Formula Sheet, Physics 1P23/1P93

Fundamental Constants

g= 9.80 ms 2
c = speed of light in vacuum = 3.00 x 10% ms™!
e = charge of electron = 1.60 x 10~ C
me = mass of electron = 9.11 x 1073! kg
my, = mass of neutron or proton = 1.67 X 10727 kg
N4 = Avogadro’s number = 6.022 x 10%3 molecules/mol
kp = Boltzmann’s constant = 1.38 x 1072J/K

R = universal gas constant = 8.31 = 0.0821 L atm
) ol IS mol K
Cwater = specific heat of water =1 cal”g K), 1 cal =4.186 J

o = Stefan-Boltzmann constant = 5.67 x 1078

m2K*

Mechanical properties of matter

stress o strain

F =Y % A, Y = Young’s modulus
0

F = S AL—X A, S = shear modulus
0

g = -B AT(‘)/ , B = bulk modulus

pressure = force per unit area, p = F/A
1 atm = 1.013 x 10° Pa = 760 torr = 760 mm Hg

mass density = mass per unit volume, p = m/V
specific gravity of X = px/pu,0, puyo = 1000 kg/m3

Hydrostatics and hydrodynamics

hydrostatic pressure: p = po + pgh
equation of continuity (conservation of mass)

Am

N pAv = const

Bernoulli’s equation for an ideal fluid
1 9
p+ Epv + pgy = const

Poiseuille’e equation for a viscous flow

TR*Ap

Q= SiL

1 = viscosity

Reynolds’ number:
_ 2vpr

n

R

Heat and thermodynamics

9 °F 5°C

Tr=—- — T 2°F Tc = = — (Tr — 32°F
F 5 o0 C +3 5 C 9 °F ( F 3 )7
absolute T' = T¢ + 273.15
thermal expansion:
length (1D): AL = aLoAT
area (2D): AA =20A0AT

volume (3D): AV = 3aVo AT = Vo AT

. _Q . __Q
heat capacity C AT > specific heat ¢ AT
latent heat: @Q = mLy (fusion), Q = mL, (vaporization)

L AQ 4 AT
heat conduction: AL = kAT

e AQ 4 4
radiation: —F = ecA (T - Tsu,,ound)

ideal gas law: % = kN =nR

Maxwell: %mvfms = %kBT7 Urms = A /_311\3T

thermal energy of an ideal gas: AFE, = %NkBT = %nRT
heat capacity of an ideal gas (monatomic):

Cy = %R =12.5 J/mol - K, @ const V'

Cp=2R =208 J/mol - K, @ const p

1% law of thermodynamics: AU = +Q — W (C.o.E.)

W = pAV (isobaric), W = nRT In % (isothermal)

. ieney: e= W 1 _ Qe _ 1 _ T
heat engine efficiency: e—m—l On = T

entropy: AS = % (reversible process)
27 Jaw of thermodynamics: ASiotar > 0

Waves and Sound

simple harmonic oscillator, F' = —kz, U = %k:cz

f=1T w=2r/T=2rf=/k/m
x = Acos¢ = Acoswt
v = —Awsin wt
a = —Aw? coswt

traveling wave

2r

b\ 1’—|—¢0),

y:Acos(%Tt:F v=M\T

waves on a string under tension F'

o
m/L

Ustring =

standing waves (nodes at both ends, string length L)

v

= 57" n = 1(fundamental); 2, 3, ...(harmonics)

In

sound intensity

B8 =10 logé, dB  Ih=1x10"" W/m?

point source
P P

A7 4mr

Doppler (upper sign = approach, lower = recede)

_I =

14+ %
f = fs ,l;Us s=source, o=observer

Light and Optics

two-slit interference fringes (m =0,1,2,...)

sin@—mé bright sin@—(m—kl)é dark
= d(rlg) = B d(ar)

Bragg peaks (X-ray diffraction, atom spacing d)

sinf = @é

W m=12,...

diffraction-limited resolving power (first dark fringe, aper-
ture size d)

A A
Omin = E (slit) Omin = 1223 (circular)

polarized light Sou: = So cos2 0

unpolarized light Sout = So cos? 0 = %So
reflection 6; = 6., refraction ni sin 67 = ns sin 6
index of refraction of a medium m

c A
n=-—= e.g. Nagir T 1 Nyater = 1.33
v Am
total internal reflection 0. itjca] = arcsin Z—f
. . . _ no
polarization by reflection O ewster = arctan o

spherical mirrors f = :E%R
= hi
=12

mirror/lens equation dl +

magnification m

S o
=



