Physics 123 Equations — Fall 2011 Semester

To know by heart (not an exhaustive list, I’m sure)

Fluids
pressure: P =F/A
density: p=m/V
specific gravity: SG = p/pun
stationary fluids: P = Py + pgh (pressures at same depths are same)
Archimedes’ Principle: buoyant force: B = pnig Vovject § (= weight of the “displaced fluid”)
moving fluids, at positions 1 and 2 along path:
VFR = A, v; = A, v, (Egn of continuity, from mass conservation, “garden hose™)
P, + Ypvi® + pgy; = P, + Yo, + pgy, (Bernoulli’s Law, from energy conservation)

Thermodynamics
PV = nRT = NkgT
Equipartition theorem: each d.o.f. has energy kgT/2, for each molecule

transl. KE,, = %m\/rms2 = %kBT (can use to solve for Vimg)

How to find pressure exerted by balls (atoms) from change in momentum

Q=mcAT; Q=mL
Woy gas = j PdV = area under P-V curve
First Law: AEjn = Qadded + Won; Qadded = AEine + Wby

V= Cp/CV

Monatomic Diatomic (~ 300K) Solids
#dof 3 5 6
Eint 3/2nRT 5/2 nRT 6/2 nRT
AEine  3/2 nRAT 5/2 nRAT 6/2 nRAT
Cv 32R 512 R 6/2R
Cp 512R 72 R same as Cy
14 5/3 7/5 n/a

Note: for monatomic, n = #moles of molecules = #moles of atoms. For diatomic, n = #moles of molecules = 2x
#moles of atoms. For solids, n = #moles of atoms.

Adiabatic: PIVI;/: P2V27

How to find W, AE;y;, and Q, for isobaric, isovolumetric, isothermal, adiabatic, and cycles
How to find when W, AE;,, and Q are positive or negative for any changes

Engine: Qy = [W| + Qc; e = [W|/Qn =(Qn— Qc)/Qn

Refrigerator: COPy = Q/|W|

Heat pump: COPyp = Qy/|W|

Carnot: nax = (Th — Tc)/Th; COPRmax = Te/(Th — Te); COPHpmax = Tr/(Th — Te)

f

How to find AS for isobaric, isovolumetric, isothermal, adiabatic, free expansion, and cycles
How to find expected random fluctuations for various situations

Waves & Sound

wave parameters: X, t, A, 4, f, v, k, @, ¢
f=Acos(kx — wt + ¢) <> Ae'® 4+ 9
speed of wave: v=Af

k=2n/\A; w=2n/T

Vphase = ok



Vgroup = (d a)/dk)|kave

Complex numbers: converting polar <> rectangular
How to add sinusoidal waves together

I =P/A

+10todB=x10tol; +3todB=x2to |

dBm: reference = 1 mW

Mach# = V/goung

APL = mA (constructive); APL = (m + %2)A (destructive)
How to find standing wave resonances

Result: o0-o/c-c: f, =nf;; n=1,2,3,... o-c:f,=nf; n=13,5,...
f; = fundamental frequency, = v/(largest 1)
fbeat :|f1 - f2|

Optics

Law of reflection: Gncident = Greflected

Law of refraction (Snell’s law): n;siné, = n,sin@, (6 measured from the perpendicular)
— N = “index of refraction”, speed of light = c/n

Condition for TIR: set & =90° (n, = higher index)

ﬂfmaterial = ivacuum/ n

Difference between linear and circular polarization

Difference between s- and p-polarization

Thin lens equation: 1/f=1/p + 1/q

Difference between real and virtual images

magnification: M = hy/h, (definition) =—g/p (useful for calculation)

Sign conventions for lens/mirror equation

How to handle multiple lens/mirror problems

f/# =1/D

near point & far point

m= 46,

How to figure out the angular magnification of a magnifying glass

How to figure out the angular size of an ant, planet, or other object for which the small angle approximation is valid

Telescope: m = fy/f,

2 slit: dSingbright =mA, dsinB = (m+ 1/2)/1

1 slit: asinBg = MA

grating: dsinG;gn = MA

How to combine 2 slit with 1 slit formulas

How to derive intensity equation for any number of slits

When to use “Approx. 2”: O~ sinf~ tanfd=y/L

What the sinc function is

OPL=PL xn

AOPL + phase shifts = mA (constructive); = (m + %) A (destructive)

How to write/interpret general 3D wave equation for arbitrary wave direction and arbitrary oscillation direction

Relativity
p=vic; y=

1- B>

At = yAt
AL = ALly
_Biaths
By=T—""7"

1+ 8555
p=ymv
E = ymc?
KE = (y — 1) mc?
Erest = mC2



cons. of momentum & energy

To be given on exam
These equations should be exactly same as the ones on the first page of exam as posted on the website, but

1 b
—=—_,but I don’t say

\/Eﬂ'd n

that it is for the mean free path like I do below. There are many such omissions on the exam itself, so be
sure to look over the first page prior to taking the exam.

with some details missing there. For example, on the exam I give the equation | =

Fundamental constants
Materials parameters
Conversion factors
(I+x)"=1+nx

‘= —b++/b® —4ac
2a
Surface area of sphere = Axr?

Volume of sphere = (4/ 3)71'!’3

Thermodynamics
Thermal expansion: AL = aloAT, AV = VAT, =3«

3/2
j vze—%mvz/kBT

Maxwell-Boltzmann: f(v)= 47{
7Kg

2kgT
m

Vimost probable = velocity where f(v) is a maximum =

® 8kgT
Vavg =J.0 v fv)dv= ,;T_Bm

® 3kgT
Vyms =\/J-0 v2 f(v)dv :\/ rrEi

1
Mean free path: | = ———
V27d?n
Ave time between collisions: 7= /Vayq
Conduction: P = & - %
P=£=—AAT ; R=L/Kk
At R

Radiation: P = AQ —ecAT*?
At

1 . .
€010 =1 —F ; = compression ratio = Va/Viin

S =kg InW
- . N N! N
coin flips: # microstates = =———; # macrostates = 2
K KI(N —k)!
Waves & Sound
P = Vsma’A%V



=2V 2V,
VoV VY
R=Ir; T=1-R
Vstring :\IT/ﬂ ; u=m/L
stress  F/A
Vg =V v =SS F/A

~strain - AL/L

Vsound = B/ P

m / T
Vsound =343T M

[z’-lOlog[II]; I = 1,102 1o=10"" W/m®

0
sin@= 1/Mach#

ESA

vV
AXAK > V5 3 AXAp = /2
AtAw > Y5 ; AtAE > h/2

f(x)=4a, +Zan cos(ZELnxj+an sin(zﬂLnX]
n=1

L
a, :%J- f (x)dx
0

fr=f

L
a, :%I f (x)cos(zﬂz_nxjdx
0

L
bn:nélf(x)ﬁn(zﬁ?xjdx

half step: f,/f; = 2"/

Optics

O Brewster = tan ™ (6,/6)

_n-n = 2n
n +n, n +n,

f=R/2

r

1 1 1 .
Lensmaker’s eqn: T (n-1) (E _R_] (R, = pos, R, = neg if convex-convex)
1 R
n N m-n . . .
Image from surface: —+—== - (p = pos if object in front, q = pos if image in back, R = pos if center of

curvature in back)
¢=2nAPL/A

Approx. 1: APL = dsiné
E=E, (e +e®+..)
I~ |EP

2 slit: 1 =1y cos?| 2 6ing
A2

1slit: | = |Osinc2(7fa;1n9j

circular aperture: Rayleigh: Gin resotve = 1.224/D



R = Adae/AA = #slits x m
Bragg: 2dsin G,ign = MA

g 10
158
Relativity

Xﬁ'ameZ = yxframel x yﬂ(Ct)framel

(Ct)frameZ = iyﬂxframel + y(Ct)framel

(cxtj :(;ﬂ i;ﬂ][cxt}

frame 2 framel

particles with mass: E* =(pc)® +(mc?)?
photons: E =pc
Compton shift: 1/ photon — 1/Pphoton = 2/(MetectronC)

Would be given on a problem if needed (not an exhaustive list)

Thermodynamics

B = AP/(AV/V)

Otto cycle, what it looks like: adiabatic, Cy, adiabatic, Cy
Diesel cycle, what it looks like: adiabatic, Cp, adiabatic, Cy

1 r.” -1 . . .
€Djesel =1 —T[ﬁj ; I'=compression ratio = Viax/Vimin; I'e = cutoff ratio = Viigaie/Vinin
r’—{ y(r,—

Waves & Sound

Musical intervals
Second = 2 half-steps
Minor third = 3 half-steps
Major third = 4 half-steps
Major fourth = 5 half-steps
Major fifth = 7 half-steps
Sixth = 9 half-steps
Minor seventh = 10 half-steps
Major seventh = 11 half-steps
Octave = 12 half-steps



