UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


4.0 Circuits & Components
·  Learning objectives


Circuit Diagrams
1) Use circuit symbols for cells, switches, wires, fuses, fixed and variable resistors, filament lamps, voltmeters, ammeters and semiconductor diodes.


Cells

2) Draw a diagram of a zinc-carbon cell and explain the functions of its various parts

3) State the difference between primary cells and secondary cells and their relative advantages and disadvantages

4) Draw a circuit diagram to show how a secondary cell can be recharged


I – V Relationships 

5) Describe experiments using an ammeter and a voltmeter to investigate the relationship between current and potential difference for:

(a) metallic conductors, at constant temperature

(b) filament lamps

(c) Semiconductor diodes

(d) Solutions of copper sulphate in water using copper electrodes

____________________________________________________________________

4.1 Circuit Diagrams
Circuit symbols are used in circuit diagrams which show how a circuit is connected together. The actual layout of the components is usually quite different from the circuit diagram. To build a circuit you need a different diagram showing the layout of the parts on stripboard or printed circuit board. 

	Wires and connections

	 Component 
	 Circuit Symbol 
	Function of Component

	Wire
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	To pass current very easily from one part of a circuit to another.

	Wires joined
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	A 'blob' should be drawn where wires are connected (joined), but it is sometimes omitted. Wires connected at 'crossroads' should be staggered slightly to form two T-junctions, as shown on the right.

	Wires not joined
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	In complex diagrams it is often necessary to draw wires crossing even though they are not connected. I prefer the 'bridge' symbol shown on the right because the simple crossing on the left may be misread as a join where you have forgotten to add a 'blob'!


	Power Supplies

	 Component 
	 Circuit Symbol 
	Function of Component

	Cell
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	Supplies electrical energy.
The larger terminal (on the left) is positive (+). 
A single cell is often called a battery, but strictly a battery is two or more cells joined together.

	Battery
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	Supplies electrical energy. A battery is more than one cell.
The larger terminal (on the left) is positive (+).

	DC supply
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	Supplies electrical energy.
DC = Direct Current, always flowing in one direction.

	AC supply
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	Supplies electrical energy.
AC = Alternating Current, continually changing direction.

	Fuse
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	A safety device which will 'blow' (melt) if the current flowing through it exceeds a specified value.

	Transformer
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	Two coils of wire linked by an iron core. Transformers are used to step up (increase) and step down (decrease) AC voltages. Energy is transferred between the coils by the magnetic field in the core. There is no electrical connection between the coils.

	Earth
(Ground)
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	A connection to earth. For many electronic circuits this is the 0V (zero volts) of the power supply, but for mains electricity and some radio circuits it really means the earth. It is also known as ground.


	Output Devices: Lamps, Heater, Motor, etc.

	 Component 
	 Circuit Symbol 
	Function of Component

	Lamp (lighting)
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	A transducer which converts electrical energy to light. This symbol is used for a lamp providing illumination, for example a car headlamp or torch bulb.

	Lamp (indicator)
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	A transducer which converts electrical energy to light. This symbol is used for a lamp which is an indicator, for example a warning light on a car dashboard.

	Heater
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	A transducer which converts electrical energy to heat.

	Motor
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	A transducer which converts electrical energy to kinetic energy (motion).

	Bell
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	A transducer which converts electrical energy to sound.

	Buzzer
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	A transducer which converts electrical energy to sound.

	Inductor
(Coil, Solenoid)
	[image: image17.png]



	A coil of wire which creates a magnetic field when current passes through it. It may have an iron core inside the coil. It can be used as a transducer converting electrical energy to mechanical energy by pulling on something.


	Switches

	 Component 
	 Circuit Symbol 
	Function of Component

	Push Switch
(push-to-make)
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	A push switch allows current to flow only when the button is pressed. This is the switch used to operate a doorbell.

	Push-to-Break Switch
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	This type of push switch is normally closed (on), it is open (off) only when the button is pressed.

	On-Off Switch
(SPST)
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	SPST = Single Pole, Single Throw.
An on-off switch allows current to flow only when it is in the closed (on) position.

	2-way Switch
(SPDT)
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	SPDT = Single Pole, Double Throw.
A 2-way changeover switch directs the flow of current to one of two routes according to its position. Some SPDT switches have a central off position and are described as 'on-off-on'.

	Dual On-Off Switch
(DPST)
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	DPST = Double Pole, Single Throw.
A dual on-off switch which is often used to switch mains electricity because it can isolate both the live and neutral connections.

	Reversing Switch
(DPDT)
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	DPDT = Double Pole, Double Throw.
This switch can be wired up as a reversing switch for a motor. Some DPDT switches have a central off position.

	Relay
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	An electrically operated switch, for example a 9V battery circuit connected to the coil can switch a 230V AC mains circuit.
NO = Normally Open, COM = Common, NC = Normally  Closed. 


	Resistors

	 Component 
	 Circuit Symbol 
	Function of Component

	Resistor
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	A resistor restricts the flow of current, for example to limit the current passing through an LED. A resistor is used with a capacitor in a timing circuit. 
Some publications still use the old resistor symbol:  [image: image26.png]




	Variable Resistor
(Rheostat)
	[image: image27.png]



	This type of variable resistor with 2 contacts (a rheostat) is usually used to control current. Examples include: adjusting lamp brightness, adjusting motor speed, and adjusting the rate of flow of charge into a capacitor in a timing circuit.

	Variable Resistor
(Potentiometer)
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	This type of variable resistor with 3 contacts (a potentiometer) is usually used to control voltage. It can be used like this as a transducer converting position (angle of the control spindle) to an electrical signal.

	Variable Resistor
(Preset)
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	This type of variable resistor (a preset) is operated with a small screwdriver or similar tool. It is designed to be set when the circuit is made and then left without further adjustment. Presets are cheaper than normal variable resistors so they are often used in projects to reduce the cost.


	Capacitors

	 Component 
	 Circuit Symbol 
	Function of Component

	Capacitor
	[image: image30.png]



	A capacitor stores electric charge. A capacitor is used with a resistor in a timing circuit. It can also be used as a filter, to block DC signals but pass AC signals.

	Capacitor, polarised
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	A capacitor stores electric charge. This type must be connected the correct way round. A capacitor is used with a resistor in a timing circuit. It can also be used as a filter, to block DC signals but pass AC signals.

	Variable Capacitor
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	A variable capacitor is used in a radio tuner.

	Trimmer Capacitor
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	This type of variable capacitor (a trimmer) is operated with a small screwdriver or similar tool. It is designed to be set when the circuit is made and then left without further adjustment.


	Diodes

	 Component 
	 Circuit Symbol 
	Function of Component

	Diode
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	A device which only allows current to flow in one direction.

	LED
Light Emitting Diode
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	A transducer which converts electrical energy to light.

	Zener Diode
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	A special diode which is used to maintain a fixed voltage across its terminals.

	Photodiode
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	A light-sensitive diode.


	Audio and Radio Devices

	 Component 
	 Circuit Symbol 
	Function of Component

	Microphone
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	A transducer which converts sound to electrical energy.

	Earphone
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	A transducer which converts electrical energy to sound.

	Loudspeaker
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	A transducer which converts electrical energy to sound.

	Piezo Transducer
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	A transducer which converts electrical energy to sound.

	Amplifier
(general symbol)
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	An amplifier circuit with one input. Really it is a block diagram symbol because it represents a circuit rather than just one component.

	Aerial
(Antenna)
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	A device which is designed to receive or transmit radio signals. It is also known as an antenna.


	Meters and Oscilloscope

	 Component 
	 Circuit Symbol 
	Function of Component

	Voltmeter
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	A voltmeter is used to measure voltage. 
The proper name for voltage is 'potential difference', but most people prefer to say voltage!

	Ammeter
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	An ammeter is used to measure current.

	Galvanometer
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	A galvanometer is a very sensitive meter which is used to measure tiny currents, usually 1mA or less.

	Ohmmeter
	[image: image47.png]



	An ohmmeter is used to measure resistance. Most multimeters have an ohmmeter setting.

	Oscilloscope
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	An oscilloscope is used to display the shape of electrical signals and it can be used to measure their voltage and time period.


Circuit diagrams are a pictorial way of showing circuits. Here is an example circuit diagram.
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The important thing to note on this diagram is what everything stands for. You see that there are straight lines that connect each of the symbols together. Those lines represent a wire.
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This is the Ammeter symbol.
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This is the Voltmeter symbol.
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This is the resistor symbol.
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This is the switch symbol.
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This is the battery symbol. 
The important thing to remember about this symbol is that the long bar on top represents the positive terminal on a battery while the short bar on the bottom represents the negative terminal.
Below is the actual circuit made from the circuit diagram above. Pay close attention to see how similar the diagram and the real circuit looks. 
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4.2
Cells
A Zinc-carbon dry cell or battery is packaged in a zinc can that serves as both a container and anode. It was developed from the wet Leclanché cell (pronounced /lɛklɑːnˈʃeɪ/). "Super" or "Heavy Duty" batteries, technically called zinc chloride cells, are an improved version from the cheaper "General Purpose" variety. The cathode is a mixture of manganese dioxide and carbon powder. The electrolyte is a paste of zinc chloride and ammonium chloride dissolved in water. Carbon-zinc batteries are the least expensive primary batteries and thus a popular choice by manufacturers when devices are sold with batteries included. They can be used in remote controls, flashlights, toys, or transistor radios, where the power drain is not too heavy.



4.3 Primary & Secondary Cells 


A primary cell is any kind of electrochemical cell in which the electrochemical reaction of interest is not reversible, so used in disposable batteries. The most common primary cells today are found in alkaline batteries; earlier carbon-zinc cells, with a carbon post as cathode and a zinc shell as anode were prevalent. Unlike a secondary cell, attempting to reverse the reaction in a primary cell via recharging is dangerous and can lead to a battery explosion. A related difference is that primary batteries use up the materials in one or both of their electrodes, while, ideally, the reversibility of the reactions in a secondary cell allows them to be restored to almost the same fully charged condition on each recharging.

Comparison with rechargeables
Even though rechargeable batteries are more expensive than disposable batteries with equivalent voltages and shapes, the rechargeable batteries would be much cheaper if the main price is divided with the full number of recharge cycles, even including a battery charger, compared to the total cost of number of primary cells equivalent to recharge cycles of NiMH, NiCd and Li-Ion batteries.

However, there are some battery uses that require long dormancy periods and few replacements, so major issue is charge retention. In these circumstances, certain rechargeable battery technologies may not be appropriate, as they may have a high self-discharge rate compared to equivalent non-rechargeable batteries. For example, a flashlight used for emergency purposes must work when needed, even if it has sat on a shelf for an extended period of time. Primary cells are also more cost-efficient in this case, as rechargeable batteries would use only a small fraction of available recharge cycles.

 List of primary cells
Most of these cells are now used only for demonstration purposes in laboratories. For further details see the individual articles.

· Leclanche cell 

· Daniell cell 

· Grove cell 

· Bunsen cell 

· Chromic acid cell 

· Clark cell 

· Weston cell 

A rechargeable battery, also known as a storage battery, is a group of two or more secondary cells. These batteries can be restored to full charge by the application of electrical energy. In other words, they are electrochemical cells in which the electrochemical reaction that releases energy is readily reversible. Rechargeable electrochemical cells are therefore a type of accumulator. They come in many different designs using different chemicals. Commonly used secondary cell chemistries are lead and sulfuric acid, nickel cadmium (NiCd), nickel metal hydride (NiMH), lithium ion (Li-ion), and lithium ion polymer (Li-ion polymer).

Rechargeable batteries can offer economic and environmental benefits when used instead of one-time-use disposable batteries. Most rechargeable battery technology has been adapted into the standard “AA”, “AAA”, “C”, “sub-C”, “D”, and “9-volt” (List of battery sizes) configurations that consumers are familiar with. While the rechargeable versions of these types of cells have a higher up-front cost than disposable batteries, rechargeable batteries can be discharged and recharged many times. Similarly, while the metals and chemicals in rechargeable cells can be more toxic than those in disposeable batteries, disposeable batteries nevertheless do release toxins into landfills and other more sensitive parts of the environment. Some manufacturers of NiMH type rechargeable batteries claim a lifespan up to 3000 charge cycles for their batteries.

Common Rechargeable Battery Types
Nickel Cadmium Battery (NiCd) 

Created by Waldemar Jungner of Sweden in 1899 which was based on Thomas Edison's first alkaline battery. Using nickel oxide hydroxide and metallic cadmium as electrodes, NiCd batteries have longer life cycles and hold electrical charge longer. However, their voltage potential difference are often less than that of Nickel-metal Hydride's.

Nickel-Metal Hydride Battery (NiMH) 

First developed around 1980's. The battery has a hydrogen-absorbing alloy for the negative electrode instead of cadmium. Even though NiMH batteries have higher voltage outputs, the batteries discharge quicker and have limited service lifes comparing with NiCd.

Lithium-ion Battery 

The technology behind Lithium-ion battery has not yet fully reached maturity. However, the batteries are the type of choice in many consumer electronics and have one of the best energy-to-mass ratios, no memory effect, and a slow loss of charge when not in use. The popularity of the batteries spread wider as the technology keeps on improving at the same time.

4.4 Secondary Cell Recharging Diagram
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During charging, the positive active material is oxidized, producing electrons, and the negative material is reduced, consuming electrons. These electrons constitute the current flow in the external circuit. The electrolyte may serve as a simple buffer for ion flow between the electrodes, as in lithium-ion and nickel-cadmium cells, or it may be an active participant in the electrochemical reaction, as in lead-acid cells.

4.5 I – V Relationships 
Voltage is the Cause, Current is the Effect

Voltage attempts to make a current flow, and current will flow if the circuit is complete. Voltage is sometimes described as the 'push' or 'force' of the electricity, it isn't really a force but this may help you to imagine what is happening. It is possible to have voltage without current, but current cannot flow without voltage. 
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	Voltage and Current
The switch is closed making a complete circuit so current can flow.
	Voltage but No Current
The switch is open so the circuit is broken and current cannot flow.
	No Voltage and No Current
Without the cell there is no source of voltage so current cannot flow.




Voltage, V
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	Connecting a voltmeter in parallel


· Voltage is a measure of the energy carried by the charge. 
Strictly: voltage is the "energy per unit charge". 

· The proper name for voltage is potential difference or p.d. for short, but this term is rarely used in electronics. 

· Voltage is supplied by the battery (or power supply). 

· Voltage is used up in components, but not in wires. 

· We say voltage across a component. 

· Voltage is measured in volts, V. 

· Voltage is measured with a voltmeter, connected in parallel. 

· The symbol V is used for voltage in equations. 
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Voltage at a point and 0V (zero volts)

Voltage is a difference between two points, but in electronics we often refer to voltage at a point meaning the voltage difference between that point and a reference point of 0V (zero volts). 

Zero volts could be any point in the circuit, but to be consistent it is normally the negative terminal of the battery or power supply. You will often see circuit diagrams labelled with 0V as a reminder. 

You may find it helpful to think of voltage like height in geography. The reference point of zero height is the mean (average) sea level and all heights are measured from that point. The zero volts in an electronic circuit is like the mean sea level in geography. 
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Zero volts for circuits with a dual supply

Some circuits require a dual supply with three supply connections as shown in the diagram. For these circuits the zero volts reference point is the middle terminal between the two parts of the supply. 

On complex circuit diagrams using a dual supply the earth symbol is often used to indicate a connection to 0V, this helps to reduce the number of wires drawn on the diagram. 

The diagram shows a ±9V dual supply, the positive terminal is +9V, the negative terminal is -9V and the middle terminal is 0V. 
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	Connecting an ammeter in series


Current, I

· Current is the rate of flow of charge. 

· Current is not used up, what flows into a component must flow out. 

· We say current through a component. 

· Current is measured in amps (amperes), A. 

· Current is measured with an ammeter, connected in series. 
To connect in series you must break the circuit and put the ammeter across the gap, as shown in the diagram. 

· The symbol I is used for current in equations. 
Why is the letter I used for current? 
1A (1 amp) is quite a large current for electronics, so mA (milliamps) are often used. m (milli) means "thousandth": 

1mA = 0.001A, or 1000mA = 1A 
The need to break the circuit to connect in series means that ammeters are difficult to use on soldered circuits. Most testing in electronics is done with voltmeters which can be easily connected without disturbing circuits. 
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Voltage and Current for components in Series
Voltages add up for components connected in series.
Currents are the same through all components connected in series. 

In this circuit the 4V across the resistor and the 2V across the LED add up to the battery voltage: 2V + 4V = 6V. 

The current through all parts (battery, resistor and LED) is 20mA. 
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Voltage and Current for components in Parallel
Voltages are the same across all components connected in parallel.
Currents add up for components connected in parallel. 

In this circuit the battery, resistor and lamp all have 6V across them. 

The 30mA current through the resistor and the 60mA current through the lamp add up to the 90mA current through the battery. 

________________________________________________________________________
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