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Formulation for the excercise
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Teacher lecture
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Basic concepts

Electric Current and Electric Circuits

Using a multimeter to take measurements

Voltage

When measuring voltage, the meter and the component must be in parallel. First place the

probes on the two points you want to measure, making sure that the probes are in parallel with

the circuit. Switch the multimeter to the correct voltage range, and then switch the circuit on. The

display will show the difference in voltage between the two points.

IMPORTANT: A voltmeter is always connected in

parallel or across the circuit Never in series. To measure

voltage the circuit does not have to be broken.

Current

When the multimeter is used to measure current, current must flow through the meter itself.

Break the circuit and connect the meter in series with the wire carrying the current. Then set the

meter to a suitable current flow range and switch the circuit on. The display will show the amount

of current flowing through that point of the circuit.

IMPORTANT: An ammeter must always be connected

in series with a circuit Never across or parallel with it

To make a series connection requires breaking the

circuit to connect the meter. A parallel connection may

destroy the meter.
Resistance

To measure the resistance of a component, you have to disconnect the meter from the circuit.

Otherwise the circuit will affect the reading. Switch the meter to the 'Ohms' range. Connect the

probes across the component and read the resistance from the display.

Note:

When measuring an unknown level of voltage range selector or current, you should switch the to

the highest setting possible to avoid damaging the multimeter.

Use information from the text to help a partner. Tell him or her:

1. Why a digital meter is better than an analogue one ?

2. When an analogue meter is more useful than a digital one ?

3. How to place the test probes when measuring voltage ?

4. How to place the probes when measuring current ?

5. How to use the multimeter to measure resistance ?

6. How to set the range selector when measuring unknown quantities ?
EXERCISE 1 
OHM'S LAW EXERCISE 
EQUIPMENT REQUIRED 
Prototype board; avometer or two digital multimeters; Variable power supply; Resistors 220Ώ, 470 Ώ, 1k Ώ 

THEORY 
Resistor

Resistance is a material property that opposes the flow of a current: the current cannot move easily through the conductor.

Normally, a conductor offers only low resistance whereas an insulator offers high resistance.

Resistors are components in a circuit that have specified values of resistance.  The function of a resistor is to control the amount of current flow in a circuit. The unit of measurement for resistance is an ohm. There are different types of resistors.

They vary in resistance as a knob is turned and are often used for changing the sensitivity of a sensing circuit or reducing the feedback to an amplifier, i.e. volume control on a radio or CD player.

Ohm's Law

Ohm’s law is a very important principle to learn. It defines the relationship between the

voltage (U), the current (I), and the resistance (R).

Simply stated: U(Voltage) = I (current) x R(Resistance).

The easiest way to remember this formula and rearrange it is to use the magic

triangle. The magic triangle makes it easy to find the missing unit.
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If you know the current (I) and the resistance (R), then U = I x R

If you know the voltage (U) and the resistance (R), then I= U/R

If you know the current (I) and the voltage(V), then R=U/I

This system is now easy to use. For example, an LED in a 6 V circuit requires a resistor to

limit the flowing through it to 15 mA (0.015 A ).

What value resistor is needed ?

( The value of the required resistor is 400 Ώ).

As you know. electrical energy is transformable into other forms of energy. Electrical power (P) is the amount of transformed energy per unit of time. Ohm' s law also helps you to calculate the amount of electrical power in a circuit.

The unit of measurement for electrical power is a watt. The power in watts equals the

product of the amperes and the volts:

P =U x I

But how can you calculate the power if the voltage is unknown?

Look at the formula above: U = R x I. , so P = R x I2.
Ohm's Law states that the current flowing through a resistor is directly proportional to the voltage across it, and is inversely proportional to the resistance. 

TEST CIRCUIT 
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STUDENTS INSTRUCTIONS 
1 Connect the circuit above on the prototype board, using the 220R resistor. Set the power 

supply initially to zero volts. Then, following the table below, increase the voltage in 0.5V

 steps - measure and record the current flowing through the resistor each step. 

2 Repeat the procedure for the 470R and 1k resistors. 

3 On a single graph, plot the results for all three resistors. 

RESULTS 
	Volts 
	Current (220R) 
	Current (470R) 
	Current (1k) 

	0 
	
	
	

	0.5 
	
	
	

	1.0 
	
	
	

	1.5 
	
	
	

	2.0 
	
	
	

	2.5 
	
	
	

	3.0 
	
	
	

	3.5 
	
	
	

	4.0 
	
	
	

	4.5 
	
	
	

	5.0 
	
	
	


Please fill in

1 An electric current_________________________(flow) round the circuit.

2 The electrons___________________________ (move) in one direction.

3 The p. d._______________________________ (push) the current through the conductor.

4 Resistors_______________________________________(control) the amount of electrons.

5 Plastics________________________________________(resist) the flow of a current.

6 You____________________________________________(calculate) the current with Ohm's law.

7 A current can_________________________________ (move) through a conductor.

EXERCISE 2

SERIES RESISTORS EXERCISE 
EQUIPMENT REQUIRED Prototype board, avometer or two digital multimeters Variable power supply; Resistors 2 x 470 Ώ, 1k Ώ; Leads 

Theory 
Resistor in series

Resistors in series (one after the other)

The total value of resistors in series is found by simply adding all the separate

values together:

Rtotal = R1 +R2 + R3, etc.

The total resistance is always greater than the value of the largest resistor in the chain.

Current I flows through all series loads which are connected one after the other or the

electricity/current flows in a single path.

That means: I = I1 = I2 = I3 = constant

Each series load needs its own individual voltage.

That means: Utotal = U1 + U2 + U3 + ...

The total resistance of series connections loads, consumers, etc. is equal to the sum

of all these resistances.

That means: Rtotal = R1 + R2 + R3 + ...

In any series circuit the sum of the voltages across each component is equal to the voltage supply. The current through each resistor is identical. The resistors could be replaced by a single equivalent resistor equal to the sum of the other resistors, that would draw the same current from the supply. 

You find such series connections in light chains e. g. on Christmas trees. If

one lamp is damaged, the others don't bum either.
TEST CIRCUIT 
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STUDENTS INSTRUCTIONS 
Connect the circuit above on the prototype board. Set the power supply initially to 5V. Measure and record the voltages across each resistor, the power supply voltage, and the current flowing in the circuit. Then repeat the measurements for supply voltages of 10V and 15 V. 

RESULTS 
	Measurement 
	PSU= 5V 
	PSU= 10 V 
	PSU= 15 V 

	Voltage across R1 
	
	
	

	Voltage across R2 
	
	
	

	Voltage across R3 
	
	
	

	Sum of voltages across R1.R2.R3 
	
	
	

	Measured power supply voltage 
	
	
	

	Measured current 
	
	
	

	Sum of the resistors 
	
	
	

	Calculate the supply current 
	
	
	


Ohm's Law states V = I x R. Calculate the voltage across R1, R2, and R3 using the current (measured in section 1) for each of the three supply voltages. Tabulate your calculations on a separate sheet. 

Compare the calculations with the measurements. Give two reasons for any errors. 

EXERCISE 3 
PARALLEL RESISTORS EXERCISE 
EQUIPMENT REQUIRED 
Prototype board; avometer or two digital multimeters; variable power supply resistors  470 Ώ, 1k Ώ; 

THEORY 
In any parallel circuit, the sum of the currents in each branch, is equal to the supply current. The voltage across each component is identical. 

Parallel circuits

1. Current I flows in individual paths.

That means: Itotal = I2 + I3
2. Each parallel load has the same voltage like the source voltage.

That means: U = U1 = U2 = U3
3. The total resistance is the sum of the individual resistances in a

parallel circuit.

That means:   
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Notice ! You find such parallel connections in house wiring.

_ _ _
TEST CIRCUIT 
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STUDENTS INSTRUCTIONS 
Connect the circuit above on the prototype board. Set the power supply to 5V. Record your results in the spaces below. Measure and record the supply voltage and the current flowing in each branch of the circuit (through each resistor). Calculate the sum of the currents flowing through R1, R2, and R3. Measure the total current supplied. Calculate the total resistance of the three resistors in parallel. Using Ohm's Law, and the result from section 3., calculate the total current drawn from the 

supply. The supply voltage was increased to 10V and 15 V. What current would be drawn from the PS U now. What would be the current in each resistor at 10 V and 15 V. Confirm your calculations by measurement ?

RESULTS

	Measurement 
	PSU= 5V 
	PSU= 10 V 
	PSU= 15 V 

	Measured supply voltage 
	
	
	

	Measured current through R1 
	
	
	

	Measured current through R2 
	
	
	

	Sum of currents through R1, R2,  
	
	
	

	Measured total current 
	
	
	

	Calculated total resistance 
	
	
	

	Calculated total current 
	
	
	


Ohm's Law states I = U / R. Calculate the current trough R1, R2, and R3 using the voltage(measured in section 1.) for each of the three supply voltages. Tabulate your calculations on a separate sheet. Compare the calculations with the measurements. Give two reasons for any error.

EXERCISE 4 
Simple circuits - Network with RESISTORS 
EQUIPMENT REQUIRED Prototype board, avometer or two digital multimeters Variable power supply; resistors 100 Ώ, 220 Ώ, 470 Ώ, 1k Ώ; 2k Ώ; 4,7k Ώ
Theory In any series circuit the sum of the voltages across each component is equal to the voltage supply. The current through each resistor is identical. The resistors could be replaced by a single equivalent resistor equal to the sum of the other resistors, that would draw the same current from the supply. In any parallel circuit, the sum of the currents in each branch, is equal to the supply current. The voltage across each component is identical. 

TEST CIRCUIT 
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STUDENTS INSTRUCTIONS 
Connect the circuit above on the prototype board. Set the power supply to 5V. Recordyour results in the spaces below. Measure and record the supply voltage, the voltageacross the resistors and the current flowing in each branch of the circuit (through eachresistor).Calculate the sum of the currents flowing through R1, R2, R3, R4, R5 and R6. Measure thetotal current supplied.Calculate the total resistance .Using Ohm's Law, and calculate all currents and all voltages.Confirm your calculations by measurement.

Results 
	
	Measurement 
	Calculate 

	Measured PSU 
	
	5 V 

	Total resistance 
	
	

	Voltage across  R1 
	
	

	Voltage across  R2 
	
	

	Voltage across  R3 
	
	

	Voltage across  R4 
	
	

	Voltage across  R5 
	
	

	Voltage across  R6 
	
	

	Current through R1 
	
	

	Current through R2 
	
	

	Current through R3 
	
	

	Current through R4 
	
	

	Current through R5 
	
	

	Current through R6 
	
	

	Total current 
	
	


EXERCISE 5 
Thermal Resistors 
EQUIPMENT REQUIRED 
Prototype board; avometer or two digital multimeters; Variable power supply; Resistors 47R; NTC and PTC 

THEORY 
Thermal resistors or thermistors are temperature-dependent resistors. They are made of semiconductor materials that are highly sensitive to changes in temperature. This property of thermistors has many important applications such as the measurement and control of temperature, for example in fire alarms.  Thermistors can have a negative or a positive temperature coefficient. So there are two types of device: the NTC and the PTC thermistor. Manufacturers also use these typical curves to indicate the dependency of a special NTC-device on the temperature. 

The resistance of an NTC can change through 

a) external heating or through 

b) self-heating. There is only a low current flow in the thermistor so that there is practically no heating. In this way the resistance is only influenced by the temperature outside the NTC. Therefore externally heated NTC’ s are commonly used as temperature detectors. There is a strong current flow in the NTC so that the device heats up. The final temperature depends on the cooling medium (air, water, oil, vacuum). So it is possible to use self-heating NTC’ s as detectors for the flow rate of gases and liquids and for the measuring of vacuums. 

TEST CIRCUIT  
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STUDENTS INSTRUCTIONS 
Connect the circuit above on the prototype board, using the 47R resistor and the NTC. Setthe power supply initially to zero volts. Then, following the table below, increase thevoltage in 0.5V steps - measure and record the current flowing through the NTC eachstep.Repeat the procedure for the PTC. Repeat the procedure for the lamp (6 V) .On a single graph (I= f(U), plot the results for all three resistors.

RESULTS

	Volts
	Current NTC 
	Current PTC 
	Current (lamp 6V) 

	0
	
	
	

	0.5
	
	
	

	1.0
	
	
	

	1.5
	
	
	

	2.0
	
	
	

	2.5
	
	
	

	3.0
	
	
	

	3.5
	
	
	

	4.0
	
	
	

	5.0
	
	
	

	6.0
	
	
	


EXERCISE 6 
Diodes 
EQUIPMENT REQUIRED 
Prototype board; avometer or two digital multimeters ; variable power supply; resistors 47R; Si-diode and Ge-diode 

THEORY 
A diode is a two-terminal semi-conductor. It has’ a positive pole, the anode, and a negative pole, the cathode. A diode can have a high or a low resistance depending on the polarity of the voltage supply. That means that a diode is a kind of one-way street: it permits the current to flow in only one direction. 

There are two ways in which a diode can operate: 

1) it can operate in the reverse-biased mode, 

2) 2) it can operate in the forward-biased mode. 

1) A diode has high resistance if the anode is more negative than the cathode 
Operating in reverse-biased mode, a diode has a high resistance. The reverse resistance 

(RR) can be higher than 10 MΏ. And although the diode blocks the current, there is still a minimal flow: the reverse current IR. Depending on the type of diode, the reverse voltage VR varies between 20 and 1500 volts. 

2) A diode conducts if the anode is more positive than the cathode. 
Operating in forward direction, the diode has only low resistance and so offers high conductance to the current (Ip). The voltage drop in the forward-biased direction (VR) depends on the intensity of the current (Ip) and the material of which the diode is made (germanium: UF = 0.3V or silicium: UF = 0.7V). 

TEST CIRCUIT
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STUDENTS INSTRUCTIONS 

1) A diode has high resistance if the anode is more negative than the  cathode. 
Connect the circuit above on the prototype board, using the 47R resistor and the Si-diode. Set the power supply initially to zero volts. Then, following the table below, increase the voltage in 0.1V steps - measure and record the current flowing through the diode each step. Repeat the procedure for the Ge-diode.

2) A diode conducts if the anode is more positive than the cathode. 
Connect the circuit above on the prototype board, using the 47 Ώ resistor and the Si-diode. Set the power supply initially to zero volts. Then, following the table below, increase the voltage in 1V steps - measure and record the current flowing through the diode each step. Repeat the procedure for the Ge-diode. 

On a single graph (I= f(U), plot the results for all diodes. 

RESULTS 1) A diode has high resistance if the anode is more negative than the cathode 

	Volts
	Current Si-diode 
	Current Ge-diode 

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	11
	
	

	12
	
	

	13
	
	

	14
	
	

	15
	
	


2) A diode conducts if the anode is more positive than the cathode. 
	Volts
	Current Si-diode
	Current Ge-diode

	0
	
	

	0. 1
	
	

	0. 15
	
	

	0. 2
	
	

	0. 2.5
	
	

	0. 3
	
	

	0. 4
	
	

	0. 5
	
	

	0. 6
	
	

	0.7
	
	


EXERCISE 7

Light-Emitting-Diodes 
EQUIPMENT REQUIRED 
Prototype board; avometer or two digital multimeters; variable power supply; resistors 47Ώ; light emitting diode (LED) green and red 

THEORY 
This type of diode gives off light when current flows through it in the right direction (called forward biasing). LEDs can only take a small current, usually 20mA maximum otherwise they will be damaged. For this reason they should always be used with a current limiting resistor. 

TEST CIRCUIT 
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STUDENTS INSTRUCTIONS 
Connect the circuit above on the prototype board, using the 47Ώ resistor and the red-LED. Set the power supply initially to zero volts. Then, following the table below, increase the voltage in 0.2V steps - measure and record the current flowing through the diode each step. 

Repeat the procedure for the green-LED. 

On a single graph I= f(U), plot the results for all diodes. 

RESULTS 
	Volts
	Current LED (green)
	Current LED (red)

	0
	
	

	0.2
	
	

	0.4
	
	

	0.6
	
	

	0.8
	
	

	1.0
	
	

	1.2
	
	

	1.4
	
	

	1.6
	
	

	1.8
	
	

	2.0
	
	

	2.2
	
	

	2.4
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