Physical Science 20 – Introduction to the Marine Environment
Light in the Sea
Sound in the Sea

Required Reading: Chapter 6 (pages 172-176), in particular Figures 6.21, 6.23, 6.24, 6.25, 6.26, and attached figures.

Important Points - Light
· Visible light is a small part of the much larger array of radiation known as the Electromagnetic Spectrum (EMS). The energy level of the individual components are inversely proportional to their characteristic wavelength. The energy level, and often penetrating potential, is greatest in the portion of the EMS with the shortest wavelength. Conversely, the lowest energy components of the EMS occurs when th radiation wavelength is longest.
· The primary components of the EMS are as follows - moving from the shortest wavelength/highest energy portion of the spectrum to the longest wavelength/lowest energy components:
· Cosmic Rays
· Gamma Rays
· X-Rays
· Ultraviolet
· Visible Light
· Infrared (heat)
· Microwaves
· The relative proportions of the various components of the EMS which are produced by the Sun and reach the Earth are as follows:
· X-Rays/Microwaves – 1%
· Ultraviolet Radiation – 9%
· Visible Light – 40%
· Infrared (heat) – 50%
· The bulk of the radiation produced by the sun is in the longwave (red, yellow) portion of the visible light band and infrared energy which we perceive as heat. 
· The human eye is, with a few exceptions, is only able to perceive light in the narrow section of the EMS which is referred to as “visible light”. All other radiation is invisible to humans, although many birds, insects, reptiles and fish can perceive colors in Ultraviolet, and much finer detail with Visible Light. In other words, they are able to visualize many more colors than we can.
· The White Light which we perceive from the Sun, or most lightbulbs, is actually a bundle of wavelengths which our eyes and brain are unable to separate. If the White Light is split by passing the light through a prism, the indivisible wavelengths become visible, which we perceive as unique colors. We see a rainbow when the White Light from the Sun passes through suspended water droplets, which split (refract) the total bundle of radiation into its component colors.
· White Light from the Sun consists of the following component wavelengths/colors (going from shortest wavelength/highest energy to longest wavelength/lowest energy):
· Ultraviolet
· Violet
· Blue
· Green
· Yellow
· Orange
· Red
· Infrared
· When we see a color, we are perceiving the wavelengths of light which are reflected off an object. For example, a red shirt looks red to us because the fabric of the shirt is absorbing all the wavelengths of light except the “red” wavelengths. A black object absorbs all of the wavelengths so we it as “black. A white object is reflecting the entire spectrum, so we see it as a “white” undifferentiated bundle of wavelengths. 
· As noted in text Figure 6.23, the ability of light to travel through water is dependent on its wavelength. Long wavelength (low energy) light - infrared, red, orange, and yellow is readily absorbed by water and will not penetrate very deep in the ocean. Conversely, short wavelength (high energy) light - violet, green, and especially blue are not as easily absorbed by water molecules and depending on water quality will travel to a maximum depth of approximately 600-750 into the water column.
· If an object is below the depth that a specific wavelength of light is totally absorbed, that specific color will not be visible. For example, if a diver cuts his hand below the depth 100% absorption of the red wavelength of light, the blood from his wound will appear black, as there is no available red wavelength of light to be reflected from the blood. The human eye would therefore not be able to detect the characteristic color noted in full spectrum light conditions. 
· The portion of the ocean which is lit by sunlight (the upper 300 to 750 feet) is referred to as the Photic zone. Below this depth the ocean is perpetually dark and referred to as the Aphotic Zone. 


Biologic Light – Bioluminescence
· Below the Photic Zone, the ability to produce biologic (cold) light or bioluminescence is very common. Many fish, cephalopods (octopus, squid), a multitude of other invertebrates, and microorganisms regularly bioluminesce.
· In contrast to the oceans, bioluminescence is very rare on land. 
· There are approximately 40 known chemicals which, when activated, produce biologic light – although the actual reactions are generally poorly understood. The most common biochemical reaction involves the activation of the protein Luciferin by the enzyme Luciferase, and the addition of oxygen, resulting in the production of a photon of light. 
· Bioluminescence is believed to be useful as a communication mechanism, to attract prey, to avoid predation, and to attract mates. The negative aspect of bioluminescence is that the organism producing the light becomes visible to potential predators.

Important Points – Sound
· Compared to air, sound travel faster and further in water. The velocity of sound in air at sea level is approximately 1000 feet/second, and in water it is approximately 5000 feet /second.
· The actual velocity varies slightly as a function of water temperature and pressure, and to a lesser extent salinity. The higher the temperature, pressure, and salinity, the greater the velocity of sound. Ocean water temperature is generally highest is water closest to the surface, and water pressure increases with depth. Salinity may be highest in warm, semi-confined oceans with high evaporation rates (e.g., Mediterranean), or in the bottom waters of cold, ice-forming oceans, where salt is excluded from the forming ice structure and sinks. Therefore, the actual sound velocity within a given water depth is a complex function of the specific temperature, pressure, and salinity values.
· The primary organisms which make use of sound are the marine mammals, which utilize the emitting and reception of sound for communication, prey/predator detection, and in the case of sperm whales, actually stuns or kills prey.
· [bookmark: _GoBack]The complex interaction of water temperature and pressure results in a velocity minimal layer generally at a depth range of approximately 1900 to 4000 feet. Within the velocity minimal layer sound travels approximately 2% slower than the surrounding water layers, but sound waves within this zone tend to reflect off the upper and lower boundaries with very little energy loss. The result being that a very low frequency emitted sound (e.g., sound generated by several whale species) is capable of traveling hundreds, to possibly thousands of kilometers within an ocean basin.      
