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Questions
Question T2_Q1

1.

2x4 5
x-3

(a) Find gg(5).

(b) State the range of g.

(c) Find g'(x), stating its domain.

2)

(1)

3




Question T2_Q2
6.

f(x)=-3+82-9%+10, xeR
(a) (1) Calculate f(2)

(1) Write f(x) as a product of two algebraic factors.

3)
Using the answer to (a)(ii),
(b) prove that there are exactly two real solutions to the equation
-3+ 8 -9+ 10=0
2
(¢) deduce the number of real solutions, for 7z < 0 < 10z, to the equation
Jtan’d — 8tan’d + 9tand — 10 =0
¢y




Question T2_Q3

8.

H A

5 4

Figure 1
Figure 1 is a graph showing the trajectory of a rugby ball.

The height of the ball above the ground, A metres, has been plotted against the horizontal
distance, x metres, measured from the point where the ball was kicked.

The ball travels in a vertical plane.

The ball reaches a maximum height of 12 metres and hits the ground at a point 40 metres
from where it was kicked.

(a) Find a quadratic equation linking H with x that models this situation.

3
The ball passes over the horizontal bar of a set of rugby posts that is perpendicular to the
path of the ball. The bar is 3 metres above the ground.
(b) Use your equation to find the greatest horizontal distance of the bar from (.

3
(c) Give one limitation of the model.

(D




Question T2_Q4
1. f(x) =3x* + 2ax* —4x + 5a

Given that (x + 3) is a factor of f(x), find the value of the constant a.

(3)




Question T2_Q5
5. f(x)=2x*+4x+9 xelR

(a) Write f(x) in the form a(x + b)* + ¢, where «, b and ¢ are integers to be found.

3)

(b) Sketch the curve with equation y = f(x) showing any points of intersection with the
coordinate axes and the coordinates of any turning point.

&)

(c) (1) Describe fully the transformation that maps the curve with equation y = f(x) onto
the curve with equation y = g(x) where

gx)=2(x-2)+4x-3 xelR
(i1) Find the range of the function

21
h(x) = ———— xeR
2x 4+ 4x+9 )




Question T2_Q6

Answer ALL questions. Write your answers in the spaces provided.

1. Given

express y as a function of x.

&)




Question T2_Q7

6.

Figure 4 shows a sketch of the graph of y = g(x), where

(a) Find the value of gg(().

(b) Find all values of x for which

The function h is defined by

(¢) Explain why h has an inverse

(d) Solve the equation

Figure 4

-2 +1
g(x)—{4x_7

g(x) > 28

h(x)=(x —2) + 1

but g does not.

x<2
x> 2

¥ 2

=V

(2)

4)

(1)

3




Question T2_Q8
4. The function f is defined by

f(x)y= o xeR x#2
(a) Find £'(7)

+b
(b) Show that ff(x) = % where @ and b are integers to be found.

(2)

(3)




Question T2_Q9

5. The curve with equation y =3 x 2" meets the curve with equation y =15 — 27 atthe point P.

Find, using algebra, the exact x coordinate of P.

Q)




Question T2_Q10

11.

VA

0 %
P
Figure 2

Figure 2 shows a sketch of the graph with equation
y=2|x+4]|-5

The vertex of the graph is at the point 2, shown in Figure 2.

(2) Find the coordinates of P.

(2)
(b) Solve the equation
3x+40=2[x+4|-5
2
A line [ has equation y = ax, where a 1s a constant.
Given that / intersects y =2 ‘x + 4‘ — 5 at least once,
(c) find the range of possible values of @, writing your answer in set notation.
3




Question T2_Q11
1. f(x) =ax’ + 10x* — 3ax — 4
Given that (x — 1) is a factor of f(x), find the value of the constant a.

You must make your method clear.

3




Question T2_Q12

12.
HA

=V

Figure 3

Figure 3 is a graph of the trajectory of a golf ball after the ball has been hit until it first
hits the ground.

The vertical height, H metres, of the ball above the ground has been plotted against the
horizontal distance travelled, x metres, measured from where the ball was hit.

The ball is modelled as a particle travelling in a vertical plane above horizontal ground.
Given that the ball

+ is hit from a point on the top of a platform of vertical height 3m above the ground
+ reaches its maximum vertical height after travelling a horizontal distance of 90 m

* is at a vertical height of 27 m above the ground after travelling a horizontal
distance of 120m

Given also that / is modelled as a quadratic function in x

(a) find H in terms of x

)
(b) Hence find, according to the model,
(i) the maximum vertical height of the ball above the ground,
(i1) the horizontal distance travelled by the ball, from when 1t was hit to when it first
hits the ground, giving your answer to the nearest metre.
3)
(¢) The possible effects of wind or air resistance are two limitations of the model.
Give one other limitation of this model.
(1)




Question T2_Q13
2. The functions f and g are defined by
fx)=7—2x*

3x
S5x—1

g(x)=

(a) State the range of £

(b) Find gf(1.8)

(¢) Find g'(x)

XER

xE€R

X#—

(1)

(2)

2)




Question T2_Q14

11.

" 4

Figure 4
Figure 4 shows a sketch of the graph with equation
y=|2x-3k|

where £ 1s a positive constant.

(a) Sketch the graph with equation y = f(x) where
f(x)=k—|2x— 3k

stating
* the coordinates of the maximum point

+ the coordinates of any points where the graph cuts the coordinate axes

)
(b) Find, in terms of £, the set of values of x for which
k—|2x-3k|>x—-k
giving your answer in set notation.
(4)
(¢) Find, in terms of &, the coordinates of the minimum point of the graph with equation
1
=3-5f| —x
g (2 )
(2)




Mark Scheme
Question T2_Q1

Question Scheme Marks | AOs
1 g =2 e
x—3
2(5)+ 5 A"75"+ 5
5= =75 = 5)=—— M1 1.1b
(a) g( ) 5_3 gg( ) "y sn_3
Way 1 .
a gg(5) = l (or 4i or 4.4} Al 1.1b
9 9
2)
2[2x+5j+5 2[2(5)+5]+5
(a) g9 = = (5 = L Ml | Llb
Way 2 2x+5 3 2(5)+5 3 '
x—3 (5)-3
40 4 .
ge(5)=— [or 4— or 4.4] Al 1.1b
9 9
2)
() {Range:} 2<yp s% B1 1.1b
1)
(c) _ 2x43 s oy
Way 1 yEx oM 3y=2x+5= yx—2x=3y+5 M1 1.1b
B - 3y+5 - 3x+5
Hy—2)=3y+5 > x= — {or y= xZ} M1 2.1
el=2 ) geeel Alft | 25
3)
(c) _2x-6+11 B 11 ., L
Way 2 m——— ¥ ny+—x_3 Y 27—x_3 M1 1.1b
I W N L T -3 Ml | 21
X =72 ¥= >3 or y=—s .
g*l(x)ziu, yonald Alft 2.5
x—2 2
3)
(6 marks)
Notes for Question 1
(@)
M1: Full method of attempting g(5) and substituting the result into g
2[ o 5} 2 9x-5
Note: Way 2: Attempts to substitute x=35 into ——<——_ 0.e. Note that gg(x):x—_
(2x+ 5} 14-x
-3
x—3
.40 4 : ’
Al: Obtains 5 or 45 or 4.4 oran exact equivalent
. . 40 4 .
Note: | Give A0 for 4.4 or 4.444... without reference to 5 or 43 or 4.4




Notes for Question 1 Continued

(b)
B1: States 2Z<y=< % Accept any of 2 < g S%, 2<glx)= %, [2, %}
15
Note: | Accept g(x)>2 and g(x) < >y 0.€.
(©)
Way 1
M1: Correct method of cross multiplication followed by an attempt to collect terms in x or
terms in a swapped y
M1: A complete method (i.e. as above and also factorising and dividing) to find the inverse
A1ft: | Uses correct notation to correctly define the inverse function g™ | where the domain of
g™ stated correctly or correctly followed through (using correct notation) on the values shown in
their range in part (b). Allow g ':x—>. Condone g =... Do notaccept v =...
Note: | Correct notation is required when stating the domain of g '(x). Allow 2<x< % or [2, 125}
Do not allow any of e.g. 2<g < % . 2<g (@) < %
Note: | Do not allow Alft for following through their range in (b) to give a domain for g™ as xe R
(©)
Way 2
. 2x+5 . k . .
M1: Writes y= 2 n the form y=2+ 3 k = 0 and rearranges to isolate y and 2 on one side
X— X —
of their equation. Note: Allow the equivalent method with x swapped with y
M1: A complete method to find the inverse
Alft: | Asin Way 1
Note: | If a candidate scores no marks in part (c), but

e states the domain of g ' correctly, or
e states a domain of g™ which is correctly followed through on the values shown in their

range in part (b)
then give special case (SC) M1 M0 A0




Question T2_Q2

Question Scheme Marks | AOs
6 (a) f(x)=-3x"+8x"-9x+10, xecR
(a) (i) {f(2)=-24+32-18+10=3 f(2)=0 Bl 1.1b
N B 2 2 M1 2.2a
(n) fx)=3 (x—2)(-3x"+2x—53) or 2—x)3x —2x+5) Al T1b
3)
(b) =33 +83" =9y’ +10=0 = (¥ = 2¥3»" +2)* =5)=0
Gives a partial explanation by
o explaining that —33" + 2 —5=0has no {real} solutions with a
reason, ¢.g. b’ —dac=(2) —4(-3)(=5) = =56 <0 LI Zith
o or stating that y* =2 has 2 {real} solutions or y— +f2 {only}
Complete proof that the given equation has exactly two {real} solutions Al 2.1
)
© 3tan’ #—8tan® 0 +9tanH-10=0; Tx <O <10x
{Deduces that} there are 3 solutions Bl 2.2a
1)
(6 marks)
Notes for Question 6
(a){®)
B1: £(2)=0 or 0 stated by itself in part (a)(1)
(a)(ii)
Mi1: Deduces that (x—2) or (2—x) is a factor and attempts to find the other quadratic factor by
e using long division to obtain either +3x” + kx + ..., k=value = 0 or
+3x% + ax+ B, f=value# 0, ¢can be 0
e factorising to obtain their quadratic factor in the form (+3x° + kx + ¢), k= value # 0,
¢ can be 0, or in the form (+3x” + ax+ ), f=value# 0, o can be 0
Al: (x—2)=3x" +2x—5), (2—x)3x" —2x+5) or —(x—2)(3x" —2x+3) stated together as a product
(b)
Mi1: See scheme
Al: See scheme. Proof must be correct with no errors, ¢.g. giving an incorrect discriminant value
Note: | Correct calculation e.g. (2)° —4(=3)=5), 4—60 or —56 must be given for the first explanation
Note: | Note that M1 can be allowed for
e a correct follow through calculation for the discriminant of their “-33" +23% -5~
which would lead to a value <0 together with an explanation that =3y + 23" —5=0has
no {real} solutions
¢ or for the omission of <0
Note: < 0 must also been stated in a discriminant method for Al
Note: | Do not allow Al for incorrect working, e.g. (2)° —4(-3)(—5)=—-54<0
Note: y' =2 = y=%2, 50 2 solutions is not allowed for A1, but can be condoned for M1
Note: | Using the formula on —33" +23* =5=0 or —3x* +2x-5=0
_ . —2+ 456 —1+4-14
gives 3~ or x= 6 or —




Notes for Question 6 Continued

Note: | Completing the square on —3x” +2x—5=0
2
2 5 1 -
gives X —Zx+ =0 x—— ——+E=O:>x=li -4
3 3 3 9 3 3 9
Note: | Do not recover work for part (b) in part (c)
(©
B1: See scheme
Note: Give B0 for stating # =awrt 23. 1, awrt 26.2, awrt 29.4 without reference to 3 solutions




Question T2_Q3

Question Scheme Marks | AOs
8 (2) H=Ax(d0-x) for H = Ar(x—40)3 Ml | 33
W x=20,H=12:>12=A(20)(40—20):>A=130 aM1 | 3.1b

3 3
H=""x(40-x) or H=———x(x—40) Al 1.1b
100 100
3)
(a) H=12—A(x=20Y  {or H =12+ A(x—20)"} M1 3.3
Way 2 x=40,H=0:>0=12—/1(40—20)2:>ﬂu=130 dM1 | 3.1b
H= 12—i(x—20)2 Al 1.1b
100
3
(a) H=a +bx+c (or deduces [ =ax’ +hx)
Way 3 Both =0, H =0=0=0+0+¢ = ¢=0
and either x=40, H =0 = 0=1600a+ 405 Ml 13
or x=20, H =12=12=400a+20b
or _—b= 20 {= b=—40a}
2a
b=—40a=12=400a+ 20(-40a) = a=-0.03 dM1 31D
so b=—40(-0.03)=1.2 '
H=-0.03x"+1.2x Al 1.1b
3)
(b) (H =3 =} 3= —— (40— x) = x* —40x+100 =0
e ML | 3.4
or {H=3=}3=12- ﬁ(x—zo)2 = (x—20)* =300
40 + 1600 — 4{1)(100
Eg = J >0 (o) or x=204+/300 dM1 1.1b
{chooses 20 + 4f300 :>} greatest distance = awrt 37.3 m Al 3.2a
3)
©) Gives a limitation of the model. Accept e.g.
e the ground is horizontal
¢ the ball needs to be kicked from the ground
¢ the ball is modelled as a particle
e the horizontal bar needs to be modelled as a line Bl 3.5b
e there is no wind or air resistance on the ball
e there is no spin on the ball
¢ 1o obstacles in the trajectory (or path) of the ball
e the trajectory of the ball is a perfect parabola
)
(7 marks)




Notes for Question 8

g/‘[)l: Translates the situation given into a suitable equation for the model. E.g.
Way 1: {Uses (0, 0) and (40, 0) to write} H=Ax(40-x) o.c. {or H=Ax(x—-40)3
Way 2: {Uses (20,12) to write} H =12—A(x—20)" or H =12+ A(x—20)
Way 3: Writes /7 =ax” +Ex+c, and uses (0, 0)to deduce c= 0 and an attempt at using either
(40, 0) or (20,12)
Special Case: Allow SC M1dMOAO for not deducing ¢ =0 but attempting to apply both (40, 0)
and (20, 12)
dM1: | Applies a complete strategy with appropriate constraints to find all constants in their model.
Way 1: Uses (20, 12) on their model and finds 4= ..
Way 2: Uses either (40, 0)or (0, 0) on their model to find 2= ..
Way 3: Uses (40, 0) and (20, 12) on their model to find @=... and & = ...
Al: Finds a correct equation linking /7 to x
Eg H= ix(40 —x), H=12- i(x— 20)" or H =-0.03x" +1.2x
100 100
Note: | Condone writing y in place of / for the M1 and dM1 marks.
Note: | Give final A0 for y=-0.03x" +1.2x
Note: | Give special case M1dMOAO for writing down any of 7 =12— (x—20)* or [T =x(40-x)
or = JC(JC - 40)
Note: | Give M1 dMI for finding —0.03x" +1.2x or a=—0.03,5=1.2, ¢=0 in an implied
ax’ +bxor ax’ +bxte (with no indication of 1 =...)
(b)
M1: Substitutes /7 =3 into their quadratic equation and proceeds to obtain a 3TQ
or a quadratic in the form (xta) = B a, B0
Note: |E.g. 1.2x-0.03x*=3 or 40x—x" =100 are acceptable for the 1# M mark
Note: | Give MO dMO AQ for (their A)x* =3 => x = ... or their (their A)x" +(their H)=3 = x = ..
dM1: | Correct method of solving their quadratic equation to give af least one solution
Al: Interprets their solution in the original context by selecting the larger correct value and states
correct units for their value. E.g. Accept awrt 373 m or (20 + m) m or (20 + IOJ?_a) m
Note: | Condone the use of inequalities for the method marks in part (b)
(©):
B1: See scheme
Note: Give no credit for the following reasons

e [ (or the height of ball) is negative when x> 40

¢ Bounce of the ball should be considered after hitting the ground
¢ Model will not be true for a different rugby ball

¢ Ball may not be kicked in the same way cach time




Question T2_Q4

Question Scheme Marks AOs
L | Attempts £(=3)=3x(-3)" +2ax(-3) —4x-3+5a=0 Ml 3.1a
Solves linear equation 23a =69 =a =... M1 1.1b
a=3 cso Al 1.1b
3
(3 marks)

M1: Chooses a suitable method to set up a correct equation in @ which may be unsimplified.

This 1s mainly applying £(—3)= 0 leading to a correct equation in a.

Missing brackets may be recovered.

Other methods may be seen but they are more demanding

If division is attempted must produce a correct equation in a similar way to the f(—3) = 0 method

3x* +(2a—9x+23—6a
x+3)3x3 +2ax* —4x+5a

3x* +9x°
(2a-9)x" —4x
(2a-9)x* +(6a-27)x
(23-6a)x+ 3a
(23-6a)x+069-18a

So accept Sa =09 —18a or equivalent, where it implics that the remainder will be 0
You may also see variations on the table below. In this method the terms in x are equated to —4

3x? (2a—9)x S?Cl
3x° (2a=9)x* S_ax
2 3 5a
6a-27+—=—4
3| 94 | (6a-27)x Sa 3

M1: This is scored for an attempt at solving a linear equation in a.
For the main scheme it is dependent upon having attempted £(+3)= 0. Allow for a linear equation in a

leading to @ =.... Don't be too concerned with the mechanics of this.

3x°...

Via division accept x+ 3)3x3 +2ax® —4x+ 5a followed by a remainder in aset =0 > a=...

or two terms in ¢ are equated so that the remainder = 0
FYT the correct remainder via division is 23a+12—81 oe
Al: a=3 cso

An answer of 3 with no incorrect working can be awarded 3 marks




Question T2_Q5

Question Scheme Marks AOs
S@ ) 24 +4x+9=2(xtk) t... a=2 BI 1.1b
Full method 2% +4x+9=2(x+1)" £... a=2 &b=1 M1 1.1b
2% +4x+9=2(x+1)" +7 Al 1.1b

&)

(b) ¥

1.2

U shaped curve any position but B1

not through (0,0)
V
N_ v - intercept at (O, 9) Bl LIk
x 22a
Minimum at (—1,7) Blft

3)

{c) (i) Deduces translation with one correct aspect. M1 3.1a
2
Translate 4 Al 22a
21 21
(i) h(x) = ————— = (maximum) value = (= 3) M1 314
"2(x+1)" +7" 7

0<h{x)<3 Alft 1.1b

C)

(10 marks)
(a)

B1: Achicves 2x* +4x+9 = 2(xik)2 *.... or states that ¢ =2

M1: Deals correctly with first two terms of 2x° +4x +9 .

Scored for 2x° +4x+9:2(x+1)2 t...or stating that g =2and b=1

Al: 257 +4x+9=2(x+1) +7

Note that this may be done in a variety of ways including equating 2x° +4x +9 with the expanded form of

a(x+bY +c=ax’ +2abx +ab® +¢




(b)

B1: For a U-shaped curve in any position not passing through (O, 0) . Be tolerant of slips of the pen but do not

allow if the curve bends back on itself

B1: A curve with a y - intercept on the +ve y axis of 9. The curve cannot just stop at (0, 9)
Allow the intercept to be marked 9, (0, 9) but not (9, 0)

B1ft: For a minimum at (—l, 7) in quadrant 2. This may be implied by —1 and 7 marked on the axes in the
correct places. The curve must be a U shape and not a cubic say.

Follow through on a minimum at (—b, c), marked in the correct quadrant, for their a (x+ b)2 +c

(©))

M1: Deduces translation with one correct aspect or states ( ] with no reference to “translate’.

Allow instead of the word translate, shift or move. g(x)=f(x—2)—4 can score M1

For example, possible methods of arriving at this deduction are:

o () —>g(0)is 26 +4x+9 5 2(x—2) +4(x=2)+5 So g(x)=f(x—2)—4

e g(x)= 2(.76—1)2 +3  New curve has its minimum at (1,3) s0 (—1, 7) —>(1,3)
¢ Using a graphical calculator to sketch y=g(x) and compares to the sketch of 3 =f(x)

In almost all cases you will not allow if the candidate gives two different types of transformations.
Eg, stretch and .....

2
Al: Requires both ‘translate’ and { 4] ’ Allow “shift” or move’ instead of translate.
So condone " Move shift 2 (units) to the right and move 4 (units) down

However, for M1 Al, it is possible to reflect in x =0 and translate (

SC: If the candidate writes translate ( 4J or " move 2 (units) to the left and 4 (units) up" score M1 A0

(c)ii)
M1: Correct attempt at finding the maximum value (although it may not be stated as a maximum)
21 21
e Uses part (a) to write h(x) = —————and attempts to find ———
"2(36'4‘1) +7" their "7
: : ; : 21
o Attempts to differentiate, sets 4x+4 =0 — x=—1 and substitutes into h(x) = ———
2x" +4x+9

e Uses a graphical calculator to sketch y=h(x) and establishes the ‘maximum’ value (...,3)

Alft: 0 <h(x)<3 Allowfor 0<h <3 (0,3] and 0 <y < 3butnot 0 <x < 3

21
Follow through on their a(x+ )" +c so award for 0 <h(x)< -

] , 80 please consider all responses.




Question T2_Q6

Question Scheme Marks | AOs
1 25 x4 :71 :Q
2V2 4
Special If 0 marks are scored on application of the mark scheme then allow
Case Special Case B1 MO AO (total of 1 mark) for any of
x4 2 Loy e L
¢ L xe o Y x4 542 722
e log2 +logd” —>xlog2+ ylogd or xlog2+2vlog2
¢ In2"+n4d —»>xn2+ylnd or xIn2+2yIn2
o y=log b o.c. {base of 4 omitted}
el
Way 1 2 i 32 Bl 1.1b
Wi 3
ARt I :>x+2y:75:>y:... M1 21
1 3 1
Eg v=——x—— =——(2x+3 Al 1.1b
B p=gxog OF pem(20S)
3)
1
Way 2 log(2* « 4" )=log| —= B1 1.1b
ay g( ) g{zﬁj
log2* +log4” = log L
242 M1 2.1
= xlog2+ ylog4=10g1—10g(2\/§) = y=..
—log(24/2)— xlog?2 1 3
e 0g(24/2) - xlog {:y——x——} Al L1b
log4 2 4
3
1
Way 3 log(2" x 4" )y=log| —= B1 1.1b
ay gl ) g{zﬁ}
log2* +log4” = log d_ = log2" + vlog4d =log L = y=.. M1 21
242 2\2
1
logl —= | —log(2"
g(zﬁj B { 1 3} Al 1.1b
log4 2 4
(&)
1
Way 4 log, (2" x4 )y=log,| —= B1 1.1b
ay gz( ) gz{zﬁJ
log, 2" +log, 4 =lo = = x+2 —EQ = M1 2.1
g2 gZ gZ 2‘J§ y 2 y -
1 3 1
Eg y=—=x—-= or y=—=(2x+3 Al 1.1b
& y=—gx—g Of y=—7(2x+3)
&)
(3 marks)




Question Scheme Marks | AOs
Way 5 P el 4 Bl 1.1b
e | 3
2 =4 D XY Pk M1 2.1
2 4
E.g. y:—lx—3 or y:fl(2x+3) Al 1.1b
27 4 4
(&)
Notes for Question 1
Way 1
B1: Writes a correct equation in powers of 2 only
M1: Complete process of writing a correct equation in powers of 2 only and using correct index laws to
obtain y written as a function of x.
1
Al: y= 5 % 0.c.
Way 2, Way 3 and Way 4
B1: Writes a correct equation involving logarithms
M1: Complete process of writing a correct equation involving logarithms and using correct log laws to
obtain y written as a function of x.
lo LJ —log(2°
Al  _log(24/2) — xlog2 _—hey2)-xin2 g(zﬁ B
= log4 o ¥= In4 7= log4
1 3 1
or y= 2x i or y= 4(2x+3) 0.c.
Way 5
B1: Writes a correct equation in powers of 4 only
M1: Complete process of writing a correct equation in powers of 4 only and using correct index laws to
obtain y written as a function of x.
Al: yv= > X 1 0.c.
Note: Allow equivalent results for Al where y is written as a function of x
Note: You can ignore subsequent working following on from a correct answer.
: O N SR "y =log,| —L
Note: | Allow Bl for 2° <4 = 5 = &= — = log,(4") = 10g4(2x2ﬁj

1 2 ‘\/5
followed by M1 Al for y=1log,| ——= | or y=log,| —=| or y=log,| ——
y Y g4(2x2 ;—2} ¥y g{zﬁ} ¥ g4[4(2x)}

3
or y=log4(2x } or y=—log,(+2(2™"))




Question T2_Q7

Question Scheme Marks | AOs
6 (0)y=g((0-2Y+1)=g(5)=45)-7 =13 M 21
() gg() =g g0 = = Al L1b
@
(b) Solves cither (x—2)* +1=28 —>x=.. or 4x—7=28 = x=.. Ml 1.1b
At least one critical value x= 2—3J§ or x= % is correct Al 1.1b
Solves both (x—2)* +1=28 = x=.. and 4x-7=28 = x=... Ml 1.1b
Correct final answer of ‘x<2—3‘\/§, x>§’ Al 2.1
Note: Writing awrt —3.20 or a truncated —3.19 or a truncated —3.2 (4
in place of 2 - 343 is aceepted for any of the A marks
(©) h is a one-one {function (or mapping) so has an nverse}
D ommeme——= S : 5 B1 2.4
¢ 18 a many-one {function (or mapping) so does not have an inverse}
0]
(d) o L N M1
Way 1 h (X)i 2 - x=h 2 B1 on epen L1b
1 2 1 2
x—{—E—ZJ +1 Note: Condone x—[E—ZJ +1 M1 1.1b
= x=7.25 only ecso Al 2.2a
©)]
(d) {theirh™(x)} =+ 2% +fx+1 M1 1.1b
Way2 Attempts to solve +2++fx+ :—% = tfxtl= M1 1.1b
= x=725 only cso Al 2.2a
©)]
(10 marks)
Notes for Question 6
(@)
M1; Uses a complete method to find gg(0). E.g.
e Substituting x =0 into (0—2)*+ 1 and the result of this into the relevant part of g{x)
e Attempts to substitute x = Qinto 4((x—2)*+1) — 7 or 4(x—2)" — 3
Al: gg(0)y=13
(b)
M1: See scheme
Al: See scheme
M1: See scheme
Al: Brings all the strands of the problem together to give a correct solution.
Note: You can ignore inequality symbols for any of the M marks
Note: If a 3TQ is formed (e.g. x* —4x—23=0) then a correct method for solving a 3TQ is required for
the relevant method mark to be given.
Note: Writing (x—2) +1=28 = (x—2)+1= @ = x=-1+ \/ﬁ (i.e. taking the square-root of
each term to solve (x—2) +1=28 is not considered to be an acceptable method)
Note: Allow set notation. E.g. { xe X: x<2- 3\/§ W x>>8.75} is fine for the final A mark




Notes for Question 6 Continued

(b) continued
Note: Give final A0 for { xeR: x<2—3s/5T ™ x>8.75%
Note: (Give final A0 for 2—3s/5T >x>8.75
Note: Allow final Al for their writing a final answer of “x<2— 3«/5T and x> % ”
35
Note: Allow final Al for a final answer of x<2 —B\E, x> T
Note: Writing 2427 in place of 2— 343 is accepted for any of the A marks
Note: Allow final Al for a final answer of x<—3.20, x> 8.75
Note: Using 29 instead of 28 is MO A0 MO A0
(©)
B1: A correct explanation that conveys the underlined points
Note: A minimal acceptable reason is “h is a one-one and g is a many-one™
Note: Give B1 for “h™" is one-one and g is one-many”
Note: Give B1 for “h is a one-one and g is not”
Note: Allow B1 for “g is a many-one and h i1s not”
(d) Way 1
M1: Writes x:h( %]
MI1: See scheme
Al: Uses x= h( %] to deduce that x=7.25 only, cso
(d) Way 2
MI1: See scheme
MI1: See scheme
Al: Use a correct h ™' (x)=2 —«x 1 to deduce that x=7.25 only, cso
Note: Give final AD cso for 2++/x—1 = —% = Jx—1= —% = x—1= 2745 = x=7725
. . 1 5 25
Note: Give final A0 cso for 2++/x—1= -5 = Jx-1= 3 — x—1= " — x=7.25
. . 1 5 25
Note: Give final Al cso for 2++Jx—1= -3 = W Jr—1= - oy 1= = — x=7.25
Note: Allow final Al for 2++x—1= —% = +x—1= —% = x-1= ? = x=7725




Question T2_Q8

Question Scheme Marks AOs
4@ Either attempts 33677:7:> =
x—2 M1 3.1a
Or attempts {'(x) and substitutes in x=7
L oc Al 1.1b
4
2
(b) 3x-7
M2 )T 3x(Gre7)-7(x-2
Attempts ff(x)= = — X( x- )_ (x_ ) M]., 1.1b
x—2
_ 2 Al 2.1
x-3 '
)]
(5 marks)
Notes:
(@)

M1: For either attempting to solve e 727 — 7. Look for an attempt to multiply by the (x— 2)
S

leading to a value for x.

2x—7
Or score for substituting in x=7 in f (x). FYI {7'(x) =

x-3
The method for finding { ™ (x)should be sound, but you can condone slips.
A1 Z
4
(b)

3x
M1: For an attempt at fully substituting into f(x). Condone slips but the expression must

* %k
3x —a
* %k
have a correct form. E.g, W where a and b are positive constants.
-b

dM1: Attempts to multiply all terms on the numerator and denominator by (x— 2) to create a fraction ggg

where both ~(x) and J(x) are linear expressions. Condone Po) x 2 2

O(x) x-12

A1l: Reaches

via careful and accurate work. Implied by a= 2,5 =—7 following correct work.
x-3

. .3 . e
Methods involving i 5 5 may be seen. The scheme can be applied in a similar way
x— x—

3x—7E3_ 1
x—-2 x-2

FYI




Question T2_Q9

Question Scheme Marks AQOs
5 x+1 X
15-2"" =3x2 B1 1.1b
=15-2x2"=3x2"=2"=3
5 ores M1 1.1
=>—-2=3=2"=3
2X
F* =B, dM1 1.1b
x=log,3 Alcso 1.1b
(4)
Alternative
y=3><2x:>2x=§:>y=15—2><§ Bl 1.1b
3p+2y=45=y=9=23x2"=9=2" = M1 1.1b
2*=3=x=.. dM1 1.1b
x=log,3 Alcso 1.1b
(4 marks)
Notes:

B1: Combines the equations to reach 15 — 27" =3 x 27 or equivalent e.g. 15— 2" —3x2* =0
x+l

M1: Uses 27" =2x27 oce.g. = 2 to obtain an equation in 2* and attempts to make 2° the subject.

See schemebute.g. y=2"=3x2"=15-2"" = 3y=15-2y= y=... is also possible
dM1: Uses logs correctly and proceeds to a value for x from an equation of the form 2" =& where k> 1
eg 2 =k=x=log, £k
or 2" =k=log2" =logk = xlog2=logk = x=.

or 2"=k=>mm2 =lnk=xn2=hi=>x=..
Depends on the first method mark
This may be implied if they go straight to decimals e.g. 2* =3 so x = 1.584.. but you may need to check

log3 In3
or —
log?2 In2
Ignore any attempts to find the y-coordinate
Alternative

B1: Correct equation in y

Aleso: x=log,3 or

M1: Solves their equation in y and attempts to make 2 the subject.
dM1: Uses logs correctly and proceeds to a value for x from an equation of the form 2° =& where k> 1

eg. 2'=k=x=log, k
or 2 =k=>log2" =logk = xlog2=logk = x=...

or 2'=k=>mm2 =lnk=>xn2=hi=x=..
Depends on the first method mark
This may be implied if they go straight to decimals e.g. 2= 3 so x = 1.584.. but you may need to check
log3 In3
or —
log?2 In2

Ignore any attempts to find the y-coordinate

Aleso: x=log,3 or




Question T2_Q10

Question Scheme Marks AOs
11(a) x=-4 or y=-5 Bl 1.1b
P(—4,-3) Bl 2.2a
2)
(b) 3x+d40= 2(x+4)- 5= x—... M1 1.1b
x=-10.6 Al 2.1
2)
(©) a>?2 Bl 2.2a
y=ax:>—5=—4a:>a=% M1 3.1a
{a:agl.ZS}u{a:a>2} Al 2.5
3
(7 marks)
Notes:
(a)

B1: One correct coordinate. Either x=-4ory=-5o0r (-4, ...) or (...,—5) seen.

B1: Deduces that P(—4,—5) Accept written separately e.g. x = —4, y=-5

(b)

M1: Attempts to solve  3x+40 = —2(x+4)—5 = x=... Must reach a value for x.

You may see the attempt crossed out but you can still take this as an attempt to solve the required equation.

Al: x=-10.6 occ.g. .| only. If other values are given, ¢.g. x = —37 they must be rejected or the L clearly chosen
5 5

as their answer. Ignore any attempts to find y.

Alternative by squaring:
3x+40 =2|x+4|- 5= 3x+45 =2|x+ 4| = 9x* +270x+2025 = 4(x* +8x+16)
= 5x" +238x+1961=0= x= 737,75—53
M1 for isolating the |x + 4| , squaring both sides and solving the resulting quadratic

Al for selecting the =
5

Correct answer with no working scores both marks.

(©)
B1: Deduces that a > 2
M1: Attempts to find a value for o using their P(—4, -5)

Altematively attempts to solve ax = 2(x + 4) — 5 and ax = 2(x + 4) — 5 to obtain a value for a.
Al: Correct range in acceptable set notation.
{a : agl.ZS}u{a Ta 2}
{a : agl.ZS}, {a a > 2}
Examples: {a:a<1.25or a>2}
{a a<1.25, a> 2}
(—o0,1.25]w(2,0)

(700,1.25], (2,00)




Question T2_Q11

Question Scheme Marks AOs
1 £(1)=a(1) +10(1) =3a(1)-4=0 Ml | 3.la
6—2a=0=>qag=... M1 1.1b
a=3 Al 1.1b
3
(3 marks)
Notes

Main method seen:
M1: Attempts £ (1) = 0 to set up an equation in ¢ It is implied by a+10-3a-4=0
Condone a slip but attempting £ (—1) = 0 is MO

M1: Solves a linear equation in a .
Using the main method it is dependent upon having set f(£1) =10
It is implied by a solution of £a+10+3a+4=0.
Don't be concerned about the mechanics of the solution.
Al: a =13 (following correct work)

Answers without working scores 0 marks. The method must be made clear. Candidates cannot guess.
However if a candidate states for example, when a =3, f(x)=3x"+ 102" —9x— 4 and shows that (x - l)

is a factor of this f(x)by an allowable method, they should be awarded M1 M1 Al
E.g 1:3x" +10x" -9x—4 = (x—l)(ax2 +13x+4) Hence a=3
Eg 2 f(x)=3x"+10x" —9x—4, f(1)=3+10-9-4=0 Hencec a =3

The solutions via this method must end with the value for & to score the Al




Other methods are available. They are more difficult to determine what the candidate is doing.

Please send to review if you are uncertain

It is important that a correct method is attempted so look at how the two M's are scored
Amongst others are:

ax? (10 + a) X 4 Alt (1) by inspection which may be seen in a table/,
N ac (10+a)x? dx
! —ad —(10+a)x —4

ax’ +10x" —3ax—4= (Jc—l)(ax2 +(10+a)x+ 4) and sets terms in x equal

—Ba=—(10+a)+4=2a=6=a=3

M1: This method s implied by a correct equation, usually —3a=—-(10+4a)+4

M1: Attempts to find the quadratic factor which must be of the form ax’ + g(a)xt 4 and then forms
and solves a linear equation formed by linking the coefficients or terms in x

ax’ +(*10+a)x+(10—2a)
Alt (2) By division: x—l) ax’ +10x" —3ax—4

3 2
ax —dax
(10+a)x" —3ax

(10+a)x’ —(10+ a)x

(—2a+10)x

M1: This method is implied by a correct equation, usually —10+2a=—-4

M1: Attempts to divide with quotient of ax’ + (£10+a)x+h(a)and then forms and solves a linear

equation in @ formed by setting the remainder = 0.




Question T2_Q12

Question Scheme Marks AOs
12(a) H=ax"+bx+c¢ and x=0, H=3>H=ax"+bx+3 M1 33
H=ax’+bx+3 and x=120, H = 27 = 27— 14400a+1206+3 | ML | 3.1b
0r%:2ax+b:0 whenx=90 = 180a+5h=0 Al 1.1b
H=axX +bx+3 and x=120,H =27 = 27 =144004 +120b +73
and
%:Zaerb:O whenx =90 = 180a+bh=0 bt SLLb
= a=..,b=..
1 5 3
FE omse = _p” plupese 3 0L, Al 1.1b
300 5
)
(b)(®) 1 2 3
x=90=H|=——-(90) +—(90}+3 |=30m
( 300( ) 5( ) j Bl 3.4
(b)) Hinfﬁijr%er.?:O:x:... M1 | 3.4
x= (—4.868...,) 184.868...
Al 3.2a
= x=185(m)
&)
© Examples must focus on why the model may not be appropriate or
give values/situations where the model would break down: E.g.
s The ground is unlikely to be horizontal
s The ball is not a particle so has dimensions/size B1 3.5b
s The ball is unlikely to travel in a vertical plane (as it will
spin)
s His not likely to be a quadratic function in x
(&)
(9 marks)
Notes
(a)

M1: Translates the problem into a suitable model and uses H = 3 when x = 0 to establish ¢ =3
Condone with a==*1 so H =x* +bhx+3 will score M1 but little else

M 1: For a correct attempt at using one of the two other pieces of information within a quadratic model
Either uses A = 27 when x = 120 (with ¢ =3) to produce a linear equation connecting ¢ and b for

the model Or differentiates and uses iﬁ = 0 when x = 90. Alternatives exist here, using the
x

symmetrical nature of the curve, so they could use x = _2i at vertex or use point (60, 27) or (180,3).
a
Al: At least one correct equation connecting @ and 5. Remember "o" could have been set as negative
so an equation such as 27 = —14400a+ 1205 + 3 would be correct in these circumstances.
dM1: Fully correct strategy that uses H = ax® + b x+3 with the two other pieces of information in order
to establish the values of both g and b for the model

Al: Correct equation, not just the correct values of a, b and ¢. Award if seen in part (b)
(b)(1)
B1: Correct height including the units. CAO
(b)(i1)
M1: Uses H = 0 and attempts to solve for x. Usual rules for quadratics.
Al: Discards the negative solution (may not be seen) and identifies awrt 185 m. Condone lack of units




c
53%: Candidate should either refer to an issue with one of the four aspects of how the situation has been
modelled or give a situation where the model breaks down
s the ball has been modelled as a particle
s there may be trees (or other hazards) in the way that would affect the motion
Condone answers (where the link to the model is not completely made) such as
o the ball will spin
¢ ground is not flat
Do not accept answers which refer to the situation after it hits the ground (this isn't what was modelled)
s the ball will bounce after hitting the ground
s it gives a negative height for some values for x
Do not accept answers that do not refer to the model in question, or else give single word vague answers
s the height of tee may have been measured incorrectly
s "friction", "spin", "force" etc
s it does not take into account the weight of the ball
s it depends on how good the golfer is
s the shape of the ball will affect the motion

s you cannot hit a ball the same distance each time you hit it

The method using an alternative form of the equation can be scored in a very similar way.
The first M is for the completed square form of the quadratic showing a maximum at x =90

So award M1 for H =ia()c—90)2 +cor H =ia(90—x)2 +¢ . Condone for this mark an equation with

a=1 = H= (x—90)2+c orc=3=H =a(x—90)2 +3 but will score little else

Alt (a) H =a(x+b)2+c and x=90 ath::>H=a(x—90)z+c M1 33
H=3whenx=0 =3=8100a+c¢ M1 31b
or Al | Lib
H =27 when x=120=27=900a+¢
H=3 whenx=0 =3=8100a+c¢c
and M1 | 3.1b
H =27 when x=120=27=900a+¢
= da—=..,C—..
H=——(x=90)* +30 o Al | L1b
300
&)
(b) x=90=H =0*+30=30m Bl |3.4
M
H=0=0=———(x-90) +30= x=.. M1 | 3.4
300
= x=185(m) Al 3.2a
2
Note that /7 :—L(x790)2 +30is equivalent to & :—L(9Ofx)2 +30
300 300

Other versions using symmetry are also correct so please look carefully at all responses

E.g. Using a starting equation of H = a(x—60)(x—120)+ b leadsto H = —ﬁ(x—60)(x— 120)+27




Question T2_Q13

Question Scheme Marks | AOs
2(a) Pk 4 B1 2.5
M
(b) 2 3x0.52
£{(1.8)=7—-2x1.8"=0.52 f(1.8)=¢g(0.52)=—————=...
(1.8) x = ef (1.8)=g(0.52)=——"— M1 | 1.1b
39
gf(1.8)=0.975 oe e.g. a0 Al 1.1b
¢))
© y%:)Sxy—yl%x:)x(Sy—?a)y M1 1.1b
x_
g s & X
(e" (=)= Al | 22a
)]
(5 marks)
Notes
()
B1: Correct range. Allow f(x) or ffor y. Allow e.g. {yEIRi: RS 7},—oo<y\<\7, (—00,7]
(b)

M1: Full method to find £(1.8) and substitutes the result into g to obtain a value.
Also allow for an attempt to substitute x = 1.8 into an attempt at gf (x).

3(1-2w)  3(7-20.8))
E.g. gf(X)S(—,zxZ)l5(72><(1-8)2)1

Al: Correct value

()

M1: Correct attempt to cross multiply, followed by an attempt to factorise out x from an xy term
and an x term.
If they swap x and y at the start then it will be for an attempt to cross multiply followed by an
attempt to factorise out y from an xy term and a y term.

-x 1 3

,—+
3-5x 5 25x-15

Al: Correct expression. Allow equivalent correct expressions e.g.

Ignore any domain if given.




Question T2_Q14

Question Scheme Marks AOs
11(a)
y
(1.5k, %)
O k 2k *
-2k
A shape in any position B1 1.1b
Correct x-intercepts or coordinates B1 1.1b
Correct y-intercept or coordinates B1 1.1b
Correct coordinates for the vertex of a A shape B1 1.1b
Q)
(b) x=k Bl 2.2a
k—(2x—3k)=x—k:>x=... M1 3.1a
Sk
= Al 1.1b
Set notation is required here for this mark
{x:x<%}m{x:x>k} Al 23
“
(©) x=3kor y=3-5k Bl1ft 22a
x=3k and y=3 -5k Blft | 2.2a
(©))
(10 marks)
Notes
(a) Note that the sketch may be seen on Figure 4
B1: See scheme
B1: Correct x-intercepts. Allow as shown or written as (&, 0) and (2%, 0) and condone coordinates
written as (0, k) and (0, 2k) as long as they are in the correct places.
B1: Correct y-intercept. Allow as shown or written as (0, —2k) or (—2k, 0) as long as it is in the
correct place. Condone k& — 3k for — 2k.
B1: Correct coordinates as shown
Note that the marks for the intercepts and the maximum can be seen away from the sketch
but the coordinates must be the right way round or e.g. as y =0, x= k etc. These marks can
be awarded without a sketch but if there is a sketch, such points must not contradict the
sketch.
(b)
B1: Deduces the correct critical value of x = k. May be implied by e.g. x> korx <k
MI1: Attempts to solve k —(2x — 3k) = x — k or an equivalent equation/inequality to find the other
critical value. Allow this mark for reaching £ = ... or x = ... as long as they are solving the
required equation.
Al: Correct value
A1l: Correct answer using the correct set notation.




Allow e.g. {x:xER,k<x<%}, {x: k<x<%}, xe[k, %j and allow “|” for 7 :”

But {x:x<%}u{x:x>k} scores AQ {x: k<x, x<%} scores AQ

(c)

B1ft: Deduces one correct coordinate. Follow through their maximum coordinates from (a) so
allow x =2x“1.5k” or y =3 — 5x“%k” but must be in terms of £.

Allow as coordinates orx = .., y = ...
B1ft: Deduces both correct coordinates. Follow through their maximum coordinates from (a) so

allow x =2x“1.5£” and y =3 — 5x*f” but must be in terms of £.

Allow as coordinates orx = .., y= ...
If coordinates are given the wrong way round and not seen correctlyas x= ..., y= ...
e.g. (3 — 5k, 3k) this is BOBO

Alternative to part (b) by squaring:
k—|2x-3k|=x—k=|2x-3k|=2k-x

Ax* =12kx+9%k* = 4k* — dfx+ x* = 3x* —8kx+ 5k =0

Sk
(3x—5k)(x—k)—0:> x—?, k

Score M1 for isolating the |2x— 3k| , squaring both sides to obtain 3 appropriate terms for cach side,

collects terms to obtain Ax* + Bkx+Ck* =0 and solves for x
5k
Al for x= ? and Bl forx=4%

Then Al as in the scheme.




