ZDOT

EDUCATION
(KHDA APPROVED)

MARKING SCHEME FOR FUNCTIONS AND GRAPHS

1.
1(a) (-2, -3) Bl
(1)
(b) (-3, -9) B1BI
(2)
(c) (-4, 3) Bl
1)
(4 marks)
2.
i(a) 21—
f(x)=—x 32, 8 BI
(3x—5)x+4) 3x-5
__ 2032 8 20 -32+8(x+4)
C(3x-5)(x+4) 3x-5  (3x-5(x+4)
ore.g. M1
2{x—4][x+4} 8 2{:{—4}+R
= + =
(3x-5x+4) 3x-5 (3x-35)
— EIM — ..?.I M AI*
(3x—35) (x44) 3x-5
(3)
(b) . 2(3x-5)-3x2:
£(x) = (3x-5) i MIAL
(3x-5)°
-10
f'(x) = 5
. (3x=5) Alcso*
As (3x—5)" =0 (for x>2)then f'(x)<0
Hence f1s a decreasing function *
(3)
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© = "
g_l(l’)—f. 2 MIAL
x...3 Bl
3)
(d) { 2a ] 2a W
7| =5=3+2In =5 Bl
&l 3q 5 i [3a 5)
{ 2a ] 2a
=1= =
33 a5 Mi
2
A oe—ma= dM1
Ja-
a= > Al
Je-2
(4)
(d) 2a e
Way 2 gl{u]‘S:}}i_S—r'{j} Bl
2a g 2a
= 3 =g MI
Ja—>5 8 {} 3a-—>5
2a
—e—a= dM1
Ja-
Se
a= Al
Je-2
(13 marks)
3.
() f(x), 9 BI
(1)
(b) Y , 52
fz 13 Ml
gl x15+lJ \Lx|5+1,,1
133 Al
16
(2)
(c) ) — - _3—t
g(x)=57=e (x)=7 ML Al
D=x. 3 Bl
(3)
Total 6
4.
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Bl
Aa f=-5
y=£(x) ,}
Curve starting on negative y-axis and passing | M1
through positive y-axis, in quadrants 1 and 2 only.
y=f"(x) y
(b) Shape and position correct.
,ﬂ“’ﬂﬂ Al
X
(2)
N 3 5 x+5 2 2
(c) 2x =S5=xor 2x =-5= i or X = T or E(Ex"—ﬁ] —5=x Bl
2 2
Full attempt to solve 2x° —x—5=0=> x=... exact M1
1+ /41 Al
T
(3)
6 marks
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i(a) (2,-10) Bl Bl
(2)
) | FO)=f(H4)=.. M1
=R Alcso
(2)
(c) Attempts to solve —3()( - 2.] -10=5x+10=x=.. M1
x}—E only Al
(2)
16
d =— Bl
(d) x{ur |Jr|] 3
Attempts 3(|x|—2)—lﬂ=ﬂ:>|:c —k, k>0
or 3(-x-2)-10=0=x=—k MI
or S[I—Z}—I{]:{}:}x:k:}x:—k
x= E and —E with no other values Al
3 3
(3)
{9 marks)
'(a) "9/, 3
o “9“ + "~
2 A -4
(2)
b 4x+3
(b) £ (x) = =2 MIAI
x-1
rell, x =1 Bl
(3)
(c) ¥
E.g. (”U +5=7 or 93 (1) 755 M1
x—4 a—4
=¥ -22x+23=0=x=... or {u+3]={i}\15|[a—4}:>a=... dM1
(a=)11+72 oe Al
(3)
(8 marks)

Notes
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-(a)

(b)

) (i)

(ii)

- 5(x—4)—(5x-3
f{xl=ﬁx 3=>f'{xl= (x-4) {f ]= k 5
x—4 (x-4) (x—4)
States that '{x}:{ —— = f"(x) < 0 hence decreasing *  cso
x—
y:SI_3:}1}'—4}':51—3:}1}1—51:4_];—3
x—
4'}—3 1 4x-3
x= So f =
=>x =5 0 (x) s
Domain x > 5
ijx_j—?n
s _ xX—
ST
x—4
5x(5x-3)-3(x—-4 -
£ (x) = (5x-3)-3(x ]:221 3
S5x-3-4(x-4) x+13
S<ff(x)<22

M1 dM1
Al*
(3)
M1
Al
Bl
(3)
M1
dM1 Al
Bl, Bl
(3)
(11 marks)
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"(a)

(b)

(c)

(s

Attempts to solve either IE[Ex +7)-10... %x +1

Or —1[2_r+ 7)- llJ.__lx+ 1

2 3
BT 45
Both correct cnitical values x...— 1
Selects outside region for their critical values
87

Correct solution x < — e X =—

Bl Bl

(2)

M1

Al

dM1
45

Al
4

4)

Shape Bl

_ Bl ft
Maximum
Bl
One correct minimum

Fully correct Bl

(4)
(10 marks)
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9.
‘a)
5_“3“ 2 MLA[
fg(5)=f(3) = ————, = =
) =103 3x"3"+2° 11
(2)
(b)
5-2x
f~(x)=
(x) el MIALI
) 1
xek, x#—— Bl
3
(3)
(c)
5_1 Blft
‘i =2a+3)-7
Ixl+2
5.1 .
279 _2(a+3)-T=4d —a-2=0 MIAI
Ixdl+2
Al
1+4/33
(a=)
8
(4)
(9 marks)
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10.
(a)
i) 7 o
iii) 9
p Bl
(2)
b)
kx—9-2=0 and —h—+9—2=n:>?,§ M1
E“!,..’S E.E Al
k k
7 11 Al
—_— X —
(3)
(c)
9 M1
Ly L, P T Y 0
k
Al
(k=)3.6
Al
k=3.6
(3)
(8 marks)
1t(h)
2<lx-9<2
Zeoxe=
p p M1
Eﬂ.;;l__l AlAl
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11.
'(a) Either fix)<5 or f(x)..3 Mi
3, filx)<5 Al
(2)
(b) = B S S I S
3x+2 ! 5-y Ml
——2] oe such as —E T 2x—6 Al
5-x 15-3x 3 15-3x
(i) Domain is 3, x<5 BI1ft
(3)
(© f'g[—:r]:f'[4sin(—£+£]]:f[ilsirl[—E]D:f[Z:l:m M1
I 6 6
9
3 Al
(2)
(7 marks)
12.
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22
(a) (i) (_ , 5} B1
3
(11) (‘D.—l?} B1
(2)
b) 5-(3x-22)=0=x=..and 5+(3x-22)=0=x=_.. M1
x=9 and x= T Al
3
(2)
) ', Correct U shape symmetric about y-axis BI
' with vertex on negative y-axis.
Graphs meet (9,0) with (-9.0) also B1
shown.
Intercept at (0,-9) stated or labelled. Bl
(3)
(d) Intersect at (9,0) Bl
Or when 5+3x—22=$xz—9 T M1
=(x-3)(x-24)=0=>x=... dm1
Need smaller root x=3= y=_.. — dM1
(3.-8) Al
()
(12 marks)

13.
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a .
@) 2x" —3x—5=(2x-5)(x+1) Bl
3 =2 S5x+26 3(x+1)(2x-5)—(x-2)(2x-5)+5x+26 M1
- + _ ) . )
¥+l 2x°=3x-5 (x+1)(2x-5) Al
C(Ax+1)(x+1)  4x+1 Al
C(x+1)(2x-5) 2x-5
4)
b)
o _ dx+1 oy N
cL att L at inverse V= X=..
orrect attempt at inverse } 7r_5
- ~ Sx+1
F)=53 Al
(2)
\.':] 2::_'({\£ M1 Al
(2)
Total 8
14.
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Wa) Either »_ _ 2 or y =
X 3 y=a Bl
Correct cnnrdinales(— %,a] Bl
(2)
(b) ‘
V shape in Quad 1 and 2 with the vertex on the negative x-axis Bl
- Intersects/meets axes at (0, 5a) and (—5a, 0) Bl
2)
(c) Attempts to solve a correct equation Mi
E.g. either x+5a=-3x—a+a=x=_ or x+5a=3x+a+a=>x=_.
1‘=—£ﬂ or x:%a Al
x=—%amﬂx=%a Al
x=_.= y=_ using either equation dM1
T 15 .
[—iﬂ liaJ and (ia lia| Al
w4 4 \2 J
)
Total 9
15.
X(i)
' f Shape (two way stretch) | Bl
(0.5. 6) | y=3£(2x)
Maximum at (0.5, 6) | Bl
1 - . »
/ (1.5,0) Minimum at (1.5, 0) | Bl
3)
(i)
y=f(=x)-1 Shape and position | Bl
(-1, 1)
Minimum at (=3, —=1) and maximum at (=1, 1) | Bl
R | ©.-1) Crosses y-axis at (0, 1) | Bl
3)
Total 6
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16.
Ha)

4[5—2f]+6

fe(x) = —————
B 5-2x" -5

M1

M — 2
I]g(:c]n=3::>“'E__inI — 3 x=-Afl3

dM1 Al Al

“4)

(b)

dx+6
x—5

= wm—5y=4x+6=yx—4x=5y+6

MI

_Sy+6
v=4

=X

Al

_5x+6

= f ' (x)

xeR, x+4

Al

(3)

(c)

Shape and position for y = g(x). A
parabola starting on the y-axis that
extends down in quadrant 2 to at least
the x-axis. Condone slips of the pen
e.g. 1f the curve heads back towards
the y-axis in quadrant 3 slightly.

Bl

] Shape and position for y = g(x) as
above that crosses the x-axis and

y = g'(x) a parabola starting on the x-
axis with graphs crossing as shown in
guadrant 3. Condone slips of the pen
e.g if g'(x) heads back towards the x-

axis in quadrant 3 slightly.

Bl

Correct intercepts. This mark 1s for
the 4 correct intercepts as shown.
Allow as values or coordinates and
allow coordinates the wrong way
round (e.g. (0, 5) for (5, 0)) as long as
they are in the correct places. The
negative intercepts must be exact as
shown or equivalent. The graphs must
cross the axes at these points and you
can ignore any other intercepts.

Bl

Note that labels for g(x) and g'(x) are not required

(3)

(10 marks)
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17.
(a)(i)
/ﬁ: Shape M1
| " Correct intercepts
2 0 pLs. Al
(ii)
Shape M1
o e Correct intercepts. Al
3
(4)
(b) Attempis to solve either k4 2x=-2x +% or k—2x=2x-% M1
Achieves either x = _ék or x:%k oe Al
Attempts to solve both £+ 2y =2y +§ and 2y =12y _% M1
Achieves either = _é;; and x= ::—k Al
(4)
(8 marks)
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18.

19.

-(a) 5x Sx  S5x+5x(x+3)
3 + = M1 Al
+Tx+12 x+4  (x+3)(x+4)
_ 5x° +20x _ Sx(x+4)  5x Al
- (x+3)(x+4) - (x+3)(x+4) S x+3
(3)
b
) y = 2% =xy+3y=5x=5x-xy=3y M1
(x+3)
Sx=ol So £ (x)=pn Al
X _r_‘}‘ S0 X)|= 5_x Y.
Domain 0<x<35 Al
3)
) (i) 5x ) 5(x+3)-5x 15
f(x)=— = (F'(x)=) ( ]: = 3 M1 Al
(x+3) (x+3) (x+3)
(i) States (f1s an) increasing function with a suitable reason
- 2, o Al
E.g Since (x+3) 1s positive
(3)
1% marks)
@) L5 5 Bl Bl
3"
(2)
b)(i (x)...
(b)i) | f(x)...5 BI ft
(ii) 10 Bl
(2)
(c) Attempts to solve either 16—2x. 3x—13+5=> a value or inequality in x
Or 16—2x..—-3x+13+5= avalue or inequality in x M1
Both correct critical values 2, 5 Al
Selects inside region for their critical values dm1
2 -=:xe:2—,4 Al
2
4)
d) 1
n:4,b=§ Bl ft Bl
(2)
{10 marks)
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Ali(c)
(11=2x)" . (3x—13)" =121 -4dx + 4x"_9x" —T8x + 169
5x* =34x+ 480 = a value or inequality in x Mi
Al
2 24
-
dM1
Selects inside region for their critical values
Al
24
2 =
<X < 3
20.
L (3 > M1, Al
[3) fg(e')zf[%lne']z%,:l »
- Elne: +1
(2)
(b) o 12
f(x)= x+1
£ (=12 M1 Al
X
D<x<12 Bl
(3)
M1
© 112 12 e 1a(x41)-x(x4 1)
x+1 x
=x +x-12=0=>x=.. Must be 3TQ | dMI
x=3 only Al
(3)
8 marks
Alts Solves f~! (x)=x=> E—I =x leading to quadratic equation,
X
12 . : . M1
or solves f(x)=x=> P Rt leading to quadratic equation
X
—=x +x-12=0=x=.. Must be 3TQ | dM1
x=3 only Al
(3)
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21.
(@) | (253) oe Bl BI
(2)
(b) Attempts one solution usually 4x—10+3=3x-2=>x=5 MI Al
Attempts both solutions —4x+10+3=3x-2=x= % dM1 Al
(4)
(c) Attempts to solve y =k +2 with x=2.5,y=3 or states that £ <4 MI
k 2 Al
...E
2
States E{k{4 Al
(3)
9 marks
22.
@ | f(6)=1(13)=-1 M1 Al
(2)
b) Attempts 21+ 2(2—-x)=5x=x=.. or 21-2(x-2)=5x=x=_. M1
x=— only Al
(2)
©) Either k <2lor k =17 M1
17<k <21 Al
(2)
1
d) a=— b=4 Bl Bl
7
(2)
{8 marks)
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23.
(@) | (5.10) Bl Bl
(2)
(b) | Attempts to solve e.g. —2(x—5)+10...6x :>x...”§" M1
VL. Al
J‘CE 0.€.
(2)
© | (7.30) B1fi, BIft
(2)
(6 marks)
24,
W E 3
@ | ef(2)=g (3)=3+5 M
=14 Al
(2)
(b) Correct attempt at inverse
P :>2x+3=i:>x=f 2L 5)k2 Ml
2x+3 6-y 66—
3x+3 21 3
fl x)= or f‘l x)= —
) =36-% X)=36-0 2 Al
-1, x=6 El
i (3)
(©) gg[.r]=l?6:>(xl+5)_+5=I.26:>x:+5=«,-"lll M1
=x"="6"=x=(£)J6 dM1
= x =46 Al
(3)
Total 8
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25.
it
(a) | i | s
E
1
‘|I.I Graphical interpretation of
-
f(]x])=48
One of 8 -8 Bl
Attempts to solve an appropriate equation
Eg MI
2x" ~10x=48 = x” —5x-24=0=(x£8)(x+3)=0=x=...
x =8, =8 with no additional values Al
(b) l

(3

Graphical interpretation of

= |f{x}| ;"‘

Attempts to solve

2x" —10x =§x:>4x: 2Sx=0mx=2
OR attempts to solve (o.e.)

) 5 M1
10x —2x~ =5x:>4x" ~15x=0=x=

Attempts to solve

2% ~10x = Ex:}ﬁix: 25x=0mx=2
AND attempts to solve (o.e.)

] 5 dM1
10x —2x° =Ex:':>4_‘c: ~15x=0=>x=—
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Achieves both cnitical values I=$~ _1'=2—45 Al
15 25
Correct set of values v, —or y.. — Al
4 4
(4)
Total 7
26.
(2) :4x+3:>Jw—2_L':4x+3 y=4+ —=y-4= 1
x=2 - x=-2
= r—dxr=2yv+3 11 M1
X—2=——0
v—4
I=2_1'+3:>f|(x}=2x+3 =24 11 :}f‘]{.\:}=2+ 11 Al
y—d x—4 y—4 x—4
x=4 Bl
(3)
b dx+3
®) 4x X —+3 "
ff(x)=—X—= ffix)=4+—m--——
=73 or (x) 11 M1
-2 44+ —-2
x-2 x-2
4x(4x+3)+3(x-2) 19x+6
= = dM1 Al
4x+3-2(x-2) 2x+7
(3)
3)
(c) Either x=1or y =38 M1
(1. 38) Al
(2)
(8 marks)
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27.
7 (a)(i)
Shape | Bl
1
Vertex [ga,ﬂ] Bl

y intercept(0,a) | Bl

(a)(ii)

Shape | Blft

|
Vertex [Ea,—b] Blft

y intercept(0,a—b) | B1ft

(b)

Attempts to solve -3x+a-b=5x=x=.. M1

::»x:% ONLY Al

(2)
(8 marks)
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