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1 The curve C has polar equation r=2+sin30, 0<0<2x.

(a) Sketch C, indicating clearly all key features and symmetries of the curve. [3]

. . - . . 11 . .
(b)  Given that r attains a minimum value at the point with € =—m, find the exact cartesian equation of the

tangent to C at this point. [3]

x+ Sy+ z=1
2x+Hy+—az=4—
x+2ay+16z=-11

X+ Sy+ z=2
2+t =4—+o-
x+2ay+16z=>5

: finitol i st 21
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4 The curve T has equation y =1(x), where f(x)=x" —3x-1.

(a)  Show that T has exactly one root « in the interval [1, 2]. [2]

(b)  Use one stage of the linear interpolation process to find an approximation, £, to the root « .

Explain why this # will be an underestimate. [2]

(¢) ()  Write down the Newton-Raphson formula in the form x,  =g(x,), where#x, is the n-th
approximation using the formula. [1]

(ii) A student proposes to use either one of the end values from the interval as his initial
approximation, x, =1 or x, =2 . Explain why one of these cases will fail and evaluate « correct

to 3 decimal places using the other initial approximation. [3]

(d) Given that the linear interpolation process always produces an underestimate over the interval [un, 2] ,
where u, =1 and u, is the approximated root after the n-th iteration of the process, write down an

expression for this iterative process in the form u,,, =h(u,) . Hence comment on the efficiency of this

process in comparison to the Newton-Raphson process for finding this root of the curve T. [2]
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6 A sequence of real numbers {un} is defined by u, =1, u, = where « is a constant, and the recurrence
relation
u, =4,  +u, ,,n=0.
(a)  Solve the recurrence relation to determine an expression for u, in terms of « . [4]
(b) Hence state the value of « for which the sequence {un} converges, justifying your answer. [2]

(¢) Itisnow given that & = 0. Another sequence {Sn} is defined by the expression

2u, +u,
s, =—"—"—,nx2.
2u,
. 1
(i) Showthats,  =1+——. [2]
4(1+s,)
(ii)  Given that the sequence {Sn} converges, find the exact value of the limit. [2]
(iii) State the exact value of s,, and deduce a rational approximation for the value of J5. [2]
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8 A student, Ian, from the Makerspace Club plans to use the curve (x2 +y° )2 =7y’ +2x"y to form the shape of

a crest for a club logo.

(a)  Show that the polar equation of the curve, » =f(@) can be written in the form » = 5sin’ @+ 2sin8. [2]

1
It is known that the area bounded by the curve, 4= joz [f(&)]2 df . Another student, Rian, from the same club

suggests to get an estimate of 4 using the Simpson’s rule with 3 ordinates.

(b) Evaluate Rian’s estimate, leaving the answer in the form of L ,where p,qeZ". [3]
q

A third student, Brian, believes that the estimate is unlikely to be reliable and suggests the following method
to evaluate the exact value of 4.

(¢) Use integration by parts to show that for integers n>2,

1 1
3T . =1\pm .
IQ s1n"6’d6’=[n jIQ sin" 26 dé. [4]
0 n 0
(d) By applying the formula in part (c), evaluate the exact value of 4. [3]
(e)  Determine the percentage error of the estimate in part (b) and comment on Brian’s claim. [2]
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