Ch. 19-20

Current, Resistance, and Electric Circuits

Electromotive force and current

· In a closed circuit, current is driven by a “source of emf” which is either a battery or a generator.  Batteries convert chemical potential energy into electrical energy and generators convert mechanical energy into electrical energy.  Emf (symbolized by ( or emf or V) stands for electromotive force although the term force is used incorrectly since the units for emf are volts and not newtons.  A source of emf is sometimes referred to as a “charge pump” since the emf transfers charge from a lower potential to a higher potential in order to maintain a constant potential difference (voltage) in a circuit.  The maximum potential difference (voltage) of a battery is the emf of the battery.  In a closed circuit, the battery creates an electric field within and parallel to the wire, directed from the positive toward the negative terminal.   The electric field exerts a force on the free electrons causing them to move producing electric current.  The diagram below shows the physical and schematic diagram for one of the simplest circuits, a battery powering a light bulb.
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Current (symbolized with I) is the rate at which charge flows.
I=(q/t
units are C/s=A (ampere) 

· Conventional current – by convention, the direction of the current is the same as the flow of a positive charge (in metals, opposite the direction of the flow of electrons).  We use this convention since it is consistent with our earlier use of a positive test charge for defining electric fields and potentials.  Current is classified as either dc or ac based on the motion of the current.

1. Direct current (dc) moves around the circuit in the same direction at all times. [image: image21.wmf]A
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Batteries and dc generators produce direct currents.  

2. Alternating current (ac) moves first one direction and then the opposite, changing direction from moment to moment with no net movement of charge.  Ac generators (power companies) produce alternating currents.
· Drift velocity is the net velocity of the charge carriers.  When you turn on a light switch, the light comes on almost immediately.  This is because the electric field reaches electrons throughout the wire at the speed of light in that medium.  But the individual electrons are NOT moving at that speed.  In fact, their drift velocity is quite slow (a direct current of 10.0 A has a drift velocity of about 0.000246 m/s; at this speed it would take an electron 68 minutes to travel 1 m).  This is because the path of individual electrons in a conductor is zigzag and the speed is continually changing due to collisions with the other charges. 
Ohm’s law 
· When a potential difference (voltage) is applied across the ends of many metallic conductors, the current is directly proportional to the applied voltage.  This statement is known as Ohm’s law although it is not a fundamental law of nature since it is only valid for certain materials and within a certain range. 

 
V(I

R is the proportionality constant for the above relationship which is the resistance of the conductor.

V=IR

[image: image22.jpg]4], 18V 4], 18V

‘Gopyright ©Adcison Wesley Longman, Inc:



Rearranging the above equation for R shows that the units for resistance are V/A = ( (ohm). Experiments show that most metals have a constant resistance over a wide range of applied voltages (graph (a) below).  Such materials are said to be ohmic since they obey Ohm’s law.  Nonohmic materials do not obey Ohm’s law (graph (b) below). 
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Resistance and resistivity
· As charge moves through a circuit, it encounters resistance, or opposition to the flow of the current. Resistance is the electrical equivalent of friction. In our circuit on the first page, the wires and the light bulb would be considered resistances, although usually the resistance of the wires is neglected. The resistance of a material is proportional to the length and inversely related to the cross-sectional area.

R(L/A
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(  is the proportionality constant known as the resistivity of the material and has units of ohm-meters (( m).   Every material has a characteristic resistivity that depends on its electronic structure and temperature (Table 20.1 in your book).  In metals, the resistivity increases with increasing temperature, whereas in semiconductors the reverse is true.  Superconductors are a class of metals and compounds whose resistance goes to virtually zero below certain temperatures (critical temperature).
[image: image2.emf]
· Example 2:  The five resistors shown below have the lengths and cross‑sectional areas indicated and are made of material with the same resistivity. Which has the greatest resistance?
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· A resistor is a simple circuit element that provides a specified resistance.  Resistors are represented by a zigzag line in circuit diagrams (a straight line represents an ideal conducting wire, or one with negligible resistance).  Resistors can be used in circuits to control the amount of current in a conductor.
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Electrical energy and power

· As current moves through a circuit, electrical energy is transformed into thermal energy due to collisions with atoms in the resistor.  The amount of heat produced in joules per second is equal to the power in the resistor.  You should remember from previous chapters the power is the rate at which work is done, or the rate at which energy is transferred.
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Since W=qV and I=q/t and V=IR, by substitution it can be shown that 
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Of course the unit for power is the joule/second, or watt.  

· A kilowatt-hour is a unit of energy (NOT power) used by electric companies to calculate consumption as will be shown in the next example.
· Example 3:  Assuming electrical energy costs $0.12 per kilowatt-hour, calculate the cost of operating an electric oven 4 hours a day for one year if the oven draws a current of 20.0 A at 120 V.
Schematic diagrams and circuits

· A schematic diagram is a diagram that depicts the construction of an electrical apparatus or circuit using symbols to represent the different circuit elements (emf, resistors, capacitors, wires, switches, ammeters, voltmeters, etc.).  The diagram at the beginning of the notes illustrates a simple circuit that causes a light bulb to shine.  You may wonder what would happen if you connect another bulb to the battery.  It actually depends upon how you connect the bulb, whether you have one path (series connection) or create another path (parallel connection).  We will analyze each of these connections separately to see their effect on the circuit.  First, a few definitions.  

· An ammeter is an instrument used to measure current.  As shown below left, ammeters must be inserted into a circuit so that the current passes directly through it (in series).  A good ammeter is designed with a sufficiently small resistance, so the reduction in current is negligible whenever the ammeter is inserted.

· A voltmeter is an instrument used to measure the potential difference (voltage) between two points.  As shown below right, voltmeters must be inserted in parallel in the circuit.  A good voltmeter is designed with a large resistance so the effects on voltage are negligible when it is inserted into the circuit.
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Resistors in series

· Two or more resistors of any value placed in a circuit in such a way that the same current passes through each of them is called a series connection.  A series connection will have a single path between two points.  A break in the circuit of a series connection will disconnect all elements.  Christmas lights often use series wiring which is why if one bulb goes out the entire strand goes out.  The diagram below shows a series connection with two resistors, R 1 and R2.  When resistors are connected in series, the total resistance increases and the current decreases.
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· Rules for series connections
1. Current through all resistors in series is the same, because any charge that flows through the first resistor must also flow through the second.

Itotal = I1 = I2 = I3.

The total current in the circuit is
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2. The potential difference across the entire connection (total voltage) is equal to the sum of potential drops (voltages) across each resistor.

Vtotal=V1+V2
And the voltage divides proportionally among the resistances according to Ohm’s law.
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3. The equivalent resistance is the sum of the individual resistances.

Req=R1+R2
Resistors in parallel

· Two or more resistors of any value placed in such a way that each resistor has the same potential difference is called a parallel connection.  A parallel connection will have a junction creating separate paths between two points.  A break in one of the paths does not affect the other path.  Household circuits are generally connected so appliances, light bulbs, etc. are connected in parallel so each gets the same voltage and each can be operated independently.  The diagram below shows a parallel connection with two resistors, R 1 and R2.  When resistors are connected in parallel, the total resistance decreases and the current coming into the junction increases, although the current through each path remains the same. 
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· Rules for parallel connections
1. The potential difference (voltage) across each resistor is the same.

Vtotal=V1=V2
2. Current coming into a junction is the sum of the currents in each path.
Itotal = I1 + I2

The total current in the circuit is
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The current in each path is 
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3. The equivalent resistance is the reciprocal of the sum of the individual resistances reciprocal.
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The equivalent resistance is always less than smallest resistance in group.

Combined Series-Parallel Circuits 

· Most circuits today use both series and parallel wiring to utilize the advantages of each type.  Circuits containing combinations of series and parallel circuits can be understood by analyzing them in steps.  When determining the equivalent resistance for a complex circuit, you must simplify the circuit into groups of series and parallel resistors and then find the equivalent resistance for each group until the circuit is reduced to a single resistance.  Work your way backwards finding all potential drops and currents across the individual circuits.
 

 

· Example 4:  Light bulbs of fixed resistance 3.0 ( and 6.0 (, a 9.0 V battery, and a switch S are connected as shown in the schematic diagram below. The switch S is initially closed.
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     a. Calculate the current in bulb A.
     b. Which light bulb is brightest? Justify your answer.
     c. Switch S is now opened. By checking the appropriate spaces below, indicate whether the brightness of   

         each light bulb increases, decreases, or remains the same. Explain your reasoning for each light bulb.
i.
Bulb A: The brightness
        increases
       decreases
        remains the same


Explanation:
ii.
Bulb B: The brightness
       increases
       decreases
       remains the same


Explanation:
iii.
Bulb C: The brightness
       increases
       decreases
        remains the same


Explanation:

Example 5:  Given the circuit below:  (a) Find the equivalent resistance for this circuit. (b) Find the current supplied by the battery.  (c)  Find the current through the 65.0 ( resistor. 


Example 6:  Find the potential difference of the battery in the circuit below.


Example 7:  In the circuit shown below, A, B, C, and D are identical light bulbs.  Assume the battery maintains a constant potential difference between its terminals and the resistance of each light bulb stays constant.


a. Draw a diagram of the circuit using the appropriate symbols.
b. List the bulbs in order of brightness, from brightest to least bright.  If any two bulbs have the same brightness, state which ones.  Justify your answers.
c. Describe the change in brightness, if any, of bulb A when bulb D is removed from its socket.  Justify your answer.
d. Describe the change in brightness, if any, of bulb B when bulb D is removed from its socket.  Justify your answer.

Example 1:  A 1.5 V battery is connected to a small light bulb with a resistance of 3.5 (.  What is the current in the bulb?
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