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Summation Notation

Often mathematical formulae require the addition of many variables Summation or sigma notation is a
convenient and simple form of shorthand used to give a concise expression for a sum of the values of a variable.

Let x|, Xp, X3, ...X, denote a set of n numbers. X is the first number in the set. x; represents the ith number in
the set.

Summation notation involves:

The summation sign

This appears as the symbol, 2., which is the Greek upper case letter, S. The summation sign, 2., instructs us to
sum the elements of a sequence. A typical element of the sequence which is being summed appears to the right
of the summation sign.

The variable of summation, i.e. the variable which is being summed

The variable of summation is represented by an index which is placed beneath the summation sign. The index is
often represented by 1. (Other common possibilities for representation of the index are j and t.) The index
appears as the expression i = 1. The index assumes values starting with the value on the right hand side of the
equation and ending with the value above the summation sign.

The starting point for the summation or the lower limit of the summation

The stopping point for the summation or the upper limit of summation

— stoppirg pairt
a2 upper lirnit af suninatian
sUMITEtian sigh E xz. typial elerrert
i=1
ek af — | L starting paint
SUMINTELIan lerwrer lirnit of surmmaticn

Some typical examples of summation

>« This expression means sum the values of x, starting at x| and ending with x,,.

n
Z:x!-=x1+x2+x3+---+x
i=1

n

10
>«  This expression means sum the values of x, starting at x| and ending with x;.
=1

10
Dy =)+ KgAKy X+ K+ T+ Ky +Xg + g
=1

10
> This expression means sum the values of x, starting at x5 and ending with x .
=3

1 Takeda EX1132
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10
DN =g T+ A5 T+ Ky + X+ A+
=3

The limits of summation are often understood to meani = 1 through n. Then the notation below and
>.x  above the summation sign is omitted. Therefore this expression means sum the values of x, starting at
x; and ending with x,,.

DX= A Ay Ay,

H
> x?  This expression means sum the squared values of x, starting at x| and ending with x,.

=1

el
fo =x1‘j‘+x§+x§+---+x3
=]

Arithmetic operations may be performed on variables within the summation. For example:

2 . . . .
" This expression means sum the values of x, starting at x; and ending with x,, and then
= 1| square the sum.

2
M
[ZJ:IJ =[x +Xg+xg++x, T

=1
Arithmetic operations may be performed on expressions containing more than one variable. For example:

n This expression means form the product of x multiplied by vy, starting at x; and y; and ending with x,
g‘ i and ¥y, and then sum the products.

n

Z:Iz'}‘z' =nF+ P gl + o+ 0N,
=1

Zn:’: _ .. In this expression c is a constant, i.e. an element which does not involve the variable of summation
) and the sum involves n elements.
Problems
Data

1 Xj

1 1

2 2

3 3

4 4

2
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1. Find 4

L=Xp Ny +rg+ny =1+2434+4=10

M-

1l
—_

4
2.Find 3%
=1

4
Z:xf=x1‘?+x§+x§+x§=12+22+32+42=1+4+9+16=3EI
=1

Data
1 . €]
1 -1
2 3
3 7

and ¢ which is a constant = 11

3
3.Find 3%
=1

3
Z:cf =x1‘j‘+x§+x§+=[—1]2+32+?2=1+9+4D=59
=1

wrna 3 ]

=1

3 2
[Zx!] =[x + x5 + x3)2 = [—1+3+?")2 = (92)= &1

i=]

3
5. Find Z"c
1=l

3
Z:C=11+11+11=33
=1

Data
1 Xj Yi
1 10 0
2 8
3
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4
12
5
6. Find %
=1
5
Z:xz- =X+ T A3+ + Xy =10+8+0+44+2=730
=1
5
7. Find >
=1

5

D P =P tPat Pyt P+ Ps=0+3+6+0+12=30
=1

5 2
&. Find [Z ¥ E.J
=1

2
5
[Z:y!-] =[p] +Fa+F3+F4 +y5:|2 =[0+3+6+ 9+12)2 =[3III)2 =900
1=l

3
9. Find PR AE
=1

5
Zx!-y!- =X P+ TaPa +XgPg + g Fa +xgp =04+ 24+ 364 36+ 24 =120
=1
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