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Reference:

1. G. R. Buchanan, Schaum'Outlines Finite Element Analysis,  ,page 35 ,see also problems 2.12 , 2.25.

Take the cable deflection equation as 

T d2 v/dx 2 -k(x)*v(x)= -f(x)                           (1)

where the deflection v(x) in inches is positive downward.

The boundary conditions are v(0)=0 , V(x=Length)=0.

The units are

 Length ~ inches ,(T) TENSION~ lb , k~lb/in^2 , f (load)~ lb/in.

In the present example k(x) and the load f(x) are constants.

The equation is solved by combination of  the finite difference and garden hose methods. 
Define 

     a=(-f + kc*v(k-1) )/TENSION                          (2)
    v(k)=2*v(k-1)-v(k-2) +  (dx^2)*a                       (3)
The initial slope (dv/dx)x=0 ,has to be estimated. The code provides the option for a number of iterations (niter) from an initial value (dv/dx)i to a final value (dv/dx)final .

The initial value of the slope can be estimated from the the finite difference  equation  

v2 = 2 v1 – v0 + (∆x)2 ( -f + k v1 )/ T  .                        (4)

Let  v2 = v(x=length)=0.  , v0 v(x=0)=0,    v1=v(x=L/2)  ,

∆x = L/2 . Then

(dv/dx)0 ≈ ( v1/ ∆x)  ≈ - (∆x/2) ( -f +kv1) /T ≈ - (∆x/2) ( -f ) /T    (5)

where kv1 has been neglected in comparison with –f.   
The data is 

 L=120, TENSION=600, kc=.5, f=2 .

Substitution in (5) gives

 (dv/dx)0 = - (60/2)( -2/600)= 0.1                                     (6)
It turned out that  the value employed for the plot is 
(dv/dx)i = 0.1080
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MATLAB CODE

% cable deflection equation T d^2v/dx^2 -k(x)*v(x)= -f(x)

% The positive V(deflection axis) points downward.

% Schaum'Outlines Finite Element Analysis page 35 ,also probs 2.12 & 2.25

% units  Length ~ inches ,TENSION~ lb , k~lb/in^2 , f (load)~ lb/in

L=120; TENSION=600; kc=.5; f=2;

nstep=400; narray=nstep+1; v(1)=0; 

deltax=(L/2); 

%dvdxi=-(deltax/2)*(-f+kc*v(1))/TENSION,

%dvdxi=.1075

dx=L/nstep;x(1)=0.;x(2)=dx; 

niter=1;

dvdx2=.11 ; dvdx1=.1080;

deltam=(dvdx2-dvdx1)/niter;

for it=[1:1:niter];

    slope(it)=dvdx1+(it-1)*deltam;

    v(2)=v(1)+slope(it)*dx;

k=2;

for i=[2:1:narray];

    k=k+1; x(k)=(i-1)*dx; 

     a=(-f + kc*v(k-1) )/TENSION;

    v(k)=2*v(k-1)-v(k-2) +  (dx^2)*a;

end

vfinal(it)=v(k);

end

if niter~=1

 i=[1:1:niter];

 plot(slope,vfinal), xlabel('slope'), ylabel(' vfinal')

end

 if niter==1

 i=[1:1:narray];

plot(x,v), xlabel('x'), ylabel(' v')

end

