Graphing in Polar Coordinates

This section describes techniques for graphing equations in polar coordinates.

- Symmetry

Figure 9.53 illustrates the standard polar coordinate tests for symmetry.

Y (hm=0) Y
r,6) ez 1w, | (. 6)
0 -->X —> X > X
o () 0

) /
or (-r, m ~ 6) ‘ {—r. 0)

About the x-axis or (r, 8 + )

@) About the y-axis About the origin
(b) " (c)

9.53 Three tests for symmetry.
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Symmetry Tests for Polar Graphs j

1. Syz-nmetry about the x-axis: If the point (r, 6) lies on the h, the
pont (r, —9) or (—r, m — ) lies on the graph (Fig, 9.53a). s e
2. Sy:.nmelry 1bout the y-axis: If the point {r, 6) lies on the graph, the
point (r, = — 6) or (—r, —0) lies on the graph (Fig. 9.53b). b
Symetn' about the origin: If the point (r,8) lies on the graph, the
point (—r, 9) or (r,0 + x) lies on the graph (Fig. 9.53¢).

Slope

The slope of a polar curve r = f(6) is given by dy/dx, not by r' = df/dé. To
see why, think of tae graph of f as the graph of the parametric equations
x=rcosd=f(@) cosh, y=rsinf=f()sind.

If f is a differentizble function of @, then so are x and y and, when dx/df %0,
we can calculate dv/dx from the parametric formula

dy dy/do Section 9.5, Eq. (1) with

dx _ dx/d@ 1=4
Wgf = e
¥7) (f(@) - sin 6)

% (f(©) - cos 6)
df .
E pimol f(9) i Product Rule for
7 Zf P 0) sin 6 Derivatives
‘ 70 cos 8 — f(@) sin
S : i :
Slope of the Curve r = f(
dy| _ f'0)sin6+ f(9) cos i
dx|,s f'(6) cos6—~ f(6)sin®
provided dx/dt #0at (r,0) : <

If the curve r = f(9) passes through the origin at 8 = 6o, then £ (6o)

(1) gives ,
dy = M == tan 6o
dx|ggy J'(B0)cos bo

ue 8 = 6o, the slope of
“slope at (O, B)™ and not just slope

l l ] o @ l
he caseé mn our ﬁ!St E,‘(ﬂmple.

<oin at the val
If the graph of r = f(0) passes through the origin
the curve there is tan 6. The rcasonmw;/; ;:gs ;
at the origin™ is that 2 polar curve ey P s is ot
with different slopes at different §-values.

however.
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i 302 [CH.7] PLANE CURVES Il

Curve Sketching in Rectangular Coordm

(7.17) Let an equation of a plane curve in rectangular ©00rdinatey |,
f (x, y) = 0. To sketch its graph, we examine the following Properties of‘(hgnenbt

‘ I. ° Symmetry. :

(@) Iff(x,—y)=S(x ), the 4 x, )

curve is symmetric about

' the x-axis (Figure 7.17).

h In this case no odd 0 R

powers of y occur in the

Y ™ -

i equation of the curve,

i Figure 7.17

(i) IS (-x y) =£(x ), the 3

& ‘ curve is symmetric about '

the y-axis (Figure 7.18). .
This is possible if only SE5) Py

i even powers of x occur — x

i in the equation of the o

I curve. ' - Figure 7.18

i) (5 x) = f (v, y), the

. curve is symmetric about / '

the line y = x (Figure o

7.19). |

0

5

Figure 7.19

W) 107G x~5) =15, y), '

i the curve is symmetric .

about the _origin.. The

” | origin in then sajd to be 0‘-—""”

Lg centre  of the curve -

i (Figure 7.20), 4
Figure 7.20 j
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CURVE SKETCHiNG

ltiple pojny: € down the

. find out jts
gind the mtert:Ep__ESO (i):t:\he CUrVe on (he Coordinate gyq Nature,
y-intercept: puty € €quation of tpe Curve and sojye fs‘ To find (he
gimilarly» for the y-intercept, put x = in the or x,

g'_)_’_ : . €quatiop and solyg fory.
Find out 7 and the points Where the

tangents are paralle] g the
coordinate axes.
Find the multiple points of the curve, if apy,

and their natyre.
Find the asymptotes of the curve,

i ther there i i
De::‘lt;:: ;vil:e CT€ 15 any region of the Plane such that nq part of the
cu :
pample 25. Sketch the curve defined by 3 ay? = x (x - a)t
Solution. .
Thecurve is symmetric about the X-axis.
. Thecurve passes through (0, 0) and x =0 i tangent at the origin,
m The curve has no asymptotes.
Vx (x—a) C.
N y=2% \ﬁ P When x <0, y is tmagmary. Therefore, the curve does
not lie to-the left of y-axis, 4
V.  The curve meets the x-axis at A(a, 0). y
Shifting the origin to (a, 0), we have '
3ay? = (x +a)x?,
ie, X +ax? — 3ay*=0
 Therefore, tangents at (q, 0) are = > x
1
J.‘2-3y2 =0 le, y=+ ‘Ex
Thus, (g, 0) is a node.
The shape of the curve is as shown in ‘
Flgure 721 Figure 7.21
Bample 56
» Sketch the curve
s 3 (a2+x2) = X2 (@ -xY)
L ttion, we note the following particulars of the curve:

I

Itis SYmmetric about both the axes.

t. Thus,
ol = tangents there a
i P asses through the origin and y = % x are two tang

the

Scanned with CamScanner



