UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


5.0 Resistance, R 
·  Learning Objectives

1) Explain the concept of resistance

2) Use the relationship of V = I/R to solve problems

3) Explain why it is necessary for an ammeter to have a very low resistance

4) Explain why it is necessary for a voltmeter to have a very high resistance

5) Differentiate between series and parallel circuits

6) Recall that current in a series is the same everywhere in the circuit and apply that to solve problems

7) Recall that the sum of the currents in the branches of a parallel circuit is equal to the current entering or leaving the parallel section and apply this concept to solve problems

8) Recall that the sum of the potential differences across any number of components in series is equal to the potential difference across all those components and apply this concept to solve problems

9) Recall that the potential difference across any number of components in parallel is the same and apply this concept to solve problems
10) Recall and use the formulae:  RS = R1  +  R2    +  R3  for resistors in series and          1/ RP =  1 / R1  + 1 / R2  + 1 / R3  for resistors in parallel

Electricity in the Home 

11) Discuss the reasons for using parallel connections of domestic appliances

12) Explain the purpose of a fuse or circuit breaker

13) Select a fuse or circuit breaker of suitable current rating for a given appliance

14) Explain the function of the earth wire

15) Recall international colour code

16) State the adverse effects of connecting electrical appliances to incorrect or fluctuating voltage supplies

5.1 Concept of resistance 
Electrical resistance is a ratio of the degree to which an object opposes an electric current through it, measured in ohms. Discovered by Georg Ohm in the late 1820s, electrical resistance shares some conceptual parallels with the mechanical notion of friction. The SI unit of electrical resistance is the ohm, symbol Ω. The resistance of an object determines the amount of current through the object for a given potential difference across the object.


where

R is the resistance of the object, measured in ohms, equivalent to J·s/C2 

V is the potential difference across the object, measured in volts 

I is the current through the object, measured in amperes 

For a wide variety of materials and conditions, the electrical resistance does not depend on the amount of current through or the amount of voltage across the object, meaning that the resistance R is constant.
5.2 Ohm’s Law

Ohm’s law applies to electrical circuits; it states that the current passing through a conductor between two points is directly proportional to the potential difference (i.e. voltage drop or voltage) across the two points, and inversely proportional to the resistance between them.

The mathematical equation that describes this relationship is:

V = IR 

5.3- 5.4 Ammeter’s low resistance & Voltmeter’s high resistance
Moving Coil Meters

The design of a voltmeter, ammeter or ohmmeter begins with a current-sensitive element. Though most modern meters have solid state digital readouts, the physics is more readily demonstrated with a moving coil current detector called a galvanometer. Since the modifications of the current sensor are compact, it is practical to have all three functions in a single instrument with multiple ranges of sensitivity. Schematically, a single range "multimeter" might be designed as illustrated.
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5.5-5.10    Series and parallel circuits

If two or more circuit components are connected end to end like a daisy chain, it is said they are connected in series. A series circuit is a single path for electric current through all of its components.

If two or more circuit components are connected like the rungs of a ladder it is said they are connected in parallel. A parallel circuit is a different path for current through each of its components. A parallel circuit provides the same voltage across all its components.

As an example, consider a very simple circuit consisting of four light bulbs and one 6 V battery. If a wire joins the battery to one bulb, to the next bulb, to the next bulb, to the next bulb, then back to the battery, in one continuous loop, the bulbs are said to be in series. If each bulb is wired to the battery in a separate loop, the bulbs are said to be in parallel. If the four light bulbs are connected in series the same current flows in all of them; each light bulb experiences about 1.5 V. If two light bulbs are connected in parallel, the currents flowing through the two light bulbs combine to form the current flowing in the battery; each light bulb experiences 6 V.

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.

To find the total resistance of all the components, add the individual resistances of each component:
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for components in series with resistances R1, R2, etc. To find the current I, use Ohm's law:
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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
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 I 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. Factoring out the voltage gives
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The parallel property can be represented in equations by two vertical lines [image: image8.png]


(as in geometry) to simplify the equations.

Resistors
To find the total resistance of all components, add the reciprocals of the resistances Ri of each component and take the reciprocal of the sum:
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To find the current in a component with resistance Ri, use Ohm's law again:
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The components divide the current according to their reciprocal resistances, so, in the case of two resistors,
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Electricity in the home Household Wiring
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The standard Trinidad and Tobago household wiring design has two 120 volt "hot" wires and a neutral which is at ground potential. The two 120 volt wires are obtained by grounding the centertap of the transformer supplying the house so that when one hot wire is swinging positive with respect to ground, the other is swinging negative. This versatile design allows the use of either hot wire to supply the standard 120 volt household circuits. For higher power applications like clothes dryers, electric ranges, air conditioners, etc. , both hot wires can be used to produce a 240 volt circuit.

	Polarized Receptacles
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The high voltage (about 120 volts effective, 60 Hz AC) is supplied to the smaller prong of the standard polarized T.T. receptacle. It is commonly called the "hot wire". If an appliance is plugged into the receptacle, then electric current will flow through the appliance and then back to the wider prong, the neutral. The neutral wire carries the current back to the electrical panel and from there to the earth (ground). The ground wire is not a part of the electrical circuit, but is desirable for prevention of electric shock. 

The two receptacles in a common "duplex" receptacle receive power from the same circuit leading from the main electrical supply panel. They are wired in parallel so that two appliances which are plugged into the receptacle receive the same voltage, but can draw different amounts of electric current. Parallel wiring is the standard for 120 volt circuits in the entire house, making possible the independent use of all appliances, supplied by the same voltage. 


Fuses and Breakers
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	Fuses and breakers limit the current which can flow in a circuit. The metal filament in the fuse melts and breaks the connection, whereas in a breaker, the heating effect on a bimetallic strip causes it to bend and trip a spring-loaded switch. 


The Ground Wire

The term "ground" refers to a connection to the earth, which acts as a reservoir of charge. A ground wire provides a conducting path to the earth which is independent of the normal current-carrying path in an electrical appliance. As a practical matter in household electric circuits, it is connected to the electrical neutral at the service panel to gaurantee a low enough resistance path to trip the circuit breaker in case of an electrical fault (see illustration below). Attached to the case of an appliance, it holds the voltage of the case at ground potential (usually taken as the zero of voltage). This protects against electric shock. The ground wire and a fuse or breaker are the standard safety devices used with standard electric circuits. 
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Is the ground wire necessary? The appliance will operate normally without the ground wire because it is not a part of the conducting path which supplies electricity to the appliance. In fact, if the ground wire is broken or removed, you will normally not be able to tell the difference. But if high voltage has gotten in contact with the case, there may be a shock hazard. In the absence of the ground wire, shock hazard conditions will often not cause the breaker to trip unless the circuit has a ground fault interrupter in it. Part of the role of the ground wire is to force the breaker to trip by supplying a path to ground if a "hot" wire comes in contact with the metal case of the appliance. 
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In the event of an electrical fault which brings dangerous high voltage to the case of an appliance, you want the circuit breaker to trip immediately to remove the hazard. If the case is grounded, a high current should flow in the appliance ground wire and trip the breaker. That's not quite as simple as it sounds - tying the ground wire to a ground electrode driven into the earth is not generally sufficient to trip the breaker, which was surprising to me. The Trinidad & Tobago Electricity Commission requires that the ground wires be tied back to the electrical neutral at the service panel. So in a line-to-case fault, the fault current flows through the appliance ground wire to the service panel where it joins the neutral path, flowing through the main neutral back to the center-tap of the service transformer. It then becomes part of the overall flow, driven by the service transformer as the electrical "pump", which will produce a high enough fault current to trip the breaker. In the electrical industry, this process of tying the ground wire back to the neutral of the transformer is called "bonding", and the bottom line is that for electrical safety you need to be both grounded and bonded. 
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