This book contains the solutions to a large number of questions that provide a comprehensive
workout for students preparing for the Leaving Certificate Maths exam 2019.

It includes the solutions to the SEC Papers from 2018 to 2012 (Sets A to G) in addition to the
official sample paper produced in 2014 (Set H). It also includes solutions to our own sample papers
(Sample Papers 1 to 4) which follow the style of questioning required to prepare you for the
Leaving Certificate exam in 2019. Sample Papers 5, 6 & 7 and accompanying solutions are
available online at www.educateplus.ie.

This book of the solutions to SEC and sample papers provides an excellent guide for students
where every aspect of the course is covered. So, enjoy and good luck with your studies.
Tony Kelly & Kieran Mills
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How WILL THIS BOOK HELP YOU?

1. FORMULAE

The Formulae and Tables Book available to you in the
exam is an invaluable resource. It is wonderful that
students no longer have to learn formulae off by heart.

There is a lot of information in your Formulae and
Tables Book so you need to be completely familiar with
its layout. Our solutions book makes constant reference
to where formulae are placed in the book with their
page numbers as shown on the right. These references

are placed strategically throughout these solutions.

Mathematics Leaving Certificate

ForMULAE AND TABLES BOOK
Trigonometry of the triangle:

[page 16]

a
Area: % absin C

Sine Rule: ‘a = _b = .c
smA snB sinC

Cosine rule: a* =b* +¢* —2bccos 4
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2- CALCULATOR Cas10 CALCULATOR (fx-85GT PLUS)

Your calculator is your friend. You should be Steps to find 7

comfortable carrying out all the operations on your Press Mode.

calculator from simple arithmetic calculations to being Press 2: Stat

able to change modes to carrying out more complicated Press 2: A + Bx

statistical operations. Once again, this book contains Input your x and y values

constant references to how you use your calculator as Press AC Button

shown on the right. Press Shift followed by the Number 1
The calculator used in this book is a CASIO (fx-83GT Press 5: Reg

PLUS). This calculator is by far the most popular Press 3 r

calculator used in schools. Press =

3. HOW THE MARKING SCHEME WORKS

The marking scheme used to allocate marks to your paper is an extremely precise method to make
sure you get exactly the marks you deserve for the type of answer you have written in the exam.
Read the official explanation of this scheme presented below before we give you a user-friendly
guide as to how it operates.

Example of the structure of the marking scheme

Candidate responses are marked according to different scales, depending on the types of response
anticipated. Scales labelled A divide candidate responses into two categories (correct and incorrect).
Scales labelled B divide responses into three categories (correct, partially correct, and incorrect),
and so on. The scales and the marks that they generate are summarised in this table:

Scale label A B C D E
No. of categories || 2 3 4 5 6
5-mark scale 0,3,5 0,3,4,5
10-mark scale 0,5,10 0,4,8, 10
15-mark scale
20-mark scale 0,7,18,20 0,7,10, 18, 20
25-mark scale 0, 15, 20, 22, 25 0,5,10, 15,20, 25

A general descriptor of each point on each scale is given below. More specific directions in relation
to interpreting the scales in the context of each question are given in the scheme, where necessary.

Higher Level



Marking scales — level descriptors
A-scales (two categories)

* incorrect response (no credit)

* correct response (full credit)

B-scales (three categories)

* response of no substantial merit (no credit)
* partially correct response (partial credit)

* correct response (full credit)

C-scales (four categories)

* response of no substantial merit (no credit)

* response with some merit (low partial credit)
« almost correct response (high partial credit)
* correct response (full credit)

D-scales (five categories)

* response of no substantial merit (no credit)

* response with some merit (low partial credit)

* response about half-right (middle partial credit)
« almost correct response (high partial credit)

* correct response (full credit)

E-scales (six categories)

* response of no substantial merit (no credit)

* response with some merit (low partial credit)

» response almost half-right (lower middle partial credit)

* response more than half-right (upper middle partial credit)
« almost correct response (high partial credit)

* correct response (full credit)

In certain cases, typically involving incorrect rounding or omission of units, a mark that is one mark

below the full-credit mark may also be awarded. Such cases are flagged with an asterisk. Thus, for
example, scale 10C* indicates that 9 marks may be awarded.

USER-FRIENDLY GUIDE TO THE MARKING SCHEME USING AN EXAMPLE:

MARKING SCHEME NOTES

Question 7 (b) (iv) [Scale 10C* (0, 4, 8, 10)]

4: + Calculates or gives one correct distance.

8: + Calculates the total distance.
* Sets up correct fraction to calculate time without complete and correct calculation.
* Sets up incorrect fraction to calculate time with correct calculation.
* Penalise one mark for incorrect or omitted units, provided full marks otherwise.

Mathematics Leaving Certificate
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The first note of importance is that you have no idea of the marking scheme when you are sitting the
paper. The original marking scheme may undergo a number of changes over the Summer before the
final marking scheme is released. This final marking scheme is constantly referenced throughout the
solutions.

Let us examine how it works using the example above for a particular question (7 (b) (iv)):

[Scale 10C* (0, 4, 8, 10)] 10 means 10 marks are allocated to this question.

[Scale 10C* (0, 4, 8, 10)] C means there are 4 possible marks you can receive for this question.

[Scale 10C* (0, 4, 8, 10)] * means 1 mark can be taken off for leaving out units. So 4, § or 10
marks could become 3, 7 or 9 marks if you forgot to put in your correct units.

[Scale 10C* (0, 4, 8, 10)] 0 means no credit. This is what you get when the grid is left blank or
you write something totally irrelevant in it. No matter how much pressure you feel, always write
something. Even though you may feel overwhelmed by the paper you still have access to formulae,
your calculator and your head is full of opinions.

Do not leave any grids blank. Always write something of relevance to the question.

[Scale 10C* (0, 4, 8, 10)] 4 means low partial credit. You will get this for a minimal amount of
effort - any effort in the right direction. This gives you 40% of the marks. However, other marking
schemes may even give you 7 for a low partial credit - 70% of the marks. You just never know.
Once again, leave no blanks. Every grid should have something written on it. Correctors want to
give you marks. Make sure you give them that opportunity.

[Scale 10C* (0, 4, 8, 10)] 8 means high partial credit.

[Scale 10C* (0, 4, 8, 10)] 10 means full credit.

4. OUR SAMPLE PAPERS GET YOU READY FOR THE REAL THING

Our sample papers were written and researched over a number of years to try and capture the
essence and style of the new method of questioning brought in by the new Project Maths course.

Initially when students start using our sample papers, they think they are difficult. But when they

persevere they actually start enjoying them because they feel they are cracking the course. This is
what learning is all about: being challenged, struggling and fighting with a problem and then it all
becomes clear - that lovely ak ha moment. Students who complete our sample papers feel totally

prepared for the real thing.

One thing you will notice is the SEC Leaving Certificate questions bear a remarkable similarity to a
number of our sample questions. What a compliment!

Higher Level



LC 2018 (SET A): PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a)

2x+3y—-z=-4..(1) 2x+3y—z=—-4...(1)(x2)
3x+2y+2z=14...(2) 3x+2y+2z=14...(2)
X -3z=-13...(3)

4x+6y—-2z=-8

2x+3y—z=—4..(1)(x-3) 3x+2y+2z=14

X -3z=-13...(3) Tx+8y

—6x—-9y+3z=12
X —3z=-13
—5x-9y =-1...(4)

ANSWER: (x,),2)=(2,—1,5)

=6..(5)

—5x—9y =—1..(4)(x7)
7x+8y = 6...(5)(x5)

—35x-63y=-7
35x+40y =30
-23y=23=y=-1

Into (5): 7x+8(-1)=6=x=2
Into (3): (2)-3z=-13=2z=5

MARKING SCHEME NOTES

* Writes x in terms of z

11: ¢ 2 unknowns found

Question 1 (a) [Scale 15D (0, 5, 7, 11, 15)]
5: « Matches coefficient of 1 variable in 2 equations

7: < 1 unknown found with errors
» Eliminates one unknown
* 1 unknown found and stops

Question 1 (b)
2x-3
x+2

>3, xeR, x#-2

Multiply both sides by (x+2)* : (2x —3)(x +2) > 3(x +2)’

(2x=3)(x+2)-3(x+2)" 20
(x+2)[(2x—3)=3(x+2)] 20
|(x+2)(—x—9) > 0[...Test box

Solve (x+2)(—x—-9)=0=>x=-9, -2

Region test:

— — —

x+2)(—x—9)>0]| (x+2)(—x—-9)>0
—10:(=8)1H) >0 | =3:(—=D)(—=6)>0
—8>0[False] 6 >0 [True]
1

—9<x<-2

Answer: —9<x<—-2, xR, x=-2

(x+2)(—x—-9)>0
—1:(1)(—=8) =0
—8 >0 [False]

Mathematics Leaving Certificate

f(x)=—x"-11+18 *f(x)

v
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MARKING SCHEME NOTES
Question 1 (b) [Scale 10D (0, 3, 5, 8, 10)]
3: e Useof (x +2)
* Relevant work but with linear inequality
* Squares both sides with some subsequent work (low partial credit at most)
5: « Quadratic inequality involving 0
8: * Roots of quadratic found
Note: Accept =9 <x <2

QUESTION 2 (25 MARKS)
Question 2 (a)

. . . 2
Geometric series: x°, 5x —8, x + 8 MARKING SCHEME NOTES

_x+8 5x-8 Question 2 (a) [Scale 10C (0, 4, 8, 10)]
5x—8 x’ 0: e Treats as an arithmetic sequence
¥ (x+8)=(5x—28)’ 4 - 5x-8 or x+8
x4 8x% = 25x% —80x + 64 X 5x-8
¥ —17x +80x—64=0 » Some effort at finding x in a geometric sequence

(must use at least one of the terms)

L
. T, or similar
5x—8 x+8
8: [ ] 2 =
X 5x—8

« (5x—8)*and x*(x+8)

Question 2 (b)

f(x)=x"—17x* +80x — 64 or X’ —16x+ 64
SM)=(1) —=17(1)* +80(1) 64 =1-17+80—64=0 x—11] x* —17x* +80x — 64
lis a root = (x —1) is a factor Fx £1x2

x*—17x* +80x — 64 = (x — 1)(x” + kx + 64) T _16x° +80x—64

=x" 4+ (k—1)x* + (64— k)x — 64 +16x> T16x

k—1=—17=k=-16 64x — 64
X —17x* +80x —64 = (x —1)(x* —16x +64)=0 T 64x + 64
(x—D(x—8)(x—8)=0=>x=1,8,8 0

Answer: x =&

MARKING SCHEME NOTES
Question 2 (b) [Scale 10C (0, 4, 8, 10)]
4: «Shows f(1)=0
* Any correct substitution
8: * Quotient in quadratic form found
* Accept x = 8 without work if /(1) = 0 has been shown

Higher Level, SEC Set A, 2018 Paper 1



Question 2 (¢)

x=1l:r= x+3 :i:—3
S5x-8 -3
x:8:r—ﬁ—l
32 2
S, exists for |r| <1.
— 12 = -1
a=x —64,1”—2
=L g
1—r l—j

QUESTION 3 (25 MARKS)
Question 3 (a)

y = h(x)=cos(2x)

ﬂ:—ZSin2x

dy .

A =—2sin2(L :—\/5
[dx (3)

x:%

Slope m = tan = -3
5.0=120°

MARKING SCHEME NOTES

Question 2 (c) [Scale 5C (0, 3, 4, 5)]

3: « Substitution used to identify x = 8 as the required value
* Substitution used to exclude x = 1 as the required value

. a
e Finds — forx=1
1-r

 Relevant substitution into correct formula
4: + GP identified (a and r)
* If the candidate works with both x = 1 and x = 8 but fails
to eliminate x = 1 or chooses the incorrect answer
Note: If [#| > 1 then Low Partial Credit at most

A h(x)

60° 120

v

Wy
=

* Use of 2

* 0 =-60°

MARKING SCHEME NOTES
Question 3 (a) [Scale 10D (0, 3, 5, 8, 10)]
3: e Differentiation indicated

5: < Derivative found
8: ¢ tan 0 = evaluated derivative

Note: Must use differentiation to gain any credit
Note: If integration symbol appears then 0 credit

Question 3 (b)

y=h(x)=cos(2x), 0<x <%

A

0

Z s
J. COS(ZX)dX _ %[snlzx]g

y=
N

2

=—[sin%—sin0] = 2
™

The average value y of a continuous
function y = g(x) on an interval [a, b]
is given by:

Lb g(x)dx Lb ydx

r= b—a :b—a

Mathematics Leaving Certificate
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MARKING SCHEME NOTES
Question 3 (b) [Scale 15D (0, 5, 7, 11, 15)]

S: e« Integration indicated
7: e« cos 2x integrated correctly (@j

» —2sin 2x and finishes correctly
11: « Substitutes limits into integral and stops

1 )
- O] and finishes

. .
* Integral evaluated at x = " {1.6. omits
4
Note: Errors in integration could include:
An error in the trig function (including sign)
An error in the angle
An error in the application of the chain rule

Note: Must have integration to gain any credit

QUESTION 4 (25 MARKS)
Question 4 (a)

Step 1: n = 1: Prove [r(cos@ + isin@)]! = r'(cos 10 + isin 16)
Proof: r(cos@ + isinf)) = r(cos @ + isin0). Therefore, it is true for n = 1.

Step 2: n = k: Assume [r(cosf + isin0)]* = (cosk@ + isinké).

Step 3: n =k + 1: Prove [r(cosO + isin®)]* "' = ¥ " '[cos (k+ 1)0 + isin(k+ 1)0].
1 =[r(cosf +isin@)]*[r(cosh +isinH)]

= r*(cos kB +isin kO)r(cos O + isin ) [From Step 2.]

= r""[(cos kB cos O — sin kO sin §) + i(sin kO cos O + cos kA sin )]

= r""[(cos(k +1)d +sin(k +1)0]

Proof : [(cosf +isinf)]

Therefore, assuming it is true for n = k means it is true for n =k + 1.
So, true for n =1 and true for n = k implies it is true for n = k + 1 means it is true for all » € N.

MARKING SCHEME NOTES

Question 4 (a) [Scale 15D (0, 5, 7, 11, 15)]

5: «Step 1

7: « Step 2 or Step 3

11: « Uses Step 2 to prove Step 3

Note: Accept Step 1, Step 2, Step 3 in any order

Full credit —1: » Omits conclusion but otherwise correct

15: ¢ [r(cos 0 + isin 0)]" = r'(cos (nf) + isin(nd)) proved correctly

Higher Level, SEC Set A, 2018 Paper 1
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Question 4 (b)

z—(%+§i];»r—|z|—\/(%jz+(§]z L .  [m

s . s
0 =tan" Ll =tan '3 =§ 2
2
T 27 < 0 h
A=argz=m——=— -1 Re
3 3 2

MARKING SCHEME NOTES
Question 4 (b) [Scale 10C (0, 4, 8, 10)]
4: + Modulus or argument correct
* Some correct multiplication
* Apply De Moivre correctly with incorrect modulus and argument

8: - (005(3) 2?# +isin(3) 2?%}

* Multiplication correct but un-simplified
Full credit —1: ¢ cos27 + isin27 or cos360° + isin360°
Accept: Answer with reference to cube root of unity

QUESTION 5 (25 MARKS)
Question 5 (a) (i) 4 7 10 13

First row: a=4, d =3 7 12 17 22

S,s =2[2(4)+44(3)]=3150

Second row: a=7,d =5 10 17 24 31

S,s = 2[2(7)+44(5)] = 5265 13 | 22 | 31 | 40

Difference =5265-3150=2115

MARKING SCHEME NOTES
Question 5 (a) (i) [Scale 10C (0, 4, 8, 10)]
4. - Formulates S, for row 1 or row 2
*3+5+7...
* Identifies a or r for either row 1 or row 2
8. «S§,, found for row I or row 2
Full credit —1: « Fails to subtract

Mathematics Leaving Certificate
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Question 5 (a) (ii)

Find the value of the sixtieth cell in first column: 4, 7, 10, 13,...
a=4,d=3,n=60

T, =4+(59)(3) =181

Find the common difference of the numbers in the sixtieth column: 3, 5, 7, 9,...
a=3,d=2,n=60
T, =3+(59)(2) =121

Find the value of the seventieth cell in sixtieth column: 181, 302,...
a=181,d =121, n=70
T, =181+(69)(121) =8530

MARKING SCHEME NOTES

Question 5 (a) (ii) [Scale 10D (0, 3, 5, 8, 10)]

3: - Identifies 7, in column 1 or 7, In row 1 or equivalent
» Some relevant substitution into correct formula
« Identifies a or d for either row 1 or row 2

5: « Finds a in row 60 or row 70
* Finds d in row 60 or row 70

* Finds both a and d in row 60 or row 70

8. « Formulates substituted expression for 7, in row 60 or 7, in column 70

Question 5 (b)

a=4,a,=2

an = an—l _an—2
a,=a,—a,=2-4=-2
a,=a,—a,=—-2-2=-4
a;=a,—a,=—-4+2=-2
a;=a;,—a,=—2+4=2
a,=a,—a;=2+2=4
ag=a,—a;=4-2=2

Sequence: 4, 2, -2, -4, -2,2,4,2
The values repeat every 6 numbers.

&619 =336 +Remainder =3 = a,,, =2

MARKING SCHEME NOTES
Question 5 (b) [Scale 5C (0, 3, 4, 5)]
R a,= -2
*a,=a,—a, or similar
5. *Any4froma,,a, a a, a,and a, found

Full credit —1: ¢ a,, a,, a,, a,, and a,, , found

Higher Level, SEC Set A, 2018 Paper 1
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QUESTION 6 (25 MARKS)

Question 6 (a)
k(x) = h(x)
X =x 0 e /
x—x=0 h(x)=x
x(x*=1)=0
x(x—-D(x+1)=0
x=-1,0,1
h(=1)=—1, h(0) =0, h(1)=1 kx) = x e
Co-ordinates: (-1, —1), (0, 0), (1, 1) -1
Question 6 (b) (i)
Area = IO x’ —x)dx+r (x—x")dx
:[%x4—%x2]91+[%x4—%x2]}) A """"""""""""
=[0-(z-DI+[(F-5-01=%
Question 6 (b) (ii)

k~'(x) is a reflection of k(x) through the line 4(x) = x.

MARKING SCHEME NOTES
Question 6 (a) [Scale 10C (0, 4, 8, 10)]
4: < Equation written
* One correct solution from the graph
* Solution of the form (a, a) where a # 0, 1
8: + Equation factorised (3 factors)
* 2 correct points
* x values only

Question 6 (b) (i) [Scale 10C (0, 4, 8, 10)]
4: - Integral indicated

* One relevant area found
8: e Integral evaluated at x = 1 (upper limit)

. J._ll(x—x3) dx=0

Question 6 (b) (ii) [Scale 5B (0, 2, 5)]
2: e« Incomplete image
* 2 correct image points

0 _ 3
sk (x)=x

Mathematics Leaving Certificate
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QUESTION 7 (55 MARKS)
Question 7 (a)

2]

x =35 wpm, #(35) =35-96 days
- t(x) 35-96

(o] [0

—62-5

Question 7 (b)

t(x) =100 days: 100 = _62.5{1n(1_%ﬂ

100
———=In
62-5

100

e 025 _1_

X

80

80

_100
L B 2

80
_100
x=80(1—e %°)~ 64 wpm

MARKING SCHEME NOTES
Question 7 (a) [Scale 15C (0, 5, 10, 15)]
5: < Effort at transposing
* Some substitution into function
* Full substitution and stops
10: » Function written in terms of £ and fully substituted
* One incorrect substitution worked correctly and with some reference to k& # —62-5

Question 7 (b) [Scale 5C (0, 3, 4, 5)]
3: + Some substitution into function
* Trial and improvement ( more than 1 iteration)

» Correct answer without work

’% X
4. e =1—%

« Equation rewritten in terms of x or g5 =

Question 7 (¢)

x (wpm) 0 19 20 30 40 50 60 70

#(x) (days) 0 8 18 29 43 61 87 130

MARKING SCHEME NOTES

Question 7 (c) [Scale 20D (0, 5, 10, 15, 20)]

5: + One entry correct
* One plot (from candidates table) correct

10: 4 entries correct and 4 plots of table values

15:« All plots consistent with candidates table values (with at least 1 correct value)
* Table correct but incorrect plots

Higher Level, SEC Set A, 2018 Paper 1
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Question 7 (d)

A f(x
140 &)

120

100
80
60
40

20

1x)

hx)

10 20

30

v

40 50 6062 70

p(x)=1-5x
p(0)=1-5(0)=0

MARKING SCHEME NOTES
Question 7 (d) [Scale 5C (0, 3, 4, 5)]
p(70) =1-5(70) =105 3: + One point on line identified
* One point (not origin) plotted
4: « 2 points on line identified and plotted

Question 7 (e)

h(x) = p(x) ~(x)
(1) h(x)=0= p(x)=1(x)

x~62
(i) h(x)=1-5x+62-5 h{l—ij
80
@:1-5+62-5x;x(—ij
dx (l_xj 80
80
15 625
(80—x)
dh 1.5 52 =1-580-x)=62-5
dx (80—x)

120-1-5x=62-5=57-5=1-5x

C =15
SX =

11 115 (%)
h(%)1-5(7)+62-5{ln[18—

~17 days

3

MARKING SCHEME NOTES

Question 7 (e) (i) [Scale 5B (0, 2, 5)]

2: < Point of intersection indicated on graph
* h(x) written in terms of x

Tolerance: £2 wpm

Question 7 (e) (ii) [Scale 5B (0, 3, 4, 5)]

3: e+ Any correct differentiation
« h(x)=1-5x+62-5In(1-55)
« W'(x)=0

4: -« Differentiation correct but un-simplified
* Value for x and stops

_ dy 1
y_lnx:>—dx—x

_ dy: 1 /
J/—lrlf(36)=>—d)C —f(x)xf(x)

Mathematics Leaving Certificate
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QUESTION 8 (40 MARKS)

A y
A
B(—l, ! Cl1, !
2me 2me
xL
—1 1
Question 8 (a) Question 8 (b)
1 _lg 1
(x)= e? Area =2x =0-484
f 27 \2me
1 1
x=0:f(0)= e’ =—
N 2T N 2T
1
A0, —
( v 27Tj

MARKING SCHEME NOTES
Question 8 (a) [Scale 10C (0, 4, 8, 10)]
4: +x=0
* Value for x substituted into f'(x)
1

8: -
V27

Full credit — 1: « (0, 0-3989)

Question 8 (b) [Scale 10C (0, 4, 8, 10)]
0: < Integrating original function
4: +length=2

* Width = [y co-ordinate]

&-k{éﬁﬂ

Full credit — 1: » Area = —0-484

Question 8 (¢)

1

1,2

= 2
S(x) \/ﬂ e
F =t =t
J2r N
Fyme e 1

=——<0
\/E \N2me

. f(x) 1s decreasing at C

MARKING SCHEME NOTES
Question 8 (¢) [Scale 10C (0, 4, 8, 10)]
4: e+ x=1 identified

» Some correct differentiation

) . dy
* Indicates significance of i <0
X

8: ¢ Derivative found

Higher Level, SEC Set A, 2018 Paper 1
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Question 8 (d)

1 X 1,2
e? x(—x)=————e 2

, B 1
F0 =
1) = —ﬁ[xei"z (vt
1

NP

Point of inflection: f"(x)=0=—

1e
HUSS

1 e )

e’ [I-x7]=0
N2
I-x*=0=x*=1
Sx==1

.. Point of inflection at C where x =—1.

MARKING SCHEME NOTES
Question 8 (d) [Scale 10D (0, 3, 5, 8, 10)]
3: « f'(x) transferred or found
* Mention of /"' (x)
¢ Identifies x = —1
5: « f"(x) identified and some correct differentiation
8: *f"(x) found
Note: If the product rule and chain rule are not applied in finding f"(x) then the
candidate can be awarded mid-partial credit at most

QUESTION 9 (55 MARKS)

Y vV V)

Step 0 Step 1 Step 2 Step 3
Question 9 (a)
Step 0 1 2 3
Number of black triangles 1 3 9 27
Fraction of the original triangle 3 9 27
1 3 16 4

remaining

MARKING SCHEME NOTES

Question 9 (a) [Scale 10C (0, 4, 8, 10)]
4: + One correct entry

8: < Three correct entries

Full credit —1: « Answers as decimals
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Question 9 (b)

(1) Number of black triangles: 1, 3, 9, 27,...
n = 0: Number of black triangles =1 =3’
n =1: Number of black triangles =3 = 3'
n = 2: Number of black triangles = 9 = 3
n = 3: Number of black triangles = 27 = 3’

n =n: Number of black triangles = 3"
Or

Formula: 7, = ar"”

[#=11s first term in formula]
Sequence: 3, 9, 27,...

a=3,r=3

T =3x3"=3"

(i) 3* >1x10°
k >log,(1x10”)=18-9
.k is the 19" step.

Question 9 (¢)

(1) Fraction remaining: 1, %, 2. 27
n = 0: Fraction remaining =

1
n = 1: Fraction remaining = % (%)1

n = 2: Fraction remaining = 3 —(%)2
n = 3: Fraction remaining = 27 (%)

n = n: Fraction remaining = (Z)
Or
Formula: T, = ar"”

[#=11s first term in formula]
3 9 27

Sequence: T 76> e [a:%, r:%
=3x@3y =@y
( )" <100:>h<10g3(100) 16-01

Soh=17
(i) Lim(3)" =0

]

MARKING SCHEME NOTES
Question 9 (b) (i) [Scale 5B (0, 2, 5)]
2: e« 3p written
e n® written
Full credit —1: 3"~ ' written

Question 9 (b) (ii) [Scale 5C (0, 3, 4, 5)]

3: +3">1000 000 000

4: < Inequality with & not written as an index
Note: if 3k or &* from above used fully here
then award low partial credit at most

MARKING SCHEME NOTES
Question 9 (c¢) (i) [Scale 10C (0, 4, 8, 10)]
4: < Correct answer without work

. (%)h or candidates ratio to the power

of h

)
=3

* Lists two or more terms
8: ¢ Inequality with 4 not Written as an index

Full credit —1: + (5 )h P 100 and finishes
correctly

Question 9 (c¢) (ii) [Scale 5B (0, 2, 5)]
2: e lim

n—>0
* Some use of %
5: e Correct answer without work

. % or equivalent

Higher Level, SEC Set A, 2018 Paper 1
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Question 9 (d)

(i) Table:
Step 0 1 2 3 4
Perimeter 3 % %77 % %
- : . 2 1 24
(ii) Perimeter: 3, %, o %, ST MARKING SCHEME NOTES
. 1 Question 9 (d) (i) [Scale 10C (0, 4, 8, 10)]
n = 0: Perimeter =3 = 50 4: « One correct entry
5  All numerators correct with all incorrect
n =1: Perimeter = % =— denominators
2  All denominators correct with all
. 3’ incorrect numerators
_ 2: Perimeter = 21 = > !
" Crmeter =7 2? 8: « Two correct entries
. 3
n =3: Perimeter = % = be Question 9 (d) (ii) [Scale 5C (0, 3, 4, 5)]
33 3: - Pattern identified
n = 4: Perimeter = % =— * Recognises r = %
. 2 » Some relevant substitution into
n = n: Perimeter = * Tn:arnil
ca=3ora=45
Or Formula: T, = ar™” %
" " 9 ;7 c:; a3 4. «Step35= % or equivalent
Sequence: 5, 5-, &, <=, ...
2 9 4 B 8 9 1 9
9 3 3 34
a=7.r=3 Full credit —1: ]"35:(3)(5j

T,=3x(3)" =T =3x(3)" =4 368 329

(ii1) As n — o, Area — 0
As n — oo, Perimeter — oo

Question 9 (d) (iii) [Scale 5C (0, 3, 4, 5)]

n—w| "

n+l
3 lim( j or equivalent

* Area is getting smaller
* Perimeter is increasing
4: + Area approaches 0
* Perimeter — oo identified
* Area is getting smaller and Perimeter is
increasing
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QUESTION 1 (25 MARKS)

Question 1 (a)

Let x = Mary’s net winnings

LC 2018 (SET A): PAPER 2

First Second Third No place
x(€) 7000 5000 1000 —2000
1 1 1 3
P(x) 20 10 ) 3
E(x)= ZxP(x) = 7000 5 +5000 x 1 +1000x 1 ~2000x 2 = ~100
ANSWER: Mary’s expected loss is €100.
MARKING SCHEME NOTES
Question 1 (a) [Scale 15C (0, 4, 11, 15)]
4: e E(x) partially formulated (1 or 2 terms)
11: « E(x) fully formulated (sum of all three/all four terms)
Question 1 (b)
First Second Third No place
x (€) 7000 + x 5000 + x 1000 + x —2000
L 1 1 3
P(x) 20 10 1 3

E(x)= ZxP(x) = (7000 + x) x 2 + (5000 + x)x 1k + (1000 + x) x 4+ (~2000) x 3 = 0
7000+ x + 2(5000 4 x) + 5(1000 + x) + 12(~2000) = 0
7000+ x+10 000+ 2x + 5000+ 5x — 24 000 = 0

8x=2000
sx=€250

MARKING SCHEME NOTES
Question 1 (b) [Scale 10D (0, 3, 5, 8, 10)]
3: e+ Any relevant use of x

5: e« E(x) fully formulated (LHS)
8: e+ Relevant equation in x

Higher Level, SEC Set A, 2018 Paper 2
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QUESTION 2 (25 MARKS)
Question 2 (a)

P(z<z)=0-67=2=0-44
Question 2 (b)

(@)

(i)

Maths exam: =70, 0 = 15, x =65

English exam: =72, 0 =10, x = 68

X—p_ 65—-70 :_12_0_33

o 15 3

English: z, = xop_68-72 :—%:—0-4
o 10 5

Mary did better relatively in Maths.

In Maths she is 0-33 standard deviations

from the mean whereas in English she is

0-4 standard deviations from the mean.

Maths: z, =

15%

(iii)

P(Z<z)=0-85=7=1-04

X-=-72

1-04 = =X =824

Answer: 83 marks

\

20 lo

MARKING SCHEME NOTES
Question 2 (a) [Scale 10D (0, 2, 5)]
2: *P(z<z)=067

Question 2 (b) (i) [Scale 10C (0, 3, 7, 10)]
3: + Relevant formula with some correct
substitution
65-70 6872
. or
15 10
. 65-70 . 68—-72

nd
15 10

7:

Question 2 (b) (ii) [Scale 5C (0, 2, 4, 5)]
2: <015
*1:04
* Relevant formula with some correct
substitution
4: e+ Relevant equation in x

52 72 82

P(52£x£82):%+9?5:81-5%

x (Marks)

The empirical rule states that in a

normal distribution with mean p and

standard deviation o

1. 68% of the data falls within 1o
of the mean p.

2. 95% of the data falls within 20
of the mean pu.

3. 99-7% of the data falls within 3o
of the mean pu.
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or
\ MARKING SCHEME NOTES

Question 2 (b) (iii) [Scale 5C (0, 2, 4, 5)]
2: < Evidence of relevant linking of

20 lo deviation and mean
e Bory
5 0 1 z ,52-72  82-72
10 10
P(2<z<l)=P(z<])-P(z<-2) 0-6826  0-9544
= P(z<1)= P(z >2) T, YT

=P(z<1)-[1-P(z<2)]
=P(z<)+P(z<2)-1
=0-8413+0-9772-1=0-8185=81-85%

4: o%andizs

52-72 82-72
. and

10 10
0-6826 0-9544
. and
2
QUESTION 3 (25 MARKS)
Question 3 (a)
Lo [ 7 | v [ 7 | 3 | 7 |
(1) Codes ending in zero:
Ist digit 2nd digit 3rd digit 4th digit 5th digit 6th digit
and then and then and then and then and then | (
10 X 10 X 10 X 10 X 10 X 1 =100 000
(i1)) Codes containing digits 2018 together in this order:
Ist digit ~ 2nd digit 3rd digit
and then and then| 2018
10 X 10 X 1 X 31=300

MARKING SCHEME NOTES
Question 3 (a) (i) [Scale 15C (0, 4, 11, 15)]
4: « Some use of 10
* Identifies that 5 other digits are required to complete code
11: » 9° or equivalent
«10°

Question 3 (a) (ii) [Scale 5B (0, 2, 5)]
2: «10x10
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Question 3 (b)

(n+3)U(n+2)! _ (n+3)(n+2)(n+D)(n+2)(n+1)!

(n+D)!(n+1)!
=(n+3)(n* +4n+4)

=n’ +7n" +16n+12
a=1,b=7,¢c=16,d=12

(n+1)(n+1)!

=n+3)(n+2)

MARKING SCHEME NOTES

4: c(n+3)(n+2)(n+2)

Question 3 (b) [Scale 5C (0, 2, 4, 5)]
2: e« Factorial expansion (e.g. (n +3)!=(n+3)(n+2)(n+1).......... 1)
* Effort at a numerical value for n on both LHS and RHS (method 2)

* Four simultaneous equations

QUESTION 4 (25 MARKS)
Question 4 (a)

cos2x=—73, 0° <x<360°

v
180° SH]AM 0° = 360°
T(+)| CH)
v
Question 4 (b)
2 2
4-y
A _
Yy
y 4-y’

cosA:5:>sinA=

2

4—
sin2A=25inAcosA:2x§>< 2y

4y’

2

3 =30°

Reference angle: 2x = cos™'

- {180" ~30° =150°, 510° [2nd quadrant]
180° +30° =210°, 570° [3rd quadrant]
75°, 255°
{105", 285°
x =75 105°, 255°, 285°

MARKING SCHEME NOTES

Question 4 (a) [Scale 20C (0, 7, 13, 20)]
7. +0°or 150° or 210°

13: ¢ 2 relevant values of x

Question 4 (b) [Scale 5C (0, 2, 4, 5)]
2: o 4y’
* 2sindAcosA without substitution
* sin24 expressed in tan 4 format
* Relevant labelled diagram (2, y, A)
4: < Substitution for sin A or cos 4 in
formula

2
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QUESTION 5 (25 MARKS)
Question 5 (a)

m:2x+3y+1=0
A(-2,1):2(-2)+3(D)+1=0
LAF2, D)em

MARKING SCHEME NOTES

Question 5 (a) [Scale 10C (0, 3, 7, 10)]

3: < Substitution for x or y in equation
of line

7: < Substitution for x and y in eq. of
line (LHS when no indication of 0)

Question 5 (b)

Slope 0fm=—% ABNn={B}

Slope ofAB:mL:% AB:3x-2y+8=0...(1)(x3)
n:2x+3y—-51=0.....(2)(x2)

Equation of 4B : (x,, y,) = A(-2, 1), m:%

y=1=3(x+2) 9x—6y+24=0

2y—-2=3x+6 4x+6y—-102=0

AB:3x-2y+8=0 13x -78=0=x=6
Into (1): 3(6)-2y+8=0=y =13
. B(6,13)

MARKING SCHEME NOTES
Question 5 (b) [Scale 10D (0, 3, 5, 8, 10)]
3: e+ Slope of 4B
* Equation of line formula with some substitution
5: e+ Equation of 4B
8: - Effort at finding intersection of lines
Note: Point of intersection, found correctly, of » and a relevant 4B (with errors)
merits Mid-Partial Credit at least
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Question 5 (¢)

a=1,b=3; A(-2,1),B(6,13) Point dividing [4B] in the ratio a:b
D(1(6)+3(—2)’ 1(13)+3(1)j _ D(0, 4) (bxl tax, by, +ay, j
1+3 1+3 b+a b+a

Equation of s:
End points of diameter: A(-2, 1), D(0, 4)

-2+0 1+4
Centre = ,— |= —1,i
(2 2y

r=1J(2-07 +1-47 =113
st +(y-3)7 =(FV13)°
) +(y-3) =L

Ax+1) +4(y-3)" =13

MARKING SCHEME NOTES
Question 5 (c) [Scale 5C (0, 2, 4, 5)]
2: < Some relevant use of 1:3
* Midpoint of 4B found once but no further
work of relevance
» Formula with some relevant substitution
4: -« Centre and radius of circle

QUESTION 6 (25 MARKS)

Question 6 (a) /\
X y

=
S
Y
s
<

»
'

Gi1veN: AABC with a line DFE parallel to [BC] dividing [4B] in the ratio s:z.

To PrROVE: In AABC, if a line DE is parallel to BC and cuts [4B] in the ratio s:¢, then it also cuts
[AC] in the same ratio.

ConsTRrUCTION: Divide [4B] into (s + ¢) segments of equal length x by drawing equally spaced
parallel lines starting at 4 and ending at B.
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ProoOF:
By the transversal theorem, the segments on [4C] have equal length y.
4Dl _sx_ s |AE| sy s

b ot T|EC] ot
Therefore, DE divides [4AC] in the same ratio.

MARKING SCHEME NOTES

Question 6 (a) [Scale 15D (0, 4, 7, 11, 15)]
4: e+ Relevant diagram drawn

7: < Construction clearly indicated

11: « Proof missing 1 relevant step

Question 6 (b) 4
|XY| =+/4* +3% =5 cm [Pythagoras] 4 cm N 3 cm
BX|=8 cm [|AX|:|XB|=1:2
BX|=8 om [14X]:8|=1:2) v N\,
|YC| =6 cm [Ratio theorem] 2\ 5cm
|XZ| = |YC| =6 cm [ZCYX is aparallelogram] 8 em 6 cm 6 cm
|BZ|=+/8*+6 =10 cm [Pythagoras]
- 7
B 10 cm ¢
MARKING SCHEME NOTES
Question 6 (b) [Scale 10C (0, 3, 7, 10)]
3: < |XY]or |BX| or |CY] found
* Pythagoras with some substitution
7: *|ZC| or |BC| found
* Ratios formulated with |BZ| the sole unknown
QUESTION 7 (50 MARKS)
Question 7 (a)
A B C D E F G H 1
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Volume of sphere 4: V = %w(3)3 =367 cm’ MARKING SCHEME NOTES
Question 7 (a) [Scale 10D (0, 3, 5, 8, 10)]

Geometric sequence: 36, 36w x1-75, 36w x1-75°,... .
3: e« Volume formula with some

a=36m,r=1-75,n=>5

substitution
_36m(1-1-75%) ; 5: + Volume of 2 spheres
S5 = 1-1-75 2324 em * GP formula with some substitution
8: * Volume of 5 spheres
* GP formula fully substituted
Question 7 (b) T

(i) Surface area 4 = 477r° =503 cm’

r=,/5—03:6-33 cm
47

Height =120—-2(6-33)=107-3 cm 1'2m

(i) Bar4:r=1cm, V =71-37 cm’ Voo
7(1)’h=71-37r=h=71-3 cm
Arithmetic sequence: 71-3, 71-3+d, 71-3+2d, 71-3+3d, 71-3+4d
2 71-3+4d =107-3=d =9
A:h=71-3cm, B: h=80-3cm, C: h=89-3cm, D: h=98-3cm, E: h=107-3 cm

MARKING SCHEME NOTES
Question 7 (b) (i) [Scale 10C (0, 3, 7, 10)]
3. <477 =503
. %W r* = volume from (a)
7: < rfound

Question 7 (b) (ii) [Scale 10D (0, 3, 5, 8, 10)]
3: « Vol formula with some substitution
e mrth="T71-3m
S: < Height of bar A
8: < Difference in height between bar A and bar E
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Question 7 (¢)

I'5m

A

v

20cm| x 20 cm
—r> —> +“—>
A 1
150=40+9%2+8x MARKING SCHEME NOTES
92 =8x Question 7 (c) [Scale 15C (0, 4, 11, 15)]
x=11-5 cm 4. < Recognises 8 equal divisions
* Indicates subtraction of one relevant length
*9Ox2
11:+ 150 — 40 — 18 or equivalent
Question 7 (d)
=3 cm »
Fmr, =36mx1-75=r =47-25 ¢ T9-615
.1y =3-615 cm l 1
T .
z=+13-5+9-615" =16-57 cm N 9
” .
[=16-57-3-3-615=9-955~10 cm : y
MARKING SCHEME NOTES
Question 7 (d) [Scale 5B (0, 2, 5)]
2: <V, formulated with some substitution
* |XY] formulated
* |TW] evaluated
e rod = [TW| — r, — r formulated
with 2 relevant values
4 B
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QUESTION 8 (60 MARKS)
Question 8 (a)

(1) Population mean:
Population: p=4-64, 0 =0-12

0-12
Sample: n=10, t=4-64, 6 =—— =0-038
Jio
FodGzot M 07404
z 0-038
Fo4.7: 37X 874064 o
7 0-038

P(4-6<x<4-7)=P(-1-05<z <1-58)
=P(z <1-58)—P(z <—1-05)

=P(z <1-58)—P(z >1-05)

=P(z <1-58)—[1-P(z <1-05)]

=P(z <1-58)—1+ P(z <1-05)
=0-9429-1+0-8531=0-796

(i1) Population sample:

=400, p=>2%_0.81
400

5_:\/p(1—p) :\/0-81(1—0-81) 00196
n 400

Confidence interval: p —1-960 <> p +1-960
0-81—-1-96(0-0196) <> 0-81+1-96(0-0196)
0-77<>0-85

The company is 95% confident that between

77% and 85% of the population like the new bar.

MARKING SCHEME NOTES
Question 8 (a) (i) [Scale 20D (0, 5, 10, 15, 20)]
§5: «z formulated with some correct
substitution
* z, formulated with some correct
substitution
10: ¢+ z, and z, fully substituted
15:+—1-05 and 1-58 or equivalents

Question 8 (a) (ii) [Scale 15C (0, 4, 11, 15)]
4: « CI formulated with some correct
substitution
*1-96

1.
* p+—= incomplete or completed

7

11: « CI fully substituted

Question 8 (b)

(1) Table of statements:

Statement

Always Sometimes Never
True True True

1. When forming confidence intervals (for
fixed n and p), an increased confidence
level implies a wider interval.

v

2. As the value of p increases (for fixed
n), the estimated standard error of the
population proportion increases.

v

3. As the value of p(1- p) increases (for
fixed n), the estimated standard error of the
population proportion increases.

v

4. As n, the number of people sampled,
increases (for fixed p), the estimated
standard error of the population proportion
increases.
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2

(i) Let p=p(1-p)=p-p
P _1_2p
dp

d—p:0:>1—2ﬁ:0
dp

. p=0-5

Maximum value: p = p(1-p)=0-5(1-0-5)=0-25

(iii) 1-96x0 =1-96x /M=1-96>< /O'—25=o-0346
n 800

Norte: The radius of the confidence interval is the margin of error = 1-96x 0.

MARKING SCHEME NOTES

Question 8 (b) (i) [Scale 5C (0, 2, 4, 5)]
2: *Any 1 correct

4: +Any 2 correct

Question 8 (b) (ii) + (iii) [Scale 10D (0, 3, 5, 8, 10)]
3: < Any relevant calculus

o
" Jn 800

« Effort at completing the square
5 «p :% or equivalent

8: « Maximum value

Question 8 (¢)
2 25
Fund = 20 000 1. 20 000x1-01 20 000><1201 L 20 000><12501
1-024 1-024 1-024
2 25
_20 000|140 (101, (101 Note:a=1,r= 1-01 ,n=26
1-024 (1-024 1-024 1-024
(101"
1-024
Fund = 20 000 x ol = €440 132-40
1.024

MARKING SCHEME NOTES
Question 8 (c) [Scale 10D (0, 3, 5, 8, 10)]

3: +20000(1-01) or 22000

20000(1:01) 1024
5: o~ or similar term

* Correctly handles inflation element or completes correctly present values
element and finishes

8: ¢ GP with a, r and n identified
Note: Treat n = 25 as a misreading
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QUESTION 9 (40 MARKS)

Diagram 1 Diagram 2 Diagram 3
(Starting position)
D,
C Dl 0O C 0 C 0

Question 9 (a)

sinf sinl5° . [ 30sin15° . MARKING SCHEME NOTES
S0 - 10 0TS | 700 Question 9 (a) [Scale 10C (0, 3, 7, 10)]
3: e« Sine rule formulated with some
|ACOD | =5I° substitution
7. esinx
Question 9 (b)

D

(i) Period = 360°, Range = [10, 30]

(i1) Table:

o 0° 90° 180° 270° 360°
f(a) (cm) 30 18-28 10 18-28 30

MARKING SCHEME NOTES

Question 9 (b) (i) [Scale 5C (0, 2, 4, 5)]

2: < Period or range correct

4: e Period correct and range partly correct
* Period and range in incorrect order

Question 9 (b) (ii) [Scale 5C (0, 2, 4, 5)]
2: ¢ 1 correct new value
4: <2 correct new values
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(ii1) Graph:

(8]

0]
o
»
e,
BN

—

v

0’ 90° 180° 270° 360° a (Degrees)

(iv) Diagram 2 - graph has a greater rate of change in this position.

MARKING SCHEME NOTES

Question 9 (b) (iii) [Scale 10C (0, 3, 7, 10)]
3: < 1 point from table plotted

7: + 3 points from table plotted

Question 9 (b) (iv) [Scale 5B (0, 2, 5)]
2: e+ Diagram 2 identified but without reason or with invalid reason

Question 9 (¢) B

10°

31 cm X

|XB| = \/362 +31°=2(36)(31)cos10° =7-68 cm
smﬂ:smlO :>5:sin1[36smlo J:M’ 125.5°

36 31 7-68
¢ =180°—125-5° =54.5°

2_ 2 2 _ o MARKING SCHEME NOTES
rErAT68 -2 68)200554 . Question 9 (c) [Scale 5C (0, 2, 4, 5)]
2r(7-68)cos 545" =7-68 2: « Cosine rule formulated with some substitution
2rcos54-5°=7-68 *@Bl+7) o
7.68 4: < Relevant equation in r
r=———~=7cm
2co0s54-5°
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LC 2017 (SET B): PAPER 1

QUESTION 1 (25 MARKS)
Question 1 (a)

f(x)=2x"=Tx-10=2(x* -Fx-5) [k =—1]
=2(x=3)" (=99

kY (kY
=2(x-5’ -1 -9 coxX ke =|x+ ] —[5]
=29 =)
=2(x-§)*-12 MARKING SCHEME NOTES

. Question 1 (a) [Scale 5D (0, 2, 3, 4, 5)]
Question 1 (b) 2: < a =2 identified explicitly or as factor
Minimum value of /(x)occurs when 3: « Completed square

(x_%)2 — 0= x :% 4: + hor kidentified from work

Minimum value occurs at f(x) =—% Question 1 (b) [Scale 10B (0, 4, 10)]
. .7 129 4: + One relevant co-ordinate identified

Minimum point = (7, —5%)

Question 1 (¢) (i) St

Two real roots: b* —4ac >0
a=2,b=-7,¢c=-10
(=7)* —4(2)(-10)=49+80 =129 > 0 = f has two real roots

X
Or \
) 5 - .. )

As the coefficient of x* is positive the graph is shaped as
shown to the right. The minimum point is below the x-axis

giving two real roots. (%, —%)
Question 1 (c) (ii) MARKING SCHEME NOTES
f(x)= 2(x— Ly? T9 Question 1 (c¢) (i) [Scale 5B (0, 3, 5)]
732 129 3: « Mention of a >0

20— =% « b — 4ac

(x— %)2 — % » Identifies location of one or two roots, e.g. between 4 and 5.

(x-p =+ /2 Question 1 (¢) (ii) [Scale 5C (0, 3, 4, 5)]

” 39 3: < Formula with some substitution
X=7%\{76 * Equation rewritten with some transpose
4: » x= —% = i—ﬂ? or equivalent
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QUESTION 2 (25 MARKS)
Question 2 (a)

z=—3+i Im [#(cosf+isinB)]" =r"(cosnfd +isin nb)
z i
2| = (=3)? + 1 Z(COS ST SWJ
Pz = —+1 —
=B+1=4=2 D : 6 6

1 < R= 4
E‘ = l zt = |:2£COSS%+Z'SH’1%T):|

argz=A=m——= 5% (Second quadrant) — ¢ 00820_77 n isinm—wj
6 6

a

0 =tan'

N a3

MARKING SCHEME NOTES ~-16 COSIO_W +isin 10_”)
Question 2 (a) [Scale 15D (0, 5, 8, 12, 15)] : 3 3

5: e« 6 or |z| found
8: e« z written in polar form =16 —l—ﬁ 'j=—8—8\/§i
12:» De Moivre’s Theorem applied correctly 2 2

Note: Not using De Moivre: Low partial
credit for fully correct work

Question 2 (b)

ImA St .. 5w T .. T
i t=zw=2| cos— +isin— |x3| cos—+isin—
6 6 6 6

w
St w L. (5T 0w
=6| cos| —+— |+isin| —+—
3 ( (6 6j (6 6D

=6(cosm+isinm) =6(-1)=-6

< 30° »
MARKING SCHEME NOTES
v Question 2 (b) [Scale 10D (0, 4, 7, 8, 10)]

| _ Ao T 4: + Work towards w in Cartesian or polar form

w|-3,argw-30 =— :
: 7: e+ zw expressed as a product

( T Wj : | 8: e zwin Cartesian or polar form
w=23| cos—+isin— :
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QUESTION 3 (25 MARKS)
Question 3 (a)

f)=1x"—x+3
fa+n=1x+n —(x+n+3=1+3h+1n —x—h+3
S+ —f) =1+ +in —x—h+3-1x +x—3=2hx+L1n —h

Zhx+L1h' —h
3 3 —1im(2 1 _ 2
|~ limGr D= fx ]

= lim
h—0

dy :hm[f(x+h2—f<x>]

dx h—0

MARKING SCHEME NOTES
Question 3 (a) [Scale 20D (0, 5, 14, 17, 20)]
5: eany f(x+h)

14:« f(x + h) — f(x) with some correct work
‘ Lx+h)’ —(x+h)+3-(Fx* —x+3)

17:
h

simplified

Notes:
+ omission of limit sign penalised once only
+ answer not from 1st Principles merits 0 marks

Question 3 (b)

PR THE RULE IN WORDS:
y=Ihx= Y__ dy )
dx  x y=Inf(x)= o one over the function
X
dy 1
y=hfx)=--= I8 1'(x) inside the In multiplied by the derivative of the
function inside the In.
f(x)=1In(3x* +2) MARKING SCHEME NOTES
g(x)=x+5 Question 3 (b) [Scale 5C (0, 3, 4, 5)]
F(2(x)) = In(3(x +5)* +2) = In(3(x*> +10x + 25) +2) 3: + Any correct differentiation
s * fg(x) formulated

=In(3(x" +10x+25)+2) 4

= In(3x> +30x+75+2) 4: % found

= In(3x* +30x+77

n(3x" +30x+77) Note: Work with f'(x) X g(x) merits
low partial credit at most
6x+30
= x6x+30=
L&l =577 3% +30x+ 77
6(;)+30 504

/(@ =35 0-372

3dy +300)+77 1355
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QUESTION 4 (25 MARKS)
Question 4 (a)

Day 1 2 3 4
Percentage of substance (%) 95 4275 19-2375 | 86569
METHOD 1: i  METHOD 2:
0295,}":#:%:045 P:kat
> t=1:95=ka' = ka..(1)
T =ar"" =95x0-45"" 2
t=2:42-715=ka"...(2)
T,=0-01=95x0-45""=0-01 P
a .
. 2)+(1)) —=———=a=0-45
().45”*1:w @+ ka 95 ¢
1
» 0-01 Into (1):k><0-45:95:>k:£:ﬂ
log,,0-45"" =log,, 55 0-45 9
0.01 P=ka' =1309%0-45' =0-01
(n—1)log,, 0-45=log,, [?] ;0-09
log [0'01] o 0-09
10 L— 277
n:—%+1:12.47 10g100.45 —10g10[1900]
log,, 0-45
Answer: 13th day tlog,, 0-45=log,, 0-09
1900
log [0-09]
10
f——\1900) 15 47
log,, 0-45

Answer: 13th day

MARKING SCHEME NOTES
Question 4 (a) [Scale 15D (0, 5, 8, 12, 15)]
5. < found

* T of a GP with some substitution
8: ¢ Inequality in n written
12: « Inequality in n simplified (log handled)
15: ¢ Accept n =12-47

AUTHOR’S NOTE: The marking scheme gives the answer as the 12th day. Based on the way the
question is asked it is unclear whether the correct answer occurs on the 12th or the 13th day. The
question tells us that the percentage is measured at the same time each day. We do not know how

early or late in the day the percentage was measured. In any case, full marks are obtained when you
produce an answer of n = 12-47.
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Question 4 (b)

2 cm
Perimeter of first square = 4x2 =8 cm A - _
1
Perimeter of second square = 4 x V2 =42 em
Perimeter of third square =4x1=4 cm J2 V2 1
1
Sum S =8+4v2 +4+...
42 2 1
g 8’ y == —
8

a 8 1

S . =—= = (16 +8v2) cm
I-r . \2 V2 )
2

MARKING SCHEME NOTES
Question 4 (b) [Scale 10C (0, 5, 8, 10)]
5: < length of one side of new square
8. S fully substituted

* Correct work with one side only

QUESTION 5 (25 MARKS)

Question 5 (a)

f(x)=2x"4+5x"—4x-3
f(=3)=2(=3) +5(-3)° —4(—3)—3=—-544+454+12-3=0

.. (x+3) is a factor

FINDING THE QUADRATIC FACTOR

METHOD 1: LINING UP COEFFICIENTS

i METHOD 2: DIVISION

2% +5x% —dx —3=(x+3)2x* + kx—1) 2x% —x—1
— 20 4 (k4 6)x* ... | X+3] 2x° 5% —4x -3
S=k+6=>k=—1 2P T 6
—x"—4x-3
+x* +3x
—x-3
+x+3

0
20 5 —4x—3=(x+3)2x* —x—-1)=0
26 —x—1=Qx+Dx-D)=0=>x=-1,1
() =x+3)2x+D(x—1)

— _ 1
JS(x)=0=x=-3,-3,1

Mathematics Leaving Certificate
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MARKING SCHEME NOTES

5: « Shows f(-3)=0
10: * quadratic factor of f(x) found

Question 5 (a) [Scale 15C (0, 5, 10, 15)]

Note: No remainder in division may be stated as reason for x = —3 as root

Question 5 (b)

f(x)=2x"+5x" —4x—3
f(x)=6x"+10x—4

f"(x)=12x+10

Turning points: f’(x)=0=6x" +10x—4=0
3x° 4+5x—2=0
Gx—D(x+2)=0=>x=1,-2
SH=23)"+53) -43)-3=—17
f(=2)=2(-2)"+5(-2)"—4(-2)-3=9

MARKING SCHEME NOTES
Question 5 (b) [Scale 5C (0, 3, 4, 5)]

d
3: - d_y found (Some correct differentiation)
X
4: e roots and one y value found

Note: One of Max/Min must be identified for
full credit

r'd=12H+10=14>0= &, - 19) is a local minimum

3> 27

f"(=2)=12(-2)+10=—14 < 0= (-2, 9) is a local maximum

Question 5 (¢)

f(x)+ a: Roots are on opposite sides of x-axis

100
27

Translate f(x) down by 9 = a < —9

100
Translate f(x) up by =a>57

. _ 100
a<=9,a> 27,a€R

MARKING SCHEME NOTES
Question 5 (¢) [Scale 5B (0, 3, 5)]
3: e« one value identified
* no range identified (from 2 values)

(=2,9) F(x)4

Higher Level, SEC Set B, 2017 Paper 1
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QUESTION 6 (25 MARKS)
Question 6 (a)

gx)=e", xeR, 0<x<1
hx)=e ", xeR,0<x<1

X 0 0-2 04 0-6 0-8 1-0
h(x) 1 0-82 0-67 0-55 0-45 0-37
y A
3
PRYSUAY s
W €
2
o
1
—e
\‘
\o\
\0\
h(x)yEe™ b
02 04 06 08 1.0 X
0-75
Question 6 (b)

0.75
(" —eV)dx=[e" +e |7

Shaded area = I

0
— [(60-75 + e70<75) _ (eO + eO)]
— eO-75 + 670-75 )

=0-5894

MARKING SCHEME NOTES

Question 6 (a) [Scale 15C (0, 5, 10, 15)]
5: < one point correct

10: » Graph not in required domain

Question 6 (b) [Scale 10C (0, 5, 8, 10)]

5: < Formulates integration for area under one
curve with limits

8: - integrates twice for correct area under
both curves

Note: Trapezoidal rule must have at least 5

divisions AND fully correct work gets Low

Partial Credit
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QUESTION 7 (55 MARKS)

Question 7 (a)

p(t) = Se"" x10°

t=0(2010): p(0) = Se""” x10° =1 100 000

1100 000
10°

S = I-1

Question 7 (b)
p(H)=1-1e""x10°
t=5(2015): p(5)=1-1e""® x10° =1 813 593

Question 7 (¢)
Change in population during 2015 = p(6) — p(5)
=1-1""“ x10° —1-1e"'® x10° =190 737

Question 7 (d)

q(t) =3-9¢" x10°
t=1(2011):g(1)=3-9¢"" x10° = 3709795

3709795
e =——
3-9%x10°
In(¢) = In 370979?
3-9x10
k=-0-05

MARKING SCHEME NOTES
Question 7 (a) [Scale 10B (0, 4, 10)]
4: e equation in S with substitution

Question 7 (b) [Scale 10B (0, 4, 10)]
4: < substitution into formula for p(5)

Question 7 (c) [Scale 5C (0, 3, 4, 5)]
3: e substitution into formula for p(6)
* use of p(5) from previous part
* p(6) — p(5) written or implied
4: « Formulates p(6) — p(5) with some

substitution

Question 7 (d) [Scale 15C (0, 5, 10, 15)]

5: < Either substitution into formula for £
* Verifies k value only

10: « relevant equation in k&

Question 7 (e)

p(H)=q(t)=1-1"" x10° =3-9¢ " x10°

e 3.9

0-1¢ —0-05¢

eO-lSt — Q = ln(eOlSt) — ln [Q]
I-1 I-1

0-15¢=1In 39
I-1

t= Lln 39\ 8-44
0-15 |11
Populations are the same during 2018.

Question 7 (f)

The average value y of a continuous function

y = g(x) on an interval [a, b] is given by:

Lh g(x)dx ) J.ab ydx

r= b-a  b-a

q(t)=3-9¢"" x10°
1
15-0
3.9%10° '
15 I
_3'9X106 [670-051 15
15(0-05) 0

15
q= j (3-9¢ "% x10%) dt
0

—0-05
e dt
0

3 3.9x% 106 [e,o.os(ls) _ e70405(0)]
15(0-05)
3.9x10°

=27 o009 _1]= 2743694
15(0-05)

MARKING SCHEME NOTES

Question 7 (e) [Scale 5C (0, 3, 4, 5)]
3: < p(t) = q(¢) written or implied

4: - relevant equation in ¢

Question 7 (f) [Scale 5C (0, 3, 4, 5)]
3: e integral formulated (with limits)
4: - integration with full substitution
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Question 7 (g)

q(t)=3-9¢""" x10°

% =3-9¢7"" x10° x (-0-05) =195 000e """

dt

(ggj =—195 000 **®
t=8

MARKING SCHEME NOTES

Question 7 (g) [Scale 5C (0, 3, 4, 5)]
3090

4: -+ q'(¢) fully substituted

=-130 712 people/year

QUESTION 8 (55 MARKS)

Question 8 (a)

__A + 4 + 4 + + A
A0 A Tagay e o
A 1

a= , V=
A+ (1+i)

e
g _p_al=r)_(+7) (1+1)
' 1—r 11
(1+1)
Arvuy—q Arkuy—q
a+d" ) A+ ) A+ -1
1+i—1) i i+
(l—l—i)]
i(+i)
((1+3) =1)
Question 8 (b) (i)

a+n[

Monthly repayment 4 = 5000x0-025 = €125

)y MARKING SCHEME NOTES
l

Question 8 (a) [Scale 5C (0, 3, 4, 5)]
3: P = A
1+
«A=P(1+i)
* § formula with some substitution
4: - full substitution for P (or 4) into
S formula

Question 8 (b) (ii)

Annual rate =21-75% =i=0-2175

i il
iy =0+0)2?—-1=1-21752 —-1=0-0165
Monthly rate =1-65%

MARKING SCHEME NOTES

Question 8 (b) (i) [Scale 10B (0, 4, 10)]
4: + Any one unknown

Question 8 (b) (ii) [Scale 10B (0, 4, 10)]
4: + Formula with some substitution

40
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Question 8 (b) (iii)
You pay €125 every month. Part of this payment pays for the interest accrued that month and part
of it pays off the overall debt.

End of month 1: Interest = €5000x0-0165 = €82-50
Balance reduced by: €125 — €82-50 = €42-50

New balance = €5000 — €42-50 = €4957-50

End of month 2: Interest = €4957-50x0-0165 = €81-80
Balance reduced by: €125 — €81-80 = €43-20

New balance = €4957-50 — €43-20 = €4914-30

End of month 3: Interest = €4914-30x0-0165 = €81-09
Balance reduced by: €125 — €81-09 = €43-91

New balance = €4914-30— €43-91= €4870-39

Payment lee: Eo;ltthly o : bal New balance of
N | PR || o e | e
1 125 82-50 42-50 4957-50
2 125 81-80 43-20 4914-30
3 125 81-09 4391 4870-39

MARKING SCHEME NOTES

Question 8 (b) (iii) [Scale 10C (0, 5, 8, 10)]

5: + One correct additional entry

8: « 6 correct additional entries

Note: Where interest rate in b(ii) is not 1-65%, then check the
validity of all values given.

uestion 8 (b) (iv
Q ®) (v) tlog101-0165:loglo%
P =5000, A=125, iy, =0-0165, t =? “
log,, 77
i (1+iy,)" =—217  _65.92
A= Px———M— : log,,1-0165
(A+iy) =1 : 10 .
An : t
125_5000X0-0165(1-0165)’ swer: 66 months
(1-0165)" —1 Question 8 (b) (V)
125 _ (1-0165) : i=0-085
. T q. r_ 1 1
5000>0-0165  (1-0165) —1 iy = (1+1)” —1=(1-085) —1=0-00157
50 _ _1-0165 P=5000, i,, =0-00157, # =156 weeks, 4=?
33 1.0165 —1 i (i)
50(1-0165" —1) =33x1-0165' A=Px—W—
(A+iy) =D
50x1-0165" —50 =33x1-0165" . 56
, = 50005 100157(1-00157)
_ 50
1-0165' =29 . =€36'16

log,,1-0165" =log,, %
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Question 8 (b) (vi)

Saving =125x66—36-16x156 = €2609-04

MARKING SCHEME NOTES
Question 8 (b) (iv) [Scale 5C (0, 3, 4, 5)]
3: < Formula with some substitution
* Some relevant manipulation of formula
4: < Equation in 7 (¢ no longer an index)

Question 8 (b) (v) [Scale 10C (0, 5, 8, 10)]
5: «r(weekly) found
8: - Fully substituted equation

Question 8 (b) (vi) [Scale 5B (0, 3, 5)]
3: < Total repayment by either method found

QUESTION 9 (40 MARKS)
Question 9 (a)

fl(m

)

A

6| P

/

5

1

¢ (hours)

0 2 4 6 8 10 12 14 16 18 20 22 24

MARKING SCHEME NOTES
Question 9 (a) [Scale 20C (0, 10, 18, 20)]
10: « Vertical axis drawn
* Horizontal axis drawn
18: « Horizontal axis fully scaled and positioned OR
* Vertical axis fully scaled
Use relevant portions of axes
Note: P can be on vertical axis
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Question 9 (b) (i)

— 4t beos kx MARKING SCHEME NOTES
Y Question 9 (b) (i) [Scale 10C (0, 5, 8, 10)]
Period P = 2n S: e+ one equation in @ and b
* Range in terms of @ and b
Range =[a—b, a+b], b >0 8: ¢ qorb found

I hoosel Note: Accept correct answer without work
=a c

Range=[a—b, a+b]=[1-7,5-5] Question 9 (b) (ii) [Scale 5C (0, 3, 4, 5)]
—b=1- 2

a—=b=1-7..(1) 3: e« Period identified or = or 12-34

a+b=5-5..12) ¢

2a =T7-2=a=3-6 4: -« equation in ¢ with some substitution

Into (2):3-6—-b=1-7T=b=1-9
Question 9 (b) (ii)

High tide: r =2:00, 14:34

Period P =12:34 hours = 12% hours

P:2—7T:12%:>c:ﬁ:0 5
c 12%

Question 9 (¢)
f()=3-64+1-9cos0-5¢=5-2
1-9c0s0-51=1-6 v
cos0-5t = % =0-5t= cos“(%) =0-57 (Radians)

. {0-57, 6-853 [First quadrant] S (_|_) A (+)

5-713 [Fourth quadrant] g T (+) C (+V 0=2m

1-14,13-706

:{11-426

1-14 hours =1 hour 8 mins

11-426 hours =11 hours 26 mins

13-706 hours =13 hours 42 mins

Afternoon times: 2:00+11:26 =13:26; 2:00+13:42=15:42

MARKING SCHEME NOTES

Question 9 (c) [Scale 5C (0, 3, 4, 5)]

3: e« equation with some substitution

4: < solution for ¢

Note: Low partial at most if formula not used
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LC 2017 (SET B): PAPER 2

QUESTION 1 (25 MARKS)
Question 1 (a)

P(r)="C(p)(9)""

Success S: p =

1=0-2

Failure F:q:%:O'S
P(F,S,F,S,F,S, F)
=0-8x0:-2x0-8%x0-2%x0-8x0-2x0-8
256

78125

Question 1 (b)

P(3Sin first 6 trials and then S in last trial)
=°C,%x(0-2)’x(0-8)*x(0-2)

256
T 15625

Question 1 (¢)
P(At least one §) =1— P(No successes)
=1-"C,x(0-2)"x(0-8)"=1-0-8"

Question 1 (d)

P(At least one S)=1-0-8"=0-99
1-0-99=0-8"
0-01=0-8"
log,,0-01=1og,, 0-8"
log,,0-01=nlog,,0-8

log,,0-01
" logg.;TOO-S

Minimum value of n =21

=20-63

MARKING SCHEME NOTES

Question 1 (a) [Scale 10C (0, 4, 5, 10)]
4: o %

0)

5: %X%X%X%X%X%X% in any order

Question 1 (b) [Scale 5D (0, 2, 3, 4, 5)]
()=(s) ()
or|—| or|—
3 5 5

. % for last day
3 3

2:

3 o)1 4 t ti
. - — | STtOpS Oor continues
3)\5) \5) 5P n
N1 (4 ,

° - - continues
4)0\5) 5
6)(1Y (4 3(1)
4: o =] ]=
3)\5)15)\5

Question 1 (¢) [Scale 5B (0, 3, 5)]
3: ¢lor (%)"
* any correct term from the expansion

Question 1 (d) [Scale 5C (0, 2, 4, 5)]
2: *Ans(¢)>0-99
4: < viable solution to inequality

* n=20-6377 and stops
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QUESTION 2 (25 MARKS)

Table 1

Speed (km/hour) | 40 48 56

64 88 96 112

Fuel consumption

(km/litre) 21 16 18

16 13 11 9

Question 2 (a)

Correlation coefficient » = —0-957

MARKING SCHEME NOTES
Question 2 (a) [Scale 5A (0, 5)]

Question 2 (b) [Scale 5C (0, 2, 4, 5)]

CALCULATOR: FINDING CORRELATION
COEFFICIENT 7

® Press MODE

e Press 2: STAT

® Press2: A+ BX
Now input your data.

2: < 3 correct plots When you are finished:
4: + All plots correct with an incorrect | | ® Press AC.
line of best fit e Press SHiFT followed by
« All plots correct and no line of the number 1 button
best fit ® Press 5: Reg
® Press3:r
Question 2 (b) ® Press equals
A

g 25
= 20 e
& [ )
: 15 [ \l
—
E 10  B—
5 e
=
S s
)
=
m -

\Y >

40 48 56 64 T2

80 88 96 104 112

Speed (km/h)

Question 2 (¢)

A slope of the line of best fit of —0-15 means that
for every 0-15 km/h reduction in speed there is a
saving of fuel consumption of 1 km/litre.

Question 2 (d) (i)
Mary: v =96 km/h, s =260 km

p= 52260654 1625 mins
v 96 24

Jane: v=112 km/h, s =260 km

ZZEZ@:Ehzl?ﬁﬁmins
v 112 28

Difference in journey times =162-5—139-3 ~ 23 mins

MARKING SCHEME NOTES
Question 2 (c) [Scale 5B (0, 3, 5)]
3: + Some reference to speed and fuel
consumption
* Reference to rate of change

Question 2 (d) (i) [Scale 5C (0, 2, 4, 5)]
2. ° & or &

: 96 112
4: « %—% or equivalent

* Answer in hours
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Question 2 (d) (ii)

Mary: v =96 km/h, s =260 km, Fuel consumption =11 km/I

Number of litres = % =23-636

Cost =23-636x132-9 c=€31-41

Jane: v=112 km/h, s =260 km, Fuel consumption =9 km/1

Number of litres = ? =28-889

Cost =28-889x132-9 ¢ = €38-39

Difference in cost = €38-39— €31-41 = €6-98

MARKING SCHEME NOTES
Question 2 (d) (ii) [Scale 5C (0, 2, 4, 5)]

2: + Amount of Mary’s fuel or amount of Jane’s fuel

4: + (30-269)1.329 or equivalent

QUESTION 3 (25 MARKS)

Centroid of a triangle

A

B I

A median is a line from a vertex to
the midpoint of the opposite side. The
centroid G is the intersection of the

Orthocentre of a triangle

C
An altitude is a line from a vertex
perpendicular to the opposite side. The
orthocentre O is the intersection of the

medians. G divides the median in the altitudes.
ratio 2:1.
A(0, 6) — X
Internal division of a line
The point between A(x, y,) and B(x,, y,)
that divides [4B] in the ratio m:n is given
) by C(x, y), where:
‘o mx, + nx, _my, +ny,
G(3.3) 2»C(4,2) mn men
1 m B(xza J’z)
Clx,y)
P(x,
) G0
B

46
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Question 3 (a)

@ O

4(0,6) Px,y)

Centroid G(% , %)

2 2x+0 2x

3 2+1 3
GO _2vHO i y=-]
3 2+1 3

S P, =1

Question 3 (b)

P is the midpoint of BC.

C4,2)—> P, -1)> B(-2,-4)

Question 3 (¢)

In order for C to be the orthocentre of the
triangle ABC: The altitudes from vertices 4
and B are the sides 4C and BC which will be
perpendicular to each other at C.

A0, 6), B(-2, —-4), C(4, 2)

2-6 4
Slope of AC: m, :—6=—=—1

4-0 4
Slope of BC: m, :ﬁzézl

4+2 6

m xm, =—1x1=-1= AC 1L BC
.. C 1s the orthocentre of AABC.

MARKING SCHEME NOTES
Question 3 (a) [Scale 10C (0, 4, 5, 10)]

4:

5:

. P(%, —%) or equivalent, i.e ratio 1:1

. % or% identified as part of change in
x ordinate

. —% or —% identified as part of change

in y ordinate

» Ratio formula with some substitution
* one relevant co-ordinate of P found

Question 3 (b) [Scale 5C (0, 2, 4, 5)]

2:
4:

* P as mid-point of BC
* one relevant co-ordinate of B found

Note: Accept (-2, —4) without work

Accept correct graphical solution

MARKING SCHEME NOTES
Question 3 (c) [Scale 10C (0, 4, 5, 10)]

4:

* Identifies significance of right-angled
triangle

* one equation of perpendicular from
vertex to opposite side found

* slope of AC and slope of BC found but
no conclusion

* two equations of perpendiculars from
vertex to opposite side found
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QUESTION 4 (25 MARKS)

Question 4 (a)

METHOD 1 [SUBSTITUTION]

A(0, 0), B(6-5, 0), C(10, 7)

S1x Y +2gx+2f+c=0

A(0, 0) €5:(0)° +(0)> +22(0)+2f(0)+c=0=c=0

B(6-5,0)€5:(6-5)*+(0)* +2g(6-5)+2£(0)+(0)=0
(6-5°+2g(6-5)=0

(6-5)+2g=0
g=-1

C(10, 7) € 5:(10)* +(7)* +2(-12)10) +2£(7) + (0) = 0
100+49—65+14f =0
14f=-84= f=—6

six+ 7 +2(-Lx+2(-6)y+(0)=0
X+y-Bx-12y=0
2x* +2y* —13x-24y =0

METHOD 2 [PERPENDICULAR BISECTORS]

.13
ll.x—T

Midpoint of AC = E(5, J), Slope of AC = 5
L(x, y)=EG, 1), m=-12
y-3=-1(x-5)

14y —49 = 20(x —5) = 14y —49 = —20x +100
20x+14y—149=0

Centre O=1,n1,:20(13)+14y-149=0= y=6
-0, 6)

J745
r=|04)= |20y +(6-0) ==
4

13Y 745

Circle s:| x—— | +(y—6)" =—
S(’C 4] (=6 =7

Mathematics Leaving Certificate

Equation of a circle:
X+ Y +2gx+2f+c=0
Centre =(—g, — f)

r:\/g2+f2—c

(10, 7)

A(0, 0) B(6°5, 0)

C(10, 7)

Equation of a circle:
(x=h) +(y=k)* ="
Centre = (h, k), radius r

EPL 103



METHOD 3 [CIRCUMCIRCLE] i (10, 7) on circle: 100 +49 — 65 + 14f=0

(—g, —f) € mediator (0, 0) and (6-5, 0) 84+ 14f=0

so—g=325 S f=-6

Centre (3-25, —f) s:x* 4+ —65x — 12y +0=0
Since (0, 0) € of circle: ¢ =0 §:2x2+2)2—13x — 24y =0
Equation of circle s: x* +)?> — 6:5x + 2fy + 0=0

MARKING SCHEME NOTES
Question 4 (a) [Scale 10D (0, 3, 5, 8, 10)]
Method 1
3: ec=0

* One relevant equation in g and/or
5: «2ofg,f, c found
8: g, f, and c found or equivalent

Method 2

3: < Effort at formulating equation of 1 perpendicular bisector
S5: < Point of intersection of 2 perpendicular bisectors found

8: < Point of intersection of 2 perpendicular bisectors and radius

Method 3

3: ec=0
* One point substituted into equation of circle
* Midpoint (0,0) and (6-5, 0) formulated

5: «2ofg,f, cfound

8: g, f, and c found or equivalent

Question 4 (b)

METHOD 1 [tan 6 formula] s
tan@ = |22
1+mm,
A(0, 0), B(6-5, 0), C(10, 7) (9,7)
0
Slope of BC: m, = 70 :L:2
10-6-5 3.5
Slope of AC: m, = 70_7
10-0 10
_1 A(0, 0) B(6°5,0)
tan 6 = 10 1= 0=28-44°
1+2(%)
10 MARKING SCHEME NOTES
METHOD 2 [Cosine rule] Question 3 (b) [Scale 15C (0, 6, 9, 15)]
|4B[ = 4225, |AC[ =149, |BC[' = 61-25 Method 1
6: - one relevant slope
_149+61-25-42-25 9: « tan @ fully substituted
cosf =
2x+/149 x+/61-25 Method 2
) ogi[149461:25-42.25) o ;oneelevant jength
. 2)(\/@)( 61.25 . COS ully substitute

Higher Level, SEC Set B, 2017 Paper 2
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QUESTION 5 (25 MARKS)
Question 5 (a)

Consider AAFE:
|ZAEF|=90°

Let |£FAE|=0
~.|£EFA4|=90° -0

Consider ADAE:

|£AED|=90°

|ZEAD|=90° -0

~.|£ADE|=6

. AAFE and ADAE are similar.

90" — 6 0
O\12

27

MARKING SCHEME NOTES
Question 5 (a) [Scale 10C (0, 4, 5, 10)]
4: < Identifies one angle of same size in each triangle
5: < Identifies second angle of same size in each triangle
* Implies triangles are similar without justifying |£ZFAE| = |ZADE]|

Question 5 (b)

4 312 D
. |4D] |4E] ¢t “AKo0— 0 9
AAFE and ADAE are similar: —— =——
4|~ [FE N
|AF|" =127 +5% =144+ 25=169 13
_ _ NG
|AF|=~/169 =13 cm g E
.'.@:£:>|AD|: 203 312 em
13 5 5 16
Question 5 (¢)
Consider AAFE: 27
|ZAEF|=90°
Let |ZFAE| =0
~.|£ZEFA|=90° -0 v plt 90° — 6
Consider AAGB: G ¢
| £4BG| =90° |4B| _|46| _ 4B 12+27
|£BAG| =6 [Common angle] [4E| |4F| 12 13
~|24GB|=90°—6 12x39

.. AAFE and AAGB are similar.

36 cm

- -|4B|=

Mathematics Leaving Certificate
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MARKING SCHEME NOTES
Question 5 (b) [Scale 5C (0, 2, 4, 5)]
2: ¢ |AF|=13

. 4D 12

4 — or equivalent
13 5

Question 5 (c) [Scale 5C (0, 2, 4, 5)]
2: *]AG| =39
* One set of corresponding sides identified

4: o 39 @ or equivalent
13 12

12

. . . . AD
* One set of corresponding sides identified, e.g. |1—| or —

5

Question 5 (d)

Area of GCDE = Area ABCD — Area AAGB — Area ADAE
=|4D|x|4B|-1 x|BG|x|4B| -1 x| 4E|x| DE|
=31-2x36-1x/39° =36" x36 -1 x12x+/31-2° —12

=680-4 cm?

MARKING SCHEME NOTES

Question 5 (d) [Scale 5C (0, 2, 4, 5)]

2: < One relevant area formulated
* Relevant equation for area GCDE

4: < Relevant individual areas found but fails to finish
* Area calculated but with one relevant area omitted

QUESTION 6 (25 MARKS)
Question 6 (a)

JH is a tangent to the circle. Therefore,
HJ is perpendicular to AH.

|4J[" =|aH|" +|JH|
(6371+0-214)* = 6371* +|JH[

|JH|=/6317-214* —6317* ~52 km

MARKING SCHEME NOTES
Question 6 (a) [Scale 15C (0, 6, 9, 15)]
6: *|AJ| formulated
« indication of Pythagoras
9: « Pythagoras fully substituted

Higher Level, SEC Set B, 2017 Paper 2
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Question 6 (b)

: : |BC|
Consider AABC: sin37° =——
6371

|BC|=6371sin37° =3834-2 km
Length of s, = 2m(3834-2) ~ 24 091 km

W

6371 km
53°

MARKING SCHEME NOTES 6371 km

Question 6 (b) [Scale 10C (0, 4, 5, 10)]
4: «cos 53° orsin 37°
5: eradius of s, calculated and stops
* length of circle formula fully
substituted

QUESTION 7 (40 MARKS)
Question 7 (a)

Figure 1
R Figure 2

Volume of empty space in cylinder
Pty sp 4 Volume of cylinder = 77>

Volume of cone = %th

Volume of sphere = %7‘(7’3

= Volume of cylinder — 2(Volume of cone)
=7R*(2R)-2(1 7R*x R)

=27R’ —%ﬂ'R3 = %TFR3

= Volume of sphere

MARKING SCHEME NOTES

Question 7 (a) [Scale 10C (0, 4, 5, 10)]

4: < A relevant volume formulated

5: « Vol of space formulated in terms of ® and R

Mathematics Leaving Certificate
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Question 7 (b) Figure 3
" Figure 4

6
i D
6 I 6
12
() 12> =6+ |AB|2 (iii) Sphere: Area of surface of water
|4B|=\12°~6* =643 em =7(6v3)" =1087 em’
(i1) There are two similar triangles in the cone. Cylinder: Area of surface of water
cp| 6 = (12)* —=7(6)* =1087 cm’
S —=—=|CD|=6 cm

12 12

MARKING SCHEME NOTES
Question 7 (b) (i) [Scale 10B (0, 5, 10)]
5: e indication of Pythagoras

Question 7 (b) (ii) [Scale 10C (0, 4, 5, 10)]
4: «indication of similar triangles
« indication of a relevant ratio
5: e corresponding ratios identified but fails to finish
Note: Accept correct answer without work

Question 7 (b) (iii) [Scale 5C (0, 2, 4, 5)]
2: < Surface Area in Fig. 3 substituted

* Surface Area in Fig. 4 substituted
4: + One Surface Area found

Question 7 (¢)

Volume of cylinder under water = 1 w(12)*(12) -+ 7(6)*(6) = 5047 em’
Volume of water in cylinder = 7(12)*(6) — 5047 = 3607 cm’

= Volume of water in sphere

MARKING SCHEME NOTES

Question 7 (c) [Scale 5C (0, 2, 4, 5)]

2: + Vol of cylinder found
* Vol of truncated cone substituted
* Vol of one cone found (12 or 6)

4: < Volume fully substituted but fails to finish
* Volume of truncated cone found

Higher Level, SEC Set B, 2017 Paper 2
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QUESTION 8 (60 MARKS)
Question 8 (a)

FORMULAE AND TABLES BOOK
Statistics and Probability: Probability
distribution (standarding formula) [page 34]

_ A

o

n = Number in the sample

o = standard deviation of the sample

4

Population: ;1 =63-5 kg, 0 =10 kg
(1) Mariska: X =50 kg
x—p  50-63-5
o 10
P(x>50)=P(z>-1-35)=P(z<1-35)
=0-9115=91-15%

Z= =-1-35

(i1)) Kamal: X =?
P(Z>2z)=0-015
1-P(Z<2)=0-015
P(Z<z)=1-0-015=0-985=272=2-17

Xop_ 5q_ X-635

YA
o

21-7+63-5=X
X =85-2 kg

- (iii) Null hypothesis H,: uu=63-5 kg

[Weight has not changed from 2015

to 2016]
Alternative hypothesis H,: ;1 # 63-5 kg
[Weight has changed from 2015 to 2016]
Sample: n =150, x =62 kg,

oo _ 10
EENCINED
z statistic: z = X p = 62-63-3 =-1-84
7 10
J150
zZ =-1-84>-1-96 [Do not reject H]

or

p=2{1-P(z<|-1-84))}
=2{1-P(z<1-84)}
=2{1-(0-9671)} =0-0658

p=0-0658>0-05[Do not reject /]

or

Confidence interval: x —1-965 <> x +1-960

10 10
62—-1-96x— > 62+1-96 x —
V150 V150

Confidence interval: 60-3997 <> 63-6003
63-5 falls within this interval
[Do not reject /]

MARKING SCHEME NOTES

Question 8 (a) (i) [Scale 10D (0, 3, 5, 8, 10)]
3: e por o identified

5: <z found

8: * P(z<1-35) and stops

Question 8 (a) (ii) [Scale 5D (0, 2, 3, 4, 5)]
2: e identifies 0-985

3: e identifies 2-17

4. - formula for x fully substituted

A4

Question 8 (a) (iii) [Scale 15D (0, 5, 7, 9, 15)]
5: ez formulated with some substitution

» states null/alternative hypothesis only
» reference to £1:96

7: ez fully substituted

ez=—1-8371>-1-96
» fails to contextualise the answer

Mathematics Leaving Certificate
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Question 8 (b) (i) Question 8 (b) (ii)
_1 1 1 1 _17
P(L)=13+35+35+76 =30

1]
2] | Question 8 (b) (iii)
. P(ANnB
T p(8| 4= A0
12 P(4)
% P(RlL)zP(RmL)zP(R and then L)
— P(L) P(L)
1,1

i3 sl
1

Start % 8
130, MARKING SCHEME NOTES

Question 8 (b) (i) [Scale 15C (0, 6, 9, 15)]
6: 3 boxes filled correctly

% 9: « 10 boxes filled correctly
1] Question 8 (b) (ii) [Scale 10C (0, 4, 5, 10)]
16 4: < 2 relevant fractions transferred
5: 4 relevant fractions identified but
7] fails to complete
16

Question 8 (b) (iii) [Scale 5C (0, 2, 4, 5)]
2: < P(L)

*P(RNL)
4: < Formula fully substituted
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QUESTION 9 (50 MARKS)

N
D¢
River
|
B
z} ............................
s R T
? C' z ._"
2 B
h: ....................
o ---------
g F. ____________ |_
o
|
|
Figllre 1
Question 9 (a)

Consider ACTE:

60’ = E11 |ET| =|CT]tan 60° = 3|CT]|
7]

Question 9 (b)

Consider ADTE:

tan 30° =@$L=@
p7]~ 35 " Jor]

Consider the right-angled ADCT":

15* +|cT|" =|DT[

225+|CT[ = (V3|TE|)*

225+|CT|" = 3|TE[’

. 225+|CT| 225+|cT
rEf = == = e = m

= |DT|=3|TE]|

C Figure 2

MARKING SCHEME NOTES
Question 9 (a) [Scale 10B (0, 5, 10)]
5: «tan 60°
« effort to express |TE| in terms of
another side of the triangle

Question 9 (b) [Scale 5C (0, 2, 4, 5)]
2: e« tan 30°
* Use of Pythagoras for |D7]
* Effort at expressing |D7] in terms of

another side of ADET
4: «|TE|= |DT|%

Mathematics Leaving Certificate
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Question 9 (¢)
J225+[CTf
ITE|= % =3|cT]

25+|cT

=3lcrf
225+|CT|" =9[CT|" = 225 =8|CT|

|CT|= /%:5-3 m

Question 9 (d)
ITE|=3|CT|=\3%x5-3=9-2 m

Question 9 (e)
CT .
cos|ZFTC|=cosf = u _53
ITF| 9-2
0= 00571 (Ej =54.8°
9.2
Question 9 (f)
P(Tree lands on bank) = w

MARKING SCHEME NOTES

Question 9 (c) [Scale 10C (0, 4, 5, 10)]
4: -« equates both expressions

5: e Isolate |CT] in equation

Question 9 (d) [Scale 10B (0, 5, 10)]
5: < Substitution into formula for |7E|

Question 9 (e) [Scale 5C (0, 2, 4, 5)]
2: « Some relevant substitution for cos 6
4: + Formula for cos # substituted in terms of |CT]

Question 9 (f) [Scale 10C (0, 4, 5, 10)]
4: < (Answer to part (e))x2

* 360°
5: < P fully formulated

x100% =30-4%
60°
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LC 2016 (SET C): PAPER 1

QUESTION 1 (25 MARKS)

Question 1 (a)

Use the conjugate root theoreom to find the other root. Therefore, if z, is one of the roots, the
conjugate of z, is also a root. Call this root z,.

z,=—4+3i=z=-4-3i

Question 1 (b)
z=1+41i

|Z|:\/12+12:\/§ z=1+1i

|tan9|:H:1:>6:‘[an_l1:I
1 4

Im

v

T
S0= 2 [Ist quadrant] Re

FormuULAE: Complex Numbers
Modulus |z]: |z| =|a+ bi| =~ a® +b°

8
2 =H2) [COSZ +isin 1] z = a+bi (Cartesian form)
4 4

z=r(cosO +isin@) (Polar form)

z:l—l—i:\/z[cos%—kisin%

= 2*(cos 2w +isin 2m)

DE MOIVRE’S THEOREM 20
= 16(1+0i) =16 (page 20)

[7(cosO +isinB)]" =r"(cosnb +isinnb)

MARKING SCHEME NOTES
Question 1 (a) [Scale 5B (0, 2, 5)]
2: e real or imaginary part correct

Question 1 (b) [Scale 10C (0, 3, 7, 10)]
3: e correct answer without use of De Moivre’s
* modulus or argument correct
 formula
* statement of de Moivre’s
7: ¢ 16(cos27 + isin2m)
NortE: not De Moivre and incorrect answer merits 0 marks
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Question 1 (¢)
METHOD 1

Forming a quadratic equation from its roots.
22 -Sz+P=0

S: Sum of the roots
P: Product of the roots

22+ (=2+i)z+3—-i=0

Roots: 141, «
Sum=a+1+i=—(—2+1i)
at+l+i=2—i

Sa=1-2i

METHOD 2

2+ (=2+i)z+3—-i=0
a=1b=(-2+i),c=(3—i)
24 +J(—24i) —4(1)3—i)

2
22— itNA—di PP —12+4i

B 2

22—t JA—4i—1-12+4i 2-i+-9
B 2 B 2
C2—id3i 2420 2-4i

2 27 2

=14i, 1-2i

Other root = (1—2i)

MARKING SCHEME NOTES

Or

3: e equation rearranged
b

a
77: e correct substitution

Question 1 (c¢) [Scale 10C (0, 3, 7, 10)]
3: e root formula with some substitution
7: « formula fully substituted

Higher Level, SEC Set C, 2016 Paper 1
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QUESTION 2 (25 MARKS)
Question 2 (a)

Step 1: |x — 4| >2|...Test box Step 3: Region test
< < |§| —
Step 2:|x—4|=2 [x—4[>2 [x—4{>2 [x—4]>2
¥ A= x=2.6 0:/0—4[>2 4:]4—4>2 |8:[8—4/>4
4> 2 [True] 0>2[False] | 4 > 2 [True]
1 l
x<2 x>6
Step4:x<2,x>6,xeR
MARKING SCHEME NOTES
Question 2 (a) [Scale 10C (0, 3, 7, 10)]
3: e cither side squared
* one correct linear inequality written
* stating range of natural numbers only
7: e correct solutions to quadratic
10: -« correct answer without work
NoOTE: use of natural numbers in range merits High Partial Credit at most
Question 2 (b)
1= 2 _
dx4+3y=—lm =y 1y +4y-15=0
2 (1y+15)(y-1)=0
X +xy+2y° =4.(2) , 15
Sy = —ﬁ, 1
~1-3(1) -4
1 2 or_1_ y=l:x= =—=-2
( 123)’J +(%jy+2y2:4 2 2
15
1+6y+9y° 3y’ y=—1—5:x=—_1_3(_ﬁ)=1—7
YEOV LYV L9yt —4(xd] : 2 1
4 Answer: (-2, 1), (%, —%)
1+6y+9y° —2y—6)> +8)° =16

MARKING SCHEME NOTES

Question 2 (b) [Scale 15C (0, 5, 10,15)]

5: e effort to isolate x (or y)

10: -« fully correct substitution into quadratic

Mathematics Leaving Certificate
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QUESTION 3 (25 MARKS)
Question 3 (a) (i)

2 —
T=

f(O)z%z 2, f(0-5)=%=1-21, f(l):%:0-74, f(ln4)=%= =0-5
e e e e

IR )

g(0)=e"~1=1-1=0, g(0-5)=¢" -1=0-65, g(l)=€' -1=1-72, g(In4) =e"* —1=4-1=3

X 0 0-5 1 In4)=14
f(x) =% 2 1-21 0-74 0-5
e
gx)=e" -1 0 0-65 1-72 3
Question 3 (a) (ii) Question 3 (a) (iii)
e f()=g(x)=x~0-7
MARKING SCHEME NOTES
g(x) Question 3 (a) (i) [Scale 5C (0, 2, 4, 5)]
2: e« one entry correct
4: 5 entries correct
Question 3 (a) (ii) [Scale 5C (0, 2, 4, 5)]
24 2: e« one plot correct
F ) 4: 5 plots correct
* one correct graph
* no labelling
NoOTES:
14 - straight lines NOT acceptable
- one clear label merits full credit
- one ambiguous label merits High Partial Credit
at most
Question 3 (a) (iii) [Scale 5B (0, 2, 5)]
2: e+ point of intersection clearly indicated on
X
07 > graph, but value of x not stated
Question 3 (b) MARKING SCHEME NOTES

ﬂm=mm:§:a—uwﬂ

2:(eX)2 _ex
(€)Y - —2=0
(e" +1)(e" —2)=0

¢* =—1[No solutions]
e'=2=1In(e")=In2

xlne=1n2
Sox=In2=0-693

Question 3 (b) [Scale 10C (0, 3, 7, 10)]
3: e« substitution correct
7: e correct factors of quadratic

* root formula correctly substituted

o ZEDEJED -4
2()
NortE: oversimplification of equation (i.e. not

treating as quadratic) merits Low Partial
Credit at most

Higher Level, SEC Set C, 2016 Paper 1
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QUESTION 4 (25 MARKS)
Question 4 (a)
Step 1: n=1: Prove 8' — 1 is divisible by 7. Step 3: n= (k+ 1): Prove 8"! — 1 is divisible by
Proof: 8 — 1 =7. Therefore, it is true for n = 1. 1.
: Proof: g _1=8x8" -1

Step 2: n = k: Assume 8" — 1 is divisible by 7. i =8(7m+1)—1[By Step 2.]
In other words, assume 8 —1=7m, m e N, —56m+8—1
o Qk _ :
8 =(Tm+1) —56m+T
=T78m+1)

= 7x(whole number)
- 881 — 1 is divisible by 7.

Therefore, assuming it is true for n = k means it is true for n = k + 1. So true for n = 1 and true for
n =k means it is true for n = k + 1 implies it is true for all n € N.

MARKING SCHEME NOTES
Question 4 (a) [Scale 15D (0, 4, 7, 11, 15)]

4. P step
7. <P, step
* P, step

11: < use of P, step to prove P, | step

NoTE: accept P, step, P, step and P, _ | step in any order

Question 4 (b)

log,2=p,log,3=q,a>0

. 8
(1) log, —=log, 8 —log,3 FORMULAE AND TABLES BOOK
3 .
Indices and logs [page 21]
=log, 2’ —log,3

1 =1 1
~3log, 2-log, 3 og,(xy) =log, x+log, y

=3p-q log, [f] =log, x—log, y
, y
(i) log, 91% =log,9+log, a’ —log, 16 log,(x*)=qlog, x
5 R . log, 1=0
=log, 63" +log, a" —log, 2 ,
=2log,3+2log, a—4log, 2 log, [—] =—log, x
X
=2q—-4p+2
MARKING SCHEME NOTES
Question 4 (b) (i) [Scale 5C (0, 2, 4, 5)] P13 . 2log 3
2: elog 8—log 3 *2log a
4: <log 8=3log 2 (and/or=3p) *4log 2
*4p or 2qg or 2
Question 4 (b) (ii) [Scale SD (0,2,3,4,5)] | 4: «2(log 3 +log, a)—4log 2
2: +log 9a°—log 16 ; or equivalent
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QUESTION 5 (25 MARKS)
Question 5 (a) (i)

(5x=9)* =(x—1)" +(4x)

25x7 —90x +81=x" —2x+1+16x>
8x* —88x+80=0

N 4x
¥ —11x+10=0 £ Sie>
(x-1)(x-10)=0
x=110 Hypotenuse
Sox=10 5x —9
Question 5 (a) (i) MARKING SCHEME NOTES
x=10 Question 5 (a) (i) [Scale 10D (0, 2, 5, 8, 10)]
Hypotenuse: 5x—9=75(10)-9 =41 2: -« any use of Pythagoras

5: « fully correct substitution

Side I: x=1=(10)—-1=9 8: ¢ both roots correct

Side 2: 4x =4