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Diffusion and osmosis are both very similar properties, however diffusion is the movement of particles from an area of high concentration to an area of low concentration, and osmosis is the movement of water from high concentration to low concentration.  Diffusion is shown in Figure 1 because the particles (dots) are moving from an area
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of many particles close together to an area with very 

few particles.  If the water had moved instead from 

right (high concentration of water) to left (low concentration of water), this would have been osmosis. 

There are several factors that can influence the rate of osmosis or diffusion.  One of these factors is temperature.  Temperature is often described as the amount of the energy of molecules.  More energy means a higher temperature, thus particles move faster.  If the temperature of the water in Figure 1 is high, that means the solute particles and water molecules would move faster and would thus diffuse faster.  The opposite is true for colder temperatures. Other factors that can influence the rate of osmosis or diffusion include the concentration of solute, type of membrane, diffusion distance, and pressure. 
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A hard, calcium shell surrounds eggs.  Underneath the tough exterior is a selectively permeable membrane that protects the nutritious fluid inside the egg.  By soaking eggs in vinegar, the acidic solution dissolves the calcium-based shell leaving only the thin, flexible membrane surrounding the egg and its yolk.  The vinegar solution is an isotonic solution, meaning the amount of solutes inside the egg and the amount of solutes outside the egg is equal.  Only water is small enough to pass through the membrane so it enters and exits the egg at equal rates, causing the mass of the egg to remain the same.  However, if the egg is submerged in water, which is a hypotonic solution, the egg would gain mass.  This is because more water enters the egg since there are more solutes and less water inside the egg.  Thus, water moves from an area of higher concentration outside the egg, to an area of lower concentration, inside the egg.  The opposite is true of a hypertonic solution, such as honey.  Honey contains a higher concentration of solutes like sugar and less water, compared to an egg.  Thus water moves from an area of higher concentration inside the egg to an area of lower concentration outside the egg, causing the egg to lose mass. 

Respiration
Research #1

The two major functions of the respiratory system are to provide oxygen to the body, via the lungs, and to remove carbon dioxide from the body, via the lungs.  Oxygen is needed for the process of cellular respiration, in which all of our cells break down food (glucose) to obtain energy.  A waste product of this process is carbon dioxide, which we exhale.  A buildup of excess carbon dioxide can be dangerous to the body and thus it needs to be exhaled as quickly as possible.


When a person begins to exercise, the body uses the energy stored in the muscles.  Therefore, the first few minutes of exercise (depending on the person) do not cause an increase in respiration rate.  After this energy source is depleted, the body begins to increase respiration rate, to take in more oxygen so that cells can go through cellular respiration and create energy.  The amount the respiration rate increases depends on the type of exercise.  Short bursts of high intensity exercise cause a dramatic increase in respiration rate, and a sustained rapid respiration rate because of the excessive demand for energy on the muscles.  Long, endurance training causes a slower rise in respiration and an increase in respiration rate only slightly higher than resting.  Exercises like weightlifting cause a sudden rise in respiration rate to a moderate-high level, and then a fairly fast drop back to normal resting respiration rate. 
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Although two different systems, the respiratory and circulatory systems are often discussed together.  The respiratory system is responsible for inhaling oxygen for the body’s cells to use for cellular respiration and exhaling carbon dioxide from the body.  But the respiratory system depends on the circulatory system to help transport these gases throughout the body.  The circulatory system is responsible for transporting blood, waste, and nutrients to and from all parts of the body.  The red blood cells have a special protein, hemoglobin, which bonds to both oxygen and carbon dioxide.  Thus, red blood cells are the carriers of these gases and are responsible for gas exchange in the lungs and in the cells of the body.  


Because these two systems are so intertwined, an increase in respiration rate will often coincide with an increase in heart rate.  As the body exercises, cells need more oxygen to create energy in cellular respiration.  Thus the body needs to breathe in more oxygen and breathe out more carbon dioxide, so respiration rate increases.  However the only way to get cells oxygen at a faster rate is to move the blood to the cells faster.  Thus the heart must then pump blood faster throughout the body to move the red blood cells, causing heart rate to increase.  As the demand for oxygen subsides, both respiration rate and heart rate decrease.  
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Our skin provides us with protection as well as information about our external environment.   We can identify several distinct types of sensations, such as tapping, vibration, pressure, pain, and temperature.  Based on what we use our different body parts, our bodies have evolved to have the right amount of each kind of receptor in the appropriate places.  For example, the mechanoreceptors in our skin that sense pressure are found more densely in places like our fingertips or our faces because we use these parts to feel things.  Mechanoreceptors are found farther apart (less dense) in other places like our backs because we do not really use these areas to feel things.  However the other receptors in our skin that sense things like temperature, vibration, or pain are found in different densities throughout our body.  


However our receptors are not perfect.  Sometimes our receptors become acclimated to a specific environment.  For example, if you stuck your hand in ice water, the thermoreceptors would sense the temperature of the water.  After a while, they would become used to it.  Then if you stuck your hand in warm water, it would feel extremely hot.  This is because your receptors had become accustomed to one environment and the drastic change in environments caused the receptors to overreact.  There are a number of conditions that can cause our receptors to not respond correctly, including different environments, traumas, and other chemicals released by the brain inhibiting the receptors. 

Enzymes
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Enzymes are catalysts, meaning they speed up the rate of chemical reactions.  Without them, everything would take an extremely long time.  Different organisms have different enzymes based on their different functions.  For example, pineapples contain an enzyme called bromelain, which breaks down proteins.  This is why labels on Jell-O boxes contain warn against using fresh pineapple, kiwi, ginger, guava, papaya, and figs.  All of these fruits contain enzymes that break down protein.  Jell-O or gelatin, is made of protein, so using these fruits with their enzymes causes the enzymes to break down the protein, preventing the Jell-O from setting, or becoming a solid.  


An easy way around this problem is to use canned pineapple or other fruit.  Canned fruit is heated before it is sealed in the can.  The heating process causes the enzymes in the fruit to denature or unfold.  When the fruit cools back down, the enzyme re-folds incorrectly causing it to no longer function.  As a result when canned fruit is mixed with Jell-O, the Jell-O becomes a solid.


Besides temperature, there are several other factors that can affect the activity of an enzyme in positive and negative ways.  Like high temperatures, pH can negatively impact an enzyme.  Enzymes have specific pHs at which the function best.  Pepsin, an enzyme that breaks down protein, works best in the very acidic environment of our stomachs.  However, amylase, an enzyme that breaks down carbohydrates in our small intestine, would not function in such an acidic environment.  In fact, it denatures.  Most enzymes can only function at a pH around 7 and denature in acidic or basic environments.  Inhibitors, like their name suggest, cause an enzyme to slow down or stop working.  They work by binding to the active site of an enzyme, preventing the enzyme from attaching to substrates to break them down.  The opposite of inhibitors, are activators.  Activators, usually hormones, can help trigger an enzyme to work faster.  

Figure 1








