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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.



In considering this marking scheme for the written examination, the following points should be
noted.

1. The marking scheme shows one correct solution to each question. In many cases there are
other equally valid methods. The descriptions, methods and definitions in the scheme are
not exhaustive and alternative valid answers are acceptable.

2.  The detail required in any answer is determined by the context and manner in which the
question is asked, and also by the number of marks assigned to the answer in the
examination paper. Therefore, in any instance, it may vary from year to year.

3. Asolidus (/) indicates different valid attempts.

4. A number of different types of penalties are applied to candidates' work, including:

° mathematical error (“blunders”) -3
° mathematical/numerical slip -1
. misreading (if not serious or leading to oversimplification) -1

5. A misreading or slip or omission which oversimplifies the question may be regarded as
equivalent to a mathematical error and is marked accordingly.

6. In cases where a question item is marked using a marking scale, the scale is provided in bold.
For a 30 mark item marked using a marking scale:

e 27 marks are awarded where candidate work shows one systemic error.

e 24 marks are awarded where candidate work shows two systemic errors.

e 16 marks are awarded where candidate work shows more than two systemic errors
but there is evidence of correct application of method or algorithm

e 8 marks are awarded where a valid attempt is presented which cannot be awarded
higher marks.

For a 20 mark item marked using a marking scale:
e 17 marks are awarded where candidate work shows one systemic error.
o 14 marks are awarded where candidate work shows two systemic errors.
e 8 marks are awarded where a valid attempt is presented which cannot be awarded
higher marks.

For a 15 mark item marked using a marking scale:
e 12 marks are awarded where candidate work shows one systemic error.
e 6 marks are awarded where candidate work shows two systemic errors or where
a valid attempt is presented which cannot be awarded higher marks.

For a 10 mark item marked using a marking scale:
e 7 marks are awarded where candidate work shows one systemic error.
e 4 marks are awarded where candidate work shows two systemic errors or where
a valid attempt is presented which cannot be awarded higher marks.
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7. Azeroshould only be recorded when the candidate has attempted the question item but
does not merit marks. If a candidate does not attempt a question item examiners should

record NR.

8. Examiners are expected to annotate parts of the responses as directed at the marking
conference. (See below.)

Symbol Name Use

x Cross Incorrect element
J Tick Correct element

S Slip Deduct one mark
2 Box 2 Partially correct element —award 2 marks
" A Missing element

Horizontal wavy line To be noticed
Vertical wavy line Additional page
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9. Bonus marks at the rate of 5% of the marks obtained will be given to a candidate who
answers the written examination paper entirely through Irish and who obtains 75% or less
of the total mark available (i.e. 300 marks or less). In calculating the bonus to be applied
decimals are always rounded down, not up - e.g., 4.5 becomes 4; 4.9 becomes 4, etc. See
below for when a candidate is awarded more than 300 marks in the written examination

paper.

Marcanna Breise as ucht freagairt tri Ghaeilge

Léirionn an tabla thios an méid marcanna breise ba chéir a bhronnadh ar iarrthéiri a ghndthaionn
nios mo nd 75% d’iomlan na marcanna.

N.B. Ba chdir marcanna de réir an ghnathrata a bhronnadh ar iarrthéiri nach ngnéthaionn nios mé
na 75% d’iomlan na marcanna don scridu. Ba choair freisin an marc bdnais sin a shlanu sios.

Tdbla 400 @ 5%

Bain Usaid as an tabla seo i gcds na n-dbhar a bhfuil 400 marc san iomlan ag gabhail leo agus inarb

é 5% gnathrata an bhonais.

Bain Usaid as an ngnathrata i gcas 300 marc agus faoina bhun sin. Os cionn an mharc sin, féach

an tabla thios.

Bunmbharc Marc Bonais Bunmbharc Marc Bodnais
301 - 306 14 354 - 360 6

307 - 313 13 361 - 366 5

314 -320 12 367 -373 4

321-326 11 374 - 380 3

327-333 10 381-386 2

334 -340 9 387 -393 1

341 - 346 8 394 - 400 0

347 -353 7
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1(a)
-1 -1 2
AB=<13 2 —3)
-6 11 6

1(b) (i)

Kruskal’s algorithm

|0B| = 20
lIL| = 21

IDF| = 27
IKL| = 40
ICE| = 43
|AB| = 45
|FG| = 48
loc| = 56
|G]| = 59
oAl =62
IDH| = 66
BE =71
|AD| = 73
{eB1=182
|1]| = 88

10 [0/4/7]

Prim’s algorithm
Choose node 0O, say.

|0B| = 20
|AB| = 45
loc| = 56
ICE| = 43
|AD| = 73
IDF| = 27
|FG| = 48
|GJ| = 59

IDH| = 66
|1]| = 88

L] = 21

IKL| = 40

15[0/6/9/12]
Deduct 3 marks if the algorithm used is not correctly named.

Allow 3 marks for the name of a correct algorithm if no other work is presented.

1(b) (i)

H
66

59 J

2(56 +43) + 20 + 45 + 73 + 2(66) + 27 + 48 + 59 + 88 + 21 + 40 = 751 m 5

1(c)

sy =10t + t?

sk =4t —1)+2(t—1)?
S =sg+21+4
t=5++2s
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2(a) (i)

o

F
=
T W =mg
10
2(a) (ii)
4400 = 2725g sin 0 + 1525 + 375
6 =5.37°
2(b) (i)
A A
T T T
4 W,
W, = 245N W, = 63g W, = 44.1N
L 7  /
55,5
2(b) (ii)
245 —T = 2.5a 5
441—T = 45band 2T — 6.3g = 6.3 () 5
T =31.18N 5
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3(a)
[dv = [t*sin2tdt
letu = t? and let dv = sin 2t dt

cos 2t
2

du = 2tdtand v = —

t2 cos 2t
2

Judv =uv — [vdu, so [ t?sin2tdt = — + [tcos2tdt

now letu’ = t and let dv' = cos 2t dt
sin 2t
2

du' =dtand v’ =

tsin 2t in 2t tsin 2t 2t
ftcostht: sin _fsm dt: sin +COS
2 2 4
t?2cos2t . tsin2t 2t 1 . 1
p= 08 Cane T8 +c,s00==-+c,ie.c=—-
2 2 4 4 4
2 1 1 2 1
t=-sov=——-—-=2_2%0.73
2 8 4 4 8 2
3(b) (i)
before impact (m s™%) after impact (m s™)
A  ucosail+usinaj nil+usinajf
B —ucosal+usinaj vyl +usinaj
PCM m(ucosa) + m(—ucosa) = m(v,) + m(v,)
Ul + vz = 0
NEL v, —v, = —2eucosa
V; = —eucosa Vv, = eucosa
3(b) (ii)
tan? a .
— = 1soe = tana as required
e
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W =mg

4 (i)

2

%mvlz = %mvz + mg(6.7 — 6.7 cosa) and R — mg cosa = "61—”7
2
R =3mgcosa —2mg + m:;
a (i)
%mvlz =-mv,% + 6.7mg
v, =,/v;2 —13.4g
4 (iv)
o}
W =mg
4 (v)
ma = —-W — D = —mg — mkv
a= % = —g — kv = —(g + kv) as required
4 (vi)
dv
g+kv - _fdt
=—t+c
dv 1 rdu 1 1
letu = g + kv, sodu = kdv - fg+kv = Ef7 = <Infu| ==In(g + kv)

v=1v, =12 —-13.4gwhent =0soc = %ln(g + ky/v,2 — 13.49)

—kt
+kv +kv e g+k\v12-13.4g e -
In—IE2 = _ktso— L —¢ kt,|.e.v=( )
g+kyv12-13.4g g+k\v12-13.4g k
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5(a) (i)

PCM 2m(2u) + 3m(—u) = 2mv, + 3mv, i.e. u = 2v; + 3v,

NEL v; —v, = —e(Qu+u) = —3eu

u(1-9e u(1+6e)
v = )and v, =
5 5

5(a) (i)

v, > 0 for all possible values of e

v1>0forOSe<%

5(b) (i)

v

v=at;soa=—

ty

1 2 1 'Utz

S; =-at,c ==-vt; = —

17" 2 1 4
Sz=‘l7t2

v

O=v—bt3sob=t—

3
1 1
S3 S vt3 - Ebt32 S Evt3

T=t1+t2+t3

_ 3ty _2T-3t,
= +t3s0t; = >
2T-3t
S3 = v( . 2)
t 2T-3t T+t
d=s;+5;+5; =224 vt + 202 = WMD)
2d- .
so T = 22=%2% 55 required
5(b) (ii)
d 2 4vT
Z="sovT =L—t2v
T 3 3
3t, =T so

soT = 6t, as required
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6(a) (i)
P,.,, =1.012P, — x

6(a) (i)
Po=a"Py+b

1-a™
1—-a

)orPn:Ca”-i-D

P, = 1.012" (13500 - =) + =

0.012 0.012

6(a) (iii)
P, =1.012P) — x = 13622 — x = 13514 so x = 148 people

6(a) (iv)

_ . 148 148

P, = 1.0127 (13500 — =) + 2 = 13602 people
6(b) (i)

1]2
fve xdv = [ds
=s+c

172

letu = —2,sodu = —Ydv ~ [ve 7dv = =2 [ e¥du = —2e* = —2e¢~
v=0whens=0soc=-2

_v? . 2 1
—2e a=s5s—-2,iev=2 ln;ms‘

6(b) (ii)
s=03s0v=081ms?
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7(a) (i)

35
vy =vcosa -t =

20cosa

7(a) (ii)
2.5 =20sinat — 4.9t>

2
2.5 = 35tana — 4.9 (35:‘;‘:“)

15.00625tan’ @ — 35tana + 17.50625 = 0
a = 58.09°or « = 35.996°
7(b) (i)

R
W =mg

7(b) (ii)

2
Rcos,B=mgsoR=5%andFC=%=Rsin,8

2

mv” _ img ie.v=102ms1?
3 3
7(b) (iii)
F R
W =mg
7(b) (iv)

2
Rcos,8+,uRsin,8=mgsoR=zn—4ianchzngsinﬁ—uRcosﬁ

m(7.5)? __ (5mg 4-3u 4-3u . B
8 (3+4u)( = )SO aran 0.717 i.e.u = 0.315
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8(a) (i)

Stage State Action Destination Value
Year 4 G GY Y 6 *
H HY Y 5
I 1Y Y 7 *
Year 3 D DG G -5+6=1
DH H —3+5=2
DI I 3+7 =10+
E EG G —-2+6=4
EH H 54+5=10
El I 6+7 =13+
F FG G 44+6=10x
FH H 3+5=8
FI I 24+7=9
Year 2 A AD D 54+10=15+*
AE E -24+13=11
AF F —-54+10=5
B BD D 7+10=17 %
BE E —-3+13=10
BF F 4+10=14
C CcD D 54+10=15+
CE E —-4+13=9
CF F -14+10=9
Year 1 X XA A -114+15=4
XB B —13+17 =4
XC C —-94+15=6+%
plan for maximum proft=X >C ->D -1 ->Y 30[0/8/16/24/27]

8(a) (ii)

e.g. Bellman’s principle can be used to find the shortest or longest path, Dijkstra’s algorithm can

only be used to find the shortest path. 5
8(b)

replacement of physical quantities with correct units and simplification to m 15[0/6/9/12]
Leaving Certificate, 2024 11 Marking Scheme
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9 (i)
M, = M, + 0.75M, = 245 + 150 = 395 kg
Ms; = M, + 0.75M, = 395 + 183.75 = 578.75 kg 5

9 (i)

My,» = My, +0.75M,, i.e. 4M, ,, — 4M,,1 —3M, =0

4x2 —4x—-3=0ie.(2x—3)2x+1)=0i.e.x =150rx = —0.5 5
M, = a(1.5)" + B(—0.5)"

My =200soa+ f =200and M; = 245s0 3a — § = 490

a =1725and g = 27.5,i.e. M,, = 172.5(1.5)" + 27.5(-0.5)"

9 (i)
M, = 200, M, = 245, M, = 395, M, = 578.75, M, = 875, Ms = 1309.0625

total mass = 3602.8125 kg 5
9 (iv)
Ppi2 = Pyyq + 0.75P, — 2™*2 has a particular solution of the form f(n) = a + b(2™) 5

f(n+2)=f(n+1)+0.75f(n) — 2"*2

a+b(2"2) =a+ b(2"1) 4+ 0.75a + 0.75b(2") — 2™*2j.e. 3a — 2" = 5p(2") foralln
a=0andb =-3.2 5
P, = a(1.5)" + B(—0.5)" — 3.2(2")

Py=199s0oa+ 8 —3.2 =199

P, =243 so03a—f —12.8 =486

a = 175.25and B = 26.95, i.e. B, = 175.25(1.5)™ + 26.95(—0.5)™ — 3.2(2")

9 (v)

P, = 199, P, = 243, P, = 388.25, P; = 562.5, P, = 837.6875, P; = 1227.5625

total mass = 3458 kg 5
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10(a) (i)

3 D(1) 5 G(3) 19
11 112 19
A(3) 'f  HU M(2)
e v/ L(1)
source 0 BG) |5 E® 12 1(5) 18 21| sink
node 0 5 12 18 21 node
= ’ A
- J(6
C(2) I N(4)
2 12 15
8 F(4) 12 K(3) 17
20[0/8/14/17]
10(a) (ii)
B,E,],L,M 5
10(a) (iii)
one where a delay in completing an activity will lead to a delay in completing the overall project 5
10(a) (iv)
no effect on the time to complete the project, but B, E, K, N will be a new critical path 5
10(b)
X~ _kx 5
dt
sof%z—fkdtsolnxz—kt+c 5
x=Hwhent=Osoc=lnHi.e.kt=lng
x=5whent:45$ok:m—ssowhenxzﬂ,t=45(ln—8)=85.2$ 5
3 45 8 In3
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