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· The output signal from a sensor usually does not have the suitable characteristics for displaying, recording, transmission, or processing.
· Common issues with the sensor output signal:
· Low amplitude
· Contains noise 
· Not in the voltage or current form to be directly interpreted by electronics systems
· In analog form, the signal cannot be recorded or processed by digital systems
· Signal conditioning: the processing of the sensor signal to adapt the signal to the requirements of the next stage in a measurement system.
· Signal conditioner: the interfacing circuit between the sensor and the data recording or processing system that performs the necessary signal adaptation. 
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In this experiment, we will learn how to use a bridge amplifier to measure the change of resistance in the photo-resistor (LDR1). Figures 2.1 to 2.3 shows a typical example of a bridge  amplifier, in which the resistance a photo-resistor (LDR1) can be determined from the output voltage (VOUT) through the relationship of the known parameters in the circuit.
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Fig. 2.1 – Wheatstone Bridge

[image: image2.png]



Fig. 2.2 – Wheatstone Bridge Amplifier 
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Fig. 2.3 – Voltage Measurement of Photo-Resistor (LDR1) through the Bridge Amplifier at OUT8
1.
Power on the ME3200 Electronic Instrumentation Kit by supplying +9 V and +5 V from the power supply unit to test points TP1 and TP2, respectively. Ensure that both current limits are set to 1.0 A.
2,
Connect test point OUT2 (TP10) to test point IN5 (TP22) with a resistor jumper, and connect test point OUT4 (TP12) to test point IN6 (TP23) with a jumper cable. Both connections are shown in Fig. 2.3.

3.
Adjust the potentiometer (VR1) knob to the fully clockwise position. The white LED (D10) will light up in full brightness.

4.
Set the digital multimeter to voltage mode. Measure and record the voltage at test point OUT8 (TP25). The voltage reading should be near to 0 V.

5.
Slowly adjust the potentiometer (VR1) knob in the counter-clockwise direction until the voltage reading at test point OUT8 (TP25) increases to 0.5 V.

6.
Remove both wire connections from test point OUT2 (TP10) to test point IN5 (TP22) and test point OUT4 (TP12) to test point IN6 (TP23).

7.
Set the digital multimeter to the resistance measurement mode. Measure and record the resistance across the photo-resistor (LDR1).

8.
Calculate the output voltage VOUT using the formula in Figure 2.2. Given that R11, R12, and R13 are 10 kΩ, R14 and R15 are 100 kΩ, and Vref is 5 V.
9.
Compare the calculated output voltage VOUT from the measured voltage reading in step 5. Comment on their differences.

10.
Repeat the same procedures (steps 5 to 9) for 1.0 V, 1.5 V, 2.0 V, 2.5 V, and 3.0 V.

11.
Comment on the accuracy of measurements when the output voltage VOUT increases.


In this experiment, we will learn how to use the bridge amplifier together with the voltage comparator to detect a luminance threshold by triggering a relay circuit.

1. Power on the ME3200 Electronic Instrumentation Kit by supplying +9 V and +5 V from the power supply unit to test points TP1 and TP2, respectively. Ensure both current limits are set to 1.0 A.
2. Repeat the same procedures (step 3 to step 5) in Section 2.1 to obtain the output voltage VOUT equal to 2.5 V at test point OUT8 (TP25).

3. Connect test point OUT8 (TP25) to test point IN9 (TP38), as shown in Fig. 2.4



Fig. 2.4 - Circuit Connections for the Light Dependent Resistor Test with a Relay Circuit.

4. Adjust the potentiometer (VR3) knob to the fully clockwise position.

5. Set the digital multimeter to the voltage measurement mode. Measure the voltage at test point OUT10 (TP41). The voltage at OUT10 (TP41) should be near to 0 V.

6. Slowly adjust the potentiometer (VR3) knob in counter-clockwise direction until a sudden change of voltage reading at test point OUT10 (TP41) from 0 V to 5 V. It is recommended to repeat this step to confirm the accurate position of the potentiometer (VR3) knob.

7. Observe the LED status at D8 and D9. The LED (D8) indicates the Normally Opened condition of the Relay (RL1), while the LED (D9) indicates the Normally Closed condition. The LED (D9) should be always ON when there is no voltage supply to test point IN10 (TP43).

8. Connect test point OUT10 (TP41) to IN10 (TP43). The LED (D8) will immediately turn ON, and the LED (D9) turns OFF. This is because the Relay (RL1) is triggered due to appearance of the 5 V voltage source at test point IN10 (TP43) that originates from the voltage comparator output.

9. Slowly adjust the potentiometer (VR1) knob forward and backward from the current set position in either the clockwise or the counter-clockwise direction. It could be observed that the LED at D8 and D9 toggle between each other.


1. 
The Light Dependent Resistor Test will be carried out using four modules on the ME3200 Electronic Instrumentation Kit. These modules are the Light Dependent Resistor, the Bridge Current Amplifier, the Voltage Comparator, and the Buzzer Circuit. 
2. 
Maintain the same connections between the ME3200 Electronic Instrumentation Kit and power supply as prepared in Section 2.1.
3. 
Connect the Light Dependent Resistor, the Bridge Current Amplifier, the Voltage Comparator, and the Buzzer Circuit as shown in Figure 2.5.
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Fig. 2.5 - Circuit Connections for the Light Dependent Resistor Test with a Buzzer Circuit.
.
4. 
See Table 1 to verify your connections.
Table 1 – Circuit Connections for Light Dependent Resistor Test
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OUT2 terminal, TP10 of the Light Dependent Resistor | IN5 terminal, TP22 of the Bridge Current Amplifier

OUT4 terminal, TP12 of the Light Dependent Resistor | ING terminal, TP23 of the Bridge Current Amplifier

OUTS terminal, TP25 of the Bridge Current Amplifier | IO terminal, TP38 of the Voltage Comparator

OUT10 terminal, TP41 of the Voltage Comparator IN11 terminal, TP47 of the Buzzer Circuit





5. 
Turn on the ME3200 Electronic Instrumentation Kit by enable the power supply output.

6. 
The red LED D9 on the Relay Circuit will be turned on if the connections are correct.

7. 
Turn the variable resistor VR1 in order to adjust the brightness of the white LED D10 (the clockwise direction to increase and the counter-clockwise direction to decrease). The resistance of the light dependent resistor, LDR1 will be varied according to the intensity of light that strikes on it.

8. 
Measure the voltage at terminal TP24 on the bridge current amplifier. This is the non-inverting input voltage of the bridge current amplifier. The measured voltage should in the range of 2.55 V (when D10 is Off) to 2.48 V (when D10 is On).

9. 
Next, test the functionality of the buzzer circuit by adjusting the variable resistor VR1. Fully turn the VR1 in the clockwise direction in order to set the brightness of the white LED D10 to maximum.

10. 
The buzzer is turned off when the brightness of LED D10 is set to maximum. Slowly reduce the brightness of the LED until it is turned off. When the brightness of the LED is reduced to a certain level, the buzzer circuit will be turned on and you should be able to hear a long beep produced by the buzzer.

12. 
This test can be considered successful if the results as discussed in previous steps can be obtained. Verify your connections if you fail to obtain the desired results.

13. 
Turn off the ME3200 Electronic Instrumentation Kit by disabling the power supply output.

In this experiment, we will learn how to use a non-inverting gain amplifier to amplify the analog output signal from a centigrade temperature sensor (Fig. 2.6). The temperature sensor LM35 used in the ME3200 Electronic Instrumentation Kit has full-scale temperature sensitivity from 0 to 100°C and a resolution , of 10 mV per degree Celsius. In other words, the analog output voltage ranges from 0 to 1 V for temperatures between 0 and 100°C. To digitize the analog output signal using an 8-bit analog-to-digital converter with 0 to 5 V input resolution, the analog output voltage from the temperature sensor LM35 must first be scaled to five times larger than the original magnitude.
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Fig. 2.6 - Circuit Connections for the Centigrade Temperature Sensor Test

1. Connect both jumpers J1 and J2 to positions 2 and 3 to disable the Fan and the Heater.
2. Turn on the power supply unit. Set the power supply output voltage to +9 V and the current limit to 1.0 A.
3. Connect the +9V terminal of the power supply output to test points TP1 and GND to TP3 of the ME3200 Electronic Instrumentation Kit. Refer to Figure 8 for the connection diagram.
4. Set the other output voltage channel to +1 V and the current limit to 1.0 A.
5. Connect the +1V terminal of the power supply output to test points IN7 (TP28) and GND (TP29) of the ME3200 Electronic Instrumentation Kit. Refer to Figure 2.7 for the connection diagram.
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Fig. 2.7 - Non-inverting Gain Amplifier Connection

6. Adjust the potentiometer (VR2) knob to the fully clockwise position so that VR2 becomes 0 Ω, and hence, the gain factor of the amplifier becomes unity.
7. Set the digital multimeter to the voltage measurement mode. Measure the voltage at test point OUT9 (TP31). The voltage should be equal to the input voltage at IN7 (TP28), which is 1 V.
8. Slowly adjust the potentiometer (VR2) knob in counter-clockwise direction until the voltage reading at test point OUT9 (TP31) becomes 5 V. Measure the resistance of VR2 through TP27 and TP30. It should be approximately 40 kΩ.
9. Disconnect the (+) and (–) terminals of the power supply output from test point IN7 (TP28) and GND (TP29).
10. Set the voltage of the +1 V supply to +5 V and the current limit to 1.0 A.
11. Connect the (+) and (–) terminals of the +5 V power supply output to test points TP2 and TP3.
12. Connect both jumpers J1 and J2 to positions 2 and 3 to disable the Fan and the Heater.
13. Connect test point OUT5 (TP15) to test point IN7 (TP28), and test point OUT9 (TP31) to test point IN8 (TP33).

14. Connect the jumper J28 to positions 2 and 3 to enable the auto sampling mode.

15. Connect the jumper J2 to positions 1 and 2 to enable the Heater.
16. The analog output voltage from the temperature sensor LM35 is now amplified and converted to the 8-bit binary format displayed on the LEDs (D0 to D7).

17. Which LED indicates the Least Significant Bit (LSB) and the Most Significant Bit (MSB)?
18. The temperature of the Heater will keep rising and eventually saturate at a maximum level. Find its binary value and convert it to Celsius.
19. Connect the jumper J1 to the positions 1 and 2 to enable the Fan.
20. What is the temperature difference between the maximum saturated temperature with and without the Fan enabled?


In this experiment, we will extend the application of the temperature sensor LM35 to form a temperature alarm system by combining the temperature sensor with the voltage comparator and the sound buzzer (Fig. 2.8). In order to improve the sensitivity of the voltage comparator, and also to maintain the digital display of the temperature reading, the analog output voltage from the temperature sensor must first be amplified five times before it is input to the voltage comparator. The voltage comparator will trigger the buzzer circuit once the sensing temperature exceeds the preset temperature threshold.

1. Repeat the same procedure (step 1 to step 14) in Section 2.4 to set up the digital temperature sensor.

Fig. 2.7 – Temperature Alarm System
2. Disconnect the (+) and (com) terminals of the +9 V power supply output from test points TP1 and TP3.
3. Set the voltage of the +9 V supply to +3 V and the current limit to 1.0 A.
4. Connect the (+) and (com) terminals of the +3 V power supply output to test points IN9 (TP38) and GND (TP39).
5. Adjust the potentiometer (VR3) knob to the fully clockwise position.
6. Set the digital multimeter to the voltage measurement mode. Measure the voltage at test point OUT10 (TP41). The voltage at OUT10 (TP41) should be near to 0 V.
7. Slowly adjust the potentiometer (VR3) knob in the counter-clockwise direction until a sudden change of voltage reading at test point OUT10 (TP41) from 0 V to 5 V. It is recommended to repeat this step to confirm the accurate position of the potentiometer (VR3) knob.
8. Connect test point OUT10 (TP41) to IN11 (TP47). The buzzer will sound immediately.
9. Disconnect the (+) and (com) terminals of the +3 V power supply output from test points IN9 (TP38) and GND (TP39).
10. Connect the (+) and (com) terminals of the +9 V power supply output to test points TP1 and TP3.
11. Connect test point IN8 (TP33) to test point IN9 (TP38).

12. Connect the jumper J2 to the positions 1 and 2 to enable the Heater.
13. Observe the temperature reading from the LEDs (D0 to D7). The buzzer will trigger once the temperature reaches a limit. Find its binary value and convert it to Celsius.

Hint: 
You may connect jumper J1 to positions 1 and 2 to enable the Fan to cool the temperature sensor and to deactivate the buzzer.


3.1
Draw the electronic schematic of the voltage comparator circuit in the “Light Detection Circuit with a Voltage Comparator” experiment.
3.2
Draw the electronic schematic of the buzzer circuit in the “Light Detection Circuit with a Buzzer Circuit” experiment.
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