LECTURE 18: One-Dimensional Problems: The Potential Barrier

Goals of the 1-d lectures: learn how to solve Schrodinger's
equation for some simple problems

What I expect you to learn:
- How to solve the potential barrier
-What is the quantum tunneling effect
-Some physical manifestations of this

effect
(Roughly corresponds to sections 4.4 of textbook)

Midterm: Wednesday Oct 25th at 11:00 in CLASS
NOTE: No tutorials this week but Rob will give an exam review:
Today- MP 137 (18:00-20:00)



THE POTENT AL ﬁ\i%:w@ @
H/\Ct

\

Vix] = O x £ 4

]

Vs
<miu<e O 4 x<4

l

Vil = o |, X294

i

S 5
0 a A
CLASSICAL \,\:wﬁixft_,ﬁm\ WE wWouLy Wouly JWBWSERVE L

casE L EeVe =y parlicle bources oFF
CASE 24 >V —v K&\ﬁ.&& xm@& 9.\,\@ (slaws
ke_&l oNEer VD\E.@SV

Ty

NowW TWE QA SoLUT(gnl :

B

—
T
m
RS
>
=
1
A
v
Ty
~
™
o
(T

WO REGC NS X2 O pup X>4

WE CAN  WRLTE - : .
- L Ax

¥ +§@_., ~or X £0




THE POTENTIAL BARRLE @

K iv The cloove TS UZQL WN >

WITH  INE(VENT  VPARTICLES  comi~G  Frot THE LEFT

oLy | WE A SET V) =0

So  we lheve 24 (x) = A ™ o %% g
ﬁmw,.x,\« XD e

T ngiﬁo__i_j CUMMEANT (S GiVEW sy ¢

N

Hﬂﬁﬁ,&.g
J NI_W) \ da.x dx M
Fon %« Thig 5 Lves A Ccon ﬂ..as.ecm lecNure ) :
\; @ AL~ Nu X £0

[.HOHN X DA
~

/




/\Em POTENTIAL Vo ARM m& ()

AS WE (AW BEForE | WE CAN oBTAIN  THE REMLETIOw

ANY  TRANS ASS 10 COEFFICIENTS  Frum A 1 AWy £ 4

L= [ K]°T T=1¢]°

— e

| ALY L AL2

TUHE  HAWY  eART 15 To weterawwWE C AND % w TERAS

oF A . Four 1Y L WE NEED TO  LodK AT WHAT 13AVFERS

N THE  WLARQIER. .
CASE 1L B 2V

— TS S SiALAR T6 AWE  POTEWTIAL STEP WHEW
WE AW E2V, 7 WHEN THE PALTICLE WAVUE Fu~dCTigw

P

EWTERS THE WARLIER  WE  AVE - 54’@15\@
02

_ ~ 4 v
Co WE WLITE Fok  ocx<a @ x| = Fe'** 1+ (™M




/\Em POTENTVAL @»gﬂ.m&

WE RESQuiviE

Q_\Lﬁ,zr\,,\_ld o= \N.N\mkv m(\_\l X 0O ) X =4
AN conTiWITy gF  d¥ll T x =0 , 4=4
dx
XZO » Ly _ ~
> e \C B e :.o = ﬂ.\@\(wc + mﬂxwo
DS AD =F+ 6 0
: e — K ~ O -X,
% Ak e M nile s PR e -G, e
= W, (A-w) = XN\AT\QV >
X - q : ~ /
C Q,_\Arn, .._H = GSN\» B Q_ww.(wnz ; @
L.M.N\lm . c.xvma.&_nf - XN A ﬂ\mi\ﬁ \.O@ NnrN @

We  wecd  To eliaivale

E avd G




e

B POTENTIAL ixam@

—  MuLTiPLY (D vy A, Ay Avy @
(L C et s <, Fehd v, 6™
. C AL - - -V
* p_\(— m\ e LA = _\(P = @\,.N\A - XN\ O C ‘2 S
_._\, r . .\& -
=) Jﬂ et h d_\ Lirl:y e~ N = |- @
12 K2
—  MULT.I LY @ AN \(N Antp  SunTRACT @
- Koa - U %
~ _\zw C @._\,:» ~ e\rN\ _\, ﬂi\n( . RN WVQL\N\M
ﬁ.#\,._ m ®, . [ K\P T\®¢N\A IRN\ Q e (W)

K, . A
= Ce »m,\~¢,_\(; - 42 (e N WK
s %
= C e AQ urm _le.a&\,\ = @ @

l




/\fm POTENTIAL AR m@ @

T);m\\ﬁL_. @ a~rd @ \,L\_.c 6

Koa —Kee . Kia K .
A + N = 'ﬁh\ﬂ C Aa+rld\v~y+|ﬁ\mw ®,~n_. ,_lNIW\_
¢ 6 2 Lz
HKig L\, K =7 = K
DMLt L R (R )
4 RN\
- =¥
wole Tael: simh x = cl ~c” ) cosh x= ¥ +e
\— - 2 - p
_;\:& : Y
>+§ - AQ ﬁﬁum_)mr - el_v_ .A‘L\)u(
Ko

— L..(..L@ FW \./‘
_;\:n_ _ Y |
ys ,N mﬁ‘gmrﬁ - el_v_ W‘Lrbg @

L
=
(|
(N
Q




/\Em POTENTIAL @}%B_m&

L wsert (5) Ao (6 w10 (D

o]
N
QA

X
0
T\

N
Q

S

[
\‘x

u
N
®—
:<
s
)
(b(
PAN
(\r
AN
rt_
Q0
&,\
o
+



/\Em PoTENTIAL @Eﬁc.m@

CRICNE

X_XN
~ |
C < wau_i.» MN h&_\,_\ (0\/M (_\:\N\ .w:\L\)\_mgu
\.,4 X_XN
2 ~ |
W@w = mi coshig ¢ (K0 =K btﬁ.@
/_\yh X.NXNN
ZL@ |1>L., GQZ)N ¢ - m‘.zrws = w

=
1CV* = 4T v b el H (L, - o - Ko Nww
g\vlw M A X x



/\Em POoTENTIAL @»»E‘m@
nole Tl o + ?,N-EN A ST S ARV
_\/ /w X_.N \,NN
= X,J +wa +mx_~x~\w _ nx,~+xw~N~
_\/Nx 1 ] K. ° X%\,
“d W’ﬁlgwn \_l - M “ ~+ ?A ,\f N\ ¢ W,.)L\(.N thf -
vk 1\ X,
.\/; - L‘Nlhe\_.\\\. ,\rN\ - /\ o A/\e \hn.,\w
he v
XFN 1 R&N - N\) _M + N\L\b — N\\}m — W\\L\e
i =T 62 52
_\:mt\:\N m /\eN
= ﬂ Koy T E(Vs-E)
- =
T =<




—

,\Em POTENTVAL @»x?.m@

|~| ﬁ w,.lrw ,\(N\»w[~
<il

—

TAYLOK  ExPA~NSION OF b.ZrN - = + | 23
G
For Smal vaweS of Ko , simhiliaz KPatr s 24 (Vs |
2
__ﬁ mohc\mm\ 1? <m \ ﬁwnz S:: _uﬁ M\AP: P&L |~ j)_.m
cafC . 1
T 1+ mNod @
AR
- wolice L. T e !
- f I,
— /\Q F.W Mnr_\nmm

& g ?dm




/LEm POTENTVAL @%ﬁﬁm@

=
|H|H _ + /?N W,.Z/QH Xw\h
HE(Va-E)
;- Ka. 18 larce = sihig = g2 \m‘m — m\w
ré
— T uﬁ_ + /\\N ﬁwxmw ! )
qE(V,-E| A @
- _ ~ _2Hg
RN/\,N %&»N | - I¢E(V,-E) ¢ N
_mmhc.qu_ <,°~

- \xﬁ NECN iz ASES EXPonNENT ALLY wo Tt &

A mxﬁ\{‘\ﬁn 3 eV Q?Dﬁ\.ml _.Zo,.nﬁal._. od & 10 &V
barier wiTh ¢ widlh oF 4 A (~ |-2 T(wm\h o F OKVL‘Q
MQXO«.PA._.ZU Two sleels oF melal) . WheT Frecliow oF Tz
m/vmﬁlﬁ\ﬁq?a _<C.: Uo _\,CQU—\« 4_\«0 FVD\_\“AW\..N

.9 v eOZ \\,[__

I

an4 2 (Vy-E T
¥



—

,\j+m POTENTIAL BARM m@ @
— pw

Y4 _Awm

2R, a = 10.¢ , € =~ 2 4073

CE(V,-El . \6e -~ 4 (¢) - 3.¢9
YA | 0%

-

= T =~ 1.7 «le

MORE  REALSTC. P oTenTIALS

Zi,m T AT (UNNER CERTAIN ConOITIaNS) OWE CAWN  APPROXIAATE
AW IAREGULAR SHAED  PolENTIAL N7 A SERCES ¢F SQUARE
PCOTENTIALS = WK AreroX.

WENTZEL- AR AMERS = BRLoY i %ﬂwf\!

12 1]

— we'll do o @k»\{_@ Cor The exT leclue




/\Em POTENT AL @%:c.m@

SomE  PHISICAL MANIEESTATIONS oF THE TuwmwELIWG mm@

WE (AW N THE  PUHOTOELECTRC EFFECT tTHAT  ELECTROWS

NIZEDEY  SaME  MinimaUM EWNERGY TO ESCAPE  FrRo~A  THE

AETAL  SurbacE (W = work Fomelow)

ELECTRONS CAN  ALS0 WE WEMOVEY FRoM A SURFACE
0y APYLIYNC AW ELECtRIC FIELY £

N O ﬁ_.aaL

%s
— —
\/\/)@ wW _L\I) N = W

et
THE S(CARNNING FORNRNELING A1 CRos cOPE  oVERATES IS n G
THS PARIWCIPLE

W~ CE X




e PoTeTiAL i»?m@
ALPHA  RAVVATION Cowsi$TS ¢F THE wuUcLEUS

oF A WELiuma  AToH Nﬁ v W

ON AN GET A Gooh  UNYEASTAND NG oF THIS  PRIBLEA
By  TREATING THE oL as TRAPPEN I~ A PoTENTVAL WELL

M5 To Lillisws ofF w&g

..-rl..r... V Q..L.Q_\r\ Qﬁ nvm\m D._\ID
<§.Lﬁ ‘N« [Faclor oF N_.

— Was vdersloed Tnv lerms
oF Tuwwelimy  eFfecl

/
-/
\l

—

WE  will  SoLvie TS WEXT  CLASS

43% — MEAN  LIFETIAES  VARY  FrRom



/\Em PoTENTIAL @x%?.m@

[ —

In\&m 2 - mvﬂ

~THE INTERWAL REGIoN  SOCLUT owWS wow REAZ:

:\w Wy x
Ux) = Fe' b O < %< q
with K, = \[ea(E-v)
MﬂgN
For  THes WE  GET
~|
Ro=)

LB s M, + 4E(E-U) u
) Al Vo2 sim?(K,c]

T= e - MI % m{?:@&
[ Al*

| i (E-Vy)

4

NOTE TRAT \J.,H“ w HE W e\/@m(u. .ﬂ~gvﬂ cu \/EJ)N\M

L4

/Z/)D\ﬂ VS /\(n_fs@i ..ib w







