ACHIEVE ACADEMY

GCSE Maths — Higher Tier

Algebraic Proof - Practice Booklet

Developing ® Secure ® GreaterDepth

Answer every question in the working space provided. Method marks are available for correct working even if the final
answer is wrong. Check the time allowed with your tutor before you start.

Algebraic Proof

Total marks available: 130



® Algebraic Proof

v/ True (proven algebraically). Q1 - o Developing - 4 marks

METHOD
£ mis even, mis a factor of 2, so m(m + 1) is even.
£ m is odd, then since 1is odd, m + 1 is even, so m(m + 1) is even.

Either way, mm + 49 is a\wags even,

v/ True (proven algebraically). Q2 - o Developing - 4 marks

METHOD

Cat + w? - cab®

= 4t” + 46t + 16 - 4t

=16t + 16

= UCut + )

This is Ux an in‘reﬁer, so the difference is a\waas a multiple of .

v/ True (proven algebraically). Q3 -  Developing - 4 marks

METHOD

W nis even, nis a factor of 2, so nln + 1) is even.

£ nis odd, then since 1is odd, n + 1 is even, so n(n + 1) is even.
Either way, n(n + s a\wags even.

v/ True (proven algebraically). Q4 - o Developing - 4 marks

METHOD

(2p + &) - (2p)"

= (4(3:2 +32p + 64 - (4(32

=32p + 64

= U(8p + 16)

Thigis 4 x an integer, so the difference is a\wa\js a multile of u.
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v/ True (proven algebraically). Q5 - ¢ Developing - 4 marks

METHOD
W mis even, mis a factor of 2, so m(m + 3) is even.
£ mis odd, then since 3 is odd, m + 3 is even, so m(m + 3) is even,

Either way, mm + 3 is alwa\js even,

v/ True (proven algebraically). Q6 - « Developing - 4 marks

METHOD

(2p + 10)” = (2p)”

= (4(02 + Yop + 400 ~ ‘4(32

= Yop + 400

= ‘4(’10(:3 +25)

This is Ux an in+e3er, so the difference is a\wags a multile of u.

v/ True (proven algebraically). Q7 - e Developing - 4 marks

METHOD

\£ tis even, tis a factor of 2, so #(t + 3) is even.
\£ tis odd, then since 3 is 0dd, t + 3 is even, so t(t + 3) is even.
Either way, 1t + 3 is a\waﬂs even.

v/ True (proven algebraically). Q8 - o Developing - 4 marks

METHOD
2 2
(2t +10)” - Cab)
= 4t” + Lot + Joo - Ut”
= Yot + 100
= Y( ot + 25)
Thisis U x an in‘reaer, so the difference is e\waxjs a multiple of 4
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v/ True (proven algebraically). Q9 - ¢ Developing - 4 marks

METHOD

\f o is even, p is @ factor of 2, so p(p + 3) is even.

I p is odd, then since 3 is odd, p + 3 is even, so plp + 3) is even.
Either way, plp + s a\wags even,

v/ True (proven algebraically). Q10 - o Developing - 4 marks

METHOD

If pis even, p is @ factor of 2, so p(e + 5) is even.

\ o is 0dd, then since 5is odd, p + 5 is even, so p(p + 5) is even.
Either way, plp + S)is alwags even.

v/ True (proven algebraically). Q11 - e Secure - 4 marks

METHOD

Let the two consecutive odd numbers be an + 1 and an + 3,
Can + DCan +3) +1

=un? +gn+ 3+

=un?+gn+ Yy

=un+an+ 4

This is 4 x an in‘reaer, soitis alwags a multiple of .

v/ True (proven algebraically). Q12 - e Secure - 4 marks

METHOD

Ct+ W - ct-w

= (7 + 8t + 46) - (17 - 8t + 46)

= f6t

This is 16 x an integer, so it is e\wa\js a multiple of 16.
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v/ True (proven algebraically). Q13 - e Secure - 4 marks

METHOD

(t+6) - (t-6)°

= (7 + 42t + 36) - (17 - 42t + 36)

= aut

This is 24 x an integer, so it is a\wags a multiple of au.

v/ True (proven algebraically). Q14 - e Secure - 4 marks

METHOD

(e +3)7 = (- 3)°

= (7 +6m + 9 - (m” - 6m + 9

=12m

This is 12 x an integer, so it is alwaﬁs a multiple of 12,

v/ True (proven algebraically). Q15 - e Secure - 4 marks

METHOD

e+ 6 -(p-6"

=Cp” + 120 +36) - (" — 120 + 36)

=24p

This is 24 x an irﬁeger, soitis a\wags a multiple of au.

v/ True (proven algebraically). Q16 - e Secure - 4 marks

METHOD
(rn+ 27 = Cm - 2)°

= (™ + U+ W - (M = U + Y)
=8m

Thisis 8 x an in’reﬁer, soitis alweas a multile of &.
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v/ True (proven algebraically). Q17 - e Secure - 4 marks

METHOD

(n+67 -Cn-6°

=(n” + 420 +36) - (n” - 420 + 36)

= 2Un

This is 24 x an integer, so it is a\wags a multiple of au.

v/ True (proven algebraically). Q18 - e Secure - 4 marks

METHOD

(n+3)7-(n-37

=0’ +6n+D-(n"-6n+9

=1an

This is 12 x an integer, so it is alwaﬁs a multiple of 12,

v/ True (proven algebraically). Q19 - e Secure - 4 marks

METHOD

Co+w - Cp-w

= (" + 8o +16) - (o~ — %o + 16)

= 160

This is 16 x an in#eﬁer, soitis a\wags a multiple of 16.

v/ True (proven algebraically). Q20 - e Secure - 4 marks

METHOD

t+p -Ct-»"

= O+ qut + 4D - (7 - 4ut + @)

= 28t

This is 28 x an in‘reger, soitis alwags a mulfile of 28.
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v 2/(p(p +2)) Q21 - e Greater Depth - 5 marks

METHOD

’f/@ - '1/((3 +2)

=(p+ Q)/CPCP +2) - P/CPCP +2))
=((p +Q)—p)/((o((a+2))

= Q/CPCP +2))

v/ True (proven algebraically). Q22 - e Greater Depth - 5 marks

METHOD

The 3 consecutive even numbers are at, 2t + 2, .., 2t + 4,
Sum =2t + (2t +2) + (2t + W)

=6t+6

=6(t+1

Thisis 6 x an in’reaer, so the sum is a\wags a multiple of 6.

\/7/(t(t +7/)) Q23 - e Greater Depth - 5 marks

METHOD

At = 4/Ct+ 3)

= (t+ B/CHCE + 1) - H/CHCE + 1)
=(Ct+PH-D/HCt+ )
=3/t + )

v/ True (proven algebraically). Q24 - e Greater Depth - 5 marks

METHOD

The 3 consecutive even numbers are 2n, 2n + 2, ., 20 + U,
Sum =20+ (2n +2) + (2n + W)

=6n+6

=6(n+ 1)

Thisis 6 x an integer, so the sumis a\wa\js a multiple of 6.
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Vv 6/(M(Mm + 6)) Q25 - e Greater Depth - 5 marks

METHOD

1/ra = 4/Crer + 6)

=(r + 6)/(ralm + 6)) = m/Cralm + 6))
=((m+6)-m)/(m(m + 6)

=6/ (r(m + 6)

\/6/(p(p + 6)) Q26 - e Greater Depth - 5 marks

METHOD

1o — (e + 6)

=(p + 6)/(plp +6) - p/(ple + 6))
=((p*6)- P)/CP(P +6))

= 6/(@((3 + 6))

\/8/(p(p + 8)) Q27 - e Greater Depth - 5 marks

METHOD

4/@ - 4/C(a +8)

=(p+ 8)/(@((3 +8) - P/C(O((: +8)
=((p+?®)- P)/CPCP +8))

=8/ (plp +8)

v/ True (proven algebraically). Q28 - e Greater Depth - 5 marks

METHOD

The # consecutive even numbers are an, 2n + 2, w, AN + 12,
Sum=2n+(2n+2D +(2n + W + (2n + 6) + (2n + 8) + (2n + 10) + (2n + 12)
=44n + U2

=44 +3)

This is 14 x an inJreSer, so the sumis alwags a multiple of 44
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v 5/(t(t +5)) Q29 - e Greater Depth - 5 marks

METHOD

At =4+ 5)

= (t + S)/CHCt + 5) - t/CCt + 5)
=(C(t+ 5 -H/ ¢+ 5)
=5/t + 5

v/ True (proven algebraically). Q30 - e Greater Depth - 5 marks

METHOD

The 5 consecutive even numbers are 2p, 2p + 2, ) 20 + 8.
Sum=QP+(QP+Q)+CQP+(O+CQP+6)+CQP+8)

= fop + 20

= 40((3 +2)

This is 40 x an ir\’reﬁer, so the sumis alwa\js a multiple of 1o.
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