A-LEVEL FURTHER MATHEMATICS « EXERCISE SHEET

1.5 Polar coordinates

Name: Class: Date: Total: 16 marks

KEY WORDS polar coordinates fz 4555 « polar curves A5 5 il £
o cartesian coordinates ' ffj A2 b5

Objective

Build the skills to answer exam questions on polar coordinates ffz4t#5 — converting
to/from Cartesian, sketching polar curves kbRl €, and the sector area %f r2do.

You must be able to:

« convert between (r,6) and (z,y)
o sketch a simple polar curve (e.g. a cardioid)
« find an area with 1 [r?df

1 Worked examples

B Conversion & area

P(r,0
y =rsinf (r.6)
polar axis
ol x =rcosf

x=rcosf, y=rsind, r* =2+ >
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r=1+cosf
90°
135° 45
2
1
180°
225 315
270°

cardioid - polar area A= %J‘fﬂ de

(circle).
8

Area: A= %/ r2db.

@

2 Practice

2.1 Convert the point (r,6) = (27 %) to Cartesian coordinates.

2.2 Write down the formula for the area of a polar sector.
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Polar curves are traced as the angle varies

Convert r = 4cosf: xr — r? = 4rcosf, so 22 + y> = 4z, i.e.

(x—2+y* =4



3 Exam-style questions
3.1 The polar equation r = 2sin @ represents:

e A aline

« B a circle

e C a parabola
e D a spiral

3.2 A curve has polar equation 7 = 3 4 2cos 6 for 0 < 6 < 27 (a convex limagon).

(a) Write down the greatest and least values of 7, and state the value of § at which each

occurs. Explain why the curve never passes through the pole.

(b) Show that the area enclosed by the curve is 117.

2
3.3 Convert r = ———— to Cartesian form.
1+ cosf
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8]

Solutions
21x=2cos§=1y=2sing = V3.
2.2A:%/r2d9.

3.1 B.r =2sinf = r? = 2rsinf = 2% +y? = 2y, a circle.

3.2 (a) cosf runs from —1 to 1, SO rypax = 5 at 0 = 0 and rp,, = 1 at @ = 7; the least
value is 1 > 0, so r is never 0 and the curve misses the pole.

(b) (3+2cos6)? =9+ 12cosf + 4cos? 0, and 4cos®§ = 2 + 2 cos 26, so the integrand is
11+ 12cos 0 + 2 cos 20; A = 1[116 + 12sin 0 + sin 29}5”; both sine terms vanish at 0 and
2m; A = 1(22m) = 11m.

33r+rcosf=2=r=2—z(sincercosd =z);r*=(2—2)> =22 +y? =4— 4z +2%
yP=4—dx, ie y? = —4d(z —1).
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