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1. The curve C has equation
3x -2
y=——g3> x#2
(x=2)
The point P on C has x coordinate 3
Find an equation of the normal to C at the point P in the form ax + by + ¢ = 0, where a, b
and c are integers.
(6)
. J
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1 y =7 at point P Bl
2
3x—2 dv (x—2)°x3—(Bx—-2)x2(x—2
po B2 (D3 (Er0)2Ax2) MIAL
(x—2) dx (x—2)
Sub x =3 into d_yz(—ll) M1
dx
1 y-7
— = = x-11y+74=0 Cso M1A1 cso
11 x-3
(6 marks)
B1 Forseeing y =7 when x =3 . This may be awarded if embedded within an equation.
M1 Application of Quotient rule. If the rule is quoted it must be correct.
It may be implied by their u =3x-2,u’'=..,v = (x-2)*,v'=..followed by their ** _2””
v
If the rule is neither stated nor implied only accept expressions of the form
2
(x=2)"xA-Ex=2)xBx=2) , 5o condoning missing brackets
((-2?)
Alternatively applies the Product rule to (3x—2)(x—2)" If the rule is quoted it must be correct.
It may be implied by their uwor v=3x-2,u',voru=(x— 2)_2 ,v' followed by their vu'+uy'
If the rule is neither stated nor implied only accept expressions of the form .22+ p3:-2)(x-2)*
If they use partial fractions expect to see
y p p pe B2 P 0 gy ® RS
(x-2) (x-2) (x-2) dx  (x-2)* (x-2)
You may also see implicit differentiation etc where the scheme is easily applied.
Al A correct (unsimplified) form of the derivative.
Accept from the quotient rule versions equivalent to & _ (x=2)°x3-(38x—2)x2(x~2)
dx 2
(-27)
Accept from the product rule versions equivalent to g_y =3(x-2)7-2(3x-2)(x-2)"
X
Accept from partial fractionsg—y = 3(x-2)°-8(x-2)"°
X
or (x—2)2$+yx2(x—2):3fr0m implicit differentiation
2
FY!: Correct simplified expressions are 3 _ 3¢ +4x+4 | —3r—2
& (-2 (-2°
M1 Sub x = 3 into what they believe is their derivative to find a numerical value of 3«;
: . : : o Or :
M1 Uses x =3 and their numerical value of y with their numerical —dyatx = 3 to form an equation of
a normal. If the form y =mx+cis used then it must be a full method reaching a value for c.
Al Correct solution only Accept +4(x -11y + 74) = 0where A4 € N. from correct working.

Watch for correct answers coming from incorrect versions of i);with eg. (x— 2)2 on the

denominator
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2. Solve, for 0 < 0 < 2=,
2c0s20 =5-13sin6
Give your answers in radians to 3 decimal places.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
(6))
J
4
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2 200520 =5-13sin@=>4sin? #—13sin#+3=0 M1A1l

= (4sin@ -1)(sind -3)=0
. 1
sind ==
I 2 M1

6 =awrt 0.253, 2.889 (3dp) | A1,Al cso

(5 marks)

M1

Al

M1

Al

Al

Uses €0520=1-2sinAto get a quadratic equation in just sin .

If candidate uses c0s26 = cos? @ —sin’ @ or 2cos? @ —1they must use c0s? @=1—sin’ 0 to form a
quadratic equation in just sin @ before scoring the M.

J_r(4sin2 #-13sin@+3) =0. The = 0 may be implied by subsequent working

Solves their 3TQ insin @ with usual rules by factorisation, formula or completing the square. They
must proceed as far as sin@ =.. Accept an answer from a calculator. You may have to pick up a
calculator to check their values.

Either of 9 = awrt 0.25,2.89 (2dp) in radians or either of ¢ = awrt 14.5,165.5 (1dp) in degrees
Accept either of awrt 0.087,0.927

Correct solution with only two solutions ¢ = awrt 0.253,2.889 (3dp) within the given range.
Accept equivalents such as awrt 0.08047,0.9196x

Ignore any extra answers outside the range.
Note that incorrect factorisation (4sin @ —1)(sin @ + 3) = 0 would lead to correct answers. As this

mark is cso, it would be withheld in such circumstances.
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3.

The function g is defined by

g:x— |8—2x|, xeR, x>0

(a) Sketch the graph with equation y = g(x), showing the coordinates of the points where
the graph cuts or meets the axes.

3
(b) Solve the equation
I8 —2x| =x+5
3
The function f is defined by
fixr—x?2-3x+1, xeR, 0<x<4
(c) Find fg(5).
(2)
(d) Find the range of f. You must make your method clear.
4

Leave )
blank
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3(a)
) W V shape just in Quad l1and correct position | B1
- Meets/cuts y axis at (0,8) | B1
Meets x axis at (4,0) | B1
0 4 %
3
(b) x=1 Bl
x+5=-(8-2x)= x=13 M1Al
3)
(©) fg(5) =f(2)=-1 M1A1
(2)
, . 3 . 5
(d) f'x)=2x-3= mlnatxzaz mlnz—z M1Al
Maximum value =5 Bl
—%,, f(x), 5 Al
4)
(12 marks)
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(a)
B1  Accepta V shape just in quadrant one with the left hand end meeting the y - axis, the minimum
point on the x - axis and the right hand section being at least as high as the left hand section.

Look for either or shape just in quadrant one. Don’t accept a curved base.

B1  The graph meets or cuts the y axis at (0, 8) only. Allow just 8 and condone (8,0) written on the
correct axis. There needs to be a graph for this to be awarded

B1  The graph meets the x axis at (4, 0) only. Allow 4 and condone (0,4) written on the correct axis
There needs to be a graph for this to be awarded.

(b)

Bl For stating that x =1

M1  For an attempt at the *second’ solution.
Accept x+5=—-(8-2x)= x=...0r —(x+5)=8-2x= x =... Or equivalent
Do NOT condone invisible brackets in this case

Accept (x+5)2 =(8- 2x)2 =>x=.

Al x=13and no other solutions (apart from x = 1). Accept this for both marks as long as no
incorrect working is seen. Eg x+5=-8-2x= x=13is M0 A0

(c)
M1  Scored for a full method to find fg(5).

Accept x = 5being substituted into |g — 2x|and the result being substituted into x* —3x +1

Accept an attempt to substitute x =5into (|g— 2x|)2 —3l8—2x|+1
Accept for an attempt at f (2) but not f(-2)
Al  -1only. Accept this for both marks as long as no incorrect working is seen.

(d)

M1  An acceptable method of finding a turning point. A full method using calculus or a full method by
completion of the square is acceptable. The y value must be attempted.
Using calculus look for f'(x) = ax+ 5 =0= x =.. followed by an attempt to find y.

Using completing the square look for (xiijz i(ijz +1 followed by a statement that |, _ i(ij i1
2 2 2
Al  For achieving the minimum value of y = _%. Award for y > —1.25 following the M mark
Bl For achieving the maximum value of y =5.
This may be scored from an inequality. Accept ..., f, 5andeven .., f<5
Al  CSO Allow [—1.25, 5] and y...—-1.25-and y, 5

Do not allow y...-1.25-o0r y, 50r [-1.25,5) 0r —%,, f(x)<5

Special case: Allow the answer from a graphical calculator as long as it is given with the evidence of a
correct sketch. Allow from a table as long as the value at 1.5 is calculated. Score 4/4
Just the (correct) answer, no working, special case award 1,1,0,0
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4. Use the substitution x = 2sin @ to find the exact value of
3
1
J P
o (4—x7)
(7)
\_ J

— R 0 O
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. dx
=2sinf => —=2cosé¥
4 x = 19 Bl
b g L 2c0s0(d0
y x = 7 cos@(da) M1
(4_x2) 2 (4—4sin2¢9) 2
| Lsec?o@oyor | 2« 12 (o) M1
4 4 cosc @
1
= Ztan 0 dM1A1
Uses limits 0 and % in their integrated expression
' z N M1A1
= {—tan 0} 3_d38
4 0 4
(7 marks)

Bl
M1

M1

dm1

Al

M1

Al

States either 3_’; =2c0s6 Or dx=2cosddg . Condone x'=2cosé
Attempt to produce integral in just 6 by substituting x =2sin& and using dx = + Acosé (d @)
You may condone a missing dé&

C
0s? 0

Uses 1—sin® @=cos® fand simplifies integral to ICsecze(de) orI (do)
c

Again you may condone a missing dé@

Dependent upon previous M1 for jsecz 0 —tand

%tan 0 (+¢) - No requirement for the +c

Changes limits in x to limits in 8of 0 and % then subtracts their integrated expression either way

around. The subtraction of 0 can be implied if f (0) =0. If the candidate changes the limits to 0 and
60 (degrees) it scores MO, AO. Alternatively they could attempt to change their integrated
expression in @ back to a function in x and use the original limits. Such a method would require

X

2 J—
seeing either c0549=1/1—xT ortand= 2 >
X

1-

£
4
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. . . . 1
5. (a) Use the binomial expansion, in ascending powers of x, of W to show that
- 2x
2+ 3x
————— =2+ 5x + 6x7, x| < 0.5
V(1 - 2x)
C))
. 1 .
(b) Substitute x = — into
20
2+3
LT )45y + 6x
V(- 2x)
to obtain an approximation to V10
Give your answer as a fraction in its simplest form.
3
g J
12

P 4 5 0 5 8 A 0 1 2 4 8
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5(a)
: (1,22
=(1-2x) 2 =1+| - = |(-2x)+ —2x)°
1-2x ( ) ( ZJ( ) 2! ( ) M1A1
T
2
j]%z(2+3x)(l+x+%xz+... M1
=2+5x+6x? Al*
4)
(b) Sub x = L into both sides of 2+3X _ 5,5, 62 M1
0 1-2x
43J1_0:453 0e4_3:4_53x 3 dM1
60 200 20 200 10
1359 4300
10 =—"— Accept ——
V10 430 P 1359 Al
3)
(7 marks)
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(a)
M1  Uses the correct form of the binomial expansion with 5 = i% and 'x'=+2x to achieve
NG
1+(i Ej(ﬂx)+ 2 5 2 (J_r2x)2 ... You may condone missing/invisible brackets.
Candidates cannot just write down the answer 1+ x + %xz +.
There must be an intermediate line showing some working for at least the x? term.
1.8
e : 1 2 2 2
Al  Correct (unsimplified expression) 1+| — 5 (—2x) +#(—2x)
Condone poor notation such as —2x?2 for (—zx)2 iIf it is subsequently corrected.
Evidence of this could be 1+ -0.5x —2x + Mx —2x%=1+x+ gxz +...
M1  Anattempt to multiply their ‘quadratic’ binomial expansion by (2 + 3x).
Look for at least 4 terms. If they have simplified their binomial expansion to 1+ x+§x2 +.
then it is possible to write out the final answer of 2 + 5x + 6x* from (2 +3x)(1+ x + %xz)
This is acceptable for the final M1Alonly if the quadratic expansion 1+ x + %xz has been
simplified from an intermediate line.
Al*  2+5x+6x%Correct solution only. This is a given answer and all aspects must be correct including
bracketing.
(b)
M1  Sub x= % into both sides of the given expression. Condone missing brackets.
Accept for this any equivalent to 2+3x0.05 _ 2.265
1-2x0.05
dM1 For an attempt to simplify both sides of the expression resulting in an expression involving 10
Look for an equation of the from < blo :% or equivalent where a, b, ¢ and d are integers
Sight of 436V010 ,on the left hand side and % on the right hand side an example of correct work.
An alternative would be 43 _ 453 3 Accept mixed numbers for fractions such as 453
20 200 10 200
Al 1359 4300 7 223

Accept /10 = T30 - 3 or by using the rationalised form /10 = —— 32

430 1359 1359
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. . 5 T dy .
6. () Givenx=tan‘4y, 0 <y < 3 find w as a function of x.
X
Write your answer in the form ———————, where 4, p and ¢ are constants to
A(x? + x7)
be found.
)
(ii) The volume ¥ of a cube is increasing at a constant rate of 2 ¢cm?® s™!. Find the
rate at which the length of the edge of the cube is increasing when the volume of
the cube is 64 cm’.
(6))
. J

— MR 0 D O A
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: 2 dx 2
6(i) | x=tan“4y :>d—:8tan4ysec 4y oe M1A1
y
d_ L = L = L = L M1,M1A1l
dr 8tandysec’4y’ 8tandy(l+tan’4y) 8J/x(L+x) 8(x°5 +x19) ’
; ; (5)
. V 3 V 2
— =2, V= —=3
(i) & x' = i B1,B1
dr dr dx
Uses — = —x—
dr dx  di M1
dt x=4 3x2 24 cms
(5)
(10 marks)
(i)
M1  Differentiates ’fan24yto get an expression equivalent to the form Ctan4yse02 4y
You may see tan4yx Asec’4y +tan 4y x Bsec’ 4y from the product rule or versions appearing
from x =tandy = Ax" x...= Bsec’ 4y or
A% = Bsec? 4y><... P sin®4y N dx _ cos’4yx Asindycosdy—sin4yx Bcosdysindy
cos’4y ~ dy (cos®4y)’
from the quotient rule
. N Oy 2
Al  Any fully correct answer, or equivalent, including the left hand side. d_ =2tandyx4sec” 4y
ly
Also accept the equivalent by implicit differentiation 1= 8tan 4 sec? 4y3—y
X
dy dx ok
M1  Uses — =1/ — Follow through on their —-.
dx dy dy
Condone issues with reciprocating the ‘8" but not the trigonometrical terms.
If implicit differentiation is used it is scored for writingdlas the subject.
dx
(09
M1  Uses SeC’4y=1+tan*4ywhere x=tan’4yto get their expression for Zﬁor a}in terms of just x.
L . . 2 X 2 1 2
If they use other functions it is for using SIN“4y=——and C0S"4y=—— where x=tan"4yto
1+x 1+x
. . dy . O .
get their expression for =~ or —in terms of just x.
v oy
Al  Correct answer and solution. Accept

1
_ 71 3 0r4=8,p=05andq=15
8(x%5 + x*°) 8(x5 +x§)
Candidates do not have to explicitly state the values of 4, p and g. Remember to isw after the
sight of an acceptable answer.
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Al (i) usi 1 dy 1 1 1 -
t (i) using y:zarctan(\/;):azz W x5 x

M1  Changes the subject of the formula to get y=DarCtan(\/)_c) and proceeds to @ _ ;2 X...
dv " 1+()

) 1 dy 1
Al Achieves y == arctan and proceeds to -2 =| ———— |x...
Y 4 (\/;) p dx (1+(\/E)2jx
dy 1 1
M1  Correctly proceedsto -~ =E| ——— |xx 2
de ™ "1+ ()

1 1
: = 1 . d
M1  Writes x 2 =— and multiplies out bracket to get EyzE 1 3
VA x2 +x2
Al C t d solution. Accept 1
orrect answer and solution. Accep )
8 7) 8 1, )

(i)

B1  States or uses OL—V = 2. It may be awarded if embedded within the chain rule and assigned to ddV
t t

dv

g —3x2. It may be awarded if embedded within the chain rule and assigned
X

Bl States or uses ——

dv s e 12
to— Youmay alsosee x=)3 = —~ -~y 3

dx drv 3
Accept any variable, for example s, /, a in place of x.

M1  Uses a correct chain rule, eg. — dr dV ax with 97 _ =2 and their value of 9 or x
A dx | dr de dx dv
You may see different versions of this. Eg —— ar _dr dx
dx  dr  de
M1  Substitutes x=4 into their chain rule to find a numerical value for 2_)‘ =
t
d 1 2 d
Accept a substitution of ¥ = 64 = ﬁ - §V 3 to find a numerical value for d_x -
t

Condone poor notation for Z_Xand the appearance of an answer from the substitution of x = 4 into
t
an incorrect chain rule expression will be sufficient to award this mark.

Al CSO dr !

p 24(cms ).Accept awrt 0.0417
X=




Winter 2015 www.mystudybro.com Mathematics C34

e Past Paper This resource was created and owned by Pearson Edexcel WMAO02
( Leave\
blank
7. (a) Given that
2cos(x +30)° =sin(x — 30)°
without using a calculator, show that
tan x° =33 — 4
)
(b) Hence or otherwise solve, for 0 < 6 < 180,
2cos(26 +40)° =sin(26 — 20)°
Give your answers to one decimal place.
C))
\§ J

— R 0 A
P 4 5 0 5 8 A 0 2 0 4 8
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7(a) 2cos(x +30)° =sin(x—-30)°
2(cosx°c0s30°—sin x°sin30°) =sin x°c0s30°—-cosx°sin30° | M1A1l
2¢0s30° — 2tanx°sin 30° = tan x°cos 30° —sin 30°
sin 30°=%, cos30°=£ Bl
23+1 3-2
tanx°= V3 :>><f =tanx°=3/3-4 dM1A1*
J3+2  J3-2
)
(b) tan(20+10)°=3/3 -4 M1
2«9+10:50.1,(23).1) =0=.. dM1
6 =20.1, 110.1 Al Al
(4)
(9 marks)
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(a)
M1  Uses identities for cos(4 + B) and sin(4 - B)with 4 =x,B=30.

Condone missing bracket and incorrect signs but the terms must be correct.
Al  Fully correct equation in sinx and cosx

Bl Replaces sin 30 by % and cos 30 by ?throughout their expanded equation.

V3

If candidate divides by cos30 it will be for tan30 = = or equivalent

dM1 Either for collecting terms in sinx and cosx to reach (...)sin x = (...) cos x , before then dividing by

cosx to reach 3% _ () o tan = &)
cosx (...) (...)
Alternatively, by dividing by cosx first, producing an equation in tanx , then collecting terms

reaching tan x = %
An intermediate line must be seen. (/3 +2)tan x° = 2/3 +1= tan x° =3/3 -4 iSdM0
Similarly (/3 + 2)sin x° = (2+/3 +1)cos x = tan x° = 3/3 — 4 1S dMO
Al* Reaches final answer by showing rationalisation with no errors.
23+1 -2
341 3 =tanx°=3./3-4

X
J3+2 J3-2

Accept as a minimium tan x° =

(b)

M1  For using part (a) to produce (or imply) an equation tan(26 + a)° = 33 - 4

Condone o =0 and 6 being replaced by x.
dM1 Dependent upon the previous M. Score for an attempt at the correct method to find one value of 6

invtan(3v3-4)+a
2

Look for tan(20+a)°=3J/3-4=0=

Al One correct answer awrt 1dp 6 = 20.10r 110.1
Al  Both ¢ = 20.1and 110.1awrt 1dp and no other solutions within the given range. Ignore extra
solutions outside the given range.

An otherwise case for students starting again in part (b).

M1  Expands both sides (see part a) using correct identities, divides by cos 26 and proceeds to an
equation of the form tan260 =...
2¢0s40+sin 20

Note that the correct answer is tan 26 = 5sin 405 Cos 20 (=0.84219)

dM1  Uses correct order of operations from tan20=...= 6 = %arctan ...to find at least one solution
AlAl Follows

Correct answers without working scores B1, B1
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8. VA

Figure 1
The value of Lin’s car is modelled by the formula
V'=18000e 0% + 4000e "+ 1000, ¢> 0
where the value of the car is J pounds when the age of the car is ¢ years.
A sketch of 7 against V' is shown in Figure 1.

(a) State the range of V.

2

According to this model,

(b) find the rate at which the value of the car is decreasing when ¢ = 10

Give your answer in pounds per year.

3

(c) Calculate the exact value of # when V= 15000
“)

g J

— N0 O O A
P 4 5 0 5 8 A 0 2 4 4 8
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8(a) | 1000<V <23000 B1,B1
(2)
(b) dd—It/:18000><—0.2e‘°'2’ +4000x —0.1e7 %Y M1
dr -2 -1
m =18000x—-0.2e ™ +4000x—0.1e ™ = awrt(—)634 M1A1
t=10
3)

(©) 15000 =18000e°* + 4000e " +1000
0=9e"% +2e %" -7

0=(%* 7™ +) M1A1
Qe % :7:>t=10|n(%J oe dM1A1
(4)
(9 marks)

(a)
B1  Accept either boundary: ' < 23000 or ¥ < 23000 or Vmax 23000 for the upper boundary and
) >10000r ¥ >1000 or ¥min1000 for the lower boundary. Answers like 7 > 23000 are BO
Bl Completely correct solution.
Accept 1000 <7 <23000, 1000 < Range or y < 23000, (1000,23000], 7 >1000 and ¥ < 23000

(b)
M1  Score fora O;—V = Ae %% 4 Be %Y 'where 4 #18000, B # 4000
t
M1 Sub t=10into a O(Ij_V of the form A4e % + Be™®* where 4 =18000, B # 4000
t
Condone substitution of #=10into a dd_Vof the form 4e°% 4+ Be " 11000 4 = 18000, B # 4000
t

Al  Correct solution and answer only. Accept 634 following correct OL—V = -3600e %% — 400e "
t

Watch for students who subz =10into their V' first and then differentiate. This is 0,0,0.
Watch for students who achieve +634 following (L—V =3600e % +400e Y. Thisis 1,1,0
t

A correct answer with no working can score all marks.
(c)
: . a0l _
M1  Settingup 3TQ in €~ AND correct attempt to factorise or solve by the formula.

. +0.2
For this to be scored the e+ ! term must be the x? term.
-0.1¢ -0.1¢ 0.1z 0.1¢
Al  Correct factors (% —=7)(€"" +Dor (7€ =9)(e"" +1) or aroot e°¥ =L

dM1 Dependent upon the previous M1.
This is scored for setting the ae**" — b = 0 and proceeding using correct In work to 7=...

9 1 9) 1 7 7
Al t=10In| = |. A t alternati has t=—In| = |,——In| — |,-10In| —
(J ccept alternatives such as o1 (7] 1 (9) (9]

If any extra solutions are given withhold this mark.
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Diagram not
drawn to scale

R

=V

0 In3 In5

Figure 2

The curve C has parametric equations

4
x = In(¢ + 2), y=t—2 t>0

The finite region R, shown shaded in Figure 2, is bounded by the curve C, the x-axis and

the lines with equations x = In3 and x = In5

(a) Show that the area of R is given by the integral

3
f24 de
L E(t+2)

(b) Hence find an exact value for the area of R.

Write your answer in the form (a + Inb), where a and b are rational numbers.

(c) Find a cartesian equation of the curve C in the form y = f(x).

©)

(7

2

Leave )
blank

P 4 5 0 5 8 A 0 2 8 4 8
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9 (a) d_xzi , Areaof R= | ydx= i>< 1 (d?) B1, M1
dt 142 2 (t+2)
3
Correct proof with limits and no errors Area = #dt
L E(+2) Al*
©)
o 4 A N B N C 4 A N B B1
=—+— or =—
(b) P(t+2) t * (t+2) FP@+2) £ (t+2)
A= A(t+2)+B(t+2)+Ct’
Sub t=0=B=2
Subt=-2=C=1
Compare 2 A+C=0 = A=-1 M1A1
3 3 3
A g ‘—1+32+Ldz:{—|m—3+|n(t+2)} M1AL
t°(t+2) t t© (t+2) t X
1 1
= —In3—3+ln5 - —In1—2+ln3
3 1
= In(§j+ﬂ dM1Al
9) 3
o ()
c X . 4 4
Sub t=e —2|nt0 y:t_23y= > (x>In2) M1A1
e’ =2
)
(12 marks)
(a)
B1  States or implies r_ 1 Accept dx = Ldz
dt t+2 t+2

You may award this if embedded within an integral before the final answer is given

3
For example accept Area = Iy dx =I tizx
1

1
t+2

dr




Winter 2015 www.mystudybro.com Mathematics C34
Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WMAO02

M1  States and uses Area = J ydx With the y, the dx and the .[ sign and replaces both y and dx by

functions of %

Alternatively states and uses Area = J- ydl(dt)with the y, the ix and the I sign and replaces
dt t

both y and 3’“ by functions of Z There is no need for limits and you can award even if there is a
t

lack of a d¢

Al* Correct proof with no errors or omissions on any line for the integrand and there must be a dz in
all integrals in ¢. The limits need only be correct on the final line and they may have just been
written in. The two separate fractions must be combined into a single fraction

(b)
. . 4 A B C
B1 Scored for use of partial fractions. Accept the correct form | ———— |=—+—+-——butalso
t°(t+2) t t° (t+2)
award for the form ZL :i;+i
t“(t+2)) t© (t+2)

M1  Substitute values of ¢ and/or use inspection to determine 4, B and C from a form equivalent to
A=At(t+2)+B(t+2)+Ct*. The partial fraction must be of the correct form
4 -1 2 1

=—+—+ )
Irtz(t+2) t t© (t+2)

Al Fo

M1 i;+Ldt:l+..ln(t+2)
t° (t+2) t

A B
=+

4
Note this can be scored from an incorrect assumption that =
P £+2) & (t+2)

Al J‘ﬁdt - [_|m_§+ In(z +2) + (c)} There is no need to consider limits.
t

dM1 Dependent upon previous M. Sub in limits, subtracts either way around and uses a correct log
law at least once to get expression of the form a+Inb.

. 5) 4

Al  Correct solution only=1In (5) +§
(c)

M1 Rearranges x =In(t+2)toreach s = e*+ 2 andsubin y = izto get y in terms of x
t

. . 4 . :
Alternatively substitutes ¢ = \/; or equivalent into x = In(z + 2) and attempts to rearrange to y =..

Al = Lz . Remember to isw.

-

You can ignore any reference to the domain, x > In 2, for this mark.
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10. yA
C
A
>
[0 X
Figure 3

Figure 3 shows a sketch of part of the curve C with equation

¥’ Inx

-2x+4, x>0
Point 4 is the minimum turning point on the curve.

(a) Show, by using calculus, that the x coordinate of point 4 is a solution of

6
X= T
1+ In(x7)
(6))
(b) Starting with x; = 2.27, use the iteration
x = L
U 14 In(x,?)
to calculate the values of x,, x, and x,, giving your answers to 3 decimal places.
(&)
(c) Use your answer to part (b) to deduce the coordinates of point 4 to one decimal place.
2
& J

— RN 0 O Y A
P 4 5 0 5 8 A 0 3 2 4 8
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x*Inx dy 2xInx x?
10(a) Y=g TS ool M1AL, B1
—_—
2xIn 2
L 2-0=x(2lx+l)=6=x=.. dM1
3 3x
— 6 *
r 1+Inx? Al
®)
X —L—awrt 2.273
(b) T 1+in(227%) ' M1Al
x2 =awrt 2.271 and x3 =awrt 2.273 Al
3)
(©) A=(2.3,0.9) M1 Al
(2)
(10 marks)
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(a)
) ) ) x*Inx ¥ Inx
M1  Applying the product rule to x* In x or multiples of it such as and even —X?

Al

Bl
dm1

Al*

3 3

If the rule is quoted it must be correct. It may be implied by, for example,
2

u =%,v: Inx,u'=..v'=..followed by their vu'+uv'

If it is not quoted nor implied only accept expressions of the form AxIn x + Bx? x%
¥Inx  2xInx x°

3 3x
The derivative of the —2x-+4term is seen or implied to be —2

A correct (unsimplified) derivative for

Dependent upon the previous M being scored. It is for setting their g_y =0, taking out a common
X

factor of x and proceeding to X=.Alternatively they could state that g_y = 0 and write out a line
X

2xInx  x?
+—=

3x
Note that this is a given answer.

2

from their derivative equivalent to

Correct solution only x = >
1+Inx

All aspects need to be correct. 2In x +1= Inx? +1 may just be stated

Note: If the candidate multiplies by 3 to get 3y = x?Inx—6x+12 = 3d—y =2xInx+x—6 before setting

(b)
M1

Al
Al

(©)

Al

dx
g_y = 0 they can score all marks if they proceed to the given answer.
X
If they multiply by 3 and leave the subject as y (or perhaps ignore the Ihs) they can score a special

case 10110 for 2x|nx+x—6:0:>x(2|nx+1):6:>x=L:>x=+
(2In x +1) (In x2 +1)

%. Awrt 2.273 implies this method

1+1In2.27
x. =awrt 2.273. The subscript is not important. Mark as the first value given.

x2 =awrt 2.271(3dp) and x3 = awrt 2.273 (3dp)

Attempts

Deduces the x coordinate of 4 is 2.3. The sight of 2.3 is sufficient to award this as long as their
values in (b) round to this.

Alternatively uses their (rounded) answer from part (b) and substitutes it into equation for y to
find the y coordinate of 4. In a similar way to that of the x coordinate, the sight of 0.9 would be
sufficient evidence for this award.

(2.3,0.9). Accept x =2.3,y =0.9
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11. With respect to a fixed origin O the lines /| and /, are given by the equations

14 -2 p q
lr=| —6|+4| 1 Liv=|-T|+uf2
-13 4 4 1
where 4 and u are scalar parameters and p and ¢ are constants.

Given that /, and /, are perpendicular,

(a) show that g =3
(2)

Given further that /, and /, intersect at point X,

find

(b) the value of p,
)

(c) the coordinates of X.
(2)

6
The point 4 lies on /, and has position vector [—2]
3

Given that point B also lies on /, and that AB = 24X

(d) find the two possible position vectors of B.
3)

— R0 0 O A
P 4 5 0 5 8 A 0 3 6 4 8
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11 (a) 1|2 |=2xq+1x2+4x1=0=>¢=3 M1A1*
1
)
(b) | Equate the y and z coordinates
14 -2 p 3
6 |+A| 1|=|-T7|+ul2|= 6+UN=-T+2u M1
-13 4 4 1 -13+4A=4+1u
Full method to find either 4 or u dmi
(2) > A=-1+2usubbedinto (3) -13+8u—-4=4+pu= u=3
Sub 4 =3into (2) = -6+ =-7+2x3=1=5 Aleither
Sub values back into x coordinatesi4 - 2x5= p+3x3= p=-5 ddM1 Al
()
14 —2 '—5' 3
(c) Point of intersectionis | =6 |+5 1|OR | =7 [+3x| 2| = (4,-1,7) M1,Al
-13 4 4 1
()
-2 6 -2
— = T T M1
= =04+ =| =2 |+
(d) | 4AX 1 OB=0A4+24X 2 +2x| 1 sither
4 3 4
2 10
OB = OB =| -4 A1A1
11 -5
3)
(12
marks)

(a)

M1 Attempts to find a solution for ¢ by setting the scalar product of the direction vectors = 0

Condone one sign error in —2x ¢ +1x2+4x1=0 leadingto g =..
Alternatively set ¢ = 3and attempt the scalar product

Al* 4 =3.Thisis agiven answer.
In the alternative, there must be a statement (=0) and a conclusion, (hence true/hence perpendicular)

(b)
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M1

Equate y and z coordinates. Condone sign errors

dM1 Dependent upon the previous M. Scored for a full method to find either 4 or u

Al

Either A=50r 4 =3

ddM1 Dependent upon both previous M’s.

Al

(©)
M1

Al

(d)

M

[N

Al

Al

Either uses both of their values for 4 and w4 in the equation for the x coordinates in order to find
a numerical value for p. Condone sign slips. Look for 14— 24 = p + 3 with their A4 and

M leading to a solution of p.

Alternatively uses the value of one variable, expresses the other variable in terms of this and
substitutes both in the equation for the x coordinates in order to find a numerical value for p.

p=-5

Uses their value of A in &, or their values of 4, p and ¢ in /2 to find the coordinate of X

4
Coordinates of x = (4,-1,7). Accept in vector form OX =| -1
7
6-'4'
Uses either 0B = 04 + 24X AX =+| —2—"-1" |with an attempt to find one possible value of
3-'7
vector B
Or uses mid points. Sight of («,5,¢) appearing from solving 8 ; “_y —22+ b_ 4, 3; ¢ _4

Or attempts to find the value of one value of A and uses it correctly to find one position of B
You may See |4z — A4|=2x|44 — Ax| Or @ version of

J@4-22-6) +(-6+2+2)"+(-13+44-3) =2x[(6-"4) +(-2-"-1)'+(3-7)’ = 1 =..

followed by A being substituted into line /1

A more simple version of this could be using a diagram and deducing that 1 = 2 or 6 followed
by A being substituted into line /1

= (4,-17)=>1=5
A=(6,-23)=>1=4

h

2 10
Gives one possible vector OB=| 0 |=(2j+11k)or OB=| -4 |=10i—4j -5k
11 -5

Gives both possible position vectors or coordinates
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12. y4
C
S
>
ol 1 3 x
Figure 4

Figure 4 shows a sketch of part of the curve C with equation

2
y= x;nx —2x+4, x>0

The finite region S, shown shaded in Figure 4, is bounded by the curve C, the x-axis and
the lines with equations x =1 and x = 3

(a) Complete the table below with the value of y corresponding to x = 2. Give your
answer to 4 decimal places.

X 1 1.5 2 2.5 3

v 2 1.3041 0.9089 1.2958

1)

(b) Use the trapezium rule, with all the values of y in the completed table, to obtain an
estimate for the area of S, giving your answer to 3 decimal places.

3)
(c) Use calculus to find the exact area of S.

. . a .
Give your answer in the form 3 + Inc, where a, b and c are integers.

(6)

(d) Hence calculate the percentage error in using your answer to part (b) to estimate the
area of S. Give your answer to one decimal place.

2

(e) Explain how the trapezium rule could be used to obtain a more accurate estimate for
the area of S.

1)

— MR O O O A
P 4 5 0 5 8 A 0 4 0 4 8
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Number
12(a) 0.9242 exactly Bl
1)
(b) Strip width =0.5 | B1
Area ~ 02;5((2 +1.2958+ 2 x (1.3041+'0.9242'+ 0.9089)) M1
=2.393 Al
©)
2
In
(c) J‘ T Y ox+4dy
3 21 2
=" Inx— | =—x=dx, —x“+4x M1A1, B1
9 X
3 3
=X Inx-2 (—x2 + 4x) Al
9
3 3 3
X 2 1
Area = {Elnx—x +4x} =(3In3—1—9+12)—(—5—1+4j dm1
1
26
=In27-==
n T Al
(6)
(d) % error = + MX 100 =Accept awrt +2.6% M1A1
rea
_ 0)
(e) Increase the number of “strips’ Bl
1)
(13 marks)
(a)
B1  0.9242 exactly either in the table or within the trapezium rule in part (b)
(b)
Bl Uses a strip width of 0.5 or equivalent.
M1  Uses the correct form of the trapezium rule, a form of which appears in the formula booklet.
Look for %((2 +1.2958 + 2x (1.3041+ their 0.9242 +0.9089))
Accept for this the sum of four trapezia
Al  Awrt 2.393 (3dp)
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(c)
M1  Uses integration by parts, the correct way around.

2 Inx X% Inx

or even —x——
3

Accept integration on either x2 Inx or multiples like

3
Accept as evidence an expression of the form px*In x—jﬂ (dx)
X

3 3
Al  Using integration by parts to arrive at an intermediate form %In xX— J-%x l(dx) where k& most
X

likely will be a multiple of 3.
Bl Integrates the —2x+4 to X2 +hx+ (c) . Ignore any constants.
Watch for candidates who take out a common factor %(..—6x+12)t0 %( —3x% +12x + (c))

2 3 3

. In . .
Al  The correct integral fort % Accept equivalent expressions to %Inx—%+(c)

This is independent of the integral for the —2x+4term.

dM1 Dependent upon the M mark — it is for substituting in both x=3 and x=1 and subtracting (either
way around).

Al  Correct solution only =In 27-% . The answer must be in this form and 3In3— In27

(d)
M1  Uses their answer obtained by integration in part ¢ and their answer obtained by the trapezium
rule in part b and calculates + le -5l
C

Al  Accept awrt +2.6%.

(e)
Bl Makes a reference to increasing the number of strips. Accept decrease the width of the strips,
use more trapezia Be generous with statements like more values or strips as the intention is clear.

Also accept more x’s, more y’s but don’t accept use more decimal places.
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13.

(a) Express 10cosé — 3sinf in the form Rcos (6 + a), where R > 0 and 0 < a < 90°
Give the exact value of R and give the value of a to 2 decimal places.
3
Alana models the height above the ground of a

passenger on a Ferris wheel by the equation

H=12-10co0s(307)° + 3sin(307)°

where the height of the passenger above the H
ground is H metres at time ¢ minutes after the
wheel starts turning. _

—

(b) Calculate
(1) the maximum value of H predicted by this model,
(i1) the value of # when this maximum first occurs.

Give each answer to 2 decimal places.

“4)
(c) Calculate the value of # when the passenger is 18 m above the ground for the first time.

Give your answer to 2 decimal places.

“

(d) Determine the time taken for the Ferris wheel to complete two revolutions.

2

Leave )
blank

P 4 5 0 5 8 A 0 4 4 4 8
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13(a) R =109 Bl
tan a =%:> o =awrt16.70° M1A1
3
(b)(i) | Max height = 12+ * /109 '= 22.44 m M1A1
(ii) | Occurs when 307+'16.70'=180 = ¢ =5.44 M1A1l
4)
(c) 18 =12 — /109 cos(30¢ +16.70) = cos(30¢ +16.70) = —% (-0.57.) M1A1
= 30r+16 70—arccos(—i):>t— dM1
' 109 )
¢t =awrt 3.61(2dp) Al
4)
(d) Attempting 30t =360=¢=..0or 30r=720=1¢=.. M1
2 revolutions in 24 minutes Al
(2)

(13 marks)




Winter 2015 www.mystudybro.com Mathematics C34

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WMAO02
(a)
Bl  Accept R = +/109 . Remember to isw after a correct answer. Eg R = /109 =10.....
M1 For tana = J_r%ortana = J_rg. If R is used to find o, only accept cosa = i,lTE),or sina = i%
Al a =awrt16.70° (2dp). Condone ¢ =16.7°
Note that the answer of & = awrt0.29 radians scores AO.
(b)(i)
M1  For 12 +their R
Al  Awrt 22.44 m. Accept 12+ /109
(b) (i)
M1  For arriving at a solution for  from 307 +'16.70'=180=1¢=..
If radians were used in part a then accept 30r+'0.29'=7=1r=..
Al r=awrt5.440nly.
If multiple solutions are found, 5.44 must be referred to as their ‘chosen’ solution
Answers from calculus will be rare. They can be scored as follows.
From the original function:
For (0)(i) ML 9 _ g, 30, :180_-arctan(%j-j (=. Al:i=awrts.440nly
t
(b)(i) M1 Sub their ¢ = awrt 5.44 obtained from ddi _0 AL Awrt 22.44 m
t
From the adapted function:
For (b)(ii) M1 dd—l;l =0—(30r+'16.70")=180=r=.. Al s=awrt5.440nly
(b)(i) M1 Sub their ¢ = awrt 5.44 obtained from ‘L_H _0 ALAWrt22.44m
t
(c) .
M1  Attempts to substitute A =18into H =12 -10c0s30¢ + 3sin 30z and use their answer to part (a) to
proceed to cos(30¢ + their'16.70") = ...
Al cos(30¢ + their'16.70") = —% or awrt —0.57 . It may be implied by 30¢+'16.70" = awrt125°
dM1 Dependent upon previous M. Score for cos(307+'16.70)=—...= ¢ =..
The cos(..) must be negative, the order of operations must be seen to be correct with the ‘invcos’
being attempted first and the second quadrant must be chosen for their calculation.
Al t=3.61.
The answer with no incorrect working scores all 4 marks.
If multiple solutions are found, 3.61 must be referred to as their ‘chosen’ solution
(d)
M1  Attempting 30r=360=¢=..0or 30t =720=1¢=..
Al 24 minutes. Both 24 and minutes are required.



