Physics 123 Formula Sheet
(5 Apr 2026 version)

Constants & Conversion Factors
g=9.8m/s?

G =6.67 x 107" N-m%kg?
ks=1.381 x 102 J/K
N;4=6.022 x 107
R=kgNs=8.314 J/mol-K
o=5.67 x 108 W/m?>K*
c=3x10m/s

Metectron = 9-11 x 107 kg

1 inch =2.54 cm

1 m?>=1000L

1 atm =1.013 x 10° Pa = 14.7 psi
1eV=1.602x10"]J

Tp = 2T + 32

Te = 2 (Ty — 32)

T = T + 273.15

Materials Parameters

Pwater: 1000 kg/m?

Pair: 1.29 kg/m3 (at 0°C, 1 atm)

Paium: 2700 kg/m?

QAgum: 24 x 106 /°C

Acopper: 17 x 10 /°C

Agreer: 11 x 1076 /°C

Cwater: 4186 J/kg-°C

Cice: 2090 J/kg-°C

Csteam: 2010 J/kg-°C

Catum: 900 J/kg-°C

Ceopper: 387 J/kg-°C

Lieit.water: 3-33 x 10° J/kg

Lyoirwater: 2.26 x 10° J/kg

Lboil,liquid nitrogen: 1.98 x 105 J/kg
kinqium: 238 J/s-m-°C

ktncopper: 397 J/sm-°C

Vsound,air: 343 m/s (at 20°C)

Nyater = 1.33 (unless otherwise specified)
Ngiess = 1.5 (unless otherwise specified)
Ngir = 1.0 (unless otherwise specified)

Misc. Math
_ —btvb%-4ac
- 2a
Asphere = 4mR?

_4 _p3
Vsphere - gﬂR

1+x)"=1+nx

Fluids & Thermodynamics
P = Py + pg (depth)
B = weight of displaced fluid
A, v, = A,v, (if incompressible)
1 1
Py +-pvi + pghy = P, +5pvi + pgh,
AL = aL,AT,AV = BVoAT; B = 3a
PV =nRT = NkgT (ideal gas)
KE e = SkBT (translational only)
m/kg = M/R (M = molar mass)

3/2 1
f(w) =4n (ZHTBT) v2e 2™ /keT

2kpT
m

oo 8kpT

Vaverage = fo Uf(l?)d]] = ’ﬁ
© 3kgT

Urms = \/fo vif(v)dv = \/TB
Mean free path: £ =

VUmost prob =

\V2rd?n
Ave time between collisions: T = £/V,4
KenAAT _ AAT

Peona = L R iR = L[k

Poq = ecAT*

Q = mcAT

#dof,,,,n, = 3; #dof;;,, = 5 (at room temp)
Egne = 2 NkpT = “2nRT

Q = nCAT

C, = (#dof)R/2

Eine = nC,T; AE;,; = nC,AT

Qaadea = AEi + Wy, (First Law)
AEint = Qaagea + Won  (First Law)

C, = C, + R = (#dof + 2)R/2
y=06,/C = (#dof + 2)/#dof
isotherm: P, V; = P,V

reversible adiabatic: P,V;" = P,V
reversible adiabatic: Tlvly_1 = TZVZV_1

1
€otto = 1 — ry_l; r= Vmax/Vmin
1

== (Vgc_—ll))’

— Vmiddie

€piesel =
£
r= max , r
Vimin Vmin
€carnot = 1 —T¢/Th
__ state2dQ
AS,, = fstatel T’
integral done over any reversible path

S:kBan

(W = #microstates with the given energy)

. N N! .
#microstates = ( ) = e.g. coins
k K!(N=k)! ( g )

#macrostates = 2 (e.g. coins)
Waves & Sound

_1 242

string — E:uw A%v

__ V-V, ¢ _ 21y

7”string - Vatvy string — P

R=1r|> T=1-R
Ustring = T/u; u=m/L
i _ Stress _ F/A
Y/p ’ Y= strain AL/L
Vsound = B/P = 343? T /293K
1 £
B =10logy () 1 = Ip10%;
I, = 10712 W/m?

Vrod =

i oDs
fobs = femitted Vivs]:)uli«ce (Doppler)

1+v/ .
fovs = fomiteea | 2L2 (Doppler for light
sin Bp0m = 1/Mach#
APL = 0,4,24,... constructive
APL = %,%,52—/1, ... destructive

Musical “just ratios”:
Octave = X 2; Perfect fifth =3/2;
Perfect fourth = 4/3; Major third = 5/4
Musical “equal temperament™:

Half step = 2/12 ~ 1.0595

Octave = 12 half steps; Fifth = 7 half steps;

Fourth = 5 half steps; Major third = 4 h.s.
Fourier series (f (t) is periodic, wy = 2w /T):

ft) =ay+ Xyqia, cos(nwgt) +

Ln=1 by sin (nwt)
ap = % J) f®dt
a, = %fon(t) cos(nwyt) dt

b, = ; Iy £(®) sin(nwot) dt

Uphase |
b klo=wy

_ dw
Ugroup  dk w=wo
Optics
n=c/v

n, sin@; = n,sin6,

TIR when 8, = 90° (6, is “critical angle™)
tan Oprewster = N2/M1

I = Iycos?0 (Malus’s law for polarizers)

/% = % + % (mirrors & thin lenses)
f = + for converg, — for diverg
p = + for real object, — for virtual
q = + for real image, — for virtual
m=—q/p
fmirror = R/2
R — + if“),’ R _ if K‘(’J
=n-1) (Ri1 - R—l) “lensmaker’s eq”
Rl — + if “(3’ s _ if 4‘)”
RZ = + if “(3’ s _ if 4‘)”
¢ =2n(PL)/A =k(PL) (oruseAPL)
f = A1€i¢1 + A2€i¢2 + A3ei¢3 + -
I= Iolflz
2 narrow slits: I = I, cos? (7;—‘1 sin 9)
mA=dsinf,,,,; m=0,+1,%2,...
1 wide slit: I = I, sinc? (% sin @ )
mA=asinf,,;,; m==+1,+2,..
circular slit: 8,,;,, = 1.224/D
grating: mA = d sin @

p) .
RZ%Z#SlltSXm

Bragg: mA = 2d sin 8
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