Chapter 20: Electric Circuits

Because of the positive and negative charges on the battery terminal, an electric potential difference exists between them.

Electromotive force (emf)
emf - maximum potential difference

1 volt = 1 joule / 1 coulomb

The potential difference is generally less than the maximum emf.

Electric current – the flow of charge
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1 ampere = 1 coulomb / 1 second

Direct Current (DC) self-explanatory

Alternating Current (AC) self-explanatory

Drawing circuitry

Conventional current – hypothetical flow of positive charge; depicted in circuitry diagrams

Ohm’s Law

The ratio V/I is a constant, where V is the voltage applied across a piece of material and I is the current through the material:
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Or
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R is the resistance of the piece of material

SI Unit of Resistance: volt/ampere (V/A) = ohm (
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Resistance and Resistivity

Resistance:

Directly proportional to length

Inversely proportional to cross-sectional area
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= resistivity of the material (constant)
Temperature relationship


[image: image7.wmf](

)

[

]

0

0

1

T

T

-

+

=

a

r

r



[image: image8.wmf](

)

[

]

0

0

1

T

T

R

R

-

+

=

a



[image: image9.wmf]a

= temperature coefficient of resistivity; unit of reciprocal temperature

Electric Power
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Electric Power

When electric charge flows from pint A to point B in a circuit, leading to a current I, and the voltage between the points is V, the electric power associated with this current and voltage is
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SI Unit of Power watt (W)


[image: image12.wmf]IV

P

=



[image: image13.wmf]R

I

IR

I

P

2

)

(

=

=



[image: image14.wmf]R

V

V

R

V

P

2

=

÷

ø

ö

ç

è

æ

=


Alternating current

The alternating voltage between the terminals of an ac generator can be represented by
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where 
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is the peak value of the voltage, t is the time, and f is the frequency (in Hertz) at which the voltage oscillates.

In a circuit containing only resistance, the ac current is
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where 
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is the peak value of the current and is related to the peak voltage via 
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Root mean square current
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Root mean square voltage
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The average power is 
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Series Wiring

Equivalent series resistance

The equivalent series resistance 
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of a series combination of resistances (
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The power delivered to the equivalent resistance is equal to the total power delivered to any number of resistors in series.

Parallel Wiring

Equivalent parallel resistance

When devices are connected in parallel, the same voltage is applied across each device. In general, devices wired in parallel carry different currents. The reciprocal of the equivalent resistance 
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of a parallel combination of resistances (
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The power delivered to the equivalent resistance is equal to the total power delivered to any number of resistors in parallel.
Miscellaneous

Circuits can be partially wired in series and partially wired in parallel.

Internal resistance

The internal resistance of a battery or generator is the resistance within the battery or generator. The terminal voltage is the voltage between the terminals of a battery or generator and is equal to the emf only when there is no current through the device. When there is current I, the internal resistance r causes the terminal voltages to be less than the emf by an amount Ir.

Kirchhoff’s Rules

The junction rule – the sum of the magnitudes of the currents directed into a junction equals the sum of the magnitudes of the currents directed out of the junction.

The loop rule – around any closed-circuit loop, the sum of the potential drops equals the sum of the potential rises.

Galvanometer – a device that responds to electric current and is used in nondigital ammeters and voltmeters.

Ammeter – an instrument that measures current and must be inserted into a circuit in such a way that the current passes directly through the ammeter.

Voltmeter – an instrument that measures the voltage between two points in a circuit. A voltmeter must be connected between the two points and is not inserted into a circuit as an ammeter is.

Equivalent parallel capacitance

The equivalent capacitance 
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for a parallel combination of capacitances (
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In general, each capacitor in a parallel combination carries a different amount of charge. The equivalent capacitor carries the same total charge and stores the same total energy as the parallel combination.

Equivalent series capacitance

The reciprocal of the equivalent capacitance
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The equivalent capacitor carries the same amount of charge as any one of the capacitors in the combination and stores the same total energy as the series combination.

Charging a capacitor

The charging or discharging of a capacitor in a dc series circuit (resistance R, capacitance C) does not occur instantaneously. The charge on a capacitor builds up gradually, as described by the following equation:
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