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Physics Exam Notes
Chapter 3-Linear Motion
· Motion is Relative:

· When we discuss the speeds of things in our environment we mean relative to the surface of the Earth ( Motion is always relative to something else
· Speed:

· Speed is a measure of how fast something moves, measured by a unit of distance divided by a unit of time—it is defined as the distance covered per unit of time
· Speed=Distance/Time
· Instantaneous Speed:
· Instantaneous speed: the speed at any instant—ex. one may travel for 10 minutes at 50 km/h and slow to 0 km/h when it reaches a red light and you can tell the instant speed by looking at the speedometer
· Average Speed:
· Average Speed=Total Distance Covered/Time Interval

· Total Distance Covered=Average Speed × Time
· Velocity:
· Speed and velocity are two different things:
· Speed refers to how fast you are moving ( car is moving 60 km/hr
· Velocity: when we describe speed and the direction of motion ( an airplane pilot is concerned with how fast and in what direction they are moving
· The words ‘speed’ and ‘velocity’ alone are assumed to mean instantaneous speed/velocity ( if something movies at an unchanging or constant speed/velocity then its average and instantaneous velocities will have the same value
· Constant velocity means constant speed with no change in direction ( a car that rounds a curve at a constant speed does not have a constant velocity since its velocity changes as its direction changes
· Acceleration:

· Acceleration: the rate at which velocity changes, thereby encompassing changes both in speed and in direction
· Acceleration=Change of Velocity/Time Interval
· Key idea that defines acceleration is ‘change’
· Acceleration is not just the total change in velocity it is also the time rate of change or change per second of velocity
· Acceleration applies to decreases as well as to increases in velocity
· When straight-line motion is being considered it is common to use speed and velocity interchangeably
· When the direction is not changing, acceleration may be expressed as the rate at which speed changes
· Acceleration (along a straight line)=Change in Speed/Time Interval
· Acceleration on Galileo’s Inclined Planes:
· A ball rolling down an inclined plane will pick up the same amount of speed in successive seconds—the ball will roll with unchanging acceleration—ex. a ball rolling down an incline at a certain angle might be found to pick up 2 m/s for each second it rolls (gain per second is its acceleration)
· The instantaneous speed or velocity of the ball at any given time after being released from rest is simply equal to its acceleration multiplied by the time
· Velocity Acquired=Acceleration× Time
· The instantaneous speed or velocity at any time is simply equal to the acceleration multiplied by the number of seconds it has been accelerating
· There are greater accelerations for steeper inclines ( the ball attains its maximum acceleration when the incline is tipped vertically
· Regardless of the size or weight, when air resistance is small enough to be neglected, all objects fall with the same unchanging acceleration
· How Fast:

· Things fall because of the force of gravity
· When a falling object is free of all restraints—no friction, air or otherwise, and falls under the influence of gravity alone, the object in is a state of free fall
· Free fall acceleration is approximately equal to 10 m/s² ( use the letter g to represent the acceleration (because the acceleration is due to gravity)
· The instantaneous speed/velocity of an object falling from rest is consistent with the equation that Galileo deduced with his inclined planes:
· Velocity Acquired=Acceleration × Time
· The instantaneous v of an object falling from rest after a time t van be expressed as v=gt
· An object thrown upward ( once released, it continues to move upward for a while and then comes back down
· At the highest point, when it is changing its direction of motion from upward to downward its instantaneous speed is zero ( then it starts download just as if it had been dropped from rest at that height
· During the upward part of this motion the object slows as it rises ( it slows at the rate of 10 m/s each second (the same acceleration it experiences on the way down)
· The instantaneous speed at points of equal elevation in the path is the same whether the object is moving upward or downward but the velocities are opposite because they are in opposite directions
· Download velocities have a negative sign and upward velocities are positive
· How Far:
· How far an object falls is altogether different from how fast it falls
· With Galileo’s inclined planes he found that the distance a uniformly accelerating object travels is proportional to the square of the time
· The distance traveled by a uniformaly accelerating object start from rest is Distance Traveled=1/2 (Acceleration × Time × Time)
· This relationship applies to the distance something falls ( we can express it for the case of a freely falling object in shorthand notation as d=1/2 gt²
· Many objects fall with unequal accelerations ( air resistance is responsible for these different accelerations
· In the presence of air, the feather and coin fall with quite different accelerations but if both items were placed in a tube and the air in the tube is removed by a vacuum pump than the feather and coin would fall with the same acceleration
· The motion of heavier objects like stones and baseball at ordinary low speeds is not appreciably affected by the air where as air resistance alters the motion of things like falling feathers
· How Quickly How Fast Changes:

· When we fish to specify how fast something is falling we are talking about speed or velocity which is expressed as v=gt
· When we wish to specify how far something falls we are talking about distance, which is expressed as d=1/2 gt²
· Acceleration=how quickly does how fast change
· Acceleration is a rate of a rate
· Acceleration is not velocity, nor is it even a change in velocity
· Acceleration is the rate at which velocity changes
Chapter 4-Newton’s Second Law
· Force Causes Acceleration:
· Acceleration is caused by force
· Often more than a single force acts on an object

· Net force: combination of forces that act on an object

· Acceleration depends on the net force

· Ex. If you push with twice as much force on an object and the net force is twice than the object will pick up speed at twice the rate ( Acceleration will double when the net force doubles

· Acceleration ~ Net Force (acceleration is directly proportional to net force)
· Friction:
· When surfaces slide over one another a force of friction acts

· When you apply a force to an object a force of friction usually reduces the net force and the resulting acceleration

· The direction of the friction force is always in a direction opposing motion ( an object sliding down an include experiences friction directed up the incline AND an object that slides to the right experiences friction towards the left

· If an object is to move at constant velocity a force equal to the opposing force of friction must be applied so that the two forces exactly cancel each other ( the zero net force then results in zero acceleration
· The friction of sliding is somewhat less than the friction that builds up before sliding takes place

· The force of friction does not depend on speed—car skidding at low speed has the same friction as a car skidding on high speed

· It may be more when the crate is at rest and on the verge of sliding but once sliding the friction force remains approximately the same

· Friction does not depend on the area of contact

· Slide the crate on its smallest surface and all you do is concentrate the same weight on a smaller area with the result that the friction is the same—ex. extra wide tires provide no more friction than really thin ones and friction between a truck and the ground is the same if the truck has 18 tires or 4

· Friction also occurs in liquids and gases ( collectively called fluids
· Drag: fluid friction

· Drag in a fluid depends on the nature of the fluid ex. drag is greater in water than it is in air

· Drag, unlike the friction between solid surfaces, does depend on speed and area of contact—ex. a slow-moving boat/air plane encounters less drag than faster boats/airplanes

· For slow motion through water drag is approximately proportional to the speed of the object

· In air, drag at most speeds is proportional to the square of the speed—ex. if an airplane doubles its speed then it encounters four times as much drag

· Mass and Weight:
· How much inertia an object possess depends on the amount of matter in the object—the more matter, the more inertia
· Mass: the quantity of matter in an object.  It is also the measure of the inertia or sluggishness that an object exhibits in response to any effort made to start it, stop it, or change its state of motion in any way

· Weight: the force upon an object due to gravity

· If something weighs a lot then we can say it has a lot of matter

· Mass and weight are directly proportional to one another ( if the mass of an object is doubled then its weight is also doubled

· Customary to measure the quantity of matter in things (mass) by their gravitational attraction to the Earth (weight)

· The measure of matter is common expressed in a mass unit ( the kilogram
· In metric units the unit of force is the Newton which is equal to a little less than a quarter pound

· A 1 kg brick weights about 10 newtons (9.8 N) ( 2.2 lbs is equal to approximately 9.8 N and 1 N is approximately equal to 0.22 lbs

· Away from the Earth’s surface the brick weights less because the influence of gravity is less

· The brick offers the same resistance to speeding up or slowing down regardless of whether it’s on the Earth, moon, or any body attracting it

· Volume: the quantity of space an object occupies
· An objects size/volume is not necessarily a good way to judge its mass
· Mass is neither weight nor volume
· Mass Resists Acceleration:
· Amount of accelerations depends not only on the force but on the mass being pushed
· The same force applied to twice the mass produces half the acceleration
· Acceleration ~ 1/Mass
1 brick – acceleration

2 bricks ½ the acceleration

3 bricks 1/3 the acceleration

· Newton’s Second Law of Motion:
· The acceleration of an object is directly proportional to the net force acting on the object, is in the direction of the net force, and is inversely proportional to the mass of the object 
· Acceleration ~ Net Force/Mass
· a= Fnet/m ( if F increases, a increases BUT if m increases, a decreases
· An object is accelerated in the direction of the force acting on it
· Applied in the direction of the object’s motion, a force will increase the object’s speed
· Applied in the opposite direction, it will decrease the speed of the object
· The acceleration of an object is always in the direction of the net force ( acceleration depends both on the net force exerted on the object and the mass of the object
· When Acceleration is g-Free Fall:
· A falling object accelerates toward the Earth because of the gravitational force of attraction between the object and the Earth
· When the force of gravity is the only force—when friction such as air resistance is negligible than we say the object is in a state of free fall

· The greater the mass of an object, the great is the gravitational force of attraction force between it and the Earth—ex. double brick has twice the gravitational attraction as the single brick
· Acceleration of an object depends not only on the force but on the object’s resistance to motion—its inertia
· Force produces acceleration, inertia is a resistance to acceleration
· Acceleration due to gravity is symbolized by g
· The ratio of weight to mass for free falling objects equals a constant—g
· Ex. a boulder 100 times bigger than a pebble falls at the same acceleration as the pebble because although the force on the boulder (its weight) is 100 times greater than the force (or weight) on the pebble its resistant to a change in motion (mass) is 100 times that of the pebble ( the greater force offsets the equally greater mass
· When Acceleration is Less Than g-Nonfree Fall:
·  In a vacuum or in places where air resistance can be neglected the net force is the weight because it is the only force
· In the presence of air resistance the net force is less than the weight—it’s the weight minus air drag, the force arising from air resistance
· The force of air drag experienced by a falling object depends on two things:
· 1. Depends on the frontal area of the falling object—on the amount of air the object must plow through as it falls
· 2. Depends on the speed of the falling object—the greater the speed, the greater the number of air molecules an object encounters per second and the greater the force of molecular impact
· Air drag depends on the size and the speed of a falling object
· The net force on the feather is then zero and acceleration terminates
· When acceleration terminates we say the object has reached its terminal speed
· If we are concerned with direction, down for falling objects, we say the object has reached its terminal velocity

· Ex. Skydiver=as a falling skydiver gains speed air drag may finally build up until it equals the weight of the skydiver and if and when this happens the net force becomes zero and the skydiver no longer accelerates ( they have reached their terminal velocity( head/feet first is a way of encountering less air and thus less air drag and attaining maximum terminal velocity
· Terminal velocity is greater for the heavier person with the result that the heavier person reaches the ground first
· Ex. 2 tennis balls ( one hollow and one filled with iron pellets, if you hold them above your head at the same time and drop they will hit the ground at the same time but if you drop them from a greater height the heavier ball strikes first ( when it’s a small distance the air drag encountered is small compared to their weights but when dropped from a greater height the greater speeds of fall are met with greater air drag ( therefore the net force on the hollow ball is appreciably reduced as air drag builds up while the net force on the iron-filled ball is only slightly reduced
· Acceleration decreases as net force decreases, which in turn decreases as air drag increases
· If and when the air drag builds up to equal the weight of the falling object, then the net force becomes zero and acceleration terminates
Chapter 5-Newton’s Third Law
· Forces and Interactions:
· Force is not a thing in itself but makes up an interaction between one thing and another
· Ex. Bending your fingers on the wall ( your fingers and the wall push on each other ( there is a pair of forced involved—your push on the wall and the wall’s push back on you

· Ex. Boxer’s fist hitting a punching bag ( fist hits the bag (dents it) while the bag hits back on the fist (and stops its motion) ( an interaction requires a pair of forces on two objects

· Ex. You pull on a cart and it accelerates but in doing so the cart pulls back on you

· Which exerts the force and which receives it? Both objects must be treated equally

· Newton’s Third Law of Motion:
· Whenever one object exerts a force on a second object, the second object exerts an equal and opposite force on the first

· Force comes in pairs, one action and the other reaction

· The action and reaction pair of forces makes up one interaction between two things

· In swimming, you interact with the water that you push backward while the water pushes you forward—you and the water push against each other ( there is a pair of forces, one action and one reaction that make up one interaction

· The reaction forces are what account for our motion 

· Defining Your System:
· Since action and reaction forces are equal and opposite, why don’t they cancel to zero?

· Ex. When an apple pulls an orange, the orange accelerates.  At the same time the orange pulls on the apple.  Do the forces cancel to zero?

· When the orange is the system, an external force provided by the apple acts on it  ( action and reaction forces do not cancel and the system accelerates

· When both the orange and apple compose the system no external force acts on it ( action and reaction are within the system and do cancel to zero—zero net force means no acceleration of the system

· Forces cancel only when they act on the same body or on the same system

· Action and reaction forces always act on different bodies

· When action and reaction forces are internal to a system they cancel each other and produce no acceleration of the system

· Action and Reaction on Different Masses:
· A falling object pulls upward on the Earth as much as the Earth pulls downward on it

· The same amount of force acting upward on the huge mass of the Earth however produces acceleration so small that it cannot be noticed or measured

· Ex. When firing a rifle there is an interaction between the rifle and the bullet

· A pair of forces acts on both the rifle and the bullet

· The force exerted on the bullet is as great as the reaction force exerted on the rifle ( hence the rifle kicks

· Since the forces are equal in magnitude, why doesn’t the rifle recoil with the same speed as the bullet? ( Newton’s second law states that we must also consider the masses involved ( a given force divided by a small mass produces a large acceleration while the same force divided by a large mass produces a small acceleration

· Ex. How a helicopter gets its lifting force—its whirling blades are shaped to force air particles down (action) and the air forces the blades up (reaction) ( this upward reaction force is called lift and when lift equals the weight of the craft the helicopter hovers in mid air and when the lift is greater the helicopter climbs upward

· Air that is pushed downward continuously maintains lift

· Ex. every contact requires at least a two-ness ( there is no way that an object can exert a force on nothing ( forces always occur in pairs, each of which is opposite to the other ( we cannot touch without being touched

· Summary of Newton’s Three Laws:
· 1. An object at rests tend to remain at rest, an object in motion tends to remain in motion at constant speed along a straight-line path

· Inertia: tendency of objects to resist change in motion ( mass is a measure of inertia

· Objects will undergo changes in motion only in the presence of a net force

· 2. When a net force acts on an object, the object will accelerate ( the acceleration is directly proportional to the net force and inversely proportional to the mass

· Acceleration is always in the direction of the net force

· When objects fall in air, the net force is equal to the weight, minus the force of air resistance and the acceleration is less than g

· If and when the force of air resistance equals the weight of a falling object, acceleration terminates and the objects falls at constant speed (terminal speed)

· 3. Whenever one object exerts a force on a second object, the second object exerts an equal and opposite force on the first

· Vectors:
· Vector quantity: any quantity that requires both magnitude and direction for a complete description—ex. force, velocity, acceleration

· Represented by an arrow

· Scalar quantity: a quantity that can be described by magnitude only, not involving direction—ex. mass, volume, speed

· Vector: when the length of the arrow is scaled to represent the quantity’s magnitude and the direction of the arrow shows the direction of the quantity

· Adding vectors that act along parallel directions:

· If they are in the same direction they add, if they are in opposite directions they subtract

· Resultant: the sum of two or more vectors

· To find the resultant of 2 vectors that don’t act in the same or opposite direction we use the parallelogram rule ( Pythagorean Theorem, R²=V² + H² and to get the resultant its R=√ (V² + H² )
· Components of Vectors:
· Just as two vectors at right angles can be combined into one resultant vector, in reverse any vector can be “resolved” into 2 component vectors perpendicular to each other

· Resolution: process of determining the components of a vector

Chapter 6-Momentum:

· Momentum:
· Momentum: inertia in motion
· Momentum=Mass × Velocity
· Ex. A truck has more momentum then a car moving at the same speed because it has a greater mass
· Impulse:

· Changes in momentum may occur when there is either a change in the mass of an object or a change in velocity, or both
· If momentum changes while the mass remains unchanged then the velocity changes
· Force produces acceleration ( the greater the force that acts on an object, the greater will be the change in velocity—and the change in momentum
· Time is important in changing momentum ( how long a time the force acts
· Apply the same force over an extended period of time and a great change in momentum results
· A long sustained force produces more change in momentum then the same force applied briefly
· Impulse: the product of force and time
· Impulse=Force × Time Interval
· Whenever you exert a net force on something you also exert an impulse
· The result acceleration depends on the net force, the resulting change in momentum depends on both the net force and the time during which the force acts
· Impulse Changes Momentum:

· Force × Time Interval= Change in (Mass × Velocity)
· Impulse=Change in Momentum
· Impulse and change of moment are always linked
· Impulse is related to:
· 1) increasing momentum
· 2) decreasing momentum over a long time
· 3) decreasing momentum over a short time
· Case 1: Increasing Momentum:
· If you wish to increase the momentum of something as much as possible, you not only apply the greatest force you can, you also extend the time of application as much as possible
· Case 2: Decreasing Momentum over a Long Time:
· In the case of hitting either the wall or the haystack (when your car is out of control) your momentum will be decreased by the same amount and this means that the impulse needed to stop you is the same
· By hitting the haystack instead of the wall you extend the time of impact ( you extend the time during which your momentum is brought to zero—the longer time is compensated by a lesser force
· The increased time of impact reduces the force of impact
· Case 3: Decreasing Momentum over a Short Time:
· For an object brought to rest, the impulse is the same, no matter how it is stopped ( but if the time is short, the force will be large
· Bouncing:

· Impulses are greater when bouncing takes place
· The impulse required to bring something to a stop, and then to “throw it back again” is greater than the impulse required to merely bring something to a stop
· Conservation of Momentum:

· To change a momentum of an object we must apply an impulse
· The force or impulse must be exerted on the object or any system of objects by something external to the object or system ( internal forces don’t count
· If no external force is present then no change in momentum is possible
· Ex. Bullet and rifle ( the force exerted on the bullet is equal to the force exerted on the rifle and therefore the rifle has just as much momentum as the speeding bullet ( the bullet and rifle together as a system experience no not change in momentum—before firing the momentum was 0 and after firing its still 0
· Summary:
· Momentum is described by both magnitude and direction
· When momenta act in the same direction they are added and when they act on opposite directions they are subtracted
· Conserved: when a physical quantity remains unchanged during a process that quantity is conserved
· Ex. in a bullet/rifle scenario the momentum is conserved ( same before and after firing
· Collisions:

· Momentum is conserved in collisions( the net momentum of a system of colliding objects is unchanged before, during and after the collision
· In a collision the forces that act are internal forces ( forces acting and reacting within the system itself
· Net momentum before collision=net momentum after collision
· Elastic collision: When a billiard ball makes a collision with another one at rest and the moving balls comes to rest and the other ball moves with the speed of the colliding ball
· Momentum is conversed even when the colliding objects become entangled during the collision
· Inelastic collision: both objects stick together ( Freight car hits another one of the same mass and they stick together
· More Complicated Collisions:

· The net momentum remains unchanged in any collision, regardless of the angle between the tracks and the colliding objects ( same before, during and after
Ex: A fish swims towards and swallows a smaller fish at rest. The big fish is 5kg and swims 1 m/s the smaller fish is 1kg, what is the velocity of the larger fish

(5kg) ( 1m/s) + (1kg) (0m/s)= (5kg + 1kg)

5kg × m/s= (6kg) v

V= 5/6m/s

Chapter 7-Energy
· Work:
· Work: the product of the force and the distance moved by force
· Work=Force × Distance
· When work is done:
· 1) application of a force
· 2) the movement of something by that force
· Work is done when lifting a barbell

· When a person pushes a wall that person energy might expand but no work is done if the wall doesn’t move
· Power:

· Power: how fast the work is done
· Power=Work Done/Time Interval
· Twice the power means it can do the same amount of work in half the time or twice the work in the same time
· The power is the rate at which energy is expended
· The more power- the faster something works (likes an engine) BUT it also means that it uses more energy

· Energy: The property of a system that enables it to do work
· Mechanical Energy:
· Mechanical Energy: the form of energy due to the relative position of interacting bodies (potential energy) or to their motion (kinetic energy) ( can be in the form of either or both
· Potential Energy:
· Potential energy: energy stored in an object because of its position relative to some other object
· In its stored state it has the potential to work

· Ex. Chemical energy in fuels is also potential energy

· Ex. A bow is drawn, energy is stored in the in the bow, the stretched rubber also has potential energy

· Gravitational Potential Energy: the potential energy of a body due to elevated positions
· The amount of gravitational potential energy possessed by an elevated object is equal to the work done against gravity in lifting it
· Gravitational Potential Energy= Weight × Height
· Kinetic Energy:
· Kinetic Energy: energy of motion which depends on mass and speed
· Kinetic Energy= ½ Mass × Speed²
· If an object is moving it is capable of doing work, it has the energy of motion we say that it has kinetic energy
· The kinetic energy of the object depends on the mass of the object as well as its speed
· Work-Energy Theorem:
· Work-energy theorem: work equals change in kinetic energy
· If a car speeds up it is an increase in kinetic energy and if it slows down then it is a decrease it kinetic energy ( we call this work (change in kinetic energy)
· Work can also transfer other forms of energy to a system
· The more kinetic energy something has, the more work is required to stop it
· Work done by the resultant force=change in kinetic energy=Kf-Ki
· Conservation of Energy:

· Law of conservation of energy: energy cannot be created or destroyed; it may be transformed from one form into another, but the total amount of energy never changes
· Machines:
· Machine: device for multiplying forces or simply changing the direction of forces
· No machine can create energy it can only transform it from one form to another
· A device, such as a lever or a pulley, that increases (or decreases) a force or simply changes the direction of a force
· Conservation of energy for machines: the work output of any machine cannot exceed the work input ( In an ideal machine, where no energy is transformed into thermal energy Work input=work output or Fd input = Fd output
· Lever: simple machine consisting of a rigid rod pivoted at a fixed point called the fulcrum
· Efficiency
· Efficiency: percentage of the work put into a machine that is converted into useful work output 
· Energy=Useful Energy Output/Total Energy Input
· Comparison of Kinetic Energy and Momentum:
· Momentum-vector quantity
· Energy-scalar quantity
Chapter 13-Liquids

· Pressure:

· Pressure: is the force divided by the area over which force is exerted

· Pressure=Force/Area
· A liquid contained in a vessel exerts forces against the walls of the vessel

· Pressure in a Liquid:

· When you swim you can feel the water pressure acting against your eardrums ( The deeper you swim, the greater the pressure

· The pressure comes from the weight of the water above you

· The pressure you feel under water depends on how deep you are because air pressure near the Earth’s surface is nearly constant

· Liquid Pressure=Weight Density × Depth
· The pressure a liquid exerts against the sides/bottom of a container depends on the density and depth of the liquid

· Liquids are incompressible—their volume can hardly be changed by pressire

· Pressure does not depend on the amount of liquid/volume but depends on the average depth of water

· The large, shallow lake exerts only a half the average pressure that the small deep lake exerts

· Liquid pressure is exerted equally in all directions and because a liquid can flow the pressure isn’t only downwards
· When liquid presses against a surface, there is a net force directly perpendicular to the surface ( although pressure doesn’t have a specific direction, Force does
· Buoyancy:

· Buoyancy: the apparent loss of weight experienced by objects submerged in a liquid
· Ex: when you’re lifting a heavy boulder out of the water it seems lighter then it actually is due to the fact that the water exerts an upward force on it that is exactly opposite to the direction of gravity’s pull ( upward force is called buoyant force ( consequence of pressure increasing with depth
· The forces exerted on the boulder happen everywhere perpendicular to its surface ( vectors pointing towards it)

· Force vectors against the sides at equal depths cancel one another so there is no horizontal buoyant force

· To understand buoyancy one must understand “volume of water displaced”- if a cup of water is full and then you put a rock into it there is overflow- therefore the water is displaced by the stone. 

· The volume of the stone is equal to the volume of the water that is displaced

· A completely submerged object always displaces a volume of liquid equal to its own volume

· Archimedes’ Principle:
· Archimedes’ principle: an immersed body is buoyed up by a force equal to the weight of the fluid it displaces (immersed means either completely or partially submerged)

· What Makes an Object Sink or Float?
· 1. An object more dense than the fluid in which it is immersed will sink
· 2. An object less dense than the fluid in which it is immersed will float (   Weight Density=Weight/Volume ( you must either reduce your weight or increase your volume
· 3. An object having a density equal to the density of the fluid in which it is immersed will neither sink nor float
· Buoyant force is determined by the volume of a submerged object NOT the weight

· ** people who can not float are 9/10 men because they are more muscular and slightly denser then females

· Flotation:
· Principle of Flotation: a floating object displaces a weight of fluid equal to its own weight

· Ex. 10 000 ton ship must be build wide enough to displace 10 000 tons of water before it sinks too deep

· Ship floats higher in salt water than fresh because its denser ( denser fluids exert a greater buoyant force then less dense fluids

· Pascal’s Principle:
· Pascal’s Principle: a change in pressure at any point in an enclosed fluid at rest is transmitted undiminished to all points in the fluid

· Ex: U shaped tubes with a piston on each side

· The left has 10 kg and the right is 50 kg

· The force exerted on the smaller on is nearly 1000 N/cm² due to the pressure of the weight of the load transmitted throughout the liquid and up against the larger piston 

· The larger is 50 times the area and therefore exerts 50 times more pressure

· Surface Tension:
· Surface tension: the tendency of the surface of a liquid to contract in area and thus to behave like a stretched elastic membrane
· Ex. When a paint brush is under water the hairs are fluffed (like when dry) but when the brush is lifted out of water the surface film of water contracts and pulls the hairs together

· Capillarity:
· Capillarity: rise of a liquid in a fine hollow tube or in a narrow space

· Adhesion: attraction between unlike substances—water and glass 
· Cohesion: attraction between like substances—molecular stickiness

· Think of molecules as sticky balls ( they stick on glass better then when they stick together

· Ex. If a paint brush is dipped part way into water then the water will rise up into the narrow spaces between the bristles ( by capillary action
· When you dip a glass tube into water the adhesion between the glass and water cause a thin film of water to the drawn up over the inner and outer surfaces of the tube

· Capillarity is essential for plant growth, it brings water to the roots of plants and carries sap and nourishment to high branches of the trees.

· If your hair is long and let it hang in the bathtub, and the water will seep to your scalp the same way

Chapter 14-Gases and Plasmas
· Gases as well as liquid flow hence they are called fluids
· The Atmosphere:
· The thickness of our atmosphere is determined by 2 competing factors:

· 1. The kinetic energy of its molecules—which tends to spread the molecules apart
· 2. Gravity—which tends to hold molecules near the earth
· If there were no gravity we could not breathe

· About 50% of the atmosphere is below an altitude of 5.6 kilometers (18 000ft) 

· 75% is below 11 kilometers (36000 ft) 

· 90% is below 18 kilometers (60000 ft)

· Air gets thinner and thinner the higher one goes

· Atmospheric Pressure:
· Atmospheric Pressure: the pressure exerted against bodies immersed in the atmosphere—it results from the weight of air pressing down from above ( At sea level, atmospheric pressure is about 101 kPa

· You don’t notice the weight of a bag of water while you’re submerged in water and the same when you are submerged in air

· Atmospheric pressure is to due weight of air

· We don’t feel weight crushing against our bodies because the pressure inside our bodies equals that of the surround air
· The density of air decreases with altitude
· The pressure of the atmosphere is not uniform ( there are variations in atmospheric pressure at any one locality due to moving fronts and storms
· Barometers:

· Barometer: a common instrument used for measuring the pressure of the atmosphere 
· Glass tube

· Longer than 76 centimeters and closed at one end

· Filled with mercury and tipped upside down in a dish of mercury

· The mercury runs out of the submerged open bottom until the level in the tube is 76 cm above the dish

· The empty space trapped above, except for some mercury vapor, is a vacuum
· Why does mercury behave this way?

· Its like a sea saw (will balance when the weights of people at its two ends are equal ( the barometer ‘balances’ when the weight of liquid in the tube exerts the same pressure as the atmosphere outside
· In order for water to be used to make a barometer the glass tube would have to be 13.6 times as long would be needed to provide the same weight as the mercury in the tube ( 10.3 m high

· Similar to drinking through a straw ( by sucking you reduce you reduce the air pressure in the straw that is placed in the drink ( the weight of the atmosphere on the drink pushes liquid up into the reduced pressure region ( liquid is not sucked up, it is pushed up by the atmosphere
· Boyle’s Law:
· The density of air inside is also more than the density of air outside
· Pressure is proportional to density

· Double the air density by compress air to half its volume

· Pressure and volume are inversely proportional ( if you double one you have to double the other
· Boyle’s law: the product of pressure and volume is a constant for a given mass of confined gas, as long as temperature remains unchanged

· P1V1= P2V2

· Law applied to ideal gases ( one in which the disturbing effects of the forces between molecules and the finite size of individual molecules can be neglected

· Buoyancy of Air:
· Air pressure acting up against an object immersed in air is greater than the pressure above pushing down
· Archimedes’ principle: an object surrounded by air is buoyed up by a force equal to the weight of the air displaced

· Any object that has a mass less than the mass of an equal volume of air will rise in air ( any object less dense than air will rise in air

· How high will a balloon rise?

· 1. Will rise so long as it displaces a weight of air greater than its own weight ( since it becomes less dense with altitude, a lesser weight of air is displaced as the balloon rises ( when the weight displaced equals the total weight of the balloon acceleration stops
· 2. When the buoyant force on the balloon equals its weight the balloon will stop rising

· 3. When the average density of the balloon equals the density of the surrounding air the balloon will stop rising

· Bernoulli’s Principle:
· Bernoulli’s principle: when the speed of a fluid increases, internal pressure in the fluid decreases

· Principle applies to a smooth stead flow of constant-density fluid

· When the momentum of moving water or anything else is suddenly reduced the impulse exerted in relatively huge

· Applications of Bernoulli’s Principle:
· Ex. When driving in a convertible car with the canvas on top the top puffs upward as the car is moving ( pressure outside is less on top of the fabric where air is moving, then static atmospheric pressure is on the inside
· Plasma:
· Plasma: electrified gas containing ions and free electrons ( most of the matter in the universe is in the plasma phase

· The atoms and molecules that make up plasma are ionized (stripped of one or more electrons) with a corresponding number of free electrons

· Ex. Sun and stars are largely plasma

· Plasma conducts electrical current, it absorbs certain kinds of radiation that pass through a gas, it can be shaped, molded, and moved by electric/magnetic fields

· Plasma is electrically neutral ( still equal number of positive/negative charges as there are in a gas

· Plasma in the Everyday World:
· Ex. When you turn on a lap the high voltage between electrodes at each end causes electrons to flow ( these electrons ionize some atoms (forming plasma) which provides a conducting path that keeps the current flowing ( the current activates mercury atoms and release radiation which causes the coating on the tube’s inner surface to glow with visible light

· Plasma Power:
· High-temperature plasma is the exhaust of a jet engine 

· MHD power: weakly ionized plasma, but when small amounts of potassium salts/cesium metal are added it becomes a good conductor ( when its directed into a magnet electricity is generated

· Low-pollution MHD power is now in the developmental stage and operates in a few places in the world 

Chapter 16-Heat Transfer

· Equalizing of temperature occurs in 3 ways: conduction, convection, and radiation
· Conduction:

· Conduction: the transfer of heat energy by molecular and electron collision within a substance 
· How well an object conducts heat depends on the bonding within its atomic or molecular structure ( the looser the outer electrons the better they conduct eat/electricity—ex. Silver is the best, then copper
· Insulators: poor conductors—ex. used for handles of cookware—ex. wood, cork
· Most liquids/gases are poor heat conductors
· Good insulators are things such as wool, fur, feathers because of air spaces they contain
· Snow is a poor conductor and a good insulator (keep ground warm in the winter)
· Snow doesn’t provide warmth but it slows down the loss of heat the animals generate
· Heat is transmitted from a higher to a lower temperature ( if a home becomes colder its because heat flows out
· Ex. Heat enters the metal nail at the end that is kept in the flame ad is transmitted along the entire length of the nail.

· The fire causes the atoms at the heated end of the nail to move more rapidly
· Convection:

· Convection: heat transfer due to the actual motion of the liquid itself
· Gases and liquids mainly transmit heat through convection

· Convection involves the motion of mass—the overall motion of a fluid
· As the fluid is heated from below the molecules at the bottom begin moving faster and spread more apart/become less dense and are buoyed upward ( warmer fluid moves away from the heat sources and cooler fluid moves towards the heat source
· When air is warmed it expands
· When rising air reaches an altitude at which its density matches that of the surrounding air it no longer rises ( we see smoke from a fire rise and then settle off as it cools and its density matches that of surrounding air ( expands because less atmospheric pressure squeezes on it as it rises ( as air expands it cools
· When air is compressed (ex. tire pump) noticed that air and pump become hot
· Cooling by expansion occurs with a kettle nozzle ( cooling effect of both expansion and rapid mixing with cooler air allows you to hold your hand comfortable above the kettle where there is vapor
· Convection currents: form because parts of the Earth’s surface absorb heat from the sun more readily then others and the air near the surface is heated unevenly 
· Ex. Seashore ( daytime the shore warms more easily then the water because the air over the shore is pushed up by cooler air that comes in from above the water to take its place (Sea breeze) ( nighttime the shore cools off more quickly then the water and then the warmer air is over the sea
· Ex. When you open your mouth wide and breathe out it is warmer then if you breathed through a smaller hole 
· Radiation:

· Energy from the sun passes through space and then through the earth’s atmosphere and warms earths surface

· Radiant energy: radiated energy in the form of electromagnetic waves—including radios waves, microwaves, infrared radiation, visible light, ultraviolet radiation, X rays and gamma rays

· Wavelength of radiation is related to the frequency ( frequency is the rate of vibration of a wave

· Length of a wavelength depends on how high or low the frequency is—the higher the frequency the shorter the waves, the lower the frequency the longer the waves

·  Emission of Radiant Energy: 
· The peak frequency of the radiant energy is direction proportional to the absolute temperature of the emitter ( f~T
· Surface of the sun has a high temperature and therefore emits radiant energy at a high frequency but the surface of the early is cool and therefore it emits radiant energy at a lower frequency
· Terrestrial radiation: radiant energy emitted by the Earth
· Ex. Deep mine is warm year round because of the radioactivity of the Earth’s interior ( much of the heat conducts to the surface where it is radiated as terrestrial radiation 
· Radiant energy is emitted by both the sun and the Earth ( sun emits more energy and at a higher frequency
· All objects (incl. people) continually emit radiant energy in a mixture of frequencies/wavelength ( sun=high frequency/short wavelength and lower frequency in infrared regions
· Infrared waves absorbed by our skin produce the sensation of heat ( infrared radiation is often called heat radiation
· When radiant energy encounters an object it is partly reflected and partly absorbed
· Absorbed part—increases the thermal energy of the object ( Ex. if its skin then you feel warmth
· When the object is not hot enough then the radiant energy emitted is in the range of visible light
· Absorption of Radiant Energy:
· Things don’t run out of energy because good emitters of radiant energy are also good absorbers—Ex. radio antenna that is a good emitter of radio waves is also a good receiver
· Ex. Black pavement and dark automobile may remain hotter than their surroundings on a hot day but at nightfall they cool faster ( sooner or later all objects come to thermal equilibrium 
· Black container cools faster ( blackened surface is a better emitter ( therefore coffee/tea in a shiny pot stays hot longer
· Reflection of Radiant Energy:
· Absorption and reflection are opposite processes
· A good absorber of radiant energy reflects very little radiant energy
· Good absorber appears dark ( best is often black (ex. Pupil)
· Good reflectors are poor absorbers of radiant energy ( Ex. Clean snow is a good reflector and therefore it doesn’t melt quickly in the sunlight
· Light-coloured buildings stay cooler in the summer and warmer in the winter because they are poor emitters and retain their internal energy
· Cooling at Night by Radiation:
· Bodies that radiate more energy than they receive become cooler ( happens when solar radiation is absent
· Ex. object left out at night radiates energy into space and receives little energy in return and therefore since it gives out more energy then it receives it becomes cooler
· If the object is a good conductor of heat (metal, stone, concrete) then the temperature is stabilized because heat conducts to it from the ground BUT wood, straw, grass are poor conductors since little heat is conducted to them from the ground (develop dew, frost) ( net radiators and get colder than the air
· Newton’s Law of Cooling:

· The rate of loss of heat from an objects is proportional to the temperature difference between the object and its surroundings

· Also holds true for warming

· The Greenhouse Effect:

· Is the warming of the lower atmosphere, the effect of atmospheric gases on the balance of terrestrial and solar radiation
· Warming of the lower atmosphere by short wavelength radiation from the sun that penetrates the atmosphere, is absorbed by the earth, and is reradiated at longer wavelengths that cannot easily escape earth’s atmosphere

· Environmental concern=excess carbon dioxide and other “greenhouse gases” will trap too much energy and make the Earth to warm
· Solar Power:
· Solar Power: energy per unit of time derived from the sun
· We are warmed because the sun is so big ( it emits enormous amounts of energy 
· Solar constant: 1400J/m² received from the Sun each second at the top of the Earth’s atmosphere on an area perpendicular to the Sun’s rays; expressed in terms of power—1.4 KW/m²

· Lately, we see more homes using solar energy for space/water heating
· Solar heating needs a distribution system to move solar energy from the collector to the storage/living space
· Active system=distribution system requires external energy to operate fans/pumps
· Passive system=distribution is by natural means (conduction, convection, or radiation) ( problem free system and serves as an economical supplement to conventional heating
· Problems with using solar power:
· 1. No energy arrives at night ( need for supplementation sources of energy or energy storage devices
· 2. Variations of weather produce a variable energy supply (depend on day/season)
· 3. Sun is high in the sky only part of the day (even on clear days)
· 4. Not yet competitive in cost with electrical power generated by conventional power sources
Chapter 17-Change of Phase:

· Evaporation:
· Evaporation: change of phase from liquid to gas that takes place at the surface of a liquid
· Water in an open container that will eventually dry up or evaporate, the water that disappears is called water vapor in the air

· Has to do with the temperature—temperature is related to the average kinetic speed of its particles

· The molecules in a liquid move at different speeds and bump into each other

· Evaporation is a cooling process ( molecules about to be propelled out of the liquid are the gainers, while the losers of energy remain in the liquid ( the average kinetic energy of molecules remaining in the liquid is lowered

· The faster the evaporation the faster the cooling of a substance—Ex. Rubbing alcohol on your back cools the surface of the body very quickly and evaporates fast

· When our bodies overheat we sweat and that makes us cool down because we evaporate our perspiration

· The rate of evaporation is greater at higher temperatures because there are a greater proportion of molecules having sufficient kinetic energy to escape the liquid

· Frozen water also evaporates
· Sublimation: form of evaporation in which molecules jump directly from a solid to a gaseous phase ( because water molecules are so tightly held in a solid phase frozen water doesn’t evaporate as readily as liquid water does
· Condensation:

· The opposite of evaporation

· The changing of gas to liquid

· When gas molecules are near the surface of a liquid are attracted to the liquid they strike the surface with increased kinetic energy and become part of the liquid

· It is a warming process

· Ex. Energy given up by steam when it condenses ( steam burn is much more painful then a boiling water burn

· Steam releases considerable energy when it goes on skin and wets it ( steam is water vapor at high temperature

· Ex. when you take a shower you’re warmed by condensation of vapor in the shower region (even from a cold shower)

· Away from the moisture net evaporation takes place quickly and you feel chilly/are better able to dry yourself

· Condensation in the atmosphere:
· Humidity: a measure of the amount of water vapor (that is always somewhat present in the air)
· Relative humidity: the ratio of the amount of water vapor currently in the air at a given temperature to the largest amount of water vapor the air can contain at that temperature (used by weather reporters)
· Air that contains as much vapor as it can is saturated ( saturation occurs when the air temperature drops and water vapor molecules in the air begin condensing
· Slow moving water molecules are the ones most likely to condense and form droplets of water in saturated air because lower air temperatures are characterized by slower moving molecules, saturation and condensation are more likely to occur in cool air than in warm air
· Warm air can contain more water vapor than cold air
· Fogs and Clouds:

· Air warms – it rises and expands- as it expands it chills- as it chills the water vapor molecules are slowed- lower speed molecules collisions result in water molecule sticking together- if there is sufficient build up we get a cloud- if these particles are not present we can stimulate cloud formation by “seeding” the air with appropriate ions or particles

· Warm breezes blow over the ocean and air become moist- when the moist air moves from warm to cool areas it chills- as it chills the water vapor molecules stick instead of bouncing off each other 

· The different between fog and clouds is that fog appears near the ground (altitude)
· Boiling:
· Boiling: change of phase throughout the liquid that occurs when evaporation takes place beneath the surface of a liquid it form bubbles of vapor that are buoyed to the surface where they escape

· The bubbles form when the pressure of the vapor within the bubbles is great enough to resist pressure of surrounding liquid

· 100 Degrees for water at atmospheric pressure

· When a lid is on a pot it keeps all energy and warmth inside if there is no lid the energy entering the water (heating it up) when it leaves, it cools

· At high altitudes, water boils at a lower temperature—Ex. Denver water boils at 95 degrees
· Geysers:
· Geyser: a periodically erupting pressure cooker ( It consists of a long, narrow, vertical hole into which underground streams seep

· A column of water is heated by volcanic heat below it to temperatures exceeding 100degrees

· The narrowness of the shaft shut off convection currents

· Water at the surface is less than 100 and water below is more than 100

· Boiling begins near the bottom where the rising bubbles push down the column of water above and the eruption starts ( as the water gushes out the pressure on the remaining water is reduced and then it rapidly boils and erupts
· Boiling is a Cooling Process:
· Evaporation is a cooling process and so is boiling

· It gets hot just as fast as it gets cold

· If cooling did not take place the water would get hotter and hotter

· A pressure cooker is an example that prevents the cooling process due to the fact it does not let any energy out ( temperature continues increasing

· Boiling and Freezing at the Same Time:
· Taking pressure away from liquid boils it

· The temp will decrease while liquid is boiling with the continued removal of pressure until freezing

· Ice will form over the boiling water- frozen bubbles of boiling water

· Melting and Freezing:
· Heating- like holding hands while jumping up and down, it is hard and eventually you must separate- solids into liquid ( as heat is absorbed molecules vibrate more and the forces between molecules will no longer be able to hold them together ( solid melts

· The opposite effect is of freezing- liquid into solid ( energy is withdrawn from a liquid and molecular motion diminishes until they move slowly so that the molecules can come together 

· Water freezes at 0 degrees unless salt or sugar has been dissolved in it and then the freezing point is lower

· Regelation:
· Regelation: melting under pressure and freezing again when the pressure is reduced

· Because H20 molecules form open structures in the solid phase the application of pressure can cause ice to melt, when pressure is removed re freezing occurs

· Ex: a block of ice with a thin metal wire with weights- the wire will slowly cut through making the block melt a little but the wire will fall and it will leave the block of ice

· Ex: Snowball—we compress the snow in our hands, slight melting takes place of the ice crystals, but when the pressure is removed it re freezes

· Energy and Changes of Phase:
· Applying heat will eventually change the phase of a solid or a liquid

· The solid will liquefy and then liquid will vaporize

· Energy must be extracted for change from a gas to a liquid to solid

· Solid must absorb energy to melt, and a liquid must absorb energy to vaporize ( on the other hand, a gas must release energy to liquefy and a liquid must release energy to solidify

· A refrigerator is a heat pump that pumps heat from a cold environment to a warm one

· This is accomplished by: a liquid with a low boiling point, the refrigerant which is pumped into a cooling unit, where it turns into gas , when the changing phase from liquid to gas , heat is drawn from the interior where the food is ( this is why the outside of your refrigerator is warm and the inside is cold
· Energies required to melt ice (80 calories or 335 joules/g) and boil water (540 calories and 2255 joules/g) 

· Latent heat of fusion: amount of energy required to change a unit mass of any substance from a solid to a liquid and from a liquid to a solid 

· Latent heat of vaporization: the amount of energy required to change any substance from a liquid to a gas and from a gas to a liquid

Chapter 19-Vibrations and Waves

· Vibration is a wiggle in time (light and sound are both vibrations that propagate as waves)
· Wave: wiggle in both space and time and extends from one place to another
· Sound is the propagation of vibrations through material—solid, liquid or gas
· Light is the vibration of electric and magnetic fields—pure energy
· Vibration of a Pendulum:
· Period: time in which a vibration is completed ( the period of a wave equals the period of the source and is equal to 1/Frequency
· The to and fro sing (period) of a pendulum does not depend on mass/size of arc though which it swings
· Length is important ( Long pendulum has a long period (swings less frequently then a short pendulum) 
· Period of pendulum also depends on the acceleration of gravity ( varies due to the variety of underlying formations
· Wave Description:

· Simple harmonic motion: the to-and-fro vibratory motion of a swinging pendulum in a small arc
· Sine curve: a wave form traced by simple harmonic motion which can be made visible on a moving conveyor belt by a pendulum swinging at right angles above the moving belt ( pictorial representation of a wave
· High points of sign=crests and the low points=troughs
· Straight dashed line=home/midpoint of the vibration
· Amplitude: for a wave or vibration, the maximum displacement on either side of the equilibrium (midpoint) position
· Wavelength: the distance between successive crests, troughs, or identical parts of a wave
· Frequency: for a vibrating body or medium, the number of vibrations per unit time ( for a wave the number of crests that pass a particular point per unit time (usually 1 second) ( unit of frequency is called the Hertz (Hz)
· The frequency of the vibrating source and the frequency of the wave it produces are the same
· Ex. A pendulum makes 2 vibrations per second ( its frequency is 2 Hz and the period of vibration is ½ second
· Frequency=1/Period
· Period=1/Frequency
· Wave Motion:

· Through wave motion energy can be transferred from a source to a receiver without the transfer of matter between the two points
· Ex. if a stone is dropped into a quiet pond waves will travel outward in expanding circles ( we think water is being transported with waves since water is sometimes splashed onto dry ground( however water will run back into the pond and the medium will return to its initial condition after the disturbance has passed
· Wave Speed:

· Wave speed: the speed with which waves pass a particular point
· Wave Speed=Wavelength × Frequency
· How much time passes between the arrival of one crest and the arrival of the next and also observe the distance between the two crests
· Transverse Waves:

· Transverse waves: a wave in which the medium vibrates in a direction perpendicular (transverse) to the direction in which the wave travels ( light waves and water waves are transverse
· Longitudinal Waves:

· Longitudinal waves: a wave in which the medium vibrates in a direction parallel (longitudinal) to the direction in which the wave travels ( sound waves
· The wavelength of a longitudinal wave is the distance between successive compressions or equivalently the distance between successive refractions 
· Interference:
· Interference pattern: the pattern formed by superposition of different sets of waves that produces reinforcement in some places and cancellation in others ( more than one vibration existing at the same time and inference pattern is when the waves overlap
· Superposition: more than one wave occupies the same space at the same time and the displacements add at every point 
· Constructive interference: when the crest of one wave overlaps with the crest of another and the individual effects add together to produce a wave of increased amplitude
· Destructive interference: when the crest of one wave overlaps the trough of another, their individual effects are reduced ( the high part of one wave simply fills in the lower part of another
· In water we see the interference pattern made when two vibrating objects touch the surface of the water ( see the regions where the crests of one wave overlaps the trough of another to produce regions of zero amplitude
· At points along these regions the waves arrive out of step ( out of phase with each other
· Standing Waves:
· Standing wave: a stationary wave pattern formed in a medium when two sets of identical waves pass through the medium in opposite directions ( theses stationary parts are called nodes
· Nodes are regions with zero/minimal displacement
· Antinodes ( regions of maximum displacement/maximum energy and occur halfway between nodes
· Standing waves are a result of inference (when two sets of waves of equal amplitude/wavelength pass through each other in opposite directions the waves are steadily in and out of phase with each other ( this occurs for a wave that reflects upon itself and stable regions of constructive/destructive inference are produced)
· Doppler Effect:
· Doppler effect: the shift in received frequency due to motion of a vibrating source toward or away from a receiver
· Since wave speed is the same in all directions if a bug bobs in the water at a constant frequency the distance between wave crests (wave length) is the same in all directions ( the wave frequency is the same as the bobbing frequency of the bug
· Ex. if the bug chases after the waves that he has produced then there are no longer concentric circles because the center of the outer wave was made when the bug was in the center of the circle however, now the centers of the circular waves move  in the direction of the swimming bug
· The bug maintains the same frequency as before but it seems as if it’s a higher frequency (an observer of the bug) because each successive wave has a shorter distance to travel and arrives more quickly then if the bug weren’t moving toward the waves
· Water waves spread over the flat surface of water whereas sound/light waves travel in 3 dimensional space in all directions
· Doppler effect is evident when you hear the changing pitch of a car horn as it passes you ( louder when the car approaches because the crests of sound waves are hitting your ear more frequently
· In light, when the light source approaches its an increase in frequency and when it recedes there is a decrease in frequency ( increase=blue shift, decrease=red shift
· Bow Waves:
· Bow waves: the V-shaped disturbance made by an object moving across a liquid surface at a speed greater than the wave speed
· Ex. When the bug swims faster than wave speed it outruns the waves it produces ( the waves overlap at the edges and the pattern made by the overlapping waves is a V shape (bow wave) which drags behind the bug
· Shock Waves:
· Shock wave: the cone-shaped disturbance made by an object moving at supersonic speed through a fluid ( produced by overlapping spheres 
· Sonic boom: the loud sound resulting from the incidence of a shock wave
· Once an object is moving faster than the speed of sound it will make a sound
Chapter 20-Sound

· Origin of Sound:
· Most sound waves are produced by the vibrations of material objects—Ex. Piano the sound is produced by vibrating strings
· Original vibration stimulates the vibrations of something larger/more massive
· Vibrating material sends a disturbance through the surrounding medium (usually air) in the form of longitudinal waves
· Frequency of the vibrating source=frequency of sound waves
· Frequency corresponds with pitch ( high pitched sound=high frequency of vibration and a low pitched sound=low frequency vibration
· Infrasonic: describes a sound that has a frequency too low to be heard by the normal human ear ( sound waves with frequencies below 20 Hz
· Ultrasonic: describes a sound that has a frequency too high to be heard by the normal human ear ( sound waves with frequencies above 20 000 Hz
· We cannot hear infrasonic and ultrasonic sound waves
· Nature of Sound in Air:

· Compression: condensed region of the medium through which a longitudinal wave travels—Ex. When the door is opened a compression travels across the room
· Rarefaction: rarified region, or region of lessened pressure, of the medium through which a longitudinal wave travels—Ex. When the door is closed a rarefaction travels across the room
· Its not the medium that travels across the room but the energy-carrying pulse
· Ex. waves of compressed and rarefied air produced by the vibrating cone of the loud speaker make up the pleasing sound of music
· Media That Transmit Sound:

· Most sounds that we hear are transmitted through air however any elastic substance (solid, liquid, gas, or plasma) can transmit sound
· Air is a poor conductor of sounds
· Ex. If you click rocks together under water while your ear is submerged you will hear the clicking very easily ( way better than if your head was above water
· Liquids/crystalline solids are excellent conductors of sound ( speed of sound is greater in liquids than in gases and is still greater in solids
· If there’s nothing to compress/expand then there cannot be sound
· Speed of Sound in Air:

· Sound requires a recognizable time to travel from one place to another
· Speed of sound depends on wind conditions, temperature and humidity ( does not depend on loudness or frequency of sound ( all sounds travel at same speed
· Sound travels faster through warm air than cool ( faster moving molecules in warm air bump into each other more often and transmit a pulse in less time
· For each degree rise in temperature (above 0) the speed of sound in air increases 0.6 m/s
· Normal room temp of 20 degrees, sound travels at 340 m/s
· Reflection of Sound:

· Echo: reflection of sound
· Large if the surface is rigid and smooth and less if the surface is soft and irregular
· Sound energy not carried by the reflected sound wave is carried by the transmitted absorbed wave
· Angle of incident sound is equal to the angle of reflected sound
· Reverberations: when sound is too reflective (walls, ceilings, floors) the sound becomes garbled ( because of multiple reflections
· If the sounds are too absorbent the sound level would be low/dull
· Acoustics: study of sound properties
· Refraction of Sound:

· Refractions: sound waves bend when parts of the wave fronts travel at different speeds ( happens in uneven winds or when sound is traveling through air at uneven temperatures ( different speeds of sound produce refraction
· Sound waves tend to bend away from the ground ( results in sound that does not carry well
· Sound travels slower at higher altitudes and bends away from the ground
· Refraction of sound occurs under water where speed of sound varies with temperature
· Ex. multiple reflections and retractions of ultrasonic waves are used in X-rays ( when high-frequency sound (ultrasound) enters the body it is reflected more strongly from the outside of organs than from their interiors and a picture of the outline of organs is obtained
· Energy in Sound Waves:

· Producing sound requires only a small amount of energy 
· Hearing is possible because of our sensitive ears
· Sound energy dissipates to thermal energy while sound travels in air ( for waves of higher frequency the sound energy is transformed into internal energy more rapidly then for waves of lower frequency
· Therefore, sounds of low frequencies will travel father through air then sounds of high frequencies
· Forced Vibrations:

· Forced vibration: the setting up of vibrations in an object by a vibrating force
· Ex. if we hold a fork against a table after we hit the table than the sound is louder because the table is forced to vibrate and with its larger surface it will set more air in motion
· Natural Frequency:

· Natural frequency: a frequency at which an elastic object naturally tends to vibrate if it is disturbed and the disturbing force is removed—depends on factors such as elasticity and shape of the object (wrench vibrates differently then baseball)
· Resonance:

· Resonance: when the frequency of forced vibrations on an object matches the object’s natural frequency a dramatic increase in amplitude occurs
· In order for something to resonate (resound/sound again) it needs a force to pull it back to its starting position and enough energy to keep it vibrating
· Resonance is not restricted to wave motion ( occurs whenever successive impulses are applied to a vibrating object in rhythm with its natural frequency
· Interference:
· Sound ( crest of wave corresponds to a compression and the trough of a wave corresponds to a rarefaction
· Interference occurs for all waves ( transverse and longitudinal
· Ex. if you equal distance from 2 sound speakers that emit identical tones of fixed frequency the sound is louder because of the effects that 2 speakers add ( if you move to the side so that the speakers differ by a half wavelength then rarefactions from one speaker will be filled in by the compressions from the other speaker (destructive interference)
· Destructive sound interference is a useful property in anti-noise technology ( Ex. noise-canceling earphones are common for pilots already
· Beats:
· Beats: when two tones of slightly different frequencies are sounded together, a fluctuation in the loudness of the combined sounds is head: the sound is loud, then faint, then loud, and so on ( the periodic variation in the loudness of sound is called beats ( due to interference
· Beats are produced by the interference of 2 sound sources of slightly different frequencies

· Beats occur with any kind of wave and provide a practical way to compare frequencies—Ex. help you tune a musical instrument by listening for beats between the tone of your instrument and a standard tone produced by an strument
