1MA0 Practice papers: Algebraic proof mark scheme – Version 1.0 

	

	Question
	Working
	Mark
	Notes

	1.
	
	Odd × even = answer
	2
	M1 any example of odd number × even number

A1 odd × even with a correct result that is even identified as final answer


	2.
	
	
	2
	M1 for a counter example showing intent to add 2 and another prime number; ignore incorrect examples

A1 for a correctly evaluated counter example with no examples given that involve either non-primes or incorrect evaluation 

Alternative method

B2 for fully correct explanation ‘2 is a prime number, odd + even (or 2) = odd’ (or equivalent) with no accompanying incorrect statements or examples

(B1 for ‘2 is a prime number’ or recognition that not all prime numbers are odd or odd + even (or 2) = odd; ignore incorrect examples or statements)



	3.
	(a)
	
	1
	B1 ‘even numbers go up in twos’ or ‘even numbers are 2 apart’ (or equivalent) 



	
	(b)
	
	1
	B1 2n + 4  (or equivalent)


	
	(c)
	2n + 2n + 2 + 2n + 4 = 6n + 6 =  6(n +1)
	3
	M1 for 2n (+) 2n + 2 (+) ‘2n + 4’ or any 3 consecutive even numbers written as expressions; any variable may be used
A1 for “6n + 6”

A1 for “6(n+1)” or stating there is a factor of 6 (or equivalent)

	4.

	
	n + (n + 1) + (n + 2) + (n + 3) = 4n + 6
(n + 3)(n + 2) – (n + 1)n = n² + 5n + 6 – n² – n 
 = 4n + 6
	4
	M1 for adding n + (n + 1) + (n + 2) + (n + 3) 

M1 for writing (n + 3)(n + 2) – (n + 1)n 

M1 for 4 correct terms from n² + 5n + 6 – n2 – n ignoring signs

A1 for establishing equality between LHS and RHS



	5.
	
	always even so 2(n2 + n) is always odd 
	
	M1 for recognizing 2n2 is always even 

A1ft complete proof for their quadratic 

Alternative method 

M1 for recognizing that if n2  is odd then (n + 1)2 is even or vice versa 

A1 for complete proof 


	6.
	
	a and n – a are integers

2 ( n ( (n – a) is even
	
	M1 for identifying an or a2 as an integer, or for the difference of two even numbers is an even number

A1 correct proof



	*7.
	
	
	4
	M1 expands (n – 1)2 with at least three out of four terms correct or  n2 – n – n + 1 or n2 – 2n + 1

M1 n2 – 1 + n2 – n – n + 1 or  2n2 – 2n
A1 2 (n2 – n) or 2n (n – 1)

C1 (dep on M1) for conclusion 

2 × ‘(n2 – n)’ or 2 × n × ‘(n – 1)’ is always even

OR

M1 factorises n2 – 1 correctly (n – 1) (n + 1)

M1  (n – 1)(n + 1 + n – 1) 

A1   2n(n – 1)

C1 (dep on M1) for conclusion 
2 × ‘(n2 – n)’ or 2 × n × ‘(n – 1)’ is always even



	*8.

	
	
	4
	M1 for correct expressions for 2 consecutive even numbers 

e.g. 2n,  2n + 2 

M1 (dep) for correctly expanding an expression of the form 

(2n ± a)2 where a is an even number (a ≠ 0),
e.g. (2n+2)2 = 4n2 + 8n + 4

M1 (dep) for a fully correct simplified and factorised expression, e.g. 4(2n + 1)

C1 (dep) for final explanation with statement

that 2n + 1 (or 2n – 1)is odd 



	9.

	
	n2 + (n + 1)2  =  n2 + n2 + 2n + 1 =  2n2 + 2n + 1

=  even + even + odd  =  odd

or  

n2 + (n + 1)2  =  n2 + n2 + 2n + 1

=  2n2 + 2n + 1  = 2(n2 + n) + 1

=  even  + odd  =  odd


	3
	M1  for    n2 + (n + 1)2    or    (n – 1)2+ n2  (or equivalent)
M1  for correctly expanding   (n + 1)2  or (n – 1)2
C1   for simplifying correctly and for final explanation  and states n is an integer,
e.g. 2(n2 + n) is even and 1 is odd  and even + odd is odd



	10.
	
	(2p ± 1)² + (2n ± 1)²
4p² ± 4p + 1 + 4n² ± 4n + 1

4(p² ± p + n² ± n) + 2

Formal proof of 

odd × odd = odd

(2p ± 1)(2n ± 1) = 4pn ± 2p ± 2n + 1

= 2(2pn ± p ± n) + 1

Formal proof of 

odd + odd = even 
(2p ± 1) + (2n ± 1) = 2p +  2n ± 2 (or 0)

= 2(p + n ± 2(0))
	4
	M1 for one number written in the form 2p ± 1, 2p ± 3, 

2p ± 5, etc.

M1 (dep) for squaring both numbers to obtain two expressions of the form 4p² ± 4p + 1 (or equivalent)
A1 for a correct, simplified, expression in the form 

4(p² ± p + n² ± n) + 2 or 2(2p² ± 2p + 2n² ± 2n + 1), where n and p are positive integers
C1 (dep on at least M1 scored) for explaining that their expression 4(p² ± p + n² ± n) + 2 has to be even because it has a common factor of 2 (or equivalent)
OR
M1 for odd²  = odd × odd = odd

M1 for odd + odd = even

A1 for a formal proof that 

odd × odd = odd and odd + odd = even

C1 for odd 2+ odd 2 = odd + odd  = even 

Special case: 
B1 For an example showing that the sum of the squares of two different odd numbers equates to an even number



	11.
	
	
	3
	M1 for correct expansion of 
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M1 for correct expansion of complete expression,

eg 
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A1 for 12n and conclusion

OR

M1 for 
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M1 for 
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A1 for conclusion



	12.
	
	
	3
	M1 for 49n2 + 21n + 21n + 9 
or 49n2 – 21n – 21n + 9 (or equivalent) 
or [(7n+3) – (7n–3)][(7n+3) + (7n–3)] (or equivalent) 

A1 for 84n (or equivalent) from a correct expansion of both brackets 

C1 (dep on M1) for correct statement of proof, 
e.g. (84 =) 12 × 7 or or (or equivalent) 


	*13.
	
	(2n + 1)(2m + 1)

= 4nm + 2n + 2m + 1

= 2(2nm + n + m) + 1
	3
	M1    for 2n + 1 (or equivalent) used to describe an odd number

A1    for product =  4nm + 2n + 2m + 1   where n is not the same as m
C1 (dep on M1)   for stating that 2 × ‘(2nm + n + m)’ is even since it is a multiple of 2 so adding 1 gives an odd number



	14.
	
	
	3
	M1 For expressing a general pair of two odd numbers algebraically 

e.g. 2n + 1, 2m + 1 or 2n – 1, 2m – 1 or 2n – 1, 2m + 1 

or 

For expressing a pair of  two consecutive or identical odd numbers algebraically 

e.g. 2m + 1, 2m + 3 or 2n – 1, 2n + 1 or 2n + 1, 2n + 1

M1 (dep) for showing addition of 2 algebraic expressions which are a general pair of 2 odd numbers, not a consecutive pair, e.g. 2n + 1 + 2m + 1

A1 Simplified expression for sum eg 2n + 2m + 2 and correct reasoning that it is divisible by 2,
e.g. 2n + 2m + 2 is divisible by 2  or 2 is a factor of 2n + 2m + 2 

or 2(n + m + 1)

Special case: B1 for using 2 different variables (e.g. m and n) which are defined as even and then used to form expressions for 2 general odd numbers, e.g. n + 1 and m + 1


	*15.
	
	(4n² + 2n + 2n + 1)  − (2n + 1)

= 4n² + 4n + 1 − 2n − 1

= 4n² + 2n

= 2n(2n + 1)


	3
	M1 for 3 out of 4 terms correct in the expansion of (2n + 1)² 

or (2n + 1)
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A1 for 4n² + 2n or equivalent expression in factorised form

C1 for convincing statement using 2n(2n + 1) or 2(2n² + n) or 4n² + 2n to prove the result



	*16.
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	5
	M1 for expressions for 2 consecutive even numbers, 
e.g. 2n, 2 n +2

M1 for 
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M1 for 
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A1 for 4n2 + 4n + 1 or for 4n2 + 4n + 2 (or equivalent)
C1 for 4n2 + 4n + 1 ((or equivalent)) and 4n2 + 4n + 2 ((or equivalent)) and correct conclusion from correct working

or

M1 for realisation that b − a = 2 (or a − b = −2)

M1 for correct method to expand 
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M1 for 
[image: image19.wmf]2

2

2

b

a

+

 – 
[image: image20.wmf]4

2

2

2

b

ab

a

+

-


A1 for 
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C1 for 
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	17.
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	3
	M1 for 
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A1 for 12n from correct expansion of both brackets

A1 for 12n is a multiple of 4 or 12n = 3 × 4n 
or 

12n = 4 × 3n or 
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NB: Trials using different values for n score no marks.



	*18.
	
	(2n – 1)2 + (2n + 1)2

4n2 – 4n + 1 + 4n2 + 4n + 1

8n2 + 2

OR
(2n + 1)2 + (2n + 3)2

4n2 + 4n + 1 + 4n2 + 12n + 9

8n2 + 16n + 10

8(n2 + 2n) + 10


	4
	B1 for an odd number expressed algebraically, 2n + 1

M1 for expanding and adding the squares of two consecutive odd numbers at least one expansion correct, 
e.g. 4n2 – 4n + 1 or  4n2 + 4n + 1

A1 for correct simplification, e.g. 8n2 + 2

C1 (dep on M) for correct reasoning for expression not being 

a multiple of 8



	19.
	
	4n2 + 12n + 32 – (4n2 – 12n + 32)

= 4n2 + 12n + 9 – 4n2 + 12n – 9

= 24n = 8 × 3n
	3
	M1 for 3 out of 4 terms correct in expansion of either (2n + 3)2 or (2n – 3)2 

or  ((2n + 3) – (2n – 3))((2n + 3) + (2n – 3))

A1 for 24n from correct expansion of both brackets

A1 (dep on A1) for 24n is a multiple of 8 or 24n = 8 × 3n  or 24n ÷ 8 = 3n 


	20.
	
	Let n be any integer 
Then pair of consecutive integers are n and n + 1 

Their sum = 2n + 1 

Since n is an integer 2n is even  so 2n + 1 is odd 
	3
	M1 Sight n and n + 1 or n – 1 and n 
M1 sight of 2n + 1 (or equivalent) 

A1 explanation of 2n + 1,

e.g. ‘it’s odd’ ‘it’s one more than an even number’ (n must have been defined as an integer to earn the A1)


	21.
	(a)
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OR 
Pick any non-zero value of a and show that 
LHS ≠ RHS

OR
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Solves  
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EMBED Equation.DSMT4[image: image32.wmf]2
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 to get a = 0 and indicates a contradiction (correctly shown)
	2
	M1 for
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 or a2 + a + a + 1 (expansion must be correct but may not be simplified)

A1 for statement that a2 + 2a + 1 
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  (e.g.. they are different)            

OR
M1 for correct substitution of any integer into both expressions e.g. (2 + 1)2  and 22 + 1

A1 for correct evaluation of both expressions and statement that they are not equal (eg. they are different)

OR

M1 
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 or a2 + a + a + 1 

A1 Solves  
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	(b)
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	3
	M1 use of Pythagoras in either triangle:

one of a2 + b2 = c2 or (a + 1)2 + ( b+ 1)2 = (c + 1)2
A1 
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	(c)
	LHS is odd, RHS is even


	1
	B1 
e.g.. LHS is odd, RHS is even or one side is odd and the other side is even (or equivalent)



	22.
	
	
	4
	M1 for any two consecutive integers expressed algebraically, 

e.g.  n and n +1

M1(dep on M1) for the difference between the squares of ‘two consecutive  integers’ expressed algebraically, 
e.g.  (n + 1)2 –  n2  

A1 for correct expansion and simplification of difference of squares, 
e.g. 2n + 1

C1 (dep on M2 A1) for showing statement is correct, 

e.g. n + n + 1 = 2n + 1 and  (n + 1)2 – n2 = 2n + 1 from correct supporting algebra



National performance data from Results Plus

	
	Source of questions:
	
	Mean score of students achieving grade:

	 Qn
	Spec
	Paper
	Session
	Qn
	Topic
	Mean score
	Max score
	Mean %  all
	ALL
	A*
	A
	B
	C
	D
	E

	1
	1380
	1F
	1006
	Q14
	Algebraic proof
	1.57
	2
	79
	1.57
	
	
	
	1.89
	1.80
	1.62

	2
	1380
	2H
	906
	Q11
	Algebraic proof
	1.11
	2
	56
	1.11
	1.78
	1.46
	1.11
	0.76
	0.42
	0.19

	3
	2540
	2H
	811
	Q20
	Algebraic proof
	1.35
	5
	27
	1.35
	3.65
	2.17
	1.39
	1.00
	0.76
	0.60

	4
	1387
	5H
	711
	Q18
	Algebraic proof
	0.88
	4
	22
	0.88
	2.94
	0.97
	0.21
	0.04
	
	

	5
	1387
	5H
	706
	Q24ii
	Algebraic proof
	
	2
	
	
	No data available

	6
	1387
	5H
	606
	Q23bii
	Algebraic proof
	
	2
	
	
	No data available

	7
	5MM1
	1H
	1306
	Q23
	Algebraic proof
	0.79
	4
	20
	0.79
	3.00
	1.30
	0.36
	0.04
	0.00
	0.00

	8
	5MM1
	1H
	1506
	Q22
	Algebraic proof
	0.78
	4
	20
	0.78
	2.69
	1.14
	0.21
	0.02
	0.00
	0.15

	9
	5MM1
	1H
	1206
	Q24
	Algebraic proof
	0.53
	3
	18
	0.53
	2.09
	0.96
	0.20
	0.03
	0.00
	0.00

	10
	5MM1
	1H
	1106
	Q17
	Algebraic proof
	0.67
	4
	17
	0.67
	2.24
	1.06
	0.80
	0.40
	0.34
	0.00

	11
	1MA0
	2H
	1506
	Q20
	Algebraic proof
	0.50
	3
	17
	0.50
	2.28
	1.23
	0.40
	0.12
	0.04
	0.01

	12
	5MM2
	2H
	1311
	Q24
	Algebraic proof
	0.49
	3
	16
	0.49
	2.44
	0.97
	0.23
	0.02
	0.01
	0.00

	13
	5MM2
	2H
	1306
	Q23
	Algebraic proof
	0.44
	3
	15
	0.44
	1.67
	0.64
	0.23
	0.04
	0.01
	0.00

	14
	5MM1
	1H
	1111
	Q20
	Algebraic proof
	0.39
	3
	13
	0.39
	0.25
	0.47
	0.32
	0.04
	0.00
	0.00

	15
	1MA0
	2H
	1406
	Q21b
	Algebraic proof
	0.38
	3
	13
	0.38
	1.88
	0.95
	0.29
	0.07
	0.02
	0.00

	16
	5MM1
	1H
	1311
	Q23
	Algebraic proof
	0.55
	5
	11
	0.55
	2.86
	1.35
	0.28
	0.01
	0.01
	0.00

	17
	1380
	2H
	906
	Q22
	Algebraic proof
	0.31
	3
	10
	0.31
	1.83
	0.47
	0.08
	0.02
	0.01
	0.00

	18
	5MM1
	1H
	1211
	Q26
	Algebraic proof
	0.41
	4
	10
	0.41
	2.25
	0.83
	0.13
	0.04
	0.00
	0.00

	19
	1MA0
	2H
	1206
	Q21
	Algebraic proof
	0.29
	3
	10
	0.29
	1.78
	0.49
	0.14
	0.04
	0.02
	0.00

	20
	1380
	1H
	911
	Q25
	Algebraic proof
	0.28
	3
	9
	0.28
	1.72
	0.66
	0.16
	0.02
	0.00
	0.00

	21
	1380
	1H
	1203
	Q24
	Algebraic proof
	0.54
	6
	9
	0.54
	2.55
	1.27
	0.56
	0.16
	0.03
	0.02

	22
	1MA0
	1H
	1303
	Q21
	Algebraic proof
	0.11
	4
	3
	0.11
	2.09
	0.38
	0.03
	0.00
	0.00
	0.00
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Suggested Grade Boundaries A* – E
	A*
	A
	B
	C
	D
	E

	40
	25
	20
	15
	10
	5
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