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Reference:

1. Electric Power Transmission System Engineering: Analysis and Design by Turan Gonen ,chapter 10.
If  the equation of the catenary ,
 dy/dx =  (w / H) s   =  (w/H) ∫ ( 1+ (dy/dx)2 )1/2 dx  , (1)

is differentiated once more , one obtains 

d2 y/dx2 =   (w/H) ( 1+ (dy/dx)2 )1/2                              (2) 

The initial conditions are y(0) =0 , (dy/dx)x=0 =0. 

The finite difference solution of (2) is 

   y2=2.*y1-y0 + dx**2* (w/H)*(1.+ ((y1-y0)/ ∆x)**2 )1/2 . (3)
MATLAB CODE
% The catenary

% w/h ~ lb/ft/lb~1/ft   y~ ft , x~ ft

      length=250.;c=1.6E3; woverh= 1./c;

      a=[length,c]; lscale=min(a);

      dx=lscale/200.; nstep=(length/dx);

      dydx=0.; y(1)=0.;  y(2)=y(1)+dx*dydx;

      x(1)=0.;x(2)=dx;

    for i=[3:1:nstep+1];

        x(i)=dx*i;

         a=woverh*(1.+ ((y(i-1)-y(i-2))/dx)^2 )^.5;

           y(i)=2.*y(i-1)-y(i-2) + dx^2*a;

       end

for i=[1:1:nstep+1];

plot(-x,y,x,y), xlabel('x(ft)'), ylabel(' y(ft)' ) 

end
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The graph shows nearly 20 ft of sag for a cable of 500 ft  with 

H/w ≡ c = 1600 ft.
