PHYSICS | FORMULAS
Physics 106:

360° = 2pradians = 1 revolution. s=1q W% =Iw a=rta a=a=VIr =wr a,L=a’+a’
W=We+tat gr- Qo= Wl +hat? W - Wl = 2a(g- Qo) - 0o =YWt wot Kt = 122 1= Smyr?
lpoint = MIZ lhoop = MR? lgisk = 1/2 MR® Igpnere = 2/5 MR Ignen = 2/3 MR? liog centeny = 1/12 ML? g engy = 1/3 ML?

t =force’momentarm = Prsin(f) the=St=1a  Fnet=SF =ma t=rxF  lp=lm+ M

Wiot = DK =Ks- Ki W = theDqg K=Kt + Ken Emeen =K+ U Paverage = DW/Dt

Pinstantaneous = t W (for t constant) DEmnecn= O (isolated system) — Vcom = Wr (rolling, no slipping)

I=rxp p=mv L=SIl tpg=dL/dt L=lw Ipoint mass — mmm(f)

For isolated systems: t,.=0 Lisconstant DL=0 Ly=Slwo=L=S lw

Equilibrium: Sforces =0 and Storques =0, If net force on a system is zero, then the net torque is the
same for any chosen rotation axis. COG definition: point about which torques due to gravity alone add to zero.

2
my M, . -11 2, 2., v m
F :G_TQz 2, G=6.67x10" [Nm7/kg]; Fnet —m? ; ag =G?

2GM 2
Ug=- GmlR—>mz } Vescape = JT ; T= éLMRS (T?/ R®) = Const for all satellites of a given planet.

Angular momentum and mechanical energy are conserved for masses moving under gravitational forces.
Emech < 0 > Bound, elliptical orbit.; E.e, >0 > Free particle, hyperbolic orbit; Eqen =0 > Escape
threshold. For circular orbits: Feenyi = M1 = Fyray = GMMIP, Vo, = SAr{GMIr], Egm = 1/2Ugn = - 1/2K o
Earth: Mg =5.98x 10 kg,  Rg =6.37 x 10°m, orbital radius about Sun = 1.5x10"! m.

Mars: M, =6.4x10%kg, Rn=3.395x 10°m

Moon:  Mueon = 7.36 X 102 Kg, Rmeon = 1.74 x 10° m, orbital radius about earth = 3.82 x 10° m

1
; Emech:K+Ug K:Emvz;

Oscillators in SHM: w = angular frequency [rad/s] = 2pf = 2p/T. Period T = 2p/w

X() = XnCOSME + ) V(1) = iSin(wt + f) With Vi, = - WK, a(t) = ancos@t + ) with a, = - WX,

Oscillator equation: a(t) = dx(©)/dt? = - wWP(t)

Energy: E. = 12mv(t)* + 12k x(t¥  if no damping, then dE,./dt = 0 and E,is constant

Spring osc: F =-kx w= sqrt(k/m) Torsion pendulum.:t=-kq w=sqrt(k /1)

Pendulums: Simple w=sart(g/L) Physical w= sqgrt(mgh /1), h = dist. to COM from pivot, | = rot. inertia

Physics 105:

W=mg g=9.8m/s’ 1 m=100cm =1000 mm, 1kg = 1000 g

v =\, + at X-Xo= Vot + %5at? V- Vv =2axX - Xg) X - Xo = YA(V + gt

F...=ma SF=ma =dP/dt Fstmax= mN Fc.=mN incline: Wigx = mosin[q] ~ Wpgy = mgscos|q]
F, = ma, = mAr a=Vir f=uT T =(2priv) Impulse: Fu,Dt = my - my,

Momentum is conserved if net Impulse = 0. Then EMV)initiar = (SMV)jinal

Work: W = F>d)COS(Q)l Wgrav =- m9>(y'YO) ’ Wspring =- l/2k(X2' XOZ) ’ Wfrict =- de ’ Wtot: Kf - Ki
Uy = mgH(y-Yo), spring: F = - kx, Us = 1/2kx3, KE = 1/2mv

Wnc = Kf = KI + Ugf = Ugi + Usf - Usi or KI + Ugi +Usi + Wnc :Kf + Ugf + Usf

Mass center: Xeom = S(xm)/Sm;, similarly for Yeom, Zeom : (Yeom = S(yimi)/Sm; and Zem = S(zm;)/Sm;)
Vectors:

Components: a = acos(q) a = asin(q) a=aji+aj |al= sqrtfa’+a/] q=tan(aja,)

Addition: a+ b=c implies ¢,=a,+ b, c,=a,+ b,

Dot product: ah = abcos(f) = aby+ aby+ ab, unitvectors:idi=jp§=kk=1; if=ixk=jk=0
Cross product: |ax b | =adsin(f), c=]axb| =(ap, - ayby )4 + (ab,- acb, )4 + (acb, - apby )k
axb=-bxa, axa=0always;c=ax b is perpendicularto a-b plane;ifa| bthen|axb]|=0
ixi=jxj=kxk=0, ixj=k jxk=i kxi=j
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