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5. Given that

3sin 3
2sin 2 cos 4 4

θ π πy θ
θ θ

= ⌧
+

< <
      

3sin 3
2sin 2 cos 4 4

θ π πy θ
θ θ

= ⌧
+

< <

 show that

                                               

d 3
d 1 sin 2 4 4

y A π π
�

� �
= ⌧

+
< <

           

d 3
d 1 sin 2 4 4
y A π πθ
θ θ

= ⌧
+

< <

 where A is a rational constant to be found.
(5)
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If a
µ=I¥⇒¥¥¥w→ U' (G) = 31050
I + zoos a → vices = 2 Cosa - 2Sino÷÷:÷÷:÷:÷÷÷:÷÷:÷÷÷÷÷÷÷÷:→•⇐⇐⇐⇐•⇐⇐•.!!I =

no µµ
= ÷¥sio→ = ÷sio)

"

µ⑥

µ
¥0 =÷sinw ,

= ¥ ( Hsiao) )
:
- 9¥ = ,¥-g✓ : - A =L_¥q⇐qk←Bt
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14. A scientist is studying a population of mice on an island.

 The number of mice, N, in the population, t months after the start of the study, is 
modelled by the equation 

N = 900

3 7 0 25+ −e . t ,  t ∈ \,  t . 0

 (a) Find the number of mice in the population at the start of the study.
(1)

 (b) Show that the rate of growth d
d
N
t

 is given by d
d
N
t

 = N N( )300

1200

−

(4)

 The rate of growth is a maximum after T months.

 (c) Find, according to the model, the value of T. 
(4)

 According to the model, the maximum number of mice on the island is P.

 (d) State the value of P.
(1)
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Question 14 continued
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%µm--µ⇒(a) start ⇒ c- =

ofNc start ) = z¥÷Éco )

µ = -980=90- µ
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Question 14 continued
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%µFd¥- qb)

µ=¥¥÷N = 900 ( 3 + g- e-
0 -25T

)
-

l

y = f- cgct)) ⇒ y= f- cus u -

- get )

dd÷=f'Ége,

" ""
" "
* """""

""

Yg¥÷:÷÷*÷÷÷÷:÷⇒=.
✗ N =3+¥e°¥e ,

3+7e-
° -25t=9⇒

g-e-
0-25-1

= 9,08--3

a÷ --9%0×1%0 -7×(1%7) '

µ
,µ, = 9¥ ✗ ¥1300 - N)×¥¥g¥ zoo

µ = ✗ ¥ ✗ (300 - N)
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Question 14 continued
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"

µµ " ""° " "> =°
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O 1:50 300 N

d is maximum at N : 150J
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"° "

"

3+7 e-
0-25T

= g

ye
- O - 25T

= 3

e.
us.

=±
, MyH - 0.25T = In (¥ )
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-1=3.38 . . .
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Question 14 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 14 is 10 marks)

TOTAL FOR PAPER IS 100 MARKS

µ
N = IF-e.o.ae

" HI
P = 39+0,9-0,

= 93-0=300-
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3.                                                      y x x
x

x= +
+

≠ −5 10

1
1

2

2
( )

 (a) Show that  d
d

y
x

A
x n=

+( )1
  where A and n are constants to be found.

(4)

 (b) Hence deduce the range of values for x for which d
d

y
x

< 0
(1)
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FHdiqoaoeTro@He3s5se71OnfYN-1ONt10gyy.m
, ,,
,

gyu, , , ,y , , , y
µ⑥µ

↳(1) (Rtl ) '
= 21211-1 )

ayy, ,µ, ,g, ,µ,µ . ,µ, ,µ, ,µ , , M⑧
(261-1)*3

= , ,,, , , , , ,y, ,,
,pgzg⇒①① Ñµµ12+133

,µ,µ,µ , ,, ,µµ , µg(Rt 1)
3

= 10 A -10

| Mt "
>

⑧
" ° ⑧⑧⑧µ

ee -
B.

-m*m
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Question 3 continued
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(Total for Question 3 is 5 marks)

Fka,_o•↳÷µ
☒Y b) ¥,

' ° essentially means negative

b denominator I = * > o⑧ :*: : = - < 0

""" ° ÷ µt.gl#nIgabiveµpµ ÷ ,see -1 ①

⑧y ggggggggg.gg

-_MM
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a) y = ↳oitx

-
↳lnx

,
Find day,-

• Log Differentiation :#(In a) = ÷
2€

• Quotient Rule : If hfx) = fcx)
• d ( Ulna) = 4. j,

= Y
,

I 9h1

die then hat = fix)-944--144.9%1
e)

2

let him = 4x4 x ⇒ f- (a) = 4x4 x → fix) = 8×+1
205C 2K = 2×112

944 = 2k → 964 = 1

⇒ h 1×1 = (8×+1) /2k) - (4×2-1×11 ¥) = 16×312+2×112 -
↳×
"

✗112
- ¥2 = 16×012+2×1/2- 4×3/-2×112

(2k)
"

1 hex hex

⇒ him = 12×3/2-1 X
'"

= 3x
'"
+ ÷g = 3k -1¥

↳x

=) G- = 3K -1¥ - ÷ = 12×+1
- ¥ = 12×2-1K -16K = day as required . I

↳ rx 4x
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µ Takayama
b) From pad a :

day,
= 12×2-1×-16Bc

↳xrx

Our first step is to set ddyy =o. =) 12×2-1×-16Be =o
hexrx

=) 12×2-1 x - 16K = 0
÷
Fx

=) 12×312+5×-16 = 0 I

⇒ 12×312 = 16 - TX
÷ 12

'

⇒ ✗
312

= ÷ -¥
⇒ ✗

"2
= ¥ - FI

⇒ ✗ = (g- - %)
">

as required. I

-

-8g

1 Hakam
c)
i) Xi = 2 and xn+i=(¥ - FI)

"

=> xz=(g- -÷)
"

! (3- - ¥)
"

,

sub this in ! 7

xz = 1.138935 . ..

Xz = 1.138-94 15 d.p) I

ii /A.156-50-1

PhysicsAndMathsTutor.com
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• When we have a fraction , the denominator cannot equal 0 ,

=) In x - 2=0

lnx = 2

eh " = eh

✗ = eh =) k=e
'

or ✗ =/ e- I

=

go.gg1h
fix)

Quotient Rule : If gcx)= µ,,
then 91×1 = fix)hW - fashion

1hm
'

7.Record that 944 = 31hr -7 ⇒ let f- (a) =3/nx -7 then f-(a) = ÷
lnx -2 hlx) = Ink -2 then HH) = É

⇒ gin = ¥ / lnx - 2) - ¥131m - 7) = I. lnx - § - 31¥ -1¥ =
' Ix

thx - 2)
2

( In ,c - 2)
2 (Ina- 2)

2

I

=) 944 =

✗ 1in,, -2,2
1 • we know that x > a

=
• ( Ina - 2) is squared

⇒ the denominator is always positive ,
hence girl > 0 .

'

=

PhysicsAndMathsTutor.com

michellewright
Text Box
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Recall that gcx) = 31hr -7

Ink -2

let lnx=y
,
then g. (a) = 3g -7 > 0 .

y - 2

• multiply both sides by (Y - 2) =) 3g - 7) 0 .
I

=) Y > 713

⇒ lnx > 713 (we change x to a now)
=) a > e.

713

-

• 9=2 then gcx) not defined since denominator equal to 0
.

⇒ y < 2

=) Inch < 2

=) al e
'

=3 0cal EZ and a > e
"}

.

I

= =
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  

14.	Given that

y = 
x

x
−

+
4

2
          x > 0

	 show that 
d
d
y
x

 = 
A x

1
          x > 0

	 where A is a constant to be found.
(4)
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Question 14 continued
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!"# !

"

#

$
%

$%&'()*"

! "#$%&'!(!)*+,)!-!).'/0*!+1!/*'!0%&2'!,#/*!'3%-/#+4!!	=	f	( % ),	where

f	( % )	=	
5 6

6 7

)#4 %
%' − 8! 9!-!%!-!ʌ

! :*'!0%&2'!*-)!-!;-<#;%;!/%&4#4$!=+#4/!-/!#!-4>!-!;#4#;%;!/%&4#4$!=+#4/!-/!$!-)!)*+,4!
#4!"#$%&'!(?

! @-A! B*+,!/*-/!/*'!%!0++&>#4-/')!+1!=+#4/!#!-4>!=+#4/!$!-&'!)+C%/#+4)!+1!/*'!'3%-/#+4

/-4!6!%!D! 6
+,-

! @EA!F)#4$!G+%&!-4),'&!/+!=-&/!@-A8!1#4>!/*'!%H0++&>#4-/'!+1!/*'!;#4#;%;!/%&4#4$!=+#4/!+4!
/*'!0%&2'!,#/*!'3%-/#+4

! ! @#A! !	=	f	( 2% ).

! ! @##A! !	=	3	−	2f	( % ).
+,-
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9 (x) = er"
- ' g'(x) = fzerzx - I
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e-ya

=) 8Cos2x >
elk" " -4525 ;n2xeÑk -1=0

" "" " '

* tana. -
-

sin"µµ⇒ soso.i.r.sn.. .
. ..

µ⇒ 8 = ↳r2Sin2x =) Sinha = 8

Cos 2x cos2x 452

⇒ tan T2 as required 1

b, ,y=gµ µMy ⇐ """ ⇒ tan "" "

For D= f- 12×1 =) tan hex = Fr

✗ = tangra + ÷
'

X 24 I

µµMMµg " """ ⇒ tan "" "

a. tan.¥=a±, , µ
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qaeda
9:÷÷÷÷÷÷÷÷÷÷ .. µMµU = Jc V = (2x + 1)

"

µµ÷:÷÷ µµµ
= ( 23C + 1)

] ( 103C + 1)
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11.
1 11 6

3 1 2 3 1 2

2+ −
− −

≡ +
−

+
−

x x
x x

A B
x

C
x( )( ) ( ) ( )

 (a) Find the values of the constants A, B and C.
(4)

f (x) = 1 11 6

3 1 2

2+ −
− −
x x

x x( )( )
   x > 3

 (b) Prove that f (x) is a decreasing function.
(3)
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Question 11 continued
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-2m€

1:
f
" " " ""¥t |µ=n±É¥÷¥-u#

|
9- = 's ⇒ a=a

It 112 - Gx ' = ACI - 3) ( I - 2x ) 1- BCI -↳c) + ( (x - 3)✓

→To find 13
,
I -3=0 ⇒ x =3

It 11 (3) - 6135 = 0 + BC - 5)
- 20 = -513 ⇒ 13=4 ✓

| To find 4 1- ⇐ = 0 ⇒ ↳ = ' " " = 0-5

' + " ' °- 5) - " ° 's" = ° + ° -2-5 ' µ5 = -2.5 C

C = - 2

µ
" + "" "" " """" " "" + " """""""
I = 0

,
1+1110) - GC 03 =

- 3A 1- 4 t 6

I = - 3A+10

- 3A = -9

a =3 ✓ µlt1lx-# =-3 +÷g -¥I,
✓

( x -3) ( I - 2x)

-so--⇐•Bx⇐ABe⇐•_
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Question 11 continued
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←

real"

"

it y=A(fix,)
"

ay .anµ,y
, |

f-(2) = 3+41×-35
'

- 2 ( 1-2×5
'← d"

q÷::÷÷:::÷:*:-. a- n -

- tan µ= +

(I -35 30 for all I > 3
( I -2×5 > 0 for all x > 3

y
'

" < ° and -÷,, so

for all I > 3 o f-
' (X ) is the sum of 2÷÷÷÷÷÷÷÷::÷÷:|

|
""""
" °

mom

?oh_↳
Moomaw
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