ACTIVITY:  SIMULATION OF OPTICAL SOURCES
Objective: The goal of this set of simulations is to look into the relationship among the energy diagrams of a given material, the transitions that happens among its energy bands and the way this affects to the spectrum of the emitted radiation. 

To solve each of the following study cases, carefully follow the indicated directions. Remember that after completing each task, you must to get a screen dump (only the solution you have finally found!) and save it in your own folder. 
To start on this exercise, please point your web browser to:

http://phys.educ.ksu.edu/vqm/index.html
The screenshot below shows the simulations you should try to study. It seems a lot of work, but actually they are easily and quickly 
carried out. 
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Instructional Simulations

These simulations require the free Shockwave player from Macromedia™ Inc.
The simulations published on the Visual Quantum Mechanics - The Original
(CDROM) are no longer available online. They can be purchased from Ztek Co.

« Hydrogen Spectroscopy

« Zeeman Spectroscopy

« Franck-Hertz Experiment

« Color Creator
Shockwave Version

Java Version

The following simulations are available from Ztek Co.

« Spectroscopy Lab Suite
Gas Lamps - Emission, Absorption
Solids - LEDs, Incandescence
Lasers - Ruby Laser, Helium Neon Laser, Diode Laser
- Luminsecence - IR Detector, Fluorescence, Phosphorescence
Probability Tllustrator
Energy Band Creator
Quantum Tunneling
Wave Function Sketcher
Wave Packet Explorer
Energy Diagram Explorer
Diffraction Suite
Double Slit Diffraction
ingle Slit Diffra
« LED Constructor






Task Nº1 - LED Spectroscopy

STEP 1: Observing the actual spectrum of an LED 

Observe the absorption spectrum of an LED by dragging any of the LEDs from the bottom left of the screen and dropping it into the LED Socket above. The spectrum appears at the top right of the screen. 

STEP 2: Creating the Conduction and Valence Bands 

Click on the "Add Conduction Band" button. A conduction band will appear on the scale. Then click on the "Add Valence Band" button just below it and a valence band will appear below the conduction band on the scale. A thick arrow representing the transition from the conduction to the valence band will appear on the energy diagram. Simultaneously, the trial spectrum corresponding to this transition will appear directly below the real spectrum of the LED. 

STEP 3: Matching the Trial Spectrum with the Real Spectrum 

Move the cursor to the center of either band. The cursor changes to a hand. Drag the energy band up or down and see the spectrum change. Change the width of the energy band and the resulting spectrum by moving the cursor close to the top or bottom edge of either band and adjusting the edge of either band. 
Task  Nº 2 - Ruby Laser

STEP 1: Creating the Excited and Impurity State Bands 

Click on the "Create Excited State Band" button to the left of the energy diagram. An excited state band appears on the diagram, and the button is replaced by a" Create Impurity State Band" button that appears directly below it. Click this button and the impurity state band will appear below the excited state band. 

STEP 2: Applying the Pumping Power 

Use the slider at the bottom left of the screen to increase the Pumping Spectrum Energy. Observe the red marker moving along the vertical scale on the right indicating the increase in the energy on the energy level graph as you move the slider. The color of the inside of the laser changes to reflect the pumping spectrum energy. Increase the Pumping Spectrum energy with the slider until the energy is equal to the energy of the excited state band. Then release the slider and click on the" Turn on Pumping Power" button just above the Pumping Spectrum slider. You will observe the transitions occurring in the energy level diagram. Transition arrows will appear sequentially indicating the order in which various electronic transitions occur. The excited and the impurity states would get shaded dark to indicate an increase in the population of electrons in these states. Finally after the last transition is complete the spectral lines will appear in the trial spectrum just below the energy diagram and above the actual spectrum of the ruby laser. The laser too begins to glow with a color corresponding to the energy of the transition from the impurity to the ground state. 

STEP 3: Matching the Trial Spectrum with the Real Spectrum 

Observe the difference between the fixed real spectrum of the Ruby laser at the bottom of the screen and the trial spectrum that was created in STEP 2. To change the trial spectrum, click the "Edit Properties" button to the near the laser. You can now drag the excited and impurity state bands using your mouse cursor (which turns into a hand). After you have changed the energy levels to their desired values. Click the "Turn on Pumping Power" button. You may need to change the pumping energy on the slider at the bottom left. Observe the resulting electronic transitions similar to the ones in STEP 2, as well as the resulting trial spectrum. Repeat the process if you do not get the desired match between the trial and real spectra. 

Task  Nº 3 - Helium-Neon Laser

STEP 1: Creating the Excited and Metastable State Bands of He and Ne 

Click the "Create He Excited State Band" button to the right of the energy level diagram for Helium. Two excited state bands for He appear in the energy level diagram to the left of the button. On the right side of the screen click the "Create Ne Excited State Band" that appears. Two excited state bands appear in the energy level diagram for Neon. Subsequently, click the "Create Ne Metastable State Band" button that appears just below. Two metastable state bands appear below each of the excited state bands in the Neon energy diagram. 

STEP 2: Increasing the Pumping Spectrum Energy 

Increase energy of the Pumping Spectrum of Helium by moving the slider at the bottom left corner of the screen. Observe the marker on the vertical scale of Helium energy diagram to move up along the scale as you increase the energy. You must increase the energy at least as high as the lowest excited state of Helium. Then click the "Turn on Pumping Energy" button. Observe the transitions on the energy level diagrams for Helium and Neon. First electrons are excited to from the ground state of He to the excited state of He, as indicated by upward transition lines as well as the darkening of the excited states of Helium to indicate an increase in population of these states. An animation shows the collision between He and Ne atoms and a thick brown horizontal arrow shows the transfer of energy from Helium to Neon. Subsequent transitions from the excited and metastable states of Neon are shown on the energy diagram. The resulting trial spectrum appears directly below the energy diagram, and above the actual spectrum for the He-Ne laser. 

STEP 3: Matching trial spectral lines to those of the actual spectrum 

To make the trial spectrum obtained in STEP 2 match the real spectrum of the Ne-Ne laser, click the "Edit Properties" button on the left side of the screen just above the Pumping Energy Spectrum. Then using the cursor drag the energy levels of Helium and Neon up and/or down until you feel that the resulting trial spectrum will match the actual He-Ne spectrum.  You may also need to adjust the Pumping Energy spectrum. Finally click the "Turn on Pumping Energy" button and observe the new transitions and trial spectrum of the He-Ne laser as you did in STEP 2.

Task Nº 4 - Diode Laser

STEP 1:Creating and Adjusting the Conduction and Valence Bands 

Click the "Create Ground State Band" button to the right of the energy level diagram. A valence band appears in the energy diagram that spans both the P-side and N-side of the LED.  Then click the "Create Excited State Band" button. A conduction band appears in the diagram above the valence band. The valence band is shaded lighter than the conduction band to indicate it is populated with more electrons than the conduction band. Click and drag either band vertically to change the energy gap. 

STEP 2: Creating a Built In Voltage 

Click the "Create Built in Voltage" button to the right of the energy diagram. Now you can click and drag the right half of the energy band diagram independent of the left half.  Physically, this action corresponds to doping the left side with accepters, to become P-type and doping the right side with donors, to become N-type. Drag the conduction or valence band on the right (i.e. N-side) downward, because the electron energies in the N-side are lower than the P-side. Observe the conduction band on the N-side now become dark to indicate population with electrons. 

STEP 3: Applying the Input Energy 

Drag the "Input Energy" slider to the right to increase the input energy supplied to the laser diode. Simultaneously, observe the increase movement of the energy bands on the right (N-side) until there is no energy difference between the energy bands on the P-side and N-side. The conduction band on the P-side now becomes dark to indicate that electrons from the N-side have flowed over to it. A thick transition arrow appears at the junction between the P-side and N-side. The trial spectrum below the energy level diagram indicates the energy of the light emitted by the laser. The laser begins to glow with light of the appropriate color. To make the trial spectrum match the Actual output spectrum with the trial spectrum click the "Clear All" button and repeat from STEP 1.

Try only these simulations
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