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June 2005 2

1 Thefunctionf isdefined for all real values of x by

f(x) = 10— (x+ 3)%.

(i) Statetherange of f. [1]
(if) Find the value of ff(-1). [3]
2 Find the exact solutions of the equation |6x — 1| = |[x—1]. [4]

3  Themass, mgrams, of asubstance at timet yearsis given by the formula

m = 180e 201"t

(i) Find the value of t for which the massis 25 grams. [3]
(i) Find therate at which the massis decreasing whent = 55. [3]
4 (3
y
A
R
> X
0 1 5

The diagram shows the curve y = 3 The region R, shaded in the diagram, is bounded by the

VX
curveand by thelinesx=1, x=5andy = 0. Theregion Risrotated completely about the x-axis.
Find the exact volume of the solid formed. [4]

(b) Use Simpson’srule, with 4 strips, to find an approximate value for

5
J V& + 1) dx,
1
giving your answer correct to 3 decimal places. [4]
5 (i) Express3sin6 + 2cos6 intheform Rsin(6 + o), where R> 0 and 0° < o < 90°. [3]

(ii) Hence solve the equation 3sin6 + 2cos6 = % giving all solutions for which 0° < 6 < 360°. [5]
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(@) Find the exact value of the x-coordinate of the stationary point of the curvey = xInx. [4]

. . 4X+C . , o
(b) The equation of acurveisy = ﬁ where c is a non-zero constant. Show by differentiation

that this curve has no stationary points. [3]
(i) Write down the formulafor cos2x in terms of cosx. [1]
. . .. 4cos2x 2
Pr h ——— _=4-2 X.
(if) Provetheidentity — - sec [3]
4 cos2x
Ive, X < 2r, th ion —— = X-T7.
(iii) Solve, for 0 < x < 2m, the equation 17 cos2x 3tan [5]
y
A 'gx
y=e€

L — y=(Gx+8)

\ 4
=

@)

1
The diagram shows part of each of the curvesy = e and y = V(3x + 8). The curves meet, as shown
in the diagram, at the point P. The region R, shaded in the diagram, is bounded by the two curves and
by the y-axis.
(i) Show by calculation that the x-coordinate of P lies between 5.2 and 5.3. [3]
(i) Show that the x-coordinate of P satisfies the equation x = 2In(3x + 8). [2]

(iii) Use an iterative formula, based on the equation in part (ii), to find the x-coordinate of P correct
to 2 decimal places. [3]

(iv) Useintegration, and your answer to part (iii), to find an approximate value of the area of the
region R. [5]

[Question 9is printed overleaf.]
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. . : 7 . -
The function f is defined by f(X) = /(mXx + 7) — 4, where x > - and mis a positive constant. The
diagram showsthe curvey = f(X).

(i) A sequence of transformations mapsthe curvey = v/x to the curvey = f (x). Give details of these
transformations. [4]

(i) Explain how you can tell that f is a one-one function and find an expression for f ‘1(x). [4]

(iii) Itisgiventhat thecurvesy =f(X) and y = f‘l(x) do not meet. Explain how it can be deduced
that neither curve meets the line y = x, and hence determine the set of possible values of m. [5]
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Show that J‘ 3 dx = In64. [4]
, X
Solve, for 0° < 6 < 360°, the equation sec?6 = 4tan 6 — 2. [5]
(a) Differentiate x?(x + 1)® with respect to x. [3]
X% +3 .
(b) Find the gradient of the curvey = 2 3 at the point where x = 1. [3]

The function f is defined by f(x) = 2 - /X for x > 0. The graph of y = f(X) is shown above.

(i) Statetherange of f. (1]
(i) Find the value of ff(4). [2]
(iif) Given that the equation |f(X)| = k has two distinct roots, determine the possible values of the

constant k. [2]
Y
A
y=(-2x)
5 > x
—Ty= e2‘c—l -1

The diagram shows the curvesy = (1 - 2x)°> and y = e — 1. The curves meet at the point (3, 0).

Find the exact area of the region (shaded in the diagram) bounded by the y-axis and by part of each
curve. [8]
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t

0

10

20

X

275

440

The quantity X isincreasing exponentially with respect to time t. The table above shows values

of X for different values of t. Find the value of X when t = 20.

(b) The quantity Y isdecreasing exponentially with respect to time t where

Y = 80e70%%,

(3]

(i) Find the value of t for which'Y = 20, giving your answer correct to 2 significant figures.

(3]

(ii) Find by differentiation the rate at which Y is decreasing when t = 30, giving your answer

correct to 2 significant figures.

The diagram shows the curve with equation y = cos™ x.

(3]

(i) Sketch the curve with equation y = 3cos }(x — 1), showing the coordinates of the points where

the curve meets the axes.

(3]

(i) By drawing an appropriate straight line on your sketch in part (i), show that the equation
3cos1(x— 1) = x has exactly one root.

[1]

(iii) Show by calculation that the root of the equation 3cos 1 (x — 1) = x liesbetween 1.8 and 1.9. [2]

(iv) The sequence defined by

x1:2,

n+

X ., =1+ cos(%xn)

converges to a number . Find the value of a correct to 2 decimal places and explain why o is

the root of the equation 3cos ™t (x —

[Questions 8 and 9 are printed overleaf.]

1) =x
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0 \ o

The diagram shows part of the curve y = In(5 — x?) which meets the x-axis at the point P with
coordinates (2, 0). The tangent to the curve at P meets the y-axis at the point Q. The region A is
bounded by the curve and the linesx = 0 and y = 0. The region B is bounded by the curve and the
linessPQand x=0.

(i) Find the equation of the tangent to the curve at P. [5]
(i) Use Simpson’s Rule with four strips to find an approximation to the area of the region A, giving
your answer correct to 3 significant figures. [4]

(iii) Deduce an approximation to the area of the region B. [2]

(i) By first writing sin36 as sin(26 + 6), show that

sin36 = 3sin6 — 4sin6. [4]

(i) Determine the greatest possible value of
: (10 . 310
9sin(Fa) - 12sn*(Fa),
and find the smallest positive value of o (in degrees) for which that greatest value occurs.  [3]

(iii) Solve, for 0° < B < 90°, the equation 3sin6f3 cosec 23 = 4. [6]
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Find the equation of the tangent to the curvey = v4x + 1 at the point (2, 3).
Solve the inequality |2x — 3| < |x + 1|.

The equation 2% + 4x — 35 = 0 has one real root.
(i) Show by calculation that thisreal root lies between 2 and 3.

(i) Usetheiterative formula

3
X1 =4/17.5- 2xn ,

[5]

[5]

(3]

with a suitable starting value, to find the real root of the equation 22 + 4x — 35 = 0 correct to

2 decimal places. You should show the result of each iteration.

It is given that y = 5571

. Iny
(i) Show that x=1+ T

(i) Find an expression for d_x intermsof y.

dy

(iii) Hence find the exact value of the gradient of the curvey = 551 at the point (3, 25).

(i) Write down the identity expressing sin260 in terms of sin 6 and cos6.
(i) Giventhat sina = and o is acute, show that sin2a = £v15.

(iii) Solve, for 0° < B < 90°, the equation 5sin2f secf = 3.

4723/S06
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The diagram shows the graph of y = f(x), where
f(x)=2-x%,  x<0.

(i) Evauateff(-3). [3]
(ii) Find an expression for f ~1(x). [3]

(iii) Sketch the graph of y = f 1(x). Indicate the coordinates of the points where the graph meets the
axes. [3]

2
(@) Find the exact value of % dx. [4]
1 (4x-1)

(b)

»
>

0

The diagram shows part of the curvey = )—:t The point P has coordinates (a, %) and the point Q

has coordinates (Za, %a ) , Where a is a positive constant. The point Ris such that PR is parallel

to the x-axis and QR is parallel to the y-axis. The region shaded in the diagram is bounded by
the curve and by the lines PR and QR. Show that the area of this shaded region is In(%e). [6]
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(i) Express5cosx+ 12sinxintheform Rcos(x — o), where R> 0 and 0° < o < 90°. [3]

(i) Hence give details of a pair of transformations which transforms the curve y = cosx to the curve
y =5cosx+ 12sinx. [3]

(iii) Solve, for 0° < x < 360°, the equation 5cosx + 12sinX = 2, giving your answers correct to the
nearest 0.1°. [5]

»
'

y=2In(x — 1)

0 / > X
The diagram shows the curve with equation y = 2In(x - 1). The point P has coordinates (0, p). The

region R, shaded in the diagram, is bounded by the curve and thelinesx=0,y=0andy = p. The
units on the axes are centimetres. The region Risrotated completely about the y-axisto form a solid.

(i) Show that the volume, V cm®, of the solid is given by

V:n(ep+4e%p+p—5). [8]

(i) Itisgiven that the point P is moving in the positive direction along the y-axis at a constant rate
of 0.2cmmint. Find the rate at which the volume of the solid isincreasing at the instant when
p = 4, giving your answer correct to 2 significant figures. [5]
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1 Find the equation of the tangent to the curvey = % at the point (l, g) giving your answer in the
form ax + by + ¢ = 0, where a, b and c are integers. [5]

2 ltisgiventhat 6 isthe acute angle such that sSin6 = % Find the exact value of

(i) coto, [2]
(ii) cos2e. [3]
3 (a) Itisgiventhat a and b are positive constants. By sketching graphs of

(b)

y=x> and y=a-bx
on the same diagram, show that the equation
x> +bx—a=0
has exactly one real root. [3]

Use the iterative formula x_ , = /53 — 2X » With a suitable starting value, to find the real root

of the equation X° + 2x — 53 = 0. Show the result of each iteration, and give the root correct to
3 decimal places. [4]

1 1
4 () Giventhatx= (4t+9)2 andy = 6", find expressions for ox and d_y [4]

dt dx

dy

(ii) Hence find the value of — whent = 4, giving your answer correct to 3 significant figures. [3]

dt

5 (i) Express4cos6 —sin@ intheform Rcos(6 + o), where R> 0and 0° < o < 90°. [3]

(ii) Hence solve the equation 4cos6 —sin 6 = 2, giving all solutions for which —-180° < 6 < 180°.

© OCR 2007
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Yy
A
5 5 > X
1
The diagram shows the curve with equation y = . The shaded region is bounded by the curve
ag €q y N, €g Yy
and thelinesx=0,x=2andy=0.
(i) Find the exact area of the shaded region. [4]

(i) The shaded region is rotated completely about the x-axis. Find the exact volume of the solid
formed, simplifying your answer. [5]

7 Thecurvey = Inxistransformed to the curvey = In(%x - a) by means of atranslation followed by a
stretch. Itisgiven that a is apositive constant.

(i) Givefull details of the trandation and stretch involved. [2]
(i) Sketch the graph of y = In(3x - a). [2]
(iii) Sketch, on another diagram, the graph of y = {In(%x -a)|. [2]
(iv) State, in terms of a, the set of values of x for which [In(3x - a)| = - In(3x - a). [2]

[Questions 8 and 9 are printed overleaf.]

© OCR 2007 4723/01 Jan07 [Turn over



Jan 2007
8

—<

0

The diagram shows the curve with equation y = x8e™. The curve has maximum points at P and Q.
The shaded region A is bounded by the curve, the liney = 0 and the line through Q parallel to the
y-axis. The shaded region B is bounded by the curve and the line PQ.

(i) Show by differentiation that the x-coordinate of Qis 2. [5]
(i) Use Simpson’s rule with 4 strips to find an approximation to the area of region A. Give your
answer correct to 3 decimal places. [4]

(iii) Deduce an approximation to the area of region B. [2]

9 Functionsf and g are defined by

f(x) =2sinx  for -2m <x<z1m,
g(x) =4-2x> forxeR.
(i) Statetherange of f and the range of g. [2]
(i) Show that gf (0.5) = 2.16, correct to 3 significant figures, and explain why fg(0.5) is not defined.
[4]
(iii) Find the set of values of x for which f ~1g(x) is not defined. [6]
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1 Differentiate each of the following with respect to x.

(i) X*(x+1)° [2]
(i) vV3x*+1 [3]

2 Solve the inequality |[4x — 3| < |2x + 1|. [5]

3  The function f is defined for all non-negative values of x by

f(X) = 3+ VX

(i) Evaluate ff(169). [2]
(ii) Find an expression for f~1(x) in terms of x. [2]
(iii) On a single diagram sketch the graphs of y = f(x) and y = f~%(x), indicating how the two graphs

are related. [3]

4  The integral | is defined by

13 L
| = J (2x +1)3 dx.
0

(i) Use integration to find the exact value of |. [4]

(i) Use Simpson’s rule with two strips to find an approximate value for |. Give your answer correct
to 3 significant figures. [3]

5 A substance is decaying in such a way that its mass, mkg, at a time t years from now is given by the

formula
m = 240e %%,
(i) Find the time taken for the substance to halve its mass. [3]
(i) Find the value of t for which the mass is decreasing at a rate of 2.1 kg per year. [4]
a
6 (i) Given that J (66™ + x) dx = 42, show that a = ZIn(15 — za’). [5]
0

(i) Use an iterative formula, based on the equation in part (i), to find the value of a correct to
3 decimal places. Use a starting value of 1 and show the result of each iteration. [4]

© OCR 2007 4723/01 Jun07
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7 (i) Sketch the graph of y = secx for 0 < x < 2. [2]
(ii) Solve the equation sec x = 3 for 0 < X < 27, giving the roots correct to 3 significant figures. [3]

(iii) Solve the equation sec 6 = 5cosec 0 for 0 < 6 < 2, giving the roots correct to 3 significant

figures. [4]
. . 4Inx-3 dy 24
8 Giventhaty= —, show that = = —— . 3
M) Giv Y= 4inx+3’ dx ~ x(4Inx+3)2 13]
R . 4Inx-3 . )
(i) Find the exact value of the gradient of the curve y = Ahxi3 at the point where it crosses the
X-axis. [4]
(i)
y
A
0] 1 e > X

The diagram shows part of the curve with equation
2

Y=7 —
X2(4Inx+ 3)

The region shaded in the diagram is bounded by the curve and the linesx=1, x=eand y = 0.
Find the exact volume of the solid produced when this shaded region is rotated completely about
the x-axis. [4]

9 (i) Prove the identity
tan’6 — 3

tan(6 + 60°)tan(0 —60°) = ————.
( ) tan( ) 1-3tan?6

[4]

(ii) Solve, for 0° < 6 < 180°, the equation
tan(6 + 60°) tan(0 — 60°) = 4sec? 6 — 3,
giving your answers correct to the nearest 0.1°. [5]
(iii) Show that, for all values of the constant k, the equation
tan(6 + 60°) tan(0 — 60°) = K

has two roots in the interval 0° < 6 < 180°. [3]

© OCR 2007 4723/01 Jun07
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1 Functionsf and g are defined for all real values of x by
f(x)=x+4 and g(X) = 2x—5.
Evaluate
(i) fo(2), [2]
(i) f1(12). [3]

2  The sequence defined by
converges to the number «.

(i) Find thevalue of o correct to 3 decimal places, showing the result of each iteration. [3]

(i) Find an equation of the form ax® + bx + ¢ = 0, where a, b and ¢ are integers, which has o as a

root. [3]
3 (a) Solve, for0° < a < 180°, the equation sec3o = 4. [3]
(b) Solve, for 0° < f < 180°, the equation tan 3 = 7 cot 3. [4]

4  Earth is being added to a pile so that, when the height of the pile is h metres, its volume is V cubic
metres, where

6 1
V = (h° +16)2 - 4.
- dv
(i) Find the value of ah when h = 2. [3]

(ii) Thevolume of the pileisincreasing at a constant rate of 8 cubic metres per hour. Find the rate,
in metres per hour, at which the height of the pile isincreasing at the instant when h = 2. Give
your answer correct to 2 significant figures. [3]

© OCR 2008 4723/01 Jan08
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5 (a) Find J(3x+ 7)° dx.

(b)

»
>

(3]

The diagram showsthe curvey = i The shaded region is bounded by the curve and the lines

2v/x

Xx=3,x=6andy= 0. The shaded region is rotated completely about the x-axis. Find the exact

volume of the solid produced, simplifying your answer.

Nl
B

The diagram shows the graph of y = —sin™}(x — 1).

(i) Give details of the pair of geometrical transformations which transforms the graph of

y=-sin"}(x—1) tothegraph of y = sin"! x.

(ii) Sketchthegraphof y=|-sin"}(x—1)|.

(i) Find the exact solutions of the equation |-sin"t(x—1)| = %n

© OCR 2008
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7 A curvehaseguationy = ))((

X

K where k is a non-zero constant.

2
(i) Differentiate xe?, and show that &, = (2 + 2x+ k). 5]
dx (X + k)2

(i) Given that the curve has exactly one stationary point, find the value of k, and determine the exact
coordinates of the stationary point. [5]

8 Thedefiniteintegral | is defined by

6
| = J 2% dx.
0

(i) Use Simpson’s rule with 6 strips to find an approximate value of 1. [4]

(ii) By first writing 2¥ in the form €, where the constant k is to be determined, find the exact value
of I. [4]

(iii) Usethe answersto parts (i) and (ii) to deduce that In2 =~ 1%. [2]

9 (i) Usetheidentity for cos(A + B) to provethat

4.c0s(6 + 60°) cos(6 + 30°) = V3 - 2sin26. [4]
(ii) Hence find the exact value of 4 cos82.5° cos52.5°. [2]
(iii) Solve, for 0° < 6 < 90°, the equation 4 cos(6 + 60°) cos(6 + 30°) = 1. [3]

(iv) Given that there are no values of 6 which satisfy the equation
4.c0s(0 + 60°) cos(0 + 30°) =k,

determine the set of values of the constant k. [3]
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1 Find the exact solutions of the equation |4x — 5| = |3x - 5|. [4]

»
>

The diagram shows the graph of y = f(x). It isgiven that f(—3) = 0 and f (0) = 2. Sketch, on separate
diagrams, the following graphs, indicating in each case the coordinates of the points where the graph

crosses the axes:
() y=~f"(x), (2]
(i) y=-2f(x). (3]

3 Find, intheformy = mx + ¢, the equation of the tangent to the curve
y = x?Inx

at the point with x-coordinate e. [6]

5
4  Thegradient of the curvey = (2x* + 9)2 at the point P is 100.

3
(i) Show that the x-coordinate of P satisfies the equation x = 10(2x? + 9) 2. [3]
(i) Show by calculation that the x-coordinate of P lies between 0.3 and 0.4. [3]
(iii) Useaniterative formula, based on the equation in part (i), to find the x-coordinate of P correct to

4 decimal places. You should show the result of each iteration. [3]

5 (a) Expresstan2a intermsof tan a and hence solve, for 0° < o < 180°, the equation

tan2atana = 8. [6]

(b) Giventhat 8 isthe acute angle such that sinf8 = g, find the exact value of
(i) cosecp, [1]
(ii) cot?p. [2]

© OCR 2008 4723/01 Jun08
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»
>

0 :

The diagram shows the curvesy = € and y = (2x — 1)*. The shaded region is bounded by the two
curves and the line X = % The shaded region is rotated completely about the x-axis. Find the exact
volume of the solid produced. [9]

7 Itisclaimed that the number of plants of a certain species in a particular locality is doubling every
9years. The number of plants now is42. The number of plantsistreated as a continuous variable and
is denoted by N. The number of years from now is denoted by t.
(i) Two equivalent expressionsgiving N intermsof t are
N=Ax2¢ and N=Ae™
Determine the value of each of the constants A, k and m. [4]

(i) Find the vaue of t for which N = 100, giving your answer correct to 3 significant figures.  [2]

(iii) Find therate at which the number of plants will beincreasing at atime 35 years from now. [3]

8 Theexpression T(0) isdefined for 6 in degrees by
T(0) = 3cos(6 — 60°) + 2cos(6 + 60°).

(i) ExpressT(0) intheform Asin® + B cos#6, giving the exact values of the constants Aand B. [3]
(i) Hence express T(0) intheform Rsin(6 + o), where R> 0 and 0° < o < 90°. [3]

(iii) Find the smallest positive value of 6 such that T(6) + 1 = 0. [4]

[Question 9isprinted overleaf.]

© OCR 2008 4723/01 Jun08 [Turn over



June 2008
9

»
>

0

The function f is defined for the domain x > O by

15x
f(X) = )(2—

+5
The diagram shows the curve with equation y = f(X).
(i) Find therange of f. (6]

(i) Thefunction g isdefined for the domain x > k by

- 1%
9 =5

Given that g is a one-one function, state the least possible value of k. [1]

(iii) Show that there is no point on the curvey = g(Xx) at which the gradient is —1. [4]
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1 Find
@) J 8e™* dx,
(ii) J(4x +5)%dx.
[5]
2 (i) Use Simpson’s rule with four strips to find an approximation to
12
J. Inxdx,
4
giving your answer correct to 2 decimal places. [4]
12
(ii) Deduce an approximation to J' ln(xlo) dx. [1]
4
3 (i) Express 2 tan? 6 — in terms of sec 6. [3]
cos
(ii) Hence solve, for 0° < 6 < 360°, the equation
2tan’ 0 — = 4. [4]

cos 0

d
4  For each of the following curves, find ay and determine the exact x-coordinate of the stationary point:

(i) y= 4> +1)°, [3]
2

o X

(i) y= nx (4]

5 The mass, M grams, of a certain substance is increasing exponentially so that, at time ¢ hours, the
mass is given by

M = 40e",

where k is a constant. The following table shows certain values of # and M.

t 0 21 63
M 80
(i) In either order,
(a) find the values missing from the table, [31
(b) determine the value of k. [2]
(ii) Find the rate at which the mass is increasing when ¢ = 21. [3]

© OCR 2009 4723 Jan09
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6
Yy
A -1
y=1f(x)
P y=1f(x)
— oo a
The function f is defined for all real values of x by
f(x) = ﬁ%x + 2.
The graphs of y = f(x) and y = f ' (x) meet at the point P, and the graph of y = f ! (x) meets the x-axis
at Q (see diagram).
(i) Find an expression for f~!(x) and determine the x-coordinate of the point Q. [3]
(i) State how the graphs of y = f(x) and y = f -l (x) are related geometrically, and hence show that
the x-coordinate of the point P is the root of the equation
X = 13/%x +2. [2]
(iii) Use an iterative process, based on the equation x = \3/ %x + 2, to find the x-coordinate of P, giving
your answer correct to 2 decimal places. [4]
7
y
A
) X
_—//

kx

The diagram shows the curve y = " — a, where k and a are constants.

(i) Give details of the pair of transformations which transforms the curve y = e¢* to the curve
v=e"—a. [3]

(i) Sketch the curve y = |ekx - a|. 21

(iii) Given that the curve y = |ekx - a‘ passes through the points (0, 13) and (In 3, 13), find the values
of k and a. [4]
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8
y
A
P
0 » X

The diagram shows the curve with equation

6
= — — 3.
Y=

The point P has coordinates (0, p). The shaded region is bounded by the curve and the lines x = 0,
y =0 and y = p. The shaded region is rotated completely about the y-axis to form a solid of volume V.

27
(i) Show that V = 167r(1 ——). [6]
(p+3)°
(ii) Itis given that P is moving along the y-axis in such a way that, at time ¢, the variables p and ¢ are
related by
dp ;4
— =zp+ 1L
ar 3P
. dv .
Find the value of a at the instant when p = 9. (4]

9 (i) By first expanding cos(260 + 0), prove that

cos360 = 4cos> 0 — 3 cos 6. (4]

(ii) Hence prove that

cos 66 = 32cos® 6 — 48 cos* 6 + 18 cos’ 6 — 1. [3]

(iii) Show that the only solutions of the equation

1 +cos66 = 18cos’ 0

are odd multiples of 90°. [5]
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1
y y y
A A A
/l l
| |
| |
| |
[ [
[ [
| |
> X » »
0 l o l o
I I
[ / [
| |
| |
| |
| |
| |
Fig. 1 Fig. 2 Fig. 3
Each diagram above shows part of a curve, the equation of which is one of the following:
y= sin”! x, y= cos ' x, y= tan”' x, y=secx, y=cosecx, Yy =cotx.
State which equation corresponds to
(i) Fig. 1, [1]
(ii) Fig.2, [1]
(iii) Fig.3. [1]
2
Y
A
3 » X
0 2

The diagram shows the curve with equation y = (2x — 3)2. The shaded region is bounded by the curve
and the lines x = 0 and y = 0. Find the exact volume obtained when the shaded region is rotated
completely about the x-axis. [5]

3  The angles & and 3 are such that
tanc=m+2 and tanf} =m,

where m is a constant.

(i) Given that sec? o — sec? B = 16, find the value of m. [31

(i) Hence find the exact value of tan(a + ). [31]
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3a

4 Itis given that (e¥ + %) dx = 100, where a is a positive constant.
a

(i) Show that a = §1n(300 + 3¢* — 2¢*). [5]

(ii) Use an iterative process, based on the equation in part (i), to find the value of a correct to 4 decimal
places. Use a starting value of 0.6 and show the result of each step of the process. [4]

5  The functions f and g are defined for all real values of x by
f(x)=3x-2 and g(x)=3x+7.

Find the exact coordinates of the point at which

(i) the graph of y = fg(x) meets the x-axis, [3]
(i) the graph of y = g(x) meets the graph of y = g7 (x), [3]
(iii) the graph of y = |f(x)| meets the graph of y = |g(x)]. [4]
6
Y
A
0 » X
1
The diagram shows the curve with equation x = (37 + 10y — 2y2)2.
(i) Find an expression for @ in terms of y. [2]
(ii) Hence find the equation of the tangent to the curve at the point (7, 3), giving your answer in the
formy = mx +c. [5]
7 (i) Express 8sin 6 — 6cos 0 in the form Rsin(6 — &), where R > 0 and 0° < o < 90°. [3]
(i) Hence
(a) solve, for 0° < 6 < 360°, the equation 8sin @ — 6.cos 6 = 9, [4]

(b) find the greatest possible value of
32sinx —24cosx— (16siny — 12 cosy)

as the angles x and y vary. [3]
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8
y
A y=2In(x - 6)
PLy:Inx
0 a » X

The diagram shows the curves y = Inx and y = 2 In(x — 6). The curves meet at the point P which has
x-coordinate a. The shaded region is bounded by the curve y = 21In(x — 6) and the lines x = a and

y=0.
(i) Give details of the pair of transformations which transforms the curve y = Inx to the curve
y =2In(x — 6). [3]
(ii) Solve an equation to find the value of a. [4]

(iii) Use Simpson’s rule with two strips to find an approximation to the area of the shaded region.

[3]

9 (a) Show that, for all non-zero values of the constant k, the curve

_kx2—1

y_kx2+1

has exactly one stationary point. [5]
(b) Show that, for all non-zero values of the constant m, the curve
y=¢e™ (x2 + mx)

has exactly two stationary points. [7]
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1 Find L dx
(2x —7)?

2 The angle 6 is such that 0° < 6 < 90°.

(i) Given that 0 satisfies the equation 6 sin 26 = 5 cos 0, find the exact value of sin 6.

(ii) Given instead that 6 satisfies the equation 8 cos 6 cosec’ 6 = 3, find the exact value of cos 6.

20
60

3 (i) Find, in simplified form, the exact value of J — dx.

X

10

20
60
(i) Use Simpson’s rule with two strips to find an approximation to J ~ dx.

10

(iii) Use your answers to parts (i) and (ii) to show that In2 =~ %.

The function f is defined for all real values of x by
f(x) =2-Vx+1.
The diagram shows the graph of y = f(x).

(i) Evaluate ff(-126).
(i) Find the set of values of x for which f(x) = |f(x)].
(iii) Find an expression for ! (x).

(iv) State how the graphs of y = f(x) and y = f~!(x) are related geometrically.

© OCR 2010 4723 Jan10
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5  The equation of a curve is y = (x* + 1)3.

d
(i) Find an expression for ay and hence show that the only stationary point on the curve is the point

(i)

for which x = 0. 4]

d2 d2
Find an expression for —{ and hence find the value of £y at the stationary point. [5]
dx dx?

6 Given that

In4 .
J (ke™ + (k—2)e™") dx = 185,
0

find the value of the constant k. [71

7 (a)

(b)

(i)

(iii)

© OCR 2010

Leaking oil is forming a circular patch on the surface of the sea. The area of the patch is
increasing at a rate of 250 square metres per hour. Find the rate at which the radius of the patch
is increasing at the instant when the area of the patch is 1900 square metres. Give your answer
correct to 2 significant figures. [4]

The mass of a substance is decreasing exponentially. Its mass now is 150 grams and its mass,
m grams, at a time ¢ years from now is given by

m = 150e7,

where k is a positive constant. Find, in terms of &, the number of years from now at which the
mass will be decreasing at a rate of 3 grams per year. [3]

The curve y = v/x can be transformed to the curve y = v2x + 3 by means of a stretch parallel to
the y-axis followed by a translation. State the scale factor of the stretch and give details of the
translation. [3]

It is given that NV is a positive integer. By sketching on a single diagram the graphs of y = v2x + 3

and y = —, show that the equation
X

2x+3 =

L=

has exactly one real root. [3]
A sequence x|, X,, X5, ... has the property that
X, =N(2x,+3)7"

For certain values of x, and NV, it is given that the sequence converges to the root of the equation

N
V2x+3 = -
P

(a) Find the value of the integer NV for which the sequence converges to the value 1.9037 (correct
to 4 decimal places). [2]

(b) Find the value of the integer N for which, correct to 4 decimal places, x; = 2.6022 and
x, =2.6282. [3]

[Question 9 is printed overleaf.]
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9  The value of tan 10° is denoted by p. Find, in terms of p, the value of
(i) tan55°, [3]
(ii) tan5°, [4]
(iii) tan 6, where 0 satisfies the equation 3 sin(0 + 10°) = 7 cos(6 — 10°). [5]
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d
1 Find ay in each of the following cases:

(i) y=x'e, [2]
(i) y =1n(3 +2x?), [2]
(iii) y = 2;1 - [2]

2  The transformations R, S and T are defined as follows.

R: reflection in the x-axis
S: stretch in the x-direction with scale factor 3
T: translation in the positive x-direction by 4 units

(i) The curve y = Inx is transformed by R followed by T. Find the equation of the resulting curve.

[2]
(ii) Find, in terms of S and T, a sequence of transformations that transforms the curve y = x° to the
curve y = (%x - 4)3. You should make clear the order of the transformations. [2]
3 (i) Express the equation cosec 8(3 cos26 + 7) + 11 = 0 in the form asin®6 + bsin 6 + ¢ = 0, where
a, b and ¢ are constants. [31
(ii) Hence solve, for —180° < 6 < 180°, the equation cosec 6(3c0s26 +7) + 11 = 0. [3]
4
y
A
A C
S
B
R ——
0 2 6 >

k .
The diagram shows part of the curve y = —, where k is a positive constant. The points A and B on the
X

curve have x-coordinates 2 and 6 respectively. Lines through A and B parallel to the axes as shown
meet at the point C. The region R is bounded by the curve and the lines x =2, x = 6 and y = 0. The
region S is bounded by the curve and the lines AC and BC. It is given that the area of the region R
is In 81.

(i) Show that k = 4. [3]

(ii) Find the exact volume of the solid produced when the region S is rotated completely about the
X-axis. [4]
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5 (i) Solve the inequality |2x + 1| < |x - 3]. [5]
(ii) Given that x satisfies the inequality |2x + 1| < |x — 3|, find the greatest possible value of |x + 2|.
[2]
6 (i) Show by calculation that the equation
tan’x—x—-2 =0,
where x is measured in radians, has a root between 1.0 and 1.1. [31

(ii) Use the iteration formulax, , = tan~'4/2 + x, with a suitable starting value to find this root correct
to 5 decimal places. You should show the outcome of each step of the process. [4]

(iii) Deduce a root of the equation

sec’2x —2x-3=0. [3]

»
>

P, 16)

0 [0

The diagram shows the curve with equation y = (3x — 1)*. The point P on the curve has coordinates
(1, 16) and the tangent to the curve at P meets the x-axis at the point . The shaded region is bounded
by PQ, the x-axis and that part of the curve for which % < x < 1. Find the exact area of this shaded
region. [10]

8 (i) Express 3 cosx + 3 sinx in the form R cos(x — o), where R > 0 and 0 < & < 3. [3]

8

ii) Th ion T(x) is defined by T(x) = ————— .
(ii) The expression T(x) is defined by T(x) Toosx s 3sinx

(a) Determine a value of x for which T(x) is not defined. [2]

(b) Find the smallest positive value of x satisfying T(3x) = %\/6, giving your answer in an exact
form. [4]

[Question 9 is printed overleaf.]
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9  The functions f and g are defined for all real values of x by
f(x) = 4x? — 12x and g(x) =ax+b>b,

where a and b are non-zero constants.

(i) Find the range of f. [3]
(i) Explain why the function f has no inverse. [2]
(iii) Given that g~'(x) = g(x) for all values of x, show that a = —1. [4]
(iv) Given further that gf(x) < 5 for all values of x, find the set of possible values of b. [4]
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1 Solve the equation |3x + 4a| = 5a, where a is a positive constant. [31
2

4

»
>

(=2,-6)

The diagram shows the curve with equation y = f(x). It is given that f(—7) = O and that there are
stationary points at (-2, —6) and (0, 0). Sketch the curve with equation y = —4f(x + 3), indicating the
coordinates of the stationary points. [4]

A giant spherical balloon is being inflated in a theme park. The radius of the balloon is increasing
at a rate of 12 cm per hour. Find the rate at which the surface area of the balloon is increasing at the
instant when the radius is 150 cm. Give your answer in cm? per hour correct to 2 significant figures.

[Surface area of sphere = 47r?.] [3]
(i) Express 24 sin 6 + 7 cos 0 in the form R sin(6 + ), where R > 0 and 0° < or < 90°. [3]
(ii) Hence solve the equation 24 sin 6 + 7 cos 6 = 12 for 0° < 6 < 360°. [4]
y
A
R
o0 1 a >

6
V3x -2
bounded by the curve and the lines x = 1, x = @ and y = 0, where a is a constant greater than 1. Itis
given that the area of R is 16 square units. Find the value of a and hence find the exact volume of the
solid formed when R is rotated completely about the x-axis. [9]

The diagram shows the curve with equation y =

The region R, shaded in the diagram, is
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3x+4
X —4x? +2
point with coordinates (2.4, —1.6).

6  The curve with equation y = has a stationary point at P. It is given that P is close to the
o ) dy . . .
(i) Find an expression for P and show that the x-coordinate of P satisfies the equation

710y 4+ 1. [4]

X = 3

(if) By first using an iterative process based on the equation in part (i), find the coordinates of P,
giving each coordinate correct to 3 decimal places. [5]

7  The function f is defined for x > 0 by f(x) = Inx and the function g is defined for all real values of x
by g(x) = x> + 8.

(i) Find the exact, positive value of x which satisfies the equation fg(x) = 8. [3]

(if) State which one of f and g has an inverse and define that inverse function. [3]

(iii) Find the exact value of the gradient of the curve y = gf(x) at the point with x-coordinate e*. [3]

(iv) Use Simpson’s rule with four strips to find an approximate value of

4
| rewar
-4
giving your answer correct to 3 significant figures. [3]
8 (a) (i) Sketch the graph of y = cosecx for O < x < 4. [3]
(i) Itis given that cosec o = cosec 3, where %n <a<mand2m < f < %n By using your sketch,
or otherwise, express f3 in terms of «. [2]
(b) (i) Write down the identity giving tan 26 in terms of tan 6. [1]

(ii) Given that cot ¢ = 4, find the exact value of tan ¢ cot 2¢ tan 4¢, showing all your working.
[6]

[Question 9 is printed overleaf.]
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9 (i) The function f is defined for all real values of x by

f(x) = e —3e™>.

(a) Show that f'(x) > O for all x. [31]
(b) Show that the set of values of x for which f”(x) > 0 is the same as the set of values of x for
which f(x) > 0, and state what this set of values is. [5]
(ii)
y
A
0 » X

The function g is defined for all real values of x by
g(x) = e* + ke ™,

where k is a constant greater than 1. The graph of y = g(x) is shown above. Find the range of g,
giving your answer in simplified form. [S]
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1 Find

@) J 6e>*! dx,

(ii) J10(2x+ 1)~!dx.

2 The curve y = Inx is transformed by:

a reflection in the x-axis,

followed by a stretch with scale factor 3 parallel to the y-axis,
followed by a translation in the positive y-direction by In 4.

Find the equation of the resulting curve, giving your answer in the form y = ln(f (x)).

3 (a) Given that 7sin2a = 3 sin o, where 0° < o0 < 90°, find the exact value of cos o.

(b) Given that 3cos2f + 19cos 3 + 13 =0, where 90° < 8 < 180°, find the exact value of sec 3.

4 (i) Show by means of suitable sketch graphs that the equation

has exactly 2 real roots.

x-2)*=x+16

(ii) State the value of the smaller root.

(iii) Use the iterative formula

with a suitable starting value, to find the larger root correct to 3 decimal places.

X, =2+ \4/xn + 16,

2

[3]

[4]

[3]
[5]

[3]
(1]

[4]

5  The equation of a curve is y = x> In(4x — 3). Find the exact value of —)2) at the point on the curve for
dx

which x = 2.

© OCR 2011
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6

»
>

The diagram shows the curve with equation y = v/3x —5. The tangent to the curve at the point P
passes through the origin. The shaded region is bounded by the curve, the x-axis and the line OP.

Show that the x-coordinate of P is 13—0 and hence find the exact area of the shaded region. [9]

7  The functions f, g and h are defined for all real values of x by

f(x) = |x|, g(x)=3x+5 and h(x) = gg(x).

(i) Solve the equation g(x + 2) = f(-12). [3]
(ii) Find h™'(x). [3]

(iiif) Determine the values of x for which

x+f(x) =0. [2]

8 An experiment involves two substances, Substance 1 and Substance 2, whose masses are changing.
The mass, M, grams, of Substance 1 at time 7 hours is given by

-0.014
M, = 400e™ 0%

The mass, M, grams, of Substance 2 is increasing exponentially and the mass at certain times is
shown in the following table.

t (hours) 0 10 20
M, (grams) 75 120 192

A critical stage in the experiment is reached at time 7" hours when the masses of the two substances
are equal.

(i) Find the rate at which the mass of Substance 1 is decreasing when ¢ = 10, giving your answer in
grams per hour correct to 2 significant figures. [3]

(ii) Show that T is the root of an equation of the form e’ = ¢, where the values of the constants k

and c are to be stated. [5]

(iii) Hence find the value of T correct to 3 significant figures. [2]

[Question 9 is printed overleaf.]
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9 (i) Prove that sin(6 — o) + 3sin 6 + sin(6 + )

cos(0 — o) +3cos0+cos(0+a)

= tan 0 for all values of a. [S]

45sin 149° + 12sin 150° + 4sin 151°
ii) Fi h 1 f .
(if) Find the exact value o 3¢cos 149° +9cos 150° + 3 cos 151° 31

(iii) It is given that k is a positive constant. Solve, for 0° < 8 < 60° and in terms of k, the equation

sin(66 — 15°) + 3sin 66 +sin(660 + 15°)
cos(60 — 15°) + 3¢cos 60 + cos(66 + 15°)

(4]
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v,
1 Show that J Sdx=1In3. [3]
X
V2
2
y
A
» X
@) 1
The diagram shows part of the curve y = ﬁ The shaded region is bounded by the curve and the lines
x=0,x=1andy = 0. Find the exact volume of the solid produced when this shaded region is rotated
completely about the x-axis. [5]

2

3 Find the equation of the normal to the curve y = ):(+ 5 at the point (1, g), giving your answer in the form

ax + by + ¢ =0, where a, b and c are integers. [7]

4 The acute angles « and f are such that

2cota=1 and 24 +sec’f = 10tang.
(i) State the value of tana and determine the value of tan g. [4]

(if) Hence find the exact value of tan (a + £). [3]
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309
25 -
20-
15-

104

v
>

It is given that f is a one-one function defined for all real values. The diagram shows the curve with equation
y = f(x). The coordinates of certain points on the curve are shown in the following table.

X 2 4 6 8 10 | 12 | 14

y | 1|8 | 14|19 | 23|25 26

(i) State the value of ff(6) and the value of f‘1(8). [2]
(i) On the copy of the diagram, sketch the curve y = f‘l(x), indicating how the curves y = f(x) and
y = f7(x) are related. [2]

14
(iii) Use Simpson’s rule with 6 strips to find an approximation to J; f(x)dx. [4]
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6

»
>

/
» X

@)

The diagram shows the curve with equation x = In(y3 + 2y). At the point P on the curve, the gradient is 4 and
it is given that P is close to the point with coordinates (7.5, 12).

(i) Find % i terms of y. [2]
dy
(if) Show that the y-coordinate of P satisfies the equation
12y* +8
) [3]
y +2

(iii) By first using an iterative process based on the equation in part (ii), find the coordinates of P, giving
each coordinate correct to 3 decimal places. [5]

7 (i) Substance A is decaying exponentially and its mass is recorded at regular intervals. At time t years, the
mass, M grams, of substance A is given by

M = 4Oe—0.132t

(a) Find the time taken for the mass of substance A to decrease to 25% of its value whent=0.  [3]

(b) Find the rate at which the mass of substance A is decreasing when t = 5. [3]

(if) Substance B is also decaying exponentially. Initially its mass was 40 grams and, two years later, its

mass is 31.4 grams. Find the mass of substance B after a further year. [3]

8 (i) Express cos46 in terms of sin20 and hence show that cos46 can be expressed in the form
1 —ksin®6cos®6, where k is a constant to be determined. [3]

(i) Hence find the exact value of sin® (s 7) cos® (z; 7). [2]

(iii) By expressing 2¢0s%20 - %sinzecosze in terms of cos 44, find the greatest and least possible values of

2c0s%26 — s sin0cos’
as o varies. [5]
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9

The function f is defined for all real values of x by
f(X) = k(x? + 4x),

where Kk is a positive constant. The diagram shows the curve with equation y = f(x).

(i) Thecurvey= x> can be transformed to the curve y = f(x) by the following sequence of transformations:
a translation parallel to the x-axis,

a translation parallel to the y-axis,

a stretch.
Give details, in terms of k where appropriate, of these transformations. [5]
(ii) Find the range of f in terms of k. [2]
(iii) It is given that there are three distinct values of x which satisfy the equation [f(x)| = 20. Find the value
of k and determine exactly the three values of x which satisfy the equation in this case. [6]
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1 Solve the inequality [2x — 5| > |x + 1|. [5]

2 Itisgiventhat p=e®° and q=¢".

2
(i) Use logarithm properties to show that In(%) = 261. [3]
(ii) Find the smallest integer n which satisfies the inequality 5" > pq. [3]

3 Itisgiventhat @ is the acute angle such that secé siné = 36coté.
(i) Show that tané = 6. [3]
(if) Hence, using an appropriate formula in each case, find the exact value of
(@) tan(@ - 45°), [2]

(b) tan26. [2]

4

18 _
4 (a) Show that L Nes dx =24 [4]
1
(b) Find IO (e*+ 2)2 dx, giving your answer in terms of e. [4]

5 (i) Itis given that k is a positive constant. By sketching the graphs of
y=14—x* and y=kInx
on a single diagram, show that the equation
14 — x* = kInx

has exactly one real root. [3]
(ii) The real root of the equation 14 — x* = 3Inx is denoted by a.
(&) Find by calculation the pair of consecutive integers between which « lies. [3]

(b) Use the iterative formula x = V14 -3 Inx_, with a suitable starting value, to find o . Show the
result of each iteration, and give o correct to 2 decimal places. [4]
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6  The volume, V m?, of liquid in a container is given by

3
2

V=(3h?+4)2-8,

where hm is the depth of the liquid.

dv
(i) Find the value of dah when h =0.6, giving your answer correct to 2 decimal places. [4]

(if) Liquid is leaking from the container. It is observed that, when the depth of the liquid is 0.6 m, the depth
is decreasing at a rate of 0.015m per hour. Find the rate at which the volume of liquid in the container
is decreasing at the instant when the depth is 0.6 m. [3]

7 The function f is defined for all real values of x by f(x) =2x+ 5. The function g is defined for all real
values of x and is such that gfl(x) =3/x—a, where a is a constant. It is given that fg’1(12) =9. Find the

value of a and hence solve the equation gf(x) = 68. [7]
8 (i) Express 3sin@+ 4cosé inthe form Rsin(6 + ), where R >0 and 0° < & < 90° . [3]
(if) Hence

(a) solve the equation 3sing + 4cosf + 1 =0, giving all solutions for which —180° < § < 180°, [4]

(b) find the values of the positive constants k and ¢ such that
—37<k(3sinf +4cosh) + c<43

for all values of 6. [4]

9 (i) Show that the derivative with respect to y of
yIn(2y) -y
isIn(2y) . [3]

(i)

o)

The diagram shows the curve with equation y = %exz. The point P(2, %e“) lies on the curve. The

shaded region is bounded by the curve and the lines x=0and y = %e“ . Find the exact volume of the
solid produced when the shaded region is rotated completely about the y-axis. [6]

(iii) Hence find the volume of the solid produced when the region bounded by the curve and the lines x=0,
x=2andy =0 is rotated completely about the y-axis. [2]
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1  For each of the following curves, find the gradient at the point with x-coordinate 2.
. _ 3x

(i) y=V42+9 3]

2 The acute angle 4 is such that tan4 = 2.
(i) Find the exact value of cosec 4. 2]
(ii) The angle B is such that tan (4 + B) = 3. Using an appropriate identity, find the exact value of tan B.
[31]
3 (a) Giventhat|t|= 3, find the possible values of |2¢— 1]. [3]

(b) Solve the inequality |x — V2| > |x + 342]|. [4]

4  The mass, m grams, of a substance is increasing exponentially so that the mass at time ¢ hours is given by
m= 25060.0211

(i) Find the time taken for the mass to increase to twice its initial value, and deduce the time taken for the

mass to increase to 8 times its initial value. 3]
(ii) Find the rate at which the mass is increasing at the instant when the mass is 400 grams. [3]
5
y
A
A
19 2 9 ot
The diagram shows the curve y = N/% The shaded region is bounded by the curve and the lines

x=2,x=9and y= 0.
(i) Show that the area of the shaded region is 417 square units. [4]

(ii) The shaded region is rotated completely about the x-axis. Show that the volume of the solid produced
can be written in the form kIn2, where the exact value of the constant & is to be determined. [5]
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6 (i) By sketching the curves y = Inx and y = 8 — 2x* on a single diagram, show that the equation
Inx = 8 — 2x>

has exactly one real root. [3]
(ii) Explain how your diagram shows that the root is between 1 and 2. 1]

(iii) Use the iterative formula

= Ja—1
x . = y4—3lnx ,

with a suitable starting value, to find the root. Show all your working and give the root correct to
3 decimal places. (4]

(iv) The curves y = Inx and y = 8 — 2x? are each translated by 2 units in the positive x-direction and then
stretched by scale factor 4 in the y-direction. Find the coordinates of the point where the new curves

intersect, giving each coordinate correct to 2 decimal places. 13]
7
y
A
0 4 T
B

The diagram shows the curve with equation
x=@y+4)In 2y +3).

The curve crosses the x-axis at 4 and the y-axis at B.

(i) Find an expression for % in terms of y. [3]
(ii) Find the gradient of the curve at each of the points 4 and B, giving each answer correct to 2 decimal
places. [5]

8  The functions fand g are defined for all real values of x by
f(x) = x>+ 4ax + a* and g(x) = 4x — 2a,

where «a is a positive constant.
(i) Find the range of f in terms of a. [4]

(ii) Given that fg(3) = 69, find the value of @ and hence find the value of x such that g' (x) = x. [6]
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9 (i) Prove that
cos?(6 + 45°) — 3(c0s20 — sin26) = sin’6. [4]
(ii) Hence solve the equation
60052(%9 +45°) —3(cosO —sinh) =2
for —90° < 6 < 90°. [31]
(iii) It is given that there are two values of 6, where —90° < 6 < 90°, satisfying the equation
60052(%6 +45°)—3 (COS%G - sin%G) =k,

where £ is a constant. Find the set of possible values of k. 3]
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1 Find

M @397,
(i) J(4 — 3x) 'dx.

[5]
2 Using an appropriate identity in each case, find the possible values of

(i) sino given that 4cos2a = sinzoc, 3]

(ii) secf given that 2tan? = 3 + 9sec . 4]

The diagram shows a container in the form of a right circular cone. The angle between the axis and the
slant height is o, where o = tan ™' (%). Initially the container is empty, and then liquid is added at the rate of
l4cm’ per minute. The depth of liquid in the container at time ¢ minutes is x cm.

(i) Show that the volume, Vem?®, of liquid in the container when the depth is xcm is given by
_ 1.3
V= Eﬂx .
[The volume of a cone is %ﬂrzh.] [2]

(i) Find the rate at which the depth of the liquid is increasing at the instant when the depth is 8 cm. Give
your answer in cm per minute correct to 2 decimal places. 13]

4  Find the exact value of the gradient of the curve

y=q94x—-T+ 4

2x+ 1
at the point for which x = 4. [6]

5 (i) Give full details of a sequence of two transformations needed to transform the graph of y = |x/| to the
graph of y = [2(x + 3)|. [31]

(i) Solve the inequality |x| > |2(x + 3)|, showing all your working. [5]
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8
6  The value of J In(3 + x%) dx obtained by using Simpson’s rule with four strips is denoted by 4.
0
(i) Find the value of 4 correct to 3 significant figures.

8
(ii) Explain why an approximate value of J In(9 + 6x* + x*) dx is 24.
0

8
(iii) Explain why an approximate value of [ In(3e + ex?) dx is A+8.
0

y

N

0

The diagram shows the curve y = f(x), where f'is the function defined for all real values of x by
f(x) =3 +4e™.

(i) State the range of f.

(ii) Find an expression for f !(x), and state the domain and range of -1

[4]
2]

2]

(1]
[4]

(iii) The straight line y = x meets the curve y = f(x) at the point P. By using an iterative process based
on the equation x = f(x), with a starting value of 3, find the coordinates of the point P. Show all your

working and give each coordinate correct to 3 decimal places.

(iv) How is the point P related to the curves y = f(x) and y = f ()2

8 (i) Express 4cosO — 2sin® in the form Rcos(0 + ), where R > 0 and 0° < a < 90°.
(ii) Hence
(a) solve the equation 4cosf — 2sin6 = 3 for 0° < 6§ < 360°,

(b) determine the greatest and least values of

25 — (4cos6 — 2sinb)>

[4]
(1]

3]

[4]

as 0 varies, and, in each case, find the smallest positive value of 8 for which that value occurs.
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9

»
>

The diagram shows the curve
y=e"— 18x+ 15.

The curve crosses the y-axis at P and the minimum point is Q. The shaded region is bounded by the curve

and the line PQ.
(i) Show that the x-coordinate of Q is In3. [3]
(ii) Find the exact area of the shaded region. [8]
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2
2

d
1 Giventhat y = 4x*Inx, find the value of K); when x =e~. [5]

2 By first using appropriate identities, solve the equation

5co0s26cosecH =2

for 0° < 6 < 180°. [6]
3 (i) Use Simpson’s rule with four strips to find an approximation to
fzeﬁdx ,
0
giving your answer correct to 3 significant figures. 4]
(ii) Deduce an approximation to foz(l + 10e&>dx . 2]

4  The functions f and g are defined for all real values of x by

f(x)=2x*+4 and g(x)=3\/x—10.

(i) Evaluate f~'(~50). 2]
(ii) Show that fg(x) = 2x—16. 2]
(iii) Differentiate gf(x) with respect to x. [3]

5 (a) The mass, M grams, of a substance at time # years is given by
M= 58¢ "%

Find the rate at which the mass is decreasing at the instant when ¢ = 4. Give your answer correct to
2 significant figures. [3]

(b) The mass of a second substance is increasing exponentially. The initial mass is 42.0 grams and, 6 years
later, the mass is 51.8 grams. Find the mass at a time 24 years after the initial value. 4]
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6
y
A
> X
0
The diagram shows the curve y = x* — 8.
(i) By sketching a second curve on the copy of the diagram, show that the equation
X+t —8x—9=0
has two real roots. State the equation of the second curve. [2]
(i) The larger root of the equation x* +x%—8x—9 = 0 is denoted by «.
(a) Show by calculation that 2.1 < o < 2.2. 2]
(b) Use an iterative process based on the equation
X = 4\/9—!—8x—)c2 ,
with a suitable starting value, to find o correct to 3 decimal places. Give the result of each step of
the iterative process. [4]
7
y
A
R P
> x
0
The diagram shows the curve y = 4x3ﬁ for 0 < x < 20. The point P on the curve has coordinates

(20, é\/? ) The shaded region R is enclosed by the curve and the lines x =0 and y = éﬁ .
(i) Find the exact area of R. [4]

(i) Find the exact volume of the solid obtained when R is rotated completely about the x-axis. [6]
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> X
\_/ 0]

The diagram shows the curve y = 2)26—+4 .
x“+5
o o dy . . )
(i) Find — and hence find the coordinates of the two stationary points. [6]

dx

(i) The function g is defined for all real values of x by

g(x) = 2x+4
X’ +5
(a) Sketch the curve y = g(x) and state the range of g. [3]
(b) Itis given that the equation g(x) = k, where k is a constant, has exactly two distinct real roots.
Write down the set of possible values of . 2]
9 (i) Express 5cos(60—60°) +3cos in the form Rsin(6+a), where R > 0 and 0° < o < 90° . (4]

(ii) Hence

(a) give details of the transformations needed to transform the curve y = 5cos(6—60°)+3cos6 to
the curve y =sin#, [3]

(b) find the smallest positive value of S satisfying the equation

5005<%ﬂ—40°>+3cos<§ﬁ+20°): 3. [5]

END OF QUESTION PAPER
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