Solutions to Problems in Chapter 1


P1.1	See Figure 1.13 as an example. 


P1.2	See Figure 1.15 as an example. 


P1.3	(a)  From Figure 1.17(a), Vo,dc = 0.32 pu. From Eq. (1.44),



	(b)  From Figure 1.17(a), Vo,1,p = 0.5 pu. Thus, Vo,1 = 0.5/


P1.4	From Figure 1.17(b), Vo,1,p = 0.6 pu.

	(a) 



	(b)  0.6/

	

	(c)                              


P1.5  As in all the subsequent problems involving spectral analysis, formulas provided in Appendix B are used in the angle domain version (substitute 2π for T and ωt for t). The waveform of output voltage, vo(ωt), given by



has both the odd and half-wave symmetries, so that there are no even harmonics. Consequently, the peak value, Vo,k,p, of the kth harmonic is given by


which yields


In particular, , that is, the peak value of the fundamental output square-wave voltage is 27% higher than the dc input voltage. Calculation of the remaining nine harmonics is left to the Reader. Remember that  for k = 2,4,6,…


P1.6  	(a)

	(b)



	(c)



P1.7	


P1.8	This problem is somewhat tedious. The waveform of output voltage, given by


 
has only the half-wave symmetry. Therefore, only odd harmonics appear in the spectrum, and their peak values must be computed as


where




and 


For instance, with  the peak value of fundamental voltage is 




P1.9 	The waveform of output voltage of the generic rectifier has no half-wave symmetry. Therefore, all harmonics are present in the spectrum, including the dc component (“zero harmonic”). The analogous waveform in the generic ac voltage controller does have the half-wave symmetry, so that only the odd harmonics appear in the spectrum. The dc component is absent, as the average output voltage is zero.


P1.10		S1 & S2:	d1,2 = 70/100 = 0.7

		S3 & S4:	d3,4 = 70/100 = 0.7

		S5:		d5 = 1 - d1,2 = 1 – 0.7 = 0.3.


P1.11 		S1 & S2:	d1,2 = 0

			S3 & S4:	d3,4 = 35/100 = 0.35

			S5:	d5  = 1 - 0.35 = 0.65.


P1.12	tON + tOFF = tON/d = 0.2/0.4 = 0.5 ms 

		fsw = 1/(tON + tOFF) = 1/0.5 = 2 kHz.


P1.13	tON + tOFF = 1/1250 = 0.8 ms

		tON = d(tON + tOFF) = 0.3  0.8 = 0.24 ms

		tOFF = 0.8 - 0.24 = 0.56 ms.


P1.14	As M = d = tON/(tON + tOFF), then

		tON/tOFF = M/(1 - M) = 0.8/0.2 = 4.


P1.15	tON + tOFF = 1/(50  60) = 1/3000 s = 1/3 ms    fsw = 3 kHz

		tON = 0.3/3 = 0.1 ms.


P1.16	(a)	No. of  pulses = fsw/f = 1500/60 = 25 pulses per cycle

		(b)	d1,2 = 0.333, d5 = 0.667

		(c)	Pulse width = tON = d1,2(tON + tOFF) = d1,2/fsw = 0.333/1500 = 0.222 ms.


P1.17	(a)	S1 & S2   ON	S3 & S4   OFF	S5   OFF	

		(b)	S1 & S2   OFF	S3 & S4   OFF	S5   ON

		(c)	S1 & S2   OFF	S3 & S4   ON	S5   OFF


P1.18	Interval width = 360o/8 = 45o

		αn = (n - 0.5)  45o

		dn = 0.75sin(αn)

		Pulse width, wn = dn  45o

Computed widths of the pulses are tabulated below:

	n
	αn
	dn 
	wn

	1
	22.5o
	0.287
	12.9o

	2
	67.5o
	0.693
	31.2o

	3
	112.5o
	0.693
	31.2o

	4
	157.5o
	0.287
	12.9o

	5
	202.5o
	0.287
	12.9o

	6
	247.5o
	0.693
	31.2o

	7
	292.5o
	0.693
	31.2o

	8
	337.5o
	0.287
	12.9o



			
P1.21	Eqs. (1.73) and (1.75) can be modified to

]

and



where 1/720 s. Substituting the data, yields



and
	


As 720/60 = 12, there are 12 switching intervals per 60-Hz cycle. The initial value, io(0), of the current can be assumed to equal the average current, Io, that is,



where


Thus, io(0) = 36 A. Computed values of the current are tabulated below:

	t (s)
	io (A)
	t (s)
	io (A)

	0.0000
	36.0
	0.0090
	29.1

	0.0007
	29.7
	0.0097
	23.0

	0.0014
	23.7
	0.0104
	27.0

	0.0021
	27.6
	0.0111
	21.0

	0.0028
	21.6
	0.0118
	32.2

	0.0035
	32.8
	0.0125
	26.0

	0.0042
	26.6
	0.0132
	39.7

	0.0049
	40.3
	0.0139
	33.4

	0.0056
	33.9
	0.0146
	44.2

	0.0063
	44.7
	0.0153
	37.7

	0.0069
	38.2
	0.0160
	41.2

	0.0083
	35.3
	0.0167
	34.8




Clearly, the initial value was assumed incorrectly as it deviates from the final value in the cycle. Adjusting io(0) and repeating computations leads to the correct value of 33.8 A. Then,

	t (s)
	io (A)
	t (s)
	io (A)

	0.0000
	33.8
	0.0090
	27.6

	0.0007
	27.6
	0.0097
	21.6

	0.0014
	21.6
	0.0104
	25.6

	0.0021
	25.6
	0.0111
	19.6

	0.0028
	19.6
	0.0118
	30.8

	0.0035
	30.9
	0.0125
	24.7

	0.0042
	24.8
	0.0132
	38.5

	0.0049
	38.5
	0.0139
	32.1

	0.0056
	32.2
	0.0146
	43.0

	0.0063
	43.0
	0.0153
	36.6

	0.0069
	36.6
	0.0160
	40.1

	0.0083
	33.8
	0.0167
	33.8




and the final value equals the initial value. The substantial ripple of the current is a result of the low switching frequency, which in practice would be an order of magnitude higher. Note that once the current equations are found, a simple computer program allows easy repeating of the calculations with various values of io(0).


P1.22 	Substituting the data, including 1/500 s, in Eqs. (1.73) and (1.75), yields



and

.

The initial current, io(0), can be found from Eq. (1.70), which gives io(0) = -5.92 A. Computed values of the current are tabulated below:

	t (s)
	io (A)
	t (s)
	io (A)

	0.0000
	-5.92
	0.0115
	3.14

	0.0015
	-2.37
	0.0120
	2.51

	0.0020
	-1.89
	0.0135
	-4.73

	0.0035
	4.98
	0.0140
	-3.79

	0.0040
	3.98
	0.0155
	-10.80

	0.0055
	10.88
	0.0160
	-8.64

	0.0060
	8.70
	0.0175
	-12.74

	0.0075
	12.76
	0.0180
	-10.19

	0.0080
	10.21
	0.0195
	-9.81

	0.0095
	9.82
	0.0200
	-7.85

	0.0100
	7.86
	
	




The convergence suffers from the low load inductance and low switching frequency. The initial current must be corrected to -7.87 A to yield the final value equal to the initial value: 

	t (s)
	io (A)
	t (s)
	io (A)

	0.0000
	-7.87
	0.0115
	3.16

	0.0015
	-3.15
	0.0120
	2.53

	0.0020
	-2.52
	0.0135
	-4.71

	0.0035
	4.73
	0.0140
	-3.77

	0.0040
	3.78
	0.0155
	-10.78

	0.0055
	10.79
	0.0160
	-8.63

	0.0060
	8.63
	0.0175
	-12.74

	0.0075
	12.74
	0.0180
	-10.19

	0.0080
	10.19
	0.0195
	-9.84

	0.0095
	9.82
	0.0200
	-7.87

	0.0100
	7.86
	
	




Note that once the current equations are found, a simple computer program allows easy repeating of the calculations for various values of io(0).
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