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Alf Vectors and Matrices: Study Sheet 2 Michaelmas 2010

Exercises on Suffix Notation and the Summation Convention

These exercises are designed to help to familiarise students with this topic and are not intended as part of the
Examples Sheets for supervision.

Free suffices and dummy suffices are assumed to range/sum through 1,2, ... n unless stated otherwise.

1. Write each of the following using the summation convention:

(a) d0 = 2% daoy + 2 drg+ ...+ 22 day;

dz, __ 0Ty dxy 0Ty dxo 0T, dxy, .
(b) G =52 Gt om Gt o

(c) (x1)? + (22)* + (z3)> + ... + (wn)?;
3 3

(d) ZZ Gpgdapdz,.

p=1q=1
2. Write the following expressions in full:
a) a;pTk;
b) ApgAgri
c) %(\/ﬁAk) with n = 3;
d) AjkBkaj with n = 2.

o~ S

3. Write each of the following using the summation convention.

(a) a1z1w3 + asxoxs + ... + apx, T3 ;
(b) A1 By + AgeBy + As3Bs + ... + A, By ;
(€) 921911 + 922921 + 923931 + 924941 -

4. If n = 2, write out the system of equations represented by apqzs = bp.

From now on assume n = 3 unless stated otherwise.

5. If
an = 1, a2 = -1, a3 = 0,
as1 = —2, ax = 3, a3y = 1,
az; = 2, azx = 0, a3z = 4,
show that
ai; = 8, apap = —T7, apaz = 3,
ayiaz; = —95, agazy = 0, apay = —6.
6. If the numbers a;; are as given in question (5) above and if by =1, by = —1 and bs = 4, show that

ayb; =2, a;jb; =11, aja;:b; =49.
Hint: for the last part, first evaluate a;1b;, ajob; and a;3b;.
7. Show that 6;;b; = d;:b; = b; .
8. If the numbers a,; are as given in (5) above, evaluate
(a) a1j015, (b) a120:, (c) aria2r0;k -

9. Assume the suffix i takes all integral values from 0 to oo, and that a; and b; are defined by

X 1
a;=x', and b, = =
1!

respectively, where x is a constant and, by definition, 0! = 1. Show that

aibi:ew.
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10. If the quantities e;;, and e;; satisfy the relation

Loi lmj €ij = €
and if
lki lkj = 045
show that

!
61']' = léilmjeem .

Hint: multiply the first equation by lply,-

11. Without referring to your notes, prove that

dij€ijk =0,  €jp€rjk = 205 and

€ijk€ijk — 6.

Answers

a) df = a% dxj;

) dzy _ 0T dom.

t Oty dt
(¢) zrag;
d) gpgdapdr, with n = 3.
- (a) Zajkxk =101 + ajo%2 + ...+ QjpTn;
k=1
(b) ZquAqr = AplAlr + ApQAZT +...+ ApnAnT 5
q=1

3
© > (Vo) = g (VB + 5 (Vi) + 5 ()

2
(d) > AjBuCi = (AiBypCh + AsByiCo)

Gk=1 k=1

= A11B,1C1 + A12BpCr + A21BpiCo + AxaBpaCs .

) apTRT3;

) Az;Bj;

¢) gopgp1 With n = 4.
)
)
)

—
o
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