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HAlg3-4, 2.6 Notes — Rational Functions and Asymptotes

A Rational Function is a function in the form of a ratio of polynomials:

N(x) 3x2 -2 1
X)=—-+F examples: = : X)=-—
f@=50 ples: f(x) =557 g(x)=7
domain of a rational function = all real numbers except where denominator is zero
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What do the graphs of these functions look like?
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How to find the Asymptotes of a Rational Function: f(x}= D)
X

Vertical asymptotes: graph of f has vertical asymptotes at the zeros of denominator D(x)

Horizontal asymptotes: graph of f has, at most, one horizontal asymptote, determined by the
degrees of the numerator polynomial (n) and the denominator polynomial {(m).
s Ifn<m,theline y=0 (x-axis) is a horizontal asymptote.

e Ifn=m,theline y = % is a horizontal asymptote.

« Ifn > m, the graph has no horizontal asymptote but may have a slant asymptote.
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(another, more conceptual, way to find horizontal asymptotes)

Think about what happens when x is very large. The non-x terms become negligible and can be
removed. Then simplify the result:
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Applications — many real-world problems exhibit ‘asymptotic behavior’ (approach a value)

A business has a cost function C =0.5x+ 5000 where C is cost in dollars and x is number of
units produced.

- What is the average cost per unit when the number of units is 1000, and 10,000.

- What is the average cost per unit when a very Iarge number of units is produced?
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HAlg3-4, 2.7 Notes — Graphs of Rational Functions
Finding slant asymptotes:
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Slant asymptotes exist when degree of numerator is exactly one greater than degree of

denominator. Find equation of line of slant asymptote by dividing the polynomials. The
quotient {(without remainder) is the equation of the slant asymptote.
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Sketching rational functions

1) Find 1(0) (plug in 0 for x)...this gives y-intercept (if any).

2) Find zeros of numerator polynomial...this gives x-intercepts (if any).

3) Find zeros of denominator polynomial...this gives vertical asymptotes (if any).
4) Use entire rational function to find horizontal or ,élgpé asymptotes (if any).

5) Plot above on graph and find at least one point in each ‘region’.

6) Finish sketch with smooth curve.

Example: sketch f (X)=2;

X =x-2
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Example: sketch f(x)= .
x.,.»
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HAlg3-4, 10.1 Notes — Conic Sections and Parabolas

Conic Sections — curves formed by intersection
of a double-napped cone with a plane.

The shape of the intersection curve depends
upon the angle the plane makes with the vertical
axis of the cone:

Circle - if the plane is perpendicular to the cone axis,
the curve is a circle.

Ellipse — if the plane’s angle is greater than the vertex
angle, but not perpendicular to cone axis, the curve
is an ellipse.

AXIS

VERTEX
ANGLE

4

Parabola - if the plane’s angle matches the vertex angle,

the curve is a parabola.

Hyperbola - if the plane’s angle is smaller than the
vertex angle, the curve cuts through both nappes
and is a hyperbola.

UPPER
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ELLIPSE

PARABOLA

HYPERBOLA




__ _:-__.”Conic Sections are defined by the general equation: Ax”+ Bxy+Cy* + Dx+ Ey+ F =0
...but each curve has a standard form that makes it easier to sketch.

Parabola = The set of all points (x,y) that are
equidistant from a fixed line (called the directrix)
and a fixed point (called the focus).

Applications — reflectors (flashlight, antenna dishes)
m-r“?ﬂ«ﬁ L

focus J

vertex

Let's look at an example: y= %xz —x+2

How could we graph this by hand? Easier to graph if we change the equation into the standard

form equation for a parabola: A ﬁ@.«i%ﬂ
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Standard form equation of a parabola:

Vertical axis:

1
1
Focus: 1
(hk+p) *
1

(x—h)*=4p(y-k)

Vertex: (h,k)

Focus: (h,k+ p)

=
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Directrix: y=k—p

Horizontal axis:

Directrix: |

(v —k) =4p(x—h) SRR

Directrix;
x=h-p

Vertex: (h,k)

Focus: (h+ p,k)

Directrix: x=h—p

For all parabolas: p = distance between focus and vertex [ o verteno Airestny J

To sketch, plug in x=0 or y=0 to find an intercept.
(Curve is symmetric about its axis)
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“Example: Find the vertex, focus, directrix and sketch the graph of (x+1)> =4(y—2)




Example: Find the vertex, focus, directrix and sketch the
graph of x*—2x+8y+9=0

X=2x = ~Fy-1
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Example: Find standard form equation of a parabola with vertex at (-1, 2) and focus at (-1, 0)
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Example: Find standard form equation of a parabola with vertex at (-2, 1) with directrix x=1
|
A : \
(Lj"k) - ‘7/ A’“‘L’J f:i_/\f/\u A
(“j ~ 07. _ L{/ ()1 +2ﬂ_".) o /K I
(y-0" (-3 (x+)
‘. / | -‘ '?"f - f 2 | \. | L ‘{ / |(
| (== —12(xre) | ot led po
= ) | ~_ | 4 24




) I [ )
[ reca \Cu i /

HAlg3-4, 10.2 Notes — Ellipses

Ellipse = the set of all points (x,y) the
sum of whose distances from two fixed
points (called foci) is constant.
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Standard form equation of an ellipse

Horizontal major axis
(bigger number under x? term)

(x=h)  (r=k) _

a’ b*
(h-a, , , (rfwc, k)
= vert ocus
ey | (x—l‘)?" ] -/j- 2y~ | '
|
Vertical major axis
(bigger number under y? term) (h, k+a) vertex
5 + 2 :1 -""‘:‘""" Y T {
b a ; 9

&

For all ellipses: &, (S a \u\m/,) /, :j,_,y,‘
(h,k)= center '

a = distance from center to a vertex on major
(longer) axis

b = distance from center to a point on minor
(shorter) axis

¢ = distance from center to a focus

c=a*-b*
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#3 Find the standard form of the equation of the ellipse if:

Vertices: (0,8) and (0,-8)
Foci; (0,4) and (0,-4)

(x-00" | {4-)

Iy -y
A R

- e
#4 Find the stafndard form of the eq

uation of the ellipse if:

Foci: (0,0) and (4,0)
Major axis of length 8

- ) PR YA
(x~2) L jﬁﬁ .

Try it... Find the standard form of the equation of the ellipse if:

Vertices: (3, 1) and (3, 9)
Minor axis of length 6
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HAlg3-4, 10.3 Notes — Hyperbola

;;5 e Hyperbola = the set of all points (x,y) the difference of whose distances from two fixed
' - points (called foci) is a positive constant. =

Standard form equation of a hyperbola (similar to ellipse, but — instead of + between terms)

Horizontal transverse axis (x° term is first)

(x=h) (r=k) _,
a7 X

asymptotes at:

-k =+l e
_ [4]

Vertical transverse axis (y* term is first)

(-k) (x=h)
a’ b

asymptotes at:

(y—k)=i—;3<x—h)

For all hyperbola:

(h,k)= center

a = distance from center to a vertex
¢ = distance from center to a focus
' =a +b* therefore c>a




‘flatter’ curves)

(higher hyperbola eccentricity

like ellipse, but now e >1
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Eccentricity:

#2 Find the center, vertices, foci, asymptotes, eccentricity and sketch:
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Find the center, vertices, foci, asymptotes, eccentricity and sketch:

Try it...

0

x*=9y* +36y -T2

Vertices: (6,1)i (-,2)
Foci: (ﬁog 1,) } (“ﬁ-ﬂ 2)

—

Eccentricity: 2 —

#4 Find the standard form of the equation of the hyperbola if:
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Find the standard form of the equation of the hyperbola if:

Tryit....

Foci: (2,5) and (2,-5)
Vertices: (2, 3) and (2, -3)
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HAlg3-4, 10.3 day 2 Notes — Classifying Conic Sections by Equation

Where are hyperbolas found in the real-world? (where planes and cones intersect)

Classifying a conic section from the gen

(4P -4x-3=0 H
Dy extay+9=0 C

s 45 {3852y 4510 €
f.-x;}f4f¥-6x+l6y+21::0 i
"4’;&;}9“}’—5:0 P

( 4;;_,\— y;) A% —3 =0) H
43‘63\).—yé+8x—6y+4:0 U
4-92—233;)—8%43,_15:0

\ ?%3+4y2::>1x+12'y:0 1%
{'25xﬁ2\‘},10x_200y_119:0 (

2:34{2y dex+12y+2=0 C

[ g N

’@)'43;2 16y+15=0

eral equation:

- ‘ "" -~ e / & %) .l -
sz@%yz+Dx+Ey+F=0 \ Ns A-THS Courde

Look at the A and the C (the x? and the y? terms)....

Are both
xandy
squared?

Parabola

terms have Hyperbolﬁ

same sign?,

coefficients
identical?,

Ellipse

Circle
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HAlg3-4, Ch 10 review day — Comparing conics

Parabola

(x=h)' =4p(y-k)

(y=k)* =4p(x-h)

X like y= x°
y? ‘other one’

p = dist. vertex to focus
and dist. vertex to directrix

Ellipse Hyperbola

2 2
(L Y ) O
a b

=1 _ (K _,

a’ b*

) N C25 (r=k) _(x-n)

=1
b’ a a’ b’

a is always bigger,

anot always bigger,
aunder term of major axis

aalways under first term
first term is transverse axis
ct=aq*-p? ¢ =a’ +b?
a =dist. center to vertex

¢ = dist. center to focus

b = dist. center to point
on minor axis

b = dist. to ‘other side of box’

asymptotes from center
through corners of box:

-B=t2x-n)
a

@—@=i§u—m

(look at box to see which)

w c
eccentricity e =—
a




