
 

  

 

 
 
 
 

 
 

 
 

 
 

 
 

 

Section I – Multiple Choice 

Write your student number at the top of this page. 
 
Select the alternative A, B C or D that best answers the question.  Fill in the response oval 
completely. 
 
 
Sample   2  +  4  =  A 2 B 6 C 8 D 9 

  A    B  C  D  

If you think you have made a mistake, put a cross through the incorrect answer and fill in the 
new answer. 
  A    B  C  D  

If you change your mind and have crossed out what you consider to be the correct answer, 
then indicate this by writing the word correct and drawing an arrow as follows. 
 
 
  A    B  C  D  
 

 
 
 
 
 
 
 
 

 
  

  1. A  B C D 
   6. A  B C D 

  2. A  B C D    7. A  B C D 

  3. A  B C D    8. A  B C D 

  4. A  B C D    9. A  B C D 

  5. A  B C D    10. A  B C D 
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Section I 
10 marks 
Attempt Questions 1–10 
Allow about 15 minutes for this section 
Use the multiple-choice answer sheet for Questions 1–10. 

 
1 Given that x and y are positive integers, which one of the following statements is false? 

 

 A.  

 B.  

 C.  

D.  

 

2 Let . 

 What are the modulus and argument, respectively, of z? 

A.  

 B.  

 C.  

 D.  
 

 
  

8x 9y
✓

2x
y

= 1
◆

<latexit sha1_base64="2xHv8Ub7fAzbuGl4KHSCVv1Y/Yw="></latexit>

8y 9x
✓

x
y
= 2

◆

<latexit sha1_base64="np6IUv2jkXiNWBr+a6XmDB0/ukM="></latexit>

8x 9y
✓

x
2y

= 1
◆

<latexit sha1_base64="vBn5jzBpsrMysxxiW7H80pS2cu0="></latexit>

8y 9x
✓

y
x
=

1
2

◆

<latexit sha1_base64="k5I0eMYc88ZGBGPjJSDNsksZ8uY="></latexit>

z =
p

3� i
1� i

<latexit sha1_base64="jiPIrNm1m4AMUB6PThvnpNSpL5c="></latexit>

p
2 and

p
12

<latexit sha1_base64="9TCz9/7tAQ4jNEGjNVs02tHVc7Q="></latexit>

p
2 and � p

12

<latexit sha1_base64="uosywukVkVOGIGjwSQRSXz8s/qU="></latexit>

1p
2

and
p
12

<latexit sha1_base64="PJ90751Zn2zXmkRODkpI1sdtmoc="></latexit>

1p
2

and � p
12

<latexit sha1_base64="HdURepDeEd/+6U9sdw4TQlXTWgU="></latexit>
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3 What is the Cartesian equation of the line with vector equation 
 

  ? 

 
 A. 2x + 3y = 36

 

 
B. 3x + 2y = 36 

 

 
C. 2x – 3y = 36

 

 
D. 3y – 2x = 36

 

 

4 In the complex plane, 2 + i and 6 – 9i represent the endpoints of the diameter of a circle. 

 What is the equation of the circle? 
 
 A. 

 

 
B.  

 

 
C. 

 

 
D. 

 

 
5 A particle is moving in simple harmonic motion on a straight line. 

 At time t seconds, it has displacement x metres from a fixed point on the line and velocity v m/s 

given by . 

 What is the period of the motion? 

 

 A.  seconds 

 B.  seconds 

 C.  seconds 

 D.  seconds 

 
 
  

˜
r =

✓
8
6

◆
+l

✓
�2
3

◆

<latexit sha1_base64="XITl1BG+C/fedkmDv+hxdBdtx8w="></latexit>

|z�4�4i|=
p

29

<latexit sha1_base64="veY9Y+zz18oHiAo2RkTJqd1etFU="></latexit>

|z�4�4i|= 29

<latexit sha1_base64="gsSJFPaVlzrej0f3xuf/Q41KtiE="></latexit>

|z�4+4i|=
p

29

<latexit sha1_base64="Bd5FAba3gja2wgie1ap8fw2ZCx0="></latexit>

|z�4+4i|= 29

<latexit sha1_base64="Wz8mHM0of9b/0yFQeRxnYyxWxjs="></latexit>

v2 = 4� 1
3

x2 +
4
3

x

<latexit sha1_base64="1dMDbJR/LJNbW7DA6bjJt5fYMUc="></latexit>

2p

<latexit sha1_base64="AsYAcI9mZnflA+ljFF/y7V4yTFQ=">AAACJHicbVBLS8NAGPxSXzW+WvXmZbEIPZWkKHoseNBjhb6gDWWz3bRLNw92N2IN/Qte9Rd49Jd4Ew9eBP+Jm7QH2zqwMMzMB7PjRpxJZVlfRm5tfWNzK79t7uzu7R8UioctGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbH16nfvqdCsjBoqElEHR8PA+YxglUqVXsR6xdKVsXKgFaJPSelGjz+3LwdJ/V+0TB7g5DEPg0U4VjKrm1FykmwUIxwOjV7saQRJmM8pF1NA+xT6SRZ2Sk608oAeaHQL1AoU/9eJD5Wo0j5DzqKGkyfZsGFCPalnPiuTqRhueyl4v8eIbqzXGqovCsnYUEUKxqQWUEv5kiFKF0MDZigRPGJJpgIpv+IyAgLTJTe1dTr2ctbrZJWtWKfVy7u9IxlmCEPJ3AKZbDhEmpwC3VoAoERPMEzvBivxrvxYXzOojljfnMECzC+fwECa6bp</latexit>

2p
3

<latexit sha1_base64="QsRHmOo3D6bPeR60WVaMdzCX5+U=">AAACLnicbVBLS8NAGNzUV42vVo9eFqvQU02qoseCF48V+pImls120y7dPNjdiCXkZwhe9Rf4awQP4sGLd3+AbtIebOvAwjAzH8yOEzIqpGG8abml5ZXVtfy6vrG5tb1TKO62RBBxTJo4YAHvOEgQRn3SlFQy0gk5QZ7DSNsZXaZ++45wQQO/IcchsT008KlLMZJKurVcjnBctUKaxCdJr1AyKkYGuEjMKSnVDh+OP79vfuq9oqZb/QBHHvElZkiIrmmE0o4RlxQzkuhWJEiI8AgNSFdRH3lE2HFWO4FHSulDN+Dq+RJm6t+L2ENyGErvXkVhg6rTLDgTQZ4QY89RiTQs5r1U/N/DWHUWcw2le2HH1A8jSXw8KehGDMoAptvBPuUESzZWBGFO1R8hHiK1oFQL62o9c36rRdKqVszTytm1mrEMJsiDfXAAysAE56AGrkAdNAEGHDyCJ/CsvWiv2rv2MYnmtOnNHpiB9vULoBesnw==</latexit>

2pp
3

<latexit sha1_base64="LaWskhGEPF7STyv4gI/eWXML2GI="></latexit>

2
p

3p

<latexit sha1_base64="NF4MMc1RGuz9t0BA/M/glbFGfE0=">AAACLHicbVDNSgMxGMz6W9e/Vo9egkXoqexWRS9CwYvHCv2DbinZNG1Ds7sx+VYsS1/AB/Cq4N2nEUTEq89htu3Btg4Ehpn5YDK+FFyD43xaK6tr6xubmS17e2d3bz+bO6jrKFaU1WgkItX0iWaCh6wGHARrSsVI4AvW8IfXqd+4Z0rzKKzCSLJ2QPoh73FKwEheydN3CpLTsSd5J5t3is4EeJm4M5IvZx6v5OuHXenkLNvrRjQOWAhUEK1briOhnRAFnAo2tr1YM0nokPRZy9CQBEy3k0npMT4xShf3ImVeCHii/r1IAgIDCcGDieIqN6eT4FyEBFqPAt8k0rBe9FLxf49S01kvNITeZTvhoYyBhXRasBcLDBFOl8NdrhgFMTKEUMXNHzEdEEUomH1ts567uNUyqZeK7lnx/NbMWEBTZNAROkYF5KILVEY3qIJqiCKJntAzerHerHfry/qeRles2c0hmoP18wvarapu</latexit>
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6 Which one of the following is an expression for  ? 

  

 A.  

 B.  

 C.  

 D.  

 

 

7 A particle of mass m falls vertically from rest under gravity in a medium in which the resistance 

to motion has a magnitude  where v m/s is the speed of the particle and g = 9.8 m/s2 is the 

acceleration due to gravity. 

 What is the terminal velocity of the particle? 

 

 A. 294 m/s 

 B. 9.8 m/s 

 C. 30 m/s 

 D. 17.1 m/s 

 
  

Z cos3 x+ sin3 x
cosx+ sinx

dx

<latexit sha1_base64="KDlr0L7TGRj4UpJsTUyzjnSud50="></latexit>

x+
1
4

cos2x+C

<latexit sha1_base64="OCuBP4ks6qoFSphLSvwotC96kxE="></latexit>

x� 1
4

cos2x+C

<latexit sha1_base64="R5uhJDL12n6mKK4slPAMTEjxoqA="></latexit>

x+
1
2

cos2x+C

<latexit sha1_base64="hPuLPQLcekYT1WifxtY8i2eQ4dM="></latexit>

x� 1
2

cos2x+C

<latexit sha1_base64="2lpYXX4yn4TEOLO8TRa7K2dqbCg="></latexit>

1
30

mv2

<latexit sha1_base64="psVwC1RPeLlyUbF9M1pvWFuya+c=">AAACMnicbVC9TsMwGHT4LeUvhZHFoiB1KkkBwViJhbFI/UNtqBzXaa3aSWQ7FVWUx2BjhSfgZWBDXdl4AHDTDrTlJEunu/uk87kho1JZ1ruxsrq2vrGZ2cpu7+zu7Zu5g7oMIoFJDQcsEE0XScKoT2qKKkaaoSCIu4w03MHNxG8MiZA08KtqFBKHo55PPYqR0lLHNNueQDi2k/jcSvjwodQx81bRSgGXiT0j+fLJ09n4+/6n0skZ2XY3wBEnvsIMSdmyrVA5MRKKYkaSbDuSJER4gHqkpamPOJFOnFZP4KlWutALhH6+gqn69yLmSPVDxR91FFapPk2DcxHEpRxxVycmYbnoTcT/PYx1Z7nQUHnXTkz9MFLEx9OCXsSgCuBkP9ilgmDFRpogLKj+I8R9pDdUeuWsXs9e3GqZ1EtF+6J4eadnLIApMuAIHIMCsMEVKINbUAE1gMEQPIMX8Gq8GR/GpzGeRleM2c0hmIPx9Qsxaq1R</latexit>
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8 The path traced out by a complex number z is shown by the solid rays in the Argand diagram 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 Which one of the following is the equation of the path traced by z? 

 A.  

 B.  

 C.  

 D.  

 
 
  

Arg(z�2)�Arg(z+2i) = p

<latexit sha1_base64="5iJG379OmOB0e1URUcKfQea76qI="></latexit>

Arg(z+2i)�Arg(z�2) =
p
4

<latexit sha1_base64="Osnj35v2OGhZ6M2I9bYOkEZmu14="></latexit>

Arg(z�2)�Arg(z+2i) = 0

<latexit sha1_base64="xHCGIENCMO7qWI7FkB0/TC4wMiQ="></latexit>

Arg(z+2i)�Arg(z�2) = p

<latexit sha1_base64="8KD99sapInrPHGPjXZq6vHGqnAM="></latexit>

Re(z)

Im(z)

2

�2i

<latexit sha1_base64="fvDFbrCtUhJJWQb6ZyY4gmb/5l0="></latexit>
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9 Without evaluating the integral, which one of the following must be negative? 

 

 A.  

 B.  

 C.  

 D.  

 

 
10 Let P be a polynomial with real coefficients. If , what is the value of ? 

 

 A. 3 + i 

 B. 3 – i 

 C. –1 + 3i 

 D. –1 – 3i 

 
  

Z p
3

� p
3

1+ cosx
x

dx

<latexit sha1_base64="DsBuzcdFVtwKzou2WylVrDvMYIg="></latexit>

Z p
3

� p
3

tanx
x3 dx

<latexit sha1_base64="bnYvVesxcfulquwB2Xy5agYI9N8="></latexit>

Z 1

�1

�
x2 �1

�
e�x2

dx

<latexit sha1_base64="a43ZOTwjBKkhVmTXOj6LofmUThY="></latexit>

Z 1

�1
sin

�
x3� dx

<latexit sha1_base64="jsVLUzEq4La71KlsGv2zTqBac9k="></latexit>

P(z) = 3+ i

<latexit sha1_base64="1x2zAAiy38KrfOhWxNNgSvDA3Pw="></latexit>

P(z)

<latexit sha1_base64="4Mr0Jhfq4chlDbo/waD7wz1/LM0=">AAACMnicbVBLS0JBGJ1rWWYvrXZthiSwjdwbRW0CoU1LA1+gInPH7+rg3Acz35VM/Cdti9r3Z2oXbfsRjY9FagcGDuecD84cN5JCo21/WIm19eTGZmorvb2zu7efyR5UdRgrDhUeylDVXaZBigAqKFBCPVLAfFdCze3fTvzaAJQWYVDGYQQtn3UD4QnO0EjtTKbUlOBhnj42lej28KydydkFewq6Spw5yRWPbvrw9postbNWutkJeexDgFwyrRuOHWFrxBQKLmGcbsYaIsb7rAsNQwPmg26NptXH9NQoHeqFyrwA6VT9ezHyGfYi9B9MlJaFOZ0GFyLM13rouyYxCetlbyL+73FuOuulhuhdt0YiiGKEgM8KerGkGNLJfrQjFHCUQ0MYV8L8kfIeU4yjWTlt1nOWt1ol1fOCc1G4vDcz5skMKXJMTkieOOSKFMkdKZEK4WRAnsgzebHerU/ry/qeRRPW/OaQLMD6+QVNkqt/</latexit>
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Section II 
90 marks 
Attempt Questions 11–16 
Allow about 2 hours and 45 minutes for this section 
 
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available. 
 
For questions in Section II, your responses should include relevant mathematical reasoning and/or 
calculations. 

 
Question 11 (14 marks) Use a SEPARATE Writing Booklet 
 
(a) The quadratic equation z2 + pz + q = 0, where p and q are real, has a root of . 2
 Find the values of p and q. 
 
 

(b) Evaluate . 2 

 
 
(c) Find, correct to the nearest degree, the angle between the vectors  and , given that 3 
 
 . 
 
 
(d) A subset of the complex plane is described by the relation . 

 (i) Draw a neat sketch of this relation. 1 
 
 (ii) Given that z is a complex number that satisfies the relation, find the minimum 2 
  and maximum values of . Give your answers in exact form. 
 
 (iii) Given that z is a complex number that satisfies the relation, find the minimum 2 
  and maximum values of Arg(z), correct to the nearest degree. 
 
 
(e) The equations of lines  and  are given with respect to a fixed origin. 2 
 

    and    

 
 where  and  are parameters and p is a constant. 
 
 What is the value of p if  is perpendicular to ?  

p
2+ i

<latexit sha1_base64="BK8ZglV/bLRK71J5p5tZm1fiO88=">AAACKnicbVDNSwJBHJ21L9u+tI5dhiQQAtmVoi6B0KWjgV+kIrPjqIOzs9vMbyNZ/Ac6d61L1/6aLiFd+0OaVQ+pPRh4vPd+8OZ5oeAaHGdipdbWNza30tv2zu7e/kEme1jTQaQoq9JABKrhEc0El6wKHARrhIoR3xOs7g1vEr/+yJTmgazAKGRtn/Ql73FKwEj3Lf2gIC6Oz3gnk3MKzhR4lbhzkiuln6/D9y+73Mladqsb0MhnEqggWjddJ4R2TBRwKtjYbkWahYQOSZ81DZXEZ7odTyuP8alRurgXKPMk4Kn69yL2CQxC8J9MFFe4OZ0GFyLE13rkeyaRhPWyl4j/e5SaznqpIfSu2jGXYQRM0lnBXiQwBDjZDXe5YhTEyBBCFTd/xHRAFKFg1rXNeu7yVqukViy454WLOzNjHs2QRsfoBOWRiy5RCd2iMqoiiiR6Qa/ozfqwPq2J9T2Lpqz5zRFagPXzCxlDqYY=</latexit>

Z 1

0
tan�1 x dx

<latexit sha1_base64="0DN/8XtJRzjarKD5HYoV8PF1+6M="></latexit>

˜
u

<latexit sha1_base64="NYVExFlGQ/xWbTOzlDz8KP0ShsA=">AAACOXicbVDLSgNBEOz1bXzFB3jwMiiCp7Arih4DHvQYwahgQpid7ejg7Owy0yvGZb/Gq/oDfonH3MSrP+Bk40GjDQNFddXQVWGqpCXff/PGxicmp6ZnZitz8wuLS9XllXObZEZgUyQqMZcht6ikxiZJUniZGuRxqPAivD0a7C/u0FiZ6DPqpdiO+bWWXSk4OapTXW9lOkLDhUBNeYukirDIs6JT3fJrfjnsLwi+wVYdHvrHL2t5o7PsVVpRIrLY/SMUt/Yq8FNq59yQFAqLSiuzmHJxy6/xykHNY7TtvExQsG3HRKybGPc0sZL96chjTjcpxfdOys6ks5bCXxIeW9uLQ6cYiO3obkD+vyuz25ELqXvYzqVOM0Ithgd2M8UoYYMaWSQNClI9B7gw0mVk4oa7HsmVXXHtBaNd/QXnu7Vgr7Z/6mrcgeHMwAZswg4EcAB1OIEGNEFAAY/wBM/eq9f33r2PoXTM+/aswq/xPr8AJnqwLA==</latexit>

˜
v

<latexit sha1_base64="GUPnGgfj4mhvxmp2ktlSW/wZod4=">AAACOXicbVDLSgNBEOz1GeMrPsCDl0ERPIVdUfQoeNBjBKOCCWF2tqODs7PLTG8wLvs1XtUf8Es8ehOv/oCTjQeNNgwU1VVDV4WpkpZ8/9UbG5+YnJquzFRn5+YXFmtLy+c2yYzApkhUYi5DblFJjU2SpPAyNcjjUOFFeHs02F/00FiZ6DPqp9iO+bWWXSk4OapTW2tlOkLDhUBNeYukirDIe0WntunX/XLYXxB8g81DuH87fl7NG50lr9qKEpHF7h+huLVXgZ9SO+eGpFBYVFuZxZSLW36NVw5qHqNt52WCgm05JmLdxLiniZXsT0cec7pJKb5zUnYmnbUU/pLw2Np+HDrFQGxHdwPy/12Z3Y5cSN2Ddi51mhFqMTywmylGCRvUyCJpUJDqO8CFkS4jEzfc9Uiu7KprLxjt6i8436kHu/W9U1fjNgynAuuwAdsQwD4cwgk0oAkCCniAR3jyXrw37937GErHvG/PCvwa7/MLKDiwLQ==</latexit>

˜
u+

˜
v = 3

˜
i�3

˜
j+5

˜
k and

˜
u�

˜
v =

˜
i+

˜
j+

˜
k

<latexit sha1_base64="wstAt4Ngbd6nKFy4BaPEnSv4l30="></latexit>

|z� (2+4i)|= 1

<latexit sha1_base64="YxrcmhrJa4BTTnHrD5iWkt2gxJU="></latexit>

|z|

<latexit sha1_base64="jyKygL/NZAk0QkfOdtIlfrj2R14=">AAACMXicbVBLS0JBGJ1bWWYPtdq1GZLAldwbRW0CoU1LA1+gInPH7+rg3Acz341M/SVtC2rdr3EXbfsTjY9FagcGDuecD84cN5JCo21PrI3NrcT2TnI3tbd/cJjOZI+qOowVhwoPZajqLtMgRQAVFCihHilgviuh5vbvpn7tEZQWYVDGQQQtn3UD4QnO0EjtTLopwcMRfW4q0e3hqJ3J2QV7BrpOnAXJFU9u+/Dxnii1s1aq2Ql57EOAXDKtG44dYWvIFAouYZxqxhoixvusCw1DA+aDbg1nzcf03Cgd6oXKvADpTP17MfQZ9iL0n0yUloU5nQWXIszXeuC7JjEN61VvKv7vcW4665WG6N20hiKIYoSAzwt6saQY0ul8tCMUcJQDQxhXwvyR8h5TjKMZOWXWc1a3WifVi4JzWbh6MDPmyRxJckrOSJ445JoUyT0pkQrhJCYv5JW8WZ/WxPqyvufRDWtxc0yWYP38Ar25q8w=</latexit>

`1

<latexit sha1_base64="mw2jqmn243L+V17TlN+5bgQJAuY=">AAACJnicbVDNSgMxGEzqX121tnr0EixCT2VXlHosePFYoX/QLiWbZtvYbHZJsmJZ+gYevOoT+DTeRLzpM/gCZrc92NaBwDAzH0zGizhT2rY/YW5jc2t7J79r7e0fFA6LpaO2CmNJaIuEPJRdDyvKmaAtzTSn3UhSHHicdrzJdep37qlULBRNPY2oG+CRYD4jWBup3aecD5xBsWxX7QxonTgLUq4Xvms/j81aY1CCVn8YkjigQhOOleo5dqTdBEvNCKczqx8rGmEywSPaM1TggCo3yerO0JlRhsgPpXlCo0z9e5EEWI8jHTyYKGoyc5oFlyI4UGoaeCaRhtWql4r/e4SYzmqlofav3ISJKNZUkHlBP+ZIhyjdDA2ZpETzqSGYSGb+iMgYS0y0WdYy6zmrW62T9nnVuahe3poZK2COPDgBp6ACHFADdXADGqAFCLgDT+AZvMBX+Abf4cc8moOLm2OwBPj1CyHFqBA=</latexit>

`2

<latexit sha1_base64="wN4WeRz+S55EeHtxotHEUQBpjDU=">AAACJnicbVDNSgMxGMz6W1etrR69BIvQU9ktSj0WvHis0D9ol5JNs21skl2SrFiWvoEHr/oEPo03EW/6DL6A2W0PtnUgMMzMB5PxI0aVdpxPa2Nza3tnN7dn7x8c5o8KxeO2CmOJSQuHLJRdHynCqCAtTTUj3UgSxH1GOv7kOvU790QqGoqmnkbE42gkaEAx0kZq9wljg+qgUHIqTga4TtwFKdXz37Wfx2atMShadn8Y4pgToTFDSvVcJ9JegqSmmJGZ3Y8ViRCeoBHpGSoQJ8pLsrozeG6UIQxCaZ7QMFP/XiQc6XGk+YOJwiY1p1lwKYK4UlPum0QaVqteKv7vYWw6q5WGOrjyEiqiWBOB5wWDmEEdwnQzOKSSYM2mhiAsqfkjxGMkEdZmWdus565utU7a1Yp7Ubm8NTOWwRw5cArOQBm4oAbq4AY0QAtgcAeewDN4sV6tN+vd+phHN6zFzQlYgvX1CyOCqBE=</latexit>

`1 :
˜
r1 =

0

@
1
2
3

1

A+l

0

@
�2
1
4

1

A
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Question 12 (16 marks) Use a SEPARATE Writing Booklet 
 
 
(a) At time t, a particle has the position: 

 x = 3t2,  y = t2 – 2t, z = t3 
 
 (i)  Find the magnitude of the velocity of the particle at time t = 1. 2 
 
 (ii) Find the vector that is the component of the velocity at time t = 1 in the direction 2 
  of . 
 
 
(b) Consider the conditional statement S, where n is a positive integer: 

  S: “If n is not divisible by 12, then n is not divisible by 3.” 
 
 (i) Write, and clearly label, the converse, the contrapositive and the negation of S. 3 
 
 (ii) Determine whether the converse and the contrapositive of S are true or false, 2 
   briefly justifying each answer. 
 
 
(c) Let the point A in the complex plane represent z = 4 + 6i, where O is the origin. 

 Let C be the new position of  after it has been rotated 120° clockwise and its magnitude 
 increased by a factor of 4. 
 

 (i) Find the point C in the form . 2 

 
 (ii) Find the point B in the form x + iy, such that OABC is a parallelogram. 1 
 
 

(d) A particle is undergoing simple harmonic motion about the origin with period  seconds. 4 

 Initially, the particle is at rest 5 metres to the right of the origin. 

 Find the first two times when the particle’s speed is half its maximum speed. 
 
  

˜
u = 2

˜
i�

˜
j+2

˜
k
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Question 13 (15 marks) Use a SEPARATE Writing Booklet 
 
 
(a) Note that each of parts (α), (β) and (γ) use the following definition of z2, but they can be solved 

independently of each other. 
 
 Let z2 = 5 + 5i. 
 
 (α) Find z and express it in the form x + iy, where x and y are real numbers. 3 
 
 (β) If , find w and express it in the form x + iy. 3 
 
 (γ) If iz is a solution to xm + q = 0, where m and q are positive integers, find a  3 
  possible value of m and q. 
 
 
(b) A particle moves in a straight line. At time t seconds, its displacement from a fixed origin 
 is x metres and its velocity is v m/s. 

 The acceleration of the particle is given by . 

 At time t = 0, the particle is at the origin with v = 4 m/s. 
 
 (i) Show that . 3 
 
 (ii) Find an expression for x in terms of t. 3 
 
  

z2w = z2 + z2
p

2
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Question 14 (16 marks) Use a SEPARATE Writing Booklet 
 
 
(a) A particle is projected from a fixed origin, O. 

 There are two forces acting on the particle: gravity and air resistance. 

 The particle’s displacement is measured in metres, and time is measured in seconds.  

 
 (i) The initial horizontal component of the velocity is u. Its subsequent horizontal 3 

  motion is modelled by . 

  Show that the particle’s horizontal displacement is given by . 

 
 (ii) The initial vertical component of the velocity is w. Its subsequent vertical motion 3 

  is modelled by  where g is the acceleration due to gravity. 

  Show that the particle’s vertical displacement is given by 

  . 

 
 (iii) Show that the Cartesian equation of motion is given by 2 

  . 

 
 (iv) Suppose that u = 9 m/s, w = 6 m/s, k = 0.2 and g = 10 m/s2. Determine whether 1 
  the particle will pass over a wall of height 0.15m at a horizontal distance of 9 m 
  from the origin. 
 
 
(b) (i) Prove that , if k4 is even, then k is even. 2 
 
 (ii) Prove that  is irrational. 3 
 
 

(c) If  and a + b = 8, show that . 2 

 
 
 
 
  

dẋ
dt

=�kẋ
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dẏ
dt

=�kẏ�g
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Question 15 (15 marks) Use a SEPARATE Writing Booklet 
 

(a) Use an appropriate substitution to find . 3 

 
 
(b) Let . 
 

 (i) Show that . 1 

 

 (ii) Show that . 1 

 

 (iii) Hence, find . 2 

 
 
(c) Prove by mathematical induction that  4 

     for integers n ≥ 2, 

 

 where  is the nth derivative of . 

 
 
(d) Let m and n be positive integers. 4 

 Use proof by contradiction to show that there is no positive prime number p such that 

 25m2 + 30m + 9 = n2 + p. 

 
  

 
  

Z dx
x
p

1� x
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Question 16 (14 marks) Use a SEPARATE Writing Booklet 
 
 
(a) In △ABC below, D is the point on AC such that AD:DC = 3:1. 

 E is the point on BC such that BE:EC = 1:3. 

 When DE is extended, it meets the extension of AB at F. 

 Let  and . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (i) Show that . 2 

 
 (ii) Find the ratio of AF:BF. 3 
 
 
(b) The point A(–2, 4, 9) is reflected to the point B in the line defined by the equation  3 

 . 

 Find the coordinates of B. 
 
 

(c) (i) Find . 2 

 
 (ii) Use integration by parts to prove that 3 

   . 

 
 (iii) Use the reduction formula in part (ii) to confirm your answer for part (i). 1 
  

 

End of paper 
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˜
b

<latexit sha1_base64="WWWSkemQV2kjMR0HzjfZfmElPf0="></latexit>

�!
AC =

˜
c

<latexit sha1_base64="RMBfCYGHkqnJtRNTYq6+G6LL7Zs="></latexit>

�!
DE =

3
4 ˜

b� 1
2˜

c

<latexit sha1_base64="TxHBPAxYUpL2rkqSAYA0t4ndP7I="></latexit>

˜
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A where l 2 R

<latexit sha1_base64="q9y/ko1zJ2vHI+yG11rwllrNRkI="></latexit>

Z
sin4 x cos3 x dx
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Z
sinm x cosn x dx =

sinm+1 x cosn�1 x
m+n

+
n�1
m+n

Z
sinm x cosn�2 x dx

<latexit sha1_base64="gbJzNp8EeJ4flocXjQ9cVnvSyiU="></latexit>
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