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Paper 2: Pure Mathematics 2

Sample Assessment Material for first teaching September 2017
Time: 2 hours 9MA0/02
You must have:
Mathematical Formulae and Statistical Tables, calculator

Candidates may use any calculator permitted by Pearson regulations. 
Calculators must not have the facility for algebraic manipulation, 
differentiation and integration, or have retrievable mathematical 
formulae stored in them. 

Instructions• Use black ink or ball-point pen.• If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).• Fill in the boxes at the top of this page with your name,
centre number and candidate number.• Answer all questions and ensure that your answers to parts of questions are
clearly labelled.• Answer the questions in the spaces provided
– there may be more space than you need.• You should show sufficient working to make your methods clear.  Answers
without working may not gain full credit.• Answers should be given to three significant figures unless otherwise stated.

Information• A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.• There are 16 questions in this question paper.  The total mark for this paper is 100.• The marks for each question are shown in brackets
– use this as a guide as to how much time to spend on each question.

Advice• Read each question carefully before you start to answer it.• Try to answer every question.• Check your answers if you have time at the end.•  If you change your mind about an answer cross it out and put your new
answer and any working out underneath.
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!"  6oPe $ level students Zere Jiven the folloZinJ Tuestion�

  6olve, for ±��� � ș � ���, the eTuation

cos ș� �2 sin�ș

  7he attePSts of tZo of the students are shoZn EeloZ�

6tudent ! 6tudent "

cos ș� �2 sin�ș cos ș� �2 sin�ș
!"#$ș� �2

ș�= �����

cos2$ș� �� sin2�ș

� ± sin2�ș� ��sin2�ș

2n θ =

1
n

5
θ = ±

  (a)  ,dentif\ an error Pade E\ student !%
#$%

  6tudent %�Jives ș�= ±2���� as one of the ansZers to cos ș� �2 sin�ș%

  (E)  (i)  ([Slain Zh\ this ansZer is incorrect�

    (ii) ([Slain hoZ this incorrect ansZer arose�
#!%
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If Cxta) is a factor , f- C-a) =0

Cxtz ) is a factor , fc- 2) = O

2C-2)
3
- SC- 2)

2
+ a C-2) + a = 0 -①

- 16 - 20 - za + a = 0

- 36 - a -- O - ①

01=-36 - ①
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7.!

f ( ! ) = 2 x " − 5 x 2!#!"!!#!"

! $%&'(!)*+)!,! + 2) is a factor of f ( ! ), find the value of the constant "-
89:
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!"  6oPe $ level students Zere Jiven the folloZinJ Tuestion�

  6olve, for ±��� � ș � ���, the eTuation

cos ș� �2 sin�ș

  7he attePSts of tZo of the students are shoZn EeloZ�

6tudent ! 6tudent "

cos ș� �2 sin�ș cos ș� �2 sin�ș
!"#$ș� �2

ș�= �����

cos2$ș� �� sin2�ș

� ± sin2�ș� ��sin2�ș

2 1
sin

5
θ =

1
sin

5
θ = ±

26.6θ °= ±

  (a)  ,dentif\ an error Pade E\ student !%
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  6tudent %�Jives ș�= ±2���� as one of the ansZers to cos ș� �2 sin�ș%

  (E)  (i)  ([Slain Zh\ this ansZer is incorrect�

    (ii) ([Slain hoZ this incorrect ansZer arose�
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gin, @ + cos,@ = , ①

woods

to

a) =tanO

It should be since a. tano
Toso

b) i ) cos (-26-0)=0.894

25in C- 26.6 ) = - 0.896

cos@ =/ 2. since

i. answer is incorrect
.

ii) the incorrect answer arose from squaring
.

-
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)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

#'()*+,-(.,/012)3(4,!,32,5,6*.72%

!$ !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

If y=uv , ;¥-=u :# + v. dud
>c

U=3c ✓ = (2×+1)
"

du

⇐
= 1 &¥= 4 (2×+1)

}
✗ z

-①
= 812×+173

3C ✗ 812×+113 + (2x + 1) 4×1

= 8×(2×+1) } + (2×+1)
"
- ①

= (2×+113 (8×+2×+1) - ①
= ( 23C + 1)

] (10×+1)

n =3

A- =/ 0
- ①

< 13=1

I
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!"! "#$%&!! = "(2" + �)�, shoZ that

! " #%= + +( )2 �

  Zhere %, # and $ are constants to Ee found�
#$%

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

#&'()*+,'-+./01(2'3+!+21+$+4)-51%
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!"! "#$%&!
'!(!) = e!,      x�� �

               J (!) = �ln!,      x�!��,  x�� �
  (a)  find an e[Sression for Jf(!), siPSlif\inJ \our ansZer�

#$%

  (E) 6hoZ that there is onl\ one real value of ! for Zhich Jf(!) = fJ(!)
#&%

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

#'()*+,-(.,/012)3(4,!,32,5,6*.72%

!%!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

✓

a) gfcxi-g-fcxil-g.IE" ) Lnxn = nlnoc

the = I

gce
" )=3Lne

"
- ①

= 33C Line

= 33C ✗ I

= 33C

gfcx)=3x
- ①

b) fgcxi-fcgcxD-fc3.mx ) e
""

-_ x

fC3Lnx ) = @
340C

= e
Cnsc

]

=± ¥.

3x=x3 - ①
✗2=3

✗ = IFS - ① y=Lnx isn't defined when x=0

If y=cnx isn't defined at ✗ SO ,
x=J3 and so there's

one real value .

- ①

~
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!"  7he Pass, ! JraPs, of a radioactive suEstance, " \ears after first EeinJ oEserved, is 
Podelled E\ the eTuation

!!= 25e±���5"

  $ccordinJ to the Podel,

  (a)  find the Pass of the radioactive suEstance si[ Ponths after it Zas first oEserved,
#$%

  (E)  shoZ that  d
d
!
"
 = #!, Zhere # is a constant to Ee found�

#$%

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

#&'()*+,'-+./01(2'3+!+21+4+5)-61%
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!"  &oPSlete the taEle EeloZ�  7he first one has Eeen done for \ou�

  )or each statePent \ou Pust state if it is alZa\s true, soPetiPes true or never true, 
JivinJ a reason in each case�

!"#"$%$&" $lZa\s 
7rue

6oPetiPes  
7rue

1ever 
7rue 5eason

7he Tuadratic eTuation
!"2'('#"'('$ = �,    (!'¹ �)
has 2 real roots� 9

,t onl\ has 2 real roots Zhen'
#2 ± �!$'> ��
)*$&'#2 ± �!$'= � it has � real 
root and Zhen #2 ± �!$'< � it has 
� real roots�

(i)

:hen a real value of " is 
suEstituted into
"2 ± �" + �� the result is 
Sositive�

#$%
(ii)

,f !"'>'#'"*$&' " >

#$%
(iii)

7he difference EetZeen 
consecutive sTuare 
nuPEers is odd�

#$%

#&'()*+,'-+./01(2'3+!+21+!+4)-51%

"& !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

a) 6 months = 0.5 years
at t=0-5 - ①

M = 25e-
0-05--0 - S

m= 24.4g (
3s- f) - ①

b)
y=e

" "

E¥=ueux

¥5 =
- oosxzse

-Oost
- ①

=
- o -05m

i. k= -0.0s - ①

^
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!"  7he Pass, ! JraPs, of a radioactive suEstance, " \ears after first EeinJ oEserved, is 
Podelled E\ the eTuation

!!= 25e±���5"

  $ccordinJ to the Podel,

  (a)  find the Pass of the radioactive suEstance si[ Ponths after it Zas first oEserved,
#$%

  (E)  shoZ that   = #!, Zhere # is a constant to Ee found�
#$%

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
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!"  &oPSlete the taEle EeloZ�  7he first one has Eeen done for \ou�

  )or each statePent \ou Pust state if it is alZa\s true, soPetiPes true or never true, 
JivinJ a reason in each case�

!"#"$%$&" $lZa\s 
7rue

6oPetiPes  
7rue

1ever 
7rue 5eason

7he Tuadratic eTuation
!"2'('#"'('$ = �,    (!'¹ �)
has 2 real roots� 9

,t onl\ has 2 real roots Zhen'
#2 ± �!$'> ��
)*$&'#2 ± �!$'= � it has � real 
root and Zhen #2 ± �!$'< � it has 
� real roots�

(i)

:hen a real value of " is 
suEstituted into
"2 ± �" + �� the result is 
Sositive�

#$%
(ii)

,f !"'>'#'"*$&' " #
!

>

#$%
(iii)

7he difference EetZeen 
consecutive sTuare 
nuPEers is odd�

#$%

#&'()*+,'-+./01(2'3+!+21+!+4)-51%

"'!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

✗ 2-6kt 10

( x -3) 2- 9 +10

Csc- 3) 2 + I

✓
(x -3)2>-0

(x-3)2+131

If a>0 Yao
ax > b ax >b

✓ x > I xa ?

MZ
,
( n +172

Cnt 172 - m2

✓ n2 +2h + I - n
2

2Mt I

Znt 1 is the expression

for odd numbers .

PhysicsAndMathsTutor.com
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!"  (a)  8se the EinoPial e[Sansion, in ascendinJ SoZers of !, to shoZ that

( ) !!!� 2 "
�

2� = � + +! ! "!

    Zhere " is a rational constant to Ee found�
# $%&

  $ student attePSts to suEstitute x� �� into Eoth sides of this eTuation to find an
  aSSro[iPate value for  # !

  (E) 6tate, JivinJ a reason, if the e[Sansion is valid for this value of !!
# $'&
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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-.'%/0)1'2)!"#$%&'()*)&$)3)4/25$6

"( !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

a)É ) = 14- x )
¥

( it >c)
"

= ltnxt sit
. .
-

= 4£11 - Ex)É
- ①

= 211 - I >c) I

= 211+51- I >c) +
÷; 1-Exit . . . ) -①

= 2 ( I - x - ÷gx ' t . . .) - ①

= 2 - ¥ x -¥, x2 +
. . .

i. U= -¥ - ①

b) ( I + ✗ In => valid for 1×1<1

( I - Ex )É ⇒ valid for 1-1-4×1<1

1- Ex / a 1

1- ✗ I < 4

121<4

The expansion is valid ,
as ✗ = 1 fits into 1×1<4

PhysicsAndMathsTutor.com
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  )iJure � shoZs a rectanJle "$%#!

  7he Soint " lies on the !�a[is and the Soints $ and # lie on the '�a[is as shoZn in )iJure ��

  *iven that the straiJht line throuJh the Soints " and $ has eTuation 5! + 2' = ��

  (a)  shoZ that the straiJht line throuJh the Soints " and # has eTuation 2! − 5' = �
+,-

  (E)  find the area of the rectanJle "$%#!
+.-

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
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"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
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-.'%/0)1'2)!"#$%&'()*)&$)3)4/25$6

"* !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

2¥

1 -

a) 5yt2x= 10 When x=O :

y= -23×+2 Sy +2107=10
sy=io

Mars __
- J - ① y=2

- } ✗ MAD -_ - l A(0,2 ) - ①
MAD : Sz - ①

y-yi-mcx.sc , )

g-
2 :{ lx - O)

g-
2 :{ x

2g -4=5-x

2g
- sx=4 - ①

a

PhysicsAndMathsTutor.com
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-.'%/0)1'2)!"#$%&'()*)&$)3)4/25$6

"!!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

b) for B : for D:
When

y=o ;
when y=0;

22=10 - Sx=4

2=5 ✗ = - §

B. ( 5,07 ☐ 1- Is ,O )
( 2,07cg
2

'

AD=fÉÑ
• ( s,o) = 2T¥

AB=É - ①
=F9

Area -- Fax - ①

= 11.6
- ①
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$'()*+,-(.,/012)3(4,!",32,%,5*.62&

"" !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

?⃝43k¥ + A)dk

= [2×3 + Ax]
,

"
- ②

= [ 2C4) { + Aca )] - [ 2111¥ + Aa )]

= 16 + 4A - 2- A

= 14 +3A

14 1- 3A = 21-2 - ①
ZAZ -3A - 14=0

ZAZ 1- 4A - 7- A - 14=0

2A (At 2) - 7- ( A + 2) = 0

(At 2) ( 2A -77=0 -①
to in

A +2=0 2A -7=0

A = -2 A = I - ①
2
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"#!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT1

So = Sn = acYr÷

= E- F"- )
=

ox = 8ar°\
I = 8Cl-y

I - r
°
= ¥

rb = f-

r=¥,
r=Éz
r=± ¥

i. K= 2
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\�=�!"# x )

&'()*+,-

  )iJure 2 shoZs a sNetch of Sart of the JraSh ! = f ( " ), Zhere

f ( " ) = 2_� − "_ + 5,  "". �
  (a)  6tate the ranJe of f

$!%

  (E) 6olve the eTuation 

f ( " ) = 
$
2
" + ��

$"%

  *iven that the eTuation f ( " ) = $, Zhere $ is a constant, has tZo distinct roots,

  (c)  state the set of SossiEle values for $%
$-%
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&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

-.'%/0)1'2)!"#$%&'()**)&$)3)4/25$6

"$ !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

I
5- - - y

l
l
l

l

a) range : fcx) > 5
b) 213-KI +5=1-2×+30

- 2 ( 3-x ) +5=1-2×+30 - ① 2C 3-e) +5=21-2+30
- 6+2×+5=1-2×+30 6-2×+5=1-2×+30

23C - 1=1-2×1-30 11 - 2x = É x +30
3zx= 31 - ① §x= - 19

sc= 62g ✗ =
- 3¥ ✗

✗ = ¥ -①

PhysicsAndMathsTutor.com
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!!# !

"#

\�=�!"# x )

&'()*+,-

  )iJure 2 shoZs a sNetch of Sart of the JraSh ! = f ( " ), Zhere

f ( " ) = 2_� − "_ + 5,  "". �
  (a)  6tate the ranJe of f

$!%

  (E) 6olve the eTuation 

f ( " ) =  " + ��
$"%

  *iven that the eTuation f ( " ) = $, Zhere $ is a constant, has tZo distinct roots,

  (c)  state the set of SossiEle values for $%
$-%

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

-.'%/0)1'2)!"#$%&'()**)&$)3)4/25$6

"%!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

c) u > s - ①

When x=0;

213-071-5 =y
2131 1- 5

=y
y= 11

Kell

{n : KEIR
,
Schell} - ①

\
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!"#$(a)  6olve, for ±����-!! � ����, the eTuation
� sin2!! + sin ! + � = � cos2!!

    JivinJ \our ansZers to 2 deciPal Slaces�
%&'

  (E)$+ence find the sPallest Sositive solution of the eTuation

�sin2(2ș�±����) + sin(2ș�± ���) + � = � cos2(2ș ± ���)

    JivinJ \our ansZer to 2 deciPal Slaces�
%"'

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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./'%01)2'3)!"#$%&'()*+)&$)4)5036$7

#& !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

a) sink + COSZX I 1

cost X I 1 - sink

3.Sinixt sins +8=9 ( I - sin> x ) - ①
35in> Xt sink +8=9-9sink

12sin7-xts.in >c- I = 0 - ①
12s in2x + ↳ sink -3 Sink - I = 0

↳sink ( 3sink + 1) - (3.sins +17=0 #-)(35in >Ct 1) ( ↳ sink - 1) = 0 - ①
a a

3sink + 1=0 cesinx - 1=0

sinx = - § - ① -

sink = ¥

✗ = - 19.47°
,
- 160-53° ✗ = 14.48°

,
165 -52° - ①

✗ =
- 160.53°

,
- 19.47°

,
14.48°

,
165.52° ( 2 d.p.)

-①

b) 2-0 -30° = - 100 -53°
✗

20 -30° = - 19.47° - ①
20 = 10 -53°

0 = s - 26° - ①

PhysicsAndMathsTutor.com
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!"# (a)  ([Sress �� cos ș − � sin ș in the forP ! cos (ș!"!Į), Zhere !!> � and � <!Į!< ��� !
*ive the e[act value of ! and Jive the value of Į, in deJrees, to 2 deciPal Slaces�

$"%

&'()*+,"
"#

$

  7he heiJht aEove the Jround, $ Petres, of a SassenJer on a )erris Zheel " Pinutes after 
the Zheel starts turninJ, is Podelled E\ the eTuation

$ = % − �� cos (�� ")� + � sin (�� ")�

  Zhere % is a constant� 

  )iJure � shoZs the JraSh of $ aJainst " for tZo coPSlete c\cles of the Zheel� 

  *iven that the initial heiJht of the SassenJer aEove the Jround is � Petre, 

  (E)  (i)  find a coPSlete eTuation for the Podel,

    (ii) hence find the Pa[iPuP heiJht of the SassenJer aEove the Jround� 
$-%

  (c)  )ind the tiPe taNen, to the nearest second, for the SassenJer to reach the Pa[iPuP 
heiJht on the second c\cle�

! ! #6ROXWLRQV�EDVHG�HQWLUHO\�RQ�JUDSKLFDO�RU�QXPHULFDO�PHWKRGV�DUH�QRW�DFFHSWDEOH�)
$"%

  ,t is decided that, to increase Srofits, the sSeed of the Zheel is to Ee increased� 

  (d) +oZ Zould \ou adaSt the eTuation of the Podel to reflect this increase in sSeed"
$!%

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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./'%01)2'3)!"#$%&'()*+)&$)4)5036$7

#( !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

a) Rcos (Otx) = Roos@ cost - Rsincsin✗

locos O - 35in0 = Rcos@cost - R since sink

IOCOSO = RCOSO cos ✗ -3 Sino = - Rsincsinl

Roost = 10 -① Rsinx =3 - ②
R2 cos2x = 100 R2 sin> ✗ = 9

R2 cost ✗ + R2 sink = 1001-9 coszx + sin>✗ I 1

R2 ( cc>szx + Sini ✗ ) = 109

122 = 109

PhysicsAndMathsTutor.com
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!"# (a)  ([Sress �� cos ș − � sin ș in the forP ! cos (ș!"!Į), Zhere !!> � and � <!Į!< ��� !
*ive the e[act value of ! and Jive the value of Į, in deJrees, to 2 deciPal Slaces�

$"%

&'()*+,"
"#

$

  7he heiJht aEove the Jround, $ Petres, of a SassenJer on a )erris Zheel " Pinutes after 
the Zheel starts turninJ, is Podelled E\ the eTuation

$ = % − �� cos (�� ")� + � sin (�� ")�

  Zhere % is a constant� 

  )iJure � shoZs the JraSh of $ aJainst " for tZo coPSlete c\cles of the Zheel� 

  *iven that the initial heiJht of the SassenJer aEove the Jround is � Petre, 

  (E)  (i)  find a coPSlete eTuation for the Podel,

    (ii) hence find the Pa[iPuP heiJht of the SassenJer aEove the Jround� 
$-%

  (c)  )ind the tiPe taNen, to the nearest second, for the SassenJer to reach the Pa[iPuP 
heiJht on the second c\cle�

! ! #6ROXWLRQV�EDVHG�HQWLUHO\�RQ�JUDSKLFDO�RU�QXPHULFDO�PHWKRGV�DUH�QRW�DFFHSWDEOH�)
$"%

  ,t is decided that, to increase Srofits, the sSeed of the Zheel is to Ee increased� 

  (d) +oZ Zould \ou adaSt the eTuation of the Podel to reflect this increase in sSeed"
$!%

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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./'%01)2'3)!"#$%&'()*+)&$)4)5036$7

#)!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

: a) R= Fog

'

- ①

② i. ①

sinX_ = 3-
cost 10

tana = - ①

✗ = 16.70° ( 2d.p .
)

=# cos (0+16-700)

"①

b) i ) I = a - locos (o) + 3 sin 107

I = a - 10

a = 11

1-1=11 - locos (80T )
°

+35in (80T )°

locos O - 3. sin 0 - locos ( 80T )° +3 sin ( 80 E)
°

= Foa cos (0+16.700) = - ( locos( 80E) ° - 35in (80-40)

= - cos (80-1+16.70)
°

1-1=11 - For cos ( 80T +10.707° -①

Ii ) cos (80++10.7070=-1 - i - - - -

1-1=11-010-9 ✗ - 1)

1-1=11 +Fa - ①

c) cos (801-+16-70) ° = - l

for first
80T + 16-7=180 ←

cycle

1801-360=540 0-54×60for second
[ cycle = 32 (2s- f)

80ft 16.70 = 540 - ①
C- = 540¥67 -①

PhysicsAndMathsTutor.com
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!"# (a)  ([Sress �� cos ș − � sin ș in the forP ! cos (ș!"!Į), Zhere !!> � and � <!Į!< ��� !
*ive the e[act value of ! and Jive the value of Į, in deJrees, to 2 deciPal Slaces�

$"%

&'()*+,"
"#

$

  7he heiJht aEove the Jround, $ Petres, of a SassenJer on a )erris Zheel " Pinutes after 
the Zheel starts turninJ, is Podelled E\ the eTuation

$ = % − �� cos (�� ")� + � sin (�� ")�

  Zhere % is a constant� 

  )iJure � shoZs the JraSh of $ aJainst " for tZo coPSlete c\cles of the Zheel� 

  *iven that the initial heiJht of the SassenJer aEove the Jround is � Petre, 

  (E)  (i)  find a coPSlete eTuation for the Podel,

    (ii) hence find the Pa[iPuP heiJht of the SassenJer aEove the Jround� 
$-%

  (c)  )ind the tiPe taNen, to the nearest second, for the SassenJer to reach the Pa[iPuP 
heiJht on the second c\cle�

! ! #6ROXWLRQV�EDVHG�HQWLUHO\�RQ�JUDSKLFDO�RU�QXPHULFDO�PHWKRGV�DUH�QRW�DFFHSWDEOH�)
$"%

  ,t is decided that, to increase Srofits, the sSeed of the Zheel is to Ee increased� 

  (d) +oZ Zould \ou adaSt the eTuation of the Podel to reflect this increase in sSeed"
$!%

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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./'%01)2'3)!"#$%&'()*+)&$)4)5036$7

#)!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

c) t = G. 54 minutes

-1=6minutes 32 seconds -①

d) 1-1=11 - Foa cos (80T + 16.707°

we would increase the
'

80T
'

value - for example
to 90T

.

- ①

PhysicsAndMathsTutor.com
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!"# $ coPSan\ decides to Panufacture a soft drinNs can Zith a caSacit\ of 5�� Pl� 

  7he coPSan\ Podels the can in the shaSe of a riJht circular c\linder Zith radius ! cP 
and heiJht K cP� 

  ,n the Podel the\ assuPe that the can is Pade froP a Petal of neJliJiEle thicNness�

  (a)  3rove that the total surface area, " cP2, of the can is Jiven E\

" = 2ʌ! 2!"
����
! $%&

! #$%&'!()*(!! can var\,

  (E)  find the diPensions of a can that has PiniPuP surface area�
$'&

  (c) :ith reference to the shaSe of the can, suJJest a reason Zh\ the coPSan\ Pa\ 
choose not to Panufacture a can Zith PiniPuP surface area�

$!&
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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#* !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

Volume
=

500m ,

a) SA = 2hr2 +2T rh

✓ = tr2h

ar 2h = 500 -①
h = sIz

S = Zar? +2hr ✗ ( ) -①

s = Zar
2 t

'°

5=2 a-r2 +
100-0 - ①
r

b) s = Zar ? + 1000 r - '

§§- = 41T r - 1000 r
- 2

= 4 Tir - 10,0¥
-②

ds
At = 0 -①

4 Tir - ¥00 = 0

4 Tir
]
- 1000 = 0

r3= '
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!"# $ coPSan\ decides to Panufacture a soft drinNs can Zith a caSacit\ of 5�� Pl� 

  7he coPSan\ Podels the can in the shaSe of a riJht circular c\linder Zith radius ! cP 
and heiJht K cP� 

  ,n the Podel the\ assuPe that the can is Pade froP a Petal of neJliJiEle thicNness�

  (a)  3rove that the total surface area, " cP2, of the can is Jiven E\

" = 2ʌ! 2!"
$%&

! #$%&'!()*(!! can var\,

  (E)  find the diPensions of a can that has PiniPuP surface area�
$'&

  (c) :ith reference to the shaSe of the can, suJJest a reason Zh\ the coPSan\ Pa\ 
choose not to Panufacture a can Zith PiniPuP surface area�

$!&
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
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./'%01)2'3)!"#$%&'()*+)&$)4)5036$7

#!!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

b) r= ↳ -30cm (3s - f.) -①

h=

h=
on

h= 8- 60cm (3s - f.) - ①

Radius = 4.30cm (3s-f.)

Height -_ 8-GO.cm (3s- f.)

c) r= 4.30cm h=8-60cm

If the radius is 4.30cm and the height is 8-60cm
,

then the can is square in profile - but our cans are

taller than they are wide .

-①
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!"#
!

"
#

$

%&

'

$%&'()*+

  )iJure � shoZs a sNetch of the curve " Zith eTuation

! =  5
!
2% ± �% + ��, %".*�

  7he Soint $ Zith coordinates (�, �5) lies on "#

  7he line # is the tanJent to " at the Soint $#

  7he reJion ', shoZn shaded in )iJure �, is Eounded E\ the curve ", the line�O and the 
!�a[is�

  6hoZ that the area of ' is 2�, PaNinJ \our Pethod clear�

" $6ROXWLRQV�EDVHG�HQWLUHO\�RQ�JUDSKLFDO�RU�QXPHULFDO�PHWKRGV�DUH�QRW�DFFHSWDEOH�)
,!-.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
"
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./'%01)2'3)!"#$%&'()*+)&$)*4)5036$7

#" !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

I (4/15)
I

1

I

1
I

4

dy is

☒
= _zx± -9 -① y-yi.mx

- xi

-0
When x=4; y

-15=6 (x - 4)

'f- can
'T
- a - ① y

- 15=6×-24

=6 y=ox -9
- ②

f
"

☐

( sock -9×+111 doc - (Gx -9)dx - ①

= -4k£ - g-scathe] ! - [3×2-9×304 -①

=/[247%-92-(412+1114)] - O) - ([31472-9147]-0) -①
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$%&'()*+

  )iJure � shoZs a sNetch of the curve " Zith eTuation

! = 
!
2 ± �% + ��, %".*�

  7he Soint $ Zith coordinates (�, �5) lies on "#

  7he line # is the tanJent to " at the Soint $#

  7he reJion ', shoZn shaded in )iJure �, is Eounded E\ the curve ", the line�O and the 
!�a[is�

  6hoZ that the area of ' is 2�, PaNinJ \our Pethod clear�

" $6ROXWLRQV�EDVHG�HQWLUHO\�RQ�JUDSKLFDO�RU�QXPHULFDO�PHWKRGV�DUH�QRW�DFFHSWDEOH�)
,!-.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
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./'%01)2'3)!"#$%&'()*+)&$)*4)5036$7

##!"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

= 36 - 12

= 24

Area of R = 24 - ①
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!"#$ (a)  ([Sress  !
!! 2! !( )−

 in Sartial fractions�
%&'

  $ SoSulation of PeerNats is EeinJ studied�

  7he SoSulation is Podelled E\ the differential eTuation

d
d
!
"
 = 

!
22
! (�� − 2 3 ),  "". �,    � � ! � 5�5

  Zhere !, in thousands, is the SoSulation of PeerNats and " is the tiPe Peasured in \ears 
since the stud\ EeJan�

  *iven that there Zere ���� PeerNats in the SoSulation Zhen the stud\ EeJan,

  (E) deterPine the tiPe taNen, in \ears, for this SoSulation of PeerNats to douEle,
%"'

  (c)  shoZ that

! #

$ %
"

=

+
−
#

!
2

    Zhere #, $ and % are inteJers to Ee found�
%&'

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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#$ !"#$%&'()*"+,"-(."/"-(0(1*/#',"*(23)(4'(5#67"8#64,%(9(:#8;-"(1%%"%%8"'6(5#6"$4#-%(9((
<%%="(>(9(1;$4-(?@>A(B(!"#$%&'()*=,#64&'(.4846"*(?@>A

PMT

n

-2=0
P=/

a) p☐,
= ¥ + i¥p - ①

I = A (11-210) + BP

when 10=0 ; when P= ;

I = 11A I = ¥ B -①
A = ÷ B =÷

=
+ ÷÷
.

① or i÷t,¥ñ,

b) ¥1 = ¥ PC 11-210) ÷zp) = tp
22 pc?p

,

= ¥ + ip¥-2m -

DP =/dt -①

/¥ .dx = llnlxl

/(¥ + ÷☐)aP=fdt -①
4Lnf[-2P# = - 21h ( 11-2 P)

2 Lnp - Zln (11-210) = t + C - ①
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!"#$ (a)  ([Sress 
!! 2−

 in Sartial fractions�
%&'

  $ SoSulation of PeerNats is EeinJ studied�

  7he SoSulation is Podelled E\ the differential eTuation

d"
 =  ! (�� − 2 3 ),  "". �,    � � ! � 5�5

  Zhere !, in thousands, is the SoSulation of PeerNats and " is the tiPe Peasured in \ears 
since the stud\ EeJan�

  *iven that there Zere ���� PeerNats in the SoSulation Zhen the stud\ EeJan,

  (E) deterPine the tiPe taNen, in \ears, for this SoSulation of PeerNats to douEle,
%"'

  (c)  shoZ that

!
"

=
− !
2

    Zhere #, $ and % are inteJers to Ee found�
%&'
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$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
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PMT

b) When E-0 , 10=1 ;

2hm I - 21h9 = C 24¥ = 2hr9
- '

c. = - 2hr9
-① =

- 21h9

2Lnp - Zln (11-210) = t - 21h9

At P= 2 ;
-①

21h2 - 21h7 = t - 21h9

C- = I -89
years

(3s.f)
-①

c) zlnp - 2 In (11-210) = t - 2hr9

2ln(g) = E-2hr9

2ln(?÷)=t
in / ) -- Et - ①

i
?z÷=eÉt
at = lleÉt_zpeÉt -①

P( 9 + Ze É E) =/ le
Et

☐ = ✗ E÷÷
p=qe!¥+2

A- = 11

P=z+aÉ 13=2
- ①

C = 9
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