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The motion of ball lightning (BL) in open air, in buildings, or in airplanes is explained here on the basis of the phase differences between the harmonic wave components that make up the soliton. Consider the quasi-stationary state of ball lightning in open air, on flat terrain. In general, the occupation of the energy levels that are subject to possible population inversion due to a sudden, large, but short electric field pulse caused, e.g., by lightning, will not be perfectly uniform. As seen from the location of the BL, the population inversion may be slightly stronger in a km3 on one side (#1) of the BL, than in a similar volume on the other side (#2) of the BL. The gradient g of the population inversion points towards #1. In particular, the waves originating in region #1 with k parallel to g, will be superposed on those coming from region #2, forming a standing wave E = Eoexpi[k.r-(+s)t] + Eoexpi[-k.r-(-s)t].Here  is the average frequency in the maser. This frequency is lower due to damping. For population inversion it is higher. If the BL is in the middle of the maser region, we denoted by s the small deviation of the frequency s of the waves in the #1 region from its average, . Then -s is the deviation from  in the #2 region. We can define the component parallel to k of a vector v, such that s = k.v; or vk = s/k. Then, the elementary standing wave becomes E =Eoexpi[k.(r- v t)-t] +Eoexpi[-k.(r- v t)-t] =2Eo{cos[k.(r- v t)]}expit.

This is a standing wave that is moving with a velocity vk =s/k. The component of v perpendicular to k is left arbitrary, depending on boundary conditions. Choosing the origin of the coordinates at the location of the BL, for s=0 we can express the total wave, including the BL, in terms of a cosine- Fourier integral packet of standing waves, Etot = ∫E(k)cosk.r d3x, centered on the origin. With s(0, Etot = ∫E(k)cos[k.(r –vt)]d3x, and the BL will move with velocity v opposite to the gradient of the population of levels. In general, therefore, we conclude that BL tends to move away from the region of larger population inversion, or towards the region with larger absorption coefficient. This formulation can be expressed also more explicitly in terms of the dielectric function and quantum mechanical matrix elements. The permittivity is =o[1 + ()]=o[1 + ‘() + i”()].
The susceptibility introduced by a population inversion Nn-Nm per unit volume on a molecular transition of frequency mn and damping  is () = -3i[e2Fnm(Nn-Nm)]/{mmn[rad +2i(-mn)]}, where radrad must be replaced by the total linewidth mn to include all forms of broadening. The oscillator strength Fmn =4mmnrmn2/3h =radmn is related to the molecular quantum mechanical matrix element rnm and the real molecular damping rate mn

The phase velocity is v=c/n=c/r1/2. Therefore, for <<1 it can be written as
v=Re[c/(1+(’/2+i(”/2)](c[(1+(’/2)]/[(1+(’/2)2+(”2/4]([c/(1+ (’/2)]{1 - (”2/4(1+(’/2)2};


s(-c(”2/4(1+(’/2)3 - <-c(”2/4(1+(’/2)3>,  
vk = sk/k2.

The small difference present in (=kv is given by the term (”. The average < > is over the whole maser volume of many km3. Thus, we obtain vk = sk/k2, with


(’/2=3[Fnme2(Nn-Nm)((-(mn)]/{m(((mn[(((mn)2+4((-(mn)2]}

((
(”=3[Fnme2(Nn-Nm)(rad]/{m(((mn[(((mn)2+4((-(mn)2]}.
This is proportional to (Nn-Nm). The linear absorption/amplification coefficient is  =”/2c. For balanced maser conditions, the losses caused by the end reflection coefficient r must equal the maser gain: r2exp(-2L)=1, or L=logr. Therefore, we get ”=(2c/L)logr. Substituting into vk, 

vk=-c[k(”2/4k(1+(’/2)3]=-[kc3(log r)/k2L2(1+(’/2)3]=-(/2L)2[ck(log r)2/k(1+(’/2)3].
With = 0.5 m, L =1 km, and (1+(’/2)3=2, this yields vk= 1m/s, in agreement with observations.

