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1. A curve C has equation
3+ xy=x+y3 y>1
The point P with coordinates (4, 11) lies on C.

Find the exact value of g—y at the point P.
X

Give your answer in the form a + b1n3, where a and b are rational numbers.
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Question
Number Scheme Marks
Differenti “n3+x Y dy
1 Ifferentiates wrt x 3 n3+x&+y:1+2y& il’—l’%’p‘l
Substitutes (4, 11) AND rearranges to getd—y =.. Nb dy = 3in3+y-1 M1
dx dx 2y —X
:>81In3+4ﬂ+11:1+22%:>ﬂ:81mﬂ:§+gln3 Al
dx dx dx 18 9 2
(6)
(6 marks)
Bl 3 —>3In3ore" »e'In3
Bl Correct product rule to differentiate xy finding xj—y +y
X
This may appear as xdy + ydx
M1 Differentiates implicitly to get y* — ky%
This may appear as y* — k ydy
Al A correct differential of all terms other than 3* so "their 3* In3"+ x%+ y=1+ Zy%
X X
dy . o |V ¢ | dy
If an extra == isseen, ie — ="their 3*In3"+ x—+ y =1+2y—=you may allow recovery if it is
dx dx dx dx

subsequently ignored.
You may see this as "their 3* In3"dx + xdy + ydx =1dx + 2 ydy
M1  Substitutes both x =4, y =11 into their expression (seen or implied at least once) and finds a ‘numerical’

value for dy (may rearrange first to give dy _ ).
dx dx

It is dependent upon having two terms in g—yand proceeding, condoning slips, to g_y =..
X X

Al Exact answer only but accept any equivalent e.g. %+%In3, g+4.5ln3

Remember to isw after sight of the correct answer

Note: If a candidate finds the equation of the tangent without specifically stating g_y =..they can score the M
X

mark but not the A. If they give g—y =..you can apply isw
X
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2
2. f(x) = (125 - 5x)3 x| < 25

(a) Find the binomial expansion of f(x), in ascending powers of x, up to and including the

term in x?, giving the coefficient of x and the coefficient of x? as simplified fractions.

C))

2
(b) Use your expansion to find an approximate value for 1203, stating the value of x which
you have used and showing your working. Give your answer to 5 decimal places.

3

. 4
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Question Scheme Marks
Number
2 (a)
2 2 1 2 2
f(x) =(@125-5x%)3 :1253(1—2—5 X)3 125%0r25 | g1
)5
2\ 1 3)\ 3 1 Y
=25x|1+| = || ==X |+ ——X| +..
e vial
2 1 Al
=25-=x———Xx>.
3" 225 4
23
2 2 1 2l 2 _4
Alternative: (125—5x)°® =12583 +(§)125 3 (—5x)+%125 3 (—5x)2 BIM1AL
2 1 Al
=25-=x———x%...
3~ 225 4
(b) Letx=1 Bl
Evaluate = 25—g L =24.32889 M1Al
3 225 3
(7 marks)
(@)
Way 1:
2
Bl For taking out a factor of 12530r 25

M1 For the form of the binomial expansion with n =§and a term of (

To score M1 it is sufficient to see either term two or term three. Al

2 2
for either (—j( x]
3

5 «BI

2

g

+ T —
25

5

+——X
125

1
T—X
25

)

low a slip on the sign of

1

5

ol
(

B

—i xj. So allow
25

Al Any (unsimplified) form of the binomial expansion. Ignore factor preceding the bracket

Al cao = 25—% x—%xz... This must be simplified. Ignore ext

ra terms.
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(a) Way 2:

2
Bl For seeing either 125%or 25 as the first term

M1 Itis sufficient to see either term two or term three (unsimplified or simplified).
Allow a slip on the sign of (-5x)

2\ 2
AN (3](3—1] S
So allow for either (5]125 3(45x) or #125 3 (45x)

1 2
does not score the method mark until one of the terms is processed as in the main method

2 1 2 4
The expression 1255 +(AJ125 3 (J_er)j{AJlZS 3 (J_r5x)2 +

Al Any (un-simplified) form of the whole binomial expansion.
Al Must now be simplified ca0:25—gx—ix2—...
3 225

(b)
B1l: States x = 1or is explicitly seentouse x =1
M1: See an attempt to substitute a value of x consistently in their series expansion, condoning slips.

May be implied by sight of = 25—%—%5 or the correct answer for their expression.

Allow if they have more terms, but not if they have fewer.
Al: cao 24.32889 * DO NOT ACCEPT AWRT*

2
Watch: 24.32881 is the calculator answer for 1205

Note: If there is a decimal answer and they don’t show their method you will need to use your calculator
with x = 1 to check their result for the M1
Correct part (a)

Eg 1. (a) ZS—EX—%S x* —... (b) :>120% = 24.32889 BO(not stated or seen) M1(implied) Al

Examples 2 to 5: Incorrect part (a)

Eg 2.(a) 25—§x+2—25x2 —... (b) 120% =24.33778 BO M1(implied by calculator check) A0

Eg3.(a) 25—§x+ix2 _.. (b)x = 1=>1207 = 2433778 BI (stated) M1(implied by calculator check) A

225
2 1, A 2 1
Eg4.(a) 25—-—x+—x"—... (b) =120 =25—-—x1+——x1° =24.33778 B1(seen) M1(seen) A0
3 225 3 225

Eg5.(a) 25—§x+2—$5x2 . (b) =120% = 25—§+%5 _ 24.33778 BO(not stated or seen) M1(implied) A
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x2
3. f(x) = ”y + In(2x), x>0
(a) Show that the equation f(x) = 0 can be rewritten as
1 1
x=—c
2
2
The equation f(x) = 0 has a root near 0.5
(b) Starting with x, = 0.5 use the iterative formula
L
'xn+1 = Ei-e "
to calculate the values of x,, x, and x,, giving your answers to 4 decimal places.
(©))
(c) Using a suitable interval, show that 0.473 is a root of f(x) = 0 correct to
3 decimal places.
(2)
J
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Question Scheme Marks
Number
3.(a) X2 X2 _x¥ 1 %
f(x)=—+In(2x) =0s0 In(2x)=—— andso 2x=e * and x=—e ** M1 Al*
4 4 2
)
1 -0
6) | x=Je M1
X, =awrt 0.4697 , Al
X, =awrt 0.4732 and x, =awrt 0.4728 Al
©)
() £(0.4725) = —0.000756...<0, f(0.4735)= 0.001594..>0
Sign change (and as f(x) is continuous) therefore root lies in the interval M1AL
[0.4725,0.4735] = root =0.473 (3 dp)
)
(7 marks)

2

(a)
M1
Put
S
f(x)
= 0,
eith
er
stat
ed,
or
imp
lied
by
sig

ht of XI+ In(2x) =0, then makes the (2x) of In(2x) the subject by taking the exponential. Condone slips and the

2

omission of the bracket (very common) but taking the exp of each term, XT +In(2x)=0=e* +2x=0is MO

2

. . N X -
Alternatively, award for a correct answer with a missing first step—Z =In(2x) = 2x=e 4 = x=

X2 2

b‘x,\)

e

N |-

Candidates who work backwards must proceed from x = %e 4 to X? +1In(2x) = 0 before the M mark is scored.

They need to make a comment before the A mark is awarded. Eg. Hence f(x) =0

Al*: Completely correct work ignoring bracketing on In(2x) to achieve the printed answer.

(b)
M1: An attempt to substitute x, = 0.5into the iterative formula
_ (05)?
This may be implied by sight of X, =§e 4 x, =awrt 0.47

Al: x, =awrt 0.4697
Al: x, =awrt 0.4732,and x, =awrt0.4728

Ignore subscripts, mark in the order given.

(c)
M1: Choose suitable interval for x, e.g. [0.4725, 0.4735] attempts f(x) at each.

If they use a different function it must be defined or implied by sight of the expression.
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. 1<
For example, candidates could attempt +g(x) at each where g(x) = {X—Ee 4 j
FYI g(0.4725) =—0.00036 g(0.4735) =+0.00075

A minority of candidate may choose a tighter range which should include 0.47282 (alpha to 5dp),
This would be acceptable for both marks, provided the conditions for the A mark are met.
Continued iteration is MO
Al: needs (i) both evaluations correct to 1 sf, (either rounded or truncated) or 3 dp
(i1) sign change stated (or implied by f(a) xf(b) <0) oe and
(iii)some form of conclusion which may be :
= root =0.473 or “so result shown” or ged or tick or equivalent

X £(x) X 8(x)
02725 | -0.000756285 0.4725 | -0.000357482
0.4726 | -0.000521044 0.4726 | -0.000246309

0.4727 | -0.000135135
0.4728 | -2.39585E-05
0.4729 8.72201E-05

0.473 | 0.000198401
0.4731 | 0.000309584
0.4732 | 0.000420769
0.4733 | 0.000531956
0.4734 | 0.000643145
0.4735 | 0.000754336

0.4727 | -0.000285838
0.4728 | -5.06723E-05
0.4729 | 0.000184454

0.473 0.00041954
0.4731 | 0.000654587
0.4732 | 0.000889594
0.4733 | 0.001124561
0.4734 | 0.001359489
0.4735 | 0.001594377
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Figure 1 shows a sketch of part of the graph with equation y = f(x), x e R
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The graph consists of two half lines that meet at the point P (2, —3), the vertex of the graph.
The graph cuts the y-axis at the point (0, —1) and the x-axis at the points (—1, 0) and (5, 0).

Sketch, on separate diagrams, the graph of

@) y = f(x),

(€))

(b) y = 2f(x + 5).
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umber
4(a) M1A1A1L
M1: W shape anywhere, (so allow this mark for y = |f(x)| ). Condone a lack
of symmetry
Al: Intercepts at (5, 0), (—5,0) and (0, —1). Allow 5, -5 and -1 written 3
on the correct axes. Do NOT allow (0,5) for (5,0) etc.
Al: vertices (corresponding to P) at both (2, —3) and (—2, —3)
(b) M1 A1Al
M1: V shape (correct way up) anywhere on the page. Do not however
award for the original V. Condone a lack of symmetry or it appearing as a
tick.
Al: intercepts through O and (—6, 0) Allow -6 written on the correct axis.
Do NOT allow (0, -6) for (-6, 0). Remember the M must have been scored.
Al: Single vertex at (—3, —6)
©)
(6 marks)
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Question Scheme Marks
Number

9(4+x) A B
= + = AorB
5() 16-9x  (4-3x) (4+3%) M1
A =6 or B = 3 obtained at any point of the solution Al
9(4+ x) 6 3
> = + Al
16-9x° (4-3x) (4+3x)
©)
(b) J9(4+xz deJ A, B
16 -9x (4-3x) (4+3x)
:—éln(4—3x)+%ln(4+3x) (+c) ML ALft
(=-2In(4-3x)+In(4+3x) (+¢))
= 1 B30 o g KE3) in|<(4+3%) M1, Al
(4-3x) (4-3x) (4-3x)
(4)
(7 marks)
This question may be marked as one
(@)
M1: Sets or implies 4+ Xz = A + and proceeds to find at least one unknown
16-9x° (4-3x) (4+3x)
Sets or implies 1é4+x)2 =17 A + 2 B and proceeds to find at least one unknown
B¢ (%5-%) (%5
Sets or implies 4+ XZ = A + and proceeds to find at least one unknown
16-9x° (-3x—-4) (3x-4)

9aM(4+x) _ A N
16-9x>  (3x—4) (3x+4)
Al: Either constant correct or one correct fraction
AL 9(4+x2 _ 6 N
16-9x° (4-3x) (4+3x)
Alternative correct forms are;

Condone and proceeds to find at least one unknown

in either (a) or within the integral in (b)

2 1 6 .3
(%—x) (%+x) ' (3x—4) (3x+4)’
-3 N -6 15 N 0.75
(-3x—4)  (3x—4) -3,x) @+3;x)

94+x) _ 6

Watch out for where we see 6 and —3 but scores M1 A0 A0

16-9x°  (3x—4) (3x+4)
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(b)

M1: Uses their partial fractions from part (a) and integrates to obtain ...In(4—3x)+...|n(4+3x) or equivalent

such as ...In(% - x)+...|n(% + x) with or without modulus signs.

94+x) _ A

If they fail to reach S = +
16-9x° (4-3x) (4+3x)

or an alternative correct form and use say

9(4+x) =A+
16-9x*>  (x) (16—9x)
they have two fractions.
Alft: Correct answer for their A, B (do not need constant of integration at this stage) — may have modulus
signs
M1: For combining their log terms correctly with a constant of integration seen on the same line.
Al: cao. The answer given in the scheme o.e.

candidate can (potentially) score the first three marks in part (b) as long as

Allow -2In(4-3x)+In(4+3x) +c— Ink(4—+3X2) without explanation or

(4-3x)
—2In(4-3x)+In(4+3x) +c—>|ne(4—+3)§) or
(4-3x)
A k(LX_?) with the modulus sign
(=3x-4) (3x-4) (3x—4)
N.B. In(4+—3x)2 +C gets M1AO asdoes —2In(4—-3x)+In(4+3x) +c—>|nc(4—+3xz)
(4-3%) (4-3x)
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6. VA
R
>
0 T T X
3 2
Figure 2
The curve shown in Figure 2 has equation
X X
y=3tan5, 0<x<m y>0
The finite region R, shown shaded in Figure 2, is bounded by the curve, the line with
. T . . . . T
equation x = 3 the x-axis and the line with equation x = 5
The region R is rotated through 360° about the x-axis to generate a solid of revolution.
3
Show that the exact value of the volume of the solid generated may be written as A4 In 5 )
where 4 is a constant to be found.
)
J
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Question Scheme Marks

Number
2
6 (V)=7rJ.3tan(§jdx B1
3
x|z x|z
= (7)| —6In cos(§] or (7)| 6In sec(ij M1Al
: ;
=(n) —6In[ij+6ln 3 dM1
2 2
J6 3 Al
=(x)|6In| — | |=3xIn| =
( ){ ( 2 (2} (5)
(5 marks)

B1: Need the expression including 7 and correct limits. The limits and 7 may be implied by later working.
Condone the omission of the dx. You do not need to see V

As a minimum accept nJ-s’tang with the limits Z and

or

T

5 3 being used later

3tan§ found and subsequently multiplied by =

0| N Cmm—r | N

M1: Achieves k In cos(x/2) or k Insec(x/2) where k is constant

Al: cao —do not need 7 nor limits. It is for —61n cos(%) or 6Insec(§} oe

Note that it may be common to see a first line of (V) =27

3tan [fj dax.
2

0 | N Cmmm—r> |

In this case you would award for—121In cos(gj or 12Insec (gj

dM1: Dependent on first M1. Substitutes given limits and subtracts (either way around)
Al: cao and depends on having explicitly seen evidence for both M marks
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7. With respect to a fixed origin O, the lines /| and /, are given by the equations

[:r = (13i + 15j — 8k) + A(3i + 3j — 4Kk)

5
O

X
s
PORT
XN
LI
QXXX

25K

L:r=(7i-6j+ 14Kk) + u(2i — 3j + 2k)

2

X

20
%
“\
0

%%

tetete
L
%

where A and u are scalar parameters.

(a) Show that / and /, meet and find the position vector of their point of intersection, B.

(6)

(b) Find the acute angle between the lines /, and /,
3)

The point 4 has position vector —5i —3j + 16k

(c) Show that 4 lies on /|
1)

—>

The point C lies on the line /, where AB =B

(d) Find the position vector of C.
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13 3 7 2 13+31=7+2u
7 (a) 15 |+A4| 3|=| 6 |+u|-3|= 15+431=-6-3u anytwoofthese | M1
-8 —4 14 2 —-8-41=14+2u
Full method to find either A4 or u —| M1
1) -2) > u=-3
Sub x=-3into (2) to give A =—4 (need both*) Al
Check values in 3" equation —-8—4x—4=14—6=8 (True) Bl
13 3 7
Position vector of intersectionis | 15 |[+-4| 3| OR | —6 |+-3| -3 L | dM1
-8 —4 14
' Al
=3
g (6)
3 2
3|3
(b) a2 1 M1 Al
cosé = =
JB+3+ (4722 + (3 +22  1T\2
So acute angle is awrt 62.8 degrees or awrt 1.10 radians Al
@)
-5
(c) When A= —6 this gives | -3 |so A lies on |, Bl
16 (1)
(d) Vector approach "Bus stop" approach
AB =6i+6j—8k or AtC A=-2 M1
L L 13
BC =6i+6j—8k andc=b+ BC oe so | 15 l+-2| 3 M1
-8
— . Al
OC =7i1+9j 3)
(13 marks)

(a)

M1: For writing down any two equations that give the coordinates of the point of intersection.

Accept two of 13+34=7+2u, 15+31=-6-3u, -8—441=14+2u

There must be an attempt to set the coordinates equal but condone one slip in total in the two equations.
M1: A full method to find either Aor p.

Al: Both values correct 1=-3and A =-4 (need both). Correct values following correct equations

implies M1 Al
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NB * It is possible to provide a complete proof by solving two of the three equations to give x=-3or

A=-4 and then to solve the third equation with one of the previous equations to give the same value
independently. It is then sufficient for this mark to have just one of 4 =-3or A=—4.
B1: The correct values must be substituted into both sides of the third equation. There must be some minimal
statement (a tick will suffice) that the values are the same. This can also be scored via the substitution of
u=-3 A=-4into both of the equations of the lines but there must be the same minimal statement.
For example 8=38 is insufficient evidence but 8=8v"is fine
NB* It is possible to provide a complete proof by solving two of the three equations to give u=-3or A=-4
and then to solve the third equation with one of the previous equations to give the same value independently. It is
then sufficient for this mark to have just one of x=-3or A =-4 but there must be the  same minimal
statement that the lines meet.
dM1: Substitutes their value of A into I; to find the coordinates or position vector of the point of intersection.
It is dependent upon having scored second method mark. Alternatively substitutes their value of 4 into I> to
find the coordinates or position vector of the point of intersection.
Al: Correct answer only. Accept as a vector or a coordinate. Accept (1, 3, 8) (A correct answer here implies
previous M mark)
Note that it is possible to score 1,1,1,0,1,1
(b)
M1: A clear attempt to use the correct formula for cosé = using the scalar product of the direction vectors.
Allow for one slip and proceed to cosé = a fraction or decimal.
If they attempt to use the point of intersection and another point on each line they must get a multiple of the
direction vectors.

Al: For

172

Al: cao for awrt 62.8 or 1.10 radians

(c)
B1: Shows that 2= —6 in all three cases and draws conclusion — e.g. point lies on line, or result shown, or QED,
or tick....

or equivalent - may be implied by 62.8 or 117.2 or 1.10 radians or 2.04 radians

13+3x-6 -5
Alternatively substitutes A= —6in | 15+3x—6 |=| —3 | and gives a (minimal) conclusion Eg O
—-8-4x-6 16

(d)
M1: A correct attempt at any correct vector in the direction of AB or BA using OA and their OB .
Allow if two components are correct.

For example AB =6i+6j—8k or BC =6i+6j—8k or AC =12i+12j—16k
If the bus stop approach is used it is for attempting to find /l(z —2) atC
M1: A fully correct method to find OC Using a vector approach ¢ = b + their AB or c=a+ 2x their AB

orc=—a+ 2xb Other methods are possible.
7

Al: OC =7i+9j or OC =|9 | Do NOT accept just the coordinate(7,9,0)
0
The correct vector without working scores 111, the correct coordinates 110
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8. Given that
8tan(2y), —— < x < =
=38tan(2x), — <x < —
Y 4 4
show that
dx 4
dy B+)y?
where 4 and B are integers to be found.
“4)
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. . dy 2
8 Differentiates wrtx =~ — =16sec’ (2x) 0€ —| M1
dx
d
dx 1 ~ _16(1+tan* (2x))
Invertstoget — = —— dx
dy 16sec’ 2x
—| dM1
_ 1 y 2
16(1+ tan® 2x) - 16(1+(§j J
__A —| ddM1
dy B+y’
__4 Al
64+ y?
4)
(4 marks)

M1: Achieves g_y = Asec® (2x) oe or implicitly 1= 1sec’ (ZX)S—;
X
sin 2x

COS2X

If they change tan2xto ﬁLz( they could never reach the required solution so score MO
—tan” x

) dy acos2xcos2x+ Bsin 2xsin 2x
they can score this mark for 4y ~ (cos2x)’

If they change tan2x to

dM1: Scored for two of the three processes 1 and 2 (either order) or 2 followed by 3 :

1. The reciprocal must be taken. (The variable cannot change)

2. The identity 1+ tan®2x =sec’ 2x must be attempted

Y

8

ddM1: Scored for attempting all three processes and attempting to eliminate the fractions (seen in at least two of
the terms in the expression)

3. There must be an attempt to replace tan2x by

Al: cso

Alternative using arctan

. . dx
ML1: Expresses X as x = Aarctan (})and attempts some differentiation => v
Y oty

2

dM1: As above but achieves % = c

&y @+(2))

ddM1: Eliminates fractions (seen in at least two of the terms in the expression) % = A
y

B+y?

Al:cso%: 4
dy 64+y?
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9. (a) Show that
cot? x 5
1+ cot? x - ooy
3
(b) Hence solve, for 0 < x < 360°,
cot? x
— = 8cos2x + 2cos x
1+ cot’>x
Give each solution in degrees to one decimal place.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
(6
\_ _
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Question Scheme Marks
Number

cot? 0052% , 0032% )
9(a) | Way1lLHS — RHS: —= SIX SIN_X = cos® x M1 M1, Al*
1+cot?x  cosec’x y ,
sin‘ x
2 =2 2 2
Way 2 LHS —» RHS:: cot )2( Xs!nzx =— ZCOS X =, = cos X,scoszx M1, M1, Al*
1+cot“x sIin“X  sSIiN“X+Ccos X 1
cot?x 2 1 1
Way 3 LHS — RHS: = %a“ X = = ,=c0s’X | M1, M1, Al*

1+cot? x _1+% . 1+tan’x  sec’ X
an’x

2 2
cot“x _ Cosec X_lsl—sin2 X = COS? X M1 M1 Al*

Way 4: LHS — RHS:: 5 5
1+cot”x  cosec“x

Way 5: Considers both sides

cos?x(L+ cot? x) = cos?x| 1+ cos’ x| _ cos” x(sin® x+c0s® X) _ cos® X oty M1 M1
sin? x sin? x sin? x
2
Hence Lt)z( =C0S’ X Al*
1+cot” X
3)
(b) cos’x =8(2cos’ x—1) + 2 cos X M1

15c0s® X+2cosXx—8=0 Al

Socosx=2/3 or —4/5 |: M1

= X =48.2° or 143.1° or 216.9° or 311.8° LdM1, Al Al
(6)

(9 marks)

(a)
M1: Uses one VALID identity may implied. It is usually one of

2
1+ cot? x=cosec’x, 1+tan? x =sec? X, cot2x=005% ) ,cotzx:}/ ) coseczx:}/. .
sin? x tan? x sin? x

}/ , =sin’*x,1—sin? x=cos? X, cot?xsin? x = cos?X, seczx:}/ - }/ =C0S° X
COSec X Cos“ X’ /'sec”x
cot’xsin® x = cos*x

M1: Uses two VALID identities (not the same one twice) may implied.

Al: See a complete process.

All notation must be correct ( s d ) including correct use of variables M

However, condone a lack of variables if it does not form part of their proof (and is an aside)
There will be some combinations of these methods. A complete method with no errors scores M1IM1Al

Way 5 must contain a conclusion for the A mark.
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(oL -1 )
Loty = =S = s

For example: The above minimum response can be marked as follows
M1: A correct identity 1+ cot> x=cosec’x used

M1: A second identity %oseczx =sin® ximplied. Alternatively, could be scored for 1—sin? x = cos?® x used

Al: Completes proof with no errors and correct notation.

b
f\/l)l: Attempt to use both part (a) to replace left hand side and the correct double angle formula
cos2x = 2cos’ x—1 on right hand side to form an equation in cos x only. If, for instance, cos2x = cos® x—sin® x
is used this mark is not scored until the sin® x has been replaced by 1—cos® x
Condone a slip or an omission on either of the coefficients 8 and 2.
For example, cos®x =2cos? x—1+2cosx or €os’x =8(2cos” x—1) +cos x if fine for M1
Al: Correct three term quadratic with all terms on same side of equation. The =0 may be implied by subsequent
work
M1: Solves quadratic in cos xby any method — factorising, formula or completion of square or just writing down
answers. Correct answers imply this M mark.
It is dependent upon having attempted to replace cos2x by +2cos® x+1 oe
dM1: For proceeding to find one correct answer for their inverse cos. You may have to use a calculator.
It is dependent upon the previous M mark. One correct answer implies this mark
Al: Two correct answers from awrt 48.2°,143.1°, 216.9°,311.8°
or awrt 0.841, 5.442, 2.498 and 3.785 which are the radian solutions.
These cannot fortuitously be awarded from incorrect working.
Al: All four answers in the range, x =awrt48.2°, 143.1°, 216.9° and 311.8° and no others
Any extra solutions in the range withhold the final A mark.
Ignore any solutions outside the range 0<x <360°
Due to the complexities in this question we will not be applying the misread rule for students who miscopy the
equation in (b)
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Question Scheme Marks
Number

K
|
Correct shape or M1
10(a) intercept at 1
Fully correct Al
(2)
i
\ 5o p &
o 7
M1 Al
b X)>1
b | 9 @
(c) y= % = (X=-3)y=x =xy—-x=3y M1
3 |:
> X=—— dM1
y-1
~1 3X H 2
g (x)= 1’ with x > “1 Al, B1ft
(4)
= F- Way 2: g(x)=f"(3
(d) Way 1: e (x—3]=3 Yy g( ) ( ) M1
—2(Lj=|n3 g(x)=—-1In3 Al
X—3
—2x=In3(x—3) sox= x=g7"(~%In3) — dM1
_ 3In3 Al
2+In3 (4)
(12 marks)
(since this is outside the range for g(x) there are no solutions.)

(@)
M1: For a correct shape (any position) or a curve passing through 1 on the +ve y - axis .
For the curve, look for a gradient that is always negative and increasing. Condone slips of the pen.
For the y intercept condone it being marked (1,0) but do not accept e’
Al: Correct shape with y - intercept at 1 and asymptotic to the x - axis.
As a rule of thumb look for it reaching a point that is half way below the intercept at 1 with some levelling
out. Do not condone the y intercept marked as (1,0) for this mark.
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(b)
M1: Finds the value 1 but incorrect inequality is possible.
Forexample y>1,x>1f(x)>1, g=1, 1l<y<7oreveng(x)<l

Al:Needsg(x)>1,g>1, y>1, (Loo)or (Io0)but do notaccept f (x)>1

(©)
M1: Setting y = multiplying across and attempting to collect x terms. Award for +xy + x =+3y but condone
numerical slips. Alternatively starting with  x = Y multiples across and attempts to collect y terms.

If it is attempted by division then expect to see y = LB =>y= A+i3 before the A is moved across
X— X—

dM1: Dependent upon the previous M mark. It is for an attempt at making x or a replaced y the subject of

+
formula. Look for x = 3y but condone numerical slips.
ty+l
Al: For g*(x) _ or exact equivalent such as g (x) __ or g (x) =3+i or g'(x) =3—i
x-1 1-x x—1 1-x
3X 1 3X
Donotallow y=——or f(x)=—
x-1 x-1

B1ft: domain x > 1 or ft their range from part (b) as long as it is in x or set form (1,00) Condone (1;0)

Don’t follow through on y € R following xe R
(d)
M1: Way 1 for an attempt at setting fg(x) =3 Condone slips but the order of operations must be correct.
Way 2 for using g(x)=Ff(3)
Al: Undoes the exponentials to reaches a correct equation in x.
. X X
So either —2| —— |=In3or ——=-1In3 or g(x)=-1In3
( X — 3] x—3 °? 900="

dM1: A full attempt to make x the subject of the formula from two x terms. It is dependent upon the previous M.

Apply the same rules for change of subject as for M1 dM1 in (c)

Alternatively attempts g'f *(3) following through on their g™

Al: x= 23";33 or exact equivalent e.g. In3 may appear as — In(1/3) or — 1/2 (In9)
+1In

(Condone lack of the final conclusion)
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The curve C meets the x-axis at the origin and at the points 4 and B, as shown in Figure 3.
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(a) Write down the coordinates of 4 and B.
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(b) Find the values of ¢ at which the curve passes through the origin.

2

(c) Find an expression for 3_)/ in terms of ¢, and hence find the gradient of the curve
X

when t = —
6
4
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2
o2

XRHXXX

(d) Show that the cartesian equation for the curve C can be written in the form
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where a and b are integers to be determined.
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(lg\luestion Scheme Marks
umber
11 (@) |(3,0)and (-3,0) Bl, Bl o
V3 3 M1 Al
b — and —
(b) 2 2 (2
d
dy %It 18cos 2t
© dx dx/ ~ _3sint M1 AL
X [
_185 _ ¢ dM1 Al
-3} @)
(d) y? =81x4sin?tcos?t y =9x2sintcost M1
Attempts to replace Attempts to replace
2 2 2
cos’t _X and sin’t :1—X— cost _X and sint = ,,1—)(—
9 9 3 9 M1
Correct egn _ Al
2 2 X X
y2 =81xdx| 1= 2 |x X Correct eqn y=9><2><*/1——><—
9 9 9 3
Obtain y* =4x"(9-x) Obtain y* =4x*(9—x) o (4)
(12 marks)

()
B1: For one correct value of x or for seeing (0,3) or (0,-3)
B1: For both coordinates correct. You can ignore any reference to A or B or O

(b)

M1: For one correct in degrees or radians. You may well see students who work out both cost =0 andsin2t =0
and produce many values of t without selecting the correct ones or even selecting incorrect ones. They can have
access to the M mark

Al: For both correct in radians (and no others inside the range)

(©
dy
M1: Attempts to differentiate both x and y wrt t and uses dx_dt
Yo
You may see candidates who attempt to set y =18sintcost before differentiating.
Condone poor/ incorrect differentiation for the method.
dy 18cos2t dy 18cos’t—18sin’t

Al: Correct result with no errors seen. —— ==———— or exact equivalent, for example —> -
dx  —=3sint dx —3sint
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(NB if d%t and d%t have the ‘wrong’ sign — this is AQ)

dM1: Attempts to substitute t = %into their trig expression for j—y =
X

It is dependent upon having scored the previous M1.
Al: cso

Generally

M1: Attempts to use the double angle formula for sin 2t to reach y =18sintcost or equivalent.

You may see this after squaring y so y> =81x4sin’tcos’t Condone y* =162sin’tcos’t
M1: Uses correct trig identities to form an equation linking y with x

This usually involves using both x =3cost and sint =+/1—cos?t
Condone for this mark x =cost
Al: A correct intermediate equation

Al:cso y> =4x%(9—x%)
Alt method 1: Uses both sides and given result

M1: Substitutes x =3cost and y=9sin2t into y* =ax*(b—x) and attempts the double angle

formula for sin2t Eg 81><4Sin2t0052t:a9COSZt(b—9COSZt)

M1 : Proceeds so that both sides are of the same form and attempts to find at least one unknown
Eg Replace sin’t by 1—cos®t on Ihs :>81><4(1—coszt)coszt: a9coszt(b—9coszt)multiplies out

= 324c0s*t —324cos’t =9abcos’t—8lacos*t, and then solves two equations of the form ..a=.. and
...ab=... to find one unknown.
Al: Solves two equations of the form .a=.. and ...ab =... to find both unknowns with one value correct.

Al: Correct equation y* =4x*(9—x*)or a=4,b=9 and states hence true

Note that it is possible to find b =9 by substituting (+3,0) into y* = ax’ (b— x2) . This scores no marks

Alt method 2; Uses sin®2t =1—cos?2t both sides and given result

M1: Attempts to square and use sin®2t =1—cos?2t Eg y? =ksin?2t = k(l—cos2 Zt)

M1: Attempts to use cos2t = 2cos’t—1 and x = 3cost to form an equation linking y with x
Condone for this mark x =cost

2
2%
AL: In this method it could be y? =81(1(1Tj J

Al:cso y* =4x*(9—x%)
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Give the exact value of R and give the value of a, in radians, to 3 significant figures.

12. (a) Express 2sinx — 4cosx in the form R sin(x — a), where R > 0 and 0 < a <

3

In a town in Norway, a student records the number of hours of daylight every day for a

year. He models the number of hours of daylight, H, by the continuous function given by

the formula

12 + 4sin(ﬂ) -
365

where ¢ is the number of days since he began recording.

H

(b) Using your answer to part (a), or otherwise, find the maximum and minimum number

(€)

of hours of daylight given by this formula. Give your answers to 3 significant figures.

(c) Use the formula to find the values of #t when H = 17, giving your answers to the

nearest integer.

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

(6)

8

3 A0 3 6 4

5 1 4 0

P

36
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Question Scheme Marks
Number
12. (@) | R=+/4+16 = /20 or 2.5 B1
tana = 4 M1
2
= a =111 (awrt) Al 3)
(b) | Maximum is 12+2R or minimum is 12— 2R M1
maximum = 20.9 (hours) (20h 57m) and minimum = 3.06 (hours) (3 hours 3m) | A1 Al
@)
(c) 17—12+k"R"sin(E+"a"j M1
365
sin[%i"a'}:.... dM1
365
For proceeding to one value for t from 17=12+2"R"sin (%i "a"] r M1
t =99 (days) or 212 or 213 (days) |: Al
For finding two values for t - dM1
t =99 (days) and 212 or 213 (days) Al
(6)
(12 marks)
(a)

Bl: R= \/ﬁ or 2\/5 no working needed. Condone R = i\/ﬁ oe

M1: tana :ig or tanax =i§ and attempts to find alpha. If R is used accept sina =i% or cosa =J_r"—;"

Al: accept a = awrt1.11;also accept @sin(x—l.ll) . Answers in degrees are AQ

(b)

M1: Uses Maximum is 12+2R or minimum is 12— 2R with their value of R
Al: maximum value or minimum value correct allowing exact value(s) 12+ 220 or 12+4/5
Al: maximum and minimum value awrt 20.9 (20h 57m) 3.06 (3 hours 3 m)

Ignore any units in this part.

Note: It is possible to do this by differentiation. To score M1 you would need to see

. . 2t )
Differentiation to /1005(%— a j_o

value.

2t &

3z . ]
:%— o > or7:>t—... and then substitute into

H and find a
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(©)

M1: For an attempt to interpret the model and writing it in terms of (a), condoning slips
Allow for 17=12+k"R"sin (%i"a"j , even k =1with their value for Rand « (Slip on "2")

Allow 17 =12+k"R"sin(x+"«") even k =1with their value for Rand « (x instead of % )

dM1: For attempting to make sin(x +their ) or sin(%i"a"j the subject.

M1: For the method of finding at least one value for t, 0 <t <365, from a "correct' starting point with 2 x their
R.

17=12+2" R"sin(%i"a"j—) sin(%i "a"j: C tot =... by undoing the operations in the correct order

A good intermediate value to check (for correct R) is %i "a"=0.593....
. 2r 2r
Condone slips on the 365 for all M marks. Example you may see %

Al: For one correct value for t, either awrt 99 or awrt 212/213.
dM1: For attempting to find a second value for t.
It is dependent upon the previous M mark and it is usually for moving from

(%i"“"j= 7— /3 (where B was the principal value) to t = ...

by undoing the operations in the correct order

A good intermediate value to check (for correct R) is % +"a"=2.548....

Al: awrt99 and awrt 212 or 213 only 0 <t <365. Remember to ISW
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C
R -
0 >
x=e x =5e
Figure 4
Figure 4 shows a sketch of part of the curve C with equation
1 1
= —In2x, x> —
ar >
The finite region R, shown shaded in Figure 4, is bounded by the curve C, the x-axis and
the lines with equations x = e and x = Se.
. 1
The table below shows corresponding values of x and y for y = —In2x. The values for
y are given to 4 significant figures. 2x
X e 2e 3e 4e Se
y | 03114 | 0.2195 | 0.1712 | 0.1416 | 0.1215
(a) Use the trapezium rule with all the y values in the table to find an approximate value
for the area of R, giving your answer to 3 significant figures.
3)
1
(b) Using the substitution u = In2x, or otherwise, find jz—ln 2xdx
X
3)
(c) Use your answer to part (b) to find the true area of R, giving your answer to 3
significant figures.
2
(d) Using calculus, find an equation for the tangent to the curve at the point where
eZ
x=— giving your answer in the form y = mx + ¢ where m and ¢ are exact multiples
of powers of e.
(6))
. J
40

P 51 4 0 3 A 0 4 0 4 8
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umber
13 (a) R F ) B1 oe
%x hx{0.3114 + 0.1215+ 2(0.2195+0.1712+0.1416 )} M1
Al
=2.04 (3 sf
(3f) 3)
du 2
b Letu=In2x then —=—
(b) dx 2x Bl
1 1 1 2
So | —In2xdx= | Zudu ==[In(2x)]" oe M1 Al
2X 2 4
3
5e M1 Al
(© | [$n2x)°]" = [$(In10e)’ -1 (In2e)* ] =2.01 @
2
d 1 2 1 2Xx——(In2x)x2 |
@ | Wwayt: d_y__x___' 2 Way 2 dy X (In2x) x M1 Al
X 2X 2x 2x? dx (2x)?
:(iz Lz [tz
2 2X 2X
2
When x_— y= =z Bl
Uses [% 32 ]wnh thelr Il to form equation of the tangent ERTVE
Al
y= —e—4 X+ e_2 cao (5)
(13 marks)

(@)

B1: See %xe x as part of trapezium rule or h=e stated or used

M1: Correct structure of the terms inside the {.....} of the trapezium rule with their h. Expect to see
%x h x{ 0.3114 + 0.1215+2(0.2195+0.1712+0.1416 )} condoning slips on the digits of the numbers.

Award this mark if the bracket { } is not present %x h x0.3114 + 0.1215+2(0.2195+0.1712+0.1416 )

Al: awrt 2.04 Condone @e or awrt 0.749e

800
(b) Mark parts (b) and (c) together
Hence
. du 2 .
B1l: Finds — =—or exact equivalent
dx 2x

M1: Integrates as far as ku® or k[ln(2x)]2 or equivalent
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Al cao=%[ln(2x)]2 “Linax =Linz(ex) or:%InZZX FINAL ANSWER

4 4
May be awarded in (c) (Does not need constant of integration)
Note =%In(2x)2 or=%|n 2x’ is incorrect

(b) Otherwise

B1 M1: Integrates as far as k [In(2x)]2

Al cao:%[ln(Zx)]z :%[InZX]Z :%Inz(Zx) or:%InZZX FINAL ANSWER

May be awarded in (c) (Does not need constant of integration)
Note :%In(Zx)2 or:%In 2x* is incorrect

(©)

M1: Uses correct limits correct way round in an integrated function.
Condone a poor attempt at integrating but the limits cannot be substituted into the original function.
If the integral is left in terms of u then the limits must be In2e=1.69... to In10e =3.30...

Al: Correct answer. Accept awrt 2.01  Allow recovery from incorrect notation =%In(2x)2 :

(d)
M1: Attempts to differentiate y = Zi In2x using either the product rule or quotient rule to achieve either
X
dy _ Az— B In22x (A, B>0) for the product rule
dx x X
W X-Qn2x)
@ _ X oewith (P,Q>0) for the quotient rule.
dx (2x)

Condone 2x* for (2x)2 on the denominator.
Al: Correct use of quotient or product rule— may not be simplified — accept any correct answer.

B1: Correct simplified y coordinate % oe such as 2e™* may be awarded within a tangent (or normal
e

equation)
2 d A BlIn2x
dM1: Uses their (%é} with their d—y ) =7_ v (or equivalent) to form the equation of the
7
H H H H n 2 n n 2 n e2
tangent. It is dependent upon the M mark for differentiation. Accept y-"—"="-— x—?
e e

If the form y =mx+c is used it is for proceeding as faras c=..

Al cao. It must be simplified. If the simplified y coordinate was not written down but this is correct and
simplified, you should retrospectively award the B1



Winter 2018 www.mystudybro.com Mathematics C34
e Past Paper This resource was created and owned by Pearson Edexcel WMAO02
(

Leave )
blank

4
14. The volume of a spherical balloon of radius »cm is V'cm?, where V' = 3 zr?

o dr
(a) Find —

dr )
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The volume of the balloon increases with time ¢ seconds according to the formula
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dv  9000x
— = 20
dr

5
(t + 81)
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(b) Using the chain rule, or otherwise, show that
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where k and » are constants to be found.
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Initially, the radius of the balloon is 3 cm.
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(c) Using the values of k£ and »n found in part (b), solve the differential equation
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to obtain a formula for r in terms of 7.
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(6)
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(d) Hence find the radius of the balloon when ¢ = 175, giving your answer to
3 significant figures.
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(e) Find the rate of increase of the radius of the balloon when 7 = 175. Give your answer
to 3 significant figures.
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dv Bl
14. (a —=47xr’
@ | o= &
(b) | dr d_V_d_V_ 90007 y 1
dt  dt " dr t+8n¢ 4ar’ M1
2250
PPN Al
r<(t+81*
()
dr k n k
© |~ g % Jr dr:J st Bl
r'(t+81)* (t+81)*
3
r°_ 2250 X (t+81) ° (+c) M1 Alft
3 -1/4
1 —M1
When t=0,r=3s0 ¢=9+9000x (+81) *
r* -
So 3_—9000><(t+81) +3009 ldm1
13 Al
r=|9027-27000(t +81) * (6)
@ | Uses t=175to give r = 13.2 Bl "
(€) Uses t =175to give dr =0.0127 or 0.0126 M1AL 5
dt )
(12 marks)
(@)
B1: cao. Condone = %X37Z'r2 You may isw after a correct answer
(b)
M1: Correct use of chain ruleﬂ = d_V_d_V with v (allow slips) and their v
dt dt dr dt dr
Allow any correct version d_V=d_VX£ with d (allow slips) and their — av leading oS =
dt dr dt dr dt
Al: cao (dr )AOS Condone r<<> R, t<T
dt Jr2(t+81)%

Watch for fudging here. The correct % can easily appear to be found by incorrect chain rule. This is MO AO

If the chain rule is written down it must be correct. There needs to be an attempt to use it for the M mark.
For Al there must not be any incorrect lines.
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(©)
B1: Correct separation of variables for their 3—: . (Now a B mark) Allow with or without the integral signs

but the dr and dt must be present and on the correct side as numerators.
M1: Correct method of integration on both sides, following through on n only
1

Look for _[r” dr :J K =dt — L™= (t+81) “with or without + ¢
(t+81)*
Alft: Correct integration of both sides ft their k and n — need not have ¢

M1: The equation must now have a constant. It is for using t = 0, r = 3 in order to find c¢. Condone poor
attempts at integration for this method mark.

3 i
dM1: This is dependent upon having achieved o ...(t+81) *+numerical c

It is for proceeding to r = using a correct order of operations

1
Alternatively score this mark for correctly achieving r® =9027 —27000(t +81) *(SC)

1
Al r= {9027 —27000(t +81) *

(d)
B1: r=13.2 (acceptawrt 13.2)
Note: We can retrospectively award the dM1 in (c), for an answer of 13.2 in (d).

(€)
M1: Substitutes t =175 and their r =13.2 into % _
You may need to use a calculator here. It may be implied by 1sf rounded or truncated

Al: % =0.0126 or 0.0127 (awrt)

Special case 1: Where evidence in (d) can be used in (c)
There may be students who do part (c) without ever achieving the formula for r in terms of t

1
Eg answer to (c) is r= %/C —27000x (t+81) *
Then in part (d) they use t =0,r=3 and goon to find r =.., when t =175
If they state C =9027 and go on to correct give r =13.2 they can score all marks in (c)
If they don't find C =9027 but use say
3 R 1 175
{%} = |:—9000>< (t +81)4} — r =13.2 just withhold the final A1 in (c)

3 0

Special case 2: Candidates who miscopy 9000 as 900 and achieve the following would lose the A mark in (b) and
the final Al in (c). Rules for a misread/miscopy 12-2=10 marks maximum

25 =P _ dr
(c) r=]927-2700(t+81) * | (d)r=6.32 (e) EZO'OOSSl

(b) = _ 225
r’(t+81)

o



