Physics Concepts Study Sheet
PHYSICS FUNDAMENTALS

 Basic variables

 Length (m) (a meter is 100 cm or 1000 mm)

 Mass (kg) (a kilogram is 1000 grams and 1 gram is 1000  milligrams) - not to be confused with volume or density (which is mass or weight divided by the volume). Time (s) (second)

 Electric charge (coulomb)

 Temperature (ºC) ( 0 degrees Celsius is where pure water freezes, 100 degrees Celsius is where pure water boils)
 

MECHANICS
Kinematics (a description of motion) uses words like displacement (x), velocity (v), and acceleration (a). Speed is slightly different than velocity, since velocity includes the direction of the speed. In more advanced motions, the difference between an instantaneous and an average velocity average is important.

x = vt

Graphs showing speed depending on time or distance depending on time or acceleration as a function of time are frequently used to describe various motions. The slope of a speed /time graph indicates the acceleration while the area under the graph equals the distance traveled. The slope of a distance/time graph indicates speed. The area under an acceleration/time graph equals speed.

The acceleration due to gravity is the same for a II objects on earth - 9.8 m/s2 or 32 ft/s2 - in Plainville. This changes with location. It is lower on a mountain top or on the moon. The acceleration due to gravity is much greater on the surface of the sun.

Dynamics - (the causes of motion) This is summarized by Newton's three laws of motion.

 Newton's first law describes the natural motion of an object. Without any unbalanced forces acting upon the object, it will continue at the same speed in the same direction. The more massive an object, the more it resists changing this natural motion. This is sometimes called the law of inertia, since the more massive an object, the more inertia it has.

 Newton's second law is summarized by his famous equation, F = MA. The F stands for the sum total of all the forces acting. Only if there is an unbalanced force does acceleration occur. A force can be any push of pull - the weight of an object, the tension in a string or support, friction, electrostatic attraction or repulsion, magnetic attraction or repulsion, a nuclear force, lift, drag, a buoyant force or a normal force.

 Mass is different from weight. Weight is determined by multiplying mass by the acceleration due to gravity at any location. Thus your mass stays the same while traveling to the moon but your weight would be less on the moon.

 Newton's third law speaks to forces that act together and is expressed by saying for every action there is an equal and opposite reaction. Thus when you push on a boat the boat pushes back on you and enables you to step to the dock. The gravitational force the sun exerts on the earth is the same as the gravitational force the earth exerts on the sun. The force of the sun and the earth has a greater effect on the earth since the mass of the earth is so much smaller than the sun.

 Newton was the first to accurately describe the force of gravity, recognizing it is a force that enables any two objects to attract each other. Our weight measures the strength of the earth's gravity upon us.

 Gravity exists throughout the universe. It is stronger when the masses of the two objects are very big and when the objects are closer together. Uniform circular motion (constant acceleration due to a centrally directed or centripetal force) and simple harmonic motion (the repeating swing of a pendulum, the periodic oscillations of a mass-spring system) are more advanced applications of these three laws. In uniform circular motion the constantly changing velocity requires an inward force. In simple harmonic motion, a restoring force causes a repeating motion. With a pendulum you can increase the frequency by making the length smaller but changing the amplitude or mass does not change the frequency. In a mass spring system you can increase the frequency by using a smaller mass or a stiffer spring. 

Rotational motion, like going up or down on the end of a seesaw, is determined by torques. A torque is produced by a force acting perpendicular to a board at a certain distance from a pivot point. An object is in equilibrium when both the forces and the torques add up to zero. A high torque enables a lever to pry open a paint can. Levers, pulleys, wheel and axles or incline planes all help us accomplish many everyday tasks. The stairs you climb act like an incline plane and allow you to lift yourself with less force than if you were asked to climb up a rope using only your hands. Thus roads or even walking paths wind around a hill rather than going straight up.

An upward or buoyant force acts upon any object placed in a fluid. An object floats if the buoyant force equals the weight of the object. If the weight is greater, the object sinks. If the object is lighter, the object accelerates upward in the fluid. A good example of this is a submarine. Slight changes in its weight - by expelling or adding water- enables it to rise a little out the water or fall below. Archimedes found that this buoyant force was equal to the weight of the fluid displaced by the object. An air balloon is held aloft by this buoyant force, equal to the weight of the air displaced by the balloon. An airplane also experiences a buoyant force but needs the lift on the wings as the plane goes through air at high speeds to create the necessary upward force that enables the plane to stay in the air above the ground.

Work and energy - Energy comes in may forms - heat (joules or calories), light, electrical (kilowatt hours), sound, nuclear, etc. In any form, energy has the ability to do work - to exert a force and move an object. Power (watts) is the rate of doing work (joules/sec) 

 Potential energy is stored energy. Gravitational potential energy is an objects weight times it height above a surface. Kinetic energy is energy of motion. It is equal to 1/2mv2. In nature, energy is constantly changing from one form to another. The kinetic energy of a thrown snow ball is changed to greater kinetic energy of the snow particles after it comes to rest on a tree trunk. On a roller coaster ride the potential energy on the first hill changes to kinetic energy at the bottom. The higher the hill, the greater your speed on the ride when you reach the bottom.

 Except in nuclear reactions (fission or fusion), where mass is constantly converted to energy, the total amount of energy and mass in our world remains the same.
 

HEAT/TEMPERATURE
Heat is a form of energy, measured in joules or calories, while temperature is the average kinetic energy of the molecules. Temperature is used to describe the relative hotness or coldness of objects.

 Heat is transferred in three ways. First is conduction, which is from molecule to molecule. This happens easily in metals like copper, aluminum and steel. Thus such materials are used in cooking utensils. Poor conductors, like air or fiberglass, are called insulators. Convection happens only in fluids where the warmer fluid becomes less dense and rises, being replaced by the colder, more dense liquid. The sun heating air above the earth creates convection currents that lead to winds and weather. Radiation is the direct transfer of heat energy through a vacuum. All the sunlight we receive on earth comes from the heat transfer by radiation through the vacuum of space. Could you explain why bridges are apt to freeze before the rest of the highway? Why do we prefer to wear white or light colored shirts while out in the full sun in summer rather than black or other dark colors? What is the greenhouse effect and why does the inside of a car get so hot after being left out in the summer sun for several hours in the Compo parking lot?

In addition to the Celsius temperature scale used throughout most of the world, there is a Kelvin temperature scale. The purpose of the Kelvin scale to make all temperatures above zero: on the Kelvin scale, the lowest possible temperature is zero. At that point, a substance has given up all the energy it can: no more energy is left to give.

Heat always travels from a hotter, higher temperature object to a colder object. Changing from mechanical energy to heat energy (as when you rub your hands to get them warm) is much easier that going from heat to mechanical energy. We do this constantly in gasoline engines - the heat from the burning gasoline is changed to the mechanical motion of the engine parts and finally to the car moving at some speed. In going from heat to mechanical energy a lot of energy is wasted. Thus internal combustion engines are not very efficient.

When heat is added to an object it may increase temperature, change its state or both. Most objects expand when there temperature increases, although water from zero to four degrees Celsius is an important exception to this general happening. The expansion of water as it freezes begins just before the freezing point.

From studying gases, we know that increasing the temperature and decreasing the pressure will enable the volume of a gas to expand, assuming it is able to expand (like a gas inside a balloon). If the gas was in a glass container, the glass might eventually shatter. As one goes higher - to the top of a mountain or while flying in a plane - above the earth, the atmospheric pressure decreases and the temperature gets colder. At room temperature, the air in this room takes up less than 10 % of the total volume. Air molecules fill the room by moving at speeds greater than the speed of sound. The lighter weight molecules are moving at higher speeds, although there is a wide range of speeds at any given moment.

WAVES/SOUND/LIGHT
Both sound and light are often described as waves. Although sound is a longitudinal wave and needs a substance to travel through, light is a transverse wave. Any wave has a speed, wavelength, frequency, period or amplitude. Frequency times wavelength gives the speed of any wave. The speed of sound varies with the material but is about 350 m/s in air at room temperature. Light travels much faster, some 300,000,000 m/s through the same air.

 Sound is produced by vibrating objects. These vibrations travel through a medium and are detected by some source. A vibrating string can be made to increase its pitch or frequency by either increasing the tension in the string or by shortening the length of the string that is vibrating. If the amplitude of the vibration is increased, this makes the sound more intense or louder.

 We see light with our eyes. This light reaches our eyes from both luminous (objects like the sun, a candle, a firefly, a fluorescent light) sources and from illuminated objects that are reflecting light from luminous objects. Just as sound has different frequencies (and wavelengths), so does light. Red light has a higher wavelength (and lower frequency) than blue light. Radio waves, microwaves, radar, infrared, visible, ultraviolet, x-rays, and gamma rays have the same speed as light. However each has unique frequencies and wavelengths.

Light has several interesting properties. It can be reflected (bounces back), refracted (changes apparent speed and direction while changing from one substance to another), dispersed (ROYGBIV) or absorbed. At a more advanced level, scattering, diffraction, polarization and interference support the wave model for light. The photoelectric effect, where light can creates an electrical current, leads us to talk about photons, or particles of light.

 Reflection from a flat mirror results in images that appear life like except there is left to right reversal. Some writing on an ambulance looks strange to our eye but correct when viewed in a car mirror as it approaches from behind. Light entering a transparent substance from air other than along the normal (a line drawn perpendicular to the surface) is bent toward the normal. Thus when you look at a pencil half submerged in a glass of water, the pencil appears to be in a different place inside the water. A fish seen in water from an observer on the bank of a stream appears to be higher and farther away from the shore.

 Mirrors and lenses make use of reflection and refraction to create images of varying sizes. There are two types of image, real and virtual. A real image, what you are seeing as you view a movie in a theater, is upside down. The film is being fed into the projector up side down. A virtual image is right side up - like your image in a plane mirror. Real images are projectable while virtual images cannot be shown on a screen. Either can be larger or smaller. A concave mirror or a convex lens (both converge incoming light) are often used to gather sunlight to a small point and start a fire from the concentration of energy. The same technology can be used to gather radio waves from far away objects and improve reception. Concave lenses (which diverge incoming light rays) are used to help correct nearsightedness. Convex lenses are used in many instruments (magnifier, camera, microscope) as well as to correct for farsightedness.

ELECTRICITY/MAGNETISM/ELECTROMAGNETISM
There is static electricity and current electricity. Usually it is electrons, found on the outside of atoms, that move creating current electricity. These electrons have a negative charge. Protons, found with neutrons in the center or nucleus of atoms, have a positive charge. Since the amount of charge on an electron and proton is identical, equal numbers of protons and electrons neutralize each other. Thus normal atoms are neutral, since they have the same number of protons and electrons.

 Static electricity comes from the transfer or electrons when some  objects are rubbed against each other. This is more noticeable on a dry day, since humid air allows built up charge to leak off. Water in rain is an excellent conductor of electricity. Rubbing a balloon on a sweater can create enough static electricity to get the balloon to stick to a wall or the ceiling. A rubber comb going through ones dry hair can create a lot of static charge, getting the hairs to repel each other. With static electricity, like charges attract each other while unlike charges repel each other. The static attraction is the source of many strong chemical bonds that allow the formation of very strong materials.

 An object that has a static charge, whether positive or negative, creates an electric field around the charged object. You may have seen magnetic fields using iron filings sprinkled around magnets. Magnets are different in that they have poles - a north and a south pole. While positive and negative charges can be separated, magnetic poles always come in pairs. Like magnetic poles repel each other while unlike magnetic poles attract.

 Materials like copper, gold and silver are good conductors of electrons and are called conductors. Materials like rubber are good insulators and are used on the outside of current carrying wires. To get electrons to flow in a wire, you need something that is able to push them around. Batteries or power supplies do this. Voltage is used to describe the ability to push electrons around a completed conducting path. Thus 120 volts (commonly used in your house) pushes the electrons better than a 1 2 volt source (often used in cars). Different appliances offer different electrical resistance to the electron flow. The lower the resistance, the greater the electron flow. Appliances can be connected to a power source in series or in parallel. In our homes we add appliances in parallel as we turn on more lights or add the music from a CD player. Each appliance gets the same voltage and thus the correct electrical current flows. If one takes an appliance to some other voltage (like in certain European countries) it will not work properly and may be permanently damaged.

 The wattage (watts) of an appliance indicates how much energy it uses per second. Obviously how long it is used determines the total energy consumed. Electrical energy is measured in watt-hours or kilowatt-hours. If you looked at the monthly electrical bill for your house, it charges your home for the number of kilowatt-hours used each month.

Electrical current, flowing electrons, create magnets in coils of conductive wire. The more current or the more turns of wire creates a stronger electromagnet. The strongest magnets used today are electromagnets. Carefully arranged electromagnets, with magnetic poles at each end, can be spun by permanent magnets. By timely reversal of the poles on the electromagnet by reversing the current flow, the coils can be made to spin at very high speeds. This is an electrical motor. An electric motor turns the hands on a clock, spins the beaters in a mixer or can turn the wheels on a electrical car. 

 The reverse of an electrical motor - spinning a coil of wire in a magnetic field - creates an electrical current. This is the principal of an electric generator. Whether water falling over a dam or turbines being driven by hot gases turn make the coils turn, the end result is the 1 20 volts of alternating current that arrives at each of our homes.

ATOMIC/NUCLEAR
 The Bohr theory of the atom places protons and neutrons in the tiny nucleus. The orbiting electrons have specific locations and specific energy. Light emitted from energized atoms can be analyzed according to their wavelength to indicate what energy levels the electrons have in different elements. One way to see this is with a spectroscope or seeing what color change may occur when a substance is heated in a Bunsen burner flame.

 Atomic number is the number of protons in the nucleus of an atom (equal to the number of electrons in a neutral atom). Atomic weight (or mass) is a special unit designed for use at the atomic level. The number of protons and neutrons in the nucleus of an atom is its atomic weight (or mass). To date scientists have found just over l00 different elements, each with its unique number of protons in the nucleus. In addition some elements have isotopes, which have a different number of neutrons with the same number of protons.

 Radioactivity is the disintegration of certain unstable nuclei. Either an alpha particle (2 protons and 2 neutrons), a beta particle (an electron) or a gamma ray (energy like light only we can't see it) is emitted. The half life of a certain designated atom is the time it takes for half of the atoms to disintegrate. This can be very short (less than a millionth of a second) or very long (more than one million years). In every case, electric charge and mast; remain the same before and after the disintegration. Since the half lift of Carbon 1 4 is about 6,000 years, if one started with 32 grams of Carbon 14 only 16 grams would be left after 6,000 years. After 12,000 years only 25% or 8 grams of Carbon 14 would remain. The rest disintegrated into another element.

 The same conservation of mass and charge happens in the nuclear reactions fusion and fission. Fusion is the combining of relatively light atoms (like hydrogen) to form heavier atoms (like helium). While it takes a lot of energy to get this to happen (high temperatures and pressure), after the fusion occurs, more energy is produced. This energy comes from mass that has converted to energy, as described by Einstein's E = MC2 (where C is the speed of light, a very big number). Many believe the same fusion process now taking place on the sun can some day be harnessed on earth to supply us with lots of cheap, clean energy.

 Fission is heavier atoms being split into two or more lighter atoms. Some atoms temporarily absorb particles like a neutron, becoming very unstable and then dividing. If the particles given off are the same as those needed to split the atom, a controlled chain reaction is obtained. At nuclear power plants, the energy created from the lost mass can be converted to electricity. Our state produces about 50% of the electricity we use from nuclear power plants when these plants are operating.

