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Questions
Q1.
Given that
_ 3sin# T _h< 3
~ 2sinf + 2cosd 4 T4
show that
r__ 4 L.
d0 1+ sin26 4 T4

where A is a rational constant to be found.

(Total for question = 5 marks)
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Q2.

A scientist is studying a population of mice on an island.

The number of mice, N, in the population, t months after the start of the study, is modelled by
the equation

N 900

—m. ek, t=0

(a) Find the number of mice in the population at the start of the study.

d_'\f d._“uf B N300 - N)
(b) Show that the rate of growth dr is given by dr 1200

The rate of growth is a maximum after T months.

(c) Find, according to the model, the value of T.

According to the model, the maximum number of mice on the island is P.

(d) State the value of P.

(Total for question = 10 marks)
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Qs.

5x% + 10x
y=——7" x# -1
(x+1)7°

dy 4

(a) Show that dr  (x+1)"  \where A and n are constants to be found.

dy
(b) Hence deduce the range of values for x for which dx <0

(Total for question = 5 marks)
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Q4.

Vi

Figure 1

Figure 1 shows a sketch of the curve C with equation

4x* + x

Y= —4lnx x>0
N -

(a) Show that

dv  12x% + x —16+/x

—

dx 4x/x

The point P, shown in Figure 1, is the minimum turning point on C.

(b) Show that the x coordinate of P is a solution of

(c) Use the iteration formula

ra

3 12

4 5| :
x . =l-—— with x, =2
el 1

to find (i) the value of x» to 5 decimal places,
(ii) the x coordinate of P to 5 decimal places.

PhysicsAndMaths Tutor.com

(Total for question = 10 marks)
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Q5.

The function g is defined by

3n(x) -7
g(.r)=m x>0 x=k
where k is a constant.
(a) Deduce the value of k.
(b) Prove that
g'(x) =0

for all values of x in the domain of g.

(c) Find the range of values of a for which

g(a) >0

(Total for question = 6 marks)
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Q6.
Given that
X - 4 .
y= 24+4x Ede
show that
dy __1 ~0
dx  Ax e

where A is a constant to be found.

(Total for question = 4 marks)
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Q7.

Figure 5

Figure 5 shows a sketch of the curve with equation y =f ( x ), where
_ <x<x

The curve has a maximum turning point at P and a minimum turning point at Q as shown in

Figure 5.
Show that the x coordinates of point P and point Q are solutions of the equation
tan2x = \.E

(a)
Using your answer to part (a), find the x-coordinate of the minimum turning point on the

(b)
curve with equation
(i) y=f(2x).
(i) y=3-2f(x).
(Total for question = 8 marks)
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Q8.
Given y = x(2x + 1)*, show that
% =2x+1)"(4x + B)

where n, A and B are constants to be found.

(Total for question = 4 marks)
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Q9.

1 +11x — 6x? B C
=A+ +
(x =3)(1 -2x) (x-=3) (1-2x)

(a) Find the values of the constants A, B and C.

1 +11x — 6x?

0= T 3020

(b) Prove that f (x) is a decreasing function.

(Total for question = 7 marks)
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Mark Scheme

Q1.

Question Scheme Marks | AOs
dy _(2sinf+2cosf)3cosf—3sinb(2cosf—2sinb) 1‘;11 HE
dé (2sin@+2cosé)’ '
Expands and uses sin” 8+cos” @=1 at least once in the numerator or the

denommator . M1 i1a
oruses 2sinfcosf=sin28 in == = _
......... CsmBcosd
Expands and uses sin’ @+cos’ @=1 the numerator and the denominator
AND uses 2sinfcos&@ =sin28 in :}d—“:L Ml 21
df Q+Rsm28
dy 3 3
= A Al | L1b
d@ 24+2sm28 1+sin28
(5 marks)

Notes:

M1: For choosing either the quotient. product rule or implicit differentiation and applying it to the given

dy dy

function. Look for the cormrect form of é (condone 1t bemng stated as d—l} but tolerate slips on the

d(sin& dicos@

coefficients and also condone [SL) =*tcosf and L") =tsmé

do dé
) dy (2smf+2cosf)xE cos@—-3sinf(t cosfE _sind)
For quotient rule look for — =- . 5
de (2sinf+2cos )

For product rule look for

%z{lsiﬂﬂ-i-ﬁlcosﬁ}_l x+_cosf+3sinfx(2sinf+2cosf)” %(+_cosf+ _sinh)

Implicit differentiation look for(...cos@=...sinf) y+(2sin 8+ 2cosF) .4

=._.cos@
. . dy .. . dy
Al: A correct expression mvolving FY) condoning it appearing as a

M1: Expands and uses sin” @+cos” @ =1 at least once m the numerator or the denominator OR uses

2smBeosf=sm27 in :>‘—1=—
dé ....Csinfcost
M1: Expands and uses sin” @+c0s” @=1 in the numerator and the denominator AND uses

. . . . . dy P
2sin feosf =sin 26 in the denonunator to reach an expression of the form =~ =
dé Q+Rsin2d
1+sin 28
Allow recovery from nussing brackets. Condone notation slips. This is not a given answer

. 3
Al: Fully correct proof with A = - stated but allow for example
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Q2.
Question Scheme Marks | AOs
N:% =900(3+7e " r ek, t20; o _ NU00--N)
3+T7e dt 1200
(a) 90 Bl 34
(1
' d ) ) L 035t ) Ml 2_1
(b) B 9003+ 762y (7(-025)e | [ 900(025X7)e”
Way 1 d - Tl @7 Al 1.1b
900(0.25) (29 31|
oy WY ) a1 | 21
dt (900
|. N/
N N(300-
correct algebra leading to Y. - VGO =M Al* | Lib
dr 1200
)
- _ iy 25)(7)e~035 ) M1 2.1
(‘b} R di - _900(3 + ?E—UQ:.’)—Z [ ?{—0.25)6_02:! ' _(= 900(0 3}_(:115 _
Way 2 dt : SR S s Al 1.1b
|: 90(—)@“5 || 300- 90?0% .:
NE00-N) _ (347 ) 347e°% ) dM1 21
1200 1200
cyg —0.25¢
LHS = %W, o
3+Te )
—0.25r gy —0.25
RES = 900030003+ 7e ﬂ).—‘900} _ 1575e e Al* 1.1b
120003 + 7e™ ") (3+ 7705
7 NI -N
and states hence di' =M (or LHS=ERHS) *
dt 1200
C)]
(c) Deduces N =150 (can be implied) Bl 22a
S0 150 =0 _ = oar 3 Ml 34
3+7e 7
T=— 41:1[2 | or T =awt 3.4 (months) dMmi1 1.1b
\7) Al 1.1b
“@
(d) either one of 299 or 300 Bl 34
)
(10 marks)
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Notes for Question

(b)

MI1: Attempts to differentiate using

iAe—ﬂ.Ei!
(3 + '}!E-C'Ef!)l
WV B+7IN0) £ 4

s the quotient rule to give — —
e BV " 31 7e iy

- - dl""l' i 154 0252
+ the chain rule to give e £ 47 (3476 or oe.

- = - . - - - - 5 —025¢ d;\;r » 0255
» implicit differentiation to give N(3+7e™*)=900= (3+7e D‘J')? + ANe™ =0 0e

where 4=0

Note: | Condone a slip in copying (3+ 7e™*") for the M mark

Al: A correct differentiation statement

ar - - - - - - 15 d.l.;\r » 0255
Note: | Implicit differentiation gives (3+ ?E_D"”)E —1.75Ne7" 5 =0

S ... 4N
dM1: | Way 1: Complete attempt, by elinunating ¢, to form an equation linking —and N only

dr

L 900 . dv  N(300-N)

Way 2: Complete substitution of N =———== mto —=———7——
i 317> dr 1200
900 3
Jote: : w900 - 900 : T
Nate: Way 1: e.g. substitutes 3+ e "> =—and e 0.25 e or substitutes e?3 = & mto

their — = to forman equation linking —and N

dV _N(300-N)

Al*: Way 1: Correct algebra leading to — -
dr 1200
Way 2: See scheme
(©
dw . o
BIl: Deduces or shows that m 15 maximised when N =150

900 5
MI: Uses the model V= PR with their N’ =150 and proceeds as faras ¢ =k. k>0
e

or T =k k=0 Condone r=T

dM1: | Correct method of using logarithms to find a value for . Condone =T
Al: see scheme

d*N _dvy{ 300 2N

Note: el il Bl =0 = N =150 15 acceptable for B1
Note: | 2= =3 1200 1200 ~°= o
Naote: | Ienore units for T

. . 200 .
Note: | Applying 300=———5-=1=__ or 0=ﬂ0“_ = f=_.1s M0 dMO0 AO

i 3+T7e " 3+T7e

Note: | M1 dM1 can only be gained in (c) by using an N value in the range 90 < N < 300
(d)

Bl: 300 (or accept 299)
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Question Scheme Marks | AOs
. N Ni .
N = —90‘1 9003+ 75 ek r20. N _NEW-N)
34 e dt 1200
(b) 1 1
; —_———dN = | —df
Way 3 N(300-1N) 1200 M1 21
IS WS T P
3000 N 300-NV 1200
Al 1.1b
LN mEoo-M——t 0
300 300 1200
{t=0,N=90=>} c= 1 1n90)-—L In(210) = ¢ = L]n| 2
300 300 300 L7)
L VL 1n(300- M) =t +——In| 2 |
300 300 1200 300 '\ 7)
1 3 dM1 21
In N —In(300-N)=—i+In| = |
4 T
([ N 1 1 [ 31 N 3
ln|—'=—a‘—]n'— = =Ze
\300-N | 4 .7 300-N 7
TN =3e"(300—N) = 7N +3Ne* =900e"
. o Al* 1.1b
N(7+3e¥) =900 = N0 900 .
7 +3e* 3+Te
C)]
(b) . _02% —oase 1 900 ) —azs  900-3N
Way 4 N(3+7e™)=900 = e =?|. = —3_.| = e M1 21
= t =—4(In(900 — 3N) — In(7N))
:£=_4‘—73_ 7 '| Al 11b
dw \900-3N TN
a1 1) _ d ,(N+300-N)
& _ 4 +—| o g dM1 | 21
dN \300-N N dn \ N(300—-N) |
dt 1200 \ dv  N(G00-N
LR S Ar* | 11b
v | N@Goo-N) ) dt 1200
C)]
Notes for Question Continued
()
Wav 3
MI1: Separates the vanables, an attempt to form and apply partial fractions and mtegrates to give
In terms = J {+¢}. k= 0. with or without a constant of integration ¢
Al: 1 In NV ——In(300-N) = Lr {+¢} or equivalent with or without a constant of integration ¢
300 300 1200
dM1: Uses 1 =0, N =90 to find their constant of integration and obtains an expression of the form
Ae¥ = fiN), 1=0 or je ¥ = f(N); 1=0
_ _ o . 900
Al*: Correct manipulation leading to N = 3275
- E- R
(h)
Wav 4
MI1: Valid attempt to make ¢ the subject, followed by an attempt to find two ln derivatives,
condoning sign errors and constant errors.
dr -3 7 :
Al: — =4 —- | or equuvalent
a 900-3y 7n )
dM]1: | Forms a common denominator to combimne their fractions
. N N -N
Al=: Correct algebra leading to ol = %ﬂjﬁ *
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Q3.
Part | Working or answer an examiner might Mark | Notes
expect to see
(a) dy  (x+D?x(10x+10) —(5x +10x) x 2(x+1) M1 | This mark 1s given for an attempt to
PR x+1)° differentiate the expression for v
Al This mark 18 given for correctly
differentiating the expression for v
dy  (x+Dx(10x+10)— (5’ +10x) %2 M1 | This mark sis given for cancelling
Fr (x+1)° the expression through by (x + 1)
dy _ 10 Al | This mark is given for a fully
de  (x+D7 correct expression for d—l
dx
(b) |Ifd=0andn=13 then x<-1 Bl [ This mark is given for deducing
that o <0 =x<-1
dx
Q4.
‘ Question | Scheme ‘ Marks ‘ AOs |
a 1
(@) Iny— < Bl 1.1a
. . X +x
Method to differentiate —— — see notes M1 11b
L3 X
L
Eg 2x2x7+1x1,7 Al 11b
2 2 2
dy 1 4 12X +x—16x =
L o3/x+ == Al* 21
dx 4Jx  x Ax+/x
“
(b) 12x7 +x-16y/x =0=>12x +x* ~16=0 Ml 11b
Eg 121‘? =16— v"n_- dM1 L1b
gty (4 Vx P Al* 21
312 (37 12
(&)
© o
5 =g 2-32) M1 11b
312
x2=awrt 1.13894 Al 1.1b
x=1.15650 Al 22a
(&)
(10 marks)
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Notes:

(@)

B1: Differentiates Inx —}i seen or implied
x

4x* +x
2J/x
3 1

= 1
= ..x" +..x" being then differentiated to Px> + _ or _+Ox

M1: Correct method to differentiate

' +x
Wx

Alternatively uses the quotient mle on

al =

Look for

dx +x

2Jx

[

2/x(Ax+B)—(4x* +x)Cx 2
(23]

Condone slips but if rule is not quoted expect [%1 = (4.B.C=0)
)

r ’
. . . .o . Vi — Y
Bur a correct rule may be implied by their n, v, n, v* followed by applying ——— etc.
2

Alternatively uses the product rule on (4x* + x)(2v/x)
2 L 3
Condone slips but expect {% ]=A_x }(Bx+C)+D(4x* +x)x *(4,B.C>0)

In general condone missing brackets for the M mark. If they quote 1 = 41 + x and v = 2+/x and don’t

make the differentiation easier, they can be awarded this mark for applying the correct rule. Also allow
this mark if thev quote the correct quotient rule but only have v rather than +* in the denominator.

Al: Correct differentiation of 4‘—}‘ although may not be simplified.
2x

1
2&[8x+1]—(4x: +x:]x S| 1 L

M) 1 . 3 1 1
Examples: [d—‘] - . =X 3{3x+1)—l{4x‘+1]x 2 x3xii il
(247) 4 PR

dI/

[

Al*: Obtains & _ M via 3ﬁ—L—i or a correct application of the quotient or product rule
dx dax Hr x

and with sufficient working shown to reach the printed answer.
There must be no errors e.c. missing brackets.

(b
M1: Sets 125% + x—16y/x = 0 and divides by /3 or equivalent e g. divides by x and multiplies by v/x

3
dM1: Makes the term in 7 the subject of the formula
Al*: A correct and rigorous argument leading to the given solution.

Alternative - working backwards:

3 3
= xT =§—§:>12x3 =16—+x =122 =16Jx —x = 12x* —16/x +x =0

o,

.\§

M1: For raising to power of 3/2 both sides. dM1: Multiplies through by +/x. Al: Achieves printed answer and makes a
nunimal comment e.g. tick. # QED, true etc.
(©

M1: Attempts to use the iterative formula with x; = 2. This is implied by sight of x, = [% —E] or awrt 1.14

Al: xy=awrt 1.13894
Al: Deduces that x=1.15650
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Q5.
Question Scheme Marks AOs
(a) k=e or x#e Bl 22a
Y]
®) {ln:t:—2}><i—{31n:':—7}><i 1
gr{x) _ X - I = _
(lnx-2) x(lnx-2Y
or
d o 4 a1 1 M1 1.1t
g(x)=—|3-(ln(x)-2) |=(lax-2) x—=————
dr(- LA . ] ) X x(lnx-2) Al 21
or
a1 3 3 1 1
g(x)=(lnx-2) 1x——{3ln:c—?}{]nx—2.] 2><—=7_1
x ¥ x(lnx-2)
Asx =0 (or 1/x =0) AND Inx—2 is squared so g'(x) =0 Alcso 24
3)
c) Attempts to solve etther 3lnx—7 . Qorlnx—-2 . 0
or3dlna—-7 .. 0Oorlna—2 ... 0where . . is*“="or “="toreach
) : M1 31la
a value for x or a but may be seen as an inequality
egx=_.ora= ...
O<g<e’. a=e’ Al 22a
2)
(6 marks)
Notes:
@ ‘
Bl: Deduces k=¢ or x#e Condone k=awrt 7.39 or x # awrt 7.39
(h)
M1: Attempts to differentiate via the quotient rule and with ]r_l;(—»l so allow for:
T
1 (lnx-2)x % -(Blx-7)xE
(o : X X
—leglx))= . 8>0
d\’t'g[ )) (]1]1’—2}2 g
vu' —uv'
But a correct rule may be implied by their x, v, 1, " followed by applying ——— etc.
3n(x)-7

) . -1
Altematively attempts to write g(x) = W =3—(In(x)-2) and attempts the chain rule so allow for:
x)-2 v

3—(]111[1';]—2]_1 — [L]n[x]—E]_] x%

Altematively writes g(x) =(3In(x)—7)(In(x)-2 }_1 and attempts the product rule so allow for:

g'(x)=(lnx-2)

2 (3 x-T)(lnx-2)"xE
3 x
In general condone missing brackets for the M mark. E.g. if they quote # = 3lnv - 7 and v =Inv - 2 and
don’t make the differentiation easier, thev can be awarded this mark for applying the correct rule.
Also allow this mark if they quote the correct quotient rule but only have v rather than +* in the
denominator.
1
1 .
Al: — Allow X___i.e. we need to see the numerator simplified to 1ix
¥(lnx-2) (lnx-2)
Note that some candidates establish the correct numerator and correct denominator independently and provided
thev obtain the correct expressions, this mark can be awarded.
But allow a correctly expanded denonunator.
Alcso: States that as x =0 AND Inx -2 is squared so g'(x) = 0

PhysicsAndMaths Tutor.com
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(©
M1: Attempts to solve either 3ln x — 7 = 0 or In x — 2 = 0 or using inequalities e g 3lnx -7 >0

Al: O<a<e’ a>e’

Q6.

Question Scheme Marks AOs

L 1
yzi:;,ﬂ_”ﬂ‘[x‘{}?"“ M1 | 21

244x dx (2+Vx) Al | L1b
T B O e B e

{:2+JI-}: (2+45) _JJ_-{:2+J}} M1 | L1b
_ x+4x +4 _ [2-%—*."';}] _ N B
Wr(2+45)  2x(2+4x) 2 2.
4
(4 marks)

Notes

M1: Attempts to use a correct rule e g quotient or product (& chain) rule to achieve the following forms

af[i2+ﬂ]—,8{x—4]x_%

Quotient : — 5 but be tolerant of attempts where the [ 2+ J; .}_ has been
(25) |
. -1 » - 2
incorrectly expanded Product: a|2+ \f’;} +0x7 (x4 ][3 + w'T}
_ . — -4 dy dy dt 2:[_2+:}—{_r'—4] 1 5
Alternatively with r=+x, y=—— = —=—x—= = x—x  with same rules
- T 24t de  dr dx (2+1) 2

Al: Correct dervative 1 any form. Must be 1 terms of a single vanable (which could be )
M1: Following a correct attempt at differentiation, it is scored for multiplying both numerator and

L] L]
: : : . wv'—vie
denominator by \.'"; and collecting terms to form a single fraction. It can also be scored from ———

v

For the # =+/x, look for an attempt to simplify wxi
(241 2t

: : : . dy
Al: Correct expression showing all key steps with no errors or omissions. — must be seen at least once

Question Scheme Marks AOs
—4 (Vx+2)(vx-2) Ml | 21
y= =y== 7 J_x-2

2+ 2avx AL | L1b

ﬂz 1 M1 1.1b

dr  2Jx Al 21

(4)
(4 marks)
Notes
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M1: Attempts to use difference of two squares. Can also be scored using
;2;4:> _(t+2)(r-2)

r+2 r+2

Al: y=+/x-2 or y=t-2

M1: Attempts to differentiate an expression of the form y = \,{; +b

t=Jx=y=

. . . . d
A1l: Correct expression showing all key steps with no errors or omissions. A—ymust be seen at least once

-

Q7.
Question Scheme Marks AOs
(a) Attempts to differentiate using the quotient rule or otherwise M1 21
£(x) = ™ 8cos 2x —4sin 2x x ﬁeﬁ’"l
()= = Al | 11b
(=77)
Sets f'(x)=0and divides/ factorises out the o¥™!terms M1 21
. sinlx 8
Proceeds via = to =tanl2x =42 * Al* 1.1b
cos2x 42
4)
(b) (i) Solves tan4x =./Z and attempts to find the 2™ solution M1 3.1a
x=1.02 Al 1.1b
(i) Solves tan2x = /2 and attempts to find the 1¥ solution M1 3.1a
x=0478 Al 1.1b
4)
(8 marks)
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Notes:
(a)
M1: Attempts to differentiate by using the quotient rule with u=4sin2x and v= eV or
alternatively uses the product rule with 1 =4sin2x andv=e"V"
Al:  For achieving a correct £'(x) . For the product rule
£'(x) = & x8cos 2x + 4sin 2x x—f2c* "
M1: This is scored for cancelling/ factorising out the exponential term. Look for an equation in
just cos2x and sin2x
Al*: Proceeds to tan2x =+/2 . This is a given answer.
(b) (i)
M1: Solves tan4x =./2 attempts to find the 2*¢ solution. Look for x =M
Alternatively finds the 2°¢ solution of tan2x =/Z and attempts to divide by 2
Al:  Allow awrt x=1.02. The correct answer, with no mcorrect working scores both marks
(b)(ii)
: arctan 2
M1: Solves tan2x =7 attempts to find the 1% solution. Look for x = S
Al:  Allow awrt x =0.478 . The correct answer, with no incorrect working scores both marks
Q8.
Question Scheme Marks AOs
Attempts the product and chain rule on y=x(2x+1)* M1 2.1
dy _ 4 3
E_(2x+1) +8x(2x+1) Al 1.1b
Takes out a common factor % =(2x+1)° {(2x +1) +8x} M1 1.1b
%:(2x+l)3(10x+1)=>n=3,ﬁ=10‘B=1 Al [ 11b
(4 marks)
Notes:
MI1: Applies the product rule to reach % =(2x+1* + Bx(2x+1)°
Al: Y =(2x+1)* +8x(2x+1)
dx
M1: Takes out a common factor of (2x+1)°
Al:  The form of this answer 1s given. Look for % =(2x+1P(10x+1)=n=3.4=10,B=1
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Q9.
Question Scheme Marks | AOs
1+11x—6x" B C
= A+ +
(x—=3)1-2x) (x=3) (1-2x)
(a) 141l —6x" = A1-2)(x -3+ B1-20)+C(x—3) = B=...C=. M1 21
Way 1 A4=3 BI 1.1b
Uses substitution or compares terms to find etther B=__. or C'=__ M1 1.1b
B =4 and C=-2 which have been found using a correct identity Al 1.1b
)
(a) Loy IHl-6x o -10x+10
Way 2 tlong division gives} T & = 3t Taa—
-10x+10= B(1-2x)+C(x-3) = B=..,C=... M1 21
A4=3 Bl 1.1b
Uses substitution or compares terms to find etther B=__. or C'=__ M1 1.1b
B =4 and € =—2 which have been found using Al L1b
-10x+10= B(1-2x)+C(x-3) '
C)]
(b) F) =3+ 2 3ia—3y—21-207); x>3
x-3) (1-2%
, [ 4 ] M1 21
fi(x)=-4x-3"-4{1-2x)" ! == : - — 4 . |
| =3 (-2x)7) Alft 1.1b
Correct £'(x) and as (x—3)* >0 and (1-2x)" > 0. Al 24
then f'(x) = —(+ ve) — (+ v&) < 0, so f(x) is a decreasing function N
(2
(7 marks)
Notes for Question
(a)
M1: Way 1: Uses a correct identity 1+11x—6x" = A(1-2x)(x-3)+ B(1-2x)+ C(x-3) ma
complete method to find values for B and €. Note: Allow one slip in copying 1+11x— 6x"
Way 2: Uses a correct identity —10x+10= B{1-2x)+C(x-3) (which has been found from
long division) in a complete method to find values for B and C
Bl: A=3
MI1: Attempts to find the value of either B or C from their identity
This can be achieved by either substituting values into their identity or by comparing coefficients
and solving the resulting equations simultaneously
Al: See scheme
. Way 1: Comparing terms:
Note: | 2. _§=—24; x: 11=74-2B+C; constant: 1=—34+B—3C
Way 1: Substituting: x=3:-20=-53B=F=4.x =%: 5 =—%C = C=-2
Note: | Way 2: Comparing terms: X: —10=-2B+C; constant: 10=58-3C
1| 5
Way 2: Substituting: x=3: -20=-53B—=B=4.x = 5 =—?C =C=-2
Naote: A=3,B=4, C=-1 from no working scores MIBIMIA1
Naote: | The final Al mark 1s effectively dependent upon both M marks
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Notes for Question Continued

(a) ctd
Nate: | Writing 1+11x—6x" = B(1-2x) + C(x—3) = B=4. C=—2 will get 1 MO0, 2 M1, 17 A0
Note: | Way 1: You can imply a correct identity 1+11x—6x" = A(1-2x)(x—3)+B(1-2x) +C(x-3)
1+41c-6x"  A(-2%)(x—3)+B(1-2x)+ C(x-3)
C—31-2%) x-3)1-29)
Note: | Way 2: You can imply a correct identity —10x+10= B{1-2x)+C(x-3)

~10x+10  _ B(-2x)=C(x=3)
r—31-2%) G—31-20)

from seeing

from seeing

(b)
MI1: Differentiates to give {f'(x) =} A(x-37 2 ul-2x" A, u=0

Alft: £'(x) = —4(x =3 —4(1-2x)7 ., which can be simplified or un-simplified
Note: | Allow Alft for £'(x) = —(their B)(x—3)~ +(2)(their C)(1-2x)~; (thewr B), (thewr C) =0

N e e+ 4
Al: filx)=-4x-3)"-4l-2x)" or f'(x)= T e

eg f'(x) = —(+ve) - (+ ve) < 0, so f(x) is a decreasing {function}

and a correct explanation

Note: | The final A mark can be scored in part (b) from an incorrect 4 =... or ffom 4 =0 or no value of
A found 1n part (a)

Notes for Question Continued - Alternatives

(a)
Naote: | Be aware of the following alternative solutions, by imtially dividing by "(x-3)"or "(1-2x)"
1+11x—6x _ bx-7 20 _3- - 20
"x-3)"1-2x)  (1-2x) (x-3)(1-2x) 1-2x)  (x—3)1-2x)
20 __ D L E o 50=DU-20+E(x-3) = D——4 E——8
x-N1-2x) (x-3) (-2
;o B , 5
310 | 4, 85, 4 2 4-3.B=4,C=22
(1-2x) | (x=-3) (1-2x)/ (x—=3) (1-2x)
1+11x—6x" Ix—4 5 5 5
. = + =3+ -
(x-3)"1-2x)"  (x-3) (x-3)l-2x) (x-3 (-3)1-2x)
i D L E o 5_DU-20+E(x-3)= D=-1,E=-2
x-31-20 (x-3) (1-2%
[ -2 . 2
S3p 2 g L, 2 5 4 2 4o3p-4,0=2
(x=3) (x-3 (1-2x)) x-3) (1-Zx)
(b)
Alternative Method 1:
£() = Llle—6x o ) = l+111x—6.r] Ju=liix-6d v=-2x 4 7x-3]
(x—3)(1-2x) -2 +7x-37 [w'=11-12x V=—dx+7
202 + Tx=3)(11-129) - A+ 11x —6x°)(—dx + 7 SR
f'(r)z(——l +7x=3)( —j T]I}—?( +3 :-1— ) (=4x+7) to find f'(x) | ~
2 +7x-3) Correct differentiation | Al
. =20((x-1)* +1
fix)= (Eli)ﬂ? and a correct explanation,
—2x" +Tx-3)
Al
eg fix)= _% = 0. so (x) is a decreasing {function}
+ ve

Alternative Method 2:
Allow M1A1A1 for the following solution:
4 2 .4 2
(x-3) (1-2x) = (x-3) (x-1)
4 decreases when x>3 and 2
x—3) (2x—1)
then T(x) is a decreasing {function}

Given f(x) =3+

as decreases when x >3






