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1. (a) Find the binomial expansion of
1 4
3’ |x| <3
(4+3x) 3
in ascending powers of x, up to and including the term in x>.
Give each coefficient as a simplified fraction.
(6)
In the binomial expansion of
1 4
3 | | <3
(4 -9x) 9
the coefficient of x? is A.
(b) Using your answer to part (a), or otherwise, find the value of 4.
Give your answer as a simplified fraction.
(2)
g /
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Question Scheme Marks
Number
1 B a Moving power
1. (a) {—(4 o) —} (4 +3x) to the top M1
3x 1 3x\° 5 1
=(4 =—|1+22 4”or — | Bl
o (n ) -geF) orgy |
1 -3)(-4 ~3)(-4)(-
={—} { 1+(—3)(kx)+m(kx)2 + M(kxf#... } see notes | M1 Al
64 2! 3!
3
1]y g ) (), CICHES) (A,
64 2! 4 3! 4
= i{1—gx+ sz —13—5x3 +.. }
64 4 8 32
_ 19 L e 135 s, Al AL
64 256 512 2048
[6]
2 -
1 N . 27 943 9x (coeff x° in (@)) | M1
(b) ————t, so the coefficient of x* is A=(9)| == |==— 243
(4 -9x) 512 ) 512 — | Al
512
[2]
8
Notes
(a)

M1: Writes down (4 + 3x)~ or uses power of —3.

1
This mark can be implied by a constant term of (4)or a

1 . 1 . . o :
B1: 4% or — outside brackets or 6_ as candidate’s constant term in their binomial expansion.

M1: Expands (...+ kX)_3 to give any 2 terms out of 4 terms simplified or un-simplified,

(_3)(_4)(_5) (kX)S orl+ .. + (_3)(_4) (kX)Z
3! 2!

By 1+ (k) or 2D o+

r (__3)2(74) (kx)? + %ﬁ(k x)* where k = 1are fine for M1.

Al: A correct simplified or un-simplified 1 +(—3)(kx)+#(kx)2 + %(k x)*

expansion with consistent (kx). Note that (kx) must be consistent (on the RHS, not necessarily the LHS)
in a candidate’s expansion. Note that k =1.

(=3)(= 4)( 3x)

X , £3EA5) (ﬁ% }

You would award BIM1AO for 1 1+(- 3)( j
64 3! 4

because (kx) is not consistent.
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Notes for Question 1 continued

1.(a) ctd

(b)

“Incorrect bracketing” _{6];1}{1 (- 3)( j - 3)2(| 4)(3: ] %(¥J+}

is M1AO0 unless recovered.

Al: For 6_14 - %x (simplified please) or also allow 0.015625 — 0.03515625x.

Allow Special Case A1AO0 for either SC: 1 1—gx;... or SC: 1 1—gx+ 2x2 —13—5x3 + ..
64 4 4 8 32

(where A can be 1 or omitted), with each term in the [ ......... ] either a simplified fraction or a decimal.

Al: Accept only 27 o135 or 0.052734375x* — 0.06591796875x°

512 2048
(-3)(- 4)( gj +(—3)(—4)(—5)(_ 3—X] +]

Candidates who write _1 1+(- 3)( j
64 4 21 4 3l 4

where k = 3 and not 3 and achieve = S +i X; + Ex2+ &x3+ ... will get BIM1A1A0AOQ.
4 4 64 256 512 2048

Note for final two marks:
1[ 9 27 , 135, } 1 9 27 , 135
— X=X +.. | = —_—

— | 1-=x+ = — 4+ —X+ x*— —=x3+ ... scores final AOAL.
64 4 8 32 64 256 512 2048

1 1—g +£x2—@x3+... i—i 27 xz—ﬁxﬂ... scores final AOAL
64| = 4 8 32

64 256 512 2048
Special case for the M1 mark
Award Special Case M1 for a correct simplified or un-simplified

1+n(kx)+ (” 1)(k) W(kx)s

expansion with their n = —3, n = positive integer

and a con5|stent (kx). Note that (kx) must be consistent (on the RHS, not necessarily the LHS) in a
candidate’s expansion. Note that k = 1.

M1: 9x theirﬂ or 9 theirﬂx2
512 512
Al: For % Note that Exz is AO.
512 512

Alternative method for part (b)

M1: for (4)° [MJ(_QJ or (4)3((—?»(—4))( gj or ( 4)3((—3)(—4)j(%j Y (243sz
2! 4 2! 4 21 4 64 8
Also allow M1 for £l { ...... +w(— g—sz + o } or 1 { ...... +—(_3)(_4) ( %jz + o :l
64 2! 4 64 21 4

Also allow M1 for l[ ...... +w(—9—xj + o } or ;{ ...... +m(%)z+ ...... }
2! 4 2! 4

where A is the multiplicative constant used by the candidate in part (a). Note that A can be 1.

Al: For E Note that ﬁxz is AOQ.
512 512
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Notes for Question 1 continued

Alternative Methods for part (a)

Alternative method 1: Candidates can apply an alternative form of the binomial expansion.

e300 = @0 (3@ @+ 2D (4532 ¢ CICDED) 4050
(4+3%) 21 3l

M1: Writes down (4 + 3x)™ or uses power of —3.

BL: 4%0r —
64
M1: Any two of four (un-simplified or simplified) terms correct.

Al: All four (un-simplified or simplified) terms correct.
Al: 1_ ix
64 256
27 , 135
— X ———X
512 2048
Note: The terms in C need to be evaluated,
50 °Cy(4) %+ °CL(4) 1 (3X)+ °C,(4) °(3%)* + °C,(4)°(3x)* without further working is BOMOAO.

Al:

Alternative Method 2: Maclaurin Expansion
(4+3%)° Moving power to the top | M1

f"(x)=108(4+3x)° , f"(x)=-1620(4+3x)"° Correct f”(x) and f"(x) | B1
+a(4+3x)*; ax+l | M1
—3(4+3x)*(3) | Al oe

/(X)=—3(4+3%)*(3)

1 9 27 405
~f(0)=— ,f'(0)=-— , f"(0) = — and f"(0) = — ——
{ O =54 TO =755 0= © 1024}

fo0e Lo 9y, 2T e 135

—X;+ ——X"———=X Al; Al
64 256 512 2048
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2. (i) Find
J.x cos (f)dx
2
3)
i1) (a) Express in partial fractions.
(i) (3) Express s — inp
“4)
(b) Hence find, for 0 < x < %
1
Jea
x“ (1 —3x)
3)
J

— R0 R O Al
P 4 3 01 8 A 0 4 2 8
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u=x
X
2. Ixcos(—j dx,
2 dv X
—=C0S| —| = Vv=2sin
o3) )
(1) —2xsm( j J.Zsm( j M1 Al
= 2xsin(§j + 4003(% {+c} Al
2 2
[3]
" _1 _A B, C
@ | % 1-3x) x x> (1-3X)
At least one of “B” or “C” correct. | B1
B_1 C—9 Breaks up their partial fraction correctly into
ST three terms and both"B" =1 and "C"=9. | B1 cso
See notes below.
1= Ax(L-3x) + B(1-3x) + Cx*
x=0, 1=B
wet 1. lc_c g Writes down a correct identity and attempts to
3’ 9 find the value of either one of “A”, “B” or “C”. | M1
x* terms: 0=-3A+C
0=-3A+9 = A=3
x*:0=-3A+C, x:0=A-3B,
constant: 1=B
Correct value for “A” which is found using a
leadingto A=3 correct identity and follows from their partial | Al
fraction decomposition.
[4]
(b) I%dx=j§+%+—dx
X“(1—3x) X x° (1-3x)
Either + P — talnxor talnkx
X
M1
et 9 J_rgz thxt or —R +cln(l - 3x)
=3Inx + —— + ——In(l - 3x) {+ c} X 1-3x
D (=3 At least two terms correctly integrated | A1ft
All three terms correctly integrated.
| Alft
Ignore absence of ‘+c
[3]
10
Notes
2. (i)

M1: Integration by parts is applied in the form +/1xsm( j Iysm( j dx (where A#0, u#0)

Al: 2xsm( j J-Zsm( ] dx} or equivalent. Can be un-simplified.

Al: 2xsin(§j + 4cos(§j or 2xsin(§j —— icos(ij or equivalent with/without + c
2 2 2 (%) 2

Can be un-simplified.
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Notes for Question 2 continued

(i))(a)

(i)(b)

SPECIAL CASE: A candidate who uses u =X, % = cos(%} , writes down the correct “by parts” formula,

but makes only one error when applying it can be awarded Special Case ML1.

BE CAREFUL! Candidates will assign their own “A, B and C” for this question.
B1l: At least one of “B” or “C” are correct.
B1: Breaks up their partial fraction correctly into three terms and both "B"=1 and "C"=9.

Note: If a candidate does not give partial fraction decomposition then:
e the 2" B1 mark can follow from a correct identity.
M1: Writes down a correct identity (although this can be implied) and attempts to find the value of either
one of “A” or “B” or “C”.
This can be achieved by either substituting values into their identity or
comparing coefficients and solving the resulting equations simultaneously.
Al: Correct value for “A” which is found using a correct identity and follows from their partial fraction
decomposition.
Note: If a candidate does not give partial fraction decomposition then:
o the final A1 mark can be awarded for a correct “A” if a candidate writes out their partial fractions
at the end.
Note: The correct partial fraction from no working scores BIBIM1AL.
Note: A number of candidates will start this problem by writing out the correct identity and then attempt to
find “A” or “ B” or “C”. Therefore the B1 marks can be awarded from this method.

Note: z;s Ez+
Xx“1-3x) x° (1-3x)

will only score a maximum of BLBOMOAO.

leadingto "B" =1 or "C"=9

M1: Either £ P —talnx or £ % —+bx™* or R — +cln(l - 3x), from their constants P, Q, R.
X X (1-3x)
Alft: At least two terms from any of + P or + % or 39 correctly integrated. Can be un-simplified.
X X —-3x

Alft: All 3 terms from + P , % and R correctly integrated.
X X (1-3x)

Can be un-simplified with/without + c.
NOTE: Ignore subsequent working for applying limits after integration.

NOTE: Integrating ) to give —3In|3x -1 is correct but —3In(3x—1) is incorrect.

(1-3x
NOTE: The final two marks in (ii)(b) are both follow through accuracy marks.

NOTE: Some candidates are applying limits of x=0 and x= 3 to their integrated expression. You can award

up to all three marks in (ii)(b) for the integrated expression and ignore the application of limits.
NOTE: A candidate who achieves full marks in (ii)(a), but then mixes up the correct constants when writing
their partial fraction can only achieve a maximum of M1A1AO in (ii)(b).
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3. The number of bacteria, N, present in a liquid culture at time ¢ hours after the start of a
scientific study is modelled by the equation
N=15000(1.04), ¢t>0
where N is a continuous function of 7.
(a) Find the number of bacteria present at the start of the scientific study.
ey
(b) Find the percentage increase in the number of bacteria present from ¢ =0 to r = 2
(2)
Given that N = 15000 when t =T,
(c) find the value of ’m when ¢ = T, giving your answer to 3 significant figures.
: @
g J
8

P 4 3 01 8 A 0 8 2 8
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Number
3. N =5000(1.04), teR,t>0.
(a) {t=0=} N =5000 (bacteria) 5000 | B1 cao
[1]
2 f— —
(b) N 5000(1.04)° — 5000 100 or + 5408 — 5000 100 M1
5000 5000
=8.16 (%) 8or8.20r8.16 | Al
[2]
c
© aN _ 5000(1.04) In(L.04) or aN _ 5000(e""**)In(1.04)
dt dt
dN 1 dN MLAL
or — =NIn(1.04) or — — = In(1.04)
dt N dt
At t=T, 15000 = 5000(1.04)" = 3=(1.04)" = T = | "11 34 = 28.01...
nl.
Substitutes their found (1.04)"
(att=T,} N _5000(3)n(.0s) .09
at or their found T into dN
! | dv1
dN ot.
or = 5000(1.04)°*" In(1.04) or N imo‘fj_':' _ NIn(L04)
— 588.3106973... (baﬂer'aj 590 or awrt 588 | Al
hour
[4]
7
Notes
(a)
B1: 5000 cao.
(b) M1: A full method for finding a percentage increase.
Al: 8or8.1or8.16
Note: (1.04)%or 1.0816 or 0.0816 by itself is MO; but followed by either 8 or 8.2 or 8.16 is M1A1.
2 —_
Note: Applying [5000(1.22)8 5000leO or equivalent (answer of 7.54(%) ) is MOAO.
M1: Award M1 for aN _ + /1(1.04)t or aN _ + AN or aN _ + 1™ or LdN_ +1
() dt dt dt N dt

where A =0 is a constant.

EXCEPTION: Award MO, however, for %—T = ...(1.04)‘71 dN

or = .(1.04)""" or equivalent,

dN

Note: Award MO for expressions such as (L—':' =5000(1.04) " or e 5000t(1.04)"

Note: You can award M1 for (L—T = 5000(1.04)t

Be careful: O('j—':' =5000(1.04) In(1.04)' is MO.
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Notes for Question 3 continued

3. (¢)
contd.

Al: O('j—':' =5000(1.04) In(1.04) or O('j—':' =5000(e""**)In(1.04) or O('j—':' = Nin(1.04)

or L1 dN = In(1.04) or equivalent.
N dt

dM1: (dependent on the first M mark)
For substituting their found (1.04)" (or (1.04)') or their found T (or t) into their%—? =f(t);

or their found N or N =15000 into their (fj—l:l =f(N).
Al: 590 or anything that rounds to 588
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4. y A

o

>
—3In2 0 x
Figure 1
. : . de™
Figure 1 shows a sketch of part of the curve with equation y = ————
3V +3e™)

The finite region R, shown shaded in Figure 1, is bounded by the curve, the x-axis,
the line x = —31n2 and the y-axis.

4 -X
The table below shows corresponding values of x and y for y = e—i
3V +3e™)
X —3In2 —21In2 —In2 0
v 2.1333 1.0079 0.6667

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

Oy

(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 2 decimal places.

3)
(c) (1) Using the substitution u = 1 + 3¢ ", or otherwise, find
j 4e oy
3V(1+3e7™)
)
(i1) Hence find the value of the area of R.
(2)
g J

— MR )0 0 O A
P 4 3 01 8 A 01 0 2 8
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4. (a) 1.4792 1.4792 | Bl cao
[1]
1 ) .
o | Areasgxin2ix | 2.1333+ 2(their 1.4792-+ 1.0079) + 0.6667 | B1 M1
= I%Zx 7.7742... = 2.694332406... = 2.69 (2 dp) awrt 2.69 | Al
3]
x du . dx -1
(©)() {u=1+3e }:&=—3e or @:(u—l) Bloe
1
A | —=du | M1
4e" 411 Ju
————dx=p —— | —=du
3V(1+3e7) 9)Ju 41
——|—=du | Al oe
9) Ju
4 u? 1
= _§[TJ {+c} giving +puz | dM1
=——u?{+c
Ju' {+c)
= —g,/(1+3ex) {+c} Al
[5]
Applying limits of x =-3In2 and
i 8 \/( 5 \/( e x = 0 to an expression of the form
i =——( 1+3e°) — J@+3e " ) M1
9 +A «/(l + 3e7) and subtracts either way
round. See notes.
- S(Ja- V)
9
= 8 8 orawrt 2.67 | Al
3 3
[2]
11
Notes
@) B1: 1.4792 correct answer only. Look for this on the table or in the candidate’s working.
b
(®) B1: Outside brackets %xInZ or "172 or awrt 0.35 or M.
Also allow — %xlnz or — In72 or awrt —0.35 or —M.
M1: For structure of trapezium rule| ............ ]
Al: anything that rounds to 2.69
Note: It can be possible to award : (a) BO (b) BIM1A1 (awrt 2.69)
Note: Working must be seen to demonstrate the use of the trapezium rule. Note: actual area is
2.66666...
Note: Award B1M1A1l for In72(2.1333+ 0.6667) + In2(their 1.4792+1.0079) = 2.694332406...
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Notes for Question 4 continued

Bracketing mistake: Unless the final answer implies that the calculation has been done correctly,

4. (b)
contd. | Award B1IMOAO for %x In2 + 2.1333+ 2(their 1.4792+1.0079) +0.6667 (nb: answer of 8.12077...).

Award B1IMOAO for %x In2 (2.1333+0.6667) + 2(their 1.4792+1.0079) (nb: answer of 5.94461...).

Alternative method for part (b): Adding individual trapezia
2.1333+1.4792 N 1.4792+1.0079 N 1.0079+0.6667
2 2 2

B1: In2 and adivisor of 2 on all terms inside brackets.

M1: First and last ordinates once and the middle ordinates twice inside brackets ignoring the 2.
Al: anything that rounds to 2.69

(0] NOTE: YOU CAN MARK (c)(i) AND (c)(ii) TOGETHER.

B1: For du =-3e " or du=-3e*dx or o = 1_ or LU __£ or equivalent.
dx du —3e™* du 3

Area = In2>{ }= 2.694332406...

Award B1 for o _ -
du UuU-

Wl

(which can be obtained from differentiating x = In( ;1j ).

w ‘
-

1

M1: Applying the substitution and achieving ixj‘% (du) or ikjuz (du), 2=0
u

Note: Any (u—12) terms need to be cancelled out for this M1 mark.

4 J‘ 4 J‘ -1 J‘ -4 .
Al: -— ——|u 2(du) or (du) or equivalent.
ol ( 3) T gJut(du) or |
0
Ignore the presence of limits, but note that j j
_3.n23\/(1+ 3™ \/_
1
dM1: (dependent on the first M mark) Integrates ixjf du togive +4u?, A=0, =0
u
Al: —g «f(1+ 3e ™), simplified or un-simplified, with/without +c
4(u-1)
Note: 33_ x —du is 1% MOAO unless the (u—1) terms have been cancelled out later
U _
4 (u~Ty
but 3, —W s 1tmaAL

3u (u-m

©(i) M1: Applies limits of x=-3In2 or -2.07...and x =0 to an expression in the form +A «/(1+ 3e)

and

subtracts either way round.
1

Or attempts to apply limits of u =25 and u =4 to an expression in the form +Au? and subtracts
either way round.

Al: % or anything that rounds to 2.67.
Note: The final A1 mark in (c)(ii) is dependent on (c)(i) BLM1A1M1 and (c)(ii) M1.
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5. Giventhaty=2atx = Py solve the differential equation
dy__ 3
dx  2sin’2x
giving your answer in the form y = f(x).
()
J
14
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dy 3y? r
— = =2at x=—
> dx  2sin®2x Y 8
1 3 Separates variables as shown.
J.—Z y = IZ 25 Can be implied. | B1
y SN~ 2X Ignore the integral signs.
Iiz dy = j§cose022x dx
y 2
iz - - 1 . (See notes). | B1
y y
_EZE(_ COtZXj {+c} +Acot2x | M1
y 2 2
1 _§(_ cot2xj AL o6
y 2 2
T .
y=2. x== = N N O AN Useofx=§andy=2|nan M1
8 2 4 8 . . -
integrated equation containing c
1 3 1
——=——+C => Cc==
2 4 4
3 1 1-3cot2x
——=——cot2Xx + - = ———
y 4 4 4
So, y= -1 or y= 4 or y— 4tan 2x AL
’ ~3cot2x + 1 3cot2x -1 3 - tan 2x 0¢
[6]
6
Notes

B1: Separates variables as shown. dyand dx should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs. The numbers “3” and “2” may appear on either side.

2 3 2 1
Eg: | =dy = | —— dx, —dy = | —— dx,
J J.y2 y j.sinz 2X I3y2 y J.sinz 2X

iz dy = - 12 dx are all fine for B1.
3y 2sin” 2x

1 1 2 2 2 2 1 1
Bl: w>»-——o0o w>-——0 —F5—>—-—— 0o — >——
y y y y 3y 3y 3y 3y
M1: —5— or cosec’2x —» +tAcot2x, A#0
sin® 2x
Al: —E:E(— COtZX) with/without +c or equivalent. Eg: i= cot 2x
y 2 2 3y

M1: Some evidence of using both x = % and y = 2 in an integrated or changed equation containing c.

Note that is mark can be implied by the correct value of c.
-1 4 4tan 2x .
Al: y=—— or y=———— or y= ————— or any equivalent correct answer.
—3cot2x + + 3cot2x -1 3 —tan2x

Note: You can ignore subsequent working which follows from a correct answer.
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6. Oil is leaking from a storage container onto a flat section of concrete at a rate of
0.48cm’s™. The leaking oil spreads to form a pool with an increasing circular
cross-section. The pool has a constant uniform thickness of 3 mm.
Find the rate at which the radius » of the pool of oil is increasing at the instant when
r=15cm. Give your answer, in cms ', to 3 significant figures.
)
g
18

P 4 3 01 8 A 0 1 8 2 8
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6. From question, Oclj_\t/ =0.48
V =7zr?(0.3) V =0.37r? (Can be implied.) | B1 oe
d—V =0.67zr B1 ft
dr
d—Vxﬂ _av = (0.67zr)ﬂ =0.48 Candidate's v ><ﬁ =0.48
dr dt dt dt dr ) dt
d dav  dv d 1 4 dv M ce
{_r =— + —} T (0.48) ; {z —} or 0.48 + Candidate’s — ;
d dt dr dt 0.67zr 5zr dr
Substitutesr =5 into
When r =5cm, ﬂ: 0.48 = 4 . .. dr |dM1
dt  0.67(5) 57(5) an equation containing pre
Hence, % =0.05092958179...(cm s™) anything that rounds to 0.0509 | Al
[5]
5

Notes

Bl: V =xr?(0.3) orequivalent.
B1ft: Correct follow through differentiation of their V or their A with respect to r.

M1: (Candidate‘s d_ijg =0.48 or 0.48 + Candidate's d—V
dr ) dt dr

dM1: (dependent on the previous method mark) Substitutes r =5 into an equation containing %

Al: anything that rounds to 0.0509
Example 1: Using thickness = 3 (cm) and not 0.3 (cm)

V=3zr’= d_V= 67r leading to ﬁ = ﬂ = 0.005092958179... gets BOB1ftM1M1AO.
dr dt,_, 67(5)
Example 2: Using thickness = 0.03 (cm) and not 0.3 (cm)
V =0.037r* = v _ 0.067zr leading to g _ 048 _ 0.5092958179... gets BOB1ftM1M1AOQ.
dr dt,_. 0.067z(5)
Alternative method 1 First 3 marks
A=rr* and dA _048 {=1.6} Can be implied. | B1 oe
dadt 0.3

d—A =2xr ft d—A B1 ft
dr dr

dA dr dA dr dr 1 4

—Xx—=— 7= (22r)—=16 or —= (1.6)—; {=— M1;
{drxdt dt} (271) 4 AT { 57”} o°
Alternative method 2 First 3 marks
A=7xr’ and V =0.3A Can be implied. | B1 oe
d—A=27rr, {d—V=O.3} ftd—A B1 ft
dr dA dr

dr dr dA dVv dr 1 (1 4

—=——X—x—=> —=—+| — |(0.48); {=— M1;
{dt dA v dt } dt 27rr(0.3)( ) { 5m} o°
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( Leave\
blank
7. The curve C has parametric equations
x=2cost, y=\/§cos2t, 0Lt
where ¢ is a parameter.
) . dy .
(a) Find an expression for — in terms of z.
dx @
. . 27
The point P lies on C where ¢ = 3
The line / is a normal to C at P.
(b) Show that an equation for / is
2x-23y-1=0
)
The line / intersects the curve C again at the point Q.
(c) Find the exact coordinates of Q.
You must show clearly how you obtained your answers.
(6)
g J

— N )0 D0 AR A
P 4 3 01 8 A 0 2 0 2 8
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7.(@Q) | x=2cost, y=+3cos2t, 0<t<nx

. dy dx
_ : ; Candidate’s —+— | M1
y: 2x/§?°.m2t :«/§§|n2t _ 2\/§cost _dt - _dt
dx —2sint sint Correct simplified | A1 oe
or un-simplified result. | cso
[2]
The point
27 3 -1, B or awrt —0.87 |.
(b) When t = 3 x=-1,y= Y (need values) 2 B1
These coordinates can be
implied.
3
SSln[Z(?D \/5[— {] 2 h dy
Inserts t = — into their —.
m(T):d—y: o TR {=- 3 3 ax | M1
sin() (j Can be implied.
3 2
So, m(N) = L Applies m(N) = - 1 M1
’ V3 m(T)
N: y——gz %(x——l)
\E 1 «/? See notes. | M1
or ——=-—=(-1)+c = c=——
2 3 6
3 1
N +—=—=(x+1
vr = FxHY
N:  2By+3=2x+2
N 2x - 23y 10 Proves the result 2x — 2By -1=0 | A1 + 0
using exact values.
[5]
©) 2(2(:ost) _ 2\@(\/50082) _1=0 Substitutes x = 2cost and y =.x/§.0052t_|nto N M1
to form an equation in variable t.
4cost —6c0s2t —1=0
6cos2t —4cost +1=0
6(2cos’t —1) — 4cost +1=0 Appliescos2t = 2cos’t —1 | M1
12cos’*t — 4cost —5=0 12cos’t —4cost — 5 {=0} . See notes. | AL oe
(6cost —5)(2cost +1) =0 = cost =... ddM1
cost = > : {cost =— 1}
6 2
At least one of either x or y correct. (See notes) | Al oe
So (x, y)=(§, lﬁj Y ( )
3 18 Both x and y correct. | Al oe
[6]

13




Winter 2014 www.mystudybro.com Mathematics C4
Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel 6666

Notes for Question 7

7(a)
. . . - dy . dx .
Note: Award M1AO for a candidate who writes (explicitly) i = 2/3sin2t , pr = 2sint
followed by dy = M :
dx 2sint
Note: Award M1A1for % = M with no explicit reference to d_y and %
dx 2sint dt dt
dy .
Note: Also award M1A1 for d_y = At = Z\Efc’m 2t with no explicit reference to ﬂ and %
dx d%t 2sint dt dt

NE 3

(b) Bl: x=-1,y= 5 or (—1, Y or awrt —0.87} . You can imply these coordinates from later working.

M1: Inserts t = 2?” into their g_y This mark can be implied by a correct ft value from their g—i ,
X (2
3
M1: Applies m(N) =— % Numerical value for m(N) is required here.

M1: Use y —(their y,) = (their my )(x — (their x,)) .
or finds ¢ by substituting | their —1, their Ty into y = (their my)x + ¢

—— o m = ; or
their m(T) their m(T)
Note: Numerical values for their x, , y, and m(N) are required here.
dy 2+/3sin2t

o asint )

Convincing proof of 2x — 2\/§y —1=0 (answer given) with no errors.

where m =- m, = —their m(T).

Al: (correct solution only from

Eg 1: y+§=i(x+1):> 23y +3=2x+2 = 2x-23y-1=0

3
Eg 2: y=%x—§:> 3y=x—%:> 2ﬁy:2x—1:2x—2%y—1=0

Note: Candidate need to work in exact values to prove 2x — 2+/3y —1=0 for the final AL.

M1: Substitutes x = 2costand y = J3cos2tinto 2x — 2\/§y —1=0 to form an equation
in only one variable.

M1: Appliescos2t = 2cos’t —1

Al: For obtaining either 12cos®t — 4cost —5{=0} or —12cos’t + 4cost + 5 {= 0}

This mark can also awarded for a correct three term equation eg. 12cos’t — 4cost = 5 or

7.(c)

12cos? x = 4cosX + 5 etc.
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Notes for Question 7 continued

ddM1 (dependent on the previous 2 M marks)
See page 4: Method mark for solving a 3 term quadratic.
e (6cost —5)(2cost +1) =0 = cost =...

v cost - + /16— 4(12)(-5)

2(12)

2
. coszt—lcost—£=0:> cost—1 —i—£=0:>cost=...
3 12 6 36 12

e Or writes down at least one correct root from their quadratic equation.

Al: Any one of either x = g or 1.66 or awrt 1.67 or vy =é 3 or 2l or awrt 0.67

1843

Al: Both x =§ and y = 11J§ or 2 (both exact values required here for the final Al.)

8 1843

Note: A candidate cannot obtain any of the final two accuracy marks unless the first three marks
(M1M1AZ1) have already been awarded.

(c): Alternative Method 1 Forming a Cartesian equation from x = 2cost, y = J3cos2t
y =+/3cos2t =3 (Zcoszt — 1) 2" M1: For applying cos2t = 2cos’t —1

So y= J_(__j fxz—ﬁ

3
2X — 2\/§[§X2 - \/§j -1=0 1% M1: For substituting their y = \/_ x? — /3 into N.
3x* —2x-5=0 Al: For 3x* —2x —5{=0} or 3x* — 2x =5, ec.
xX+DBx-5=0=x=.. ddM1: For attempting to solve a quadratic equation.
5 7
=—,y=—+3 Al1Al: Asabove.
3 y 18\/_

(c): Alternative Method 2 Forming a Cartesian equation from x = 2cost, y = J3cos2t
=3cos2t =3 (2coszt - 1) 2" M1: For applying cos2t = 2cos’t —1

So y=-— \/_ X —3 = xz:%(ymﬁ)

2x = Zx/_y+l — 4x% =12y + 43y +1

1 M1: For substituting their x* = 2—\?’/g(y + \/5) or

X = 1/%(y + \/5) into N.

Al: For 36y? + 43y — 21 {=0} or

36y? + 43y —21=0
12y? +£y 7{=0} etc.

4[¥(y + ﬁ)} —12y° + 43y +1

(18y - 7\/5)(2y + \/?;) =0=y=.. ddM1: For attempting to solve a quadratic equation.

y= ’ 3, x—§ AlAl: Asabove.
18 3
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8. With respect to a fixed origin O, the lines /, and /, are given by the equations
2 -1 2 5
L:r=|=-3|+4] 2|, L:ir=[=-3|+ul-2
4 1 4 5
where 4 and u are scalar parameters.
(a) Find, to the nearest 0.1°, the acute angle between / and /,
3)
0
The point 4 has position vector | 1 |.
6
(b) Show that 4 lies on /|
1)
The lines /, and [, intersect at the point X.
(c) Write down the coordinates of X.
1)
(d) Find the exact value of the distance AX.
(2)
The distinct points B, and B, both lie on the line /,
Given that AX = XB, = XB,
(e) find the area of the triangle 4B B, giving your answer to 3 significant figures.
3)
Given that the x coordinate of B, is positive,
(f) find the exact coordinates of B, and the exact coordinates of B,
)
g J

— N0 D0 AR A
P 4 3 01 8 A 0 2 4 2 8
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2 -1 2 5 -1 5
Lir=|-3|+4] 2|, L:ir=|-3|+uy/-2| Sod,=| 2|,d,=|-2]|.
4 1 4 5 1 5
8. 0
OA= 1|
6
- ° (e Realisation that the dot product i
3 e B ealisation that the dot product is
@) Sodi=| 2),d;=|=2)= 2e -2 required between +Ad,and +Bd, . M1
1 5 1 5
-5-4+5 ;
cosfd == Correct equation. | Al
JEDP+ (2 + @) B) +(=2)° +(5)
cos @ = _1—; = 0 =102.8395884...
So acute angle = 77.16041159... awrt 77.2 | Al
[3]
2 -1 0 Substitutes candidate’s
(b) r=1-3l+2l 21=11. i:ZintoIlan_dfinds
4 1 6 ' j+ 6k'. Bl
. ) ] The conclusion on this
(= OA. Hence the point A lies on I). occasion is not needed.
[1]
©) {l=1,=} S0 X(2,-3,4). X(2,-3,4) | B
[1]
2 0 2
(d) AX =0X-OA=|-3|-|1|=|-4
4 6 -2
Full method for finding AX. | M1
AX =/(2)* + (4)* + (-2)* =24 {= 26
V@ + 4"+ (-2 J_{ \j_} J24 or 2/6 or4.89 orawrt 490 | Al
[2]
(e) Area ABB,= (%(ﬁ)zsin 77.1604...0); x 2 =23.3990503... awrt 23.4 or %J?? M1; dM1 Al
[3]
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Su
8.() | XB=|-2u|and XB=+24
Su
{AX® =} (51)° + (-2u0)" + (5p0)° = 24 M1
4 2 . 2 2
=S54 =20y’ =— = u=+= Eitheru== oru=—-= | Al
{ U =3 } p=to p=goru 3
2 2 ° Substi |
ubstitutes at least one
bir=|-3|¢ 3 -2 of their values of 4 intol,. M1
4 5
16 5} 4 _11 At least one set of Al
3 3 3 coordinates are correct.
{@}z B o —aly, {OBZ}_ “3or|-12 _
3 3 3 3 Both sets of coordinates are Al
22 7 1 2 2 correct.
3 3 3
[5]
15
Notes
8.(a) M1: Realisation that the dot product is required between +Ad,and +Bd,. Allow one copying slip.
Al: Correct application of the dot product formulad, ed, = +|d,||d,|cos& or cos@ =i{%}
1 2
The dot product must be correctly applied, and the square roots although they can be un-simplified must be
correctly applied.
Al: awrt77.2 6 =1.3467..°or 6 =1.7948.." is AQ.
Alternative Method: Vector Cross Product
Only apply this scheme if it is clear that a candidate is applying a vector cross product method.
-1 5 i j k | hat th
. . M1: Realisation that the vector cross
dixdy = 21x)=2) =q/-1 2 1= 12i+10j -8k product is required between +Ad, and +Bd,
L)L) 5 -2 5 . Allow one copying slip.
: 12)* + (10)* +(-8)°
sinf = \/( ) +10) +(8) Al: Correct applied equation.
VD + (27 + W7 (6) +(=2)° +(5)°
sin g = _v308 = 6 =77.16041159...=77.2 (1dp) Al: awrt 77.2
J6./54
(b) B1: Substitutes candidate’s A = 2into I; and finds j + 6k . The conclusion on this occasion is not needed.
Note: A1 =2=r =)+ 6k is not sufficient working for B1.
Note: Writing 2—4=0, 24 -3=1, 1 +4 =06 followed by 1 =2 is ok for B1.
(©) Bl: (2,-3,4) or 2i—3j+4k etc.
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6666

Notes for Question 8 continued

8. (d)

(€)

(f)

Working must occur in part (d) only.

M1: Finds the difference between their OX and OA and applies Pythagoras to the result
to find either AX or AXZ.

Al: 24 or 2./6 or 4.89 or awrt 4.90 .

M1AL1 can be awarded for seeing either J24 or 2\/5 or 4.89 or awrt 4.90 as their answer.
NOTE: Parts (e) and (f) can be marked together.

M1: Either %(their"\@")2 sin their (77.2") from (a)) or

%(their “J24 ")2 sin (their (180-77.2") from (a)) . awrt 11.7 will usually imply this mark.

dM1: Multiplies one of their areas by 2 for triangle AB,B,
or writes down both areas for AAXB, and A AXB,.
Al:  awrt 23.4

Note: Award M1dM1 for (their \/ﬂ)z sin(their (77.2) from (a))

)

Note: Award M1dM1 for (24)[T

Alternative Method 1: Some candidates may apply %(base)(height)

“perpendicular” height = (their “J24 ")sin(their (77.2°) from (a))

Award M1dM1 for %(Z(their “J24 ")) (their "J24 ")sin(their (77.2°) from (a)),

where their "\/24 " ’s are consistent, i.e. the same.
Alternative Method 2:

M1: %(their "ﬁ")(their AB ="6.11")sin A, where A=51.42°, or

A= %(180 — their (77.2°) from (a)).

Note: there must be a full method for finding the length AB.
(i.e. from either the sine rule or the cosine rule.)
dM1: Multiplies one of their areas by 2 for triangle AB,B,

or writes down both areas for AAXB, and A AXB,.
Al:  awrt 234

M1: Writes down an equation relating the ‘W‘ to ‘ﬁ‘ or ‘W‘z to ‘ﬁ‘z
their ‘W‘ their |d,|

M1 can also be awarded for either - —,
their |d,| — their ‘AX‘

2 2
Al: Eitheru=—oru=-—
H=g PH= T3

dM1: (Dependent on the previous method mark) Substitutes at least one of their values of x intol,.
If no working shown then two out of three of the components must be correctly followed through.

Al: At least one set of coordinates are correct. Ignore labelling of B, B,
Al: Both sets of coordinates are correct. Ignore labelling of B, B,




