EECE 290

Quiz 1, February 23, 2015
[image: image1.wmf]f

r

f

R

R

R

+

=

+

1

1

4% (Primal Question)
A.
Draw the circuit diagram of an amplifier having a gain of +2, using an ideal op amp and a 1 k( resistor connected to common ground.
Solution: The circuit is that of a noninverting amplifier having Rr = 1 k(. The gain is 
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, where Rf is in k(.
Version 1: Gain = 2, Rf = 1 k(
Version 2: Gain = 3, Rf = 2 k(
Version 3: Gain = 4, Rf = 3 k(
Version 4: Gain = 5, Rf = 4 k(
Version 5: Gain = 6, Rf = 5 k(.
4% (Primal Question)
B.
Draw the circuit diagram of an amplifier having a gain of -2 and input resistance of 10 k(, using an ideal op amp.
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Solution: The circuit is that of an inverting amplifier having Rr = 10 k(. The gain is 
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, where Rf is in k(.
Version 1: Gain = -2, Rf = 20 k(
Version 2: Gain = -3, Rf = 30 k(
Version 3: Gain = -4, Rf = 40 k(
Version 4: Gain = -5, Rf = 50 k(
Version 5: Gain = -6, Rf = 60 k(.
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4% (Primal Question)
C.
Draw the circuit of simple first-order RL filter having the transfer function 
[image: image3.wmf](

)

2

/

1

2

1

w

j

+

, where ( is in rad/s, using a 1 H inductor. Indicate parameter values and where the output is taken with 
respect to the input.
Solution: (cl = 2 rad/s = R/L, so R = 2 (. The circuit is as shown.
Version 1: (cl = 2 rad/s, R = 2 (
Version 2: (cl = 3 rad/s, R = 3 (
Version 3: (cl = 4 rad/s, R = 4 (
Version 4: (cl = 5 rad/s, R = 5 (
Version 5: (cl = 6 rad/s, R = 6 (.
4% (Primal Question)
D.
A second-order bandpass filter has a maximum response at 10 kHz and a lower 3-dB cutoff frequency of 7.5 kHz. Determine the 3-dB bandwidth.
Solution: 
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[image: image5.wmf]1
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Version 1: fc1 = 7.5 kHz, fc2 = 13.33 kHz, BW = 5.83 kHz
Version 2: fc1 = 8 kHz, fc2 = 12.50 kHz, BW = 4.50 kHz
Version 3: fc1 = 8.5 kHz, fc2 = 11.77 kHz, BW = 3.27 kHz
Version 4: fc1 = 9 kHz, fc2 = 11.11 kHz, BW = 2.11 kHz
Version 5: fc1 = 9.5 kHz, fc2 = 10.53 kHz, BW = 1.03 kHz.
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1.
Determine VO, assuming an ideal op amp and VF = 1 V.
A. 7 V
B. 4 V
C. 8 V
D. 5 V
E. 6 V
Solution: VP = VN = VO – VF; from KCL at the noninverting terminal, 
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, or, 6 – VO + VF = 3VO – 3VF – 6, or, 12 + 4VF = 4VO, or, 
VO = VF + 3 V.
Version 1: VF = 1 V, VO = 4 V
Version 2: VF = 2 V, VO = 5 V
Version 3: VF = 3 V, VO = 6 V
Version 4: VF = 4 V, VO = 7 V
Version 5: VF = 5 V, VO = 8 V.
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4%
2.
Determine Rin, the resistance seen by the 1 mA ideal current source, assuming R = 5 k( and an ideal op amp.
A. 15 k(
B. 20 k(
C. 10 k(
D. 5 k(
E. 25 k(
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Solution: The current in the 10 k( resistor is zero. Because of the virtual short circuit, the current in the 15 k( is zero, as is the current in the 20 k( resistor. It follows that the voltage of the three essential 
nodes is zero. The voltage across the current 
source is (R k()((1 mA) = R V. Hence, Rin = R.
Version 1: R = 5 k(, Rin = 5 k(
Version 2: R = 10 k(, Rin = 10 k(
Version 3: R = 15 k(, Rin = 15 k(
Version 4: R = 20 k(, Rin = 20 k(
Version 5: R = 25 k(, Rin = 25 k(.
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3.
The switch is closed at t = 0, with the capacitor having an initial voltage VC0 = 5 V. Determine the time at which vO reaches a steady value that does not change with time, assuming VSRC = 5 V and the op amp is ideal except for finite voltages of bias supplies.
A. 25 ms
B. 50 ms
C. 200 ms
D. 100 ms
E. 40 ms
Solution: For t ( 0, 
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. Since this voltage is negative, the steady value of vO is -15 V. Let this be reached at a time tS. It follows that 10VSRCtS + 5 = 15, or tS = 1/VSRC s, or 1000/VSRC ms.
Version 1: VSRC = 5 V, tS = 1000/VSRC = 200 ms
Version 2: VSRC = 10 V, tS = 1000/VSRC = 100 ms
Version 3: VSRC = 20 V, tS = 1000/VSRC = 50 ms
Version 4: VSRC = 25 V, tS = 1000/VSRC = 40 ms
Version 5: VSRC = 40 V, tS = 1000/VSRC = 25 ms.
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4.
Determine the 3-dB cutoff frequency of the response VO(j()/VSRC(j(), assuming ( = 0.25.

A. 20 rad/s
B. 12.5 rad/s
C. 80 rad/s
D. 25 rad/s
E. 50 rad/s
Solution: VSRC(j() = (1 + ()VO(j() + 100I(j(), where I(j() = VO(j()/j(; substituting for I(j() and simplifying, 
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. Leff = 1(1 + () H, as far as (ch is concerned, Hence, 
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Version 1: ( = 0.25, 
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Version 2: ( = 1, 
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Version 3: ( = 3, 
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[image: image13.wmf]5

/

100

=

ch

w

 = 20 rad/s
Version 5: ( = 7, 
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5.
Determine Q of the response VO(j()/ISRC(j(), assuming R = 5 (.
A. 5
B. 2.5
C. 2
D. 1
E. 10 
Solution: (0 and Q are independent of the applied source, which implies that this source can be set to zero. When the current source is replaced by an open circuit, the circuit becomes a series circuit having 
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rad/s. Q = (0L/2R = 104(10-2/2R = 50/R.
Version 1: R = 5 (, Q = 50/5 = 10
Version 2: R = 10 (, Q = 50/10 = 5
Version 3: R = 20 (, Q = 50/20 = 2.5
Version 4: R = 25 (, Q = 50/25 = 2
Version 5: R = 50 (, Q = 50/50 = 1.
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6.
Determine the maximum magnitude of the transfer function VO(j()/VSRC(j() in dB, assuming an ideal op amp and R = 5 k(.
A. 40 dB
B. 52 dB
C. 46 dB
D. 60 dB
E. 56.9 dB
[image: image31.emf]
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Solution: The circuit at the input, with the virtual short circuit, is a series RLC circuit. Maximum current Im(j() occurs when the inductive impedance is equal in magnitude but opposite in sign to the capacitive impedance. This current is VSRC(j()/0.1 mA. This current flows through the two R resistors as shown. It is seen that VO(j() = 2RIm(j() = 2RVSRC(j()/0.1. It follows that VO(j()/VSRC(j() = 2R/0.1 = 20R. In decibels, 20log10(VO(j()/VSRC(j()) = 20log10(20R).
Version 1: R = 5 k(, 20log10(20R) = 20log10(100) = 40 dB
Version 2: R = 10 k(, 20log10(20R) = 20log10(200) = 46.0 dB
Version 3: R = 20 k(, 20log10(20R) = 20log10(400) = 52.0 dB
Version 4: R = 35 k(, 20log10(20R) = 20log10(700) = 56.9 dB
Version 5: R = 50 k(, 20log10(20R) = 20log10(1000) = 60 dB.
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7.
Determine VO, assuming VSRC = 2 V and ideal op amps.
Solution: Step 1 – Initialize. Given circuit parameters and VO are entered; virtual short circuits 
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are indicated, and zero current at the inputs and in the virtual short circuits is marked.

Step 2 – Simplify. Circuit is in simple enough form.

Step 3 – Deduce. 1. Voltage of noninverting terminal of first op amp is VO – VSRC; 2. From virtual short circuit at input of first op amp, voltage of inverting terminal is (VO – VSRC), and current in 1 k( and 2 k( resistors is VSRC mA; 3. Output voltage of first op amp is VO1 = VO – VSRC – 2VSRC = VO – 3VSRC (1); 4. From voltage division, voltage of noninverting terminal of second op amp is VO1/3; 5. From virtual short circuit at input of second op amp, voltage of inverting terminal is VO1/3; 6. Current in 2 k( and 4 k( resistors is (VO1 – VO1/3)/2 = VO1/3 mA; 7. VO = VO1/3  – 4VO1/3 = 
-VO1. 8. Substituting in (1): -VO = VO – 3VSRC, so that VO = 1.5VSRC.
Version 1: VSRC = 1 V, VO = 1.5 V
Version 2: VSRC = 2 V, VO = 3 V
Version 3: VSRC = 3 V, VO = 4.5 V
Version 4: VSRC = 4 V, VO = 6 V
Version 5: VSRC = 5 V, VO = 7.5 V.
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8.
The capacitive and inductive circuits are cascaded through an ideal unity-gain 
amplifier. (a) Sketch, on the same graph, the Bode plots of IVO1(j()/VSRC(j()| and 
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IVO2(j()/VO1(j()|, showing, for each plot, only the low-frequency asymptotes, the high-frequency asymptotes, their slopes, and the corner frequencies of each plot. The horizontal axis need only be marked in terms of decades of the radian frequency, extending a decade below and a decade above the corner frequencies. The vertical axis should be marked in dBs for the decades indicated (14 grades). (b) Determine from the Bode plots, i) the maximum dB value of IVO2(j()/VSRC(j()| (ii) the frequency at which this maximum occurs, and iii) the dB value of IVO2(j()/VSRC(j()| a decade above and a decade below the frequency of maximum IVO2(j()/VSRC(j()| (2 grades each).
Solution: (a) The capacitive circuit is a first-order highpass filter having a 3-dB cutoff frequency (ch = 1/(10-5(103) = 100 rad/s. The maximum gain in the pass band, as ( ( ( is 1/2 or 
-20log10(2) = -6 dB. The high-frequency asymptote is a horizontal line 
at -6 dB. The  low-frequency asymptote is a line of slope +20 dB/decade that intersects the high-frequency asymptote at (ch = 100 rad/s.
The inductive circuit is also a first-order highpass filter having a 3-dB cutoff frequency (cl = 103/0.1 = 104 rad/s. The maximum gain in the pass band, as ( ( 0 is 1, or 0 dB. The low-frequency asymptote is the horizontal axis, whereas the high-frequency asymptote is a line of slope -20 dB/decade that intersects the low-frequency asymptote at (cl = 104 rad/s.
(b) The overall Bode plot is the sum of the two individual plots on a vertical log axis, as shown by the dashed line. Maximum gain is -6 dB and can be considered to occur a decade above 104 rad/s, that is at 105 rad/s. A decade above this, the gain is -6 dB, and a decade below, that is at 104 rad/s, the gain is -9 dB.
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9.
In the circuit shown, C = 2/3 nF and R = 500 (.
(a) Derive Norton’s equivalent circuit seen by R and L between terminals ‘ab’ (7 grades); (b) derive the transfer function VO(s)/VSRC(s), expressing it in standard form in terms of s = j( (see attached Table) (7 grades); (c) From the transfer function in standard form in terms of s, determine the maximum gain, 
(0, and Q (2 grades each).
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Solution: (a) When R and L are removed, the voltage across C is 2VSRC(j()/3, whereas that across 2C is VSRC(j()/3. Hence Vab(j() = VTh(j() = VSRC(j()/3. When the voltage source is set to zero, the capacitance seen between terminals ‘ab’ is (3/2)C. It follows that IN(j() = (VSRC(j()/3)(j((3/2)C = 0.5j(CVSRC(j(). 
(b) The circuit in terms of s and admittances is as shown.
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RC

s

s

s

R

sL

LC

s

LC

s

3

/

2

3

/

2

3

1

1

/

5

.

1

5

.

0

2

2

2

2

+

+

=

+

+

=


(c) Substituting numerical values for L and C: 
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. It is seen that the maximum gain is 1/3, 
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Version 1: R = 500 (, Q = 0.5
Version 2: R = 550 (, Q = 0.55
Version 3: R = 600 (, Q = 0.6
Version 4: R = 650 (, Q = 0.65
Version 5: R = 700 (, Q = 0.7.
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