Organisms as photon detectors?

Background 

Photons (from greek phos = light) are particles without mass that are produced in interactions between charged particles. This is the way that electrons, for example, use to send “information” to other electrons or protons.
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So, strange though it may seem, photons are ‘superparticles’: They are responsible for the electromagnetic interaction and hence responsible for all forces we learned in classical mechanics, for all chemistry, and for all electric and magnetic forces we learned in electromagnetism. At the same time, photons are our link to distant objects.
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Photons keep travel for very long distances at the speed of light until they are blocked. This makes them ideal for giving information of far away objects so astronomy uses photon detectors like telescopes to understand the universe. 
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Photons appear to be so diverse because they come in different energies (related ti their frequency or wavelength in optics). As we go up in energy we call photons (for historical reasons) microwaves, radio waves, infrared light (which we perceive as heat), visible light, ultraviolet light, xrays and gamma rays.

An example of photon sources are stars like the Sun: electromagnetic radiation emitted by the Sun to space is nothing but a stream of photons travelling in all directions. Our planet captures a very small fraction of these photons. 
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The electromagnetic radiation emitted by the Sun is the primary source of nearly all the energy that we use, with the exception of nuclear energy: Without photons there were no wind, no rain, no gasoline to feed our cars,...and the most important thing: photons are the source of life.

Photon detectors

We know that photons are there because they cause a perturbation or change to the environment. But we do have a surprising variety of photon detectors!

A Photographic camera is no anything else than a photon detector. A picture is the perturbation that the photons have produced on a screen, a film or a piece of paper, or a silicon device. 
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But the best example of photon detectors are our eyes. 
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Some cells placed at the back of each eye, in a thin layer that we call retina, are naturally designed to detect light, that means “photons”. Photons interact with electrons on retina cells, producing an electric impulse that goes trough the optical nerve from the eyes to some area into the brain. In his way, our brain “knows” what is exactly happening outside.  


Bubble photon detector?

If we want to detect the whole zoo of particles in a single atom we need accelerators, detectors, and lots and lots of computers. But Nature provides to us many kinds of particle detectors. Here we propose an experiment with a natural detector: the Elodea plant.

What is Elodea?: http://www.scienceatclifton.co.uk/elodea/plant.htm
Plants, seaweeds and some groups of bacteria are able to use light energy (again, photons) to build their own molecules, starting from very simple inorganic molecules:   We name photosynthesis the whole process that  begins from water, carbon dioxide and some ions and produces organic molecules like sugar, proteins.. and oxygen. We can resume this process in a chemical reaction

Carbon dioxide + water+ energy (light)    (   Sugar + Oxygen

Plants are able to use light as a energy source because they have chloroplast, which are made from chlorophyll
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Photons arriving from a light source (Sun, a bulb, ..) interact with electrons at the molecules of chlorophyll. These electrons “jump” from one molecule to other in the plant in a chain that ends in the production of some useful organic molecule like sugar.  (we can say that electromagnetic energy has been transmuted to a new form: chemical energy). T

The molecules of chlorophyll, as a result of the photon impacts, lose electrons, becoming unstable. These molecules “want” to take back the lost electrons from elsewhere. The result is that they steal them from the most abundant substance at the environment: water molecules. Water molecule decompose in hydrogen ions, electrons and oxygen molecules.
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(Image from Science Department, Gresham High School, USA) 

Activity

In aquatic plants we can detect and quantify this process just observing the oxygen bubbles escaping from the plant to the atmosphere. 

See at: http://www.scienceatclifton.co.uk/elodea/escape.htm

We need

· A glass funnel, 

· A 500 ml jar, 

· A test tube, 

· A light source  (from a slide projector, a 100 W bulb,…)

· A small bunch of Elodea (from an aquarium store), 

· Enough water to fill the jar.

· Frame rod & support & clamp

What we have to do?
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1. Fill the jar with tap water. 

2. Add about 1 g. of Sodium Bicarbonate per litre (Putting a small amount at the end of a coffee spoon would be enough)

3. Cut a piece of Elodea, preserving steam and leaves under the up-side-down funnel in the jar

4. Place the test tube over the end of the inverted funnel and fix with a clamp.  

3. Shine the light on the jar so that the Elodea is well illuminated. Watch for bubbles rising in the stem of the funnel. Bubbles of gas should collect in the inverted test tube, replacing water. Waiting for one-two days, allow us to measure the production of gas into the tube.
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This experiment is widely used by Biology teachers to determine the effects of light intensity on the rate of photosynthesis in the underwater plant Elodea. It was found that the rate of photosynthesis in the plant was accelerated when placed in closer proximity to a constant light source. The rate of photosynthesis was measured by counting the amount of oxygen, a product of photosynthesis, generated by the plant. When the plant was placed closer to the light source in a given time it generated more bubbles than when it was placed further away from the light source. 

A complete guide and discussion of this experiment can be downloaded from the New York City Education Department website: http://www.nycenet.edu/NR/rdonlyres/6AFFE1D8-4994-432A-BD7F-DDACDB012BBB/2796/ecosystems.pdf

Suggestion: we can repeat this experiment many times, changing the initial conditions (amount of Elodea leaves, quantity of sodium bicarbonate, distance from light-source to glass devices. If available, we can plug-in an oxymeter or a pressure sensor connected to a computer. 
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Assessment

1. After discussing with your colleagues, write a short answer or explanation for next questions

Can energy be created or destroyed? Argument your answer in terms of Elodea experiment

Which living things are able to convert solar energy into usable chemical energy?

Who is in the charge for transporting energy from the sun to our eyes?

How much a single photon weights? 

The human eye is made from diverse layers. What is the name of the layer in charge of detecting photons? What this layer is made from?

2. Concerning the Elodea experiment, choose the best answer to next questions

The oxygen stored at the end of the tube, comes from..

a. Sun

b. Water

c. Chlorophyll

The function of Chlorophyll at the plants is…

a. Trapping photons

b. Converting water into oxygen and hydrogen

c. Getting carbon dioxide from atmosphere 

Why do we use sodium bicarbonate?

a. To gain some acidity

b. To trap photons

c. To increase the concentration of solved carbon dioxide in water

How could we improve the production of oxygen bubbles?

a. Switching off the light

b. Adding more water to the system

c. Increasing the intensity of light 

