solve successive percent problems is to choose real numbers and
see what happens. The preceding example used the real value of $100 for the initial
price of the ticket, making it easy to see exactly what happened to the ticket price
with each increase. Usually, 100 will be the easiest real number to choose for per-

cent problems. This will be explored in greater detail in the next section.

You could also solve by converting to decimals. Increasing a price by 20% is the

same as multiplying the price by 1.20.

Increasing the new price by 5% is the same as multiplying that new price by 1.05.
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Thus, you can also write the relationship this way:

Original x (1.20) x (1.05) = final price

When you multiply 1.20 by 1.05, you get 1.26, indicating that the price increased by
26% overall.

This approach works well for problems that involve many successive steps (e.g.,
compound interest, which will be addressed later). However, in the end, it is still
usually best to pick Sioo for the original price and solve using concrete numbers.

Check Your Skills

9. Ifyour stock portfolio increased by 25% and then decreased by 20%, what per-

cent of the original value would your new stock portfolio have?

Answer can befound on page 106.

SMART NUMBERS! PICK TOO

Sometimes, percent problems on the GRE include unspecified numerical amounts;

often, these unspecified amounts are described by variables. For example:

A shirt that initially cost d dollars was on sale for 20% off. If s represents

the sale price ofthe shirt, d is what percentage of s?
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This is an easy problem that might look confusing. To solve percent problems
such as this one, simply pick too for the unspecified amount (just as you did when

solving successive percents).

If the shirt initially cost $100, then d = 100. If the shirt was on sale for 20% off,
then the new price of the shirt is S80. Thus, s= 80.

The question asks: d is what percentage of s, or 100 is what percentage of 807?
Using a percent table, fill in 80 as the whole amount and 100 as the part. You are

looking for the percent, so set up a proportion, cross-multiply, and solve:

PART 100 X
WHOLE 80 100

100 _ X

80+ = 10,000 »= 125
80 -~ 100

Therefore, dis 125% ofs.

The important point here is that, like successive percent problems and other per-
cent problems that include unspecified amounts, this example is most easily
solved by plugging in a real value. For percent problems, the easiest value to plug
in is generally 100. The fastest way to success with CRE percent problems with un-
specified amounts is to pick loo as a value. (Note that, as you saw in the fractions
chapter, if any amounts are specified, you cannot pick numbers—you must solve

the problem algebraically.)
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Check Your Skills

10. Ifyour stock portfolio decreased by 25% and then increased by 20%, what per-

cent of the original value would your new stock portfolio have?

Answer can befound on page 106.

INTEREST FORMULAS! SIMPLE AND COMPOUND

Certain GRE percent problems require a working knowledge of basic interest for-

mulas. The compound interest formula may look complicated, but it just expresses
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the idea of “successive percents” for a number of periods.

Especially for compound interest questions, be prepared to use the GRE on-screen
calculator to help with the math involved!

Formula Example

$5,000 invested for 6 months at an

annual rate of 7% will earn $175 in
Principal (P) x Rate simple interest. Principal = $5,000,
(N x Time (t) Rate = 7% or 0.07, Time = 6 months

or 0.5 years.

Prt = $5,000(0.07) (0.5) = $175

Simple Interest

') , where $5,000 invested for 1 year at a rate
P = principal, r = of8% compounded quarterly will
rate (decimal) earn approximately $412:
Compound Interest :
n = number of SO+ | =42
times per year (or $412 of interest)

t = number of years

Check Your Skills

li. Assume an auto loan in the amount of $12,000 is made. The loan carries an
interest charge of 14%. What is the amount of interest owed in the first three years
of the loan, assuming there is no compounding?
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12. For the same loan, what is the loan balance after 3 years assuming no payments
on the loan, and annual compounding?
13. For the same loan, what is the loan balance after 3 years assuming no pay-

ments, and quarterly compounding?

Answers can befound on pages 106-107.

CHECK YOUR SKILLS ANSWER KEY

1.120:
PART 84 70
WHOLE X 100

84 _ 16 _ 7 IX = 840 je= 120

2. 60:

PART 30 X
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2. 60:

PART 30 X
WHOLE 50 100
X -3 5 X =300 4 =60
100.

3. 14.5028: Move the decimal to the left one place: 145.028 14.5028

4. 14.6: To find 20% of 73, first find io% of 73. Move the decimal to the left one
place: 73 -» 7.3. 20% is twice 10%:

7.3x2=14.6

5 28%: First find the change: 1600 - 1250 = 350.

change _ yti _ 7 /x4 28
ORIGINAL “ ytfo ~ 25 2bx4 100

=28%

6. 25.5:
CHANGE X 15
ORIGINAL 30 TOO
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X = = 3 20* :90 *:45
30 yfe 20

However, the question asks how much water is remaining. Because 4.5 gallons

have evaporated, then 30 - 4.5, or 25.5, gallons remain.

7. 42: Recall that
Percent Increase

Original x 1+ = New
100
Bx 1+ 0 =350.2) =42
100

8. 20: Recall that

/ Percent Increase

Original x 1+ = New
100

. Designate the original value x

250N
X X 1+

100
3.5* =70

* = 20 https://ieltstep.com



9. i00%: Pick too for the original value of the portfolio. A 25% increase is:

100 1+2  =100(L25) =125
100 ,

A 20% decrease is:

20 \
125 1- = 125(0.8) = 100.
100

The final value is 100. Because the starting value was also 100, the portfolio is

100% ofits original value.

10. 90%: Pick 100 for the original value of the portfolio. A 25% decrease is:
100 100 |9 00(0.75) =75

A 20% increase is:

75 1+ o =75(1.2) =90,

The final value is 90 and the original value was 100. Thus, ng-:90% of the original

value.
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li. $5,040: Pxrx t=$12,000 x 14% x 3= $5,040.

12. SI777»53.P , Where P - $12,000, r= 14%, n = 1 (annual compounding), and t
= 3years.

0
$12,000 1+-7° =812 000x(1.14)3=$17,778.53

1

(rounded to the nearest penny). This represents $17,778.53 - $12,000, or $5,778.53

in interest.

13. FBIP2KA1-'J | where P = $12,000, r = 14%, n = 4 (quarterly compounding), and
t=3\f] vyears.

\4x3
14%

$12,000 1+ =$12,000x(1.035)2=$18,132.82

~T ~
(rounded to the nearest penny). This represents $18,132.82 - $12,000, or $6,132.82

in interest.

Problem Set

Solve the following problems. Use a percent table to organize percent problems,

and pick 100 when dealing with unspecified amounts.

1. X% ofyis 10. Y% of120 is 48. What is X}
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2. A stereo was marked down by 30% and sold for $84. What was the pre-sale

price of the stereo?
3. From 1980 to 1990, the population of Mitannia increased by 6%. From 1990 to
2000, it decreased by 3%. What was the overall percentage change in the popu-

lation of Mitannia from 1980 to 2000?

4. Ifyis decreased by 20% and then increased by 60%, what is the new number,

expressed in terms ofy?

5 A 7% car loan, which is compounded annually, has an interest payment of $210

after the first year. What is the principal on the loan?
6. A bowl was half full of water. Next, 4 cups of water were then added to the
bowl, filling the bow to 70% of its capacity. How many cups of water are now in

the bow!’B

7. A large tub is filled with 920 liters of water and 1,800 liters of alcohol. 1f40% of

the alcohol evaporates, what percent of the remaining liquid is water?

8. xis40% ofyand 50% ofyis 40. Thus, 16 is what percent ofx?

9. 800, increased by 30% and then decreased by 30%, yields what number?

10. Ifi,600 is increased by 20%, and then reduced by y%, yielding 1,536, what is y?

li. Lori deposits $100 in a savings account at 2% interest, compounded annually.
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After 3 years, what is the balance on the account? (Assume Lori makes no with-
drawals or deposits.)

12. Steve uses a certain copy machine that reduces an image by 13%.
Quantity A Quantity B

The percent of the original if Steve 73%
reduces the image by another 13%

13-

yis 50% ofx% ofx.

Quantity A Quantity B

V X

14.

Ouantity A QOuantity B
10% of 643.38 20% of 321.69
Solutions

1. 25. Use two percent tables to solve this problem. Begin with the fact that y% of
120 is 48:
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PART 48 Y
WHOLE 120 100

4,800 = 120y

V=4°

Then, set up a percent table for the fact that x% of40 is 10:

PART o) X
WHOLE 40 100
1,000 = 40X

Xx=25

Set up equations with decimal equivalents to solve: (0.0iy) (120) =48, so 1.2 y= 48

or y = 40. Therefore, since you know that (0.0ix) (y) = 10, you have:

(0.0ix) (40) = 10 40x= 1,000

2. $120: Use a percent table to solve this problem. Remember that the stereo was

marked down 30% from the original, so you have to solve for the original price:

CHANGE X
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ORIGINAL $84 Hx TOO

X
100* = 30(84 + *) 100* = 30(84)+ 30*
84+ * 100

70* = 30(84) * = 36
Therefore, the original price was 84 + 36, or $120.

You could also solve this problem using the formula,

o /  Percenr Decrease
Original x = New
100

* 0.7* = 84 * =120

3. 2.82% increase: For percent problems, the Smart Number is 100. Therefore, as-
sume that the population of Mitannia in 1980 was 100. Then, apply the successive

percents procedure to find the overall percent change:

From 1980-1990, there was a 6% increase:  100(1 -+ 0.06) = 100(1.06) = 106
From 1990-2000, there was a 3% decrease: 106(1 - 0.03) = 106(0.97) = 102.82

Overall, the population increased from 100 to 102.82, representing a 2.82% in-

crease. )
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4- 1.28y: For percent problems, the Smart Number is Too. Therefore, assign y a
value of 100. Then, apply the successive percents procedure to find the overall per-

centage change:

(1) y is decreased by 20%: 100(1 - 0.20) = 100(0.8) = 80
(2) Then, itis increased by 60%: 80(1 + 0.60) = 80(1.6) = 128

Overall, there was a 28% increase. If the original value ofy is 100, the new value is
1.28y.

5 $3,000: Use a percent table to solve this problem, which helps you find the dec-

imal equivalent equation:

PART 210 7
WHOLE X 100
21,000 = yx

x = 3,000

6. 14: For some problems, you cannot use Smart Numbers, since the total amount

can be calculated. This is one of those problems. Instead, use a percent table:

PART 0.5X+ 4 70
WHOLE X 100
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05*+4 /0 7

5*+ 40 =1Ix

100 "1 0
40= | x
X =20

The capacity ofthe bowl is 20 cups. There are 14 cups of water in the bowl {70% of
20, or 0.5(20) + 4}

PART A 20
WHOLE 100

Alternatively, the 4 cups of water added to the bowl represent 20% of the total
capacity. Use a percent table to solve for x, the whole. Since x = 20, there are 14 (4
+ 50% of20) cups of water in the bowl.

7. 46%: For this liquid mixture problem, set up a table with two columns: one for

the original mixture and one for the mixture after the alcohol evaporates from the
tub:

Original After Evaporation
Water 920 920
Alcohol 1,800 0.60(1,800) = 1,080
TOTAL 2,720 2,000
The remaining liquid in the tub is — —=46% water.

Alternatively, you could skip the chart and solve for the new amount of alcohol
https://ieltstep.com



using the formula:

Percent Decrease

Original x 1— = New
100
1,800 = (1,800)(0.6) = 1,080
100
units of alcohol. Water is 920 920 =46% of the total.

920+1,080 2,000

8. 50%: Use two percent tables to solve this problem. Begin with the fact that
ofy is 40:

PART 40 50
WHOLE y 100
4,000 = 50y

y = 80 Finally, 16 is 50% of 32.

Then, set up a percent table for the fact that x is 40% ofy.

PART X 40
WHOLE 80 100
3,200 = 100X
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Finally, i6 is 50% of 32. You could alternatively set up equations with decimal
equivalents to solve: x = (0.4)y. You also know that (0.5)y = 40, so y = 80 and x =
(0.4) (80) = 32. Therefore, 16 is half, or 50%, ofx.

9. 840: Apply the successive percents procedure to find the overall percentage

change:
(1) 800 is increased by 30%: 800 x 1.5= 1,200
(2) Then, the result is decreased by 30%: 1,200 x 0.7 = 840

10. 20: Apply the percents in succession with two percent tables:

PART X 120
WHOLE 1,600 100
192,000 = 100X

x= 1,920

Then, fill in the “change” for the part (1,920 - 1,336 = 384) and the original for the
whole (1,920):

PART = vV
WHOLE 1,920 100
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i,920y = 38,400
y=20

Alternatively, you could solve for the new number using formulas. Because this is a
successive percents problem, you need to “chain’ the formula: once to reflect the

initial increase in the number, then twice to reflect the subsequent decrease:

o ( Percent Increase \ ( Percent Decrease
Original X 1+ IX]1 | = New
100 100
2> _ —
+° |xfle--~-1 536 1920x11—— 1=1536 1920-, .., =15%
| 1001 [ 100) I~ 100 100

1920-1.536 = 19.2y 384 = 19.2y 20=y

11. $106.12: Interest compounded annually is just a series of successive percents:

(1) 100.00 is increased by 2%: 100(1.02) = 102
(2) 102.00 is increased by 2%: 102(1.02) = 104.04
(3) 104.04 is increased by 2%: 104.04(1.02) = 106.12

12. (A): In dealing with percents problems, you should choose 100. In this case, the

original size of the image is too. The question tells you that Steve reduces the
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image by 13%. Thus:

100 - 0.13(100) = 100 - 13= 87

So the image is at 87 percent of its original size. Quantity A tells you that you have

to reduce the image size by another 13%.

If the image size is reduced by 13%, then 87% of the image remains. Multiply 87

(the current size of the image) by 0.87 (87% expressed as a decimal):

87 x 0.87 = 75.69

Quantity A Quantity B

The percent of the original if Steve 75%
reduces the image by another 13%

= 75-69%

Therefore, Quantity A is larger.

'3 (D): First translate the statement in the question stem into an equation:

Yy=50%X—XX ---mmmeeee- ) }]/:O.le XX = )y 200y =x2
0 100 200

Now try to pick some easy numbers. Ify = |, then *=J200 *which is definitely
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greater than 1

Quantity A Quantity B

= —
Y * =V200
However, ify = 200, then x must also equal 200:

Quantity A Quantity B
y =200 x =200

y can be less than x, but y can also be equal to x. You could also choose values for

which y is greater than x. Therefore, you do not have enough information to answer
the question.

14. (C): To calculate 10% of 643.38, move the decimal to the left one place: 643.38
-*64.338.

Quantity A Quantity B
10% of 643.38 = 64.338 20% of 321.69

To calculate 20% of 321.69, don't multiply by 0.2. Instead, find io % first by moving
the decimal to the left one place: 321.69 -> 32.169.

Now multiply by 2: 32.169 x 2 = 64.338.
Quantity A Quantity B
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64.338 20% of 321.69 = 64.338

Therefore, the two quantities are equal.
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Chapter5
FDP Connections

Fractions, decimals, and percents are three different ways of representing the same

thing: “parts of a whole.”
Consider the following:

7/3 ofthe orange 2.5 times the distance 110% ofthe sales

In each of these instances, you using a fraction, a decimal, or a percent to indicate
that you have some portion of a whole. In fact, these different forms are very close-
ly related. For instance, you might say that a container is 1/2 full, which is the same
thing as saying that it is 30% full, or filled to 0.5 of its capacity. To illustrate, see
the table below. Each row consists of a fraction, a decimal, and a percent repre-

senting the same part of a whole:

Fraction Decimal Percent

_ 0.25 25%
ior YA or 1/4

The container is 7 full. The container is filled The container is filled
to 0.3 of its capacity, to 50% of its capacity.

3/2 1.5 150%

Thus, one helpful feature of fractions, decimals, and percents is that you can use
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whichever form is most convenient to solve a particular problem. Thus far, frac-
tions, decimals, and percents have been discussed individually. This chapter is de-
voted to changing from one form to another so that you can choose the form best

suited to answering the question at hand.

Converting Among Fractions, Decimals, ej Percents (FDPs)
FROM PERCENTTO DECIMAL OR FRACTION

Percent, to Decimal

As discussed earlier, to convert from a percent to a decimal, simply move the dec-

imal point two spots to the left and remove the percent symbol:

53% becomes 0.53.
40.57% becomes 0.4057.
3% becomes 0.03.

Percent to Fraction

To convert from a percent to a fraction, remember that per cent literally means “per

hundred,” so put the percent figure over one hundred and then simplify:

45% becomes 45/100 = 9/20.
8% becomes 8/ioo = 2/25.

Check Your Skills
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1. Change 87% to a decimal.
2. Change 30% to a fraction.

Answers can befound on page 129.
FROM DECIMAL TO PERCENT OR FRACTION

Decimal to Percent

To convert from a decimal to a percent, simply move the decimal point two spots

to the right and add a percent symbol:

0.53 becomes 53%.
0.4057 becomes 40.57%.
0.03 becomes 3%.

Decimal to Fraction

To convert from decimal to fraction, it helps to remember the proper names for the
digits: the first digit to the right of the decimal point is the tenths digit, next is the
hundredth-digit, next is the thousandth-digit, and so on.

4 5 7 1 2 3 5

len-

Hundreds Tens Units Tenths Hundredths Thousandths
rhousandths

The number of zeroes in the denominator should match the number of digits in
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the decimal (not including a possible o in front of the decimal point). For example:
0.3 is three-tenths, or 3/10.
0.23 is twenty-three hundredths, or 23/100.
0.007 is seven-thousandths, or 7/1,000.

Check Your Skills

3. Change 0.37 to a percent.
4. Change 0.25 to a fraction.

Answers can befound on page 129.
FROM FRACTION TO DECIMAL OR PERCENT
Fraction to Decimal

To convert from a fraction to a decimal, divide the numerator by the denominator:

0.373
3/81s3+8=0.375 3.000

0.2%
174 is1+4 =0.2%

Fraction to Percent
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To convert from a fraction to a percent, first convert from fraction to decimal, and

then convert that decimal to a percent.

Step I: 1/2 =1--2=0.50
Step 2: 0.50 = 50%

Dividing the numerator by the denominator can be cumbersome and time con-
suming. Ideally, you should have the most basic conversions memorized before
test day. A list of common FDP conversions that you should memorize appears

later in the chapter.

The following chart reviews the ways to convert from fractions to decimals, from
decimals to fractions, from fractions to percents, from percents to fractions, from
decimals to percents, and from percents to decimals. You should practice so that

each becomes natural to you.
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To—»

From 1 Fraction 0 Decimal 0.375
Fraction Divide rhe numerator by
3 rhe denominator:
8 3 -« =0.375
Decimal Use the place value of the
0.375 Inst digit in the decimal as
the denominator, and put
the decimal's digits in the
numerator. Then simplify:
375 3
1000 8
Percent Use the digits of the percent Move the decimal point
37.5% tor the numeratorand 100 rwo places to rhe left

tor rhe denominator. Then and remove rhe percent
sim plify: symbol:

375 _ 375 3 37.5% -» 0.375

100 1.000 8

Check Your Skills
5 Change | to a decimal.

6. Change-g to a percent.

Answers can befound on page 129.

Common FDP Equivalents
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Percent 37-5%

Divide rhe numerator by
rhe denominator and move
rhe decimal two places ro
the right, adding a percent
symbol:

3+8=0.375 -> 37.5%
Move the decimal point
two places to the right and
add a percent symbol:

0.375 -> 37.5%



You should memorize the following common equivalents:

Fraction Decimal Percent

X oo 0.0l 1%
XO 0.02 2%
x 5 0.04 4%
1/

0.05 S
/20
XO 0.10 10 %
1/ 0.11 ~ 0.111 ~ 11.1%
/9

0.125 12.5%
0.16 ~ 0.167 - 16.7%

0.25 25%

X
X
X 0.2 20%
X

XO 0.3 30%

L/ 03- 0.333 . 33-3%
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3/
/8

0-375

04

0.5

0.6

0.625

0.6 ~ 0.667
0.7

0.75

0.8
0.83 ~ 0.833
0.875

0.9

tps://ieltstep.com
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37.5%

40%

50%

60%

62.5%

-66.7%

70%

75%

80%

- 83.3%

87.5%

90%

100%

125%



i-3-1-33 133%

}é i5 130%

/4 1-75 175%

When to Use Which Form

Fractions are good for canceling factors in multiplication and division. They are
also the best way of exactly expressing proportions that do not have clean decimal
equivalents, such as 1/7. Switch to fractions if there is a handy fractional equivalent
of the decimal or percent and/or you think you can cancel a lot of factors. For

example:
What is 37.5% of 240?

If you simply convert the percent to a decimal and multiply, you will have to do a

fair bit of arithmetic:

0.375 Alternatively, you can recognize that 0.375 = 5
x240
0 So you have (0.375)(240) = [ 22X 0 =3(30) = 90.
15000
75000 This is much faster!
90.000
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A dress is marked up 16-% to a final price of $140. What is the original

price of the dress?

From the previous page, you know that 16%% is equivalent to ! . Thus, adding ! of

;
a number to itselfis the same thing as muFtipIying by [+ g = :

-6*: 140 =|—l40 =]— —120. The original price is $120.

Decimals, on the other hand, are good for estimating results or for comparing
sizes. The reason is that the basis of comparison is equivalent (there is no denom-
inator). The same holds true for percents. The implied denominator is always 100,

so you can easily compare percents (of the same whole) to each other.

To convert certain fractions to decimals or percents, multiply the numerator and

the denominator by the same number:

——--——-=— =0.68 = 68%
25 25x4 100

This process is faster than long division, but it only works when the denominator
has only 2’s and/or 5's as factors (as you learned earlier, fractions with denomi-
nators containing prime factors other than 2’s and 5's will be non-terminating, and

therefore cannot be represented exactly by decimals or percents).

In some cases, you might find it easier to compare a series of fractions by giving

them all a common denominator, rather than by converting them all to decimals or
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percents. The general rule is this: prefer fractions for doing multiplication or divi-
sion, but prefer decimals and percents for doing addition or subtraction, for esti-

mating numbers, or for comparing numbers.

FDPs and Algebraic Translations

Fractions, decimals, and percents show up in many Algebraic Translations prob-

lems. Make sure that you understand and can apply the very common translations

below:
In the Problem Translation
X
X percent
100
of Multiply (usually)
ofZ Z is the Whole (percents)

Y is X percent of Z Y is the Part, and Z is the Whole

Part = PerCent x Whole
100 J

Y IS X percent sz Alternati:/e: —¥_.ﬁ

Hart Percent

100
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o ’

Cis20% of D C=(0.20)D

E is 10% greater than F E o |f=0.i)f

" 1003

f, 30]J// =(0.70)//
| 100 J

Profit = Revenue - Cost
Profit = (1.25)J - J
Profit = (0.25)J

Gis30% lessthanH G

The dress cost $J.
Then it was marked up
23% and sold. What is
the profit?

ratio of X to v XY

FDP Word Problems

As mentioned earlier, the purpose of fractions, decimals, and percents is to repre-

sent the proportions between a part and a whole.

Most FDP Word Problems hinge on these fundamental relationships:
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Part = Fraction x Whole
Part = Decimal x Whole
Percent

Part = X Whole
100

In general, these problems will give you two parts of the equation and ask you to

figure out the third.

Here are three examples:

A quarter of the students attended the pep rally. If there are a total of 200
students, how many of them attended the pep rally?

In this case, you are told the fraction and the total number of students. You are

asked to find the number of students who attended the pep rally. Thus:

a = (1/4) (200)
a=>50

Fifty students attended the pep rally.
At a certain pet shop, there are four kittens, two turtles, eight puppies, and
six snakes. Ifthere are no other pets, what percentage of the store's animals

are kittens?

Here you are told the part (there are four kittens) and the whole (there are 4 + 2 + 8
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+ 6= 20 animals total). You are asked to find the percentage. Thus:

4 =*(20)
4 -r20 =X
0.2 =X
X=20%

Twenty percent of the animals are kittens.

Sally receives a commission equal to 30% of her sales. If Sally earned

$4,500 in commissions last month, what were her total sales?

Here you are given the part, and told what percent that part is, but you don't know

the whole. You are asked to solve for the whole. Thus:

4,500 = 0.30s
4,500 -F0.30=s

s= 15,000
Her total sales for the month were $15,000.

Tip: Ifin doubt—sound it out! Do you ever get confused on how exactly to set up an

equation for a word problem? If so, you're not alone! For instance, consider the fol-
lowing problem:
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X is 40% ofwhat number?

First, assign a variable to the number you're looking for—call ity.

Should this be set up as 40% xx = (y), orx =40% x (y)?

If you are unsure of how to set up this equation, try this—say it aloud or to your-

self. Often, that will clear up any confusion, and put you on the right track.

Look again at the two options:

Equation Read out loud as...
Option I: 40%xx=(y) 40% ofxisy
Option 2: x=40% (y) Xis40% ofy

Now, it's much easier to see that the second option, x = 40% (y), is the equation

that represents the original question.

Check Your Skills

Write the following sentences as equations.
7.xis 60% ofy.

8. 1/3 ofais b
9.yis 25% ofwhat number?
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Answers can befound on page 129.

TYPICAL COMPLICATIONS

Now take those three problems and try them with a typical GRE twist:

A quarter of the students attended the pep rally. If there are a total of 200

students, how many ofthem did not attend the pep rally?

Notice here that the fraction one-quarter represents the students who did attend

the pep rally, but you are asked to find the number that did not attend the pep rally.

Here are two ways you can solve this:

1. Find the value of one-quarter and subtract from the whole:

(1/4)(200)
a=90

Once you figure out 50 students did attend, you can see that 200 - 50 = 150, so 150
did not attend.

OR

2. Find the value of the remaining portion.
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If 1/4 did attend, that must mean 3/4 did not attend:

(3/4) (200)
n= 150

At a certain pet shop, there are four kittens, two turtles, eight puppies, and
six snakes. Ifthere are no other pets, what percentage of the store's animals

are kittens or puppies?

Here you are asked to combine two different elements. You can take either of two

approaches:
|. Figure each percentage out separately and then add:

4 = x(io)
0.2 =x8

8 = y(20)
°-4 =Y

0.2+0.4=0.6
Kittens and puppies represent 60% of the animals.
OR

2. Add the quantities first and then solve:
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There are 4 kittens and 8 puppies, for a total of4 + 8, or 12, of these animals:

12 = x(20)
0.6 =x

Kittens and puppies represent 60% of the animals.

Sally receives a monthly salary of $1,000 plus a 30% commission of her

total sales. If Sally earned $5,500 last month, what were her total sales?

In this case, a constant ($1,000) has been added in to the proportion equation.
Thus:

Her salary = $1,000 + 0.30(total sales)

5.500 = iooo + 0.3(5)
4.500 = 0.3(9)
15,000 = s

Alternatively, you could subtract out Sally's $1,000 salary from her earnings of
$5,500 first, to arrive at the portion of her income ($5,500 - $1,000 = $4,500) de-

rived from her 30% commission and proceed from there.

Check Your Skills

10. A water drum is filled to 1/4 of its capacity. If another 30 gallons of water were

added, the drum would be filled. How many gallons of water does the drum
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currently contain?

Answer can befound on pages 129-130.

Check Your Skills Answer Key

1. 0.87: Shift the decimal two places to the left and remove the percent symbol:
87% becomes 0.87.

2. 3/10: Divide the percent figure by 100, then simplify:
30% becomes 30/100, which reduces to 3/10.

3. 37%: Shift the decimal two places to the right and add a percent sign:
0.37 becomes 37%.

4.1/4: Notice that the decimal has two digits to the right of the decimal place:
0.25 is 25 hundredths, so it becomes 25/100, which reduces to 1/4.

5. 0.6: Divide the numerator by the denominator:

3/15i1s355=0.6

6. 37.5%: Divide the numerator by the denominator, shift the decimal two places to
the right, and add a percent sign:

Step 1. 3/8 is 3+ 8= 0.375

Step 2: 0.375 = 37.5%
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7.x=0.6y:

Xx=60% (y)

X = 0.6y

s.(i) a=h.

9.y = 0.25x1 Let x equal the number in question:
y=25%W

y=0-25W

10. io gallons: Let x be the capacity of the water drum. Ifthe drum is 1/4 full, and

30 gallons would make it full, then 30 = (1 - i/4)x, which means:

30 :4—>(

Divide both sides by 3/4. This is equivalent to multiplying by 4/3:
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30=-*
4

4
~X30 =X

3
HthfIO:x
40 = X

If the total capacity is 40 gallons and the drum is 1/4 full, then the drum currently
contains 1/4 x 40, or 10 gallons.

Problem Set

1. Express the 2.45 0.008
following as
fractions:

2. Express the 420% 8%
following as
fractions:

3. Express the 9 3,(11)
following as 2 10,000

decimals:

4. Express the

following as 1 247 123_
decimals:
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5. Express the 1,000 25
following as 10 9
percents:
6. Express the 80.4 0.0007
following as
percents:
7. Order from least 8
to greatest: 0.8 40%

' 18
8. Order from least 1.19 120 131.44%
to greatest: 84
9. Order from least

—_ 2400% 2.40I
to greatest: 7
10. Order from least 50 2
0
to greatest (x* 0): 17X 2.9%2 02) (3.10%)
11. Order from least 500
248,000% 2.9002003

to greatest: 1 9 9

12. What number is 62.5% of 192?

13. 200 is 16% ofwhat number?

For problems 14-15, express your answer in terms ofthe variables given.

14. What number is X percent of Y?

15. X is what percent of \?
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16. For every 1,000,000 toys sold, 337,000 are action figures.

Quantity A Quantity B
Percent of toys sold that are action 33-7%
figures
17.
Quantity A Quantity B
0.002 0.02
X -3
10

18. $1,600 worth of $20 bills are stacked up and reach 0.35 inches high. $1,050

worth of $10 bills are also stacked up (assume all denominations are the same

thickness).

Quantity A Quantity B

The percent by which the height ofthe  33-5%
stack of $10 bills is greater than that of
the stack of $20 bills

Solutions

1. To convert a decimal to a fraction, write it over the appropriate power of 10 and

simplify:
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45 9 49
2.45 =2--—-=2= (mixed) =— (improper)
100 20 20

0.008 == —————-
1.000 125

2. To convert a percent to a fraction, write it over a denominator of 100 and sim-

piify;

N0 AN J
420% =---—-—-=— (improper) =4 —mixed
S 5( proper) —5( )
8% =
100 25

3. To convert a fraction to a decimal, divide the numerator by the denominator:

=0+2=5

to VO

It often helps to simplify the fraction before you divide:

300 3 n,

10,000 10

4. To convert a mixed number to a decimal, simplify the mixed number first, if
needed:

https://ieltstep.com



5. To convert a fraction to a percent, rewrite the fraction with a denominator of 100:

1.000 _ 10.000
10 - 100

10,000%

Alternatively, you can convert the fraction to a decimal and shift the decimal point

two places to the right and add a percent symbol:

—=25+9=27777..=27=277.74%
9

6. To convert a decimal to a percent, shift the decimal point two places to the right

and add a percent symbol:

80.4 = 8,040%
0.0007 =0.07%

7. 40% <18— < 0.8: To order from least to greatest, express all the terms in the same

form:
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- = - =0.4444...= 0.4
18 9

0.8-= 0.8

40% = 0.4

0.4 <0.4<0.8

Alternatively, you can use FDP logic and Benchmark Values to solve this problem:

Eiis L Ies? thanI - .4(3% IS 18)% (or— ) Iéss th%n - . Since —is a smaller
1S 18 2 10 2 1S
away from - it is closer to - and therefore larger than 40%. Thus, 0.8 is clearly

[1] /\

1
greater than - . Therefore, 40% <— c 0.8.

8.1.19 <131.44% : To order from least to greatest, express all the terms in the

same form:

119=119
120
— ~1.4286

84 7

131.44%= 1.3144
1.19 < 1.3144 < 1.4286

9.2.401 < 2™ <2400%: To order from least to greatest, express all the terms in the

same form:
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4
2— w2.5714

7
2,400% = 24
2.401 = 2.401
2.401 < 2.5714 < 24

Alternatively, you can use FDP logic and Benchmark Values to solve this problem:
2400% is 24, which is clearly the largest value. Then, you can use Benchmark Val-
ues to compare and 2.401. Since the whole number portion, 2, is the same, just
compare the fraction parts. is greater than ~ . Thus, 0.401 is less than ~ . There-
fore, 21 must be greater than 2.401. So, 2.401 < 21 <2,400%.

0. x2)(3.i0 %) < 2.9X2< . x2: To order from least to greatest, express all the terms

in the same form;

(Note that, since x2 is a positive term common to all the terms you are comparing,
you can ignore its presence completely. If the common term were negative, then

the order would be reversed.)

50
2.94
17

2.9 =2.9
3.10% = 0.0310

0.0310 < 2.9 < 2.94
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You can find the first few digits of the decimal by long division.

Alternatively, you can use FDP logic and Benchmark Values to solve this problem:
3.10% is 0.0310, which is clearly the smallest value. Then, compare 2.9 and Zf to
see which one is closer to 3. 2.9 is — away from 3and 2p is — away from 3. Since

-~-is smaller than — , 2— is closest to 3; therefore, it is larger. So, 3.10% < 2.9 < —
17 10 17 3 y 17

li. — < 2.9002003 < 248,000%: To order from least to greatest, express all the

terms in the same form;

500
199

248.000% =2,480

2.9002003 =2.9002003
2.51 <2.9002003 <2.480

2.51

You can find the first few digits of the decimal by long division.

Alternatively, you can use FDP logic and Benchmark Values to solve this problem:
248,000% = 2,480, which is clearly the largest value. The fraction yyy is approx-
imately , or ,which is 2.3. This is clearly less than 2.9002003. Therefore, yyy
< 2.9002003 < 248,000%.2

12. 120: This is best handled as a percent-to-decimal conversion problem. If you

simply recognize that 62.5% =0.625=-é\ , this problem will become much easier:
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?(192:?(24: 120. Multiplying 0.625 x 240 will take much longer to complete, un-

less you use a calculator.

13. 1,250: This is best handled as a percent-to-decimal conversion problem. If you

simply recognize that i<>%=0.16= 16 = * , this problem will become much easier:

4 1025
— X =1200.50X =200 x — =50x 25 =1.250
25 4

. Dividing out 200 -r 0.16 would likely take longer to complete.

XY

14, : You can use decimal equivalents. X percent is X , and you simply need to

multiply by Y.

Alternatively, you can set up a table and solve for the unknown (in this case, call it

Z):

PART Z X
WHOLE Y 100
100Z = XY
100
15- 100A : You can use decimal equivalents. X equals some unknown percent of Y

i Y
(call it Z percent), so X =2 xY , and then simply solve forZ:J—QQ -=Z
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Alternatively, you can set up a table and solve for the unknown Z:

PART X Z
WHOLE Y 100
100A =2Y
z _ 100A

Y

16. (C): Simplify Quantity A. You can divide the number of action figures by the

total number of toys to find the percentage of action figures:

Quantity A Quantity B
Percent of toys sold that are action 3370
figures = 337,000

1.000.000

A percentage is defined as being out of 100, so reduce the fraction until the

denominator is io0:

Quantity B
Quantity A
jfYoo0 =jy770 _ 337
1000,000 1000.000

337 33.7
1.000 100
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Because the denominator is 100, the number in the numerator is the percent. So

action figures are 33.7% of the total number oftoys. The two quantities are equal.

17. (B): Take a close look at the expression in Quantity A: 0.002 is first divided by
10 3, and then multiplied by 10  The net effect is the same as multiplying by L.

The two 10 ~terms cancel out:

Quantity A Quantity B

f
0.002 ~ "
0.002x '°"°
v Q"3 J 10 -3

0.02

103X

0.002X 1= 0.002

Therefore, Quantity B is larger.
18. (B): Because all bills have the same height, you can compare the number of bills
in each stack directly to determine the percent increase in height. The number of
S20 bills in a stack with a value of $1,600 is:

1600/20 = 80
The number of $10 bills in a stack with a value of $1,050 is

1,050/10 = 105

Plug these values into the percent change formula to evaluate Quantity A:
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Quantity A Quantity B

The percent by which the height of the
stack of Sio bills is greater than that of 33-5%

the stack of $20 bills = 1%“ 571

Now compare the two quantities. -jy <-* , so Quantity A must be less thany . Recall
that - is 33.3% as a percent, so 33.5% is slightly larger than y . Therefore, the value
in Quantity A must be less than 33.5%.

Thus. Quantity B is greater.
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Because the denominator is 100, the number in the numerator is the percent. So

action figures are 33.7% of the total number oftoys. The two quantities are equal.

17. (B): Take a close look at the expression in Quantity A: 0.002 is first divided by
10 3, and then multiplied by 10  The net effect is the same as multiplying by L.

The two 10 ~terms cancel out:

Quantity A Quantity B

f
0.002 ~ "
0.002x '°"°
v Q"3 J 10 -3

0.02

103X

0.002X 1= 0.002

Therefore, Quantity B is larger.
18. (B): Because all bills have the same height, you can compare the number of bills
in each stack directly to determine the percent increase in height. The number of
S20 bills in a stack with a value of $1,600 is:

1600/20 = 80
The number of $10 bills in a stack with a value of $1,050 is

1,050/10 = 105

Plug these values into the percent change formula to evaluate Quantity A:
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Quantity A Quantity B

The percent by which the height of the
stack of Sio bills is greater than that of 33-5%

the stack of $20 bills = 1%“ 571

Now compare the two quantities. -jy <-* , so Quantity A must be less thany . Recall
that - is 33.3% as a percent, so 33.5% is slightly larger than y . Therefore, the value
in Quantity A must be less than 33.5%.

Thus. Quantity B is greater.
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CHAPTER REVIEW! DRILL SETS

Drill Set |

For each of the following pairs of fractions, decide which fraction is larger.

I13
T 44

11
2.
56

53 85
52'86

7 6
910

700 590
360290

Add or subtract the following fractions.

b. 2+ L
7 7
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Add or subtract the following fractions.

139 u

1 4 5
"4 5 8

15
Solve for x in the following equations.

160!,
5

X

4
5

ol

3 10
8 8 8

5 1
6 12~12

2 X 2
21 21

2 X_ 3
'5'8 40

20

Drill Set 2

Simplify the following fractions.
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28

35
100

Multiply or divide the following fractions (the final answer must be simplified)

Multiply or divide the following fractions (the final answer must be simplified)

n.£1xLS
20 21

6 N

12. —
25'10
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Solve for Xin the following equations.

17- g
X

18. A JE
11X *“ 33

19 2X 3
T 13-~7
3x_5 =17

4 6 12

20

Drill Set 3

Convert the following improper fractions to mixed numbers.
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Convert the following mixed numbers to improper fractions.
6.3"

7-2%

8.6%

9-4%

io.12%2

Drill Set 4

Evaluate the following expressions.
1. 6.75 x 103=

2. 72.12 x 10"4 =

32,346 x io~3=

4. 27.048 x 102=

5 54.197/102 =

Evaluate the following expressions.

6.1+0.2+0.03+0.004=
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7.0.48 + 0.02 =

8 121 +038=
9--0.02 +0.35 =
10. 0.370 + 0.042 =

Evaluate the following expressions.
11.0.27x 2 =

12. 0.403 x 3=

13.0.2x 0.2 =

14. 20 x 0.85 =

15. 0.04 x 0.201 =

Evaluate the following expressions.
16. 2.1 x 0.08 =

17. 0.063 x 0.4 =

18. 0.03 x 0.005 =

19. 0.75 (80) + 0.50 (20) =

20. 100 x 0.0i X 0.0i =

Evaluate the following expressions.
21. 4/0.2 =

22. 12.6/0.3 =

23. 3.20/0.04 =

24. 0.49/0.07 =

25.6/0.5=

Drill Set 5
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Fill in the missing information in the chart below.

Fraction
1/100

1/20

1/8

3/8

1/2

415

9/10

Decimal

0.01

0.1

0.2

0.3

0.75

0.875

https://ieltstep.com

Percent

1%

25%

33.33..%

40%

66.66..
70%

100%

%



2. Convert 45% to a decimal.
3. Convert 70% to a fraction.
4. Convert 13.25% to a decimal.
5 Convert 36% to a fraction.

6. Convert 0.02% to a decimal.

7. Convert 0.20 to a percent.
8. Convert 0.55 to a fraction.

9. Convert 0.304 to a percent.
10. Convert 0.455 t° a fraction.
11. Convert 0.375 to a fraction.
12. Convert 4/5 to a percent.
13. Convert 3/6 to a percent.
14. Convert 9/12 to a percent.
15. Convert 6/20 to a percent.

16. Convert 3/2 to a percent.

Drill Set 6

1. Forty percent of the balls in a bag are red. If there are a total of 300 balls in the
bag, how many of them are red?

2. Anna always puts 15% of her salary in a retirement fund. If she put $6,000 in her

retirement fund last year, what was her salary that year?

3. Sixteen students wear glasses. If there are 40 students total, what fraction of the

students wear glasses?
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4. What is the new price of an $80 sweater after being discounted 20%?

5 Billy has $20 and Johnny has $30. If both Billy and Johnny invest 23% of their

combined money in baseball cards, how much money will they invest?

6. Last year, a furniture store sold 400 chairs, 200 tables, 400 couches, and noth-

ing else. The chairs made up what percent of the total items sold?

7. At her old job, Marie earned a yearly salary of $80,000. At her new job, Marie
earns a salary equal to $40,000 plus a commission of 25% on all her sales. If
Marie wants to make a yearly salary at her new job that is the same as that of her

old job, how much does she have to produce in terms of yearly sales?

8. Of 250 people surveyed, 36% said they preferred regular soda, 40% said they
preferred diet soda, and the rest did not have a preference. How many of the 250

people did not have a preference?

9. A jar contains 1/3 red marbles and 1/2 blue marbles. The remaining 25 marbles

are white. How many marbles does the jar contain?

10. Ted has 2/3 as many friends as Billy has, and Chris has 1/2 as many friends as
Billy has. The number of friends that Chris has is what percent of the number of
friends that Ted has?

Drill Set Answers
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DRILL SET 1

1.—: The denominators are the same, but the numerator o f- Is Iarger, SO ">- .,
4 4 4 4

2. - :The numerators are the same, but the denominator o f- is smaller, so- >6-
5 5 5

3. — : In the first fraction, ™ , the numerator is bigger than the denominator, so the
o
fraction is greater than 1. In the second fraction, polt the denominator is big-

22
ger than the numerator, so the fraction is less than 1. Thus, —>— .

4, 9 : The second fraction, 0 has both a smaller numerator and a larger denom-
inator than the first fraction. Therefore, E<§ )
5 : The first fraction is greater than 1 but less than 2, because 700 is less than

twice 360 (2 x 360 = 720). The second fraction is greater than 2, be-
cause 590 is more than twice 290 (2 x 290 = 380). Thus, ~ ~

6 5-2,3=2+3=5
VA A A

29 9 |20_9+20 29
1111 11" 11 1D

IO -7 3 10_3-10,-7
«4-44 4 4
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2x35656

5 1
3x3 9 99 9 9

axll 8x9 44 72 116
oxil 11x9 99 99 99

N
o

=0

5 4 20 5x4 20 20
3

12 4 12 3x4 12 12

67 14 5_1X 10+4 8 5 S5_ Ix10  4x8 5x5

404584 105885 410 5x8 8x5

10 3225 10+32+25 _ 67
40 4040 _ 40  * 40

16.
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4-1

17-

10-1-3 13

18.
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N 5
6 —12 12

n-5 6
6" 12 12

X X 2 2a b
6x2 ~ 12" 12

2x =H
X = 3

19-
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21 21
X 2 2
21 21 7
X 2 2X3
2 21 7x3
X 2 6 2-6

21 21 21. 21

X 8
21 . 21
X =1

20.
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X 31 2X8 31 16 15
8 ~ 40 5x8 7 40 40 —40

XX5 5x 15
8x5 40 40
ba=15

DRILL SET 2

1%8_%3_2\5/3_2
' 3x3 3 3 3

7 28 4x71 7 4 7

2 24 2x12 2 12 2
3’36 3x12 3*12 3

4

/ 3  b5x7 7 5 7
20 100 2x2x5x5 2x2x5 5 20
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5

3X OX_ 2x3xx _3x x2 X
35 70" 2x5x7 ~5x7 2~35

6 32 478 ~4x8 32
63:7X9 '7Tx9 63

7 27.9 .2 973 9x3 _27
7*8 473 4 2 4x2 8

8.
7 7,8 75 7x5 7xN 7
24*15 5 15 8 3x5x8 3x\x8 24

g
L5 8 5 2x4 X _ZIXIT 1

3*12 10 _3x4 2x5 3 x/-[xX~3

10

5v,3%x_ 5 3xxx5 \XXX5 5
26*13 6 13x2x3 13x2x* 26

11.

1.14 15  2x7x3x5 _ XxXx"*x"N 1
2*20 21 2xX2X5Xx7x3 2XXXAXX><MN 2

12.
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4 6 9 6 10 2x3x2x5 _2x\x2x\ ' 4
B 25 10~25 9 ~5x5x3x3  5xAx~x3 ~15

13-
5 471475 2x2X2X7Xj _ AxXx\x\x5 _5

39" 21 13 8- 3Xx7XxI3x2x2x2~3xXxXxI3xXxXx'2, “ 39

3 3 3 ]_1_ 3 x |1 33
— X

'n 1n n 3 11x3 33

15_&-g-x1—% 6537X>§% =0 . Or you could simply note that anything x o/something = o.

16.
9 5 _ 3
35 3 7
7'3 7 5
9
X = e
35
17-
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2 X3 =T7XX

6 =7X

18.

5 6 10

91\ X~33
10 6 10 11

X = i = X

33 11 33 §)
2x5x11 X*5xH
3X11x2x3 3xYixXx3
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2* x 1 =3x 13
14x =139

N2 =1Z
4 6 12
3XX3 55(2
4 3 6 2

ox 10 17
12 12 12

*=10=17

9x =27
* =13
DRILL SET 3
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331 _28+3 28 3, 3 .3
7 7 7 7 7 7 7
3
45,2, 2 02
5 15 15 15 15 ~ 15 15
- 60 10
10 .1 1
— —= +-—— = _— = ) el
30 20 20 20 S5 5T
4=17
13
6.
2 _ﬁ+2 3x3 2 -9 ,2_ 1
T '3 1x3 3 3 3 3
7-
2I_2+1_2x6 1 12 1 1
6 6 1x6 676 '6 1
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45:63’—=6+-3= 6X7+i:42.1_§:45
{ 7 7 1x7v [ 1 01 7

41 5 L5 4x9 +_5+36+_5:41
9 9 9 1x9 9 9 9 9

0.

149 5 5 12x12 5 144 5 149
12 12 12 1x12 12 12 12 42

priLL seT 4

1. 6.75 x 103= 6,750 Move the decimal to the right three places
2.72.12 X 10~4 =0.007212 Move the decimal to the left four places

3. 2,346 x i0"3 = 2.346 Move the decimal to the left three places.

4. 27.048 x 102=2,704.8 Move the decimal to the right two places.
554.197/102 = 0.54197 Because you are dividing by io2, move the

decimal to the left two places.
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1.000
+ 0.200
+ 0.030
+0.004
1.234

0348

+0.02
0.50

1.21
+0.38
1.59

0.35
- 002

0.33
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10.

0./370
+0.042
0.412

11. 0.54: 0.27 x 2 =
27 x2=H%4
0.27 x 2=054

12. 1.209: 0403 x 3=
403X3=1,209
0.403 x 3=1.209

13.0.04:0.2 x 0.2 =
2X2=4

0.2 xo0.2 =004

14.17: 20 x 0.85=
20 x 83=1J00
20 x 0.85=17

Move the decimal to the left two places.

Move the decimal to the left three places.

Move the decimal to the left two places.

Move the decimal to the left two places.
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15. 0.00804: 0.04 X0.201 =

4 X201 = 804 Move the decimal to the left five places.

0.04 X0.201 = 0.00804

6. 0.168:2.1 X 0.08 =
21 X 8 = 168 Move the decimal to the left three places.

21 X0.08 =0.168

17. 0.0252: 0.063 x 0.4 =
63 x 4 = 252 Move the decimal to the left four places.

0.063 x °-4 = 0.0252

18. 0.00015: 0.03 x 0.005 =
3x5 =15 Move the decimal to the left five places.

0.03 x 0.005 =0.00015

19. 70: 0.75(80) + 0.50(20) = Break this problem into two multiplication
problems

0.75 X 80 = 60

0.50 X 20 = 10 Now add the two results.

60 + 10 = 70

20.0.0i: TOO X 0.01 X 0.01 =
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TOO X 1 X 1=100

100 X 0.0i X 0.0i = 0.0i

20: -
0.2
4 XlO_ 40
0.2 10 2
12.6
0.3
_1_2__§ 10 126
0.3 10 3
23,
3.20
8 0 :
0.04
N oy No= i“
0.04 100 4

Move the decimal to the left four places.

=80
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24,

10.49
71'0.07‘
049 100 49 _
----- X =2 =7
0.07° 100 7
25-
12:----- =

0.5
6 10 60
05 10 5

DRILL SET 5

L

Fraction Decimal
17100 0.0l
1120 0.05
1/10 0.l

1/8 0.125

https://ieltstep.com
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1%

B

10%
12.5%



1/5 0.2 20%

i/4 0.25 25%
3/10 0.3 30%

i/3 0.3333... 33.33..%
3/8 0.375 37.5%
2/5 0.4 40%

112 0.5 50%

3/5 0.6 60%

213 0.6666... 66.66...%
7/10 0.7 70%

3/4 0.75 75%

4/5 0.8 80%

7/8 0.875 87.5%
9/10 0.9 90%

1 1.0 100%

2. 0.45:45% becomes 0.45.

3. 7/10: 70% becomes 70/100, which reduces to 7/10.
4. 0.1325: 13.25% becomes 0.1325.

5 9/25: 36% becomes 36/100, which reduces to 9/25.
6. 0.0002: 0.02% becomes 0.0002.

7.20%: 0.20 becomes 20%.

8.11/20: 0.55 becomes 55/100, which reduces to 11/20.
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9. 3<M%: 0.304 becomes 30.4%.
10. 91/200: 0.455 becomes 455/1000, which reduces to 91/200.
11. 3/8: 0.375 becomes 375/1000, which reduces to 3/8.

12. 80%: Step 1: 4 T5= 0.8 0.8
5)4.0

Step 2: 0.8 becomes 80%

13. 50%: Step 1:3-76 = 0.5 ©0
5 o

Step 2: 0.5 becomes 50%

14. 75%: Step 1: 9-i-12 = 0.75 0.75
12)9.00

Step 2: 0.75 becomes 75%

15.30%: Step 1. 64-20 = 0.30 0.3
20)6.0

Step 2: 0.30 becomes 30%

16. 150%: Step 1: 34-2=15 1.5
2)3.0

Step 2: 1.5 becomes 150%

DRILL SET 6

1.120: 300 x 40% = 300 x 4/10 = 120.
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2. $40,000: Let a = Anna's total salary:
$6,000 = 15% ofa
$6,000 = 15/100 x a
$6,000 = 3/20 x a
$6,000 x 20/3 = a
$40,000 = a

3. 25
40 8x5 5 8 5
4- $64: If the sweater has been discounted 20%, then the new price is 80% of the
original (because 100% - 20% = 80%):

80% x $80 = 4/5 x $80 = $64

5 $12.50: (0.25 x $20) + (0.25 x $30) = $5 + $7.50 = $12.50

6.40%: 400/(400 + 200 + 400) = 400/1000 = 4/10 =40%

7. $160,000: Let m represent the amount of sales that Marie needs to generate in
her new job to equal her previous salary:

$80,000 = $40,000 + m x 25%

$80,000 = $40,000 + 1/4 m

$40,000 = 1/4 m

$160,000 = m8

8. 60: The percent of people who did not have a preference: 100% - (36% + 40%)
=100%-76% = 24%
https://ieltstep.com



The number of people who did not have a preference:

24% X 250 =-22-x 250 =0 x 250 =--2x X _g
100 25

-25- 1

9. 150: First figure out what fraction of the marbles are white. Do this by figuring
out what fraction of the marbles are not white. Add the fractional amounts of red

and blue marbles:

1/3+ 1/2 = 2/6+ 3/6 = 5/6.
1- 5/6 =i/6

The white marbles are 1/6 of the total number of marbles.

Now x = total number of marbles:
25 = i/6X
150 = x

10. 75%: Let T = the number of friends Ted has.
Let B = the number of friends Billy has.

Let C = the number of friends Chris has.

The denominators of the fractions in the question are 3 and 2. Thus, a Smart Num-
ber is (3) (2) = 6. Billy has the most friends, so set B = 6. That would imply that
r="x6 =4 and C=-"x6=3 . With these numbers, the question “The number of
friends that Chris has is what percent of the number of friends that Ted has?”” be-

comes “3 is what percent of 4?” Since 3 is J (or 75%) of 4, you could probably
https://ieltstep.com



answer 75% without even setting up an equation. Alternatively, solve 3

getting x = 75.
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Easy Practice Question Set

l. If ofthe students in a class are women and — of these women are employed

full-time, what portion of the class consists of women that are not employed full-

time?
2.
Quantity A Quantity B
ji_ 4 1 4

_X —_—

3'5 3 5
3
Quantity A Quantity B
The tens digit of (6.4 x 3) The thousandths digit of-

8

4. 1f35Xis 50% of7, then x =
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A) o.i

(®) 0.5

© 1
D) 5
® 7

5 1f25 is less than 10% ofx, then x could be which of the following?

Indicate all such values.

0125

0250

0300

0500

6. ofthe 90 ducks on a pond are mallards. If 22 ruddy ducks and 18 white-faced
https://ieltstep.com



whistling ducks depart from the pond, what fraction of the remaining ducks are

mallards?

B
Q1

DT

<E > |

7. 1f John has $100 to spend and was unable to buy a particular item before the
price was reduced by 25%, but can afford the item after the price reduction, what
was the maximum possible price ofthe item prior to the price reduction?

(A) $110.50
(B) $120.66
(C) $125.00

(D) $133.33

(E) $140.00
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8. What is the value of (3.6 x 0.2 - 0.3) =0.02?
(A -18
(B) -i.8
©) 18
(D) 2.1
(E) 21

9. a is the hundredths digit of b, which i equal to 1.504.

Quantity A Quantity B

b rounded to the nearest hundredth b rounded to the nearest tenth

10.
Quantity A Quantity B
| § X _1
4 3 4 3
11. p is a fraction between o and 1.
Quantity A Quantity B
The average ofp and its reciprocal2 1

12. After a 20% discount, a dress is sold at a price of $176
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Quantity A Quantity B

The original price of the dress $200

13. The average home price in Pleasantville was $260,000 in 2008. If the average
home price rose by 5% from 2008 to 2009, and then fell 10% from 2009 to
2010, what was the average home price in 2010?

(A) $222,300
(B) $243,700
(C) $247,000

(D) $271,000

(E) $300,300

Quantity A Quantity B

The value of $1,000 after The value of $1,000 after earning compound
earning simple interest at 20% interest at 20% for 4 years, compounded

for Syears annually
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Bf

©i

6.
Quantity A Quantity B
% of 288 no

17. According to a survey, | of students at University X eat lunch at the university's

dining hall, while only \6 of the university's faculty members eat lunch at the
dining hall.

Quantity A Quantity B
The number of students and faculty The number of students and faculty
members who eat lunch at the members who do not eat lunch at the
university's dining hall university's dining hall
18.
15isf
ofx.
Quantity A Quantity B
X 10
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19- A comet is traveling towards a distant planet at a speed of 85,000 kilometers
per minute. If the comet is currently 17 billion kilometers from the planet, ap-

proximately how many hours will it take for the comet to hit the planet?
A) 35
(B) 1.333
(€) 2,000

(D) 2,500

(E) 3.333

20.

Quantity A Quantity B
749 250%
299

Easy Practice Question Solutions

1- (A): If~ of the women are employed full-time, then A of the women are not em-

ployed full-time. Thus, if — of the class are women, then - of — of the class is fe-

male and not employed fu%l-time. This yields 'x - L .I 42

Another way to solve this problem is to choose a Smart Number for the population
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of the class. Since the two fractions in the question have denominators of 2 and 4,
a Smart Number to choose for this problem is 8. Let 8 be the total number of peo-
ple in the class. Then, since half of the class consists of women, there are 4

women. And, since  of these women work, there are 3women employed full time.

This also tells you that there is 1 woman who is not employed full-time. Thus, the

fraction of the class that consists of women who are not employed full-time is ~ .

2. (A): To simplify Quantity B, multiply straight across:

To simplify Quantity A, flip and multiply:

!5 5:I?3(|4_ !2'
Since Quantity A has both a larger numerator and a smaller denominator than

Quantity B, Quantity A is greater.

To be absolutely certain, find a common denominator and multiply both results by

that denominator to more easily compare:
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Quantity A 23
60

. 6
Quantity B: ]
60

Again, Quantity A is greater.

3. (B): 6.4 x 3=19.2, so the tens digit of Quantity A equals 1.

L= 0.375, so M e thousandths digit of Quantity Bis 5.

Therefore, Quantity B is greater.

4. (A): The information in the question can be translated as follows:
H*=05x7
35* = 3*5
x=0.

Thus, Choice (A) is the correct answer.

5 (E) and (F): The information given in the question can be translated as follows:
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25 <0.1*%

25
0.1
250 <*

Since x must be greater than 250, only the last two values are possibilities for x

6. (D): | of 90 ducks = 30, so there are 30 mallards; 22 + 18 = 40, so 40 ducks in
total depart from the pond.

This leaves 90 - 40, or 50, ducks remaining on the pond.
Mallards now represent ™ , or ~ , of the ducks on the pond.

7- (D): In order to solve for the maximum price of the item, you must solve the fol-
lowing inequality, where x is the original value of the item: x - (25% ofx) < $100, or

X - 0.25X < $100. This can be simplified to:

* —9.25* N $100
0.75*<$100
100

* < $

75

*< $133-
3
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Thus, x must be less than 51334 , and the largest price smaller than that figure (in
dollars and cents) is $133.33.

A quick note on why choice (C) is a trap answer and is not correct: A 25% reduc-
tion in the price of an item that costs $125 would yield a reduction of greater than
$25 (if the original price of the item were $100, a 25% reduction would yield an
exact reduction of $25, but the greater price leads to a greater dollar reduction).
This implies that the new price would be less than $100. (If $125 were the original
price, a25% reduction would lead to a new price of $125 - $31.25, or 93.75.)

8. (E): Using the acronym PEMDAS to remember the proper order of operations,
first perform the operations inside the parentheses. Multiply 3.6 and 0.2 and only

then subtract 0.3 from the result. Finally, divide by 0.02 to obtain:

(0.72-0.3) 0.42
0.02 0.02

(3.6 x 0.2-0.3)+0.02

Using the calculator (which will automatically perform the multiplication before the

subtraction), the keying order would be as follows:

36x0.2=-03=30.02=

9. (D): To approximate a decimal to the nearest hundredth, you must keep the first
two digits after the decimal point, rounding up if the following digit is 5 or greater.
In this case, the thousandths digit is 4, so no rounding up is performed and, there-
fore, Quantity A is 1.5c?.
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Likewise, to approximate a decimal to the nearest tenth, you must keep the first
digit after the decimal point, rounding up if the following digit is 5 or greater. In
this case, the hundredths digit is equal to O, which may or may not be 5 or greater.
Thus, you do not know whether Quantity B should be 1.5 or 1.6. Accordingly, you
cannot tell whether Quantity B would be less than, equal to, or greater than 1.50.

You do not have enough information to answer the question.

10. (A): To perform the calculation in Quantity A, set up the fractions to have a

common denominator, which in this case is 3 x 4 = 12

Quantity A Quantity B
3 1=9 *=J 1 X1
4 3 12 12 12 4 3

Meanwhile, for Quantity B, multiply straight across the numerators and straight

across the denominators:

Quantity A Quantity B
A 3,1 3xI 3
12 4 3 4x3 12

Because the fractions in both quantities have the same denominator, the quantities

are easy to compare: the one with the greater numerator is greater. Therefore,

Quantity A is greater.

Note that, ordinarily, you would have cancelled the 3's in the numerator and
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denominator of Quantity B prior to the multiplication, so as to reduce the math
needed to perform the multiplication. Here, leaving them in place made the subse-

guent comparison of Quantity A and Quantity B easier.

n. (A): One approach (probably the easiest) is to test a couple of fractions to ob-
serve what happens. For example, if 5=- |, then Quantity A is equal to the average

of * and 2, which equals JIta, ,s .

Similarly, if />=-3 , then Quantity A equals (124 )_I-& b , which (again) is greater than
1 -

While it is true that testing numbers is rarely 100% conclusive, you might feel quite
confident in this instance that a similar result would hold for all fractions between

o and |.

To prove the result algebraically is more challenging. Suppose that b:F , Where a
and b are positive and b > a (so that o < p < I). Then, the difference between | and
p is given by i-- =-A_i . The difference between the reciprocal of p and |, mean-
while, is given b)p -Z—lh: bj’. . Note that both differences are fractions with the same
numerator, so the fraction with the smaller denominator will be larger. Since a < b,

the difference between the reciprocal of p and | is greater than the difference be-
tween | and p. Put differently, on a number line, the reciprocal ofp is farther to the
right of | than p is to the left of |. Therefore, the average of p and its reciprocal

must be greater than |.

12. (A): One way to approach this problem is to solve directly for the original price

of the dress. Call that value P. Then, you could write VTmXI>:$\7(> , from which
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you could isolate P. (Note that the 20% discount is taken on the original value and
not on the final value.) While this approach is certainly correct, it is not the quick-
est way to arrive at the answer, because the arithmetic involved is somewhat cum-
bersome. A better way is to test what would happen if the original price were $200
and see how the resulting final price compares to $176. Ifthe original price is S200,
the discount is TI)X$200:S40 . The dress would then be sold for $200 - $40, or
$160. This value is lower than $176. Therefore, $200 must be too low compared to
the actual original price, and Quantity A must be greater. (Incidentally, the original

price of the dress is $220.)

'3- (B): The result of a percent change to a quantity can be determined by way of a
multiplier. Suppose that the initial value is P, which then rises by 5%: — =005 . The
resulting new price is equal to the original price plus the increase: P + 0.05P =
1.05P. Similarly, the multiplier corresponding to aio % decrease is equal to P - 0.1P
= 0.9P.

The multiplier concept can save you time in computing the result of individual per-
cent changes, but becomes even more useful when dealing with successive per-
cent changes, as in this problem. The original $260,000 becomes (0.9) x (1.05) x
($260,000) = $245,700. | | |

Note that the answer is not the same as what would be obtained by simply reduc-
ing $260,000 by 5%. This is because the initial 5% increase is based on the orig-
inal $260,000, but the following 10% decrease is based on the 2009 price, which
is higher.

14. (B): Simple interest earned at 20% annually on a principal of $1,000 yields $200
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per year. Thus, after 5years, the value of the principal plus interest will be $1,000 +
5x $200 = $2,000. Meanwhile, the final value of principal P plus interest at a rate
of r, compounded annually for n years, is given by the formula F = P(i + r)n, where
r is expressed as the decimal equivalent of the annual percentage interest rate. In

this case, you have:

F = $1,000(1 + 0.2)4 ~ $2,073.6. ||

The value of $1,000 after The value of $1,000 after earning compound
earning simple interest at interest at 20% for 5years, compounded annually ~
20% for 5years = $2,000 $2,073.6

Therefore, Quantity B is larger.

(It should be noted that, as a practical matter, the fourth power of a number is
computed most easily by squaring the number twice. Squaring is accomplished on

the CRE on-screen calculator by the keystroke sequence “x =". Thus, the fastest
I.2x = x = x.OOO

squared ~

way to obtain the value of F in the formula above is to key in Sower '9

15. (D): 150%=1.5=y .Therefore, 150% of| equals|x| =" .
16. (B):El of 288 is equal to -8x 288 =3x36 =108 .Therefore, Quantity B is greater.

17. (D): The problem tells you that - of the students at University X eat lunch at the
dining hall, while e of the faculty members eat there. However, you do not know

how many students there are relative to the number of faculty members at this
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university. For example, if there are 9 students for every faculty member, then

among the students and faculty members combined,
'3y, 1, 27_1 27x6+5

5J _ 5 6_ """"" 30 167
9 +1 10 10 300

, or more than half, eat at the dining hall. By contrast, if there are only 2 students

for every faculty member, then
2(3)+1fi 6 1 6x6+5xl

LiL LAJ_ i+-6_ 30 4l
2+1 3 3 90

of the combined population eats at the dining hall—that is, less than half. You do

not have enough information to determine which quantity is greater.

18. (B): If 15 is ~ ofx, then 15--* | so *=-x15=3*3=9 . Therefore, Quantity B

greater.

19. (E): The comet is currently 17 billion, or 17,000,000,000, kilometers from the
planet. Since it is traveling at a speed of 85,000 kilometers per minute, it will reach
the planet in
17,000,000,000 _ 17,000,000 _ 1,000,000 _ >00000
77
85,000 85 5

minutes. Since there are 60 minutes per hour, the comet will reach the planet in
200-999 -5 333 »3.333h0UrS

60 T3 T '
20. (A): Perhaps the easiest way to compare these quantities is to convert Quantity
B to a decimal (250% = 2.5), and to note that Quantity A is very similar to :

which is equal to 25. Let's call that fraction, — , the “baseline” fraction for
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Quantity A in this comparison.

Relative to the baseline fraction, the actual fraction in Quantity A has a numerator
that is | lower than 750, and a denominator that is 1 lower than 300. Notice that
subtracting 1 from 750 takes away a smaller portion of the original (baseline) num-
ber than does subtracting 1 from 300. In other words, as a proportion of the orig-
inal number in the “baseline” fraction, the decrease in the denominator is larger
than the decrease in the numerator. Since the denominator is falling faster than the
numerator, relative to the baseline fraction, the fraction in Quantity A should be

slightly larger than the baseline fraction. Therefore, Quantity A is greater.

Notice that you can prove that — is slightly greater than 2.5 by plugging it into the
GRE on-screen calculator. If you do this, you will see that 250517 , \||| which
again is a bit greater than Quantity B.

Medium Practice Question Set

1. A parking lot has a number of automobiles, each of which is a car or a truck. If
there are 3 times as many cars as trucks and 20% of the cars are foreign, what

percentage of the automobiles are foreign cars?

(A) 7-5%

(B) 12%

(Q 131%
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(D) 15%
(B) 20%

2. Suppose that x and y are integers and that o < x < y < 10. The tenths digit of the

decimal representation of— is 5 What is the hundredths digit of the result of—

3. How many one-fourths are in| of12™ ?

4. What percent of 6 is equal to 15 percent of 130 percent of 20?
Give your answer in percentage points: | | %
5 At a symposium, 20% of the professors are psychologists, 60% are biologists,
and the remaining 12 professors are economists. If 20 of the professors wear
glasses, what percent of the professors do not wear glasses?

(A) 20%

(B) 331%
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(C) 50%

(D) 66?%
(E) 80%
6.
Ouantitv A

The hundreds digit of «3i02

Year

2006
2007
2008
2009

Ouantitv B
The hundredths digit of?

Percent Change from Previous Year (rounded to
nearest 0.1 percent)

-8.8%

I

2.0%

.49

The annual percent change in the number of babies born at Hospital X is

given in the table above. If 102 babies were born at Hospital X in 2005, how

many babies were born in Hospital X in 2009?
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X is a positive integer.

Quantity A Quantity B

5X X2 8Xx
7 4 7
8

2X +3

9. What is the result of the following calculation, when expressed as a simple frac-

tion?

Express your answer as a fraction:

10.

Quantity A Quantity B
3,9 7

8

li. The ratio of® of4 to ™ of5is equal to the ratio of:
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(A) 16 to 3
B) 2to3
(©) 6to25
(D) 8to 13
(E) 6tol
12. In a department, | of the workers are men and the rest are women. If* of the
men and y of the women in the department are over 35, what fraction of all the

workers in the department are over 35?

Express your answer as a fraction: }----

13
<>
0
Quantity A Quantity B
The result of increasing, then The result of increasing, then
decreasing, q by 1% decreasing, q by 2%

14.

State X Population by County
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To the nearest percent, the combined population of the two most populous

counties in State X is what percent greater than the combined population of
all other counties?

@ 3
® 6
C) 13
(D) 35
(E) 113

15. Ifx=80%, by what percent is x larger than x2?
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(A) 8%
(B) 16Y%
(C) 20%
(D) 25%
(E) 80%

16. Which of the following is equal to }

(A) 2.25
(B) 1.25

(C) 1.60714285
(D) 0.390625

(E) 0.078125

17. A bar over a sequence of digits in a decimal indicates that the sequence repeats

indefinitely. Which of the following fractions is equivalent to 0.12 -

A =

(P oo
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| (D0DH)(C2)He)03)H4)(04)

(1)(0.1)+f7)(0.2) +fi

A 25
® 3
©) 75
(D) 10

(E) 30

5 1
3 6

19 0.32
" 02
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20. A shipping company charges a shipping fee that varies depending upon the
weight of the package to be shipped. The price to ship all packages weighing
less than or equal to 5 pounds is $2.80, and an additional $0.25 is charged for
each additional pound above 5 pounds. If the cost to ship Package A is greater
than $7 but less than $8, which of the following could be the weight of Package
A, in pounds?

Indicate all that apply.
m 20
Gz
0 22
023
0 24

0 25

026

Medium Practice Question Solutions
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[. (D): Ifthere are 3 times as many cars as trucks, then for every truck that appears
in the lot there are exactly 3 cars. That means that for every set of 4 automobiles,
there will be exactly 3 cars, so cars make up ~ , or 73%, of the total population of
the lot. If 20% of these cars are foreign, then you want 20% of 73%, which is

(0.20) (0.75) =0.15, or 15%.

You may also solve this problem by choosing numbers, and the best number to
choose for the number of automobiles in the lot is 100, since you are dealing with
percentages. If there are 100 automobiles in the lot and there are 3 times as many
cars as trucks, then there are 75 cars and 25 trucks. If20% of the cars are foreign,
then (20%) (75) = (0.20) (75) = 15 cars are foreign. Therefore, the percentage of for-

eign cars in the lot of automobiles is given by — = 15%

2. 8: Since the tenths digit of the decimal version of— is 5 x must have a value of
at least half of 16. That is, x> 8. Since y > x and y < 10, and both must be integers, x
must equal exactly 8 and y must equal exactly 9. Thus, -y:g =i| =1.888 . Therefore,

the correct answer is 8.

3. 30: Assigning a variable (e.g., X) to the desired quantity, the question can be

translated as follows: A-=-xi2- . What is x?
4 5 2
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3

4 5

X 3 25

4 ~5X 2

X =175

4 10

x:Ex4
10

4. 75: You should assign a variable (e.g., X) to represent the unknown quantity in

this Percents Word Problem. The question can then be translated as follows:

— X 6= (15%) x (150%) x 20
100

-T- x6=015x 15x 20

100

Use your calculator to simplify:
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X 6=4.5
100

— =0.75
100

=75

*

Note that the phrase “what percent” is expressed here as a variable (x) over 100.
You could simply use x without a fraction, but you would need to remember to

convert the value to a percentage point value at the end:

XX 6=0.15x15x 20

XX 6=45

x=0.75

x = 75% = 75 percentage points

5- (D): The information given in the question can be represented as follows. First,
determine the total number of professors at the symposium, assigning a variable

(in this case, X) to represent the unknown quantity:

(20%) x x+ (60%) x x+ 12 =X
0.2X+ 0.6Xx+ 12 =X

0.8x+ 12 = x

12 = 0.2x

60 = X

There are 60 professors at the symposium. If 20 of them wear glasses, then 40 do
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not: 20-2 or6%3-% .

60 3
6. (C): 53i02= 125 x 100 = 12,500, which has a hundreds digit of 5, 1 = 0.25, which
has a hundredths digit of 5. Therefore, the two quantities are equal.

Note that, in this case, it is not strictly necessary to calculate the value of the power
of 5in Quantity A. All powers of 5end in 5 (5 25; 125; 625; 3,125; etc.), and since
you are multiplying the 5term by IOO, its units digit will end up in the hundreds
place of the final number (500; 2,500; 12,500; 62,500; 312,500, etc.).

7. 97 babies: Percent change is calculated using the following formula, where B” is
the number of babies born in the new year, and bq is the number of babies born in

the original (previous) year:

Percent Change
1+

B,

100
Therefore:

Babies in 2006 = Babies in 2005 x (1 - 0.088) = 102 x (0.912) = 93 babies
(Rounded to nearest integer)
Babies in 2007 = Babies in 2006 x (1 + 0.075) = 93 x 0-°75) = 100 babies
(Rounded to nearest integer)
Babies in 2008 = Babies in 2007 x (I + 0.020) = 100 x (1.020) = 102 babies
(Rounded to nearest integer)
Babies in 2009 = Babies in 2008 x (1 - 0.049) = 102 x (° 95i) = 97 babies

(Rounded to nearest integer)
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You could also solve this using the calculator. Input as follows:

102 x 0.912 x 1.075 x 1-020 x 0.951 = 97.003

However, babies only come in whole numbers, so the correct response is 97.

Note that the original table specifies that the percentage change in births each year
is rounded to the nearest tenth of a percent. Therefore, for example, the actual per-
cent change in 2006 is not necessarily precisely -8.8%—it could range anywhere
between -8.85% and -8.75%. Therefore, the actual number of babies born in 2006
could range between 102 x (0.9115) = 92.97 babies and 102 x (0.9125) = 93.08 ba-
bies. If you follow the whole percentage chain all the way through the calculation,
though, the lowest possible result for 2009 is 96.81 babies and the highest pos-
sible result is 97.20 babies. Therefore, the precise number of births in 2009 must

be exactly 97.

If the percent change were reported with less accuracy (e.g., being rounded to the
nearest percent), a wider range of possibilities could occur: the correct answer

could be somewhere between 95 and 99 babies.

8. (B): Quantity A can be rewritten as (notice that the fraction in

the denominator flips in going from division to multiplication).
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Quantity B can be rewritten as——  =r- v- (with 28 as the least commaon mul-
tiple of 4 and 7). In order to compare the two fractions, it is convenient to set the
denominators equal to each other. This can be achieved by multiplying the numer-
ator and denominator of v by 2, giving you 11- . You can now easily

compare the numerators of the two expressions.

Since you are told that x is a positive integer, you can conclude that 14X2 + 64X >
iox2 + 15X because 14X2 will always be greater than iox2, and 64X will always be larg-

er than 15X, whenever x is positive. Therefore, Quantity B is greater.

9. & (or any mathematical equivalent): First, transform the mixed numbers into im-

proper fractions:

31 2i

2 2

At this point, you can perform the subtraction in the numerator by expressing both
fractions in terms of a common denominator. You can then divide the result by the
fraction in the denominator. However, an even faster way to arrive at the answer is
to determine the common denominator of all fractions in the calculation (includ-
ing those in the denominator), and then multiply both the numerator and the
denominator of the main fraction by that number. This clears the top and bottom
fractions at once and leaves you with just integers. In this case, the common
denominator of all fractions is 12. Therefore:
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13 8
4 3 12 13x3-8x4 39-32 7

3 X12 3X6 18 18
2

Note that any equivalent fraction, such as  or ™ , is also an acceptable answer.

i0. (C): To perform the calculation in Quantity A as easily as possible, first find the
least common denominator of all the fractions in the expression, which is 6. Then,
multiply the numerator and the denominator by that common denominator to

eliminate all the fractions at once:

Therefore, the two quantities are equal.

[1. (C): To find the ratio of two quantities, you divide the first by the second. In this
case, the second quantity is a fraction, so you invert it and multiply. Also note that

“of” means multiplication. Thus:

—x4 5
5 % =By
.. 2052
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At this point, you could just multiply the numerators and denominators separately
and then simplify the resulting fraction. However, it is preferable to cancel com-
mon factors before the multiplication, so as to minimize the amount of work you
need to do to solve the problem. In this case, the 8 in the numerator and the 20 in

the denominator both have a factor of 4, so you can cancel those out to obtain:

8 3 /x2 3 2 3 6
5X20" 3 X/x5 _5X5-~25

12. (or any mathematical equivalent): In order to calculate the fraction of all
workers that are over 35, you can reason as follows: A of the workers are men, and
of those, y are over 35. Thus, of7the workers are men over 33. Similarly,
j'-™j x*= of the workers are women over 35. The total fraction of workers over

35, noting that the least common denominator of io and 35 is 70, is given by:

3 6 _3x7 6x2 21+12 33
10 35 70 70 “ 70 70

Another approach is to use a Smart Number. Given the various fractions in the
problem, a number that is divisible by all the denominators is 70. Thus, you might
assume that there are a total of 70 workers in the department, and solve for how
many of the 70 are men and how many are women. You can then determine how
many of those are over 35 years of age. The obvious advantage of the Smart Num-

ber approach is that it avoids fraction addition altogether.

Note that any equivalent fraction, such as -pA Qr™ s also an acceptable answer.
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'3- (A): You can apply multipliers to 9 to account for the successive percent
changes it undergoes. The multiplier for a 1% increase is i+ -~ =i.oi . Thus, raising
g by 1% turns it into 1.019. This quantity must then be multiplied by 0.99, which is
the multiplier for a 1% decrease. The end result for Quantity A is thus (0.99) x
(1.01) x g =0.99999. You can perform similar calculations in Quantity B, where q

is lowered and then raised by 2%:

(0.99) x (1.0i) Xg =0.99999 (0.98) x (1.02) x 9=10.99969

Because 9 is a positive number, Quantity A is greater.

An alternative to this approach is to use the Smart Number of 100 for the initial

value of 9. In that case, the quantities are found to be:

99-99 99.96

14. (C): The two most populous counties in State X are A and B, which together ac-
count for 31% - 22%, or 53% of the total population. This means that all other
counties make up 100% - 53%, or 47% of the total population. It is tempting to an-
swer that the difference is 53% - 47%, or 6%, but that would be incorrect. This is
because 6% is the difference relative to the total population of the state. The prob-
lem asks us to express the answer relative to the combined population of all other
counties. In numbers, this question asks “53 is what percent greater than 47?” The

correct calculation is therefore:
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0f - 0
percent greater = 53%-47% X 100-13
47%

'5- (D): First you should write x as a decimal in order to calculate x 2. This gives x =
0.8 and x 2 = 0.64. The percent difference is equal to the actual difference divided
by the basis of the comparison. The basis of the comparison is what follows the

word “than’ in the problem statement:

per(:entdi1‘ference:0'8'o'64 0.16 -=25%

0.64 0.64 4

Note that if the problem had instead been worded as “by what percent is 0.64
smaller than 0.8?” the basis of the comparison would have been 0.8. The answer

in that case would have been 20%.

16. (A): Using the acronym PEMDAS to remember the proper order of operations,

first perform the operations inside the parentheses:

3: —— + QH\—I<| 3¢9
8 [4 3) 8 112 12 8§ 12
) 2 2
5 5

All that remains is division. To divide fractions, “flip” them, then multiply:
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I>(-I K
=
1

Xl | X
8 5 2

o1 N

Finally, cancel/reduce terms to simplify the math when multiplying through:

6

3
?

3 X 3 9
8 / / X 1 4
1 1 4

17. (B): Start by defining A=0.12=0.121212... Then you can see that ioox =

12.121212...= 12 + X. Solving for x, you get i00.v-.v= 12.12-0.12 >s0 99x = 12- Thus,
2 4

X~99~33*

Alternatively, you could calculate the fraction in each choice using the calculator on

the screen and see that only choice (B) produces the desired non-terminating dec-

imal pattern.

Note that the pattern demonstrated above for non-terminating decimals can be
generalized: a repeating decimal of the form will equal — ; a repeating decimal of
the form will equal ** ; a repeating decimal of the form will equal » , and
so on. Note that in this representation a, b, and c are digits of a decimal, so that

(for instance) ab does not stand for the product ofa and b.
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18. (C): The key to solving this problem successfully is to multiply the terms that
are grouped next to each other in parentheses first, so that you do not make an

error.

(1)(0.1)+(2)(0.2) + (3)(0.3)+(4)(0.4) _ 01+0.4+0.9+16 3 30 _~ -

19. (C): First, solve for the numerator:

5 1 10-1 9 3
3 6 6 6 2

Next, solve for the denominator:

0.32 009 9
0.2 02 20

5 | 3
h %31 g 1
" N —— 3
Therefore: 2 0

20. (C). (D), (E), and (F): For all packages weighing more than 5 pounds, the ship-
ping cost C is given by C = $2.80 + S0.25 x (P - 5), where P is the weight, in
pounds, of the package. According to the problem, the cost to ship Package A is

greater than S7 and less than S8. Therefore:

$7 < $2.80 + $0.25 x (P- 5) < $8

https://ieltstep.com



You can subtract $2.80 from all three expressions in the compound inequality:

$4.20 < $0.25 x (P - 5) < $5.20

Then, you can divide all three expressions by So.25:

168 <P-5 <20.8

Finally, you can add 5to all three expressions:
21.8 < P< 25.8
The package can thus weigh 22, 23, 24, or 25 pounds.
Hard Practice Question Set
CAUTION: These problems are very difficult—more difficult than many of the prob-

lems you will likely see on the GRE. Consider these “Challenge Problems.” Have

fun!

X >
4
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Quantity A Quantity B

(x2-9) V
3

X+ 3 8
8

2. Suppose x =2Xx i05x2 =25x 55y.]=200, and y2 = 400. and *2 represent the
value of* in years 1 and 2, respectively, and y* and y2 represent the value ofy in

years 1 and 2, respectively.

Quantity A Quantity B

The percent decrease in x from year 1to The percent increase in y from year 1 to
year 2 year 2

3

X is a positive integer.

Quantity A Quantity B
The units digit of 6 The units digit of42x
4. Ifx > o and the quantities yfc and are reciprocals, which of the following

could be true? Indicate aN choices that apply.

[TI\fx is greater than
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firivx IS less than 2/
[~cl>/x is greater than x
5 xis at least 50% greater than 100, and at most ioo% greater than 100; y is be-
tween 20% and 50% of x inclusive. Which of the following are possible values
for y?

Indicate all such possible values.

0 10

GD 25

k1 60
U] 90
m 100
k& 120
[n] '7°

INZD
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6. A shopkeeper purchases birdfeeders for $10 each and sells them for $18 each. If
the cost of the feeders increases by 50% for two months in a row, what is the
smallest percent increase the shopkeeper can apply to the selling price in order

to avoid selling at a loss?

Give your answer in percentage points: %

The integers x and (x- 1) are not divisible by 4.
Quantity A Quantity B
The value of the tenths digit of— The value of the hundredths digit of—

8. What is the ones digit of 323- 218?

9. In 1990, the annual salaries of clerks in Town Q ranged from $40,000 to
$55,000. In 2000, the salaries of the same group of clerks ranged from $70,000
to $no,000. The percent increase in the annual salary of a clerk in Town Q be-

tween 1990 and 2000 could be which of the following?

Indicate a]l that apply.
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CH =0

et 100

H= 200

0. Last year, — of the 440 juniors at Central High School took French, - took
N

Geography,®and Jl took both. Which of the following statements must be true?
Indicate all statements that apply.
Fa 1 More students took French than Geography.
0 More students took both French and Geography than took neither.

[~C{The number of students that took Geography but not French was greater
than 50.

11. Jennifer has 40% more stamps than Peter. However, if she gives 45 of her
stamps to Peter, then Peter will have 10% more stamps than Jennifer. How

many stamps did Jennifer begin with?

(A 140
(B) 175
(© 200
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12. A dealer buys a boat at auction and pays io% below list price. He then sells the
boat at a profit of 30% of his cost of the boat. At the same selling price, what

would the dealer's percent profit over his cost have been if he had bought the

boat at list price?

Round your answer to the nearest whole percentage point before entering:

O

13.IfP>0and P% of3Pis P% less than P, then P equals:

A s
B 5
() 40
(D) 50
(E) 64

14. To the nearest dollar, how much money needs to be invested in an account that
earns 8% interest, compounded quarterly, in order to have $12,000 at the end

of 3years?

(A) $9,462
(B) $9,326

(C) $9,677

(D) $9,804
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(E) $11,308

15. At the beginning of each year Jane puts $2,000 in an account that earns 6%
interest, compounded annually. To the nearest dollar, how much money will

Jane have in the account at the end of 4 years if she makes no withdrawals?
Round your answer to the nearest whole dollar: $

16. How many zeros will the decimal equivalent of J*\y+~T~TT have after the decimal
point prior to the first non-zero digit?

A 6
® 7
©) 8
(D) 1
© 18

17. Which of the following is io % less than 2?

A) i+ 1]
B) -+1-

62\
© 1-+?

© 2\

M
02,5

2 10

18. The length of a rectangle is 3 inches, plus or minus an amount no greater than

-i'nch, while its width is 2 inches, plus or minus an amount no greater than 2
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inch. Which of the following could be the percentage by which the actual area

of the rectangle is greater than or less than its nominal area of 6 square inches?

Indicate all that apply.

[a] -30%

GO-25%

QD +25%

[d]+30%

19. A is the tens digit and B is the units digit of the product 12,345 x 6,789. What is
the product of A and B?

(A) o
B 5
© 6
(D) 10
(E) 25

20. Which of the following could be the units digit 98 , where X is an integer greater
than 1?

Indicate a]l such digits:
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[EI2

03
0 4

05

06
07

08

09

Hard Practice Question Solutions

[.(B):In order to evaluate the fraction in Quantity A, simplify as follows:
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X+3 X+3
8

3 8 = 3N+-5T = \&
X +3 (N-9)  (x+3)(x-3) 8" KET(x-3)_8(x-3)
8 3 3

Since x > 4, the denominator in Quantity A must be greater than 8; since the
numerators in Quantity A and Quantity B are the same and the denominator in

Quantity A is larger, Quantity B must be greater.

Note the use of the difference ofsquares special product to factor the (}2- 9) expres-
sion in Quantity A. Also note that in simplifying the fraction, make sure you flip the
fraction ——F —— as you go from division to multiplication. Finally, notice that any

number raised to the power o f-i is equal to its reciprocal.

2. (B): Itis fairly easy to see that the value ofy exactly doubled between years 1 and
2, implying a percent increase of 100%. In order to calculate the percentage in-

crease more formally, use the following formula:

y2—yt_ 400 - 200
yXxX o~ 200

Percent change in” = = 1= 100%

At this point, you know that the percent increase in y must be greater than the per-
cent decrease in x, because a 100% decrease in x would imply that x2 = o, and any
decrease greater than 100% would result in x* being negative. Neither of these is
true, so Quantity B is greater. Still, it is a worthwhile exercise to actually compute
the value of the percent decrease in x
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Percent change in x =

X, -x, _ 2sXbs-2 IXIO* 2ix5>-2'x(2ix51) _(25x5>)x(|-21) |_2 1

* 2°xi05 2' x (25x $5) 2 'x (25x 55) 2 2~
This is a 50% decrease (notice that the negative percent change implies a decrease,
but you are trying to measure the positive decrease, so Quantity A is actually 50%,

not-50%).

3- (C): To evaluate the two quantities, it is not necessary to determine a value for
the exponential expressions above, or even for x. The number 6 raised to any inte-
ger value will produce a units digit of 6, as the units digit will always be determined
by the product 6 x 6 = 36. You can see this pattern by trying the first few exponents
of 6 (or any other number ending in 6) on your on-screen calculator. Simply con-

tinue to multiply each result by 6. The first few results are as follows:

6l = 6

62 = 36 \000\-
\ f§i

63= 216

64= 1296

Note that 42* will always produce a units digit of 6, as well. The units digits of suc-
cessive powers of 4 follow a two-step pattern, as you can see by testing the first

few exponents of4 (or any integer with a units digit of4) on the calculator:
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42=i6
AN= 64

44= 256

Note that odd exponents of 4 always end in 4, and even exponents of 4 always end
in 6. Since 2x must be even, 42 will have a units digit of 6. Thus, the two quantities

are equal.

4. (A), (B), and (C): The GRE entices test-takers to make unwarranted assumptions.
Here, it is important that you not assume that x is an integer. If it were, then choice
(A) is the only possibility. For example, J*> 4 and no integer would result in
choices (B) or (C) being correct. However, x could be a fraction and then the other

E Ji r
choices (choices (B) and (C)) are possible. For example, 1 , because yj-=-

and T 1 7. Furthermore, =Thus, both choices (B) and (C) are possible.

Picking numbers such as the above is the best approach, but again, the key is not

to assume beyond the exact words given in the question stem.5

5- (C), (D), (E), and (F): The information in the question can be translated as fol-

lows:
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*50 ¥ (100)<x £ -200x (100Y
100 100

0.2%<j/<0.5*

Note that in the first inequality, you are looking at a percent increase, which is equal
to x plus the decimal equivalent of the percent change. In the second inequality, y is

a percentage ofx, so multiply x by the given percentages.

From the first inequality, you can determine that x is between 150 and 200. Now
you just need to find the possible range for y. It can be anywhere from 20% to 50%
of any number in the range for x. The smallest possible value for y is 20% of the
smallest number (150), and the largest possible value is 50% of the largest number
(200). Thus, 0.2 x 150 <y < 0.5 x 200, or 30 < y < too. Of the numbers listed, 40,
60, 90, and 100 fall within this range.

6. 25: In order to avoid selling at a loss, the shopkeeper must increase the selling
price of the birdfeeders to match their cost. To determine the percent increase re-
quired, you must first find the required selling price by calculating the new cost of
the birdfeeders. Then you must express this dollar increase as a percentage of the
original selling price of $18 by applying the following formula, where and pq

represent the new and original prices, respectively:

percent change in price = ; A-X100
O

The cost of the birdfeeders ($10) increased by 30% twice in a row. You can express
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this as $10 x (1 + 50%) x (1 + 50%) = $10 x 15 x 15, which equals S22.50. (Note

that two successive 50% increases are not the same as a single increase of ioo%!)

Now you can plug the new price into the percent increase formula:

p —P $22 50— 718
percent change in price = — ----—-—xI100 = -~— —————xI100 =~ —xI00 = 25
h h Pa $18 18

7. (A): The integers (x- 1) and x are consecutive numbers, both of which are not
multiples of 4. Thus, they could be 1 and 2, 2 and 3 3and 6, or 6 and 7, etc. Test

these numbers in a systematic way:

y 1 N Quantity A Quantity B
) 4 tenths digit ol hundredths digit of
1 2 4—:2—:050 5 > 0
2 3 7 =0.75 7 > 5
5 6 H -° 5 > 0
6 7 r'-5 7 > 5
9 10 5 > 0
1l
10 n X = 7 > 5

A pattern is emerging. Greater possible x values will only change the digits of— left

of the decimal, which don't affect either Quantity A or Quantity B. Thus, Quantity A
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is always greater.

8. 3 Last digit (or units digit) problems should be approached in a standard way,
which is to avoid lengthy calculation and instead look for patterns in the last digit
as a number is raised to successive powers. Even the raising to successive powers
can be streamlined by limiting the calculation to the last digit and ignoring the rest

of the digits. For powers of 3, the process goes as follows:

k Last digit of 3®

1 3

2 9

3 7 (because 9 x 3 = 2j)
4 1 (because 7 x 3= 21)
3 3

Kk
Note that the last digit of 3 will repeat from this point onward; it will continually
cycle through 3-9-7-!, in that order. That is, every power of 3 that has a multiple of
4 as the exponent will have its last digit equal to 1. This means that 324 will end in a

|. Therefore, 323 will end ina 7.

You can proceed similarly for powers of 2:

k Last digit of 2"
1 2
2 4
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3 8
4 6 (because 8 x2 = 16)
5 2 (because 6x2 = 12)

Again, note that there is a cycle: every power of 2 that has a multiple of 4 as the
exponent will have its last digit equal to 6. This means that 220 will end in 6, 219 will
end in an 8, and 218 will end in 4. Finally, then, 323- 218 will end in 7- 4, or 3.

9- (B), (C), and (D): In order to answer this question, you need to determine the
possible extremes in the percent salary increase. The least possible increase would

be from the highest 1990 salary to the lowest 2000 salary:

. . $70,000-% 55,000 $15,000 ¢
Minimum percent increase = 27.3%
$55,000 $55,000 11

The greatest possible increase, meanwhile, would be from the lowest 1990 salary to

the highest 2000 salary:

. : $110,000-% 40,000 $70,000
Maximum percent increase = - =175%
$40,000 $40,000 4

Percent increases that fall between these two extremes, inclusive, are possible.

10. (C= For the first two statements you need only to work with fractions. Answer

choice (A) will be true if 8 is greater than v You can quickly compare the two by

cross-multiplying the numerators and denominators, and writing the results next to

the numerators. Whichever product is greater will indicate which fraction is greater:
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-%/ersus 25 is the same as 0.375 versus O./A\f, SO -;’ is less than 2-5 . Choice SA)7 is there-

fore incorrect.

As for choice (B), the fraction of students who took French, Geography, or both
can be determined by adding the individual fractions for each and then subtracting
the fraction that represents the overlap (to eliminate the double-counting of the

students who are in both classes). This gives

3 2 1 3x3+2x8-1x10 2
g o 4~ 40 40

as the fraction of students who took either class or both. Therefore, the fraction of
students who took neither French nor Geography must equal 1— , or— .This is
greater than ~ , which is the fraction of students who took both. Thus, choice (B) is

also incorrect.

Finally, to check choice (C), you first need to compute the fraction of students who
took only Geography and then multiply by 440 to determine the actual number of
such students. The fraction of students who took Geography but not French is

found by subtracting the overlap from the fraction of students who took Geog-

kv : :
raRh;;).( g 20Ix.) >0 . The number of such students is given by
440x— =3x— -=3x22=66.

20 20

Therefore, choice (C) is correct.l

11. (E): You can make a table to summarize what you know about the “Before” and
“After” states. Even though the problem asks for Jennifer's number of stamps, it
actually is more convenient to let Peter's number of stamps be your unknown, be-

cause you are told how Jennifer's number of stamps relates to Peter's: “Jennifer has
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40% more than Peter.” Let P denote the number of stamps that Peter has before

the transfer of 45 stamps. You then have:

Before After
Peter P p-45
Jennifer 14P 1.4P-45

Note in the table that 40% more than P translates to: p +— pP=pP+0.4P=\.4P . The

“After” column is filled out by accounting for the transfer of 45 stamps.

At this point, you can invoke the second given fact, namely that Peter will have 10%
more stamps than Jennifer in the “After” state. Just as “40% more than” translated
to a coefficient of 1.4, “10% more than” will translate to a coefficient of 1.1. Thus,

you can equate Peter's “After” total with 1.1 x Jennifer's “After” total:

P+45=1i.i(i.4P-45) =i.54P-49.5

Collecting terms yields:

94.5 =i.54P-P =°.54P

945 9.450 1,050
0.54 54

Remember, however, that the question asked you for how many stamps Jennifer has

This is a calculation best done using the calculator: p - =175

at the beginning. This is also best computed with the calculator: 1.4 x 175 = 245.
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12. 17: Assume that the list price of the boat is $100. The dealer buys the boat for
$90. He then sells it for $90+— x$90=1.3x$90=$1 \7 . From this, you can see that the
dealer would have made a profit of $17 if he had bought the boat at list price. His
profit would then have been 17% over the list price, which would be entered as the
whole number 17. (Note that choosing $ioo as the list price makes the calculation

of the profit very convenient—a profit of $17 is the same as a profit of 17%.)

13. (B): The problem statement can be translated verbatim. “Percent” means divide

by 100, “of” means multiply, and “P % less than P means subtract P% of P from P:

P P (I P '
(3P)=P— — xP 1- p
100 100 100

The equation can be simplified by multiplying both sides by 100. This eliminates

the fractions and results in:

3P2= (100 - P)P= 100P - P2

Collecting the squared terms on the left and dividing by P (which is allowed be-

cause P is not 0), you obtain:

4P2= iooP
4P = 100
P=25

14. (A): The compound interest formula can be used to calculate the future value F

resulting from an initial principal of P plus interest accruing at a rate of r,
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compounded quarterly for n years. This formula is given by /fe=/(i+"j , where ris to

be expressed as the decimal equivalent of the interest rate.

(Note the use of4 in the formula to represent the quarterly compounding, that is, 4

times per year.)

In this problem, r= 0.08 and n = 3, so $12,000 = P x (1.02)12, or P:S'l?o-zofo
Using the calculator, you can obtain 1.0212 most efficiently by using the shortcut *'x
=" for squaring a number. First square 1.02 and then multiply it by 1.02 again to get
1.023. Then square 1.023to get 1.026; then square that number to get 1.0212:1.02x =
xi.02 = x = x = yields ~ 1.26824. Making sure to clear the memory first by pressing
MC if needed, store this number in the calculator's memory via M+, and finally di-
vide $12,000 by the number in memory to arrive at an approximate answer of P =
$9,462.

15. $9,274: The compound interest formula yields the final value of principal P plus
interest at a rate of r, compounded annually for n years. The formula is F = P(i +
nNn, where r is expressed as the decimal equivalent of the annual percentage inter-

est rate. In this case, r = 0.06.

The first year's investment will compound 4 times, and result in a final value of
$2,000 x 1.064.
The second year's investment will compound 3 times, and result in a final value of
$2,000 x 1.063.
The third year's investment will compound twice, and result in a final value of

$2,000 x 1.062.
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The fourth year's investment will compound once, and result in a final value of
$2,000 x 1.06.

Thus, the total accumulation at the end of the fourth year will equal:
$2,000 x (1.064+ 1.063+ 1.062 + 1.06) ~ $2,000 x 4.63709 ~ $9,274

16. (C): First, you can factor out the common terms in the denominators:

-V (0.0625+0.0016 T(0.0641
107( ) 10 ( )

The -yr- is significant, as it affects the number of decimal places before whatever
number it is multiplied with. For example, -*-x3 =00000008 has 6 zeros after the
decimal point prior to the first non-zero digit. Likewise, -]-Ux0.3=0.00000003 has 7
zeros after the decimal point prior to the first non-zero digit. In addition,

--(0.0641)=0.00000000641 has 8 zeros after the decimal point prior to the first non-

zero digit—7 from the — and 1 from 0.0641 itself.

17. (E): 10% less than 2 means (1 - 10%) = 90% of 2. (It does not mean 2 - 0.1)
Thus, you are looking for the expression whose value is 0.9 x 2, or 1.8. You can do
the calculations using simple decimal representations of the various fractions. In
some cases, these will be exact; in other cases, they will be approximate. The
advantage of this approach is that it avoids the effort involved in doing fraction

arithmetic via common denominators. You get:

(A) -UIl| =0.5+1.4=19 (Exact, incorrect)
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(B) "+i-~*0.8+i.3=2i (Approximate but an underestimate, therefore incor-

rect)
©) I-™+-"»1.6+0.3=19 (Approximate but an underestimate, therefore incor-

rect)
(D) 27---7»2.2-0.4=18 (Approximate but an overestimate, therefore incor-

rect)

(E) 2~-~ =25-8.7=18 (Exact, correct)

18. (B), (C), and (D): The largest allowable area of the rectangle is given by:

or 7—square inches

The percent difference between this area and 6 square inches is equal to
72'6-3.25% F Thus, choices (C) and (D) are possible.

Meanwhile, the smallest allowable area of the rectangle is given by:

square inches

The percent difference between this area and 6 square inches is equal to
«
Thus, choice (B) is possible, while choice (A) is not.

19- (A): In order to determine the value of B, the ones (units) digit of the product,

you need only look at the product of the units digits of 12,345 and 6,789: 5x 9 = 45,
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so B=5.

To determine the value of A, the tens digit, you need to look at the product of the
tens and ones digits of 12,345 x 6.78q:45 x 89 = 4.00". so A=o0. |||\

Therefore, AB=0x5 = 0.

20. (©). (B). (G). and (I): Whenever a question asks for the value of the ones (units)
digit result of multiplication, you only need to calculate the product of the units
digits of the original numbers. For example, 49 x 143 = 7,007, but you can find the
units digit of the product by taking 9 x 3= 2J.

Thus, to find the possible units digits of 98 , you only need to observe the units

digits of successive powers of 8 :

X Units digit of 8*
1 8

2 4 (8x 8= 64)

3 2 (4x 8=32

4 6 (2 x 8= 16)

3 8 (6 x 8= 48)

The pattern of 8, 2, 4, 6 will repeat every four successive powers, and the units digit
of 98 can only ever be 2, 4, 6, or 8.
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Notice also that you can use Primes & Divisibility and Odd/Even concepts to elim-
inate all but the correct choices. All odd digits can be eliminated (since 98 is an
even number, 98 to any power will be an even number and thus end in an even
digit), as can o (any integer ending in o is divisible by 10, which means that the
integer has both a2 and a 5 in its prime factorization; the prime factorization of 98
IS2 X 7 x 7, so 98 raised to any power will never have a 5 in its prime factorization

and thus cannot be divisible by 10).
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