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Mathematics
Advanced Subsidiary
Paper 1: Pure Mathematics 

Sample Assessment Material for first teaching September 2017

Time: 2 hours 8MA0/01
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 the 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 17 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 underneath.

Pearson Edexcel 
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Turn over     

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

PMTPMT



2

!"#$%#&'(%%)!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#$%&'!((')*%#+,-"#.''/&,+%'0-*&'1"#$%&#',"'+2%'#314%#'3&-5,6%6.

7.! "#$!%&'$!!!()**$*!+#,-./#!+#$!(-&'+*!"!012!34!)'5!# (4, −2).

! 6&'5!)'!$7.)+&-'!8-,!!.
89:

9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999

8;-+1<'=-&'>*%#+,-"'7',#'9'?1&@#:

3

!"#$%#&'()%*! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"! "#$!%&'($!!!#)*!$+&),-./!

"#0#2$2#−#�2$#1#23

! 4-/5!,#$!6')5-$/,!.7!,#$!%&'($!),!,#$!8.-/,!% (�, �).

! 9&'()*+',-#./-01#0,*+20("#',#32/45+6/(#'2#,)702+6/(#70*5'1-#/20#,'*#/6604*/.(0.) 
#$%

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

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

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

PMTPMT



2

!"#$%#&'(%%)!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#$%&'!((')*%#+,-"#.''/&,+%'0-*&'1"#$%&#',"'+2%'#314%#'3&-5,6%6.

7.! "#$!%&'$!!!()**$*!+#,-./#!+#$!(-&'+*!"!012!34!)'5!# (4, −2).

! 6&'5!)'!$7.)+&-'!8-,!!.
89:

9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999999999999999999999999999999999999999999999999999999999

8;-+1<'=-&'>*%#+,-"'7',#'9'?1&@#:

3

!"#$%#&'()%*! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"! "#$!%&'($!!!#)*!$+&),-./!

"#0#2$2#−#�2$#1#23

! 4-/5!,#$!6')5-$/,!.7!,#$!%&'($!),!,#$!8.-/,!% (�, �).

! 9&'()*+',-#./-01#0,*+20("#',#32/45+6/(#'2#,)702+6/(#70*5'1-#/20#,'*#/6604*/.(0.) 
#$%

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

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

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

PMTPMT



4

!"#$%#&'($%)!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"! "#$%&!'()'!'(%!*+#&'!!!(),!*+,#'#+&!$%-'+.!/# − �$!)&0!'(%!*+#&'!"!(),!*+,#'#+&!$%-'+.!1#!2!/$3!

! 4)5! 6#&0!'(%!$%-'+.!!"l

%&'

 (E) )LQG _!"l_ . *LYH \RXU DQVZHU DV D VLPSOLILHG VXUG.
%&'

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777

%()*+,-.)/-0123*#)4-!-#3-5-6+/73'

!"! 4)5! 8#&0!'(%!6#.,'!/!'%.9,3!#&!),-%&0#&:!
SRZHUV RI #3!+6!'(%!;#&+9#)<!%=*)&,#+&!+6!

! ! 3!:#$#&:!%)-(!'%.9!#&!#',!,#9*<%,'!
IRUP.

%5'

 (E) ([SODLQ KRZ \RX ZRXOG XVH \RXU 
%=*)&,#+&!'+!:#$%!)&!%,'#9)'%!6+.!'(%!$)<>%!
RI �.����

%8'

5

!"#$%#&'(#%)! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#

I (!)   4x ! − �2x 2 � 2! − �

 (D) 8VH WKH IDFWRU WKHRUHP WR VKRZ WKDW (! − �) LV D IDFWRU RI I (!).
$%&

 (E) +HQFH VKRZ WKDW � LV WKH RQO\ UHDO URRW RI WKH HTXDWLRQ I (!)   �
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 22x ! "##í���(2!)     �

 7KH VWXGHQW¶V DWWHPSW LV VKRZQ EHORZ�

 22x ! "##í���(2!)     �

  22!  �  2"##í���(2!)     �

  /HW 2!##$##"
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# (D) ,GHQWLI\ WKH WZR HUURUV PDGH E\ WKH VWXGHQW.
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 (E) )LQG WKH H[DFW VROXWLRQ WR WKH HTXDWLRQ.
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!"# $ VWXGHQW ZDV DVNHG WR JLYH WKH H[DFW VROXWLRQ WR WKH HTXDWLRQ

 22x ! "##í���(2!)     �

 7KH VWXGHQW¶V DWWHPSW LV VKRZQ EHORZ�

 22x ! "##í���(2!)     �

  22!  �  2"##í���(2!)     �

  /HW 2!##$##"

# #"2##í  �"  �  �     �

# # %"##í��&'%\��í��('##$##�

# #"##$##&#)*#"##$##(

# #+)#!##$##,#)*#!     �

# (D) ,GHQWLI\ WKH WZR HUURUV PDGH E\ WKH VWXGHQW.
$"%

 (E) )LQG WKH H[DFW VROXWLRQ WR WKH HTXDWLRQ.
$"%
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!"# (D) )DFWRULVH FRPSOHWHO\ !! � ��!2 � 2�!
$%&

 (E) 6NHWFK WKH FXUYH ZLWK HTXDWLRQ 

""#"!! � ��!2 � 2�!

  VKRZLQJ WKH FRRUGLQDWHV RI WKH SRLQWV DW ZKLFK WKH FXUYH FXWV RU WRXFKHV WKH !�D[LV.
$%&

 7KH SRLQW ZLWK FRRUGLQDWHV (−�, �) OLHV RQ WKH FXUYH ZLWK HTXDWLRQ 

""#"$!"%"#)! � ��(!"%"#)2 � 2�(!"%"#&

 ZKHUH # LV D FRQVWDQW.

 (F) )LQG WKH WZR SRVVLEOH YDOXHV RI #.
$"&
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$%&

 (E) 6NHWFK WKH FXUYH ZLWK HTXDWLRQ 

""#"!! � ��!2 � 2�!

  VKRZLQJ WKH FRRUGLQDWHV RI WKH SRLQWV DW ZKLFK WKH FXUYH FXWV RU WRXFKHV WKH !�D[LV.
$%&

 7KH SRLQW ZLWK FRRUGLQDWHV (−�, �) OLHV RQ WKH FXUYH ZLWK HTXDWLRQ 

""#"$!"%"#)! � ��(!"%"#)2 � 2�(!"%"#&

 ZKHUH # LV D FRQVWDQW.

 (F) )LQG WKH WZR SRVVLEOH YDOXHV RI #.
$"&
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(�,�)

#

$%&'()*+

$

 $ WRZQ¶V SRSXODWLRQ, !, LV PRGHOOHG E\ WKH HTXDWLRQ !$%$%&", ZKHUH %$&'($&$&)*$+"',-&'-,$
&'($" LV WKH QXPEHU RI \HDUV VLQFH WKH SRSXODWLRQ ZDV ILUVW UHFRUGHG.

$ ./*$!0'*$$ VKRZQ LQ )LJXUH 2 LOOXVWUDWHV WKH OLQHDU UHODWLRQVKLS EHWZHHQ "$&'($!"#��$!$1")$
WKH SRSXODWLRQ RYHU D SHULRG RI ��� \HDUV.

$ ./*$!0'*$$ PHHWV WKH YHUWLFDO D[LV DW (�, �) DV VKRZQ.  7KH JUDGLHQW RI $$0,$
1

200
.

 (D) :ULWH GRZQ DQ HTXDWLRQ IRU $.
,+-

$ 234$50'($-/*$6&!7*$"1$%$&'($-/*$6&!7*$"1$&.
,"-

$ 2+4$80-/$)*1*)*'+*$-"$-/*$9"(*!$0'-*):)*-$

$ $ 204$ -/*$6&!7*$"1$-/*$+"',-&'-$%;

$ $ 2004$ -/*$6&!7*$"1$-/*$+"',-&'-$&.
,+-

$ 2(4$50'($

  (L) WKH SRSXODWLRQ SUHGLFWHG E\ WKH PRGHO ZKHQ "   ���, JLYLQJ \RXU DQVZHU WR WKH 
'*&)*,-$/7'()*($-/"7,&'(;

  (LL) WKH QXPEHU RI \HDUV LW WDNHV WKH SRSXODWLRQ WR UHDFK 2�� ���, DFFRUGLQJ WR WKH PRGHO.
,.-

 (H) 6WDWH WZR UHDVRQV ZK\ WKLV PD\ QRW EH D UHDOLVWLF SRSXODWLRQ PRGHO.
,+-

21

!"#$%#&'(%)%*! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#$%&'()*+),'(%&("#-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

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

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

PMTPMT



20

!"#$%#&'(%(%)!

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#

!"#��$!

"

(�,�)

#

$%&'()*+

$

 $ WRZQ¶V SRSXODWLRQ, !, LV PRGHOOHG E\ WKH HTXDWLRQ !$%$%&", ZKHUH %$&'($&$&)*$+"',-&'-,$
&'($" LV WKH QXPEHU RI \HDUV VLQFH WKH SRSXODWLRQ ZDV ILUVW UHFRUGHG.

$ ./*$!0'*$$ VKRZQ LQ )LJXUH 2 LOOXVWUDWHV WKH OLQHDU UHODWLRQVKLS EHWZHHQ "$&'($!"#��$!$1")$
WKH SRSXODWLRQ RYHU D SHULRG RI ��� \HDUV.

$ ./*$!0'*$$ PHHWV WKH YHUWLFDO D[LV DW (�, �) DV VKRZQ.  7KH JUDGLHQW RI $$0,$
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 (D) :ULWH GRZQ DQ HTXDWLRQ IRU $.
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$ 234$50'($-/*$6&!7*$"1$%$&'($-/*$6&!7*$"1$&.
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$ 2+4$80-/$)*1*)*'+*$-"$-/*$9"(*!$0'-*):)*-$

$ $ 204$ -/*$6&!7*$"1$-/*$+"',-&'-$%;

$ $ 2004$ -/*$6&!7*$"1$-/*$+"',-&'-$&.
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$ 2(4$50'($

  (L) WKH SRSXODWLRQ SUHGLFWHG E\ WKH PRGHO ZKHQ "   ���, JLYLQJ \RXU DQVZHU WR WKH 
'*&)*,-$/7'()*($-/"7,&'(;

  (LL) WKH QXPEHU RI \HDUV LW WDNHV WKH SRSXODWLRQ WR UHDFK 2�� ���, DFFRUGLQJ WR WKH PRGHO.
,.-

 (H) 6WDWH WZR UHDVRQV ZK\ WKLV PD\ QRW EH D UHDOLVWLF SRSXODWLRQ PRGHO.
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!"#!"!#$%#&'!! ZLWK FHQWUH DW ( ±2, �) SDVVHV WKURXJK WKH SRLQW (��, ��).

 (D) 6KRZ WKDW WKH FLUFOH ! DOVR SDVVHV WKURXJK WKH SRLQW (��, �).
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*+,-',*!*.!*)'!#$%#&'!! DW WKH SRLQW (��, �) PHHWV WKH "!+/$0!+*!*)'!1.$,*!$.

 (E) 6KRZ WKDW WKH GLVWDQFH #$ LV �� H[SODLQLQJ \RXU PHWKRG FOHDUO\.
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