Conceptual Physics Exam Notes 2010

Chapter 2: Aristotle: Natural and Violent Motion
 
* The normal state is one of rest à all motion is natural (the object going to its proper place) or violent (caused by push or pull)

Natural Motion:
-          Comes from the nature of an object dependent on what combination of the four elements (earth, air, fir, water) the object contains
-          Heavier objects fall faster because it’s in their nature to strive harder to get to its proper place
-          On earth natural motion is only straight up and straight down (except the planets which are circular)  

Violent Motion:
-          Resulted from pushing or pulling forces
     Imposed motion/ externally caused
-          Problem: can’t always tell what’s pushing something (e. g. bowstring pushes arrow until it leaves the bow but what pushes it after?)
 
Copernicus: The Moving Earth
-         Theory that the simplest reason for the planets, moon and sun to move how they do is because the earth and other planets revolve around the sun
 
Galileo and the Leaning Tower:
-          Gave credence to Copernicus’ theory (by conclusively refuting Aristotle through experiment)
-          Dropped objects of various weights and saw them hit the ground at the same time

Inclined Planes:
-          Galileo denied Aristotle’s theory that naturally objects were at rest
-          he claimed that if there is no interference with a moving object it will continue in a straight line forever (without necessitating a push/pull)
-          tested this with inclined planes (of different frictions) noting the a ball picked up speed rolling downhill and lost speed rolling up hill so if not for friction or any other opposing forces a horizontally moving object would continue moving indefinitely
-          also tested with a half pipe style experiment where a ball would rolled down then back up to almost its original height à the loss was discovered to be due to friction since the smoother the half pipe the closer it got to its original height
-          inertia: the property of objects to resist changes in motion (in the absence of retarding force the tendency of moving objects is continue moving  and for an object at rest to stay at rest)
è example: tablecloth pulled out from set table
 

Newton’s First Law of Motion:
1.      the law of inertia: every object continues in its state of rest or of uniform motion in a straight line unless its compelled to change the state by forces impressed upon it
è objects continue to do what they’re doing
Net Force:
-         Force: a push or pull (e.g. gravitational, electrical, magnetic, muscular etc.)
è net force: when more than one force acts on an object
è if two equal forces pull/push in the same direction its net force is double
è if two equal forces pull/push in opposite directions the net force is zero 
 
The Equilibrium Rule:
-          weight is a type of force which can be measured in newtons as it can be measured in pounds
è a bag of sugar with a gravitational pull of 2 lbs could also be said to have a pull of 9 newtons (4lbs would be 18 newtons)
-          if a bag of sugar is hanging from a string the upward force of tension is equal to the downward force of its weight so it has a net force of zero and thus remains at rest
è Mechanical equilibrium: when the net force on something is zero. In mathematical notation: 
è “the vector sum of” F (forces) = 0
è Vector quantities: forces up are + forces down are – so they actually subtract
 
Support Force:
Support force/ normal force is the upward force of a table on a book resting on it to counteract the weight
è As in pushing down on a spring and the spring pushes back when pushing on a table microscopically the atoms push back providing the support force
è When standing on a scale the downward force of your weight and the upward force of the floor squeeze the scale à the magnitude of this support force is used to determine the weight
è The upward support force of the floor and the downward force of gravity on any object have the same magnitude so ones weight is the force of gravity acting on them
 
Equilibrium of Moving Thins:
2 forms of equilibrium (no change):
1.      An object at rest (static equilibrium)
2.      An object moving at constant speed in a straight-line path (dynamic equilibrium)
è If an object undergoes changes in its motion it is not in a state of equilibrium
è When pushing an object at a constant speed it is in a state of equilibrium and must therefore have a second force acting on it à friction
 
The Moving Earth:
-          In Aristotle’s time it was thought that a force would have to keep the earth moving so it was seen as impossible that the earth was moving (since no force could be strong enough to move it)
  The law of inertia shows us that is in a state of equilibrium and thus continues to move at a constant speed
-          Another argument against the fact that the earth moves is that the speed necessary to orbit the sun in a year (30km/s) would make it impossible for a bird dropping vertically from a branch to catch a worm on the ground (the ground would move too far)
è everything on earth (including the air) is in motion (30km/s) and due to inertia remain in motion if no unbalanced forces act upon them  
      if you jump the earth doesn’t move under you because you are moving 30km./s second before, during and after your jump (like flipping a coin in a convertible and having it land in your hand)


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 incline 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 momentum 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’s 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




Rotational Motion - Chapter 8

Circular Motion:
· Linear speed is the distance traveled per unit of time
· A point on the edge of a merry go round would travel a greater distance than a point near the center. This is because linear speed is greater on the outer edge of a rotating object than it is closer to the axis.
· The linear speed of something moving on a circular path is called tangential speed because the direction of motion is tangent to the circumference of the circle.
· Rotational speed involves the number of rotations of revolutions per unit of time.
· All parts share the same rate of rotation or the same number of rotations or revolutions per unit of time. We express this in RPM (revolutions per minute).
· Tangential speed is directly proportional to rotational speed at any fixed distance from the axis of rotation.
· Tangential speed depends on radial distance (the distance from the axis). At the very center of a rotating platform you would have no speed at all but as you approach the edge you move faster and faster
· Tangential seed is proportional to distance from the axis for any given rotational speed.
· Therefore:
· Tangential Speed ~ Radial Distance x Rotational Speed
· You move faster if the rate of rotation increases or if you move further from the axis.

Rotational Inertia:
· The property of an object to resist changes in its rotational state of motion is called rotational inertia.
· It depends on mass and the distribution of the mass about the axis of rotation
· The greater the distance between an object’s mass concentration and the axis, the greater the rotational inertia.
· The greater the rotational inertia of an object the greater the difficulty in changing its rotational state.
· The rotational inertia of the pole or of any object depends on the axis about which it rotates.
· Think about if you roll a solid cylinder and a hoop down a ramp. The cylinder will roll down faster because it has more mass closer to it’s axis. So the hoop has more rotational inertia.

Torque:
· A torque is the rotational counterpart of force. Force tends to change the motion of things, torque tends to twist or change the state of rotation of things. If you wanna make a still object move apply force, if you want to make it rotate use torque.
· The distance that provides leverage is called the arm. It’s the shortest distance between the applied force and the rotational axis.
· Torque = lever arm x force

Center of Mass and Center of Gravity:
· When you throw a baseball bat spinning into the air it’s path is not smooth, it wobbles in a point called the center of mass.
· The center of mass is the average position of all the mass that makes up the object.
· For example a ball has the CM at the geometrical center but a baseball bat has it at the thicker end.
· Center of gravity is a term used to express the center of mass. It’s the avrg position of weight distribution.
· CM and CG refer to the same point of an object. the terms are interchangeable.
· The CG of a uniform object is at its midpoint, for a suspended object it’s right below the point of suspension.
· The CM of an object could be where no mass exists like the center of a ring.


Stability:
· If we draw a line straight down from the center of gravity of an object of any shape and it falls inside the base of the object it is in stable equilibrium, it will balance.
· The wider the base the higher the center of gravity must be raised before the object will tip over.

Centripetal Force:
· Any force directed toward a fixed center is called a centripetal force.
· Gravitational and electrical forces can produce centripetal forces.
· F=mv squared/r
· Speed is squared so twice the speed needs four times the force.
· Centripetal force is not a basic force of nature, it is simply the name given to any force that is directed toward a fixed center.
· When a car rounds a corner, the friction between the tires and the road provides the centripetal force that holds the car in a curved path.

Centrifugal Force:
· When a rotating system experiences an outward force this is called centrifugal force
· It is a force that is moving away from the center.
· Examples of this force are
· When a car is turning a corner, the car and its occupants travel in a circular path or part of a circular path. Occupants will feel as though an external force is pushing them toward the right side if the car is turning left and to the left side if the car is turning right.
· [bookmark: _GoBack]Carnival rides such as the Rotor involve riders standing with their backs towards the inside edge of a large drum. The drum rotates and the riders feel as though an external force is pressing them against the walls of the drum with a strength that is around 50% greater than that of gravity. This is very similar to centrifuges that are used during astronaut training to simulate high-g flight.
· When on a roller coaster with a vertical loop, riders will feel as though they are being pushed into their seats when at the beginning of the loop. When at the top of the loop and they are upside down, they may feel weightless as though gravity has been canceled out by some other external force. A similar phenomenon occurs when for example, one swings a water filled bucket in a vertical loop.

Angular Momentum:
· Things that rotate, like a colony in space, an acrobat doing a somersault etc remain rotating until something stops them.
· A rotating object has an inertia of rotation. All moving objects have inertia of motion. 
· This kind of momentum is linear momentum. The inertia of rotation of rotating objects is not linear though it’s angular momentum.
· a planet orbiting the Sun and a rock whirling at the end of a string all have angular momentum.
· Angular momentum = rotational inertia x rotational velocity.
· Linear momentum = mass x velocity
· Angular momentum has direction and magnitude
· An external net torque is required to change the angular momentum of an object.
· Just as the linear momentum of any system is conserved  if no net force acts on the system, angular momentum is conserved if no net torque acts.
· The law of conservation of angular momentum says that if no external net torque acts on a rotating system, the angular momentum of that system remains constant.
· This means that with no external torque, the product of rotational inertia and rotational velocity at one time will be the same as at any other time.

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 to reduce density
· 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 one 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 15 - Temperature Heat and Expansion
Temperature 
· How warm or cold an object is
· Thermometer invented by Galileo in 1602
· On a Celsius scale O is when water freezes and 100 is when water boils, on fahrenheit 32 is when water freezes and 212 is when water boils, on kelvin 0 is assigned to the lowers possible temperature, absolute zero, at which a substance has absolutely no kinetic energy to give up. Absolute zero is about -273 on the Celsius scale.

Heat
· If you touch a hot stove energy enters your hand because the stove is warmer than your hand. When you touch a piece of ice, however, energy transfers from your hand into the colder ice. The direction of spontaneous energy transfer is always from a warmer object to a neighboring cooler object. The energy transfer from one object to anoter because of temperature difference between them is known as heat.
· Matter does not contain heat. Matter contains molecular kinetic energy and possibly potential energy.
· Heat is energy in transit from a body of higher temperature to one of lower temp. Once transferred the energy ceases to be heat.
· Internal energy is the grand total of all energies inside a substance. There is rotational kinetic energy or molecules and kinetic energy due to internal movements of atoms within molecules and the translational kinetic energy of jostling molecules in substance.
· When a substance absorbs or gives off heat, the internal energy of the substance increases or decreases. 
· Heat is measure in joules but in the US a more common unit is the calorie. The calorie is defined as the amount of heat required to change the temperature of 1 gram of water by 1 Celsius degree.
· Different substances have different capacities for storing internal energy. If we heat a pot of water on a stove, we might find that it requires 15 minutes to raise it from room temp to its boiling point.
· If we put equal mass of iron on the same flame, we would find that it would rise through the same temp range in only about 2 minutes. For silver it would be one minute.
· Different materials require different quantities of heat to raise the temperature of a given mass of the material by a specified number of degrees.
· The specific heat capacity of any substance is defined as the quantity of heat required to change the temperature of a unit mass of the substance by 1 degree. 

The High Specific Heat Capacity of Water
· Water absorbs a large quantity of heat for a correspondingly small temperature rise. Because of this water is a very useful cooling agent and is used in the cooling system of engines. Water also takes a long time to cool.
· Man ocean currents distribute heat from the warmer equatorial regions to the colder polar regions. When air is hot in summer months water cools it and when its cold in winter months water warms it.

Thermal Expansion
· When the temperature of an object is increased its molecules jiggle faster and move farther apart.
· All forms of matter expand when heated.
· Different substances expand at different rates.
· This is how thermostats work.
· The expansion of liquids is greater than the expansion of solids. 
· 


Expansion of Water
· Water expands when heated but won’t expand in the temperature range between 0 and 4 degrees celsius. Instead in this range something else happens.
· Ice has a crystalline structure. Water molecules in this open structure occupy a greater volume than they do in the liquid phase. Ice is less dense than water.
· When ice melts not all the crystals collapse. Some remain in the water making up a microscopic slush that bloats the water. As the temperature of 0 degrees water increases more of the remaining crystals collapse. The melting of these further decreases the volume of the water. It’s contracting and expanding at the same time.  
· Volume decreases as ice crystals collapse and it increases due to greater molecular motion.
· The collapsing effect dominates until 4 degrees.
· When ice water freezes to become solid ice, its volume increases tremendously and its density is much lower, thats why ice floats on water.
· If water were more dense at 0 degrees it would settle at the bottom of the lake, but since it’s less dense it floats.
· A pond freezes from the surface downward. 
· Water at the bottom will be 4 degrees. All water must be cooled to 4 degrees before lower temperatures can be reached. For deep water the winter is not long enough to reduce an entire pond to 4 degrees. 

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 instrument

Chapter 22-Electrostatics

· Electricity is the name given to all electrical phenomenon, which is everything around us
· Electrostatics- electricity at rest

Electrical Forces
· There are an equal number of positive and negative charges in the world, there is a balance
· Electric Force- The negative and positive attraction between the charged particles
· Like kinds repel and unlike kinds attract, creating this electric force
· When two or more atoms join to form a molecule the molecule also contains balanced positives and negatives
· Between two pieces of ordinary matter there is barely any electrical attraction or repulsion at all because the amount of positive and negative are equal
· Gravity which is much weaker is the predominant force that we know of because between the earth and moon there is no electrical force

Electric Charges
· Electric Charge- fundamental quantity that underlies all electrical phenomena
· Protons- Positively charged particles in ordinary matter
· Electrons- Negatively charged particles
· Atoms- Attractive force between protons and electrons cause them to lump together to become an atom
· Neutrons- Neutral particles
· The balance of attractive and repelling forces within an atom is not perfect because electrons are constantly flying around within the inside
· Every atom is composed of a positively charged nucleus surrounded by negatively charged electrons
· The electrons of all atoms are identical
· Each has the same quantity of negative charge and mass
· Nucleus is comprised of protons and neutrons
· Protons are 1800 times larger than electrons by their charge is still equal 
· When electrons spiral into the nucleus they emit electromagnetic radiation, which is part of the theory of Quantum Mechanics 

Conservation of a Charge
· If an electron is removed from an atom it is no longer neutral 
· Ion- Charged atom
· A positive ion has a net positive charge
· A negative ion, an atom with one or more extra electrons is negatively charged
· An imbalance is created when electrons are added or removed from an object 
· Certain substances hold electrons stronger than others example: electrons are held better in rubber or plastic than in hair, when one runs a comb through hair the electrons move from hair to comb
· No electrons are ever destroyed or created just transferred 
· Conserved- Electrons transferred from one matter to another (conservation of charge)
· Electrons cannot be divided into charge
· Quanta- Unit that charge is made up of

Coulomb’s Law
· Two charged objects that are smaller than the distance between them, the force between the two objects will vary directly as a product of their charges and is inversely proportional to the square of the separation value
                    
                                                           [image:  = k_\mathrm{e} \frac{q_1q_2}{r^2}]
· D (r) is the distance between charged particles
· Q1 is the quantity of charge of one particle
· Q2 is the quantity of charge of the other particle
· K is the proportionality constant
· Square the distance to get fraction value of force
· Coulomb is the Unit of measurement  (c) 
· K is similar to G is Newtons law, except instead of being really small, it is really big
· Gravitational forces are only attractive while electrical forces are attractive and repulsive


Conductors and Insulators
· Conductor- any material that allows electric currents to run through easily
· Metal is a good conductor because the electrons in the outer atomic shell of its atoms are loose
· Insulator- the electrons are tightly bound and belong to particular atoms
· Same reason they are generally poor heat conductors
· Semiconductor- a material that can be made to behave as both conductor and insulator

Superconductors
· Superconductors- materials acquire zero resistance to the flow of a charge
· No energy is lost


Charging
· Two ways to charge something:
· Contact- when substances are rubbed together
· Induction- charge something by placing a charged object near it
· Induction can be done by placing something that is charged simply near a conducting surface without physical contact
· Charging by induction occurs during thunderstorms, cloud bottoms are negatively charged and the ground is positively charged 

Charge Polarization
· Atoms do not move from their fixed positions however their centres of charge can be moved
· If one side of an atom is induced into becoming more positive or negative then the centre of charge will move 
· If this occurs, the atom is electrically polarized
· Water is electrically polarized in its normal state so the distribution is not equal meaning that it is an electric dipole 

Electric Field
· Electrical forces act between things that are not in contact with each other
· An Electric Field exists- storehouse of electric energy
· Gravitational field holds planets in orbit, electrical field holds electrons orbit around protons
· Electric fields can be shielded while gravitational fields cannot
· Electric fields inside a conductor is zero 

Electric Potential
·  A charged object has potential energy by it location in an electric field
· When an object that has a certain charge is pushed towards another object with a charge the work done to move the object increases the energy of the object, the energy the particle possesses is called electric potential energy
· Electric Potential= electric potential energy/charge
· Unit of measurement for electric potential is a Volt, 1 volt= 1 joule or coulomb

Electric Energy Storage
· Capacitor- a device where electric energy is stored
· Simplest example is using 2 metal plates each attached to either the positive or negative side of a battery, the charges will flow equally
· The charging process is complete when the potential difference between the plates equals the potential differences between the battery terminal 
· Van de Graaff Generator
· Lightening machines always seen in movies, skinny metal with large ball like top
· Motor inside runs by metal needles maintained at a large negative potential 
· Then discharge by the points deposits a supply of continous electrons on the belt which are carried up into the hollow realm at the top
· The electric field inside is at zero causing the extra electrons to repel to the outer surface of the sphere causing the static electricity we all know


Chapter 23- Electric Current

Flow of Electric Charge
· Potential Difference- the difference in electric potential between two points, measured in volts. 
· The flow of charge persists for as long as there is a potential difference
Electric Current
· Electric Current- the flow of electric charge
· Conductor Electrons are charge carriers that allow electrons to move freely
· Electrical flow is measured in Amperes

Voltage Sources
· Charges flow only when they are pushed or driven
· AN electric pump is required to create volts
· Voltage produces current because voltage does not go anywhere, charges are what moves

Electrical Resistance
· How much current exists depends on the electrical resistance the conductor offers to the flow of the charge
· The form of how the electricity is conducted will determine its resistance, small pipe less resistance
· Electrical resistance is measured in Ohms 

Ohm’s Law
· Ohm’s Law-the current in a circuit is directly proportional to the voltage established across the circuit and is inversely proportional to the resistance of the circuit. 
· Current=voltage/resistance
· Amperes=volts/ohms
· Resistors- current regulators
· Shock is the result of currents running through the body

Direct Current and Alternating Current 
· Direct Current- flowing of charges in one direction
· Each terminal of a battery always has the same sign meaning the electrons will move towards the attractive positive side always in the direction
· Alternating Current- electrons move in different directions
· This can occur by alternating the polarity of the voltage at the source
· Common example is 60-hertz current
· Household appliances use AC, pocket calculators use DC

Speed and Source of Electrons in Circuit
· When a battery or generator is connected an electric field is established inside the conductor which what travels at such high speeds that when we are on the telephone the conversation is instant
· Electrons however travel slower, much much slower as it would take 3 hours for an electron to travel through 1 metre of wire (DC)
· In an AC circuit the electrons don’t progress at all
· Electrons do not flow through outlets in the wall, energy does

Electric Power
· The rate at which electric energy is converted into another form ex. Heat,  is called electric power
· Power=current X voltage
· Watts= amperes X voltage

Electric Circuits
· Any path along which electrons can flow is a circuit
· Must be complete circuit with no gaps
· Two types of connections:
· Series Circuit
· Each lamp or apparatus is lined up and the current flows through each one simultaneously, no “pile up”
· [image: ]
· The same amount of current passes through the battery
· Electric current has a single pathway, resistance is the same
· Resistance is simply the sum of all the individual resistances along the path, in this example, 3
· The total voltage is divided among the individual electrical devices in the circuit
· More energy disapaits as there are more resistances, the more devices, weaker the output
· If one device fails, they all fail

Parallel Circuits
· [image: ]
· 4 lamps are connected to the same points of an electrical charge
· A break in one does not interrupt the flow of charge in the other paths
· Voltage is the same across each device
· Total current divides among the parallel branches
· Total current in the circuit equals the sum of the currents in its parallel branches
· As number of parallel branches increases, overall resistance decreases
· Lines feed electricity into homes
· Safety fuses are connected in a series in a supply line to prevent overloading
· If the total of amps goes above its limit the wire ribbon inside melts causing the fuses to blow, breaking the circuit

Appendix E - Exponential Growth and Doubling Time
When a quantity of something like money in the bank or population steadily grows at a fixed percentage per year, the growth is said to be exponential.  
The important thing about exponential growth is that the time required for the growing quantity to double in size is constant.
Eg: If the population of a city takes 10 years to double from 10k to 20k and it continues with exponential growth, in the next 10 years the population will double to 40k and in the next 10 years to 80k and so on.
There is an important relationship between the percentage growth rate and its doubling time. 
Doubling time = 69.2%/percentage growth per unit time
=70%/percentage growth rate
This means that to estimate the doubling time for a steadily growing quantity, we simply divide 70% by the percentage growth rate. 
Eg: When electric power generating capacity in the US was growing at 7% per year, the capacity doubled every 10 years (since (70%)/(70%year) = 10 years). If world population great steadily at 2% per year, the world population would double in 35 years cuz ((70%)/(2%year) = 35 years).

Fermi Problems
See Wikipedia: http://en.wikipedia.org/wiki/Fermi_problem
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