Interesting Questions
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The curve C has parametric equations x =7sinz—4,y =7cost+3, —% << %

2

a Show that the cartesian equation of C can be written as(x+a) +(v + 5)2 -c,

where a, b and c are integers which should be stated. (3 marks)
b Sketch the curve C on the given domain, clearly stating the endpoints of the curve. (3 marks)

¢ Find the length of C. Leave your answer in terms of 7. (2 marks)
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A curve is defined by the parametric equations

x—4x21 .3
y—3x2_5
Show that & — 3, o2
dx 4

[3 marks]

Find the Cartesian equation of the curve in the form xy + ax+ by = ¢, where a, b
and ¢ are integers.

[3 marks]
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p(x) =30x3 —7x2 — 7x + 2
Prove that (2x + 1) is a factor of p(x)

[2 marks]
Factorise p(x) completely.

[3 marks]

Prove that there are no real solutions to the equation

30sec? x + 2cosx
7

=secx + 1

[5 marks]
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A company is designing a logo. The logo is a circle of radius 4 inches with an
inscribed rectangle. The rectangle must be as large as possible.

The company models the logo on an x-y plane as shown in the diagram.

yl

TN

N\
N~
=v

N S

Use calculus to find the maximum area of the rectangle.

Fully justify your answer.
[10 marks]

vdz pX !v! 1 W t -QuUSNinktd mamdefeSe H 1 my

Determine a sequence of transformations which maps the graph of y = sinx onto
the graph of y = /3sinx — 3cosx + 4

Fully justify your answer.
[7 marks]

1 23

is
V3sinx —3cosx + 4 2

Show that the least value of
[2 marks]

1
V3sinx — 3cosx + 4

Find the greatest value of
[1 mark]
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A function f has domain R and range {ye R:y > e}
The graph of y = f(x) is shown.
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The gradient of the curve at the point (x, y) is given by %z (x —1)e"
X

Find an expression for f(x).

Fully justify your answer.
[8 marks]

v AN ¥ oA

vdz TX 9RSEOSt dzyAd (-Susel(EnX to bdhriedhemB i NA O 9ljdzt A2y &

A large arch is planned for a football stadium. The parametric equations of the
arch are x =8(f +10), y=100—7",-10<7 <10 where x and y are distances in

mefres.

a Find the cartesian equation of the arch. (3 marks)
b Find the width of the arch. (2 marks)
¢ Find the greatest possible height of the arch. (2 marks)
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Given that k € Z°

3k

v

(a) show that J. dx 1s independent of £,

k (3,\‘ - f\') (4)
2k
(b) show that J. ———dx 1s mversely proportional to k.
¢ (2x —k)? 3
3)
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X
A function f is defined by f(x) = ——
y (x) T
State the maximum possible domain of f.
[2 marks]
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: : sin 2x : 3
Prove the identity — 5= 2sinxcos” x
1+ tan“x
[3 marks]
in 40
Hence find [%d 0
1+ tan< 20
[6 marks]
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2
The variable Y has the distribution N(, %). Find P(Y > 1.54).  [3]
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In the expansion of (0.15 + 0.85)°°, the terms involving 0.15" and 0.15"*! are denoted by 7. and 7,
respectively.

T, _17(r+1)
Show that T m [3]

r+l
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The diagram shows the curve y = %, for x =0, and the normal to the curve at the point (%fr,O).

Show that the exact area of the shaded region enclosed by the curve, the normal to the curve and the y-axis
. 9 1 2
18 lnz + mﬂ . [10]
vdz mnX h/ wX t I LIBkNI makschatdey S H My
The diagram shows a part 4BC of the curve y = 3 — 2x°, together with its reflections in the lines y = x,
y=-xandy=0.
Find the area of the shaded region. [7]
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A sequence of three transformations maps the curve y = Inx to the curve y = e™ —5. Give details of these
transformations.

[4]
What aboutwy 'Q ?
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Solve the simultaneous equations
e’ —2¢¥ =3
e’ —4e” = 33.
Give your answer 1n an exact form. [5]
vdz mMmT X ! v! [ 2 NBKktoBharkiteyi} H Mo
Find J(lnx)2 dx. (4 marks)
Use the substitution u = /x to find the exact value of
sl
dx (7 marks
J 1 X+ /X /
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Fig. 10 shows the graph of y = (k—x)Inx where £ is a constant (k > 1).
A
(0] / \ » X
Fig. 10
Find, in terms of &, the area of the finite region between the curve and the x-axis. 18]
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Fig. 11 shows two blocks at rest, connected by a light inextensible string which passes over a smooth pulley.
Block A of mass 4.7 kg rests on a smooth plane inclined at 60° to the horizontal. Block B of mass 4 kg rests
on a rough plane inclined at 25° to the horizontal. On either side of the pulley, the string is parallel to a line
of greatest slope of the plane. Block B is on the point of sliding up the plane.

Block A Block B

Fig. 11
(i) Show that the tension in the string is 39.9 N correct to 3 significant figures. 12]
(ii) Find the coefficient of friction between the rough plane and Block B. [5]
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al 4
Point A has position vector (b where a and b can vary, point B has position vector (2) and point C has
0 0
2
position vector | 4 |. ABC is an isosceles triangle with AC = AB.
2
(i) Show that a—b+1=0. (4]
(i) Determine the position vector of A such that triangle ABC has minimum area. [6]

v AN v oA

vdz HMX 9RSEOSt a@ill (tinkicSdEschemel LIS NJ ™

Given that
T
x = 2tany ——<y< =
2
show that
d_y ok
dx 4+ 27
where & 1s a constant to be found.
4)
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hcm

Figure 4
Figure 4 shows a bowl with a circular cross-section.
Initially the bowl is empty. Water begins to flow into the bowl.

At time 7 seconds after the water begins to flow into the bowl, the height of the water in
the bowl is 2cm.

The volume of water, V'cm?, in the bowl is modelled as
V=4zxh(h + 6) 0<h<25
The water flows into the bowl at a constant rate of 80z cm?®s!

(a) Show that, according to the model, it takes 36 seconds to fill the bowl with water
from empty to a height of 24 cm.

1)
(b) Find, according to the model, the rate of change of the height of the water, in cms™,
when 7 =8
8)
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Given that @ > b > 0 and that a and » satisfy the equation
loga —logh = log(a — b)
(a) show that
b
a =
b—-1
)
(b) Write down the full restriction on the value of b, explaining the reason for this restriction.
(2)
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Given that p 1s a positive constant,
(a) show that
iln(p”) =klnp
=l
where £ 1s a constant to be found,
(2)
(b) show that
i In(8p") = 33In(2p?)
@
(c) Hence find the set of values of p for which
iln(S p")<0
n=l
giving your answer in set notation. )
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The diagram shows part of the curve y = (5 —x)(x—1) and the line x = a.

Given that the total area of the regions shaded in the diagram is 19 units®, determine the exact value
of a. [8]
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P(1, 4e?)

0 / .

Figure 7

Figure 7 shows a sketch of the curve with equation
y=dxe > x>0
The line / is the normal to the curve at the point P(1, 4¢ %)

The finite region R, shown shaded in Figure 7, is bounded by the curve, the line /, and
the x-axis.

Find the exact value of the area of R.

(Solutions based entirely on graphical or numerical methods are not acceptable.)
(10)
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16

(i) Show that Y (3+5r+27)=131798
o 4)

(11) A sequence u, u,, U, ... 18 defined by

100

Find the exact value of Zur
3)
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Solve the differential equation

dr ~Inx

di—@ fOI’x>O
X p

given x =1 when =2

Write your answer in the form 2 = f(x)

[7 marks]
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f(x)=2x*+4x +9 xelR

(1) Describe fully the transformation that maps the curve with equation y = f(x) onto
the curve with equation y = g(x) where

g(x)=2(x -2 +4x -3 xeR
(11) Find the range of the function

h(x) = # xelR
2x 4+ 4x+9 (4)
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Use the substitutiomy ti "Q&to find

3
~Y

giving your answer in the form “ @ wherecwandqare exact constants.

(9)
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The binomial expansion of

P
M
Can be used to find an approximation/

Possible values of x that could be substituted into this expansion are:

e x =—14 because = =

e x =2 because 1 _ = —

J—x 2 2
I 1 2

e Xx~— _E because =

J4—x 9 3

2

[S]

Without evaluating vour expansion,

(1) state, giving a reason, which of the three values of x should not be used
(1)

(11) state, giving a reason, which of the three values of x would lead to the most
accurate approximation to NG

(1)
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The curve C, 1n the standard Cartesian plane, 1s defined by the equation

. - T
x =4sm2y — < y< —

4
The curve C passes through the origin O

: _dy .
(a) Find the value of " at the origin.
‘

(2)

(b) Show that, for all points (x. y) lying on C,
dy 1

a - aNb — x*

where a and b are constants to be found.

6))
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A curve has equation
vy =asinx +bcosx
where a and b are constants.
The maximum value of y is 4 and the curve passes through the point (g 2\/5) as

shown in the diagram.

~
Y

n
3 »2\/3/,\

Find the exact values of ¢ and b.

[6 marks]
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A random sample of size » is to be taken from a population that is normally distributed with
mean 40 and standard deviation 3. Find the minimum sample size such that the probability of
the sample mean being greater than 42 is less than 5%.

(Total 5 marks)

H 2

w

€
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The diagram shows the curve with equation

x=((+4)In 2y + 3).

Find the gradient of the curve at each of the points 4 and B, giving each answer correct to 2 decimal
places. (8]
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y=1n(1+4x?)

The diagram shows the curve y = In(1+ 4x?). The shaded region is bounded by the curve and a line parallel

= H 1 1
to the x-axis which meets the curve where x = > and x = —=,

(1) Show that the area of the shaded region is given by

In2 .
fo Vo —Tdy. 3]
i
(i) Show that the substitution e” = sec*@ transforms the integral in part (ii) to J;) 2 tan%0 6. [2]

(iii) Hence find the exact area of the shaded region. [3]
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A and B are points at the upper and lower ends, respectively, of a line of greatest slope on a plane
mclined at 30° to the horizontal. The distance AB i1s 20m. M is a point on the plane between
A and B. The surface of the plane is smooth between 4 and M, and rough between M and B.

A particle P is projected with speed 4.2ms ™" from 4 down the line of greatest slope (see diagram).
P moves down the plane and reaches B with speed 12.6ms™". The coefficient of friction between

P and the rough part of the plane is %

(a) Find the distance AM. [8]
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In this question you must show detailed reasoning.

(i) Use the formula for tan (4 — B) to show that tan% =2—v3. [4]

(ii) Solve the equation 2v/3sin34—2cos34 =1 for 0° < A4 < 180°. [7]

v dzSa

vdzSai
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In this question you must show detailed reasoning.

The function fis defined for the domain x = 0 by
f(x) = (2x* =3x)e .

The diagram shows the curve y = f(x).

(i) Find the range of f. [6]
(ii) Find the exact area of the shaded region enclosed by the curve and the x-axis. [7]
QuOX h/w ! {IYLXS 1'aa8SaaySyid t I WBNEmaakscheka

The table shows information for England and Wales, taken from the UK 2011 census.

Total population Number of children aged 5-17

56 075912 8473 617

A random sample of 10 000 people in another country was chosen in 2011, and the number, m, of
children aged 5-17 was noted.

It was found that there was evidence at the 2.5% level that the proportion of children aged 5-17 in
the same year was higher than in the UK.

Unfortunately, when the results were recorded the value of m was omitted.

Use an appropriate normal distribution to find an estimate of the smallest possible value of m. [5]

Qu 41X OCR, A2 Paper 2, 2018, QuestiofLBk to markschenje

| Given that 853 is a prime number, find the square number S such that § + 853 is also a square number.

3

(Gt
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In this question you must show detailed reasoning.
A curve has equation
- _5
xsiny+cos2y = 5
forxz0and 0 <y <27.

Determine the exact coordinates of each point on the curve at which the tangent to the curve is parallel to
the y-axis. 9]
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2x—1
x+3)(x+ 1)
Find the exact area of the shaded region, giving your answer in the form p+glnr, where p and ¢
are positive integers and » is a positive rational number. [10]

The diagram shows part of the curve y =
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A tank is shaped as a cuboid. The base has dimensions 10cm by 10cm. Initially the tank is empty. Water
flows into the tank at 25 cm? per second. Water also leaks out of the tank at 44% cm? per second, where hcm
1s the depth of the water after 7 seconds. Find the time taken for the water to reach a depth of 2 cm. [9]
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The point 4 is such that the magnitude of OA is 8 and the direction of OA is 240°.
(a) (i) Show the point 4 on the axes provided in the Printed Answer Booklet. [1]

(ii) Find the position vector of point 4.
Give your answer in terms of i and j. [3]

The point B has position vector 6i.
(b) Find the exact area of triangle A0B. 2]
The point C is such that OABC is a parallelogram.

(¢) Find the position vector of C.
Give your answer in terms of i and j. 2]
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(a) The masses, in grams, of plums of a certain kind have the distribution N(55, 18).

(i) Find the probability that a plum chosen at random has a mass between 50.0 and
60.0 grams. [1]

(ii) The heaviest 5% of plums are classified as extra large.

Find the minimum mass of extra large plums. 1]
(iii) The plums are packed in bags, each containing 10 randomly selected plums.

Find the probability that a bag chosen at random has a total mass of less than 530g. [4]

(b) The masses, in grams, of apples of a certain kind have the distribution N(67, ¢2). It is given
that half of the apples have masses between 62 g and 72 g.

Determine o. [S]
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Write 12x> —60x+5 intheform a(bx +c)>+d where a, b, ¢ and d are integers.
[5 marks]
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In this question you should assume that —1 < x < I.

(a) For the binomial expansion of (1 —x) >

(i) find and simplify the first four terms, [2]
(i) write down the term in x". [1]
(b) Write down the sum to infinity of the series 1 +x+x> +x> +... . [1]

(¢) Hence or otherwise find and simplify an expression for 2+ 3x+4x” +5x° +... in the form
a—x

(b—x)’

where @ and b are constants to be determined. [3]
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3
(a) Use the substitution > = x* +3 to show that j 42)': dx = %(x2 —6)Vx*+3 +c. [5]

Vvx 43

(b) In this question you must show detailed reasoning.

y

F

O
4x3

V43

Find the exact area enclosed by the curve y =

The graph shows part of the curve y =

4x°
)
x +3

(1, 2) and the x-axis. 171

, the normal to this curve at the point
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For a particular type of bulb, 36% grow into plants with blue flowers and the remainder
grow into plants with white flowers. Bulbs are sold in mixed bags of 40.

Russell selects a random sample of 5 bags of bulbs.

a ind the probability that fewer than 2 of these bags will contain more bulbs that
Find the probability that ft han 2 of these bags will i bulbs th
grow into plants with blue flowers than grow into plants with white flowers

Maggie takes a random sample of » bulbs.
Using a normal approximation, the probability that more than 244 of these » bulbs will
grow into blue flowers is 0.0521 to 4 decimal places.

(b) Find the value of n.
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The curve y = (x> —2)Inx has one stationary point which is close to x = 1.

(a) Show that the x-coordinate of this stationary point satisfies the equation 2x”Inx+x* —2 = 0.

2]
(b) Show that the Newton-Raphson iterative formula for finding the root of the equation in part (a)

X _ et 2xilnxn+3xi+2
can be written in the form x = 4x (lnx” 1) [4]
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In this question you must show detailed reasoning.

A sequence u, U,, U5 ... is defined by = 25x0.6".

1?

=) N
Use an algebraic method to find the smallest value of & such that Z u,— Z u, < 1074 [8]
n=1 n=1
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In this question you must show detailed reasoning.
Points 4, B and C have coordinates (0, 6), (7, 5) and (6, —2) respectively.
(a) Find an equation of the perpendicular bisector of AB. [3]

(b) Hence, or otherwise, find an equation of the circle that passes through points 4, B and C. [5]

)
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A curve has equation y = a** , where a is a constant greater than 1.

d 2
(a) Show that Ey = 6xa™ Ina. [3]
(b) The tangent at the point (1, a°) passes through the point (%, 0).

Find the value of a, giving your answer in an exact form. 14]

2
(c) By considering EJ; show that the curve is convex for all values of x. |5]
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In this question you must show detailed reasoning.

The random variable X has probability distribution defined as follows.

15.2° 1 =23,4,5,
P(X=x)={64 " xl s

0 otherwise.
_ 15
(a) Show that P(X =2) = 35 [1]
The values of three independent observations of X are denoted by X, X, and X.

(b) Given that X, +X, +X; = 9, determine the probability that at least one of these three values is
equal to 2. [6]

Freda chooses values of X at random until she has obtained X = 2 exactly three times. She then
stops.

(¢) Determine the probability that she chooses exactly 10 values of X. [3]

)
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A and B are fixed points in the x-y plane. The position vectors of 4 and B are a and b respectively.
State, with reference to points 4 and B, the geometrical significance of
(a) the quantity |a—b|, (1]

(b) the vector %(a-l— b). [1]

The circle P is the set of points with position vector p in the x-y plane which satisfy

1 L,
‘p—i(a+b)’—2a b‘_

(c) State, in terms of a and b,

(i) the position vector of the centre of P, 1]
(ii) the radius of P. 1]
. . 2 4 x
It is now given that a = [_ 1], b= 5] and p = y]'
(d) Find a cartesian equation of P. 4]

v AN v oA
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The circle C, has Cartesian equation
xX+y'=10x+k xeR yeR
where k is a constant.
The curve C, has parametric equations
x=t* y=2t teR
The curves C, and C, intersect at 4 distinct points.

Find the range of possible values for &, giving your answer in set notation.

(6)
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The day length, Y hours, is defined as the difference between the time the sun rises and the time the
sun sets on a particular day. For Manchester, England, the following model 1s proposed for years
which are not leap years.

Y=asin 2—Et+b +c,
365

where ¢ 1s the time in days since the start of the year and a, b and ¢ are constants.

The maximum value of ¥, which 1s 17.03, occurs on June 21st, when ¢ = 172. The minimum value
of ¥, which i1s 7.47, occurs on December 21st, when ¢ = 355.

(a) Show thata =4.78 and ¢ = 12.25. 2]
(b) Determine the value of b correct to 3 significant figures. [2]
On September 1st, when ¢ = 244, the day length 1s recorded as 13.76 hours.

(¢) Show that the model is a good fit for this value. [2]

In Reykjavik, Iceland, on June 21st the maximum day length was 21.14 hours and on December
21st the minimum day length was 4.12 hours.

(d) Use this information to refine the model for Manchester to produce a possible model for the
day length in Reykjavik. [1]

On September 1st the day length in Reykjavik is recorded as 14.56 hours.

(e) Determine whether your possible model for Reykjavik is a good fit for this value. [1]
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The table shows information about three geometric series. The three geometric series have different
common ratios.

First Common | Number Last

term ratio of terms term

Series 1 1 2 n, 1024

Series 2 1 r, n, 1024

Series 3 1 rs ny 1024
(a) Findn,. 2]
(b) Given that 7, 1s an integer less than 10, find the value of 7, and the value of n,. [2]

(c¢) Guiven that r; 1s not an nteger, find a possible value for the sum of all the terms in Series 3.

(4]

v dzS a (
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Figure 5

Figure 5 shows a sketch of the curve C, with parametric equations
x=2sinf, y=3sm2t 0<1<27
(a) Show that the Cartesian equation of C, can be expressed in the form
vy =kx’ (4—x2)
where k 1s a constant to be found.
C))
The circle C,with centre O touches C, at four points as shown in Figure 5.
(b) Find the radius of this circle.

)
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Given thatw 00 ¢x&o find — in terms ofcwithout involving any

trigonometrical functions.
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vdz§aidaz

y‘

A

-
>

D

=V

C

Given that the straight line through the points 4 and B has equation 5y + 2x = 10

find the area of the rectangle ABCD. (7)

vdz coX h/w ! H t Que3Sddo(Mnk WdagrSchameH n

v

The diagram shows the graph of y =|2x—3|.

Given that the graphs of y =|2x—3| and y = ax+2 have two distinct points of intersection,
determine

(a) the set of possible values of a, [4]

(b) the x-coordinates of the points of intersection of these graphs, giving your answers in
terms of a. [3]
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0 \=x

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

(i) State the range of f. ' [t
(ii) Find the value of {f(4). (2]

(iii) Given that the equation |f(x)| = & has two distinct roots, determine the possible values of the
constant k. [2]

v AN v oA
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The discrete random variable X' has the following probability distribution

X a b c

P(X = x) log,, a log, b log, c

where
* a, band c are distinct integers (a < b < ¢)

» all the probabilities are greater than zero
(a) Find

(1) the value of a

(11) the value of b

(ii1) the value of ¢

Show your working clearly.

(6
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In this question you must show detailed reasoning.

Given that f (i + 3)dx =7, find the value of a. (7]
4 \Wx

vdz ¢cTX h/w ! H t QuedSdIL2LinWdzyaS&schemne H

A curve has parametric equations x = %, y = 2t. The point P is (%, Zp).

The tangent to this curve at P crosses the x-axis at the point 4 and the normal to this curve at P
crosses the x-axis at the point B.

Show that the ratio P4: PB is 1:2p*. [12]

vdz cy X h/ ®Juher02t- Quedfidd8 (Link to markscheme

hcm

A
1
1
1
I
|
I
1
i
i
i
¥

The diagram shows a water tank which is shaped as an inverted cone with semi-vertical angle 30°
and height 50 cm. Initially the tank is full, and the depth of the water is 50 cm.

Water flows out of a small hole at the bottom of the tank. The rate at which the water flows out is
modelled by % =—2h, where Vem?® is the volume of water remaining and 4 cm is the depth of

water in the tank ¢ seconds after the water begins to flow out.

Determine the time taken for the tank to become empty.

[For a cone with base radius » and height 4 the volume Vis given by %ﬂrzh.] [7]

vdz cpX a9L ! H tQuedBoNIL7Linitdryatscheme o

In this question you must show detailed reasoning.

Solve the equation 2 sinx+secx = 4cosx, where — 1 < x < 7. [6]
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.1.‘

The equation of the circle is x> — 6x +y2 +a = 0, where a is a constant

(a) In this question you must show detailed reasoning.

Show that the area of triangle ABC is %\/ 9—2a.

A circle has centre C which lies on the x-axis, as shown in the diagram. The line y = x meets the
circle at A4 and B. The midpoint of 48 is M.

[7]
vdz TMX a9 BJuher2028 QuedSoN3 (Link to markschen)e
In this question you must show detailed reasoning.
. 1 1 k
Find the val f k such that + = . 3
ind the value of & such tha NN AN N AN [3]
vdz THX h/ w

' H  t- QUedSidWILNLinMWadz#8schemdH o
Use the substitution # = ¢* —2 to show that

In6 .
7€ =8 4x=a+Inb
na (€7 —2)

where a and b are rational numbers to be determined.

[10]
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a) Rewritei "Q@o in the formati "Q¢ 6 G & "G 6 GE i ©
b)

In this question you must show detailed reasoning.

Fig. 14 shows the graphs of y = sinxcos2x and y = % — sin2x cosx.

y
-~
1
\
\
0.5
y = sinxcos2x
P e
A\ l,
\\ AN >
0.5 1L
(i AN >‘( :
] S~ \
y =3 — sin2xcosx| N
—0.5 } t—t
Fig. 14

Use integration to find the area between the two curves, giving your answer in an exact form. [8]

Qu 74X OCRA2 Papetl June 2020 Question7 (Link to markschenje

A curve has equation 2x° + 6xy —3y% = 2.

Show that there are no points on this curve where the tangent is parallel to y = x. [8]

Qu BX OCRA2 Paped June 2020 Questionl12 (Link to markscheme

A curve has parametric equations x = %, v = 2¢t. The point P is (%, Zp).

(a) Show that the equation of the tangent at P can be written as y = —2p2x +4p. [4]

The tangent to this curve at P crosses the x-axis at the point 4 and the normal to this curve at P
crosses the x-axis at the point B.

(b) Show that the ratio P4: PB is 1:2p°. 8]
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a , x+4 yv—3 M1 1.1k Gth
Statessinf = —— and cost =
7 7 Convert between
.2 2 tr1
Recognises that the identity sin” f + cos” f = 1can be used to find M1 22a e(fl?;'?;;l;s a;d
the cartesian equation. cartesian forms
L 2 2 using
Makes the substitution to find(x+4)" +({v-3)" =7 Al L1b trigonometry.
(3)
b States or implies that the curve 1s a circle with centre (—4, 3) MI1ft | 22a ath
d radms 7
and racdme Sketch graphs of
] aratnetric
Substitutesr:—%to findx=—-1land y=3(-11, 3) Mife ) Llb I;mctions_
Substitutes =§ to find x = 2.06 and y = 6.5 (2.06, 6.3)
Could also substitute = 0 to find x = —4 and y = 10 (—4, 10)
Figure 1 Draws fully Alft | 1.1b
¥i correct curve.
() )
1 3-8 13 +
(-1, 3)
2] x
3
c Makes an attempt to find the length of the curve by recognising | M1 £t | 1.1b 6th
that the length is part of the circumference. Must at least Sketch bs of
attempt to find the circumference to award method mark. ete graphs o
C=2xaxT=14n pa.rm:qetﬁc
functions.
Uses the fact that the arc is — of the circumference to write Al ft L1b
arc length = %) b
2)




vdz HX | v! I H

t -QuUS NUinkBack WdmesionH n My

Differentiates 2 or 2™ to obtain AO1.1a M1
+AIn2x2"

dy AO1.1b Al ,
Obtains — =(+41n2)2 and Y _ (31m2)2

dt dt
dx
—=(%8In 2]2" & =(—4In2)2”
dt dt

dy AO21 R1 , ‘
Uses chain rule with correct & d_l - &
c dv (—4In2)2"
dx
e i 3 ¥
and & and completes rigorous 2o
argument to obtain fully correct
printed answer
Rearranges to write 27 interms of | AO3.1a M1 g VS
xor 2interms of y 3
Or x—3
Writes given expression in terms of 2= 2
t
Eliminates / AO11a | M1 1:(,v+sj(x—3j
Or 3 4
Compares coefficients Pl by a=5 12 =xy+5x—3y—15
or b=-3 ¥y +5x—3y =27
Completes rigorous argument to AO2.1 R1 o )
obtain correct values of a, b and ¢
and write the Cartesian equation
in the required form
ISW
ALT

gyt +by = (4227 +3)(3x2 -S| adx 2 + 3] +b{ 322 -5)
=12—15+ (40— 20027 + |3+ 9)2 +3a-5b

a=3bk=-1

o+ie-dy=-3=215+15

=37
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Begins a proof using a valid
method

Eg. Factor theorem, algebraic
division, multiplication of correct
factors

AO1.1a

M1

Constructs rigorous mathematical
proof.

To achieve this mark:

Factor theorem

the student must clearly substitute
and state that p(-1/2)=0 and clearly
state that this implies that 2x + 1 is
a factor

Algebraic division OR

Multiplication of correct factors

The method must be completely
correct with a concluding statement

AO2.1

R1

~.2x +1is a factor of p(x)

Obtains quadratic factor Pl

AO1.1a

M1

Obtains second linear factor

AO1.1b

A1

Writes p(x) as the product of the
correct three linear factors.
NMS correct answer 3/3

AO1.1b

A1

p(x)=(2x+1)(15x" =11x+2)
=(2x+1)(5x-2)(3x-1)

Rearranges to achieve a cubic
equation in sec x (Or cos x)

AO3.1a

M1

Equates to zero and uses result
from (b) or factorises

AO1.1a

M1

Deduces that if solutions exist they
must be of the form sec x = -4, sec
x =1/3 or sec x = 2/5 OE

AO2.2a

A1

Explains that the range of sec xis
(—00,-1]U[1,0) OE
OE for cos x

AO2.4

E1

Completes argument explaining
that there cannot be any real
solutions as values are outside of
the function’s range.

AO2.1

R1

30sec’ x+2cosx
7
= 30sec’ x+2cosx=Tsecx+7

=secx+1

= 30sec’ x+2 =Tsec’ x+Tsecx

30sec® x—7sec’ x—Tsecx+2=0
= (2secx+1)(5secx—2)(3secx—-1)=0

These values do not fall within the
range of sec x as they are between
-1and 1

. 30sec’ x+2cosx

-
no real solutions.

=secx+1 has

Total

10
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Q Marking instructions AQ Mark Typical solution
Identifies and clearly defines AO3.1b B1 Width of rectangle = 2x
13 | consistent variables for length and Length of rectangle = 2y
width. Can be shown on diagram.
Models the area of rectangle with AO3.3 M1 A=4xy
an expression of the correct
dimensions
Eliminates either variable to forma | AO1.1a M1 ¥ +yr=16
model for the area in one variable.
Obtains a correct equation to AO1.1b A1 y =4xm
model the area in one variable
Differentiates their expression for AO3.4 M1 44 416 _ 22 4
area. Condone one error dx Ji6-x
dA _ 64-8x°
A Jie
, . d4
For maximum point — =0
dx
Explains that their derivative equals | A02.4 E1 64—8x* 0
zero for a maximum or stationary J16-x*
point.
xX= 2\5
Equates area derivative to zero AO1.1b Al dA
and obtains correct value for either When x =2.8, —=0448
variable. dx
CAQ : When x=2.9, 9 = 1 191
Completes a gradient test or uses AO1.1a M1 dx
second derivative of their area Therefore maximum
function to determine nature of
stationary point
Deduces that the area is a AO2.2a R1 The maximum area is 32 sq in
maximum at x = 2\5 or &= %
Values need not be exact
Obtains maximum area with correct | AO03.2a BA1
units AWRT 32
Total 10
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Using ‘their’ values of R and a

1 2+

ACF =
2J3+4 2

Compares with Rcos(x+a) or AO3.1a M1 3 sinx—3cosx = Rsin(x—a)
Rsin(xia') = Rsinxcosa — Rcosxsina
Obtains two correct equations for AO3.1a M1 Reosa =3
R and « for example Rsina =3
Rcosa =
: V3 R=12=23
Rsing =3
Must be explicitly seen tana =3
Obtains correct R AO1.1b B1 a-=
Condone AWRT 3.46 Pl by 3
description of stretch y=23sin(x-2)+4
Obtains correct « in radians or AO1.1b B1 3
degrees PI by description of
translation
Interprets their values of R and & AQ3.2a B1F . z
to form an equation of the form Translation | 3
y=Rsin(xta)+4o0r 0
y=Rcos(xta)+4 Stretch in the y-direction scale
Interprets ‘their’ equation to identify | AO3.2a E1F | factor 2\5
a transformation
Identifies all required AO3.2a A1 0
transformations in a correct order Translation [ J
CAO 4
Deduces the least value occurs AQ2.2a M1 1 B 1
when their sin(x—%) =1 \3sinx—3cosx+4 2J§sin{x—*§)+4
Using ‘their’ values of R and a
Pl by sight of 1 Least value when sin(x—%) =1
23 +4
.. least value is given by
Completes rigorous argument to AO2.1 R1 1 - ﬁ
obtain 1 and then the given 23 +4 2
23 +4
answer
Deduces the greatest value AO2.2a B1F

Greatest value =

2+J§
2

Total

10




y=[(x—=De'dx

u=x-1 E:l
dx

dv .

—=¢ v=e

dx

y=(x-1)e" —J'e"'dx

y=(x-1De"—-e"+c

Range >e=>atminy=e
d

Min point when Y 0x=1
dx

So curve passes through (1,¢)

e=(1-1)e' —e' +c

c=2e

o f (x) =(x—2)e" +2¢

vdz ¢ X 'v! ' u t QIS Ninkack WdneSionn n my

Integrates using integration by AO3.1a M1
parts
Applies integration by parts formula | AO1.1a M1
correctly to either of (x—1)e" or
xe*
Obtains fully correct integral, AO1.1b A1
condone missing constant.
Explains clearly why the minimum AO2.4 E1
y value is e with reference to the
range of the function OE

dy AO1.1a M1
Uses & =0to find x coordinate of
minimum
Deduces that the curve passes AO2.2a A1
through the point (1,e)
Usgs their minimum point to find AO1.1a M1
their ¢
States the correct equation in any AO1.1b A1

correct form
Condone y instead of f (x)

CAO
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a _ x—80 M1 1.1b 8th
Rearranges x =8(# + 10) to obtains = —— .
8 Use parametric
A equations in
: x—80 . M1 1.1 ing i
Substitutess = = into y =100 2 mode]_lmg mna
8 : variety of
contexts.
x-80Y’
For example, y =100 —[ - ] is seen.
. 1 5 Al 1.1b
Finds y=——x*+ = x
' 64 2
&)
b Deduces that the width of the arch can be found by substituting M1 34 8th
t=+10 into x=8(r+10) Use parametric
equations in
Finds x = 0 and x = 160 and deduces the width of the arch is| Al 3.2a modelling in a
160 m. variety of
contexts.
2
c Deduces that the greatest height occurs when M1 3.4 8th
920:_2;:0:;:0 Use parametric
dt equations in
. modelling in a
Deduces that the height is 100 m. Al 3.2a variety of
contexts.
2)
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Question Scheme Marks AOs
7 (a) Ml 1.1
I 2 dv=2InGx—k) a
(3x—k) 3 Al 1.1b
J." 2 dx:gln(‘)k—k)—gln(Sk—k) dM1 1.1b
, Bx—k) 3 3
:3] [g}zglnﬁl oe Al 2.1
3 (2§
4)
(b)
I 2 —dx=— ! Ml 1.1b
(2x—k)* (2x—k)
2k
2 _dx=- 1 + ! dM1 1.1b
. (2x—k) (4k—k) (2k—k)
_2 (.1
=37 |7 Al 2.1
3)
(7 marks)
vdz pX ! v! ot LISQWGE aLibk bAtdkzi6 Suesiignm y
Deduces that the lower bound of x | AO2.2a M1 xeR :x>1}
is 1
States the domain in a correct form AO2.5 A1
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Recalls a correct trig identity, which | AO1.2 B1 {LHS E)
could lead to a correct answer .
sin 2x

Demonstrates a strategy for AO3.1a M1 lttan® x
proving the identity, eg by a_n o
converting all the terms on the LHS _ 2sinxcosx
to cos and sin. 1+ tan® x
Concludes a rigorous mathematical | AQ2.1 R1 _ 2sinxcosx
argument to prove given identity  sectx
AG . 2

= 2sIn X Ccos X Cos™ X

=2sinxcos’ x

(=RHS)
Uses |dent|t?; to wrlte‘lmegrand in AO1.1a M1 f 45|niIH dS:szin 20 cos’ 2040
the form asin 26 cos™ 26 1+ tan” 28
Correctly writes integrand as AO1.1b A1 . »
8sin 26 cos’ 26 et ; cos L

] . " u
Selects an appropriate method for | AO3.1a M1 then —=> = -25in 26 = sin 26 = 348
integrating,
e.g. substitution u = cos 260, du
. . : 1 =-4[u’==do
or by inspection Pl by sight of de
cos' 26 = —4}-“‘ du
Obtains kju" du correctly AO1.1a | M1 | =—fyc
o . ) =—cos' 20+¢
PI by solution in form kcos” 28, if
by inspection
Obtains —u* or —cos* 260 OE AO1.1b A1F
Only FT value of a
Completes rigorous argument to AO2.1 R1
obtain —cos* 20 +¢ OE
Total 9
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LS5u—p
ul3

-3

(3%

P(Y > 1.54) = 0.0668 or 0.67 (2 sf)

M1

Al

Al
131

1.1a

1.1

1.1

4.50-30
o

SC (eg)
Letyzl;N(l,é)Ml

X= A0

3
2
x> %) =0.067 Al

av)
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500 7 507
50—y <0137 X085 50¢, %0.15" x0.85°%
50! r+l 50-(r+1) O M1 1.1a | 50 r+l 50—(r+1) Fully correct
7(#1)!(5(%(”1))!)(0'15 %0.85 C,31x0.1577 x0.85
L %085 L
50— 085  r+l o Al 2.1 Any correct simplification without or 17,20, r+l
le0_15 50— 0.15 : factorials OR without indices 20 3 50-r
r+
17(r+1) Any correct simplification without
T 30— Al 1.1 | factorials AND without indices and
correctly obtain result
[31
vdz MmoX h/ wZXZ t | (LISkNAcktd questdff S H My
dy  (~8sin2x)(3 —sin 2x) - (4cos2x)(-2cos2x) | M1 3.1a | Attempt use of quotient rule Caorrect structure, including subtraction
e (3—sin 2x)? in numerator
Could be equivalent using the product
rule
Al 1.1 | Obtain correct derivative Award Al once correct derivative seen
even subsequently spoiled by
simplification attempt
EITHER M1 24 | DR EITHER
when x= 117[, eradient = -16-0 Y t”lﬂlempt to find gradient at State lhat. x= %,l':is bt-eing used, and
e show their fraction with each term
(including 0) explicitly evaluated before
being simplified
ie x =17, gradient =—4 is MO
OR OR
(-8sin£)(3-sin§) - (4cosF)(-2cos %) _ 4 Substitute 4 7 into their derivative and
(- sin£)? - evaluate
gradient of normal is 1 Bi1ft 2.1 | Correct gradient of normal ft their gradient of tangent
area of triangle is 4 x L7 x L 7(= I_A‘_HXE) M1 2.1 | Attempt area of triangle y coordinate could come from using
) B ie 1x4mx(theiry) equation of normal, y=%(x—%ir).0r
from using gradient of normal
Could integrate equation of normal
deos2y MI1* 3.1a | Obtain integral of form Condone brackets not modulus
I+d¥ = —2ln|3— sin 2,\" kln | 3 —sin2x | Allow any method, including
3—sin2x substitution, as long as integral of
correct form
Al 1.1 | Obtain correct integral Possibly with unsimplified coefficient
i 4cos2x Mid* | 2.1 | Attempt use of limits Using {7 and 0; correct order and
Imdx =(-2In2)-(-2In3) subtraction (oe if substitution used)
0 i’ Must see a minimum of -2 In2 + 2In3
2In3-2In2=1n9~Ind = In§ Al 1.1 | Correct arca under curve Must be exact
OR At least one log law seen to be used
203 -2 In2 =2lni=ln? before final answer
- F ]
2 AG. Al 2.1 | Obtain correct total area Any equivalent exact form

hence total area is ]n%+ ﬁfr‘

AG so method must be fully correct
A0 if the gradient of — 4 results from an
incorrect derivative having been used
A0 if negative area of triangle not dealt
with convincingly

[10]
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Summary of marks:

x=1
Correct integral, any limits
Correct numerical result

Wholly correct method
44
3

Attempt find x at intersection of curves

Attempt area of part or all of 2x2 square

M1
Al
M1
Al
M1
M1

Al
7]

3.1a
1.1

3.1a
1.1
1.1
2.1

1.1

Can be implied

from correct limits

vdz mpX h/ w t

NI

O

[N

O SQuB ILihBSALE th quesSon

HY t I LISNJ o

Reflection, stretch and translation B1 2.5 | All three correct Do not accept any other
wording
(reflection) in the line y=x B1 1.1
(stretch) scale factor % parallel to the x-axis B1 1.1 Accept ‘in the x-direction’: accept Do not accept
‘factor” or *SF” for ‘scale factor’ ‘in/on/across/up the x-
axis” or ‘%u.uits'
: [0 o .
(translation) (_5) B1 1.1 Accept °5 units in the negative y- Do not accept
o direction” or *—5 units parallel to the y- | ‘in/on/across/up the y-
axis’ axis'
Order of transformations must be
correct for all 4 marks to be awarded
[4]
vdz mc X h/ w t NI} O0A OSLink badki®NEesion{f SUG nx t I LISNI m
e=3+2¢ M1 3.1a | Attempt to eliminate one variable
(3+2¢") —4e¥ =33 Al 1.1 Obtain correct equation in one or e¥—4(0.5¢°— 1.57 =33
variable — allow unsimplified
9+ 12¢" +4e¥ —4e¥ = 33 M1 1.1a | Simplify and attempt to solve or 6e" =42
12" =24 ete
e=2
y=2 Al 1.1 Obtain y = In2
e —4=3
e=7
x=1In7 Al 2.1 Obtain x = In7. vsing either equation.
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