de quhe INawes and I avelenglhs

A L‘y/\i’ guantum oY photon of energy £ and
f/w%tnc? YV has lhe momentuom

E _ hv .
,bré":-a—'['.'E-‘-/)U] —————— 1)
where h v Planck’s Combont amd e iy jhe veloe-
ity of ,(Lg/i 9 terms of wavelenglz N, lhe
Mmomentum P w ?Cuen b}

v _AY _h .
b= 4= 5% T Lire=va]

: h
B - B i e 4
2 ®)

TJhe wowe[engl—}: nof Ldg/uf @ua.nfum Can [Thus
be Apecified 6; i momentum.

de Bvoqlie assumed Mok lhe equatin (2) 1
9e valid omd 1 Licable Mot on
thbuf for mﬁmﬁ#pmﬁbm an w??z.f/ﬂ;
proposed : A materiad pordiel will have a matter
wave agsociated wilk it, just as a A‘ZM Quan-
tum hor a ,@C%}\{' wave .- That b, for a parkiele
6f masg m mouing wilh dpeed Vv, /he twone-
ﬁznjil: WV ?Lven b;



Wb B

A= b~ mu

Thw v }Lo.fE'YYEa( L ab [ de B’)’Oﬁl,u We&nj/'{
o’L a Pcm}u:(a in motion, [ha reelotion (3) 0 Krnown
&y de Ryoglie Mtodign- |

Jhe L'n{e“rlbrwiaiion of Ihe QVAHon (3) arne ah:

1) de B"o’oaliE. n facf s {:mjing s understand
[he /Ai:jwtficahce of Bohr’s Wr\fm Condition
amd. Aeeking to ftl: b The Bohr ovbit a whole
numbey of Atandling wowes , in auwoJOjéL wilh
Auch wovesy mn a Atnetched Atning.

- (2) Jhe e@u.mlt'o'n (3) M«ma be mewrilten in Jhe followinj
P:ﬁ/(:f{’( (ﬁ:/ﬂr)

wheve k=2  The P7o}>&3aﬁov\ Comntant.

(3) Equation (3) enprecses ol [Ty coon
amd (ke parthicle makurte ( momend
a5 powe - pbottel dualicm.

e natwe (A)
P)+ Known

&) In woves dome quanlity

'€ quan Varues b eriiodica lly
In Aound wove ¢ iy /fe prescw, L/; A'ahfwowi



lhe electnic and magwete fields. What 7uanh'{5
E\eh does v m matler waves. $4 b Colled
lhe wovefunetion V. But what indeed in'¥ 7
The value of ¥ associalid ik a 'mowinj booeg
ot (X:'4,2) in Apace at time t i neloted &
lhe Llikelithood ov lhe )bvobabilil‘} of fénoh‘ng (it
lhore ot lhe Hime £. |

Jhe ¥ function has meilher any aU,Yecf/aAyfiCal
Afjmxf{m“r\ce noeY¥ Can U be Cnf@rpruz’:ed; in tevms
o} amy expeiment. Jhe /Sfrobab L‘LC@ fox an object
b be at o cevtain IbLau_e at a glven time
must e wilin 0 omd 1. But while The oombli-
tude of o wowve could be MgmLive‘, @ negodcive
})'robabiwi} v meaninglogs. So ¥ Cannot 4e
an obsexvable lbv’olben‘g - But /V’/?',A%uwm oj lhe
absolulz valur o]l \Ffbmc_[_-[on, p) Free from olbove
Dbjech'on omd 1 Colled lhe P"f‘obabiu@ a(emié;‘
A /ulg/» value 0][ /—f/z nLamp /Sf.'Yor\j Ib'roba.b[[vlj
o]L /erZSenae of lhe object | a very Low [¥I%
implies o A&}M PYobabiUl& of [ prosence.

Helsenberg’s Unceﬁamtj ancipleg

Thw Ibn,cnct‘/?& Atates lhat it i fundament-
ally Lmlboss[é[a o deteymine /S'Lmuﬂmomba



lhe }Dosi}{m\ omd [ 'mom_@_’\ium Of e P‘”d"cbl
b on ace urtacy Lelev [han ome GLLLLU\{-ULM
of acHon. B | |
Kt wy vy b measwee The Ibocth’on of an objeet
tilh photons of wowebuxjﬁ\. N b6 lhe postHon
Can be best mempwud to an accwtacy ~A .
Jhuws The umeertainly in The meadwie ment of
Posih‘ov\ %

AX =N
ek lh object be detecked b? a pingle phofon
o} momertum p = h/7\- On /Sjcnil(‘fhj [he object
ke photon tvamsfer a pont oy wshole of tly Mormendum
bl object. JAws A final momentum of e
object iy uncertain bv an amount
h

AFQ’K

The Ib'roa[;uﬁf of two uncertainties Flues
0N YI

—d

| 3_7/\9_ pove e_xa.cfbj one ditermin [hs }aos[/tbh

- lhe Awalley (5 4% omd chaeiuux’r[y Aarger |
E 4p, omd vice vewsa . It 5 pe noted

[hat” umeevtambies s nef reloted & ouu%



“)0'2' o [he af)/)MuA em})ioged in MROBUNL-
ment but n notwie uaelf.

Enevgy - Time Umncerlointy s

The emngy of o /mﬂh‘c[o % glven by

Pe

_ P«
o :> AE :%—A)bl :UZA'PK

E =

toheye Vx = UeLocﬂ& of The pmh"chz = Py%
AX
x s AE = ZT'Abe

= A4E-4t = 4p, 8% ) h

caEatyh] - oo

Ths form of (/an!s'r{'ru}t«[} nelokon implies Kak
if a /sysz‘em maintoins a pathewlar Atals
fox o time 4t Uy entgy b uncertrin by,qi‘
Least o facter hise.

Anfj wat Momentum gund Anjulm Pogition 2

The emg; of a /DMrLfc,[Q in terma of. moment



nd angulan veloels o guen g,

of inevtia

- L Twk

A
ITw)=
. AE ::?LQ(«) A( ) wdl
whoe L= angulac momentum = LW
But ¢z wt 2> 44 =wdt

L 4L-46 = %x wat = AE-4t ) |

T S

The ewl—iom W, @) and (3) arne doyived From
de ij_u,t _}aLmA A wove rAg oY Ua })Toof

Ahowe Thot [he pvoduct of wncevtonties Wy bt
neduced & at mosf__j‘-/Q Lut we Con not min-
tmive b fwtlhon. 4o [he U/ncerkai/nl& nelakiony

P y
AXdpd My -~ - - - L)
AE-aty Py — (s)
ond  Alagr Ry oy

Q@emev\i% I ax i iR wpe
posttion of a panticl ond lhy Covres pond



mmev\/’cm{m\ M\CEY{?M[& » Ab, Jhan Heisenbew’s
umcex{mfy pruneiple Ataly [hat

At ap, 5 %,

Whote =k/2ﬁ omd h w Planek s Coyntord

Time-dependent Schr'o'dmger Equation:

J he wcwelenj/z of matltey wave iy grven by de
BTO@LLQZ eﬁ/uauh'ov\
h h

- =)
N=p P bamKh - - - )

Jhe enngy of [he pardicle iy telated b [he
fn,eq/uumcg by
E = hV :;’—/T.;zm):ﬁw ------ &)

The atate of o /prfL'cle in motion b deserihed
by The wovefunekion VI(7.t) ond b Atudy iy
moton in ageneml Wowy , e need an equa-
ttom & be /SaﬂhfieoQ btj W,Au.bject howevey
b The Melakions exprassed on C1) omd (2) .



SRR T ¢ YRR

such an ecV,wLHO% wWo /DTOVL'?QEA’ éy ETwin
Sehyidingev on 1924 Which W ba?tc 7y Uiay,
Fum nechamies J'WD'[’ ab New{ws €9 uakipy
w bwmic B e lasc ool Mmeehantes:

Free Patel Nawefw\é’rtmﬂ:

A free parthel (e not Awbjeded & e
,moji. Lﬂ%/gakm%‘ A - abhrecl—i'on wilh a mﬁ
momenkum 1 given by [he infinile plane
lowe L (KX —wt)
V/C'X)f) = hAe
(mx—EQ

L

> Y(nt) =Aer A )
heplacing Ko by P"/ﬁ omd W by E/f,—
Diﬁerenﬁwh"n? (3) w-r & t, we have

. oY
L'k -,a—t:: E\//(x)f) “v - = = = —~-—-(4j

.

Now by Aucceccive o{%fere_n Liation of (3) & v
%

_i+ oY _
Lkﬁ,_ belp ......... (5)

W-£}a_q’f,.~/bx?_

im oAl qm T - - @



ClASSiCaHj, for o frae non-relativiokic ome -
dXmensional }Dafd‘icln E = Pifam. bo from
equations (&) and () we have

(g% KoY @

— —

ot am Dl

The eguation (1) o lhe reguined one-dimension-
ol {-mez—a&,bema&nf Sc/\'r'daunjer ewh‘or\ for
a e /;arah'c[a

— , L 2
9n Thyee dimensions : Lk%%) :'-‘.%n-vy—“'(?)

b b= 05 Dt O

Ne mos reey i equations () amd (8) in Tha

fo[Lowinj Jﬁown:
(Lt%)‘z":fs»” ond (—ik%)%:ﬁ%y/

tohieh AugjeSf [hot The enevgy omd [ha
momenktum be Cowdideyed an a&ffﬂv
e;r\Hal OFeTa;‘AO.:{)g

N N D
’ E:Lkﬁ‘{_ omd P,C“Lhﬁ




R BRI SN S e v

\9fn /Zn,u aumen/.)l:oﬂ/):
R : il —
Ex ikg—;c omd P =-tRV

(zenexval Wave Equation :

Classically , /& envigy E adso Known o
Hown'Ll’co?\ia/v\ of ab‘/vaau‘utw[a n a hotentiy
V(7)) ?Luefn bg

§ch¢'ddtn3e1 as<sumed ¥ b be Ik Olbe_f{aon

for The position Coovdinate ¥ amd t That fov
Hme. So /he o/;qufw_fW/fL/pofen}l'al W VY
Ne mow Aubsttuls /i opevators for £ ond
B and V(Tit) in e%ah‘mw (7) amd allow K

resulking opevator 29 uation 4y opevalt o
[he wanve 7£t/u\ch‘on Wi ’?,i—)

. i1 0¥ —’/t = A io -+
‘e Ltﬂ (v ):[—;;.n vhe V/hi')]}bl’l,t) ~(16)
Jhe QW (10) 0 Jhe HYY\ﬁ-CU./beno{ehf Sehr

0 olingey e?/bial-tloﬂ for & pardicl Moving (n &
potential V(7).



Thus Jhe operatoy for fha Hamiltonian H of lhe

/S‘dstem{/)
A A
H :—-;ﬁ VL—FV('?/{T) ‘-— = = =Sl

Pulﬁhci [hin l':} LN QW}-CUY\ (o) we get
P i I £

Thin v nedueed form of Jhs Hm_a-oa/zenal,ui‘
Schysdingey equation.
Jhe morve ex/;b‘cd' form of equoton (10) v /\/
, ; . - .
oY _ _ A 0¥ Y 2Ty 2%

Lh oF
ar o 81 *m ?12+?}7L+b%1 *

p hgslcal 9nterbrtetahon of Lave function Ve

According o Atakistical interpretation, The cﬁwm‘ri{j
YAy = /\#/2‘7Lues Jhe probasilily of finau‘n? lho
Ajsfe,m ov partick ot T ok time t, w* being Jhe
Complen Comnj te of Y. ¥ % h_zveuer nejah've-
Jhe uo\nl:&j V1% 1 Known ah |he P*{Obo_biw,}

denity 7"("7(6)



- 1 - _ .
PRy =Y - - - -(3)
o fl == ; ) m fem n @
The brvobabt inding the Aysiem
vo(ﬁ)mi ‘elﬁmbe{y\k O]Ldj\f (:&?AZ“{Z’) 0 Ken I¥I'dy.
3 Fen 1has ng} be infegrafefl j[Y?m “"C’é
+ o0 e 33% fotad P'Yobabiwg tohich wu\méz‘
' o
-, //\///uv =) mm == = ==t
— o _
A NO\NEJ/‘LL”C‘['(;O” W /ja,‘&,ofytn? The 67}10&1‘07\ (IL,)
i Colled @ noymelised wovefunction and
Q@Mﬁm« (W) o ke noymaliation Condation.
Y however W(T,t) io not noymaliced [he
above equakion (1y) Wit be utiliced fo novmalice
lhe wonefunction. On wnulb&}abat*ng lhe wowefw\thov\
by & Comstant V;)va\o\ from (14) we hawve

IN11JIWIlAV:1
~2¢
/
s INYz = I (),
[y
—oC

wheve N 1 Ry novrmaelication Comtant.



1%

P mobabili@ Current Densily : Conservation

The probabilistic intespratalion of wanefunction ¥
deads 5 arolfen tmpovtant parameter— Ihe probabilly
Cwutenk d,o_m[l&.

Jhe teme- dependent Schridinger equakion and i
Compler Comjugalt form ae necpectively

L OV _ T Kt o \/4/ _______ 74

Lkﬂ—_ o= Y+ V() [ @,
a.'rwl ¥ - 9

SRRy - g

wheve i b accumed Thot V(?_) 0w real .
mwp%mg (16) bj V¥ and (17) by ¥ and on Aubtya-

ction we\ hawve
¥ 2
it (VG BE )< ¥ v o]

> 2 (¥¥)= 4 ?(%*W—W’W")



15

50 lhat ][Yom (18) ae howve
7
0y) + 7.3 0 - -~y
O{I g’g + ?‘F(P/f) =0 - - - — - — - _ (‘?/)

The ewh‘oh (21) ip Known ah e%aﬁ'on_qf Conh’nuilj‘,
Since V¥ o lhe probabilily dewsily £, j(78) 1y
k be ihfew}intfatéol a /;Yobabilﬂg Cwutent dﬂwily“
3t v The How of ’bffobab[[(@“ acvost twid™ e per
il time.

971&31@4—0\3@2 ovey & Volume and M/Ji/nﬁ Ceouugs /s

au‘verf)emce lheovem we haye

X - - 7 = =
2[4 ay - -/(V'))dvz—fj(v,f)-ds
v - - --{22
Freom eguation (22)

Egjuaton, any deerease oy [neyeape in
brobabilhy wikin portficulan negion iy otlended

wilk inflow ox oubflow of Probabilily acyocs iy Aurface

LMP[,'jl:hj lhat a/ny ine)’@@be n by ba-blkh R
. 0 )/
in dorme 19iom gon p ¢ {y wlk Hme

v Aome. lil decrease jf, robah Ll
ﬁndmgﬂd‘ owf@ lhat region 67 cli, e;méa:x{w\t
wh | ‘?7/_*?*“’“ (22) e:y:/uzsm e Congeyvation

of probabilily dzmi@ and om

bum_meehanical probabilily 0.0 o rmed gl

Lomvervakion eguatin



15

Time - independent Schridinger Equation:

In many attuations, lhe system does mot Change
wilh tivee ( [he Aleady A‘cafig amd potentiod v a
ﬂkncl-coh of Co-aydinali oyslj- we Con 2
lhe variobles in time-dependant Schvbdirgey
eguation to get two equatione: (1) One deperdant
on t omd (2) [he olhar dubendant on Y. Than
P(7t)= gV (V) ~ -~ - -- W

The S'c/wb'a(injer time - dependant eguakion 1
Flven by
| g .
s 2EO_ AT 90g
PuHLnj lhe e%al'io*f\ () mbo (1) we jeE
‘l— -4
v it 20 = g5 o) [med)
_ A" =Ty 2
dividing Ikvoughout by $(t)¥(7)

Now lhe L-H-$ of equation(3) b a fune tion of £
ahbj ond [ R-H-C 1) @ funehon of (o ovdinalz

owly . o each aide mwt be equal o & lomtant



X
A9 - pglt) - - - -- -y

. i‘k e =

ond T8> gy YO) =6 1)~
2m

The equation(®) 1o Called time- indtbendont

Schvodingey equation or nimply Schrblingey

e?/ucd‘(oh. Genevally b i» wyilten in lhe fOUDMinj

fOT'YnI 9
7+ ﬁ%t”(Ew))” =0 [==---()

m eVm}(on(h) th 5& » The enygy ,o,bem}ax That
opevates on Plt) b give a Lomstant E. E p [
enevgy of lhe gystem.
NoW del) _ _LE g

K

i) T T
Integrating .
Indlt) =- £ ¢
e
S Plt) = e K t

" Nowe funetion f[?'f): SM') W[?)
ey B
=¥(r)e ¥~ 47

JTlm



17

In most Ai’cm}-{m, Iha ecvxcxHoh han a Aet o
Aolutions Ao That The ewh’ov\ (1) v oritten a4

~Lipy

P (7t - Tolgt @ BT e s o)

94 Ihe Agstem 1 iy amy eigenstals 9lven by
© lhe probabibly densily w

BT T = [ wi7))%- - -y
ond v ir)_au/aemaﬂu%ﬁof time. Such states
fw wheh (he /;Tobabibig do_mil; 1y Gwitant tn
Hme ane Called /K{-a}-(onw%p Abates .





{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

