Material Resistivity (£2-m)

Copper 1.7x1078
electron charge e=1.60x10"1 C Tungsten (20°C) 5.6x1078
electrostatic constant K=8.99x10° N-m?/C? Tungsten (1500°C) 5.0x1077
proton mass m,=1.67x107%" kg Iron 9.7x1078
electron mass m,=9.1x1073! kg Nichrome 1.5x107¢
permittivity constant €,=8.85x107'* C?/N-m? Seawater 0.22
permeability constant 1p=1.26x10"5T-m/A Blood 1.6
speed of light c=3.00x10% m/s Muscle 13
Planck’s constant h=6.63x1073" J.s=6.58x1071% e¢V-s  Fat 25

Pure water 2.4x10°

Cell membrane 3.6x107

Coulomb’s Law: F = K|Q+HQQ| € = ﬁ Electric Field: E = g F= qﬁ
Electric Field of a Point Charge: F = K—Qq Uniform Electric Field: E = -2

€A
Dipole: E = K % (on the axis of an electric dipole) E = K% (perpendicular plane)
P = (gs, from the negative to the positive charge)
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Erod - Kd\/m Elme =K r ) A= L Ermgz - K( 21 R2)3/2 Edzsk,z ~ 2¢ (1 \/m)

Eplane,z == % Esphere = WQOT?’F (b — E A @ — f‘E dA — an
Electric Potential Energy: Uee=qV Conservation of Mechanical Energy Ky+qVy= Kz+qvi
1 eV:1.60X10_19 J Uelec = KqTq/ = = 4. Uelec - UO + QES Udzpole = _p E
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Electric Potential of a Point Charge (Charged Sphere): V=K%=—-1 V=X

r 47reo r — 47req 7‘_Z
s Van=5lm (VETE-E)  AV=-]Fds E=4 Q=caV
Capacitor Energy: Ugs = %QQ = 2C(AVp)?

av
Be=—%

V;“'ing =K

Capacitance of a Parallel-Plate Capacitor: C' = GO“A &
Density of Electric Energy: up = e E?
Te = N AV, le = %E Current: [ = %Ct? Resistance: K = % = /jTL Ohm’s Law: [ = A—]X
J=1=nevs J=0-E  Power: Py =16  Pp=IAVg=I*R=&%"
Kirchhoft’s Junction Law: > I;;, = > I Kirchhoft’s Loop Law: AV, = E AV =0
R —R 4Ryt +R R _<i_ RIS ;ﬁ‘l
eq — 1+ 2+ + N , eq — R1+R2+ +RN
Co=(g+&++a) Cog=Ci+Co+ -+ Cy
t
Q= Qoe_t T I = Iye"®C AVC = (AVC)OG e AVe = 5(1 — e_t/T) I = Ioe_t/T
2
Biot-Sacart Law: B = g q”:‘;ne B= Lo IASxT Bioop = R Qﬁ;)m
Magnetic Field of Long Stright Current Wire: B = gTOi Magnetic Field at the Center of Current Loop: B = /;LRI
B = Mg%l ? = MOI% Magnetic_‘Dipole: B_): Zﬂ_ i“ ﬁ = Al fcyc = % B o
Ampere’s Law: f B-ds = MOIthrough F = qUXB F = qu sin o Fiw.=1LB F=1lxB
Fpm‘allel wires — %
Magnetic flux: ® = AeffB P = f B-dA Faraday’s Law: & = ‘i—? gcoﬂ N (d¢pem°ﬂ
Inductance: L = q’}" Lsy = % AV = —L% U, = %Lﬂ W= /%
E'=E+VxB B =B-4VxE  §Bxdi=po(lnougn + %))
j;EdA:Ci;n deA:O fEdg: _d?l% j;B'dg:MOIthrough—i_GOMOdg;e c= \//%
Poynting vector: S = --F x B =4 = sceoly = 3,585 Radiation pressure: p = £

S _ 2 —
Polarization: [transmitted - Iincident cos” 0 Ephoton - hf



L =egAT"  0=5.67x10"° W/(m2>K?)  Npear(innm) = 2210mmK

Emf of an AC source: & = &, COS(Q?Tft) &, cos (Q%t) PR = %II%LR Transformer: ‘/2 =
Peak current and voltage trough capacitor: Io = ﬁ Vo =1cXce Xo = E

V .
Inductor Circuits: Io = —LL Vi, =1 X, . X =wlL LgC oscillator: f = %m

Peak current in an RLC curcuit: [ = =
VR (Xp-Xc)?  \/R*+(2nfL—1/2nfC)?

Phase Angle: ¢ = tan~ (XLRXC) Piource = LrmsErms = (Vrgs) =1> R

rms

Wavespeed:vstrmg:,/% p="7 T:% v=A-f k:%’r w=v-k

D(z,t) = Asin(kx — wt + ¢y) Index of refraction: n = ¢ Amat = 2
Intensity: I = 5 L= é B = (10dB) logy, (10 12)

Is Ty

Doppler effect: f, = 17{2/1) fo= 1+{)5/U fr=(1+v9/v)fo f-=(1—=vy/v)fo

Standing waves: D(x,t) = a(x) coswt (x) = 2asin kx

: . _ 2L _ _ v _ nmw _
String: A, =22, m=1,2,3,... fm—m_ﬁv m=1,2,3,...
Open-open or closed-closed tube: A, = %, m=1,2,3,... fm = % =mf;,, m=1,23,..

. _ 4L _ _ muv __ —
Open-closed tube: A\,, = =, m=1,3,5,... Jm =97 =mfi, =1,3,5, ...
Ap =282+ Ay = m-2m, m=0,1,2,3,...  Ap=2r52+Ag, = (m + %)-27?, m=0,1,2,3,...
Double- Sht Interference: 6, = m%, m=0,1,23.. .. Ym = m{;\L, m=0,1,2,3,. ..
Y = (m + ) , m=0,1,2,3,.. Lioupie = 41, cos? (%y)
Difraction Gratmg. dsin#,, = m/\, m=0,1,2,3,. .. Ym = Ltan b, Imaz = N?1I4
Thin-Film Interference: 2t = m%, m=0,1,2,3,. .. 2t = (m + %) %
Single-Slit Diffraction: 6, = p%, p=1,23,... Yp = pAL h—193... w = 2’\TL
Circular-Aperture Diffraction: w = 2y; = 2L tan#; ~ % 44)‘L
Refraction: nysinf; = ngysin s Total Internal Reﬂection: 0, =sin! (Z—j)
Magnification: m = —% = —% Thin-lens equation: % + 5 = % Refractive Power: P = %
= (o) menome
2 m m fo 1

f — number = % I x % M = % Mmicroscope = foLb] 2228 Mtelescope = _fe—z]e
Resolving Power of Microscope: RP = d,,;, = 0;\3712\0
Galilean Transformation: v’ = u — v u=u+v
Time Dilation: At = %ﬂa
Length Contraction: L = /1 — 3%l
Lorentz Transformation of Velocity: u' = l_uu_yq;CQ U= +“u,t’;c2

Relativistic Momentum: p = ymu, y=——1
v/ 1—u2/c?

mc? _ 2

£/ 1—u2/c? —me

Bragg Condition: Ar = 2d cosf,, = mA, m=1,23,...
Photoelectric effect: E h f
Matter Waves: A = % = -

muv

Relativistic Energy: F =

Heisenberg Uncertamty Principle: AxAp, > %
Bohr Hydrogen Atom: 7, = n%ag, n=1,23,... B, =—
L=nl n=123,.
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