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Geometry means Earth measurement; early peoples 
used their knowledge of geometry to build roads, 
temples, pyramids and irrigation systems; Euclid (300 

A. Polygons are plane shapes that are formed by line 
segments that intersect only at the endpoints. These 

1. Convex polygons have no interior angles that are 
more than 180 degrees. All interior angles have 
measures that are each less than 180 degrees.D '''',,' .,1""" hoe "" "B.c.) organized Greek geometry into a 13-volume set of 

books named The Elements; thus, the formal geometry 
studied today is often called Euclidean geometry (also 
called plane geometry because the relationships deal 
with flat surfaces); geometry has undefined terms, 
defined terms, postulates (assumptions that have not 
been proven, but have "worked" for thousands of years), 
and theorems (relationships that have been 
mathematically and logically proven). 

GEOMETRIC FORMULAS 
Perimeter: The perimeter, P, of a two-dimensional shape is the 
sum of all side lengths. Area: The area, A, of a two-dimensional 
shape is the number of square units that can he put in the region 
enclosed by the sides. Note: Area is obtained through some 
combination ofmultiplying heights and bases, which always 
form 90' angles with each other, except in circles. Volume: 
The volume, V, of a three-dimensional shape is the number of 
cubic units that can be put in the region enclosed by all the sides. 

Square Are-a: 

A=hb· if h=8 and b=8 also as all sides 

arc equal in a square, th~n:' A=64 square units 


Rectangle Area: 

A=hb, or A=lw; ifh=4 and b=12, then: 

A=(4)(I2) , Ax48 square unit~ 


Triangle Are-a: 

A=l/zbh; ifh=8 and b=12, then: 

A=1!2(8)(12), A=48 square units 


Par.illelogrdm Are-a: 
A=hb; if h=6 and b=9, then: 
A= (6) (9), A=54 square units 

Tmpezoid Are-a: 

A=1!Zh(b 1+b2); ifh=9, b1=8 and bF 12, 

then: A=1/Z(9)(8+12), A= 1/2 (9)(20), 

A=90 square unit~ 


Circle Area: 

A=m2; if 1t=3.14 and r=5, then: 

A=(3.14)(5)2, A=(3.14)(25) , A=78.5 square units 

Circumference: C=21tr, C=(2)(3.14)(5)=31.4 units 


Pythagore-dIl Theorem: c~ 

If a right triangle has hypotenuse c and sides ~b 

(/ and b, then c2=a2+Ii2 a 


Rectangular Prism Volume: 

V=lwh; if 1= 12, w=3 and h=4, then: 
 ho:::P 
V=(J2)(3)(4), V=I44 cubic units w I 

Cube Volume: 

V=e3; each edge length , e, is equal to the other 

edge in a cube; if e=8, then: V=(1I)(8)(8), 

V=512 cuhic unit~ 
 'cro. 
Cylinder Volume: bd' 
V=1tr2h' if radius r=9 and h=8, then: 

V=1t(9)2(8), V=3.14(8l)(8), V=2034.72 cubic unit~ "

Cone Volume: 	 ~
\l 
Vd/31tr2h; ifr=6 and h=8, then: V= 1!31t(6) 2(8), : h 
Vd/3(3.14)(36) (8), V=301.44 cubic units r . 

Triangular Prism Volume: ~ ~ 

V=(area oftriangle)h; if 12 has an h 


area equal to 1/2(5) (12), then: V=30h and if h=8, 5' 


then: V=(30)(8), V=240 cubic units 12 


Rectangular Pyramid Volume: 

V=1!3(area of rectangle)h; ifl=5 and w=4, the rectangle 

has an area of 20, then: V=1/3(20)h and if h=9, then: 

Vd/3(20) (9) , v=60 cubic unit~ 


Sphere Volume: 

V=~l ; if radius r=5, then: 

V=~l\, V=~, 523.3 cubic unit~ 


intersecting line segments create one and only one 
enclosed interior region. 

Polygon ABCDE 	 ~ot a polygon; ~ot a polygon; 2 polygons 
Ihis shape is one side is intersecting 
not closed. not a line at pofnt A, 

segment. 

B. Polygons are named by listing the endpoints of the 
line segments in order going either clockwise or 
counterclockwise, starting at anyone of the 
endpoints. 

This maj be called 
polygon ABCDE or 
polygon CBAED, or ... 

C. The sides 	of polygons are line segments; polygons 
are all of the points on the sides (line segments) and 
vertices. 

The sides of the polygon shOll n allole are 
AB, Be,CD, DE and EA. The veruces are poinll; 
A. B, C, D and E. 

D. The vertices (or vertexes) ofpolygons are the endpoints 
of the line segments. 

E. 	Diagonals of a polygon are line segments whose 
endpoints are vertices of the polygon, but diagonals are 
not line segments that are the sides of the polygons. 

The red line segment' are sides 
of the polygon. The blue line 
segment' are the wagonals. 

F. 	 The interior of a polygon is all of the points in the 
region enclosed by the sides. The exterior of a 
polygon is all of the points on the plane of the 
polygon, but not on the sides nor in the interior of 
the polygon. 

The points indicated in red 
are the points of tile polygon. 

G. The interior angles of a polygon are the angles that 
have the same vertex as one of the vertices of the 
polygon and have sides and interiors that are also 
sides and interiors of the polygon. Every polygon 
has as many interior angles as it has vertices. 

Angles I, 2, 3 and 4 are 
interior angles of the polygon. 

H. Concave polygons have at least one interior angle 
whose measure is more than 180 degrees. 

Interior angle 4 is more than 
180', so this polygon is 
concave. Notice the "cave" in 
concave and in tite concave 
polygon. 

",,,.. 

I. 	Theorem: The sum of the measures of the interior 
angles of a convex polygon with n sides is (n - 2) 
180 degrees. 

c 0 

Pick anyone vene\ and dr.1I all~E diagonals from that one vene, . 
B There lIill al\\ays be lless 

lJianglt" Ulan number of sides of 
A r the polygon. Since each tri:mgll' 

has angles that tota/IRll", multiply the number oftrianglts 
by IBO'; tims,the formula (" - 2) ISO', In polygon\llCDEF, 
" = (, because Ulere arc (, sides. l"sing Cand df'dl\ing all 
diagonals from poinl Ccreates ~ lriangles,SO 

(" - l) III()' = (6 - l) lBO' = ( I) IRO' = ~lO". 

Note: To find the measures of the ill/eriol' angles of a 
regular polygon,jilld the sum (jj'al/ ofthe interior 
angles and divide by the nllmber oj' interior 
angles. Thus, the formula: 

(" - 2) 180· If hexagon ABCDEF, abOll', II ere a regular 
n hexagon, all angles \\ould be equal, :;0 

(" - 2) 180' =.lQ = 120. C'Jch. 
n 6 

1. 	 Exterior angles of polygons are formed when the 
sides of the polygon are extended. Each exterior 
angle has a vertex and one side which are also a 
vertex and one side of the polygon. The second side 
of the exterior angle is the extension of the polygon 
sides. 

Angles I. 2, :I, 1 :utd ~ are exterior angll's of the plll~g()I1 , 

and their sum l~luab .160', 

1. 	Theorem: The sum of the measures of the exterior 
angles of any convex polygon, using one exterior 
angle at each vertex, is 360 degrees. 

K. Regular polygons are polygons with all side lengths 
equal and all interior angle measures equal. 

BOCD cC] 
\ E F ) 

Polygon ABCDE 	 Regular polygon FGIIIJ because 
FG = Gil .. 111 = I) =)1' and 
",L F . ",LG = /IILII = 
/il L ! =mLJ. 

L. Classifications of Polygons 
I. Polygons 	are classified by the number of sides, 

which is equal to the number of vertices. 
2. 	The side lengths are not necessarily equal unless 

the word "regular" is also used to name the 
polygon. A regular polygon has equal side lengths 
and equal interior angle measurements. 

http:V=301.44
http:V=2034.72
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3. Categories 	 i. When classified by angle measurements, the hypotenuse, or a' ... bl = c1 where a and 
polygon Name Number of Sides a triangle is either: b are the lengths of the legs and c is the 

Triangles 3 I. obtuse; that is, one angle measurement is length of the hypotenuse. 
Quadrilaterals 4 

Pentagons 5 
Hexagons 6 

Heptagons (Septagons) 7 

Octagons 8 

Nonagons 9 

Decagons 10 

n-gons n 

M. Special Polygons 
I. Triangles 

a. 	Triangles are polygons with 3 sides; each 
triangle also has 3 vertices; the symbol for 
triangle is L'1. 

,~
~\8C C 

b. 	 Altitudes and bases of triangles are used to 
find the areas. 
I. 	 The altitude (height) ofa triangle is the line 

segment whose endpoints are a vertex of the 
triangle and the point on the line containing 
the opposite side of the triangle where a 
90-degree angle is formed; the altitude is 
perpendicular to the line containing the side 
opposite the vertex of the triangle. Since a 
triangle has 3 vertices, every triangle has 
3 altitudes. 

ii. The 	 base of a triangle is the side of the 
triangle that is on the line that is perpendicular 
to the altitude. Since every triangle has 3 
altitudes, every triangle has 3 bases. Each 
altitude has a different side that is the 
base. 

F 
B In ~\B(;, iill is the altitude for base AC, [, 

, i, ~ and 
\ ~~~,, ~\\ IT is the altitude for AB. , c.D • m 9()' ng " . 

C 

iii.The area of a triangle may be found by 
applying this formula: A = , "ab, where 

A means area 
a means altitude 
b means base. Any base and its altitude may 

be used. 

In M.M'I, if base Ii! = 18 and 
altitude IP= 12. then 
A=1oI2oI8= 108 unil~2. 

c. 	 Triangles are classified in 2 ways , by side 
lengths and by angle measurements. 
I. 	 When classified by side lengths, a triangle 

is either: 
I. scalene; that is, no side lengths are equal , 

R~:",l 

2. 	isosceles; that is, at least 2 side lengths are 

equal, 

y~z l~oscclcs /l),:YZ because YZ=ZX. 
Notice: The marks on the sides 
indicate lengths are equal. 

3. 	equilateral; that is, all 3 side lengths are 
equal. Note: An equilateral triangle is also 
an isosceles triangle. 

B 	 MBC is equalateral because AB=BC=CA. 
~~ is also isosceles because at least 
l sides are equal . 

more than 90 degrees, 

F~f 


D 

WEI' is obtuse becausemLD>90'. 

Notice that bothmLE<90' andmLF<90'. 


2. 	 right; that is, one angle measurement is 
equal to 90 degrees, 

'~ ";";"ri,'HriooO' '=.'rnL••.,. 

V 
3. 	acute; that is, all 3 angle measurements are 

less than 90 degrees. Note: If all 3 angles 
are equal. then the triangle is called 
equiangular. 

~\BC is an acute mangle. ~c 
A 

Note: Triangles are classified using one side 
classification name and one angle classification 
name; therefore, a triangle classification uses 
two words. 

~I7'P B 
V ~, 

M 	 ~ 
~~l\P b a right sc.dene~ . b..\BC b an obtuse isosceles~ . 

d. Isosceles triangles 

6 
I. The vertex angle of an isosceles triangle is 

the angle whose sides are the two 
congruent sides of the triangle. 

L" ."""'"'11'L D and L F are the base angles. 
OF is ~le base of M)EF

II D F mLD=mLE 

Note: The equal number of curves in angles indicates 
that they are equal in measurements. 

ii. 	The base of an isosceles triangle is the side 
that does not have the same length as the 
other two sides, unless the triangle is 
equilateral. The base is not necessari Iy the 
side on the bottom of the triangle. 

iii. The base angles of an isosceles triangle 
are the angles that have the base of the 
triangle as one of their sides. 

iv. The base angles of an isosceles triangle 
are always equal in measure. 

e. Right triangles 
i. 	 The hypotenuse of a right triangle is 

opposite the right angle and is the longest 
side of the right triangle. 

ii. 	The other two sides of a right triangle are 
called legs. 

~]1otenu", 

It~h ~ 
hyputenuse 

leg 
iii. Pythagorean Theorem: The sum of the 

areas of the squares on the legs of a right 
triangle is equal to the area of the square on 
the hypotenuse; that is, the sum of the 

\otice the area of the small 'quare 
IS a . ~lC l1ll'diulIl square, If . and the 
hLrgCSl square, . rhe are,L' of Lhe 
l smaller squares equals il\(' an."J Af70 of the hi~e't square. r---' 
1·~ I+ It~'- hyp()lrnuse ' 

b' 

-
For example: Find the length of the Inpotelluse ol a 

right triangle whell the lengths of the legs are 5 and 8. 

a!+ h!_ l" 
II a. 1 l' 2S+6~ = c' ~
 IN = c' 

r,;;, = c 
b II l) . ~ .\ :, c 

I 

Note: When looking for the hypotenuse. knOlt'ing both 
legs. add the squares and square roOf. When 
knowing the hypotenuse and looking f or aile leg. 
.~ubtract the squares and square root the mlue. 

For example: Find the length (!l C/ leg of a righT 
triangle whell the length '?f the hvpotelluse is I:! and 
aile o/'the legs is 9. 

a'+ RI=HI=Il 
a al = I+t - 81~
 a'= 63 

=lJ a ~M 

a ~ - .9~ 

iv. Theorem: If the square of the longest side 
of a triangle is equal to the sum of the 
squares of the other two sides, then the 
triangle is a right triangle. 

v. 	 Theorem: If the square of the longest side 
of the triangle is greater than the sum 
of the squares of the other two sides, ~ 
then the triangle is obtuse; if it is less 
than the sum of the squares of the other 
two sides, then the tTiangle is acute . 

vi. 45-45..90 Theorem: In a 45-45-90 triangle. 
the legs have equal I~ths and the lenglh 
of the hypotenuse is 0 times the length of 
one of the legs. 

For example: 

If the legs are 5, then the 

hypotenuse is 5 times/Tor <,{[ 


0' "' 
If ~le hypotenuse is 9, l"Jch 

" a leg is 9,Jfor ~.(£=')![=9!['D: 
{[{[{i I 

vii. 30-60..90 Theorem: In a 30-60-90 triangle. 
the length of the shortest leg is ' j, of the 
length of the hypotenuse, anel the length of 
the longer leg is fi times the length of the 
shortest leg. 

+C[i' 

For example: 

If the hypotenuse is 16, the shortl"tleg is g and 

the longe:;t leg is !Ill. 


II viii.Theorem: The t11idpoint of the 
hypotenuse of a right triangle is 
equidistant (equal di stances) from the 

B three vertices of the tnangle. ~ 

f D tS~len~O'"tOf ,~ 
[) 	 hypotenuse \8. then~ ID- DB =llC 

A C 	 squares of the legs is equal to the square of C \ 

2 

--~ 

X 

6
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IX. 	 Theorem: When an altitude is drawn to vi. The measurement of an exterior angle of a xi. Theorem: If two sides of a triangle are 

the hypotenuse of a right triangle, triangle is equal to the sum of the equal in measure, then the angles opposite 
I. the 	 two triangles that are formed are measurements of the two remote (not those sides are also equal in measure; and 

similar to each other and to the original having the same vertex as the exterior if two angles of a triangle are equal 111 

-----. ---\~; I 1l'!P!1M. 

right triangle, 

CD b Ihe altilude 10 hYPOlenuse AB, SO IillDC-~CDA-~BCA 
BO CD 

B~ and-=-0\O 	 CD 
• 	 BA CB 

• 	 and Ci3= Bo. 

C' 	 A ID~~=CA. 
CA 	 AD 

2. the altitude is the geometric mean between 
the lengths of the two segments of the 
hypotenuse, 

For example: [n tbe righlll.ahove, if BD=~ and D.\= 15, then 

~ CD 
CD 15 
CD' = 60 
CO = IN) 
CD =' '.'5. 

3. each leg is the geometric mean between 
the hypotenuse and the length of the 
segment of the hypotenuse that is adjacent 
(touches) to the leg. 

B~IfBD=~~d~=19,lhen 

: ~=~ 


:' BC'= 4·19=76 

C~A BC=5 


BC=8.72. 

If BO=4, B~=19 and DA=15, Ihen 


AD 	 C.\ 
'CA=i3A 
15 CA 
CA 19 
CA'= 15·19=285 
CA = IiX\ 
CA = 16.88. 

f. Postulates and theorems 
1. 	 The sum of the 3-angle measurements of a 

triangle is 180 degrees. 

~z 

X 

mLX+",LY+",LZ= 180' 
If,,,LX=50' andmLY=35', then",LZ=95'. 

ii. 	[f two angle measurements of one triangle 
are equal to two angle measurements of 
another triangle, then the measurements of 
the third angles are also equal. 

B'l~~
Rlf 

A C 

If,,,LA=mLD=80' andmLB=mLE=70', Ihen 
",LC=",LF=5ij'. 

iii. Each angle of an equilateral triangle is 60°. 

In ~R!;T, RS=ST=TR, then 
",LR=",LS=",LT and since Ihe angles 
are equal :U1d lotal 180', each angle musl 
t'qual 60', so '"LR=m LS=", LT=60~ 

iv. There can be no more than one right or 
obtuse angle in anyone triangle. 

v. 	 The acute angles of a right triangle are 
complementary. 

A~	",LC+",LA+",LB=180 
and ",LC=90, so, 9O+",LA+ 
",LB=) 80, so, ",LA+",LB= 

C-B	90andLAandLBare 
complememary. 

h

angle) interior angles of the triangle. 


y 	 The exterior angle, L 1, is equal in 
measure to mLX and mLZ because 
tlley all have differenl vertices, so 

X Z mLI=mLX+mLZ and if",LI= 
110' and",LX=60', then 110'= 
60'+mLZ and 50'=m LZ, so 
",LY=70'. 

vii. SSS Postulate: [fthree sides of one triangle 
are equal in length to three sides of another 
triangle, then the triangles are congruent 
(same shape and same size). 

If AB=DE, BC=EF, and AC=OF,then MBC=tillEF, tllerefore, 
",LA=mLO,,,,LB=,,,,LE, andmLC=lIILE 
Notice: In MBC=tillEF, malching vertices are pUl in Ihe 
sanle order; that is, MBC=tillEE 

VIII. 	 SAS Postulate: [f two sides and the 
included angle of one triangle are equal in 
measure to two sides and the included 
angle of another triangle, then the 
triangles are congruent. 

If XY=RS, XZ=RT, and mLX=mLR,then LlXYZ=ARST. 
1'\0tice:LX is between XY and XZ and LR is between SR and RT. 
For exanlple: If XY=SR=8, XZ=RT =15 and m LX=mLR=) IO~ 
IhenmLY=mLS, ",LZ=lIILT and VZ=ST. 

ix. ASA Postulate: If two angles and the 
included side of one triangle are equal in 
measure to two angles and the included 
side of another triangle, then the triangles 
are congruent. 

If m LA=lII L O,mLB=lnLE IDld AB=OE, then ~BC=tillEF. 
Notice: The side AIl has the vertices of the 2Ls, Aand Bas 
endpoints, and DE has the vertices of Ihe 2Ls, 0 and E as 
endpoinlS. 

x. 	AA Similarity Postulate: [f two angles of 
one triangle are equal in measure to two 
angles of another triangle, then the 
triangles are similar (same shape but not 
necessarily the same size). 

[f",L M=m L R IDld mLN=mLT,lhenmLP muSl equal 
mLQ because the sum of the angles of a ~=180'. If Ihe angles 
of one"" equal the angles of another ~,the shapes have 10 be the 
same, bUl tlle side lengths don '( have 10 be equal. However, the 
sides muSl be proportional,so~=~=ffil. For example: If 

d 0 th M~ 	 ~p t2 10MN=12,RT=7an NP=) , en iIT=TQ,soT=TQ'SO 

TQ=7· 10+12=5.8.~IDld ifRQ=9, tllen~=~,so ¥=~,so 
MP= 12.9+7=15.43. 

measure, then the sides opposite those 
angles are also equal in measure. 

If XY=XZ,lhenmLY=",LZ. 

or 


If",LY=mLZ.then XY=XZ. 
'<:J: 
xii. Theorem: An equilateral triangle is also 

equiangular and an equiangular triangle 
is also equilateral. 

IfAB=BC=CA,lhenmLA=mLB=mLC 
C andsinccmL,\+mLB+mLC=180", 

AC> 
each angle must equal 60'. 

B	 ... .. 
XIII. Theorem: An equilateral tnanglc ha s 

three (iO-degree angles. 
xiv. Theorem: The bisector of the vertex 

angle of an isosceles triangle is the 
perpendicular bi sector of the base of the 
triangle. 

In isosceles ~J(M", if J(M=M.\. 

Ihen LM is Ihe vertex angle. 

IfmL I=mL2, KA= \'1 and 

M:'\l.~. 

xv. 	 AAS Theorem: If two angles and a 
non-included side of one triangle arc 
equal in measure to the two corresponding 
(matching if placed on top of the other 
shape) angles and non-included side of 
another triangle, then the triangles are 
congruent. 

Y R 

z pp If.",':'X-'''' .Q,mLY=",LR, 
and VZ=RP, tlwn ~'Z=L\.QRP,P to.otice yz is nOl localed 
betll-ccn LX and LY. RP is nOl 

X Q located betwecn LR and L Q. 

XVI. 	HL Theorem: If the hypotenuse and one 
leg of a right triangle arc equal in 
measure to th e hypotenuse and the 
corresponding leg of another right 
triangle, then the two right triangles arc 
congruent. 

Remember, the hypotenuse is the side opposite the 90' angle 
and is tlle longest side of a rightlriangie. 

xvii. SAS InequulityTheorem: If two sides of' 
one triangle are equal in length to two 
sides of another triangle, but the 
included angle of one triangle is larger 
than the included angle of the other 
triangle. then the longer third side of the 
triangles is opposite the larger included 
angle of the triangles. 

G

p ' ' ,G , 
If GH=AB and III'=BC, bUl",LII>mLB,tllcn GF>,\C bt'Cause 
GF is opposite the larger of the two angles II and B. 

xviii. SSS Inequality Theorem: If two sides of 
one triangle arc equal in length to two 
sides of another triang le. but the third 
side of one triangle is longer than the 
third side of the other triangle. then the 
larger included angle (included between 
the two eq ual sides) is opposite the 
longer third side of the triangles. 

This is the comer.;c of tlle SAS Inequalily Theorem abOlf. 

Il indicates tllat if GF>AC. Ihen m Lib",LB. 

3 
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xix.SSS Similarity Theorem: If the sides 
of one triangle are proportional to the 
corresponding sides of another triangle, 
then the triangles are similar. 

xx. SAS Similarity Theorem: Tftwo sides of 
one triangle are proportional to two sides 
of another triangle and the included 
angles of each triangle are congruent, 
then the triangles are similar. (See AA 
Postulate) 

xxi. Triangle Proportionality Theorem: If a 
line is parallel to one side of a triangle 
and intersects the other two sides, then it 
divides those two sides proportionally, 
and creates 2 similar triangles. (See AA 
Postulate) 

C 

4 
A~ll-----------L-~E 

xxii. Theorem: Ifa ray bisects an angle ofa 
triangle, it divides the opposite side 
into segments proportional to the other 

B I 	 l two sides. If iffi bisects LB, then 
mLI=mL2and£=~ .[S;>
For example: If AB=lO,C 
BC=l4, and AD= 13, then 

A 0 ~ = ~,50 DC=24·13+20= 15.6 
and AC=2S.6. 

xxiii.Theorem: The line segment that joins 
the midpoints of two sides of a triangle 
has two properties: 

I. it is parallel to the third side, and 
2. it is half the length of the third side. 

If P is the midpoint of KM,and R 

P R is dlC midpoint of Wi, then 
fiR II RS and PR=l/IKN, so, if~ 1("1=30. then PR= 15.K 	 N 

xxiv. Theorem: The 3 bisectors of the 
angles of a triangle intersect in one 
point which is equidistant from the 3 
sides of the triangle. 

B 

A~~--------~~(J~------~~~ C 

If AD bisecls LA, Bll bisects LB, and ill bisccb LC, then 
they intersect in one point. D. and point 0 is equ<~ dist'Ulces 
from ,ill, Bc and CA, 50 DE=OF=OG. Remember, the 
distances [rom Dto the sides must be .i. 

xxv. Theorem: Thc perpendicular bisectors 
of the sides of a triangle intersect at one 
point which is equidistant from the 3 
vertices of the triangle. 

X------~----~~Z 

If j>:"1 .1 bisector of XV, ilii. .1 bisectOr of'lli, and fA .1 bisector 
of Xl, dlen tllCY all intersect at one point, A, which is 
eqUidistant from poinlli X, Y, ,Uld Z, so XA=YA=ZA. 

For obtuse triangles, tlle poinl of intersection is in the 
exterior of the triangle. POinl Dis equidistant from 
points X, Y, and Z, so XD=YD=ZD. 

Y 

z 

x 

XXVl. 	 Theorem: The medians (line 
segements whose endpoints are one 
vertex of the triangle and the midpoint 
of the side that is opposite that vertex) 
of a triangle intersect in one point 
that is two thirds of the distance from 
each vertex to the midpoint of the 
opposite side. 

A~ BE [f points D, Eand F arc midpoints 
K of tllC sides of MBC, then all 

medi<Uls intersect at one point, 
o 	 K. So, KBd/\DB, KCd/IEC, 

and KAdl# . It is also lrlle 
thal KB=2 DK, KC=2EK, and 

C KA =2 FK. 

XXVll. 	 Theorem: If two sides of a triangle 
are unequal in length, then the angles 
opposite those sides are unequal and 
the larger angle is opposite the longer 
side; and, conversely, if two angles of 
a triangle are unequal, then the sidcs 
opposite those angles are unequal 
and the longer side is opposite the 
larger angle. 

Y ~l scalene IlXYl, the largest 

~ angle is LY and~e ~?ngcst side 
~ Isopposne LV, XZ. Ihe 

X smallest angle is LZ, so the 
shonest side is opposite LZ, Xl. 

xxviii. Theorem: The sum of the lengths of 
any two sides of a triangle is greater 
than the length of the third side and 
the difference of the lengths of any 
two sides of a triangle is less than the 
length of the third side. 
~ ,"tid'.".,,,,,,,,.,,,, 
9 12 	 and9+15>ll . Also, [2-9<11, 

15-12<9, and 15-9<12. 

A 15 C 

2. Quadrilaterals 
a. Quadrilaterals are 4-sided polygons. 
b. 	Quadrilaterals have 2 diagonals and 

4 vertices. 

Quadril:lleral MWQ has sides 
~, \P. PQ and tIM, wilh 
venices M, 'I, P, and Q, and 
diagonals NQ and MP. 

c. Special quadrilaterals 
i. 	 Trapezoids are quadrilaterals with 

exactly one pair of parallel sides (called 
the bases), never more than one pair of 
parallel sides. 

Y---~z/- 7 
x:L-----'\·K 

If AD II Be,then If XV II KZ and yz II XR, 
quadrilateral ABCD is a then quadrilateral 
trapezoid. XYZK is not a tmpezoid. 
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I. 	Isosceles trapezoids have nonparallel 
sides that are the same length and are 
called legs. The angles whose vertices 
are the endpoints of the same base of 
an isosceles trapezoid are called base 
angles, and they are equal in measure. 

In lr.lpezoid PQRS, if QP=RS, 
t. then the trApezoid is isosceles. 
W Base angles of isosceles 

S lr.lpezoids are equal in , 

PL.J.._--r--_...L.J. measure,so,,,L I'=.mLS and 


", L Q=",LR. 
2. 	Theorem: The median of a trapezoid 

(the line segment whose endpoints are 'mal
the midpoints of the 2 nonparallel 
sides of the trapezoid) is parallel to the 
bases, and has a length equal to half 
the sum of the lengths of the 2 bases 
(that is, equal to the average of the 
lengths of the 2 parallel sides, bases). 

E,--__""\I' 	 If \ and II arc midpoints of i)j, J "'- and F(;, then AU lin IIITG and 

A _ \.11 III = 1/1 (FF + I)(i) . so, if
I "" EF= 10 and DG = H!, then 


D 	 G \11 = 1 /~ (IO+IH) = I-l . 

3. 	 The area of a trapezoid may be 
calculated by averaging the length of 
the bases and multiplying by the height 
(altitude- the line segment that forms 
90 degrce angles with the bases); thus, 
the formula 

c of./F
6. 	 II the 

cnt 

For example, in this trapezoid. the parallel sides. 
that is, the bases, are 5 and II, so the average 0/ 
the bases, (5 + 11)12, is 8. Multiply 8 by the 
height 0/6. Thus, the area is 48 square units. 

ii. 	Parallelograms are quadri laterals with 2 
pairs of parallel sides. 

I. Theorem: Opposite sides are parallel 
and eqwli in length. 

2. 	Theorem: Opposite angles are equal in 
measure. 

3. All 4 interior angle measures total 360". 
4. Consecutive interior angles (their vertices 

are endpoints for the same side of 
the parallelogram) arc supplementary 
(measures total 180 degrees). 

AB II DC, AD II Be, AB=DC, 
AD=BC, mL~=mLC andA", :\ 
mLD=mLB 

Di'-------"'"C mLA+mLD=180 
mLA+mLB= 180 
mLB+mLC= 180 
mLC+mLD= ISO 

5. 	Theorem: Diagonals of a parallelogram 
bisect each othcr. 

In DWXY'l, diagonals 'fl. and WY bisect each other at A, so 
W.\ =AY and \ 1=IZ. 

6. 	Theorem: If one pair of opposite sides of 
a quadrilateral arc cqual in length and 
parallel, then the quadrilateral is a 
parallelogram. 

7. 	Theorem: If both pairs of opposite sides 
of a quadrilateral are equal in length, 
then the quadrilateral is a parallelogram. 

S. 	Theorem: If both pairs of opposite 
angles of a quadrilateral are equal , then 
the quadrilateral is a parallelogram. 



9. 	Theorem: If the diagonals of a 
quadrilateral bisect each other, then the 
quadrilateral is 
a parallelogram. 

10. The 	area of a parallelogram can be 
calculated by mUltiplying the base and 
the height; that is, A=bh or A=hb. Note: 
Since opposite sides of a parallelogram 
are both parallel and equal in length, 
any side can be the base. The height 
(altitude) is any line segment that forms 
90-degree angles with the base and 
whose endpoints are on the base and the 
opposite side of the parallelogram. 

J Y' 7 ° 

ML-----~1~~-----JP2

The haM" Il and the h ht .6.so A=6'1 2=;2 uniL,l 

II. Special Parallelograms 
a. Rectangles are parallelograms with 4 

right angles (90 degrees each). 
I) Theorem: The diagonals of a rectangle 

are equal. 

1I~8 C 
• 20

AC=W 
uniL~l 

I: 8 ~ 5 
2) The area of a rectangle is calculated by 

multiplying any 2 consecutive sides (sides 
that share a common endpoint). Since all 
angles are 90 degrees, any 2 consecutive 
sides are the base (length) and the height 
(width or altitude) of the rectangle; thus, 
A = bh or A = hb or A = Iw. 

b. 	 Rhombuses (or Rhombi) are 
parallelograms with 4 sides equal in 
length. The 4 interior angles can have any 
measures, but opposite angles have equal 
measures and all 4 angle measures total 
360°. 

I) Theorem: The diagonals of a rhombus 
are perpendicular. 

l8! XZ -1 WY\ ., y 
mLl=mL2=mL5=mL6 
mL3=mL4=mL7=mL8I 4 

W l l z 
2) Theorem: Each diagonal of a rhombus 

bisects the pair of opposite angles whose 
vertices are the endpoints of the 
diagonal. 

c. 	 Squares have 4 equal sides and 4 equal 
angles (each 90 degrees); therefore, 
every square is both a rectangle and a 
rhombus . Each square has 4 right angles, 
just as all rectangles do, and each square 
has 4 equal sides, just as all rhombi do. 
The diagonals of a square are equal in 
length, bisect each other, are perpendicular 
to each other, and bisect the interior angles 
of the square. 

\ 11 IlC=CD=O.\ 
IlIk\C 
IlDJ...\C 
AE=ED=EC=EIl:~: 


Note: This Venn diagram indicates the relationships 
ofsquares to other quadrilaterals. 

A. Defined Terms 
I. A circle is the set of points in a plane that are 

the same distance from one point in the plane, 
which is called the center of the circle. The 
center of the circle lies in the interior of the 
circle and is not a point on the circle. 0) 
means circle. 

2. The 	radius is the distance that each point on 
the circle is from the center of the circle; or, a 
radius is a line segment whose endpoints are 
the center of the circle and a point on the 
circle. 

3. 	A chord is a line segment whose endpoints are 
2 points on the circle. 

4. A diameter is a chord that contains the center 
of the circle; or, a diameter is the length of the 
chord that contains the center of the circle (the 
distance from one point on the circle to another 
point on the circle, going through the center of 
the circle). 

Poilll Ais tlle center of0A and 
is in the interior of the Circle, 
not on the circle. 

5. 	A secant is a line that intersects a circle in two 
points . 

6. 	A tangent is a line that is coplanar with a 
circle and intersects the circle in one 
point only. That point is called the point of 
tangency. 

is the mdius. 
o 	 ~ is a chord and adiameter. 


G DF is a chord.
f1
E E<l is a tangent with Eas the point 

F of tangenl). 
f)jl is a secant. 

a. 	A common tangent is a line that is tangent 
to 2 coplanar circles. 
i. 	Common internal tangents intersect 

between the two circles. 
ii . Common external tangents do not 

intersect between the circles. 

/I 
•~• 

I , 

II and 11 are common external tangenL'. I and I arc 

common internal tangenL, 


iii. Two circles are tangent to each other 
when they are coplanar and share the 
same tangent line at the same point of 
tangency. They may be externally tangent 
or internally tangent. 

Externally tangent drcb Internally tangent Circles 

7. 	Equal circles are circles that have equal length 
radii (plural of radius). 

8. 	Concentric circles are circles that lie in the 
same plane and have the same center. 

.1concentric Circles 
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9. An 	 inscribed polygon is a polygon whose 
vertices are point~ on the circle. In this same 
situation, the circle is said to be circumscribed 
about the polygon. 

Pol)gon IICD is inscribl'll in Polygon \'I Zis not inscrined 
0M. 0M h circumscribed in 01' nl'cause H'rte 7. is not 
anout poiwon on 01' 

10. A circumscribed polygon is a polygon whose 
sides are segments of tangents to the circle; 
i.e., the sides of the polygon each contain 
exactly one point on the circle. In this same 
situation, the circle is said to be inscribed in 
the polygon. 

Pentagon \ l is Polnlon IS 01 
Circum.'crihed anout 0Q circumscribed anout 0R 
hcc-.IUS(· e"dch side" tangl1l1 bt'tauS(' side 1\1) is NO r 
lo0Q. 0Q is inscribed in tangcnI 10 0R 0R i or 
protagon 'W YZ. Inscriol'd in pol)llon 

II. An arc is part of a circle. 
a. 	 A semicircle is an arc whose endpoints are 

the endpoints of a diameter. Three points 
must be used to name a semicircle. 

b. 	 A minor arc is an arc whose length is less 
than the length of the semicircle. Only two 
points may be used to name a minor arc . 

c. 	A major arc is an arc whose length is more 
than the length of the semicircle. Three 
points must be used to name a major arc. 

O t\rc or is a S1'mirirclt, bt'GIU~ 

chord is a diameter of 01' 
; p D 	 roc is also a ,enllcirrle 

CD and ,\i) are ntinor arcs. 
AD; DA and CD-DC 

6\is, %!,>, li . .1\( 6AC,OC~I' I~"r arcs. 
6AC~6i\(. um (ill; fIiX CAll t[)iI 

12. 	A central angle of a circle is an angle whose 
vertex is the center of the circle. 

13. 	An inscribed angle is an angle whose vertex 
is on a circle and whose sides contain chords 
of the circle. 

and arc reutrai angles 
b~cause the \crtex, P, IS the rl'llter of the drele 

1>1 L, an insrrihed angle hccause the vcrte' 
, is on the Circle. 

B. Theorems 
I. 	 If a line is tangent to a circle, then the line is 

perpendicular to the radius whose endpoint is 
the point of tangency. 

~I 
1 Is a tangent to 0Q at point R, Q 

rawu:; -1 1 

2. 	 If a line in the plane of a circle i, perpendicular 
to a radius at its outer cndpoint. then the line is 
tangent to the circle. 

3. 	 If two tangents intersect. then the line segments 
whose endpoints are the point of intersection 
and the two points of tangency arc equal in 
length; or, line segments drawn from a coplanar 
exterior point of a circle to points of tangency 
on the circle are equal in length. 

and arc tangent 
I to 0R at pOInLs Qand 

I', ,,) QX PX. c 



4. The measure of a minor arc is equal to the 14, The measure of an angle formed by a chord and 17. When two chords intersect inside a circle, the 
measure of its central angle. 

® ., .J=;,,L QB 

'Ie
c mCD=mLCQD 

Q fl/\C=mLCQA 
mBO=mLBQ 

D 
5. The measure of a semicircle is 180 degrees. 

p ~
is a diameter, so MP:' and ,lQ:' are 

R semidrcb. mMr=m\1Q'=180' 


Q 


6. The 	measure of a major arc is equal to 360 
degrees minus the measure of its corresponding 
minor arc. 

7. 	In the same circle or in equal circles, equal 
chords have equal arcs and equal arcs have equal 
chords. 

~c 
If chords \f=BC, thrn mFA=mSC, but 
EOt Be,so mlIDt mSC and mEO,t""AF. 

~ 
8. 	A diameter or radius that is perpendicular to a 

chord bisects the chord and its arc, 

Radius PH .L XC,so .ill=oc 

U 
andm\B=mBC.ffi 

9. 	In the same circle or in equal circles, equal chords 
are the same distance from the center, and chords 
that are the same distance from the center are 
equaL 

B AD=BC if QE=QF because both chord~ are ~ equal distances from the center, Q.
E 	 Q F Remember, distance is alwa)~ measured 

at 90' angles.o C 

10. 	An inscribed angle is equal in measure to half of 
the measure of its intercepted arc (the arc which 
lies in the interior of the inscribed angle and 
whose endpoints are on the sides of the angle). 

II . If two inscribed angles intercept the same arc, 
then the angles arc equal in measure. 

L 'lDB and , arc inscribl-d angles 
bec<lusr the ,ertices, 0 and C, are on the 
circle. mLADB= I/vl/Ail and 
m r -IIv7I.fIl, so m LillB=, (''I. 

12. 	If a quadrilateral is inscribed in a circle, then 
opposite angles are supplementary. 

l3. An angle inscribed in a semicircle is always a 
right angle. 

E9c 
B 

A I' 

Inscrihed LACB intercepl~ semicircle ADB. 
o Since nlJillB=180~ so mLACB=l/vnADB=90' 

a tangent is equal to hal f of the measure of its 
intercepted arc, 

C• 

II is Iangem lo0R at ,\,so mLBAC=ifvIIAB. 
IfmAB=IIO~ then mLBAC=55'. 

15, The measure of an angle formed by two chords 
intersecting inside a circle is equal to half the 
sum of the intercepted arcs. 

z& 
L I and L2 are vertical angles, sowQ\ ntL I=",L2 

nzLI =ntL2= lIz (",WZ+",XY), 


IfnziW=30':md ntXY=100~ then 
".LI =",L2 = lIz UO+IOO)=65~ 

16. 	The measure of an angle formed by two secants, 
or two tangents, or a secant and a tangent, that 
intersect at a point outside of the circle, is equal 
to half the difference of the intercepted arcs. 

",L I = 1/1(", AD-nlBC) 

IfntAD=IW and n.J3C=20', then ",LI = !/z(80-20) =30'. 


I l 

13 and 14 are tanlfnlS to0P, so",L3=ifz(",M-.",6h 
If",00:=210·, then mDE=360'-21 0'= ISO· and 
",L3=I/z(Z I 0-150) =30·. 

t S is a tangent to0R. t 6 is a secant. 
mL4 =l/z(mAnc......IIBC). lfm,\DC= 170' and ",Bc=8-1', 
then ",L4=I/z( 170-84)=43', 
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product of the segment lengths of one chord is 
equal to the product of the segment lengths of 
the other chord, 

(D1I) (HF) (GHl (llE ) 
If DII 6, HF ·M and liE 1,111, n 
(6)(H) (GH )(-l), so GH ,p",,,: Il . 

18. 	When two secants are drawn to a circle from the 
same exterior point, the product of one secant 
and its external segment length equals the 
product of the other secant and its external 
segment length. 

(Be) (Ae) (l)C)( 

If l6, BC l·und DC=IO,then(J4)(26)=(!tI)( .),so 
Ii -26+10= Ih. and since ED=/ DC; 
10.4-1026.·' 

19, 	When a tangent and a secant are drawn to a 
circle from the same exterior point, the square of 
the length of the tangent segment is equal to the 
product of the secant and its external segment 
length, 

17 is langml al puinl A. IH IS a ,,'Cant. (AB )(AB )= ([)B)(lB) 

or (AB)~= (l)B ) ( ) 

If 1B-30, CB=lO.lhen (W)' (OB)(2I)). '0 


DB=(,IOI4l0='J()()+lO= 11. DC=DB CB= 6·20;l<;. 
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