Lechepe 16 Chapln 39 !
Wave Naluve of Parhieles

~de_Bvoglie Waves (1923, Nabel Prize 1929)
Einskin’s wave- ponhele duali'sm v an
abgolufe Phenomenmn exkeuding to all
Physicd mahure : All forms & malien
have wawe a8 well as haahcle bropeahes:
F\’f—?vteng 4+ wave lenglly, dF 1o Hen wave

'JC:E- - and. A\ -h - E=JBumici-me
h - % tmot

Pz YmwZnay

| Ovb: I-Hng elechrn han o malen wave
associakd wilh i,
Bohvy Medel and de Bvqgl le Waves

Quanhgzabhon of anguler momentum of
tleblons in Behr's Ihdvy in lvams oF skanding
Maln waves assaciake wrlh orbihng elechms,




The only way for a wave along the electron’s orbit to survive is if itis a
standing wave. This impies that the circumference of a circular orbit

L o
F i e,

Is an integral number of de Broglie wavelengths.
. l! amwrwa sl

For a hydrogen atom:

Electron wave resonance

h=1
V‘HN,.-—_J = 6288y

\/\/\mwwnwaﬁu

A2= (2574,

- N3=18.6589 w?muwa-.m

wavelengths for hydrogen states, “>._
8¢9 =0.529 A = Bohr radius

NE. = nA = nh/p = nh/mv or

l mvr = :Emd nh (Bohr's ncma_wmﬁ_g rule)
This is the mxu_mzm__o_._ for Bohr's strange quantization rule |
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Example: Elechmic Wavslenath

e E"'.':" \‘§ Eledvon accclnales
fom vest to o ot dig
aVz:s o KV

ﬁ?m,@ enengy = 4 mu'Helav
J:ml-,aul envgy =0

?"9 —_}_—mu"': leldv

e = I'ZBX)D."‘m |
V2 (,.‘x,o-l'-))(,xp‘l)("f'llXIb' ) = 0.0123

Ao X-voy wavelegth, Ihus chows diffrackHon
In Owyskls.




Expenimentod Evidence of Maher Waves

Elechvon Diffeachow

7 1+ Davisson and Gonmen expeniment (1927)
°f Scallning of elechvms by Micked Simgle
Crystal shewed diffrackion palen

= Elecvons behave Like toaves

[ S mext poge fov
xXporimuniel Seb wup

veswlts il
P._Thomsen pweformed

elechom oiHrachim expt (1926) using
bolyevysielline metallie foil as tonget.

Davisson ana Thomson Nobel Pri3e in 1‘9.3_? |

3. Diffrachion of hydvogen, helium, olhws (i9h+
aloms as well as 7eubon hes ben observed:
4. Double stit expt. wilh eleckrms v 1961 by
Claus TJohnson proved imtenfounc df elechms
Passing [hFaugh o suts.
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Wave Packet and Maltes Wave

Jinusoidal wave: Y= A cos (kx-we)
extends to, sk space

l FIGURE 28.15 ‘ (a) An dealized

wave of an exact single trequency s
the same throughout space and time
(b) If two ideal waves with slighuy cut- |
ferent frequencies are combined. |

beats result (Section 14.6). The re- c‘““ﬂ 7‘?7&”’ m”“ U = Q"
gions of space at which there is con- mwﬂ' P R
structive interference are different

from those at which there is destruc-

uve interference. Wave |

R N AV AV AV AAVAVA VAV

9a= A S5 (uk-0ht) ‘\\z/\ NNANNNNN [\UL p

VVVVVVVV

Superposition:

d= Y1149, .\\]\ \/\‘_‘j'\/ ﬁ /ﬂ\a- .\\/\; A+ 4 K
=[2h cos & . \/’v \V\V ‘\'Z"v. i

x=- AW )| cos =
Ohwre 4k =(Ra-k = ] {[lﬂ:—g':%"“@"-l%u‘) é} .
E ')aﬂd aw,=w-‘é 3
Snptl:,'i Ed?hows Signs .y ’°N:'5a.;v‘m and faels an/l;
Frent+ from Uz W= Uqg = 4__3/# -:%%ofrﬂ‘P
velou

L)
| ACTIVE FIGURE 28.16 | 1r large number of Iy

waves are combined, the result is a wave packet
which represents a particle.

- B
PhYSICSL‘/"SNOW"' Choose the number of waves
f to add together and observe the resulting wave packet
by logging into PhvsicsNow at WWW.pop4e.com and
gotng to Active Figure 98 16.

Localigabion grows chen moye and mere wates
lh (Rely cvest at x =0 e added o form o
@ave packet or pulse as shewrn obove

Yix,t) = T A ¢cos (k;x-wée)':fdk/‘r(k)cas(lzx-
5 ¢ ~w(k)t)
uch a pulse ov wave pPacket can Te bresent

e toave matuve of a porhcle.




Group Velouly and Panhrcle Velouhy
It can be shown ITe group velouky of Me pulse
s e same as [he vcloulg &) [Re Jpanhicle which o

Yepresents
SuptrPosiHon of a large Mumber of waves gfuves
W= W(k)
Group speed Of IR wave patket ( group of wares)
Va__o(w = d(20f)_ o (h)
- 4D o (h/n
= AP Sime. E=hi and ’\2%
But - donir s A dE _ 2p _ b _
P:MV E= L 2w = aT’_D = Z‘E‘h - _;-';.“UPW"-“!U(

= 9rup spud of wave padket = Spaa of parkicle
= wave packel ib A Yeasonable tay (o
Yepresent a ponbkcle.

Nole ~elahviskic calewla ien of 45 will
give e same vesuld,
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The U”CU“‘O-I.‘Q&(__ Principle ( Heisenbeng 1927,

| ' Nobel Prize 1932)
Because Of wave -pankicle dualiby , tF v

f‘“hd.ﬁmgnl-alloj I“W\POSS{HQ kP mala Sfmulfanedus

meanurements of a pankelels fositiorn €nd

Momenbum Wil (hfinik accuvaey

Ax apy yt whow h= &

unenkednly \ unwﬁ-afn"y In momentum
M posihov coord: X cemponent Px
—> ununtounbes Mot rvelakd bo  nskurmented
wnwikoutniy /
—> Unuatainky elue = l‘hh’nSl‘Q 7“4'1"“"”
nobvw Of Nrein . |
To undvatond uncintainly, conside
waveleng/k of pPorhcle Knewn exoctly.
Stna  po % = b known exactly
=D Aapy=0 : &
D Single wavelenglh wave wifl exist
[Fvoorghowt spact NSNS \S

v=?' ne locokion (n Spoce couid be [denhbed
wih posiben pankicle. :
= N0 knowledge implies infinik wncatainly

wn posibon of Porlicle




Some unwul-ainh(, N Mmomenlum =
vange of wavelengfhs allowed. aceaveling o
de Broglie
=D parhicle represenked by o vavge dj
waves 6) cliffeasnt weavelenglhs fovming
a tWave Pa.iet
Wave packer represents penkicle

Tris jmpes ):mh‘dc:\ssme who within
fe wave paket and Mot oubsicle .

= Panbicle's position 1o nok eracHy known
but known wilkin o cntain vange dfspau:
LOSI'YIQ Some l’hfafrmah'm obout Mmomenkum correspond
fo gouning mformakiom a-bowt [Sosihon -

.. ax APK >/ﬁ |

Similonly Ay ApyS 5 and ATAps>R

 Comsidwing wave as a funch'on of hme
1NN St

Caw rnqk&’:mummh abouf Knowledge 4}
frequeny oumd Hme. Sina E = b ;

unMI-m'nl'p b“m"“ AEaQt 7,&

Q khOW'Cdse J} GMQV MWMM{M)@ [ecels
kb delominakion o7 Lifekime &) o stabe ¢

2z
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Example :  An elechon (M= a-11xI67HRS) ond o bullet
(m-= 0-02 k9) each havmg a thoub vz 500 7’7/5
Accwvawy 0.017. . What o fhe uncntainky in [Re posikion
Of I ponhicles 2

a2 =0 olf. = 06:9001, A= (0-0001)V9
™mav= = (0.0001) 500™/5
APe- ACRIET 3 g) (0-05mls) = 0-05 M5
= Y'$sSx1072% R3-M
Az B . * 09x10‘3‘175 - S
b - - y = 2 m
Px H4-ssx10 Iz_g__s_
AR, =myay = ©002)(0:05) = 1x16 1B
APX 1Xl0-3 — [-05X10 (

= Unrkalnhy tn posiien o) heavy poabtles 1

Example : Unstable borhcle preduceet iw high

Enengy e IM ey, 27 Wslainky

\" nass & LY. & m. Assu.mmg mass anel

Ehongy onr velobed ) eohvnate Lifehme of pathcle.
dm= 0.01m = (0:61)(3IMp)

= (o) (3) () G?szw" kg)

T dt‘L _E._—m

amc?

= 058X 0“3"\' =238 xn %535
& (o. os)il &726”6"”)(3)(!03)2 ”




