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Examples of New SAT Math Questions

Number and Operations

Seqguences
Geometric sequences will now appear on the test. These are sequences such as
12,48, 172,. .. Each number is 4 times the previous number. Another way of

saying that is, "the sequence has a constant ratio of 4. The sequence 2, 10, 50,. .
has a constant ratio of 5. You might be asked the following:

If a sequence begins with the term 6 and has a constant ratio)afthe sixth
term in the sequence is how many times greater than the fourth term in the
sequence?

(On the test, you'll get 5 choices with a question like this, but for our purposes,
we'll just solve it.)

The first term is 6, the second term is the third term is (§x or 6x°. Note that
the third term has an exponent of 2. Likewise the fourth term has an exponent of

(6x°). The 100th term would have an exponent of 906 What we need for
this question is the sixth termx® and the fourth term (6°). To determine how

: . : 6x° :
many times greater the larger term is, set up a simple fracHGe)}(%:. The sixes

5
cancel out and your left witég. To solve, keep the basg - and subtract the

exponents. The solution i€.

Sets

A set consists of any number of elements. dmienof two or more sets refers to
all of their combined elements. Thersectionof two or more sets refers only to
the elements that they have in common. Here’s a possible question:

Set A consists of all the prime numbers that are less than 15. Set B consists
of all the positive multiples of 3 that are less than 15. Set C consists of all the
positive factors of 30 that are less than 15. Set D consists of the intersection
of Set A and Set C. What are the elements in a set that consists of the union
of Set B and Set D?

(On the test, you'll get 5 choices with a question like this, but for our purposes,



we'll just solve it.)

SetAis|[2,3,5,7, 11]

SetBis[3, 6,9, 12]

SetCis |1, 2, 3,5, 6,10,]

Set D is [2,3, 5], since those are the elements that A and C have in common. The
union of this set and Set B is [2,3,5,6,9,12]. That is the answer.

Algebra & Functions

Absolute Value

The dsolute value of a number refers to its distance from 0 on the number line.
The absolute value of 7 is 7, and the absolute value of -7 is also 7. Absolute value
always positive except that the absolute value of 0 is 0. The notation for absolute
value is as follows]-4| = 4. That means the absolute value of -4 is 4.

|12 - 24 = 10 means that the absolute value of 12 - 22 = 10.

If x - y| = 100, thenx - y= 100 orx - y=-100.  Here’s a possible question:
If r=-29, and|q + r| < 20, what is the least possible integer value fay?

Substituting -29 for, we get|q - 29| < 20. Thereforeq - 29 itself (NOT the
absolute value af - 29) is any number less than 20 AND greater than -20. For
exampleq - 29 could be -17, but it could not be - 21. In other words. . .

-20<q-29<20

Now you can simply solve fay by adding 29 to each of the three parts of the
above inequality and you'll get
9<q <49

Since we were asked for the least possible integer valug ttoe answer is 10.

Rational Equations and Inequalities
This basically refers to solving equations that involve fractions with polynomials --

: . . Xx+4 X .
fractions with two-term expressions suchxas4. For example: — = 10 Is a

rational equation. This can be simply solved by cross-multiplying and then isolating

the x. 10x+40=7x , which means 3x=-40 so. .. x=%o. This is

really nothing very new for the SAT. However, be on the lookout for a solution
that puts 0 into the denominator. These solutions are invalid; they must be
discarded. For example.



X 1 -6
+ =—
X-3 X-5 x*-8x+15
To solve for x, first find the common denominator for the terms on the left so that

you can add them. If you multiply these two denominators you will get a common
denominator. Now we can say:

X (X_5)+ 1 (x-3) _ -6
x—3(x-5) x-5(x-3) x®-8x+15

If you multiply this out, you'll get:

x2 —5x X—3 -6
> t— -3
X°—=8x+15 x“-8x+15 x~-8x+15

Now that you’'ve got the common denominator on the left (and, as it turns out, it's
the SAME as the denominator on the right, but forget that for the moment), you
can add the two terms on the left.

X2—4x-3 -6

x2—8x+15 x2—8x+15

NOW, since the denominators on both sides of the equation are already equal, we

only have to make the numerators equat® — 4x—3=-6
This should be looking like a quadratic equation to you. Since we normally solve

these by getting one side to equal zero X2 —-4x+3=0
This can be factored int¢x —3)(x—1) =0, which means that
x=3orx=1. HOWEVER, you must now make sure that neither of these
solutions will cause 0 to be in the denominator. As it turns out, if you go back to
the original equation . . .
X 1 —6
+ =
x=3 x-5 x*-8x+15

... Ifx = 3, the first term would be zero, and that’'s not allowed. Therefore the only
solution to this equation is the other ones 1.

Radical Equations

These are equations with square roots. Here, you must be careful not to have a
negative number under the square root sign, since this would produce an undefine
number. If you do end up with a solution that puts a negative number under the
square root sign, you must get rid of it. For example, let's say you had to solve fo

X in this equation: ¥v=x =x+2. Important: We can't say that there already is a
problem. Iix itself is negative, therxwould be positive, which is fine.



To solve, square both sidesx=(x+ 2)2. When multiplied out, you get:
—x=x2+4x+4. If you add arx to both sides you’ll have a quadratic equation:
x% +5x+4=0. Now, factor the quadratiix + 4)(x+1) =0. This means that
x=-4 or x=-1. HOWEVER, you must go back to the original equation and try

these solutions out. ¥= —4, then~(-4) = -4 +2, which means thai/4 = -2.
This makes no sense; the square root of something can not be eeRiarto
negative anything. Discal=—4. The only solution ix=-1. If we plug it in for
X, we get,/~(-1) =-1+2, which simplifies tov1 =1, which is clearly valid.

Negative and FractionalExponents
For the first time, exponents may show up that are not positive integers. For
negative integer exponents, just invert (turn upside down) the result you would hav

gotten if the exponent had been positive. 5320become35£2, which is like saying

%. That's all there is to itx™’ becomesxl—7.

For fractional exponents, it is unlikely that you will see anything more confusing
than an exponent 034 or % An exponent 01‘E is the same as saying take the

square root of something. SE is the same ag9 WhICh Is 3. For an exponent of
5 it's the same as the cubed room of somethrng ¥27. The answer is 3,
since 3’ = 27.

Direct and Inverse Variation

When two variables are directly proportional, they change by the same factor. Put
another way, ifa andb are directly proportional then there is a constant ratio
between them. In the equatiar 5b, the variables are directly proportional. If you
doubled the value o4, you would have to double the valuebof However, in the
equationa=5+b, the two variables are not directly proportional. If you doubled
the value ofa, you would not double the value iof

Two variables are inversely proportional if a change in one of them causes the

inverse of that change in the other. In the equai'roﬁ, a andb are inversely

proportional. If you doubled the value @f you would have to halve the value of
b. If you tripled the value o, you would have to multiply the value bfoy one-
third.

Function, Function notation, Domain, and Range
Function You could be given a set of paired numbers (called a relation) and asked
if this relation is a function. lwill be a function if eacl value has only one



corresponding value. For example, if you were given the following relation:
(-3,-7), (1,1), (2,3), (3,5), you could say, yes this is a function. Eaalue has

only oney value. The set of all the values is the domain and the set of all ghe
values is the range, so the domain is [-3, 1, 2, 3] and the range is [-7, 1, 3, 5]
However, the relation (-2, 4), (0, 5), (1, 6), (-2, 7) is not a function, since -2 is paired
with both 4 and 7.

You might be given a real-world situation to represent as a table or a graph of a
function. For example, you could be told that a company sells greeting cards in
packages of 5, 10, or 20. When the company sells a package of 5, it makes $3.00
profit; when it sells a package of 10, it makes $5.00 profit, and when it sells a
package of 20, it makes $9.00 profit. The relation is (5, 3), (10, 5), (20, 9). This s ¢
function and could be represented in a table:

Number of cards | Profit in dollars

5 3
10 5
20 9

In this chart, the domain is [5, 10, 20] and the range is [3, 5, 9].

Plotting the points (5, 3), (10, 5), and (20, 9) onxthend y coordinate system
would be another way to represent the information.

Function Notation f(x)=x+5 is an example of function notation. It simply says

that for any valuex, add 5 to it. So ik is 3, f(3) =8. If, on the other hand,

f(x) =2x-1, then f(1) =2(1) -1=1, and f(2) =2(2)-1=3, and f(3 =2(3)-1=5. You

can plug in anyk and a different number will pop out. You could list these pairs
(the x number, and the number that pops out) as a set: (1,1), (2,3), and (3,5).
Furthermore, you might be asked to graph these points in a rectangular coordinat
system with arx andy axis.

x+10

Domain and RangeYou might be given something liké(x) = 3 and then

X —
asked for the domain of this function. The domain consists of all possiuadties.

Since you can’t have 0 in the denominator, we say that the doméx'%}??ofis all

real numbers except 3. In general the domain would be all valuedhat would
not produce zero in the denominator or the square root of a negative.



The range consists of all possible results that would “pop out%rg}g—o. This is a
bit trickier and may not be tested. But here’s how it works. If all possible results o
x+10 x+10 .

are calledy, then we can saymz y, and then solve fox in terms ofy.

If we find a value(s) foly that would result in an irrational number (zero in the
denominator or the square root of a negative), the range woulddibaalalues

for y. So, given);+—_130: y, first solve fory. Cross multiply and you get

xy—-3y=x+10. Get thex terms togetherxxy-x=3y+10. Then factor thex from
the two terms on the lefk(y-1) =3y +10. Finally, isolate thex and you get

3y+10
X =

y-1
denominator. Therefore, we say that the rangxg(fg]f is all real numbers except
1.

. Note that you can’t hawe = 1 because then zero would be in the

Geometry

y-intercept

This will not be new for some students. The standard equation for a line is

y =mx+b. What that means is that everything that can be said about a line can be
said using that equation. The letterrefers to the slope of the line; the letbeis

the y-intercept, which simply refers to the point on thaxis where the line crosses
it. The values fom andb never change for any line. The variablkeand y refer

to the coordinates for any point on that particular line. So you might see a line
described with the equation=3x+2. In this case, the slope is 3 and {hitercept
Is 2. That means that the line crossesytlais at the point (0,2). If you were told
that the point (-1y) was on this line, you could find thevalue for this point by
using the equation. Since tlkevalue is -1, you would plug that into the equation
and solve fory. Thus, we havg =3-1) + 2, which means that=-1. The point
(-1,-1) must lie on this line.

In the diagram below, just about all we know about the line that's drawn is that it
has ay-intercept of 6. (We can, however, also say that it has a negative slope sinct
it travels down to the right. If it went up as it traveled from left to right, we would
say that it has a positive slope. If a line is parallel toxtheais, it has a slope of 0. If
it is parallel to they axis, the slope is not defined.) So, knowing thatythe
intercept is 6, you could come up with the equatigm:mx+6. Now, if you're told
that the point (4,1) is on the line, you could say thatm+6. You’'ve now got an
equation that allows you to solve for, the line’s slope. Isolates and you'll get

5

m=-—.
4
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Geometric Notation
You may be familiar with the following symbols, but they're new to the SAT.

AB refers to a straight line passing through poitndB.

AB refersto a ray, starting Atand passing throudb.

AB refers to a line segment with end pointé\andB. AB is the distance of this
segment.

ABCOCDE means that two shapes (in this case, trianglesjangruent.

Solving With Trigonometry

The new SAT will include problems that can be solved using basic trigonometry,
but this has always been the case. No problem shawkito be solved with
trigonometry. All students should know the ratios of the sides of 30-60-90 and
45-45-90 triangles. They are, respectively/3: 2 and1:1: v2. Therefore, if

you know that the hypotenuse of a 30-60-90 triangle is 10, you would know,
without any real calculations, that the short leg (across from the 30-degree angle) i
5, and the longer leg (across from the 60-degree angle/Bis With a 45-45-90

triangle -- also known as an isosceles right triangle -- if the legs each measure 3, th

the hypotenuse i\ .

The Midpoint and Distance Formulas

To find themidpoint between pointd andB, take the average of thxe
coordinates and the average of ytemordinates. For example, if polsthas
coordinates of (3, -7) and poiBthas coordinates of (1, -1), the coordinates of the

midpoint of AB are 3*1 and _7+(_1), which simplifies to (2,-4).




To find thedistancebetween pointéd andB using their coordinates, you can apply
the following formula: \/(xl—xz)z +(y,—y,)°. Using the coordinates in the previous
example, we gefl(3-1? + (-7- (-1)?, which simplifies tov4+ 36, which further
simplifies tov/40. This can be rewritten a¢10.

Properties of Tangent Lines

The new SAT may test the following: line tangent to a circle is perpendicular to a
radius drawn to the point of tangency. Therefore, in the circle below, we know tha
the radius shown forms a right angle witB.

Transformations

You might now be tested on the effect that a transformation will have on a graph o
a function. For example, given the graph of the fundtjgy you would need to

know that the graph of(x)-4 would have the same shape but is moved “down”

4 units. The graph off(x) + 4 would be the same shape moved “up” 4 units. The
graph of f(x-4) -- note the parentheses -- would look the samg&>gsbut shifted

4 units to the right. Naturallyf(x + 4) is shifted 4 units to the left. The graph of
-f(x) has the same shape k), but turned upside down. It is reflected about the
x axis. The graph of(-x) is the mirror image of(x). Itis reflected about the

axis.

Geometric Probability

This is not an entirely new concept. The basic probability formula still
applies: Probability = The number of desired outcomes/Total number of
outcomes. For example, the following diagram shows a circle inscribed in
a 3 foot x 10 foot rectangle, drawn to scale. If a penny was thrown onto
this shape, without being aimed, what is the probability that the penny

would land on the circle?

First, we can determine that the rectangle has an area of 30 square feet
(3x10). Since the circle is inscribed in the rectangle, it has a diameter of 3




and a radius of 1.5 GE’ Therefore, the area of the circle%fé square feet
on
(tTr?). The odds (probability) of the penny landing on the circ%is

which simplifies togfn "3_10’ which simplifies further tej%. To convert this

to a percentage, multiply by 100 and then stick a % sign on it. So,

%XIOO:%%. There is g% chance of landing the penny on the circle.

Data Analysis

Graphs and charts

Analyzing graphs and charts has always been a part of the SAT, but some
related terms and concepts might show up for the first time. Being able to
read a scatterplot is an important skill to have as illustrated below.

In an experiment on worker productivity, project teams of different sizes
were given the same tasks to complete. The number of tasks completed
was then plotted against the number of participants in the group. In the
sketch below, which of the labeled points represents the group that
completed the most tasks per number of participants?

>

*°B

Mumber of tasks completed
[ ]

°A

>

o

Number of participants

The correct answer is point B. This is the point that has the largest
task/participant ratio. You can think of it this way: If you drew a line from
0 to point B, the slope of this line would be greater than the slope of any
line drawn from O to a different point.
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