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Mathematics: analysis and approaches HL | Paper 1 | May 2021 TZ1 | Q1 | 5 marks

Answer all questions. Answers must be written within the answer boxes provided. Working may be

continued below the lines, if necessary.

1. [Maximum mark: 5]

The graph of y =f(x) for -4 <x <6 is shown in the following diagram.

Section A

4

(@) Write down the value of
0 f(2;
(i)  (f/)2).

(b) Let g(x) =%f(x)+1 for -4 <x < 6. On the axes above, sketch the graph of g.

(2]
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Mathematics: analysis and approaches HL | Paper 1 | May 2021 TZ2 | Q7 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
7. [Maximum mark: 5]

The cubic equation x’ — kx” + 3k = 0 where k> 0 has roots o, § and o + 3.

2
Given that aff = —%, find the value of k.

|H |||||||||||||||||”|I|||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 2 | May 2021 TZ1 | Q11 | 20 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

1.

[Maximum mark: 20]

The function f is defined by f(x) = %,forx eR, x#p,x#q.
x —

(@) Find the value of p and the value of g.

(b) Find an expression for f'(x).

The graph of y = f(x) has exactly one point of inflexion.

(c) Find the x-coordinate of the point of inflexion.

(d) Sketch the graph of y = f(x) for -3 <x < 3, showing the values of any axes intercepts,

the coordinates of any local maxima and local minima, and giving the equations of
any asymptotes.

2

The function g is defined by g(x) = -
3x+2

,forxeR, x;t—%.

(e) Find the equations of all the asymptotes on the graph of y = g(x).

(f) By considering the graph of y = g(x) — f(x), or otherwise, solve f(x) < g(x) for x € R.

(2]
(3]

(2]

[5]

(4]

[4]

||| |||||||||||||||||||| ||||| Tuirn aver
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Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 2 | May 2021 TZ2 | Q4 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 6]

The functions f and g are defined for x € R by f(x)=6x"— 12x + 1 and g(x) = —x + c,
where ¢ € R.

(a) Find the range of f. [2]

(b) Giventhat (gof)(x)<0 forall x € R, determine the set of possible values for c. [4]

|H ||||||||| |||||||||| ‘" ||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 2 | May 2021 TZ2 | Q5 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 7]

All living plants contain an isotope of carbon called carbon-14. When a plant dies, the isotope

decays so that the amount of carbon-14 present in the remains of the plant decreases. The

time since the death of a plant can be determined by measuring the amount of carbon-14 still

present in the remains.

The amount, A4, of carbon-14 present in a plant ¢ years after its death can be modelled by
A=A4,"" where t>0 and 4,, k are positive constants.

At the time of death, a plant is defined to have 100 units of carbon-14.
(@) Show that 4,=100. (1]

The time taken for half the original amount of carbon-14 to decay is known to be 5730 years.

In2
(b) Show that k = ——=_. 3]
5730
(c) Find, correct to the nearest 10 years, the time taken after the plant’s death for 25 % of
the carbon-14 to decay. [3]
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Mathematics: analysis and approaches HL | Paper 2 | May 2021 TZ2 | Q12 | 21 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

12. [Maximum mark: 21]

x*+1

2 —
Afunction f is defined by f(x):arcsin(x 1) ,xeR.
(@) Show that f is an even function. [11

(b) By considering limits, show that the graph of y = f(x) has a horizontal asymptote and
state its equation. [2]

2x
J;(xz +1)

(i) By using the expression for f'(x) and the result \/x_2= |x , show that f is
decreasing for x < 0. [9]

(c) (i) Showthat f'(x)= forxeR, x#0.

2

A function g is defined by g(x)= arcsin(x2 +J ,xeR,x>0.
X

(d) Find an expression for g '(x), justifying your answer. [5]
(e) State the domain of g . [1]

(f)  Sketch the graph of y = g”'(x), clearly indicating any asymptotes with their equations
and stating the values of any axes intercepts. [3]

References:

© International Baccalaureate Organization 2021

Apollo | Original source crop | 7



Mathematics: analysis and approaches HL | Paper 2 | May 2021 TZ2 | Q12 | 21 marks
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Mathematics: analysis and approaches HL | Paper 1 | Nov 2021 | Q2 | 9 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 9]

The function f is defined by f(x)= 23x+4 ,where x e R, x#3.
-Xx

(a) Write down the equation of

(i)  the vertical asymptote of the graph of f;

(ii)  the horizontal asymptote of the graph of f. [2]
(b) Find the coordinates where the graph of f crosses

(iy the x-axis;

(i) the y-axis. (2]

(This question continues on the following page)
[N
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Mathematics: analysis and approaches HL | Paper 1 | Nov 2021 | Q2 | 9 marks

(Question 2 continued)

(c) Sketch the graph of f on the axes below.

(CIO VAN Rl BN RV

[1]

15 1

10 4

15 -10 -5 0 5 10 15

—10 -

_15_

The function g is defined by g(x):C;X—M, where x € R, x#3 and a € R.
-Xx

(d) Given that g(x) = g "' (x), determine the value of a.

[4]

||| ||||||||| |||||||||| ||| ||| Turn nver
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Mathematics: analysis and approaches HL | Paper 1 | Nov 2021 | Q3 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 5]

Solve the equation log3f: o1 !

+log3(4x3), where x > 0.
25}

Apollo | Original source crop | 13



Mathematics: analysis and approaches HL | Paper 1 | Nov 2021 | Q7 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
7. [Maximum mark: 7]
The equation 3px’ + 2px + 1 = p has two real, distinct roots.
(a) Find the possible values for p. [5]
(b) Consider the case when p = 4. The roots of the equation can be expressed in

ai\/ﬁ
6

the form x =

, Where a € 7Z. Find the value of a. [2]
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Mathematics: analysis and approaches HL | Paper 2 | Nov 2021 | Q10 | 18 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 18]

T_x-12 1
Consider the function f'(x)= % ,xeR, x# ?5 .
x—

(@) Find the coordinates where the graph of f crosses the

(i) x-axis;
(i)  y-axis. [3]
(b)  Write down the equation of the vertical asymptote of the graph of £ [1]

(c) The oblique asymptote of the graph of f can be written as y =ax + b where a, b € Q.
Find the value of a and the value of 5. [4]

(d) Sketch the graph of f for —30 <x < 30, clearly indicating the points of intersection with
each axis and any asymptotes. [3]

(e) (i) Express in partial fractions.

L
/(%)

3
(i)  Hence find the exact value of J.
0

! dx , expressing your answer as a
/(%)
single logarithm. [7]

||| |||||||||||||||||"| ||||| Tuirn aver
1°T

vuc 1T ive

Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 1 | Specimen 2021 | Q4 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 5]

The following diagram shows the graph of y = f(x). The graph has a horizontal asymptote
at y =—1. The graph crosses the x-axis at x=—1 and x =1, and the y-axis at y =2.

y

4

y=f)

On the following set of axes, sketch the graph of y = [f(x)]2+ 1, clearly showing any
asymptotes with their equations and the coordinates of any local maxima or minima.

|H||||||||||I|‘|||”||||I|| Turn nver
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Mathematics: analysis and approaches HL | Paper 1 | Specimen 2021 | Q5 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 5]

x+3

The functions f and g are defined such that f(x) = and g(x)=8x+5.

(@) Show that (go f)(x)=2x+11. [2]

(b) Giventhat (go f)'(a) =4, find the value of a. [3]

Apollo | Original source crop | 17



Mathematics: analysis and approaches HL | Paper 1 | Specimen 2021 | Q9 | 8 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

9. [Maximum mark: 8]

The function f is defined by f(x) =e*—6e'+5,xeR, x <a.The graph of y = f(x) is
shown in the following diagram.

y

N

5._

4-_

2._

} t > X
-2 0 2

24

-4+
(@) Find the largest value of a such that f has an inverse function. [3]
(b)  For this value of a, find an expression for /' (x), stating its domain. [5]

(This question continues on the following page)
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Mathematics: analysis and approaches HL | Paper 1 | Specimen 2021 | Q9 | 8 marks

i B B (IR NIV RN PaVaVl N IR PSSR RN)A IRV VA VAN

(Question 9 continued)

||| ||||||||| |||||||||||||||| Tirn aver
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Mathematics: analysis and approaches HL | Paper 1 | Specimen 2021 | Q9 | 8 marks
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Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 2 | Specimen 2021 | Q9 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

9. [Maximum mark: 5]

2
X

Consider the graphs of y = 3 and y=m(x+3),meR.

Find the set of values for m such that the two graphs have no intersection points.
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Mathematics: analysis and approaches HL | Paper 2 | Specimen 2021 | Q9 | 5 marks
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Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 3 | Specimen 2021 | Q2 | 25 marks

2. [Maximum mark: 25]

This question asks you to investigate some properties of the sequence of functions of the
form f (x) = cos(narccosx),-1<x<1and neZ".

Important: When sketching graphs in this question, you are not required to find the
coordinates of any axes intercepts or the coordinates of any stationary points unless requested.

(@) On the same set of axes, sketch the graphs of y = f,(x) and y = f;(x) for -1 <x<1.

(b) For odd values of n > 2, use your graphic display calculator to systematically vary the
value of n. Hence suggest an expression for odd values of n describing, in terms of =,
the number of
(i)  local maximum points;

(ii)  local minimum points.

(c) Onanew set of axes, sketch the graphs of y = f,(x) and y = f,(x) for -1 <x<1.

(d) For even values of n > 2, use your graphic display calculator to systematically vary
the value of n. Hence suggest an expression for even values of n describing, in terms
of n, the number of
(i) local maximum points;

(ii)  local minimum points.

(e) Solve the equation f,'(x) = 0 and hence show that the stationary points on the graph

k
of y=f (x) occur at x = cos—~ where ke Z" and 0 <k<n.
n

The sequence of functions, f (x), defined above can be expressed as a sequence of
polynomials of degree n.

(f)  Use an appropriate trigonometric identity to show that £, (x) = 2x*—1.

Consider f,

n

. (x)=cos((n+ 1)arccosx).

() Use an appropriate trigonometric identity to show that
/.., (x) = cos(narccosx)cos(arccosx) — sin(narccosx) sin (arccosx).

(h) Hence
(i) showthat f,  ,(x)+f ,(x)=2xf(x),neZ";

(i) express f;(x) as a cubic polynomial.

(2]

(4]
(2]

[4]

(4]

(2]

(2]

[3]
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Mathematics: analysis and approaches HL | Paper 1 | May 2022 TZ1 | Q5 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 7]

Consider f(x) =4sinx +2.5 and g(x)= 4sin(x—37n]+2.5+q ,Where x € R and ¢ > 0.

The graph of g is obtained by two transformations of the graph of f.

(a) Describe these two transformations. [2]
The y-intercept of the graph of g is at (0, ).

(b) Given that g(x) > 7, find the smallest value of r. [5]
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Mathematics: analysis and approaches HL | Paper 1 | May 2022 TZ2 | Q3 | 8 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 8]

A function f is defined by f(x)z%, where x e R, x#—1.
(a) The graph of y =f(x) has a vertical asymptote and a horizontal asymptote.

Write down the equation of

(iy  the vertical asymptote;

(i)  the horizontal asymptote. [2]
(b)  On the set of axes below, sketch the graph of y =f(x) .

On your sketch, clearly indicate the asymptotes and the position of any points of
intersection with the axes. [3]

2x—1

(c) Hence, solve the inequality 0 < <2. [11

x+1

, , 2[x|-1
(d) Solve the inequality 0 < ————<2. [2]
|x|+1

(This question continues on the following page)
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Mathematics: analysis and approaches HL | Paper 1 | May 2022 TZ2 | Q3 | 8 marks

R e

(Question 3 continued)

||| ||||||||| |||||||||| ||| ||| Turn aver
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Mathematics: analysis and approaches HL | Paper 1 | May 2022 TZ2 | Q11 | 20 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

1. [Maximum mark: 20]

Afunction 1 is defined by f(x):%,wherexeR,x;t—l,x;t3.
X —4X—

(a) Sketch the curve y =f(x), clearly indicating any asymptotes with their equations. State
the coordinates of any local maximum or minimum points and any points of intersection
with the coordinate axes. [6]

1
A function g is defined by g(x)zﬁ, where x € R, x> 3.
X' =2x—

(b) Theinverse of g is g .

Vaxt +x

()  Showthat g (x)=1+
X

(i)  State the domain of g'. [7]
A function 7 is defined by A (x) =arctan§, where x € R.
(c) Giventhat (hog)(a) =§ , find the value of a.

Give your answer in the form p+%\/;, where p,q,r e 7 . [7]

|H ||||||| || ||||||||||| || ||| Turn aver

Apollo | Original source crop | 27



Mathematics: analysis and approaches HL | Paper 1 | May 2022 TZ2 | Q11 | 20 marks

T fcce—r1 101

Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 2 | May 2022 TZ1 | Q6 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 6]

1
Consider the function f(x)=2" o xeR.

(a) Show that 1 is an odd function. [2]

The function g is given by g(x):%, where x e R, x#—-1, x#3.
X —4ZX—

(b)  Solve the inequality f(x) = g(x). [4]

|H |||||||||||||||||”|I|||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 2 | May 2022 TZ1 | Q8 | 4 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
8. [Maximum mark: 4]

Consider the equation kx* — (k+ 3)x +2k+9 =0, where k € R.

(a) Write down an expression for the product of the roots, in terms of k. [1]

(b) Hence or otherwise, determine the values of k such that the equation has one positive
and one negative real root. [3]

|H ||||||||||||||||||H||||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 3 | May 2022 TZ2 | Q2 | 27 marks

2. [Maximum mark: 27]

This question asks you to investigate conditions for the existence of complex roots of
polynomial equations of degree 3 and 4.

The cubic equation x* + px° + gx + =0, where p, ¢, r € R, has roots a, 8 and y.
(@) By expanding (x — a)(x — B)(x — y) show that:
p=—(a+p+y)

q=af+py+ya

r=—-afy. [3]

(b) (i) Showthat p’—2g=a+ B>+ [3]
(i) Hence show that (ot — B)*+ (B— 9"+ (y— o)’ =2p* — 6¢. [3]

(c) Given that p* < 3¢, deduce that o, 8 and y cannot all be real. [2]

Consider the equation x’ — 7x* + gx + 1 =0, where ¢ € R.

(d) Using the result from part (c), show that when ¢ = 17, this equation has at least one
complex root. (2]

Noah believes that if p> > 3¢ then a, 8 and y are all real.

(e) (i) By varying the value of ¢ in the equation x’ — 7x* + gx + 1 = 0, determine the
smallest positive integer value of ¢ required to show that Noah is incorrect. [2]

(i)  Explain why the equation will have at least one real root for all values of ¢. [1]

(This question continues on the following page)
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Mathematics: analysis and approaches HL | Paper 3 | May 2022 TZ2 | Q2 | 27 marks

RV fcce—1 11V

(Question 2 continued)
Now consider polynomial equations of degree 4.
The equation x* + px’ + gx* + rx + s =0, where p, ¢, r, s € R, has roots o, 3, y and §.
In a similar way to the cubic equation, it can be shown that:
p=—(a+p+y+9)
g=afp+oay+ad+ Py+ o+ yo
r=—(afy+ afié + ayd + Pyd)
s = afyod.
(f) (i) Find an expression for o+ B>+ y* + 8% in terms of p and g. [3]

(i)  Hence state a condition in terms of p and ¢ that would
imply x* + px’ + gx* + rx + s = 0 has at least one complex root. [1]

(g) Use your result from part (f)(ii) to show that the equation x* — 2x* + 3x* = 4x + 5 =0 has
at least one complex root. [1]

The equation x* — 9x’ + 24x* + 22x — 12 = 0, has one integer root.

(h) (i) State what the result in part (f)(ii) tells us when considering this equation
x' =%’ +24x* +22x - 12 =0. [1]

(i)  Write down the integer root of this equation. [1]

(i) By writing x* — 9x° + 24x” + 22x — 12 as a product of one linear and one cubic
factor, prove that the equation has at least one complex root. [4]

References:

© International Baccalaureate Organization 2022
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Mathematics: analysis and approaches HL | Paper 1 | Nov 2022 | Q8 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
8. [Maximum mark: 5]

Let f(x)=cos(x — k), where 0<x<a and a, ke R".

(a) Consider the case where k = g

By sketching a suitable graph, or otherwise, find the largest value of a for which the
inverse function /' exists. [2]

(b)  Find the largest value of a for which the inverse function /' exists in the case
where k=T. (1]

(c) Find the largest value of a for which the inverse function /' exists in the case
where 1 < k < 2mn. Give your answer in terms of . [2]

|H |||||||||||||||||”| ||||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 1 | Nov 2022 | Q11 | 16 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

1. [Maximum mark: 16]

Consider a three-digit code abc, where each of a, b and c is assigned one of
thevalues 1,2,3,4 or 5.

(@) Find the total number of possible codes
(i) assuming that each value can be repeated (for example, 121 or 444);
(i)  assuming that no value is repeated. [4]

Let P(x) =x’ + ax’ + bx + ¢, where each of a, b and ¢ is assigned one of
the values 1, 2, 3,4 or 5. Assume that no value is repeated.

Consider the case where P(x) has a factor of (x* + 3x + 2).

(b) (i) Find an expression for b in terms of a.
(i)  Hence show that the only way to assign the valuesis a=4, b=5 and c=2.
(i) Express P(x) as a product of linear factors.

(iv) Hence or otherwise, sketch the graph of y = P(x), clearly showing the
coordinates of any intercepts with the axes. [12]

||| ||||||||||||||||||||||||| Turn aver
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Do not write solutions on this page.
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Mathematics: analysis and approaches HL | Paper 2 | Nov 2022 | Q4 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 7]
The population of a town ¢ years after 1 January 2014 can be modelled by the function
P(t)=15000¢", where k<0 and t>0.
It is known that between 1 January 2014 and 1 January 2022 the population decreased by 11 %.

Use this model to estimate the population of this town on 1 January 2041.

|H ||||||| || ||||||||||||| ||| Tiirn nver
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Mathematics: analysis and approaches HL | Paper 1 | May 2023 TZ1 | Q1 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 7]

The function f is defined by f(x)= forx e R, x#2.

Tx+7
2
(@) Find the zero of f(x). [2]
(b) For the graph of y = f(x), write down the equation of

(i)  the vertical asymptote;

(i)  the horizontal asymptote. [2]

(c) Find f7'(x), the inverse function of f(x). [3]

||| |||||||||||||||||||||| ||| Turn aver
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Mathematics: analysis and approaches HL | Paper 1 | May 2023 TZ1 | Q4 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 6]

Find the range of possible values of k such that ™ + Ink = 3e" has at least one real solution.
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Mathematics: analysis and approaches HL | Paper 1 | May 2023 TZ1 | Q8 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

8. [Maximum mark: 7]

Part of the graph of a function, £, is shown in the following diagram. The graph of y = f(x)
has a y-intercept at (0, 3), an x-intercept at (a, 0) and a horizontal asymptote y =-2.

Y

-t e

(This question continues on the following page)
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Mathematics: analysis and approaches HL | Paper 1 | May 2023 TZ1 | Q8 | 7 marks

i B B YRS Ll B AVIV]

(Question 8 continued)
Consider the function g(x) = | f(|x])|.

(@) On the following grid, sketch the graph of y = g(x), labelling any axis intercepts and

giving the equation of the asymptote. [4]
Yy
3
da X
=2
(b)  Find the possible values of k such that (g(x))2 = k has exactly two solutions. [3]

||| ||||||||| |||||||||||||||| Turn aver
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Mathematics: analysis and approaches HL | Paper 1 | May 2023 TZ2 | Q2 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 5]

Afunction f is defined by f(x)zl—é, where x e R, x #2.
(a) The graph of y =f(x) has a vertical asymptote and a horizontal asymptote.

Write down the equation of

(iy  the vertical asymptote;

(i)  the horizontal asymptote. [2]
(b)  Find the coordinates of the point where the graph of y = f(x) intersects

(i) the y-axis;

(i) the x-axis. (2]

(This question continues on the following page)
[N
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R o1

(Question 2 continued)

(c)  On the following set of axes, sketch the graph of y = f(x), showing all the features
found in parts (a) and (b). 1

5 4 3 2 -1 0 1 2 3 4 5

||| ||||||||| |||||||||| ||| ||| Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 7]
The functions f and g are defined for x € R by
f(x)=ax+b,where a, b e Z
glx)=x"+x+3.

Find the two possible functions f such that (g o f)(x) = 4x — 14x + 15.
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 5]

The functions f and g are defined by f(x) =2x —x’ and g(x) = tanx.

(@) Find (feg)(x). (2]
(b)  On the following grid, sketch the graph of y = (fo g)(x) for =1 <x < 1. Write down and
clearly label the coordinates of any local maximum or minimum points. [3]
y
2
1
X
-1 —015 0 0.5 1
=1
=2
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

8. [Maximum mark: 7]

Afunction g is defined by g(x)=

3 , Where x € R, xii\/}

X
x2
(a) Determine the range of g. [4]

Afunction / is defined by % (x) = g(|x|)cos?, where x € R, x = ++/3 and ¢ is a constant

T
where E<t§n.

(b) Find the set of values of x such that 4 (x) <0. [3]

|H |||||||||||||||||”|I|||| Tiirn nver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
Consider the functions f(x) =x — 3 and g(x) =x" + k*, where & is a real constant.
(@)  Write down an expression for (g o f)(x). [2]

(b) Given that (g o f)(2) =10, find the possible values of k. [3]

||| |||||||||||||||||||||| ||| Turn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 15]
The functions f and g are defined by
f(x)=In(2x - 9), where x > %
g(x)=2Inx —Ind, where x>0, d € R".
(a) State the equation of the vertical asymptote to the graph of y = g(x). [1]
The graphs of y =f(x) and y = g(x) intersect at two distinct points.
(b) (i) Show that, at the points of intersection, x* — 2dx + 94 =0.
(i) Hence show that d*—9d > 0.
(i)  Find the range of possible values of d. [9]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 10 continued)

The following diagram shows part of the graphs of y =f(x) and y = g(x).

y

The graphs intersect at x =p and x =g, where p <gq.

(c) Inthe case where d =10, find the value of g — p. Express your answer in the form
a\/z, where a, b € Z". [5]

||| ||||||||| |||||||||||||||| Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
Consider the functions f(x) =x — 3 and g(x) =x" + k*, where & is a real constant.
(@)  Write down an expression for (g o f)(x). [2]

(b) Given that (g o f)(2) =10, find the possible values of k. [3]

||| |||||||||||||||||||||| ||| Turn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 15]
The functions f and g are defined by
f(x)=In(2x - 9), where x > %
g(x)=2Inx —Ind, where x>0, d € R".
(a) State the equation of the vertical asymptote to the graph of y = g(x). [1]
The graphs of y =f(x) and y = g(x) intersect at two distinct points.
(b) (i) Show that, at the points of intersection, x* — 2dx + 94 =0.
(i) Hence show that d*—9d > 0.
(i)  Find the range of possible values of d. [9]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 10 continued)

The following diagram shows part of the graphs of y =f(x) and y = g(x).

y

The graphs intersect at x =p and x =g, where p <gq.

(c) Inthe case where d =10, find the value of g — p. Express your answer in the form
a\/z, where a, b € Z". [5]

||| ||||||||| |||||||||||||||| Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

Consider the function f(x) =¢"—3x—4.

(@) On the following axes, sketch the graph of f for -4 <x < 3. [3]

The function g is defined by g(x) =™ — 6x — 7.

(b) The graph of g is obtained from the graph of f by a horizontal stretch with scale
factor k, followed by a vertical translation of ¢ units.

Find the value of k£ and the value of c. [2]

(This question continues on the following page)
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(Question 2 continued)
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

1. [Maximum mark: 19]

2 [—
Consider the function defined by f(x) :% ,Where x e R, x#-3.
X+
(a) State the equation of the vertical asymptote on the graph of £ [1]
(b) Find the coordinates of the points where the graph of f crosses the x-axis. [2]

The graph of f also has an oblique asymptote of the form y =ax + b, where a, b € Q.
(c) Find the value of a and the value of 5. [4]

(d) Sketch the graph of f for —50 < x < 50, showing clearly the asymptotes and any

intersections with the axes. [4]
(e) Find the range of f. [4]
(f)  Solve the inequality f(x) >x . [4]

|H |||||||||||||||||||| || ||| Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

Consider the function f(x) =¢"—3x—4.

(@) On the following axes, sketch the graph of f for -4 <x < 3. [3]

The function g is defined by g(x) =™ — 6x — 7.

(b) The graph of g is obtained from the graph of f by a horizontal stretch with scale
factor k, followed by a vertical translation of ¢ units.

Find the value of k£ and the value of c. [2]

(This question continues on the following page)
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(Question 2 continued)
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

1. [Maximum mark: 19]

2 [—
Consider the function defined by f(x) :% ,Where x e R, x#-3.
X+
(a) State the equation of the vertical asymptote on the graph of £ [1]
(b) Find the coordinates of the points where the graph of f crosses the x-axis. [2]

The graph of f also has an oblique asymptote of the form y =ax + b, where a, b € Q.
(c) Find the value of a and the value of 5. [4]

(d) Sketch the graph of f for —50 < x < 50, showing clearly the asymptotes and any

intersections with the axes. [4]
(e) Find the range of f. [4]
(f)  Solve the inequality f(x) >x . [4]

|H |||||||||||||||||||| || ||| Turn aver
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1. [Maximum mark: 24]

This question asks you to explore some properties of the family of curves
y=x"+ax’+b where x € R and a, b are real parameters.

Consider the family of curves y =x’ + ax* + b for x € R, where a e R, a# 0 and b € R.
First consider the case where a =3 and b € R.

(a) By systematically varying the value of b, or otherwise, find the two values of b such
that the curve y = x’ + 3x” + b has exactly two x-axis intercepts.

(b)  Write down the set of values of b such that the curve y = x’ + 3x” + b has exactly
(i) one x-axis intercept;
(i)  three x-axis intercepts.

Now consider the case where a =-3 and b € R.

(c) Write down the set of values of b such that the curve y = x’ — 3x* + b has exactly
(i) two x-axis intercepts;
(i)  one x-axis intercept;
(iii) three x-axis intercepts.

(This question continues on the following page)
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(Question 1 continued)

For the following parts of this question, consider the curve y = X+al+bforaceR,a#0
and b € R.

(d) Consider the case where the curve has exactly three x-axis intercepts. State whether
each point of zero gradient is located above or below the x-axis. 11

(e) Show that the curve has a point of zero gradient at P(0, ) and a point of zero gradient

24
at Q( 3a, 27a +bj. [5]

(f)  Consider the points P and Q for ¢ >0 and b > 0.

2
()  Find an expression for % and hence determine whether each point is a local
maximum or a local minimum. [3]
(i)  Determine whether each point is located above or below the x-axis. [1]

(g) Consider the points P and Q for a <0 and 5> 0.

(i)  State whether P is a local maximum or a local minimum and whether it is above
or below the x-axis. [1

(i)  State the conditions on a and b that determine when Q is below the x-axis. [1]

(h)  Prove that if 4a’b + 27b° <0 then the curve, y =x’ + ax’ + b, has exactly
three x-axis intercepts. [5]

Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 5]
1
It is given that log,,a = 3 where a > 0.

Find the value of

(@ log, [1} 2]
a

|H ||||||||| ||||||”|H|| ||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

9. [Maximum mark: 6]

The graph of y = f(|x|) for =6 <x < 6 is shown in the following diagram.

y
4
T T x
-6 6
4]
(@) On the following axes, sketch the graph of y = ‘f(|x|)’ for -6<x<6. [2]
y
4,
: X
-6 0 6
4]

(This question continues on the following page)
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(Question 9 continued)

It is given that f" is an odd function.

L1 v

(b)  On the following axes, sketch the graph of y = f(x) for -6 <x <6. [2]
y
4_
6 0
-4
It is also given that I:f(|x|)dx =1.6.
(c) Write down the value of
(i) J‘:f(x)dx
G [ (£ () + 7 (x))d 2]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 16]

Consider the function f'(x)= 4x +22 X #2.
x_
(a) Sketch the graph of y = f(x). On your sketch, indicate the values of any axis intercepts
and label any asymptotes with their equations. [5]
(b)  Write down the range of f. [1]

Consider the function g(x) = x> + bx + ¢. The graph of g has an axis of symmetry at x = 2.

The two roots of g(x) =0 are —% and p, where p € Q.

(c) Showthat p= % [1]
(d) Find the value of b and the value of c. [3]
(e) Find the y-coordinate of the vertex of the graph of y = g(x). [2]
(f)  Find the product of the solutions of the equation f'(x) = g(x). [4]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 5]

Solve 3 x9 +5x3"-—2=0.
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 7]

Quadrilateral OABC is shown on the following set of axes.

y

o A
OABC is symmetrical about [OB].

A has coordinates (6, 0) and C has coordinates (3, 3\/§) .
(@) (i)  Write down the coordinates of the midpoint of [AC].

(i)  Hence or otherwise, find the equation of the line passing through the points O
and B . [4]

(b) Given that [OA] is perpendicular to [AB], find the area of the quadrilateral OABC. [3]

|H ||||||||| |||||||||| ‘" ||| Tiirn nver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 8]

[\

(x+3)
(x+2)

Afunction f is defined by f(x)=

,where x e R, x =#-2.

W

The graph y =f(x) is shown below.

(@) Write down the equation of the horizontal asymptote. [1]
Consider g(x)=mx+1,where m e R, m #0.
(b) (i)  Write down the number of solutions to f(x) = g(x) for m > 0.

(i)  Determine the value of m such that f(x) = g(x) has only one solution for x.

(iii) Determine the range of values for m, where f(x) = g(x) has two solutions
forx>0. [7]

(This question continues on the following page)
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(Question 5 continued)
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
3. [Maximum mark: 6]

The loudness of a sound, L, measured in decibels, is related to its intensity, / units,
by L=10log,,(I x 10%).

Consider two sounds, S, and S,.

S, has an intensity of 10~ units and a loudness of 60 decibels.

S, has an intensity that is twice that of S, .

(a) State the intensity of S,. [1]
(b) Determine the loudness of S,. [2]
The maximum loudness of thunder in a thunderstorm was measured to be 115 decibels.

(c) Find the corresponding intensity, 7, of the thunder. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 5]
(a) Solve 2x* — 15x + 18 < 0. [3]

(b) The function f is defined by f(x)=+2x’~15x+18, where x € R, x <k.

Find the greatest value of k for which /' exists, justifying your answer. [2]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 7]

Consider the function f(x)=1 1Wx—2x-11, where 0 <x <20.

(@) Find the value of

i)  7(0);
(i) f(20). [2]
(b) Find the two roots of f'(x) =0. [2]
(c) Sketch the graph of y =f(x) on the following grid. [3]
y
5
X
0 5 10 15 20
=5
=10
=15

(This question continues on the following page)
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(Question 1 continued)
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 5]

Consider the function % (x) = log,,(4x’ — rx + r — 1), where x € R.

Find the possible values of r. [5]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

12. [Maximum mark: 21]

2 —
Acurve C has equation y = 2x+—6;§3 x € R, x #—k, where k is a real positive constant.
X+
2
(a) Show that & - 2 T4+ 6kt3 [4]
dx (x+k)
(b) Find the range of values of k& for which a local minimum or maximum point exists. [4]

Consider the curve C, when k=2.

(c) Write down the equation of the vertical asymptote. [1]

(d) Find the equation of the oblique asymptote. [4]
dy

(e) Showthata>2,forxeR,x¢—2. [4]

(f)  Sketch the curve C, showing clearly both asymptotes and the general behaviour of C
as it approaches each asymptote. [You are not required to find any axes intercepts.] [4]
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2. [Maximum mark: 28]
A polynomial is said to be palindromic if the sequence of its coefficients remains the
same in reverse. This question asks you to investigate some properties and solutions
of palindromic polynomial equations.
In parts (a) and (b), consider quadratic equations of the form ax’ + bx + a =0, where a # 0.

The sequence of coefficients, {a, b, a}, remains the same in reverse.

The following table shows three palindromic quadratic equations and their sequence of coefficients.

Palindromic quadratic equation Sequence of coefficients
2x*—5x+2=0 {2,-5,2}
¥4+4x+1=0 {1,4,1}

¥+1=0 {1,0,1}

1
The quadratic equation 2x* — 5x + 2 = 0 has roots 2 and 5
These roots form a “reciprocal pair”, since one root is the reciprocal of the other.

(@) (i) Determine the roots of x* +4x + 1 =0.

Give these roots in the form si\/;, where se Z and t € Z". [3]
(i)  Hence, or otherwise, show that these roots form a reciprocal pair. [2]
(b) Show that the complex roots of x> + 1 = 0 form a reciprocal pair. [2]

Let p(x) = ax’ + bx + a, where a # 0.
(c) Verify that p(x)=x’ p(lj where x #0. 2]
X

(This question continues on the following page)
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(Question 2 continued)

In parts (d) and (e), you may assume the result that a polynomial, p(x), of degree n is

1
palindromic if and only if p(x)= x”p(—j :
X

(d) Use p(x)=x"p (lj to show that if a# 0 is a root of p(x) = 0, then 1 isalsoaroot.  [2]
X o

Let f(x) =p(x)g(x), where p and ¢ are palindromic polynomials of degree n and m respectively.

(e) Show that f is a palindromic polynomial. [4]

Consider the palindromic polynomial f(x) =x*+2x’ —x* +2x + 1.

This polynomial can be expressed in the form

f) = +ux+ 1) +vx+1),where u,veZand u<v.

() By forming and solving an appropriate system of equations in u and v, determine the
value of u and the value of v. [6]

(g) Hence, find all the exact complex and purely real roots of x* + 2x’ —x* +2x+ 1 =0. [3]
Consider the palindromic polynomial equation
X'+ax''+ax"+..+ax +ax+1=0,where n is odd.

(h) Show that —1 is always a root of this equation. [4]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 18]

The function f is defined by f(x)=5(x+ 1)(x+ 3), where x € R.

(@) Write f(x) in the form a(x — h)" + k, where a, h, k € 7. [4]
(b) Sketch the graph of y = f(x), showing the values of any intercepts with the axes and

the coordinates of the vertex. [4]
(c) Solve the inequality f(x) <40. [4]

The function g is defined by g(x) =Inx, where x e R, x> 0.
(d) (i) Write down an expression for ( fo g)(x) .
(i)  Solve the inequality (fo g)(x) <40. [3]

(e) Find the domain of go f. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]

3x—2 for x e R, x;t—%.

The function f is defined by f(x)= il
X+

The following diagram shows part of the graph of y = f(x).

y

(@) Write down the value of £(0). [1]
(b)  Write down the equation of the horizontal asymptote. [1]
The function g is defined by g(x) =—f(x) for x> 0.

(c) Find the range of g. (3]

(This question continues on the following page)

Apollo | Original source crop | 87



Mathematics: analysis and approaches HL | Paper 1 | May 2025 TZ2 | Q1 | 5 marks
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(Question 1 continued)
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 7]

The quadratic equation x* + kx + 15 — k = 0 has two distinct real roots.

(a) Find the possible values of k. [5]

(b) Find the possible values of k in the case where the two distinct real roots are both
positive or both negative. [2]

|H ||||||| || |||||||||‘ ||| ||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
7. [Maximum mark: 5]

It is given that x* + px’ — 2x* + gx — 3 is exactly divisible by (x + 1)°.

Find the value of p and the value of ¢, where p, g € R.

|H |||||||||||||||||”|I|||| Tiirn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

10. [Maximum mark: 17]

The function f is defined by f(x) =4", where x € R.
(@) Find f7'(8). Express your answer in the form P \where p.q€’.
q

The function g is defined by g(x) =1 + log,x , where x € R".

(b) (i)  Find an expression for g'(x).

(i) Describe a sequence of transformations that transforms the graph of y = g”'(x) to

the graph of y =f(x).
(c) Show that (fo g)(x) = 4x".

2

4
The function 7 is defined by 4(x)= 5 ad o X # -5
X+

The following diagram shows part of the graph of /. Let R be the region enclosed by the
graph of & and the x-axis, between the lines x=1 and x=3.

y

2
@) () Showthat 2x—l+— =+
2x+1 2x+1

(i)  Hence or otherwise, find the area of R, giving your answer in the form p + gInr,

where p,q,r € Q".
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Do not write solutions on this page.
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 5]

The following diagram shows the graph of y = f(x), for -6 <x <5.

(@) Write down the value of f(-3). [11
(b)  State the domain of /', the inverse function of f. [1]

(c) Find the value of x that satisfies /' (2x — 7) = -3. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 7]

Consider the curve y =x* —x — 1 and the line y = mx — 3, where m € R.

(a) Show that the curve and the line meet when x* — (m + 1)x +2 =0. [2]

(b) Hence, find the values of m when the line is tangent to the curve. [5]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 7]

Consider the function f. The graph of f has a local maximum at A(—l, —%j a local

15 1
minimum at B(O, ?) a vertical asymptote at x = ) and an oblique asymptote y =5x + 5.
This information and part of the graph of f is shown in the following diagram.

y

16+

12

| ASSSS ISR SN I S U SN I S S S E—
|

(This question continues on the following page)
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(Question 6 continued)

(@)

LTI 11V

On the following grid, sketch the graph of y =| f(x)| , clearly indicating any asymptotes.  [4]

77777777777777777777777777777777777777777777777777

77777777777777777777777777777777777777777777777777

77777777777777777777777777777777777777777777777777

On the following grid, sketch the graph of y = f1(5

and intercepts with the axes.

X

, Clearly indicating any asymptotes

3]

77777777777777777777777777777777777777777777777777

77777777777777777777777777777777777777777777777777
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

Consider the function f(x) = 2x* — 6x” + px* + qx — 2, where p, g € R.
Afactor of f(x) is (x — 1), and when f(x) is divided by (x — 3) the remainderis —2.

Find the value of p and of ¢.

|H ||||||||| ||||||”|H|| ||| Tiirn nver
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1. [Maximum mark: 27]

This question asks you to explore self-composite linear functions, of the
form f(x) = mx + c, for varying values of m.

A function composed with itself is called a self-composite function.

For a function £, the function composition with itself is given by (o f)(x) =1 ( f(x)).

Let /" denote the nth composition of /* with itself where f"(x)=(fo fo---o f)(x).
%/—/

Hence, for example, f°(x) = (fof)(x) and £’ (x) = (fo fo £)(x) =f(f(f(x))).
Consider the linear function f(x) = mx + ¢, where x € R and m, ¢ € R.

(@) Show that

() ) =mx+c(l+m); [3]
(i) @) =mx+c(l+m+m’). [2]
(b) (i)  Write down an expression for f*(x). [1]
(i)  Suggest a similar expression for f"(x), n € Z". 2]

(i) By using your expression from part (b)(ii), or otherwise, find an expression in
terms of n for f"(x) when m=1. [3]

(c) For m# 1, use mathematical induction to prove that

n

" ]fornez*. 8]

—m

f”()c):m”x+c[l1

(This question continues on the following page)
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(Question 1 continued)

n

Consider f"(x)=m"x+ c(l
1-m

there—1<m<l.

(d) As n— o, the family of graphs y = " (x) approaches the graph of a straight line, L.
Determine the equation of L, giving your answer in terms of ¢ and m. [4]

n

" there m=-1.

Consider f"(x)=m"x+ c(

—m
(e) (i) Showthat f"(x) =—x+ c when n is odd. [2]
(i)  Find an expression for f"(x) when n is even. [2]

Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 6]

2
(a) Given that x > 7, show that ——— x> __x 2]
x"—-8x+7 x+1 x-7
(b) Hence, or otherwise, solve log, [x(x* — 1)] — 1 = log, [(x* — 8x + 7)(x + 1)]. [4]

|H ||||||||| ||||||”|H|| ||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 8]
For x € R, the functions f and g are defined by
f(x)=—x"+4x+p and
g(x)=x2+qx— 1,
where p and g are non-zero constants.
The graph of y = f(x) has a vertex at A and the graph of y = g(x) has a vertex at B.
Points A and B both lie on the line y =2x — 1.
(@) Showthat p=-1. [3]

(b)  Find the value of g. (5]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 8]

The following diagram shows the graph of y = Ax+B ,Where x e R,x#4 and 4, B € Z.

The graph passes through the points P(-10, 1) and Q(3, -12).

Y

P(-10, 1)

Q@3,-12)

e (

(a) Determine the value of 4 and the value of B. [3]

1
(b) Describe a sequence of transformations that would map the graph of y =— onto the
Ax+ B X

raph of y = .
grap y 4
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 5]

Solve the equation 3log, 10x — log,x =1 for x > 0.

|H ||||||||| |||||||||| ‘" ||| Tiirn nver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 8]
The graph of y =f(x) for -5 <x <5 is shown in the following diagram.

The curve passes through the points (-4.93, 1), (-4.27,-1) and (0.292, —-1).

PEEEE

(-4.27,-1) 0.292, -1)

(a) On the following set of axes,

(i)  sketch the graph y =f(|x|) showing the approximate intercepts with the axes;

(This question continues on the following page)
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(Question 5 continued)

(i)  sketch the graph y =| f(x)| showing the approximate intercepts with the axes. [4]

(b)  Solve the inequality | /' (x)| > (f(x))’. [4]

||| ||||||| || |||||||||| ||| ||| Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
6. [Maximum mark: 7]

Consider the quadratic polynomial given by P(x) = 2x* + gx + r where ¢, r € R.

The equation P(x) =0 has roots o and 3, where «, ff € R.

When P(x) is divided by (x + 1), the remainderis 12.

Given that o + B* = % , find the value of ¢ and the value of .
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