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	Introduction

This laboratory deals with sensing and detection. For the project, magnetic field sensing and light sensing are essential for sensing the track and the environment.

Magnetic field sensors convert magnetic signals into electrical signals, which can tell whether your car is near a magnet or not. Similarly, light sensing converts light signals to electrical signals, which provides a way to identify if there is object or light source close to your car. 


	Objective
By completing this laboratory, you should know:

1. the principles of digital and analog sensing;
2. the electrical properties of a reed switch;
3. the electrical properties of a light-dependent resistor (LDR);
4. how to construct a simple magnetic detector;
5. how to construct a simple light detector using comparators.


	You are reminded to prepare your own lab sheets beforehand. No sample lab sheet will be given from now on and you are not allowed to start without a properly prepared lab sheet.


	Please read the lab manual thoroughly before attending the lab!




1. Sensing
Sensing  is  the process of  converting  a  particular physical  property  to  a  signal  suitable  for measurement or for further action. A device that performs sensing is called a sensor. Sensors could be digital or analog, depending on whether the outputs of the sensors are digital or analog (note that digital signals are discrete and analog signals are continuous). In this section, you will learn the basics of digital and analog sensing circuits.
Digital Sensing Example: Magnetic Field Sensing
Our goal in this subsection is to learn magnetic field sensing which is to sense whether there is a magnet nearby. But before that, let us learn the general principle of digital sensing by building a simple yet very smart digital sensor. This sensor consists of a switch controlled by you who act according to the desired physical property. For example, you may close or open the switch when the temperature is too high or too low. In the following experiment, you will construct such a simple switch sensor.


	Experiment I – Digital Sensing Principle

You are given: 
1. a DC power supply
2. a multimeter
3. a switch
4. CUHK ENGG 1100 Lab Board (the Lab Board)

Procedures:
1. Locate the sensing circuit in the Lab Board.
2. Connect a switch between test points TP12 and TP13 as shown in 
3. Figure 1.
4. Consider TP12 as the output of the sensing circuit. Measure the output voltage  at TP12 when the switch is on and off, respectively.

Question:
What is the use of resistor R13 in the circuit? Can it be removed without affecting the sensing process?


[bookmark: _Ref372719568] (
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)
)
Figure 1 Digital sensing principle

	


[bookmark: _GoBack]Let us turn our attention to the reed switch which can tell whether there is a magnet nearby. Figure 2 shows a real reed switch and its electronic symbol. A reed switch consists of two contacts which are closed when a magnetic field is present and are opened when there is no magnetic field. In the next experiment, you will build a magnetic field sensing circuit using a reed switch.

[image: E:\Dropbox\my ENGG1100\lab manual revision\Reed_switch_(aka).jpg]                
(a) A real reed switch                           (b) Electronic symbol of a reed switch
[bookmark: _Ref372719756]Figure 2 Reed switch (A courtesy of André Karwath)
  
	
Experiment II – Magnetic Field Sensing

You are given: 
1. a DC power supply
2. a multi-meter
3. a reed switch
4. a magnetic stripe
5. an LED
6. CUHK ENGG 1100 Lab Board (the Lab Board)

Procedures:
1. Locate the sensing circuit in the Lab Board.
2. Connect a reed switch between test points TP12 and TP13 as shown in Figure 3.
3. Consider TP12 as the output of this sensing circuit. Measure the output voltage  at TP12 when a magnet is near or far away from the reed switch.

Question:
What does the output   represent?

 (
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[bookmark: _Ref372645734]Figure 3 Magnetic Field Sensing

	
Remark:
You may recognize the similarity between the simple sensing circuit in 
Figure 1 and the magnetic field sensing circuit in Figure 3. When you use other sensor in the future, you may just build the sensing circuit by replacing the reed switch with the sensor you will use.

	





Analog Sensing Example: Light Sensing
We will deal with a specific kind of analog sensing — light sensing. The sensor we use is a light-dependent resistor (LDR). An LDR is a resistor whose resistance depends on the amount of light it receives. Let’s see how LDRs look like:

             [image: ]	
(a) LDRs in different sizes                                 (b) Electronic symbol of an LDR
Figure 4 Light-dependent resistor (LDR)
(A courtesy of www.radsanelektronik.com.tr/)

We will study how the resistance of an LDR changes with the light intensity. 

	Experiment III - LDR Conductivity Test

You are given: 
1. a DC power supply 
2. a multi-meter
3. an LDR
4. CUHK ENGG 1100 Lab Board (the Lab Board)





	Procedures:
1. Construct the circuit in Figure 5 by connecting an LDR between the test points TP12 and TP13.
2. Measure the voltage  across the LDR under the following three conditions:
a. No light (cover the LDR with your hand)
b. Normal lighting (do nothing)
c. Strong light (shine some light on the LDR by an LED connected between TP14 and TP15)
3. From the measured voltages, calculate the corresponding resistance values of the LDR. What conclusion can you draw from this result?

Question:
What is the use of the resistor R13 in the circuit?


 (
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)
[bookmark: _Ref372642233]Figure 5 Test circuit for LDR






2. Comparator 
In the last section, you have learnt that the LDR resistance changes with the light intensity and the voltage across the LDR may change with the light intensity. However, we usually need to make decision on whether the light intensity is strong or weak. This means that we need to convert analog sensing to digital sensing. This can be accomplished by a circuit called the comparator. A comparator is usually constructed using an operational amplifier[footnoteRef:1]. [1:  Operational amplifiers are a class of widely used electronic components (usually an IC) that provide many different applications, and comparator is simply one of them.] 



Figure 6 A comparator (or an Operational Amplifier)

The comparator outputs a high voltage (i.e. ) when  is greater than , and a low voltage (i.e. ) when   is greater than That is

Therefore a comparator can be used as a threshold device. We fix  at a certain voltage while letting  vary. The resulting  will thus equal  whenever  is higher than , as illustrated in the following figure.



Figure 7 Waveform of a comparator used as a threshold device




	Experiment IV - Comparator

You are given:
1. a DC power supply
2. a signal generator
3. an oscilloscope
4. a multi-meter
5. CUHK ENGG 1100 Lab Board (the Lab Board) 
Procedures:
1. Connect the signal generator to the Lab Board. Configure the signal generator to output a sine wave with frequency 1KHz, amplitude 2.4V, and offset 2.5V. 
2. Construct the circuit as shown in Figure 8 by applying to TP17 the sine wave from the signal generator.
3. Turn on the power supply.
4. Observe by the oscilloscope the waveforms at TP17 and TP18. Adjust the trimmer pot VR1 to change the voltage , and observe the change in the waveform at TP18.
5. Change the frequency of the sine wave to 1Hz. 
6. Adjust the trimmer pot, measure the voltage  at TP16, and observe the change in the duration of the LED D6 being on.
7. Make sure you understand the relationship between  and the LED duration.
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)
[bookmark: _Ref372204309]
[bookmark: _Ref372723663]Figure 8 Test circuit of the comparator






3. Light detection 
By combining the LDR and the comparator, we can build a light detection circuit that can distinguish strong light and no light conditions.
	Experiment V - Light detection circuit using comparator

You are given:
1. a DC power supply
2. a multi-meter
3. an LDR
4. an LED
5. CUHK ENGG 1100 Lab Board (the Lab Board) 

Procedures:
1. Construct the circuit in Figure 9 by connecting an LDR between TP12 and TP13 and by connecting TP12 and TP17.
2. Measure the voltage  at TP16.
3. Based on your measurement in Experiment III, adjust the trimmer pot VR1 so that  is about the average of  at strong light and no light condition.
4. Adjust the trimmer pot VR1 so that the LED D6 is off when strong light is shone on the LDR, and is turned on for otherwise.

Tips: You can connect an LED to the LED Torch port on the Lab Board so that you can produce strong light.


 (
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)
[bookmark: _Ref372204360]Figure 9 Light detection circuit

	





4. Building a Light Detection Circuit on Breadboard
In this section, you are asked to build the light detection circuit on the breadboard for familiarizing yourself with the circuit. Please finish the mid-term test run before you proceed to the experiment VI.
	Experiment VI – Building a light detection circuit

You are given:
1. a DC power supply
2. an LDR
3. an LED
4. a comparator (MCP6002)
5. a   resistor
6. a  variable resistor

Procedures:
1. Construct the circuit in Figure 10 on the breadboard. You can find the datasheet of the comparator MCP6002 in the appendix.
2. 

Test your circuit so that the output is  and  when strong light and no light is shine on the LDR, respectively.

Question: 


How should we modify the circuit so that the output is reversed, i.e. the output is  for strong light and is  for no light?
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[bookmark: _Ref372643101]Figure 10 Light detection circuit

	





5. Appendix
5.1	Datasheet of MCP 6002 
[image: ][image: ]
5.2	Layout and Schematic of CUHK ENGG1100 Lab Board
[image: ]
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