PHY 231C FORMULAS

Quadratic Formula

ar?+br+e¢=0

oo —b £+ Vb2 - 4ac
- 2a

Geometry
Circle: circumference=27R, area=7R?
Sphere: area=47R?, volume=47R?/3

Trigonometry
p

C "~ sino = A cosa—B
A -’ - C

A

o \ tana = —

B B
C A sina_sin,B:sin'y

A B C
A% + B2 —2ABcosy = C?
Polar Coordinates

x=rcosf, y=rsinf

r=+va2+y%, tand=y/z

SI Units and Constants

| quantity | unit | abbreviation
Mass m kilograms kg
Distance z meters m
Time ¢ seconds s
Force F Newtons N=kg m/s?
Energy E Joules J=Nm
Power P Watts WwW=J/s
Temperature T' | °C, °K or °F | Top =324 (9/5)To¢
Pressure P Pascals Pa=N/m?

g =98 m/s?, G=6.67 x 107! Nm?/kg?, 0°C=273.15°K
R =8.31 J/(mol°K), N4 = 6.023 x 10?3

kg = R/N4 =138 x 10722 J/°K, 1 cal=4.1868 J

o =5.67x 10°® W/(m2K*), vsouna = 331+/T/273 m/s.
1-d motion, constant a

v —
a=21""%
t

_ Yoty

av — Y
2

(Tf — x0) = Vavt

1 1
(kg — x0) = vot + iat2 = vyt — iat2

1. 1
ivfc - 51}3 =a(zy — xo)

Projectile Motion
2 2

Range = Y sin 20, Max. height = ;—0 sin” @
g g

Momentum, Force and Impulse

A
p=muv, F:KIZ:ma,I:FAt:Ap

Work, Energy and Power

L 1 ., _ AE
W—F‘(T—TU),KE—imU,P—Tt

Gravity and circular orbits

M M
PE = —GTm, APE = mgh(small h), F = G 7_;” = myg
_v GM _ R
V=T A T T2
Rotational Motion & Gravity
2 2
v=wr= %r, w=27rf=%,f=1/T
Qo Wr—wo _a
t T
L = Jw = morsinf, (§= angle between v and r)
2 1
KE=— =_Iu?
21 — 27
T=rFsing, Ia =7, Iin = mR?
2 1 .
Icyl.shell = mR2; Isphere = ngQ Iona cyl. = §mR2
Gases, liquids and solids
1, 3
PV = NRT, AP = pgh, (imv )= EkBT
Fyouyant = Pdisplaced liq. Vdisplaced liq.d
Stress = F/A, Strain = AL/L, Y = Stress/Strain
AL F/A -AP
L B B’
L, L
Pat 5Pa¥a + pagha = P + 5005 + prghe
AL/L = aAT, AV/V = 3aAT
EA(Ty, — T,
Q = mC,AT+mL(if phase trans.), AQ/At = %
b — La
Radiation
P =ec AT*
Thermodynamics

AU =Q — W, W = PAV, ideal gas: AU = nCy AT
Adiabatic exp: pV" =const, TV?~! =const

v = Cp/Cy=5/3 for monotonic gas=7/5 for diatomic gas
Q=TAS,AS >0

Engines: e=W/Qu < (Ta —T1)/Tu < 1

Refrigerators and heat pumps: € = Qr/W < TL/(Tu — TL)

Simple Harmonic Motion and Waves
Spring: F = —kx, PE = (1/2)k2?, w = \/k/m
f=w/(2n), z(t) = Acos(wt) + B sin(wt)
Pendulum: T = 27/L/g
Waves: y(z,t) = Asin2n(ft — /A +0)],v=fA
I =constA?f? I,/I, = R?/R?
Standing waves: A, = 2L/n
Strings: v = /T'/u, Solid/Liquid: v = /B/p
Sound: I = E/(A - At) = Power/A
Ip = 10712 W/m?, Intensity in decibels=101log;o(I/Io)
Beat freq.=|f1 — f2|, Doppler:

fobs = fsource(Vvsound + 'Uobs)/(Vvsound + 'Usource)
Pipes: same at both ends: L = A\/2,\,3)/2
Pipes: open at only one end: L = A/4,3)\/4---



PHY 232C FORMULAS
ST Units and Constants

quantity | unit | abbreviation |
Charge @ Coulombs C
Voltage V Volts vV =17J/C
Electric Field E | Volts per meter | V/m = N/C
Capacitance C Farads =C/V
Current I Amperes A=C/s
Resistance R Ohms Q=V/A
Magnetic Field B Tesla T=Ns/(mC)
Lens Strength Diopters D=1/m
Atomic mass m amu u

Charge of a proton=e = 1.6027% C,

k =8.99 x 10° Nm?/C?, ¢y = 8.85 x 1072 C?/(Nm?)

po = 471077 T-m/A, ¢ = 2.99792 x 10® m/s

Mprot = 1.007276 1, Mypeyr = 1.008665 u

1 u=931 MeV/c?= 1.67x1072" kg

h=6.626 x 10734 J.s= 4.136 x 10~ 1%V s

Electric Forces, Potentials and Fields

F=qE, E=kQ#/(r*), PE=qV, V =kQ/r

Gauss’s Law: E; A = Q/e

Circuits

1) Sum of voltage drops around close loop = 0

2) Sum of currents into any node = 0

V=Q/C, V=IR, V=—-LAI/At

parallel:Cegg = Cy + Cy, series:1/Cegg =1/Co +1/Ch

series:Resr = R, + Rp, parallel:1/Res = 1/R, + 1/Rp

Presistor = IV = I’R = V2/R

Ucapacitor = Q2/(ZC) = CV2/2 =QV/2

Uinductor = LIQ/Z-

parallel plates: C' = ¢yA/d

wire: R = pL/a, a=cross-sectional area

solenoid: L = N®/I = pgAN? /L.

Ampere’s Law and Magnetic Forces

Z Bl = pyl .for single wireB = NLI.

27r

closed path
F =quBsinf@, F = ILBsinf
Circular motion:r = 7%
Moments and torques:y =nlA, 7= puBsinf
Induced EMFs:

Ad
Vinduced = —NE, d = BACOSH,

0 = angle between B and plane

—NAcos GA—B

Ap (Fixed coil, changing B)

AA
= -NB COSGA—t, (Fixed B, changing area)
= NBAwsinwt, (Fixed B, rotating coil)

RC and LR Circuts:

RC:7=RC, Q=Qoe " or Q;(1— e ¥7),I =Iye /"
LR:7=%, I=Ie ¥ or I;(1—e"t/7)

AC Circuits:

LC: WR = \/%_C’ fR = UJR/(271')

LRC : Xc = %,XL =wlL

Z=\(X,-Xc)?+R,I=V/Z

Transformers:
Va/Na = V4 /Ny, IaNo=IgNp, Py =Pp

Electromagnetic Waves:

Cvac. = 1/\/‘%7 c= )‘f

Amatter = /\vac/n7 fmatter = fvac> Cmatter = Cvac/n
ng Sinf, =mnpsinfy, sinfey = 3+
U = ¢E?/2 + B%/(2u0) = energy/volume
S = Energy/(AAt) = cU

Polarization Filters: Sy =S, cos? 6
Primary Colors
Add: Red-Green-Blue  Subtr: Cyan-Magenta-Yellow
Mirrors and Lenses

Mirror: f = R/2, Lens: 1/f = (ny — ng)(1/Riets — 1/ Rrignt)
1/f=1/p+1/q, m=—q/p

Human Eye: fhormal = 25 cm

D =1/f=1/0.25—1/(Near Point)

Microscope: m = 25L/(f,f.) Telescope: m = —f,/ f.

Interference and Diffraction
Slits and gratings maxima: sin6,, = mA/d
Slits and gratings minima: siné,, = (m + 1/2)\/d
Position of max/min on screen: x,, = Ltan#,,
Single slit minimum: 6, = mA/b
Spherical aperture minimum: 8,;, = 1.22)\/d
Thin films (ny > ns > nz or ny < ng < n3g):
reflection max: 2t = mA/(ng), min: 2t = (m + 1/2)\/n2
Thin films (ny > ns < nz or ny < ng > n3):
reflection max: 2t = (m + 1/2)A/(n2), min: 2t = mA/na

Black body: AnaxT = 2.9 x 1072 m-K

Quantum Mechanics:

Uncertainty: ApAz > h/(4n), AEAt > h/(4n)
E=hf,p="h/A

Atoms

Photon frequency: hf = |E; — E|

Sizes: rn, = n2ag, ag = h?/(mke?),h = h/(2m)
Energies: E, = —Eo/n?, Ey = —ke?/(2a9) = —13.6 eV
1/A = R(1/n% —1/nf), R =1.097 x 107 m~!

L=h ﬁ(ﬁ + 1),Lz =mygh,my = —1,.L

S=nhys(s+1),s=1/2,5, =+£1/2

Subatomic Physics

Binding energy= (Nm,, + Zm, — my)c?
Nuclear radius= A'/3 - 1.2 fm

Ti/2 = In(2)7, N = Ngexp(—t/7)



