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differential equation is not necessary for that state. Later, we will review some
examples where this occurs.

In many problems, once you have assigned causality for the sources and energy-
storing elements, the cause-and-effect for complete bond graph has been specified.
If any bonds are left unspecified, select as a causality and propagate until the re-
maining bonds are. Such an occurrence implies an algebraic loop that will need
to be solved in order to derive the equations for your system. This will also be
illustrated in an example later.

The following examples illustrate the process detailed above. We begin by
examining a mass-spring-damper system.

Figure 3.18: Equation derivation for a mass-spring-damper system

Example 3.11
Derive the differential equations for the mass-spring-damper system in Figure
3.18.

Solution. The mass-spring-damper system and previously derived bond
graph from Example 3.1 are shown in Figure 3.18. To derive the differential
equations, we begin by applying causality. First the source is assigned. The
single effort source will specify and effort into the system thus the causal stroke
is placed on the end of the bond pointing into the system. Next we assign causal
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