
Unit 3, Homework No. 1: Fundamentals
Date issued: Monday, October 31, 2011. This homework is due on or before November 7, 5:00 pm. Late homework assignments will not be graded. Solutions will be available one day after the due date.

 (Useful constants: h = 6.626 ( 10-34 Js, me = 9.1095 ( 10-31 kg, mp = 1.67265 ( 10-27 kg, c = 2.9979 ( 108 ms-1, RH = 109,681 cm-1, ao = 5.29 ( 10-11 m. Also note that 1eV = 1.602177 × 10-19 J and 1 Å = 10-10m).
1. Commercial FM radio stations broadcast between 88 and 108 MHz. For a radio wave having ( = 95.8 MHz, calculate ( in meters, ( in wavenumbers (usually denoted 
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) and E in joules.

2. The threshold wavelength of light required to eject electrons from the surface of the metal Lanthanum (Z = 57) is 3760 Å.

(a) What is the work function of the metal in electron-volts and wavenumbers?

(b) What is the maximum kinetic energy of photoelectrons emitted by this metal when it is illuminated with ultraviolet light of wavelength 2000 Å? (1 Å = 10-10m).
3.
The work function for barium is 2.48 eV. If light of 400 nm is shined on a barium cathode, what is the maximum velocity of the ejected electrons?

4. The clean surface of Na is illuminated with monochromatic radiation of various wavelengths (() and the retarding (or stopping) potentials (Vs) required to stop the most energetic photoelectrons are observed as follows.

	( / Å
	2536
	2830
	3039
	3302
	3663
	4358

	Vs / V
	2.60
	2.11
	1.81
	1.47
	1.10
	0.57


Plot these data in such a way as to show that they lie along a straight line as predicted by the photoelectric equation, and obtain a numerical value for Planck’s constant h. Note: at the stopping potential the kinetic energy of the electrons is balanced exactly by the potential energy due to the stopping potential, i.e. KE = eVs, where e is the charge on an electron.
5. If we locate an electron to within 20 pm, then what is the uncertainty in its speed? What is the uncertainty of the momentum of an electron if we know its position is somewhere in a 10 pm interval? How does the value compare to the momentum of an electron in the first Bohr orbit?
6. A ground-state hydrogen atom absorbs a photon of light that has a wavelength of 97.2 nm. It then gives off a photon that has a wavelength of 486 nm. What is the final state of the hydrogen atom?

7. (a) Calculate the de Broglie wavelength of an electron moving at a speed of 3 × 106 ms-1. 
(b) Calculate the wavelength of a 0.143 kg baseball traveling at 90 miles per hour.

(c) Do electrons, positrons, and ( particles with a velocity that is 90% of the speed of 

light have the same wavelength?

8. (a) The Balmer series of lines in the spectrum of atomic hydrogen has n1 = 2. Calculate ( (in m) and ( (in Hz) for the first six lines in this series.

(b) Determine the wavelength of the line in the hydrogen atomic emission spectrum corresponding to the n1 = 3 to n2 = 4 transition.

(c) Which transition in a hydrogen atom will cause emission of the shortest wavelength photon: n1 = 4 to n2 = 3, n1 = 4 to n2 = 2, n1 = 3 to n2 = 2, or n1 = 1 to n2 = 1 ?
9. Derive the Bohr formula for the radius and energy for a nucleus of atomic number Z. These are the general expressions for any one-electron system such as Li2+.
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