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Answer ALL questions. Write your answers in the spaces provided.

1.� � I��z�� �z3 + pz2 + qz – 15

 where p and q are real constants.

� *LYHQ�WKDW�WKH�HTXDWLRQ�I��z�� ���KDV�URRWV

5 5,   and 1α α
α α

 + −  

� �D�� VROYH�FRPSOHWHO\�WKH�HTXDWLRQ� I��z�� ��
(5)

� �E��+HQFH�ILQG�WKH�YDOXH�RI� p.
(2)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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Answer ALL questions. Write your answers in the spaces provided.

1.� � I��z�� �z3 + pz2 + qz – 15

 where p and q are real constants.

� *LYHQ�WKDW�WKH�HTXDWLRQ�I��z�� ���KDV�URRWV

5 5,   and 1α α
α α

 + −  

� �D�� VROYH�FRPSOHWHO\�WKH�HTXDWLRQ� I��z�� ��
(5)

� �E��+HQFH�ILQG�WKH�YDOXH�RI� p.
(2)
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Question 1 continued
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(Total for Question 1 is 7 marks)
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2.� 7KH�SODQH�Ȇ�SDVVHV�WKURXJK�WKH�SRLQW�A�DQG�LV�SHUSHQGLFXODU�WR�WKH�YHFWRU�n

 Given that

OAl� �
5
3
4

−
−















 and n� �
3
1
2

−














 where O�LV�WKH�RULJLQ�

� �D�� ILQG�D�&DUWHVLDQ�HTXDWLRQ�RI�Ȇ��
(2)

� :LWK�UHVSHFW�WR�WKH�IL[HG�RULJLQ�O��WKH�OLQH�l�LV�JLYHQ�E\�WKH�HTXDWLRQ

r� �
7
3
2−















 + Ȝ 
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 The line l�LQWHUVHFWV�WKH�SODQH�Ȇ�DW�WKH�SRLQW�X.

� �E��6KRZ�WKDW�WKH�DFXWH�DQJOH�EHWZHHQ�WKH�SODQH�Ȇ and the line l is 21.2° correct to 
RQH�GHFLPDO�SODFH�

(4)

� �F�� )LQG�WKH�FRRUGLQDWHV�RI�WKH�SRLQW�X.
(4)
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Question 2 continued
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(Total for Question 2 is 10 marks)
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2.� 7KH�SODQH�Ȇ�SDVVHV�WKURXJK�WKH�SRLQW�A�DQG�LV�SHUSHQGLFXODU�WR�WKH�YHFWRU�n

 Given that
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 where O�LV�WKH�RULJLQ�

� �D�� ILQG�D�&DUWHVLDQ�HTXDWLRQ�RI�Ȇ��
(2)

� :LWK�UHVSHFW�WR�WKH�IL[HG�RULJLQ�O��WKH�OLQH�l�LV�JLYHQ�E\�WKH�HTXDWLRQ
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 The line l�LQWHUVHFWV�WKH�SODQH�Ȇ�DW�WKH�SRLQW�X.

� �E��6KRZ�WKDW�WKH�DFXWH�DQJOH�EHWZHHQ�WKH�SODQH�Ȇ and the line l is 21.2° correct to 
RQH�GHFLPDO�SODFH�

(4)

� �F�� )LQG�WKH�FRRUGLQDWHV�RI�WKH�SRLQW�X.
(4)
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Question 2 continued
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(Total for Question 2 is 10 marks)
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3.� 7\OHU�LQYHVWHG�D�WRWDO�RI�������DFURVV�WKUHH�GLIIHUHQW�DFFRXQWV��D�VDYLQJV�DFFRXQW� 
D�SURSHUW\�ERQG�DFFRXQW�DQG�D�VKDUH�GHDOLQJ�DFFRXQW�

� 7\OHU�LQYHVWHG������PRUH�LQ�WKH�SURSHUW\�ERQG�DFFRXQW�WKDQ�LQ�WKH�VDYLQJV�DFFRXQW�

� $IWHU�RQH�\HDU

  •� WKH�VDYLQJV�DFFRXQW�KDG�LQFUHDVHG�LQ�YDOXH�E\�����
  •� WKH�SURSHUW\�ERQG�DFFRXQW�KDG�LQFUHDVHG�LQ�YDOXH�E\�����
  •� WKH�VKDUH�GHDOLQJ�DFFRXQW�KDG�decreased�LQ�YDOXH�E\�����

  •� WKH�WRWDO�YDOXH�DFURVV�7\OHU¶V�WKUHH�DFFRXQWV�KDG�LQFUHDVHG�E\����

� )RUP�DQG�VROYH�D�PDWUL[�HTXDWLRQ�WR�ILQG�RXW�KRZ�PXFK�PRQH\�ZDV�LQYHVWHG�E\�7\OHU�LQ�
each account.

(7)
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Question 3 continued
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(Total for Question 3 is 7 marks)
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4. The cubic equation

x3����x2�í��x����� ��

 has roots Į��ȕ and Ȗ.

� :LWKRXW�VROYLQJ�WKH�HTXDWLRQ��ILQG�WKH�FXELF�HTXDWLRQ�ZKRVH�URRWV�DUH��Į�í������ȕ�í��� 
and (Ȗ�í����� JLYLQJ�\RXU�DQVZHU�LQ�WKH�IRUP� w3 + pw2 + qw + r� ����ZKHUH�p��q and r are 
LQWHJHUV�WR�EH�IRXQG�

(5)
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Question 4 continued
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(Total for Question 4 is 5 marks)
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4. The cubic equation

x3����x2�í��x����� ��

 has roots Į��ȕ and Ȗ.

� :LWKRXW�VROYLQJ�WKH�HTXDWLRQ��ILQG�WKH�FXELF�HTXDWLRQ�ZKRVH�URRWV�DUH��Į�í������ȕ�í��� 
and (Ȗ�í����� JLYLQJ�\RXU�DQVZHU�LQ�WKH�IRUP� w3 + pw2 + qw + r� ����ZKHUH�p��q and r are 
LQWHJHUV�WR�EH�IRXQG�
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Question 6 continued
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Question 6 continued
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Question 6 continued
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7. 'LDJUDPV�QRW�GUDZQ�WR�VFDOH

D C

A BO

�����P �����P

����P

Figure 1 Figure 2

D C

−��� ���O

y

x

� )LJXUH���VKRZV�WKH�FHQWUDO�FURVV�VHFWLRQ�AOBCD�RI�D�FLUFXODU�ELUG�EDWK��ZKLFK�LV�PDGH�
RI�FRQFUHWH���0HDVXUHPHQWV�RI�WKH�KHLJKW�DQG�GLDPHWHU�RI�WKH�ELUG�EDWK��DQG�WKH�GHSWK�RI�
WKH�ERZO�RI�WKH�ELUG�EDWK�KDYH�EHHQ�WDNHQ�LQ�RUGHU�WR�HVWLPDWH�WKH�DPRXQW�RI�FRQFUHWH�WKDW�
ZDV�UHTXLUHG�WR�PDNH�WKLV�ELUG�EDWK�

� 8VLQJ�WKHVH�PHDVXUHPHQWV��WKH�FURVV�VHFWLRQDO�FXUYH�CD��VKRZQ�LQ�)LJXUH����LV�PRGHOOHG�
as a curve with equation 

y� �����kx2� � í����- x -����

 where k is a constant and where O�LV�WKH�IL[HG�RULJLQ�

� 7KH�KHLJKW�RI�WKH�ELUG�EDWK�PHDVXUHG������P�DQG�WKH�GLDPHWHU��AB��RI�WKH�EDVH�RI�WKH�ELUG�
EDWK�PHDVXUHG������P��DV�VKRZQ�LQ�)LJXUH���

� �D�� 6XJJHVW�WKH�PD[LPXP�GHSWK�RI�WKH�ELUG�EDWK�
(1)

� �E��)LQG�WKH�YDOXH�RI�k.
(2)

� �F�� +HQFH�ILQG�WKH�YROXPH�RI�FRQFUHWH�WKDW�ZDV�UHTXLUHG�WR�PDNH�WKH�ELUG�EDWK�DFFRUGLQJ������
WR�WKLV�PRGHO���*LYH�\RXU�DQVZHU��LQ�P3��FRUUHFW�WR���VLJQLILFDQW�ILJXUHV�

(7)

� �G��6WDWH�D�OLPLWDWLRQ�RI�WKH�PRGHO�
(1)

� ,W�ZDV�ODWHU�GLVFRYHUHG�WKDW�WKH�YROXPH�RI�FRQFUHWH�XVHG�WR�PDNH�WKH�ELUG�EDWK�ZDV�
������P3�FRUUHFW�WR���VLJQLILFDQW�ILJXUHV�

� �H�� 8VLQJ�WKLV�LQIRUPDWLRQ�DQG�WKH�DQVZHU�WR�SDUW��F���HYDOXDWH�WKH�PRGHO��H[SODLQLQJ�\RXU�
UHDVRQLQJ�

(1)
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8.� �D�� 6KDGH�RQ�DQ�$UJDQG�GLDJUDP�WKH�VHW�RI�SRLQWV

: 4i 3 : arg( 3 4i)
2 4
π πz z z z   − ∩ − < + −   

   
!∈ C " ∈ "

(6)

� 7KH�FRPSOH[�QXPEHU�w satisfies

_w�í��L_� ��

� �E��)LQG�WKH�PD[LPXP�YDOXH�RI��DUJw��LQ�WKH�LQWHUYDO� �íʌ��ʌ].
� � *LYH�\RXU�DQVZHU�LQ�UDGLDQV�FRUUHFW�WR���GHFLPDO�SODFHV�

(2)
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9.� $Q�RFWRSXV�LV�DEOH�WR�FDWFK�DQ\�ILVK�WKDW�VZLP�ZLWKLQ�D�GLVWDQFH�RI���P�IURP�WKH�RFWRSXV¶V�
SRVLWLRQ�

 A fish F�VZLPV�IURP�D�SRLQW�A�WR�D�SRLQW�B.

� 7KH�RFWRSXV�LV�PRGHOOHG�DV�D�IL[HG�SDUWLFOH�DW�WKH�RULJLQ�O.

 Fish F�LV�PRGHOOHG�DV�D�SDUWLFOH�PRYLQJ�LQ�D�VWUDLJKW�OLQH�IURP�A to B.

 Relative to O��WKH�FRRUGLQDWHV�RI�A�DUH��±������±���DQG�WKH�FRRUGLQDWHV�RI�B�DUH�������������
ZKHUH�WKH�XQLW�RI�GLVWDQFH�LV�PHWUHV�

� �D�� 8VH�WKH�PRGHO�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�WKH�RFWRSXV�LV�DEOH�WR�FDWFK�ILVK�F.
(7)

� �E��&ULWLFLVH�WKH�PRGHO�LQ�UHODWLRQ�WR�ILVK�F.
(1)

� �F�� &ULWLFLVH�WKH�PRGHO�LQ�UHODWLRQ�WR�WKH�RFWRSXV�
(1)
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Question 9 continued
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(Total for Question 9 is 9 marks)

TOTAL FOR PAPER IS 80 MARKS
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