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Electronics and Computer Systems Engineering
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PRACTICAL ACTIVITIES
· OHM’S LAW

· BREADBOARD FAMILIARISATION

· AC EQUIPMENT FAMILIARISATION

· RESISTORS IN SERIES AND PARALLEL
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PRACTICAL RESISTORS
· VOLTAGE DIVIDERS
· PRACTICAL CAPACITORS

OHM’S LAW

TASK AIM

To measure and graph the voltage-current characteristics of resistors in an electric circuit.

RESOURCES

· Variable DC power supply

· Analogue and digital multimeter

· Connecting leads

· 1 x 560( and 1 x 1.2k(, 5%, 1/4W resistors

	MEASUREMENTS  
 

	

	1. 
	Adjust the variable DC power supply to about 2V, then switch OFF the power supply.



	2. 
	Identify the two resistors:

560 (, 5%   (colour code:  green-blue-brown-gold)

1.2k (, 5%  (colour code:  brown-red-red-gold)



	3. 
	Prepare the digital  multimeter for voltage measurement, and the analogue multimeter for current measurement, as follows:

Digital multimeter feature:

Setting or connection:

Range switch

DCV, 20V

Black lead

- COM

Red lead

+

Analogue multimeter feature:

Setting or connection:

Range switch

DCmA, 30mA

Black lead

- COM

Red lead

+



	4. 
	Construct the circuit of Figure 1, using your selected 560( resistor as the “Resistor under test”.
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Figure 1



	5. 
	Switch the power supply ON, adjust the measured voltage across the resistor to 2.00V, and record the corresponding measured current through the resistor in the shaded region of Table 1.  Select the most appropriate ranges on the meters.



	6. 
	Adjust the measured voltage across the resistor to each other value listed in Table 1, and record each corresponding value of measured current through the resistor.



	7. 
	Plot the voltage and current values on the grid of Figure 2, and join the points with a smooth line-of-best-fit.  Label your line as ‘560( resistor’.



	8. 
	Replace the 560( resistor with the 1.2k( resistor.



	9. 
	Adjust the power supply voltage to obtain each value of current listed in Table 1, and record each corresponding voltage in the shaded region of the table.


	10. 
	Plot the voltage and current values on the grid of Figure 2, join the points with a smooth line-of-best-fit, and label the line as ‘1.2k( resistor’.




	EXPECTED VALUES  
  

	1. 
	Use Ohm’s law to calculate the values of voltage or current that you would expect to find in the shaded regions of Table 1.  

560( calculations

1.2k( calculations


	


	RESULTS  
  

	

	Resistor value

Measured

voltage across
 the resistor

(V)

Measured

current through
the resistor

(mA)

Expected

current or

voltage
(in shaded areas)

Coded value

560(.

Measured value

……….(
2.00

4.00

6.00

8.00

10.0

Coded value

1.2k(.

Measured value

……….(
2.00

4.00

6.00

8.00

10.00



	Table 1:  Resistor voltage and current values
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	Figure 2:  Graphs of resistor voltage and current


BREADBOARD FAMILIARISATION

TASK AIMS

· To use the continuity tester to determine the electrical continuity (short-circuit condition) or dis-continuity (open-circuit condition) between any two points in a circuit.

· To determine the pattern of interconnections between the mounting holes on a typical breadboard (circuit assembly board).

RESOURCES

· Continuity tester Breadboard

· Wire links

· Clip leads

TYPICAL 300-HOLE BREADBOARD (with power-supply buses)

Figure 1
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PROCEDURE

	Breadboard interconnections



	1. 
	The plastic breadboard is covered with an array of holes, most of which can be located by their row (A to J) and column (1 to 64) markings.

Below each hole are metal contacts that connect electrically to any wire or component lead that is pushed into the hole.   These metal contacts are connected together in groups, enabling several wires to be electrically connected by pushing them into the holes from one group.  

Inset a wire link into hole A1, and another wire link into hole A2.  Use the multimeter on continuity range to determine if there is an electrical connection (short-circuit) between these two holes.  Record your findings in Table 1. Repeat this exercise with measurements listed in Table 1, recording your results in Table 1.



	2. 
	Draw the interconnections on figure 2.

	Hole locations
	Continuity?  (yes/no)

	A1 to A2
	

	A1 to B1
	

	A1 to C1
	

	A1 to E1
	

	A1 to F1
	

	C10 toC30
	

	F5 to G5
	

	B1 to B5
	

	A15 to C15
	


RESULTS

Table 1:  
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Figure 2

AC EQUIPMENT FAMILIARISATION

TASK AIMS

· To use the Cathode-Ray Oscilloscope (CRO) to measure the DC voltage from a power supply, and examine the AC voltage waveform from an audio-frequency signal generator. 

RESOURCES

· Laboratory bench with typical test equipment, including:

· Dual-channel Cathode-Ray Oscilloscope 
· Audio Signal Generator

· Analogue and digital multimeters

· Variable DC power supply

	MEASUREMENTS 
DC voltage measurement with the CRO 

	

	In this part of the procedure you will compare DC voltage measurements made with a multimeter to those made with the CRO.


	1. 
	Switch ON the CRO, and adjust the controls to the settings listed in the table below.  
                     VERTICAL

                 HORIZONTAL

Control

Setting

Control

Setting

POS-CH1 
centre

POS
centre

VERTICAL MODE [1]
CH1

VARIABLE SWEEP[4]
cal
VOLTS / DIV-CH1 [2]
5V

TIME / DIV [5]
0.5ms

VAR-CH1 

Turn fully clockwise
CAL

input coupling-CH1 [3]
GND

POSITION-CH2 

centre

TRIGGER

VOLTS / DIV-CH2 
5V

TRIG LEVEL [6]
centre

VAR-CH2 

Turn fully clockwise
CAL

COUPLING [6]
AUTO

input coupling-CH2 


GND

SOURCE [6]
CH1
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	2. 
	Adjust the VERTICAL POSITION control to position the line half-way up the screen (this position on the screen now represents 0V for CH1).



	3. 
	Set the Variable DC Power Supply output voltage to 12.0V (use the digital multimeter).



	4. 
	Connect the CH1 leads of the CRO to the DC Power Supply output terminals, with the ground lead (black) of CH1 to the negative output terminal, and the active lead (red) of CH1 to the positive output terminal.



	5. 
	While observing the CH1 display on the CRO screen, switch the CH1 input coupling from GND to DC.  The CH1 display should be displaced vertically by an amount proportional to the DC input voltage. 


	6. 
	Record the number of DIVisions of vertical displacement, and the CH1 VOLTS/DIV setting, in Table 2-1. 

Calculate the power supply output voltage (Vs) as shown below, and record the value in Table 2-1:

Vs = (DIVisions of vertical displacement) x (VOLTS/DIV)

     = (………….  x  ………….)  =  ………...V



	7. 
	Disconnect the CH1 leads from the DC Power Supply output terminals, and re-connect them with the opposite polarity 



	8. 
	Record the number of DIVisions of vertical displacement, and the CH1 VOLTS/DIV setting, in Table 2-1. 

Calculate the power supply voltage (Vs) as shown below, and record the value in Table 2-1:

Vs = (DIVisions of vertical displacement) x (VOLTS/DIV)

     = (………….  x  ………….)  =  ………...V




	RESULTS 
 DC voltage measurement with the CRO


	Multimeter
	CRO

	Power Supply output voltage
	CH1 vertical
displacement

(DIVisions)
	CH1 VOLTS/DIV


	Power Supply output voltage

	12.0V
	
	
	

	-12.0V
	
	
	


Table 2-1:  DC voltage measurements using multimeter and CRO

	MEASUREMENTS 
AC voltage measurement with the CRO

	AC Measurements with the CRO



	1. 
	Adjust the Audio Generator to produce a 1kHz  sinewave, with the attenuator set to 0dB, and the amplitude control to max (fully clockwise).



	2. 
	Switch the input coupling of CH1 to GND, and position the display half-way up the screen.  Switch the VERTICAL MODE to CH1. 



	3. 
	Connect the CH1 leads to the Audio Generator output terminals, and switch the input coupling of CH1 to AC.



	4. 
	Adjust the vertical and horizontal controls of the CRO to maximise measurement accuracy over at least one complete cycle of this waveform, and record the measured peak-to-peak (pp) amplitude, and period, of the waveform in
Table 3-2.



	9. 
	Adjust the Audio Signal Generator to each frequency listed in Table 3-2, and record the resulting peak-to-peak amplitude and period of the waveform. For each measurement, adjust the CRO controls to maximise measurement accuracy, and record all information in Table 3-2. 




	RESULTS 
AC voltage measurement with the CRO


	Frequency
	CRO

Channel
	Vertical measurements


	Horizontal measurements

	
	
	DIV’s

(pp)
	VOLTS

/DIV
	Amplitude

 (pp) 
	DIV’s


	TIME

/DIV
	Period



	1kHz
	CH1
	
	
	
	
	
	

	2kHz
	CH1
	
	
	
	
	
	

	4kHz
	CH1
	
	
	
	
	
	


Table 3-2

 RESISTORS in SERIES and PARALLEL

TASK AIMS

· To measure the total resistance of two series-connected resistors 

· To verify, by measurement, that series-connected components share a common current

· To verify, by measurement, that the sum of the voltages across series-connected components equals the supply voltage (Kirchhoff’s voltage law) 


· To measure the total resistance of two parallel-connected resistors 

· To verify, by measurement, that parallel-connected components share a common voltage

· To verify, by measurement, that the sum of the currents through parallel-connected components equals the supply current (Kirchhoff’s current law)


RESOURCES

· Variable DC power supply

· Analogue and digital multi-meters
· 2k7 and 5k6 1/4W resistors
· Breadboard and connecting wires

	MEASUREMENTS 
Two resistors in series

	

	1. 
	Select the resistors required in Figure 1-1, measure their resistance values (use the digital multimeter), and record these values in Table 1.



	2. 
	Construct the circuit of Figure 1-1, using a layout similar to that of Figure 1-2, initially without the power supply connected. Measure the total resistance (RT) between points a and C. Record the measured value in Table 1-1.
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	3. 
	Connect the power supply to the circuit, and adjust the power supply voltage (Vs, or VAC) to be as close as possible to 10.0V.  Record the measured value in Table 1-1.

	4. 
	Measure and record the voltage across R1 (VAB) and the voltage across R2 (VBC).



	5. 
	Measure and record the current flowing through R1 (measure this at one end or the other of R1 - e.g. at point A in the circuit, or at point B in the circuit).



	6. 
	Measure and record the current flowing through R2 (measure this at one end or the other of R2 - e.g. at point B in the circuit, or at point C in the circuit).



	7. 
	Measure and record the total current (IT) flowing from the power supply to the series circuit (measure this at one end or the other of the power supply - e.g. at point A in the circuit, or at point C in the circuit).



	RESULTS - 1
Two resistors in series

	Item:

Measured

Value

Expected

value

R1

5.6 k(
R2

2.7 k(
RT
VS    (VAC)

10.0 V

VR1 (VAB)

VR2 (VBC)

IR1 (IA or IB)
IR2 (IB or IC)
IT  (IA or IC)

Table 1-1:  Two resistors in series 




	MEASUREMENTS 
Two resistors in parallel

	1. 
	Construct the circuit of Figure 2-1, using a layout similar to that of Figure 2-2, initially without the power supply connected. Measure the total resistance (RT) between points A and D. Record the measured value in Table 2-1.
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	2. 
	Connect the power supply to the circuit, and adjust the power supply voltage (Vs or VAD) to be as close as possible to 10.0V.  Record the measured value in Table 2-1.



	3. 
	Measure and record the voltage across R1 (VBD),  and the voltage across R2 (VCD).



	4. 
	Measure and record the current through R1 (measure this at point B in the circuit) and the current through R2 (measure this at point C in the circuit).



	5. 
	Measure and record the total current (IT) flowing from the power supply to the parallel circuit (measure at point A or point D). 



	Item:

Measured

Value

Expected

value

R1

5.6 k(
R2

2.7 k(
RT
VS  (VAD)

10.0 V

VR1 (VBD)

VR2 (VCD)

IR1  (IB)

IR2  (IC)
IT (IA or ID)



	Table 2-1:  Two resistors in parallel 




PRACTICAL RESISTORS

TASK AIMS

· To measure the resistance values of several practical resistors, and to compare those measured values with the colour-codes on the resistors

· To observe the effects of physical size on the power handling capacity (rating) of practical resistors

RESOURCES

· Variable DC power supply (eg R-1 with plug-pack).

· Analogue and digital multi-meters

· Breadboard and connecting wires

· Component pack (containing 1/4W resistors)

· 1 x 270(, 5W(or greater), resistor 

· Text book and lecture notes

	MEASUREMENTS 
Resistance values

	

	1. 
	Use the colour-code charts, to determine the colour-codes for the resistors listed in Table 1-1.  Record these colour-codes in the table.



	2. 
	Select the resistors listed in Table 1-1 and plug them into your breadboard to physically support them during measurement. 



	3. 
	Prepare the digital multimeter for resistance measurement:

Digital multimeter feature:

Setting or connection:

Range switch

(, 200(
Black lead

COM

Red lead

V/(

	

	4. 
	Use clip-leads to connect the digital multimeter to each of the resistors in turn, and record the measured resistance values in Table 1-1.




	RESULTS - 1
Resistance values

	

	Coded

value

Colour

code

Measured

Value

Digital

Percentage

difference

Within

tolerance?

(yes/no)?

47Ω

100Ω

3.9 kΩ

68 kΩ

Table 1-1:  Resistance measurements





[image: image6.wmf]100

(%)

x

value

coded

value

coded

value

measured

difference

percentage

ú

û

ù

ê

ë

é

-

=



VOLTAGE DIVIDERS

TASK AIMS

· To determine the voltage divider resistance value required in a series resistor -Light Emitting Diode circuit 
RESOURCES

· Variable DC power supply (eg R-1 with plug-pack).

· Analogue and digital multi-meters

· Breadboard and connecting wires

· Red Light Emitting Diode
	MEASUREMENTS 
Resistor and LED in series

	

	1. 
	A Light Emitting Diode (LED) will safely operate at a voltage typically of 2.0V DC. Connecting a voltage greater than this across the diode will cause it to go faulty.

This requires a resistor to be placed in series with the diode to divide the supply voltage between the resistor and the LED.

To calculate the resistance of the resistor a few parameters of the LED must be known. These are the forward voltage and the forward current.  From the diode data sheet find Vf and If for a standard red LED and record them in table 1.



	2. 
	Value

Vs

5.00V

Vf

If

Table 1
	

	3. 
	To calculate the value of the resistor R1, first determine the voltage across R1. 

Use the formula below to determine VR1.

VR1 = Vs – Vf

To determine the value of the resistor R1 use Ohms Law:
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	4. 
	Construct the circuit of Figure 2-1, using a layout similar to that of Figure 2-2. Use a resistor of a value close to the one calculated for R1.
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	5. 
	The LED is polarised so take care to insert it the correct way. Refer to the figures above.



	6. 
	Constructed correctly the LED should illuminate. The LED is forward biased when connected this way.



	7. 
	Turn the power supply off and reverse the LED.  What happens when you reverse bias the LED?



	8. 
	Repeat the exercise with a supply voltage (Vs) of 12.0V.

Diode Data Sheet



	
	Type
Colour
IF
max.
VF
typ.
VF
max.
VR
max.
Luminous
intensity
Viewing
angle
Wavelength
Standard

Red
30mA
1.7V
2.1V

5V

5mcd @ 10mA

60°

660nm

Standard

Bright red
30mA
2.0V
2.5V

5V

80mcd @ 10mA

60°

625nm

Standard

Yellow
30mA
2.1V
2.5V

5V

32mcd @ 10mA

60°

590nm

Standard

Green
25mA
2.2V
2.5V

5V

32mcd @ 10mA

60°

565nm

High intensity

Blue
30mA
4.5V
5.5V

5V

60mcd @ 20mA

50°

430nm



	
	http://www.kpsec.freeuk.com/components/led.htm

Useful Internet sites 

http://www.theledlight.com/technical1.html
http://en.wikipedia.org/wiki/LED
http://www.kpsec.freeuk.com/components/led.htm

	


PRACTICAL CAPACITORS

TASK AIMS

· To measure the capacitance value of a typical capacitor
RESOURCES

· Variable DC power supply (eg R-1 with plug-pack).

· Analogue and digital multi-meters

· Breadboard and connecting wires

·  470(F, 25V(min) electrolytic capacitors

CAPACITANCE MEASUREMENT

	MEASUREMENTS 
Indirect measurement

	1. 
	Adjust your DC power supply to 22.0V, then switch the power supply OFF.



	2. 
	Connect the capacitor charging circuit of Figure 2-1, initially with SW1 open.  Note that SW1 could be a SPST switch, or simply the connection (banana plug or clip lead) to the positive terminal of the DC power supply.


	
	Figure 2-1

Capacitor charging

circuit
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	3. 
	Set the analogue multimeters to the 10(A DC range, and the digital multimeter to the 2V DC range.



	4. 
	Connect a clip lead across capacitor C1, to prevent it from charging, and close switch SW1.  Adjust Vs until the circuit current is 10.0(A. Open switch SW1, and remove the clip lead from capacitor C1.



	5. 
	At a convenient start time, close switch SW1.  The capacitor voltage should initially be 0.00V (but beginning to rise), and the charging current should be 10.0(A. 



	6. 
	After 30s, record the capacitor voltage and the charging current in Table 2-1. 

	7. 
	Switch SW1 OFF, and discharge the capacitor by connecting a 100( resistor across it for a few seconds 



	8. 
	Repeat the 30s charge another two times, recording the voltages and currents in table 1.  Average these readings and record them.



	9. 
	Capacitor voltage

Capacitor Current

Reading 1

Reading 2

Reading 3

Average value

Table 1




	EXPECTED VALUES 
Indirect measurement

	1. 
	Determine the measured capacitance value using the following method:
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	Q  is the charge on the capacitor plates

I  is the average current flowing into the capacitor

t  is the length of time the current flows (30s)

V  is the average rise in capacitor voltage 
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