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Use the binomial series to find the expansion of

1 2

e P<T
(2+5x) 5
in ascending powers of x, up to and including the term in x°.
Give each coefficient as a fraction in its simplest form.
(Total 6 marks)

) 4

0 1 2
Figure 1

Figure 1 shows a sketch of part of the curve with equation y=x*Inx, x>1.

The finite region R, shown shaded in Figure 1, is bounded by the curve, the x-axis and the
line x = 2.

The table below shows corresponding values of x and y for y = x* In x.

X 1 1.2 1.4 1.6 1.8 2

y 0 0.2625 1.2032 1.9044 2.7726

(a) Complete the table above, giving the missing value of y to 4 decimal places.
1)

(b) Use the trapezium rule with all the values of y in the completed table to obtain an estimate
for the area of R, giving your answer to 3 decimal places.

3)

(c) Use integration to find the exact value for the area of R.
5)
(Total 9 marks)
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The curve C has equation

2x*y + 2x + 4y — cos (ny) = 17.

(a) Use implicit differentiation to find % in terms of x and y.
S))

The point P with coordinates (3,%) lies on C.

The normal to C at P meets the x-axis at the point 4.

(b) Find the x coordinate of A, giving your answer in the form ar+b , where a, b, ¢ and d

cr+d
are integers to be determined.

C))
(Total 9 marks)

The rate of decay of the mass of a particular substance is modelled by the differential
equation

%:_éx, t>0,
dr 2

where x is the mass of the substance measured in grams and ¢ is the time measured in days.
Given that x = 60 when ¢t =0,

(a) solve the differential equation, giving x in terms of ¢. You should show all steps in your
working and give your answer in its simplest form.

C))
(b) Find the time taken for the mass of the substance to decay from 60 grams to 20 grams.
Give your answer to the nearest minute.
(&)
(Total 7 marks)

P46718A
© 2016 Pearson Education Ltd. 3



VA

0

" 4

Figure 2

Figure 2 shows a sketch of the curve C with parametric equations

x=4tant, y=5\/§sin2t, OSI<%.
: : . 15
The point P lies on C and has coordinates 43 =

(a) Find the exact value of % at the point P.

Give your answer as a simplified surd.

C))
The point Q lies on the curve C, where % =0.
(b) Find the exact coordinates of the point Q.
2
(Total 6 marks)

P46718A
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(1) Given thaty >0, find
-4 dy.
yBy+2)

(i) (@) Use the substitution x = 4sin°6 to show that

3 . %
( j dx =4 sin’d dé,
0 4-x 0

where A is a constant to be determined.

giving your answer in the form ax + b, where a and b are exact constants.

(6)

S)

(b) Hence use integration to find

C))
(Total 15 marks)
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(a) Find

J‘(Zx—l); dx,

giving your answer in its simplest form.
2)

VA

P(k, 8)

=V

0

N | —

Figure 3
Figure 3 shows a sketch of part of the curve C with equation

3 1
—(2x—1 > 2.
y=(2x—1)4, «x >

The curve C cuts the line y = 8 at the point P with coordinates (%, 8), where £ is a constant.

(b) Find the value of £.
(2)

The finite region S, shown shaded in Figure 3, is bounded by the curve C, the x-axis, the
y-axis and the line y = 8. This region is rotated through 2z radians about the x-axis to form a
solid of revolution.

(c) Find the exact value of the volume of the solid generated.
“4)
(Total 8 marks)
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With respect to a fixed origin O, the line /; is given by the equation

8 -5
r=|1 [+ul 4|
-3 3

where p is a scalar parameter.
The point A4 lies on /; where u = 1.
(a) Find the coordinates of 4.

1
The point P has position vector | 5 |.

2
The line /; passes through the point P and is parallel to the line /;.

(b) Write down a vector equation for the line /,.

(¢) Find the exact value of the distance AP.

Give your answer in the form k2, where  is a constant to be determined.

The acute angle between AP and 1, is 6.

(d) Find the value of cos 6.

A point E lies on the line /.
Given that AP = PE,

(e) find the area of triangle APE,

(f) find the coordinates of the two possible positions of E.

1

2)

2)

A

2)

S))

(Total 15 marks)

TOTAL FOR PAPER: 75 MARKS
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Question Scheme Notes Marks
Number
Writes down
1. 1 -3 =3
=r(2+5
Way 1 {(2+5x) }( +5x) (2+5x)” oruses | M1
power of —3
S5x 1 S5x o1
=(2 1+= 273 or- | B]
(5] (5] ;|
1 3)(-4 3)(-4)(-5
{8}{ 1+(=3)(kx )+( )( )( kx)® + M(k Y+ } see notes | M1 Al
3
:{IMH( 3)[ j (=3)= 4)(5)(} (—3)(—4)(—5)[5_xj +}
8 2! 2 3! 2
= l[1—1—5x+ Exz—gx}+...:|
8 2 2 4
= 1[ 1-75x+ 37.5x" —156.25x + .. |
8
1 15 75, 625,
8 16 16 32
115 11 17 AlAL
or g—g ; 4% : 19§x3+...
[6]
6
Way2 | f(x)=(2+5x)" Writes down (2 +5x)” or uses power of -3 | M1
£(x) = 300(2 + 5x)°%, £(x) =~ 7500(2 + 5x) Correct f"(x)and " (x) | B
L ta(2+5x)", az+l | Ml
£/(x) = ~15(2 + 5%) —
-15(2+5x)™ | Al oe
1 15 75 1875
S f0)==,1'(0)=-—, f”O_— d £"(0)= - —=
{()8 (0) T (0) (0) 16}
So, f(x)_l—E ;+E 2 825 s Same as in Way 1 | Al; Al
16 16 32
[6]
Way 3 (2 + 5)()_3 Same as in Way 1 | M1
Same as in Way 1 | Bl
:(2)’3+(—3)(2)’4(5x)+( 3)( 4)(2) (5x)* +M(2) (5x)’ Any two terms correct | M1
T All four terms correct | Al
= 1—Ex;+ 75 X’ - 625 X’ Same as in Way 1 | Al; Al
8 16 16 32
Note: Terms can be simplified or un-simplified for B1 2" M1 1% A1 [6]
Note: The terms in C need to be evaluated
So TCy(2)7+ TC(2) T(5x)+ TCL(2) T (5x)* + TICL(2) (5x)°
without further working is B0 1 M0 1%* A0




Question 1 Notes

1t M1 | mark can be implied by a constant term of (2)*or —
Bl 273 or éoutside brackets or ;— as candidate’s constant term in their binomial expansion.
4 M1 Expands ( + kx)_3, k = avalue # 1,to give any 2 terms out of 4 terms simplified or un-
simplified,
Eg: 1+ (=3)(kx) or - 3)( 4) ~—2 L (kx)’ + ”X;wdcxf or 1+ ... J"%#(kx)z
r #(W + %(W are fine for MI.
1t A1 | A correct simplified or un-simplified 1 +(—3)(kx)+( 3)( 4 (kx)* + %(kx)3
expansion with consistent (kx). Note that (kx) must be consistent and k£ =a value # 1.
(on the RHS, not necessarily the LHS) in a candidate’s expansion.
3
Note | You would award BIM1AO for é 1+(- 3)[ J - 3)( 4) (5 ) + (_3)(;&(%) o }
because (kx) is not consistent.
. 1 (-3)(-4) 5x (—3)(—4)(—5) 5x°
Not Incorrect bracketing: = 1+(-3 — — — |+..
ot & {8}{ - )( j 2 (2 3! 2
is M1AOQ unless recovered.
2" A1 | For %— i—Zx (simplified) or also allow 0.125 — 0.9375x.
75 625
39 A1 | Acceptonly —x’———x" or 4E - 191—7x3 or 4.6875x>—19.53125x°
16 32 16 32
SC | If a candidate would otherwise score 2™ A0, 3™ A0 then allow Special Case 2" A1 for either
1 75 1 625
sc: Lo B L orsc: o T+t =xt+. | or SC:o| 14— —x 4.
3 2 8 2 8 4
154 754 6254
SC: 4 1_Ex+ Exz _@f v lor SC: | A-——x+ —x'-—=x+..
2 2 4 2 2 4
(where A can be 1 or omitted), where each term in the [ ..... ] is a simplified fraction or a decimal
SC Special case for the 2" M1 mark
Award Special Case 2" M1 for a correct simplified or un-simplified
1 +n(kx)+ n(nz'— D (kx)* + n(n = 13)'(n =2 (kx)’ expansion with their n = —3, N # positive integer
and a consistent (kx) . Note that (kx) must be consistent (on the RHS, not necessarily the LHS)
in a candidate’s expansion. Note that & = 1.
Note | Ignore extra terms beyond the term in x°
Note | You can ignore subsequent working following a correct answer.




Question

Number Scheme Marks
5 X 1 1.2 1.4 1.6 1.8 2 =]
: y| 0 | 02625 | 0.659485... | 12032 | 1.9044 | 2.7726 y=xx
(a) {Atx=14} y= 06595 (4 dp) 0.6595 | BI cao
1]
Outside brackets
%x (02) %[0+ 2.7726 +2(0.2625 + their 0.6595 +1.2032 +1.9044) ] %x (0.2) or % Blo.e.
(b)
For structure of
{Note: The “0” does not have to be included in [...... 1} [ ________________ ] Ml
1
{: 5(10.8318)} =1.08318 =1.083 (3 dp) anything that rounds to 1.083 | Al
3]
1
u=hx => —=—
0 | befrm x
Way 1 I=|x"Inxdx ;, @_ X _lx3
dx 3
Either x*Inx » +Ax*Inx — J. ux’ [lj{dx}
* MI
_ x_31n _J‘ﬁ(lj{dx} or i/lx3lnx—J.,ux2{dx} , where 1,1 >0
3 3\x S o
2] Ly - I = ,
*lnx—> —-lnx T {dx} Al
simplified or un-simplified
3 3 3 3
= —Inx-— x?ln X - %, simplified or un-simplified | A1l
, 572 dependent on the previous
X X M mark. Applies limits of
Area(R) =4| =Inx—=—| b _ (8, 8} [o_1L pp
=2 (R) { 3 e 9 l } B (3 n2 9} (0 9 2 and 1 and subtracts M1
the correct way round
B2 ? 8m2-L o l(241n2—7) Al oe cso
3 9 3 9 9
[5]
d
u=x = au = 2x
©) I= x’(xInx — x) —J.Zx(xlnx—x)dx
Way 2 dv
—=lhx = v=xhx-x
dx
So, 31= x*(xInx —x) +J‘2x2 {dx}
A full method of applying u = x*, v' = Inx to give
! ! iﬂxz(xmx—x)iusz {dx} Ml
and 1= gxz(xlnx—x)+§‘[2x2 {dx} . .
-2 _ = 2
3x (xInx — x) + 3j2x {dx} Al
simplified or un-simplified
3 3
= %xz (xInx — x) + §x3 x?ln x — % simplified or un-simplified | Al
Then award dM1A1 in the same way as above | M1 Al

[5]




Question 2 Notes

2.(a) B1 | 0.6595 correct answer only. Look for this on the table or in the candidate’s working.
(b) B1 | Outside brackets l>< (0.2) or 1 X 1 or L or equivalent.
2 2 5 10

M1 | For structure of trapezium rule[ ............. ]

Note | No errors are allowed [eg. an omission of a y-ordinate or an extra y-ordinate
or a repeated y ordinate].

A1l | anything that rounds to 1.083
Note | Working must be seen to demonstrate the use of the trapezium rule. (Actual area is 1.070614704...)
Note | Full marks can be gained in part (b) for using an incorrect part (a) answer of 0.6594

1 1 .
Note | Award BIM1A1 for E(2.7726) + 5(0.2625+ their 0.6595 +1.2032 + 1.9044) = awrt 1.083
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAO for %(0.2) + 2(0.2625 + their 0.6595 + 1.2032 + 1.9044) + 2.7726 (answer of 10.9318)
1 .

Award BIMOAO for 5(0.2)(2.7726) + 2(0.2625+ their 0.6595 + 1.2032 + 1.9044)  (answer of 8.33646)
Alternative method: Adding individual trapezia

Area ~ 0.2 x {0+ 0.2625 + 0.2625+"0.6595" + "0.6595"+1.2032 + 1.2032 +1.9044 N 1.9044 + 2.7726} —1.08318...

2 2 2 2 2

B1 | 0.2 and a divisor of 2 on all terms inside brackets

M1 | First and last ordinates once and two of the middle ordinates inside brackets ignoring the 2

A1l | anything that rounds to 1.083

(© Al | Exact answer needs to be a two term expression in the form alnb+c

. 8 7 1
Note | Give Ale.g. —In2 —— or —(24ln2—7) or iln4—z or lln256—Z or —Z+§ln2
3 9 9 3 9 3 9 9 3

8
or In23 — g or equivalent.

Note | Give final A0 for a final answer of w 7 or 8In2 _ llnl— U or % - g +

9 3 3 9

or §ln2—z+c
3 9

2

3 3

b X

Note {?lnx - E} followed by awrt 1.07 with no correct answer seen is dAM1A0
1

2

. X’ X’ 8 8 1 . i

Note | Give dMOAO for glnx - g - §1n2 - 5 - 5 (adding rather than subtracting)
1

Note | Allow dM1AO & ﬁmx_iz%[&nz_ﬁ]_[mij
ote ow or 3 9 | 3 9 9

SC | A candidate who uses % =Inx and ﬂ =x?, % = Z’
dx dx «x

formula but makes only one error when applying it can be awarded Special Case 1% M1.

3.
V= ﬁx , writes down the correct “by parts”




Question Scheme Notes Marks
Number
3. 2x°y +2x + 4y —cos(my) =17
(@) &x 4xy+2x2d—y + 2+ 4d—y+7rsin(7zy)d—y:0 Ml Al BI
Way 1 i % dx dx dx =
d—y(2x2 + 4+ zsin(ry)) + 4xp+2=0 dM1
dx
dy _ —4xy -2 4xy+2 Correct answer Al cso
dv | 2x° +4+ msin(zy) - 2x° -4 - zsin(zy) or equivalent
[5]
o 1
N . Ay ~4G3)(1) - 2 3 Substituting x =3 & y =3
(b) 3,50 M= - 2 (1 - M1
2 dx 23" +4+ 71'sm( 71') 2+ . L . dy
2 into an equation involving ™
R4z Applying m = ! to find a numerical My
my = S T M1
Can be implied by later working
1 22+
* 5y _= -3
T Ee
1
1 (22+ 1 66+3 ——= -
. —=( ”](3)+c:>c=—— il y=5=mx-3)or
2 2 8 1
=m.Xx+c — = i
(22+ ”] 1 66+3r y=my where 2 (their m )3 + ¢ Ml J
=>y= X+=-
8 2 8 with a numerical my (# m,) wherem, is
) interms of 77 and sets y =0 in
Cuts x-axis = y =0 . .
their normal equation.
I (22+ nj(x_3)
2 8
So. { _ A :} L+ 62 37462 o 6m 124 62437 |
22+ T+ 22 T+ 22 27 +44 22+ 7
[4]
9
(@ L) dx
@) kx 4xy— +2x° | 42—+ 4+ zsin(zy) = 0 MI Al Bl
g(4xy+ 2)+2x” + 4+ zsin(zy) =0 dM1
dy
b _ —4xy-2 or 4xy+2 Correctanswer | , = o
dx  2x* +4+7sin(zy) - 2x’ -4 - zsin(ry) or equivalent
[3]
Question 3 Notes
3.(a) Note  Writing down firom no working
& iy -2 by MIAIBIMIAL
° _ =
dc 2 +d+asin(zy) - 2% —d—zsin(zy) o
dy dxy+2
e —— = scores MIAOBIM1AO

dr  2x% + 4+ 7sin(ry)

Note  Few candidates will write 4xydx+ 2x°dy + 2dx+ 4dy + sin(zy)dy = 0 leading to
d_y 3 —4xy -2
dx  2x* + 4+ 7sin(ry)

or equivalent. This should get full marks.




Question 3 Notes Continued

3.(a) . . S . . , dy dy . dy
- = _ + e
Way 1 M1 | Differentiates implicitly to include either 2x = or 4y —> 4 ™ or —cos(zy) — + Asin(zy) &
(Ignore (% :j ). A is aconstant which can be 1.
dy . dy
1A1 | 2x+4y —cos(zy)=17 — 2+4—+ zsin(zy)—=0
dx dx
Note | 4xy+ 2x2d—y +2+ 4d_y + ﬂsin(ﬂy)d—y - 2x2d—y + 4d_y + ﬁsin(ﬂy)g =—4xy -2
dx dx dx dx dx dx
will get 1* A1 (implied) as the "=(0" can be implied by the rearrangement of their equation.
dy
B1 2x°y = dxy + 2x7 =
y 24 dr
Note | If an extra term appears then award 1% A0.
dM1 | Dependent on the first method mark being awarded.
An attempt to factorise out all the terms in j—y as long as there are at least two terms in j—y .
X X
.ody o .
le. —(2x" +4+ zsin(zy))+ ... = ...
.l (7))
Note | Writing down an extra % = ... and then including it in their factorisation is fine for dM1.
Note | Final Al cso: If the candidate’s solution is not completely correct, then do not give this mark.
Note | Final Al isw: You can, however, ignore subsequent working following on from correct solution.

(a) Way 2 | Apply the mark scheme for Way 2 in the same way as Way 1.

(b) I*MI1 | M1 can be gained by seeing at least one example of substituting X =3 and at least one example of
substituting y = % E.g. "—4xy"—"-0" in their Y would be sufficient for M1, unless it is clear
that they are instead applying x = % ,y=3.

3" M1 | is dependent on the first M1.
Note | The 2" M1 mark can be implied by later working.
1 —
Eg. Award 2™ M1 3" M1 for —— = ——
3—x their m,
. |
Note | We can accept sin7z or sm[zj as a numerical value for the 2" M1 mark.

. .|
But, sinz by itself or sm(aj by itself are not allowed as being in terms of 77 for the 3™ M1 mark.

.
The 3" M1 can be accessed for terms containing ﬂsm[gj .




gﬁfﬁggf Scheme Notes Marks
4. %:__x’ xeR, x>0
dt
(@) 1 5 Separates variables as shown. dxand d¢ should not
Wav 1 j; dx = J._E de be in the wrong positions, though this mark can be | B1
Y implied by later working. Ignore the integral signs.
Integrates both sides to give either +% 5 talnx Ml
X
Inx = —§t+c or tk — tkt (withrespectto?); k,a =0
Inx = —%t +c, including "+¢" | Al
{z =0,x=60 :>} n60=c Finds their ¢ and uses correct algebra
5
5 s, 60 to achieve x = 60e 2 0r x — 62
Inx=-=¢r+In60= x=60¢ * or x=— e?
e? with no incorrect working seen | Al cso
[4]
@) ﬂ:_i or t= —idx Eithergz—i orz:j—idx B1
Way 2 dx X Sx dx Sx S5x
Integrates both sides to give M1
2 either f=.. or talnpx;ax#0,p>0
t= —glnx +c >
t= —glnx +c, including "t¢" | Al
2 2 2 . .
{; =0,x =60 :>} c= g1116() == _glnx + g11160 Finds their cand uses correct algebra
5
to achieve x = 60e 2 or x — 60
5 _Et 60 e%
=>-=t=Inx-In60= x=60¢ > or x=— “h no i Ki
2 _ e with no incorrect working seen | A s
[4]
x t
VV(:))' 3 J ldx = J —%di Ignore limits | Bl
60 X 0
Integrates both sides to give either +% 5 talnx Ml
X
[lnx]x _ —ét t or tk — *kt (withrespectto?); k,a =0
o 2 s T
[ln x]zo = {——t} including the correct limits | Al
2 0
5 - 60 .
Inx — In60 = _Et = x=60e* or x=— Correct algebra leading to a correct result | Al cso
eZ
[4]
Substitutes x = 20 into an equation in the form
s, . — 4 JetH 4 — +uttonox
®) | 20 = 60e > or n20 = —>¢ +1n60 of either 1= £4¢™" £ f orx = £ e M1
2 or toIndx = +tut £ OF t =+ AIndx + 3
a,A,u,6=0and B canbe0
P 2 In 20 dependent on the previous M mark
T3 60 Uses correct algebra to achieve an equation of the form of
{: 0.4394449. . (days)} either ¢ = Aln(%) or Aln(%) or Aln3 or Aln(%) o.c.or | Ml
Note: ¢ must be greater than 0 t = A(In20 — In60) or A(In60 — In20) o.e.(4 €l ,z>0)
=1 =632.8006... = 633(to the nearest minute) | awrt 633 or 10 hours and awrt 33 minutes | Al cso

Note: dM1 can be implied by ¢ =awrt 0.44 from no incorrect working.




Question

Number Scheme Notes Marks
4. gz—éx, xeR, x>0
dt 2
(@) 2 Separates variables as shown. dxand df should not
Wav 4 5_ dx = —| dt be in the wrong positions, though this mark can be | B1
Y o implied by later working. Ignore the integral signs.
Integrates both sides to give either to In(px) Mi
2 or £k — Lkt (withrespectto?); k,a#0; p>0
gln(Sx)z —t+c 5
gln(Sx) = —t+c, including "+c¢" | A1
2
{t =0, x =60 :>} Z1n300 = ¢
5 s Finds their ¢ and uses correct algebra
_2 _s,
%ln(Sx) = —ft+ %1n300 = x=60e ? or to achieve x = 60e 2 0r x = 6§
e’
60 with no incorrect working seen | Al cso
e
[4]
() a__2 =J.X_idx i
Way 5 . = o 5 Ignore limits | Bl
Integrates both sides to give either +k — =+ ikt
. M1
o) X (with respect to ) or +% 54 alnx; k,a#0
t= [——ln x} X
60 2 *
t= [—gln x} including the correct limits | Al
60
t= —glnx + gln60 = —él =Inx - In60
5 2
- 60 .
=x=60e 2 or x= — Correct algebra leading to a correct result | Al cso
T o}
[4]
Question 4 Notes
1 1
4. (a) B1 | For the correct separation of variables. E.g. J‘g dx = I—E ds
L L 5 2 . .
Note | Bl can be implied by seeing either Inx = _Et +c or t= —glnx + ¢ with or without +c¢
5 t
Note | Bl can also be implied by seeing [1nx]20 = [—Et}
0
[ 60
Note | Allow Al for x=60ve™ or x= \/? with no incorrect working seen
e
5 5
Note | Give final AQ for x=¢ 2" + 60 — x =60e 2
5
Note | Give final AO for writing x = e 2" as their final answer (without seeing x = 60e ')
Note | Way 1 to Way 5 do not exhaust all the different methods that candidates can give.
5
Note | Give BOMOAOAO for writing down x = 60e 2 or x = 6? with no evidence of working or integration
eZ
seen.
(b) Al | You can apply cso for the work only seen in part (b).
Note | Give dM1(Implied) Al for %t = In3 followed by # = awrt 633 from no incorrect working.
Note | Substitutes X =40 into their equation from part (a) is MOdMOAO




Question Scheme Notes Marks
Number
5. x = 4tant, y=5\/§sin2t, 0<t<§
Either both x and y are differentiated
correctly with respect to ¢
(@) % = dsec’t, % = 10300521 or their & divided by their < | vy
Way 1 & dt
dv 104/3cos? 5 or applies & multiplied by their a
¥ —C(;St = 23 cos2tcos’t d dx
dx 4sec”t
Correct (Can be implied) | A1 oe
15 V4
AtPl43, = |, ==
O )
dependent on the previous M mark
dy _ 1043 cos(%) Some evidence of substituting M1
T a2 (z\ o
dv  4sec’(%) t=" or t =60 into their Y
3 dx
5 3 15
——~3 or ———F
A __\/g 1 Al cso
. 16\/_ 67" " 163
from a correct solution only
[4]
(b) {10J§cos2z —0= 1= %}
. Vs
At least one of either x = 4tan[zj or
So x= 4tan[ ) y= 5\/§sm [ )\ ( ) M1
L J yZSﬁSinLZ[gb or Xx=4 or y:5\/§
or y=awrt8.7
Coordinates are (4,5\/§> (4,5\/5) or x:4,y:5\/§ Al
2]
6
Question 5 Notes
. 10\/5 cos2t
5.(a) Al Correct Q Eg. ———— or =3 cos2tcos’t or —\/gcos t(cos’ t—sin’t)
dx 4sec”t
or any equivalent form.
15
Note Give the final A0 for a final answer of _Q\B without reference to —i«/g or —
32 16 163
Note Give the final A0 for more than one value stated for %
(b) Note Also allow M1 for either x = 4tan(45) or y = 5\/3 sin(2(45))

Note M1 can be gained by ignoring previous working in part (a) and/or part (b)

Note Give AQ for stating more than one set of coordinates for Q.

Note Writing x=4, y= 5\/3 followed by (5\/5 ,4) is AO.




Question Scheme Notes Marks
Number
5. x = 4tant, y=5\/§sin2t, 0<t<—
(a) ‘[ant:i = sint:#, cost:L = :4(2)\/396
Way 2 4 J(x* +16) J(x? +16) x"+16
u=40\/§x v=x"+16
du dv
Loaz Eoon
dx
+A(x* +16)+ Bx* M
dy  40\3(x* +16)-2x(40\3x) [ 403(16-x%) (+16)
dx (x* +16) (x> +16) dy
Correct a; simplified or un-simplified | Al
dependent on the previous M mark
dy  4043(48+16)-80v/3(48) Some evidence of substiwuting |
dx (48+16)’ x = 443 into their &
5 15
dy 5 15 __\/5 or ——F
—=-—-—+3 0o T} Al cso
16 1673 16 - 1633
from a correct solution only
[4]
(a) e (X))
Way 3 y—5\/§s1nk2tan 2 J
dy ( 4 (xj\( 1 J
— =t Acos| 2tan” | — Ml
@ s o (2} 2 (1) i Sl O
dr L 4 JLIJF(Z)ZJ 4 dy . . L
Correct —; simplified or un-simplified. | A1l
dependent on the
d ) | D1 (1 previous M mark
A 5\/5005(2‘cam’1 (\/5))(—] (—] = 5@[——] [—j (—] Some evidence of substituting | dM1
dx 1+3/\4 2)\2/)\4 dy
X = 4\/§ into their —
dx
15
15 5 B oor ———
16 16 16\/5 Al cso

d_ 5 L
- 16\/5 63

dx

from a correct solution only

[4]




Question Scheme Notes Marks
Number
3y—4 } x
6. ) | ———=d, »y>0, i dx, x =4sin’
v Jy(3y+2) 20w [ e
(1) 3y-4 _ 4 B See notes | M1
Way1l | 3y +2) ;+ Gy +2) = 3y -4 =4By+2)+ By At least one of their Al
y=0 = —-4=24 = A=-2 A=-2 or their B=9
=_2 _6=_2 — Both their
y=-3 = -6=-38 = B=9 A=-2and their =9 | A
Integrates to give at least one of either
A, +Alny oOr B +uIn(3y +2) | M1
3y—4 ) 9 y Gy+2)
73 ) dy = | —+ 2 dy A#0,B#0
Y3y +2) vy Gy+2) At least one term correctly followed through Al fi
from their 4 or from their B
= =2y +3Gy + D+ ¢f [ 51, 1 3inGy + 2) or ~2lny 4 3ln(y+2)
with correct bracketing, Al cao
simplified or un-simplified. Can apply isw.
[6]
(i) (a) {x =4sin’ :>} & _ 8sinfcosf or & _ 4sin26 or dx = 8sinfcosddl Bl
Way 1 do de
.2 )
4S1—n.€.8$in«9cosé? {d@} or 451—n.6:.4sin29 {d@} Ml
4—4sin” 0 4—4sin" 6
= | tang.8singcosd {46} or | tang. 4sin2¢ {d6) [ x j %iKtangoriK[Sm@j Ml
— - 4-x cosé =
= Issinz 0do JSSinZH dé@ including d@ | Al
) 3 . 3 Writes down a correct equation
3=4sin’6 or = =sin’ 6 or sm¢9:£:>0:— , ) _ T
4 2 involving x = 3 leading to 6 = 3 and | Bl
{x =0->0= O} no incorrect work seen regarding limits
[5]
. 1-cos20 Applies cos20=1-2sin> &
=18 ——|do <= 4 — 4cos260)do pplies cos sin
(i) (b) { }j[ 2 ] { I( c0s ) } to their integral. (See notes) M1
| | For +a6+ Bsin26, a,f=0 | M1
=8¢ =60 ——sin26 = 40 - 2sin26 . 1 1.
{ }[2 4Sln ] { s } sin’ @ — [—9——s1n20] Al
2 4
u (M2 1B )
Sssint 040 8| Lo Lynao] L= of | Z- 1B ~(0+0)
0 2 4 X 6 4\ 2
“two term” exact answer of e.g. %7[ —+3 or %(47[ - 3\/5) Al o.e.

- 2r-\3

[4]

15




Question 6 Notes

6. (i) 1t M1 | Writing y-4 _ A4 + B and a complete method for finding the value of at least one
yBy+2) ¥y @By+2)
of their 4 or their B.
Note MIAI can be implied for writing down either Y =% _ =2 their B
y@y+2) y @Gy+2)
or 3y—4 _ their 4 L2 with no working.
Y@y +2) y Gy+2)
Note Correct bracketing is not necessary for the penultimate Alft, but is required for the final Al in (i)
Note | Give 2" MO for Y =%  going directly to +aIn(3y” +2y)
Yy +2)
Note ...but allow 2 M1 for either 246 +2) | +aIn(3y? +2y) or MGy+D +an(3y* +2y)
3" +2y 3y°+2y
.. " . _ 4 2 ‘9 . dx . X
6. (ii)(a) 15t M1 Substitutes X = 4810° ¢ and their dx [ﬁ«om their correctly rearranged @j into 2 dx
-Xx
Note dx = Ad 6. For example dx # dé@
Note Allow substituting dx = 4sin26 for the 1* M1 after a correct % =4sin26 or dx=4sin26d6
. ) x . sind
2" M1 | Applying X =4sin" € to [ ] to give £K tanf or + K[ j
4-x cosd
Note Integral sign is not needed for this mark.
15t A1 Simplifies to give j 8sin?@ d¢ including d@
2md B1 Writes down a correct equation involving x = 3 leading to 8 = % and no incorrect work seen
regarding limits
. /2 .
Note | Allow 2™ Bl for x = 4s1n2[ EJ =3 and x=4sin’0=0
4 e 7
Note Allow 2" B1 for @ =sin™' L ZJ followed by x=3,0 = E; x=0,0=0
(ii)(b) M1 Writes down a correct equation involving c0s26 and sin> @
_ . 1 —cos26
E.g.: cos20=1-2sin’@ or sin’ 0 = 1- cos26 or Ksin’@ = K[TJ
and applies it to their integral. Note: Allow M1 for a correctly stated formula
(via an incorrect rearrangement) being applied to their integral.
M1 Integrates to give an expression of the form + @ + Bsin26 or k(+af + Bsin20),
a#0, [+0
(can be simplified or un-simplified).
15 Al Integrating sin® @ to give %6’ - isinZH, un-simplified or simplified. Correct solution only.
L ook ko k . L L
Can be implied by £sin® @ giving 50 - Zsm29 or 1(20 - s1n29) un-simplified or simplified.
2" A1 | A correct solution in part (ii) leading to a “two term” exact answer of
4 ot 8\ or ox AE (4 343 )
eg —xw-— or —x— or 7A——— or —(4xr-
s 3 6 3 2 3
Note A decimal answer of 2.456739397... (without a correct exact answer) is A0.
Note Candidates can work in terms of A (note that A is not given in (ii))
and gain the 1* three marks (i.e. MIM1A1) in part (b).
Note If they incorrectly obtain j 3gsin’ @ dg in part (i)(a) (or correctly guess that 4 = )
0

then the final Al is available for a correct solution in part (ii)(b).




Scheme Notes Marks
6. (i) 3y-4 dy = 6y+2 dy - 3y+6 dy
Way 2 y(3y+2) 3y +2y y(3y +2)
Mzi_,_ B = 3y+6=A3y+2)+ By See notes | M1
yBy+2 vy Gr+2) At least one of
. . Al
th = th =—
P20 = 6224 = A=3 eir A =3 or their B 6
Both their 4 =3 and their B=-6 | Al
y=-2 = 4=-2B = B=-6
Integrates to give at least one of either
3y -4 & %—)ialn(3yz+2y)
_— +
Y3y +2) P e MI
or = 5+ 4lnyor —>+uln(3y +2)
6010 ; 6 y By +2)
+
:J.f_dy_j_dwj' dy M=#0,4%0,B#0
3y"+2y y Gy +2) At least one term correctly followed through | A1 ft
In(3y” +2y) =3Iny + 2In(3y + 2)
= In(3y* +2y) -3Iny + 2In(3y +2) {+ ¢
Gy ») ¥ Gy ){ } with correct bracketing, Al cao
simplified or un-simplified
[6]
6. (i) 3y—4 dy = 3y+1 dy — 5 dy
Way 3 y3y +2) 3y +2y v(3y +2)
%EﬁJr 332 = 5=AQ3y+2)+ By See notes | M1
yGr+2) oy Gyt At least one of their 4 = 3
— _ _5
y—O :>5—ZA:>A—5 or their p=-1 Al
y=-% = 5=-38 = B=-% Both their 4 = £ and their = -5 | A]
Integrates to give at least one of either
3y—4 MOYED 4 ginGy? +2y)
——dy 3y"+2y
3y +2) y B Ml
()l'__)i/'tlny or —)iyln(3y+2)
e . y y By +2)
y+ 5 15 M#0,4#0,B#0
= _[z—dy—jldwj o
3y"+2y y (By+2) At least one term correctly followed through | Al ft
1 5 5 l1n(3 42 )—zln +§ln(3 +2)
= LIn(G3y? +2y) ~2Iny + 2In(3y + 2) {+ ¢} g Y A m RS Y Al cao
2 2 2 with correct bracketing,
simplified or un-simplified

[6]




Scheme

Notes

6. (i) 3y -4 dy = 3y dy - 4 dy
Wayd | ] y(3y+2) y(3y+2) y(3y+2)
3 4
_ I dy - j 4y,
By +2) y3y +2)
4 = £+ B = 4 = A3y +2)+ By See notes | M1
y@y+2) y Gy+2) At least one of
. _ . _ Al
P20 = 4224 = A=2 their 4= 2 or their B=-6
Both their 4 =2 and their B=-6 | Al
y=-% => 4=-2B = B=-6
Integrates to give at least one of either
j 3y-4 dy o > talnGy +2)er A 4 inyor
Y3y +2) (Gr+2) Y Ml
B
— +uln(3y + 2),
3 2 6 Gy+2)
:I?, 2dy_J‘_dy+J'3 2dy A#0,B=0,C#0
yE Y (By+2) At least one term correctly followed through | Al ft
In(3y+2)—-2Iny+ 2In(3y + 2)
= In(3y+2)-2Iny +2In(3y +2) {+ c} with correct bracketing, | Al cao
simplified or un-simplified
[6]
Alternative methods for BIMIMIAL1 in (ii)(a)
‘({]13‘(;)2 {x = 4sin’ 0 3} % = 8sinfcosH Asin Way 1 | Bl
. 2
1/4s1—r1627 8sinfcos 6 {d6} As before | M1
4—-4sin” 6
~ .2
= % 8cosPsind {d@}
J V(-sin"0)
- ﬂ.s./(l-sm%sma{da}
J {J(1-sin* )
- 0 8sind {d@} Correct method leading to
= | siné. 8sin
J \(1-sin’ ) being cancelled out M1
= | 8sin* 0 do JSSinze d€@ including df | Al cso
\(,lvlz(yaé {x =4sin’ @ :} % = 4sin260 Asin Way 1 | Bl
x=4sin’@=2-2c0820, 4—x=2+2c0s20
1/L"Sw.mnze {d6) MI
2+2cos260
2 — - 2—2co0s20 .
_ [¥2-2c0s20 V2-2¢c0520, . (a0} = [ 2222229 45in2p {a0)
J V2+2c0s20 2-2c0s26 V4 —4cos’ 20
[2-2c0s20 | . i
= | S5 4sin26 {d6) = | 2(2-2c0526). {d6) Correct method leading to | )
2sin26 sin26 being cancelled out
= | 8sin’6 dd szinzﬁdﬁ including d@ | Al cso




Question

Number Scheme Notes Marks
3
7. y=Qx-1*, x> % passes though P(k, 8)
3 5 5
R S 2x 1) »> £ A2x D2 or Au? |\
(a) {-"(2)6—1)2(])6} - %(2)6—1)5 {+ C} where u=2x%1;1%0
5
%(2 X — 1)5 with or without + ¢. Must be simplified. | Al
2]
4 3 3
3 3 4 _ n
b ~ 3 841 Sets 8 = (2k —1)* or 8 = (2x — 1)* and Mi
®) {P(k.8) =} 8=(2k - = k= rearranges to give k= (or X=) a numerical value.
So, k—17 k(or)c)zH or 85 | Al
2 2
2]
( 3)? For ( 2x —1 %\2 or 7| (2x - 1)%
(©) EJAL(ZX—I)“J dx a L( x=1 ) Bl
Ignore limits and dx. Can be implied.
17 5 H (( s 3 3 Applies x-limits of “8.5” (their answer
I 224yl = @x -1 _|[e_ (0) _ 1024 to part (b)) and (.5 to an expression of
1 5 5 5 s M1
: ! the form +B(2x — 1)?; =0 and
Note: It is not necessary to write the "= ()" subtracts the correct way round.
7(8)’ ( their answer to part (b)
{ cylinder } (8) ( ] {: 5447[} ( ) BI ft
chhn i = 2447 implies this mark
An exact correct answer in the form k7
1024 1
Vol() = 5447 — L2471 vois)= 1% 1696 3392 Al
5 E.g. ?7[, Tﬂ or 33927
[4]
8.5( 3 2 1 ;
Alt. (¢) | VoI(S) = z(8)’ G} tx LSZ —(2x-1)? Jds Forz| .. @x 21" | 5,
o Ignore limits and dkx.
5 8.5
2 1 1 N
=7(8)°| = | + 7| 64x — = (2x—1)?
2 5 s
1 (( EAT 1 ) as above | M1
= 7[(8)2[ ] + || 64("8.5") — —(2(8 5)—1)? 64(0.5) — =(2(0.5)-1)?
AR JTI==75 J) Bl
=327+ n([544 - %j -(32- o)\ = Vol(S) = 16% , Al
- \ 5 ) G

[4]




Question 7 Notes

3

3
7. (b) SC Allow Special Case SC M1 for a candidate who sets 8 = (2k — 1) or 8 = (2x — 1)? and
rearranges to give k= (or X=) a numerical value.
7. (c) M1 Can also be given for applying u-limits of “16” (2("part (5)") — 1) and 0 to an expression of the
5
form +pu2; g+ 0 and subtracts the correct way round.
sTr
2x — 1)? 1024
Note You can give M1 for (2x 1) = 5
1
2
B s A
2
Note Give MO for @x=D* ) RS (O)
5 5
0
B1ft Correct expression for the volume of a cylinder with radius 8 and their (part (b)) height £.
Note If a candidate uses integration to find the volume of this cylinder they need to apply their limits
to give a correct expression for its volume.
So ﬂj 8% dx = 5[64)6] ~ is not sufficient for B but 7(64(8.5) — 0) is sufficient for BI.
7. MISREADING IN BOTH PARTS (B) AND (O)
3
Apply the misread rule (MR) for candidates who apply y = (2x — 1) to both parts (b) and (c)
2 3 3
3 3 Sets 8 = (2k — 1)2 or 8 = (2x —1)? and
() — 2k - _ gl M1
{P(k’ 8 :>} 8=Qk-1* =k rearranges to give k= (or X=) a numerical value.
So,k:é k(orx)=20r2.5 Al
2 2
2]
3 2
3)? For ( - 5\ or 7| (@2x-1)
() ﬂJ‘((ZX - 1)2) dx ”J.L(zx D) Bl

Ignore limits and dx. Can be implied.

Applies x-limits of “2.5” (their answer to

{ L , } {(Zx — f part (b)) and (.5 to an expression of the
yodx —_

(4) )
kEJ ( )J { 32} form £f(2x - 1)4;ﬂ¢0 and subtracts M

the correct way round.

v _ ”(8)2[9 {: 1607r} 7[(8)2(their answer to part (b)) Bl

cylinder Sight of 1607 implies this mark
~ ~ B An exact correct answer in the form kx
{Vol($) =160z - 327 | = Vol($) = 1287 Eg 1287 | !

[4]

Note | Mark parts (b) and (c) using the mark scheme above and then working forwards from part (b)
deduct two from any A or B marks gained.

E.g. (b) MIA1 (c) BIMIB1Al would score (b) M1AO (c) BOM1B1Al

E.g. (b) M1A1 (¢) BIMIBOAO would score (b) M1AO (c) BOM1B0OAO

3 3
Note | Ifa candidate uses y = (2x — 1)* in part (b) and then uses y = (2x — 1)2 in part (c) do not apply a

misread in part (c).




Question Scheme Notes Marks
Number
8 -5
-5 — 1
8. hir=| 1l+ul 4] sod-| 4. OA occurs when u=1. gp-| 3
-3 3 3 2
@@ | 4(3,5,0) | (3,5,0) | Bl
1]
a+Ad or a+ud,a+rtd,a=0,d=0
1 -3 with either a = i + 5j + 2k or d = —5i + 4j + 3k, | Ml
(b) {Litr=15|+4| 4 or a multiple of —5i + 4j + 3k
2 3
Correct vector equation using = or [ = or Zz = | Al
d, is the direction vector of 12 Do not allow 12 ‘or 12 —> or 11 = for the A1 mark. 12]
-2
(c) | AP=0P-04=| 5 |-| 5 |=| 0
2
Full method for finding AP | M1
AP =/(=2)* + (0)* + (2)’ = =22
V27 (0 +(27 =8 =242 AR
2]
) s -2\ (=5 Realis%ttion that the dotlgroduiis
@ So AP = o | an L= ole 4 required between ( AP or PA) Ml
3 3 and £Kd, or £Kd,
dependent on the
-2 = previous M mark.
* o 4 Applies dot product formula
3 L — dM1
{ o } Ap.d between their (AP or PA) and
CcoS
4P| =27 + 02+ (27 =57 + (47 + ) +Kd, or £Kd,
+(10+0+6) 4
{COS 49} ( ) == {cosH} =ior 0.8 oriorE Al cso
350 s 5 10 20
3]
(©) | {Area APE=] %(their 2/2)2sin@ %(their 232)*sin@ or %(their 232)*sin(their 8) | M1
=24 2.4 or 12 or % orawrt 2.40 | Al
2]
® = (=5A)i + (4A)j+ (3A)k and PE = their 242 from part (c)
{PE2 :} (=52)* + (44)" + (34) = (their 2/2)? This mark can be implied. | M1
{:> 50/12:8:>12:i :} /1:J_rg Either/1:z orA= _2 Al
25 5 5 5
1 5 =5 dependent on the previous M mark
L:r=|5|+ 3 4 Substitutes at least one | M1
2 3 of their values of Ainto1,.
3 1 At least one set of coordinates are Al
_ 17 3 33 -1 correct.
{oE}=| = 34 |, {oE}=| = Jor| 66
5 5
0.8 3.2
% 16 Both sets of coordinates are correct. | Al

[5]

15




Question 8 Notes

3 3
8. (a) B1 Allow A(3,5,0) or 3i+5j or 3i +5j+ Ok or | 5| or benefit of the doubt 5
0 0
(b) Al Correct vector equation usingt = or [/ = or 12 = or Line2=
1 -5 ( 1 ) -5
ie. Writing r=| 5| +A| 4| or r=| 5 |+Ad, where dis a multiple of | 4
2 3 2 3
Note | Allow the use of parameters £¢ or ¢ instead of A .
(©) M1 Finds the difference between OP and their ©A and applies Pythagoras to the result to find 4P
()
Note | Allow MIAL for | o | leadingto 4P=1/(2)" + (0 +(2)" =8 =242.
2
(d) Note For both the M1 and dM1 marks 4P (or Eél) must be the vector used in part (c) or the difference
OP and their OA from part (a).
Note | Applying the dot product formula correctly without cosf as the subject is fine for M1dM1
Note | Evaluating the dot product (i.e. (-2)(=5) + (0)(4) + (2)(3)) is not required for M1 and dM1 marks.
Note | In part (d) allow one slip in writing 42 and d2
Note | cos0 =070 L 4 iowed by cos @ = 2 is fine for Al
ote =—p—p— =—— followed by cos & = — is fine for Al cso
V850 S 5
(o) ( _10)
0 |e 8
Give M1dM1A1 for {cos 0=} = _20+12 4
J8.10v2 40 s
Note | Allow final A1 (ignore subsequent working) for cosé = 0.8 followed by 36.869...°
Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a candidate is applying a vector cross product method.
Realisation that the vector
-2 -5 i j ok cross product is required
S bet thei
APxd,=| 0 [x| 4 | ={| -2 0 2|=-8i-4j-8k e e
(4P or P4) and
3 -5 4 3
+Kd, or £Kd,
Applies the vector product
o \/ (=8)°+(=4)" +(-8)’° formula between their
sin @ = o dMml1
JE2 + (00 + (20 (=5) +(4) +(3) (4P or Pi) and £Kd, or £K4,
o 12 3 _4 4 8 16
511“9—7\/5.\/%—520059 5 cos&-;orO.?&orEor% Al
1 2 . o 1 2 . o o
(e) Note | Allow M1;Al for 5(2\/5) sin(36.869...") or 5(2\/5) sin(180° — 36.869..."); = awrt 2.40
Note | Candidates must use their f from part (d) or apply a correct method of finding

their sin@ = % from their cos@ = %




Question 8 Notes Continued

8.(H Note Allow the first M1A1 for deducing A = % or 1= —% from no incorrect working
SC Allow special case 1 M1 for A = 2.5 from comparing lengths or from no working
Note | Give 1" M1 for \(=54)" + (44) + (34)" = (their 24/2)
Note Give 1"'MO for (—=54)" + (41)" + (31)* = (their 2\/5 ) or equivalent
Note Give 1M1 for 4 = their AP = "2y2 and 1 Al for 1= &
JEsy + @y + oy 5\2
=5 =5
Note So &1 = % 4 | = "vector"= % ;l is M1Al
Note The 2" dM1 in part (f) can be implied for at least 2 (out of 6) correct x, y, z ordinates from their
values of A.
Note Giving their “coordinates” as a column vector or position vector is fine for the final A1A1.
CAREFUL | Putting 12 equal to 4 gives
(=2 )
() (=51 (3] A=3 Give M0 dMO for finding and
A A= o A=0 using A = 2 from this incorrect method.
2 3 0 A=-2 5
CAREFUL | Putting Ad, = AP gives
((f=-2)
(51 [ 2) A=-3 Give M0 dMO for finding and
A4 = 0 - A=0 using 1 =— 2 from this incorrect method.
3 -2 A=-3 5
General | You can follow through the part (c) answer of their AP = 2\/5
for (d) M1dM1, (e) M1, (f) M1dM1
General You can follow through their a, in part (b) for (d) M1dM1, (f) M1dMI.




