MATH 311 Exam 1 Fall 2000
Section 502 Solutions P. Yasskin

10 3
1. (10 points) Find the inverse of A = 0 114
1 10
(103|100 )\Rs (10-4]0-11
014010 01 4|0 1 0
\ 1 10 001jR1 \00-1|1-11 ) -R3
(110|001 ) (10-4|0 -1 1 \R+4R3
0 14010 01 4|0 1 0 |R-4m3
\_ -1 03 1oojR3+R1 \ 00 1]-1 1 -1
(110|001 )\R-R 100|-4 3 -3
014|010 010| 4 -3 4
\ 013|101 )R-R 001|-1 1 -1
4 3 -3
Al=| 4 -3 4
101 4
00 2
Use it to solve XA = 210
020
00 2 4 3 -3 2 2 -2
XA=B = X=BAl=| 210 4 3 4 |=| -4 3 22

020 -1 1 -1 8 6 8



2. (10 points) Consider the polynomials

p1(X) = 1-x2
P2(X) = 2—X—Xx?
ps(X) = 1-X

and the vector space

W = Span(pz, p2, Ps).
Find a subset of {p1,p2,ps} which is a basis for W. Prove it spans Wand is linearly independent.

ap. +bpz+cps =0 = al-x2)+b(2-x-x2)+c(l-x)=0

= -a-b=0 -b-c=0 a+2b+c=0
-1 -1 0O 0 -R1 1 10|60 R1-R2 1 0-11]0 R1-R2 a=t
0O -1 -11{0 -R2 011]|0 01 1|0 = —t
1 2 110 R3+R1 011]|0 R3-R2 00 O0]|O RB-R2 C=

Lett = 1. Then
Pp1—p2+ps=0 or p3=-p1+p2
Claim the basis is {p1,p2}. They span because
ap: +bpz +cpz = ap1 + bpa +c(—p1 +p2) = (@-c)p1 + (b+C)p2

They are linearly independent because

ap,+bp, =0 = al-x2)+b(2-x-x2)=0

= —-a-b=0 -b=0 a+2b=0

= b=0 & a=0

. Consider the vector space P3, the set of polynomials of degree 3 or less?

* (5 points) Scantron #1 Which of the following is NOT a subspace of P3?

a A={ pePs | p0)=0 }

b.B={ pePs | p1)=0 }
I
I

c. C={ pePs | p0)=pa) }
d. D={ pePs | p0)+p1)=0 }
e E={ pePs | p0)=1 } Correct

E is not a subspace because if p,q € Ethen p(0) = 1and q(0) = 1. So (p+q)(0) =2andp+q ¢ E.



4. Consider the vector space R* of all positive real numbers with the operations of

Vector Addition: XYy =Xy (real number addition)
Scalar Multiplication: QoX=X* (real number exponentiation)
* (5 points) Scantron #2 Translate the vector identity
Oox=0
into ordinary arithmetic.
a. 1*=1
b. xX°=1 Correct
c. 0*=0
d. xt =x
e. =1
Oox=x" and 0=1 Sox®=1
1-10
_ _ o oa o 01 2
5. Consider the linearmap L : R®* — R" givenby L(X) = AX where A = > 0 4
3 -114
2
. ~ -1
* (10 points) Solve L(X) = )
4
1-10| 2 1-10| 2 Rl +R2 1
01 2|1 01 2|1 0
2 0 4| 2 R3-2R1 0 2 4| -2 R3 - 2R2 0
3-14| 4 R4 — 3R1 0 2 4| -2 R4 — 2R2 0
x=1-2t
X+2z=1
= = y=-1-2t
y+2z=-1
z=1

* (5 points) Scantron #3 Describe the solution set:
a. No Solutions
b. Unique Solution (Point in R3)
so-Many Solutions (Line in R3) Correct There is one parameter.
so-Many Solutions (Plane in R3)
so-Many Solutions (All of R?)

® 20

* (5 points) Scantron #4 Is L a one-to-one function?
a. Yes

b. No Correct There is more than one solution to L(X) = b.

O NNDN




6. Again consider the linearmap L : R® — R* givenby L(X) = AX where A =

1
+ (10 points) Solve L(x) = )
1
1-10]1 110
01 2|1 0 1 2
2 0 4|1 |R-2R1 0 2 4| 1
3-14|1 ) R4-3RL 0 2 a4l
= No Solution

« (5 points) Scantron #5 Describe the solution set:
a. No Solutions Correct
b. Unique Solution (Point in R3)

c-Many Solutions (Line in R?®)

c-Many Solutions (Plane in R?)

c-Many Solutions (All of R3)

® 2 0

« (5 points) Scantron #6 Is L an onto function?
a. Yes

b. No Correct is not in the image.

N N

R1+R2

R3-2R2
R4 — 2R2

w N O -

>~ b N O

O O NN




7. Again consider the linearmap L : R® — R* givenby L(X) = AX where A =

« (5 points) Find Ker(L), the kernel (or null space) of L.

1-10/|0 1-10/|0 Rl +R2
0 1 2|0 0 1 2|0
2 0 4|0 R3-2R1 0 2 4|0 R3-2R2
3-141|0 R4 — 3R1 0 2 4|0 R4 — 2R2
= -2t -2t
X+2z2=0
= = y=-2t = Ker(L) = -2t
y+2z=0
z=1 t
-2
« (5 points) Give a basis for Ker(L). (No proof) -2
1

« (5 points) What is the dimension of Ker(L)? (No proof) dimKer(L) = 1

w N O -

>~ b N O

102
012
000
000

o O O O



8. Again consider the linearmap L : R® — R* givenby L(X) = AX where A =

LX)

1-10 X—-Yy
X
- 0O 1 2 y+2z
2 0 4 2X+ 4z
y4
3 -114 X-y+4z
1 -1 0
N 0 1 2
Im(L) = {L(X)} = Spa > Il o Il 4
3 -1 4

(5 points) Find Im(L), the image (or range) of L.

(5 points) Give a basis for Im(L). (No proof)

N O B

3

w N O -

-1

-1

1

+y 0

-1
0|0
210
410
410

w N O -

+Z

[l

A A N O

>~ b N O

The 3 vectors span. Are they independent?
1 -1 0 0
0 1 2 0
X +y +z = =N
2 4 0
3 -1 4 0
as in Problem 7. So they are not independent. Throw out the third vector and the first two are
independent.
1 -1
o 0 1
Basis is ,
2 0
3 -1

(5 points) What is the dimension of Im(L)? (No proof)

dimim(L) = 2



