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Equation of a Straight Line

The equation of a straight line is usually written this way:

vy=mx+Db

(or "y = mx + c" in the UK see below )

What does it stand for?

b

y = mx+Db

7 N

6
5
4
Slope or y when x=0
3 Gradient (see Y Intercept)
2
? ) bX y = how far up
-y"c i 2 3 7

X = how far along
m = Slope or Gradient (how steep the line is)

b = value of y when x=0



How do you find "m" and "b"?
¢ D is easy: just see where the line crosses the Y axis.

¢ M (the Slope) needs some calculation:

YA

_ ChangeinY
Change in X




Knowing this we can work out the equation of a straight line:

Example 1

b = 1 (value of y when x=0)

S0 Y= 0% T 1



Positive or Negative Slope?

Going from left-to-right, the cyclist has to Push on a Positive Slope:

Example 2
.l\y
x-_
+3
1
o
= T 3
53 = (0]

This givesusy = —3x + 0

We do not need the zero!

So: y=-3x



positive slope

zero slope

f
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negative slope




Rise and Run

Sometimes the words "rise" and "run" are used.
e Rise is how far up
* Run is how far along

And so the slope "m" is:

rise
run

You might find that easier to remember.

Rise or Fall

Y




total
revenue

total
cost
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For the straight line y = -2x + 3, what are:
a) the slope

b) the y-intercept?
N

A a)Slope=2
b) y-intercept = (0, -3)

[

a) Slope =-2
b) y-intercept = (0, 3)

C a)Slope=3
b) y-intercept = (0, -2)

°

a) Slope =-3
b) y-intercept = (0, 2)

ok sty - Lalb-

Adkpe=2
i3




p
What is the equation of the straight line shown in the diagram?

Ay

5

S J

LA y=2x-2 MB y=-2x+% J

[c y=-()x+2 J[D y=(%)x-2 ]
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What is the equation of the following line?

Ay

AN

>
A y=-133x+2 ][B y=133x+2 ]
.

f
C y=-0.75x+2 ][D y=0.75x+2 ]
\
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What is the equation of the following graph?

Ay

X

.

[A y=-4x+2

)

[B y=4x+2

[c y=-0.25x +2

)

[D y=025x+2




Explore the Properties of a Straight Line Graph

Move the m and b slider bars to explore the properties of a straight line graph. Look at

¢ The effect of changes in m
* The effect of changes in b
* The effect of a negative value of m
s The effect of a negative value of b

e How to create a horizontal line

Graphofy=mx+b “A
m =1
L
b=2
v " 22 i} 2 gl |
y=Xx+2 4 -2
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For the straight line x = 2y - 3, what are:
a) the slope
b) the y-intercept?

‘ A Slope =2 and y-intercept = (0, -3) ’ [B Slope = Y2 and y-intercept = (0, 1%2) J

[C Slope = -%: and y-intercept = (0, 1) ’ (D Slope = % and y-intercept = (0, -1%) ’




Linear Equations

A linear equation is an equation for a straight line

These are all linear equations:

f y=2x+1
f 5x =6 + 3y
{ y/2=3—-x



Let us look more closely at one example:

Example: y = 2x + 1 is a linear equation:

5y‘v
§

4N

3

2

/ x

A8 1 2 3

-1

The graph of y = 2x+1 is a straight line

* When x increases, y increases twice as fast, so we need 2X
® When x is 0, y is already 1. So +1 is also needed
e Andso: Yy = 2x + 1

Here are some example values:

37 vyv=2x+1

=4 y=2x(-1)+1=-1

0 y=2x0+1=1
v=2% 1+1=3

2 y=2x2+1=5

Check for yourself that those points are part of the line above!



Different Forms

There are many ways of writing linear equations, but they usually have constants (like "2" or "c")
and must have simple variables (like "x" or "y").

Examples: These are linear equations:

v y=3x-6

v y-2=3(x+1)
v y+2x-2=0
v 5x=6

v yz2=3

But the variables (like "x" or "y") in Linear Equations do NOT have:

 Exponents (like the 2 in x2)
e Square roots, cube roots, etc

Examples: These are NOT linear equations:
X v-2-0
x 3Vx-y=6
X x32=16



Slope-Intercept Form

The most common form is the slope-intercept equation of a straight line :

S 7 N

Slope (or Gradient) Y Intercept

N W A o

-
i
-
M
w

Example: y = 2x + 1
e Slope: m = 2

® Intercept: b=1



Point-Slope Form

Another common one is the Point-Slope Form of the equation of a straight line:

y —y1=m(x - xi1)

Example: y — 3 = ()(x — 2)
It is in the form y — y3 = m(x — x1) where:
ey =3

em="%

ox1=2



General Form

And there is also the General Form of the equation of a straight line:

Ax+By+C=0

(A and B cannot both be 0)

Example: 3x + 2y — 4 =0

It is in the form Ax + By + C = 0 where:
eA=3
eB=2

e C=-4



As a Function

Sometimes a linear equation is written as a function , with f(x) instead of ¥y:

y=2x—3
fix)=2x—-3

These are the same!

And functions are not always written using f(x):

v=2x—3
w(u) =2u -3
h(z) =2z - 3

These are also the same!



The Identity Function

There is a special linear function called the "Identity Function":

f(x) =x
And here is its graph:
s
&
45°

It makes a 45° (its slope is 1)

It is called "Identity" because what comes out is identical to what goes in:

0 0
5 5
= =7

«..atc - | o]



Constant Functions

Another special type of linear function is the Constant Function ... it is a horizontal line:

yll

X; X; X
f(x)=C

No matter what value of "x", f(x) is always equal to some constant value.



Using the given point, what is the equation of this straight line in Point-Slope Form?

Ay

5
(1, 2)
X
% o >
5
[A ¥=ix-1 ][B y-2=1/3(x-1) }
[C y-2=3@&-1) J[D y-1=3(x-2) ]




Using the given point, what is the equation of this straight line in Point-Slope Form?

Ay
5
X
-5 0 5 .
(-1,-3)
=5
[A y=5x+2 MB y-3=5(x-(-1))

[c y-(-3) = 5(x (-1))

] [D y-(-3) = 5(x -1)




What is the equation of this straight line in Slope-intercept Form?
Ay

L A

[A y=-4/3x +2/3 ] [B y= 413 +32/3 ]

[C y=4/3x+2/3 ] [D y-6=-4/3(x-(-4)) J




P
What is the General Form of the equation of a straight line for this graph?

Ay

\

A 3x-5y-10=0

[B 3x+5y-10=0

(C 3y-5x-6=0

MD 3y +5x-6=0




Point-Slope Equation of a Line
The "point-slope” form of the equation of a straight line is:

y —y1=m(x — x1)

The equation is useful when we know:
* one point on the line: (x1,y1)

* and the slope of the line: m,

and want to find other points on the line.

Have a play with it first (move the point, try different slopes):

y-6=05(x - 8)

y

2 4 6 8 10
Slope; G TN 0.5




What does it stand for?
y (Xl, Yl) is a known point

"<. y 1 . =
. Y (x,y) m is the slope of the line

(X, y) is any other point on the line

Making sense of it

It is based on the slope:

Slope m = changeiny _ Y~ ¥V1

change in x X —%
¥ Y =m
Starting with the slope: N=-Xy
we rearrange it like this: y-y
1
— = M(X-x;)
to get this: 5
Y-¥y = m(x-x)



Now let us see how to use it.







Example 3: Vertical Line

>

L

What is the equation for a vertical line?
The slope is undefined!

In fact, this is a special case, and we use a different equation, like this:

x=1.5

Every point on the line has x coordinate 1.5,
that's why its equation is x = 1.5



What Abouty =mx+b ?

You may already be familiar with the " y=mx+b " form (called the slope-intercept form of the equation
of a line).

It is the same equation, in a different form!
The "b" value (called the y-intercept ) is where the line crosses the y-axis.
So point (X1, Y1) is actually at (0, b)

and the equation becomes:

Start with ¥ — y1 = m(x — X1)
(%1, Y1) is actually (0, b): y — b = m(x - 0)
Whichis: ¥ — b = mx

Put b on other side: Yy = mx + b



-
Using the given point, what is the equation of this straight line in Point-Slope Form?
Ay
(1,2
X
-5 'y 5 -
5
[A y=3x-1 ][B y-2=1/3(x-1) ‘
{c y-2=3(x-1) ][D y-1=3(x-2) 1




Fe !
Using the given point, what is the Point-slope equation of this line?

Ay

0. x

0 -

-5
- >
(A y+3=2x-9 |[B y-3=2x-9 :
{C y+3=-12(x-4) ][D y-3=-1/2(x-4) )




’r

Using the given point, what is the Point-slope equation of this line?

Ay /

4 1 x
tA y-3=-43(x-6) ][B y-3=4/3(x-6)

[c y-3=-3/4(x- 6) ][D y-3=3/4(x - 6)




-

Using the given point, what is the Point-slope equation of this line?

Ay -

-5 3" 5 i
iA y+6=1-3) ][B y—3=i(z—6)
[C y—3=3(z+6) ][D y—3=3(z+6)




What is the equation of this line?
Ay |

|
I

gl | | GEE |
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jA y-5=1(-3) ][B y-5=0(x-3)

C y=3 ][D x=3 ]

Tibiag it e =l
Frukizic
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Using the given point, what is the Point-slope equation of this line?
Ay

(3. 4)

yx

\

[A - 4=0(x+3)

)

[B

y+4=0(x+3)

[c y+4=0(x-3)

)

(D

y-4=0(x-3)

Tesnboaud b clegnun =)

Nwebebky =gy
el = 2w
T

e

Kttty




~

Ay

Using the given point, what is the equation of this straight line in Point-Slope Form?

V%

(-1,-3)

.

A y=5x+2

MB y-3=5(x-(-1)

[c y-(-3)=5(x~(-1))

][D y-(3)=5(x-1)




-
What is the equation of this straight line in Slope-intercept Form?

Ay

yx

[A y=-4/3x+2/3 ][B y=-4/3x + 32/3

{c y=4/3x+2/3 ][D y-6=-4/3(x - (-4))




Using the given point. what is the Point-slope equation of this line?
Ay /
10 //
- s,,
-5 i) 10 A
5 (3,-9)
10 /
/
[A y+5=—2(z—3) ][B y+5=2(z—3) |
[c y—5=2(z—3) ][D y+5=2(x+3) )




~

Using the given point, what is the Point-slope equation of this line?

1\A¥

A

1,3)

&




General Form of Equation of a Line
The "General Form" of the equation of a straight line is:

Ax+By+C=0

A or B can be zero, but not both at the same time.

The General Form is not always the most useful form, and you may prefer to use:

The Slope-Intercept Form of the equation of a straight line:
y=mx+Db

'
\i\-uu&uo
™
™

or

The Point-Slope Form of the equation of a straight line:

y —y1=m(x — xi)




Example: Convert 4x — 2y — 5 = 0 to Slope-Intercept Form
We are heading for:
y=mx+b
Start with: 4x — 2y — 5=0
Move all except y to the right: —2y = —4x + 5

Divide all by (-2): y = 2x — 5/2

And we are done! (Note: m =2 and b = —5/2)



The slope-intercept form of the equation of a straight line is y = —%z‘ + 2%
What is the general form of the equation?
[A 2x+3y-7=0 ][}3 2x-3y-7=0 :
[C 2x+3y+7=0 ]{D 2x-3y+7=0 3

b et i

b

4z



The point-slope form of the equation of a straight line is y + 3 = —2(x — 5)
What is the general form of the equation?
[A 2% - Ty +11=0 ][B 2% - Ty+31=0 3
[C 2x+Ty+11=0 ][D 2x+7y+31=0 ]
W4
Sk - b

Byrledel)
2




The General form of the equation of a straight line is 3x + 5y — 15 =0.
What is the slope-intercept form of the equation?

[A y=-3z-3 ][B y=-3r+3 ]
[C y=3z+3 ][D y=3t—3 ]
s
el i 5
T
il

s
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What is the General Form of the equation of a straight line for this graph?

Ay

Pe

[A 3x-5y-10=0 ][B 3x+5y-10=0

[c 3y-5x-6=0 ][D 3y+5x-6=0




p
Convert 7x - 3y + 2 = 0 to Slope-Intercept Form
\

(A y=-73x-23

L.

] [B y=-7/3x+2/3

(C y=73x-2/3

\

] [D y="7/3%+2/3

EERTS

ipishaizc
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What is the General Form of the equation of a straight line for this graph?
Ay

yx

\ 7

[A 4x+Ty+28=0 ][B 4x+7y-28=0 ]

[C Tx+4y+28=0 ][D Tx+4y-28=0 J




[Comrcxt 8x + 5y - 7=0 to Slope-Intercept Form.
[A y=16x+14 ][B y=-16x+14
[c y=-16x-14 J[D y=16x-14 )

gl

St 34

Dl ey v= e L4
b fiipegtin:




-I”Educﬂon of a Llne from 2 Points

First, let's see it in action. Here are two points (you can drag them) and the equation of the line
through them. Explanations follow.




The Points

We use Cartesian rdin to mark a point on a graph by how far along and how far up it is:

10A)

IEREuRRRRTES dute
| 5
./ I G |

Example: The point (12,5) is 12 units along, and 5 units up

Steps
There are 3 steps to find the Equation of the Straight Line :

* 1, Find the slope of the line

e 2. Put the slope and one point into the "Point-Slope Formula"

e 3. Simplify



Step 1: Find the Slope (or Gradient) from 2 Points

What is the slope (or gradient) of this line?

ylk

We know two points:
e point "A" is (6,4) (at xis 6, y is 4)

e point "B"is (2,3) (atxis 2, y is 3)



The slope is the change in height divided by the change in horizontal distance.

Looking at this diagram ...

X
hange in YA—N
Slopem=cage_y= .
change in x XA — XB
In other words, we:
e subtract the Y values,
® subtract the X values
e then divide
Like this:
change in 4-3 1
= i Lb S = — =025
change in x 6-2 E

It doesn't matter which point comes first, it still works out the same. Try swapping the points:

changeiny _ 34 _ EI
change in x 2-6 —4

Same answer.



Step 2: The "Point-Slope Formula®

Now put that slope and one point into the "Point-Slope Formula”

yh
64
(23 ‘/A
// B
X

Start with the "point-slope” formula (X4 and Y4 are the coordinates of a point on the line):
YA =Pk
We can choose any point on the line for X3 and Y1, so let's just use point (2,3):
y—3=m{x—2)

We already calculated the slope "m":

m: 3:
2

changeiny _ 4-
6_

1
change in x 4

And we have:
i 2
—3=—(x-2
y 4( )

That is an answer, but we can simplify it further.



Step 3: Simplify

Start with: y — 3 = T(x - 2)
1 X 2
Multiply — and (x-2): -3=—= - =
e (x-2): y P ™
: X 2
Add 3 to both sides: y=— — — + 3
4 4
X 5
Simplify: =— 4+ —
plify: y 4 2
And we get:
X 5
= — 4 —
¥ 4 2

Which is now in the Slope-Intercept (y = mx + b) form.

Check It!
Let us confirm by testing with the second point (6,4):
y=%/4+5/2=6/4+25=15+25=4

Yes, when x=6 then y=4, so it works!



Another Example

Example: What is the equation of this line?

"\
(1,6)

Start with the "point-slope" formula :
Yy —y1=mx - x3)
Put in these values:
e x; =1
YT =6
e m = (2-6)/(3-1) = 4/2 = =2
And we get:
y—6=-2(x—-1)
Simplify to Slope-Intercept (y = mx + b) form:
y—-6=-2x+2
y=-2x+8

DONE!



The Big Exception

The previous method works nicely except for one particular case: a vertical line:

& ‘(24) — . —
A vertical line's gradient is undefined (because we cannot divide by 0 ):
|
ol m=YA_yB=4_1=i=undeﬁned
| Xa — X 2—2 0
| +(21)

But there is still a way of writing the equation: use x= instead of y=, like this:

'iiiil

X=2



What is the equation of the straight line that passes through the points (-2, 5) and (3, -5)?
(A y=2x+1 ](B y=-2x+9 1
[ y=2x+9 ][D y=2x+1 i

waadiabdad

Ra 2
i
e

oY



‘What is the equation of the straight line that passes through the points (1, -1) and (8, 1)? ]

A y=-fo—} |[B y=-t+1 )
\
(c y=2z+32 ][D y=3%z-12 ]

Fwﬁmum@mm:ﬁ%“"‘-Men “Li=-La=budp=1

SelulY
Tl

N wst iy = vl o) b foed the cquati o he S,




What is the slope of the straight line passing through the points (-2, 7) and (3, 10)? ]

F & |
o |

.

Theabeefte e prsag gl (3 ) e

i
h-f

Stsites, = -y =1 =danly =10




What is the slope of the straight line passing through the points (3, -1) and (9, 2)? ]

Thesopec el pastag cagh o and g s g

15
-

Sibsltriezy =3 = -1 ry=ldiy=1
The:

33
]

TR
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What is the equation of the straight line that passes through the points (4, -2) and (7, 6)?

N/

[ bmmm.:g-.m:4._:-:»_:::;.2:5

i 2
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Midpoint of a Line Segment

Coordinate Point
We can use Cartesian Coordinates to locate a point by s 12

how far along and how far up it is: &

(zs" !
g
s a————— !
) 5 10: 1%
Here the point (12,5) is
12 units along, and 5 units up

™

And when we know both end points of a line segment we can find the midpoint "M" (try dragging
the blue circles):




Midpoint of a Line Segment
The midpoint is halfway between the two end points:

e Its x value is halfway between the two x values

® [ts y value is halfway between the two y values

To calculate it: . x

e Add both "x" coordinates, divide by 2

® Add both "y" coordinates, divide by 2

As a formula:

M= ( Xa+Xg E Yatys )

2 2



Example: What is the midpoint here?

y i Use the formula:

(-3.9) XA+Xg  YA+YB
M= ( )

\ g T P

M
\ M= ( (-32)+3 5+
2

8 -1) M = (5/2,4/2)

M=(252)



(6,-1)?

[A 2.2) ][B (4,2) ]
[c @.3) ][D (4.3) ]

[What is the midpoint of the straight line segment joining the points (-2, 5) and J

??’hvﬂyiwh&;ﬂ

I
i

i
r.u:|-,-:=\L§=L'



[What is the midpoint of the straight line segment joining the points (3, -6) and
(-4, -3)?

[A (33, —13) J[B (3L, —11)
[c (-3, -13) ][D (<1 —43) :

D —
fﬁf«':\m¥|'.II:|=L;;:4‘.:1:413=-:1

(LT
W

D —————————————————



What is the midpoint of the straight line segment joining the points (-2, 9) and (3, -2)?
L

A (3,49) ][B (-3.3)

C (.3 J[p 3

e L g

T 1=

AR
T




g y 1
‘ B(7.7)
A5, 2)
= X
C(9, 4)

What is the midpoint of BC?
| 7

A (81}) (B 11

& 2-1) ][D (8.5%)

il ey

i!..=“T,TI“’Fl[h.'-jﬂ‘l};:.",!g:!]mipﬁ"
B
LA AT




B(7.7)
A(-5,2)
= X
C(9, 4)
What is the midpoint of CA?
r B
L >
, N
L J
fr-y ety

|
”ﬁ:‘l')——q-l‘ LTSN NER T

A A
M:\‘TTJ:LW'?"“




.

y
A6, ) A
\ ~
B(6, -1)
C(-2, -5)
What is the midpoint of AC?
.
A (-21) ][B (~4,1)

(C (~4,6)

] [D (0,3)







