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Section A (31 marks) Section B (113 marks)

Q1: Series (as) Q7: Proof (as)

Q2: Calculus (a level) Q8: Algebra (as)

Q3: Complex Numbers (as) Q9: Matrices (as)

Q4: Calculus (as) Q10: Complex Numbers (a level)

Q5: Maclaurin Series (a level) Q11: Vectors (a level)

Q6: Matrices (as) Q12: Complex Numbers (as)

Q13: Differential Equations (a level)
Q14: Polar Coordinates (a level)
Q15: Matrices (a level)

Q16: Hyperbolic Functions (a level)
Q17: Differential Equations (a level)

Grade Boundaries

Grade | A* A B C D E U

Mark/ | 102 79 64 49 34 19 0

144 x1.25
Scaled/ | 128 99 80 61 43 24 0

180

note: the scaled score is added to the scores in the other modules to find an
overall grade, not the raw mark

© OCR 2021 [Y/508/5592] OCR is an exempt Charity
DC (ST/SG) 300538/4 Turn over


http://www.mymathscloud.com

s,
’b,o)
2
Section A (31 marks)
1 (a) Express (2r—1)1(2r 1) in partial fractions. [3] |
! _ A . B
(20-0(zrv)  20-0 204
_ Alaes) F B(2r-1)
(20 =) (27 +1)
= A(2c+) ¢ 820 -1) = |
F + =
and
o | 1
(2e-)(2ze+) 2 (20-1) 2 (2r+)
1 41

(b) Hence find ,Z_l Zr=1)@r 1)’ expressing the result as a single fraction.

We use method of difeente here using be partiol

frocthons Fowmd o bove .

n ya 1 \
S

e I _ T t
30 é(}"")u”‘) - ’Z‘ (\2(%—\) B Z(Zm))

2n + |

henee £ T (2r- t)(z.r y)

-
L

= 2 U/ \ A of Hese derns

-4 Cenced owt

¥ jg
.- ' 1
*s —?) z(u/‘)
%L‘u\—\) Z('uu-l)

I — 2Ny -1\ 2n _ 4%
Y z(zam 2(2n %) 2(zax ) 2N 3
[ n
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2 In this question you must show detailed reasoning. <

Find the gradient of the curve y = 6 arcsin(2x) at the point with x-coordinate %. Express the result |

in the form m+/n, where m and n are integers.

[4]

First we need ty find He oradient

funckion %%:_

\ r
| (<]
6(:[} ChC\f(\ rule_; \ﬁ - GOFCS\'V\ v L,j/ :6 Y \,,(,T—Uz = ﬁ" 0y
IV
U = 2.% U/ - :L %eﬂe,m wesply
fo—Formyl oo
booK
dy _ 6 N
N L \“‘l‘ (a2 X2 = M —a 2
(Y] \\IY I
We Find the o fudiewb of the cuvie by SObbing o
u I
into 94 =
WMoTF iRy 9 E
gmdﬂm - W gp,-:ﬁ" = \v“'_’t'!l{i%)z - “‘3'/!'{ - ﬁ -
(M: 8, n :3)
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3 In this question you must show detailed reasoning.
The complex numbers z, and z, are given by z, =—2+2i and z, = 2(cos%ﬂ+isin%ﬂ). 1

(a) Find the modulus and argument of z,. 2] |

The Modolus of o corplex number 2 = & +bi 1S give by
12\ = a2y 42
so 1zl ={(»*+@ =22

The orgument of T =ar 6y i gien by oy 2 = oreton =
SO Ot &, = Oeels n %3_) = ortben (—-\) = ——Jl—ﬂ

%' T
e
— N Qo

By drawing o diagram, it is Cleer

Wwe Mot Mo dAF\O oLl Oy uM ent &7

Wddiny T . gz, = ~qT AT =AW

Modulus = 2 {2

2
Argument= ¢ I\

2
(b) Hence express Z—l in exact modulus-argument form. [4] -
2

For the conplex numbers 2z, ond %,

Bl=3n wd om (B)= g - oz,
hente, li‘;\:szz‘E | . L toles fo  Rad
ooy (&) =Fn-gr=7 T 2| o o (B)

\0 %%"7_: = Lc@g =ET o+ ‘\s{nT—’,—_Tu) Wrie in form

Z=(cose +isino)

© OCR 2021
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4 In this question you must show detailed reasoning. %

Determine the mean value of
figures. 1+4x

5 between x =—1 and x = 1. Give your answer to 3 significant |

[4]
The mean vale of o Funthon F() berwesn o¢ = a
md x=b, 6 &l o\\m i~ He Formu\a booK (S

S () dwx.

t |

So Mean vale =7==7 \ Trms d%
v )v\od,;f\g o genered Form

TN G v
=2y \ Ay £t dee \
V- ) ViR Qenera) fesult in
Formula Boou

Ny ¢
3 ,//Q_Ou\olmn. (,,1

[l
) -

= §X [ (,l:m,(lac)\

=1

1

g (thM L —orcbon (—7—))

il

0-5535.. = 0-55Y [ 3sp)
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5 (a) Use a Maclaurin series to find a quadratic approximation for In(1 + 2x). [1] i)

hiven o the Formulee b ook, e Modavnn senes fer

In (1 +2C) :1)(;—3?9_—1+2§-+-___

. 2

(Z>)

Hence,  n(l+r2a) = 293¢ - ===
ln (Vk20) = 2¢ — 2™

So a1+ 25) ~ 20 —20c2

(b) Find the percentage error in using the approximation in part (a) to calculate In(1.2). [3]
USiney e auppoxim ation  above
In(t.2) = 2 (01) =2 (o-0)* =019

APPYUXi MIUACT — Ve A VaAVe
Pectent age evor = X 100

ool \enliio
TCWi— WA o

) Te=TaTZ
so el = 28N b = — 293

lat-2
v T —

SO V272 etr in Inl-2

(¢) Jane uses the Maclaurin series in part (a) to try to calculate an approximation for In3.

Explain whether her method is valid. [2]

From ¢ Formla book In(1+oc)is vaMd for —)\ < o 2 |
S0 e approximation in a) (s volid for - € 22X <€ |

| 1
—_— z —
217& =

20 =1 1S v'd b Find In3. St =l S noX in
Dre interval the series s not Convgent So Mekhod s

© OCR 2021 no+ volid.
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. . . . . . . ) ) .
Given that y = mx is an invariant line of the transformation with matrix [2 _ 2], determine the |

possible values of m. [4]
To Find invariont lines. we solwe WM (?ﬁ)‘—(ﬁ)
o [V N\ [2) L o
2 2\Y) \y) " 2 -2y =y
So the point ('DC,MDC) on Y 1§ Mep ped 4o
(¢, mt’) on
L -y =
2ot -ty = P’\L ) ehiminate o¢ ond vy’
23 —1(m®) = wmae v 20 (ma) fro bre
7.0 —2Ma = Mo+ 2. M2 Prﬂ X PreSSion

2MTC 4 IMdC —~2oc = O

(7,\*42 ¥ 3 —2)oc =0

(m )M +2) e =0

henee mM=5 M =-2

ya
7
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Section B (113 marks)

T

7 Provethatz r :4_n+2 forall n = 1.
r=1

9 r—1 2 n—1

SEep ore: bose Cose

I

[ B l
v’—_'lip' 2‘-‘

i\

when n=1  LHS

y- 12 - y-3 =1

Q\'\S ,L‘.-g

I

o xrue For n=1

Slep two : assumplion

Msume, Fvrve €or n=k SO

SW et \nducHue giep

LSinoy e QAsSSUmed resvly fFor VL=L(/

[VEW]
Wy

r (S
. - -t + 2“*\"
=1
_ . (,(;K\

[ K2
= 4 - w55 )

= U- gw(2urd —u-)

= U- e(% +3)
=y —-%‘i‘—&% Soodvue For n= K o+ |
Sleg four: conclusion

\¢ by vesolt is teve for n=U 4 0SS Brue

for n=Wr\l. S i+ i3 brve for n=1

W 18 tewve for oM Posf%\‘v& inYeq e

Volvet  of .
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(a) Determine the exact roots of the equation.

Considesing e Som§ of ookt equmalions Should kelp

R He (oot

we unow thak Fw = —& (sum of rooh)
he nce M—%+ﬂ+§:“%
B+ 5=
B*-pB +1 =0
8- |+~ E) -uxixt ) i3
2% | 2
and ’B'—‘:'_’Zﬁ

also 2uBr§ =& (product of woth)

e oL - x B = L"qfi
> _ 3
— T = -
> _ 5
v =g
— 3 =3
2 W3 2
henw mots o0 = _3{}\2\1— \~Q"J—
” [

Note: |ooU cm\e@w@ ak by, eguabion to seo Liwoh

SUMS OF (boty  exprelsiont Ly congroer.

eg. T thws Q i+ would nor male genwe

o L UL md SRy as we do notr

Yt Unow dhe Vs oR D ond 9 .

© OCR 2021
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8  The equation 4x* —4x> +px”* +gx—9 = 0, where p and ¢ are constants, has roots a, —a, 8 and B N
[5]
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(b) Determine the values of p and q. (4]

we Wnow

We Con now v Z¥p omd Zxphy Of

Whak the ok ot

Wwe  UNoWw thot =« fB= &

o (SUM of produch 0F 2 r‘oo+s)
(2 » 3=

Z) - 1(5F)

=) 3(5
-3 () -

(

+;ﬁ)(\—;ﬁ> - _aP_

) %=-—Sq
P 5

=

1l

wWe chso unow thakt = LBy

l\
s\g.

(SUM of proc)\uw oF

3 reol)
HE | R o L
i f?%(( 4—;@)(\—;@)_%(\3—;3)(}-2\_? -__%
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. g . -1 0 ‘177, & ; A
9  The transformation T of the plane has associated matrix M, where M = . < % 2 *‘3%

-2 1 3]
,))665 '3@%"
e,
_ (a) On the grid in the Printed Answer Booklet, plot the image OA'B'C’ of the unit square o"q
under the transformation T. o°@
-\ 0)(1 | o) 4
-2 (J\O v | 3
-1 -1 0
= (—7_ ~ l) 2
c’lc_B
1
So #'=(-1,-2) 4 3 2 > i 2 3 4
B =(-), -y ~’42/1
C’ - ( O‘ I) M
a2
=3
—4
(b) (i) Calculate the value of detM. [1]
bk M= -\ () —-0(-2) = -
(ii) Explain the significance of the value of detM in relation to the image OA'B'C'. [2]
The Maanitude of det M is 1 the orex geole fortor
0f o object s 4 So owen (s preseved
det M 2O  So otiemrakion s revwded .

(¢) T is equivalent to a sequence of two transformations of the plane.

(i) Specify fully two transformations equivalent to T. 3] _|

® retlection in  the Y - XS,

Hhen
@ Shear yY-oaxis fixed, wih (-1,0) mapped to (-1, -2).
(i) Use matrices to verify your answer. [3]
6 k8’
gettethon: A:/—l O\ . * e = / | O\‘
Lo ) 77 2 )

Tre bronsfomnation Makrix Yok  represesh
eElecton then  glheor 18 BA.

Rp
ory

P
(Va)
3
(]
h

[ oY o\ _[-1 o) _,
= lo )= |
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10 (a) Show on an Argand diagram the points representing the three cube roots of unity.

8 .- - Roots  Shoud Form

N M egmlito W ingle
/ . Centredd ak Be

' Oﬂ'cjir\.

one et ex
is ok (1,0)
/:l s Z =) 1S
) / e OI\M e
’ roob .

(b) (i) Find the exact roots of the equation z* — 1 = /31, expressing them in the form re'®, where i
5]

r>0and —7<06<m7.

[+@) = {0 (& = 2

—>

%?:\+l‘_f

So
o (1+ 1) = otk o &)-T

Fad modolus (2= 9. => =2

0rd T UMR S bw Do Monre’s, g (2) =

7—3:‘\‘2_“ 7
S

O[22
C

3

3

so rooks ot Y2 B Y2 e’

(i) The points representing the cube roots of unity form a triangle A . The points representing

the roots of the equation z° — 1 = v/3i form a triangle B
2]

State a sequence of two transformations that maps A, onto A, .

The voot 4 is Mopped Ly J2 e ¥

@ enlorpement by Uz

juy

ks,

So
@ votation  abouk ori gin

by

4

or 70°

© OCR 2021
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(iii) The three roots in part (b)(i) are z,, z, and z,.

By simplifying z, +z, +z,, verify that the sum of these roots is zero.

2]

2o+ r2 =2 e L g ed sim e
This Fomg o geometric seret
oL = Sumreh A9 =73,
# l 2
(1L
SO 2, 4 2o & 2y = —
1
[ \ 627({‘)
= S )
i p—
in mod —aro Porh/ e = CoS LT p iSn 2TX
= \ 4+ fCO) = 1.
hence as [-1 =0, be nwmemtar of () ¢
:> %\ + Z5 1 "Zg =0

(iv) Hence show that sin20° + sin 140° = sin 100°. 2]

Sinte. F, +Z, T3 = O e iMmagioom P ot

OF O Sum OF e ook MUSH be Zero.

l—lenc@

ITn(@me ™ + Y768 +3ze*™)=0

Tm ( \E} (COS (_—-—7() +18N (—_-,\-))

. Q(Cos(ﬂ) Fisin (T-) \

A d_((‘,os (;7—‘) %-\Sm(;‘))) =0

V2 sin(-57) + YZ sin (B) + V2sin () = O

- Sm(a 'V) F Sin (7;) + Sin (7;‘) =0

- Sin1oo® + Sin20° &+ Sin lu® =0

=2 Sinw0° ¥ Sin WYe° = §in100

7

© OCR 2021

Turn over


http://www.mymathscloud.com

Y, 4
11 (a) Given thatu = Ai + j — 3k and v =i + 2j — 2k, find the following, giving your answers in 0&%6@4’
terms of A. "%00
(i) wv | o,
A\ [
uev=l 1 e [2 | = 2() +1(2) -3(2) = A +8
-3 \ -2
hence v -v = A+ 8
(i) uxv 2]
SR N W Y e N e RS
uxy= i 2| " Tlaa2 T sl T 2
K -3 -2 = i(-246) -d(2a+3)+ k(22 -1)
= Ui +(2x -3 i + x(22a-)
(b) Hence determine

(i) the acute angle between the planes 2x+y—3z = 10 and x+2y—2z = 10,

3]

The ongle berween the plones

i1 e ongle befiman

Oe notmeds of St pl ones.
QQCQ/lj\ th ok COSe =

FoTed
fom o). U ev=2+¢ =lo
56—6—= w-%‘CCvS/ 10 \- o.mos,/ Sm\ = 210l
Ulzu"&z‘m‘/ \ 21/ = 27.0°
(ii) the shortest distance between the lines x; 2 % = Z__32 and % = ))2;4 = Z_+22, giving _|
your answer as a multiple of v/2. [3]
This  distmie. is given n the FB as [g—r (0 )]
\% 0 ¥
S - T O PP A T
\z) "\ -2/ \=
dxd, = Lx v &£ \A=3 so
Co distenty — I /(—;’\,(_3(4\ - al /f)_.,.\ = U /K, 2 )
i (ls) \u)| = 2~ a U a)
= 2J2 units

© OCR 2021
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Fig. 12 shows a rhombus OACB in an Argand diagram. The points A and B represent the complex

numbers z and w respectively. Prove that arg(z+w) = %(argz +argw).

Let £ PoA = x ond L AOC = B

Recalk that He sum of two Complex numbers

creakes o poruelogrom. when  plotied on

00 omy o ity o,

Rate. the  point  C 15 repvientnd by 7 4 W

So oy (2 + W) =+ R

Since OC bisetts the PWW%WW, /[ BOC=pf8

oy 3 = ZPOA = O

oy W = LDoR = X +2f

So OJ‘%%%O«BL\): o+ (DC+7-,0) = 22X+ 2p

= 2 (w +p)

>20u‘3(%+w)

hence  Zam(z+w) = oM + oy W

ag (2 + W) = 5 (9T + o)

© OCR 2021
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d d
13 Find the general solution of the differential equation E}Z) g 3y =2¢".

I
2

dx

171

Cinst we need  the Complementary  Solution .

Auxilliory  €guation: A* +2X-3 =0

(x-0)(x+3) =0

A=0 A =-3

Since e hove two reed vools Y = Ae™ + Be > + p(x)

N

The podticwlor  integrad  WouAd USUQ,MA\/J have e

o plx) = We*,

H’O\/\IQ\N/\I 0 e (‘MN&(JV) have, €% in the

Copplerthony  solubion, we reed  te multiply

throoh by 2.

$o \f)@c) = K> e™

pr(x) = Uoce™ + |e©

P7() = Uoce™ + U™ + ke™

= UXe™ + 2ue™

We now Sub tese inb Our PDE B Find U

U e™ + 2Ue* + 2 (l/(xcDL + Uex) =3 (uxe%) =2e*

U e* +2Ue™ + 20 e™ +2Ue> - 3Ux e =2e¥

L“,(@"" =72e%*

HM:Z :>l/(:_-lz

Henw the generad Solution to the DE

q: A_ear_ + l?e—’aao _‘_;lxew

U

© OCR 2021
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%

1 e,
R : : . . 25

14 A curve has polar equation » = a(cos 8+ 2 sin @), where a is a positive constant and 0 < 6 < 7.

(a) Determine the polar coordinates of the point on the curve which is furthest from the pole. [7]

We wont Tt meximise v Tl

d
OCLUrS When g = O

F = o (Cos@ + 287ng)

de = o (~Sine + 2 cose)

a0

%g: o => o (—-S\‘ne + 2(088) =0
o F 0 so

—SiN® + 2Co8& =0
— Emwme + 2

= 0
Ene =12
& =orten 2 = [-107...
=111 rod
Now we need the cCorcesponding Valve of .
N
=
U= _ . - Z -
< S boe =2 = sne=g{ cose-
{/9) ]
T
Exvadh hene \

LYY PUYh ovUS

e point furthest fFrom (ao\e_ 1S (o\\E, |~n)

N

© OCR 2021
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(b) (1) Show that the curve is a circle whose radius should be specified.

[6]

We unow ¢* = o + y* ¢ = Ccose o Y =rEing

§o = O (COSG F 286n0)

-
™ = 0rCosSe + 2arsinge
r~ = o + 2ay

> \-U\"T-CA% Y 'Zaa/\

’.7(, —CADC/ Y y*© —qu =0
(¢ -9+ (y-a)” = (2) +(a°
(e -9 + (y-a)* = Fa

[lms 18 an egmation  O0f o Cryole,

s toadius 1S \(Fer = Bl

(ii) Write down the polar coordinates of the centre of the circle.

1]

centre = (5 111)

Poiny Furthest
b o018 Tre centre has He SO

volre 0OFf & os the

point Furbest fom Oe

pow .

Tt vodve of = % os A

v e rmdius oF e Cirt\e.

© OCR 2021
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15

The equations of three planes are

—4x+ky+7z =4,

Given that the planes form a sheaf, determine the values of k and /.

x—=2y+5z=1,
2x+3y+ z=2.

[6] |

Lets wrte EBus n toabolom form .
[-u v 7\[x) /Y
|1 -2 s|ly|=]L
\2 3 z 2
\ TR
The plones WM only form o gheaf IF they do
nor infersect ab o« unigwe point, ]
So det M =0
- PR | c | | |
deb m=-u |2 Soul ol
= —y(-2-15) ~«(1-10)+ 7 (3 +u)
= 68 +5K + U9
= I7+ 5U
So "7 + SK =0
Su = - 1[17
= -3
We now need te eliminats o vonoble Say X,

0nd  anaduge e Consisincey  of Fheoe equationss .

Lok T, “L[DC——R\\)) + 72 =Y
7T7_: oC '_ZU\ + S% = L
T 2 +3y -2 =2

© OCR 2021
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19 %0‘2’0
15\ Ty 2T, “UOL—\RUF7% -\—(/l:)(,'\-é‘us -722< 4 + Y K2

(continved) J
-7y ¥+ 5 = 8
Ty -2T,: 2x +34 -2F -2x +Uy -0 = 2 -2
Yy =5 = 2-21L
-7y + % = 2L -2

two

For bese plows Ly form a $heaf bhese

e consigtrent.

egmatrons  mMost
Hente. 2L -2 = ®
2L=10
L=5

So

W=-13 md L=5

-13

| =

Turn over
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when = 2 L= oNrSinh (%‘_) = ossinh |

]

\'/\(l + \I\Z-L\ )

© OCR 2021

when 2¢ = 0, L = ainh () = arsid © = 0
r EERIRA
7
SO Wwe now howe \ ¥
Jo \]Ll‘l’(
P\n(l‘\.ﬁ) el d
_ b N LLALA ’2_(03\,“) dN
- \‘Tn (e ) 2 0
Jo LA D RN 1A
p\(\(“\'ﬁ) ciah20 eochy
_ ‘2\ [*IAIAMAY A A A -4 dA)

(answer space continued on next page)

@,@%ﬁ?@
6(3 cf@w
oy
20 %,
1 iy,
16 (a) Show using exponentials that cosh2u = 1+ 2sinh’u. (4] %
. yAY —2u aC -3
LHS: Cosh s e +e /U\,\:"“ oo = & 1 E
2 | 2
. v —u \~©
BHS: | o sinku = +2/e - © \
.z )
29 -2U
B -1 =1 e
* -X
US%:’\&‘) Tirhoe= e-¢ \ 5 Z
2 v -2v
/" & re = HS—Gs—Fegared
2
2 2
(b) Show that X dx=2v2-2In(1+V2). [10] |
0 4+x2
Seing oS port o) davolved hypebolice it iy
very  Likely e peed o hyprbolic Substitution.
| .
Look ot the fFomula boold & Tamm Forme involwes
Sinh 2.
Hente (b
& _ 9 cwsho =7
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16(b) | (continued) o (14 85) S ot &
= Uy \ *\—; clu US\Y\%
Jo v =
Al (1412) .
=y 8 Sinn2o ¥ S oy
o la lH~\FL)
= Y \\) sinhzu  dw N\ VUSiny posk )
a4 02)
y & < (cosh 20 -1} dw
r\ (L +§3)
9 Se coghzo —| cw
X N / US\/\rQ Scoslnuu dv
5 Thsmay —o]"0™ SRETTEE
L Jo
= Sith (D (@) — L (1+92) using
— (sian 0 - o) L sinu=L (e~ oY)
= L (e _ o —2nlr @D _gin(145)
= 3 ((e"‘“*“’)"— (e,"‘“"'ﬁ")"i)—zln (+32) | w(fe)
= Ji ( (L+ )7 =0 +V2) _2) -2a(1+42) - = f(x)
= } | 3 -7 ul\\\)\r%
(l—l- ﬁ) = m T Rya2m 326G Ldenom\r\alﬁar)
3I=27z2
= ‘ = 3-20
so nkegral = < (34203 ~(3-20)) - 2la (14 J3)
= 1 () -t (1 @)
=283 200+ @) s requared,
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17 In a chemical process, a vessel contains 1 litre of pure water. A liquid chemical is then passed into
the top of the vessel at a constant rate of a litres per minute and thoroughly mixed with the water. |
At the same time, the resulting mixture is drawn from the bottom of the vessel at a constant rate |
of b litres per minute. You may assume that the chemical mixes instantly and uniformly with the
water. After  minutes, the mixture in the vessel contains x litres of the chemical.

(a) (i) Show that the proportion of chemical present in the vessel after ¢# minutes is |

X
1+ @-b)t" 2]
When E£=0  Hee i3 L Ukt 0of put  Wetw.
o ldes of chemical 15 odded per Mwnule  ond
b liters s Aaken ouk per Mynuty .
Hnte ok ok Un Wesd (8 1+ ak - bt
- ) + (Q—b)t
So eropovtion IS Chemica o
total |+ (a-b)t
(i) Hence show that %_F#x—b)t:a' [2]
Tre take oF Chemicak O (S o0 Wken “hour.
The ke OF Chemwcal owb (S —2— lites,/hoor.
. o .
Sinee 77 s O (ake oF chonge of Ok
Chemicd n the wMiXture,
o baC
at = A T Trewt
ohoc boe

"Tgr - &

&
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(b) First, consider the case where b = a.

(i) Solve the differential equation to find x in terms of @ and ¢.

when £ =0 a=0,

(0 —(n()) = & (o) +¢
C = 0O
hanty, —lalt-ac) = o Wite in regmeed form
[ ->C = ¢~

=>/ 2o =) — LT

p-a = =~ J,U‘odco, Of inFlow
OfF Chewvui Tk
- = (n 7'1-
— O\ = -\ln7L
A =102 = 0693l... = 0 693 (s
SO Tty of infFlow 1s 0-693 Lhers,/ minoke
(c) Now consider the case where b = 2a.

the rate of inflow of chemical.

(i) Given that after 1 minute the vessel contains equal amounts of water and chemical, find |

2]
o =1, bGtad n contrainec =

| + 4 — &= |.
Soo wb t=1 =3

2 .

1o = oo

N\ Solve for o

(i) Explain why the differential equation in part (a)(ii) is now invalid for 7 > p

© OCR 2021

L [1]-
ok £t =& the omowt of mixture lefy is

| +a (%) -2 (%) =0
lnee okt + = « +e i35 no mMixture lef+ sO

& s the omount  of mixduwe s negative. So t >

[4]
_ . o< —_9x
\f b=a the De IS JFE+ Towe = &
he
‘a‘t+0\3c=(1,
C
= X -a(l-% N
) Vi &kpewtion of
(T — - C v VR oste
o 9% Sq‘d)“
“lnll-|l = at + ¢

Turn over
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(ii) F iﬁd the maximum amount of chemical in the vessel. [9]
Fiob we need to solve the DE {1 Find oc
N deems  of b s .
ot 7\ —
T D€ s now ¢ ¥ 75t - &
Tws s & Ureor FRat order PE, So Con  be sOlved
LSing on areyraking Fatbor tethool .
(v B (6 g o
(k) =¢" SR
- e—ZII\)t-ab\ p"‘(H"D=Q(V\
Sfear
So  multiplying UM’C)UO\\/\ b T(H),
x'[(l:): C\—at)_z % 4 (J“OL‘.‘/)—Z X \ZTU\ZC? =a(l-at)™
-7 doc -7
(1l —ab)” €% + Zaxc(1-ab)” = o (1-at)
The LHC {8 implictt product eule. u=2C v e &%
v= (- ? v =2a I—at)-B
d / Z\ =
So ag(oc(\—al;)’ ) =a(l —oak)
2 C 2
7(/(\_(1{;) = \O\(l—ab>— dt \ by
v )NCO%(\H’\O/\/
() —ak) T = (l-ak) ™" +C
st =0 L =0: ofi-a0)" = (1-ale)” +C
O =1 +¢C
C= —|
(answer space continued on next page)
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17(c)(ii) | (continued)
hate  oc (l—ak)™® = (l-—ap)™ -\
x(\—o\b)zt €A = | -k —(l—aﬁ)z
= ( —oat (I —Zat + a?t?)
2C = ok —att?
To solve  the gquestion Wwe ned o Had e
MWK IMUM Yol OF 2C. Tms  occor wwhen
dot _ )
dir — :
.')C, - o
Or - a4 — 1t
a-2ta* =0
= 2ta%* =
t- = ﬁ N
)Sub W\ o
N l , ] 9 j 'R'(\(A‘ ¢,
when £ = 55 Dc‘_:a(a;)—o(‘ E) v
-_— ’;—_ - —(l:{'
-

So The toximum omouny of chewmiad it O 28 L.
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) must
be clearly shown in the margin(s).
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