AS and A level Further Mathematics Practice Paper — Series — Mark scheme

Question Scheme Marks
1 n n n n
D34t —4r+1)=12> 12> r+> 3
r=1 r=1 r=1 r=1 Ml
= %n(n+1)(2n+1)—%n(n+l), +3n Al, Bl
=n[2(n+1)(2n+1)—6(n+1)+3] M1
=n[4n’ —1|=n2n+1)(2n-1) Alcso
(5 marks)
2(a 3n 3n
@ drt= é3n(3n+l)(6n+1) or s’ :%n(3n+1)(6n+1) (0e) Bl
r=1 r=1
1)
2(b 2n
®) See » 1’ = %n(zn +1)(4n+1) or equivalent Bl
r=1
3n 2n
Attempttouse S 2 — 32 = L03@n+1)6n+1)-22n + 1) (dn+1 M1
Zl: Zl: 6{ (Bn+1)( )—2( ) )}
:g{(54n2+27n+3)—(16n2+12n+2)} dM1
= %{(38n2+15n+1)} Al
(a=38,b=15,c=1)
“4)

(5 marks)
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Question Scheme Marks
3(a) n
D (r+1)(r+4)
r=1
_ n 2
= ;r +5r+4 .
=2(n+D)2n+1)+55(n+1)+4n M1 Al
=2{(n+1)2n+1)+15(n+1)+24} dM1
=2{(2n° +3n+1)+15n+15+24}
=2(2n" +18n+40) or =2(n’+9n+20)
n .
= g(n +4)(n+5) ** given answer** KT
3)
3 b 2n 2
(b) 21 (r+1)(r +4) =§(2n+4)(2n+5)—g(n+4)(n+5) .
=§{8n2+36n+40—n2—9n—20} dM1
n 2 n
= 3 {Tn" +27n+20} = g(n +1)(7n+20)
Al
ora=17,b=20
3)
(8 marks)
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Question Scheme Marks
4(a) .
Z(r3 + 6r — 3)
r=1
= Zn (n+1)" + 6.5n(n+1)—3n M1AI1B1
= l112(11 +1)7 + 3n°
‘1‘ dm1
= —n'((n+1)° + 12
4n ((n ) )
= inz (n2 +2n + 13) (AG) Al *
(©)
4(b 30
®) S, = > (r+6r-3)=5, -5,
r=16
= 1(30)°(30” +2(30) +13) — 1(15)’(15* +2(15) +13) Ml
4 4
= 203850 Al cao
(¢))
(7 marks)
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Question Scheme Marks
3(a) .
D r(r+1)(r+5)
r=1
. Multiplying out brackets
= > +6r’ +5r and an attempt to use at Ml
r=t least one of the standard
=L + 6 lnmn@n+ 1) + 5 2nm ) formulae correctly.
4 6 2 Correct expression. Al
= Zn (n+1) + n(n+1D2n+1) + En(n+1)
1 Factorising out at least
= n(n+D(n(n + 1) + 420+ 1) +10) nn+n | M1
= ln(n+1)(n2 +n+8n+4+10)
4
_ ln(n +1)(n2 Con 14) Correct 3 term quadratic Al
4 factor
_ ln (n+1)(n+2)(n+7)* Correct proof. No errors Al
4 seen.
(©)
5(b) 50
S = Z r(r+1)(r+5)
r=20
=85 =Sy
= 1 (50)(51)(52)(57) — 7 (19)(20)(21)(26) Use of s, - S, Ml
= 1889550 — 51870
= 1837680 1837680 Al
Correct answer only 2/2
2
(7 marks)
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Question Scheme Marks
6(2) r<r2 —3) =r -3r Bl
Zn:r(rz —3) = il"3 —SZn:r
r=1 r=1 r=1
1 2 2 3
=Zn (n+1) —En(n+1) MI1Al
:in(n+1)(n(n+1)—6) M1

:in(n+1)(n2 +n—6)

:in(n+1)(n+3)(n—2) Al

3)
o(k) i r(r* =3)=£(50)-f(90r10) M1

1 1
:Z(SO)(SI)(53)(48)—1(9)(10)(12)(7) Al
=1621800 - 1890

=1619910 Al

3)

(8 marks)
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Question Scheme Marks
7@ | (2r=1) D4 —4r+1 Bl
Proof by induction will usually score no more marks without use of standard
results
i(2r -1)’ = i(w —4r+1)
r=1 r=1
=43 14> r+>1
:4%71(11+1)(2n+1)—4.%n(n+1),+n MI1A1BI
zén[4n2+6n+2—6n—6+3} Ml
= %n [4;12 - 1] Al
()
7 b 4n
®) > (2r=1)" = f(4n)—f(2n)or f(2n+1) M1
r=2n+1
- %4;1(4.(4;1)2 -1) —%.2;1(4.(211)2 -1) Al
= %n[128n2 ~2-16n" +1]
2 2
:§n[112n 1] Al
(&)
(9 marks)
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Question Scheme Marks
8(a) (r+2)(r+3)=r’+5r+6 Bl
Z(r2+5r+6):én(n+1)(2n+1)+5x%n(n+1),+6n M1 Blft
1 |1 15
:—n[—(n+1)(2n+1)+—(n+1)+18} M1 Al
312 2
(:ln[n2+én+l+1—5n+1—5+l8D
3 2 2 2 2
Al*cso
=—n[n2+9n+26]*
(6)
8(b 3n
®) Z] :%371((3;1)2+9(3n)+26)—%n(n2+9n+26) MIAI
3f(n) — f(n or n+1) is MO
|
=n(9n® +27n+26)——n(n’ +9n+26
( n( n +27n ) 3n(n n ))
=%n(£nz+§n+39—ln2—2n—l3j dM1
3 2 2 2 2
= z;1(13n2 +36n+26) Al
3
(a=13,b=36,c=26)
“)
(10 marks)
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Question Scheme Marks
9(a) n
(s, =} > @r-1y
r=1
i Multiplying out brackets and an
=>4 —4r +1 attempt to use at least one of the M1
r=1 two standard formulae correctly.
= 4%”(” +)2n+1) - 4.1,1(,1 +1) +n First two terms correct. Al
2 +n Bl
=2n(n+1)(2n+1) - 2n(n+1)+n
Attempt to factorise out 1n M1
= {200+ 1)(2n +1) - 6(n +1) + 3} Correct expression with 1p Al
factorised out with no errors seen.
= tn{22n” +3n+1) - 6(n +1) +3}
= in{4n’ +6n+2 - 6n-6+3}
= %n(4n2 - 1)
=1n(2n+1)2n-1) Correct proof. No errors seen. Al *
()
9(b) 3n X
z (2r-12=S, -8,
r=n+l
Useof 5, —S or S-S  with
| | the result from (a) used at least M1
= 5.3n(6n +1)(6n-1) - gn(Zn +1)(2n-1) once.
Correct unsimplified expression. Al
E.g. Allow 2(3n) for 6n.
= n(36n’ —1)—Lin(4n’ -1)
= 1n(1082% =3 —4n’ + 1) Factorising out 1n (or 2p) dM1
= 1n(104n* - 2)
= 2n(52n* - 1) 2n(52n* —1) Al
{a=52, b=—1}
(C))
(10 marks)




AS and A level Further Mathematics Practice Paper — Series — Mark scheme

Question Scheme Marks
10(a) 5 |
n=1,LHS=1 =1,RHS:le x2°=1 Shows both LHS =1 and RHS =1 B1
Assume true for n =k
Whenn=k+ 1
k+1 1 + 3 .
Z’”S _ Zkz (k+1) +(k+1) Adds (k + 1)’ to the given result M1
r=1
= %(k +1)°[k* +4(k +1)] Attempt to factorise out %(k +1)° dM1
. o1 )
Correct expression with 2 (k+1) Al
factorised out.
_ 1 2 2
4 (k1) (k+2) Fully complete proof with no errors
Must see 4 things: true for n =1, and comment. All the previous Alcso
assumption true for n = k, said true forn Marks must have been scored.
= k + 1 and therefore true for all n
3)
10(b) Z(r3 -2)= Zr3 — ZZ Attempt two sums M1
Dt =>"2n isMO
— %nz (n+ 1)2 —2n Correct expression Al
n, s % Completion to printed answer with
= Z(” +2n" +n-8) no errors seen. Al
3)
r=50
IO(C) Z (1”3 _ 2) _ @ % 130042 _B %7592 Attempt Ss0 — S20 or Sso — S19 and
220 4 4 substitutes into a correct expression M1
(: 1625525 — 36062) at least once.
Correct numerical expression Al
(unsimplified)
=1589463 cao Al
3)
(11 marks)
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Source paper Question New spec references | Question description New AOs
number

1 FP1 Jan 2013 1 Series 1.1b, 2.1
2 FP1 2016 3 Series 1.1b, 2.1
3 FP1 2015 3 Series 1.1b, 2.1
4 FP1 2012 4 Series 1.1b, 2.1
5 FP1 2011 5 Series 1.1b,2.1,3.1a
6 FP12014R 5 Series 1.1b, 2.1
7 FP12014 5 Series 1.1b, 2.1
8 FP1 2013 5 Series 1.1b, 2.1
9 FP1 2011 7 Series 1.1b, 3.1a
10 FP1 Jan 2012 6 Series 1.1b, 2.1

10




