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1  Solve the inequality |2x + 1| > |x — 1| . [5]

2 (i) Prove the identity
sin(x +30°) + (\/3 )cos(x+30°)=2cosx,
(4]

where x is measured in degrees.

(2]

(ii) Hence express cos15° in surd form.

3  The sequence defined by the iterative formula
X, = vV(17-5x,),

with x; =2, converges to .

(i) Use the iterative formula to find & correct to 2 decimal places. You should show the result of each

(3]

iteration.

(ii) Find a cubic equation of the form

CHex+d=0
(2]

which has ¢ as a root.

(2]

(iii) Does this cubic equation have any other real roots? Justify your answer.

4

.v

A
R

0 2 >
The diagram shows the curve
B 1
Y x|

The region R (shaded in the diagram) is enclosed by the curve, the axes and the line x=2.

[4]

(i) Show that the exact area of Ris 1.

(ii) The region R is rotated completely about the x-axis. Find the exact volume of the solid formed.  [4]
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5

At time ¢ minutes after an oven is switched on, its temperature 8°C is given by

(i) State the value which the oven’s temperature approaches after a long time.

(i) Find the time taken for the oven’s temperature to reach 150°C .

6 =200-180e!" .

[1]
[3]

(iii) Find the rate at which the temperature is increasing at the instant when the temperature reaches

150°C.

The function f is defined by

(@
(ii)

(iii)

)
(ii)

(iii)

fix1+Vx

State the domain and range of the inverse function £~ .

Find an expression for f ).

forx>0.

[4]

(2]

(2]

By considering the graphs of y =f(x) and y =f"'(x), show that the solution to the equation

is x=1(3+V5).

f(x)=f"(x)

Write down the formula for tan2x in terms of tanx .

By letting tanx =1, show that the equation

4tan2x +3cotxsec’ x =0

becomes

3t 812 -3=0.

Hence find all the solutions of the equation

4tan2x+3cotxsec’ x=0

which lie in the interval 0 < x < 27x.
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A
P
O » X
The diagram shows the curve y =(In x)2 .
42
7 [4]

. . dy
i) Find — and —-.
. dx dx?

(i) The point P on the curve is the point at which the gradient takes its maximum value. Show that the
tangent at P passes through the point (0,—1) . [6]

»
>

The diagram shows the curve y =tan™' x and its asymptotes y =+a .

(i) State the exact value of a. [1]

(ii) Find the value of x for which tan' x = %a . 2]

The equation of another curve is y =2 tan_l(x -1.

(iii) Sketch this curve on a copy of the diagram, and state the equations of its asymptotes in terms of a. [3]

(iv) Verity by calculation that the value of x at the point of intersection of the two curves is 1.54, correct
to 2 decimal places. (2]

2
Another curve (which you are not asked to sketch) has equation y = (tan_1 x) .

1

2
(v) Use Simpson’s rule, with 4 strips, to find an approximate value for J. (tan_l x) dx . [3]

0
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1 EITHER: 4x*+4x+1>x>-2x+1 M1 For squaring both sides
ie. 3x2+6x>0 Al For reduction to correct quadratic
So x(x+2)>0 M1 For factorising, or equivalent
Hence x<—2orx>0 Al For both critical values correct
Al For completely correct solution set
OR: Critical values where 2x+1=2(x—1) Ml For considering both cases, or from graphs
i.e. where x=-2 and x=0 B1 For the correct value —2
Al For the correct value 0
Hence x<—-2orx>0 Ml For any correct method for solution set using
two critical values
Al 5 | For completely correct solution set
2 (i) sinx($v/3)+cos x($) +(v/3)(cos x($v/3) —sin x($))| M1 For expanding both compound angles
Al For completely correct expansion
M1 For using exact values of sin30° and cos30°
_ 1 3 _ . . .
=5C0osx+3cosx=2cosx, as required Al 4 | For showing given answer correctly
(ii) sin45°+(y/3)cos45°=2cos15° Ml For letting x=15° throughout
Hence cos15°= V3 V3 Al 2 [ For any correct exact form
2v2
3 @ x,=v7=19129... Bl For 1.91... seen or implied
x3=19517..., x,=1.9346... Ml For continuing the correct process
a=1.94 to 2dp Al 3 | For correct value reached, following x5 and
X both 1.94 to 2dp
(i) x=7(17-5x) =’ +5x-17=0 M1 For letting x, = x,,; = x (or &)
Al 2 | For correct equation stated
(iiiy EITHER: Graphs of y=x> and y=17-5x only
Cross once M1 For argument based on sketching a pair of
graphs, or a sketch of the cubic by calculator
Hence there is only one real root AL For correct conclusion for a valid reason
d . . . .
OR: a(f +5x-17)= 3x2+5>0 M1 For consideration of the cubic’s gradient
Hence there is only one real root AL/ 2 | For correct conclusion for a valid reason
2 _1 172 . 1
4 i) Io (4x+1) 2 dx= [%(4x + I)ZJ =1(3-D=1 M1 For integral of the form k(4x +1)2
0
Al For correct indefinite integral
M1 For correct use of limits
Al 4 | For given answer correctly shown
2 2 .
(ii) EJ dx=rx Hln(4x + 1)] =479 M1 For integral of the form kIn(4x+1)
0 4x+1 0
Al For correct %ln(4x +1), with or without 7
M1 Correct use of limits and 7
Al For correct (simplified) exact value
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(i) 200°C Bl 1 | For value 200
(i) 150=200-180e"" = =3 M1 For isolating the exponential term
Hence 0.1t = ln% =t=12.8 M1 For taking logs correctly
Al 3 | For correct value 12.8 (minutes)
sss de —0.1¢ . . .
(iii) m =18e M1 For differentiation attempt
t
Al For correct derivative
Hence rate is 18e X128 =5 0°C per minute Ml For using their value from (ii) in their 6
Al 4 | For value 5.0(0)
(i) Domainof ™' is x>1 Bl For the correct set, in any notation
Rangeis x>0 B1 2 | Ditto
@) If y=1+ Vx, then x=( y— 1)? M1 For changing the subject, or equivalent
Hence f7(x)=(x-1) Al 2 | For correct expression in terms of x
(iii) The graphs intersect on the line y =x B1 For stating or using this fact
Hence x satisfies x = (x—1)° Bl For either x =f(x) or x=1""(x)
. 2 3+,/5 . . .
ie. x"=3x+1=0=>x= — Ml For solving the relevant quadratic equation
So x= %(3 ++/5) as x must be greater than 1 Al 4 | For showing the given answer fully
2
(i) tan2x= Ln;c Bl 1 | For correct RHS stated
I-tan” x
1
(i) 8t2+3><1><(1+t2)=0 Bl For cotx=— seen
— t t
Bl For sec? x=1+1> seen
Hence 87 +3(1—1*)(1+1*)=0 M1 For complete substitution in terms of ¢
ie. 3r* =8> —3=0, as required Al 4 | For showing given equation correctly
(iii) (3t2 + 1)(t2 -3)=0 M1 For factorising or other solution method
Hence t=++/3 Al For > =3 found correctly
_ 2, 4,5
So x= %7[, $HS7 5T Al For any two correct angles
Al 4 | For all four correct and no others
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dy 21 .
i) ay - onx M1 For relevant attempt at the chain rule
Al For correct result, in any form
2
d_gz = X2/ %) 5 2In ¥ = 2 221n al Ml For relevant attempt at quotient rule
dx by by
Al 4 | For correct simplified answer
(ii) For maximum gradient, 2—2lnx=0=>x=¢ M1 For equating second derivative to zero
Al For correct value e
Hence P is (e, 1) A1/ For stating or using the y-coordinate
. .2 . . .
The gradient at P is — Al For stating or using the gradient at P
e
. 2 . .
Tangentat Pis y—1=—(x—¢e) Ml For forming the equation of the tangent
e
Hence, when x=0, y=-1 as required Al 6 | For correct verification of (0, —1)
(i) a=irm B1 1 | For correct exact value stated
(i) x=tan({7)=1 M1 For use of x = tan({a)
ALS 2 | For correct answer, following their a
(iii) A B1 For x-translation of (approx) +1
) B1 For y-stretch with (approx) factor 2
Asymptotes are
~d y==12a Bl 3 | For correct statement of asymptotes
X tan"'x 2tan”!(x—1)
(iv) 1.535 0.993 0.983 M1 For relevant evaluations at 1.535, 1.545
1.545 0.996 0.998
Hence graphs cross between 1.535 and 1.545 Al 2 | For correct details and explanation
2
(v) Relevant values of (tan’1 x) are (approximately) (Ml For the relevant function values seen or
0, 0.0600, 0.2150, 0.4141, 0.6169 implied; must be radians, not degrees
%{O+4(0.0600+O.4141)+2X 0.2150+0.6169} M1 For use of correct formula with & =%
Hence required approximation is 0.245 Al 3 | For correct (2 or 3sf) answer
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