1-01-d — Tutorial - Solution

Question 1
8.6. Construct a signal flow graph for the simple resistance network given in Figure 8-

13.
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Fig. 8-13

SOLUTION

Laying out the five nodes in the samc order with &, as an input node, and connecting the nedes with the
appropriate branches, we get Fig. 8-14. If we wish to consider ¢, as an output node, we must add a unity gain
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Fig. 8-14

branch and another node, yielding Fig. 8-15. No rearrangement of the nodes is necessary. We have one forward
path and three feedback loops clearly in evidence.
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Fig. 815

Note that signal flow graph representations of equations are not unique. For example, the addition
of a unity gain branch followed by a dummy node changes the graph, but not the equations it

represents.

Question 2

EXAMPLE 8.8B. The signal flow graph of the resistance network of Example 8.6 is shown in Fig. 8-17. Let us
apply Equation (8.2) to this graph and determine the voltage gain T = v, /¢, of the resistance network.
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SOLUTION

There is one forward path (Fig. 8-18). Hence the forward path gain is
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Fig. 8-18

There are three feedback loops (Fig. 8-19). Hence the loop gains are
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Fig. 8-19
There are two nontouching loops, loops 1 and 3. Hence
RyR,
P> = gain product of the only two nontouching loops = Py - P;; = RR,

There are no three loops that do not touch. Therefore

R, Ry R, R4R,
z!.:l—(PH+}>2,+}>u)+Pu=1+?1+R—2+R:+R1R1

R,R,+ R Ry + R Ry+ R,Ry + RyR,

RiR,
Since all loops touch the forward path, A, = 1. Finally,
v,  PA, R;R,
s, A RR,+RRy+RR,+R,R,+R,R,
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SOLUTION
The signal flow graph is given in Fig. 8-26. There are two forward paths:
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Fig. 8-26
There are three feedback loops:
Py = GGy, Py = — GGG I, Py =~ GGG H,
There are no nontouching loops, and all loops touch both forward paths; then
A =1 Ay=1
Therefore the control ratio is
o C_ PR, G,G.G, + GGG,
TR A 1 - G,GH, + GGG H, + GGGy H,y

Question 4
8.7. Construct the signal flow graph for the following set of simultaneous equations:

Xy =Ap X+ Ay, Xy=AyXy+ Apxy + A5, Xg=Apxy+Anx;
SOLUTION
There are four variables: x,,..., x,. Hence four nodes are required. Arranging them from left to right

and connecting them with the appropriate branches, we obtain Fig. 8-39.
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A neater way to arrange this graph is shown in Fig, 8-40.
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Fig. 8-40



Question 5

8.4. Consider the signal flow graph given in Fig. 8-34.

Fig. 8-34

Identify the (a) input node, (#) output node, (c¢) forward paths, (d) feedback paths,
(¢) self-loop. Determine the (f) loop gains of the feedback loops, (g) path gains of the forward

paths.
SOLUTION
{a) X
(" X
(¢) X, to X, to X, to &, to X, to X, to X; to X,
X to XS o XS to X,
X, to X, to X, to X; to X, to X5 to X,
(d) X, to X;wX,; X to X, to Xy: X, to XS to X3 X, to X, to X; 10X,
X. to X, to X, toX to X; to X5 X5 to X, to X§: X, to X, to X,;
X, to X, to X, t0 X; X, to X;; X, to X; to X, toX to X, to X; to X
{e) X, to X;
(1) AuAsy Apdsgt Azt A Azt Aqedggs AgsAzgAsys Azpy App A Asy
A AszAys Ay A 23t Ay Ay Asg Ays Az Asy
(8) ApAnAgAg Ay Apt Ap Ay A Ay,



