
PlilYS 4073 - Quantum Mechanics- Test 1 Review
Do not assurnc the wavc functions are n.ormalized.

R.t r\ 1cV free electron is incident on a nano-coating that is 10nrn 1;hick. While in the coa,ting, the electrorr
has Jrotentiai energy 3eV. Compute the probability of the electrori rnaking it, through thc coating. Orrr:
electron volt is leV .= 1.602 x 10 1eJ.

R2 r\ helir.rrrL a,tom has diarneter 6.4 x l0 r1rn. Compute the minirnurn speed of :rn electrou in hcliurn.

RS r\ part,iclc with rna,ss rn has wa,ve function

(  o  i f . r <  ,

1r ( , ' ,0 )  :  j ;  i i r , , . .2 - : , ,
[  0  i f . r ' > r r

Cornputc thc averzrge krcation of thc particle and the uncertainly irt thc loctrtit.rtt of thc prlrtir.:L.:.

R,4 A pnrticJ.c rvith rrrilss ni, hils wavc lirnction

(  0  i l . r <  t t

yi(:r ; , . )  1 ;  i l r ' : l  : . ;"
|  , t  i l  r ) r t

CtxnLputc the trrornortturrr distr ibution of t l rc part icl t ' ,  , l f  (A),b(A)

R 5 , \ p t r r t i c ] c o f r t t i r s s r r t i s 1 o c a ] i z t . l c l i r l i r t t i r t f i r r i | e S ( 1 u i I t . ( ) l , l , ' c l ] c r f '
' I l rc part icle bcgins with the wavc functiol r i ,(r .0) :  sin(2;r, t : f  u.) |  s; in(4trL f u). Oorrrput,c thc prob:ibi l i tv

dc:rLsity of tlic rvavc firrrction as ir firnr:tion clf tirne. What a,rc t,hr irllowt:tl onorgy sttrt,cs a,ttrl ivith what

prolralr i l i ty ' /

st,ri,tt: cnergy oi iln electron iri il l0crrr block of nhrrrririurri. ('I'hcrc is niittrra,ll;r' a littlc trurt'(r 1,o this sincc

t l l t l r l t r 'ons t r re l f . c r r r r io t i sar ld t1 rc t l t l l l r : i s th ree_d i rncr rs i t la l . )

rninirnrrrrr velocity in4rlied by unccrtainty.

R7 A lra,rt iclc is irr i t ial lv coni irrcd tcl  thc arca uf3 l ,<t 2a.f i \ ' rvi t ,h urr i [olrrr l rr ,r lr tr tr i l i l , l ' .  Tlrc <urrf irrcrrurrrt

is t t:trtr.r-u'trl t',.rlci.r,sirrg

1rrol; , iLtr i l i t ,v ol l i rrr l i t rg t , l rc pirt  t , i<: lr :  i r t  t lur grottrrt l  sta,te.

R8At le l ta f r r r rc t io r t l l i r r r i c r ,1 t ( t : ) : r l r l ( : r ) i s1 ; i i r , ccd i r t t l t t l t : cn1 , t l t .o f . . r l r i r r f i r r i1 , ( ]s ( l1 l i t r ( )

F'irrd tlic bounrl states. I'his ont: rrtay bc t,oo harcl.

R g  A p a r t i c l e h a s w a v e l u n c t i o r n i  : I l c o s h ( b r )  w h e r e b i s a c o n s t a n t .  S h o w a l l t h c c x l r r , l s s i o n s y o u w o u l d

htrvc calculatc to verify the rtrrccrtainty relatiorr for thc particlt:. 'I'ixr 
cxprcssitrns sliorrltl lrc rctlttccd as far

a^s Jlr.rssibk: without perftx'rnirig an intcgration.

Rt0 A part ick: of urass nr is inciclcnt cln a clelta f lnct ir-rrr barr icr at the origin, V'(:r :)  . .r td(: i ' ) .  a,nt1 :r f i tr i te

lrnrricr of lrt:ight l,'e frorn :r =- b tc't :r : r:. Writc tlie wa,vc functiott ,rrrtl a,ll lrottrttlaly trorrd.itiotts tlrtr systcrrr

rrrrrst satisfi,'. 
'Ihc cncrgy of the particlcr is less tharr l,l.

Rt1 A part iclc is in the sttr lc

( o
! ' ( . r " .u l  

t  , (nn , .a  )

Wirat is the 1lt'obability of finding the particle at :r'
rrxrnienturn?

i f : t :  ( - r z o r r ;  > e

i f  q l v - 1 . u ,

> al2' l  Wlia,t  is the rtnccrttr , i r i t t '  i rr  t lu '  part icles



Qr

[ +

l'-ib,r

t t

-L..
I

o Q n,k b..rrien, *)." +h.^i rvr ii : t <r,,^ fo 
t" ! , I tt

{

4e(v,-E)
,fzmr=r).  1 ?

S r n l t
l' .^
\r=t

v'D ?- 3 €

_ t  - -  =  \ t'T-
1€' 5,,. I^z (r;:127*"')

&-c) 
\*ti

+,,..nh. (+14;;-)= l +

4o ff i  = +t r tbr)t :

1n /  , / t .ot{ tO-t t f

G,,f,t'kS )
{n-b

t,
- f ,

,^r)

-e -v
qA s ' r l ^ ( * )  ' '

Z



fu_ Jft = 4 ({xro^t^,lf ,[ttrie4j*,,,rg
f i  t .O fx  t0 -34C- t

-- 73

[ -  : a  I * L 5 , , h ' ( t = )  =  I  T r x l o ] t o
l - 6

-T -==  { " t  x /o -3 '



Let AY- = 6'+xlD-t* '^

A * A g  7

L\e z

Av

L
z_

M
1--

2L*

-::--- 
--

/-6't n

^ -1 t " ' 5 -s
1 . 6 { x t a

;6,,c-'1"') Yff,-r,,n)

Z 1r tor-/s



Mor^ol' ; *"

+rr ")

o
cr

x <  - d

-o<- x (

o  ( x

x> c{

2 /

A * ' (  t ' o
\

\G

r
1  j :  F \ v * ' f  d r  =
* J

--l - - A'
1i.r

, lro+
a o. \ f

o
A

2-A
o

A=

X (  -c r

- s 1 x 1 O

O < x Z . s l

x> cv



x J  x

r  |  |  t  . L  l l
c^.rfr.c/l ,s o+ leqtr f '?QbtPb(e

( "

+  4A ' \  y ,  d . .
Jo

= ̂.!:!
= o"t;  + oo.€1"

*n* . l  J *
/ -\.

Qx /  ' =

( ^ ' )  =

-  A to t
L

ry
z

9 o
) o

r o
*4 r\t \ x"J*

Jo

a z
=

3

tJcd*

l"

:  2 f t o ' =
z

h 'I
:: *t

3

e* r . . 1  J "  =

r O

[ * 4*'-"t
l - o  3

^ e
:: A cl-

3
4h+'t 4_

3
f Atrs

3



(f'

:= O = O.4q3 . r



@) 
0 >, 5q1t4e Ylornnol ' 'aod* ctt  t  ̂

/ t " ) : Q(-,J .- t* '  J*

- , k x  I
e  c l *

- i k x
e ,
- r k

+ Z e 1
I

l

- i l.io

- i  lcx

-- )7- ,/- - J

IL3 A -. u[k
,)

, {.,\l=

o  x < - o

A -o(2< (  tc

Z A  O ( x < q t

D  x 7  q

l -

!
!"
- c l

I
-'--

U z r

A I
€o t

A T
6"1-

<:
€{:

[ ' '

I
1 , ,

lLe

- a k

iL.'

[ "

I
f-"

- i k x

(-

A \
4 l

I

_a kr|zt L

,  t A
-

KVZr r t- 
ze-iko - eJ k.' -ll

L



,d.4 - , ,  A
z  < ik . '

K J z  n

A
<'En

4 A '

Rz Zrr

( z  
" - t t ' o

i k q- (? ' -

f  k . . . *  
e  

- ; k f  l * l

)

, )

/( q  z ( "
\

+  ( n ;

t (- l \  <

6I
. J

z iz

ko .F 
"- ik '

q

o"') 
)l

d ' /

tr-'^ \..

A.
-d--

KtZr t

2 i kc' 
+e-

(" 'tco, ko +' jZ c"' l'"'

4ror2k"  
- 'ZEo>

\

-'4 t:c,s Zt" )

( 6
*.,t)



(1

+

.Gr''?): .  - .  Z f f r'  5 t n  - a
CI

f l r
{ , r , , 1 t t

2t"
d

Ev a

A

t n

'f
, ' (

l(_>

:$t
c\

t+'

rA lK

)-.t
l 'r-e

+  S i n

/ \

9 + )  =

, l  ?  e ,
V c I

/ \ I r
4--

>1 f\
\ . ,  o t

r ,  \  ' l, l ( * ,0)  =  A( t^+!

/ ,

=  A ' (  q .  +

,l , =

kn=

-7 'k
I r

-he  r<

,kf,,^
or R t->:€

{*

r 1 "
c re-



[ )  or ,^ol ' -e r

t(1*, o) =
r l l

-  + '  + G
V L

^., '/ l  L" ol"'nnJ

?o= &)..= +

-TAr, I

,, l/o we d

E'
L - 7 . -

lL €t

Tlnor. e n + J t a t

7 r =

L e * txJ = €t

4 r  q e

* c,,

. t A . -  d z = 4 u t
)

T\

dup'-. d"-+ b')oile UtJ^ I t

nJ-
\4.

J. tln" ' ̂ f,"Yo / *^ J "v'q 
( '' &r' ll =- th-

do

eter^E l€) 
qrQ

J  / * z \  Z ' ( 'v= f f i )  +
2 , ,+

- \

^ (  4 ' \  =  4 € ,' \  
l " ^  I

u,t4 " ' fuof / r roIo/. , / '0

*J  e ' ' +=  l6 " t

TA.

r )  =  +4.€4c '^ t f
|  - . l h c ' , ^ t f '

,1+ e



.1, 
,lr, t-) = * * q

r e,,r) (a, e 
o t-\- 

/o€' 
u'-')

d,,+ 4;*Y *4{.

4,' o 4o' + 4'4o 'i 't 
t-t

t (
2 \

; (

, a . t  t  
)n 'd,.dr"

1, reo I

gir  + €- '  
r

, ' J

?-

S, rn C <Z

= ( o )  x

12" r t )
4.', + z d.'f)o- 'ot* do'r (

z \

r \

r in"/4tt t ZsinzYI :;;n4L' '  t ; J  . '  . \
.  C o ' , l z - f  

\

+ +(s;^'k1 ,



@,, J^.*{-ol^\ A '  A ?

I
A  A '  I A

{ J v

Z n^A*

= vr^, z\uA:* Z \--'rL

l . c 'f-x / o'7o f' s

( t  r l r t o - : ' c J )
(0.1,""\

Z

r l f
(1 .o..^ J s [o te

? ,  Z

t.=' ':- '1h- F- \ -- - t  -

Z"*

C} -- lO "t^..

t t ' ( '

Z ^ a '

= (t orxr ()-s+r'-rY"

6* rO-3 ( I ,A v' i!I- z

I Z €
I

V 'r,^

s  L , l

=  3 . 6

Arf"..

V : :
x  tdsm /  : i



t(*, o) =-
Il

x1  o l3

, r l l  1x l  Z" l j

x ? ="/",

, , t t

A/'of,*.'ctl )z<

fr=

T[,. 3*' ̂ J s L le q' oaJ€

4 ,=14 s'''

1 =

n t
Lrt^ sf '* I t

U
d

( .r*'f dx
J

=fr( 
''u' * *

J <:/'3

= n" l!,r?-%)

l 3
t -

V c *

f  =  1 c ; 4 ;



d *

(Zd=

\  S ,n  r rX q l : r

h,, 
c{

rh4
r o S  U l

d la / t

d'r. f , r rs ierrs Tt ' . -  k

a'

c t =

! d,-..l

17 l-?

=-+*@\

t r '  -  cos  1 \
3  5 /

6
frz

G / ,o ,
G t
6 l l
T \ >

U 6
(-, 

1 
ea' T r

,\A tL* yv^o./ /.. J

0 . 1 3  I

, , [ { *  r (

-f1'" pr"!"!'.'[ 'tr/

P r =

J t.,^)

c , o c ,  =



@)
f',.{\",L. 5t1" *' U c l l E" ro l

l

Nlon'

" ^ d

-o

e v € n  * / t , / r * t

'  o t 'n

" 
r l sol'*' *'/ t'1 Y'v'

t" e4ro of

s ; ,n  kA  
-C)

,tx .

bo.^ la,

+  K z l

K = .

t

A

l - L
V o

11*

o=
d

odd

B,'tl^.,hot.

A ro rkd  
-o

/v lc, / 'vr1ol ;  *oL" '^ 'A
5  i t

f-
c!

t /r ( r  I ) I
z t d

A = \ r  ? . t  " '

t t : = O  , l  r Z

n'rT y-
<1

(^.i)s

y t - \  r 7 ' , '

€VOn

( o s ' , 4 =  O ,  \ l



lU.,r^, od J de/ t " f,n .{rcn



nb+ oQ".fu J \' 17'ed.  lh
1'h,r,- odJ soluh*t w<

'(,^-' 'L'"^ b"t*s '

t\. +d- = z'*\ dfi
. ly t

-[he 
e\t e'^ 5al']"^ t

6 e6rMo I :ul'* o'^ '

J

s,u\ =
Ceil '*

r l

Lgrb-ctv 
ean corq d '?tarv"

-  A=T . )

= C )

,,,11 L" tA^ 9*l' 
Sfr" + u ' iZ fA'

Ae ik r  +  Be - t ' { * r  
x ' ' - c )

r- D e-itL'
* 2  o

d0
$ =

) = r7i<'--'\

C

e A e"

/ t i x )  
=  

)  , !
( B ecK)f'

B e - t l " {

A e 
--;k'x

(.r4f,nr'\ (*=") ArB =- ArB ,/



t ,
C i  ( " ) =  C

_!------e-

n ^  i k . .
b'  € '

f < =
\)

n - - i ko  -  O
t A e

^  -2 .  ko
k e (i)

/ .  L  X : O5l,rPe o:--

, l
t \ : 9  =

d,x'

c  k t 3  - ' k A

B - A  =

zv^*  /  C. )
lA'

- ( i f ' A  - ; & E )

.t^^ 
br, ( r+s)

i k{r

ry (.**'s)
r:

B(l. . q \  =  A ( \  -
kvt' J

't;.) €r



i :  +  c n ^ $

Ktiz
c  ( t - t r i ,  )

i Z k . re



13 i= fn o(
-

kfr'

l - * , 8
I  - i s

I  *  i13

I  - . F

+  Z i k oe

\=r
W
I - ' B

I t c F  =  3 ' ' n

i .Le
f) <2{, ,r e

a . A
L ( v

7  *ow ' (  u )

z-
?rr(-

J - ^ $ =
B/t

t<o  +c  lT

= <'.:..izO

' - l 1 k c '  l c t T

F,r" s ,,fln'r'

l\ l,tl.- '[.,
^ug r"t.

h* { .
=Zko + I[-



A s".(  (1")

+ Jl,.

.  4  t  sa , | " (u^ )

h, (t;.') {-"-' 
'^ 1 t' ) d x

o ) =.f(*,

!:". 
t^'(b") r.

f 
\j 

-*tr., = ^" 
!;: 

sech'(b") J*

^" 
!*-: 's 

u' k'( bil Jt

0) /\/or,^" l' *

T-- A.

Gi) (.*7

l=. ),, ( t")
5+*( i  1)

!:"

(t ' (  ^ ' )  
=

@r .(r) =

a s€ch (t^)
) *

' ( P )  =  i \ ' t A '



J *!+*G3J*
, \

sec l^ (b"  I  =

G) 1V '7  a

t
) r '

,f7 7=

-ta >*'.1,(u*)
) "

f*,. h ( b.)

(1"^) 
['' 

' 'r'ch (b") &-'rh U)]

(L) [ 6 5'e<::t\ '(a-\7

=  
- \ .

-  t  seeh

= b- ( secL' 'r(u') t* ' l ; '1!b')

f*^ h

s ur l.3/") )

(-6". 12( ti' L"n"u'(["-)' 5"'}!(l*!'r*

J_*

/-.G;ir>=
. f ;  = v l  l l

t ,  z L
r LL)nrerL;^ f  q



€i!)

Y* t=o

I
X.=: b

X = ' c

I  7 r ,qt
I e

l ,

L /  a  r l

N '- \i :r?-v  ' A

Q(-\  =

A 
" i l "

c  
" i k *

Kr
A e

* B a-iL"
-.. kl r.

*  D €

n  F  e ' * *

€ <:-

()

x ( c ,

6 1 n ( t '

I C . x ( < -

y-"> L

(t ei 
k*

K 4eyb

/ n  l .  I

! ; t "  
t t t t '  ' t /

4 + - B  =

C e i k t

€  e k '

C + D
- u l

D d C \ D

- k c
t -e

* b *  F e - " ' t

i k .
<?



( -  t  f  - ^ f r ' n * l  0 * rs
j)!'0" L-c '

)( =b'

X =:c
!-a+

D"lf . 6,  n"{ ' '  o  n

- 1' l"'lt

. , _ ^ ; k t f  * i \ < D e
c K e '  \ -

:  1 a F  e * '  " ' K  F : e - ' * ' b

-F<c  - - '  c k ;e ' k '

K € e ' "  
l  R F e

d d  I
J  r  [ * ,

( ; r A  ; k B )  - ( K c  1

Z'n' t (  6/o )
+A,t'

K D ' )  z  7 L o . ( r l * r )
t "

4 [  =
d r  \ - .



fu4rr-. l; e e

r
1 = A= \ G^ -*+\'J ̂
J J

= A- (=6" ' " ' )

€it

+ - /  \  
(  o

1 ' (x ' r%)  =  \  * * t . l  '
/ \-q/z

, . ( o  |  - \ ?  I
:  A ' \  ( o o - x o  )  ' J x

\
"  c l  l t

-* f t41

3 2 7  L 8



* \ r "i! '|* (1', p,) =

( oo -*o) ( oo'-ni ,J xJ
d r

I

=  L A ' \
. )

= C

j q '  d x!  +* ({3,
-+f fr' 

! 
( oq -n")

<" ?z:> =

.J vf (",o-r"')
J:. '

. ' )

4 <  A -_ a
)4 . '

,r1,= t l (y') 1v2= =
r-'+^ 'l +<

; ' v f r



:>  i , r t ( r f t  '  (oo-  *o) ' ,  * : t  , ) t

a,: fi{4s 'tA

5147
32168

_ 4 5
8

6 4 e
E O

( l )

( 2 )

( l )

(4 )

(5 )

((i )

)>

.>  o r iy ( , f  .  (oo_ro) t ,  , ) '

> i , t ( I '  .  (oo- / )  o4n(Q/-  
"o) ,  " ) ,  

* : -  o. .o) ,

( q
\ a

0

-  
" ' )  

, t iJ(u i t t ( (oo- 'o) , " ) , " ) ,  " :45 I
^

1 4  o '

_ . u . . u ) ,> irt(, ' l '

:>

a \  ' l
-  x l t_


