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otneimazalpsed	le	se	dutilpma	time	required	to	complete	one	cycle.	Frequency	is	the	number	of	cycles	completed	per	second.	Figure	Caption:	Force	on,	and	velocity	of,	a	mass	at	different	positions	of	its	oscillation	cycle	on	a	frictionless	surface.	9	14-1	springs-restoring	forceX=0	x=-A	x=A	Restoring	Force	At	x=-A	At	x=A	x=A	X=0	x=-A	F	x	Restoring
Force	=	-kx	amax	occurs	when	x=A	X=0	x=-A	x=A	F	m	x	10	spring-sine	wave	Equilibrium	A	x=	x=	A	x=	max	v=	v=	v=	max	a=	a=	maxmax	x=	v=	a=	A	max	x=	v=	a=	A	max	11	14-1	Oscillations	of	a	SpringIf	the	spring	is	hung	vertically,	the	only	change	is	in	the	equilibrium	position,	which	is	at	the	point	where	the	spring	force	equals	the	gravitational
force.	Figure	Caption:	(a)	Free	spring,	hung	vertically.	(b)	Mass	m	attached	to	spring	in	new	equilibrium	position,	which	occurs	when	​Ã£ÂF	=	0	=	mg	¢Ã​Â​Â	kx0.	12	A	Vertical	Spring	Relaxed:	mass	is	not	attached	yet	Equilibrium:Displacement:	-oscillates	when	displaced	from	equilibrium	Relaxed	Equilibrium	Displacement	Has	the	same	Period	and
frequency	as	if	it	were	horizontal	13	The	time	interval	for	one	repetition	of	the	cycle	in	a	simple	harmonic	motion	is	called	theA)	frequency	B)	period	C)	amplitude	D)	phase	Question	13	14	14-2	Simple	Harmonic	MotionAny	vibrating	system	where	the	restoring	force	is	proportional	to	the	negative	of	the	displacement	is	in	simple	harmonic	motion
(SHM),	and	is	often	called	a	simple	harmonic	oscillator	(SHO).	Substituting	F	=	kx	into	Newton¢Ã​Â​Âs	second	law	gives	the	equation	of	motion:	with	solutions	of	the	form:	15	14-2	Simple	Harmonic	MotionSubstituting,	we	verify	that	this	solution	does	indeed	satisfy	the	equation	of	motion,	with:	The	constants	A	and	​Ã​Â	will	be	determined	by	initial
conditions;	A	is	the	amplitude,	and	​Ã​Â	gives	the	phase	of	the	motion	at	t	=	0.	Figure	Caption:	Sinusoidal	nature	of	SHM	as	a	function	of	time.	In	this	case,	x	=	A	cos	(2​Ã​Ât/T).	16	14-2	Simple	Harmonic	MotionThe	velocity	can	be	found	by	differentiating	the	These	figures	illustrate	the	effect	of	ï	†:	Capción	of	the	figure:	Special	case	of	SHM	where	the
mass	m	begins,	at	t	=	0,	in	the	equilibrium	position	x	=	0	and	has	an	initial	speed	towards	positive	values	​​of	x	(v	0	to	t	=	0).	Chapter	of	the	figure:	a	plot	of	x	=	a	cos	(ï	‰	t	+ï	†)	when	ï	†	0.	17	14-2	Armed	mocynics	then	followed	18	14-2	Simple	Example	Armed	Mocinic	Moci	Determining	the	permit	and	the	frequency	of	a	car	whose	mass	is	1400	kg	and
whose	shock	absorbers	have	a	spring	constant	of	6.5	x	104	n/m	after	hitting	a	blow.	Suppose	the	shock	absorbers	are	poor,	so	the	car	really	oscillates	up	and	down.	SOLUCIEN:	The	replacement	of	t	=	0.92	s	and	f	=	1.09	Hz.	19	14-2	Simple	harmonic	mocion	,	dx/dt,	and	acceleration,	d2x/dt2,	of	a	simple	armed	oscillator	when	ï	†	=	0.	20	14-2	Simple
Armed	Mocinica	14-4:	Loudspeaker.	The	cone	of	a	speaker	oscillates	in	Shm	at	a	frequency	of	262	Hz	(â	€	œmedio	câ	€.)	The	amplitude	in	the	center	of	the	cone	is	A	=	1.5	x	10-4	m,	and	at	t	=	0,	x	x	=	A.	(a)	What	equation	describes	the	movement	of	the	center	of	the	cone?	b)	What	is	speed	and	acceleration	as	time	function?	c)	What	is	the	position	of
the	cone	at	t	=	1.00	ms	(=	1.00	x	10-3	s)?	Chapter	of	the	figure:	example	a	speaker	cone.	Solution:	a.	The	angular	frequency	is	1650	rad/s,	so	x	=	(1.5	x	10-4m)	cos	(1650t.	B.	The	maximum	speed	is	0.25	m/s,	so	v	=	(-0.25	m/s	)	Sin	(1650t.	The	maximum	acceleration	is	410	m/s2,	so	un	=	(-410	m/s2)	cos	(1650t.	c.	A	t	=	1	ms,	x	=	-1.2	x	10-5	m	.	21	14-3
Energy	in	the	simple	armed	oscillator	we	already	know	that	the	potential	energy	of	a	spring	is	given	by:	the	total	meconic	energy	is	then:	the	total	medician	energy	will	be	preserved,	since	assuming	the	system	is	frictionless.	22	14-3	energy	in	the	simple	harmonic	harmonicEw	.droc	thgiewthgil	that	FO	dne	eht	because	ssam	a	fo	ssisnoc	you	ludp
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stretch,	and	that	its	mass	is	insignificant.	Tyulus	of	the	figure:	Photo	of	Luz	Estroboscico	of	an	oscillating	ndulo	photographed	at	equal	time	intervals.	28	14-5	The	simple	pã	©	ndulo	to	be	in	SHM,	the	restoration	force	must	be	proportional	to	the	negative	displacement.	Here	we	have:	which	is	proportional	to	the	sin	ã®â¸	and	not	to	ã®â¸	same.	Tyulus
of	the	figure:	Simple	ndulo.	However,	if	the	unit	is	small,	sin	ã®â¸	ã	¢	â	€	ë	†	ã®â¸.	29	14-5	The	simple	pã	©	ndulo,	therefore,	for	small	levels,	we	have:	where	the	perpet	Cable	can	be	considered	without	mass	and	the	amplitude	is	small,	the	permit	is	not	to	depend	on	the	dough.	Tyulus	of	the	figure:	It	is	said	that	the	balancing	movement	of	this	line	©
ndulo	does	not	depend	in	amplitude.	31	14-5	The	simple	pã	©	ndulo	Example	14-9:	Measure	G.	A	geomist	uses	a	simple	pã	©	ndulo	that	has	a	length	of	CM	and	an	Hz	frequency	in	a	particular	location	on	Earth.	What	is	the	acceleration	of	gravity	in	this	place?	Answer:	Solve	the	frequency	equation	of	the	pã	©	ndulo	for	g	da	g	=	m/s2.	32	14-6	The
Physical	Public	and	the	torsional	pã	Índulo	pã	©	nndulo	is	an	extended	real	object	that	oscillates	from	one	side	to	another.	The	torque	on	point	or	is:	replace	Newton's	second	law:	Figure	piece:	a	physical	pã	Índulo	suspended	from	point	O.	33	14-6	The	Physical	PÃ	©	ndulo	and	the	torsional	ndulum	for	small	os	ã¡ngulos,	this	becomes:	which	is	the
equation	for	shm,	with	34	14-6	the	physical	pã	Índulo	and	the	torsional	pã	©	ndulo	de	Pã	©	nndulo	torsional	is	one	that	twists	instead	of	the	changes.	The	moción	is	shm	while	the	cable	obeys	Hooke's	law,	with	a	legend:	a	torsion	pã	©	ndulo.	The	album	oscillates	in	SHM	between	ã®â¸max	and	â‚¬:	ã®â¸max.	(K	is	a	on	the	wire.)	We	study	some
variational	problems	related	to	the	controllability	of	the	transition	between	two	quantum	states	of	the	driven	quantum	harmonic	oscillator.	We	focus	on	the	existence	of	minimum	points	of	the	total	energy	functional	which	is	obtained	by	adding	to	the	cost	of	the	control	a	term	penalizing	the	distance	from	the	maximum	transition	probability	between
given	energy	states.	states.	
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