EECE 210

Quiz 2, October 26, 2013
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1.
Determine VO, given ISRC = 1 A.
A. 2.5 V
B. 3 V
C. 4 V
D. 2 V
E. 3.5 V
Solution: The resistors across the voltage sources are redundant, and the source voltages cancel out between the output terminals. The 5 ( resistor is redundant, so VO = 2ISRC.
Version 1: ISRC = 1 A, VO = 2 V
Version 2: ISRC = 1.5 A, VO = 3 V
Version 3: ISRC = 2 A, VO = 4 V
Version 4: ISRC = 2.5 A, VO = 5 V
Version 5: ISRC = 3 A, VO = 6 V.
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2.
Determine Vx, given ISRC = 1 A.
A. 4.5 V
B. 2.25 V
C. 9 V
D. [image: image12.emf]+
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Solution: Assuming a current of 1 A in the rightmost branch, and working backwards gives Vx = 9 V and ISRC = 4 A. It follows from scaling that Vx = (9/4)ISRC = 2.25ISRC V.
Version 1: ISRC = 1 A, Vx = 2.25ISRC = 2.25 V
Version 2: ISRC = 2 A, Vx = 2.25ISRC = 4.5 V
Version 3: ISRC = 3 A, Vx = 2.25ISRC = 6.75 V
Version 4: ISRC = 4 A, Vx = 2.25ISRC = 9 V
Version 5: ISRC = 5 A, Vx = 2.25ISRC = 11.25 V.
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3.
Determine NEC looking into terminals ‘ab’, given ( = 1
A. IN = 0.5 A, RN = 5 (
B. IN = 0, RN = 5 (
C. IN = 0, RN = 6.67 (
D. IN = 0.5 A, RN = 6.67 (
E. [image: image14.emf]+
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Solution: IN = 0, since dependent sources alone do not excite the circuit. If a test source VT is applied, VT = Vx, and IT = (( +1)Ix + 0.5VT/10. Substituting Ix = VT/20 and collecting terms, IT = VT(( + 2)/20, which gives VT/IT = RN = 20/(( + 2) (. Alternatively, using the source absorption theorem, the current in the 10 ( resistor is 0.5Vx/10. The dependent voltage source is equivalent to a resistance of 0.5Vx divide by 0.5Vx/10, which is 10 (. This in series with 10 ( is 20 (, and 20 ( in parallel with 20 ( is 10 (. The dependent current source is equivalent to a resistance of Vx divided by (Vx/20, which is 20/( (. It follows that RN = (10||20/( ) = 20/(( + 2) (.
Version 1: ( = 1, RN = 20/(( + 2) = 20/3 = 6.67 (
Version 2: ( = 2, RN = 20/(( + 2) = 20/4 = 5 (
Version 3: ( = 3, RN = 20/(( + 2) = 20/5 = 4 (
Version 4: ( = 4, RN = 20/(( + 2) = 20/6 = 3.33 (
Version 5: ( = 6, RN = 20/(( + 2) = 20/8 = 2.5 (.
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4.
Determine TEC looking into terminals ‘ab’, given R = 1 (.
A.  VTh = 1 V, RTh = 0.5 (
B. VTh = 2 V, RTh = 1 (
C. VTh = 0.5 V, RTh = 1 (
D. VTh = 1 V, RTh = 2 (
E. VTh = 0, RTh = 0.5 (
Solution: If the dependent source is replaced by an independent source Vy, this source 
does not contribute any voltage between terminals ‘ab’ because of bridge balance. It does not contribute therefore to VTH or to ISC. If the current source is applied alone, with the independent voltage source replaced by a short circuit, the resistance of the bridge between terminals ‘ab’ is R, and the resistance across the current source is R/2. Hence, VTh = 2R/2 = R V. If terminals ‘ab’ are short circuited, ISC = 2 A due to the current source. This gives RTh = R/2. Alternatively, when both sources are set to zero, the resistance looking into terminals ‘ab’ is R/2.
Version 1: R = 1 (, VTh = 1 V, RTh = 0.5 (
Version 2: R = 2 (, VTh = 2 V, RTh = 1 (
Version 3: R = 3 (, VTh = 3 V, RTh = 1.5 (
Version 4: R = 4 (, VTh = 4 V, RTh = 2 (
Version 5: R = 5 (, VTh = 5 V, RTh = 2.5 (.
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5.
Determine Ix, given ISRC = 1 A.
A. 0.33 A
B. 1.33 A
C. 0

D. 0.67 A
E. 1 A
Solution: Under dc conditions, the inductors behave as short circuits and the capacitors as open circuits. From current division, Ix = (2/6)ISRC = ISRC/3 A.
Version 1: ISRC = 1 A, Ix = ISRC/3 = 0.33 A
Version 2: ISRC = 2 A, Ix = ISRC/3 = 0.67 A
Version 3: ISRC = 3 A, Ix = ISRC/3 = 1 A
Version 4: ISRC = 4 A, Ix = ISRC/3 = 1.33 A
Version 5: ISRC = 5 A, Ix = ISRC/3 = 1.67 A.
4%
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6.
Determine Ix, given VSRC = 1 V and all resistances are 1 (.
A. 1 A
B. 1.33 A
C. 0.67 A
D. 2 A
E. 1.67 A.
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Solution: If the circuit is split along the vertical midline, it becomes a shown. From KVL, VSRC + (1 – Ix)(1 = 2Ix, which gives Ix = (VSRC + 1)/3 A.
Version 1: VSRC = 1 V, Ix = (VSRC + 1)/3 = 0.67 A
Version 2: VSRC = 2 V, Ix = (VSRC + 1)/3 = 1 A
Version 3: VSRC = 3 V, Ix = (VSRC + 1)/3 = 1.33 A
Version 4: VSRC = 4 V, Ix = (VSRC + 1)/3 = 1.67 A
Version 5: VSRC = 5 V, Ix = (VSRC + 1)/3 = 2 A.
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4% (Primal Question)
7.
Determine TEC looking into terminals ‘ab’, given VSRC = 4 V.
Solution: From voltage division, VTh = (12/16)VSRC = 0.75VSRC. When VSRC is set to zero, the resistance between terminals ‘ab’ is RTh = 12||4 = 48/16 = 3 (.
Version 1: VSRC = 4 V, VTH = 0.75VSRC = 3 V
Version 2: VSRC = 6 V, VTH = 0.75VSRC = 4.5 V
Version 3: VSRC = 8 V, VTH = 0.75VSRC = 6 V
Version 4: VSRC = 10 V, VTH = 0.75VSRC = 7.5 V
Version 5: VSRC = 12 V, VTH = 0.75VSRC = 9 V.
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8.
Determine IS using superposition, given VSRC = 3 V.
Solution: If the 3 A source is applied with VSRC set to zero, IS1 = (2/3)(3 = 2A. With VSRC applied with the current source set to zero, IS2 = VSRC/3 A. With both sources acting together, IS = 2 + VSRC/3 A. 
Version 1: VSRC = 3 V, IS = 2 + VSRC/3 = 3 A
Version 2: VSRC = 6 V, IS = 2 + VSRC/3 = 4 A
Version 3: VSRC = 9 V, IS = 2 + VSRC/3 = 5 A
Version 4: VSRC = 12 V, IS = 2 + VSRC/3 = 6 A
Version 5: VSRC = 15 V, IS = 2 + VSRC/3 = 7 A.
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9.
Determine the equivalent capacitance between terminals ‘ab’, given Cx = 1 (F.
Solution: The capacitance of 3 (F in series with 6 (F is (3(6)/9 = 2 (F. Ceq =  2 + Cx (F.
Version 1: Cx = 1 (F, Ceq = 2 + 1 = 3 (F
Version 2: Cx = 2 (F, Ceq = 2 + 2 = 4 (F
Version 3: Cx = 3 (F, Ceq = 2 + 3 = 5 (F
Version 4: Cx = 4 (F, Ceq = 2 + 1 = 6 (F
Version 5: Cx = 5 (F, Ceq = 2 + 5 = 7 (F.
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10.
Determine the total energy stored in the circuit given vSRC = 1 V.
Solution: The current is zero, so no energy is stored in the inductor. The energy stored in the capacitor is W = ½(0.5)
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Version 1: VSRC = 1 V, W = 0.25
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Version 2: VSRC = 2 V, W = 0.25
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Version 3: VSRC = 4 V, W = 0.25
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Version 4: VSRC = 6 V, W = 0.25
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Version 5: VSRC = 8 V, W = 0.25
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11.
Determine VO, using superposition.
[image: image24.emf]2 k
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Solution: Replace the dependent source by an independent current source Iy. With the 10 V source acting alone, Ix1 = -10/6 = -5/3 mA. With the 3 mA source acting alone, Ix2 = 3(2/6 = 1 mA. With Iy acting alone, Ix3 = Iy(2/6 = 10Ix/6 = 5Ix/3 mA. It follows that: -5/3 + 1 + 5Ix/3 = Ix. This gives Ix = 1 mA. It follows from KCL that the currents are as shown. Hence, VO = 2(7 + 2(8 = 30 V.
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12.
 Determine Vc using the node-voltage method.
Solution: Node a: 0.25Va – 0.25Vb = 3 – I.
Node b: -0.25Va + 0.75Vb – 0.5Vc = -Ix,, with Vb = 10 V.
Node c: -0.5Vb + 0.5Vc = 2Ix + I
For the voltage source, Vc – Va = 2Ix,

The solution of these equations is facilitated by noting that KCL at the reference node gives Ix = 3 + 2Ix, or Ix = -3 A. Substituting this, Vb = 10 V, and Va = Vc – 2Ix = Vc + 6 in the equation for node b multiplied by 4: -Vc – 6 + 30 – 2Vc = 12, or 3Vc = 12 V, or Vc = 4 V.

[image: image26.emf]i

SRC

, A

1

2

1

0

2

3

t, s


20%

[image: image27.emf]V

L

, mV

1

2

1

0

2

3

t, s

13.
Given the variation of iSRC as a function of time as shown, with zero initial energy storage for t ( 0. (a) Express vL and vC as functions of time and sketch this variation. (b) Determine:
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i) the instantaneous power absorbed by L and C as a function of time, and (ii) the energy stored by L and C at t = 2 s.
Solution: (a) t < 0: vL = 0, vC = 0.
0 ( t (1 s: vL = LdiSRC/dt = 1(10-3((2/1) = 2(10-3 V. 
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 kV. The sketches are as shown.

(b) i) t < 0: pL = 0, pC = 0.

0 ( t (1 s: pL = 2(2t = 4t mW, pC = 103t2(2t ( 2t3 kW.

t ( 1 s: pL = 0, pC = (2t – 1)(2 = 4t – 2 kW.

ii) At t = 2 s, iL = 2 A and vC = 3 kV; WL = (1/2)(10-3(22 ( 2 mJ, and WC = (1/2)(10-3(32(106 ( 4.5 kJ.
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