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The non linear equation has the form

     d2y/dx2  +(2/x) (dy/dx) = - yn                   (1)

Emden’s equation is derived in the study of a self gravitating sphere of gas, like stars ,subject at the same time to  thermodynamics laws. It is a classical view.Does not contain the quantum effects of degeneracy (Fermi –particles) necessary to explain white dwarfs and neutron stars.
For the derivation check ref. 1. Here we only give some motivation for the equation.There are three variables pressure (P)  , density (ρ) and the gravitational potential φ. 
Three equations relate one to the other.

The differential of the pressure of spherical cloud of  gas is

dP = - g ρ dr =  ρ dφ                                  (2)

P ~ N/m2 ,  g ~ m/s2   , ρ ~ kg/m3 , φ (gravitational potential)~ (m/s)2.
Poisson equation is  (G~gravitational constant)
 d 2φ/dr2 +(2/r)(d φ/dr) =  -4π G ρ           .         (3)   

The equation of state is for adiabatic compression

P = K ρ ν                                                            (4)

K and ν are empirical constants . ν is adimensional .In the case of an ideal

equals the ratio of the specific heats constants cp / cv  .

Some manipulations lead to eq (1).

The power n=1/(ν -1 )  . Some definitions are introduced ;  L= {(n+1)K}-n   , a2 = 4LG  , φ0 as the value of the potential at r=0  and

x= r [ a  φ0 (n-1)/2 ] .
The potential used here (for convenience) is a positive quantity.
φ0 = positive and  (d φ /dr)r=0 =0.   In consequence the intial conditions of the solution of(1) are 
y(x=0)=1    , (dy/dx)x=0 =0 .

A power series solution of (1) can be found in Mathematical Tables , Vol. 2 , 

British Association for the Advancement of Science(1932).

We solve eq (1)  numerically using two Taylor series.

We plot y = y(x) and separately an auxiliary quantity (- x2 (dy/dx) ), of interest in the studies of  stellar phenomena.
The two Taylor series are 

y(x)=y(x0 )+dx (dy/dx)0 +(1/2)dx2 (d 2y/dx2 )0 +(1/6)dx3(d3y/dx3)0  (5)
(dy/dx) =(dy/dx)0+dx (d2 y/dx2)0+(1/2)dx2(d3 y/dx3)0   .       (6)
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Plot of the auxiliary quantity –x2 (dy/dx)  .
FORTRAN code
c Emden's equation  realted to stellar phenomena

      data n,xf ,y0,dydx0, nstep/1,8.,1.,0.,5000/

c solution by Taylor series

      dx=xf/float(nstep)

      kp=int(float(nstep)/60.)

      kount=kp

      print 100,0.,y0,0.

      do 10 i=2,nstep

      x=dx*float(i)

      dy2dx0=-(2./(x-dx))*dydx0-y0**n

      dy3dx0=(2./(x-dx)**2)*dydx0-(2./(x-dx))*dy2dx0-n*y0**(n-1)*dydx0

      y1=y0+dx*dydx0+.5*dx**2*dy2dx0+(1./6.)*dx**3*dy3dx0

      dydx=dydx0+dx*dy2dx0+(1./2.)*dx**2*dy3dx0

      x2yprime=-x**2*dydx

      if(i.eq.kount)then

      print 100,x,y1,x2yprime

      kount=kount+kp

      endif

      y0=y1

      dydx0=dydx

10    continue

      print 100,x,y1,x2yprime

100   format('x,y,x**2(dy/dx)=',3(4x,e10.3) )

      stop

      end

