21-241: Matrix Algebra — Summer I, 2006
Homework 2 Solutions

Tuesday, May 30

1.8.1 (b) Applying Gaussian to reduce the augmented matrix in the echelon form, we get

2 1 3|1\ rRer (1 4 =23\ Ro2r, 4 =2
1 4 —2|-3 2 1 3

-3
1 o77>'

Now we don’t have a zero row with nonzero right hand side, or, you can say the augmented
column contains no pivot, so the system is consistent. We also have a free column (the third

one), so the system has infinitely many solutions.

(d) Reducing the augmented matrix in the echelon form, we get

1 -2 116 1 -2 1] 6 s (U9 R -2 1] 6
2 1 —3|-3 | 220 o 5 5|15 | =2 —5 | 15
1 -3 310 ) ™™ \o -1 2| 4 0 0 1

It’s clear that there is no pivot in the augmented column and no free variable. So the system has

a unique solution.

(f) Reducing the augmented matrix as follows

3 =2 1 4 1 3 —-4|-3 1 3 —4|-3
R2o—3R;
1 3 —4|-3 Ri1—Rs 3 =2 1 4 R3—2R; 0 —11 13| 13
_— —_—
2 -3 5 7 2 -3 5|7 R4—R; 0 -9 13|13
1 -8 9 |10 1 -8 9 |10 0 —11 13| 13
1 3 —4|-3 3 —4|-3
RiRs | 0 =2 0| 0 | Rs—(9/2)Re 0 0|0
_— _
Re-Rs | 0 =9 1313 0 0 13
0 0 0] O0 0 0 0 0

Again, we have no pivot in the augmented column and no free variable. So the system has a
O

unique solution.

1.8.5 Reducing the augmented matrix in the echelon form, we have

11 b |1 1 1 b 1 11 b 1
b 3 —1|—2 | BBl g 3-p —1—p2|—2—p | B22fs 0 1 1-3b | ¢—3
34 1| ¢ ) ™3 Lo 1 1-3 ] c¢=3 0 3—b —1—0%|—-2—b
R3—(3—b)Rs 1] 1 b L
— | 0 1—3b c—3
0 0 —4+10b—4b%|7—4b—3c+be

When —4 + 10b — 4b% # 0, i.e., b # 2 or 1/2, the system is consistent and has no free variable, thus
has a unique solution. When —4 4 10b — 4b> = 0 and 7 — 4b — 3c + bc # 0, i.e., b = 2,¢ # —1 or
b =1/2,¢c # 2, the augmented column has a pivot, thus the system is inconsistent, admitting no
solution. When —4 + 10b —4b> =0 and 7 —4b —3c+bc =0, ie., b=2,c= —1lor b =1/2,¢c = 2, the
bottom row is of all zeros, making the system consistent again. But now the third column is free, so
the system has infinitely many solutions. In summary, the system has
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no solution, if b=2,c¢# —lorb=1/2,¢c # 2;
exactly one solution, if b # 2 or 1/2;

infinitely many solutions, if b=2,c=—-1lorb=1/2,c=2. ]

1.8.6 (c) Use Gauss-Jordan.

1 i 1| 144 1 i 1| 144i
1 1 —i| -1 Bt L0 144 1—1 | 4i
i -1 —1|-1-2i/) ™7 \og o0 -1-i|3-3
s 1 i 1 |1+4i 1 i 0] -2+4i _ 1 0 0|3+2i
/O g 1 ylogan | BB [ g1 of 2450 | B [ o1 0245
RBa/(=1=0) \ o 0 1| 3 Rotifis \ g 0 1] 3 00 1| 3
Thus, the solution is (21, z2,23)T = (3 + 2i,2 + 5i,3)7. O
1.8.7 (c) Reduce the matrix in the echelon form.
1 -1 1 1 -1 1 1] -1 1
RQ—Rl RS—RZ
1 -1 2| 250 0 1 0 0
1 1 0) B Ao 0 1 0 0 0

There are two pivots (boxed entries), so the rank is 2.

(e) Even this is a column vector, you can treat it as a common matrix.

3 R3+(2/3)R1

0 R E— 0
-2 0
There is one pivot, so the rank is 1.
(g) Reduce to the echelon form.
0 -3 12 1 2 2
4 -1 Ri—R3 4 -1 Ra—4R, 0 -9 R3—(1/3)R2 0
1 2 0 -3 R4+R; 0 -3 R4—(1/3)Ra 0 O
-1 =5 -1 =5 0 -3 0 O
There are two pivots, the rank is 2. O

1.8.22 (d) Reduce the coefficient matrix in the echelon form. (Here we don’t deal with augmented matrix
because the right hand sides are always zeros for homogeneous systems. )

<1 2 —2 1>R2+3R1( 2 -2 1)

-3 0 1 -2 0 [6] -5 1

x and y are basic variables, while z and w are free. By the second equation we get y = %z — %w.
Substituting in the first equation we have z = 2

52 — 5w. The general solution is
—1,_2
T =3z— 3w
_ 5 1
y EZ — E'UJ
z,w free
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(f) Reduce the coefficient matrix in the reduced echelon form.

0 -1 1 0 1 1 0 -2 1 1 0 -2
2 0 0o -3 Ri—R3 2 0 0o -3 Ry—2R; 0 -2 0 1
—_— —_—
1 1 0 -2 0 -1 1 0 0o -1 1 0
0 1 -3 1 o 1 -3 1 o 1 -3 1
1 1 0 -2 11 0 -2 1 1 0 —2
Ro Ry 0o 1 -3 1 R3+Rs 01 -3 1 R4—3R3 01 -3 1
—_ —_— —_—
0 -1 1 0 Ra+2Rs 00 -2 1 Rs/(—2) 00 1 -1/2
0 -2 0 1 0 0 -6 3 00 O 0
110 -2 1 00 —-3/2
R2+3R3 01 0 *1/2 R1—R2 010 *1/2
—_— _—
00 1 —-1/2 00 1 —-1/2
0 00 0 000 0

Thus, w is free, and we can directly write out the general solution as

_ 3
T = 5w
_ 1
Yy=sw
1
Z = 5w
w free.

Friday, June 2

2.1.1 Verify all 9 axioms one by one, all quite straightforward. You can also map the complex number
x 41y to a 2 x 1 vector (z,y)”. Then you'll find the operations of addition and scalar multiplication
for complex numbers are exactly the same as those for vectors (matrices). Since we've showed R? is a
vector space, so is the set of complex numbers (equipped with the given operations).

2.1.3 Although it’s kind of tedious, I'm here to justify the 9 axioms for the function space F(S). In the
following, f,g,h are real-valued functions defined on set S, ¢,d are real scalars, x is an arbitrary
element in S.

1. By definition of function addition, (f + g)(z) = f(z) + g(z) € R,V 2z € S. So f + g is also a
real-valued function defined on S, i.e., f + g € F(S5).

2. Since (f +g)(z) = f(z) + g(z) = g(z) + f(z) = (¢ + f)(z), Vz € S, we have f+g=g+ [.
3. Since

((f +9)+h)(x) = (f +9)(x) + hz) = (f(z) + g(z)) + h(z)
= f(@) + (9(z) + h(x)) = f(x) + (g + h)(x) = (f + (g + h))(x), Vz €S,

we have (f+g)+h=f+(g+h).

4. Let 0 be the constant function taking value 0. Then (f +0)(z) = f(x) +0(z) = f(x)+0 = f(x),
VzeS Sof+0=Ff.
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9.

. Given f € F(S), define function (—f)(z) = —f(z) € R,V € S. Thus —f is a real-valued

function defined on S, i.e., —f € F(5). Now that
(f + (=M@) = flx) + (=)@) = f(2) + (- f(z)) =0=0(z), Vz €5,

we get f+ (—f)=0.
By definition of function scalar multiplication, (c¢f)(z) = ¢- f(z) € R,V z € S. So c¢f is a
real-valued function defined on S, i.e., ¢f € F(S).

. SinceVzxels,

(c(f+9)(@) = c-(f+9)(x) = c-(f(x)+9(x)) = ¢ f(x)+e-g(x) = (cf) (@) +(cg)(x) = (cf +eg)(x),

((c+d)f)(x) = (c+d) - f(z) =c- f(z)+d- f(z) = (cf)(z)+ (df)(z) = (cf + df ) (),
we have ¢(f +¢g) =cf +cg, (c+d)f =cf +df.

. SinceVzxes,

(c(df)(@) = c- (df)(z) = c-(d- f(z)) = (cd) - f(x) = ((cd) [) (),

we have ¢(df) = (cd)f.
Since (1f)(x) =1- f(z) = f(z), YV € S, we have 1f = f.

In conclusion, F(5), the set of all real-valued functions defined on the set S, is a vector space. [

2.1.10 For two infinite real sequences a = (a1, as,---) and b = (b1, be, - - - ), define

addition: a+ b = (a1 + b1,as + ba, )

scalar multiplication: ca = (caj,caz,---),VceR

You need to justify all the axioms, although it’s straightforward. O

2.2.1 (a) Denote the set by W = {(z,y, 2)T |z — y + 42 = 0}. We are to prove W is closed under addition

and scalar multiplication. For any two vectors u = (z1,y1,21)7,v = (22,2, 22)7 in W, we have
1 — 1y + 4z =0, To — Y2 + 429 = 0.
Adding these two equations up, we get
(1 +22) — (y1 + y2) +4(21 + 22) =0,

which implies the vector u + v = (21 + T2, %1 + y2, 21 + 22)7 belongs to W. Multiplying the first
equation by a scalar ¢, we get
(cx1) — (eyr) +4(cz1) =0,

which shows the vector cu = (cz1, cy1, cz1)? belongs to W. Hence we complete the proof.

(b) The origin (0,0,0)” (the zero vector) does not satisfy  —y +4z = 1, i.e., the set does not contain

the zero vector, thus not form a subspace. ]

2.2.5 False. For example, any interval not containing 0 can’t be a vector space. O



