3(a) f(x) e R oe B1 | Must be using correct notation, allow y €
3(b) 5In(3x+1))-7=13 M1 | For correct order
et 1 2 | M1 for a correct attempt to solve to get
x= B x =, allow one sign error
Dep on previous M mark
A1 all correct must be exact
3 2
© | oo 2 M1 for —2
2x+1 2x+1
Al all correct
_ x+7 B1 | soi
(g'() =)
5
2+ 15x-3=0 M1 | for equating and forming a 3-term
quadratic equation = ()
x=0.195,-7.69 M1 | For solution of their 3-term quadratic
x=0.195 Al | For discounting negative root.
8(a) -1.5 B1
8(b) feR Bl | Allow yeR, R, —o<f(x)<® oe,
f(x)eR
8(c) In(8x+12) or 1r1(4(2x + 3)) B1 | May be implied

» e’ —12 2 | M1 for attempt to find the inverse,
£ (x)= 3 oc allow one sign error
Al allowy=...
Range: fls Iheir(—l. 5) B1 | Must be correct notation, follow
through on their (a)
£ (x)> their(-1.5) , ¥ > their(~1.5)
Alternative
1 (x) = -3 (3) | BI for e** or e ™
(x) B 2 ¢ M1 for attempt to find the inverse,
allow one sign error
Al allowy=...
Range: ' > Iheir(—l. 5) (B1) | Must be correct notation, follow

through on their (a)
' (x)>their(-1.5), y > their(-1.5)




8(d)

_11 0 In12

B1 for correct shape of f(x)in
quadrants 1, 2 and 3, with asymptotic

behaviour

B1 for In12 and lglor —1.3751n

correct position, must have a correct

shape.

B1 for correct shape of f~'(x) in
quadrants 1, 3 and 4, with asymptotic

behaviour

B1 for In12 and % or —1.3751n

correct position, must have a correct
shape and intersect at least once with

y=1f(x)

6(a)

f>-4

B1

Allowy>—-4or4<f< w
orfe(—4,oo)

6(b)

[ (%) =]%ln(x +4)

M1 for a correct method to find the
inverse, allow one sign error

Must be in the form of
3x=In(y+4) or3y=In(x*4)

Al allow y =

6(c)

//’.LM/”
3 . : X

A

1t
}!n-l

B1 for f(x) with correct shape in
quadrant 1, 3 and 4 and appropriate
asymptotic behaviour

B1 for -3 on the y-axis and %ln4

on the x-axis for f(x) must have the
correct shape

B1 for f'(x)with correct shape in
quadrant 1, 2 and 3 and appropriate
asymptotic behaviour

B1 for —3 on the x-axis and %ln4

on the y-axis for f™'(x) must have
correct shape and intersect at least
once




5(a) f>-4 2 | Mifor a valid method to find the least
value of x” +4x
Alforf>-4,y > 4orf(x) >4
5(b) g>1 Bl | Allow y>1lor g(x)>1
SO (1+e™) +4(1+e¥)[=21] Ml
e +6e™ -16=0 M1 | Dep for quadratic in terms of e** and
(el\’ +8)(32x - 2) =0 attempt to solve to obtain ¢** =k
) M1 | Dep on both previous M marks, for
1 attempt to solve e™* =k
x=—Ink
2
! Al
¥=1In+/2 or In22
13(a) (2 M1
(1] -1
[fe(x)=] =A< oe
i
X
5 | o~ 2 x Al | mark final answer
x)=|——or ——=
B() 3x 3x 3
13(b)(i) |f'>0 Bl
13(b)(1) | 242 —3xy-1=0 Bl
or 2y* =3xy—-1=0
Correctly applies quadratic formula: M1 | BT their 2x> —3xy—1=0 or
2y* —3xy—1=0 with at most one sign error
—(=3p)+ vy — —_
[x=] (537)% \/( 3y)” =421 oe in the equation
2(2)
or
=30 4(=3x)7 —4(2)(- )
[y=l oc
2(2)
Justifies the positive square root at B1
some point
Al | must be a function of x

3x+v9x” +8

f(x)=—"—""——"cao

4




9(a) >3 B1
9(b) Complete method: M1 | must be a function of x not y

Putting y = f(x)

and changing subject to x and swapping x

and y

or swopping x and y and changing subject

toy

1 Al

f'(x)= g1n(x -3)

[Domain] x > 3 B1 | FT their part (a) providing their part (a) is
of the formf >aorf = a, whereaisa
constant

9(c) theirIn(x—3) =1Inl soi M1 | FT their £ (x) of the form k In(+x £3),
or their(x—3)=¢" soi where k is a non-zero constant

or f(0)=3+¢e> soi

x=4 Al

9(d) Fully correct graph: B4 | B2 for correct exponential shape for f, in

7 y=1f(x) ,
4 .

Ist and 2nd quadrants, with correct
asymptotic behaviour soi

or B1 for a correct exponential shape for
f, in Ist and 2nd quadrants, with
asymptotic behaviour but to a clearly
incorrect line y = k soi

B1 for f' reflection of fin the line y = x
B1 for intercepts (0, 4) and (4, 0) and no
others; must have attempted correct

exponential and logarithmic shapes

Maximum of 3 marks if not fully
correct




1(a) -3<x<l  x>5 B1
1(b) 1 3 | B1 for a negative cubic function
—g(x+3)(x—l)(x—5) B1 for a cubic function
multiplied by %
B1 for (x+3)(x—1)(x-5)
1 B1
@ o L) (r 1) (x-5) For -+
2 2
BI | For (x+2)(x+1)(x-5)

1(b) 2<xg-1 B1

X>=5 B1
5(a) f>9 B1 | Allow y but not x
5(b) It is a one-one function because of the B1

restricted domain
5(c) x=(2y+3)" or equivalent M1 | For a correct attempt to find the

Inverse
Jx =3 M1 | For correct rearrangement
y =
2
—_ Jx =3 Al | Must have correct notation
2

5(d) x>9 B1 | FT on their (a)
5(e) f(ln (x+ 4)) =49 M1 | For correct order

(2ln( x+4)+ 3)3 — 49 M1 | For correct attempt to solve, dep on

previous M mark, as far as x =
In(x+4)=2
x=e’ -4 Al




10.

11.

B3 | B1 for correct shape of f or f*
B1 for symmetry
B1 for drawn over correct domain

Maximum of 2 marks if not fully
correct

N | [+]yr—T=y—4 soi M1
g (x)=4—x-1 Al
[Range] g! < 4 B1
[Domain] x > 1 B1
11(b)(i1) | In2[(x—4)*+1]+1) M1
In(2x* — 16x + 35) Al
11(b)(111) | Valid explanation, e.g. some of the B1
values in the range of f are outside the
domain of g
2 3 | Bl fi ti i
(a) y=—l(x+5)(x+l)(x—2) or nlega 1ve soil
2 B1 for — soi
2
B1 for (x+5)(x+1)(x-2)
or x* +4x*=7x-10
2(b) “S<x<-1 B1
x>2 B1




12.

13.

6(a) It is a one-one function because of the given B1
restricted domain or because x > —1
6(b) 4 | Bl for y=1f(x) for x>-1 only
B1 for 1 on x-axis and -3 on y-axis
for y=1f(x)
| B1 for y=f""(x)as a reflection of
y=f(x) in the line y =x, maybe
; implied by intercepts with axes
B1 for | on y-axis and —3 on x-axis
for y=1"(x)
3(a)(1) B1 | Must be using x
x>—
3(a)(i1) x=4In (zy — 1) M1 | For full method for inverse using
. correct order of operations
et =2 y—1
y=—|1+ ez}
x Al | Must be using correct notation
! (x)=—(l+e4] or £ (x)=%(l+</67)
xe R Bl
3(b) S2x-3+5=7 M1 | For correct order
22 4+3 M1 | Dep on previous M mark, for
X = 5 obtaining x by simplifying and
solving using correct order of
operations, including squaring
Al

7
XxX=— or 3.5
2




14.

8(1) f>-1 BL | or f(x)>—1, y>-1,(-1,%), {y:y;»—l}
8(11) | M1 | a complete valid method to obtain the
¢ = 5 oc inverse function
Al
y= ln(x—-'-1 or f'(x)= ln(x—-’-1 oe
5 5
Domain x>-1 or (—1,) B1 | FT their (i) or correct
8(iii1) g(l) =5s0 fg(]) = f(S) M1 | evaluation using correct order of operations
5¢° —1=741 Al | awrt 741 or 5¢° -1
8(iv) g2 (r) _ (xz + 4)2 4 M1 | correct use of g~
2 +8x2 +16+4 =40 M1 | DepMI1 for forming and solving a
(xg N 4)2 ~36 quadratic in x?
or
x'+8x7-20=0
(x* +10)(x* -2)=0
Al

x=%+/2 only




15.

16.

12(a)(i) | g>-9 Bl
12(a)(i) | x>1 B1
12(3)(111) [gf(x) :] 4(5x_2)J -9 B1
100x* —80x—38=0 M1
. 4549
S5x-2) =
or (5x-2) 2
(] ~(~80) ++/(~80)" —4(100)(-38)
B 2(100)
leading to 4+1j:]\/g oe only Al
or 1{2 + \/g] or better only
5 4
12(b)(1) | (They are) reflections (of each other) in B1
(the line) y = x oe
12(b)(i) | x? = y2 +1 or yz =x+1 Ml
x=[x]\y* +1 or y=[+]Vx? +1 Al
—/x? +1 nfww Al
Sa(1) fg B1
5a(i1) g’ B1
Sa(iin) £ B1
5a(iv) g’ B1
5(b)(1) Undefined at x=0 oe B1
5(b)i) | 4=a+b M1 | For attempt at h(1) and differentiation to
h'(x) :% and attempt at h’(1) obtain h'(1), must have the form
X
h'(x) =% oe
X
b=- Al | For both

a=12




17.

18.

10(1) gf(x):eﬂ_ln{ir—E)} _4 B1
their gf =5 M1
use Ina” = plna or e™ =g or Ine* = a B1 | correct use of log/exponential
relationship seen anywhere
3x+2=30r(3x+2)=9 Al | 3 may take the form of "™
9 may take the form of "™
1 onl Al
xX=—
3 y
10(11) e’ —2 M1 | find x in terms of y
X =
3
et -2 r Al | interchange x and y
3 (= f (T) or ZJ) correct completion
10(ii) e -2 ey M1 | their f'](x):g(x)
3
3™ —e* —10 (=0) Al | obtain quadratic in €”
must be arranged as a three term
quadratic in order shown
(Be"' +S)(e" — 2) (=0) M1 | solve for e*
x=In2 or 0.693 only Al
3 4 | B1 for either each row correct or each
A B C o
column correct — mark to candidate’s
v advantage.
v
v
v




19.

20.

9(i)

B3

B1 for each of p, g, r correct in correct format;
allow correct equivalent values.

If B0, then

SC2 for S(x - Z) - ﬁ
5 5

or SC1 for correct values but incorrect format

9(ii)

3

-0.2|0 3

B4

B2 for fully correct shape in correct position
or B1 for fully correct shape translated parallel to
the x-axis

B1 for y-intercept at (0, 3) marked on graph

B1 for roots marked on graph at —0.2 and 3

9(iii)

O<k<

. ( 64}‘
their| ——
5

B2

FT their (i)
: . . . 64
B1 for any inequality using their 5 or maxy

value is their 12.8s01

10(a)(1)

B2

B1 for correct shape

B1 for roots marked on the graph

or seen nearby provided graph drawn and one
root is negative and one is positive

10(a)(ii)

B1

10(b)(1)

B1

mark final answer




21,

10(b)(ii) | Correct method for finding inverse Ml _ _ a
function e.g. FT only if theirhg(x) of the form P where
) ] ) a, b and ¢ are integers
swopping variables and changing
subject or vice versa;
or
indicates (hg)'(x)=g 'h~'(x) and
finds g~'(x) :x_+1 and h™'(x) :i
3 X
Al . -
[(hg)"(x) :];[4“) oe isw or FT their (hg)™ (x) == oe
X
1 4+x .
[(hg) (x) :} 3y 0¢ W If M0 then SC1 for their hg(x) of the form
y= b oe leading to their (hg)'(x) of the
X
form y= 1sw
10(c) a cao B1
10(a)(i1) | Any correct domain B1
10(a)(i1)) | Any correct domain B1
10(b)(1) 4 B1 mark final answer
3x-1
10(b)(i1)) | Correct method for finding inverse M1 . _
function e.g. FT only if theirhg(x) of the form Py where
) . _ a, b and ¢ are integers
swopping variables and changing
subject or vice versa;
or
indicates (hg)'(x)=g 'h™'(x) and
finds g '(x) = xtl and h™'(x)= 4
3 x
Al _ —c
[(hg)*l(x) =]l(i+1} 0oe 1SwW or FT their (hg) l(x) 47X e
3\x bx
—1 4 +Xx .
[(hg) (x) =] e 0 SV If MO then SC1 for their hg(x) of the form
y= L ib oe leading to zheir (hg)”(x) of the
X
form y= 1SW
x—
10(c) a cao B1




22,

11(1) 2(4x-3)+1 M1
gf (x)= ( )
3(4x-3)-1
 8x-5 Al
T 12x-10
HGD) | p(3x=1)=2x+1 B1
or x(3y-1)=2y+1
(B3y-2)x=y+l1 M1
or (3x-2)y=x+1
1 x+1 Al
8 (x)_3x72
11(i11 B1
(i11) 4[2x+]]_3[=x_1]
3x-1
3x* -3x-6 oe Bl
3(x+1)(x72) M1
x=2 only Al




23.

8(1) 5<F(x)<6 or [5,6] oe B2 | Bl for 5<f(x)<p (p>5)
or for ¢ <f(x)<6 (¢<6)
8(i1) Y M1 | complete valid attempt to obtain the
X=sIn=+5 i i i in ¢ )
4 inverse with operations in correct
order.
y=4sin"'(x-5) Al
Range 0< y<2n B1
8(111) [ nj B1 [ HJ
2 sin——=+5 =11 for sin +5
sin 2 ( ) 1
L Tl
73) 1 )
sin =— for sin =k
4 2 4
a1 7 M1 | Dep
x =4sin 5 +§ oc for use of sin™' and correct order of
operations to obtain x. Allow one
+/—or x/ + sign error
x=m or3.14 Al | x=mand no other solutions in range




24,

25.

4@ | £>5, f(x)>5 B1
4(3)(11) b -5 :e_d’x or x—5 :e_41 B1
3
) — B1
—4x=ln('} 3 5] or —4y=ln[—]
| x-5 B1
leading to £~ (x)=——1
eading to f (x) 1 n( 3 ]
1 3
1 (x)=—=1
or f(x) n[x_s
or f'(x)=—(In3-In(x-5))
or f"l(x):——(ln(x—S)—lnEi)
Domain x>5 B1
4(b) ]n(x2 +5)=2 Bl
xP+5=¢" B1
x=1.55 or better or v/e? -5 Bl

2(x=1.5)" +0.5 isw

B3

or B3fora=2andb=15and c=0.5
provided not from wrong format isw

or B2 for 2(x—1.5)2+c where ¢#0.5
ora=2andb=15

or SC2 for 2(x—1.5)+0.5 or

2((): —1.5)2 + %] seen

or B1 for (x—1.5)2 seenor forb=1.5 or
forc=0.5

or SC1 for 3 correct values seen in
incorrect format e.g. 2(x—1.5x)+0.5 or

2(x*-1.5)+0.5




B3

B1 for correct graph for f over correct
domain or correct graph for f— 1 over
correct domain

B1 for vertex marked for for f— 1 and
intercept marked for for f— 1

B1 for idea of symmetry — either
symmetrical by eye, ignoring any scale or
line y = x drawn and labelled

Maximum of 2 marks 1f not fully correct

M1

FT their a,b,c, provided their a #1 and
a,b,c are all non-zero constants

or y—20.5 :(Jc—l.S)2 and reverses

variables at some point

f(x)=1.5—

x—05

Al

must have selected negative square root
only; condone y = ... etc.; must be in terms
of x

N8x—4

If MO then SC2 for f™'(x) = 6~
4

oc

or SC1 for

—~(=6)£,/36 - 4(2)(5-x) o
2(2)

£ (x) =

B1




26.

27.

6(1) veR oe B1 | Must have correct notation i.e. no
use of x
6(ii) y>3 oe B1 | Must have correct notation 1.e. no
use of x
6(iii) £~ (x)=¢" or g(4)=35 B1 | First Bl may be implied by correct
answer or by use of 35
f 1g(fﬁl) =e* Bl
6(iv) y-3 5 or X~ 3, M1 | valid attempt to obtain the inverse
—_—=X _— =
2 2 4
- x-3 Al | correct form, must be g™ (x)= or
gl (x)= " g (x)
2 y=
Domain x> 3 B1 | Must have correct notation
6(1) f2=1f(f) used M1 | numerical or algebraic
algebraic ([(x +2)* + 1]+ 2)* + 1
17 Al
6(i1) y=2 M1 | change x and y
X=—
2y—1
2xy—x:y—2—)y(2x—1):x—2 M1 | Mldep
multiply, collect y terms, factorise
x-2 Al | correct completion
)= = X
v=o L=e(x)]
6(iii) [(x+2)'+1]-2 Bl
gf(x)= ; oe
2| (x+2) +1]-1
2 M1
(x+2) -1 _8 their gf = 8 and simplify to
2(x+2) +1 19 19
5 ) quadratic equation
3(x+2)" =27 oe X +12x-15=0
solve quadratic M1 | Mldep

Must be of equivalent form

Al




