CHAPTER 31 – AC Circuits



1.	(a)	The reactance of the capacitor is

			XC1 = 1/2pf1C = 1/2p(60 Hz)(7.2 ´ 10–6 F) =       3.7 ´ 102 W.

	(b)	For the new frequency we have

			XC2 = 1/2pf2C = 1/2p(1.0 ´ 106 Hz)(7.2 ´ 10–6 F) =       2.2 ´ 10–2 W.



2.	We find the frequency from

		XL = wL = 2pfL;

		660 W = 2pf(22.0 ´ 10–3 H), which gives f = 4.77 ´ 103 Hz =      4.77 kHz.



3.	We find the frequency from

		XC = 1/2pfC;

		6.70 ´ 103 W = 1/2pf(2.40 ´ 10–6 F), which gives f =       9.90 Hz.



4.	The impedance is Z = XC = 1/2pfC.

		�



5.	The impedance is Z = XL = wL = 2pfL.

		�







6.	We find the impedance from

		Z = XL = wL = 2pfL = 2p(33.3 kHz)(36.0 ´ 10–3 H) =       7.53 kW.

	For the rms current we have

		Irms = Vrms/XL = (750 V)/(7.53 kW) =      99.6 mA.



7.	If there is no current in the secondary, there will be no induced emf from the mutual inductance.  We find the impedance from

		Z = XL = Vrms/Irms = (110 V)/(2.2 A) = 50 W. 

	We find the inductance from

		XL = 2pfL;

		50 W = 2p(60 Hz)L, which gives L =      0.13 H.



8.	(a)	We find the impedance from

			Z = XC = 1/2pfC = 1/2p(600 Hz)(0.036 ´ 10–6 F) = 7.37 ´ 103 W =      7.4 kW.

	(b)	We find the peak value of the current from

			Ipeak = v2 Irms = v2(Vrms /Z) = v2(22 kV)/(7.37 kW) =      4.2 A.

		The frequency of the current will be the frequency of the line:      600 Hz.



�

9.	(a)	If the voltage is 

			V = V0 sin wt,

		the charge on the capacitor is

			Q = CV = CV0 sin wt.

		Thus the current is

			I = dQ/dt = wCV0 cos wt = wCV0 sin (wt + 90°).

	(b)	If the voltage is 

			V = V0 sin wt,

		for the circuit we have

			V = V0 sin wt = L dI/dt,  or dI/dt = (V0 /L) sin wt.

		When we integrate this we get

			I = – (V0/wL) cos wt = (V0/wL) sin (wt – 90°).





10.	The average power dissipation is

		P = Irms2R = !Ipeak2R = !(1.80 A)2(260 W) =      421 W.



11.	Because the capacitor and resistor are in parallel, their currents are

		IC = V/XC ,   and  IR = V/R.

	The total current is I = IC + IR .

	(a)	The reactance of the capacitor is

			XC1 = 1/2pf1C = 1/2p(60 Hz)(0.35 ´ 10–6 F) = 7.58 ´ 103 W = 7.58 kW.

		For the fraction of current that passes through C, we have

			fraction1 	= IC1/(IC1 + IR) = (1/XC1)/[(1/XC1) + (1/R)] = R/(R + XC1)

						= (0.400 kW)/(0.400 kW + 7.58 kW) = 0.050 =      5.0%. 

	(b)	The reactance of the capacitor is

			XC2 = 1/2pf2C = 1/2p(60,000 Hz)(0.35 ´ 10–6 F) = 7.58 W.

		For the fraction of current that passes through C, we have

			fraction2 	= IC2/(IC2 + IR) = (1/XC2)/[(1/XC2) + (1/R)] = R/(R + XC2)

						= (400 W)/(400 W + 7.58 W) = 0.98 =      98%. 

		Thus most of the high-frequency current passes through the capacitor.







12.	(a)	The reactance of the capacitor is

			XC1 = 1/2pf1C = 1/2p(60 Hz)(6.8 ´ 10–6 F) = 390 W = 0.39 kW.

		The impedance of the circuit is

			Z1 = (R2 + XC12)1/2 = [(1.20 kW)2 + (0.39 kW)2]1/2 =       1.26 kW.

	(b)	The reactance of the capacitor is

			XC2 = 1/2pf2C = 1/2p(60,000 Hz)(6.8 ´ 10–6 F) = 0.39 W = 0.00039 kW.

		The impedance of the circuit is

			Z2 = (R2 + XC22)1/2 = [(1.20 kW)2 + (0.00039 kW)2]1/2 =       1.20 kW.



13.	(a)	The reactance of the inductor is

			XL1 = 2pf1L = 2p(50 Hz)(26.0 ´ 10–3 H) = 8.17 W.

		The impedance of the circuit is

			Z1 = (R2 + XL12)1/2 = [(9.0 kW)2 + (0.00817 kW)2]1/2 =       9.0 kW.

	(b)	The reactance of the inductor is

			XL2 = 2pf2L = 2p(30 kHz)(26.0 ´ 10–3 H) = 4.9 kW.

		The impedance of the circuit is

			Z2 = (R2 + XL22)1/2 = [(9.0 kW)2 + (4.9 kW)2]1/2 =       10.2 kW.



14.	We find the impedance from

		Z = Vrms/Irms = (120 V)/(70 mA) =      1.7 kW.



15.	(a)	The reactance of the capacitor is

			XC = 1/2pfC = 1/2p(60 Hz)(0.80 ´ 10–6 F) = 3.32 ´ 103 W = 3.32 kW.

		The impedance of the circuit is

			Z = (R2 + XC2)1/2 = [(6.0 kW)2 + (3.32 kW)2]1/2 = 6.86 kW.

		The rms current is 

			Irms = Vrms/Z = (120 V)/(6.86 kW) =      18 mA.

	(b)	We find the phase angle from

			cos f = R/Z = (6.0 kW)/(6.86 kW) = 0.875.

		In an RC circuit, the current leads the voltage, so f =      – 29°.

	(c)	The power dissipated is

			P = Irms2R = (17.5 ´ 10–3 A)2(6.0 ´ 103 W) =        1.8 W.

	(d)	The rms readings across the elements are

			VR = IrmsR = (17.5 mA)(6.0 kW) =      105 V;

			VC = IrmsXC = (17.5 mA)(3.32 kW) =      58 V.

		Note that, because the maximal voltages occur at different times, the two readings do not add 

		to the applied voltage of 120 V.































16.	(a)	The reactance of the inductor is

			XL = 2pfL = 2p(60 Hz)(0.250 H) = 94.2 W.

		The impedance of the circuit is

			Z = (R2 + XL2)1/2 = [(765 W)2 + (94.2 W)2]1/2 = 770.8 W.

		The rms current is 

			Irms = Vrms/Z = (120 V)/(770.8 W) =      0.156 A.

	(b)	We find the phase angle from

			cos f = R/Z = (765 W)/(770.8 W) = 0.993.

		In an RL circuit, the current lags the voltage, so f =      + 7.02°.

	(c)	The power dissipated is

			P = Irms2R = (0.156 A)2(765 W) =        18.5 W.

	(d)	The rms readings across the elements are

			VR = IrmsR = (0.156 A)(765 W) =      119 V;

			VL = IrmsXL = (0.156 A)(94.2 W) =      15 V.

		Note that, because the maximal voltages occur at different times, the two readings do not add 

		to the applied voltage of 120 V.



17.	The reactances and impedance in the circuit are

		XL = 2pfL = 2p(60 Hz)(35 ´ 10–3 H) = 13.2 W.

		XC = 1/2pfC = 1/2p(60 Hz)(20 ´ 10–6 F) = 133 W.

		Z = [R2 + (XL – XC)2]1/2 = [(2.0 W)2 + (13.2 W – 133 W)2]1/2 = 119 W.

	(a)	The rms current is 

			Irms = Vrms/Z = (45 V)/(119 W) =      0.38 A.

	(b)	We find the phase angle from

			cos f = R/Z = (2.0 W)/(119 W) = 0.0168.

		Because XC > XL , the current leads the voltage, so f =      – 89°.

	(c)	The power dissipated is

			P = Irms2R = (0.38 A)2(2.0 W) =        0.29 W.



18.	For the current and voltage to be in phase, the net reactance of the capacitor and inductor must be zero.  Thus we have

		XL = XC;

		2pfL = 1/2pfC,  or

		f = (1/2p)(1/LC)1/2;

		360 Hz = (1/2p)[1/(40 ´ 10–3 H)C]1/2, which gives C = 4.9 ´ 10–6 F =      4.9 mF.



19.	We find the resistance from

		Z = [R2 + XL2]1/2 ;

		335 W = [R2 + (45.5 W)2]1/2, which gives R =       332 W.



20.	The power dissipated is the power delivered to the circuit:

		P = IV = I0V0 sin wt sin (wt + f).

	If we expand the second term, we get

		P 	= I0V0 sin wt (sin wt cos f + cos wt sin f) 

			= I0V0 (cos f sin2 wt + sin f sin wt cos wt ) = I0V0(cos f sin2 wt + sin f ! sin 2wt ).

	When we average over a cycle, the average of a sin2 function = !, and the average of a sine function = 0.

	Thus we have

		� = !I0V0 cos f.









21.	(a)	The average value over a cycle is

			 �

	(b)	We assume the half-cycle is from zero to !T:

			�

		When we compare this to Vrms , we get

			�



22.	We find the rms current from

		P = Irms2R;

		15.5 W = Irms2(150 W), which gives Irms = 0.321 A.

	We find the impedance from

		Z = Vrms/Irms = (60.0 V)/(0.321 A) = 187 W.

	From this we can find the reactance of the coil:

		Z2 = R2 + XL2;

		(187 W)2 = (150 W)2 + XL2, which gives XL = 112 W.

	We find the frequency that will produce this reactance from

		XL = 2pfL ;

		112 W = 2pf(0.040 H), which gives f =       446 Hz.



23.	The reactance of the capacitor is

		XC = 1/2pfC = 1/2p(10.0 ´ 103 Hz)(5000 ´ 10–12 F) = 3.18 ´ 103 W = 3.18 kW.

	The reactance of the inductor is

		XL = 2pfL = 2p(10.0 kHz)(0.0320 H) = 2.01 kW.

	The impedance of the circuit is

		Z = [R2 + (XL – XC)2]1/2 = [(8.70 kW)2 + (2.01 kW – 3.18 kW)2]1/2 =        8.78 kW.

	We find the phase angle from

		tan f = (XL – XC)/R = (2.01 kW – 3.18 kW)/(8.70 kW) = – 0.134, so f =       – 7.66°.

	The rms current is 

		Irms = Vrms/Z = (800 V)/(8.78 kW) =      91.1 mA.





24.	The resonant frequency is

		f0 = (1/2p)(1/LC)1/2 = (1/2p)[1/(26.0 ´ 10–6 H)(3200 ´ 10–12 F)]1/2 =       5.52 ´ 105 Hz.



25.	The resonant frequency is

		f0 = (1/2p)(1/LC)1/2 = (1/2p)[1/(30.0 ´ 10–3 H)(12.0 ´ 10–6 F)]1/2 =       265 Hz.

	At the resonant frequency, Z = R, so the rate at which energy is supplied by the generator is

		P = Irms2R = Vrms2/R = (90.0 V)2/(25.0 W) =      324 W.











26.	(a)	We find the capacitance from the resonant frequency:

			f0 = (1/2p)(1/LC)1/2;

			33.0 ´ 103 Hz = (1/2p)[1/(4.15 ´ 10–3 H)C]1/2, which gives C = 5.60 ´ 10–9 F =       5.60 nF.

	(b)	At resonance the impedance is the resistance, so the current is

			I0 = V0/R = (136 V)/(220 W) =      0.618A.



27.	We find the capacitance from the new resonant frequency:

		f0 = (1/2p)(1/LC)1/2;

		2(33.0 ´ 103 Hz) = (1/2p)[1/(4.15 ´ 10–3 H)C]1/2, which gives C = 1.40 ´ 10–9 F.

	At the applied frequency the reactances are

		XL = 2pfL = 2p(33.0 ´ 103 Hz)(4.15 ´ 10–3 H) = 860 W = 0.860 kW.

		XC = 1/2pfC = 1/2p(33.0 ´ 103 Hz)(1.40 ´ 10–9 F) = 3.44 ´ 103 W = 3.44 kW.

	The impedance is

		Z = [R2 + (XL – XC)2]1/2 = [(0.220 kW)2 + (0.860 kW – 3.44 kW)2]1/2 = 2.59 kW.

	The peak current is 

		I0 = V0/Z = (136 V)/(2.59 kW) =      52.5 mA.



28.	Because the circuit is in resonance, we find the inductance from

		f0 = (1/2p)(1/LC)1/2;

		18.0 ´ 103 Hz = (1/2p)[1/L(220 ´ 10–6 F)]1/2, which gives L = 3.55 ´ 10–7 H.

	If r is the radius of the coil, the number of turns is

		N = ¬wire/2pr.

	If d is the diameter of the wire, for closely-wound turns, the length of the coil is

		¬ = Nd.

	Thus the inductance of the coil is

		L = m0AN2/¬ = m0pr2(¬wire/2pr)2/Nd = m0¬wire2/4pNd;

		3.55 ´ 10–7 H = (4p ´ 10–7 T · m/A)(12.0 m)2/4pN(1.1 ´ 10–3 m), which gives N =      3.68 ´ 104 turns.



29.	(a)	We can express the charge amplitude in terms of the impedance:

			Q0 	= CVC0 = CXCI0 = (1/w)(V0/Z)

				= V0/w[R2 + (wL – 1/wC)2]1/2 = V0/[(wR)2 + (w2L – 1/C)2]1/2.

	(b)	We find the frequency to make Q0 a maximum by setting the first derivative equal to zero:

			dQ0/dw = V0(– !)[2wR2 + 2(w2L – 1/C)(2wL)]/[(wR)2 + (w2L – 1/C)2]3/2 = 0,   or   

			w¢R2 + 2w¢L(w¢2L – 1/C) = 0, which gives R2/2L = (1/C) – w¢2L,  or      w¢2 = [(1/LC) – (R2/2L2)].

	(c)	For the forced harmonic oscillator, the amplitude is

			A0 = F0/m[(w2 – w02)2 + b2w2/m2]1/2 = F0/[(wb)2 + (w2m – k)2]1/2.

		The frequency that produces the maximum amplitude is

			w¢2 = [(k/m) – (b2/2m2)].

		This has the same form as the result for an LRC circuit, with

			k « 1/C,  m « L,  b « R.

























30.	The current in an LRC circuit is

		I = V0/Z,

	so the maximum occurs for Z = Zmin = R:

		I0 = V0/R, with w0 = 1/(LC)1/2.

	To get I = !I0 , we have

		Z = 2Zmin ,  or

		Z2 = 4R2 = R2 + (wL – 1/wC)2, which gives 

		3R2 = (wL – 1/wC)2,  or  v3R = ± (wL – 1/wC), 

	which is a quadratic equation for w:

		± Lw2 – v3Rw — 1/C = 0,   or   Lw2 — v3Rw – 1/C = 0, with solutions (w must be positive)

		w = ± v3R/2L + [(3R2/4L2) + (1/LC)]1/2.

	Thus the width of the peak is

		?w = w+ – w– = v3R/L.



31.	(a)	The average power dissipated is

			� = Irms2Z cos f = Irms2R = !I02R.

		If we use I0 = V0/Z, we get

			�  = V02R/2Z2 = V02R/2[R2 + (wL – 1/wC)2].

	(b)	We find the frequency to make � a maximum by setting the first derivative equal to zero:

			�, or equivalently, �; 

			�

		Because (L + 1/w2C) > 0, we have

			w¢L = 1/w¢C,  or         w¢2 = 1/LC.

	(c)	The peak for the average power, P0 = V02R/2Z02, occurs when Z0 = R.  

		To get �  = V02R/2Z2 = !P0 = V02R/4Z02, we have

			Z2 = R2 + (wL – 1/wC)2 = 2Z02 = 2R2,   or   R = ± (wL – 1/wC), 

		which is a quadratic equation for w:

			± Lw2 – Rw — 1/C = 0,   or   Lw2 — Rw – 1/C = 0, with solutions (w must be positive)

			w = ± R/2L + [(R2/4L2) + (1/LC)]1/2.

		Thus the width of the peak is

			?w = w+ – w– = R/L.



32.	Because the loudspeaker is connected to the secondary side of the transformer, we have

		ZP/ZS = (NP/NS)2;

		(35 ´ 103 W)/(8.0 W) = (NP/NS)2, which gives NP/NS =      66.



33.	We find the equivalent resistance of the two speakers in parallel from

		1/Req = (1/R1) + (1/R2) = (1/8 W) + (1/8 W), which gives Req = 4 W.

	Thus the speakers should be connected to the      4 W      terminals.























34.	Because the capacitor and resistor are in series, the impedance of the circuit is 

		Z = (R2 + XC2)1/2, 

	so the current is

		I = V/Z, 

	and the voltage across the resistor is

		VR = IR.

	(a)	The reactance of the capacitor is

			XC1 = 1/2pf1C = 1/2p(60 Hz)(1.2 ´ 10–6 F) = 2.21 ´ 103 W = 2.21 kW.

		The impedance of the circuit is

			Z1 = (R2 + XC12)1/2 = [(0.800 kW)2 + (2.21 kW)2]1/2 = 2.35 kW.

		The current is 

			I1 = V/Z1 = (130 mV)/(2.35 kW) = 55.3 mA.

		The voltage across the resistor is

			VR1 = I1R = (55.3 mA)(0.800 kW) =       44 mV.

		Thus the signal is reduced but not eliminated.

	(b)	The reactance of the capacitor is

			XC2 = 1/2pf2C = 1/2p(60,000 Hz)(1.2 ´ 10–6 F) = 2.21 W.

		The impedance of the circuit is

			Z2 = (R2 + XC22)1/2 = [(800 W)2 + (2.21 W)2]1/2 = 800 W.

		The current is 

			I2 = V/Z2 = (130 mV)/(800 W) = 0.163 mA.

		The voltage across the resistor is

			VR2 = I2R = (0.163 mA)(800 W) =       130 mV.

		Thus the high-frequency signal passes to the resistor.



35.	For the current and voltage to be in phase, the net reactance of the capacitor and inductor must be zero.  Thus we have

		XL = XC;

		2pfL = 1/2pfC,  or

		f = (1/2p)(1/LC)1/2;

		3360 Hz = (1/2p)[1/(0.230 H)C]1/2 , which gives C = 9.76 ´ 10–9 F =      9.76 nF.



36.	Because the current lags the voltage by less than 90°, resistance must be present so this must be an  

�

	     RL circuit.

	We find the impedance of the circuit from

		Z = Vrms/Irms = (120 V)/(5.6 A) = 21.4 W. 

	We find the resistance from the phase:

		cos f = R/Z;

		cos 50° = R/(21.4 W), which gives R =        13.8 W.

	We find the reactance from the phase:

		sin f = XL/Z;

		sin 50° = XL/(21.4 W), which gives XL = 16.4 W.

	We find the inductance from

		XL = 2pfL;

		16.4 W = 2p(60 Hz)L, which gives L = 4.35 ´ 10–2 H =      43.5 mH.



37.	We find the reactance from

		XL = Vrms/Irms = (240 V)/(22.8 A) = 10.5 W.

	We find the inductance from

		XL = 2pfL;

		10.5 W = 2p(60 Hz)L, which gives L = 0.0279 H =       27.9 mH.



38.	(a)	We find the impedance from

			Z = XC = 1/2pfC = 1/2p(700 Hz)(0.038 ´ 10–6 F) = 5.98 ´ 103 W =      6.0 kW.

	(b)	We find the peak value of the current from

			Ipeak = v2 Irms = v2(Vrms/Z) = v2(4.0 kV)/(6.0 kW) =      0.95 A.



39.	At 60 Hz, the reactance of the inductor is

		XL1 = 2pf1L = 2p(60 Hz)(0.620 H) = 234 W.

	The impedance of the circuit is

		Z1 = (R2 + XL12)1/2 = [(3.5 kW)2 + (0.234 kW)2]1/2 = 3.51 kW.

	Thus the impedance at the new frequency is

		Z2 = 2Z1 = 2(3.51 kW) = 7.02 kW.

	We find the new reactance from

		Z2 = (R2 + XL22)1/2;

		7.02 kW = [(3.5 kW)2 + XL22]1/2, which gives XL2 = 6.09 kW.

	We find the new frequency from

		XL2 = 2pf2L;

		6.09 kW = 2pf2(0.620 H), which gives f2 =       1.6 kHz.



40.	(a)	The reactance of the capacitor is

			XC = 1/2pfC = 1/2p(60.0 Hz)(1.80 ´ 10–6 F) = 1.47 ´ 103 W = 1.47 kW.

		The impedance of the circuit is

			Z = (R2 + XC2)1/2 = [(8.80 kW)2 + (1.47 kW)2]1/2 = 8.92 kW.

		The rms current is 

			Irms = Vrms/Z = (120 V)/(8.92 kW) =      13.5 mA.

	(b)	We find the phase angle from

			cos f = R/Z = (8.80 kW)/(8.92 kW) = 0.986.

		In an RC circuit, the current leads the voltage, so f =      – 9.48°.

	(c)	The power dissipated is

			P = Irms2R = (13.5 ´ 10–3 A)2(8.80 ´ 103 W) =        1.59 W.

	(d)	The rms readings across the elements are

			VR = IrmsR = (13.5 mA)(8.80 kW) =      119 V;

			VC = IrmsXC = (13.5 mA)(1.47 kW) =      19.8 V.

		Note that, because the maximum voltages occur at different times, the two readings do not add 

		to the applied voltage of 120 V.



41.	We find the resistance of the coil from the dc current:

		R = Vdc/Idc = (36 V)/(2.5 A) =       14 W.

	We find the impedance from the ac current:

		Z = Vrms/Irms = (120 V)/(3.8 A) = 31.6 W.

	We find the reactance from

		Z = [R2 + XL2]1/2 ;

		31.6 W = [(14.4 W)2 + XL2]1/2, which gives XL = 28.1 W.

	We find the inductance from

		XL = 2pfL;

		28.1 W = 2p(60 Hz)L, which gives L = 0.075 H =      75 mH.















42.	(a)	At resonance we have

			2pf0 = (1/LC)1/2.

		The Q factor is 

			Q = VC/VR = IrmsXC/IrmsR = 1/2pf0CR = (LC)1/2/CR = (1/R)(L/C)1/2.

	(b)	We find the inductance from the resonant frequency:

			2pf0 = (1/LC)1/2;

			2p(1.0 ´ 106 Hz) = [1/L(0.010 ´ 10–6 F)]1/2, which gives L = 2.5 ´ 10–6 H =      2.5 mH.

		We find the resistance required from

			Q = (1/R)(L/C)1/2;

			1000 = (1/R)[(2.5 ´ 10–6 H)/(0.010 ´ 10–6 F)]1/2, which gives R =       1.6 ´ 10–2 W.

	(c)	For the circuit of Example 31–3, we have

			Q = (1/R)(L/C)1/2 = (1/25.0 W)[(30.0 ´ 10–3 H)/(12.0 ´ 10–6 F)]1/2 =      2.00.



43.	We find the impedance from the power factor:

		cos f = R/Z ;

		0.17 = (200 W)/Z , which gives Z = 1.18 ´ 103 W.

	We get an expression for the reactances from

		Z2 = R2 + (XL – XC)2;

		(1.18 ´ 103 W)2 = (200 W)2 + (XL – XC)2, which gives XL – XC = ± 1.16 ´ 103 W.

	When we express this in terms of the inductance and capacitance, we get

		2pfL – (1/2pfC) = ± 1.16 ´ 103 W;

		2pf(0.020 H) – [1/2pf(50 ´ 10–9 F)] = ± 1.16 ´ 103 W, which reduces to two quadratic equations:

		0.126f 2 ± (1.16 ´ 103 Hz)f – 3.183 ´ 106 Hz2 = 0,

	which have positive solutions of f =        2.2 ´ 103 Hz, 1.1 ´ 104 Hz.



44.	(a)	If we choose V = V0 sin wt and assume XL > XC , 

		we have the diagram shown.



�

	(b)	We take projections on the y-axis.  

		From the diagram we see that

			I = – I0 sin (f – wt) = I0 sin (wt – f),

		where

			cos f = VR0/V0 = R/Z;

			Z2 = R2 + (XL – XC)2;  and

			I0 = V0/Z.





































45.	(a)	From the expression for V, we see that V0 = 0.95 V, and 2pf = 754 s–1.

		For the reactances, we have

			XC = 1/2pfC = 1/(754 s–1)(0.30 ´ 10–6 F) = 4.42 ´ 103 W = 4.42 kW.

			XL = 2pfL = (754 s–1)(0.0220 H) = 16.6 W = 0.0166 kW.

		The impedance of the circuit is

			Z = [R2 + (XL – XC)2]1/2 = [(23.2 kW)2 + (0.0166 kW – 4.42 kW)2]1/2 =       23.6 kW.

		We find the phase angle from

			tan f = (XL – XC)/R = (0.0166 kW – 4.42 kW)/(23.2 kW) = – 0.191, which gives       f  = – 10.8°.

	(b)	The power dissipated is

			P 	= Irms2R = (Vrms/Z)2R = (V0/Zv2)2R = !(V0/Z)2R 

				= !(0.95 V/23.6 ´ 103 W)2(23.2 ´ 103 W) =       1.88 ´ 10–5 W.

	(c)	The rms current is

			Irms = I0/v2 = V0/Zv2 = (0.95 V)/(23.6 ´ 103 W)v2 = 2.846 ´ 10–5 A =       2.8 ´ 10–5 A.

		The rms readings across the elements are

			VR = IrmsR = (2.85 ´ 10–5 A)(23.6 ´ 103 W) =      0.66 V;

			VL = IrmsXL = (2.85 ´ 10–5 A)(16.6 W) =      4.7 ´ 10–4 V.

			VC = IrmsXC = (2.85 ´ 10–5 A)(4.42 ´ 103 W) =      0.126 V.
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46.	(a)	With XL > XC , and R = 0, the impedance of the circuit 

		to ac current is

			Z = [(XL – XC)2]1/2 = XL – XC .

		The ac current amplitude is 

			I0 = V20/Z = V20/(XL – XC) =       V20/(wL – 1/wC).

		We find the phase angle from

			tan f  = (XL – XC)/R = (XL – XC)/0  = + 8, so       f  = 90°.

		Thus the current is

			I = I0 sin (wt – 90°) = – I0 cos wt.

		There will be no dc current through the capacitor.

	(b)	We can treat the emf as a superposition of ac and dc components.

		For the dc component V1 , the voltage across the inductor is

			V1L = L dI/dt = 0, so V1out = V1C = V1 , and Q1 = CV1.

		At any instant the charge on the capacitor is

			Q = CVout = CV1 + CV2out ,

		and the current through the capacitor is

			I = dQ/dt = C dV2out/dt = – I0 cos wt.

		When we integrate this, we get

			�

	(c)	If we ignore the sign change, the ratio of output ac voltage to input ac voltage is

			V2out/V20 = 1/wC(wL – 1/wC) = XC/(XL – XC).

		This will be least when the denominator is maximal, XC « XL , and the ratio will be

			V2out/V20 ˜ XC/XL « 1.

	(d)	Because there is no dc current,       V1out = V1 .
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47.	The impedance of the circuit to ac current is

		Z = [R2 + XC2]1/2 = [R2 + (1/wC)2]1/2.

	The ac current amplitude is 

		I0 = V20/Z = V20/[R2 + (1/wC)2]1/2.

	We find the phase angle from

		tan f = (XL – XC)/R = – XC/R.

	If R » XC , then tan f ˜ 0, and f ˜ 0.

	Thus the current is

		I = I0 sin wt.

	There will be no dc current through the capacitor, and thus no appreciable dc voltage drop across the resistor, so V1out = V1C = V1 , and Q1 = CV1.

	At any instant the charge on the capacitor is

		Q = CVout = CV1 + CV2out ,

	and the current through the capacitor is

		I = dQ/dt = C dV2out/dt = I0 sin wt.

	When we integrate this, we get

		�

	If R » XC , then

		Z = [R2 + (1/wC)2]1/2 ˜ R, and the current will be

		I0 = V20/Z = V20/[R2 + (1/wC)2]1/2 ˜ V20/R, which will be low.

	If we form the ratio of output ac voltage to input ac voltage, we get

		V2out/V20 = XC/[R2 + XC2]1/2 ˜ XC/R « 1.





















































48.	(a)	The current in the resistor is in phase with the voltage across the resistor:

			IR = V/R = (V0/R) sin wt,    fR = 0°.

�

 	(b)	The voltage across the inductor is

			VL = V0 sin wt = L dIL/dt.

		When we integrate this, we get

			�

	(c)	The charge on the capacitor is

			QC = CV = CV0 sin wt.

		Thus the current in the capacitor is 

			IC = dQC/dt = wCV0 cos wt =       wCV0 sin (wt + 90°) = (V0/XC) sin (wt + 90°).

	(d)	The total current is 

			I 	= IR + IL + IC = (V0/R) sin wt + (V0/wL) sin (wt – 90°) + (wCV0) sin (wt + 90°) 

�

				= V0[(1/R) sin wt + (wC – 1/wL) cos wt].

		We form the triangle shown with the following  values:

			cos f = (1/R)/[(1/R)2 + (wC – 1/wL)2]1/2;

			sin f = (wC – 1/wL)/[(1/R)2 + (wC – 1/wL)2]1/2;

			tan f = (wC – 1/wL)/(1/R) = R(wC – 1/wL).

		This lets us express the current as a combination of 

		trig functions:

			I 	=  V0[(1/R)2 + (wC – 1/wL)2]1/2(cos f sin wt + sin f cos wt)  

				=       V0[(1/R)2 + (wC – 1/wL)2]1/2 sin (wt + f), with f = tan–1 [R(wC – 1/wL)].

	(e)	The impedance  is 

			Z = V0/I0 = [(1/R)2 + (wC – 1/wL)2]–1/2 =       R/[1 + (RwC – R/wL)2]1/2.

	(f)	Because power is dissipated only by the resistance, the average power  is 

			� = (I0R2/2)R = (I0R2/2)Z(power factor),

		or, in terms of the voltage:

			[(V0/R)2/2]R = [(V0/Z)2/2]Z(power factor),  or  V02/2R = (V02/2Z)(power factor).

		Thus we see that 

			power factor = Z/R =       [1 + (RwC – R/wL)2]–1/2 = cos f.





49.	We find the equivalent values for each type of element:

		R = R1 + R2 ;

		C = C1C2/(C1 + C2),  so  XC = (C1 + C2)/wC1C2 ;

		L = L1 + L2 , assuming the windings are symmetric,  so  XL = w(L1 + L2).

	The impedance of the circuit is

		Z = [R2 + (XL  – XC)2]1/2 =       {(R1 + R2)2 + [w(L1 + L2) – (C1 + C2)/wC1C2]2}1/2.





50.	If there is no current in the secondary, there will be no induced emf from the mutual inductance.  We find the inductance from

		Z = XL = Vrms/Irms = 2pfL;

		(220 V)/(5.8 A) = 2p(60 Hz)L, which gives L =      0.10 H.













51.	We can find the resistance from the power dissipated:

		P = Irms2R; 

		300 W = (4.0 A)2R, which gives R =       19 W.

	The impedance of the electromagnet is

		Z = Vrms/Irms = (120 V)/(4.0 A) = 30 W.

	We can find the inductance from

		Z = (R2 + XL2)1/2 = [R2 + (2pfL)2]1/2;

		30 W = {(19 W)2 + [2p(60 Hz)L]2}1/2, which gives L = 6.2 ´ 10–2 H =       62 mH.



52.	For the inductor circuit we have

		V = V0 sin wt = L dI/dt + RI.

	If we let I = I0 sin (wt – f), this becomes

		V0 sin wt 	= wLI0 cos (wt – f) + I0R sin (wt – f) 

					= wLI0(cos wt cos f + sin wt sin f) + I0R(sin wt cos f – cos wt sin f) 

					= (I0R cos f + I0wL sin f) sin wt – (I0R sin f – I0wL cos f) cos wt.

	Because this must be satisfied for any t, the equation must be satisfied separately by the sin wt 

	and cos wt terms.  Thus we get two equations from which we get I0 and f:

�

		I0R sin f – I0wL cos f = 0, which gives       tan f = wL/R;

		V0 = I0R cos f + I0wL sin f .

	We form the triangle shown with the following  values:

		cos f = R/(R2 + w2L2)1/2;

		sin f = wL/(R2 + w2L2)1/2;

		tan f = wL/R.

	Thus I0 	= V0/(R cos f + wL sin f) 

			= V0/{R[R/(R2 + w2L2)1/2] + wL[wL/(R2 + w2L2)1/2]} =      V0/(R2 + w2L2)1/2.
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53.	For the junction equation, we have

		I = IC + IL.

	For the loop equations, we have

		left loop: 		V0 sin wt  – IR – Q/C = 0;

		outside loop:	V0 sin wt  – IR – L dIL/dt = 0.

	Using a trial solution, I = I0 sin (wt + f), we find the 

	capacitor current from

		Q = C[V0 sin (wt)  – I0R sin (wt + f)];

		IC 	= dQ/dt = + wCV0 cos wt – wCI0R cos (wt + f)

			=  + (V0/XC) cos wt – (I0R/XC) cos (wt + f).

	We find the inductor current from

		dIL/dt = (V0/L) sin wt  – (I0R/L) sin (wt + f);

		IL 	= ? (dIL/dt) dt = – (V0/wL) cos wt  + (I0R/wL) cos (wt + f) + constant

			= – (V0/XL) cos wt  + (I0R/XL) cos (wt + f) + constant.

	By using the appropriate expansion of the trigonometric functions, we have

		I = I0[sin wt cos f + cos wt sin f],

		IC =  + (V0/XC) cos wt – (I0R/XC)(cos wt cos f – sin wt sin f),

		IL =  – (V0/XL) cos wt + (I0R/XL)(cos wt cos f – sin wt sin f) + constant.

	For the junction equation to be satisfied for arbitrary t, the coefficients of sin wt and cos wt must satisfy the junction equation, which gives

		constant = 0,

		+ I0 cos f = I0R[(1/XC) – (1/XL)] sin f.				(i)

		+ I0 sin f = V0[(1/XC) – (1/XL)] – I0R[(1/XC) – (1/XL)] cos f,	(ii)

	From (i) we get

		tan f = XCXL/(XL – XC)R, which gives 

		Xeq = XCXL/(XL – XC).

	This is the equivalent reactance of the two parallel elements.  Because the capacitor current leads the voltage and the inductor current lags the voltage, there is a p phase difference between the two, which gives the negative sign in the denominator. 

	The impedance of the circuit is

		Z = (R2 + Xeq2)1/2 = {R2 + [XCXL/(XL – XC)]2}1/2, which can also be obtained from (ii).

	When we use these results in the current equations, we obtain

		I0 = V0/Z, so the three currents are

		I = (V0/Z) sin (wt + f),

		IC = (V0/XC)[– (R/Z) cos (wt + f) +  cos wt],

		IL = (V0/XL)[(R/Z) cos (wt + f) – cos wt], where 

		Z = {R2 + [XCXL/(XL – XC)]2}1/2, and tan f = XCXL/(XL – XC)R.



�

54.	We write the applied voltage as V0 sin wt. 

	For the capacitor branch we have

		V0 sin wt = Q/C + I1R1, with Z12 = R12 + XC2.

	Thus I1 = I10 sin (wt – f1), with tan f1 = – XC/R1 .

	For the inductor branch we have

		V0 sin wt = I2R2 + L dI2/dt, with Z22 = R22 + XL2.

	Thus I2 = I20 sin (wt – f2), , with tan f2 = XL/R2 .

	We can find the potential difference Vab from the two paths:

		Vab = – I1R1 + I2XL ;   Vab = I1XC – I2R2 .

	When we eliminate I1 , we get

		[1 + (R1/XC)]Vab = [XL – (R1R2/XC)]I2 .

	Thus Vab = 0 if R1R2 = XCXL = L/C, independent of the frequency.
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