Physics 182 Equation Sheet for Exams

e Good Stuff from 181:

Kinematics: ¢ = Z—’Z; a= Z—?; (@ = const : & = To+voAt+5aAt?; v =vo+alt; v? =vi+2aAx)

Dynamics: ~ F =md  UCM: G, = (%, toward center)
Conservation of Energy: AEpech = AK+AU = Wye; K = 3mv?; Ugraw = mgy; Uspring = ska?
Gravity:  F, = (974972 attractive) U, = =Gmma

e Chapter 18:

Moles: n = MIZOZ = NAA Ideal Gas: PV =nRIT = NkgT k= NiA
Temperatures: Tr = %TC + 32° Tk =T+ 273
Pressure:  Pugm = 1.013 x 10° Pa = 1.0 atm  Hydrostatic: P(at d) = Py + pgd
Thermal Expansion: % = aAT % = BAT
e Chapter 19:
Work:
Vi
W (on the system) = -— P dV = —(area under PV curve) (general)
Vi

= —PAV (isobaric)

V.
= —nRTIn (J) (isothermal)
P;V; — PV, . .
= - {f f } (adiabatic)
(1=2)
First Law: Solids/Liquids: AEy, = Q = McAT Qf==+ML;y Q,==xML,
First Law: Gases: AEy, =Q+ W
Specific Heats: (constant volume) @ = nCy AT (constant pressure) Q = nCpAT
(any process) AEy, =nCy AT Cp=Cy +R
Adiabatic Process: Q=0  PV7 =constant TV~ =constant = Cp/Cy
Heat Transfer: ~ Conduction: % = k24AT Radiation: % = eo AT* % = e A(T*-Ty)

e Chapter 20:

Mean Free Path: A\ r 2.5 x 10719 m(monatomic), r ~ 1 x 107!% m(diatomic)
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Kinetic Theory: P = 5(3)mv;,s = 5(5)€avg  €avg = 5MUps = 5kBT  Upms = |/ 2=

1 MNbins 1 Mbins 1/2
Discrete distribution: v,,, = v at maximum Vavg = N E v; N; Urms = N E vai
i=1 i=1

1 [ 1 [ 1/2
Continuous distribution: v for N, maximum  vayg = N / VNLAV Vs = {N / vavdv}
0 0

Ideal Gases: E;p, = nCyT

Monatomic: Cy = §R  Cp=5R ~=g& =
Diatomic: Cy = %R Cp = %R v = g—‘}: =
Solids: E;y, =nCT  C =3R
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e Chapter 21:

Work done by the system: W, = —W (on the system) = + [ PdV/
Heat Engine: Qu=Qc+Wyouy n= % =1- % NCarnot = 1 — %

Refrigerator: Win+Qc=Qux K= VC[Q,CW = QHQ_CQC Kcarnot = THT%TC




Chapter 22:

. _ rrlallee] 1 laillge]
Coulomb Law:  |Fy,q,| = K% = 52

Charge in a Field: F =qFE
Field of a Point Charge @ E = K% = 2~ %¢

Chapter 23:
Dipole Moment: 7= (gs,from —q to+q) E(on axis || §) ~ 2:? E(on axis L p) ~ —f—f
Continuous Charge Distribution Q:  dE = K%7 E = /. o dE
Charge Densities: 1D: A=Q/L 2D:n=Q/A 3D:p=Q/V
Special Field Results:  Infinite Wire: E = ; away for A > 0, toward for A\ < 0)
Infinite Plane: E = (?0; away for n > 0, toward for 1 < 0)

Parallel Plate Capacitor: E = (2, positive to negative)
Ring of Charge: E,

Disk of Charge: E, =

2Q
47T60 (22 R2)3/2

7% |1~ v
Torque on a Dipole: T=p'x E or |7| =pEsinfd (Direction by RHR)

Chapter 24:
Flux through Surface S: &, = fS E-dA
Special Cases:  Planar surface & uniform E: P, = E-A
Planar surface 1 uniform E: d, =FA
Gauss’ Law: For closed surface S: @, = § E-dA= Q'i"
Some Geometry:  Cylinder (radius r, length L): A = 271'7"L —i— 2mr?; V= mr?L
Sphere (radius r): A = 4mr?; V = 773

Chapter 25:
Electric Potential Energy: Uniform field: U = ¢Es point charges: U = k% — _L 019
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Electric Potential Energy of a dipole in a uniform field: Ugipole = =7+ £ = —pE cos ¢
Electric Potential: V= % AV =—] E . ds
Special Cases: ~ Uniform E: AV = —E.§ Point Charge: V =% = _1 4

T 4meg T

Continuous Distribution: dv = kdq
Chapter 26:
Field and Potential: AV =Vp—V,y = — ff E-d§ E,= —(?V/Bm E =-0V/oy E, =—-0V/0z
Capacitors: C = AQ—V Parallel Plate: C = <2 A Energy: U, = = %C’(AV)2

Energy Density: ug = e)E2
Combinations: Parallel: C = C; 4+ Cy  Series: % = C% + C%‘ Dielectric: C =xkCy FE = %
Chapter 27:
Electron Current: Te = Ne Ay = CET T = wE

Vg

Current: I= (dQ/dt direction of ]:j) I =ei.=JA J=n.evy
J—O’E—E/p 0’—%:7”;:27—

Conservation of Current: Current is the same at any point along the wire.

Resistance: R = p% Ohm’s Law: [ = %

Chapter 28:
Kirchoff’s Laws ~ Junction: Y Ijp =Y I,w  Closed Loop: > ,(AV); =0

Conventions: EMF: AV = €& ( from — = + ) Resistor: AV ==FIR (
from + — —

Power: Py =IE Prp=I*R=%Y" — AV

Combinations: Series: R = Ry + R, Parallel:

RC Circuit: Discharging: Q(t) = Qoe™t/"  I(t)
Charging:  Q(t) = Qmaz(1 —e7/7)

with T
against I

= Rl + Ry
Ipe™'/7 7 =RC Qo=CAV, I,= 423
( ) = %e_t/T Qnmw =C¢

1
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e Chapter 29: L
Vector Cross Product: C = A x B = (ABsin#, direction by RHR)

D .
Or: C=AxB=| A, A, A, |= i(AyB.—-A.By)—j(A;B. — A.B,)+ k(A,B, — A,B,)
B, B, B,
Biot-Savart Law: ~ Charge: B = Z—ﬁ% Current: dB = Z—ﬁ@

Ampere’s Law: ¢ B.ds= 1o linru
Field of an Infinite Straight Wire: B = 4L Field of an Ideal Solenoid: B = “OTNI

27r

Field of a Current Loop: B(z) = %%

Magnetic Dipole Moment: [ = (AI, South pole to North pole (RHR)) Field: édipole ~ e 33

Magnetic Forces: on a Charge: F= qUu X B on a wire : dF = 1dsx B
on a straight wire in uniform field: F =1L x B
Cyclotron Motion: — 7cye = % feye = %

Force between parallel wires: F = |tolhly attractive for parallel
‘ 2nd  ? \  repsulsive for anti — parallel

=L

Torque on a Dipole: 7=jix B or |7| = uBsinf (Direction by RHR)

e Chapter 30:
Magnetic Flux: &, = fé .dA  Faraday’s Law: & = |42
The direction of the induced current is such that
the induced magnetic field opposes the change in flux.

Faraday’s Law for Fields: § E - d§= -4 B-dA

Lenz’s Law:

e Chapter 31:
Transformation of Fields for frame S’ moving relative to S at constant speed V along x-axis:
E’=E+5X§ B’IZB'—G()[L()?TXE)
(inverse: interchange primes and unprimes, replace ¥ with —)
Maxwell’s Equations:
§E dA=%>  §B.dA=0 $E-ds=-2%[B-dA §B-ds= ol +eoposs [ E-dA
Lorentz Force Law: F = qE + qU % B

¢ Chapter 36:
Galilean Transformations for frame S’ moving relative to S at constant speed v along x-axis:

Coordinates: z=a'4+vt' ; y=v' ; 2=2"; t="¢

Velocity Components : u, = uj, +v 5 uy =u, ; U, =u,

Lorentz Transformations for frame S’ moving relative to S at constant speed v along x-axis:

/
, vT

Coordinates : = =~(z' +vt') ; y=vy ; z=2"; t:'y(t’—i—?)

ul +v U U
Velocity Components : u, = —"—— ; u, = —Y =
14 2

u
c2

where:
(For inverse transformations: interchange unprimed quantities with primed and change v to —v.)
Length Contraction and Time Dilation:
L,=~L ; At=~At,
Dynamics:

pP=vymii ; E=K+mc®=vymc® ; K=(y,—1)me* ; E?=p**+m?!



