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IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOTS

1 - (MAT/12_HL_Summer_2017_Q2) - Functions- Roots
The function £ is defined by f(x)=2"+5,-2<x<2.
(a) Write down the range of .
(b)  Find an expression for f'(x).

(c) Write down the domain and range of /™.

[2]
[2]
[2]

2 = (MAT/12_HL_Summer_2017_Q9) - Functions- Roots, Differentiation, Integration

Consider the function f defined by ' (x)=x'—a’, x € R where a is a positive constant.

(a) Showingany x and v intercepts, any maximum or minimum peints and any

asymptotes, sketch the following curves on separate axes.

N y=rix;
} 1
(i) y—f(x).
L1
(iy »= ‘f(x)‘ .

() Find j (%) cosx dx.

The function g is defined by g{x)= x\/f(x) for |x| > a.

(¢) By finding g'(x) explain why g is an increasing function.

[8]

[5]

[4]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

3 - (MAT/11_HL_Summer_2017_Q11) - Functions- Roots, Graphs, Integration
(@ () Express x’+3x+2 inthe form (x + A’ +k.

(i)  Factorize x*+3x +2.

1
Consider the function f(x) = ————— xeR, x# -2, x # —1.
X +3x+2

(b) Sketch the graph of f(x), indicating on it the equations of the asymptotes,
the coordinates of the y-intercept and the local maximum.

1 1 1
Show that - = :
© owtha x+1 x+2 xX+3x+2

(d) Hence find the value of p if I; F(x)dx =1n{p).

(e) Sketch the graph of y = f7(|x]).

()  Determine the area of the region enclosed between the graph of y = f(\x\), the x-axis

and the lines with equations x=-1 and x=1.

[2]

[>]

[1]

[4]

[2]

[3]

4 - (MAT/11_HL_Summer_2017_Q12) - Functions- Roots, Graphs
Consider the polynomial P(z)=z"— 102"+ 15z - 6.ze C.
(a) Write down the sum and the product of the roots of P(z) =0.
(b) Showthat (z— 1) is a factor of P(z).
The polynomial can be written in the form P(z)=(z — 1) (22 + bz + c).
(¢) Find the value of » and the value of c.
(d) Hence find the complex roots of P(z)=0.
Consider the function g(x)=x’— 10x’+ 15x - 6, xe R.

(e} (i) Showthatthe graph of yv= g(x) is concave up for x > 1.

(i)  Sketch the graph of v = g(x) showing clearly any intercepts with the axes.

(2]

(2]

[5]
[3]

6]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

5 - (MAT/12_HL_Summer_2018 Q10) - Functions- Roots

The function f is defined by f{(x) = aerZ,forerR,xi—é.
cx +

cC

(@) Find the inverse function /', stating its domain. [5]

,xeR,x #2.,
2

2
The function g is defined by g(x)= al

(by (i) Express g(x) inthe form 4 + where 4, B are constants.

x -2

(i)  Sketch the graph of y = g(x). State the equations of any asymptotes and the
coordinates of any intercepts with the axes. [5]

The function 4 is defined by Z(x) = Jx for x> 0.

(c) State the domain and range of &< g. [4]

6 - (MAT/12_HL_Summer_2019_Q3) - Functions- Roots
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IB Diploma

Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOQOTS

7 - (MAT/12_HL_Summer_2019_Q5) - Graphs, Functions - Roots

8 - (MathAA/12_HL_Summer_2021_Q1) - Algebra-functions - Roots

[Maximum mark: 4]

Consider two consecutive positive integers, n and n + 1.

Show that the difference of their squares is equal to the sum of the two integers.

2017 - 2025
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

9 - (MathAA/11_HL_Summer_2021_Q1) - Algebra-functions - Roots
[Maximum mark: 5]

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

y
8
6
—_—
2
X
-4 2 0 2 4 6
: \
—4
-6
(a) Write down the value of
M @
(i) (fof)2). [2]
(b) Let g(x)= %f(x)+1 for -4 <x < 6. On the axes above, sketch the graph of g. [3]

10 - (MathAA/12_HL_Summer_2021_Q7) - Algebra-functions - Roots
[Maximum mark: 5]

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

2
Given that aff = —% , find the value of £.
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

11 - (MathAA/10_HL_Winter_2021_Q2) - Algebra-functions - Roots, Graphs
[Maximum mark: 9]

The function f is defined by f(x)= ? ,Where x € R, x#3.
—X

(a) Write down the equation of

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

(i) the horizontal asymptote of the graph of 1. [2]
(b)  Find the coordinates where the graph of f crosses

(iy the x-axis;

(i) the y-axis. 2]

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

15+

101

—10+

...15_

The function g is defined by g()c)zc;x—+4 ,where xe R, x=3 anda e R.
—X

(d) Giventhat g(x) = g ' (x), determine the value of a. [4]

2017 - 2025 6/838
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

12 - (MathAA/12_HL_Summer_2022_Q11) - Algebra-functions - Roots

[Maximum mark: 20]

A function £ is defined by f'(x)= 3 Where x € R,x#-1,x#3.

2
x —2x—
(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]

A function g is defined by g(x)= ,where x e R, x>3.

x*—2x-3
(b) Theinverseof gis g .

Vax* +x

X
(i)  State the domain of g . [7]

()  Showthat g”'(x)=1+

A function / is defined by A(x)= arctan%, where x € R.
(c) Giventhat (4 g)(a) =% , find the value of a.

Give your answer in the form p-l—%\/;, where p,q,re 7. [7]

13 - (MathAA/12_HL_Summer_2022_Q9) - Algebra-functions - Roots

[Maximum mark: 5]

Prove by contradiction that the equation 2x’ + 6x + 1 = 0 has no integer roots.

=
o]
©
=
=
&
z
=
<
=
“
=
B
=

2017 - 2025 7/838
= EXAMINENT

== Eminent Exam Preparation Resources




IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

14 - (MathAA/12_HL_Summer_2022_Q6) - Algebra-functions - Roots
[Maximum mark: 8]

Afunction f is defined by f(x)=xv1-x> where 1 <x<1.

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

Y
X

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

Therange of fis a<y<b,where a, b e R.

(b) Find the value of a and the value of 5. [6]
15 - (MathAA/12_HL_Summer_2022_Q2) - Algebra-functions- Roots

[Maximum mark: 6]

Consider any three consecutive integers, n— 1, n and n+ 1.

(a) Prove that the sum of these three integers is always divisible by 3. [2]

(b) Prove that the sum of the squares of these three integers is never divisible by 3. [4]

16 - (MathAA/11_HL_Summer_2022_Q8) - Algebra-functions - Roots

[Maximum mark: 6]

Consider integers a and b such that a” + b° is exactly divisible by 4. Prove by contradiction
that @ and b cannot both be odd.

17 - (MathAA/11_HL_Summer_2022_Q3) - Algebra-functions - Roots

[Maximum mark: 7]

Consider the functions f(x)= V3 sinx+cosx where 0 <x <n and g(x)=2x where x € R.

(@) Find (f°g)x). (2]
(b)  Solve the equation (fc g)(x) =2cos2x where 0 <x <m. [5]
2017 - 2025 8/838

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

18 - (MathAA/10_HL_Winter_2022_Q8) - Trigonometry, Algebra-functions - Roots
[Maximum mark: 5]

Let f(x)=cos(x—k),where 0<x<aanda,keR".

(@) Consider the case where &k = g

By sketching a suitable graph, or otherwise, find the largest value of a for which the
inverse function 7' exists. 2]

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

(¢) Find the largest value of a for which the inverse function f’1 exists in the case
where 1t <k < 27. Give your answer in terms of &. [2]

19 - (MathAA/10_HL_Winter_2022_Q3) - Algebra-functions - Roots
[Maximum mark: 5]

Let a be a constant, where a> 1.
2 1\ 2 2
(@) Showthata?+| 1| =[] 3]
2 2
: . . I a -1 a +1
Consider a right-angled triangle with sides of length «, 5 and ik

(b) Find an expression for the area of the triangle in terms of a. [2]

20 - (MahAA/11_HL_Summer_2023 Q1) - Algebra-functions - Roots

[Maximum mark: 7]
Tx+7
2x—4
(a) Find the zero of f(x). [2]

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

(b) For the graph of y = f(x), write down the equation of

(iy  the vertical asymptote;

(i) the horizontal asymptote. [2]
() Find 77'(x), the inverse function of f(x). [3]
2017 - 2025 9/838
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

21 - (MahAA/11_HL_Summer_2023 Q8) - Algebra-functions - Roots
[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

Consider the function g(x) = | f(|x[)| .

(a) On the following grid, sketch the graph of y = g(x), labelling any axis intercepts and
giving the equation of the asymptote.

[4]

(99

(b) Find the possible values of £ such that (g(x))2 = k has exactly two solutions.

(3]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

22 - (MahAA/12_HL_Summer_2023 Q2) - Algebra-functions - Roots

[Maximum mark: 5]

A function f is defined by f(x) =l—%, where x e R, x#2.
(&) 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]
(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]
Y
-------------- 5 e ————
4 ________________
3 ________________
2 _______
1 ------ T
x
5 4 3 -2 -1 0 2 3 4 5
R e
B S S
B e L
74 ________
............................. _5 -SRI SE SRS - SU S
=
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z
z
=
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

23 - (MathAA/12_HL_Summer_2023 Q5) - Algebra-functions - Roots
[Maximum mark: 7]
The functions f and g are defined for x € R by
f)y=ax+b,wherea, beZ
g =x"+x+3.

Find the two possible functions 7 such that (g © /) (x) = 4x — 14x + 15.

24 - (MahAA/11_HL_Winter 2023_Q1) - Algebra-functions - Roots
[Maximum mark: 5]
Consider the functions f(x)=x —3 and g(x) =x’ + k°, where k is a real constant.
(a) Write down an expression for (g o f)(x).

(b) Given that (g - f)(2) = 10, find the possible values of &.

(2]
(3]

25 - (MahAA/11_HL_Winter_2023 Q9) - Algebra-functions - Roots

[Maximum mark: 8]

. 2 h:
Consider the function f'(x)= Sm—(z) where x#0 and k € R".
X

(a) Show that f is an even function.

(2]

(b) Given that £i£r01 7 (x)=16, find the value of k. [6]
26 - (MahAA/12_HL_Winter_2023_Q1) - Algebra-functions- Roots

[Maximum mark: 5]

Consider the functions f(x)=x —3 and g(x) =x’ + k°, where k is a real constant.

(a) Write down an expression for (g o f)(x). [2]

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

27 - (MathAA/12_HL_Winter_2023 Q9) - Algebra-functions - Roots

[Maximum mark: 8]

. 2
kx
Consider the function f(x)= sm—(z) where x#0 and k € R".
x

(a) Show that f is an even function.

(b) Giventhat lim f(x)=16, find the value of .

[2]
[6]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
28 - (MahAA/11_HL_Summer_2024_Q10) - Algebra-functions - Roots, Graphs
[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 + c¢. The graph of g has an axis of symmetry at x = 2.
1
The two roots of g(x) =0 are -3 and p, where p € Q.
9
(¢) Showthat p :5. [1
(d) Find the value of » and the value of c. [3]
(e) Find the y-coordinate of the vertex of the graph of y = g(x). [2]
(ff  Find the product of the solutions of the equation f(x) = g(x). [4]
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IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOQOTS

29 - (MahAA/12_HL_Summer_2024_Q5) - Algebra-functions - Roots, Graphs

[Maximum mark: 8]

[\

(x+3)
(x+2)

A function £ is defined by f'(x)=

,where x e R, x=-2.

W

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

(a) Write down the equation of the horizontal asymptote.
Consider g(x)=mx+1,where m € R, m=0.

(b) ()

Write down the number of solutions to f(x) = g(x) for m > 0.

(1]

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

(i) Determine the range of values for m, where f(x) = g(x) has two solutions

forx>0.

[7]

2017 - 2025 14/838
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

30 - (MahAA/12_HL_Summer_2024_Q6) - Algebra-functions - Roots

[Maximum mark: 5]

A farmer grows two types of apples—cooking apples and eating apples. The weights of the
apples, in grams, can be modelled as normal distributions with the following parameters.

Apple type Mean u Standard deviation o
Eating 100g 20g
Cooking 140g 40g

For each type of apple you can assume that 95 % of the weights are within two standard
deviations of the mean.

(a) Find the percentage of eating apples that have a weight greater than 140 g. [1]
The farmer grows a large number of apples of which 80% are eating apples.
Both types of apples are picked and randomly mixed together in a cleaning machine.

After cleaning, the machine separates out those that have a weight greater than 140 g into
a container.

(b) An apple is randomly selected from this container. Find the probability that it is an

eating apple. Give your answer in the form % where ¢, d e 7". [4]

31 - (MathAA/12_HL_Summer_2024_Q7) - Algebra-functions - Roots

[Maximum mark: 7]

A function g(x) is defined by g(x)=2x’ — 7x’ + dx — e, where d, e € R.

a, B and y are the three roots of the equation g(x) =0 where «, 3, y € R.

(@) Write down the value of o+ S+ 7. [1
A function /(z) is defined by h(z) =22" — 11z* + 712’ + 52" + 1z — 20, where r, 5, 1 € R.

o, f and y are also roots of the equation /(z) =0.

It is given that 4 (z) = 0 is satisfied by the complex number z = p + 3i.

(b) Showthat p=1. 3]
It is now given that h[%)zo, and a, e 7', a<Band ye Q.

(¢) () Find the value of the product af.

(i)  Write down the value of o and the value of (3. [3]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

32 - (MahAA/1_HL_Winter_2024 Q3) - Algebra-functions - Roots
[Maximum mark: 4]

Prove that (3n +2)’ — (3n —2)’ is a multiple of 12 forall n € Z".

33 - (MathAA/1_HL_Winter_2024 Q6) - Algebra-functions - Roots

34 - (MahAA/11_HL_Summer_2025 Q1) - Differentiation, Algebra-functions - Roots, Graphs

[Maximum mark: 5]

3
Consider the function f(x)= 4% —16x, where x € R.

The graph of y = f(x) has a local minimum point at (p, g) where p>0.

Find the value of p and the value of ¢g.

35 - (MathAA/11_HL_Summer_2025_Q10) - Quadratics, Algebra-functions - Roots, Exponentials - Logarithms

[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 — k)’ + k,where a, h, k € Z.

(b)  Sketch the graph of y =f(x), showing the values of any intercepts with the axes and
the coordinates of the vertex.

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

(i)  Solve the inequality ( fo g)(x) <40.

(e) Find the domain of gof.

[4]

[4]
[4]

[3]
3]
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ANSWERS
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
1 - (MAT/12_HL_Summer_2017_Q2) - Functions - Roots
@ -11<f(x)<21 A1A1
‘ Note: A7 for correct end points, A7 for correct inequalities.
[2 marks]
-1 X — 5
b) [(x)=3 2 (M1)A1
[2 marks]
(©) -11<x<21,-2< fY(x)<2 A1A1
[2 marks]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

2 = (MAT/12_HL_Summer_2017_Q9) - Functions - Roots, Differentiation, Integration
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
i)
|
]
| Pj |
‘ [
[
| [
| |
I [
l Yk ‘
! i D
| !
| I
| |
A1 for reflecting negative branch from (ii) in the x-axis
A1 for correctly labelled minimum point
[8 marks]
(b) EITHER
attempt at integration by parts (M1)
j(xz - az)cosxdx = (xz— az)sinx - j2xsinxdx A1A1
= (xz—az)sinx —2[—xcosx+.[cosxdx] A1
:(xz—az)sinx+2xcosx—2sinx+c A1
OR
j(xz - az)cosxdx = Ixz cos xdx — jaz cos xdx
attempt at integration by parts (M1)
Ixz cosxdx = x*sinx — Iszinxdx A1A1
=x"sinx — 2[—xcosx + Icosxdx] A1
= x?sinx + 2xcosx — 2sinx
—jaz cosxdx = —a’sinx
j(xz—az)cosxdx= (xz—az)sinx +2xcosx —2sinx +c¢ A1
[5 marks]
=
o
N
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
1
(© gx)= x(x2 -d )2
E L
' {2 2\2 4 2 2Y 3
g(x)—(x a ) + 2x(x a ) (2x) M1A1A1
| Note: Method mark is for differentiating the product. Award A7 for each correct term.
1 1
g'(xy= (x2 - 612)2 +x° (xz— al) 2
both parts of the expression are positive hence g'(x) is positive R1
and therefore g is an increasing function (for |x| >a ) AG
[4 marks]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

3 - (MAT/11_HL_Summer_2017_Q11) - Functions- Roots, Graphs, Integration
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
1
(d) L d
v X+l x+2
=[In(x+1) - In(x +2)], A1
=In2-In3 -Inl +1n2 M1
=In [ij M1A1
3
o2
R/ 3
[4 marks]
(e)
Iy
(0,0.5) ¢
x
s 5
A4
symmetry about the y-axis M1
correct shape At
| Note:  Allow FT from part (b). |
[2 marks]
1
M 2f feode (M1)(A1)
=2In (ij A1
3
| Note: Do not award FT from part (e). ‘
[3 marks]
=
S
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z
2
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
4 - (MAT/11_HL_Summer_2017_Q12) - Functions - Roots, Graphs
(a sum=20 A1
product =6 A1
[2 marks]
by PH=1-10+15-6=0 Mi1A1
= (z — 1) is a factor of P(z) AG
| Note: Accept use of division to show remainder is zero.
[2 marks]
(c) METHOD1
(2—1)3(22+ bz+c)=z5—10z2+15z—6 (M1)
by inspection ¢ = 6 A1
(z-”’— 322+ 3z — 1)(z2+ bz + 6) =~ 1022+ 152 - 6 (M1)(A1)
h=3 A1
METHOD 2
o, [} are two roots of the quadratic
h=—(aw+p),c=af (A1)
frompart(@) 1+ 1+1+a+p=0 (M1)
=h=3 A1
Ixlxlxapfp=6 (M1)
=c=6 A1
| Note: Award FT if b = —7 following through from their sum = 10.
METHOD 3
(zj—1022+152—6)+(Z—1)=Z4+23+Zl—9Z+6 (M1)A1
| Note: This may have been seen in part (b). |
z4+23+22—9z+6+(z—1)=23+222+32—6 M1)
23+222+3Z—6+(Z—1)=22+3Z+6 A1A1
[5 marks]
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IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOTS

d zZ+3z+6=0 M1
-3+ 1/9 -4.6
z = 3 M1
_—3£4-15
2
I NE A1
2 2
(orz=1)
Notes: Award the second M1 for an attempt to use the quadratic formula
or to complete the square.
Do not award FT from (c).
[3 marks]
. dzy 3
e O = =20x - 20 M1A1
dx
for x>1 20x — 20 >0 = concave up R1AG
(ii)
6/\y
X
- (1,0) %
(Oa 76)
Yy 0\/
x-intercept at (1, 0) A1
y-intercept at (0, -6) A1
stationary point of inflexion at (1, 0) with correct curvature either side A1
[6 marks]
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5 - (MAT/12_HL_Summer_2018 Q10) - Functions- Roots

(c) the domain of /iog is xS%, x>2

the range of hog is y 20, y;t\/f

A1A1

A1A1

[4 marks]
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6 - (MAT/12_HL_Summer_2019_Q3) - Functions- Roots

7 - (MAT/12_HL_Summer_2019_Q5) - Graphs, Functions - Roots
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8 - (MathAA/12_HL_Summer_2021_Q1) - Algebra-functions - Roots
attempt to subtract squares of integers (M1)
(n+ 1)2 -n’

EITHER
correct order of subtraction and correct expansion of (n +1)2 , seen anywhere A1A1

=n2+2n+1—n2(=2n+1)

OR
correct order of subtraction and correct factorization of difference of squares A1A1

:(n+1—n)(n+1+n)(:2n+1)

THEN
=n+n+1 =RHS A1

Note: Do not award final A7 unless all previous working is correct. |

which is the sum of n and n+1 AG

Note: If expansion and order of subtraction are correct, award full marks for
candidates who find the sum of the integers as 2n+1 and then show that
the difference of the squares (subtracted in the correct order) is 2n+1 .

[4 marks]

2017 - 2025 216/838
= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

9 - (MathAA/11_HL_Summer_2021_Q1) - Algebra-functions - Roots

10 - (MathAA/12_HL_Summer_2021_Q7) - Algebra-functions - Roots

a+p+a+p=k (A1)
_k
a+ﬁ—2
aﬂ(a+ﬂ):—3k (A1)
g .
4 N\ 2 8
k}
attempting to solve —§+3k =0 (or equivalent) for k (mM1)
k=26 (=~24)(k >0) A1

Note: Award A0 for k = +2./6 (i~/24).

[5 marks]
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11 - (MathAA/10_HL_Winter_2021_Q2) - Algebra-functions - Roots, Graphs
(@ 0 x=3 A1
iy y=-2 A1
[2 marks]
() () (-2,0) (accept x=-2) A1
4 4
(i) | 0,— |(accept y:i and f(0)==) A1
3 3 3
[2 marks]
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(d) METHOD 1

(s =)y=5"

attempt to find x in terms of y (M1)

OR exchange x and y and attempt to find y in terms of x

3y—xy=ax+4 A1
ax+xy=3y—4

x(a+y):3y—4

3y—4
y+a

xX=

-1 3x—4
= A1
& (x) xX+a

Note: Condone use of y =

g(x)=g"(x)

ax+4 3x-4

3—x x+a

=a=-3 A1

[4 marks]
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METHOD 2
ax+4
(x)=
3—x
attempt to find an expression for g(g(x)) and equate to x (M1)
a(ch+4)+4
—X
=~ 27 A1
gg(x) 3_[ax+4j .
3—x

a(ax+4)+4(3—x)

(9-3x)—(ax+4) -
a(ax+4)+4(3—x) .
5—(3+a)x
a(ax+4)+4(3—x)=x(5—(3+a)x) A1

equating coefficients of x*> (or similar)

a=-3 A1
[4 marks]
Total [9 marks]
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12 - (MathAA/12_HL_Summer_2022_Q11) - Algebra-functions - Roots
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1

b i = M1
® 0 =
| Note: Award M1 for interchanging x and ) (this can be done at a later stage). |
EITHER
attempts to complete the square M1
¥ —2y-3=(y-1) -4 A1
e 1
(y-1) -4
1 2 1
1) —4== | (y=1) =4+- A1
(-1 =4=1 ((3-1) =41
yol=tl4+1 {:J_r 4x+1j
X X
OR
attempts to solve xp° —2xy—3x—1=0 for y m1
—(—2x) £J(-2%)% + 4x(3x +1
) V(2% +4x(Gx+1) A1
2x
Note: Award A1 even if — (in +) is missing
 2x#4/16x7 +4x A1
2x
2017 - 2025 222/838
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THEN
Véx® +
=1+ M A1
X
Véxi+x
y>3 and hence y=1-———— is rejected R1
X
Note: Award R1 for concluding that the expression for ¥ must have the ‘+’ sign.
The R1 may be awarded earlier for using the condition x>3.
Vax* +x
y=l+———
X
- Véx® +x
g ! (x) =l+—- AG
X
(i) domainof g is x>0 A1
[7 marks]
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(c) attempts to find (ko g)(a) (M1)

(hog)(a):arctan M (hog)(a)=arctan ; (A1)
2 2(a’~2a-3)
g&ﬂ _r t N S
arctan[ 5 j_4 {arcan 2(a2—2a—3)} 4}
attempts to solve for g(«) M1
= g(a)=2 S S 2
&)= (a2 -2a —3)
EITHER
=a=g" (2) A1
attempts to find their g~ (2) M1
4(2) +2
a =1+L A1
2

Note: Award all available marks to this stage if x is used instead of « .
OR
=2a’-4a-7=0 A1
attempts to solve their quadratic equation M1
L= +4)0) (_wi] .

4 4

Note: Award all available marks to this stage if x is used instead of a .

THEN

a:1+%\/5 (as a>3) A1

(pzl,q:3,r:2)

Note: Award A1 for a:1+%«/§ (p=1g=1r=18).

[7 marks]
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

13 - (MathAA/12_HL_Summer_2022_Q9) - Algebra-functions - Roots

METHOD 1 (rearranging the equation)

assume there exists some « €7 such that 2¢° +6a+1=0

Note: Award M1 for equivalent statements such as ‘assume that « is an integer
root of 2a° + 6¢ +1=0". Condone the use of x throughout the proof.

Award M1 for an assumption involving o’ +3«a +% =0.

Note: Award MO for statements such as “let’'s consider the equation has integer
roots...” “let & € Z be aroot of 2a° +6a+1=0..."

Note: Subsequent marks after this M7 are independent of this M7 and can be
awarded.

attempts to rearrange their equation into a suitable form

EITHER
20° + 60 =-1
oe? =720 +6c is even

2a° + 60 = —1 which is not even and so ¢ cannot be an integer

Note: Accept ‘2¢a° + 6 = —1 which gives a contradiction’.

OR
1:2(—0:3 —3a)
an:>(—a3—3a)eZ

=1 is even which is not true and so a cannot be an integer

| Note: Accept ‘=1 is even which gives a contradiction’.

M1

M1

A1
R1
R1

A1

R1

R1

2017 - 2025 225/838
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OR
1 3
—=—-a -3a A1
2
an:>(—oﬁ—3a)eZ R1
3 . . 1 .
—a” =3« is not an integer ZE and so o cannot be an integer R1
3 - . 1 - . - B
Note: Accept ‘—a” —3« is not an integer :E which gives a contradiction’.
OR
1
a=- A1
2(0:2 + 3)
1
ael=—-—F—-=¢€Zl R1
2(05 +3)
—+ is not an integer and so o cannot be an integer R1
2(a +3)
Note: Accept N is not an integer which gives a contradiction’.
2(a*+3)
THEN
so the equation 2x* +6x+1=0 has no integer roots AG
[5 marks]
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METHOD 2

assume there exists some ¢ €Z such that 2¢° + 6 +1=0 M1

Note: Award M1 for statements such as ‘assume that « is an integer root of
20 + 60 +1=0’. Condone the use of x throughout the proof. Award M1

. . 1
for an assumption involving &’ + 3« +5 =0 and award subsequent marks

based on this.

Note: Award MO for statements such as “let’s consider the equation has integer

roots...”, “let & €7 be aroot of 2¢° +6a+1=0...”

Note: Subsequent marks after this M1 are independent of this M7 and can be
awarded.

let f(x)=2x"+6x+1 (and f(a)=0)

f’(x) =6x"+6>0 forall xeR = f is a (strictly) increasing function M1A1
£(0)=1and f(-1)=-7 R1
thus f(x) =0 has only one real root between —1 and 0, which gives a contradiction
(or therefore, contradicting the assumption that f(a) =0 for some o €Z), R1
so the equation 2x’ +6x+1=0 has no integer roots AG
[5 marks]
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14 - (MathAA/12_HL_Summer_2022_Q6) - Algebra-functions - Roots

(a) attempts to replace x with —x

f(=)==xi=(=x)
:—xm(:_f(x))

Note: Award M1A1 for an attempt to calculate both f(—x)and —f(-x)
independently, showing that they are equal.

Note: Award M1A0 for a graphical approach including evidence that either the
graph is invariant after rotation by 180° about the origin or the graph is
invariant after a reflection in the y-axis and then in the x-axis (or vice
versa).

so f is an odd function

(b) attempts both product rule and chain rule differentiation to find f’(x)

f,(x)zxx%x(—2x)x(1_x2)%+(1_x2)%><1 {:«/1—7_ 2 J

1—x2

sets their /'(x)=0

1
Sx=t—4
R

attempts to find at least one of f(irLj

NA

Note: Award M1 for an attempt to evaluate f(x)at least at one of their f’(x) =0
roots.

1 1
a=——and b=—

\S]

Note: Award A7 for —% <y gl :

2

M1

A1

AG
[2 marks]

M1

A1

M1

A1

(mM1)

A1

[6 marks]

2017 - 2025 228/838

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




=
o
©
=
z
w
z
=
<
<
“
=
B
=

IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS-ROOTS

15 - (MathAA/12_HL_Summer_2022_Q2) - Algebra-functions - Roots

@ (n-1)+n+(n+1) (A1)
=3n A1
which is always divisible by 3 AG

[2 marks]

(b) (n—l)zﬁ-nz—i-(n-i-l)2 (= n* =2n+1+n*+n*+2n+1) A1
attempts to expand either (nfl)2 or (n+1)2 (do not accept n° —1 or n’+1) (M1)
=3n+2 A1

demonstrating recognition that 2 is not divisible by 3 or % seen after correct

expression divided by 3 R1

3n” is divisible by 3 and so 3n® +2 is never divisible by 3

OR the first term is divisible by 3, the second is not

3n2+2_n2 2

3

OR 3(#%} OR

hence the sum of the squares is never divisible by 3 AG
[4 marks]
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16 - (MathAA/11_HL_Summer_2022_Q8) - Algebra-functions - Roots

Assume that ¢ and b are both odd. M1

Note: Award MO for statements such as “let ¢ and b be both odd”.

Note: Subsequent marks after this M7 are independent of this mark and can be

awarded.

Then a=2m+1 and b=2n+1 A1
a’+b* =2m+1)" +(2n+1)°

=4m’ +4m+1+4n’ +4n+1 A1
=4(m2+m+n2+n)+2 (A1)
(4(m2 +m+n’ +n) is always divisible by 4) but 2 is not divisible by 4. (or equivalent) R1
= a” +b* is not divisible by 4, a contradiction. (or equivalent) R1
hence « and b cannot both be odd. AG

Note: Award a maximum of MTAO0AO(AO)R1R1 for considering identical or two
consecutive odd numbers for ¢ and b .

[6 marks]
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IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOTS

17 - (MathAA/11_HL_Summer_2022_Q3) - Algebra-functions - Roots

(@ (fea)x)=/f(2x)
f(2x) =+[3sin2x+cos2x

(b) \/g Sin2x +¢0s2x =2c0s2x
\/5 sin2x =cos2x

recognizing to use tan or cot

1

tan2x = OR cot2x =«/§ (values may be seen in right triangle)

S-S

Larctan J:J % (seen anywhere) (accept degrees)

(A1)

A1
[2 marks]

M1

(A1)

(A1)

A1A1

Note: Do not award the final A7 if any additional solutions are seen.
Award A1AOQ for correct answers in degrees.

Award AOAOQ for correct answers in degrees with additional values.

[5 marks]
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18 - (MathAA/10_HL_Winter_2022_Q8) - Trigonometry, Algebra-functions - Roots
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19 - (MathAA/10_HL_Winter_2022_Q3) - Algebra-functions - Roots

@)

Note: Award a maximum of M71AQAQ if the candidate manipulates both sides of
the equation ( such as moving terms from one side to the other ).

METHOD 1 (working with LHS)

attempting to expand (az —1)2 (do not accept a* +1 or a* —1) (M1)
4 mo2 2, 4 A2
LHS:a2+a 2a° +1 or 4da”+a’ -2a +1 A1
4 4
4 2
_a +2a° +1 A1
4
5 2
_ a +1 (:RHS) AG
2

Note: Do not award the final A1 if further working contradicts the AG.

METHOD 2 (working with RHS)

attempting to expand (a2 + 1)2 (M1)
4 2
RES = 4 +2a” +1
4
2 4 2
_ 4a” +a” -2a" +1 A1
4
4 2
=a° +w A1
4
a-1Y
=a J{ 5 j (=LHS) AG
Note: Do not award the final A1 if further working contradicts the AG. |
[3 marks]
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2 —
(b) recognise base and height as a and (a 1} (may be seen in diagram) (M1)
correct substitution into triangle area formula A1
2 ala’ -1 3_
Area=2| & ! (or equivalent) | = ( ) —a-4
20 2 4 4
[2 marks]
20 - (MahAA/11_HL_Summer_2023 Q1) - Algebra-functions - Roots
(@) recognizing f(x)=0 (M1)
x=-1 A1
[2 marks]
(b) () x =2 (must be an equation with x) A1
@iy y :% (must be an equation with y) A1
[2 marks]
(c) EITHER
interchanging x and y (M1)
2xy—4x=Ty+7
correct working with y terms on the same side: 2xy -7y =4x+7 (A1)
OR
2yx —4y=Tx+7
correct working with x terms on the same side: 2yx - 7x =4y +7 (A1)
. . . . 4y +7
interchanging x and y OR making x the subject x = 37 (mM1)
y —
THEN
O 4x+7 . 7
xX)= or equivalent) | x =— A1
fr)=7— (oreq ) >
[3 marks]
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21 - (MahAA/11 HL_Summer_2023 Q8) - Algebra-functions - Roots

(a) attempt to reflect f in the x OR y axis (M)

A1A1A1
Note: For a curve with an approximately correct shaped right-hand
branch, award:
A1 for correct asymptotic behaviour at y =2 (either side)
A1 for correctly reflected RHS of the graph in the y-axis with
smooth maximum at (0, 3).
A1 for labelled x-intercept at (—a,0) and labelled asymptote
at y =2 with sharp points (cusps) at the x-intercepts.
[4 marks]
(b) k=0 A1
4<k<9 A2
Note: If final answer incorrect, award A7 for critical values 4 and 9 seen
anywhere.
Exception to FT:
Award a maximum of AOA2FT if their graph from (a) is not
symmetric about the y-axis.
[3 marks]
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22 - (MahAA/12_HL_Summer_2023 Q2) - Algebra-functions - Roots
(@ 0 x=2 A1
(i) y=1 A1
[2 marks]
b) (O 0 3 A1
2
(i) (3,0) A1
[2 marks]
(©
Y
[03);
2
/
: _
=1-
Y x—2 |
two correct branches with correct asymptotic behaviour and intercepts clearly shown A1
[1 mark]
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Y
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z
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23 - (MahAA/12_HL_Summer_2023 Q5) - Algebra-functions - Roots

attempts to form (g f)(x) (M1)
[f] +f(x)+3 OR (ax+b)2 +ax+b+3

a2x2+2abx+b2+ax+b+3(=4x2—14x+15) (A1)

equates their corresponding terms to form at least one equation (M1)

a’x*=4x> OR a*=4 OR 2abx+ax=-14x OR 2ab+a=-14 OR

b*+b+3=15
a =12 (seen anywhere) A1
attempt to use 2ab +a =—14 to pair the correct values (seen anywhere) (M1)

f(x)=2x—-4 (accept a=2 with b=-4), f(x)=-2x+3 (accept a=-2 with b=3) A1A1

[7 marks]
24 - (MahAA/1L HL_Winter 2023 Q1) - Algebra-functions - Roots
(a) attempt to form (g f)(x) (M1)
((gof)(x)):(x—3)2+/c2 (:x2—6x+9+k2) A1
[2 marks]
(b) substituting x=2 into their (g f)(x) and setting their expression =10 (M1)
(2-3)+k* =10 OR 2°-6(2)+9+k> =10
k2 =9 (A1)
k=413 A1
[3 marks]
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25 - (MahAA/11_HL_Winter_2023 Q9) - Algebra-functions - Roots

@ f(-x)= % m1
- % A1
B )
hence f(x) iseven AG

[2 marks]

2017 - 2025 238/838
= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




=
]
©
=
z
w
z
=
<
<
“
=
B
=

IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOTS

(b) METHOD 1
Noting that lim (f(x)) =5

attempt to differentiate numerator and denominator:

lim( £ (x)) = um(wj £: lim(kSiHkaD

x—0 x—0 2x x—0 2x

0 . . .
(evaluates to 6) and attempts to differentiate a second time:

2k*(cos® kx —sin’ kx 2
_ hm( ( )j [Z hm(wﬂ 2
x>0 2 x—0 2

(k2 :16:>)k:4

(M1)
M1

A1

M1

A1

A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.
x>0

METHOD 2

attempt to express sin(kx) as a Maclaurin series
sin (kx) = kx(+.“)

sin’ (kx) = k*x* (+...)

=lim (k2 +termsin x)

x—0

M1

A1

M1

R1

| Note: This R17 is awarded independently of any other marks.

= k2
(k2 =16:>)k=4

A1
A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.

x—0
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METHOD 3
s o sinkx \( sinkx
splitting function into
X X
limits

. [sin®(kx)) . (sinkx) .. (sinkr
lim —|= lim x lim
x—0 X x—0 X x—0 X

EITHER
using L’ Hopitals rule

lim[smkxj _ lim[kcoskxj L
x>0 X x>0 1

OR

using Maclaurin expansion for sin kx

sin (kx) = kx(+.‘.)

x>0 x>0 x—0

X X

THEN
sin’ (kx)

2

x—0 X

hence lim[ j:kxk:k2

k*=16=k=4(k>0)

jand using limit of product = product of

lim(smkx} :lim[kx+"'j — lim (k +terms in x) =k

(M1)

A1

(M1)

(A1)

(M1)

(A1)

A1

A1

Note: Award relevant marks, even if ‘lin(}’ is not explicitly seen.

[6 marks]
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26 - (MahAA/12 HL_Winter_2023 Q1) - Algebra-functions - Roots

(a) attempt to form (go /)(x) (M1)
(g2 /)(x)=(x=3) +k" (=x*-6x+9+k) A1

[2 marks]

(b)  substituting x =2 into their (g f)(x) and setting their expression =10 (M1)

(2-3)"+k =10 OR 2°-6(2)+9+k> =10

k*=9 (A1)
k=43 A1
[3 marks]

27 - (MahAA/12_HL_Winter_2023 Q9) - Algebra-functions - Roots

@ f(-x)= W M1
S IR

hence £(x) is even AG

[2 marks]
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CH1- ALGEBRA-FUNCTIONS-ROOTS

(b) METHOD 1

. , 0
Noting that lxlir(}(f(x)) =5

attempt to differentiate numerator and denominator:

) . [ 2ksinkxcoskx . ( ksin2kx
lim{ f(x))=lim| ———— || =lim| ————
x>0 (f( )) x—0 ( 2x j ( x>0 ( 2X jj

0 . . .
(evaluates to 6) and attempts to differentiate a second time:

2k*(cos® kx —sin” kx 2
:lim( ( )} [: 1im[2k°2ﬂn e

x>0 2 x—0

(¥ :16:>)k:4

(M1)
m1

A1

M1

A1

A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.
x—0

METHOD 2

attempt to express sin(kx) as a Maclaurin series
sin (kx) = kx(+...)

sin” (kx) = k*x* (+...)

= lxlir(} (k2 +termsin x)

M1

A1

M1

R1

| Note: This R17 is awarded independently of any other marks.

— k2
(k2 :16:>)k:4

A1
A1

Note: Award relevant marks, even if ‘lim’ is not explicitly seen.

x—0
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METHOD 3
in kx in kx
splitting function into [Sm j(sm jand using limit of product = product of
X X

limits (M1)

2 kx . .
Hm[ﬂgé—lj:Hm[ﬁnhjth(ﬁnhj A1
x—0 X x—0 X x—0 X
EITHER
using L’ Hopitals rule (M1)
hm[smkx]:hm(lccoskx]:k (A1)
x>0 X x>0 1
OR
using Maclaurin expansion for sin kx (M1)

sin (kx) = kx(+)

nm(““mizhm[m””}1mmk+mmminx)*k (A1)
x>0 X x>0 X x—0
THEN
)
hameﬁ%(ﬂgééij:kxkzﬁ A1
X X
k*=16=k=4(k>0) A1

Note: Award relevant marks, even if ‘lim ’ is not explicitly seen.
x>0

[6 marks]
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28 - (MahAA/11_HL_Summer_2024_Q10) - Algebra-functions - Roots, Graphs

(a)
y
x=2
y=4
/
X
.
> N
vertical asymptote x =2 sketched and labelled with correct equation A1
horizontal asymptote y = 4 sketched and labelled with correct equation A1
For an approximate rational function shape:
|
labelled intercepts —5 on x-axis, —| on y-axis A1A1
two branches in correct opposite quadrants with correct asymptotic behaviour A1
Note: These marks may be awarded independently. |
[5 marks]
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IB Diploma Mathematics AA HL P1

CH1- ALGEBRA-FUNCTIONS-ROOTS

(b) y=4 (orequivalent)

5 1 5 TP
€ 2+= OR (—Ej+2x5 OR 22 =2 OR 4=—p+—

(d) METHOD 1
attempt to substitute both roots to form a quadratic
EITHER

(e Pom e (34
e

A1
[1 mark]

A1

AG

[1 mark]

(M1)

A1A1

| Note: Award A7 for each correct value. They may be embedded or stated explicitly.

OR
(2x+1)(2x-9) =4(x2 —4x—%j
b=—-4,c= 2

4

A1A1

Note: Award A1 for each correct value. They must be stated explicitly.
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METHOD 2
b
—5=2 OR 4+b=0=b=4 A1
attempt to form a valid equation to find ¢ using their b (M1)
2 2
1 +—4 1 +¢=0 OR 2 +—4 2 +¢c=0
2 2 2 2
; 9
S A1
4
METHOD 3
attempt to form two valid equations in 4 and ¢ (M1)
2 2
1 +b 1 +¢=0, 2 +b 2 +¢=0
2 2 2 2
be—dc--—2 A1A1
4
METHOD 4

attempt to write g (x) in the form (X—h)2 +k and substitute for X,/ and g(x) (M1)

2
(-3-2] skm0i=-2
2 4

9
=X —4x—z A1A1

‘ Note: Award A7 for each correct value. They may be embedded or stated explicitly. ‘

[3 marks]
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(e) attempt to substitute x =2 into their g(x) OR

complete the square on their g(x) (may be seen in part (d)) (M1)
25

- = A1
Y 4

[2 marks]

n 22 —(x+lj(x—2j o A
2 2 4

x=2 x-2
attempt to form a cubic equation (M1)
EITHER

4x+2=(x—2)(x+%j(x—%} OR 4x+2=(x2—4x—%j(x—2) OR
(x—2)(x+%j(x—%}—4x—2 OR (x—2)(x2—4x—%j—4x—2

5
x3+...+§(=0) OR 4x’+..+10(=0) (A1)(A1)

5
Note: Award (A1) for each of the terms x° and —or 4%’ and 10 Ignore extra terms.

2
5
(-1) <= (-1)’ x10
productofroots= |~ 2 | OR |~——
1 4
= > A1
2
=
S
z
=
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=
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CH1- ALGEBRA-FUNCTIONS-ROOTS

OR
1 1 9
4 x+— =(x—2) X+—|| x——
2 2 2
. 1
S A1
7 (A1)
ord=x"4+..+9=>x>+..+5=0
product of roots of quadratic is 5 (A1)
product is therefore —EX 5
- A1
2
[4 marks]
Total [16 marks]
29 - (MahAA/12_HL_Summer_2024_Q5) - Algebra-functions - Roots, Graphs
@ vy :§ (must be written as equation with y =) A1
[1 mark]
by @@ 2 A1
(i) EITHER
2(x+3
(x ) =mx+1
3(x+2)
attempt to expand to obtain a quadratic equation (M1)
2x+6=3mx’ +6mx+3x+6
3mx’ +(6m+1)x=0 OR 3mx’ +6mx+x=0 A1
recognition that discriminant A =0 for one solution (M1)
2
(6m+1) =0
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OR

2(x+3)
+2)

attempt to expand to obtain a quadratic equation (M1)

=mx+1

(98]
—_
=

2x+6=3mx> +6mx+3x+6
3mx’ +(6m+1)x=0 OR 3mx’ +6mx+x=0 A1
attempt to solve their quadratic for x and equating their solutions (M)

x(3mx+6m+1) =0

x=0 OR x=-*1 ()

3m
_bm+1 ~0
3m
OR
attempt to find f'(x) using the quotient rule (M1)
' 2( (x+2)—(x+3 -2 2(3x+6)—-3(2x+6
f(x):_(( ) )j:( szR (r+6)=3(2x+6)
3 (x+2) 3(x+2) (3x+6)
equivalent A1
recognition that m is the derivative of f(x)at x=0 (M)
THEN
1
>m=—— A1
6
=
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s
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IB Diploma Mathematics AA HL P1 CH1- ALGEBRA-FUNCTIONS- ROOTS
(iii)
Note: In this part, FT may be awarded only for values of m between —1 and 0.
1
——<m<0 A2
6
Note: Award A7 for only m > —% . Award A7 foronly m <0 .
[7 marks]
Total [8 marks]
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30 - (MahAA/12_HL_Summer_2024_Q6) - Algebra-functions - Roots

@ 2.5(%) A1
[1 mark]

(b)  P(weight of cooking apples >140) = 0.5(50%) (seen anywhere) (A1)
recognition of conditional probability in context (M1)

p (eating applelweight > 1 40) _ P(eating apple agd weight of eating apple >140)
P(weight of apple > 140)

OR

P(eating apple ™ weight of eating apple >140)
P(eating apple ™ weight of eating apple >140) + P(cooking apple m weight of cooking apple >140)

OR

P (eating apple ) P(weight of eating apple > 140)

P(eating apple)P(weight of eating apple> 140)+P(cooking apple)P(weight of cooking apple > 140)

B 0.8x0.025 80x2.5 (A1)
© 0.8x0.025+0.2x0.5 (_ 80x2.5+20x soj
1
_2001_1 A1
1200 \ 6
Note: Accept any equivalent exact answer written as a fraction.
[4 marks]
Total [5 marks]
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31 - (MahAA/12_HL_Summer_2024_Q7) - Algebra-functions - Roots

@ a+ﬂ+y:% A1
[1 mark]

(b) p-3i is also aroot (seen anywhere) A1
recognition of 5 roots and attempt to sum these roots (mM1)

p+ﬁ+p—ﬁ+%

. .7 11
+31+p-3i+—=— A1
p p 2 5
p=1 AG
[3 marks]
(¢) (i) attempt to find product of 5 roots and equate to £10 (M1)
. N
(1+31)(1—31)5a/3 =10
af =2 A1
() a=land g=2 A1
[3 marks]
Total [7 marks]
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32 - (MathAA/1_HL_Winter_2024 Q3) - Algebra-functions - Roots
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Question 3 continued.

METHOD 3

base case n=1: (3(1)+2) —(3(1)-2) =25-1=24

so true for n=1 A1
assume true for n =k i.e. (3k+2)2 —(3k—2)2 is a multiple of 12 m1
consider n=k+1:

(3(k+1)+2) ~(3(k+1)-2)

((3k+2)+3) —((3k~2)+3)

(3k+2)" +6(3k+2)+9—((3k-2)" +6(3k—2)+9)

(3k+2) —(3k—2)" +24

using the assumption (3 + 2)2 —(3k- 2)2 =12M

12M +24

12(M +2)

which is a multiple of 12, hence true for n =%k +1 A1

since true for n =1, and true for n =k implies true for n =%k +1

therefore, true for all ne Z"* R1

Note: Do not award the R7 unless both A marks have been awarded.

[4 marks]
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33 - (MahAA/1_HL_Winter_2024 _Q6) - Algebra-functions - Roots
(a) attempt to find critical values (M1)
3
X=S.x=6 (A1)
2
3 <x<6 A1
2
| Note: Allow equivalent, and/or interval notation.
[3 marks]
3
b k== A1
(b) >
since we require 2x> —15x+18>0 (and f must be one to one) R1
OR
. . 3
Does not obey horizontal line test for x > E R1
[2 marks]
Total [5 marks]
34 - (MathAA/11_HL_Summer_2025_Q1) - Differentiation, Algebra-functions - Roots, Graphs
f'(x)=4x*-16 A1
sets their derivative equal to zero (M1)
45 -16=0,(x=12)
p=2 (accept x=2) A1
substitutes their positive p into f(x) (M1)
4(2%) 32 64
=———-162)| =—-32=——
y=—j ( )[ 3 3 j
4 —64
q= & (accept y=—) A1
3 3
Total [5 marks]
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35 - (MahAA/11_HL_Summer_2025_Q10) - Quadratics, Algebra-functions - Roots, Exponentials - Logarithms

(@) METHOD 1

a=>5 (A1)
attempt to use roots and symmetry to find 4 (M1)
h :w OR half the distance between the roots w =1 (may be
seen on a diagram)

h =-2(accept x=-2) (A1)
[(x)=5(x=(-2))" =5(=5(x+2)* =5) A1
(a=5 h=-2,k=-5)
METHOD 2

a=>5 (A1)
attempt to expand

(x+1)(x+3)=x +4x+3 OR 5(x+1)(x+3) =5x"+20x+15
EITHER
uses their expansion to attempt to complete the square to the form (M1)
p(x+q)* +r ,where q is half the coefficient of their xterm

=(x+2)' =2 +3(=(x+2)"~1) OR 5[(x+2)2 -2 +3J(= 5(x+2)"-5) (A1)
OR
uses their expansion to attempt to differentiate and sets equal to zero (M1)

d d

£ _2x+4=0 0OR L=10x+20=0

dx dx

h =-2(accept x=-2) (A1)
OR
uses their expansion to attempt to find axis of symmetry using 4 = ;— (M1)

a
h="2 OR h="2
2 10
h=-2(accept x=-2) (A1)
THEN
[(x)=5(x=(-2))" =5(=5(x +2)* =5) A1
(a=5 h==-2, k=-5)
[4 marks]
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