C3
Chapter 2
Functions



Marks

Question

Scheme

Number

x=0y=-1

Ignore domain

MI AL (2)

p .
1-x )5
f™x —TJ
.2
(b) gf(x)=———-4 M1 Al
1-2x
3-4(1-24) |
= M1
1-24°
8x" -1
oo % cso | Al 4)
8x" —1 .
gt x> ; Ignore domain
1-2x
(c) 8x'-1=0 Attempting solution of numerator = 0 | M1
1 ..
x=- Correct answer and no additional answers | Al
dy (1207 )x 245" +(8x = 1) x 6x°
d) == e MI Al
dx (1-2¢°)
18x7
- Al
(1-2x°)
Solving their numerator = 0 and substituting to find Ml
Al

(5)
[13]




Question

Number Scheme Marks
5 (a) g(x)=1 B1 (1)
(b) fe(x)=1 (e"': J =3¢" +Ine” M1
I P * Al (2)
(fg:x —x’ +3-a"':)
(c) fg(x)=3 B1 (1)
(d) i(;\'z—5e“: ‘)= 2x+6x e"': M1 A1
dx )
2x+6xe” =xiet +2x
e” (6x-x")=0 M1
(= \ =0 6x—x = Al
x=0.6 AT A1 (8)

[10]




Question

Number Scheme Marks
6.
@/ = 3-2x V(x-5) = 3-2x Attempt to make x M
’ x-5 ’ (or swapped y) the subject
xyv—5y =3-2x
= 42y =345y = x(v+2) =3+5y Collect x terms together E_md M1
factorise.
5 3+ 5: 3+5:
:Y:3+31 Ly = + Sx 3+ 5x M oe
yv+2 x+2 x+2
(N
(b) | Range of gis -9< g(x)<4or -9<y<4 Correct Range B1
g g 2 y
(1)
(©) Deduces that g(2)is 0. M
Seen or implied.
g2(2)=g(0) =-6, from sketch. -6 Al
(2)
() | fz(8)=f(4) Correct order g followed by f M1
3-42) -5
:7472):::5 S N
(2)
(e)(1) Correct shape
1A
\ Bl
6
5 . (2.0})-({0}. ) B1
= X
(e)(11)
‘1.“ Correct shape
B1
2
/ Graph goes through ( {D} . 2} and
> . B1
/—6 x (6. fD} ) which are marked.
(4)
a1 e Either correct answer or a follow
® Domamn of g™ 15 -9<x<4 through from part (b) answer B1V"
(1)

[13]




4 (a)

®)

()

(d)

y=4—In(x+2)
In(x+2)=4—y
xX+2=e*V
x=e* V-2
fHx)=e**-2 oe

fg(x) =4—In(e* —2+2)

fg(x)=4—x?

fg(x) =4

M1
MIAL

(3)
Bl

(1)
Ml
dMIALl

(3)
B1ft

(1)




Question Scheme Marks
Number
4. [a) JJ“
(0.5)
M1A1
o (9
(2)
(b) | x=20 B1
2x-5=—(15+x) ;> x=-L1 MT:AT ce.
(3)
(€) | fe(2)=£(-3) = |2(-3)-3: = |-11] = 11 M1;A1
(2)
(d) g(x) =x" —dr+1=(x-2)" -4 +1=(x-2)" - 3. Hence g, =3 M1
Either g, =—3 or g(x) > -3 N
org(5)=25-20+1=6
-3<g(x)<6 or -3<y<6 A
(3)
[10]

(a) MIL: Vor \/ or \/ graph with vertex on the x-axis.

Al: (% {0} ) and ({0} i) seen and the graph appears in both the first and second

quadrants.
(b) M1: Either 2x—5=—(15+x) or —(2x-5)=15+x
(¢) ML1: Full method of inserting g(2) into f(x) = ‘2.\‘ - 5| or for mserting x = 2

nto ‘ 2(x* — 4x + 1) — 5|. There must be evidence of the modulus being applied.

(d) M1: Full method to establish the minimum of g. Eg: (x £ .a')2 +f leading to

g

Smin
find x and insert this value of x back into f(x) in order to find the minimum.
B1: For either finding the correct minimum value of g

(can be implied by g(x) = -3 or g(x) > —3) or for stating that g(5) = 6.

Al 3<g(x)€6or -3<y<6o0r-3<g<6. Notethat: -3 < x < 6 15 A0.

Note that: -3 < f(x) < 6 is A0. Note that: -3 > g(x) = 6 is A0.

Note that: g(x) = —3 or g(x) > =3 or x = —3 or x > — 3 with no working gains
MIBI1AO.

Note that for the final Accuracy Mark:

If a candidate writes down —3 < g(x) < 6 or —3 < v < 6, then award M1B1AQ.

If, however, a candidate writes down g(x) = —3, g(x) < 6, then award AQ.

If a candidate writes down g(x) = —3 or g(x) < 6, then award AQ.

= . Or for candidate to differentiate the quadratic, set the result equal to zero,




n

(a)

(5)

(c)

(d)

Alt:

L . : 4
Finding g(4) =k and f(k) = .... or fg(x)= ln{ - - IJ M1
x—3
[f(2) =In(2x2-1) fo(4) = In(4 - 1)] =1n3 Al (2)
y=In2x-1) = &' =2x—-1 or & =2y-1 M1, Al
)= 1(e" +1) Allow y=L(e"+1) Al
Domain x € R [Allow W | all reals, (-, o) | independent B1 4
It : Shape, and x-axis
l should appear tobe | Bl
f asymptote
: Equation x=3
3 g_eed‘ed, may s§e n BI ind.
2 =3 1agram (1gnore
-/3 ; others)
1 N Intercept (0. ) no
[7] 3, “x i . "
other; accepty=2% | Bl md  (3)
(0.67) or on graph
5
= -=3 = x=3% orexactequiv. Bl
X—23 .
2 1
=_3 =71 N T 117
3 3. = x= 23 orexactequiv. ML Al 3)
Note: 2=3(x+3)or 2=3(—=x—-3) o.e. is MOAO
Squaring to quadratic (9x* — 54x + 77=0) and solving M1; B1A1 (12 marks)




Question

Number Scheme Marks
4. (a) x —2x-3=(x-3)(x+1) Bl
o 2(x-)=(x+1) 2(x—1 x+1
£(x)= (roD)=(wtl) [ 2l xel MI Al
(x=3)(x+1) | (x=3)(x+1) (x=3)(x+1)
x—3 1
= = b 3 S0 /
(x=3)(x+1) x+1 Al @
1 1 . 1 h
(b) [0._— Accept 0<y<—, 0<f(x)<— etc.  BIBI (2)
. 4 T4 4
1
() Let y=£f(x) y=—
x+1
|
A‘:—
y+1
yx+x=1
l—x 1 _
y= or —1 | M1 Al
x x
Fi(x)= =X
R
Domain of £ is [0,—J ft their part (b) | B1 ft (3)
@ fo(x) = —
2x"—3+1
1 .
=Z M1
2x* -2 8
¥ =5 Al
x=%V3 both | Al (3)

[12]




Question Scheme Marks
No
7 (a) 2x2+7x—4=2x -1 (x+4) Bl
3(x+ 1) 1 3@+ -(Qx—1) Ml
2x—-Dx+4) (x+4)  (2x—1D(x+4)
_ xt+4 Ml
(2x—1)(x+4)
-1 Al*
2x—1
. 4
(b) y = Qx_lby(Zx—l):l:S 2xy—y=1
2ay =1 1ty
= lhy=x=—0 MIMI
1+x Al
OR f(x) =
YORf() = —
(3
(c) x=0 Bl
. . 1)
(d) 2n(xt)-1 7 Ml
In(x+1)=4 Al
x=e*—1 MIA1
4

12 Marks




Question

Number Scheme Marks
6. (a) y=In(4-2x)
e’ =4—2x leading to x =2 —%e"' Changing subject and removing In | M1 Al
1. . 1 .
y=2——e" = f 1>2--¢e" * €S0 Al
. 2 2
Domain of ™ is O Bl C)]
(b) Rangeof £ is £ '(x)<2 (and £ *(x)e D) Bl 1)
(c)
£-3(x)
¥
—L Shape | Bl
T 15| BI
. In4 | Bl
In 4 *
s \ Bl (4
II
(d) x ~-03704, x,~-03452 cao B1.Bl (2)
If more than 4 dp given in this part a maximum on one mark is lost.
Penalise on the first occasion.
(e) x,=-0.35403019 ...
x, =—0.35092688 ...
x, =—0.35201761 ...
x, =—0.35163386 ... Calculating to af least x, to at least four dp | M1
k~-0352 cao | Al 2)
[13]
Alternative to (e)
k~—-0.352 Found 1n any way
1,
Let g(x) :x+;e‘
2(—0.3515)~ +0.0003, g(—0.3525)~—0.001 M1
Change of sign (and continuity) = k& €(—-0.3525,-0.3515 )
= k=-0.352 (to 3 dp) Al ()




