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Instructions

• Use black ink or ball-point pen.
• Fill in the boxes at the top of this page with your name,  

centre number and candidate number.
• Answer all questions.
• Answer the questions in the spaces provided  

– there may be more space than you need.
• Calculators may be used.

Information

• 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.
• Check your answers if you have time at the end.
• Without sufficient working, correct answers may be awarded no marks.
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$QVZHU�$//�7:(17<�(,*+7�TXHVWLRQV�

:ULWH�\RXU�DQVZHUV�LQ�WKH�VSDFHV�SURYLGHG�

<RX�PXVW�ZULWH�GRZQ�DOO�WKH�VWDJHV�LQ�\RXU�ZRUNLQJ�

�� 7KH�nWK�WHUP�RI�D�VHTXHQFH�LV�JLYHQ�E\��n�±��

� :ULWH�GRZQ�WKH�VHFRQG��WKLUG�DQG�IRXUWK�WHUPV�RI�WKH�VHTXHQFH�
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�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�

�� 7KH�EHDULQJ�RI�WRZQ�A�IURP�WRZQ�B�LV�����

� )LQG�WKH�EHDULQJ�RI�WRZQ�B�IURP�WRZQ�A�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�
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�� $W�WKH�EHJLQQLQJ�RI�WKH�VXPPHU��$PULW¶V�ZHLJKW�ZDV����NJ�
� $W�WKH�HQG�RI�WKH�VXPPHU��KLV�ZHLJKW�ZDV����NJ�

� &DOFXODWH�WKH�SHUFHQWDJH�ORVV�LQ�$PULW¶V�ZHLJKW�
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�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�

�� 7KH�SRLQW�A�LV�PDSSHG�RQWR�WKH�SRLQW��±������XQGHU�WKH�WUDQVODWLRQ�
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� )LQG�WKH�FRRUGLQDWHV�RI�A�

�� � � � � � � � � � � � � � � � � � � � � � � � � � � ����� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�
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� :ULWH�GRZQ�DOO�WKH�OHWWHUV�RI�WKH�DERYH�ZRUG�WKDW�KDYH

� �D�� H[DFWO\�WZR�OLQHV�RI�V\PPHWU\
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� �E�� URWDWLRQDO�V\PPHWU\�RI�RUGHU��
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���

�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�

�� :ULWH�GRZQ�ZKLFK�WZR�RI�WKH�IROORZLQJ�VL[�QXPEHUV�DUH�HTXLYDOHQW�WR�LUUDWLRQDO�QXPEHUV�

1

4
7 27

2 16 4 2 0.3
12 3

π
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� *LYH�\RXU�DQVZHU�DV�D�IUDFWLRQ�LQ�LWV�VLPSOHVW�IRUP�
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�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�

�� 6ROYH�WKH�HTXDWLRQ

� �x��������q������ ������q������±���x

� *LYH�\RXU�DQVZHU�LQ�VWDQGDUG�IRUP�
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�� 6KRZLQJ�DOO�\RXU�ZRUNLQJ��H[SUHVV�3 180 2 80− �LQ�WKH�IRUP�a b �ZKHUH�a�LV�DQ�LQWHJHU�
DQG�b�LV�D�SULPH�QXPEHU�
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�7RWDO�IRU�4XHVWLRQ���LV���PDUNV�
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�LV�HTXDO�WR��

� )LQG�WKH�YDOXH�RI�x�
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��� ([SUHVV�DV�D�VLQJOH�IUDFWLRQ�LQ�LWV�VLPSOHVW�IRUP

� 3

2 1

4

2x x−
−
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� ABC�LV�D�WULDQJOH�VXFK�WKDW�WKH�SRLQWV�A��B�DQG�C�OLH�RQ�D�FLUFOH��FHQWUH�O�

� BC� �BA�DQG��CAB� ����

� )LQG�WKH�VL]H��LQ�GHJUHHV��RI

� �D���COB
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�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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� *LYHQ�WKDW� D = �

� ILQG�WKH�SRVVLEOH�YDOXHV�RI�x�
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� A��B�DQG�D�DUH�WKUHH�SRLQWV�RQ�D�FLUFOH�

� 7KH�SRLQW�C�LV�VXFK�WKDW�CD�DQG�CB�DUH�WDQJHQWV�WR�WKH�FLUFOH�

� �ADB = �ABD

� 3URYH�WKDW�'ABC�DQG�'ADC�DUH�FRQJUXHQW�

�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�

��� 7KH�OHQJWKV�RI�WKH�VLGHV�RI�D�UHFWDQJXODU�SLHFH�RI�SDSHU��PHDVXUHG�WR�WKH�QHDUHVW�PP��DUH�
����PP�DQG�����PP�

� &DOFXODWH

� �D�� WKH�ORZHU�ERXQG��LQ�PP��IRU�WKH�SHULPHWHU�RI�WKH�SLHFH�RI�SDSHU�
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�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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XVHG�D�FRPSXWHU�RQH�ZHHN�

1XPEHU�RI�KRXUV��h� )UHTXHQF\
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����h�-�� ��
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�����h�-��� ��

� 7KH�GLDJUDP�EHORZ�LV�DQ�LQFRPSOHWH�KLVWRJUDP�UHSUHVHQWLQJ�WKLV�LQIRUPDWLRQ�

� 8VH�WKH�LQIRUPDWLRQ�LQ�WKH�WDEOH�WR�FRPSOHWH�WKH�KLVWRJUDP�
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�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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� 7KH�GLDJUDP�VKRZV�D�VHFWRU��AOB��RI�D�FLUFOH�FHQWUH�O�DQG�UDGLXV���FP��
� 7KH�DQJOH�AOB�LV����

� )LQG�WKH�DUHD��LQ�FP��WR���VLJQLILFDQW�ILJXUHV��RI�WKH�VHJPHQW�VKDGHG�LQ�WKH�GLDJUDP�
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� &DOFXODWH�WKH�WRWDO�VXUIDFH�DUHD��LQ�FP���RI�FRQWDLQHU�B�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �FP�

�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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��� -HQQ\�KDV����VZHHWV�LQ�D�EDJ���7KHUH�DUH����RUDQJH�VZHHWV�DQG���JUHHQ�VZHHWV�LQ�WKH�EDJ�

� -HQQ\�WDNHV�DW�UDQGRP���VZHHWV�IURP�WKH�EDJ�

� &DOFXODWH�WKH�SUREDELOLW\�WKDW�WKH���VZHHWV�DUH�QRW�DOO�RI�WKH�VDPH�FRORXU�

�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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'LDJUDP�127�
DFFXUDWHO\�GUDZQ

� 7KH�GLDJUDP�VKRZV�D�FLUFOH�DQG�D�VTXDUH���7KH�FLUFOH�KDV�FHQWUH�O�DQG�GLDPHWHU�k�FP�DQG�
HDFK�YHUWH[�RI�WKH�VTXDUH�OLHV�RQ�WKH�FLUFOH�

� 7KH�WRWDO�DUHD�RI�WKH�UHJLRQV�VKRZQ�VKDGHG�LQ�WKH�GLDJUDP�LV�A�FP�

� �D�� 6KRZ�WKDW��A� ��ʌN��±��k�
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� �E��+HQFH�ILQG�DQ�H[SUHVVLRQ�IRU�k�LQ�WHUPV�RI�A DQG�ʌ �

k� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
���
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��� $�SDUWLFOH�LV�PRYLQJ�DORQJ�D�VWUDLJKW�OLQH���$W�WLPH�t�VHFRQGV��WKH�GLVSODFHPHQW��x�PHWUHV��
RI�WKH�SDUWLFOH�IURP�D�IL[HG�SRLQW�O�RQ�WKH�OLQH�LV�JLYHQ�E\�

x� �t��±��t������t� � � � t�.��
� $W�WLPH�t�VHFRQGV��WKH�DFFHOHUDWLRQ�RI�WKH�SDUWLFOH�LV�a�P�V�

� �D�� )LQG�DQ�H[SUHVVLRQ�IRU�a�LQ�WHUPV�RI�t�

a� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
���

� �E��)LQG�WKH�OHDVW�VSHHG�RI�WKH�SDUWLFOH�
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��� 7KH�VWUDLJKW�OLQH�/�KDV�HTXDWLRQ��x���y� ��

� �D�� )LQG�WKH�JUDGLHQW�RI�/�
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���

� /�PHHWV�WKH�y�D[LV�DW�WKH�SRLQW�A�DQG�WKH�x�D[LV�DW�WKH�SRLQW�B�

� �E��)LQG�WKH�DUHD�RI�WULDQJOH�AOB��ZKHUH�O�LV�WKH�RULJLQ�
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DFFXUDWHO\�GUDZQ

�x������FP �x�FP

� 7KH�GLDJUDP�VKRZV�WULDQJOH�ABC�LQ�ZKLFK

� � � �AB� ��x������FP
� � � �BC� ��x�FP
� � � �AC� ���x������FP
� �ABC� �����

� )LQG�WKH�VL]H��LQ�GHJUHHV�WR���VLJQLILFDQW�ILJXUHV��RI��ACB.
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��� �D�� 6ROYH�WKH�LQHTXDOLW\���x�±����������x

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���

� �E��:LWKRXW�XVLQJ�D�FDOFXODWRU�DQG�VKRZLQJ�DOO�\RXU�ZRUNLQJ��
VROYH�WKH�LQHTXDOLW\��x��-��x����

�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���

� �F�� +HQFH�ILQG�WKH�UDQJH�RI�YDOXHV�RI�x�IRU�ZKLFK�ERWK

� � ��x�±����������x��DQG���x��-��x����
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�7RWDO�IRU�4XHVWLRQ����LV���PDUNV�
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