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Quiz 1, February 22, 2014
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4% (Primal Question)
A.
Determine VO, assuming VSRC = 1 V.
Solution: For the noninverting configuration, 
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 = 3, or VO = 3VSRC.
Version 1: VSRC = 1 V, VO = 3 V
Version 2: VSRC = 2 V, VO = 6 V
Version 3: VSRC = 3 V, VO = 9 V
Version 4: VSRC = 4 V, VO = 12 V
Version 5: VSRC = 5 V, VO = 15 V.
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4% (Primal Question)
B.
Determine VO, assuming VSRC = 1 V.
Solution: 
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, or VO = -0.5VSRC.
Version 1: VSRC = 1 V, VO = -0.5 V
Version 2: VSRC = 2 V, VO = -1 V
Version 3: VSRC = 3 V, VO = -1.5 V
Version 4: VSRC = 4 V, VO = -2 V
Version 5: VSRC = 5 V, VO = -2.5 V.
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4% (Primal Question)
C.
(a) Derive the transfer function VR(j()/VSRC(j() in terms of (, R and C; (b) determine the 3-dB cutoff frequency, assuming C = 0.1 (F.
Solution: 
(a) 
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(b) 3-dB cutoff frequency: (ch = 
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krad/s, C in (F.
Version 1: C = 0.1 (F, (ch = 1/C = 10 krad/s
Version 2: C = 0.2 (F, (ch = 1/C = 5 krad/s
Version 3: C = 0.25 (F, (ch = 1/C = 4 krad/s
Version 4: C = 0.4 (F, (ch = 1/C = 2.5 krad/s
Version 5: C = 0.5 (F, (ch = 1/C = 2 krad/s.
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4% (Primal Question)
D.
Determine the 3-dB bandwidth of the response VR(j()/VSRC(j(), assuming R = 1 k(.
Solution: BW 
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R

L

R

Q

10

1

.

0

0

0

0

=

=

=

=

w

w

w

krad/s, where R is in k(.
Version 1: R = 1 k(, BW = 10R = 10 krad/s
Version 2: R = 1.5 k(, BW = 10R = 15 krad/s
Version 3: R = 2 k(, BW = 10R = 20 krad/s
Version 4: R = 2.5 k(, BW = 10R = 25 krad/s
Version 5: R = 3 k(, BW = 10R = 30 krad/s.
[image: image32.emf]+

–

V

R 

(j



)

R

0.1 H

–

+

V

SRC 

(j



)

5



F



4%
1.
Determine VO assuming VSRC = 1 V, and an ideal op amp.
A. 5 V
B. -2.5 V
C. 2.5 V
D. -5 V
E. -10 V
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Solution: No current flows through the 10 k( resistor connected to the noninverting terminal. This terminal is therefore at a ground voltage of zero V, and the inverting terminal is a virtual ground.
The current through the 10 k( resistor connected to this terminal
is VSRC/10 mA. No current flows through the 50 k( resistor connected between the inverting terminal and ground. The VSRC/10 mA current flows through the 50 k( resistor, resulting in VO = -50VSRC/10 = 
-5VSRC V.
Version 1: VSRC = 1 V, VO = -5VSRC = -5 V
Version 2: VSRC = 1.2 V, VO = -5VSRC = -6 V
Version 3: VSRC = 1.4 V, VO = -5VSRC = -7 V
Version 4: VSRC = 1.6 V, VO = -5VSRC = -8 V
Version 5: VSRC = 1.8 V, VO = -5VSRC = -9 V.
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4%
2.
Determine IS assuming VSRC = 2 V, and an ideal op amp.
A. -4 mA
B. -8 mA

C. 8 mA
D. 4 mA
E. 0
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Solution: Because of the virtual short circuit, the voltage drop from the output terminal of the op amp to its noninverting terminal is 5 V. The current through the 1 k( resistor connecting these terminals is 5 mA. This current flows through the 2 k( resistor to ground, resulting in a voltage of 10 V at both input terminals of the op amp. It follows that IS = (VSRC – 10)/1 mA
Version 1: VSRC = 2 V, IS = VSRC – 10 = -8 mA
Version 2: VSRC = 4 V, IS = VSRC – 10 = -6 mA

Version 3: VSRC = 6 V, IS = VSRC – 10 = -4 mA
Version 4: VSRC = 8 V, IS = VSRC – 10 = -2 mA
Version 5: VSRC = 10 V, IS = VSRC – 10 = 0.
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4%

3.
Determine VO, assuming VSRC = 1 V, and an ideal

op amp.
A. -0.5 V
B. 0.25 V
C. 0.5 V
D. -0.25 V
E. 1 V
Solution: The second op amp 

is an inverting amplifier of gain 2, so that VO2 = -2VO. Because of the

inversion in the feedback connection to the input of the first op amp, the feedback connection is to the noninverting input so as to have a negative feedback connection. This input is therefore a virtual ground. The current though the source is VSRC/20 mA and flows 
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through the 10 k( resistor, producing a voltage drop of VSRC/2 across this resistor. This voltage drop equals 
-VO2, so that VSRC/2 = 2VO, or VO = VSRC/4.
Version 1: VSRC = 2 V, VO  = VSRC/4 = 0.5 V 
Version 2: VSRC = 4 V, VO  = VSRC/4 = 1 V
Version 3: VSRC = 6 V, VO  = VSRC/4 = 1.5 V
Version 4: VSRC = 8 V, VO  = VSRC/4 = 2 V
Version 5: VSRC = 10 V, VO  = VSRC/4 = 2.5 V.
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4.
Determine the maximum magnitude of the lowpass response IO(j(), assuming the magnitude of ISRC(j() is 5 mA, all resistances are 4 k(, and all capacitances are 100 nF.
A. 1 mA
B. 0.5 mA
C. 2 mA
D. 1.5 mA
E. 2.5 mA
Solution: The response is lowpass, since the capacitors behave as open circuits at low frequencies, and as short circuits at high frequencies. The resistors on the RHS have a resistance of 4 + 4/2 = 6 k(. It follows from current division that 
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Version 1: ISRC(j() = 5 mA, IO(j() = 0.2 ISRC(j() = 1 mA
Version 2: ISRC(j() = 10 mA, IO(j() = 0.2 ISRC(j() = 2 mA

Version 3: ISRC(j() = 15 mA, IO(j() = 0.2 ISRC(j() = 3 mA

Version 4: ISRC(j() = 20 mA, IO(j() = 0.2 ISRC(j() = 4 mA

Version 5: ISRC(j() = 25 mA, IO(j() = 0.2 ISRC(j() = 5 mA.
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5.
Determine the type of response VO(j()/VSRC(j() and its maximum value in dB (Note that the values of the circuit parameters need not be specified).
A. Highpass, -3 dB
B. Lowpass, -6 dB
C. Lowpass, -3 dB
D. Bandpass, 0 dB
E. Highpass, -6 dB
Solution: As ( ( 0, the capacitor behaves as an open circuit and the inductor as a short circuit; VO(j() = 0. As ( ( (, the capacitor behaves as a short circuit and the inductor as an open circuit; 
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 dB. Response is highpass.
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6.
The transfer function of a filter is of the form 
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, where s = j( and A and B depend on circuit parameters but not on (. Determine B if the half-power frequencies are 20 krad/s and 45 krad/s.

A. 30 (krad/s)2
B. 25 (krad/s)2
C. 900 (krad/s)2
D. 200 (krad/s)2
E. 450 (krad/s)2
Solution: B = 
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7.
Determine VO, assuming an ideal op amp.
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Solution: The 2 k( and 1 k( resistors are in parallel. From current division, the current in the 1 k( resistor is 2 mA and that in the 1 k( resistor is 1 mA. Hence, VP = 2 V = VN. The current in the 4 k( resistor is therefore 0.5 mA flowing downward. From KCL, the current in the 6 k( resistor is 3.5 mA, and the voltage drop across this resistor is 6(3.5 = 21 V. It follows that VO = 21 + 2 = 23 V.
20%
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8.
(a)
Derive H(j() = VO(j()/VSRC(j() and specify the type of response (10 grades).
(b)
Determine the maximum value of H(j() and the frequency at which it occurs (4 grades).
(c)
Determine the 3-dB bandwidth (2 grades).
(d)
Derive the expressions for the low-frequency and high-frequency asymptotes and specify their slopes in dB/decade (4 grades).

Solution: (a) It is convenient to work in terms of s and the half-power frequencies (C = 1/CR1 = 1/(5(10-6)(10-3) = 1000/5 = 200 rad/s, and (L = R2/L = 10/10-1 = 100 rad/s. From voltage division, 
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. Subtracting the second expression from the first, 
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in standard form. The response is bandpass.
(b) From the standard form, the maximum value of H(j() = 1/3 and occurs at 
[image: image15.wmf]4

0

10

2

´

=

w

= 
[image: image16.wmf]2

100

0

=

w

rad/s.
(c) The 3-dB bandwidth is the coefficient of s in the denominator, which is 300 rad/s.

(d) As ( ( 0, H(s) ( 100s/(2(104), H(j() ( 100j(/(2(104) = j(/200, and |H(j()| ( (/200, which is a line of slope +20db/decade. As ( ( (, H(s) ( 100s/s2, H(j() ( 100/j(, and |H(j()| ( 100/(, which is a line of slope -20db/decade. The two lines intersect where 
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9.
(a)
Derive H(j() = VO(j()/VSRC(j() and specify the type of response (12 grades).
(b)
Determine (0 and the maximum value of |H(j()| (2 grades each).

(c)
Determine Q and the 3-dB bandwidth (2 grades each).

Solution: Derive TEC as seen by the LC branch. 
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; RTh = 300||600 = 200 (. The circuit in terms of s becomes as shown. It follows that [image: image44.emf]–
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. Multiplying numerator and denominator by s/L, substituting 
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(b) 
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(c) BW is the coefficient of s, which is 
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200 rad/s ( 31.83 Hz; Q = (0/BW = 104/200 = 50. This is the same as (0L/R, or 1/(0CR, since the circuit is a series RLC circuit.
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