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T.Y.B.Sc. Electronic Science Syllabus

Paper IV: Semester IV

EL -344: Foundation of Nanoelectronics

Learning Objectives:
1. To learn essential principles of Electromagnetics
2. To know the principles of quantum mechanical aspects
3. To study the basics of nanoelectronics.

Unit 1: Essential Electromagnetics [14]

Lorentz force-Motion of charged particle in E-M fields, cyclotron frequency, Hall effect, Maxwell's
equations, Relation with laws of Electrodynamics, Equation of continuity, Poynting vector theorem,
Wave equation for E and H, properties of EM waves in conducting and nonconducting media , Skin
depth.

Unit 2: Quantum mechanical aspects [12]

Particles and Waves: Classical particles, Light as wave and particle, Wave particle duality and
Uncertainty principle, Wave mechanics: The Schrdodinger wave equation, wave mechanics of particles,
Infinite potential well, Qualitative treatment of square wave potential with special reference to tunneling

phenomenon, atoms and atomic orbital.

Unit 3: Statistical aspects [10]

Classical statistics, Gaussian distribution, Poisson distribution, Fermi-Dirac, Bose Einstein, Maxwell
Boltzmann statistics, Time and length scales of the electrons in solids, statistics of electrons in solids and
nanostructures, Density of states of electrons, electron transport, Conductivity of metals.

4. Nanoelectronics [12]

Importance of nanoelectronics, Top down approach, Bottom up approach, Lithography, Nanostructure
devices like resonant-tunneling diode, electrons in quantum wells, electrons in quantum wire, electrons
in quantum dots, Quantum dot applications, Flash Memory.

Recommended Books:

1. George W. Hanson “Fundamentals of nanoelectronics”, LPE, Pearson Education

V. Mitin ,Viatcheslav A. Kochelap , Michael A. Stroscio Vladimir
2. “Introduction to NanoelectronicsScience ,nanotechnology , Engineering and Applications”
Cambridge University Press 2008
Ben G. Streetman ,Sanjaykumar Banerjee “Solid State Electronic Devices ", 6th Edition
Kraus and Fleisch “Electromagnetics with applications” McGraw Hill, 5th edition

Electromagnetics by B.B. Laud, Wiley Edition

o 0 M~ w

Donald A.Neaman, “Semiconductor Physics and devices” 3rd edition TMH
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BN l In_the  velo cijwj of Bvujleztfzrv_ N L -
. > Given i— A% = 5Cm_= 5 X15%*1n _
- ™ = 1|0 gm lo % a2 K()q
i Noewioo, . . _
) YAY, & AP% = h
) Do m AV S b
) ANy = h -
: ™ AN =
) = 6.6 X1g24
) lox153 x 8 xi5%
L | = €-6 x4t o
) AV = '3 x15°° ?m/ﬁj
b The. evxor f0 Vi 5 oo Smoll o be measusced
) eﬁomfm@n{al_lj. The. @¥yoy |4 a8 3mrL 04 Zeryn.
-
) 2] 5L’“l“i°'°w +he instanesus positon of igm poscHele 15
_ MneasSuged . within  magfmum ,,Poéé_lbL& erryor o0f 1072 Crmo.
‘i Whot 15 4he ewyox in 4he Compoﬁcl{nj V‘eilncH:j 9
- NG Given t— a1y = 19m = 107 R(j.
a0 Ax = |62cm = |52 m -
o Noa, Ax. Dp, = h
& | AL . AN o3 b L
) f; ANy = h _ i
) 1 ™MAR
) ' ANy = 66 X153
) 0 672 X (S5
|




j
' T 1(4! FEETOUC R }

| | Clewolidigd ]

. 'hA\/o( = 66 %15°° m/s. l | )

- _The. e~ryov_ In \‘/Q,Loc'f—lr\}u 's 400 Senall o _be. detected }
‘ Q?LPefomen-tg,\lj. |
- } o L
3] Tre €95 a~xe allowed 4o ]brm% "HYTDM&"\ o (/Y:)JS‘\'O.,! L
wH:h ladtice Constant 18 What is he (1mcﬁnf:‘l-u7rvtj .
in 1+s VG\QF:—F\J? = -
. \F‘3 GlNen - A%x = |p° = lo °m. -
Now?, /\\/r)g = l’) -
N OR ~
- 6.6 %1521 \_

9 x1g? X 171

Mg = 7.3 %1% m/s. ‘

CTE AVx = 73 X165 m/s, then he. velacihy Vx Hself |

mast be. af least of +4his oxden

81 Estimate  he. Size. of +the. askors usin\c]; uncﬁ*r’fqi’ntj )

‘ px.i_m___clpj,_&_L,, )

. Expernimental _obsexvationS Show -dhat <he., e neacy.y !
of 0® 1n _an__atom 15 tew electann —\olts CeN/). 2
Led us ake dhis enexgy 4o be £ = 1o e\ L
FE - loxlex1s13 T eV = l-g ¥1o BT .
B = 1.6 x]5'8 T, L
Now, E o Pl . Y
S 0.0 L

) P = ) 2amE | _
-
The. €3 maﬂ have, Forwa~xd oY hackwar morertum -

cxlnnJa the. gluen directona 3 )

- B )
. ,




| P =(=p). = 2p
S d}n i P = ~/ ZmE:
Now o
AKX = L) = H

AR = 6.6 X152

A2 % 9. w153 X 16518 x1-6

AKX = 3-87 X lré_ioﬁfro

Thus, the diomeder of +the atom 15 abouk I %,

This 15 10 9 cod_ a4 Sfre&mm:&;ﬁ:_ujﬁ,vgg;pﬁ_xﬁmen—th

mea su~xements o0f otomic  dilametex.

Prove  that — LSE. 6+ > h

Pyoof = we have, -

axenp, S b

=

B
~

Now, E = pZ _ Fox__motion olonag X—Cmqs-
2m
AE = 2p Ap -
e X
> 2.0
= 'Y‘n\};;u7 4 py
oM

AE = \/L/\’b‘ﬁ

AEA A+ = \/')( 4 P,;)C,;ié_‘tm__,,f_ﬂ,_,,,, o
Bu = N[ - At = AR

AE- bt =  Ax. dpx o h

N

N A~

Tn genemed . AE. AE 2K

1T
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\:T G f.f‘r[ LR YTQUCHS )

7 ‘§ ‘A‘“l:l H/ L‘:'pu 17 g

,,_.,,_JLic,Q\JLuJ ot UWoce~xtal 0% %Y_mfl nle 70 po 0siHon n-f’\ Q/ )
mO\/mj Ul idh \/Q_/(m(‘l‘}—j a2 ™ /5. _L.

- Gives = AVg = 40> wm]s |

' Noa), i

A% Op, = h [

AR a0 ANy = h -

AR .= by -

) M AVR ~
‘ = 6‘€J<!o-\3(f —

. » ] gl x163 x 1o° _

- = 0.705 ¥ 52017128 -

‘ = == )

AKX = 0.725 X lo mw ’

S B ;

7] Detexmine  +he Currrent den%Tanj 10 Coppenr wire )

of diometer 1 vam Ccr@'rjin\o) o Co~vent of 3.192. A.
\What is the. Smallest Poé%?b]é’, ancﬁrr—}-oin—l-y in _.Pos'f-ﬂ"or\,

,,,,,,,,,,,,,,, of an o2 mmﬁﬂﬂ_w'i)ch '\/ejod'tj 166 /35, :
S I] To_ Calculate, Q\mﬁj,e_njrkj of  Cu wire )
Carrrent density . (o= T )

B A t

o Guven = . d = dmm = 159m S. % = 0-5X15%m !
L= 3y f )
o Avea (A = TT3* .
) = 30un X (0.5 x153)% )
| "
~ Cunrrendt den57+j (o) = i —
A -

777777777 . ‘ = 3-/(/47_ ) :
; 32 X (0-5%)15)* | )r

o N )
\ 7 - )

iy




R j*:ﬁ, aq |o€,. A/‘m?_ _J

3 B - -
) | ) :
) | E = m‘r"-)\l
) | 2 =
N SRS ’,‘T 7777 _ B [N
) ? — | e
)_ @3; 2—\@ % ]]@’6 L i
O.25
— . e S S

: e e
. R — o L i
: 1] YTT'Q ~Lalcedlate,. wn - mmjﬁi:lp“ position of an e i
| (riven !— Oy = o€ m/s.
) LTIVeo .

Now, A% Op, = ©w~
) P

AR . ANy N, ho e

d Y SN h o -
) TN &NVX -

= 6-6 Al 39

91 X153 x iog

) = 0.725 % g9ty
) = 0725 X 153 .

) ol
) J Calculate the. gﬂuuvl State. enexgy of _an e® ,
) Confined _+o  rmove. ’_F‘W/QJJ between +wo. emszePquich
) by (la m (ra = 9-1 xno,}£,Rq\ o
) ~ Gﬂ\/en — vy = 9-1L. K lo I K€;~A_
)
] a. = lofA° - lox|glom. = ladm
)
) _'TF\Q, 8’munn\ 54:0&:6,4@13%741& e~ 13 g7 VaJa! b\j,
‘ e i o o
’ . E, = W%~ o ho=h

_2ma?

l‘\ ; o . o A L\
| = (B42)x K- 4™

o= 7,.\ ,;/3,,/ - -



‘ f ‘(._‘ii CLEDVCUC ' 3
t : ‘( [ir f e | 6[£L,i ’ o -—"_-l;{
= b = (eexiDt i
g ma® <8><3n><\53‘><(lo"9)L L
= 4356 x10°°¢ = 0:5976 %l 68*’3!)_
72:88 X4 ~21-18 , ">_
Ei = 0- 5‘]76 —?ﬂo ’__;T_ L
|
33] An_ e® has Sperel of 6000 /s with an accuaacy .
_of 005/J_*C&LQquiﬁ.m%__w&b__wb&bJ:bL{msﬁj_n_y
O‘Pe;_,MCou’) be. locadted. -
S Velocity.  of e s, -
ANz = 6000 ro/s nlth actusracy of 0.05 L -
S AVM = Gogd X _0-05 |
|4 4 :
=  3.00m/5 X
L AVK = 3 m/s. ) )
Now., . /
AX - Apat =] h “
A A% ™ ANx S h )
AN h )
~ mAVY }.
- e =_ 66 7“0’3(1 )
I 91153 % 3 .
B B = 20 + }O-:3L{+3] .
_ 91 ).
o = - 02417 X152 m .
AR _= 0: 2517 m'mj .
17 An e® has Speed of 2 Xlo L‘ Cra/Sec  accuote 4p 0r0] - ;
what |5 (m(@{%m"nﬂ n_ the, :’Dhﬁl-}—loﬂ of 8, -
)
o =
) ] ) I



) |
) l
s }:‘::,7 USRI I S O i N S -z
) | \/clach—j‘ of e© s,
I ; Vg = 2 XJal Cm/sec = 2%]4% )5 f_)i_mlijﬂlm
:Hg | (it acca frC\cc,j_,Qf:*O_,O( ya . . o
— \)‘- - - A ‘
: S d\/u\' = 27(]/0}4 A _0.0] ~ -
1o®
-5 -
- 2 X, 0.0 -
) T
ion ANg = 0.02 mM/5 L _
) —
Now), - . o _
\1/
AX- APy = b I
: Lo A AVy o2 h
) '\ A)’( = H R — _ _
Y ™ AV - B
) = 6.6 X153 _
) 91 K6°! X 002
) ' — 6¢6 o IQ—-3H+—3'
_ - % . o
_) 0182
) = %62 6% 4
) A X - 3 6 . 267/ T™mm )
7 |
) — —
-y * Ph&od(_ﬁ:ﬁﬁ(__@—ﬁ&ii When IFSH‘E 15 made incident an a
_ -) metol Surctace , e%5 e _emitted  LPom A4he Suxface.
’ This__effect is Called photoelectac  effect. £ the e85 e itied
) :
Qe Called photnelectyonsg.
) . . C .
| T+ Hhese @95 ane ~allowed 4o Flow 1n_a closed clycyit
)| 0
the. Curvent obtain ed 15 Called p hotoelectric Cunveot.
‘) | Same of the ¢ @ex,imgoj:m_%)gs&:ggﬁmi aboot Ahe
ya | photuelectrdc  edfect aqe =
) i ’ - _ e
) | — S
)
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CotiiR 1QUCH

0] Photoelechdc  Cunrent incveases _fth incaease 9n the

‘inJcmsHbL of Incident Hﬁhb

b] Photuelechdc effect 15 not obsexved 14 +he ﬁ'eaLuenmj )
of lfgh‘l: () 15 less 4han Cextain -‘fre,al/uen(j ("’\79),. L
ho madtesn  how Intense- 15 dhe Hﬁh—eﬁ incident beam. 1L
L The "FY‘QGLH Vo5 Called +Hhreshald vﬁeoL”. Tts Value de,nenrh' )
_upon dhe nadusce Of  he emenS Su~face . e
¢) Thexe 15 olmosk no dime=lag between dhe incidence N
_of II‘SH- & _emission_of pha:toﬂa]e;g "ofig. 1« the, .
. photoclectac  effect s observed ]njfm%%fnuelj . -
d) _The photoels have diffexent Kinedic enegies in the .
_ange. O to Emax. Max™ Kinetic 2neagy of_phote —e9s )

LS pan’fHoncu +to _dhe, 'Muuen(ﬁj ot th-!:&- 15 TncJe}penrJegi-

of En4—en%'ﬁ+j of Incident light .

. Wae ’H-\Prs‘r\»Ju does not paedick +he existence.

of th~eshold w Howeuvery, emf4—+—°|nj Sufoces of different
materiols possesses diffevent -threshold Areqls. Thus, ’
o Classicad. wane %@omj of light fails to eaplain )
photo eleckyic effect Satisfactoril s )
' )
=S Wave - parchdle. C‘““"i{:‘j_ﬁ, - !
Duol natave of |ight = - L
The Uectfroma\ane”’:{c ~odioten  Such _as HgH_— L
has +wo _ospecds o wave aspect & o }oovzr-H cle. aspect.]
Tarexfevrence , diffvyactHon £ polaxizaticn  of lfs%-i: Can e u
explained £ the. ~vadjoton 1S asSumed 4o ‘Consist_of .
WAL hoxl?ng fR—mC;emj ~ 4 wonrelength A -
On___the other h(m(‘} phnf%upc;}:rir effect o -
Corapton effect Con be explain ed omj £ 1+ s asSsumee )
_ i 5
_ T



)
)
e s . ,
) : thot Tadiadon (onsiats of porﬂ—acles Called photens
N : With Pnen%Lj/ F ‘?— Mmaomentum P B
_y Thus eJec‘l:'mmgﬁneﬁC ”Ya“dlg:}:luﬂ__}\as duc&.l_mgctuwg
. waves £ panhcles, Colled mave,__,mxﬂ:t_c,l,effduovhi«j of
. Lelectrumagnedic  ~yadiaHon. e
i L@t_LLgnaLchLm_rmﬂ;ugﬁ. AQ:ELJZOKL:ttﬁ.I _we will
) Sep. that mo\/mj pa~tcles [ike. 9;65 oY }Dﬂfo‘}:opj exhibit
. 1 4he. oG, famrrHc\e, dquchj.
. De - Bwoﬁltw JzL:hogb_eg 15 .AAle)cd;Jcefr‘m@‘a:@gg i=
) naves & Rc;_hcﬂ.u.l_&f)_,_wmceﬂogij__nggv iulqme;ﬁ¥o£,,,
) one”rﬁj 'Prnlnclﬂa:}—i’oh D Natuve. Uk@ adiation , tnodtenr
ler)d‘ Should oldse  eahibit wiare ;ncur‘tide AquH-j, That 1S vnadtter
) Coarwr—ﬁc\e,s) Showuld _eahibit wasne like behaviexy wunde~r
w L. C ex‘t&tn popert erc Conditon, I
r __On__+he. basis _of 4his cm@umerﬁr Louuj :De BY%!L&
_) 3C|99_‘f\ put_ Aovwand _the hjpm-}-h@“nj
e PO,a&%:eqr Considerced o roade wp of discrete panctces
) 5uch a5 atoms £ maolecutes —Ahese Pn”ﬁ_—[c(e_ﬁ Canry Erxbibit
; waxre, ke bhehavia¥ (mdgm poopesc Cond [Aions".
T - :
_-) De RTaﬂJ_LP'/ﬁ__QﬂbuaHon“ — R e
— The. ~adiadion 15 not Bei’nj emidted o (ondinueus
ek fashion, but in discaete bundles of enengsy. These bandle
w} ot _packets oﬁgxaiﬁmt«,wmga@jpﬁqm_‘.:}:gxm@d_qj_%uw:}:og,
iffem's Dho—?:oh‘% _
' } The  enexgy of photon 15 given as, . .. -~
) I : F = hey SN
L ; : _wheae, h = Planckls Constant |
) } % a’ ’Fr\‘;oﬂ of qadiaton. __
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Accaxding +o  mass - eaemgy elation of  Eipstein . the, '
en e gy 15 ajwen by )
- J J g7
F = mc* —— @ )
\ (Oh erve P M = mass of —the pk(ﬂ:bn )
C = \/ejoo”cj of 173h+ N
fom €GL°5 () & 2) __we._haxe, -
me* = 1'3?]7 1)
‘ .. ™" = Hﬁ) -
{ = o -
‘ But Sy Q_(x,____'—tbﬁ,,‘_,;lbo:l:o*ﬁ 15 o.Jbuatjm in__motion & vuo&bj of |
_photon |5 always equal o Velocity of Iight, i+ must :
Lhove _momentum  Similar 4o that of meyving pasdicle, _
, J
S e Can (T[4 momentum of leo‘f:tm,j \
b= mmc = bhY .c /
,,;,.o,,'_,,_, D = }—’ (\3 @
] —7
C J
Butr_we.  Know that , )
'\/eloci{j i “F{;‘Qﬂl’u eny X. wqwtmﬁﬁ )
C_ = YA i
Ny = ¢ — &) k
A ,
} Aom eo[:’é @ ‘Z‘@ we, h(x\/@/. _ P
g Mmomentum  of pho&mn: P = h”\? = h . C . Y
C C A
e — =
o= b v Azh |— (B ~
, i —/
| A P
From eqbﬁ B, e Sce that wavﬂenﬁ.%h A__of the —
yvadiation 15 veladed Jo  dhe. momertum P of photon )
"H'\f\"bu\c}:"\ P]cu‘\cklﬁ (nﬂd"?‘an‘l:, }\ . (TRué QQS ® Coxrelates ]
o N




) |
_ S;Fu)owe Charactexiadcs A with +he pcmr-H‘clp chasractendstic:
Y I ,{1 Hhou Jh 4he, P]MQK'.i,,,,,,Cﬁnj:kmcd:_ﬁb_gm A 15 the

N | (Davelenﬁ{h Called _De. ﬂwﬁlie wavelength.

-y Accoxding 4o De 'ﬂrcig!{e idea, eq® G must be true
_ j"PoT PHO'}DT)S as_ well as_~or 4he maderic ,ocur—);{g&é~

; Thus  if o pa ~cHcle of mass m_ 15 _m oﬁvinﬁ____u)jji)ﬁggv,ﬂogﬂz\
— B, i+ has o moementum P =\ &  the ma\/dex\\(}rﬂn -
| A _associaded _with +the  yoouing poazbcle will he gfiven bj
) A= b oo (&)

. P ™Y \J

) Thus C\CCh’Kdinﬁ 4o De. f-?-«ro\}q)fe, ) G w(L\/eJenﬁ—I-hJ\ 15

) assoctated (oith mayhﬁ,,_,m,j of _rnass 1. ,@_;&Ae_m,&v,dmﬁﬁ
) Qqﬁ +he, wane. 15 3”1\/&\ by OoL“ @

) /\é Y‘{'In\ff(\\n) }mdj’ must  Shows wave ¢ ha~vockendstHes . Juch.
) a._ware  osdsoCiated ,(J:)_T:Eb*m_oh\[j_ﬂjw4P<Q;‘2r:l:'Ld,€,,, oy with _a bod Y-
) 15 Called a_ roatter ware. oy De R'Yog,],i',e, w,‘c_u_\/_e,-(;i

) T+ the, pavticle is mmj‘.’n\cj wWith Non —vela b yiatic
) i Velocihy ()<< C), hen ki netic enemgy of_dhe panchdel,
) l E =) ywww> = (my)* = p

. - 2.mM om

- Thus, E :_Jri

. 200 _ .

T p=.famE . -
)) ‘w e Qa[/ﬂ @ ‘beCon‘we/‘fb,_

Bl A= h = _h — @

) | P JamE

) I R *
) ? -

o
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!1, LL / il ! l
uufU ‘(('u) i
- R o LT LTIl . S - o ~>—~—i::i
—  Tlustyotive Examples - F
!J C Colcutate _the de. Bf‘roglie w’quengbh 62 an eS mov'inﬂ l;
ity o \/eJocathz i/Oo dh  of dhe. Vdocﬂ—j of \'IJH:‘ .
; . . . . |
> The de Broglie woavelenatn 15 givea by o)
~J , J J J 7 q
A= h [
TV N
Veloetb, (1) of e© =~ 1 ¢ = | %X3%|068 'L
J 2.0 20 ]
_______ _ ' -
W = .5 XloT /s, |
A= 6.625 %1529 _
3-!%]0'3‘ X 1:5 X0’ _
= 04345 Xlo 1o m -
A = 04845 A’ 1 _
Zl Co.l cL\l(Lte_wolﬁ,__jc%LLLe -wavelength of an 2 which has }
RmeHC enevjj eqLUkod, 4o 15 6V. y
\ we. bhase., : ’
7/ . )
A = ﬂb}w__a whe~re F = Kinelic energy
A = 6-625 X524 !
Vo2 %30 %163 x 15 x].6 K15 )
= 0.312 X loifm,
1
BL = 3.2 A° )
| ) K
3] Consider an._ 2 h@vdl}n\(j with__a. «\/ejod—tj, of- |'07Cm/59r [ .
| r
Calcolate.  de — R’rbgﬁe (ua\/e,lmﬁﬁl—h of- 0% -
Cm = 3-11 x1g°3! k(j; ,h = €625 X 1524 T15). -
S The. de.—Bwoglie.  wanelencth 15 aivea bu .
J V) J J’ )
A=k _
o . - — —_— P —
_ , )
|07 rm/5 ec = lo/ X157 ™/sec.. . 2t
I



d

_ : m@
) ’ - £.625 X|g3" o
e 31 %163 x 107 x1e*® .
- = 0:.727% X )53;*’3_'75“
. g 0-7272. X lo ™
)/ = T2.72 X 1519 1
) A= yaan p ]
) 911 Colculate ’H’\Q.,,-_‘(,LJ,O,\,\CQJ,,e._ﬁﬁrHJMfCLfJ,S,.Q,d,,,a:‘:‘idw,,,,,u)iﬂ:b,_c,u‘,,;PMJ:LCJEJ_M
& of mass 2 gm mo\)?nj With \/Qloc;'-'hj,,otg 3 Km/ﬁﬁ,c\
: S Given = v = 2 gm = 2 x153 K -
) 9 = 3 km/ﬁ&c = 3 %107 'm/SQL__-,___
) The.  de. — B'zrm]le, mqvejen&% 35 31_\/% ]9\\]4;,,,,, o
) o A :L = bk e
) P MY
)L - 6625 AT
") AR X D K1D
) = 6. 625 X 103%
. S
} A T ey X163 v |
i )4 5j Colculate 4he  de- BTooxlie, u)o\\/ejenj%h of_e8 mn\ffﬁﬁ
_') ;‘ | i+ velaciky of icth of Velocity _of Light,
- | (mass of e® = 9._ X1 ol Ked
s Given ‘= = 91 Kys3 'H____J_<_g___ .
g O = I oy c = waxif =zo3xid
) lo N |o ™/
) A=_h = 6625 x1g"
')’ mo 9 i xX162 X 03 %168 .
)




POE T RN TOUCHS )
o P '
o hennhwied)
273 j
—
‘ T)\ = 0-24 2 X'o_“ qnj )
: N
_ §)  Coldeutote the de - F%fro&.l,mwgmﬁﬁhgﬁ_ggi&_ee,______; L
_ _hode Qnenrgj 15 doo _eN. L
N (Hven = 1m0 = _9.] x153] kg L
a U . ,,Lrj
E_ = loo eV = looXI-6Xlo 2 T e
The de—ﬂfro&]i’e, wa \/el‘elnﬁﬂch 1S 8‘]’\./en l-aj/ -
o A =_ b _
~ ~_2mE —
- 6625 x5 _
~l2a % 9 x 153 X oo ®1-6X15" ,
— €625 X |5M
. . :x/2|8_;¢ X]vn—5o ,},
i - - 656'25‘ X |O’”3Lf+z5
) 53.96 J
= C)'{Q_?_ )(H]O—_\'9 70 )
F—A - l-222 A° )
T ' - | 3
7] Fiad %a,_..d&.B:mﬁﬁﬁ_;_wg\,\/@Jenj{:h of neutron L whose )
_ e,hQ/Y‘sj 754,16\/ ? CCTL\/’Q(\_,' mass of newdhror = ’-67()(!2’2:1[813 !
,,,,,, N The de  Banglie warelonqgih 1s_atven by S
7 _ J J=0 J 7 [
/\ = __l'lwg_“m IL —
’\[ 2mkE ‘ ! )m
- 6625 x1594 o .
o m[,%,x 1676 X15%% x 1 x1:-6 X159 —
_ - €.625 X 1594 -~
— J
N 52632 % [o
)
o )
) 5
- o — e - T



‘:7 66257§ A5L1

~ 0.53 ¢a2 X o Sho

I

6.62.5 X ;_LO* 34 +10

0:7323

A J.04¢ XiQi' Lf_,, mj_ B
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Wave, mechanicd -

The. 5rhfroclfn‘30m (LDOAE. Q,oLuaJr—g'mﬂ -

Tn ({umn-l:um mMmechanics ,_we Cannot. talk of

well—d edined ’Do(%r-\-ionn &/ mgmﬁnztuag__ﬁlmu;i:tmenusldp.

we. Know thet movl’rlfj D(L’Ti‘lc(ﬁ)s exhihit+_ wave —like

- mo \/lflj

Charca.cteatdHes. A _wuove,. \9’@&{;J5,q550cmd:td _with CLJ_/\F)CCYhde
A rmathematical FuncHon  which describhes wave — group IS

dhe  wave Punchon (PC?L‘]:) As pcuﬁthe (OYO ﬁu‘"ﬁ—em of

Pa eHeles) moves undes Hne. ackion of extexnal f(fmrcpf, ,

—an wave funcHon ,,Q,bgnﬁ,,eﬁ_,uﬂj:b_j:ime.. The mMmotion of o

ch'\rﬁcle 15 _descyibed bj‘ the _wavefun cton WP (3 ).
The mathematical oaL” of motion in 4terms_of El;)f}ip:t).

_The PG: L5 Nowd Caolled CLS~5CHY0(:”O<}QH"5 T8 Yo VA S Q,QLW' The.
d

Aexr0 * wave mechanics’ u@g@%&&@y@;&_@_m&bm

s}
based _on Schmylmje:r’s WaVe, enﬂ

The wave fun @ C’z, ) aasociade.d u.uj:b_a, PCLI}:LCJ_E
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