STEP 2017, P2, Q1 - Solution (2 pages; 14/10/19)

(i) By Parts, I,, = fol x"arctanx dx
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(ii) From (i), (n + 3)lpsq + (n + DI, = % -5
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> 51, =5 + Iy =7+ G —~1n2), from (i)
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(iii) When n = 1, result to prove: 51, = A — %Z$=1(—1)r.%
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From (ii), the result is true when w — 2in2 = 44;

ieAd = i(n — 2In2)
Suppose that the result is true for n = k, so that
(4k + Dy = A= T2, (1)~ (1)

Targetresult forn = k + 1: (4k + 5) 1414 = A — %Z,Z,’:{Z(—l)r.%
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From (if), (4k + 5)lag+a + (4k+3) Iopsz =5 — 7 (2)

and also (4k + 3)laprz + (4k+1) Iy = > — — (3

Then, (2) — (3) gives
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Then, from (1), (4k + 5)laps = A =3 LD ? ak+2  ak+a

e G N G e R G Ve

2k+1 2k+2
1 1

4k+2 4k+4

2k+2
_ 2(1)r1+1 1 N 1 N 1 1
N 2 . r 2{ 2k+1 2k+2 2k+1 2k+2}
=

=A-— %Z%’:{z(—l)r.%, as required
So, if the result is true forn = k, thenitistrueforn =k + 1

As it is true for n = 1, it will therefore be true forn = 2,3, ... and
hence all integer n = 1, by the principle of induction.



