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PART I: GENERAL
This part of the book covers both basic and intermediate topics within Geometry.
Complete Part I before moving on to Part II: Advanced.

Chapterl
----0/----
GEOMETRY

POLYGONS



In This Chapter . . .

• Quadrilaterals: An Overview

• Polygons and Interior Angles

• Polygons and Perimeter

• Polygons and Area

• 3 Dimensions: Surface Area

• 3 Dimensions: Volume



POLYGONS SJRATEGY

POLYGONS
A polygon is defined as a closed shape formed by line segments. The polygons tested on the
GMAT include the following:

• Three-sided shapes (Triangles)
• Four-sided shapes (Quadrilaterals)
• Other polygons with n sides (where n is five or more)

This section will focus on polygons oHour or more sides. In particular, the GMAT empha-
sizes quadrilaterals-or four-sided polygons-including trapezoids, parallelograms, and spe-
cial parallelograms. such as rhombuses. rectangles. and squares.

Polygons are two-dimensional shapes-they lie in a plane. The GMAT tests your ability to
work with different measurements associated with polygons. The measurements.you must
be adept with are (1) interior angles, (2) perimeter, and (3) area.

The GMAT also tests your knowledge of three-dimensional shapes formed from polygons,
particularly rectangular solids and cubes. The measurements you must be adept With are (1)
surface area and (2) volume.

Quadrilaterals: An Overview
The most common polygon tested on the GMAT, aside from the triangle, is the quadrilat-
eral (any four-sided polygon). Almost all GMAT polygon problems involve the special types
of quadrilaterals shown below.

Parallelogram
Opposite sides and

opposite angles ate equal.

Rectangle
All angles are 90°, and

opposite sides are equal.

'\~Square

All angles are
90°. All sides

are equal.

Trapezoid
One pair of opposite
sides is parallel, In this
case, the top and bonom
sides are parallel, but the

right and left
sides are not.

Rectangles and rhombuses are special types of
parallelograms.

Note that a square is a special type of parallelogram
that is both a-rectangle and a rhombus.
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A polygon is a closed
shape formed by line

segments.
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Chapter 1

Another way to find the

sum of the interior

angles in a polygon is to

divide the polygon into
triangles. The interior
anglcs of each triangle

sum to 180°.

POLYGONS STRATEGY

Polygons and Interior Angles
The swn of the interior angles of a given polygon depends only on the number of sides in
the polygon. The following chart displays the relationship between the type of polygon and
the sum of its interior angles.

The swn of the interior angles of a
polygon follows a specific pattern
that depends on n, the number of
sides that the polygon has. This swn
is always 1800 times 2 less than n
(the number of sides), because the
polygon can be cut into (n - 2) tri-
angles, each of which contains 180°.

Polygon # of Sides Sum of Interior Angles
Triangle 3 180°
Quadrilateral 4 360°
Pentagon 5 540°
Hexagon 6 720°

This pattern can be expressed with the following formula:

I (n - 2) X 180 = Sum of Interior Angles of a Polygon I

Since this polygon has four sides, the swn of its
interior angles is (4 - 2)180 = 2(180) = 360°.

Alternatively, note that a quadrilateral can be cut into
two triangles by a line connecting opposite corners.
Thus, the sum of the angles = 2(180) = 360°.

Since the next polygon has six sides, the swn of its
interior angles is (6 - 2)180 = 4(180) = 720°.

Alternatively, note that a hexagon can be cut into four
triangles by three lines connecting corners.

Thus, the swn of the
angles = 4(180) = 720°,

By the way, the corners of polygons are also known as ver-
tices (singular: vertex).
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POLYGONS STRATEGY

Polygons and Perimeter
9 The perimeter refers to the distance around a polygon; or the sum

of the lengths of all the sides. The amount of fencing needed to
surround a yard would be equivalent to the perimeter of that yard

7 (the sum of all the sides).
5

The perimeter of the pentagon to the left is:
9 + 7 + 4 + 6 + 5 = 31.

Polygons and Area
The area of a polygon refers to the space inside the polygon. Area is measured in square
units, such as cm2 (square centimeters), m2 (square meters), or ft2 (square feet). Forexam-
ple, the amount of space that a garden occupies is the area of that garden.

On the GMAT, there are two polygon area formulas you MUST know:

1) Area of a TRIANGLE '= Base x
2
Heigbt

The base refers to the bottom side of the triangle. The height ALWAYS refers to a line that
is perpendicular (at a 900 angle) to the base.

In this triangle, the base is 6 and the height (perpendicular to the
base) is 8. The area = (6 x 8) + 2 = 48 + 2 = 24.

In this triangle, the base is 12, but the height is not shown.
Neither of the other two sides of the triangle is perpendicular to
the base. In order to find the area of this triangle, we would first
need to determine the height, which is represented by the. dotted
line.

2) Area of a RECTANGLE = Length x Width

13

4 1 --'
The length of this rectangle is 13, and the width
is 4. Therefore, the area = 13 x 4 = 52.
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of the quadrilaterals

shown in this seaion.



Chapter 1

Notice that most of these
formulas involve finding

a base and a line perpen-
dicular to that base (a

height).
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POLYGONS STRATEGY
The GMAT will occasionally ask you to find the area of a polygon more complex than a
simple triangle or rectangle. The following formulas can be used to find the areas of other
types of quadrilaterals:

3) Area of a TRAPEZOID = (Basel + Bas;~ x Height

Note that the height refers to a line perpendicular to the two
bases, which are parallel. (You often have to draw in the height,
as in this case.) In the trapezoid shown, basel = 18, base, = 6,
and the height = 8. The area = (18 + 6) x 8 + 2 = 96. Another
way to think about this is to take the average of the two bases
and multiply it by the height.

- 4) Area of any PARALLELOGRAM = Base x Height

Note that the height refers to the line perpendicular to the base. (As with
the trapezoid, you often have to draw in the height.) In the parallelogram
shown, the base = 5 and the height = 9. Therefore, the area is 5 x 9 = 45.

5) Area of a RHOMBUS = Diagonall; Diagonal2

Note that the diagonals of a rhombus are ALWAYS perpendicular
bisectors (meaning that they cut each other in half at a 90° angle).

. .6x8 48
The area of this rhombus IS -2- = 2 = 24.

Although these formulas are very useful to memorize for the GMAT, you may notice that
all of the above shapes can actually be divided into some combination of rectangles and
right triangles. Therefore, if you forget the area formula for a particular shape, simply cut
the shape into rectangles and right triangles, and then find the areas of these individual
pieces. For example:

can be cut ...This trapezoid ...
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POLYGONS STRATEGY

3 Dimensions: Surface Area
The GMAT tests twO particular three-dimensional shapes formed from polygons: the rec-
tangular solid and the cube. Note that a cube is just a special type of rectangular solid.

4 ~ RECTANGULAR SOUD a
12

./ ./

CUBE

./ ./

5

The surface area of a three-dimensional shape is the amount of space on the surface of that
particular object. For example, the amount of paint that it would take to fully cover a rec-
tangular box could be determined by finding the surface area of that box; As with simple
area, surface area is measured in square units such as inches2 (square inches) or ft2 (square
feet).

I Surface Area = the SUM of the areas of ALL of the faces

Both a rectangular solid and a cube have six faces.

To determine the surface area of a rectangular solid, you must find the area. of each face.
Notice, however, that in a rectangular solid, the front and back faces have the same area, the
top and bottom faces have the same area, and the two side faces have the same area. In the
solid above, the area of the front face is equal to 12 x 4 = 48. Thus, the back face also has
an area of 48. The area of the bottom face is equal to 12 x 3 = 36. Thus, the top face also
has an area of 36. Finally, each side face has an area of 3 x 4 = 12. Therefore, the surface
area, or the sum of the areas of all six faces equals 48(2) + 36 (2) + 12(2) = 192.

To determine the surface area of a cube, you only need the length of one side. We can see
from the cube above that a.cube is made of six square surfaces. First, find the area of one
face: 5 x 5 = 25. Then, multiply by six to account for all of the faces: 6 x 25 = 150.
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Chapter 1

Another way to think
about this formula is that

the volume is equal to

the area of the base mul-
tiplied by the height.

POLYGONS STRATEGY

3 Dimensions: Volume
The volume of a three-dimensional shape is the amount of "stuff" it can hold. "Capacity" is
another word for volume. For example, the amount of liquid that a rectangular milk carton
holds can be determined by finding the volume of the carton. Volume is measured in cubic
units such as Inches" (cubic inches), &3 (cubic feet), or m3 (cubic meters) .

4

/ /

RECTANGULAR SOLID

1/ 11'3

./ ./

CUBE

V ./
12

5

Volume = Length x Width x Height

By looking at the rectangular solid above, we can see that the length is 12, the width is 3,
and the height is 4. Therefore, the volume is 12 x 3 x 4 = 144.

In a cube, all three of the dimensions-length, width, and height-are identical. Therefore,
knowing the measurement of just one side of the cube is sufficient to find the volume. In
the cube above, the volume is 5 x 5 x 5 = 125.

Beware of a GMAT volume trick:

How many books, each with a volume of 100 in3, can be packed into a crate
with a volume of 5,000 in3?

It is tempting to answer "50 books" (since 50 x 100 = 5,000). However, this is incorrect,
because we do not know the exact dimensions of each book! One book might be 5 x 5 x 4,
while another book might be 20 x 5 x 1. Even though both have a volume of 100 ln", they
have different rectangular shapes. Without knowing the exact shapes of all the books, we
cannot tell whether they would all fit into the crate. Remember, when you are fitting 3-
dimensional objects into other 3-dimensional objects, knowing the respective volumes is
not enough. We must know the specific dimensions (length, width, and height) of each
object to determine whether the objects can fit without leaving gaps.
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IN ACTION POLYGONS PROBLEM SET Chapter 1

Problem Set (Note: Figures are not drawn to scale.)
1. Frank the Fencemakernee~s to fence in a rectangular yard. He fences in the entire

yard, except for one 40-foQt side of the yard. The yard has an area of 280 square feet.
How many feet of fence does Frank use?

2. A pentagon has three sides with length x, and two sides with the length 3x. If x is 3. of
. 3

an inch, what is the perimfter of the pentagon?

ABCD is a quadrilateral, with AB parallel to CD (see figure). E is a
point between C and 0 such that AErepresents the height of
ABeD, and E is the midpoi~t of CD. If AB is 4 inches long, AE is 5

I

inches long, and the area ~f triangle AED is 12.5 square inches,
what is the area of ABCD?!

3.

4. A rectangular tank needs ~o be coated with insulation.
The tank has dimensions of 4 feet, 5 feet, and 2.5 feet.
Each square foot of insulalion costs $20. How much
will it cost to cover the surface of the tank with insulation?

A B

5. Triangle ABC (see figure) has a base of 2y, a height of
y, and an area of 49. What is y? .~I

I
I
Iyln_

c 2y A
6. 40 percent of Andrea's Iivi~g room floor is covered by

a carpet that is 4 feet by 9 feet. What is the area of her
living room floor?

7. If the perimeter of a rectangular flower bed is 30 feet, and its area is 44 square feet,
what is the length of each of its shorter sides?

8. There is a rectangular parking lot with a length of 2x and a width of x. What is the ratio
of the perimeter of the parking lot to the area of the parking lot, in terms of x?

9. A rectangular solid has a square base, with each side of the base measuring 4 meters. If
the volume of the solid is 112 cubic meters, what is the surface area of the solid?

10. ABCD is a parallelogram (see figure). The ratio of
DEto ECis 1: 3. AE has a length of 3. If quadri-
lateral ABCEhas an area of 21, what is the area of
ABCD?

A B

11. A swimming pool has a length of 30 meters, a width
of 10 meters, and an average depth of 2 meters. If a
hose can fill the pool at a rate of O.Scubic meters per
minute, how many hours will it take the hose to fill
the pool?

D x E 3x c
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Chapter 1 POLYGONS PROBLEM SET IN ACTION
=========

12. ABCD is a rhombus (see figure). ABE is a right triangle. B
AB is 10 meters. The ratio of the length of CEto the length
of EB is 2 to 3. What is the area of trapezoid AECD?

13. A Rubix cube has an edge 5 inches long. What is the
ratio of the cube's surface area to its volume? 0

14. If the length of an edge of Cube A is one third the length of an edge of Cube B, what is
the ratio of the volume of Cube A to the volume of Cube B?

15. ABCD is a square picture frame (see figure). EFGHis a A _----__.B
E F

square inscribed within ABCD as a space for a picture. The D
area of EFGH(for the picture) is equal to the area of the
picture frame (the area of ABCD minus the area of EFGH).
If AB = 6, what is the length of EF?

H G

o c

20
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IN ACTION ANSWER KEY POLYGONS SOLUTIONS Chapter 1
1. 54 feet: We know that one side of the yard is 40 feet long; let us call this the length. We also know that
the area of the yard is 280 square feet. In order to determine the perimeter, we must know the width of the
yard.

A=lx w
280 = 40w

w = 280 + 40 = 7 feet

Frank. fences in the two 7-foot sides and one of the 40-foot sides. 40 + 2(7) = 54.

2. 6 inches: The perimeter of a pentagon is the sum of its five sides: x + x + x + 3x + 3x = 9x. If x is 2/3
of an inch, the perimeter is 9(2/3), or 6 inches.

3. 35 in2
: If E is the midpoint of C, then CE = DE = x. We can determine the length of x by using what

we know about the area of triangle AED.

A=~
2

12.5 = 5x
2

25 = 5x
x=5

Therefore, the length of CD is 2x, or 10.

hi + In
To find the area of the trapezoid, use the formula: A = x h

2

= 4 + 10 x 5
2

= 35 in2

4. $1,700: To find the surface area of a rectangular solid, sum the individual areas of all six faces:

Top and Bottom:
Side 1:
Side 2:

5 x4 =20 ~
5 x 2.5 = 12.5 ~
4 x 2.5 = 10 ~

2 x 20 = 40
2 x 12.5 = 25
2 x 10 = 20

40 + 25 + 20 = 85 ft2

Covering the entire tank will cost 85 x $20 = $1,700.

5. 7: The area of a triangle is equal to half the base times the height. Therefore, we can write the follow-
ing relationship:

~=49
2

l=49
y= 7

9danliattanG MAT·Prep
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Chapter 1 POLYGONS SOLUTIONS IN ACTION ANSWER KEY

6. 90 ftz: The area of the carpet is equal to Lx w, or 36 ft2. Set up a percent table or a proportion to find
the area of the whole living room floor:

40 36
Cross-multiply to solve.

100 x

40x= 3600
x =90 ft2

7. 4: Set up equations to represent the area and perimeter of the flower bed:

A=Lx w p= 2(/+ w)

Then, substitute the known values for the variables A and P:

44= Lx w 30= 2(1+ w)

Solve the ~o equations with the substitution method:

L= 44
w

.,,

4430= 2(- + w)
w

Multiply the entire equation by !!!...
2

15w= 44+ w2

w2-15w+44=0
(w-ll)(w - 4) = 0

w= {4, ll}

Solving the quadratic equation yields two solutions: 4
and 11. Since we are looking only for the length of
the shorter side, the answer is 4.

Alternatively, you can arrive at the correct solution by picking numbers. What length and width add up to
15 (half of the perimeter) and multiply to produce 44 (the area)? Some experimentation will demonstrate
that the longer side must be 11 and the shorter side must be 4.

8. L: If the length of the parking lot is 2x and the width is x, we can set up a fraction to represent the
x

ratio of the perimeter to the area as follows:

perimeter = 2(2x + x)
area (2x)(x)

6x 3=-=-
2x2 X

9. 144 mZ: The volume of a rectangular solid equals (length) x (width) x (height). If we know that the
length and width are both 4 meters long, we can substitute values into the formulas as shown:

112=4x4xh
h=7

22
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IN ACTION ANSWER KEY POLYGONS SOLUTIONS Chapter 1

To find the surface area of a rectangular solid, sum the individual areas of all six faces:

Top and Bottom:
Sides:

4 x 4 = 16
4x7=28

~ 2 x 16 = 32
~ 4 x 28 = 112

32 + 112 = 144 m2

10. 24: First, break quadrilateral ABCE into 2 pieces: a 3 by 3x rectangle and a right triangle with a base
of x and a height of 3. Therefore, the area of quadrilateral ABCE is given by the following equation:

3xx
(3 x 3x) + -- = 9x + 1.5x = 10.5x

2

If ABCE has an area of21, then 21 = 1O.5x, and x = 2. Quadrilateral ABCD is a parallelogram; thus, its
area is equal to (base) x (height), or 4x x 3. Substitute the known value of 2 for x and simplify:

A = 4(2) x 3 = 24

11. 20 hours: The volume of the pool is (length) x (width) x (height), or 30 x 10 x 2 = 600 cubic meters.
Use a standard work equation, RT= W,where W represents the total work of 600 m3.

0.5t= 600
t = 1,200 minutes Convert this time to hours by dividing by 60: 1,200 -:- 60 = 20 hours.

12. 56 m1
:To find the area of a trapezoid, we need the lengths of both parallel bases and the height. If

ABCD is a rhombus, then AD = AB = 10. This gives us the length of the first base, AD. We also know

that CB = CE + EB = 10 and ~: = ~ . We can use the unknown multiplier method to find the length of

the second base, CE:
2x+ 3x= 10

5x= 10
x=2

Thus, CE = 2x = 2(2) = 4.

Now all that remains is the height of the trapezoid, AE. If you recognize that AE forms the long leg of a
right triangle (ABE), you can use the Pythagorean Theorem to find the length of AE:

62 + b2 = 102

b=8

. . bl + b2 10 + 4 2
The area of the trapezoid IS: -2- x h = -2- x 8 = 56 m .

13. !:To find the surface area of a cube, find the area of 1 face, and multiply that by 6: 6(52
) = 150.

5 To find the volume of a cube, cube its edge length: 53 = 125.

The ratio of the cube's surface area to its volume, therefore, is ~;~, or ~ .

:ManliattanGMAT·Prep
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Chapter 1 POLYGONS SOLUTIONS IN ACTION ANSWER KEY

14. 1 to 27: First, assign the variable x to the length of one side of Cube A. Then the length of one side of
Cube B is 3x. The volume of Cube A is x3. The volume of Cube B is (3X)3, or 27x3.

3

Therefore, the ratio of the volume of Cube A to Cube B is ~, or 1 to 27. You can also pick a number
27x

for the length of a side of Cube A and solve accordingly.

15. 3v2: The area of the frame and the area of the picture sum to the total area of the image, which is 62
,

or 36. Therefore, the area of the frame and the picture are each equal to half of 36, or 18. Since EFGH is a
square, the length ofEF is v'i8, or 3V2.

, .

24
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In This Chapter . . .

• The Angles of a Triangle

• The Sides of a Trial~gle

• The Pythagorean Theorem

• Common Right Triangles

• Isosceles Triangles and the 45-45-90 Triangle

• Equilateral Triangles and the 30-60-90 Triangle

• Diagonals of Other Polygons

• Similar Triangles

• Triangles and Area, Revisited



TRIANGLES & DIAGONALS STRATEGY

TRIANGLES & DIAGONALS
The polygon most commonly tested on the GMAT is the triangle.

Right triangles (those with a 90° angle) require particular attention, because they have spe-
cial properties that are useful for solving many GMAT geometry problems.

The most important property of a right triangle is the unique relationship of the three sides.
Given the lengths of any two of the sides of a right triangle, you can determine the length
of the third side using the Pythagorean Theorem. There are even two special types of right
triangles-the 30-60-90 triangle and the 45-45-90 triangle-for which you only need
the length of ONE side to determine the lengths of the other two sides.

Finally, right triangles are essential for solving problems involving other polygons. For
instance, you might cut more complex polygons into right triangles.

The Angles of a Triangle
The angles in any given triangle have two key properties:

(1) The sum of the three angles of a triangle equals 180°.

What is x? Since the sum of the
three angles must be 180°, we
can solve for x as follows:
180 - 96 - 50 = x= 34°.

What is a? Since the sum of the three
angles must be 180°, we can solve for x
as follows:
90 + 3a + a = 180 ~ a = 22S.

(2) Angles correspond to their opposite sides. This means that the largest angle is oppo-
site the longest side, while the smallest angle is opposite the shortest side. Additionally, if
two sides are equal, their opposite angles are also equal. Such triangles are called isosce-
les triangles.

If angle a = angle b, what is the length of side x?

Since the side opposite angleb has a length of 10, the side
opposite angle a must have the same length. Therefore, x = 10.

Mark equal angles and equal sides with a slash, as shown. Also
be ready to redraw-often, a triangle that you know is isosceles
is not displayed as such. To help your intuition, redraw the tri-
angle to scale.
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Chapter 2

The sum of any two
sides of a triangle must
be GREATER than the
third side. This is called
the Triangle Inequality
Theorem.

TRIANGLES & DIAGONALS STRATEGY

The Sides of a Triangle
Consider the following "impossible" triangle MEC and what it reveals about the relation-
ship between the three sides of any triangle.

The triangle to the right could never be drawn
with the given measurements. Why? Consider
that the shortest distance between any two points
is a straight line. According to the triangle shown,
the direct straight line distance between point C
and point B is 14; however, the indirect path
from point C to B (the path that goes from C to
A to B) is 10 + 3, or 13, which is shorter than the
direct path! This is clearly impossible.

A

IMPOSSIBLE

c 14 B

The above example leads to the following Triangle Inequality law:

The sum of any two sides of a triangle must be GREATER THAN the third side.

Therefore, the maximum integer distance for side BC in the triangle above is 12. If the
length of side BC is not restricted to integers, then this length has to be less than 13.

Note that the length cannot be as small as we wish, either. It must be greater than the dif-
ference between the lengths of the other two sides. In this case, side BC must be longer
than 10 - 3 = 7. This is a consequence of the same idea.

Consider the following triangle and the proof that the given measurements are possible:

A Test each combination of sides to prove that the
measurements of this triangle are possible.

5 +8 >9
5 +9 >8
8 +9 > 5

C 9 B

Note that the sum of two sides cannot be equal to the third side. The sum of two sides
must always be greater than the third side.

H you are given two sides of a triangle, the length of the third side must lie between the
difference and the sum of the two given sides. For instance, if you are told that two sides
are of length 3 and 4, then the length of the third side must be between 1 and 7.

:M.anliattanG MAT·Prep
the new standard



TRIANGLES & DIAGONALS STRATEGY

The Pythagorean Theorem
A right triangle is a triangle with one right angle
(90°). Every right triangle is composed of two legs
and a hypotenuse. The hypotenuse is the side oppo-
site the right angle and is often assigned the letter c.
The two legs which form the right angle are often
called a and b (it does not matter which leg is a and
which leg is b).

a

Given the lengths of two sides of a right triangle, how can you determine the length of the
third side? Use the Pythagorean Theorem, which states that the sum of the square of the
two legs of a right triangle (ti' + b2

) is equal to the square of the hypotenuse of that triangle
(c).

x

I Pythagorean Theorem: a2 + b2 = ,2
What is x?
a2 + b2= ,2

x2 + 62 = 102

x2 + 36= 100
x2= 64
x=8

What is w?

6

a2 + b2= c2

52 + 122 = w2

25 + 144 = w2

169 = w2

13 = w

Common Right Triangles
Certain right triangles appear over and over on the GMAT. It pays to memorize these com-
mon combinations in order to save time on the exam. Instead of using the Pythagorean
Theorem to solve for the lengths of the sides of these common right triangles, you should
know the following Pythagorean triples ftom memory:

Common Combinations Key Multiples
3-4-5 6-8-10

The most popular of all right triangles 9-12-15
32 + 42 = 52 (9 + 16 = 25) 12-16-20

5-12-13
Also quite popular on the GMAT 10-24-26
52 + 122= 132 (25 + 144 = 169)

8-15-17
This one appears less frequently None
82 + 152= 172 (64 + 225 = 289)

Watch out for impostor triangles! A random triangle with one side equal to 3 and another
side equal to 4 does not necessarily have a third side of length 5.
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TRIANGLES & DIAGONALS STRATEGY

Isosceles Triangles and the 45-45-90 Triangle
As previously noted, an isosceles triangle is one in which two sides are equal. The two
angles opposite those two sides will also be equal. The most important isosceles triangle on
the GMAT is the isosceles right triangle.

An isosceles right triangle has one 90° angle (opposite the hypotenuse) and two 45° angles
(opposite the two equal legs). This triangle is called the 45-45-90 triangle.

A The lengths of the legs of every 45-45-90 triangle have a
specific ratio, which you must memorize:

45° ~ 45°~ 90°
leg leg hypotenuse
1 1 Vi
x : x xVi

Given that the length of side AB IS 5, what are the lengths of sides BCand AC?

Since AB is 5, we use the ratio 1 : 1 : v2 for sides AB : BC : AC to determine that the
multiplier x is 5. We then find that the sides of the triangle have lengths 5 : 5 : 5v2.
Therefore, the length of side BC = 5, and the length of side AC = 5V2.

Given that the length of side AC is ViS, what are the lengths of sides AB and BC?

Since the hypotenuse AC is v'i8 = xv2, we find that x = v'i8 -:-v2 = v'9 = 3. Thus,
the sides AB and BC are each equal to x, or 3.

One reason that the 45-45-90 triangle is so important is that this triangle is exactly half of
a square! That is, two 45-45-90 triangles put together make up a square. Thus, if you are
given the diagonal of a square, you can use the 45-45-90 ratio to find the length of a side
of the square.

x

x
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Equilateral Triangles and the 30-60-90 Triangle
An equilateral triangle is one in which all three sides (and all three angles) are equal. Each
angle of an equilateral triangle is 60° (because all 3 angles must sum to 180°). A close rela-
tive of the equilateral triangle is the 30-60-90 triangle. Notice that two of these triangles,
when put together, form an equilateral triangle:

The lengths of the legs of every
30-60-90 triangle have the
following ratio, which you must
memorize:long

30° ~ 60° ~ 90°
short leg long leg hypotenuse
1 : V3 : 2
x : xV3 : 2x

short

EQUILATERAL TRIANGLE 30-60-90 TRIANGLE

Given that the short leg of a 30-60-90 triangle has a length of 6, what
c >

are the lengths of the long leg and the hypotenuse?

The short leg, which is opposite the 30 degree angle, is 6. We use the ratio 1 : Y3 : 2 to
determine that the multiplier x is 6. We then find that the sides of the triangle have lengths
6: 6Y3: 12. The long leg measures 6Y3 and the hypotenuse measures 12.

Given that an equilateral triangle has a side of length 10, what is its height?

Looking at the equilateral triangle above, we can see that the side of an equilateral triangle
is the same as the hypotenuse of a 30-60-90 triangle. Additionally, the height of an equi-
lateral triangle is the same as the long leg of a 30-60-90 triangle. Since we are told that
the hypotenuse is 10, we use the ratio x: xV3 : 2x to set 2x = 10 and determine that the
multiplier x is 5. We then find that the sides of the 30-60-90 triangle have lengths 5 :
5Y3 : 10. Thus, the long leg has a length of 5Y3, which is the height of the equilateral
triangle.

If you get tangled up on a 30-60-90 triangle, try to find the length of the short leg. The
other legs will then be easier to figure out.

Diagonals of Other Polygons
Right triangles are useful for more than just triangle problems. They are also helpful for
finding the diagonals of other polygons, specifically squares, cubes, rectangles, and rectangu-
lar solids.

The diagonal of a square can be found using this formula:
d = sv2, where s is a side of the square.
This is also the face diagonal of a cube.

The main diagonal of a cube can be found using this formula:
d = sY3, where s is an edge of the cube .
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Given a square with a side of length 5, what is the length of the diagonal of the
square?

Using the formula d = sV2, we find that the length of the diagonal of the square is 5V2.
What is the measure of an edge of a cube with a main
diagonal of length V60?

Again, using the formula d = sV3, we solve as follows:

v'6O=sV3~s= ~ =V20
Thus, the length ofthe edge of the cube is V20.

To find the diagonal of a rectangle, you must know EITHER the length and the width OR
one dimension and the proportion of one to the other.

If the rectangle to the left has a length of 12 and a
width of 5, what is the length of the diagonal?

Using the Pythagorean Theorem, we solve:
52 + 122 = c2

~ 25 + 144 = c2
~ C = 13

The diagonal length is 13.

If the rectangle above has a width of 6, and the ratio of the width to the
length is 3 : 4, what is the diagonal?

Using the ratio, we find that the length is 8. Then we can use the Pythagorean Theorem.
Alternatively, we can recognize that this is a 6-8-10 triangle. Either way, we find that the
diagonal length is 10.

What is the length of the main diagonal of this
rectangular solid?

8

To find the diagonal of a rectangular solid, you can use the
Pythagorean Theorem twice.

First, find the diagonal of the bottom face: 92 + 122 = c2 yields c = 15 (this is a multiple of a
3-4-5 triangle), so the bottom (dashed) diagonal is 15. Then, we can consider this bottom
diagonal of length 15 as the base leg of another right triangle with a height of 8. Now we
use the Pythagorean Theorem a second time:
82 + 152 = c2 yields c = 17, so the main diagonal is 17.

Generalizing this approach, we find the "Deluxe" Pythagorean Theorem: d2 = x2 +l + Z2,

where x, y, and z are the sides of the rectangular solid and d is the main diagonal. In this
case, we could also solve this problem by applying the equation 92 + 122 + 82 = d2

, yielding
d= 17.
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Similar Triangles
One final tool that you can use for GMAT triangle problems is the similar triangle
strategy. Often, looking for similar triangles can help you solve complex problems.

Triangles are defined as similar if all their corresponding angles are equal and their corre-
sponding sides are in .".,portion.

C
5

r~4

~
10

Once you find that 2 triangles have 2 pairs of equal angles, you know that the triangles are
similar. If 2 sets of angles are congruent, then the third set of angles must be congruent,
since the sum of the angles in any triangle is 180°.

AWhat is the length of side EF?

G

We know that the two triangles above are similar, because they have 2 angles in common (x and
the right angle). Since they are similar triangles, their corresponding sides must be in proportion.

Side BC corresponds to side EG (since they both are opposite angle x). Since these sides are
in the ratio of 12: 4, we can determine that the large triangle is three times bigger than the
smaller one. That is, the triangles are in the ratio of 3 : 1. Since side AB corresponds to side
EF, and AB has a length of 9, we can conclude that side EF has a length of 3.

If we go on to compute the areas of these two triangles, we get the following results:

Area of ABC = !..bh Area ofEFG = !..bh
2 2

=±(9)(12) =±(3)(4)
=54 =6

These two areas are in the ratio of 54 : 6, or 9 : 1. Notice the connection between this 9: 1
ratio of areas and the 3 : 1 ratio of side lengths. The 9 : 1 ratio is simply the 3:1 ratio squared.

This observation can be generalized:

H two similar triangles have corresponding side lengths in ratio a:b, then
their areas will be in ratio Ii : bZ,

The lengths being compared do not have to be sides-they can represent heights or perime-
ters. In fact, the figures do not have to be triangles. The principle holds true for any similar
figures: quadrilaterals, pentagons, etc. For similar solids with corresponding sides in ratio a: b,
their volumes will be in ratio a': b'.
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Triangles and Area, Revisited
Although you may commonly think of "the base" of a triangle as whichever side is drawn
horizontally, you can designate any side of a triangle as the base. For example, the following
three diagrams show the same triangle, with each side in turn designated as the base:

,

B2~
"~'Iieightz,,,

"'~ .....
Height3

Since a triangle only has one area, the area must be the same regardless of the side chosen as
the base. In other words,

l..x Basel x Height] = l..xBase
2

x Heigbt , = l..x Base 3 x Height 3
2 2 2

- and therefore

Base] x Height] = Base 2 x Height 2 = Base 3 x Height 3

Right triangles have three possible bases just as other triangles do, but they are special
because their two legs are perpendicular. Therefore, if one of the legs is chosen as the base,
then the other leg is the height. Of course, we can also choose the hypotenuse as the base.

I
I

H~:~ ~'2~
Basel Heightz

Thus, the area of a right triangle is given by the following formulas:

1 1
A = - x (One leg) x (Other leg) = - Hypotenuse x Height from hypotenuse2 2

Because an equilateral triangle can be split into two 30-60-90 triangles, a useful formula
can be derived for its area. If the side length of the equilateral triangle is S, then S is also the
hypotenuse of each of the 30-60-90 triangles, so their sides are as shown in the diagram.

The equilateral triangle has base of length S and a height of

length s.J3 . Therefore, the area of an equilateral triangle
2

with a side oflength 5is equal to !.(515.j3) = 5
1.j3.

2 '\. 2 4S S
2 2

Knowing this formula can save you significant time on a problem involving the area of an
equilateral triangle, although you can always solve for the area without this formula.
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IN ACTION TRIANGLES & DIAGONALS PROBLEM SET Chapter 2

Problem Set (Note: Figures are not drawn to scale.)

1. A square is.bisected into two equal triangles (see figure). If the length B A

of BD is 16V2 inches, what is the area of the square?

o

2. Beginning in Town A, Biker Bob rides his bike 10 miles west, 3 miles
north, 5,miles east, and then 9 miles north, to Town B. How far apart
are Town A and Town B? (Ignore the curvature of the earth.)

3. Now in Town B, Biker Bob walks due west, and then straight north to Town C.
If Town B and Town Care 26 miles apart, and Biker Bob went 10 miles west, how many
miles north did he go? (Again, ignore the curvature ofthe earth.)

4. Triangle A has a base of x and a height of 2x. Triangle B is similar to Triangle A, and
has a base of 2x. What is the ratio of the area of Triangle A to Triangle B?

5. What is the measure of angle x in the figure to the right?

6. The longest side of an isosceles right triangle measures
20V2. What is the area of the triangle?

7. Two similar triangles have areas in the ratio of 9 : 1.
What is the ratio of these triangles' perimeters?

8. The size of a square computer screen is measured by the
length of its diagonal. How much bigger is the visible area
of a square 24-inch screen than the area of a square 20-
inch screen?

9. A square field has an area of 400 square meters. Posts are set at all corners of the
field. What is the longest distance between any two posts?

10. In Triangle ABC, AD = DB = DC (see
figure). Given that angle DCBis 60° and
angle ACD is 20°, what is the measure of
angle x?

A

11. Two sides of a triangle are 4 and 10. If the
third side is an integer x, how many possible
values are there for x?

12. Jack makes himself a clay box in the shape of a cube, the edges of which are 4 inches
long. What is the longest object he could fit inside the box (Le., what is the diagonal of
the cube)?
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13. What is the area of an equilateral triangle whose sides measure 8 cm long?

14. Alexandra wants to pack away her posters without bending them. She rolls up the
. posters to put in a rectangular box that is 120 inches long, 90 inches wide, and 80 inch-
es high. What is the longest a poster can be for Alexandra to pack it away without
bending it (Le., what is the diagonal of the rectangular box)?

15. The points of a six-pointed star consist of six identical equilateral
triangles, with each side 4 cm (see figure). What is the area of the
entire star, including the center?

9danliattanG MAT·Prep
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IN ACTION ANSWER KEY TRIANGLES & DIAGONALS SOLUTIONS Chapter 2

1. 256 square units: The diagonal of a square is sv2; therefore, the side length of square ABCD is 16.
The area of the square is S2, or 162 = 256.

2. 13 miles: If you draw a rough sketch of the path Biker Bob takes, as shown
to the right, you can see that the direct distance from A to B forms the
hypotenuse of a right triangle. The short leg (horizontal) is 10 - 5 = 5 miles,
and the long leg (vertical) is 9 + 3 = 12 miles. Therefore, you can use the
Pythagorean Theorem to find the direct distance from A to B:

52+ 122= c2

25 + 144 = c2

c2 = 169
c= 13

B
\
\
\
\
\
\
\
\
\
\
\
\
\
\

3 mi '.
'-- -->\ A

9mi

5mi

You might recognize the common right triangle:
5-12-13.

10 mi

3. 24 miles: If you draw a rough sketch of the path Biker Bob takes, as shown to the right, you can see
that the direct distance from B to C forms the hypotenuse of a right triangle. C

102 + b2 = 262

100 + b2 = 676
b2 = 576
b=24

To find the square root of 576, you may find
it helpful to prime factor it first:

576 = 26 x 32

Therefore, v'576 = 23
X 3 = 24.

\
\
\
\
\'.26

b \
\
\
\
\
\
\
\
\
\

10 B
You might recognize this as a multiple of the common 5-12-13 triangle.

4. 1 to 4: Since we know that Triangle B is similar to Triangle A, we can set up a proportion to represent
the relationship between the sides of both triangles:

base x 2x
height = 2x = ?

By proportional reasoning, the height of Triangle B must be 4x. Calculate the area of each triangle with the
formula:

Triangle A: A= bxh = (x)(2x)
=x2

2 2

Triangle B: A=~=
(2x)(4x) = 4x2

2 2

The ratio of the area of Triangle A to Triangle B is 1 to 4. Alternatively. we can simpUfy square the base
ratio of 1 : 2.

5. 50°: Use the Pythagorean Theorem to establish the missing lengths of the two right triangles on the
right and left sides of the figure:

72+ b2 = 252

49 + b2 = 625
b2 = 576
b=24

102+ b2 = 262

100 + b2 = 676
b2 = 576
b= 24

The inner triangle is isosceles. Therefore, both angles opposite the equal sides measure 65°. Since there are
180° in a right triangle, x = 180 - 2(65) = 50°.
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6. 200: An isosceles right triangle is a 45-45-90 triangle, with sides in the ratio of 1 : 1 : v2. If the
longest side, the hypotenuse, measures 20v'2, the two other sides each measure 20. Therefore, the area of
the triangle is:

A= ~ = 20x20 =200
2 2

7. 3 to 1: If two triangles have areas in the ratio of 9 to 1, then their linear measurements have a ratio of
V9 to VI, or 3 to 1. You can derive this rule algebraically with the following reasoning:

Imagine two similar triangles: a smaller one with base b and height h, and a larger one with base bx and
height hx. The ratio of the areas of the larger triangle to the smaller one, therefore, would be:

O.5(bx x hx) 0.5bhx2 x2

= -0.5(b x h) 0.5bh
If we know that x2= 9, then x = 3. The ratio of the lin-
ear measurements (perimeter) is 3 to 1.

We can also simply square-root the area ratio of 9 : 1 and get the length ratio of 3 : 1.

Alternately, solve this problem bypicking real numbers. To do so, create two triangles whose areas have a
9:1 ratio.

A _bh_~_6
small- 2 - 2 -

First, draw the smaller triangle with an area of 6. Since the area of a triangle is half
the product of the base and the height, the base and the height must multiply to 12. 4
If possible, use a common right triangle: 3 x 4 = 12.

Now draw the larger triangle. Since the smaller triangle has an area of 6, we need to
draw a larger triangle with an area 9 times larger. 6 x 9 = 54. Since the area of a
triangle is half the product of the base and height, the base and height must multiply 12

to 108.Thus, we will use a right triangle with sides of length 9 and 12: 9 x 12 = 108.

A = bh = 9 x 12 = 54
large 2 2

Then find the ratio of the perimeters: 9 + 12 + 15 = 36 = 3
3 + 4 + 5 12 .

8. 88 inl: If the diagonal of the larger screen is 24 inches, and we know that d = sv2, then:

d 24 r:
s = J2 = J2 = 12",2.

20 r:
By the same reasoning, the side length of the smaller screen is J2 = 10",2.

The areas of the two screens are:

Large screen: A = 12J2 x12J2 = 288

Small screen: A = 1OJ2 x 10J2 = 200

The visible area of the larger screen is 88 'square inches bigger than the visible area of the smaller screen.

38
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9: 20V2: The longest distance between any two posts is the diagonal of the field. If the area of the field is
400 square meters, then each side must measure 20 meters. Diagonal = d = sY2, so d = 20Y2.

10. 10: If AD = DB = DC, then the three triangular regions in this figure are
all isosceles triangles. Therefore, we can fill in some of the missing angle
measurements as shown to the right. Since we know that there are 1800 in
the large triangle ABC, we can write the following equation:

x + x + 20 + 20 + 60 + 60 = 180
2x+ 160 = 180

x= 10

11. 7: If two sides of a triangle are 4 and 10, the third side must be greater than 10 - 4 and smaller than
10 + 4. Therefore, the possible values for x are {7, 8, 9, 10, 11, 12, and 13}. Y~u can draw a sketch to con-
vince yourself of this result:

10 less than 10 + 4

~ more than 10 - 4

12. 4V3: The diagonal of a cube with side s is sY3. Therefore, the longest object Jack could fit inside the
box would be 4Y3 inches long.

13. 16V3: Draw in the height of the triangle (see figure). If triangle
ABC is an equilateral triangle, and ABD is a right triangle, then ABD
is a 30-60-90 triangle. Therefore, its sides are in the ratio of 1:Y3 : 2.
If the hypotenuse is 8, the short leg is 4, and the long leg is 4Y3. This
is the height of triangle ABC. Find the area of triangle ABC with the
formula for area of a triangle:

A

A = b x h = 8 x 4Y3 = 16Y3
2 2

Bc

• 52 J3 .. 82J3 64J3 r:Alternatively, you can apply the formula A = -- , yielding A = -- = -- = 16....,3.
4 4 4
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14. 170 inches: Find the diagonal of this rectangular solid by applying the Pythagorean Theorem twice.
First, find the diagonal across the bottom of the box:

You might recognize this as a multiple of the common
3-4-5 right triangle.

Then, find the diagonal of the rectangular box:

You might recognize this as a multiple of the common
8-15-17 right triangle.

1202 + 902 = c2

14,400 + 8100 = c2

c2 = 22,500
c= 150

802 + 1502 = c2

6400 + 22,500 = c2

c2 = 28,900
c= 170

15. 48V3 cm2
: We can think of this star as a large equilateral triangle with sides 12 ern long, and three

additional smaller equilateral triangles with sides 4 inches long. Using the same 30-60-90 logic we applied
in problem ~13, we can see that the height of the larger equilateral triangle is 6V3, and the height of the
smaller equilateral triangle is 2V3. Therefore, the areas of the triangles are as follows:

A= ~ = 12x6V3 =36V3
2 2

b x h 4 x 2V3
Small triangles:A = -- = = 4V32 2

Large triangle:

The total area of three smaller triangles and one large triangle is:
36V3 + 3(4V3) = 48V3cm2

•

S2.J3
Alternatively, you can apply the formula A = -- .

4

A=122.J3 = 144.J3 = 36.J3.
4 4

A = 42.J3 = 16.J3 = 4.J3.
4 4

Large triangle:

Small triangle:

Then add the area of the large triangle and the area of three smaller triangles, as above.
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CIRCLES &CYUNDERS STRATEGY

CIRCLES & CYLINDERS
A circle is defined as the set of points in a plane that are equidistant from
a fixed center point. A circle contains 3600 (360 degrees).

Any line segment that connects the center point to a point on
the circle is termed a radius of the circle. If point 0 is the center
of the circle shown to the right, then segment OC is a radius.

Any line segment that connects two points on a circle is called a
chord.. Any chord that passes through the center of the circle is
called a diameter. Notice that the diameter is two times the length
of the radius. Line segment BD is a chord of the circle shown to the
right. Line segment AE is a diameter of the circle.

The GMAT tests your ability to find (1) the circumference and (2) the area of whole and
partial circles. In addition, you must know how to work with cylinders, which are three-
dimensional shapes made, in part, of circles. The GMAT tests your ability to find (3) the
surface area and (4) the volume of cylinders.

A

E

Circumference of a Circle
The distance around a circle is termed the circumference. This is equivalent to the perime-
ter of a polygon. The only information you need to find the circumference of a circle is the
radius of that circle. The formula for the circumference of any circle is:

I C I
where C is the circumference, r is the radius, rod n" a number that

. = 21r r . equals approximately 3.14.

For the purposes of the GMAT, 1rcan usually be approximated as 3
(or as a number slightly larger than 3, such as 22/7). In fact, most problems require no
approximation, since the GMAT includes 1r as part of the answer choices. For example, a
typical answer choice for a circumference problem would be 81r, rather than 24.

What is the distance around a circle that has a diameter of 101

To solve this, first determine the radius, which is half of the diameter, or 5. Then plug this
into the circumference formula C = 21rr = 21r(5) = 101r. (We could also note that the diam-
eter of a circle equals twice the radius of the circle, so d = 2r. Therefore, C = 21rr = 1rIi. In
this case, the circumference equals 101r.)

The answer 101r is generally sufficient. You do not need to multiply 10 by 1rand get a deci-
mal (31.4 ... ) or a fraction. A precise decimal or fractional answer is in fact impossible.
More importantly, knowing that 1r is approximately 3 can help you rule out unreasonably
small or large answer choices if you are unable to get an exact answer.

Note also that a full revolution, or turn, of a spinning wheel is equivalent to the wheel
going around once. A point on the edge of the wheel travels one circumference in one revo-
lution. Note also that a full revolution, or turn, of a spinning wheel is equivalent to the
wheel going around once. A point on the edge of the wheel travels one circumference in
one revolution. For example, if a wheel spins at 3 revolutions per second, a point on the
edge travels a distance equal to 3 circumferences per second. If the wheel has a diameter of
10 units, then the point travels at a rate of 3 x 101r = 301r units per second.
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CIRCLES & CYLINDERS STRATEGY

Circumference and Arc Length
Often, the GMAT will ask you to solve for a portion of the distance on a circle, instead of
the entire circumference. This portion is termed an arc. Arc
length can be found by determining what fraction the arc is of
the entire circumference. This can be done by looking at the
central angle that defines the arc. X

What is the length of arc AXB?

Arc AXB is the arc from A to B, passing through the point X.
To find its length, first find the circumference of the
circle. The radius is given as 12. To find the circumference, use
the formula C = 21Cr = 21C(12) = 241C.

Then, use the central angle to determine what fraction the arc is of the entire circle. Since
the arc is defined by the central angle of 60 degrees, and the entire circle is 360 degrees,

then the arc is 366~ = ~ of the circle.

Therefore, the measure of arc AXB = ( ~ ) (241C) = 41C.

Perimeter of a Sector
The boundaries of a sector of a circle are formed by the arc and two radii. Think of a sector
as a slice of pizza. The arc corresponds to the crust, and the
center of the circle corresponds to the tip of the slice.

If you know the length of the radius and the central (or
inscribed) angle, you can find the perimeter of the sector.

What is the perimeter of sector ABC?

In the previous example, we found the length of arc AXB to be
41C. Therefore, the perimeter of the sector is:

41C + 12 + 12 = 24 + 41C.
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Area of a Circle
The space inside a circle is termed the area of the circle. This area is just like the area of a
polygon. Just as with circumference, the only information you need to find the area of a cir-
cle is the radius of that circle. The formula for the area of any circle is:

IA = 1rr21 where ~ is the area, r is the radius, and 1&is a number that is
. . approximately 3.14.

What is the area of a circle with a circumference of 161&?

In order to find the area of a circle, all we must know is its radius. If the circumference of
the circle is 161&(and C = 21&r), then the radius must be 8. Plug this into the area formula:

A = 1&r2 = 1&W) = 641&.

Area of a Sector
Often, the GMAT will ask you to solve for the area of a sector of a circle, instead of the area
of the entire circle. You can find the area of a sector by determining the fraction of the
entire area that the sector occupies. To determine this fraction, look at the central angle that
defines the sector.

What is the area of sector ACB (the striped region) below?

First, find the area of the entire circle:
A = 1&r2 = 1&(32

) = 91&.

Then, use the central angle to determine what fraction of the
entire circle is represented by the sector. Since the sector is A •....•.....•.....•••••....•
defined by the central angle of 60°, and the entire circle is
360°, the sector occupies 60°/360°, or one-sixth, of the area of
the circle.

Therefore, the area of sector ACB is ( !)(91&)= 1.51&.
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Inscribed vs. Central Angles
Thus far, in dealing with arcs and sectors, we have referred to the concept of a central
angle. A central angle is defined as an angle whose vertex lies at the center point of a circle.
As we have seen, a central angle defines both an arc and a sector of a circle.

Another type of angle is termed an inscribed angle. An inscribed angle has its vertex on the
circle itself. The following diagrams illustrate the difference between a central angle and an
inscribed angle.

CENTRAL ANGLE INSCRIBED ANGLE

Notice that, in the circle at the far right, there is a central angle and an inscribed angle,
both of which intercept arc AXB. It is the central angle that defines the arc. That is, the arc
is 60° (or one sixth of the complete 360° circle). An inscribed angle is equal to half of the
arc it intercepts, in degrees. In this case, the inscribed angle is 30°, which is half of 60°.

Inscribed Triangles
Related to this idea of an inscribed angle is that of an
inscribed triangle. A triangle is said to be inscribed in a circle
if all of the vertices of the triangle are points on the circle. The
important rule to remember is: if one of the sides of an
inscribed triangle is a DIAMETER of the circle, then the
triangle MUST be a right triangle. Conversely, any right tri-
angle inscribed in a circle must have the diameter of the circle
as one of its sides (thereby splitting the circle in half).

Above right is a special case of the rule mentioned above
(that an inscribed angle is equal to half of the arc it inter-
cepts, in degrees). In this case, the right angle (90°) lies
opposite a semicircle, which is an arc that measures 180°.

In the inscribed triangle to the left, triangle ABC must be
a right triangle, since AC is a diameter of the circle.
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Cylinders and Surface Area
Two circles and a rectangle combine to form a three-dimensional shape called a right circu-
lar cylinder (referred to from now on simply as a cylinder). The top and bottom of the
cylinder are circles, while the middle of the cylinder is formed from a rolled-up rectangle, as
shown in the diagram below:

In order to determine the surface area of a 0
cylinder, sum the areas of the 3 surfaces:
The area of each circle is 77:r2

, while the area -------~- U
of the rectangle is length x width. Looking D
at the figures on the left, we can see that •••
the length of the rectangle is equal to the
circumference of the circle (277:r), and the _ '
width of the rectangle is equal to the height 0_
of the cylinder (h). Therefore, the area of
the rectangle is 277:r x h. To find the total ,
surface area of a cylinder, add the area of the circular top and bottom, as well as the area of
the rectangle that wraps around the outside.

ISA =2circles + rectangle =2(ll'r) +21l'rh

The only information you need to find the surface area of a cylinder is (1) the radius of the
cylinder and (2) the height of the cylinder.

Cylinders and Volume
The volume of a cylinder measures how much "stuff" it can hold inside. In order to find
the volume of a cylinder, use the following formula.

I
V= ll'rh I V is the volume, r is the radius of the cylinder and h is the heigh, of

_ _ the cylinder,

As with finding surface area, determining the volume of a cylinder
requires two pieces of information: (1) the radius of the cylinder and (2) the height of the
cylinder. '

The diagram below shows that two cylinders can have the same volume but different shapes
(and therefore each fits differently inside a larger object). 2

V= 77:r2h
= 77:(1)220
=2077:

5

V= 77:r2h
= 77:(2)25 C -:::-
=2077:

20
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IN ACTION CIRCLES & CYUNDERS PROBLEM SET Chapter 3

Problem Set (Note: Figures are not drawn to scale.)

1. Triangle ABC is inscribed in a circle, such that AC is a diameter
of the circle (see figure). If AB has a length of 8 and BChas a
length of 15, what is the circumference of the circle?

2. A cylinder has a surface area of 360n, and is 3 units tall.
What is the diameter of the cylinder's circular base?

B

3. Randy can run n meters every 2 seconds. If the circular track
has a radius of 75 meters, how long does it take Randy to run twice around the track?

4. Randy then moves on to the Jumbo Track, which has a radius of 200 meters (as
compared to the first track, with a radius of 75 meters). Ordinarily, Randy runs 8 laps
on the normal track. How many laps on the Jumbo Track would Randy have to run in
order to have the same workout?

5. A circular lawn with a radius of 5 meters is surrounded
by a circular walkway that is 4 meters wide (see figure).
What is the area of the walkway?

6. A cylindrical water tank has a diameter of 14 meters and
a height of 20 meters. A water truck can fill n cubic meters
of the tank every minute. How long will it take the water
truck to fill the water tank from empty to half-full?

7. Red Giant cola comes in two sizes, Giant and Super-Giant.
Each comes in a cylindrical container, and the Giant size sells for $1.20. If the Super-
Giant container has twice the height and its circular base has twice the radius of the
Giant size, and the price per ml of Red Giant cola is the same, how much does the
Super-Giant container cost?

8. BEand CD are both diameters of Circle A (see figure). If
the area of Circle A is 180 units', what is the area of sector
ABC + sector ADE?

9. Jane has to paint a cylindrical column that is 14 feet high
and that has a circular base with a radius of 3 feet. If one
bucket of paint will cover 10n square feet, how many buck-
ets does Jane need to buy in order to paint the column,
including the top and bottom?

o

10. A rectangular box has the dimensions 12 inches x 10 inches x 8 inches. What is the
largest possible volume of a right cylinder that is placed inside the box?

11. A circular flower bed takes up half the area of a square lawn. If an edge of the lawn is
200 feet long, what is the radius of the flower bed? (Express the answer in terms of n .)
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12. If angle ABC is 40 degrees (see figure), and the area of
the circle is 8l7r , how long is arc AXC?

13. A Hydrogenator water gun has a cylindrical water tank,
which is 30 centimeters long. Using a hose, Jack fills his
Hydrogenator with 1& cubic centimeters of his water tank
every second. If it takes him 8 minutes to fill the tank with
water, what is the diameter of the circular base of the gun's
water tank?

14. Triangle ABC is inscribed in a circle, such that AC is a
diameter of the circle and angle BACis 45° (see figure).
If the area of triangle ABC is 72 square units, how much
larger is the area of the circle than the area of triangle ABC?

15. Triangle ABC is inscribed in a circle, such that AC is a
diameter of the circle and angle BACis 45°. (Refer to the
same figure as for problem #14.) If the area of triangle ABC
is 84.5 square units, what is the length of arc BC?
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IN ACTION ANSWER KEY CIRCLES & CYUNDERS SOLUTIONS Chapter 3
I. 17no: If AC is a diameter of the circle, then inscribed triangle ABC is a right triangle, with AC as the
hypotenuse. Therefore, we can apply the Pythagorean Theorem to find the length of AC.

82 + 152 = c2
'

64 + 225 = c2 The circumference of the circle is 21Cr, or 171C.
c2 = 289
c= 17 You might recognize the common 8-15-17 right triangle.

2. 24: The surface area of a cylinder is the area of the circular top and bottom, plus the area of its
wrapped-around rectangular third face. We can express this in formula form as:

SA = 2(1Cr2) + 21Crh

Substitute the known values into this formula to find the radius of the circular base:
3601C = 2(1Cr2) + 21Cr(3)
3601C = 21Cr2 + 61Cr

r2 + 3r - 180 = 0
(r+ 15)(r-12) = 0

r+15=0 OR r-12=0
r= {-15, 12}

Use only the positive value of r: 12. If r = 12, the diameter of the cylinder's circular base is 24.

3. 10 minutes: The distance around the track is the circumference of the circle:
c= 21Cr

= 1501C

Running twice around the circle would equal a distance of 3001C meters. If Randy can run 1Cmeters every 2
seconds, he runs 301C meters every minute. Therefore, it will take him 10 minutes to run around the circu-
lar track twice.

4. 3 laps: 8 laps on the normal track is a distance of 1,2001C meters. (Recall from problem #3 that the
circumference of the normal track is 1501C meters.) If the Jumbo Track has a radius of 200 meters, its cir-
cumference is 4001C meters. It will take 3 laps around this track to travel 1,2001Cmeters.

5. 56noml: The area of the walkway is the area of the entire image (walkway + lawnrminus the area of the
lawn. To find the area of each circle, use the formula:

Large circle:
Small circle:

A = 1Cr2= 1C(9)2= 811C
A = 1Cr2= 1C(5)2= 251C 811C- 251C= 561Cm2

6. 8 hours and 10 minutes: First find the volume of the cylindrical tank:
V= 1Cr2x h

= 1C(7)2 X 20
= 9801C

If the water truck can fill1Ccubic meters of the tank every minute, it will take 980 minutes to fill the tank
completely; therefore, it will take 980 + 2 = 490 minutes to fill the tank halfway. This is equal to 8 hours
and 10 minutes.
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7. $9.60: Let h = the height of the giant size ~ 2h = the height of the super-giant size.
Let r = the radius of the giant size ~ 2r = the radius of the super-giant size.

The volume of the giant can = 11:r2h.
The volume of the super-giant can = 11:(2r/ x 2h = 8(11:1 x h) = 811:r2h.
The super-giant can holds 8 times as much cola. If the price per ml is the same, and the Giant can sells for
$1.20, the Super-Giant can sells for 8($1.20) = $9.60.

8. 40 uniti: The two central angles, CAB and DAE, describe a total of 80°. Simplify the fraction to find
out what fraction of the circle this represents:

80 2
360 9

l of 180 units' is 40 units''.
9

9. 11 buckets: The surface area of a cylinder is the area of the circular top and bottom, plus the area of its
wrapped-around rectangular third face.

Top & Bottom:
Rectangle:

A= 11:1= 911:
A = 211:r x h = 8411:

The total surface area, then, is 911:+ 911:+ 8411:= 10211:fe. If one bucket of paint will cover 1011:ft2, then
Jane will need 10.2 buckets to paint the entire column. Since paint stores do not sell fractional buckets, she
will need to purchase 11 buckets.

10. 20011": The radius of the cylinder must be equal to half of the smaller of the 2 dimensions that form
the box's bottom. The height, then, can be equal to the remaining dimension of the box.

There is no general way to tell which way the cylinder will have the largest dimension; you must simply try
all possibilities:

V= 11:r2x h
Case 1: r= 5, h= 8
V = 2511:x 8 = 20011:

Case 2: r = 4, h = 10
V= 1611:x 10 = 16011:

Case 3: r = 4, h = 12
V= 1611:x 12 = 19211:

Case 1 yields the largest volume. (Case 2 can be seen to be inferior right away, because it makes no use of
the largest dimension of the box.)

11. J20,C::O : The area of the lawn is (200)2 = 40,000 ft2.

Therefore, the area of the flower bed is 40,000 -;- 2 = 20,000 ft2.

The radius of the flower bed is equal to J20,~00.A = 11:1 = 20,000

12. 411": If the area of the circle is 8111:,then the radius of the circle is 9 (A = 11:r2). Therefore, the total cir-
cumference of the circle is 1811:(C = 211:r). Angle ABC, an inscribed angle of 40°, corresponds to a central
angle of 80°. Thus, arc AXC is equal to 80/360 = 2/9 of the total circumference:

2/9(1811:) = 411:.
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13. 8 em: In 8 minutes, or 480 seconds, 480 ncm3 of water flows into the tank. Therefore, the volume of
the tank is 480n. We are given a height of 30, so we can solve for the radius.

V=nr2xh
480n= 30nr2

,-2 = 16
r= 4

Therefore, the diameter of the tank's base is 8 cm.

14. 72n - 72: If AC is a diameter of the circle, then angle ABC is a right angle. Therefore, triangle ABC is
a 45-45-90 triangle, and the base and height are equal. Assign the variable x to represent both the base
and height: .

A= bh
2

x2

2=72
x2 = 144
x= 12

The base and height of the triangle are equal to 12, and so the area of the triangle is 12 x 12 = 72.
2

The hypotenuse of the triangle, which is also the diameter of the circle, is equal to 12V2. Therefore, the
radius is equal to 6V2 and the area of the circle, nr', = 72n.The area of the circle is 72n- 72 square
units larger than the area of triangle ABC.

15. 13~n : We know that the area of triangle ABC is 84.5 square units, so we can use the same
logic as in the previous problem to establish the base and height of the triangle:

x2

2 = 84.5

x2 = 169
x= 13

The base and height of the triangle are equal to 13. Therefore, the hypotenuse, which is also the
diameter of the circle, is equal to 13V2, and the circumference (C = nd) is equal to 13V2n. Angle A, an
inscribed angle, corresponds to a central angle of 90°. Thus, arc BC = 90/360 = 114of the total circumfer-
ence:

1 13V2n4" of 13V2n is 4
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LINES & ANGLES STRATEGY

LINES & ANGLES
A straight line is the shortest distance between 2 points. As an angle, a line measures 180°.

Parallel lines are lines that lie in a plane and that never intersect. No matter how far you
extend the lines, they never meet. Two parallel lines are shown below:

Perpendicular lines are lines that intersect at a 90° angle. Two perpendicular lines are shown
below:

There are two major line-angle relationships that you must know for the GMAT:
(1) The angles formed by any intersecting lines.
(2) The angles formed by parallel lines cut by a transversal.

Intersecting Lines
Intersecting lines have three important properties.

First, the interior angles formed by intersecting lines form
a circle, so the sum of these angles is 360°. In the diagram
shown, a + b + c + d = 360.

Second, interior angles that combine to form a line sum
to 180°. These are termed supplementary angles. Thus,
in the diagram shown, a + b = 180, because angles a and
b form a line together. Other supplementary angles are
b + c = 180, c + d = 180, and d + a = 180.

Third, angles found opposite each other where these two lines intersect are equal. These are
called vertical angleS. Thus, in the diagram above, a = c, because both of these angles are
opposite each other, and are formed from the same two lines. Additionally, b = d for the
same reason.

Note that these rules apply to more than two lines that inter-
sect at a point, as shown to the left. In this diagram,
a + b + c + d + e +f = 360, because these angles combine to
form a circle. In addition, a + b + c = 180, because these three
angles combine to form a line. Finally, a = d, b = e, and c = f,
because they are pairs of vertical angles.
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Exterior Angles of a Triangle
An exterior angle of a triangle is equal in measure to the sum of the two non-adjacent
(opposite) interior angles of the triangle. For example:

a + b + c = 180 (sum of angles in a triangle).
b + x = 180 (supplementary angles).
Therefore, x = a + c.

This property is frequently tested on the GMAT!In particular, look for exterior angles
within more complicated diagrams. You might even redraw the diagram with certain lines
removed to isolate the triangle and exterior angle you need.

~~

B B
----.. x+y

AD A~D

Parallel Lines Cut By a Transversal
The GMAT makes frequent use of diagrams that include parallel lines cut by a transversal.

Notice that there are 8 angles formed by this con-
struction, but there are only TWO different angle
measures (a and b). All the acute angles (less than
90°) in this diagram are equal. Likewise, all the
obtuse angles (more than 90° but less than 180°)
are equal. Any acute angle is supplementary to any
obtuse angle. Thus, a + b = 180°.

When you see a transversal cutting two lines that you know to be parallel, fill in all the a
(acute) and b (obtuse) angles, just as in the diagram above. .

Sometimes the GMAT disguises the parallel lines and
the transversal so that they are not readily apparent, as
in the diagram pictured to the right. In these disguised
cases, it is a good idea to extend the lines so that you
can easily see the parallel lines and the transversal. Just
remember always to be on the lookout for parallel lines.
When you see them, extend lines and label the acute
and obtuse angles. You might also mark the parallel lines
with arrows, as shown below to the right.

The GMAT uses the symbol II to indicate in text that
two lines or line segments are parallel. For instance, if

you see MN II OP in a problem, you know that line

segment MN is parallel to line segment OP.
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Problem Set
Problems 1- 4 refer to the diagram below, where line AB is parallel to line CD.

1. If x - y ==10 , what is x?

2. If the ratio of x to y is 3 : 2, what is y?

3. If x + (x + y) ==320, what is x?

4. If_x_== 2, what is x?x-y .

Problems 5-8 refer to the diagram below.

5. If a is 95, what is b + d - e?

6. If c+!== 70, and d ==80, what is b?

7. If a and b are complementary angles (they sum
to 90°), name three other pairs of
complementary angles.

8. Ife is 45, what is the sum of all the other angles?

Problems 9-12 refer to the diagram below, where line XY is parallel to line QU.

10. If a ==y,g ==3y + 20, and! ==2x, find x.

9. If a + e ==150, find!.

11. If g ==11y, a ==4x - y, and d ==5y + 2x - 20,
find h.

12. If b ==4x, e ==x + 2y, and d ==3y + 8, find h.

13. If c + g ==140, find k.

Problems 13-15 refer to the diagram to the right.

14. If g ==90, what is a + k?

15. If! + k ==150, find b.
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1. 95: We know that x +y = 180, since any acute angle formed by a transversal that cuts across two parallel
lines is supplementary to any obtuse angle. Use the information given to set up a system of two equations
with two variables:

x+ y= 180
x- y = 10

2x= 190
x= 95

2. 72: Set up a ratio, using the unknown multiplier, a.
x 3a-=-
y 2a
180 = x +y = 3a + 2a = 5a
180 = 5a
a=36
y = 2a = 2(36) = 72

3. 140: Use the fact that x +y = 180 to set up a system of two equations with two variables:
x+y= 180 ~ -x-y= -180

+ 2x+ y= 320
x = 140

4. 120: Use the fact that x +y = 180 to set up a system of two equations with two variables:

_x_=2 ~
x-y

x -2y= 0
- x+ y= 180

-3y=-180
y=60 Therefore, x = 120.

5. 95: Because a and d are vertical angles, they have the same measure: a = d = 95°. Likewise, since
b and e are vertical angles, they have the same measure: b = e. Therefore, b + d - e = d = 95°.

6. 65: Because c and fare vertical angles, they have the same measure: c +f = 70, so c =f = ~5. Notice
that b, c, and d form a straight line: b + c + d = 180. Substitute the known values of c and d into this
equation:

b + 35 + 80 = 180
b + 115 = 180

b= 65

7. band d, a and e, & d and e: If a is complementary to b, then d (which is equal to a, since they are ver-
tical angles), is also complementary to b. Likewise, if a is complementary to b, then a is also
complementary to e (which is equal to b, since they are vertical angles). Finally, d and e must be comple-
mentary, since d = a and e = b. You do not need to know the term "complementary," but you should be
able to work with the concept (two angles adding up to 90°).

8.315: If e = 45, then the sum of all the other angles is 360 - 45 = 315°.
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9. 105:' We are told that a + e = 150. Since they are both acute angles formed by a transversal
cutting across two parallel lines, they are also congruent. Therefore, a = e = 75. Any acute angle in this dia-
gram is supplementary to any obtuse angle, so 75 + t= 180, andf= 105.

10. 70: We know that angles a and g are supplementary; their measures sum to 180. Therefore:
y + 3y + 20 = 180

4y= 160
y=40

Angle fis congruent to angle g, so its measure is also 3y + 20.
The measure of anglef= g= 3(40) + 20 = 140. Iff= 2x, then
140 = 2x~ x= 70.

11. 70: We are given the measure of one acute angle (a) and one obtuse angle (g). Since any acute angle in
this diagram is supplementary to any obtuse angle, lly + 4x - y = 180, or 4x + lOy = 180. Since angle dis
congruent to angle a, we know that 5y + 2x - 20 = 4x - y, or 2x - 6y = -20. We can set up a system of two
equations with two variables:

2x -6y = -20 ~ -4x+ 12y = 40
4x+ 10y= 180

22y= 220
y= 10; x= 20

Since h is one of the acute angles, h has the same measure as a: 4x - y = 4(20) - 10 = 70.

12. 68: Because band d are supplementary, 4x + 3y + 8 = 180, or 4x + 3y = 172. Since d and e are con-
gruent, 3y + 8 = x + 2y, or x - y = 8. We can set up a system of two equations with two variables:

x-y=8
4x+ 3y = 172
3x- 3y = 24
7x = 196
x = 28;y= 20

Since h is congruent to d, h = 3y + 8, or 3(20) + 8 = 68.

13. 40: If c + g= 140, then i = 40; because there are 1800 in a triangle. Since k is vertical to i, k is also =
40. Alternately, if c + g = 140, then j = 140, since j is an exterior angle of the triangle and is therefore equal
to the sum of the two remote interior angles. Since k is supplementary to j, k = 180 - 140 = 40.

14. 90: If g = 90, then the other two angles in the triangle, c and i, sum to 90. Since a and k are vertical
angles to c and i, they sum to 90 as well.

15. 150: Angles f and k are vertical to angles g and i. These two angles, then, must also sum to 150. Angle
b, an exterior angle of the triangle, must be equal to the sum of the two remote interior angles g and i.
Therefore, b = 150.
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COORDINATE PLANE STRATEGY

THE COORDINATE PLANE
The coordinate plane is formed by a horizontal axis or reference line (the ".»-aXis") and a vertical
axis (the "y-axis"), as shown here. These axes are each marked off like a number line, with both
positive and negative numbers. The axes cross at right angles at the number zero on both axes.

Points in the plane are identified by using an
ordered pair of numbers, such as the one to
the left: (2, -3). The first number in the
ordered pair (2) is the x-coordinate, which
corresponds to the point's horizontalloca-
tion, as measured by the x-axis. The second
number in the ordered pair (-3) is the y-
coordinate, which corresponds to the
point's vertical location, as indicated by the
j-axis, The point (0, 0), where the axes
cross, is called the origin.

6

4

2

-8 -6 -4 -2 2 4 6 8
-2
-4

·(2, -3)

-6

-8

Y-axis
"

A line in the plane is formed by the connection of two or more points. Notice that along the
x-axis, the y-coordinate is zero. Likewise, along the y-axis, the x-coordinate is zero.

If the GMAT gives you coordinates with other variables, just match them to x and y. For
instance, if you have point (a, b), a is the x-coordinate and b is the y-coordinate.

The Slope of a Line
The slope of a line is defined as "rise over
run" -that is, how much the line ~ vertically
divided by how much the line Il.Im horizontally.

The slope of a line can be determined by tak-
ing any two points on the line and (1) deter-
mining the "rise," or difference between their
y-coordinates and (2) determining the "run,"
or difference between their x-coordinates.

-8 -6 -4 -2 8

Thl··lrisee s ope ISSImp y --.
run

For example, in the diagram at the right, the -8

line rises vertically from -3 to 5. This distance
can be found by subtracting the y-coordinates:
5 - (-3) = 8. Thus, the line rises 8 units. The line also runs horizontally from 2 to 6. This
distance can be found by subtracting the x-coordinates: 6 - 2 = 4. Thus, the line runs 4 units.

When we put together these results, we see that the slope of the line is: .rise =! =2.
run 4

Two other points on the line would typically have a different rise and run, but the slope
would be the same. The "rise over run" would always be 2. A line has constant slope.
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The 4 Types of Slopes
There are four types of slopes that a line can have:

Positive Slope

Zero Slope

Negative Slope

Undefined Slope

A line with positive slope rises upward from left to right. A line with negative slope falls
downward from left to right. A horizontal line has zero slope. A vertical line has undefined
slope. Notice that the x-axis has zero slope, while the y-axis has undefined slope.

The Intercepts of a Line
A point where a line intersects a coordinate axis is called an intercept. There are two types
of intercepts: the x-intercept, where the line intersects the x-axis, and the y-intercept, where
the line intersects the y-axis.

The x-intercept is expressed using the ordered pair
(x, 0), where x is the point where the line intersects
the x-axis. The x-intercept is the point on the line
at which y = O. In this diagram, the x-intercept is
-4, as expressed by the ordered pair (-4, 0).

The y-intercept is expressed using the ordered pair
(0, y), where y is the point where the line intersects
the y-axis. The y-intercept is the point on the line
at which x = O. In this diagram, the y-intercept is
6, as expressed by the ordered pair (0, 6).

-8 84 6

-6

-8

To find x-intercepts, plug in 0 for y. To find j-interceprs, plyg in 0 for x.
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Slope-Intercept Equation: y = mx + b
All lines can be written as equations in the form y = mx + b, where m represents. the slope of
the line and b represents the j-lntercept of the line. This is a convenient form for graphing.

2 4 6 8 8

-4

-6

-8
y= 1.5x+6

The slope of the line is 1.5 (positive).
The y-intercept of the line is 6.

-6

-8
y=-b+2

The slope of the line is -1 (negative).
The y-intercept of the line is 2.

Linear equations represent lines in the coordinate plane. Linear equations often look like
this: Ax + By = C, where A, B, and C are numbers. For instance, 6x + 3y = 18 is a linear
equation. Linear equations never involve terms such as x2, \1,;, or xy. When you want to
graph a linear equation, rewrite it in the slope-intercept form (y = mx + b). Then you can
easily draw the line.

What is the slope-intercept form for a line with the equation 6x + 3y = 181

Rewrite the equation by solving for y as follows:
6x+ 3y= 18

3y= 18-6x
y=6-2x
y=-2x+ 6

Subtract 6x from both sides
Divide both sides by 3
Thus, the y-intercept is (0, 6), and the slope is -2.

Horizontal and Vertical Lines
Horizontal and vertical lines are not expressed in the y = mx + b form. Instead, they are
expressed as simple, one-variable equations.

Horizontal lines are expressed in the form:
y = some number, such as y = 3 or y = 5.

Vertical lines are expressed in the form:
x = some number, such as x = 4 or x = 7.

2 4 6 8

y=-7

-2
-4

-6

x=3

. 6
4

2

-8 -6 -4 -2

All the points on a vertical line have the same x- coor-
dinate. This is why the equation of a vertical line is
defined only by x. The y-axis itself corresponds to the
equation x = O. Likewise, all the points on a horizon-
tal line have the same y-coordinate. This is why the
equation of a horizontal line is defined only by y. The
x-axis itself corresponds to the equation y = O.

-8
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Step by Step: From 2 Points to a Line
If you are given any two points on a line, you should be able to write an equation for that
line in the form y = mx + b. Here is the step-by-step method:

Find the equation of the line containing the points (5, - 2) and (3,4) .

FIRST: Find the slope of the line by calculating the rise over the run.

The rise is the difference between the y-coordinates, while the run is the difference between
the x-coordinates. The sign of each difference is important, so subtract the x-coordinates
and the j-coordlnares in the same order.

rise
run

The slope of the line is -3.

SECOND: Plug the slope in for m in the slope-intercept equation.

y=-3x+ b

THIRD: Solve for b, the y-intercept, by plugging the coordinates of one point into the
equation. Either point's coordinates will work.

Plugging the point (3, 4) into the equation (3 for x and 4 for y) yields the following:

4 = -3(3) + b
4=-9 + b
b= 13

The y-intercept of the line is 13.

FOURTH: Write the equation in the form y = mx + b.

y= -3x+ 13 This is the equation of the line.

Note that sometimes the GMAT will only give you one point on the line, along with the
y-intercept. This is the same thing as giving you two points on the line, because the y-inter-
cept is a point! Ay-intercept of 4 is the same as the ordered pair (0, 4).
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The Distance Between 2 Points
The distance between any two points in the coordinate plane can be calculated by using the
Pythagorean Theorem. For example:

What is the distance between the points (1, 3) and (7, -5)1

(1) Draw a right triangle connecting the points.

(2) Find the lengths of the two legs of the triangle by calculating the rise and the run.

The y-coordinate changes from 3 to -5,
a difference of 8 (the vertical leg).

8

6

4 (1,3)

2

-8 -6 -4 -2
-2
-4

-6 (7, -5)

-8

The x-coordinate changes from 1 to 7, a
difference of 6 (the horizontal leg) .

(3) Use the Pythagorean Theorem to calculate the length of the diagonal, which is the
distance between the points.

8~

62 + 82 = c2

36 + 64 = c2 The distance between the two points is 10 units.
100= c2

c= 10
6

Alternatively, to find the hypotenuse, we might have recognized this triangle as a variation
of a 3-4-5 triangle (specifically, a 6-8-10 triangle).
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Positive and Negative Quadrants
There are four quadrants in the coordinate plane, as shown in the diagram below.

Quadrant I contains only those points with a
positive x-coordinate & a positive y-coordinate.

Quadrant II contains only those points with a
negative x-coordinate & a positive y-coordinate.

Quadrant III contains only those points with a
negative x-coordinate & a negative y-coordinate.

Quadrant IV contains only those points with a
positive x-coordinate & a negative y-coordinate.

II

N

I

III

The GMAT sometimes asks you to determine which quadrants a given line passes through.
For example:

Which quadrants does the line 2x + Y = 5 pass through?

(1) First, rewrite the line in the form y = mx + b.

2x+y=5
y=5-2x
y=-2x+ 5

(2) Then sketch the line. Since b = 5, the y-intercept is the
point (0, 5). The slope is -2, so the line slopes downward
steeply to the right from the y-intercept. Although we do not
know exactly where the line intersects the x-axis, we can now
see that the line passes through quadrants I, II, and Iv.

Alternatively, you can find two points on the line by setting x and y equal to zero in the
original equation. In this way, you can find the x- and y- intercepts.

x=O
2x+y= 5
2(0) +y = 5
y=5

y=O
2x+y=5
2x+ (0) = 5
x=2.5

The points (0, 5) and (2.5, 0) are both on the line.

Now sketch the line, using the points you have identified. If you plot (0, 5) and (2.5, 0) on
the coordinate plane, you can connect them to see the position of the line. Again, the line
passes through quadrants I, II, and rv
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Perpendicular Bisectors
The perpendicular bisector of a line segment forms a 90° angle with the segment and
divides the segment exactly in hal£ Questions about perpendicular bisectors are rare on the
GMAT, but they do appear occasionally.

If the coordinates of point A are (2, 2) and the coordinates of point S are (0, -2),
what is the equation of the perpendicular bisector of line segment AS?

The key to solving perpendicular bisector problems is remembering this property: the per-
pendicular bisector has the negative reciprocal slope of the line segment it bisects. That is,
the product of the two slopes is -1. (The only exception occurs when one line is horizontal
and the other line is vertical, since vertical lines have undefined slopes).

(I) Find the slope of segment AB.

rise l1 -12
slope = --- =

run Xl -X2

The slope of AB is 2.

(2) Find the slope of the perpendicular bisector ofAB.

Since perpendicular lines have negative reciprocal slopes, flip the fraction and change the
sign to find the slope of the perpendicular bisector.

2
Again, the slope of AB is 2, or l'

1
Therefore, the slope of the perpendicular bisector of AB is -2'

Now we know that the equation of the perpendicular bisector has the following form:

1y=--x+b
2

However, we still need to find the value of b (the j-Intercepr). To do this, we will need to
find one point on the perpendicular bisector. Then we will plug the coordinates of this
point into the equation above.
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COORDINATE PLANE STRATEGY

(3) Find the midpoint of AB.

The perpendicular bisector passes through the midpoint of AB. Thus, if we find the mid-
point of AB, we will have found a point on the perpendicular bisector. Organize a chart
such as the one shown below to find the coordinates of the midpoint. Simply write the x-
and y-coordinates of A and B. The coordinates of the midpoint will be the numbers right in
between each pair of x- and y-coordinates. In other words, the x-coordinate of the midpoint
is the ~ of the x-coordinates of A and B. Likewise, the j-coordinare of the midpoint is
the ~ of the j-coordinates of A and B. This process will yield the midpoint of any line
segment.

x y
A 2 2

Midpoint 1 0

B 0 -2

(4) Put the informacion together.

To find the value of b (the j-lntercepr), substitute the coordinates of the midpoint for x
andy.

1
0= --(1)+ b

2

1b= -
2

The perpendicular bisector of segment AB has the equation: y = _..!.x + 1..2 2
In summary, the following rules can be given:

• ParaUeilines have equal slopes. ml = m2•

• Perpendicular lines have negative reciprocal slopes. -1 = ~, or ~ .~ = -1.
~

• The midpoint between point A(xl> YI) and point B(x2, Y2) is (XI; x2 , YI ; 12 ).
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The Intersection of Two Lines
Recall that a line in the coordinate plane is defined by a linear equation relating x and y.
That is, if a point (x, y) lies on the line, then those values of x and y satisfy the equation.
For instance, the point (3, 2) lies on the line defined by the equation y = 4x - 10, since the
equation is true when we plug in x = 3 and y = 2:

y = 4x- 10
2 = 4(3) - 10 = 12 - 10
2=2 TRUE

On the other hand, the point (7, 5) does not lie on that line, because the equation is false
when we plug in x = 7 and y = 5:

y=4x-l0
5 = 4(7) - 10 = 28 - 10 = 18? FALSE

So, what does it mean when two lines intersect in the coordinate plane? It means that at the
point of intersection, BOTH equations representing the lines are true. That is, the pair of
numbers (x,y) that represents the point of intersection solves BOTH equations. Finding
this point of intersection is equivalent to solving a system of two linear equations. You can
find the intersection by using algebra more easily than by graphing the two lines.

At what point does the line represented by y = 4x - 10 intersect the line repre-
sented by 2x + 3y = 267

Since y = 4x - 10, replace y in the second equation with 4x - 10 and solve for x:

2x+ 3{4x- 10) = 26
2x + 12x - 30 = 26

14x = 56
x=4

Now solve for y. You can use either equation, but the first one is more convenient:

y=4x-l0
Y = 4(4) - 10
y= 16-10=6

Thus, the point of intersection of the two lines is (4, 6).

If two lines in a plane do not intersect, then the lines are parallel. If this is the case, there is
NO pair of numbers (x, y) that satisfies both equations at the same time.

Two linear equations can represent two lines that intersect at a single point, or they can rep-
resent parallel lines that never intersect. There is one other possibility: the two equations
might represent the same line. In this case, infinitely many points (x, y) along the line satis-
fy the two equations (which must actually be the same equation in two disguises).
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IN ACTION Chapter 5COORDINATE PLANE PROBLEM SET

Problem Set
1. A line has the equation y = 3x + 7. At which point will this line intersect the y-axis?

2. A line has the equation x = L -20. At which point will this line intersect the x-axis?
80

3 A line has the equation x = -2y + z. If (3, 2) is a point on the line, what is z?

4. What are the equations for the four lines that form the bound-
aries of the shaded area in the figure shown?

5. A line is represented by the equation y = zx + 18. If this line
intersects the x-axis at (-3, 0), what is z?

4

6. A line has a slope of 1/6 and intersects the x-axis at (-24, 0).
Where does this line intersect the y-axis?

7. A line has a slope of 3/4 and intersects the point (-12,
-39). At which point does this line intersect the x-axis?

8. The line represented by the equation y = x is the perpendicular bisector of line segment
AB. If A has the coordinates (-3, 3), what are the coordinates of B?

9. What are the coordinates for the point on Line AB (see figure) that
is three times as far from A as from B, and that is in between points
A and B?

10. Which quadrants, if any, do not contain any points on the line
represented by x - y = 18?

11. Which quadrants, if any, do not contain any points on the line represented by x = lOy?

12. Which quadrants, if any, contain points on the line y = _x_ + 1,000,000?
1,000

Which quadrants, if any, contain points on the line represented by x + 18 = 2y?13.

14. What is the equation of the line shown to the right?

15. What is the intersection point of the lines defined by the
equations 2x + Y = 7 and 3x - 2y = 21?
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1. (0,7): A line intersects the y-axis at the y-intercept. Since this equation is written in slope-intercept
form, the y-intercept is easy to identify: 7. Thus, the line intersects the y-axis at the point (0, 7).

2. (-20,0) : A line intersects the x-axis at the x-intercept, or when the y-coordinate is equal to zero.
Substitute zero for y and solve for x:

x= 0 - 20
x=-20

3. 7: Substitute the coordinates (3, 2) for x and y and solve for z.
3 = -2(2) + z
3=-4+z
z=7

1
4. x = 0, x = 4, Y = 0, and y = -2"x +4:

The shaded area is bounded by 2 vertical lines: x = 0 AND x = 4. Notice that all the points on each line
share the same x-coordinate. The shaded area is bounded by 1 horizontal line, the x-axis. The equation for
the x-axis is y = O. Finally, the shaded area is bounded by a slanted line. To find the equation of this line,
first calculate the slope, using two points on the line: (0, 4) and (4, 2).

rise 4-2 2 1
slope = - = -- = -- =-

run 0-4 -4 2

We can read the y-intercept from the graph; it is the point at which the line crosses the y-axis, or 4.

Therefore, the equation of this line is y = - ~ x + 4.

5. 6: Substitute the coordinates (3, 2) for x and y and solve for z.
0= z(-3) + 18

3z= 18
z=6

6. (0, 4): Use the information given to find the equation of the line:

1y= -x+b
6

o = 1.(-24)+ b
6

0=-4+b
b= 4

The variable b represents the y-intercept. Therefore, the line intersects the y-axis at (0, 4).
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7. (40,0): Use the information given to find the equation of the line:

3y= -x+ b4

3
-39 = "4(-12) + b

-39 = -9 + b
b=-30

The line intersects the x-axis when y = o. Set y equal to zero and solve for x:

30= =:x « 30
4

3-x=30
4

x=40

The line intersects the x-axis at (40, 0).

8. (3, -3): Perpendicular lines have negative inverse slopes. Therefore, if y = x is perpendicular to segment
AB, we know that the slope of the perpendicular bisector is 1, and therefore the slope of segment AB is -1.
The line containing segment AB takes the form of y = -x + b. To find the value of b, substitute the coordi-
nates of A, (-3, 3), into the equation:

3 = -(-3) + b
b=O

The line containing segment AB is y = -x.

x Y
A -3 3

Midpoint 0 0

B 3 -3
Find the point at which the perpendicular bisector intersects AB by
setting the rwo equations, y = x and y = -x, equal to each other:

x=-x
x= O;y= 0

The rwo lines intersect at (0, 0), which is the midpoint of AB.

Use a chart to find the coordinates of B.

9. (-2.75, 1.5):The point in question is 3 times farther from A than it is from B. We
can represent this fact by labeling the point 3x units from A and x units from B, as
shown, giving us a total distance of 4x berween the rwo points. If we drop vertical lines
from the point and from A to the x-axis, we get 2 similar triangles, the smaller of which
is a quarter of the larger. (We can get this relationship from the fact that the larger trian-
gle's hypotenuse is 4 times larger than the hypotenuse of the smaller triangle.)

(-5,6)

78
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The horizontal distance between points A and B is 3 units (from -2 to -5).
Therefore, 4x = 3, and x = 0.75. The horizontal distance from B to the point is
x, or 0.75 units. The x-coordinate of the point is 0.75 away from -2, or
-2.75.

The vertical distance between points A and B is 6 units (from 0 to 6).
Therefore, 4x = 6, and x = 1.5. The vertical distance from B to the point is x,
or 1.5 units. The y-coordinate of the point is 1.5 away from 0, or 1.5.

10. II: First, rewrite the line in slope-intercept form:
y=x-18

Find the intercepts by setting x to zero and y to zero:
y = 0 - 18 0 = x - 18
y=-18 x= 18

Plot the points: (0, -18), and (18, 0). From the sketch, we can see that the line
does not pass through quadrant II.

11. II and IV: First, rewrite the line in slope-intercept form:

xr=rt:10

Notice from the equation that the y-intercept of the line is (0,0). This means that
the line crosses the y-intercept at the origin, so the x- and y-intercepts are the same.
To find another point on the line, substitute any convenient number for X; in this
case, 10 would be a convenient, or "smart," number.

10
y=-=1

10
The point (10, 1) is on the line.

x
A -5

Chapter 5

y
6

B -2 0

II

III

II

I

I

III N

Plot the points: (0,0) and (10, 1). From the sketch, we can see that the line does not pass through quad-
rants II and Iv.

12. I, II, and III: First, rewrite the line in slope-intercept form:
xy = -- + 1,000,000

1,000

Find the intercepts by setting x to zero and y to zero:

x 0
0= 1,000 + 1,000,000 Y = 1,000 + 1,000,000

x = -1,000,000,000 Y = 1,000,000

III

I

N

Plot the points: (-1,000,000,000, 0) and (0, 1,000,000). From the sketch, we can see that the line passes
through quadrants I, II,and III.
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13. I, II, and III: First, rewrite the line in slope-intercept form:
xy= -+9
2

Find the intercepts by setting x to zero and y to zero:
x 00=-+9 y=-+92 2

x=-18 y=9

Plot the points: (-18, 0) and (0, 9). From the sketch, we can see that the line passes through quadrants I,
II, and III.

III N

314. Y = -x + 6: First, calculate the slope of the line:
2

rise 6-0 6 3
slope = -- = -"---'-- - - - -

run 0 - (-4) 4 2

We can see from the graph that the line crosses the y-axis at (0,6).The equation of the line is:

3y= -x+6
2

15. (5, -3): To find the coordinates of the point of intersection, solve the system of 2 linear equations.
You could turn both equations into slope-intercept form and set them equal to each other, but it is easier is
to multiply the first equation by 2 and then add the second equation:

2x +Y = 7 (first equation)

4x +2Y = 14 (multiply by 2)

3x - 2Y = 21 (second equation)

7x = 35 (sum of previous two equations)

x=5

Now plug x = 5 into either equation:

2x +Y = 7 (first equation)

2(5)+ y=7
10+y=7

y=-3

Thus, the point (5, -3) is the point of intersection. There is no need to graph the two lines and find the
point of intersection manually.

80
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DATA SUFFICIENCY STRATEGY

Rephrasing: Access Useful Formulas and Rules
Geometry data sufficiency problems require you to identify the rules and formulas of geom-
etry. For example, if you are given a problem about a circle, you should immediately access
the rules and formulas you know that involve circles:

Area of a circle = 1T:r2
Circumference of a circle = 21T:r = 1T:d

A central angle describes an arc that is proportional to a fractional part of 360°.
An inscribed angle describes an arc that is proportional to a fractional part of 180°.

A

If B is the center of the circle to the right,
what is the length of line segment AC?

(1) The area of sector ABeD is 41T:
(2) The circumference of the circle is 81T:

(A) Statement (1) ALONE is sufficient, but statement (2) alone is not sufficient.
(B) Statement (2) ALONE is sufficient, but statement (1) alone is not sufficient.
(C) BOTH statements TOGETHER are sufficient, but NEITHER statement

ALONE is sufficient.
(D) EACH statement ALONE is sufficient.
(E) Statements (1) and (2) together are NOT sufficient.

Always start by focusing on the question itself Do not jump to the statements before first
attempting to rephrase the question into something easier. You need to process the informa-
tion that you ALREADY KNOW (from the question and diagram) before diving into
NEW information (from the statements).

The diagram shows that LAEC (an inscribed angle that intercepts arc ADC) is 45°.

Therefore, using the relationship between an inscribed angle and a central angle, we know
that LABC (a central angle that also intercepts arc ADC) must be 90°.

Thus, triangle ABC is a right triangle.

The question asks us to find the length of line segment AC, which is the hypotenuse of the
right triangle. In order to find the length of hypotenuse AC, we must determine the length
of the legs of the triangle. Notice that each leg of the triangle (BA and BC) is a radius of
the circle.

Thus, this question can be rephrased: What is the radius of the circle?
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You should know two circle formulas that include the radius: the formula for area and the
formula for circumference.

Statement (1) tells us the area of a sector of the circle. Since the sector described is one
quarter of the circle, we will be able to determine the area of the entire circle using a pro-
portion. Given the area of the circle, we can find the radius.

Thus, statement (1) alone is sufficient to answer our rephrased question.

Statement (2) tells us the circumference of the circle. Using the formula for circumference,
we can determine the radius of the circle.

Thus, statement (2) alone is sufficient to answer our rephrased question.

The answer to this data sufficiency problem is (D): EACH statement ALONE is sufficient.
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Rephrasing: Challenge Short Set
In Chapters 7 and 9, you will find lists of Geometry problems that have appeared on past offidal GMAT
exams. These lists refer to problems from three books published by the Graduate Management Admission
Council- (the organization that develops the official GMAT exam):

The Official Guide for GMAT Review, iz« Edition
The Official Guide for GMAT Q!i.antitative Review
The Official Guide for GMAT Q!i.antitative Review, 2nd Edition
Note: The two editions of the Quant Review book largely overlap. Use one OR the other. The questions
contained in these three books are the property of The Graduate Management Admission Council, which
is not afHliated in any way with Manhattan GMAT.

As you work through the Data Sufficiency problems listed at the end of Part I and Part II, be sure to focus
on rephrasing. If possible, try to rephrase each question into its simplest form before looking at the two state-
ments. In order to rephrase, focus on figuring out the specific information that is absolutely necessary to
answer the question. After rephrasing the question, you should also try to rephrase each of the two state-
ments, if possible. Rephrase each statement by simplifying the given information into its most basic form.

In order to help you practice rephrasing, we have taken a set of generally difficult Data Sufficiency prob-
lems on The Official Guide problem list (these are the problem numbers listed in the "Challenge Short Set"
on page 113) and have provided you with our own sample rephrasings for each question and statement. In
order to evaluate how effectively you are using the rephrasing strategy, you can compare your rephrased
questions and statements to our own rephrasings that appear below. Questions and statements that are sig-
nificantly rephrased appear in bold.
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Rephrasings from Th Official Guide For GMAT ReWw, 12th. Edition
The questions and statements that appear below are only our rephrasings. The original questions and state-
ments can be found by referencing the problem numbers below in the Data Sufficiency section of The
Official Guide for GMAT Review, u: Edition (pages 272-288).

Note: Problem numbers preceded by "0" refer to questions in the Diagnostic Test chapter of
The OffiCial Guide for GMAT Review, 12th Edition (pages 24-26).

34. What is the diameter of each can?

(1) r = 4
d=8

(2) 6d= 48
d=8

56. There are 1800 in a triangle: x +y + z = 180
z= 180 - (x+ y)

What is the value of x +Y-
(1) x+ y = 139

(2)y+z= 108

94. What is the value of m?

(1) m = 1 - m
m= 112

(2) 7=2m+ b

117. Area of large circle - Area of small circle = ?
2 2 ~7rrlarge- 7rr,maIl =.

7r(rlarge2 - rsmi) = ?

Rephrasing most likely to be useful at this point:

What are the values of r •••• and r.maII?

(1) rsmall = 3 and r••••= 3 + 2

(2) r••••= 1+ 4 = 5

2rlarge= 10 DE=4soAD=6
= 2rsmall

r.maII = 3
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-21s$:S;-r+2?
3

Is (r, $) in the shaded region?

Chapter 6DATA SUFFICIENCY REPHRASING EXAMPLES

121. 3y:S;-2x+6
-2y:S;-x+2
3

(2)

(1) 2s= -3r +6
-3s=-r+3
2

Possible (r, $) points
are below this line.

Possible (r, $) points
are on this line.

Possible (r, $) points
are to the left of this
line.

122. What is the value of abc?

b

I
I
I
IL__--

(1) ab= 15 and bc=24

(2) ac=40

---a

132. (180 - x) + (180 - y) + (180 - z) + (180 - w) = 360
720 - (x + y + z + w) = 360
360 = x + y + z + w
360 - (z + w) = x +Y

(l)w=95

(2) z= 125
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144. What is the length of one side of triangle ~

(1) The length of~e height of triangle D is 3.

(2) The length of the base of triangle Dis! .
3

148. x + x + 3x + (x + 60) = ?

6x+60=?

What is the value of Xl

x > 0, since it represents a length

(1) x= 120 or x+ 60 = 120 or 3x= 120
x= 60 x= 40

(2) 3x> x
x+60>x

x is the measure of the 2 shortest sides.
The 3x side cannot be twice as long as an x side (it's three times as long).
So, x+ 60 = 2x

6O=x

157.

x~

y

x2 +l = 100

x +y + 10 =?
x+y=?

(1) xy = 25
2
xy=50

2xy = 100

x2 +l +2xy = 100 +100 = 200

(x+ y)2 = 200

x+ y = .J200

This can also be achieved by substitution:

50y=-
x

2X2 = 100

x2 =50

x=$O=y

x+ y=2.J50

2 (50)2
X + -; =100

x2 + 2500 = 100
x2

X4 -100x2 +2500 = 0

(x2
- 50)(x2

- 50) = 0

x2 =50

x=$O

r= ~=$O
,,50

x+ y=2$O (=../200

(2) x= y

160. C= 2rrr
What is the radius? OR
Arc lengths are determined by central angles.
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DATA SUFFICIENCY REPHRASING EXAMPLES Chapter 6

Thus, the length of arc XY.Z = 9
6
0 =.!. of the circumference.

304
What is the length of arc XY.Z?

(1) Triangle OXZ is a 45-45-90 triangle with sides in the ratio of 1 : 1 : v2, and each of the
shorter legs is a radius of the circle. Thus, the perimeter is r + r + V2r. Using the value for the
perimeter given in statement (1), solve for the radius:

r= 10

(2) arc XY.Z = 5n

164. The distance of a point to the origin can be determined with the Pythagorean Theorem.

(1) s = -r+ 1

(2) v = 1 - s AND u=l-r u

,,(r, s)
,'.

" :s

(COMBINED)
v = 1 - (-r+ 1)
v=r

V
! -: r. .'
~"

(u, v)
AND u=l-r

Using substitution, we can answer the rephrased question.

173. The large triangle (PQKJ is inscribed in a semi-circle, and its hypotenuse (PR) is the diameter of the
semi-circle. Therefore, triangle PQR is a right triangle; its right angle is at point Q.

Now we have one large right triangle (PQR) and two small right triangles (PSQ and RSQ). Notice
that triangle PQR and triangle PSQ share two angles in common (angle W Q
and a right angle). Since the sum of the angles in any triangle is 180
degrees, the third angle in each of these triangles must also be
congruent. Therefore, these triangles are similar.

The same logic applies for triangle PQR and triangle RSQ.
These two triangles are similar as well. P~===::;a====;:;+=;
Since the large triangle PQR is similar to both of the smaller
triangles, PSQ and RS~ then these two smaller triangles
must also be similar to each other. Therefore, knowing any
pair of corresponding sides will give us the proportions of
the other pairs of corresponding sides.

What is a? OR What is b? a

2

(1) a = 4

(2) b = 1
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039. x-intercept is the point on line where Y = o.

At point (x, 0) on line k, is x positive~

( ) 51 rise 12 - YI
lope = distance between any 2 points on line: -5 = - = --

run x2 -XI

Plug in two points on line k: (x, 0) and (-5, r)

_5=~=_r_
-5-x -5-x

25+5x=r

r-25x=--
5

x is positive if r is greater than 25

(2) r » 0

048. L

W••••••I __ ----I
What is 2L + 2W? OR What is L + W~

(1) L

w~

L'1.+ W'1.= 100

(2) LW=48
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Rephrasings from The Official Guide for GMAT Quantitati~ Review, 2nd Edition
The questions and statements that appear below are only our rephrasings.The original questions and state-
ments can be found by referencing the problem numbers below in the Data Sufficiency section of The
Official Guide for GMAT Quantitative Review, 2nd Edition (pages 152-163). First Edition numbers are
included in parentheses. Problems unique to one edition are so indicated.

59. Circumference of a circle = 2nr
(58.)

N b f . 100
urn er 0 rotations = --

2nr

What is the valueof r?

(1) diameter = 0.5 meter

(2) speed = 20 rotations per minute

72. What is the measureof angleABC? OR
(70.) What are the measuresof AB.x, XBY, and YBC?

(1) ABX = XBY AND XBY = YBC
ABX =XBY = YBC

(2) ABX= 40°

91. TUVis a 45-45-90 right triangle. RUVis a 30-60-90 right triangle.
(87.) TU= RS

What is the length of the baseof each of these triangles? OR
What is the length of the hypotenuse these triangles share? OR
(BEST):What is the length of any side in either triangle?
**Note that knowing 1 side allows us to solve for all other sides.

(1) TU= 10 m

(2)RV=5m

(1) 1Cr2 + 1CR2 = 901C

r2+R2=90

95. Let r = the radius of the smaller region.
(91.) Let R = the radius of the larger region.

What is R?

(2) R=3r
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114. What is lw?
(109.)

DATA SUFFICIENCY REPHRASING EXAMPLES

(1) 1+ w = 6
(/+ W)2 = 36
12+2lw+w2=36

(2) [2 + w2 = 20

(COMBINED) F+ 2lw + w2 = 36
- f + w2 = 20

21w = 16
lw= 8

123. Name angles y and z as shown in the figure.
(117.)

2x+z= 180 OR z= 180 - 2x
x+ y+z= 180 OR z= 180 - (x+ y)
Therefore, 2x = x +Y OR x = y
(Alternatively, we can find this result by noting that
angle BDC is an exterior angle for triangle ABD.)

B

Thus, AD = BD.

We also know that BD = Be.
Therefore, AD = BD = Be.

What is the length of Be, BD, or AD?

(1) AD= 6

(2) x= 36

92
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OFFICIAL GUIDE PROBLEM SETS : PART I Chapter 7

Practicing with REAL GMAT Problems
Now that you have completed Part I of GEOMETRY, it is time to test your skills on problems that have
actually appeared on real GMAT exams over the past several years.

The problem sets that follow are composed of questions from three books published by the Graduate
Management Admission Council- (the organization that develops the official GMAT exam):

The Official Guide for GMAT Review, 12th Edition
The Official Guide for GMAT Quantitative Review
The Official Guide for GMAT Quantitative Review, 2nd Edition
Note: The two editions of the Quant Review book largely overlap. Use one OR the other.

These books contain quantitative questions that have appeared on past official GMAT exams. (The ques-
tions contained therein are the property of The Graduate Management Admission Council, which is not
affiliated in any way with Manhattan GMAT.)

Although the questions in the Official Guides have been "retired" (they will notappear on future official
GMAT exams), they are great practice questions.

In order to help you practice effectively, we have categorized every problem in The Official Guides by topic
and subtopic. On the following pages, you will find two categorized lists:

(1) Problem Solving: Lists EASIER Problem Solving Geometry questions contained in The Official Guides
and categorizes them by subtopic.

(2) Data Sufficiency: Lists EASIER Data Sufficiency Geometry questions contained in The Official Guides
and categorizes them by subtopic.

The remaining Official Guide problems are listed at the end of Part II of this book. Do not forget about
the Part II list!

Each book in Manhattan GMAT's 8-book strategy series contains its own Official Guide lists that pertain
to the specific topics taught in that particular book. If you complete all the practice problems contained in
the Official Guide lists in each of the 8 Manhattan GMAT strategy books, you will have completed every
single question published in The Official Guides.

:M.anliattanG MAT'Prep
the new standard 95



Chapter 7

96

OFFICIAL GUIDE PROBLEM SOLVING SET: PART I

Problem Solving: Part I
from The Official Guidefor GMAT Review, 12th Edition (pages 20-23 & 152-185), The Official
Guide for GMAT Quantitative Review (pages62-85), and The Official Guide for GMAT
Quantitative Review, 2nd Edition (pages 62-86). Note: The two editions of the Quant Reviewbook
largely overlap. Use one OR the other.

Solveeach of the following problems in a notebook, making sure to demonstrate how you arrived
at each answer by showing all of your work and computations. If you get stuck on a problem, look
back at the GEOMETRY strategies and content contained in this guide to assist you.

Note: Problem numbers preceded by "D" refer to questions in the Diagnostic Test chapter of The
Official Guide for GMAT Review, 12th Edition (pages 20-23).

GENERAL SET - GEOMETRY
Polygons

- iz» Edition: 4, 16, 18, 102, 113
Quantitative Review: 12,22, 139 OR 2nd Edition: 15,24, 139

Triangles and Diagonals
12th Edition: 48, 145, 147, 152
Quantitative Review: 77 OR 2nd Edition: 71, 76

Circles and Cylinders
12th Edition: 33, 160, D5, D20
Quantitative Review: 31 OR 2nd Edition: 33

Unes aaidAngles
12th Edition: 53,62, DI0
Quantitative Review: 28 OR 2nd Edition: 7, 30

Coordinate Plane
iz« Edition: 9, 25, 39, 88
Quantitative Review: 19, 123 OR 2nd Edition: 21, 83, 102, 123

Remember, there are more Official Guide problems listed at the end of Part II.
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Data Sufficiency: Part I
from The Official Guide for GMAT Review, 12thEdition (pages 24-26 & 272-288), The Official
Guide for GMAT Quantitative Review (pages 149-157), and The Official Guide for GMAT
Quantitative Review, 2nd Edition (pages 152-163).

~: The two editions of the Quant Review book largely overlap. Use one OR the other.

Solve each of the following problems in a notebook, making sure to demonstrate how you arrived
at each answer by showing all of your work and computations. If you get stuck on a problem, look
back at the GEOMETRY strategies and content contained in this guide to assist you.

Practice REPHRASING both the questions and the statements by using variables and constructing
equations. The majority of data sufficiency problems can be rephrased; however, if you have diffi-
culty rephrasing a problem, try testing numbers to solve it. It is especially important that you famil-
iarize yourself with the directions for data sufficiency problems, and that you memorize the 5 fixed
answer choices that accompany all data sufficiency problems.

~: Problem numbers preceded by "D" refer to questions in the Diagnostic Test chapter of
The Official Guide for GMAT Review, 12th edition (pages 24-26).

GENERAL SET - GEOMETRY
Polygons

u» Edition: 18,47, 122
~ntitative Review: 4, 59, 84 OR 2nd Edition: 4, 60, 88

Triangles and Diagonals
12th Edition: 20, 56, 74, 028
~ntitative Review: 19,64, 87, 109 OR 2nd Edition: 19,43,65, 91, 114, 123

Circles and Cylinders
tz« Edition: 29, 34,42,96, 114
Quantitative Review: 57, 58,91, 95 OR 2nd Edition: 58, 59, 95, 99

Lines and Angles
u« Edition: 91
Q!J,antitativeReview: 70 OR 2nd Edition: 72

Coordinate Plane
12th Edition: 75, 94
Quantitative Review: 14 OR 2nd Edition: 22

Remember, there are more Official Guide problems listed at the end of Part II.
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PART II: ADVANCED
This part of the book covers various advanced topics within Geometry. This
advanced material may not be necessary for all students. Attempt Part II only after
you have completed Part I and are comfortable with its content.

Chapter 8
----0/----
GEOMETRY

ADVANCED
GEOMETRY



In This Chapter ...

• Maximum Area of Polygons

• Function Graphs and Quadratics



ADVANCED GEOMETRY STRATEGY

ADVANCED GEOMETRY
Typically, difficult geometry problems draw on the ~ geometric principles as easier prob-
lems. The GMAT usually makes problems more difficult by adding steps. For instance, to
solve Problem Solving #145 in The Official Guide for GMAT Quantitative Review, 2nd
Edition, you have to complete several steps, using both Triangle concepts and Circle concepts.
However, once you have labeled the diagram appropriately, each step is itself straightforward.
Likewise, Problem Solving #229 in The Official Guide for GMAT Review, 12th Edition does
not contain fundamentally difficult coordinate-plane geometry. What makes #229 hard is its
hybrid nature: it is a Combinatorics problem in a Coordinate-Plane disguise.

All that said, a few miscellaneous topics in geometry may be called advanced. These topics
rarely appear on easier problems.

Maximum Area of Polygons
In some problems, the GMAT may require you to determine the maximum or minimum
area of a given figure. This condition could be stated ~licitly, as in Problem Solving ques-
tions ("What is the maximum area of ... ?"), or implicitly, as in Data Sufficiency questions
("Is the area of rectangle ABCD less than 30?"). Following are twO shortcuts that can help
you optimize certain problems quickly.

Maximum Area of a Quadrilateral
Perhaps the best-known maximum area problem is to maximize the area of a quadrilateral
(usually a rectangle) with afixed perimeter. If a quadrilateral has a fixed perimeter, say, 36
inches, it can take a variety of shapes: 9"

12"

17" ,·0
Area = 81 square inches

I" C::====::::J
Area = 17 square inches

Area = 72 square inches

Qf these figures, the one with the largest area is the square. This is a general rule: Of all
quadrilaterals with a given perimeter, the SQUARE has the largeSt area. This is true even
in cases involving non-integer lengths. For instance, of all quadrilaterals with a perimeter of
25 feet, the one with the largest area is a square with 25/4 = 6.25 feet per side.

This principle can also be turned around to yield the following corollary: Of all quadrilat-
erals with a given area, the SQUARE has the minimum perimeter.
Both of these principles can be generalized for n sides: a regular polygon with all sides equal
(and pushed outward if necessary) will maximize area for a given perimeter and minimize
perimeter for a given area.

Maximum Area of a ParallelQgram or Triangle
Another common optimization problem involves maximizing the area of a mangle orparal-
lelogram with given side lengths.

For instance, there are many triangles with two sides 3 and 4 units long. Imagine that the
two sides of length 3 and 4 are on a hinge. The third side can have various lengths:
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(-3,9) (3,9)

x f<X) =, Point

-3 (-3)2 = 9 (-3,9)
-2 (_2)2 = 4 (-2,4) (-2,4) (2,4)

-1 (-1)2=1 (-1, 1)
0 02 = 0 (0,0) -8 -6-4 -2 8

1 12 = 1 (1, 1) -2

2 22 = 2 (2,4) -4

3 32 = 9 (3,9) -6

-8
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If you are given two sides
of a triangle or paralldo-

gram and you want to
maximize the area, estab-

lish those sides as the

base and height, and
make the angle between

them 90°.

ADVANCED GEOMETRY STRATEGY

~
4

3~

4
~

4

There are many corresponding parallelograms with two sides 3 and 4 units long:

iZ:----~
4

3 ~""" """

4

The area of a triangle is given by A = .!..bh, and the area of a parallelogram is given
2

by A = bh. Because both of these formulas involve the perpendicular height b, the maxi-
mum area of each figure is achieved when the 3-unit side is perpendicular to the 4-unit

_ side, so that the height is 3 units. All the other figures have lesser heights. (Note that in this
case, the triangle of maximum area is the famous 3-4-5 right triangle.) If the sides are not
perpendicular, then the figure is squished, so to speak.

The general rule is this: if you are given two sides of a triangle or parallelogram, you can
maximize the area by placing those two sides PERPENDICULAR. to each other.

Since the rhombus is simply a special case of a parallelogram, this rule holds for rhombuses
as well. All sides of a rhombus are equal. Thus, you can maximize the area of a rhombus
with a given side length by making the rhombus into a square.

Function Graphs and Quadratics
We can think of the slope-intercept form of a linear equation as a function:

y = !(x) = mx+b. That is, we input the x-coordinate into the function !(x) = mx+b,
and the output is the y-coordinate of the point that we plot on the line.

We can apply this process more generally. For instance, imagine that y = !(x) = x2
• Then

we can generate the graph for! (x) by plugging in a variety of values for x and getting values
for y. The points (x, y) that we find lie on the

graph of y = !(x) = x",
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This curved graph is called a parabola. Any function of the form f(x) = ax2 +bx +c,
where a, b, and c are constants, is called a quadratic function and can be plotted as a
parabola in the coordinate plane. Depending on the value of a, the curve will have different
shapes:

Positive value for a
Negative value for a

Curve opens upward
Curve opens downward

Large lal (absolute value)
Small je]

Narrow curve
Wide curve

The parabola will always open upward or downward.

The most important questions you will be asked about the parabola are these:

(1) How many times does the parabola touch the x-axis?
(2) If the parabola does touch the x-axis, where does it touch?

In other words, how many x-intercepts are there, and what are they?

The reason these questions are important is that the x-axis is the line representingy = O. In
other words, the parabola touches the x-axis at those values of x that makef(x) = O.

Therefore, these values solve the quadratic equation given by f(x) = ax2 +bx +c = o.

You can solve for zero by factoring and solving the equation directly. Alternatively, you
might plug in points and draw the parabola. Finally, for some very difficult problems, you
can use the quadratic formula:

-b±-Jb2 -4ac -b+-Jb2 4ac -b--Jb2 -4ac
x = One solution is -, and the other is ------

2a 2a 2a

The vast majority of GMAT quadratic problems can be solved without using the quadratic
formula. If you do apply this formula, the advantage is that you can quickly tell how many
solutions the equation has by looking at just one part: the expression under the radical sign,

b2
- 4ac. This expression is known as the discriminant, because it discriminates or distin-

guishes three cases for the number of solutions to the equation, as follows:

(1) If b2 -4ac > 0, then the square root operation yields a positive number. The quadratic
formula produces two roots of the quadratic equation. This means that the parabola crosses
the x-axis twice and has two x-intercepts.
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The nwnber of x-inter-
cepts of a parabola is

determined by the sign

ofthe~L

ADVANCED GEOMETRY STRATEGY

(2) If b2
- 4ac = 0, then the square root operation yields

zero. The quadratic formula only produces one root of the
quadratic equation. This means that the parabola just touches
the x-axisonce and has just one x-intercept.

(3) If b2
- 4ac < 0, then the square root operation cannot be

performed. This means that the quadratic formula produces
no roots of the quadratic equation, and the parabola never
touches the x-aids (it has no x-intercepts).

- It is possible for the GMAT to ask you to graph other non-linear functions of x. The fol-
lowing points lie at the heart of all problems involving graphs of other non-linear functions,
as well as lines and parabolas.

(1) If a point lies on the graph, then you can plug its coordinates into the equation
y = f(x). Conversely, if a value of x and a value of y satisfy the equation y = fix),
then the point (x,y) lies on the graph offix).

(2) To find x-intercepts, find the values of x for which y =fix) = o.
(3) To find y-intercepts, set x = 0 and find y = f(O).
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Problem Set (Advanced)

1. What is the maximum possible area of a quadrilateral with a perimeter of 80 centimeters?

2. What is the minimum possible perimeter of a quadrilateral with an area of 1,600 square feet?

3. What is the maximum possible area of a parallelogram with one side of length 2 meters and a
perimeter of 24 meters?

4. What is the maximum possible area of a triangle with a side of length 7 units and another side
of length 8 units?

5. The lengths of the two shorter legs of a right triangle add up to 40 units. What is the maximum
possible area of the triangle?

6. What is x in the diagram below?

,,,,,,

7. The line represented by the equation y = -2x + 6 is the perpendicular bisector of the
line segment AB. If A has the coordinates (7, 2), what are the coordinates for B?

8. How many x-intercepts does f(x) =x2 +3x +3 have?
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1. 400 cmz: The quadrilateral with maximum area for a given perimeter is a square, which has four equal
sides. Therefore, the square that has a perimeter of 80 centimeters has sides of length 20 centimeters each.
Since the area of a square is the side length squared, the area = (20 cm)(20 em) = 400 cnr',

2. 160 ft: The quadrilateral with minimum perimeter for a given area is a square. Since the area of a
square is the side length squared, we can solve the equation x2 = 1,600 ft2 for the side length x, yielding x =
40 ft. The perimeter, which is four times the side length, is (4)(40 ft) = 160 ft.

3. 20 mZ: If one side of the parallelogram is 2 meters long, then the opposite side must also be 2 meters
long. We can solve for the unknown sides, which are equal in length, by writing an equation for the
perimeter: 24 = 2(2) + 2x, with x as the unknown side. Solving, we get x = 10 meters. The parallelogram
with these dimensions and maximum area is a rectangle with 2-meter and 10-meter sides. Thus the maxi-
mum possible area of the figure is (2 m)(10 m) = 20 m2•

4. 28 square units: A triangle with two given sides has maximum area if these two sides are placed at right
angles to each other; For this triangle, one of the given sides can be considered the-base, and the other side
can be considered the height (because they meet at a right angle). Thus we plug these sides into the formula

1 1A=-bh: A =-(7)(8) =28.2 2

5. 200 square units: You can think of a right triangle as half of a rectangle.
Constructing this right triangle with legs adding to 40 is equivalent to constructing
the rectangle with a perimeter of 80. Since the area of the triangle is half that of the
rectangle, you can use the previously mentioned technique for maximizing the area
of a rectangle: of all rectangles with a given perimeter, the square has the greatest area.
The desired rectangle is thus a 20 by 20 square, and the right triangle has area (~)(20)(20) = 200 units.

6. 36/7: We can calculate the area of the triangle, using the side of length 12 as the base:

(112)(12)(3) = 18

Next, we use the side of length 7 as the base and write the equation for the area:

(1I2)(7)(x) = 18

Now solve for x, the unknown height.
7x= 36
x= 36/7

You could also solve this problem using the Pythagorean Theorem, but the process is much harder.

7. (-1, -2): Ify = -2x+ 6 is the perpendicular bisector of segmentAB,
then the line containing segment AB must have a slope of 0.5 (the neg-
ative inverse of -2). We can represent this line with the equation
y = 0.5x + b. Substitute the coordinates (7, 2) into the equation to find
the value of b.

2 = 0.5(7) + b.
b = -1.5

x y
A 7 2

Midpoint 3 0

B -1 -2
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The line containing AB is y = 0.5x - 1.5.

Find the point at which the perpendicular bisector intersects AB by setting the two equations, y = -2x + 6
andy = O.5x- 1.5, equal to each other.

-2x + 6 = O.5x- 1.5
2.5x= 7.5

x= 3;y= 0

The two lines intersect at (3, 0), which is the midpoint of AB.

Use a chart to find the coordinates of B.

8. None: There are three ways to solve this equation. The first is to attempt to factor the quadratic equa-
tion to find solutions. Since no two integers multiply to 3 and add to 3, this strategy fails.

The second approach is to pick x ~l+3x+3= y Point

numbers for x, solve forf(x) (plot- -3 9-9+3=3 (-3,3)
ted as y in the coordinate plane), and -2 4-6+3=1 (-2, 1)
plot these (x,y) pairs to determine -1 1-3+3=1 (-1, 1)
the shape of the parabola. An exam- 0 0+0+3=3 (0,3)
ple of this technique is displayed to

1 1+3+3=7 (1, 7)
the right.

This approach demonstrates that the parabola never touches the x-axis. There are no x-inrercepts.

The third method is to use the discriminant of the quadratic equation to count the number of x-intercepts.

First, identify the coefficients of each term. The function is f(x) = x2 +3x +3. Matching this up to the

definition of the standard quadratic equation, f<x) = ax2 +bx+c, we have a = 1, b = 3, and c = 3.

Next, write the discriminant from the quadratic formula (the expression that is under the radical sign in
the quadratic formula):

b2
- 4ac = 32

- 4(1)(3)

=9-12

=-3

Since the discriminant is less than zero, you cannot take its square root. This means that there is no solu-

tion to the equation f(x) = x2 +3x +3 = 0, so the function's graph does not touch the x-axis, There are no

x-intercepts.
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In This Chapter ...

• Geometry Problem Solving List from The Offidal

Guides: PART II

• Geometry Data Sufficiency List from The Official

Guides: PART II



OFFICIAL GUIDE PROBLEM SETS: PART II Chapter 9

Practicing with REAL GMAT Problems
Now that you have completed Part II of GEOMETRY, it is time to test your skills on problems that have
actually appeared on real GMAT exams over the past several years.

The problem sets that follow are composed of questions from three books published by the Graduate
Management Admission Council- (the organization that develops the official GMAT exam):

The Official Guide for GMAT Review, 12th Edition
The Official Guide for GMAT QJ4antitative Review
The OffiCial Guide for GMAT Quantitative Review, 2nd Edition
~: The two editions of the Quant Review book largely overlap. Use one OR the other.

These books contain quantitative questions that have appeared on past official GMAT exams. (The ques-
tions contained therein are the property of The Graduate Management Admission Council, which is not
affiliated in any way with Manhattan GMAT.)

Although the questions in the Official Guides have been "retired" (they will not appear on future official
GMAT exams), they are great practice questions.

In order to help you practice effectively, we have categorized every problem in The Official Guides by topic
and subtopic. On the following pages, you will find two categorized lists:

(1) Problem Solving: Lists MORE DIFFICULT Problem Solving Geometry questions contained in
The Official Guides and categorizes them by subtopic.

(2) Data Sufficiency: Lists MORE DIFFICULT Data Sufficiency Geometry questions contained in
The Official Guides and categorizes them by subtopic.

Remember that Chapter 7 in Part I of this book contains the first sets of Official Guide problems, which
are easier.

Each book in Manhattan GMAT's 8-book strategy series contains its own Official Guide lists that pertain
to the specific topics taught in that particular book. If you complete all the practice problems contained in
the Official Guide lists in each of the 8 Manhattan GMAT strategy books, you will have completed every
single question published in The Official Guides.
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OFFICIAL GUIDE PROBLEM SOLVING SET: PART II

Problem Solving: Part II
from The Official GUidefor GMAT Review, u: Edition (pages 20-23 & 152-185), The Official
Guide for GMAT Quantitative Review (pages 62-85), and The Official Guide for GMAT
Quantitative Review, 2nd Edition (pages 62-86). Note: The two editions of the Quant Reviewbook
largely overlap. Use one OR the other.

Solve each of the following problems in a notebook, making sure to demonstrate how you arrived
at each answer by showing all of your work and computations. If you get stuck on a problem, look
back at the GEOMETRY strategies and content contained in this guide to assist you.

Note: Problem numbers preceded by "D" refer to questions in the Diagnostic Test chapter of The
Official Guide for GMAT Review, 12th Edition (pages 20-23).

ADYANCED SET - GEOMETRY
This set picks up from where the General Set in Part I leaves off.

-
Polygons

12th Edition: 134
Quantitative Review: 175 OR 2nd Edition: 135,175

Triangles and Diagonals
12th Edition: 177,205, D19
QR 2m! Edition: 150, 157

Circles and Cylinders
tz» Edition: 189, 197, D22
Quantitative Review: 141 OR 2nd Edition: 141, 145, 153, 162

Lines and Angles
is» Edition: 209

Coordinate Plane
iz» Edition: 194,210,229

QIAIJ.ENGE SHORT SET - GEOMETRY
This set covers Geometry problems from each of the content areas, including both easier and harder problems, but with
a focus on harder problems. The Challenge Short Set duplicates problems from the General Set (in Part I) and the
Advanced Set above.

12th Edition: 33, 39, 62, 88, 134, 152, 177, 189, 197,209,210,229, D10, D22
Quantitative Review: 123, 139, 175 OR 2nd Edition: 123, 135, 139, 157, 162, 175
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Data Sufficiency: Part II
from The Official Guide for GMAT Review, 12th Edition (pages 24-26 & 272-288), The Official
Guide for GMAT Quantitative Review (pages 149-157), and The Official Guide for GMAT
Quantitative Review, 2nd Edition (pages 152-163). Note: The two editions of the Quant Review
book largely overlap. Use one OR the other.

Solve each of the following problems in a notebook, making sure to demonstrate how you arrived
at each answer by showing all of your work and computations. If you get stuck on a problem, look
back at the GEOMETRY strategies and content contained in this guide to assist you.

Practice REPHRASING both the questions and the statements by using variables and constructing
equations. The majority of data sufficiency problems can be rephrased; however, if you have diffi-
culty rephrasing a problem, try testing numbers to solve it. It is especially important that you famil-
iarize yourself with the directions for data sufficiency problems, and that you memorize the 5 fixed
answer choices that accompany all data sufficiency problems.

Note: Problem numbers preceded by "D" refer to questions in the Diagnostic Test chapter of
The Official Guide for GMAT Review, 12tHedition (pages 24-26).

ADYANCED SET - GEOMETRY
This set picks up from where the General Set in Part I leaves off.

Polygons
12th Edition: 135, 148, D48

Triangles and Diagonals
iz» Edition: 109, 140, 144, 157, 173
Quantitative Review: 117 OR 2nd Edition: 123

Circles and Cylinders
tz« Edition: 117, 160, D36

Lines and Angles
u« Edition: 132

Coordinate Plane
12th Edition: 121, 149, 164, D39

CHALlENGE SHORT SET GEOMETRY
This set covers Geometry problems from each of the content areas, including both easier and harder problems, but with
a focus on harder problems. The Challenge Short Set duplicates problems from the General Set (in Part I) and the

Advanced Set above.
12th Edition: 34, 56, 94, 117, 121, 122, 132, 144, 148, 157, 164, 173, D39, D48
Quantitative Review: 58,70,87,91, 109, 117
OR 2nd Edition: 59, 72, 91, 95, 114, 123
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Chapter By Chapter iManhauan G MAT
PART I: GENERAL
1. POLYGONS:

Quadrilaterals, Interior Angles, Perimeter, Area, Dimensionality, Surface Area,
Volume

2. TRIANGLES & DIAGONALS:
Side-Angle Relationships, Triangle Theorems, Isosceles & Equilateral Triangles, Special Ratios,
Polygon Diagonals, Similar Triangles, Area Revisited

3. CIRCLES & CYLINDERS:
Circumference, Arc Length, Perimeter, Area, Sectors, Inscribed & Central Angles,
Cylinder Surface Area & Volume

4. LINES & ANGLES:
Intersecting Lines, Parallel Lines, Exterior Angles, Transversals

5. COORDINATE PLANE:
Slopes, Intercepts, Slope-Intercept Equation, Distance, Quadrants, Perpendicular Bisectors,
Intersection of 2 Lines

PART II: ADVANCED
Includes separate chapter on numerous Advanced Geometry topics, as well as additional practice problems

What's Inside This GUide

• Clear explanations of fundamental principles.
• Step-by-step instructions for important techniques.
• Advanced section covering the most difficult topics.
• In-Action practice problems to help you master the concepts and methods.
• Topical sets of Official Guide problems listed by number (problems published separately by GMAC)

to help you apply your knowledge to actual GMAT questions.
• One full year of access to 6 Computer Adaptive Practice Exams and Bonus Question Bank.

How Our GMAT Prep Books Are Different

• Challenges you to do more, not less
• Focuseson developing mastery
• Covers the subject thoroughly

• Not just pages of guessing tricks
• Realcontent, real structure, real teaching
• More pages per topic than all-in-1 tomes

Comments From GMAT Test Takers

"I've loved the materials in the Strategy Guides. I've found I really learned a lot through them.
It turns out that this was the kind of in-depth study and understanding that I needed.
The guides have sharpened my skills. I like how each section starts with the basics and advances
all the way through the most complicated questions."

"The material is reviewed in a very complete and user-friendly manner. The subjects are taught
in a way that gets to the heart of the matter by demonstrating how to solve actual problems in
a very thorough and uncumbersome fashion."
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