
List of Equations

Simple Harmonic Motion

d2x
dt2 = ! ! 2x

x(t) = Acos(! t + " )

v(t) =
dx
dt

= ! ! Asin(! t + " )

a(t) =
d2x
dt2

= ! ! 2Acos(! t + " )

T =
2!
"

! =

!
k
m

, mass/spring system

! =

!
g
L

, simple pendulum, small !

! =

!
mgd

I
, compound 

pendulum

K =
1
2

mv2

U =
1
2

kx2 , mass/spring system

E = K + U =
1
2

kA2

Damped oscillations

x = A e
! b
2m t cos(! t + " )

! =

!
k
m
−

"
b

2m

# 2

Forced oscillations

F = F0 sin ! t
x = Acos(! t + " )

A =
F0/m

!
(! 2 ! ! 2

0)2 +
" b!

m
#2

Waves
y(x, t) = f (x± vt)
y(x,t) = Asin(kx! ωt)

k =
2!
"

ω =
2π
T

= 2π f

v =
!
T

= ! f

v =

�
T
µ  

, T is tension in string

Interference

Constr.: !" = 0,2#,4#, . . . (rad.)

Destr.: !" = #,3#,5#, . . . (rad.)

!" : phase difference
!" = k! r

!" = #! t

Standing Waves

y = ( 2Asinkx) cos! t

Sound Waves

I !
P
A

P =
! E
! t

! ≡ 10log
� I

I0

�

I0 = 1.00! 10" 12 W/m2

f ! =
! v+ vO

v" vS

"
f

toward !  positive
away !  negative

v = ( 331 m/s)

�
1+

TC

273! C

fbeat= | f1 ! f2|

Geometric Optics

! i = ! r

n1sin! 1 = n2sin! 2

n≡ c
v

! n =
!
n

M =
h!

h
=

" q
p

m=
!
! 0

, angular magnification

1
p

+
1
q

=
2
R

=
1
f

, mirror

n1

p
+

n2

q
=

n2−n1

R
, refracting 

surface

1
f

= ( n! 1)
! 1

R1
!

1
R2

"
, lens-

maker equation

1
p

+
1
q

=
1
f

, thin lenses

Double slit interference

path difference= d sin!

tan ! =
y
L

! sin !
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Fraunhofer diffraction

sin! dark =
m"
a

(m= ± 1,± 2,± 3,ááá)

tan ! =
y
L

! sin !

Rayleigh Criterion

! min = " / a

θmin = 1.22λ/ D

Diffraction grating

dsin! bright = m" (m= 0,± 1,± 2,ááá)

tan ! =
y
L

R=
!

"!
= Nm

Trigonometry

sin(! ! ) = ! sin(! )

cos(! ! ) = cos(! )

sin(! ) = cos(! ! " / 2)

cos(! ) = sin(! + " / 2)

sin2(! ) + cos2(! ) = 1

sin(2! ) = 2sin(! ) cos(! )

cos(2! ) = cos2(! ) ! sin2(! )

sin(A ± B) = sinAcosB ± cosAsinB

cos(A± B) = cosAcosB! sinAsinB

for small! (in rads)!
!

sin! " !
cos! " 1

Photoelectric effect

E = h f =
hc
!

eVstop= Kmax = h f ! !

DeBroglie Wavelength

! =
h
p

=
h

mv

K =
1
2

mv2 =
p2

2m
Blackbody Radiation

! maxT = 2.898×10−3 m K

P = ! AT 4

Particle in an inÞnite 1D well

En =
n2h2

8mL2

Special Relativity

! =
1

!
1! v2

c2

! t = "! tp

Lp = !L

Constants and units

c = 2.997 924 58×108 m/s
h = 6.626! 10" 34 J s
e= 1.602×10−19 C
me = 9.109! 10" 31 kg
eV = 1.602! 10" 19 J
hc= 1240 eV nm
! = 5.670! 10" 8 Wm" 2K4
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