To the Student;

Picture a block of Swiss cheese. It is filled
with holes and yet it stays in one piece.
But this block has to be cut into slices. If
there are too many holes, the slice will
simply fall apart.

So it is with calculus. The AP Calculus
course you are about to take is based on
your foundation in mathematics — all the math that you have ever learned will come into play in this course. If
you are taking calculus, it is possible that some of that material you knew fairly well at one time, but

unfortunately, without everyday use, you just plain forget it. It is also possible that you never really learned it at
all.

When you start your AP Calculus course, teachers make the assumption that you have mastered a lot of
mathematics and techniques that you need to know are part of you. But it is a bad assumption and worse, a lot
of teachers know it. In the past, teachers would start a new year by reviewing and getting everyone’s
knowledge at the same level. But in calculus, there is simply not enough time to spend time in review.

So teachers teach AP Calculus knowing that there are extreme deficiencies in their student’s math skills. And if
the deficiencies are serious, the entire year crumbles like a piece of Swiss cheese with too many holes ... holes
in mathematical knowledge!

So what is the answer? Review all the math you have ever had? No, that just takes too long and who really
cares enough to do that.

So this booklet contains all the material from precalculus that you really need to know going into AP calculus. It
does not necessarily review the most difficult concepts of precalculus, but it takes the concepts that were in
precalculus and are quite likely to show up in AP Calculus and teaches you, once and for all, to handle problems
using those concepts.

For instance, the concept of complex fractions, fractions within fractions, usually only show up in precalculus
when you are studying that concept. They rarely show up in word problems or in any other context. So you
learn them when you need them, and you forget them 10 minutes after the test.

But in AP calculus, complex fractions occur fairly frequently. Calculus is hard enough and if you lose points on
a problem, you want it to be because you had a conceptual issue with the calculus topic, not because your
knowledge of precalculus, specifically complex fractions, was faulty.

So this booklet contains just those concepts that are important for you in learning AP calculus. Topics like the
conic sections, imaginary numbers, and finding rational zeros of functions, while important in precalculus, are
rarely used in AP Calculus so they aren’t included in this booklet.

You can be sure that if you review and master all the topics in this booklet, you are well on your way to doing
well in AP Calculus. The reason is that many students worldwide struggle in AP calculus because their
precalculus abilities are not good. Spending about eight hours on this booklet in total insures that is not going to
happen to you!



A. Functions

The lifeblood of precalculus is functions. A function is a set of points (x,y) such that for every x, there is one

and only one y. In short, in a function, the x-values cannot repeat while the y-values can. In AB Calculus, all of
your graphs will come from functions.

The notation for functions is either “y =" or “ f(x)=". In the f(x) notation, we are stating a rule to find y
given a value of x.

h) -
LIf f(x)=x*-5x+8,finda) f(-6)  b) f@-j o Ll 2 /(%)
f(x+h)- f(x)
3) (3} (3 © h
ERE R S
a) f(-6)=(-6)"—5(=6)+8 2) \2 (x+h) —5(x+h)+8~(x*—~5x+8)
36+30+8 2.1 ¢ h
74 4 2 x> +2xh+h*=5x-5h+8—x*+5x—-8
n 5
4 2 _ _
h®+2xh—5h _ h(h+2x-5) haorS
h h
Functions do not always use the variable x. In calculus, other variables are used liberally.
2.1f A(r)=nr’, find a) A(3) b) A(2s) c) A(r+1)-A(r)

A(r+1)-A(r)= 7r(r+1)2 - nr?

A(3)=9rx A(2s)=m(25) = 4ns’ e(2r 1)

One concept that comes up in AP calculus is composition of functions. The format of a composition of '
functions is: plug a value into one function, determine an answer, and plug that answer into a second function.

3.0f f(x)=x* ~x+1and g(x)=2x~1, a) find f(g(-1)) b)find g(f(-1)) ©) show that f(g(x))=g(f(x))

fg(x)=f(2x=1)=(2x-1)" = (2x-1)+1
g(-1)=2(-1)-1=-3 f(=)=1+1+1=3 —4x? —dx+1-2x+1+1=4x> —6x+3
f(-3)=9+3+1=13 g(3)=2(3)-1=5 g(f(x))=g(x2—x+1)=2(x2-—x+1)—1
=2x"-2x+1

Finally, expect to use piecewise functions. A piecewise function gives different rules, based on the value of x.

4 1f f(x)={;:fl’ £ finda) £(5) b) £(2)~ (1) o f(£(1)
5)=25-3-22 TR T (D=1-(-D=2 )= 2, 7(2)=3




A. Function Assignment
o If f(x) =4x—x*, find

1. f(4)-f(—4)

o [f V(r) = §Er3 , find

o)

5.V(r+1)-V(r-1)

« If f(x) and g(x) are given in the graph below, find

7.(f-8)(3)
LT e
Vx+2-2,
oIf f(x)={x"—1,
_x,

10. £(0)-f(2)

8. £(2(3))
x=22
0<x<2,find
x<0

11. 5—f(—4)

f(x+h)—f(x—h)
2h

If f(x)=x"-5x+3 and g(x)=1-2x, find

9. f(g(x))

12. £(£(3))



B. Domain and Range

First, since questions in calculus usually ask about behavior of functions in intervals, understand that intervals
can be written with a description in terms of <, <, >, > or by using interval notation.

Description | Interval Description | Interval Description Interval
notation notation notation
x>a (a,0) xsa (—e0,a] as<x<b [a,b)
x2za [a,°) a<x<b (a,b) - open interval | a<x<b (a.b]
r<d (—co,a) asx<b [a,b]- closed interval | All real numbers | (—oo,00)

If a solution is in one interval or the other, interval notation will use the connector U . So x <2 orx>6 would
be written (—o0,2]U(6,%0) in interval notation. Solutions in intervals are usually written in the easiest way to
define it. For instance, saying that x <0 orx >0 or (—e0,0)(0,c0) is best expressed as x 0.

The domain of a function is the set of allowable x-values. The domain of a function f is (—ee,o0) except for
values of x which create a zero in the denominator, an even root of a negative number or a logarithm of a non-
positive number. The domain of a”*) where a is a positive constant and p(x) is a polynomial is (~o,0)

* Find the domain of the following functions using interval notation:
6 2x

=x"- Ly =— 3. y=—5—"7

I f(x)=x*-4x+4 2.y -6 Y23

=
¥ +4x+6

Y= 5.y=xx+5 6. y=———
4, y=~x+5 y=xx y T
[-5.) (—o00) (-2,
The range of a function is the set of allowable y-values. Finding the range of functions algebraically isn’t as
easy (it really is a calculus problem), but visually, it is the [lowest possible y-value, highest possible y-value].

Finding the range of some functions are fairly simple to find if you realize that the range of y = x* is [0,00) as

any positive number squared is positive. Also the range of y = Jx is also positive as the domain is [0,c0) and

the square root of any positive number is positive. The range of y=a" where a is a positive constant is(0,00)
as constants to powers must be positive.

« Find the range of the following functions using interval notation:
g ! =Jx—8+2
7. y=1-x 8. y=— 9. y=+x—-8+
X

(=1 (0,) [2,)

« Find the domain and range of the following functions using interval notation.

Domain: (0,4)
Range: [0,4)

Domain: (—oo,c0)

11.
Range: [-0.5,2.5]

10.




B. Domain and Range Assignment

« Find the domain of the following functions using interval notation:

10. y=log(x- 10)

Find the range of the following functions.

13. y=x"+x" -1

2. y=x"—x"+x 3.y=x XY
X
5. f(x)= ! 6. y=+2x-9
4x* —4x-3

8. f(x)=%x"—x-2 9, y=5"42

1 _N2x+14 12 _5-x
g x> —49 ' logx

14. y=100" 15. y=Vxi+1+1

Find the domain and range of the following functions using interval notation.

16. e

TR

(2N T Y Y

17.

18. =y




C. Graphs of Common Functions

There are certain graphs that occur all the time in calculus and students should know the general shape of them,
where they hit the x-axis (zeros) and y-axis (y-intercept), as well as the domain and range.

y=a

x-intercept: none
y-intercept: @

Function: y=a
Domain: {—oo,c0)

Range: [a,a]

=T

x-intercept: (
v-intercept: 0

Function: y = x
Domain; (—oo,c0)

Range: (—oo,o0)
"

y=lx |

) ,
y=x "

y=x'

x-intercept: 0
y-intercept: 0

Function: y = x°
Domain: (—ce,o)
Range: [0,0)

x-intercept: 0

y-intercept: 0
Function: y = x°
Domain: (—oco,e0)

Range: (—oo,)

y=lnx

.

x-intercept: 0
y-intercepl: 0

Function: y = Jx
Domain: [0,)
Range: [0,)

xantercept: O
y-intercept: 0

Function: y =|x|
Domain: (—oco,e0)
Range: [0,)

x-intercept: none

y-intereept: nonce

. 1
Function: y =—
X

Domain: x #0

Range: y #0

w p BL.
x
y=e y=e~ y=sinx
i R S N i N 4
x-intercept: none S-interzpt: none x-intercept: .., ~ 27,30, X.27,..
v-intereept: ) yeintercept: 0

s |
Function: y=e¢"
Domain: (—oo,0)
Range: (0,)

Function: y=e""
Domain: (—oo,c0)
Range: (0,c0)

Function: y =sinx
Domain: (—oo,)
Range: [-1,1]

11

x-intereept: |

y-intercept: none

Function: y =Inx
Domain: (0,c0)

Range: (~o0,0)

)'}
y=Cosx
intercept: NELAR. 5.4 n
x-t Pt ., > 2~2,2»«-~
y-intercept: |

Function: y =cosx
Domain: (—oo,°)
Range: [-1,1]



C. Graphs of Common Functions — Assignment

Answer the following questions about the indicated functions. In_
completing the table below, you may use the following abbreviations,
R: the set of real numbers, J: the set of integers, and N: the set of

natural numbers.
» Even or Isf (x)a
Odd one-to-one
Symmetry |Function—  |Js the function?
Zeros | with f(—x) = f(x) |function |(Foreach
(Find x| respect periodic? |f(x) only
Range |When to y-axis or If so, state {one x
Function Domain |y = f(x) |f(x) = O)|or origin  |f(—x) = —f(x) |the period. |exists)
@) f(x) = x*
®) fx) = x*
(©) f(x) = ||

@ f() =sinx

(e) f(x)=cosx

‘0 f(x) =tanx
® f(x) = secx
) f(x) =2°

@ fx) = log, x

@ fx=

o[-

&) fx) = Vx

O f&x) =Va*-x*

12



D. Even and Odd Functions

Functions that are even have the characteristic that for all a, f(—a)= f(a). What this says is that plugging in

a positive number a into the function or a negative number —a into the function makes no difference ... you will
get the same result. Even functions are symmetric to the y-axis.

Functions that are odd have the characteristic that for all a, f(—a)=—f(a). What this says is that plugging in

a negative number —a into the function will give you the same result as plugging in the positive number and
taking the negative of that. So, odd functions are symmetric to the origin. If a graph is symmetric to the x-axis,
it is not a function because it fails the vertical-line test.

1. Of the common functions in section 3, which are even, which are odd, and which are neither?

| .
Even:y=a,y=x% y=|x|,y=cosx Odd:y=xy=x",y==,y=sinx
X

X

Neither: y=\/;, y=lnx,y=e',y=e€

2. Show that the following functions are even:

a) flx)=x*-x*+1 b) f(x)= !

X

F(ox)=(x) = (- +1

=x*—x*+1=f(x)

3. Show that the following functions are odd:

a) f(x)=x'-x b) f(x)=x ¢) f(x)=e"—e™"
f(“x =<"X) +x f(—x)zi/-—_;=—%/;=—f(x) f(_x)_:e—x_ex=_(ex_e—X)=_f(x)

4. Determine if f(x)=x’—x’+x—1 is even, odd, or neither. Justify your answer.

f(=x)==x"—x*—x—1# f(x) sof is not even. — f(x)==x+x*—x—1# f(=x) sof is not odd.

Graphs may not be functions and yet have x-axis or y-axis or both. Equations for these graphs are usually
expressed in “implicit form” where it is not expressed as “y = or (x)=". If the equation does not change

after making the following replacements, the graph has these symmetries:

x-axis: y with -y y-axis: x with —x origin: both x with —x and y with - y

5. Determine the symmetry for x> +xy+y* =0.

x—axis: 2 +x(=y)+(-y)' =0= x> —xy+y* =0 sonot symmetric to x — axis

y—axis: (=x)' +(=x)(y)+y* =0= x* — xy+y* = 0 50 not symmetric to y —axis

)+
origin: (=x)° +(=x)(-y)+y*=0= x* + xy+ y* = 0 so symmetric to origin

13



D. Even and odd functions - Assignment

» Show work to determine if the following functions are even, odd, or neither.

1. f(x)=7 2. f(x)=2x"-4x 3. f(x)=-3x"-2x

4. f(x)z x+1 5. f(x)= x> +1 6. f(x)=8x

7. f(x)zsx-gi 8. f(x)=[8x] 9. f(x)=[8x|-8x
X

Show work to determine if the graphs of these equations are symmetric to the x-axis, y-axis or the origin.

10. 4x =1 11. y*=2x*+6 12. 3x* =4y’

13. x:|y| 14. |x|:|y| 15. |x|=y2+2y+1



E. Transformation of Graphs

A curve in the form y = f(x), which is one of the basic common functions from section C can be transformed

in a variety of ways. The shape of the resulting curve stays the same but zeros and y-intercepts might change
and the graph could be reversed. The table below describes transformations to a general function y = f (x) with

the parabolic function f(x)=x? as an example.
Notation How f(x) changes Example with f(x)=x>
f(x)+a Moves graph up a units ° "

f(x)-a Moves graph down a units

f(x+a) Moves graph a units left

f(x-a) Moves graph a units right

Lf
~

a- f(x) a > 1: Vertical Stretch ® \

a- f(x) 0 <a < 1: Vertical shrink @ E ‘ i

f(ax) a >1: Horizontal compress ° \
(same effect as vertical stretch) | W/

f(ax) 0 < a < 1: Horizontal elongated ° i ‘ i
(same effect as vertical shrink) .

~f(x) Reflection across x-axis

f(=x) Reflection across y-axis ° \ ” /

15



E. Transformation of Graphs Assignment

« Sketch the following equations:

2
l.y=—x
a S 5
s & 3 2 4 x
.

N

P R &

S S A Y

13. y=

[\

X —

2. y=2x°

5. y=~x+1+1

a

s

4. y=——

a =
a
+

IS 6 1 2 3 Ak
bt
3
=

o 2
4

&

5

4 3 3 id 1 3 ¥

+

2

La

AN QUK Y

i6



F. Special Factorization

While factoring skills were more important in the days when A topics were specifically tested, students still
must know how to factor. The special forms that occur most regularly are:

Common factor: x* +x* +x = x(x2 +x+ 1)

Difference of squares: x*—y* =(x+y)(x—y) orx™ —y*" = (x" + y”)(x" - y")
Perfect squares: x* +2xy+y" =(x+ y)

Perfect squares: x* —2xy+y* =(x— y)

Sum of cubes: x* +y’ =(x+ y)(x2 —xy+ yz) - Trinomial unfactorable
Difference of cubes: x* -y’ = (x - y)(x2 +xy+ yz) - Trinomial unfactorable

Grouping: xy+xb+ay+ab=x(y+b)+a(y+b)= (x+a)(y+b)

The term “factoring” usually means that coefficients are rational numbers. For instance, x* —2 could
technically be factored as (x +2 )(x -2 ) but since ~/2 is not rational, we say that x> —2 is not factorable.

It is important to know that x* +y* is unfactorable.

« Completely factor the following expressions.

1. 4a*+2a 2. X +16x+64 3. 4x* - 64
2a(a+2) (x+8)’ 4(x+4)(x-4)
4. 5x*-5y* 5.16x> —8x+1 6. 9a* —a’b’
5(x* +1)(x+1)(x 1) (4x-1)° a*(3a+b)(3a—b)
7. 2x% —40x +200 8. x*-8 9. 8x° +27y°
2(x-10)’ (x—2)(x* +2x+4) (2x+3y)(4x* - 6xy+9y")
10. x*+11x*—80 11, x*—10x*+9 12. 36x* — 64
(x+4)(x—4)(x* +5) (x+1)(x=1)(x+3)(x-3) 4(3x+4)(3x—4)
13. ¥ —x*+3x-3 14, x* +5x* —4x-20 15.9—(x2+2xy+y2)
XZ(X—1)+3(X“1) x2(x+5)—4(x+5) 9—(x+y)2

(x—l)(x2+3) (x+5)(x—2)(x+2) (3+x+y)(3—x—y)




F. Special Factorization - Assignment

» Completely factor the following expressions

1. x’—25x

4. 3x°-3

7. 4x*+7x* =36

10. x*+17x° +16x

13. X —xy* +x°y—y’

16. X+x +x"+1

2. 30x—-9x*-25

5. 16x* —24x*y+9y’

8. 250x° —128

11. 144+32x* —x*

14. x°*—9x*-81x*+729

17. x° -1

3. 3x°=5x"+2x

6. 9a* —a’b?
3
9. §x—+g;
125 y

12. 16x* —y*

15. x> —8xy+16y* =25

18. x°+1

18



G. Linear Functions

Probably the most important concept from precalculus that is required for differential calculus is that of linear
functions. The formulas you need to know backwards and forwards are:

Slope: Given two points (x,,y,) and (x;,,y, ), the slope of the line passing through the points can be written as:

_rise _Ay yz N
Ax -x

Slope intercept form: the equation of a line with slope m and y-intercept b is given by y =mx+b.

run

Point-slope form: the equation of a line passing through the points(x,,y,) and slope m is given by
y=y=m(x-
course, the y—y, =

X, ) While you might have preferred the simplicity of the y = mx+b form in your algebra

m(x—x,) form is far more useful in calculus.

Intercept form: the equation of a line with x-intercept a and y-intercept 4 is given by " % =1.
a

General form: Ax+ By+C =0 where 4, B and C are integers. While your algebra teacher might have required
your changing the equation y—1=2(x—5) to general form 2x—y—9=0, you will find that on the AP

calculus test, it is sufficient to leave equations for a lines in point-slope form and it is recommended not to
waste time changing it unless you are specifically told to do so.

Parallel lines Two distinct lines are parallel if they have the same slope: m, =m,.

Normal lines: Two lines are normal (perpendicular) if their slopes are negative reciprocals: m, -m, =—1.

Horizontal lines have slope zero. Vertical lines have no slope (slope is undefined).

1. Find the equation of the line in slope-intercept form, with the given slope, passing through the given point.

a. m=—4,(1,2)

y=2=-4(x-1)=>y=—4x+6

2

b. m=—,(-51
n=2,(-5)

=—§—(x——5):>y=

2x 7

3 3

c. m=0,(—

y=—-

12)
2’4

2. Find the equation of the line in slope-intercept form, passing through the following points.

b. (0,-3) and (-5,3)

a. (4,5) and (-2,-1)

5+1 =3 20 m= 'f“j(i):z_.i
m=_—— =l T 5-0 5 1-3 \ 4 3
- -6 1
y=S5=x—d=y=x+] y+3=Tamy=2u3 y_%=6(x_1)=>y=6x_%

SESE0)

3. Write equations of the line through the given point a) parallel and b) normal to the given line.

a. (4,7), 4x-2y=1

1
=2x——=>m=2
Y 2

a) y—7=2(x—4)

b. (z,lj, x+5y=2
3
-1

19



G. Linear Functions - Assignment
1. Find the equation of the line in slope-intercept form, with the given slope, passing through the given point.

a. m=-1,(-3,-7) b. m= _71 (2,-8) c.m= % (—6%)

2. Find the equation of the line in slope-intercept form, passing through the following points.

a. (-3,6) and (-1,2) b. (-7,1) and (3,-4) c. (—2,%) and (%1)

3. Write equations of the line through the given point a) parallel and b) normal to the given line.
a. (5-3), x+y=4 b. (-6,2), 5x+2y=7 c. (-3.-4), y=—2

4. Find an equation of the line containing (4,—2) and parallel to the line containing (-1,4) and (2,3). Put your

answer in general form.

5. Find k if the lines 3x—5y =9 and 2x+ky =11 are a) parallel and b) perpendicular.

20



H. Solving Quadratic Equations

Solving quadratics in the form of ax® +bx+c =0 usually show up on the AP exam in the form of expressions

that can easily be factored. But occasionally, you will be required to use the quadratic formula. When you have
a quadratic equation, factor it, set each factor equal to zero and solve. If the quadratic equation doesn’t factor or
if factoring is too time-consuming, use the quadratic formula:

—bxb* —4ac

2a

X =

. The discriminant b* —4ac will tell you how many solutions the quadratic has:

> 0, 2 real solutions (if a perfect square, the solutions are rational
p q
bz —4ac =0, 1 real solution

<0, 0 real solutions (or 2 imaginary solutions, but AP calculus does not deal with imaginaries)

1. Solve for x.

a. x’+3x+2=0 b. x’-10x+25=0 c. x’—64=0
(x+2)(x+1)=0 (x_.s)z:() (x—8)(x+8)=0
x=-2,x=-1 x=5 x=8x=-8

d. 2x*+9x=18 e. 1247 +23x=-10 f, 48x—64x" =9
(2x-3)(x+6)=0 (4x+5)(3x+2)=0 (8x=3)"=0
x——3-x——6 x—-—z)c—-—Z x—i
2 47 3 8

g x"+5x=2 h. 8x-3x*=2 i. 6x*+5x+3=0

544/ +J64-24
x:._S.i:_22§+—8 x=.8__i64_—2—— x—_Si [25_72__5i,[._4’7
- 12 12
x= __i_i_\@—é x= 842410 = 4£/10 No real solutions
2 6 3
5 -3 4 2
i P —3x4+3x-9= k. 2-2=22 L x*-7x*-8=0
jox*=3x"+3x-9=0 372 x
6x(§—%=:§)

x*(x-3)-3(x=3)=0 *
<(3>()z i) 0 25" ~15x+18 =0 K =8)(x* +1)=0
—_ x" - =
* (2x-3)(x-6)=0 x=+8 =222
x=3,x=i\/§ 3

x:—z—,x=6

2. If y="5x*=3x+k, for what values of k will the quadratic have two real solutions?

9
[—3)2—4(5)k>0=>9—20k>0=>k<5

21




H. Solving Quadratic Equations Assignment

1. Solve for x.

a x>+7x-18=0 b. x2+x+}z=0 c. 2x2=72=0

d. 12x*-5x=2 e. 20x> =56x+15=0 f. 81x+72x+16=0

g x> +10x=7 h. 3x—4x*=-5 i 73 -7x+2=0

j. x+l:% k. X’ =5x*+5x-25=0 1. 2x*—15x° +18x*> =0
X

2. If y=x*+kx—k, for what values of k will the quadratic have two real solutions?

2x—1

3. Find the domainof y=———.
6x"—5x—6

22



I. Asymptotes

: Lo x . . .
Rational functions in the form of y = % possibly have vertical asymptotes, lines that the graph of the curve
qlx
approach but never cross. To find the vertical asymptotes, factor out any common factors of numerator and
denominator, reduce if possible, and then set the denominator equal to zero and solve.

Horizontal asymptotes are lines that the graph of the function approaches when x gets very large or very small.
While you learn how to find these in calculus, a rule of thumb is that if the highest power of x is in the
denominator, the horizontal asymptote is the line y = 0. If the highest power of x is both in numerator and

highest degree coefficient in numerator

denominator, the horizontal asymptote will be the line y = . If the

highest degree coefficient in denominator

highest power of x is in the numerator, there is no horizontal asymptote, but a slant asymptote which is not used
in calculus.

2

1) Find any vertical and horizontal asymptotes for the graph of y = —2—_5—6 o
X —x-
_x2 __x2
y=

T XY-x-6 (x-3)(x+2)

Vertical asymptotes: x—3=0=x=3 and x+2=0=>x=-2 \" 2
Horizontal asymptotes: Since the highest power of x is 2 in both numerator and Do

denominator, there is a horizontal asymptote at y =—1.

g 2§ S O
»
-
-~
s

This is confirmed by the graph to the right. Note that the curve actually crosses its horizontal asymptote on the
left side of the graph.

343 o
2) Find any vertical and horizontal asymptotes for the graph of y = —z—x—zx——3 . ) ; \
X — - d !
_ 3x+3 _ 3<X+1) _ 3 rwv)x ; H
Y 2523 (x-3)(x+1) x-3 b\

Vertical asymptotes: x—3=0= x =3. Note that since the (x+1) cancels, there

is no vertical asymptote at x = 1, but a hole (sometimes called a removable discontinuity) in the graph.
Horizontal asymptotes: Since there the highest power of x is in the denominator, there is a horizontal asymptote
at y = 0 (the x-axis). This is confirmed by the graph to the right.

. . ) 2x* —4x a
3) Find any vertical and horizontal asymptotes for the graph of y = —Tia

_2x"—4x _2x(x-2)
T X +4 xP+d

Vertical asymptotes: None. The denominator doesn’t factor and setting itequal v
to zero has no solutions.

Horizontal asymptotes: Since the highest power of x is 2 in both numerator and
denominator, there is a horizontal asymptote at y = 2. This is confirmed by the graph to the right.
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I. Asymptotes - Assignment

« Find any vertical and horizontal asymptotes and if present, the location of holes, for the graph of

x—1

1. y=
Y x+5

2x* +6x
4. y=—F——
x“+5x+6

_ 4+3x—x"

7. y=
Y 3x2

10. y=
Y X +4

x x+2

8
. y:—'?
X
X
YT 05
+1
8. y=—%
x —x-1
>+ 4
1. y= ad ol

X —=2x*+4x-8

(hint: express with a common denominator)

_2x+16
x+8
_ =5
YT 12
_1—x—5x2
X+ x+1
1 2
12, y= 0x+20

X =2x"—4x+8



J. Negative and Fractional Exponents

In calculus, you will be required to perform algebraic manipulations with negative exponents as well as

. . . |
fractional exponents. You should know the definition of a negative exponent: x™ = —,x # 0. Note that
x

negative powers do not make expressions negative; they create fractions. Typically expressions in multiple-
choice answers are written with positive exponents and students are required to eliminate negative exponents.

a
Fractional exponents create roots. The definition of x2 =/x and x¥* =4{/x* = («’]/; ) :

As a reminder:when we multiply, we add exponents: (x“)(xb) =x“.
xa

When we divide, we subtract exponents: = = x“* x#0

X

: . a\?
When we raise powers, we multiply exponents: (x ) =x®

In your algebra course, leaving an answer with a radical in the denominator was probably not allowed. You had
to rationalize the denominator: 71-— changed to (——I——J[#] = —\E . In calculus, you will find that it is not
X x

Vx x

necessary to rationalize and it is recommended that you not take the time to do so.
* Simplify and write with positive exponents. Note: # 12 involves complex fractions, covered in section K.

1. -8x7 37 (_3]_2
. —8x 2. (-5%) 3. =

4

X
——8 (—5)_2 _x_6 = 1 = 1 (—3)—2 = 1 :x_g.
X (-5)"x* 25+ ()" (30
4. (36x°)" 5. (27x°) 6. (16x2)"
1 s s 8
o (272)7 947 167 = =5
- V2 Loy y L
7. (x'/z—x) 8. (4x2—12x+9) 9. (x‘/3)(—2—x '2]+(x12+1)(§x v
I 1 ! 1 X +x1/2+1_ 1 +x'/2+1
(¢ —x)  w-26 4 [(2x_3)2}1/2 2x-3 26 3P x0T 3P
» ) 4)2 ] N
10, ?2(8x) ¥ (8) 1. % 12. (x7+y7)
-16 -16 | 12 172 5 /2 1 (xyj_ Xy
= = +4) (x—4)" =(x*-16 2=
3(8x)"  3(32)x" 6x¥ ()7 (5= 4)7 = 4" 16) Ll ) oyt
Xy
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J. Negative and Fractional Exponents - Assignment

Simplify and write with positive exponents.

1. —12%x7°

@

7. (121%)" 8. (8x%) "

10. (x+)~ (4322 +3x+1) 7
) 2 )"

13. %(16)8) ¥ (324) 14. (();2 1))'/2

2. (—12x5)’2

3. (4x)”

6. (x3 - 1)72

-3/5

9. (—32)6_5 )

12. x(x]/2 —x)f2

15. (x2+27)"

26



K. Eliminating Complex Fractions

Calculus frequently uses complex fractions, which are fractions within fractions. Answers are never left with
complex fractions and they must be eliminated. There are two methods to eliminate complex fractions:

- 3 . . o d ad
When the problem is in the form of —’:— , we can “flip the denominator” and write it as %-— =2

< ¢ b’
However, this does not work when the numerator and denominator are not single fractions. The best way is to
eliminate the complex fractions in all cases is to find the LCD (lowest common denominator) of all the fractions

in the complex fraction. Multiply all terms by this LCD and you are left with a fraction that is magically no
1

-1 -1 I+—
longer complex. Important: Note that x__l can be written as 2 but 1+_x1 must be written as lx .
X y l
y
« Eliminate the complex fractions.
2 35
— 1+— —+—
12 ). 3 3, 43
2 1+2 2-—
6 6
2 1.2 3,5
3 6)_4 3 (gj_s%_g 13 (1_%)=9+20=_2_9_
586) 5 1+ N6) 6+5 11 ,_ L \12) 24-2 22
6 6 6
L x—b 2
2 2x 5
4, 5 6
1+l - x2+—1— >
3" 457 3
! — ! —2-x5/3 5/3
1+E 6x) 6x+3 YTor (4x®)4x’-2x 5 (E) _6x
1+ L \6x) 6x+2 2ol 4 4t 5 \1s) 25
3x 4x* 3
-12
- /2 X(X'—l)
o 5(2x+5)2/3 ; (x=1)" ==
7. = 8. ——_—:% : 1
3
_11/2_ X
1 1 ) E=
1/2
PER [fj 1+x* 5 6 -3 x-1 2(x-1)
= |= — ~ = 23
d W x+x —2(2x+5)2/3 6 4(2x+5)
x’ 3 2(x—1)-x  x-2
2(x-1)7  2(x-1)"




K. Eliminating Complex Fractions - Assignment

« Eliminate the complex fractions.

> 4_2
LS 2. —2
- 3+i
3
. 1
—- -1
X 5 1+x2
x+—l [-x
X
' (3x-4)
7 x24+x'+1 g X
' X7 —x ' -3

9.

X +y
x+y

2x(2x — 1)1/2 —2x* (2x - l)

12

(2x— 1)
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L. Inverses

No topic in math confuses students more than inverses. If a function is a rule that maps x to y, an inverse is a
rule that brings y back to the original x. If a point (x,y) is a point on a function £, then the point (y,x)is on the

. . i} . . . a1 41 .. . .
inverse function f~'. Students mistakenly believe that since x™' = —, then f ™' = —. This is decidedly incorrect.
X

If a function is given in equation form, to find the inverse, replace all occurrences of x with y and all
occurrences of y with x. If possible, then solve for y. Using the “horizontal-line test” on the original function f

will quickly determine whether or not £~ is also a function. By definition, f ( ! (x)) = x. The domain of f~'

is the range of f and the range of f~'is the domain of /.

I. Find the inverse to y = 4x+3
x.—

and show graphically that its inverse is a function.

4y+5:>xy—x=4y+5:>y=—x—t—5—

y—l x—4 N‘\

Note that the function is drawn in bold and the inverse as dashed. The
function and its inverse is symmetrical to the line y = x. The inverse is a \

function for two reasons: a) it passes the vertical line text or b) the function
passes the horizontal line test.

Inverse: x =

2. Find the inverse to the following functions and show graphically that its inverse is a function.
a. y=4x-3 b. y=x>+1 c.y=x*+4x+4

v a2
Inverse: x=4y—3 Inverse: x=y" +4y+4

Inverse: x = y* +1

y xt3 (function) +x-1 (not a function) xX= (y~1-2)2 = +/x = y+2
= pmas T x__

: : y=—-2++/x (not a function)

3. Find the inverse to the following functions and show that f(f™(x))=x
1

a. f(x)=7x+4 b. f(x)=;—_—1- c. f(x)=x"-1
1
Inverse: x=——=xy—x=1
y=1
Inverse: x=T7y+4 - x+1 Cx =1 —
v x=1y y=f"(x)= Inverse: x =y —1
x—4 X

y=f"(x)= y=f"(x)=Ux+1

f[x—4):7(x;4)+4=x f( X ):(_x;_l_l](';) F()=(a+1) ~1=x

7 x
= =x

x+1—x

4. Without finding the inverse, find the domain and range of the inverse to f(x)=vx—2+3.

Function: Domain: [-2,e0), Range: [3,0) Inverse: Domain: [3,c0), Range: [~2,eo)
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L. Inverses — Assignment

I. Find the inverse to the following functions and show graphically that its inverse is a function.

a. 2x—6y=1 b. y=ax+b c.y=9-x’
3 9 2x+1

d. v=+1-x e y=— =
X 3—-2x

2. Find the inverse to the following functions and show that f(f"' (x)) =x

a. f(,\'\):lx—i b. f(x)=x"-4 c. f(x)=

275 P+

vx+1

3. Without finding the inverse, find the domain and range of the inverse to f(x)=—7—
X

30




M. Adding Fractions and Solving Fractional Equations

There are two major problem types with fractions: Adding/subtracting fractions and solving fractional
equations. Algebra has taught you that in order to add fractions, you need to find an LCD and multiply each
fraction by one ... in such a way that you obtain the LCD in each fraction. However, when you solve fractional
equations (equations that involve fractions), you still find the LCD but you multiply every term by the LCD.

When you do that, all the fractions disappear, leaving you with an equation that is hopefully solvable. Answers
should be checked in the original equation.

1. a. Combine: %—-{ b. Solve: £—£=12
x x
12 = |—=12] = |=12(12
LCD: 12 f(%)—%(éj (3j (4) (12)
43 3 3 4x-3x=144 = x=144
X—J3X X
2 12 w144 1B s 36-12
3 4
. 6 6
2. a. Combine x+— b. Solve: x+—=5
x X
x(x)+x(g)=5x
LCD: x x(f)+9 *
' x) x X +6=5x=>x*"-5x+6=0
x*+6 (x=2)(x-3)=0=2x=2,x=3
. x=2:2+g=2+3=5 x=3:3+§=3+2=5
3. a. Combine: —ﬂ b. Solve 12 —i=
x+2 x x+2 x
12 xY) 4{x+2 12 4
LCD: +2 - Ox+2)——=()(x+2)=1(x)(x+2
) (L2422 L2 () 2)-23)(r+2) =1 (1) +2)
12x—4x-8 2x—4x—-8=x*+2x=x*—6x+8=0
x(x+2) (x—2)(x—4):0=>x=2,4
Bx 8 v 128 3 5 x=a12 %5 1o
x(x+2) 4 2 6 4
X 3 X 3 x—2
. a. - b. Sol - =
4 a 2x—6 x*—6x+9 ove 2x—6 x*-6x+9 3x-9
X 3 x—-2 2
- = 6(x-3
2(x-3) (x-3) 3(x—3)}( )
2
LCD: 2(x-3) 3x(x-3)-18=2(x-3)(x~2)
al (x‘i)- & 2@) 357 —9x—18=2x" —10x+12
2(x=3)\x- _
(x=3)x (x=3) ¥ +x-30=0=(x+6)(x-5)=0=>x=-6,5
X -3x-6 6 3 -8 5 3 3
NV x_____6:;__.__=___ x=5:_.__=.._
2(x-3) Z18 81 27 4 4 6
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M. Adding Fractions and Solving Fractional Equations - Assignment

1. a. Combine: E—l
X

]

2. a. Combine: +
x—3 x+3
3. a. Combine: —§—— >
2x 3x+15
2x-1 3,
4. a. Combine: AL
x—=1 2x+1

b. Solve: 2+~
X
b. Solve:
x—3
b. Solve: — -

b. Solve:

32
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xt3 -9
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2x 3(x+5) X

2x—1

3x xt+11

x—1

2x+1 S 2xt—x—1



N. Solving Absolute Value Equations

Absolute value equations crop up in calculus, especially in BC calculus. The definition of the absolute value
x ifx20

function is a piecewise function: f(x)=|x|= ,
-x ifx<0

. So, to solve an absolute value equation, split the
absolute value equation into two equations, one with a positive parentheses and the other with a negative

parentheses and solve each equation. It is possible that this procedure can lead to incorrect solutions so solutions
must be checked.

» Solve the following equations.

I |x=1=3 2. 3x+2|=9
—(3x+2)=9
_(x—1>=3 3x+2=9 3x-2=9
x—=1=3
—x+1=3 3x=7 3x=-11
x=4 _3 .
tT X == x::il
3 3
3. 2x-1]-x=5 4. |x+5|+5=0
—(x+5)+5=0
—(2x—1)—x=5 x+5+5=0
2x—-1-x=35 -x-5+5=0
—3x=4 x=-10
x=6 x=0
_4 .
=T Both answers are invalid. It is impossible
to add 5 to an absolute value and get 0.
5. |x* —x|=2 6. [x—10[=x" —10x
2 _ 2 _ —(x—10)=x2—10x
(x —x)—2 —(x —x)—2 x-10=x*-10x )
2 2 —-x+10=x"-10x
2 x*-9x-10=0
(x=2)(x+1)=0  O0=x"+x+2 (x-1)(x=10)=0 (£ 10)(x+1)=0
x=2,x=-1 No real solution x=1l.x=10
) ’ x=10,x=—~1
Both solutions check
Of the three solutions, only x = —1 and x = 10 are valid.

7. W+ Rx-2/=8

Xx+2x-2=8 —x+2x-2=8 x—(2x-2)=8 —x—(2x-2)=8
3x=10 x=10 -x=6 -3x=6
10 x=-6 x=-2
xX=—
3

Of the four solutions, only x = -150- and x = -2 are valid
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N. Solving Absolute Value Equations - Assignment

« Solve the following equations.

I. 4]x+8/=20 2. |1=7x]=13
3. |8+ 2x+2x=40 4. |4x=5|+5x+2=0
5. =2x—1l=7 6. |l2—x|:x2—12x

7. x|+ [dx -4+ x=14
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O. Solving Inequalities

You may think that solving inequalities are just a matter of replacing the equal sign with an inequality sign. In
reality, they can be more difficult and are fraught with dangers. And in calculus, inequalities show up more
frequently than solving equations. Solving inequalities are a simple matter if they are based on linear equations.
They are solved exactly like linear equations, remembering that if you multiply or divide both sides by a
negative number, the direction of the inequality sign must be reversed.

However, if the inequality is more complex than a linear function, it is advised to bring all terms to one side.
Pretend for a moment it is an equation and solve. Then create a number line which determines whether the
transformed inequality is positive or negative in the intervals created on the number line and choose the correct
intervals according to the inequality, paying attention to whether the zeroes are included or not.

If the inequality involves an absolute value, create two equations, replacing the absolute value with a positive
parentheses and a negative parentheses and the inequality sign with an equal sign. Solve each, placing each
solution on your number line. Then determine which intervals satisfy the original inequality.

If the inequality involves a rational function, set both numerator and denominator equal to zero, which will give
you the values you need for your number line. Determine whether the inequality is positive or negative in the
intervals created on the number line and choose the correct intervals according to the inequality, paying
attention to whether the endpoints are included or not.

» Solve the following inequalities.

1. 2x-8<6x+2 21—%;>x~5 3. 5<6x-1<11

-10<4x —4x<10 2—3x>2x—102 < <ér<12

— O —

—SSx ' xZ——S— 12>5x=>x<—1— —1<xL2

2 5
4. 2x—1|<x+4 5.x"-3x>18

2x—1|-x-4<0

2x~1-x-4=0 -2x+1-x-4=0 x2=3x-18>0=(x+3)(x-6)>0

x=35 x=-1 For (x+3)(x-6)=0, x=-3,x=6

+++++++H0-——--—— = O+++++++ ++++++0-—-————— O+++++++

-1 5 -3 6

So —1<x<5 or [-1,5] Sox<-3orx>6 or (—o0,=3)U(6,%)
6. 2x-57S1 7. Find the domain of +/32-2x

x_

2027 g2 T XT3 95272 g 2(4+x)(4-x)20

x=5 x-5 x-5 x-35

—————— O+++++++0—-——————
++++++0—-—-————— cot+++++++ A
2 5 4
4<x< —4,4
So2<x<5 or [2,5) So-4<x<—4 or[-44]
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O. Solving Inequalities - Assignment

« Solve the following inequalities.

I S(x=3)<8(x+5) 2.4~§£>—(2x+1j
' 3 2
3 |
325 x4l>— 4. x+72|5-34
3. (.x‘+2‘)2 <25 6. x’ <4x’

2
7 2 ] 8. Find the domain of ,/x——x—6
x—6 x+2 x—4
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P. Exponential Functions and Logarithms

Calculus spends a great deal of time on exponential functions in the form of 5*. Don’t expect that when you
start working with them in calculus, your teacher will review them. So learn them now! Students must know
that the definition of a logarithm is based on exponential equations. If y =b" then x =log, y . So when you are

trying to find the value of log, 32, state that log,32 = x and 2" =32 and therefore x = 5.

If the base of a log statement is not specified, it is defined to be 10. When we asked for log 100, we are solving
the equation: 10* =100 and x = 2. The function y =logx has domain (0,e0) and range (—eo,c2). In calculus,
we primarily use logs with base e, which are called natural logs (In). So finding In 5 is the same as solving the
equation e* =5. Students should know that the value of e = 2.71828...

There are three rules that students must keep in mind that will simplify problems involving logs and natural
logs. These rules work with logs of any base including natural logs.

i. loga+logh =log(a-b) ii. loga—logb=log(%) iii. loga® =bloga
1. Find a. log,8 b. Ine c. 10
log,8=x Inve = x logd=x
4°=8=2" =2 e =e” 107 =4 50 10°¢* = 4
3 1 10 to a power and log are inverses
xX=— X=—
2
d. log2 +log50 e. log,192 - log, 3 £, Inde’
| 192 3
log(2-50) = log100 084 37 lneS/S——lne=-5—
2 log,64=3
1
2. Solvea. logg(xz—x+3):% b. log36x+log36(x——1)=5 ¢. Inx—In(x-1)=1
1
o8 x(x-1)=3 (=)
X —x+3=9" x(x-1)=36"=6 x—1
x(x-1)=0 x'-x-6=0 L e x=ex—e
x—1
x=0,x=1 (x=3)(x+2)=0 ¢
Only x =3 is in the domain Y
d. 5° =20 o e2=5 £, 2" =3
log(5") = 10g20 ne? —Ins log(2")=log(3"")
log5 =10g20 —In5 xlog2=(x-1)log3
TR = 20 2x=InS=x=—" tog3
X = l0g20 orx=—— xlog2=xlog3-logd=>x=—"7"—
log$s In5 log3-log2

37



P. Exponential Functions and Logarithms - Assignment

4 | 1
. Find a. log,— b. log, 4 c. In
4 3 ez
d. 5 e. e f. log,,2+log,,9+log,,8

g log2§+log2-333 h. logﬁg—log%IZ 1. log3(\/§)5
2. Solve a. log,(3x-8)=2 b. logg(xz—x+3)=% c. log(x—3)+log5=2
d. log, (x=1)+log, (x+3)=5 e. log,(x+3)-log;x=2 f. lnx3—lnx2:%
g 3T =18 h ¢™=10 i, g7 =5
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Q. Right Angle Trigonometry

Trigonometry is an integral part of AP calculus. Students must know the basic trig function definitions in terms
of opposite, adjacent and hypotenuse as well as the definitions if the angle is in standard position.

Given a right triangle with one of the angles named 6, and the sides of the triangle relative to 6 named opposite
(1), adjacent (x) , and hypotenuse (r) we define the 6 trig functions to be:

i h
Ging = opposite _ y csc = yptoterlxuse _r
hypotenuse  r opposite y
g cos@ = M = s sec = w = r
hypotenuse  r adjacent X
: and = opPosite _Y cot§ = adjace.nt _Xx
adjacent  x opposite y

The Pythagorean theorem ties these variables together: x* +y* =r>. Students
should recognize right triangles with integer sides: 3-4-5, 5-12-13, 8-15-17,
7-24-25. Also any multiples of these sides are also sides of a right triangle.
Since r is the largest side of a right triangle, it can be shown that the range of
sin@ and cos6 is [—1,1],the range of cscO and sec@ is (—o0,—1]U[1,90)

and the range of tan® and cot@ is (—oo,ce).

Also vital to master is the signs of the trig functions in the four quadrants. A good way to remember this is

A-S-T-C where All trig functions are positive in the 1* quadrant, Sin is positive in the o quadrant, Tan is
positive in the 3" quadrant and Cos is positive in the 4™ quadrant.

I. Let be a point on the terminal side of 8. Find the 6 trig functions of 8. (Answers need not be rationalized).

a) P(-8.6) b. P(1,3) ¢. P(~10,-/6)

v=-8,y=6, r=10 x=1,y23,r:\/m x=-V10, y=—6,r=4
. 3 5 3 J10 : 6 4
: == sch = = 0= — sinf =—-—- cscf=——
sin@ 3 csco 3 sin@ = m cscl = 3 4 \/g
4 S 1 V10 4
cosf=—— secl=—— 0= —— 6=+10 cosf = ——— secld = ———
COosS \/T6 sec \/— 4 \/E
3 4
tanf = —— cotf =—— _ _1 3 5
tanf =3 cotf=-— = = = |=
] 4 3 3 tan @ \/; cot@ \/;
cosf= 2. 6 in quadrant IV secf =13
, Ifeost ==, 0 inquadrantlV, 5 fsec6 =3 4.1s 3cos+4 =2 possible?
find sin@ and tand find sin@ and tand
N=2 r=3 y:_\/g 6 is in quadrant I or IV 3cosf = —2
—1y=+J2,r=3
\mgz_ﬁ,tang:_? * o’ 5 cos@=—% which is possible.
3 sin¢9=i\/—;—, tan@ = ++/2
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Q. Right Angle Trigonometry - Assignment

1. Let be a point on the terminal side of 6. Find the 6 trig functions of 6. (Answers need not be rationalized).

a) P(15.8) b. P(-2.3) c. P(-245.-5)

If tan@ = E, 0 in quadrant I, If cscO = 9, 6 in quadrant I, cotf = -2410
2. 5 3. 5 4. 3

find sin@ and cos6 find cos@ and tan@ find sin@ and cos@
5. Find the quadrants where the following is true: Explain your reasoning.

a. sin@>0 and cos@ <0 b. ¢scf <0 and cotf >0 c. all functions are negative
6. Which of the following is possible? Explain your reasoning.

a. 5sinf=-2 b. 3sinax+4cos =8 c. 8tanf0+22 =85
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R. Special Angles

Students must be able to find trig functions of quadrant angles (0, 90°,180°,270°) and special angles, those
based on the 30°—60°—90° and 45°—45°-90° triangles.

First, for most calculus problems, angles are given and found in radians. Students must know how to convert
degrees to radians and vice-versa. The relationship is 27 radians = 360° or 7 radians = 180°. Angles are

assumed to be in radians so when an angle of 3 is given, it is in radians. However, a student should be able to

[¢]

picture this angle as =60°. It may be easier to think of angles in degrees than radians, but realize that

. o . . .41
unless specified, angle measurement must be written in radians. For instance, sin ‘(E =—.

The trig functions of quadrant angles (O, 90°,180°,270° or 0,%,75,%@) can quickly be found. Choose a point

along the angle and realize that 7 is the distance from the origin to that point and always positive. Then use the
definitions of the trig functions.

6 point x |y r | sin@ | cosf tan @ csch secO cotd
>
m or 180 (-1,0) | -1 0 1 0 1 0 d(:(si;m 1 dc:;(sisr}[ot

If you picture the graphs of y =sinx and y = cosx as shown to

i WS
the right, you need not memorize the table. You must know

these graphs backwards and forwards. e, e
. y=sinx
« Without looking at the table, find the value of
a. 5cos180°—4sin270° s
0 0.5
5(—1)—4(—1) y =cos,€‘~\‘
_5 + 4 = "1 11 N

2

. 83in%—6tan7r {MT =(1)2 .

55ec7z:—csc§7-r—
2
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Because over half of the AP exam does not use a calculator, you must be able to determine trig functions of
special angles. You must know the relationship of sides in both 30°—60°-90° (%%%)
and 45°—45°-90° (E,E,E—) triangles.

4 42

60
2
| !
30°
A3 1
T, . TR
In a 30°-60°-90° | —,—,— | triangle, Ina 45°-45°-90° | —,—,— | tri
(6 3 2) iang na45°-45°-90 (4,4,2jtrnangle,
the ratio of sides is 1 - \/5 -2, the ratio of sides is 1 —-1— \/E
0 sin@ cosf tan 0
30°|or L -1- [3_ l/.—:z’_
6 2 2 3
1
45° ] or d _\/.5_ l/z
4 2 2
60° | or ~ 0 : 03
3 2 2

Special angles are any multiple of 30° (%) or 45°(7—2r-) . To find trig functions of any of these angles, draw

them and find the reference angle (the angle created with the x-axis). Although most problems in calculus will
use radians, you might think easier using degrees. This will create one of the triangles above and trig functions

can be found, remembering to include the sign based on the quadrant of the angle. Finally, if an angle is outside
the range of 0° to 360°(0 to 27), you can always add or subtract 360°(27) to find trig functions of that angle.

These angles are called co-terminal angles. It should be pointed out that 390° = 30° but sin390° = sin30°.

« Find the exact value of the following

7 2
a. 4sin120°-8cos570° b. (ZCOSﬂ'—Stan—Z—j

Subtract 360° from 570°
4sin120°—8cos210°
120° is in quadrant I1 with reference angle 60°.

(2c0s180° - Stan315°)°
180° is a quadrant angle

315° is in quadrant III with reference angle 45°
210° is in quadrant IIT with reference angle 30°.

R [2(-0)-5(-1)F =2
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R. Special Angles — Assignment

« Evaluate each of the following without looking at a chart.

1. sin?120°+ cos”120° 2. 2tan?300° + 3sin? 150° — cos” 180°

3. cot?135°—sin210°+5co0s” 225 4. cot(—30°)+tan (600°)—csc (—450°)
27 3 Y Y st\( .tz 51

5. | cos——tan— 6. | sin——tan— || sin——+tan—
3 4 6 6 6 6

« Determine whether each of the following statements are true or false.

- p . cosfni+1 COS—
7. sin—+sin-—:sin(—+—j 8. 35” = 57
6 3 6 3 tan> —  sec  ——1
3 3
cos’ — f+sini”
9. 2 3 4sin>F 1+cos2F >0 10. 3 3 50
2 2 2 00524£
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S. Trigonometric Identities

Trig identities are equalities involving trig functions that are true for all values of the occurring angles. While
you are not asked these identities specifically in calculus, knowing them can make some problems easier. The
following chart gives the major trig identities that you should know. To prove trig identities, you usually start
with the more involved expression and use algebraic rules and the fundamental trig identities. A good
technique is to change all trig functions to sines and cosines.

Fundamental Trig Identities

1
secx = ,
cosx

1
cscx=——o,
sinx

sin®x+cos’x=1, l+tan®x=sec’x,
Sum Identities
sin(A+ B)=sinAcos B+ cosAsinB

Double Angle Identities

sin(2x) = 2sinxcosx

|
coty = ——o
fanx

sinx COSXx
tanx = , Ccotx=

COSXx

sinx
l+cot’x=cscx

cos(A+ B)=cosAcosB-sinAsinB

cos(2x) =cos* x—sin*x =1-2sin*x =2cos’ x—1

* Verify the following identities.
1. (tan2x+l)(cosz—1) =—tan’x

(sec2 x)(—sin2 x)

(coiz xj(_smz x)

—tan® x

cot’x _ l-sinx

"l+cscx  sinx

cos?

2. |qin? 2
sin?x [sSIn"x __ Cos'x
1 |sin® in® x +sin
I+ — sin“x  sin” x X
sinx

I-sin’x _ (l1+sinx)(1-sinx)

sinx(1+sinx)

sinx(1+sinx)

1-sinx

sinx

5. cos*2x—sin*2x = cosdx

(cos2 2x +sin® Zx)(cos2 2x—sin’ 2x)
1[c052(2x):|

cosdx

2. secx—cosx =sinxtanx

1 cosx
—CcOoSX
COS X COSX

l—cos’x _sin’x

Cosx COSXx

. sinx .
sinx )=smxtanx
cosx

l+sinx  cosx
4, + — =2secx
Cosx l+sinx

1+sinx )/ 1+sinx [ _cosx j(cosx)
cosXx 1+sinx 1+sinx /\ cosx

14 2sinx+sin’+cos” x

cosx(1+sinx)

1+2sinx+1  2+2sinx
cosx(1+sinx) cosx(l+sinx)
2(1+sinx) secy

cosx(1+sinx)

6. sin(37w ~ x) =sinx

sin37cosx —cos3msinx

0(cosx)—(~1)sinx =sinx
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S. Trig Identities — Assignment
« Verify the following identities.

1. (I+sinx)(I—sin x)=cos’ x

[—secx
3, ————=-—secx

" 1—cosx

cosx—cosy . sinx —siny

5. — -
sinx+siny cosx+cosy

CSCx

7. ¢cse2x =
2cosXx

=0

46

2. sec’x+3=tan’x+4

. + =
I+tanx l+cotx

1

l =1

sin® x +cos’ x

6. — =1-sinxcosx
sinx+ cosx
cos3x .

8. =1-4sin” x
coSX



T. Solving Trig Equations and Inequalities

Trig equations are equations using trig functions. Typically they have many (or infinite) number of solutions so

usually they are solved within a specific domain. Without calculators, answers are either quadrant angles or

special angles, and again, they must be expressed in radians.

For trig inequalities, set both numerator and denominator equal to zero and solve. Make a sign chart with all

these values included and examine the sign of the expression in the intervals. Basic knowledge of the sine and

cosine curve is invaluable from section R is invaluable.

* Solve for x on [0,27)

1. xcosx=3cosx 2. tanx+sin®x=2—cos’x

Do not divide by cosx as you will lose solutions

tanx+sin’ x+cos*x=2

cosx(x=3)=0 anx+l=2
cosx=0 x-3=0 tanx =1
T 37 x=3 T Sw
X=—,— x==,"—
2 2 4 4

i i WO answers as tangent is positive
You must work in radians. Two answe g p

Saying x = 90° makes no sense. in quadrants I and Il

3. 3tan’x-1=0 4. 3cosx=2sin’x
3cosx=2(1—coszx)
2 _
Stan” x = 2cos’* x+3cosx—2=0
tan’ x = - (2cosx—1)(cosx+2)=0
3
1 \/5 2cosx =1 cosx=-2
tanx =,z === No solution
3 3 cosx = —
s X 5 7 lx 2
666" 6 (=K 57
33
2 +1
7. Solve for x on [0,27) : T 50
sin® x
-1 2z 4rm +++++++H0—————=—— 00— —————— O+++++++
2c08x=—1=cosx=—=>>x=—,—
2 33 2T 4r 2
0 — m - n
sinx=0=>x=0,7 3 3

4
Answer: [0,%{5—) U (—372271')
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T. Solving Trig Equations and Inequalities - Assignment

» Solve for x on [0,27[)

1. sin’x=sinx 2. 3tan’x =tanx
3. sin?x=3cos’ x 4. cosx+sinxtanx =2
5. sinx =cosx 6. 2cos’ x+sinx—1=0
X—7
7. Solve for x on [0,27) : ——<0
cos™ x
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U. Graphical Solutions to Equations and Inequalities

You have a shiny new calculator. So when are we going to use it? So far, no mention has been made of it. Yet,
the calculator is a tool that is required in the AP calculus exam. For about 25% of the exam, a calculator is
permitted. So it is vital you know how to use it.

SCT_ ENG
T 012B456789
T DEGK

There are several settings on the calculator you should make. First, so you don’t get into o

rounding difficulties, it is suggested that you set your calculator to three decimal places.
That is a standard in AP calculus so it is best to get into the habit. To do so, press I

and on the 2™ line, take it off FLOAT and change it to 3. And second, set your calculator to
radian mode from the MODE screen. There may be times you might want to work in
degrees but it is best to work in radians.

108

3
41 maximum
E=1ntersect
7

fdgsdx
73S Cxadx

You must know how to graph functions. The best way to graph a function is to input the
function using the E key. Set your XMIN and XMAX using the WINDOW| key. Once you do that, you can
see the graph’s total behavior by pressing 0. To evaluate a function at a specific value of x, the easiest

way to do so is to press these keys: VARS [—)J ﬁunctionj m and input your x-value.

Other than basic calculations, and taking trig functions of angles, there are three calculator features you need to
know: evaluating functions at values of x and finding zeros of functions, which we know is finding where the
function crosses the x-axis. The other is finding the point of intersection of two graphs. Both of these features
are found on the TI-84+ calculator in the CALC menu . They are 1:value, 2: zero, and 5: intersect.

Solving equations using the calculator is accomplished by setting the e uation equal to zero, graphing the
function, and using the ZERO feature. To use it, press TRACEJ ERO|. You will be prompted to type in a
number to the left of the approximate zero, to the right of the approximate zero, and a guess (for which you can
press ). You will then see the zero (the solution) on the screen.

« Solve these equations graphically.

1. 2x*-9x+3=0 2. 2c082x—x =0 on [0,27) and find 2cos(2e)~e.
Y1(ed
=2R2-98+ Plotl Flotz Plot3 _
NI PR / ey j :3‘1;520;5(2;0—}{ 1,393
sYe= Y ;
Wiz Was
7
e Zare N feld )
Y= 42363 =0 %4432 ¥=0 i — —

This equation can be solved with the quadratic formula. [ ihis were the inequality 260s2x — x> 0,
Y= 9++81-24 9 457 the answer would be [0,0.626).
4 4

3 Find the x-coordinate of the intersection of y = x> andy=2x-3

[You can use the intersection feature. | E)r set them equal to each other: x” =2x—3 or x*=2x+3=0

Floti Flotz Flot3 M/
W1BK2
\Y2H2X-3

/

2ere [
vz -6.787 ¥=-1.893 ¥=0

Flotl Plotz Plot3




U. Graphical Solutions to Equations and Inequalities — Assignment

« Solve these equations or inequalities graphically.

1.3x°—x-5=0 2. X’ =5x*+4x—-1=0
3. 2x2—1=2" 4. 2In(x+1)=5cosx on [0,27)
5. x*-9x*-3x-15<0 £:2—4£-_—4—>0 on [0,8]
x"+1
7. xsinx>>0 on [0,3] 8. cos'x>x* on [-11]
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