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Problem 1: RL Transients — 8%

Consider the network shown below. The analysis of this network begins at t = 0, at which time
i(0) = I,. The current source sources the current / for all time ¢ > 0, while the voltage source steps
fromOVtoVatt="T.
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(1A) Determine i(t) for 0 <t <T.

i(t) =




(1B) Determine i(t) for ¢t > T.

i(t) =




Problem 2: RLC Transients — 22%
Consider the circuit shown below. In this circuit, the two switches operate synchronously. To begin,

switch S; is in position A and switch Sy is in position C for a long time before they transition to
positions B and D, respectively, at t = 0.

S2

S, I R
Ao C OD
TV *

+
+
9V <> ¢ ==vc %
- 4K
2V -

(2A) Derive a second-order differential equation that describes the evolution of vc(t) for ¢ > 0.
Write the equation in terms of R, L, C' and vc.

Diff Eqn:




(2B) Let R =500 Q, L =10 mH, and C = 1 nF. Determine whether the response to this system
is underdamped, overdamped or critically damped. Indicate your answer by circling the
correct phrase below.

underdamped overdamped critically damped




(2C)

(2D)

Using the parameter values from Part (3B), determine vc(07), the initial capacitor voltage
att =07,

Uc(OJr) =

Using the parameter values from Part (3B), determine 41,(0%), the initial inductor current at
t=0".

iL(0%) =




(2E) Determine a symbolic expression for v(t) for ¢ > 0. All terms in the expression should be
written in terms of R, L, C, vc(01), and i,(07), not in terms of numerical values.

(Ye (t) =




(2F)  Sketch vg(t) on the graph given below using the parameter values given in Part (3B). Clearly
label any periods of oscillation, timescales of exponential decay, or peak amplitudes, numer-
ically with proper units, that appear in the sketch. Show all relevant calculations.

(Ye (t)




Problem 3: Sinusoidal Steady State — 18%

Assume that the network shown below operates in the sinusoidal steady state.

10mH — 0.1mF
—e + Uo(t) — —
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vi(t) = 100 cos(1000¢) Volts

(3A) Determine vg(t).

(Ye) (t) =




(3B) Determine Vi, the Thévenin equivalent voltage observed at the vo port.

Vin =

(3C) Determine Zun, the Thévenin equivalent impedance observed at the vg port.

Zh =
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Problem 4: Filter Matching — 9%

Let H(jw) be the filter transfer function defined by H(jw) = Viue/Vin. The three parts below each
provide a different sketch of |H (jw)| and a block diagram of the circuit used to implement the filter.
For each part, specify the contents of the blocks, selected from the list of options provided here. Do
so by filling each block with the letter label of the appropriate option.
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(4A) The first filter is shown here.

O—
+
VIN VOUT
>» ()

(4B)  The second filter is shown here.
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(4C) The third filter is shown here.
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Problem 5: Active Filters — 21%

The active bandpass filter shown below is driven by a sinusoidal current having a 1-mA amplitude
and frequency w. Its op-amp is ideal. Let its output voltage be vour(t) = Re (Voutej“t> where V¢

is a complex amplitude. Correspondingly, the graph below shows |1~/Out\ as a function of w.
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(5A) Complete each of the six statements below by circling the phrase beneath that properly fills
the blank space within the statement. Also provide a brief explanation in the space below

the circled phrase. No credit will be given without a brief explanation.

° Increasing C' will cause the peak value of |V to

decrease increase remain the same
° Increasing R will cause the peak value of V| to

decrease increase remain the same

13




Increasing L will cause the frequency at the peak of |Viy| to

decrease

increase

remain the same

Increasing R will cause the peak width (half-power bandwidth) of |V, | to

narrow

widen

remain the same
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e Increasing L will cause the peak width (half-power bandwidth) of [V, to

Narrow widen remain the same

° Increasing C' will cause the phase /Vout, evaluated at the frequency at which the peak
value of |V,y| occurs, to

decrease increase remain the same
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(5B) Determine R, L, and C from the data given in the graph. Numerical results with proper
units are expected.

R:

16



(5C) Determine the quality factor @ of the filter.

(5D) Determine the phase /Vy at 1, 50 and 1000 krad/s. Make reasonable approximations if
necessary.

At w =1 krad/s, (Vo =

At w = 50 krad/s, /Vyy =

At w = 1000 krad/s, /Viy =
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Problem 6: Bass Boost Revisited — 22%

In lab in week 11, we built the following circuit, which acted as a bass-boost system. Note, though,
that the values shown here are different from those used in the lab.

100€2
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(6A) Find the frequency response of this filter, H(jw) = Vout(jw)/Vin(jw). Then, sketch a Bode
plot on the axes below, labeling all key values, slopes, and asymptotes. Make the ideal
op-amp assumption, and ignore any limitations imposed on the op-amp outputs imposed by
the power supply.

20log,, (|H(jw)])

£ (H(jw))
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(6B)

Now consider the alternative topology below. Would it be possible to set the component
values in this circuit so as to replicate the functionality of the first circuit? If so, specify any
one such combination of component values (R; through Rz, as well as C') that would do so.
If not, briefly explain why this is not possible.
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Values or Explanation:
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