Harold’s Physics Formulas

Cheat Sheet
29 September 2025

. Mechanics: .. . . Atomic and
Mechanics: Angular / Electricity/  Fluid Mechanics / Nuclear /
Linear Translation . . Magnetism Thermodynamics .
Rotational Motion g y Waves and Optics
. . Harold’s Physics
Al Units of Measure
Horizontal: Circular: 10~100 Fluid Mechanics: Optics:
1, 1 = googolth 1, _v
X=X+ Vpot +5at? | 6=0+wt+zat 10-2* = yocto- | Pr+pgy1+5pvi f=7
107%! = zepto- | P+ +1 )
Vertical: 107'% = atto- = 2T PGy TSP 1 n 1.1
1 10715 = femto- | (Conservation of Mass) d, d; f
Y =Yot+ Uyt + 59t 10712 = pico-
18_2 = nano- p= m Refraction:
Ax = x; — X -0, — 0 =micro- 4 bend
ree 86 =07~ 6o 1073 = milli- (bend)
1072 = centi- A¢ = af AT n=-
= _ v
Position ¥= Xt =0, +wt 107 = deci-
0 _
(m) X '[ v dt 0 f ; 1181 —_dleca Snell’s Law:
= = | wdt - ; n,sinf; = n,sin0
(rad) 102 = hecto- 1 1 2 2
s=r6 10% = kilo- v
10° = mega- Optics: n—l = v_z
x(t) = Acos(wt + ¢) 10° = giga- 2 1
10'? = tera- e Diffraction:
x(t) = Acos(2nft + ¢) 1012 = peta- ks (spread out.)
108 = exa- e
. 2— x . 102* = yotta- i ' mA =dsinf
fOxt) = Asin 2m (ft - I) +¢)+ 10% = googol | |, |
10
= googolplex
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v(t) = —Awssin(wt + ¢)

v(t) = —AQnf)sin(2rft + ¢)

. .. . . Atomic and
. . Mechanics: Electricity/  Fluid Mechanics /
Mechanics: Linear . . Nuclear /
Angular Magnetism  Thermodynamics .
Waves and Optics
b d_Ax dx o= o_4a9 ae Speed of Light: Fluid Mechanics: Waves and Optics:
t At dt ot At dt ¢ ~3.00 x 108 * Ayvy = Ay, v=Ff2A
S
Av =vr — v, Aw = wf — w, Reflection:
3RT
Vrms = |—— (throwback)
v=v0+at w:w0+at M
Critical angle:
v2 =3+ 2a(x — xy) | w? = wf + 2a(6 — 6,) 3k,T sing, = ny
Urms = n;
—_Votv _ wtw U
v=" w=— Maxima for a thin film:
2d = A 3 A 5 A
Velocity v= fadt W= fadt S 2’ 2n’ T 20
(m/s)
1 2n
Angular f= T W == 2nf
Velocity /
Angular Spring:
Frequency I
(rad/s) w= |—
m
Pendulum:
w= |2
£
v = wr
V=wXTr
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Mechanics: Linear

Mechanics:

Angular

Electricity /
Magnetism

Fluid Mechanics /
Thermodynamics

Atomic and
Nuclear /

Waves and Optics

Acceleration

Linear:
v Av dv
a=—=—- —
t At dt
LF  Fpe
a=—-=
m m

Tangential (linear):
a=a; =ar

gravity (g)

Angqular:
® Aw dw

=— —
t At dt

a_&_‘tnet
I I

Centripetal (center):

(m/s?)
(rad/s?)
Net:
a?let = a? + a%
a(t) = —Aw? cos(wt + ¢)
a(t) = —AQRnuf)?% cosrft + ¢)

Jerk (ngt) 4 e da E—
el TR | e

Constants:

Gravitational Constant

G ~ 6.67430 x 10-11 ¥
kg

Gravity Acceleration (Earth) g = —9.80665 sz ~ —32.1740 g

Speed of Light in Vacuum

Electron-Volt

Charge of an Electron
Mass of an Electron
Mass of a Proton

Mass of a Neutron
Electric Permittivity
Magnetic Permeability
Avogadro’s Number
Boltzmann Constant

Coulomb Constant

Faraday Constant

Planck’s Constant

Avogadro’s Number

Ideal Gas Constant

pi

¢ ~ 2.99792458 x 108 %

leV ~ 1.602176634 x 10719 ]

e~ —1.602176634 x 1071° C

m, ~ 9.1093837015(28) x 10731 kg
m, ~ 1.67262192369(51) X 107? kg
my, ~ 1.67492749804(95) x 10727 kg

1 c?
~ 8.8541878128 x 10712 —

UoC? Nm?

& =

7Tm

Uo = 4w X 10~ "

N, ~ 6.02214076 x 1023 ——
mol

kp ~ 1.380649 x 10723 <

1

k, = ~ 8.9875517923 x 10°
€ u4gm

Nm?
€0 CZ

F ~ 9.64853321233100184 x 10* %
h ~ 6.6267015 x 1073* Js
N, ~ 6.02214076 x 1023 / mole

L atm

R =~ 0.082057366080960

mole K

m ~ 3.14159265358979323846. ..
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Atomic and

. . Mechanics: Electricit Fluid Mechanics
Mechanics: Linear .y/ . / Nuclear /
Angular Magnetism  Thermodynamics .
Waves and Optics
Dynamics
Mass I= Z mr? Magnification:
d; h;
(kg) Density: M| = d_l h_l
= =~ m o o
/ m actu.al mass [ = frz dm m, =~ my, p=2
Moment of I = effective mass my, ~ 1,836 m, %4 5 M
Inertia Pr,0 =997 kg/m Telesco.pe '
K 2 — fob]ectwe lens
( g-m) szr'rdm feyepiece
p =mv L=lw
Ap = mAv L=rmv
Conservation of Linear | Conservation of Angular Fluid Mechanics: Atomic and },:/ uclear:
Momentum: Momentum: Vp =pg A=—
Pi =Pr L;=Lf p
vai=2mvf lei=21wf
@)
Momentum P=w Xm L=1rX P Kinetic energy and Kinetic energy is not conserved,
° momentum are conserve ut momentum is conserve:
(kgem/s) v e i d
Before Colllsmn
(kg s m?/s) Elastic = bounce off L=mrxv =]
@ -6 6= @
/ne/astIC = StICk together L = f rXv dm Dunng Coll«sxor\
t2 _ “ w
Ap = ] = F dt AL B t dt After Co\llscon
tl .
-@ =~ @-
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Atomic and

. . Mechanics: Electricit Fluid Mechanics
Mechanics: Linear _y/ . / Nuclear /
Angular Magnetism  Thermodynamics .
Waves and Optics
F =ma L
F, =mg T=1rFsind EIEL”,CIW' Fluid Mechanics:
g Coulomb’s Law: F = PA
F=k 419> -
ZFanet:ma ZT:Tnetzla T2 , F ,
=—=phg
=rF =] 1 q192 A
F= p_Ap T=ri=la = dme. 12 Strong Nuclear Force:
Tt At T=TXF 0 Fypuoy = PVg F= g? e
Force FoE T T 4mc? 7
(N= Fo ap _ i(mv) = ar _ Id_w 1 Universal Gas Law:
kgem/s?) dt dt dt dt Madnetism: PV = nRT = NkgT Weak Nuclear Force:
/ F Fgp = quBsin@ noptte” +ve
Torque Fy < uN = ma R (Beta Decay)
(J=Nem) 2 Fg = BI¢sin#@ ~ _J
Hooke’s Law: F= mv B sin 8.31446 (mol « K) where Ve is an
F, = —kAx r Fp=quxB antineutrino
B =
J
— —23
Gravitational Force: F = mrw® kp =138 x 107 -
c Fz;=I1¢xB
mim;
FG = - 1‘2
Gmym, _ F=f1d£’><B
FG - — 2 r
r
Impulse J=FAt=Ap=mAv | H=1At =AL =] Aw Electricity:
(Nes) Unit Impulse:
(Nemes) J=Ap = det H=AL= ert (Dirac Delta Function)
Yank _ S(x) = 0, x#0
(N/s?) v=mJ ey @={m o
/ =rXx such that
F AF dF ®
Rotatum Y=—=A——>d— P—T—AT—>E—1( f 6(x)dx=1
(J/s) t t t Tt At dt -
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Atomic and

. . Mechanics: Electricit Fluid Mechanics
Mechanics: Linear _y/ . / Nuclear /
Angular Magnetism  Thermodynamics .
Waves and Optics
Energy
Thermodynamics:
W =Fd W =tA6(0 —6,) W =—-PAV
Work = = w
or W =F Ax cos 6 W =1 Afcosf W= Qv o= _|
(J =Nem) Qn
W=fFodr sz‘t-de T, — T,
ec T
Fluid Mechanics:
Bernoulli’s Equation: Atomic and Nuclear:
1 K, =hf—¢
o P+ pgys +5pvi* e
Kinetic Translational: Rotational: 1 1 ]
Energy 1 1 eV _p 4 +lop2 Electron Energy Levels:
K = KE = —mv? K = KE = = [w? ~ 1.60 x 10719 2T PGY2T5PV2 —13.6 eV
) 2 2 =
Thermodynamics: n = principal quantum
3 number (1, 2, 3, etc.)
Kavg = EkBT
UE = qV ]
1 Fluid Mechanics: Atom/%aidhl;uc/ear:
UE=_CI1CI2 P =Py, + pgh
AU, = mgh dmey T ,
- E =mc
Continuity of Mass: AE = (Am)c?
Potential 0. = — Gmym, Coiled Spring: U, ==QV p1A1v; = pyA,v,
Energy ¢ r U. = 1 kAx? Relativity:
)] s T T pRax 1 Continuity of Volume: v:
Nm? U.==CV? Ajvy = Ayv / \
~ -11 2 171 2V2 1
G ~ 6.67 X 10 kg2 € 2 E = mc2 =
1 Thermodynamics: \ /1 _ U_Z/
UL=EL12 AU=Q-W ¢
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Mechanics: Linear

Mechanics:

Angular

Electricity /
Magnetism

Fluid Mechanics /
Thermodynamics

Atomic and
Nuclear /

Waves and Optics

Conservation of Energy:
Ei = Ef

Thermodynamics:

, _ KAAT
L
Q = mH,

Heat AE = Q = mCAT
Energy P mCAT = mC(T; — T;)
) LT L
C = 4,184 L
E=W+Q+K+AU; +U; +Us +Ug + U. + Uy, + -+ = constant H0 — % kg °K
Ty
_ m]_ClATll‘ +m2C2AT2
N m1C1 +m2C2
w w P =
P=—=Fv P=—=1Tw pQ
t t P=1vV N
AE  dE AW dw P = pressure (W)
Power =— 5 — = — P = IR
W At dt At dt
(W) 5 Q = volumetric
P =Fvcosf P =1wcosf p=V_ m3
R flow rate re
P=Fev P=tew
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Atomic and

. . Mechanics: Electricit Fluid Mechanics
Mechanics: Linear _y/ . / Nuclear /
Angular Magnetism  Thermodynamics .
Waves and Optics
Engineering Application
1
f f w o Waves and Optics:
T=— _v
Period / P l o b f= 'l
Frequency T Ty =2m | For:
(Hz) or: . Doppler Effect:
Kepler’s Third Law: = sm(l; g) fo=f (17 T vr)
T2 = 4_7T2r3 Tp=27rf y = cos(b6) T *\v F o
\GM 9
myxy + myXxy
X, =
M my + m,
2 miXi Xy g
X =
C oM Z m; Xem I Center
ofel\r;ltaesr'S ., Y mr — X _.4. | of mass
r = .
X = 1 x dm M Em ™ .
(m) M mx, + m,x 2
0 _ 272
Fortwo masses: X, = — —
M m, +m,
where M = [ dm
anddm = p dz dy dx
Fr = 0.52w Fr = 0.48w
cM
ZFy:ng:O ZT=ZFyxCM=O Pivot (e T P
Rigid Bodies | s T M |
(Down = =) (CW =" :' v ‘i
' rR — W 1
Y
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. .. . . Atomic and
Mechanics: Electricity/  Fluid Mechanics / I

Mechanics: Linear
' ' Angular Magnetism  Thermodynamics

Nuclear /
Waves and Optics

Conservation Laws

Fundamental Conservation of Conservation of Conservation of Conservation of Conservation of
Principle Linear Momentum Angular Momentum Electric Charge Mass (or Matter) Energy
T . . Chemistry & Chemistry & Fluid .
Discipline Physics Physics Circuits Mechanics Physics

Yn-Sn | Yu-Pu | Le-Ya | Tm-¥m | La-Ye
Formula Z mv; = Z mvy Z [w; = Z lwy Bernoulli’s Equation: | E

P+ +1 2 =W+Q+K+AU,
LTPIN TPV LU + U + Ug + U,

1 + U; + -+ = constant
=Py +pgy2 +5pv; L
Fundamental Principle Fundamental Principle Fundamental Principle
Conservation | | Conservation | |  Conservation
of Momentum of Energy of Angular Momentum
Einstein's
Caveat shows up in many

forms in its

Role as a
Fundamental
Principle
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Terms Formulas
F
q

Circuit Terms

E =
Electric Field 4 E= pév Gauss's Law(.:)
(V/m or N/C) Eqavg = d =—— ng-dA =—
AV dr €0
~ Ar
Potential / Voltage V= Ig WA 1 qi ;{ ‘ I‘_
(V) =7 ity AmeEg LTy
AQ
Current At | = dQ
I = 2 I = NevjA
Circuits Series Parallel
—/\/\/\/— Resistor R1
—| |— Capacitor R R )

— YY"\ Inductor
1% 1 Z 1
o R —_ — —_— = e
Resistance I R, = Z R; R, iR;
(Q) R= ﬁ i R — it
A P R +R,
L=N il
T
Inductance L= L= Z L 151
(H) dl/dt ° i Lp iLi
- NZ2A
C ==
C i VA 1 1
apacitance C= €04 L Z 1 c, = Z »
(F) d Cs i Ci i
KegA
C =
d
n
Kirchhoff's Current Law Z l;=0 A
i=1
(KCL) The algebraic sum of currents in a network of i
conductors meeting at a point (node) is zero. v

Kirchhoff's Voltage Law
(KVL)

n
ZVi =0
i=1

The directed sum of the potential differences
(voltages) around any closed loop is zero.

KVL: —v+v;+v,=0
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Term

Laws

Formulas
Ho
B=—-
2w r
Solenoid:
B = ponl

N
wheren = — turns per meter

Ampere’s Circuit Law:

d
fB-dt’z,uoI+u0£0%

Magnetic £ ; ;
Field Gauss’s Law for Magnetism:
UVXT e dA =
(T) B = Ho g fB dA=0
4T 13
= 1dex7
_ Ho qV Xr dB = Z_O —
4 r? T
(T em)
=47 x 1077 ——=
Ho n 2
Magnetic ¢p = BAcosf Gauss’s Law for Magnetism:
Flux J’
= | BedA
(Wh) ¢p=B+A i
__Adg , o
favg = T a7 Faraday’s Law of Induction:
t Eede =292
(V) 8=§E'd$=—d—
t L
e=—-L—
£ =Blv dt
Sources

e Wikipedia (2025).
o Sl derived unit. https://en.wikipedia.org/wiki/SI derived unit

o

Metric prefix. https://en.wikipedia.org/wiki/Metric_prefix
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