1)

(b)

(©)

(d)

(i)

v=1 Al N1
4 (@)-2 Al
dt
d .
a(cosZt)=—25|n2t A1A1
Note: Award Al for coefficient 2 and Al for —sin 2t.
evidence of considering acceleration =0 (M1)
e.g. ﬂ:0,2—23in2t:0
dt
correct manipulation Al
eg. Sn2k=1sn2t=1
T T
2k =—| accept 2t = — Al
=g
k=T AG
4
attempt to substitute t =% intov (M1)
T 2n
0. 2 — |+Cco§ —
=9 @ { 4J
v=P Al
2
q
A1A1A2

Notes: Award Al for y-intercept at (0, 1), Al for curve having

, m :
zerogradientatt = 2 A2 for shape that is concave down to

the left of % and concave up to the right of % If a correct

. : e T
curve isdrawn without indicating t = 2 do not award the

second Al for the zero gradient, but award the final A2 if
appropriate. Sketch need not be drawn to scale. Only essential

features need to be clear.

(i)

1 , sinzt
eg. IO(ZtJrcosZt)dt,[t +T}

correct expression A2

1 .
1

,1+£2,jvdt

0 2 0

NO

N28

N44



2)

@

(b)

(©)

(i)

'

e

T
1 Al 3
Note: Thelineatt= 1 needsto beclearly after t = % :
[16]
f(1) =2(A1)

f'(X) = 4x Al
evidence of finding the gradient of f at x =1 M1
e.g. substituting x =1 into f '(x)
finding gradient of f at x =1 Al
eg.f'(1)=4
evidence of finding equation of theline M1
eg.y-2=4(x-1),2=4(1)+b
y=4x-2 AG NO5
appropriate approach (M1)
eg.4x-2=0
xzé Al N22
(i)  bottom limit x = 0 (seen anywhere) (AL

approach involving subtraction of integrals/areas (M1)

e.g. [f (X) —area of triangle, [ f— [l

correct expression A2 N4

(i1)

eg. J;l 2x%dx — ES (4x—2)dx, I:f (x)dx — % J-OOS 2x%dx + ES f(x)—(4x—2)dx
METHOD 1 (using only integrals)
correct integration (AD(AD(AD)

3
I2x2dx= 2% (4x - 2)dx = 2x? — 2x

substitution of limits (M1)
eg. i+E—2+2— i—1+1
12 3 12 2
1
areazg Al N4

METHOD 2 (using integral and triangle)



3)

4)

area of triangle= % (AL

correct integration (A1)
3
J'2x2dx=Zi
3
substitution of limits (M1)
2.3 2,03 2
eg. =) -=(0),=-0
0 20 -207 2
correct simplification (AL
eq 2.1
.g. 373
area=1 Al
6

evidence of finding intersection points (M1)
eg.f (X) =g (x), cos x* = &, sketch showi ng intersection
x=-1.11, x = 0 (may be seen as limitsin the integral) AlAl

evidence of approach involving integration and subtraction (in any order)(M1)

eg. '[_Ollncosxz - ex,J.(cosx2 —-e") dx,j g-f

area=0.282 A2
METHOD 1
evidence of antidifferentiation (M1)

eg. j(lOeZX— 5)dx
y=56"-5x+C A2A1

Note: Award A2 for 5e2x, Al for -5x. If ““C”” is omitted, award
no further marks.

substituting (0, 8) (M1)
eg.8=5+C
C=3(y=5>-5x+3) (A1)
substitutingx =1 (M1)
y=34.9 (56" - 2) Al
METHOD 2

evidence of definite integral function expression (M2)

N49

N3

N48

[16]

[6]



5)

eg. I (t)dt = f(x)- f(a) jox(loezx = 5)

initial condition in definite integral function expression
eg. on (1Oe2t - S)dt =y-8§, Lx (1Oe"'x - S)dx +8

correct definite integral expression for y when x =1

e.g. E (10e"'X — 5)dx +8

y=34.9 (56" - 2)

attempt to set up integral expression M1

eg. p[16-4x2 “dx, 21 j * (16— 4x?), [V16-x2 " dx

I 16dx = 16X, I 4x2dx = (seen anywhere)

evidence of substituting limits into the integrand

32 32 64
eg.|32-—|-|-32+—|,64——
g( 3J ( 3J

3
128n
volume= ——

since the second derivative is negative, B isamaximumR1

(b)  setting f'(X) equal to zero
4
evidence of substituting x = 2 (or X= _§j

e.g.f(2)
correct substitution

3., 3
g 2(2%-2+p2|-2
eg 2() +|02(

correct smplification
eg.6-2+p=0, g+g +p=0,4+p=0
p=-4

() evidence of integration

AlAl

(A2)

(A2)

A2 N48

(M1)

A2 N3
(6]

NO
(M1)

(M1)

Al

Al

AGNO
(M1)



1 1
f(x) = > x3 -5 x? —4x+c Al1A1A1

- 4 358) . : .
substituting (2, 4) or (—§7j into their expression (M1)
correct equation Al
1 .5 1 ., 1 1
eg. EXZ —EXZ —4><2+C=4,§x8—5x4—4x2+0=4,4—2—8+C=4

f(x)=£x3—1x2—4x+10 A1N4
2 2
[14]

()
(Total 14 marks)

7) @ Q) sinx=0 Al
X=0,x=m Al1Al1 N2
(i) snx=-1 Al
X = 3n A1IN1
2
(b) 3t AIN1
2
(c) evidence of using anti-differentiation (M1)
3n
eg. joz (6+6sin x)dx
correct integral 6x — 6 cos x (seen anywhere) AlAl
correct substitution (AL
eg. 6(%“} - 6cos(3?nj —(-6¢c0s0), -0+ 6
k=9m+6 A1AIN3
I
(d) trandationof | 2 A1AIN2
0
(e) recognizing that the area under g is the same as the shaded regionin f (M1)
p= % p=0 A1AIN3
[17]
8) evidence of integrating the acceleration function (M1)

eg. I(% +3sin 2tjdt

. 3
correct expressionInt — 2 cosz2t+c AlAl

evidence of substituting (1, 0) (M1)



e.g.0=In1—g cos2+c

c=-0.624 (z SCOSZ—Inlorgcoszj (A1)

v=Int- gCOSZ'[—O.624 (: Int—gc032t+200520rInt—%cosZchosZ—lnl} (A1)

v(5) = 2.24 (accept the exact answer In 5 - 1.5 cos 10 + 1.5 cos 2) Al N3

9) @ substituting (0, 13) into function M1
eg.13= A +3
13=A+3 Al
A=10 AG NO
(b)  substituting into f(15) = 3.49 Al
eg. 3.49 = 10" + 3,0.049 = &'
evidence of solving equation (M1)
e.g. sketch, using In
In0.049
k=-0.201 | accept AIN2
© (i) f(x) = 106 0% + 3
f(x) = 106 7% x —0.201 (= -2.01e ***™)A1A1A1 N3
Note: Award Al for 106 2™ Al for x -0.201,
Al for the derivative of 3is zero.
(i)  valid reason with reference to derivative RIN1
e.g. f'(x) <0, derivative always negative
@iii) y=3 AIN1
(d) finding limits 3.8953..., 8.6940... (seen anywhere) AlAl1
evidence of integrating and subtracting functions (M1)
correct expression Al
eg. [ g00—f(0dx [ [(=X? +12x—24)  (10e°% 4+ 3)]dx
g .[3.90 g ’L.go
area=19.5 A2N4
10) (a 231 Al N1
(b) 0] 102 Al N1
(i) 259 AIN1
© | : f(x)dx =9.96 AIN1
split into two regions, make the area below the x-axis positive R1R1N2
11) evidence of integration

eg.f(x) = Ism(Zx—B)dx (M1)

[7]

[6]



- —%cos(zx—3)+c AIA1

substituting initial condition into their expression (even if Cismissing) M1
eg. 4= —%COSO+C
C=45 (AD)

f(x) = —%cos(Zx—3)+4.5 Al N5
(6]

(Total 6 marks)

12) (8 ()] substitute into gradient = % (M1)
17 A2
f(a)-0
eg. a—g
3
substituting f(a) = a°
a®-0
eg.
g a_g Al
3
a
gradient = a 2 AGNO
3
(i)  correct answer AIN1
a3
eg. 3a% (@) =3, f(a) = 4 2
3
(ii) METHOD 1
evidence of approach (M1)
a3
e.g. f'(a) = gradient, 38’ = a- 2
3
simplify Al
2
2l g2 _ .3
eg. 3a ( 3j =a
rearrange Al
eg. 3a’-2a%=a"
evidence of solving Al
eg. 2a° - 2d° = 2a2(a— N=0
a=1 AGNO

METHOD 2



13)

(b)

gradiet RQ= _ 2

simplify
-8

eg. 8 , 3
3

evidence of approach

e.g. f'(a) = gradient, 38’ = L, 22

simplify
eg. 3a2 =3, a2 =1
a=1
approach to find area of T involving subtraction and integrals
k k 3 3
egjﬁ%&-@WiJw—a—quﬁx—w+a

correct integration with correct signs

1

eg. Lya 3y +2x,§x2 —2X—=X

4
correct limits —2 and k (seen anywhere)

K 1., 3 “
eg. I 2(x3 —3x+2)dx, {Z x* - x? + ZX}
B -2

attempt to substitute k and -2
correct substitution into their integral if 2 or more terms

1 3
g. | =k*-Zk®+2k |-(4-6-4
eg(4 > } ( )
setting their integral expression equal to 2k + 4 (seen anywhere)

simplifying

eg. L 3200
40 2

K'-6k2+8=0

(@

Al

Al

(M1)

Al

AGNO
(M1)

AlA1AlL

Al

(MI)
Al

(MI)
Al

AGNO
[16]



vit)

25+
20 ’
ol 1
15/
10H
|
I
J
| 1 | i £
0 3 10 ] 20 23 r A1A1A1 N3
Note: Award Al for approximately correct shape, Al for right
endpoint at (25, 0) and Al for maximum point in circle.
(b) (i)  recognizing that d isthe area under the curve (M1)

eg. _[ v(t)

correct expression in terms of t, with correct limits
9 9

eg.d= jo (15Vt - 3t)dt, d = J-Ovdt

(i) d=148.5(m) (accept 149 to 3 f)

14) (@ evidence of valid approach (M1)
e.g.f(x) =0, graph
a=-1.73,b=173 (a=—+/3,b=+/3) A1Al N3
(b) attempt to find max
e.g. setting f'(x) = 0, graph
¢ =1.15 (accept (1.15, 1.13))

(c) attempt to substitute either limits or the function into formula
1.149
0

eg.V= nJ: [f(9]7dx, nj [xln(4— xz)]2 : nj T y2dx
V=216

A2ZN3

AIN1

(M1)

AIN2
M1

A2N2

[7]



15)

(d) valid approach recognizing 2 regions
e.g. finding 2 areas

correct working
-1.73... 1.149... 0 1.149...
eg. jo f (x)dx + L f(x)dx; — L.n... f (X)dx+ jo f (x)dx

area = 2.07 (accept 2.06)

attempt to substitute into formulaV = _[ my dx (M1)

integral expression Al

eg. njoa (Vx)?2dx, nj X

16.)

correct integration
_1.e
e.g. I xdx = > X

1
correct substitution V = T{E az}
equating their expression to 32n

1,
eg. m > a® | =32n

a2=64
a=8

(@ METHOD1

evidence of substituting —x for x

~ a(—x)
=Sz
—aX
f(=x) = 1 (=-f(x)
METHOD 2

y = —f(x) isreflection of y = f(X) in x axis
and y = f(—x) isreflection of y = f(X) iny axis

sketch showing these are the same

fox) = ——

1 (=)

(b)  evidence of appropriate approach
eg. ') =0
to set the numerator equal to O
eg. 2ax(x¥*-3)=0; (*-3) =0

(M1)

(A1)

A2N3
[12]

(A1)

(AD)
M1

A2 N2
[7]

(MI)
Al

AGNO

(M1)
Al

AGNO

(M1)

(A1)



(©)

©,0), [«/5 aff} [— V3~ a—fj (accept x= 0, y = 0 efc.)

(i)

()] correct expression A2

7
eg. Eln(x%l)} ,%InSO—%Inlo,%(lnSO—lnlo)

3

area= glnS AIALl N2

METHOD 1

recognizing that the shift does not change the area
8 7 a
eg. Lf (x—1)dx = L f(ax,~ In5
recognizing that the factor of 2 doubles the area
eg. [,2 (x-Ddx=2[ f (x-Dakx (: 2[f (x)dxj
8
J-42f (x—=Ddx=aln5 (i.e. 2 x their answer to (c)(i))
METHOD 2
changing variable

letw=x-1,s0 d—W =1
dx

2] f(w)dw:z—;In(W2+1)+c

substituting correct limits
eg. [aln[(x—l)2 +1]]i, [aln(w2 +1)];,aln50—aln10

jfzf(x—l)dx=a|n5

17.) Note: In this question, do not penalize absence of units.

(@

(i1)
(b)

(i1)

(i) s= [(40-atydt (m1)
S =40t —%atz +C (A1)(AL)
substituting s = 100 when t = 0 (¢ = 100) (M1)
s =40t —%at2+100 Al N5
1 .
s=40t —Eat Al N1
() stops a station, sov=0 (M1)
t= 4?? (seconds) Al N2

evidence of choosing formulafor sfrom (@) (ii)

- 40
substituting t = >y

A1A1A1ATAINS

(M1)

(M1)

AIN3

(M1)

(M1)

AIN3

(M1)
(M1)

[16]



40 1 40

eg.40x ———ax—
g a 2 a?
setting up equation M1
2
e.g. 500 = s, 500 = 40 x @—laxﬂ,SOO:@—@
a 2 a2 a a

evidence of simplification to an expression which obviously

leadsto a= g Al

e.g. 500a =800, 5= g , 1000a = 3200 — 1600

a= 8 AGNO

5
(0 METHOD1
v =40 - 4t, stopswhenv =20
40 - 4t=0 (A1)
t=10 Al
substituting into expression for s M1
$=40 x 10—% x 4% 107
s=200 Al
since 200 < 500 (allow FT ontheir s, if s< 500) R1
train stops before the station AGNO
METHOD 2
from(b) t = ? =10 A2
substituting into expression for s
e.g.s=40><10—%><4><102 M1
s=200 Al
since 200 < 500, R1
train stops before the station AGNO
METHOD 3
aisdeceleration A2
4> 8 Al
5
SO stopsin shorter time (A1)
so less distance travelled R1
S0 stops before station AGNO
[17]
18) (@ findingthelimitsx=0,x=5 (Al)
integral expression Al

5
eg. jof(x)dx
area=52.1 Al N2

(b)  evidenceof using formulav= [ ty’dx (M1)

correct expression Al



(©)

19) (a)

5
e.g. volume =T L x?(x—-5)*dx

volume = 2340

areais Joax(a— X)dx

_{ﬁ_x_?r
2 3 0

substituting limits
og &2
T2 3

setting expression equal to areaof R

correct equation
2 3

eg -2 -51 a%=6x521,
2 3

a=6.79

finding derivative (AL
1.5 1

e.g. f’(X) = E X 2 ,2—\/;

(b)

(©)

(d)

correct value of derivative or its negative reciproca (seen anywhere)
1 1
eg. m "2
1
gradient of tangent

gradient of normal = — (seen anywhere)

1
e.'“Fa5=—4—2J;

substituting into equation of line (for normal)
eg.y-2=-4(x-4)

y=-4x+18
recognitionthat y=0at A
eg.-4x+18=0

18 ( 9}
X = — | = —

4\ 2
splitting into two appropriate parts (areas and/or integrals)
correct expression for area of R

eg. aeaof R= I: Jxadx+ J'44(5—4x +18)dx, I: Jxax+ % x0.5x 2 (triangle)

Note: Award Al if dx is missing.

correct expression for the volumefromx=0tox =4
4 4 4
eg.V= J'O n[f (x)? }jx, '[Onﬂzdx, J.Onxdx

A2ZN2

Al

AlAl

(M1)

(M1)
Al

AIN3
[14]

Al

Al

M1

AGNO
(M1)

AIN2

(M1)
A2N3

(A1)



4
V= |:1T[X2:| Al
2 0

1 1
V=T =x16—=x0 Al
(2 > j (A1)
V=8n Al
finding the volumefromx=4tox=4.5
EITHER
recognizing a cone (M1)
1 o
eg.V=—-mrh
J 3
1 » 1
V==m(2)"x—= Al
ST (AD)
= n Al
3
. 2 26
total volume is 8m + 5“ =?n A1N4
OR
4.5 2
V= T[L (—4x+18)%dx (M1)

I:'S M(16x> —144x + 324)dx

45

= n{E X3 —72x% + 324x} Al
3 4
2
=t Al
3
. 2 26
total volumeis8m + En :?n A1N4

[17]

20) (a)



(b)

(©)

(d)

Al1A1A1

Note: Award Al for f being of sinusoidal shape, with
2 maxima and one minimum,
Al for g being a parabola opening down,
Al for two intersection pointsin approximately
correct position.

() (2,0) (acceptx=2) Al N1
(i) period=8
(@iii) amplitude=5

0] (2,0), (8,0) (accept x =2, x=8) A1IA1NIN1
(i)  x=5(must be an equation)
METHOD 1

intersect when x = 2 and x = 6.79 (may be seen as limits of integration)

evidence of approach

eg. Ig —f I f (x)dx—J.g(x)dx,v[jw((—O.Sx2 +5x-8- (5003% XD

area=27.6
METHOD 2
intersect when x = 2 and x = 6.79 (seen anywhere)

evidence of approach using a sketch of gand f, or g - f.

N3

A2ZN2
AIN1

AIN1

AlA1
(M1)

A2N3

AlA1
(MI)
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P
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eg. areaA+B-C, 12.7324 + 16.0938 — 1.18129...

\
'

area=27.6 A2N3
[15]
1 1 1
21) (a) I2X+3dx=§In(2x+3)+C (accept§|n|(2x+3j+CJ A1A1 N2
0 [ dx=| Zin(2x+3) 3
02x+3 2 0
evidence of substitution of limits (M1)
eg. lIn9—lln3
2 2
evidence of correctly usinglna—-Inb=1In % (seen anywhere) (Al)
1
eg. —In3
g 2
evidence of correctly using alnb = Inb® (seen anywhere) (Al)
eg In\/§
0. 3
P=3  (acceptIn+/3) Al N2
(6]

22)) evidence of anti-differentiation (M1)

eg.s= j(6e3x + 4)dx

s=2et+4t+C A2A1



substituting t = 0,
7=2+C

C=5

s:2e3t+4t+5

23) (a)

(b)

24) (a)

(b)
(©)

evidence of factorizing 3/divisionby 3 Al

5 o5 12 53f (x)dx
eg. J‘l?}f(x)dx_BJ-l f ( )dx,g, )

3
(do not accept 4 as thisis show that)

evidence of stating that reversing the limits changes the sign

eg. j dX——j f (x)dx
Llf(x)dx:—4

evidence of correctly combining the integrals (seen anywhere)
eg.1= [ (x+ f (W) [ £ (x)abe= [ (x+ f ()i

evidence of correctly splitting the integral s (seen anywhere)

eg. | = LsdeJrJ'ls f (x)dx

2

j xdx=X7 (seen anywhere)

2 5
jsxdx= x =§—l (:ﬁ,lzj
1 2 L 2 2 2

0) range of fis[-1, 1], (-1<f(X) < 1) A2 N2
(i) sn’x=1=sinx=1

justification for one solution on [0, 211
eg. x=g , unit circle, sketch of sin x

1 solution (seen anywhere)

f'(x) = 3sin® X cos X

b
using V=J.an y2dx

(MI)
Al

Al N3
[7]

Al

AG NO

(A1)

(A1)

Al

Al

Al N3
[7]

Al
R1

Al N1
A2 N2

(M1)



0

b3 1 2
szzn[ﬁsinx Cos? x) dx

i

=nj02 3sin? x cosxadx

V—rfsin® [ [:{sﬁn{%}-gmon

evidence of using sin gzl andsn0=0

eg. 11-0)
V=1
25) (9 (1) intersection points x =3.77, x = 8.30 (may be seen as
the limits) (AL)(AD

approach involving subtraction and integrals

fully correct expression

eg. [ :7370((— 4c0s(0.5%)+2)(In(3x—2)+ 1)) dx,

js'so g (x)dx—js'30 f (x)dx

3.77 3.77

(i) A=6.46

(b) 0 f'(x) AlA1

- 3x-2

Note: Award Al for numerator (3), Al for
denominator (3x [ 2), but penalize
1 mark for additional terms.

(i) dg(x) =2sn(0.5x)
Note: Award Al for 2, Al for sin (0.5x), but
penalize 1 mark for additional terms.

() evidence of using derivatives for gradients
correct approach
e.g. f€x) = g'(x), points of intersection
x=143,x=6.10

26) (@ evidence of using the product rule M1
f/(x) = (1 - X + €(-2X)
Note: Award Al for €511 X%, Al for €((12x).
f/(x) = €1 - 2x =)

(A1)

Al

A2

(A1)

Al N1

(M1)
A2

N5

Al N1

N2

Al1A1 N2

(M1)
(A1)

ATAINZ2N2

AlAl

AG NO

[14]

[14]



(b)
(©)

(d)

(€)

27) (a)

y=0

at the local maximum or minimum point
fe)=0 (eL-2x-x)=0)
—=1-2-xX=0

r=-241s=0414

f(0)=1

gradient of the normal = -1

evidence of substituting into an equation for astraight line
correct substitution
eg.y-1=-1x-0),y-1=-x,y=-x+1
Xx+y=1

Al N1

(MI)
(M1)
A1AIN2N2
Al
Al
(MI)
Al

AG NO

()intersection points a x = 0 and x = 1 (may be seen asthelimits) (A1)

approach involving subtraction and integrals

fully correct expr on

e.g. J. —(1- x))dxj f(x)dx—J.:(l—x)dx

(i) aeaR=05

substitutingt =0 (M1)

e.g. a(0) =0+ cosD
a0)=1 Al N2

(b)

(©)

(d)

28) (a)

evidence of integrating the acceleration function
e.g. j (2t + cost)dt

. 2 .
correct expressiont™ +sint+c

Note: If “+c¢” is omitted, award no further marks.

evidence of substituting (O, 2) into indefinite integral
eg.2=0+sn0+c,c=2
v(t) =P +sint+2

3
J‘(t2 +sint+2)dt=%—cost+2t

Note: Award Al for each correct term.

evidence of using v(3) — v(0)

correct substitution

e.g. (9 -cos3 + 6) — (0 —cosO + 0), (15— cos 3) — (-1)
16 — cos 3 (accept p=16, q=-1)

reference to motion, reference to first 3 seconds
e.g. displacement in 3 seconds, distance travelled in 3 seconds

(MI)
A2 N4

Al N1

(M1)

AlAl

(M1)

Al N3

AlA1A1

(MI)
Al

Al1A1 N3
R1IR1 N2

[17]

[16]



29)

el

f\
3 5
2t
1 "/@\
3 -2 -1 0 ]
=]
_at
=¥- A1A2 N3
Notes: Award Al for correct domain, 0 < x < 3.
Award A2 for approximately correct shape, with
local maximumin circle 1 and right endpoint
incircle2
(b) a=231 Al
2
(©)  evidence of usingv:nj[f(x)] dx (M1)
fully correct integral expression A2
231 . ) 231 )
eg. V= njo [x cos(x—sin X)]2dx,V = njo [ (x)]2dx
V=590 Al
@ correctly finding the derivative of €7, i.e. 2€ Al
correctly finding the derivative of cos x, i.e. —sin X Al
evidence of using the product rule, seen anywhere M1
eg. f'(x) = 26” cosx— e snx
f'(x) = ezx(2 COS X — Sin X) AG NO
(b)  evidence of finding f(0) = 1, seen anywhere Al
attempt to find the gradient of f (M1)
e.g. substituting x = 0 into f'(X)
value of the gradient of f Al
e.g. f'(0) = 2, equation of tangentisy=2x+ 1
gradient of normal = —% (AL

1
y—1=-=X (y=—§x+1J Al

N1

N2

N3

(8]



(© () evidence of equating correct functions M1
eg. e cosx = —% X+1 sketch showing intersection of graphs
x =156 Al N1
(i)  evidence of approach involving subtraction of integralsareas  (M1)
eg. [[f(x)-9g00kx [ f(x)dx — area under trapezium
fully correct integral expression A2

1.56 1.56
eg. L {ezx COSX — (— % X+ 1j}dx, L e cosxdx—0.951...

area= 3.28 Al N2
[14]
2 2
30) @ [ (@¢-2d= e-2xf  A1a1
=8-4)-(1-2) (A
=5 Al N2
1 2X _ |a2x
(b) [ 2e®dx= e} Al
=e’-¢ (A1)
=e"-1 AIN2
[7]
dv
31) (@ a=— (M1
dt
=-10(ms?d Al N2
(b) s=[vdt (M2)
=50t - 5t° + ¢ Al
40 =50(0)-5(0) +c = c=40 Al
s=50t - 5t° + 40 AIN2
Note: Award (M1) and thefirst Alinpart (b) if cis
missing, but do not award the final 2 marks.
(6]
: 2n
32) (a) period = 5 = m M1A1 N2
m
(b) m= > A2N2
() UsingA= Esin 2xdx (M1)
Integrating correctly, A= {_ 1 cos ZX}E Al
2 0

Substituting, A= —%cosn— (—%cosO) (M1)



1 1 11
Correct values, A= —=(-D)-(-=(Q) (: —+—j Al1A1
2 2 2 2
A=1 A1IN2
[10]
33) (3 Usingthechainrule  (M1)
f'(X) = (2 cos(5x — 3))5 (= 10 cos(5x — 3)) Al
f"(x) = =(20 sin(5x — 3))5
= -50sin(5x — 3) Al1Al N2
Note: Award A1l for sin (5x — 3), Al for -50.
(b) j f (X)dx = — % cos(5x—3) + ¢ A1AIN2
Note: Award Al for cos(5x — 3), Al for —% :
(6]
34) (3 Curve intersects y-axis when x = 0 (A1)
Gradient of tangent at y-intercept =2 Al
= gradient of N= —%(: -0.5)A1
Finding y-intercept, 2.5 Al
Therefore, equation of Nisy =-0.5x + 2.5 AG NO
(b)  Nintersects curve when —0.5%° + 2 + 2.5 = -0.5x + 2.5 Al
Solving equation (M1)
e.g. sketch, factorising
= x=0o0rx=5 Al
Other point when x =5 (RD)
x=5 = y=0(so other point (5, 0)) A1IN2
(©)
YA %
A .
i II'-,
Eo ol b h >
' \ 35
Using appropriate method, with subtraction/correct expression, correct limitsM1A1
5 5 5
2
eg. jof (X)dx — J.Og(x)dx, jo (~0.5%% + 2.5X)dx
Area=10.4 A2N2
(13]

35.)  Evidence of integration (M1)
s=-05e 2 +6t°+c A1A1



36.)

37)

38)

Substitutingt=0,s=2
eg2=-05+c
c=25

s=-05e 2 +6t°+25

@ 10 Al N1

(b) J‘133x2 +f (x)dx=J'133x2dx+ J'lg f (x)dx

3
L 3x2dx=[x3]:1'3 =27-1
= 26 (may be seen later)
Splitting the integral (seen anywhere)
eg. Iszdx+I f (x)dx

Using Jff(x)dx:S
3 a2
eg [ 3x° + f(x)dx=26+5

Jf3x2 + f(x)dx=31

f(x) = I(12x2 —Z)dx (M1)
f(x) = b3 -2x+¢C
Substitutingx=-1,y=1
eg1=4(-1)°-2(-1) +c

c=3
f(x)=4X - 2x + 3

@ m  (314) (accepnt (m 0), (3.14,0)AL N1
(b) () For using the product rule (M1)
f'(X) =€ cosx+ e sinx =e(cosx+sinx)
(i) AtB, f(x)=0
(0 f"(X)=€ cosx-€sinx+esinx+ e cosx
= 2€" cosx
(d) () AtA T"(x)=0 Al

(M1)

(A1)
Al

(A1)

Al
M1

(M1)

Al

AlA1
(M1)

(A1)
Al

AlAl
Al

AlAl

AG
N1

N4

N3

N4

N3
N1

NO

[6]

[6]

[6]



(i)  Bvidence of setting up their equation (may be seen in part
(d)(@) Al

eg2ecosx=0, cosx=0

i

x=g(:1.57), y=e? (=4.81) A1A1
Coordinates are [g GEJ (1.57,4.81) N2
(© (i) joe sinxdx orjof(x)dx A2 N2
(i) Area=12.1 A2 N2
[15]
39) @
|
|
|
R e
|
\l
)
|
|
A1A1A1 N3
Notes. Award Al for both asymptotes shown.
The asymptotes need not be labelled.
Award Al for theleft branchin
approximately correct position,
Al for the right branch in
approximately correct position.
(b) () y=3,x= g (must be equations) A1IA1 N2
14 (7 14
(i) x== (50r2.33, alsoaccept(E,OD Al N1
14 14
(i) y=7 (y=28) (accept(O,EJor(O,Z.S)J Al N1
6 1
[ 9 dx=9x
(© () J [ +2X_5+(2X_5)2J +
3In(2x-5)- +C
(2x-9) 2(2x-5) ALAIAL

AlA1 N5

b
(i)  Evidenceof usingV = janyzdx (M1)



40))

@

(b)

(©)

(i)

(i1)

(i)

Correct expression Al

2
a 1 a 6 1
eg .[3 TC(3+ 2X—5) dX’n.[s [9+ 2)(_5+ (2X—5)2de’

[9x+3|n(2x—5)—;r

2(2x-5) |,
Substituting | 9a-+3In(2a-5)- ——~— | 27+3n1- 1 Al
2(2a-5) 2
Setting up an equation (M2)
93—;—27+£+3In(2a—5)—3|n1:(§+3ln3)
2(2a-5) 2 3
Solving givesa=4 Al

p=2 Al N1

q= 1 Al
(i) f(x)=0 (M1)
- X g 2¢-3x-2=0 Al
21 (2X X —2=0)
X= 1 X=2
2
1
-=,0 Al
39
b
Using V= | my?dx (limits not required) (M2)
0 x Y’
V=1]1 n|2- dx A2
J 2 ( X —J
V=252 Al
() Evidence of appropriate method M1
eg Product or quotient rule
Correct derivatives of 3x and X — 1 Al1A1
Correct substitution Al
—3(x*-1)—(-3x) (2%)
(x*-1?
. —3x% +3+6x° AL
()= (2 —1)2

o 3*+3 3(x*+D)
f (X)_ (XZ _1)2 - (X2—1)2

AG

N2

N1

N2

N2

NO

[17]



41)

(d)

(b)
(©)

(i) METHOD 1
Evidence of using f '(x) = 0 at max/min
3(¢+1)=0(3x+3=0)
no (real) solution
Therefore, no maximum or minimum.
METHOD 2
Evidence of using f '(X) = 0 at max/min
Sketch of f'(x) with good asymptotic behaviour
Never crosses the x-axis
Therefore, no maximum or minimum.
METHOD 3
Evidence of using f’ (x) = 0 at max/min
Evidence of considering the sign of f' (X)
f' (x) isanincreasing function (f ' (x) > 0, aways)
Therefore, no maximum or minimum.

For using integral

a a_, a3x*+3
Area= J.Og(x)dx (orjo f'(x) dxorIOWdXJ

Recognizing that J-Oag (X) dx=f (X)
0

Setting up equation (seen anywhere)
Correct equation

a3x?+3 3a 2
eg -[OW dx =2, |:2—a2_1:| - [2—0] =2,2a +3a—-2=0
a= 1 a=-2

2

1
a=—

2

2n

aCosxdx A1 N1

2
Areaof A=1

Evidence of attempting to find the area of B
3_1':

eg [2ydx,-0.134
3

Evidence of recognising that area B is under the curve/integral is
negative

(M1)
Al

R1
AG

(M1)
Al
R1

AG

(M1)
Al
R1

AG

(M1)

Al

A2

(M1)
Al

Al

Al
(MI)

(M1)

NO

NO

NO

N2

N1

[24]



3_n

2
4 cosxdx|
3

2-4/3
2

3n kil
eg —J.4$[ ydx,j3§ cosxadx,
3 2

Areaof B=0.134 (accept (A

Total Area=1+0.134

5 Al N4

4-4/3
=113 (accept e J

[6]

42) (9

10+

-10+ |

204 |

A1A1A1 N3

Note: Award Al for the left branch asymptotic
to the x-axis and crossing the y-axis,

Al for the right branch approximately
the correct shape,

Al for a vertical asymptote at
approximately x = % :

(b) () x=% (must be an equation) Al N1

2
(if) fof(X)dX Al N1



(iii) Vaidreason R1

(©)
(i)

d f'(x)=26""1-1002x-1)"2

eg reference to area undefined or discontinuity
Note: GDC reason not acceptable.

15
0 vanf f(x)°d A2 N2
V=105 (accept 33.31) A2

AlA1A1Al

(e 0] x=111 (accept (1.11,7.49)) A1 N1
(i) p=0,9=749 (accept0<k<7.49) AlAl
b
43) (@ Attempting to use the formulaV = Janyzdx (M1)
2 2
Volume = rcj (2x—x2) dx A2
0
A2 3, 4
(b) Volume= jo(4x — 4%+ x*)dx (A1)
3 4 572
=4l 42X X (A1)
3 4 5|
= 16r or3.35 (accept 1.07m) Al
: 3
44) (a) ) fr(x)= —§X+1 Al1A1 N2
(i)  For using the derivative to find the gradient of the tangent (M1)
f'(2)=-2 (AD
1
Using negative reciproca to find the gradient of the normal (Ej M1
1 1
—-3==(x-2) |ory==—x+2 Al
y=3=5(x-2) ( y=3 J
: 3., 1
(iii) Equating _ZX +x+4=5x+2 (or sketch of graph) M1
3 -2x-8=0 (A1)
Bx+4)x-2)=0
4 4 4 4
=-—(=-133 aceept| — —,— [Or X=——,X=2 Al
x=-3( ) ep( 3 3) 3%=2)
(b) (i)Any completely correct expression (accept absence of dx) A2

N1

N2
N4

N2

N3

N3

N3

N2

[17]

[6]



(©)

45) (9

(b)

(©)

(d)

2 2
ng‘ _3ixsa dx, el iax
a4 4" "2 B

(i) Area= %(:11.25) (accept 11.3) Al
(iii)  Attempting to use the formulafor the volume (M1)
2
2 3, 2( 3,
eg j_ln(—zx +x+4de,nJ._l(—Zx +x+4j dx A2
K 1.5 1 “
I f(x)dx:[——x3+—x2+4x} AlA1A1
1 4 2 N
1, 1,
Notes Award Al for _ZX , Al for EX , Al for 4x.
1 1 11
batituting | —=k°+=k?+4k || —=+=+4 M1)(A1
SU|U|ng[4 2 j(42j (M1)(AD)
=t L akaos Al
4 2
METHOD 1
Attempting to interchange x and y (M1)
Correct expressionx =3y -5 (AL
Fig= X2 Al
3
METHOD 2
Attempting to solve for x interms of y (M1)
. 5
Correct expression X = y% (AL
Fi= X2 Al
For correct composition (g_lo HX=Bx-5)+2 (A1)
(g% f)(x)=3x-3 Al
X3 _3x—_3(x+3=9x-9) (A1)
=12 Al
8

N1

N3

N3
[21]

N3

N3

N2

N2



A1A1A1 N3
Note:  Award Al for approximately correct x
and y intervals, Al for two branches of
correct shape, Al for both asymptotes.
(i)  (Vertical asymptote) x = 2, (Horizontal asymptote) y = 3 Al1A1 N2
(Must be equations)
() (i) 3+In(x-2)+CBx+Inlx-2 +C) A1A1l N2
(i) [3x+In(x-2)f; (M1)
=(15+In3) - (9+1Inl) Al
=6+In3 Al N2
(f)  Correct shading (see graph). Al N1
(18]
46) s=[vdt M1)
1 24
s=§e +C AlAl
Substitutingt = 0.5
l+c:10
2
c=95 (AD
Substitutingt =1 M1
s= %e+ 9.5(=10.9t03s. f.) Al N3

[6]



47) UsingVs= jnyzdx (M1)

1)? 2
Correctly integrating j[xﬂ dx=2>

2
2 a
VZT{X—:|
2 (0]
na’

2

1
Setting up their equation (E na’ =0.845nj

a’=169
a=13
48) (@
y
24
Q
14
P
R
1 2 3 X
Note:  Award Al for the shape of the curve,
Al for correct domain,
Al for labelling both points P and
Q in approximately correct positions.
(b) () Correctly finding derivative of 2x + 1ie2 (Al)

Correctly finding derivative of e *ie —e *
Evidence of using the product rule
fr(x)=2e "+ (2x+1)(-e )

=(1-2xe”

(i) AtQ,f'(x)=0

x=05,y=2¢ *°

Al

Al

(A1)

M1

Al

AlA1A1

(A1)
(M1)
Al
AG
(MI)
AlA1

N2

N3

NO

[6]



49)

(©)
(d)

(€)

(@

Qis(05, 2¢ %)
1<k<2e®
Using f 2 (x) = 0 at the point of inflexion
e (-3+2)=0
This equation has only one root.
So f has only one point of inflexion.
AtR,y=7e " (=0.34850 ...)

7e3-1
(

Gradient of (PR) is =-0.2172)

7e3-1

Equation of (PR) isg (X) = [

Evidence of appropriate method, involving subtraction of integrals

or areas

Correct limits/endpoints

eg j 03(f (x)-g(x)) dx, areaunder curve - area under PR

7e3-1

Shaded areais I;[(2x+1)e‘x _ (

=0.529

Using thechainrule  (M1)

f'(X) =(2 cos (5%-3)) 5 (= 10 cos (5x — 3)) Al
f”(x) = —(10 sin (5%-3)) 5
=50 sin (5x - 3) AlAl 4

50.)

0 Jfdx= %cos (5x-3) + ¢
Note: Award (A1) for cos (5x-3), (A1) for — 2
_av
@ a=g My
=-10
(b) s= vt
=50t - 5t° + ¢
40=50(0)-5(0)+c=c=40
s=50t - 5t° + 40

Note: Award (A1) for sin (5x— 3), (A1) for -50.

)x+1(=—0.2172x+1)

5

A2
M1

R1
AG

(A1)

(A1)

Al

M2
Al

Al

AlAl

Al

(M1)
Al
Al

Al

Note: Award (M1) and thefirst (Al) in part (b) if cismissing,

N3
N2

NO

N4
[21]

[6]



51.)

@

(b)

(©)

(d)

but do not award the final 2 marks.

0] f')=—x+2 Al
(i) f0)=2
Gradient of tangent at y-intercept =f'(0) = 2
= gradient of normal = % (=-0.5)
Finding y-intercept is 2.5
Therefore, equation of the normal is
y—25=~(x-0) (y-25=-0.5%)

(y=-05x+25
0] EITHER
solving —0.5%° + 2x+ 2.5=-05x + 25  (M1)A1
=x=0 or x=5 Al

/ — X

Curvesintersect at x=0,x=5
So solutionstof (X) =g (X) are x=0,x=5

OR

— 05X - 2.5x=0
= -05x(x-5)=0
=x=0 or x=5
(i) Curveand normal intersect whenx=0 or x=5

Other pointiswhenx=5
= y=-0.5(5) + 2.5 = 0 (so other point (5, 0)

(iYArea= j :’ (f (X) - g(x))dx(or j ;’ (~0.5x2 + 2X + 2.5)dx — % x 5 2.5)

AlA1Al

Note: Award (A1) for theintegral, (Al) for both correct
limits on the integral, and (A1) for the difference.

(i)  Area = Area under curve — area under line (A=A; - A))

_50 5 _25

(A = 3 2
_50_25_125

Area= 3 4 1D (or 10.4 (3sf)

Al

Al

Al

M1
(AG)

M1

(A1)
Al

(A1)
M1
Al

(M2)

Al

(M1)

Al

[6]

[16]



52) (a)

(b)

(i)

(i)

(i)

p=(10x + 2) — (1 + e®)A2

2

Note: Award (A1) for (I + €%) — (10x + 2).

dp_ 2x

&—10 2e
dp _ 2X _

I =0 (10-2e""=0)

X= @ (=0.805)
2

(i)

x:1+e2X
In(x-1) =2y

In(x-1)

f7(x) = (Allow y

METHOD 2

y—1=e2X
In(y-9 __

2
_ In(x-1)
==

LS TR

2 2

- % x 21n2

=1n2

b
(c) UsingV= jany2 dx

53) (@

1 1 O
3x+4)°dx==x=(3x 4)° =+
(b) I( ) 3 6(X ) E

(Allow y=

AlAl

METHOD 1

_In(x-1)
2

In(x—1)
2

In2 0.805
Volume = .[On n(1+e?)%dx (orjo n(l+e2x)2dxj

f'(x)=5(3x+4)*x3 ( 45(3x 4)*) (AL)(AL)(AL) (C3)

54.)  Attempting to integrate.(M 1)

y=x>-5x €

substitute (2, 6) tofind ¢ (6=2°-5(2) )

c=8

(3x+4)°

(AL)(AL)(AD)
(M1)
(AD)

M1

Al

M1
Al

Al

Al
M1

Al

M1

Al
AG

(M1)

A2

€ E (AD(AD(AL) (C3)

[14]

[6]



y=x"-5x 8 (Accept x* —-5x 8)

) @ S (T+9M)=100+90 (=1 @+g 1)

=7+4
=11

®) [ (gC+6)dx=[g()]; +[6X];

=(0(3®-g9@®) {18 6)( (2 D 12}

=13
56.) Usingj%:lnx (may be implied) (M1)
k
iédx:[ln(x—Z)]'g
=In(k-2) -Inl1
In(k—=2)-Inl=In7
k-2=7
k=9
57) (a) s=25t—gt3+c (M1)(A1)(AL)

Note:  Award no further marks if “c” is
missing.
Substitutings=10andt=3
4 3
10=25x3 - 5(3) +C

10=75-36+cC
c=-29

4.3
s=25t-—t°-29
3
() METHOD1
sisamaximum whenv = % =0 (may beimplied)

25-4t2=0

(C6)

(A1)
(AD(AD)

(A1)
(A1)

(A1)

(A1)(AD)

(A1)
(A1)

(M1)

(A1)

(A1)

(M1)

(A1)

(C2)

(C4)

(Ce)

(N3)

[6]

[6]

[6]



Using maximum of s (12% , may be implied)

4, 2
25t — ~t°~29=12%
3 3

t=25
4 5 :
(o) 25t- §t -29>0 (accept equation)

m=127,n=355

Note: There are many approaches possible.
However, there must be some evidence

of their method.
k
Area= j . sn2xdx  (must be seen somewhere)

Using area= 0.85 (must be seen somewhere)
EITHER

k

Integrating [_71 C0S2X }

0

(z_—10032k + l cosO
2 2

Simplifying _71 cos2k+0.5

Equation _71 cos2k+0.5 =0.85 (cos2k=-0.7)

OR

Evidence of using trial and error onaGDC
> L

Eg jzsn 2xdx =0.5, — toosmall etc
0 2

OR

(A1) (N2)

(M1)

(A1)
(A1) (N2)
(M1)

(AD(AL) (N3)

(A1)

(M1)

(A1)

(A1)

(M1)(AL)

k
Using GDC and solver, starting with |  sin 2xdx - 0.85= 0(M1)(A1)

THEN
k=117

(A2) (N3)

[12]

[6]



59.) (@

(b)

(©)

(d)

(i1)

(i)

(i1)

(AD(AD) 2
Note: Award (A1) for a second branch in approximately the
correct position, and (Al) for the second branch having
positive x and y intercepts. Asymptotes need not be drawn.

- - _1 Iolx=1
0] x-intercept = Z{Accept(z,oj,x 2) (AD

y-intercept = 1 (Accept (0, 1), y=1) (AL

horizontal asymptotey = 2 (A1)
vertical asymptotex =1 (A1)

0) f00=0-(x-1)7" [= (X_l)zJ (A2)

Nno maximum / minimum points.

-1
snce —5 =0 R1
(X_l)Z * ( )

(i) 2x+In (x— 1) + ¢ (accept Inlx - 1])(AL)(AL)(AL)

4 1 4
A= j f (x)dx{Accept j :(2+ X—_Jolx, [2x +In(x - 1)]2J (M1)(A1)

Notes. Award (Al) for both correct limits.
Award (MO)(AQ) for an incorrect function.

(i) A=[2x+In(x-D];

=8+In3)-(4+In1) (M1)
=4 +1In 3(=5.10, to 3 ) (A1) (N2

60.) f(x)=—%e‘2x L W ¢ (MI)AL(AL
1 o, 1 [
Substituting 4=-—-¢€ 1 0 c Bpr4——— 1l ct (M1)
2 2
c=45 (A1)

[16]



f(x)=—%e‘2x 1l » 45 (A1)(C2)(C2)(C2)
61) (@ () 16 (A2) (C2)
(i) I;f(x)dx+ jZdX (or appropriate sketch) (M1)
-14 (AD) (C2
(0) [, T(x-2dx 8
c=2,d=5 (A2) (C2)
62) @ (i) a=1- m(acceptl <00} (A1)
(i) b=1+m (accept(@ +T0)) (A1) 2
) (i) [un0dx= freodx (M1)ADAL
OR
[,uh09ck+| freoax] (M1)(AL)(AD)
OR
[ uh0ad+ fh(xax (ML)AL)(AL)
(i) 5.141..-( 6.1585..)
=5.30 (A2 5
(©) (i) y=0973 (Al)
(i) -0240 « ©.973 (A3 4
63) (9 y=0 (A1) 1
f'(x)= 2%
(b) ( )—m (AD(ADALD) 3
6x> -2 , . .
() m=0 (or sketch of f'(x) showing the maximum) (M1)
6x2-2 B (A1)
_, 1
x=z/- (A1)
x=%(= ~0.577) (AL)(N4) 4

[6]

[6]

[11]



I I Bl St GO

051+ Xx° +x° +X

64) (3 % x10=5 (M1)(A1) (C2)

(b) fg (x)dx+j:4dx (M)
[ aax(axk (A1)
=4x2=8 (A1)
[“(g(x)+4)dx =10+8=18 (A1) (C4)

65) (@ () Whent=0,v=50+50¢ (A1)
=100ms® (A1

(i) Whent=4,v=50+ 506> (A1)
=568ms" (A1) 4
ds
(0) v= =8 [t
[ :(50+ 5065 kit (ADADAD) 3

Note: Award (AL) for each limit in the correct position and
(A1) for the function.

4
(c) Distancetravelled in 4 seconds = j . (50+ 50e %

-0.5t; 4

=[50t — 100e "o (A1)
= (200 - 100e™%) — (0 - 100e°)
=286 m (3f) (A1)
Note: Award first (Al) for [50t — 1006_0'5t] ,ie
limits not required.
OR
Distance travelled in 4 seconds = 286 m (3 sf) (G2) 2

(d)

[10]

[6]



100

velocity

50

time

Notes. Award (A1) for the exponential part, (Al) for the
straight line through (11, 0),

Award (A1) for indication of time on x-axis and velocity on
y-axis,

(A1) for scale on x-axis and y-axis.

Award (A1) for marking the point wheret = 4.

5
(e) Constant rate = £78 (M1)
=811ms? (Al) 2
Note: Award (M1)(AO) for —8.11.
(f) distance= % (7)(56.8) (M1)
=199 m (AD 2

Note: Do not award ft in parts (e) and (f) if candidate has not
used a straight linefor t = 4tot = 11 or if they continue the

exponential beyond t = 4.
(18]

I 1 I

. 1 (oM 1
66.) (@ ) cos (— Zj_ ﬁ,sn( 4j e (A1)
therefore cos (— %)+sin(— %) =0 (AQG)

(i) cosx+snx=0=1+tanx=0
= tanx=-l (M1)

3n
= — Al
X 7 (A1)



Note: Award (AQ) for 2.36.

OR
3n
X=— G2
7 (G2
(b) y=¢€(cosx+sinx)
% = &(cosx + sin x) + €(=sin X + cos X) (M1)(AL)(AL)
= 2" cos x
dy _ N X
(© ax 0 for aturning point = 26" cosx=0 (M1)
= cosx=0 (AL
X L a L (AL
= X= — = a= —
2 2
= el(cosE + 8in E) =e;
y 2 2 > 2
b=ej (A1)
Note: Award (M1)(A1)(A0)(AO) for a= 1.57, b= 4.81.
d’y
d AtD, —== M1
(d) v (M1)
2" cosx—2e*sinx=0 (A1)
2€" (cosx—sinx) =0
= Ccosx-sinx=0 (AL
T
X= — Al
=X=7 (A1)
n T T
=€ — +sn — Al
=y e4(cos4 sin 4) (AL
= J2¢ (AG)
3
(6 Required area= I4 e* (cos X + sin X)dx (M1)
0
=7.46 sq units (G
OR
Area = 7.46 sq units (G2)

Note: Award (M1)(GO) for the answer 9.81 obtained if the
calculator isin degree mode.

67.) yzj;—didx (M2)

x* 2%
=+ — —-X+c¢C Al)(Al
A (AD(AD)

Note: Award (A1) for first 3 terms, (Al) for “+ c™.

13=%+4—2+c (M1)

c=7 (A1)

[17]



68.)

69.)

2

4
X

=— +X =x-7
Y 4

@

[(a+3sn(x+2)dx =x-3cos (x+2) + ¢

Notes: Award Al for x, Al for —cos (x + 2) Al for coefficient 3,
ie AL Al for the second term, which may be written as

sin (x + 2)

X +2=-0.3398, m + 0.3398, ...
x=-2.3398, 1.4814, ...
Required value of x = 1.48

(i)
(b)

(i) r(

(i)

+3(-cos (X + 2))

Do not penalize the omission of c.
(b) 1+3sn(x+2)=0

1

f(x)=—262 (A1)

f'(x) is always negative

(i)

(A1) (Co)

(AD)(AL)(AL) (C3

y=1+ ;25 (=1+¢ (AD

1

PV
-=—|=-2e 2 (=-2e
zj (=-2€)

Note: In part (b) the answers do not need to be simplified.

1
(© y-Q+e =—26(X+§J
y=-2ex+1(y=-544x+1)

(d)

(i)

(i)

\

N

(M1)

(Al

(A1) (C3)

(R) 2

(A) 2

(M1)
(AD(AL) 3

(iii)

(i) i)

\

(AD)(AL)(AL)

Notes: Award (A1) for each correct answer. Do not allow (ft)
on an incorrect answer to part (i). The correct final diagramis
shown below. Do not penalize if the horizontal asymptoteis
missing. Axes do not need to be labelled.

[6]

[6]



O —
(iv) Area= I [+ ™) = (~2ex+D]dx (or equivalent) (M1)(M1)
2
Notes: Award (M1) for the limits, (M1) for the function.

Accept difference of integrals aswell asintegral of difference.
Area below line may be cal culated geometrically.

0
Area= J’il[(e—ZX + 2ex)dx
2

1 0
—2X 2
= |:_Ee + ex :|l (Al)
=0.1795 ...= 0.180 (3 sf) (A1)
OR
Area=0.180 (G2) 7
[14]
70) f()= J'(i ~0.5sin xj dx (M1)
X+1
=In|x+1| +05cosx+c (AL)(AL)(AL)
2=In1+05+c (M1)
c=15 (Al)
f(x)=In|x+1| +05cosx+15 (C6)
[6]

71) (@ jle'kxdx{—le-"x}l (A1)
. . ol

=—%(e‘k—e°> (A1)

== € DAY



=—% (1-e(AG) 3

(b) k=05
(i)
/\y
~ ©
1
20 1 2 3 %
(A2)
Note: Award (Al) for shape, and (A1) for the point (0,1).
(i)  Shading (see graph) (AL
1 _
(i) Area= joe‘“dx fork =05 (M1)
1 0.5
= —(1-
o5 7¢)
=0.787 (3 ) (A1)
OR
Area=0.787 (3 sf) (G2)
, dy —kx
- = ke (Al
(c) (1) X e (Al
(i) x=1 y=08 =08=e™" (A1)
In0.8=—k
k=0.223 (A1)
(i) Atx=1 % = -0.223¢ %% (M1)
=-0.179 (accept —0.178) (A1)
OR
Y 51780r-0.179 (G2)
dx
72) f0=, (M)
3 1
@ F00=3x" =3 (or 2Vx) (M1)(A1)
2 2 2
3 1 x§+l+c
(b) IXEdX =34 (M1)

[13]

(€3



Nl o

=§x e (orgﬁ +0) (ADAD (CI)

Notes: Do not penalize the absence of c.

Award (A1) for g and (A1) for ;.

(6]
b
73) Area= Lsn xdx (M1)
_op= "
a=0,b= 2 (AD
3_“ 3n
Area= J’ 4 sinxdx=[-cos x| & (A1)
0 0
3n
= [— COSZJ — (- cos 0) (A1)
J2
= —(— S |-(D @D
=1+ g (A1) (Co)
Note: Award (G3) for a gdc answer of 1.71 or 1.707.
(6]

74) (@  AtA,x=0=>y=sn(E)=sn(@) (M)

=> coordinates of A = (0,0.841) (Al)
OR
A(0,0.841) (G2) 2
(b) sn(€)=0=>€&=n (M1)
=> x=Inm(ork=n) (Al)
OR
x=Intt(or k=) (A2) 2
(© () Maximum value of sinfunction=1 (Al)
.. % _ X X
(i) ax e cos(€) (AD(AL)

Note: Award (A1) for cos (€") and (A1) for €".

... dy .
(iii) dx amaximum (RD
e cos(€)=0
=> ‘= 0 (impossible) or cos (€) = 0 (M1)
ox. oI
=>d'=7 = x=lny (ADAG) 6

d) 0 Area= j; sin(e) dx (AL)(AL)(AL)



Note: Award (A1) for 0, (A1) for Inm, (A1) for sin (€.
(i)  Integral =0.90585 = 0.906 (3 sf) (G2 5
(e)

(M1)

At P, x=0.87656 = 0.877 (3 f) (G2) 3
(18]

ds t?
75) @ g =0-a=>s=30-a +C (ADADAD

2
Note: Award (Al) for 30t, (A1) for a% , (A1) for C.

o es (< P
t—0—>s-30(0)—a7+C—0+C—>C—O (M1)
1 .
=>s=30t—§at (Al) 5
(b) (i) vel =30-5(0)=30ms " (Al)
(i)  Train will stopwhen0=30-5t=>t=6 (M1)

Distance travelled = 30t - % at®

1
=30(6) -  (5) (6) (M1)
=90m (AD
90 < 200 => train stops before station. (RL)(AG) 5
(© 0] 0=30-at => t= 3?(() (AD
2
(i) BO(yj - 1 (@ [@j =200 (MDH(M1)
a 2 a

30
Note: Award (M1) for substituting P’ (MI) for setting equal

to 200.

S 900 450 450
a a a

= 200 (A1)



_ 450 9 2

=>a= ——=—-=225ms’" (Al)
200 4
Note: Do not penalize lack of unitsin answers.
76.) Note: Do not penalize for the omission of C.
@ [sn@Ec 7)dx=—%cos(3x+ 7)+C (A1)(A1)
Note: Award (A1) for % , (A1) for —cos (3x + 7).
(b) j e ¥dx= —% e™+C (AD(ALD
Note: Award (A1) for —% , (A1) for 6™,
77) @ ) a=-3 (Al
(i) b=5 (A2)
(b) 0) f/(X)=-3x° +4x+ 15 (A2)
(i) -3¢ +4x+15=0
-(3x+5)(x-3)=0 (M1)
xz—g orx=3 (AD(ALD
OR
5
X=——o0rx=3 (G3)
3
(i) x=3=f(3)=-3+2(3) + 15@3) (M1)
=27+ 18 + 45 =36 (Al
OR
f(3)=36 (G2
() ) f'(x)=15ax=0 (M1)
Line through (0, 0) of gradient 15
=y =15x (A2
OR
y = 15x (G2)
(i) -+ +15x = 15x (M1)
- xX+2¢=0
= % x-2)=0
=>Xx=2 (AL
OR
X=2 (G2
(d) Area=115(3¢f) (G2

OR

(C2)

(C2)

[15]

[4]



78)

79)

80.)

4

5
6 2
Area= I (=% + 2x% +15x)dx = X X 15X
0 4 3 2

- BB 153
12

@ () v0)=50-50"=0 (A1)

(i)  v(10) =50 — 506 % = 43.2

a= Ll =-50(-0.2¢

© 0 -
~0.2t

=10e
(i) a(0)=10e"=10

(©) 0]
(i) to>wo=a—>0

(iii) whena=0,visconstant at 50
(d) (i)
=50t -

e—0.2t

+k

= 50t + 2506 % + k

(i) 0=50(0) + 250’ + k = 250 + k
= k=-250

(iii) Solve 250 = 50t + 2506 >

— 50t + 2506 >%' —~ 500 = 0
—t+5e2%_10=0
—t=9.207s

- 250

f/(x)=1-x
f(x) = .|.(1—x2)dx=x—x—33+C
f(3)=0=3-9+C=0
=Cc=6

3

X
f(X)=x-— +6
) 3

0

%) My

(AD)

t>wo=>v->50 (Al)

y=Jvdt (M1)
(A1)

(AG)

(A1)

(M1)
(A1)

(AD)

(M1)

(A1)

(A1)

(A1)

(A1)
(R1)

(M1)
(A1)

(M1)

(G2)

[15]

[15]

[4]



ylk

4— 05<x<1 MAXIMUM
v AN 35<y<s POINT

3_
2_
integers Al)
1— on axis
I I I I I C X
1 2 3 4 5
LEFT RIGHT

_1—|INTERCEPT 3<X<35(AD) | 35<x<4(Al) |NTERCEPT
apnd 32<%<36 MINIMUM
(ADq Z0.2<y<0 POINT

5
(b) misasolutionif and only if Tt+ Ttcos Tt= 0. (M1)
Now Tt+ T1CoS TT= Tt + T(-1) (A1)
=0 (Al) 3
(c) By using appropriate calculator functions x = 3.696 722 9... (M1)
= X = 3.69672 (6f) (AD 2
(d)  Seegraph: (Al)
J.:(n+ X cosx)dx (A1) 2
(9 EITHER [ (m+xcosx)dx =7.86960 (6 ) (A3) 3

Note: This answer assumes appropriate use of a calculator eg
— { fnint(Y,, X, 0, T) = 7.869604401

withY, =11 + Xxcosx

OR Ion(n + xcosXx)dx =[TX + XSin X+ cosX],

=T1(1t—0) + (rtsin t— 0 x sin 0) + (cos 11— cos 0) (A1)
=17+ 0+ -2 = 7.86960 (6 sf) (A1) 3
[15]

8l) f'(x)=cosx=f(x)=sinx+C(M1)

T . T
f (Ej =-2=-2= Sln(zj +C (Ml)

C=-3 (Al
f(x)=snx-3 (Al (C4)



82) (@ y=TIsSin X—X
Y/
3-
21 (1.25, 1.73)
1-
(2.3,0)
3 N\2 T 2\ 3 %
(-2.3,0)
1-
(-1.25,-1.73) _o.
-3
(A5) 5

(b)
(©)

Notes: Award (Al) for appropriate scales marked on the axes.
Award (A1) for the x-intercepts at (£2.3, 0).

Award (A1) for the maximum and minimum points at (+1.25,
+1.73).

Award (A1) for the end points at (£3, £2.55).

Award (A1) for a smooth curve.

Allow some flexibility, especially in the middle three marks

here.
x=231 (AD
X2
j(nénx—x)dx=—ncosx—7+c (A1)(AD)
Note: Do not penalize for the absence of C.
1
Required area = jo(nsinx—x)dx (M1)
=0.944 (G
OR area=0.944 (G2)

83) f'(x)=-2x+3

— 2x2

f(x) =

+3x+c (M1)

Notes: Award (M1) for an attempt to integrate. Do not penalize
the omission of ¢ here.

1=-1+3+c (Al
c=-1 (A1)
f(x) = +3x-1 (AL (C4)

[4]

[10]



[4]

84) (@ f'(0=3@2x+5°x2 (ML(AL
Note: Award (M1) for an attempt to use the chain rule.

= 6(2x + 5)° (C2)
(b) jf(@dx=£3§§gﬁ-+c (A2) (C2)

Note: Award (A1) for (2x + 5)* and (A1) for /8.
[4]

v

1
%Gjﬁw (M1)(AL)
(AD)

(A1 (C4

3 1
Areafromx=1tox=3,A= .[1 (1+ ;)dx:[xﬂnx]f

=(3+In3)-(1+In1) (M1)
=2+In3 (A1)

Arearectangle@ =2x 1% = 2%,arearectangle@ =1x %z%

Shaded area=2+|n3—2§+% (M1)
=In3 (A1) (C4)
OR
Areafromx=1tox=3,A= '[13(1+%de (M1)
A=3.0986 ... (GO)

TN T
Arearectangle =2x13 =23, arearectangle =1x3 3



86.)

2 2

Shaded area = 3.0986 — 2 3 + 3 (M1)
=1.10 (3 ) (Al (C9

@)(1) & (O)(i)

Notes: An exact value is required. If candidates have obtained
the answer 1.10, and shown their working, award marks as
above. However, if they do not show their working, award (G2)
for the correct answer of 1.10.

Award no marksfor the giving of 3.10 as the final answer.
[4]



(e8]

——

=
Q

N

(A3)

(b)

(©)

(d)

Notes: The sketch does not need to be on graph paper. It should
have the correct shape, and the points (0, 0), (1.1, 0.55), (1.57,
0) and (2, —1.66) should be indicated in some way.

Award (A1) for the correct shape.

Award (A2) for 3 or 4 correctly indicated points, (Al) for 1 or 2

points.
(i)  Approximate positions are
positive x-intercept (1.57, 0) (AL
maximum point (1.1, 0.55) (AL
end points (0, 0) and (2, —1.66) (AD)(AD)
X2 cosx=0 X#0=>cosx=0 (M1)
T
= — Al
=X > (A2)
Note: Award (A2) if answer correct.
(i) seegraph (A1)
(ii) IE x2 cos X dx (A2)
0

Note: Award (A1) for limits, (Al) for rest of integral correct (do
not penalize missing dx).

Integral = 0.467 (G3)
OR



87)

@
(b)

(©)

(d)

(€)

(f)

Integral = [xzsinx+ 2xcosx—25inx]g/2 (M1)

™ e d oy 20 | —foso-

= [ 7+ z(zjw) 2<1)} [0+0-0] (M1)

= g — 2 (exact) or 0.467 (3f) (A1)

From graph, period = 2n (A1) 1

Range={y|-0.4 <y < 0.4} (AL
0) f/(x) = %{cosx(sin X%}
=cosXx(2sinxcosx) —sin x (sin x)2 or -3sin®x+2sin x(M1)(A1)(AL)

Note: Award (M1) for using the product rule and (Al) for each
part.

@iy f'x=0 (M1)
:>sinx{2cosx—sin2x}:Oorsinx{Scosx—l}:O (A1)
—3c0 x-1=0
= COSX =+ [%j (A1)
AtA, f(X) >0, hence cos x = (I_lij (RL(AG)

_ (L] (L i

@) f(x)= \/(3 [1 ( (3}} J (M1)

2 1 2
= EX—3=§\/§ (Al)
X = g (A1)
() j(cosx)(sjn x)zdx=%sin3 X+ C(M1)(AL)
/2 . P 1. m)® L3
(i) Area= IO (cosx)(sinx) dx:g{(smij —(sin0) } (M1)
_1
=3 (A1)

AtCf"(x)=0 (M1)

< 9c0s’X—7¢os X=0

< cosx(9 cos” X — 7)=0 (M1)

o _ J7 _
=X= > (regject) or x = arccos? = 0.491 (3 f) (AD(AL)

1

[15]

[20]



88,

89.)

@

p=3

(Al) (Cy

(b) Area= J'OE 3cosxdx

@
f'(x)

0
c

f ¢x)
f (%)

(b)

(©)

p

= [3sinx]2
= 3 sguare units

f'(x) =2x-2

=x-2x+c (M1)(M1)
=0whenx=3
=9-6+cC

=-3

(A1)

=x¥*-2x-3 (AG)

3

X

¥ -3x+d (M)

Whenx=3, f(x) =-7

=
=

=

f(0)=2
f(1)=-3 -1+3+2

:33
3

1

-7 =9-9-9+d
d =2

X3

o) =5 —X2-3x+2

fr(-1)=1+2-3

=0

2) . . .
f'-1)=0=> (—l 3§j isastationary point

Ay

(3! _7)

Note: Award (A1) for maximum, (Al) for (0, 2)
(A1) for (3,-7), (A1) for cubic.

(M1)

(A1)

(AD) (C3
[4]

(M1)
(A) 6

(A1)

(A1)

(A1) 3

(A4) 4

[13]



90.) (@ y:eXIZatx=0y:e0:1P(0,1)
(M2 i2y2
(b) v=n| (€

Notes. Award (A1) for [J
(A1) for each limit

(A1) for (€732

In2
© V= jo e*dx

=n[e*]5”

=n(e" —¢’
=m2-1]=m
=Tt

91) (a j(jlzx2 (1 - X)dx

1
() 12 («* = x*)cx
3 4t
::]_2|:X__X_:|
3 4

11
=12/ >-=
54

=1

92.) L% dx=2  (M1)

= [Inx]§ =2 (M1
=lna=2 (AL
—a=¢ (A1) (C4H

(A1)

(A1)

(A1)
(AL)(A)

(AG) 5

(M1)

(AD)
(A1) (C3)

Note: If 7.39 given instead of € then deduct [1mark].

d
93) (@ y—Inx:&

when x =g,

g
ol

[11]

[4]

[4]



tangent line: y = (

DIl

}(x—e)+1(M1)

=é(x)—1+1:§ (A1)

0
x=0:>y:E=0 (M1)
(0,0)isonline (AG) 4

94.)

(b)

(©)

@

1
%(xlnx—x)z(l)xmx+x><[;)—1=Inx (MD)(ALD(AG)
Note: Award (M1) for applying the product rule, and (Al) for
1
1) x Inx+ — .
(D) x Inx+ xx (x)

Area = area of triangle — area under curve (M1)
= (%xexlj—jlelnxdx (Al)
=L [XInx—X]; Al
= 2 Dxinx-x; (A1)
—g—{(elne 11n1) - (e — 1)} (A1)
—g—{e 0-e+1}
:%e_l, (AG)
y = X(x-4),
i) y=0<x=0o0rx=4 (AL
(ii) %=1(x—4)2+x><2(x—4):(x—4)(x—4+2x)
=(x-4)(3x-4) (A)
Y o omx=dorx=2 Al
dx =" Xz 3 A
x=1:>%:(—3)(—1)=3>0 4 . .
dy — isamaximum (RD

x=2= = =(-2)(2)=-4<0

Note: A second derivative test may be used.
4 4 (4 jz 4 (-8 _4 64256
X= — y: —X| —— =—X| — — X —
3 3 (3 3 L3 3 9 27
4 256
- — Al
iz o

4 256 . . .
Note: Proving that 357 ) 152 maximum is not necessary to

receive full credit of [4 marks] for this part.

[10]



(iii) dy_ i((x— 4)(3x—4))= d (3% — 16x + 16) = 6x — 16 (A1)
dx®> dx dx
2
d—Z:O<:>6x—16=O (M2)
dx
8
X=— Al
x= 2 (A1)
I _ 8(8 jz 8(—4)2 8 16 128
X=— =>y=—|=-— == —| ==x—==="=
3 3.3 30 3 3 9 27
212) Ay s
327
Note: GDC useislikely to give the answer (1.33, 9.48). If this
answer is given with no explanation, award (A2), If the answer
is given with the explanation “used GDC” or equivalent, award
full credit.
(b)
AY

ol / max pt.

pt. of inflexion

/

SN2
X—intercepts (A3) 3

Note: Award (A1) for intercepts, (Al) for maximum and (Al)
for point of inflexion.

(© () See diagram above (Al)
(i) O<y<10for0<x<4 (RY)
So I4de< J'4ydx< j4lodx: 0< j4ydx< 40 (R1) 3
0 0 0 0

[15]



