Physics 11  — Circuits


VI 1 - Circuit Basics 

An electric circuit is a device that allows charged particles to move in a closed loop pathway.

At the simplest level, the charges are given energy by an “electromotive force”   ((mf).  The energy of the charges is then dissipated through the circuit until they return.

(mf is measured in volts that are also joules per coulomb of charge.
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Traditionally, electric current is considered the movement of positive charges.

Most circuits are made with metal wires and involve the movement of electrons: electron flow.

A metal has positive ions with free electrons that are able to move:  the current. The physical movement of these electrons is called drift velocity.

A battery has a positive and an negative terminal.  These indicate the direction of the electric field that is created in the conducting wire.

Positive charges (conventional current) will moved from + to -.  Negative charges (electron flow) will move the opposite direction, from - to +.
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Cell: 

    


Battery:

Current (I) is measured by the amount of charge that passes a point per unit of time.  I = Q/t

One ampere (Amp, A) is one coulomb per second: A = C/s

The ampere is a fundamental unit in physics.

The voltage that is provided by the battery is lost as the current passes through the circuit.

The amount of energy that is lost is described as the resistance of a material.
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R = V/I     ohm (Ω) = V/A
This can also be seen as the voltage difference required to force an amp of current to pass through the material.

Resistance can be describe through a voltage/current graph.  The resistance is the slope of this graph.  A linear relationship is called an ohmic devise (a resistor).  Many substances are non-ohmic devises.  Ohms Law describes devises with a constant resistance.

Example 1:

What physical properties of a metal wire will affect its resistance?

For any part of a circuit, the Power (gained or lost) is: P = IV.
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Combining P = IV and V = IR

[image: image15.emf]


 










 


Example 2:

A 100 W light bulb is connected to a 120 V supply.  What is the current through the light and the resistance of the bulb?

Example 3:

An 1100 W microwave is operated for 5.5 minutes.  How much power is consumed by the microwave?  (Answer in Joules and kilowatt hours)

pp. 550-553 Q 1, 8

P 1, 5, 9, 23, 25, 29, 35

VI 2 - Resisters

Circuit analysis is determining the voltage, current, and power for each part of a circuit. 

There are two main laws governing circuit analysis.  

These are Kirchoff’s Laws:

1. The current entering a junction is the same as the current leaving a junction.

2. The voltage in any loop must sum to zero.
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The current through each resister is the same.  The Total voltage lost is the sum of the voltage lost over each resister.



From A to B the voltage lost via any path must be the same.  The total current must be the sum of the current in each resister.


An important first step to circuit analysis is to determine the equivalent resistance of a network of resisters.

If we can theoretically replace a network of resisters with a single equivalent resister it is than simple calculation to find the current leaving the battery.

Unless told otherwise, assume wires have no resistance.

Resister Handout

VI 3 - Circuits

Circuit analysis can often be accomplished through several steps.  

The key concepts are:

1. Resisters in series have the same current pass through them.

2. Resisters in parallel must have the same voltage drop.

3. A network of resisters can be replaced by a single resister to simplify a calculation.

These steps are often helpful to analyse a circuit:

1. Find the current leaving the battery.

2. Simplify complex circuits to simple series or parallel sections

3. Analyze the circuit is parts.

If you replace groups of resisters with an equivalent resister, label carefully.


Example 1: V = 25 V

This handout has several circuits that become more complicated.

The first pages have only the voltage of the battery and the resistance of the resisters.

You need to learn how to find all the other values (I, V, P) for all the parts of the circuit.

Check your work by using the second copy of the circuits that includes the answers.


VI 4 - Kirchoff’s Laws (BONUS: ONLY IF REALLY WANT TO LEARN)
Kirchoff’s Laws can be used to analyze circuits algebraically:


The circuit questions take practice to answer.  The principals are based on Kirchoff’s Laws.

Most circuits can be analyzed with resister substitution.

All circuits can be analyzed using Kirchoff’s Laws.

Use the method that makes the most sense to you.

Circuits worksheet.
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