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Questions in this set

9231/11 N25 Q3 = 7 marks
9231/12 N25 Q3 = 8 marks
9231/14 N25 Q1 = 5 marks
9231/11 J25 Q3 = 7 marks
9231/13 J25 Q2 = 6 marks
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Reading the mark scheme

m (B1) a mark that stands on its own — the point is either made or not.

m (M1) a method mark: the right approach, even if the number is wrong.

m (A1) an answer mark, and it usually needs its M mark first.

m (C1) a working mark on the way to the answer.

m // separates answers the examiner accepts equally.

m ecf = error carried forward: a later part is marked on your own earlier answer.

m owtte = “or words to that effect” — the wording need not match.
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Question 3

0231/11 N25 = Q3 = 7 marks

Prove by mathematical induction that, for every positive integer n,
d‘Zn—l

W(xcosx) = (—1)"(xsinx — (2n — 1) cos x). [7]
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Solution 3

m Base n=1: d—‘i(xcosx) = cosx — xsin x = (—1)*(xsin x — cos x) . Assume
true for n = k; differentiating the hypothesis twice gives
k
%(xcosx) = (=1)*!(xsinx — (2k + 1) cos x) — the n = k+ 1 case.

Hence true for all positive integers n by induction.
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Question 3

0231/12 N25 = Q3 = 8 marks

The sequence of positive numbers uy, ug, us, ... is such that u; < 5 and, for n > 1,
y _ bup,+5
n+1 — un +2 .
(a) By considering 5 — up1, prove by mathematical induction that u, < 5 for all
positive integers n. [5]

(b) Show that upy1 > u, for n > 1. [3]
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Solution 3

(a)
Guk+5  5— uy

ug + 2 B Uy + 2
ug > 0), so uky1 < 5. By induction u, < 5 for all n.

m Base: vy < 5. Step: 5 — ugy1 =5 — > 0 when ux < 5 (and
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Solution 3

(b)
6 5 —(up—5 1
W Upy] — Up = uL:"_:—Q —u, = (un 0 _)i_(;" + ) which is > 0 since

0 < u, < 5. Hence upy1 > up.
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Question 1

9231/14 N25 = Q1 = 5 marks
Prove by mathematical induction that (g)n >1+ %n for every positive integer n.  [5]
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Solution 1

m Base case n=1: LHS = (g)1 = g, RHS =1+ % = g . Assume

(%)k =1+ lk for some positive integer k. Then

ktl
(3) (1+1k) S+ 2k>C%++tk=1+F(k+1). Hence by
inductlon (%) > 1+ 5n for every positive integer n.
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Question 3

9231/11 J25 = Q3 = 7 marks

The sequence uy, ug, us, . .. is such that vy =5 and upy) = 6u, + 5 for n > 1.
(a) Prove by induction that u, = 6" — 1 for all positive integers n. [5]
(b) Deduce that us, is divisible by u, for n > 1. [2]
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Solution 3

(a)

m Base case: uj =5=6"—1 . Assume uy = 6K — 1. Then
Uep1 = 6(6K — 1)+ 5 =6+1 — 645 =61 — 1, the n = k+ 1 case. Hence
by induction u, = 6" — 1 for all positive integers n.
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Solution 3

(b)

62" —1 (6" —1)(6"+1
UU—Z: = 51 = ( GH)E 1 +1) = 6"+ 1, an integer. Hence usy, is
divisible by u,.
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Question 2

9231/13 J25 = Q2 = 6 marks

Prove by mathematical induction that 2025"” 4+ 47" — 2 is divisible by 46 for all positive
integers n. [6]
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Solution 2

m Base case n=1: 2025 4+ 47 — 2 = 2070 = 45 x 46, divisible by 46 . Assume
20255 4 475 — 2 is divisible by 46. Then
2025/ L4l 9 — (9094 - 1120255 - (461 1N47K— 2/=
(2025K + 47K — 2) + 2024 x 20255 + 46 x 47K, where
2024 x 2025 + 46 x 47% = 46(44 x 20255 + 47%) is divisible by 46. Hence by
induction it is true for every positive integer n.



