Thermal Expansion

AL = OZL()AT
0 =3«
Heat
Q = mcAT
Q=+mL
Q =nCy AT
Q = nCpAT

Heat Current

H:k%@hfﬂﬁ

Q = AeoT?
Heat Engines

W =Qu+Qc
_w
- Qu

Tc
€carnot = 1 — Ti
H

€

Refrigerators
W =Qun+Qc
|Qc|
K=-—
(W]
Kcarnot = L
Ty —1c
Work
Va
W = pdV
Vi
Ideal gases
pV =nRT
pV = NET
[3RT
VUrms = I
m
Cp=Cy+R
_Cr
|4

A= Vlmean = — = —
rea 4A7v/2r2 N

specifc to ideal gases.
Cyclic Processes

AU =0
W=Q

Isochoric Processes

W =0
Q = TZCVAT
YAU = nCy AT

Isobaric Processes

W = pAV
Q = TLCPAT
AU = nCy AT

Isothermal Processes

TAU =0
Vi

"W =nRTIn | =L
n n V;

O = Vi
Q nRTln( )

Adiabatic Proceses
Q=0
AU =W
"W = —nCyAT
PV = constant

fTV7=1 = constant

Entropy
2
dQ
AS = —
s / -
Electric Fields
F=qE
AU = qAV
Wooo = U, —Up = =AU
b
Vo= | E-dl
a
E=-VV

T indicates other formulas that are
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Point Charges

-
4Ameqr?
q
dmeqr
q192 .
47T€()T2 "
q142
4meqr

< =
1

F
U

Distributed Charges

_ dq
P .
/ 4megr? "

dq

dmegr

V =

Collection of Charges

Er =Y E
Ur=Y_ Uy

pairs

Electric Dipoles

?zﬁXEszsiruﬁ
U=—p-E=—pEcosé

“Elementary” E fields

_ Q .
F = WT Sphere
E= 7 line
2mepr
E= iﬁ plane
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Capacitors and Dielectrics

_e
“=v

parallel: Coq = Cj
1 1
Ceq Z Ci

Parallel-plate: C = eog

serial:

1l @1
U=3CV*=55=39
1
UZ§EOE2

dielectric: C = KCy € = Keg

Current & Current Density

dq
=4
dt
I:/ J - da
J = nqug
Ohm’s Law
E=pJ
V =IR

Resistivity & Resistance

dL

p=poll + T — Tp)

Uniform currents

v
El=—
B ="

L

I
=

Electric Power

P=1V
P=1IR
V2
P=_
R
Resistors

series: Req = g R;

?

1 1
parallel: e = Z %

real battery: V=& — Ir

RC circuits

T =RC
charging:
1= .[()6_£
Q=Qr(1-¢7%)
discharging:
I=1Ipe ~
Q= Qe "
Magnetic Force
F= qu X B
dF = Idl x B
F=jxB
U=—ji-B

Cyclotron Motion

muv

T 4B
_27rm
-5
_ 4B

We =
m

Magnetic Fields

5 HogqUXT
B=-—
4 r?
5 N()Idfxf
B=[H
/47r r2

I
|B| = Hot oo straight wire
2mr
I
|B| = —2(;{ center of loop
|B| = ponl oo solenoid
NI
|B| = HO2 toroidal solenoid
2rr

Mutual Inductance

Ni®;  Nods
M = =
I I,
dls
E1=-M—7Z
! dt
dl;
&= -MEL
2 dt

Self Inductance

N®
L=—
I
dI
&=-L—
dt
1
U= LI’
2

RL circuits

L
T==
R
charging;:
I=1p(1-e77)
Vi = Voe 7
discharging;:
I=1Ipe 7
Vi = Voe *
AC circuits
XL =wl
1
Xo=—
¢ we
Z =R+ (X, — Xc)?
X, — X¢
tan ¢ = ———<
an ¢ 7

I = Iycoswt
V = Vp cos(wt + ¢)

Vo = 1gZ
Vo
V2
Iy

Irms = =
V2

1 1
P= 5IgR = 5Igzcow

AC circuits (resonance)

p=0
Z =R
1
w—\/ﬁ
XL =Xc

Maxwell’s Equations

(I)EZ%E dA:Qencl
€0
S
@B:jfé dA =0
S
= o d®p
B dl: c enc
7{ po(ic + €o i l
C
S o ddp
E-di=— —¢
% Ot
C



Light
Ema:r - CBmam
1
=
v/ €olo
c=\f
01 - o
S=—FExB
Ho
p:fgdg
FErazB
I — Sav — max max
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Sav
Drad = —= absorbed
c

S(I’U

reflected

Prad =

Light Propagation

n— -
v
A
A= 20
n
ng sinf, = ny sin 0,
ny
0.=— (TIR
" (TIR)
I=1Iycos’ ¢
Mirrors and Lenses
R
I=3
11,1
f s s
1 1
e n—-1D( = - —
== (4
/ /
¥ _ s
y s

_Constants

J
R = 8.3145
mol - K
Na =6.02 x 10
R I
kp=—=138x10""——
B Ny x mol - K
ge = e=—1.602 x 1071C
1 N -m?
k= —8.99 x 10° "
4dmeg

c=3.00 x 10%m/s
me = 9.11 x 1073 kg
m, = 1.67 x 10~*"kg



