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 Allow about 2 hour 45 minutes for this section. 
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Section I 

10 marks 

Attempt questions 1 - 10 

Allow about 15 minutes for this section 

 

Use the multiple-choice answer page in your booklet to answer Questions 1 – 10. 

 

 
 

 

1) 
Consider the following statement: 

 

“If n is a perfect square, then n is not 2 more than a multiple of 3.” 

 

Which of the following is the negation of this statement? 

 

A) If n is not 2 more than a multiple of 3, then n is a perfect square.                                 

B) n is a perfect square and n is 2 more than a multiple of 3.  

C) If n is 2 more than a multiple of 3, then n is not a perfect square.                                    

D) n is not a perfect square and n is 2 more than a multiple of 3.   

 
 

2) Which of the following expressions is equivalent to ? 

A)          

B)           

C)             

D)     

 

3) A polynomial ( )P z has real coefficients. It is known that:  

      

(1 2 ) 0

(1 2 ) 0

( 3) 0

P i

P i

P

+ =
′ + =
− =

 

What is the minimum possible degree of ( )P z ? 

 

A) 3  

B) 4  

C) 5  

D) 6 
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4) In the Argand diagram the point P represents a complex number. When this number is multiplied 

by 
4

2

(1 )

(1 )

i

i

+
−

 it gave a new complex number. 

 
 

Which of the following points represents the new complex number? 

 

A) K  

B) L  

C) M  

D) N 

 

  

  
  

5) Consider three vectors 2 3 4a i j k= − +
  

 and 3 4b i j k= − + −
  

 and 13 10c i j k= + +
  

. Which of the 

following statements is true? 

A) andb c
 

are perpendicular to a


  

B) andb a
 

are perpendicular to c


  

C) c


is only perpendicular to a


  

D)   c


is only perpendicular to b

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6) Consider the position vector of a particle 2 2cos 2sinr t i t j t k= + +
  

. 

Which of the following statements best describes the motion of the particle? 

 

A) A spiral about the 끫룎 axis in an anticlockwise direction. 

 

B)    A spiral about the ݔ axis in an anticlockwise direction. 

  

C)    A spiral about the 끫룎 axis in a clockwise direction. 

  

D)    A spiral about the ݔ axis in a clockwise direction. 

 

 

    

7) The points A and B have coordinates ( )4,3, 5− and ( )2, 7,6− respectively. Point P lies on the 

interval AB such that : 1: 2PA PB = . What are the coordinates of P? 

 

A) 
10 1 4

, ,
3 3 3

 − − 
 

  

B) 
14 19 26

, ,
3 3 3

 − 
 

  

C) 
4 31 29

, ,
3 3 3

 − − 
 

  

D) 
8 11 7

, ,
3 3 3

 − 
 

 

 

 

  

8) Which of the following is a necessary and sufficient condition for function ( )f x  to satisfy for all 

positive values of a? 

[ ]
0

( ) ( ) 0

a

f x a f a x dx− + − =∫ . 

 

A) ( )f x  is increasing.  

B) ( )f x  is decreasing.   

C) ( )f x  is even. 

D) ( )f x  is odd. 
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9) A particle starts moving along a straight line from rest at the origin. At time t, its velocity is v and  

its displacement from a fixed origin is x. 

If 
2

3

dv

dx v
= , which of the following best describes the particle’s acceleration and velocity? 

 

A) Constant acceleration and constant velocity.   
 

B) Constant acceleration and decreasing velocity.   

  

C) Constant acceleration and increasing velocity.   

  

D) Increasing acceleration and increasing velocity.   

 

 

 

  
 

10) A complex number ω satisfies 2

2

1
0

1
ω ω

ω
+ + =

+
. Which of the following is the correct 

statement about 2026ω ? 

 

A) 2026ω ω=  
 

B) 2026 2ω ω=  

  

C) 2026 3ω ω=  

  

D) 2026 4ω ω=  

 

  

  

  

 End of Section I 
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Section II  (90 marks) 

Attempt Questions 11 - 16 

Allow about 2 hour 45 minutes for this section 

 

Answer each question on the appropriate pages of your answer booklet. Extra paper is available. 

Your responses should include relevant calculations and/or mathematical reasoning. 

 
 

Question 11  (15 marks) 

 

 

a) Given that z and w are two complex numbers, where 1z ai= + and ,w a i a= + ∈ . Find:  

   

 i) z w+ . 1 

   

 ii) Arg( )zw . 2 

   

 
iii) For what value(s) of a, will 

z

w
be purely real? 

2 

   

   

b) If a b i+ =
  

 and 3 2 2b i j k= + −
  

, what is the value of a


? 2 

   

   
 

c) Find 
3

2 9

x
dx

x +∫ . 

 

2 

   

   

   

d) Consider the statement P.   

P: For all integers n, if 2 6 5n n− + is even, then n is odd. 

 

   

 i) Write down the contraposition of P.  1 

   

 ii) Hence prove that the proposition P is true.  2 
 

 
 

 

 
 

 
 

e) Solve 2 (4 2 ) 0z z i− + − = ,giving your answers in the form of x yi+ where x and y are real 

numbers.  

3 
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Question 12  (15 marks) 
 

 
 

a)  The polynomial 4 3 2( ) 8 80P z z z pz qz= − + + − has a root 3 i+ , where p and q are real 

numbers. 

 

   

 i) Find all the roots of ( )P z . 3 

   

 ii) Write ( )P z as a product of two real quadratic factors. 1 

   

   
 

 

b) Show that 
2 2

2 2
a b

a b

+
≥

−
 for and 1a b ab> > . 

 

2 

   

   

c) The lines 
1l and 

2l are given by the equations: 

 1 2

2 2 1 3

: 1 ln , : 3 ln

3 ln 2 1

l r s a l r t a

a

−       
       = + = +       
       
       

 
, where ,s t∈ ∈  and a is a positive 

constant. 

Given that 1l and 2l are perpendicular, what are the values of a? 

3 

   

 

d) By using the substitution tant θ= , or otherwise, evaluate 
4

0

4

5 3cos 2
d

π

θ
θ−∫ .    

 

3 

    

   

e) A particle moves along the ݔ axis in a simple harmonic motion. Its displacement ݔ cm from 

the origin at time t seconds is given by 25 4cos 2x tπ= −  . 

 

 

   

 i) Find the centre and the amplitude of the motion. 2 

   

 ii) Find the distance travelled by the particle in the first 5 seconds. 1 
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Question 13 (14 marks)  

   

a) Prove by contradiction that  2 3 4 5( ) 120 120 60 20 5P x x x x x x= + + + + +   has no double roots. 2 

   

   

   

 

b) Let 

( )

1

2
0

, for 0
1

n n

dx
I n

x
= ≥

+∫ . 
 

   

 
i) Show that ( )1

1 1
2 1 , for 1

2 2
n nn

I n I n
n

+
 = + − ≥  

. 
3 

   

 ii) Hence, evaluate 
3I . 2 

   

   

   

c) A particle of mass 1kg is projected from the origin with initial speed -1msV  at an angle ߙ to 

the horizontal plane.  

The forces acting on the particle are weight force and air resistance of 5v


, where v


 is the 

velocity vector of the particle at time t seconds after the particle is projected.  

Let the acceleration due to gravity be -210msg = . 

 

 

 
 i)  Show that 

5

5

cos
( )

( sin 2) 2

t

t

Ve
v t

V e

α

α

−

−

 
=   + − 

. 
3 

   

 
ii)   Given that 

5

5

250
(1)

(250 3 2) 2

e
v

e

−

−

 
=   + − 

, find V and ߙ. 
2 

   

 iii) Show that the ratio of the horizontal velocity at the origin to the horizontal velocity at the 

maximum height is ( )1 125 3 :1+ .      

2 
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Question 14  (17 marks)  

   

a) Let a, b and c be three positive real numbers. It is known that 1 .a b c+ + =   

   

 
i) Prove that 

1 1 1
9

a b c
+ + ≥ . 

 

2 

   

 
ii) Prove that 

1 1 1
1 1 1 8

a b c

   − − − ≥   
   

.   

 

3 

   

   

b) A particle P of mass m kg is released from rest and falls under its own weight. 

The particle is subject to air resistance of magnitude mkv2 newtons, where v ms-1 is the 

velocity of the particle after it has travelled x metres and k is a positive constant. 

 

   

 
i) Show that ( )2 21 kx g

v e
k

−= − . 
3 

   

 ii) Determine the terminal velocity 
TV  of the particle. 1 

   

 
iii) Show that the particle attains a speed of 

1

2
TV after it has fallen a distance of 

1 4
ln

2 3k

 
 
 

metres. 

 

2 

   

   

 

c) i) Show that 
1

2 2

1

1 1

n

n n

x

x x x

− −

−
=

− −
. 

 

1 

   

 
ii) Hence, or otherwise, find 

4

2
2

, 1, 2,3,...
1n

dx
n

x x
=

−∫ . 
3 

   

 
iii) Show that 

4

2
2

1 2 1

41

n

nn

dx

nx x

 −
>  

−  ∫ . 

 

2 
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Question 15  (14 marks)  

  

a) The acceleration of a particle is 34 16 ,x x x= −  where x is the displacement of the particle 

from a fixed point O after t seconds, in metres.  

Initially the particle is at O and has a velocity of 1msv −
 . 

 

   
 

i) Show that the quantity ( )2 4 22 16x x x− + does not change with time. 2 

   
   
 

ii) Show that when 
31

8
v = , the particle remains in the region 

1 1
.

2 2
x− ≤ ≤  

2 

   
   
 iii) State, with reason, whether the particle is moving in simple harmonic motion. 1 
   
   
   
   

b)  The diagram shows two distinct points A and B that represent the complex numbers w and z 

respectively. These points lie on the circle with centre O and radius r. Let OBA θ∠ = . 

 

 

 
i) Show that ( )cos 2 sin 2z iω θ θ= − + . 2 

   

 
ii) Write down the complex number represented by AB


and deduce that tanz w zθ ω+ = − . 2 

   

 
Question 15 continues on the next page 
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c) The diagram shows the triangular prism ABCDEF, where BCEF is a rectangle. The triangles 

ABC and DEF are equilateral. 

 

Let AB m=


 and CE n=


. X is the midpoint of EF


. 

 

 
i) Use vector methods to show that XD


is perpendicular to EF


. 

 

3 

 
 

 

 

ii) Show that BX BF+
 

is less than the perimeter of the rectangle BCEF. 

 

2 

 
 

 

 
End of Question 15 
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Question 16 (15 marks) 

 
 

a) Use a suitable substitution to evaluate 
4

0

1

cos sec tan
dx

x x x

π

−∫ . 

 
 

4 

 

 
 

 

 
 

 

b) The point A, which represents the complex number 5 4Az i= − − , lies between two parallel 

lines ℓ1 and ℓ2. 

The equations of ℓ1 and ℓ2 are 5 and 12y y= = −  respectively. 

 

The point B, which represents the complex number 
Bz , lies on ℓ1.The point C, which 

represents the complex number 
Cz , lies on ℓ2 such that 2AC AB=  and 

5

6
BAC

π
∠ = . 

 (끫룎஻)ܤ                      

  

 

 

 

 

 

Find the exact value of the complex number 
Cz . 

 

3 

 

 
 

 

 
 

 

Question 16 continues on the next page 
 

 

 

 
 

 
 

 0  

  ݕ 

5π6  ݔ    

ℓ1  

 (끫룎஼)ܥ

ݕ       = 5   

ݕ    = −12   

  (끫룎஺)ܣ

 

  

 

  

ℓ2  



13 

 

c) Let 
0 1 2, , ,..., nz z z z be complex numbers such that  

  
1( 1) ( ) 0k kk z i n k z++ − − = for all { }0,1,2,..., 1k n∈ − . 

 

 

i) Prove, by mathematical induction that 
0

r

r

n
z i z

r

 
=  

 
 for all integers 0r ≥ . 

 

3 

 
 

 

 
 

 

 
It is known that the complex numbers form the identity 

0 1 2 ... 2n

nz z z z+ + + + = . 

 

 
ii) Hence, show that 

0 (1 )nz i= − . 

2 

 
 

 

 
 

 

 

It is known that  

2

0

2
n

m

n n

m n
=

   
=   

   ∑ . (Do NOT prove this) 

 

 

iii) Hence or otherwise show that 
2 2 2 2

0 1 2

(3 1)
...

!

n

n

n
z z z z

n

+
+ + + ≤ . 

 

3 

 
 

 

 
 

 

 
End of Exam 

 

 



2 TRIAL 2026 Solutions

Section I Multiple Choice Questions 1 10

6B113

2 D

3 c

4 D

5 13

Suggestion Solutions

1 negleftPRightarrowQright is PwedgenegQ

P n is a perfectsquare

Q n is not 2 more than a multiple of 3

PwedgenegQ n is a perfectsquare and n is 2 more than

a7

A

8 D

91 C

10 A

multipleof 3

thereforeB is correct answer

2 intfracx3dxx2x1

thereforeintleftleftx1rightfrac1x2x1rightdx

x1
x2x1
x3x3x2x

x2xx2x1
intxdxintdxintfracdxx2xfrac14frac34
fracx22xintfracdxleftxfrac12right2leftfracsqrt32right2
fracx22xfrac2sqrt3tan1leftfrac2x1sqrt3rightC

thereforeD is correct answer

1



3 Since Pleft12iright0 Pleft12iright0

thereforeleft12iright is double root

Polynomial Pleftzright has real coefficients

thereforeleft12iright is also double root

3 is real root of Pz

Pleft0rightneq0

therefore

Minimum possibledegree of PleftZright is 5

Hence C is correct answer

4 left1irightsqrt2sisfracpi4

thereforeleftlangle1irightrangle44cispi

left1irightsqrt2cisleftfracpi4right

thereforeleft1iright22cisleftfracpi2right

Hence
fracleft1iright4left1iright24cispidiv2cisleftfracpi2right
2i

therefore

New complexnumber will be twice as far from the origin

as P with clockwise rotationbyfracpi2

Hence D is correct answer



5 underlinealeftbeginmatrix234endmatrixright 1 utildebleftbeginmatrix341endmatrixright subseteqleftbeginmatrix13101endmatrixright
For perpendicular vectors dot product is zero

thereforeacdotb2left3right3left4right4left1right

612422

bcdotc3left13right4left10right1left1right

394010

ccdota13left2right10left3right1left4right

263040

thereforeunderlineb and a perpendicular to subseteq

Hence B is correct

answer.GThe position of the particle for certain values of t

t 0 2pipi

fracpi2fracpi24 frac3pi2frac9pi24pi2xt2 0 4pi2

y2costz2sint2020
202

0

therefore

particle is rotating in anticlockwise direction in yz plane

starting from 20ranglerightarrowleft02rightranglerightarrowleft20rightrightarrowleft02right

At the same time its x coordinate is increasing at an

increasingrate

mdlgwhtsquare

rtimes Motion of the particle is a spiral about the x _axis in

an anticlockwise direction

Hence 13 is correct answer



7 P lies on nbeta in the ratio AP PB12

overrightarrowABoverrightarrowOBoverrightarrowOAleft21011right

thereforeoverrightarrowOPoverrightarrowOAfrac13overrightarrowAB

left435rightfrac13left21011right

leftfrac103frac13frac43right
thereforeA is correct answer

8

int_0aleftfleftxarightfleftaxrightrightdx0
Let Iint_0afleftxarightdxint_0afleftaxrightdx

I2

I1I1int_0afleftxarightdx
Let xax x0Rightarrowxa

xaRightarrowu0dxdu

thereforeI1int_a0flefturightdu

I2int_0afleftaxrightdx
Let axv x0Rightarrowva

dxdv xaRightarrowv0

thereforeI2int_a0fleftvrightdvint_a0fleftvrightdvint_0afleftvrightdv

thereforeIint_a0flefturightduint_0afleftvrightdvint_aafleftxrightdx



Sinie I0foralla0

thereforeint_aafleftxrightdx0foralla0
fla is odd function

Integralof an oddfunction over a symmetricinterval leftaaright is zero

Conversely if the integral over everysymmetric interval is zero

the function must be odd

thereforeD is correct answer

9 Since fracdvdxfrac23v
therefore

acceleration vfracdvdxvfrac23vfrac23 constant

acceleration is constant

Forvelocity fracdvdtfrac23

dvfrac23dl

Vfrac23tC

The particle starts from rest at the origin
therefore when t0 v0 then c0

thereforeVfrac23x

As t increases v increases

therefore The particle has constant acceleration and

increasing velocity

Hence C is correct answer



10
omega2frac11omega2omega0

omega21omega2rangle1omega1omega2rangle0

omega2omega41omegaomega30

omega4omega3omega2omega10

fracw51w10
w510

thereforeomega51

omega2026leftlangleomega5rightrangle405cdotomega

left1right405w

2

leftlanglebecauseomeganeq1rightrangle

thereforeA is correct

answer.END
OF SECTION I



Section
IQuestion

11alz1ai waiainmathbbR

is zoverlinew1aioverlineleftairight

1aiai

left1arightilefta1rightrangle

ie zwleft1airightleftairight

aia2iai2

aia2ia

ileft1a2right

1 Correct

solution2

Correct

solutionIFindexpressionfor

Zw.Since

a210 and zw is purelyimaginary

thereforeArgleftzomegarightfracpi2
iii fraczwfrac1a1ai

frac1aiaitimesfracleftairightrangleleftairightaa2ilefta21righta21
beginmatrix2ailefta21righta21endmatrix

Forpurelyreal Imleftfraczwright0 2 Corneit

solution1Recognise Imleftfraczwright0thereforefraca21a210a210
a21

apm1



1 b abi b3i2j2k

aib

utildei3underlinei2underlinej2k

2underlinei2underlinej2k

leftqrightsqrtleft2right2left2right2left2right2

sqrt444

2sqrt3

2 Correct

solution1
Correctly find Q

1 c intfracx3x29dx

intfracx3x29dxintxleftx29right9xdxintleftxfrac9xx29rightdxintxdxfrac92intfrac2xx29dx

2 Correct

solution1
Correctlyexpress the

givenintegral in terms

of a bysuitable
substitute

or equivalentmerit

fracx22frac92lnleftx29rightC



I d i If n is not odd then n26n5 is not even Icorrect

solutioniLet n2kkinmathbbZ

then n26n5left2kright26left2kright5

4k212k5

2left2k26k2right1

2 Correctsolution

1 Useproofb

contrapositive or

equivalentmerit

2M1 Since kinmathbbZthereforeMinmathbbZ

thereforen26n5 is odd if n is even and M2k26k2inmathbbZ

Hence P hasbeenprovenby contraposition

I e z2zleft42iright0

By quadraticformula 3 Correctsolution

2 Usesquadraticformula

and sqrt158ipmleft14iright

1 Uses quadratic formula

or finds the Delta158i

z1pmsqrt14left42iright2
frac1pmsqrt1168i2

1pmsqrt158i
To findsq rootsof

15 8i

Let leftaibright2158i

a2b215 2ab8

Solvesimultaneously apm1 bpm4

thereforesqrt158ipmleft14iright

thereforezfrac1pmleftlangle14irightrangle2

frac24i2frac4i2
12i2i



Question 12

a Pleftzrightz48z3pz2qz80

As the coefficients of this polynomial are real the conjugate

of the root left3irightrangle which is 3i is also a root

Let the roots of PIZ be

left3irightleft3iright alphabeta

Sum of roots left3irightleft3irightranglealphabeta8

6alphabeta8

alphabeta2

Productof roots left3irightleftlangle3irightranglealphabeta80

10alphabeta80

alphabeta8

The quad eq with α and β is

z22z80

leftz4rightleftz2right0

thereforez4ar2

3 CorrectSolution

2 Significantprogres

tofind all fourroots

1 Recognise 3i as

secondroot

Hence four roots are 3i3i42

ie Pleftzrightleftz3irightleftlanglez3irightrangleleftz4rightleftz2right

leftleftlanglez3rightrangle2i2rightleftz22z8right

leftz26z91rightleftz22z8right

leftz26z10rightleftz22z8rightrangle

1 Correctsolution



2 Correct solution

1 Significant progress

towardsproofbyusing

givenconditions ab

and ab1 or AM

GM.b

a2b2leftabright22ab

leftabright22

fraca2b2abgeqleftabrightfrac2leftabright

geq2sqrtleftabrightfraczleftabright
2sqrt2

Hence proved

left
because
ab1right

because
ab

because
AMleftGMright

C Since l1botl2
therefore

Dot productof their directionvector is zero

i e

leftbeginmatrix2lnalnaendmatrixrightcdotleftbeginmatrix3lna1endmatrixright0
3 Corre it

solution2Solve the quadratic

equatiinlua6leftlnaright2lna0

leftlnaright2leftlnaright60

leftlna37lna2right0

lna3 or lna2

ae3 or ae2

I Use dotproduct



12d

int_0fracpi4frac453costhetadtheta
Let ttanomega

dtsec2thetadtheta
dtleft1tan2thetarightdu
dtleft1t2rightdtheta

At a0 1 t0

thetafracpi4 t1

dUfracdt1t2thereforeint_0pi4frac4dd53costhetaint_01frac453fracleft1t2rightleft1t2rightcdotfracdtleft1t2right
int_01frac4dt5left1t2rightrangle3leftlangle1t2rightrangle

int_01frac4dt28t2int_01frac2dt14t2lefttan121

right
01tan12tan10tan12

3 Correctsolution

2 FindsPrimitive function

1 Express integrand in

termsof t



12e is x54cos22pit

x52left2cos22pitright

52left1cos4pitright

32cos4pit

therefore Centre of motion 3

Amplitude 2

leftbecause2cos2theta1cos2thetaright

2 Correct solution

1 Correctcentre of motion

or amplitude or express

x32cos4pit

I correctsolution.PeriodleftTrightfrac2pi4pifrac12
Since Amplitude 2 can

therefore In
every frac12 second particle

travel Sim

thereforeln 5 seconds particle will travel 8times2times580cm

ii



Question 13

a Pleftxright120120x60x220x35x4x5

By Contradiction

Let Pleftxright has double root at xalpha

thereforePleftalpharight0 and Pleftalpharight0

Pleftxright120120x60x220x35x4

PleftxrightPleftxrightx5

thereforePleftalpharightPleftalpharightalpha5

Since PleftalpharightPleftalpharight0

thereforealpha50

Rightarrowalpha0

therefore

Double root is at x0

However Pleft0right120neq0

which is a

contradiction.Henie
Pleftlanglexrightrangle has no double root

2 Correct solution

Obtains Pleftlanglexrightranglehasdouble

root at xalpha

Pleftalpharight0Pleftalpharight



b

Inint_01fracdxleft1x2rightnngeq0
dvdxLet xleftlangle1x2rightranglen

vx

du2nxleft1x2rightn1thereforeInleftxleft1x2rightnright012nint_01x2left1x2rightn1dxleft1left11rightn0right2nint_01fracx211left1x2rightn1dx2n2nint_01leftfracx21left1x2rightn1frac1left1x2rightn1rightdx2n2nint_01leftfrac1left1x2rightnfrac1left1x2rightn1rightdxfrac12n2nleftInIn1rightfrac12n2nIn2nIn12nIn1frac12n2nInIn

2nIn1frac12nleft2n1rightIn

In1frac12nleftfrac12nleft2n1rightInright
Hence shown

3 Correct solution

2 uses an appropriate

techniquetofind In or

In1 afterapplying
integrationby

parts1Applies integration

byparts



ii Sub n2 in part is

I3frac14leftfrac143I2right

frac116frac34I2

I2frac12leftfrac12I1right

frac14frac12I1

I1int_01fracdx1x2lefttan1xright01tan11tan10
2 Correct solution

Attempts to use previous

result as a recurrence

formula to find I2 or I3

or find I1fracpi4

fracpi4

thereforeI2frac14fracpi8

I3frac116frac34leftfrac14fracpi8right
frac116frac316frac3pi32

frac14frac3pi32
C is Massof particle

1kg.Forcesare

Gravitationforce Fgleft010right
Air resistance 5v

mamFg5v

aleftbeginmatrix010endmatrixright5vHenceC becausem1

thereforeleftbeginmatrixddotxddotyendmatrixrightleftbeginmatrix5x105yendmatrixright



Vertical component

ddoty5y10

fracdydt5lefty2right

fracdyj25dt
intfracdyj25intdt
lnleftjzright5tC

yze5tc

ybetae5t2
At t0 yvsinalpha

thereforebetaVsinalpha2

Horizontal component

ddotx5x

or fracdxdt5x

intfracdxx5intdt
lnx5tC

xe5tc

xAe5tleftAecright

At t0xVcosalpha

thereforeAVcosalpha

Hense xVe5tcosalpha

leftBeCright

Hence yleftlanglevsinalpha2rightranglee5t2
Hence underlinevlefttrightVe5tcosalphaleftVsinalpha2righte5t2

3 Correct solution

2 Correctly find x or y
1 Express underlineaEsimg5v or ddotx5x

ddoty5y10



di Sub t1 in part i

thereforesimeqleft1rightleftbeginmatrixVe5cosalphaleftVsinalpha2righte52endmatrixright
However given that Vleft1rightleftbeginmatrix250e5left250sqrt32righte52endmatrixrightrightarrowinfty

Equate Vcosalpha250 Vsinalpha250sqrt3

thereforeV2left250right2left250sqrt3right2RightarrowV500ms

tanalphasqrt3Rightarrowalpha60circ 2 Correct

solution7Correct value for V
or a or finding
twoequation
V cost 250

V sin alpha250sqrt3

in Sub V500 and alpha60circinunderlinenulefttright

utildeVtrangleleftbeginmatrix500e5tcos60circleft500sin60circ2righte5t2endmatrixrightleftbeginmatrix250e5tleft250sqrt32righte5t2endmatrixright
At t0 horizontalvelocity is x250

Let at time tT the particle reaches at max height
therefore At tT cdoty0

thereforeleft250sqrt32righte5T20

e5Tfrac2250sqrt32
frac1125sqrt31



therefore

At tT Horizoncontalvelocity is x250e5T

thereforexfrac250121sqrt31 2 Correct

solutionRatioof two horizontal velocities isI find time at max

height or horizontal

velocityat max

height250frac250125sqrt31left125sqrt31right1
Hence

shownQuestion

14asince abcinmathbbR

AM GM Property

leftbecauseabc1right

thereforefracabc3geqsqrt3abc

thereforefrac13geqsqrt3abc
Also for ab10

thereforefracfrac1afrac1bfrac1c3geqsqrt3frac1acdotfrac1bcdotfrac1c
frac1afrac1bfrac1cgeq3leftsqrt3frac1abcright

frac1afrac1bfrac1cgeq3
3

leftbanmathbbQfrac1sqrt3abcgeq3right

thereforefrac1afrac1bfrac1cgeq9
2 Correctsolution.Henceproved

1 Uses AMGMalongwith

substitutionof abc1



ii LcdotHcdotSleftfrac1a1rightleftfrac1b1rightleftfrac1a1right

leftfrac1aarightleftfrac1bbrightleftfrac1carightleft1arightleft1brightleft11rightabc
1leftabcrightrangleleftabbccarightrangleabcabc

leftbecauseaba1right

frac11abbcaaabcabcbeginmatrixabbccaabcabcendmatrixfracababcfracbcabcfracxaabcfracabcabc

frac
1c

frac
1a

frac
1b1

geq
918R

cdot
H

cdot
S

Bypart is

3 Correctsolution

2 Significant progress towards

the solutionusingthe result

ofpart is

1 Correctly expand 2HS leftfrac1a1rightleftfrac1b1rightfrac11
or equivalent

meritHence

proved



1411Att
0 v0 Equationofmotion

mddotxmgmkv2

thereforeddotxgkv2

vfracdvdxgkv2

fracdxdvfracvgkv2

3 Correct
solutionmkv

2 Finds a as a

functionofv

1 Correctexpressionfor

the resultant
force.mgdirect_
ofmotion

xfrac12klnleftgkv2rightc
At x0 v0Rightarrow0frac12klngC

thereforexfrac12klngfrac12klnleftgkv2right

frac12klnleftfracggkv2right

2kxlnleftfracggkv2right
e2kxfracggkv2

gkv2ge2kxkv2gge2llxv2fracgkleft1e2kxright
ii As xrightarrowinftyv2rightarrowfracgkleftbecausee2kxrightarrow0right

thereforeVTsqrtfracgK

1 Correctsolution



ie when Vfrac12VTfrac12sqrtfracgk

V2frac94k
Sub in fracg4kfracgkleft1e2kxright

frac141e2kx
e2kx1frac14

e211xfrac34
e2kxfrac43

2kxlnfrac43

2 Correctsolution

1 Sub Vfrac12VT in the

expressionofpartis or

equivalentmeritxfrac12klnfrac43
Hence Shown

1 CorrectsolutionCi

LcdotHcdotSfrac1xsqrtx2n1frac1xsqrtx2nleft1x2nright
1sqrt1x2n

beginmatrixx1nsqrt1x2nendmatrix
RcdotHcdotS



Cii

int_24frac1xsqrtx2n1int_24fracxn1sqrt1leftxnright2dx
x2Rightarrowu2nLet xxn

x4Rightarrowx44dunxn1dx

3 Correctsolution

2 Findstheprimitivefunction

1 Usespart i torearrange
integrandandsubstitute

frac1nint_2n4nfrac1sqrt1u2dufrac1nleftcos1uright24nfrac1nleftcos1left4nrightcos1left2nrightright

uxnor equivalentmerit

orfrac1nleftsin1left4nrightsin1left2nrightright

leftbecausex2nx2n1rightlie

int_24fracdxxsqrtx2n1int_24fracdxxsqrtx2n

int_24fracdxxn1int_24xleftn1rightrangledx
frac1nleftxnright24
frac1nleft4n2nright
frac1nleft2n4nright
frac1nleftfrac12nfrac14nright
frac1nleftfrac2n14nright
2 Correct solution

1 Identifies x2nx2n1

Hence

shownor
equivalent merit



Question 15

ddotx4x316x

xfracdxdx4x316x

v

x ̅

int_0xdxint_0xleft4x316xrightdx
leftfracx22rightv0xleftx48x2right0x
frac12leftoverlinex2v02rightx48x2
x2v022x416x2

x22x416x2v02

a

2 correctsolution

1 Uses x ̅fracdxdx or

equivalent

merit.Sincev02 is constant therefore leftlanglexrightrangle22x416x2 does not

change with time

Alternatively

To show leftxright22x416x2 does not change with time we

can show leftxright22x416x2 constant

fracddtleftleftxright22x416x2right2xddotx8x3x32xx
2xleftddotx4x316xright

leftbecauseddotx4x316xright2xleftddotxddotxright

0 2 correct

solutionSincefracddtleftx22x416x2right0 I Correctlydifferentiate the

givenquantity
wir t time

thereforex22x416x2 constant



2 correct solution

1 Uses the factthat

1n s2geq0 to find the
region.A

in when v0sqrtfrac318leftlanglexrightrangle22x416x2frac318

leftxright22x416x2frac318

frac18left16x4128x231right

frac18left4x231rightleft4x21right
Since leftxright2geq0

thereforeleft4x231rightleft4x21rightgeq0

left2xsqrt31rightleft2xsqrt31rightleft2x1rightleft2x1rightgeq0
nicefrac12 nicefrac12

fracsqrt312 fracsqrt312

However as x0 when t0 therefore particle

mustremainsin the region frac12leqxleqfrac12

I correctsolution.Aiii ddotx4x316x2

4x2leftx4right which is not in the formof ddotxn2x

therefore

Theparticle is not moving in simpleharmonic motion



15b
wedge

e In DOAB

Since LOBA a

therefore LOABtheta

thereforeBOA pi2theta Angle sum of DOAB

thereforezomegacisleftpi2thetarightrangle

wleftcosleftpi2thetarightisinleftpi2thetarightright

omegaleftlanglecos2thetaisin2omegarightrangle

B Athetaleftarrow

zntheta 7w

0

zc becauseOAOBrangle

2 CorrectSolution.Hence

shown.I FindLBOA orequivalent

merit.itoverrightarrowABZomega

overrightarrowOCZ

overrightarrowCAoverrightarrowOAoverrightarrowOC

omegaZ

In DABC angleBACfracpi2 Angle in semicircle

2 Correct solution

I find
overrightarrow

AB or
overrightarrow

AC or

angleBACfracpi2 or equivalent

merit

thereforetanthetafracleftoverrightarrowACrightleftoverrightarrowABright

fracleftwzrightleftzwrightthereforezwtanomegazw



D

15c
A

vdots

1i E

iii
aim

a a inning x

cB

leftoverrightarrowABrightmleftoverrightarrowCErightn 1 overrightarrowXFfrac12overrightarrowEF overrightarrowXEfrac12overrightarrowFE
is To show overrightarrowXDbotoverrightarrowEF prove that

overrightarrow

XD overrightarrowEF0

overrightarrowXDoverrightarrowXFoverrightarrowFD

frac12overrightarrowEFoverrightarrowFD

overrightarrowXDcdotoverrightarrowEFleftfrac12overrightarrowEFoverrightarrowFDrightcdotoverrightarrowEF
frac12overrightarrowEFcdotoverrightarrowEFoverrightarrowFDcdotoverrightarrowEF

frac12leftoverrightarrowEFright2overrightarrowFDcdotoverrightarrowFE

3 Correct

Solution2
Applies theproperty

ofequilateral
Δ tothedotproduct

orequivalentmerit

1 Express overrightarrowXDoverrightarrowXFoverrightarrowFD orattempt

to use dotproduct
overrightarrowXDcdotoverrightarrowEF

frac12leftoverrightarrowEFright2leftoverrightarrowFDrightleftoverrightarrowFEright CosLDFE

frac12m2leftmtimesmtimescos60circright

frac12m2frac12m20
thereforeoverrightarrowXDbotoverrightarrowEF

Δ DEFisequilateral
therefore

LDFE 60

2 CorrectSolutioniiJoin B to x In Δ BFX

leftoverrightarrowBXrightleftoverrightarrowbetaFrightleftoverrightarrowFXright BytriangleInequality

nfrac12mleftbecauseleftoverrightarrowBFrightnleftoverrightarrowFXrightfrac12leftoverrightarrowFErightright

thereforeleftoverrightarrowBXrightleftoverrightarrowBIrightnfrac12mn
frac12m2n
2m2n

I Usetriangle

inequalior
equivalentmerit

2leftmnright which isperimeterof rectangle

BCEF.Henceshown



Question16

a

int_0fracpi4cosxsqrtsecxtanxdx

int_0fracpi4fracSecxsqrtSecx tann
dx

At x0Rightarrowxser0tan01

At xfracpi4Rightarrowusinfracpi4tanfracpi4Let s1x tause u

angleseasetanne sta2xdxdx

secx an leftxseaxrightdxdu

S1ixdxfracdux

sqrt21

thereforeint_0fracpi4fracSecxsqrtSecx tann dxint_1sqrt21frac1sqrtuleftfracduuright
int_1sqrt21x32du
2leftu12right1sqrt21
2leftfrac1sqrtsqrt211right

frac2sqrtsqrt212

4 Correitsolution

3 Correctly integrate
aftersubstitution

2 Express x in termsof

a alongwithbothlimits

1 Express x in termsof u

aftersubstitution



wedgey16b Aleft54right Let Bleftb5right

and Cleftc12right

overrightarrowAC2overrightarrowABleftcosfrac5pi6isinfrac5pi6right
2overrightarrowABleftfracsqrt32ifrac12right

overrightarrowACoverrightarrowABleftsqrt3iright

overrightarrowACleftc5right8i

overrightarrowABleftb5right9i

y5Bleftb5rightx
l1

pm
leftharpoondown

frac5pi6rhocdot4A

l2alphacdotCleft912right y12

thereforeleftc5right8ileftleftb5right9irightleftsqrt3iright

leftsqrt3leftb5right9rightileftleftb5right9sqrt3right
Compare real and imaginary parts

8leftb5right9sqrt3Rightarrowb9sqrt313

c5sqrt3leftb5rightrangle9

Csqrt3left9sqrt3135right95

278sqrt314

8sqrt341

3 Correctsolution

2 Equatingrealandimaginarypart

to find b9sqrt313 or significant

progresstowardssolution

1 Express overrightarrowAC2overrightarrowABcisfrac5pi6

thereforeZc8sqrt34112i



16c is Letstatement Sleftrright be ZrirleftbeginmatrixnrendmatrixrightZ0
Prom Sleft0right is true let r0

hcdotHcdotSZ0

RcdotHcdotSi0leftbeginmatrixn0endmatrixrightZ0
1leftZ0right

z0

thereforeSleft0right is true

4key
points1
Provingtrueforn o
2 Clearlystating the
assumptionandwhat
tobeproved

3 Usingtheassumption
in the proof

4 Correctlyproving
therequired

result3Correctlydoneall 4

keypoints
2 Correctlydone 3outof
4keypoints.AssumeSleftpright is true for pgeq0

i e zpipleftbeginmatrixnpendmatrixrightz
Prove Sleftp1right is true

i e zp1ip1leftbeginmatrixnp1endmatrixrightZ0
Sub Zp in given condition

thereforeleftp1rightZP1ileftnprightZP0

1 Correctlydone 2out
4keypoints

leftp1rightzP1ileftnprightzP

zP1ileftfracnpP1rightZP
ileftfracnpp1rightcdotipleftbeginmatrixnpendmatrixrightz0 using

ip1leftfracnpp1rightfracnpleftnprightz0iP1fracnleftP1rightleftnP1rightZ0ip1leftbeginmatrixnp1endmatrixrightZ0
Hence true for Sleftp1right if true for sleftpright

Sleftpright true Sleftp1right true and Sleftoright is true Thereforebyprinciple

ofmathematicalinduction Sleftrright is true for all integers rgeq0



16c in Using the given identity

z0z1z2ldotszn2n

z0ileftbeginmatrixn1endmatrixrightz0i2leftbeginmatrixn2endmatrixrightz0ldotsinleftbeginmatrixnnendmatrixrightz02n
using the result ofpartis

Z0left1ileftbeginmatrixn1endmatrixrighti2leftbeginmatrixn2endmatrixrightldotsi2leftbeginmatrixnnendmatrixrightright2nz0left1irightn2nz0leftfraca1irightnleftfrac21itimesfrac1i1irightnleftfrac2left1iright2rightn 2 Correct solution

1 Uses resultofpartis to

get z0left1irightn2n

left1irightn

Hence

shown.Ciii z02z12z22ldotszn2

z02ileftbeginmatrixn1endmatrixrightz02i2leftbeginmatrixn2endmatrixrightz02ldotsinleftbeginmatrixnnendmatrixrightz02

leftz0right2leftleftbeginmatrixn0endmatrixright2leftbeginmatrixn1endmatrixright2leftbeginmatrixn2endmatrixright2ldotsleftbeginmatrixnnendmatrixright2right
because

Giventhat sum_m0nleftbeginmatrixnmendmatrixright2leftbeginmatrix2nnendmatrixright
leftleft1irightnright2leftbeginmatrix2nnendmatrixright2nleftbeginmatrix2nnendmatrixright
left2nrightnn

2nfrac2nnleft2nrightleft2n1rightleft2n2rightldotsleftn1rightleqfrac2nnleft2nleft2n1rightleft2n2rightldotsleftn1rightrightn AMIGM inequality
n

frac2nnleftfrac3n12rightn Taking sum of AP

fracleft3n1rightnn



2nleft2n1rightleft2n2rightldotsleftn1right

is an AP with a numberof terms with common different

thereforeSnfracn2leftalright

fracn2left2nleftn1rightright

fracnleft3n1right2 3 Correct solution

2 Obtains 2nleftbeginmatrix2nnendmatrixrightbyusing

z0left1irightn

I Attempts to applythe result

ofpartis OR the sum

provided.ENDOfEXAM
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