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Sec 3.1, 3 (Check Axioms A1-A8), 10, 12, 13

K H <https://users.math.msu.edu/users/zhangshiwen/s19/homework.html>

Definition | Let V be a set on which the operations of addition and scalar multiplication are
defined. By this we mean that, with each pair of elements x and y in V, we can
associate a unique element x +y that is also in V, and with each element x in V and
each scalar o, we can associate a unique element ox in V. The set V together with
the operations of addition and scalar multiplication is said to form a vector space
if the following axioms are satisfied:

Al. x+y=y+xforanyxandyin V.

A2. (x+y)+z=x+(y+z) forany x,y,andzin V.

A3. There exists an element 0 in V such that x 4 0 = x foreachx € V.

A4. Foreach x € V, there exists an element —x in V such that x4 (—x) = 0.
AS. a(x+y) = ax + ay for each scalar ¢ and any x and y in V.

A6. (@ + B)x = ax + pBx for any scalars & and B and any x € V.

A7. (af)x = a(px) for any scalars o and B and any x € V.

A8. Ix=xforallx e V.

3. Let C be the set of complex numbers. Define

-taddition on C by \Pb Qﬂ\bk @U\L{WVV )

(a+bi)+ (c+di)=(a+c)+ (b+d)i
and define scalar multiplication by
a(a + bi) = aa + abi

for all real numbers «. Show that C is a vector space
with these operations.
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10. Let S be the set of all ordered pairs of real numbers.
4 {%Deﬁne scalar multiplication and addition on S by

a(X1,Xx7) = (axy,axy)

(X1,X2) @ (_\'1 s \2) = (X + Vis 0)

We use the symbol & to denote the addition opera-
tion for this system in order to avoid confusion with
the usual addition x + y of row vectors. Show that
S, together with the ordinary scalar multiplication
and the addition operation €, is not a vector space.
Which of the eight axioms fail to hold?
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12. Let R* denote the set of positive real numbers.

\ 0 {/Deﬁne the operation of scalar multiplication, de-
F noted o, by

dxox=2x"

for each x € R* and for any real number «. Define
the operation of addition, denoted &, by

X@Py=x-y for all x,y € R*

Thus, for this system, the scalar product of —3
times % is given by

-3
—3ol:<l) =8
2 2

and the sum of 2 and 5 is given by
205=2-5=10

Is R™ a vector space with these operations? Prove
your answer.
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13. Let R denote the set of real numbers. Define scalar

ZFanmltiplication by

ax =« -x (the usual multiplication of
real numbers)

and define addition, denoted &, by

X @y =max(x,y) (the maximum of the two
numbers)

Is R a vector space with these operations? Prove
your answer.
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. Sec 3.2, 1 (a)(e), 2 (a), 3 (a)(D), 4 (b)(c), 8, 11 (a)(c), 13 (a).

Determine whether the following sets form sub-

6()@ spaces of R?:

@ {(x1.x2)" | x1 +x2 = 0}
(b) {(x1.x2)" | x1x, = 0}
(€) {(x1.x2)" | x; = 3x3)
d) {(x.x)" | x| = %)
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\§ 6 Determine whether the following sets form sub-
spaces of R?:
(@) {(x1,x0,x3)7 | x; +x3 =1}
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,é 3. Determine whether the following are subspaces of
REXE
(@7 The set of all 2 x 2 diagonal matrices
(b) The set of all 2 x 2 triangular matrices
(c) The set of all 2 x 2 lower triangular matrices
(d) The set of all 2 x 2 matrices A such that
a;p = ]
(e) The set of all 2 x 2 matrices B such that
[J]I =0
@7 The set of all symmetric 2 x 2 matrices
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(@ 4. Determine the null space of each of the following
i NG

matrices: (
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8. Let A be a fixed vector in R™" and let S be the set
4(7&/ of all matrices that commute with A, that is,

S = {B|AB = BA)

Show that S is a subspace of R"*",
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13. Given

(a) Isx € Span(xy,x;)?
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