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Problem 5.1: For the circuit in Figure 1 the source voltage on the left is a battery (i.e., a constant
voltage source). Determine the value of V' required to produce a value for V, of 1 volt. For the

1kQ 1kQ 1kQ
A4 A4 A4

+ 1 +
V= glkﬂ glkﬂ 1k § v,

Figure 1: Circuit for Problem 5.1.

circuit in Figure 1 the source voltage on the left is a battery (i.e., a constant voltage source).
Determine the value of V' required to produce a value for V, of 1 volt.

Solution: Number the six resistors R;, R», etc. from left to right. To get 1 volt
across Rg requires a current flowing through it of 1 mA. Since this current also flows
through Rj, there will be a 2 volt drop across the series combination of R; and Rg.
This means that there will be a 2 volt drop across R4 and a 2 mA current flow-
ing through it. Working backwards, this means that there will be a 3 mA current
through Rs and a voltage drop of 3 volts. A 3 volt drop across R3 with a 2 volt
drop across R4 means a 5 volt drop across Ry and a current of 5 mA. Finally there
will be an 8 mA current through R; and an 8 volt drop. Therefore, V' = 13 volts.
(Notice that the sequence of voltages [and the sequence of currents]forms a Fibonacci
series.)

Problem 5.2:

(a) Find the Thévenin equivalent network corresponding to the two-terminal network in Fig-
ure 2.

(b) Find the Norton equivalent network.
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Figure 2: Circuit for Problem 5.2.
Solution:
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Problem 5.3: Sketch the Thevenin equivalent circuit corresponding to the one-port in Figure 3.

Solution: Consider the 3() resistor at the top of the network. The potential at its
right node is 10v, () and the potential at its left node is v, (t). This means that there

is a voltage drop (from right

to left) across this resistor of 9v,(t), and a current of

3v,(t) also flowing from right to left. The current flowing down through the vertical
302 resistor is v, (t)/3. Applying KCL at the output of the current source gives

is(t) + 3v,(t) = éva(t)
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Figure 3: Circuit for Problem 5.3.

from which we see that

is(1) = ~5va(9)
or 5
va(t) = _giS(t)
Therefore,
15
10v,(t) = —Zzs(t).

The voltage at the terminals is a constant independent of the current flowing in.
The Thévenin equivalent circuit is shown below

Problem 5.4: Consider a one-port network consisting of two capacitors with capacitances C; and
C> connected in parallel, as shown in Figure 4.
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Figure 4: Two capacitors connected in parallel.

(a) Show that this network is equivalent to a single capacitor.
(b) Derive a formula for the equivalent capacitance Ceq in terms of C; and Cs.

(c¢) Derive expressions for the current i1 (t) that passes through capacitor Cy and the current
i2(t) that passes through C5 in terms of the current i(¢) entering the one-port.



Solution:
(a) By KCL we know

but
., du(t)
1) = =g,
dv(t
Zg(t) = 02 1;55 ) .
Therefore,
o du(t) do(t) dv(t)
i0) =0+ =G+ )=
(b) From the result of part (a)
Ceyg = C1 + Cs.
(c) From (a)
; _ o do@) i(t) O
e <01 T6) T ara
: _ A do@) i(t) Oy
ZQ(t) = 02 dt = CQ <Cl -f-Cz = Cl +C2’L(t).

Problem 5.5:
Determine v,,:(t) in terms of v;,,(t) for the circuit in Figure 5.
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Figure 5: Circuit for Problem 5.5.



Solution: Circuits containing opamps are normally analyzed using the node method,
appropriately modified. For this circuit we need to write KCL equations at the two
nodes connected to the two inputs of the opamp. The potential at each of these is
the same; call that potential e(t).

1 1
+ node: %[e(t) —vin(t)] + %e(t) =0
1
—node: —[e(t) — vout(t)] +e(t) =0
24
From the first equation we find
e(t) = gvm(t).

Substituting this value into the second equation gives

1.4 4
57(50n () = vour ()] + vin(t) = 0
) 1

gvin(t) - ﬂvout (t) =0

Vout (t) = 20045, (1).

Problem 5.6: Find the voltage gain of the circuit in Figure 6. The voltage gain is defined as
G = vout(t) [vin ().
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Figure 6: Circuit for Problem 5.6.

Solution: We need two KCL equations at the two nodes attached to the inverting
inputs of the two operational amplifiers. The potential at each of these nodes is



zero because it is a virtual ground. Let the potential at the output node of the left
operational amplifier by e(t); the potential at the output of the second is v,y (t). At
the input to the left opamp we have

1 1
’Uln(t) + l—oe(t) + I—OO’UOUt(t) =0.

At the input to the right opamp we have

1 1
§e(t) + 1—0’1}0ut(t) =0.

From the second equation
1
e(t) = —gvout(t).

If we substitute this result into the first equation we find
Vout (t) = 1000;, (1),

from which we get G=100.




