Physics Formula (Fei.Liu@njsci.org) version 1.7.2
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Chemistry Formula (Fei.Liu@njsci.org) version 1.3.3

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

E=-Q:1Q2/r
541 Seasaw, 532 T-shaped, SF,: 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 + ‘l‘/Lj)(V —nb) = nRT
3
2kpT

Kinetic Molecular Theory, KE = %mvfms =3

Graham’s Law, r « \/%
Partial Pressure, Dalton’s law of partial pressure

Drotal = p_, Partial Pressure;

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 = kg Ppartial

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.

Dpartial = XPpure (Also applies to the vapor pressure of volatile
solvent mixed with non-volatile solute)

Collegative Properties AT =i m K

Osmotic pressure I = i3 RT

Kinetics
. _ A[Reactant] S A[Product]
T At P At
_ _1A[A] _ 1A[B] _1A[C] _ 1A[D]
e At b At ¢ At d At
r = k[A]"[B]"
Zeroth order r = —k[A]® = —k — [A] = [A]o — kt
First order r = —k[A] — [A](t) = [AJoe™**
Second order r = —k[A]? — 1/[A](t) = 1/[A]o — kt
By
k= Ae” RT
AHeq (1 _ 1

p=poe” (T

. _ In2 __In2
Half life: k = T1ya’ tije = -

Equilibrium, Solution, Acid-Base
_ AP
“ o [C]ePy
K& =1.0 x 10* 25°C
pOH = —log[OH™] pH = —log[H"]
pKyw =pH + pOH
_ [HF)AT] [OH"][B"]
[HA] [BOH]
Ko = Ko%Ky 14 = pK, + pK,
[A7]
[HA]
[B7]
[BOH]
Pka = pHmidpoint, Pk = PO Hmidpoint
Ky, = [BT)'[A7]"

K, Ky, =

pH = pK, + log

pOH = pK, + log

Thermodynamics
Q=cmAT Q=nAH=mL
AE=W+Q=—PAV +Q
W = Wechnical + Whon-mechnical

H=E+PV
AH =AE+ A(PV)=Q+ VAP
G=H-TS

AG = AH —TAS
AH’= " nAH}- Y  mAH}

products reactants

AS= > nS— Y mSs°

products reactants

AG’= Y nAGr - > mAGH

products reactants

o o o o
AClsyste'rn =A system ~ TASsystem = TASuni'uerse

AH°= > mBDE- » nBDE
reactants products
AG = AGO + RT In Q = Gsystem - Gminimum
Q
AS < =2
§= T

if Cp is not given, then AH® and AS® can be treated as
temperature independent, otherwise temperature dependent A H°
needs to be computed from Cj.

ElectroChemistry
Cell Notation: Anode |Anode™||Cathodet| Cathode

Q=It=nF

o o o
cell — Ecathode - Eanode

., RT
cell — TLF 1nKeq
RT
E=E"——/1
nk n@

AG° = —nFE°=—-RTIn K., =AH° —TAS"
AG=-nFE=AG’°+ RTInQ =AH —TAS

Strong Acids and Bases

Strength of Acid: binary Acid, oxyacids depends on
electronegativity, polarity of bond

Strong Acids: HCI, HBr, HI, HC105, HCIO,, HNO3, HSO,, HMnO,
Strong Bases: Alkali(OH), Ca(OH),, Ba(OH)s..

Solubility Rules

1. All common salts of Group 1 elements and ammonium (NH,")
are soluble.

2. All common nitrates (NO3) 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



Pre-Calculus Reference Sheet

Factoring

a? —b*> = (a—b)(a+0b)

a® + b? is prime

Arithmetic Series
[ ak:a—l—(k—l)d

n

k=1

n

k=1

o Sp=> [a+(k—1)d

. Sn:Z[a+(k—1)d]:g[2a+(n—1)d]

d

a—+ ap

)

Geometric Series

Analytic Geometry

e equation of a line: y —y; = m (x — 1)

e distance: d = \/(afg - 331)2 + (y2 — 91)2

Y2 — Y1
T2 — T1

slope: m =

® a, =ar" !

Exponent Rules

a®ty = g%a¥
(ab)* = a*b*
(a®)? = a®¥
a’=1ifa#0

P
a :a—xlfaaéo

aI
a*V=—ifa#0
a¥

Logarithm Rules

logpz =y <=z ="bY

plogy = — 4
log, b* =z
log, 1 =0
log,b=1

logy, zy = log, = + logy, y
T
log;, g = log, © —log, y

log, z¥ = ylog, x

n—1
. 1
. Sn=Zark=“[1 } ifr 1
k=0
'S:iarkZ S <1
1—r7r
k=0
Trigonometry
o cosd = et g 4 Opposite
hypotenuse hypotenuse
L] tanA = M
adjacent
0° | 30° | 45° | 60° 90°
T T T T
1S T3 2
. 1 1 v2] V3
sin 0 — Yo Me 1
2 2 9
V3| V2] 1
CcoS 1| 2= | L= - 0
2 2 9
tan || 0 ? 1 V3 | undefined

e cos2A+sin?A=1
e 1+tan®? A =sec? A

e 1+ cot?A=csc2A

Pythagorean Identities

Ratio Identities
sin A

o tan A =
cos A

CSUEB STEM LAB



Reciprocal Identities

1
ecsc A= ecot A =

sec A =
* cos A sin A tan A

Sum and Difference Identities
e cos(A + B) = cos Acos B F sin Asin B
e sin(A + B) = sin A cos B + cos Asin B

tan A &+ tan B

tan(A+B)= ———
o tan( ) 1F tan Atan B

Double Angle Identities
e cos2A = cos? A —sin? A
e cos2A =2cos’ A—1
e cos2A =1—2sin? A
sin2A4 = 2cos Asin A

Half Angle Identities

A 1+cosA
s — +
ocos2 \/ 5
osiné::t /1—cosA
2 2

A 1—cosA  sind

tan — = =
¢ 8L][12 sin A 1+cosA

Sum-to-Product Identities

e sin A +sin B = 2sin A+B cos A-B
2 2

e sin A —sin B = 2cos A+7B sin A-B
2 2

e cos A+ cosB = 2cos (A;FB) cos (A2B)

e cos A —cosB = —2sin (A+

?)on (45

Product-to-Sum Identities

[sin(A + B) + sin(A — B)]
[cos(A + B) + cos(A — B)]
[cos(A — B) — cos(A + B)]

e sin Acos B :%
1
2

e cosAcosB =

e sinAsin B = %

Sums of Sines and Cosines
e Acosz + Bsinz =+ A? + B?sin(x + ¢) where
A

cosp = L and sin ¢ = ———
A2+B2 ‘/A2+B2
o Acosz + Bsinx =+ A2+ B?cos(x — ¢) where
A B
cosp = ——— and singp = ———
0= T B ey

Triple Angle Identities
e cos3A =4cos® A—3cos A
e sin3A =3sin A — 4sin® A

Laws of Sines and Cosines
o 2 =a%2+b%2—2abcosC

a b c

[ ] = =
sinA sinB sinC

Power Reduction Identities

o co? A LTe0s24
2
o sin? A — 1—cos2A
2
1—cos2A
tan® A = ————
¢ tan 1+ cos2A
o cosd A — 3cos A+ cos3A
4
o sind A — 331nA4—sm3A

Area of a Triangle

For a triangle with sides a, b, ¢ and angles /A, /B,
and /C,

e Area = /s(s —a)(s — b)(s — c) where
a+b+c
2

1
o Areca = §ab sin C'

¢®sin Asin B

Area —
¢ Area 2sin C

Circular Section

e Arc length: s =r6

o Arca: A= %7'29

CSUEB STEM LAB



Calculus Formulas

Power Rules: dix” =nx""*and Ix"dx X
X

n+1
+C
1

n+

Product Rule: %[f (x)-g(x)]=

f(x)-g'(x)+ '(x)- g(x)

_9(x)- F'(x)-f(x)-g'(x)

Quotient Rule: i{ f(x)
dx

g(x)

} [a(x)P

Reciprocal Rule: i{i} _-9'(¥

dx

g(x)

[o)F

Chain Rule: %(f o g)x)=f'[g(x)]- g'(x)

Integration-by-Parts: J'u dv=uv-— jv du

Trigonometric Functions

Inverse Trigonometric Functions

Derivative Integral Derivative Integral
d inxd d sin!x !
—sin X =Ccos X Jsmx X =—COSX+C — =
dx / 2
o 1-X J.—l dx=sint Y4 ¢
d . . d 4 -1 Ja? —u? a
—C0SX =—sin X J.cosxdx=5|nx+c —CO0S ~ X =
dx X 1-x?
q , Itanxdx:ln|secx|+c d. 1
—tan x =sec” x d—tan X= 5
dx Jseczxdx=tanx+c X 1+x
1 1 4 u
'[ 5 2dx:—tan —+cC
Jcotxdx:ln|sinx|+c a“+u a a
d 2 -1 -1
—CotXx=-csc” X —cot™ x= 5
dx dx 1+ X

J.csc2 XdX=—CotX +C

d
—Sec X =Secx-tan x
dx

J.secxdx= In|secx+ tan x|+ c

J.secx~tanxdx:secx+c

d _
—sectx=

1
dx IXVx? -1

1

d
—CSCX =—CSCX-CotX
dx

J.cscx dx = Injcsc x —cot x|+ ¢

ICSCX~COthX:—CSCX+C

d _
—cscix=

-1
dx IXVx? -1

1 4 u
dx="sect=+c
a

'[ux/uz—az a

sin? x +cos? x=1

sin2x =2sin X cos X

Cos™ X

2, l+c0os2x

2
Identities: {1+ cot? x =csc? x cos 2x = cos? x —sin? x sin? x=%
tan? x +1=sec’ x cos(x + y)=cosxcosy —sinxsiny  sin(x+ y)=sin xcosy + cosxsin y
Exponential Functions Logarithmic Functions
Derivative Integral Derivative Integral
d X X X X d 1 1
—le")=e e"dx=e"+c —\In|x|)== —dx=In|x/+c
=) | 2 (nfx) = [5 dx=tni
d b* d 1
—Ib*)=(Inb)p* X dx = —log.. |X| )= ———
dx( ) (Inb)o J.b =+ ¢ dx< 9 ) (Inb)x
- X . Inx logx
Definition of Log base b: log, N =x<b* =N Change of Base Formula: log, x “nb _logb

. In(eX =
ldentities:

X
Iogb(bx):x

eInx —x

blogbx =X

Ine=log1l0=1Ilog, b=1
In1=logl=1log,1=0




Infinite Series: Definitions & Tests

o]

Zan =a, +a, +ag +... (Infinite Series)
n=1

Series: <s, = Y a; =a, +a, +..+a, (nthPartial Sum)

n
i=1

if lim's, =swhere s e %R then Zan =s (Infinite Sum)
n—oo )

a .
. N aen 2 3 ——if[r]<1

Geometric Series: Zar =a+ar+ar‘-+ar’+..=<1-r

n=0 diverges, if| r |21

P-Series: — =9 . . . . . .
diverges,if p<1 if p=1,the seriesis called the harmonic series.

1 converges, if p>1
n p
n=1

o if lima, =0,then » a, diverges
Quick Divergence Test: Given Zan: N " nZ:l: "

n=1 if lim a, =0, then No Conclusion! Do another test!

n—oo

© 0
if Ian dn converges then Zan converges

c n=c

Integral Test: Given Zan, a, >0, a, decreasing =

n=c

if .[an dn diverges then Zan diverges
c

n=c

o0
Zan converges, when p <1,

n=c

. : ~ o.oa = .
Ratio Test: Given Zan, a, >0 = if lim =% = pthen Zan diverges, when p >1,
n—o0 an

n=c n=c

No Conclusion, when p=1

o0
Zan converges, when p <1,

n=C
0 1 00
Root Test: Given Zan, a, >0 = if limy/a, = lim(a, )» = p then Zan diverges, when p >1,
n—oo n—o0
n=c n=c

No Conclusion, when p=1

a
2 2 if lim—=p, p>0, p finite
Limit Comparison Test: Zan and an ,a,>0,b, >0 = n—wo b, PP P

n=c n=c then both series converge or both diverge

Comparison Test: Zan and an ,a,20,b,20,a, <b, =

{ if b, converges then a, converges,
n=c n=c

if a, diverges thenb, diverges

Alternating Series Test: Given Z(—l)” a,,if a, >0,a,,, <a,, lima, =0, then Z(—l)” a, converges
n—oo

n=c n=c



Special Relativity Formula (Fei.Liu@njsci.org) version 1.1.1

Notation

Illl: magnitude

¢ = 1: speed of light

S: lab frame

S’: rest (proper) frame

v: S’ velocity relative to S
v': object velocity in S’

ﬂ = % =0
by
0: rapidity

T: proper time

mg: rest mass

ds: displacement 4 vector
V: velocity 4 vector

P: momentum 4 vector
F: force 4 vector

L: Lorentz matrix

P

= mo‘7 = (ymo,ymov) = (E, P)

4P .

dE -
= —’Y(E,f =mpA

sl

—

f=mo(v’az,vay, va)

Kinematics
dt = ~vdt
J vdx, {dt = 7(dt' + vdz")
r =4
v dx = vy(dx' + vdt'
At = t;ear - ;"ront = ‘|UA'I/|| ’Y( )
_ v;+v
Yz = Tharv B = B1+B2
v, = L 1+B182
v 7(1‘5}’@”) ¥ =721+ B182)
Uz = SF00) B =7172(B1 + B2)
flongitudinal = %fo

ftransverse = 30 ,1(305 0 fO
¥( )

—

dS = (dt,dz, dy, dz)

dS? = dS - dS = dt? — da® — dy? — d2* = 2dr?

—

VU = ViU, — ValUy — VsUs — VaU,

. dS dS -
V = T 'YE = ’Y(vaavyavz) - (%’YU)
S A VAR | Vs dy dyvy dyv, dyv,
A= "= =y— =~(= ‘
e T TN
S dy dyo

) = (v, v wit+y%a@) = (V'veas, v as, v ay, v2az)

PP .Pomi-P g 2P
m()?U E7v E
Y. P=) P
vy 8 0 0
v v 00
Le=14 0 1 0
0 0 0 1
v Tz Yy YU,
I o 1+(r=Dg  (-D5 (- D5
reneral — Vy Vg vy, vy
¢ o, (=1 1+ (y—1)5% (7—1)72
.o (v=DEE (-5 1+ (- D
Lgenerul(vy = 0, Vy = O) = L"L
V=LV, Vi=LV"
Dynamics
7202 41 =2
._d’y_3dv_3 dvv_3dv_3
R T L A

d(ymov) = dymov + ydmov + ymodv = v3modv 4+ yodmyg

The following transformations are from proper frame S’ to S

A=LA F=LF
f=mo(v’as,vay), f'(v = 1) = mo(a,, al)
al a, al
Ay = 7;,(17; = TZJLZ = 7;
/ f/
fr:fa/:afy:fafz: ?Z
21 h
v(1) = tanh(7),t = sinh(aor)
ag
p:ymov,E:mno,Ez—pQ:m%,% =

E=~(E"+p8p),p={p +vE)
dW = Fdx = dE,dj = Fdt = dp
> Yimiv;

i
Vem =
> Vi
7

dcosh § = sinh 0d6, dsinh § = cosh 8d0, cosh? § — sinh? 6 = 1

tanh @ = 3, dB3 = sech? 6d6



Electromagnetism

1
(arccothz) = T2
_ L= E-&
E'=—(E+(UxB)-(y-1)

-1
(arcesch )’ =

Jz[v1+ a2

-1
(arcsech )’ =
— 4(E + 7 x B)
dt
E) = E)
By = By

E' =~(E, +% x B)

—_

Ei:ﬂﬁL—gﬁxE)

cosh, sech

sinh, csch

. . tanh, coth
Hyperbolic trignometry

. et —e ?
sinhy = ———

2

xr —X
e’ +e
coshr = ———

T
et —e " :
tanhx = — £ #0 N
em _efx \\\
\
x —XT \
e’ +e
cothr = ———
et 4 e %

cschx =

sechz =

arcsinh z = 1n<x +Vax?+ 1)

\
!
§
\
\\
et +e % \‘

|
r€ER !

arccoshz = ln(:c + v z? - 1)

x € [1,00)
1 1
arctanhm:flnl—i_x —l<z<l1
-

|
1 1 |
arccothalc:flnx_k1 r<-—-1lUx>1

T —

\ arccosh, arcsech
\
1 1 ' arcsinh, arccsch
arccschx =In| —+14/—= +1 x#0
T 2

1 1
arcsechx = ln< +4/ = — 1) x € (0,1]
x x

1
(arcsinh z)" =

h

:\\ <
1 \
(arccoshz) = —— \
x?—1

(arctanh z)’ =

1
.2 |z] > 1



AMC10/12 Formula (Fei.Liu@njsci.org) version 1.4.0

Notation

A: and

= : implies: if, then
<= : if and only if

> summation

[]: multiplication

V: for all

pln: pis a divisor of n
p1n: pis not a divisor of n
N: natural numbers > 0
W: whole numbers > 0
Z: integer numbers

R: real numbers

P: prime numbers

Algebra

eGeometric Sequence (progression)

ao(l
1—7r

_ pen+l
_ ng — r )
Qp = Aol , Oop =

e Arithmetic Sequence (progression)

. 1
an = ag +nr, S, = (a +an)(n +1) +a2)(n—|— )
e AM-GM

1+ + ...+,
n
eMean, Median, Mode, Unique Mode,
Range

> Yx1 T ... Ty

ab+a+b=n—(a+1)(b+1)=n+1

eMultinomial Expansion (Stars and Bars
1)

(a+b+ce)" =
D

1t akrpke ks
ke ky ks
ki+ko+kz=n

n
k1 ko

eVieta’s Formula

n!
ka) T kylkolks!

aop
= (—1)"—
IIri=1 o

Geometry

eAngle Bisector Theorem
AB _ AC
BD CD

eArea

1 1 .
A= §bh = §ab51n9

eHeron’s formula

1
s:i(a—&—b—i—c)

A== -bG-06—d
eA median of a triangle is a line
segment joining a vertex to the midpoint
of the opposite side, thus bisecting that
side.
eCyclic Quadrilateral

LA+ /LC=4B+ 4D
ePtolemy’s theorem
AC-BD=AB-CD+ AD - BC
AE-EC =BE-ED

eShoelace Theorem of polygon area

1
A= §|(x1y2 + Zays + .. + Tpy1)
—(y172 + Y23 + .. + Ynx1)|

ePythagorean Triples Generator

2

a=m?—n%b=2mn,c=m?+n?

ePower of a point P on a circle

PA-PB=PC-PD

Combinatorial

oCircular arrangement: anchor one
sample and check the cases (can be done
recursively).

Number of ways:

eSeparate n distinguishable balls into
ki1, ks, ...k, groups of balls where
ki+ko+. +kp=mn:

n!
kilko!. k!

eStars and Bars I: put n
indistinguishable balls into k
distinguishable bins without empty bins

n > k.
n—1
k—1
eStars and Bars II: put n

indistinguishable balls into k
distinguishable bins with empty bins

n > k.
n+k—1
k—1

eNumber of ways to put n;
indistinguishable red balls, nq
indistinguishable blue balls, ng
indistinguishable green balls etc into

n1 + na + n3 + .. with one ball in each

box is
(n1 + U») —+ ns —+ )'

nllnglngl..

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

1.(173).(1,2)...:71!

n n nn
eDerangement:
In=(mn-1)n-1)+!(n-2))

Numbers
ePrime Factorization

N = pi *ph * py'...

oIf the last two digits of a number are
divisible by 4, the number is divisible by
4.

eAny even number whose digits sum to
a multiple of 3 is divisible by 6.

oA 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.
oIf the last three digits of a number are
divisible by 8, then the number is
completely divisible by 8.

oIf the sum of digits of the number is
divisible by 9, then the number itself is
divisible by 9.

oA 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.
oIf 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.

eNumber of divisors

n = ab,d(n) = d(a) * d(b)

eDiophantine Equation where
(a,byc,z,y € Z):

ay + by = ¢ — ged(a,b) =0 (mod ¢)

azg + byo = ged(a, b)

b a
r=rot ged(a, b) Y=o gcd(a,b)m

a? +b? = ¢ — Pythagorean triples
a® + b® = ¢* = No solution

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



eStandard Euclidean algorithm
a=bqg+r
eBezout’s identity
ged(a,b) = ax + by

eExtended Euclidean algorithm

a = bg+r,s; = 8;_9—8;_1qi, t; = ti_o—t;_1-

eThe number of factor k in n! (k < n) is

2]+ L) + L) + L) + -

eBEuler Totient Function

1
p(n) = ny(l —5)

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

e(p) =p—1,0(p") =p* —p"!

olf p,q € P and n = pgq,
p(n)=pg—(p+qg—1)=(p—-1)(¢-1).
eEuler Totient Theorem

If ged(a,n) = 1 (co-prime), then

a¥™) =1 (mod n).

x=y (mod ¢(n)) = a®=d’ (modn)

Modular Arithmetic
a=b (mod n) <= a—b=nxm

Reflexivity: a = a (mod n)
Symmetry: a =b (mod n) <= b=a
(mod n)

Transitivity: a = b (mod n) Ab=c¢
(mod n) = a=c (mod n)

olf « =b (mod n), then

4i
a+k=b+k (modn)

ka=kb (modn),ka=kb (mod kn)

a®* =b* (mod n),p(a) =p(b) (mod n)

N = sum(digits of N) (mod 3)

N = sum(digits of N) (mod 9)

Set
SaUSg=85S4+Sg—5S4N8Sg

SAaUSgUSe =854+ S+ 5S¢

n=¢m—=>a=b (mod{),a=b (mod m)_SAmSB_SBmSC_SCmSA+SAﬁSBmSC

ea+k=b+k (mod n)Vk, > a=b
(mod n).

eka = kb (mod n) and (k,n) =1,
—a=b (mod n).

ea™ =1 (mod n) cyclic of length m in
(mod n).

eModulo inverse, if ged(a,n) = 1, then
there exists a=!-a =1 (mod n)
eModulo inverse, a=! - a =1 (mod n),
then a=™ (mod n)

[ ]

.am:

a?™ =1 (modn),a? ' =1 (mod p)

olf a =b (mod n) and ¢ = d (mod n),
then
atc=bxtd (modn)
ac=bd (mod n)

Probability

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

eBayes Probability

P(A) = P(A|B)P(B) + P(A|B)P(B)

P(A|B) = P(Jf(;)B)

P(ANB) = P(A|B)P(B) = P(B|A)P(A)

P(ANB) = P(A)P(B) it SAN Sy =0
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