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Problem Set #4—Solutions

Problem 4.1: Find v,(t) for the circuit below in terms of the input voltages v, (t) and vy (¢). The
potentials at all of the terminals are measured with respect to a ground that is not shown.
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Solution: Let v (¢) be the node potential at the output of the upper opamp and
v_(t) be the node potential at the output of the lower one. Then

Vo (t) = vy (t) — v_ ().

We can write KCL equations at the two nodes at opposite ends of Re. The node
potentials of these nodes are v, (t) and vy (¢), respectively.
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From the first equation




If we use the second of the KCL equations to solve for v_(t) in a similar fashion, we

get
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Finally, we can subtract these two expressions.
Ri R
vo(t) = 04 (t) —v-(t) = {1+ 2= + =7 | (va(t) — vs(8))
Ry R,

This circuit therefore is a two opamp realization of a difference amplifier. Unlike
the one opamp version, the output voltage is floating, i.e. it is not measured with
respect to the ground.

Problem 4.2: Determine the output voltage v,,t(t) in terms of the input voltage v;y,(t) for the
circuit below.
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Solution: We can write KCL equations at the two nodes on the opposite ends of
R3. Let the potential at the left node by e(t). The potential at the right node is

Zero.
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The first of these equations reduces to

e(t) = —g—zvout(t)
We can substitute the latter expression into the earlier equation and solve for v,y (t)
to get
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Problem 4.3: This is Problem 6.6-16 from Dorf and Svoboda. The circuit shown below is called
the inverted R — 2R ladder digital-to-analog converter (DAC). The input to this circuit is a
binary code represented by by, bo, ..., b,, where b; is either 1 or 0. Each switch shown in the
figure is controlled by one of the bits in the binary code. If b; = 1, that switch will be in the
‘1’ position; if b; = 0, that switch will be in the ‘0’ position. Depending on the position of
the switch, each current iy, is diverted either to true ground (adding to the + terminal of the
opamp) or to the virtual ground (adding to the — terminal.)

(a) Show that ¢ = vg/R regardless of the digital input code.
(b) Show that the output voltage can be expressed as

R
’Uout(t) = —#’UR(IHQ_I + b22_2 + ...+ bn_12_n+1 + an—n)

VR 2R 2R 2R 2R 2R

\Zv_o Vout

Solution:

(a) The voltage source see the ladder of resistors. Because the voltages at the two
input terminals of the opamp are virtually equal to each other, all of the 2R
resistors are essentially connected to ground. Thus from the point-of-view of
the voltage source the circuit looks like
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This is readily seen to be equivalent to a resistance of RQ). Thus, i = v/R.
Using current dividers
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Problem 4.4: Find the value of the voltage v(t) when the current i4(t) is the complex exponential
time function i,(t) = e/«?,
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Solution: The equivalent impedance is

Zey(jw) = R+ jwl

Therefore,
V =Z(jw)l
= (R+jwL)I.
Since I =1,
V=R+ jwL
or

v(t) = (R + jwL)el*




Problem 4.5: For the circuit below find v(¢) when vs(t) = cos(wt).
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Solution: If the input were a complex exponential time function with a complex
amplitude of Vj, then by using the voltage divider we would have
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Since v (t) = cos(wt), we recognize that V; = 1 and v(t) is

B (2 % 101w it
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Problem 4.6: For the following circuit find i(¢) when v,(t) = sin(wt).
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Solution: For this circuit i(t) = Sm(Ye,e/“t). We can find the equivalent admit-
tance by first finding the equivalent impedance.

JLw R — RLCW? + jLw
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Plugging in the component values, this is equal to
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The magnitude of the admittance is given by
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