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Analytic Geometry: Terms and Formulas

“Analytic Geometry” is using algebra to analyze geometric properties of
shapes. The connection between the algebra and the geometry is through
formulas which use the coordinates of points.

Some Terms
Line Segment — A part of a line between two points. For example t’\p\b 6
shows line segment AB A,
A
Midpoint — The point in the middle of a line segment
Mg = D(x,y) pedi”

Median — A line segment in a triangle from one vertex
to the midpoint of the opposite side

b 3

AD is a median of triangle ABC. D is the midpoint of BC

Midsegment — A midsegment is a line segment inside a triangle which joins the midpoints of two sides
of the triangle.

M
If P is the midpoint of LM, and Q M-‘Jscjmtm‘f
Q is the midpoint of MN, then Q '
PQ is a midsegment of triangle LMN PO = '!7{\['”)
-
Note: The slope of PQ is equal to L - N
the slope of LN
/‘\o" /)c%’( A two

Perpendicular Bisector — A line which cuts a line segment in half, and
which is also perpendicular to that line segment.

Note that point P is the midpoint of MN, and that the slope

of line | is the negative reciprocal of the slope of MN M
Altitude — A line segment inside a triangle from one vertex, {‘af
and perpendicular to the opposite side \ ‘('J‘ wie
[k i

ADis an altitude of triangle ABC

B C



The slope of AD is the negative reciprocal of the
slope of BC

Formulas

Slope of a line (or line segment) — Given two points on a line A(x;, y;)and B(x,, ), then

Y2—M1 Cse
M- - m= - =
Ak Xy — Xq o~

Equation of a line — To determine the equation of a line you need two pieces of information: you need
a slope and a point (or two points, and then you would calculate the slope using the slope formula). The
equation is:

y = mx + b (slope-intercept form), or

}__y——yl’:’m(/x——xl)](slope-point form)

Midpoint — Given a line segment AB with endpoints A(x;, y;)and B(x,, y,), then

X1 t+X2 Y1+ Y2
MA'B:( 2 2 )

Length of a line segment (or distance between two points) - Given a line segment AB with endpoints
A(xq,y1)and B(x,, y,), then the length of AB is given by:

d=+/(x; —x1)* + (¥, —¥1)?
=3 (2%) " ¥ (ayy®

L) CL\G!\ € in

X
A =delta
Equation of a Circle (with centre (0,0)) — A circle centered at the origin, and with radius r has the
equation






2.0 Writing Equations

S'f'n-—im’cl ’Q(n—- : /49( + gj“'c F0
Determine the equatlon of the line that: fu’r S

slofe—f»*‘”‘f'} form:

a) passes through (—1 7) and (2, 14) b) is Perpendicular to y= — 2x — 3and passes
e w3 through 2,-8) — T J—Lg
Gn-x A0 R XY L petpend izalar
Y ‘jl'""‘(’?( %)) 7'7""";‘("”‘5
7 ot ( = ~(x-2)
plag 1n =g P >
-7 \31(5_: Jr')(l'q
\3'1- ’3'(71"“) T’ o
“1_ y) K - 37‘
177t
[- Ax - - <t
7 29 0-7%"Y
\3—:— 37‘ ¥ 3 D':'?(’;lj 12
1 af
Lrte %* Ry
Practice:

c) passes through (3, 4) and (-2, -7)

d) parallel to m = 3 and passes through (1, 3)

e) is perpendicular to y= — 2x — 3and passes (3, 4)

f) is parallel to 2x — 3y = 8and passes through (2, -5)



2.1 Midpoint and Perpendicular Bisector of a Line

Find the Midpoint of a line — The point in the middle of a line segment

Question: If you scored a 70% on a test and then an 82% on the next test, what is the average of

those tests?
70431 154 2
/""'5:—_ - l

Mg = (“Tm,lem)Similarly, the coordinates of the midpoint (M) of a line is the midpoint (average)

of the x-values and the midpoint of the y-values

Bap=B 05y~
Examples
1) From your text: Pg. 78 #2a

Determine the coordinates of the midpoint of the line segment. 617 F(5, 5)
Moo= (2R \1.»«») #oef

; 2 7w 2
_ 1S |+§) 2 2. O R A
“Ua ' T2 ”'-3'20 3l 41

= (Q, 3) | -4 -

2) From your text: Pg. 74 Example 2 x,

1 1
Line segment EF has an endpoint at E(Z —, =3 —>. Its midpoint is
P ‘j'u 8 4

1 1
located at 1\4(5, = 15 . Determine the coordinates of endpoint F.

7 ,&l— ,_Ll-i-‘_}—_’l;
0. S5al SUNNry § "+ 3% 8 T3
‘L,‘,-'LZ_‘: .‘:[—-*‘.‘.-E:"j
E B B 8
D & 1) P S ¢, 3 2
1 \ l 1 »—kl}_,:’-—- — z
J 3._ ;_ N ¢ g
S W R A
’Piij’ Lk‘{' 7T Y



Find the equation of a Median
A line segment in a triangle from one vertex to the midpoint of the opposite side.

3) From your text: Pg. 79 #7

7. A trianele has vertices at A(2. —2), B(—4, —4), and C(0, 4).
j nine the coordinates of the midpoints

¢ A, and determine its equation.

(y,:‘)iL) (1,9

(2{0 FZHJ (; 1)
X M :('}_io qw) (,;1 o)

1% DR
by egn oifl 6 s
S P 1 ~d.D
(A9 - i
1 f 'ﬂ"j}

Find the Perpendicular Bisector — A line which cuts a line segment in half, and which is also
perpendicular to that line segment. Perpendlcular therefore have slopes where m; is the negative

3
reciprocal of m; m=- m = —;

From your text: Pg. 80 #13a
13. Determine an equation for the perpendicular bisector of a line a) C(—2,0) and D4, —4)

segment with each pair ofendpoints.l{ L Ay T
_ /-244 o4 -M I b T _
MLD - (T‘ 2 ) mco 4-(2) 7 7 "";"(?t x,) :
L W aen
(' -~ 3 -
i ! . _2 3 \1"3“ /Z, x ’z:
T - ¥ x-3-2
Class/Homework: Pg78 — 79 # 2-8, 11, 13 L Y 4 >



2.2 — Length of a line segment (distance between two
points)

Given a line segment /TP with endpoints A(Xl, yl)and B (Xz, yz), then the length of AB
IS given by:

d= \/ (xy —x1)? + (v, — v1)? think Pythagorean Thegrem
Q:g@zf+@ﬁ
. (:?(2,)‘1213 -6 Ag
! 2 P IC S AL CPA
(A‘\j) ‘—C"z'yl) .0‘4"

8

i y .
Al AR
(K2 7%

Example: Find the length of the line from (1,2) to (-5,7) d = /(x; — x1)% + (y, — y1)?
?( [ j \ ?(l- '11"
In

4 S (-s-9° Y(7- 25>

Y (-0 ¥ (s
\\\\ ' =y 3¢ 125
= i{g_\ N 73
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Example (From your Text: Pg. 87 #12a)
Calculate the distance between the line and the point. y=4x-2 (-3, 3)

The shortest distance is a line perpendicular to y=4x - 2

- (<

Stepl findm; and m;
Step 2 find the equation of the perpendicular line 7
y = mx + b (slope-intercept form), or 2,) Y
y —y; = m(x — x;) (slope-point form) (2% ,,{ i TN

;
:

Fl R

Step 3 Find the POI of the two lines. Solve the system by ¥,
graphing, substitution or elimination i K

-

Step 4 Find the length of the line from the POI to (-3, 3)
d =0, —x)% + (v — y1)?

J (ax)* + (b‘j)L B
Jvr v

R

Aomn’  Distance between :j:,_%,-y‘ $1 ond (*7,?,—)

25—

=
"

W

N

Class/Homework: Pg 86 — 87 #2bc, 3, 5ace, 7 (Calculate two lengths!), 9, 12, 14  Draw Pictures for
the problems that need them



2.3 — The Equation of a Circle centered at (0.0)

Analytic Definition of a Circle (i.e. the equation)
A Circle is a set of points which are all the same distance from a central point.

Fﬂ’fl“"j' Thin

Example 2.3.1

Determine the radius of the circle. Sety= ©
\AG~-
X% +y? =16
fxl + 'Jl r!.
('2 - [tﬂ
=}y -+ 1
Example 2.3.2 Q

[
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Consider the sketch of a circle. Determine:
a) x intercepts —> X = - and =
b)y intercepts > (y = - L and %
c) the radius of the'circle 9
d) the equation of the circle

K5ty =t (et (o)

2L

r)(?_*\j’l _:/2
x4 vz-;bf

Example 2.3.3

2 0
Ir= 5— - _—
Determine the equation of a circle with radius 3, 3

Ay

Example 2.3.4
Sketch the circle wi




Example 2.3.5

Determine the equation of a circle with center at (0.0) and a diameter of 14 units

=7

w7
Kyt =

Example 2.3.6
Determine whether the point A(4:3,-26) is inside, outside or on the circle with equation
X +y* 425 | - T J
a9 ‘X
(! 2
(434 (2 = A5-25 2 dS

x )
What about the point (=3 4)?
(-3 (1Y =15 : s
Ly on the circle.

>0w+5ftit "4 'H‘( /\
circle. K‘;:/ > X

A(43,-24)
Fa'

Example 2.3.7
Determine the equation of a circle with center (0.0) which passes through the point
(7.-3) *
' 2
Y 1‘{_7-:(1' e/;fp{lq‘v =S8
X 2 \\J 2 2 7/
D rH =
- (% X
1-7,11-15 . (73
58 =r
58 <

Class/Homework
Pg. 91 - 93 #1-7

10 (Remember: The Circumference of a circle is given by ), 11,12, 13, 15, 16 (Optional)



2.4 — Classifying Geometric Figures

There are so many geometric figures that it’s ridiculous. But we now know enough Analytic Geometry
that we can easily do the “classification”. We are really only going to worry about two “classes”:
Triangle and Quadrilaterals

You need to know the following types of Triangles and Quadrilaterals:

i 3 de )“L ¢
Trlangleﬂi : % ‘5"3 «“1\
- \ X\
\ N | ;3
AE 7\ \ \ 3
/o\ # X N | =\

r X : : N\ \ N
x'/o 4 o\\ .‘(0. o\ 4 N [_1 Y :_1 Hi X,\\
equilateral isosceles scalene right isosceles right

triangle triangle triangle triangle triangle
Quadrilaterals
o
S X e ] # % H
(6] o) + RS () (o) l
o X 2 # O X [ .
parallelogram rectangle rhombus square
- 5 ’\/
\ prp= ,*)*x’ \ (] o;’;
S \ J o o \ N\ /
—~—— L > > 1 = > il \v'/
irregular isosceles
quadrilateral trapezoid trapezoid kite

Note: When trying to “classify” some geometric figure using analytic geometry, keep in mind
the following three “rules of thumb”:

e To solve a problem that involves a geometric figure, it is a good idea
to start by drawing a diagram of the situation on a coordinate grid.

e Parallel lines have the same slope.

» Perpendicular lines have slopes that are negative reciprocals.



Example 2.4.1
From your text — Pg. 101 #2

2. Show that 7U, 7(—1, 7) and U(3, 5), is perpendicular

o VW, ‘/_(4—4’ 1) and W(—1, 7). Ly Slof!.
S S |
M”47 2 \ Y
_ QL
=L 12 o
" ww 3 T/
S
T\) 1w v |-
: > x
Example 2.4.2 3. The sides of quadrilateral ABCD have the following slopes.

From your text — Pg. 101 #3 side | a8 | Bc | o | Aap

1 1

Slope | -5 -3 =5 -3

What types of quadrilateral could ABCD be? What other information
is needed to determine the exact type of quadrilateral?

(rwd off'”-:i'ﬂ fﬁfa.llei h‘&ﬁ! Ao(baccd’ <-‘c\cs afe 2*‘ fcf‘fef*iicwla/ -617]7/”"_‘"

i‘i’ rIS [~ ("L\OM\DL&G or quq"tlt‘)ﬂﬁtm‘ Wf_ '\thl +Q know k’?%s‘



Example 2.4.3
From your text — Pg. 101 #4

4. ADEF has vertices at D(—3, —4), E(—2, 4), and F(5, _ce). des
a) Show that ADEF is isosceles. ~> 4 equal angles é-"--"'> pi C_i,_“ﬁ__?_’__
b) Determine the length of the median from vertex D. Ls? e
c) Show that this median is perpendicular to EF.

_s NCEEAY1Y
?’\ *) OF g Jes
erg = ler
¢ A N
OE =
A EF ( iyosceles snce
/\'\ ..(_—o-"') 9 s

! ( 3 7’% oo ‘F M
b) medion’ Trom O 1o
Q /él e Vlt_‘__. Cus’ H+($')> (1 § - 05'>

z

-3 -4
O $Fance ﬂg 0 o MEF Q(E: ‘h.)
0= Y307 oY

= J () x (-35)*

Yaryy Hros 35 § |

C) Mo fian” x/J;. ] ;)'lj = § 335 =57
5K

- |- 19 /
MEF ] 77“ ’rlw? art Pcr‘acm(fcu\ar! TLFQ ‘(ec\s So (7Ld

Triangles
X
/O\ * % -
/o, O\ [o o\ T = O XN
equilateral isosceles scalene right isosceles right
triangle triangle triangle triangle triangle

Quadrilaterals

o X = (J " A =R

<0 o> + + <0 o> <+ -+
e - - 5 |
X ¢ # L st

parallelogram rectangle rhombus square

X ~
> 7% © oy

" 4 X % X

> : £y o ‘
irregular isosceles

quadrilateral trapezoid trapezoid kite



Classifying Geometric Figures

What formulas/calculations would you use to prove it?

Shape What are you looking for when trying to classify each geometric shape?

Equilateral Triangles (D% equel cides —> Distonce fennwia
cle
@ 3 equal angles — we doa't know.

Isosceles Triangle (D 2 equa) sides 5 Distunce formula

or
@ 7 ectu.a.\ qn.jfcs ) we dont Enow.

Scalene Triangles O 3 ronrequal sde o ODistance formala.

Right angle Triangles | () (:1” ang les —> slopcs 1 lae sejmu‘f:

Parallelogram Q) 2 oppeste parcllel sider-> slope
o
@ 2 opoosite giual s des 2> 4igtance
Rectangle © 4 Rigw angles =2 s loge
Rhombus © 9 equal 5des > Aistunce
Square O H R«'j” angles and Y ggual Tengths =5 slope  and {stance .

Irregular quadrilateral © 4 noa—e«zmi ¢des o digtance,

A

Trapezoid @ | set of 9ffosf'+t fcm:.llcl sidesg — glare_

Isosceles Trapezoid (1) | set of ”f’f;"ﬁ parallel sides —>slope

A—z—-k amd e_‘t..,m’l. knj-H\g 2 Jistance -

Kite g} (D 2 seds oF adjacent equel vdes D dighunce

Class/Homework  Pg. 102 - 103 #5 - 14, 16 — 18
,Oo'» S -9
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