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Force: F

Fig. 4-1.

Displacement: x

Constitutive relationship of energy transference:the interaction between both

ends of a simple lever is expressed by a force at one end and the displacement at the other end
as independent variables. Here, the transfer ratio ¥ does not need to be constant. Oster et al.
showed that 7 is a function of 4 of a rolling lever on a semicircle [23].
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a: in an Electric Circuit

g

Ja, Xa

b: in a Bond Graph

Rc Rs

Xa M orxe X8 _F X8
— v |/__ “— Op—o
Ja Ja Y Ja JB

Fig. 4-2.  Circuit representation of power coupling.
a:an electrical representation. b:a bond-graph repre-
sentation and elements in bond graphs. Bond graph
elements are represented.
Elements in Bond Graphs
Z— : abond
| : a causal stroke indicates the force as an indepen-
dent variable
. a series connection
. a parllel connection
. a resistor
: a capacitor

o=ODb
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in an electric circuit

X ’-M--E s, s

in a bond graph

Ra Rc Re_
XA T [ yxs X8 M xs
s o——vie—[ y |e—Ok—

Ja Le(Xa+yXB)

Fig. 4-3.  Coupled volume and single solute flows with
the additinal volume flow in parallel. a: an electrical
representation. b : a bond-graph representation.
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a: in a bond-graph
Fig. 4-4.
a :in a bond graph. b:
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b: in an equivalent electric circuit

Coupled volume and multiple-solute flows in bond graphs.
in an equevalent electric circuit.
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Fig. 4-5. Bond graph representation of membrane

transport with Na-K pump. Generation of electric poten-
tial difference is also represented.
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Fig. 4-6. Bond graph represent of animal cell which

transports Na, K, Cl, H2O with passive transporters and
coupled transporters.
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