1)

2)

3)

@

(b)
(©)

@

(b)

@
(b)

attempt to form composite (M1)
eg. 9(7-2x),7-2x+3
(gof)(x) =10-2x
g () =x-3
METHOD 1
valid approach
eg. g (5),2 f(5)
f(2=3
METHOD 2
attempt to form composite of f and g'1

eg. (fegh)(X) =7 -2(x-3), 13 - 2x

(fog™)(E) =3

valid approach (M1)
eg. b? —4ac,A =0, (- 4k)” — 4(2k)(1)
correct equation
eg. (~4k)? - 4(2K)(1) = 0, 16k* = 8k, 2k’ -k =0

correct manipulation

eg. 8k(2k-1), 8+ /64
32
k=2
2

recognizing vertex ison the x-axis
e.g. (1, 0), sketch of parabola opening upward from the x-axis
P>0

dt

d (cos2t)=-2sin2t
dt

Note: Award Al for coefficient 2 and Al for —sin 2t.

evidence of considering acceleration =0

eg. %zO,Z—ZsinZt:O

Al

Al

(M1)

Al

(M1)

Al

Al

Al

A2

M1

Al

Al

AlAl

(M1)

N22

N11

N22

N22

N35

N12

(5]

[7]



correct manipulation Al
eg. Sin2k=1sn2t=1

T T
2k =—| accept 2t = — Al
(=)
k=1 AG
4
(i)  attempt to substitute t = % into v (M1)
(543
eg. 24 — |+co§ —
4 4
v=P Al
2
(©)
1 /”/
2
4
AlA1A2
Notes: Award Al for y-intercept at (0, 1), Al for curve having
zerogradientatt = % , A2 for shape that is concave down to
the left of % and concave up to the right of % . If a correct
curve isdrawn without indicating t = % , 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.
(d) () correct expression A2
1 , sin2t ! sin2 L
e.g. j0(2t+c052t)dt, t% + , 1+T, et
0

(i)

Al

NO

N28

N44



4.)

5)

@

(b)

@
(b)

(©)

(d)

Note: Thelineatt = 1 needsto be clearly after t=%.

attempt to apply rules of logarithms ~ (M1)
eg. Inab:blna, Inab=Ina+Inb
correct application of In 2 =blna (seen anywhere) Al

eg. 3nx=1In X

correct application of In ab = In a + In b (seen anywhere) Al
eg.In 5 =In5+Inx

0In5C=In5+3Inx

g(X)=f(X) +In5 (accept g (X) = 3In X+ In 5) Al
transformation with correct name, direction, and value A3

0
e.g. tranglation by ( nSJ , shift up by In 5, vertica translation of In 5

f(x) =-10(x + 4)(x—6) A1AL N2 2

METHOD 1

attempting to find the x-coordinate of maximum point (M1)
e.g. averaging the x-intercepts, sketch, y' = 0, axis of symmetry

attempting to find the y-coordinate of maximum point (M1)
e.g. k=-10(1+ 4)(1- 6)

f (x) = -10(x -1)* + 250 Al1A1
METHOD 2

attempt to expand f (x) (M1)

eg. —10(x° - 2x - 24)
attempt to complete the square (M1)
eg. —10((x -1)* -1- 24)

f (x) = -10(x -1)* + 250 Al1A1
attempt to simplify (M1)
e.g. distributive property, —10(x =1)(x 1) + 250

correct simplification Al

e.g. —10( — 6X + 4x — 24), ~10(x° — 2x +1) + 250

f (X) = 240 + 20x —~10x° AG

(i)  valid approach (M1)
e.g. vertex of parabola, vV'(t) =0

N14

N44

N44

NO2

[16]

[7]



6.

7)

8)

@
(b)
(©)

@

(b)

@
(b)

(©)

t=1 Al

(ii)  recognizing a(t) = v'(t) (M1)
a(t) =20 - 20t AlAl
speediszero > t=6 (A1)
a(6) = -100 (m s Al

(1,-2) A1A1 N2 2
g(X)=3(x- 1)2 -2 (acceptp=1,q=-2) AlAl
1,2 AlAl
evidence of valid approach involvingAandB (M1)

e.g. P(A n pass) + P(B n pass), tree diagram

correct expression (AL
e.g. P(pass) =0.6 x 0.8+ 0.4 x 0.9

P(pass) =0.84 Al
evidence of recognizing complement (seen anywhere) (M1)
eg.P(B)=x,P(A)=1-x,1-P(B),100-x,x+y=1

evidence of valid approach (M1)
e.g.0.8(1 -x) +0.9x, 0.8x + 0.9y

correct expression Al
eg.0.87=0.8(1-x) +0.9x,0.8x 0.3+ 0.9x 0.7=0.87,0.8x + 0.9y = 0.87
70 % from B Al

B,D Al1A1 N2 2
(i) f(xX) = —2oxe X A1A1 N2
Note: Award Al for ¢ and Al for —2x.
(i)  finding the derivative of -2x, i.e. -2 (A1)
evidence of choosing the product rule (M1)

eg. —2e —2xx—2xe *

—2e% +4x%e ™ Al

fr()=@x-2e" AG
valid reasoning R1
eg.f"x)=0

attempting to solve the equation (M1)

N2

N37

N22
N22

N23

N24

NO5

[15]

[6]

[7]



9.

(d)

@

(b)

(©)

eg. (4¢ - 2) =0, sketch of f "(X)

1 1
p= 0_707(: EJ q=-0.707 (:_EJ AlAl

evidence of using second derivative to test values on either side of POl M1
e.g. finding values, reference to graph of f”, sign table

correct working AlAl
e.g. finding any two correct values either side of POI,

checking sign of f " on either side of POI

reference to sign change of f "'(x) R1

combining 2 terms (AL

e.g. logs 8x—logs 4, Iog3%x +logs 4

expression which clearly leadsto answer given Al
eg. log, %, log, i

3 2
f(x) = logg 2x AG
attempt to substitute either value into f (M1)
eg.logz 1, logz 9
f(0.5) =0, f(4.5) =2 AlAl
i) a=2,b=3 AlAl

(i1)

N34

NO4

NO2

N33
NIN1

[15]



Note: Award Al for sketch approximately through
(0.5+0.1,0£0.1)
Al for approximately correct shape,
Al for sketch asymptotic to the y-axis.

(iii) x=0 (must be an equation) Al N1

d f0)=05 Al N11
(e)

[6]



10)

@

(b)

oo

AlA1A1A1 N4

Note: Award Al for sketch approximately through (0 + 0.1,
05+0.1),
Al for approximately correct shape of the graph
reflected over y = X,
Al for sketch asymptotic to x-axis,
Al for point (2+ 0.1, 4.5+ 0.1) clearly marked and

on curve.
[16]
attempt to form composite (M1)
eg. f(2x-5)
h(x) = 6x— 15 Al N22
interchanging x and y (M1)
evidence of correct manipulation (AD
X 5

eg. y+15-6x, - =y——

gy 6 y 5
h(x)= les Al N33

[5]



A1A1AIAL N4 4

Note: Award Al for approximately correct shape, Al for left
end point in circle, Al for local maximumin circle, Al for right
end point in circle.

(b) atemptingto solveg (x) =-1 (M1)

e.g. marking coordinate on graph, %x sinx+1=0

x=3.71 Al N22
(6]
12) (@ evidence of setting function to zero (M1)
eg. f(x) =0, 8x = 2¢°
evidence of correct working Al
6. 0= 2x(4 _x), ~8£64
-4
x-intercepts are at 4 and 0 (accept (4, 0) and (0, 0), or x =4, x=0) ATAININ1
(b) () x=2(must beequation) Al N1
(i)  substituting x = 2 into f(X) (M2)
y=8 A1IN2
[7]

13) (@ interchanging x and y (seen anywhere) (M1)
eg.x=log \N (accept any base)
evidence of correct manipulation Al

1

eg. 3=y, 3 =x5,x=% logsy, 2y = logs x

f1(x) = 3% AGNO
() y>0fx>0 AIN1
(0 METHOD1

finding g(2) = logs 2 (seen anywhere) Al

attempt to substitute (M1)

eg. (o g)(2) = 3%



evidence of using log or index rule
eg. (f-l 2 g)(2) = 3IOg3413log322
(o0 =4
METHOD 2
attempt to form composite (in any order)
eg. (™ g)x) = 329~
evidence of using log or index rule
e.g.(f_l o g)(X) = 3'°% x? ’ 3Iog3x2
(o9 =x
(o2 =4

14) Letf(x) = %x3 —x? —3x. Part of the graph of f is shown below.

(@  Find the coordinates of A.

(b)  Write down the coordinates of

(i)

(i) theimage of B after tranglation by the vector (_5 J ;

(iii)

\/

There is a maximum point at A and a minimum point at B(3, -9).

the image of B after reflection in the y-axis;

(A1)

AIN1

(M1)

(A1)

Al

AIN1
[7]

(8)

the image of B after reflection in the x-axis followed by a horizontal stretch with



scale factor % .

15) (@ g=-2,r=4orq=4,r=-2 Al1A1l N2
(b) x=1(must be an equation)

(c)  substituting (0, —4) into the equation
eg.-4=p(0-(-2))(0-4),-4=p(-4)(2)

correct working towards solution
eg.-4=-8p

i

16.) (@ f [gj =cost (A1)
=-1

0 (@ [gj - (1) (= 21~ 1)
=1
© (ge°H(X) =2(cos(2x)* -1 (= 2 cos’(2x) - 1)

evidence of 2 cos” 0 — 1 = cos 28 (seen anywhere)
(g > N)(X) = cos 4x
k=4

17.) recognizinglog a + log b = log ab (seen anywhere)
e.g. logy(X(x - 2)), X — 2X

recognizing log, b = x < a* = b (seen anywhere)
eg. 2°=8

correct smplification

eg. x(x-2)= 23, X’ - 2x—8

evidence of correct approach to solve
e.g. factorizing, quadratic formula

correct working

2+/36

eg. (Xx=4)(x+ 2), >

x=4

(AD)

(A1)

Al

(M1)

Al

A2

(6)
(Total 14 marks)

AIN1
(MI)

(A1)

A1IN2
(6]

AIN2
(A1)

AIN2
Al

(M1)

AIN2
[7]

N3



18) (@

X=0,X=1

(b)
(©)

(d)

(€)

19) (@

() snx=0 Al
A1A1 N2

(i) snx=-1
3n
X=—
2

3n
2
evidence of using anti-differentiation
3n
eg. (2 '
g jo (6+ 6sin x)dx

correct integral 6x — 6 cos x (seen anywhere)
correct substitution

3 3
eg. 6(%} _ 600{7]-[} —(-6c0s0), 9N -0+ 6

k=9m+6

L
trandation of | 2
0
recognizing that the area under g is the same as the shaded region in f

I
=—,p=0
p > Y

correct substitution Al

e.g. 25 + 16 — 40cos X, 5% + 4%~ 2 x 4 x 5 COSX

AC= .41-40cosx AG

(b)

(©)

(d)

correct substitution
AC 4
€9 §nx sn30’

1
—AC = |
5 4 9n X

) 4sinx
AC =8sinx | accept —
sin30

() evidence of appropriate approach usingAC M1
eg. 8sinx= y41-40cosx , sketch showing intersection

correct solution 8.682..., 111.317...
obtuse value 111.317...

x =111.32 to 2 dp (do not accept the radian answer 1.94)

(ii)  substituting value of x into either expression for AC
eg. AC=8sin111.32
AC=17.45

() evidence of choosing cosinerule (M1)

[7]

Al
AIN1

AIN1

(M1)

AlA1
(A1)

A1AINS

A1AIN2

(M1)
A1AIN3
[17]

Al

AIN1

(A1)
(A1)

AIN2
(MI)

AIN2



a’?+c?-p?

eg.cosB=
J 2ac
correct substitution Al
2 2 2
eg F*+4 14" ,7.45%=32-32 cos y, cosy = -0.734...
2x4x4

y =137 A1IN2

(ii)  correct substitution into areaformula (AL

1 . .
eg. E x4 x4 xsnl137,8sn137

area=5.42 A1IN2
[14]
20.) ) substituting (0, 13) into function M1
eg.13=A"+3
13=A+3 Al
A=10 AG NO
(b)  subgtituting into f(15) = 3.49 Al
eg. 3.49 = 106" + 3, 0.049 = &"*
evidence of solving equation (M1)
e.g. sketch, using In
In0.049
k=-0.201 (accept d AIN2
15
(©) (i) f(x) = 106 2+ 3
f(x) = 106 ™ x —0.201 (= —2.01e “™)A1A1A1 N3
Note: Award Al for 106 >**™, A1 for x —0.201,
Al for the derivative of 3 is zero.
(ii)  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) AlAl
evidence of integrating and subtracting functions (M1)
correct expression Al
eg | 900 — f (x)dx [ (X2 +12x— 24) — (106 0% 4 3)]dx
" Jse0 "Ja90
area=19.5 A2N4
[16]

21) (a)



(b)
(©)
2)  (a
(b)
(©)
23)  (a
n=800A1
(b)
(©)
24)  (a)

oy 13 A
< AlA1Al

x=-1.32, x=1.68 (accept x =-1.41, x = 1.39 if working in degrees)
-1.32 < x<1.68 (accept —1.41 < x < 1.39 if working in degrees)

231 Al N1
(i) 102 Al N1
(i) 2.59

j: f(X)dx =9.96

split into two regions, make the area bel ow the x-axis positive

n = 800¢” (A1)

N2
evidence of using the derivative
n'(15) =731
METHOD 1

setting up inequality (accept equation or reverse inequality)
e.g. n'(t) > 10000

evidence of appropriate approach
e.g. sketch, finding derivative

k=35.1226...
least value of kis 36

METHOD 2

n'(35) = 9842, and n'(36) = 11208
least value of kis 36

0] -1.15,1.15 A1Al1 N2
(ii)  recognizing that it occurs at Pand Q

N3
A1AIN2

A2N2
[7]

AIN1
AIN1

R1R1IN2
(6]

(M1)
AIN2

Al

M1

(A1)
AIN2

A2
A2ZN2
(8]

(M1)



eg. x=-1.15x=115
k=-1.13, k=1.13

(b)  evidence of choosing the product rule
eg. w' +w'

derivative of X° is 3%

4-x?

derivative of In (4 — x2) is
correct substitution

eg. x®x 4_ 2X2 +In(4—x?) x 3x?

4
2 2
> +3X° In(4-x7)

[

2X

gx = 2

(©)

N

(d) w=269,w<0

25)  (a)
(fog)(X) =(x-1)>+4 (-2x+5 Al N2

(b) METHOD1
vertex of fe gat (1, 4)

evidence of appropriate approach

_ 3
e.g. adding 1

vertex of h at (4, 3)
METHOD 2
attempt to find h(x)

attempt to form composition (in any order) (M1)

J to the coordinates of the vertex of f o g

eg. (x=3)-1)°+4-1,h(x) = (fog)(x-3) -1

h(x) = (x—4)° + 3
vertex of h at (4, 3)
(c) evidence of appropriate approach

eg. (x—4)°+3, (x-=3)°-2(x—-3) +5-

simplifying

1

eg. h(x)=x*—8x+ 16 +3,X° —6x+ 9 —2x+ 6 + 4

h(x) = ¢ - 8x + 19

A1AIN3
(MI)

(A1)

(A1)
Al

AGNO

A1AIN2

A1A2N2
[14]

(A1)
(M1)

AIN3

(M1)

(A1)
AIN3
(MI)

Al

AGNO



(d)

26) (a)

METHOD 1

equating functions to find intersection point
eg. X —8x+19=2x-6,y = h(x)

2 —10x +25=0

evidence of appropriate approach to solve
e.g. factorizing, quadratic formula

appropriate working
eg. (x- 5)2 =0
x=5(p=5)
METHOD 2

attempt to find h'(x)
h'(x)=2x-8

recognizing that the gradient of the tangent is the derivative
eg. gradientatp=2

2x-8=2(2x=10)
x=5

attempt to substitute pointsinto the function  (M1)

eg.-8= p(—2)3 + q(—2)2 +r(-2), one correct equation

(b)

27)  (a

-8=-8p+4g-2r,-2=p+q+r,0=8p+4q+2r

attempt to solve system
e.g. inverse of amatrix, substitution

p=1,q9q=-1,r=-2

Notes: Award Al for two correct values.

If no working shown, award NO for two correct values.

evidence of valid approach (M1)

e.g.f(x) =0, graph
a=-1.73,b=173 (a=—+/3,b=+/3) A1Al N3

(b)

(©)

(d)

attempt to find max
e.g. setting f'(x) = 0, graph

¢ = 1.15 (accept (1.15, 1.13))

attempt to substitute either limits or the function into formula
eg.V= nJ: [f(9]7dx, nj [xln(4— xz)]2 : nﬁ'mm y2dx
V=216

valid approach recognizing 2 regions
e.g. finding 2 areas

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

(M1)

Al
(M1)

Al

AIN3

(M)
Al
(M1)
Al

AIN3
[12]

A1A1AINS
(MI)

A2ZN3

[7]

(M1)

AIN2
M1

A2N2
(M1)

(A1)



area = 2.07 (accept 2.06) A2N3

[12]
28) (@ in any order
trandated 1 unittotheright Al N1
stretched vertically by factor 2 A1l N1
() METHOD 1
Finding coordinates of image on g (A1)(AL)
eg.-1+1=0,1%x2=2,(-1,1) - (-1+1,2x1),(0,2)
Pis(3,0) A1A1IN4
METHOD 2
h(x) = 2(x - 4)* - 2 (AL)(AL)
Pis(3,0) A1A1IN4
(6]
29) (@ M interchanging x and y (seen anywhere) M1
eg. x=6"
correct manipulation Al
eg lnx=y+3,Iny=x+3
) =Inx-3 AGNO
(i) x>0 AIN1
(b)  collecting like terms; using laws of logs (A1)(AL)
1 . X 2
eg. Inx- In(;j:3,lnx+lnx:3,ln T =3Inx" =3
x
simplify (A2)
eg.Inx= 3 X = ¢
g >
3
X= g2 (= \/6_3) AIN2
[7]
30) (@ METHOD 1
evidence of substituting —x for x (M1)
(o = Al
™= 9z
foX) = — (= -f(x)) AGNO
X +1
METHOD 2
y = —f(X) isreflection of y = f(X) in x axis
and y = f(—x) isreflection of y = f(X) iny axis (M1)

sketch showing these are the same Al



—ax
f(—x) = = (X
(%) 1 (=-f(x)
(b)  evidence of appropriate approach
eg.f'"x) =0
to set the numerator equal to O
eg. 2ax(x2 -3)=0; (x2 -3)=0
av3 av3
(0, 0), [«/5 T‘/_J [— J3- Tj (accept x = 0, y = 0 etc)
(© M correct expression
7
eg. Fln(xz +1)} ,21n50-21n10,2 (In50-In10)
2 3 2 2 2
a
area= > In5 AlAl
(i) METHOD 1
recognizing that the shift does not change the area
8 7 a
eg. Lf (x—1)dx = Lf(x)olx,E In5
recognizing that the factor of 2 doubles the area
8 8 7
eg. LZf(x—l)dx =2Lf(x—1)dx (: ZLf(x)dx)
EZf (x=Ddx=aln5 (i.e. 2 x their answer to (c)(i))
METHOD 2
changing variable
letw=x-1,5s0 aw =1
dx
2] f (W)dw= 2—2a In(w? +1) +c
substituting correct limits
eg. [aln[(x-1)? +1[, [alnw? + 1]}, aln50-aln10
jfzf (x-Ddx=aln5
31) @ for interchanging x and y (may be done later) (M1)
eg.x=2y-3
4, X+3 (accept _ x+3 x+3J
g (x= > y S T, Al N2
(b) METHOD 1
9(4) =5
evidence of composition of functions
f(5) =25
METHOD 2

fog(x) =(2x-23)

A2

N2

AGNO

(M1)

(A1)

ATAIAIATAINS

(M1)

(M1)

AIN3

(M1)

(MI)
AIN3

(A1)
(M)
AIN3

(M1)

[16]



fogd)=(@2x4-3)° (A1)
=25 AIN3
32) ezx(x/é sinx+cosx) =0 (AL
€% = 0 not possible (seen anywhere) (A1)
simplifying
eg. J3sinx+cosx=0,+/3sinx=-cosX, Shx =i Al
—Ccosx 43
EITHER
t L Al
anx=——=
J3
= sn A2 N4
6
OR
sketch of 30°, 60°, 90° triangle with sides 1, 2, J§ Al
work leading to x = 5—; Al
R < || S .
verifying 5 satisfies equation Al N4
33) @ attempt to form any composition (even if order is reversed) (M1)
3
correct composition h(x) = g[?x+1j (A1)
3x
—+1
2 1 1 3x+2
h(x) =4co -1 |4cog =x+=|-14co -1
() 3 [{2 ?JL{G Al N3
(b) periodis4n(12.6) AIN1
(c) rangeis-5<h(x)<3([-5, 3] A1AIN2
34) (3d evidence of substituting (-4, 3) (M1)
correct substitution 3 = a(—4)2 +b(-4)+c Al
16a-4b+c=3 AG NO
() 3=3Ga+6b+c,-l=4a-2b+c A1AININ1
16 -4 1 3
(© ) A=|36 6 1 B=| 3 |A1IALNIN1

4 -2 1 -1

(5]

[6]

[6]



(i)

(iii)

1 1 1
005 00125 —0.0625 20 80 16
Al=|-02 0075 0125 = —% % % A2N2
-06 01 15 3 1 3
5 10 2
evidence of appropriate method (M1)
eg. X = A'B, attempting to solve a system of three equations
0.25
X =|-0.5| (accept fractions) A2
-3

f(x) = 0.25x% - 0.5x - 3 (accept a=0.25, b=-0.5, c =-3, or fractions)  A1N2

(d)y f(x) =0.25(x - 1)2 —3.25 (accept h=1, k=-3.25, a=0.25, or fractions) AL1AIAIN3
[15]
= ’
A2 N2
(b)
Description of transfor mation Diagram letter
Horizontal stretch with scale factor 1.5 C
Mapsftof(x) + 1 D
A1A1IN2
(c) trandation (accept move/shift/dide etc.) with vector A1AIN2
(6]
36.)  evidence of appropriate approach M1
e.g. asketch, writing € -4 sinx=0
x=0.371,x=1.36 A2A2 N2N2
(5]

37)

@

attempt to use discriminant (M1)

correct substitution, (k — 3)2 —4xkx1(AD
setting their discriminant equal to zero M1



eg. (k=3)°-4xkx1=0K-10k+9=0

k=1,k=9 A1AIN3
(b) k=1,k=9 A2N2
[7]
B) @ O 90=€-2 (A}
=-1 Al N2
(i) METHOD1
substituting answer from (i) (M1)
eg. (f- g)(0) =f(-1)
correct substitution  f(-1) = 2(-1)% + 3 (A1)
f-1)=1 AIN3
METHOD 2
attempt to find (f o g)(X) (M1)
eg. (fo 9)() =f(e¥-2)=2e>*-2)°%+3
correct expression for (f o g)(X) (A2)
eg 2e*-20°%+3
(feg)(0)=1 AIN3
(b) interchanging x and y (seen anywhere) (M1)
eg. x= 2y3 +3
attempt to solve (M1)
eg.y’ =~
-3
19 = 3| X > AIN3
(8]
39) @
-
- q ; 1 1
I+
4
A2 N2
(b)  evidence of appropriate approach (M1)



40.)

41)

(b)

@

e.g. reference to any horizontal shift and/or stretch factor, x=3+ 1,y = %x 2

Pis(4,1) (acceptx=4,y=1)

METHOD 1

recognizing that f(8) = 1
eg. 1=klog, 8

recognizing that log, 8 =3
eg. 1=3k

k==
3
METHOD 2

attempt to find the inverse of f(x) = k log, x

eg.x=klog,y,y= 2{
substituting 1 and 8

eg.1=klog, 8, 2% =8

k= 1 (kZEJ
log, 8 3

METHOD 1

recognizing that f(x) = g

e g—Elog X
.g.3 31092

logo x=2

12
f 3 =4 (accept x = 4)
METHOD 2

attempt to find inverse of f(x) = % log, X

e.g. interchanging x and y , substituting k = % intoy= ZE

correct inverse
eg. fi(x) = 2% 2*

() coordinates of A are (0, -2)

(ii)  derivative of X2 — 4 = 2x (seen anywhere)

A1A1 N2

A1AIN3
(5]

(M1)

(A1)

A1IN2

(M1)

(M1)

AIN2

(M1)

(A1)

A2ZN3

(M1)

(A1)

A2N3
[7]

(A1)



(b)

(i1)

() correct (informal) statement, including reference to approachingy = 3
e.g. getting closer to theline y = 3, horizontal asymptoteat y = 3

evidence of correct approach
e.g. quotient rule, chain rule

finding f'(X)

(x* —4)(0) - (20)(2%)

eg. f'(x) = 20 x (=1) x (¢ — 4% x (2x),

aAf(x) =0

() reference to f'(x) = 0 (seen anywhere) (R1)

reference to f*(0) is negative (seen anywhere) R1
evidence of substituting x = 0 into f”(x) M1

o 40x4( -5
finding f'(0) = )’ =5 Al

then the graph must have alocal maximum AG

reference to f"(x) = 0 at point of inflexion,
recognizing that the second derivative is never O

2 2 4 .
eg. 40(3x" +4) £ 0, 3x +4¢0,x2¢ ——, thenumerator is

3
always positive

Note: Do not accept the use of thefirst derivative in part (b).

(d) correct inequalities,y<-2,y> 3, FT from (a)(i) and (c)

(b)

%
N
\ K
3 "\k

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) (accept x=2)

(x* ~4)*
substituting x = 0 into f'(x) (do not accept solving f'(x) = 0)

(M1)

A2

M1
AGNO

(R1)
AIN2

AIN1

A1AIN2

N3

[16]



43)

(©)

(d)

(i) period=8
(@iii) amplitude=5

() (2,0), (8,0) (accept x =2, x=8)A1IA1ININ1
(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
6.79 2 i
eg. J.g —f J. f (x)dx — J. g(x)dx, L ((—O.Sx +5x—-8- (SCOSZ 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.

q

O G
\ 3

\ 4*

\ .fz/' R
/ \fi /8
/

eg.aeaA+B-C, 12.7324 + 16.0938 — 1.18129...
area=27.6

N\

™.
™
..-"1

METHOD 1
In(x+5)+In2=1In(2(x+5)) (=In(2x + 10))
interchanging x and y (seen anywhere)
eg.x=In(2y + 10)

evidence of correct manipulation

eg. € =2y+10

x_10
f1(x)=2
(x) >
METHOD 2

(A1)
(M1)

(A1)

Al

A2N2
AIN1

AIN1

AlA1
(M1)

A2N3

A1A1
(MI)

A2ZN3

N2

[15]



44.)

(b)

@

(b)

(©)

y=In(x+5)+In2
y—-In2=In(x+5)

evidence of correct manipulation

eg e M?=x+5

interchanging x and y (seen anywhere)
eg. e M?=y+5

f_l(X) =ex—|n2_5

METHOD 1

evidence of composition in correct order
eg. (9°) (¥ =g(n(x+5+In2)
=" = p(x + 5)

(gef) (x)=2x+10

METHOD 2

evidence of composition in correct order

eg.(gf (="

=" 2= (x+5)2

(gef) () =2x+10

f)=30C+2x+1)-12 Al
=3¢ +6x+3-12
=3 +6x-9
() vertex is (-1, -12)A1A1 N2
(i) x=-1(must be an equation)
(i) (0,-9
(iv) evidence of solvingf (x) =0
e.g. factorizing, formula,
correct working

— 6+,
eg. 3(x+3)(x-1) =0, x:w

(-3,0),(1,0)

(A1)
(A1)
(MI)
Al N2
(MI)
A1A1 N2
(MI)
A1A1 N2
Al
AG NO
Al N1
Al N1
(M1)
Al
A1AININ1

[7]



45)

46.)

(d)

@

(b)

@

o<

- —12

Notes: Award Al for a parabola opening upward,

Al for vertex and interceptsin
approximately correct positions.

Pl 1] t=3 = =-12,t=3
q —_12,t— (acceptp=-1,9=-12,t=3)

evidence of attempting to solvef (x) = 0(M1)

evidence of correct working

1+4/9
2

eg. (x+1)(x-2),

intercepts are (=1, 0) and (2, 0) (accept x =-1, x=2)
evidence of appropriate method

eg. X, =%, X, =— %, reference to symmetry

X, =05

A1A1 N2
A1A1A1 N3
[15]
Al
A1AININ1
(M1)
Al N2
[6]



I

@

N
e

AN /
\\ >X
-2 -1 | 2 4
N

[
LN oo

I

M1A1 N2
Note: Award M1 for evidence of reflectionin
x-axis, Al for correct vertex and all
intercepts approximately correct.
(b) (i) g(-3)=f(0) (A1)
f(0O)=-15 Al N2
. . e -3
(if)  trandlation (accept shift, dide, etc.) of ( 0 j A1A1 N2

[6]

47) @



N

£
o=

al

A1A1A1 N3
Note: Award Al for passing through (0, 0), A1
for correct shape, Al for a range of
approximately [11 to 15.
(b) evidence of attempt to solvef (x) =1 (M1)
] ) sinx
e.g. line on sketch, using tanX=——
COSX
x=-0.207 x=0.772 A1A1 N3
(6]
48) (9 interceptswhenf (x) =0 (M1)
(1.54,0) (4.13,0) (accept x=1.54 x=4.13) A1A1 N3
(b)
Y,
; /\\
2 10 L/‘Z 3 4\ 56X
A1A1A1 N3

Note: Award Al for passing through



49.)

50.)

(©)

@

(b)

(©)

approximately (O, [J 4), Al for correct
shape, Al for a range of approximately
9to23.

gradient is 2

(i1)

(i)

(i1)

n=5 (Al
T=280x 1.12°
T=493
evidence of doubling
e.g. 560
setting up equation
eg. 280 x 1.12" =560, 1.12" = 2
n=6.116...
in the year 2007
2560000

(i) =10+ 906 915 (A1)
P =39635.993...
P =39 636

2560000

" 10+ 90e 017

P =46 806.997...
not doubled
valid reason for their answer
e.g. P<51200
() correct value A2

eg. @ ,91.4,640:7
280

setting up an inequality (accept an equation, or reversed
inequality)
P 2560000

eg.—<70

, <70
T (10+90e ¥ ) 280x1.12"

finding the value 9.31....
after 10 years

Al

Al
(A1)

Al

(A1)
Al

(A1)
Al

Al
Al
R1

N2

M1

(A1)
Al

N1

N2

N3

N3

NO

N2

[7]

[17]



i i
L

LAl AlA1A1 N3

Note:  Award Al for approximately correct (reflected) shape,
Al for right end point in circle, Al for through (1, 0).

(b) 0<y<35
(c) interchanging x and y (seen anywhere)
eg x=e""

evidence of changing to log form

eg.Inx=0.5y,Inx=1n eo'sy(any base), In x= 0.5y In e (any base)

f'l(x)=2lnx

51) (@ () attempt to substitute  (M1)
_29-15

2
a=7(accepta=-7) Al N2

(i) period =12
b= 21
12

eg.a

(iii) attempt to substitute
29+15

2

eg.d=
d=22

(iv) c=3(acceptc=9froma=-7)
Note:  Other correct valuesfor ¢ can be found,
c=3+12k ke Z.

(b) stretch takes3to 1.5
translation maps (1.5, 29) to (4.5, 19) (so M' is (4.5, 19))

© oty=7 cos% (t—45)+12

Note:  Award Al for % _A2for 4.5, AL for 12.

Other correct values for ¢ can be found

Al
M1

Al

Al

(A1)
Al

AG

(M1)

Al
Al

(A1)
Al

AlA2A1

N1

N1

NO

N2
N1

N2

N4

[7]



c=45+6k ke Z.

. -3
(d) trandation ( 10J (A2)
horizonta stretch of a scale factor of 2 (AL
compl etely correct description, in correct order Al N3

e.g. trandation ( 10j then horizontal stretch of a scale factor of 2

[16]
52) (3 evidence of obtaining the vertex(M1)
eg.agraph, x= — % , completing the square
f(x)=2(x+1)°-8 A2 N3
(b) x=-1(equation must be seen) Al N1
(© fx)=2x-1)(x+3) A1A1 N2
(6]
53) (3d
Y
3 5
2F
1 "/@\
3 2 -1 0 I 2
=]
_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
incircle 2.
(b) a=231 Al N1
(c) evidenceof usngV=n [[f ] dx M)
fully correct integral expression A2
231 . ) 231 )
eg. V= njo [x cos(X —sin X)] 2dx, V =nj0 [ (x)]2dx
V=590 Al N2
(8]

54) (@ (i) J6 Al N1



(b)
(©)

55) (@

(i) 9

(i) 0

Xx<5

(@°HX) =(vx-5)
=x-5

For areasonable attempt to complete the square, (or expanding) (M1)

eg. 3¢ - 12x+ 11 =3¢ - 4x + 4) + 11 - 12
f(x) = 3(x—2)°— 1 (accepth=2, k=1) A1A1 N3

(b)

2
o (2
.
M2=(_18
(12
esl\/l_[_18
s
+

0 -5
k=5 Al
57) (3
x=+7 (A1)
x=7 Al

(b)

(©)

(d)

METHOD 1
Vertex shifted to (2 + 3, -1 + 5) = (5, 4)

s0 the new function isS(x—S)2 +4 (acceptp=5,q=4)
METHOD 2

9() =3((x-3)-h)* +k+5=3((x-3)-2)°~1+5
:3(x—5)2+4(accept p=5q=4)

-1y 2 -1 2—1+k10_00Al
4)\-3 4 -3 4 01_00()
-6
19 A2
0 Al
24
k 0y (00 AL
0 k)] o0
N2
2 _
X° =49 (M1)
N3
=8
X=3
1
X= 95 2
1
X=—7=
25
1
X= =
5
log, (X(x=7))=3
log, (xz— 7X)=3

2°=8 (8=x*-7X)

AIN1
AIN1
A2ZN2

(MI)
AIN2
[7]

M1
A1AIN2

M1

A1AIN2
(6]

[6]

(MI1)
AIN2

(MI)
(A1)
AIN3

(M1)

(A1)



X’ —7x-8=0
(x-8)(x+1)=0(x=8,x=-1)
x=8

(a) Bvidence of completing the square (M1)
f(x) =20¢ - 6x+9) +5-18 (A1)
=2(x-3)°-13 (accepth=3,k=13) Al N3

Vertex is (3, -13)
x = 3 (must be an equation)

evidence of using fact that x = 0 at y-intercept

y-intercept is (0, 5) (accept 5)
METHOD 1

evidence of using y = 0 at x-intercept
eg. 2(x-3)°-13=0

evidence of solving this equation

, 13
eg (x-3) = >

13
x-3)=t |=
(x-3) >

13 V26

X=3% |—=3+t—
2 2

_ 6£26
2
p=6,q9=26,r=2
METHOD 2
evidence of using y = 0 at x-intercept
eg. 2~ 12x+5=0
evidence of using the quadratic formula

= 1244122 —4x2x5

X

2%x2
12+ /104 [ Gi\/%j
X=Tg T2

p=12,q=104,r=4(orp=6,9=26,r =2)

Al
(A1)
AIN3
[13]

A1AIN2
AIN1

(M1)
AIN2

(M1)

(M1)
Al

Al

A1A1AINA
(M1)
(M1)

Al

Al

ATAIAINA4
[15]



flx)

L
A1Al1 N2
Note: Award Al for the left branch, and Al for the right
branch.
1
(b) ogx)=—— +3 A1AIN2
X-2
: : . 1
(© () Evidence of usingx=0 (g(O)z—EJrSJ (MD)
evidence of solvingy =0 (1 + 3(x—-2) = 0) M1
1+3x-6=0 (AD)
3x=5
X= > Al
3
5 5 5 5
=— y=— —,0 0,—
Intercepts are x 3,y > (accept (3 J ( 2)) N3
(i) x=2 AIN1
y=3 A1IN1

(iii)



Iy
2

2 e >

R P T Y e
o
L

A1A1AINS

Note: Award Al for the shape (both branches), Al for the
correct behaviour close to the asymptotes, and Al

for theintercepts at approximately [g , 0] [0, gj .

[14]

60) (@
Y/

f

"l B
'IJ

Al1A1 N2

Note: Award Al for the general shape and Al for the
y-intercept at 1.
(b) x=3,x=-3 A1AININ1
(© y=21 A2N2
(6]



61) (& (fog:x Y 3(x+2) (=3x+6) A2 N2
() METHOD1

Evidence of finding inverse functions M1
X

eg. Fl(x) =3 g_l(x) =x-2

1 18
f (18 = E(z 6) (A1)
g '(18) =18 - 2 (= 16) (A1)
f'1(18) + g‘1(18) =6+16=22 A1IN3
METHOD 2
Evidence of solving equations M1
eg.3x=18,x+2=18
Xx=6,x=16 (AD(AD
f'1(18) + g‘1(18) =6+16=22 A1IN3

[6]

62) (9 using the cosinerule a®=Db?+c® - 2bc cosA (M1)

substituting correctly BC? = 65° + 104° - 2(65)(104)cos60° Al
= 4225 + 10 816 — 6760 = 8281
= BC=91m A1IN2
(b)  finding the ares, using %bcsin A (M1)
substituting correctly, area= %(65)(104)si n60° Al
= 1690/3 (accept p = 1690) AIN2
(©) 0] A= [%j (65)()sin30° Al
- o AG NO
4
. 1 .
i) Ax= [Ej (104)(x)sin30° M1
= 26X AIN1
(iii) stating A; + Ay, = A or substituting %{X + 26X = 16904/3 (M1)
simplifying % =1690v3 Al
= 4x16904/3 Al
169
= X = 40/3 (accept q = 40) AIN2
(d) (i)Recognizing that supplementary angles have equal sines
eg. ADC =180° - ADB = sinADC =snADBR1
(if)  using sin rule in AADB and AACD (M1)

. BD 65 BD sin30°
substituting correctly = = Al

- ~— = —— = =
sin30°  sinADB 65 snADB



DC 104 _ DC _ sn3(

d — = ~— = —— = =
sin30° snADC 104 snADC
since snADB = SnADC
BD_DC_BD_ 65
65 104 DC 104
BD 5
=—_—=2
DC 8

63) (a f*(x)=Inx A1 N1

(b) (i)Attempt to form composite (f - g) (X) =f (In (1 + 2x))(M1)

(fog =e""X=(=1+2x

1 mplityingy = e toy=1+ may eseenlnpart
() S lifvi In(1+ 2x) 2X( b .

(i) or later)

Interchanging x and y (may happen any time)

eg x=1+2 Xx-1=2y

R

64) @ @ 0 Al NI
. 1
(i) ~3
(b)

SN s

L REERE
—1
-2

-3

(©)

Al

(A1)
M1

Al

Al

A2

M1

Al

AGNO

(18]

N2

N2
(6]

N1

N2



65.)

@

(b)

A2 N2
(6]

Two correct factors AlAl
gy’ +y-12=(y+4)y-3), (29 +(2)-12= 2+ 42" -3
a=4,b=-3(ora=-3,b=4) N2
2°-3=0 (M1)

2=3

In3 log 3

= — | log, 3,——etc.

X Inz( 92 log 2 J AL N2
EITHER
Considering 2° + 4 = 0 (2° = —4) (may be seen earlier) Al
Valid reason R1 N1
eg this equation has no real solution, 2*> 0, graph does not cross the
X-axis
OR

Considering graph of y = 2% 4+ 2"~ 12 (asymptote does not need to
be indicated) Al

There isonly one point of intersection of the graph with x-axis. R1 N1
(6]



66.)

67.

68.)

69.)

@
(b)

(b)

(©)

@

(b)
(©)

@)

253250 (accept 253000)

1972 — 2002 is 30 years, increase of 1.3% — 1.013

Al

Evidence of any appropriate approach

Correct substitution 250000 x 1.013%°

368000 (accept 368318)

METHOD 1
f(3) =7
(9°H(@)=7
METHOD 2
@°1) ()= Jx+4"

(@-H@=7

For interchanging x and y (seen anywhere)

(=x+4)

Evidence of correct manipulation

eg X=.y+4,x°=y+4

fl=x-4

x>0

METHOD 1

N1

Using the discriminant = 0 (g° — 4(4)(25) = 0)

9% = 400
q=20,9g=-20
METHOD 2
Using factorizing:

(2x-5)(2x - 5) and/or (2x + 5) (2x + 5)

q=20,9g=-20
x=25
(O, 25)

x=-1, (-1,0), -1

Al

N1

(A1)(AL)
(M1)
Al

Al

(A1)
Al

(A1)
Al
(M1)
Al

Al
Al

M1

AlAl

M1
AlAl
Al
AlAl

N3

N2

N2

N2
N1

N2

N2
N1
N2

[6]

[6]

[6]



(b) () f (-1.999) = In (0.001)= -6.91A1 N1

@if)  All real numbers. A2 N2
(o) (4.64,1.89) AlA1l N2
(6]
70) (d
y
N
| =X
- \\
/ N
1
C}—R—l,l . \\ \t)
P 0 \\ X
5 4 B2 4 1 2 3~ 5
_// 1
-2
A1A1A1 N3
Notes. Award Al for left end pointin circle 1,
Al for maximum point in circle 2,
Al for right end point in circle 3.
(b) y=1(must bean equation) Al N1
© (03 AIA1l N2
(6]
71) (@ () p=1qg=5(orp=5,q=1 AlAl N2
(i) x=3 (must be an equation) Al N1
(b)  y=Kx-1kx-9
=x*-6x+5 (A1)
=(x-3)°-4 (accepth=3,k=-4) A1A1 N3
(c) %:2(x—3) (=2x-6) AIA1l N2
dy
(d Whenx=0, —=-6 (AD
dx
y-5=-6(x-0) (y=-6x+5orequivaent) Al N2

[10]



Notes:

(b) (i)

14

(i) x=7

| =

AlA1AlL

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.

y=3,x= g (must be equations) A1IA1 N2

(%or 2.33, alsoaccept(l—;,OD Al

(i) y= : (y=28) (accept(o,%jor(oiﬁ)} Al

(©) (i)

J.9+ 6 + ! > dx=9x+
2x-5 " (2x-5)

1
+C A

AlA1 N5

b
(i)  Evidenceof usingV = janyzdx (M1)

Correct expression Al

2
a 1 a 6 1
€g L n(3+ 2x—5) dX,TE.L (9+ 2x—5+ (2x—5)2JdX’

a

9x+3|n(2x—5)—;

2(2x-5) |,
Substituting | 9a+3In(2a-5)- ! _[27+3|n1_ 1} Al

2(2a-5) 2
Setting up an equation (M1)
9a—;—27+£+3In(2a—5)—3|n1:(§+3ln3}
2(2a-5) 2 3

Solving givesa=4 Al

N3

N1

N1

N2

[17]



(©)

(i)

(i)

p=2 Al N1
g=1 Al
(i) f(x)=0 (MI)
2- S’X =0 (¢-3-2=0) Al
X -1
X= —% X=2
1

(— > OJ Al
UsingV = I: my’dx (limits not required) (M1)

v=]: H[Z— x szx A2

2 x? -1

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) (2x)
(x*-1°?
- 3x22+ 3+26x2 AL
(x*-1)
o=t - X AG
(x*=D (x*=1

METHOD 1
Evidence of using f '(x) = 0 at max/min (M1)
30¢+1)=0(3¢+3=0) Al
no (real) solution R1
Therefore, no maximum or minimum. AG
METHOD 2
Evidence of using f '(x) = 0 at max/min (M1)
Sketch of f'(x) with good asymptotic behaviour Al
Never crosses the x-axis R1
Therefore, no maximum or minimum. AG
METHOD 3
Evidence of using f’ (x) = 0 at max/min (M1)
Evidence of considering the sign of f' (X) Al

N1

N2

N2

NO

NO

NO



f' (x) isanincreasing function (f ' (X) > 0, aways) R1

Therefore, no maximum or minimum. AG NO
(d) Forusingintegra (M1)
a a_, a3x*+3
Area= jog(x)dx (orjo f'(x) dxorIOWdXJ Al
Recognizing that J-Oag (X) dx=f (X) A2
0
Setting up equation (seen anywhere) (M1)
Correct equation Al
a3x’?+3 3a 2
——— dx=2, |2~ -12-0]=2,2a"+3a-2=0
o[y w2 [
a= 1 a=-2
2
a= 1 Al N2
2
[24]
74) (9 0] f(@=1A1 N1
i)y f@=0 Al N1
iy f@)=4 Al N1
(b)
N f=
2 L
/f
0 1 0 1 2 X
-1+
-2
A1A1A1 N3

Note: Award Al for approximate reflection of



finy=x, Al for yintercept at 1, and
Al for curve asymptotic to x axis.
(6]

75) (@ () h=3 Al N1

(i) k=1 Al N1
(b)) g =f(x-3)+1,5-(x-3)°+16-(x-3)% -x*+6x-3 A2 N2
(c)
¥
T
Vv

1
3 0 \ \ g X
M1A1 N2

Note:  Award M1 for attempt to reflect through
y-axis, Al for vertex at approximately (LI 3, 6).
(6]

76) (@ 1=Ae* Al

Attempt to find %A (M1)
dA ki
—=kAe
St it
Correct equation 0.2 = k Aq e Al
For any valid attempt to solve the system of equations M1
02 kA, €™
1 A
k=0.2 AG NO
(b) 100= %em Al
1= In10+1 _og0) Al N1

[6]



77)

(b)

(©)

(d)
(€)

20T |

10+

(i1)

-10+ |

201 |l

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 avertical asymptote at

approximately x = % :
() x=% (must be an equation)

jozf(x)dx

(iii) Vdid reason

(i1)

eg reference to area undefined or discontinuity
Note: GDC reason not acceptable.
15

() VZ“L f(x) 2 dx

V=105 (accept 33.3)

fr(x) = 26> - 10(2x - 1)

(i1)

(i) x=1.11 (accept (1.11, 7.49))
p=0,q=749 (accept0<k<7.49)

AlA1A1

Al N1
Al
R1

A2 N2
A2
AlA1A1Al

Al N1
AlAl

N3

N1

N1

N2
N4

N2

X\

[17]



78) (& METHOD1

Using the discriminant A=0 (M1)

K=4x4x1

k=4,k=-4 Al1A1 N3

METHOD 2

Factorizing (M1)

(2x £ 1)

k=4,k=-4 Al1A1 N3
(b) Evidence of using cos 2/ 1=2 cos’ (1 -1 M1

egZ(ZcosZD -1)+4cosl] +3

f(D)=4cosZE+4cosD +1 AG NO
(©) 0] 1 Al N1
(i) METHOD1
Attempting to solve for cos[] M1
cosl= — 1 (A1)
2
[1= 240, 120, — 240, —120 (correct four values only) A2 N3
METHOD 2
Sketchofy:4coszm+4cosE +1 M1
Ya
—3|60 —1|80 1é0 3é0 X
Indicating 4 zeros (AL
[J= 240, 120, —240, —120 (correct four vaues only) A2 N3
(d) Using sketch (M21)
c=9 Al N2

[11]

79) (@ D A2 N2
(b C A2 N2

o A A2 N2
(6]



80) (@ Vertex is (4, 8) A1A1 N2
(b)  Substituting —10 = a(7 - 4)° + 8
a=-2
(c) Fory-intercept, x =0
y=-24

8L) (3d METHOD 1
For f (-2) =-12
(9-f)(2)=9g(-12)=-24
METHOD 2
@-fy=2X-8
(9-f)(-2)=-24
(b) Interchangingxandy  (may be done later)
3
X=y -4

709 = Yx+4)

82) (3d
y
4
3 n
2 L
1 L
L L L L > X
0 1 2 3 4
=1F
2}
-3}
Note:  Award Al for approximate parabolic
shape with correct orientation, Al for
maximumwith25< x< 3,and1<y< 2.
(b) 3.19

(¢ p=189,9g=3.19

M1
Al
(A1)
Al

(A1)
Al

(A1)
Al
(M1)
Al

A2

AlAl

A2
A2

N1

N2

N2

N2

N3

N2

N2
N2

[6]

[6]



8) (@@

(b)

8) (3

(b)

8) (@

(b)

=6 (M)
x+2=¢

x=¢" -2 (=18.1)

l0g10 (102X) =log;p 500  (accept Ig and log for 10g,q)
2x = |Og]_0 500
x= 1 1ogy500 [=199500 _ a5
2 log 100

Note:  Inboth parts (a) and (b), if candidates use
a graphical approach, award M1 for a
sketch, Al for indicating appropriate points
of intersection, and Al for the answer.

(A1)

Al
(M1)
(A1)

Al

For attempting to complete the square or expandingy = 2(X — c)2 +d,

or for showing the vertex is at (3, 5)
y=2(x-3)°+5 (accept c=3,d=5)
0] k=2 Al N1
(i) p=3
(iii) q=5

METHOD 1
Attempting to interchange x and y
Correct expressonx =3y -5

X+5
f(x)= —
() 3

METHOD 2

Attempting to solve for x interms of y

+5
Correct expression X = yT

X+5

(%)= 3

For correct composition (g_lo HX)=(Bx-5)+2

(g f)()=3x-3

M1

AlAl

Al
Al

(M1)
(A1)

Al

(M1)
(A1)
Al

(A1)
Al

N3

N3

N2

N1
N1

N3

N3

N2

[6]

[6]

[6]



X+ 3

(c) =3x-3(x+3=9x-9) (A1)
X = 2 Al N2
8
(d) (i)
|
|
T [
|
|
T [
|
+ I
|
|
T |
I \
_____________ + —— -_— —_—f = = = — -
\ | y= 3
1 |
|
|
1 . /
|
L L 1 | % L
1 1 1 | 1 1
|
T : X=2
|
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)
G @) 3+In(x-2)+CBx+Inlx-2 +C) A1A1l N2
(i) [Bx+In(x-2)F (M1)
=(15+In3) - (9+1Inl) Al
=6+In3 Al N2
(f)  Correct shading (see graph). Al N1
86.) (d METHOD 1
Note:  There are many valid algebraic approaches
to this problem (eg completing the square,
using X = _2—: ). Use the following mark
allocation as a guide.
, . ady
[ Using— =0 M1
() Usng = (M1)
-32x+160=0 Al

(18]



(b)

(©)

(d)

(€)

x=5 Al
(i) Yimex = —16(5%) + 160(5) — 256

Ymax = 144 Al

METHOD 2

(i)  Sketch of the correct parabola (may be seenin part (ii)) M1
x=5 A2

(i) Yma =144 Al
() z=10-x (acceptx+z=10) Al N1

(i) Z=x+6 —2xXx6xc0sZ A2

(iii)  Substituting for z into the expression in part (ii) (M1)
Expanding 100 — 20x + X*= X* + 36 — 12X cos Z Al
Simplifying 12x cos Z = 20x — 64 Al
Isolating cos Z = % Al
cosz= 210 AG

3X

Note:  Expanding, simplifying and isolating may
be done in any order, with the final A1
being awarded for an expression that
clearly leads to the required answer.

Evidence of using the formulafor area of atriangle

(A:%xGxxxSinZJ M1
: 2 1 2 P~ 2

A= 3xst(A = 2 x36X°x Sin Zj Al

A% =9 sin’ Z AG

Using sn°Z=1-cos’ Z (A1)

Substituting X160 ¢ cosZ Al

Al

~ (5x=16)". ( 25x%—160x+ 256
for expanding T3 to N

for smplifying to an expression that clearly leads to the required answer Al
eg A% = 9x* — (25x° — 160X + 256)
A® = -16x" + 160x - 256 AG

() 144 (is maximum value of Az, frompart (8)) Al
Amax =12 Al
(ii) Isosceles Al

N2

N1

N2
N1

N2

NO

NO

N1
N1

[20]



87.)

88)

89.

@

(b)

(b)

() m=3 A2 N2
i)y p=2 A2
Appropriate substitution M1
eg0=d(1-3)°+2,0=d5-3)°+2,2=d(3-1)(3-5)

d=_1 Al
2
METHOD 1
5*1=5 Al
Xx+1=4 (Al)
x=3 Al
METHOD 2
Taking logs Al
eg X+ 1 =1logs 625, (x + 1)log 5 = log 625
log625
= X+1=4
x+1=— g (erl=d) (AD
Xx=3 Al
METHOD 1
Attempt to re-arrange equation (M1)
3x+5=a’ Al
2
X:a -5 Al
3
METHOD 2
Change baseto givelog (3x + 5) = log a (M1)
3x+5=a" Al
2
= a -5 Al
3
Evidence of attempting to form composition  (M1)
5(3x-2)
Al

Correct substitution (h - g) (x) = (3x-2)-4

N2

N1

N2

N2

N2

N2

[6]

[6]



3x-2 15x-10 3x—-2
= i ) == = 3 2) Al N2
(3x—6) 3x—6 3(x-2)
(b)  Evidence of using numerator =0 (M1)
eg15x-10=0(3x-2=0)
x=§ (=0.667) A2 N3
(6]
90.) (a g=0 Al N1
(b)  Attempting to subgtitute (3, 18) (M1)
m3®+n3®+p3=18 Al
2im+9n+3p=18 AG NO
(0 m+n+p=0 Al N1
-m+n-p=-10 Al N1
(d) (i Evidence of attempting to set up amatrix equation(M1)
Correct matrix eguation representing the given equations A2 N3
27 9 3)m 18
eg| 1 1 1jn|= O
-1 1 -1){p) (-10
2
(i) -5 A1A1A1 N3
3
(e) Factorizing (M1)
egf (x) = x(2¢ - 5x + 3), f (X) = (¢ - X)(rX — 9)
r=2 s=3 (accept f (X) = x(x — 1)(2x — 3)) Al1A1 N3
[14]
91) (@
y
2]
Q
14
P




92)

(b)

(©)
(d)

(€)

(b)

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.
() Correctly finding derivative of 2x + 1ie2 (Al)
—X

Correctly finding derivative of e *ie —e

Evidence of using the product rule

fr(x)=2e "+ (2x+1)(-e )

=(1-2x)e"~
(i) AtQ,f'(x)=0
x=05,y =26
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) = [ )x+1(=—0.2172x+1)

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

-3
Shaded areais J-03[(2x+1)e‘X - (7e 3 1X+1D dx

=0.529

(feg:x VY 3(x+2) (=3x+6)A2 2
METHOD 1

00=3 g00=x-2

.. 18
f(18) = 3

AlA1A1

(A1)
(M1)

Al

AG
(MI)
AlA1

A2
M1

R1
AG

(A1)

(A1)

Al

M2
Al

Al

(M1)

Al

N3

NO

N3
N2

NO

N4

[21]



gl(18) =18 -2 Al

f(18) + g (18) =6 +16 Al
f7(18) + g (18) = 22 AG 4
METHOD 2
3x=18,x+2=18 (M1)
X=6,x=16 AlAl
f7(18) + g'(18) = 6 +16 Al
£71(18) + g(18) = 22 AG 4
(6]
93) (d
Ya
6
5
A
]
\ 1 /
> X
B 2 -1 1 2 3
AlAl 2
Note: Award (A1) for the general shape and (Al) for the j-
intercept at 1.
(b) x=3, x=-3 AlAl 2
(o y=>1 A2 2
Note: Award N1 for y > 1.
(6]
94) (@ For areasonable attempt to complete the square, (or expanding)

- 12x+ 11 =30 — 4x + 4)+ 11 - 12
=3(x-2)°-1 (Accepth=2,k=1) AlAl 2

() METHOD1

Vertex shifted to (2 + 3,-1 +5) = (5, 4) M1

so the newfunctionisS(x—5)2+4(Acceptp=5, q=4) AlAl 2
METHOD 2

g(x) =3((x=3) -’ +k+5=3((x-3)-2)°~1+5 M1
=3(x—5)?+4 (Accept p =5, q = 4) AlAl 2

[6]



%) (@ () p=@1x+2)-(1+e*A2 2
Note: Award (A1) for (I + € — (10x + 2).

. dp_ 2X
(i) 5=10-2 A1A1
9 _ 0 (10-2¢*=0) M1
dx
x= 122 (= 0809 AL 4
(b) 0] METHOD 1
x=1+¢> M1
In(x-1) =2y Al
In(x-1 In(x—1
NOE —(2 )(A||0Wy= (2 )J Al 3
METHOD 2
y—1=¢* Al
Iny=9 _ M1
2
In(x-1 In(x—-1
f‘l(x) = %(Allow y=%} Al 3
. _In(5-1 _1 2)
(i) a= > (— 21n2 M1
= 2 x 212 Al
=1n2 AG 2
. b 2
(9 UsingV= [ mydx (M1)
In .
Volume = IO 2ﬂ(l+ e?)?dx (orjoososn(1+ er)dej A2 3

%.) (a) y=-2x 8
gradient of line L, =-2 (A1) (C1)
Note: Award (A0) for —2x.
() METHOD 1
(y-v) ™(x %) & (4) -2(x=6 (M1)
y+4=-2x 12 (A1)
y=-2x 8 (A1) (C3)

[14]



METHOD 2

Substituting the point (6,~4) in Y =MX+C ie -4 =-2(6) +b (M1
b=8 (A1)
y=-2x 8 (A1) (C3)
(c) whenlinel, cutsthe x-axis,y =0 (M1)
y=-2x 8
x=4 (AD (C2
(6]
97) (@ interchanging x and y (may happen later) x=¢e"*'-8 (M1)
e =x+8 (A1)
In(ey’ll):ln(x+8) (A1)
f(x) =In(x+8)+11 (A1) (C4
(b) Domainis x>-8 (A2 (C2
Note: Award (A1)(AQ) for x= 8. "

%) @ ()

(A2) (C2)

|
N
I
H
|
o
I
l—\
N
w
N
K
\'
m—
>.<V

(A2) (C2
(b) A (3,2) (Accept x=3, Y=2) (A1)(AL) (C2)



99,

100.)

@

(b)

(©)

@

(b)

(i)

p=-2 =4 (or p=4,4=-2)
y=a(x+2)(x-4)
8=a(6+2)(6-4)
8=16a

(i)

1
a==
2

(iii) =%(X+2)(X—4)

(i)

(i1)

1.5
=—(x"—-2x 8
y2( )

2

1
==X"—-x 4
y 2

(i)

x-1 F
x=8,y=20 (Pis(8, 20))

(AD(AL) (NL)(N1)

(M1)

(A1)

(A1)

f—‘i =x-1 (A1) (N1)

(M1)
(AL)(A)

(iwhen x = 4, gradient of tangent is 4 — 1 = 3 (may be implied)(A1)

gradient of normal is —%

[

|

y-0 =<(x 4 -

(JO“H
wlh

O
it
lx2—x 4 4

Lo 2

2, 16
2 3 3
3x*-4x 32 0 (may beimplied)
(Bx+8)(x-4) b

G

X=——orx %4

X ( 267)

wloo wloo

p=-landg=3(orp=3,q=-1)
(accept (x + 1)(x[13))
EITHER

%—x 3 (or sketch/graph)

(AD(AD)

(A1)

(A1)

(M1)

(A1)

(A1)

(C2)

[6]

(NI1)

(N1)5

(N2)4

(N3)

(N2)6
[15]



101))

102.)

(©)

@

(b)

(©)

by symmetry
OR

differentiating % =2x-2=0

OR
Completing the square
¥+ 2x-3=xX-2x+1-4=(x-1)°-4
THEN
x=1lLy=-4 (soCis(1, - 4))
-3
(accept (0, [13))

METHOD 1

(feg)(H=f(g4)=1()
=2
METHOD 2

2
(f°g)(X)=§

(feg)(4=2

B

Lety=

w

X—

1
Correct simplificationy(x — 3) = 1 [X—3=;)

1.3 {:1+3yj
y y

Interchanging x and y (may happen earlier)

y=l+3 (:1+3xj
X X

xz0 (R\{0} etc)

10000e ®*=1500 (A1)
For taking logarithms
-03tine=1In0.15

(M1)

(M1)

(M1)

(AD(AD(C2)(C)
(A1) (C1)

[6]

(M1)
(A1) (C2

(M1)

(AD) (C2)

(A1)

(A1)
(M1)
(&)

(A1) (C1
(6]

(M1)
(A1)



t=|n0.15

Al
03 (A1)
=6.32 (A2)
7 (years) (A1) (Ce)
Note:  Candidates may use a graphical method.
Award (A1) for setting up the correct
equation, (M1)(Al) for a sketch, (Al)
for showing the point of intersection,
(A1) for 6.32, and (A1) for 7.
103) (@ b=6 (A1) (C1)
(b)
A B
1 1 /I S X
(A3) (C3)
() x=105 (accept(1.05,-0.896)) (correct answer only, no additional
solutions) (A2 (C2
104) (@ METHOD 1
Finding gradient m= ———(=5) Al
inding gradient m= 10 2 (A1)
y-13=5(x-2) (M1)
y=Bx+3 (AG) (NO)
METHOD 2
uz =13 and uy; =53 (M 1)
u=3andd=5 (AL
y=5x+3 (AG) (NO)

Note:  Award no marksfor showing that (2, 13) and
(10, 53) satisfyy = 5x + 3.

(b) 3kg (AL) (N1)



(c) Increaseis5 kg (per week) (A1) (N1

(d 98=5x+3 (M1)
5x =95
x=19 (A1) (N2)
(6]
105) (@) () x=10 (A1) (NI)
(i) y=8 (A1) (N
(b) 0] 6.4 (or (0,6.4)) (A1l (N1
(i) 8(or(8,0)) (A1) (N1
(©)
|
|
__y:______|___
- —1(0,6,9 |
|
(8, 0)!
\
|
I
X
|
(AD(AD(AL)(AL) (N9
Note:  Award (Al) for both asymptotes
correctly drawn, (A1) for both
intercepts correctly marked,
(A1)(A1) for each branch drawn
in approximately correct
positions. Asymptotes and
intercepts need not be labelled.
(d) Thereisavertical translation of 8 units.
0
(accept trandation of [ SJ) (A2) (N2
[10]

106.) (@) x=143
(b) f'(x=0

(A2) (N2

fr(x)=12x - 12 - 60x-36  (may beimplied) (A1)



107))

(©)

(d)

()
(f)

Setting first derivative equa to zero

fr(x) =12 - 123 - 60x-36=0

x = =1 (is other solution)

f’(x)=0

f(x)=36x° - 24x—60  (may beimplied)
Setting second derivative equal to zero

f'(x) = 36x° - 24x - 60 =0

ng —1

(-1, 125) (orx=-1,y=125)

Note: Award no marksif thisanswer is seen
together with extra answers.

x=4,x=143 (alow ft from part (a))

1
tangent to graph of T horizontal = tangent to graph of fis

horizontal

=X=3

()]

S

@

(b)

n

il

¥

N

(@
(b)
(@
(b)

(MI)

(AD) (N2)

(A1)
(MI)

(AD(AL) (N3)

(AD(AL) (N2

(AD(AD) (N2)

(MI)
(A1) (N2)

(AD(AL) (C2
(AD(A3) (C4)

Note: Award (A1) for the correct line, (Al) for using the given domain.

Correct domain
EITHER

(A1)

[15]



The correct line drawn
OR

g(xX)=f(x+3)-2
=(2(x+3)+1)-2
=2Xx+5

Candidate’s line drawn

OR

g(-3)=-1 g(-1)=3
Linejoining g (-3) and g (1) drawn

108) Discriminant A = b% - dac (= (~2K)* - 4) (A1)
A>0 (M2)
Note: Award (M1)(MO) for A = 0.
(2K -4>0=45-4>0
EITHER
4> 4 (8 > 1)
OR
Ak-1)(k+1)>0
OR
(2k-2)(2k+2) >0
THEN

k<-lork>1
Note: Award (A1) for -1 < k <1.

109) (@ () 2420 (A1)

(i) 1420+ 100n > 2000
n>58

1999 (accept g™ year or n = 6)

(A3)

(M1)
(A1)
(A1)

(A1)(AL)
(AD)

(A1)

(A1)

(A1)

(AD(AL) (Ce)

(M1)

(A1) (N1)3

Note: Award (AQ) for 2000, or after 6 years, or n = 6, 2000.

(b) (i) 1200 000(1.025)™ = 1 536 101

(accept 1 540 000 or 1.54(million))
. 1536 101-1 200 000 100
(i 1200000 )
28.0% (accept 28.3% from 1 540 000)

(i) 1200 000(1.025)" > 2 000 000 (accept an equation)

2
nlog 1.025 > log (EJ = n>20.69

2014 (accept 21% year or n = 21)

(MI)

(A1) (N2)

(MI)
(M1)(AL)

(A1) (N3)7

Note: Award (AQ) for 2015, after 21 years, or n= 21, so 2015.

[6]

[6]



(©) (i)

i) 1200000(1.025)"
1420+100n

= n>14.197
15 years

<600

110) (@)  y=2x+1

x=2y+1 (M1)
x1_,
2
_ -1
f 1 X :X_
() >

0 9(f(-2) 1(3
=3(-3?2 4
=23

© f(gx)=fEB¢-4
=23 -4) t

=6x" -7

111)
@

Note: Award no marksif candidates work in degrees.

1200000 — 845 (A1)
1420

(MD(MI)

(A2) (N2)5
[15]

(A1) (C2

(A1)
(A1) (C2
(A1)

(AD) (C2)
[6]

(AD(AD(AD(AL) (C4)



v

0.5 1 RS P 25 3
-1 5
-2
-3
-4
(b) 1.26,2.26 (AD(AL) (C1)(Cl)
112) (a) p =100¢’ (M1)
=100 (AD) (C2
(b) Rateof increaseis % (M1)
% =0.05x100e*® =5e>™ (A1)(AL)
Whent =10
% - 5eo.05(10)
dt
-5’5 (=824=5/e) (A1) (C4)
113) (a) 0] 1 (AD) (Cy
iy 2 (A (Cy
iy f'@H="f(2)(or f B)or f (8) (M1)
= (AD (C2
(b) There arefive repeated periods of the graph, each with two solutions,  (R1)
(ie number of solutionsis5 x 2)
=10 (Al (C2
114.) @ h=3 (Al)
k=2 (AD 2

[6]

[6]

[6]



by f(X)=-(x 9* =

=-x* 6x 9 2 (mustbeacorrect expression) (A1)
=-x* BXx 7 (AG)
() f'¥=-2x 6 (A2)

(d) (i)
entof L =1
gradlentofL—2
(i) EITHER

. . 1
equationof L is y=5x+c

c=-1.
1
=—x-1
y 2
OR
1
-1 =(x 4
y 2( )
(i) EITHER
1

-x* Bx 7 =X 1
2

2x*—11x 42 H (may beimplied)

(2x=3)(x 4) O (may beimplied)
Xx=15

OR

-x* Bx 7 —;=x 1 (or a sketch)

x=15

115) (a) 0] f'(x) =-6sin2x
(i) EITHER

f'(x) =-12sinxcosx
0 sinx Gor cosx &

(AD(AD)

OR

sin2x=0,
for 0<2x 2

THEN
xzo,E,n
2

(b) (i)

tangent gradient =-2 (A1)

(AD)(N2)

(M1)

(A1)

(A2) (N2)

(M1)

(AD)
(A1)
(A1) (N3)

(M1)

(A3)(N3)

(M1)

(M1)

(A1)(AL)(AL) (N9

trandation (A1)

[13]



in the y-direction of -1

(A1)

@i 111 (2.10 from TRACE is subject to AP) (A2) 4
[10]
116) @ () a=1- m(acceptl <0y} (A1)
(i) b=1+m (accept(l +710)) (A1) 2
(b) () [ h0odx- fhpgdx (MIADAD
OR
[,uh09cx+| fhegax] (MI)AD(AD
OR
[ uhedacr f(ax (M1)(AD(AD)
(i) 5.141..—( 6.1585..)
=5.30 (A2) 5
(©) (i) y=0.973 (A1)
(i) —0.240 « 9.973 (A3) 4
[11]
117) (@ x=e”’ (M1
Inx=-y (AL
y=fx) =-Inx (A1) (C3)
() (@-f) (0 =9€” (M1)
S (A2) (C3)
1+e”
Note: Award (M1)(Al) for = e—rxx (iefor (f-g) (X))
(6]
118) Method 1
b® - 4ac =9 - 4k (M1)
9-4k>0 (M1)
2.25>k (A1)
crossesthe x-axisif k=1or k=2 (AD(AL)
probability = % (A1) (Ce6)



Method 2

Ya

N\
7/

>x
(M2)(M1)
Note: Award (M2) for one (relevant) curve;
(M1) for a second one.
k=1or k=2 (G1(GY)
probability = % (A1) (Ce)
(6]
119))
sketch relation letters
() A F (AD(A1) (C2)
(i) C E (AD(AD) (C2
(iii) B D (AD(AD) (C2
(6]
120.) (&) Since the vertex isat (3, 1)
h=3 (Al
k=1 (Al 2
(b) (5 9 isonthegraph= 9 =a(5-3)°+1 (M1)
=4a+1 (Al
=>9-1=4a=38 (AD

=>a=2 (AG) 3



Note: Award (M1)(A1)(AQ) for using a reverse proof, ie
substituting for a, h, k and showing that (5, 9) is on the graph.

(€ y=2(x-3)+1
= 2%°— 12x + 19

(d) () Graph has equation y = 2¢ - 12x + 19

dy

— =4x-12

dx

(i)  Atpoint (5, 9), gradient =4(5) - 12 =8

(iii) Equation: y—9 =8(x-5)
8x-y-31=0
OR
9=8(5)+c
c=-31
y=8x-31

121.) One solution = discriminant = 0
F-4k=0 (A2
9 =4k

_ 9,1
k= Z(_24,2.25j (A2) (C6)

(M1)
(AG) 1

(A1)

(M1)(AL)

(M1)

(Al) 4
[10]

Note: If candidates correctly solve an incorrect equation,
award M2 AO A2(ft), if they have the first line or equivalent,

otherwise award no marks.

122)) (8 (1) p=2 (A2 (C2

(i) 10= 3%"2 (o equivalent)
g=10

(b) Reflection, in x-axis

123) (38 Initial mass=t=0 (Al)
mass=4(Al) (C2)
—0.2t

(b) 15=4e"* (or0.375=¢%)
In 0.375 = -0.2t
t =4.90 hours

[6]

(M1)
(AD) (C2)

(AD(AD) (C2
(6]

(M2)
(M1)
(A1) (C9)
[6]



124) (@ a=3,b=4 (Al
f(x)=(x-3°+4 Al (C2

(b) y=(x-3°+4

METHOD 1
x=(y-3)°+4 (M1)
Xx-4=(y-3)°
Jx—4=y-3 (M1)
METHOD 2
y-4=(x-3)° (M1)
y—-4 =x-3 (Ml)
Jy-4 +3=x
y=+x—-4 +3
= f )= Vx-4 +3 (A1) 3
© x>4 (A1)(C)

[6]

125) (@ f@)=2° (M1)
3

(@-1) (@)= -2
2°=-2
_8
== (D

_ 4
@HE=7 (C3)

(M1)

_ Yy
y-2
X(y-2)=y=y(x-1)=2x
2X
:y=m (A1)

—i—ZS Al) (C3
y_(5—l)_' (A1) (C3)

(b) x (M1)

Note: Interchanging x and y may take place at any
time.
(6]

126.) logy7 (x(x-0.4))=1 (M1)(AD)
¥ —04x=27 (M)
x=540rx=-5 (G2)
x=54 (Al) (C6)
Note: Award (C5) for giving both roots.
(6]



127) (@ (i) h=-1(A2) (C2

(i) k=2 (A1) (C1)
(b) al +1)?>+2=0 (M1)(A1)
a=-05 (A1) (C3)

[6]

128) (3 j:e'kx dx=[—%e"‘x} (A1)
0
== E*-H A
-2 € - (A

=—% (1-e(AG) 3

(b) k=05
(i)
/\y
~ 0D
1
20 1 2 3 %
(A2)
Note: Award (Al) for shape, and (A1) for the point (0,1).
(i)  Shading (see graph) (AL
1k
(iii) Area= [ €™ dx fork=05 (M)
1 0
= —(1-¢e"
o5t¢)
=0.787 (3 ) (Al)
OR
Area=0.787 (3 sf) (G2) 5
© (i) Y ke (an)
dx
(i) x=1 y=08 =08=e (A1)
In0.8=—k

k=0.223 (A1)
(i) Atx=1 % = -0.223¢ 05 (M1)
=-0.179 (accept —0.178) (A1)

OR



dy _

— =-0.178 or-0.179 (G2 5
dx
(13]
129) (8 2X%-8x+5=20¢-4x+4)+5-8 (M1)
=2(x-2%-3  (AL(AL(AL)
=> a=2, p=2 9g=-3 (C4
(b)  Minimum value of 2(x — 2)2 =0 (or minimum vaue occurs when x = 2) (MI)
= Minimum vaue of f (x) =-3 (A1) (C2
OR
Minimum value occurs at (2, —3) (M1)(AD) (C2
(6]
130.) METHOD 1
Using gdc equation solver for
€+ 2x-5=0, (M1)(AL)
x = 1.0587 (G3)
=1.059 (4sf) (Al (C6)
METHOD 2
Using gdc to graphy = € and y = 5 — 2x and find x-coordinate at point of
intersection. (M1)
\y
/
0
(M1)
x = 1.0587 (G3)
=1.059 (4 f) (A1) (Ce6)
(6]
6- X
6-y
=x= — (M1
x==—>  (M1)
=>y=6-22=¢"() (A) (C?
(b) (fo g'l) (X) = 4[(6 — 2xX) —1] = 4(5 -2x) = 20 — 8x (M1)(AD)
20-8x=4=>8x=16 (M1)
=>x=2 (AD) (CH

[6]



132)) 15% per annum = g% =1.25% per month  (M1)(Al)

Total value of investment after n months, 1000(1.0125)" > 3000 (M1)
=>(1.0125)" > 3
log(3)

log(1.0125)
Whole number of months required son =89 months. (A1) (C6)
Notes: Award (C5) for the answer of 90 months obtained from
using n — 1 instead of n to set up the equation.
Award (C2) for the answer 161 months obtained by using
simple interest.
Award (C1) for the answer 160 months obtained by using
simple interest.

nlog (1.0125) > log (3) => n> (MD)

133) (@ g(=2f(x-1I)

X 0 1 2 3
x-1 -1 0

f(x-1) 3 2 0 1
g9(0)=2f(-1)=6 (AD) (CD
g(1)=2f(0)=4 (A1) (Cy
g(@=2f(1)=0 (A1) (Cy
9(3=2f(9=2 (AD) (CD
(b)  Graph passing through (0, 6), (1, 4), (2, 0), (3, 2) (A1)

Correct shape. (AL

[6]



= 5
-1
-2
(C2)
134) (@ AtA,x=0=>y=snE)=sn() (M)
=> coordinates of A = (0,0.841) (A1)
OR
A(0,0841) (G2) 2
(b) sn(€)=0=>€&=mn (M1)
=> x=Inm(or k=m) (Al)
OR
x=InT(or k=m) (A2
(© () Maximum value of sinfunction=1 (Al)
. % _ X X:
(i) ax € cos(€) (AD(ALD
Note: Award (A1) for cos (€") and (A1) for €".
(iii) g—Oatamaximum (RD
dx
e cos(€)=0
=> & = 0 (impossible) or cos (€') = 0 (M1)
=>¢'= g => x=In % (A1)(AG)

d) 0 Area= j; sin(e¥) dx (AL)(AL)(AL)

[6]



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]
135) (@ X1 =-0.790 and x; =1.79 (AD(AL) 2
(b) ) a=-0.790 (Al
(i) b=179 (A2) 2
(c) When xislarge, the value of g (x) becomes much larger than the value
of 2. (R1)
3
As a conseguence, the value of 9 approaches 0.
Thusf (X) approaches 1. (RL(AG) 2
(d) ) AtA, x=-1 (Al)
(i) AtB,x=1 (A2) 2
(e)  Horizontal point of inflexion (A2)
OR
Gradient of tangent =0=>f'(x) =0 (A1)
Point of inflexion =f"x)=0 (AL 2
[10]
136.) y=(x+2)(x-3) (M1)
=x*-x-6 (Al
Therefore, 0 =4-2p+q (AD(AD (C2)(C2)
OR
y= XX —X—6 (C3)
OR
0=4-2p+q (A1)
0=9+3p+q (A1)
p=-1,9=-6 (AL (AL)(C2)(C2)

[4]



15.2

137) (@ oo - 14.8 million (M1)(Al) (C2)
152 .
(b) —(1. 027° - 13.3 million (M1)(AD) (C2
OR
14.8 .
m =13.3 million (M1)(AD) (C2
[4]
138) (@
Ya
2_
7 1 o T x
-1
-2
(A1)(AL) (CI)(CI)
(b) x=-1.29 (A2) (C2)
[4]
139.) J3-2x =5 (M1)
3-2x=25 (Al
2x=22 (A1)
x=-11 (A1) (C4)
OR
Lety= y3-2x
=y’ =3-2x (M1)
N y* (A1)
2
=) = _2X
1 3-25
=f (5= 5 (M1)
-_11 (A1) (C4)
[4]

140) (a)



YA
3.:

A
.
\L
N \
AN .
-2 - 0 1 2 3 X

15

2

25

(b)  Minimum: (l gj

Maximum: (2, 2)

141) (8  Vaue=1500(1.0525)° (M1)
=174887 (Al
= 1749 (nearest franc) (A1) 3

(A2)  (C2)

(b) 3000 = 1500(1.0525)" = 2 = 1.0525'

. log2
~ logl.0525
It takes 14 years.

=13.546

(© 3000=1500(1+r)"°  or
=92 =1+r or

Sr=Y2 -1 or
r = 0.0718 [or 7.18%]

142)) (a) 0]

y y=sin (1+sinx)

1 2 5 4 5 6 (pg

2(1+1)"°
log2=10log (1 +r)

log2
=100 —1

(A1) (C1)

(A1) (Cy
[4]

(M1)
(A1)
(A) 3

(M1)
(M1)

(A1)

(AD 4
[10]

Notes: Only a rough sketch of the graph isrequired (no scales



143)

(b)

(©)

@

(b)

(©)

(d)

(€)

necessary).
Award (A1) for any one (local) maximum.

Award (A1) for the minimum at % , (A1) for the second
minimum.
(i)  Maximum/minimum points at:
0.6075, 1.571, 2.534, 4.712 (GD(GL)(GL)(GY(AL)
Note: Award the (A1) if all four answers are correct to 4 <f.

() Seegraph (Al)
3t 4712
(i) jzgn(l+9nx)dxor J.O sin(1 + sin x)dx (A2
0
(i) 3.517 (G2
Foral x,-1 <sinx<1;hence 0 <1+sinx<2. (RD
Ontheinterval [0, 2] sinx = 0; hence sin (1 +sinx) =0 (RD

()  AP=(x-82+(10-6)> =Vx* —16x+80 (M1) (AG)

(i) OP=(x-0)%+(10-0)? =/x? +100 (A1)
~ 2 2 A2
cosOpA = AP~ + OP” ~OA (M1)
2APx OP

_ (x* —16x+80) + (x* +100) — (8 + 6°)

(M1)
2v/x2 —16x + 804/x2 +100
~ 2x* —16x+80 M1)
24/x2 —16x + 80/x? + 100

~ 2 —

COSOPA — X~ —8x+40 (AG)
JE(X? —16x + 80)(x2 +100)}

For x = 8, cosOPA = 0.780869 (M1)
arccos 0.780869 = 38.7° (3 <f) (AL
OR

.8
tan OPA = — (M1)

10
OPA = arctan (0.8) = 38.7° (3 ) (A1)
OPA =60°= cosOPA =05
x? —8x+40

05= 7= = (M1)

JI(x® —16x + 80)(x2 +100)}
2% - 16x + 80 — { (x* —16x + 80)(x +100)} =0 (M1)
X = 5.63 (G2)

(i) f(X) = 1when cosOPA =1 (R1)

hence, when OPA =0. (RY)

This occurs when the points O, A, P are collinear.(R1)

[16]



(i) Theline (OA) has equationy = %X
Wheny =10, x = %0 (=13%)
OR
40
X= ? (= 13%)

Note: Award (G1) for 13.3.

144.)

(M1)

(A1)

(G2 5

[16]

o]
Inn
w o,
©
I
I

145) METHOD 1

I09981+|ogg(%j +|0993=2_1+%

:>§—Io X
2 0]

3
=X= g2

=Xx=27
METHOD 2

log 81 + IOgg(%J +logg 3= IOgg[s{%jB}

=logg 27
=>x=27

146

(A1) (C1)
(A3) (C3)
[4]

(M1)

(AD)

(M1)
(AD) (C4)

(M2)

(AD)
(AD) (C4)
[4]



n-1+

m-1 m

><V

(a) y:O:x:Oorsing =0

X
= —=0,m

3

OR

From a graphic display calculator
y=0= x=9.43 (or x between 9 and 10)

=m=10

(b)  Ymax = 5.46 (or between 5 and 6)

=n=6

147) f(x)=26> Let
= 2= (A]

X
= |n(§j =3y (A1)
Ly lln(fj (A1)
3 12

1 X
thatisf " (X) 3 (Zj

148) (@ (i)

X= 2e3y(M 1)

(C4)

a=-3 (Al

(M1)

(A1)

(M1)
(AD) (C2
(M1)
(AD) (C2)
[4]

[4]



(i) b=5

(b) (i) f/(x) = -3’ +4x + 15 (A2)

(i) -3x’+4x+15=0
—(3x+5)(x-3)=0

5

X=—— orx=3
3

OR

x:—§ orx=3
3

(i) x=3=f(3)=-3+2(3% +15(3)
=27 + 18 + 45 =36
OR
f(3) =36

(©) (i) f'x)=15ax=0 (M1)

Line through (0, Q) of gradient 15
= y = 15X (AL
OR
y = 15x

(i) -+ 2+ 15x = 15x
=X +2¢=0
= % (x-2)=0
=>x=2
OR
X=2

(d) Area=115 (3sf)
OR

6 4 3 27
Area= j (—x3 + 2x% + 15x)dx = X X 15X
0 4 3 2 0

- BB 1153
12

149) (@ f(X)=x-6x+14

f(X)=x*-6x+9-9+14 (M1

f(X)=(x-3°+5 (M)
(b) Vertexis(3,5)

150) (a) Att=2 N=10e"®@ (M1
N =22.3 (3 f)

(A1)

(M1)
(AL)(A)

(G3)

(M1)
(A1)

(G2)

(G2)
(M1)

(A1)

(G2)
(G2)

(M1)

(A1)

(AD(AD)

[15]

[4]



Number of leopards = 22

(b)

(A1)

If N = 100, then solve 100 = 100e>*

10 = e04'
In10=0.4t
t= In10 5.76 years (3 &) (AL
04
151) (@) Lety=f(X)= vx+1
Exchange x and y and solvefor y.
X=4y+1 (M1)
= y+1
) =xX-1(ory=xX"-1) (Al
(b) Domain of f _1(x) =range of f (X) (M1)
=x>0 (Al
152) (@) Correct vertica shift  (AL)
Coordinates of the images (see diagram) (A1) (AD)
Ay
B(5, 4)
A ~
// )
/1B’(3,1)
// N 1
] i N %
v/ S
R A/ —
™ e
N A
A(=5, —4)
AN n
N i
A (-7,-7)
(b) Asymptote: y =-3 (AL

153)

@

[4]

[4]

[4]



7
//
/
— ////
~—_ 7 ‘
-1 —0.5/ 0 0.5 1 1.5 2 ;(
/

Note: Award (A2) for sine curve, (Al) for parabola.
(b) x=0.876726 (6 f) (M1)(A1)
Note: Candidates may use the ‘intersect’ function at the point of

intersection of the curves, or find the zero of x2 —-sinx=0.
(4]

154) (a)



ylk

4— 05<x<1 MAXIMUM
v AN 35<y<s POINT
3—
2_
integers Al)
1— on axis
I | I I | "X
LEFT ! 2 > : > RIGHT
_1—| INTERCEPT 3<X<35(AD) | 35x<4(AD) |\\TERCEPT
Al 3.2<x<3.6 MINIMUM
(AD) -0.2<y<0 POINT 5
(b) misasolutionif and only if Tt+ Ttcos Tt= 0. (M1)
Now Tt + Ttcos Tt = Tt + Ti(—1) (A1)
=0 (AD
(c) By using appropriate calculator functions x = 3.696 722 9... (M1)
= X = 3.69672 (6f) (AD
(d)  Seegraph: (A1)
J.;(n + X cosx)dx (A1)
(9 EITHER [ (m+xcosx)dx =7.86960 (6 ) (A3)
Note: This answer assumes appropriate use of a calculator eg
fnint(Y;, X, 0, m) = 7.869604401
‘fnint’:y .
withY, =11 + Xxcosx
OR I:(TI + 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)
155) (@) Whent =0, (M1)

[15]



h=2+20x0-5x0°=2 h=2 (Al 2

() Whent=1, (M1)
h=2+20x1-5x12 (A1)
=17 (AG) 2
© 0) h=17 = 17 =2+ 20t - 5t° (M1)
(i) 5t°—20t+15=0 (M1)
&5t -4t+3)=0
o (t-3)(t-1)=0 (M1)
Note: Award (M1) for factorizing or using the formula
ot=3orl (AL 4
Note: Award (A1) for t=3
(d) 0) h=2+ 20t - 5t°
dh
— — =0+20-10t
dt
=20 - 10t (A1)(AL)
(i) t=0 (MO)
dh
— — =20-10x0=20 (Al)
dt
... dh
— =0 M1
(i) = (M)
©20-10t=0<t=2 (A1)
(iv) t=2 (M1)
S h=2+20x2-5x2°=22=h=22 (A1) 7
[15]
156) (@) f @ =3x+5=2 (M)
x=-1 (A1) (C2)
(b) o(f (-4) =9(-12+5)
=9(-7) (Al)
=2(1+7)
=16 (A1) (C2
(4]

157) 4C +4kx+9=0

Only one solution = b’°—4ac=0 (M1)
16K% — 4(4)(9) = 0 (A1)
K¥=9
k=43 (Al)
Butgivenk>0,k=3 (Al (C4
OR
One solution = (4x2 + 4kx + 9) is aperfect square (M1)

4 + 4kx + 9 = (2x + 3)° by inspection (A2)



givenk>0,k=3

158) (@  Chasequationx=2" (A1)
iey=logox (Al (C2

OR Equation of B isx =logyy
Therefore equation of Cisy =log, X

(b) Cutsx-axis= logox=0
X=2°
x=1

Pointis (1, 0)

159) (@ y=(x-1)° (A2 (C?
(b))  y=4(x-1)°
© y=4(x-1)°+3

Note: Do not penalize if these are correctly expanded.

160.) From sketch of graphy =4 sin(Bx + gj

or by observing [sin | < 1.

k>4 k<-4 (AL)(AL) (C2)(C2)

(M2)

(AD) (C4

(A1)
(A1)

(A1)

(A1)

(A1)
(A1)

JAR\Y
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161.) Graph of quadratic function.

(C2)

(C2)

(C1)
(C1)

[4]

[4]

[4]

[4]



Expression + - 0
a v (A1) (Cy
c v (A1) (Cy
b® - dac v (A1) (C1)
b v (A1) (CI)
162.) Note: Areminder that a candidate is penalized only oncein this question
for not giving answersto 3 sf
(8  V(5)=10000 x (0.933") = 7069.8 ...
= 7070 (3 ) (Al) 1
(b) Wewanttwhen V=5000 (M1)
5000 = 10000 x (0.933)"
0.5=0.933" (A1)
log(0.5) —t [or In(0.5)
log(0.933) In(0.933)
9.9949 =t
After 10 minutes 0 seconds, to nearest second (or 600 seconds). (AL 3
() 0.05=0.933 (M1)
M =1=43.197 mi M1)(Al
l0g(0.933) t = 43.197 minutes (M1)(AD)
~ 3/4 hour (AG) 3
(d) 0) 10000 — 10000(0.933)>* = 0.693 (A1)
. . dv
@ii) Initial flow rate = ry wheret =0, (M1)
av _0.693 _ 603
dt 0.001
=690 (2 sf) (Al)
OR
dv
— =690 G2 3
pm (G2
163) (@ X -3x-10=(x-5)(x+2) (M1)(Al) (C2)
(b) X-3x-10=0= (Xx-5)(x+2)=0 (M1)
=>x=50rx=-2 (A1) (C2

164) (@ p=-2.0=2 (ADAD (@)

[4]

[10]

[4]



or vice versa

(b) By symmetry Cismidway between p, q

Note: This (M1) may be gained by implication.

— Yot 2
= x-coordinateis L = §

2 4

165) (@ p=3 (Al (C1)

(b) Area= J? 3cosxdx
_ P
~ [3sinx]é
= 3 sguare units

166) (g-f)(¥x)=0 = 2cosx+1=0 (M1)

= COSX=— (A2)

167.) (a) (i) f(x)= X

=2+ % by division or otherwise (M1)

Therefore as| x| —» o f (X) > 2 (A1)
=y =2isan asymptote (AG)

OR lim2X*L -

X—0 X —
= y = 2isan asymptote
OR make x the subject
yx—-3y=2x+1
x(y—2)=1+3y
_1+3y
X = y_2
= y = 2isan asymptote
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Note: Accept inexact methods based on the ratio of the

coefficients of x.
(i) Asymptoteat x=3
(i) P(3,2)

() F()=0=x=—x (—l,oj
2\ 2

(Al)
(Al) 4

(M1)(A)
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=0=f(X) = E[O—E} M1)(Al
x=0=f(9=-3 |0~ (M1)(AD)
Note: These do not have to be in coordinate form.
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Note: Asymptotes (Al)
Intercepts (Al)
“Shape” (A2).
o (x=3)(2) - (2x+1)
d f'(x= (x—3)2 (M1)
__—7 AL
- (X _ 3)2 ( )
= Slope at any point
Therefore slope when x = 4 is —7 (A1)
Andf(4)=9 ieg4,9) (A2)
= Equation of tangent: y— 9 = -7(x - 4) (M1)
7x+y-37=0 (Al)
(e 4aT, (x—3)? =—7 (M1)
= (x-3)°=1 (A1)
x—3 =+l (Al)
x=4or2 S(4,9) ATIAL
y=90r-54 T(2,-5) ADAD
(fy  Midpoint [ST] = ( > o J
=2
= point P (A1)

168) (7-x)(1+%) =0 (M1)
o x=7orx=-1 (A1) (CL)(C1)

B: x= 7+_1=3; (A1)
y=(7-3)(1+3)=16 (A1) (C2)
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169.) (a) I
(b)y 1l
(o v

Note: Award (C4) for 3 correct, (C2) for 2 correct, (C1) for 1
correct.

170.) In(x-2) >0 since we need to find its square root (M1)(R1)
=x-221 (Al
=x>3 (AD) (C8

Note: x > 3: deduct [ 1 mark] ([2 marks] if no working shown).

171) 1.023'=2 (M1)

In2
" In1.023 (MDA
=30.48...

30 minutes (nearest minute) (A1) (C4)
Note: Do not accept 31 minutes.

=t

172)  x=g (f (0.25))(M1)

= logz ((0.25)") (A1)

=Iogz@ (A1)

=-1 (Al
OR
Fx) =X (M1)
=g =f@)=2* (M1)

Therefore, 2% = 0.25 = 27 (M1)
= 2X=-2

—x=-1 (A1) (C4)
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