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Here are a few examples of dealing with the summation convention ap-
plied to four-vectors, henceforth referred to as just *vectors’.

The summation convention states that if the same index appears once up
and once down in the same expression, it should be summed. Greek indices
range from O to 3, Roman indices from 1 to 3.

Example 1. An example illustrating the summation convention. We are
given

Al =15,0,—1,—6] (1)
B, =10,-2,4,0] 2)
Coa = [1,0,2,3] 3)
Cla =1[5,-2,-2,0] 4)
Cha = [4,5,2,-2] 5)
Cha =[—1,—1,-3,0] (6)

Note the relative positions of the indices (upper or lower) in each case. Thus
we have

(1) ABy, =5x04+0x(=2)—1x4—-6x0=—4.

(2) A%C,p for all 8. For 3 =0, we have 54+0—4+6 = 15. For 8 =1,
0+0—-5+6=1. For $=2,1040—-24 18 =26. For § =3,
15+04+24+0=17.

(3) A7C,, for all 0. This is the same as (2) with the indices relabelled.
The letters used for labels don’t matter as long as the same pattern
occurs.

(4) AYC\y. This time we sum over the second index in C,,, so we have:

=0, A¥Cy = —15; =1, AYCy,, = 27; pu =2, AVCh, = 30;

u=3,AVC3l,:— .
(5) A®Bg for all o, 3. Each term is a product of two numbers, without
any summation. So we have AYBy =0, A°B; = —10 and so on.

(6) A'B;. Since Roman indices are used instead of Greek, the sum is

over ¢ = 1,2,3, with the result —4.
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(7) AJBy, for all j,k. Same as (5) except now we consider only j,k €
{1,2,3}.

Example 2. Free versus dummy indices. A pair of dummy indices is
summed over, while free indices must match on both sides of an equation.

(1) A®B, =35. ais a dummy index.

(2) AF = A", AY. Tiis a free index; v is a dummy index.

3) TO‘“/\AHC’/\V = D7*. y and X are dummies; y and « are free.
4 Ry — %gWR = (. Both indices are free; no sums.



