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Pythagorean Theorem

  

9
,
  

where f and c are projections of the legs a and b, respectively, onto the hypotenuse c.

10
,
  

where h is the altitude from the right angle.

11
,
 

 
where   and   are the medians to the legs a and b.

12 ,
 

α + β = 90 ∘

sinα = = cosβ
a

c

cosα = = sinβ
b

c

tanα = = cotβ
a

b

cotα = = tanβ
b

a

secα = = cos ecβ
c

b

cos ecα = = secβ
c

a

a2 + b2 = c2

a2 = fc, b2 = gc

h2 = fg

m2
a = b2 − , m2

b = a2 −
a2

4

b2

4

ma mb

mc =
c

2
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where   is the median to the hypotenuse c.
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In a   with sides   and   
  

,
  
,
  
.
  

mc

R = = mc

c

2

r = =
a + b − c

2

ab

a + b + c

ab = ch

S = =
ab

2

ch

2

β = 90 ∘ −
α

2

h2 = b2 −
a2

4

L = a + 2b

S = = sinα
ah

2

b2

2

h =
a√3

2

R = h =
2

3

a√3

3

r = h = =
1

3

a√3

6

R

2

L = 3a

S = =
ah

2

a2√3

4

α + β + γ = 180 ∘

△ ABC a, b c

a + b > c

b + c > a

a + c > b
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28 In a   with sides   and   
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Midline 
  

.
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Law of Cosines
  

,
  
,
  

31

Law of Sines
  

,
 

 
where R is the radius of the circumscribed circle.
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△ ABC a, b c

|a − b| < c

|b − c| < a

|a − c| < b

q = , q ∣ ∣ a
a

2

a2 = b2 + c2 − 2bc cosα

b2 = a2 + c2 − 2ac cosβ

c2 = a2 + b2 − 2ab cos γ

= = = 2R
a

sinα

b

sinβ

c

sin γ

R = = = = = = =
a

2 sinα

b

2 sinβ

c

2 sin γ

bc

2ha

ac

2hb

ab

2hc

abc

4S

R = = = =
bc

2ha

ac

2hb

ab

2hc

abc

4S

r2 =
(p − a)(p − b)(p − c)

p

= + +
1

r

1

ha

1

hb

1

hc

sin( ) = √
α

2

(p − b)(p − c)

bc

cos( ) = √
α

2

p(p − a)

bc

tan( ) = √
α

2

(p − b)(p − c)

p(p − a)

ha = √p(p − a)(p − b)(p − c)
2

a

hb = √p(p − a)(p − b)(p − c)
2

b
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 (Heron\'s Formula),
 

 
,
  

,
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44

hc = √p(p − a)(p − b)(p − c)
2

c

ha = b sin γ = c sinβ

hb = a sin γ = c sinα

hc = a sinβ = b sinα

m2
a = −

b2 + c2

2

a2

4

m2
b = −

a2 + c2

2

b2

4

m2
c = −

a2 + b2

2

c2

4

AM = ma, BM = mb, CM = mc
2

3

2

3

2

3

t2
a =

4bcp(p − a)

(b + c)
2

t2
b

=
4acp(p − b)

(a + c)
2

t2
c =

4abp(p − c)

(a + b)2

S = = =
aha

2

bhb

2

chc

2

S = = =
ab sin γ

2

ac sinβ

2

bc sinα

2

S = √p(p − a)(p − b)(p − c)

S = pr

S =
abc

4R

S = 2R2 sinα sinβ sin γ

S = p2 tan( )tan( )tan( )
α

2

β

2

γ

2

d = a√2

R = =
d

2

a√2

2
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62

r =
a

2

L = 4a

S = a2

d = √a2 + b2

R =
d

2

L = 2(a + b)

S = ab

α + β = 180 ∘

d2
1 + d2

2 = 2(a2 + b2)

h = b sinα = b sinβ

L = 2(a + b)

S = ah = ab sinα S = d1d2 sinφ
1

2

α + β = 180 ∘

d2
1 + d2

2 = 4a2

h = a sinα =
d1d2

2a

r = = =
h

2

d1d2

4a

a sinα

2

L = 4a

S = ah = a2 sinα

S = d1d2
1

2

q =
a + b

2
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S = ⋅ h = qh
a + b

2

q =
a + b

2

d = √ab + c2

h = √c2 − (b − a)
21

4

R =
c√ab + c2

√(2c − a + b)(2c + a − b)

S = ⋅ h = qh
a + b

2

a + b = 2c

q = = c
a + b

2

d2 = h2 + c2

r = =
h

2

√ab

2

R = = = √1 + = √h2 + c2 = √ + 6 +
cd

2h

cd

4r

c

2

c2

ab

c

2h

a + b

8

a

b

b

a

L = 2(a + b) = 4c

S = ⋅ h = = qh = ch =
a + b

2

(a + b)√ab

2

Lr

2

a + b = c + d

q = =
a + b

2

c + d

2

L = 2(a + b) = 2(c + d)

S = ⋅ h = ⋅ h = qh
a + b

2

c + d

2
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Ptolemy\'s Theorem
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S = d1d2 sinφ
1

2

α + β + 2γ = 360 ∘

L = 2(a + b)

S =
d1d2

2

α + γ = β + δ = 180 ∘

ac + bd = d1d2

L = a + b + c + d

R = √
1

4

(ac + bd)(ad + bc)(ab + cd)

(p − a)(p − b)(p − c)(p − d)

p =
L

2

S = d1d2 sinφ
1

2

S = √(p − a)(p − b)(p − c)(p − d)

p =
L

2

a + c = b + d

L = a + b + c + d = 2(a + c) = 2(b + d)

r =
√d2

1d
2
2 − (a − b)

2
(a + b − p)

2

2p

p =
L

2

S = pr = d1d2 sinφ
1

2

α + β + γ + δ = 360 ∘
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, where 
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L = a + b + c + d

S = d1d2 sinφ
1

2

α = 120 ∘

r = m =
a√3

2

R = a

L = 6a

S = pr =
a23√3

2

p =
L

2

α = ⋅ 180 ∘n − 2

2

R =
a

2 sin( )π
n

r = m = = √R2 −
a

2 tan( )π
n

a2

4

L = na

S = sin( )
nR2

2

2π

n

S = pr = p√R2 −
a2

4
p =

L

2

a = 2R sin( )
α

2

a1a2 = b1b2

ee1 = ff1

g2 = ff1

β =
α

2
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L = 2πR = πd

S = πR2 = =
πd2

4

LR

2

s = Rx

s =
πRα

180 ∘

L = s + 2R

S = = =
Rs

2

R2x

2

πR2α

360 ∘

a = 2√2hR − h2

h = R − √4R2 − a2, h < R
1

2

L = s + a

S = [sR − a(R − h)] = ( − sinα) = (x − sinx)
1

2

R2

2

απ

180 ∘

R2

2

S ≈ ha
2

3

d = (a√3)

r =
a

2

R =
a√3

2

S = 6a2

V = a3

d = √a2 + b2 + c2

S = 2(ab + ac + bc)

V = abc
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129
Lateral Area of a Right Prism

  

130

Lateral Area of an Oblique Prism
  

,
  

where p is the perimeter of the cross section.

131

132

Cavalieri\'s Principle
  

Given  two solids  included between parallel planes.  If  every plane cross section parallel  to  the
given planes has the same area in both solids, then the volumes of the solids are equal.
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S = SL + 2SB

SL = (a1 + a2 + a3 + … + an)l

SL = pl

V = SBh

h = √ a
2

3

SB =
√3a2

4

S = √3a2

V = SBh =
1

3

a3

6√2

m = √b2 −
a2

4

h =
√4b2 sin2( ) − a2π

n

2 sin( )π
n

SL = nam = na√4b2 − a2 = pm
1

2

1

4

SB = pr

S = SB + SL

V = SBh = prh
1

3

1

3

= = = … = = = k
b1

a1

b2

a2

b3

a3

bn

an

b

a
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152

153

Five Platonic Solids: The platonic solids are convex polyhedra with equivalent faces composed
of congruent convex regular polygons.

Solid No. of Vertices No. of Edges No. of Faces Section

Tetrahedron 4 6 4 3.25

Cube 8 12 6 3.22

Octahedron 6 12 8 3.27

Icosahedron 12 30 20 3.27

Dodecahedron 20 30 12 3.27

154

155

156

= k2S2

S1

SL =
m(P1 + P2)

2

S = SL + S1 + S2

V = (S1 + √S1S2 + S2)
h

3

V = [1 + + ( )
2

] = [1 + k + k2]
hS1

3

b

a

b

a

hS1

3

SL = (a + c)√4h2 + b2 + b√h2 + (a − c)
21

2

SB = ab

S = SB + SL

V = (2a + c)
bh

6

r =
a√6

6

R =
a√2

2

S = 2a2√3
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V =
a3√2

3

r =
a√3(3 + √5)

12

R = √2(5 + √5)
a

4

S = 5a2√3

V =
5a3(3 + √5)

12

r =

a√10(25 + 11√5)

2

R =
a√3(1 + √5)

4

S = 3a2√5(5 + 2√5)

V =
a3(15 + 7√5)

4

SL = 2πRH

S = SL + 2SB = 2πR(H + R) = πd(H + )
d

2

V = SBH = πR2H

SL = πR(h1 + h2)

SB = πR2 + πR√R2 + ( )
2

h1 − h2

2

S = SL + SB = πR
⎡

⎣
h1 + h2 + R + √R2 + ( )

2⎤

⎦
h1 − h2

2
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V = (h1 + h2)
πR2

2

H = √m2 − R2

SL = πRm =
πmd

2

SB = πR2

S = SL + SB = πR(m + R) = πd(m + )
1

2

d

2

V = SBH = πR2H
1

3

1

3

H = √m2 − (R − r)2

= k
R

r

= = k2S2

S1

R2

r2

SL = πm(R + r)

S = S1 + S2 + SL = π[R2 + r2 + m(R + r)]

V = (S1 + √S1S2 + S2)
h

3

V = [1 + + ( )
2

] = [1 + k + k2]
hS1

3

R

r

R

r

hS1

3

S = 4πR2

V = πR3H = πd3 = SR
4

3

1

6

1

3

R =
r2 + h2

2h

SB = πr2

SC = π(h2 + r2)
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200

201

, 
 

 

where  .

202

203

,
 

 

where 

204

S = SB + SC = π(h2 + 2r2) = π(2Rh + r2)

V = h2(3R − h) = h(3r2 + h2)
π

6

π

6

S = πR(2h + r)

V = πR2h
2

3

SS = 2πRh

S = SS + S1 + S2 = π(2Rh + r2
1 + r2

2)

V = πh(3r2
1 + 3r2

2 + h2)
1

6

SL = α = 2R2x
πR2

90

S = πR2 + α = πR2 + 2R2x
πR2

90

V = α = R3x
πR3

270

2

3

V = πabc
4

3

S = 2πb(b + )
a sin− 1 e

e

e =
√a2 − b2

a

V = πb2a
4

3

S = 2πb
⎛
⎜
⎝
b +

⎞
⎟
⎠

a sin− 1 h( )be
a

be/a

e =
√b2 − a2

b
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V = πb2a
4

3

S = 4π2Rr

V = 2π2Rr2
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