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1 (i) Write down and simplify the first three non-zero terms of the Maclaurin seriesfor In(1 + 3x).

[3]
(i) Hence find the first three non-zero terms of the Maclaurin series for
€In(1 + 3x),

simplifying the coefficients. [3]

2  Use the Newton-Raphson method to find the root of the equation e = x which is close to x = 0.5.
Give theroot correct to 3 decimal places. [5]

3  Express in partial fractions. [5]

X+ 6
X(X2 + 2)

4  Answer thewhole of thisquestion on theinsert provided.

o

|
X1

Q ———

y=x
The sketch shows the curve with equation y = F(X) and theliney = X. The equation X = F(X) has roots

X = o and X = 3 as shown.

(1) Usethe copy of the sketch on the insert to show how an iteration of theformx ., = F(X), with
starting value X, such that 0 < x, < a as shown, converges to the root X = c. [3]

(ii) State what happensin the iteration in the following two cases.
(@ X, ischosen such that o < x; < 3.

(b) X, ischosen such that X, > f3.

(3]
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5 (i) Find the equations of the asymptotes of the curve with equation
2
X+ 3X+ 3
T 3]
(ii) Show that y cannot take values between —3 and 1. [5]

6 (i) Itisgiventhat, for non-negative integers n,

1
| = J e *x" dx.
0
Provethat, for n > 1,
l,=nl_ —e™ [4]
(i) Evaluatel,, giving the answer in terms of e. [4]

0 1 2 3 N N+1

The diagram shows the curve with equation y = v/X. A set of N rectangles of unit width is drawn,
starting at X = 1 and ending at X = N + 1, where N is an integer (see diagram).

(i) By considering the areas of these rectangles, explain why
N+1

Vi+V2+vV3+ ... +VN< VX dx. [3]

1

(ii) By considering the areas of another set of rectangles, explain why

N
ﬁ+\/§+\/§+...+\/ﬁ>J VX dx. [3]
0
N
(iii) Hencefind, interms of N, limits between which z VI lies. [3]
r=1
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8 Theequation of acurve, in polar coordinates, is

r=1+cos20, for0< 6 <2rm.

(i) Statethe greatest value of r and the corresponding values of 6. [2]
(i) Find the equations of the tangents at the pole. [2]
(iii) Find the exact area enclosed by the curve and thelines6 = 0and 6 = %n [5]
(iv) Find, in simplified form, the cartesian equation of the curve. [4]

9 (i) Using the definitions of coshx and sinhx in terms of € and €, prove that

sinh2x = 2sinh xcosh x. [4]

(i) Show that the curve with equation
y = cosh2x — 6sinh X

has just one stationary point, and find its x-coordinate in logarithmic form. Determine the nature
of the stationary point. [8]
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1 Find the first three non-zero terms of the Maclaurin series for
(1 +x)sinx,
simplifying the coefficients. [3]
. _ dy 1
2 Given that y = tan™! x, prove that — = ———. 3
(i) Given thaty prove that - = — [3]

(i) Verify that y = tan~ x satisfies the equation

d?y . dy
2 —
(1+x)dX2+2de_O. [3]
. . 1
3  Theequation of acurveisy = L.
X% +3
(i) State the equation of the asymptote of the curve. [1]
(i) Show that - <y <1. [5]

4 (i) Using the definition of cosh x in terms of * and e™, prove that

cosh 2x = 2 cosh?x — 1. [3]

(ii) Hence solve the equation
cosh2x — 7coshx = 3,

giving your answer in logarithmic form. [4]

5 (i) Expresst? +t+1inthe form (t+a)? +b. [1]

(ii) By using the substitution tan %x = t, show that

J‘2 1 dx = ?n [6]
0
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y=3

The diagram shows the curve with equation y = 3* for 0 < x < 1. The area A under the curve between
these limits is divided into n strips, each of width h where nh = 1.

(i) By using the set of rectangles indicated on the diagram, show that A > 3h2h T [3]
N L (2h)3"

(ii) By considering another set of rectangles, show that A < 1 [3]
(iii) Given that h = 0.001, use these inequalities to find values between which A lies. [2]
The equation of a curve, in polar coordinates, is

r=v3+tand, for —ir<0<in.
(i) Find the equation of the tangent at the pole. 2]

(i) State the greatest value of r and the corresponding value of 6. [2]
(iii) Sketch the curve. [2]
(iv) Find the exact area of the region enclosed by the curve and the lines 6 =0 and 6 = %n. [5]

. . sinh x . .
The curve with equation y = Z for x > 0, has one turning point.
(i) Show that the x-coordinate of the turning point satisfies the equation x — 2tanh x = 0. [3]

(i) Use the Newton-Raphson method, with a first approximation X, =2, to find the next two
approximations, x, and X, to the positive root of x — 2tanhx = 0. [5]

(iii) By considering the approximate errors in X, and x,, estimate the error in x,. (You are not expected
to evaluate x,.) [3]

[Question 9 is printed overleaf.]
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9 (i) Given thaty = sinh~!x, prove thaty = In(x + v/x? + 1). [3]

(ii) It is given that, for non-negative integers n,
o
. = J sinh" 6de,
0

where o = sinh™t 1. Show that

nl,=v2-(n-1)1_,, forn>2. [6]

(iif) Evaluate 1,, giving your answer in terms of /2 and logarithms. [4]
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1 Itisgiven that f(x) = In(3 + X).
(i) Find the exact values of f(0) and f'(0), and show that f”(0) = —%. [3]
(ii) Hence write down the first three terms of the Maclaurin series for f(x), given that -3 < x < 3.
[2]
2 Itisgiven that f(x) = x> —tan"1x.
(i) Show by calculation that the equation f(x) = 0 has a root in the interval 0.8 < x < 0.9. [2]
(i) Use the Newton-Raphson method, with a first approximation 0.8, to find the next approximation
to this root. Give your answer correct to 3 decimal places. [4]
3
y
A
> X
0 0.25 0.5 0.75 1
The diagram shows the curve with equationy = exz, for 0 < x < 1. The region under the curve between
these limits is divided into four strips of equal width. The area of this region under the curve is A.
(i) By considering the set of rectangles indicated in the diagram, show that an upper bound for A
is 1.71. [3]
(ii) By considering an appropriate set of four rectangles, find a lower bound for A. [3]
4 (i) On separate diagrams, sketch the graphs of y = sinh x and y = cosech x. [3]

X

%, and hence, using the substitution u = €*, find Jcosechxdx. [6]

(ii) Show that cosechx = o

© OCR 2007 4726/01 Jan07
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5 Itis given that, for non-negative integers n,

1
2717

| :J X" cos x dx.

(i) Prove that, forn > 2,

n
I, =(37) —n(n-1)I__,. [5]
(ii) Find 1, in terms of 7. [4]
6
y
A
» X
. . . 2x% — 3ax . .
The diagram shows the curve with equationy = 7 a2 where a is a positive constant.
(i) Find the equations of the asymptotes of the curve. [3]

(i) Sketch the curve with equation

» 22X - 3ax
= e_a

State the coordinates of any points where the curve crosses the axes, and give the equations of

any asymptotes.

2

7 (l) EXpreSS m

in partial fractions.

(i) Use the substitution t = tan %x to show that

1
ETE
X
j _COSX_ mq_ip
1

1-cosX 6
V3

© OCR 2007 4726/01 Jan07
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8 (i) Define tanhy in terms of ¢¥ and e7. [1]

1+X). [3]

(i) Given thaty = tanh™'x, where -1 <X < 1, prove thaty = In(ﬁ

(ili) Find the exact solution of the equation 3 cosh x = 4sinhX, giving the answer in terms of a
logarithm. [2]

(iv) Solve the equation
tanh ™ X + In(1 — X) = In(3). [3]

9  The equation of a curve, in polar coordinates, is

r=seco+tand, foro<o<ir.
(i) Sketch the curve. [2]
(i) Find the exact area of the region bounded by the curve and the lines 6 =0 and 6 = %n [6]
(iii) Find a cartesian equation of the curve. [3]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

OCR is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES),
which is itself a department of the University of Cambridge.

© OCR 2007 4726/01 Jan07



2
June 2007
1  The equation of a curve, in polar coordinates, is

r=2sin30, for0< 9<%n.

Find the exact area of the region enclosed by the curve between 6 =0 and 6 = %n [4]
2 (i) Given that f(x) = sin(2x + 37), show that f(x) = 2v2(sin 2x + cos 2x). [2]
(i) Hence find the first four terms of the Maclaurin series for f(x). [You may use appropriate results
given in the List of Formulae.] [3]

X% + 9x

3 It iS given that f(X) = m

(i) Express f(x) in partial fractions. [4]
(i) Hence find Jf(x) dx. [2]

4 (i) Given that

y=xy1-x2—cos1x,

find % in a simplified form. [4]
1

(i) Hence, or otherwise, find the exact value of J 24/1 — x2 dx. [3]
0

5 Itis given that, for non-negative integers n,

I, = L (Inx)" dx.

(i) Show that, forn > 1,
| =e-nl_. [4]

(i) Find 1, in terms of e. [4]
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The diagram shows the curve with equation y = 2 for x > 0, together with a set of n rectangles of

unit width, starting at x = 1.

(i) By considering the areas of these rectangles, explain why

1
1 1 1 1 "t
—2+—2+—2+...+—2> —dX.
1272273 n X

(i) By considering the areas of another set of rectangles, explain why
n
1 1 1 1 J‘ 1
— + =< — dx.
L X

22+?+F+.“ n2

(iii) Hence show that

o0
. . . 1 .
(iv) Hence give bounds between which E = lies.
r=1

7 (i) Using the definitions of hyperbolic functions in terms of exponentials, prove that

coshxcoshy —sinhxsinhy = cosh(x —y).

(i) Given that cosh xcoshy = 9 and sinhxsinhy = 8, show that x = y.

[4]

[2]

[4]

[2]

(iii) Hence find the values of x and y which satisfy the equations given in part (ii), giving the answers

in logarithmic form.

© OCR 2007 4726/01 Jun07
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8  The iteration x ., = ———, with x, = 0.3, is to be used to find the real root, o, of the equation
(X, + 2)2 !
X(x+2)2 =1,

(i) Find the value of «, correct to 4 decimal places. You should show the result of each step of the
iteration process. [4]

.. . 1
(ii) Given that f(x) = ———, show that f'(«a) # 0. [2]

(X +2)?

(iii) The difference, &, between successive approximations is given by § =X, —X_. Find 6,.  [1]

(iv) Giventhat§ , ~f'(a)d,, find an estimate for &, ,. [3]

9 Itis given that the equation of a curve is

_ x% - 2ax
y=="a
where a is a positive constant.
(i) Find the equations of the asymptotes of the curve. [4]
(i) Show that y takes all real values. [4]
x? — 2ax
(iii) Sketch the curvey = ~—a [3]
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1 ltisgiventhat f(x) = In(1+ cosx).
(i) Find the exact values of f(0), f'(0) and f”(0). [4]
(i) Hence find the first two non-zero terms of the Maclaurin series for f(x). [2]
2
y
A
in
P
) i > X
The diagram shows parts of the curves with equationsy = cos txand y = % sin"1x, and their point of
intersection P.
(i) Verify that the coordinates of P are (3v3, ir). [2]
(ii) Find the gradient of each curve at P. [3]
3
y
A
Y=V 1+ X3
|
|
|
|
|
|
|
|
|
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| 1 -
[9) N 2 3 >

The diagram shows the curve with equation y = /1 + x3, for 2 < x < 3. The region under the curve
between these limits has area A.

(i) Explainwhy 3 < A < v28. [2]

(i) Theregionisdivided into 5 strips, each of width 0.2. By using suitabl e rectangles, find improved
lower and upper bounds between which Alies. Give your answers correct to 3 significant figures.

[4]
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The equation of acurve, in polar coordinates, is

r=1+2seco, for —%n<0<%n.

(i) Find the exact area of the region bounded by the curve and thelines6 = 0 and 6 = %n. [5]

[The result Jsecede =In|sec 6 + tan 6| may be assumed.]

(i) Show that a cartesian equation of the curveis (X — 2)Vx? + y? = X. [3]

»
>

The diagram shows the curve with equation y = xe™* + 1. The curve crosses the x-axis at X = «.
(i) Usedifferentiation to show that the x-coordinate of the stationary point is 1. [2]
o isto be found using the Newton-Raphson method, with f(x) = xe™ + 1.

(i) Explain why this method will not convergeto « if aninitial approximation X, is chosen such that

X, > 1 [2]
(iii) Use this method, with afirst approximation x; = 0, to find the next three approximations x,,, X,
and x,. Find o, correct to 3 decimal places. [5]

. _ 2% -11x-6

The equation of acurveisy = ——1
(i) Find the equations of the asymptotes of the curve. [3]
(ii) Show that y takes all real values. [5]

© OCR 2008 4726/01 Jan08 [Turn over
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7 ltisgiventhat, for integersn> 1,

1
1

1 2
X

i) Useintegration by partstoshow that | =2"+2n | ————dx 3
0 egration by p ' L e [3]
(i) Show that 2nl_ | = 2"+ (2n- DI [3]
(iii) Find 1, intermsof . [3]

8 (i) By using the definition of sinhx in terms of € and €7, show that
sinh®x = 2sinh3x - 2sinhx. [4]

(i) Find the range of values of the constant k for which the equation

sinh3x = ksinhx

has real solutions other than x = 0. [3]

(iii) Giventhat k = 4, solve the equation in part (ii), giving the non-zero answersin logarithmic form.

[3]
. d 1 1
9 (i) Provethat —(cosh™ X) = —. [3]
dx x2 -1
(i) Hence, or otherwise, find J 1 dx [2]
’ ’ VaZ-1
(iii) By means of a suitable substitution, find J V4ax2 — 1 dx. [6]
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1 Itisgiven that f(X) = , Where a is a non-zero constant. Express f(X) in partia
_ (X — 2a) (X2 + a2)
fractions. [5]

»
>

—7 0 3 4

The diagram shows the curve y = f(X). The curve has a maximum point at (0, 5) and crosses the
x-axisat (-2,0), (3, 0) and (4, 0). Sketch the curve y? = f(x), showing clearly the coordinates of any
turning points and of any points where this curve crosses the axes. [5]

3 By using the substitution t = tan %x, find the exact value of

1

P 1
—dX,
L 2 — COSX

giving the answer in terms of . (6]

4 (i) Sketch, on the same diagram, the curves with equationsy = sechx and y = X2. [3]

(i) By using the definition of sechx in terms of € and €7, show that the x-coordinates of the points
at which these curves meet are solutions of the equation
2 2¢"
X4l

‘- | 2
n+1 eZXn + 1

can be used to find the positive root of the equation in part (ii). With initial value x, = 1, the
approximations x, = 0.8050, x, = 0.8633, x, = 0.8463 and X = 0.8513 are obtained, correct to
4 decimal places. State with areason whether, in this case, the iteration produces a‘ staircase’ or
a‘cobweb’ diagram. [2]

[3]

(iii) Theiteration

5 Itisgiventhat, forn> 0,
iz
4
| = J tan" x dx.
0
() By considering | +1_ ., or otherwise, show that, for n > 2,
(n-1, +1,,)=1 [4]

(i) Find 1, intermsof 7. [4]

© OCR 2008 4726/01 Jun08
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Itisgiventhatf(x) = 1— vk

() Use the Newton-Raphson method, with a first approximation x;, = 2.5, to find the next
approximations X, and X, to aroot of f(x) = 0. Give the answers correct to 6 decimal places. [3]

(if) Theroot of f(x) = 0 for which x,, X, and x; are approximationsis denoted by o.. Write down the
exact value of . [1]

(iii) Theerror e, isdefinedby e =o - X . Finde,, e, and e, giving your answers correct to 5 decimal

&
places. Verify that e; ~ 2 [3]
1
It is given that f(X) = tanh‘l(;%);), for x> 1.
. fron 1 . ”
(i) Show that £'(x) = ———, and find (). [6]

(i) Show that the first three terms of the Maclaurin series for f(x) can be written asIna+ bx + cx?,
for constants a, b and c to be found. (4]

8 Theequation of acurve, in polar coordinates, is

r=1-sn26, for0<0O<2nx.

o » 0 =0

The diagram shows the part of the curve for which 0 < 6 < o, where 6 = « isthe equation of the
tangent to the curve at O. Find « in terms of 7. [2]

(i) (@ Iff(6) =1--sin26, show that f(%(2k+ V) — 9) =f(0) for al 6, wherek isaninteger. [3]
(b) Hence state the equations of the lines of symmetry of the curve

r=1-sn20, for0<6<2nm. [2]

(iii) Sketch the curve with equation

r=1-sn26, for0<o0O<2nx.

State the maximum value of r and the corresponding values of 6. [4]

© OCR 2008 4726/01 Jun08 [Turn over
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9 (i) Provethat J IN(1+x)dx=(N+1)In(N + 1) — N, where N is a positive constant. [4]
0
(i)
Yy
A
ol 123 686970

The diagram shows the curve y = In(1 + X), for 0 < X < 70, together with a set of rectangles of
unit width.

(a) By considering the areas of these rectangles, explain why

70

In2+|n3+|n4+...+|n70<J In(1+ x) dx. [2]
0

(b) By considering the areas of another set of rectangles, show that

69

In2+|n3+|n4+...+|n70>J In(1+ X) dx. [3]
0

(¢) Hencefind bounds between which In(70!) lies. Givethe answers correct to 1 decimal place.

(3]
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1 (i) Write down and simplify the first three terms of the Maclaurin series for e [2]
(i) Hence show that the Maclaurin series for
ZX)

In(e™ +e”

begins Ina + bxz, where a and b are constants to be found. [4]

2 Itis given that a is the only real root of the equation x° + 2x — 28 = 0 and that 1.8 < o < 2.

= \5/28 - 2xn, with x, = 1.9, is to be used to find . Find the values of Xy, Xy
and x,, giving the answers correct to 7 decimal places. [3]

(i) The iteration x
n+

(ii) The error e, is defined by e, = o —x . Given that o = 1.891 5749, correct to 7 decimal places,

e e
evaluate — and —. Comment on these values in relation to the gradient of the curve with

e e
2 3
equation y = V28 — 2x at x = 0. [3]
. . 1. 1
3 (i) Prove that the derivative of sin” " x is = [3]
1-x
(ii) Given that
sin”! 2x + sin_ly = %n,
dy 1
find the exact value of — when x = -. [4]
dx 4
4 (i) By means of a suitable substitution, show that
2
Va2 -1
can be transformed to J' cosh? 6.d6. [2]
52
(ii) Hence show that \/2_ dx = %x\/ -1+ %cosh_1 x+c. [4]
x -1
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5
y
A
2
» X
o a 1 B ¥
The diagram shows the curve with equation y = f(x), where
f(x) = 2x° — 9x% + 12x — 4.36.
The curve has turning points at x = 1 and x = 2 and crosses the x-axis at x = o, x = § and x = y, where
O<oa<B<y.
(i) The Newton-Raphson method is to be used to find the roots of the equation f(x) = 0, with x, = k.
(a) To which root, if any, would successive approximations converge in each of the cases k < 0
and k = 1? [2]
(b) What happens if 1 <k <2? [2]
(ii) Sketch the curve with equation y2 = f(x). State the coordinates of the points where the curve
crosses the x-axis and the coordinates of any turning points. [4]
6 (i) Using the definitions of cosh x and sinh x in terms of * and e™, show that
1 + 2 sinh®x = cosh 2x. [3]

(ii) Solve the equation

cosh2x — 5sinhx = 4,

giving your answers in logarithmic form. [5]
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The diagram shows the curve with equation, in polar coordinates,
r=3+2cosf, for0<0O<2rm.

The points P, O, R and S on the curve are such that the straight lines POR and QOS are perpendicular,
where O is the pole. The point P has polar coordinates (7, o).

(i) Show that OP + OQ + OR + OS = k, where k is a constant to be found. [3]

(ii) Given that o = %n, find the exact area bounded by the curve and the lines OP and OQ (shaded in
the diagram). [5]

© OCR 2009
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8

\/
=

)

. . . 1 o
The diagram shows the curve with equation y = 1 A set of n rectangles of unit width is drawn,
X

starting at x = 0 and ending at x = n, where n is an integer.

(i) By considering the areas of these rectangles, explain why

1 1 1
—+-+ ...+ ——x<I 1).
2+3+ +n+1<n(n+) [5]

(ii) By considering the areas of another set of rectangles, show that

1 1 1
l+=+=-+...+—>In(n+1). [2]
2 3 n
(iii) Hence show that
1 n+l 1
In(n+1) + <2—<1n(n+1)+1. [2]
n+1 r
r=1
o
. . I,
(iv) State, with a reason, whether 2 — is convergent. [2]
r=1 d
9 A curve has equation
_ 4x-3a
r= 2(x% +a?)’
where a is a positive constant.
(i) Explain why the curve has no asymptotes parallel to the y-axis. [2]
(ii) Find, in terms of a, the set of values of y for which there are no points on the curve. [5]
2a
ooy o 4x —3a . c
(iii) Find the exact value of m dx, showing that it is independent of a. [5]
X +a
a
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1
y
A
» X
The diagram shows the curve with equation y = In(cos x), for 0 < x < 1.5. The region bounded by
the curve, the x-axis and the line x = 1.5 has area A. The region is divided into five strips, each of
width 0.3.
(i) By considering the set of rectangles indicated in the diagram, find an upper bound for A. Give
the answer correct to 3 decimal places. [2]
(ii) By considering another set of five suitable rectangles, find a lower bound for A. Give the answer
correct to 3 decimal places. [2]
(iii) How could you reduce the difference between the upper and lower bounds for A? [1]
. X x+1 1
2  Giventhaty = ————, prove that y > - for all x # 1. [4]
( x—1 )2 4
3 (i) Given that f(x) = ¢""*, find f(0) and f”(0). [4]
(ii) Hence find the first three terms of the Maclaurin series for f(x). [2]
i
4  Express —————— in partial fractions. 6
P @+ P L6l
> cos 6
5 TItisgi that I = —dob.
is given tha J' T+ cos ®
1 2
(i) By using the substitution ¢ = tan %9, show that I = J (1 a2 1) dr. [5]
+
0
(ii) Hence find 7 in terms of 7. [2]
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6 Given that

1 2
1 1
—dx + ———dx=1ngq,
J:) V16 + 9x° J:) V9 + 4x?
find the exact value of a. [6]
7 (i) Sketch the graph of y = cothx, and give the equations of any asymptotes. [3]

(i) It is given that f(x) = xtanhx — 2. Use the Newton-Raphson method, with a first approximation
x, = 2, to find the next three approximations x,, x; and x, to a root of f(x) = 0. Give the answers
correct to 4 decimal places. [4]

(iii) If f(x) = 0, show that cothx = 1x. Hence write down the roots of f(x) = 0, correct to 4 decimal

2
places. [3]
8 (i) Using the definitions of sinh x and cosh x in terms of ¢* and ™, show that
2
+1
(@) cosh(lna) = a , where a > 0, [3]
(b) coshxcoshy —sinhxsinhy = cosh(x —y). [31]
(ii) Use part (i)(b) to show that cosh’x — sinh’x = 1. [1]

(iii) Given that R > 0 and a > 1, find R and a such that
13 coshx — 5sinhx = Rcosh(x — Ina). [5]

(iv) Hence write down the coordinates of the minimum point on the curve with equation
y =13 coshx — 5sinh x. [2]

9 (i) Itis given that, for non-negative integers n,
1

375
I = J sin" 0.d6.
0

Show that, for n > 2,

nl =(@n-1I_,. [4]

(ii) The equation of a curve, in polar coordinates, is

r=sin0, for0<O<m.

(a) Find the equations of the tangents at the pole and sketch the curve. [4]

(b) Find the exact area of the region enclosed by the curve. [6]
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1  Itis given that f(x) = x*> — sinx.

(i) The iteration x,,, = 4/sinx,, with x;, = 0.875, is to be used to find a real root, a, of the equation
f(x) = 0. Find x,, x; and x,, giving the answers correct to 6 decimal places. [2]

(ii) The error ¢, is defined by e, = o — x,. Given that a = 0.876 726, correct to 6 decimal places,
find e, and e,. Given that g(x) = Vsinx, use e, and e, to estimate g'(o). [3]

2 Itis given that f(x) = tan"'(1 + x).

(i) Find £(0) and f'(0), and show that f”(0) = —1. [4]
(ii) Hence find the Maclaurin series for f(x) up to and including the term in x>. [2]
3
y

(xl’ f(xl))

» X

y = 1f(x)

A curve with no stationary points has equation y = f(x). The equation f(x) = O has one real root ¢, and
the Newton-Raphson method is to be used to find o.. The tangent to the curve at the point (xl, f(x, ))
meets the x-axis where x = x, (see diagram).

f(x,)

. 3
Fx,) [3]

(i) Show that x, = x, —

(ii) Describe briefly, with the help of a sketch, how the Newton-Raphson method, using an initial
approximation x = x,, gives a sequence of approximations approaching o. 2]

(iii) Use the Newton-Raphson method, with a first approximation of 1, to find a second approximation
to the root of x*> — 2sinhx + 2 = 0. [2]

4  The equation of a curve, in polar coordinates, is
r=e?% for0<6O<m.
(i) Sketch the curve, stating the polar coordinates of the point at which r takes its greatest value.
[2]

(i) The pole is O and points P and Q, with polar coordinates (r,, 6,) and (r,, 6,) respectively, lie
on the curve. Given that 6, > 6,, show that the area of the region enclosed by the curve and the
lines OP and OQ can be expressed as k(r12 - r%), where k is a constant to be found. [5]

© OCR 2010 4726 Jan10



3

Jan 2010
5 (i) Using the definitions of sinhx and cosh x in terms of ¢* and e™, show that
cosh’x — sinh?x = 1.
Deduce that 1 — tanh®x = sech®x. [4]
(ii) Solve the equation 2 tanh®>x — sechx = 1, giving your answer(s) in logarithmic form. [4]

4
(1-x)(1+x)(1 +x2)

6 (i) Express in partial fractions. [5]

L
V3

4
(ii) Show that 7] dx = 1n<
0 1-x

\/§+1)+%7r. [4]

V3 -1

0

The diagram shows the curve with equation y = v/x, together with a set of n rectangles of unit width.

(i) By considering the areas of these rectangles, explain why

W+€/§+€/§+...+%>Jn%dx. [2]
0

(i) By drawing another set of rectangles and considering their areas, show that

n+l1

GH+€/§+€/§+...+%<J Vx dx. 3]

1

100
(iii) Hence find an approximation to z V/n, giving your answer correct to 2 significant figures. [3]

n=1

[Questions 8 and 9 are printed overleaf.]
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8 The equation of a curve is
_ kx
y - (x _ 1)2 >
where k is a positive constant.
(i) Write down the equations of the asymptotes of the curve. [2]
(i) Show thaty > —1ik. [4]
(iii) Show that the x-coordinate of the stationary point of the curve is independent of k, and sketch
the curve. [4]
. . -1 1 1+x
9 (i) Given thaty =tanh™ x, for -1 <x < 1, prove thaty = 5 ln( 1 ) [3]

(ii) Itis given that f(x) = acoshx — b sinh x, where a and b are positive constants.
(a) Given that b > a, show that the curve with equation y = f(x) has no stationary points. [3]

(b) In the case where a > 1 and b = 1, show that f(x) has a minimum value of y/a? — 1. [6]
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1  Itis given that f(x) = tan™' 2x and g(x) = p tan™! x, where p is a constant. Find the value of p for which
t'(z) =2(3) [4]

2 Given that the first three terms of the Maclaurin series for (1 + sin x)e** are identical to the first three
terms of the binomial series for (1 + ax)”, find the values of the constants a and n. (You may use
appropriate results given in the List of Formulae (MF1).) [6]

3 Use the substitution ¢ = tan %x to show that

in
’ 1
J‘ —  dx=1++3. [6]
1 —sinx
0
4
y
A
I
I
I
I
I
I
I
I
I
I
I
I
| .
T 0 3 > X
__________________________ 4l
)
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
The diagram shows the curve with equation
_ax+ b
C x+c’

where a, b and ¢ are constants.

(i) Given that the asymptotes of the curve are x = —1 and y = -2 and that the curve passes through
(3, 0), find the values of a, b and c. [31

(ii) Sketch the curve with equation
, _ax+b

x+c’

for the values of @, b and ¢ found in part (i). State the coordinates of any points where the curve
crosses the axes, and give the equations of any asymptotes. [4]
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5 It is given that, for n > 0,

(i) Prove that, forn > 1,

I, =2nl_, —1. [4]
(ii) Find the exact value of 7. [4]
. d .
6 (i) Show that — (sinh™' x) = [2]
dx x +1

(ii) Given that y = cosh(asinh™ x), where a is a constant, show that

&2y d
(x2+1)a)2) +xay—a2y:0. [5]

»
'

y=x

y=2In(3x-2)

*<xNp-—-——=

o/i

The line y = x and the curve y = 21n(3x — 2) meet where x = o and x = 3, as shown in the diagram.

(i) Use the iteration x,,, = 2In(3x, — 2), with initial value x, = 5.25, to find the value of 8 correct
to 2 decimal places. Show all your working. 2]

(ii) With the help of a ‘staircase’ diagram, explain why this iteration will not converge to o, whatever
value of x, (other than ) is used. [3]

(iii) Show that the equation x = 21n(3x — 2) can be rewritten as x = %(e%x +2). Use the Newton-

Raphson method, with f(x) = %(e%x +2) —xand x, = 1.2, to find o correct to 2 decimal places.
Show all your working. [4]

(iv) Given that x, = In 36, explain why the Newton-Raphson method would not converge to a root of
f(x) =0. [2]

[Questions 8 and 9 are printed overleaf.]
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8 (i) Using the definition of coshx in terms of e* and e™, show that

4 cosh®x — 3 cosh x = cosh 3x. 4]

1 .
(ii) Use the substitution u# = cosh x to find, in terms of 5°, the real root of the equation

200 —15u—-13=0. [6]

»
>

>

0 4

=

The diagram shows the curve with equation y = vV2x + 1 between the points A (-1, 0) and B (4, 3).

(i) Find the area of the region bounded by the curve, the x-axis and the line x = 4. Hence find the
area of the region bounded by the curve and the lines OA and OB, where O is the origin. (4]

(ii) Show that the curve between B and A can be expressed in polar coordinates as

1 _
r= T where tan™'(3) < 0 < 7. [5]
T
(iii) Deduce from parts (i) and (ii) that J cosec4(%9) de =24. (4]
tan’l(%)
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1 Use the substitution ¢ = tan %x to find J dx. [5]

1 +sinx+cosx

2 Itis given that f(x) = tanh™' x.

) " 2(1+3x%)
(i) Show that f"(x) = ————~. [S]
(1-x7)
(ii) Hence find the Maclaurin series for f(x), up to and including the term in x. [31

Sax

ﬁ,forxe[Randa>O.
X +a

3  The function f is defined by f(x) =

(i) For the curve with equation y = f(x),
(a) write down the equation of the asymptote, [1]

(b) find the range of values that y can take. [4]

(ii) For the curve with equation y* = f(x), write down

(a) the equation of the line of symmetry, [1]
(b) the maximum and minimum values of y, [2]
(c) the set of values of x for which the curve is defined. [1]
4 (i) Use the definitions of hyperbolic functions in terms of exponentials to prove that
8 sinh*x = cosh 4x — 4 cosh 2x + 3. [4]

(ii) Solve the equation
cosh4x—-3cosh2x+1=0,

giving your answer(s) in logarithmic form. [5]

5 The equation
X -5x+3=0 (A)
may be solved by the Newton-Raphson method. Successive approximations to a root are denoted by
Xps Xgs ey Xy oen

(i) Show that the Newton-Raphson formula can be written in the form x, ., = F(x, ), where

_2x3—3

Flx) = 22 =5
W =373

[3]
(ii) Find F'(x) and hence verify that F'(a) = 0, where « is any one of the roots of equation (A). [3]

(iii) Use the Newton-Raphson method to find the root of equation (A) which is close to 2. Write
down sufficient approximations to find the root correct to 4 decimal places. [3]
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6

8

» X
o 0.5 0.7 0.9 1
The diagram shows the curve y = f(x), defined by
f <1,
Fx) = {x" or0<x
1 forx = 0.
(i) By first taking logarithms, show that the curve has a stationary point at x = e™". [3]

The area under the curve from x = 0.5 to x = 1 is denoted by A.

(ii) By considering the set of three rectangles shown in the diagram, show that a lower bound for A
is 0.388. [2]

(iii) By considering another set of three rectangles, find an upper bound for A, giving 3 decimal
places in your answer. [2]

The area under the curve from x = 0 to x = 0.5 is denoted by B.

(iv) Draw a diagram to show rectangles which could be used to find lower and upper bounds for B,
using not more than three rectangles for each bound. (You are not required to find the bounds.)

[3]

A curve has polar equation r = 1 + cos 30, for -t < 0 < 7.
(i) Show that the line 6 = 0 is a line of symmetry. [2]
(ii) Find the equations of the tangents at the pole. [3]

(iii) Find the exact value of the area of the region enclosed by the curve between 6 = —%n and 0 = %n’.

[5]
(i) Without using a calculator, show that sinh(cosh_1 2) = V3. [2]
(ii) It is given that, for non-negative integers n,
I, = JB cosh”xdx, where B =cosh™!2.
0
Show that nl, =2"'V/3 + (n—1)I _,, forn>2. [6]
(iii) Evaluate I, giving your answer in the form k+v/3. [4]
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2
1  Express x—+23 in partial fractions. [S]
(x+3)(x*+9)
2 — —
2 A curve has equation y = X —6x=5
x-2
(i) Find the equations of the asymptotes. [3]
(i) Show that y can take all real values. [4]

Itis given that F(x) = 2 + Inx. The iteration x,,, = F(x,) is to be used to find a root, «, of the equation
x=2+Inx.

(i) Taking x, = 3.1, find x, and x;, giving your answers correct to 5 decimal places. 2]
(ii) The error e, is defined by e, = a — x,. Given that o = 3.146 19, correct to 5 decimal places, use
the values of e, and e, to make an estimate of F'(c) correct to 3 decimal places. State the true
value of F'(a) correct to 4 decimal places. [3]

(iii) Illustrate the iteration by drawing a sketch of y = x and y = F(x), showing how the values of x,
approach o. State whether the convergence is of the ‘staircase’ or ‘cobweb’ type. [3]

A curve C has the cartesian equation x> + y* = axy, where x > 0, y >0 and a > 0.

(i) Express the polar equation of C in the form r = f(0) and state the limits between which 0 lies.

[3]

The line 8 = ¢ is a line of symmetry of C.
(ii) Find and simplify an expression for f (%n’ - 9) and hence explain why o = %n’. [3]
(iii) Find the value of r when 6 = 7. [1]
(iv) Sketch the curve C. [2]
(i) Prove that, if y = sin! x, then j—z = . l_xz' [3]
(ii) Find the Maclaurin series for sin™! x, up to and including the term in x°. [5]

(iii) Use the result of part (ii) and the Maclaurin series for In(1 + x) to find the Maclaurin series for

sin”! x) In(1 + x), up to and including the term in x*. [4]
p g

1 3
It is given that I, = J x"(1 —x)2dx, forn = 0.
0

2n

—2n+51n_1,f0rn>1. [6]

(i) Show that/ =

(ii) Hence find the exact value of I,. [4]
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7 (i) Sketch the graph of y = tanhx and state the value of the gradient when x = 0. On the same axes,
sketch the graph of y = tanh™! x. Label each curve and give the equations of the asymptotes. [4]

k

(ii) Find J tanh x dx, where k > 0. [2]
0

tanh k

(iii) Deduce, or show otherwise, that J tanh™! x dx = ktanh k — In(cosh k). [4]
0

8 (i) Use the substitution x = cosh’u to find J \/ﬁ dx, giving your answer in the form

f(x) + ln(g(x)). [7]
Yy
A

' : > X
o) 1 2 3 4
(i) Hence calculate the exact area of the region between the curve y = L], the x-axis and the
x —
lines x = 1 and x = 4 (see diagram). [1]

(iii) What can you say about the volume of the solid of revolution obtained when the region defined
in part (ii) is rotated completely about the x-axis? Justify your answer. [3]
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1

Given that f(x) = In(cos3x), find f(0) and f"(0). Hence show that the first term in the Maclaurin series for
f(x) is ax®, where the value of a is to be found. [4]

By first completing the square in the denominator, find the exact value of

2
—
L X —4x+5

2

[5]

3
Express XX+ 12 in partial fractions. [7]

(2x - 1) (x2 + 4)

[N

N

>
=1

1

1

. .

O 12 3 4
n n mo

The diagram shows the curve y = e * for 0<x<1. Asetof (n-1) rectangles is drawn under the curve as

shown.
1

1
(i) Explain why a lower bound for J e ¥ dx can be expressed as
0
1

n -nhn _n
n e +te2+e 3+ ... +e 1.

[2]
1

(ii) Using a set of n rectangles, write down a similar expression for an upper bound for J e‘% dx. [2]

0
(iii) Evaluate these bounds in the case n =4, giving your answers correct to 3 significant figures. [2]

(iv) When n> N, the difference between the upper and lower bounds is less than 0.001. By expressing
this difference in terms of n, find the least possible value of N. [3]
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5 Itis given that f(x) = x° — k, where k >0, and that o is the real root of the equation f(x) = 0. Successive
approximations to «, using the Newton-Raphson method, are denoted by Xps Xo vony Xy ee
) 2x§ +k
(i) Show that x,,, =—_; [2]
X

n

(if) Sketch the graph of y = f(x), giving the coordinates of the intercepts with the axes. Show on your
sketch how it is possible for [a —x, | to be greater than o —x, | . [3]

It is now given that k =100 and x, =5.

(iii) Write down the exact value of a and find x, and x, correct to 5 decimal places. [3]
3
e
(iv) Theerrore_isdefined by e =a—x . By finding e, e, and e,, verify that e, = 2, [3]
€]
6 (i) Prove that the derivative of cos'x is — Lo [3]
V1-x°
A curve has equation y = cos™ (1 — x%), for 0 <x <+2.
(ii) Find and simplify % and hence show that
2
FE
dx dx
[5]
7 (i) Giventhat y=sinh 'x, prove that y = In (x + VX2 + 1) . [3]

(i) Itis given that x satisfies the equation sinh™x — cosh™x = In 2. Use the logarithmic forms for sinh~x
and cosh™x to show that

We+1-2V2-1=x.

Hence, by squaring this equation, find the exact value of x. [5]

[Questions 8 and 9 are printed overleaf.]
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8 C,

o) > (=0

The diagram shows two curves, C, and C,, which intersect at the pole O and at the point P. The polar
equationof C is r= V2cos 6 and the polar equation of C,isr= \/25sin26 . For both curves, 0<0< %7[.
The value of 6 at P is a.

(i) Show that tana =13 . [2]
(i) Show that the area of the region common to C, and C,, shaded in the diagram, is %n— %a . [7]
n’-1
9 (i) Show that tanh(Inn) = —=—. [2]
n“+1
In2
It is given that, for non-negative integers n, | = J tanh"udu .
0
1 3 n-1
(i) Show that 1 — In—Z:_m(S) , for n>2. [3]
(iii) Find the value of 1,, giving your answer in the form a + In b, where a and b are constants. [4]

(iv) Use the method of differences on the result of part (ii) to find the sum of the infinite series

%(3)2%@)2%(;)2“.. ,
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1 Express sech2x in terms of exponentials and hence, by using the substitution u = e? find _[sech 2xdx.  [5]

2 Acurve has polar equation r = cos 8 sin26, for 0 << %7[. Find

(i) the equations of the tangents at the pole, [2]

(if) the maximum value of r, [4]

(iii) a cartesian equation of the curve, in a form not involving fractions. [3]

3 (i) By quoting results given in the List of Formulae (MF1), prove that tanh 2x = ﬁttaTr::;)( : [2]
(if) Solve the equation 5tanh2x = 1 + 6tanhx, giving your answers in logarithmic form. [6]

4 Itis given that the equation x* —2x —1=0 has only one positive root, a, and 1.3 <a < 1.5.

(i)

»

@)

The diagram shows a sketch of y=xand y = Y2x+1 for x > 0. Use the iteration Xy = N 2x. +1 with
x, = 1.35 to find x, and x,, correct to 4 decimal places. On the copy of the diagram show how the
iteration converges to a. [3]

(ii) For the same equation, the iterationx = %(xﬁ - 1) with x, = 1.35 gives x, = 1.1608 and x, = 0.4077,

correct to 4 decimal places. Draw a sketch of y = x and y = %(x4 - 1> for x > 0, and show how this

iteration does not converge to a. [2]
(iii) Find the positive root of the equation X! —2x-1=0 by using the Newton-Raphson method with
X, = 1.35, giving the root correct to 4 decimal places. [4]
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5 Afunction is defined by f(x) = sinh * x + sinh’1<%>, for x £0.
(i) When x>0, show that the value of f(x) for which f'(x) = 0 is 2In (1 + 2 . [5]
(i)
y
A
o =X

The diagram shows the graph of y = f(x) for x > 0. Sketch the graph of y = f(x) for x < 0 and state the
range of values that f(x) can take for x # 0. [3]

6 Itis given that, for non-negative integers n,
I :j x"sinx dx.
n o
(i) Provethat, forn>2,1 =z"—n(n—-1)I . [5]

(i) Find I in terms of . [4]
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»

N

@)

The diagram shows the curve y = % for x > 0 and a set of (n — 1) rectangles of unit width below the curve.

These rectangles can be used to obtain an inequality of the form

n
1 1 1 1 1
5+a+1+a+2+“'+5<£§dx'

Another set of rectangles can be used similarly to obtain

nld <1+ L + L + ...+
1xX c c+l1 c+2 ™~

ol

(i) Write down the values of the constants a and ¢, and express b and d in terms of n. [3]

The function f is defined by f(n) =1 + % + % +..+ % —Inn, for positive integers n.
(if) Use your answers to part (i) to obtain upper and lower bounds for f(n). [4]

(iii) By using the first 2 terms of the Maclaurin series for In (1 + x) show that, for large n,

n-1

f(n+1)—f(n):—m.

[5]
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8  Thecurve C, hasequationy = % where p(x) and g(x) are polynomials of degree 2 and 1 respectively. The
asymptotes of the curve are x=-2and y = %x + 1, and the curve passes through the point (—1, %)

(1) Express the equation of C_ in the formy = % [4]
(ii) For the curve C, find the range of values that y can take. [4]

Another curve, C,, has equation y2 = % where p(x) and g(x) are the polynomials found in part (i).
(iii) It is given that C, intersects the line y = %x + 1 exactly once. Find the coordinates of the point of
intersection. [4]

© OCR 2012 4726 Junl2



Jan 2013

1  Express in partial fractions.

. 5x
(x— D>+ 4)

x2—-3
x—1°

2 The equation of a curve is y =
(i) Find the equations of the asymptotes of the curve.
(ii) Write down the coordinates of the points where the curve cuts the axes.
(iii) Show that the curve has no stationary points.

(iv) Sketch the curve and the asymptotes.

3 By first expressing coshx and sinhx in terms of exponentials, solve the equation
3coshx — 4sinhx = 7,

giving your answer in an exact logarithmic form.

1

4  Youare given that / = J x"e*dx for n>0.
0

(i) Show that / = %ez — %n[ﬂf1 forn = 1.

(ii) Find /; in terms of e.

5  Youare given that f(x) = ¢ *sinx.
(i) Find £(0) and £'(0).
(i) Show that "' (x) = —2f"(x) — 2 f(x) and hence, or otherwise, find f"'(0).
(iii) Find a similar expression for f'”’(x) and hence, or otherwise, find "’ (0).

(iv) Find the Maclaurin series for f(x) up to and including the term in X

© OCR 2013 4726/01 Jan13
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. 1 .. . . .
6 By first completing the square, find [ ————dx, giving your answer in an exact logarithmic form.
o Vx2+4x+8 [6]

7 A curve has polar equation » = 5sin26 for 0 < 6 < %71’ .

(i) Sketch the curve, indicating the line of symmetry and stating the polar coordinates of the point P on the

curve which is furthest away from the pole. 4]
(ii) Calculate the area enclosed by the curve. 3]
(iii) Find the cartesian equation of the tangent to the curve at P. [3]
(iv) Show that a cartesian equation of the curve is (x2 + y2)3 = (IOxy)z. [3]

8  Itis required to solve the equation In(x — 1) —x+ 3 = 0.
You are given that there are two roots, @ and 3, where 1.1 < o < 1.2 and 4.1 < < 4.2.
(i) The root B can be found using the iterative formula
X, =In(x,— 1)+ 3.

(a) Using this iterative formula with x, = 4.15, find 8 correct to 3 decimal places. Show all your
working. 2]

(b) Explain with the aid of a sketch why this iterative formula will not converge to o whatever initial
value is taken. [3]

(ii) (a) Show that the Newton-Raphson iterative formula for this equation can be written in the form
_ 3—2x,— (x,— DIn(x,— 1)
n+1 2 — X, : [5]

X

(b) Use this formula with x, = 1.2 to find o correct to 3 decimal places. [3]
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1
. o 1 ]
1 By using the substitution ¢ = tan5 6, find L T Fcoso de.
2 (i) Using the definitions for coshx and sinhx in terms of €' and €™, show that cosh?x — sinh’x = 1.

(i) Hence solve the equation sinh®x = 5 coshx — 7, giving your answers in logarithmic form.

L _ -1{1—x .
3 Itis given that f(x) = tanh (—3 n x) for x > —1.

1

i) Show that f"(x) = ——.
(@) Show ) 2(x + 1)?

(ii) Hence find the Maclaurin series for f(x) up to and including the term in X

i

4 Itisgiventhat / = Jz cos"x dx for n > 0.
0

() Showthat I ==L/  forn>2.
n n n

(ii) Hence find 7 as an exact fraction.

[5]

[3]
[5]

[6]

[4]

[5]
3]
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5 You are given that the equation x> + 4x* +x — 1 = 0 has a root, &, where —1 < o < 0.
(i) Show that the Newton-Raphson iterative formula for this equation can be written in the form

2x +4x 7 + 1

x =t 3
" 3x P48y + 1 B3]

(i) Using the initial value x, =—0.7, find x, and x, and find « correct to 5 decimal places. 13]

(iii) The diagram shows a sketch of the curve y = x* + 4x> +x — 1 for —1.5<x< L.

y

A

7

Using the copy of the diagram in your answer book, explain why the initial value x, = 0 will fail to

find a. 2]

[Questions 6, 7 and 8 are printed overleaf.]
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6

»
>

The diagram shows part of the curve y = ln(ln(x)). The region between the curve and the x-axis for
3 < x < 6 is shaded.

(i) By considering n rectangles of equal width, show that a lower bound, L, for the area of the shaded
n—1
onis 25 )
region is - O 1n<ln<3 +- ) 13]

(ii) By considering another set of n rectangles of equal width, find a similar expression for an upper bound,

U, for the area of the shaded region. 1]

(iii) Find the least value of n for which U — L < 0.001. [4]
7  The equation of a curveis y = xz—+1
q YT aF D=

(i) Write down the equations of the asymptotes. [3]

(i) Find the coordinates of the stationary points on the curve. [5]

(iii) Find the coordinates of the point where the curve meets one of its asymptotes. 3]

(iv) Sketch the curve. [3]

8  The equation of a curve is x> + y> —x = {x* + y°.
(i) Find the polar equation of this curve in the form r = f(6). [3]
(ii) Sketch the curve. 2]

(iii) The line x + 2y = 2 divides the region enclosed by the curve into two parts. Find the ratio of the two
areas. [6]
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2

1 Find {

1
0 V4+X2

dx, giving your answer exactly in logarithmic form. 13]

2 It is given that f(x) = ln(l +x2).

(i) Using the standard Maclaurin expansion for In(1+x), write down the first four terms in the expansion
of f(x), stating the set of values of x for which the expansion is valid. [3]

(ii) Hence find the exact value of
11V /1) 1(1\°

3 The diagram shows the curve y = % for 1 <x < n where 7 is an integer. A set of (n— 1) rectangles of unit
X

width is drawn under the curve.

y
A
H > X
o 1 2 3 n-1 n
(i) Write down the sum of the areas of the rectangles. 2]
(o]
(ii) Hence show that z% < % [S]
r=1
4  Thecurves y = cos 'x and y = tan~' (v2x) intersect at a point A.
(i) Verify that the coordinates of A4 are <%, %ﬂ) 2]
(ii) Determine whether the tangents to the curves at 4 are perpendicular. 4]
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x*—8
5  Acurve has equation y = =3
(i) Find the equations of the asymptotes of the curve. [3]
(ii) Prove that there are no points on the curve for which 4 <y < 8. (4]
(iii) Sketch the curve. Indicate the asymptotes in your sketch. 2]
6 (i) Given that y = cosh™'x, show that y = In(x+vVx>—1). [4]
(i) Show that L (cosh™'x) = ——— . 2]
dx x*—1
(iii) Solve the equation coshx = 3, giving your answers in logarithmic form. [3]
iz
7 ltis given that, for non-negative integers n, I, = Jz sin"xdx.
0
() Show that 1, =""L7 _ forn>2. 3]
(i) Explainwhy 7,  , <I, .. [2]
(iii) Itis giventhat 7, <[, <I, .Taken =35 to find an interval within which the value of 7 lies. [6]
8 A curve has polar equation » = a(1 + cos 8), where a is a positive constant and 0 < 6 < 27.
(i) Find the equation of the tangent at the pole. 2]
(ii) Sketch the curve. 2]
(iii) Find the area enclosed by the curve. [6]
9  The equation 10x—8Inx =28 has a root a in the interval [3, 4]. The iteration x , = g(x,), where

g(x) =2.840.81Inx and x, = 3.8, is to be used to find .

(i) Find the value of a correct to 5 decimal places. You should show the result of each step of the iteration

to 6 decimal places. [4]
(ii) Illustrate this iteration by means of a sketch. [2]
(iii) The difference, &, , between successive approximations is given by 6 =x _, —x, . Find §,. 2]

(iv) Given that § ., = g'((x)c‘in, for all positive integers n, estimate the smallest value of n such that
5,<107°68,. [4]

END OF QUESTION PAPER
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