Equations - Mechanics
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Hear MoTon Diffusion equation V’¢(r,t)= 199
Force F—d—B—mﬂ D ot
—ar dt Young’s Modulus
i = F /A tensilest
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1, Lorentz Transformations
S =ut+ Eat 1 1
F V= > \/1 2
Pressure: P = 0 \/1 _ (Vj -B
c
Friction
N is the normal force, i.e. the force applying Position
between surfaces, e.g. weight | |
F = uN g g x=y(x+vt')
Power: P=Fv y=yl
b =z
Work: W = [ F-dx ;
‘ t= y(t '+ —2x')
c
Circular Motion 2 x'= 7/( X — vt)
. my
Centripetal force: F = = mra e 7/( ; —lzx)
Angular velocity: v=r ¢
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w=2nf= ?ﬂ Velocity
u '+v
Angular momentum: u,=— Y
L=rxp I+
- C
L=iw=mvr u'
dL = =
Torque: T=rxF=— “ u'v
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Energy E=—Iw’ u'
2 uZ = : 1
. 2 ., vl 1+ u.v
Inertia of a sphere: [ =—mr o2
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e GM, P
Gravitational force: F,,,, =— 2m Ue =7
r 1-— Xz
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F=——
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Energy | U,
| : R S
Kinetic energy: E, = Emv2 = ;; y(l - )
m ¢
Potential energy: E, = J F-dl=mgAh
Reduced mass: u = LU
m, +m,

Viral theorem: E, = yE ,
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Momentum
, VE'
P,=Y| Pt —
c
P, =P’
P=P
vE
P'= (Px——Tj
c
Energy
E= ')/(E'-i- vp,'

Simple Harmonic Motion

Physical Pendulum

1
Angular momentum: [ = Emﬁz

1
Torque: 7= Emg sin@
/r
Angular frequency: o, = 7

Spring
Force: F =—kx, k = mw*
Position: x = Acos(®t +¢)

2

, X

Acceleration: P —w*x
t

k
Angular frequency: o, = ,/—
m
1
Potential energy: E, = J.kx dx = Eloc2

b
Damping factor; y = —
m

1
Velocity: v= Ekx2

2

1
Energy: E, = Emv

Waves
See Optics
Velocity v= fA

b
Damping factor y = —
m

0="0
Y
2
Wave number: k = Sr_nw_ v
A ¢
Wave equation: = ﬂ,
unit length

d’y 2 dy . T
= =V =5 Vv =

ot ox u
. c

Phase velocity: v, = =

%
v =(ﬁ) in water

b 27

~|e

dw
Group velocity: v, = ‘E

. c ck
Refractive index: n=—=—
vV o
Oscillator
d*x

?+w02x=0

Energy E = ox’ + Bx’
Solution: x,(#)= B, cos®,t + B, sinw,t

Damped Oscillator

x(t)=A,e" cos(w't +¢)

o’ =0 +(Z)2
! 2

E(t)=Ee™

Forced Oscillator

d*x

—+, x=F(t)=F,cosor

dt

Solution:

ENOM

Fy

2 2

x=Acosw,t + Bsinw,t +
(a)o -

wt
) COS

(Using CF solution to oscillator & PI =
acoswt +bsinwt )
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0=,

. o
x = Acos@,t + Bsinw,t + ——sin®,t
20,

(PI =PI before xt)
Damped Forced Oscillator
d’ d.
£ 2y Z 1w x=F(t)=F, cosot

Trial solution: x = ce'”

Resonance condition: @ = \/@,” — 2y’



