GraphsofPolar Curves

D. P. Morstad, University of North Dakota

Objectives of Assignment

1 To learn how X (PLORE) graphs polar curves.
2. To examine common polar functions and become familiar with their
CUrves.

****WARNI NG****
Magtering the basics of polar coordinates requires four skills:

Trandating rectangular coordinates into polar coordinates and vice-versa.
Trandating rectangular expressons into polar expressons and vice-versa.
Graphing polar curves by plotting points.

Becoming familiar with polar functions and their graphs.
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Thislab unit is only designed to help you with #2 and #4. To do well on exams, in other
classes, and in job assgnments, you will need to master the other two by reading and working
problemsin your text.

l. Two Smple Requirementsfor Plotting Polar Curves With X(PLORE)
In order to make circles ook like circlesingtead of dlipses, the graphing window must
dwayshavean x:y ratio of 4:3. That is, dways use windows such as (-4, 4, =3, 3),
(-8, 8,6, 6), or (12, 12, -9, 9). This compensates for the fact that the computer screenis
not square. Also, typein and enter the command grid(1, 1) to provide agrid on your graph.
X(PLORE) uses the command “polarg(r(t), t = g; to gp)” to plot polar graphs.
. Circles
Type and enter the following four lines:
window(—4, 4, -3, 3)
grid( 1, 1)

rt)=1
polarg(r(t), t = Oto 2p)
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Get back to the input screen, change “r(t) = 17 to “r(t) = 2", press e, and then

@ the “polarg” line to re-graph.
Then changeto “r(t) = 3" and re-graph.

Changeto “r(t) = sin(t)” and re-graph.
Changeto “r(t) = 2sin(t)” and re-graph.
Changeto “r(t) = 3sin(t)” and re-graph.

Changeto “r(t) = cos(t)” and re-graph.
Changeto “r(t) = 2cos(t)” and re-graph.
Changeto “r(t) = 3cos(t)” and re-graph.

Changeto “r(t) = cos(t) + sin(t)” and re-graph.
Changeto “r(t) = —2sin(t)” and re-graph.
Changeto “r(t) = —3cos(t)” and re-graph.
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Each of these polar graphs appearsto be a circle and, indeed, each can be shown to be
acirclewith aparticular center and radius. For example, with r(t) = cos(t) + sin(t),

r(t) = cos(t) + sin(t), or

r = cos(t) + sin(t)

r?=rcos(t) + rsin(t)  (multiplied both sSdesby r)
x*+ y*=rcos(t) + rsin(t)  (Sncer®= x*+ y?)
X+ =Xty

X*—x+y*—y=0

(x- 3)*+(y-31y =1 (by completing the square)

So, r(t) = cos(t) + sin(t) isequivdentto (x- 1)* +(y- 1)
isacirclecentered a (3, ) withredius 4.

. Cardioidsand Limagons

=1 . Asyou know, this

Now, to erase al the circles, type “erase” on a separate line and press favtes|,

Changeto “r(t) = cos(t)” and greph. (Thisisacircle)

Without erasing, changeto “r(t) = cos(t) — 0.25” and re-graph. (Thisisalimagon.)

Without erasing, changeto “r(t) = cos(t) — 0.5” and re-graph.

(Thisisalimagon.)

Without erasing, changeto “r(t) = cos(t) — 0.75” and re-graph. (Thisisalimagon.)
Without erasing, changeto “r(t) = cos(t) —1” and re-greph. (Thisisacardioid.)
Without erasing, changeto “r(t) = cos(t) — 1.25” and re-graph. (Thisisalimagon.)



Erase. Now changeto “polarg(r(t),t= Otop)” — thatis, havet gofromOtop
instead of to 2p. Changeto “r(t) = cos(t) — 0.5” and graph.

Without erasing, changeto “r(t) = cos(t) —1” and re-graph.

Without erasing, changeto “r(t) = cos(t) —1.25” and re-graph.
It is clear that only haf of the limagons and cardioid are being graphed.

Without erasing, changeto “r(t) = cos(t)” and re-graph. Why isthewhole circle
graphed ingteed of only haf of it?

Limagons and cardioids can be created using sines instead of cosines, and their Szes
can be atered.

1. n-Petaled Roses
Erase. Change back to “polarg(r(t),t = Oto 2p)”.

Changeto “r(t) = 2sin(3t)” and graph. Count the petals.

Without erasing, changeto “r(t) = 2sin(5t)” and re-graph. Count the petals.
Without erasing, changeto “r(t) = 2cos(3t)” and re-graph. Count the petds.
Without erasing, changeto “r(t) = 2cos(5t)” and re-graph. Count the petals.
Notice any pattern in the number of petas?

Erase.

Changeto “r(t) = 3sin(2t)” and graph. So much for that pattern.
Without erasing, changeto “r(t) = 3sin(4t)” and re-graph.
Without erasing, changeto “r(t) = 3cos(2t)” and re-graph.
Without erasing, changeto “r(t) = 3cos(4t)” and re-graph.

Any ideas on how to make a 6-petaled rose?

V. Other Familiar and Unfamiliar Curves

Lines Erase. Changeto:
window(-8, 8, —6, 6)
grid( 2, 2)
r(t) = sec(t) and graph.

Without erasing, changeto “r(t) = 3sec(t)” and re-graph.
Without erasing, changeto “r(t) = 4sec(t)” and re-graph.
Without erasing, changeto “r(t) = 3csc(4t)” and re-graph.

Spirds: Erase. Changeto “r(t) = t” and graph.
Without erasing, changeto “r(t) = 0.5t" and re-graph.
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Without erasing, changeto “r(t) = sgrt(t)” and re-graph.

Without erasing, changeto “r(t) = et” and re-graph (use (AT ]E ]| to get €).
Conchoids:  Erase. Change back to “grid(1, 1)”.

Changeto “r(t) = 3 — 1.5sec(t)” and graph.

Changeto “r(t) = 2 —csc(t)” and graph.

Cissoid of Erase. Changeto “r(t) = sin(t)tan(t)” and graph.

Diocles:
Conic Erase. Typeand another line“a = 0.5".

Sections. Changeto “r(t) = a/(1 —a*cos(t)) and graph. Andlipse.
Changeto “a= 1" and re-graph. A parabola.
Changeto “a= 1.5" and re-graph. A hyperbola.
All three of these conic sections have afocus at the same point.
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