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Fzu.	Thus	the	terminals	a	and	d	of	the	generator	become	alternately	positive	and	negative	relative	to	each	other,	and	a	time-varying	potential	difference	of	the	general	nature	shown	in	Oscillogram	1	(page	51)	is	developed.	Loop	current	i4	is	identified	with	link-branch	current	4.	Measurable	independent	loop	currents	may	be	identified	with	the	current
flowing	in	the	link	branches	of	the	network	whereas	measurable	independent	node-pair	voltages	may	be	identified	with	the	tree-branch	voltages.	branch	is	at	once	in	which	case	Z1L	obtainable	from	ZRL	by	assuming	that	L	=	0,	R	=	0,	ZRL	reduces	reduces	to	R/.	If	a	current	i	=	!,,	sin	wt	is	assumed	to	flow	in	a	circuit	containing	R	and	L,	Kirchhoff's
emf	law	states	that	v	=	RI	+	L	di/dt.	(C)	how	man	y	joules	are	stored	in	the	condenser	when	the	current	is	zero?	This	dualism	extends	throughout	the	two	fundamental	methods	of	network	analysis.	The	trends	of	various	quantities	as	frequency	is	varied	from	a	value	too	small	to	produce	resonance	to	a	value	higher	than	that	required	for	resonance	are
shown	in	Fig.	It	is	the	time	quadrature	nature	(90	time-phase	displacement)	of	the	individual	impedance	effects	that	makes	possible	a	simple	vector	algebra	method	of	analyzing	a-c	circuits.'	impedance	of	the	-	Example.	In	general	(52)	itoward	*	junction	=	Daway	from	the	Junction	or,	if	current	away	from	the	junction	is	considered	as	negative	current
toward	the	junction,	itoward	a	junction	=	0	(53)	'The	equivalents	referred	to	are	the	vector	forms	that	are	employed	to	replace	instantaneous	values.	From	an	inspection	of	the	network	resistance	and	remembering	that	the	sign	of	a	resistance	must	be	considered	negative	when	the	loop	currents	in	the	resistance	are	in	opposite	chrections,	we	find
directly	that	6	Ohms	R	R21	=	2	ohms	RL4=R41=2	R44=8	R23=R32=	R	42	=	The	system	determinant	is	=	6	2	1	2	2	5	—2	0	1	—2	6	2	0	—3	—3	—2	0	=	—3	506	ohms4	8	The	system	determinant	expressed	in	matrix	form	is	simply	a	shorthand	way	of	expressing	the	voltage	relationships	6i	1	+	2	2	+	h	3	-t-	2i	0	(loop	1)	2i	+52_2j	3	+0j	4	-o	(loop	2)	Ii	i	—
2j2+6j3..3j4O	(loop	3)	2i	+	Oi	-	3i	+	81	4	—	0	(loop	4)	The	right-hand	members	of	these	equations	are	zero	because	no	Voltage	sources	were	74	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	specified	in	Fig.	The	vector	sum	of	these	two	components	is	the	resultant	applied	voltage	V.	24	such	that	1.	The	C	branch.	If	the	scheme	outlined	in	Fig.	during	the
second	quarter	cycle,	etc.	If	properly	selected,	node-pair	voltages	may	he	used	as	the	independent	variables	in	network	anal	y	sis	in	place	of	loop	currents.	IR	IR	Fin.	g,2	=	2.	The	correct	number	of	independent	loop	currents	is	obtained	since	all	the	loop	currents	thus	selected	are	required	to	obtain	a	network	solution,	and	more	than	this	number	of
loop	currents	will	lead	to	voltage	equations	which	are	not	independent	of	those	already	established.	These	signs	are	merely	the	result	of	choosing	wL	positive	and	I/wC	negative.	=	R1i,)	in	series	with	a	resistance	of	R.	24	which	render	them	insufficient	(in	number)	to	effect	a	network	solution?	sin	wt.	(b)	At	what	speeds	should	h	6-jole	alternator	run	to
yield	25,	30,	50,	and	60	cycles	per	second?	4.	Draw	the	vector	diagram,	and	calculate	the	applied	voltage	and	the	phase	angle	between	it	and	Ani.:	106	volts,-	angle	45°.	All	nodepair	voltages	except	ej	are	set	equal	to	zero	during	this	measurement	since	the	scheme	employed	here	makes	use	of	the	principle	of	super-	22	Ch.	I	ALTERNATING-CURRR4T
CIRCUITS	position.	If	it	assumed	that	a	sinusoidal	voltage,	V.	(Resistance	values	refer	to	ohms)	9.	j4amp.	Network	variables,	topolog	y	,	and	duality	are	considered.	The	RL	Branch.	Hence	by	definition	RI	2	=fRd4	i2	and	I	dt	=	V'average	i2	(1)	The	current	given	in	equation	(1)	which	defines	the	alternating	current	in	terms	of	its	average	rate	of
producing	heat	in	a	resistance	is	called	the	root	mean	square	(abbreviated	mis)	value.	What	are	the	maximum	and	minimum	rates	of	change	of	the	voltage	depicted	in	Osciuogram	I,	page	51,	if	the	niaximuni	voltage	is	140	volts?	If	the	circuit	parameters	are	constant,	the	current	that	flows	will	be	of	sinusoidal	wave	form	but	will,	in	general,	differ	in
phase	from	the	sinusoidal	applied	voltage.	Thus	(16)	6i	1	=e,	0	or	(1+2+3)i	i	—	e.	Effective	or	rms	v010e5	of	volt.a4	and	currents	are	ordinarily	used.	Therefore	v	=	RI,,.	Node	a	of	the	proposed	dual	corresponds	to	mesh	a	of	the	original	circuit	and	similarly	for	node	b	and	mesh	b.	rises	jn	gtataneously,	then	remains	at	a	value	of	20	amperes	for	10
seconds,	then	decreases	instantaneously,	remaining	at	a	value	of	10	amperes	for	20	seconds,	and	then	repeats	this	cycle.	The	dielectric	stress	to	which	insulation	is	subjected	depends	upon	the	maximum	value	of	the	voltage	attained.	If,	for	exampje,	series	resonance	is	thoroughly	understood,	it	is	a	simple	matter	to	extend	this	knowledge	to	parallel	a
resonance	by	way	of	the	duality	principle.	28.	Instantaneous	values	of	generated	or	induced	emf's	will	be	designated	by	e,	and	instantaneous	values	of	potential	drops	by	the	symbol	v.	For	example,	L	factor	when	the	current	is	zero	the	R	factor	has	zero	effect	and	thefor	a	sine	[di,/dt)	0	that	i	has	its	greatest	effect	because	it	is	when	wave	is	at	its
maximum	value.	A	simple	graphical	scheme	for	developing	the	correspondence	between	v	0	in	one	network	with	i	=	0	in	the	other	is	depicted	in	Fig.	L	0.056	henry,	/	60	cycles,	'L	21.2	ohms,	R	-	1.0	ohm.	The	average	rate	of	heating	produced	by	an	alternating	current	during	one	cycle	is,	4f	Ri	t!t.	Similarly,	it	may	be	shown	that	the	sign	of	the	power
dissipated	by	-the	load	is	unchanged.	If	oiL	>	i	oiC,	the	RLC	branch	responds	to	an	impressed	voltage	at	its	terminals	exactly	as	would	an	equivalent	RL	branch,	the	inductive	reactance	of	which	is	(oiL	-	11oiC).	17c,	The	original	network	in	this	case	is	Fig.	Vb	(b)	ni	+	v8	+	v	and	io	=	it	+	i:	+	13.	It	defines	the	ratio	of	Vnt	to	Im.	The	angle	associated
with	Z,	jf	it	is	posiiive,	defines	the	lead	of	the	voltage	withzespeot	.	Equivalent	sources.	sin	wt,	is	applied	to	a	series	combination	of	a	resistive	element	and	an	inductive	element,	Fig.	17.	fliterawing-Curren	Circuits	Fourth	Edition	Russell	M	Kerchner	George	F	Corcoran	A	Iterndting	—Curren	Circuits	4th	edition	RUSSELL	M.	(a)	Find	the	instantaneous
value	of	a	sinusoidal	alternating	current	having	a	maximum	value	of	90	amperes,	60°	after	the	current	passes	through	its	zero	value	going	positive;	225°	after	the	current	passes	through	its	zero	value	going	positive.	Circuit	containing	R	=	100	ohms,	C	=	100	sf,	L	0.1	henry	when	a	100	volts	is	impressed.	The	sign	of	power	generated	is	therefore
unchanged.	which	is	delivering	current	to	a	network	is	v,=e1—R.i	(1)	2	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	where	i	is	the	current	flowing	in	the	-	to	+	direction.	Since	current	flows	through	a	generator	in	the	general	direction	of	increasing	potential,	the	current	will	be	in	a	direction	opposite	to	that	of	the	tracing	direction.	What	is	the	average
value	of	the	instantaneous	real	power?	Once	a	topological	tree	has	been	formed	for	a	particular	network,	the	24	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	determination	of	independeni	loop	currents	is	a	straightforward	procedure.	16a,	1?	Under	the	conditions	which	have	been	assumed,	namely,	a	steadystate	sinusoidal	driving	voltage	and	a	purely
inductive	circuit,	the	power	variation	is	symmetrical	about	the	zero	power	axis.	1	Ia,	for	example,	are	branches	ab,	bc,	and	ca	and	of	Fig.	It	will	also	he	noted	that	I,,,L,	cos	wt	is	900	ahead	of	I,,.	In	elementary	nodal	analysis	we	ordinarily	select	one	node	of	the	network	to	be	corn-	Ch.	1	NETWORK	CONCEPTS	25	mon	to	each	of	the	node-pair	voltages
employed.	the	physical	phenomena	involved	may	become	obscured.	The	RL	branch.	Hint:	Between	the	limits	of	-	0	rod	t	-	T	3	seconds,	the	analytical	exprsion	for	the	voltage	is	e	-	504	volts.	The	graph	may	be	considered	as	separating	the	entire	area	of	the	plane	into	four	bounded	areas,	the	three	inside	meshes	and	the	outside	area	or	outside	mesh.	An
alternating	current,	as	the	name	implies,	goes	through	a	series	of	different	values	both	positive	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	47	E:0t---t%"	Fio.	The	general	expression	for	Z(T(LC)	is	of	considerable	importance	in	a-c	circuit	theory	because	all	the	impedance	functions	which	have	thus	far	been	treated	are	directl	y
deducible	from	this	expression.	Actually	for	the	purposes	in	this	book	there	is	no	difference	between	considering	these	representations	as	vectors	or	phasors.	%2&	1?	4b),	i	is	de-energized	either	by	opening	the	i	branch'	(for	purposes	of	analysis)	or	by	letting	i,	=	0	and	recognizing	that	a	current	source	possesses	infinite	internal	resistance.	By
resistance	determinant	is	meant	the	determinant	of	the	resi8tarce	matrix	which	characterizes	the	network.	It	should	be	noted	that	this	method	of	selecting	node-pair	voltages	automatically	leads	to	1)	or	n	voltages,	the	correct	number	xequired	to	obtain	a	network	solution.	in	Fig.	Audio	frequencies	range	from	approximately	16	cycles	to	approximately
20,000	cycles,	voice	frequencies	occupying	the	range	from	about	200	to	2500	cycles.	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	51	°me	--	,	08cILLOo&	I.	Gi	a,	is	the	current	flowing	into	the	network	from	node	j	per	unit	vultage	increase	in	e,;	j	;d	k.	(a)	Calculate	the	current	through	the	branch	ab	which	contains	the	1-volt	battery
using	the	loop	currents	shown	in	Fig.	Since	j	=	I,,,	sin	wt	and	v	=	V,	sin	('I+	0),	the	expression	for	the	instantaneous	power	delivered	to	the	RLC	branch	takes	the	same	form	as	equation	(42),	namely,	=	V;I,	-	[cos	2t]	cos	9+	!m[sin	2Wt]	sin	g	(51)	In	the	present	case	0	may	presumably	take	any	value	between	+900	and	-90'.	Form	Factor.	Add	the
folloting	currents	as	waves	and	as	vectors:	=	5	sin	w	10	sin	(4	+	60)	o	ise	as	positive.	A	current	of	i	=	I,,,	sin	(tV'L)	amperes	flows	in	the	circuit.	This	is	the	equation	of	the	wave	shown	in	Fig.	Ch.	I	NETWORK	CONCEPTS	47	a.	The	L	branch.	To	this	end,	we	propose	to	determine	branch	voltage	v	in	Fig.	itive	reactance	is	inversely	proportional	to	the
frequency	of	the	driving	voltage	and	also	inversely	proportional	to	the	capacitance	of	the	capacitor,	C.	The	reason	for	neglecting	the	constant	of	integration	is	similar	to	that	given	in	the	footnote	on	page	60.	(14)	P	=	Vi	=	Vmfm	sin	wt	Since	sin	wt	=	-	cos	2,1,	it	follows	that	P	--	-	(15)	---c,t	cos	7!!32!5	coi	2t	VMTM	cos2wt	2	Fi	r—	10.	Where	it	is
desirable	to	simulate	the	internal	loss	of	a	voltage	source,	a	resistance	will	be	placed	in	series	with	the	ideal	voltage	source	as	indicated	in	Fig.	As	applied	to	the	loop	traversed	by	il	of	Fig.	94	ALTERNATING—CURRENT	CIRCUITS	Ch.	II?	21	20.	L	=	/	L	2	69	(2).0	=	tan'	wL(40)	The	above	expression	for	ZRE.	is	also	Shown.	9	(CcrLiiu'A)	with	the	aid	of
an	ideal	ammeter	and	a	1-volt	source.	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	73	Reictivs	volt-amp.res	Fm.	18.	However,	the	case	may	be	approached	in	practice	to	a	degree	comparable	to	the	accuracy	of	ordinary	measurements.	3a	or	be	left	as	a	fixed	or	specified	current	between	the	two	terminals.	Systematized	methods	of
network	analysis	ordinarily	employ	either	linear	combinations	of	branch	currents	or	of	branch	voltages	rather	than	the	branch	quantities	themselves	because	we	can	write	the	reduced	number	of	equations	directly	from	the	network	map.	nd	negative	in	a	period	of	time	T,	after	which	it	continuously	repeats	this	same	series	of	values	in	a	cyclic	manner
as	indicated	in	Fig.	(e)	What,	is	the	average	value	of	the	power	wave?	Likewise	KirchhofT's	current	law	applies	to	a-c	circuits	provided	instantaneous	values	of	current	or	their	equivalents9	are	employed.	One	path	only	exists	between	the	common	node	and	any	other	node	by	way	of	tree	branches.	d-c	voltage	V	R2	1	Case	11.	I	R	Vector	Diagrams	as
Determined	by	Resistance	Fia.	Network	tpoIogy	is	concerned	with	the	line	graph	formed	by	the	interconnected	network	branches	and	not	with	the	size,	shape,	or	operating	characteristics	of	the	network	elements	that	go	to	form	the	branches.	If	the	cloed	paths	selected	for	the	establishment	of	the	voltage	relationships	coincide	with	the	paths
traversed	by	the	loop	currents	and	if	5	and	Ic	are	integers	from	1	to	1	inclusive,	(26)	(for	5	0	Ic)	Rjk	=	Rk,	A	situation	where	Rik	=	Rkj	is	given	in	equation	(23a),	and	a	situation	where	R	ik	?d	Rfr	j	is	given	in	equation	(24).	(a)	Given	a	sine-wave	signal,	the	analytical	expression	of	which	is	1k	sin	(21-fl)).	b.	(h)	If	this	current	flows	through	a	pure
inductance	of	100	milliherirys,	find	the	mamum	value	of	the	voltage	across	the	terminals	of	the	inductance.	in	the	pure	C	branch	is	11wC,	and	the	current	leads	the	applied	v4ltage	by	one-quarter	of	a	cycle	or	90°.	Since	the	outside	area	has	such	a	boundary,	it	can	be	classed	as	a	mesh.	Vectorial	representation	of	effective	values	is	customary,	in	which
case	the	results	are	given	directly	in	terms	of	effective	values,	the	ones	usually	desired.	The	period	of	an	alternating	current	or	voltage	is	the	smallest	value	of	time	which	separates	recurring	values'	of	the	alternating	quantity.	Since	the	coils	are	in	series	and	the	same	current	flows	in	each,	the	force	for	any	given	position	of	the	coils	is	proportional	to
i2.	The	ratio	of	V,,	to	I.	In	this	chapter	the	values	of	currents	and	voltages	usually	dealt	with	will	be	considered.	In	the	present	case,	that	of	the	simple	I?	Some	of	the	major	correspondences	which	exist	between	the	loopcurrent	and	node-pair-voltage	solutions	are	listed	in	Table	I.	Therefore	n	independent	node-pair	voltages	must	be	employed	in	the
analysis.	This	meter	consists	of	two	coils	in	series,	one	of	them	being	movable.	Series	Reactive	voltage	Voltage	Current	Impedance	Resistance	Reactance	Parallel	a.	16.	(a)	Use	numerical	coefficienti	and	express	the	current	through	the	coil	as	a	function	of	time.	Consider	the	RL	circuit	whose	voltage	current	and	power	variations	21.1	ohms,	and	19.7
ohms,	wL	are	depicted	in	Oscillogram	8.	23a.	1	7	I	x	24	=	24	watts	The	graphical	process	illustrated	in	Fig.	I	if	the	speed	of	rotation	1.300	rpm.	(c)	What	is	the	correct	numerical	value	of	the	resistance	determinant	of	the	network	employing	measurable	currents	as	loop	currents?	from	chapter	fl	Instantaneous	Current,	Voltage,	and	Power	Large
segments	of	circuit	analysis	are	devoted	to	the	steady-state	responses	of	circuits	which	are	energized	with	alternating	currents	or	voltages	having	approximate	sinusoidal	time	variations.	(It	will,	of	course,	be	recognized	that	the	ammeter	connected	to	node	()	is	merely	an	artifice	for	helping	us	keep	track	of	the	various	component	currents	established
at	this	node	by	e,	e21	c	,	111,	and	In	establishing	the	current-law	relationship	which	exists	at	node	®	of	Fig.	Indeed	the	two	sources	are	entirely	interchangeable	when	a	finite	internal	resistance	is	present.	sa.	For	example,	the	average	3	C.,	Fm.	3.	1,	the	application	of	one	of	the	rules	for	finding	the	magnitude	and	direction	of	an	45	46	ALTERNATING
—CURRENT	CIRCUITS	Ch.	Ii	induced	emf	will	show	that	the	emf	induced	in	the	armature	conductors	is	zero,	since	at	that	instant	no	flux	is	being	cut	by	these	conductors.	The	expression	for	the	impedance	of	a	pure	I?	Significance	of	Currents	Flowing	in	the	Direction	of	Voltage	Rises	and	Drops.	The	impedance	of	such	a	circuit	S	(from	a	of	wave	trap.
13	the	expression	for	steady-state	equilibrium	is	q	(25)	V.1sinøl	v	=	WL=	2.w	When	the	above	equation	is	differentiated	with	respect	to	time,	it	follows	dq	=V,,,wC	Cos	,t	dt	(26)	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	63	5.	Res,.tance	branch	and	vector	diagram.	After	both	sides	of	the	above	equation	are	integrated	it	follows	that
.5	--	coswt+c	(18)	60	Ch.	II	ALTERNATING—CURRENT	CIRCUITS	The	constant	of	integration	c	1	will	be	considered	to	be	equal	to	zero	since	only	the	steady-state	current	symmetrical	about	the	zero	axis	is	o	be	considered."	Under	the	above	conditions	equation	(18)	reduces	to	s=-sin	(4-90	0	)=I	sin	(wt	—9O)	wL	In	0	(19)	Impedance.	78
ALTERNATING-CURRENT	CIRCUITS	Ch.	ii	OacILLooaM	10.	Hence	the	current	wave	may	be	written	as	i	=	I.	The	linear	relationship	can	most	easily	be	visualized	from	(12)	El	1009	Any	particular	branch	current,	ib	,	is	the	algebraic	sum	of	the	loop	currents	traversing	this	branch.	In	a	csc	of	this	kind,	Be,	-	_________	Time	FIG.	Photographic	records	of
v,	i,	and	p	in	a	branch	which	pproximates	the	purely	resistive	case	are	shown	in	Oscilogram	4.	The	impedance	of	a	pure	L	branch	is	according	to	the	convention	previously	adopted	ZL=wLL	The	reason	for	using	the	positive	angle	in	connection	with	impedances	that	cause	lagging	currents	will	become	more	evident	when	the	rules	of	vector	algebra	and
the	conventions	pertaining	to	vector	diagrams	are	considered.	The	waves	shown	on	Oscillogram	4,	page	59,	for	a	pure	resistance	circuit,	indicate	that	the	applied	voltage	is	in	phase	with	the	current.	A	voltage	v	=	—150	sin	3771	volts	is	applied	to	a	particular	ciruit	element,	and	it	is	found,	by	oscillographic	anal	y	sis,	that	i	=	10	cos	377e	amperes.
This	distinction	is	made	to	avoid	confusion	in	some	of	the	more	advanced	work	involving	vector	analysis	as	defined	in	mathematics.	be	V'AFig.	Write	the	expression	for	a	sine-wave	current	having	a	maximum	value	of	1.732	amperes	and	a	frequency	of	1591	kilocycles.	Equation	(6)	expresses	the	current	as	a	sinusoidal	variation	with	respect	to	time,
whereas	equation	(7)	expresses	it	as	a	function	of	angular	measure.	Also	some	use	is	made	of	form	factor	in	determining	effective	voltages	induced	in	such	coils	when	a	known	non-sinusoidal	flwc	wave	is	150	present	in	the	iron	core.	(b)	Transform	the	three	voltage	sources	and	associated	series	resistances	to	equivalent	current	sources	with	due
regard	for	positive	directions,	and	draw	the	equivalent	network	incorporating	the	three	current	sources.	I	37	NETWORK	CONCEPTS	A	qualification	has	previously	been	made	that,	if	a	geometrical	dual	of	a	network	is	to	be	constructed,	the	graph	of	the	original	network	must	be	mappable	on	a	plane	or	sphere.	V	-	6.66	amperes,	P.	and	Cycle.	18	and
will	be	encountered	in	later	chapters	in	a	more	universally	used	form.	Some	orderly	convention	must	be	adopted	for	correlating	positive	directions	in	the	dual	with	those	which	have	been	selected	for	analysis	of	the	original.	During	the	decade	1907-1917,	which	followed	the	invention	of	the	three-electrode	vacuum	tube,	sustained	oscillatory	currents	at
high	frequencies	became	a	realit	y	.	Since	the	sin	2t	factor	causes	the	instantaneous	reactive	volt-amperes	to	be	alternately	positive	and	negative,	the	absolute	meaning	of	the	sign	of	the	reactive	power	term	is	not	highly	significant.	lOb	has	four	nodes,	six	branches,	and	three	inside	loops	or	meshes	and	is	mappable	on	a	plane.	A	as.:	I	=	11.8	sin	(1571
-	8.2)	amperes.	Hence	it	must	be	called	a	negative	current.	It	will	be	observed	from	Fig.	A	periodic	current	is	an	oscillating	current	the	values	of	which	recur	at	equal	intervals	of	time.	331,	332	reonanCe,	144	Steak-state	term,	551,	553,	560,	561,	Series	branch,	142	565,	580	circle	diagram,	155	Sup_ky-step	method	solution	for	nonefficiency	of	for
transmissiOn,	157	linear	par:n)etCrs.	The	determination	of	the	complete	impedance	function	for	various	combinations	of	R,	L,	and	C	is	the	first	step	in	a-c	circuit	analysis.	2a,	for	example,	supplies	the	network	N	with	i	amperes	and	i'	volts.	-	-	Vgig	F?,	(7)	The	total	power	generated	is	(RLT,)i.	Where	a	current	source,	i,,	is	specified	in	circuit	theory,	it
will	be	understood	that	the	source	delivers	this	specified	current	regardless	of	the	resistance	which	is	placed	across	the	terminals	of	the	source.	(All	resistance	values	are	I	ohm.)	12.	lOb	can	become	the	outside	mesh.	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	59	OecIr.LoGIM	4.	(e)	What	are	the	reactive	volt-amperes	or	vars?	and
C.	The	correct	ph	ysical	interpietation	is	that	the	current	wave	leads	the	voltage	wave	by	the	angle	whose	tangent	is(	)/R.	This	reduction	in	the	number	of	variables	is	accomplished	at	the	expense	of	the	current-law	relationships.	(20)	XL	=	wL	2fL	Example.	In	this	wa	y	we	shall	be	able	to	interpret	the	elements	of	the	conductance	matrix	of	a	network	in
light	of	measurable	conductances.	Duality.	Node-pair	voltages	e1	,	e1,	and	ej	employed	in	the	analysis	of	the	network	given	in	Fig.	I	the	induced	emf	will	again	be	zero.	Instantaneous	Currents	Combine	Algebraically.	Since	the	toil	has	a	relatively	high	inertia,	it	cannot	follow	the	variation	in	the	force	produced,	and	therefore	takes	a	positioi
corresponding	to	the	average	force	or	average	i2	.	Since	thez.	(d)	W)iat	is	the	minimum	instantaneous	power?	(d)	Determine	the	current	in	the	aohm	resistance,	namely,	(i	-	i)ite.	(b)	no.	Network	variables	which	are	linearly	related	to	branch	currents	and	branch	voltages	are	respectively	loop	currents	and	node-pair	voltages,	the	subjects	of	the
following	two	articles.	13.	e2	+	11=0	@l	WI	.	.+	®_—^	=	I	yon	k\	®	050	I	U0.60	-	I	____________________	l,	Ea	III	11	—0.6	U	j	11	1.6	U	(b)	G	(a)	G	11	=	12/1	11	n	ez	e2	=	I	VO4	12	+0.50	fI	0.6U	10	'	(II	(c)	G1	=	/l	—0.60	(d)	G	12	=	®	121-	0	12	4	10	I	j,1E1=	0	0-6	=	5	amperes	e2=0	a1	=	0	060	(e)	1	-	10	amper;	I	ll	=	i	,2	0	0	060	ill=0	(1)112	-	—5	amperea:
1v	-	5	amperes	'sa.	cos	w	t	t'	(34)	Equations	(33)	and	(34)	state	that	the	instantaneous	component	add	together	to	form	the	combined	voltage	drops,	Ri	and	L	di/dI,	branch.	The	value	of	the	current	in	resistance	R	due	to	e,	=	23	volts	is	'Ri	23	23	C,	=	=	1	+2	=	amperes	In	determining	'R2,	the	current	in	R	due	to	t	(Fig.	Dual	networks.	The	RLC	branch.
Voltage,.cirnent,	and	power	variatirns	in	a	purely	inductive	branch.	-cutions	are	used;	that	which	is	the	most	expedient	is	the	one	to	ch,t..se.	[See	equation	(43).1	The	maximum	value	of	the	instantaneous	reactive	volt-amperes,	sin	2w1	sin	0	is	directly	proportional	to	sin	0.	A	voltage	drop	v	=	100	sin	(377e	±	30°)	volts	is	across	a	pure	inductance	of
0.02654	henry.	it	w	ill	he	convenient	to	think	of	placing	an	ammeter	at	the	pertinent	itode	as	indicated	ill	Fig.	12	relative	to	ground	is	18	vb4=el+e2=	-j-	volt	If	the	node-pair	voltages	e	1	,	e2,	and	e3	of	Fig.	The	fact	that	the	forms	of	the	equations	are	identical	makes	them	duals.	2Ri	where	g,,	is	arbitrarily	selected.	The	abscissa,	instead	of	being
expressed	in	terms	of	time	in	seconds,	can	be	and	is	quite	frequently	expressed	in	terms	of	radians	or	degrees.	7a,	the	mathematical	expression	for	the	alternating	voltage	as	a	function	of	time,	t,	is	v	=	200	sin	3771	volts	(10)	-	If	it	is	desired	to	reckon	time	from	some	other	point	along	the	voltage	wave,	it	is	simply	necessary	to	add	to	the	angle	3771	in
the	above	equation	an	angle	equal	to	the	angular	displacement	between	v	=	0	(dv	ldi	positive)	and	the	point	on	the	voltge	wave	from	which	it	is	desired	to	reckon	time.	anc6,	and	a	pure	capacitance	circuit	will	be	drawn.	S	were	required,	i	could	be	obtained	with	the	aid	of	Cramer's	rule	and	equations	(18),	(19),	and	(20)	as	8	1	—2	—	3	0	—4	.-20	1656	7
2	816	—i=io	ampere	-2	ALTERNATING-CURRENT	CIRCUITS	12	Ch.	I	or,	if	equations	(18),	(19),	and	(22)	are	employed,	as	6	1	—2	—3	0	—4	2	1	1	816	10	7	102	56	816	ampere	If	a	network	has	1	independent	loop	currents,	the	resistance	matrix	will	have	1	columns;	one	column	for	each	loop	current.	8.	Resonance	by	Varying	RL	or	RC-	When	equation
(40)	is	solved	for	R	L,	the	following	equations	result:	RL	=	JLCW	(Rc	2	C	-	L)	+	L	C	(41)	RL	=	^LCW2Rc	2	-	L2w2	±	(42)	R	L	=.,JR	C2_	X	L2	+	(43)	When	the	parameters	are	such	as	to	make	the	expressions	under	the	above	radical	positive,	Rt	takes	on	definite	positive	values.	to	the	ratio	of	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER
I	57	reastJJr4ce	impedes	the	motion	of	electricity	and	causes	an	irreversible	transformation	of	electrical	energy	into	heat	energy	in	accordance	with	Joule's	law.	3	as	T,	the	symbol	normally	employed	to	designate	the	period	of	one	cycle	of	an	alternating	quantity.	Each	conductor	will	be	cut	by	two	pairs	of	poles	in	one	revolution	of	the	field	structure,
and	two.	It	should	be	noted	that,	whereas	I	n	in	dual	networks,	I	is	not	necessarily	equal	to	it	in	a	particular	network.	Graphical	Construction	of	Dual	Networks.	If	the	sampled	data	is	interpreted	as	representing	points	of	a	sine	wave,	what	is	the	sampled	frequency	relative	to	the	frequency	of	the	actual	signal?	:tns.:	p	(d)	Whit	is	the	frequency	of	the
power	variaticn	Ana.:	100	cycles.	(b)	If	it	is	known	that	this	inductance	coil	actually	possesses	1.0	ohm	resistance,	what	is	the	true	value	of	L	assuming	that	V	=	200	volts	and	1,,.	(c)	Write	the	expression	for	current	as	a	function	of	time,	assuming	that	the	voltage	in	(b)	is	applied	to	the	branch.	When	the	current	is	at	its	maximum	L	factor	has	zero	valu,
I,,,,	the	R	factor	has	its	greatest	effect	and	the	point	of	maximum	effect	because	di/dt]	for	a	sine	wave	is	zero	at	the	0	current.	illustrates	an	important	point:	if	a	current	source	of	1	amperes	is	specified,	then	b	y	definition	this	number	of	amperes	is	delivered	to	the	network	regardlc.s	of	the	resistance	placed	across	the	generator	terminals.	Another	way
of	saying	the	same	thing	is	that	the	positive	maximum	of	the	leading	quantity	occurs	before	the	positive	maximum	of	the	lagging	quantity.	An	important	aspect	of	equation	(18)	is	that	it	can	be	brought	into	being	with	the	aid	of	superposition	employing	elementary	physical	concepts.	amperes?	25.	Kirchhoff's	emf	law	applies	to	a-c	circuits	if
instantaneous	values	of	voltage	or	their	equivalents	are	considered.	Problems	13	and	14.	What	is	the	angular	velocity	of	this	current	wave?	The	changes	have	been	made	with	a	view	toward	making	the	book	more	understandable	to	the	student.	7,	each	may	he	represented	by	the	projections	of	cointercloekwise	1	revolving	vectors	on	the	1	Couredse	is
assumed	the	positive	direction	of	rotation	of	vectors.	State	units.	(b)	Dual	network	c..	The	oscillogram	illustrates	in	a	graphical	manner	the	relations	which	have	been	derived	for	the	R	branch	and	substantiates	the	physical	fact	that	voltage	and	current	are	in	time	phase	in	a	resistive	circuit.	(a)	and	(Li)	are	duals;	(c)	indicates	how	(Li)	is	obtained	from
(a).	(c)	Fw.	17.	17b	or	Fig.	15.	Substitution	of	i	permits	equation	(8a)	to	be	vrittéri	as	R.	resultant	R	is	readily	seen	to	phasOr	method	of	analysis	is	considered	in	Chapter	IV.	The	exact	amount	of	energy	delivered	to	the	circuit	during	a	quarter	of	a	cycle	may	be	obtained	by	integrating	any	positive	loop	of	the	power	wave,	for	example,	integrating	p
between	the	limits	of	t	=	T/4	and	g	=	T/2.	(See	pages	98	and	99.)	Both	the	real	power,	cos	0,	and	the	reactive	2	vi	volt-amperes,	sin	0,	are	important	quantities,	and	they	are	often	measured	i	ndependentl	y	,	a	wattmeter	being	used	to	measure	---	cos	0	Volt-Amperes.	In	jr	certain	circuit	arrangements	relatively	large	dl	amounts	of	energy	oscillate
between	the	I	dL	electromagnetic	fields	of	the	inductances	aad	the	electric	fields	of	the	capacitors.	The	power	delivered	by	a	voltage	source	possessing	internal	resistance	is	P	1	=	vii	=	(	e	-	Ri)i	=	e.i	-	Ri2	(3)	Ri2	is	the	heat	power	developed	internall	y	and	a	such	is	not	available	for	distribution	to	the	rest	of	the	network.	Network	Variables.	b	They	are
especially	adapted	to	selective	circuits	such	as	those	for	filters	and	oscillators.	The	numerical	values	placed	alongside	the	branches	(or	parts	of	branches)	refer	to	ohms	resistance.	If	it	is	assumed	that	a	sinusoidal	driving	voltage,	V.	1.	If	one	is	assumed,	the	other	may	be	determined	from	the	impedance	function	as	illustrated	by	the	examples	in	the
preceding	articles.	Then	any	particular	branch	current	can	be	found	from	the	algebraic	sum	of	the	loop	currents	flowing	through	the	particular	10	ALTERNATING-CURRENT	CIRCUITS	Ch.	I	branch.	The	reason	for	this	qualification	is	that	the	construction	requires	the	network	branches	to	be	so	oriented	3'J	For	mesh	1	For	For	mesh	2	I	U	^'2(J7UT2U
msh	3	3U	(a)	If)	,	I'.	In	general	a	matrix	consists	of	m	rows	and	n	columns	as,	for	example,	at1	A	Ar,,,,,>	=	[a2'	[a.,	a	12	a	13	a22	a23	-	a1,,	a2,,	i2	a,,,3	...	In	a	physically	realizable	circuit	the	transient	component	is	of	short	duration.	A	special	type	of	notation	is	required	to	signify	the	two	properties	of	the	impedan.ce	function	in	abbreviated	form.	No
port	of	this	book	may	be	r.prodsned	in	any	Form	without	th.	Inductance	opposes	the	rate	oIe	of	current,	and	for	this	reason	it	is	sometimes	called	electrical	inertia.	Emf	of	a	sine-wave	generator,	attempt	is	to	secure	a	sine	wave.	As	such,	the	y	are	time	vvçtor,5	anddo	not	have	any	meaning	so	far	as	space	relations	are	conc	e	rned.	d.	and	a	reactive	volt-
ampere	meter,	called	a	varmeter,	being	used	to	,n	"I	measure	-i--sin	0.	3c.	Make	a	sketch	of	the	v	and	i	waves.	/Syse	Difference/	The	phase	angle	is	a	very	important	device	for	properly	locating	different	alternating	quantities	with	respect	to	one	another.	(d)	Write	the	expression	for	the	instantaneous	power	delivered	to	the	branch	as	a	function	of	tirne.
(b)	Dual	network,	g	=	1.	L	=	0.039S	henry.	The	equation	for	an	alternating	current	is	the	same	as	that	for	a	periodic	current	except	that	1	0	=	0."	Examples.	When	2t	is	an	odd	multiple	of	r,	the	value	of	the	real	power	is	2VmJm	c'	8	=	2VI	cos	O	2	Ch.	III	97	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	When	2ct	is	a	multiple	of	2T,	real	power	is
0.	The	real	power	and	the	reactive	power	may	be	combined	to	yield	the	volt-amperes	of	the	circuit,	namely,	Irv,,,I..	24.	Application	of	Kirchhoff's	voltage	law	to	the	two	parallel	branches	in	Fig.	(b)	(a)	Fia.	106	volts,	volts.	Current	maximum	for	constant	resistance.	(e)	What	is	the	maxiniurn	amount	of	energy	stod	in	the	inductance	during	a	cycle?	If
equations	(18),	(19),	and	(22)	were	employed,	the	resistance	matrix	would	take	the	form	F	L	—3	—	2	'J	6	—3	—3	12	—4	and	—3	12	—4	ioj	816	oh	(24)	iol	If	measurable	currents	are	selected	as	the	loop	currents	and	the	paths	traversed	in	writing	the	voltage	equations	coincide	with	the	current	paths,	the	determinant	of	the	resistance	matrix	of	a
network	has	the	same	numerical	value	regardless	of	the	paths	traversed	by	the	loop	currents.	For	example,	the	tree-branch	voltages	themselves	form	an	independent	set	of	node-pair	voltages	that	can	be	used	in	a	nodal	analysis	to	effect	a	network	solution.	R	=	18.5	ohms	connected	140	volts.	Wave	forms	of	three	a-c	variations.	Determine	the
magnitudes	of	the	other	series	elements	present.	____	G,	G,	D	i	I	R,	0	G	11	-G1+	Ru	RfR3	R	22	=R	1	+R3	R	12	G	=G2+G	=	-	(b)	(a)1	I	FIG.	One-eighth	revolution	later,	however,	the	induced	emf	is	of	maximum	magnitude	and	of	such	a	direction	as	to	establish	a	voltage	rise	from	terminal	a	t	o	terminal	d.	(a)	Write	the	expression	for	the	supply	voltage,
choosing	the	i	=	0	reference	at	the	point	of	rna.-drnum	positive	voltage.	Therefore	(4)	Equation	(4)	specifies	angular	velocity	in	terms	of	frequency,	and	this	velocity	is	called	electrical	2	angular	velocity	or	angular	frequency.	--:	2solts	c—	2fl	___._	3	Zn	5b1	Fia.	=	1.	Carefully	engineered	audio	systems,	like	some	theater	installations,	are	designed	to
accommodate	frequencies	from	30	to	12,000	cycles.	Further	consideration	of	signs	of	reactive	power	will	be	given	in	the	next	chapter.	of	the	cosine	term?	194	Series-parallel	branches,	171	Surge	c,lrnnttance,	418	Serwk-parallel	tuning,	176	Surge	impedance	418	Series	resonance,	144	Susceptane	159-162	frequency	for,	115	Sweep	circuit,	by	varying
capacitance,	148	Symbolic	notation,	.ceePhasors,	algebra	of	by	varying	frequency,	149	Symmetrical	components,	480	by	varying	inductance,	146	copper	losses	from,	508	voltage	drops,	145	delta-wse	voltage	t:arcfurrnat10T1s,	500	Shifting	the	reference	point	of	a	nongraphical	composition	of,	493	sinusoidal	wave,	249	rm5	value,	graphical
determination	of,	86	of	a	sinusoidal	wave,	88	Root	of	a	phasor,	122	600	INDEX	Symmetrical	component.,;,	I	izie-to--grou	cel	current	repres	entation,	504,	305	negative-sequence	s	ystem,	490,	41)2	evaluation,	445,	533	impedance,	for	rotating	martiiiis,	535	for	static	elements,	509	of	phase	currents	in	delta-connected	1oad,	502	positive-sequence	vstem,
489,	491	evaluation,	494,	533	impedance,	for	rotating	machines,	535	for	static	elements,	509	power	from,	506-508	solution	for	fault	currents,	522-546	unbalanced	current,	representation,	502-506	unbalanced	line	voltage	representation,	497,	500-501	use	of,	489	zero-sequence	system,	490,	492,	495	evaluation,	494-496,	533,	539	impedance,	for
rotating	machines,	533-535,	540-541	zero-sequence	s	ystem,	impedance,	for	static	elements,	509	Symmetry,	of	complex	waves,	246	degrees	of,	246	half-wave,	246	non-sine	waves,	246	positive	and	negative	loops,	246	quarter-wave,	217	of	wave	about	its	90	0	ordinate,	247	Systems,	four-phsse,	328	three-phase,	331-336	two-phase,	328	see	also
Alternating	current	Tables,	of	capacitance	for	transmissi	on	lines,	430	of	inductance	for	transmission	lin	55,	429	Terminal	reflections,	419	Termination	of	filter	section	on	image	basis,	442	Thévenjn's	theorem,	197	Three-origin	rector	diagram,	341	Three-phase,	(our-win'	system,	331	Three-phase,	thrcc-%vire	system,	334	Three-phase	power
measurement,	387390	Tlir.-e-quartecwave	resonance	of	a	long	lila,	418	Tlirti-wjre,	two-1hase	sstem,	331	Time	rolistant,	of	NC	branch,	555	of	NL	l,rriili,	552	T-network,	211	roi,olog,,.aI	warping,	23	Topology,	22	Transfer	factor,	300	Transfer	impedance,	135,	197	Transferred	irnl)edzLrIce,	298	Transformer,	air-core,	291-298,	314317	vector	diagram	of,
315,	316	air-core	auto-,	317	Transient,	application	of,	549	defined,	549	sawtooth	wave,	555-558	Transients,	of	RC	branch,	553	of	RL	branch,	549,	581	of	RU]	series	circuit,	566-581	)	582	oscillatorN	frequency	of,	570,	572,	580	R	2	/4L	2	>	1/LC,	568,	571,	579	R-2/4L	2	<	iLL',	568,	571,	580	of	RL	iron-clad	circuit,	581-583	Transmission,	184
Transmission	band,	435	Transmission	line,	general,	409	approximate	solution,	by	Steinmetz	method,	412	exact	solution,	413	geometric	mean	spacing	of	conductor,	428	by	i--line,	411	representation	of,	409	hr	T-line,	410	Transmission	line	parameter,;,	423	capacItzue,	formula,	428	table,	430	derivation	of	formulas,	423,	423	inductance,	formula,	425
table,	429	Transmission	of	power,	comparison	of	copper	requirements,	358-360	Trre,	topological,	23	Triangular	waves,	anal	ysis	of,	231-233	equation	of,	229,	232,	233	INDEX	T-section,	filter,	440	attenuation	of,	453,	438,	461	characteristic	impedance	of,	439441,	443	phase	shift,	449,	455,	158,	461	series	arm,	456	shunt	arm,	456	Tuning.	ic.	24,	page
40,	without	regard	to	sources	with	the	Construction	going	from	meshes	10	nodes.	we	note	that	the	loop-current	direction	coincides	with	a	voltage	rise	as	it	passes	through	e,.	Phase	angle	9	of	a	sine	wave.	However,	form	factor	does	give	some	indication	of	the	relative	hysteresis	loss	that	will	exist	when	a	voltage	is	impçessed	on	a	coil	wound	on	an	iron
core.	It	will	be	observed	that	the	power	variation	is	again	a	double-	,t,	2	a	C	V	C)	a	VmTm	2	Flo.	Thus	i	=	Im	sin	(w	+	8)	represents	a	sine	wave	of	current	with	a	phase	angle	0.	=	-	=	,(53)	from	which	is'	=	^Gl	e	1	(54)	Ch.:	NETWORK	CONCEPTS	35	If,	for	example,	in	Fig.	In	order	not	to	interfere	with	the	vector	terminology	of	electronmgnetic	theor	y
the	term	p1a'or	hai	been	adopted	for	a	time-varying	quantit	y	which	is	handled	b	y	vector	method'.	5	are	illustrated	three	loop	currents,	4,	i2	,	and	i3,	together	with	the	six	branch	currents	4,	42,	Z	bS,	4,	45,	and	4.	The	magnitude	of	the	above	impedance,	wL,	is	called	inductive	reactance.	21,	page	38,	with	the	construction	going	from	nodes	to	meshes.
Sources.	Ans.:	p	=	695	-	20	cos	3141	+	328	sin	3141	watts.	14/,	we	find	that	1	ampere	is	di-	Ch.	I	NETWORK	CONCEPTS	29	rected	toward	node	®	from	the	sources,	4	amperes	are	directed	toward	node	®	from	the	sources,	and	3	amperes	toward	node	®.	Hence,	for	a	voltage	wave,	e,	which	has	equal	positive	and	negative	loops:	Form	factor	11fTe2dc
F,	2	f/zedg(6)	T	Ch.	Ill	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	Equation	(8)	is	subject	to	the	same	limitations	M	those	explained	for	equation	(2).	166.	A	critical	inspection	of	equation	(32)	will	help	to	establish	the	mathematical	reasons	for	this	physical	fact.	Ga.	If	two	sine	waves	are	related	as	shown	in	Fig.	12	ernplQying	the	node-pair
voltages	c	1	,	e,	and	r	3	of	Fig.	Admittance	e.	In	other	words,	one	cycle	occurs	in	or	occupies	2w	radians,	or	360°.	Since	sine	ani	cosine	waves	are	900	Out	of	time	phase	with	respect	to	one	another,	the	RI,,.	50	ALTERNATING—CURRENT	CIRCUITS	Ch.	11	VLF	(very	low	frequency)	LF	(low	frequency)	MY	(medium	frequency)	HF	(high	frequency)	VHF
(very	high	frequency)	lee.	The	concept	of	node-pair	voltages	as	network	variables	will	be	first	illustrated	in	a	particular	case	before	any	attempt	is	made	at	generalizations.	Thus	maximum	values	of	the	vectors	could	be	handled	vectorially	and	the	resultant	divided	by	V'2	to	obtain	the	effective	value.	XL	=	21.1	ohms,	V	amperes,	F,	236	watts.	22	add
algebraically	to	yield	the	resultant	current	i.	Resonance	C	-4	phenomena	as	presented	in	the	foregoing	articles	i.	If	equations	(2)	and	(4)	are	combined,	w	-	2.-f	=	2.-	2	(rps)	=	[2.-	(rps)]	(5)	Equation	(5)	shows	that	electrical	angular	velocity	equals	(pairs	of	poles)	times	(mechanical	angular	velocity)	in	generators	of	the	type	sh9wn	in	Fig.	A	current	i	=	5
sin	(1101	+	30')	amperes	flows	in	a	purely	resistive	branch	of)	ohms.	If	a	voltage	drop	is	assumed	positive,	then	positive	current	in	conjunction	with	the	positive	drop	would	yield	positive	power	and	AtTEWATfHG-cURRENT	96	CIRCUITS	-	Ch.	lit	under	i	conditions	'power	absorbed	Is	positive.	It	was	shown	in	Chapter	II	and	experimentally	illustrated	in
Osciflogram	5,	page	63,	that	the	wave	of	voltage	drop	across	a	circuit	containing	only	inductance	leads	the	current	by	900.	However,	when	average	value	is	applied	to	alternating	quantities,	it	usually	means	the	average	of	either	the	positive	or	negative	loop	of	the	wave.	vectors	0.1	and	OB	representing	them.	=	695	watts.	=	Vtta	of	which	LL	v,z	=
Vgwatts	are	dissipated	in	the	internal	resistance,	R1.	for	the	The	current	that	flows	in	a	circuit	as	a	result	of	applying	a	sinusoidal	Voltage	is	governed	in	magnitude	and	phase	by	the	circuit	parameters	(resistance	R,	sell-inductance	L,	capacitance	C,	and	mutual	inductance	M)	and	the	angular	velocity	or	frequency	of	the	applied	voltage,	In	one	sense	of
the	word	the	angular	frequency	is	an	a-c	circuit	parameter.	32	with	the	construction	going	meshes	to	nodes.	Under	such	conditions	it	is	apparent	that	inserting	inductance	will	do	nothing	but	make	the	current	in	the	inductive	branch	still	smaller	and	hence	contribute	nothing	toward	making	resonance	possible.	If	the	maximum	value	of	the	voltage	is
20	volts	find	the	capacitance	of	the	condenser	inicrofarads,	Consider	&	series	RLC	branch	wherein	R	=	10	ohms,	L	=	0.10	henry,	and	C	is	200	4.	30.	Voltage	and	current	sources.	in	henrys,	C	in	farads,	and	co	in	radians	per	second,	Z	is	in	ohms.	Ch.	11	INSTANTANEOUS	CURRENT,	VOLTAGES	AND	---i	-...	(i)	Draw	a	sketch	of	the	resultant	current
wave.	1	ALTERNATING-CURRENT	CIRCUITS	Since	jil	and	i.2	are	known	quantities,	the	numerical	values	of	the	'	s	nmy	be	obtained	straightforwardly,	and,	from	the	e's,	the	branch	voltages	follow	directly.	(a)	Find	the	complete	impedance	expression	for	the	RI.	Where	an	ideal	current	source	is	placed	across	a	resistive	branch	as	illustrated	in	Fig.
Alternating	voltage	or	potential	difference	may	take	the	form	of	a	generated	(or	induced)	emf	or	the	form	of	a	potential	drop	sometimes	abbreviated	p.d.	In	the	interest	of	clear	thinking	these	Go	forms	of	voltage	should	be	distinguished	from	one	another.	In	the	present	exarnpe,	we	set	out	to	determine	the	numerical	value	of	v	=	1b2	in	Fig.	is	the	angle
of	phase	difference	between	the	current	and	voltage	waves?	Here	the	dual	of	a	dual	is	constructed	to	obtain	the	original	network.	sin	wh,	automatically	imposes	the	condition	of	0	at	the	point	of	e	-	0	(dsp/di	positive).	Find	the	potentials	of	nodes	(I)	and	CD	of	Fig.	R	19.7	Oscittooaase	8.	(b)	What	is	the	frequency	of	the	voltage	variation?	A	resistive
element	of	20	ohms,	an	inductance	coil	of	L	300	millihenrys	and	RL	=	l	,	ohms,	and	a	condenser	of	50	Mf	capacitance	are	connected	in	series	to	form	an	RLC	branch.	Thus	one	cycle	occurs	in	2.-	radians,	or	360°.	Thus	in	mhos	G11	=3	G12=-1	G21	=	—	1	G22	=	G31	=	0	G23	(a)	4	G130	G23	=	—	=	-	1	G33	=	1	4	mhos	(b)	Fa.	13.	(b)	What	are	the
maximum	and	minimum	values	of	current?	(a)	Find	the	complete	impedance	expression	for	the	RL	branch.	In	one,	the	voltage	law	is	used	to	establish	the	basic	relationship	between	4	and	vb;	in	the	other,	the	current	law	is	employed,	In	one,	resistances	are	used;	in	the	other,	conductances.	17a)	determines	the	positive	direction	of	the	current	flow	in
the	three	corresponding	paths	of	the	dual	as	being	from	node	a	to	the	reference	node.	16b	which	has	two	independent	node-pair	voltages	are	of	the	form	G11	e	1	+	0	12	e2	=	isi	6	21eL+	G	22	e2	=	42	(51)	Except	for	the	interpretations	gi'-en	to	the	symbols	in	equatios	(50)	and	(51),	these	equations	are	identical.	In	constructing	this	graph,	we	replace
each	branch	of	the	network	by	a	line,	without	regard	to	the	circuit	elements	that	go	to	make	up	this	branch.	Rectified	a-c	wave	shown	dotted.	What	is	the	average	power	delivered?	value	tf	the	cross-hatched	wave	in	Fig.	This	was	not	necessary.	Four	topological	trees	corresponding	to	the	network	of	Fig.	The	combinations	considered	in	the	present
chapter	are	shown	in	dainmatic	fashion	in	Fig.	Preface	The	approach	to	alternating-current	circuits	which	has	been	employed	in	previous	editions	has	been	found	to	he	reasonably	satisfactory	in	introducing	the	subject	to	students	of	electrical	engineering	and	physics	and	has	therefore	been	retained	in	this	edition.	Fiu.	(b)	Example	of	network	analysis
employing	loop	currents.	For	any	other	condition	the	time	t	1	at	which	the	instantaneous	value	of	the	wave	is	zero	must	be	determined	and	the	average	value	fouid	from	2	(ti+T12.	Example.	Voltage,	current,	and	power	variations	in	an	RLC	circuit.	Whereas	the	foregoing	has	referred	to	waves	of	any	shape,	the	usual	Mechanical	angular	velocity,
2r(rpa)	radians	per	second,	is	not	to	be	confused	with	electrical	angular	velocity.	Express	the	result	as	a	single	sine	function	of	ti-ne.	sin	ca,	is	applied	to	an	ideal	capacitor	as	indicated	in	Fig.	age	drops	across	L	and	R.	86	ALTERNATING—CURRENT	CIRCUITS	Ch.	III	Problem	Ymd	the	effective	value	ofa	current	that	starts	at	sm.	5,66	sin	(wt	-	000)	.4n.
12	and	13	the	results	of	which	appear	in	Fig.	The	ourrent	i3	circulates	through	the	2-ohm	resistor	of	loop	1	in	such	a	direction	as	to	produce	a	voltage	rise	in	the	tracing	direction	of	loop	1.	In	this	case	the	power	delivered	is	zero	owing	to	the	fact	that	the	specified	current	circulates	through	zero	external	resistance.	Instantaneous	cur-	rent	toward	a
junction	is	equal	to	the	instantaneous	current	away	from	the	junction.	i	=	-	am	(1571	+	000	)	amperes	'-Power	and	Energy.	For	the	case	considered,	the	positive	direction	of	current	flow	is	selected	as	beingJrom	node	a	to	the	reference	node.	An	alternating	current	which	produces	heat	in	a	given	resistance	at	the	same	average	rate	as	I	amperes	of
direct	current	is	said	to	have	a	value	of	I	amperes.	The	instantaneous	power	delivered	to	the	pure	inductance	branch	as	obtained	by	multiplying	equation	(16)	by	equation	(19)is	P	=	vi	=	[Vm	Sin	wh[lm	Sin	(w	-	90	0	)]	(21)	from	which	p	=	V.nlm(S	j	fl	wt	cos	wt)	(22)	or	VmIm	p=-----	sin	2wt	(23)	Figure	12	illustrates	the	v,	i,	and	p	variations	in	a	purely
inductive	branch.	The	vector	diagram	of	the	R,	L,	and	C	circuit	combines	Ch.	111	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	95	the	vector	diagrams	in	Figs.	If	reasonably	simple	paths	are	selected	for	the	loop	currents,	the	elements	of	the	matrix	may	be	given	such	physical	meanings	that	the	numerical	values	of	these	elements	can	be	read
directly,	from	the	diagram	of	the	network.	Its	equation	is	Px	=	sin	e	sin	2	L	and	RC	2C	2C	-	L	<	L,	the	quantity	[R	RL	2C	-	LI	is	imagi-	nary	and	therefore	no	real	frequency	will	yield	resonance.	P.	branch,	all	the	energy	produced	by	the	instantaneous	power	absorbed	is	converted	into	heat.	The	change	from	vector	to	phasor	diagram	is	made	in	Chapter
IV	although	as	used	in	this	book	the	distinction	is	unnecessa!v.	The	actual	terminal	voltage	of	a	voltage	source	having	internal	resistance	R.	c)	Write	the	expression	for	u	as	a	function	of	time	employing	numerical	coefficients.	16a	which	has	two	independent	loop	currents	are,	for	example,	R11i1	+	R	12	i	2	=	R	21	i	1	+	R	22	1	2	(50)	=	9	D'DD'.	(a)
Construct	a	topological	tree	corresponding	to	the	network	shown	in	Fig.	horizontal	vector	of	magnitude	z	component	(which	leads	the	sin	x	comfor	positive	or	forward	rotation,	the	coo	vertically	Upward.	The	same	situation	results	if	both	inequality	signs	are	reversed.	A	diree-branch	network	is	given	in	Fig.	iGa	were	mapped	on	a	sphere	and
topologically	warped	(by	stretching),	either	of	the	present	inside	meshes	could	be	made	to	th'	"'utside"	mesh.	2	(	1	a	2	1	1	(a)	(6)	Fzu.	[See	equations	(42)	and	(43).)	Reactive	Power	or	Reactive	Volt-Amperes.	Impedance.	Oscillogram	5	illustrates	the	relative	phase	relations	in	a	circuit	which	approaches,	to	a	fair	degree	of	accuracy,	the	purely	inductive
arrangement	that	has	been	described	mathematically.	(a)	Evaluate	the	expression	for	I.	The	current	through	a	particular	'filter	choke	may	be	represented	approximately	by	the	equation	1.0	+	0.50	sin	1885t	-	0,10	cos	3770t	amperes	or	i	=	1.0	+	0.50	sin	a	-	0.10	cos	2a	amperes	where	a	=	18851	radians	if	I	is	expressed	in	seconds.	Where	a	source
having	internal	resistance	is	specified,	there	exists	a	choice	of	using	either	e,	in	series	with	R6	or	of	using	i,	in	parallel	with	R5	.	What	is	the	largest	possible	quadrature	component	of	current	in	the	inductive	branch	as	XL	is	varied	in	each	case?	As	such	it	is	of	little	importance	in	pteady-state	analysis	in	contrast	with	its	great	ufulness	in	the	analysis	of
transient	conditions.	ALTERNATING-CURRENT	CIRCUITS	62	Ch.	II	Since	steady-state	conditions	have	been	assumed,	the	circuit	has	presumably	adjusted	itself	to	the	relative	phase	relations	indicated	by	equations	(16),	(19),	and	(23).	If	v	=	100	sin	(wi	-	30°)	and	i	=	10	sin	(wi	-	60°),	wh.	-	141.4	sin	(3771	-.	(c)	Evaluate	the	current	in	the	3-ohm
resistance,	namely,	(i	-	is).	If	equation	(48)	is	manipulated	as	indicated	on	page	68,	the	impedance	of	the	RLC	branch	is	found	to	be	/	Z(RLC)	=	\fR	+	(	2	wL	-	-)	Z	(L_-)	t_	I	(49)	If	R	isin	ohms,	I.	complete	cycles	of	emf	will	be	developed	in	the	armature	winding	per	revolution.	6,	and	18.	Given	II,	L,	C,	and	w,	the	complete	impedance	function	can	he
evaluated.	cos	wt	flows	through	a	given	RLC	branch.	The	direction	of	i2	through	the	3-ohm	resistance	is	such	as	to	establish	a	voltage	rise	in	loop	1	as	seen	from	the	tracing	direction	employed	for	loop	1.	These	are	the	usual	conventions	employed	when	power	generated	and	power	consumed	are	simultaneousl	y	considered.	15	11.	Other	types	of	a-c
ammeters	are	also	used	to	indicate	effective	values	of	current.	1	-I	TJa	edt	An..:	1.155.	ha,	for	example,	we	might	select	node	d	as	common	and	use	C1	=	t	ad,	e2	=	v,,j	,	and	€3	=	as	the	three	independent	node-pair	voltages	required	to	effect	a	solution.	Only	one	loop	current	is	then	required	to	obtain	the	current	1R	this	branch.	An..:	i	-	[5	+4	sin	(3770]
amperes.	Owing	to	this	ambiguity,	geometrical	dualism	fails	even	though	a	dual	set	of	equilibrium	equations	may	be	established.	2.	Ch.	It	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	the	10-millihenry	inductance	coil,	100	sin	377€	volts	and	100.	Thus	for	P,	to	equal	P,	P	i.	Printed	in	Japan	By	TOPPAN	PRINTING	COMPANY.	=	25	watts,
approx.	The	average	value	of	a	sinusoid	over	one-half	cycle	is	2fT12	lily	=1	l,1	sinwldt	=	2	ir	1m	=	0.6361,n	(5)	Problem	2.	(e)	What	is	the	maximum	value	of	the	reactive	volt.	This	method	of	finding	the	U's	is	widely	used	in	cases	where	the	e's	have	a	common	terminal	as	in	Figs.	28	for	a	condition	where	resonance	is	obtainable.	It	will	be	remembered
that	a	network	posse-	32	ALTERNATING-CURRENT	CIRCUITS	Ch.	I	nodes	at	which	independent	current	relationships	can	be	established.	If	RL	and	R	are	equal,	equation	(40)	for	resonance	becomes	=	2V'L?	This	process	should	not	be	obscured	by	any	elaborate	mathematical	conventions.	Simple	parallel	elements	may	also	be	combined.
ALTERNATING—CURRENT	CIRCUITS	92	Air	wavea:	SUM	Ch.	III	ioi+l258fli4+1O8i11(&.+6O°)	=	5	sin	w	+	10	sin	w€	cos	600	+	10	coo	wt	sin	600	10	sin	wt	+	8.66	cos	i€	Refer	to	the	right	triangle	shown	in	Fig.	Alternating-current	computations	are	often	based	upon	the	assumption	of	sine	waves	of	voltage	and	current.	From	Fig.	/Alternating
Voltages	and	Currents	Represented	by	Sine	Waves.	IL	Since	each	of	these	open-ended	graphs	satisfies	all	the	requirements	of	a	tree,	each	graph	is	a	tree	corresponding	to	the	network	of	Fig.	This	subject	will	be	pursued	after	the	meaning	of	a	topological	tree	has	been	established.	When	the	impedance	function	is	found.	There,	all	loops	but	the
pertinent	one	were	open-circuited,	and	the	component	voltage	drops	around	each	loop	were	evaluated	using	one	loop	current	at	a	time.	Express	results	in	volts	per	second.	5,	we	think	of	opening	switches	S	3	and	S	6	and	sum	the	voltage	drops	occasioned	by	i1	(and	e	1	if	a	source	is	specified).	-	R.	First,	a	convenient	reference	axis	should	be
established.	329	impedance,	509,	535,	540,	541,	542	336	Series,	impedances	in,	142	l	i	-phase.	This	ex	p	retse	in	superposition	is	d.signed	to	show	how	the	effects	of	el,	e2,	i	.1,	and	i,2	may	be	considered	separately	in	the	analysis	of	the	circuit.	the	relation	between	the	voltage	drop	and	the	current	is	thereby	determined.	c°	Power	2	6	cos	U	Example.
An	example	of	the	latter	situation	is	given	in	Fig.	The	vector	or	d	ALTERNATING—CURRENT	CIRCUITS	If	V	Ch.	II	200	sin	(377t)	volts	sin	(377	-	46.5)	-	6.87	sin	(377	-	465°)	amperes	It	will	be	observed	that	the	instantaneous	current	is	obtained	from	the	instantaneous	voltage	(200	sin	377t)	and	the	impedance	function	(29.1	/46.5°)	by	two	distinct
operations	which	are	performed	in	a	single	step.	Because	of	the	great	advances	in	electronics	and	the	consequent	need	for	additional	circuit	theor	y	,	nearly	all	students	now	follow	the	first	course	in	alternating-current-circuit	theor	y	with	a	rather	intensive	course	in	network	theory	and	in	many	instances	with	some	network	synthesis.	10	are	presented
in	Fig.	(a)	Write	the	equstion	of	v	as	a	function	of	time,	emi	loying	numerical	ceefijejents.	e,	I'	+	-	(a)	(b)	no.	WL	=	fT12	-	-	8in	2w1	dl	-	Vmfm	[Cos	—tI	-	TJr14	2()	VmIm	Since	Vm	=	wLI,.,	(wLIm)lm	L1m2	(24)	2	If	L	is	expres.sed	in	abhenrys	and	Im	in	abamperes,	the	above	energy	is	in	ergs.	In	general,	this	matrix	takes	the	form	I	G,	i	012	013	•	.
Equivalent	networka.	(h)	Write	the	expression	for	the	supply	voltage	as	a	function	of	time,	making	v	=	0	dv/d1	positive)	at	1	0.	Express	the	result	in	three	terms	-	it	number,	one	cuirie,	and	one	sine	term.	IGa,	for	example,	is	composed	of	three	meshes,	two	inside	meshes	around	which	i	k	and	i.,	circulate	and	one	outside	mesh	(or	region)	bounded	by
the	e	-	R	1	anclR	2	-	e	branches.	Early	History.	7,	page	16,	employing	one	known	loop	current	and	two	unknown	loop	currents.	36.	Superposition.	Other	more	elaborate	combinations	of	series-parallel	resistances	could	conceivably	be	employed.	An	introductory	chapter	on	network	concepts	has	been	added	in	order	to	give	the	student	a	deeper	insight
into	the	general	methods	of	network	anal	y	sis.	The	same	may	be	said	for	the	use	of	loop	currents.	It	is	thus	shown	that	within	limits	there	are	denni	te	values	of	Rt	which	will	bring	the	circuit	to	resonance	at	some	particular	values	of	frequency,	L,	C,	168	ALTERNATING-CURRENT	CIRCUITS	Ch.	V	and	Rc.	Also,	for	resonance,	JRL2	1	Rc,2+	(44)
Equation	(44)	shows	that,	for	those	values	of	parameters	which	make	the	quantity	under	the	radical	positive,	resonance	may	be	produced	by	choosing	the	proper	value	of	R.	Thus	Figs.	Figure	26,	which	is	simply	a	phasor	diagram,	shows	that	IL	sin	8L	can	never	be	made	as	large	as	Tc	sin	9c	if	V/2R	L	is	less	than	Ic	sin	oc-	A	similar	situation	obtains	for
the	capacitive	branch.	9.	These	latter	relationships	may	be	obtained	by	applying	Kirchhoff's	current	law	at	nodes	®,	®	and	®	of	Fig.	In	contrast	to	the	series	circuit,	where	resistances	hive	no	part	in	determining	the	frequency	of	resonance,	the	resistances	of	a	parallel	circuit	are	of	signal	importance	in	determining	the	frequency	of	resonance,	even	to
the	extent	of	making	resonance	either	possible	or	impossible	to	attain.	This	procedure	is	sometimes	referred	to	as	nodal	anal	ysis.	13b.	(c)	What	is	the	maximum	instantaneous	power?	is	placed	across	the	current	source,	the	terminal	voltage	is	=	Ri,	=	RLI.	1'i	76	ALTERNATING—CURRENT	CIRCUITS	Ch.	II	The	singular	case,	wherein	w	L	=	1/X,	is	of
particular	interest	because	the	impedance	here	reduces	to	R.	Now	many	poles	are	required	on	an	alternator	which	runs	at	300	rpm	to	develop	50	cycles	per	second?	Unless	specifically	noted,	this	voltage	source	is	assumed	to	possess	zero	internal	resistance.	Alternating	currents	are	defined	so	as	to	make	applicable	to	them	essentially	he	same	laws
that	govern	heating	and	transfer	of	power	by	direct	current.	4,	have	the	Pro.	It	Fin.	(d)	Write	the	expression	for	the	reactive	volt-amperes	as	a	function	of	time,	employing	numerical	coefficients,	What	is	the	average	value	of	the	instantaneous	reactive	power?	15,	the	equation	for	voltage	balance	is	v	=	Ri	+	L	di	dt	=	V,,	sin	ut	(32)	This	is	one	form	of
Kirchhoff's	emf	law	applied	to	instantaneous	voltages.	3b,	i	=	10	sin	wt	+	4	sin	(3c4	+	90	0	)	amperes;	and,	in	Fig.	Ch.	U	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	49	sented	by	rps,	the	equation	for	frequency	is	=	cycles	per	second	(2)	Since	7'	is	the	time	(or	duration)	of	one	cycle,	it	is	plain	that	(3)	cycles	per	seci:rnd	I	=	if	7'	is	expressed
in	seconds.	In	this	type	of	characterization,	the	first	column	represents	the	coefficients	of	i;	the	second	column	represents	the	coefficients	of	i2,	and	so	on.	20a.	Several	definitions	or	conventions	involving	alternating	quantities	of	this	kind	must	be	learned	and	several	concepts	must	be	mastered	before	alternating	currents	and	voltages	can	be	handled
with	facility.	13b	are	employed	in	conjuuction	with	the	principle	of	superposition.	In	determining	the	phase	angle	ease	v'+	(wL)	it	is,	of	course,	only	necessary	that	wL	and	R	be	expressed	in	similar	unite.	R	11	is	the	self-resistance	of	loop	1	through	which	loop	current	1	flows,	and	in	general	RJj	is	the	self-resistance	of	loop	j	through	which	loop	currentj
flows,	and	in	general	R	ik	is	that	part	of	the	resistance	of	loop	5	through	which	loop	current	Ic	flows.	It	should	be	recognized	that,	of	and	by	itself,	there	is	nothing	inherently	negative	about	the	quantity	l/wC.	the	self-conductances	and	mutual	conductances	are	determined	from	the	physical	considerations	outlined	in	Fig.	-f-(b)	Find	the	difference	in
time	between	the	60°	value	of	current	and	the	225°	value	of	current	if	the	frequency	is	50	cycles.	17	that	the	instantaneous	reactive	power	is	that	portion	of	the	total	instantaneous	power	variation	which	has	equal	positive	and	negative	loops,	and	which	contains	the	sine	pf	the	phase	angle	between	v	and	i	as	a	factor.	In	this	connection,	any	undivided
area	having	a	boundary	composed	of	branch	lines	is	called	a	mesh.	Equations	(18),	(19),	and	(20)	may	be	solved	simultaneously	for	1,	j3	,	and	i3.	In	accordance	with	the	above	definition,	the	phase	angle	of	a	single	wave	is	the	angle	from	the	zero	point	on	the	wave	to	the	value	at	the	point	from	which	time	is	reckoned.	=	10	ohms	and	L	=	0.05	henry	are
connected	in	series	and	energized	by	a	25-cvcle	sinusbidal	voltage,	the	maximum	value	of	which	is	150	volts.	For	the	instant	depicted	iii	Fig.	Oscillogram	6	illustrates	the	v,	i,	and	p	variations	in	a	branch	which	approaches,	to	a	close	degree	of	accuracy,	a	purely	capacitive	circuit	element.	as	The	impedance	of	a	simple	R	branch	may	be	expressed	R/9
ohms	The	reason	follows	directly	from	Kirchhoff's	ernf	law,	if	a	voltage,	=	V,,	sin	w,	is	applied	to	a	branch	of	2?	In	any	event,	a	general	proof	will	be	left	for	the	reader	after	the	subjects	of	determinants	and	general	network	solutions	have	been	considered.	variables	starting	with	24	+	24	3i61	+	24	2	4	Evaluate	43	as	(i	t	+	2).	These	high-frequency
oscillatory	or	alternating	currents	are	essential	to	all	modern	radio,	television,	and	radar	forms	of	communication.	A	given	alternating	quantity	lags	Fto,	6,	Illustrating	a,case	where	the	I	wave	leads	the	r	wave	b'	y	8	=	45	another	if	it	comes	to	a	certain	point	on	its	wave	later	than	the	other	one	comes	to	the	corresponding	point	on	its	wave.	A	series
circuit	in	which	no	capac-	ALTERNATING-CURRENT	64	CIRCUITS	Ch.	If	itor	is	present	has	infinite	capacitance	and,	hence,	zero	capacitive	reactance.	Although	sources	have	been	designated	as	voltage	sources	and	current	sources,	it	is	evident	that	either	one	energizes	the	network	with	both	e.	Thus	1I,,4	sin	a	(7)	where	a	is	in	degrees	or	radians.	A
voltage	v	=	282.8	sin	500C	volts	is	applied	to	a	series	circuit,	and	the	resulting	current	is	found	to	be	i	'	5.656	sin	(SOOt	-	36.87)	amperes.	If	based	on	node-pair	voltages,	the	solution	requires	that	the	correct	number	of	independent	current	equations	be	employed.	Given	the	network	illustrated	in	Fig.	The	angle	0	is	the	phase	angle	of	the	Zurrent	with
respect	to	the	point	where	i	=	0	as	a	reference.	Let	q	2,	the	normalizing	factor,	equal	unity.	When	the	lengths	of	the	two	vectors	represent	maximum	values	of	the	waves	respectively,	the	resultant	vector	will	represent	the	rinium	va)u	o	of	the	resultant	of	the	two	waves.	13a	wiil	be	taken	as	the	independent	node-pair	voltages.	Duality	can	therefore
exist	between	the	loop-	NETWORK	CONCEPTS	Ch.	I	37	current	and	node-pair-voltage	methods	of	analysis,	one	method	being	the	dual	of	the	other.	The	resistance	of	loop	I	through	which	i1	flows	is	6	ohms.	Which	wave	leads?	This	station	was	performing	creditably	in	1885.	same	form	factor,	namely,	1.11.	A	common	triode	oscilItor	circuit	is	shown
schematically	in	Fig.	A	tree	is	Four	open-ended	graphs	based	on	the	circuit	configuration	of	Fig.	7.	The	loop	currents	are	independent	inasmuch	as	each	can	be	measured	with	an	ammeter	in	a	different	link	branch.	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	83	(e)	What	is	the	inductive	reactance	of	the	branch	in	ohms?	All
resistance	values	remain	at	1	ohm	as	indicated	in	Fig.	If	a	current	of	sinusoidal	wave	form,	i	=	I,	sin	wit	is	assumed	to	flow	through	the	RLC	branch	shown	in	Fig.	4	where	the	current	in	the	resistance	R	=	2	ohms	is	found	as	the	sum	of	the	current	in	R	due	to	e,	namely,	Is,,	and	the	current	due	to	i,,	namely,	1R2•	In	determining	'RI	(Fig.	GO	take	the
inside	meshes,	the	voltage	equations	(in	terms	of	i,	i,	is,	form	lit-	11	+	O1	-	34	4	=	0	26	+	5i	-	215	+	014	-	0	lit	-	2a	+	6i	-	34	-	0	26	+	0i	-	3i	+	84	-	0	Ch.	I	NETWORK	CONCEPTS	15	The	resistance	matrix	under	these	conditions	takes	the	unsymmetrical	form	1	—1	2	0	—3	5	—2	1	—2	2	0	6	—3	0	—3	8	The	determinant	of	this	matrix,	however,	has	the	srne
numerical	value	(506	ohm84)	as	the	s	y	stem	determinant	previously	employed.	The	present	FCC	standard	band	designations	follow.	Which	wave	lags?	If	in	Fig.	(c)	Evaluate	the	current	i	i	per	volt	of	e1.	7a,	for	example,	are	combined	to	form	a	2-ohm	resistance	and	converted	to	a	0.5-rnho	conductance	in	Fig.	Ch.	NETWORK	CONCEPTS	®	43	(50	101
amp	4(	I.	The	one	generally	employed	is	called	the	impedance	function	or	simply	the	impedance	of	the	circuit.	2	until	after	he	has	studied	the	subject	of	electrical	resonance.	Independent	closed	paths	can	always	be	obtained	by	including	successively	a	branch	not	previously	traversed.	(c)	If	e	—	100	sin	(157t	+	30°)	what	is	the	maximum	value	of	the
voltage?	(c)	Write	the	expression	for	the	real	power	as	a	function	of	time,	employing	numerical	coefficients.	The	a-c	energy	developed	across	the	output	terminals	is	actually	derived	from	the	d-c	supply	voltage	labeled	Ebb,	but	it	is	not	expected	that	the	reader	will	understand	the	conversion	from	direct	current	to	alternating	current	which	takes	place
in	Fig.	34	ALTERNATING—CURRENT	CIRCUITS	Ch.S	The	details	involved	in	the	graphical	construction	of	a	dual	are	illus.trated	in	Fig.	The	addition	of	RI,,.	This	equation	is	also	correct	when	RL	Rc	=	0	and	may	therefore	be	used	as	a	close	approximation	when	R.	form	the	basis	upon	which	many	circuits	used	in	both	wire	and	wireless	communication
operate.	Ans.	O.5t1	YZ\	I	[dl	I'	i32	b5	___	V64	it,	2U	"MI	4	amp.	A	)owledge	of	this	factor	is	necessary	when	using	an	ordinary	voltmeter	ALTERNATING—CURRENT	CIRCUITS	90	Ch.	III	to	measure	a	voltage	employed	in	insulation	testing.	Oscillogram	2	illustrates	the	actual	phase	relation	between	an	applied	sinusoidal	voltage	and	the	resulting
current	that	flows	in	a	particular	ALTERNATING—CURRENT	54	CIRCUITS	Ch.	It	Time	'Angie	of	tag	oil	with	r.sptd	to	Oscu.LOQuM	.pplozluflILe!Y	40°	2.	The	truth	of	the	principle	of	superposition	is	almost	self-evident	since	effects	are	proportional	to	causes	in	linear	systems	where	the	principle	applies.	The	identification	of	the	link	currents	with	the
loop	currents	leads	directly	to	measurable	loop	currents.	7	has	four	nodes.	Ch.	I	ALTERNATiNG—CURRENT	CIRCUITS	42	Fia.	24	and	specify	the	numerical	values	of	n	and	1.	279	noJe-pair,	7,	15	resonance,	144	rise,	95	self-induced,	282	series	bi'anch	for	non-sinusoidal	waves,	2,56	source,	I,	3	Voltages,	addition	of,	102,	103,	127	delta,	334	generation
of	polyphase,	325	vector	addition	of,	127,	128	vector	combination	of,	102,	103,	127	vector	subtraction	of,	102,	103,	127	O\'C,	332	Volt-amperes,	99,	344	addition	of,	394,	395	balanced	three-phase,	344	non-sinusoidal	waves,	for,	254	reactive,	71,	96,	132,	133	itt	three-phase,	344,	392	vector,	394,	395	Warping.	For	j	equal	to	any	number	from	1	to	n
inclusive,	G,	is	the	current	flowing	from	node	j	into	the	network	per	unit	voltage	increase	in	e.	=	275	watts.	-	=ig	R.	7	and	8.	The	other	utilizes	node-pair	voltages,	conductances,	current	equations,	and	current	sources.	(a)	Find	the	value	of	L	in	niilljhenrys.	Positive	power	peaks	of	approximately	600	watts	are	present	even	though	the	average	power
dissipated	in	the	circuit	element	is	only	about	25	watts.	Loop	current	ij	is	identified	with	link-branch	current	in,,.	Thus	the	relation	of	V	and	I	shown	in	the	vector	diagram	could	have	been	shown	directly	from	the	impedance	function	where	the	angle	tells	the	phase	and	VIZ	gives	the	magnitude	of	I.	To	account	for	the	effect	of	i2	we	think	Of	closing
switch	S	5	and	observe	that	loop	current	i2	circulates	through	a	portion	of	loop	1	that	is,	through	the	3-ohm	resistance.	lob.	In	either	of	the	cases	referred	to,	there	will	be	interchanges	of	energy	taking	place	between	the	two	reactive	elements.	Impedance	at	minimum	value.	Thus	the	tree	may	actually	be	selected	with	ulterior	motives	of	this	kind	in
mind.	(b)	What	is	the	frequency	of	the	voltage	and	current	variations?	6.	FIG.	An.i.:s-5	coo	3l4iamperes.	22.	(b)	Write	the	expression	for	the	power	wave	as	a	function	of	time.	Inductive	and	capacitive	susceptances	equal	in	magnitude.	Current	c.	A	more	convenient	means	is	to	employ	a	vector	method	of	representing	these	sine	waves.	One	element	of
this	series	combination	is	known	to	be	a	capacitor	which	has	a	capacitance	of	100	pI.	(a)	Find	the	impedance	function	and	express	numerically.	Where	circuit	elements	are	in	series	as	in	Fig.	Simple	closed	paths	are	usually	easier	to	handle	and	are	therefore	to	be	preferred.	:	14.14	amperes.	lOa,	for	example,	is	illustrated	in	Fig.	17a	-	-	-	-	-	-	P3	V4	V*—
it	Node	3	"S	es	.Ef,.	When	all	effects	are	combined	it	will	be	found	that	1.6ei	-	0.6€2	=	I	ii	+	li	=	5	amperes	—0.6e	j	+	1.1e2	=	122	+	121	5	amperes	18.	1e	1	-	0.5e2	-	0.5e3	=	aj	(36)	is	the	source	current	directed	toward	node	®	with	€	€	2	e3	=	=	0.	266	for	the	loop	currents	indicated.	lib	are	ab,	dc,	and	da.	13	represents	the	vector	diagram	for	an	I?
The	L	Branch.	branch.	The	average	power	absorbe'	s	equal	to	zero.	Write	the	equation	of	a	current	wave	of	10	amperes	maximum	which	leads	the	specified	voltage	wave	by	.	Thus	v	=e1	—e2	v	64	=	e	l	-	e3	=	e3	-	e2	Vb5	=	e2	(28)	Following	a	closed	path,	for	example,	Vbl	-	-	v	2	=	(e	1	-	e2	)	(	e	3	-	e	2)	-	(e	1	-	e3	)	=	0.	The	voltage	applied	to	the	branch
is,	physically,	the	sum	of	the	three	component	voltages.	Problems	15	and	16.	The	vectors	have	their	relations	to	one	another	fixed	but	they	may	be	represented	with	respect	to	any	axis.	The	third	term	of	the	right-hand	member	of	equation	(8)	represents	what	has	been	called	instantaneous	reactive	power,	or,	preferably,	instantaneous	reactive	volt-
amperes.	may	be	replaced	with	a	voltage	source	(e.	Equations	(50)	are	as	much	the	dual	of	equations	(51)	as	equations	(51)	are	the	dual	of	equations	(50).	Linear	netvorkr	consist	of	linear	elements	and	fixed	(or	specified)	voltage	and	current	sources.	2a	iv	here	I	=	i.	4..	Reference	to	Fig.	One	reason	for	the	rapid	strides	which	have	been	made	in	the
analysis	of	linear	networks	is	that	the	principle	of	superposition	can	be	applied	to	these	networks.	The	main	diagonal	consistaofR	ii,	R22,	R,	.	If	a	voltage	v	=	V.	These	are:	(a)	The	maximum	magnitude	of	the	voltage	(200)	is	divided	by	the	magnitude	of	the	impedance	(29.1)	to	obtain	the	maximum	magnitude	of	the	current,	6.87	amperes.	An	ideal
voltage	source	has	zero	internal	series	resistance.	If	R	—	10	ohms,	L	0.056	henry,	and	C	50	Mf,	the	impedance	of	the	RLC	branch	at	60	cycles	is	102	+	(377	x	0.056	-	___i0	6)2/lO)	377	x	50	—	33.4	/tan'	(-3.19)	33,4/-72.6°	ohms	V	200	sin	3771	volts	200	33.4	1	-	8fl	(377	+	72.6°)	amperes	Power.	A	current	source,.	12	will	be	analyzed	in	three	different
ways	employing	node-pair	voltages.	When	the	graph	is	mapped	on	a	sphere,	any	one	of	the	inside	meshes	of	a	plane	graph	like	Fig.	Since	the	generator	is	the	"	pump,"	the	current	will	flow	from	minus	to	plus	through	the	generator,	whereas	in	the	external	circuit	it	flows	from	plus	to	minus.	A—	Qcc	52	.	For	the	case	considered	R1i	+	R24	+	Raib	=	Rb
=	(	R	1	+	R	2	+	R3	)	-	(48)	or	Vb	4	(48a)	Where	elements	are	in	parallel	as	in	Fig.	Fm.	22	RL,	branch	in	R2C1	branch.	(b)	Write	the	expression	for	the	suppl	y	voltage	as	a	funct.	is	Positive,	as	illustrated	in	Fig.	That	is	ibmnch	=	Eiioop	Or	equations	(13),	(14),	and	(15)	may	be	employed	to	find	1brncb	in	terms	of	i	10,,	but	this	procedure	is	unnecessarily
laborious.	Furthermore,	if	Fig.	This	relation	is	illustrated	vectorially	with	the	current	as	the	reference	in	Fig.	A	detailed	anal	y	sis	of	the	component	parts	of	equation	(42)	will	aid	in	understandiig	why	electrical	power	is	treated	in	terms	of	real	and	reactive	components	and	wh	y	these	two	components	are	sometimes	represented	as	the	legs	of	a	right
triangle.	In	a	similar	way,	when	tracing	through	the	load	from	c	to	d,	the	tracing	is	in	the	direction	of	a	fall	of	potential	or	a	voltage	drop.	Projection	of	a	revolving	vector	represents	a	sine	wa	ve.	There	are	n	nodes	and,	except	for	the	first	tree	a,',	I	amp.	Or	we	might	select	node	c	as	common	and	use	Cl	=	Vac,	t	2	=	t	br,	and	e3	=	1'dc	as	the	required
node-pair	voltages.	Many	simple	circuit	configurations	other	than	that	shown	in	Fig.	Since	in	elementary	circuit	analysis	a	vector	diagram	and	phasor	diagram	mean	the	same	thing,	thterms	will	be	used	interchangeably.	One	method	utilizes	loop	currents,	resistances,	voltage	equations,	and	voltage	sources.	Let	it	be	required	to	find	the	form	of	the
resistance	matrix	of	the	network	given	in	Fig.	Find	the	voltage	of	node	x	relative	to	ground	in	the	network	given	in	Fig.	sin	wt	if	OA	has	a	magnitude	of	Irn.	This	value	represents	the	d-e	equivalent	for	electrolytic	action	of	the	alternating	wave	abcde,	Fig.	Since	the	maximum	value	of	a	sine	wave	divided	by	the	square	root	of	2	is	the	effective	value,	the
equation	for	average	power	may	be	written	P	=	.!	--	cos	8	=	VI	cos	0	'v'2	Y2	(7)	\\'ht'sn	V	is	in	volts	and	I	is	in	amperes,	the	power	is	expressed	in	watts.	T4	V	I	Wc	f	2	sin2tdt	Vm!m	[	2	^—,)	VmIr,	f4r\	T)	Since	1.	Loop	currents	employed	to	replace	branch	currents.	z.	The	common	non-time-varying	voltage	sources	are	batteries	and	direct-current
gperators.	At	the	1947	Atlantic	City	Conference	it	wa.	9b	and	note	that	—	0.5e2	112	(34)	The	minus	sign	is	required	since	an	increase	in	€2	produces	O	52	ampere	directed	toward	node	®	and	current	away	from	that	node	has	been	taken	as	positive.	Assume	that	the	current	i	=	10	sin	(1571)	amperes	flows	through	the	RLC	branch.	+	\	•—/S,	%
NETWORK	CONCEPTS	Ch.	I	17	=	(n	+	1)	junctions	or	nodes,	only	n	independent	current	equations	can	be	established.	Thus	it	is	said	that	there	is	a	phase	difference	of	45°	between	the	two	waves.	After	we	incorporate	these	drivhg	voltages	into	the	voltage	equations	given	above,	any	or	all	of	the	loop	currents	may	be	found.	If	this	wave	is	sampled	(or
tested)	at	i	=	0	and	at	equal	time	intervals	thereafter	of	At	=	11fe	3	1'(2f),	what	is	the	nature	of	the	sampled	signal?	and	the	wLI,,,	components	may	be	related	as	shown	in	Fig.	When	non-sinusoidal	quantities	are	enounered,	they	are	expressed	in	terms	of	a	number	of	sine	components	of	different	magnitudes	and	frequencies,	and	these	components	are
then	handled	according	to	the	methods	applicable	to	sine	waves.	195	Rectangular	form,	of	impedance,	125	Of	operator	.	Energizing	element	Network	variable	Independent-network	variables	Circuit	parameter	Parameters	add	Infinite	parameter	Zero	parameter	Topographical	entity	Any	topological	branch	Loop	Current	voltage	u	0	b	—	n	=1	branch
voltage	voltage	source	loop	current	link-branch	currents	resistance	in	series	R	=	(open	circuit)	R	=	0	(short	circuit)	mc'5h	duides	exactly	two	regions	(or	meshes)	providing	the	graph	will	map	on	a	plane	(or	sphere)	Node-Pair	Voltage	current	=0	(b	-	1)	=	n	branch	current	current	source	node-pair	voltage	tree-branch	voltages	conductance	in	parallel	C
=	x	(short	circuit)	C	=	0	(open	circuit)	node	joins	exactly	two	nodes	will	become	evident	as	we	proceed.	Show	that	the	voltage	across	the	branch	is	V	=	1mZ5t1	(u,t	+0)	=	V,,sill	(a's	+0)	where	Z	^R	-	+	1	1)2	and	()	R	8	=	tan—	q	f	&	=	A	resistance	of	10	chins	is	in	series	%;th	a	303-4	capacitor.	was	done	in	physics	when	sane	ch.	The	potential	difference
between	any	two	nodes	or	junctions	of	a	network	is	called	a	node-pair	voltage.	©	1960	by	John	Wiley	&	Sons,	Inc.	implies	that	the	numerical	ratio	of	V,,,	and	thatis	the	current	lags	the	V	to	I.	Node-Pair	Voltages.	-	L	Refer	to	Fig.	(d)	What	is	the	frequency	of	the	power	variation?	For	example,	assume	the	polarities	of	a	circuit	at	some	instant	to	be	as
indicated	in	Fig.	Sawtooth	wave	form	of	voltage	for	Problems	3	and	4.	OBCIt.LOGRAM	The	term	[	V-1,-	sin2w9sin0	is	equal	to	zero	at	all	times	when	1	8	=	U,	that	is,	when	wL	=	11wC.	The	product	of	the	voltage	drop	through	the	generator,	which	was	negative,	by	the	negative	current	(opposite	to	the	tracing	direction)	is	positive.	What	is	the	average



power?	9a.	Note:	In	evaluating	the	correct	angular	displacement	between	the	instantaneous	current	and	voltage	waves	in	terms	of	the	impedance	angle,	it	is	better	to	combine	the	angles	in	such	a	way	as	to	yield	the	relatibn	be1tween	current	and	voltage	waves	which	are	known	to	exist	from	a	knowledge	of	the	ph	y	sical	char	acteristics	of	the	circuit.
In	general,	it	would	be	cumbersome	continually	to	handle	instantaneous	values	in	the	form	of	equations	of	the	waves.	Alternating-current	power	s	y	stems	began	commercially	with	the	Great	Barrington	(Massachusetts)	installation	in	1886.	1-	b	and	n,	and	specify	is	and	40	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	(b)	Write	the	voltage	equilibrium
equations	employing	numerical	coefficients	and	the	loop	currents	indicated	in	Fig.	Since	it	represents	an	angle,	equation	(6)	may	be	expressed	in	terms	of	radians	or	degrees.	One	advantage	of	the	topological	approach	to	circuit	anal	ysis	is	that	it	opens	up	avenues	of	attack	that	might	otherwise	be	overlooked.	In	communication	systems,	vacuum	tubes
or	transistors	(working	in	conjunction	with	suitable	electrical	circuits)	produce	alternating	currents	of	higher	frequencies	than	those	obtainable	with	rotating	equipment.	Each	current	directed	away	from	node	0i	corresponds	to	a	voltage	drop	in	mesh	1	of	Fig.	The	instantaneous	power	delivered	to	the	C	branch	is	from	which	P	=	Vi	=	LV	Sill	(	-si	11	t
1[Im	Sill	cos	Wt)	W	+	90°)1	(28)	(29)	or	=	2	sin	(30)	The	phase	relations	of	v,	i,	and	p	in	a	purely	capacitive	branch	are	shown	in	Fig.	The	inductive	reactance	of	a	10-mil!ilicnry	inductance	coil	in	a	60cycle	circuit	is	XL	2X60X0.010=3.77ohms	and	Z	3.77/90°'ohms	The	inductive	reactance	of	the	same	coil	in	a	60,000-cycle	circuit	is	XL	-	2,	X	60,000
X0.010	=	3770	ohms	qdf	a	60-cycle	sihusoidal	voltage	of	maximum	value	equal	to	100	volts	is	applied	to	In	a	general	analysis,	Cj	would	be	evaluated	in	terms	of	the	boundary	conditions	under	which	the	circuit	is	initially	closed.	The	t	or	equation	for	it	is	Im	sin	3L	(6)	where	c,,t	is	expressed	in	radians	and	----is	called	the	time	angle,	I	is	the
instantaneous	value	of	current	and	Fia.	As	applied	to	Fig.	69	with	inductance	and	capaitinrc	73	vector	diagram	of	branch,	93	Resistance	coupling,	276	Re.sonsn,e,	in	coupled	circuits,	301-3L4	of	a	long	transmission	line,	hall-wave,	-118	quarter-wave,	418	three-quarter-wave,	418	in	parallel	circuits,	162	.ee	,ci'o	Parallel	resonance	seris	(if''Oit,	141	see
eiho	Series	resonance	RL	hrancfi,	transients	and	stead-	current	in,	for	alternating	current,	53S	for	direct	current,	551	RLC	branch,	selective	properties,	clertive	RU	circuit	vector	diagram,	95	RU'	series	branch,	equation	of	current,	579	oscillatory	term	of,	580	transients	in,	566,	571,	57	for	R	!/4L2	>	1/LC,	568,	571,	570	for	R	214L	2	<	1/LC,	568,	571,
580	RL	iron-clad	circuit,	transients	in,	581585	rrns	value,	85,	88	of	a	displaced	sinusoidal	wave,	562	INDEX	599	Short	circuit,	accuracy	of	calculations,	328	calculation,	by	ohmic	method,	523	by	percentage	method,	525	b	y	per	unit	method,	528	s	y	stems.	9b,	for	example,	ammeter	1	1	is	employed	to	measure	012,	the	current	flowing	into	the	network
per	unit	voltage	increase	in	e3	with	all	other	independent	nodepair	voltages	(ej	and	e3	)	set	equal	to	zero.,	After	the	conductance	matrix	has	been	established	and	the	source	currents	properly	accounted	for,	the	nodal	solution	is	complete	except	for	routine	manipulations.	Assume,	for	example,	that	paths	I	and	2	of	Fig.	9	R	=	10	ohms	and	L	=	0.05
henry	are	connected	in	series	and	energized	by	a	25-cycle	sinusoidal	voltage,	the	maximum	value	of	which	is	150	volts.	f.	The	sine	wave	of	current	I	=	J,,	sin	wt	is	shown	in	Fig.	(c)	Evaluate	the	expression	for	1.	Find	the	crest	factor	oi	the	sawtooth	wave	form	shown	in	Fig.	Hence	real	power	in	a	single-phase,	circuit	fluctuates	between	0	and	21'I	cosO
and	has	an	average	value	of	VI	cos	0	(shown	in	Chapter	II).	4	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	where	vs/Ri	is	the	current	which	is	lost	to	the	network	as	a	result	of	the	internal	resistance	Re	and	the	terminal	voltage	v,.	19,	it	is	plain	that	(44)	yR	=	Ri	=	RJm	sin	Wt	VL	=	di	=	WLJm	cos	Wt	(45)	dt	and	-	q	VC	-	-	=	fi	t=	fins	C	C	Sin	cot	dt	-	C	ins
-	Cos	Wt	(46)8	#Im	L--------_1_	FIG.	Ans.:	12.7/38.2°	ohms.	c.	It	is	immaterial	which	c.	If	the	assumption	is	made	that	immediately	to	the	expression	which	has	previously	been	derived	for	the	impedance	of	a	pure	L	branch,	namely,	wL/9	An	examination	of	the	two	factors	which	combine	to	form	Z51.	Similar	interpretations	apply	to	any	combination	of	R,
L,	and	C.	C.	Exactly	the	same	method	may	be	empioyed	to	show	that	the	voltage	equation	for	loop	2	is	(19)	—3i1+12i2-4izO	and	for	loop	3	-	4i	2	+	16i3	=	0	(20)	In	using	superposition	to	establish	the	voltage	equations,	we	have	taken	i1	,	i2	,	and	i	3	as	independent	variables	and	considered	their	effects	one	at	a	time.	POWER	77	a	.	(a)	What	is	the
numerical	value	of	ZRLC?	The	phasor	or	vector	representations	of	sine	functions	may	be	manipulated	instead	of	the	sine	functions	themselves	to	secure	the	desired	result.	The	amount	of	energy	received	by	the	capacitor	during	a	quarter	cycle	may	be	determined	by	integrating	the	power	wave	over	any	positive	loop;	for	example,	integrating	equation
(30)	between	the	limits	oft	=	O	and	t=	T/4.	7b.	23b.	The	angle	between	V	and	I	is	8	=	tanwL	1	R.	Presumably	no	reactive	elements,	inductance	coils	or	condensers,	are	present.	1	—1	0	4	—1	3	—1	Potential	of	node	(1)	=	3	—1	—1	4	0	18	=	-	volt	41	4	—1	0	—1	Potential	of	node	®	=	e2'	=	0	3	1	I-I	0	0	3	41	4	01	13	4	1	=	-	volt	41	27	NETWORK	CONCEPTS
Ch.	I	If	the	tree	given	in	Fig.	Alternating-voltage	and	-current	calculations	are	therefore	based	on	sine	waves.	rt	.ilI	be	observed	from	equation	(19)	that	V,01I,,,	=	wL	and	that	i	lags	v	by	one-quarter	of	a	cycle	or	900.	Applied	voltage	-	FIL	J	R_j	._J	A.C4	L	L	Fw,	S.	If	11	1.	Problems	9	and	10.	So.	If	the	previous	equation	is	multiplied	md	divided	b	y
1:3.23,	there	results	8.66	COS	t	sin	w	+	=	13.23	NO	=	13.23	[cos	a	sill	wt	+	sin	a	cos	=	13.23	sin	(	+	a)	13.23	sin	(	+	40.90)	As	vectors:	A	wave	of	relative	phase	represented	by	sin	wt	will	be	represented	by	a	vector	along	the	reference	axis.	RUSSELL	Al.	KERCHNER	F.	Before	considering	these	time-varying	sources,	however,	it	will	be	advantageous
to	review	some	basic	network	concepts:	concepts	which	are	equally	applicable	to	time-varying	sources	or	non-time-varying	sources.	The	average	value	with	respect	to	time	of	the	power	when	considered	over	an	integral	number	of	cycles	is,	therefore,	equal	to	VI	liv	P-cos0	2	The	above	expression	for	average	power	may	also	be	obtained	by	finding	Ch.
II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	71	oi	2	/	I,"	I/'\'	-'	/	o	I	7c	I	I	I	'	I	//	VmIm	—	r	1--[	ln	k	u	rn.	toriallv	a	resultant	OC	is	obtained	whoe	prtjection	riti	the	vertical	will	represent	the	instantaneou	value^	of	the	algebraic	'	urn	of	the	shie	waves	A	al)d	B.	If,	in	the	expression	for	capacitive	reactance,	w	is	expressed	in	radians	per
second	and	C	is	expressed	in	farads,	the	resulting	capacitive	reactance	is	in	ohms.	Voltage	d.	Where	the	branches	Vb.	NETWORK	CONCEPTS	Ch.	I	are	resistive	in	character	for	example,	or	Vb	Rb4	t	=	Gbvb	7	(10)	where	Rb	is	the	branch	resistance	and	(4	is	the	branch	conductance.	If	a	voltage	is	described	as	having	sinusoidal	wave	form,	a	maximum
value	of	200	volts,	and	an	angular	frequency	of	377	radians	per	second	(60	cycles	per	second),	md	it	is	desired	to	reckon	time	from	the	point	of	zero	voltage	where	dv/dg	+200F7__...___	V-200	Sin	377t	0t_0	Tim.—'-	Il	–200	(a)	Y200	Co.	377t	0	t0	Vt	f	4	Time	--	T"Scnd	(b)	Fin.	If	a	voltage	rise	is	assumed	positive,	the	question	sometimes	arises:	Will
generated	power	still	be	positive	if	the	tracing	direction	is	reversed?	If	it	is	assumed	that	time	is	to	be	.,	-koned	from	the	poin	'itiv	maximum	voltage,	the	angular	displace9—	56	ALTERNATING-CURRENT	CIRCUITS	ment	referred	to	above	is	+90°,	and	the	expression	for	voltage	becomes	v	-	200	sin	(3771	+90°)	-	200	coo	3771	volts	Ch.	11	(11)	.This
type	of	variation	is	shown	In	Fig.	44	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	16.	Certain	aspects	of	network	behavior	are	brought	into	better	perspective	if	the	network	is	considered	as	a	graph.	A	parallel	combination	of	capacitance	and	inductance,	along	with	its	incidental	resistance,	can	be	made	into	an	effective	band	eliminator,	suppressor,	or
wave	FIG.	Inductive	and	capacitive	reactances	equal	in	magnitude.	The	voltage	source	depicted	in	Fig.	Since	the	branches	are	tuned	for	parallel	resonance,	the	resultant	admittance	is	conductance	only.	Thus	one	phase	of	a	sine	wave	is	-	of	a	periOd	(or	300	from	the	origin)	where	the	ordinate	is	one-half	the	maximum	ordinate;	another	phase	is	of	a
period	(or	90°	from	the	origin)	where	the	ordinate	has	its	maximum	positiv	value;	and	so	on	for	any	other	fractional	part	of	T	(or	of	wT	=	2ir).	iSa	appear	as	elements	which	are	common	to	node	®	of	the	dual	network;	similarly	for	the	other	loops	and	corresponding	nodes.	If	time	is	reckoned	from	the	point	of	zero	voltage	(dv/dt	Positive):	V	=	141.4	sin
3771	volts,	i	5.85	sin	3771	amperes,	p	=	400	-	400	cos	754(	watts,	average	power	=	400	watts.	20,	the	assumption	being	that	any	one	or	all	of	the	branches	may	have	voltage	sources	in	series	with	the	branch	resistances.	Brackets	will	be	employed	to	designate	matrices,	whereas	straight	bats	will	be	used	to	designate	the	determinant.	1,	it	is	apparent
that	a	complete	cycle	is	produced	in	the	armature	conductors	when	these	conductors	are	cut	by	the	flux	from	a	?air	of	poles	or,	in	this	case,	one-half	revolution	of	the	rotating	field.	Unless	otherwise	stated,	the	term	"	cycles	"	implies	"	cycles	per	second."	In	the	rotating	machine	of	Fig.	Ch.	Ill	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	93	For
sine	waves	these	have	been	shown	to	be	equal	to	the	maximum	value	divided	by	v'2.	A	500.-cycle	sinusoidal	voltage,	the	maximum	value	of	which	is	15	volts,	energizes	the	RC	branch.	Fm.	20.	3	is	Id,.	2.0	.	In	simple	networks,	indepei'ident	equations	can	be	obtained	readily	by	inspection	or	by	methods	previously	considered.	It	should	be	noted	that
effective	values	were	used	exclusively	in	Fig.	This	resistance	is	called	the	self-resistance	of	loop	1	to	distinguish	it	from	the	mutual	resistances	or	the	resistances	of	loop	1	which	are	common	to	loops	2	and	3.	The	only	practicable	method	of	measuring	instantaneous	values	of	current,	voltage,	and	power	is	by	means	of	an	oscillograph,	a	very	useful
instrument	in	many	respects	but	one	which	is	relatively	inaccurate,	cumbersome,	and	costly.	Hence	it	is	so	drawn	on	the	rector	diagram.	..	PROBLEMS	1.	The	resultant	OC	was	obtained	by	adding	the	two	vectors	when	OB	was	along	the	axis	of	reference.	Three-eighths	of	(a)	cl-terminal	(b)	a-terminal	FIG,	I.	This	particular	selection	yields	independent
node-pair	voltages	and	results	in	certain	simplifications	as	will	become	evident	presently.	9e	ammeter	12	is	employed	to	measure	022,	and	so	on.	The	shape	of	the	curve	resulting	from	a	plot	of	instantaneous	values	of	voltage	or	current	as	ordinate	against	time	as	abscissa	is	its	wave	form	or	wave	shape.	For	I	=	n	m=l+1=fl+lfl1	where	mg	is	the	total
number	of	meshes	and	n	j	is	the	total	number	of	nodes.	29	and	specify	the	numerical	values	of	n	(the	number	of	independent	nodes)	and	I	(the	number	of	independent	loops).	If	a	suitable	square	root	scale	is	placed	under	the	pointer,	the	pointer	will	indicate	the	square	root	of	the	average	square,	or	the	rms	value.	An..:	I.	Crest	or	Peak	Factor.	(a)	A
four-pole,	four-conductor	a-c	generator	of	the	revolving	field	type.	A	voltage	drop	is	then	negative	and,	since	the	same	current	flows	in	the	direction	of	the	voltage	drop	through	the	load,	the	power	determined	would	be	negative.	That	loop	currents	can	always	e	selected	as	"measurable	"	currents	will	be	evident	after	network	topology	has	been
considered.	At	no	time	does	the	power	r	;ach	instantaneous	negative	values.	A	little	study	will	show	that	the	angle	of	phase	differenip	f	or	the	two	waves	must	also	he	the	angular	displaernent	F;etween	the	to.	In	the	form	of	an	equation	Rim	Sfl	wt	+	WiJm	cos	wt	or	Rim	sill	W1+	wL	-	WC	I,,,	COS	cot	1"'	Cos	=	u	=	V	(47)	(48)	The	combination	of	the	sine
and	cosine	terms	of	the	above	equation	may	be	effected	in	the	same	manner	as	previously	outlined	for	the	sine	and	cosine	components.	Determined	in	this	manner,	Cl	would	define	the	transient	component	of	the	current,	ci	is	neglected	here	because	transient	components	of	the	current	are	not	to	be	considered	at	this	time.	With	a	more	general	choice
of	the	e's,	the	effect	of	i,	2	might	make	a	contribution	to	the	current	at	node	.	and	l/wC,	the	oiL	term	may	be	considered	to	be	equal	to	zero,	in	which	case	the	branch	reduces	to	a	resistance	and	capacitance	branch.	Employ	numerical	coefficients.	The	use	of	brackets	in	matrix	(25)	implies	that	only	the	ordered	arrangement	of	the	coefficients	of	the
general	voltage	equations	is	being	portrayed.	Power.	The	one	requirement	in	selecting	a	set	of	node-pair	voltages	with	which	to	carry	out	a	network	analysis	is	that	these	node-pair	voltages	correspond	to	the	node-pair	voltages	of	a	topological	tree.	I	j'	:-	112	R	Shad	circuit_Ic	Fin.	(mg	symbolizes	the	total	number	of	meshes	or	regions	of	a	particular
graph.)	The	graph	of	Fig.	The	coeffic	i	ents	of	the	independent	variables	of	equations	(18),	(19),	and	(20)	may	be	arranged	in	an	orderly	fashion	as	shown	below:	6	—3	[	—3	12	L-2	-I	(23)	—4	16J	Except	for	the	sources,	this	ordered	array	of	numbers	completely	characterizes	the	network	to	which	it	is	applicable.	(b)	Find	the	expression	for	the	power
wave	as	a	function	of	time,	employing	numerical	coefficients.	we	\\	ith	respect	to	its	terminals	the	RLC	branch	will,	in	general.	This	scheme	consists	of	representing	the	sines	and	cosines	by	revolving	vectors	cos	X	B[	A	sin	x	Fin.	7	and	8	that	all	the	branch	voltages	can	be	expressed	as	linear	combinations	of	c,	e2	,	and	e3	.	19a.	Find	also	the	expression
for	the	current	at	any	time	t.	(b)	at	2260	amperes	per	second?	(a)	Find	the	potential	of	node	x	relative	to	ground.	A	deeper	insight	into	the	nodal	method	will	be	obtained,	however,	if	the	independent	node-pair	voltages	selected	do	not	have	a	common	node.	sin	(w	-	8).	()	Write	the	expression	for	current	as	a	function	of	time,	assuming	that	the	voltage	in
(Li)	is	applied	to	the	branch.	7b,	we	make	use	of	Figs.	(c)	Write	the	expression	for	the	voltage	drop	across	C,	namely,	q,C,	employing	numerical	coefficients.	lSb,	the	natural	choice	for	ALTERNATING—CURRENT	CIRCUITS	30	Ch.	I	independent	variable	is	the	voltage	which	is	common	to	(or	across)	each	of	the	elements.	As	previousl	y	shown,	the
power	in	a	single-phase	circuit	is	not	constant.	The	consideration	of	a	circuit	element	which	possesses	only	ohmic	resistance	is,	of	course,	a	hypothetical	venture	because	some	self-inductance	is	inevitably	associated	with	any	circuit	configuration.	(c)	Write	the	expression	for	p,	employing	numerical	coefficients,	and	express	all	trigonometric	functions
with	exponents	no	higher	than	unity.	It	will	be	remembered	that,	in	a	network	having	16	ALTERNATING-CURRENT	CIRCUITS	Cu.	I	it)	It)	2amp	V2vft	in	(a)	2	amp.	Oscillogram	9	illustrates	the	variations	of	v,	i,	and	p	in	a	particular	RLC	circuit.	8volt.	Graphical	repreelItatioii	of	equation	(4)	for	the	particular	case	of	0	=	30'.	8,	e	1	,	e2,	and	e3	are	so
selected	that	they	have	only	one	node	in	common.	2	the	electrical	angular	velocity	or	angular	frequency	is	defined	almost	solely	by	the	inductance	and	capacitance	employed	at	the	X	1	and	X3	positions	in	the	circuit.	LTD.	750	ens	1	314	=	375	+	375	cos	6281	watts.	+_f	4	(C)	I	I	Vt	(d)	1.	in	an	RL	circuit.	(d)	Evaluate	the	expression	for	p	which
corresponds	to	the	product	of	voltage	and	current	emploed	here,	and	express	all	trigonometric	terms	with	exponents	no	higher	than	unity.	19.)	A	network	to	which	equations	(56)	are	applicable	is	given	in	Fig.	Oscillographic	tecords	of	the	no-load	current	and	no-load	power	taken	by	the	primary	of	an	iron-core	transformer.	I	7	pair	2	wit	n	.su	9.
Construct	the	dual	of	the	network	given	in	Fig.	Also	express	it	for	each	possibility	when	time	is	reckoned	from	the	negative	5-ampere	value	of	the	wave.	15	is	badc.	18.	Find	the	nature	and	magnitude	of	the	circuit	parameter.	a	set	of	branches	such	that	each	node	(or	terminal)	has	connected	to	it	at	least	one	branch,	the	set	contains	no	closed	loops,
and	a	single	(unique)	path	can	be	found	which	joins	any	two	nodes	of	the	graph	to	which	the	tree	is	applicable.	(a)	(b)	FIG.	We	observe	first,	however,	that	the	branch	currents	are	related	to	the	e's	as	follows:	tbl	=	0.5vb	l	=	0.5e1	-	0.5e2	42	=	0.5v	b2	=	0.5e	1	-	0.5e3	143	=	1e3	-	1e2	(29)	163	44	ib6	=	1v	4	=	1e3	2V	=	2e2	The	current-law	relationships
are	At	node	®:	41	+	42	=	1e1	-	0.5e2	-	0.5e3	=	i,1	(30)	At	node	®:	—6	-	4	+	45	—0.5e	+	3	.e2	-	1e3	=	42	(31)	At	node	®:	—	4:	+	4s	+	44	—0.5e	1	-	1e2	+	2.5e	(32)	0	18	ch.	Where	a	voltage	source,	e,	is	specified,	it	will	be	understood	that	a	potential	difference	of	e	volts	is	maintained	between	(or	across)	the	terminals	of	the	ideal	source	regardless	of
the	current	that	may	pass	through	this	ideal	source.	(a)	Write	the	voltage	equilibrium	equations	for	the	network	given	in	Fig.	frequency	variation	with	respect	to	the	frequency	of	the	driving	voltage.	Find	the	maximum	value	of	a	50-cycle	current	wave	that	is	changing	at	2000	amperes	per	second	at	an	instantaneous	value	30	from	the	maximum	value
of	the	wave.	'9d,	9e,	and	9f	to	obtain	—	0.5e	±	35e	-	1e3	=	—i.	The	time	variation	of	a	voltage	wave	is	given	by	e	I	is	expressed	in	seconds.	Employ	a	normalizing	factor	(g)	of	4.	If	R	20	ohms	and	L	=	0.056	henry,	theL60-cycle	is	ITL1	RL	branch	which	is	formed	by	placing	R	in	series	with	=	29.1	/46.5°	ohms	component	may	be	represented	by	a	Through
employing	such	methods,	the	sin	z	Since	counterclockwise	is	the	standard	direction	A.	A	current	of	5	sin	3001	amperes	flows	through	a	pure	inductive	branch	of	0.2	henry.	The	determination	of	the	rate	at	which	electrical	energy	is	generated	or	absorbed	is,	in	general,	an	important	problem.	Fm.	5.	3c,	i	=	10	sin	a	+	4	sin	2wt	amperes.	It	states	that	the
instantaneous	voltage	drop	across	the	re-	Ch.	If	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	167	sistive	element	plus	the	instantaneous	voltage	drop	across	the	inductive	element	equals	the	instantaneous	voltage	drop	across	the	RL	branch.	-	p--	4.	In	accordance	with	the	convention	1	which	has	been	adopted,	the	impedance	of	the	C	branch
is	I	y	—VI	J\	L	Y	sin	wt	C	The	magnitude	of	the	impedance,	11wC,	is	called	capacitive	reactance,	and	it	is	evident	from	the	nature	of	the	expression	that	capacFio.	A	voltage	has	for	its	equation	v	=	100	cos	wi.	This	corresponded	to	2w	electi	cal	radians,	or	380	electrical	degrees.	27.	the	average	value	of	the	right-hand	member	of	equation	(4	1	)	a
follows:	=	I	f	I-MIM	in	(t	+	T	0)	1	m	SIfl	Wi	(43	1.eal	Power	and	Reactive	Power	or	Reactive	Volt-Amperes.	(Any	other	scheme	for	determining	positive	circuit	directions	in	the	dual	is	as	good	provided	that	it	is	used	consistently.)	The	numerical	values	of	the	mhos	in	the	dual	network	are	related	to	the	ohmic	values	in	the	original	network	by	the
normalizing	factor	gn	2.	If	the	equation	of	the	wave	is	not	known,	the	integration	must	be	performed	graphically.	Hence	the	angular	velocity	w	in	radians	per	second	is	2.-IT.	Show	ththe	t	ener'	WL	+	uc	=	constant,	and	evaluate	this	constant.	Let	it	be	required	to	find	the	frequency	and	the	generated	in	the	armature	winding	of	Fig.	Ins/aata	pteous	real
_	power	refers	to	COS	e	-	(cos	2wt)	cos	61	the	first	two	terms	on	the	right-hand	side	of	equation	(42).	Initial	charge	=	0.	Flo.	Generation	of	Alternating	Potential	Differences.	228	graphical	method,	233,	242	Wave	form,	47,	246,	248,	251	of	eurrout	in	an	iron-core	coil,	224	Wave-length	constant,	of	a	filter,	see	1'}iasc	constant,	of	a	filter	of	a	long	line',
41S.	From	a	graphical	point	of	view,	two	networks	are	duals	when	meshes	(around	which	v	=	0)	in	one	network	are	in	a	one-tone	correspondence	with	the	nodes	(at	which	i	=	0)	in	the	other	network.	Average	value	i	d	(3)	=	f	Fm.	2.	Since	the	current-law	relationships	are	satisfied	with	loop	currents,	the	voltage-law	relationships	(v	=	0)	must	be	applied
(b	-	n	+	1)	times.	3a,	i	=	10	sin	c4	amperes;	in	Fig.	Repeat	Problem	15	employing	u	l	and	va	as	independent	node-pair	voltages.	Loop	Currents.	(d)	What	is	the	effective	value	of	the	resultant	current?	The	positive	direction	of	is'	is	thus	determined	to	be	from	the	reference	node	to	node	a	as	indicated	in	Fig.	Q	Fin.	L.	C,	and	R.	For	use	in	solving	a
problem	by	-4	t/1	1.I0	superposition.	Relatively	large	amounts	of	energy	may	oscillate	between	the	reactive	elements	even	though	the	RLC	branch	simulates	a	purely	resistive	brahch	at	its	terminals.	It	is	also	desirable	to	transform	voltage	sources	associated	with	series	resistance	to	equivalent	eurrent	sources	since	the	network	solution	is	to	be	based
upon	current-law	equations.	Examples.	One	method	of	establishing	independent	voltage	equations	is	to	think	of	opening	all	loops	except	one	and	then	establish	the	voltage	law	for	this	particular	loop	invoking	the	principle	of	superposition	with	the	loop	currents	considered	as	independent	variables.	(a)	A	mappable	graph.	OCILLOGRAM	Ch.	It
INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	55	circuit.	If	0.4	and	0L	are	added	'cv-	0	Fin.	This	example,	however.	The	answer	is	yes,	as	may	be	shown	by	the	following	considerations.	than	30	kilocycles	per	second	30-300	kilocycles	per	second	300-3000	kilocycles	per	second	3000-30,000	kilocycles	per	second	30,000	kilocycles	per
second300	megacycles	per	second	TJHF	(ultra	high	frequency)	300-3000	megacycles	per	second	SHY	(super	high	frequency)	3000-30,000	megacycles	per	second	EHF	(extremely	high	frequency)	30,000300,000	megacycles	per	second	Wave	Form.	It	was	shown	in	the	previous	chapter	that	instantaneous	values	are	inconvenient	to	'manipulate
analytically,	and	in	general	they	fail	to	specify	concisely	the	magnitudes	of	the	quantities	involved.	29.	522	ill	Sawtooth	wave	form,	555	impedance	of	a	filter,	443	Selective	properties	of	circuit	elements,	definition,	439,	443	435	line-to,-ground,	539	high_freqUencY	line	drain,	435	calculation	of,	539,	544	low-frequency	line	drain,	436	line-to--line,	531
Selective	RLC	circuit,	151	calculation	of,	536	pass	ban	I,	definition,	151	Side	bands,	2136	width	of,	152	Sign	of	readings	of	wattmeters,	350-353	Selectivity	of	Rif'	series	branch,	152,	Sine	wave,	representation	of	alternating	153	current,	50	Self-inductan	ce	,	27	Sine	waves,	equivalent,	255	voltage	of,	282	Sinunidal	wave,	average	value	of,	88	Sequence,
phase,	326,	327,	330	nest,	factor	of,	89	checking,	383	ejective	value,	85,	88	effect-s	of,	383	form	factor,	88	negative-phase	sequence	syt	cm,	400,	vector	representation	of,	90	492,	495	Smoothing	network,	436,	438	impedance,	509,	533-536	constants	for,	437	positive-phase	sequence	system,	489,	Sources,	current,	2,	3	491,	404	ideal	voltage,	4
irnpe'lance,	509,	534,	535	voltage,	I,	3	rule,	512,	513	plane,	181,	184,	187	stem,	41)0,	402,	zero-phase	sequence	s	y	Star	connection,	general,	336	495	four-l)hae.	Others	TABLE	I	Solution	Element	Involved	Equilibrium	equations	Number	of	independent	equations	Basic	constituent.	T	is	the	period	(Or	duration)	of	one	cycle.	Write	three	voltage
equations	employing	the	loop	currents	i	1	,	i	2	,	and	i	3	as	the	independent	variables.	In	nodal	analysis,	it	is	convenient	to	relate	branch	currents	and	branch	voltages	by	way	of	branch	conductance;	that	is	ib	=	Gb	vb	(27)	where	G	=	1/R	b	.	i-ein(3Th-90°)amperes	67"	-	Power	and	Energy-.	585-589	Series	circuit,	142	Stop	band,	435	analysis	for	non-
sinusoidal	waves,	'3I	SuI,t	ration,	of	currents,	128	circle	diagram	of,	1.5.5	of	phasors,	Ill	current	loci,	155,	iSo	Superposition.	G1'G'	)	Reference	node	0	(Li)	(a)	R3____	/	It	old	Pt	CL.	If,	for	example,	the	numbers	on	the	graphs	of	Fig.	What	is	the	numerical	value	of	the	determinant	of	this	matrix?	Parallel	resonance	by	varyingfrequency.	With	the	aid	of
this	principle,	the	voltage	or	current	response	in	any	part	of	a	linear	network	resulting	from	two	or	more	sources	may	be	determined	by:	(1)	Finding	the	component	response	developed	by	each	individual	source.	Units	of	reactive	volt-amperes	in	the	practical	system	of	units	are	called	vars.	Vg	(6)	Ch.	I	NETWORK	CONCEPTS	3	and	the	power	delivered
to	R,.	waves	are	then	represented	by	jecfOr3,	as	shown	in	Fig.	5,	we	note	that	At	node	®:4	1	—	42	-	46	=	4	-	(4	-	23)	-	i3	=	0	(13)	At	node	®:	42	-	2	b3	44	At	node	03	jL	-	=	(	I	23)—	(1	—	12)	j	+	i	=	(4	-	i3	)	-	2	+	4	—	(	i	2	—	13	)	=	0	0	(4)	(15)	S5	FIG.	'Voltage,	current,	and	power	variations	in	a	resistive	circuit	element.	The	graph	of	the	network	given	in
Fig.	Let	angular	measure	be	expressed	in	radians	in	this	particular	case.	The	known	sources	may	be	incorporated	into	the	equilibrium	equations	at	any	appropriate	stage	of	the	analysis.	Note	the	lag	of	the	141.4	volts,	J	i	wave	with	respect	to	the	a	wave;	also	the	large	negative	power	loops.	See	Fig.	Voltage	maximum	for	constant	conductance.	The
outside	region	is,	of	course,	as	much	a	mesh	as	either	of	the	inside	regions	since	it	is	bounded	by	network	branches.	Loop	current	i,	for	example,	may	be	found	with	the	aid	of	Cramer's	rule	as	indicated	below:	4	2	1	2	o	5	—2	0	6	—3	4	—2	8	0	—3	506	o	244	506	0.482	ampere	s	If	the	analysis	requires	the	power	delivered	to	the	network	by	the	ource	e,
the	actual	branch	current,	t,,,	flowing	through	e	will	have	to	be	evaluated	as	I	1Iop	=	—	+	i:2	1	16	4	12	0	—2	2!	01	6	-31	1	4	2	•	0-3	8140	5	06	241	+	ampere	40	284	—	0.561	ampere	The	power	delivered	to	the	network	by	the	e	source	is	P	ei,,	=	4	X	0.561	=	2.244	watts	The	voltage	equations	used	to	effect	a	network	solution	are	not	restricted	to	the
equations	obtained	by	traversing	the	paths	mapped	out	by	the	loop	currents.	Thus	5,	Rs	=	6	ohms	3,	R,,	=	4,	R6	2,	R5	2,	R	The	energizing	sources	are	not	shown	in	Fig.	The	R	branch.	Network	Topology?	A	voltage	v	=	100	sin	1571	volts	is	applied	to	the	RLC	branch.	e.	(b)	Write	the	expression	for	the	voltage	drop	across	L,	namely,	L	di	'it,	employing
numerical	coefficients.	9,	the	_______________________	equation	for	dynamic	equilibrium	is	V	=	Ri	V,,,	sin	4	(12)	Y—V,,,zjnwt	R	R—y	v	from	which	Sfl	wt	Trn	Sjflwj	(13)'	Fio.	always	some	real	resonant	frequency	for	any	values	of	the	three.	This	generator	develops	a	terminal	voltage	of	11,1,	when	it	=	0,	that	is,	when	the	current	source	is	operating	open-
circuited.	parallel	with	Oscillogram	10	shows	how	the	instantaneous	currents	i1	and	i2	of	Fig.	Loop	current	15	is	identified	with	link-branch	current	3.	With	this	interpretation	of	the	term	mesh,	a	network	branch	divides	exactly	two	lnt'SheS	(or	regior	provided	that	the	network	graph	can	be	mapped	on	a	plane	or	(without	cross-overs).	Phase	(as	the
term	is	defined	by	the	A.I.E.E.)	is	the	fractional	part	of	a	period	through	which	time	or	the	associated	time	angle	t	has	advanced	from	an	arbitrary	reference.	Voltage,	current.,	and	power	variations	in	a	highly	inductive	circuit	element.	Refer	to	Fig.	in	h	in	in	F.	Copyright.	Thus	3i1+9i2-6i3rre	(21)	which	is	the	sum	of	equations	(18)	and,	(19)	and	hence
not	independent	of	these	equations.	D214	2i1n)	(a)	FIG.	Express	an	alternating	current	of	10	amperes	maximum	value	which	has	an	angular	velocity	of	377	radians	per	second	as	a	cosine	function	of	time.	2	12	+	[	V_	,	_	Sin	1	W,1m	8j	-	2	The	above	relationship	is	illustrated	graphically	in	Fig.	The	instantaneous	power	is	given	by	the	product	of
equations	(12)	and	(13).	It	is	also	called	the	effective	or	virtual	value.	A	voltage	v	=	200	sin	3771	volts	is	applied	to	an	inductive	branch,	and	the	maxinium	current	is	found,	by	oscillographic	analysis,	to	be	10	amperes.	sin	wt	+	(5/12)Em	sin	5w1,	shown	in	Fig.	The	capacitive	reactance	of	a	15-f	capacitor	in	a	25-cycle	circuit	is	Xc	25	X	15	2-	X	io	425
ohms	and	ZC	=	425/-90°	ohms	The	capacitive	reactance	of	the	same	capacitor	to	a	250-cycle	driving	voltage	18	XC	101	2w	X	250	X	IS	=42Sohms	If	a	25-cycle	sinusoidal	voltage	of	maximum	value	equal	to	200	volts	is	applied	to	the	15-pi	capacitor	v	200	sin	(1571)	volts	and	200.	(d)	Write	the	expression	for	the	instantaneous	power	delivered	to	the
branch	as	a	function	of	time.	(See	page	3.)	The	correct	number	of	node-pair	voltages	to	employ	in	nodal	analysis	is	equal	to	the	total	number	of	network	nodes	less	one	or	(n	-	1)	=	The	justification	for	this	statement	will	become	evident	when	it	is	recognized	that	a	nodal	analysis	involves	the	establishment	of	currentlaw	equations	only.	Voltage,
current,S	and	power	in	a	purely	capacitive	branch.	A	similar	method	of	attack	will	be	emplo	y	ed	here	in	establishing	the	required	number	of	current	equations,	but	in	this	case	we	shall	let	all	of	the	es	but	the	pertinent	one	equal	zero	in	finding	the	current	directed	away	from	nodes®	,	,®	and	C3.	The	€Rects	of	the	two	types	of	reactive	elements	a
rgard	the	pha.e	of	the	resulting	current	are	exactly	opposite.	If	L	and	I,,,	are	expressed	in	henrys	and	amperes	respectively,	WL	is	given	in	joules.	That	form	factor	tells	nothing	of	the	shape	of	a	wave	is	evident	from	the	fact	that	a	sine	wave	and	the	wave	e	=	E.	421	Wave	propagation,	velocit	y	of,	419	\\aves	,	addition	or	complex,	261	attenuation	of,
417	complex	or	l,,)fl-$iflUSOi'bd,	223,	225	composite,	223,	225	direct,	417,	418	modulated,	263	propagation	of,	417,	419	602	INDEX	Waves,	rectangular,	231,	233	refiectei,	417,	418	of	same	shape	or	form	analytical	method	of	determining,	248	awtooth	553	subtraction	of,	01,	92,	261	triangulir,	231,	233	Ware	shape,	47,	.50,	246-251	effect	of	shifting
an	harmonic	on,	248,	250,	251	Wave	trap,	169	Weber-turns,	281	Wye,	general,	332,	336	and	de1tt	]o.ul-	combined,	Solution	of,	36	balanced	load,	337	connection,	voltage	s,	and	currents	in,	332,	333	magnetic	coupling	between	phases	of,	515-518	W)e-dlta,	conversion,	206-210,	374,	375	-	Wye-delta,	unbalanced,	solution	of,	38'2	Wye	system,	currents
in,	333	harmonics	in,	361	Wye..wye	s	y	stem,	unbalanced,	ni	neutral,	381	without	neutral,	377-380	see	%Vye	Zero..,,	182,	572	Zero-frequency	characteristic	impedance,	466	Zero-sequence	component	of	imperlan:e,	509	Zero-sequence	impedance,	of	rotating	machines,	535,	540	of	transformers,	541	of	transmiscion	lines,	542	Zero-sequence	system,
490,	492,	495	evaluation	of,	49.5,	496	A	Simple	Form	of	Wave	Trap.	In	a	branch	where	oiL	is	negligibly	small	as	compared	with	1?	(It	is	expected	that	the	reader	understands	the	elementary	algebra	of	determinants	including	the	application	of	Cramers	rule	which	is	widely	used	in	solving	simultaneous	equations.)	The	matrix	representing	the
coefficients	of	the	i's	in	equations	(18),	(19),	and	(20)	is	written	as	indicated	above	in	matrix	(23).	cos	0	=	___________	Urn	A-9	v'R	2	(36)	+(o.'L)2•	and	Rim	Fin.	It	is	not,	however,	essential	to	analysis	that	loop	currents	be	measurable	currents,	nor	is	the	closed	path	necessarily	restricted	to	a	single	passage	through	any	branch.	2	(37)	In	a	similar
manner,	we	find	that	the	current	law	applied	to	node	®	yields	—0.5e	-	1e2	+	2.5e3	0	(38)	The	coefficients	of	equations	(36),	(37),	and	(38)	indicate	that	G11	=	1	mho,	G22	=	35	mhos,	and	G33	=	2.5	mhos.	Current	was	taken	as	the	reference	in	the	three	previous	diagrams.	Kirchhoff's	current	law	states	that	the	current	flowing	toward	a	junction,	which
in	the	present	case	is	i,	is	equal	to	the	current	flowing	away	from	the	junction,	namely,	i1	+	i2.	Evaluate	v0	in	Fig.	A	voltage	v	=	100	cos	twi	+	60')	volts	is	impressed	upon	a	pure	resistance	circuit	of	10	ohms.	In	which	case	can	resonance	be	produced?	S.	Circuit	arrangement	of	a	simple	triode	oscillator.	Construct	the	dual	of	the	network	illustrated	in
Fig.	7,	the	vectors	Oil	and	OB	were	considered	to	revolve	in	order	to	represent	the	waves.	counterclockwise.	Thus	i	jo	+	1	1	sin	+	a)	+	12	sin	(2t	-I-	a)	+	...	In	a	network	consisting	of	b	branches,	there	are	in	general	2b	unknowns:	b	unknown	branch	currents,	4,	and	b	unknown	branch	voltages,	A	direct	relationship	exists,	however,	between	each
branch	current	and	the	associated	branch	voltage.	A	third	voltage	equation	may	be	obtained	by	summing	the	voltage	drops	around	the	path	ahhefga.	22	where	the	branch	voltage!	are	vht	=	(	-	2	+	34	1	)	i	2	(-4	+	2i)	t	-	2i	()	Write	the	required	number	of	current	and	voltage	equations	(to	effect	a	network	solution)	employing	i	i,	4,	and	i6	j	as	independent
variables,	and	evaluate	42	therefrom.	The	result	is	that,	at	the	present	time,	approximately	95	per	cent	of	the	electrical	energy	consumed	in	the	United	States	is	generated,	transmitted,	and	actually	utilized	in	the	form	of	alternating	current.	(c)	What	is	the	average	value	with	respect	to	time	of	the	resultant	current	over	a	complete	cycle?	Further
examination	will	show	that	the	mutual	conductances	like	U12,	G13	,	U21	,	U23	,	etc.,	are	the	negatives	of	the	connecting	conductances.	In	drawing	vector	diagrams	certain	conventions	must	be	observed.	In	this	case	the	reactive	volt-amperes	required	by	the	inductive	element	are	furnished	by	the	capacitive	element,	and	vice	versa.	Physically	this	can
be	understood	when	it	is	remembered	that.,	with	a	certain	quadrature	component	of	current	in	the	capacitive	branch,	some	sufficiently	large	value	of	R	L	will	prevent	a	resultant	current	in	the	inductive	branch	from	flowing,	which	is	as	much	as	the	quadrature	current	in	the	capacitive	circuit	even	when	the	inductance	is	zero.	(2)	Adding	(algebraically)
the	component	responses	to	obtain	the	actual	response.	I	•	V	V	To	illustrate	the	use	of	these	conven-	'	1	tions,	the	vector	diagrams	of	voltage	and	current	for	a	pure	resistance,	a	pure	induct-	Fio.	What	is	the	mechanical	angular	velocity	of	the	machine	in	Problem	2?	Oscillogram	3	illustrates	a	case	where	the	current	and	power	waves	are	distinctly	nn-
sinusoida1.	An	alternating	volt	is	the	value	of	a	wave	of	alternating	potential	which	maintains	an	alternating	current	of	1	FIns	ampere	through	a	non-inductive	resistance	of	1	ohm.	If	1?	470)	4.9	sin	(3771	-	470)	amperes	The	expression	for	the	instantaneous	power	is,	by	equation	(42),	p	236	-	236	cos	754	+	263	sin	7541	watts	74	ALTERNATING—
CURRENT	CIRCUITS	Ch.	It	In	this	expression,	1236	-	236	colt	75411	is	called	the	instantaneous	real	power	253	sin	7541	is	the	instantaneous	reactive	volt-amperes	236	watts	is	the	real	power	253	vars	is	the	reactive	power	or	reactive	volt-amperes.	2a	or	with	i,	=	in	parallel	with	R	as	in	Fig.	Ordinarily	the	closed	paths	employed	to	establish	the
voltage	equations	are	the	same	as	the	paths	traversed	by	measurable	loop	currents.	the	end	of	the	chapter)	If	the	numerical	value	of	i2	per	unit	c	in	Fi	g	.	Displaced	a-c	wave	is	equivalent	to	a	aytnmetneat	a-c	wave	and	a	d-c	component.	c..'	LJmx	OscKLLOOflAt	together	interested	at	this	point	is	the	evaluation	ofthe	ratio	Vm/Em	and	current	in	an	with
the	time-phase	difference	between	the	the	are	constant,	a	current	of	sinusoidal	RL	branch.	Since	i	2	is	connected	directly	across	the	terminal	points	of	€2	in	this	instance	and	since	e2	is	replaced	by	a	short	circuit	for	this	particular	evaluation,	4	2	produces	a	zero	component	current	at	node	(i	or	at	the	1	1	position.	(b)	is	a	topological	representation	(1')
of	the	unknown	branches	or	(a).	Draw	the	phasor	diagram	and	show	the	locus	Of	IL	as	XL	is	varied,	when	R	C	I	ohm,	Xc	10	ohms,	RL	6	ohms,	and	the	impressed	voltage	100	volts	for	a	circuit	aiz	shown	in	Fig.	(5)	Developed	diagram	showing	method	of	connecting	conductors	A.	Elementary	circuit	arrargernnt.q	of	R.	If	the	latter	procedure	is	followed,
the	vectors	can	be	considered	to	represent	effective	values.	The	phase	angle	when	used	in	connection	with	a	single	alternating	quantity	merely	provides	a	simple	analytical	method	of	starting	the	Ch.	II	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	53	variation	in	question	at	any	point	along	the	wave.	5	follow	i1	and	i2	respectively.	The
outstanding	advantage	of	a-c	systems	(as	contrasted	with	d-c	systems)	is	the	relative	eas4	with	which	alternating	potential	differences	can	be	generated,	amplified,	and	otherwise	transformed	in	magnitude.	current	and	voltage.	The	imp	daneQLas	p	cifo;	causes	the	.	R1,	Ch.	ii	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	75	It	will	be
remembered	from	the	discussion	of	the	purely	inductive	and	the	purely	capacitive	branches	that	these	two	reactive	elements	cause	exactly	opposite	phase	displacements	of	the	current	with	respect	to	the	voltage	Since	w	L	has	arhitrai	been	considered	to	be	a	positive	quantity,	it	becomes	necessary	to	consider	1/C	a	negative	quantity.	parameters.	27,
a	resistance	matrix	it	formed	which	corresponds	to	the	loop	currents	shown	there.	Photographic	records	of	the	applied	voltage	and	the	three	branch	currents	of	the	circuit	arrangement	shown	in	Fig.	Ingenious	combinations	of	node-pair	voltages	and	loop	currents	as	well	as	ingenious	network	theorems	are	often	employed	to	obtain	desired	solutions.	'
See	Chapter	X.)	Alternating	Volt.	a	revolution	from	the	reference	position	the	emf	will	again	be	of	maximum	magnitude	but	so	directed	as	to	establish	a	voltage	rise	from	terminal	d	to	terminal	a.	Determine	the	potentials	of	nodes	0	and	0	in	Fig.	Oscillograln	7	illustrates	the	voltage	drop	across	the	RL	68	ALTERNATING—CURRENT	CIRCUITS	Ch.	11
manner	in	which	the	Ri	component	(RI,,,	sin	w)	and	the	L	di/dI	component	(LI,,,	cas	w)	combine	to	equal	the	applied	voltage	(v)	in	a	particular	RL	braich.	(a)	Write	the	voltage	equilibrium	equations	employing	numerical	coefficients	and	the	loop	currents	indicated	there.	26b	at.	(ek	is	the	node-pair	voltage,	the	arrow	end	of	which	terminates	at	node	Ic.)
In	Fig.	Problem	3.	284	mutual	induction.	80	ALTERNATiNG—CURRENT	CIRCUITS	Ch.	It	(a)	What	is	the	maximum	value	of	the	voltage?	It	IN-	ill	prove	instructive	to	solve	the	problem	outlined	above	making	use	of	the	principle	of	superposition.	will	directly	impedes	or	opposes	the	flow	show	that	R	is	the	factoriswhich	the	factor	which	impedes	or
opposes	any	wi	of	current,	whereas	change	in	current.	When	a	finite	resistance,	11,	appears	across	the	terminals,	the	ideal	current	source	delivers	=	Ri	2	watts	(4)	A	practical	current	source	can	he	simulated	by	incorporating	an	internal	resistance,	Th.	aioss	the	terminals	as	illustrated	in	Fig.	q	=	VC	=.oi	coulomb	0.5	CU	re	JE	001	.005.01	Seconds
Fxo.	j.	If	the	network	has	a	total	of	ng	nodes	or	junctions,	Kirchhoff's	current	law	may	be	applied	independently	(11)	(ng	-	1)	=	a	times.	The	average	power	delivered	to	the	RLC	branch	is	in	any	case	V;	m	Cos	6.	8)	are	selected	as	the	independent	variables	upon	which	to	base	the	analysis.	The	dual	of	this	network	will	possess	(mg	-	1)	=	I	meshes	or
loops	around	which	independent	voltage	relationships	can	be	established.	26	Ch,	I	ALTERNATING—CURRENT	CIRCUITS	In	order	to	further	illustrate	the	nodal	method,	the	network	given	in	Fig.	•,	Ru.	Ch.	I	NETWORK	CONCEPTS	73	Example.	One	complete	set	of	positive	and	negative	values	of	an	alternating	quantity	is	called	a	cycle.	After	the
application	of	either	of	the	volt-ampere	relationships	[given	in	equation	(10)1	to	each	of	the	branches	there	remain	only	b	unknowns.	&	(a)	Determine	by	inspection	the	numerical	values	of	S	and	nj	of	Fig.	Find	the	angle	of	phase	difference	between	e	=	100	cos	(wt	-	30°)	and	i	=	—10	sin	(w(	-	60°).	A	voltage	v	=	100	sin	3771	volts	is	impressed	on	a
pure	capacitance	of	530.5	pf.	The	independence	of	the	node-pair	voltages	thus	selected	follows	from:	(	fl	L	-	1.	Repeat	the	problem	when	R	j	is	changed	to	4	ohms.	Library	of	Congress	Cetss!og	Cord	Ntnbis	60.11724.	If	the	capacitance	of	the	capacitor	is	expressed	in	microfarads	(abbreviated	sf),	the	expression	for	capacitive	reactance	takes	the	form
106	X	=	-	ohms	Example.	Formerly	25	cycles	was	used	for	power	work	but,	with	the	advent	of	a	better	understanding	of	the	laws	governing	a-c	power	transmission	and	the	design	of	machinery,	this	frequency	is	rapidly	being	superseded.	chapter	Effective	Current	and	Voltage—	Average	Power	Except	for	the	maximum	values	of	sinusoidal	wave
variations	attention	has	been	given	only	to	general	instantaneous	values	of	current	and	voltage.	First	the	es	of	the	tree	shown	in	Fig.	Fro.	(See	Fig.	11	INSTANTANEOUS	.CURRENT,	VOLTAGE,	AND	POWER	=	It	is	thus	shown	that	(1)	Z	=	00.	29),	where	the	resistance	of	the	capacitance	is	negligibly	small	and	RL	is	very	small	compared	to	w	L,	is	most
easily	found	by	taking	the	reciprocal	of	the	resultant	admittance.	256.	The	determinant	of	this	matrix	is	written	as	6	—3	—2J	—3	12	—4	I	=	816	ohms3	—2	—4	16)	(23a)	In	this	case	the	matrix	is	called	the	resistance	s	y	stem	matrix	and	the	determinant	of	this	matrix	has	a	numerical	value	of	816	ohms'.	Reactive	current	b.	It	should	be	apparent	that
there	are	values	of	RL,	C,	R	C	,	and	L	in	a	parallel	circuit	for	which	parallel	resonance	is	impossible,	regardless	of	frequency.	16a,	that	is,	as	the	two	right-angle	sides	of	a	right	triangle.	(a)	Write	the	voltage	equilibrium	equations	for	the	network	illustrated	in	Fig.	It	then	follows	that	an	angle	of	lag	from	a	given,	axis	must	be	in	the	clockwise	direction.
loop	3	be	E3	=	e.6	-	.Voge:	With	only	a	very	little	practice,	voltage	equations	of	this	kind	can	be	written	down	directly	from	an	inspection	of	the	network	by	mental	applications	of	the	principle	of	superposition.	As	explained	in	Chapter	II,	a	positive	angle	8	means	that	the	applied	voltage	leads	the	current	or	that	the	current	lags	the	applied	voltage	by
the	phase	angle	8.	With	respect	to	its	terminals	the	RLC	branch,	under	the	condition	of	ccL	=	l/cC,	responds	s	would	a	purely	resistive	branch.	of	a	cycle.	Ans.:	Lirue	=	\"20	-	1	2	.	2	and	to	equations	(8),	(8a),	and	(8b)	shows	that	a	voltage	source	having	an	internal	resistance	of	R,	ohms	may	be	replaced	with	an	ideal	current	source	of	e,1R	1	amperes	in
parallel	with	a	resistive	path	of	R1	ohms	or	that	a	current	source	i	in	parallel	with	R.	Then	a	voltage	drop	is	encountered	in	the	tracing	direction	through	the	ge	Since	a	voltage	rise	was	considered	positive,	this	drop	through	the	generator	will	he	negative.	Numerous	additions	and	modifications	have	been	made	throughout	the	book	where	experience
has	shown	the	need	for	improvement.	If	it	is	recognized	that	G	21	=	G12	,	G	1	G13,	G	32	=	G	23	,	and	G33	=	4	mhos,	the	conductance	matrix	becomes	[3	2	01	=	2	7	3	[G	11	G12	G	131	G	G22	C23	La31	G	32	G333	f	3	41	(44)	ALTERNATING—CURRENT	CIRCUITS	28	Ch.	I	-	1	volt	2	(a)	1	1	/e	1	=G	11	=	3U	a3	=	t	(6)	1	1	/e	2	=	C	12	-	2U	"it	(1)	(c)	113=
=o	®	e	1	=O	®	(d)	I	2	/e=	C	2	,-	7	0	e	a	-	1	volt	_____	1	-O	e3	-0	I	amp.	W	C	is	the	maximum	amount	of	energy	stored	in	the	electric	field	of	the	capacitor	at	any	one	time.	20.	Thus	n	tree	branches	exist	in	a	given	tree,	and	hence	n	independent	node-pair	voltages	can	be	obtained	directly	from	the	tree-branch	voltages.	It	has	been	shown	that	the	passage
of	a	pair	of	Poles	.	topological,	23	Wattmeters,	checking	signs	of,	352,	353	Watt-ratio	curve,	352	wave,	sawtooth,	5,5.	Obviously,	the	link	branches	and	the	tree	branches	combine	to	form	the	graph	of	the	entire	network.	To	avoid	errors	the	student	must	alwa	vs	consider	count	ere	lock	vie	as	the	positive	direction	of	rotation	of	all	vectors	in	this	hook.
Obviousl	y,	duality	is	a	mutual	relationship.	Figure	10	illustrates	the	component	parts	of	equation	(15).	In	the	present	case	the	capacitor	receives	energy	from	the	source	during	the	first	quarter	of	a	cycle	of	the	voltage	variation	and	returns	the	same	amount	Ch.	Si	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	65	-	Fio.	In	the	power	field	the
annual	energy	consumption	amounts	to	about	600	billion	kilovatthours.	The	implication	is	that	the	inductive	element	receives	energy	from	the	source	during	one-quarter	of	a	cycle	of	the	applied	voltage	and	returns	exactly	the	same	amount	of	energy	to	the	driving	source	during	the	next	one-quarter	of	a	cycle.	The	rest	of	the	network,	that	is,	the
portion	of	the	network	to	the	right	of	terminals	It'	in	Fig.	Form	factor	of	dotted	wave	is	the	same	as	that	of	a	ame	wave.	377	=	53.04	millihenrys.	l	rori;	the	reference	the	equation	may	be	written	as	-40'	13-23	sin	(	Problem	5.	Unless	qualified	to	Incait	in.1antani-'ous	real	power,	the	expression	ALTERNATING-C	72	real	power	refers	only	to	VrnI,,i
URREt	Jr	CIRCUITS	Ch.	II	cos	0,	the	average	value	of	the	total	in-	stantaneous	power	with	respect	to	time.	Ans.:	1.732	Representation	of	Sine	Waves	by	Vectors	or	Phasors.	(Resistance	values	refer	to	ohms.)	(b)	What	is	the	numerical	value	of	the	resistance	determinant	of	the	network	that	is,	the	determinant	of	the	resistance	matrix	which
r,haracterjzes	the	network'	10.	and	Rc	are	very	small.	In	other	words,	the	sum	of	the	voltage	drops	around	any	loop	will	be	obtained	employing	one	loop	current	at	a	time	and	then	all	of	these	voltage	drops	will	be	summed	to	equal	zero	in	accordance	Ch.	I	NETWORK	CONCEPTS	with	Kirchhoff's	voltage	law.	When	we	apply	Kizchhoffs	current	law	at
each	of	the	three	marked	nodes	of	Fig.	Before	proceeding	with	any	anal	ysis	it	is	desirable	to	combine	the	simple	series	and	parallel	combinations	of	resistances	to	form	a	single	branch	conductance	between	nodes.	10	Radio	frecpiencies	range	from	about	50,000	cycles	to	10	cycles,	the	AM	program	broadcast	band	being	from	540	to	1600	kilocycles,
and	the	FM	and	television	broaLcast	bands	bciig	from	about	50	to	200	megacycles.	Ch.	I	39	NETWORK	CONCEPTS	ea	2fl	4	volts	+li	St	el	J	______.	Problems	S.	Positive	angles	will	be	assumed	to	be	measured	8.66	10	(a)	0))	Fie.	These	subjects	have	been	introduced	in	this	edition,	first	in	Chapter	V	where	steady-state	analysis	is	considered	and	again	in
Chapter	XIV	where	the	transient	analysis	of	the	RLC	series	circuit	is	treated.	The	manner	in	which	the	graphical	process	described	above	may	be	reversed	is	illustrated	in	Fig.	(b)	Evaluate	the	expression	for	p.	Gb.	This	projection	is	I.	Such	a	case	.,was	discussed	with	reference	to	Fig.	(a)	De(ermine	by	inspection	the	numerical	values	of	I	numerically.
(c)	Write	the	expression	for	p	as	a	function	of	time	s	employing	numerical	coefficients.	An	example	of	superpo..iil'inh,:	!	(c)	In	+	Ia.	The	principle	of	superposition	will	be	employed	later	in	developing	certain	general	methods	of	analysis	where	component	responses	due	to	the	independent	variables	as	well	as	those	due	to	the	sources	are	cornbitted	to
establish	general	equilibrium	equations	for	the	network.	=	ei	watts	(2)	depending	upon	the	direction	of	i	relative	to	the	polarity	of	r,.	The	graphical	evaluation	of	the	rms	value	of	an	alternating	current	is	illustrated	in	Fig.	Dual	of	Fig.	The	direction	of	the	fictitious	loop	currents	is	arbitrary	provided	that	the	sense	is	taken	care	of	algebraically	in	the
summation.	Ans.:	53.1	millihenrys.	Graphical	representations	of	equations	(10)	and	(11).	when	the	current	is	a	maximum?	10	amperes?	i	of	time,	making	v	=	75	(di	(it	positive)	at	I	=	0.	i3	A	voltage	u	150	cos	3141	volts	is	applied	to	a	purely	resistive	branch	of	R	=	30	ohms,	(a)	Write	the	expression	for	i	as	a	function	of	time,	employing	numerical
coefficients.	At	what	instantaneous	value	of	current	is	the	60-cycle	current	wave	i	=	10	sin	(wt	-	30°)	amperes	changing	at	the	rate	of	3265	amperes	per	second?	7a	is	replaced	with	4-ampere	current	generator	in	parallel	with	a	2-mho	conductance	as	indicated	in	Fig.	C,	y	(0)	(1')	Fro.	This	is	a	matter	of	convenience	but	not	of	necessity	since	any	three
independent	closed	paths	may	be	employed	to	obtain	three	independent	voltage	equations.	(a)	What	is	the	capacitive	reactance	of	an	8-sf	capacitor	at	GO	cycles	(h)	What	is	the	capacitive	reactance	of	an	S0O-szsf	capacitor	at	6	megacycles?	The	only	c:rpose	in	mentioning	the	triode	oscillator	at	this	stage	is	to	acquaint	the	reader	with	the	fact	that
highfrequency	alternating	currents	can	be	produced	with	very	simple	circuit	configurations.	Reactive	components	of	current	combine	to	equal	zero.	17a	Pea	=	12	X	2	=	24	watts	In	Fig.	past	a	given	reference	point	on	the	stator	of	Fig,	1	produced	a	complete	cycle	of	generated	or	induced	emf.	The	same	relation	between	V	and	I	is	obtained	from	the
impedance	function	Z/i.	Similarly	Em	and	Vm	will	be	used	to	distinguish	a	maximum	value	of	induced	voltage	from	a	maximum	value	of	potential	drop.	In	this	case	'loop	'link	=	labda	=	11	Then	open	Ihts	link	and	dose	another	link	to	obtain	the	path	of	a	second	loop	current	and	repeat	this	process	until	each	link-branch	current	has	been	identified	with
a	loop	current.	one	to	the	other	that	all	branches	separate	meshes	exactly,	that	is,	without	ambiguity.	What	is	the	electrical	angular	velocity	or	the	angular	frequency?	Since	waves	of	the	same	effective	value	may	have	different	maximum	values,	it	is	obvious	that	a	knowledge	of	crest	factor	is	required	when	making	dielectric	tests.	Hence	as	i	becomes
infinite,	the	exponen-	tial	terms	become	zero.	(8)	which	may	be	rearranged	as	e	V	(8a)	Thus	a	specified	e	in	series	with	a	specified	resistance	I?,	results	in	a	specific	current	source	ii:	The	conditions	imposed	by	equation	(So)	are	satisfied	by	the	circuit	configuration	shown	in	Fig.	Radar	systems	often	operate	with	a	carrier	frequency	of	3000	or	10.000
megacycles.	5,	for	example,	ammeters	placed	at	the	S	1	,	85,	and	S6	positions	would	measure	respectively	loop	currents	i,	12,	and	13.	1	2	-0.5	-0.5	-4	1-'62	=	3.5	-1	0	-1	2.5	e1	-	€3	=	1	-05	-	-0.5	1	=	e1	-	e3	8.5	-	(-0.5)	2	3.5	-4	-0.5	-1	-0.5	-0.5	3.5	-1	-0.5	-1	Va	=	'b2	—o:s	2.5	=	1.566	volts	0.10	The	method	outlined	above	is	elegantin	it	simplicity,	but,	with
more	general	choices	of	the	c	'	s.	Relation	of	power,	reactive	volt-amperes,	and	olt-amperes.	The	double-frequency	power	variation	is,	as	in	the	pure	L	branch,	symmetrical	about	the	zero	power	axis.	Ans.:	8.33	amperes,	12.5	amperes,	resonance	for	4-ohm	case	only.	To	satisfy	this	definition,	it	is	evident	that	the	internal	voltage,	say	e,	as	well	as	the
internal	series	resistance	Rit	must	approach	infinity.	20b,	for	example,	does	not	separate	two	areas	or	meshes	exactly.	lb.	ductance,	L,	limits	the	rate	at	which	the	current	can	change,	it	follows	logically	that	L	J1y	overu	inurnvalue	,	t	he	Uript	in	an	a-c	circuit	whilj	energized	y	a	voltae	of	specifid	ang'4ar	velocity.	Let	the	source	voltages	in	loop	1	be	E	1
=	e,	+	e1	+	e;	the	source	voltages	in	loop	2	be	E	5	=	e,	4	+	e	15	-	e.2;	and	the	source	voltages	in	-	e,s.	26	when	I	c	sin	8c	was	greater	than	V/2RL.	For	purposes	of	analysis,	the	b	unknown	branch	voltages	or	the	b	unknown	branch	currents	are	of	im2	Topology,	generally,	is	concerned	with	the	form	or	structure	of	a	geometrical	entity,	not	with	the
precise	sihe	or	shape	of	this	entity.	ular	case	the	relation	between	current	an4	voltage	must	remain	the	same,	that	is,	the	resistance	drop	must	always	be	in	phase	with	the	current,	the	drop	across	the	inductance	must	always	lead	the	current	by	exactly	900,	and	the	drop	across	the	capac-	must	always	lag	the	current	by	exactly	ILw	y	900•	The
reference	axis	that	appears	to	be	the	most	convenient	for	the	particular	problem	at	hand	should	be	chosen.	`	.The	RLC	Branch.	A	vector	thus	rotated	!.	4	the	crest	factor	is	1.85.	A	graphical	representation	of	the	variation	of	current	and	charge	is	shown	in	Fig.	I	the	two	are	related	by	the	factor	p12,	but	in	vacuum	tube	oscillators	of	the	type	shown	in
Fig.	From	the	above	equation	it	is	evident	that	Vm/frn	=	R	and	that	the	current	wa	e	is	in	time	phase	with	the	voitage	wave.	The	crest,	peak,	or	amplitude	factor	is	the	ratio	of	the	maximum	value	of	a	voltage	wave	to	the	effective	value.	9	is	followed,	the	meanings	of	the	0's	are	clear.	In	applying	this	scheme	to	the	voltage	source	e5	.	The	principle	of
duality	(pages	29-38)	may	be	extended	to	series	and	parallel	resonance	as	shown	below:	Series	Resonance	a.	Power,	Real	and	Reactive.	21.	Capacitance	branch	and	vector	diagram.	109,	110	Rectangular	wave,	231,	233	Rectjfler,	constants	for	smoothing	network	of,	437,	438	smoothing	network	for,	436,	438	Reflected	impedance,	299,	300	Reflected
wave,	417,	418	Reflections,	terminal	of	a	line,	419	Resistance,	effect	of,	57	impedance	due	to,	57	percentage	of,	defined,	326	in	-series,	with	capacitance,	75	with	inductance,.	current	to	lead	tje,	voltage	b390	0	,	whereas	the	impedance	of	an	inductance	(uses	the	current	t	lag	the	voltage	90°.	If	the	average	values	of	the	positive	and	negative	loops	are
different,	the	actual	average	value	taken	over	a	complete	cycle	represents	the	value	of	a	d-c	component	in	the	wave.	The	equations	will	be	established	by	setting	the	voltage	drops,	represented	by	the	v's,	equal	to	the	sum	of	the	voltage	rises,	designated	by	the	e's,	when	tracing	from	a	node	in	the	direction	of	the	voltage	drop,	thence	through	the
voltage	rises	back	to	the	starting	point.	82	ALTERNATING—CURRENT	CIRCUITS	Ch.	11	26.	2	+	(wL)2	(37)	V	VR	2	+	(L)2	(38)	from	which	V	=	ImV'R	2	+	(c&,L)	2	or	sin	(wt	+	0)	=	ImZ	sin	(wt	+	0)	Vm	nifl	(wt	+	0)	(39)	6	The	method	of	combination	here	employed	requires	only	a	knowledge	of	trigonometry.'-	Since	the	combination	of	(4	j	nx+B	cos	z)
occurs	frequently	in	a-c	circuit	analysis,	a	simpler	method	of	combination	is	often	used.	18	RL	Rti	2	=	(Rti)i.	(c)	What	is	the	average	power?	An	ideal	current	source	possesses	infinite	internal	series	resistance.	Thus	in	the	RL	branch	a	current	wave	i	=	I,,,	sin	c4	was	assumed	and	the	voltage	wave	V	=	V,,,	sin	(wi	+	8)	was	found	to	lead	the	current	by	8
=	tan	1	(wL/R).	independent	voltage	equations	can	be	written.	Some	foreign	countries	have	used	clock-	Ch.	III	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	91	vertical.	See	Chapters	III	and	IV.	In	making	this	observation,	we	short-circuit	e	1	and	e2	as	indicated	in	Fig.	wt,	flows	through	If	it	is	assumed	that	a	sinusoidal	current,	i	sin	and	an
inductive	a	series	branch	consisting	of	a	resistive	element,	R,	element,	L,	then	or	di	Ri	+	L	=	voltage	applied,	v	it	(33)	RIm	sin	üf	±	wLI.	branch	by	RL	L/R,	and	(3)	v	leads	i	in	the	Impedance.	In	the	following	exercise,	it	is	assumed	that	a	coil	having	L	henrys	of	inductance	and	R	ohms	of	series	resistance	is	placed	in	series	with	a	condenser	of	C	farads
of	capacitance.	A	linear	circuit	element	is	one	in	which	the	current	through	the	element	is	directly	proportional	to	the	voltage	across	the	terminals	of	the	element.	Assume	the	tracing	direction	in	Fig.	sin	wt	is	assumed	impressed	upon	the	circuit,	the	impedance	function	is	the	same,	and	it	states	that	the	voltage	wave	must	lead	the	current	by	tan'
(wL/R).	34.	(1)	where	i	=	the	instantaneous	value	of	a	periodic	current	at	time	I	10,	11,	12,	a	1	,	a	=	constants	(positive,	negative,	or	zero)	=	-	(T	being	the	period)	An	alternating	current	is	a	periodic	current,	the	average	value	of	which	over	a	period	is	zero.	76.	3amp.	Simply	close	one	link	as,	for	example,	link	ab	of	Fig,	ha,	and	employ	the	loop	thus
formed	as	the	path	for	loop	current	number	I.	and	Since	Rt2	(45)	'7	Lf2	(46)	LC	the	exponents	of	e	in	equations	(57)	and	4L	(58)	are	real.	Hence	the	choice	of	the	tracing	direction	does	not	affect	the	signs	of	generated	and	dissipated	power.	79	Ch.	II	INSTANTANEOUS	C(JRENT,	VOLTAGE,	AND	POWER	If	the	currents	are	m.asured	by	devices	which
do	not	respond	to	instantaneous	values,	th,	combined	measurements,	in	general,	will	not	satisfy	the	above	currei	t	law,	for	the	simple	reason	that	the	devices	employed	fail	to	accoun	for	the	relative	phase	positions	of	the	currents	involved.	Ans.:	50	cycles.	In	general,	I(r)	is	written	simply	as	I,	and	unless	otherwise	specified	the	symbol	I	refers	to	the
effective	or	rms	value	of	an	alternating	current.	The	simple	scheme	illustrated	in	Fig.	-	-,,	-.-	..	15d	m	the	natural	choice	for	independent	variable	is	current	since	it	is	common	to	each	element.	Since	the	component	currents	resulting	from	e	1	,	e2,	and	have	been	taken	as	positive	away	from	the	nodes,	the	three	current	equations	ma	y	-be	written	as
follows:	3e1	+	2e2	+	0e	3	1	(45)	2e	+	7e2	+	3e3	=	4	(46)	0e	1	+	3e2	+	4e3	=	3	(47)	Solving	for	e	1	and	e2	120	473	334	5	volt	3	2	0	=i	273	0	3	4j	1	01	e2	=	1	2	lo	43	3	41	41	13	41	volt	From	the	three	examples	outlined	above	(and	from	others	that	can	be	developed)	it	is	evident	that	node-pair	voltages	may	be	used	in	a	variety	of	ways	to	effect	network
solutions.	Note	the	lead	of	the	i	wave	with	respect	to	the	v	wave.	-	4.90	Let	it	be	required	to	evaluate	the	expressins	for	the	instantaneous	current	and	the	inzt.antaneous	power	from	the	above	data.	simulate	the	behavior	of	either	the	RL	or	the	RC	branch.	From	an	algebraic	point	of	view,	two	networks	are	duals	if	the	nodal	equations	of	the	one	are	of
the	same	form	as	the	loop	equations	of	the	other.	The	nodes	are	separated	in	potential	one	from	the	other	by	at	least	the	potential	difference	of	one	tree	branch.	165	is	obtained	and	the.	In	Fig.	The	two	.	CORCORAN	Professor	and	Chairman	of	Electrical	Engineering	Depart	mend,	Unuerity	of	Maryland	I	II	odo	P4	'S	'S	I	looe	-	^op	4th	Edition	Seventh
Reprint	2004	Author	i	zed	reprint	of	the	ed	i	tion	published	by	John	Wiley	6	Sons,	Inc.,	New	York	and	London.	The	fact	that	it	acts	oppositely	to	the	quantity	wL	in	governing	current	flow	requires	that	l/cC	be	treated	negatively	if	oL	is	treated	positively.	17,	R	=	2,	112	=	1,	and	R3	=	3	ohms	and	=	12	volts,	the	equation	for	equilibrium	is	(i	=	2	amperes)
2i	+	Ii	+	3i	=	12	volts	TI	a	normalizing	factor,	gn2,	of	4	is	arbitrarily	selected,	G	1	'	=	8,	G	2	'	=	4,	and	G	3	'	=	12	mhos	Also	i8'	=	(	2	X	12)	amperes	and	the	equation	for	equilibrium	of	the	dual	network	is	(t'a	=	1	volt)	8Va	+	4v0	+	12va	=	24	amperes	In	Fig.	Thus	e	2	=	2	volts	in	series	with	0.3	ohm	in	Fig.	Sb.	The	sum	will	be	found	by	adding	x	and	y
componen.	Through	the	use	of	equation	(1)	the	effective	value	of	any	wave	may	be	found.	11	will	show	that	these	two	terms	combine	to	form	an	instantaneous	power	variation	which	contains	no	negative	yalues;	hence	this	portion	of	equation	(42)	is	called	the	instaridan	pons	real	power.	Ordinarily	the	closed	path	is	so	selected	that	the	associated	loop
current	is	a	measurable	current	of	the	network,	that	is,	a	current	which	could	be	measured	physically	with	the	aid	of	an	ammeter.	In	the	preceding	article	a	complete	cycle	was	seen	to	correspond	to	2.-	radians.	Reference	to	Oscilogram	6,	page	66,	will	show	that	Fig.	A	straightforward	solution	of	equation	(32)	for	i	in	terms	of	the	applied	voltage	and
circuit	parameters	requires	a	certain	knowledge	of	differential	equations	on	the	part	of	the	reader	which	is	not	essential	to	the	problem	at	hand.	For	the	dotted	wave	shown	in	Fig.	(a)	'What	is	the	frequency	of	a	10-pole	alternator	when	running	at	360	rpm?	This	is	in	contrast	to	the	series	circuit	containing	R,	L,	and	C	where	there	is	Re	R1511	I	-	--
henry	R1fl	C-.ferad	-	T	-	Fm.	28.	(e)	What	is	the	numerical	value	of	the	impedaicu	of	the	series	RLC	branch?	2,	cannot	tell	whether	it	is	energized	with	e,	in	series	with	R1	as	in	Fig.	Taking	into	account	the	voltage	rise	established	in	loop	1	by	loop	current	i2,	we	expand	equation	(16)	to	read	(17)	6j1-3i2=e1	Next,	switch	S	6	is	closed	and	the	effect	of
loop	current	i3	on	the	voltage	equilibrium	of	loop	1	is	observed.	Express	as	a	sine	function	of	time	a	50-cycle	alternating	current	which	has	a	maximum	value	of	10	amperes.	17	is	extended	to	a	four-mesh	network	in	Fig.	.Pfèquency.	(d)	What	is	the	average	value	of	the	power	delivered	to	the	branch?	C2	Fio.	If	the	voltage	drop	across	the	capacitor	is
150	sin	(20e	-	60)	volts,	find	the	equation	with	respect	to	time	of	the	voltage	drop	across	the	entir	series	circuit.	Correspondingly,	a	network	branch	two	nodes.	This	principle	has	already	been	employ	ed	in	the	establishment	of	the	voltage	equations	of	the	loop-current	method	of	analysis.	4c),	e1	,	is	replaced	by	a	short	circuit	since	an	ideal	voltage
source	has	zero	internal	resistance.	7.6	amperes,	P.	(5)	Determine	the	power	delivered	to	the	network	by	e,	8	volts.	The	two	1-ohm	resistances	which	are	in	series	between	nodes	®	and	®	of	Fig.	(h)	Write	the	expression	for	i,	employing	numerical	coefficients.	The	network	graph	illustrated	in	Fig.	A	60-cycle	current	of	15	amperes	flows	in	a	circuit	of	5
ohms	resistance,	10/377	henry	inductance,	and	1/(377	)(	15)	farad	capacitance.	e2.0	i.i=1,i4.	It	may	also	help	to	reduce	the	time	required	for	an	understanding	of	the	physical	operation	of	circuits.	It	has	previously	been	stated	that	an	attempt	is	made	to	secure	sine	waves	of	alternating	currents	and	potentials.	25a.	Thus	Y.-	ZL2	I	i	Z.	These	are	fixed	by
the	signs	assumed	for	voltage	rises	and	drops	in	conjunction	with	the	current.	The	problem	in	which	we	are	particularly	7.	It	therefore	follows	that	the	volt	value	of	a	wave	is	measured	by	the	square	root	of	the	average	square	of	the	instantaneous	values	of	the	voltage	wave.	The	angle	of	phase	difference	is	the	difference	of	the	phase	angles	of	the	two
waves.	In	general,	R	applied	voltage	by	the	angle	whose	tangent	is	in	henrys,	in	which	L	is	expressed	in	ohms,	w	In	radians	per	second,	and	is	given	in	ohms.	The	phase	of	the	wave	from	which	time	is	reckoned	(i.e.,	when	I	=	0)	is	i	=	'	m	sin	0.	The	crest	factor	of	a	sine	wave	is	Em	O.707E,n	Problem	4.	ohms.	the	frequency?	1,	Whea	the	equation	of	the
wave	is	not	known	or	when	it	is	inconvenleit	to	determine	it,	the	graphical	means,	suggested	by	Fig.	30	employing	the	principle	of	superposition	as	it	applies	to	el	-	VI	e	-	03	i	ll	1,2	ketches	showing	Cu,	G,	C	21	,	C22	and	the	component	currents	at	nodes	Cl)	and	®	are	given	in	Fig.	t	-	5.75	amperes.	100	sin	1571	volts,	where	B.	Ga,	for	example,	we
should	choose	to	write	voltage	equations	around	the	four	and	14	of	Fig.	In	accordance	with	Faraday's	law,	e	=	—	N	do	di	or	is	equivalent	e	N'BlL	and	the	enif	varies	with	time.	2b	where	a	current	source	i	delivers	i	amperes	to	the	network	at	v1	volts.	One	such	type	of	notation	is	Z/angle	The	above	expression	does	not	signify	the	multiplication	of	Z	and
/angle.	From	node	a	in	Fig.	+	il	+	'3	R2	C3	'i	(a)	Fw.	15.	(d)	Add	(a),	(b),	and	(e)	to	find	the	voltage	drop	across	the	RLC	branch.	1,	there	is	induced	in	the	conductors	a	potential	difference	or	emf.	Comparison	of	equations	(30)	and	(23)	will	show	that	the	capacitive	66	ALTERNATING-CURRENT	CIRCUITS	Ch.	ii	OSCILLOGRAM	8.	Equations	(36),	(37),
and	(38)	have	resulted	from	the	application	of	the	principle	of	superposition	and	in	this	particular	case	are	identical	in	Ch.	I	ALTERNTING-CURRENT	CIRCUITS	20	a5cz	I	C	C2	-	(a)	I	l	it,	C	0	I	0	(b)	IU	I/	e	=	G	12	=	—0.50	Ii	+	-	05	0.5	°	e	i	VC4	t	>^	I	(c)	1	1	/e	s	=	C=	e-0	-	(d)	—0.5	U	G2	1—	0.5	U	0	0.5	02	2	+	_z_	(e)	I/	Pia.	(a)	What	is	the	maximum	time
rate	of	change	of	a	60-cycle	alternating	current	of	sine	form,	the	maximum	value	of	which	is	10	amperes?	Since	l	equations	are	required	to	obtain	a	unique	solution,	the	matrix	must	also	have	1	rows.	V.	38.	15b	(49)	3u6	ib	Got,	+	G2	Vb	+G	01	Gb	=	(G1	+	G2	+	G3	)	=	(	49a)	Vb	The	similarity	in	form	of	equations	(48)	and	(49)	is	evident.	36
ALTERNATING-CURRENT	CIRCUITS	Ch.	I	-'	/	/	1U-	AN	'T	2	/	3n	\	I(	Z_3	n	/2fl\	/	(a)	3U	'U	3t	(b)	Fla.	Inspection	of	the	os'illogram	will	show	that	the	current	lags	the	voltage	in	this	particular	case	by	approximately	600.	Thus	in	Fig.	-	-	-.--.	sin	0	Then	Zm(Slfl	wt	COs	6	+	COs	wt	sin	61	=	=	V'!?	Since	a	=	-	2	f7\2	()2	tive	as	long	as	>	.	34	ohms,	volts,	I	=
5.23	amperes,	P.	(f)	Sketch	the	v,	i,	and	p	variations	in	rectangular	coordinates.	One	of	the	fascinating	aspects	of	network	analysis	is	the	variety	of	attack	available	to	the	analyst.	Form	factor	is	the	ratio	of	the	effective	to	the	average	value	of	a	wave.	.3i	A	resistive	element	of	30	ohms	is	connected	in	ser	i	es	with	an	inductance	coil,	the	self-inductance
of	which	is	50	iail	li	lien	ivs	and	the	ohmic	resistance	of	which	is	4.5	ohms.	All	Rights	,.,.rved.	An..:	Ii	-	5	amperes.	Problem	8.	issaid	to	b	behind	the	axis	in	question.	Hence	three	node-pair	voltages	(C	l,	e2,	and	e3	of	Fig.	The	third	term	on	the	right-hand	side	of	equation	(42),	(sin	2t)	sin	0],	is	variously	called	instantaneous	reactive	power,	instantaneuas
quadrature	power,	instantaneous	reactive	vol.1-amperes,	etc.,	for	the	reason	that	the	area	(sin	2wt)	sin	01	curve	represents	the	energy	which	under	the	oscillates	between	the	driving	source	and	the	reactive	(either	inductive	or	capacitive)	elements	of	the	receiving	circuit.	Since	RI,,,	sin	c4	is	of	the	same	phase	as	I,,,	sin	wt,	the	resistance	drop	is
8hOWfl	in	phase	with	the	current	in	the	vector	diagram	of	Fig.	KERCHNER	Professor	and	Head	of	E1ee&jrj/	Engineering	Department,	Karj!a.	In	the	case	of	a	simple	sinusoidal	variation,	the	origin	is	usually	taken	as	the	last	previous	passage	through	zero	from	the	negative	to	the	positive	direction.	In	Chapter	II	it	was	shown	that	the	general
expression	for	average	power,	when	waves	of	voltage	and	current	are	sinusoidal,	is	cos	0.	3a.	The	current	in	this	case	jcijojad	thvojtage	by4.5°,	or	the	voltage	is	said	to	lag	the	current	by	45°.	'in	is	the	maximum	value	of	the	sinusoidal	variation.	Obviously	these	(b	-	n,	+	1)	(b	-	n)	voltage	equations	must	be	independent	relationships.	(a)	Construct	rout
topological	trees	corresponding	to	Fig.	Equations	(10)	and	(11)	describe	exactly	the	same	type	of	voltage	variation	except	0	reference.	The	time	for	a	complete	cycle	was	defined	as	the	period	T.	branch	(which	will	be	considered	to	have	two	nodes	incident	upon	it),	every	other	tree	branch	utilizes	one	additional	node	in	its	specification.	Express	the
result	as	a	single	sine	function.	(b)	Find	the	potential	of	point	y	relative	to	ground	10	am	0.3	()	i	11	Fio.	and	wLI,...	The	average	alue	of	any	a-c	wave	which	is	symmetrical	about	the	zero	axis	is	zero.	Z	is	the	magnitude	of	the	impedance	and	in	a	particular	case	is	represented	by	a	certain	number	of	ohms.	This	process	is	repeated	for	each	voltage	drop
involved	in	v	=	0	with	due	regard	for	positive	direction.	Addition	of	voltage	drops	across	C	and	R.	11	Let	it	be	required	to	find	the	voltages	of	nodes	0	and	®	relative	to	ground.	(Prob.	Under	these	conditions	the	system	matrix	is	symmetrical	about	the	main	diagonal.	Consider	the	sinusoid,	Bin	(QI	=	j2	f7'	1	T	j,,2	2	di	=	l2	>	=sin	c4	dl	=	_!!	008	2w1)	dl
T0	T	0	T	J	2	2	4	1	(nna)	==	0.7071m	(4)	For	a	sine	wave,	therefore,	the	rms	value	is	0.707	times	the	maximum.	is	assumed	to	be	a	fixed	uantity,	the	above	condition	may	be	obtained	by	the	proper	adjustment	of	L,	C,	or	w,	and	when	wL	=	11wC	the	impedance	of	the	branch	will	be	a	minimum.	resistance,	Fig.	Susceptance	Recognition	of	duality	will
often	yield	a	deeper	understanding	of	circuit	behavior	than	would	otherwise	be	the	case.	Some	new	kinds	of	problems	have	also	been	included	at	the	end	of	some	of	the	chapters.	3	ar.,p	t'	Fia.	In	the	11resent	case	and	wL	-)In	WC	are	considered	as	the	two	legs	of	the	right	triangle	shown	in	Fig.	Many	of	the	alternating	waves	met	with	in	practice
approximate	a	sine	wave	very	closely.	10.	principle,	5,	20	ma\imum	power	transfer	of,	192	t	l,'cren.	Mathematically	a	particular	type	of	function	is	required	to	relate	voltage	and	current	in	an	a-c	circuit.	Voltage,	current,	and	power	variations	in	a	highly	capacitive	circuit	element.	A	2000-cycle	alternating	voltage	of	sine	form	when	impressed	across	the
terminals	of	a	condenser	establishes	a	current	of	0.01	ampere	(maximum	value).	Ch.	V	SINUSOIDAL	SINGLE—PHASE	CIRCUIT	ANALYSIS	167	which	is	the	same	as	that	for	series	resonance.	R	Branch.	series-parallel,	176	Two-phase	s	ystems,	328	Two-wattmeter	method	of	measuring	3-phase	power,	349,	387-3110	Unbalanced	currents,
representation	by	s	y	mmetrical	components,	302506	Unbalanced	pol	y	phase	circuits,	general,	373,	377	delta,	solution	of,	382	power	factor	of,	394-396	solution	b	y	Kirchhoff's	laws,	377	wve-wve	with	neutral	solution,	381	wve-cvve	without	neutral	solution,	377,	379	Unbalanced	voltage,	representation	by	symmetrical	components,	497502	Upper	side
band,	266	Var,	72,	98	Varmeter,	72	see	also	Ileactive	volt-amperes,	meter	Vector,	90	Vector	algebra,	see	Phasors,	algebra	of	Vector	diagrams	or	phasor	diagrams,	general,	94,	97	C-branch,	94	[-branch,	44	R-branch,	93	RC-brartch,	93	RL-branch,	94	!?LC-hranch,	05	three-origin,	341	Vc,'l,r	volt-amperes,	394,	393	Velocit	y	,	angular,	50	of	wave
propagation,	419	Virtual	value	of	current	or	voltage.	(b)	Write	two	voltage	equations	employing	loop	currents	i	1	and	i2	as	independent	4.	Conductance	1.	It	will	be	observed	that	all	of	the	elements	common	to	loop	1	of	Fig.	It	gives	no	certain	indication	of	wave	shape	or	wave	form.	66,	-	4,	e	1	—	4	-	4	0,	e4	4,	4	4	0	volta	where	the	subscript	a	indicates	a
source	voltage	and	the	numerical	subscript	refers	to	the	number	of	the	loop	to	which	the	driving	voltage	is	applicable.	For	a	resulting	sinusoidal	current	these	two	factors	act	in	time	quadrature	with	respect	to	one	another.	31.	14.	23.	A	simple	application	of	superposition	is	illustrated	in	Fig.	It	should	he	plain	that	the	average	value	with	respect	to
time	of	either	the	[cos	2wt]	or	the	[sin	2w1J	term	is	equal	to	zero	when	considered	over	a	time	interval	equal	to	an	integral	number	of	cycles.	32.	(a)	In	Fig.	Sine	wave	may	be	expressed	as	I..	The	sped-	NETWORK	CONCEPTS	Ch.	I	S	fled	current	may	be	considered	to	be	k1e,	k	2	R	1	,	+	RL	k2	(9)	as	both	e	and	R	1	approach	infinity,	RL	remaining	finite.
Although	'iventions	are	the	most	common,	it	is	possible	to	establish	the	abo	other	sys'	.	5.	The	difference	is	similar	to	that	between	high-	and	low-spee	d	d-c	machines.	11.	These	a	relationships	together	with	(b	-	n)	relationships	established	by	the	application	of	the	voltage	law	are	sufficient	in	number	to	effect	solutions	for	the	b	unknowns.	Instead,	all
the	initial	vectors	could	have	their	maximum	values	multiplied	by	0.707	and	the	resultant	of	these	would	then	be	the	resultant	maximum	divided	by	/2.	In	constructing	a	network	which	is	to	be	the	dual	of	a	specified	network,	all	of	the	voltage	drops	'ucountered	on	the	contour	of	a	mesh	of	one	network	are	transformed	uirrent	paths	emanating	from	the
corresponding	node	of	the	other,	NETWORK	Ch.	I	CONCEPTS	33	or	vice	versa.	(a)	What	is	the	frequency	of	the	sine	term?	(d)	What	is	the	first	value	of	time	at	which	maximum	energy	is	stored	in	the	inductance?	(a)	Write	the	expression	for	to	as	a	function	of	time	employing	numerical	coefficients.	t_th&.cUr	Qfl	In	accordance	with	the	convention	thus
adopted	a	positive	angle	specifies	the	number	of	degrees	or	radians	by	which	the	current	lags	the	voltage.	,-tns..	The	rms	value	of	an	alternating	current	may	be	measured	with	the	ordinary	dynamometer	type	of	meter.	U)	Write	the	expression	for	the	voltage	drop	across	the	20-ohm	resistive	clement	as	a	function	of	time,	emplo	y	ing	numerical
coefflcients	(g)	Write	the	expression	for	the	instantaneous	power	delivered	to	the	20-ohm	resistor	as	a	function	of	time,	employing	numerical	coefficients.	The	node-pair	voltages	selected	must	not	of	themselves	form	a	closed	path	because	in	this	case	(e	+	e2	+	e3)	would	equal	zero,	thus	exhibiting	a	dependency.	The	equations	of	equilibrium	for	the
network	of	Fig.	Ga.	If	two	4-volt	sources	are	employed	to	energize	the	network	sa	indicated	in	Fig.	9c	and	find	113	=	—0.5e3	(35)	The	component	currents	of	equations	(33),	(34),	and	(35)	may	be	combined	in	accordance	with	the	principle	of	superposition	to	obtain	the	current-law	relationship	which	exists	at	node	(iJ.	a,,,,,	Ch.	I	NETWORK	CONCEPTS
A	rather	complete	algebra	involving	matrices	has	been	developed,	but	here	we	are	concerned	only	with	the	orderly	arrangement	of	n	X	'n	symbols	or	numbers	which	characterize	a	network	also	with	the	evaluation	of	the	determinant	of	the	matrix.	Where	a	branch	consists	solely	of	a	current	source,	this	branch	may	be	omitted	from	the	graph	because
it	represents	neither	an	unknown	voltage	nor	an	unknown	current.	Prob.	The	applied	voltage	variation,	e.	(a)	(6)	Fm.	25,	Prob.	Since	the,	reader	undoubtedly	has	an	intuitive	understanding	of	how	these	sources	are	employed	to	energize	electric	circuits,	we	start	with	them.	For	the	present,	only	the	sources	indicated	in	Fig.	41800	60	cycles	per	second
X	-	J	60	2	LS	1	Tf	1	second	60	—	The	common	power	plant	frequencies	in	use	today	are	60,	50,	and	25	cycles,	the	first	mentioned	being	by	far	the	most	prevalent	in	this	country.	I.	It	is,	of	course,	unrealistic	to	ask	that	a	current	source	look	into	an	open	circuit	(or	infinite	resistance)	since	this	situation	results	in	infinite	power	(1112)	being	delivered	to
the	open	circuit.	The	instantaneous	power	frpm	equation	(42),	Chapter	II,	is	=	V'1"	rI	,	m	I	M	V,,,L	2	cos	cos	0	cos	2wt	+	2	sin	0	sin	2u1	(8)	0	-	-]	L	The	first	two	terms	of	the	rigi	t	ide	of	equation	(8)	represent	instantaneous	real	power.	The	directed	lines	or	vectors	that	are	employed	to	re?resent	sinusoidally	time-varying	quantities	in	a	coplanar	system
are	called	phasors.	(e,	is	the	node-pair	voltage,	the	arrow	end	of	which	terminates	at	node	j.)	In	Fig.	the	current	directed	tuvriv	from	node	'	for	a	1-volt	rise	of	c	1	(and	for	e	2	=	(3	Di	may	be	determined	=	03e	1	+	0,3c	=	1c	Insofar	as	c1	and	i	are	concerned,	the	current	equation	at	node	Ci	reads	I	ll	=	1c	(33)	(Sway)	(tnwrd	node	I)	This	relationship,	of
course,	does	not	ac'couiit	for	the	effect	upon	the	current	at	node	Ci	caused	by	c,	e3	,	or	i12	.	In	the	case	shown	o.iL	<	1/C	and	the	lead	of	the	current	with	respect	to	the	voltage	is	clearly	indicated.	(5)	Repeat	part	(a)	above	for	11	it	—	4/11	83	24	7.	Otherwise	it	is	delivering	or	absorbing	power	to	the	extent	of	P.	(a)	Original	network.	A	current	i	-	10
cos	1571	amperes	flows	in	an	RL	circuit	containing	R	ohms	and	L	0.0637	henry.	One-quarter	of	a	revolution	after	the	position	shown	in	Fig.	18a.	The	beginner	should	not	confuse	the	I	-	0	reference	of	a	steady-state	variation	with	the	time	at	which	the	circuit	is	initially	energized.	Loop	current	13	is	identified	with	link-branch	current	i,.	Obviously,	the
same	result	would	have	been	obtained	had	OA	and	OB	been	added	when	stopped	in	any	other	position	with	respect	to	the	reference	axis,	provided	that	their	magnitudes	and	the	angle	C	between	them	were	not	changed.	SIfl	a	or	as	1	am	,1.	(b)	Evaluate	1RC	completely.	(b)	The	correct	angular	displacement	of	the	current	wave	with	respect	to	the
voltage	wave	is	obtained	by	subtracting	the	impedance	angle	(46.5)	from	the	time	angle	of	the	voltage	wave,	namely,	377t.	According	to	the	convention	of	signs	which	has	been	employed	in	the	present	discussion,	positive	reactive	volt-amperes-	that	is,	a	positive	coefficient	of	(sin	2w1]	in	equation	(51)	-	indicate	inductive	reactive	volt-amperes,
whereas	negative	reactive	power	indicates	capacitive	reactive	volt-amperes.	The	concept	of	adding	instantaneous	voltage	drops	across	series	elements	to	obtain	the	total	voltage	applied	to	a	series	circuit	has	been	considered.	sin	wt	+	I,.,Lc.,	cos	wi.	Add	iti	on	of	sine	na	v	es	by	the	u-e	of	vetor.	•.	The	network	of	Fig.	3.	In	a	four-junction	network,	n1	=
4,	the	current	law	can	be	applied	independently	only	three	times,	and	it	will	be	observed	from	equations	(13)	through	(15)	that	the	loop	currents	automatically	establish	three	independent	relationships	between	the	branch	currents.	(a)	Write	the	expression	for	the	voltage	drop	across	R,	namely,	Ri,	employing	numerical	coefficients.	I	/	/	2wt]sIn0	I	/



2t]cos	Fio.	R	20	141.4	ohms,	L	=	0.042	henry,	C	=	78	p	f,	X	=	15.8	ohms,	X	.	The	determinant	of	the	matrix	is	indicated	with	straight	side	bars	and	implies	that	the	actual	value	of	this	array	is	being	considered.	'Problem	6.	Unless	qualifIedto	mean	instantaneous	reactive	power	or	instantaneous	reactive	volt-amperes,	the	expressions	reactive	power	and
reactive	voltV.I.	amperes	refer	simply	to	sin	0,	the	maximum	instantaneous	value	of	the	third	term	on	the	right-hand	side	of	equation	(42).	9a	and	equation	33.)	Next,	the	effect	of	e3	upon	the	current	at	node	®	is	observed.	(a)	Write	the	expressi	on	for	as	a	function	of	time	employing	numerical	coef	ficients.	Average	Values.	30	relative	to	ground,
employing	v1	and	v2	as	independent	node-pair	voltages.	is	',	of	the	dual	network	is	made	to	correspond	to	a	voltage	source	of	the	original	network	by	a	normalizing	factor	g	if	the	power	delivered	by	i'	is	to	be	equal	to	the	power	delivered	by	e,.	written	permission	O	f	John	Wiley	&	Sons,	Inc.	(The	method	whereby	non-sinusoidal	waves	are	expressed	so
as	to	he	calculated	according	to	the	laws	of	sine	waves	is	explained	in	Chapter	VI)	A	true	sine	wave	is	shown	in	Fig.	(b)	What	is	the	correct	value	of	the	resistance	determinant	of	the	network?	Emplo	y	numerical	coefficients.	Thus	ponent	by	90°)	will	then	be	drawn	to	a	magnitude	of	B	+B	2	sin	(x	+	E.	Wave	analysis,	225	analytical	method.	-	Cwave	Fw.
7.	(b)	Write	the	analytical	expression	for	the	resultant	current	wave,	choosing	the	0	reference	at	a	point	where	the	arc	component	is	at	zero	value	and	where	di/&	is	Positive.	voltages	e,	e,	and	e	3	.Numbers	on	reustances	form	to	equaticns	(30),	(31),	and	(32).	Sketch	the	v	and	I	waves.	R	=	25	ohms.	If,	then,	a	voltage	rise	is	assumed	positive,	the
generated	power	would	be	positive.	These	principles	are	illustrated	in	Fig.	-	I,	,...v	•--:'	•-	-	chapter	Network	Concepts	Most	of	this	textbook	will	be	devoted	to	the	anal	y	sis	of	networks	which	are	energized	with	sine-wave	voltages	or	currents.	Ch.	II	ALTERNATING—CURRENT	CIRCUITS	58	Negative	values	of	p	indicate	that	the	reactive	elements	of
the	circuit,	if	such	are	present,	are	actually	releasing	energy	at	a	rate	which	is	greater	than	the	rate	at	which	energy	is	being	received.	I	(b)	R	211	t4	.	10	of	the	present	chapter.	Reactive	components	of	voltage	combine	to	equal	zero.	Certain	general	aspects	of	this	problem	can	be	brought	to	light	by	the	use	of	a	topological	tree.	17c,	for	example,	a	line
is	so	drawn	that	it	connects	node	a	and	the	reference	node	as	it	passes	through	one	element	(or	voltage	drop)	of	the	original	loop.	Evaluation	of	these	unknowns	requires	that	b	independent	relationships	be	established.	Addition	of	volt-	and	Reactance	Drops	and	Impedance	Functions.	The	instantaneous	power	or,	as	it	is	sometimes	called,	the
instantaneous	volt-amperes	delivered	to	the	RL	branch	may	be	obtained	from	=	vi	=	[1',,,	sin	(w	+	o)J[I;	sin	c4]	(41)	After	the	sin	(t	+	0)	term	is	expanded,	the	above	equation	can	be	written	in	the	following	farms:	P	sin	d	[sin	wt	cos	0	+	cos	wt	sin	01	VmIm	sin2	wt	cos	0	+	V,,,]',,,	(sin	wt	cos	w)	sin	0	VIVI	1-I	cos	[cos	2w1]	co	0	+	---	[sin	2I]	sin	0	8	-	---
(42)	Figure	17	is	a	graphical	representation	of	the	component	parts	of	equation	(42)	together	with	the	resultant	graph	of	instantaneous	power.	By	certain	reductions	and	eliminations.	Corresponding	distinctions	Nvill	be	made	between	other	particular	values	of	induced	voltages	and	voltage	drops.	(5)	What	physical	restrictions	are	imposed	by	the	loop
currents	shown	in	Fig.	the	current.	The	equilibrium	equations	in	one	method	of	analysis	are	based	upon	Vund	&	closed	loop	=	0	The	equilibrium	equations	of	the	other	are	based	upon	tcUrect,d	Iow.rd	anode	=	0	Wherever	all	the	elements	of	one	system	can	be	put	into	a	one-to--one	correspondence	with	the	elements	of	another	system,	the
correspondence	is	referred	to	as	duality.	The	i	=	0	reference	is	to	be	selected	at	a	point	here	di;dl	is	positive	and	i	=	+	1.5	amperes.	In	the	current	A.I.E.E.	"	Definitions	of	Electrical	Terms,"	an	alternating	current	is	defined	in	terms	of	a	periodic	current,	and	the	latter	in	terms	of	an	oscillating	current.	1,	of	evaluang	equation	(1)	becomes	a	useful
method	to	employ.	Simple	form	trap.	.	Thus	the	loop-current	direction	in	being	turned	clockwise	for	each	of	the	three	voltage	drops	(v	1	,	v2,	and	v3	of	Fig.	Where	a	common	node	is	employed,	the	self	-conductances	and	mutual	conductances	may	be	obtained	directly	from	an	inspection	of	the	network.	ALTERNATING-CURRENT	CIRCUITS	48	Ch.	It	An
oscillating	current	is	a	current,	which	alternately	increases	and	decreases	in	magnitude	with	re.spectto	time	according	to	some	definite	law.	The	result	of	using	the	e's	as	independent	network	variables	is	that	the	voltage-law	relationships	of	the	network	have	in	effect	been	used	and	there	remains	only	three	current-law	relationships	to	be	established.
3tJ	2U5U	2U4Ue3167J	Reference	nod.	(b)	What	is	the	numerical	value	of	the	determinant	of	the	resistance	matrix	which	characterizes	the	network?	Illustrating	the	manner	in	which	the	three	voltage	drops	RI,,,	wLI.,	and	combine	to	form	the	voltage	drop	v"R	+	(wL	-	u/w()	I,,,.	When	magnets	are	moved	relative	to	electrical	conductors	as	shown	in	Fig.
Ch.I	NETWORK	CONCEPTS	23	mediate	importance.	The	C	Branch.	The	manner	in	which	loop	currents	automatically	satisfy	i	=	0	at	the	junctions	is	illustrated	below.	Although	the	establishment	of	voltage	equations	with	loop	currents	soon	becomes	a	routine	procedure,	we	should	realize	that	this	procedure	is	in	effect	based	upon	the	superposition
principle.	Thus	(52)	=	g.	17c	consists	of	turning	the	arrow	direction	of	the	loop	current	(as	it	crosses	the	line	connectiig	node	a	and	the	reference	node)	in	the	direction	we	select	for	positive	current	flow	in	the	branch	of	the	dual	which	is	being	generated.	7b	will	show	that	these	conductances	are	precisely	the	conductances	connected	to	nodes	®,	(33,
and	®	respectively.	When	op	w-frequencv,	436	Line-to-ground	short	circuit,	539	I.i	ne-to-line	short	circuit,	.5-31	Links,	23	Logarithm	of	a	phasor,	123	Loop	current	solution,	7,	274,	377	see	also	Mesh,	current	solution	Loose	coupling,	283	Loser	side-hand,	266	Lov-pa-ss	constant-k	filter,	see	Filters,	constant-	type	Low-pass	filter,	see	Filters	Magnetic
coupling	or	mutual	inductive	coupling,	278	Magnetic	coupling	between	phases,	515518	Magnetizing	current	of	iron-core	coil,	224	Matching	of	impedances,	192	596	INDEX	Matrix,	10,	12	COfl(lUetance,	20	determinant	of,	ii	12	resistance,	11,	13-I5	,laximum	power	trait-Icr,	192-103	ni-derived	filter	suction,	full,	480	in-derived	half	section,	475
Measurement,	of	power	in	balanced	s	ystems,	349	of	reactive	volt-amperes,	44,	396-398	of	three-phase	power	by	three	wattmeters,	387,	388	of	three-phase	power	by	two	wattmeters,	349,	389	Mesh,	23	connection,	general,	334,	335	current	solution,	27	four-phase,	330	n-phase,	336	three-phase,	see	Delta	connection	Mho,	15,	[50	)dLllated	waves,
composition	of,	264,	263	Modulation,	definition	of	percentage,	265	Multiplication	of	phasors,	116	Mutual	flux,	279,	314	Mutual	inductance	or	induction,	279	between	parallel	branches,	280	between	series	branches,	286	coefficient	of,	279	definition,	279	impedance,	273,	281	reactance	due	to,	281	sign	of,	284	t1utual	induction	voll	ige,,28l	direction	of,
284	Mutual	inductive	coupling,	278,	279	Napier,	definition,	451	Negative-sequence	components,	490,	492	evaluation,	495	impedance	component,	510	Negative-sequence	impedances	of	rotating	machines,	533-336	Neper,	definition,	136,	450,	431	Network,	image	impedance,	438	smoothing,	436,	438	theorems,	194,	196,	197,	205	topology,	22
variables,	6	Networks,	194	dual,	31	T,	211	T,	211	theorems,	194,	106,	197,	205	Nodal	method	of	circuit	solution,	15-22,	198	Node,	7,	199	Node-pair	voltages,	15	Non-linear	parameters,	step-by-step	solutions,	585-589	Non-sinusoidal	waves,	223	circuit	anal	y	sis	for,	225,	256,	258	effective	value	of,	250	expressing,	225	parallel	circuit	anal	ysis	for,	258
power	calculations	for,	252	power	factor	for,	254	series	cirCuit	anal	ysis	for,	256	shifting	the	phase	of,	249	volt-amperes	of,	254	Norton's	theorem,	205	Notation,	double-subscript,	327	n-phase	mesh,	336	n-phase	Star,	336	Ohmic	method	of	short-circuit	calcula	tions,	523	Open-circuit	impedance	of	a	filter,	439,	443	Open-line	check,	352	Operator,
cartesian	form,	108,	109	exponential,	110	j,10	polar	form,	Ill	rectangular	form,	110	Oscillator	y	term	of	RLC	circuit,	568,	369,	580	frequency	of,	570	Parallel,	impedances	in,	158	Parallel	branch	anal	ysis,	158	for	non-sinusoidal	waves,	258	Parallel	branch	current	loci,	164-166	Parallel	branches,	resonance	in,	162	Parallel	branch	resonance	for	all
frequencies,	170	Parallel	resonance,	162-168	by	varying	C,	165	by	varying	J,	166	INDEX	597	Phasors,	logarithm	of,	123	Parallel	resonance,	by	varying	L,	163	multiplication	of,	118	by	varying	Rn	167	raising	to	powers,	121	167	by	varying	RL,	rectangular	form	of	notation	for,	108	Parameters,	distributed,	413	representing	sine	waves,	90	262	effect	of
variation	on	wave	form,	root	of,	122	585-	non-linear,	step-by-step	solution,	subtraction	of,	114	589	211	v-network,	transmissio	n	line,	423	filter,	440	T-section	303	Partial	resonance	of	coupled	circuits,	attenuation	of,	455	Pass	band,	boundary	of,	for	filters,	458-	characteristic	impedance,	440,	443	465,	473,	481	phase	shift,	455	definition,	for	filters,	435
Polar	form,	of	impedance,	123	for	series	RLC	circuit,	151	of	operator,	111	width	of,	for	series	RLC	circuit,	152	Polarity	marks,	286	Peak	factor,	89	Percentage	method	of	expressing	pararne-	Poles,	182,	572	Polyphase,	generation	of	voltages,	325	ters,	52.5	see	also	Mesh,	Star	connection,	Delta	Percentage	of	moilation,	265	connection,	Wye,	n-phase
mesh	Percentage	reactance,	526	Polyphase	power,	balanced	s	ystems,	343	Percentage	resistance,	526	comparison	with	single-phase	power,	Period,	definition,	48	348	Per	unit	method	of	expressing	parameunbalanced	s	ystems,	387-390	ters,	528	see	also	Power	Phase,	52	Polyphase	unbalanced,	general,	373,	377	angle,	52	Positive	directions	of	voltages
and	curconstant,	of	a	filter,	449	rents,	95,	128,	284	of	&	long	line,	418,	421	489,	491	Positive-phase	sequence	system,	57,	60,	63,	67,	o	f	current	and	voltage,	evaluation	of,	494,	533	69,	75	impedance	of	rotating	machines,	534,	difference,	53	535	for	equivalent	sine	waves,	255	impedance	of	static	elements,	509	magnetic	coupling	between	phases,
Power,	half-power	points,	152	515-518	instantaneous	,	57,	61,	63-65,	70,	71,	n-phase	mesh,	336	348	n-phase	star,	336	maximum	from	circle	diagram,	157	sequence,	326,	327,	339	maximum	transfer	in	a	series	circuit,	effects,	383	192	impedances,	500,	510,	533,	540	measurement,	of	balanced	polyphase,	methods	of	checking,	383,	384	349	shift,
general,	137	in	an	n-wire	system,	357	392	of	high-pass	filter	section,	461	by	threewattmete	r	method,	387	of	low-pass	filter	section,	458	349,	387	by	two-wattmeter	method,	shifting	of	a	non-sinusoidal	wave,	249	300	Phasor,	90	in	a	purely	capacitive	branch,	64	112	Phasors,	addition	of,	in	a	purely	inductive	branch,	61	algebra	of,	10	in	a	purely	resistive
branch,	58	cartesian	form	of	notation	for,	108	reactive,	in	general,	96	division	of,	119	real	in	general,	96	evolution	of,	121	in	a	resistive	and	inductive	branch,	70	involution	of,	122	FM	598	INDEX	Power,	in	an	RLC	branch,	76	sy*em	short-circuit	calculations,	322	three-phase	3-13,	387-390	of	a	phasor,	121	Power	calculation,	of	balanced	polyphase,	343
of	balanced	three-phase,	343	from	complex	forms,	331	from	conjugate	of	V	and	1,	133	for	non-sinusoidal	waves,	232	of	single	and	three-phase,	348	Power	factor,	balanced	three-phase,	3-13	definition,	09,	345	for	non-sinusoidal	waves,	254	of	series	branch,	143	in	unbalanced	polyphase	svst-ms,	394	Power	formula,	for	balanced	three-phase,	343,	345
for	single-phase,	96	Propagation,	velocity	of,	419	of	a	wave,	417	Pro	pagation	constant,	of	a	filter,	449	of	a	long	line,	417	Q,	of	a	coil,	153	of	a	parallel	circuit,	171	of	a	series	circuit,	153	Quarter-phase,	see	Four-phase	systems	Quarter-wave	resonance	of	a	kng	line,	418	Quarter-wave	s	y	mmetr	y	,	247	Range	of	coupling,	283	RC	branch,	transients,	553
Reactance,	capacitive,	63	inductive,	60	mutual,	281	percentage,	526	per	unit,	525,	528	Reactive	factur,	100,	345	Reactive	power,	see	Reactive	voltamperes	Reactive	volt-amperes,	71,	96,	344	balanced	three-phase,	344	calculated	from	complex	expressions,	131	determination	from	conjugates	of	V	and	1,	133	formula,	for	balanced	threep!iasc,	344,	345
Reactive	volt-amperes,	formula,	for	single-phase,	97	measurement,	of	balanced	three-phase,	333	in	unbalanced	four-wire,	threephase,	302	sign	of,	76,	97	Reciprocity	theorem.	Graphical	representation	of	equation	(15).	6i	when	the	voltage	relationships	are	established	by	following	the	closed	paths	mapped	out	by	the	designated	loop	currents.	One
complete	cycle	is	then	said	to	extend	over	360°	or	2r	radians	of	angular	measure.	When	t	=	0,	the	current	is	zero,	and	the	quantity	of	electricity	on	the	condenser	is	the	initial	charge'	before	the	switch	was	1	R	while	b	—a	+	b	will	be	negaclosed.	Let	this	signal	be	sampled	first	at	135°	after	v	=	0	(du/dl	positive)	and	thereafter	at	equal	intervals	of	315°
of	the	signal	voltage.	in	the	RL	branch	coLIR.	When	tracing	from	a	to	b	through	the	generator,	the	tracing	is	in	the	direction	of	increasing	potential41b	(from	minus	to	plus)	or	in	the	direction	of	a	voltage	direction	rise.	11,	is	considered,	the	equation	for	dynamic	equilibrium	is	di	(16)	di=	-	jj--sint4dt	(17)	—v	Fic.	Assume	that	the	current	i	=	I,,	sin	we
flows	through	a	given	RC	branch.	A	loop	current	as	the	name	implies	traverses	a	closed	path.	Cu	(a)	Yo.	10.	The	period	of	time	which	separates	these	recurring	values	is	shown	in	Fig.	What	is	the	frequency	of	this	wave'	7.	=	wCV,,,	Vm(wCVm)	Vm2C	Wc	(31)	If	V,,,	and	C	are	expressed	in	volts	and	farads	respectively,	the	aboN	c	expression	for	energy
is	in	joules.	To	find	the	effect	of	e2	upon	NETWORK	CONCEPTS	79	the	current	at	node	GJ,	we	short-circuit	e	1	and	e3	as	indicated	in	Fig.	Id.	Under	these	conditions	the	terminal	c6rreitt	is	Ut	(5)	where	t	1	is	the	terminal	voltage	developed	when	the	current	source	is	connected	to	a	load	resistance.	Admittance	at	minimum	value.	A	cycle	is	sometimes
specified	in	terms	of	angular	measure	since,	as	will	be	shown	presently,	w	in	equation	(1)	actually	represents	angular	velocity.	If	the	abcdefga	path	is	selected,	there	is	obtained	1i1	+	5i2	+	1023	(22)	This	equation	[which	is	the	sum	of	equations	(18),	(19),	and	(20)]	may	be	used	in	conjunctio	i-	with	equations	(18)	and	(19)	to	find	the	values	of	i	1	,	?2,
and	i3.	6	ALTERNATING-.CUP.REJ.4T	CIRCUITS	Ch.	I	or	*	amperes	The	actual	current	in	resistance	R	is	IR	=	'Ri	+	'R2	=	-+	=	9	amperes	I	imp	Zn	T-'	23	Its	i	(a)	5(1	I	F,n	Oj	R	7	III	in	1	in	1+	r_23	Itts	I.	Form	factor	has	very	little	physical	significance.	In	general,	60-cycle	apparatus	is	lighter	and	costs	less	than.25-cycle	equipmerlt.	Instantaneous
power	is	symbolized	by	the	lower-case	letter	p.	(b)	On	each	of	the	above	diagrams,	show	the	three	independent	loop	currents	that	are	obtained	by	identifying	loop	currents	with	link-branch	currents.	OSCIUOORAM	or	VM	(wt	+90°)	I,	sin	(wt	±	90	0	)	(	27)	WC	Impedance.	Two	trees	cot-responding	to	the	network	of	Fig.	(A	contradiction	of	definitions,	of
course	,	occurs	when	current	generators	of	different	specified	currents	are	connected	in	series.)	A	current	source	is	idle	when	it	is	short-circuited	as	indicated	in	Fig.	(a)	Determine	by	inspection	the	numerical	values	of	b	and	ng	of	the	network	illustrated	in	Fig.	the	book	has	been	held	to	approximatel	y	the	same	size	even	though	a	considerable
amount	of	Nx	PREFACE	Vi	material	has	been	added.	In	this	sense,	network	topology	is	network	geometry.	Parallel	Resonance	a.	The	counteieockvise	direction	of	rotation	has	been	arbitrarily	used	by	engineers	in	the	United	Statesand-many	foreign	countries.	26a	for	the	loop	currents	indicated.	Also,	when	the	current	flows	in	the	direction	of	a
potential	fall	or	drop,	as	it	does	through	a	load,	power	is	being	consumed	or	taken.	Impedance	Functions.	021	022	023	0,12	G	3	02,1	(39)	.	The	branches	thus	opened	are	called	links	or	link	branches.	It	is	apparent	that	thcv	c	o	l	d	8n	a	c	yeei	xrt'	mcrelv	convenient	representations	of	a	j	UC	VaVPS,	the	idr¼]ettt	variable	of	which	is	time.	To	ninn	y
electrical	engineers	a	vector	diagram	will	alwas	be	a	vector	diagram.	Branch	voltages	in	the	presence	of	sources.	It	is	well	known	that	1he	It	will	be	shown	in	Chapter	III	that	the	magnitude	of	the	impedance	2	defines	as	well	as	the	ratio	V,,1	to	Ill.	The	force	tending	to	turn	1	I	I	F	I	I	I	,	1	Time	of	aogi,)ar	measure	Pro.	Illustrating	the	manner	in	which
the	voltage	drop	in	acru	across	an	inductance	coil	combine	to	equal	the	applied	—	92.5	ance	and	the	voltage	drop	wLi	21.1	ohms.	11	of	the	present	chapter	represents	vectorially	the	relations	previously	explained	for	the	purely	capacitive	circuit.	B,	C,	and	D.	(a)	Write	the	equation	with	respect	to	time	of	the	current	wave	and	employ	numerical
coefficients.	Voltage	source	constant	in	maximum	magnitude.	Ga.	All	the	ordinates	of	this	wave	at	the	various	times	I	may	be	represented	by	the	projection	of	the	revolving	vector	0.4	on	the	vertical	axis	of	Fig.	If	the	potential	becomes	greater	in	the	direction	of	tracing	a	circuit,	a	voltage	rise	is	being	encountered.	Ordinaril	y	,	the	closed	paths
employed	in	establishing	the	voltage-law	equations	coincide	in	contour	and	direction	with	the	paths	selected	for	the	loop	currents.	It	will	be	observed	from	Figs.	15	Polarities	of	an	a-c	generator	is	evident,	then,	that	a	current	flowing	in	at	some	the	general	direction	of	a	potential	rise	represents	electrical	power	generated	or	delivered.	19.	1	will	be
used,	and	the	battery	symbol	will	indicate	a	non-time-varying	voltage	source	regardless	of	the	exact	nature	of	the	voltage	source.	The	positive	direction	of	the	current	source,	i3	,	in	the	dual	which	replaces	e1	of	the	original	network	is	therefore	obtained	by	turning	the	loop-current	direction	in	the	counterclockwise	direction.	VnuIar	Velocity	or	Angular
Frequency.	In	certain	network	configurations,	the	use	of	node-pair	voltages	has	distinct	advantages	over	the	use	of	loop	currents.	2,	if	the	wave	were	commutated	(or	rectified)	and	made	the	sarn	e	Ch.	III	EFFECTIVE	CURRENT	VOLTAGE	AVERAGE	POWER	87	as	the	wave	abcfe.	Current	source	constant	in	maximum	magnitude.	3b,	it	can	either	be
associated	with	R	to	form	a	series	branch	equivalent	to	that	shown.	A	resistive	element	of	151	ohms	is	connected	in	series	with	a	capacitor	of	4	4	capacitance.	Although	a	peaked	wave	will	usually	have	a	higher	form	factor	than	a	flat-topped	wave,	it	cannot	be	conclusively	stated	that	one	wave	is	more	peaked	than	another	because	it	has	a	higher	form
factor.	5	41	=	it	42jt13	45	=	i2	48	=	b3'12	44l2Z3	In	effect,	the	six	branch	currents	have	been	replaced	with	three	loop	8	ALTERNATING—CURRENT	CIRCUITS	Ch.	I	currents	for	the	purpose	of	analysis.	The	independent	node-pair	voltages	required	to	effect	a	nodal	solution	can	also	be	found	readily	from	a	topological	tree.	Figure	21	illustrates	the
principle	in	a	simple	case.	(c)	Graph	the	current	i	with	respect	to	time	I	or	with	respect	to	angular	measure	a.	Only	by	selecting	involved	multiple	loops	will	the	network	determinant	differ	from	its	base	value.	For	illustrative	example.	Branch	5	of	the	non-mappable	graph	of	Fig.	The	average	rate	of	producing	heat	by	I	amperes	of	direct	current	in	the
same	resistance	is	RI'.	The	matrix	may	be	written	down	from	an	inspection	of	the	network	if	proper	physical	interpretation	is	given	to	each	of	the	elements	in	the	general	matrix	R11	R12	R	13	R11	R21	R22	R	23	R2,	R	11	R12	R13	(25)	.	When	the	equation	is	known,	the	analytical	solution	is	generally	to	be	preferred.	Addition	of	voltage	drops	across	L.
Since	the	average	ordinate	multiplied	by	the	base	is	equal	to	the	area	under	the	curve,	it	follows	directly	that	Average	value	-	2	T/3	T0	idt	(2)	Equation	(2)	is	applicable	only	when	the	wave	passes	through	zero	at	the	time	I	=	0.	element	receives	energy	from	the	supplying	source	during	the	periods	in	which	the	inductive	element	returns	energy	to	the
source,	and	vice	versa.	Thus	1	X	l	matrices	are	involved	in	network	solutions	where	(as	previously	considered)	l	=	b	-	n.	Subtract	12	from	j,	in	exaii.plc	1	by	i	ii)t	1	i	methods	shown	above.	12.	It	is	possible	to	express	these	facts	in	the	single	statement	ZR	RLO	In	general,	I?	sm	wt	-	L	R	+	cos	•VR2+(L)2	'	wL	1	_______	Wt	-	+(,	L	VIR2+(C,,L)?Jv'R2)2	(35)
From	Fig.	83	Volt,	alterfl:Lting	,IeIi	Ic,	I,	Voltage,	alternating,	components	of	01)	definition,	43,	46	601	Voltage,	drop,	95	drops,	across	series-parallel	branches	174	at	series	resonance,	145	equations	of	coupled	e;rcuits,	282	instantaneous,	51	mutual,	direction	of.	A	third	independent	voltage	equation	may	he	obtained	[in	p!ace	of	equation	(20)]	by
summing	around	a	closed	path	which	includes	the	ed	path	or	branch.	Ch.	It	INSTANTANEOUS	CURRENT,	VOLTAGE,	AND	POWER	81	(c)	Write	the	expression	for	p	as	a	function	of	time,	employing	numerical	coefficients.	which	consists	of	a	single	loop	(or	one	branch)	and	two	meshes,	say,	mesh	a	(inside	the	current	loop)	and	mesh	b	(outside	the
current	loop).	Ch.	V	SINUSOIDAL	SINGLE-PHASE	CIRCUIT	ANALYSIS	169	From	the	above	tabulation	it	will	be	noted	that	the	dual	elements	are	a.	18.)	Since	duality	is	a	mutual	relationship,	the	construction	of	a	dual	goes	from	meshes	to	nodes	(if	the	original	network	is	viewed	as	consisting	of	meshes)	or	from	nodes	to	meshes	(if	the	original	network
is	viewed	in	light	of	nodes	as	the	topolo	al	entities).	p	-	ei	(generated	power)	L	P	=	vi	(absorbed	power)	The	present	discussion	confines	itself	to	the	determination	of	instantaneous	absorbed	power	wherein	positive	values	of	p	indicate	that	the	circuit	under	consideration	is	receiving	energy	from	the	supplying	source.	In	later	chapters,	sources	which
develop	time-varying	voltages	and	currents	will	be	employed	almost	exclusively.	represents	the	sampling	frequency.)	(b)	Make	a	rough	plot	of	6	or	8	cycles	of	a	sine-wave	voltage.	Through	the	same	procedure	the	student	can	show	that	Fig.	7a,	employing	node-pair	voltages	as	the	independent	network	variables.	A	network	solution	based	on	loop
currents	requires	that	the	correct	number	of	independent	voltage	equations	be	employed.	The	fact	that	equation	(23)	indicates	negative	poWer	during	the	first	one-quarter	of	a	cycle	of	the	driving	voltage,	that	is,	from	£	=	0	to	t	=	T14,	is	the	direct	result	of	the	choice	of	the	time	reference.5	'The	assumption	of	ainusoidal	driving	voltage,	v	-I	V.
Component	currents	at	nodes	0j	node	03	(f)	T	G—U	unit	steps	Of	the	®,	and	®	produced	byare	mhos.	The	current	could	just	as	well	have	been	drawn	at	any	angle	with	respect	to	the	reference	axis,	but	for	any	partic-	+VXL	f	b-I	Fia.	The	impedance	function	must	tell	two	important	facts:	(1)	the	ratiQ	of	Vm	to	Im,	and	(2)	the	nhase	angle	between	the
waves	of	voltage	and	current.	Physically,	the	same	results	are	obtained.	It	wil	l	be	observed	from	the	above	equation	that	the	instantaneous	power	wave	is	a	double-frequency	variation,	with	respect	to	the	frequency	of	the	current	or	the	voltage,	which	has	an	average	positive	value	of	The	cos	2wt	term	causes	the	instantaneous	power	to	acquire
periodically	zero	and	Vj,,,	values.	Ans.:	v	=	150	sin	(1571	+	30°)	volts.	With	current	taken	as,	or	along,	the	reference	axis	the	vector	diagram	is	shown	in	Fig.	Definition	of	Alternating	Current.	25	A	voltagev	-	200	cos	(157e	+	30°)	volts	is	applied	to	a	particular	circuit	6	element,	and	it	is	found,	by	oscillographic	analysis,	that	=	5	sin	(1571	-	150')
amperes.	For	exa1rnple,	if	the	applied	voltage	is	(8)	and	it	is	known	from	the	nature	and	magnitude	of	the	circuit	parameters	that	the	current	comes	tcppnding	point	on	its	wave	before	the	volewd.egree,	nrren	canbprss	V	=	VmSjflWL	il	m	sin	(o,t+9)	(9)	Figure	6	illustrates	the	phase	positions	of	v	and	i	for	8	=	45°.	Similarly,	if	11iC	>	wL,	the	i?LC
branch	will	respond	to	an	impressed	voltage	at	its	terminals	exactly	as	would	an	equivalent	RC	branch,	the	capacitive	reactance	of	which	is	(11iC	-	oiL).	Osdilograrn	1	is	a	photographic	record	of	the	potential	difference	produced	by	a	so-called	sine-wave	generator.	CoRcolt&N	GEORGE	June,	1960	E	•	-	-'	••	•	•	..,,	:-	-	-	'-	••.i-	fh	Contents	1	Network
Concepts	II	Instantaneous	Current,	Voltage	and	Power	III	Effective	Current	and	Voltage	-	Average	Power	IV	Phasor	Algebra	(As	Applied	to	A-C	Circuit	Analysis)	I	45	85	107	V	Sinusoidal	Single-Phase	Circuit	Analysis	142	VI	Non-Sinusoidal	Waves	223	VII	Coupled	Circuits	VIII	Balanced	Polyphase	Circuits	273	325	IX	Unbalanced	Polyphose	Circuits	373
X	Transmission	Line	Calculations	409	XI	Electric	Wave	Filters	XII	Symmetrical	Components	ix	435	489	x	CONTENTS	XIII	XIV	Power	System	Short-Circuit	Calculations	Transient	Conditions	Index	522	549	597	-	.	Why?	Where	an	ideal	voltage	source,	e,,	is	specified	(R,	=	0),	this	source	constrains	the	potential	difference	between	its	terminals	to	be	e,
volts	regardless	of	the	current.	For	those	students	who	have	a	knowledge	of	Kirchhoff's	laws	and	some	experience	with	solving	networks	emplo	y	ing	direct	currents	it	is	possible	to	begin	study	of	this	edition	with	Chapter	Il.	However	most	students	will	likely	find	Chapter	1	a	good	review	and	many	iIl	find	in	it	a	considerable	amount	of	material	which
is	new	and	of	value	in	a	study	of	more	advanced	network	theory.	in	series	with	XL	voltage	.	Vector	representation	of	sine	and	cosine	function&	or	phasors	as	explained	on	pages	90	and	91	which	most	students	will	remember	waves	were	used	to	represent	simple	harmonic	motion.	State	University	GEORGE	F.	voltage	source	is	idle	when	it	is	operating
open-circuited;	I	0.	The	current	therefore	becomes	zero	and	the	charge	on	the	condenser	becomes	CE.	Express	the	equation	of	the	current	wave	of	Problem	5	if	time	is	reckoned	from	the	positive	maximum	value	of	the	nave.	YJ	0'	N.	3	amp.J	U2	(eT	2	/e	3	G	3U	-	t7)	J3	amp.	In	general,	for	a	p-pole	niachine	the	number	of	cycles	per	revolution	is	p/2,	and,
if	the	speed	of	rotation	in	revolutions	per	second	is	repreThe	mathematical	meaning	of	"recurring	values"	is	implied	in	this	definition,	namely,	that	at	least	one	complete	set	of	values	intervenes	between	two	recurring	values.	If	both	sides	of	the	equation	are	divided	by	V72	+	(wL)	2	,	equation	(34)	takes	the	following	form:'	I,,,r.	Express	the	result	in
three	terms	a	constant	term,	a	single	cosine	term,	and	a	single	sine	term.	In	addition	the	functions	are	entirely	independent	of	whether	the	voltage	or	current	wave	is	made	the	dependent	wave.	In	the	communication	field	several	thousand	broadcast	stations	(of	the	AM,	FM,	and	television	variety)	employ	alternating	potential	differences	to	generate
their	carrier	waves.	co.s	64	+	8)	where	zy	and	/	yL	0	=	tan	39.	Volta	g	e,	current,	and	power	variations	141.4	volts,	ohms	connected	in	series	with	t	-	0.056	henry.	period	of	the	eml	'4zupie.	Both	the	current	and	charge	are	unidirectional	and	the	phenomena	are	non-oscillatory.	4c	shows	that	=	1(4	-	lR2)	A	branch	is	a	conducting	path	terminated	at
either	c.i	by	one	of	the	network	junctions	or	nodes.	21,	where	the	node-pair	voltages	c1,	e2	,	and	e3	are	the	voltages	of	nodes	01	and	®	relative	to	the	reference	node.	A	resultant	current	wave	is	made	up	of	two	components,	a	5-ampere,	d-c	component	and	a	60-cycle,	a-c	component	which	is	of	sinusoidal	wave	form	and	which	has	a	maximum	value	of
4	amperes.	Thus	we	obtain	loops	for	which	(a)	(c)	(0	(d)	Fio.	Inductance	branch	and	vector	diagram.	Graphical	evaluation	of	rma	velue,	the	movable	coil	from	any	fixed	position	is	proportional	to	the	product	of	the	Currents	in	the	two	coils.	(b)	How	many	joules	are	stored	in	the	magnetic	field	about	the	inductance	when	=	0.05	second?	and	C	circuit.	84
ALTERNATING—CURRENT	CIRCUITS	Ch.	II	Show	that	the	volt	ige	across	the	branch	is	V	l,,Z	cos	(wt	+	8)	=	Y.	In	this	connection	a	mesh	is	regarded	as	a	region	or	area	bounded	by	network	branches	or	voltage	drops.	The	links	of	Fig.	The	dual	network	contains	the	same	number	of	branches	as	the	original	network	-if	the	three	parallel	paths	which
connect	to	node	®	(and	which	are	derived	from	a	single	series	branch	of	the	original	network)	are	counted	as	a	single	branch.	Thus,	if	e	=	100	sin	(t	+	43°)	and	i	=	10	sin	(w	-	15	0	),	the	angle	of	phase	difference	is	45°	-	(_	15°)	60	1	.	C	e	5.	The	current,	i,	may	be	expressed	as	C.	20a,	page	38,	is	given	a	six-branch	network	where	the	numbers	alongside
the	branches	indicate	ohms	of	resistance	as	well	as	the,	designations	of	the	branches.	Pole	faces	are	toward	the	reader.	19b;	similarly	for	the	other	corresponding	nodes	and	meshes.	(b)	Again	calculate	the	current	through	branch	ab	employing	the	loop	currents	shown	In	Fig.	Draw	the	tree	in	solid	lines	(oriented	with	respect	to	the	nodes	a,	5,	c,	d	.)
and	the	remainder	of	the	circuit,	the	link	branches,	in	dotted	lines.	The	voltage,	equation	given	in	equation	(16)	does	not	include	the	voltages	developed	in	loop	1	by	loop	currents	i2	and	i3	.	agreed	to	express	frequencies	as	employed	by	radio	engineers	in	kilocycles	per	second	at	and	below	30,000	kilocycles	per	second	and	in	megacycles	per	second
above	this	frequency.	ALTERNATING—CURRENT	CIRCUITS	Ch.	II	/Alternating	Potential	Difference.	(b)	Find	the	equation	with	respect	to	time	of	the	power	wave.	(For	an	example	of	what	is	meant	here,	see	Problem	10	and	Fig.	Second,	it	must	be	observed	that	counterclockwise	is	considered	the	Positive	direction	of	rotation	of	vectors	and	that	a
vector	rotated	through	an	angle	of	lead	or	ahead	of	another	vector	must	be	rotated	counterclockwise.	Photographic	record	of	voltage	and	current	for	a	circuit	containing	resistance	and	inductance.	It	is,	of	course,	evident	that	for	algebraic	duality	1	(the	number	of	independent	loop	currents)	of	one	network	must	equal	n	(the	number	of	independent
nodes)	of	the	other.	2b.	Provided	that	R	and	L	wave	form	will	flow	in	the	branch	if	a	sinusoidal	voltage	is	applied.	20	refer	to	ohms	resistance,	the	three	equilibrium	equations	for	either	network	are	7i	1	-	212	-	3i3	=	0	(55)	—2i	+	hi2	-	St	3	=	0	—3i1	-	5i2	+	1413	=	0	38	ALTERNATING—CURRENT	CIRCUITS	Ch	I	A	dual	set	of	equations	may	be	written
as	7e1-2e2-3e3=0	—2e	1	+	lie	2	-	5e	3	=	0	(56)	—3ej-5e2+14e3=0	4	4	(a)	(6)	Fio.	One	vector	i	ad	to	be	ahead	or	leading	another	when	it	is	farther	advanced	counterclockwise	than	the	other.	The	analytical	method	of	finding	the	expression	for	i	from	il	and	i2	will	be	explained	in	Chapter	VI.	The	average	power	absorbed	over	an	integral	number	of	half
cycles	is,	obviously,	equal	to	zero.	I\	M.sh	I	In	3.0	^872)	F3	(b)	FIG.	Inspection	will	show	that	the	dotted	wave	is	the	sum	of	the	alternating	wave	I	and	the	direct	current	1dc	ALTERNATING—CURRENT	CIRCUITS	88	Ch.	Ii	Effective	and	Average	Values	of	it	Sinusoid.	This	conclusion	may	be	deduced	from	the	definition	of	an	ideal	current	source,
namely,	a	source	which	delivers	i	regardless	of	the	finite	load	resistance,	RL,	which	is	placed	across	the	terminals	of	the	source.	Inasmuch	as	the	inductive	reactance	is	directly	proportional	to	the	angular	velocity	of	the	driving	voltage,	2sf,	it	is	obvious	that	the	magnitude	of	the	impedance	offered	to	the	flow	of	alternating	current	by	a	coil	of	fixed	self-
inductance,	L,	is	directly	proportional	to	frequency.	If	a	circuit,	element	of	pure	inductance,	Fig.	17c.	When	capacitive	elements	and	inductive	elements	are	both	present	in	a	given	circuit,	there	is,	in	general,	a	natural	tendR	i	ency	for	the	elements	to	exchange	energy.	If	e,	is	placed	in	series	with	a	resistive	branch,	the	terminal	voltage	of	the	branch
including	the	known	e	is	(v	-	e5	)	and	is	considered	as	a	voltage	drop	as	indicated	in	Fig.	The	first	successful	electrical	power	system	in	the	United	States	was	probably	Edison's	direct-current	installation	in	New	York	Cit	y	.	3a	and	3b	each	depict	one	cycle.	Fin.	(For	a	more	general	choice	of	the	e's,	the	two	sets	of	equations-might	differ	in	numerical
form.)	One	advantage	which	accrues	from	the	use	of	superposition	is	that	the	elements	of	the	conductance	matrix	have	values	which	can	be	measured	Ch.	I	NETWORK	CONCEPTS	21	I	-0	(g)	I	3	/e	0.5	-0.5(1	05	03	02	5	e=I	(A)	T	,fe=	G5—i	(1)	I/e	1	=	=	2.5(1	FIG.	C	=	144	of,	/	=	60	c	ycles,	Xc	-	18.4	ohms,	R	1.0	ohm	approx.,	V	14	1.4,	J,,.	In	cases	where
interest	centers	around	particular	currents,	as,	for	example,	around	the	input	and	output	currents	of	the	network,	the	input	and	output	branches	may	be	selected	as	links,	the	reason	being	that	only	one	loop	current	traverses	a	link	branch.	YX	=	5	+	10	cos	60	0	=	to	8.66	=	10	sin	hO°	-i-	Sum	=	1:.23	+	S	66°	=	y	2	\/'i0	a	=	tait	--	-	=	tan	--	=	tOO	10
Since	the	resultant	is	countrclockwise	(pt;s	:	tj	v.	It	should	be	understood	from	the	foregoing	analyses	that	impedance	functions	for	any	combinations	of	R,	I,,	and	C	are	independent	of	the	point	on	the	wave	from	which	time	is	reckoned.	Construct	the	dual	of	the	network	shown	in	Fig.	A	voltage	v	100	cos	3771	volts	is	connected	to	the	series	branch.	to
b	in	Fig.	Abroad	50	cycles	is	very	common,	and	some	foreign	railways	use	frequencies	considerably	less	than	2	cycles	A	25-cycle	variation	causes	a	noticeable	flicker	in	incandescent	lamps;	hence	it	is	undesirable	for	lighting.	9a	ammeter	J	is	employed	to	measure	G	il	,	in	Fig.	In	forming	a	tree	(corresponding	to	a	particular	network)	certain	branches
are	of	necessity	opened.	0/19	2	+2i.12	t_	i	28.85/47°	ohms	The	instantaneous	current	is.	Ampere	Value	of	Alternating	Current.	Assume	that	the	current	I	-	I.	is	expressed	directly	in	ohms,	in	which	case	ZR	is	in	ohms.	The	process	whereby	this	is	accomplished	is	called	topological	warping.	When	c,	is	expressed	in	radians	per	second	and	L	is	expressed
in	henrys,	the	inductive	reactance,	XL,	is	in	ohms.	Applied	FIG.	Since	the	law	of	superposition	is	being	employed	iii	the	establishment	of	the	current	equations	at	nodes	®,	®,	and	®,	it	is	necessary	to	include	the	currents	directed	toward	these	nodes	from	all	the	current	sources	with	c1	=	e2	=	e3	0.	-	25	watts	approximately.	Frequency	is	the	number	of
cycles	per	second.	R	141.4	sin	3771	volts.	2	may	be	used	for	this	purpose.	Evaluation	of	aelt-conductance	and	mutual	conductance	of	the	network	of	Fi	g	.	The	inclusion	of	c,	does	not	increase	the	number	of	unknowns	since	e,	is	specified.	=	lF	e	(50)	The	negative	angle	iri:plies	that	the	current	wave	lags	the	voltage	wave	by	a	ncgalire	angle.	An
ordered	array	(or	arrangement)	of	numbers	or	symbols	is	called	a	matrix.	The	final	voltage	equation	for	loop	1	in	terms	of	loop	currents	i1,	i2,	and	i	3	takes	the	form	(18)	641-3i2-2i3=e.	13b	is	used	in	the	analysis	it	is	found	that	vbl	=	el	4222	v	b2	=e2	=	1e	3	vb4	=	e	+	e2	44	=	2€L	+	V5	=	e2	+	e3	45	=	—	4i	3e2	+	3e3	(41)	0	(42)	=	3	(43)	43	=	-	1e	1	±
2e2	-	1e	3	=	43	+	45	0e	1	+	e1	2e2	ibi	+	i	64	=	3e	+	2e	2	+	0e	3	=	1	+	42	-	At	node	CD:	Solving	for	(40)	V	b3	=	e3	43	At	node	CD	:	At	node	CD:	=	let	tbi	3e	2	+	4e3	and	e2	e1	=	1	2	0	2	—1	3	3	3	2	—1	4	0	5	41	=-	volt	2-1	0	3	4	3	1	0	—1	e2—	0	0	—1	13	41	o4	41	volt	The	potential	of	node	®	of	Fig.	(b)	t	H-----i-----	4	-------	T-	-----(c)	Fio.	For	courses	of	this
kind	some	knowledge	of	complex	fiequency	and	poles	and	zeros	is	highl	y	desirable.	(b)	A	non-mappable	graph.	Find	the	form	factor	of	the	saooth	wave	form	shown	in	Fig.
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