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4 Ways To Represent A Function:
1
/(x) =Qx+4+\/;+(—Y)

"f of x", [ 1s the name of the function,
x 1s the mput, f(x) is the output

f(x)=y

We can write points as (v, v), (v, #/( x))
fx)= 2 +4x+5

A1) =12+4(1)+5=1+4+5=10
(input,output) =(1,10)=(1, /1))

.o ! ~ . . . .
At its core, a function is an input/output machine.

X — f — f(x)
(input) (output)

n the vertical axis

flow diagram
for functions

X

The values we input are called the domain.

The values we output form the range.

a
Important Detaill About Functions:
For a function, all the points are such that P
the first coordiante of each point is unique.
={(1,2),(2,3),(4,5),(6,7)} points: (x, y) domain
For the set of points to make a function, each D

x coordiante has to be unique.

1#2#4#6

Because the x-coordiantes are all different, the set
{( 1,2),(2,8),(4,5), (6, 7)} 1s a function.

# 1s read as "not equal to"

Is the following set a function?
={(1,2),(2,3),(4,5),(1,7)}
Is the set above a function or not?
It's not a function because x=1 repeats in (1,2) and (1,7).

YA

(x, )
X, f(x)

(x)

A more mathematical way to write
all the points that belong to a function.

{(x,7(x)) | xeR}

R stands for all real numbrers.

-5, 8,10, 7, 0.236, 329

so this graph generates the following points:

p— (1.A1)).(2,42)), (x /(x))

outputs
f(Q) 7 f P
_ v fx)
i 5
A1) F f(2)
}- f(
0 1J ) };

mputs



p 7 find the domain and range:
domain first:
4 % < imagine the shadow of the graph on the x axis
g§ Interval Notation:
domain in interval notation: [ 1, 4]
9 L range in interval notation:[2,5]
1
0 [ X
domain ii
Ty 1 9 3 4

r

Holes in graphs indicate that the function is not defined there.

Ay Parenthesis indicate that the values 1 and 4 are not part of the
domain. The domain , then , written in interval notation 1s
(1,4) < thisis not a point , though it looks like one

9 2 €(1,4) "2 is an element of the set from 1 to 4"
J "2 belongs to the set from 1 to 4"
1 What's the range in interval notation?
0 ¢ ) (1,4)
1
0 I 9 3 1
Y B

range L
| U \ F
I ol 1 X
| )
- D
e '1'
domain
1 . . . ; ~ D
EIGURES ?gfl;]ats the domain in interval form:
Inequality Notation: ?/glzt's the range n interval form?

the interval form [ 2, 4] becomes

What's £(2)?

assumi is the variable, 2 < ¥<4 . o
i):;;ﬁzmifxtﬁl brea:li ltcslbjs,e < Xnot st < {(2)=4 as the blue lines indicate. ABC
’ o . What's the x that gives a value of -2?
L . .
12 . i about 6 as the green arrows indicate DEF

The interval (1, 2) becomes the inequality
1 <x<2 (this says x can be any value from 1 to 2, but NOT 1 or 2)

O o
1 X 9

Major Forms of Notation for Different Sets:
mterval notation, mequality notation, set builder notation

[1,3] 1<x<3 {r |d<x<38}
"the set of all x such that thg mequality 1s true"



mterval notation:
(- z, 4) write the inequality notation: — 7 < x < 4—> write the set builder notation: {X | —7<x< 4}

mixed version of this:
(1,4] write the inequality notation: 1 < x<4—> write the set builder notaton: { x | [<x< 4}
"set of all x such that 1 1s less than x , which 1s
less than or equal to 4"
(1,4) (1, 41/
\\/ 1¥ x4
1 <x<4

Sketching graphs: y=1x
Ax)=2x-1
when it's x, it's really x 1, so f(x)=2x-1 reprsesents a linear function. Mx)=2x-1
X f(X) =2x—1 (X, ,V) Puzzle:
-9 )=~ (-2.-5) ‘ M(x)=0?
M(=2)==5 Where i1s the y coordinate
0 A0)=-1 (0,-1) equal to 0?
1
1 1)=1 (1,1) =y
solve for it exactly:
2x—1=0
2x-1+1=0+1
2x=1
201
22 9

1 . .
x= 51 the solution

Ax)=x* (anything squared 1s 0 or positive, never negative)

X f(X)=X2 (XwV) 5 A
- A-2)=14 (-2,4) )
-1 (-1)=1 (-1, 1) i

0 /10)=0 0,0) )

1 _

( A1)=1 (1,1) 1

2 A2)=4

(254) 0 r
domain: (are there any restrictions on the mputs?) N ! ’ : ’ &

In this, case there are no restrictions. So any x

can be plugged. Thus, the domain is R (this means the real number line, any number whatsoever)

In interval notatoin, we say domain=(—oo, «)

Range : What's the lowest value of y? 0, y coordinates do not have a finite value and can go up forever.

[0, o)



The Difference Quotient (this is really the key to calculus for you later on)

The goal is to find the slope of the line .
i Yo™N Ay change in y Ay 'delta y"
*’ \ slope= === — " "
x,~x  Ax  change in x Ax  delta x
4 _5-1 4 - fih doesn't mean Ay or A x
/ Ay T9-o o <csopeotinc Ay 1s just one unit
3 4
/ line in the graph.
: : Same concept as slope, but it uses different symbols.
1\ /
2
Ax
0
0 I 9 3 1

using functoin notation:

f(x+/1) f(X),[],f(X+[])

A x) Ay=f(x+h)— £ x) (ust another way of writing %0
N
. . .
) h relationship:

Yoo 1‘(){‘F /1) -Ax) _ AX‘F 11) -Ax) _ Y9N

X xt+h Xy T X B X/¢ h-x~ h Xy X

A X9 ( )t()\
Axt+h)-f . . .

Find the differece quotient for /(x) =3x g(x)= ¥’ +4

f(‘y-kllj)]—f()() g(i):/22+4
Ax+h)=38(x+h)

S~ —
Ax)=8x

compute the difference quotient

3lxth)—33 3x+3h=373 3 . 7 .
(s [1]) t= 2t /II/M = -'[12/=3 13)116 slope of the line Ax)=8x

(slope)
The meaning of 3 is that is tells you the slope of the line.

FOIL: %?}
(X+4)2 =({+4)(x¥4)=x x+Adx+4-y+4-4= Y Hdxytdx+16= x> +8x+16
=

(('H‘b)g =(a+b)(a+b)=aa+tab+a b+b b= a2+ 2ab+ b

Find the difference quotient for fx)= X

2
f(x+h)=(x+h) o . . . o . )
(X+/I)Z_X2 B (X+[1)(X+11)_X2 B XZ/‘F/XII‘FIIX‘F e 7 2xh+ n? _ h(2 x+h)

_ 2 = = =
Ax)=x i 7 7 i n
h =2x+h
the difference quotient for x” is the 2X+h_Wﬂl becon'le this 1s the
expression 2x+h very important im difference
\ finding what 1s quotient
Ax)=x called the derivative.



g(xg_—?}\—ll

g(= -3( ‘ 4=-3x—3h—4 (nothing else here b/c terms are unlike)

g(x+h)—g(x) =—3,\'—311—4—1[—3,\'—4]=—3X—§/ff—4+3M=/BJ‘I/

g{x+h)-g(x)

-3h

h B

h

=-3

T

Different Ways to Represent Functions:
verbally (words), numerically (table of values)
visually (graph) , algebraically (formulas)

Area of a circle. Write a function for the area.
_ 2
Area=nrnr
m function notation, this 1s written as
[ ~
Alr)=zr" "Aof "

is the independent variable. It's the one we can

control.

; O
D=r1’=rl=x @
A(4)=r4?=716= 167 (u11it52,cm2,i112,ft2)

2 3 domain for A(r), r=0 there is no circle

4
, \ A(
\
-2 1 0
X
r:
LI V% LelWiludi?sy LIMNW AW LILEGLINL B Ll I £

b

A(0) =702=70=0 (no circle)

domain: r>0 we get circles we can actually draw.

—4? (in this world it doesn't make sense)

- UJ \Un -_}q CLLl%E 1A% J.I-ll.l.l&\-v L LAl IV \Un '_)!-

B. We are given a description of the function in words: P(f) is the human population of
the world at time 7. Let’s measure 7 so that 7 = 0 corresponds to the year 1900. The
table of values of world population provides a convenient representation of this func-
tion. If we plot these values, we get the graph (called a scatter plot) in Figure 9. It
too 1s a useful representation; the graph allows us to absorb all the data at once. What
about a formula? Of course, it’s impossible to devise an explicit formula that gives
the exact human population P(7) at any time 7. But it is possible to find an expression
tor a function that approximates P(t). In fact, using methods explained in Section
[.2, we obtain the approximation

r P() = f(r) =
(years Population *
since 1900) (millions)
0 1650
10 1750
20 1860
30 2070
40 2300
50 2560
60 3040
70 3710
80 4450
90 5280
100 6080
110 6870
P
scatter plot Vs
/
5X10° 1 /
o 2 /“/
—_—
0 20 40 00 120 !

Years since 1900

(1.43653 X 10?) - (1.01395)’
\

Then this function we have
generated can be potentially
used to make predictions about
the future.

5% 10° +

0 20 40 60 80 00 120 !
Years since 1900



A function defined by a table of w is the independent variable. It's the one whose

values is called a tabular function. values we can control . C(w) represent the
corresponding cost in dollars.
C(05)=098 since 0 <05 <1
w (ounces) C(w) (dollars) C(4.9999) =182  since 4 < 499999 < 5
O<w=1 0.98
I<w=?2 |19
2<w=3 [.40
3<w=<4 [.61
4<w=<3 1.82
L k_l\—ll\_lllli LN \JlJ\-vlLI.le’ll»_‘ R T T AR RS D S e A TSN R SRS RS S
C. Again the function is described in words: Let C(w) be the cost of mailing a large enve-
lope with weight w. The rule that the US Postal Service used as of 2015 is as follows:

The cost 1s 98 cents for up to 1 oz, plus 21 cents for each additional ounce (or less)
up to 13 oz. The table of values shown in the margin is the most convenient repre-
sentation for this function, though it is possible to sketch a graph (see Example 10).

Graphical Display of a Function:

T3 stays at

i Sy, ' gets colder

gets
warmer

= stays at that colder temperature

EXAMPLE 4 When you turn on a hot-water faucet, the temperature T of the water
depends on how long the water has been running. Draw a rough graph of 7" as a func-
tion of the time 7 that has elapsed since the faucet was turned on.

Let's build some functions:

¥ Build a function to represent the perimeter:
add up all the sides: x+2+x+2=2x+4_

2 2 Write this in function notation: P(x)=2x+ e
P(1)=2-1+4=2+4=06 units(like inches, cm, meters, miles)
B P(Q)=2-0+4=4 g range:
8 What's the
| lowest y
] coordainte
for the domain?
5 2 4, o0 )
. ) 1+ 4

We can graph this function: A 1

Domain: 5

x=-3? :

x=—3 can't work since i > domain

"y ) [0, )

its a side length. 5 . 5 ! i




Area Function:
(area 1s flat space contained by a figure)
A(x), "area as a function of x, x is the independent variable".

A(x) =9y x=92x7

2x i A

0.0 0.5 1.0 1.5

o\ >

% V(x), "volume as a function of x".
_ _ 1 1 1 _ 1+1+1_ _3
V(X)—X'X'X—X X X =x =x

What are the units of volume ? (1,2,3)?

2 /
X X

X V(x) ) ﬁ /

What's the domain?
Volume should

be positive or 0. i
domain: [0, ©)
range: [0, o) 1
a8 .3 /
V(10)=10° = 1000 units A >
1
-0.5 0.0 0.5 1.0 1145 2.0

Creating a Function for the Surface area of a cube:
1. How many sides does a cube have? 6

2. What's the area of one face? x*

3 Wha's the total area: 6-x? = surface area

4. S(x)=6 x°

5

0.0 0.2 0.4 0.6 0.8 1.0 1.9

Domain: (allowed x values)
All real numbers, can x be -3?
[0, o)

A(0)=2-0%=20=0

Range:
[0, o0 )
A(8)=2-32=92-9=18 units >

examples of area units:

2 .2 2

.9 .
unis i cm” ,1n” , mi

Create a function that represents the volume of the cube:

Volume 1s 3D space occupied
by the shape.

/

2in

2in

2in

V=9in9in2in=8in"

circle:
A= 71
C(r)=2zr

C(D)=r"D, because 2r=D

P=at+b+c

1 1
P(X)=X+2X+§X=3X+§X
6 1
=-axt—ox

2 2

7 .
= R perimeter

as a function of x.



This 1s called a circular cylinder.
What's the volume of this shape?

Volume, Volume= xrh Surface Area= 71> +71°+h-97r=97 1> +9nrh

Surface Area:

h

> I lateral area

/ fa
~ - /T
——

EXAMPLE 5 A rectangular storage container with an open top has a volume of

10 m?, The length of its base is twice its width. Material for the base costs $10 per
square meter: material for the sides costs $6 per square meter. Express the cost of mate-
rials as a function of the width of the base.

Imagine we have a rectangle give by x as one side and y as the other side.

X
Area=xy
y Y .
Perimeter= 2x+2y
Imagine a rectangle whose Area is 100 units? . Write a function for the
* perimeter in terms of x:
1.xy=100 somehow use this equation
Perimeter= 2x+2y 2.
. xy 100
solve 1. for y: Rl
X X
100
Y=
X
. . . 100 . ..
replace y in 2. above with 100/x: Perimeter= 2 x+ 2 — this has only x m it
200 . .
Plx)=2x+ — (function for perimeter only
in terms of x)
200 . L . -
r(0)=2-0+ o Is this allowed? Not allowed because division by 0 is not defined.
\ What's the domain? (0, ) Notice here 0 is not included because
= \ the area has a constraint, which 1s that 100 units 2 should always
80 be the value of the area.
. \ What's the minimum value of the perimeter? The graph suggests
// that 40 1s the lowest value of the perimeter and it occurs at x=10.
10
20
0
20
0 5 10 15 20 95




Imagine a rectangle whose perimeter is always to be 300 units.

Find a function for the area 1n terms

X

2

1 2x+2y=300

of x only.

in 1 above, solve for y:
2x+2y=300

2y=300-2x

y=

300 -2x

A(X)

=X

|

SO now we have

9 2

X

3002

we have to make use of this equation

area= x y< has both x and y, we want only x

How do we get a function for the area in terms of x only?

|

a function of x only. In other words,

x controls the area.

This graph represents

the area for any x we input.
Can area be negative?

like =50 7n°

We don't allow area of 0.
What's the domain?
(0,150)

What's the range?

(0,5500) (possible values )
ofthe area range from 0 to

Alx)
6k
5k / \
4k / \
3k / \\
9%k / \
1k
0
0 20 40 60 80 100 120 140 160 18]
X

5500.

Imagine we have a cylinder with a volume of 100 inches .

712 h=100 (For a cylinder the volume 1s V= zrlh )

Find a function in terms h for the surface area of the cylinder.
surface area= 27 1° + 27 rh< this contains two variables, r and h.

Sth), "S of h"

S(r), "S of 1", this would be the surface area in terms of r only.

712 h=100
100

T

. 100 g
2 '“)+27zu{ )=Q7zrz+
coantls

solve this for h: 1= —
R
(

S( 1')

SULE S

! 2 1"/_ 1
2-100 9 200
— =9z

200 \
150 \ /
\ /
100
50
0
00 05 1.0 15 20 25 30 35 4.0

This shows the surface area mn terms
of r, which 1s the radius of the cylinder.

Here, the volume has a constraint. In others, no matter the choice of r and

h, the volume has to be always equal to 100 inches .

What's the domain of S(r)?

5(1‘)=27rr2+¥
(0, )
$(0)=270%+ % =0+ % (division by 0)

What's a question we can ask

about the surface area based on the
graph?

( once I was offered a job doing this)
What's the minimum surface area?

A radius of about 2.5 units gives a
minimum surface area.

IN calculus, you do the same things, but
find the mimimum differently.



EXAMPLE 5 A rectangular storage container with an open top has J volume of | |

|10 m’.[The length of its base is twice its width. Material for the base costs $10 per
square meter; material for the sides costs $6 per square meter. Express the cost of mate-
rials as a function of the width of the base.

1. no top

. 2. how many sides in all? 5 4 verticals, 1 bottom
9 wh height , L o
3. What's the area of the bottom piece? 2w w=2 w

v o 4. What' s the cost for the bottom piece? 10-2 w? =20 w?
9 wh h ok widih 5. How many areas are there that are h- w? 2‘
6. The left and right sides have a total area of 24w
base=2w 10. What' s the cost for the left and right sides? 6+ 2hw= 12 Aw
11. What's the cost of the front and back faces? 6 (2 2wh)
( 24 wh
What's the total cost for all the faces ? 20 w? +12 hw+ 24 wh= 20 w? + 3dh w I s
— z
There 1s one equation here to write: Volume = 10 m® cost1s In terms
of wand h ‘
2w w h=10 v y
N 105
2w -h=10—>h= 5 .2 —? V=xyz
4
Express the cost of materials as a function of the w(width) only? C! (w)=20 w? +36( _)z ) w
w
What's the d;)méiléIOOf q(ggy)p(O,W) =90 W2 +86iw 36-5=150+30
c(0)=20-0 +T=T=undehned , 180 (30+6)'5= 180
=C =+
width is 0. 0w =
N \ | This graph represents the cost.
- / What's a question we might ask about it?
/ What's the minimum cost?
= \\ - Seems like about 1.6 as the value of w gives a minimum
- ﬁ/ cost for the box.
100
50
0
00 05 10 L5 20 25 80 &

Now let's go back to finding domains of just some random functions:

I((X) = V x+1 4 A
(=4)="V-4+1 =7V-3 issue is that this is not defined here. (i) s Range

3)
1
(8)=V8+1=V9 =3
The values whose root 1s to be taken have to 0 or more ultimately. 0 —
domain
x+120 B
x+t1-120-1
)

x> —1 (inequality version of the domain)
Make this into interval notation: [-1, o)




Review of some factoring methods:
Yi-x= /D'_ X‘: v(x-1) To factor means to write as a product: a- b

9%~ dx= I 228 ] =2x(x-2)

1
what's common to the two terms

x? -2 (difference of squares pattern)

(X(lMQX_\ITZFOIL:XQ_Ia/IX/lZX2_1
\\

-4=42-9%= (x—2)(x+2) factored form of the expression.

Big 1dea: we do not divide by 0. Ax)= 1
"
1
3 A1)= T~ 1
1 0.5
2 (-1)= =" 1
. £(0) = — there is no value we can assign to this.
S~ | 0
¢ < 0 X mputs
_1\ % 1/x
: C v output
N \ e g - t
-1 0 1 9 3 1
x — = undefined
1 . 1 0
05 kTl
FOIL

(X+£l)(X+b) =vx+tbxtaxtab=x>+bytaxtab= X2+(a+b)X+ab

Factoring
AT xr10= 2 +(5+2)x+5-2=(x+5) (x+2)
AT xr12= 57 +(3+4)x+3-4=(x+3) (x+4)
¥ +8x+15=(x+3)(x+5)

two numbers that multiply to 15 and add up to 8:

: . : . 1 1
Find the domain of the function given by : /{ x) = 3 =

= = , bottom 1s factored now
P xx—x1 x(x-1)

Exclude from the domain(set of allowed inputs) the numbers that lead to divsion by 0.

1 1 1 .
1‘(0)=O(O_l)=O(O)=6,S()Olsexcluded x(x=1)=0
A1)= 1(11_1) =ﬁ=(l—), undefined when x=1 goes in. x=0,x-1=0
x=1

|
8
8
J—C

e o / \
2
0 1

0—/ — |
mathematical form of this: (-0, 0) U (0,1) U (1, ) 2
read from left to right: -4
) £(0.99999) = 21 =-100001 p /\
we want the interval 0.99999“ - 0.99999
notation of the domain A1.0001) = 21 — 9999 8
1.0001 - 1.0001 -10

set builder notation: { x | x#0, x# 1} 1 0 1 2




Is the expression in the bottom ever equal to 0?
notice :4 1s always positive, x“ 1s always 0 or positive, so x“ +4 1s always positive.

. . 1 ) . .
For the function g(x ) = —; " there 1s no domain restriction.
X
04 Since x? +4>0, we're able to get a number out of
1 . .
03 T for every input value of x.
02 domain would be written as (o, o) We_Wfit? 4 s'ingle symb'()'l
. . _ for infinity, like o, but it's not
in set builder form: {x | =00 < x< oo} \
il a number. Its a concept.
o.o——/// \\\ Range of this graplhz 0, 0.25 ]
x=100000 : ———#0
100000~ + 4
0.1
15 40 5 0 5 10 15 2 (input, ourput), (x6:)=(x, v)
1 1
M= e T D)
Find the domain: Express the domain in mterval form:
xt5#0  xtd=0 (=00, =5) W (=5, -4) v (-4, )
x#*—-5 x#*—4
4 Range:
What's the first symbol when writing the range?

i —o0, — , 90
0// \\\ ( 41V 0,2)

h(x) never reaches the value 0.
1

A(x=100000) =

) 2 #0
100000~ +9( 100000 )+ 20
the y coordinates on the graph are never equal to 0.
4
%

-6 -5 -4 -3 -2 -1 0 1 2

Ry

The vertical line test helps to check whether a graph is a function or not. When a vertical crosses a
graph only once, the graph 1s that of a function.

_ AN

&—/ :) also not a function graph
this 1s a function :

this 1s not a function




X—=a

s/
(a, b)

Is y(x)=2x+4 a function or not?
slope of 2, y intercept of 4

T

10

So it's a function b/c it

passes the vertical line test.

UTLIL vAdLlauic) diiu uic pralacad

¥/

£

(~2,0N0

14 (a)x=y>—2

=y

this relation 1s not a function

relation
but not a function

If we wrote down all the points, a would occur only once.a would not
. Tepeat. (a,b)

This is not a function because (a,c) and (a,b) both have a as the
first coordinate. In other words, a repeats in two different points.
The graph fails the vertical line test.

Is this relationship a function or not?
y(x)=+Vx*-4

v(5)=xV52-4=xV25-4=x21

How many output(s) are there? 2, + M, -Vor

So we get two points from a single input.

(5,Ver), (5,- M) This means that y(x)=+ V x>~ 4 is not a
function because the x-coordinate repeats for every input.

A graph/set of points is called a relation. When the relation has

the condition that each x is unique, the relation is called a
function.

this graph is a relation and
it's also a function.

How can we make this relattion mto a function?

G
y=y"-2 3
solve for y:
C 2 //
x+2=y
i x+ 9 = ,/'2 1
+Vx+2 =y /
0
il
2
-2 2

+Vx+2 s

a function



-V x+2 = yalso represents a function.

-2 -l 0 1 2 3 4 5 6

Piecewise Defined Function:

) {1—;(,;(3—1 £2) {1—2,23—1 9]
x,x>1 ,2>1
e
output
2 2 C
g(r)={t hesocpfetalbiso ] o ocpercie-y
26 >0 2(-1) ,-1>0 . .
as a point, this is(-1, 2)
l-x,x<—
f(x)= 9 Focus on each piece independently:
x,x>1 l-xv v<—1 gy —>
X, x< X, x>
x=-2:1-(-2)=8=(-23) 2
’ x=3:3"=9
P v=—1:1-(-1)=2=(-1,2) g
(8,0)
x=2:9%=4
(2,4)
v=1.001:(1.001)% = 1.002
< ® > x (1001, 1.002)
x>1
g(e)= { v=26t20 logical comparison operators
[ <,> <. 2>
=0:2(0)=0=(r=0,y=0) T
2 <3, returns a true or false.
i =1:2(1)=2=>(r=1,y=2)
4
y="¢1 (<0
3 (==-2<0is true:—(-2)=2=>(r=-2,y=2)

(=-38<01is true:—(-8)=8=(r=-3,y=3)
What's a value close to 0 but to the left of it?

1 (=-0.1<0so it's true: — (- 0.1)=0.1 = (-0.1, 0.1)
t=0 1s not part of the domain for y=t 0 <0 1s false.
0 4 > (2 O




The absolute value function:
>
| x| ={i’ ¥=0 0 official defintion of the absolute value function.

a1=-{% 020,

3 3

181=3

-320

-a1-{20
. e
o T

Absolute value outputs 0 or a positive number, regardless of the input.

|-8[=-(-8)=3

10]=0,] 10| =10, |-10|~10

Grap of the A x)=]x|

x| oy=lxl (,0) |
-2 | |-21=2 | (-22)
-1 |-1]=1 (-1,1)
0 |0]=0 (0,0)
1 I1]=1 (1,1)
9 12]=2 (2,2)
4
3
(0,2)
2
|
|
1 |
|
1 1
_1‘
(-2,-1)
2 o4 -1 0 1 9
v(=8),-2<-8<0 false

y(-3)=undefined=does not exist=DNE
(1) -2<1<0 false

V(l) undehned does not exist=DNLE

v(-05)= ( 0.5)+2=125

Represent the segment with a function.

{(x)=....., domain=..

domain: [-2,0]

range:[-1,2]

f(x)= some expression

slope of the segment:

Yoo 2-(-1) 2+1 3

Xy T X B 0-(-2) ET)

y=mx+b ( this is the equation of a line with slope m and v intercept b)
=3/2, b=y intercept = y coordinate where graph hits y axis=2

3 . .
y= §,Y+ 2, this 1s valid when -2 < x<0

3
JV(X) = §X+2, -2<x<0)

EXAMPLE 9 Find a formula for the function f graphed in Figure 17.

b

—1x+2, 1<x<2
0,x>2

()=

VA
(1,1)
— 1
=0
- —>
0 1 (2,0) yE o
( i 0 1

Make a piecewise defined function from the graph.
1. How many pieces to the function? 3
For the green segment, what's the domain? 0 < x< 1

What's the v intercept ? y=0

O

1
slope of the green segment: T~ 1,

1x+0= y=x valid when 0 <x<1
. 0-1 _ -1
for red piece: slope is —— =-1
9-1 1
domain of the red segment: 1 <

y=mx+b:(1,1)1is a point on the red segment, 1=-1(1)+5
1=-1+p=>hH=2

y=mx+b: y=



Symmetry makes sketching graphs go faster.
Here is a property that has been found to be useful:

f(—x) =/ x)

exponent review

(ab)’=a’b” 32_3.32¢

2 c
(2x)°=2% ¥ =84 37732
y coordinate when -x goes in is the same as the y coordinate when +x goes into the function.
f(X) =x?
A1)=1,/(-1)=(- 1)2 =1 < both outputs are the same, but the inputs are negated.
£(2)
x)= (this gives a pomt of the form (x, x? ), (input, output)
A-x)= (_Y) = (—I'X) =(- I)Q(XQ) =(-1)(- I)X2 =1x’=x? (x, x° ) (input, output)

When a function has the property or characteristic that /(—x) = #(x), we call the function
an even function. This kind of function is said to have y-axis symmetry.

4 1‘( 2)=(-2 ) =4 < both outputs are the same, but the inputs are negated.

Y Y &) f(x)= ¥ ,-x)= ¥
- 4 (-2,4) ] \ Half on th‘e right 1s the same
-1 1 (-1,1) as the half on the left.
010 (0,0) 3

p—
[Sm—
[N}
Il
-~ —
[S—
[S—
P
[N}

Since /( x) = X2 is even
, once we calculate f(1)=1,

we know that f(-1)=1 also.

Another Kind of Symmetry:

x)=

_18_ when 1 goes in, 1 comes out.
1(1)= 1 ; point (1, 1) 3 _ ) when -1 goes 1n , -1 comes out.
fe=(-1)"=(-1)(-1)(=1)=1(-1) =1 point (-1-1) outputs are different in the sign.
(2)= 29=8 gives the point (2, 8)

the output 1s the i absolute value but the signs

3 . .
A-2)=(-2)"=-38 gives the pomt(— 2, - 8) are different.

So for (x)=x" negdtlng the mput also negates the output.
More generally, 1‘( () = gives the point ( x, . |:| signs of inputs differe
(-x)=-x% so the point is (— x, — ) I:I } and signs of outputs
differ
A8)=927,/(-8)=-97 )
Ax=0)=0

4 A function having the property that
/ A-x)=-1x) (our example:

2
0 . /[/ 1s called an A-x)=-x3=-A%)

/L/ odd function.
9 :

/ It's said to have origin-symmetry.

In terms of points, this means that if a
point (x,y) is on the graph, so is the point
('X,'Y)-




1‘( X) v+ x?

Both exponents are even.
A1)=1%+1*=1+1=9
A-1)=(-1)"+(-1)"'=1+1=2

original definition

=,
[
-
Il
[
=
no
+
[
=
i
I
-
o
+
-
o=
Il
=N
=

| = f(-x)=1£(x)

We can say that

the function

f(X)=X2+X4 1S

even. In other words, it has y-axis symmetry.

\ We see the y-coordinates are the same, but the x values

are negatives of each other.

‘When a function has terms with even exponents, the function
1s even b/c even exponents get rid of negatives.
Ax)=x0+ 8+ 410 , (6,8, 10 each is an even number. )

A-x)=x"+ ¥+ ¥ < Same expression produced by #(—x) because

each even exponent gets rids of negatives)

1‘(,\')=1—X4

Even or odd ?

f(—X) =/(x)

The graph and the check with -x
indicate that f(x)= 1-x*isan
even function.

h(x)= 9 x! 52
1. what are the exponents? 2,1

1 1s an odd number, 2 1s an even number.

So we have a mixture of different types of numbers in the exponents.
Is this even? no because both exponents are not even.

Def. not symmetric about the y axis because the red segment is
of different length compared to the horizontal blue segment.
Does it have origin symmetry?

There is no origin symmetry.

For example, {(1)=2(1)-1 2_9-1=1so the point 1s ( 1, 1)

Notice, that when the input is negated, the output is not just -1, but

. . . . 1
3 -3, so this function is not odd. In other words, it doesn't have

origin symmetry. This function has no symmetry.

A-1)=2(-1)-(-1)*=-2-(1)=-8 point is (- 1, - 3)



Increasing and Decreasing Functions: £ XQ) > £ x| )

f(X1)<f(X2)

VA B
S D A function f 1s said to be increasing on an interval if
() ‘\}_, = f(x 7| () {x;) < f(x,) whenever x; <x,.
’) In the graph on the left, f increases on (4, b) Y (¢, d)
X o A function f 1s said to decreasing on an interval if
/ rHx2) X2) £ x| )> A X, ) whenever x <x,
AL |t flx,) o i
¢ In this picture, where does f decrease?
(b,c)
Ay ) —T*
0| a x Y b C d X
1 <
x <X, %

4. The graphs of f and g are given.

yll
g
AL TN
— 1
/_ 0 g X

o

(a) State the values 0ff(—4) and 9(3). A-4)=25 ) g(3) =4
(b) For what values ofs is f(x) =g(x)? -92,9

evaluate f(X):3X2 -x+2
M22)=38(22)"—(24)+2=8-2242-94+9=8422-22+2=1222-24+2

domain review: 3
3 remember that Y8 =2

o= AT =9, 45 =0

Find the domain. s -

(cube roots can work on positive or negative values. )

(-0, ) since cube roots can operate on any kind of number.

C

DOmain of
1 R —

X

1 .
look only at < ‘What value cannot be plugged in? 0

C

— undefined

1
173
2 . : 1 .
o cannot have this. What s the value of x that makes 1 - - equal to 0 ?

So the domain excludes 0 and 1 for two different reasons. —_

x cannot be 1.

= undefined



y Ax)=
< f(x+4) =3(,\'+]1)2

key to differential calculus (calc 1)
difference quotient:

Ax+n)-1x)

h

Q.2 :
3x note: expand means multiply out

(X+]1)2 = (X+]1) (X+]1)

R Ax)=38x> = x>+ xh+hyt b
h = 2+ 9xh+
' ! ' ’ ’ m 3Ot h) 822 3[x2+2xnt h]-347

h B h
342 +6xh+3h% 35
B h

6xh+3h h
B h
_ h[6x+3h]
B h
=6x+3 A left over. (in Calc, you take the hmit as
h goes to 0)
63. A box with an open top is to be constructed from a rectan-
gular piece of cardboard with dimensions 12 in. by 20 in. V( X) , V of x

by cutting out equal squares of side x at each corner and
then folding up the sides as in the figure. Express the vol-
ume V of the box as a function of x.

| Td)

20-x—x
=20-2x

\/X
20 -2 ¥ 12-2¢

7(0)=(20-2-0)(12-2:0)-0=0
1(6)=(20-2:6)(12-2:6)-6=8-0-6=0

Volume as a function of x.
V(x)=(20-2x)(12-2x) x

S

‘Which interval of x

gives the domain?
200

100

-100 /
-200

As a reminder, a linear function is a function of the form #{ x) = mx+ b, m= slope, x variable, b y intercept

Polynomials:

P( ):, ny . 11—1+ + - 2+, 1+,
x)=a,x"+a | x e Tay T e Xt

a,a_, ...,d,a,a are called the coefhcients.

Domains of polynomials are always pretty much (—oo, ), unless the polynomial represents a physical

situtation.
P(x)=ax’+bx+c quadratic because of x?

Plx)= ax>+bx’+ext+d

cubic polynomial b/c of x?



3rd degree has 2

turning points

.

1
0
1 \/
9
9

I

quartic polynomial /
4th degrees poly. /

|

VN

\

-1 0 1 2

4th degree has
3 turning points

not 4

100

50

-100

. 1 . . . -
If the degree is n, what's an expression for the number of turning points? n-1

Power Functions: x”

‘What happens as we change n?

this 1s a 5th degree

(quntic polys.)

there 4 turns

3 3 3
; - 3 / ; /
1 / 1 1
0 yd N | | |/
) _ // ) ./
0 1 2 3 1 0o 1 2 3 10 1 2 3 40 1 2 3
X i x
XO =1 XZ X3

1
X
1
\
\ /
\ /
3 \ /
\\ //
\\ //
2 \\N %
1
0
1
9
9 1 | 9
3
So for
2 even expo
. nents, we
don't cross
0 the x-axis.
1
9

Which 1s closer to the x-axis from x=-1 to x=1?

x*<x? for-1<x<1

X8<X6<X4

<x’for-1<x<1

As we Increase the exponent through even values
2,4,6,8,10,12, and so on, the graph gets flatter

and flatter around 0.

What's the value of all the functions at x=1 or-1?

1

are all going

through the

X-axis.

‘WHen the exponents
are even, that
doesn't happen



Rational Functions:
A rational function 1s a ratio of two polynomials.

_ 1’(X)
19=509

9
Examples: #( x) = ; -, P(x)= x° , Qx)= -5
X — O

With rational functions, the big concern is the domain. Since we're dividing, we could potentially

divide by 0,which is not allowed.

1 1 . C
= = i i — ~ ac 7 - - 1s , .
A x) 2 oG x#1,x 1 b/c each value would give division by 0

The equations of the vertical asymptotes are
10 x=1 and x—-1.

Algebraic Functions:
A function f 1s called algebraic if it can be constructed using
algebraic operations(such as addition, subtraction, division,
multiplication and taking roots)
( \ examples:
Ax)=Vx*+1 (squaring adding, and taking a root)
4

10 _ X 4 R i
g(x)= , (exponents x~ =x- x* x- x,division, roots)
x+\Vx

Algebraic can assume a variety of different forms. You will study how to sketch these more carefully

m calculus.
x) e z

10 / ]
/ ;

<—ro —_—>
-10
i
9
4 3 9 1 0 1 2 8 4 10 5 0 5 0
f =xVx+3 4 . . .
() =V g(x)= 4295 radicand is x% -25, the root is the 4th root

x+8>0 since V-1 doesn't work

- 2(0)=H0%-25 =25
XZ — ¢
X cannot take the fourth root
/'8 What the value of a number of a negative number.
we multiply by itself 3 times rxyxx=-25
tj)get& R R
=V 16 = what's the number we (S)(=)(=)(~) =
. . . - - - - - +
multiply by itself 4 times to get
16. D= (-0,-5]V [5,0)

Index, 7 dicand o(5)=H 5295 =N 25-25
=40
=0b/c0-0-0-0=0



x)= X2/3(X_2)2

note: v/ ? = ‘\lb ' = (i)\/;)ﬂ

4 I 4
3 / 3 The two graphs overlap perfectly,
/ SO WritingXQ/S(x—Q)z
92 / 2
= \/ X 2
/ 7 3
1 ! A , = (37 ) (x-2)?
\ \ / 2x+t4x=6x
0 0 5 4 ““
1 1 3
2 -2 9
-1 0 1 2 3 -1 0 1 2 3
2/3 2 0.67 1
A-1)=(-1)""(1-2)"=(-1)"
sometimes computers/calculators 0
are not equipped to handle
certain rare cases. -1
9
1 0 1 2 3

You will see a variety of applications in calculus, using different types of functions.

Trigonometric Functions:

Trig is the study of triangles and the relationship between the sides of the triangles.

Unwrapping the Unit Circle:

3 -
(%,3

~

(‘2' 2

(3,%) 0. 1) (3,%)
360 =27 # radians - / 1% =180°
360 =1 Ny
97 300°= Kl radians
180

T

In a circle, there are 360 degrees.

1
1 degree 1s 360 th of a circle.

1 radian is the angle made when we travel along
the arc a distance equal to the radius.

For a carcle, degrees are also used to measure

off arc. For a circle of radius 1, the C=27(1)=2x
So the circumference has the value 2 7

However, we also know a circle 1s 360°. So we can
equate these to get 360°=2x radiins

30°- conversion factor

. 360 =2x
30°-
180° 360 27
360 360
=30 30 6 | = b b
oz ' = 18() ottom has
=5 radians

180 degrees, top
represents 7z radians

o, 4 — Ko 4
5% Te0° 4"’/4-450/

T .
= radians



The sine function is the y-coordinate of each point on the unit circle.

How to create a picture of the sine function.

A

This process 1s called unwrapping the unit circle.
(0)=sin(0) 'f of theta equals sine theta"

f(ﬁ / 2) - Sm(ﬁ / 2) =1 TherefOre the domain 1s

1
all values of 6.
2
0
0 = theta
3 -1 <& - .
1 cycle of the sine function. It ends on the
i same horizontal level as it begins and includes a
peak and a trough.
1 I The period is the minimum angle required to complete
/ \ / one cycle. For the sine function, it's 27.
0,/ \ /
1 N~ //
2
T A The cosine function 1s defined as the x-coordiante of each
point on the unit circle.
N
1 cycle of the cosine function.
5 >
7
0 3n/2 Trnl4 0
the cosine function
has a domain also of
all possible values of
‘ In other words, any
i number can be plugged ito

the cosine and sine functions.

s7n( 100000 ) =

IN\\ //\\\ // \\ cos(799767 z)
k \\/ \U/ \k// sin(0.0001)

cos(—0.00001)




Periods of trig functions.
sin( @) 1is defined as the y coordinate of each point
on the unit circle.

sin(0+27x) sin(z) = ﬂ
. (7[) 1 4 2
sin| = |== .
0 2 3'1'12(%4‘27[) = g
s1'11(%+27z)= % sin(0+2x) = sin(0)
51'11(£ 27+ 2x|==

6

Cm(ﬁ):_\'iﬁ _ (z)_ _ .(£+2 )
s\ 9 cos|z |=cos| T +2x
( T, ) V3 b/c the x coordiantes at
cos| =+2rx|=—5—
6 2 both angles are the same.

In general, we can say that cos(0+27) = cos(6)
The cosine and sine functions are useful for representing things that repeat.
tides,vibrating springs, and sound waves.

Whatis the domain of {( 8 )= ﬁ(e), l(%) = m = % = undefined

Domain 1s set of all @ such that 0#7z/2,0#3x/2

! 1 1 1
16)= 1-cos(8) n0)= l-cos(0)  1-1_0 undefined

cannot again have 0 in the bottom.
1-cos(0)=0
1-cos(0)+cos(0)# cos(6)

1#cos(8) Domain is all 8 except 6=0 or 6=27

The angle must not give a value for cosine that is equal to 1.

7 M T




sin(6)
cos(0)’

it's a ratio, so we can't divide by 0.
in other words, can't have cos(8)=0

Next, we define the tangent function as ran(0) =

. 1/2 . .
tan(z/6)= T30 — keep change flip on fractions

L2
VAH Vo=()"
1

Vs

Often, you're expected to rationalize, which means to
write it so the bottom doesn't contain a radical.

I _ 1 V3 _ V5 _ V8 _ V35 _V3_V3
Vs Vs V3 (ﬁ)z (31/2)2 g2/2 gl 3

VRl
MERES
3
1 Ve - Ve 1 - V5 rule:
Ve V2o o205 5 VaVs =Vab
In math, we're allowed to multiply by L VT VT VT
1, or add O. Wﬁ:m: 7

In calculus these are used a variety
of ways that allow solving problems
that otherwise can't be solved.

Imagine we want to find
Vs ) sin(z/2)

[an(— - cos(7/2) - 0

9 = undefined

- " _ ) E :

AN [(1,00

e - . N <312 | T2 /2 T a2 5T
sin(z/2) 1 | | g |

tan(z/2)= cosn/2) 0" not defined
tan(-7/2)= M it undefined =
cos(—x/2) 0 -3
[ [ 4
1 1

Period of the Tangent Function(Period is the smallest angle required for the values to repeat).

2 /2
tan(z/4)= \/V;jQ =

tan(57/4)= % =

T T
— ] = — 4 C
[an( 1 tan( 1 ﬂ') (not 27)
1=1
In general, the period of the tangent function is 7.

(72') 1/2
tan| = 1=

6/ V3/2
, (l+ )_ -1/2  1/2
N6 )T NB 2 VB /2




Next we come to a new type of function, called an exponential function.

Exponential functions are functions of the form /(x)=»", b= is a number.

f(x)=2" So for exponential functions the domain is (o, «)
B Imagine we have /(x)=2", f(-1 =9 !
g0 ( 3) £1000) =217 /0.0001) = 290!
1 t 50 /

P ( f) =5 ( 6) Range: set of outputs
40
) f(x)=2%,/(-45) = 27 it very tiny but it's not 0.

y=2" can never be equal to 0.

90

In other words, (x, 2*). So y= 2" cannot be 0.
Which means the range 1s (0, o) and not

10 / [O’Oo)
Ax)=2"

& & 5 g 95 5 - 1 .
S0 S N s N s 1‘(— 1()()()0) =9~ 10000 _ —2 o000 super tiny but not 0.
fx)=2" g(X) =3
A1)=2 g(1)=8"=
o-1_1 1
(-1)=27"=5=05  4(-1)=38""===033
h(x)=10"
A(1)=10
a(-1)=10""=01
0.5
1 0 1 2 3
black graph is 2"
) (1)
green graph 1is ( B )
\\\ X= 1 X=- 1
9 N _ 1
\\\ / 9l=9 9= )
1 > Yo -1
- (T)ZT (L) I S N L
I 9 9 9 Y 2 by keep change flip
1
9 1 0 1 9




Log Functions are used as the inverses of exponential function. This means whatever the exponential
function does, the log function reverses.

Inverse Functions:
Ax)=2x+4

addition, multiplication

mverse function reverses operations and reverses the order of the operations
division and subtract, done in the opposite order

£ (x), f inverse
- -4
=5

f(1)=2-1+4=2+4=6 (1,6

—1 76—4_2_
[ O-—5—=5=1(6,1)
10
| lZ A(x)
6
) (%)
2
0
0 1 2 3 4
4
3 !
2 fil
1
0
-1
0 1 2 3

x)= 4" /(2)=2%=8.(2.8)
(=% r'(8)=%8=2(8,2)

the mnverse would do 6 in, 1 out.
r1(10)=3
A(8)=10

Inverses can be found by the following steps:

1. x)=2x+4
2 y=2x+4
3. mterchange y and x: x=2y+4
4 solve for y: x—4=2y
x—4

- )

2

5. replace the y with the mverse symbol: ! (x)

Find the inverse of /(x) = ‘\/3 x—2

first subtract and then take the cube root

! (x)=x 349

I=3 x—2
X—3 y=2
XE;:(S y—2 )%
¥ =p-9
o=y

v =x

Making a picture of an inverse function from a graph using points.

f has the points (1,2) and (3,3) on it
£~ has on it the points (2,1) and (3,3)



(x)= < Going back to exponential functions
and logarithmic functions.
find the inverse : Ax)=2"
y= 1 exponent goes in, power comes out.
Y mverse reverses that:
interchange x and y power goes in and exponent comes out
xX= l f( X) = QX
v
now solve for y the inverse is £~ ! (x)= logy x
xy=1 .
T n(3)=2"=8,(3,8)
y===1 (¥ -1 .
X (8)= log, (8) < What is the exponent

So the function 1/x has the same expression as its inverse. '
that 2, the base, has to be raised to , to get

Ax)=10" 8?3
[ (8)=log, (8)=3, (8.,3)

logarithm, just think exponent

)
! (x) =log, (x)
n2)
£

1

=102 =100 (2,100)
100) = 7og;, (100) = 2, (100, 2)

4 y=x
3
3
2
( —
2 Jog (x). the i [y 1 //
08 \ x), (he mverse o — | ——
1 N %//
1
" 2 (/
|
0 1 2 3 4
B as the base increases, the graph
A(x)=2", domain is anything, all real numbers, R gets
A(-1),/0), A1), £10000) pulled more quickly to the y axis
o 9% between 0 and 1 and faster to the x axis
- B to the right of x=1
2 axis, y=0 AVTX
/ < logx

the domain of the log, x function is x> 0.

/\\ 10g,(0) = error

2

. for the function 2%, y=0(the x axis) is the horizontal asymptote
(asymptotate are lines a graph approaches)

4

e for the function /og, (x), the domain is x>0, and the axis

) x=0 1s the vertical asymptote.

y axis 1s called also the line x=0

- 1 .
(-10)=2 10~ W tiny number but not 0



log (0) = undefined(doesn't exist)
X /1/
10 / /
-11 /
-12 /
-13 /
0.0000 500u 0.0010 0.0015 0.0020

EXAMPLE 6 Classify the following functions as one of the types of functions that we
have discussed.

(3) f (1') = 5% exponential (b) 9(1) =x’ power function
1+ x

(c) ]’!(X-) = 71 \/7 algebraic function (d) u(f) = 1 — t + 5¢* polynomial of degree 4
— /X

new functions from old functions:
transformations of functions:

FRNGRSR PRy SR S SN DAY /R RPN

Y4 ﬂ y=fx)tc
/\/ y=fx)tc Ax=(=d) | add ¢ to every
y=fieta Cly = y=f-9 ¢ coordinate
VO )
e =7
y=flx+¢) “ly[=Hx y=flx—¢) ' i "'
5 P y=f—e
/\ A / \ |
A _(_ ————— ('_ I

X




VA

y = cf(x)
(c>1)

y=F=x)

\/\\ y=f(x)

1 i
y=_fx)
0 :'{-
y=—fx)
-x—2

Ax)= \jX_Q,XZQ
A-x)=V-x-2,-x>2

x<-2

AX) = ézcos( X)

0 9 4
3
9
1\\ e =

/ \ /

< —_—
1
9

a dependening on its size, pulls the graph away from the

X axis or towards it



A TImmit 1s what the values of a function approach as x approaches some value of its own along the x axis.
1‘( x)= X2
‘What happens to the values of the function as x approaches 1 , that means from the left and then from the right.

From the left side, x values are smaller than 1.

9, 409) =092 =81
¥=099]/099) = 099% = (.9801

£=/0999] 7(0.999) = 0.999% = .998001

x=509999] £(09999) = 0.9999% = P.99980001 |

The values of f(x) approach 1 as x approaches 1 from the left.

Mathematically, we write this as lim Ax) 1

x—1

the hmit of f(x) as x approaches 1 from the left 1s 1

What value does f(x )=x> approach when x approaches 1 from the right side of x.

x= 1.1 (this number is a little more than 1), 4 1.1)= 1.1 2 = /1,,0()1
x=1.01(this number is closer to 1 than 1.1), A 1.01) = 1.01* = [.0201 . 101 11

x=1.001 (this number is closer to 1 than 1.01), A 1.001) = 1.001% = .002001

The values of f(x) approach 1 as x approaches 1 from the right side.
Mathematically, we write this as |y [( X) =1
=17
When the left and right limits are the same, as they here because are equal to 1, the overall
limit exists.
When 1_i1)111+ f(x) = lim (#(x)), then we say the overall limit exists. lim 7/(x) =1
I

X—)lfl x—1

1
(=2

oo, this 1s the mfinity symbol.
What happens when x approaches positive imfinity?

1

x=100, /100) = Too = 0.01 the output 1s a small number.
_ _ 1 106 g )
x= 1000000, /1000000 ) = 1000000 10 "~ this 1s a very tiny numbe

. o1 . | 1.
In this case, we can say that lim — =0  This doesn't mean that; 1s equal to 0.

x> X
0:0020 It means the y coordinates get ever closer to 0 without
ever actually being 0.
0.0015
What value 1s approached by the outputs of
0.0010
1 . :
f(x)= - when x goes to negative infinity?
500u . . .
\\ In this case, plug in very negative numbers.
T 1 .o
0.0000 _ — — o —
x=—-100000, /{-100000) —soo0g, this is a number
P i i i that 1s negative but very close to 0.
: x x=-1,000, 000, then we get
1

{—1, 000, 000) =

—1, 000, 000 this number is negative

but it's even closer to 0 .



The graph shows that as x approaches negative infinity, the

values of 1/x approach 0 also.
1

0.0010 liHl — = O
x>—wo X

0.0015

500u . ] 1
o This 0 doesn't means that - equals 0. It means that 1/x

00000 approaches 0 or , in other words, gets pulled ever closer to the

\ x axis where y=0.
-500u

-20k -15k -10k -5k 0

)=+

What happens to the values of f(x) as x approaches 0 from the right side?
Plug in number bigger than 0, but very close to 0.

0.1 (to the right of 0 and close to 0), f(.1)= % =10 pomnt ( 0.1, 10 )
) 1 )
01 (to the right of 0 and closer to 0 than .1)/0.01) = 0oL - 100 point: (0.01, 100)
0.001 (to the right of 0 still and closer to 0 than .01),#0.001) = ﬁ = 1000 pomt( 0.001, 1000 )

As x approaches 0 from the right side, does f(x)=1/x approach any particular value? Since the

. . ) ) ) 1
y coordinates get ever bigger, f(x) approaches infinity. In math we say hn& s
—0"

. ] 1 . . . . '
This doesn't say that — ever equals mfinity. Infinity 1s not a number. Its concept.

90k |

Here, the y axis 1s called the vertical asymptote.
It's a line that graph approches but never crosses.
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What happens to the values of f(x)=1/x as x approaches 0 from the left side?
1

x=-0.1 (value 1s to the left of 0, but closer to 1t): 1‘(—().1) =0l 10

x=-0.000001 (value is to the left of 0 and very close to i0): £(—0.000001) = m =-1000000
As x approaches 0 from the left side, the values My
of f(x)(or you could say y), approach —co. 0
R _ 2
e =l A = T
-14-04 0.3 -0.2 -0.1 \ 0 0.1
lim ( I+ 1 )
X0 X
x=1000, 1+ L. 1+0.001 =1.001 What's the number the outputs are approaching?
’ 1000 :
| The outputs are approaching the number 1.
x= 100000, 1+ 755500 = 100001 lim (1 +i)=1
X0 X
1 ) | 1
x=1000000, 1+ 1000000~ 1.000001 This doesn't say that 1+ < actual ever equals 1. It says
- \ the values of 1+1/x APPROACH 1.
. \\\\‘__ e In this case, there 1s again always a gap between y=1 and
= the curve. So the the y coordinates of the graph approach
0 1 but never reach 1.
x=1000, [+ —— = 1+0.001 = 1.001, (1000, 1.001) read
1000 this
’ 0 20 40 60 80 100 120 140 = = wa
. x=100000, 1 + 700000 1.00001, (100000, 1.00001 ) y
Really famous lnt: | 1000
X = : _— =9 N
f(X):(l‘i‘l) x=1000 (1+ 1000) ).71692
X 10000
x=10000: (1 + 5000 ) =0.718) 459
y I A N N 1 100000
| = : =L )
o x=100000 (1 * 100000 ) 2.718R7

! lim [(1 + i) ] ~ 2.718. This value you will

X0

learn 1 calculus 1s given the special symbol e.




