Pure Mathematics
Functions - Answers

1.
(a) One-to-one
(b) One-to-one
(c) One-to-many
(d) Many-to-many
(e) Many-to-one
(f) Many-to-one
2.
@ | f(x)z0 allow y 20 M1 >0 or 20 or 20
Al 2
. 1
()(@) . 2 Bl 1
(i) L 2=1 M1 squaring their (b)(1) in an equation
X
L =3 OE Al
X
1
X=— Al 3 CSO
3
@] y=+x-2
y2 =x-2 M1 attempt to 1solate; condone 1 slip
Xt = y-=2 M1 reverse X<y
y=x +2 Al 3
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(a)

(b)

(©)

(d)

(b)(@)

(i)

()@

(i)

0<f) < 2
5
y= 4 = 3x+3)y=4
3x+5 i
4-5
—XxX= 4
3y
4-5 ' )
Flo) =X 0<x<t]
3x | 5}[
f =
2(x) 3
~—+5
X
3x+5 4
4 3.5
x
15x* +18x+15=0
Uses 18 = 4x15=15 and so deduce no real roots
f{:xj;'aﬁ M1
Al 2
y=+2x+5
X=42y+5 M1
Y =2y+5 M1
=14 X _5
7 x)=— Al 3
x=0 BIF 1
h{x): fg{:x}
C 1
= |2 +35 Bl 1
4x+1
1)
2[ |+5=3
4x+1)
1
2 +5=9 M1
4x+1
1 -1
4x+1 ) either Al
4x+1:; or 16x+4=2
— — 1 .'r
x= 2 Or equiv Al 3

MI1A1

(2
M1
dM1
Aloe.

3
B1

(1)
M1
Al
M1 Al

G

For =0, f{x}}D

Correct; allow y =0, =0

xey

Aftempt to 1solate, squaring first
condone [: V= ]

ft their (a), but must be x

one correct step from (c)(1), squaring

Cs0
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(a) | (Rangeof ) =0 ‘ Bl ‘ 1 ‘
) | fg(x)=—— B1
' (x+2)
ii 1
(if) 4
(x+2)
2 M1
(x+2) ==
5 3
=TS Al Al
(c)(i) | Not one to one El
1
| *73 50 M1
y+2=— M1
1 1-2x"
y=7"2 { . l Al

OE

Maybe mn part (11)
Or

4(x+2)7=1

(2x+5)(2x+3)=0

OE

Xy

Afttempt to 1solate
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Solution Marks Comments
(@ | [f(x)]not 1-1 El OE
1
b | v=
)] 2x+1
_ 1
T 2y+l M1 swap x and y _
either order
2y+l=— M1 a correct next lme
’ x
: 11 11 )
= ———1]OE ":_[__1
PREELEn N R PSS
© [g'l(x)]i—(}_ﬁ Bl sight of #-0.5 OE
R | TR 1
d [ = Bl sight of or _
(@ ‘2x+1,J 2x+1 & t\_z_:;+1_;] (2x+1)
(2x+1)=(2x+1)"
or 2x+1=4x" +4x+1 one correct step, must be one of these four
1 Ml lines
or =
2x+1
or2x+1=1
x=0 Al CSO
7.
(a)y=3
™) v=3+Jx+22y-3=Yx+2=>x=(y-3) -2
=gl =(x-3)-2.
(x=3) with x > 3
Y= 3 - — v
© g(x)=x=3+x+2=x
=Sx+2=(x-3) 2> -Tx+
744421 T+421
=—— == only

?+J2_1

(d) a 2
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8.

@ | f(x)<3
(b)(® - 2
©ox+1
:Jc+1=E
y
x:g—l
y
Vg = 21222
x x
(if) {g‘l(x:l)qt—l
() 2
h=3 70
2 2
S a-x (2-x)(2+x)
(i) | (xeR), x=+2, x=-2

MI1Al

M1

M1

Al

Bl
M1

Al

Bl

2

Mlforf<3 x<3
Condone y, f, range

Attempt to obtain x as a function of y or
y as a function of x
x<»y at any stage

Any correct form

Condone omit “x is real” Allow x° =4
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Q Solution Aarks | Total Comments
@ | f(x)>-3 M1 *>-3°, “x>-3"or ‘f(x)=-3"
Al 2 Allow y > -3
b)) | y=e”-3
y+3=e™
In(y+3)=2x Ml swap x and y
ML attempt to isolate: In(y+.4)=Bx or
reverse
a1 OE with no further meorrect working
(f {1}_}_2111[x+3} Al 3 Condone y=_._.
Alternative
X—=X2—e—-3
+2eIne—+3«x
(M1) (M1)
In(x+3)
e (a1)
for putting their p(x)=1 from
i) | x+ 3=1 M1 Ay - . .
() kIn(p(x))in their part (b)(1)
x=-2 Al 2 CsSo
SC: B2 x=-2with no working, 1f full
marks gamed 1in part (b)(1)
, 1
@ | (ef(x)=) (& 3)+4 o
\ ) either  OE B1 1 substituting finto g
o1 ISW
3™ 5
- 1 —
(11) Sezr -5
1=3e* -5 OE M1 Correct removal of their fraction
e =2
2x=In2 ml Correct use of logs leading to jor= ].n%
x:%lnz OE Al 3 CSO  No ISW except for numerical
- evaluation
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10.

Q Solution Marks | Total Comments

f(1)=21

@ fgl,)s): 1} M1 sight of 1 and 21
1<f(x)=< 21 Al 2 allow f(x) replaced by £, ¥

63
b)(i =
®) | ¥=57
__63 M1 reversex, y
4y -1 Either order

x(4y —1)=63 or better M1 one correct step
Aoy 1(6 )
f {1)=1[ ?—11 OE Al 3 condone y =
1{ 63, ]

o 1063 )2

a 4'{_ X ]
63 4 4. or better M one correct step from their (b)(1) =1,
X orx=1(1)
(x=)21 Al 2 note: 21 scores 2/2

63
i fo(x)= -
©@ | (0=)7= Bl 1

(ii) ?3 -1
4x" -1
4x* —1= 63 or better M1 one correct step from their (e)(1) =1
x’ =16 OE Al eg (2x+8) (2x—8)=0,0orx==4
x=—-4 0ONLY Al 3
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11.

Q Solution Aarks | Total Comments
(@ | f(x)z0 M1 f(x)>0,f20,x20,y>0, range=0
Al 2 Condone y =0
. L(10)
) | fe(x)= z[ —J—s B1 1 No ISW
h J'- E
l = ‘JE =5 ] OE
. x A
(ii) /& ~5=5
N
20 _ s2.s M1 Cm‘rectly_sqummg thgl_r fe(x) and
x correctly 1solating their x term
x= % Al 2 No ISW
©a) | y=y2x-5
Swap x and y | .
Ml P © ¢ etther order
M1 Correctly squaring |
dpon X +5
(=) > Al 3
(i) =9 M1 Candidate must have scored full marks m
orif +/9 or 3 seen (2)(@) (ie no follow through)
x=3
and x =-3 rejected Al 2 Must see both
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12.

Q Solution Marks | Total Comments
@) | £(x) =In(2x-3)
2x—3=¢" M1 Either order:
2'1! 3o M1 M1 for antilog
. - M1 for replacing f(x) or y with x
(1 1« .
(=) S(E"+3) OE Al 3 Correct expression in x
@ | £7(x) >
x> 2 B1 1 Do not condone
3 3 3
)z, y>= x>
®=23, y>7 . x>3
3 a3
range>— - 5
(iif) y4
M1 Correct shape crossing y-axis and above
X-axis
/ Al 2 2 marked on the y-axis
o
. _y 2m(2e-3)
M) | (gf) =) e 4 M1 Correct composition
— ol(2x-3 _ .
= 4 ml PI by correct expression
=(2x-37—4 Al 3
@) | (f2)=) 1a2(e™ -4)-3) M1 OE correct composition
In(2e* —11)=In5
2e¥-11=5 OE Al Correct antilog of correct equation
e” =8
2x=In8
1 ] .
v=ling OE exact solution, e_g.
2 Al 3 3 E
In/8 or E].nz or In2?
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  y ≥ 3


  x ≫ 3

