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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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PMT

µ÷sB_
Quotient Rule : I⑨ " "" ÷÷
""" """"""""" {(g

2

• stationary Point when f- (x ) =o⑧µ let him -
- ↳sina.in#--sasa .

9 (x) = er"
- ' g'(x) = fzerzx - I

⑧ ⇒ fix> = 8cosax.es"" - ↳sina.ae""-1=0 i

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
-_--BAEB@g
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b. app
.

a) fix )= ↳* 2) e-
2" Product Rule

fm= 944 . bby then fix )=9Ñh(x) -19Wh 'M

let 947=41×2-2 ) then 91×1 = 8k
his )= e-2' then h'M) = - 2é

"

I

⇒ f- a) = 8x - e-2×+41×2-2) . - 2é
"

I

= 8)c. e-
"
- 8 e-
" 1×2-2)

f-¥ 81 x - x
'

-12)e
-2"

⇒ fix) = 812+1-22)e
-2"

as required . I

-
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µ mµ
b) f- (a) = 812 + x - si)é

"

stationary Points : fix)=o

⇒ 812 + x - ✗2)e-
2"
= o ÷8 and ÷ e-

2 "

(on both sides)
=) 2-1 X - ✗2=0 C

=) x2 - x - 2=0 M A

⇒ (x - 2)1×+11=0 -2 - l

^
- 2+1 = - I ✓

=) 1=2 and ✗ = - I 1

For x=2
, 9=-1121--4/1212- 2)e-

""
= ↳ (2)e-

↳
= See

- ↳
= y 1

For ✗ = -1
,
Y= f-1-11=4×-11

'
-2)e-
""

= - 4e2=y

=) Our coordinates are : (2,8-1-4) and (-1,1-5) I

1 boom

PhysicsAndMathsTutor.com



a. Aaaaa
c) i) f- 1×1 = 41×2- 2)e-

2"
⇒ 964=25-44--81×2- 2)e-

2"

If coordinates of f- (a) :(a. b) then 9h) :(a. 2b)

lower limit of range : 2×-45 = - 8e2

upper limit of range : 00

⇒ Range : (-8%00) I

c) ii) HH ) = 2fH) -3=81×2- 2)e-
"'

-3 for ✗ to

The lower limit of the range will be at ✗ =o =) had = 8C- 2)e- 2×0-3
⇒ hah =-1-9-1

The upper bound will be our maximum turning point (since ✗ no).
From part b this Max turning point had 4- Value of 8é!
⇒ For the HH) function this point will be 2×80-4-3 = 1651--3

Range : [-19,16-4-3] I

-
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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)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

⇐

E-
--

=p;
µ

↳ c- = o µ

I
÷÷
.

yep
i
i. I

i1
to
-_____|
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Question 14 continued

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

%µm--µ⇒(a) start ⇒ c- =

ofNc start ) = z¥÷Éco )

µ = -980=90- µ

¥
H big

.¥ •1--0*-00%-8
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Question 14 continued
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PMT

%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)

11 : :# = '¥÷É µt--⇒⇐*F*--z
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Question 14 continued
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_____________________________________________________________________________________

PMT⇐

µT_µ⇐_
| ="% " =

"

µµ " ""° " "> =°
¥" "

O 1:50 300 N

d is maximum at N : 150J

µ,
"° "

"

3+7 e-
0-25T

= g

ye
- O - 25T

= 3

e.
us.

=±
, MyH - 0.25T = In (¥ )

I ÷ :÷÷: ,
-1=3.38 . . .

Months
.

¥ a1--0*-800--8
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Question 14 continued
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(Total for Question 14 is 10 marks)

TOTAL FOR PAPER IS 100 MARKS

PMT

µ
N = IF-e.o.ae

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

= 93-0=300-

y q
1 1
¥' ¥
ftp.g-gg/--A------r--I-
B- •w••☒☒*☒☒
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i a.m
a) We want to use implicit differentiation to differentiate Ñtany=9

si > 2x Product Rule

1-any > Seiy dy
DX

him -_ ftp.go, then

h 'M = flash + fix, six,
⇒ 2x . tany + x'seczyddy, = ☐ a

/
' for attempting to
differentiate
\ I fav correct differentiation

we will use the trig identity : Sealy = I + tan 's and tany =
9

✗
2

=> 2×-9 =) tanay =
81

µ
+ Ñ( I -1%1%1=0 ✗

↳

⇒ 1×8 -1×41-1%11,7=0
=) ✗41-1%1%4=-1,8

,

⇒ day
,

= - 1,8,
'

= -18

i.(1+8×1) *
silk :-.)

* I
} ( I + %) = X'( x

"
-181/ = ✗

"
+81
→ ⇒ dy = -18

✗4 X dol ✗4+81

JC

=) dry = -18K as required . I

✗
↳ +81da
-

=
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= 1271114 •@-B• mom
Quotient Rule :

b) Pant a :

day,
= -18K fix)= him then

✗
↳
+81 941

f- (a) = hlx) -944 - hcx) - six)
(96,12" "" & """"" "

?
. ,g,, , .gg , ,g ,,

- 18K > -18

✗
↳
+ g, g 4×3 ,

= > d} = - 18131
"

-181) - 4×3/-18×1
did (✗

"+8112

1×4+81/2

= 54×4 - 1h58 = 541×4-27) = day I

⑦ " +8112 1×4+8112 doc
'

⇒ day =
541×4-27)

doc
'

(x" -18172

. At ✗ =
" 527 ⇒ ✗

"
= 27 ⇒ we can substitute this into day

%

⇒ For x
"
--27

, %÷= 54127-271 = 0

(27+81)-

⇒ For x
"
> 27

,
day > 0

d)( 2

⇒ For x
"
C 27

, dd÷z < 0
=) From this we can conclude that there is a point of inflection at ✗ = V27. I

-

PhysicsAndMathsTutor.com



f. M..fb•
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
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