
Physics Formula (Fei.Liu@njsci.org) version 1.7.2

Kinematics
v = v0 + at

∆x = v0t+ 1/2at2

∆x = vf t− 1/2at2

v2 = v20 + 2a∆x

∆x =
v0 + v

2
t

Dynamics
ΣF⃗ = ma⃗

fk = µkN fs ≤ µsN

ac = ar =
v2

r
= ω2r

vmin =
√
gR

Fg = G
Mm

r2

g =
GM

r2

U = −GMm

r

T =
2πr

v
vara = vprp

T 2/R3 = constant

p⃗ = m v⃗

j⃗ = F⃗ t

j⃗ = ∆p⃗

m1v1 +m2v2 = m1v
′
1 +m2v

′
2

KE = 1/2 mv2

GPE = mgh

EPE = 1/2 k∆x2

F⃗T = −k∆x⃗

W = F d cos θ = F∥ d = F d∥

Wnet = ∆KE

Wnet, non-conservative = ∆E

= ∆(KE +GPE + EPE)

P =
W

∆t
=

∆E

∆t
= Fv cos θ

f =
1

T

ω =
2π

T
= 2πf

vt ≡ rω at ≡ rα

vcenter = rω acenter = rα [r.w.s.]

τ = rF sin θ = r⊥F = rF⊥

Id = Icm +md2

Στ⃗ = Iα⃗

KEtotal ≡
1

2
mv2cm +

1

2
Icmω2

Lpoint = r mv sin θ

Lfixed pivot = I ω

Ltotal = Lo+Ls = rcmmvcm sin θ+Icmω

τnett = ∆L

T = 2π

√
m

k
T = 2π

√
L

g

ρ =
m

V

p =
F

A
p = ρgh

Fbuoy = ρfluidVsubmergedg

ρ1v1A1 = ρ2v2A2

p1+
1

2
ρv21+ρgh1 = p2+

1

2
ρv22+ρgh2

Thermaldynamics

l = l0(1 + α∆T )

V = V0(1 + β∆T )

N = nNA R = NAkB

pV = nRT = NkBT

KEcm = KEt = 3/2 kB T

∆E = Q+Won system

W = −p∆V

Q = mc∆T Q = mL

∆S =
Q

T

Q =
kA∆T t

∆x

Q = ϵσT 4A t

∆Sisolated ≥ 0

e =
W

QH
≤ TH − TL

TH

cop =
QL

W
≤ TL

TH − TL

Wave, Sound,
Optics

v = fλ v =

√
T

m/L

λn =
2L

n

I ∝ 1

r2

dB = 10 log10
I

I0

fobs = fsrc
vsnd ± vobs
vsnd ∓ vsrc

n =
c

v

n1 sin θ1 = n2 sin θ2

1

f
=

1

dobj
+

1

dimg

m = − di
do

=
hi

ho

mλ = d sin θ

θ ≈ λ

D

I = I0 cos
2(θ)

Electromagnetism

Fe =
kQq

r2

E =
kQ

r2

V =
kQ

r

PEe =
kQq

r

F⃗ = qE⃗

∆V =
W

q
W = ∆U = q∆V

∆V = −Ed cos θ = −E∥d = −Ed∥

R =
ρl

A

Req = R1 +R2 +R3...

1

Req
=

1

R1
+

1

R2
+

1

R3
...

∆V = IR

P = I∆V = I2R =
∆V 2

R

C =
ϵA

d

Q = CV

PEe =
1

2
CV 2 =

1

2
QV =

1

2

Q2

C

1

Ceq
=

1

C1
+

1

C2
+

1

C3
...

Ceq = C1 + C2 + C3...

I = I0e
− t

τ τ = R C

F = qvB sin θ = qvB⊥

F = ILB sin θ = ILB⊥

B =
µ0I

2πr

B = µ0nI

E = −∆ϕ

∆t
= −N

∆(BA)

∆t

E = vlB

ϕ = LI U =
1

2
LI2

I = I0e
− t

τ τ =
L

R

Vs

Vp
=

Ns

Np

Is
Ip

=
Np

Ns

Modern Physics

γ =
1√

1− v2

c2

t = γ t0 l =
l0
γ

p = γm0v

E = γm0c
2 = mc2

E = hf

hf = KEe +W0

λ =
h

m v

f =
E

h
=

√
p2c2 +m2

0c
4

h

∆E ·∆t ≥ h

4π

∆mvx ·∆x ≥ h

4π

∆mvy ·∆y ≥ h

4π

∆mvz ·∆z ≥ h

4π

T = e−2
√

2m(U0−E)

ℏ2 L

N = N0e
−kt = N0e

−t/τ t 1
2
=

ln 2

k

En =
−13.6eV

n2

En − Em = hfm−>n



Chemistry Formula (Fei.Liu@njsci.org) version 1.3.3

Atoms and Molecules
FC=V-(N+B/2)
F = Q1Q2/r

2

E = −Q1Q2/r
541 Seasaw, 532 T-shaped, SF4: Seasaw, IF5: Square-pyramidal

Stoic
Mole concept and Avogadro constant m = nM,N = nNA

Density mass = density · volume
Molarity M mol/L-solution and Molality m mol/kg-solvent

Gases and Liquids
Ideal gas law pV = nRT and Ideal Gas Hypothesis

Deviation from ideal gas: (P + an2

V 2 )(V − nb) = nRT

Kinetic Molecular Theory, KE = 1
2
mv2rms = 3

2
kBT

Graham’s Law, r ∝
√

1
M

Partial Pressure, Dalton’s law of partial pressure
ptotal =

∑
i Partial Pressurei

Boiling Point definition and (Saturation) Vapor Pressure
Henry’s law: at constant temperature, the amount of a gas disolved
in a liquid is proportional to its partial pressure of that gas in
equilibrium with the liquid. C = kHPpartial

Raoult’s law: partial vapor pressure of each component of an ideal
mixture of liquids is equal to the vapor pressure of the pure
component multiplied by its mole fraction in the mixture.
ppartial = χppure (Also applies to the vapor pressure of volatile
solvent mixed with non-volatile solute)
Collegative Properties ∆T = i m Kb

Osmotic pressure Π = i n
V
RT

Kinetics

rr = −∆[Reactant]

∆t
rp =

∆[Product]

∆t

r = −1

a

∆[A]

∆t
= −1

b

∆[B]

∆t
=

1

c

∆[C]

∆t
=

1

d

∆[D]

∆t

r = k[A]a[B]b

Zeroth order r = −k[A]0 = −k → [A] = [A]0 − kt
First order r = −k[A] → [A](t) = [A]0e

−kt

Second order r = −k[A]2 → 1/[A](t) = 1/[A]0 − kt

k = Ae−
Ea
RT

p = p0e
−∆Heq

R
( 1
T

− 1
T0

)

Half life: k = ln 2
t1/2

, t1/2 = ln 2
k

Equilibrium, Solution, Acid-Base

Keq =
[A]aP b

B

[C]cP d
D

Ko
w = 1.0× 1014 25oC

pOH = − log[OH−] pH = − log[H+]

pKw = pH + pOH

Ka =
[H+][A−]

[HA]
Kb =

[OH−][B+]

[BOH]

Kw = Ka ∗Kb 14 = pKa + pKb

pH = pKa + log
[A−]

[HA]

pOH = pKb + log
[B+]

[BOH]

pka = pHmidpoint, pkb = pOHmidpoint

Ksp = [B+]b[A−]a

Thermodynamics
Q = cm∆T Q = n∆H = mL

∆E = W +Q = −P∆V +Q

W = Wmechnical +Wnon-mechnical

H = E + PV

∆H = ∆E +∆(PV ) = Q+ V∆P

G = H − TS

∆G = ∆H − T∆S

∆Ho =
∑

products

n ∆Ho
f −

∑
reactants

m ∆Ho
f

∆So =
∑

products

n So −
∑

reactants

m So

∆Go =
∑

products

n ∆Go
f −

∑
reactants

m ∆Go
f

∆Go
system = ∆Ho

system − T∆So
system = T∆So

universe

∆Ho =
∑

reactants

m BDE −
∑

products

n BDE

∆G = ∆Go +RT lnQ = Gsystem −Gminimum

∆S ≤ Q

T

if Cp is not given, then ∆H0 and ∆S0 can be treated as
temperature independent, otherwise temperature dependent ∆H0

needs to be computed from Cp.

ElectroChemistry
Cell Notation: Anode |Anode+||Cathode+| Cathode

Q = It = nF

Eo
cell = Eo

cathode − Eo
anode

Eo
cell =

RT

nF
lnKeq

E = Eo − RT

nF
lnQ

∆Go = −nFEo = −RT lnKeq = ∆Ho − T∆So

∆G = −nFE = ∆Go +RT lnQ = ∆H − T∆S

Strong Acids and Bases
Strength of Acid: binary Acid, oxyacids depends on
electronegativity, polarity of bond
Strong Acids: HCl, HBr, HI, HClO3, HClO4, HNO3, HSO4, HMnO4

Strong Bases: Alkali(OH), Ca(OH)2, Ba(OH)2..

Solubility Rules
1. All common salts of Group 1 elements and ammonium (NH +

4 )
are soluble.
2. All common nitrates (NO –

3 ) and acetates are soluble.
3. Most chlorides, bromides, and iodides are soluble except silver,
lead (II), and mercury (I, II)
4. All sulfates are soluble except barium, strontium, lead (II),
calcium, silver, and mercury (I)
5. Except for those in Rule 1, carbonates, hydroxides, oxides,
sulfide, and phosphates are insoluble.

Metal Activity Series
Li, K, Sr, Ca, Na, Mg, Al, Zn, Cr, Fe, Cd, Co, Ni, Sn, Pb, H, Sb,
As, Bi, Cu, Hg, Ag, Pt, Au



Factoring
• a2 − b2 = (a− b)(a+ b)

• a2 + b2 is prime

• a2 + 2ab+ b2 = (a+ b)2

• a2 − 2ab+ b2 = (a− b)2

• a3 + b3 = (a+ b)
(
a2 − ab+ b2)

• a3 − b3 = (a− b)
(
a2 + ab+ b2)

Analytic Geometry

• slope: m = y2 − y1

x2 − x1

• equation of a line: y − y1 = m (x− x1)

• distance: d =
√

(x2 − x1)2 + (y2 − y1)2

Exponent Rules
• ax+y = axay

• (ab)x = axbx

• (ax)y = axy

• a0 = 1 if a 6= 0

• a−x = 1
ax

if a 6= 0

• ax−y = ax

ay
if a 6= 0

Logarithm Rules
• logb x = y ⇐⇒ x = by

• blogb x = x

• logb b
x = x

• logb 1 = 0

• logb b = 1

• logb xy = logb x+ logb y

• logb

x

y
= logb x− logb y

• logb x
y = y logb x

• logb x = loga x

loga b

Arithmetic Series
• ak = a+ (k − 1)d

• Sn =
n∑

k=1
[a+ (k − 1)d] = n

2 [2a+ (n− 1)d]

• Sn =
n∑

k=1
[a+ (k − 1)d] = n

(
a+ an

2

)

Geometric Series
• an = arn−1

• Sn =
n−1∑
k=0

ark = a

[
1− rn

1− r

]
if r 6= 1

• S =
∞∑

k=0
ark = a

1− r if |r| < 1

Trigonometry

• cosA = adjacent
hypotenuse • sinA = opposite

hypotenuse

• tanA = opposite
adjacent

0◦ 30◦ 45◦ 60◦ 90◦

0 π

6
π

4
π

3
π

2

sin 0 1
2

√
2

2

√
3

2 1

cos 1
√

3
2

√
2

2
1
2 0

tan 0
√

3
3 1

√
3 undefined

Pythagorean Identities
• cos2 A+ sin2 A = 1

• 1 + tan2 A = sec2 A

• 1 + cot2 A = csc2 A

Ratio Identities

• tanA = sinA
cosA • cotA = cosA

sinA

CSUEB STEM LAB
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Reciprocal Identities

• secA = 1
cosA • cscA = 1

sinA • cotA = 1
tanA

Sum and Difference Identities
• cos(A±B) = cosA cosB ∓ sinA sinB

• sin(A±B) = sinA cosB ± cosA sinB

• tan(A±B) = tanA± tanB
1∓ tanA tanB

Double Angle Identities
• cos 2A = cos2 A− sin2 A

• cos 2A = 2 cos2 A− 1

• cos 2A = 1− 2 sin2 A

• sin 2A = 2 cosA sinA

• tan 2A = 2 tanA
1− tan2 A

Half Angle Identities

• cos A2 = ±
√

1 + cosA
2

• sin A2 = ±
√

1− cosA
2

• tan A2 = 1− cosA
sinA = sinA

1 + cosA

Triple Angle Identities
• cos 3A = 4 cos3 A− 3 cosA

• sin 3A = 3 sinA− 4 sin3 A

Power Reduction Identities

• cos2 A = 1 + cos 2A
2

• sin2 A = 1− cos 2A
2

• tan2 A = 1− cos 2A
1 + cos 2A

• cos3 A = 3 cosA+ cos 3A
4

• sin3 A = 3 sinA− sin 3A
4

Sum-to-Product Identities

• sinA+ sinB = 2 sin
(
A+B

2

)
cos
(
A−B

2

)

• sinA− sinB = 2 cos
(
A+B

2

)
sin
(
A−B

2

)

• cosA+ cosB = 2 cos
(
A+B

2

)
cos
(
A−B

2

)

• cosA− cosB = −2 sin
(
A+B

2

)
sin
(
A−B

2

)

Product-to-Sum Identities
• sinA cosB = 1

2 [sin(A+B) + sin(A−B)]

• cosA cosB = 1
2 [cos(A+B) + cos(A−B)]

• sinA sinB = 1
2 [cos(A−B)− cos(A+B)]

Sums of Sines and Cosines
• A cosx+B sin x =

√
A2 +B2 sin(x+ φ) where

cosφ = B√
A2 +B2

and sinφ = A√
A2 +B2

• A cosx+B sin x =
√
A2 +B2 cos(x− φ) where

cosφ = A√
A2 +B2

and sinφ = B√
A2 +B2

Laws of Sines and Cosines
• c2 = a2 + b2 − 2ab cosC

• a

sinA = b

sinB = c

sinC

Area of a Triangle
For a triangle with sides a, b, c and angles 6 A, 6 B,
and 6 C,

• Area =
√
s(s− a)(s− b)(s− c) where

s = a+ b+ c

2

• Area = 1
2ab sinC

• Area = c2 sinA sinB
2 sinC

Circular Section
• Arc length: s = rθ

• Area: A = 1
2r

2θ

CSUEB STEM LAB



Calculus Formulas 

Power Rules: 1−= nn nxx
dx
d and ∫ +

+
=

+

c
n
xdxx

n
n

1

1
  Product Rule: ( ) ( )[ ] ( ) ( ) ( ) ( )xgxfxgxfxgxf

dx
d

⋅+⋅=⋅ ''  

Quotient Rule: ( )
( )

( ) ( ) ( ) ( )
( )[ ]2

''
xg

xgxfxfxg
xg
xf

dx
d ⋅−⋅

=⎥
⎦

⎤
⎢
⎣

⎡  Reciprocal Rule: ( )
( )

( )[ ]2
'1
xg

xg
xgdx

d −
=⎥

⎦

⎤
⎢
⎣

⎡  

Chain Rule: ( )( ) ( )[ ] ( )xgxgfxgf
dx
d '' ⋅=o  Integration-by-Parts: ∫ ∫−= duvuvdvu     

 
Trigonometric Functions  Inverse Trigonometric Functions 

Derivative Integral  Derivative Integral 

xx
dx
d cossin =  cxdxx +−=∫ cossin    

2

1

1

1sin
x

x
dx
d

−
=−  

c
a
udx

ua
+=

−

−∫ 1

22
sin1   

xx
dx
d sincos −=  cxdxx +=∫ sincos    

2

1

1

1cos
x

x
dx
d

−

−
=−  

xx
dx
d 2sectan =  

cxdxx +=∫ seclntan   

cxdxx +=∫ tansec2   

 
2

1

1
1tan
x

x
dx
d

+
=−  

c
a
u

a
dx 

ua
+=

+
−∫ 1

22 tan11  

xx
dx
d 2csccot −=  

cxdxx +=∫ sinlncot   

cxdxx +−=∫ cotcsc2   

 
2

1

1
1cot
x

x
dx
d

+

−
=−  

xxx
dx
d tansecsec ⋅=  

cxxdxx ++=∫ tanseclnsec  

cxdxxx +=⋅∫ sectansec   

 

1

1sec
2

1

−
=−

xx
x

dx
d  

c
a
u

a
dx

auu
+=

−

−∫ 1

22
sec11  

xxx
dx
d cotcsccsc ⋅−=  

cxxdxx +−=∫ cotcsclncsc   

cxdxxx +−=⋅∫ csccotcsc   

 

1

1csc
2

1

−

−
=−

xx
x

dx
d  

Identities: 

( ) ( )
⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

+=+−=+=+

−
=−==+

+
===+

                      

                                       

                                             

2

yxyxyxyxyxyxxx

xxxxxxx

xxxxxxx

sincoscossinsinsinsincoscoscossec1tan
2

2cos1sinsincos2coscsccot1

2
2cos1coscossin22sin1cossin

22

2222

222

 

 
Exponential Functions Logarithmic Functions 

Derivative Integral  Derivative Integral 

( ) xx ee
dx
d

=  cedxe xx +=∫    ( )
x

x
dx
d 1ln =  cxdx

x
+=∫ ln1   

( ) ( ) xx bbb
dx
d ln=  c

b
bdxb

x
x +=∫ ln
   ( ) ( )xb

x
dx
d

b ln
1log =   

Definition of Log base b: NbxN x
b =⇔=log   Change of Base Formula: 

b
x

b
xxb log

log
ln
lnlog ==  

Identities: 
( )
( )⎪⎩

⎪
⎨
⎧

=====

=====

01log1log1lnlog

1log10loglnln
log

ln

b
xx

b

b
xx

xbxb

bexexe
b                             

                                   
 

 
 



Infinite Series: Definitions & Tests 

1. Series: 

( )

( )
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⎪
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⎪

⎩

⎪
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⎪
⎪

⎨

⎧
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+++==
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∑

∑

∑

∞

=
∞→

=

∞

=

SumInfinite    then  where  if

Sum Partial nth  

SeriesInfinite   

n
sasss

aaaas

aaaa

n
nn

n

n

i
in

n
n
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21
1

321
1

lim

...

...

 

2. Geometric Series: 
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4. Quick Divergence Test: Given 
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5. Integral Test:  Given 
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7. Root Test:  Given ( )
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8. Limit Comparison Test:  
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⎩
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9. Comparison Test:  
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∞
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Special Relativity Formula (Fei.Liu@njsci.org) version 1.1.1

Notation
∥∥: magnitude
c = 1: speed of light
S: lab frame
S’: rest (proper) frame
v: S’ velocity relative to S
v′: object velocity in S’
β = v

c = v
γ = 1√

1−β2

θ: rapidity
τ : proper time
m0: rest mass
dS⃗: displacement 4 vector
V⃗ : velocity 4 vector
P⃗ : momentum 4 vector
F⃗ : force 4 vector
L: Lorentz matrix

Kinematics
dt = γdτ

dx = dx′

γ

∆t′ = t′rear − t′front = ∥v∆x′∥

{
dt = γ(dt′ + vdx′)

dx = γ(dx′ + vdt′)
vx =

v′
x+v

1+v′
xv

vy =
v′
y

γ(1+v′
xv)

vz =
v′
z

γ(1+v′
xv)


β = β1+β2

1+β1β2

γ = γ1γ2(1 + β1β2)

γβ = γ1γ2(β1 + β2)flongitudinal =
√

1+β
1−β f0

ftransverse =
1

γ(1−cos θ)f0

x

t

x′

t′

e⃗

x̂

t̂

v⃗

vx

vx

vt

vt

4 Vector
dS⃗ = (dt, dx, dy, dz)

dS⃗2 = dS⃗ · dS⃗ = dt2 − dx2 − dy2 − dz2 = c2dτ2

V⃗ · U⃗ = V1U1 − V2U2 − V3U3 − V4U4

V⃗ =
dS⃗

dτ
= γ

dS⃗

dt
= γ(1, vx, vy, vz) = (γ, γv⃗)

A⃗ =
dV⃗

dτ
= γ

dV⃗

dt
= γ(

dγ

dt
,
dγvx
dt

,
dγvy
dt

,
dγvz
dt

)

A⃗ = γ(
dγ

dt
,
dγv⃗

dt
) = (γvv̇, γ4vv̇v⃗+γ2a⃗) = (γ4vxax, γ

4ax, γ
2ay, γ

2az)

P⃗ = m0V⃗ = (γm0, γm0v⃗) = (E, p⃗)

F⃗ =
dP⃗

dτ
= γ(

dE

dt
, f⃗) = m0A⃗

f⃗ = m0(γ
3ax, γay, γaz)

P 2 = P⃗ · P⃗ = m2
0, v⃗ =

p⃗

E
, v⃗cm =

∑
p⃗∑
E∑

P⃗i =
∑

P⃗f

Lx =


γ γβ 0 0
γβ γ 0 0
0 0 1 0
0 0 0 1



Lgeneral =


γ γvx γvy γvz

γvx 1 + (γ − 1)
v2
x

v2 (γ − 1)
vxvy
v2 (γ − 1)vxvzv2

γvy (γ − 1)
vyvx

v2 1 + (γ − 1)
v2
y

v2 (γ − 1)
vyvz
v2

γvz (γ − 1)vzvxv2 (γ − 1)
vzvy
v2 1 + (γ − 1)

v2
z

v2


Lgeneral(vy = 0, vz = 0) = Lx

V⃗ = LV⃗ ′, V i = Li
jV

′j

Dynamics
γ2v2 + 1 = γ2

γ̇ =
dγ

dt
= γ3v

dv

dt
= γ3va,

dγv

dt
= γ3 dv

dt
= γ3a

d(γm0v) = dγm0v + γdm0v + γm0dv = γ3m0dv + γvdm0

The following transformations are from proper frame S’ to S

A⃗ = LA⃗′, F⃗ = LF⃗ ′

f⃗ = m0(γ
3ax, γay), f⃗

′(γ = 1) = m0(a
′
x, a

′
y)

ax =
a′x
γ3

, ay =
a′y
γ2

, az =
a′z
γ2

fx = f ′
x, fy =

f ′
y

γ
, fz =

f ′
z

γ

v(τ) = tanh(τ), t =
sinh(a0τ)

a0

p = γm0v,E = γm0, E
2 − p2 = m2

0,
p

E
= v

E = γ(E′ + βp′), p = γ(p′ + vE′)

dW = Fdx = dE, dj = Fdt = dp

vcm =

∑
i

γimivi∑
i

γimi

d cosh θ = sinh θdθ, d sinh θ = cosh θdθ, cosh2 θ − sinh2 θ = 1

tanh θ = β, dβ = sech2 θdθ



Electromagnetism

E⃗′ = −γ(E⃗ + (v⃗ × B⃗))− (γ − 1)
E⃗ · v⃗
v2

v⃗

B⃗′ = γ(B⃗ − 1

c2
(v⃗ × E⃗))− (γ − 1)

B⃗ · v⃗
v2

v⃗

d(γm0v⃗)

dt
= q(E⃗ + v⃗ × B⃗)

E⃗′
∥ = E⃗∥

B⃗′
∥ = B⃗∥

E⃗′
⊥ = γ(E⃗⊥ + v⃗ × B⃗)

B⃗′
⊥ = γ(B⃗⊥ − 1

c2
v⃗ × E⃗)

Hyperbolic trignometry

sinhx =
ex − e−x

2

coshx =
ex + e−x

2

tanhx =
ex − e−x

ex − e−x
x ̸= 0

cothx =
ex + e−x

ex + e−x

cschx =
2

ex − e−x
x ̸= 0

sechx =
2

ex + e−x

arcsinhx = ln
(
x+

√
x2 + 1

)
x ∈ R

arccoshx = ln
(
x+

√
x2 − 1

)
x ∈ [1,∞)

arctanhx =
1

2
ln

1 + x

1− x
− 1 < x < 1

arccothx =
1

2
ln

x+ 1

x− 1
x < −1 ∪ x > 1

arccschx = ln

(
1

x
+

√
1

x2
+ 1

)
x ̸= 0

arcsechx = ln

(
1

x
+

√
1

x2
− 1

)
x ∈ (0, 1]

(arcsinhx)′ =
1√

x2 + 1

(arccoshx)′ =
1√

x2 − 1

(arctanhx)′ =
1

1− x2
|x| > 1

(arccothx)′ =
1

1− x2
|x| < 1

(arccschx)′ =
−1

|x|
√
1 + x2

(arcsechx)′ =
−1

|x|
√
1− x2

x

y

cosh, sech

sinh, csch

tanh, coth

x

y

arccosh, arcsech

arcsinh, arccsch

arctanh, arccoth
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Notation
∧: and
=⇒ : implies: if, then
⇐⇒ : if and only if∑
: summation∏
: multiplication

∀: for all
p|n: p is a divisor of n
p ∤ n: p is not a divisor of n
N: natural numbers > 0
W: whole numbers ≥ 0
Z: integer numbers
R: real numbers
P: prime numbers

Algebra
�Geometric Sequence (progression)

an = a0r
n, Sn =

a0(1− rn+1)

1− r

�Arithmetic Sequence (progression)

an = a0 + nr, Sn =
(a0 + an)(n+ 1)

2

�AM-GM

x1 + x2 + ...+ xn

n
≥ n

√
x1 · x2 · ...xn

�Mean, Median, Mode, Unique Mode,
Range
�

ab+ a+ b = n → (a+ 1)(b+ 1) = n+ 1

�Multinomial Expansion (Stars and Bars
II)

(a+ b+ c)n =∑
k1+k2+k3=n

(
n

k1 k2 k3

)
ak1bk2ck3

(
n

k1 k2 k3

)
=

n!

k1!k2!k3!

�Vieta’s Formula∑
ri = −an−1

an∑
rirj =

an−2

an∏
ri = (−1)n

a0
an

Geometry
�Angle Bisector Theorem

AB

BD
=

AC

CD

�Area

A =
1

2
bh =

1

2
ab sin θ

�Heron’s formula

s =
1

2
(a+ b+ c)

A =
√
(s− a)(s− b)(s− c)(s− d)

�A median of a triangle is a line
segment joining a vertex to the midpoint
of the opposite side, thus bisecting that
side.
�Cyclic Quadrilateral

∠A+ ∠C = ∠B + ∠D

�Ptolemy’s theorem

AC ·BD = AB · CD +AD ·BC

AE · EC = BE · ED

�Shoelace Theorem of polygon area

A =
1

2
|(x1y2 + x2y3 + ..+ xny1)

−(y1x2 + y2x3 + ..+ ynx1)|

�Pythagorean Triples Generator

a = m2 − n2, b = 2mn, c = m2 + n2

�Power of a point P on a circle

PA · PB = PC · PD

Combinatorial
�Circular arrangement: anchor one
sample and check the cases (can be done
recursively).
Number of ways:
�Separate n distinguishable balls into
k1, k2, ...km groups of balls where
k1 + k2 + ..+ km = n:

n!

k1!k2!..kn!

�Stars and Bars I: put n
indistinguishable balls into k
distinguishable bins without empty bins
n > k. (

n− 1

k − 1

)
�Stars and Bars II: put n
indistinguishable balls into k
distinguishable bins with empty bins
n > k. (

n+ k − 1

k − 1

)
�Number of ways to put n1

indistinguishable red balls, n2

indistinguishable blue balls, n3

indistinguishable green balls etc into

n1 + n2 + n3 + .. with one ball in each
box is

(n1 + n2 + n3 + ..)!

n1!n2!n2!..

�The probability no bin is empty when
putting n distinguishable balls into n
distinguishable bins:

1 · (1− 1

n
) · (1− 2

n
) · ·· = n!

nn

�Derangement:
!n = (n− 1)(!(n− 1)+!(n− 2))

Numbers
�Prime Factorization

N = pn1 ∗ pl2 ∗ pm3 ...

�If the last two digits of a number are
divisible by 4, the number is divisible by
4.
�Any even number whose digits sum to
a multiple of 3 is divisible by 6.
�A number is divisible by 7, then the
difference between twice the unit digit of
the given number and the remaining
part of the given number should be a
multiple of 7 or it should be equal to 0.
�If the last three digits of a number are
divisible by 8, then the number is
completely divisible by 8.
�If the sum of digits of the number is
divisible by 9, then the number itself is
divisible by 9.
�A number is divisible by 11 if the
difference between the sum of the digits
in odd places and the sum of the digits
in even places is 0 or a multiple of 11.
�If adding four times the last digit to
the number formed by the remaining
digits is divisible by 13, then the number
is divisible by 13.
�Number of divisors

n = ab, d(n) = d(a) ∗ d(b)

�Diophantine Equation where
(a, b, c, x, y ∈ Z):

ay + by = c → gcd(a, b) ≡ 0 (mod c)

ax0 + by0 = gcd(a, b)

x = x0+
b

gcd(a, b)
m, y = y0−

a

gcd(a, b)
m

a2 + b2 = c2 → Pythagorean triples

a3 + b3 = c3 → No solution

Fermat’s last theorem: no integer
solution exists for n ≥ 3.



�Standard Euclidean algorithm

a = bq + r

�Bezout’s identity

gcd(a, b) = ax+ by

�Extended Euclidean algorithm

a = bq+r, si = si−2−si−1·qi, ti = ti−2−ti−1·qi

�The number of factor k in n! (k < n) is

⌊n
k
⌋+ ⌊ n

k2
⌋+ ⌊ n

k3
⌋+ ⌊ n

k4
⌋+ ...

�Euler Totient Function

φ(n) = n
∏
p|n

(1− 1

p
)

where p|n reads the prime p is a divisor
of n and φ(n) is the number of coprimes
of n from 1 to n. e.g. φ(10) = 4,
{1, 3, 7, 9}.
�

φ(p) = p− 1, φ(pk) = pk − pk−1

�If p, q ∈ P and n = pq,
φ(n) = pq − (p+ q − 1) = (p− 1)(q − 1).
�Euler Totient Theorem
If gcd(a, n) = 1 (co-prime), then
aφ(n) ≡ 1 (mod n).

x ≡ y (mod φ(n)) → ax ≡ ay (mod n)

Modular Arithmetic
a ≡ b (mod n) ⇐⇒ a− b = n ∗m

Reflexivity: a ≡ a (mod n)
Symmetry: a ≡ b (mod n) ⇐⇒ b ≡ a
(mod n)
Transitivity: a ≡ b (mod n) ∧ b ≡ c
(mod n) =⇒ a ≡ c (mod n)
�If a ≡ b (mod n), then

a+ k ≡ b+ k (mod n)

ka ≡ kb (mod n), ka ≡ kb (mod kn)

ak ≡ bk (mod n), p(a) ≡ p(b) (mod n)

n = ℓm → a ≡ b (mod ℓ), a ≡ b (mod m)

�a+ k ≡ b+ k (mod n)∀k, → a ≡ b
(mod n).
�ka ≡ kb (mod n) and (k, n) = 1,
→ a ≡ b (mod n).
�am ≡ 1 (mod n) cyclic of length m in
(mod n).
�Modulo inverse, if gcd(a, n) = 1, then
there exists a−1 · a ≡ 1 (mod n)
�Modulo inverse, a−1 · a ≡ 1 (mod n),
then a−m · am ≡ 1 (mod n)
�

aφ(n) ≡ 1 (mod n), ap−1 ≡ 1 (mod p)

�If a ≡ b (mod n) and c ≡ d (mod n),
then

a± c ≡ b± d (mod n)

ac ≡ bd (mod n)

�

N ≡ sum(digits of N) (mod 3)

N ≡ sum(digits of N) (mod 9)

Set

SA ∪ SB = SA + SB − SA ∩ SB

SA ∪ SB ∪ SC = SA + SB + SC

−SA∩SB−SB∩SC−SC∩SA+SA∩SB∩SC

Probability
�Add probabilities of exclusive events;
multiply probabilities of independent
events; use counting approach to
probability when the outcomes are
equally likely.
�Bayes Probability

P (A) = P (A|B)P (B) + P (A|B̄)P (B̄)

P (A|B) =
P (A ∩B)

P (B)

P (A∩B) = P (A|B)P (B) = P (B|A)P (A)

P (A ∩B) = P (A)P (B) if SA ∩ Sb = ∅
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