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PHYSICS  I  FORMULAS 
Physics 106: 
360°  = 2π radians = 1 revolution.   s = rθ     vt = rω         at =  rα ac = ar =vt

2/r  = ω2r atot
2 = ar

2 + at
2  

ω = ωo + αt      θf − θo = ωot +½αt2 ωf
2 − ωo

2 =  2α(θ − θo)   θ − θo = ½(ω+ ωo)t  Krot = 1/2Iω2    I = Σmiri
2    

Ipoint = mr2  Ihoop =  MR2  Idisk = 1/2 MR2  Isphere = 2/5 MR2  Ishell = 2/3 MR2  Irod (center)  = 1/12 ML2   Irod (end) = 1/3 ML2     

τ = force×moment arm  = F⋅r⋅sin(φ)    τnet = Στ= Ι α      Fnet = ΣF = m a         τ = r x F      Ip = Icm + Mh2
              

Wtot =  ∆K  = Kf − KI    W = τnet∆θ          K = Krot + Kcm        Emech = K + U        Paverage  = ∆W/∆t    
Pinstantaneous = τ⋅ω (for τ constant)    ∆Emech= 0 (isolated system)     vcom = ωr (rolling, no slipping) 
l = r x p    p = mv   L = Σ li    τnet = dL/dt    L = Iω lpoint mass = m⋅r⋅v⋅sin(φ)   
For isolated systems:   τnet = 0     L is constant     ∆L = 0     L0 = Σ I0ω0 = Lf = Σ  Ifωf 
Equilibrium:     Σ forces = 0  and   Σ torques = 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.  
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Angular momentum and mechanical energy are conserved for masses moving under gravitational forces.     
Emech < 0  à  Bound, elliptical orbit.;  Emech > 0  à  Free particle, hyperbolic orbit;    Emech = 0  à  Escape 
threshold.  For circular orbits:  Fcentri = mv2/r = Fgrav = GmM/r2 , vorb = sqrt[GM/r],  Eorb = 1/2Uorb = −1/2Korb    
Earth:    ME = 5.98 x 1024 kg,       RE = 6.37 x 106m,        orbital radius about Sun = 1.5x1011 m. 
Mars:     Mm  = 6.4 x 1023 kg,        Rm = 3.395 x 106 m 
Moon:    Mmoon = 7.36 x 1022 kg,    Rmoon = 1.74 x 106 m,   orbital radius about earth = 3.82 x 108 m 
 
Oscillators in SHM:  ω = angular frequency [rad/s] = 2πf = 2π/T.   Period T = 2π/ω    
 x(t) = xmcos(ωt + φ)    v(t) = vmsin(ωt + φ) with vm  = − ωx m       a(t) = amcos(ωt + φ) with am  = − ω2xm       
Oscillator equation:  a(t) = d2x(t)/dt2 = −ω2

⋅x(t)  

Energy:  Eosc = 1/2mv(t)2 + 1/2k x(t)2           if no damping, then dEosc/dt = 0 and Eosc is constant      
Spring osc:  F = −kx   ω = sqrt(k/m)       Torsion pendulum.: τ= −κθ   ω = sqrt(κ / Ι) 
Pendulums:   Simple  ω = sqrt(g / L)        Physical   ω = sqrt(mgh / I),  h = dist. to COM from pivot, I = rot. inertia  
 
Physics 105: 
 
W = mg    g = 9.8 m/s2   1 m = 100 cm = 1000 mm,  1 kg = 1000 g 
v = vo + at              x - xo = vot + ½at2     v2 − vo

2  = 2a⋅(x − xo)       x − xo = ½(v + vo)t 
Fnet = ma    ΣF = ma   = dP/dt        Fst,max = µsN       Fk = µkN        incline: Wmgx  =  mg⋅sin[θ]      Wmgy = mg⋅cos[θ]     
Fr = mar = mv2/r         ar = v2/r            f = 1/T           T = (2πr/v)  Impulse:   Favr∆t = mvf − mvI      
Momentum is conserved if net Impulse = 0.  Then (Σmv)initial = (Σmv)final           
Work:  W = F⋅d⋅cos(θ),       Wgrav = − mg⋅(y-y0) ,  Wspring = −1/2k(x2−x0

2) ,     W frict = −Fkd  ,      W tot = Kf - Ki 

Ug = mg⋅(y−y0),           spring: F = −kx,              Us = 1/2kx2,                    KE = 1/2mv2     
Wnc = Kf − KI + Ugf − Ugi + Usf − Usi               or                 KI + Ugi +Usi + Wnc =Kf + Ugf + Usf 

Mass center:  Xcom = Σ(xim i)/Σm i ,   similarly for Ycom, Zcom : (Ycom = Σ(yimi)/Σm i  and  Zcom = Σ(zim i)/Σm i) 
Vectors: 
Components:  ax = a⋅cos(θ)  ay = a⋅sin(θ)   a = axi + ayj     | a |=  sqrt[ax

2 + ay
2]   θ = tan-1(ay/ax) 

Addition:  a + b = c   implies  cx = ax + bx,  cy = ay + by 
Dot product:            a⋅b = a⋅b⋅cos(φ)  =  axbx + ayby + azbz   unit vectors: i⋅ i = j⋅ j = k⋅k = 1;  i⋅j = i⋅k = j⋅k = 0 
Cross product:  | a x b | = a⋅b⋅sin(φ);  c = | a x b |  = (ay⋅bz − az⋅by )⋅ i + (az⋅bx − ax⋅bz )⋅ j + (ax⋅by − ay⋅bx )⋅k  
a x b = − b x a,   a x a = 0 always; c = a x b is perpendicular to a-b plane; if a || b then | a x b | = 0 
i x i = j x j = k x k = 0,      i x j = k    j x k = i   k x  i = j          
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