EECE 290 – Selected Problems for Quiz 1
Spring 2011-2012

First-Order Circuits
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Design a passive RC lowpass filter having a cutoff frequency of 500 Hz using a 50 nF capacitor
(a)	What is the cutoff frequency in rad/s?
(b)	What is the value of the resistor?
(c)	Draw the circuit, labeling the component values, input and output voltages.
(d)	Derive the transfer function of the filter.
(e)	If the filter is loaded with a resistor whose value is the same as the resistor in part (b), what is the transfer function of the loaded filter?
(f)	What is the cutoff frequency of the loaded filter?
(g)	What is the passband gain of the loaded filter?
[image: ]Solution:













[image: ]Given the circuit shown
(a)	What is ZL at  = 0?
(b)	What is ZL at   ?
(a)	What type of filter is this and what is the passband gain?
(b)	Derive the transfer function.
(c)	Determine the cutoff frequency if R = 1 k and L = 20 mH.
[image: ]Solution:
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[image: ]1.	Specify the type of response IO/VSRC in the circuit shown.

Solution: The transfer function is , which is first-order lowpass.

[image: ]2.	Specify the order of the frequency-selective circuit shown.
[image: ]Solution: The impedance of one RC branch is five times the other. The parallel impedance is therefore 5/6 of the lower impedance branch, that is, 5  in series with a capacitance 1/5 F. This capacitance can then be combined with the 1 F capacitance to give a first-order circuit.

3.	Specify the type of response VO in the circuit shown over the frequency range 1 rad/s to 1 Mrad/s.

Solution: Over the specified frequency range, the impedances of L and C are finite, current flows in the circuit, and the response  is independent of frequency.

Second-Order Circuits
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[image: ]11.	In the circuit shown, R = 10 k, L = 1 H, and C = 1 F.

(a)	Derive the transfer function  in terms of R, L , C, and s = j.
(b)	Specify the type of response represented by H(s).
(c)	Determine the frequency at which the phase shift is 180.
Solution: (a) The transfer function for the response across L and C is:




. The transfer function for the response across R is: . The transfer function H(s) = H1(s) – H2(s) = , where .
(b) The response is allpass.

(c) The phase shift is 180 at  = 0, when H(s) = -1.  = 1 Mrad/s.



Alternatively, if the phase shift is to be determined directly from the transfer function,  hence, ; ; [image: ].
[image: ]12.	Given the parallel circuit shown.
(a)	Select a branch current to give a highpass response with respect to ISRC and determine the transfer function in terms of G, L, C, and s = j.

(b)	It is desired to have the highpass response of the Butterworth form, with 0 = 100 krad/s and C = 100 nF. Determine the required values of L and R = 1/G. (Note that the normalized second-order Butterworth polynomial is , and that the magnitude scaling factor km applies to scaling impedances).


Solution: (a) IC is zero at low frequencies and equals ISRC at infinite frequencies. It produces a highpass response. The transfer function is  .












(b) For the required filter, , .  for a highpass Butterworth response, scaled or not scaled. For the required filter , so G = and R =. If scaling is to be used, kf = 0, , , , , , where for the normalized Butterworth filter, , and km is used as a scaling factor for R.


























Transfer Functions
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4.	The magnitude of a transfer function is , where  is in rad/s. Determine the frequency at which the response is 3 dB less than the maximum value.

Solution: The magnitude of the transfer function is . This is a second order, highpass, Butterworth filter of high-frequency gain of 8. The response is 3 dB less than the maximum value at  = 2 rad/s

5.	Determine the slope of the low-frequency asymptote of the transfer function of the preceding problem.

Solution: At low frequencies, the magnitude of the transfer function is . The slope is +40 dB/decade.









[image: ]Combinations of Capacitors or Inductors
[image: ]6.	Determine the equivalent capacitance between nodes a and b, assuming all capacitances are C F.
Solution: the circuit reduces to that shown. The equivalent capacitance between a and b is 2C + 2C/3 = 8C/3 







Time-Domain Responses of Capacitor or Inductor Circuits
[image: ]7.	A constant current I A has been flowing through the inductor for a long time. Determine the magnitude and polarity of the impulse K(t) that will reduce I to zero.
Solution: The initial flux linkage is 2I Wb-turns. The impulse has to be of this strength and of the polarity of the source.

[image: ]9.	For t < 0, i(t) = 0 and v(t) = 4 V. At t = 0, a current pulse of amplitude I A and 1 s duration is applied. Determine v(t) for t > 1 s.
Solution: For t < 0, the charges on the capacitors are 0.54 = 2 C, 1.54 = 6 C, and 24 = 8 C. The value of the equivalent parallel capacitor is 0.5 + 1.5 + 2 = 4 C, its charge is 2 + 6 + 8 = 16 C, and the voltage across it is 16/4 = 4 V. The current pulse will add I1 C, so the total charge across the equivalent capacitor will be (16 + I) C, and the final voltage will be (16 + I)/4 = (4 + I/4) V.
[image: ]
10.	In the circuit shown, all inductances are L H, where L need not be specified, i1(t) = I A, i2(t) = -3 A, and i3(t) = 3 – I A, for t < 0. If the switch is opened at t = 0, determine i1(t) for t > 0.
Solution. Method 1: After the switch is opened the only closed path remaining is that of i1(t) and i3(t). Hence, flux linkage in this closed path must be conserved after the switch is opened. Going in the counterclockwise direction, the total flux linkage before the switch is opened, is LI – L(3 – I) = 2LI – 3L Wb-turns. After the switch is opened, the total flux linkage in the counterclockwise direction in the same closed path is Li1(t) + Li1(t) = 2Li1(t), where i1(t) flows upwards in the rightmost branch. Equating these, i1(t) = I – 1.5 A.



Method 2: The currents i1(t) and i3(t) can only be changed by a voltage impulse. Let a voltage impulse K(t) arise of the polarity shown, this polarity being quite arbitrary. The impulse will add a flux linkage  as shown, where the initial flux linkages are shown in red and the final flux linkages in blue, the direction of flux linkage being the same as that of [image: ]current. The final currents in the two branches must add to zero. Thus, . This gives  Wb-turns. The final value of i1(t) is  A, as before.
[image: ]Method 3: The switch can be replaced by a voltage source that applies an impulse K(t) at t = 0. For t < 0, the source acts as a short circuit, and the impulse at t = 0 reduces i2(t) to zero. The flux linkage applied to the middle branch is Li = 3L Wb-turns in the direction shown, so as to reduce the current to zero. The total flux linkage is Li + (L/2)i, where L/2 is the total inductance of the two branches in parallel and i is the total current in the two branches. The flux linkage in each of the two parallel branches is Li/2 Wb-Turns directed upward, the same as in the parallel combination. Since, Li = 3L, Li/2 = 1.5 L directed upward, as determined in Method 2.
[image: ]
13.	The three capacitors are initially charged as shown in the figure. The switch is closed at t = 0. Determine:
(a)	The value, voltage and charge on the capacitor that is equivalent to the three capacitors.
(b)	The additional charge on this capacitor after the switch is closed.
(c)	The final values of V1 and V2. Check that V1 + V2 = VSRC.

[image: ]Solution: (a) The two parallel capacitors can be combined in a 6 F capacitor having a voltage of 3 V. The 3 F capacitor has a voltage of 5 V. The equivalent capacitor Ceq will have a capacitance of  F and a voltage of 8 V. The charge on this capacitor is therefore 16 C.
(b) When connected to VSRC, the charge on Ceq C will be 2VSRC and the additional charge is (2VSRC – 16) C.
(c) This charge will be added to each of the 3 F capacitor and the 6 F in series with it. The 3 F capacitor will have a charge of (2VSRC – 16 +15) = (2VSRC – 1) C, so V1 = (2VSRC – 1)/3 V. The 6 F capacitor will have a charge of (2VSRC – 16 +18) = (2VSRC + 2) C, and V2 = (VSRC + 1)/3 V. As a check, V1 + V2 = VSRC.


[image: ][image: ][image: ]
6.	The switch is closed at t = 0, the initial voltages on the capacitors being as shown, with V0 = 5 V. Determine what percentage of the energy initially stored in the capacitors is dissipated in the resistor.



Solution: The initial energy is  J. The energy dissipated in R is that stored in Ceqs. The value of this capacitance is  F. The energy stored in this capacitor is J. The percentage is 


.
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Evaluation of Impulse Functions

8.	Evaluate the integral .


Solution: The integrand is zero everywhere except between 0- and 0+. Both  and cos(t) are equal to 1 and are continuous at t = 0. The integral reduces to .
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- >
| 100 10 10°  10° W (log scale)
What is the value of X in dB?

™
(a)0) (b)-10 (c)-20 (d)-30 (e) None of the above

/-Z—Fmd the transfer function A(s) whose Bode-plot is shown above.
(@)  10%(s+10%)/ (s+100)(s+10%)(s+10%)
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(e)  None of the above
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6. The voltage drop across a device is 5(t —2)Vs and the current through it, in the

direction of voltage drop, is 5t A. Determine the energy absorbed by the device.
A 1d
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-8- A series circuit has a resonance frequency of 150KHz and a bandwidth
of 75KHz. Find the half-power frequencies. (/92/)
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None of the above
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Figure 10. \/

In Fig. 10 the op amp circuit provides a gain of K. Determine K so that the

maximum amplitude response is 20 db. Assume log;o2 = 0.3. (,.9 4 9}

A 30
B. 40
C. 26
D. 13
E. None of the above | [K = 20]
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4. Given a bandpass transfer function of a series RLC circuit as

tohave ap=1rad/s, C=1F,L=1Hand R=0.1Q. If the frequency is scaled so that ay
=100 krad/s, and C = 100 nF, what would be the scaled value of Q?

A1

B. 0.1

C. 100

E. None of the above.
Solution: In any type of bandpass filter, Q = % Both ey and BW are scaled by the same

factor, so that Q remains the same. For a series circuit, the coefficient of s in the

denominator is E = M =% . Hence, in the given transfer function, Q = 10 and
L ol Q

1
Kk
100

= orky=100, which gives R=10 Qand L'=Kn =100 44 1t
Ty 71051 k10

remains 10 after scaling. This can be checked, for k; = 10°and C' = C,or

107

5 -3
! Z10° radis and @ = %L 107107 _

It foll that @y = ————=
follows that ey = R 0
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7. Identify the filter circuits (i) and (ii). ||

¥ + x|
A. (i) bandpass (ii) lowpass
B (bandstp  (highpass oo
C. (i) lowpass (ii) highpass _ T _
D. (i) highpass (ii) bandstop

(i) (i)

E. None of the above.
Solution: In (i) the output is @ minimum when series resonance occurs; in (ii) the output is
maximum at high frequencies.

Vo
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10. For the filter circuit shown, the quality factor and the

bandwidth are:

A. 1/15; 153.9 kHz

B. 15;153.9kHz

C. 15:10.61kHz

D. 15; 10.61 rad/s

E. None of the above.

Solution: This is a bandstop filter; &, =

1

0x1076 x20x10~°

10° _10°

109420109 « 750 = 15; bandwidth =22 = 1= =22

Q

15 307

YYm
Zli r|1F
+
v 750

=10°rad’s; Q= ,CR =

=10.61 kHz.
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7. What should be L and C for this Fltcr if the center frequency is ZOOOHZ and the bandwidth is

500Hz. Take R = 200002, P=gc =>¢ F/{ Rv—xgoc,x,gooo = o059 pF
o—‘L—'
VT
A L=79.6mH, C=79.6nF
B. L=636.6mH, C=0.90F =D v c

L
C. L=265.3 H, C=23.9nF ]—— L
. L=265.3mH, C=23. -
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= 332wk

E. None of the above
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