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Theory 
 
W = mar 
          Where:  W = apparent weight of a spherical particle 
    m =  mass of the particle 
    ar  =  radial acceleration 
 
 ar  = w2R 
          Where:  w = angular velocity in radians/sec 
    R = distance of particle from center of rotation 
 
W = mw2R 
 m = ρV 
          Where:  ρ = density of the particle in grams/cm3 
    V = volume of the particle in cm3 
 
 V = 3/4πr3 
          Where:  r = radius of the particle in cm 
Therefore, 
 W = 4/3 πr3ρw2R 
 
F = W-B 
          Where:  F = net force acting on the particle 
    B = buoyant force =  4/3 πr3ροw2R 
             Where:  ρο = density of displaced medium 
F = 4/3 πr3ρw2R - 4/3 πr3ροw2R 
 
Therefore, 
 F = 4/3 πr3w2R(ρ−ρο) 
 
By Stokes Law 
 F = 6πηrv 
          Where: η = viscosity of the medium in poises (dyne-sec/cm2) 
    r = radius of the particle in cm 
    v = velocity of the particle in cm/sec 
 6πηrv = 4/3 πr3w2R(ρ−ρο) 
 
Solving for v 
 v =   4πr3w2R(ρ−ρο) / 3(6πηr) =  2r2w2R(ρ−ρο) / 9η 
 
 v = ds/dt 
          Where: s = distance = R 
    t = time 



    ds = dR 
 
 v = dR/dt 
 
Therefore: 
 dR / dt =  2r2w2R(ρ−ρο) / 9η 
 
Inverting: 
 dt / dR =   9η/ 2r2w2R(ρ−ρο) 
 
        R2 

t = mR1 9η / 2r2w2R(ρ−ρο) dR 
 
                                         R2 

t = 9η / 2r2w2R(ρ−ρο)  mR1 dR/R 
 
Integrating: 
 
t =  9η / 2r2w2(ρ−ρο) [ln R2 – ln R1] 
 
t =  9η ln(R2/R1)/ 2r2w2(ρ−ρο) 
 
To allow for acceleration and deceleration of the centrifuge: 
 
w = wo + αt 
          Where: α = angular acceleration 
 
dt/dR =  9η / 2r2R(ρ−ρο) (wo + αt)2 
 
dt/dR =  9η / 2r2R(ρ−ρο) (wo

2+ 2woαt + α2t2) 
 
   ta                                                                                                        Ra 

mto (wo
2+ 2woαt + α2t2) dt =  9η / 2r2(ρ−ρο)  mR1 dR/R 

 
        ta                             ta                          ta 

wo
2mto dt + 2woαmto t dt + α2mto  t2 dt =  9η / 2r2(ρ−ρο)  mR1 dR/R 

 
to = 0 
 
wo

2ta + 2woαta
2/2 + α2ta

3/3 = 9η (ln Ra – ln R1)/ 2r2(ρ−ρο) 
 



wo = 0  α = α1 = constant (assumed) 
 
α1

2ta
3/3 =  9η (ln Ra – ln R1)/ 2r2(ρ−ρο) 

 
α1

2ta
3 = w1

2 
 
 
  w1 =  wo + α1ta = α1ta 
 
w1

2ta/3 =  9η (ln Ra – ln R1)/ 2r2(ρ−ρο) 
 
2r2(ρ−ρο)w1

2ta/3(9η) =  lnRa – ln R1 
 
lnRa =  [2r2(ρ−ρο)w1

2ta/3(9η)] + ln R1 
 
At ta, operating velocity is reached and particle is at distance Ra from axis of rotation. 
 
w1 = wo = constant    α = 0 
 
   tb                                                                                                        Rb 

mta (w1
2+ 2w1αt + α2t2) dt =  9η / 2r2(ρ−ρο)  mRa dR/R 

 
Since α = 0 
 
w1

2(tb – ta) = 9η (ln Rb – ln Ra)/ 2r2(ρ−ρο) 
 
tb – ta = 9η [ln Rb – (2r2(ρ−ρο)w1

2ta/3(9η)) + ln R1] /  2r2 w1
2(ρ−ρο) 

 
tb – ta = 9η [ln Rb + ln R1 – (2r2w1

2ta (ρ−ρο)/3(9η))] /  2r2 w1
2(ρ−ρο) 

 
tb – ta = {9η [ln Rb + ln R1] / 2r2 w1

2(ρ−ρο)} – {9η (2r2w1
2ta (ρ−ρο) / 3(9η)2r2 w1

2(ρ−ρο)} 
 
tb – ta = {9η [ln Rb + ln R1] / 2r2 w1

2(ρ−ρο)} – ta / 3 = tR 
 
At tb, particle has reached distance Rb from axis of rotation and deceleration is begun. 
 
wo = w1  wf = final velocity = 0   α = α2 
 
wf = w1 – α(tc – tb) 
 
w1 = α2(tc – tb) 
  
dt / dR = 9η / 2r2R(ρ−ρο)(w1 – α2t)2 
 



dt / dR = 9η / 2r2R(ρ−ρο)(w1
2

 – 2w1α2t+α2
2t2) 

 
   ta                                                                                                     R2 

mtb (w1
2

 – 2w1α2t+α2
2t2) dt = 9η / 2r2(ρ−ρο)mRb dR/R 

 
w1

2
 (tc – tb) – (2w1α2 (tc

2 – tb
2) / 2) + (α2

2 (tc
3 – tb

3) / 3) = 9η(lnR2-lnRb) / 2r2(ρ−ρο) 
 
Since deceleration stage is begun at tb, assume tb = 0 with tc – tb = td 
 
Then: 
w1

2
 td - w1α2td

2 + α2
2td

3 / 3 = 9η(lnR2-lnRb) / 2r2(ρ−ρο) 
 
w1 = α2td

 

 
w1

2
 td - w1

2td
 +  w1

2td / 3 = 9η(lnR2-lnRb) / 2r2(ρ−ρο) 
 
lnRb = lnR2 - 2r2w1

2
 td (ρ−ρο) / 3(9η) 

 
tr =  9η[lnRb-lnR1] / 2r2 w1

2 (ρ−ρο) − ta/3 
 
Where: tr = running time = time at constant velocity 
 
tr =  {9η[(lnR2- (2r2 w1

2td(ρ−ρο)) / 3(9η)) −  lnR1] / 2r2 w1
2 (ρ−ρο)} − ta/3 

 
tr =  {9η[(lnR2- lnR1] / 2r2 w1

2 (ρ−ρο) −  (9η)2r2 w1
2td(ρ−ρο) / 3(9η)2r2 w1

2(ρ−ρο)} − ta/3 
 
tr =  {9η[(lnR2- lnR1] / 2r2 w1

2 (ρ−ρο)} −  (td/3 + ta/3) 
 
tr =  {9η[(lnR2- lnR1] / 2r2 w1

2 (ρ−ρο)} −  (td + ta)/3 
 
T = ta + tr + td 
 
Where: T = total time 
 
T =  ta + {[9η ln(R2/R1) / 2r2 w1

2 (ρ−ρο)] − (ta + td)/3} + td 
 
T = [9η ln(R2/R1) / 2r2 w1

2 (ρ−ρο)] + (3ta/3 + 3td/3) – (ta + td)/3 
 
T = [9η ln(R2/R1) / 2r2 w1

2 (ρ−ρο)] +  [3(ta + td) – (ta + td)]/3 
 
T = [9η ln(R2/R1) / 2r2 w1

2 (ρ−ρο)] +  [2(ta + td)]/3 
 
w1 = 2πN 
 



Where: N = angular velocity in revolutions/sec 
 
T = [9η ln(R2/R1) / (2)4π2N2r2(ρ−ρο)] + 2(ta+ td)/3 
 
ln(R2/R1)  =  log10(R2/R1)/log10e =  log10(R2/R1) / .434294481 
 
T = [9η log10(R2/R1) / (2)(4)(.434)π2N2r2(ρ−ρο)] + 2(ta+ td)/3 
 
T = [η log10(R2/R1) / (3.81)N2r2(ρ−ρο)] + 2(ta+ td)/3 
 
or 
 
T = [(9)ln(R2/R1)( η/ρ−ρο)]/ 2(4)π2(N/60)2 ((d/2) 10−4)2] + 2(ta+ td)/3 
 
Where: 
 T =  total time (sec) 
 ta =  time of acceleration (sec)* 
 tr =  time at constant velocity (sec) 
 td =  time of deceleration (sec)* 
 η =  viscosity (poises) 
 R1 =  initial distance from axis of rotation (cm)  
 R2 =  final distance from axis of rotation (cm) 
 r =  radius of particle (cm) 
 N =  angular velocity (rev/sec) 
 ρ =  density of particle (g/cm3) 
 ρο =  density of medium (g/cm3) 
 
* Acceleration and deceleration are assumed to be constant  


