
 

Note: Please read all questions carefully, and note that when a part of a question is worth more than two marks, 
adequate and clear working out is required for full marks. 

1. Given that  ,   ,   and , determine 

[1 + 2 + 2 + 3 + 3 = 11 marks] 

(a)  in polar form. 

(b)  in Cartesian form. 

(c) the product  in polar form. 

(d) the quotient  in polar form. 

(e)  in Cartesian form. 

Ǭџ � ဨ�DJTන �ٗ 
<latexit sha1_base64="ng+1aM3yKFhlZRkXAOL/CZcj484="></latexit><latexit sha1_base64="ng+1aM3yKFhlZRkXAOL/CZcj484="></latexit><latexit sha1_base64="ng+1aM3yKFhlZRkXAOL/CZcj484="></latexit>

Ǭӝ � ဨ�DJTන �ٗ 
<latexit sha1_base64="1fFe/aTjsI0EmlyqKMpFvkiCFIc="></latexit><latexit sha1_base64="1fFe/aTjsI0EmlyqKMpFvkiCFIc="></latexit><latexit sha1_base64="1fFe/aTjsI0EmlyqKMpFvkiCFIc="></latexit>

Ǭӗ � �ǭ
<latexit sha1_base64="LOP4TbRS7fGgU9xattJB1hHABMI="></latexit><latexit sha1_base64="LOP4TbRS7fGgU9xattJB1hHABMI="></latexit><latexit sha1_base64="LOP4TbRS7fGgU9xattJB1hHABMI="></latexit>

Ǭͳ � �  ဨ�ǭ
<latexit sha1_base64="q1FUFfspQzj2lIvqKtbbBK7L+zk="></latexit><latexit sha1_base64="q1FUFfspQzj2lIvqKtbbBK7L+zk="></latexit><latexit sha1_base64="q1FUFfspQzj2lIvqKtbbBK7L+zk="></latexit>

Ǭͳ<latexit sha1_base64="lx6eHZlpfb5D6kgEZTGwsupNeoc="></latexit><latexit sha1_base64="lx6eHZlpfb5D6kgEZTGwsupNeoc="></latexit><latexit sha1_base64="lx6eHZlpfb5D6kgEZTGwsupNeoc="></latexit>

Ǭӝ � Ǭӗ
<latexit sha1_base64="WMUG1WQzy5cq9VgoBwmRblFBCFM="></latexit><latexit sha1_base64="WMUG1WQzy5cq9VgoBwmRblFBCFM="></latexit><latexit sha1_base64="WMUG1WQzy5cq9VgoBwmRblFBCFM="></latexit>

ǬџǬӝ<latexit sha1_base64="gDHgPaHc5ckyrBz5tiO5i+kU/Q8="></latexit><latexit sha1_base64="gDHgPaHc5ckyrBz5tiO5i+kU/Q8="></latexit><latexit sha1_base64="gDHgPaHc5ckyrBz5tiO5i+kU/Q8="></latexit>

ǬџǬӗ
<latexit sha1_base64="A2gkqmQTMqNb51T4/TNzAK11Eok="></latexit><latexit sha1_base64="A2gkqmQTMqNb51T4/TNzAK11Eok="></latexit><latexit sha1_base64="A2gkqmQTMqNb51T4/TNzAK11Eok="></latexit>

	Ǭͳ
ҿ
<latexit sha1_base64="kMj00MnWyWqDwa8bbpAUTVpoaNo="></latexit><latexit sha1_base64="kMj00MnWyWqDwa8bbpAUTVpoaNo="></latexit><latexit sha1_base64="kMj00MnWyWqDwa8bbpAUTVpoaNo="></latexit>
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<latexit sha1_base64="H/i9pX8R4uq1t5Pk16UDU4DnD0M="></latexit><latexit sha1_base64="H/i9pX8R4uq1t5Pk16UDU4DnD0M="></latexit><latexit sha1_base64="H/i9pX8R4uq1t5Pk16UDU4DnD0M="></latexit>



2. If  , express the following in   form in terms of   and/or  : 
[1 + 1 + 1 + 1 = 4 marks] 

   

 

3. Arithmetic operations on complex numbers can be described geometrically in terms of translations, 
rotations, reflections and enlargements in the complex plane.  

Explain the sequence of transformations which correspond to taking a complex number   and 
transforming it to . 

[4 marks] 

Ǭ � ǤDJTٌ
<latexit sha1_base64="3E0GkgLoFNzPi7p8ygGTP1eE+F8="></latexit><latexit sha1_base64="3E0GkgLoFNzPi7p8ygGTP1eE+F8="></latexit><latexit sha1_base64="3E0GkgLoFNzPi7p8ygGTP1eE+F8="></latexit>

DJT
<latexit sha1_base64="dXcBmNU4CPtV039AZU/KxjPtloI="></latexit><latexit sha1_base64="dXcBmNU4CPtV039AZU/KxjPtloI="></latexit><latexit sha1_base64="dXcBmNU4CPtV039AZU/KxjPtloI="></latexit>

Ǥ
<latexit sha1_base64="PKZW1T/uEhfFnPcIVu5ml/La+CE="></latexit><latexit sha1_base64="PKZW1T/uEhfFnPcIVu5ml/La+CE="></latexit><latexit sha1_base64="PKZW1T/uEhfFnPcIVu5ml/La+CE="></latexit> <ٌlatexit sha1_base64="qcJJnp3b7Wb9bpXLoGuis1VWEw0="></latexit><latexit sha1_base64="qcJJnp3b7Wb9bpXLoGuis1VWEw0="></latexit><latexit sha1_base64="qcJJnp3b7Wb9bpXLoGuis1VWEw0="></latexit>

Ǭ
<latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit><latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit><latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit>�ǭ	 ɡǬ  ǭ


<latexit sha1_base64="pMwUQuyTvIui7URias4T2FmvIhA="></latexit><latexit sha1_base64="pMwUQuyTvIui7URias4T2FmvIhA="></latexit><latexit sha1_base64="pMwUQuyTvIui7URias4T2FmvIhA="></latexit>
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(a) (b)

(c) (d)

ɡǬ
<latexit sha1_base64="U5uvqXSNde78zoiZeYfTyc4JmDI="></latexit><latexit sha1_base64="U5uvqXSNde78zoiZeYfTyc4JmDI="></latexit><latexit sha1_base64="U5uvqXSNde78zoiZeYfTyc4JmDI="></latexit>

ǭǬӝ
<latexit sha1_base64="pc2huZ0V93GKgHMxD6e/dvtZRI8="></latexit><latexit sha1_base64="pc2huZ0V93GKgHMxD6e/dvtZRI8="></latexit><latexit sha1_base64="pc2huZ0V93GKgHMxD6e/dvtZRI8="></latexit>

�  ǭ� � ǭ Ǭ
<latexit sha1_base64="hwK5HNUGUj3x0EcwN1MZyodA+Ks="></latexit><latexit sha1_base64="hwK5HNUGUj3x0EcwN1MZyodA+Ks="></latexit><latexit sha1_base64="hwK5HNUGUj3x0EcwN1MZyodA+Ks="></latexit>

Ǭ ɡǬ
<latexit sha1_base64="rbvPR1pKOGsHjC8YjAUlZpnhkyE="></latexit><latexit sha1_base64="rbvPR1pKOGsHjC8YjAUlZpnhkyE="></latexit><latexit sha1_base64="rbvPR1pKOGsHjC8YjAUlZpnhkyE="></latexit>



4. Consider the equation . 
[5 + 1 = 6 marks] 

(a) Determine all of the solutions to this equation, giving your answers in polar form and in terms of their 
prinicpal argument.  

(b) Explain in a single sentence why it is unsurprising that none of the solutions of the polynomial 
 are complex conjugate pairs. 

Ǭͳ � �ဨ� � �ǭ
<latexit sha1_base64="0ohBsPYtKtQUmx1/sf6HssrCX2k="></latexit><latexit sha1_base64="0ohBsPYtKtQUmx1/sf6HssrCX2k="></latexit><latexit sha1_base64="0ohBsPYtKtQUmx1/sf6HssrCX2k="></latexit>

Ǭͳ  	�ဨ� � �ǭ
 � �
<latexit sha1_base64="f1KQEQ2Rd8kfWn8ZalYYSxQGHzY="></latexit><latexit sha1_base64="f1KQEQ2Rd8kfWn8ZalYYSxQGHzY="></latexit><latexit sha1_base64="f1KQEQ2Rd8kfWn8ZalYYSxQGHzY="></latexit>
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5. Express, using set notation, the locus of   in each of the following diagrams. 

[3 + 3 = 6 marks] 
 

(a)   

(b)  

Ǭ
<latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit><latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit><latexit sha1_base64="yj2x5qBuwKc/7P2dAAWseVejCaw="></latexit>
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6. Use the Argand diagrams provided to sketch the regions in the complex plane defined by the following 
loci.  

[3 + 3 + 3 = 9 marks] 

(a)   
  

 

 

(b)  

 

(c)  

\Ǭ  ]Ǭ  � � ǭ] � ]Ǭ � �  �ǭ]^
<latexit sha1_base64="aEeEz+354vYPRM69713Ec4Ge0oQ="></latexit><latexit sha1_base64="aEeEz+354vYPRM69713Ec4Ge0oQ="></latexit><latexit sha1_base64="aEeEz+354vYPRM69713Ec4Ge0oQ="></latexit>

\Ǭ  �ٗ ན BSH	Ǭ
 ན �ٗ ^  \Ǭ  � ན 3F	Ǭ
 ན �^
<latexit sha1_base64="EIDQSk7t+E5RWjvvaApjtLZdmyI="></latexit><latexit sha1_base64="EIDQSk7t+E5RWjvvaApjtLZdmyI="></latexit><latexit sha1_base64="EIDQSk7t+E5RWjvvaApjtLZdmyI="></latexit>

\Ǭ  *N	Ǭ
 � ]Ǭ  ǭ]^
<latexit sha1_base64="BZ+2AUWQT9yg5QaGUFU7JyX6B84="></latexit><latexit sha1_base64="BZ+2AUWQT9yg5QaGUFU7JyX6B84="></latexit><latexit sha1_base64="BZ+2AUWQT9yg5QaGUFU7JyX6B84="></latexit>
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7. Consider  with . Two of the roots of  are  and .  

[2 + 3 = 5 marks] 

(a) Write  in fully-factored form. (I.e., express  as the product of its linear factors.) 

(b) Hence, determine the values of the coefficients ,  and . 

Ǌ	Ǭ
 � Ǭӗ � ǕǬӝ � ǖǬ � Ǘ
<latexit sha1_base64="9P8nMRUb5n24m2GI6u15IU51FgY="></latexit><latexit sha1_base64="9P8nMRUb5n24m2GI6u15IU51FgY="></latexit><latexit sha1_base64="9P8nMRUb5n24m2GI6u15IU51FgY="></latexit>

Ǖ ǖ Ǘ ྒྷ ਔ
<latexit sha1_base64="qk+E4s1seIuJpHtt/mG9+HyImkY="></latexit><latexit sha1_base64="qk+E4s1seIuJpHtt/mG9+HyImkY="></latexit><latexit sha1_base64="qk+E4s1seIuJpHtt/mG9+HyImkY="></latexit>

Ǌ	Ǭ
 � �
<latexit sha1_base64="gvbUfBs9SaXoVh31GCeiH/p2AOU="></latexit><latexit sha1_base64="gvbUfBs9SaXoVh31GCeiH/p2AOU="></latexit><latexit sha1_base64="gvbUfBs9SaXoVh31GCeiH/p2AOU="></latexit>

�
<latexit sha1_base64="ciDHIbg55/BqaKywBSVR0+W6bJE="></latexit><latexit sha1_base64="ciDHIbg55/BqaKywBSVR0+W6bJE="></latexit><latexit sha1_base64="ciDHIbg55/BqaKywBSVR0+W6bJE="></latexit>

	� � �ǭ

<latexit sha1_base64="V97PAZVt8UwqIIYwoOrZ1u8M828="></latexit><latexit sha1_base64="V97PAZVt8UwqIIYwoOrZ1u8M828="></latexit><latexit sha1_base64="V97PAZVt8UwqIIYwoOrZ1u8M828="></latexit>

Ǌ	Ǭ

<latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit><latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit><latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit>

Ǌ	Ǭ

<latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit><latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit><latexit sha1_base64="Zm2GkaRKVDP2LgqIaAaj0MjK5RM="></latexit>

Ǖ
<latexit sha1_base64="8G6xjmvdCKBciQoWODqkBZHy1jM="></latexit><latexit sha1_base64="8G6xjmvdCKBciQoWODqkBZHy1jM="></latexit><latexit sha1_base64="8G6xjmvdCKBciQoWODqkBZHy1jM="></latexit>

ǖ
<latexit sha1_base64="AAhrx5iSYHtAPNGNB2cRGRlUTow="></latexit><latexit sha1_base64="AAhrx5iSYHtAPNGNB2cRGRlUTow="></latexit><latexit sha1_base64="AAhrx5iSYHtAPNGNB2cRGRlUTow="></latexit>

Ǘ
<latexit sha1_base64="/G1VMhLW73K08VAuKHzUCUmcKdw="></latexit><latexit sha1_base64="/G1VMhLW73K08VAuKHzUCUmcKdw="></latexit><latexit sha1_base64="/G1VMhLW73K08VAuKHzUCUmcKdw="></latexit>
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8. Given that 

[5 + 1 = 6 marks] 

(a) use de Moivre’s theorem with   to determine the values of    and  . 

(b) Hence, determine the limiting value of   as  approaches zero (i.e., 
 
).  

Ǡ � �
<latexit sha1_base64="fegA+8gwr1RF76ab3Gnix+MCd/A="></latexit><latexit sha1_base64="fegA+8gwr1RF76ab3Gnix+MCd/A="></latexit><latexit sha1_base64="fegA+8gwr1RF76ab3Gnix+MCd/A="></latexit>

ƻ
<latexit sha1_base64="EgfOVasvXAoFZqsgwnYqipKa3nU="></latexit><latexit sha1_base64="EgfOVasvXAoFZqsgwnYqipKa3nU="></latexit><latexit sha1_base64="EgfOVasvXAoFZqsgwnYqipKa3nU="></latexit>

Ƽ
<latexit sha1_base64="Qdm8Rn5gq5rhOS7sGbTWDFaEqeQ="></latexit><latexit sha1_base64="Qdm8Rn5gq5rhOS7sGbTWDFaEqeQ="></latexit><latexit sha1_base64="Qdm8Rn5gq5rhOS7sGbTWDFaEqeQ="></latexit>

TJO �ٌTJO ٌ
<latexit sha1_base64="AIQ/O1OMhp9K+ZVKf9BmBQR56F0="></latexit><latexit sha1_base64="AIQ/O1OMhp9K+ZVKf9BmBQR56F0="></latexit><latexit sha1_base64="AIQ/O1OMhp9K+ZVKf9BmBQR56F0="></latexit>

<ٌlatexit sha1_base64="gPPJCDam43f5T/olnmvMM5vMPZ0="></latexit><latexit sha1_base64="gPPJCDam43f5T/olnmvMM5vMPZ0="></latexit><latexit sha1_base64="gPPJCDam43f5T/olnmvMM5vMPZ0="></latexit> MJNްஒա TJO �ٌTJO ٌ
<latexit sha1_base64="jaL1XUatotbDIUKD3bOAHfgIAW0="></latexit><latexit sha1_base64="jaL1XUatotbDIUKD3bOAHfgIAW0="></latexit><latexit sha1_base64="jaL1XUatotbDIUKD3bOAHfgIAW0="></latexit>
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TJO �ٌTJO ٌ � ƻ DPTӗ ٌ � Ƽ DPT ٌ 	TJO ٌ ༭ �

<latexit sha1_base64="mv8RzKOAVRwLb9Yh5BSsfHF46fE="></latexit><latexit sha1_base64="mv8RzKOAVRwLb9Yh5BSsfHF46fE="></latexit><latexit sha1_base64="mv8RzKOAVRwLb9Yh5BSsfHF46fE="></latexit>



9. Consider 
 

, one of the 8th roots of unity, and 
 
, one of the 6th roots of unity. 

[2 + 2 + 2 + 3 = 9 marks] 
 

(b) For what values of  is  purely real and negative? 

(c) For what values of  is  purely real and positive? 

(d) What is the smallest value of  such that the product  is purely real? 

[END OF TEST]

ǧ � DJTන �ٗ 
<latexit sha1_base64="2iUGtnJ6O0jXSjuYe3jMmsaNPxU="></latexit><latexit sha1_base64="2iUGtnJ6O0jXSjuYe3jMmsaNPxU="></latexit><latexit sha1_base64="2iUGtnJ6O0jXSjuYe3jMmsaNPxU="></latexit>

Ǩ � DJTන �ٗ 
<latexit sha1_base64="k+Dd8UtaWFqk2C0F31Xc2/M/C6s="></latexit><latexit sha1_base64="k+Dd8UtaWFqk2C0F31Xc2/M/C6s="></latexit><latexit sha1_base64="k+Dd8UtaWFqk2C0F31Xc2/M/C6s="></latexit>

ǟ ྒྷ ਜ
<latexit sha1_base64="CuvCYWaZ9oqEqVKZKVHwsETDmgY="></latexit><latexit sha1_base64="CuvCYWaZ9oqEqVKZKVHwsETDmgY="></latexit><latexit sha1_base64="CuvCYWaZ9oqEqVKZKVHwsETDmgY="></latexit>

ǧ֕
<latexit sha1_base64="qpiJ7Uz0ZTyJAZ9rtOzlubI2rik="></latexit><latexit sha1_base64="qpiJ7Uz0ZTyJAZ9rtOzlubI2rik="></latexit><latexit sha1_base64="qpiJ7Uz0ZTyJAZ9rtOzlubI2rik="></latexit>

Ǡ ྒྷ ਜ
<latexit sha1_base64="xkM9Mhw0KAqf+fEZgUiOCRYZ2wE="></latexit><latexit sha1_base64="xkM9Mhw0KAqf+fEZgUiOCRYZ2wE="></latexit><latexit sha1_base64="xkM9Mhw0KAqf+fEZgUiOCRYZ2wE="></latexit>

Ǩ֙
<latexit sha1_base64="xhqXJV7EwrRhujs0Vy7zbW3q9XQ="></latexit><latexit sha1_base64="xhqXJV7EwrRhujs0Vy7zbW3q9XQ="></latexit><latexit sha1_base64="xhqXJV7EwrRhujs0Vy7zbW3q9XQ="></latexit>

Ǣ ྒྷ ਜ�
<latexit sha1_base64="ZgehFVAw05LcJ/thL5gk7GRpxck="></latexit><latexit sha1_base64="ZgehFVAw05LcJ/thL5gk7GRpxck="></latexit><latexit sha1_base64="ZgehFVAw05LcJ/thL5gk7GRpxck="></latexit>

ǧӝ֡Ǩ ֡ҽ
<latexit sha1_base64="2Zdj0zDxgiA4MWEDWSTzjor9GV0="></latexit><latexit sha1_base64="2Zdj0zDxgiA4MWEDWSTzjor9GV0="></latexit><latexit sha1_base64="2Zdj0zDxgiA4MWEDWSTzjor9GV0="></latexit>

 8

(a)  Mark and label the positions of                   and   
       as well as                   and        on the Argand 
diagram at the right. 

ǧ ǧӝ ǧͳ
<latexit sha1_base64="NudpyY9QmuEBXVChqqM0mg2LGGk="></latexit><latexit sha1_base64="NudpyY9QmuEBXVChqqM0mg2LGGk="></latexit><latexit sha1_base64="NudpyY9QmuEBXVChqqM0mg2LGGk="></latexit>ǧҿ

<latexit sha1_base64="VCp7UQdgnaEwdwzSgm0KHYrypc8="></latexit><latexit sha1_base64="VCp7UQdgnaEwdwzSgm0KHYrypc8="></latexit><latexit sha1_base64="VCp7UQdgnaEwdwzSgm0KHYrypc8="></latexit>

Ǩ Ǩӝ Ǩͳ
<latexit sha1_base64="CO+MjxTcbqw2oFqrfVB/BEEuUEI="></latexit><latexit sha1_base64="CO+MjxTcbqw2oFqrfVB/BEEuUEI="></latexit><latexit sha1_base64="CO+MjxTcbqw2oFqrfVB/BEEuUEI="></latexit>

Ǩҿ
<latexit sha1_base64="L4vJsZmuJVixC0N4po5RZIwiXoI="></latexit><latexit sha1_base64="L4vJsZmuJVixC0N4po5RZIwiXoI="></latexit><latexit sha1_base64="L4vJsZmuJVixC0N4po5RZIwiXoI="></latexit>


