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Schedule for thePhysics Colloquium, etc..  

4.2 Properties of Matter Waves 

•! (Q) What properties characterize a wave? 

•! (A) !, f, v, also A that varies with position/time (x,t) 

•! 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) 

      -- describe how the oscillating E- & B-field vary with (x,t) 

(3) For matter wave; 

"(x,t) = probability amplitude 

      |"(x,t)|  !  tell us probability of finding the particle 
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4.2 Properties of Matter Waves 

•! Wave length 

–! De Broglie’s hypothesis:                             " =!  

!   ! = Wavelength of matter wave 

–! experimentally confirmed;   e.g. x-tal diffraction 

–! de Broglie got Nobel prize in 1929 

•! Frequency (of matter waves) 

–! f = E/h 

–! now,it’s open convenient to express ! = h/pand f = E/hin terms of 

the following quantities; 

–! k = 2#/!  (wave number),     w = 2#/T  (angular frequency) 

–! Another convenient definition:  h = h/2" = 1.055 x 10-34 Js 

–! express the fundamental wave-particle relationship as 
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Speed !fv =

BUT

v is NOT the velocity

of the massive particle,

it’s the velocity of the 

Matter wave

–! v = f!  does give the wave speed 

–! vwave = f! = (E/h)*(h/p) = (E/p) 
–! c.f.    for photon (with v=c),  E = pc 
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How does the Probability Wave Move?

Equation of Motion for # # # # ?

Last 
Lecture:

The Free-Particle 
Schrodinger Wave 

Equation

Analogy:

Waves on a string

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



Waves on a string

Solution = function

“Plane Wave”

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 "(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 !! 

e.g. like EM waves, 2 parts (E & B) and a complex function, 

       carrying twice the info. of a real one. 

===> In 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)2 = Probability Density 

real now!! 

4.3 The Free-Particle Schrodinger Eq. 
Probability Density 

   --- Probability of detecting the particle ~ (wave’s A)2 

[Q] What does this mean if wave has 2 parts;  

       E & B  or real & imaginary part of "(x,t)? 

Probability density = |"(x,t)|2 

per unit length 

per unit volume probability of finding the particle in certain region!! 
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