Precalculus

3.1: Symmetry and Coordinate
Graphs

Essential Questions:

= How do we determine symmetry using algebra?
=» How do we classify functions as even or odd?

3.1: Symmetry and Coordinate Graphs

1 Point Symmetry

o Two distinct points F and P are symmetric with recpect to point M if and
onl if Mis the midpoint of PP’. Point M i symmetric with respect to itsef

* Each point P in the set must have an image
. point P’ that isalso in the set. A figure that is
symmetric with respect to a given point can
be rotated 180° about that point and appear
8 unchanged.
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. Line Symmetry

Line Symmetry

Two distinct peints P and P are symmetric with respect £o a line { if and
only if ¢ is the perpandicular bisector of PP, A point P is symmetnic to
itself with respect to lne ¢ if and only if Pis on £,

 Each graph below has line symmetry. The
equation of each line of symmetry is given.
Graphs that have line symmetry can be
folded along the line of symmetry so that
the two halves match exactly.
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w Symmetry
W Xx-axis

What we do: keep x the same but negate y
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Precalculus

3.1: Symmetry and Coordinate Graphs

w Symmetry
W Yy-axis
What we do: keep y the same but negate x
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o

w Symmetry

moY=X
What wedo: interchange (swap) x and y
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w Symmetry
W origin
What we do: negate x AND negatey

y=x—4x

(-9)= (X~ 4-)
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w Symmetry
m Yy=X
What wedo: interchange AND negate x and y
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i Line Symmetry
- :‘::‘x:':’::h Definition and Test Example
[ : 1o, —b] € 5 if and anly if
x-axis fa, bl £ 5. Vi o gt
Example: (2, V8 end i By .
= Rule: 2. =\ &) ame on the graph. n,o’ 3 w8 .
Test. Substituting (o, & end p= 2B
(X, y) # (Xi -y) |a, — b irte the equalion I ""('L' -?_11_
praducss squivelant
. equations.
. — ;
y.aX|s :"a';’b’J:;;S and enly if l.'_l,.. o
l Rule; Example: (2, 8 and (-2,8) | @Eay | e
ara on the graph. / \
(X’ y) L4 ('X’ y) Test: Substituling la, bl and
|=a, b irto the equation o
[ sredices eavivalent e \ ¥
squations
| .
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p»  LineSymmetry

ST (Al Definition and Test

- Respect to the Line:
= b, o] € §if and enly it
y=x la ) S
Exampie. (2. 3) and (3, 2)
= are on the graph.
Rule:

Test: Substituting [0, b} onc
\b, a) into tha equaticn
duces equivalent

(X, y) = (¥, X)

equalions.
y=-X [~b, —al £ 5 if ond enly if
lo. b} 5.
| Example: |4, =1) and
RUIe [1, -4} o en the graph.

(X, Y) mmp (<Y, -X)| 5out: Subsituting (s, &) end
[=b, —a) irle the squation
produces equivalent

equations
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Precalculus

» Common typesof symmetry are:

m with respect to the x-axis
m with respect to the y-axis
m with respect to the origin

3.1: Symmetry and Coordinate Graphs

Lot m with respect to the line y = x
m - with respect to the line y = -x
B

|
i Test the symmetry

| with respect to: | x y |y=x|y=-x|Origin

06NN | B2 | (%) | (%-Y)

1)y=3x2+4

2) 5x%-6y% =8

3) x3+y2:4

4) xy=-2

2
W52 -2y

1» Tableof Symmetric Relationships
[ rSg/sn;z:it:g:with What do we do? Example
' keep x the same SN N
XaxIS | put negatey
- -axis Keep ythe same P
¥ but negatey
i y=x Iynterchangex and 1
m _ Interchange AND S N
y=-x negatex and y
origin Negate x and P .
[y negatey
| .
w Example1l
m Determine the types of symmetry for the graph
of xy=-2
m " x-ax!s = No
m y-axis = No
m origin mYes
oo
y =X mYes
L omy=-X mYes
B
| .

Even and Odd Functions

A function f is even if, for cvery number x in its domain,
the number —x is also in the domain and

f(—=x) = f(x)

For an even function, for every point (x, y) on
the graph, the point (-X, y) is also on the graph.

9
|
» Example2
] Determine the types of symmetry for the graph
of 24X
= _4
J 9
=
m X-axis m yes
ok m y-axis m yes
m origin myes
I my=x mNo
| | y = -X H NO
()
|
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Precalculus 3.1: Symmetry and Coordinate Graphs

Even and Odd Functions Even and Odd Functions
A function f is odd if, for every number x in its domain, Sam funclons o fonetiony
7 J f(—x) = f(x) fl—x) = —f(x)

the number —x is also in the domain and

I 115 the yoxls | [ymmet L |
For an odd function, for every point (X, y)
on the graph, the point (-x, -y) is also on
the graph.
o Even and Odd Functions
w Classifying Functions as Even or Odd | EXAMPLE |
Determinewhether each graph given isan even
m EVEN functions are symmetric with function, an odd function, or a function that isneither
= respect to the y-axis even nor odd.
m ODD functions are symmetric with 4 y ¥ ;
i respect to the origin \ /’\L/ l/ J
a v 7 '
/
even neither odd
Co
| .
Even and Odd Functions o
EXAMPLE n Determine whether the graph of each equation is

Identifying Even and ©dd Functions symmetric with respect to the x-axis, the y-axis,

o ; T : the line y = x, the line y = —x, or none of these.
Use a graphing utility ro conjecture whether each of the following functions is even,

odd, or neither. Verify the conjecture alzebraically. Then state whether the graph is
symmetric with respect to the y-axis or with respect 10 the origin.

1.4x% + 9y = 36
Answer: x-axis, y-axis, origin

1) f(x):—3x4—x2+2 even; y-axis
2) g(x)=5x3-1 neither
3) h(x)=2x3-x odd; origin

2.2¢+L=4

Answer: none of these
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Precalculus 3.1: Symmetry and Coordinate Graphs

CW3.1
Determine whether each graph is symmetric

i Rekgdod 30 the aritin. “ DO: evens 14-26, 32-36, p. 134

5 My 4. ol |
| Ll opte e
/ —
ey 1
Answer: no I} Answer: yes

5.Complete the graph so Y
that it is the graph of an Answer: - 1[& 2|
odd function.
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Exercises Exercises
Determine whether the graph of each function ie symmeatric with respect to the Determina whather tha graph of sach function is symmetric with respect to the
arigin. origin.
6. f(x) = B — Ox 7. fe) = 4 —x¥ 14, f(x) = e 16. fix) = & — 1 16. fx) = 5a2 4 Bur 4 9

7. f(x) =

18, fix) = —Ta% + By 18, fix) — L~ 100
20. [s the graph of g(x) = ’;r—l- symmetric with respact to the origin? Explain how

Determinz whether the graph of each 2quation is symmetric with respect to the you determined your answer,
x-axis, paxis, the line y = x, the line y = —x, or none of these.
8.6 =y 1 8.4 i yi=4 Determina whether the graph of sach equation is symmetric with respect to the
x-axis, yaxis, the line y = x, the line y = —x, or none of these
2lxr= 5 2a.x 1 y2=1 23,y = 8
Determine whethear the graph of each eguation is 1 2 5. a_4f
symmetric with respect to the x-axis, the y-axis, 24.y= "3 25.2+y =4 26.)"="g —4
beth, or neither. Use the information ebout i ; 2 o : TR
symmetry to graph the relation. 27. Which line(s) are lines of symmetry for the graph of »* = e
My=V2-id 12,y = 4
CW 3.1 DO: evens 14-26, 32-36, p. 134
Exercises Exercises
Determina whether tha graph of each function & symmetric with respect to the
Detarmine whether the graph of each equation ie symmetric with respect to origin.
the x-axis, the y-auis, both. or neither. Use the information about symmetry to 14, f(x) = 2 16, fix) = &% — 1 16, fx) = 5a2 4 B + 0
graph the relation. |
3132 =2 32, | x| ~3y 83, 2+ 3 =0 17. fix) - 18. ix) = =Tx" + 8 18. fix) o e,
34. |_~'| =t 35. x == V12 -8 36 |,\'| = xy 20. s the 1h of g(x) Sl symmelric with respect to the origin? Explain how
37. Graph the equation | y| = ¥ — x using information about the symmetry of you determined your anewer,

the graph.

Determine whether the graph of sach equation is symmetric with respect to the
x-axis, yaxis, the line y = x, the line y = —x, or none of these

2Lav= 5 23.x ) 1 23.y = 8

24.y = ;l-_' 25. 7+ =4

27. Which line(s) are lines of symmeiry for the graph of »* =

CW 3.1 DO: evens 14-26, 32-36, p. 134
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