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NEXT STEP

STEP lll, 2024, Q7 MS

7. (i) Eachtermof fin) = 0 sotheir sumis too.

E1
1 1 _ 1 1 P 1 L Yn+t 1

(n+ 1R+ (n+r) = (n+1)r so f(n) = el (n+1)(n+2) te<iat {n+1)2 Foe= -t on
M1 A1(3)

Thus 0 < f(n) <=

1 1 1

. 1
W) o e 0, LM DM | e nmenmenme — 0 et 5o gin) >0
M1 A1

1 1 1 1
Also, (n+1)(n+2) - (n+1){n+2){n+3) =0, (n+1){n+2)n+3){n+4) - (n+1)(n+2)(n+31n+41(n+5)

=0 ,etc
s0 gin) =ﬁ—a sum of positive terms -:ﬁ M1 A1 (4)

1
Thus 0 < gin) < —

(i)
(Zn)le — f(2n)

=(2n]"(1+1+i+l+-u)— L ! - ! -
‘ 21 3 2n+1 (2n+D(2n+2) (@n+ D(Zn+2)(2n+3)

M1 A1

={2n"}'(1+1+i+---+ ! )
' 21 (2n)!

(2n)! (2n)! 1 1 1
Znt Dl T @n+ 2l T Intl @ntDEn+2) CntDEn+D@En+d)

1 1
- (zn:u(1 Flagdos {zn;u)

which is an integer. M1 A1(4)
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NEXT STEP

@ + g(in) = [Zn)!e"l + g(2n)

1 1 1
- (2“]!(1 R TRETIY ) Yot @t DEn+) Tt DEnr @+

M1 A1

={2n}'(1—1+i+---+ ! )
' 2! (2n)!

(2n)! (2n)! 1 1 1
TmEDl @ty T Iarl @i D@n+)  @ntD@Entn@En+3)

={2n}'(1—1+l+---+ ! )
' 2! (2n)!

M1 A1 (4)

which is an integer.

(iv) g((2n)!e — f(2n)) is an integer as is p (@ + y(En])

fzn)!
&

Thus {p( i g[Zn))] — (g((2n)le — f(2n))) is an integer.

(p (@ + Q[ZH})) ~(a(@myre - f2m)) = @n)! (£~ qe) + pg(2n) + 4f (2n)

M1
=pg(2Zn) +qf(2n)
50 py(2n) 4 gf(2n)is an integer as required. A1(2)

(v) As (iv) is true for all positive integers n, it must be true for n = max (p, q)

) 1
By (ii) pg{Zn} < 2:+1 = 2r1ﬂ+1 < z
. 1
By (i) ‘?Hznj{z_qnﬂz_r:e=5
M1
Therefore, pg(2n) +qf(2n) < % +§ =1

and trivially by (1) and (ii)

pg(2n) +qf(2n) > 0
Al

This means that pg(2n) + gf(2n) cannot be an integer which contradicts the result of {iv)

2

and hence there are no integers such that E = ge , thatis such that % =e? andso elis

irrational. E1(3)

==l NextStepMaths.com

To view mark schemes, fully worked solutions and

examiner’'s comments, and for more details about
tutoring and other services offered, go to
NextStepMaths.com



https://nextstepmaths.com/

