PHGN 100 Equation Sheet

Useful Constants

N-m?
kg

m —
g= 9.815—2, G =6.67x10"1
Vector Principles

V="Vdi+Vj+Vk

V= VZ+V?+ V2
Kinematics
1
m @ij 1;

R(6) = 7(6) + J, B(e)de’

B(6) = T2 = () + [ d(e)de

- dv(t)
at) = o

1 ftf _)(t)dt _ 7(tp)—7(t;)

D. =
a"lti tri—t; ti—t;

5t tf - v(te)-v(t;)
Aav |t1f - _f f (t)dt - T

Translational Dynamics
Z Fip = mpQy cm
J

ﬁab = _ﬁba

Weight force: Wg, = myg

Friction: fap < UsNab; fiab = HxNab
Ideal Spring: Fgp ap  (t) = —k[x(t) — x,]
Circular Motion Kinematics

s(t) = Arc Length
6(t) =2 = 0(t) + [} w(t)de’

w(t) = —de(” w(t) + f a(t)dt’

dw(t) dze(t)
a(t) = 7

2
ac()—”t() = w(t)’R
v(t) = =2 = w(6)R
a(t) = vgit)=a(t)R

Simple Harmonic Motion
Position: x(t) = Asin(wt + 6) + Xeq
Relationship between a, (t) and x(t):

a,(t) = —w?[x(£) — xeq]

Mass-Spring System: w = \/%
Frequency, Angular Frequency, Period:
f = %; w = 2nf

Rotational Dynamics
2 Tjp = Ipdp

]
Torque: Z,, = 7 X Fyp,
Tap =T Fap =7 Fapy =7 Fapsinf
Rolling without Slipping:
Xem = RO; Very = Rw; agy = Ra
Moments of Inertia
Point Mass: I = mr?

Cylindrical Shell/Hoop: I, = mR?
Thin ROd: ey = —=mL2; Ieng = %mLZ
Solid Disk/Cylinder Iy, = >mR?
Solid Sphere: I, = %mR2

Hollow Sphere: I, = %mR2



Work and Energy
Wior = AEsys

. _ (Sbfp g2
WOI’k. Wﬁab = fgb,i Fab ds
ds = dxi + dyj + dzk

6
W?ab = febbi'f Tabde
Kinetic Energies:

Kr = Emvczm; Kg = zlwgm

Thermal Energy: AEtherm,ab = fk,absab
Change in PE: AU; = — f;bb_'fﬁab -ds

Earth’s Gravitational PE:

Gmgm,, 4 Gmgm,,

A UG = —
o f Thi

Near Earth: AU, =my g(yb,f - yb,i)
Ideal Spring PE:

1 1
AUsp = Ek(xb,f - xO)Z - Ek(xb,i - xO)z

Impulse and Momenta

Z Iﬁab = Aﬁb
J

> L., =L,
J

Linear Momentum: p = mv,,

Angular Momentum: Ly = 7 X 7; Lg = 1@
. =g _ tf - . - _ tf_) .

Impulse: Iz = fti Fpdt; Iz, = fti Tap dt;

Average Force and Linear Momentum:

, Apy,
2. v =%

J

Average Torque and Angular Momentum:

N AL,
= 2

]

Kinetic Energies and Momenta:
Ky = p_z; Kg = g
Elastic collisions, 2 objects, 1D:
Votx — Vifx = Viix — V2ix
Potential Energy Functions
Force from PE:

dU ;

Fap

Fp = —VUﬁab;in 1IDF,, = — x
Inertial Calculus

Moy = [ dm; Loy = [ dI

-

Tory = ﬁf?dmdm

dm = pdV (3D); dm = adA (2D); dm = Ad¥
(1D)

Advanced Gravitation
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