
16-4		The	Wave	Equa+on	

(a) 	A	string	element	as	a	sinusoidal	
transverse	wave	travels	on	a	
stretched	string.	Forces					and						act	
at	the	le=	and	right	ends,	producing	
accelera+on	with	a	ver+cal	
component	ay	.	

	
(b) 	The	force	at	the	element’s	right	end	

is	directed	along	a	tangent	to	the	
element’s	right	side.	
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By	applying	Newton’s	second	law	to	the	element’s	mo+on,	we	can	derive	
a	general	differen+al	equa+on,	called	the	wave	equa+on,	that	governs	
the	travel	of	waves	of	any	type.	
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• This	is	the	general	differen+al	equa+on	that	governs	the	travel	
of	waves	of	all	types.	Here	the	waves	travel	along	an	x	axis	and	
oscillate	parallel	to	the	y	axis,	and	they	move	with	speed	v,	in	
either	the	posi+ve	x	direc+on	or	the	nega+ve	x	direc+on.	
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deriva+on	of	wave	equa+on	



16-5		Interference	of	Waves	

Principle	of	Superposi4on	
of	waves	

	Let	y1(x,	t)	and	y2(x,	t)	be	the	
displacements	that	the	string	would	
experience	if	each	wave	traveled	alone.	
The	displacement	of	the	string	when	the	
waves	overlap	is	then	the	algebraic	sum	
	

This	summa+on	of	displacements	along	
the	string	means	that	
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Construc4ve	and	
Destruc4ve	
Interference	

Two	iden+cal	sinusoidal	waves,	y1(x,	t)	and	y2(x,	t),	travel	along	a	string	in	
the	posi+ve	direc+on	of	an	x	axis.	They	interfere	to	give	a	resultant	wave	
y’(x,	t).	The	resultant	wave	is	what	is	actually	seen	on	the	string.	The	phase	
difference	Φ	between	the	two	interfering	waves	is	(a)	0	rad	or	0o,	(b)	π	rad	
or	180o,	and	(c)	2/3	π	rad	or	120o.	The	corresponding	resultant	waves	are	
shown	in	(d),	(e),	and	(	f	).	©	2014	John	Wiley	&	Sons,	Inc.	All	rights	
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16-7		Standing	Waves	and	Resonance	

Standing	Waves	
• The	interference	of	two	iden+cal	sinusoidal	waves	moving	in	
opposite	direc+ons	produces	standing	waves.	For	a	string	with	
fixed	ends,	the	standing	wave	is	given	by	

Stroboscopic	photographs	reveal	(imperfect)	standing	wave	paUerns	on	a	
string	being	made	to	oscillate	by	an	oscillator	at	the	le=	end.	The	paUerns	
occur	at	certain	frequencies	of	oscilla+on.	©	2014	John	Wiley	&	Sons,	Inc.	All	rights	

reserved.	
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Standing	waves	



16-6		Phasors	

A	phasor	is	a	vector	that	rotates	around	its	tail,	which	is	pivoted	at	
the	origin	of	a	coordinate	system.	The	magnitude	of	the	vector	is	
equal	to	the	amplitude	ym	of	the	wave	that	it	represents.		

(a)	A	second	phasor,	also	of	angular	speed	ω	but	of	magnitude	ym2	and	rota+ng	at	a	
constant	angle	β	from	the	first	phasor,	represents	a	second	wave,	with	a	phase	
constant	Φ.	(b)	The	resultant	wave	is	represented	by	the	vector	sum	y’m	of	the	two	
phasors.	

(a)	 (b)	
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