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the laser topic can be broken down to general principles, and when it is, it really is quite 
easy to understand. We'll start by comparing regular light to laser light, as done in slide 
#5.
Regular light, or “spontaneous” (because it happens at random) is polychromatic 
(contains all wavelengths of radiation) such light scatters over distances and does not 
remain clear (incoherence in time and space). Being that this light is not focused it is not 
very powerful and it is non polarized (photons shoot in all directions at random).

Laser light is almost the exact opposite. It is stimulated (not spontaneous), it is 
monochromatic (contains only a specific wavelength of light), it is polarized (all of the 
photons generated point in the exact same direction) and due to that fact it is highly 
focused and energetic, thus it is clear throughout greater distances.

What is stimulated emission? We learned in the X ray presentation that when an electron 
is relaxing to a lower state it can emit a photon. In essence a lot of such transitions occur 
naturally in the range of visible light. Stimulated emission is when we cause emission 
directly by introducing energy in the form of a photon into a system, causing it to emit a 
photon exactly when we want it to.

Light amplification and “Population inversion” - Lets say we have a tube filled with gas. 
We know this gas has atoms with electrons that can be excited and emit light photons. 
Now what we want is to get as powerful light as we can, so ideally we would like as 
many electrons to emit a photons together, as possible. This is the so called “light 
amplification”.
Now in a regular state the gas in the tube is not “excited”, most of the electrons in the 
gas atoms are in their ground state, there may be a few that can get excited at radom by 
kinetic and thermal motion and collision of molecules, but that is not enough for our 
strong laser light.
What do we do? We create a “Population Inversion”. If we introduce energy to the 
system (“puming”) via photons, electric current or other methods we can cause the 
electrons orbiting the atoms to go to the excited state. If we are able to get most of the 
electrons from ground state to excited state we get the population inversion, and then we 
can stimulate them to emit a photon all at once.
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Now lets talk energy levels. We know from the Jablonski diagram in the fluorescence 
lecture that when an electron gets excited it “jumps” up to a higher energy level. But we 
also know that due to Kasha's rule, that electron will instantly vibrate/rotate down to the 
closest lower stable energy state. 
Now if we want to create population inversion, we need the electrons to “stay excited” 
until we stimulate the emission of light, we can't have them spontaneously relax to the 
ground state. We can fix this by introducing a third level of energy between the excited 
state the electron gets when we introduce the energy pumping to the system and the 
ground state. (slide #14) 
In this case pumping will get most of the electrons to the first excited state (denoted E3 
in the slide) they will instantly relax to the intermediate level (denoted E2 in the slide). 
There they will remain, “charged” with energy, until we decide to stimulate the emission 
with a photon. This is why we need at least three levels of energy to achieve population 
inversion. Ideally we will use four energy levels.

Now we know the main two principles for lasing – population inversion and stimulated 
emission. (minimal #90)

Principle of generation of laser – lets take that tube filled with gas, which we know now 
that we can use outside energy to “pump” the electrons which has at least three energy 
levels and cause population inversion, what happens next?
(Slides #16-23) The gas tube has 2 mirrors on either side, one is a true mirror that 
reflects all light (the rear mirror) and one is slightly permeable to light (front mirror; 
“outcoupling”) causing all the light to go out in the same direction, out the front, 
polarized.
Now that we have our population inversion, we stimulate emission by introducing a light 
photon with the exact same energy as the difference between the energy the electrons are 
waiting in and the ground state. 
When that photon meets an excited electron it “bounces” it to relax and emit a photon. 
Being that the electron was already excited the photon we introduced did not lose or 
gain energy, but just kept going, the electron now introduced another photon of the exact 
same wavelength, and those two photons keep going in the tube, causing a chain 
reaction and doubling the number of photons with every step. This way we are causing 
the same wavelength of photons to be emitted, amplified and leave the tube polarized in 
the same direction. Now we have our laser.

Slides #26-36 show us different types of lasers, I would recommend remembering one 
element that can be used to generate a laser (like CO2) and one type of laser (I always 
remember the diode laser in slide #34 since it's the same laser used in the lecture halls, 
including what our professors use). It's not a bad idea to remember one of each in case 
you have a question asking you to give an example. 



Interaction of lasers with tissues (slide #39)– according to the energy of the laser we can 
distinguish a few interactions that take place between lasers and tissues. In the slide we 
can clearly see that heating can take place in lower energy lasers up to maximum energy 
that can cause ionization and photo-disassociation. 
Therapeutic methods are all shown in slides #40-49, I will focus on photodynamic 
diagnosis and therapy, because when I was sitting in the lecture I got the impression it is 
important and the professor wanted us to know it. Also if you are asked to give an 
example for either diagnostic or therapeutic traits of laser this is an example for both, 
and quite a simple one, this is also a good example for usage of fluorescence in 
medicinal diagnostic and therapy.

Photodynamic Diagnostic and therapy (slide #50-52)– This is used to diagnose and treat 
tumors inside the body. First, a fluorescent dye is injected into the patient. This dye has a 
high affinity to the tumor cells, meaning it binds to them. Now that we have a tumor 
labeled with fluorescence dye, we can insert a laser into the body, that emits light within 
the absorption spectrum of the fluorescence dye, causing it to fluoresce, now I know 
where my tumor is exactly.
Now here comes the therapy part. There is an additional laser in the system (we 
mentioned one used to excite the fluorescence dye) this additional one (in slide #51 it's 
labeled as an Ar -Argon laser) has a much higher energy, and right after we excite the 
fluorescence dye and see the tumor, we can light it with a more powerful laser, causing 
ionization, radical formation, or general damage – destroying the tumor.

Minimum requirement questions
minimals 86-88 90-91 were reviewed in this documents, but I would like to revise 
minimal #88:

When is electromagnetic radiation coherent?
If it consists of photons capable of forming observable interference fringes.

This would require slightly going back to the first lecture about waves, and interference. 
Interference patterns can be constructive (when two waves “add up” to a bigger wave) 
this is also referred to as a constructive interference fringe. Photons that have the exact 
same wavelength, and overlap exactly peak to peak will create a visible constructive 
interference fringe.

Minimal 291 is addressed in lecture slide #60. I did not come across past SCT that 
featured a question about those in any form, either way they are not too difficult to 
understand. You can also find clips about those on YouTube, if you deem it interesting 
enough.
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