Linear Algebra MAT313 Spring 2023
Professor Sormani

Lesson 2 Solving Linear Systems

Warning: do not start this lesson until you have completed Lesson 1 and submitted all
the classwork for that lesson.

Please be sure to mark down the date and time that you start this lesson. Carefully take
notes on pencil and paper while watching the lesson videos. Pause the lesson to try
classwork before watching the video going over that classwork. If you work with any
classmates, be sure to write their names on the problems you completed together.

You will cut and paste the photos of your notes and completed classwork and a selfie
taken holding up the first page of your work in a googledoc entitled:

MAT313S23-lesson2-lastname-firstname

and share editing of that document with me sormanic@gmail.com. You can use your
Lehman id and hand instead of your face in your selfie. You will also include your
homework and any corrections to your homework in this doc.

If you have a question, type QUESTION in your googledoc next to the point in your notes

that has a question and email me with the subject MAT313 QUESTION. | will answer your
question by inserting a photo into your googledoc or making an extra video.

This lesson has two parts and each has its own playlist:

Part 1: Using Row Actions to Solve a Linear System
P II: How Ilve Any Linear m

QUESTIONS:

Be sure to learn the methods taught in this lesson even if you already learned to solve a
system in another course. | am teaching the method that leads to an algorithm that
works with many equations and many unknowns. There are 10 HW problems.

Part 1: Using Row Actions to Solve a Linear System

Watch Playlist 313F21-2-1to7


https://sites.google.com/site/professorsormani/home/teaching/linalg-s23
https://sites.google.com/site/professorsormani/home
mailto:sormanic@gmail.com
https://youtube.com/playlist?list=PLRHpZu30FKOVN4dSgRzgrAlU7-0BsAB_2

Here we solve one particular system and explain what row actions are and introduce
Echelon form.
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Before continuing to Part 2 you may wish to complete the first five homework problems

Check the solution here to each problem before doing the next.
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Part Il: How to Solve Any Linear System

Watch Playlist 313F21-2-8to12

“How to solve a Linear System” is in video 313F21-2-8 and the Example 1 rewritten using
this technique is in video 313F21-2-8 and 313F21-2-9:


https://youtube.com/playlist?list=PLRHpZu30FKOVFDVqvROOTT2eDyPRF3AbI
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Example 2 is in video 313F21-2-10



3:25 PM  Fri Aug 13

<

[u]u]

/| Q [ﬁ Linear Algebra 0 ~

D OO R OCEBR ™ 00 e — -

| 2x+2y+92=12
(g(or-nn])lf 2 Solue ™ yriE

| A+ y + 2 :5
C(G—SSc-oork,el 2)(4—27 +22=8
Use owur #~ne
S*H:PJ . Row reductron ckaaar»\j e Sys{'em{:o &Lle::

- Upper Left Gefficient to | ‘

lola—a"fn md- b +2z=§ (\ ulnfeh [e'YQL

x+ yt+te=8
2x + 2y t22 = b3 ou.r‘ lﬂ. leq,cler i's

a )
P 6—3\( f“)ej O?C LS‘+ /eae/er Jn 2 —(\+ ro«o¢ ( H
Mrf/hj E’A‘EG\J a_b"’t‘ﬂds /" —‘Df F‘

Fz—’ﬁ'/’ rLﬂ*— +22 =6 ( aJor (
6“7f;-2ﬂ Dx.pgy -2 2_‘ y s nedeér o ¢ ( der
—> | Ox+ o)/ '2%:‘“,' 2 (s our next le

o [MMale +Hhe cc:eﬁ,'c ceaf O‘F ne st Leﬁfi'f = |

[
/o"’)’/az D-‘-\ +2%2 = 6 box o«ur Leqclery.
> OXFO/@ x aad =z

Ox +0y —22 =-1 Cy rs not - (C‘-'*'Je"\

'6'27( -l d a'FiKJ lender A [ccoer roess 3'41‘0'»\

+ k “se 2 +o Jo‘]"‘\rs
/it 2P i fz /:CM‘!"C‘\
_<_———-——, 3 ; +y *T2z2< T+ 2(1)= 2=
> %{+Oy + (& C@
Ox +Oy -fOZ"?-

f’hs s i 6&?\0/\ }:EDPW\

zerves wader + (leff of (eadens &
O”GFFY o‘F [G.chelel—s ace l (

SPe,f:Z sub up . Ttert itk lotfom (me



Ox+0y+ Oz = -2 which s O=~2
T oss”ﬂ@ ' \
SCD owf 5CLLP(OA Fotan has ADS?DLJ.%CMS

[abﬂf‘ a[( our Gi,a{'l)on-s coefleé ¢cuer54;l;le

So oul orijim’ 5ys4em ‘ftqsgl/\: g;l;/ﬁm
Solufvon 5€+:,@ﬂ gg/:u

Example 3 is in the last two videos 313F21-2-11 and 313F21-2-12 which you should watch
pausing and trying as you work:
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For homework you will solve five systems using today’s method.

QUESTIONS:

Email me questions as explained at the top of the doc. Below | include answers to the
best questions.

Let us review the key steps again including students questions:



Haw to| Solve | a Linser Sy5+eM:

S+c,; |} Row RcJMCHons to Echelon Form
Rowo ﬁCfTof\S w(x;‘cL ape rc.uef‘few‘”f
scale ° P —> kf& where KF#O

ot
: kp. S se*
sk | fFe D Lo HEPY p s
4 ) r
swifch = /00, é-—'"';/o‘) O-lﬁo_‘ior'g.(-ef.

Student Question:
What is Echelon Form?
Here is the precise definition:

Definition: a system is in Echelon Form if
it has zeroes to the left and below all leaders
and all the leaders are ones and
all rows with 0+0+0+...+0=something are at the bottom.
Definition: a leading coefficient or leader is
the first nonzero coefficient of a row.
Here are examples of Echelon Form:
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Student Question:



How do | do Row Reduction to Echelon Form?
We follow these steps:
Method: Start on the upper left.
Step 1: Find a leader and make it one using row actions.
Step 2: Get zeroes below the leader using row actions.
Go to the next row and column and repeat Step 1 and Step 2.
When we run out of rows, the system is in Echelon Form:
it has zeroes to the left and below all leaders
and all the leaders are ones and
all rows with 0+0+0+...+0=something are at the bottom.
Here is Example 1 with these repeating steps marked clearly:
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We will learn a precise way of writing this as an algorithm with a flow chart for any
system in the next lesson.

Continuing forward:

[ <>
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Student Question:

Why do you use parentheses when you sub up?

Parentheses are used because they tell us to compute the value inside the parentheses
before multiplying. See the end of Example 3 here:
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Student Question:

What if there is a row of zeroes adding up to something that is not zero?
If so, then there is no solution! Write the empty set. This happened in Example 2 above:
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Be careful not to write brackets around the empty set symbol.

Student Question:

What if there is a row of zeroes adding up to zero?

If you get something like 0x+0y+0z=0 then it still has a solution. Sub up to find the
solution starting with the last row that has a leader.

You finally complete the problem by writing the solution set.
Student Question:

How do | know which variables are free?

All variables which are not boxed as leaders are free.

Student Question:

In some places | see the solution sets written without brackets and free variables.
Linear Algebra is an ancient subject dating back a thousand years in China and has
many notations. In this course we will use only the notation | teach to keep things
simple. Do not use other notation in your work. All mathematicians understand the
notation | am teaching you. In your own fields: chemistry, computer science,
economics, etc other notations may be used that you will learn in those courses.

Homework:
Glance over the lecture notes above to be sure you watched all the videos and read over

the students' questions. Then do the following ten problems. Check the solution here to
each problem before doing the next.
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Note your solution is only correct if you do the same row actions in the same order
exactly as in the solutions here. If you do something different, and do not know why it is
wrong, send a question.

It is very important to email me if you do not understand why your problems are
incorrect. See how to email questions at the top of this document.
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You can use your Lehman id and hand instead of your face in your selfie. This can be
helpful if you are not dressed well or are shy or have difficulty taking a selfie.

Submit your classwork and homework following the directions at the top of this
document.
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