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me years ago | was called upon to investigate an accident involving the failure of
Sn overhead electrical transmission cable. One of the first tasks was to establish

he geometry of the cable’s profile, which took the form of a catenary suspended
from two supports at different elevations. A search of various textbooks and handbooks
of mathematics, mechanics, and engineering practice produced what appeared to be a
settled conclusion: when the supports of a catenary are at different elevations, the
mathematical complexity precludes a theoretically correct solution, and a parabolic
approximation is the recommended approach.

Having since retired, | had the time to revisit this question, convinced that there must
be a mathematically correct way to solve the generalized problem. As it turns out, a
combination of algebra and a scientific calculator will do the job.

In Figure 1d, v, |,andg are primary variables; in order to determine one, the values of
the other three must be known, since the fixing of any three of them defines the shape
and size of the catenary. It is the somewhat elusive paramgdtewever, which

governs the relationships between these variables.

If gis the unknown variable, we will find an equation that determinegerms of
d, v,andl.

Although an equation for a catenary may be written in various ways, the simplest form
for algebraic purposes is:

y = ccosh )—é (1)

the derivation of which may be found in many texts. An equatiosiforeadily found
by applying the familiar formula for arc length:

s= JOX\/l + (sinh x/c)2dx = Joxcosh(x/c) dx = csinh )—é (2)



Figure 1

We pioceed to deve futher equions tha will detemmine ¢ and ultimately, the s@
of the céle.

Applying (1) to the points of suppoyields
y’=CCOShXE, y’—v=ccoshd_cx, (3)

and (2) gves
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From (4),
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| = csinh> + csinh&—X, (5)
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| sinh(x’/c) + sinh((d — x’)/c)"
Applying the lyperbolic identities
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snha + snhb = 2sinh%b-cosha; b

we have, after cancellaon,
\Y; 2x’ —d
— = tanh
I 2C

which, when soled for x’/c, yields

x'_d 1V
C—2C+tanh I (6)

Substituting this into (5)iges
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which is the equi#on to use ér detemining ¢ when the unknen variable isg.

| = csinh (ﬂ + tanh—l‘—’> + csinh (3 - tanh—l‘—’> @)

From Hgure 1,y = ¢ + g. From (3) we gt

c+g=ccoshx? (8)

so,knowing ¢, g can be detenined

For example suppose thave wish to ind the sg belav the upper suppoof a cdle
110’ long suspended beéen suppds thd are searated by 100" horizontally and 20
vettically. Then fiom (7),
e (100 20 L (100 _&)

110 = csmh( ¢ + tanh 110) + csmh( 2 tanh 110/’
Here is wher the calculer comes into pka Using its &ility to solve equéons,or to
graph themwe get thda ¢ = 72.288. Substitution into (6) iyesx” = 63.291 and using
this in (8) gvesg = 29.523 feet.

Similady, equadions mg be deived for dealing with the caseshere the unknan
varable isv, d, or|.



