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[10] 1. Consider the following system of equations:
2Xx + 4y + z = 11
X + 2y + 2Z = 13
X + o6y + X = 24
(@) Write down the augmented matrix for this system.
2 4 1|11
11 2 2|13
13 6 3|24
(b) Find the reduced row-echelon form of this matrix.
2 4 1|11 B 2 0|3
Rowreduce%l 2 2|13 toget%o 0 1/5.
13 6 3|24 fo o 0|0

(©) Solve the system; present your answer in parametric form.

The system associated to the last augmented matrix above is

X+2y =3
z =5
0 =0

Choosey=t to get the solution in the parametric form: x=-2t+3, y=t, z=5.
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\ =2 3 -6 90 &
E1 4 3 E ! 5O 4
[10] 2. (@) LetA=, ., B=l11 3, c=i1 -1
f-2 15 ' - ' -
-1 2 2 {2 o
Find, if possible,A(B-BT), B(AT+C), (AT+C)B, B(A+CT) and
(A+CT)BT.
E7 -1-71
1. A(B- B")=] 3
(8- &7) 123 -9 12
E7 -26
2.B(A"+C)={31 17-.
fo9 8¢

3. (AT +C)B is not doable.
4, B(A+CT) is not doable.

5. Note thaf(A +CT)BT is the transpose cB(AT +C). So,

E7 267 E7 31 9
| .
A+CT)B" =[B[A" +C)]" =31 17 - =i -
( ) [( )] %9 80 »%_26 17 8

(b) Let A be a2¥ 3 matrix, C a4¥5 matrix, and suppose tha#l = ABC.

What are the sizes of the matrices M and B?

Since A is 2x3 and C is 4x5, it follows that B is 3x4 and that M is 2x5.
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EL 0 T
[10] 3. Let A :ﬁsz -2 3.
2 -1 2
(@ Find A™L.
El1-1 2°
Use row reduction or AdjA to get that* = : 2 0 -1.
f2 1 -2
B ET
(b)  Use your answer in (a) to solve the systétﬁi :QZ -
B~ E4™

(Full marks will not be awarded for solutions that do not use (a)).

0 E1-1 2E3 E9”
-_l, _1AT A
ﬁm } 0 1,2~_A1Q

A .
Er 1 -2E4” E1Z
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[10] 4. (@) Which of the following matrices are elementary matrices:
1 0 0 O 0 0 1 O
El w10 P .
0 -1 0 3 : : o0 1 0 0
A=j -, B=l0 1 0. C=j &
0 0 10 i : 1 000
| oo 1 | '
10 0 0 & 100 0 Fr
1 0 0 0 O R
F_l . ELO O 0 -2
01 0 00 : .
i - BH O o 1 00 O
D=0 0 1 0 0, E=; . | -
| fo 1 ‘0 010 O
0 0 00O I
| 100 0 1 O
0 0 00 &
B, C and E are elementary; the other matrices are not elementary.
E1L 2 . .
(b) Let sz 4 .7 Write C as a product of elementary matrices.
1 2 £l 2 B -z =y
Row reducej - e R B E | - e | - ' &%8%BE . . The first
|4 -7 ] 0 I [0 I [0 I

matrix is C, the last is the identity. Call the second ma¥ixThe third matrix is already
elementary; call itf,. Note that we can ge& from E, by multiplying the I row by —1. So,
B -2 . , E1L O
A= EZ{O 1 ., Wwhere we ge€, by multiplying the first row of | by —1; s, ={' 0 1;.
Further, we can get C from by multiplying the ¥ row by (-4) and adding that to the second row.
So, C = E,A, where we ge€, by multiplying the 1 row of | by (-4) and adding that to the
El O El OE1 OH -2

second row; scE. = | . SummarizingC=E.A =E.E.E, = : : :
I T GC=BA=EEES 4 ¢fo xfo 1

Note: this is NOT the only correct answer.
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[10] 5. (@) Compute|l3 6 by using row operations to put the matrix in upper-
2 -1
triangular form. (Full marks will not be awarded for any other method.)
B2 T B2 T B2 T
Start With%S 6 5 and row reduce a bi}:B 6 5 ae%@%%é”ﬁé‘%@%"%:'o 0 2.Note
f2 -1 3 f2 -1 3 fo -5 ¥

that the two row operation§ we have applied so far do not affect the determinant. One more step:
B2 1 B2 1

%0 0 2 ae%%%%%o -5 1. This row operation affect the determinant by a factor of

fo -5 F fo o 2

FL 2 T
—1. So the determinant we Want(is:L)det:'O - 5 1. But since this matrix is triangular, we have
fo o0 2
B2 1
(-Ddefo - 5 1= (1)) 5)(ZF 10
fo o 2
ab 2a b c
(b) Giventhat|d e f=7, find |[2(a+d b+e ct
g h i 2(Jy+a 3n+b 3i+
2a b c a b c a b c
2(a+d) b+e c+f|=2(a+d) b+e c+f[=2 d e f|=
2(3g+a) Hh+b 3+c |(3g+a) 3n+b 3I+c |[(3g+a) 3n+b I +c
a b c a b c
=2d e f|=(2(3|d e f|=(6((7)=42
3g 3h 3 g h i

(c) A, B, C are4¥ 4 matrices with determinantdet A=-2, detB=3 and
detC=5. Find de[(- 3a%sic” 1) .

def- 3A?B'C™Y) = (- 3)[det@d )F (deB" )(de€ *3 -(3% (2 8)L /5)
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[10] 6. (@) Use Cramer’s rule to find the value g§ in the system:
3X1 + Xg = 2
4 + 22X, + 4dx3 = 4
Xo - X3 = 0
B0 1
The coefficient matrix isA::'4 2 4. anddetA=-14.The matrix A, we need to solve fox;
fo 1 -#
B0 2 det 4 2
is A, = :'4 2 4, and it has the determinant of —4. S9~ et =—==,
: . detA -14 7
fo 1 0
EL 0 & E1-1 2°
(b) SupposeA::‘z\Q -2 3 and Ade:ﬁl 1 - 1.
EL -1 2 EO b ¢~

Find the values of a, b, and c, and use Adj A to filict

We read from AdjA that the cofact@,, is 1. On the other hand, we see from the matrix A that

1
C212 - (_ 1)2+21 j SO,1= (_ ])2+2

1
0 j from where we finda=1.

Notice thatb = C, . We then comput€, , from the matrix A to get that=1.
Finally, notice thatc = C, ; and we find from A that=-2.

Now that we knowa we computedetA=-1. Since A" = 1 AdjA, we have

A detA
1E—1-1 2"
1__A_ 1
A -1A1 1 1.
EO 1 -2



