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Note to teachers and students on the use of published marking schemes

Marking schemes published by the State Examinations Commission are not intended to be
standalone documents. They are an essential resource for examiners who receive training
in the correct interpretation and application of the scheme. This training involves, among
other things, marking samples of student work and discussing the marks awarded, so as to
clarify the correct application of the scheme. The work of examiners is subsequently
monitored by Advising Examiners to ensure consistent and accurate application of the
marking scheme. This process is overseen by the Chief Examiner, usually assisted by a Chief
Advising Examiner. The Chief Examiner is the final authority regarding whether or not the
marking scheme has been correctly applied to any piece of candidate work.

Marking schemes are working documents. While a draft marking scheme is prepared in
advance of the examination, the scheme is not finalised until examiners have applied it to
candidates’ work and the feedback from all examiners has been collated and considered in
light of the full range of responses of candidates, the overall level of difficulty of the
examination and the need to maintain consistency in standards from year to year. This
published document contains the finalised scheme, as it was applied to all candidates’ work.

In the case of marking schemes that include model solutions or answers, it should be noted
that these are not intended to be exhaustive. Variations and alternatives may also be
acceptable. Examiners must consider all answers on their merits, and will have consulted
with their Advising Examiners when in doubt.

Future Marking Schemes

Assumptions about future marking schemes on the basis of past schemes should be
avoided. While the underlying assessment principles remain the same, the details of the
marking of a particular type of question may change in the context of the contribution of
that question to the overall examination in a given year. The Chief Examiner in any given
year has the responsibility to determine how best to ensure the fair and accurate
assessment of candidates’ work and to ensure consistency in the standard of the
assessment from year to year. Accordingly, aspects of the structure, detail and application
of the marking scheme for a particular examination are subject to change from one year to
the next without notice.
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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 B C D

No of categories 3 4 5
5-mark scale 0,25 0,235

10-mark scale 0,3,7,10 0,3,5,8,10

15-mark scale

0,4,8,12,15

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.

Marking scales — level descriptors

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 (mid partial credit)
almost correct response (high partial credit)
correct response (full credit)
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In certain cases, typically involving incorrect rounding, omission of units, a misreading that does
not oversimplify the work, or an arithmetical error that does not oversimplify the work, a mark
that is one mark below the full-credit mark may also be awarded. Such cases are denoted with a *
and this level of credit is referred to as Full Credit -1. Thus, for example, in Scale 10C, Full Credit -1
of 9 marks may be awarded.

The only marks that may be awarded for a question are those on the scale above, or Full Credit -1.

A rounding penalty is applied only once in each section (a), (b), (c) etc. A penalty for an omitted
unit is applied only once in each section (a), (b), (c) etc. There is no penalty for omitted units if the
question specifies the unit to be used in the answer, and there is generally no penalty for an
omitted euro symbol in questions involving money.

In general, accept a candidate’s work in one part of a question for use in subsequent parts of the
guestion, unless this oversimplifies the work involved.

Unless otherwise specified, an answer without sufficient supporting work is generally awarded the
lowest non-zero level of credit (typically Partial Credit or Low Partial Credit, as appropriate).

Summary of mark allocations and scales to be applied

Section A (120) Section B (100)
Answer any four questions Answer any two questions
Question 1 (30) Question 4 (30) Question 7 (50) Question 9 (50)
(a), (b) 15D (a)(i) 10C (a)(i)(ii) 15D (a)(i) 5B
(c) 10D (a)(ii) 5B (b) 5B (a)(ii) 5C
(d) 5C (a)(iii) 10C (c) 10C (b)(i) 5C
(b)(i)(ii) 5C (d) 5B (b)(ii)  10C
Question 2 (30) (;") igc (Z)(i)(") igD
(a) 10C Question 5 (30) (f) Ee; 1oc
(b) 5B (a)(i)(ii) 10C
(c) 15D (b) 10D Question 8 (50)
(c)(i)(ii) 10D (a)i) 5B Question 10 (50)
Question 3 (30) (a)(?i.) 10C (a)(?? .
(@)  10C Question 6 (30) (a)(iii) 5B (a)(ii) 5B
] (a)(iv) 5C (a)(iii) 10D
(b) 10D (a)i) 5B (b))  5C (a)(iv) 10C
© 10¢ (a)(ii)  5C (b)(i)  10C (b) 10D
(b)  10C (b)(iii) 10D ()  5C
() 10C ()ii)  5C
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Palette of annotations available to examiners

Meaning in the body of the

Symbol | Name work Meaning when used in the right margin
V2 Tick Work of relevance The work prese‘nted in the body of the script
merits full credit
Incorrect work The work presented in the body of the script
x Cross - . .
(distinct from an error) merits O credit
Rounding / Unit / Arithmetic
k Star error
Misreading
Horizontal
Error
wavy
) The work presented in the body of the script
merits partial credit
L The work presented in the body of the script
merits low partial credit
M The work presented in the body of the script
merits mid partial credit
H The work presented in the body of the script
merits high partial credit
F* E star The yvork preseljrted in the body of the script
merits Full Credit (- 1)
[ Left Bracket Another versior.1 of th.is solution is Presented.
elsewhere and it merits equal or higher credit

Vertical wavy | O Workon this page
Y (portion of the page)

The candidate has

(o] | Oversimplify oversimplified the work

Nothing correct but Work of
WOM | Work of Merit | Merit within the body of
work

Note: Where work of substance is presented in the body of the script, the annotation on the right margin
should reflect a combination of annotations in the work

In a C scale where * and 2224 gngd lann) appear in the body of the work, then L should be

placed in the right margin.
In the case of a D scale with the same annotations, IM should be placed in the right margin.

A J in the body of the work may sometimes be used to indicate where a portion of the work
presented has value and has merited one of the levels of credit described in the marking scheme.
The level of credit is then indicated in the right margin.
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Detailed marking notes

Model Solutions & Marking Notes

Note: The model solutions for each question are not intended to be exhaustive — there may be
other correct solutions. Any Examiner unsure of the validity of the approach adopted by a
particular candidate to a particular question should contact his / her Advising Examiner.
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Q1 | Model Solution — 30 Marks Marking Notes

(a), Scale 15D (0,4, 8, 12, 15)

(b) z7=—-2-30i and Zz;=-2+3i

Low Partial Credit

e Work of merit, for example, real
or imaginary part of z; or
Z,correct, or real or imaginary
part of z, or z3 plotted correctly

Alm e 1 part correct

72 Z1 Mid Partial Credit

e 2 parts correct

[ ]
[}

= N w £~
L I L

High Partial Credit
Y I I I B A NN NN I e 4 parts correct

21 o NOTE: Apply F* if labels omitted

(c) |Z2—23=-5+3i—(4—-2i)) =-9+5i Scale 10D (0,3,5,8,10)
2 parts in the solution

|-9 + 5i| = /81 + 25 =106
1. Finds z, — z3 in form a + bi
2. Finds |z, — z3]

Low Partial Credit

e Work of merit in one part, for
example, some correct work in
substitution for z, — z3, or
formula for Modulus

Mid Partial Credit
e One part correct
e Work of merit in both parts

High Partial Credit
e One part correct and work of
merit in the other part
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Q1 | Model Solution — 30 Marks Marking Notes

(d) | 4—20%+2i(4-20)—-7i Scale 5C (0,2,3,5)
=16—-16i—4+8i+4—7i
Low Partial Credit
=16-15i#0 e Work of merit, for example,
Therefore z3 is not a root. substitutes in 4 — 2i for z, or
makes attempt to solve given

equation
e - b formula without substitution
or partially substituted

NOTE: accept without “+# 0” stated, as long as
conclusion is correct.

High Partial Credit

e Fully substituted —b formula

e Fully substitutes in 4 — 2i for z,
and carries out some further
correct work

NOTE: Apply F* if finds 16 — 15i,
but fails to make a correct
conclusion
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Q2 | Model Solution — 30 Marks Marking Notes
(a) |6x—10+8=4x—5 Scale 10C (0,3, 7, 10)
6x —4x=-8+10—-5
Low Partial Credit
2x = -3 e Carries out some relevant correct operation
x=2=or equivalent . ) )
2 High Partial Credit
e Correctly has x on one side and constants on
other side
e One error, for example, error in transposing but
finishes correctly
(b) | ;20 » Scale 5B (0,2,5)
3_6 =3 NOTE: Accept correct answer without supporting
work
Partial Credit
e \Writes answer of 4,782,969 or 3486784401
e Shows relevant understanding of indices, for
example, indicates that
36=3x3x3x3x%x3x%x3,
or that power of 6 should be subtracted,
or indicates 34*°
e 14 or 20 written
(c) |Ean1x(=5): —15x —10y = =5 | scale 15D (0,4,8,12,15)
Eqn 2 X 2: 14x + 10y = —4 4 steps Involved in solution
o —x=-9 iex=9 1. Multiplies equation(s) so that 1 variable will
and3(9)+2y=1so0o y=-13 cancel / express one variable in terms of the other
OR 2. Produce one equation in one variable
3. Find value of one variable
y = %(1 — 3x) 4. Find value of second variable
So 7x +5 (l (1- 3x)> =-2 Note: depending on method, step 3 may be
2 X .
automatically done when step 2 is completed.
So 14x + 5 — 15x = —4, etc.
Low Partial Credit
e Some work of merit, for example, relevant work
in isolating one variable in one equation, or
indicates multiplying one equation by a constant
Mid Partial Credit
e 2 steps correct
High Partial Credit
e 3 steps correct
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Q3

Model Solution — 30 Marks

Marking Notes

(a)

(27500 x 0-2) = 5500

Then 27500 — (5500 — 3300)
= 27500 — 2200 = 25 300

Scale 10C (0,3,7,10)
3 steps Involved in solution

1. Finds 5500

2. Correctly handles gross tax and tax
credits

3. Finishes correctly to get 25,300

Low Partial Credit
e Some relevant operation, eg, 0-2, 0-8
e Finds 5500

High Partial Credit

e Two steps correct
(Using €35300 as the gross annual
income is treated as work of merit in
step 1 rather than a misreading)

e Finds €22,000

(b)

Tax at 20%: 35300 x 0-2 = 7060

Tax at 40%: (43 450 — 35 300) x 0-4
= 3260

Gross tax = 7060 + 3260 = 10 320

Then 43 450 — (10 320 — 3300)
= 43450 - 7020
= 36430

Scale 10D (0,3,5,8,10)
4 steps Involved in solution

1. Finds tax at 20%
2. Finds tax at 40%
3. Finds gross tax

4. Finishes correctly

Low Partial Credit
e Some relevant operation, or 0.2 or 0.4
e 1 step correct

Mid Partial Credit
e 2 steps correct

High Partial Credit
e 3 steps correct
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Q3 | Model Solution — 30 Marks Marking Notes
(c) |80 x 12 = €960 total annual increase Scale 10C (0,3,7,10)
_ Low Partial Credit
60% of increase = €960 e Work of merit, for example, finds 960
1% of increase = — = 16 * Indicates 60%
60 e Shows use of trial and improvement
100% of increase = 16 X 100 = [€]1600
OR High Partial Credit
e Correct answer based on monthly
Trial and improvement leading to solution increase
OR e Finds total 960 and indicates 60%
. . . 5
Need to show solving using a variable? NOTE: Full Credit
e Using trial and improvement leading to
correct answer
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Q4 | Model Solution — 30 Marks Marking Notes

(a) Scale 10C (0,3,7,10)
() |53-7(5)2+5-12=-57 NOTE: Accept correct answer
without supporting work

Low Partial Credit
e Work of merit, for example, some
correct substitution

High Partial Credit
e Fully correct substitution

(a) Scale 5B (0,2,5)

(i) | /oy _ 2.2
x)=3x“—14x+1
9’ Partial Credit

e Some correct differentiation

(@ |y—y1=mx—x) Scale 10C (0,3,7,10)
(iii) X =(5,-57), m=6

(1, y) = G, ). Low Partial Credit
y+57=6(x—5) e Work of merit, for example,
y+ 57 = 6x — 30 identifies m, or x4, or y;

6x—y—87=0 e Equation of a line formula with
some or no substitution

High Partial Credit
e Fully correct substitution

NOTE: Full credit minus 1, fails to
rearrange equation of the line

(b) (i) Accept any value of x >5 Scale 5C (0,2,3,5)

(ii) Graph below

[accept any reasonable tangent that contains Low Partial Credit

(4,2)] e 1 part correct
X . e Indicates (4,2) on the diagram
u'(4) =7 or -, approximately e Slope formula
[or value consistent with candidate’s
e 1 part correct plus work of merit
in the other
Leaving Certificate 2022 [13] Mathematics
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Q4 | Model Solution — 30 Marks Marking Notes

AY

y =u(x)
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Q5 | Model Solution — 30 Marks Marking Notes

(a) | () 1.2 x10° Scale 10C (0,3,7,10)

(ii) 2:7x 1071 ] ]
Low Partial Credit

o Work of merit, for example, a or n correct
in one part, or one number correctly
written in form a X 10™ but wherea < 1
ora>10

1
e 1000 or —
10

High Partial Credit
e One part correct

(b) | 120 milesin 1 hr = 60 X 60 = 3600 secs | scale 10D (0,3,5,8,10)

120 X 1-6 km =192 km in 3600 secs 4 steps Involved in solution

So 192 000 m in 3600 secs 1. Convert hours to seconds
2. Convert miles to km or metres

Solmin = 0-01875 secs 3. Time for 1 metre

192000 .

4. Time for 100 metres

S0 100 min 100 x 0-01875 = 1-875 secs

=19
Low Partial Credit
e Work of merit, for example, relevant use
of 60
Mid Partial Credit
e 2 steps correct
High Partial Credit
e 3 steps correct
NOTE: Apply F* if fails to round off,
Leaving Certificate 2022 [15] Mathematics
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Q5 | Model Solution — 30 Marks Marking Notes

() [(i) x=1 and x =45 Scale 10D (0,3,5,8,10)

[Tolerance of £0-1] ] )
NOTE: 4 values are required, the 2 values in

(i) and the 2 endpoints in (ii)
(i) 2<x<35

Low Partial Credit
OR o Work of merit, for example, one value
“Between 2 and 3-5” correct in (i), or a value of x in (ii) for

which k(x) < m(x)
e Point(s) marked on graph for one or both
parts

Mid Partial Credit
e 2 values correct

High Partial Credit
e 3values correct
e 4 values correct but no range indicated

Full Credit -1

e 4 values correct, but includes endpoints
in the range, ie2<x <35

e “From 2to 3-5”
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Q6

Model Solution — 30 Marks

Marking Notes

(a)
(i)

T, = =254 + (1 — 1)(4) = —254
OR

T,=a+n—-1)d

SoT; =a=-254

Scale 5B (0,2,5)

NOTE: Accept correct answer
without supporting work

Partial Credit

e Work of merit, for example,
substitutes 1 for n, or indicates
n=1

e T, formula written

(a)
(ii)

T, = =254 + (2 — 1)(4) = —250

—250 — (-254) =4 =d

Scale 5C(0,2,3,5)

NOTE: Accept correct answer
without supporting work

Low Partial Credit

e Work of merit, for example,
substitutes 2 for n, or indicates
n=2

e Brings down answer from (a)(i)

High Partial Credit

e Finds T,

e Errorin finding T,, but continues
to find d correctly

(b)

—254+4n—-4>0
n > 64-5
n = 65

Scale 10C (0,3,7,10)

Low Partial Credit
e One correct operation carried out
e Trial and Improvement

High Partial Credit
e Correctly isolates n
(i.e. 4n > 254 + 4)
e One error, and finishes correctly

NOTE: Leaves answer as 64-5, apply
F*
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Q6 | Model Solution — 30 Marks Marking Notes
(c) |5 (~508+4n—4)=0 Scale 10C (0,3,7,10)
n#0,s0 =512 +4n =0 Low Partial Credit
Son=128 e Work of merit, for example, sets
second factor = 0, or some
correct work in simplifying
second factor
e Any correct multiplication
° Indicates% =0
e Trial and Improvement
High Partial Credit
e One error, otherwise correct
Leaving Certificate 2022 [18] Mathematics
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Q7 | Model Solution — 50 Marks Marking Notes

(a) | (i)  Table below Scale 15D (0,4,8,12,15)

(ii) Graph below . .
Solution requires 11 elements

4 values in table, and 6 integer-
valued points to be plotted, joined
by an appropriate curve (which must
include the point A)

Low Partial Credit
e 1 element correct

Mid Partial Credit
e 4 elements correct

High Partial Credit
e 8 elements correct

Full Credit -1
e 9 elements correct, and an
appropriate curve, including A

Time (minutes) 0 1 2 3 4 5 6

Heart-rate (BPM) 158 160 165 171 175 175 169

(b) | “6 minutes after the start of the session, Joseph’s | gcale 58 (0,2,5)

heart rate is 169 BPM.”

Partial Credit

e “6 minutes after start of session”
or

e “heart rate is 169 BPM”

(c) | Graph below Scale 10C (0,3,7,10)

Low Partial Credit
e 1 correct point, written or plotted
on graph

High Partial Credit

e Deals correctly with6 < x < 8§,
orwith8 <x <10

e Correct plots forx = (7), 8, (9),
and 10, but not joined
appropriately
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Q7 | Model Solution — 50 Marks

Marking Notes

A
180

1757
170

1657

Heart-rate, 160+
in BPM 1

(h()) 127
150
145+
140
1357 in .rrr:mﬁ’tes
—t—t = > (x)

1 2 3 5 7 8 9 10
(d) | c(6) =0-1(169) -7 Scale 5B (0,2,5)
= 9:9 [calories per min] ) )
Partial Credit
e Work of merit, for example,
indicates h(6), or mention of 169
(e) | From 2:55 until 3: 23 is 28 minutes Scale 5B (0,2,5)
(4 x 28)+1 =113 [times] NOTE: Accept correct answer of 113
without supporting work
Partial Credit
e Work of merit, for example, finds
4 or 28 or 1680
e 112 or 114 without work
Full Credit -1
e Answer of 112 or 114, with work
Leaving Certificate 2022 [20] Mathematics
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Q7 | Model Solution — 50 Marks Marking Notes

(f) |, = =524y522-4(-114)(-013) Scale 10C (0,3,7,10)
2(-1-14) 3 steps Involved in solution
_ T52%V26-4472 1. Identifies a, b, and ¢
—228 2. Fully substituted formula
= 4-536 and 0.025 = 3. Correctly evaluated
= 4-54 [mins] . )
Low Partial Credit

e Work of merit, for example,
identifies a, b, or ¢

e - b formula without or partially
substituted

High Partial Credit

e 2 steps correct

e Formula fully substituted
correctly

Full Credit -1

e Calculates both solutions to the
equation, and fails to indicate
which is the answer

e Incorrect rounding
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Q8 | Model Solution — 50 Marks Marking Notes

(a) | 12 Scale 5B (0,2,5)
. — X 200 = 24 [ml]
() | 100 NOTE: Accept correct answer

without supporting work

Partial Credit
e Work of merit, for example, a
correct operation (including 0-12

(a) | Volume of acid: 24 + (0-05 x 300) Scale 10C (0,3,7,10)

(i) | =24+15=39ml

Concentration of acid: Lov\\;vPaLtlafl Cret;.’étf efing
39 e Work of merit, for example, finds

— 7.9 0

2004300 X 100 = 7-8 [%] volume of acid from B, or finds
total volume of mixture

e Answer (a)(i) written

High Partial Credit

e One error, otherwise correct, for
example, fails to multiply by 100

e Finds 39 and 500

(a) | Any valid explanation, for example: Scale 5B (0,2,5)
(iif) She can only make solutions between 5% and Partial Credit
12%, inclusive. e Work of merit, for example,

indicates 5 or 12

260—-250
250

(a)
(iv)

x 100 = % X 100 = 4 [%] Scale 5C (0,2,3,5)

Low Partial Credit

e 1 correct operation

e % error formula written

e Correct answer without
supporting work

High Partial Credit
e 2 correct operations, for example,

260-250  260-250
or X 100 or 104
250 260
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Q8 | Model Solution — 50 Marks Marking Notes

(b) | C=8 F=6 Scale 5C (0,2,3,5)

() | 8-—12+6=2 . .
Low Partial Credit

e Work of merit, for example, C or
F correct, or at least one value
filled into given identity

High Partial Credit

e ( and F correct

e (C or F correct, and at least 2
values filled into given identity

(b) | 12—30+F =2 Scale 10C (0,3,7,10)
(ii) | so F =20
Low Partial Credit
Surface area = 20 X 5 = 100 [cm?] e ( and/or E filled into given
identity

e Indicates 5F

High Partial Credit

e Finds F
e Finds F with an error, then finds
5F
(b) Multiply both sides by 6: Scale 10D (0,3,5,8,10)
(iii) | 2(6h + 5p) — 3(6h + 5p) + 6h + 6p = 12
( P) ( P) P Low Partial Credit

12h +10p — 18h — 15p + 6h + 6p = 12
p=12

e Some mention of 6

Mid Partial Credit
OR e Correctly multiplies across by 6

5 5
2h+-p—3h—=p+h+p=2
3P 2P P High Partial Credit

lp =2 e Multiplies out the equation
6 correctly
p=12
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Q9

Model Solution — 50 Marks

Marking Notes

(a)
(i)

V(0) = 30000 V(1) = 24000

Scale 5B (0,2,5)

NOTE: Accept correct answer
without work

Partial Credit

e Work of merit, for example, one
value correct

e Correct indication on graph

(a)
(ii)

30000-24 000
30000

x 100

=299 100 = 20%
30000

Scale 5C(0,2,3,5)

Low Partial Credit

e Work of merit, for example, finds

6000 or 2222
30 000

High Partial Credit

e Finds 6000 100 but fails to
30000
finish

(b)
(i)

V =30 000(0-8)*

Scale 5C (0,2,3,5)

Low Partial Credit

e Work of merit, for example, 0-2
or 30000 X something

e Correct depreciation formula
written

High Partial Credit

e 2 elements of formula correct
(30000, 0-8, or power of t)

(b)
(i)

V =30000(0-8)* = [€]12 288

Or
After 2 years: 0-8 X 24 000 = 19 200
After 3 years: 0-8 x 19 200 = 15 360
After 4 years: 0-8 X 15 360 = [€]12 288

Scale 10C (0,3,7,10)

Low Partial Credit
e Work of merit, for example,

writes t = 4, or works out 20% of
V(1)

High Partial Credit

e FindsV(3)

e Method 2, one consistent error in
calculating V(2), V(3),and V(4)
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Q9

Model Solution — 50 Marks

Marking Notes

(c)

(i) Straight-line graph through (0,30 000),
(1,24 000), and (5, 0).

(i) T = 5years

Scale 5B (0,2,5)

Partial Credit
e One part correct or some work of
merit

NOTE: Allow a tolerance of +/- -5

(d)

19 445(0-3) + 36 X (206-97) + 7389
58335 + 7450-92 +7389
= [€]20 673-42

Scale 10D (0,3,5,8,10)
3 steps Involved in solution

1. Finds 30%
2. Finds total cost of 36 repayments
3. Finds overall total cost

Low Partial Credit
e Work of merit, for example, 1

correct operation, including
30/100

Mid Partial Credit
e 1 step correct

High Partial Credit
e 2 steps correct

(e)

Usual time: g = 0-2 hours or 12 minutes

Time today: % = 0-3 hours or 18 minutes

% increase in time: W X 100 = 50%

OR

(%— 1) x 100 = 50%

Scale 10C (0,3,7,10)

Low Partial Credit

e One correct relevant fraction, or
12 or 18

High Partial Credit

e Finds both times, ie -2 and -3, or
12 minutes and 18 minutes

e Consistent error finding both
times, but finishes correctly

e Finds 1-5 or equivalent, from % in

2" method

Mathematics
Ordinary Level
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Q10

Model Solution — 50 Marks

Marking Notes

(a)
(i)

h(0) = —2(0)2 + 5(0) + 1-2 = 1-2 [m]

Scale 5B (0,2,5)

NOTE: Accept correct answer without
supporting work

Partial Credit
e () substituted in for t

(a)
(ii)

h(24) = —2(2-4)% + 5(2-4) + 1-2
= 1-68

Scale 5B (0,2,5)

NOTE: Accept correct answer without
supporting work

Partial Credit
e 2-4 substituted in for t

(a)
(iii)

—2t2+5t+12=232
2t2 —5t+2=0
2t—1)(t—=2)=0

t=lor t=2
2

Answer: t = 2 [secs]
[as height was decreasing]

Scale 10D (0,3, 5,8,10)
4 steps Involved in solution

1.Setsh=3-2

2. Rearranges (one side = 0)

3. Factorises / subs in -b formula
4. Solves

Low Partial Credit

e Work of merit, for example, one step
correct?

e -b formula

Mid Partial Credit
e 2 steps correct

High Partial Credit
e 3 steps correct, basedon h = 3 -2

Full Credit -1
e Finds both values of t, but does not

indicate that t = 2 or discount t = %

Leaving Certificate 2022
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Q10

Model Solution — 50 Marks

Marking Notes

(a)
(iv)

dh
—=—4t+5

—4t + 5 = 0 at max
Sot = 1-25 [secs]

Scale 10C (0,3,7,10)

Note: there must be some correct
differentiation in order to award any credit

Low Partial Credit
e Some correct differentiation

.—:0
dat

High Partial Credit
° % correct, and sets = 0

e Work of merit in finding %, finishes
correctly

(b)

Points:
(0,1), (2,5),and (4,1)

[or any other valid points that must be on
graph, if supported by working out]

Graph below. Graph should pass through
the three points above, and should cut the
horizontal axis at t > 4.

Scale 10D (0,3,5,8,10)

Correct solution requires 7 elements:

3 co-ordinates written,

these 3 points plotted on the answer grid,
curve drawn between these points and
extended to the x-axis

Low Partial Credit

e Work of merit, for example, 1 co-
ordinate of 1 point correctly written; or 1
point correctly plotted

Mid Partial Credit
e 3 elements correct

High Partial Credit

e 4 elements correct, and an appropriate
curve

e 6 elements correct, but no curve or a
curve that is not appropriate

Full Credit -1
e 6 elements correct, and an appropriate
curve, but not extended to the x-axis

Leaving Certificate 2022
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Q10 | Model Solution — 50 Marks Marking Notes
A
6 4
(2,5)
3
3]
S
A2
<
.20
(0]
T
1 2 3 4 5
Time, t seconds
(c) |33x0-85=2805 Scale 5C (0,2,3,5)
(i) NOTE: Accept correct answer without work
Low Partial Credit
e One correct operation, for example -15
15 85
or -85 or—or—
100 ~ 100
High Partial Credit
e Finds 15% (4-95)
(c) | 123% is €49-50 Scale 5C (0,2,3,5)
(ii) 49-50

0, ic ——— =0
1% is 3 0-4024
VAT is 23%, which is:%‘;" x 23

= 9:256...9:26 [nearest cent]
or 926 cent

Low Partial Credit
e Indicates 123

High Partial Credit
e Finds 1% or 100% (40-24)

NOTE: Apply F* if fails to round off
correctly

Leaving Certificate 2022
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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
No of categories 2 3 4 5
5-mark scale 0,5 0,25 0,235 0,2,3,4,5
10-mark scale 0,5, 10 0,3,7,10 0,3,5,8,10

15-mark scale

0,4,8,12,15

20-mark scale

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.

Marking scales — level descriptors

B-scales (three categories)
e response of no substantial merit (no credit)
e partially correct response (partial credit)
e correct response (full credit)

C-scales (four categories)
e response of no substantial merit (no credit)
e response with some merit (low partial credit)
e almost correct response (high partial credit)
e correct response (full credit)

D-scales (five categories)
e response of no substantial merit (no credit)
e response with some merit (low partial credit)
e response about half-right (mid partial credit)
e almost correct response (high partial credit)
e correct response (full credit)

Leaving Certificate 2022 [30]
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In certain cases, typically involving incorrect rounding, omission of units, a misreading that does
not oversimplify the work, or an arithmetical error that does not oversimplify the work, a mark
that is one mark below the full-credit mark may also be awarded. Such cases are denoted with a *
and this level of credit is referred to as Full Credit -1. Thus, for example, in Scale 10C, Full Credit -1

of 9 marks may be awarded.

The only marks that may be awarded for a question are those on the scale above, or Full Credit -1.

A rounding penalty is applied only once in each section (a), (b), (c) etc. A penalty for an omitted
unit is applied only once in each section (a), (b), (c) etc. There is no penalty for omitted units if the
question specifies the unit to be used in the answer, and there is generally no penalty for an
omitted euro symbol in questions involving money.

In general, accept a candidate’s work in one part of a question for use in subsequent parts of the
guestion, unless this oversimplifies the work involved.

Unless otherwise specified, an answer without sufficient supporting work is generally awarded the
lowest non-zero level of credit (typically Partial Credit or Low Partial Credit, as appropriate).

Summary of mark allocations and scales to be applied

Section A (120) Section B (100)
Answer any four questions Answer any two questions
Question 1 (30) Question 4 (30) Question 7 (50) Question 9 (50)
(a)(i) 5C (a) 15D (a)(i) 15D (a) 5B
(a)(ii) 10C (b)(i)(ii) 10C (a)(ii) 5B (b) 10D
(b)(i)(ii) 5C (c) 5C (a)(iii) 5B (c) 10D
(b)(iii) 10C (b) 10D (d) 10C
Question 5 (30) EZ))(I)(“) gg Ee;?')) ;2'3
Question 2 (30) (a)(i)(ii) 10C (e) cC el
(a)(i)  10C (a)(iii) 10C .
(a)(ii) 5C (b) 10D Question 10 (50)
(b)(i) 5B Question 8 (50) (a) 5B
(b)(ii) 10C . (a)(i) 5C (b)(i) 5C
Question 6 (30) (a)(ii) 10D (b)ii) 5B
i (@)(i) 5A (b)(i)  5C (b)(iii)(iv) 10D
Question 3 (30) (a)(i) 5C (b)(i)  5C (c) 5C
(a)(i) ~ 5C (a)(iii) 10C :
(a)(ii) 5B . (c)(i) 5B (d) 10€
(a)ii (b)(i)(ii) 10D (c)(ii)  10B (e) 10C
a)(iii) 5C
(b)) 5B (d) 10D
(b)(ii) 10C
Leaving Certificate 2022 [31] Mathematics
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Palette of annotations available to examiners

Meaning in the body of the

Symbol Name Meaning when used in the right margin

work
Th k tedinthe b fth
J Tick Work of relevance (_ewor Presen ed Ih e body of the
script merits full credit
Incorrect work The work presented in the body of the
b 4 Cross . . . .
(distinct from an error) script merits O credit
Rounding / Unit / Arithmetic
* Star error
Misreading
Hori I
orizonta Error
wavy
The work presented in the body of the
P . . . )
script merits partial credit
The work presented in the body of the
L . . . .
script merits low partial credit
The work presented in the body of the
M : o . :
script merits mid partial credit
H The work presented in the body of the
script merits high partial credit
The work presented in the body of the
F* F star . . .
script merits Full Credit (— 1)

Another version of this solution is
[ Left Bracket presented elsewhere and it merits equal
or higher credit

Vertical wav No work on this page
4 (portion of the page)

The candidate has

[0 ] Oversimplify oversimplified the work

Work of There is some value in the
wom | Merit work

Note: Where work of substance is presented in the body of the script, the annotation on the right
margin should reflect a combination of annotations in the work

In a C scale where * and [222 and [222 appear in the body of the work, then L should
be placed in the right margin.

In the case of a D scale with the same annotations, IM should be placed in the right margin.

A v in the body of the work may sometimes be used to indicate where a portion of the work
presented has value and has merited one of the levels of credit described in the marking
scheme. The level of credit is then indicated in the right margin.

Leaving Certificate 2022 [32] Mathematics
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Detailed marking notes

Model Solutions & Marking Notes

Note: The model solutions for each question are not intended to be exhaustive — there may be
other correct solutions. Any Examiner unsure of the validity of the approach adopted by a
particular candidate to a particular question should contact his / her Advising Examiner.

Where steps are listed in the Marking Notes, unless otherwise specified, they are taken as being
independent —that is, in a candidate’s solution, step n can be considered correct even if previous
step(s) have not been correctly presented, as long as the work done to arrive at step n from the

previous step(s) has not been oversimplified.

Q1 | Model Solution — 30 Marks

Marking Notes

(a)
) _3-0 3-0_3
T0-(-2) 042 2

Myc

Scale 5C (0, 2, 3, 5)

Low Partial Credit:
e Work of merit
e.g. slope formula written down

High Partial Credit:
e Correct formula, with fully correct substitution or
gets slope of BC

Full Credit:
e Correct answer without supporting work

(a)
(ii)

Answer: AC is not perpendicular to BC

Justification:
3

Mpc = — 3
Slope of AC, would be —g
OR

-3

N| W

Myc X Mpe =

Scale 10C (0, 3, 7, 10)

Zero Credit:
e Mention of 90°

Low Partial Credit:

o Work of merit
e.g Correct Box Ticked

e Slope formula written

e Shows an understanding of relationship
between perpendicular lines and their slopes

High Partial Credit:

e Answer correct and significant slope-related
work presented.

e Brings down my from (a)(i) and calculates
My in (a)l(i)

Full Credit (-1):

o Fully correct work but box not ticked
Note:

Watch out for consistent work here

Leaving Certificate 2022
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Q1

Model Solution — 30 Marks

Marking Notes

(b)

(i) 2x9=18

(ii) y=1
OR
y—1=0x-9)

S0 [y — 1 = 0]

Scale 5C (0, 2, 3, 5)

Low Partial Credit:
e Work of merit in any one part
e Correct relevant formula written

High Partial Credit:
e Part (i) or (ii) correct

Full Credit:
e Correct answers without supporting work

(b)
(iif)

0+4y—13=0
4y =13

13
Y=

13
Y=

Scale 10C (0, 3, 7, 10)

Low Partial Credit

e Work of merit
e.g. indicatesx =0

e Finds a point on the given line other than the
intercepts

High Partial Credit

e Substitutes x = 0 in equation, accompanied
by further work of merit

e Substitutes y = 0 and correctly finds x

Full Credit (-1):
e Answer not given as a pair of co-ordinates

Leaving Certificate 2022
Marking Scheme
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Q2 | Model Solution — 30 Marks Marking Notes
(a) Scale 10C (0, 3, 7, 10)
(i)
Centre = (4,—2) Low Partial Credit
Radius = V169 = 13 e Work of merit
e.g. indicates h, k, or 2, or
centre given as (—4,2)
High Partial Credit
e Centre or radius correct
Full Credit (-1):
e Answeras V169
Full Credit:
e Correct answer without supporting work
(a) Scale 5C (0, 2, 3, 5)
(ii)
Answer: outside k Low Partial Credit
Distance of (4,-2) to (11,10) * Work of merit
e Correct answer with no supporting work
\/(11 —4)2 4 (10 — (_2))2 e Correct relevant formula written
/(7)2 + (12)2 High Partial Credit
e Answer correct and significant work of merit in
V49 + 144 determining length of radius
V193 > Radius e Fully substituted equation of circle or formula
Radi heref id for distance, but incorrect or omitted
adius, therefore outside, conclusion
and correct box ticked
OR Full Credit (-1):
e Fully correct work but box not ticked
(11 —-4)? + (10 + 2)? = 169
72 +12% = 169
193 > 169
therefore outside,
and correct box ticked
Leaving Certificate 2022 [35] Mathematics
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Q2 | Model Solution — 30 Marks Marking Notes
(b) Scale 5B (0, 2, 5)
(i)
Any valid point: Partial Credit
o Work of merit
(32,15), or, (12,15) or e.g. indicates translation through the centre,
’ (22,13)’ ’ ’ (Y=13) . . . . .
or axial symmetry in horizontal or vertical line
(32154, through the centre
e One co-ordinate correct in the context of
e.g. significant correct work
t(10,2) t(10,2) i+
(12,11) —= (22,13) — (32,15) | Full Credit:
e Correct answer without supporting work
(b) Scale 10C (0, 3, 7, 10)
(ii)

t(-10,-2)
(22,13) - (12,11) =>——5

t(-5,-1)
Half that, so: —— to give

t(-5,—1)
(12,11) —— (7,10)

OR
£(10,2)
(12,11) —= (22,13)

. . . t(_lov_z)
Endpoint of diameter of t is ———

to give

t(-10,-2)
(12,11) ——— (2,9)

So centre is midpoint

[Line segment joining (12,11) (2,9) |

e (ﬂ%) = (7,10)

2

Low Partial Credit

e Work of merit
e.g Indicates required translation
(or double required translation)

High Partial Credit

e Finds endpoint of diameter

o Fully specifies required translation (that is,
necessary action to x and y co-ordinates)

Full Credit:
e Correct answer without supporting work

Leaving Certificate 2022
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Q3

Model Solution — 30 Marks

Marking Notes

(a)
(i)

17+8+9+8+14+ 11+ 28

M =
ean 7

95
=—(13-5714)

=13-6

Scale 5C (0, 2, 3, 5)

Low Partial Credit:

e Work of merit
e.g. Indicates some addition of the given
numbers

e Division by 7

High Partial Credit:

e Correct addition (Ans: = 95)

e Fully correct substitution into mean
formula.

Full Credit (-1):
e Error in addition and finishes correctly

Full Credit:
e Correct answer without supporting work

(a)
(ii)

4t number from:
8,8,9,11,14,17,28
Median =11

Scale 5B (0, 2, 5)

Partial Credit

e Work of merit
e.g. Orders the given numbers, or
indicates the middle number

(a)
(iii)

One New number added suggest median is

average of two centre numbers

10+11

Giving 10-5

Answer = 10

Scale 5C (0, 2, 3, 5)

Low Partial Credit:
e Indicates average of two numbers
e Any use of 11

High Partial Credit:
e Works to 21

Full Credit:
e Correct answer without supporting work

Leaving Certificate 2022
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Q3 | Model Solution — 30 Marks Marking Notes
(b) Scale 5B (0, 2, 5)
(i)
1ICx1CX3C=3%x4%x5=60 Partial Credit:
OR e Work of merit
. . . e.g. indicates the number choices in any
Lists some or all choices, and derives or
ts the choices one group
coun e Lists TWO correct options
e Treatsas 3+4+5
Full Credit:
e Correct answer without supporting work
(b) Scale 10C (0, 3, 7, 10)
(ii)
Answer: Group A Low Partial Credit:
e Correct answer without justification
Justification: e Work of merit in Justification
s e.g. One relevant calculation, or one
ExtraA: 4 X 4 X5 =80 listing of a relevant pair
ExtraB:3 X 5X5=75 High Partial Credit:
e Group A given as correct answer and
ExtraC:3X4XxX6=72 . P
work of merit in the justification
OR e Justification that would fully support
correct answer, but answer incorrect or
Biggest pairis 4 X 5 [B and C], so biggest not given
increase by increasing A
Leaving Certificate 2022 [38] Mathematics
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Q4 | Model Solution — 30 Marks Marking Notes
(a) Scale 15D (0, 4, 8, 12, 15)

Low Partial Credit:

e Work of merit
e.g. total number of students
(=72)

e 72 or 360° or indicates
multiplication by 5

e One new angle identified

High Merit

Achieved

Distinction

40°

Mid Partial Credit:
e All angles identified

e One correctly labelled sector
added to the Pie Chart

High Partial Credit:
e Fully correct labelled Pie Chart
without work

Full Credit (-1):
84+12439+13 =72 e One label missing

360

— = 5° for every person

OR
40 + 8 = 5° per person

5 X 12 = 60° High Merit
5 X 39 = 195° Merit
[5 X 13 = 65° Achieved]

Leaving Certificate 2022 [39] Mathematics
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Q4 | Model Solution — 30 Marks Marking Notes

(b) | (k)() Scale 10C (0, 3, 7, 10)
(i) 68[%]

Low Partial Credit
e Work of merit

e.g. Some relevant figures
s indicated on the diagram
e x=1000r o =20

High Partial Credit
e Part (i) or (ii) correct

l Full Credit:
40 P 80 100 120 140 160 e Correct answer without
supporting work

(b)(ii)
(ii) 100 + 2(20) = 140

160

Leaving Certificate 2022 [40] Mathematics
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Q4 | Model Solution — 30 Marks Marking Notes
(c) Scale 5C (0, 2, 3, 5,)
Range =113 — 82 = 31 ) ]
Low Partial Credit:
e Work of merit
S.D.= 9:758... = 98 e Attempt at finding mean
e Maximum or minimum identified
or
High Partial Credit:
X e Standard deviation or Range
Mean = —
n found correctly
_ 104+4824+94+113+98+105
- Full Credit (-1):
_ 596 (99-3) e Standard deviation correct but
6 Range given as Min and Max,
Standard Deviation (o)by hand: instead of as a number
e Incorrect rounding.
]2 N2 N2
104-99-3 82-99-3 105-99-3
_ 008909 s(0299'4 00599 g
e Correct answers without
=9-758 .. supporting work
=9-8tolD.P
Standard Deviation from calculator:
0 =9-75818744 =9-8to1D.P.
Leaving Certificate 2022 [41] Mathematics
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Q5 | Model Solution — 30 Marks Marking Notes

(a) Scale 10C (0, 3, 7, 10)
(i) 60° . .
Low Partial Credit:
e Any correct property of an equilateral
(ii) triangle identified
L e Work of merit in (ii)
Area =— X 8 x 8 x sin60 = 16v/3 [cm?] e.g. correct formula written

High Partial Credit:

e Part(i) or (ii) correct

e Part(i) incorrect but value from (i) filled
into (ii) and fully evaluated
i.e. Consistent Work

Full Credit
e Accept (a)(i) without supporting work but
work must be shown for (a)(ii)

Note:
Incorrect calculator mode

(apply once in paper)

:ﬁ?) Scale 10C (0, 3, 7, 10)
iii
82 =42 + (h,)? Low Partial Credit
(h))? = 8% —42 e Indicates shortest distance on diagram
(h))? =48 with right angle
h, = 43 [cm] e Correct relevant formula written
OR

High Partial Credit

tan 60 = % e A fully correctly-substituted relevant
formula
h=4tan60 = 4v3 [cm] e One incorrect substitution and finished
OR correctly

1 . ,
Area = — X base X perpendicular height Full Credit (-1):

e Correct value for h, but not in required

163 =1x8xh
2 form

h=%ﬁ=4\/§ [cm]

Leaving Certificate 2022 [42] Mathematics
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Q5 | Model Solution — 30 Marks Marking Notes

(b) Scale 10D (0, 3, 5, 8, 10)
|GK|? = |GH|? + |HK|?

Low Partial Credit:
302 = 12% + |HK|? e Pythagoras Theorem written
900 = 144 + |HK|?
| | Mid Partial Credit:
|[HK|* = 756 e A fully correctly-substituted formula
IHK| = V756 = [6V21] High Partial Credit:
|HK| = 27.5cm e |HK| =+/756
Full Credit (-1):
e Correct answer, no unit or incorrect unit
e Correct answer, incorrect rounding
Leaving Certificate 2022 [43] Mathematics
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Q6 | Model Solution — 30 Marks Marking Notes
Diagram:
Note:
Check Candidate’s Diagram for
meritorious work throughout this
D question
6
c
B
50°
A
(a) Scale 5A (0, 5)
(i) | 90° e Hit or Miss
(a) Scale 5C (0, 2, 3, 5)
i ° °
(i) 2X =130° so X =65 Low Partial Credit:
OR e Any correct geometrical property
. mentioned or illustrated
|#DOB| =180 — 130 = 50 e.g. finds 50°, or indicates that
180 —-50 130 i
¥ = _ _ 650 angle at Bisalso X
2 2

High Partial Credit:

e Geometrical property developed
by correct substitution but X not
calculated

Full credit:

e Accept correct answer without

supporting work
Leaving Certificate 2022 [44] Mathematics
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Q6 | Model Solution — 30 Marks Marking Notes
(a) Scale 10C (0, 3, 7, 10)
(iii) | Minor arc: . .
130 Low Partial Credit:
200 % 2m(18) = 137 [cm] e Work of merit
e Correct relevant formula written
or 130
Major arc: 360
(360-130) , 27(18) = 237 [cm] High Partial Credit:
360 e Finds circumference
e Fully correctly-substituted
arc-length formula
e Answer not in terms of T
Misreading(-1)
e If adifferent arcis correctly
calculated
50
e.g 54 X 2m(18) = 57
(b) Scale 10D (0, 3, 5, 8, 10)
(i) False ) ]
Low Partial Credit:
Reason: Similar Triangles have the same e Work of merit in either part
shape but different.measurements, thus a e.g. True or False correct, or
small and a large triangle could have angles reason shows understanding of
the same but they are not identical. similarity or congruence
. Mid Partial Credit:
(i) True e One part fully correct (answer
Reason: Congruent Triangles are triangles and reason)
where all the corresponding sides and e Work of merit in both parts
interior angles are equal in measure ' ' '
(including area).This means all features High Partial Credit:
are identical so angles must be the same * One part fully correct (answer
and reason) and work of merit in
the other part
Leaving Certificate 2022 [45] Mathematics
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Q7 | Model Solution — 50 Marks Marking Notes
(a) Scale 15D (0, 4, 8, 12, 15)
i
(i Day X Day ¥ Low Partial Credit:
9 5|4 8 e 5 correct values
7 5 3 3 5 4 5 Mid Partial Credit:
e 10 correct values
9 71610 1 3
High Partial Credit:
4 3 7 0 6 | 9 e 15 correct values
8 1 Full Credit -1
e 19 correct values
Note:
Accept values that are not in order,
but penalise “gaps” on rows
(Once only)
(a) Scale 5B (0, 2, 5)
(ii) | conclusion: ) )
Partial Credit
That the weight of the dogs has increased from e Work of merit
Day X to Day Y
Note: Word ”Increase” or similar
must feature in conclusion.
(a) Scale 5B (0, 2, 5)
(iii) | Answer:  0-9 . .
Partial Credit:
e Correct value of r without a reason
Reason: or with an incorrect reason
e Reason shows an understanding of r
There’s a strong positive linear relationship but no r value identified
OR e Finds r on calculator r =0.979... and
stops
The weight of the dogs is very likely to have
increased by roughly the same amount after a few | Full Credit (-1):
days e Fully correct reason but box not
OR ticked
If you graphed them, the points would all lie close | Full Credit:
to a straight line e Work given in the answer box
OR identifies the value of ras 0 - 9
accompanied with a valid reason
Any other valid reason
Leaving Certificate 2022 [46] Mathematics
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Q7

Model Solution — 50 Marks

Marking Notes

(b)

Male Female

Total

Cats

Dogs 15

26

Total 16 24

Scale 10D (0, 3, 5, 8, 10)

Low Partial Credit
e 1 correct value

Mid Partial Credit
e 2 correct values

High Partial Credit
e 3 correct values

Note:
Watch out for consistent work here

(c)

(i)
14 7
P(cat) = 20" 70

(ii)

11 10
P(3 male dogs) = — X

— X
40 39

_ 33 ©
" 1976

=0-017

9
38

-0167)

Scale 5D (0, 2, 3, 4, 5)

Low Partial Credit

e Correct numerator or
denominator in (i)

e One correct numerator or
denominator in (ii)

Mid Partial Credit

e Part(i) correct

e 2 correct fractions in (ii)

e 3 numerators or 3 denominators
correct in (ii)

High Partial Credit

e (i) correct and 2 correct fractions
in (ii)

e 3 correct fractions in (ii)

¢ Incorrect operation used

Full Credit (-1):
e Incorrect rounding

(d)

9! =362 880

Scale 5B (0, 2, 5)

Partial Credit

e Work of merit
e.g. indicates multiplication of
two relevant numbers,
or9 x 8, or 9!
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Q7 | Model Solution — 50 Marks Marking Notes

(e) Scale 5C (0, 2, 3, 5)
40 — 10 = 30 animals at end of week Steps involved in solution:

1. Finds total # animals at end of
week

Thus 30 — 22 = 8 cats remain at the end of week | 2. Finds # dogs at end of week
3. Finds # cats at end of week

4. Finds answer

P(dog) = % = g so 22 dogs remain.

Therefore the number of cats left the shelter
during the week is :

14—-8=6 Low Partial Credit

e Finds total number of animals in
shelter (30)

e Finds equivalent fraction (22/30)

e Finds 2
15

High Partial Credit
e Finds the number dogs or number
of cats at the end of the week

Leaving Certificate 2022 [48] Mathematics
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Q8

Model Solution — 50 Marks

Marking Notes

(a)
(i)

V= gn(33) = 187 [m?]

Scale 5C (0, 2, 3, 5)

Low Partial Credit

e Substitutes r = 3 into formula for
volume of a sphere

e Formula for volume of a
hemisphere

High Partial Credit

e Formula correctly substituted

e Answer not in terms of T

e Correct answer without
supporting work

(a)
(ii)

V =n(3%)h = 361
Soh=4m

Scale 10D (0, 3, 5, 8,10)

Low Partial Credit

e Formula for cylinder written with no
substitution

e Substitutes r = 3 into cylinder
formula

e Sets cylinder formula = 367

Mid Partial Credit
e Forms correct equationin h

High Partial Credit

e Correct equation in h and further
significant work of merit in
solving for h

Leaving Certificate 2022
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Q8 | Model Solution — 50 Marks Marking Notes
(b) Scale 5C (0, 2, 3, 5)
(i)
tanA = T Low Partial Credit:
e Correct trigonometric ratio
A= tan_l (ﬂ) o a’= (7 . 5)2 + (47)2
7-5
A = 80-93349° ngh Partial Credit:
e Fully substituted trigonometric ratio
A = 81°[nearest degree] e Incorrect calculator mode but
otherwise correct
(only once in the paper)
Note:
Rad=1. Grad=90
(b) Scale 5C (0, 2, 3, 5)
(i) 3 g . )
7.5 47 Low Partial Cred/t‘
e One correct ratio of
x = 18-8 . .
corresponding sides
k=47—-188=1282m e Some correct substitution
OR e Correct trigonometric ratio
k7573 _ 45 High Partial Credit
47 7'5 7'5 L
s e Correct equation in x
k= s X 47 =282 m e Error in setting up equation, but
OR finishes correctly
X it(—
tan81° = ~ Full Credit(-1) .
3 e Correct value but no or incorrect
x = 3(tan 81) unit
x = 18-94125 Note:
k=47 —18-94125 Rad = 49 -433 Grad= 37 - 248
k =28-058
k=28-06m
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Qs

Model Solution — 30 Marks

Marking Notes

(c)
(i)

Area = (50%) = 785398 ...
= 7854 km? [nearest km?]

Scale 5B (0, 2, 5)

Partial Credit
e Area of circle formula written

Full Credit(-1)
e Incorrect rounding

Full Credit:
e Correct answer without
supporting work

(c)
(ii)

27 Nautical miles = 50 km

1 Nautical mil _20
autical mile = -

=1-8518...
= 1-852 [km]

Scale 10B (0, 5, 10)

Partial Credit

50
o —
27

27 -
* <y and finishes correctly

Full Credit (-1)
e Correct value, but incorrect
rounding

Full Credit:

e Correct answer without supporting
work

(d)

t 12°—49
an =3

4o 49
" tan1-2°
d=12339-2m

d=2-34km

Scale 10D (0, 3, 5, 8, 10)

Low Partial Credit

e Tan formula written

e Incorrect equation in d based on
trig formula, but work of merit in
solving equation

e LF =88-8°

Mid Partial Credit

e Correct equationin d

¢ Incorrect equation in d based on
trig formula, finishes correctly

High Partial Credit
Equation with d, as subject

Note:

Rad=0-02 Grad=2-60

Leaving Certificate 2022 [51]
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Q9 | Model Solution — 50 Marks Marking Notes
(a) Scale 5B (0, 2, 5)

Answer: 5 times Partial Credit:

e Correct box ticked

e Incorrect box ticked but gives
height consistent with answer

8-5
Possible height: = = 1-7m

(b) Scale 10D (0, 3, 5, 8, 10)
V' = (Area of the face of the shed)x(length) )
1 1. Finds area of face of shed
V= ((7 x12) + 5 (12x1- 5)) 18 2. Finds volume of shed, in m3,
based on area of face
V=(84+9)18 3. Finds volume in litres, based on
V = (93)18 volume in m3
V =1674m3 Low Partial Credit
V =(1674)1000 e Work of merit

e.g. Finds area of rectangle or
triangle, or step 2 or 3 correct
based on own work in step 1

V' =1,674,000 litres [>1,000,000 ]

Mid Partial Credit

e Step 1 correct

e Error(s) in step 1, but other two
steps correct based on this

High Partial Credit
e Step 1 correct, and one other step
correct
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Q9 | Model Solution — 50 Marks Marking Notes
(c) Scale 10D (0, 3, 5, 8, 10)
d?> =6%+1-52 ) ]
Low Partial Credit
d? = 3825 or 153 e Work of merit
4 e Theorem of Pythagoras written
d =vV38-25 . . )
Mid Partial Credit
d =6-18465 e Fully correctly-substituted
d=6"2[m] Pythagoras Theorem
e Error(s) in substituting into
Pythagoras Theorem, but finishes
correctly (must involve taking a
square root)
High Partial Credit
e Writes or evaluates d? correctly
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Q9 | Model Solution — 50 Marks Marking Notes

(d)

El4

A
Note:
|AB| = 4-0cm
|AC| = 4-6cm
|AD| = 3 -5cm
|AE| =2 -4 cm

Scale 10C (0, 3, 7, 10)

Low Partial Credit:

e Work of merit

e Draws enlarged image correctly without construction line.

e Draws THREE or FOUR rays with at least one image point marked

e Marks off any of the image points to satisfy the Scale Factor (3) e.g. Draws = [AE]

High Partial Credit
e Draws ray AD! along with TWO other correct rays and at least ONE correct image point

e Constructs D! along with TWO other correct image points
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Q9 | Model Solution — 50 Marks Marking Notes

(e) Scale 10D (0, 3, 5, 8, 10)
(i) x? =324+72-2(3)(7) cos 30 ,
Zero Credit:
x? =9+ 49 — 42 cos 30° e Treats triangle as right angled
x2=21-6269 triangle
x =4-65047 Low Partial Credit
x =4-65 e Work of merit

e Cosine Rule formula written

Mid Partial Credit

e Fully correctly-substituted Cosine
Rule (with |BC| as an unknown)

e Error(s) in substituting Cosine
Rule, but finds x to 2 D.P.

High Partial Credit

e Fully correctly-substituted Cosine
Rule, and (finds x? correct )

e Finds x correctly from incorrect
X2

Note:

Incorrect calculator mode

(apply once in paper)
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Q9 | Model Solution — 50 Marks Marking Notes
(e) Scale 5C (0, 2, 3, 5)
(ii)
sinC _sin 30° Low Partial Credit .
3 " 265 e Correct relevant formula written
SinC = 3(sin 30°) High Partial Credit
~ 4-65 e Fully correctly-substituted
. _, (10 relevant formula
C =sin (ﬁ) e Error(s) in substituting
Sine Rule or Cosine Rule but
C=18-819063..... .
continues correctly
C=19°
Note:
OR For Sine Rule:
Answer = 19°
Radian Answer = —0 - 69(—1)
Gradian Answer = 19
32=72+4-652-2(7)(4:65) cos(£ACB)
9=49+21-6225-651 cos(£ACB) For Cosine Rule:
Answer = 19°
61-6225 Radian Answer = 0 - 33(0)
cos(<ACB) = 65-1 Gradian Answer = 21
|£ACB|=18-8119...
=19
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Q10 | Model Solution — 50 Marks Marking Notes
(a) Scale 5B(0, 2, 5)
Advantage: . )
_ Partial Credit
any valid advantage, for example: e One advantage or one disadvantage
cheaper or faster or more practical
Disadvantage:
any valid disadvantage, for example:
not as accurate, sampling bias,
(b) Scale 5C (0, 2, 3, 5)
(i) oE 1 ' Cred
E.=— Low Partial Credit:
vr e — written and st
. 1 7 written and stops
_ OV 1?)(2)(;8 « 100 High Partial Credit:
B e Formula substituted correctly but not
=2-6% evaluated i.e. 7550
e Answer given as 0.0258
Full Credit:
e Correct answer with supporting work
(b) Scale 5B (0, 2, 5)
() | 1500 x 0-71 = 1065 [people] _ _
Partial Credit:
e Work of merit
e.g. 7L or0-71or 22 or 15 x 71
100 100
Full Credit:
e Correct answer without supporting work
Leaving Certificate 2022 Mathematics
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Q10

Model Solution — 50 Marks

Marking Notes

(b)

(i) 71-26<p<71+26
684 <p < 73-6 [C.I.]

(iv)
[H, # 65%].

Conclusion:

Reject the Null hypothesis and conclude
that the figure of 65% has changed
in 2022

Reason:

The figure 65% is outside the 95% C.1.

Scale 10D (0, 3, 5, 8, 10)

Low Partial Credit
e Work of merit
e Interval written as [ﬁ - \/%,25 + \/ig] in

part (iii)and/or(iv).

e Either lower or upper boundary as
684 or 73-6 in (iii)

e Conclusion without reason correct in
part (iv)

e Reason without interpretation
knowledge shown in part (iv)

Mid Partial Credit

e Either part (iii) or part (iv) correct

e Significant work of merit in both parts
(Correct substitution in both parts)

High Partial Credit
e Either part correct and significant work
in the other part

(c)

Probability (Exactly one adult jogs):
= 3[(0-8)(0-8)(0-2)]

—0-384 (48)
- ' \125

Scale 5C (0, 2, 3, 5)

Low Partial Credit

o Work of merit

e Works with 80%(0 - 8)

e Indicates any one possible arrangement

High Partial Credit
e Multiplies 3 relevant numbers

(d)

E(x) = Z x P(x)

=0(0-3)6+52(0:6)6+104(0-1)6
=€249- 60

Scale 10C (0, 3, 7, 10)

Low Partial Credit
e Work of merit

e One correct term or operation indicated
e.g.0or6x52

High Partial Credit

e One correct term, (other than 0)

6 X 52 and 6 X 104

0-6 X a relevant number, and 0-1 X a
relevant number

Correct answer without supporting work
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Q10 | Model Solution — 50 Marks Marking Notes
(e) Scale 10C (0, 3, 7, 10)
Gold — Silver = €670 — €420 = €250
550 Low Partial Credit
- - 41-66 classes e One relevant operation
e.g. 670 — 420 or 22
So least number = 42 [classes] 6
OR e 420+ 6n orsimilar
420+ 6n > 670 High Partial Credit
670420
6n > 250 *—
n > 41-66 ... e 420+ 6n > 670 and further work: finds
n =42 [asn € N] 6n > 250 or mishandles 420 but divides
by 6 to findn
Full Credit -1
e Finds n, but no or incorrect rounding
Leaving Certificate 2022 [59] Mathematics
Marking Scheme Ordinary Level








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arnprior
    /Bahnschrift
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Baveuse
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /Berylium
    /Berylium-BoldItalic
    /Biondi
    /Biondi-Light
    /BlackadderITC-Regular
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candara-Light
    /Candara-LightItalic
    /CarbonBlock
    /Castellar
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CorbelLight
    /CorbelLight-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Dubai-Bold
    /Dubai-Light
    /Dubai-Medium
    /Dubai-Regular
    /EarwigFactory
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeavyHeap
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoloLensMDL2Assets
    /HurryUp
    /Huxtable
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InkFree
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /JavaneseText
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothic-Semilight
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /Narkisim
    /Neuropol
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlanetBenson2
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Pupcat
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoeFluentIcons
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiBold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SegoeUIVariable
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SitkaText
    /SitkaTextItalic
    /SnapITC-Regular
    /Stencil
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Stephen Austin Distiller settings file V6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 822.047]
>> setpagedevice




