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UNIT 4 GRAPHS ‘ PRECALCULUS B

LESSONS:




‘ A Note about Graphing
in Polar Coordinates . . .

DESMOS

YES!!

+ 8 « _ P
: { Projector Mode ]
' Grid +' Axis Numbers .
shiE Arrows &
v X-Axis | add a label | N
[ —10.330 < x < 12.230 ol
10 0
| Vv Y-Axis | add a tabel |
—9666 <y < 12912
s — e
-

pem— [T

Desmos can graph in Polar Coordinates!

Go to the “wrench” to
change the “Grid”.

Also, remember to check
whether you are working
in radians or degrees ©
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A comparison of graphing in
Rectangular vs Polar Coordinates

Rectangular Coordinates (x, y)

(S]]

A comparison of graphing in
Rectangular vs Polar Coordinates

Polar Coordinates (r, 0)

LIS 15D ™
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‘ Types of Polar Graphs we are using:

Conic Sections
Limagons (4 types)
Rose Curves

* Lemniscates

‘ Types of Polar Graphs we are using:

How to pronounce Limagons

(*lim-a-con) or (le-ma-"son)

How to pronounce Lemniscate

(lem-"ni-skit) or ("lem-ni-skate)




‘ Types of Polar Graphs we are using:

Note:

Each of these equation types comes in a sine

version and a cosine version.

And:
Each equation type comes in
a positive and a negative version.

‘ IMPORTANT:

Remember, that on the Unit Circle the points
around the edge are (x, y) coordinates.

And, for the Unit Circle,
the x-coordinate was the cosine of 0,
and the y-coordinate was the sine of 0.

So ... cosine will correspond to the horizontal,
and sine will correspond to the vertical

2021
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‘ CONIC SECTIONS IN POLAR EQUATIONS

* Circles

* Ellipses

* Parabolas

* Hyperbolas

‘ A circle in Rectangular vs Polar

@ x2 +3.-'2 =82
Rectangular Coordinates (x, y) 10

/—\
x2+ y2 =12 ... centered at the origin 5

(x=h)2+ (y=k)2=1r2 ... shifted

/| /\\




‘ A circle in Rectangular vs Polar

Polar Coordinates (r, 6)
r=a ...centered atthe pole

r=%acos@ orr=*asinb

. shifted

JESE ;| ST

g0 —"

-+ s

Q =

@ r==8cosf
<8<

@ 1= —S8coséf
<f<

£

KLV

2021



Shifting Polar Circles . . . The sine version

A0

~ 32—

+ 'S

@ r=+8cos(6)

<6<

Shifting Polar Circles . . .

What patterns do you notice?

# K ) 10 ) -
213 w3
. +
5176 T we, |
/ LA
i [ |
| SI \—y [
am ~5. 16
N4 53
R N - S

+ La o « 10] £
@ r:+85in((5)) \ it
<8< 56 =
2 / ‘&
@ r=-8 siu((ﬁ)) |_ ol
<0< 1p- 10
/6 116
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‘ Shifting Polar Circles . . .

What patterns do you notice?

* Cosine shifts along the horizontal.

* Sine shifts along the vertical.

* The shift is only to where the edge of the

circle is at the pole.

* The negative version is a reflection to either

left (cos) or down (sin).

* The number goes from being the diameter to

being the radius.

‘ The other Conic Sections . ..

Ellipse, Parabola, Hyperbola:

ed ed
Fr=——— or r=
l1tecos@

*Yes, they are all

the same equation!! EIIipse: FO<e<1
Parabola: If e = 1
Hyperbola: If e > 1

1tesin®
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‘ The other Conic Sections . . .

Ellipse, Parabola, Hyperbola:

ed ed
r=———— ar r=

_]ieccﬁsﬁ _liesiﬂ&?

“e” is the ‘“‘eccentricity”, a measurement of how far it deviates from a circle
“d” is the distance from the focus point to the directrix line
And notice that the denominator always starts with the number 1.

‘ The other Conic Sections . . .

Ellipse, Parabola, Hyperbola:

ed ed
F=e——  _OFf r=——
l1*ecost lTesind
TRY IT: What are e and d? — 3
24+4cosf

Make it match the pattern!

2021
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‘ The other Conic Sections . . .

Ellipse, Parabola, Hyperbola:

ed ed

FE g e
l1tecost lfesind

TRY IT: What are e and d? po— =B __

2+4cosh
Divide each part by 2 to .
match the pattern that the r= 4 Look at the pattern, e is 2.
denominator starts with 1. 1+2cosé@

Next, ed=4, and e=2, so d=2.

‘ The other Conic Sections . ..

Ellipse, Parabola, Hyperbola:

’ Look at the pattern, e is 2.
@ = ﬁ
2vasile) o SO, e>1 makes this a hyperbola!

=d<

Ellipse: If0<e <1
£ Parabola: If e = 1
e /z{— — 11m/6 Hyperbola: If e > 1

11



‘ The other Conic Sections . . .

Ellipse, Parabola, Hyperbola:

TRY IT: Name the Conic Sections & don’t use Desmos!

4 ed ed
P T Rl T
oS ihdd ltecos T esin

&

I — Ellipse: If 0 <e <1
34+98n 8 Parabola: If e = 1
3 Hyperbola: If e > 1

o —
14+ cos &

‘ The other Conic Sections . . .

Ellipse, Parabola, Hyperbola:

TRY IT: Name the Conic Sections e ed ot = ed
ltecosd ltesiné
4 Divide by 2....e = 12
P .
2—rcos 8 Ellipse Ellipse: IF 0<e <1
Parabola: If e = 1
& Hyperbola: If e > 1
F= Divide by 3...e =3
3 + 9 Slﬂ E Hyperbolq
3
e Divide by 1 ...e =1
1+cosd

Parabola

2021
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‘ LIMACONS IN POLAR EQUATIONS

* Inner Loop
* Cardiod
* Dimple
* Convex

‘ Limagons . .. The “dented” circles

r=a+bsmé andr=axtbcosé

* Inner Loop v a/b <1

* Cardiod v oab=1

* Dimple v 1< a/b <2
* Convex v a/b =2

2021
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Limagons . . . The “dented” circles

r=a+bsmé andr=axtbcosé

@ r=2+3cos(8)

Inner Loop U a/b <1 : =0 | 7= s N
Cardiod Qab=1 W r=3+3cos(0) [ (//\\
Dimple U 1<a/b<2 <6< = J 0
Convex da/b=>2 Q r=4+3c0s(6) KJ :
<6< N e iy
-@/ r=6-+3cos(6) s s ,
a <0< g A2
‘ Limagons . .. The “dented” circles
r=axbsm@ andr=atbcosé
:N . " AL o -
QY r=2+3cos(6) Sin vs Cos
<0<
. Remember,
@ r=2—3cos(8) cosO is
<d< horizontal,
:- sin@ is
N r= sin
v 285( (0]} _ vertical, and
<0< o .
: k minus
W r=2-3sin((6)) amis o3 reflects.

2021
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‘ Limagons . . . The “dented” circles
r=axbsmé andr=axbcos®

TRY IT: Name the type Q r=7+3c0s(6)
& Name the orientation <0<

(up, down, left, right) $ 1 —Feos(0)

s

<8<

r=4+3sin(9)

<8<

~

r=3—3sin(8)

~

‘ Limagons . .. The “dented” circles

r=a+bsmé andr=axtbcosé

Convex & right W r=7+3c0s(6)
<f<
Inner Loop & left @ a—
<0<
Dimple & u 3
P P @ r=4+35in(8)
Cardiod & down =0=
@ r:3—3sin(9)

15



‘ Limagons . . . The “dented” circles

r=a+bsmé andr=axtbcosé

* Inner Loop v a/b <1

* Cardiod voa/b=1

* Dimple v 1< a/b <2
* Convex voa/b =2

NOTE: See the charts in the Key Concepts document
for the patterns that the horizontal and vertical intercepts
follow for each of these shapes.

‘ ROSE CURVES IN POLAR EQUATIONS

2021
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‘ Rose Curves.. . “flowers” ©

*This time, instead of adding to the basic circle
equation, we will multiply the angle!

r=asinnB andr = a cos né

“a” is the length of each “petal”
“n” tells you how many petals

BUT, be careful!
If n is even, double n to get the number of petals
If nis odd, then n equals the number of petals

‘ Rose Curves. .. “flowers” ©

r=asinn@andr = acos né

TRY IT: For these, every petal has a length of 5.
But what is n? And is it sin or cos?

., _J
&)

NOTE: A cosine Rose Curve will have a petal along the horizontal axis.
A sine Rose Curve will have vertical symmetry.

17



‘ Rose Curves.. . “flowers” ©

r=asinn@andr = acos né

For these, every petal has a length of 5.
But what is n? And is it sin or cos?

., _J
&)

w

-5 )

@ r=>5cos(46) @ r=5sin(28) @ r=5cos(56) @ r=>5sin(76)

-2

‘ LEMNISCATES IN POLAR EQUATIONS

2021
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‘ Lemniscates . . . “infinity” or ‘““figure 8”
P =a’sin26 and #? =a’cos28
*This time, instead of adding or a single multiplying,

we do some squaring and doubling!

The positive cosine version is along the horizontal,
BUT the vertical is not the sine version this time!

The negative cosine is the vertical!

The sine version goes along the diagonals.

‘ Lemniscates . . . “infinity” or “figure 8”

P =a*sin28 and 7> =a’cos28

A =0 cos(26) I 2
\ Note: Desmos doesn’t
Y r=v3c0s(20) like starting with r2
<< L So, square root both sides!
;&'/ r=1v—9cos(26)
<
== -5 Also, notice that these are

BOTH cosine,
even though one is vertical!

19



‘ Lemniscates . . . “infinity” or “figure 8”

P =a*sin20 and 7> =a’cos28

=9 sin(26)
Notice that the positive sine

A
is along the diagonal with @ m
r= sinl

a positive slope.

en

<6<
And the negative sine :
is along the diagonal with @ G ‘/m
a negative slope.

<8<

'
[4.]

‘ POLAR EQUATION GRAPHS:

Conic Sections Limagons Rose Curves
Circle Inner Loop even petals
Cardiod odd petals

r=acosé Dimp|e

r=asine@ Convex r=acos né,
Ellipse r=asin né
Parabola r=axbcosd
Hyperbola F=athsing

e ed

T ltecosd
o ed
' l+esind

Lemniscates

along the axes
along the diagonals

2 2
¥ =a cos28

2 7 .
r°=a"sin2@

2021
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Use the tools!

U Key Words document
U Key Concepts document
( DESMOS

© And, just for fun, play around with
changing parts of these equations
to see what other fun shapes you might get!

2021
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