EE 2240 Basic Circuit Laboratory o
Final Examination Solutions

1. (Total 25%)
(a) (8%) For the circuit as shown in Fig. 1(a), please first calculate the value of Thévenin impedance Zy,

at 10 kHz. Then, please describe the experimental steps for measuring this impedance at 10 kHz.
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(b) (17%) For the circuit in Fig. 1(b):
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(b-1) (2%) Explain briefly (just one or two sentences) how you should measure the waveform Vi
experimentally, and why.

(b-2) (3%) The measured Vi amplitude at 100 Hz is less than the theory predicts. Please indicate the
factor that you should add in your analysis in order to explain the phenomenon.

(b-3) (4%) Will the peak-to-peak voltage values satisfy the equation Vip,) + Vepn = Epp? 1f not,

please give the correct expression. If yes, please give your reasoning.



(b-4) (8%) For the input frequency at 100 Hz and the RL values as shown, please draw the waveforms of
Vi and Vg (one period is enough) with respect to time. Please mark their amplitudes, and specifically

you should indicate the time difference between the peaks of these two waveforms. What is the phase
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angle (must specify “+” or “-*) of Vi with respect to the input signal at 100 Hz?
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2. (Total 20%)



(a) (14%) For the R-L-C circuit as shown in Fig. 2, vi(t) is a unit-step input, and the value of R and L are
100 Q and 10 mH, respectively. The output response v,(t) has an overshoot of 44.4%. Please determine
the capacitance value, damping ratio, natural frequency (must specify the unit), and rise time of the

output.
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(b) (6%) Express the quality factor of this RLC resonant circuit simply by using the symbols R, L, and C.

Explain what is the meaning of quality factor from the energy perspective.

Solution:
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Ans :  The Capacitance Value = 250 nF
Damping Ratio =0.25
Natural Frequency = 3183 Hz

Rise Time = 94 usec

(b)(6%)
1 1 1L
The Quality Factor Q@ =—= =— |—=
Saail : 2% LR \F R\C
2VL
The meaning of quality factor

~ Energy Stored

=Average Energy Disspated per Radian

3. (Total 30%)

from

the energy perspective is

(a) Fig. 3(a) shows the schematic of an active filter which can produce low-pass, band-pass, and

high-pass filter.

(a-1) (6%) Please link v;, v», and v; correctly with these three different outputs. Briefly explain your

reasoning in a few sentences to get full credit.

(a-2) (6%) By using superposition, vi can be expressed as v, = Av, + Bv, + Cv,. Please just write down

A, B, and C.
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(b) Butterworth filter

(b-1) (5%) The denominator of a third-order Butterworth filter contains a root at the location of



-500 + j 866. Please determine the other two roots.

(b-2) (8%) Determine the order of a low-pass Butterworth filter that has a dc gain of 1, a cut-off
frequency of 5 kHz, and a gain of no more than -60 dB at 40 kHz.

(c) (5%) Please determine the filter type (low-pass, high-pass, band-pass, or band-reject) for the circuit

shown below. You have to give the correct reasoning to receive full credit.
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(a-1) V1 = High-pass, V2 = Band-pass, V3 = Low-pass

P 2 : : : 1
V1/Vi has a s” term in the numerator, and after one integrator, it becomes s and band-pass; and after the

- . 0
final integrator, it becomes s~ and low-pass.
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(b-1) The two other poles should be on the left-half s plane; -500-j866 ~ -1000
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(¢c) vo/vi=1 at ® = 0 and o since the load impedance of L and C is infinite. vo/vi= 0 at ® = LG

because their impedances cancel off.

4. (Total 25%)
(a) For the oscillator as shown in Fig. 4(a):
W=z R

(a-1) (10%) Please derive the oscillation frequency (Note: No credit if only the answer is given). Also,

please give the ratio of Rj/R; in order to start the oscillation.



(a-2) (3%) Please describe (and draw) the additional circuit technique that we used in our experiment in

order to start the oscillation easier and control the oscillation amplitude.
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(b) For the triangular and square-wave generator as shown in Fig. 4(b):

(b-1) (7%) Explain the working principles of the circuit. You must plot the waveforms of v;, v», and v,

to receive full credit.
(b-2) (5%) Now given that R = 1 kQQ, C =1 pF, R; =20 kQ, R, = 10 kQ, and the output waveform v,
has the maximum and minimum values at 12 V and -12 V, please calculate the oscillation frequency of

the output waveform.
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Solution:
(a-1)
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When the output grows and reaches the zener breakdown
voltage, the zener| diodes conduct and effectively short out R,
reducing the loop gain
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(b) For the triangular and square-wave generator as shown in Fig. 4(b):

(b-1) (7%) Explain the working principles of the circuit. You must plot the waveforms of v, v,, and v,

to receive full credit.
(b-2) (5%) Now given that R = 1 kQ, C =1 pF, R; = 20 kQ, R, = 10 kQ, and the output waveform v,
has the maximum and minimum values at 12 V and -12 V, please calculate the oscillation frequency of

the output waveform.
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(b-1) The integrator produces the triangular waveform and sends it to the Schmitt
trigger for comparison with the values defined by the ratio of R1 over R1+R2. Thus the
Schmitt trigger produces a square waveform, which is inverted afterward and sent
back to the integrator. The inversion is necessary to establish a sustained oscillation.
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(b-2)
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The output Vo(t) of integrator is confined between +8 and -8 V, so

+12= 18 (v)

In the Schmitt trigger, V*=



sl
Volt)= ~— Vi)t

8x2=16= ———1—*—12*1 , 1is one half of the period (Vi=-12 V here)
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