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(1,2) location in N-y-pane I

↑is

(2] directions length or "howto mora
"more right 1

: more up 2
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M3
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thought of as locations in

l
says
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or (4) directiona=>

(+) First more in se-direction 1 Step (forwards
then move in y-direction-1 Step (backwards)
tren more in z-direction 3 Steps (up)



TRUE or FALSE: The set of points in R^3 
consisting of all the points with z-value equal to 
zero equals the set R^2.

You try it!

IR all points (4) Where se
, i are

real numbers

# all points (Boye) where 2
, you are red

O

e .g. (1 ,
1
, 0)

,
(0

,

- 2
,

%)
,
(3, -4

,
0)

,

(H, E
,

0),....

are these inRI

all the points have I components (numbers) So

they are all in 173.

-
on your plone screen

all the pixels are really

just a point/vertor in Die



Example: Graph the implicit equation x+y=1 in R^2 
and find an explicit parametrization of the line.

Example: Graph the implicit equation x+y+z=1 in 
R^3 and find an explicit parametrization of the plane

https://www.geogebra.org/3d/kjrqt66w

idea: write explicit equation
Ya

x +y= => y = - + 1

slope m = - 1

·
(0 . 1) y-int E

= 1
.

(1 , 0)
& > H

·
(2

, -1) Check : points on line b)

& (0,1) O + 1 = 1 v

& (1,0) 1 +o = 1 ~

& (2
,
-1) 2+ 2D = 1 -

x + y = / equation y=x+ 1 equatio
of the live is

is explicit
= -

implicit
-

.
e .g. (2 ,

3
,
2) to be in the plane?

2+ 3 + z == z = 1 - 5 =
- 4 -

Z = 1-x-y , by can be anything



Natural Questions

* Is there always exactly one solution? No

* How to find the solution(s) Systematically
# how to determine # There are solutions

without finding any?

~locators (pointer RU ImatrbRian

Ran



Solve:

You try it! What are some techniques that you 
already know to solve a system like this?

want : a point(s) (2) which

C are on ALL 3 planes

*row reduction

* substitution (solve for one nor s &Sub into other ears

->Helimination Cadd a multiple of

one equation to anot

① x+2y +37= 6 ① 2+2y +3z= 6 Q 2 +24+3z = 6

② In - 3y + ZE= 14 EOt 3x - y + 5z = 20

Xy ②
3x-y+ 5z = 20

& 3x + y - z= - I ⑤ 3+yz =z 26x + 47 = 18

adding two ears together doesn't change solus · is blu

D= and= then

*=
/doesn't change solms.

M

I
& doesn't change solus .

doesn't change soln .



Solve:

You try it! What are some techniques that you 
already know to solve a system like this?

mus []manipuretu,

#2x - 3y + 2z = 14

3
x + y

- z = -2

~
- 2R+ R2 + I12

I x + zy + 37 = 6
O - 7 - 4

-

3RRs
0-5 E - 7y - 4z = z

-

5y - 10z = -zo

idea is that the new system of equations will

be easier to solve bl two equs dont have yes

the coefficients↓
coefficients
-

-

of the systemuf linear

equations, Constrate

on the RHS of equations

The augmentation bar is a vialed its

Not part of the matrix and whether its there
or Not DOESN'T CHANGE any answers about

questions you can ask -



N I sim

"Now equivalence"

You try it !
A = B ? no.

A= [] TF is Ari ? yes . they
-

are now erivalent

~
- 2R+ R2 + I 1

2

34
-

O - 7 - 4 I
- 3R + R3 0 - 5 -18



How do you get to a "simple" system?

E CREF)

3 leading entriea ircase"

leading entries

You they're to the rights below

2 the leading entries above them.

in anyofits row echelor forms.
S

-

(RREE



Solve:

You try it!

META
-

① write theSystem as an

augmented matrix (Alb)

② row reduce to get the aug - matrix

to either REF/RREF

③ rewrite the equs of ther REFOREF

- X & those super equations.

REF/RREF no
~ X

REFIRREF ②
11

I I o . (2)
·
A14 =/]em 02

-

-⑤ u

+y= &11
0 = z

0x + 0q=
z

prechline : once you write down the simple equations you can see

that there are NO SOLUTIONS (b1c 3rd equation is NEVER from)

A : So the original system has NO SOLUTIONS and is inconsistent .

IR

staircest
REF? PREF ?

REF BREF .

RREF RREF

n
x+ 17= 0

RREF
0 = 1

Bus ( : 13] REF



https://textbooks.math.gatech.edu/ila/demos/
rrinter.html

1, 2, 2, -1, 4
2, 4, 1, -2, -1
-1, -2, -1, 1, -1

Enter this into the interactive row reducer:

#
BREF

2 pinots ,
in roud-coll

and rouz-col 3



You try it!

on E

pivot in augmented column.

all crefficients zero but constant nonzero



https://textbooks.math.gatech.edu/ila/demos/
rrinter.html?mat=2,1,12,1:1,2,9,-1

How do
you

write down the

Solutions to a system

Q NoT equality.
of linear eghs ?

21

I(iii) --ze(s) ① (A16)
REFV In y3

z(free)

-Rath I O 5
② (AlbTr... Refirref

/]] [01:1 .

17 ③write egns. I Solve

④ Solve for pivot vars in terms of free (non-pirot) van

Idon't forget to worke free vars !!)

x = 1 - 5z⑤+B E y= - 1 - 2z
parametric equation form of

the solutions .
z = z (free)

all solutions.
-

Sofor example all the following are solutions

&

(E= d) N= 1 (= 1)x= - 4 (7= 7) x = - 34
y= - 1 y= - 3 y = = 15
z= o

z = 1 z = 7

Green & (ny . z=(1, 1
,0 V

Ean was Zalty + 12z = 1
v

2 - 1 + 0 = 1V
n + 2y + 9z= - 1 1 - 2 + 0 = -1v

check & (2
,Tz) = (4 ,

-3
,
1)

2(- 4) + (-3) + 12(1) E 11
(- 4) + z(-b) + 9(1) = -1



① (A1b1 ~

② Calb]- ... REFIRREr# :

TwoPivotVars X, ③ :@ write easier system and solve

E
1+ Or + 0x3 + 304 = 2

E
2 + 324 =2 x = 2 - 3x4

??0x , + 0xi + 123 + 4xp = -1 23 + 42y = - 1 ars

D2=-free

xz = -1- 42y
YOU TRY IT??

->

Un=y (free)

ch one particula
parametric egh form

# solutions

①
eardit

He Is Ifred ⑫ ↳ free vars

↓↓
(A1b) =058]

parametricear form

x, + 5x3 = 0 rewrite w/ free vars x = - 5x3 fall solms

24 =0 on RHS : adding STz = 12 (Free)
free vars as well

The = 2> (free)
RI =O x, = -0

a particular soln Uzo or Nz = 1
My = 0

Usio
Muse N3



You try it!

Q: What is the parametric form of the general solution to this linear 
system of one equation in three variables?

CoefficientMatta
ros

↓
augmented metrix

20 %

(A1b)=( 75 3 vows 25 coll.

zi
~ ↑

00 Hi Free

50% ~
(f) 10000%o I 0 =0 =free

00 R3 = Free 4 dimd Solution Jef

= free

(e)

(10002 Use 3dime Solution set .

strea

(b)

1000 2diml solution Set

(1 , 00017 n  34
My = free

l not possible by #egns* wars

So couldn't have only pivot wat

(at most 1 pivot per roal.

(b) NEVER POSSIBLE .

only possible
or solus

none/exactly one / infinitely many



So far.

* systems of linear equs .

# matrices of row reducin

*
representing solns usirs

parametric equ. form.


