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Mathematics: analysis and approaches SL | 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 SL | Paper 1 | May 2021 TZ1 | Q7 | 14 marks

Section B

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

7. [Maximum mark: 14]

Let f(x)=mx’ —2mx, where x € R and m € R. The line y = mx — 9 meets the graph of f
at exactly one point.

(@) Show that m=4. [6]
The function f can be expressed in the form f'(x) = 4(x — p)(x — q), where p, g € R.

(b)  Find the value of p and the value of g. [2]
The function f can also be expressed in the form f(x) = 4(x — h)* + k, where &, k € R.

(c) Find the value of 4 and the value of k. [3]

(d) Hence find the values of x where the graph of f is both negative and increasing. [3]
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 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]

Let f(x)=3x— 4" for0<x<3.

(a) Sketch the graph of f on the grid below. [3]

(b) Find the value of x for which f'(x)=0. [2]

|H |||||||||||||||”|‘|||||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ2 | Q5 | 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.
5. [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.

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

(b) Giventhat (gof)(x)<0 forall x € R, determine the set of possible values for c. [4]
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ2 | Q6 | 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.
6. [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,e™" 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]

|H ||||||| || ||||||||||I|| ||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ2 | Q6 | 7 marks
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Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2021 | 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]

Consider the function f(x) =—-2(x — 1)(x + 3), for x € R. The following diagram shows part
of the graph of f.

X
(@) Forthe graph of f
(i)  find the x-coordinates of the x-intercepts;
(i)  find the coordinates of the vertex. [5]

The function f can be written in the form f(x) = —2(x — h)* + k.

(b)  Write down the value of /4 and the value of %. [2]
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Mathematics: analysis and approaches SL | 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]

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)
JLARA
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2021 | Q3 | 5 marks

R [CIOTAN Rl BN AVE

(Question 3 continued)

(c) Sketch the graph of f on the axes below. [1]

y
15 -

10 4

15 -10 -5 0 5 10 15

—10 -

_15_

||| ||||||| || ||||||||||||| ||| Turn aver
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2021 | 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]

Consider the function f(x) = e’ =05, for 2<x<2.

(a) Find the values of x for which f(x)=0. [2]
(b) Sketch the graph of f on the following grid. [3]
21
1+
) | 0 i 5
—1+
ot

12FDN?
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Mathematics: analysis and approaches SL | 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 | 12



Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ1 | Q1 | 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.

1. [Maximum mark: 5]

Consider the points A(-2, 20), B(4, 6) and C(-14, 12). The line L passes through the
point A and is perpendicular to [BC].

(a) Find the equation of L. [3]
The line L passes through the point (k, 2).

(b) Find the value of k. [2]

Apollo | Original source crop | 13



Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ1 | Q6 | 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.

6. [Maximum mark: 7]

Consider f(x) =4sinx +2.5 and g(x)= 4sin(x—37n]+2.5 +¢,where x e 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]

|H ||||||| || ||||||||||I|| ||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ1 | Q6 | 7 marks

v fcce— 1 VY

Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ2 | Q1 | 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.

1. [Maximum mark: 5]
The following table shows values of f(x) and g(x) for different values of x.

Both f and g are one-to-one functions.

X -2 0 3 4

f(x) 8 4 0 -3

2(x) -5 -2 4 0
(@) Find g(0). [1]
(b)  Find (f = g)(0). [2]
(c) Find the value of x such that f(x)=0. [2]

||| |||||||||||||||||||||| ||| Turn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 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]

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

(This question continues on the following page)
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ2 | Q4 | 6 marks

— ccce—1 0T

(Question 4 continued)

||| ||||||| || |||||||||| ||| ||| Turn aver
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ1 | Q8 | 16 marks

Section B

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

8. [Maximum mark: 16]

The function f is defined by f(x) :%, where x e R, x # —4.
(a) Forthe graphof f

(i)  write down the equation of the vertical asymptote;

(i)  find the equation of the horizontal asymptote. [3]
(b) (i) Find '(x).

(i)  Using an algebraic approach, show that the graph of /™' is obtained by a
reflection of the graph of f in the y-axis followed by a reflection in the x-axis. [8]

The graphs of f and /' intersectat x =p and x = ¢, where p < g.
(c) (i) Findthe value of p and the value of ¢g.

(i)  Hence, find the area enclosed by the graph of /" and the graph of . [5]
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ1 | Q8 | 16 marks

[N Lcce—1 11V

Do not write solutions on this page
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2022 | 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]
Let f(x)=-2x+3,for x e R.

(@) The graph of a linear function g is parallel to the graph of f and passes through the
origin. Find an expression for g(x). [2]

(b) The graph of a linear function % is perpendicular to the graph of f and passes through
the point (-1, 2). Find an expression for 4 (x). [3]

(c) Find (g h)(0). [2]
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2022 | Q7 | 16 marks

Section B

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

7. [Maximum mark: 16]

(@) The graph of a quadratic function f has its vertex at the point (3, 2) and it intersects
the x-axis at x = 5. Find f in the form f(x)=a(x — h)’ + k. [3]

The quadratic function g is defined by g(x) = px* + (t — 1)x — p where x € R and
p,teR, p#0.

(b) Inthe case where g(-3)=g(1) =4,

(i)  find the value of p and the value of ¢;

(i)  find the range of g. [7]
(c) The linear function j is defined by j(x) =—x+3p where x e Rand pe R,p#0.

Show that the graphs of j(x) = —x + 3p and g(x) = px’ + (t — 1)x — p have two distinct
points of intersection for every possible value of p and ¢. [6]
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2022 | Q8 | 15 marks

Section B

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

8. [Maximum mark: 15]

(a) Calculate the value of each of the following logarithms:

. I

(i) logzg,

(i)  log,3;

(iii) log ,;81. [7]

(b) Itis given that log,,a=3 ,where a,b e R",ab#1.

(i)  Show that log,b=-2.

3
(i)  Hence find the value of logabﬁ. [8]
Jb

— v

(Sl Py B RV

Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2022 | 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]
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.
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ1 | Q1 | 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.

1. [Maximum mark: 5]

Point P has coordinates (-3, 2), and point Q has coordinates (15, —8). Point M is the
midpoint of [PQ].

(a) Find the coordinates of M. [2]
Line L is perpendicular to [PQ] and passes through M.
(b) Find the gradient of L. [2]

(c) Hence, write down the equation of L. [1
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ1 | Q2 | 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.

2. [Maximum mark: 7]

The function  is defined by f(x) = ;“7

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

(iy  the vertical asymptote;

(i)  the horizontal asymptote. [2]

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

|H |||||||||||||||”|‘|||||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ1 | Q5 | 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.

5. [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 SL | Paper 1 | May 2023 TZ2 | 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]

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)
JILARMOR
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q3| 5 marks

v T

(Question 3 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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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q6 | 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.
6. [Maximum mark: 7]
The functions f and g are defined for x € R by
f(x)=ax+b,where a, beZ
glx)=x"+x+3.

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

|H ||||||||||||||||||H||||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q6 | 7 marks

I Lo T

Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q7 | 17 marks

Section B

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

7. [Maximum mark: 17]
The following diagram shows part of the graph of a quadratic function f.

The vertex of the parabola is (-2, —5) and the y-intercept is at point P.

y

(=2,-5)

(a) Write down the equation of the axis of symmetry. 1
The function can be written in the form f(x) = i(x— h) +k,where h, k e Z.

(b)  Write down the values of 4 and k. [2]
(c) Find the y-coordinate of P. [2]

(This question continues on the following page)
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q7 | 17 marks

N RV B v T

Do not write solutions on this page.
(Question 7 continued)

In the following diagram, the line L is normal to the graph of f at point P.

y

(_2 ’ _5)

(d) Find the equation of the line L, in the form y=ax +b. [4]
The line L intersects the graph of f at a second point, Q, as shown above.

(e) Calculate the distance between P and Q. [8]

||| ||||||||| |||||||||||||||| Turn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q7 | 17 marks

T Lo T

Do not write solutions on this page.

Apollo | Original source crop | 34



Mathematics: analysis and approaches SL | Paper 2 | May 2023 TZ1 | 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]

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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Mathematics: analysis and approaches SL | Paper 2 | May 2023 TZ2 | 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]
The amount of a drug, in milligrams (mg), in a patient’s body can be modelled by the function
A(t)=500e™, where k is a positive constant and ¢ is the time in hours after the initial dose
is given.
(a) Write down the amount of the drug in the patient’'s body when ¢ =10. [1]
After three hours, the amount of the drug in the patient’'s body has decreased to 280mg.

(b) Find the value of k. [2]

The second dose is given T hours after the initial dose, when the amount of the drug in the
patient’s body is 140mg.

(c) Find the value of 7. [2]
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Mathematics: analysis and approaches SL | Paper 2 | May 2023 TZ2 | Q7 | 15 marks

Section B

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

7. [Maximum mark: 15]
Consider the function h(x)= Jax—2 for x> % .
(@) () Find 47'(x), the inverse of /(x), and state its domain.
(i)  Write down the range of 4 '(x). (5]

(b) The graph of % intersects the graph of 4™ at two points.

Find the x-coordinates of these two points. [3]
(c) Find the area enclosed by the graph of # and the graph of /#". [2]
(d) Find A'(x). [2]

(e) Find the value of x for which the graph of 4 and the graph of #~' have the same gradient. [3]

||| |||||||||||||||||||| ||||| Tuirn aver
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Mathematics: analysis and approaches SL | Paper 2 | May 2023 TZ2 | Q7 | 15 marks

v TRV Ly BNV

Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2023 TZ1 | 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]

Consider the function f(x) =e"—2x—5.

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

The function g is defined by g(x) =e™ — 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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Mathematics: analysis and approaches SL | Paper 2 | Nov 2023 TZ1 | Q3 | 5 marks

v [SIOVR Ll BN V]

(Question 3 continued)

||| ||||||| || ||||||||||||| ||| Tirn aver
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2023 TZ2 | 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]

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) = e — 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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Mathematics: analysis and approaches SL | Paper 2 | Nov 2023 TZ2 | Q3 | 5 marks

v (ST VR Ll BN RV)

(Question 3 continued)

||| ||||||| || ||||||||||||| ||| Tirn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ1 | Q8 | 14 marks

Section B

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

8. [Maximum mark: 14]

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) Show that p= % [1]
(d) Find the value of 5 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 number of solutions of the equation f(x) =g(x). [2]

|H ||||||| ||||||||||||| || ||| Turn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ1 | Q8 | 14 marks
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Do not write solutions on this page.
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q1 | 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.

1. [Maximum mark: 5]
The graph of y =f(x) for 0 <x < 10 is shown in the following diagram.

The graph intercepts the axes at (10, 0) and (0, 5).

—
o

[ O R 7. o) BN B e

[a—

(a) Write down the value of

(ONEVACF

(i)  fof(4);

(i) f7(3). [3]
(b) On the axes above, sketch the graph of y = f ~'(x). Show clearly where the graph

intercepts the axes. [2]

(This question continues on the following page)
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q1 | 5 marks

v L1 1vY

(Question 1 continued)

||| ||||||||| ||||||||||||| ||| Tirn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | 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 3m*+5m—-2=0. [3]

(b) Hence or otherwise, solve 3 x 9"+ 5x3"—2=0. [2]

|H ||||||||| |||||||||| ‘" ||| Tiirn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q3| 5 marks
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | 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]

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 aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q6 | 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.

6. [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 6 continued)
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Section B

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

7. [Maximum mark: 12]
Consider the function defined by f(x)= %e” ,0<x<4.
(@) Show that the inverse function is given by ™' (x)=2+ 1n(23—xj. [3]
The graphs of f and ' intersect at two points P and Q, as shown on the following diagram.

y

(b) Find PQ. (3]

The graph of f is reflected in the x-axis and then translated parallel to the y-axis by 5 units
in the positive direction to give the graph of a function g.

(c) Write down
(i)  an expression for g(x);
(i)  the domain of g. (3]

(d) Solve the equation f(x) = g(x). Give your answer in the form x =a + Inb,
where a, b € Q. [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: 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 B

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

8. [Maximum mark: 14]
The function f is defined as f'(x) = log,(8x), where x > 0.

(@) Find the value of

@ f@;

N 1

(i) f(gj [3]
(b)  Find an expression for f~'(x). [4]
(c) Hence, or otherwise, find 1 '(0). [1]

The graph of y = f(4x”) can be obtained by translating and stretching the graph of y = log,x.

(d) Describe these two transformations specifying the order in which they are to be applied. [6]
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Section B

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

8. [Maximum mark: 14]
The function f is defined as f(x) = log,(4x), where x > 0.

(@) Find the value of

M f@;
(i f[lj 3

ik
(b)  Find an expression for f'(x). (4]
(c) Hence, or otherwise, find 1 '(0). [1]

The graph of y = £(16x’) can be obtained by translating and stretching the graph of y = log,x.

(d) Describe these two transformations specifying the order in which they are to be applied. [6]
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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)= 7Jx —x=7, where 0 <x < 60.
(@) Find the value of
M 10
(i) f(60). [2]
(b) Find the two roots of f'(x) =0. [2]

(c) Sketch the graph of y =f(x) on the following grid. [3]

=10

=15

(This question continues on the following 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.
6. [Maximum mark: 5]

Consider the function % (x) = log,,(3x* — rx + r — 2), where x € R.

Find the possible values of r. [5]

|H ||||||||||||||||||H||||| Tiirn nver

Apollo | Original source crop | 62



Mathematics: analysis and approaches SL | Paper 2 | Nov 2024 TZ1 | Q6 | 5 marks

I [CIOPE, Ll BN RVIV)

Do not write solutions on this page.

Apollo | Original source crop | 63



Mathematics: analysis and approaches SL | Paper 2 | Nov 2024 TZ2 | 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]

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

(a) Find the value of

i)  f(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
X
0 5 10 15 20
=5
=10
=15v

(This question continues on the following 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.
6. [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 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]

Write each of the following expressions in the form In k, where k € Z".

(a) In3+1In4 [1

(b) 3In2 (2]
1

(c) —1115 [2]
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Section B

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

8. [Maximum mark: 15]

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

(@) Write f(x) in the form a(x — k)’ + k, where a, h, k € Z. [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).

(ii)  Solve the inequality (fo g)(x) <40. [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.

3. [Maximum mark: 5]

-2 1
The function f is defined by f(x)= ?;x : forxeR, x# 5
x+

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

y
X
(a) Write down the value of f(0). [
(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]
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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]
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Section B

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

9. [Maximum mark: 17]
The function f is defined by f(x) = 4", where x € R.
(@) Find f7'(8). Express your answer in the form § where p,q € Z. [3]
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). [4]
(c) Show that (fo g)(x) = 4x". [3]
. . ) 4x? 1
The function 4 is defined by h(x) = , X FE——.
2x+1 2

The following diagram shows part of the graph of /. Let R be the region enclosed by the
graph of 4 and the x-axis, between the lines x=1 and x=3.

Y

B 4x?
2x+1 2x+1°

(i)  Hence or otherwise, find the area of R, giving your answer in the form p + glnr,
where p,q,re Q". [7]

(d) (i) Show that 2x—1+
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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]

Let log,,2 =p and log,,3 =4.

(a) Find an expression for log,,24 in terms of p and ¢. [3]

(b)  Find an expression for log,8 in terms of p and g. [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.

3. [Maximum mark: 5]

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

(@) Write down the value of f(-3). [1
(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.
5. [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 B

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

9. [Maximum mark: 16]
(@) () Solve 5—4x—-x"=0.
(i)  Hence, find the values of x such that 5 —4x —x*> 0. [4]

Consider the function f(x) = log, (5 — 4x — x°), where a<x < b and k> 1.
Part of the graph of f is shown in the following diagram.

y

A

X
a b

The graph of f has vertical asymptotes at x =a and x =b.
(b)  Write down the value of

i a;

(i) b. [2]
(c) Find the exact values of x such that f(x)=0. [4]
The graph of f has a maximum value of 2.
(d) Find the value of k. [6]
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Section B

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

9. [Maximum mark: 15]
2-2x

Consider the function f(x)= 2 where x e R, x #-2.
X+
(@) Showthat f'(x)=f(x). [3]
. 2-2k) . . . -
The point P k,k—2 is the point on the graph of y = f(x) that is closest to the origin (0, 0).
+

(b) (i) Find the value of k.

(i)  Hence, write down the coordinates of P. [4]
. . 2-3x d
Consider the function g(x) = ,Where xe R, x#——,and ¢, d #0.
cx+d c

The graph of y = g(x) has a vertical asymptote and a horizontal asymptote.
(c) Interms of ¢ and d, write down the equation of
(i) the vertical asymptote;
(i) the horizontal asymptote. [2]
It is given that g”'(x) = g(x).
(d) Find the value of d. [2]

Consider the case where ¢ =1.

1 . . .
(e) Sketch the graph of y = ? showing the values of any intercepts with the axes and
gx

including any asymptotes, labelled with their equations. [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.

1. [Maximum mark: 4]

The graph of a function f for -3 <x <3 is shown in the following diagram.

y
4
3
X
-4 -3 -2 2 3 4
=1
=2
=3
=4
The following graphs are transformations of the graph of y =f(x).
y y
3 3
X
-4 -3 -2 - 2 3 4 -4 -3 L2IN\C 2 3 4
=1 =1
=2 =2
=3 =3
=4 =4
(A) (B)

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

(Sl TRV Ll BN RV V]

y y
A A
4 4
o] o]
J J
o) o)
p 4
1 1
I I
X X
-4 377 2 4 4 -3 -2 - 2 3 4
- -1
=) a)
—4Z —4
2 2
=D =D
A A
=4 =4
© (D)
Y y
A A
i g
o) 2
J J
o) o}
P p
1 1
L 1
X X
4 -3 -2 - 2 3 4 4 3 -2 - 2 3 4
1 1
—1 —1
o} o)
—4 —4
o] Q
-J -J
A A
a =%
(E) (F)

Consider the following table of transformations of y = f(x).

Next to each transformed function, write down the letter that corresponds to its graph.

Function

Letter

y=fG+1)

y=fe-1

y=f(=x)

y=/(2x)
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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: 6]

X -1 X
% _

(a) Given that x > 7, show that [2]

¥’ —8x+7 x+1 x-7°

(b) Hence, or otherwise, solve log, [x(x* — 1)] — 1 = log, [(x* — 8x + 7)(x + 1)]. [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.
6. [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 B

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

7. [Maximum mark: 14]

Consider the function f(x) =2x + 3 where x € R.

(@) Find
(i) fQ);
(i) /). [3]

The following diagram shows part of the graph of a linear function /.

The graph has x-intercept 2 and y-intercept —1.

y

(b)  Write down an expression for 4 (x). [2]
(c) Solve the equation /' (x) =—-2. [2]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)
Consider the function g(x) =mx + ¢, where x € R and m, ¢ € Q.
(d) Giventhat h(x)=(f" o g)(x), find the value of m and the value of c. [4]
Afunction k exists such that /(k(x)) = x.
(e) Find an expression for k(x). [2]

(f)  State the single transformation that maps the graph of y = k(x) onto the graph
of y=h(x). (1]

||| ||||||||| |||||||||||||||| Tirn aver

Apollo | Original source crop | 90



Mathematics: analysis and approaches SL | Paper 1 | Nov 2025 TZ1 | Q7 | 14 marks

1o [SIO VRV Ll B RV

Do not write solutions on this page.

Apollo | Original source crop | 91



Mathematics: analysis and approaches SL | Paper 1 | Nov 2025 TZ3 | Q5 | 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.

5. [Maximum mark: 8]

The following diagram shows the graph of y = Ax+B ,Where xe 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)

(S

(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.

6. [Maximum mark: 5]

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