4.2 Properties of Matter Waves

An n O u n C e m e nts * (Q) What properties characterize a wave?
* (A) A1, v, also A that varies with position/time (x,t)
* HW4 will be announced today * Wave function (WF): we use different symbol for WF of

different kinds of wave

(1)! For transverse wave on string; y(x,t)
-- string’s transverse “displacement”
(2) For EM plane wave; E(x,t) &B(x,t)

*¥*% Course Web Page ** —- describe how the oscillating E- & B-field vary with (x,t)
http://highenergy.phys.ttu.edu/~slee/2402/ (3) For matter wave;
Lecture Notes, HW A.ssignments., Y(x,t) = probability amplitude
Schedule for thePhysics Colloquium, etc.. [W(x,t)] ! tell us probability of finding the particle
The probability
Amplitude = W(x,1) to find
function of (x.,t) VRN a particle
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The probability density
to find > \

a particle [ (x,2)]
at coordinate x, at time t

Integrate over AX, At




After 10 ;jetected

Alfter 1(50 detecte.d
T - stet T

LB TS g

After

P(x) = jdt I (x,0)

* Wave length 2z
— De Broglie’s hypothesis: &

4.2 Properties of Matter Waves

A=

SRR

I A = Wavelength of matter wave
— experimentally confirmed; e.g. x-tal diffraction
— de Broglie got Nobel prize in 1929

* Frequency (of matter waves)

f=Eh

now,it’s open convenient to express A = h/pand f = E/hin terms of
the following quantities;

k=2m/A (wave number), wW=2m/T (angular frequency)
Another convenient definition: T7= h/27r = 1.055 x 10-34 Js
express the fundamental wave-particle relationship as

P =hk E=hw

Properties of

Matter Waves
De Broglie (1929)
h
Wavelength ! =—
p
E
Frequency f= >

— v =1{A does give the WAVE speed /
~ Vyave= fA = (E/h)*(h/p) = (E/p) V= f

— c.f. for photon (with v=c), E = pc

Properties of

Matter Waves

BUT
v is NOT the velocity
of the massive particle,
it’s the velocity of the
Matter wave




Example 3.1
If moving at 300 m/s, what would be the wavelength (a) of an 18.000-kg air-
plane, and (b) of an electron? (¢) Which is more likely to exhibit a wave nature?

h Why A is so
A=— Small?
p

(]8 000 kg)(300 m/s)
6.63 X 1073 Js

b}, Aiscrront = T

( ) electron (9[1 % 103 l\g)(SO(_} m/s) @

Because h is very-very

Small
Last Thef’ r?-b(ébility The Free-Particle
: o Schrodinger Wave
Lecture: a particle Eauet
In an interval Ax, At quation

P-= ”dxdt W (x,1) I?

Integrate over AX, At

How does the Probability Wave Move?l

@ation of Motion forD

[Q] How do we determine the

YP(x,t) of a matter wave?

Waves on a string
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Waves on a string
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Figure 3.9 A wave disturbance on a
string.

Solution = function
“Plane Wave”

yv(x, 1) = A sin(kx — wt) where ? =y

4.3 The Free-Particle Schrodinger Eq.

[Q] How do we determine the \(x,t) of a matter wave?
(A)'EM Waves -- EM waves have 2-parts; E & B

Maxwell’s eq. and its solution !!

4.3 The Free-Particle Schrodinger Eq.

[Q] How do we determine the Y(x,t) of a matter wave?

[A] Matter Waves
-- wave eq. obeyed by matter waves ! Schrodinger eq.
- for free particle in the absence of external forces,

[Q] Schrodinger eq. is “complex”. Matter wave is not “real”?
[A] Reason for “i” :: NOT matter waves are “unreal”
BUT they can’t be represented by a
single real function !! el ol
e.g. like EM waves, 2 parts (E & B) and a complex function,
carrying twice the info. of a real one.

===>[n EM, we could treat E & B as a single complex unit by including “i”
w/o making either field “unreal” ===>G=E +iCB

(Wave Function)?> =Probability Density

4.3 The Free-Particle Schrodinger Eq.

Probability Density
--- Probability of detecting the particle ~ (wave’s A)?
[Q] What does this mean if wave has 2 parts;
E & B or real & imaginary part of Y(x,t)?

per unit length
probability of figding the particle in certain region!! per unit volume

Probabilit@= W2




The Free-Particle

Schrodinger Wave Y (x,1) =y (x, 1) + iy, (x,1)
Equation B :
(7 1) =y, (x,1) ~iy,(x,1)
e AC ) R G /
2
i i -4 Complex Conjugate
7//( X, t) Probability Wave Function
. =4/-1
. > Probabilit L
v (x,0p(x,t) =ly(x,0)l Densilt; Y :
ic=-1
¥ (x,t) a complex function Probability Density = ?
pyXH) =y, XD +1y,(Xt) The Plane Wave
1 2 _J 1

W (XD =y, (%) =iy, (X,1)
Probability Density

(XD P=y (XD (Xt) =
=y, iy, iy, +ipy, =
=Y, + Y,

L (X, 1) P=1p,° (X, 1) + 1,7 (X,1)

‘.‘I'r{_l:, f:ll = Af_rf[-{'.i'—'.ru.l'j

Ae i(kx— ar)
W(x, 1) = { A cos(kx — wt) + iA sin(kx — wt)
Wolx, )+ iV (x, 0




