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1. f(x) =2secx + 6x —3 O<x<%
: B %
The equation f(x) = 0 has a single root a
(a) Show that 0.1 < a < 0.2
(2)
(b) Show that « is a solution of
1 1
X=— —
2 3cosx
(1)
The iterative formula
1 1

is used to find a
(c) Starting with x, = 0.15 and using the iterative formula,
(i) find, to 4 decimal places, the value of x,

(i1) find, to 4 decimal places, the value of a
3)
o) ¥ For f(x)=0 to have a gingle root between O.[<x< 0.2, there must be a change of sign

(® Qubstitute the valuee O.1 and 0.2 in f(x)

IO% lset v Hoa-D
b

LS (00) +6(01)- >

2x ' & b(on)-3

coslo)
= -039

FInY = 2sec(0) + b(o2) -5
=¥ 1 &+ blor)-5
(0 (0-1)
- 0 W

® Always remember to write down the final statement!

Theie 1§ a (ange & sign between 0 and -0-32, (orfinuous  and henee theve
s a root
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Question 1 continued

b) OQetflx)=0

=0 You can rewiite
s = |
| =0 (oS%
(1
A 4bm-H=0
s bn = >-1
‘s

B S thus  poven
obosw

/

()i)  Youcan get ang (in your calculator) as @5 and substituteitinto Ann= | - |
Y= 019 L 3msn
J
=1 -
s BYGIR AT
Tr=1_ - |

T %y (015)
L= 0016088

RRRRRLLRILL IR L RIRERIRERIRLRIRLRIRLRIRRLRIRRLRIRLRRRLLRRLLS $ - RRRRHRLRRRLRRIRLLRRLLRILLRILLRILLRILLRILLRS

I I

L= 01624

==

1\) Because we know 0-1<X<01
=0 1621

KRR RRREEREKLE

I
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< (Total for Question 1 is 6 marks)
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2. The weed on the surface of a pond is being monitored.

The surface area of the pond covered by the weed, 4m’, is modelled by the equation Sl

O
gy, el = 1L D0R g

S
where ¢ is the number of weeks after monitoring began. S
S
Use the equation of the model to answer parts (a) and (b). S
(a) Find the surface area of the pond initially covered by the weed. g
) 3
~‘\//>/ 9
After T weeks, 25m” of the pond is covered by the weed. Sh

>

(b) Find the value of 7, giving your answer to 2 decimal places. S

(2)
&) The surface area initially will be when t=0, g0 we can substitute in t ag O in our model
(o)
A= om* B |0m

=

b) We now have the area (25) and we need to work out T. We can do this by substituting in A in our mé :

equation

folD DT

R

L %9F9Y .. = 14+ 0.05T

0-59%ay = 0:03T -
ST = (52 =13 %
=
. J
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3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A curve has equation

4x +1
yZW x#-3 xeR

Thig i a quotient (which is the
faney name for a fraction) $_/
Use calculus to find the range of values of x for which y is increasing. Th:f means that
%70 (6)
We first have to differentiate our curve
(DLooking at the equation, we can identify this as a quotient and there we must use the quotient

rule for differentiation

= U4
()t
Note: this is given in the d
d
dy - V- U
dv is

dy = (w0 - ((uun) )
dat ((wan)H)"

@ Now, simplify further and remember to include d _g_ >0

dy > 4 (ers)t = 7 en)
ﬁu (v +3)

de> O (wep)t ~ 2 Lynt))
“ [’m—’b)"

0> ly(wrb)'L =2 (Umn) (n+3)
'v}+6%+‘1 U+ wi 3
07y (_’\t"l-b'n;tq ) =2 (unt H’bwu's)
0> et + 24nsdb - (gat+2bw +6)
07 Y’ +UWntdh - §n'-2bm-6

6
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Question 3 continued

\\ YA+ -Lx 130<0
(Z%-5)( %+3)<0 \ /
\
\ /.
Lo—aa< 5/2— —3\J5/7_
= -

o2 L
AKX

=
XXX XX

009 V41008

Tl >
008 vava¥s
o4 TanleS

(Total for Question 3 is 6 marks)
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4. Given that

45 +2x* +3x+8 Cx+ D
> =Ax+ B+ —;
x +4 x +4

(a) (1) find the values of the constants 4, B and C

(i) show that D=0

“4)
(b) Hence, using algebraic integration, find
b 4 + 2% +3x 4+ 8 Thig i definite integration as we are
EXA dx given the bounds
1 X J
giving your answer in the form p + ¢ In2, where p and ¢ are integers.
3)

() 1) © We can first multiply both sides by (> +u)

LmzH.'w,‘Hnﬂ‘L = 4B+ (wtD -
Ly WAl

bt et edages (B tB) 4 (wkD

® Now, we can %nga;\@mplify the br@ke; } N )
(AvtB) AN
An® ¢ thn +Bat+ b

® And then add the Cx + D (to get the expression into the correct format which matches the left side)

B B+ (A + (kB + D)
| AYF EBVET AT A& & R fFYD

@_ We can then compare the coefficients
Bt + (kA +()w + (4B + D)
YO R B AL S S

| 1}
»b=1  WA+C=3 Pﬂﬁt Ui+ =&
g +C = y(2)+D-8
b+C=5 §+p -F

fC= 1% - D=0 A=Y

Patt it) D=0/
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. DONOTWRITEINTHISAREA

A

r N
Question 4 continued
b)D First, we can rewrite the integral with the values of A,B, C and D
" a+d - 3e40
[ AR
¢ [ e
= v+ d = 132 (rweral lutegrgtion:
‘ A+ '\t( Hb ) JﬂbH T
; bh |y
® We can now integrate!
(s 2 - B
: U+l
v v S This (on_be writtm as
e +2 -13 I (ateg)
2 J
> 2" ‘beeavwse o the fule: ( L= In(w)
v
© e can writt s os:
~ 4
AxF 4113 In ()
’L \
'
@ Now we can substitute our bounds in
= [0 +200) -1% In /Lhuﬂ - 200" w2l -3 In (1" +4)
2z v 2
= 36413 In L
2 g
c B6- 13l
L2 Bb- 15
=
y,
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Question 4 continued
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Question 4 continued
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metal, # minutes after it is dropped into the water, is modelled by the equation
H=280e "™ +24 t>0

Use the equation of the model to answer parts (a) to (d).

(a) Find the initial temperature of the piece of metal.

(b) On Diagram 1, sketch the graph of H against ¢. On your sketch, state the equation of

the asymptote to the curve.

(c) Find the value of ¢ for which /7 = 144, giving your answer to 2 decimal places.

(Solutions based entirely on calculator technology are not acceptable.)

(d) Show by differentiation that

i =a+bH
dr

where a and b are constants to be found.

() The initial temperature is when =0
He 250002 V) 42k
L= 0y - nitra) ttwp omtive = 0l C
—

b) Rs\bmp’wte g

() We can substitute H ag 144 to solve for t
= 1E0e 0% 41y
- = 28D c—OOB‘c
120 = 260 ¢ -0-05¢

o -0
180 .

.3 =C’O'°

2
m(3)= -0-05t
I ‘VLE'?'
-0-05
= 1b-4us9. t= 1695

12

P 7 6 1 9 5 A o0 1 2 3 2

A hot piece of metal is cooled by dropping it into water. The temperature, H°C, of the

0y

2
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Question 5 continued
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Diagram 1
D '\{{ crenti@’ng E xpmen’[v‘g ls:
A YO We ean rewri’reo’%l‘\:e original equation as follows: QJ\L e~ = (—R)Ae” .
H= 250" +k T

(D Now differentiate acd rewrite as required
~0-0%
dH 280¢ + 1

A (> Remember, differentiating a constant
like 24 here gives ug nothing
-0-05t

DONOTWRITEINTHISARER

A4 <[-005) X2§De
dt

AN = -0-09 X
Ak "

= —0:05H +1'1

A = 1'2-00SH
At

Where Q=12 and
b--005

/

DO NOTWRITE INTHIS ARE A\\\x\\ s

8558
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 9 marks)
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6. The function f is defined by

f(x) = tx_+23 X#2
(a) Find
3)
(b) Show that
b
- 122
where a, b, ¢ and d are integers to be found.
3
The point P (3, 15) lies on the curve with equation y = f(x).
(c) Find the point to which P is mapped when y = f(x) is transformed to the curve with
equation y=2f(3x) + 8
(2)
a) To find the inverse, we can write y in place of x and rearrange the equation as follows:
h +> =
-1
Suigben(o-2)
W+d=1n -lu
U -1 =-124-%
(u-1)=-1n-3
N 4.5 'c—' = Jn+d
U-u °-Y
this an also be written as- =
lutd
-4
b)© To come ff(x), we have to substitute our original f(x) into the x values of f(x)
(@ Now we can simplify!
= lbm L4+ dm-b = Uw +b H('n\ = |Qw+b
Unrd -Lnt u 1w +F lwr’-}/
16
WA 0 OO O 0
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Question 6 continued
¢)() First, we have to identify the transformations happening
Y= 1 -f' L'b%) +& 5 Moving vertically by 8
J |
Vertical stretch 4) L?Horizonfal streteh by

by scale factor 2 scale factor —i

@ Apply the transformations to the point P (3, 15)

Horizontal streteh by — " Divide % (ppidinate by 3
scalefac’ror—; | )

!

Vertical stretch 5 mM|l;iphJ 3 {mdmdte blj 2

by scale factor 2 1S %L =30

Moving verticallyby 8 — .. Hdd § to the ww 3-£Wd}mfe
30+5= )¢

S New (opilinates

o pint P=(1,38)
=

X
",

n
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 8 marks)
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7. Given that a and b are positive constants with a > b,
(a) sketch, on separate diagrams, the graph with equation
(i) y=[3x—d
(i) y=[3x—a|-b
Show on each sketch

 the coordinates of the minimum point on the graph
» the coordinates of the point at which the graph crosses the y-axis

(b) Solve the equation
3x —a| - b=>5x
giving any solution for x in terms of @ and b.
A 1) (D Find the minimum point using y=O
\32 \ pL} —al
=Im-a
LM Q - Mmpum - print =(% ’0)

—_—

3
(® Find the y intercept using x=0

1300 -a|
‘%Ja (sae av0)

3—ihhm¢p’c = (D)

N

oo

(6)

2

(5

20
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DO NOTWRITE INTHIS AREA

DONOT WRITEIN-THIS AREA

Question 7 continued

N

(o,a-s

3

e

) Y- |3n-a|=b is just the previous graph shifted down by b

S mum pint =

()

Calculate the y intercept by setting x=0

=|300-al-b
jtj«. |-a| b

= 0-b

b) Solve:
[3m-a| -5
ton be

wrtbtw  _
I 3 ta

" yrinteicept +(0, a-b)

L M= U-b

=

“DUth -y =5y
0-b= 8
LU= Q-b
§
EED

A4

(Total for Question 7 is 8 marks)
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8. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(1) Solve, for 0 << =

3cosecl = 8cosl

giving your answers, in radians, to 3 significant figures.

(3)
(i1) Solve, for 0 < x < 180°
tan2x —tan70° 3
I+ tan2xtan70° 8
giving your answers, in degrees, to one decimal place.
C))
) (D Reuwrite cosec as its inverse trigonometry function
St b —=> vx 1 = >
SN b o
® Simplify further:
5 = Tosh
sinb
5= §wsb cinb
. Floshrsinh= Ysinl
L Y=
® Now we can solve the equation (remember it’s in radians!)
Y-
e = 5
/" N \
8= $n (.%B = 0-84P  AND (2b:=T0 - OfUS- 229k
! J
0 f4® 1-19¢
2 0 Uy ar
- 115
B P =
22
NN 00 O 0
P 7 6 1 9 5 A 0 2 2 3 2
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Question 8 continued

) We have to identity that we must use the tan compound angle identity

S bt = on (1n-70) (ompouml anle Ton dentrly :
s | + tan 2w tan 70 ban (A-6) = banA - tan B
|+ tanA tan B

RRRRRRIRLLLLLRRRRRREELL

® Now solve as normal
tm (lw - 70) = -3
e

In-70 = tan™ [ =3
Le/

0060056%6%%

IRRRRHRRHRKRRRS

ln-H=-206
n=-10-p +70
lw= Uqy
M= LU.F° —— Tofind the second solution, we can add 40°
W +40° =3

AT
B - U7
=

R R R R REEERRRRRREREEEELL

OIS

4
KR KKRKKKRKRKK,
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J
23

S5
SRR
NN O 00 OO 00 —
[ | W]
P 7 6 19 5 A 0 2 3 3 2 Turn over ¥




www.mymathscloud.com

4 )

Question 8 continued
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Question 8 continued
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(Total for Question 8 is 9 marks)
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Figure 1

Figure 1 shows a sketch of part of the curve C with equation y = f(x) where
f(x) = 64/x In(4x) x>0
The curve cuts the x-axis at point P

(a) State the x coordinate of P
1)

The point O, shown in Figure 1, is the stationary point on C

= K- When =0

(b) Use calculus to find the exact coordinates of Q

)
(c) Hence find the range of the function g(x) where
g(x) ==21(x)
(2)
@)  To find the x-coordinate, we substitute in y=0 and then solve
=~ bV In (L)
a5 piw+#
we (an say [ (lw)=0
fo=\
')

—

=

=1 LM (oo dinate -
G
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DONOTWRITEINTHISAREA

 DONOTWRITEINTHISAREA

DONOTWRITEINTHISAREA =

RIRIIRRRERRRRARIRIRIRRRRRRRLARRIRIRRRRRRLARIRRIRRRRRRK < X X

"
Sl (un) +1 =0
I (uw) =~ -1
hw = ¢~
'l :_C;
5 4 N\ (an be wribten as
g //1 Y= | lj

e ~

Question 9 continued
b) © The stationary point is when ﬁ% =0. We have to differentiate f(x) first using the product rule

fn) = bl n (4v)
w Product Rule
du = vw fwy
u\__» %\IL \,\__> | (}\'i

T L3

o

= |

1

°. leJ - Ju+ uy'
dw

(N + g [ 1)
2w ) L%)

(@ Remember to put the 6 back in and then further simplify

6[ w1 N\ & f /\!\T
10w ) &,
¥ Note: Ju = |
2o [ mfun) ] e
21V J ]
Fadorise :
= 5 (Inlun) +2)
7

( : ) Now we can Sefﬂd% =0 and then solve to find the x and y coordinates

0=5 (lnlum)+2)
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Question 9 continued

(@) Now we can find the y coordinate by substituting our x value in the original f(x) equation

we alr(aahj know I (n) = -2

)
(@]

\F\L - [?L = -
J 4

= bl x
ol
= —be™
~ b Qe -6
c y ¢€e)

\

() We know that g(x) = -2f(x) and we already know the minimum of f(x) oceurs at Q

Umin ~ =6
J e

L¢ gn)=-2f(n)

> \j valugs ave  muivplied by -2

Ly-b =11
¢ € " Ranop 3(.%\ ¢
C//
==
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Question 9 continued
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(Total for Question 9 is 8 marks)
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10.
yA

S

\P(a,b)

@)

Figure 2

Figure 2 shows a sketch of the curve with equation

x=3cos2y
(a) Find - in terms of y.

dy

(b) Hence show that

where k is a constant to be found.

3 <x<3 0

N
<
N

The point P(a, b) lies on the curve and is shown in Figure 2.

Given that

1
» the gradient of the curve at P is ~2
* both a and b are positive

(c) find the exact values of a and b.

»
X

SN

2

(&)

C))

&) To differentiate 3cos2y, we can use our knowledge of trigonometric differentiation

1= w513
dy = 203 )
A

= -bs‘\n13 iu‘[
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Question 10 continued

(
D Oln part a, we found % And now we need % .We can do this by doing v

dy
g _d_\} _
dn
(®) Now we can express sin2y in terms of x
"= 5081y
S = o
33
()= |1- (_1)* SR TR T
) q 3

Substitute:

&= -—
< —

2Vq-nr Lodw whie k= ’—7‘.
=

b)@ Equate our gradient equation and 'T:' and solve for x

!

- -

2 q-mr

02\ mul’u'plﬂ

| =5

meq
h=239-n*
- \S‘{—%"'
b=9-n"
L= 5

L= \YS’(QinLe ts positre ) - as Jé/
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Question 10 continued

@ Now solve for y using x=3c0s2y

J5 =3 Cos 2y
L(osly = VS
J
1y = (05" (5 exatt valuey
/ (3 / 7
4 = U qups[ S5 \ :p= \(mmlﬁ\
J 1 L2/ 2 L :1;
() (b)
" Pont P= (IS, t ooy [ 5 ))
v > /)
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(Total for Question 10 is 9 marks)

_ TOTAL FOR PAPER IS 75 MARKS )
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