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Chapter 5 ! The Wavelike Properties of Particles

5-1. (a) 

(b) 

5-2.

5-3.    

5-4. (from Equation 5-2)

(a) For an electron: 

(b) For a proton: 

(c) For an alpha particle: 

5-5.     (from Equation 5-2)

Mass of N2 molecule = 
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5-6.

5-7. (a) If there is a node at each wall, then  or .

(b)

For n = 1: 

For n = 2:  

5-8. (a)  is a nonrelativistic situation, so

(b)  is relativistic for an electron, so 
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(Problem 5-8 continued)

(c)

5-9.

(a)

Because, 

(b)

 and 

5-10.
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(Problem 5-10 continued)

(a) 

(b) 

5-11.

5-12. (a)

(b)
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5-13.

For the first maximum n = 1, so 

5-14. (Equation 5-6)

For 54 eV electrons 8 = 0.165 nm and 

For n = 2 and larger , so no values of n larger than one are possible.

5-15.     (Equation 5-6)

For    For   For 

For   This is the largest possible N.  All larger n values have .
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5-16. (a) 

(b) 

5-17. (a) 

(b) 

(c) 

(d) Successive zeros of the envelope requires that , thus  with

 and .

5-18. (a)

  Because ,  and 

(b) v decreases as 8 decreases.   is positive.
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5-19. (a)

The number of waves = 

Length of the packet = (# waves)(8) = 

(b)

(c)

5-20.

5-21.

5-22. (a)

  For first minimum (see Figure 5-16).

(b)

5-23. (a) The particle is found with equal probability in any interval in a force-free region. 

Therefore, the probability of finding the particle in any interval )x is proportional to )x. 

Thus, the probability of finding the sphere exactly in the middle, i.e., with )x = 0 is zero.

(b) The probability of finding the sphere somewhere within 24.9cm to 25.1 cm is proportional

to )x = 0.2 cm.  Because there is a force free length L = 48 cm available to the sphere and

the probability of finding it somewhere in L is unity, then the probability that it will be

found in )x = 0.2 cm between 24.9 cm and 25.1 cm (or any interval of equal size) is:
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5-24. Because the particle must be in the box,  

Let u = Bx/L;  x = 0 6 u = 0; x = L 6 u = B and dx = (L/B)du, so we have

5-25. (a) At 

(b)   At 

(c) At

(d) The electron will most likely be found at x = 0, where Pdx is largest.

5-26. (a) One does not know at which oscillation of small amplitude to start or stop counting.

(b)  and , so 

5-27.
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5-28.

5-29.

The energy uncertainty of the excited state is )E, so the " energy can be no sharper than )E.

5-30. .  Because .

5-31. For the cheetah . Because  (see Problem 5-30),

5-32. Because c = f8 for photon, 8 = cf = hc/hf = hc/E, so

 

and  

For electron:  

Notice that )p for the electron is 1000 times larger than 8 for the photon.



Chapter 5 ! The Wavelike Properties of Particles

112

5-33. (a) For 48 Ti: 

(b) For H":

       and  also.

 is the uncertainty in the H" transition energy of 1.9 eV.

5-34. The size of the object needs to be of the order of the wavelength of the 10 MeV neutron.

.  ( and u are found from:

Then, 

Nuclei are of this order of size and could be used to show the wave character of 10 MeV neutrons.

5-35.
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5-36.

In the Bohr model,  and may be known as well as .  Then

.  This exceeds one revolution, so that N is completely unknown.

5-37. E = hf 6 )E = h)f

)E) t . h 6 )f) t . 1 where ) t = 0.85 ms

)f = 1/0.85 ms = 1.

For 8 = 0.01 nm     18×109 Hz

f = 3.00×1019 Hz

5-38.

For neutron: 

For electron: The electron is relativistic, because classical kinetic energy p2/2m is much larger than

the rest energy.  Therefore, 
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(Problem 5-38 continued)

5-39. (a) ,   , ,   

(b) 

5-40.
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5-41. . Substitute 

.  To minimize E, set 

5-42. (a) .  Because , then:

     If , then:

(b) For L = 0.1 nm, 
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(Problem 5-42 continued)

 E

(eV)

(c)

For transition, 

(d) For transition, 

(e) For transition, 

5-43. (a) For proton:  from Problem 5-42.

  and  
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(Problem 5-43 continued)

(b) For transition,

 

(c) For transition,

 

(d) For transition,

 

5-44. (a)       And 

(b) For electron with :

 

For electron with A = 1 cm or A = 10!2 

(c)

5-45.

For proton:  

For bullet:   
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5-46.    (Equation 5-11) where 

Noting that , we then have:

5-47. (a)   The electrons are not moving at relativistic speeds, so

(b) The energy, momentum, and wavelength of the two photons are equal.

(c)

(d)
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5.48. (a)

(b)

(c)

5-49.

Expanding the right side, assuming ,

    and neglecting all but the first two terms,

  Solving this for m and inserting deBroglie’s assumptions that 

, m is then :
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5-50. (a)

(b) If also   and  where  or 

so, 

5-51.

This is about 12 times the natural line width.

This is over 107 times the natural line width.
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5-52.

(a) 

This is about 10!4 times the natural line width estimated at 10!7 eV.

(b) 

This is about 108 times the natural line width.
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