EECE 210

Quiz 2, October 27, 2014
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A.
Derive Thevenin’s equivalent circuit between terminals ‘a’ and ‘b’, assuming ISRC = 1 A.
Solution: VTh = 4 + 2ISRC. When the independent sources are set to zero, RTh = 2 (.
Version 1: ISRC = 1 A, VTh = 4 + 2ISRC = 6 V, RTh = 2 (
Version 2: ISRC = 2 A, VTh = 4 + 2ISRC = 8 V, RTh = 2 (
Version 3: ISRC = 3 A, VTh = 4 + 2ISRC = 10 V, RTh = 2 (
Version 4: ISRC = 4 A, VTh = 4 + 2ISRC = 12 V, RTh = 2 (
Version 5: ISRC = 5 A, VTh = 4 + 2ISRC = 14 V, RTh = 2 (.
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4% (Primal Question)
B.
Using superposition, determine the power dissipated in the 2 ( resistor, assuming ISRC = 3 A.
Solution:  Voltage across the 2 ( resistor due to the 6 V source acting alone is 6(2/6 = 2 V. Voltage across the 2 ( resistor due to ISRC acting alone is ISRC(8/6 = 4ISRC/3 V. Power dissipated in the 2 ( resistor is P = (2 + 4ISRC/3)2/2 W.
Version 1: ISRC = 3 A, P = (2 + 4ISRC/3)2/2 = (2 + 4)2/2 = 18 W
Version 2: ISRC = 4.5 A, P = (2 + 4ISRC/3)2/2 = (2 + 6)2/2 = 32 W
Version 3: ISRC = 6 A, P = (2 + 4ISRC/3)2/2 = (2 + 8)2/2 = 50 W
Version 4: ISRC = 7.5 A, P = (2 + 4ISRC/3)2/2 = (2 + 10)2/2 = 72 W
Version 5: ISRC = 9 A, P = (2 + 4ISRC/3)2/2 = (2 + 12)2/2  = 98 W.
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4% (Primal Question)
C.
Determine VX, assuming ISRC = 1 A.
Solution: 
VX = 2(ISRC – 6) V.
Version 1: ISRC = 1 A, VX = 2(ISRC – 6) = -10 V
Version 2: ISRC = 2 A, VX = 2(ISRC – 6) = -8 V
Version 3: ISRC = 3 A, VX = 2(ISRC – 6) = -6 V
Version 4: ISRC = 4 A, VX = 2(ISRC – 6) = -4 V
Version 5: ISRC = 5 A, VX = 2(ISRC – 6) = -2 V.
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4% (Primal Question)
D.
Determine IL, assuming ISRC = 1 A dc.
Solution: IL = ISRC.
Version 1: ISRC = 1 A, IL = ISRC = 1 A
Version 2: ISRC = 2 A, IL = ISRC = 2 A
Version 3: ISRC = 3 A, IL = ISRC = 3 A
Version 4: ISRC = 4 A, IL = ISRC = 4 A
Version 5: ISRC = 5 A, IL = ISRC = 5 A.
4%
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1.
 Determine IO, assuming VSRC = 3 V.
A. 300 mA
B. 200 mA
C. 150 mA
D. 250 mA
E. 100 mA

Solution: If the dependent source is replaced by an independent source and applied alone, with VSRC replaced by a short circuit, the component of IO is zero because of bridge balance. When VSRC is applied alone, with the dependent source is set to zero, the two 10 ( resistors are in parallel and this parallel combination is in series with the 50 ( resistors in parallel, giving Req = 5 + 25 = 30 (. It follows that IO = VSRC/30 A.
Version 1: VSRC = 3 V, IO = VSRC/30 = 0.1 A ( 100 mA
Version 2: VSRC = 4.5 V, IO = VSRC/30 = 0.15 A ( 150 mA
Version 3: VSRC = 6 V, IO = VSRC/30 = 0.15 A ( 200 mA
Version 4: VSRC = 7.5 V, IO = VSRC/30 = 0.15 A ( 250 mA
Version 5: VSRC = 9 V, IO = VSRC/30 = 0.3 A ( 300 mA.
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2.
Determine Norton’s conductance GN, if the plot of IT vs. VT for a given circuit N as shown.
A. -0.2 S
B. -0.1 S
C. 0.2 S
D. 0.1 S
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Solution:  The circuit N replaced by its NEC as shown. IN is directed downwards because when VT = 0, IN = IT. From KCL, IN = GNVT + IT, or IT = IN – GNVT; if the slope of IT vs. VT is denoted by SL, then GN = -SL.
Version 1: SL = 0.1 A/V, GN = -0.1 S
Version 2: SL = 0.2 A/V, GN = -0.2 S
Version 3: SL = 0.3 A/V, GN = -0.3 S
Version 4: SL = 0.4 A/V, GN = -0.4 S
Version 5: SL = 0.5 A/V, GN = -0.5 S.
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3.
Determine IX, assuming R = 1 ( and VSRC = 2 V.
A. 2 A
B. 3 A
C. 2.5 A
D. 1 A
E. 1.5 A
Solution: The voltage source partitions the circuit so that IX = VSRC/2R = VSRC/2.
Version 1: VSRC = 2 V, IX = 1 A
Version 2: VSRC = 3 V, IX = 1.5 A
Version 3: VSRC = 4 V, IX = 2 A
Version 4: VSRC = 5 V, IX = 2.5 A
Version 5: VSRC = 6 V, IX = 3 A.
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4.
Determine ISC, assuming ISRC = 1 A.
A. 3 A
B. 4 A
C. 7 A
D. 4 A
E. 5 A
Solution: If the voltage sources are applied together, with the current source replaced by an open circuit, the current through each voltage source is 1 A, and ISC1 = 2 A. If the current source is applied alone, with the voltage sources replaced by short circuits, ISC2 = ISRC. It follows from superposition that ISC = (ISRC + 2) A 
[image: image19.emf]1 A

+

–

V

SRC

I

X

R/2

R/2

R/2

R/2

R

[image: image20.emf]+

–

I

T

V

T

N

Version 1: ISRC = 1 A, (ISRC + 2) A = 3 A
Version 2: ISRC = 2 A, (ISRC + 2) A = 4 A
Version 3: ISRC = 3 A, (ISRC + 2) A = 5 A
Version 4: ISRC = 4 A, (ISRC + 2) A = 6 A
Version 5: ISRC = 5 A, (ISRC + 2) A = 7 A.
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5.
Determine IX, assuming ISRC = 1 A.
A. 1.25 A
B. 1.5 A
C. 0.5 A
D. 0.75 A
E. 1 A
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Solution: If the voltage source is applied alone, with the current source replaced by an open circuit, it follows from symmetry that nodes ‘a’ and ‘b’ are at the same voltage so that this component of IX is zero. If ISRC is applied alone, with the voltage source replaced by a short circuit, it follows from symmetry that IX = ISRC/2.
Version 1: ISRC = 1 A, IX = 0.5 A
Version 2: ISRC = 1.5 A, IX = 0.75 A
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Version 3: ISRC = 2 A, IX = 1 A
Version 4: ISRC = 2.5 A, IX = 1.25 A
Version 5: ISRC = 3 A, IX = 1.5 A.
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6.
Determine the energy stored in the circuit in the dc state, assuming all resistances are 5 ( and VSRC = 0.5 V.
A. 0.9 J
B. 1.8 J
C. 1.35 J
D. 2.25 J
E. 0.45 J
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Solution: In the dc state, capacitors behave as open circuits and inductors as short circuits. The circuit reduces to that shown. No energy is stored in the 1 F capacitor and the 1 H inductor. Energy stored in the 40 H inductor is 0.5(40(VSRC/5)2 = 
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. Voltage across the 2 F capacitor is VSRC, and the energy stored is 0.5(2(VSRC)2 = 
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Version 1: VSRC = 0.5 V, W = 
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Version 2: VSRC = 1 V, W = 
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Version 3: VSRC = 1.5 V, W = 
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Version 4: VSRC = 2 V, W = 
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Version 5: VSRC = 2.5 V, W = 
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7.
Derive TEC between terminals ‘ab’ (VTh, 10 grades; RTh, 10 grades), assuming VSRC = 2 V.
Solution: Initialize. The circuit is already marked with the given values and the required VO.
Simplify. The 10 ( resistor in parallel with VSRC is redundant as far as TEC is concerned and can be removed.

Deduce. The current through the 10 ( resistance on the RHS is VX/10, which is proportional to VX across the dependent source and is in the direction of the voltage drop VX. The 
dependent source can therefore be replaced by a resistance VX divided by VX/10, which is 10 (. This gives 20 ( when combined with the 10 ( resistance.
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Plan. The 2 A source in parallel with 5 ( is transformed to a voltage 
source of 10 V in series with 5 (, which can be combined with VSRC. The circuit becomes a shown.
Implement. It follows that VTh = (VSRC + 10)(20/40 = VSRC/2 + 5 V. When the sources are replaced by short circuits, RTh = (20||20) = 10 (.
Version 1: VSRC = 2 V, VTh = (VSRC/2 + 5) = 6 V, RTh = 10 (
Version 2: VSRC = 4 V, VTh = (VSRC/2 + 5) = 7 V, RTh = 10 (
Version 3: VSRC = 6 V, VTh = (VSRC/2 + 5) = 8 V, RTh = 10 (
Version 4: VSRC = 8 V, VTh = (VSRC/2 + 5) = 9 V, RTh = 10 (
Version 5: VSRC = 10 V, VTh = (VSRC/2 + 5) = 10 V, RTh = 10 (.
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8.
Assuming VSRC = 3 V, determine: (a) VO using superposition (15 grades), and (b) the power delivered or absorbed by the 1 A source (5 grades).
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Solution: (a) The 8 ( resistor is redundant as far as IX and VO are concerned. If the 1 A source is applied alone, IX1 = 1 A as shown. If the 5IX source is replaced by an independent source IY and applied alone, IX2 = -IY, as shown. If VSRC is applied alone, IX3 = -VSRC/2, as shown. If the 10IX source is replaced by an independent source VY and applied alone, IX4 = VY/2, as shown. From superposition, and substituting IY = 5IX and VY = 10IX, IX = 1 – 5IX – VSRC/2 + 10IX/2, or IX = 1– VSRC/2, It follows that VO = (10 – 5VSRC) V.
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(b) The current in the 4 ( resistor is (1 – 5IX); hence, VS = VSRC + 4(1 – 5IX) + 8 = VSRC + 12 – 20IX = 12  – 20(1 – VSRC/2) = 11VSRC – 8. The power delivered by the source is P = 
(11VSRC – 8) W.
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Version 1: VSRC = 3 V, VO = 10 – 5VSRC = -5 V; 

P = 11VSRC – 8 = 25 W.
Version 2: VSRC = 4 V, VO = 10 – 5VSRC = -10 V;
P = 11VSRC – 8 = 36 W.
Version 3: VSRC = 5 V, VO = 10 – 5VSRC = -15 V;
P = 11VSRC – 8 = 47 W.
Version 4: VSRC = 6 V, VO = 10 – 5VSRC = -20 V; P = 11VSRC – 8 = 58 W.
Version 5: VSRC = 7 V, VO = 10 – 5VSRC = -25 V; P = 11VSRC – 8 = 69 W.
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9.
(a) Determine the node voltages from the node-voltage equations, taking node ‘e’ as reference (16 grades). (b) Modify the node voltages determined in (a) so as to have them with respect to node ‘c’ as reference (4 grades). 
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Solution: (a) It follows from the circuit that Vc = 8 V, Va = 4 + 8 = 12 V. Vd can be determined from the node-voltage equation for node ‘d’: -(1/R)Va – (1/R)Vc + (3/R)Vd = 0, which gives Vd = 20/3 V. Note that the two voltage sources partition the circuit into two subcircuits: one consisting of the three resistors connected at node ‘d’ and the other consisting of the two dependent sources and R. Changes in the subcircuit on the left do not affect the subcircuit on the right. Hence, Vd can be determined independently of the parameters of the circuit on the left. However, the circuit on the left is affected by that on the right, because IX = Vd/R.

Vb can be determined from the node-voltage equation of node b: (1/R)Vb – (1/R)Vc = 2IX – 3IY. Substituting Va = 12 V, IX = (1/R)Vd, IY = (1/R)Vb – (1/R)Vc, and simplifying: 2Vb – Vd = 16. This gives Vb = 34/3 V.

The node-voltage equations for nodes ‘a’ and ‘c’ need not be written since the voltages of these nodes are already determined. For node ‘a’: (1/R)Va – (1/R)Vd = 3IY – IZ. For node ‘c’: – (1/R)Vb + (2/R)Vc – (1/R)Vd = IZ – IX. Adding these equations to eliminate IZ: (1/R)Va – (1/R)Vb + (2/R)Vc – (2/R)Vd = 3IY – IX. Substituting Va = 12 V, Vc = 8 V, 3IY = (3/R)Vb – (3/R)Vc,, IX = (1/R)Vd, collecting terms and cancelling out R: 4Vb + Vd = 52, which is satisfied by the same values of Vb and Vd.
(b) All the node voltages are reduced by Vc = 8 V. This gives: Va = 4 V, Vb = 34/3 – 8 = 10/3, 

Vc = 0, Vd = 20/3 – 8 = -4/3 V, Ve = -8 V.
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