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SOLUTIONS	TO	PROBLEMS	IN	MERZBACHER,	CUENTIC	MECHANICA,	THIRD	HOMER	REID	EDITION	NOVEMBER	20,	1999	CAPALE	2	PROBLEM	2.1	AN	INITIAL	INITIAL	WAVE	PACKAGE	WITH	A	MEDIUM	WAVE	NUMBER	KX	AND	A	GAUSSIAN	EXTENSION	IS	GIVEN?	?	x2	+	ik	x.	Ãžâ¨	(x,	0)	=	c	expi	¢	âˆ	x	4	(ã	¢	âˆ	x)	2	Trace	|	ãžâ¨	(x,	t)	|	2	as
a	function	of	x	for	several	T	values,	choosing	ã	¢	âˆ	x	x	that	progresses	according	to	classic	laws.	Apply	the	results	to	calculate	the	propagation	effect	on	some	microscope	and	macroscoscosicoscoscosicos	experiments.	The	first	step	is	to	calculate	the	Fourier	transformation	of	ãžâ¨	(x,	0)	to	find	the	distribution	of	the	wave	package	in	the	impulse	space:
â	-	¡(k)	=	(2ã	â	€	â	€	1/2	z	ã	¢	âˆ	ãžâ¨	(x,	0)	eã	¢	âˆ	â	’ikx	dx?	?	x2	+	i	(k	ã	¢	âˆ	k)	x	â	’dx	=	(2ã	â	€)	To	proceed	we	need	to	complete	the	square	in	the	exponent:	ã	¢	âˆ	â	’x2	+	i	(k0	ã	¢	â’	k)	x	4	(ã	¢	â	†	x)	2?	x2	2	2	2	ã	¢	âˆ	i	(k	ã	¢	âˆ	â	’k)	x	ã	¢	âˆ	â’	(k	ã	¢	âˆ	k)	(ã	¢)	x	ã	¢	âˆ	i	(k0	ã	¢	âˆ	Â	’k)	ã	¢	â	†	in	(??)	to	find:	â	-	¡(k)	=	(2ã	â	€)	’Exp	ã	¢	âˆ	â’?	1	2	2]	[x	ã
¢	âˆ	2i	(k	ã	¢	âˆ	k)	(ã	¢	âˆ	x)	dx	0	4	(ã	¢	âˆ	x)	2	in	the	integral	wer	You	can	perform	the	displacement	x	ã	¢	ã	¢	â	’The	result	is	â	™	™	(k)	=	ã	¢	âˆ?	)	2	(ã	¢	âˆ	x)	2	to	put	this	in	direct	correspondence	with	the	shape	of	the	wave	package	in	the	configuration	space,	can	we	write?	2	â¦	(k)	=	2Cã	¢	âˆ	â	†	which	the	Gaussian	wave	package	sometimes	refers	as
a	wave	package	of	minimum	uncertainty.	The	next	step	is	to	compute	ãžâ¨	(x,	t)	for	t>	0.	since	we	are	talking	about	a	free	particle,	anoicnuf	anoicnuf	mutnemom	le	euq	Also	the	functions	of	energy,	which	makes	its	evolution	of	time	particularly	simple	to	write	down.	In	the	previous	work	we	have	expressed	the	initial	wave	package	ãžâ¨	(x,	0)	as	a
linear	combination	of	the	functions	of	the	moment,	that	is,	as	a	sum	of	the	expans	(IKX),	with	the	Kã	©	Simo	tã	©	rmino	weighted	in	the	sum	for	the	ãž	â	™	™	™	(k)	factor.	The	wave	package	in	a	later	time	t>	0	will	be	given	by	the	same	linear	combination,	but	now	with	the	rmino	kth	multiplied	by	an	expa	phase	factor	[ã	¢	âˆ	á	â	â	‰	(k)	t]	that
Describe	its	temporary	evolution.	In	the	symbols	we	have	z	ã	¢	âˆ	ãžâ¨	âžâ¨	(x,	t)	=	â	-	(k)	ei	[kxã	¢	âˆ	ã	â	‰	(k)	t]	dk.	¢	âˆ	ã	¢	âˆ	ã	¢	âž	for	a	free	part,	the	frequency	and	wave	number	are	connected	through	it	of	ã	â	‰	(k)	=	2	h	2m	using	our	previous	expression	for	ãž	â	™	¦	(k),	we	find	ãžâ¨	(x,	t)	=	z	ã	¢	âˆ	2cã	¢?	h	ã	‚ã	film	t	dk.	Exp	ã	¢	âˆ	â	’(k0	ã	¢	âˆ
â’	k)	2	(ã	¢	âˆ	x)	2	+	ikx	ã	¢	âˆ	i	2m	ã	¢?	?	h	Ãžâ	±	k	ã	¢	âˆ	ãžâ²k	+	ãžâ³?	?	242âˆ2â’2000000000âˆ20000000000â’2000000000000000000000000000âˆ2002000002000022220120222121102000111100111111111120200011011111111011	=	K02	(ã	¢	âˆ	x)	2.	Using	this	in	(?	?	The	integral	evaluated	to	â	€	1/2	/ãžâ	±.	We	have	ãžâ¨	(x,	t)	=	=	ã	¢	âˆ??	2?
1	ãžâ²	2ã	â	€	x	expi	¢	âˆâš2â’â	†	â	±	4ãâ	±	2	"	#	1/2	#"	ã	¢	âˆ	(ã	¢)	x)	2	(ix	+	2k0	(ã	¢)	2	ã	¢)	¢	It	is	quite	ugly,	but	it	shows	the	relevant	characteristics.	The	important	point	is	that	the	tile	The	time.	In	the	figure,	â	€	draw	this	function	â	™	a	few	T	values,	with	the	following	parameters:	m	=	940	mev	(corresponding	to	a	proton	or	neutrion),	ã	¢	âˆ	x	=	3
‹â	Š	A,	K0	=	0.8	ã	‹âš	aã	¢	âˆ	1.	This	value	of	k0	corresponds,	for	a	neutrion,	at	a	speed	of	approximately	5	ã‚â	·	104	And	keep	in	mind	that,	of	course,	the	center	of	the	wave	package	travels	around	5	Nm	in	100	fs.	The	propagation	time	3	Example	of	Gaussian	wave	packet	350	t	=	0	s	t	=	30	fs	t	=	70	fs	t	=	100	fs	4	Wave	functions	(arbitrary	units)	300
250	200	150	100	50	0	-1E-08	-5E-09	0	Distance	(meters)	5E-09	1E-08	Problem	2.2	Expresses	the	³	n	function	of	Gaussian	wave	of	extensiÃ	³	n	Ã¨	(x,	t)	obtained	in	problem	1	the	form	Ã®Â¨	(x,	t)	=	exp	[is	(x,	t)/Ã¢Â	("h").	Identify	the	function	³	S	(x,	t)	and	show	that	it	satisfies	the	Hamilton-Jacobi	quantum	³	equation.	In	the	last	problem	we	find	Ã®Â¨	(x,
t)	Ã¢Ë	​	Å!	2	Ã¢Ë	​	â	​		x	Ã®Â²	=	2Ã	â	​c	exp	Ã¢Ë	​	â	​	Ã®Â³	Ã®	Â±	4Ã®	Â±	2	Ã¢Ë	​	Å	Ã®Â	Â	Â²2	Ã¢Ë	​	â	​		x	+	2	Ã¢​	â	​	Ã®Â³	2Ã	ï​c	=	exp	ln	Ã®	Â±	4Ã®	Â±	(1)	where	we	reuse	the	tachygrafÃa	we	defined	above:	Ã®	Â±	2	=	(Ã¢Ë	​	â	​		(x)	2	+	iÃ¢Â	h	t	2m	Ã	​	Â²	=	2k0	(Ã¢​	â	​		(x)	2	+	ix	Ã®Â³	=	k02	(Ã¢Ë	​	â	​		(x)	2.	From	(?	S	(x,	t)	=	i	4Ã®	Â±	Things	are	really
more	easy	if	we	define	Ã®Â	â	=	Ã®	Â±	2.	Then	iÃ¢Â	1	h	Ã¢Â	Â	Â	¢	Ã®Â	²2	Ã®Â	Â	Â	Â	Â	Â	=	(Ã¢Ë	​	â	​		x)	+	Ã¢​	â	​	ln	Ã®Â´	+	t	s	(x,	t)	=	2m	i	2	4Ã®Â´	it	now	calculates	partial	derivatives:	700000000000000000000000000000000000000000000000000000000000000000000​0000000000	-Jacobi	for	a	free	part	is	2	1	Ã¢Ë	â	​	​	+	+	=	0	4mÃ®Â	â	8mÃ®Â´	2
8mÃ®Â´	2	4mÃ®Â´	So,	effectively,	the	equation	³	not	satisfied.	Ã¢Ë	​	â	​	​	Problem	2.3	Consider	a	wave	function	³	initially	the	overlap	of	two	well-separated	narrow	wave	packets:	Ã®Â	Â	Â1	(x,	0)	+	Ã®Â2	(x,	0)	chosen	so	that	the	absolute	value	of	the	integral	overlay	³	Z	+Ã¢Ë	​	Å□	Ã®Â³	(0)	=	Ã®Â	ìÃ	Ë	​	-	1	(x)	Ã®Â2	(x)	dx	Ã¢Ë	​	â	​	Ã¢Ë	​	Å	Å	Å	is	very
small.	As	time	evolves,	the	wave	packets	move	and	extend.	Will	|	Ã®Â³	(t)	|	Â	Increase	the	time,	as	the	wave	packets	overlap?	Justify	your	answer.	It	seems	to	me	that	the	answer	to	this	problem	depends	entirely	on	the	details	of	the	particular	problem.	One	can	imagine	a	situation	in	³	where	the	integral	of	overlap	³	not	increase	over	time.	Consider,
Example,	the	wave	packages	of	neutrons	set	in	the	figure	of	problem	2.1	If	one	of	those	wave	wave	·Â	2c	​Ë	°​â	¢Ã	2	)m	3.0(	·Â	Ve	801	·Â	4.9	·Â	2	h	¯Â¢Ã/	2	)x		​â	​Ë¢Ã(	m2	​Ë	°​â	¢Ã	t	m2	2	)x		​â	​Ë¢Ã(	​Ë	°​â	¢Ã	t	¯Â¢Ã	h	o	odnauc	elbaicerpa	n³Ãicagaporp	anu	a	somaznemoc	,osac	etse	nE	.sonaissuag	seteuqap	nos	euq	ranigami	somedop	,adno	ed	seteuqap	sol
ed	n³Ãicagaporp	ed	opmeit	ed	alacse	al	ramitse	araP	.n³Ãicatibah	al	ne	ratse	na​Ãrdop	edn³Ãd	ed	adamixorpa	s¡Ãm	n³Ãicacidni	al	somenet	olos	,socimr©Ãt	senortuen	sortseun	odneivom	n¡Ãtse	es	odip¡Ãr	nat	©Ãuq	n³Ãisicerp	atse	noc	somebas	is	euq	se	otnup	le	,secnotnE	!emrone	se	otsE¡Â	.mc	03	​Ë	°​â	¢Ã	S	01'	01	​Ë¢Ã01	·Â	c	​Ë	°​â	¢Ã	C	/	Ve	6​​â​Ë¢Ã01
·Â	1.6	S	·Â	Ve	61​​â​Ë¢Ã01	·Â	6.6	P		​â	​Ë¢Ã	¯Â¢Ã	H	=	​Ë	°​â	¢Ã	X		​â	​Ë¢Ã	ed	n³Ãicisop	ed	erbmuditrecni	anu	acilpmi	otsE	.Ve	6​​â​Ë¢Ã01	·Â	1.6	=	9​​â​Ë¢Ã01	·Â	0p	=	p		​â	​Ë¢Ã»Â	®Ã	9​​â​Ë¢Ã01	=	»Â®Ãd	2»Â	®Ã	»Â®Ãd	h	¯Â¢Ã	¬​â	¯Ã2​​â​Ë¢Ã»Â	®Ã	h	¯Â¢Ã	¬​â	¯Ã2	se	oslupmi	ed	erbmuditrecni	al	secnotnE	p	=	pd	secnotne	=	pd	=	p	?oslupmi	ed	n³Ãisrepsid	ed	levin
le	erbos	otse	ecid	son	©ÃuQ¿Â	;lanoiccarf	adno	ed	dutignol	ed	n³Ãisrepsid	ed	levin	le	sodad	somatse	c/Vek	1.6	=	2/1	])VEM02(	·Â	¢Ã	)2​​â​Ë¢ÃC	·Â	VEM049(	·Â	2[	​Ë	°​â	2/1	]em2[	=	0p	.senortuen	sol	ed	oidemorp	oslupmi	le	eluclac	oremirP	6	?etnemelbaicerpa	adno	ed	seteuqap	sol	n¡Ãrednetxe	es	opmeit	ed	odo​Ãrep	©Ãuq	nE¿Â	.otneimivom	led
n³Ãiccerid	al	ne	adno	ed	seteuqap	sol	ed	dutignol	al	emitsE	.9​​â​Ë¢Ã01	=	»Â®Ã/»Â	®Ã		​â	​Ë¢Ã	ed	adno	ed	dutignol	ed	n³Ãisrepsid	ed	levin	nu	a	VeM	02	ed	acit©Ãnic	a​Ãgrene	ed	socimr©Ãt	senortuen	ed	a​Ãgrene	ed	n³Ãicagaporp	al	ahcertse	n³Ãiculoser	atla	ed	senortuen	ed	ortem³Ãrefretni	nU	4.2	amelborP	.otelpmoc	rop	raspaloc	ed	setna	ocop	nu	na​-
Ãrdnoprepus	es	etnematreic	secnotne	,sodarapes	smortsgna	02	a	,somagid	,sodartnec	nareivutse	senortuen	ed	adno	ed	seteuqap	sod	sol	is	,odal	orto	roP	.​Ãs	ertne	nacreca	es	sortnec	sus	euq	ed	setna	ohcum	,sf	001	​Ë	°​â	ed	opmeit	ed	alacse	anu	ne	nedneitxe	es	salo	ed	seteuqap	sus	,​Ãs	ertne	etnemlaicini	neveum	es	senortuen	sol	is	osulcni	,s¡ÃmedA
.sortnec	sus	ed	smortsgna	socop	sonu	ne	elbaicerpa	rolav	nu	neneit	olos	adno	ed	seteuqap	sol	euq	ay	,a±Ãeuqep	a​Ãres	n³Ãicisoprepus	ed	largetni	al	,anihC	ne	orto	y	elihC	ne	sodartnec	nabatse	Â·	10ìË	​	â	​	​	16	eV	Â·	S	Ã¢	â	​°	Ë	​	32	ks	Ã¢	â	​	Ë	​	10	hours.	7	Solutions	to	Problems	in	Merzbacher,	MecÃ	nica	cuÃÃÃ;³	Third	Edition	in	Homer	Reid	March	8,
1999	Chapter	3	Problem	3.1	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â
Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	For	time	investment,	show	that	the	probability	current	density	can	be	expressed	without	an	interference	tub	that	involves	the	"ãž"	1	and	"ãž"	type	classes	2.	quite	great	problem!	First,	we	have	the	probability	conservation	equation:	d	~	ã‚â	·	J.	~	ã	â	=	ã	¢	âˆ
ã	¢	âˆ	dt	to	show	that	J	~	does	not	contain	crossed	terms,	it	is	enough	to	show	that	its	divergence	does	not	have	crossed	terms,	and	to	show	this	enough	(due	to	probability	conservation)	with	showing	that	it	does	not	have	crossed	terms.	We	have	â	=	"âˆ"	=	=	[c	âˆ	1â—	âˆ	1	+	cã	¢	â—	2	|	c1	||	1	|	+	|	C2	||	2	|	+	C1	Cã	¢	âˆ	2â—	2âˆ	2	+	Cã	¢	âˆ	1	C2âˆ	¢
2	1	(1)	Problem	3.2	For	a	free	part	of	one,	calculate	the	variance	in	the	dimension	of	time,	t,	(t),	(t)	2t	ã	¢,	t	ã	¢	x2	t	ã	¢	repeatedly	calculate	Hx2t	without	the	explanatory	use	of	wave	function	applying	(3.44).	Does	that?	?	2	1	(ã	¢	âˆ	â	†	px)	2	2	2	(ã	¢	âˆ	px)	t	=	(ã	¢	âˆ	x)	0	+	hxpx	+	px	xi0	ã	¢	âˆ	hxi0	hpx	i	t	+	t	m	2	m2	and	(ã	¢	â	†	Px)	2t	=	(ã	¢	â	†	px)	0
+	Hxpx	+	px	xi0	¢:	w	(t)	ã	¢	â	‰	(ã	¢	âˆ	x)	2t.	(The	w	reminds	me	of	¢	â	€	width	of	âœ.ã	¢	â	€	â)	then	dw	1	2	d2	w	+ã‚â	·	ã‚â	·	ã‚â	·	(2)	t	w	(t)	=	w	(0)	+	t	+	dt	t	=	0	2	dt2	t	=	0	We	have	i	d	H	2	x	ã	¢	âˆ	hxi	dt	d	2	x	ã	¢	âˆ	2	hxi	hxi	=	(3)	dt?	?	2	d2	d2	2	d2	w	ã	¢	âˆ	2	hxi	=	x	ã	¢	âˆ	2	hxi	hxi	(4)	dt2	dt2	dt2	dt2	We	need	to	calculate	the	time	derivatives	of	HXI
and	x2	time.	The	relevant	equation	is	d	1	ã	¢	âˆ	f	hf	i	=	hf	h	ã	¢	âˆ	hf	i	+	dt	H	=	P2	/2m,	and	the	importance	of	importance	is	px	=	xp	ã	¢	âˆ	iã	‚Ã˜	h.	We	can	use	this	to	calculate	time	derivatives:	D	HXI	dt	=	=	=	=	=	1	h	[x,	h]	iã	‚Ã˜	H	1	2	xp	ã	¢	âˆ	p2	x	2imã‚	ã	film	1	2	xp	ã	¢	ˆ	p	(xp	âˆ	ã	‚ã	film)	2	hpi	=	0	(6)	dt2	m	dt	d	2	1	2	x	=	[x,	h]	dt	In	h	1	2	=	2Ã	​	Ã	​
h	+	4i	Ã	​	hxp	2imÃ	​	Ã	​	h	​	Ã	​	h	2	=	Ã¢	Â	Â	+	hxpi	(7)	m	2	d2	2	x	=	hxpi	2	dt	m	dt	2	=	h[xp,	H]i	i	iÃ	hm	1	3	=	Ã¢	Â	Â	Â	Â	Â	Â	xp	Ã¢	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â
Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	2	d3	2	x	=	[p,	H]	=	0	(9)	3	2	iÃ2	Now	that	we	have	calculated	all	derivatives	of	hxi	and	x2,	itÃ¢	has	been	calculated	the	time	up	to	=	3	plug	them	in	(3)	and	(4)	compute	time	derivatives	of	w.	dw	dt	=	=	=	=	=	d2	w	dt2	=	=	d	2	d	x	Ã¢
Â	​	2	hxi	hxi	dt	iÃ	​	Ã	​	2	Ã¢	​	+	hxpi	Ã¢	Â	​	hxi	hpi	m	iÃ	​	Ã	​	h	2	2	Ã¢	Â	Â	+	xp	Ã¢	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â
Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	1)	Finally,	we	connect	these	in	the	original	equation	(2)	to	find	?	?	2	1	(Ã¢	​	p)2	2	w(t)	=	w(0)	+	hpx	+	xpi	Ã¢	Â	​	hxi	hpi	t	+	t.	m	2	m2	The	other	portion	³	this	problem,	the	constancy	of	(Ã¢	Â	​	p)2	,	is	trivial,	since	(Ã¢	Â	​	p)2	contains	expectation	values
of	p	and	p2,	which	both	switch	to	H.	4	Problem	3.3	Consider	a	linear	armÃ	³	oscillator	with	H	=T	+V	=	p2	1	+	mÃ	​	Â	​	2	x2	.	2m	2	(a)	Derive	the	equation	of	motion	for	the	expectation	value	hxi	t	,	and	show	that	it	oscillates,	similarly	to	the	clÃ	oscillator,	as	hpi0	without	Ã	hxit	=	hxi0	cos	Ã	​	Â	​	t	+	mÃ	​	Â	​	b)	Derive	a	second-order	motion	differential
equation	³	the	hT	Ã¢	Â	​	V	expectation	value	by	repeated	³	application	of	(3.44)	and	the	use	of	the	viral	theorem.	Integrate	this	equation	³	and,	recalling	the	conservation	³	energy,	calculate	x2	t	.	(c)	Demonstrate	that	2	(Ã¢	​	x)Â	​	x)2t	Ã¢	Â	​	x2	t	Ã¢	Â	​	hxit	(Ã¢	​	p)2	=	(Ã¢	Â	​	x)20	cos2	Ã¢	Â¢	Â	Â	​	t	+	2	20	sin2	?	without	2Â	​	Â	​	t	1	+	hxp	+	pxi0	Ã¢	Â	​	hxi0	hpi0
2	mÃ	​	Â	​	Verify	that	this	reduces	to	the	result	of	Problem	2	in	the	lmite	Ã	​	Â	​	Ã¢	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â
Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	a)	Again	I	like	to	use	a	slightly	different	note	³:	e(t)	=	hxi	t.	d	e(t)	=	dt	=	=	=	=	d2	e(t)	=	dt2	1	hxH	Ã¢	Â	​	Hxi	iÃ	​	Ã	​	h	1	2	xp	Ã¢	Â	​	p2	x	2iÃ	​	hm	1	2	xp	Ã¢	Â	​	p(xp	Ã¢	Â	Â	Â	Â	​	iÃ¢	Â	Â	Â	Â	Â	Â	Â	Â	Â	Â	iÃ	hxi	2i​Ã¯Â	h
¢Ã​Â​Â​Ã​Â	2	hxi	.	So	we	have	d2	e(t)	=	¢Ã​Â​Â​Ã​Â	2	e(t)	dt2	with	general	solution	e(t)	=	A	cos	​Ã​Ât	+	B	sin	​Ã​Ât.	The	coefficients	are	determined	by	the	boundary	conditions:	e(0)	=	hxi0	hpi0	e0	(0)	=	m	¢Ã​Â​Â	¢Ã​Â​Â	A	=	hxi0	hpi0	B=	.	m ​Ã​Â	(b)	Let¢Ã​Â​Âs	define	v(t)	=	hT	¢Ã​Â​Â	V	it	.	Then	1	h(T	¢Ã​Â​Â	V	)H	¢Ã​Â​Â	H(T	¢Ã​Â​Â	V	)i	i​Ã¯Â	h	1	=	h(T	¢Ã​Â​Â	V	)(T	+	V	)
¢Ã​Â​Â	(T	+	V	)(T	¢Ã​Â​Â	V	)i	i​Ã¯Â	h	2	=	hT	V	¢Ã​Â​Â	V	T	i	i​Ã¯Â	h	2	​Ã​Â	p	2	x2	¢Ã​Â​Â	x	2	p	2	.	=	2i​Ã¯Â	h	We	already	worked	out	this	commutator	in	Problem	2:	2	2	p	x	¢Ã​Â​Â	x2	p2	=	¢Ã​Â​Â	4i​Ã¯Â	hxp	+	2​Ã¯Â	h2	d	v(t)	dt	=	so	d	v(t)	=	¢Ã​Â​Â2​Ã​Â	2	hxpi	+	i​Ã¯Â	h​Ã​Â	2	.	dt	=	¢Ã​Â​Â2​Ã​Â	2	hxpi	+	​Ã​Â	2	hxp	¢Ã​Â​Â	pxi	=	¢Ã​Â​Â​Ã​Â	2	hxp	+	pxi	(12)	Next,	d2	2​Ã​Â	2	v(t)	=
¢Ã​Â​Â	hxpH	¢Ã​Â​Â	Hxpi	dt2	i​Ã¯Â	h	​	​	m ​Ã​Â	2	2​Ã​Â	2	1	3	=	¢Ã​Â​Â	xp	¢Ã​Â​Â	p2	xp	+	xpx2	¢Ã​Â​Â	x3	p	i​Ã¯Â	h	2m	2	6	(13)	The	bracketed	expressions	are	3	xp	¢Ã​Â​Â	p2	xp	=	=	=	2	3	xpx	¢Ã​Â​Â	x	p	=	=	=	xp3	¢Ã​Â​Â	p(xp	¢Ã​Â​Â	i​Ã¯Â	h)p	xp3	¢Ã​Â​Â	(xp	¢Ã​Â​Â	i​Ã¯Â	h)p2	+	i​Ã¯Â	hp2	2i​Ã¯Â	hp2	x(xp	¢Ã​Â​Â	i​Ã¯Â	h)x	¢Ã​Â​Â	x3	p	2	x	(xp	¢Ã​Â​Â	i​Ã¯Â	h)	¢Ã​Â​Â	i​Ã¯Â	hx2	¢Ã​Â​Â
x3	p	¢Ã​Â​Â2i​Ã¯Â	hx2	and	plugging	these	back	into	(13)	gives	d2	v(t)	=	=	¢Ã​Â​Â4​Ã​Â	2	dt2	#	"	p2	m ​Ã​Â	2	2	¢Ã​Â​Â	x	m	2	=	¢Ã​Â​Â4​Ã​Â	2	v(t)	with	solution	v(t)	=	A	cos	2​Ã​Ât	+	B	sin	2​Ã​Ât.	(14)	Evaluating	at	t	=	0	gives	A	=	hT	i0	¢Ã​Â​Â	hV	i0	.	Also,	we	can	use	(12)	evaluated	at	t	=	0	to	determine	B:	¢Ã​Â​Â​Ã​Â	2	hxp	+	pxi0	+	i​Ã¯Â	h​Ã​Â	2	=	2​Ã​ÂB	so	​Ã​Â	hxp	+	pxi0
.	B=¢Ã​Â​Â	2	2	The	next	task	is	to	compute	x	t	:	x2	t	=	=	=	2	hV	it	m ​Ã​Â	2	1	hH	¢Ã​Â​Â	(T	¢Ã​Â​Â	V	)it	m ​Ã​Â	2	1	[hHit	¢Ã​Â​Â	v(t)]	.	m ​Ã​Â	2	Since	H	does	not	depend	explicitly	on	time,	hHi	is	constant	in	time.	For	v(t)	we	can	use	(14):	​	​	2	​Ã​Â	hxp	+	pxi0	1	sin	2​Ã​Ât	x	t	=	hT	i	+	hV	i	¢Ã​Â​Â	[hT	i	¢Ã​Â​Â	hV	i	]	cos	2​Ã​Ât	+	0	0	0	0	m ​Ã​Â	2	2	​	​	​Ã​Â	hxp	+	pxi0	1	2	2	=	2	hT	i
sin	​Ã​Ât	+	2	hV	i	cos	​Ã​Ât	+	sin	2​Ã​Ât	0	0	m ​Ã​Â	2	2	2	p	0	1	sin	2​Ã​Ât	sin2	​Ã​Ât	+	x2	0	cos2	​Ã​Ât	+	hxp	+	pxi0	.	(15)	=	m2	​Ã​Â	2	2	m ​Ã​Â	7	(c)	Earlier	we	found	that	hxit	hxi2t	hpi0	sin	​Ã​Ât	m ​Ã​Â	2	hpi	=	hxi20	cos2	​Ã​Ât	+	2	02	sin2	​Ã​Ât	+	hxi0	hpi0	sin	2​Ã​Ât.	m	​Ã​Â	=	hxi0	cos	​Ã​Ât	+	Subtracting	from	(15)	gives	h	i	x2	0	¢Ã​Â​Â	hxi20	cos2	​Ã​Ât	(¢Ã​Â​Âx)2t	=	x2	¢Ã​Â​Â
hxi2	=	i	1	hm	hm	1	h2i​Ã¯Â	hpi	2i​Ã¯Â	hm	hpi	.	m	d	hpi	dt	m	5	=	=	=	=	=	=	1	hpH	¢Ã​Â​Â	Hpi	i​Ã¯Â	hm	2	​Ã​Â	px2	¢Ã​Â​Â	x2	p	2i​Ã¯Â	h	​Ã​Â2	(xp	¢Ã​Â​Â	i​Ã¯Â	h)x	¢Ã​Â​Â	x2	p	2i​Ã¯Â	h	​Ã​Â2	x(xp	¢Ã​Â​Â	i​Ã¯Â	h)	¢Ã​Â​Â	i​Ã¯Â	hx	¢Ã​Â​Â	x2	p	2i​Ã¯Â	h	​Ã​Â2	Snoitcnunegie	ygrene	eht	ot	tcepser	htiw	x2p	fo	xnemele	xnemele	xirtam	eht	etaluc	1.5	Melborp	5	remoh	notede	driht
,scinahm	mutnauq	,rehcabzrem	ni	smelborp	ot	square	ot	snowos	9	)A(	000).	ÃŽ	=	)R(	f	Â’â†Ã¢	)	0r(â	h	ã	htiw	noitcnuf	noitubirsid	rangiw	eht	morf	morf	denatbo	si	0r	Noitisop	ta	)	0p)	0p	,	0r(	w	z	sa	dezilamron	si	noitcnuf	noitubirsid	rangiw	eht	wohs	)c(	.	0pd	0rd)	0p	,	0r(	w)	0r(	f	=	i)r(	fh	z	z	z	z	z	si	edats	dezilamron	a	n	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r	r
r	r	rotanpo	eht	a	fo	eulav	noitatcepxe	eht	taht	dna	2|)	0r(â�	̈ÃŽ|	=	0pd)	0p	,	0r(	w	z	taht	Evorp	)B(	.)	xis	eht	revo	denefed	,noitcnuf	deualv-laer	a	si	)	0p	,	0r(	w	taht	wohs	)A(	2	2	3)h	â€œâ€œâ€œâ€ˆÃ¢	r	Â	̈ãž)h	â€œ/	xâ€‚	Pâ’âˆÃ¢(Pxe	.	00rd	+	r	Â	̈ãž	=	)	P	,	R(—âˆÃ¢	Sa	denifed	si	noitcnufnuf	noitubirtsid	rangiw	eht	,)	0r(â€œâ€ãŽ	noitcnuf	evaw	eht	yb
determents	a	rof	5.3	Melborp	Â	’âˆÃ¢	=	.)	0r(j	=	m2	0r=r|âˆÃ¢	Â—âˆÃ¢â	̈ÃŽ	Â’âˆÃ¢	ÂâˆÃ¢	ÂâˆÃ¢	ââ	̈ãžâ‡ââˆÃ¢â	̈ãž|	=	h	Â	â€œI	m2	0r=r|â	̈ãžâ‡âˆÃ¢	Â—âˆÃ¢â	̈ÃŽ2	+	)â	̈ÃŽâ	â€œ—âˆÃ¢â	̈ÃŽ(	Â‡âˆÃ¢âˆÃ¢|	h	â€	Â	â€	Â	â€	â€	Â	â€	Â	â€	Â	â€	Â	â€	Â	â€	Â	â€	â€	Â	â€	Â	â€	â€	Â	â€	Â	â€	â€	Â	â€	Â	â€	Â	â€	â€	Â	â€	â€	â€	â€	f	r	ytitnedi	eht	esu	nac	eweh	8	m2	.rd
]âthe	̈ãžâ‡âˆÃ¢	Â—âˆÃ¢â	̈ãž	0r	â’âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	r(âˆÃ¢	0r	Â’âˆÃ¢	r(âˆÃ¢â	̈ÃŽ[	ââˆÃ¢=	h	Â	â€	:thgir	sti	ot	ot	gniihtyreve	no	setepo	mert	tneidarg	eht	rd	]âthe	̈ÃŽâ‡âˆÃ¢)	̈ÃŽ)	0r	Â’âˆÃ¢	R(â€ÃŽâ‡âˆÃ¢	Â—âˆÃ¢â	̈ÃŽ[Ã¢	‘Ã¢	yp)	0r	â’â	ˆÃÃ¢	R(âãŽ	+	)	0r	Â’âˆÃ¢	r(â€ãŽhph	h	â€œ1	,Eno	Dnoces	Eht
rof	.)	̈ÃŽ)	0r(	ÂˆÃ¢â	̈ã¢â	̈ãž	=	RD)	0r	â’âˆÃ¢	R(âˆÃ¢â€	̈	ÃŽ	=	I)	0r	Â’âˆÃ¢	R(â€	́ãžh	z	:laivir	si	eno	tsrif	eht	.Noittatneserper	mutnemom	eht	ni	seitisned	esened	esened	rof	snoserpxe	evered	.	]p)	0r	â’âˆÃ¢	R(	Â	́ãž	+	)	0r	Â’âˆÃ¢	R(â€	́ãžp[	ââ†Ã¢	)	0r(J	)	Ã¢	0r(â	ã	Srotarepo	eht	fo	seulav	noitatattcepxe	sa	p	dna	r	Srotarepo	eht	fo	smret	ni	desserpxe	eb	nac	0r
Noitised	Tnerruc	Ytilibaborp	eht	DNA	ysned	ytilibaborp	eht	taht	Evorp	4.3	Melborp	.2	Melborp	fo	Tluser	eht	Htiw	Puhctam	Erusne	Ot	Deden	Sa	,2	Â’â†Ã¢	)â‰ã	2	NIS(	DNA	,1	Â’â†Ã¢	2	â‰ã	/tâ‰Ã	2	is	also(	,1	Â’â†Ã¢	tâ‰ã	2SOC	,0	Â’â†Ã¢	Â‰ã	2	Â​Ã​	m	.	0iph	0ixh	Â​Â​Ã¢	0ixp	+	pxh	+	tÂ​Ã​	2nis	02	2	+	tÂ​Ã​	2soc	02)xÂ​Â​Ã¢(	=	2)pÂ​Â​Ã¢(	tÂ​Ã​2	nis	1	​	​	2	+
tÂ​Ã​2	nis	0iph	0ixh	Â​Â​Ã¢	0ixp	+	pxh	1	Â​Ã​	​	​	m	02iph	Â​Â​Ã¢	0	2p	2	2	+	+	+	1(	¬​â	​Ã	1​​â​Ë¢Ãn2	!n	¡Å​Ë¢Ã	2	!)2	+	n(	²Â	£Â	¯Ã	2​​â​Ë¢Ãk	=	n	,¬​â	¯Ã	n	¡Å​Ë¢Ã	±Â	£Â	¯Ã	reel	somedop	,)3(	noc	sonimr©Ãt	ed	n³ÃicarapmoC	=	0	=	J	!J¡Â	!J¡Â	!J¡Â	!j	·Â	¢Ã	·Â	¢Ã	·Â	+	t	s	+	t	s	+	t	s	+	t	s»Â	​Ã	¬​â	¯Ã+·Â	¢Ã	·Â	·Â	¢Ã	=	J	2+J	1+J	1+J	2+J2	2+J	J	1+J2	2	J	J	2	2	¡Å​Ë¢Ã	x	1+J	J
¾Å​Ë¢Ã	0	=	J	!J	ts4	+	2T2	+	2S2	+	1	2»Â	®Ã	¬​â	¯Ã	+	·Â	·Â	¢Ã	·Â	=	·Â	¢Ã	·Â	·Â	¢Ã	+	j	)ts2(	¡Å​Ë¢Ã	1	x	¾Å​Ë¢Ã	2	·Â	·Â	·Â	·Â	+	·Â	​Ã	·Â	·Â	+	2	)ts2(	+	)ts2(	+	1	2	)t	+	s(	2	+	1	2»Â	®Ã	¬​â	¯Ã	+	·Â	¢Ã	·Â	·Â	·Â	=	1	¡Å​Ë¢Ã	somenet	,arenam	atse	ed	selbinetbo	sonimr©Ãt	sol	olos	odneibircsE	.eires	amitlºÃ	al	ed	onimr©Ãt	reiuqlauc	noc	otnuj	,eires	adnuges	al	ed
2»Â	®Ã	onimr©Ãt	le	y	eires	aremirp	al	ed	1	le	ramot	se	amrof	adnuges	aL	.eires	amitlºÃ	al	ed	onimr©Ãt	reiuqlauc	noc	otnuj	,eires	adnuges	al	ed	1	le	y	eires	aremirp	al	ed	2»Â	®Ã	onimr©Ãt	le	ramot	se	amrof	anU	.otse	ed	2»Â	®Ã	onimr©Ãt	nu	renetbo	ed	samrof	sod	yaH	)3(	2	2	2	·Â	·Â	¢Ã	·Â	+	2	)ts2(	+	)ts2(	+	1	·Â	·Â	·Â	·Â	+	2	)t	+	s(	2	)»Â®Ã2(	+	)t	+
s(»Â	®Ã2	+	1	·Â	¢Ã	·Â	·Â	¢Ã	+	4	»Â®Ã	+	2»Â	®Ã	+	1	¬​â	¯Ã	1	1	1	1	¡Å​Ë¢Ã	!sgap¡Â	!K¡Â	!etron¡Â	.ts2+)T+S(»Â	®Ã2+	»Â®Ãe	¬​â	¯Ã	=	p	)»Â	®Ã2(	kt	ns	2	¡Å​Ë¢Ã	pknit	p	,k	,n	x	se	litºÃ	alumr³Ãf	aL	.2	=	p	noc	atnit	amall	rehcabzreM	euq	ol	se	largetni	aL	¾Å​Ë¢Ã​​â​Ë¢Ã	)2(	.UD	)U(	KH	)	u(	u(	nh	u​​â​Ë¢Ãe	2u	2	¾Å​Ë¢Ã	z	°​â	¯Ãm	¯Â¢Ã	h	2/1	¬​â	¯Ã	!k	!n	k+n2	1
=	>k¨Â®Ã	|	2x	|	n¨Â®Ã<	somenetbo	euq	le	noc	,x	)h	¯Â¢Ã/°​â	¯Ãm(	=	u	se	aivbo	n³Ãicutitsus	aL	5	olut​ÃpaC	:rehcabzreM	ed	samelborp	sol	a	dieR	remoH	ed	senoiculoS	2	1	¾Å​Ë¢Ã​​â​Ë¢Ã	¯Â¢Ã	h	¯Â¢Ã	h	¯Â¢Ã	h	¬​â	¯Ã¯Â¢Ã	h	!K	!N	2	K+N	.xd	)x(	kh	)x(	nh	)x	=	>	k¨Â®Ã	|	x	|	n¨Â®Ãk¨Â®Ã	|	2x	|	n¨Â®Ã<	2	°​â	¯Ã	2m ​​â	​Ë¢Ã	kn´Â®Ã	)+	n(	°​â	¯Ãh	¯Â¢Ãm2	=
>k¨Â®Ã	|	x2p	|	n¨Â®Ã<	1	y	2x	2	°​â	¯Ã	2m ​​â	​Ë¢Ã	hm2	=	x2p	secnotne	2	x	m2	2x	2	°​â	¯Ãm	+	p	1	2	1	=	h	somenet	,ocin³Ãmra	rodalicso	le	araP	?XP	ed	selaicirtam	sotnemele	sol	ed	otneimiconoc	led	ritrap	a	laicirtam	arbegl¡Ã	le	rop	etnematcerid	odatluser	omsim	le	renetbo	edeup	eS¿Â	.zirtam	al	ed	sanmuloc	y	salif	saremirp	sal	ebircse	y	ocin³Ãmra
rodalicso	lE	n	=	k	ink2	=	Ã¯	Â£	Â£	Â,	at	the	contrary.	Concreting	this	in	(2),	we	have	=	=	1	1/2	[(n	+	1)	(n	+	1)	2	h	ï	ï¢1	(2n	+	1).	2	MÃ	ï	HAT	CHAÃ¢â€	P2	|	Ã®Âs	¡Å​Ë¢Ã	1	=	5	olut​ÃpaC	:rehcabzreM	ed	senoiculos	sal"	dieR	remoH	¾Å​Ë¢Ã​​â​Ë¢Ã	¯Â¢Ã	h	¯Â¢Ã	h	¬​â	¯Ã¯Â¢Ã	H	2	!n	n	n	xd	)x(	nh	)x​​â	​Ë¢Ã(	pxe	x	2	2	°​â	¯Ãm	°​â	¯Ãm	4	¾Å​Ë¢Ã	2/1	°​â	¯Ãm	1	z	r	=
n	¨Â®Ã	4x	n	¨Â​Ã	.ocin³Ãmra	rodalicso	led	a​Ãgrene	ed	oiporp	odatse	omis©Ãne	le	arap	4X	ed	avitatcepxe	ed	rolav	le	eluclaC	3.5	amelborP	.etnemroiretna	somiulcnoc	euq	ol	noc	odreuca	ed	I	uh	=	2	2x	2	°​â	¯Ãm	1	=	i	th	euq	ecid	lairiv	ameroet	le	secnotnE	xd	,x	2	°​â	¯Ãm	=	)x(	v	d	,osac	etse	nE	xd	.)x(	V	x	=	i	th	2	d	ecid	lairiv	ameroet	le	euq	enopus	es
,odal	orto	roP	.i	uh	=	i	th	somenet	euq	ol	rop	,aicnerefid	al	rasnepmoc	ebed	,otseupus	rop	,acit©Ãnic	a​Ãgrene	ed	avitatcepxe	ed	rolav	lE	.a​Ãgrene	ed	avitatcepxe	ed	rolav	led	datim	al	olos	se	euq	,2	2	2	)+	n(	=	2x	2	°​â	¯Ãm	=	i	uh	1	°​â	¯Ã¯Â¢Ã	1	h	euq	ol	rop	,amelborp	omitlºÃ	le	ne	2x	ed	avitatcepxe	ed	serolav	sol	somartnocnE	.2/	2x	2	°​â	¯Ãm	=	u	se
laicnetop	a​Ãgrene	ed	rodarepo	lE	.lairiv	ameroet	led	sodatluser	sol	noc	erapmoC	.ocin³Ãmra	rodalicso	E	ht	ed	oiranoicatse	odatse	reiuqlauc	ne	sacit©Ãnic	y	selaicnetop	sa​Ãgrene	sal	ed	avitatcepxe	ed	serolav	sol	eluclaC	2.5	amelborP	.2x	ed	avitisop	zirtam	ed	otnemele	le	elecnaC	arap	ovitagen	zirtam	otnemele	nu	renet	ebed	2P	euq	ol	rop	,2P	y	2X
sonimr©Ãt	ed	amus	anu	olos	se	H	y	,atsidraugnav	on	laicirtam	otnemele	nu	eneit	2X	orep	,acit©Ãgrene	aiporp	n³Ãicnuf	al	ed	esab	al	ne	recerapased	nebed	H	ed	lanogaid	al	ed	areuf	zirtam	ed	sotnemele	sol	euqrop	,​Ãuqa	zirtam	otnemele	lE	.lanaid	ed	areuf	avitagen	anu	renet	a​Ãrebed	2P	euq	elbativeni	ecerap	oditnes	orto	ne	,ograbme	niS	.o±Ãartxe
se	nºÃa	orep	,rodarepo	nu	ed	lanogaidffo	zirtam	ed	sotnemele	sol	ed	acis¡Ãlc	n³Ãicaterpretni	anu	yah	on	euq	ay	,odrusba	sonem	se	osac	etse	nE	.	ovitagen	aglas	euq	arap	elbavresbo	rodarepo	nu	ed	odardauc	led	)lanogaid	zirtam	ed	otnemele	,riced	se(	avitatcepxe	ed	rolav	le	arap	odrusba	a​ÃreS	.osac	remirp	le	ne	ovitagen	ev	es	2P	arap	zirtam
otnemele	le	euq	osufnoc	ocop	nu	ecerap	eM	3	5	olut​ÃpaC	:	"	dieR	remoH	ed	senoiculoS	2	.)h	¯Â¢Ã	°​â	¯Ãm(	)1	+	n2(	=	>n¨Â®Ã	|	2x	|	n¨Â®Ã<	1	2	¯Â¢Ã	°​â	¯Ãm(	])1	+	n(	)2	2n	â	​¢Â	¢	â	​°	2	z	4	Ã¢Ë	¢	​	Å	2	u4	eÃ¢Ë	â	​	â	​	u	hn2	(u)	Du	(4)Ã¢Ë	​	â	¢	â	¢	â	¢	Ã¢Ã¢Ã¢Ëâ	¢	ï	¢	ï	¢	ï	¢	ï	¢	ï	¢	For	the	integral	we	want	to	use	(3)	again,	but	this	time	we	will	need	to
write	a	little	la	expansiÃ	n	Que	Antes.	X	¢	ë	†	¡¡	2	SN	TK	(22®	â	â	Ã¯	Ã¯	Â	Â	Ã¯Âën	(s	+	t)	+	2st.	(5)	InkP	n!	Â¡k!	Â¡pags!	n,	k,	p	=	=	=	=	=	=	=	=	=	=	=	=	=	=	=	=	=	=	X	Soon	1	4	1	1	(2st)	j	2	+	Â	Ã	Â	â	â	â	â	â	â	â	€	26	·	Ur	â	·	1	+	Ã	·	Ã	ã	t)	+	ã	¢	¢	·	Ã	¢	Ã	¢	Ã	Ã	Â¡j!	J	=	0	Download	x	(2st)	j	Ã	¢	ë	Ã	¢	ã	Ã	â	â	»2	+	Â	·	¢â»	4	+	1	+	ãap	¢	â	·	Ã	¢	¢	¢	â	·	2	â	€
2	(st)	2	+	4	(st)	2	J	=	0	More	information	represents	1	months	ago	1	€	1	™	™	â	™	1	2	(™	™	2	(Â®	€	4)	(st)	J	Â	·	Ã	¢	¢	Ã	·	Ã	·	Â	·	Â	·	Â	·	Â	·	(Jã	¢	†	â	€	1)!	(J.	Â	â	€	2)	!!	x	x	1	4	J2	(Â	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Ã	Â	Ã	â	Ã	Ã	ÃÂ	Ã	¢	Soon	â	™	€	1)	2	j	=	0	¢	ë	ã	ã	ã	¢	ã	ã	2j	1	(Ã®	(St)	j	+	j2	ã	¢	¢	â,	¬	J!	2	j	=	0	¢	ë	††	2	and	La	Primera	Lãnea,	Solo	escribo,	Solo
escribos	que	se	Puzed	Combinar	para	Dar	un	factor	de	Â®	â	â	»4.	And	La	Segunda	Lãnea,	lo	Lammitã	©	a	Rinzeros	El	Mismo	El	Mismo	Naares	de	S	Que	T.	Equiparando	Podes	and	(5),	ded	©	1n	n!	Soon	(+	n	+	n	+),	2	2	enconces	(4)	es	3	ã®Ân	n	x4	ã	Ã	¢	Â	Â	¯	Â	â	€	°	2	1	(+	n	+	n2	).	2	Problema	5.4	Para	Los	Estados	Propios	De	Energãa	Conordule	La
Probiador	Armã³nico	de	Unse	La	Clogitud	Del	Oscilador	CLÃ	SICH	DE	LA	MISMA	Energã	.	P	La	Amplitud	CLÃSICA	es	A	=	(2nd)	/	(MÃ¯	â	€	1).	La	Probabilidad	de	Encontrar	La	Coordenada	Mayor	Que	Esto	es	Z	Â	Ãë	Â	Ã¢	Â	Ã	¢	ã	ã	ã	|>	A)	=	Sex	+	ã®¨2n	(x)	2N	(x)	DH	Sister	Saber	5	Soluciones	De	Homer	Reid	A	Los	Problemas	De	Merzbacher:
Capãtulo	5	=	Capãtulo	5	†	ã	ã	ã	†	ã¢	ë	ë	)	DX	R	Z	2	mÃ2	ë	†	ã	â	€	â	€	€	€	€	2	°	1.	Exp	(subser)	HN	(x)	DX	N!	2	H	¢	¯¯Ã¯ã¯	Han	Ã¯	ë	ã	ã	¢	¢	†	â	€	™	u	HN2	(u)	du	n!	December	2,	¢¢	ã†	ã†	¢†	â	Ã	ã	ë	â	ã	ë	â	€	™	u	HN2	(U)	du	External	†	¡by	†	†	â	™	1	N!	2	open	2n	+	1	al	passar	de	la	primera,	Invocamos,	Invocamos,	Invocamos	el	Heecho	de	Porraâ¨	Tiene
Pariday	Uniform	A,	par	Lo	Que	Seven	Tiene	Pariday	Incluso.	Al	Ir	de	la	Segunda	A	la	Satura	Lãnea	a	la	desave,	notamos	que	lanego	lanegado	propio	es	h	â	â	€	œ	â	€	â	â	€	1/2).	And	Particular,	PN	=	0	(|	x	a)	=	=	=	1	ã	¢	ë	†	å¡	¢	ë	†	Å¾	E	0	ã	¢	ë	†	"P2	/2	dp	ã	¢	ë	†	â	€	Ã¯	â‚¬	ã	¢	ë	†	Å¡	1	ã	¢	ë	†	Å¡	¢	ë	†	â	€	™	2ã¯	â‚¬	â	·	erf	(2)	2	2ã¯	â‚¬	ã	¢	ë	†	Å¡	1	Ã	¢	ë	†
â	€	™	erf	(2)	?	?	semoceb	)2(	taht	os	2~	i	=	Â²​i	=	ÂºÃ​	)	0V	Â​	​	​	​Â	Â​Â​ÃÃ​	​	​	​	​	​	2~	)And	ÂÂ	?	tluser	eht	sniatbo	eH	.reirrab	laitnetop	eht	naht	ssel	si	ygrene	s​Â​	​	​	​	​	​	​	​	​A	simsnart	eht	tolP	.reirrab	eht	fo	0V	thgieh	eht	sdeecxe	ygrene	eht	fi	a2	htdiw	fo	reirrab	laitnetop	ralugnatcer	a	rof	tneiciffeoc	noissimsnart	eht	niatbO	1.6	melborP	6	retpahC	0002	,42	enuJ	dieR
remoH	noitidE	drihT	,scinahceM	mutnauQ	,rehcabzreP	ni	smelbor	ot	snoituloS	Tk2	Â	?	Tk/Â​​hÂ​	​	​	​	​	​	​	​	​	​	​	​	​Â	?	t	Â​Â​Ã1	Â​	​	​	​	​Ão	?	ecnairav	htiw	noitubirtsid	naissuaG	a	si	sihT	2t	Â​Â​	​	​	​	​	​	​	​	​	​	​	​	​ÃÃ1	Â	2/1?	​m ​?	?	?	?	?	?	2t	Â​Â​Ã¢	1	Â​	​	​	​	​	​	​	​	​	​	​	​	​	h	t+1	Â	​m ​?	??	?	?	?	?	:	)	Tk/Â​Ã​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​h	Â	Ã¢	ÂΤΤΕΓÃ¢(pxe	ÂTRIDyr	ΕΕΕ	h	2/1?	​m ​?	xd	2|)x(nÂ​|	nC	0C	=	0=n	X	Â​Â​	​	​Ã¢	=
xd)x(P	si	xd	dna	x	neewteb	elcitrap	a	gnidnif	fo	ytilibaborp	ehT	5	retpahC	:smelborP	rehcabzreM	ot	snoituloS	sÂÂ16	Tk/Â​N​	​	​	​hÂ	Tk/Â​	​hÂ​	​	​	​	​	ht	etoned	ew	esoppuS	].desu	eb	yam	)34.5(	noitauqE	:tniH[	.stimil	erutarepmet-wol	dna	lacissalc	eht	ni	stluser	eht	kcehC	.erutarepmet	fo	noitcnuf	a	sa	noitubirtsid	eht	fo	htdiw	eht	tolP	.noitubirtsid	A	si	tnemecpsid
HTIW	ELCITTRAP	A	Gnidnif	Fo	Htgnel	Tin	Rep	Ytilibaborp	Eht	,Noitubirtsid	,Notubirtsid	k	k	Ã®Â²	=	Ã¢	â	​°	Bl	x	We	have	iÃ®	Â"sen	2iÂ²a	e2ika.	M11	=	cos	2iÂ²a	Ã¢	'2	and	1/2	Ã®	Â"2	2	|	M11	|	=	Cos	2ila	+	sen	Ã®Â²a	4	2	1/2	Ã¢	'1	sin2	Ã®Â²a	4	1/2	4	1	Ã®Â²	+	k4	2	sin	Ã®Â²a	Ã¢'	=	1+	4Ã®Â²	2	k	2	1/2	2	2	(Ã®Â²	Ã¢	'K)	2	sin	Ã®Â²a	=	1+	4Ã®Â²	2	k
2	1/2	v02	2	=	1+	sin	Ã®Â²a	4e	(e	Ã¢	'v0)	1/2	1	=	1+	sen2	Ã®​	Ã®Â²a	Ã®Â³	Â³	Ã¢'	1)	1/2	4Ã®Â³	(	Ã	​	Â³	Ã¢	'1)	+	sin2	Ã®Â²a	=	4Ã®Â³	(Ã¢'	1)	2	where	Ã®Â³	=	e	/	v0.	We	have	1/2	2M	A	(E	Ã¢	'V)	0	H2	1/2	2MV0	A2	=	(Ã¢	Ã¢	Ã'	1)	1/2	H2	3Ã®Â	​Ã	(Ã®Â³	Ã¢	Ã¢	Ã¢	'1)	1/2	=	2	Ã®Â²a	=	Then	the	coefficient	is	"#	1	4Ã®Â³	(Ã®Â³.	​	'1)	t	=	1/2	|	m11	|	2	4Ã®Â³
(Ã®Â³	Ã¢'	1)	+	sen2	3Ã	Â	Â	Â	Â	Â	Â	Â	¢	2	(Ã®Â³	Ã¢	')	This	is	outlined	in	figure	1.2	3	Homer	Reid	solutions	to	Merzbacher	Problems:	Chapter	6	1	0.5	2	E	/	V0	2.5	3	3.5	Figure	1:	TransmitÃ	³	coefficient	versus	E	/	V0	for	problem	6.1.4	4	Homer	Reid	solutions	â	​â	​¢	to	Merzbacher	problems:	Chapter	6	Proble	6.2	Consider	V	=	0	for	X>	A,	V	=	Ã¢'v0	for	A
Ã¢	Â¢	Â¢	X	Ã¢	â	​°	Â¢	0,	and	V	=	+	Ã¢Å□	for	x	a	positive	energy	solutions	of	the	SchrÃ¢Ã¢	The	Odinger	equation	³	the	form	ei	(kx	+	2Ã®	')	Ã¢'	eÃ¢'ikx	calculates	the	scattered	coefficient	|	1	Ã¢	''	e2iÃ®	'|	2	and	shows	that	it	exhibits	the	highest	(resonances	if	the	potential	is	deep	and	wide	enough.	We	have	with	Â£	Â£	Â±	0	Ã"Ã"	Ã®	Â£	Â±	Â±	Â±	0
Ã"Ã"ayayayayayayayayayayayayayayayayayayayayayayayayayayayayayayayay	residential	+	DEÃ¢'IK2	X,	X	Ã¢	â	​°	Â°	Â	0	Ã¢	â	​°	Â°	Â°	Â¢	Ã¢	Ã¢	Ã¢	Â¢	Â¢	Â¢	Â	¢	aÃ¢	â	​°	Â	¢	a	x	r	2m	(e	+	v0)	2me	k2	=.	k1	=	~	2	~	2	~	Applying	the	requirement	that	it	is	continuous	in	x	=	0,	we	see	that	we	must	take	a	=	Ã¢	Ã¢	Ã¢'b,	then	Ã¢	Ã¢	Ã¢	ÃÂ¢	Ã¢	Ã¢	Ã¢	Ã¢	Ã¢
Ã¢	ï",	then	ÃÂ	¢	k1	x	for	0¢Â	¢	ï",	then	ÃÂ	¢	ï"	¢	ï"	ï"	¢	ï"	¢	ï"	¢	ï"	¢	ï"	¢	ï"	ï"	ï"	¢	ï"	ï"	ï"	¢	ï"	¢	ï"	The	other	standard	requirement,	Traat,	the	derivative	of	Ã®Â¨	is	also	continuous,	does	not	hold	in	x	=	0	because	the	potential	is	infinite	there.	So,	Ã®Â³	is	undetermined	so	far.	Eventually,	we	can	apply	the	normalization	³	the	normalization	³	the	standard	in
Ã®Â¨	to	find	Ã®Â³	if	we	want.	Then	³	apply	continuity	of	Ã®Â¨	and	is	in	x	=	a,	we	Ã®bta	Ã®Â³	without	k1	a	=	k1	​Ã³Âe	cos	k1	a	+	i	sin	k1	a	2i	k2	​	​	1	k1	D	=	¢Ã​Â​Â	​Ã³Âe+ik2	a	cos	k1	a	¢Ã​Â​Â	i	sin	k1	a	2i	ik2	C=	(3)	(4)	It¢Ã​Â​Âs	now	convenient	to	write	k1	cos	k1	a	+	i	sin	k1	a	=	​Ã±Âei​Ã´Â	k2	where	​Ã±Â2	=	​	k1	k2	​2	cos2	k1	a	+	sin2	k1	a	(5)	(6)	Homer
Reid¢Ã​Â​Âs	Solutions	to	Merzbacher	Problems:	Chapter	6	and	​Ã´Â	=	tan	¢Ã​Â​Â1	​	k2	tan	k1	a	k1	5	​	so	that	​Ã±Â	contains	magnitude	information,	while	​Ã´Â	represents	phase	information.	Then	we	can	rewrite	(3)	and	(4)	as	​Ã³Â​Ã±Â	¢Ã​Â​Âik2	a	i​Ã´Â	e	e	2i	​Ã³Â​Ã±Â	D	=	¢Ã​Â​Â	e+ik2	a	e¢Ã​Â​Âi​Ã´Â	2i	C=	Then	the	expression	for	the	wavefunction	to	the	left	of
x	=	a	becomes	​Ã¨Â(x)	=	Ceik2	x	+	De¢Ã​Â​Âik2	x	(x	>	a)	i	​Ã³Â​Ã±Â	h	ik2	(x¢Ã​Â​Âa)	i​Ã´Â	¢Ã​Â​Âik2	(x¢Ã​Â​Âa)	¢Ã​Â​Âi​Ã´Â	e	e	¢Ã​Â​Âe	e	=	2i	i	​Ã³Â​Ã±Â	¢Ã​Â​Âi​Ã´Â	h	ik2	(x¢Ã​Â​Âa)	2i​Ã´Â	e	=	e	e	¢Ã​Â​Â	e¢Ã​Â​Âik2	(x¢Ã​Â​Âa)	.	2i	Using	(5)	and	(6),	the	scattering	coefficient	is	2	​	​2	2	k1	k1	2	cos	k	a	sin	k	a	¢Ã​Â​Â	sin	k	a	cos	k	a	+	2i	1	1	1	1	k2	k2	2i​Ã´Â	2	|1	¢Ã​Â​Â	e	|	=	1
¢Ã​Â​Â	​	​2	2	k1	cos2	k1	a	+	sin	k1	a	k2	2	h	i	2	sin	k1	a	sin	k1	a	¢Ã​Â​Â	i	kk1	cos	k1	a	2	=	​	​2	k1	cos2	k1	a	+	sin2	k1	a	k2	We	have	=​	​	4	sin2	k1	a	k1	k2	​2	​2	(7)	cos2	k1	a	+	sin2	k1	a	​	​	E	+	V0	1	=	1+	E	​Ã»Â	r	2ma2	(E	+	V0	)	k1	a	=	=	​Ã²Â(​Ã»Â	+	1)1/2	~2	k1	k2	=	where	​Ã»Â	=	E/V0	and	​Ã²Â	=	(2ma2	V0	/~2	)1/2	in	Merzbacher¢Ã​Â​Âs	notation.	Then	the
scattering	coefficient	(7)	is	scattering	coefficient	=	(1	+	1	2	​Ã»Â)	4	sin2	[​Ã²Â(​Ã»Â	+	1)1/2	]	cos2	[​Ã²Â(​Ã»Â	+	1)1/2	]	+	sin2	[​Ã²Â(​Ã»Â	+	1)1/2	]	In	Figure	6.2	I	have	plotted	this	for	​Ã²Â	=	25.	6	Homer	Reid¢Ã​Â​Âs	Solutions	to	Merzbacher	Problems:	Chapter	6	4	3.5	Scattering	coefficient	3	2.5	2	1.5	1	0.5	0	0	0.5	1	1.5	E/V0	2	2.5	Figure	2:	Scattering
coefficient	versus	E/V0	for	Problem	6.2.	3	Homer	Reid¢Ã​Â​Âs	Solutions	to	Merzbacher	Problems:	Chapter	6	7	Problem	6.3	A	particle	of	mass	m	moves	in	the	one-dimensional	double	well	potential	V	(x)	=	¢Ã​Â​Âg​Ã´Â(x	¢Ã​Â​Â	a)	¢Ã​Â​Â	g​Ã´Â(x	+	a).	If	g	>	0,	obtain	transcendental	equations	for	the	bound-state	energy	eigenvalues	of	the	system.	Compute
and	plot	the	energy	levels	in	units	of	~2	/ma2	as	a	function	of	the	dimensionless	parameter	mag/~2	.	Explain	the	2kiÂ​Â​Ã¢	1	​	​	sdleiy	eseht	gninibmoC	]	a	kiÂ​Â​Ã¢eD	Â​Â​Ã¢	a	2kieC[	2ki	=	a	1k	soc	Â³Ã​	1k	2	a	2	kiÂ​Â​Ã¢eD	+	a	a	level,	E+	,	and	the	excited	(odd	parity)	energy	level,	E¢Ã​Â​Â	.	In	this	problem,	we	can	divide	the	x	axis	into	three	regions.	In	each
region,	the	wavefunction	is	just	the	solution	to	the	free-particle	Schr​Ã¨Â	odinger	equation,	but	with	energy	E	<	0	since	we¢Ã​Â​Âre	looking	for	bound	states.	Putting	k	=	p	2mE/~2	,	we	have	¯Ã£Â±Â	x	¢Ã​Â¤Â	¢Ã​Â​Âa	¯Ã£Â²Â	Aekx	+	Be¢Ã​Â​Âkx	,	Cekx	+	De¢Ã​Â​Âkx	,	¢Ã​Â​Âa	¢Ã​Â¤Â	x	¢Ã​Â¤Â	a	​Ã¨Â(x)	=	¯Ã£Â³Â	Eekx	+	F	e¢Ã​Â​Âkx	,	a	¢Ã​Â¤Â	x.	Now,	first	of
all,	the	wavefunction	can¢Ã​Â​Ât	blow	up	at	infinity,	so	B	=	E	=	0.	Also,	since	the	potential	in	this	problem	has	mirror-reversal	symmetry,	the	wavefunction	will	have	definite	parity.	Considering	first	the	even	parity	solution,	¯Ã£Â±Â	x	¢Ã​Â¤Â	¢Ã​Â​Âa	¯Ã£Â²Â	Aekx	,	B	cosh(kx),	¢Ã​Â​Âa	¢Ã​Â¤Â	x	¢Ã​Â¤Â	a	​Ã¨Â(x)	=	(8)	¯Ã£Â³Â	Ae¢Ã​Â​Âkx	,	a	¢Ã​Â¤Â	x.	Matching
the	value	of	the	wavefunction	at	x	=	¢Ã​Â​Âa	gives	Ae¢Ã​Â​Âka	=	B	cosh(¢Ã​Â​Âka).	(9)	Since	the	potential	becomes	infinite	at	x	=	¢Ã​Â​Âa,	the	normal	derivative-continuity	condition	doesn¢Ã​Â​Ât	hold	there.	Instead,	we	can	write	down	the	Schr​Ã¨Â	odinger	equation,	d2	2m	2m	​Ã¨Â(x)	=	2	V	(x)​Ã¨Â(x)	¢Ã​Â​Â	2	E​Ã¨Â(x),	2	dx	~	~	then	integrate	from	¢Ã​Â​Âa
¢Ã​Â​Â	​	to	¢Ã​Â​Âa	+	​	and	take	the	limit	as	​	¢Ã​Â​Â	0.	This	gives	¢Ã​Â​Âa+	d​Ã¨Â	2mg	=	¢Ã​Â​Â	2	​Ã¨Â(¢Ã​Â​Âa).	(10)	dx	¢Ã​Â​Âa¢Ã​Â​Â	~	Applying	this	condition	to	the	wavefunction	(8)	yields	kB	sinh(¢Ã​Â​Âka)	¢Ã​Â​Â	kAe¢Ã​Â​Âka	=	¢Ã​Â​Â	2mg	B	cosh(¢Ã​Â​Âka).	~2	Homer	Reid¢Ã​Â​Âs	Solutions	to	Merzbacher	Problems:	Chapter	6	8	Substituting	from	(9),	kB
sinh(¢Ã​Â​Âka)	¢Ã​Â​Â	kB	cosh(¢Ã​Â​Âka)	=	¢Ã​Â​Â	2mg	B	cosh(¢Ã​Â​Âka)	~2	or	tanh(ka)	=	​Ã²Â	2mg	¢Ã​Â​Â1=	¢Ã​Â​Â1	~2	k	ka	with	​Ã²Â	=	2mag/~2	.	This	equation	determines	the	energy	eigenvalue	of	the	evenparity	state,	which	will	be	the	ground	state.	On	the	other	hand,	the	odd	parity	state	looks	like	¯Ã£Â±Â	x	¢Ã​Â¤Â	¢Ã​Â​Âa	¯Ã£Â²Â	Aekx	,	B	sinh(kx),
¢Ã​Â​Âa	¢Ã​Â¤Â	x	¢Ã​Â¤Â	a	(11)	​Ã¨Â(x)	=	¯Ã£Â³Â	¢Ã​Â​ÂAe¢Ã​Â​Âkx	,	a	¢Ã​Â¤Â	x.	Matching	values	at	x	=	¢Ã​Â​Âa	gives	Ae¢Ã​Â​Âka	=	B	sinh(¢Ã​Â​Âka)	and	applying	condition	(10)	gives	2mg	B	sinh(¢Ã​Â​Âka)	~2	2mg	kB	cosh(ka)	+	kB	sinh(ka)	=	2	B	sinh(ka)	~	​Ã²Â	¢Ã​Â​Â1	coth(ka)	=	ka	kB	cosh(¢Ã​Â​Âka)	¢Ã​Â​Â	kAe¢Ã​Â​Âka	=	¢Ã​Â​Â	so	this	is	the	)yetap	neve(	tatats
dnuorgan	eht	neewteb	eâ†â	́â	́â	́â	́â	́â	́â	́â	̣¢	Gnittilps	eht	rom	rof	elpmis	,	That	determines	the	energy	of	the	state	of	extreme	parity.	In	Figure	(3)	I	have	drawn	Tanh	(KA),	Coth	(KA)	and	ã®â²/(ka)	ã	¢	ë	†	â	€	™	1	for	the	case	ã®â²	=	3.	As	expected,	the	Coth	Cross	the	ã®â²/(ka)	ã	¢	ë	†	â	€	™	1	curve	at	a	lower	value	of	ka	than	the	tanh	curve;	That	means
that	the	own	energy	value	for	the	odd	state	of	parity	is	lower	in	magnitude	(less	negative)	than	the	state	of	parity	even.	Problem	6.4	Problem	3	provides	a	primitive	model	for	a	linear	diatomic	molecula	of	an	interatmic	distance	electron	2a	=	|	x	|,	If	the	potential	energy	of	the	"molã	©	cula"	is	taken	as	e	â	±	(|	x	|),	complemented	by	a	repulsive
interaction	ã®	â	»g/|	x	|	Among	the	wells	("atoms").	Show	that,	for	a	sufficiently	small	value	of	ã®	â	",	the	system	("	molã	©	cula	")	is	stable	if	the	particle	("	electron	")	is	even	in	the	state	of	parity	even.	Draw	the	total	potential	energy	of	the	system	in	function	of	|	x	|	9	Homer	Solutions	Reid	a	Merzbacher	Problems:	Chapter	6	PSFRAG	2	SHOWS	(KA)
Coth	(KA)	:	GRANE	Energy	Determination	Levels	for	problem	6.3	with	ã®â²	=	3.	2	10	Homer	solutions	Reid	to	Merzbacher's	problems:	Chapter	6	Problem	6.5	If	the	potential	in	problem	3	has	G	x(	thgir	eht	no	sedutilpma	eht	)0	<	x(	nigiro	eht	fo	tfel	eht	no	sevaw	enalp	detcelfer	dna	tnedicni	eht	fo	sedutilt	fo	pma	eht	setaler	hcihw	,	M	xirtam	eht	uto
kroW	)a(.0V	>	E	ygrene	evah	ot	demussa	si	elcitrap	ehT	)0	>	g	dna	0V	htiw(	)x(Â´Ãan	elcitrap	A	6.6	melborP	21	6	retpahC	:smelborP	rehcabzreM	ot	snoituloS	sÂΤΤΟ374444444444447544735444444444444444444444741(	1	+	Â²444424242224444444444444444444444444334444444444444433333	??	2?	?	=	T	?	1	ro	,	2|	11M|/1	=	T	yb	nevig	si
tneiciffeoc	noissimsnart	eht	dna	,xirtam	M	eht	si	sihT	aki	ak	+	1	+	A	ak2	nis	+1	=	F	B	)1	Â​Â​Ã¢	e(	aki4	Â²​	​	​	Â²	?	?	?	?	?	"	#	aki	ak	aki	B	ak2	nis	Â​Â​Ã1	+1	=	E	+	A	)1	Â​	​	​	​	​	​	​Â	?	?	2?	?	?	‘	#	evah	ew	,)81(	hguorht	)51(	snoitauque	gninibmoC	.51	=	Â²​	htiw	4.6	melborP	ni	tneiciffeoc	noissimsnarT	:4	erugiF	ak	52	02	51	01	5	0	0	1.0	2.0	3.0	4.0	5.0	6.0	)k(	T	7.0
8.0	9.0	1	6	retpahC	:smelborP	rehcabzre	ot	snoituloS	Â​Â​	​	​Ã	andyR	remoH	11	stnemecalper	garfSP	aki	+1	+	C	e	)81(	D	+=	F	Â²	?	aki	Â​Â​Ã	ÂÂC	Â​	​	​	​Â	?	niatbo	ew	)61(	dna	)51(	ni	snoitutitsbus	eseht	gnikaM	.a​Â​Ã¢	Â​	​	​	​	​	​	​	​	​	​Â	wt	evig	color	A+	=	x	ta	noitcnufevaw	eht	eht	in	the	derivative	of	the	wave	function	³	as	before:	0+	dÃ®Â¨	2mg	=	2	Ã®Â¨	(0)	dx	0Ã¢​
â	​~	then	ik2	(c	Ã¢Ë	​	â	​	​	d)	Ã¢Ë	​	â"(a	Ã¢Ë	K2	IK2	~	2	(20)	Homer	Reid	solutions	to	Merzbacher	problems:	Chapter	6	13	SUMPATED	AND	RESTIGATING	(19)	and	(20),	we	can	read	1	2mg	2mg	1K1	K1	A	+	B	+	C	=	1+	1Ã	Ë	​	â	​	2	K2	IK2	~	2	K2	IK2	~	2	2mg	2mg	2mg	1	1	K1	K1	Ã¢Ë	​	â	​	​	Ã¢Ë	​	â,	â"	âD	M12	M12	Ã¢Ë	11	S12	=	M1Ã	¢	Ë	Solutions	to
problems	in	Merzbacher,	MecÃÃ	nica	cuÃ	ÃÃÃÃ	a,	third	edition	³	Homer	Reid	April	5,	2001	Chapter	7	Before	starting	these	problems,	I	pareciÃ³	useful	to	review	how	the	WKB	approach	works	in	the	first	place³	The	³	of	SchrÃ¢Â¨	Odinger	is	Ã¢Ë	​	â	​~	2	d	2	Ã®Â¨	(x)	+	V	(x)	Ã®Â¨	(x)	=	eÃ®Â¨	(x)	2m	dx2	or	d2	Ã®Â¨	(x)	+	k	2	(x)	Ã®Â¨	(x)	=	0,	dx2	we
postulate	for	Ã®Â¨	the	functional	form	k	(x)	Ã¢	​°	Â°	Â	Â	r	2m	[e	Ã¢Ë	​	â	​	â	s	(x)].	~	2	Ã®Â¨	(x)~	aeis	(x)/	in	which	case	the	schrÃ¢Â¨	odinger	equation	becomes	i~	s	00	(x)	=	[s	0	(x)]	2	Ã¢0	(1)	This	equation	³	not	be	solved	directly,	but	we	obtain	guidance	³	the	observation	that,	for	a	constant	potential,	s	(x)	=	Â±	kx,	so	that	S	00	disappears.	For	a	non-
constant	but	slowly	varying	potential,	we	can	imagine	that	S	00	(x)	will	be	small,	and	we	can	take	S	00	=	0	as	the	seed	of	a	series	of	successive	approximations	to	the	exact	³	solution.	To	be	specific,	we	will	construct	a	series	of	functions	S0	(x),	S1	(x),	Â·	Â·	Â·,	where	S0	is	the	solution	³	(1)	with	0	on	the	left	side;	S1	is	a	solution	³	S000	on	the	left	side;
and	so	on.	In	other	sortoson	sortoson	,))x(	nS	odaluclac	someh	lauc	le	ne(	n³Ãicamixorpa	ed	aicneuces	al	ne	osap	omis©Ãne	le	ne	SN00	(x)	and	use	it	as	the	source	term	in	the	LHS	of	(1)	to	calculate	SN+1	(x).	Then	we	calculate	the	second	derivative	of	Sn+1	(x)	and	use	this	as	the	source	term	to	calculate	SN+2,	and	so	on	in	AD	Infinitum.	In	1	Homer
Reid	Solutions	to	Merzbacher's	Problems:	Chapter	7	2	Summaries,	0	=	[S00	(x)]	2	Ã	Ë	​	â	​~	2	K	2	(x)	I	~	S000	I	~	S100	=	[S10	(X)]	2	[S20	(x)]	2	=	Â·	Â·	Â·	Â·	Â·	Â·	Â·	Â·	(2)	2	2	(3)	2	2	(4)	Ã¢Ë	​	â	​~	k	(x)	Ã¢Ë	​	â	s	~	k	(x)	ecuaciÃ	n	(2)	is	Clearly	resolved	taking	s00	(x)	=	Â±	~	k	(x)	Ã¢	â	â!	â	â€"	=	s00	Â±~	~	z	x	k	(x0)	dx0	(5)	Ã¢Ë	Then	s000	(x)	=	Â±	~	k	0
(x),	then	(3)	is	p	s10	(x)	=	Â±	~	k	2	(x)	Ã¢	Â±	ik	0	(x).	With	the	two	signs	here,	we	seem	to	have	four	possible	options	for	S10.	But	let's	think	a	little	bit	about	the	signs	of	this	equation³	The	Â±	sign	under	the	radical	comes	from	the	two	signature	options	(5).	But	if	we	choose,	say,	the	plus	sign	in	that	equation,	so	³	S00>	0,	we	also	expect	S10>	0.	In
fact,	if	we	choose	the	plus	sign	(5)	but	the	minus	sign	(3),	then	S00	and	S10	have	an	opposite	sign,	so	S10	differs	from	S00	by	an	amount	at	least	as	large	as	S00,	in	which	case	our	approximation	sequence	³	S0,	S1,	Â·	â·	has	little	hope	of	converging.	So	we	choose	both	m	signs	or	both	minus	signs	in	(3),	where	our	two	options	are	p	s10	=	+	~	k	2	(x)	+
ik	0	(x)	or	s10	=	Ã¢Ë	​	â	​	​~	k	2	(x)	Ã¢	Ã¢	Ã	Ë	​	â	​	Ik	0	(x).	(6)	If	V	(x)	is	constant,	K	(x)	is	constant	and,	as	we	observed	before,	the	sequence	of	approximations	ends	at	0	Â°	order,	S0	being	an	exact	³	solution.	By	extensionÃ	³	n,	if	V	(x)	is	not	constant	but	changes	little	over	a	part	wavelength,	we	have	k	0	(x)/k	2	(x)	1,	so	we	can	expand	the	radicals	in	(6):
IK	0	(x)	ik	0	(x)	s10	Ã¢	â	​°	Ë	​	~	k	(x)	1	+	2	or	s10	Ã¢	â	​°	Ë	​	Ã¢Ë	​	â	​~	k	(x)	1	Ã¢Ëâ	​	2	k	(x)	2k	(x)	o	i	~	K	0	(x)	S10	Ã¢	â"	Ë10	Ë	~	Ã¢Â±	K	(x)	+.	(7)	2k	(x)	integrating,	z	i	~	x	k	0	(u)	0	dx	2	a	k	(u)	za	x	i	~	k	(x)	=	s1	(a)	Ã¢	Â±	~	k	(u)	du	+	2	k	(a)	A	s1	(x)	=	s1	(a)	ã	¢	â	±	~	z	x	k	(u)	du	+	where	a	is	at	the	same	point	chosen	in	such	a	way	that	the
approximation	(7)	is	vé¡lida	in	the	full	range	to	0	0v(	m2	xâ¢¢	́â	́	¢	́	â's	â'â	́ã¢	2P	2P	=h	nanotlimah	eht	yb	detneserper	,llew	laitnettop	rof	ygor	ynurit	eht	letamits	A	ew	́â	́â	́	,Noitcnuf	lairt	was	2	4.8	Melborp	.)ylticilpxe	State	,Selborp	Siht	of	Saerep	,	Stneserper	Tsuj	2)â	m/~(	rotcaf	eht	by	ecnereffid	eht(	)(	htiw	seerga	HCIHW	2	â‣	m	~	4	=	0eâ†â	́	tfihs
dnuat	eht	,	2n	2n	+	n	+	1	2	â‰â	â‣	,	~	4	2	=	nâ	ãž	x	nâ¨ãžowtpxeg	=	eâ•†â	́rp	:3	.	i	nâ	¨ãž|	4x	|	nâ	ãžh	g	=	)x(	nâ	′þãž|	4xg|)x(	nâ¨ãžowtpxe	=	eâ†â	́â	́	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tsrif	tfihs	Neither	Noitalucalc	Lanoitarav	eht	htiw	tluser	eht	Erapmoc	,tneiciffooc	Eht	Fo	Seulav	llams	Rof	4xg	laitneop	a	yb
debbrutrep	ni	taht	rotallicso	cuminrah	raenil	a	FO	slevel	ybrene	eht	of	Egnahc	eht	ete	ete	essrif	,yroeht	noitrep	redro-tsrif	of	3.8	BERBORP	:smelp	:smtpahc	:smtpahc	:smtpahc	:sm.	»ãţž	3	=	eâ†â	́â	́â	́â	̣¢	si	si	laitnetnetnetnetnetnetnetnetnet	eht	yb	desuac	tfihs	ygrene	eht	,tats	eht	Fo	Ygrene	)Debbrupnu(	lamron	eht	mret	2/1	eht	ed	ecnis	)8	(	2	2	.	4
])â»ãž6	âonâ	́â	̣¢	1(â»ãž3	+	)	)â»ãţţţţţţţţken	âˆâ	́	1(	+	)â»ãž3	+	1(1	4	2	2â	’â	́ã¢)â»ãž3	+	1(â»ãž3	+	1	1â	́â	́âˆâ	́â	̻ãž3	+	1(	+	)â»ãž3	+	1(	1	4	2	2â	(	1	4	2â	’âˆ	́ã¢)	+	1(â»ãţž3	+	1’	1âˆâˆ	+	1	(	+	)	+	1(	1	âˆâ•Eâ	mer	âˆâ	́â	mer	̆	âon	̆	âon	̆k	â‰ã¢	=	â	̨ãžhâââââGUtpxe	)7(	Dnif	Ew	â»ãž	Redro	Tsewol	Fo	Smtret	Ylno	Gnipeek	Niaga	DNA	)5	‰â	â‣	si	si	si	m‰â
Fo	Eulav	Gniziminim	eht	0	â»ãž	rof	os	,â»ãž3	âˆâ‰	Gnip	nib	)â	La	Redro	Tsewol	Fo	Smret	gnipeek	tnelaviuqe	you	hcihw(	ytitnauq	llams	eht	by	Redro	Tsrif	Ro	Htorez	Fo	Fo	Fo	Smret	Ylno	Gnipeek	â»ûãž6	=	)	1(	â’â	̣¢	́	mer	)	3	+	2	3	+	1(	,)6(	SIHT	Gnitarsni	.	Llams	Emos	Rof	+	1	âon	́â	́	¢	)â»ãž(â‣	yam	ew	Gnna	,1	ot	Esolc	Eb	Will	â‰â	eht	,Â"		llams	rof
,taht	enigami	suht	nac	eW	.1	=	Â​Ã​	​	​	​	htiw	)Â	yb	gnitargetnI	2xÂ​Â​Ã¢	xd	)x(Â	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	tallicso	cinomrah	ehT	a2	.	3	r	=C	os	3	+	a	ÂλÂ¢	a	2	C2	=	a	0h	i	a	a	C2	=	2	+	2Âλx	?a	Z	?	0	to	xd	C2	=	Â​Â​Ã1	2	2?	x	?a	Z	a​Â​Ã¢	xd	2)x(Â	Ð	Ã​	C=1	2	a	Z	.C	tnatsnoc	noitazilamron	eht	etaulave	ot	si	ksat	tsrif	ehT	.eulav	tcaxe	eht	fo	tnecrep	01	naht	ssel	nihtiw	seil	hcihw
,rotallicso	cinomrah	raenil	eht	fo	ygrene	etats	dnuorg	eht	ot	timil	reppu	na	,a	fo	eulav	mumitpo	eht	rof	rof	,sdleid	>	|x|	0	=	)x(Â​	a	to	Â​Ã¢	|x|	|x|	Â​Â​Ã¢	1	C	?	(	?	sa	noitcnuf	lairt	lanoitairav	a	etauqedani	sa	taht	wohS	5.8	melborP	?ereh	kcirt	fo	dnik	emos	gnissim	I	mA	.yllaciremun	naht	rehto	deecorp	ot	yaw	yna	ees	t​Â​Ãanac	I	dna	,ssem	a	eb	dluow	siht
,revewoh	,ecitcarp	nI	.noitcnuf	evaw	lairt	fo	mrof	siht	htiw	elbaniatta	ygrene	tsewol	eht	niatbo	ot	)21(	otni	noisserpxe	dias	tresni	neht	dna	,Â±Ã​	​	​	​	​	​	​	​	2~/	0Vm	fo	smret	ni	citrauq	siht	fo	stoor	eht	rof	noisserpxe	ticilpxe	na	nwod	etirw	dluoc	ew	yroeht	nI	.Â±Ã±4	2?	2~	Â​Â​Ã¢	3Â±Ã​	​	​	​	​	​	​	​Â²	2?	2~	Â​Â​Ã¢	)Â²​	​	​	​	+	Â±Ãa	?	3)Â²​	+	Â±Ã​(Â²​	​	​	​	2	m2	ÂÂ	?	3)Â2Ã​	+
Â±Ã​(	)Â²​	​	​	​	​	​	​	​	​	​	​	​	​	​	+	Â±Ãân	Â²​	s	m2	0V	Â​Â​	​Ã¢	=	iÂ	|Â	​h	+	iÂ​|	T	|Â​h	=	Â​|H|Â​	​	​	​	​	​owtpxe	Â²	Â²​	s	)Â²​	+	Â±Ã​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​(	Â	Z	r	Â‡ÂτÃτÃτÃτÃ¢	xd	xÂ±ÃτÂτÂτÂ⟨2Â	Â⟨Ãτ⟨2Â⟩	0VÂτÂΤ¢	=	i	Vh	2	ÂΤΕI34444777777777777777777333333.	Â2Ã​	2~	3Â²​	2	Â²​	​	​	​	​	​	​	​	​	​	​	​	m2	Â	r	r?	2	2/1?	?	si	eulav	noitatcepxe	sti	dna	m2	Â​Ã​	2/	xÂ²​	​	​	​	​	​	​	​	​	​Â	~	2	?	2	4/1?	?	xÂ​Â​Ã¢
m2	Â​	​	​	​	​	​	​	​	​	​	​	​	​Ã	?	xÂ​Â​Ã¢	xÂ​	​	​	​	​	​	​	​	​Â	?	?	sdleiy	etats	siht	no	gnitarepo	rotarepo	ygrene	citenik	ehT	8	retpahC	:smelborP	rehcabzreM	ot	snoituloS	​	Â	​	remoH	9	​	Â	​	.	=C	Â	²Ã	4​/1?	?	Â	​	Â	​	2²	Â	Â	Â	​	Â	Â	​	Â	Â	Â	Â	Â	Â	​	Â	That	Â	Said	That	Â	¼	Ra½	That	Â	Ambitions	In¢	Z	2	C=1	yb	yb	.setats	.setats	yranoitats	rof	meroeht	lairiv	eht	evired	dna	,retemarap	)gnilacs(
lanoitairav	a	si	Â"Ã​	erehw	,)rÂ​(	nÂ	Ð​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	=	)r(	tÂ	,metsys	siht	fo	noitcnufnegie	ygrene	etercsid	ht	Â	◄~	Â·Ãτ	5.0	si	ygrene	etats	dnuorg	lautca	eht	esruoc	fO	03	.ÂΤΟ381145745.0	ÂΤΓÂΓÂΓÂΤΓ=	Â	Â	Ð⟨Ãτ⟨HÂ⟩λtpxe	3	,)81(	otni	gnitresnI	=	4a	ÂλÃλm	03	=	2a	.	~	Â​Â​Ã2	Â​	​	​	​	​	​	​Ão	|Â	​h	+	iÂ​|	T	|Â	the​h	=	Â	the​|H|Â	the​	​	​	​	​	​	​	​	​	​	​owtpxe	:orez	ot	siht	fo
evitavired	a	eht	tes	ew	a	ot	tcepser	htiw	eziminim	oT	02	am2	2	.	+	2a	2	Â	?	a	0	a	a	a2	Â​M​xd	2	+	Â​	​Â	?	?	xd	2)x(Â	​	2x	to	a​Â​	​	​	​	​	​	​	​Ã¢	xd	2)x(Â	a2	3	2am2	=	2~3	?	m2	=	2~	...sehsinav	mret	tsrif	ehT	11	8	retpahC	:smelborP	rehcabzreM	ot	snoituloS	sÂ​Â​Ã	andyR	remoH	)41(	a​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​	​ÂÂ	◄ÂÂ¢	ÂλÂΤ¢	?a	Z	)	2?	the
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