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Answer ALL questions. Write your answers in the spaces provided.
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Figure 1
Figure 1 shows a sketch of the curve with equation y = al , x>0
1+Vx S
The finite region R, shown shaded in Figure 1, is bounded by the curve, the line with %
equation x = 1, the x-axis and the line with equation x =3 g
]
The table below shows corresponding values of x and y for y = al m
1+ Vx >
-
L
X 1 1.5 2 2.5 3 7
=
v 0.5 0.6742 0.8284 0.9686 1.0981 =
30 A I Y91 Iy
(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for the
area of R, giving your answer to 3 decimal places.
3
(b) Explain how the trapezium rule can be used to give a better approximation for the
area of R. o
1 (@)
1) z
(c) Giving your answer to 3 decimal places in each case, use your answer to part (a) to ;
deduce an estimate for o
-
3 m
0 | == z
Jy 1T+ Vx -
n
S 2
(i1) (6 + 7 )dx 12
Y1 1+vVx (2)
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Question 1 continued
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Question 1 continued
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Question 1 continued

<)

: 5 -5J3 X d3<%§x|.635:8.\°r5\/
dﬁf_— [ H—Yi

( |+J3L_

r <6 t ,l_)dx -.[63(]}, t 5|3 DCB da

L+ ] 't
3
[ _®* _ dx o 1.63S
R ERE
3 3
[ex ], + f X doeedl6x2)(ex)] + 1. 635
\ l+J5c

= 17241635 =)3. 635

(Total for Question 1 is 6 marks)
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2. (a) Show that the binomial expansion of

1
(4 + 5x)2

in ascending powers of x, up to and including the term in x? is
5
2+ —x + kx?
4

giving the value of the constant & as a simplified fraction.

C))

1
(b) (i) Use the expansion from part (a), with x = 0 to find an approximate value for NG

Give your answer in the form L where p and ¢ are integers.
q

1
(i) Explain why substituting x = 0 into this binomial expansion leads to a valid
approximation. 0

C))
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Question )_ continued
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Question ). continued
b)
(L‘ +51)‘/‘ Ay S AT XD
4 6L 9_)“ - GV\
b L"
A \/ 'n
\\) KLL+_‘_> :(L-LS')Z:<1) :_,_3\/
2. Ju
A+ Ex_\_-— _LS,((_‘)L: Su?2
U (o 6§ \o 1S 6
R 3 el L
Jr 256 Jo 3 U1
_‘,,( L = _Z_ = JTL
3 % = SL3 ,x J Jz
T3 16 3 3, L0
Ji 3
118 Jr N
i) (Ptgo)"  Ualich Wwen 0]&}“ 19| ¢ )Pl
. P )| ¢ )P
(Ut S)™ valich  Wen [xl< Y )9/
S
_L & L_‘ S a‘:fwc):c}rv\aﬁm W valio S
1O S

(Total for Question 2 is ¢ marks)

U O RO AR A Turn over
S 6 0 7 3 6 A 0 3 3 2



PMT

PhysicsAndMathsTutor.com

3. Asequence of numbers a,, a,, a,,... is defined by

a =3
_a, =3
a '7an—2 neN
100
@) Find ) a,
= 3)
100 99
(b) Hence find Zar+2ar
r=1 r=1 (1)
a) a.-3, Qs 33 .0 Oa: Q-3 .15
3-2 O~U
= 3 “

th = l-s-‘;,

\.¢-L

Sequencg vepeak O4lel ech\cj 3 Feinns.

|00
i = O . +0r O34 AG 1O+ Rgt ...+ A9t + Ade + Oga +he

=t
:(QH;Q'L +03)+ (amaucu \ PR § (CAMQUO\;) + Ay

33((1\‘\'&1 1@3) + Q,

RR(}+0+1.6) +3
30 G.S) +3 4 \S1.S

1

6 O RO OO
S 6 0 7 3 6 A 0 6 3 2



PMT
PhysicsAndMathsTutor.com

Question 3 continued

\o) 100

S ¢ =15).S

=1

qQa

2 Ar = A, +Q 1 +Q3+AAy+AstQer... ¥ Aar 1 C\as + O 99

¥ =
: (it arraz) + (Gctacion) t- ..+ (G4 Gut az)
N 33(6&\1’&1-}@3) = 33( L(.S-): lL&.S.

0o 41

S A +t £ ai-ISL.S+1LE.S = 300

= (=

(Total for Question 3 is & marks)
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. Relative to a fixed origin O, - _
(D = RA
the point 4 has position vector i + 7j — 2Kk, D
the point B has position vector 4i + 3j + 3k,
and the point C has position vector 2i + 10j + 9k.
Given that ABCD is a parallelogram,

(a) find the position vector of point D. A

(2)
= .

O

—> - . —>
The vector AX has the same direction as AB.

Given that |A7‘ = 10\/5,

(b) find the position vector of X.
5 R v

= ) .
RN BRI I [P N S
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Question Y continued D \

Q

| .1 x
= -
oA - |1 OR - 3 QcC - \o
~L
e — ' L* 3
AR = - OA + OR 3 -y
3 S
(_H_l-?);\ -.J-@W(-MY—I—(S)" J”H-\bi-lf - u
- \JZS— 7()—_
L =SJar
Since 1ABL= €T, I1Axl= 2x 1RO
— - / - - —
OX = OB + Hx . QX = OR 1+ 2AB
\ 3
= {4 +l<-t1)/
Ny <
() [ &
= | 3 |4} -
k--LJ \.Q
(3
= -I]
\ 8
_)

(Total for Question & is 5 marks)
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Given that f(—6) =0

(a) (i) show thata=4

f(x) = x>+ ax*— ax + 48, where a is a constant

(i1) express f(x) as a product of two algebraic factors.

Given that 2log,(x +2) + log,x — log,(x — 6) =3

(b) show that x*+4x*—4x+48=0

(c) hence explain why

has no real roots.

2log (x +2) +log,x —log (x —-6)=3 = F(;x) =0

C))

“4)

2)

10
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Question 5 continued
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Question S continued

b)
.1\581 (x&l):las,_[(acﬂ_f] CA‘O&\Q = lOJ (b ™)
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1031 Cxrlxt Q) + \681Cx3~ lof)lcoc-ca\ = 3
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Question 5§ continued
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(Total for Question5 is lomarks)
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Figure 2 (-3,0) Figure3  (3:©)

Figure 2 shows the entrance to a road tunnel. The maximum height of the tunnel is
measured as 5 metres and the width of the base of the tunnel is measured as 6 metres.

Figure 3 shows a quadratic curve BCA used to model this entrance.

The points 4, O, B and C are assumed to lie in the same vertical plane and the ground
AOB is assumed to be horizontal.

(a) Find an equation for curve BCA.

3
A coach has height 4.1 m and width 2.4m. —) .o E‘ Rrer Side
(b) Determine whether or not it is possible for the coach to enter the tunnel.
2)
(c) Suggest a reason why this model may not be suitable to determine whether or not the
coach can pass through the tunnel.
1)

12
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Question § continued
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Question £ continued
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The quadfa‘ﬁc cuave. ACA OY\\\\) aPpnes la KN enwance.

UR do ok kmews if AN vwuaadal iy uekliod Huqu&kow-
Ao enhre \ev\SHA oL KA\ hunnel.

Altenotve. A NSURSS

Coach needs to enter through the centre of the tunnel. This will
only be possible if it is a one-way tunnel

In real-life the road may be cambered (and not horizontal)

The quadratic curve BCA is modelled for the entrance to the tunnel
but we do not know if this curve is valid throughout the entire
length of the tunnel

There may be overhead lights in the tunnel which may block the
path of the coach

(Total for Question 6 is 6 marks)
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Figure 4
Figure 4 shows a sketch of part of the curve with equation
y=2e"-xe*, xeR
The finite region R, shown shaded in Figure 4, is bounded by the curve, the x-axis and 8
the y-axis. 2
=
Use calculus to show that the exact area of R can be written in the form pe* + ¢, where s
p and ¢ are rational constants to be found. E
(Solutions based entirely on graphical or numerical methods are not acceptable.) m
(6)) <
-
L
7
>
o
m
>
O
o
=2
o
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s
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n
>
o
m
>
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14
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Question 3 continued
o)
foar: del™ _ xe™>x - o 1
C'L&CZ_-DQB = O
: A v
CxlO L-X=0 ’
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(Total for Question ? isS marks)
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8. There were 2100 tonnes of wheat harvested on a farm during 2017.

The mass of wheat harvested during each subsequent year is expected to increase by
1.2% per year.

(a) Find the total mass of wheat expected to be harvested from 2017 to 2030 inclusive,
giving your answer to 3 significant figures.
B4 Years

Each year it costs
e £5.15 per tonne to harvest the first 2000 tonnes of wheat
e £6.45 per tonne to harvest wheat in excess of 2000 tonnes

V34V SIHL NI 3114M LON Od

(b) Use this information to find the expected cost of harvesting the wheat from 2017 to
2030 inclusive. Give your answer to the nearest £1000

&)

V34V SIHL NI 3114M 1ON Od

V34V SIHL N1 31IdM 1ON Od

16
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Question & continued
N
Ao LO\8 2019
d AP 4
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e
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Question ¢ continued

b)

forn vshear ajir 1L years = 21606 .MGe . T

In 2oy, 20oT

— \Ludeaus: T'L'\lﬂr 2000 T ave: £4.18x Laaoxly
= flUG 200 S

A amaduny ol Wheoy cb\c»rg)&d @ Fe. LS is -

21806.94u8 - Aovoxly = 3806 .99use

(eN\(l'mir\:;) W\rear is ¢ ZXQQ-quxi‘a.bS
=524 $$S. Ileue., .~

'(O\ra\ cosk - FlUG, 208 +E2L ESS U 6LG. ..
= fL6g, FSC 6.
= £169, 000. (neaask fhawand) S

(Total for Question & is S marks)
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9. The curve C has equation
y=2x+5
The curve C passes through the point P(1, 7).

Use differentiation from first principles to find the value of the gradient of the tangent
to C at P.
6))

}'CM = . |im [ﬁxﬂ\) - fea) ]

Ax h-=o At - X

dd . lim ((chw\‘ £ €)- (23 4 <))//
dx h=0 n

(xsW)® = X 1 3x?h +3xW "y W
= |im <%§+ exth ¢ G_x\rxt’rl\r\"’d’/sl-{?:frz&’)

h20 N

= i mw\fgg»&nw)

h=20 N

= |lim (617‘ F6xla +LhP )~ 6x?2 t0 1o
ko

dq’ = 6:)(?". = 6(07: §

—

dx Ax 12C=|

18
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10. The function f is defined by

3x-5

fix— , xeR, x#-1
x+1
(a) Find f'(x).
(b) Show that
+
Ff(x) = = ‘1’ XxeR, x#l

X —

where « is an integer to be found.

The function g is defined by
gix—xr-3x, xeR 0<x<K5

(c) Find the value of fg(2).

(d) Find the range of g.

(e) Explain why the function g does not have an inverse.

(&)

C))

2

&)

1)

20
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Question |0 continued
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Question 10 continued

b)
(x) = 3%-5S ¢x) = | Cpexy)
.? X +) {F F f
3(_3_'1_—5.)-5- 954.&;%,,&2_(:0_&_&5
H(m) =\ ot 7 b b b b
3_]'( ¥ {
X4
3 32(;5_)_ SCxt ) 33x-8) - x4
S s & XAl = AT _
I -8 4 & 3x-grxsl
x+) X+ D’C/l”l/
= 9o -1§ -§x-§
3% - yoc+ |
- Lx-20
Lx -4
= X -5
X -1
”(x) - X -5 . oz-S

X —|
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Question 10 continued
<)
/
J(x) = 3x-S IIQ(‘O&):%(QCQB)
J x4 J N
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- ¢t
- - Q& -5
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-\
_Jagcy- S
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Question o continued

&)

8(33:1"-3& XEIR , O$x &S

M.p = (. Coxckinats o TP of S 5/
=3 §

Ly inbehwean rodw of qua.dxu-hg.

X -3 = O S x (X -)=9
G o=
Xy : ', x =3

X - coagrakinet ks, o IfP s Qtd - \.€
2
S_CQO‘CA;M of Fp- s 6(\.§).--2.15
- Sm'n ~--2.18
amuas;ﬁLS) = §' . 2x$ - 28 - %= o,

. -t.15 L 8(3\ {10 —

e)

i‘ invese fuv\c\n‘ém s _ONE . tn-ane /

’ﬂ'\ﬁ ‘/’uv\ch'm &is vvxm\‘:)—\ro'OV\cx/
6-%. 8(03; O anok 8(3%-0 3(03=8C3)=0

(Total for Question 1o isi1z marks)
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11.

=<V

Figure 5

Figure 5 shows a sketch of the curve C with equation y = f(x).
The curve C crosses the x-axis at the origin, O, and at the points 4 and B as shown in
Figure 5.
Given that
f'(x) = k—4x — 3x?

where k& is constant,

2
(a) show that C has a point of inflection at x = -3

Given also that the distance AB =4 \/5

(b) find, showing your working, the integer value of &.

©))

(M

22
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Question || continued

*)

”(.DL) = O "L| - 61 VA

2. -F“(}\ = -Li- 67 \

Passble POT  cu\en f"(aq e
- -6x - o
&x = -
Xz &
3
_L -_0.6 ’remng) ange isi - 0.3 <X4-0.6
S
f“(-o.ﬂ= -L- 6C-0.) - 0200
"(-o.e)- -G(-60-0.6)=-0.L,KO
BO\’\J\ cih\velo. are wer o ol ¢ haw o Pd\f\\r ol,
iv\!,(ec\)\m\ ok X = —ZL_ v
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Question || continued

b)

‘F\C.X) - k-4Ux - 311

-1+ JI¥k
£ (x) fk Lx -3x® dx

:Kgg-&;)gz-_ls + A \
-\—J|+k
@‘l:QJ F(l) - Q Figure 5
Q= k() - 2()Y - & +¢ . c=0O
{Lc;o—_ kx - Lac® - X3
= X Ck-23-Xxb)
L X=O of K-l -x*=20.7
X L -k=0o
O Yo ¥ | Xa,x. = —b * Jbt-lLac Jb*-ta
20.
o, Xxe =~ ¢ ,}g- (-0 - L+lk
L
= ~Z ‘l‘ k :—li,]l‘l‘k‘/‘/
2

AR :(-|+\)‘rk_1;\ )-<.-l-—\)\&1-( ):L_lﬁ o
= =A% AT t Jkr)
= 20k = (JT =y Jlur\ = J—S_'

kx\ = & . =22/

(Total for Question!! isio marks)
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12. Show that

T

2 sin260

df=2-2n2
o 1+ cosd

@)
’(«3 andh nwaale  denamnals | Feinn o Saster Lo solve |
( Sin(ae) do =I lgﬁ' BScxe 4 iy Uz Iyose
\fos @ A 996 dU - _ Sine
Ao
-2 Cose du de = _du v
(O - Sin®

Sin(a@®) = dsine cos©
:-l[Lkldu./ ot e=%,u=‘

Y
:—LJ -_\_d-Lk @:Q,U\:Q.
U
= -2 (UL - \r\u‘)/l/ Since Az 1TCose
(dse = k-1

~IX

J Sin(iey . de - [_:L(LL-\V\Q\]
b

s \+ cos o
;(-1( | - lm)) - (-1(1 ; \nl\)/

= - + - d\n

2 -d\nd os requirco\. “

2

H
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13. (a) Express 2sinf — 1.5cos# in the form Rsin(f — a), where R > 0and 0 < a < %

State the value of R and give the value of a to 4 decimal places.

©))

Tom models the depth of water, D metres, at Southview harbour on 18th October 2017
by the formula

D=6+2sin[ ) 15c0s( 2™). 0<r<24
25 25

where 7 is the time, in hours, after 00:00 hours on 18th October 2017.
O€E=-0

V34V SIHL NI 31I4M 1ON Od

Use Tom’s model to

(b) find the depth of water at 00:00 hours on 18th October 2017,
1)

(c) find the maximum depth of water,

ey

(d) find the time, in the afternoon, when the maximum depth of water occurs.
Give your answer to the nearest minute.

(&)

Tom’s model is supported by measurements of D taken at regular intervals on
18th October 2017. Jolene attempts to use a similar model in order to model the
depth of water at Southview harbour on 19th October 2017.

V3dY SIHL NI 3114M 10N Od

Jolene models the depth of water, H metres, at Southview harbour on 19th October 2017
by the formula

H=6+2sin ﬂ —1.5cos @ , 0<x<24
25 25

where x is the time, in hours, after 00:00 hours on 19th October 2017.

By considering the depth of water at 00:00 hours on 19th October 2017 for both models,

O &= LU Hr L X := OWr
(e) (1) explain why Jolene’s model is not correct,

(i1) hence find a suitable model for H in terms of x.

©))

V34V SIHL N1 31IdM 1ON Od
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r )
Question 13 continued
58
V4
Osine tbcote = Rein(o t)
R - Jatrer fona - b
g
ooz 3  omk bsl.§ =y R Jottlsr - X€o
A - !-an"{';s) - 0.6LAS
1
L AhSn e - |.Scos o = .S & ( - 0. S)
- J
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(~ D
Question 12 continued
b)
D: €4 ) S Gin /(47(6-_ ('\6(4%.('\
25 /
- 6+ L.csin (-0.6035)
= L.€m QL. p).
. J
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~ A
Question |2 continued
9
D= 6+ 2.5 sia [ WAL _ 0.6035 )
rAY
Mo oowen  Sin [ LRrE o. 6Las ) - \
s J
Prmox = 6+ 2.5() = 8.8
(Total for Question 1 is 6 marks)
\ J
3
M 0 100 0 00 Turn over »
S 6 0 7 3 6 A0 3 3 2

PMT



DO NOT WRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

r

Question 13 continued

)

D- 64+ 9.¢ S'u\/ LU=t o 6&.@&’\

= RV o
' <
i / LN\
LAY - O, 63T 2 §7 x / §=
1< 2 L 1
LWZxs - ¢&n | 0.6W3S Ax - by
18 L b N

J
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Question 13 continued

e)
i)
D- 6+ A.C sin ki_x_’i . O. GL\?ﬁ)
2S
=6+ ).¢ Sin [ WLRQLW) . eusr> = 3N
1S

4= 64+ .S Sin (KX _ Q.euss>
1€

= &% 2.5 Sin (_ O.QMSS') = L. S

Since D- 3.3 wmF H':L‘.CM, Jolenes odad & ner .

v
it) H:= 6% XLsia <Lx,__LK XELLD ) 1.§ Cos (t—"—ﬂ—a-‘-t-g-‘))‘/
2¢ s

OLx 1y

(Total for Question3 is 1 marks)
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14.

Figure 6
Figure 6 shows a sketch of the curve C with parametric equations
T .
x=4c0s(t + Z)’ y=2sint, 0<¢<2n
Show that a Cartesian equation of C can be written in the form

(c+y)?+ay?=>b

where a and b are integers to be found.

=V

S))

30
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Question\ L continued
X = Geos (& %) Y= 2 sink
'I*fj -Gexs (€t 7_‘) ¥ 2sint
é
Cos CAtB) = (as A cosB- SinA SinB
f_’;/,_ A 41

3’-1’3 =G (iost cas? - Si/\tsir\%) Yy 28in€

Xty = 2J3 cast —2gmE 4 2eme o Xty 23 s €

XtY - (osk CosE + Sin'e = |
lIS Costt = (- Sinte
+L : T
w) = 1-Sin'€ e Asink -y sinte: 9
23 12

(Total for Question i4 is 5 marks)
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