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i A function [ s i.ll:ﬁned hy M ‘] - ‘u.‘l +- h\l ek +d. The gruph of y = fix) passcs Ihmllﬂh the |‘lﬂil‘ll§

i
(1. 3Yand (=1, =3). The graph has turning point at x = |, and I fx)dy=0.
L

Find the values of a, b, ¢ and o. [5]

Sub(y/5) ido f(x): §=atbtctd —)
$ub €-3) indo F1X): -3=-atb-ctd —()

(%)= 3az2>+ 2bZ + ¢

when =1, £'&)=0 : 0= 3a+2b+ ¢ —(3)

Gven [ $(x) dx = 6
[Aif+"la3+ £§1+-lx];=s
$+2t5+d =6
3a++b+sc+|z¢=?2—@

by 6C: a=4, b=~-6,¢c=0 ,d=%

LAY FPLFT DETREN e EE ) POl (MW T

T DO NOT WHUTE W THIS MANGIN

ROLONNR Turn ove
| © UCLES & MOE 2020 ¢ ' o {; .:J
. 1



“001353%5100

IMIIMIIIIIIIMIIWIW AWinonn -

2w Sketch, on the s the praphs of y = [ = 5] an ndy=2¢-1. 12)
Y €

(b) Tind the exact solutions of |+* - 5 = 2¢ - 1.

Finding x-wordinale of A: Fimll_rs‘ X~ wordinale. of B
Let x-5=2x~I Lot 5-%2 = 2 -1
X'-22-4=0 A +2x -6=0
x= 2+ N4-4C4) X = =2+ N4-4(-6)

2 2
= 2&£2J5 = -2+ 2%
Z

4]

==
= 125 = ~|+ J3
“1+d5 = -1+J3F
(> % >\E) C-x> %)
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¢ his equatic 1 =X forx>0and vy >0

dy ¥yl 12
(i) Show that EI' -(;‘) .

Given %% + 4* =3
dif ferentidty both sides w-r-t x:

h:'*-l-_yl_

%’Ew
"4
-

(b) TFind the equation of the normal to the curve at the point where .x = l. (4]

-5, % =-(

Ny =2 - -2

) W o} normal: y=4=%(x-)

y= $A+3
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4 Do not use o caleulator In answering this question.

The complex number z is given by

i (cos( TLh“} + 1 sin(l—lﬁ,ﬂnz

cos( in) -T:I;H['t) '

4

(a} Find |z] and arg(z). Hence find the value of z°. 13
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{(hb) (i) Show that

(cos 0+ isin 0)(! +cosP—isin@)=1+cos8+ 1 5in 6.

LHS = S0 + os’@ -i 5inBeatE +isin® + i 5i0G 0 + sin’8
= |+c05b +15N0
= RHS

2]

(2]

(ii) Hence, or otherwise, find the value of (1 + 2y + (1 +2°)%.

from b): ZUFER)= 1+ 2
heact , O+ 2)4 + Qez*)*

[zt 29)]* + Q2
= g1+ 2%)* + O 2¥%)4

= (1+2%)* (1 24) from part(a):
= (1+z%)* (0 Sne # =L,
= g I then 2¢=1* =-|
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5§ (a) Express — | i i a1
P TESIT TSI} in partial fractions. (3]

x - A f ¢
-hftzﬂxxfmxﬁ) "% T3 T T

x A(X+)HD) + 8 x+)Ca+4) + C (Xt2)(X+ 3)

(x+2) (X 13)(xt4)

Compari the numarodors
Sub -1’-:-53 : =3=8600)

~0=3
Sub X = -1 -2 = A(X2)

s A==
Sub X=~4: =4 = c(=2)CI)

2 C==2

.x— = _-'L J - 2_
s ooy . @) | BE) T &)
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| r 13]
(b) Henve find, interms of a1, -~ "
B R
.z,.: (r+2)(r+3)r+4)

= r
(c) State the value ufz(—:—m}}[r‘*d}- (1]
re |

! !
Asn_)mjfm_)OJn’-* —2 0

|
L t— -2 7

6 Nt 3 N+ 4
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A curve C has cquation y = ., Where a > 0,

\Hm - X

(@) Sketch € and give the cquations of any

3 x
Vel
Yerstical asympts fes :

X200 and xXx=4%a

)

asymplotes, in terms of a where appropnate.
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(b} Find the smallest possible value of van terms of 4. [t

When x=14q,

I Nuata-20 26

(€)  Desenbe the transformation that maps the graph of € onto the graph of v = ;."'I 3 2 o2 13
. "1 j—

| 3y Lt2A |

I Jaa-x2 J4a(xtm)- (xt2a)
|

‘djax‘l- ﬂaizw
i

i

4a* — x2*
framlolion of 2a unile in the
H?Jh x—#-&iuﬁdn.
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AT

7 Itis given that y

12

T

(n) Show that {1 =a2)—5 =.

4]

*H“i‘t"d" both sideo ur-t- x:
Ni-z2 *ﬂ}; ﬂ’t $o-x) am =

ANrT=-x7

(=-x ‘)”—}. - 13 ﬂh_x‘-ﬁ;
u-z‘)fﬁ& - xﬁ: J (fompat ©)

(|-;[*)jl—273= x-ﬂ +} ( shown).
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(b} Find the fi iIrst 3 terms of the l‘!pﬂnﬁun of I:“".I v

olg iode, wr-t-X ol (@):

(l-x‘)ﬁ% 1"*‘% Cax) = x# +% + i’-

When X =0,
f(0)=g*h™0 = |
£(0)= ,F’_T =]
£40)= 0+1 = |
f 0)=1t1 =2
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The lines 1, und 1, have equations

3 2 -4 |
r|:(1)+.l.(—3) and r:-'( l)ﬂf(:
0 ! -3 4

respectively, where X and g are parameters.

(u) Find a cartesian equation of the plane containing /; and the POi"l ': I, =3, =) 4]

i G
r j!%)x () = (ﬁ 'J)
A

Cartecion e4ch ﬂ; p’m: x-2E=3

(b) Show that !, is perpendicularto {,. 12)

4 () ra-ers-o

A M’Mulor to Ls.

\
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rlt(1)+,l_(-3) and r:-'( |)H‘(:)

TR
1S

(€) (1) Find values of A and pu such that r, = r, is perpendicular to both [, and /,. State the position
vectons of the points where the commeon perpendicular meets /| and l. (6]

3+§A) (_“ 2 )
=12 | +
( -SH-}I;

- (154
3t+x- 4;’:
1+2A -
( | =3A- t;v).(-g) =0
3tx-4p !
14142 -2 -3+MNt6pt3 +tA -4pu =0
14 +14=0
A==l

( I =3A- P). (z) - 0
3tx-4pu 4
T+21- ;1,1-2-6).-4,;1-:21-44-15,;::0

-ﬂrpf -z,l
When 1==-1: - (g)_(_zl) N (::)

intersection, befw. 71=73 and, £)

hen 1 3)+(3)=3)

-nim‘uh‘m betw- 7)-73 and ER'

2]

(ii) Find the length of this common perpendicular.
S) (3) - (2)
(—: “\Y/ T \2
4 = 2 2 _1\3
(_g) r\l 4 + 2% +(-2)

JaF
N6 wk
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Y A function {is defined by f{v) = ¢'cosx, forD€ X < %“'

: - ine its nature. 5]
(n) Using calculus, find the stationary point of f(v) and determinc

=8*wsy
%%’&mu + cos% (o*)
= e* (wix-sinx)
Lt % =0 , - wex-snx=0 (- &*20)
tanx = |
x*F (ginn0€x4 %)

when x=F , y= ¢4 )

= ‘E;?J;E;Tﬁ::;u point.

(b) Integrate by parts twice to show that

-I‘:l' cos2udy = %el‘{s.in 2v +cos ) + . [4]

U = -25in2% y = %%

Lt =sinaX et dv; = g2%
=202  vimie™

jﬂu Los 1X dx = 30% o0 2% -I-j e sinax &%
> 20%cos 22 + [%e“.rmz'x—J 6% ws2x dx ]

Je“mn dax = #e“wux + 1‘@.‘3;51;; + £
= $e**(sin2¥ + ws2x) + C  (shown).

I © LUCLES & MOE 202 m PIARVLOVNT] I

ol SSTERRCGHAETR Slamscanner



* 0013535100317 *

T — ¥ gt e

J

nH

(© TheBsph fy = 1) s ot omplely ewt he s, Find he exct volume erered.
Yol- = j E e* st dx

B HCa B sl B
_Ij! e ux + {E e™ ws1x dx
=¥ e +%[1'e“(si:zt+mzx)]§
= F(e¥-)) +FCe" =)
= X[2e"-2-¢"-(]
* (e ‘3) units’.
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10 Scienusts model the number of bacteria, N, present at i ”'f“'
The model assumes that, at uny time !, the growlh rﬂh..' |In I‘
positive constant A, Imually there are 100 bacteria and it is [oune

—_ )
_—

¢ minutes afler m:lling_ ap an ::rxpmmm‘_
he number of bacteria is &N, for some
| that there are 300 bacleria at time

L - .. Find & the ime it take
(a) Write down and solve a difTerential equation imvelving N. 1 and k. Find &k and the tme it takes

for the number of bacteria to reach 1000, [4]

‘t.Mt
S5 dN=fkdt
N = Kkt 10
Whea t= 0 N=100: Aid0 = C

Whes =2, N=300: 13003 aK+hi00
———————  ak=h?}
k=1h}3

éN

When NS 1000 : Iy 1000 =(3h3)t + k100

a3t =10
t =417 mins

The scientists repeal the experiment, again with an inital nuber af 100 bacteria. The gr?wlh rate,
EN . for the number of bacteria is the same as that found in part (a). This time they add an anti-bactesial
solution which they model as reducing the number of bacternin by o bacteria per minute.

(b) Write down and solve a ditferential equation, giving 7 in terms of A and . Hence find N in temms
of ¢ und . 5]

l':’ h‘&hi)ﬂ-i‘ =t +0
Whe t=0, NZ100: €= 7,3 In| 5003~ 4|

212 g b [Gh)N-d| - 1oy te |50le3-4|
= 2 _jp | (G)N~-d |
ind 1"'l 503 - d
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N - o
Nin3 -2d= ¢34 [100k3- 24]

%l - e-i&l Nind = ciP(molna -2d) +2d

Nih3-24d .
00m3-24 > ¥ e (100103-2d) +2¢
Given N=100 when$=0: N= 03

we rgject = ¢ tigd

(¢) (1) Find the range of values of d for which the number of bacteria will decrease. [1]

i 3

since €% 20, 100h3-24 €0
2d 710012 3
d250Ih 3

(ii) In the case where d = 58, find the time taken for the number of bacteria to reach zero. |2

c*g'! (100)a3~-2d) +24
N= a3

0= eﬂ]! (mlna-llt) + 116

e =P (1001e3 -116) = -6
eP =18.816
th = 24381666

~ 1 =535 mins
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11 Civil cngincerh dt.'.‘iigﬂ |_"lri.dgg., 1o SPAN OvVer eXpres Sways, The d|ﬂgmm below Wﬂfl’!bﬂn'ﬁ o bﬂdgi
an expressway, PS

Bridee

5[ P Expressway § ¢

In the diagram, PQ and SR are parallel to the y-axis, and PQ = SR. The arch of the bridge, OR, |
part of the curve OQRC with parumetric equations

X =qa{6-sinA), v=ua(l —cos8), for0< 0 < 2n,

where a is a positive constant. The units of v and ¥ are metres.
Atthe point 2, € = f and at the point R, 8= 2x - §.

(a) Find, in terms of a and . the distance £°S.

1-wordnals of P = %= Cotvdirele. of &
= e(p-sinp)
X-wondislr of §= x-werdinate of R
= g[2n-p ~ sin(2m-p)]
= ¢ [(a;r-p) ~ (-sia p)]
*a(2~ptsinp)
Lu’-& of P§ = a(2X-pt sinp) — & (p=sinp)
= dalN -aap + 2esin p

= 2e(n-ptsiap)
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(b) Show that the of the shuded region on the diagra
la*(6r - 6f+ 8sin B —sin2f).

m. representing the area under the bridge, is
[6]

Xx=a{0-sinB)
- §%= e-atsh = a.(l-ma)

L5
MIII’ y JZ
"J':'-F a()-028). a()-cos8) 46

- 1.'.[':* )~ 2tosd + cos*8 40

- 'f"" |- 2cosB + $eos20+73 dO
= f""i-zmenwze d0

=q'[$0-25in0 t i'ssz] F
= q [1(2'n-p) 2(-sin p)t (-Sm-'lp) -3p
+sap ~ # sin .IP]

[m ~3p +4sinp - sin2 ]
(GH-GP-I- Bsin p — sin2p {shown).

(¢) Itis given that the area under the bridge, In square metres, is 7.8159%. Find the valueof 8, [1])

IN-~3p + 4sinp - isiuzp = ¥.8157

B¥ QC- p = |-900002]

=190

DTN AN .
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11 [Continued]

greatest and least heights of the arg)y,

(d) The width of the expressway, 78, is 50 metres. Find the i

OR, above the expressway,

From part(Q): F3 = 28(%+ sin 1-90 =~ 1-10)
50 = aa (W + sini-30 — 1-10)
- a=H-4265
ginte y= a(1-wsd)
= j1-4265 (1= s 8)
breafist y= 11-4265 (1= WS X)
S3ITm
Lesat y = 114265 (1-wsg)
=11-4265 (I~ w5 I-90)
=i1§5:-im
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