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Disclaimer:  
· Slingfox’s basic quant study tips:

· Go through a good quant study guide to bring yourself back up to speed on the core quant principles.  I used the Manhattan GMAT quant guides and thought that they were quite good.

· Do the half of the OG quant problems.

· Register on www.gmatclub.com and acquire access to their Math Tests.  These tests are absolutely killer.
· See also my GMAT test debrief on GMATClub.com:  http://gmatclub.com/forum/gmatclubbing-administered-770-50q-45v-86239.html
· If you’ve just started studying for the GMAT, do not start with this particular because it will likely be incomprehensible.  

· This outline will likely be most useful to those who have made the effort to bring themselves up to speed on quant and completed several practice tests.  

· A lot of the concepts here are based off of material contained in the various Manhattan GMAT quant guides, so this outline will be most useful if you are familiar with or have access to those books.

· It is unlikely that you will fully understand everything here the first time.  Even if you think you fully understand everything set forth herein, you will probably not fully appreciate how each concept is/can be applied to GMAT problems until deep into your GMAT practice/study.

· Most importantly:  Keep practicing and don’t give up!  If you’ve stumped about something, post of use the internet and the various GMAT-centric message boards as a resource!

· Excellent website on how to do distance, mixture and coin/stamp problems (i.e., these are all problems where organizing data into data tables is extremely useful):

· http://www.onlinemathlearning.com/mixture-problems.html
· Be sure to watch their free tutorial videos!
Expressing Number Properties Algebraically

Integer = n

Even integer = 2n

Odd integer = 2n + 1

An integer X is divisible by Y:  X = Y*n
An integer X when divided by Y has a remainder of R:  X = Y*n + r

Basic Number Properties

0 is neither positive nor negative
0 is an even integer
Consider 0 and 1 in all problems

· Common scenarios:

· Consider 1 when counting total factors (1 is a factor of all numbers).

· When a variable appears in the base or power of an exponential/root expression.

· Consider 0 in optimization problems.

· Consider 0 and 1 in DS problems where a term is (i) composed of the product of one or more variables/unknowns or (ii) multiplied or divided by a variable/unknown.

· Example:  If sqrt(xy)=xy , what is the value of x + y?

· (1) x = -1/2

· (2) y is not equal to zero

· Answer is C because sqrt(xy)=xy if xy is either zero or 1.
· Example:  Is the three digit number n less than 550?

· (1) The product of the digits of n is 30.

· 30 = 2*3*5 or 1*5*6

· Insufficient.

· (2) The sum of the digits of n is 10.

· Insufficient.

· Answer C since the only overlapping possibility is 2*3*5.  
· Remember that you cannot divide by zero.

Converting Digits to a Number:  Multiply the digit by the place value of the digit

· Example:  XYZ = 100*X + 10*Y + Z
· Example:  What is sum of all 2 digit numbers composed of 3, 4, 5?
· There are 9 possible 2-digit #'s.
· For each digit, 3, 4 and 5 each appear 3 times, so the sum for each digit is 3*3 + 3*4 + 3*5 = 36.  
· 36 * 10 + 36 = 396.

Fractions & Percents

Fractions

· (a/b)/(c/d) = (a/b) * (d/c)

· Comparing Fractions

· Technique one:  Cross multiply.

· Technique two:  Find the LCD and compare the size of the numerators.

· Example:  What is bigger 3/8! or 3/(5*7!)

· The LCD is (5*8!), so multiply the first expression by 5/5 and the second expression by 8/8.
Percents

· “Percentage change” and “percentage increase” are NOT the same as “percentage of”

· Percent change/increase = (New - Old)/Old
· Percentage of = New/Old

· 5 is what percent of 2?  
· 5 = (X/100)*2

· 5/2 * 100 = 250%

· 5 is what percent greater than 2?
· (5-2)/2 * 100 = 150%
Evens & Odds

Addition/Subtraction of Numbers:  The result is odd only if there is an odd number of odd terms being added/subtracted.

Multiplication of Numbers:  Even if any of the terms are even.

Division of Numbers:

	· Even/Even = Even or Odd

	· Odd/Odd = Odd

	· Even/Odd = Even
	· Odd/Even = Non-Integer


Sum of Two Different Primes:  Even, unless one of the primes is 2.

Use even/odd tables to solve complex number property questions (i.e., for each variable, test how it affects the result if that variable is even/odd).

Positive & Negatives
When multiplying or dividing numbers, the # of negative terms determines the sign of the answer.

Use positive/negative tables to solve complex number property questions.
· Useful for complex inequality questions where zero appears on one side of the inequality.
· Useful for complex absolute value questions (i.e., when there are multiple variables and/or absolute value expressions).
Consecutive Integers

Properties of Evenly Spaced Sets

· The mean is equal to the median
· Mean and median are equal to the average of the first and last terms (i.e., (f + l)/2)
· S = # terms * mean

Average of an odd # of consecutive integers ( Integer result
Average of an even # of consecutive integers ( Non-integer result
Number of integers in a set:  (Last - First)/Increment + 1

nth term of a sequence:  tn = f + i*(n-1)

· i = increment

Sum of the first n numbers of a sequence

· Sn = n * ((f + l)/2)

· Where f = first term; l = last term

· Sn = n * (Average of f + l)
Sum of the first n odd numbers:  n2
· Note:  “The sum of the first n odd numbers” does not mean the “sum of all odd numbers between 1 and n”.

· Example:  What is the value of K if the sum of consecutive positive odd integers from 1 to K is 441?  Answer:  K = 41.

· Explanation:  N = Sqrt(441) = 21.  This does not mean that K is equal to 21; rather, K is the 21st odd integer.  Therefore, K = 21 * 2 – 1 = 41.

Sum of the first n even numbers:  n(n+1)
The product of N consecutive integers is divisible by N!

· Example:  Any 4 consecutive integers is divisible by 1, 2, 3 and 4.

· Example:  If x is even, and N = (x)(x+1)(x+2), is N divisible by 24?

· Yes.  The terms x and x+2 must each have a factor of 2, and the product (x)(x+1)(x+2) must have factors 1, 2, 3.  Therefore, the prime factorization of N must be a multiple of 1*2*3*2*2 = 24.

Miscellaneous

· For any set of consecutive integers with an odd # of items, the sum of all the integers is divisible by the # of items.
· For any set of consecutive integers with an even # of items, the sum of all the integers is not divisible by the # of items.
· Consecutive multiples of an integer N have a GCF of N.
Divisibility & Remainders

Basic Divisibility Rules

· 2:  Even

· 3:  Sum of digits divisible by 3

· 4:  Last two digits divided by 4

· 5:  Ends in 5 or 0

· 6:  Divisible by 2 and 3

· 7:  No simple rule!

· 8:  Last 3 digits divisible by 8

· 9:  Sum of digits divisible by 9

Divisibility and the addition/subtraction of integers.

· If you add/subtract two multiples of an integer ( Multiple.

· If you add/subtract a multiple with a non-multiple ( Non-multiple
· Example: If k is a multiple of 8, is (k+1)(k+2)(k+3) divisible by 4?

· (k+1)(k+2)(k+3) = 6k2 + 12k + 6

· The answer is “No” because 6 is not a multiple of 4.

· If you add/subtract two non-multiples ( No guaranteed result
· Exceptions:

· If you add/subtract two odd integers, the result is a multiple of 2.

· If integers X and Y, when divided by Z have the same remainder r, X – Y will yield a multiple of Z.

(N! + 1) is not divisible by any positive integer less than or equal to N.

Remainders

· Express the relationship in the following form:  x = y*n + r
· A smaller # divided by a larger # ( r = the smaller #

· You can add and subtract remainders as long as you correct for excess or negative remainders at the end.

· You can multiply remainders as long as you correct for excess at the end.

· Example:  If k is a multiple of 8, is (k+1)(k+2)(k+3) divisible by 4?

· Remainder of (k+1) divided by 4 is 1 . . .; remainder of (K+2) divided by 4 is 2, remainder of (K+3) divided by 4 is 3.
· R1 * R2 * R3 = R6.  R6 mod 4 = 2, so the expression is not divisible by 4.

· Relationship between decimals and remainders (i.e., reduce the decimal to find the common multiple of all possible remainders):

· Example:  S/T = 64.12.  Which of the following could be a remainder when S is divided by T?  2, 4, 8, 12, 20, 45.

· Answer.  12/100 = 3/25.  This means that when S is divided by T, the remainder must be a multiple of 3.  Therefore, 45 is the answer.

Relationship Between Decimals, Remainders, and Divisors

· If X/Y = 2.625, then:

· X = 2Y + .625Y

· The remainder can be expressed as .625Y = (625/1000)*Y = (5/8)*Y where Y must be a multiple of 8 and the remainder must be a multiple of 5.

Terminating Decimal Property

· If the denominator of a reduced/simplified fraction is composed only of factors of 2 and 5, the fraction can be expressed as a terminating decimal.

· Note:  This property only applies if the fraction has been reduced/simplified (e.g., you need to remove all common factors between the numerator and denominator before checking for the terminating decimal property). 

· Shortcut:  Check to see whether the candidates are divisible by 3 or 5 to eliminate answer choices.

Miscellaneous

· an - bn is divisible by (a-b)

· an + bn is divisible by (a+b) if n is even
Factors & Multiples
Note the difference between finding the factors of N as apposed to multiples of N.

GCF

· List prime factorization for each number

· Extract overlap

LCM

· List prime factorization for each number

· Extract highest power for every prime factor
Total # of Factors

· List prime factorization for each number, then find the product of (each exponent + 1)
· All natural #'s have an even number of factors.

· Exception:  1 and perfect squares

Consecutive multiples of an integer N have a GCF of N.

Exponents
Key Manipulations
· xn*xm = xn + m
· (xn)/(xm) = xn – m
· (xy)z = xyz
· (x/y)n = (xn)/(yn)
· x-n = 1/(xn)
· xn*yn = (xy)n
Special Properties of Exponential Expressions Involving 1 or 0
· 1n = 1
· x0 = 1
· Exception:  00 = Undefined
· 0n = 0
· Exception 00 = Undefined
Even exponents mask sign changes—so be careful.
Any number raised to an odd exponent is the sign as the underlying value.

Any number raised to an even exponent is positive or zero.

Most positive numbers increase when raised to higher exponents.
· Exception:  Numbers between 0 and 1.
Fractional exponents:  The order of operations does not matter.

· Example

· 253/2 = Sqrt(253) = Sqrt(56) = 53 = 125

· 253/2 = (52) 3/2 = 53 = 125

When can you simplify exponents?

· The exponential expressions are linked by multiplication/division and the terms have either a base or exponent in common.

· The exponent expressions are linked by addition/subtraction, consider factoring.  You can factor if:

· The terms have the same base.

· 74 + 77 = 74(1 + 73) = 74(50)

· The terms have the same exponent and the bases contain a common factor.

· 34 + 124 = 34 + (3*4)4 = 34(1 + 44) = 34(256)

· The terms have the same base and exponent.

· xn + xn + xn = 3xn
4-Step Process to Simplifying Exponential Expressions.

1. Simplify or factor any additive or subtractive terms.
2. Break every non-prime base down into prime factors.

3. Distribute the exponents to every prime factor.

4. Combine the exponents for each prime factor and simplify.
Comparing values of exponential expressions:  Manipulate the various expressions so that they have (i) the same base, (ii) the same exponent and/or (iii) the same base and exponent.

· Example:  What expression is larger, 183 or 66?  Compare 23*36 to 26*36.  The second expression is larger.
Roots
Radical sign for Square Roots ( Means the positive root only (i.e., Sqrt(9) = 3).  
· But if we have an expression like X2 = 9, X = -3, +3.
Odd roots have the sign of the underlying base.

Sqrt(X) * Sqrt(Y) = Sqrt(XY)
Sqrt(2) = 1.41 (approximately)
Sqrt(3) = 1.73 (approximately)
Sandwich Theorem:  If Sqrt(x) > Y and X2 > Y, then X > Y.
[SEE TABLE OF FRACTIONS, PERCENTS, PERFECT SQUARES AND ROOTS ATTACHED]
Perfect SQUARES & Perfect Cubes, etc.
Properties of a Perfect Square
· The total number of distinct factors of a perfect square is odd

· Rationale:  If you right out the prime factorization, all the prime factors will be even powers.  The product of each of  (each of the even powers + 1) will result in a series of odd numbers being multiplied.  Odd * odd * odd . . . = Odd number of total factors.
· Note:  If a number has an odd # of factors, it is a perfect square

· The sum of all distinct factors of a perfect square is odd
· Note:  If the sum of factors of a # is odd, it is not necessarily a perfect square

The prime factors of perfect squares come in pairs; the prime factors of perfect cubes come in groups of 3, etc.
Tricky Word Translations
	X has three-fifths as many wins as Y
	X = (3/5)Y

	X has three times as many losses as Y
	X = 3Y

	X percent of Y
	(X/100) * Y

	X is decreased by Y percent
	X * (1 – Y/100)

	X is increased by Y percent
	X * (1 + Y/100)

	X is increased by a factor of 10
	10 * X

	Y percent less than X.  This connotes a Y percent decrease in X and means "X minus Y percent of X".
	X * (1 - Y/100)

	Y percent more than X
	X * (1 + Y/100)

	Given ratio A and ratio B, what is the percentage decrease from ratio A to B?
	(A-B)/A

	X drives 1.5 times faster than Y.
	X = 1.5 * Y

	X drives 1.5 times slower than Y.
	X = Y/1.5

	If the ratio of X to Y is 2:3, what is the ratio of A to B if the ratio of A to B is double the ratio of X to Y?  Answer:  Just multiply the first number of the ratio by 2.
	A:B = 4:3


Distance Problems
Rate*Time = Distance
Tips

· Organize information in a data table.

· Columns:  Rate, Time, Distance
· Rows:  Scenario 1, Scenario 2, etc.
Consider plugging in numbers of you’re dealing with a distance problem with a lot of theoretical unknowns (e.g., where a lot of variables are expressed in terms of percentages and/or ratios).

Work Problems

Rates are Additive:  1/Tx + 1/Ty = 1/Txy
Rate * Time = Work
Rate = 1/(Time to Complete); Time to Complete = 1/Rate

Tips

· Try to solve using rate additivity principle; only use the RT = W equation if necessary.

· Organize information in a data table.

· Columns:  Rate, Time, Work
· Rows:  Scenario 1, Scenario 2, etc.
Consider plugging in numbers of you’re dealing with a work problem with a lot of theoretical unknowns (e.g., where a lot of variables are expressed in terms of percentages and/or ratios).

“Same Work” Problems are Simply Inverse Proportionality Problems
· Explanation:  When the amount of work is held constant, you only need to work with rate and time.  Remember that rate and time are inversely proportional to each other.

· R1 * T1 = R2 * T2    (    R1/R2 = T2/T1
· Example:  4 monkeys take 6 hours to tear down a house.  How long will it take 7 monkeys to tear down the house if they work at the same rate?

· 4/7 = X/6
· X = 24/7 hours
· Rationale:  (Number of Workers)(Rate per Worker)(T) = W.  In both scenarios, the same amount of work is being done (so you can equate them), and the rate per worker is assumed to be the same (so that term cancels out).  The method above is simply a shorthand method of setting the two work relationships equal to each other.

Ratios

Use parallel ratios/cross-multiplication when you have equivalent ratios and need to solve for an unknown:

· Example:  1/x = 2/4

Understand how to use an unknown multiplier.
· Example:  A room has 24 people in it.  The ratio of women to men is 3:4.  How many men and women are there?  

· 3:4 ( 3x:4x
· 3x + 4x = 24
· Solve for X.
There are two main ways to solve complex ratio problems:

· Example:  X and Y have stamps in ratio 5:3.  X gives 10 stamps to Y, resulting in a new ratio of 7:5.  How many stamps in total did X and Y start with?

· Parallel Ratios Method:  x/y = 5/3 ; (x-10)/(y+10) = 7/5

· Unknown Multiplier Method:  (5x – 10)/(3x + 10) = 7/5
· This method is faster because you do not have to do any substitution.
If you need to plug in/use hypothetical numbers for ratio problems, use “Smart Numbers”, i.e., numbers that all the various ratios divide evenly into.

MIXTURE PROBLEMS

VolX*ConcentrationX + VolY*ConcentrationY = VolXY*ConcentrationXY
Organize information in a data table
· Columns:  Original Solution, [Solution Removed], Solution Added, Final Solution
· Rows:  Concentration, Volume, Product (i.e., Contratration*Volume)
Factorials
0! = 1

1! = 1

2! = 2

3! = 6

4! = 24

5! = 120

6! = 720

Probability

p = (# favorable outcomes)/(# possible outcomes)

p = 1 - pnot
pab = pa * pb
· If and only if pa and pb are independent events
pa+b = pa + pb
· If pa and pb are independent and mutually exclusive (e.g., rolling one dice and getting either a 4 or a 5 = 1/6 + 1/6)

pa+b = pa + pb - pab 

· If pa and pb are independent but not mutually exclusive (e.g., rolling two dice and getting a 4 on at least one die = 1/6 + 1/6 – 1/36)
Probability of simulataneous events = The product of doing the events serially
· Example:  What is the probability of drawing fours cards from a deck of cards and having them all queens?
· Answer:  4/52 * 3/51 * 2/50 * 1/49
COUNTING & Combinatorics

Permutations:  nPk = n!/(n-k)!

Combinations:  nCk = n!/((n-k)!k!)
· nCk = nC(n-k)
Circular Permutations:  (n-1)!

· k = number of objects selected from a pile of n objects
· n = total number of objects from which k objects can be selected 

Permutation where x elements are identical:  nPk/x!

Binomial Probability:  nCk * pk * qn-k
· n = number trials

· k = number of successes

· n – k = number of failures

· p = probability of success
· q = probability of failure
· p + q = 1

Basic Examples:  You have one red marble and 3 white marbles.

· If you draw two marbles without replacement, what is the probability that you will have one red and white?

· Method 1:  (1/4 * 3/3) + (3/4 + 1/3) = 1/2

· Method 2:  (1C1 *3C1)/4C2 = 1/2
· If you draw two marbles with replacement, what is the probability that you will have one red and white?  The easiest way to solve this problem is to consider the two possibilities:  (i) you draw a red then a white, and (ii) you draw a white then a red.
· (1/4 * 3/4) + (3/4 + 1/4) = 3/8
Ordered Set Probability Example:  5 girls, 3 boys to be lined up in a row.

· Each person and each position is considered to be distinct.

· Ways to order the children:  8!

· Ways to order so that there is a girl on each end:  5 * 4 * 6! or (5C1 * 4C1 * 6!)
· Probability that there is a girl on each end:  (5C1 * 6! * 4C1)/8!

Unordered Set Probability Example:  11 marbles: 5 black, 4 white, 2 yellow.  5 marbles are picked out. 
· Ways to pick 5 marbles:  11C5
· Ways to pick 5 black:  5C5
· Ways to pick 3 black and 2 white:  5C3 *4C2
· Probability of picking 5 black:  5C5/11C5
· Picking 3 black and 2 white:  (5C3 *4C2)/11C5
Probability of picking 2 queens from a deck of cards.
· Ways to pick two cards = 52C2
· Ways to pick two queens = 4C2
· Probability:  4C2/52C2
2 freshman, 2 sophomores, 2 juniors and 2 seniors.  If a 2-person group must consist of persons from different classes, what is the probability of choosing a group consisting of one freshman and one sophomore? 

· # of possible 2-person groups:  4C2 * 2 * 2 = 24

· Ways to choose a freshman/sophomore group:  2C1 *2C1 = 4
· Probability:  4/24 = 1/6

Bill has a small deck of 12 playing cards made up of only 2 suits of 6 cards each.  Each of the 6 cards within a suit has a different value from 1 to 6; thus, there are 2 cards in the deck that have the same value.  Bill likes to play a game in which he shuffles the deck, turns over 4 cards, and looks for pairs of cards that have the same value. What is the chance that Bill finds at least one pair of cards that have the same value?
· 1 – P(No Pairs)

· Two ways to calculate P(No Pairs)

· Select each card one at a time:  (12/12)(10/11)(8/10)(6/9) = 16/33

· Use combinations:

· 6C4 = Number of ways to choose 4 numerical values
· 2 = Number of cards at each value

· 12C4 = Number of ways to choose 4 cards from 12

· (6C4 * 2 * 2 * 2 * 2)/ 12C4 = 16/33
· 1 – 16/33 = 17/33

· Alternative method for calculating the probability of No Pairs (i.e., assume you draw serially and find the probability for each of the four draws given the “no pairs” restriction—i.e., on the first draw, all 12 cards are candidates, on the second draw, all remaining 11 cards are candidates except 1 card, etc.):

· (12/12) * (10/11) * (8/10) * (6/9) = 16/33
Note:  The problems above can also be done by drawing the cards serially and multiplying the individual probabilities together.
Set Theory
Use a Double Set Matrix (i.e., use a 3-by-3 grid)
· Good when you have two attributes, each with two values

· Third row/column is for "Total"

· E.g., persons at a party are (i) either M or F and (ii) either Smart or Stupid

AuB = A + B – (AnB)

If there are three sets A, B, and C, then:
· Total number of people/Number of people in at least one set:

· AuBuC = A + B + C – AnB – AnC – BnC + AnBnC
· Number of people in exactly one set:

· A + B + C – 2*AnB – 2*AnC – 2*BnC + 3*AnBnC
· Number of people in exactly two of the sets"

· AnB + AnC+ BnC – 3*AnBnC
· Number of people in two or three sets:

· AnB + AnC + BnC – 2*AnBnC
· Number of people in exactly three of the sets =
· AnBnC
Statistics

A = S/n

· Average (Arithmetic Mean) = (sum of all numbers)/(total # of numbers) 

Standard Deviation:  
· Must be greater or equal to zero.

· 3 ways to express:
· Sqrt(mean squared distances of the numbers from the mean of the numbers)
· Sqrt(mean of the squares of the numbers minus squared mean of the numbers)
· Sqrt(variance of the set)

Complex Weighted Average Problems

· Consider plugging in numbers to save time!
· Use ratios to solve if you are given the following, (i) the average of quantities X and Y, (ii) the value/weight/measure of X and (iii) the value/weight/measure of Y.
· Step 1:  Find the distance of X from the average = DX
· Step 2:  Find the distance of Y from the average = DY
· Step 3:  Step up an inverse propotion:  X:Y = DY:DX
· Example:  An island is populated by only Fatties and Skinny people.  Skinny people weigh on average 5 pounds less than the average weight of islanders.  The Fatties weight 15 pounds more than the on average weight of islanders.
· What is the ratio of Skinny people to Fatties?  S:F = 15:5 = 3:1
· Explanation:  You ratio of Skinny people to Fatties is inversely proportional to their weight (i.e., you need 3 Skinny people to balance out each Fatty).
· What percentage of islanders are Fat?  1/4 = 25%

· Example:  A shipment consists of 30 boxes weighing either 10 or 20 pounds.  

· If the average weight of the boxes is 18 pounds, what is the ratio of 10 to 20 pound boxes?  L:H = (20-18):(18-20) = 2:8 = 1:4.

· How many 10 pound boxes are there:  1*(30/5) = 6
· Example:  Of this year’s graduating class, 33% of the transfers are male, and 20% of the transfers are female.  25% of the graduating class are transfers.  What percent of the graduating class is male?

· Let M = the % of the graduating class that is M

· Then 1-M = the % of the graduating class that is F

· .33M + (1-M).20 = .25

· .33M + .20 - .20M = .25

· M = .05/.13

Geometry
Triangles

Ratio for 45-45-90 Triangle:  1:1:Sqrt(2)
Ratio for 30-60-90 Triangle:  1:2:Sqrt(3)
Area of an Equilateral Triangle:  (s2)Sqrt(3)/4
Common Right Triangles:  Any triangle composed of sides in the following ratios must be a right triangle.
· 3-4-5

· 6-8-10

· 9-12-15

· 5-12-13

· 8-15-17

Area of a Triangle:  (1/2)bh

Pythagorean Theorem:  a2 + b2 = c2
Angles in a triangle correspond to their opposite sides

· i.e., if a pair of corresponding angles are equal, the corresponding opposite sides are equal.
Determining if Two Triangles are Similar

· Three sides proportional
· At least two angles equal
· Side, Angle, Side
Similar Triangles & Other Similar Polygons:  The Relationship between Linear Measurements and Area/Volume.
· Given that the ratio of the length of two corresponding sides of two similar triangles is x:y, then:

· The area of the two triangles will have a ratio of x2:y2 

· The volume of the two triangles will have a ratio of x3:y3
· This property is applicable to all linear measures of the triangles (e.g., diagonals and perimeter)!
· This property is applicable to all similar polygons (e.g., squares, pentagons, etc.)!

Triangle Inequality Theorem:  

· Given two sides x, y, and a third side z:  |x-y| < z < (x + y)

Exterior Angle Theorem

· The exterior angle of a triangle is equal to the sum of the two opposite interior angles

· Challenging Problem:  http://gmatclub.com/forum/geometry-semicircle-triangle-from-gmatprep-84819.html
Miscellaneous Triangle Properties

· If a line is draw through a triangle, parallel to one side, the other two sides are divided proportionally.
· An internal bisector of an angle of a triangle divides the opposite side in the ratio of sides containing the angle.
· If a perpendicular is drawn from the vertex of a right angle of a right triangle to the hypotenuse, triangles on each side of the perpendicular are similar to each other and the right triangle.
Quadrilaterals

Common Types of Parallelograms

· Parallelogram:  Opposite sides parallel and congruent.

· Rhombus:  Opposite sides parallel; all sides equal.

· Diagonals bisect each other

· Rectangle:  Opposite sides parallel; all angles equal.

· Diagonals bisect each other

· Square:  Opposite sides parallel; all sides equal; all angles equal.

· Diagonals bisect each other

Perimeter Formulas:

· Square:  P = 4s

· Rectangle: P = 2w + 2l

· Parallelogram: P = 2b + 2a

· Where a and b are the lengths of the non-parallel sides

Area Formulas:

· Square: A = s2
· Rectangle: A = lw

· Parallelogram: A = bh

· Trapezoid: A = .5(a+c)h

· Where a and c are the lengths of the parallel sides

· Rhombus:  (d1 * d2)/2

Volume

· Cube = s3
· Rectangle: lwh

Rhombus

· Diagonals are perpendicular and bisect each other

Diagonal of a square = s*Sqrt(2)

Diagonal of a cube = s*Sqrt(3)

Angles

Sum of Interior Angles of a Triangle = 180
Sum of Interior Angles of Polygon = (n-2)(180)
· n = number of sides of a polygon

Central Angle of a Circle = 2 * Inscribed Angle
Circles

π = pi = 3.1415

Area: A = πr2
Circumference: C = 2πr

Central Angle = 2 * Inscribed Angle
Area of Sector = (x/360)πr2
Cylinders

· Surface Area:  SA = 2(πr2) + h(2πr)

· Volume:  V = πr2h
Spheres

· Surface Area:  SA = 4πr2
· Volume:  V = (4/3)πr3
Right Triangles Inscribed in Circles:  If a triangle is inscribed in a circle and the hypotenuse of the triangle is a diameter of the circle, the triangle is a right triangle.

Maximum Area & Minimum Perimeters of Polygons

For all quadrilaterals with a given perimeter, the square has the maximum area.

For all quadrilaterals with a given area, the square has the minimum perimeter.

Given 2 sides of a sides of a triangle or parallelogram, the you maximize area by placing those two sides perpendicular to each other.
· Examples:  Right triangles and squares.

Coordinate Geometry
y = mx + b

The slope of two perpendicular lines have negative reciprocal slope (i.e., have a product equal to -1)
Midpoint between two points:  (x1+x2)/2, (y1+y2)/2
Tricky Coordinate Geometry Problems
· Ratio problem/locate a point on a line segment:

· Coordinate A is at (0,0) and coordinate B is at (4,4).  Find the point that is 3 times away from B as A on line segment AB.

· Approach:  You need to find dx which is the incremental change in X, and dy which is the incremental change in Y.

· Total change in x = 4 = 4dx
· =1

· Total change in y = 4 =4dy
· dy = 1

· Answer:  (0 + 1*dx, 0 + 1*dy) = (1,1)
· Given points A and B, find the equation for the line bisecting segment AB.
· Step 1:  Find the slope of line AB.

· Step 2:  Determine the negative reciprocal slope of line AB.

· Step 3:  Find b by plugging in a point into the equation y = mx + b.

· Given point A and the equation for the line bisecting segment AB, find the coordinate for point B.
· Step 1:  Determine the slope of the bisecting line.

· Step 1:  Determine the negative reciprocal slope of the bisecting.  This is the slope of line AB.

· Step 2:  Find b by plugging in point A.

· Step 3:  Set the equations for the two lines equal to determine the point of intersection/midpoint on segment AB.

· Step 4:  Chart to find the coordinate for point B.

Equation for Circles:  (x - h)2 + (y - k)2 = r2
· (h, k) is the center
· r is the radius

Equation for Parabolas:  f(x) = ax2 + bx + c

· Positive/Negative value for a:  Curve opens upward/downward.

· Large/Small |a|:  Narrow/wide curve.

· How many times does parabola intersect the x-axis:

· Solve for the discriminant of the quadradic formula (i.e., b2 – 4ac) 
· If zero:  Intersects x-axis once

· If positive:  Intersects x-axis twice

· If negative:  Doesn't intersect x-axis

· Example:  Given y = (x + V)(x + W), at what two points does y interest the x-axis?
· (1) V + W = -1

· (2) y intersects the x-axis at (0, -6)

· Solution:  y = (x + V)(x + W) = x2 + (V+W)x + VW

· Discriminant = b2 – 4ac

· Here, b = V+W and ac = VW

· Stmt. 1:  Gives us V+W, which alone is insufficient.

· Stmt. 2:  Plug in the coordinates into the equation and you get -6 = VW, which alone is insufficient.

· Stmt. 1 and 2 together are sufficient, so the answer is C.
EQUATIONS
Basic Equations

Determining whether 2 equations involving 2 variables will be sufficient to solve for all the variables.

· Sufficient if both of the equations are (i) linear (i.e., no x2, y2, xy or x/y terms) and (ii) unique.
· Remember that you can solve by either:

· Substitution or

· Combination 
· Adding/subtracting the equations,

· Multiplying/dividing the equations, or

· Adding the same value to both sides of both equations (this technique is only needed for manipulation purposes).
Absolute Value Equations
· Step-by-Step Solving Method:

· Isolate the expression within the absolute value brackets so that it appears by itself on one side of the equation (i.e., |x| = a)
· Solve the equation for two cases:

1. x = a
2. x = -a

· If the problem involves an equality sign, you will need to flip the inequality sign at this step!

· |x| < 7; the two cases are x < 7 and x > -7 ( -7 < x < 7

· Plug your solutions back into the original equation to check validity (this is not an optional step!).

· Absolution Value Expressions Contained in Inequalities

· If the arrow is pointing to the left, you will have an "and" solution

· |x| < 3 ( -3 < x < 3

· If the arrive is pointing to the right, you will have an "or" solution 

· |x| > 3 ( x < -3 or x > 3

· Complex Absolute Value Equations

· Contains 2+ variables and/or multiple abs. value expressions ( Solve by testing for +/-/0 test cases (this is very problem-specific).

· Contains 1 variable and at least one constant in multiple abs. value expressions ( Solve algebraically.

3. |X – 2| = |2X -3|  --- There are only two cases:

· Same Sign:  X – 2 = 2X -3

· Different Sign:  X – 2 = –(2X – 3)

4. Plug solutions back in to check validity.
Exponential Equations
· Equations w/ one or more variables raised to an even power:  Generally 2 solutions.

· Need to be careful when appearing in DS problems.

· Equations w/ all variables raised to an odd power:  Often 1 solution.

· Rewrite exponential equations so that the components have either the same base or same exponents.

· If there is a variable in the base, be sure to consider -1, 0 and 1.

· Eliminating Roots

· Methodology:

· Square both sides of the equation.

· Solve for X.

· Check solution(s) by plugging them back in.

· Note:  No need to plug the solution back in if you raise the sides of the equation to an odd power.

Quadratic Equations

· Solve by factoring
· Special Factors

· x2 – y2 = (x + y)(x – y)

· x2 + 2xy + y2 = (x+y)2
· x2 – 2xy + y2 = (x – y)2
· Perfect Square Quadratics

· (X + 3)2 = 25

· |X + 3| = 5

· X + 3 = +-5

· X = -3 +- 5

· X = 2, -8

· Quadratic Formula:  x = (-b +/- Sqrt(b2 – 4ac))/2a

· The discriminant (b2 – 4ac) tells you how many solutions you have

· Positive value:  Multiple solution

· Zero: No solutions

· Negative value:  No real solutions

· Since quadratics often have multiple solutions, you need to be careful when quadratics appear in DS problems.

Example:  x2y2 = 18 – 3xy, what is xy?

· This is a quadratic equation:

· x2y2 + 3xy – 18 = 0
· (XY – 6) (XY +3) = 0
· XY = 6, -3
Common Function Types

· Compound Functions:  f(g(x))

· f(g(x)) is not necessarily equal to g(f(x))

· Direct Proportion:  x = ky ( x/y = k
· Problems are often phrased as before/after scenarios where you need to find a missing term.  Set the ratios of x1/y1 and x2/y2 equal to each other.
· Inverse Proportion:  x = k/y ( xy = k
· Set the ratios of x1*y1 and x2*y2 equal to each other.

· Linear Growth:  f(x) = mx + b
· m is the slope/growth rate

· x represents time

· b is the value of f(x) at time zero

· Exponential Growth: f(x) = x*kn
Inequalities

· When you multiply or divided a negative #, flip the inequality sign.
· You cannot multiply or divide a variable unless you know its sign (e.g., x2 is always positive; sometimes the question will state that a variable is a positive integer, etc.)

· You cannot square both sides of an inequality unless you know the signs of both sides of the inequality.  Cases:
· Both sides are positive ( Leave the inequality sign as is

· Example:  x > 3 ( x2 > 9

· Both sides are negative ( Flip the inequality sign after squaring

· Example:  x < -3 ( x2 > 9

· One side is negative and the other side is positive ( You cannot square

· Example:  x > -3

· The signs are unclear ( You cannot square

· You cannot take the reciprocals of both sides unless you know the signs.

· General rule (if you know the signs of both sides):  Flip the inequality sign unless one side is negative and the other is positive.
· Combining multiple inequalities:

· Manipulate the inequalities so that all inequalities signs point in the same direction

· Line the inequalities up and create a compound inequality
· Combine multiple inequalities involving the same variable

· Example: y > x ; x > z ( y > x > z
· Be sure to take the most restrictive range when dealing with multiple inequalities involving the same variable
· Example:  x < 0 ; x < -1 ( x < -1

· Advanced Manipulation of Inequalities (often needed if you need to solve for a particular complex expression such as “A + 3B”).

· Consider adding the equalities together (as many times as you might need)
· Example: What is the value of A + 3C in terms of C and D given that A < C ; B < D
· A + B < C + D
· A + 2B < C + 2D
· A + 3D < C + 3D
· You can multiply the inequalities only if you know the variables are non-negative

· Example:  If m < 2, n < 5 and m and n are positive, then mn < 10

· Do not subtract or divide inequalities.
· Perform the same operation on every branch when manipulating compound inequalities (e.g., x +1 < y < 10).
· Miscellaneous

· Sometimes, when solving for certain variables, at the end, you have to plug-in/check the answer against the restrictions applicable to the other variables.  (See, e.g. Manhattan GMAT (Equations), pp. 101, problem 13)
· Remember to consider negative cases when the inequality contains even exponents.

What are Extreme Values?

· Concrete values for variables appearing in equations

· x = 7

· Extreme value is 7

· Concrete values for inequalities with an equal sign component (common in optimization problems)

· -6 <= x <= 6

· Extreme values are -6 and 6

· -7 <= x <= 7 and x must be an integer

· Extreme values are -6 and 6

· LT and GT values for inequalities without an equal sign component
· x < 7

· Extreme value is LT7

· x > 7
· Extreme value is GT7

Use Extreme Values for the Following Types of Questions:

· Inequality Range Problems.

· Example: Given that 0 <= x <= 3, and y < 8, which of the following could NOT be the value of xy?
· Note that (i) x has an lower and upper limit, and (ii) y has an upper limit but no lower limit.
· Optimization problems
· Set variables with even exponents (e.g., x2) equal to zero.

· The problem contains both equations and inequalities.  Two ways to solve:
· Plug the equation into the inequality using standard algebra.

· Plug the inequality into the equation using extreme values.

	Sample Extreme Value Operations (i.e., negative signs & division result in flipping)

	Operation
	Example
	Result

	Addition
	8 + LT2
	LT10

	Subtraction
	8 – LT2
	GT6

	Multiplication
	a) 8 * LT2

b) -2 * LT2
	a) LT16

b) GT(-16)

	Division
	a) 8/LT2

b) -8/LT2
	a) GT4

b) LT(-4)

	Multiply 2 Extreme Values
	LT8 * LT2
	LT16 (if we know both extreme values are positive


Use Positive/Negative Case Analysis to Solve Complex Inequality Questions.
· Especially useful if zero appears on one side of the inequality.

Common Complex Inequality Statements (often appear in high-level DS questions):

· xy > 0 ( Means x and y have the same sign

· xy < 0 ( Mean x and y have different signs

· x2 – x < 0 ( x2 < x ( Means 0 < x < 1 
· x2 – x > 0 ( x2 > x ( Means x < -1 or x > 1 
· Sqrt(x) > x ( Means 0 < X < 1

· Sqrt(x) < x ( Means x > 1
· |X| > X  ( Means X is a negative number.

Inequalities and Absolute Values

· Can be interpreted as a range on the number line

· |x| < 5 ( x is less than 5 units away from zero ( -5 < x < 5 
· |x + 2| < 5 ( x is less than 5 units away from -2  ( -7 < x < 3
· You can solve absolute value question algebraically if needed (i.e., test for positive and negative cases).

· However, use positive/negative case analysis to solve complex problems.

Square-rooting Inequalities
· Sqrt(x2) = |x|
· Sqrt(32) = Sqrt(-32) = 3

· Therefore you must consider both positive and negative cases.

· Example:  x2 < 4

· Sqrt(x2) < Sqrt(4)

· |x| < 2

· -2 < x < 2
· You can only square root the branches of the inequality if they are all definitely NOT negative.
VIC Strategies (Variables in the Answer Choices)

· ***First consider solving by plugging in values.

· Note:  Do not use 1 or 2 as values to plug in because that can yield incorrect answers.

· Solve algebraically only if needed.
· Consider adding/subtracting values you need to both sides.

· Example:  If given XY = 2Z and I need to find the value of XY + 2, just add two to both sides ( XY + 2 = 2Z + 2

· Hybrid method (i.e., simplify algebraically then plug in values).
Questions with Integer Constraints (i.e., “X and Y are integers”)
· Solve for one variable, then test numbers/answer choices to see which one yields an integer value for the remaining variable.
· Example:  2Y – X = 2XY ; X != 0 ; and X and Y are integers.  Can Y equal -1?  In these "can equal?" problems, isolate the other variable!
· Solve for X:  X = 2Y/(2Y +1)
· Answer:  Yes, Y can equal -1.
Functions (Advanced Concepts)
Direct & Recursive Functions

· Linear Growth/Sequence (i.e., a constant is added to the quantity for each period of time)
· Direct formula:  Sn = n*k + x
· Where n = number of increments; k = distance between consecutive terms; x = a constant (i.e., S0)
· Recursive formula:  Sn = Sn-1 + k; S1 = k + x
· S0 = x
· Exponential Growth/Sequence (i.e., quantity is multiplied by a constant for each period of time)
· Direct formula:  Sn = x*kn
· Growth Rate Formula:  FV = OV(1 + g)t
· Recursive formula:  Sn = Sn-1*k; S1 = x*k
· S0 = x
· Trying solving by charting the problem.

· Steps for solving these type of questions algebraically (only needed if you can’t do it by charting):

· Find the recursive formula

· Solve for k and x (the two constants)

· Find the direct formula

Optimization Problems involving Functions

· Linear Functions

· Solve by testing the endpoints of the range

· Example:  What is the maximum value of f(x) = mx + b, given that x is between 0 and 10?
· Quadratic Functions

· In GMAT land, they generally form parabolas and have either a maximum or minimum

· Set the squared expressions equal to zero to determine the max/min

· Example:  What is minimum value of f(x) = x2 + 10?

· Answer:  0 + 10 = 10

Symmetry Problems

· Usually easier to just plug in numbers than to solve algebraically

· Example:  For which of the following functions does f(x) = f(2 –x)?

Function Properties Problems

· Usually easier to just plug in numbers than to solve algebraically
· Example:  For which of the following functions does f(cd) = f(c)*f(d)?
Miscellaneous

Gross Profit = Revenue – Cost

Compound Interest:  P(1 + r/n)nt
Table of Fractions, Percents, Squares and Roots to Memorize
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� Not sure this logic is generally applicable, i.e., if x is even, (x)(x+1) is divisible by 2! but not necessarily 2 * 2!.


� See Manhattan Number Properties book, page 163.


� Very Important Note:  This might seem like a completely bogus method but you should seriously force yourself to do hard algebraic problems this way because many of the super-difficult problem solving and data sufficiency problems can be solved a lot more readily using very simple data tables (the high-level difficult problems will still be hard regardless but organizing the data in a table will allow you to quickly perform basic calculations/inferences, map out what cells are missing and how the various rows/columns/cells relate to each other).


� Mixture problems, like distance problems, should also be solved using data tables.  It may be annoying to organize the data into a table at first, but once you get used to it, you will be able to do these problems much more quickly than by using parallel equations (essentially you’re doing the same thing (i.e., using parallel equations), but organizing the data into a table will allow you to map out and infer relationships more quickly.  


� This is the only formula worth remembering.


� Note that I have placed some of the key properties in a order that corresponds to the following mnemonic:  1-1-2, 1-2-3, 2-3-4, and 3-4-5!


� Probably not worth memorizing.  For further information, see � HYPERLINK "http://www.nos.org/Secmathcour/eng/ch-17.pdf" ��http://www.nos.org/Secmathcour/eng/ch-17.pdf�. 


� You generally want the "arrow-head" pointing left (e.g., -1 < x < 1 < 2 < 3) for consistency and ease of understanding.


� Note that these sometimes can be solved by simply combining the two inequalities (i.e., by solving the inequality and combining all the constraints) (e.g., |10y – 4| >7 and y < 1 ( y < -3/10)





14

_1079440191.unknown

_1086307449.unknown

_1317331847.unknown

_1317331898.unknown

_1317331840.unknown

_1086307467.unknown

_1079440227.unknown

_1079440305.unknown

_1079440327.unknown

_1079440211.unknown

_1079440161.unknown

_1079440178.unknown

_1079440125.unknown

_1079440092.unknown

