EE 1004 Foundation of Information Systems and Data Analysis
Semester A 2022/23
Part II -- Exercise 03
Question 1

A vector a has magnitude 15.3 and is in the same direction as the line, ﬁ, where B
has coordinates (1,2,—4) and C has coordinates (—1,0,3). Find the component

form of a.

Question 2
A vector a is parallel to the line through A(1,2,3) and B(—1,0,2), whilst a vector
b is parallel to the line through €(0,0,1) and D(—1,—2,3). Both vectors have

magnitude 4. Find @ + b and @ — b in component form.

Question 3
If the vertices of a triangle are the points (1,0,—1), (—1.3,0,2) and (2.4, 1, 2), what

are the vectors that represent the sides? Determine the length of each side.

Question 4
Find the value of u such that X = 4 — 3j — 5k, y = ui —9j — k and
|x — y| = V61.

Question 5
Find a unit vector parallel to the resultant of the vectors X =i+ j+k, y =1+ 3j +
2k and z=1-]+ 2k.

Question 6

A set of rectangular cartesian axes is so arranged that the x-axis points east, the y-axis

points north and the z-axis points vertically upwards. Evaluate the scalar products of

the vectors @ and b in the following cases.

(1) a is of magnitude 3 and points SE, b isof magnitude 2 and points E.

(i)  a is of unit magnitude and points NE, b isof magnitude 2 and points vertically
upwards.

(ili)  a is of unit magnitude and points NE, b isof magnitude 2 and points W.

Question 7

Find a - b for the following cases.

(1) a(—1,0,7) and b(2,4,—6)

(i) a=41—3j+kand b=i+j+k



Question 8
Axes Oxyz are positioned so that Ox points east, Oy points north and Oz points

vertically upwards. Find the vector product @ X b of vectors @ and b in the
following cases.

(1) a is of unit magnitude and points E, b isof magnitude 2 and points 30° N of
E.

(i) @ is of unit magnitude and points E, b isof magnitude 2 and points SW.
(ili) @ is of unit magnitude and points vertically upwards, b is of unit magnitude
and points NE.

Question 9
Find a X b of a(1,3,—2) and b(—1,5,7).

Question 10

Find eigenvalues and the corresponding eigenvectors for the following cases.

o (5 3

w (1)
2 1 0
(iv) (—1 0 1)
1 3 1
1 0 O
(v) (—8 4 —6)
8 1 9
2 1 1
(vi) (1 2 1)
1 1 2



Solution
Question 1

A vector a has magnitude 15.3 and is in the same direction as the line, ﬁ, where B
has coordinates (1,2,—4) and C has coordinates (—1,0,3). Find the component

form of a.
a = |ala = 15.3a 153(—1 )( 28— 2j + 7k)
a = |ald = 15.3a = 15. —al —
V57 /
= —4.053i — 4.053] + k
Question 2

A vector a is parallel to the line through A(1,2,3) and B(—1,0,2), whilst a vector
b is parallel to the line through €(0,0,1) and D(—1,—2,3). Both vectors have
magnitude 4. Find @ + b and @ — b in component form.



Question 3
If the vertices of a triangle are the points (1,0,—1), (—=1.3,0,2) and (2.4,1,2), what

are the vectors that represent the sides? Determine the length of each side.

|[AB| = /(-23)2 + (3)2 = 3.78

|AC| = J(1.4)2 + (3)2 = 3.31

|BC| =/(3.7)2 + (1) = 3.83

Question 4
Find the value of u such that X = 41 —3j—5k, y =pui—9j—k and |x —y| =
V61.

u=1or7.



Question 5

Find a unit vector parallel to the resultant of the vectors X =i+ j+k, y =1+ 3j +
2k and z=1-]+ 2k.

u
U= —-=

31+ 37 + 5k
H ( j )

1
Vi3

Question 6

A set of rectangular cartesian axes is so arranged that the x-axis points east, the y-axis

points north and the z-axis points vertically upwards. Evaluate the scalar products of

the vectors @ and b in the following cases.

(1) a is of magnitude 3 and points SE, b isof magnitude 2 and points E.

(i)  a is of unit magnitude and points NE, b isof magnitude 2 and points vertically
upwards.

(ili)  a is of unit magnitude and points NE, b isof magnitude 2 and points W.

(1)
a b= |51||I;| cos 6 = |3]|2| cos 45° = 32
(i1)
a-b= |51||I;|c059 = |1]|2| cos90° = 0
(111)

a-b= |51||I;|c059 = |1]|2| cos 135° = —/2



Question 7

Compute a - b,

(1) a=(-10,7)&b =(2,4,-6)
(i) a=4i—-3j+k&b=i+j+k

(i)

a-b=44
(i)

ab=2
Question 8

Axes Oxyz are positioned so that Ox points east, Oy points north and Oz points

vertically upwards. Find the vector product a X b of vectors @ and b in the
following cases.

(1)

QL

is of unit magnitude and points E, b isof magnitude 2 and points 30° N of

E
(i)  a is of unit magnitude and points E, b isof magnitude 2 and points SW.
a

(iii)

is of unit magnitude and points vertically upwards, b is of unit magnitude
and points NE.

(1)
@x b = |a||b|sin6 =|1]|2|sin30° =1

It is a vertically upwards unit vector.

(i)
@ x b = |d||b|sin 6 =|1]|2| sin 225° = V2

It is a vector of magnitude V2 pointing downwards.

(iii)
@x b = |a||b|sin6 =]1]|1] sin90° = 1

It is a unit vector pointing NW.



Question 9

Compute a X b of (1, 3, -2), (-1, 5, 7).

Question 10

Find eigenvalues and the corresponding eigenvectors for the following cases.

o (5 3

w (1)
2 1 0
(iv) (—1 0 1)
1 3 1
1 0 O
(v) (—8 4 —6)
8 1 9
2 1 1
(vi) (1 2 1)
1 1 2



(1)
Eigenvalues are 1 & —1.
When A =1,

The corresponding eigenvector of A for A = 11is (xl) =k (1) k#0
p gceig X, 1) .

When A = —1,

The corresponding eigenvector of A for A = —1 is (xl) =k (1) k#0
p gceig X, 0)’ .



(i)

Eigenvalues are 0 & —2.

When A =0,

. . (XY 1
The corresponding eigenvector of A for A = 01is (xz) =k (_1) ,k #0.
When A = -2,

The corresponding eigenvector of A for A = =2 is (xl) =k (1) k#0
p gceig X, 1) .



(iii)
Eigenvalues are 2 & —2.

When A =+/2,

x
The corresponding eigenvector of A for A =+/2is (x;) =k <1 +1‘/§> ,k #0.
When A = —/2,

X —
The corresponding eigenvector of A for A = =2 is (x;) =k (1 1ﬁ),k * 0.



(iv)

Eigenvalues are —1 & 2.

When A = —1,

X1 _Z
The corresponding eigenvector of A for A = —1is (xz) =k| _3|,k=0.
X3 1
1

When A =2,
X1 1

The corresponding eigenvector of A for A =2 is (xz) =k (0) Jk #0.
X3 1

V)

AEigenvalues are 1, 6 & 7.

When A =1,

15

X1 E
The corresponding eigenvector of A for A = 1is (x2> =k| _1|,k+#0.
X3

When A =6,

X1 0
The corresponding eigenvector of A for A = 61is (xz) =k (3) Jk #0.
X3 1

When A =7,

X1 0
The corresponding eigenvector of A for A = 7 is (xz) =k (2) Jk #0.
X3 1



(vi)

Eigenvalues are 1 & 4.
When A =1,

The corresponding eigenvectors of A for
X1 1 X1 1

A=1are <x2> = k(—l) and (xz) = k( 0 ) Lk # 0.
X3 0 X3 -1

When A =4,

X1 1
The corresponding eigenvector of A for A = 4 is (x2> =k (1) Jk # 0.
X3 1



