
 Homework Due Mar 5 2025

Solutions and

Rubric

Grading Scheme
Hw counts 8marks on Canvas

5points perproblem
total 25
So final score is

55 8



Question 1 3.2 exercise 1 Graded

a False has rank 1

b False 18 C
Product has rank 0 but both matrics A B

has rank 1

C True any man matrix with at least I

nonzero entry has rank 21

d True

e False elementy column operations can be performed

by multiplying an elementy matrix have inv

on the right

f True since the rank of a matrix A is
equal to its transpose

g Tre provided the matrix is invertable



h True sine LA 9 7 an ad the dimension

of the co domain is an apperbound for the

dimension of the range ofLA

i True because CA an on having rankn

implies LA is onto By rank nullity we know

its one to one Hence invertable Thus A

is invertable



Question 2 83.2 no 2 Graded

Find the rank of ten following matrices

Idea Given a mxn matrix A we

can find a finite sequence of elementy

matrices to turn A into a

upper triangular matrix Where we

mean all entries below the main

diagal are zero Then the of
non zero entries along the main diagal
is to of L2 colums Sine

elements gratis presence rank we can

read of to rank

1 Rank 2 sine all columnsa

are linearly independent

Iii
rates



c
9 Rank 2 sin was are c 2

d
2,1 Rank 1 only I linery insp col

12
3 11

4 0 1 2
1 Rank 3

9
01

0 0 0 0

f Rank 3f

1 y
g

1 0 1 at me as
I linery independt column

I 0



Question 3 3.2 nr 5

Compute 1 Inverses wit AI
2 Rank

a Rak 2 wit inverse

i
b Ranic I sine lineay input

columns Also not invertable

c

1 1
Rank 2 ad here

not invertable

d Rank 3 so invertable an

inverse

3



e rates imma win
inverse

iii

Thus rank 2 and not invertable



2 1 0 Rall 4
5 5 1

91
with inverse

3 4 93

51 15 7 12

y10 3

1

n I 0 1 1 Rak 3 so not
1 1 2 invertable

0 I 0to
11



83 2 nr 14
let T U v 7W be linear transformative

Show
a R TTU RCT R h

b If dimchi to then

rank U Rank T Rank a

c reduce from b that

rank ATB rank A rank B

mean matrices A B

Pfia RL Tta Tim aw VEU

TW ULL YWEV2

RCT R a

b dem RL Teu dim RCT Rca

2 dim RCT dim Rca

C Apply above to La lb 4

1



Question 5 8 3.2 nr 21

Suppose A is a mxn matrix of
rank m Show A has a right inuse
That is show that there exists

a nxm matrix B such that AB Im

Proof Observe that sine Rank A M

we know NDM sine min Emin is

an upper board for the rank

m A

n

we know finity may elementary

matrices Ei Ek of size nxn sit

AE Ek Im On m

men

Then
mfnthii.tk IJ EIm03fIgJIm.nxm

Chose B Ei Ek I size nxm



o z
nxn nxm

83.2 nr 3

Show that the only matrix A
with rank 0 is the 200 matrix

PI Cleary the 0 matrix has rank 0
To show a rank 0 Matrix is the

zero matrix lets prove the converse

Suppose A is not the zero matrix
That is A is a mxn matrix
with at least one nonzero entry

By then3.6 we can find a finite
sequence of olementy operations to transform

A into 8 who o n m

iii re b
new

a zero row when only one non zero

now is left we know f 8
has at least one nonzero now 1270
Since elementy operation leave
rank unchanged we know A had
nonzero rank



FIS 3.2 Ar 17

Show that if B is a 3 1 matrix

and C is a 1 3 matrix then the

3 3 matrix BC has rank 1

Conversely if A is a 3 3 matrix

of rank 1 then A factors

as BC where B a 3 1

and C a 1 3 matrix

Proof Recall that rank of BC
is defined as the dimension of
the range of LBC 43 e

Also LBC Lpolc And from
them 3.7 we know

Rank LBLc Rank Lc

where sim Le 43 7 and

since codmain one dimensive we

know Rank C 1



Next suppose A is a 3 3 matrix

of rank 1

then consior a

and we know dim R La 1

Since AIO we have at least

one column with a non zero entry

whoa so 1
Then RILA span and

since the other two columns are in the

range of LA we know

a



α 94 22911
A

f i

1 4 a

931

3 1 a



Fis 83.2 nr 18

Given a mxn matrix A and nxp

matrix B Show that AB

can be written of a sum of a matrices
of rank at most one

A
B

Nxp

Mxn

let Ai denote the mxn matrix with the

same ith column f A and the rest

at serve entries Then A E Ai

And AB EAi B AIB where
1 1

each Rank A B Rank Ai 1

sine at most one non 20 color in Ai



83.2 exercise 22

let B be a nxm matrix with

rank M Show that there exists a

Mxn matrix A set A B Im

Proof Sine Rank B m we know

as m sine min Enron is an upperboard

for the rank

So

11

m

we can find finite number of elementy

matrices El Ez Ek size nxn s t

Erin E

E



Then Im On on 3 Eichin E Em

In our
Em

Im

so set A Im On on 3 Eic in
E o


