Mathematics for Software Engineering VIA University College

MSE Hand in 7 - Solution

Assignment 1
Consider the following system of equations

2x9 4+ 3x3 +4xs =1
T, — 39 + 4x3 + dxry = 2
—3z1 4+ 1029 — 623 — Ty = —4

a. Set up the coefficient matrix A of the above system.
0o 2 3 4
A= 1 -3 4 5
-3 10 -6 -7
b. Determine the steps.
Step 1: 71 <> 7o
Step 2: r3 — r3+ 311
Step 3: 19 <> 13
Step 4: r3 — r3 — 219

-1
Step 5: r3 — ?7“3

c. General Solution

X1, T2, 23 basic (pivot columns) and x4 free (non-pivot columns)

12 241
r1==-+ <z
I1—§$4:§ ! 3 34
(L’QZO
IQZO <~ 1 4
T3 =5 — =T
ZE3+§$4:7 s 3 34

Ty = X4y

d. Parametric Solution

2 1

X1 3
3

X9 0

=10 | +mx4 4

3 1 -3
3

T 1
4 0

Assignment 2

You are given the following system of equations

x1—2x279x4:8
—xo +4x3+ 324 = —1
—2x1 + o+ a3+ dxrgy = —8
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a. Vector form of the system of equations.

1 -2 0 -9 8
T 0 +a| =1 | 4+x3| 4 | +24 3 =1 -1
-2 1 1 5 -8

b. Matrix Equation

1 -2 0 -9 8

0 -1 4 3 T2 g

2 1 1 5 T3 -8
T4

c. True or failures

e The system is consistent (TRUE)
Since in the RREF there is no row of the form [00 --- | b] with b # 0.

e There is a unique solution (FALSE)
Because x4 is a free variable since there is no pivot in the fourth column.
1 -2 0 a
e Span 0f,[-1],14],|3| y =R*® (TRUE)
-2 1 1 5
The columns in A span R? because there is a pivot in every row of rref (4).

1 -2 0 -9
° 01,|-1],14]|,]3 are linearly independent (FALSE)
—2 1 4 5

Because there are more vectors than entries in each vector. From the RREF, it can be deduced

that...
-9 1 -2 0
3 = 0 +5-1 =1 |+2]| 4
5 —2 1 1

e The solution set of the system of equations is a line in R® (FALSE)
Since the solutions will have five entries:

s
T2 e RY.
x3
_1‘4

[ )
[—9 1 -2 0
3|=]0]|+5|-1|+2|4| (TRUE)
|5 -2 1 1

This can be deduced from the RREF.

Assignment 3

For each of the sets of vectors below determine whether the set is linearly dependent or linearly independent.
Notice: you do not need to do a lot of calculations.

A. Linearly dependent since there are more vectors than entries in each vector.

B. Linearly dependent since it contains the zero vector.
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I

|

N
| — |
|~
—_
—_

C. Linearly dependent since [ -4 }

4

—6 —2
D. Linearly dependent since 9 =3 3

3 1

E. Linearly independent since the vectors are not scalar multiples of each other, i.e. #k € R  such that
2 -1
R

Assignment 4

3 -2 0 -8
a. Youaregiventhematrix A= | 1 2 4 | andthevectorb = | 16 |. Write b as a linear combination
0 0 1 4
of the columns from A
Reduce the augmented matrix
3 -2 0 -8 1 2 4 16
1 2 4 16 To <> T 3 -2 0 -8
0 0 1 4 0 o0 1 4
1 2 4 16 ot
ro—r9—3r; | 0 -8 —12 =56 |ro— —1r | 0 1 = 7
00 1 4 8 2
0 0 1 4
1 2 4 16 1 200
7”2%7“2—57“3 0 1 0 1 r1 — 11— 4rs 01 0 1
00 1 4 | 0 0 1 4
1 0 0 -2
Ty — 11— 2r9 01 0 1
00 1 4 |
SO, b = —231 + 132 + 4&3
2 -1 4 4
b. You are given the matrix A= | 0 2 4 |. Write b= | 0 | as a linear combination of the columns
4 —4 4 8
of A.
1 0 3 2
The method is similar to the previous question. The RREF of the augmented matrixis | 0 1 2 0
00 0 0
Setting x3 = —2, we get: b = 8a; + 4ay — 2a3
0 2 4 h
c. You are given the matrix A= [ 1 —2 —5 | and the vectorb= | 1 |. Find the value of h such that
0 3 6 9

b is a linear combination of the columns of A.

1 -2 -5 1
The method is similar to the previous questions. The EF of the augmented matrixis | 0 0 0 h-—6

0 1 2 3
That means we need h —6 =0 < h =6.

Assignment 5

a. [ (1) (1) 8 } can be translated to x1 + z9 = 0 where x5 is a free variable. The general solution is

. L ; -1 . . C
r1 = —x2 and the parametric solution is [ Zl } = T [ 1 } This is a line through the origin in R?
2

with the direction vector Il - or the line that goes through the origin and has a slope of —1.
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(1 1 2 . . . ..
b. 00 0 can be translated to z; + o = 2 where x5 is a free variable. The parametric solution is

il } = [ (2) ] + z { _11 ] This is a line through (2, 0) in R? with the direction vector [ 1_1 } - or
| %2
the line that goes through (2, 0) and has a slope of —1 (it intercepts the vertical axis at 2).

c. (1) (1) g } can be translated to x; = 2 and x5 = 3. This is just a point in R? at (2, 3).

d. (1) _01 0 } can be translated to x1 — xo = 0 where x5 is a free variable. The general solution is

r1 = 29 and the parametric solution is [ il } = X9 [ 1 } This is a line through the origin in R? with
2

the direction vector [ 1

] - or the line that goes through the origin and has a slope of 1.

Assignment 6

1 0 1 1 -2
You are given a matrix A= | —2 0 —2 —2 | and a vector b = 4
1 2 3 -1 8

a. Write the general solution of Ax = b in parametric vector form.

We reduce to reduced echelon form:
1 0 1 1 -2 1 0 1

-2 0 -2 —2 4 |mzZretiliog 0 0 0 0
0 2 2

r3—2r3—ry

1 2 3 -1 8 -2 10
1 01 1 =2 1 1 01 1 =2
r3 <> 'y 0 2 2 =2 10 7"2—)57’2 01 1 -1 5
0 0 0 O 0 00 0 O 0
Solution:
T1+ T3+ x4 =2
T = -2 — T3 — T4

To+x3—24 =25
S X9 =D— T3+ 24

Ir3 = XT3
T4 = Ty
[ 21 ] -2 -1 -1
xTo . 5 -1 1
ws | Lo [T [T o
L T4 i 0 0 1
b. Write the general solution to the homogenous equation Ax = 0 in parametric vector form
i X i -1 —1
) . -1 + 1
x| T 1 Tl
L Xy ] 0 1
F o
c. g is a solution to the inhomogenous equation Ax = b from part (a). (TRUE) since you can choose
L O -
z3 =0 and z4 = 0 and then z1 = —2 and x5 = 5.
o
(5) is a solution to the inhomogenous equation Ax = b from part (b). (FALSE). You can check
L 0 -
Ax # 0.
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is a solution to the inhomogenous equation Ax

is a solution to the inhomogenous equation Ax

b from part (b).

b from part (a).

(TRUE). You can check

(TRUE). You can check
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