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Edexcel A Level FM Revision Questions: Solutions

Polar curves

Solutions

1.0 (x—1D%+y2=1

+y

x =rcosf and y = rsinf

So r%cos?0 + 1 — 2rcosf + risin?6 = 1
=12 —2rcosd =0
=>r=2csforr=0

ie r = 2cos6 [with r = 0 when 6 = 7]

N 2 .
(i)r = ;x =rcosf and y = rsinf; also r? = x% + y?
14+cosO

Sor+rcos=2=>r=2—-x=>1r>=(2-x)>2

Sx2+yl=4+x2—4x>y2=4(1-x)
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This can be obtained from the parabola y? = 4x by the following steps:

y? = 4(—x) = —4x [reflection in the y-axis; note that the curve now only exists for
negative x|

y? = —4(x—1) =4(1 —x) [translation of (é)]

g4y

2.() =5+ 4cos0O
Step 1: As r is a function of cos@, the curve will be symmetric about the x-axis.

Step 2: r > 0 at all times

Step 3: Key pointsto plotare 6 = 0,r =9; 0 = g,r =560=nr=1
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(i) The required x-coordinate can be found by investigating the vertical tangents; ie
when Z—Z = 0 [when the x-coordinate is (instantaneously) not changing as 6 changes]

x =rcosf = (5+ 4 cosB)cosb

so that Z—z = (—4sinf)cosB + (5 + 4cosf)(—sinb) = —8sinbcosH — 5sinb
Then Z—;‘= 0= sind = 0 (ie = 0 or ) or cosd = _g

= x = (5+4cosB)cosh = (5—2)(—5) ==

8 8 16

(i) Area enclosed by curve = 2 fO"% (5+ 4 cosH)?do
= f0n25 + 16c0s%60 + 40cos6 db

= f0n25 + 8(1 + cos26) + 40cos6 do

T

= [336 + 4sin26 + 40sinf]

= 33m

[Rough check: Area of rectangle of base 11 and height 10 is approx. 357]

3. (i) Step 1: As r = ++/sin26 isn't a function of either cos or sin6, there is no
symmetry about the x or y axis.

Step 2: The curve isn't defined for g < 6 < m or for 37” < 0 < 2m (as sin26 < 0).

Step 3: For each 6 there will positive and negative values of r of the same
magnitude. [However the negative values of r for 8 will overlap with the positive
values for 6 + 7. ]

Step 4: Key points to plot are: 6 = 0,7 = 0; 6 = %,r =+1; 0 = g,r = 0 (and the
cycle repeats itself for 8 = to 6 = 37”).

Step 5: The gradient at 8 = 0 (when r = 0) is O (ie along the line 8 = 0), and at 8 = g

it is oo (ie along the line 6 = g).
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(i) r =1when g = %for r? = sin26, and when 8 = 0 for r? = cos26, so the curve for
r? = sin26 needs to be rotated by % clockwise.

[This rotation transforms r? = sin26 to r? = sin2(6 +7) [as

clockwise is the negative direction] = sin (20 + g) = c0s20]

(i) y = rsinf, r? = sin20 = y? = sin20.sin%6

= ZyZ—Z = 2c0s20sin?0 + sin26(2sinfcosh)

Then 2—: = 0 =(cos?0 — sin?0)sin*0 + (2sinbcosO)(sinbcosf) = 0
= 3co0s20sin?0 — sin*0 = 0

= sin%6(3cos?0 — sin*6) = 0

= sin?6(3co0s%6 — (1 — cos?6)) =0

= sin%6(4cos?0 —1) =0

= 6 = 0 or  (within [0, 2r)) (ie when the curve is at the Origin)

2w 4T 51
or cosf = + — ,— or —
373 3

)

N |-

,so that 6 = g ,
The curve doesn't exist for 8 = 2?” and 5?" , and so the required value is
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0= g (when the y-coordinate is positive).

3

At0 ==, y? = sin26.sin’6 = (?) (g)z = (g)

>y = (£)" = 0.80593 = 0.806 (3s)
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