Marc Daniels
11th/12th grade Physics

Current and Electric Circuits Unit Plan: (1.5 weeks)
(A good reference:
http://en.wikipedia.org/wiki/Series_and_parallel_circuits
http://lansing.apogee.net/foe/fcspp.asp (Parallel)
http://lansing.apogee.net/foe/fcsps.asp (Series)

http://en.wikipedia.org/wiki/Series_and_parallel_circuits (series and parallel circuits)
Goals/ Objectives and Assessment
· The goals of this unit is to introduce and expose students to the idea of flowing charge, also called electric current. 
· This section builds on the ideas taught about charge and ohms law (introduced in a previous lab) discussed in the previous unit.
· Students will be able to apply ideas of energy (work) and power.
· Using the basic concepts of ohm’s law, power, and energy, students will be realize that there are multiple ways to solve problems.
· Students will also learn, and be able to demonstrate the basics of series and parallel circuits.
· Students will learn how to diagram circuits, as well as be able to create their own circuit (in lab).
Students will be assessed based on their work on apple problems, as well as the knowledge they demonstrate in the class room. There will be a unit test, but before then students will be assessed based on their responses to guided and individual in class work. Students will also be expected to explain their reasoning on certain problems and tasks.
Materials Required

Physics text book

Series and Parallel Circuits Lab (Lab)

Super Apple Problems Worksheet (in class)

Voltage Power Supply with Switch (Lab)

Connecting Wires (Lab)

Voltmeter (Lab)

Ammeter (Lab)

Resistors (Lab)

Energy Converting Fan (thermo electric converter) (demonstration)

Variable Resistor (demonstration)

Day 1
Return Tests, and schedule for students to make up test.

Apple Problem: 

Why is a person safe inside a hollow conducting sphere? Why would it be unwise for a person to get out of a car after lightning has struck the car?
Introduction


What causes or creates electric current?


We can do so by using two conducting spheres that contain charge and connecting them with a wires and a charge pump, or something that keeps charge in motion. The pump keeps the charge moving so that potential difference is never zero. When the potential difference is zero, the charge flow stops. One thing we uses is a battery.

· Electric current is the rate of charge flow past a given point in an electric circuit, measured in Coulombs/second which is named Amperes. It is often referred to as the flow of positive charge.

Current is a rate quantity similar to velocity.

1 A = 1C/s

I = q / t

Closed loop or conducting path allowing charges to flow is what we call an electric circuit. (include drawing)

Charge in a circuit is moving, but it is also conserved. What does it mean when charge is conserved?? The total charge in a circuit always remains the same.  Energy is also conserved. E = qV.

Conventional Current Direction 

(from: http://www.glenbrook.k12.il.us/gbssci/Phys/Class/circuits/u9l2c.html)
The particles which carry charge through wires in a circuit are mobile electrons. The electric field direction within a circuit is by definition the direction which positive test charges are pushed. Thus, these negatively charged electrons move in the direction opposite the electric field. But while electrons are the charge carriers in metal wires, the charge carriers in other circuits can be positive charges, negative charges or both. In fact, the charge carriers in semiconductors, street lamps and fluorescent lamps are simultaneously both positive and negative charges traveling in opposite directions.

Ben Franklin, who conducted extensive scientific studies in both static and current electricity, envisioned positive charges as the carriers of charge. As such, an early convention for the direction of an electric current was established to be in the direction which positive charges would move. The convention has stuck and is still used today. The direction of an electric current is by convention the direction in which a positive charge would move. Thus, the current in the external circuit is directed away from the positive terminal and toward the negative terminal of the battery. Electrons would actually move through the wires in the opposite direction. Knowing that the actual charge carriers in wires are negatively charged electrons may make this convention seem a bit odd and outdated. Nonetheless, it is the convention which is used world wide and one that a student of physics can easily become accustomed to.
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Questions to think of when talking to students: examples from: (http://www.glenbrook.k12.il.us/gbssci/Phys/Class/circuits/u9l2c.html)
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1. Use the diagram above to complete the following statements:

a. A current of one ampere is a flow of charge at the rate of _______ coulomb per second.

b. When a charge of 8 C flows past any point along a circuit in 2 seconds, the current is ________ A.

c. If 5 C of charge flow past point A (diagram at right) in 10 seconds, then the current is _________ A.

d. If the current at point D is 2.0 A, then _______ C of charge flow past point D in 10 seconds.

e. If 12 C of charge flow past point A in 3 seconds, then 8 C of charge will flow past point E in ________ seconds.

f. True or False:

The current at point E is considerably less than the current at point A since charge is being used up in the light bulbs.

Power is defined in Watts or W. and it’s the rate at which energy is transferred. 

P = E/t and E=qV and I=q/t so P = IV. 

Power is equal to the current times the potential difference.

Ohm’s Law Relationships

R = V / I

V = IR

Resistance Determines how much current will flow. Its measured by placing a potential difference across a conductor and dividing the voltage by the current. 

Resistance is measure in Ohms (draw symbol).

How much current is there in a circuit containing a 10 V battery and a resistance of 2.5 Ohms?  (4A)

1. Current is the flow of electrons through a substance. 

2. Current is driven by voltage - the higher the voltage, the higher the current. 

3. Current is reduced by resistance - the higher the resistance, the lower the current. 

Resistance increases as the length of the resistor increases, as the area increases, as temperature increases. And can be dependent on the type of material it contains.

There are different symbols for diagramming circuits. Which are in your reference table and on page 597.

Draw on board. The ones we will be using the most of are for Resistors, conductors (or wires) and batteries. 


Take Diagram below and draw using the symbols for diagramming a circuit.

There are two types of circuits we will be discussing later on include series and parallel circuits. You also will be working with them in your labs. 

Day 2 Review
Apple Problem: What is the current of a charge of 3.5 x 10^-6 C that travels a distance in 5 minutes? (Using your current from the first question) What is the potential difference or Voltage when there is a resistance of 6 Ohms?


Review of the Homework

· Correct my own error in the drawing of the battery/ voltage source.

Today focuses on reviewing the concepts talked about in the previous day. Since there is a great deal of new topics and review, students are given the opportunity to refresh themselves on topics or concerns. 

There was also a demonstration showing old and new versions of variable resistors. Examples are the light dimmers. This is to show the connection of how we use resistors in our homes, etc. 
· Day 3 Energy Transfer, introduction to Kilowatts and Simple Circuits

Apple Problem: How much power is dissipated, when there is a resistance of 220 Ohms, and a Current of .75 Amps? What is the potential difference applied?
· Review of the Homework

· Major Equations Review
· P = E/t

· P = IV

· V= IR

· E = qV

· I = q/t

· Energy Transfer (included heat transfer fan with hot and cold water)
· Many appliances convert electric energy to some other form, like light, kinetic energy, sound, or thermal energy.

· In many circuits, not all energy is useful. Lightbulbs for example give light, but they also get hot.

· Current moving through a resistor causes it to heat up, because flowing electrons bump into atoms of the resistor. 

· They increase the atoms kinetic energy and the temperature.

· As charge moves through a resistor, the potential difference is reduced by V. 

· Recall energy can be represented by E = qV

· Example: (ask first, what units are energy in?) What is the charge when E = .15 J, and V = .65 V?

· The rate at which energy is changed is very important. This is called Power.
· P = E/t and by plugging in the equation for current and Ohms Law. (V = IR and I = q/t.)

· Taking the charge and Energy from the previous question, you have a current of .5A. What is the time the charge has flowed? What is the Power dissipated?

· P = (I^2)R
P = IV

· The Power dissipated in a resistor is P = (V^2) / R

· The Power is the rate at which energy is converted from one form to another. 

· Energy is changed from electric to thermal energy, and the temperature of the resistor rises.

· Taking P = E/t, so E = Pt.

· Using E = (I^2) Rt = (V^2)t / R  (thermal energy is equal to the power dissipated multiplied by the time, or the current squared multiplied by resistance and time as well as the voltage squared divided by resistance multiplied by time)

· At this point, students are given more example problems to do in class. 

· There also may be a demonstration of the thermo-electric converter to show how energy is converted. (The hot thermal energy is transferred from the hot water and converted into work/ mechanical energy. Not all is transferred into the cold water however.) Lead into a thermal energy question.
· The fan has a resistance of 500 Ohms, and a charge of 6.7 x 10^-8 C flows over a time of 7 minutes. What is the thermal energy E? and what is the Voltage? (give 5 minutes to solve, then review the question)
· Superconductors.

· Is a material with no resistance 

· There is no restriction of current, so there is no Voltage or potential difference across them.

· It can conduct without a loss of energy

· But it needs to be at temperatures below 100K. They are typically at 0K.

· Electric energy can also be transmitted

· How do we transmit energy over large distances without losing energy due to heat?

· Recall Thermal energy produced at a rate is P = (I^2)R or E/t.

· A way to reduce thermal energy loss is to reduce the current or the resistance.

· All wires have resistance, though often times it’s negligible.

· It’s more important to focus on reducing the current than the resistance since current is squared. 

· P = IV. We can increase the power by increasing the voltage. Or we can keep the power constant by reducing the current and increasing the Voltage.

· The Kilowatt Hour

· Electric companies actually provide energy instead of power. Power is the rate at which energy is delivered.
· A Joule or also a Watt-second is too small for commercial sales, so they measure in terms of Kilowatt-hours. Or kWh.
· This is equal to 1000 Watts delivered continuously for 1 hour or 3600 seconds

· This is equal to 3.6 x 10 ^6 J.

Super Apple Problems!!! Or something like that…worksheet

1.) Please diagram the circuit above using the standard symbols. Which way is the current flowing?

2.) If a circuit is set up where a resistance of 45 Ohms, is placed across a voltage of 8 V, what is the current?
3.) Using your answer from question 2, what is the power (the rate at which energy is transferred)?

4.) A lamp draws a current of .50 A when it is connected to a 120 V source. What is the resistance of the lamp? What is the power consumption of the lamp?
5.) A 75 W lamp is connected to 125 V. What is the current through the lamp?

6.) A resistance of 23 Ohms is placed across a voltage of 34 V. The current is 3 A. Does this obey Ohm’s Law?
Simple Circuits (Series and Parallel Circuits) Day 4 through Day 6
Apple Problems: 

The power dissipated is 100W. There’s a charge of .036 C and a current of 2A. What is the energy (work done)?

Diagram a Series Circuit with a 120V power supply and 3 resistors: one 15 ohms, the other 35 ohms, and the last 70 ohms. Which direction is the current going (conventionally)? (Bonus: If the resistors were lightbulbs, which would be brighter?)

Diagram a Series Circuit with a 150V source and 2 resistors: one 30 ohms, and the other 40 ohms. What is the total current going though the circuit? What is the voltage across the 30 ohm resistor, and the voltage across the 40 ohm resistor?

· Simple Circuits

· Things needed for a simple circuit are a voltage source, wires or paths for currents to travel, as well as resistance. 

· Similar to water in a stream, no matter what path a stream takes, the amount of water that travels and the elevations remain the same. 

· The water is similar to charge, and the movement of water is similar to the current.

· The elevations and areas represent the potential difference or voltage that drives the motion. 

· The environment and obstacles represent the resistance. 

· Series Circuits

· Let’s say that two identical light bulbs are connected to a battery, and were asked to predict what the brightness of the lights will be. (ask students what they think will happen?

· The lights will be equally bright. In this circuit the charge or the flow of charge has no other place to go. 

· Charge cannot be created or destroyed, and the charge has only one path to follow so the charge entering the circuit must be the same as the charge leaving the circuit.

· The current is the same everywhere in the circuit

· Itotal = I1 = I2 = I3 = I3

· This is what we call a series circuit

· However, the total voltage is equal to the sum of voltages across the resistors

· Vtotal = V1 + V2 + V3

· To find the potential drop across a circuit

· The total resistance in this circuit is equal to the sum of the individual resistors

· R = R1 + R2 + R3

· V total = Itotal (Sum of the resistors)

Finding the voltage over individual resistors

· First we need to find the total current going through the circuit by using Vtot = IR
· So we sum up the resistance first, and divide the total voltage by the total resistance to find the current going through the entire circuit. 

· Now we take each individual resistance and use ohms law to solve for the voltage displaced over each resistor

· The individual voltages should sum up to the total potential difference. (done by example problem and drawing on the board) 
· In class example page. 621

· Practice Problem 7 page, 622.

· Problem for students to do on their own Practice Problem 11, page 623. (go over afterwards)

(Other ways to introduce Series Circuits)

Series circuits
Series circuits are sometimes called current-coupled or daisy chain-coupled. The current that flows in a series circuit has to flow through every component in the circuit. Therefore, all of the components in a series connection carry the same current.

=== Resistors === To find the total resistance of all the components, add the individual resistances of each component: 
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To find the voltage across a component with resistance Ri, use Ohm's law again:
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where I is the current, as calculated above. The components divide the voltage according to their resistances, so, in the case of two resistors,
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.

Parallel Circuits

· These circuits have multiple pathways. A circuit in which there are several path ways is called a parallel circuit. 

· (Draw example on the board)
Parallel circuits
Each resistor gets the same amount of voltage

Vtot = V1 = V2 = V3

However, each path does not get the same amount of current, more current is likely to go the path of least resistance
This is when we use Ohm’s law (if V is constant and each resistor gets the same amount of voltage, than the current has to be different. (V is a constant, and R is a constant, so if R is small, that the current has to be larger.)

Itot = I1 +I2 + I3…..and putting this into terms of Voltage and Resistance we get….
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1/ Rtot = 1/R1 + 1/R2 + 1/R3
If two or more components are connected in parallel they have the same potential difference (voltage) across their ends. The potential differences across the components are the same in magnitude, and they also have identical polarities. Hence, the same voltage is applicable to all circuit components connected in parallel. The total current is the sum of the currents through the individual components, in accordance with Kirchhoff's Current Law. The current in each individual resistor is found by Ohm's Law. 
Include book examples for students to do in class.
Review of Unit Plan
