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Part {a) Begin by noting that v, = v, = v, due to the Op-Amp laws. KCL at the v, node vields
Un Uy — Uy

10EQY 150k °
= 1, = 16v,.
Part (b) The relation hetween i, and v, is given by Ohm'’s law;

) v,
o= Tokn

= 1.6v, x 1073,

For v, = 1V we have i, = 1.6mA and for », = 3V we have v, saturate at 24V, resulting in 7, = 2.4mA.
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Begin by solving for », using KCL {and noting that i, = 0);

'Up — Va1 + Up — Vg2

=0
Ry iz ’
- = vally + v Ry
¥ Ri+ Rs
Now note that by voltage division,
‘E'I — ‘E'I R3
" "Rs+ Ry
- | R;; + R4
o n -
Rs

Finally, from the Op-Amp law v, = v, we have

. 2.1 Ra +v2Ry y R3 + Ry
S "
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4.56

The transducer is modeled as an ideal voltage source in series with a resistance. Denote the potential supplied
by the source as v; and the corresponding internal resistance R;. Note that »; = 400 corresponds to a pressure
of 32 psi, while »; = 1000 corresponds to a pressure of 7 psi. We desire an output voltage, denoted »,,, of —517
when the pressure is 7 psi, and an output of 5V when the pressure is 32 psi. Hence, it is desired to realize the

input-output voltage relation described by the plot in Figure 1. The corresponding equation is

-

i 500
'bO=5X§—1|:|DX ?11

(1)

Note that the coefficients are factored as above to accomodate the available five volt bias source and to contain
the Op-Amp gains within their operational range of [0, 2000], as specified by the design constraints. Clearly,

the factorization is non-unique.
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Figure 1: Graph of desired input-output relation.

Remark: In grading this problem, students who have attained the above expression (1) or an equivalent form
and have additionally drawn a circuit that appears to realize their equation should receive full credit. The
reader is discouraged from attempting to confirm that each individual student’s design is completely correct
due to the ridiculous amount of time that would be required to do so.

One possible realization of Equation (1) is given in Figure 2. The chosen resistances are only unique up to
scalar multiples. The use of a non-inverter eliminates the effect of the transducer’s internal resistance, so it is
superior to an inverter circuit in this case. Additionally, note that resistance values close to those listed may
be used without significantly changing the input-output relation. Confirmation of this is left as an exercise for
the student.
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Figure 2: Final design, combining a non-inverter with a subtractor. The values for resistances are R; = 50017512,
Ry, =30, Re = 4978, R3 = 180, By = 29602, Ry = 1009, and Rg = TQ2. The bias source is V1 = 5V,






