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1 Problem 1

(a) a; = bz‘c]'j + djj

a1 bicjj + djj
az| = |bacjj +djj| =
a3 b3ij + d]'j

bici1 + bicoz + bics3 di1 + da2 +d33
baci1 + bacoa +bacaz | + |di1 +doz +d33z| =

bsci11 + bzcaa + bacss d11 +da2 +ds3 /

bici1 + di1 + bicae + dao + bic3z +dss
baci1 + di1 + bacag + doo + bacsz +ds3 | = a4
bsci1 + di1 + bzcaa + doo + bzcsz + dss

1
(b) sij = 035 — 3okkOsj
S11 S12  S13
Sij = |S21 S22 823

531 532 533

1
811 = 011 — 50kk011
812 = 012 — 30kk012

Since for 012,17 # 7, the delta term is zero. Therefore s12 can be written as, s12 = o12.
For terms when i # j, s;; = 0yj.

For terms with i = 7, such as s131, s22 and onwards, they can be represented as:

s11 =011 — gffkk511
1
=on-—3 [011611 + 022011 + 033011]

1
=011 — 5511 [011 + 022 + 033]

1 e

S92 = 0922 — §Ukk522
1
=on—3 [011022 + 022022 + 033022)

1
=092 — 5522 [o11 + 022 + 033]
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1
o11 — 3 [011 + 022 + 033] 012 013
1
o21 092 — 5 [011 + 022 + 033] 023
1
o31 032 033 — 5 [o11 + 022 + 033]

1
(C) s=3 [O‘z'-,;O'jj — UijO'ji]
When i = j,s = 0. When ¢ # j, the terms can be represented as:
s== {011 [022 + 033] — 012021 — 013031
o922 [011 + 033] — 021012 — 023032

o33 [o11 + 022] — 031013 — 032023]

N =

[011022 + 011033 — 012021 — 013031
092011 + 022033 — 021012 — 023032

033011 + 033022 — 031013 — 032023]

1
s=3 2011092 + 2011033 + 2022033 — 2012021 — 2013031 — 2032023

= 011022 + 011033 + 022033 — 012021 — 013031 — 032023

(d) (biaj — asb;) €jrckds

Permutation (G,k,1) €5kl
Positive 1,2,3), (2,3,1) , (3,1,2) +1
Negative (3,2,1), (2,1,3), (1,3,2) -1

All others Any other order 0

When i = j, the terms are equal to zero. Scenarios in this case were omitted in the
expansion of terms.
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wheni=1
(brag — a1b2)(+1)cad;y [i =1 and (j,k,1) = (2,3,1)]
(b1a3 - a1b3)(+1)01d2 [7, =1 and (J, k, l) = (3, 1, 2)]
(braz — a1b3)(—1)cady [i =1 and (j,k,1) = (3,2,1)]
(braz — a1b2)(—1)c1ds [i =1 and (4,%,1) = (2,1, 3)]
when 7 = 2
(bea1 — agb1)(+1)cads [i =2 and (j,%,1) = (1,2,3)]
(beag — azb3)(+1)c1ds [t =2 and (j, k1) = (3, 1,2)]
(b2as — agb3)(—1)cads [i =2 and (4,k,1) = (3,2,1)]
(b2a1 — agb1)(—1)csdz [i =2 and (4,%,1) = (1, 3,2)]
when ¢ =3
(bsa1 — azb1)(+1)cads [t =3 and (j,k,1) = (1,2, 3)]
(bsaz — azb2)(+1)csds [¢ =3 and (j,%,0) = (2,3,1)]
(bsas — azbz)(—1)c1ds [¢ =3 and (j,%,0) = (2,1,3)]
(bsa1 — azb1)(—1)cads [¢ =3 and (j,%,1) = (1,3,2)]
Simplification

when i =1
(blag = albz)(C?,dl - C]_d3)
(braz — a1b3)(c1dz — c2d1)

when 7 = 2
(b2a1 — agbi)(cad3 — c3ds)
(boas — agbs)(c1d2 — cady)
when 7 = 3
(bsa1 — agby)(cads — c3da)
(bsas — agbz)(c3di — c3ds)

The terms can then be represented as:

To (b2a1 — azbl)(02d3 - ngz) + (bzag - agbg)(cldQ — C2d1)
3 (b3a1 - agbl)(62d3 — ngz) + (b3a2 — a,3b2)(03d1 — C3d2)

xr; =

[:B1:| [(blaz — albz)(63d1 — Cld3) + (b1a3 — a1b3)(cld2 — 62d1)]
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2 Problem 2

(a) Dot product of two vectors

Vector 1
Vector 2

Dot Product 12

Figure 1: The Excel function used is =SUMPRODUCT(B2:D2,B3:D3).

(b) Multiplication between a matrix and a vector

Figure 2: The Excel function used is =MMULT(A,B). The 3x3 matrix was defined as A,
and the vector defined as B. A 1x3 box was highlighted before inputting the command.
Once the command was typed, control, shift and enter keys were pressed.

(c) Multiplication between two matrices

Figure 3: The Excel function used is =MMULT(A2:C4,E2:G4). A 3x3 box was high-
lighted before inputting the command. Once the command was typed, control, shift and
enter keys were pressed.

(d) Inverse of a matrix

Inverse
-4.5036E+15  9.0072E+15 -4.5036E+15
4 5 6 9.0072E+15 -1.80144E+16 9.0072E+15
7 8 9 -4.5036E+15  9.0072E+15 -4.5036E+15

Figure 4: The Excel function used is =MINVERSE(B2:D4). A 3x3 box was highlighted
before inputting the command. Once the command was typed, control, shift and enter
keys were pressed.
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(e) Determinant of a matrix

3x3 Matrix Determinant
2 1 3
2 2 1

Figure 5: The Excel function used is =MDETERM(A2:C4)

3 Problem 3

2= 0.650945, 0.650945, 0.390567
Yy = 0.245256, 0.306570, —0.919709 /
2= —0.718415, 0.694468, 0.039912

' cos Oz coslyy cosby,| [z
Y| = [cosbyy cosyy cosby,| |y
4 cosB,; coslyy, cosby,| |z

The angle between the new coordinate system and the standard [100],[010],[001] co-
ordinate system was obtained. Since the magnitude of x’, y’, and 2z’ are 1, the following
angles were determined. Thus, the transformation matrix can be seen as,

cos(49.39) cos(49.39) cos(67.01) ] [z
= | cos(79.80) cos(72.15) cos(156.88)| |y
cos(135.92) cos(46.02) cos(97.71) | |2
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