PHYSICS SELECTED EQUATIONS
UNITS

SI base units: m meter (lenght) ssecond (time) kg kilogram (mass) A ampere (current) K Kelvin (temperature)
cd candela (luminous intensity) mol mole (substance amount)

Derived units: rad radian (angle) Hz herz (frequency) C coloumb (charge) V volt (voltage) ( ohm (resistance)
F farad (capacitance) H henry (inductance) Wb weber (magnetic flux) T tesla (magnetic field) N newton (force)
Pa pascal (pressure) ] joule (energy) eV electronvolt (energy) W watt (power) Bqbecquerel (radioactivity) w unitless

LINEAR MOTION

m m m S
Distance: x m Velocity: v " Speed: v . Time: t s Acceleration: d =z Momentum: p Ns Impulse:J Nsor
+ft dt +ft dt — dx m dv_d% m F N P=mvNs J ftﬁdtN
X=X v V=YV, a — V==— — a=——=— — =ma =mv =
0 to m 0 to s dt s dt  dt? s? P s to s
1 .2 1 m 2 2 z 1 m
Xx=vt m x=x0+v0t+5at m x=x0+5(v+v0)t m v=v0+at? v =, +2axq—2 vavg=5(vi+vf)?
Projectile: x(t ot t inot— S 2 tan 9 gx’ 2vosind g 90°
rojectile: x(t) = vy cos =vy sindt — - X) =xtand —o—— =— =
) () 0 m Y() 0 2 m Y( ) Z(VOCOS\‘))Z m S tmax
vZ - sin29 ) vZ-sin?9 . . o oo dp .
range: R = T m Ogmax = 45° height: h = Z—g m Yhmax=90° p=mv Ns p;j=ps F= at N J=Ap Ns

J = FaygAt = m(vg — v;) Ns  inelastic: myvy + mgvg = (my + mg)vp Ns  elastic (enrg consrvd): muv, + mgvg = myvy + mgvg Ns

, ,m  (my—mg)vy +2mgvg m , (Mg —Mmy)Vg +2mMaVy M . m+ M
headon: vp —vg =vg—vy— Vv, = — Vg = — balist.pend: v =
S my + mpg S my + mpg S

2gh —
gS

M; m k m
Rcket trust: Rv,q = Ma N v;—v; = vrellnﬁl . <fue1 rate: R?g exhaust velocity: vrel; 1year = 3.154-107s 1 ft = 0.3048 m)
f

ANGULAR MOTION

Aw trad

rad
Angle: 9rad Ang. Velocity: » - Ang. Acceleration: a = AT T=Iod Nm Radius: r m Arclength: s =9r m
P'dT—l P f_oo v 1 Hz T tial Velocit _ _2mr m _AY v 2m rad
eriod: T == s Frequency: f=-—=-— —orHz Tangential Velocity: v=rw = — — = =
2

v m m
centripetal: ac=—=0T 5 d=a;+a; - a= [aj+a? —
S S

Av m

Acceleration: tangential: a,=ra =— —
g t At s?

rad 1 rad

rad
Wayg = > 5 (w5 + wf)T

1
9 = wtrad 8=80+w0t+5at2rad 9=9¢+= (m+w0)trad 0 =wy+at— w? = wy? + 209

. ) ) 2mr? ml? m]?
Mom. of Inertia: I = ¥m;ri" Ipoop = Mre  Isshen = 3 Leylinder = R Lsphere = 5 Lioa = 12 Liod—end = =3 kg - m?

I=I., +md?kgm? Ang Momnt.: FXp=

Torque: T=fxF=Id=— Nm Wyprecession —

1 inmi 2yim; X zm; Ta\’ ra\3
= —Im W =1A0] Power: P =1tw W Cntr.of mass: xX¢cy = == Z m Kepler: ( ) = (—)
J ™ = Sm Ycm i ™ = Sm; p T

2GM m m _y; Nm? m ft
Vorb = Vesc = =27 M g= rz =z grav.const: G = 6.67 - 10 @ g =981 = 32.2 Z

FORCE

kgrm o R N e tum) Weight: F,, N F=
o =ma F=-=—=7 =2 - Mg change in momentum eig =mg ==

2
m; - m A%
Gravitational: F; = m;g = G-% N Centripetal: F, = mrw? = mT N Spring: F; =ks N Friction: F; = pFy N
|Q1||QZ|
r2

Ppower

NEWTON: N or

N

o - L - 1

Electric: Fg=k f=qE N Magnetic: F;,q= qvxB=qvB-sin9N Drag: D= ECpszN (drag coeficient: C &)

Stress: o = Pa  Strain: €= —= u  Young'sModulus: E=2 =~ N o arModulus: s= 2= Lo N
ress: 6= o — orPa ram.e—Loa oung’s Modulus: E=—=-— — ear Modulus: §=—=———

—Ap-Vy N N
Bulk Modulus: B = % =z (friction coeff. @ & normal force: Fy N spring const.: k - 11bf =4.448 N 1kg = 2.205 lbm>

PHYSICS EQUATIONS Updated: 5-29-18 COMPILED AND DESIGNED BY BERNIE MESA bernie649 @fastmail.fm Page 1



ENERGY WORK POWER

: 1, 1, p? 1 5 du
or Nm Kyinetic = Emv = EI(A) = m Uspring = Ek(Ax) Upotential =mgh] F= _E N (1ft-1b=1.356])

kg -m
JOULE: ] or >

. 1 1 ] 1,
Electro magnetic: UC(stored) = ECVZ J UL(stored) = Ele J UE(density) = EGOEZ ﬁ UB(density) = 2—}10B2 me Eelectric = Pt ]
Xf Xg O¢ t R
] WORK: W = FAx = 1A = qEAX | W=—f kxdx=f Fdx=f 1d0=| Pdt] W=FoX=Fxcosd]
i i 6; i
J kg - m? E Fx ) ) AW (;W
POWER P: WATT: W or S or 3 P=FV=?=T=T(D=V!'W Pavgzﬁw Pinstzﬁ

ft-1b ft-1b
(1 W =0.738 — 1hp =746 W =550 — kilowatt hour: 1 kWh =3.60-10%]; 1BTU = 1055]; 1Cal = 1kcal = 4.184 k])

m;m;
Ugravt =-G

W P=Fov=Fvcosg W

HARMONIC MOTION

Spri -T—z\/E = k—zn—Zfrad i t t-kN Spri -E—1 2+1k2
pring: T = 2x K S W= mo T T . (spring constant: m) pring energy: —va 2 s* ]

dx dv
Position: x(t) = Acos(wt + @¢) m  Velocity: v(t) = pra —Aw sin(wt + @g) ? Accel: a(t) = T —Aw? cos(wt + @g) 522

m , M k ) oy M k m Ns
Vnax = WA o Omax = Aw 2 lvx)| = E(A —x2) " a(x) =5X o Drag force: D=—-b:v N (damp coef: b E)

m _t
Time constant: T = 3 S Damping: x(t) = Ae P2 cos(wt + @g) M  X(t) pax = AePV/2m = Ae /2T E=Ege T ]
L ] I o 1
Pendulumm: T = 2n |— s Physical pendulum: T = 2=« s (momentofinertia:l kg-m?) f===-—— Hz
g mgL T 2m
WAVES
. m f; A T 1 [Fp
Velocity: v = Af <~ BT String: v = A= T I m Linear density: p=— — (wave length: A m string tens: Fp N )
2 1
o E B m nvw?yZay N N
Longitudinal waves: v,,q = B ? Viiquid or gas = E . == w (Young mod: E -~ Bulk mod: B F)
. 9%y ,0%y m . . ] x t A om
Wave equation: w2 Voo 2 Traveling: y(x,t) = y,sin(kx — ot + @¢) = y,,Sin [211 (X — T) + (po] m v=A= Tk 5
. . 2L v 2 w rad
Standing: y(x,t) = 2y,sin(kx) - cos(wt) m A=—m fresonance = N=— Hz (n=1,2,3..) Wave number: k=—=— —
n 2L A v m
P W Iy I‘ZZ Vs T Vobject

. I Y w
Intensity: |=— — —=-= Level: = 1010gl— dB I=1g-1010 — (lo =10"12 W) Doppler: f, = fo(
(/]

2 2
A m I Iy Vs F Vsource

v, v, m m
Open pipe: f, = nﬁ Hz Closed pipe: f, = n4—; Hz Speed of sound: v, ~ (331 +0.6- °C)? Vs =343 — (at 20°C)

FLUIDS

) m kg . Po
Density: p = VvV m? Spec.gravity: SGo = Pwater

& Weight: F, = pgV N Phydrost = Po + pgh Pa Fbuoyn =peVig N

Fout Fin N m3
=% " Flow:] = Ayv; = Agvp —
Ag Ay, M2 w: ] 1V1 2V2

F N
Pressure: p = — Ao Pa (1 atm = 101,300 Pa = 760 mm Hg) Pascal: poy; = Pin OT

_ mr*Ap m? kg . 1, 1
=8l s (viscosity:n1 Pa-s) Continuity: p1A vy = p2A,V, < Bernoulli: p; +Epv1 + pgh; = p; +E

2 N
pvz +pgh; —

m 1 . ) 2F; m .
v=.,/2gh " (open tank) Drag Force: D = ECpAVZ N Terminal speed (falling): v, = CoA s (drag coeficient: C &)
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OPTICS AND DIFFRACTION

P P
Luminous intensity: 1, = ﬁ cd (candela) Illuminance: M, = —Vz Ix (lux) Luminous flux: ®, =1, - 41 Im (lumen)

4mr
Spher. mirror or thin lens: 1 = l + l m~! d; = dof m Magnf:M = E = —ﬁ X (times) Sphr srfc: M + D _M—m m~!
f do di ! do —f hO do do di r
R 1 1 1 1
fmirror = = M Lens maker: - = (n—1) (— — —) m™! Lens power: P == D (diopter: Dorm™!)  Fstop = u
2 . 1f Ri R q f diam
Lenses in contact: i + o m™t Migps = T" x (relaxed eye) Mieps = T" +1 (eye atnear point: d, = 0.25m)
1 I
_ _ (A (11 d,l £ _ .o L222 _ 2.442f
Mpicrscpe = MeyMop = (+— = — (fo,fo K1) X Mgejsepe = =5 X liet, = fo +f.  Resllim: 9 = rad w= m
fe do fefo fe diam diam
lndxofrefract:n=£a A =E=i=)ﬂm \% _£n f=f,,c =f,Hz Film intfr: dy t=(m—l)& deonst =m—lm
Vn n f nf n n n s vac n estr 2 n constr n
Sil'1‘(-,incident n, Vi n, dw n,, ctv m
Snell'slaw: —————— = — = —  Yitica1 = Sin"! — rad Wally,,s: —— =— Doppler: A, = —_ =3-10% —
nell’s law SIN O, ofracted n, v, critical = SN n; ra allglass dapp n, oppler: Ay )"0 CFv m (C S )

A A
Single slit: sin 94,k = m; sin dypight = (m + %) a (slitwidth:am)  Double slit: sin9g,,x = (m + %) 3 Sin Oy ighe = ma
1.22A ALp,; i
Grating: sin9pgne =m o ——  Interferometer: Fiyipges = 7'";7’; shift

I W n
Polarization: I, = D= I cos?9 — tand9, = -2 (m=0,1,2.. 9=sind =tand forI < 5° slit width or distance:d m)
2 m ng

Circular aperture: sin9;stqapy ring = D
diam

HEAT AND KINETIC THEORY

on_ 2, . _ _ piVi _ p2Ve ]
Temperature: °F = 3 C+32 K=°C+ 273 Ideal gaslaw: pV = nRT = NkgT] T - T K (atS.T.P. 1.0 mol - 22.41L)
1 2
F N M
Pressure: p= — — orPa Expansions: linear: AL = aL,AT m volume: AV = BV,AT m®> Moles: n = — = — mol
A m? m, NA

N 1
Density: Voo (1atm = 1.013 - 105 Pa Mass: molar: M; molec.: m,; atomic mass unit: Tu = 1.66 - 10727 kg; #of molecules: N)
] L -atm

R ] 1
= 0.0821 ; Bol kg=—=1.38-10"2 =; A 's#: N, = .2-123—)
'K 0.08 K oltzman const.: kg N, 38-10 K vogadro's A=060 0 =

1 NmgV, s . 1 , 3 3kgT 3RT m
Mean freepath: A=——+— m p=——-—— Pa Av.Kin.Energy: K=-m,v* = -KkgT | Vpps = = |—=—
5 (NY . ., 3V 2 2 m M s
4+/2 V r o

w
emisivity: 0 < € < 1u blackbody: € = 1; Stefan Boltzmann const.: 6 = 5.67 - 10~8 W)

(Gas const.: R = 8.314

J
ductvity: kK ———;
(con uctvity p—

YRT m ) . AT
Speed of sound: vy = |—— — (adiabatic indx:y) Heat conduct: Q = kKA—

At] Radiation intsty: I = e6T* = ec(Td,, — T w
M s d ’ env m?

K or °C

— mcAT —mL ific heat: J | heat: L J T _ mucpTy + mpegTy
Qheatmg = mc J Qphase change = M J | specific heat: ¢ kg K atent heat: k_g = MyC, T MgCy

THERMODYNAMICS AND HEAT ENGINES

A
FirstLaw: AU=Q—-W] Internal energy: U] Second Law: AS = TQ % Entropy change: AS % >0
tomi -U—3 RT C—3RC—5R ) diatomi : U—3 RT C—SRC—7R )
monatomic gas: —zn J V=3 P=3 ol K iatomic gas: —zn J V=3 P=3 ol K

o ~ B J ” ]
elemental solid: U = 3NkgT =3nRT ] C=3R ol K (molar specific heat: C ol K at constant vol: Cy at constant pres: Cp)
. Pi_ Pr Ve Vi
Isochoric: =T W=0 Q=nCyAT AU=Q] Isothermal: p;V; = pfVy W = nRTIn V)= piViln v ] Q=W AU=0]
i f i i
. Vi Ve _ _ _ PiVi _ peVe _ _
Isobaric: T=T W=pAV Q=nCpAT AU=Q-W ] Any: T - T W = area under curve AU = nCyAT ]
i f i f

Adiabatic: p;V) = piV} or VY ' = TV} ™" W = (piVg — p;Vi)(1 —y) = —nCyAT Q=0 AU=-W] ypon = 1.67 Vg = 1.40 u

Wout QL TL QL QL Qn
R Mmax =1—— & COPrefrg=

L
~L__ L _ cop =—2L_ cop =2
Qin Qu Ty Win Qui—Q retmax Ty — Ty, heatpump =y “

Carnot eng. eff.: n =
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ELECTRICITY

- q  F Vv _ VN Vv g Jallel, - av
CHARGE: qparticie Qtotal C (coulomb: C) FIELD: E = kr—zr = P =_f Eg = "3 Force: F=k 2 =qE = T N
q J S 4192 . _ _qE m
POTENTIAL volt: V= k; =Er Vor C V= EodsV Energy: U=k——=qV] W=qEd ] Acceleration: a = m 2
Si
Q C A L ab R
CAPACITANCE farad: C = viory  Couane =€g F o Coylindrical = Zkin(b/a) F Cspherical = kb —a) B Cophere =7 F
CURRENT = dQ = ch A ¢ ittivity: €, = 8.85- 10712 ¢ £ ° . k= 1 = 9.0-10° Nm?
ampere: i = - =C A or _ permittivity: €g = 8. Nz O o O o “ime, 2
. - C C C
DIPOLE moment: p=qd Cm torque:Z=pxE Nm U= —p-E | Charge density: A = % o o= ?\ P =% —
\% Q o - o z - c - c 22 AVyire V
Ecapacitor = a = GO_A = g disk = E( - ﬁ) E| nc plane = Z_Eo E| cond plane = a E| wline = kT Eyire = 1 m
- zQ - Qr P - 2p V pcos?d ]
Ering = km Ein sphere = kﬁ E, dipole midle = kr_g Edipole axis = kr_3 B Vdipole = kr—v UE(denSIty) ) eOEZ ﬁ
o o — —  Qenclosea N 1 Q?
Gauss: Qenclosed = €0PE closed surf C FLUX: @ = Eo A(area) = fE odA = %oose C or Vm UC(stored) 2 ~CVZ = R = EQV J
) do dv . # of &) (ofe) ., . . et i m
Lgispl = eod—te = CE A ecyrrent: e = NAVy e € density* Ne n:; i=ei, A Drift speed: vq = —E = h.eA "

neezt 11

> i A 2 o \%
(collisionn time: T s) Current density: ] = n.evgq = e o.E ) i= f]o dA A E=p] o Conductivity: o, = m. " p om

(electron: eparge = 1.60 - 1072 C electron volt: 1.0 eV = 1.6022- 1071 ]  epass = 9.11- 10731 kg; proton: ppass = 1.67 - 10727 kg)

MAGNETISM
- Moq . . = Mo idSXFP Mol - [TRY TR, KoiN . _, Tm

FIELD: B = 4-1'[1‘2 vxXt dB= ET Bwire = 2_1'[1' Bdipole = H Btoroid = 2_1'[1‘ T (permeablllty: W = 4 - 10 T)
— uol(p — lloiN — llolN - o = R - 2 = p.ol.lizl

arc — H coil cntr = ? solenoid = T (N: turns) FORCE: F = qv X B = qVBsind  Fyje = il X B F; yjs = 2mr N
F B= vi N aB rad p _ 2mm M d Tm A 1 35 Bodl i T

wp = qVy ma,=m—N w=—— T= S Torpit = ——— M iteh = VT m Ampere law: odl = pyi Tm
centrp c r m s qB orbi qB pitc -

—

- . ®
DIPOLE moment: i = NiA Am* Torque: T= [i X B Nm Tgenerator = R (NBAsinwt)’?Nm Momentum: p = mv = gBr Ns

Lo J L dog di ddg
FLUX: &g = fB odA Wb or K emf: € = fE ods T gself = —La gwire =vIB Scoil = NT

Egenerator = NBwA sinwt V

Py Vs uoN2A rdB V

N o = 1 .
INDUCTANCE: L = H or N orsQ  Lgolenoid = H  Ejnside solenoid = 2dt m Energy: U= —lioB Upctored) = ELlZJ

] qB Em 1

iB
Ug(density) = Z—LloB -~ feyclotron = 2 HZ WVijjpear = Bs AVian = dne \Y (Hall Effect: thickness: d m #of charges denst:n F)

ELECTRIC CIRCUITS
2

A" A% l 1 E
Ohm'’s law: i = R A Power: P = Vi =i?R = T W Resistance OHM:R = P Q Resistivity: p = o, = T Ap = poa(T — Tp) Om
-1

n n n
1 1 1
Rseries Z parallel = <Z R_> Q  Ceeries = (Z C_) Cparallel = Z Cx F Lseries Z Ly L parallel = (Z L )
=1 k k=1 e k=1 k

-1

1 -t -t —tR iR
AR = aR(AT () (temp.coef.: [ E) RCcircuit: i =ige RCA V.=V, (1 - eRC) V' RLcircuit: i =i (1 —elL )A VL=Ve L V

1 rad —Rt rad
LC circuit: i = iy Sinwt iy = QA LC ogei: @ = ﬁ = 2nf - RLC:q = Qe2L cos(w't— @) C w' = —(R/2L)2 —
2 2
_q R . v 1 e = .o o Vims _ .
Up=3¢) AC V=VausinwtV Vis=—=V  fme=T5 A Ppeac=2P W P thyR =5 = Vi s W
Reactance: X 1 1 Q  Xp=owL=2nfLQ Impedance: Z=R%+ (X, —X¢)? O Phase: @ = tan‘lu rad
AT e T 2nfC L P LT A ‘e R
_ Vs ,2 1 rad 1 1 rad
P = i:nsVims COS @ = =irmsR W Resonance: wpes =— — or fiog= —— HZ @¢rossover = =2 ——

VvLC s 2mVLC RC s
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MAXWELL EQUATIONS AND ELECTROMAGNETIC WAVES

— — Q 1 - — P N — — - —
GauSS (electric fields): P& = f EodA = Z—L‘“ Vm VoE= o C GaUSS (magnetic fields): Pp = f BodA =0Wb VoB=0
S S
- ., dbgy - - 0BT N . dog - o 9E T
Faraday:£=f EOds=—TV Vsz—ag Amper—Max.:f Bods = p01+eou0TTm VXB:PO]"‘GM‘O&E
C C
\Y 2w rad rad E 1 m
Electromagnetic waves: E = Ejcos(wt—kx) — B=Bgcos(wt—kx) T k=— — w=ck — c¢c= 0= —
m A m s By [eono S
9%E V . B T 1 m s Qs
Wave equations: V2E = €©Mlo=—5 — V’B=196p—5 — Cc=Af= — permittivity: ¢¢ — permeability: py —
otz m3 ot2 m? [€omo S Qm m
Poynting: § = —F x B — Intensity: I = ce,f? =~z =2 - £ W :P=IAW (E _ Emax )
oynting: S = o 7 Intensity: I = ceoE” = ol Ty T am? m? ower: P = rms =~ 5
F T N 2I N P
Radiation pressure: p,psor = ey Prefic =—— F=pA= —ower) \ Polarized: Ipo = EO I20d pol = Ipol cos?9 -

=3 —

- - = 1 - N — .
Galilean field transforms: Eg = E, + Vgy X By Bg = B, —FVBA XxEy T Lorentzforce: F=q(E+VxB)N

Bl <

RELATIVITY

1 v 2 1 . _, kg-m eV
B=—u B =1_FH Momentum:p:ymvT orT

Y= F—=u
J1-v2/c? c

, , VX , , , X ctv ctv

X' =yx—-vt)m t :y(t—c—z)s x=y' +vthm t=y t+c_2 s Doppler: f, = f, P Hz Ay =12 ctv m

4

Time dilation: At = yAty s Length contraction: AL = Tom Spacetime interval: As? = Ax? — c2At? m?  As? = As'?

Lorentz tranformations:

! 4

u _u+v w = uy w = u, u,_ux—v W = u, W= u, m
X y [1+u§,v z Y[ u,v oWV Y1 uyv Z1 2V S
5 i Al = _
Y P/ c Yy 2 Y 2

Energy:E = ymc? = Eg+Ey =mc? + (y—1)mc?] Ey=mc?] Ex=(y—1)mc?] E?=p?c?+m?c* |? E>» myc? Ey = pc]

(proper (in it's own frame): time:Atg, length: ALy;  frame velocity: v particle velocity:u  Lightyear: 11y = 9.46 - 101> m)

QUANTUM MECHANICS

(Planck’s const:h = 6.63-1073% Js = 4.14- 107" eVs A =h/2m=1.06-1073% Js = 6.58- 1071 Vs Ayisible light = 400 to 700 nm)

MeV MeV MeV

(electron: €mass = 9.11-1073Y kg = 0.511 o proton: Pmass = 1.67 - 10~ = = 27 kg = 931.5 —)
3 2mc?h 1 w h h h
Black body: A;¢q T = 2.9-107° mK Planck: Iperp = B KT 1 Ape = e F = b m Egx=eV]
hc 7? ]
Photo elect. efect: hf = E, + W, | A= T E,= —13.6F eV (E,: Bohr energy levels; Z:atomic #)
n n/
q E C E m hc h  Ephot

Charge to mass: - Br k_ Vstraight = 5 " Ephot = hf = x= PC¢J) Pphot momentm = 1T e Ns  Ephot " A = 1240 eV-nm

h h
Compton: A’ = A + — (1-cosdp)m Acompton = —— 243-1072 nm Wave funct: Y(x) = Asin(kx) + Bcos(kx)

€ (]

k_p_ZTt_ 2ZmE box: ke nom-! E = h2 0 = (nrt ) 1 Brogli l—h— h v2
=== m ox: k=n-m n? ] P, (x sm ;X)) m roglie: =5 mov Zm
R «© z
Prob. density: P(x) = [$(x)[> m™" Probability(x, <x < xg) = f lWEOIPdx u f Weoldx =14 Be=p )
XL, —®
v xe , d’y -w/ __h —2w/
Schrédinger’s eq: E(x) = — +UGWE) Y penetration = Weage® ™" N = M Prunner = €7 u

d Ax2

J2m(U, —E)

AE
Heisenberg uncertainty: AxAp > E Js AEAt = - ]s i h Js Wave packet: AfAt = 14
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NUCLEAR PHYSICS

A
To

absorbed radiation dose Gray: Gy or ke

D : N = Nge M unit T—l"—2 t=Til N N=N
ecay: = Nge units %— A S = %Og%N S = Np

0

3
(—) # r= rOA% m (number of decays: N Becquerel: Bq or

rp=12-10"%m

t

decays

(1)Tl its Radioactivi - —(
2z L=
5 units Radioactivity: At

Curie:Ci 1Ci=3.7-10° Bq

decay const: A s71)

AN
At

)e‘“B AN _NB
) q 5o =MBg

atomic mass #: A &

SI BASE UNITS
Unit Symbol Name Quantity Symbols
m meter length x,I,h,R,r,5s,d,A
kg kilogram mass m,M
s second time t, T
A ampere electric current il
K kelvin temperature T
cd candela luminous intensity Iv
mol mole substance amount n
DERIVED UNITS
Unit Symbol Name Quantity Symbols In base units In other units
Hz hertz frequency f 1/s
rad radian angle 4] 5
N newton force F kg - m/s?
Pa pascal pressure p kg/(s?>m) N/m?
J joule energy E,U, K, W,eV,Q | m?kg/s? Nm=C-V=W-s
W watt power P m? kg/s? J/s=V-A
C coulomb electric charge Q,q A-s
\Y volt voltage V, ¢, m? kg/(s3A) W/A=]/C=0Q"-A
F farad capacitance C A%s*/(m?kg) c/V
Q ohm resistance R m? kg/(s3A?) V/A
Wb weber magnetic flux by m? kg/(s*A) T-m? =]J/A
T tesla magnetic field B kg/(s?A) Wb/m? = N/(A-m)
H henry inductance L m?kg/(s?A%) | V-s/A=Wb/A
Bq becquerel radioactivity Bq 1/s
Im lumen luminous flux D, cd-4m
Ix lux luminous emittance | M, cd/m?
MNEMONICS
Some basic formulae reminders. Ohms law, for example: V=i-RV i= % A R= % Q

distance speed

wave speed

F

force

energy

energy

voltage

speed time

v

angular freq. radius,

w

freq. wave length

m a

mass acceleration

force distance

power time

Pt

urrent r i
. R

Electro Magnetic Relations current B 2 Right Hand Rules
or charge 4 N T
=0 E n:' F current magnetic | torque
B y in wire N pole
Magnetic field Electric field |;I ]x_ll Force mag field
{ /L J\ /L F A
‘ 2 l | force z C=AxB B i
. moving charge vectors magnetic current rotation
falentiol Energy in magnetic field  cross product field in coil
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LINEAR AND ANGULAR RELATED EQUATIONS

LINEAR

ANGULAR

QUANTITY

X=vt m

9 = wt rad

distance, angle

1 2
x=x0+v0t+iat m

1
9=9, +(l)0t+Eat2 rad

1
x=x0+§(v—vo)t m

1
9 =\‘)0 +E((l)_(x)())t rad

m rad i
V=vy+at " ® = wy +at — velocity
m? rad?
2 _ 2 2 _ 02
Vi =y +2axs—2 w* = wo* + 209 )
1 m 1 rad
Vavg = 5 (vi +vp) . Wavg =3 (w; + o) o
- . -, L _ ke-m? momentum
p =mv Ns or fpdv:Ek] L=Iw =Fxp g de(,)=Ek]
S
. L, kg-m S ke - m?
p= f Fdt = f Tdt -2
s s
kg-m kg - m? conservation of momentum
Pi = Pf: Vil = Ve S Li =L Ljw; = Ifw¢
i _ dp N dL . force, torque
=ma = —_— T = o = —= r
dt T=Ila at rxF Nm
dEy kg-m 1 dEy kg - m? kinetic energy
Ex = = mv? — = =~ lw? — =
k Ve dv S Ex 2 lo™ ] dw L S
Xg ¢ work
sz Fdx ]| sz tdd]
Xj 0;
P=Fv Wor - P=1tw Wor - POWEE

PHYSICS EQUATIONS

Updated: 5-29-18

COMPILED AND DESIGNED BY BERNIE MESA

bernie649 @fastmail.fm




ELECTRIC AND MAGNETIC RELATED EQUATIONS

ELECTRIC MAGNETIC QUANTITY
E= e (:orz F % or % dB = :—TOI idfzx d or1 Biot Savart law | field
F=qF F= kmz!#f N Coulomb’s law F=qvxB N force
U=qV ] U=-JlioB] energy
Uc(stored) = %CVZ = % = %QV J UL (stored) = %Liz J energy stored

J

1 2
UE(density) = EGOE W

_ 1)
UB(density)_Z_uo 3

energy density

Q C S
C_V Forvora

_ N

il

L H vs Q
or —-ors

capacitance, inductance

A
Cparallel cap — €o a F

NZA
Lsolenoid = uoT H

capacitor, solenoid

1.11-107° ¢*> F s
€0=T—oraoraﬂ

Tm H s
W = 4m- 1077 T OI‘E or EQ

permittivity, permeability

2
or Vm

¢E=f§odr\

Dy =f§odx Wb or Tm? or%

flux

q)E — % E o dK — Qenclosed
S

Vm Gauss'law (E)

op = 75 BodA =0 Wb Gauss’ law (B)
S

flux, field through closed

€o surface
- dog 1 -
&= _(f Eods=———V Faraday's law i=— ods A Ampere’s law
C dt Wo c
field in closed loop
- ) (02
_(f Bods = poi+ pogg—— Tm Ampere — Maxwell law
C

p=qd Cm Il =NiA Am? (currentloop) dipole moment
U=-—poE] U=-JioB] dipole potential energy

dipole torque

I = cenE? = EB _ Psource W j=Spz= EB _ Psource W electromagnetic wave
0 ne 4mr? m? [Th [Th 4mr2 m? intensity
sozs  O%E V v sz  0°B T | ,

c?VZE=— —— E=Ejcos(wt—kx) — | c?V2B=— — B =Bjcos(wt—kx) T | electromagnetic wave

ot* m-s m ot equations

1 Ey m s? )

c= — — Mo€o = = — speed of light
Jiaso Bo s
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PHYSICS EQUATIONS

FUNDAMENTAL CONSTANTS

Speed of light
Gravitational constant
Avogadro’s number
Gas constant
Boltzmann’s constant
Stefan-Boltzmann’s constant
Permittivity
Permeability

Planck’s constant
Electron charge
Electron mass

Proton mass

c=2.99792-10% m/s
G=6.6742-10"1" N -m?/kg?
N, =6.02214 - 1023 mol™*

R =18.31447 ]/(mol - K)
k=1.38065 J/K
0=5.67040-10"8 W /(m?-K*)
€ = 8.85418- 10712 C2/(N - m?)
Ho=4m-10"7 T-m/A
h=6.62606-10"3% |-5
e=1.60217-10"1° ¢

m, =9.10938 10731 g

m, =1.67262-10727 kg

Astronomical Data
Mean orbit Period Mass Radius Surface g Orbital v
m years kg m m/s"2 m/s

Sun 1.99E+30 6.96E+08 274.01

Moon 3.84E+08 27.3 days 7.36E+22 1.74E+06 1.62 1.20E+03
Earth 1.50E+11 1.00 5.98E+24 6.37E+06 9.81 2.99E+04
Mercury 5.79E+10 0.24 3.18E+23 2.43E+06 359 4.79E+04
Venus 1.08E+11 0.62 4.88E+24 6.06E+06 8.86 3.50E+04
Mars 2.28E+11 1.88 6.42E+23 3.37E+06 3.77 2.42E+04
Jupiter 7.78E+11 11.90 1.90E+27 6.99E+07 25.94 1.30E+04
Saturn 1.43E+12 29.50 5.68E+26 5.85E+07 11.07 9.66E+03
Uranus 2.87E+12 84.00 8.68E+25 2.33E+07 10.66 6.81E+03
Neptune 4.50E+12 165.00 1.03E+26 2.21E+07 14.07 5.43E+03
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