PHYS371: Classical Mechanics

Equations & Constants
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Constants e Stoke’s law (drag force for small object in denser
e Speed of light (in vacuum): ¢ = 2.998 x 10¥ms~! fluid): Fg = —6mrnv, where r is radius and 7 is
e Gravitational const.: G = 6.674 x 10~ Nm?2 kg2 viscosity of fluid.
| Object (symb.) | Mass (kg) | Radius (m) | o Work: W — F o di

Earth (&) 5.072 x 10| 6.378 x 10° CAP

Moon (Q) 7.394 x 102 | 1.738 x 10° A8
| Sun (®) 1.989 x 103 | 6.957 x 108 o Power: P— W

Electron (e7) | 9.109 x 1073¢ < 10716 ’ dt |

Proton (p*) | 1.673 x 1072 ~10710 o Tmpulse: T — /fﬁ Nt =B — 5

Neutron (n°) 1.675 x 10727 ~10715 pise to 0 Pr = Po

e Pressure: 1Pa (pascal) = 1Nm~?

Earth-Sun distance (astronomical unit):
1AU = 1.496 x 10'' m
e Earth-Moon distance: 3.844 x 10°m

1Pa = 9.869 x 1075 atm (atmosphere)
e Planck constant: h = 6.626 x 10734 J s

e Boltzmann constant: kg = 1.381 x 10723 JK~!
e Permittivity of vacuum:

g0 =8.854 x 10712 C?2N-1m~2

e Angular velocity: &, where Vi,p =0 X T

e Angular acceleration: &, where &;,, = & X

=l

e Torque: d7 = d(¥ x F)

Centripetal acceleration: &y = — —

r
Transforming from moving and rotating system to
fixed system:

—/ — = —
= V +WXTr 4+ Vg

=/ = = — =/ — — = =
= F4+IXT+20XxV +IT X (@ XT)+3a

oy <

e Fundamental quantum of charge:
e=1.602x10"C
e Coulomb constant:

=8.988 x 10 Nm2 (2

from operator: i + & x
P - dt rot

e Projectile motion in a rotating coordinate system

Z'(t) =

e =
47‘(80

1
. —wgt® cos X — wt? () cos A — g sin \) + @ht + x,
Equations 3

Taylor series: f(z) = Z

where f(")(a) denotes nth derivative of f evaluated

= /™ (a)

n!

n=0

(l‘ - a)n,

at point a. Factorial of zero is one (i.e., 0! = 1).

y' () Jht — wiht? sin A 4y

1
2t = —§gt2 + 20t + wipt® cos A + 2,
Lagrange’s equations:

e Cylindrical-Polar Cogrdinates 87[/ _ 4 <8L> =0forn=1,2,..,.N
V = §8+spd+ik 9gn  dt \ Ogn
= (s 2\ a " AN e Moment of inertia for continuous objects:
a = (5759 ) St <S¢+ 23¢) ¢+2k — Hoop about cylinder axis (C.A.): [ = M R?

Spherical Coordinates . -
V = rt+rosinfo+1r00

a = (i‘frq-bsin207r0.2> T+

(ré + 270 — 7"&2 sin 6 cos 9) 0 +

ré + 2rpsinb + 2rfp cos0) @

Differential equation of an orbit in central field:

d?u

a2 T

ml2u?

momentum per unit mass.
Electric or Coulomb force:

]?12 (7") - 47‘(60

,
Hooke’s law: F = —k(F — Foq), where k is spring

2 4
2

f(u™'), where [ is the angular

t12, where Q4 are charges.

constant and Teq is its equilibrium position.

Damping factor: v = QL and
m

g-factor: ¢ =

72— wi
Drag force for large object and moderate speed in
fluid: Fp = (—=CpAv?/2) ¥, where C is drag coeffi-

2

cient, A is area, and p is density of fluid.

1
— Hoop about any diameter: I = §MR2;

same as solid cylinder/disk about C.A.
— Annular cylinder/ring about C.A:

I= %M(R% + R3)

— Solid cylinder/disk about central diameter:
I= EMRQ + %Mﬁ

— Thin rod about central diameter (L):
I= %Mﬁ; same as thin rectangle with side
¢ about center parallel to other side

— Thin rod about end (L): T = %MEQ

— Solid sphere about any diameter: I = %M R?
— Thin spherical shell about any diameter:
I= §MR2
— Slab about L axis through center:
I= %M(aQ +v?)
Parallel- Axis Theorem: I)|_ys = Icm + Md?
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e Moment of inertia about arbitrary axis:
I = AIn (matrix mult.), where matrix:

1= Y (Lui+Iuj+Luk);

w comp.

moments of inertia:

I, = /(y2 + 2%)dm
I, = /(z2 + z?)dm

/(:z:2 +y*)dm

Izz =

products of inertia:

Ipy =1y, = —/a:ydm
ly,=1, = f/yzdm
I.,=1,, = —/zxdm;

and angles «, 8, and v are between & and z, y, and
z, respectively.
. Angular momentum: dL = d(f x MV);

dL
Z Tn; and L=1I3
1. -
e Rotational kinetic energy: Kot = S L
)\o s )\em
e Doppler shift: v b/\i
c 11
e General 1D wave equatioen: z(t) = Acos (wt + ¢)
19°
e Harmonic condition: V21 = —2—15
v* Ot

e Photon energy: E = hf
e Newton’s generalization of Kepler’s 3rd Law:

Fall 2020

Geometry

e Surface area of a sphere: A = 4mr?
4

e Volume of a sphere: V = §7r7“3

e Surface area of a cone: A = 7r (r +Vh?+ 7"2)

1
Volume of a cone: V = §7r7“2h

Conic sections (polar coordinates)
7”‘0(1 + 6)

1+ ecosf
gin; r¢ is minimum value of |r|

— All cases: r = , where focus is at ori-

— Ellipse: € < 1, Parabola ¢ = 1, Hyperbola
e > 1, Circle e = 0.
— For ellipse, semimajor axis: a = "0 and
—€
semiminor axis: b= av'1 — €2.
Calculus
d 1
. - (lnz) = — ° Laplacm;l op%rator ,
g r V2 = 87 + i 4 i
e — (sinz) =cosx 0x2  0y? 022
dzx e “Del” (or nabla )
o — (cosz) = —sinz operator:
dz - . 0. 0
o — (e") = ae™ Vzaix1+87yj+$

Trigon%metry (see figure below)

e Law of Cosines: ¢ = a? + b% — 2abcos(£C)
e Law of Sines: a4 = b = ¢

W " sin(ZA)  sin(ZB)  sin(ZC)
e sin(f £ ¢) = sinf cos ¢ £ cos O sin ¢
e cos(f £ ¢) = cosfcos ¢ F sinfsin ¢

° Sing::l:wil_cosa
2 2
0 /1+ cos@
s - =+
) c%2 5

9 472 3 . . .
T° = GO, £ ) a’, where T is orbital period B Non-SI units
and a is total distance between centers of M; and e Tnch: 1in = 2.540 cm
M. _ ¢ e Foot: 1ft =12in = 0.305m
e Lagrange’s equation: @ e Mile: 1mi = 5280ft = 1.609 km
oL ( ) Z af; e Pound: 11b = 160z = 0.454 kg
oqn Oqn, I Oqn 4 ; C e Gallon: 1gal =128floz = 3.785LL

e Hamiltonian
H=> Gnpg, — L
n

e Hamilton’s equations:

OH
=(, and — =

Ipq, qn
Vectors
e Scalar/dot product: A e B = AB cos®,

where 6 is angle between, or:
AeB = Z A.B,
u comp.
e Vector/cross product: A x B = ABsin®,
in direction L to A and f’;, or:
AxB= > Y AB,(ixwW)

u comp. w comp.

_pqn



