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SPH 3UI - Day 25
Static Electricity

SPH 3UI - Day 26
Charging and Electric Fields

SPH 3UI - Day 27
Conventional Current and Electrical Quantities

Electric Circuits (Ohmzone)

Name:____________________________

1.  Log on to http://www.article19.com/shockwave/oz.htm
2.  Be sure to read all of the instructions on the left side of the page.

3.  Click on “the hand”.

4.  Click on “building a series circuit”.  Click OK.

5.  In a series circuit, circuit elements are connected ___________________________________.  

     This provides only  _______________________________ for the current to flow.  

     Pull one of the lights out of the circuit.  The other light goes ________ because the 

     circuit is ____________.

6.  Click on “the hand”.  Click on “building a parallel circuit”.  Click OK.

     A parallel circuit provides _________________________________ for the current to flow.  

     Pull one of the lights out of the circuit.  The other light ____________________.  

    What advantages does a parallel circuit have?

7.  Click on “the hand”.  Click on “current in a series circuit”.  Click OK.

     What is the reading on the ammeter?____________________

     Move the ammeter to another spot in the circuit.  What is the reading now?________________

     Move the ammeter to another spot in the circuit.  What is the reading now?________________

     Make a general statement about the current in a series circuit.

Click on “clear”.  Build your own series circuit and test to see if your statement is true.  If it is not true, revise your statement and re-test.

8.  Click on “the hand”.  Click on “current in a parallel circuit”.  Click OK.

a)  Place the ammeter directly after the battery.  

                                                                      The reading on the ammeter is ______________.

b)  Place the ammeter directly after the purple resistor.  

                                                                      The reading on the ammeter is ______________.

c)  Place the ammeter directly after the light bulb.  

                                                                      The reading on the ammeter is ______________.

d)  Place the ammeter directly after the green resistor.  

                                                                      The reading on the ammeter is ______________.

Add up the current along each path (  b + c + d = ____________________

Compare your answer to the reading in a). ___________________________

Make a general statement about the current in a parallel circuit.

Click on “clear”.  Build your own parallel circuit and test to see if your statement is true.  If it is not true, revise your statement and re-test.

9.  Click on “the hand”.  Click on “voltage in a series circuit”.  Click OK.

a)  Place the voltmeter across the source.  

                                                                      The reading on the voltmeter is ______________.

b)  Place the voltmeter across the green resistor.  

                                                                      The reading on the voltmeter is ______________.

c)  Place the voltmeter across the purple resistor.  

                                                                      The reading on the voltmeter is ______________.

d)  Place the voltmeter across the light bulb.  

                                                                      The reading on the voltmeter is ______________.

Add up the voltage across each load (  b + c + d = ____________________

Compare your answer to the reading in a). ___________________________

Make a general statement about the current in a parallel circuit.

Click on “clear”.  Build your own parallel circuit and test to see if your statement is true.  If it is not true, revise your statement and re-test.

10.  Click on “the hand”.  Click on “voltage in a parallel circuit”.  Click OK.

a)  Place the voltmeter across the source.  

                                                                      The reading on the voltmeter is ______________.

b)  Place the voltmeter across the green resistor.  

                                                                      The reading on the voltmeter is ______________.

c)  Place the voltmeter across the purple resistor.  

                                                                      The reading on the voltmeter is ______________.

d)  Place the voltmeter across the light bulb.  

                                                                      The reading on the voltmeter is ______________.

What do you notice about your answers for a, b, c, d?

Make a general statement about the current in a parallel circuit.

You cannot create or destroy energy!!!  This is a known Law of Physics!   If voltage is a measure of energy how can your result possibly be true?     This is important to figure out !!!

Click on “clear”.  Build your own parallel circuit and test to see if your statement is true.  If it is not true, revise your statement and re-test.

SPH 3UI - Day 28
Equivalent Resistance and Kirchoff’s

PROOFS
Resistance in Series – 

We know

It   =   I1   =   I2  =   I3



Vt = V1  +  V2  +  V3
And…
V = IR

Sub    IR in for V 

Get


ItRt = I1R1  +  I2R2  +  I3R3
But   It   =   I1   =   I2  =   I3
so …the I’s cancel…then  Rt  =  R1  +  R2  +  R3
Resistance  in  Parallel

· We know 

It   = I1   +   I2  +   I3



Vt = V1  =  V2  =  V3
And…
V = IR

Sub    V   in for I 

           R
Get

Vt   = V1   +   V2  +   V3


Rt       R1         R2       R3
But 
Vt = V1  =  V2  =  V3
so …the V’s cancel…then 
1  =  1  +  1  +  1





Rt    R1    R2    R3

Circuits Review

1. Find the overall resistance.
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Read and make notes Section 12.7
Define Power, Watt
Memorize three formulas for power in a circuit. -
Work through Sample problem 1-3 page 462-463

If electricity costs $0.03 per MegaJoule (MJ) how much does it cost to run your 1500W hairdryer for 10
minutes?

Describe what a kilowatt hour is. (Is it power or energy or what? What is the equivalent number
of MJ?)

Meter Reading

On your house somewhere is a meter that looks something like this. ..

e

(b) March 1 reading kilowatt hours

multiply by 10
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(a) Notice that the dials on this typical electric meter
have pointers which move (reading left to right)
counterclockwise, then clockwise, then
counterclockwise, and finally clockwise.

Some meters have 5 dials while some have only four dials. To read a meter you simply record the numbers
from left to right as indicated by the dials. If there are only four dials you multiply by 10 to get five digits.

Ex.

Ex




[image: image12.jpg]











[image: image13.png]


[image: image14.jpg]


[image: image15.jpg]


[image: image16.jpg]ey

3




[image: image17.jpg]24V

03V

(D )



[image: image18.jpg]


[image: image19.jpg]


[image: image20.jpg]5549

§i4Q

Z'3§6.0 Q § 6.0 Q

w010 s

6.0 Q

gﬁﬁQ

200




[image: image21.jpg]


[image: image22.png]B. A small current loop is placed near the end of a large magnet as
shown.

1. Draw vectors to show the magnetic force on each side of the
loop.

What is the net effect of the magnetic forces exerted on the
loop?

2. Suppose that the loop were to rotate until oriented as shown.

Now, what is the net effect of the magnetic forces exerted on
the loop?

Is there an orientation for which there is no net torque on the loop? Draw a diagram to
illustrate your answer.

3. Are your results above consistent with regarding the current loop as a small magnet?
Label the poles of the current loop in the diagrams above and check your answer.
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2a.  In 1a, if the current is 3 amps what is the voltage drop at the resistor?

2b.  What must be the potential increase of the battery?

3a.  In 1b, if the potential increase at the battery is 18V, what is the current in the circuit?

3b.  Using your answer to 3a, calculate the potential drop across each resistor.

4a.  In question 1c, if the current at “ i “ is 2.5 amps what must the total current of

       “ ii “ and “ iii “ be equal to?

4b.  What is the current at “ iv “?

5. Draw a circuit that has a 6V battery, a light (3(), 2 resistors of 6( each and a switch all in series?

6. Add in devises to measure the current after each item and the voltage across each item.

7. Add in a 50( resistor in parallel to the whole circuit.

8. Calculate R, I, V for each item in 5 and 7.
Circuits Extras

1.  Set-up (two series circuits exactly the same – each with one bulb.  Brightness of the bulbs are equal and considered to each be ‘X’.

a)  Remove the bulb from the second circuit and add it in series to the first circuit.  Do the bulbs get brighter or dimmer than ‘X’.  

Hypothesis with reasoning:

b)  Now use math - calculate V and I for each bulb in the set-up and then in ‘a’ above.

c)  What has happened to It coming out of the source?

2.  Set-up (three series circuits exactly the same – each with one bulb.  Brightness of the bulbs are equal and considered to each be ‘X’.

a)  Remove the bulbs from the second and third circuits.  Add each of these in parallel to the bulb in the first circuit.  Do the bulbs get brighter or dimmer ‘X’?  

Hypothesis with reasoning:

b)  Remove one of the three bulbs.  Do the remaining bulbs get brighter or dimmer than ‘X’?

Hypothesis with reasoning:

c)  Now do the math – calculate V and I for each bulb in the set-up and in ‘a’ and ‘b’ above.

d)  What has happened to It coming out of the source?

Homework: Electric Circuits

Consider the following dispute between two students. Which student is correct? Who you agree with. Why?

Student 1: “Circuit 1 and circuit 2 are different circuits. In circuit 2 the bulbs are the same distance from the battery, but in circuit 1 one bulb is closer to the battery. So the brightness of the bulbs could be different in the two circuits.”

Student 2: “Circuit diagrams don’t show physical layout, only electrical connections. In each diagram, the electrical connections are the same. Each bulb has one terminal directly connected to one terminal of the battery and the other terminal of each bulb is directly connected to the other terminal of the battery. So the brightness of the bulbs will be the same in each circuit. Both diagrams represent the same circuit.”

1. Is the circuit to the right equivalent to the ones above or is it different? Recall that equivalent means they have the same electrical connections. Explain.

3. Which circuits below are equivalent? Explain.

SPH3U: Bulbs in Parallel Homework

1. Consider the following dispute between two students.

Student 1: “In this circuit, the flow is from the battery to the first bulb, where some of the current gets used up. Then the rest flows to the second bulb, where all the remaining current gets used up.”

Student 2: “Maybe it’s the voltage that gets used up. I’m not sure.”
Who do you agree with? Explain.

2. Rank the following circuits in order by current through the battery. Explain your reasoning.


3. Consider the circuit diagram to the right. What would happen to the brightness of the other bulbs in the circuit if one of the bulbs were to burn out (so that no current could flow through it)? Explain your reasoning.


4. Identical bulbs are connected to identical batteries in the various circuits below. Rank all the bulbs (A-H) in order of brightness. If two bulbs have the same brightness, state that explicitly. Explain your reasoning.


SPH3U: A Complex Circuit

A: A Complex Circuit - Predictions
The circuit to the right shows a more complicated combination of three identical bulbs. Use a 3 V battery for this investigation (or two 1.5 V in series)

1. When the switch is closed, are bulbs B and C in series or parallel with one another? Explain.

2. When the switch is closed, is bulb A in series with B alone, with C alone or with a parallel combination of B and C?

3. When the switch is closed, is the resistance of the combination of B and C larger than, smaller than, or the same as B alone? Explain.

4. When the switch is closed, will the total resistance of all the bulbs be greater than, less than or the same as when the switch is open? Explain.

5. Will the current through bulb A change when the switch is changed from open to closed? What will happen to its brightness?

6. When the switch is closed, predict the relative brightness of the three bulbs.

B: A Complex Circuit – Observations
Build the circuit according to the diagram above. 

1. Rank the brightness of the bulbs when the switch is both open and when it is closed.

2. Explain any differences between your predictions and observations. What changes do you need to make to your reasoning?

3. Based on your observations of the brightness, what happens to the current through bulb A when bulb C is added in parallel with bulb B? 

4. What happened to the current through the battery? What do you conclude happens to the total resistance in the circuit? Does this agree with your two rules for total resistance? Explain.



C: A Complex Circuit - Measurements

1. Complete the chart showing relative measurements of the currents through the bulbs. The first is done for you.

	Measurement
	Switch open
	Switch closed

	Bulb A current
	=D=J=E=B
	

	Bulb B current
	
	

	Bulb C current
	
	

	Battery Current
	
	


2. Rank the brightness of the bulbs when the switch is open then again when the switch is closed.

3. Does Kirchoff’s Current Law still work to explain what happens at the junction point (J) when the switch is open? What about when it is closed?

4. Complete the chart showing measurements of the voltages across the battery and bulbs when the switch is both open and closed.

	Measurement
	Switch open
	Switch closed

	Total battery voltage
	6V
	

	Bulb A voltage
	
	

	Bulb B voltage
	
	

	Bulb C voltage
	
	


5. Draw two complete paths or loops through which current can flow when the switch is closed. Use different colours. For simplicity, choose two paths that pass through the battery.

6. Does Kirchoff’s Voltage Law still work for each loop when the switch is closed? Explain.

7. Imagine we could follow a single charge through the circuit. Describe how it gains and loses energy in each element of the circuit and describe how this agrees with KVL.

SPH3U: A Complex Circuit Homework

1. In this exercise, four students give explanations for the relative brightness of the bulbs in the circuit to the right.

Student 1: “B anc C are equally bright but dimmer that A. B and C have to share the current whereas A gets all of it. Therefore A is brighter than B or C.”
Student 2: “Bulb A has more resistance than the B-and-C combination so bulb A has more voltage across it. Therefore A is brighter than B or C.”
Student 3: “Bulb A uses up most of the current so less is left for B and C. A is therefore brighter than B or C.”
Student 4: “After Bulb A, the voltage divides into two paths with the result that B and C each get less voltage than A. Therefore A is brighter than B or C.”

Identify which students, if any, are reasoning incorrectly, and determine what is wrong with their reasoning.

2. Determine the voltage across the lettered elements in the following circuits. All bulbs are identical. Explain your reasoning.



SPH3U: Circuit Decomposition

The electrical circuits found in most electronic devices consist of many different elements combined in combinations of series and parallel networks. A network is just a part of a larger circuit and does not necessarily form a complete loop or closed circuit. We can analyze complicated circuits by identifying smaller parts or networks whose parts are connected strictly in series or parallel and decompose the complex circuit into simpler parts.

A: Find the Networks
Here is a complex circuit! It contains one 9.0 V battery and seven identical 100 ( resistors. To find the equivalent resistance of all seven resistors we must proceed in steps:

· Identify a network of two or more resistors that are connected strictly in series or parallel

· Find the equivalent resistance of the network

· Replace the network by a single resistor of that value

· Repeat the process until there is only one resistor left

1. Examine the circuit. Are there any resistors connected strictly in series (no junctions in between)? List these groups of resistors.

2. Are there any resistors connected strictly in parallel (current splits and rejoins immediately)? List these groups.

It is usually best to start with elements deepest in the circuit and work outwards. Resistors 4 and 5 are an example of two connected in parallel.

3. Draw a box around the network of resistors 4 and 5. Determine the equivalent resistance of this network. Use the symbol R45 for their equivalent resistance. Show your work here.

4. Write R45 = 50 ( next to the box. You should now think of that box as a single resistor with a resistance of 50 (.

5. Continue this process. Your boxes will become larger and larger (draw them neatly so things don’t get too messy! Boxes should never cross!) Show all your calculation below. Be sure to label the equivalent resistance of each box.

6. What is the total resistance the battery will experience? Calculate the current flowing through the battery. Show your work.

7. Consider the discussion about the circuit shown to the right which has five different resistors.

Student 1 says: “I can’t decompose this circuit in to series and parallel parts.”
Student 2 says: “You have to take it step by step. 1 and 2 are in parallel. Let’s call that A. 4 and 5 are in parallel. Let’s call that B. Then A and 3 and B are one after another in series.”

Student 2 is not correct. Describe the errors that student 2 has made.


8. Find the equivalent resistance of the circuit to the right. Each resistor has a resistance of 30 (. Show your work.

9. Is the circuit above basically a series circuit or a parallel circuit? Why?

10. Suppose the resistance of resistor 5 is increased. Explain in detail, but without numbers:

(a) what happens to the current through resistor 1?

(b) what happens to the current through the battery?


E: Applications of Kirchhoff’s Laws

1. The circuit to the right contains six identical light bulbs. 

(a) Use Ohm’s Law and the current law to explain why the voltages across bulbs A and D are the same.

(b) Find the voltage of all the bulbs. For certain bulbs it is easier to use the path trick, for others analyze the whole loop. Show your work carefully by writing down the algebraic equations. 


2. The circuit shows two identical resistors in a circuit along with an unusual wire C that is also connected. 

(a) Explain what will happen to the current when it reaches the junction point into wire C.

(b) How can we decide how much current will travel through wire C compared with bulb B?

(c) How will the brightness of the two bulbs compare.

This circuit is an example of a short circuit. We say that bulb B has been short circuited by the wire.

SPH3U: Circuit Analysis

We have developed a complete set of tool to help us analyze simple electric circuits. In this investigation, you will learn how to apply all of them to completely analyze an electric circuit.

A: Your Toolbox – Rules for Electric Circuits
Summarize the tools that you will use to analyze a circuit. For each situation listed below, describe the rule or “tool” you would use to analyze that situation and include a simple equation as an example.

1. The total resistance of elements connected in series:

2. The total resistance of elements connected in parallel:

3. Current through any elements strictly in series:

4. Voltage across any elements strictly in parallel:

5. Current flowing in and out of a junction:

6. Voltage rise or drops along a circuit loop that includes a source :

B: Circuit Analysis
Here are a few suggestions to help you with your circuit work: 

· If possible, write down an algebraic equation first to help show your work. 

· Write down your results beside the circuit element. 

· When using circuit decomposition, if you find the equivalent resistance for elements A, B and D write RABD. If you find the voltage for those same elements write VABD. 

1. The circuit to the right contains five identical 100 ( resistors. Find the voltage and current for each element in the circuit.

2. Find the currents i1, i2, i3, i4, and  i5.


3. Find the voltage and current for each element in the circuit to the right.


4. The circuit has two identical batteries connected in parallel. (a) Find the current and voltage for each element.

(b) Describe what effect wiring two batteries in parallel has. How long do you think the batteries will last compared with a single one?

SPH 3UI - Day 29
Work period

SPH 3UI - Day 30
Electrical Power

SPH 3UI - Day 31

Magnets

SPH 3UI - Day 32

Magnetic Storm Video (50 min)

SPH 3UI - Day 33

Oersted’s Discovery & Solenoids

SPH 3UI - Day 34

Motor Principle


SPH3U: Motor Principle Homework

1. Each diagram below shows a horseshoe magnet and a wire with current that runs between the north and south pole of the magnet. Complete the missing parts of the diagrams: direction of the electron current, magnet polarity or force. Use the symbol     for a vector pointing out of the page, and use the symbol     for a vector pointing into the page.






2. The diagrams to the right show four motors: two from a top view and two from a side view. Each motor consists of a loop of wire carrying a current and a pair of field magnets. Show the direction of the force on each half of the loop and indicate the direction in which the loop will turn. 




SPH3U: The Motor Project!

For this project you are responsible for bringing:

· one piece of wood (about 15 cm x 20 cm, not compressed wood)

· four 4-inch nails

You really should consider finding:

· something to use as the axel for your motor (preferably non-magnetic)

· something to use as the brushes of your motor (soft, flexible metal)

Construction Instructions

1
Carefully place a straightened paperclip through the centre of each end of your cork. This will act as the axel.

2
On one end of the cork place two pins as shown in the diagram to the right. These will be your commutators.








3
Bare one end of the wire and wrap the bared section around one of the commutator pins. Then wrap the wire around the cork as shown to the right above. The other end of the wire should also be bared and wrapped around the other commutator pin.

4
Build bearings out of paper clips as shown and mount them on the wooden base using thumb tacks. Mount the cork in the bearings.

5
Make brushes out of metal strips or wires and attach them using thumb tacks.

6
Mount magnets on nail holders with opposite poles facing each other. (attracting!) 

7
Connect the power supply and give your motor a spin, it should work!

Marking! 
Speed – 100% 



If your motor turns, you pass!
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IMPORTANT!


Proper position of commutator pins.








