Revision (no GDC) [190 marks]

1. [Maximum mark: 5] SPM.1.SL.TZ0.1
The following diagram shows triangle ABC, with AB =6 and AC = 8.

diagram not to scale

A C

(a) Giventhatcos A = % find the value of sin A. [3]
Markscheme

valid approach using Pythagorean identity  (M1)

sin2 A + (%)2 = 1 (orequivalent) (A1)

V11

sin A = 5 Al

[3 marks]

(b) Find the area of triangle ABC. [2]

Markscheme

% X 8 X 6 X % (orequivalent) (A7)

area—= 4+/11 A1



[2 marks]

[Maximum mark: 5] SPM.1.SL.TZ0.5

The functions f and g are defined such that f (z) = wTJr?’ and

g(x) =8z + 5.

(@)  Showthat(go f) (z) = 2z + 11. [2]
Markscheme

attempt to form composition M1

correct substitution g (mTH’) =8 (m13) +5 A1
(gof)(x) =2x+ 11 46

[2 marks]

(b)  Given that (g 0 f) -t (a) = 4, find the value of a. [3]

Markscheme

attempt to substitute 4 (seen anywhere) (M1)
correctequationa = 2 X 4 + 11  (41)
a=19 Al

[3 marks]

[Maximum mark: 5] EXN.1.SL.TZ0.2



Solve theequation2 In & = In 9 + 4.Give youranswerin the
formx = pe?wherep, q € Z™. [5]

Markscheme

*This sample question was produced by experienced DP mathematics
senior examiners to aid teachers in preparing for external assessment in the
new MAA course.There may be minor differences in formatting compared

to formal exam papers.

METHOD 1

2lInz— In9 =14

usesm Inz = Inz™ (M1)
Inz> - In9=4

useslna — Inb = 1n % (M1)

METHOD 2
expresses4as4 In eandusesln ™ = mlnz (M1)
2lInz=2In3+4lne lnz=In3+2Ilne) A1

uses2Ine =Ilne?andlna+1Inb=1Inab M1)



Inz=1In (3e2) A1

r=23e* (p=3,q=2) A1

METHOD 3

expresses4d as4 In eandusesm In x = In ™  (M1)
Inz?2=In3%2+Ine* A1
useslna+1Inb=1Inab (M1)

Inz? =In (3264)

x? =32t = ¢ = /32! (z>0) A1

sox=3e? (x>0) (p=3,¢g=2) A

[5 marks]

[Maximum mark: 6] EXN.1.SL.TZ0.4
The first three terms of an arithmetic sequence are 1, Su1 — 8 and 3uq + 8.

(a) Show thatui = 4. (2]
Markscheme

*This sample question was produced by experienced DP mathematics
senior examiners to aid teachers in preparing for external assessmentin the
new MAA course.There may be minor differences in formatting compared
to formal exam papers.



EITHER
usesuUo — U1 = U3 — U2 (M1)

(5’LL1 — 8) — Uy = (3U1 + 8) — (5u1 — 8)

6u; =24 A1

OR

uses Uy = % (M1)
_ ui+(3u1+8)

Su; — 8 = —s

3u; =12 A1

THEN

sou; =4 AG

[2 marks]

(b) Prove that the sum of the first 2 terms of this arithmetic

sequence is a square number. [4]
Markscheme
d=28 (A1)

uses Sy, = 5 (2ug + (n — 1)d) M1
Sp=5@8+8n—-1)) A

— 4n?



= (2n)* A1

Note: The final A1 can be awarded for clearly explaining that An?isa

square number.

so sum of the first 12 termsisa square number AG

[4 marks]

[Maximum mark: 5] 24N.1.SL.TZ1.2
Points A and B lie on a circle with centre O and radius 7 cm, where

AOB = 0. 75 radians.

This is shown on the following diagram.

diagram not to scale

0.75
O A

The area of sector OAB is 6 cm?2.

(a) Find the value of 1. (3]

Markscheme

572(0) =6 OR 57%(0.75) =6 (A1



attempt to solve their equation to find 7 or r2 M1)

Note: To award the M1, candidate’s equation mustinclude r2and6 = 1. 5

,and they mustisolate r2orr.

r’ =16
r=4(m) Al

[3 marks]

(b) Hence, find the perimeter of sector OAB. [2]
Markscheme

evidence of summing the two radii and the arc length m1)
perimeter = 27 + r0

— 8+ 4(0.75)

=11(ecm) A1

[2 marks]

[Maximum mark: 6] 24N.1.SL.TZ1.6
For a particular arithmetic sequence, w19 = 14 and S5 = 200.

Find the value of k such thatu = 0. [6]

Markscheme



attemptto use , = u1 + (n — 1)d or
Sp = 5[2u1 + (n — 1)d] or S, = F[u1 + up]tosetupatleast
oneequationinujandd  (M1)

14 = u1 4+ 9d and 200 = 2> [2uy + 24d] 41

attempt to solve their two linear equationsin #1 and d simultaneously
(must eliminate one variable) M1)

d=-2 (=u; =32) @1

attemptto solve u, = 0 with theird (orwith theirdand wy)  (M1)

=k=17 M
[6 marks]
[Maximum mark: 14] 24N.1.SL.TZ1.8

The function f is defined as f(x) = log, (8x),wherez > 0.

(a) Find the value of

@ f(2): [2]

Markscheme

substitution of £ = 2inpart(i)orz = % in part (ii) M1)
log, (8 x 2) OR log, (16)
log, (16) =4 41

[2 marks]

@i)  f(

oo~

).



(1]

Markscheme

f(5)=0 a
[1 mark]

(b)  Find an expression for f (). [4]
Markscheme

swap L andy M1)
z = log, (8y) OR z =3 + log, ¥
attempt to write as exponential (M1)

2T =8y (A1)

(fil(w) :) % (: 21‘73) (accept Yy = % or y = 2%73)
Al

[4 marks]

() Hence, or otherwise, find f_1 (0) [1]
Markscheme
1
g Al

[1 mark]

The graph of Yy = f (4:132) can be obtained by translating and stretching the
graphof y = log, .



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

Markscheme

METHOD 1
f (42%) = log, (8 x 4z?)
attempt to use addition rule for logs M1)

log, 8 + log, 4 + log, z? OR log, 32 + log, =2 (or
equivalent) (A1)

attempt to use exponent property for logarithms mM1)

f (43[32) =5+ 2 log, x (orequivalent) A1

the graph of g must be vertically stretched (dilated) by a scale factor of 2
and then vertically translated (shifted) 5 units upwards. A2

METHOD 2
f (42?) = log, (8 x 4x?)

attempt to write argument as a power M1)

2
log, (32w2) = log, ((\/ 3233) ) (orequivalent) (A1)
attempt to use exponent property for logarithms mM1)

f (4x2) = 2 log, (\/ 3237) (orequivalent) A7

EITHER

the graph of g must be vertically stretched (dilated) by a scale factor of 2

1
—_. A1
V32

and stretched (dilated) horizontally by a scale factor of



OR

the graph of g must be stretched (dilated) horizontally by a scale factor of

ﬁ and vertically stretched (dilated) by a scale factor of 2. Al

Note: In this method, the final mark is 41, as the question specifically asks for
a translation and a stretch.

[6 marks]

[Maximum mark: 16] 24M.1.AHL.TZ2.10
Consider the arithmetic sequencea, p, q...,wherea, p, q 75 0.

(@)  Showthat2p — q = a. [2]
Markscheme

attempt to find a difference M1)

d=p—a,2d=q—a,d=q—p OR
p=a+d,g=a+2d,qg=p+d

correct equation Al

p—a=q—pORqg—a=2(p—a) ORp:aTw(or

equivalent)
2p—q=a AG

[2 marks]

Consider the geometric sequencea, S, t...,wherea, s, t # 0.



(b)  Showthats2 = at. 2]
Markscheme

attempt to find a ratio M1)

r=2 2=t r=L1 0OrRs=ar,t=ar’t=sr
a a S
correct equation Al
(£)2_i OR i_i( ivalent)
a) = 3 . — 5 (orequivalen
s>=at A6
[2 marks]

The first term of both sequences is a.

Itisgiventhatq = t = 1.
() Showthatp > % [2]

Markscheme

EITHER
2p — 1 = 52 (orequivalent) A1

(s>0)=>2p—1>00Rs=+2p—1=2p—1>0
OR p= 4L @ands? > 0) &I

OR

2p — 1 =aands®’ =a A1



(s> >0,50)0a >0=2p—1>0 OrR p%Landa >0

=p>3 A

Note: Do not award AOR1.

[2 marks]
Considerthe casewherea = 9, s > Qandqg =t = 1.

(d) Write down the first four terms of the

(d.i) arithmetic sequence;

Markscheme

9,5,1,-3 A

Note: Award A7 for each of 2"d term and 4t term

[2 marks]
(d.ii) geometric sequence.
Markscheme

9,3,1, A1A1

1
3

Note: Award A7 for each of 2"9 term and 4" term

[2 marks]

R1

(2]

(2]



The arithmetic and the geometric sequence are used to form a new arithmetic
sequence U,.

The first three termsof uparet; = 9 +1In 9, us = 5+ 1n 3, and

ug=1+1In1.

(ei)  Find the common difference of the new sequence in terms of

In 3.
Markscheme

attempt to find the difference between two consecutive terms (M1)

d=uy—u;=54+In3—-9—-1n9 OR
d=u3—us=14+In1—-5—1n3

In9=2In3 ORIn1=0 OR
In3—1In9 =1In %(: In3!'=—In 3) (seen anywhere) (A1)

d=—-4—-In3 m

[3 marks]

(eidi)  Show that legl = —-90—251n 3.
Markscheme

METHOD 1

attempt to substitute first term and their common difference into S'1
M1)

19(2(9+1n9) + 9(—4 —1n 3)) OR
2
%(2(9 +21n 3) + 9(—4 —In 3)) (orequivalent) A7

(3]

(3]



= 5(—18 —51In 3) (orequivalentintermsofln 3) A1

10
Tu;=—90-25In3 4G

METHOD 2
u10=9+mn94+9(—4—-1n3)(=—-27+In9—91n 3)

attempt to substitute first term and their 1 1¢ into S m1)

10

2

10
2
0

(2(9+1In9) +9(—4 —In 3)) oR
(
(909 +21In3) +9(—4 — In 3)) OR
Al
5

9+In9—-27+In9—91n 3) oR

—

> 94+In9—-27—-T7In 3) (orequivalent) A1

(—18 — 5 In 3) (orequivalentintermsof In 3) A1

10
Euz =—-90—-25In3 46

[3 marks]

[Maximum mark: 7] 23N.1.SL.TZ1.1
Consider the function f(z) = a sin (bx)witha, b € Z™.Thefollowing
diagram shows part of the graph of f
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(a) Write down the value of a.
Markscheme
a="7 A1
[1 mark]

(b.i)  Write down the period of f.
Markscheme
period =11 Al
[1 marks]

(b.ii) Hence, find the value of b.

Markscheme

(1]

(1]

(2]



b:TORH:— (A1)

[2 marks]

(0) i -
Find the value of f (ﬁ) [3]

Markscheme
substituting % into their f(x) M1)
f <%> = 7 sin (%)
sin (%) =3 (1)
= A1
[3 marks]
[Maximum mark: 5] 23N.1.SL.TZ1.2

Consider the functions f(z) = = + 2and g(z) = 2 — k? where kisa
real constant.

(@)  Write down an expression for (g o f) (a:) [2]
Markscheme
attemptto form (g o f) () (M1)

((go fl(z)) = (z+2)* —k* (=2> + 4z + 4 — k?)
Al



[2 marks]

(b)  Giventhat(go f)(4) = 11,findthe possible values of k. [3]
Markscheme

substituting = 4 into their (g o f)(2) and setting their expression
=11 (M1)

(4+2)° — k> =110r4% 4 4(4) +4 - k> =11

k2 =250R—k% = —25 (A1)
k= +5 A1
[3 marks]
[Maximum mark: 7] 23N.1.SL.TZ14

The sum of the first 1 terms of an arithmetic sequence is given by

S, = pn2 — gn,where p and q are positive constants.

Iltis given that S5 = 65 and Sg = 96.
(a) Find the value of p and the value of g. [5]

Markscheme

METHOD 1
attempt to form at least one equation, using either S5 or Sg m1)

65 = 25p — 5q (13 = 5p — q) and 96 = 36p — 6g
(16 = 6p — q) (A1)



valid attempt to solve simultaneous linear equationsin pand gand by
substituting or eliminating one of the variables. m1)

p=3,q=2 A1A1

Note: If candidate does not explicitly state their values of pand g, but gives
S, = 3n? — 21 ,award final two marks as A740.

METHOD 2
attempt to form at least one equation, using either 55 or 56 M1)
65 = 2(2u; +4d) (26 = 2u; + 4d) and

96

3(2u; + 5d) (32 = 2uy + 5d) (A1)

valid attempt to solve simultaneous linear equationsin %1 and d by
substituting or eliminating one of the variables. M1)

u1=1,d=6 Al
Sp=%(2+6(n—1)) =3n*—2n
p=3andq =2 At

Note: If candidate does not explicitly state their values of pand ¢, do not
award the final mark.

[5 marks]
(b) Find the value of ug. (2]
Markscheme

ug = S¢ — Sx OR substituting their values of #1 and d into
Ug = U1 + 5d

OR substituting their value of 7 into 96 = %(ul + ug) M1)



(ug =)96 — 65 OR (ug =)1+5 X 6 OR 96 = 3(1 + ue)

=31 A1
[2 marks]
12. [Maximum mark: 6] 23N.1.SL.TZ1.5

In the following triangle ABC, AB = /15 cm, AC = 16 cm
and cos BAC = L.

diagram not to scale

B
\fl’ﬁcm
A C
l6em
Find the area of triangle ABC. [6]
Markscheme
METHOD 1
EITHER
attempt to use Pythagoras'theorem in a right-angled triangle. m1)
(Wl? — 12 :) V15 (A1)
OR
attempt to use the Pythagorean identity cos? a + sin? a =1

M1)



. > 2
sin? BAC =1 — (%) (A1)
THEN
sin BKC = % (may be seen in area formula) Al

attempt to use'‘Area— %ab sin C" (mustinclude their calculated value

of sin B;‘:C) M1)

— 1 %16 x /15 x VI8 @
=30 (cm2) A1

[6 marks]

Method 2
attempt to find the perpendicular height of triangle BAC (m1)
EITHER

height = 4/15 X sin BAC

2

attempt to use the Pythagorean identity cos? a + sin® a =1
(M1)

. 2
height = /15 X 4/1 — (%) (A1)
= \/EX@ (: %) (may be seenin area formula) Al
OR
adjacent = % (A1)

attempt to use Pythagoras'theoremin a right-angled triangle. m1)



13.

height= 4/ 15 — }—2 (: %) (may be seen in area formula)

Al

THEN

attempt to use 'Area = % base x height' (mustinclude their calculated
value for height) (m1)

1 15
=3 X 16 X x
=30 (cm?) Al
[6 marks]
[Maximum mark: 15] 23N.1.SL.TZ1.8

The functions f and g are defined by
f(z) =1In (22 — 7),wherex > %

g(z) =2Inz —Indwherex >0, dc R".

(a) State the equation of the vertical asymptote to the graph of

y=g(z) 1]
Markscheme
x=10 Al
[1 mark]

The graphsof y = f(zc) andy = g(a:) intersect at two distinct points.

(b.i)  Show that, at the points of intersection,

r? — 2dz + 7d = 0.



(4]

Markscheme
settingln (22 —7) =2lnx —Ind M1
attempt to use power rule M1)

2 1n & = In x? (seen anywhere)

attempt to use product/quotient rule for logs (M1)
In (22 —7) = In Z- orln -2 = In dOR
In (22 — 7)d = In 2?2
I — 2z — TOR 3%~ = dOR (22 — 7) = 2 a
22 —2dz +7d =0 AG
[4 marks]
(b)) Hence, showthatd? — 7d > 0. [3]
Markscheme
discriminant = (—2d)2 —4 x7d (A1)
recognizing discriminant > 0 M1)
(2d)* — 4 x 7d > 00R4d? — 28d > 0 A1
d?—7d>0 AG
[3 marks]

(b.iii) Find the range of possible values of d. [2]



Markscheme

settingd(d — 7) > 00Rd(d — 7) = 0 OR sketch graph OR sign test

ORd? > 7d (1)
d<0ord> 7, butd € R"
d > T (or]7, 00l) A1

[2 marks]

The following diagram shows parts of the graph y = f(:l?) andy = g(ﬂL‘)

W

The graphsintersectatZ — pandx = q,wherep < q.

In the case where d = 10, find the value of ¢ — p. Express

your answer in the form a,\/b_,where a, beZ™.

Markscheme

22 — 20z + 70 (= 0) A



attempting to solve their 3 term quadratic equation m1)

((‘” ~10)* - 30 = 0) or ((X -) 20W(20;24X1><70>

z =10 — v/30(= p) orz = 10 + 1/30(= q) (1)
subtracting their values of x (mM1)

distance = 2\/% (or \/@) A1
(a=2,b=30)(or a=1, b=120)

[5 marks]

14.  [Maximum mark:7] 23M.1.SL.TZ1.2
The function f is defined by f(x) = % forx € R,z # 2.

(a) Find the zero of f(a:) [2]
Markscheme

recognizing f(:E) =0 )
r=-1 M
[2 marks]

(b) Forthe graphof y = f(a:) write down the equation of

(b.i)  the vertical asymptote; [1]



Markscheme

T = 2 (mustbe anequationwithx) A7

[1 mark]

(b.ii)  the horizontal asymptote. [1]

Markscheme

ICIEN]

(must be an equation with ) Al

y:

[1mark]

(©  Find f1 (x),the inverse function of f(x). [3]
Markscheme

EITHER
interchanging  and y M1)
20y —4x =Ty +7

correct working with ¢ terms on the same side: 22y — 7y = 4o + 7
(A1)

OR

2ur —4dy =Tz + 7



15.

correct working with  terms on the same side: 2yx — 7Tx = 4y + 7
(A1)

interchanging  and Yy OR making & the subject * = % m1)

THEN

f_1 (x) = % (or equivalent) (a: =+ %) A1

[3 marks]

[Maximum mark: 14] 23M.1.SL.TZ1.8
Consider the arithmetic sequence U1, U9, U3, ....

The sum of the first 12 terms of this sequence is given by .S, = n? + 4n.

(a.)  Find the sum of the first five terms. [2]
Markscheme

recognition thatn = 5 m1)

Sy = 45 Al

[2 marks]

(aii) Giventhat Sg = 60, find ug. [2]



Markscheme

METHOD 1
recognitionthat S5 + ug = Sg  (M1)

ug = 15 Al

METHOD 2

recognition that 60 = % (51 — U6) m1)

60 = 3(5 + ug)
ug = 15 A1
METHOD 3

substituting their 1 and dvaluesintou; + (n — 1)d ~ M1)

ug = 15 A1

[2 marks]

(b) Finduy. [2]
Markscheme

recognition that; = 51 (may be seen in (a)) OR substituting their g
intoSg (M)

OR equations for S5 and Sg in terms of u1 and d



1+40rR60=35(U; +15)

u; =95 Al

[2 marks]

(o) Hence or otherwise, write an expression for U, in terms of 7. [3]
Markscheme

EITHER

valid attempt to find d (may be seenin (a) or (b)) M1)
d=2 (A1)

OR

valid attemptto find S, — S,—1  (M1)
n2+4n—(n2—2n+1+4n—4) (A1)
OR

equatingn? + 4n = 5 (5 + un) M1)

2n + 8 = 5 4+ u, (orequivalent) (A1)

THEN

up=5+2(n—1)ORu, =2n+3 41

[3 marks]

Consider a geometric sequence, Uy, where V9 = U1 and V4 = Ug.



(d) Find the possible values of the common ratio, 7.
Markscheme
recognition thatv27°2 = v4 OR (1)3)2 = V92 X U4
r? = 3 OR v3 = <i>5\/§ (A1)

r= i\/g A1
Note: If no working shown, award M141A0 for \/g

[3 marks]

()  Giventhatvgg < 0,find vs.
Markscheme

recognition that 7 is negative m1)

vs = —15v/3 (: —%> a

[2 marks]

16.  [Maximum mark:7]
The functions f and g are defined forx € R by

f(a:) = ax + b,wherea,b € 7Z

M1)

(3]

[2]

23M.1.SL.TZ2.6



9(z) = 2>+ z+3.

Find the two possible functions f such that
(go f)(z) = 42® — 14z + 15.
[7]

Markscheme
attempts to form (g © f) (a:) (M1)
F@] + (=) + 308 (az +b)? +az +b+3

a’z?® + 2abx + b2 + az + b+ 3(= 4z? — 14z + 15) @1
equates their corresponding terms to form at least one equation m1)

a’x? = 422 OR a2 = 4 OR 2abx + axr = —14x OR
2ab+a=—-140Rb24+b+3=15

a = £2 (seenanywhere) Al

attemptto use 2ab + a = —14 to pair the correct values (seen
anywhere) M1)

f(x) = 2 — 4 (accepta = 2withb = —4), f(z) = —2x + 3
(accepta = —2withb = 3)  A141



[7 marks]

17. [Maximum mark: 5] 23M.1.SLTZ2.3

A function f is defined by f(a:) =1— ﬁ,wherew e Rz # 2

(@)  Thegraphofy = f(:c) has a vertical asymptote and a
horizontal asymptote.

Write down the equation of

(a.i)  thevertical asymptote; [1]
Markscheme

r=2 A1

[1 mark]

(a.ii)  the horizontal asymptote. [1]
Markscheme

y=1 a1

[1mark]

(b) Find the coordinates of the point where the graph of
Y= f(a:) intersects

(bi)  the y-axis; (1]



Markscheme

(0,2)

[1 mark]

(b.ii) the x-axis. [1]
Markscheme

(3,0) a1

[1mark]

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

5 4 -3 2 -1 o 1 2 3 4 5

(1]

Markscheme



Ry
two correct branches with correct asymptotic behaviour and intercepts
clearly shown A1
[1mark]
18. [Maximum mark: 6] 23M.1.S5L.TZ21

The following diagram shows a circle with centre O and radius 4 cm.

diagram not to scale



The points P, Q and R lie on the circumference of the circleand POR = 6,
where @ is measured in radians.

The length of arc PQRis 10 cm.
(@) Find the perimeter of the shaded sector. [2]

Markscheme

attempts to find perimeter M1)
arc + 2 x radiusor10 +4 + 4
=18(cm) 41

[2 marks]

(b)  Find 6. [2]
Markscheme

10 =460 (@)



[2 marks]

() Find the area of the shaded sector.

Markscheme

area = % %) (42) (: 1.25 X 16) (A1)

=20 (cm2 A1

[2 marks]

19. [Maximum mark: 15]
Calculate the value of each of the following logarithms:

(@i)  log, %.
Markscheme

valid approach to find the required logarithm m1)

2° = 4= 0R 27 =271 OR 55 = 27% OR log, 1 — log, 16

logy = =—4 A1

[2 marks]

(2]

22N.1.SL.TZ0.8

(2]



(aii) logg 3. [2]

Markscheme
valid approach to find the required logarithm M1)
T 2z 1 logs 3
9° =3 0R 3% =3 0R3 =97 OR ==
0g3 9
_ 1
logg 3 =5 A1
[2 marks]
(aiii) log 5 81. [3]
Markscheme
X
o> log, 81
3) =81 OR —=— Al
(% BLOR 57~ (1)
(3)? =3*0R L =40r 4 (1)
2
x =28 A1
[3 marks]

ltisgiventhatlog,, a = 3,wherea, b € RT, ab # 1.

(bi) Showthatlog,, b = —2. [4]

Markscheme



Note: There are many valid approaches to the question, and the steps may
be seen in different ways. Some possible methods are given here, but
candidates may use a combination of one or more of these methods.

In all methods, the final Amark is awarded for working which leads directly
to the AG.

METHOD 1
(ab)® = a (A1)
attempt to isolate b or a power of b (M1)

correct working (A1)

b= —& oRb> =a2O0Rb ! = (ab)’ ORB® = %

as3b?

b= —L> orRb=(ab) ?orR3log, b= —2log, a OR

a?b?

—log,, b = 2 log,, ab A1
log,, b = —2 AG

METHOD 2

(ab)® = a (A1)

taking logarithm to base ab on both sides M1)
log,; (ab)® = log,, a OR log,, a’b® = log,, a

correct application of log rules leading to equation in terms of 1Ogab

(A1)

3log, a+3log, b= log,, a OR3log, b=—2log, a
orR log,, b® = log,, a2



log,, b = log,, a~% OR log,, b= —%1ogab a OR
log,, b= —=2(3) a1

log,, b= —2 AG

Note: Candidates may substitute logab a = 3Jatany pointin their

working.
METHOD 3
log,, a =3
writing in terms of base a m1)
T (= 3)
og, ab
correct application of log rules (A1)

log, a o R B
m(_ 3) OR 1+log, b (=3)0or3log, b= —20R
2

log, b= —3
writing 10gab bin terms of base a (A1)

log, b

logab b= log, a+log, b

correct working Al

logab b= 1

log,, b= —2 AG

METHOD 4

log,, ab =1 A2



20.

log,, a+log, b=1 (A1)
3+log,b=1 A1

log,, b= —2 AG

[4 marks]

(b.ii) ¥a

Hence find the value of log ,;, ~~.

Vb

Markscheme

applying the quotient rule or product rule for logs

logab %/_\/% - logab \3/5 - logab \/E OR
¥a

logab W - logab \3/6 + logab % (A1)

correct working (A1)

%logab a— %logab b OR log,, ab — log,, v/b

33— 5(-2) (1)

=2 A1

Note: Award AT40A0A1 for a correct answer with no working.

[4 marks]

[Maximum mark: 16]

(4]

22N.1.SL.TZ0.7



(a) The graph of a quadratic function f has its vertex at the point
(3, 2)anditintersects the z-axisat & = 5.Find f in the form

f<w) =a(z—h)"+k 3
Markscheme
correct substitution of A = 3and k = 2into f(x) (A1)

f(z) = a(z —3)° 42

correct substitution of (5, 0) (A1)

_ 2 _ _ 1
0=a(5-3)°+2 (a=-1)
Note: The first two A marks are independent.

flz)=—L(z—-3)*+2 Al

[3 marks]

The quadratic function g is defined by g(x) = px2 + (t — 1):6 — pwhere
x € Randp, t € R, p # 0.

In the case where g(—3) = g(1) = 4,

(bi)  find the value of p and the value of . [4]
Markscheme

METHOD 1

correct substitution of (1, 4) (A1)



p+(t—-1)—p=4

t=25 A1

substituting theirvalue of ¢ into 9p — 3(t — 1) —p =4 (M1)
8p—12 =4

p=2 At

METHOD 2

correct substitution of ONE of the coordinates (—3, 4) or (1, 4)
(A1)

9p—3(t—1)—p=40rp+(t—1)—p=14
valid attempt to solve their two equations (M1)
p=2,t=5 A1A1

(9(z) = 22% + 4z — 2)

[4 marks]

(bii) find therange of g. (3]
Markscheme

attempt to find the x-coordinate of the vertex mM1)

2= "3 (= —1)OR 55 OR4z +4=00R 2(z +1)* — 4

y-coordinate of the vertex = —4 (A1)

correctrange Al



(0)

[—4, +oo[ORYy > —40Rg> —4 OR[—4, )

[3 marks]

The linear function j is defined by j(x) = —x + 3p where
x € Randp € R, p # 0.
Show that the graphs of j(z) = —x + 3pand
g(z) = px? + (t — 1)z — phave two distinct points of
intersection for every possible value of p and t.

Markscheme

equating the two functions or equations M1)

g(x) =j(x)orRpz®+ (t—1)z—p=—x+3p
pr?+tr—4p =0 (A1)

attempt to find discriminant (do not accept only in quadratic formula)
(M1)

A = t% + 16p? A1
A =12+ 16p2 > 0, because t2 > ()Mp2 > (), therefore the sum
will be positive R1R1

Note: Award RT for recognising that A is positive and RT for the reason.

There are two distinct points of intersection between the graphs of gand j
AG

(6]



21.

[6 marks]

[Maximum mark: 7] 22M.1SLTZ1.6
Consider f(x) = 4 sin z + 2. 5and
g(z) =4sin(z — 3L) + 2.5 + g wherex € Randgq > 0.

The graph of gis obtained by two transformations of the graph of f.

(a) Describe these two transformations. [2]
Markscheme

translation (shift) by 3777 to the right/positive horizontal direction A1

translation (shift) by q upwards/positive vertical direction A1

3
Note: accept translation by ( 2 )

q

Do not accept’‘move’for translation/shift.

[2 marks]

(b) The y-intercept of the graph of gis at (O, 1“).

Given that g(a:) > 7,find the smallest value of 7. [5]

Markscheme

METHOD 1



minimum of 4 SiIl(:L‘ — 37”) is —4 (may be seen in sketch) M1)

—442.54q¢>7

q > 8.5 (acceptq = 8.5) A1

substituting = 0 and theirq (= 8.5) tofind”  (M1)
(r=) 4sin(=~) +2.5+8.5
4+2.5+8.5 ()

smallestvalueof ris15 A1

METHOD 2

substituting £ = 0 to find an expression (for7) intermsof g (M1)
(9(0) =r=) 4sin(=") +2.5+¢

(r=) 6.54+q 41

minimum of 4 sin(a: — 3—”) is—4 (M)
—4+4+2.54+q¢g2>7

—4+2.54 (r—6.5) > 7 (accept=) (A1)

smallestvalueof ris15 A1

METHOD 3

4sin(z — L) +2.5+g=4cosz+2.5+q A
y-interceptof4 cos  + 2.5 + gisamaximum  (M1)

amplitude ofg(a:) is4 (A1)



attempt to find least maximum m1)
r=2x4+7

smallestvalueof 7is1b A1

[5 marks]
22, [Maximum mark: 5] 22M.1.SL.TZ2.5
. .. . T I _ 1
Find the least positive value of  for which COS <7 + §) =7 [5]
Markscheme

determines % (or45°) as the first quadrant (reference) angle (A1)

attempts to solve % + % = % (M1)

Note: Award M1 for attempting to solve % + % = %, %(, .. )

5+ % — % = 2 < 0andso %isrejected (R1)
48 _op_n(_Iu A1

2 3 — 40— 7 \— 71

T = 1—ZH (must be in radians) Al

[5 marks]



23. [Maximum mark: 6] 22M.1.SL.TZ2.4
2r—1

Afunction fisdefined by f(x) = S wherez € R,  # —1.
Thegraphof y = f(a:) has a vertical asymptote and a horizontal asymptote.

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

Markscheme

r=-—-1 A

[1mark]

(a.ii)  Write down the equation of the horizontal asymptote. [1]

Markscheme

y=2 A1

[1mark]

(b)  Onthe setof axes below, sketch the graph of y = f(z).

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



(3]

Markscheme




(0)

rational function shape with two branches in opposite quadrants, with
two correctly positioned asymptotes and asymptotic behaviour shown
Al

Note: The equations of the asymptotes are not required on the graph
provided there is a clear indication of asymptotic behaviouratz = —1
andy = 2 (or attheir FT asymptotes from part (a)).

axes intercepts clearly shownatx = % andy = —1 a1

[3 marks]

Hence, solve the inequality 0 < % < 2.

Markscheme

r > Al

DO

Note: Accept correct alternative correct notation, such as (% , oo) and

|35 00]

[1 mark]
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