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Answer all questions in the spaces provided.

Given that a > 0, determine which of these expressions is not equivalent to the

others.

Circle your answer.

1
“20gi0(3)  20g0@  logo(a?)
Given y = e, where k is a constant, find dx
X
Circle your answer.
dy =k dy = kxe®1
dx dx

The diagram below shows a sector of a circle.

The radius of the circle is 4cm and 6 = 0.8 radians.
Find the area of the sector.

Circle your answer.

1.28 cm? 3.2cm?

Arm= -\2”-6 = ‘Ex 41 % 0.8 = [ 4cmt

[1 mark]

[1 mark]
dy _e™
dx &

[1 mark]
12.8cm?
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The point A has coordinates (—1, a) and the point B has coordinates (3, b)
The line AB has equation 5x + 4y =17

Find the equation of the perpendicular bisector of the points A and B.
[4 marks]

Line AR: S + by 13

Midosinr of AB = (3, *%%)= (1, %)
When %=, 3=-%(\\+L:__:3 so  wmidpoint is  (1,3).
Perpendicar  bisector : u-3=4% (x-1)

U =_i7(— 4 +3

J 5 5

uz o &+ U

J s S

Turn over for the next question
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5 (a)

5 (b)

An arithmetic sequence has first term a and common difference d.
The sum of the first 16 terms of the sequence is 260

Show that 4a + 30d = 65
[2 marks]

Sa = 22 (20 + (n-11d)

260 = %3 [ 20 +(6-0d)

260 = 2(20 +15d)

65=2(20 + 154)

Lo +30d= 65

Given that the sum of the first 60 terms is 315, find the sum of the first 41 terms.
[3 marks]

Sa= 3 (20+ (n-)d)

315= 30 (20 + 544)

105 =10 (20 + Sad)

105=20a+590d ©

Feom (0): 65= Go +30d @

O-5x®: 1ps -5(65) = 5904 - 5(304)

-220 = 440d

d=-0.5

Svbshhrite d=-2 iwo (: 105 = 2000 4+ S%0(-0.5)

200= 40O

0=20

Sqr = %(1"""“0‘\)

4 (40 - 4ox05)

Y (20) = 40

0 4
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Do not write
outside the

5 (c) S, is the sum of the first n terms of the sequence.

Explain why the value you found in part (b) is the maximum value of S,

Y1Y erm: o+ 40d= 20 -0.5(40)= 0

box

[2 marks]

n-1 & 40 = n 4l

20 - 0.5 (n-1) 70 >
before the @ term ore  owl  positive.

Thi$ shows twe terms

20-05N-N40 =2 n-17240 =2 n>4l

This  shows +we Yems ofer +he 41 t+erm  are aM regative.

ecore  +ne 41F  keyn ave

OM  posihive and fhe terms ofter

Since +he terms

the % tetm  ave o negome/ e Sum of  the girst &) trerms

%\'\ES

the  moxivmuwn  valve.

Turn over for the next question
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6 The function f is defined by
1 2
f(x)zé(x +1),x>0

6 (a) Find the range of f.

ly y24}

[1 mark]

6 (b) (i) Find f~1(x)

[3 marks]

6 (b) (i) State the range of f~1(x)

{\é:\jAO}

[1 mark]

06
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utside the
6 (c) State the transformation which maps the graph of y = f(x) onto the graph of e ox
y=~1"()
[1 mark]
Re{-jzm_\n_ﬂne_\mt u=x.
J
6 (d) Find the coordinates of the point of intersection of the graphs of y = f(x) and
y=~1""(x)
[2 marks]

{ ine y=2X.
Zﬂaeﬂ_m:\-_eﬂ.ed-_m_‘l-_\ae < y

X = '!z‘ (17"\'\.)

2xX = Xt +\

XL —-2% +1=0

(=N (x-1) =0

A=\

When x=1\, 3:.‘1:(11-“\: .

(oordinotres of intersection: (1,1)

Turn over for the next question

Turn over p»
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7 (a)

7 (b)

7 (c)

1
By sketching the graphs of y = p and y = sec2x on the axes below, show that the

equation
1
—=sec2x
X

has exactly one solution for x > 0

YU L
NN

By considering a suitable change of sign, show that the solution to the equation lies
between 0.4 and 0.6

[3 marks]

\J

[2 marks]

= Secix

L
E3

1 _ seczx =0
x

f(x) = ) — seclx
¥ x

£(0.9)= 1 —sec(0-8) =1.06%... 50
4 0.4

£(0.6)= 1 - sec(i.2) = -1.0930.. <0
' 0.6

TLe_nnnngLn#_sJau_umm_thQ_mMm_hﬂ_hghmn 0.4 ond 0.6

Show that the equation can be rearranged to give

T
X = Ecos X
[2 marks]

0 8

Jun19/7357/1

Do not write
outside the
box



PhysicsAndMathsTutor.com

9

7 (d) (i)

7 (d) (ii)) On the graph below, draw a cobweb or staircase diagram to show how convergence

cos-'‘(x)=2Xx

X =1 cos-'(x)
2

Use the iterative formula

1 _
X1 = 5C08 Tx,

with x4 = 0.4, to find x5, x3 and x4, giving your answers to four decimal places.
[2 marks]

Xi=0.%

Ay = _;_‘ cos-'(0.4)= 0.53963...= 0.5346

Xy = .?l_.cos-'(o.fs:l‘lsz...] = 0.43625... = 0.4363

g =_;. cos-'(0.49625...)= 0.53320... = 0.5332

takes place, indicating the positions of x,, x3 and x4.
[2 marks]

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0.0

0.1 0.2 0.3 0.4 %05 X %06 0.7

09
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8 (a)

8 (b)

n n—1
P(n) = Zk3 - ZkS where 7 is a positive integer.
k=0 k=0

Find P(3) and P(10)

[2 marks]

3 2
P(3)= 2 «3 - kZ_OKS

K=0
= 0%+13 4+ 2343% - 03-43-23 =3% =23

10 a
Py = 2 «3 - ]‘Z_OKS

K=0

203413423433+ 42 45346473480 +qQ 410 -0 -3 233343 -53-43-33_33-q3

=10% = 1000

Solve the equation P(n) = 1.25 x 108

ch (Y we gee thot P(n) = V\3

[2 marks]

n® =125 x108

n: 1J\.zs x108

n=9500

10

Do not write
outside the
box

Jun19/7357/1



PhysicsAndMathsTutor.com

11

Prove that the sum of a rational number and an irrational number is always irrational.
[5 marks]

=3_ o int iy
o
= C
a
So O Lo =C
) Y
= 9= c¢-9%
o= bcC-od
od
T e rofion c Lt <
assunption.

IMe*oLe_-L\ae_on:ﬁmm_smgme- i folMfe and e gomn
of o roBonad ond  ({vrobonod naudt e Crrakionol.

Turn over for the next question
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10

The volume of a spherical bubble is increasing at a constant rate.

Show that the rate of increase of the radius, r, of the bubble is inversely proportional
to 2

Volume of a sphere = %nr3
[4 marks]
The volume s inCreasing ok o, constant rae so X =k dv -
dt
V= 4717r3
3
dv = 4TIrt
ar
dv = dv 4 dr

dt \g dt

K = Gmrz x dr
at

dr = X
dt 4Tre

Therefote  dr o |
dt re

12
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11

Jodie is attempting to use differentiation from first principles to prove that the gradient
of y = sinx is zero when x = r

Jodie’s teacher tells her that she has made mistakes starting in Step 4 of her working.

2

Her working is shown below.

YA

B

Step 1

Step 2

Step 3

Step 4

Step 5

cos (h) —1

NS F--—-———————————— %>

T
2

(T _
Gradient of chord AB — sm<5 - hzl ~ Sm(§>

_ sin(%) cos (h) + cos (g) sin (h) — sin(%)
h

) (1) oy 20

For gradient of curve at A,

let 4 =0 then

_ 0 and sin (h)

h =0

Hence the gradient of the curve at A is given by

sin(%) X 0+Cos(g> x0=0

+ h \

1 4
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Complete Steps 4 and 5 of Jodie’s working below, to correct her proof. ok
[4 marks]

Step 4 For gradient of curve at A,

let o0  twen oS-\ 20  gna  SNW)
h h
Step 5 Hence the gradient of the curve at A is given by

Sin ('E')XO + cos({')X\=o

Turn over for the next question

Turn over p»
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12 (a)

Show that the equation

2 x =14 4cosecx

2 cot? x + 2 cosec
can be written in the form

acosec? x +bcosecx +c =0

2cot?2, + 2cosectx =1 + 4cxmec ™

[2 marks]

16
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12 (b)

Hence, given x is obtuse and

2 x =14 4cosecx

2 cot? x + 2 cosec
find the exact value of tanx

Fully justify your answer.
[5 marks]

4cosec?x — Ycosecx —3=0

(2cosecx =3 (2cosecx + N=0

cosecx =3 or coseer=—"
2

Reject cosecoc:-lz o3 cosecx X\ of cosecx & —)
so casecx=%
Cot*x = cosec?2x —|
3)\2 5
cott x = (T) -1l =&
banx= X! - +2 - *3[5
5/4 J5 5
= - S
s

Turn over for the next question
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13

A curve, C, has equation

Show that C has exactly one stationary point.

Fully justify your answer.

u = e'SX‘S

[7 marks]

(&

Il

é:i = 3e¥™5x —2x e¥*-5
ax

x4
TWNiNG points Occul  winen dy=o
dx
> 3e™9x? —xe¥ %o
T+ )

= 3e3™5x2 - 2xe¥*3 =0

= x(3x-2e3*5:0

s e %50  x=0 or x=2. B x
js_mlj_ang_xiakjmmg_pa;m ot x=2
3

18
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14

14 (a)

14 (a) (i)

14 (a) (ii)

3

The graph of y = is shown for 0 <x <4

x2 41

VA

N

N

N\,

0

0 2 4 X

Caroline is attempting to approximate the shaded area, A, under the curve using the
trapezium rule by splitting the area into n trapezia.

When n =4

State the number of ordinates that Caroline uses.
[1 mark]

5]

Calculate the area that Caroline should obtain using this method.

Give your answer correct to two decimal places.
[3 marks]

Uz _2x3
Jd x4

WWhen 2¢=0: 3:0

When x=1: 3:!

When X=2: ys= 3.2

2 0
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14 (b)

Whenn x=3: \5:54

When x=4: y= 1.52494|

Area= ' x1x (0+2() +3.2 +5.4) +3.52a41)

2

= . = 13.3 .‘o\

Show that the exact area of A is

16 —In17
Fully justify your answer.
[5 marks]
t e
2x dx
It +\
(o]
= AL D A - = |
o 2x
Whew x=0, wW=1|

\nhen x=4%, u=13.

b 0 E] ]
213 - J Z g = J u-1 : J -1
S £ Ldu S " S dar ‘ (1 L) du

PR

(l?- \V\H\ - (\ —\v\l)

16 - lwid

Question 14 continues on the next page

2 1
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14 (c)

Explain what would happen to Caroline’s answer to part (a)(ii) as n» — oo

As n_ increases,  Cavrelines onswer will

+end 4o

16 —ni3

[1 mark]

2 2
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15 (a) At time ¢ hours after a high tide, the height, # metres, of the tide and the velocity,
v knots, of the tidal flow can be modelled using the parametric equations

2t _\2
=4—-(—--2
(37
h=3-2V1-3
High tides and low tides occur alternately when the velocity of the tidal flow is zero.

A high tide occurs at 2am.

15 (a) (i) Use the model to find the height of this high tide.

[1 mark]
Ar k=0 W=3-2Yo-3 = 5 8B44qa14)
= 5.88 merres
15 (a) (ii) Find the time of the first low tide after 2am.
[3 marks]
z-t_ _ l
Low tide occaws wwen V=0 4- ( 3 2) =0
2t 9\
o (%-2)
2- 2t _2
—3
2t = 4
3
k=6
b \oxs  oftec 2am is  Ram.
15 (a) (iii) Find the height of this low tide.
[1 mark]

When l:=6,. h=3-23¢-3 = 0.1155608...

=0.12 wedres

2 4
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15 (b)

15 (c)

Use the model to find the height of the tide when it is flowing with maximum velocity.

[3 marks]
et (%-2)
Maxinnom  velocshy oCcus  winen ._2)=0
= 2t=6 &3
At £=3, = 3-2323
= 3 ynetres
Comment on the validity of the model.
[2 marks]

Ac 1d le, +ne model & no longer valid.
A%ur_egam&s_-the_mma_mdiﬁuﬂmt_ﬂag_msm_cmﬁnwr +ao

decyease

Turn over for the next question
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16 (a) y =e ¥(sinx + cosx) box
Find d—y
X

Simplify your answer.

[3 marks]
dﬁ = =€ X(cinx + cosx) + €% (cosx — sina)
dx
= ~Xsinxt —€ X cosx + € *oix - € *stnx
= —2e *sinx
16 (b) Hence, show that
Je"‘ sinx dx = ae *(sinx + cosx) + ¢
where a is a rational number.
[2 marks]

,[ (-2¢*stnx) dx= € * (sinx + come) + X

So

J € sinx Ay

—.2!. [ e~ (scax + cosx) + k]

—le-*(sinx + cosx) + C
2

2 6
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16 (c) A sketch of the graph of y = e *sinx for x > 0 is shown below. ox
The areas of the finite regions bounded by the curve and the x-axis are denoted by
Aq, Ay, .. Ay, e
4 A
A
s A7 /Z\\//\ N
\/ \7 Ag \./ x
16 (c) (i) Find the exact value of the area A4
[3 marks]

411
[ (E'x stn ) dac -lz [e”‘ (stnx + cos'xﬂ:‘

—?l- L™ (sinT + o) = €° (5in0 + cos 0) ]

-1 [e™(-0)-(])
Z

e T+l
2

Question 16 continues on the next page

Turn over p»
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16 (c) (ii) Show that box
12 — efﬂ:
A4
[4 marks]
m
kA1
X == -
2
= -1 [e ™ (sinzr + cozm) =€ (sinmr + cosm)
2
=-t[e*™ () -e™ (-]
2
= -1[ere ™) - —e_eT
z 2
Aren is poxkve so A, = €%+ T
2
e e ™
As _ 2 = €'+e " €T+l - eT(1+e%) - o-T
A € " 4+ €4 L +C" +er
2

2 8 Jun19/7357/1
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16 (c) (iii) Given that box
An+1 _ e—n
Al’l
show that the exact value of the total area enclosed between the curve and the
X-axis is
1+eT
2(e™ —1)
[4 marks]
The aceas toorm  a %gp_mgﬂic genes  witih =€ " and a=A.
So,
o = T4l 4 |
t-r 2 1-e™
= C-W+ \
2(\-€-)
= l+e™
2(e™-1)
END OF QUESTIONS
2 9 Jun19/7357/1
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