Mark Scheme 1 Matching the syllabus written by
Calculators Allowed EDEXCEL Curriculum 2004+
Where appropriate leave your answers to 3 s.f.
© ZigZag Education 2004 Core Mathematics — C4
Use identity cos’A +sin> A =1 = cos’ A =1 —sin’ A Ml

And substitute into cos2x = cos’x — sin’x
cos2x = 1 — 2sin’x
sin® = '/5(1 — cos2x)

Separating variables: j ldy = I (sin® x)dx Ml

Hence y = %j (1-cos2x)dx

= l(x—lsi112xj+c AlA1

2 2
Substitute x = 0.1, y = 0.2 to obtain ¢ = 0.19966... = 0.200 (3 s.f.) M1
ie.y= %@-%mn}o.zoo Al (6)

Note: alternative solution using integration by parts: y :J‘ sin xsin xdx

n(n—-1)x’ N n(n—1)(n-2)x’ L

a)  Expand binomial (1 +x)" = 1+nx+ M1
1x2 Ix2x3
! 1 1 1)1 2 1 1 331 3
1-x)2 =1+=(-x)+| = || —— || = |(- == =21 = |- M1
(=it x”@( 2)(2j( ) +(2j[ 2j( ZJ(éj( )
-l le 1 AlAI(4)
2 8 16
b)  Substitute x = 10~ into expansion from a) to obtain:
1
(1—Lj2 ~0.994987... MI ft
100
%ﬁ =0.994987...
3 T =0.994987... MI
10
Hence /11 =3.3166 (5 s.f) Al (3)
a)  Attempt integration by parts Ml
withu=x v'=¢" M1
J (xex)dxzxex—j (l.ex)dx AlAl
=xe'—e't+c Al (5
b)  Attempt integration by parts twice Ml
J (xzex)dx:xzex —J (2xex)dx AlAl
=x’¢"—2(xe" —e") substitute answer from a) M1
=x’e" —2xe" +2e" + ¢ Al (5)
a)  Use scalar product formula a.b = a;b, + a,b, + a;b, M1
Vectors are perpendicular .. a.b=0 M1
Hence-1x1+1xc+1x1=0 M1
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Answer ¢ =0 Al (4)
b)  Form 2 simultaneous equations:
1+3u=1+Ax Ml
2+ 2u=» M1
Solve simultaneous equations to find u =2 or A =6 M1
Substitute one of these back into the appropriate line equation to find
position vector of intersection point: 7i + 6j + 7k Al 4
¢)  Use formula a.b =a;b; + asb, + azbs = |a||b|cos® with 3i + 2j + 3k andi+j+k Ml
e cosh = (3x1)+(2x1)+(3x1) M
VB +22 43P+ 41
5 0=cos" (®) =10.024... = 10.0° (3 5.f) Al (3)
a)  Write as f(x) = A + B M1
x—1 x+2
Thereforex+ 1 =(x+2)A+ (x—1)B M1
Substitute x = 1, or similar method, (to find A = %) Ml
Substitute x = -2, or similar method, (to find B = % ) Ml
2 1
Hence f(x) = + A1A1(6)
3(x—=1) 3(x+2)
by Yoz 1 AIAL
dx 3(x-1) 3(x+2)
Substituting x=2, ¥@__2_1__1 MIAT(4)
dx 3 48 16
c) .[5 2 + ! dx
$3(x=1) 3(x+2)
2 1 ’
= ZIn(x-1)+=In(x+2) MIMI
3 3 s
= E1n4+lln7 —gln3—lln6 :Eln(i}rlln[zj or = llntﬁj MI1A1(4)
3 3 3 3 3 3) 3 6 3 \27
a)  Substitute x = % intox’ +y*+2x+4y+1=0 M1
Simplify to quadratic y* + 4y + % =0 M1
Use quadratic formula to solve for y
Hence coordinates (0.5, -0.67712...) and (0.5, -3.3228...)
= (0.5,-0.68) and (0.5, -3.32) (3s.f) Al (3)
b)  Differentiating implicitly,
2x +2yy' +2+4y'=0 AlAIA1AL
yQy+4)=-2x-2 Ml
' —2x—2:_(x+1) Al (6)
2y+4 y+2
¢)  Substituting coordinates (0.5, —0.67...),
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_2x-2 (x+) 37

= = =-1.1338... =-1.13 (3 s.f)) MI1A1
2y+4 y+2 7
Substituting coordinates (0.5, -3.3...),
o 2x=2 @D NT g sse 13 Gk) MIAIL(4)
2y+4 y+2 7
d y=I1Ll..x+c
Substitute (0.5, -3.3...) to find ¢ M1
c=-3.8898...=3.89 (3s.f)
and hence y = 1.13x — 3.89 (3s.1.) Al (2)
Vo o=xf ) M1
= ﬂjoﬂxz sin x dx limits M1A1
J. vﬂ dxzuv—J. uﬂ dx
dx dx
W _sinx  v=x Ml
dx
v
u=-cosx —=2x M1
X
V= —cosxxxz—J. —cos x(2x) dx Al
I = I 2xcosx dx o cosx v=2x
X
u=sinx ﬂ=2 Ml
dx
I = 2xsinx—2J. sinx dx Ml
= 2xsinx+2cosx Al
Therefore V = 72":—)62 cosx + 2xsin x + 2cos x]: M1
= 72'[—72'2 cos;r+27rsin72'+200572'—(20050)] Ml
= 7[':7[2 —2—2]
= 71":7[2 —4] cm’ or equivalent Al (12)
(75)
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Mark Scheme 2 Matching the syllabus written by
Calculators Allowed EDEXCEL Curriculum 2004+
Where appropriate leave your answers to 3 s.f.
© ZigZag Education 2004 Core Mathematics — C4
a)  Curve sketch which cuts the y-axis aty = A1A1(Q2)
In10 In10
b)  The area is IO 3e dx = [3e*] = 27 square units MIAIMIAL
0
“4)
SIN : dxzj“l@dy M1
U1+ 2x 'y dy
y=1+2x,@=2,§=l Ml
dx dy 2
1 d 1 ' In9 In3 In3
[0 %= neag | - B2-00 0 Al G)
Yy dy 2 . 2 2 2
. ) ) . h
b)  Using the trapezium rule correctly, with n = 3. i.e. E[yo +2y,+2y, + y3] Ml
Using f(1), f(2), f(3) or f(4) M1
1 2 3 4
h=1; =— X=X = X3=— Al[A1
[x03x15x27x39] [Al]
Estimated area = 1 l-f-i-‘r 2(2+2J = 113—7 (=1.2174... = 1.22 square units to 3s.f) Al (5)
213 9 5 7 630
a) Using(l+x),=1+nx+nn-1x"+... x| <1 M1
Substitute in for n = -3
2 5
1354 EDEE | CIEHC i
=1 -3x+6x" —10x° AlA1Al
3 3 3 (%)
b) (@+4x)"=4"(1+x) M1
(4t 4r) = 61—4[1—3x+6x2—10x3] Alft (2)
a) t=x-1 M1
Substitute in
Ly=(—1+2  [=x"—2x+3] MIAL(3)
b) Using chain ruleﬂ _ Y X de , M1
dx dt dx
@ 3sin’*tcost Al
dt
Using a_1 Ml
dx %
. dy _ 1-sins Al 4

" dx  3sin’tcost
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dy

¢) i)  Gradient = o substitute in t = "/4
X
= (1 — sin"/4)/(3sin’("/4)cos™4) M1
= 2*/53_2 =0.27614...=0.276 (3 s.f) Al (2
.. . . 3
i radient of normal at t ="/, is =-3.6213... =-3.62 (3 s.f. M1 ft
) 8 4 W) ( )
3
= x+tc(y=-3.62x+c M1
Y= n el )

When t ="/, (=0.785...), x =1+ "4 (=1.785...), y="/4 +cos "/4 (= 1.492...) Al
Substitute in

™y +cos Ty =

- \/_(1+n/4)+0

c="/4+cos ™y — \/_

Therefore equation of normal is y =

(1+74)(=7.9580...=7.96 (3 5.f.)) M1 ft

2_2\/5 (X—l—n/4)+n/4+COS 7T/4 Al (5)

ory=-3.62x +7.96 (3 s.f.)

7 A B

(x+6)2x+1) (x+6) (2x+1)
W T=AQx+ 1)+ B(x +6) Al
Usex=-6
7=—11A .. Az—% MIAI
Usex=- 1
2
S 7=Bx H =ﬂ MI1A1
2 11
7 R L AL ()
(x+6)2x+1) 112x+1) 11(x+6)
oo 128
b) S O=1G +6)2 11(2x+1)° AlAL
28 17
= == ___° M1A1(4
S 539 99 63 @)
a) 1-1n M1
AB = 2i + 0j — 6k AIA1(3)
b) Calculate Modulus = V2% + 62 =40 M1
1
2i—6k]or ——[i— 3k Al 2
\/_[ ] \/ﬁ[ ] (2)
) —i+2j+k+A[2i—6k]ori+2j— 5k +A[2i - 6k] AIAL(2)
d) Using a.b = abcos6 = a;b; + a;b, + azbs M1
Substitute in 4030 cos9=2 + 30 =32 AIA1l

© Science Exam Papers



2.Cos0 = —— M1
203
0=22.517...=22.5°(3s.f) Al (5)
a) I sinxcosx dx = lJ. sin2x dx M1
2
_ lx—cos2x:_cos2x Al
2 2 4
Apply limits = [0] - [—ﬂ =% MIAI1(4)
by I= j e¢'sinx dx, where u=sinx Vv =e¢"
u=cosx v=¢e" MIM1
s 1= ¢e'sinx — I e’ cosx dx Al
Let] = I e"cosx dx and repeat integration, where  u = cosx v =¢"
uw=-sinx v=¢ M1
J=¢"cosx — I —e"sinx dx
=¢'cosx + 1
- I=¢"sinx — [e'cosx + 1] M1
~I= %ex(sinx —cosx) + k A2A1(8)
C)  xsinx = ycosy
%(xsinx):%xj—y(ycosy) Ml
attempt to use product rule M1
sinx+xcosx=%[cosy—ysiny] AlAl
X
. dy_sinx+xcosx Al (5)

dx cosy—ysiny

(75)
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Mark Scheme 3

Where appropriate leave your answers to 3 s.f.

Calculators Allowed

Matching the syllabus written by
EDEXCEL Curriculum 2004+

© ZigZag Education 2004 Core Mathematics — C4
a) The curve is an inverted exponential which crosses the y-axis aty =1 MIA1
and the x-axis at x = In (3/2) = 0.405... Al (3)
3
b [(-2¢)ax Ml
2
-3
=[3x-2¢7]; AlAl
Substituting in limits; M1
=(9-2¢’)—(6—2¢%)=3—-2¢"+2e"=-22.392...
.. Area=-22.392... =22.4 (3 s.f.) below x-axis Al (%)
a) Use binomial theorem with suitable substitution M1
(lj ! 1) _lj 3
Yy 2 2 3
(I-4x)? =1+ ( —4x) + "L (—4x) + 3t (—4x) Al
=1-2x—2x —4x A1A4IA1(S)
A A
b) (1—4xij =(100—iJ _% Ml
100 100 10
_ 46 Al
10
oy ol el g1 _0979706 M1
10 100 10000 1000000
6= % x0.979796
- 6 =2.44949=2.4495 (5 s.f) Al ()
a)  Using chain rule = ﬂ a , where a_ 2sintcost and Y__ sint MIA4IAl
x dt dx’ dt dt
@:_ 'smt _ 1 Al (@)
dx 2sintcost 2cost
1
b - =42 M1
) 2¢co0s%, V2
1
LN )
242
1
LA=—— Al (2
: @
c) x=sin’t y=1+cost
x=1-cos’t socost=y—1 M1
cos’t = (y— 1)’ Al
Using sin’t + cos’t = 1
x=1-(y- 1) or further simplified i.e. x = 2y — y2 Al (3)
a)  u=-cosx
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du

‘dx = — sinx Al
1
sdy=———du
sinx
sinxcos’x dx = Iu3sinxx(— ,1 Jdu Ml
sin x
=I—u3 du Al
_ 1
=——u"+c¢ Al
_ 1. 4
——Zcosx+c Al (5
b) sinA+sinBEZSin(A;Bjcos(A;Bj M1
A;B=6x:>A+B=12x
A—;B=5x:>A—B=10x
S 2A=22x Ml
A=1lx
B=x
Thus 2sinxcos5x = sinl 1.x + sinx Al (3)
c) .[ sin6xcosSx dx
:I %(sin11x+sinx) dx Ml
=—Lcosllx—lcosx+c A1A1(3)
22 2
a) x2+1 S + B ~+ ¢ M1
x-D'(x+2) (x-1) (x-1) (x+2)
x+1=A(x—1)(x+2)+B(x+2)+Clx—1)
Whenx=1,2=B x3 Ml
~B=2 Al
3
Whenx=-2,-1=Cx (-3) x2
=1 Al
9
Since0=A+C
A=1 Al
9
o b, 2 ] Al (6)
(x=D"(x+2) 9(x-1) 3(x-1)7 9(x+2)
d 1 4 1
b - =— — + Al
) T T ey o2y
d 1 4 1
L rQ)=——-" 4
dxf() 9x1 3x1 9x16
7
=—1— Al (2
T (2)
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c) Area= LS f(x) dx M1
J~5 1 N 2 - 1 i
9(x—1) 3(x=17 9(x+2)
5
= o e—2— L cs2 AIAIAL
9 3(x-1) 9 \
= [lln4—l—lln7j—[lln3—g—lln6j
9 6 9 9 9 9
1 [4) 11 ( 1 j 2
= _In| 2 |-———In| = |[+=
9 \7) 6 9 (2] 9
. lln[§j+i Al (5)
9 \7) 18
4
a) J‘e" dx = [e"r =e' —e'=51.8799.. = 51.9 or better correctly substituting limits M1A14:(3)
1
b) i) h=lLiy=clyi=eiy=ciy=ch MIMI
Area = %[e*‘ +et+2(e?+¢7)]=037821...=0.378 (3 s.f) MI1A1(4)
i1) In each interval an estimate of the area of the region is obtained
by joining successive points on the curve with a straight line.
Any two points connected form a region which includes a section above the line.
Thus the area calculated by the trapezium rule is an over estimate.
Suitable diagram.
M1
To improve accuracy, need to take more intervals. Al (2)
c¢)  These two graphs are reflections of each other in the y-axis Al (1)
a)  AB=(i+2j+k) —(-i-2j+k) Ml
AB =2i+ 4 Al (2
b)  Magnitude = \/(—1)2 +(=2)* +1° MI1AI
=JI+4+1
=6 Al (3)
04 =1y (- 2j+k)
c¢) Distance =+/2°+4° M1
= /20 units
= 25 units Al (2)
d)  i+p3i=3i+Ai
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i(1+3w) =i(3 +2)

1 +3pu=3+A « M1
2j + u2j =2j +A2j
J2+2pn) =32 +2)0) M1
LU=A
Substitute into «
1+3x=3+2A
L2 =2
A=l=p=1 Al
LB+ pwk=(0+ A0k
L3+1=1+A
L A=3 Al 4)
e) ajb; +aby +asb; =(DHB)+2)2)+(1(QA) Ml
=10 Al
la| = V9+4+ =14
b= V1+4+9 =414
14cos6 = 10 B1
cosf = % =44.415...=44.4° (3s.f) Al 4)
(75)
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Mark Scheme 4 Matching the syllabus written by
Calculators Allowed EDEXCEL Curriculum 2004+
Where appropriate leave your answers to 3 s.f.
© ZigZag Education 2004 Core Mathematics — C4
X = 9cos 2t y2 = 9sin’2t
squaring and adding Ml
- x5 4y = 9cos”2t + 9sin’2t = 9(cos 2t + sin°2t) = 9 MIAI
.. Circle, with centre (0, 0), radius 3 A1A141(6)
jdyzj (x +sinx) dx M1
y= j (x +sinx) dx Al
2
= % —cosx+c Al
Sub in 0.1 and 0.2 to work out ¢ M1
2
.‘.y=%—c0sx+1.1900... =1.19 (3 s.f)) Al (5)
a)  Using binomial expansion Ml
NG
(1-2x)" =1 +(lj(—2x) A2 20 e (A2 2N 2 M1
2 2! 3!
- 1—x—5x2—lx3 AlA1(4)
b) Subin: 1-0.01 —%(0.01)2 —%(0.01)3 =0.9899495 M1
. 2 )2
equating ..| 1-——| =0.9899495 Ml
100
L (98)" =0.9899495
10
%\/5 = 0.9899495 M1
N2 = (gj x0.9899495 =1.41421... = 1.4142 (5 s.f) Al 4
a) Integration by parts Ml
u=x "=gi
1= [ xsinx dx , Vs MIALI
u'=1 V=—CO0SX
s I=—=xcosx— J. (—cosx)x1dx
=-xcosxtsinx+c A1A1(5)
— 42 r_
b) I,= J. x” cosx dx u=x Y (fosx MI1ALl
u'=2x v =sinx

2 . . 2 .
L=x s1nx—j2xs1nxdx=x sin x — 21

M1
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—x*sinx+2xcosx—2sinx+k A1AL(5)
a) @ = Y X dt M1
dx dt dx
d—y=—2costsint, @:—6sin6t AlAl
dt dt
Using da_1 M1
X dx
dt
Q:—Zcos'tsmt:cos.tsmt Al (5)
dx —65s1in 6¢ 3sin 6¢
b)  Substitute into equation above to find the gradient M1
LR
1.e. Gradient = M = 1 Al (2)
3x-1 6
c) mmp=-1 LMy =06 Al ft
y=6x+c
Sub in t to ﬁndthatxZOandyZ% and sub into y = 6x + ¢ M1
: c=l : —6x+l Al (3)
o 5 Ly 5
a) J‘x;‘; dx= ln‘x4 +1‘+k OR 1n‘k(x4 +1)‘ (A1 for missing k) A2 (2)
5 ¥ :
b) jx% retdx=| 2 e AlAl
1 3 1
%
Substitute in limits correctly; = {2 X35 +e’ |- [% + e} M1
=155.86... —3.3849...
=152.48...=152.5 (1d.p.) Al 4
1
9) h:19n24:>A:E(yo+2(y1+Y2+Y3)+y4) M1
5
1 1
jlgdxz S(fD+2(/ Q)+ B+ f(4)+ f(5) Ml
I xé +e" 2
= %(0.26894... +2(0.11359...40.045834...+ 0.017668...) + 0.0066379...) Al
A
=0.31488... =0.315 (3 s.f)) Al
The trapezium rule gives an over-estimate Al
of the integral.
Shading between curve and line segment. M1 ft(6)
a) a.b=qp|cos® = ab +a,b,+ab, M1
la| =1 +1 +12 =43 [p|=+37 +27+22 =417 Al
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-3+2+2

2. c0s 0= —————=0.14002... Al
NENIE]
- 0=81.9505...°=81.951 (3 d.p.) Al @)
b)  |4B|=N4+1 +1” =418 MIAL(2)
¢)  AC=(c+Di+4k AB=4i+ j+k AlAl
(4¢). (4B) =ac+n+o0+4a=-0 MIAL ft
4c+8=0 ~c=-2 Al (5)
d)  —i+ j+k (or other valid position) + A (4i + j + k) (or multiple, including —1) Al1A1(2)
9 fye—2x A4, B M1
(x+DR2x+1) x+1 2x+1
12x=AQ2x+1)+B(x+1)
x=-1=-12=-A=A=12 x=-05=-6=05B=B= 12
12
o f(x)= __12 A1AL(3)
(x+1) (2x+1)
b) f(x)=- 12 =+ 24 5 AlftAlft
(x+1)" (2x+1)
(2)
o f)=12jx+D"—@x+1)"] Ml
GrD) ' =1-x+x"+... l1<x<l Al
Qx+1) ' =1 +(—1)(2x)+¢2(_2)(2x)2 +... Ml
=1-2x+4x+... —05<x<0.5 Al
o () = 12[x — 357 ~0.5<x<0.5 A1AL(6)
75
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Mark Scheme 5

Calculators Allowed
Where appropriate leave your answers to 3 s.f.

Matching the syllabus written by
EDEXCEL Curriculum 2004+

© ZigZag Education 2004 Core Mathematics — C4
Using V = 7Z'J‘ v dx M1
£\2
y2 = (ef) =e" Al
= ﬂjje" dx
= ﬁ[e’*]z Al
Substitute in limits M1
=m (e’ —¢&?) Al
()
Separate variables = Idy = J. (x+e")dx Ml
x2
Ly = j (x+e)dx = y:7+ex+c AlAl
Subinx=1,y=2 MI1
sc= %—e:—1.2182...= ~122 (3s.f) Al (5)
a) Q:ﬂxﬁ MI1
dx dt dx
ﬂ:3cos3t, ﬁ:cost AlAl
dt dt
._.d_y:3cos3t Al (4)
dx  cost
b) Subint= % M1
dy
Y3 Al (2
i ()
c) y=-3x+tc M1
1 1
Whentzz,x:—, =— M1
N AN
'L—_—3+c 'c—i or 2v2 (= 2.8284... =2.83 (3 5.f.)) Al (3)
: : 1 1
a) I= J (3sin6x —sin2x) dx = —Ecos6x+Ecos2x+ C MIA1A1A1
4
. du .
b) u=sinx =dx sub this in M1 ft
cosx
5 : .5
2 1=16]u* du= 104 _10sin’x AlAl
5 5
Sub in limits .. I= % Al 4)
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a) D =(b-1)Y +b+1)+12? Al
Equate to 147 M1
26>+ 146=196 -~ b=+50r-5 A1AL(4)

b) a.c=2-1-2=-1 Al
la|=+/3, =9 =3 AlAl
a.c=(a)(c)cos © =ajcy +a)cr +ascy MiIM1

-1
coOs = ——= Al
33
. Acute angle = 180° — 6 =78.904... =78.9° (3 s.f) Al (7)
¢) it ]+ Kk (orother correct position) + MTC) (or multiple including —1) AlAl
=i+j+k+ri—-2j-3Kk)
1=17 LA=16 M1
for the j we have: 1+(—2x16)=-31 so consistent and so can pass through that point B1
. position is 17i —31j —47k i.e. D =47 Al (5
a) 1)  Multiply equations for same coefficients:
3x = 6cost
2y = 6sint Ml
Square both sides to give
9x* = 36c0s°t
4y* = 36sin’t M1
9x* + 4y* = 36¢0s’t + 36sin’t M1
Using sin’t + cos’t = 1, Cartesian equation is 9x” + 4y” = 36

MI1A1(5)

i1)  Differentiate implicitly M1
18x 18y 20 AIAIAL

dx
d_ % Al (5)
dx 4y
by i) D4 ar__1_ MIMI
dx dt dx dx [ dxj
dt

Q: 3cost, ﬁ: —2sint
dt dt
_ _3eost 3 cott Al (3)
dx 2sint 2

i) Do 35 9% ame as aii). MIA1(2)
dx 2x4

2) 36x _ A N B M1
2x+D(x+2) 2x+1 x+42
36x=A(x+2)+B2x+1) M1
Letx=-2 .. -72=-3B B=24 Al
Letx=0 ..0=2A+B A=-12 MI1A1

36x 12 24 Al (6)

=— +
x+1)(x+2) 2x+1 x+2
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b)

fx) = 12[-Q2x + 1) +2(x +2)1] Ml
Using binomial expansion, M1
2
@+ 1) =1+ (1)) + %+ M1
=1-2x+dx’+... 1<Xx<I Al
1 1 £+1
«+2) =2 N3 M1

2
_ X
x+1 l X (_1)(_2)(2j x x° X
E =1+-D|=|+—+.. .. =1-=—4+— 1< =<1 M1A1BI1
2 2 4 2

2

() = 12[(1 = 2x + 4x) + % x 2(

for —l<x<—
2 2

2

I FRPYE NS I
2 4 2

7% )=18x—45x" AlAl

Al (1D

(75)
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