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Mathematics Higher Level Portfolio Type I Series and Induction

Acknowledgement

Question sheet should directly be given from your IB Mathematics HL teachers. This
is due to the fact that IB students are not allowed to hold any question paper; every
candidate must finish this coursework and return the question sheet in five days.
Therefore I was not able to include any questions in this portfolio.

Introduction

This Investigation of the Series and Induction Portfolio for Math HL brings out that
the sum of terms of series following a certain pattern can be predicted as expressions
by studying these patterns. With the resourceful use of a calculator, studying the
graphs and undertaking regression of the data we can easily deduce the general term
and by further considering similar series we can predict they're expressions which
emerge rational and true when induced in terms of a proposition. Recalling that
1+2+3+4+5+........+. 1. Considering where is the general term and 'n' is the number of
terms, Let us take into consideration the first term, The first term implies that . Since
=1, We can also say that, Let us also take into consideration, The second term implies
that and so on.

Question 1
a=12=2
a,=23=6
a;=34=12
a;=45=20
as=56=30
ag=67=42

an=n(n+1)=n*n

Question 2
A)

Sl =a| = 2

S2: a1+ a2=8

S3: at++ 613:20
Sa=ai+ "+ az;=40
Ss=a;+ +as=70
Se=ai+ +as=112
S=art+ ag



‘ Marked by Teachers

B) S.= Zn:k(k+1) =Zn:k2 +Zn:k
1 1 =1
_n(n+1(2n+]) N n(n+1)
6 2
_n(n+1)2n+D+n(n+1)3
6
_n(n+1X2n+1+3)
6
_n(n+1)2(n+2)
6
_n(n+1Xn+2)
3

-8,

n(n+1\n+2)
3

C) 12+2:3+3:4+ +n(n+l) = 0001

i) n=1

Fx2x3

3
2=2

12=

i) n=k

goo2

12423434k (1) = w

Add (k+1)(k+2) both side

1:242:343-4+ (ke 1)+ (k+2) =

Klk+1Xk+2) 1;( K¥2) 4 (k1) kr2)

122 343t k(b Tyt ) b2) = KU D+ 2) X3k + 1k +2)

3

1242343 et (ke 1) (k2) = D ; Dk+D nops

iii) n=k+1

1-2+2-3+3~4+'“+(k+l)(k+2):(k+1xk;2Xk+3) 100 4
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D) 12+22+32+42_,’_.4.+n2

nn+l(n+2) &0~
——==>k"+ > k

nn+1Xn+2) _ Z":kz +n(n+1)
3 k=1 2

< :n(n+1Xn+2)_n(n+1)
k=1 3 2

ikz _n(n+ln+2)2 -n(n+1)3
pam 6

Z”:kz _nn+){(n+2)2-3
pam 6

. Z":kzzn(n+lx2n+l)

6
Question 3
A)

Tl :123 = 6

Ty=12:342-3-4 = 6+24 = 30
T3=12:3+"+3-4-5 = 30+60 = 90
T4=12-3+"+4-5-6 = 90+120 = 210
Ts=12:3++567 = 210+210 = 420
Te=12:3+"+67-8 = 420+336 = 756
To=1-2-3++n(n+1)(n+2)

B) Tu= > ktk+1k+2) =3k + 332 + 3 2%
k=1 k=1 k=1 k=1

_ (n(n+1)j2+3Xn(n+lx2n+1)+2xn(n+l)
6 2

_ n(n+1)><n(n+l)+n(n+1)><2(2n+1)+n(n+1)><4
4 4 4
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_n(n+D)x{n(n+1)+22n+1)+4}
4

_ n(n+1)x(n* +5n+6)
4
n(n+1\n+2 \n+3)
4

STa=

n(n+1 n+2(n+3)

C) 1:2:3+2:3:4+43-4-5+ “+n(n+1)(n+2) = Z ool
i) n=1
123 - 2
6=6
i) n=k
123423443 45+ Hh(kr )(k+2) = <EF k: 2Ak+3) gy
Add (k+1)(k+2)(k+3) both side
12342344345+ -+l 1) (et 2) (b D) (e 2) (et 3) = ST k: 2Ak+3) |
(et 1)(+2)(k+3)
12342344345+ = +h (ke 1)k 2)H (e D) (k2) (k+3) =
K(k+ 1k +2)(k +3) + 4(k + 1 k + 2k +3)
4
12342 344345+ -+t 1) 2+ (k1) (et 2) (ot 3) = KK 2)‘("‘ 3Nk +4)
0003
iii) n=k+1
(k+1(k+2k+3 k+4)

1:2-342- 344345+ -+ (e 1) (k+2)(k+3) = 000 4

4

D) 1*+2°+3%+4%++n’
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n(n+1 \n+2\n+3) _

= Zn:k3 +Zn:3k2 +Zn:2k
4 k=1 k=1 k=1

n(n+1Xn:2Xn+3): zk3+3Xn(n+1§2n+1)+2xn(n2+1)
k=1

Z”:k3: n(n+1Xn:2Xn+3)_n(n+1§2n+l)_n(n+l)
_ n(n+l(n+2Yn+3) 2n(n+1)2n+1) 4(n+1)
4 4 4

_ n(n+l(n+2Yn+3) 2n(n+1)2n+1) 4n+1)
4 4 4

n*+6n’ +1n®+6n—4n* —6n* —2n—4n* —4n

4

) Zn:k3: n' +2n° +n’ _n(n+1)><n(n+1)_(n(n+1)J2
| & 4 B 4 L2
Question 4
A)

U =1234=24

U,=12-3-4+2-3-4-5 =24+120 = 144
U;=1-2-3-4+"+3-4-5-6 = 144+360 = 504
Us=1-2-3-4+"+4-5-6-7 = 504+840 = 1344
Us=1-2-3-4+"+5-6"7-8 = 1344+1680 = 3024
Us=1-2-3-4+"+6:7-8-9 = 3024+3024 = 6048
Ux=1-2-3-4+"+n(n+1)(n+2)(n+3)

B)

Un= S k(k+1k+20k+3) =Y k* + 366> + 1k + 6k
o k=1 k=1 k=1 k=1

2 2
=n(n+1X2n+;X3n +3n 1)+4X(n(n2+1)) Ll ><n(n-l—1X2n+1)_'_6><n(nz+1)
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2 p—
:n(n+1X2n+;X3n +3n 1)+6 >({n(n+1);<)n(n+l)} .S Xn(}1-|—1£2n—i—l)+£D Xn(;;—i—l)

_6n5+6n4—2n3+9n4+9n3—3n2+3n3+3n2—n+45n4+£0 n’+4& n’ +110 n”+6 nt+%n

3 3 D
Dn’+Dn
+7
3
_6n5+6)n4+210 n”+3 nP+ W on

D

6 +0n* +3n’+Dn’ +2n)
k)

_n5+Dn4+§n3+50n2+2tn

5
U = n(n+1(n+2 n+3 n+4)
A :
C)
123-4423:4:543:4:5-6+ +n(nt)(n+2)(n3) = TN 2;( n+3n+4)
D001
i) n=1
1234 = 255
24-24
i) n=k
1234423453456+ +h(lH 1) (b2)(kt3) = SEFIXES 2;( kot 3k +4)

oono2

Add (k+1)(k+2)(k+3)(k+4)  both side
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1:2:3-442-3-4-543-4- 56+ +h(k+1)(k+2) (k43 )+ (k+1)(k+2)(k+3)(k+4)

k(k +1(k + 2;( KAESXKED) | et 1)kt 2) (k+3)(k+4)

1:2:3-4+2-3-4-543-4-5-6+ +h(k+1)(k+2) (k43 )+ (k+1)(k+2)(k+3)(k+4)
K(k+ 1k + 2k +3) k +4) + 50k + 1 k + 2 k +3( k +4)
5

12:3-442:34-5+3-4:5-6+ ~+k(le+ 1) ket 2) (k+3)+ (k1) (A 2)(k+3) (hH4)
(k+ D0k + 20k 43Xk +4XK+5) | o s
5

iii) n=k+1

1-2:3-442-3-4-5+3-4-5-6+ - +H(k+1)(k2)(k+H3)(k+4) =
(k+1(k+2 k+3 k+4)k+5)
5

0004

D) 14424434 4%t

n(n+an+2Xn+3Xn+4): Zk4+z6k3+znk2+z6k
k=1 k=1 k=1 k=1

5
nn+1Xn+2n+3n+4) _

5
Z”:k4+6x{n(n+1)}x{n(n+l)} +HXn(n+lX2n+1)+6Xn(n+1)
= 4 6 2
ik4_n(n+1Xn+2Xn+3Xn+4)_6X{n(n+1)}x{n(n+1)} _Hxn(n+1X2n+1)_6Xn(n+1)
pa 5 4 6 2
_6{n(n+1n+2Yn+3n+4)y +—45{n2+n)x(n2+n)} +—5{n(n+112n+1)} +—9()(n2+n)

D D D D

_6n5+({)n4+210 W+ AW on-bnt D’ b’ -10 -6 -F5n-Dn’-Dn

D

_6n5+]5 nt+0n—n
RS}
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. ank4 _n(n+1(2n+1) 3n° +3n—1)
= )
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Question 5

Use of the Pascal’s triangle

1
121
1331
1464
15101051
16152015 61
172135352171
1 82856 70 56 28 8 1

...... And so on

1
5
5

By using Pascal’s triangle, we can get the results with binomial theorem.

We could use this triangle to get Z n* and put those coefficients to Z n*

n=l1 n=1

(n+l)k+l _nk+l — ank+bnk—1+cnk—2+...1

2k+l _1k+l — a'1k+b'1k_l+0‘1k_2+'”1

n=2
3R okt ok p okl ok g

n=m

(m +1)F = m# = gk bkl ek 1
= a(15 2543 5 bt ) 4 p1 425 43 gy Ky gy

- ink _ 1 k+2 k+3 k+4k+.u+nk :l {(m+1) k+1_1_b(1 k-1 +2 k-1 +3 k-1 RS mk-l)_‘_m_m}
n=l1 a

Those a, b, ¢, d represents the coefficients. We can simply get the coefficient from the
Pascal’s triangle.



