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1. Given y=2x(3x— 1),

dy .. . . .
(a) find d—y, giving your answer as a single fully factorised expression.
X

(b) Hence find the set of values of x for which j—y <0
X

(C))
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1.(a) | y=2x3x-1)°= % = 2(3x-1)° + 30x(3x—1)* M1A1l

AN 23x—1)* {(3x—1) +15x} = 2(3x—1)* (18x-1) M1A1

dx
4)
dy 4 1 1
(b) | g <0= 2(3x-1)"(18x-1)< 0= X<1g X=3 B1ft, Bl

(2)
(6 marks)

This may be marked as one complete question

()

M1: Uses the product rule vu'+uv'with u=2xand v = (3x—1)°or vice versa to achieve an expression of
the form A(3x—1)° +Bx(3x-1)*, A B>0

Condone slips on the (3x—1) and 2x terms but misreads on the question must be of equivalent difficulty. If
in doubt use review.

Eg: y= 2x(3x+1)5 = dy_ 2(3x+1)5 + 30x(3x+1)4 can potentially score 1010 in (a) and 11 in (b)

dx
. 15_ dy 15 14 : : :
Eg: y=2x(3x+1)" = o 2(3x+1)"" +90x(3x+1)~" can potentially score 1010 in (a) and 11 in (b)
Eg: y= 2(3x+1)5 = % = 30(3x+1)4 is 0000 even if attempted using the product rule (as it is easier)

Al: A correct un-simplified expression. You may never see the Ihs which is fine for all marks.

M1: Scored for taking a common factor of (3x—1)* out of A(3x—1)° + Bx"(3x—1)* where n=1 or 2,to
reach a form (3x-1)*{....... } You may condone one slip in the {........ }

Alternatively they take out a common factor of 2(3x—1)4 which can be scored in the same way
Example of one slip 2(3x—1)° +30x(3x—1)* = (3x—1)* {(3x—1) + 30x}

If a different form is reached, see examples above, it is for equivalent work.

Al: Achieves a fully factorised simplified form 2(3x—1)* (18x—1) which may be awarded in (b)

(b)

Bift: For a final answer of either x< % or X= % Condone x< % Xx<0.05 x=0.3

Do not allow x=%if followed by x < % Follow through on a linear factor of (Ax+B)<0=x...

where A, B =0 . Watch for negative A's where the inequality would reverse.
- : 1 1
It may be awarded within an equality such as §< X< 8
. 1 1 : .
B1l: For afinal answer of x< 18 oe (and) x= 3 oe with no other solutions. Ignore any references to

and/or here.  Misreads can score these marks
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Not to scale

)
= 4

Figure 1
Figure 1 shows a sketch of part of the curve C with equation
y=e*+x*—3
The curve C crosses the y-axis at the point 4.
The line / is the normal to C at the point A4.

(a) Find the equation of /, writing your answer in the form y = mx + ¢, where m and c are
constants.
6))

The line / meets C again at the point B, as shown in Figure 1.

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

X = ,/l+lx—e‘2x
2

2

Using the iterative formula

1
X .= \/1 + Exn —e %
with x =1

(c) find x, and x, to 3 decimal places.

2

N
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4.(a) g—i =—2e72X 4+ 2x M1A1
_a dy dx 1
At x=0 ax 2:>dy—2 M1
: . 1 1
Equation of normal is y—(—2)=§(x—0):> y=§x—2 M1 A1l
(®)
1 _ 1
(b) | y=e"*+x%—3 meets y= Ex—z when e +x%-3= HEX_ZH
x2=1+%x—e_zx M1
x=«/1+%x—e_zx * Al*
)
© | x =\1+05-¢2 M1
2
X, =1.168, x, =1.220 Al
)
(9 marks)
(a)
M1: Attempts to differentiate with e™2X - Ae™?* with any non -zero A, even 1.
Watch for 72X — Ae?X which is M0 A0
AL W pe2x o
dx
M1: A correct method of finding the gradient of the normal at x=0
: : . . . d
To score this the candidate must find the negative reciprocal of d_i
x=0
So for example candidates who find g—i —e™2X4+2x should be using a gradient of —1
Candidates who write down % = —2 (from their calculators?) have an opportunity to score this mark
and the next.
M1: An attempt at the equation of the normal at (0,-2)
To score this mark the candidate must be using the point(O,—Z) and a gradient that has been
changed from g—y
2 x=0
dy dy
Look for y—(—2)=changed|<>| (x—0) or y=mx—2where m=changed|->
dx|. dx|, _
x=0 x=0
. . . . . d
If there is an attempt using y =mx+c then it must proceed using (0,—-2) with m= changed|%
x=0

MSB - Page 4
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1 . : . -
Al: y= > X—2 cso with as well as showing the correct differentiation.

So reaching y =%x— 2 from% = 22X + 2xis A0

If it is not simplified (or written in the required form) you may award this if y = % X—21is seen in part (b)

(b)
M1: Equates y = e72* + x% —3 and their y =mx+c, m= 0and proceeds to X2 =...

Condone an attempt for this M mark where the candidate uses an adapted y=mx+c in an attempt to
get the printed answer.

/ 1. : . .
Al*: Proceedsto x= 1+5x-e 2 ltisa printed answer but you may accept a different order

—2x, 1
=./1-e -
X + 2X

. : . . 1 .
For this mark, the candidate must start with a normal equation of y =—-Xx—2 oe found in (a). It can

2
be awarded when the candidate finds the equation incorrectly, for example from g—i =22 4+ 2x
(©)
M1: Sub x =11in X =a/1+%x—e‘zx to find x, . May be implied by J1+0.5—-e72 oeorawrt1.17
Al: x, =awrt1.168, X, =awrt 1.220 3dp. Condone 1.22 for X,

Mark these in the order given, the subscripts are not required and incorrect ones may be ignored.

MSB - Page 5
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In(x? +1)
- 9

7. The curve C has equation y = xeR

x2+1

.. d . . T
(a) Find d—y as a single fraction, simplifying your answer.
X

(b) Hence find the exact coordinates of the stationary points of C.

(&)

(6

24

MSB Page 6

V34V SIHL NI 311I4M 1ON Od V34V SIHL NI 31I4M 1ON Oa

V34V SIHL NI 311I4M 1ON Oa



Summer 2018 www.mystudybro.com Mathematics C3

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel 6665
Question Scheme Marks
Number

—uv' In(x*+
7.(a) Applies =T 10 y= (2 )with u=In(x*+1)and v=x"+1
v X"+
a (X +1)x 22X —2xIn(x* +1)
& _ X+l M1 A1l
X (x2 +1)
dy 2x—2x|n(x2 +1)
-V = 2 Al
dx (x2 +1)
©)
(b) Sets 2x—2xIn(x* +1)=0 M1
2x(1-In(X* +1)) =0= x = /o1, M1,AL
In(x*+1
Sub x =++/e—1,0 into f(x):¥ dM1
X" +1
Stationary points (\/e—l,%),(—«/e—l,%), 0,0) Al B1
(6)
(9 marks)
(a)
M1: Attempts the quotient or product rule to achieve an expression in the correct form
q (x2 +1)>< - —2x|n(x2 +1)
Using the quotient rule achieves an expression of the form o X“+1 >
dx (x2 +1)
=2xIn( X2 +1
or the form & _ ( > ) where ...= A or AX
dx (x*+1)
or using the product rule achieves and an expression a_ (x? +1)71 x— = 2X(X +1)72 In(x* +1)
dx X +1
You may condone the omission of brackets ......... especially on the denominator
Al: A correct un-simplified expression for :—y
X
2X
x> +1)x————2xIn(x*+1 ) )
d_y=( ) X“+1 5 ( ) or —y=(x2+1)1>< 22X —2x(x2+1)zln(x2+1)
dx (x2 +1) dx X~ +1
2x—2xIn(x? +1 2x(1-In(x*+1
Al: ay _ ( > ) or exact simplified equivalent such asd—yz ( ( > ))
dx (x? +1) dx (x2 +1)

MSB - Page 7
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dy 2x—In(x*+1)2x _ : dy
Condone -2 = > which may be a little ambiguous. The lhs —~ =does not need to be
dx (x2 +1) dx
seen. You may assume from the demand in the question that is what they are finding.
ISW can be applied here.

(b)
. d . .
M1: Sets the numerator of their d_y which must contain at least two terms, equal to 0
X

M1: For solving an equation of the form In(x2 +1)=k, k>0 togetat least one non- zero value of x.
Accept decimal answers. X =awrt+1.31 The equation must be legitimately obtained from a numerator = 0

Al: Both x=+ye—1 scored from * a correct numerator Condone x =++/e' -1
: : . dy . In(x*+1)
dM1: Substitutes any of their non zero solutions to FVin O0into f(x)= 2—1to find at least one 'y'
X X*+

value. It is dependent upon both previous M’s
Al: Both (»\/e—l,%),(— e—1,%) oe or the equivalent with x=...,y =... In e must be simplified
1 1 . S
Condone [ et —1,—1),(—\/e1 -1, —J but the y coordinates must be simplified as shown.
e e

Condone (i\/e—l,%] Withhold this mark if there are extra solutions to these apart from (0,0)

It can only be awarded from + a correct numerator
B1: (0,0) or the equivalent x=0,y =0

Notes:
(1) A candidate can "recover" and score all marks in (b) when they have an incorrect denominator in
part (a) or a numerator the wrong way around in (a)

will probably only score (a) 100 (b) 200000

2

(2) A candidate who differentiates In (x2 +1) -

X +1
(3) A candidate who has v \;uv cannot score anything more than (a) 000 (b)100001 as they would
have k <0
(4) A candidate who attempts the product rule to get ﬁ:(xhl)'lx 1 —(¢+1) " In(x 41 _L-in(x “2“1)
dx X +1 (X2 +1)

can score (a) 000 (b) 110100 even though they may obtain the correct non zero coordinates.
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Summer 2018 www.mystudybro.com

e Past Paper

This resource was created and owned by Pearson Edexcel

Mathematics C3

6665

r

8. (a) By writing secd =

1
> show that i(sec 0) = secHtand
cosd do

(b) Given that

x = eSecy

T
x> e, O<y<—
2

show that
dy 1

A xyfe0)

5 X >¢€

where g(x) is a function of Inux.

2

(6))

LeaveN
blank

28
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8(a) O:j—e(secé?) = d%(cosé?)_1 = —1x(cos6?)_2 x—siné M1
1 " sin@
~ cos6 " cosd
=sechtand Al*
2
(b) x=e"*Y = % =e**Y xsecytany oe M1A1
SN - M1
dx g% xsecytany
Uses 1+tan? y =sec’y with secy=Inx = tany= (In x)2 -1 M1
= dy 1 ! oe
ax = Al
dx xxlnxx\/(lnx)z—l x\/(lnx)4—(lnx)2
(%)
(7 marks)
Alt _ ldx _
(b) Inx =secy = X dy =secytany M1A1l
dy__ 1 M1
dx  xxsecytany
2
Uses1+ tan®y = seczyand secy =Inx =tany=4/(Inx)" -1 M1
dy 1 1
i 2 . 2 2 Al
| I -1 | —(1
XX nxx\/(nx) x\/(nx) (Inx) o
)

MSB - Page 10
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(a)

M1: Uses the chain rule to get J_rlx(cosé?)_2 xsin 6
cos@x0+1xsing
cos’ 6
When applying the quotient rule it is very difficult to see if the correct rule has been used. So only

withhold this mark if an incorrect rule is quoted.

Alternatively uses the quotient rule to get condoning the denominator as cos 6

><sin6’ tan«é’or sind
cos@ cosd ' cosd  cosdxcosd
before the given answer. The notation should be correct so do not allow if they start

y:secez%:secé’tane
X

Al*: Completes proof with no errors (see below *) and shows line

* You do not need to see ;—9(sec f)=..or g—éanywhere in the solution

(b)
M1 Differentiates to get the rhs as €5 x...
Al Completely correct differential inc the Ihs g—; =e*Y xsecytany
M1 Inverts their g—§t0 get g—i
The variable used must be consistent. Eg 3—; =Y = % = esjcx is MO
M1 For attempting to use 1+ tan® y= seczy with secy = In x

(You may condone Inx* — 2Inx for the method mark)
It may be implied by tany = «[J_r(ln x)2 +1 They must have a term in tany to score this.

) ) ] ) 1
A valid alternative would be attempting to use 1+ cot? y= coseczy with cosecy = ————=o0e
1_
In? x
d 1 . d 1
d—y = n > or exact equivalents such as & =
X x\/(ln x)"=(Inx)

dX  yIn% x=In? x
Do not isw here. Withhold this mark if candidate then writes down d_y = !
dx x\/4(ln x)-2(Inx)

Al

. d 1 L .
Also watch for candidates who write Y which is incorrect (without the

dX xinx? = Inx2

brackets)

MSB - Page 11
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Figure 3

The number of rabbits on an island is modelled by the equation

100e ™"
=m+40, teR t>20

where P is the number of rabbits, ¢ years after they were introduced onto the island.
A sketch of the graph of P against ¢ is shown in Figure 3.

(a) Calculate the number of rabbits that were introduced onto the island.

1)

dp
(b) Find —

The number of rabbits initially increases, reaching a maximum value P, when =T
(c) Using your answer from part (b), calculate

(1) the value of T to 2 decimal places,

(i) the value of P, to the nearest integer.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

“)

For ¢ > T, the number of rabbits decreases, as shown in Figure 3, but never falls below £,
where k is a positive constant.

(d) Use the model to state the maximum value of k.

)

26
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8 () _ 100 40- B1
P 123 +40=65
1)
iekt —CeM M1
dt
—-0.9t -0.1t -0.1t —0.9t
by | 4P _(1+3e"")x-10e —10(Ze x—2.Te ML AL
dt (1+3e°)
@)
©0 | Atmaximum  —10e7°* —30e " xe % +270e " xe % =0
e **(~10+240e°*)=0
_ 10 M1
oot _ —Y 09t _
e = 540 oe e 24
1 10
—09t=In| = t=—1In(24)=3.53
(24j:> 5 (24) M1, Al
© (@) | subt=353=P =102 Al
(4)
d) | a0 B1
1
9 marks
(@)
BL (P, =)65
(b)
M1 For sight of %ekt = CeM (Allow C =1)This may be within an incorrect product or quotient rule
M1 Scored for a full application of the quotient rule. If the formula is quoted it should be correct.

The denominator should be present even when the correct formula has been quoted.

In cases where a formula has not been quoted it is very difficult to judge that a correct formula has been
used (due to the signs between the terms). So................

-0.9t -0.1t -0.1t 0.9t
if the formula has not been quoted look for the order of the terms (L+3e”7)xpe” —qe xe
(1+3e7°%)?
(1+ 3e—0.9t) % pe—O.lt + qe—O.lt x e—0.9t
(1+3e7°%)?

MSB - Page 13
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Al

©0)

M1

M1

Al

(©)(ii)
Al

(d)
B1

For the product rule. Look for ae ’0'“(1+ 3e )71 +be e (l+ 3e )72 either way around

Penalise if an incorrect formula is quoted . Condone missing brackets in both cases.

A correct unsimplified answer.

dP) —10e **(1+3e**)+270e “e " ~10e™*" 4+ 240e ™
Eg using quotient rule (—j = > oe >
(1+3e°*) (1+3e°*)

. simplified

Eg using product rule (‘Z—fj =-10e **(1+3e ") +270e % " (1+3e ) oe

Remember to isw after a correct (unsimplified) answer.

There is no need to have the %—T and it could be called g—i
Do NOT allow any marks in here without sight/implication of %—T =0, (jj_I: <0OR (:j—I: >0

The question requires the candidate to find t using part (b) so it is possible to do this part using inequalities using
the same criteria as we apply for the equality. All marks in (c) can be scored from an incorrect denominator (most
likely v '), no denominator, or using a numerator the wrong way around ie uv'—u'v

. dP . dP . .
Sets their s = 0 or the numerator of their 3 =0, factorises out or cancels atermin € *t0 reach a form

t

Ae*"* = Boe. Alternatively they could combine terms to reach Ae ™" = Be % or equivalent

-08t ~0.1tx -0t
=€

Condone a double error on € ** xe or similar before factorising. Look for correct indices.

. dP .
If they use the product rule then expect to see their C(jj_t = 0 followed by multiplication of (1+ 3e )2 before

similar work to the quotient rule leads to a form Ae*** =B

. _dP . i + i _ _
Having set the numerator of their i 0 and obtained either € =C (k may be incorrect) or Ae " = Be 0.1t
it is awarded for the correct order of operations, taking In's leadingto t =..

It cannot be awarded from impossible equations Eg € “°*" =-0.3

cso t =awrt 3.53 Accept t= % In(24) or exact equivalent.

awrt 102 following 3.53 The M's must have been awarded. This is not a B mark.

Sight of 40
Condone statements such as P — 40 k... 40 or likewise
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