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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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Marking Scheme – Paper 1, Section A and Section B  

 
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 scales 0, 5 0, 2, 5 0, 2, 3, 5 0, 2, 3, 4, 5 

10 mark scales 0, 10 0, 5, 10 0, 4, 7, 10 0, 3, 5, 8, 10 

15 mark scales   0, 6, 12, 15 0, 4, 8, 12, 15 

20 mark scales    0, 5, 10, 15, 20 

 

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 

A-scales (two categories) 
 incorrect response 
 correct response 

B-scales (three categories) 
 response of no substantial merit 
 partially correct response 
 correct response 

C-scales (four categories) 
 response of no substantial merit 
 response with some merit 
 almost correct response 
 correct response 

D-scales (five categories) 
 response of no substantial merit 
 response with some merit 
 response about half-right 
 almost correct response 
 correct response 
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Section A             Section B    
Question 1   (30 marks)          Question 7   (50 marks) 
(a)   15D          (a)   5B 
(b)   10D          (b)   10C 
(c)   5D          (c)   10C 
             (d)   10D 
Question 2   (30 marks)          (e)   5C 
(a)   15D          (f)   5B 
(b)   5C          (g)   5D 
(c)(i)(ii)   10C              
             Question 8   (50 marks) 
Question 3   (30 marks)          (a)   5B 
(a)   10D          (b)(i)(ii)   10D 
(b)(i)   10D          (c)   5C 
(b)(ii)   10C          (d)(i)(ii)   15D 
                 
             (e)   10C 
Question 4   (30 marks)          (f)   5B 
(a)   5C              
(b)   15D          Question 9   (50 marks) 
(c)(i)(ii)(iii)   10D          (a)(i)(ii)(iii)   15D 
             (b)(i)(ii)(iii)   20D 
             (c)(i)   10D 
Question 5   (30 marks)          (c)(ii)   5D 
(a)   15C              
(b)   5D              
(c)(i)(ii)           10D          Question 10   (50 marks) 
             (a)   5B 
Question 6   (30 marks)          (b)   10C 
(a)(i)   10C          (c)   5C 
(a)(ii)   15D          (d)   10D 
(b)   5D          e(i)   10C 
             e(ii)   10D 
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Palette of annotations available to examiners 

Symbol Name Meaning in the body of the work Meaning when used in the right margin 

 
Tick Work of relevance The work presented in the body of the 

script merits full credit 

 
Cross Incorrect work 

(distinct from an error) 
The work presented in the body of the 
script merits 0 credit 

 
Star Rounding / Unit / Arithmetic 

error / Misreading  

 
Horizontal wavy Error  

 
P  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 star  The work presented in the body of the 

script merits Full Credit – 1 

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

 
Vertical wavy No work on this page / portion of 

this page  

 
Oversimplify The candidate has oversimplified 

the work  

 
Work of merit 

The candidate has produced work 
of merit (in line with that defined 
in the scheme)  

 

 
Stops early The candidate has stopped early 

in this part  

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 that is not marked using steps, where * and    and   appear in the body of the 

work, then  should be placed in the right margin. 

 In the case of a D scale with the same annotations,  should be placed 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. 

Q1 Model Solution –30 Marks Marking Notes 

(a) Method 1: 
 5 + 3𝑚 = 11  5 + 3𝑚 = −11 3𝑚 = 6   3𝑚 = −16 𝑚 = 2   𝑚 = −ଵ଺ଷ  

 

OR 
Method 2: ሺ5 + 3𝑚ሻଶ = 11ଶ 25 + 30𝑚 + 9𝑚ଶ = 121 9𝑚ଶ + 30𝑚− 96 = 0 3𝑚ଶ + 10𝑚− 32 = 0 ሺ3𝑚 + 16ሻሺ𝑚 − 2ሻ = 0 𝑚 = −ଵ଺ଷ  ,   𝑚 = 2 

Scale 15D (0, 4, 8, 12, 15) 
Method 1 
Low Partial Credit: 

• 1 linear equation. 
• One correct value of 𝑚 found 

without work. 
• Attempts at trial and 

improvement. 
Mid Partial Credit: 

• One value of 𝑚 found with 
work. 

High Partial Credit 
• One value of 𝑚 correctly found 

and work of merit in finding the 
second value. 

 
Method 2 
Note: If quadratic does not have an 𝑚 
term award Mid Partial Credit at most 

Low Partial Credit: 
• Indication of squaring 

Mid Partial Credit: 
• relevant quadratic in m 

expanded (Line 2 of the 
solution) 

• Quadratic is missing the 𝑚 term, 
otherwise correct 

High Partial Credit 
• quadratic factorised 
• quadratic formula fully 

substituted 
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Q1 Model Solution –30 Marks Marking Notes 

(b) 𝑗 + 𝑘 = ℎ𝑘 𝑘 − ℎ𝑘 = −𝑗 𝑘ሺ1 − ℎሻ = −𝑗 𝑘 = − ௝ଵି௛   or   𝑘 = ௝௛ିଵ    

Scale 10D (0, 3, 5, 8, 10) 
Low Partial Credit: 

• Work of merit in eliminating 
fractions 

Mid Partial Credit 
• Terms with 𝑘 transposed to 

one side of the equation 

High Partial Credit 
• 𝑘ሺ1 − ℎሻ = −𝑗  or equivalent 
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Q1 Model Solution –30 Marks Marking Notes 

(c) Method 1 
  𝑥 + 𝑝 𝑥ଶ − 𝑝𝑥 + 1 𝑥ଷ + 0𝑥ଶ − 2𝑥 − 3𝑟⁄  
  𝑥ଷ − 𝑝𝑥ଶ + 𝑥  
     𝑝𝑥ଶ − 3𝑥 − 3𝑟 
     𝑝𝑥ଶ − 𝑝ଶ𝑥 + 𝑝  
      ሺ𝑝ଶ − 3ሻ𝑥 − 3𝑟 − 𝑝 
 𝑝ଶ − 3 = 0  𝑝ଶ = 3 𝑝 = −√3 ሾ𝑝 < 0ሿ  

 

−3𝑟 − 𝑝 = 0 −3𝑟 − ൫−√3൯ = 0 √3 = 3𝑟 𝑟 = √ଷଷ   

OR 
Method 2 ሺ𝑥ଶ − 𝑝𝑥 + 1ሻሺ𝑥 + 𝑘ሻ = 𝑥ଷ − 2𝑥 − 3𝑟 𝑥ଷ − 𝑝𝑥ଶ + 𝑥 + 𝑘𝑥ଶ − 𝑝𝑘𝑥 + 𝑘 = 𝑥ଷ − 2𝑥 − 3𝑟 𝑥ଷ + ሺ𝑘 − 𝑝ሻ𝑥ଶ + ሺ1 − 𝑝𝑘ሻ𝑥 + 𝑘 = 𝑥ଷ − 2𝑥 − 3𝑟  𝑘 − 𝑝 = 0  𝑘 = 𝑝  

1 − 𝑝𝑘 = −2  1 − 𝑝ଶ = −2  𝑝ଶ = 3  𝑝 = −√3  ሾ𝑝 < 0ሿ  
𝑘 = −3𝑟    𝑟 = −௞ଷ      = −ି√ଷଷ       = √ଷଷ   

OR 

Method 3 

 𝑥 −3𝑟 𝑥ଶ 𝑥ଷ −3𝑟𝑥ଶ −𝑝𝑥 −𝑝𝑥ଶ +3𝑟𝑝𝑥 +1 𝑥 −3𝑟 

 −𝑝 − 3𝑟 = 0    𝑝 = −3𝑟 𝑟 = −𝑝3 

1 + 3𝑟𝑝 = −2             𝑟𝑝 = −1     −௣ଷ ሺ𝑝ሻ = −1              𝑝ଶ = 3                 𝑝 = −√3  ሾ𝑝 < 0ሿ               𝑟 = √ଷଷ   
 

Scale 5D (0, 2, 3, 4, 5) 
Note: Full credit -1 if 𝒑 = √𝟑 but 
otherwise correct 
Method 1 
4 steps: 
1. Sets up long division 
2. First cycle in long division correct 
3. Value of 𝒑 found 
4. Value of 𝒓 found 
Low Partial Credit: 

Work of merit, for example, some 
correct division, or sets up long 
division. 

Mid Partial Credit: 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 

Method 2 
4 steps: 
1. Equation set up 
2. Expansion of the product (Allow 

with 3 or more terms correct) 
3. Value of p found 
4. Value of r found 

Low Partial Credit: 
• Work of merit, for example, 

mentions linear factor 
Mid Partial Credit: 

• 2 steps correct 
High Partial Credit 

• 3 steps correct. 
Method 3 
1. Grid set up 
2. Grid completed (Allow with 3 or 

more terms correct) 
3. Value of 𝑝 found 
4. Value of 𝑟 found 

Low Partial Credit: 
• Work of merit, for example, 

mentions linear factor. 
Mid Partial Credit: 

• 2 steps correct. 
High Partial Credit 

• 3 steps correct. 
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Q2 Model Solution – 30 Marks Marking Notes 
(a) 
 
 
 

𝑓ᇱሺ𝑥ሻ = 2𝑥 + 𝑏 𝑓ᇱሺ3ሻ = 2ሺ3ሻ + 𝑏 = 0 𝑏 = −6 
 𝑓ሺ3ሻ = ሺ3ሻଶ − 6ሺ3ሻ + 𝑐 = −1 9 − 18 + 𝑐 = −1 𝑐 = 8 

OR 𝑥ଶ + 𝑏𝑥 + 𝑐 = ቀ𝑥 + ௕ଶቁଶ − ௕మସ + 𝑐  −௕ଶ = 3   so   𝑏 = −6 −௕మସ + 𝑐 = −1    so    𝑐 = 8 
OR 𝑓ሺ𝑥ሻ = ሺ𝑥 − 3ሻଶ − 1   

          = 𝑥ଶ − 6𝑥 + 8 
 

Scale 15D (0, 4, 8, 12, 15) 
Low Partial Credit: 

• Work of merit, for example, 𝑓ሺ3ሻ or some correct 
differentiation 

• Work of merit at completing 
the square 

• ሺ𝑥 − ℎሻଶ + 𝑘 
Mid Partial Credit: 

• 𝑏 correct 
• Uses 𝑓(3) to find a correct 

equation in 𝑏 and 𝑐 

• ቀ𝑥 + ௕ଶቁଶ − ௕మସ + 𝑐 
• Work of merit in finding both 𝑏 and 𝑐 
• (𝑥 − 3)ଶ + 𝑘, where 𝑘 ≠ −1 
• (𝑥 − ℎ)ଶ − 1, where ℎ ≠ 3 

High Partial Credit 
• Finds 𝑏 and work of merit in 

finding 𝑐 
• (𝑥 − 3)ଶ − 1 
 

(b) 
 
 
 
 
 

lim௡→ஶቆ 𝑛𝑛 + 1 + 𝑛 + 1000𝑛 + ൬13൰௡ቇ = lim௡→ஶ ቀ 𝑛𝑛 + 1ቁ + lim௡→ஶ ൬𝑛 + 1000𝑛 ൰ + lim௡→ஶቆ൬13൰௡ቇ 

 ቎= lim௡→ஶቌ 11 + 1𝑛ቍ + lim௡→ஶቌ1 + 1000𝑛1 ቍ + lim௡→ஶቆ൬13൰௡ቇ቏ 
 = 11 + 0 + 1 + 01 + 0 = 2 
 

Scale 5C (0, 2, 3, 5)  
Note: Full credit for correct answer 
without work. 
Low Partial Credit: 

• Work of merit, for example, 
indicates sum of limits, divides 
by highest power of 𝑛 in one 
of first two terms 

• Substitutes ∞ for 𝑛 
• Finds two or more terms of 

the sequence,  𝑇௡ = ௡௡ାଵ + ௡ାଵ଴଴଴௡ + ቀଵଷቁ௡ 

High Partial Credit: 
• One limit correctly evaluated 

and work of merit in any one 
of the other two limits 
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Q2 Model Solution – 30 Marks Marking Notes 
(c) 

 
 

 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit in one part, for 
example, one point correctly 
transformed 

• In part (i) any vertical 
translation of 𝑔(𝑥)  

• In part (ii) any horizontal 
translation of 𝑔(𝑥) 

• In part (i) finds 𝑔(𝑥 + 2) or 𝑔(𝑥 − 2) 
• In part (ii) finds 𝑔(𝑥) − 3 or 𝑔(𝑥) + 3  

High Partial Credit: 
• One part correct 
• Work of merit in both parts 
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Q3 Model Solution – 30 Marks Marking Notes 
(a) Assume that √2 is rational. √2 = ௔௕ where 𝑎, 𝑏 ∈ ℤ, 𝑏 ≠ 0 and HCF(𝑎 , 𝑏) = 1 2 = 𝑎ଶ𝑏ଶ 2𝑏ଶ = 𝑎ଶ 

 ⇒ 𝑎ଶ is even 
If 𝑎ଶ is even, then 𝑎 is even. ∴ 𝑎 = 2𝑘, where 𝑘 ∈ ℤ 2𝑏ଶ = (2𝑘)ଶ 2𝑏ଶ = 4𝑘ଶ 𝑏ଶ = 2𝑘ଶ  ∴ 𝑏ଶ is even 
If 𝑏ଶ is even, then 𝑏 is even. 
If both 𝑎 and 𝑏 are even, then they have 2 
as a common factor. This contradicts the 
assumption that HCF(𝑎, 𝑏) = 1. 
 

Scale 10D (0, 3, 5, 8, 10) 
Low Partial Credit: 

• Work of merit, for example √2 = ௔௕ 
• Work of merit in showing that  𝑎 is 

even 
Mid Partial Credit: 

• Shows that 𝑎 is even 
High Partial Credit 

• Shows both 𝑎 and 𝑏 are even 

(b) Method 1 

logଷ 𝑡 + logଷ 𝑡logଷ 9 + logଷ 𝑡logଷ 27 + logଷ 𝑡logଷ 81 = 10 

logଷ 𝑡 + logଷ 𝑡2 + logଷ 𝑡3 + logଷ 𝑡4 = 10 12logଷ 𝑡 + 6 logଷ 𝑡 + 4 logଷ 𝑡 + 3 logଷ 𝑡 = 120 25 logଷ 𝑡 = 120 logଷ 𝑡 = 12025  

𝑡 = 3భమబమఱ = 3మరఱ    

OR 

Method 2 ଵ୪୭୥౪ ଷ + ଵ୪୭୥౪ ଽ + ଵ୪୭୥౪ ଶ଻ + ଵ୪୭୥౪ ଼ଵ = 10  1log୲ 3 + 12log୲ 3 + 13log୲ 3 + 14log୲ 3 = 10  
ଶହଵଶ ୪୭୥౪ ଷ = 10  log୲ 3 = ଶହଵଶ଴   

𝑡 మఱభమబ = 3  𝑡 = 3భమబమఱ   

Scale 10D (0, 3, 5, 8, 10) 
3 steps: 
1.Changing all to the same base 
2. Simplifies to an equation in 𝒕 with one log 
3. Finds 𝒕 
Low Partial Credit: 

• Work of merit, for example, changes 
the base of one log (from the given 
equation) 

• Writes either 9, 27 or 81 in the form 3௞  
Mid Partial Credit: 

• One correct step 
High Partial Credit 

• 2 correct steps 
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Q3 Model Solution – 30 Marks Marking Notes 
(c) 
(i) 
(ii) 
 

(i) Any valid explanation, for example: 
the power you need to raise 6 to, to 
get 𝑚. 

 
(ii) log଺ 𝑚 > 1  
 

 

Scale 10C (0, 4, 7, 10) 
Note: Accept 𝟔𝒙 = 𝒎 as a valid explanation 
for (i) 
Low Partial Credit: 

• Work of merit in (i) or (ii), for 
example, some reference to indices 

• log଺ 𝑚 > 0 or log଺ 𝑚 is positive 
High Partial Credit 

• (i) or (ii) correct 
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Q4 Model Solution – 30 Marks Marking Notes 
(a) 
 

Method 1 (1 + 𝑖)ଶ + (3 − 2𝑖)(1 + 𝑖) + 𝑝 = 0 1 + 2𝑖 + 𝑖ଶ + 3 + 𝑖 − 2(𝑖)ଶ + 𝑝 = 0 5 + 3𝑖 + 𝑝 = 0 𝑝 = −5 − 3𝑖 
Method 2 

Let the second root = 𝑧ଶ 

Sum of roots: 

 1 + 𝑖 + 𝑧ଶ = −3 + 2𝑖 
  𝑧ଶ = −4 + 𝑖 
Product of roots: (1 + 𝑖)(−4 + 𝑖) = 𝑝  

  𝑝 = −5 − 3𝑖 
Method 3 𝑧 = ି(ଷିଶ௜)±ඥ(ଷିଶ௜)మିସ௣ଶ   2𝑧 = −(3 − 2𝑖) ± ඥ(3 − 2𝑖)ଶ − 4𝑝  2𝑧 + 3 − 2𝑖 = ±ඥ(3 − 2𝑖)ଶ − 4𝑝   ሾ2𝑧 + 3 − 2𝑖ሿଶ = (3 − 2𝑖)ଶ − 4𝑝 𝑧 = 1 + 𝑖 satisfies this equation ሾ2(1 + 𝑖) + 3 − 2𝑖ሿଶ = (3 − 2𝑖)ଶ − 4𝑝 5ଶ = (3 − 2𝑖)ଶ − 4𝑝  

 4𝑝 = −20 − 12𝑖 𝑝 = ିଶ଴ିଵଶ௜ସ       = −5 − 3𝑖  
Method 4 

 𝑧 + (4 − 𝑖) 𝑧 − 1 − 𝑖 𝑧ଶ + (3 − 2𝑖)𝑧 + 𝑝⁄  
 𝑧ଶ − (1 + 𝑖)𝑧  
     (4 − 𝑖)𝑧 + 𝑝 
     (4 − 𝑖)𝑧 − 5 − 3𝑖  
      𝑝 + 5 + 3𝑖 𝑝 + 5 + 3𝑖 = 0  𝑝 = −5 − 3𝑖  
 

Scale 5C (0, 2, 3, 5) 
Note: Any attempt involving the conjugate 
of 𝟏 + 𝒊, award Low Partial Credit at most. 
Method 1 
Low Partial Credit: 

• Work of merit, for example, some 
correct substitution or some correct 
multiplication 

High Partial Credit: 

• Fully correct substitution and 
multiplication 

 
Method 2 
Low Partial Credit: 

• 𝑧ଶ − (sum)𝑧 + product 
• States 𝑝 is the product of the roots 
• Sum of the roots = −3 + 2𝑖 

High Partial Credit: 
• Finds 2nd root 
• States sum of the roots = 3 − 2𝑖, but 

finishes correctly  
 
Method 3 
Low Partial Credit: 

• Some correct substitution in the 
quadratic formula  

 
High Partial Credit: 

• Formula fully substituted and 1 + 𝑖 
substituted for 𝑧 

• Formula fully substituted and set 
equal to 1 + 𝑖 

 
Method 4 
Low Partial Credit: 

Sets up long division but divisor 
must be of the form 𝑧 − 𝑎 + 𝑏𝑖, 
where 𝑎 = 1 and 𝑏 = −1 (Accept 𝑏 = 1 here)  

High Partial Credit: 

• First cycle of long division done 
correctly. 
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Q4 Model Solution – 30 Marks Marking Notes 
(b) Reference Angle: 𝛼 = tanିଵ √ଷଵ = 60° ቀగଷ  radsቁ  

Argument: 𝜃 = 180଴ − 60଴ = 120଴ ቀଶగଷ  radsቁ  

Modulus: 𝑟 = ට(−1)ଶ + ൫√3൯ଶ    = √4    = 2 

General Polar Form: 2 ൬cos ൬2𝜋3 + 2𝑛𝜋൰ + 𝑖 sin ൬2𝜋3 + 2𝑛𝜋൰൰ 

 𝑤ଶ = 2 ൬cos ൬2𝜋3 + 2𝑛𝜋൰ + 𝑖 sin ൬2𝜋3 + 2𝑛𝜋൰൰ 

𝑤 = ൤2 ൬cos ൬2𝜋3 + 2𝑛𝜋൰ + 𝑖 sin ൬2𝜋3 + 2𝑛𝜋൰൰൨ଵଶ 

De Moivre: 𝑤 = 2ଵଶ ൤൬cos 12 ൬2𝜋3 + 2𝑛𝜋൰ + 𝑖 sin 12 ൬2𝜋3 + 2𝑛𝜋൰൰൨ 
 

     = 2భమ ቂcos ቀగଷ + 𝑛𝜋ቁ+ 𝑖 sin ቀగଷ + 𝑛𝜋ቁቃ 
 𝑛 = 0: 𝑤 = √2 ቀcos ቀ𝜋3ቁ + 𝑖 sin ቀ𝜋3ቁቁ 

= √2ቆ12 + √32 𝑖ቇ 

=    √ଶଶ + √଺ଶ 𝑖  𝑛 = 1:     𝑤 = √2 ቀcos ቀ𝜋3 + 𝜋ቁ + 𝑖 sin ቀ𝜋3 + 𝜋ቁቁ 

     = √2ቆ−12 − √32 𝑖ቇ 

     =   −√22 − √62 𝑖 

Scale 15D (0, 4, 8, 12, 15) 
Note: polar form must be used to achieve 
any credit. 
Note: Accept correct polar form without 
work (i.e., finding 𝒓 and 𝜽) 
Note: if (𝒘𝟐)𝟐 is found, award Mid Partial 
Credit at most. 
Note: general polar form is not required to 
find the roots. 
Note: Accept solution in decimal form. 
4 steps: 
1. Finds 𝜃  
2. Finds 𝑟 
3. One root evaluated from De Moivre’s 

expression 
4. 2nd root found 
 
Low Partial Credit: 

• Work of merit, for example, plots     −1 + √3𝑖 
• Work of merit towards finding 𝑟 or  𝜃  

• 𝑤 = ൫−1 + √3𝑖൯భమ 
 

Mid Partial Credit 
• 2 steps correct 

 
High Partial Credit 

• 3 steps correct 
 
Full Credit –1 

• Roots found correctly, but one or 
both in polar form 



Leaving Certificate 2023 [16] Marking scheme 
Mathematics – Higher Level 

Q4 Model Solution – 30 Marks Marking Notes 
(c) 
(i) 
(ii) 
(iii) 

(i)  𝑖𝑢 = 𝑖(𝑎 + 𝑏𝑖)  = 𝑎𝑖 + 𝑏𝑖ଶ  = −𝑏 + 𝑎𝑖  
𝚤𝑢ഥ = −𝑏 − 𝑎𝑖  

     

(ii) 

 
 

(iii)  90° counterclockwise rotation about the 
origin followed by axial symmetry in Re axis 
(𝑥 axis) 
Axial symmetry in the Im axis (𝑦 axis) 
followed by a 90° counterclockwise rotation 
about the origin. 
Axial symmetry in a line through the origin 
with slope -1 or similar 

Scale 10D (0, 3, 5, 8, 10) 
Note: 4 elements required: 𝑖𝑢, 𝚤𝑢ഥ , plot, 
transformation  
Note: Accept conjugate plot from either 
candidate’s work in (i) or by reflection of 
their 𝚤𝑢ഥ  in the real axis 
 
Low Partial Credit: 

• Work of merit in one element, for 
example, 𝑖(𝑎 + 𝑏𝑖) 

 

Mid Partial Credit 
• 1 element correct and work of 

merit in a 2nd element 
 

 
High Partial Credit 

• 2 elements correct and work of 
merit in a 3rd element 

 
Full Credit -1 

• Diagram not labelled, otherwise 
correct 

  
 
 
 
 
 

 

  

𝑢 = 𝑎 + 𝑏𝑖 
𝑖𝑢 

𝚤𝑢ഥ  

Re 

Im 



Leaving Certificate 2023 [17] Marking scheme 
Mathematics – Higher Level 

Q5 Model Solution – 30 Marks Marking Notes 
(a) 
 

𝑓(𝑥) = (5𝑥ଶ + 7)ିଵ 𝑓ᇱ(𝑥) = −1(5𝑥ଶ + 7)ିଶ(10𝑥) = −10𝑥(5𝑥ଶ + 7)ିଶ 𝑓′(𝑥) = −10𝑥(5𝑥ଶ + 7)ଶ  
OR 𝑢(𝑥) = 1  so  𝑢ᇱ(𝑥) = 0 𝑣(𝑥) = 5𝑥ଶ + 7   so   𝑣ᇱ(𝑥) = 10𝑥 𝑓ᇱ(𝑥) = 

൫ହ௫మା଻൯(଴)ିଵ(ଵ଴௫)(ହ௫మା଻)మ   

 = ିଵ଴௫(ହ௫మା଻)మ 

Scale 15C (0, 6, 12, 15)   
Accept −10𝑥(5𝑥ଶ + 7)ିଶ for full credit. 
Low Partial Credit: 

• Some correct differentiation 
High Partial Credit: 

• Correct substitution into quotient rule 
• One error in substitution into 

quotient rule, but finishes correctly 
Full Credit –1 

• 𝑓ᇱ(𝑥) = −1(5𝑥ଶ + 7)ିଶ(10𝑥) 

(b) 
 
 

𝑢 = tan ௫ଶ  𝑣 = ln 𝑥 ௗ௨ௗ௫ = ଵଶ secଶ ௫ଶ  ௗ௩ௗ௫ = ଵ௫  
 𝑔′(𝑥) = ቀtan 𝑥2ቁ ൬1𝑥൰ + (ln 𝑥) ൬12 secଶ 𝑥2൰ 

 
At 𝑥 = గଶ:   𝑔′(𝑥) = ቆtan ቀഏమቁଶ ቇ ቆ ଵቀഏమቁቇ + (ln గଶ)ቆଵଶ secଶ ቀഏమቁଶ ቇ  
= 1 ൬2𝜋൰ + ln𝜋2 ቆ12 (2)ቇ 

 = ଶగ + ln గଶ  
 

Scale 5D (0, 2, 3, 4, 5) 
No differentiation no credit 
4 steps 

1.  Finds ௗ௨ௗ௫ 

2. Finds ௗ௩ௗ௫ 

3. Applies the product rule correctly 
4. Evaluates at 𝑥 = గଶ 

Low Partial Credit: 
• Any correct differentiation 

Mid Partial Credit 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 

Full Credit –1 
• Answer not in the correct form 



Leaving Certificate 2023 [18] Marking scheme 
Mathematics – Higher Level 

Q5 Model Solution – 30 Marks Marking Notes 
(c) 
(i) 
(ii) 

(i) 𝑔൫𝑓(3)൯ = 𝑔() = 𝑤 
 
(ii)  Injective:  no element of C is used more 

than once 
 or no two elements in 𝐵 go to the same 

element, or any other valid reason. 
   
 Not surjective: one element of C is not 

used, or 
 Range ≠ Codomain, or 
 #𝐵 < #𝐶, or any other valid reason. 

Scale 10D (0, 3, 5, 8, 10) 
Three parts to check: (i) and injective and 
not surjective. 
In part (i) accept 𝑔൫𝑓(3)൯, where 𝑔 and 𝑓 
are the functions from part (b). 
Low Partial Credit: 

• Shows some understanding of 
injective or surjective functions. 

• Work of merit in any part, for 
example, 𝑓(3) correct, merit in 
explanation of injective or surjective 
(e.g., in injective, #𝐵 ≤ #𝐶) 

Mid Partial Credit 
• One of the 3 parts correct 

High Partial Credit 
• Two parts correct 

 
  



Leaving Certificate 2023 [19] Marking scheme 
Mathematics – Higher Level 

Q6 Model Solution – 30 Marks Marking Notes 
(a)(i) 
 
 
 

𝑥 + 4 = 𝑥ଶ − 2 𝑥ଶ − 𝑥 − 6 = 0 (𝑥 − 3)(𝑥 + 2) = 0 𝑥 = 3, 𝑥 = −2 
 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit, for example, 
equation correctly established 

High Partial Credit: 
• Factors correct 
• Quadratic formula fully 

substituted 
• One correct answer verified 

 



Leaving Certificate 2023 [20] Marking scheme 
Mathematics – Higher Level 

Q6 Model Solution – 30 Marks Marking Notes 
(a)(ii) 
 
 
 
 

Method 1 𝑓(𝑥) − 𝑔(𝑥) = 𝑥 + 4 − (𝑥ଶ − 2) = −𝑥ଶ + 𝑥 + 6 Area = න (−𝑥ଶ + 𝑥 + 6)ଶ
ିଵ 𝑑𝑥 = ቈ− 𝑥ଷ3 + 𝑥ଶ2 + 6𝑥቉ 2−1  

 = ൭− (2)ଷ3 + 2ଶ2 + 6(2)൱ − ቆ− (−1)ଷ3 + (−1)ଶ2 + 6(−1)ቇ 

   = 332  [unitsଶ] 

OR 
Method 2 Areaଵ = න (𝑥 + 4)ଶ

ିଵ 𝑑𝑥 
= ቈ𝑥ଶ2 + 4𝑥቉ 2−1 

= ൥൭(2)ଶ2 + (8)൱ − ൭(−1)ଶ2 + (−4)൱൩ 
= 272  

Areaଶ = න (𝑥ଶ − 2)ଶ
ିଵ 𝑑𝑥 

= ቈ𝑥ଷ3 − 2𝑥቉ 2−1 

= ൥൭(2)ଷ3 − 2(2)൱ − ൭(−1)ଷ3 − 2(−1)൱൩ = | − 3| 
 Area = 272 + 3 = 332 [units2] 

OR 

Method 3 𝑥 intercept of 𝑔(𝑥):  𝑥ଶ − 2 = 0 → 𝑥 = √2  𝐴ଵ = ቚ׬ (𝑥ଶ − 2)𝑑𝑥√ଶିଵ ቚ = ସ√ଶାହଷ   𝐴ଶ = ׬ (𝑥ଶ − 2)𝑑𝑥 = ସ√ଶିସଷଶ√ଶ   𝐴ଷ = ׬ (𝑥 + 4)𝑑𝑥 = ଶ଻ଶଶିଵ    
Total Area = ସ√ଶାହଷ + ଶ଻ଶ − ቀସ√ଶିସଷ ቁ = ଷଷଶ [unitsଶ] 

Scale 15D (0, 4, 8, 12, 15) 
Consider as 4 steps: 

1. Integrate 𝑓 
2. Integrate 𝑔 
3. Combine 
4. Evaluate with Limits 

They may do these in a different 
order, e.g., combine 𝑓 and 𝑔 and 
then integrate this function (= 3 
steps) 
Low Partial Credit: 

• Integration indicated 
• Some correct integration 
• Sets up integration of original 

function(s) 
• Some work of merit towards 

finding an approximate area 
using the Trapezoidal Rule 

• Work of merit towards finding 𝑥 intercept of 𝑔(𝑥) 
• 𝑓(−1) or 𝑓(2) found 

Mid Partial Credit: 
• 2 steps correct 
• 1 relevant area calculated 

High Partial Credit: 
• 2 relevant areas calculated 

correctly 
• Steps 1 and 2 correct and one 

relevant area calculated 
• 3 steps correct 
 

Full Credit -1 
• Area = −16.5 

 
 



Leaving Certificate 2023 [21] Marking scheme 
Mathematics – Higher Level 

Q6 Model Solution – 30 Marks Marking Notes 
(b) ൤𝑏 ൬1𝑏 𝑒௕௫൰൨ 𝑏0 = 𝑒 ൫𝑒௕(௕) − 𝑒௕(଴)൯ = 𝑒 𝑒௕మ − 1 = 𝑒 𝑒௕మ = 𝑒 + 1 𝑏ଶ = ln(𝑒 + 1) 𝑏 = ඥln(𝑒 + 1) = 1 · 15 …. 

Scale 5D (0, 2, 3, 4, 5) 
Note: if there is an error in 
integration, max of Mid Partial Credit 
is awarded and only if both limits are 
substituted correctly 
Low Partial Credit: 

• Some correct integration, for 
example, 𝑘𝑒௕௫ (𝑘 ≠ 1) appears 
without the integral sign 

• +𝐶 
Mid Partial Credit: 

• Fully correct integration 
High Partial Credit: 

• 𝑒௕మ − 1 = 𝑒 
 

Q7 Model Solution – 50 Marks Marking Notes 
(a) 𝑣(0) = 23 (0)ଷ − 6(0)ଶ + 13(0) + 109 𝑣(0) = 109 km/hr 

Scale 5B (0, 2, 5) 
Accept correct answer without work. 
Partial Credit: 

• Some correct substitution 
• Identifies 𝑡 = 0 
• Substitutes 𝑡 = 5 

Full Credit -1 
• No unit or incorrect unit 

(b) 𝑣ᇱ(𝑡) = 2𝑡ଶ − 12𝑡 + 13 𝑣ᇱ(5) = 2(5)ଶ − 12(5) + 13 = 3 [km/hr/min] 

Scale 10C (0, 4, 7, 10) 
Accept correct answer without unit 
Low Partial Credit: 

• Some correct differentiation 
High Partial Credit 

• Substitution into correct 
derivative 

• At most one error in 
differentiation and finishes 
correctly 



Leaving Certificate 2023 [22] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(c) Maximum speed when 𝑣ᇱ(𝑡) = 0 2𝑡ଶ − 12𝑡 + 13 = 0 𝑡 = −(−12) ± ඥ(−12)ଶ − 4(2)(13)2(2)  𝑡 = 4 · 58    or    𝑡 = 1 · 42 

 
Maximum at 𝑡 = 1 ∙ 42   
 
 [as coefficient of 𝑡ଷ > 0 and domain of 

interest is [0, 4], with local min at  𝑡 = 4 ∙ 58] 
OR [𝑣ᇱᇱ(𝑡) = 4𝑡 − 12 𝑣ᇱᇱ(1.42) < 0 ⇒ maximum at 𝑡 = 1.42] 

Scale 10C (0, 4, 7, 10) 
Note: Accept candidate’s derivative 
from part (b)  
Note: If candidate’s derivative is 
linear, award Low Partial Credit at 
most 
3 steps: 
1. 𝒗ᇱ(𝒕) = 𝟎 
2. Substitutes into formula 
3. Evaluates for 𝒕 
Low Partial Credit: 

• Work of merit in finding 𝑣′(𝑡) or 
brings 𝑣′(𝑡) from (b) 

• States 𝑣ᇱ(𝑡) = 0 or similar 
• 𝑣′′(𝑡) appears 

High Partial Credit: 
• 2 steps correct 

Full Credit –1 
• 𝑡 = 4.58 written down and 

not explicitly excluded  
• Rounded incorrectly or no 

rounding, otherwise correct 



Leaving Certificate 2023 [23] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(d)  15 − 0 ቈන ൬23 𝑡ଷ − 6𝑡ଶ + 13𝑡 + 109൰ 𝑑𝑡ହ

଴ ቉ 
= 15 ቈ𝑡ସ6 − 2𝑡ଷ + 13𝑡ଶ2 + 109𝑡቉50 

= 15 ቈቆ(5)ସ6 − 2(5)ଷ + 13(5)ଶ2 + 109(5)ቇ − (0)቉ = 112 · 333 …. km/hr = 112 · 33 km/hr   [2 d.p.] 

 

Scale 10D (0, 3, 5, 8, 10) 
Note: Indication of integration is 
required to be awarded any credit 
4 steps:  
Note: If 𝟏𝟓 is omitted, treat step 1 as 
not fully correct, but all other steps 
can be accepted as correct 
Note: If speed is treated as 𝒗′(𝒕) in (a) 
a correct solution must include the 
line, 𝟏𝟓 ቂ׬ 𝒗′(𝒕)𝒅𝒕𝟓𝟎 ቃ 
 

1. ଵହ ቂ׬ 𝑣(𝑡)𝑑𝑡ହ଴ ቃ 
2. Integrates correctly 
3. Subs in limits 
4. Evaluates correctly 
Low Partial Credit: 

• Work of merit, for example, 
integration indicated 

Mid Partial Credit: 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 

Full Credit -1 
• Rounded incorrectly or no 

rounding, otherwise correct 
• Incorrect unit or no unit, 

otherwise correct 



Leaving Certificate 2023 [24] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(e) Answer:  B 

Justification:   𝑣ᇱ(1) > 0:   

Function is increasing so the slope is positive. 

 𝑣ᇱᇱ(1) < 0:   

Rate of increase is slowing. 

OR 

The slope is decreasing. 

 

Scale 5C (0, 2, 3, 5) 
Note: Justification needs to explicitly 
deal with both 𝒗′ and 𝒗′′, but can be a 
single combined sentence. 
Note: Substitution into 𝒗′(𝒕) or 𝒗′′(𝒕) 
is not considered work of merit. 
Note: Accept “the function is concave 
down”, or similar as a justification 
using 𝒗ᇱᇱ(𝟏) < 𝟎 
 
3 elements required: 
1. Answer B 
2. Justification for 𝒗ᇱ(𝟏) > 𝟎    
3. Justification for 𝒗ᇱᇱ(𝟏) < 𝟎 
 
Low Partial Credit: 

• Answer correct 
• Work of merit in either 

justification 
 

High Partial Credit: 
• 2 elements correct 
• Answer given as 𝐵 or 𝐷, justified 

correctly using 𝑣′(1) 
• Answer given as 𝐵 justified 

correctly using 𝑣′′(1) 
• Answer given as 𝐴 justified 

correctly using 𝑣′′(1) 
• No answer given, but 2 

justifications are correct 
 

  



Leaving Certificate 2023 [25] Marking scheme 
Mathematics – Higher Level 

(f) Time = Distance/Speed = ଵ଴ଵ଴଴ = 6 [minutes] Scale 5B (0, 2, 5) 
Note: Accept correct answer without 
units 
Partial Credit: 

• Work of merit in finding time
Full Credit –1 

• 1/10  (i.e. incorrect unit)
(g) 120 km/hr for 2 minutes: Distance = 120 × ଶ଺଴ = 4km  10 − 4 = 6 km remaining to get to 𝐵 

Average Speed: 10total time = 100 total time = 110 hrs = 6 minutes ⇒ 4 minutes remaining to get to 𝐵
Average speed for last 6 km: Avg Speed = 6 ÷ ቀ ଵଵହቁ = 90 km/hr  ଵଶ଴ା௩ଶ = 90, where 𝑣 is the speed at 𝐵   𝑣 = 60 𝑘𝑚/ℎ𝑟  
Decelerates from 120 to 60 over 4 minutes. 
So, deceleration = 15 km/hr per minute 

OR 

Average speed for last 6 km: ଵଶ଴ା௩ଶ , where 𝑣 is the 
speed at 𝐵 Distance = ൬120 + 𝑣2 ൰ × time 6 = ቆ(120 + 𝑣)2 ቇ × 460𝑣 = 60 
Decelerates from 120 to 60 over 4 minutes. 
Deceleration = 15 km/hr per minute 

OR 
Average speed for the last 6km: 14න (120 − 𝑎𝑡)𝑑𝑡ସ

଴ = 90 14 ൤120𝑡 − 12𝑎𝑡ଶ൨଴ସ = 90 14 ൤120(4) − 12𝑎(4)ଶ൨ = 90 120 − 2𝑎 = 90 𝑎 = 15kmhିଵ per minute 

Scale 5D (0, 2, 3, 4, 5) 
Accept -15km/hr/min 
Low Partial Credit: 

• Some correct substitution in
relation to distance for first 2
minutes or time / distance for
remaining part

• Indicates integration
Mid Partial Credit: 

• Identifies 4 km, 6 km or 4
minutes.

High Partial Credit 
• Calculates 60 km/hr after the

extra 4 minutes or 90km/hr
after extra 2 minutes.

Full Credit -1 
• Answer in km/hr/hr



Leaving Certificate 2023 [26] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(a) 𝐹 = 3000(1 + 0.024)ହ = €3377.70 

 
 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Work of merit, for example, some 
correct substitution into relevant 
formula; finds 2.4% as a decimal 

(b) 
(i), 
(ii) 

(i) 
 It is the amount that should be invested 

today to amount to €1000 in 1 years’ 
time at the particular interest rate. 

 
(ii)  4000 = 𝑃(1 + 0.024)଺ 40001.024଺ = 𝑃 𝑃 = €3469 · 45  
 

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

Note: In (i) Accept 𝑷 = 𝟏𝟎𝟎𝟎(𝟏ା𝒊) 
Low Partial Credit: 

• Work of merit in (i) or (ii), for 
example, formula in (i), correct 
substitution into relevant formula in 
(ii) 

• 2.4% written as a decimal 
Mid Partial Credit: 

• (i) or (ii) correct 
• Work of merit in both parts 

High Partial Credit 
• One part correct and work of merit 

in the other part 
(c) 1 · 024 = (1 + 𝑖)ସ  

 (1.024)భర = 1 + 𝑖 
 (1.024)భర − 1 = 𝑖 0 · 005947. . = 𝑖 
 Rate = 0 · 59% 

Scale 5C (0, 2, 3, 5) 
Low Partial Credit: 

• Some correct substitution into 
relevant formula 

• 2.4% written as a decimal 
High Partial Credit: 

• (1.024)భర = 1 + 𝑖 
• Evaluates correctly 𝑖 = (1.024)ସ − 1 
• Uses 3 or 12 instead of 4, but 

otherwise correct 
 

Full Credit -1 

• Answer given as a decimal 
 



Leaving Certificate 2023 [27] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(d) 
(i) 
(ii) 

(i) 𝐴(1 · 0011)ଷ଺ + 𝐴(1 · 0011)ଷହ + ⋯ … + 𝐴(1 · 0011)ଶ + 𝐴(1 · 0011) 

OR = 𝐴[(1 · 0011)ଷ଺ + (1 · 0011)ଷହ + ⋯ … + (1 · 0011)ଶ + (1 · 0011)] 

 
(ii) 𝐴[1·0011 + (1 · 0011)ଶ + ⋯ … + (1 · 0011)ଷହ + (1 · 0011)ଷ଺] 𝑎 = 1 · 0011,   𝑟 = 1 · 0011,     𝑛 = 36 

𝐴 ቈ1 · 0011 (1 − 1 · 0011ଷ଺)1 − 1 · 0011 ቉ = 12000 

𝐴 = 120001 · 0011(1 − 1 · 0011ଷ଺)1 − 1 · 0011  

𝐴 = €326 · 60  [2 D.P.] 

Scale 15D (0, 4, 8, 12, 15) 
Consider as requiring 3 steps: 
1. Finds geometric series 
2. Substitutes into geometric formula 
3. Finds 𝐴 
Low Partial Credit: 

• Work of merit in either part, for 
example, in (i)Writes 0.11% as a 
decimal;   
in (ii), sets answer in (i) equal to 12000 

Mid Partial Credit: 
• 1 step correct 
• Substantial work of merit in both 

parts 
High Partial Credit: 

• 2 steps correct 
Full Credit –1: 

• Correct solution, but excludes 
second and/or second last term 

• Investments made at the end of 
each month, otherwise correct 

(e) 𝐸(𝑥) = 11(0 · 52) + (𝑥 − 5)(0 · 15)+ 𝑥(0 · 33) = 13 · 85 0·15𝑥 + 0·33𝑥 = 13·85 − 5·72 + 0·75 0 · 48𝑥 = 8 · 88 𝑥 = €18 · 50 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit, for example, some 
correct term in 𝐸(𝑥) 

High Partial Credit 
• Fully correct equation  

(f) Cost Price = 82% of Selling Price 
Profit = 18% of Selling Price 

Mark-up = ଴·ଵ଼଴·଼ଶ × 100 = 0 · 2195 = 22%    [nearest percent] 
OR 

Let 𝑥 = selling price and 𝑦 = cost price 𝑥 − 𝑦𝑥 = 0.18 → 𝑦 = 0.82𝑥 

Mark up: 

 ௫ି௬௬ = ௫ି଴.଼ଶ௫଴.଼ଶ௫ = ଽସଵ 

Mark up: 

 ଽସଵ × 100 = 21.95 = 22% [nearest percent] 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Work of merit, for example, states 
CP = 82% of SP 

• Mentions 82% 
• Finds 18% of a number 
 

 



Leaving Certificate 2023 [28] Marking scheme 
Mathematics – Higher Level 

Q9 Model Solution – 50 Marks Marking Notes 
(a) 
(i) (ii) 
(iii) 

(i)  2଴, 2ଵ, 2ଶ, 2ଷ, 2ସ 

OR 
 𝟏, 𝟐, 𝟒, 𝟖, 𝟏𝟔 

 

(ii)  8 
 
(iii) 2ଵ଴ and 3ଵଶ  have no common factors  2ଵ଴ will have 11 factors 3ଵଶ will have 13 factors 
 
So 2ଵ଴ × 3ଵଶ  will  have  (11)(13) = 143 factors 

Scale 15D (0, 4, 8, 12, 15) 
Accept for full credit correct answers 
without work 
In (i) accept any 5 factors including 
negative factors 
In (ii) accept 16 for full credit 
In (iii) accept 286 factors for full credit 
Low Partial Credit: 

• Work of merit in one part, for 
example, one correct factor in (i) 
or lists 2 or more factors in (ii) 

• Some valid relevant statement in 
(ii) or (iii) 

Mid Partial Credit 
• One part correct 

High Partial Credit 
• Two parts correct 
• Either (i) or (ii) correct and work 

of merit in (iii) 
(b) 
(i) 
(ii) 
(iii) 

𝑥 1 2 3 𝟒 6 𝟏𝟐 𝑦 𝟏𝟐 𝟔 4 𝟑 𝟐 1 

 

 

Scale 20D (0, 5, 10, 15, 20) 
Solution consists of 12 parts: 

• 6 values in table 
• 5 points plotted 
• Points joined appropriately (not 

with line segments) 
Low Partial Credit: 

• 3 parts correct 
Mid Partial Credit 

• 7 parts correct 
High Partial Credit 

• 9 parts correct 
 

Full Credit -1 

• 11 parts correct 
• Correct graph with no table 

entries 
 

  

1 2 3 4 5 6 7 8 9 10 11 12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

0 
0

𝑦 

𝑥  



Leaving Certificate 2023 [29] Marking scheme 
Mathematics – Higher Level 

(c)(i) Method 1 
Derivative: 𝑦 = ଵଶ௫      ௗ௬ௗ௫ = −ଵଶ௫మ      

 ௗ௬ௗ௫ (𝑥 = 𝑝) = − ଵଶ௣మ  

Equation at point ቀ𝑝, ଵଶ௣ ቁ: 𝑦 − 12𝑝 = −12𝑝ଶ (𝑥 − 𝑝) 𝑦 = − 12𝑝ଶ 𝑥 + 24𝑝  

OR 

Method 2 

Derivative: 𝑦 = ଵଶ௫      ௗ௬ௗ௫ = −ଵଶ௫మ   

 ௗ௬ௗ௫ (𝑥 = 𝑝) = − ଵଶ௣మ 

Equation at point ቀ𝑝, ଵଶ௣ ቁ: 

Line is of the form  𝑦 = − ଵଶ௣మ 𝑥 + 𝑐 

ଵଶ௣ = − ଵଶ௣మ (𝑝) + 𝑐  

ቂଵଶ௣ = −ଵଶ௣ + 𝑐ቃ  
𝑐 = ଶସ௣   

OR 
Method 3 
From the given equation the slope is −ଵଶ௣మ ௗ௬ௗ௫ = −ଵଶ௫మ  

ௗ௬ௗ௫ (𝑥 = 𝑝) = −ଵଶ௣మ  

Substitute ቀ𝑝, ଵଶ௣ ቁ in the given equation 

ଵଶ௣ = − ଵଶ௣మ (𝑝) + ଶସ௣   

ଵଶ௣ = −ଵଶ௣ + ଶସ௣   

ଵଶ௣ = ଵଶ௣   

 

Scale 10D (0, 3, 5, 8, 10) 
Method 1 & Method 2 
4 steps: 

1. Finds 𝒅𝒚𝒅𝒙 
2. Finds slope at 𝒙 = 𝒑    

3. Subs slope and point ቀ𝒑, 𝟏𝟐𝒑 ቁ into 
equation of line formula 

4. Finds equation in required form 
 
Low Partial Credit: 

• Work of merit, for example, some 
correct differentiation, some 
correct substitution into equation 
of line formula 

Mid Partial Credit 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 
 

Method 3 
4 steps: 
1. From the given equation writes 

down the slope of the tangent 

2. Finds  𝒅𝒚𝒅𝒙 

3. Substitutes 𝒙 = 𝒑 in 𝒅𝒚𝒅𝒙    

4. Verifies that the point ቀ𝒑, 𝟏𝟐𝒑 ቁ is on 
the given equation 

 
Low Partial Credit: 

• Work of merit, for example, some 
correct differentiation, some 
correct substitution into the 
given equation 

Mid Partial Credit 
• 2 steps correct. 

High Partial Credit 
• 3 steps correct. 
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(c)(ii) 𝑦-intercept: 𝑦 = −ଵଶ௣మ (0) + ଶସ௣   𝑦 = ଶସ௣    ቀ0, ଶସ௣ ቁ  
 height = ଶସ௣   
 𝑥-intercept:  0 = −ଵଶ௣మ 𝑥 + ଶସ௣   12𝑝ଶ 𝑥 = 24𝑝  

ଵଶ௣ 𝑥 = 24   
 𝑥 = 2𝑝  (2𝑝, 0)   base = 2𝑝  

Area = ଵଶ (2𝑝) ቀଶସ௣ ቁ           = 24 unitsଶ  

OR 𝑥 intercept (2𝑝, 0)  න ൬−12𝑝ଶ 𝑥 + 24𝑝 ൰𝑑𝑥ଶ௣
଴  

= ቆ−12𝑥ଶ2𝑝ଶ + 24𝑥𝑝 ቇ଴ଶ௣ = −24 + 48 = 24 [unitsଶ] 

 

 

Scale 5D (0, 2, 3, 4, 5) 
Method 1 
4 steps: 
1. Finds the x-intercept 
2. Finds the y-intercept 
3. Substitution into area formula 
4. Finds k 
Note: Accept where candidates 
substitute a value for p into the 
equation of the tangent, find both 
intercepts of the subsequent equation, 
and then find k 
 
Low Partial Credit: 

• Work of merit, for example, lets 𝑥 = 0 or 𝑦 = 0 
Mid Partial Credit 

• 2 steps correct 
High Partial Credit 

• 3 steps correct 
 
Method 2 
1. Finds 𝑥 intercept 
2. Integrates the function 
3. Substitutes limits 
4. Finds 𝑘 
 

Low Partial Credit: 
• Work of merit, for example, lets 𝑦 = 0 
• Indicates integration 

Mid Partial Credit 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 

 

 

  



Leaving Certificate 2023 [31] Marking scheme 
Mathematics – Higher Level 

Q10 Model Solution – 50 Marks Marking Notes 
(a) 

 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Work of merit, for example, each 
rectangle of height 2 units 

 

(b) Method 1 

 ℎ = ଷ଼ 

Using similar triangles ௪భଶ = ଷ଼ ÷ 8 (𝑤ଵ = length of middle rectangle) 𝑤ଵ = ଶଷ  𝑤ଶ = ସଷ (𝑤ଶ = length of top rectangle) Area =  2 ൬83൰ + 43 ൬83൰ + 23 ൬83൰ = ଷଶଷ unitsଶ  

Method 2 
6 small triangles of length ଶ଺ = ଵଷ Areaୱ୫ୟ୪୪ ∆ᇲୱ = 6 × ଵଶ × ଵଷ × ଷ଼ = ଷ଼  Areaୠ୧୥ ∆ = ଵଶ × 2 × 8 = 8  Area୰ୣୡ୲ୟ୬୥୪ୣୱ = ଷ଼ + 8 = ଷଶଷ  unitsଶ  

Method 3 

Sum of lengths of horizontal sides of small 
triangles (i.e., excess of rectangles over 
large triangle) = 2 

Height of each small triangle = ଷ଼ ∑ areas of small ∆′s = ଵଶ × 2 × ଷ଼ = ଷ଼ 

Area of large triangle = ଵଶ × 2 × 8 = 8 ∴ Area of rectangles = ଷ଼ + 8 = ଷଶଷ  

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit in finding dimensions 
or area of one rectangle or one small 
triangle,  

• Finds ℎ = ଷ଼ 
• Finds the area of the large triangle 

High Partial Credit: 
• 𝑤ଵ and 𝑤ଶ found 
• Areas of 2 rectangles found 
• Sum of the areas of the small 

triangles found with work shown 
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Q10 Model Solution – 50 Marks Marking Notes 
(c) Method 1 𝑇ସ = ସ଼ ቂଶସ + ସସ + ଺ସ + ସ଼ቃ  

Similarly, 𝑇௡ = ௡଼ ቂଶ௡ + ସ௡ + ⋯+ ଶ௡௡ ቃ  = ௡଼మ [2 + 4 + 6 + ⋯+ 2𝑛]  2 + 4 + ⋯+ 2𝑛 is an A.P. with 𝑎 = 2 and 𝑑 = 2 
and 𝑛 terms 𝑆௡ = 𝑛2 [2(2) + (𝑛 − 1)(2)] = 𝑛(𝑛 + 1) 
 𝑇௡ = 8𝑛ଶ [𝑛(𝑛 + 1)] = 8𝑛 (𝑛 + 1) or equivalent 
 
Method 2 
Total area = area of given triangle plus sum of 
areas of small triangles. ℎ = ௡଼  2𝑛 small triangles 

Base of each small ∆= ଶଶ௡ = ଵ௡ Area of small ∆ᇱ𝑠 = 2𝑛 × 12 × 1𝑛 × 8𝑛 = 8𝑛 

Area = ቀ௡଼ቁ + ቀଵଶ × 2 × 8ቁ 

 = ௡଼ + 8  

 

Scale 5C (0, 2, 3, 5) 
Low Partial Credit: 

• Work of merit, for example, work 
towards establishing pattern by 
writing 𝑇௞, 𝑘 ≠ 3 

• ௡଼ mentioned as height of rectangle 
• Identifies 2𝑛 (or 𝑛) small triangles 
• Base length of each small triangle 

found 
 

High Partial Credit: 
• 𝑇௡ = ௡଼ ቂଶ௡ + ସ௡ + ⋯+ ଶ௡௡ ቃ or 

equivalent not in closed form 
• Finds sum of the areas of the small 

triangles  
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Q10 Model Solution – 50 Marks Marking Notes 
(d) 8(𝑛 − 1)𝑛 > 0 · 95(8) 𝑛 − 1𝑛 > 0 · 95 𝑛 − 1 > 0 · 95𝑛 0 · 05𝑛 > 1 𝑛 > 20  𝑛 = 21  

 OR ଼௡మ(௡ିଵ)௡ > 0.95(8)𝑛ଶ  8𝑛ଶ − 7.6𝑛ଶ − 8𝑛 > 0  0.4𝑛ଶ − 8𝑛 > 0  𝑛ଶ − 20𝑛 > 0  𝑛(𝑛 − 20) > 0  𝑛 > 20  𝑛 = 21  

Scale 10D (0, 3, 5, 8, 10) 
Note: where candidates multiply both 
sides by 𝑛ଶ, they must find 𝑛 = 20 to be 
awarded High Partial Credit. 
Low Partial Credit: 

• Work of merit in establishing 
inequality, for example, finds the 
area of triangle  

Mid Partial Credit 
• Forms the correct inequality 

High Partial Credit 
• 𝑛 − 1 > 0 · 95𝑛 

(e) (i) න𝑥ଶ 𝑐ଶℎଶ 𝑑𝑥௛
଴ =  𝑐ଶℎଶ න 𝑥ଶ𝑑𝑥௛

଴  

= 𝑐ଶℎଶ ቈ𝑥ଷ3 ቉ ℎ0 

= 𝑐ଶℎଶ ቈℎଷ3 − 0቉ 
= 𝑐ଶℎ3  

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Integral set up correctly 
High Partial Credit 

• Integration is correct 
• Mishandles ௖మ௛మ , but otherwise 

correct. 
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Q10 Model Solution – 50 Marks Marking Notes 
(e)(ii) ௗ௫ௗ௧ = 3      ௗௌௗ௧ = ௗௌௗ௫ × ௗ௫ௗ௧  𝑆(𝑥) = 

௫మ ௖మ௛మ  𝑑𝑆𝑑𝑥 = 𝑐ଶℎଶ (2𝑥) 𝑑𝑆𝑑𝑡 = 𝑐ଶℎଶ (2𝑥)(3) 

= 6𝑐ଶ𝑥ℎଶ  

When 𝑥 = ௛ଶ 𝑑𝑆𝑑𝑡 = 6𝑐ଶ ቀℎ2ቁℎଶ = 3𝑐ଶℎ  

Scale 10D (0, 3, 5, 8, 10) 
Low Partial Credit: 

• States a relevant derivative, for 
example,  ௗௌௗ௫ or ௗௌௗ௧  

• 𝑥 = ௛ଶ   
• Some correct differentiation 

 
Mid Partial Credit 

• Any two of the following: 

o ௗ௫ௗ௧ = 3 

o 𝑥 = ௛ଶ 

o ௗௌௗ௫ = ௖మ௛మ (2𝑥) 

o ௗ௦ௗ௧ = ௗௌௗ௫ × ௗ௫ௗ௧  or similar 
 
High Partial Credit 

• ௗ௦ௗ௧ = ௗௌௗ௫ × ௗ௫ௗ௧, and any two others 
from the MPC list above 
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Marking Scheme – Paper 2, Section A and Section B  

 
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 scales  0, 2, 5 0, 2, 3, 5 0, 2, 3, 4, 5 

10 mark scales  0, 5, 10 0, 4, 7, 10 0, 3, 5, 8, 10 

15 mark scales    0, 4, 8, 12, 15 

20 mark scales    0, 6, 12, 17, 20 

 

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 

A-scales (two categories) 
 incorrect response 
 correct response 

B-scales (three categories) 
 response of no substantial merit 
 partially correct response 
 correct response 

C-scales (four categories) 
 response of no substantial merit 
 response with some merit 
 almost correct response 
 correct response 

D-scales (five categories) 
 response of no substantial merit 
 response with some merit 
 response about half-right 
 almost correct response 
 correct response 
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Section A             Section B    
Question 1   (30 marks)          Question 7   (50 marks) 
(a)   10C           (a)    10C 
(b)   10D          (b)   10D 
(c)   10D          (c)(d)   10D 
              (e)(i)    5B 
Question 2   (30 marks)           (e)(ii)    10C 
(a)   10C           (f)    5D 
(b)   10C              
(c)   10D          Question 8   (50 marks) 
             (a)   10D 
Question 3   (30 marks)          (b)(i)   10C 
(a)   15D          (b)(ii)   5C 
(b)(i)   5B          (c)   10D 
(b)(ii)   10D          (d)(i)   10D 
             (d)(ii)   5C 
                 
Question 4   (30 marks)              
(a)(i)   10C          Question 9   (50 marks) 
(a)(ii)   15D 

 
         (a)(i) 

(a)(ii) 
  5B 

10C 
(b)   5D          (b)(i)   10C 
             (b)(ii)   10D 
             (c)(i)   5B 
Question 5   (30 marks)          (c)(ii)   10C 
(a)(i)(ii)(iii)   20D              
(b)   10C              
             Question 10   (50 marks) 
             (a)(i)   10C 
Question 6   (30 marks)          (a)(ii)   15D 
(a)   5B          (a)(iii)   5D 
(b)(i)   15D          (b)(i)   5B 
(b)(ii)   10D          (b)(ii)   5C 
             (b)(iii)   10C 
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Palette of annotations available to examiners 

Symbol Name Meaning in the body of the work Meaning when used in the right margin 

 
Tick Work of relevance The work presented in the body of the 

script merits full credit 

 
Cross Incorrect work 

(distinct from an error) 
The work presented in the body of the 
script merits 0 credit 

 
Star Rounding / Unit / Arithmetic 

error / Misreading  

 
Horizontal wavy Error  

 
P  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 star  The work presented in the body of the 

script merits Full Credit – 1 

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

 
Vertical wavy No work on this page / portion of 

this page  

 
Oversimplify The candidate has oversimplified 

the work  

 
Work of merit 

The candidate has produced work 
of merit (in line with that defined 
in the scheme)  

 

 
Stops early The candidate has stopped early 

in this part  

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 that is not marked using steps, where * and    and   appear in the body of the 

work, then  should be placed in the right margin. 

 In the case of a D scale with the same annotations,  should be placed 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. 

Q1 Model Solution –30 Marks Marking Notes 
(a) 
 𝑃ሺ€6, €9, €6ሻ = ൤ 512 × 312 × 512൨ 

 = ଻ହଵ଻ଶ଼ = ଶହହ଻଺ = 0 · 04340…. = 0 · 0434   [4 d.p.] 

 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Any correct relevant probability 
stated 

High Partial Credit: 
• 𝑃ሺ€6ሻ = ହଵଶ and 𝑃ሺ€9ሻ = ଷଵଶ and 

some multiplication indicated 
• ହଵଶ × ଷଵଶ × ହଵଶ 

• ହଵଶ × ଷଵଵ × ହଵ଴ and continues 

Full Credit -1 
• Incorrect rounding or no rounding 

(b) Success = getting a 9 𝑃(success)= ଵସ 
Failure = not getting a 9 𝑃(failure)= ଷସ 
2 successes in first 7 spins and then success = ൬72൰ ൬14൰ଶ ൬34൰ହ  ×  14 = 0 · 07786 … = 0 · 0779  [4 d.p.] 
 

Scale 10D (0, 3, 5, 8, 10) 
Consider the solution as being the product 

of four terms: ൫଻ଶ൯,  ቀଵସቁଶ , ቀଷସቁହand ଵସ 

Low Partial Credit: 
• 𝑃(success)= ଵସ 

• 𝑃(failure)= ଷସ 
• ൫଻ଶ൯ 
• ଵସ for the last day 
• ൫ଷ଼൯ 

Mid Partial Credit: 
• Product of two correct terms 

evaluated 
• Product of three correct terms 

High Partial Credit: 

• ൫଻ଶ൯ ቀଵସቁଶ ቀଷସቁହ  ×  ଵସ 
Full Credit -1 

• Incorrect rounding or no rounding 
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Q1 Model Solution –30 Marks Marking Notes 
(c) Will get less than €16 unless 9, 9, so: 1 − 𝑃ሺ9, 9ሻ = 1 − ଵସ × ଵସ = ଵଷହଵସସ  or  ଵହଵ଺   

  = 0 ∙ 9375 
OR 𝑃ሺ0,0ሻ 412 × 412  𝑃ሺ0 firstሻ  412 𝑃ሺ0,6ሻ 412 × 512 𝑃ሺ0,9ሻ 412 × 312 𝑃ሺ6,0ሻ 512 × 412  𝑃ሺ6 firstሻ  512 𝑃ሺ6,6ሻ 512 × 512 𝑃ሺ6,9ሻ 512 × 312 𝑃ሺ9,0ሻ 312 × 412 𝑃ሺ9,0ሻ 112 𝑃ሺ9,6ሻ 312 × 512 𝑃ሺ9,6ሻ 548 

TOTAL =  ଵହଵ଺  =  ଵହଵ଺ 
 
                                          = 0 ∙ 9375 

 
 

Scale 10D (0, 3, 5, 8, 10) 
Note: 
Low Partial Credit: 

• Relevant probability 
• Relevant work on establishing the 

condition, for example, indicates 𝑃(9,9), or lists three that are in line 
with the condition (e.g.,(0,0), (0,6), (0,9)) 

Mid Partial Credit: 
• ଵସ × ଵସ indicated 
• Probability calculated correctly for 

three pairs on the table?? 

High Partial Credit: 
• ଵଵ଺ or equivalent 
• Probability calculated correctly for 

six pairs on the table?? 
Full Credit -1 

• No rounding or incorrect rounding 
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Q2 Model Solution – 30 Marks Marking Notes 
(a) cos(𝐴 − 𝐵) = cos𝐴 cos𝐵 + sin𝐴 sin𝐵 

Replace 𝐴 with 90 − 𝐴: cos(90 − 𝐴 − 𝐵) = cos(90 − 𝐴) cos𝐵 + sin(90 − 𝐴) sin𝐵     ….as  sin𝐴 = cos(90 − 𝐴) cos(90 − (𝐴 + 𝐵)) = sin𝐴 cos𝐵 + cos𝐴 sin𝐵 sin(𝐴 + 𝐵) = sin𝐴 cos𝐵 + cos𝐴 sin𝐵 

OR sin𝐴 = cos(90 − 𝐴) sin(𝐴 + 𝐵) = cos൫90 − (𝐴 + 𝐵)൯ = cos൫(90 − 𝐴) − 𝐵൯  

  = cos(90 − 𝐴) cos𝐵 + sin(90 − 𝐴) sin𝐵         … by cos (𝐴 − 𝐵) formula 

  = sin𝐴 cos𝐵 + cos𝐴 sin𝐵 

 

 Scale 10C (0, 4, 7, 10)  
Low Partial Credit: 

• Work of merit, for example, cos(𝐴 − 𝐵) formula 
• Verified with one or more values for 𝐴 and 𝐵 
• sin𝐴 = cos(90 − 𝐴) or cos𝐴 = sin(90 − 𝐴) 

High Partial Credit:  
• cos(90 − 𝐴 − 𝐵) = cos(90 − 𝐴) cos𝐵 + sin(90 − 𝐴) sin𝐵 

(b) 
 
 
 

sin(30 + 45) = sin 30 cos 45+ cos 30 sin 45 sin 75 = 12 ൬ 1√2൰ + √32 ൬ 1√2൰ 

sin 75 = 12√2 + √32√2 = 1 + √32√2 = √2 + √64  

 

Scale 10C (0, 4, 7, 10) 

Note: Accept 𝟏𝟐 ቀ 𝟏√𝟐ቁ + √𝟑𝟐 ቀ 𝟏√𝟐ቁ for full credit. 

Low Partial Credit: 
• Work of merit, for example 30 + 45, 

or some correct substitution into 
relevant formula 

High Partial Credit: 
• sin 30 cos 45 + cos 30 sin 45 or 

equivalent 
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(c) 
 
 
 
 
 

Method 1 sin 𝑡[1 − 2 cos 𝑡] = 0 sin 𝑡 = 0 and 1 − 2 cos 𝑡 = 0 
 sin 𝑡 = 0 when 𝑡 = 0°, 180° and 360° 
 1 − 2 cos 𝑡 = 0 cos 𝑡 = 12 cos 𝑡 = ଵଶ when 𝑡 = 60° and 𝑡 = 300° 
 𝑡 = 0°, 60°, 180°, 300° and 360° 
 

OR 𝑠𝑖𝑛2𝑡 − 𝑠𝑖𝑛𝑡 = 0 2𝑐𝑜𝑠 3𝑡2 𝑠𝑖𝑛 𝑡2 = 0 
 𝑐𝑜𝑠 3𝑡2 = 0 𝑡 = 60°, 180° 𝑎𝑛𝑑 300° 
 𝑠𝑖𝑛 𝑡2 = 0 𝑡 = 0° 𝑎𝑛𝑑 360° 

 
 
 

OR 
Method 2 
Trial & Improvement: 𝑡 = 0  sin 0 = sin(2(0)) 0 = 0 
 𝑡 = 60  sin 60 = sin(2(60)) √32 = √32  
 𝑡 = 180  sin 180 = sin(2(180)) 0 = 0 
 𝑡 = 300  sin𝟑𝟎𝟎 = sin(2(300)) √32 = √32  
 𝑡 = 360  sin 360 = sin(2(360)) 0 = 0  
 
 

Scale 10D (0, 3, 5, 8, 10)  
Method 1 
Consider as involving 4 steps: 

1. Replaces 𝑠𝑖𝑛 2𝑡 with 2 𝑠𝑖𝑛 𝑡 𝑐𝑜𝑠 𝑡 
2. 𝑠𝑖𝑛 𝑡[1 − 2 𝑐𝑜𝑠 𝑡] = 0  stated or 

implied 
3. Solves 𝑠𝑖𝑛 𝑡 = 0 
4. Solves 1 − 2 𝑐𝑜𝑠 𝑡 = 0 

OR 
1. 𝑠𝑖𝑛2𝑡 − 𝑠𝑖𝑛𝑡 = 0 
2. 2𝑐𝑜𝑠 ଷ௧ଶ 𝑠𝑖𝑛 ௧ଶ = 0 

3. Solves 𝑐𝑜𝑠 ଷ௧ଶ = 0 

4. Solves 𝑠𝑖𝑛 ௧ଶ = 0 

 
Low Partial Credit: 

• Work of merit, for example, effort to 
expand 𝑠𝑖𝑛 2𝑡 or some correct 
transposition 

 
Mid Partial Credit: 

• 2 steps correct 

High Partial Credit:  
• 3 steps correct 

 
Full Credit –1: 

• Apply a * for each solution omitted 
from Step 3 or Step 4 

 

Method 2 
Low Partial Credit: 

• One correct solution 
 

Mid Partial Credit: 
• 3 correct values verified 

High Partial Credit:  
• 4 correct values verified 
• All values correct but no work shown 

 
 

 
 
 



 

Leaving Certificate 2023 [43] Marking scheme 
Mathematics – Higher Level 

 

Q3 Model Solution – 30 Marks Marking Notes 
(a) Method 1  (𝟒,𝟔), (−𝟑,−𝟏),  (𝟎,𝟏𝟏). 

    −𝟏𝟏 (𝟒,−𝟓), (−𝟑,−𝟏𝟐),   (𝟎,𝟎) 

AREA = 𝟏𝟐 |𝟒(−𝟏𝟐) − (−𝟑)(−𝟓)| = 𝟏𝟐 |−𝟔𝟑|  = 𝟑𝟏 · 𝟓  
 𝐎𝐑 
 
 
Method 2 
Uses any one of the following formulae: 

1. Area = 𝟏𝟐 𝒂𝒃𝐬𝐢𝐧𝒄 

2. Area =𝟏𝟐  × 𝐛𝐚𝐬𝐞 × 𝐩𝐞𝐫𝐩𝐞𝐧𝐝𝐢𝐜𝐮𝐥𝐚𝐫 𝐡𝐞𝐢𝐠𝐡𝐭 
 

Scale 15D (0, 4, 8, 12, 15) 
Method1 
Low Partial Credit: 

• Work of merit in translating one 
point to (0,0) 

Mid Partial Credit: 
• Three points correctly translated 
• Two of the given points subbed in 

to the area formula and evaluated 

High Partial Credit 
• Correct substitution into Area 

formula 
• One error in translating points and 

finishes correctly 
 

Method 2 
Low Partial Credit: 

• Work of merit, for example, finds 
one relevant piece of data eg. 
length of one side 

Mid Partial Credit: 
• All information relevant to one 

formula calculated, for example, 
the lengths of 2 sides and the 
included angle; or the length of one 
side and the perpendicular height 

High Partial Credit 
• Correct substitution into Area 

formula 



 

Leaving Certificate 2023 [44] Marking scheme 
Mathematics – Higher Level 

Q3 Model Solution – 30 Marks Marking Notes 
(b) 
(i) Mid-point = ቀିଵାହଶ , ௞ା௟ଶ ቁ = ቀ2, ௞ା௟ଶ ቁ   𝐎𝐑 −1 to 5 is 6 steps, then  x = −1 + 3 = 2 

𝑘 to 𝑙 is (𝑙 − 𝑘)steps , then  𝑦 = 𝑘 + 𝑙 − 𝑘2 = 𝑘 + 𝑙2  

Mid-point = ቀ2, ௞ା௟ଶ ቁ 

 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Work of merit, for example, some 
correct substitution into relevant 
formula  



 

Leaving Certificate 2023 [45] Marking scheme 
Mathematics – Higher Level 

Q3 Model Solution – 30 Marks Marking Notes 
(b)(ii) Slope 𝐴𝐵 = ௟ି௞ହି(ିଵ) = ௟ି௞଺  

Perpendicular slope = − ଺௟ି௞ 

Slope of 3𝑥 + 2𝑦 − 14 = 0  is   −ଷଶ − ଺௟ି௞ = −ଷଶ      so    𝒍 − 𝒌 = 𝟒 … Eqn 1 

or 

Slope 𝐴𝐵 = ଶଷ , then (−1,𝑘)and (5, 𝑙) ∈𝑦 = 𝑚𝑥 + 𝑐, also gives  𝒍 − 𝒌 = 𝟒 … Eqn 1  

 ൬2,𝑘 + 𝑙2 ൰ → 3(2) + 2 ൬𝑘 + 𝑙2 ൰ − 14 = 0 𝒌 + 𝒍 = 𝟖 … Eqn 2 ቄ𝑙 + 𝑘 = 8𝑙 − 𝑘 = 4  2𝑙 = 12   ….. 𝑙 = 6,   𝑘 = 2 

OR 

Slope 𝐴𝐵 = ௟ି௞଺   and perpendicular = − ଺௟ି௞ 

Eqn of perp bisector: 𝑦 − ௞ା௟ଶ = − ଺௟ି௞ (𝑥 − 2)  2𝑦 − 𝑘 − 𝑙 + ଵଶ௟ି௞ 𝑥 − ଶସ௟ି௞ = 0 or ଵଶ௟ି௞ 𝑥 + 2𝑦 − 𝑘 − 𝑙 − ଶସ௟ି௞ = 0  

Equating coefficients: 𝑥:  ଵଶ௟ି௞ = 3   so  4 = 𝑙 − 𝑘  … Eqn 1 

Const.:  −𝑘 − 𝑙 − ଶସ௟ି௞ = −14 

−𝑘 − 𝑙 − 244 = −14 

So 𝑘 + 𝑙 = 8   … Eqn 2 

Solve for 𝑙 = 6, 𝑘 = 2 

Scale 10D (0, 3, 5, 8, 10) 
Low Partial Credit: 

• Work of merit, for example, 
relevant use of midpoint of [𝐴,𝐵], 
or finds a relevant slope (of 𝐴𝐵 or 
of bisector) 

Mid Partial Credit: 
• Equation 1 or 2 correct found 
• Finds equation of perpendicular 

bisector in terms of 𝑙 and 𝑘 

High Partial Credit: 
• Equation 1 and 2 correct found 

 
 

  



 

Leaving Certificate 2023 [46] Marking scheme 
Mathematics – Higher Level 

Q4 Model Solution – 30 Marks Marking Notes 
(a) 
(i) 
 

Centre = (ℎ,−3) 

Radius = √12 𝑜𝑟 2√3   

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit towards finding 𝑥-
ordinate or 𝑦-ordinate of the centre  

High Partial Credit 
• Centre or radius correct 

(ii) |ℎ − 4(−3) + 7|ඥ(1)ଶ + (−4)ଶ = 5 

|ℎ + 19| = 5√17 ℎ + 19 = 5√17  or  ℎ + 19 = −5√17 ℎ = 5√17 − 19   or   ℎ = −5√17 − 19 

OR (ℎ + 19)ଶ = 425  ℎଶ + 38ℎ − 64 = 0  ℎ = 5√17 − 19   or   ℎ = −5√17 − 19 

Scale 15D (0, 4, 8, 12, 15) 
3 steps: 

1.  |𝐡ି𝟒(ି𝟑)ା𝟕|ඥ(𝟏)𝟐ା(ି𝟒)𝟐   
2. |௛ିସ(ିଷ)ା଻|ඥ(ଵ)మା(ିସ)మ = 5 

3. Find values of ℎ 

Low Partial Credit: 
• Work of merit, for example, some 

substitution into relevant formula, 
or draws diagram with relevant 
figures (5, centre marked, and line) 

Mid Partial Credit: 
• 1 step correct 

High Partial Credit: 
• 2 steps correct 
 



 

Leaving Certificate 2023 [47] Marking scheme 
Mathematics – Higher Level 

Q4 Model Solution – 30 Marks Marking Notes 
(b) Centre = (ℎ,𝑘) 𝑘 = 3 − 52 = −1 (𝑥 − ℎ)ଶ + (𝑦 + 1)ଶ = ൫√20൯ଶ 𝑥ଶ + 𝑦ଶ − 2ℎ𝑥 + ℎଶ + 2𝑦 + 1 = 20 (8,1) is on the circle… (8)ଶ + (1)ଶ − 2ℎ(8) + ℎଶ + 2(1) + 1= 20 ℎଶ − 16ℎ + 48 = 0 (ℎ − 4)(ℎ − 12) = 0 ℎ = 4,   ℎ = 12 𝑠:  (𝑥 − 4)ଶ + (𝑦 + 1)ଶ = 20 

OR (𝑎, 3):   𝑎ଶ + 2𝑔𝑎 + 6𝑓 + 𝑐 = −9 (𝑎,−5): 𝑎ଶ + 2𝑔𝑎 − 10𝑓 + 𝑐 = −25 

So: 𝑓 = 1 (8, 1): 16𝑔 + 2𝑓 + 𝑐 = −65 

So: 16𝑔 + 𝑐 = −67 … Eqn A ඥ𝑔ଶ + 𝑓ଶ − 𝑐 = √20  

So: 𝑔ଶ − 𝑐 = 19 … Eqn B 

From A and B: 𝑔ଶ + 16𝑔 + 48 = 0   so  𝑔 = −4 

So 𝑐 = −3 

And eqn is  𝑥ଶ + 𝑦ଶ − 8𝑥 + 2𝑦 − 3 = 0 

Scale 5D (0, 2, 3, 4, 5) 
Low Partial Credit: 

• Some correct substitution of 
relevant point 

Mid Partial Credit 
• Finds 𝑘 = −1 
• Finds 𝑓 = 1 
• 4 independent equations in 𝑔,𝑓, 𝑐 and 𝑎  

High Partial Credit: 
• 𝑘 = −1 and quadratic equation in ℎ 
• Finds 𝑓 = 1 and quadratic equation 

in  𝑔 
 
Full Credit –1: 

• Finds the relevant constants, but 
equation of circle not stated 

• Finds equation of circles for both 
values of h but does not select the 
correct one  

 

  



 

Leaving Certificate 2023 [48] Marking scheme 
Mathematics – Higher Level 

Q5 Model Solution – 30 Marks Marking Notes   
(a) 
(i) 
(ii) 
(iii) 
 
 
 

(i) 

Mean ଴ାଷାଶାଶାସାହାଵ଻ = ଵ଻଻ = 2 · 42 … 

= 2.4  [1 d.p.] 

 

Standard deviation = 1 · 59. . = 1.6 [1 d.p.] 

 

 (ii)  𝑟 = −0 · 76204 … 

        𝑟 = −0 · 762  [3 d.p.] 

 

(iii)  Any valid explanation, for example: 

If the number of red cubes increases 

then there will be less green cubes 

Scale 20D (0, 6, 12, 17, 20) 
Note: Accept correct answer without 
supporting work 
 
Consider solution as requiring 4 items: 

1. Mean 
2. Standard deviation 
3. r 
4. Explanation 

Low Partial Credit: 
• Work of merit, for example, finds 

the total number of red cubes 

Mid Partial Credit: 
• 1 item correct and work of merit in 

any other item 

High Partial Credit: 
• 3 items correct 

 
Full Credit -1 

• One or more answers not to 
required number of decimal places 

 
(b) 3 faces: 8 2 faces: 24 1 face: 22 

no faces: 6       

Scale 10C (0, 4, 7, 10) 
Accept correct answer without work 
Low Partial Credit: 

• Work of merit, for example, relevant 
work on the diagram 

• One correct value 
• Reference to total of 60 cubes 

High Partial Credit 
• Two correct values 

 

  



 

Leaving Certificate 2023 [49] Marking scheme 
Mathematics – Higher Level 

Q6 Model Solution – 30 Marks Marking Notes 
(a) 
 
 
 

Answer: FALSE 
Justification:  Describes or draws any situation where 

two angles are equal in size without being 
vertically opposite. Eg. equilateral triangle, 
isosceles triangle, opposite angles in a 
parallelogram etc. 

 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Correct answer with no 
justification 

• States True and justifies 
(ignores “and only if 

(b) 
(i) 
 
 
 
 

 
1. |∠𝐸𝐻𝐷| = |∠𝐷𝐵𝐶| = 𝜃  … alternate angles 
    |∠𝐸𝐹𝐷| = |∠𝐸𝐻𝐷|    …  both = 𝜃 
 
2. |∠𝐹𝐸𝐷| = |∠𝐻𝐸𝐷| …rectangle & straight angle 
    |∠𝐹𝐷𝐸| = |∠𝐻𝐷𝐸| … angles in tri. sum to 180** 
 
3. |𝐸𝐷| = |𝐸𝐷|   … common side 
Conclusion: So 𝐹𝐸𝐷 ≡ 𝐻𝐸𝐷  … by ASA 
                             |𝐹𝐸| = |𝐸𝐻| 
 

OR 
 
1. |∠𝐸𝐻𝐷| = |∠𝐷𝐵𝐶| = 𝜃  … alternate angles 
  |∠𝐸𝐹𝐷| = |∠𝐸𝐻𝐷|    …  both = 𝜃 
  |𝐹𝐷| = |𝐷𝐻|            … isosceles triangle 
 
2. |∠𝐹𝐸𝐷| = |∠𝐻𝐸𝐷| = 90°     …rectangle & straight 
      angle 
3. |𝐸𝐷| = |𝐸𝐷|   … common side 
Conclusion: So 𝐹𝐸𝐷 ≡ 𝐻𝐸𝐷  … by RHS 
                         |𝐹𝐸| = |𝐸𝐻| 
 
 
Or similar 
 
 
 

Scale 15D (0, 4, 8, 12, 15) 
Consider the solution as having 4 
elements: 3 steps and a 
conclusion: 
 
Steps 1, 2 & 3: 3 correct 
statements for congruency (with 
justifications)  

and 
Conclusion (with reason) 
 
 
Note:  To prove by SAS, candidates 

will have to establish that |∠𝐹𝐷𝐸| = |∠𝐻𝐷𝐸 
 
Low Partial Credit: 

• Work of merit, for 
example, |∠𝐸𝐻𝐷| =|∠𝐷𝐵𝐶| indicated 

Mid Partial Credit: 
• 2 correct steps (no 

justifications) 

High Partial Credit: 
• 3 correct steps (including 

one side) with at least one 
justification 

• All 3 steps correct and 
conclusion stated  (no 
justifications) 

 
Full Credit -1 

• |𝐹𝐸| = |𝐸𝐻| not stated  



 

Leaving Certificate 2023 [50] Marking scheme 
Mathematics – Higher Level 

Q6 Model Solution – 30 Marks Marking Notes 
(b) 
(ii) |𝐹𝐸| = 12 |𝐴𝐵| = 10 |𝐹𝐺| = 40 tan𝜃 = |𝐴𝐺||𝐹𝐺| =  9040 𝜃 = 66 · 037. . ° 𝜃 = 66°  [nearest degree] 

 
OR |𝐹𝐸| = 12 |𝐴𝐵| = 10 

Triangles FED and BCD are similar 
So |𝐸𝐷| = 90/4 = 22.5 tan𝜃 = |𝐸𝐷||𝐹𝐸| =  22.510  𝜃 = 66 · 037. . ° 𝜃 = 66°  [nearest degree]  
 

OR |𝐹𝐸| = 12 |𝐴𝐵| = 10 
Triangles FED and BCD are similar 
So |𝐷𝐶| = 90 x ଷସ = 67.5 tan𝜃 = |𝐶𝐷||𝐵𝐶| =  67.530  𝜃 = 66 · 037. . ° 𝜃 = 66°  [nearest degree] 
 
 

Scale 10D (0, 3, 5 , 8, 10) 
4 steps: 𝟏. |𝐹𝐸| = 12 |𝐴𝐵| = 10 
2. Finds 2nd side in a relevant 
triangle 
3. Trignometric equation set up 
4. Finds 𝜃 
 
Low Partial Credit: 

• Work of merit in finding any 
side of a relevant triangle 
 

Mid Partial Credit 
• 2 steps correct 

High Partial Credit: 
• 3 steps correct 
 

Full Credit -1 
• Incorrect rounding or no 

rounding 

  



 

Leaving Certificate 2023 [51] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(a) |𝐴𝐶|ଶ + 9ଶ = 70ଶ |𝐴𝐶|ଶ = 70ଶ − 9ଶ |𝐴𝐶|ଶ = 4819 |𝐴𝐶| = ඥ4819 

 
Gradient = ଽ√ସ଼ଵଽ × 100 = 12.96.. 
=13%  [nearest percent] 
  

Scale 10C (0, 4, 7, 10) 
3 steps:  
1. Sets up Pythagoras 
2. Finds |𝑨𝑪| 
3. Finds the gradient 
Low Partial Credit: 

• Work of merit, for example,  70ଶ = 4900 , gradient = ଽ ଻଴  

High Partial Credit 
• 2 steps correct 

 
Full Credit -1 

• Incorrect rounding or no rounding 

(b) |< 𝑃𝑂𝑅| = 5° |𝑅𝑂|sin 87 = 20sin 5 |𝑅𝑂| = 20 sin 87sin 5  |𝑅𝑂| = 229 · 16 m 
 tan 17 = |𝐻𝑂|229 · 16 
 |𝐻𝑂| = 229 · 16 tan 17 |𝐻𝑂| = 70 [m] 
 

Scale 10D (0, 3, 5, 8, 10) 
4 steps: 
1. Substitution into ‘sine rule’ 
2. Finds |𝑹𝑶| 
3. Sets up trigonometric equation to solve |𝑯𝑶|   
4. Finds |𝑯𝑶| 
Low Partial Credit: 

• Work of merit, for example, finds   |< 𝑃𝑂𝑅|, some correct 
substitution into ‘sine rule’ 

Mid Partial Credit: 
• 2 steps correct 

High Partial Credit 
• 3 steps correct 

Full Credit -1 
• Calculator in incorrect mode 
• No rounding or incorrect rounding 



 

Leaving Certificate 2023 [52] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(c) 
(d) 

(c) Range = 2 ± 0 · 4 𝑎 = 1 · 6      𝑏 = 2 · 4 
 

OR 𝑉ᇱ(𝑡) = −0 · 4 ቂ(− sin గଶ 𝑡) ቀగଶቁቃ =0    sin గଶ 𝑡 = 0                                                       గଶ 𝑡 = 0     or       గଶ 𝑡  = 𝜋      

       t = 0      or         t = 2 𝑉(0) = 1.6           𝑉(2) = 2.4  𝑎 = 1 · 6               𝑏 = 2 · 4 
 

(d)  If V′(𝑡) > 0 then the volume of air is 
increasing so she is breathing in. 

     If V′(𝑡) < 0 then the volume of air is 
decreasing so she is breathing out.  

Scale 10D (0, 3, 5, 8, 10) 
Note: in (d), accept correct explanation for 

breathing in or breathing out. 
Low Partial Credit: 

• Work of merit in finding either 𝑎 or 𝑏 
• Work of merit in part (d), for 

example, indicates that 𝑉′ is the 
rate of change of volume of air 

Mid Partial Credit: 
• (c)  or (d) correct 
• Work of merit in both (c) and (d) 

High Partial Credit 
• One part correct and work of merit 

in other part 

(e) 
(i) 

𝑉(0 · 5) = 2 − 0 · 4 cos𝜋2 (0 · 5) = 1 · 7171 …  = 1 · 717 litres    [3 d.p.] 

Scale 5B (0, 2, 5) 
Partial Credit: 

• Some relevant substitution 
Full Credit -1 

• Calculator in incorrect mode 
• No rounding or incorrect rounding 
• No units or incorrect units 

(e) 
(ii) 𝑉ᇱ(𝑡) = −0 · 4 ቂ(− sin గଶ 𝑡) ቀగଶቁቃ  𝑉ᇱ(0 · 5) = 0 · 4 ቀ𝜋2ቁ ቂsin𝜋2 (0 · 5)ቃ = 0 · 4442..  = 0 · 444 litres/sec   [3 d.p.] 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit in finding 𝑉ᇱ(𝑡) 

High Partial Credit 
• 𝑉ᇱ(𝑡) correct 

Full Credit -1 
• Calculator in incorrect mode 
• No rounding or incorrect rounding 
• No units or incorrect units 



 

Leaving Certificate 2023 [53] Marking scheme 
Mathematics – Higher Level 

Q7 Model Solution – 50 Marks Marking Notes 
(f) Form: 𝑎 + 𝑏 cos(𝑐𝑡) 

Maximum = 3 · 6 
Minimum = 1 · 3 
Range = [3 · 6, 1 · 3] 
Mid-line = ଵଶ (3 · 6 + 1 · 3) = 2 · 45 = 𝑎 𝑏 = 12 (3 · 6 − 1 · 3) = 1 · 15 
 
Period = 2 seconds ଶగ௖  = 2 
c = 𝜋 𝐸(𝑡) = 2 · 45 − 1 · 15 cos𝜋 𝑡 

Scale 5D (0, 2, 3, 4, 5) 
Low Partial Credit: 

• Work of merit in finding any of 𝑎, 𝑏 
or 𝑐 

• Any work on graph towards finding 𝑎, 𝑏, or 𝑐 
Mid Partial Credit 

• One of 𝑎, 𝑏 or 𝑐 correct 

High Partial Credit 
• Two of 𝑎, 𝑏 or 𝑐 correct 

Full Credit -1 
• 𝐸(𝑡) = 2 · 45 + 1 · 15 cos𝜋 𝑡 

 
  



 

Leaving Certificate 2023 [54] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(a) 𝑧 = 𝑥 − 𝜇𝜎 = 3 · 5 − 3 · 870 · 36 = −1 · 03 

 𝑃(𝑥 < 3 · 5) = 𝑃(𝑧 < −1 · 03) = 1 − 𝑃(𝑧 < 1 · 03) = 1 − 0 · 8485 = 0 · 1515 

 

 

Scale 10D (0, 3, 5, 8, 10) 
1. Find 𝒛 -score 
2. Find 𝟎 · 𝟖𝟒𝟖𝟓 
3. Find solution 
 
Note: Accept 𝒛 = 𝟏.𝟎𝟑 as correct 𝒛 -score in 
Step 1, but must be handled correctly for 
Step 3 
Low Partial Credit: 

• Work of merit, for example, some 
correct substitution into relevant 
formula, relevant diagram drawn, 
indicates 𝜇 or 𝜎 

Mid Partial Credit 
• Correct 𝑧-score  or  ଷ·ହିଷ·଼଻଴·ଷ଺  

High Partial Credit 
• Finds 𝑧-score and further work, for 

example, finds 0.8485 or indicates         1 − 𝑃(𝑧 < 1 · 03)    
(b) 

(i) 
 

𝑥̅ ± 1 · 96 𝜎√𝑛 

3 · 74 − 1 · 96 ൬0 · 36√64 ൰ = 3 · 6518 

3 · 74 + 1 · 96 ൬0 · 36√64 ൰ = 3 · 8282 

C.I. :  3 · 6518 ≤ 𝜇 ≤ 3 · 8282 

Scale 10C (0, 4, 7, 10) 
Note: If √𝟔𝟒 is omitted, award Low Partial 

Credit at most 
Low Partial Credit: 

• Work of merit, for example, some 
correct substitution into relevant 
formula 

High Partial Credit 
• Confidence interval fully substituted 
• One side of interval only caculated 



 

Leaving Certificate 2023 [55] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(ii) 𝐻଴: 𝜇 = 3 · 87  𝐻ଵ: 𝜇 ≠ 3 · 87  

We reject null hypothesis. 
Galway players do take a different average 
number of attempts. 
 

Confidence Interval: 3 · 6518 ≤ 𝜇 ≤ 3 · 8282 3 · 87 is NOT within the confidence interval 
 

OR 

Test statistic:  𝑧 = ଷ·଻ସିଷ·଼଻బ·యల√లర = −2 · 89 

−2 · 89 < −1 · 96 so test statistic is in the 
critical zone of rejection 

OR 

Test statistic:  𝑧 = ଷ·଻ସିଷ·଼଻బ·యల√లర = −2 · 89 

𝑃(𝑧 ≤ −2 · 89) = 0 · 9981 𝑝-value: 2 × 𝑃(𝑧 < −2 · 89) = 2(0.0019) = 0 · 0038 0 · 0038 < 0 · 05 

Scale 5C (0, 2, 3, 5) 
Note: If 𝑯𝟎 and 𝑯𝟏 are reversed, treat as 
one error 
Note: treat solution as requiring the four 
parts laid out in answer grid 
Low Partial Credit: 

• Work of merit, for example, some 
correct calculation  

High Partial Credit: 
• Two parts correct 

 
 



 

Leaving Certificate 2023 [56] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(c) 𝑝̂ + 1 · 96ඨ𝑝̂(1 − 𝑝̂)𝑛 = 0 · 435 

0·35 + 1·96ට଴·ଷହ(ଵି଴·ଷହ)௡ = 0·435 

ඨ0 · 2275𝑛 = 0 · 435 − 0 · 351 · 96  

0 · 2275𝑛 = ൬0 · 0851 · 96 ൰ଶ 0 · 2275ቀ0 · 0851 · 96 ቁଶ = 𝑛 

𝑛 = 120.963. 𝑛 = 121 

 

Scale 10D (0, 3, 5, 8, 10) 
4 steps: 

1. 𝟏·𝟗𝟔ට𝟎·𝟑𝟓(𝟏ି𝟎·𝟑𝟓)𝒏  

2. Finds 0.085 or equivalent 
3. Sets up equation 
4. Solves 
 

Note: If margin of error is used ie.𝑬 = 𝟏√𝒏 
award Mid Partial Credit at most 
 
Low Partial Credit: 

• Some correct substitution into 
relevant formula 

Mid Partial Credit 
• 2 correct steps 

High Partial Credit 
• 3 correct steps 

Full Credit -1 
• Incorrect rounding 

 



 

Leaving Certificate 2023 [57] Marking scheme 
Mathematics – Higher Level 

Q8 Model Solution – 50 Marks Marking Notes 
(d) 
(i) 

 

(d)(i) Scale 10D (0, 3, 5, 8, 10) 
19 entries to check – note: candidates work will need to be followed from left to right as a single 

error may lead to subsequent answers differing from those shown in solution. 
Low Partial Credit: 

• At least one correct entry 

Mid Partial Credit 
• Eight correct entries 

High Partial Credit 
• 14 correct entries 

Full Credit -1 
• One incorrect entry 

PLAY 

0·25 

360 000
 0·8 

WIN 

LOSE PLAY 

PLAY 

PLAY 

PLAY 

PLAY 

PLAY 

WIN 

LOSE 

LOSE 

WIN 

0·9 

0·1 

1st June 2nd June 3rd June 

51840 

0·2 

𝟎 · 𝟐 

𝟐𝟖𝟖𝟎𝟎𝟎 𝟐𝟓𝟗𝟐𝟎𝟎 

𝟐𝟎𝟕𝟑𝟔𝟎 𝟎·𝟖 

𝟎·𝟐 

𝟎·𝟖 

𝟎·𝟗 

𝟎·𝟗 

𝟎·𝟐𝟓 

𝟎·𝟐𝟓 

𝟏𝟖𝟔𝟔𝟐4 

𝟏𝟐𝟗𝟔𝟎 

𝟕𝟐𝟎𝟎𝟎 𝟏𝟖𝟎𝟎𝟎 

𝟏𝟒𝟒𝟎0 

𝟑𝟔𝟎𝟎 𝟗𝟎𝟎 

𝟏𝟐𝟗𝟔𝟎 



 

Leaving Certificate 2023 [58] Marking scheme 
Mathematics – Higher Level 

(d) 
(ii) 

Method 1 

Total players= 186624 + 12960 + 12960 + 900 = 213444 

Lost on 1st and/or 2nd = 12960 + 12960 + 900 = 26820 

Probability = ଶ଺଼ଶ଴ଶଵଷସସସ = ଻ସହହଽଶଽ 
OR 

 

 

 
Method 2 𝑃(𝑤𝑖𝑛,𝑤𝑖𝑛) = 186624213444 

1 −𝑃(𝑤𝑖𝑛,𝑤𝑖𝑛) = 1 − ଵ଼଺଺ଶସଶଵଷସସସ 

= 26820213444 = 7455929 

 

 

Method 3 𝑃(win, play, win, play) = 0.8 × 0.9 × 0.8 × 0.9 = 324625 

𝑃(win, play, lose, play) = 0.8 × 0.9 × 0.2 × 0.25 = 9250 

𝑃(lose, play, win, play) = 0.2 × 0.25 × 0.8 × 0.9 = 9250 

𝑃(lose, play, lose, play) = 0.2 × 0.25 × 0.2 × 0.25 = 1400 

 𝑃(𝑙𝑜𝑠𝑡 𝑜𝑛 1𝑠𝑡 𝑎𝑛𝑑/𝑜𝑟 2𝑛𝑑,𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒𝑦 𝑝𝑙𝑎𝑦𝑒𝑑 3 𝑑𝑎𝑦𝑠) =  9250 + 9250 + 1400324625 + 9250 + 9250 + 1400 = 7455929 

 

 

 

 

 

Scale 5C (0, 2, 3, 5) 
Method 1 
3 steps: 
1. Finds the total number of players who 

played on all three days 
2. Finds the number of players who lost 
3. Finds probability 
Low Partial Credit: 

• Work of merit in finding total 
players or number of players who 
lost 

High Partial Credit: 
• 2 steps correct 

 
Method 2 
Low Partial Credit: 

• Work of merit, for example, finds 
the total number of players who 
played on all three days 

High Partial Credit: 

• 1 −𝑃(𝑤𝑖𝑛,𝑤𝑖𝑛) = 1 − ଵ଼଺଺ଶସଶଵଷସସସ 

 
 
Method 3 
 
Low Partial Credit 

• Work of merit, for example, 0.2 ×0.25 × 0.8 × 0.9 
 
High Partial Credit 

• ଽଶହ଴ + ଽଶହ଴ + ଵସ଴଴ or equivalent 
 
• ଷଶସ଺ଶହ + ଽଶହ଴ + ଽଶହ଴ + ଵସ଴଴ or equivalent 

 



 

Leaving Certificate 2023 [59] Marking scheme 
Mathematics – Higher Level 

 

Q9 Model Solution – 50 Marks Marking Notes 
(a) (i) 
 
 
 
 
 
 
 
 

Square:  𝑙ଶ = 140 
   𝑙 = √140 = 11.83..     𝑙 = 11.8 cm         [1 d.p.]     
 
 

Scale 5B (0, 2, 5) 
Partial Credit: 

• 𝑙ଶ = 140 
Full Credit -1 

• Incorrect rounding, or no 
rounding 

• No unit or incorrect unit 
 

 
 
 



 

Leaving Certificate 2023 [60] Marking scheme 
Mathematics – Higher Level 

Q9 Model Solution – 50 Marks Marking Notes 
(a) (ii) Hexagon:    ଵସ଴଺  area of one triangle 

 ଵଶ 𝑥ଶ sin 60 =  ଵସ଴଺  𝑥ଶ = 1403sin 60 𝑥 = ට ଵସ଴ଷୱ୧୬ ଺଴   = ටଶ଼଴ଷ√ଷ 𝑥 = 7 · 34 … = 7.3 [cm]    [1 d.p.] 
 

OR 
Hexagon: ଵସ଴଺  area of one triangle 
Let ℎ = perpendicular height of one triangle ℎଶ + ൬12 𝑥൰ଶ = 𝑥ଶ ℎଶ  = 34 𝑥ଶ ℎ = √32 𝑥 
 12 × 𝑥 × √32 𝑥 = 1406  𝑥ଶ = 2803√3 𝑥 = 7.34 … . = 7.3 [cm]     [1 d.p.] 
 

OR 
Total Area = area of two identical trapeziums 
 140 = 2 (௫ାଶ௫ଶ ) √ଷଶ 𝑥 …….. h calculated above 140 =  3√32 𝑥ଶ 𝑥ଶ = 2803√3 𝑥 = 7.34 … . = 7.3 [cm]     [1 d.p.] 
 
 
 

Scale 10C (0, 4, 7, 10) 
Accept correct answer without units 
Low Partial Credit: 

• Work of merit, for example, 
finds area of one triangle; 
finds the area of one 
trapezium, work towards 
finding perpendicular height 

High Partial Credit:  
• Equation in 𝒙 formed 

Full Credit -1 
• No rounding or incorrect 

rounding 
 
 
 
 
 



 

Leaving Certificate 2023 [61] Marking scheme 
Mathematics – Higher Level 

Q9 Model Solution – 50 Marks Marking Notes 
(b) (i) 
 
 

4ଶ = 6ଶ + 8ଶ − 2(6)(8) cos𝛼 cos𝛼 = 6ଶ + 8ଶ − 4ଶ2(6)(8)  cos𝛼 = 8496 = 78 𝛼 = cosିଵ 78  
Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Correct formula with some 
substitution 

High Partial Credit 
• cos𝛼 = ଺మା଼మିସమଶ(଺)(଼)  or equivalent 
• 16 = 100 − 96cos𝛼  
• Uses the cosine rule to find 

either ∠𝐴𝐷𝐸 or ∠𝐷𝐸𝐴 

(b) (ii) 
 cos𝛼 = ଼|஺஼| = ଻଼      so    |𝐴𝐶| = ଺ସ଻  |𝐶𝐷| = ටቀ଺ସ଻ ቁଶ − 8ଶ = ଼√ଵହ଻   

Area = 2 ቂଵଶ (8) ቀ଼√ଵହ଻ ቁቃ = ଺ସ√ଵହ଻  = 35.410… =35.41 𝑐𝑚ଶ        [2 d.p.] 

OR 𝛼 = 28 · 955° |𝐴𝐶| = 647  

Area = 2 ቂଵଶ (8) ቀ଺ସ଻ ቁ sin 28 · 96ቃ = 35 · 410.. = 35.41 𝑐𝑚ଶ        [2 d.p.], 
OR 𝛼 = 28 · 955° tan 28.955 = |𝐶𝐷|8  |𝐶𝐷| = 4.426 

Area = 2[ଵଶ  × 8 × 4.426] = 35.410 … = 35.41 𝑐𝑚ଶ          [2 d.p.] 
 
 
 
 

Scale 10D (0, 3, 5, 8, 10) 
Low Partial Credit: 

• Work of merit in finding a 
relevant side or angle 

Mid Partial Credit: 
• Correctly finds relevant sides 

and/or angles to allow for area 
to be found, for example, |𝐶𝐷|, or 𝛼 and |𝐴𝐶|  

High Partial Credit 
• Correctly filled formula for 

area of triangle ACD 
 

Full Credit -1 
• No rounding or incorrect 

rounding 
• No unit or incorrect unit 



 

Leaving Certificate 2023 [62] Marking scheme 
Mathematics – Higher Level 

Q9 Model Solution – 50 Marks Marking Notes 
(c) (i) Verifies point, for example: 𝑄 = (cos 135° , sin 135°)     [unit circle] = ቀ− ଵ√ଶ , ଵ√ଶቁ  

OR 
Let co-ordinates of Q = (𝑥,𝑦)   cos 45° = ௫ଵ = ଵ√ଶ   ⟹ 𝑥 = − ଵ√ଶ  [2nd quadrant] sin 45° = ௬ଵ   ⟹ 𝑦 = ଵ√ଶ   
 

OR 
 
Shows that |∠𝑄𝑂𝑃| = 45°  and  that distance 

from 𝑄 to (0, 0) is 1, or that 𝑄 lies on 𝑐 
 

OR 𝑥ଶ + 𝑦ଶ = 1 𝑦 = −𝑥 ∴ 𝑥ଶ + 𝑥ଶ = 1 2𝑥ଶ = 1 
 𝑥 = ± 1√2 

 
But x in 2nd quadrant. ∴ 𝑥 = ିଵ√ଶ, and 𝑦 = ଵ√ଶ,  
 
 
 
 
 

Scale 5B (0, 2, 5) 
Note: Check drawing for relevant 
work of merit 
Partial Credit: 

• Work of merit in finding x or y 
ordinate 
 



 

Leaving Certificate 2023 [63] Marking scheme 
Mathematics – Higher Level 

(c) (ii) Method 1 𝑃 = (−1, 0) Tangent at 𝑃:  𝑥 = −1 𝑄 = ቀ− ଵ√ଶ , ଵ√ଶቁ Slope of tangent at 𝑄 = 1 

Tangent at 𝑄:  𝑦 − ଵ√ଶ = 1(𝑥 − − ଵ√ଶ) 𝑦 = 𝑥 + √2 

At 𝑥 = −1:   𝑦 = −1 + √2 

Centre = (−1,−1 + √2)  Radius = −1 + √2 

OR 
 

Method 2 

 

 𝑟 = tan 22 · 5° 

tan 45° = 2 tan 22 · 5°1 − tanଶ 22 · 5° 

1 = 2𝑟1 − 𝑟ଶ 𝑟ଶ + 2𝑟 − 1 = 0 𝑟 = −2 ± ඥ2ଶ − 4(1)(−1)2(1)  𝑟 = −1 + √2 

Centre = (−1,−1 + √2)  Radius = −1 + √2 

 

OR 
Method 3   

Let (−1,𝑘) be centre of 𝑠 (−1, 0) to (−1,𝑘) = ቀ− ଵ√ଶ , ଵ√ଶቁ to (−1, 𝑘) 

𝑘 = ඨ൬−1 − (− 1√2)൰ଶ + ൬𝑘 − ( 1√2)൰ଶ 

𝑘 = ඨ3 − 2√22 + 2𝑘ଶ − 2√2𝑘 + 12  2𝑘ଶ = 4 − 2√2 − 2√2𝑘 + 2𝑘ଶ 2√2𝑘 = 4 − 2√2 𝑘 = 4 − 2√22√2 = −1 + √2 

Centre = (−1,−1 + √2)  Radius = −1 + √2 

Scale 10C (0, 4, 7, 10)  
Consider the solution as having three 
steps: 
 
1. Finds that the 𝒙 co-ordinate of the 
centre = −𝟏 
2. Indicates that the 𝒚 co-ordinate of 
the centre = 𝒓, the radius of circle 𝒔 
3. Finds 𝒓 
 
Low Partial Credit: 

• Work of merit, for example, 
any relevant work on the 
diagram 

High Partial Credit 
• Two steps correct 

  
 
 
 

 
 

 

1 

𝑟 22 · 5° 𝑃 



 

Leaving Certificate 2023 [64] Marking scheme 
Mathematics – Higher Level 

 

Q10 Model Solution – 50 Marks Marking Notes 
(a)(i) 
 

௫ଵଶ = ௫ାଵ଴ଵହ  … or equivalent  15𝑥 = 12𝑥 + 120 3𝑥 = 120 

 𝑥 = 40 [cm] 

OR ସ଴ଵଶ = ହ଴ଵହ … or equivalent 600 = 600 

Scale 10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit in establishing 
equation 

High Partial Credit: 
• Correct equation set up 
• ସ଴ଵଶ = ହ଴ଵହ   or equivalent 

 

(a)(ii) Large cone: 𝑅 = 15, 𝐿 = 50 

Small cone: 𝑟 = 12,  𝑙 = 40 

Surface area = 𝜋𝑅𝐿 − 𝜋𝑟𝑙 + 𝜋𝑟ଶ = 𝜋(15)(50) − 𝜋(12)(40) + 𝜋(12)ଶ = 750𝜋 − 480𝜋 + 144𝜋 = 414𝜋 1300 · 61. . = 1300.6 cm2      [1d.p.] 

 

 

Scale 15D (0, 4, 8, 12, 15) 
Note: Candidate may use 𝝅(𝒓 + 𝑹)𝒍, 
where 𝒍 = 𝟏𝟎 to find the curved surface 
area 
Low Partial Credit: 

• Some correct substitution into 𝜋𝑅𝐿 or  𝜋𝑟𝑙 or  𝜋𝑟ଶ 
• 𝜋𝑅𝐿 − 𝜋𝑟𝑙 + 𝜋𝑟ଶ 
• 𝜋𝑅𝐿 − 𝜋𝑟𝑙 

Mid Partial Credit 
• One of 𝜋𝑅𝐿 or  𝜋𝑟𝑙 or  𝜋𝑟ଶ fully 

substituted and calculated 
• Fully correct substitution in to 𝜋𝑅𝐿 − 𝜋𝑟𝑙 
• 𝜋𝑅𝐿 − 𝜋𝑟𝑙 + 𝜋𝑟ଶ with some 

substitution 

High Partial Credit 
• 𝜋𝑅𝐿 − 𝜋𝑟𝑙 + 𝜋𝑟ଶ fully substituted 
• 𝜋𝑅𝐿 − 𝜋𝑟𝑙 calculated 

Full Credit -1 
• No rounding or incorrect rounding 
• No unit or incorrect unit 

 



 

Leaving Certificate 2023 [65] Marking scheme 
Mathematics – Higher Level 

Q10 Model Solution – 50 Marks Marking Notes 
(a)(iii) Angle:  ఏଷ଺଴ 2𝜋(40) = 2𝜋(12) 

 𝜃 = 108° 

 
 
 
 
 

 

Scale 5D (0, 2, 3, 4, 5) 
Three measurements required: angle 

subtended at the centre and 2 relevant 
lengths of line segments 

Low Partial Credit: 
• Net of a cone drawn 
• Work of merit in calculating angle. 
• Correct structure but no 

measurements or incorrect 
measurements given 

Mid Partial Credit 
• Correct structure with one correct 

measurement given 
• Angle correctly calculated 

High Partial Credit 
• Correct structure with one 

incorrect measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Leaving Certificate 2023 [66] Marking scheme 
Mathematics – Higher Level 

(b)(i)  9 × 8 × 7 × 6 = 3024 

OR 9𝐶ସ × 4! = 3024 

Scale 5B (0, 2, 5) 
Note: Accept correct answer without work 
Partial Credit: 

• Work of merit, for example, lists 
some correct code 

Full Credit-1 
• 9 × 9 × 9 × 9 evaluated 
• 10 × 9 × 8 × 7 evaluated 

(b)(ii)  4(1 × 8 × 7 × 6) = 1344 

OR 
No 2:   8 × 7 × 6 × 5 = 1680 3024 − 1680 = 1344 
 

OR 
 

Of the 3024 codes: ଵଽ of them begin with a 

‘2’, ଵଽ of them have a ‘2’ in the 2nd 
position…  
Therefore, number of codes that contain 
the digit 2 = 19 × 3024 × 4 
 

Scale 5C (0, 2, 3, 5) 
Note: Accept correct answer without work  
Low Partial Credit: 

• Work of merit, for example, lists 
some correct codes, brings answer 
from b(i) down to b(ii) 

High Partial Credit: 
• 1 × 8 × 7 × 6 or ଵଽ × 3024 
• 1680  

(b) 
(iii)  

1 + 2 + 3 = 6 1 + 2 + 4 = 7 1 + 2 + 5 = 8 1 + 2 + 6 = 9 

 1 + 3 + 4 = 8 

 1 + 3 + 5 = 9 2 + 3 + 4 = 9 

7 possible combinations with 6 possible 

arrangements of each 

So 7 × 6 𝑜𝑟 7 × 3! = 42 

Scale10C (0, 4, 7, 10) 
Low Partial Credit: 

• Work of merit in listing some codes 

High Partial Credit: 
• All 7 combinations listed 
• One correct combination and 

mentions 3! or 6 possible 
arrangements 
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