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Lab 1 

TRANSDUCERS AND COMPUTER INTERFACING 

 

Pre-lab 

1. Read the following background information: 

Computers are often used to collect data from the environment much the same way that various 

handheld instruments such as voltmeters, flow meters, etc. do so. The reason computers are often 

used for such tasks is that the use of a computer increases repeatability, reduces transcription 

errors (like transposed digits) and relieves monotony so the researcher can concentrate on other 

tasks. Computers allow the data taking process to be automated. Also, the user can choose 

exactly what s/he wants to measure, exactly what to do with the data collected and exactly how 

to display the results. Whatôs important to realize here is that any measurements collected by 

handheld instruments or computer interfaces must be in the form of a voltage. Obviously a lot of 

measurements we want to take are not voltages, for example: temperature, sound levels, light 

levels, etc. So, what is needed in these cases is something that converts the thing weôre trying to 

measure into a voltage. These are collectively called ñtransducers.ò There are different 

transducers for different types of measurements. Some examples are the following: 

For light, a solar cell or a photo resistor is a transducer (converts light into a voltage). 

For heat, a thermistor or a thermocouple is a transducer (converts temperature into voltages). 

For force, a strain gauge is a transducer (converts force into a voltage). 

For time, a photogate sensor is a transducer (converts the blockage of the gate into a change of 

voltage that can then be timed by the computerôs internal clock). 

For sound, a microphone is a transducer (converts sound waves into voltages). 

For speed/motion, a motion sensor (more specifically, a radar signal/sensor) is a transducer 

(converts speed of a moving object into a voltage). 

Once the information we are trying to measure is in the form of a voltage, we can use a computer 

interfacing system to collect, analyze and display the information. There are many interfaces out 

there, but we will look at only one today, an industry standard, called Labview. Labview consists 

of a ñterminal blockò which the voltage signal is sent directly into via wires and a circuit board 

that is installed internally into the computer; these are connected by a ribbon cable (this is the 

hardware end of the interface). The interfacing system also contains software that is used to write 

simple (or complicated) programs to collect, analyze and display the measurements. This 

Labview hardware/software is a commercially available system that can be purchased from a 

company called National Instruments (see their web page for more information: www.ni.com). 
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We will be using the Labview computer interfacing system (hardware/software) to collect and 

analyze data using various sensors/transducers. One of the interfacing programs that you will 

write will be used in a later lab to collect and analyze data from a homemade (made by you!) 

thermocouple. 

 

2. Give two more examples of transducers (that are not mentioned in this lab) and what, from the 

environment, they convert into a voltage. 

 

 

Purpose 

To use a computer interfacing system to collect and display data for various transducers. 

 

 

Procedure and Data 

Examine the various transducers to identify how the transducer is stimulated by the environment 

and how voltages are output by each. 
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Figure 1 

 

Part A: Transducers that Generate Voltage Directly 

1. Open ñNational Instruments LabVIEW 7.1ò program found under ñProgramsò in the ñStartò 

menu (bottom left had corner). Labview is a program that allows the user to write simple 

programs to measure, analyze and display data that is collected from a power supply or from a 

transducer. Each program consists of a ñfront panelò and a ñblock diagram.ò The programs are 

called ñvirtual instrumentsò because they simulate regular instruments in that they have: 

i) a ñfront panelò that you control and read just like the physical front panel of any 

regular instrument, and 

ii) a ñblock diagramò that analyzes the measurements just like the internal circuit board of 

any regular instrument. 

Open a new virtual instrument (VI) by selecting ñNew VIò under the ñFileò menu (or it may 

open one for you automatically). Take a moment to get used to flipping between the front panel 

and the block diagram by alternately selecting ñShow Block Diagramò and ñShow Front Panelò 

under the ñWindowò menu (or just arrange the windows so you can click on both). 

 

2. Now weôre ready to write the program that will read and analyze a signal from your 

transducer(s). 

Remember: As with any programming, save your work often. Itôs easy to get caught up in 

trying to make your program work and forget to save your work as you make changes. 

Itôs not uncommon for computers to freeze or even power outages to occur and, of 

course, any unsaved work will be lost. 
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The program is a block diagram that is assembled using items obtained from menus. There are 

ñcontrols,ò ñindicators,ò and ñfunctions.ò Controls are things that will be chosen by the user of 

the VI, indicators are outputs that are read by the user and functions are the operations that the 

computer performs. 

Start in the front panel and select ñShow Controls Paletteò from the ñWindowò menu. Click on 

the ñAll Controlsò button in the controls palette. Click ñI/Oò and then select ñTraditional DAQ 

Channel.ò Position it in the top left hand corner of the front panel and click to place it there. 

Go up one menu (upward arrow) and select a ñNumeric Indicatorò under ñNumeric,ò position it 

under the other control and label it ñVoltage (V).ò 

Go up one menu and select and position a ñStop Buttonò from the ñBooleanò menu. 

Go up one menu and select and position a ñWaveform Chartò from the ñGraphò menu. Right 

click on the y-axis of the chart and remove ñAutoScale Yò under ñY Scale.ò 

 

3. Flip to the block diagram. In here you should see your controls and indicators (there should 

be 4 of them!). Select ñShow Tools Paletteò from the ñWindowò menu. 

Move the icons to the left hand side of the screen by using the arrow tool if not already selected 

(from the ñTools Paletteò) and clicking and dragging. 

Select ñShow Function Paletteò from the ñWindowò menu and select ñAll Functions.ò 

Select a ñWhile Loopò from ñStructuresò and place it to the right of the existing icons. Stretch it 

out to be as large as possible using the bottom right hand corner. 

Drag the ñstopò icon next to the stop sign in the bottom right corner of the while loop. 

Drag the controls and indicators into the loop and move the ñTraditional DAQ Channelò control 

to the left side and the indicators (voltage and chart) to the right side. 

In the middle, select and position an ñAI Sample Channel.viò (be careful not to select AI Sample 

Channels.vi); you will find this one menu up inside ñNI Measurementsò and then ñData 

Acquisitionò and then ñAnalog Input.ò 

 

4. The flow of the data is controlled by the wiring of the diagram. Select the wiring tool by 

clicking on the icon that looks like a spool of thread/wire. 

Click on the yellow question mark at the right hand side of the menu bar. This ñContext Helpò 

window will explain the ñterminalsò of the icons as you wire them up (you can move the window 

to a more convenient location if you want). 
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You can now click and drag between your controls, functions and indicators to ñwire upò the 

diagram to allow the flow of data. Wiring will be demonstrated by your lab instructor. Join the 

icons as shown in Figure 2 (itôs not clear enough in the figure, but the ñTraditional DAQ 

Channelò goes into the ñChannel (0)ò terminal of the ñAI Sample Channel.viò). Ask for any help 

you need with wiringé itôs easier than describing it all here! 

 

Figure 2 

5. Go to the front panel. If the single right pointing arrow in the menu bar is intact, then you 

may run your program by clicking on it. If the arrow icon appears broken, then there are wiring 

problems that you must first fix. Clicking on the broken arrow will give you hints about what 

may need fixing. When ready, run your program. Since nothing is actually connected to the 

terminal block, no measurement is taken and a ñNI-DAQ LVò error message will result. Click 

ñStop.ò 
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The pinouts of the Labview terminal block have various functions that are given in the pinout 

diagram (Figure 3). This must be referred to when programming in Labview. 

 

Figure 3 

Hook up the Xantrex 60-1 to the Labview terminal block by connecting the positive (+) terminal 

of the power supply to pin#68 and the negative (ï) terminal to pin#34 (use the left had set of 

jacks on the Xantrex power supply). Use the Labview screwdriver to unscrew the screws 

behind each pin and insert leads into the pin openings and then tighten the screw again. Now, 

connect a wire between the negative (ï) terminal and the green grounding jack on the power 

supply (to ground the power supply). 

 

Figure 4 
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With the voltage knob turned down completely, turn on the power supply and then set it to 4.0 V 

(with current knob set to full). Using the finger tool, select ñDiffVoltage0ò under ñTraditional 

DAQ Channelò on the front panel of your VI. 

Now run your program again (click ñOKò if any warnings pop up) and vary the voltage on the 

Xantrex (do not go higher than 10V!). Your VI should display the voltage as a digital readout 

as well as a running graph value. Click the stop button on the front panel to stop your VI. 

Congratulationsé you have just written and tested your first Labview program! 

Note: The scaling might not be appropriateïuse the finger tool to change the -10 on the y-axis to 

zero and adjust top voltage to an appropriate value (which will be different for different 

transducers). 

 

6. Turn off the power supply and remove it from the terminal block. Now hook up the solar cell 

transducer instead of the Xantrex power supply (red to pin#68 and black to pin#34), run the 

program and apply the appropriate stimulation (i.e., light) to measure and display the voltage. 

You will have to change the scaling of the y-axis (voltage) to see the signal properly; this is done 

by simply changing the top and bottom values directly on the y-axis using the finger tool. 

Expand the scale to see the signal occupy most of the visible area. 

Note: signal conditioning is needed to get a stable signalïwithout it, we see lots of ñnoiseòé 

ignore this noise for now. 

What is the maximum voltage the solar cell puts out (use a flashlight)? 

 

What is the minimum the solar cell puts out (cover it with your hand)? 

 

 

Checkpoint #1 ï Have your solar cell transducer checked by your lab instructor 
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Part B: Transducers that Require Power 

The photogate sensor is designed to be used to, ultimately, measure time. The amount of time 

that the gate is blocked can be measured by programming Labview to use the internal clock of 

the computer to count the time that passes while the gate is physically blocked. When the gate is 

blocked, the voltage drops across the terminals of the photogate. We can therefore use Labview 

to start timing when the voltage drops and stop timing when the voltage jumps back up. The use 

of ñPeak Detectorò under the ñAnalysisò function menu is one way to do this. We will not be 

finishing this program as it gets a bit too complicated for our purposes here, but we can still see 

the way the signal changes depending on how long the photogate is blocked. 

Some transducers need to be given power in order to operate. The photogate sensor is an 

example of this. This is accomplished by using another pinout from the terminal block to give 

the sensor 5V from the computer itself. We have rigged up a jack that the photogate sensor can 

be plugged into, with 3 wires coming from it, that can be connected to pins of the terminal block.  

When the photogate is plugged into the jack, the yellow wire carries the voltage signal and 

should be connected to pin #68. The green wire is the ground wire and should be connected to 

pin #34. The red wire is for the power (5V) and should be connected to pin #8 (see the pinout 

diagram in Part A). A short ñjumper wireò must connect pin #34 to pin #67 in order to ground 

the signal. Wire this up and plug the photogate sensor into the jack. Run your program and try 

out the sensor. Once again, you may have to re-scale the y-axis (voltage).  

What other pin # would work for the red wire? Try it. 

 

What is the voltage output when the photogate is blocked? 

 

What is the voltage output when the photogate is unblocked? 

 

 

Checkpoint #2 ï Have your photogate checked by your lab instructor 
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Part C: Transducers that Change in Resistance 

Some transducers (e.g., CdS (Cadmium Sulphate) photo resistors, thermistors, strain gauges, 

microphones) change in resistance instead of generating a voltage (when the stimulus is 

provided). To be able to measure the output of these transducers, something called a Wheatstone 

bridge is normally used. A Wheatstone bridge is a simple circuit consisting of 4 resistors 

connected in such a way that if a voltage is applied to it to create a current through it, then the 

change in one of the resistances results in a measurable change in voltage (which is what weôre 

after here). If the transducer replaces one of the 4 resistors, then the voltage across the transducer 

will change (as its resistance changes) and the signal can therefore be measured. We will be 

using a Wheatstone bridge in a lab later in the semester. For this lab, we will use a simpler circuit 

consisting of only a single resistor in series with the transducer and a power supply to create a 

current through the transducer. Some extra equipment you will need is shown in Figure 5. 

 

Figure 5 

Hook up the CdS photo resistors, thermistors, strain gauge and microphone, one at a time, into a 

circuit shown in Figure 7 and use Labview to measure the resulting voltage changes as the 

appropriate stimulus for each is provided. Use the breadboard to make connections. Your lab 

instructor will demonstrate how the breadboard is used. 

Turn off the power supply and adjust the Decade resistance box to its correct value before 

changing each transducer. Donôt forget to re-scale the y-axis (voltage) to see the signal with 

the highest possible resolution (i.e., the signal should span the largest vertical range possible). 

The resistor values given are determined by the data sheets that come with the transducers when 

theyôre purchased. An example of a data sheet for a thermistor is shown in Figure 6. 
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Figure 6 

 

 

Figure 7 

For the photoresistors, use a light source to increase the range of response. You may see a lot of 

ñnoiseò when the scale is expanded. You can filter the signal in the software to get rid of that, but 

we wonôt. There may also be the effect of the 120 Hz light frequency (too fast to notice with the 

bare eye, but noticeable with Labview measurement). Use a flashlight to see if you can eliminate 

this effect (flashlights run off of DC batteries, so do not have a 120 Hz frequency). 

Trans-

ducer 

To Labview 

pin# 68 

To Labview 

pin# 34 

Xantrex power 

supply = 5.0V 

(connect (-) 

terminal 

to GND) 

+ 

_ 

red for strain 

gauge/ 

purple for 

microphone 

white for 

strain gauge/ 

black for 

microphone 

Decade Resistance Box: 

R = 20 k  for CdS photo resistors 

R = 10 k  for cylindrical thermistor 

R = 100 k  for bead shaped thermistor 

R = 1 k  for disk shaped thermistor 

R = 120  for strain gauge 

R = 3 k  for microphone 



11 

Photoresistors: 

What is the voltage output when each photoresistor is covered? 

What is the voltage output when each photoresistor is uncovered? 

What is the voltage output when each photoresistor with the flashlight shone on it? 

How do these differ from the solar cell? 

 

Cylindrical thermistor: 

What is the voltage output when the cylindrical thermistor is at room temperature? 

What is the voltage output when the cylindrical thermistor is at body temperature? 

 

Disk shaped thermistor: 

What is the voltage output when the disk shaped thermistor is at room temperature? 

What is the voltage output when the disk shaped thermistor is at body temperature? 

 

Bead thermistor: 

What is the voltage output when the bead thermistor is at room temperature? 

What is the voltage output when the bead thermistor is at body temperature? 

Try the cold spray and the heat gun on the bead thermistor to see a greater range of response. Be 

careful not to burn the thermistor! What ranges were you able to get?  

Calibrate the bead thermistor using a thermometer by making a T vs V graph or simply do a 

quick calculation assuming the response is linear. 

Spray the thermistor with a can of cold spray and determine the temperature. 

Heat the thermistor with a heat gun and determine the temperature. 

 

Strain gauge and Microphone: 

What is the voltage output range that you could get with the strain gauge? With the microphone? 

 

Checkpoint #3 ï Have your photoresistors, thermistors, strain gauge and microphone checked by your 

lab instructor 
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Part D: Modifying your VI for use with a Thermocouple Transducer 

You will be using the VI that you wrote here in a lab later on in the semester, but some changes 

will have to be made. Letôs make those changes now, so that your program will be ready to use 

when you need it. 

First, since the voltages to be measured from a thermocouple such as the one youôll be making 

are so small, you will have to change the top voltage (on the chart on the front panel) to a value 

around 0.004 V (this may vary slightly from thermocouple to thermocouple). The minimum can 

be set to zero. 

Next, there is a resolution issue due to the small voltages that will be measured. Go to the block 

diagram and place two ñNumeric Constantsò from the functions palette (found under ñNumericò 

under ñAll Functionsò). Change one to 0.001 using the finger tool. Now wire them up to the ñAI 

Sample Channel.viò (0.001 to the ñhigh limitò terminal and 0 to ñlow limitò). 

Next, the speed of the readings may be too fast to read individual voltages. You can slow the 

loop down by selecting a ñWait Until Next ms Multipleò function from ñTime and Dialogò and 

another numeric constant (to be changed to the number of milliseconds you want between 

readings) and wiring them together (the numeric constant is joined to the left hand side of the 

ñWait Until Next ms Multipleò). Using the finger tool, set the numeric constant to ñ100,ò but you 

may want to change this when youôre using your VI in a lab later in the semester 

Finally, switch back to the front panel and right click on the Voltage indicator and select ñFormat 

and Precision.ò Change the precision to ñ6ò and select ñDigits of precision.ò Click OK. You may 

have to make the indictor box bigger (use the arrow tool) to see all 6 decimal places. Under 

ñOperate,ò select ñMake Current Values Defaultò to save all these changes. 

Save your VI as ñThermocouple VIò to a floppy disk, label it, put your names on it and give it to 

your lab instructor to keep until Lab 6: ñNewtonôs Law of Coolingò later in the semester. 

 

 

 

Equipment List 

Labview interfacing, Labview screwdriver and 2 leads with bare wire ends 

Xantrex 60-1 power supply, Cenco Decade Resistance Box 

solar cell, photogate sensor, 2 CdS photo resistors, 3 thermistors, strain gauge, microphone 

photogate jack, breadboard 

3 cm ñjumper wireò stripped at both ends, roll of 22 gauge wire, wire strippers 

cold spray, heat gun, flashlight, thermometer 
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Lab 2 

FORCE TRANSDUCERS, STRAIN GAUGES, COLLIS ION FORCES 

 

Pre-lab 

1. Define ñtransducerò in a simple sentence or two. 

 

 

 

 

2. Research briefly and fill in the blanks below to describe how a "strain gauge" works. A strain 

gauge is a very small electrical resistor. When you __________________________ on a strain 

gauge, the effect/result is a change in ___________________. This effect is typically very small 

and is normally ñamplifiedò using a circuit known as a ________________ bridge. 

 

3. If we made a force transducer using a strain gauge, what (roughly) would this device do? 

 

 

 

4. We can use force transducers (and computers) to measure forces that act only for a short time, 

such as the collision force between a small car and truck. In this collision, which vehicle 

experiences the greater impact force? Explain your prediction. 

a) truck 

b) car 

c) both the same 

d) it depends on other factors 
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Purpose 

To investigate: 

a) how force transducers can be used to measure collision forces 

b) how strain gauges can be used to make force transducers 

c) how the collision forces compare for the two colliding objects 

 

Procedure and Data 

1. Identify the aluminum bar with the strain gauge on it, 120 precision resistors (black) and 

124  precision resistor (green), Decade resistance box, power supply and digital voltmeter. 

Identify the strain gauge on the top of the aluminum bar. 

The circuit diagram below shows a common circuit used in a variety of applications where a 

small change in resistance must be measured. This circuit is called a Wheatstone bridge. To be 

more precise, the 4-resistor (one of which is a strain gauge in this case) diamond shaped 

configuration is what is called the Wheatstone bridge and the 5
th
 resistor in parallel with one of 

those is simply there to adjust its resistance to ñbalanceò the bridge. Your lab instructor will 

demo and explain this to you in more detail as it is a little advanced for your course. 

 

 

2. Set up the circuit above with the power supply and Fluke DMM turned off (use a breadboard 

to make all connectionsé this will be demonstrated by your lab instructor). Turn on and set the 

power supply to 10.0 V. Set the DMM to read DC volts. Adjust the Decade resistance box until 

the DMM reading is zero. Then turn the DMM to the mV (millivolt) scale and adjust the Decade 
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box again until there is zero voltage displayed on the DMM. Once the circuit is ñzeroedò (or 

ñbalancedò) in this way, it is ready to detect a small change in resistance. 

 

3. Clamp the aluminum bar down to something secure using the C-clamp so that the strain gauge 

is at the end near the clamp and the other end is hanging out over an edge. Push downwards 

slightly on the hanging end of the aluminum bar. This should stretch the strain gauge slightly and 

change its resistance. This effect will ñunbalanceò the circuit and you should get a reading on the 

voltmeter. 

 

4. Using an elastic band and mass hanger, place the following masses on the end of the 

aluminum bar and note the voltage readings in each case. 

Title: Voltage Measurements for Various Masses Hanging from a Strain Gauge 

 

Mass placed on end of bar 

(g) 

 

 

Voltage output of bridge 

(mV) 

 

150  

250  

350  

450  

550  

650  

750  

 

5. Draw a quick graph of the voltage versus mass data on a separate page (1/2 page OK). 

 

mass  

(g) 

voltage  

(V) 
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6. a) Determine the slope of the graph if the graph is linear. 

 

 b) What does the slope represent physically? 

 

c) What significant conclusion can you draw from the appearance of the graph? 

 

 

 

7. If we made this circuit smaller and put it in a small black plastic shell, what would we have? 

 

 

8. Explain in a few simple sentences how the Vernier ñDual-Range Force Sensorò works. 

 

 

 

 

 

 

9. Use a force transducer/probe with a hook (use the ± 10 N setting) and a spring scale to obtain 

a set of force/voltage readings. Always use the largest range possible and measure roughly equal 

increments within that range. A circuit (see below) must be set up in which power is supplied to 

the force probe, to enable the voltages to be read on a voltmeter. Use an adapter plug for the 

force probe and alligator clips to make these connections. 
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Note: +5V wire is red; signal wire is yellow; GND wire is green 
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Title: Measurement Data for a Pulling on a Spring Scale 

 

Force Scale Reading 

(N) 

 

 

Voltage Output from Transducer 

(V) 

 

  

  

  

  

  

  

  

 

10. Make a quick graph of voltage versus force on a separate page (use Linegraph) 

 

force  
(N) 

voltage  
(V) 

 

11. What significant conclusion can you draw from the appearance of the graph? 
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12. a) Find the slope of the graph (including units). 

 

 

b) What does the slope represent physically? 

 

 

13. Identify the lab interface, force transducers (or probes as they are sometimes called) and cars 

on your desk. For the lab interface, we will use Labview. 

 

14. Open (in the 1100 Labs folder) the program called ñcar&truck.ò 

 

15. Hit the Run button (right facing arrow). Then push on the small knob at the end of one of the 

force transducers. Your push should be reflected on the ñforceò graph on the screen. More push 

should give a greater force in direct proportion. A pull should give the opposite sign (+ or -).Try 

the other sensor as well. 

 

16. In a collision between a lighter vehicle (car) and a heavier vehicle (truck), which experiences 

the larger force? We will answer this through a series of experiments. Add a 500g mass to one of 

the carts to make it the ñtruck.) Print out force graph and compare forces in each case. 

a) car at rest, truck moving: 

heavy  mass

truckcar  
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b) car moving, truck at rest: 

heavy  mass

truckcar  

 

 

 

 

 

 

 

c) both moving towards each other: 

heavy  mass

truckcar  

 

 

 

 

 

d) Draw conclusions about the force on the car and on the truck. Also draw conclusions about the 

amount of force in parts a, b, c. Think deeply, answer clearly and concisely. 
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Equipment list 

1 Pasco track 

2 Pasco carts with brackets and vernier force probes mounted (push button attachment) 

500g mass for ñtruckò 

4-100 gram masses, 1-500 gram mass slotted to fit on hanger 

2 Labview force probe adaptor plugs 

Labview screwdriver 

1 force spring scale (10 N) 

1 force probe with the hook attachment 

1 adaptor plug for force probe with 3 exposed wires with stripped ends 

3 aligator clips 

2 - 60-1 or 60-5 Xantrex power supplies  

1 Fluke digital multimeter 

breadboard 

1 aluminum bar with strain gauge mounted on it 

2 - 120 ɋ precision resistors (black) 

1 - 124 ɋ precision resistor (green) 

1 Decade resistance box 

various lengths of wire stripped at both ends (or wire and strippers) 

1 C-clamp 

elastic band 

1 mass hanger 
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Lab 3 

SOUND AND THE ENVIRONMENT 

 

Pre-lab 

1. Define ñnoise.ò 

 

 

 

 

 

2. Read the following theory: 

Without a doubt, noise levels in the urban environment are increasing as cities become more 

crowded. Noise is normally not the first thing that comes to mind when the word ñpollutionò is 

used, however, noise does have a negative effect on the environment. This lab is designed to 

introduce you to some basic concepts about sound and its measurement. 

The sound intensity I is defined as the sound power P that passes perpendicularly through a 

surface of area A, i.e., I = P/A. The unit of I is watts per square meter (W/m2). For a source that 

emits sound uniformly in all directions, the sound intensity I at a distance r from the source is 

simply, 

 I
P

4 r
2

 (1) 

 

since at a distance r from the source, all the radiated sound power P will be evenly distributed 

over a spherical surface of area A = 4 r2. 

To compare two sound intensities, the sound intensity level  has been defined as 

 10 log
I

Io

 (2) 

where the measured sound intensity I is compared to the reference intensity Io, the threshold of 

hearing (i.e., Io = 1.00  10-12 W/m2), and ñlogò denotes the logarithm to the base 10. The unit 
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of  is the decibel (dB). Notice that when  = 0 dB, I = Io, i.e., when the sound intensity level is 

zero decibels, this means that the measured sound intensity I is equal to the intensity of sound at 

the threshold of hearing (and not that there is ñzero soundò). 

 

Figure 1 Flight Paths for Runways at YVR 

 

In this experiment, we will be measuring the intensity level of various sounds using a sound 

meter with a dB scale. If you should get a job involving sound measurements, the meters will 

most likely measure the sound intensity level in dBA, the A-weighted decibel scale. Such meters 

have an extra, built-in frequency filter which seeks to enable the meter to respond to sound as the 

human ear would. 
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Figure 1 is a map of the area surrounding the Vancouver International Airport (YVR). The long 

dashed lines indicate a portion of the take-off and landing flight paths for the south main, the 

new north and the crosswind runways. For this experiment we will be making measurements of 

the sound intensity level of various aircraft as they either take-off or land on the south main 

runway (which is the busiest of the runways at YVR). 

 

Boeing 727 
Chapter 2

Boeing 747 
Chapter 3 

Boeing 737 
Chapter 2 or 3

Boeing 757 
Chapter 3

Boeing 767 
Chapter 3  

Dash-8 
Chapter 3

MD-83 
Chapter 3

Airbus A320 
Chapter 3

DC-9 
Chapter 2

DC-10 
Chapter 3

 

 

Figure 2 Side Views of Various Aircraft 

 

In Canada, all civil subsonic jet aircraft are classified according to the amount of noise that they 

produce. A Chapter 3 airplane is one that conforms to the noise emission standards outlined in 

Chapter 3 of the International Civil Aviation Organization's Environmental Protection Document 

while a Chapter 2 airplane does not conform to those standards. Generally all civil jet aircraft 

built after 1985 are classified as Chapter 3 because of the use of newer technology which 

produces a quieter aircraft. Figure 2 shows common Chapter 2 and 3 aircraft. (The side views are 

to scale.) Some airplanes are easier to identify than others. For example, the Boeing 747 has a 

distinctive ñhumpò on the front end (this is the first class section) and the DC-10 has a tail-

mounted engine. Identifying the airplane (and thus its noise classification) can be helpful in 

understanding your results. 

 

3. The whole class should locate the east end of YVR's south main runway on a real city 

map (not Figure 1). Draw a line extending east into Richmond (similar to what's shown in Figure 

1). This is the approximate flight path of the aircraft you will be measuring. Locate 5 sites under 

the flight path at a maximum of about 5ï6 km from the end of the runway. Discuss these 

locations with your lab instructor. 
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Purpose 

To measure noise in the environment and examine the relationship between sound intensity and 

distance from the source. 

 

Procedure and Data 

1. The class will be distributed so that measurements are taken at each of the sites. Everyone 

will then record all of data from each site so that everyone will have a full set of data to analyse. 

Everyone should synchronise their watches before leaving for the various sites. Measurements 

should be made for at least 3 aircraft (you may have to do more aircraft just to get used to the 

data taking).  

At each site record for each aircraft: 

a) Data for a sound profile of the aircraft flying over: record the time and sound intensity 

level starting at a point just as the aircraft becomes audible and then every 5 or 10 seconds 

until some time after the aircraft becomes inaudible (total time for a profile should be about 2 

minutes long). 

b) The time of the aircraft flyover. 

c) The peak sound intensity level in dB. 

d) Your best guess at the identity of the aircraft (see Figure 2 for help). 

 

As well, the background sound intensity level should be recorded a number of times throughout 

your stay at the site. Record if there are any major contributing factors to the background level 

(e.g., freeway traffic, construction, etc.). You may also wish to do some simple measurements at 

your particular site to determine how for example traffic noise changes as you move further from 

the road or if barriers like fences, vegetation or buildings come between the noise and you. 

 

2. Once everyone convenes back together, the data should be discussed and coordinated. 

Analyze at least one particular airplane as follows: 

a) The sound profile data measured for the airplane as it flew over each site should be 

plotted on the same axes (to show how distance affects the sound profile). 
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b) The peak sound intensity level occurs when the airplane is directly overhead. Using this 

fact and the information contained in the YVR's Aeronautical Noise Management Report 

(see lab instructor for a copy) plot the peak sound intensity level as a function of the 

approximate altitude (some assumptions will have to be made to determine the altitude). 

 

3. If you've taken traffic data you should incorporate it into your analysis. In addition, the 

Workers' Compensation Board of BC publishes ñIndustrial Health & Safety Regulationsò which 

can give you more ideas about analysing your data. 

 

 

 

 

 

 

 

 

Equipment List 

digital wristwatch or stopwatch or cell phone with clock 

SPER Scientific Sound Level Meter (± 3 dB) 

a city map showing Richmond 

YVR's Aeronautical Noise Management Report 
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Lab 4 

RADIOACTIVITY 

Pre-lab 

1. Read the following background information: 

In 1896, the French physicist Henri Becquerel accidentally discovered that uranium compounds 

gave off some kind of radiation similar to that given off by the Sun. A flurry of activity followed 

this discovery as scientists attempted to understand the nature of the radiation emitted by 

radioactive nuclei. 

One of the oldest and still the most sensitive instruments used to detect and measure the emission 

of radiation from nuclei during their decay is the Geiger-Mueller (G-M) tube. You will use this 

tube to study some properties of the emitted radiation. 

For a description of the early history of nuclear studies, please refer to Appendix 1. Radioactivity 

is the random decay process of the unstable nuclei of certain types of atoms. These types are 

defined by certain combinations of neutrons and protons. They decay (or ñdisintegrateò) by 

emitting one or more types of radiation, including the types of radiation we will study: alpha, 

beta, and gamma radiation. Since the decays occur at random intervals, the mathematics has to 

be handled in a statistical fashion. This means, among other things, that the decay rate is 

ñconstantò if the difference between successive counts (i.e., the uncertainty) is no more than the 

square root of the count rate. 

 

Modes of Decay 

Experiments in which the three types of ñraysò from a radioactive sample were shot into a 

magnetic field helped to reveal the nature of the rays. The alpha and beta rays were determined 

to actually be charged particles (not rays) since they were deflected in the magnetic field while 

the gamma rays were undeflected (and hence, electrically neutral). Later experiments showed 

that: 

1) Alpha particles are doubly charged positive ions containing two protons and two 

neutronsðthey are equivalent to the nuclei of helium atoms. 

2) Beta particles are high-energy electrons. 

3) Gamma rays are electromagnetic radiation of very high frequency and energy. 

These rays are described in terms of bundles of energy known as photons. 

All three types of radiation are emitted with definite energies, the amount of energy being 

dependent upon the decaying nuclei. Because of its relatively large mass and charge, an alpha 

particle produces the most intense ionization (the detaching of electrons from other atoms) when 
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it collides with other atoms along its path. It therefore loses energy rapidly and has a short range; 

it can travel through only a thin sheet of paper tissue or a few centimetres of air before it 

combines with free electrons and becomes a normal helium atom (it is then said to be 

ñabsorbedò). 

Beta particles are electrons ejected at speeds as high as 99 percent that of light. They produce 

about one-hundredth of the specific ionization of an alpha particle, and are about one hundred 

times as penetrating. They can travel through a few meters of air or a few millimetres of 

aluminium before they are completely absorbed. (A rigorous analysis of a beta decay later 

revealed the existence of a new particle called a neutrino being emitted simultaneously with the 

electron.) 

Gamma rays carry no charge and are the least ionizing and the most penetrating. They can 

penetrate a centimetre or more of a dense material such as lead. (If the emission of an alpha 

particle or a beta particle leaves the resultant nucleus in a higher energy state (i.e., an ñexcited 

stateò), one or more gamma rays can be emitted to return the nucleus to its normal state.) 

 

The Absorption of Gamma Rays by Matter 

One of the most common ways of looking at radioactive processes (and the most familiar) is to 

look at radioactive decay: how the amount of radioactivity (and radioactive material) changes 

over time. Unfortunately, since this is usually only measurable over a period of years, we will 

not be able to look at it in a 3 hour lab period! Instead, we will look at how the amount of 

radiation changes as it passes through various thicknesses of material. 

One way of distinguishing between the various types of nuclear radiation with a G-M tube is by 

measuring their intensity after passing through different thicknesses of material. A difference 

between the incident and transmitted intensities indicates that some of the radiation has been 

absorbed by the material. 

The amount of gamma radiation transmitted through a layer of absorbing material decreases 

exponentially with the thickness of the absorber present. (This is known as Lambert's Law). The 

relation is given by 

 I = Ioe-µx (1) 

 

where Io is the initial intensity (the count rate with no absorber present), I is the transmitted 

intensity (the count rate when the thickness of the inserted absorber is x), e is the base of natural 

logarithms, and µ is the linear absorption coefficient of the absorbing material (a constant 

which is a characteristic of the material and of the energy of the gamma radiation). Taking the 

natural logarithm of both sides of Equation (1), we get: 

 

 ln(I) = ln (Io) + (-µx) (2) 



29 

 

Equation (2), when compared to y = b + mx, suggests that if ln(I) is plotted on the y-axis and the 

accumulated thickness of the absorber x is plotted on the x-axis, then a straight line with a 

negative slope should be obtained. The (absolute value) of the slope gives the linear absorption 

coefficient µ, and the y-intercept is the natural logarithm of the initial intensity, ln(Io). 

 Another way of expressing the absorbing properties of a material is by giving its half-value 

thickness T1/2, which is the thickness of the material that is required to reduce the initial 

intensity by one-half, that is, when x = T1/2, I = 0.5(Io) and Equation (1) becomes 

 

 
I

Io

0.5 e
T1/2  (3) 

 

By taking the natural logarithm of both sides of Equation (3), we obtain 

 

 ln 0.5 = -µT1/2 

 

 or, T1/2 = - 
ln(0.5)

µ
  (4) 

 

The Geiger-Mueller Tube 

All three types of radiation are capable of ionizing gas. The degree of ionization depends on the 

amount of radiation which the gas absorbs. Hence, the most common method of measuring the 

intensity of radiation is by measuring the ionization it produces in a gas. Usually, this ionization 

is so small that, to measure it, one must amplify its effect. One popular instrument built to do this 

is the Geiger-Mueller (G-M) tube. Figure 1 shows a G-M tube which consists of a metal cylinder 

B fitted inside a thin-walled glass envelope, with a fine tungsten wire A stretched along the 

cylinder's axis and insulated from it. 

Glass Envelope
End Window

A

B

V

R

 

Figure 1 A Geiger-Mueller tube 

The cylinder is filled with gas (often argon) at low pressure (about 0.1 times atmospheric 

pressure) and sealed with a very thin window (often made of mica) through which the ionizing 
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radiation enters. The end window of the tube is very thin to allow the passage of radioactive 

particles through it. Do not touch this window; it is easily damaged. A potential difference 

(voltage) V is applied between the wire and the metal cylinder, making the wire positive with 

respect to the cylinder. This voltage is just slightly less than that required to ionize the gas atoms. 

The G-M tube is mounted on a sturdy stand that has six position slots for a tray. The tray will 

hold the radioactive sources and the absorbers will be placed on top of the source. 

When a high energy alpha, beta, or gamma radiation enters the tube, it ionizes the gas atoms (by 

collisions) producing free electrons and positive ions. The electric field accelerates these 

electrons and ions causing more collisions which produces additional electrons and ions. The 

process is repeated rapidly and is cumulative, resulting in an avalanche effect which extends 

over the entire length of the tube. The electrons avalanche toward the positively charged wire 

where they are collected, producing a detectable surge or ñpulseò of current which flows through 

the external resistor R. This sudden voltage drop across R caused by the sudden pulse of current 

can be amplified electronically and can be made to operate an electronic counter or produce a 

ñclickò on a loudspeaker. A small amount of a halogen such as bromine is mixed with the gas in 

the tube so that the avalanche current is self-quenching. That is, after the initial surge of current, 

the gas returns to its non-conducting state (clearing away the free electrons and ions) in 

preparation for the next pulse. In this manner, the G-M tube ñcountsò individual pulses of 

radiation. 

The number of electrons in the avalanche and, therefore, the size of the electrical pulse which 

triggers the counting circuit depend upon the voltage applied to the tube. If a radioactive source 

is placed at a fixed distance in front of the tube and the applied voltage is varied, a plot of the 

count rate (count per unit time) versus the applied voltage will yield a curve such as that shown 

in Figure 2. 

 

Figure 2 The characteristic curve of a G-M tube 

Below the threshold, the passage of radiation through the tube does not cause the desired 

avalanche effect: no pulse is produced. At the threshold, current pulses are just detectable: 

counting begins at a slow rate. The count rate increases very rapidly beyond this voltage 

(corresponding to larger pulse sizes). Eventually, as the applied voltage is increased further, a 

region is reached where the count rate, apart from the statistical variations, becomes (almost) 

independent of the applied voltage. This flat portion on the curve is called the plateau of the 

tube. The tube will operate normally at any voltage within the plateau (thus, the plateau is also 

Count  
Rate 

threshold 

Voltage 

plateau 
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referred to as the region of operation of the G-M tube). However, the ñsafeò operating voltage 

of the tube is taken near the middle of the plateau. A sudden drop in the main power supply 

voltage will obviously cause a tube operated at the lower end of the voltage range to stop 

counting (and ruin an ongoing experiment). If the applied voltage exceeds the limit of the 

plateau, the tube goes into a continuous discharge even without any radiation entering it and may 

be seriously damaged. 

Note that at the G-M region of operation (the plateau), any type of particle which will produce 

some ionization in the tube can be counted regardless of the energy of the incident particle. Once 

an incoming particle or ray initiates an avalanche of electrons and positive ions, the gas becomes 

an electrical conductor producing an output pulse determined by the properties of the gas, not by 

the incoming particle. Hence, it is impossible to distinguish between different types of incident 

radiation with a G-M tube unless windows of different thicknesses or external absorbers are 

used. 

 

The G-M Counter 

The G-M tube is connected via a cable to a jack on the front panel of the electronic counter. The 

counter has a built-in power supply which provides the voltage applied to the tube. The 9 V input 

on the counter is for a separate power supply (there is a small internal battery). A small knob 

controls the G-M tube voltage. There is a series of 5 push buttons to control the various 

functions. The first is the SPEAKER button which is pushed only if you wish to hear the counts. 

The second is the RESET button which is used to reset the counter once a reading has been taken 

and before starting another run. The START button is pushed when you wish to start a timing 

run with the counter. The SELECT button is used to select either one of the four timing ranges 

(for 1 s, 10 s, 100 s or continuousði.e., until you press STOP) or the G-M voltage scale (in this 

range, the tube voltage is changed using the G. M. VOLTAGE knob and seen on the digital 

display). The last button is the POWER button, which is really self-explanatory. 

 

Background Radiation 

The ionizing events detected by a G-M tube are not all due to the particles from a radioactive 

source. If all radioactive sources were removed from the laboratory, the G-M tube still records a 

few counts. These counts are due to radiation from space (the so-called cosmic rays) and from 

tiny radioactive fragments in the atmosphere. This background count must be subtracted from the 

G-M reading to get the actual count from the radioactive source. 

 

 

 



32 

Radioactive Sources 

The radioactive sources are housed inside a plastic box. Each source is mounted in a one inch 

diameter, sealed plastic disc for safe handling. Handle the sources with tweezers! Each disc is 

marked with the following information about the enclosed source: 

 

Radiation Activity Isotope Half-Life 

Alpha ( ) 0.1 Ci 210Po 138 days 

Beta ( ) 0.1 Ci 90Sr 28.6 years 

Gamma ( ) 1 Ci 60Co 5.3 years 

Note: An activity of 1 curie (Ci) = 3.7 x 1010 decays/sec. 

 

Absorbers 

You will be assigned one of the following materials as an absorber (these are the flat metal 

squares): 

aluminium (Al) steel (mostly Fe) 

copper (Cu) titanium (Ti) 

brass (a Zn-Cu alloy) lead (Pb) 

 

2. If ln(I) is plotted on the y-axis and the accumulated thickness of the absorber x is plotted on 

the x-axis, then a linear graph with a negative slope should result. According to Equation (2), the 

(absolute value) of the slope gives the ______________________________ and the y-intercept 

is _______________________________. 

 

 

 

 

 



33 

Purpose 

To (a) determine the operating voltage of a G-M tube, (b) measure the natural ñbackgroundò 

radiation in the laboratory and (c) determine the linear absorption coefficient µ and the half-

value thickness T1/2 of a given absorbing material. 

 

Procedure and Data 

Part A Determine the Operating Voltage of the G-M Tube 

1. Place the gamma source on a tray at a distance from the G-M tube which will yield 100-150 

counts in a 10 s interval when the applied voltage is set at 500 V. (Push the select switch on the 

counter to choose between changing the voltage or counting.) 

 

2. Lower the voltage and then beginning at a minimum value (no count is observed), the 

voltage is gradually increased until the voltage and the corresponding count rate (counts per 10 s) 

are noted (this is your first pair of voltage and count rate readings).  

 

3. Increase the voltage in steps of 5 V (or larger) and at each voltage setting, measure the counts 

per 10 s. Since radioactive decay is a random process, the observed counts per sec may fluctuate 

up and down and not seem to be constant in any range, but keep in mind the uncertainty in 

random processes. The uncertainty in the count rate is considered to be ± the square root of the 

number of counts per 10s. Thus, the count rates are considered ñconstantò over the range of 

voltages if they do not vary by more than ± the square root of the number of counts per 10 s. 

 

4. Plot your G-M tube's characteristic curve: plot a graph of the number of counts per 10 s 

versus the applied voltage. Note: The GM counters may not produce a high enough voltage to 

see the upswing of the graph (representing continuous discharge). The uncertainty in the count 

rate (± the square root of the number of counts/10 s) must be plotted on the graph.  

 

5. Choose a value for the operating voltage from the middle of the plateau region of your G-M 

tube's characteristic curve (or at least not too close to the threshold voltage). Label the 

threshold voltage, the plateau and the operating voltage directly on the graph. For the 

remaining parts of the experiment, the G-M tube must be operated at this voltage. 
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Part B Determine the Background Count 

With all radioactive sources removed several meters (across the room) from the G-M tube, 

measure and record the background count over a period of five minutes with the tube set at your 

chosen operating voltage (set ñCount Rateò to continuous and use the clock to time 5 minutes). 

Convert this background count rate to counts/100s, record it and remember to subtract it from 

all succeeding count rates (counts/100s in Parts 3 and 4) in order to find the count rate that is 

actually due to the source alone. 

 

 

Part C Determine µ and T1/2 of an Absorber for  Rays 

1. The gamma source (60Co ) is placed on a tray at a distance from the G-M tube so that about 

12-16 absorber plates can be inserted between the source and the tube. 

 

2. Record the initial intensity Io (the counts/100s with no absorber present). 

 

3. Use vernier callipers to measure the thicknesses of two of the absorber plates then put the 

plates on top of the source. Measure the count rate (counts /100s) for this thickness of absorber. 

Repeat these steps for the remaining plates (increase the thickness by two plates each time). 

Record the count rates and the thicknesses. 

Note: The gamma source (60Co) also emits beta particles of appreciable energy. These 

particles will be absorbed completely by the first plate of most of the absorbers so that the 

transmitted intensity is that of the gamma radiation only. However, some beta particles may 

still pass through one or two plates of aluminium and are therefore counted together with the 

gamma rays. This possibility should be kept in mind when interpreting the count rates 

observed when aluminum is used as the absorber. 

 

4. Correct your data for the background radiation: subtract from your count rates the counts due 

to the background. 

 

5. Plot ln(I) vs x to verify Equation (2). The major uncertainty in this part of the experiment is 

again due to the uncertainty in the count rate (although the uncertainty in the thickness should 
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not be neglected). Determine the linear absorption coefficient µ from the graph slope (see 

Equation (2) and its explanation). 

 

6. Collect the µôs that were found for all of the other materials studied in the lab from your 

classmates (there should be 6). 

 

7. Calculate the half-value thickness T1/2 of all of the absorbers for gamma rays using Equation 

(4). 

 

 

Part D (Optional) Qualitative Comparison of the Penetrating Powers of  and  Particles 

1. Make the source-to-detector distance as small as possible while still allowing for two 

absorber plates between the source and the G-M. With the gamma source, measure the counts 

per 100 s for (a) no absorber present, (b) one and then (c) two absorber plates of the same 

material used in Part 3 inserted. Correct the count rates for the background. 

 

2. Repeat step 1) with the alpha source in the place of the gamma source. Then do the same 

measurements but using the beta source. 

 

 

 

 

Equipment List 

G-M counter (Pasco Model SF-7993) (± 1 V) and G-M tube with stand 

a set of radioactive sources (60Co, 90Sr, 210Po) and tweezers 

various absorbers 

vernier callipers (± 0.05 mm) 
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Lab 5 

THE VARIATION OF FLUI D PRESSURE WITH DEPTH 

 

Pre-lab 

1. Fill in the following chart: 

 

Quantity 

 

 

Value in SI Units 

 

 

Value in Imperial Units 

 

atmospheric Pressure Po   

density of water   omit 

gravitational field g   

ñweight densityò of water g   

 

2. Investigate and describe in a few sentences the operation of a standard pressure gauge. 

 

 

 

 

 

3. Show the work required to convert ñ3 feet, 2 1/4 inchesò to a decimal reading (answer 3.1875 

feet). 
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4. Show the work required to convert the reading taken in Imperial units: ñ12.05 psi at a depth of 

8.75 feetò to SI/metric units (answer: 83.08 kPa at 2.67 m). 

 

 

 

 

 

5. Given the theory that P = Po + ɟgd, if we plot a graph of water gauge pressure (P-Po) versus 

depth (d): 

 

P-P0 

(psi) 

d  

(ft) 

P-P0 

(kPa) 

d  

(m)  

a) predict roughly what the graph (either one) should look like 

b) what would the slope tell us? 

c) what is the name of the quantity that the slope represents? 

d) what should be the value of the slope in Imperial and SI units? 

e) what should the y-intercept be? 

Hint : rearrange the theoretical equation to be in the form y = mx + b (this is called 

linearizing the data). 
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Purpose 

To verify that liquid pressure increases with depth according to the relationship: 

P = P0 + gd 

 

Procedure 

We will be using one apparatus for this lab. You will set up the apparatus in the rotunda at the 

south/main entrance of the college. 

ver tica l pipe

gauge

gauge

gauge

gauge  

The apparatus consists of four 6 foot long sections of plastic pipe threaded together. Pressure 

gauges (in psi) are affixed at the bottom of each section. When the pipe is filled, we will be able 

to take gauge pressure and depth readings using these gauges and a measuring tape. Although it 

easiest to record the depth data as feet and inches, we will need to convert this to a decimal 

number of feet (1 foot=12 inches). We will plot a graph of gauge pressure (psi) versus depth (ft). 

P-P

(psi)

d 

(ft)

0

 

We will then convert mathematically the psi data to kPa and the depth data to metres and do a 

second graph using SI units. 

We will then use the graphs to verify (not prove!) the relationship:  

P = P0 + gd. 
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Data 

Look closely at the gauges. You should be able to measure the pressure to the tenth of a psi. 

Include uncertainties throughout. 

Title: 

 

Depth 

(feet/inches) 

 

Depth 

(decimal feet) 

Pressure 

(psi) 

   

   

   

   

Sample calculation of conversion to metres: 

 

 

Sample calculation of conversion to kPa: 

 

 

 

Title: 

 

Depth 

(m) 

 

Pressure 

(kPa) 
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Graphs 

Attach Imperial units graph (psi vs feet) and SI units graph (kPa vs metre). Use Linegraph with 

uncertainties/error bars included. 

 

Interpretation/Analysis 

1. Draw 2-3 significant conclusions from the appearance of the graphs. 

 

 

 

 

 

 

2. For each graph: 

a) find the slope of the best line including units and uncertainty 

 

 

 

 

 

 

b) state the y-intercept of the best line including units and uncertainty 

 

 

 



41 

3. Find the percent difference between your experimental slope value and the ñpredicted valueò 

from pre-lab 5. d) (do only one calculationïeither Imperial or SI valueïyou choose) 

%100
predicted

alexperimentpredicted
 

 

 

 

 

 

4. Do your results support the relationship: P = P0 + gd? Give at least 3 significant reasons. 

 

 

 

 

 

 

 

 

5. For the static water column we used in this lab, what is the rate of increase of pressure with 

depth? Answer by rewriting the expressions below and filling in appropriate/convenient numbers 

 

a) ________ psi for _________ feet? 

 

b) _________ kPa for ________ metres? 

 

c) _________atmospheres for ________ metres? 
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Equipment list 

Per class: 

4 sections of ABS pipe thread connected and mounted to a concrete column in the rotunda. 

(procedure: working in the NE corner of the rotunda. Anchor the pipe to the column with bungee 

cords. Ensure the meters are readable). At the start of the lab, we will fill the ABS pipe with 

water using a pitcher and funnel. 

pitcher for carrying water and a funnel 

1 short hose connected to the drain valve at the bottom of the abs pipe stack 

1-20L pail for drainage of the apparatus 

measuring tape in feet 
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Lab 6 

THE THERMOCOUPLE AND NEWTON'S LAW OF COOLING 

 

Pre-lab 

1. Review how the Thermocouple VI (that you wrote in Lab 1) works.  

 

2. Read the following background theory: 

When dissimilar metals are connected together so that one is attached at each end to the other 

type, there is a resulting voltage difference across the ends depending on the temperature 

difference between the two ends (and the type of metals used). This is called a thermocouple. 

The thermocouple can therefore be used to measure temperature differences and if the calibration 

factor (i.e., volts per ęC) for the thermocouple is known, the thermocouple can actually be used 

instead of a thermometer to measure temperatures. 

Newton's Law of Cooling states simply that if the temperature difference æT between an object 

and its surroundings (æT=Tobj - Tsur) is not too great, the rate of cooling or warming of the object 

dt

Td
is proportional to the temperature difference T . Note: 

dt

Td
is the derivative of æT with 

respect to time which simply means that it is the rate of change of æT. Mathematically, this is 

written as 

d T

dt
A T   where A is a constant 

 

Mathematically, this is equivalent to 

 

T Toe
At

  where æTo is the temperature difference at t = 0 

 

This says that æT decreases exponentially with time (like radioactive counts decrease 

exponentially with the thickness of the absorberïrecall I = Ioe-µx from the radioactivity lab.) 

 

Mathematically, this is also equivalent to 

 

ln T At ln To
 

(Again, recall ln(I) = ln (Io) + (-µx) from the radioactivity lab.) 
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From this, you can ñlinearizeò the data. This means that you look at the equation as y = mx + b 

and line up the variables to determine how to plot the data on the x- and y-axes to get a linear 

graph and what the slope and y-intercept are according to the theory. 

 

3. a) What should be plotted on the x- and y-axes in order to get a linear graph? 

 

 b) What will the slope and y-intercept be according to the theory? 

 

 

Purpose 

To make and calibrate a thermocouple and then use it to verify Newton's Law of Cooling. 

 

Procedure and Data 

1. Solder the wires so that one type is connected between two segments of the other type 

leaving at least 30cm of wire on the outer and inner pieces. You have just made a thermocouple 

(the soldered points become the ñendsò of the thermocouple (see Figure 1). 

 

hot water thermometer 

ice water 

bath 

to pin#34 
of Labview to pin#68  

of Labview 

thermocouple 

soldered 
ends 

 

Figure 1 Thermocouple Set-up 

 

2. Set up the apparatus as in Figure 1. Also, connect a short wire between pin #34 and pin 

#67 if not already done (this grounds the voltage signal). Run your Thermocouple VI. Make 
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sure the voltage is positive when the end connected to pin #68 is warmer; you can use your hand 

to test this. 

Boil water in the kettle and add the hot water to the dipper. (Since the ice bath is at 0ęC, the 

temperature difference between the hot water in the dipper and the water in the ice bath is just 

the temperature of the hot water.)  For every 3 or 4ęC that the temperature of the hot water in the 

dipper drops, record the temperature and the voltage difference. 

Note:  a) Itôs essential that the thermometer and the ends of the thermocouple are in 

the right place, i.e., the middle of the vessels, not touching the side. 

  b) Always do measurements over the largest range possible. Here, this means start as 

hot as possible and end off quite cool (~40°C). When it cools down, you might want 

to add it to the ice bath or even add ice to the dipper to speed things upé just make 

sure you get good temperature readings! You can play around with this to get the data 

you need. 

  c) Be prepared to do a second run if the first run doesnôt ñwork out.ò Often, the 

second run works out much better, once youôre used to the technique. 

 

3. Plot a voltage vs temperature graph to see if the voltages across the ends of the thermocouple 

are linear with the temperature difference across the ends of the thermocouple. If so, calculate 

the calibration factor (i.e., the number of volts per ęC that the thermocouple measures). 

 

4. We now want to see how the temperature difference changes with time. As usual, do 

measurements over as large a range as possible/practical (~3-4 minutes). Refill the dipper with 

hot water and for every 15s, record the time and the voltage difference (which can easily be 

converted to temperature by applying the calibration factor later) across the ends of the 

thermocouple. To make your data collection easier, you can change the ñmillisecond multipleò in 

your block diagram so that the reading will show less often (e.g., 15000 for the millisecond 

multiple will display the voltage only every 15 seconds, but this may result in spurious readings, 

so be careful if you do this).  

 

5. Use Excel to calculate æT  and ln æT and their uncertainties (your lab instructor will help you 

with the uncertainty calculations). Plot a graph in Linegraph (including uncertainties) to test 

Newton's Law of Cooling. It will be easiest if the form ln T At ln To
 is used. Refer to the 

pre-lab to decide what to plot. As usual, if the equation is compared term by term to y = mx + b, 

it can be easily seen that if ln æT is plotted on the y-axis and t is plotted on the x-axis and the 

graph is linear within uncertainty, that the relationship is verified by the experiment. 
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Equipment List 

copper and constantan wires (separated out from outer insulation) 

wire strippers 

soldering iron and solder 

Labview interfacing system 

short wire for grounding Labview 

Thermocouple VI (from saved disk in Lab 1ðvoltages are ± 0.000025V) 

Labview screwdriver 

beaker (for ice bath) and dipper (for hot water) 

digital thermometer 

stopwatch 

kettles (for hot water) 

ice 

mats 
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Lab 7 

ELECTRICAL POWER USE IN THE HOME 

In this lab, we will examine electricity use in the home. We will assume that house voltage is 120 

volts for simplicity. A common unit of electrical energy is the kWhr. The kWhr is equivalent to 

3.6 × 106 J and costs about 6 cents at current prices. In the practical part of the lab, you will 

actually wire up an electrical outlet and measure the amount of current drawn by several 

common electrical appliances. 

 

Pre lab 

1. Based on prior knowledge, fill in the following chart: 

Quantity 

 

Symbol Unit Definition 

 

voltage 

 

   

 

current 

 

   

 

resistance 

 

   

 

power (electric) 

 

   

 

energy (electric) 
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2. From prior knowledge, state the mathematical relationship between voltage drop, current and 

resistance (Ohm's Law). 

 

 

3. From prior knowledge, state the mathematical relationship between voltage drop, current and 

electrical power use. 

 

 

4. Show that 1 KiloWatt-hour = 1kWhr = 3.6 × 106 J. 

 

 

 

 

 

 

 

5. If we turn on a 40 W light bulb in our home (remember V=120 V), find: 

a) the bulb current (0.333 A) 

 

b) the bulb resistance  (360 ) 

 

c) the energy used by the bulb if left on all day (0.96 kWhr  or  3.456 106 J) 

 

d) the cost of leaving the bulb on all day where 1 kWhr costs 5.8 ¢ (5.57 ¢) 
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6. Locate an appliance at home that has a power rating. Calculate the cost of using the appliance 

for one hour. Indicate here the name of the appliance, its power rating and the cost of using it for 

one hour. 

 

 

 

 

 

 

 

 

Procedure and Data 

1. Assume we have a 500 W stereo. Calculate  

a) the energy it will use in an hour 

b) the cost of using the stereo for 1 hour (5.8 ¢ per kiloWatt hour) 
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2. Below is a picture of a partially connected circuit. You will completely assemble the circuit 

and have it tested by your lab instructor. 

 

Follow the instructions below to connect the circuit. 
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Note: This manner of connecting a ñcontinuing wireò is a violation of electrical code (i.e., don't 

do it this way at home). Don't assume that this lab makes you an electrician! Don't do any 

electrical work without an electrician and/or a permit. 
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3. In the circuit you have connected, the black wire is ñhot,ò i.e., the black wire is the high 

voltage wire (120 volts AC). What is the function of the: 

a) white wire? 

 

b) bare copper wire? 

 

 

 

4. Why does it not matter which screw we use on the side of the outlet? Answer using the 

diagram below. 

 

 

5. It is possible to get a nasty shock (and possibly a serious injury) if you touch the metal prongs 

of a partially inserted plug.  

 

a) Although you should NOT TOUCH ANY OF THE PRONGS (since the plug might not be 

wired properly!!!), theoretically which prong would give you a shock: round, short, or tall? 
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b) Although you should NOT TOUCH ANY OF THE PRONGS, theoretically which prong 

would not give you a shock: round, short, or tall?  

 

 

6. Return now to your circuit. Connect the ammeter around the exposed black wire inside the 

insulation of the cord close to the plug. 

 

 

 

We are now ready to make measurements. A few safety comments first: 

 a) pull the plug, not the cord 

 b) be careful not to touch partially exposed prongs 

 c) some of the appliances will get hot - take care when handling them!! 

 d) some of the appliances have hot water inside them - take care not to spill the water 

 

7. Select an appliance. Locate and record the power use rating (given in Watts) along with the 

type of appliance. 
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8. Plug in and turn on the appliance and measure the current drawn using the AC amps setting. 

Some appliances like a heater or kettle have a thermostat that cuts off current when they reach 

operating temperature. So you may have to let the appliance cool off slightly before you can get 

a current reading. Unplug the appliance. 

 

9. Assume that BC Hydro provides 120 V of AC voltage. Using the power rating and our 

assumed voltage of 120 V, calculate: 

a) the predicted current 

 

 

 

b) the percent difference between the predicted and measured current 

%100
predicted

alexperimentpredicted
 

 

 

 

 

c) the energy used in one hour by this appliance  

 

 

 

d) the cost of using the appliance for one hour (5.8 ¢ per kiloWatt hour) 
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10. Repeat steps 7, 8, 9 for 5 other appliances (total of 6 appliances). Include at least one 

appliance that draws current when plugged in, but not on (this will demonstrate why we need to 

unplug things with transformers to conserve energy). Record (in a suitably well titled and 

organized chart) the power rating, Ipredicted, the current drawn, % discrepancy and the cost of 

using the appliance for one hour for each appliance. 

 

Note: Higher power appliances are better because they give lower percent discrepancies (since 

ammeters have more sig figsïless rounding at higher currents). Also, the clamp meters will only 

accurately measure the current for AC voltages that are approximately sinusoidal (some things, 

like TVs donôt have thisé hook up an oscilloscope and check this out when in doubté 

kidding!... but you will be able to do this by the end of the course!). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. Comment in a few words about the agreement between the predicted and measured currents 

(is difference < 5%?) 
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12. Now take any two of the appliances you tested previously and plug them in at the same time. 

USE 1 HIGH CURRENT APPLIANCE + 1 LOW CURRENT APPLIANCE (or you may blow a 

circuit breaker). Record in a chart the names of the appliances, their individual measured currents 

from step 10 and the total current measured when both are plugged in. Repeat for another pair of 

appliances (enter data into the same chart). 

 

 

 

 

 

 

 

 

 

 

13. What pattern do you notice in the data above. Comment briefly. 

 

 

14. Choose a 3
rd

 (LOW CURRENT) appliance. Predict quantitatively (using the 1 HIGH 

CURRENT APPLIANCE + 2 LOW CURRENT APPLIANCES) what would happen if we were 

to plug all 3 appliances into the circuit. 
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15. Test your prediction by taking the three appliances and plugging the three appliances in at the 

same time. Record the names of the appliances, their individual measured currents from step 10, 

the predicted current from step 14, the total current measured when all three are plugged in, and 

the percent discrepancy between predicted and measured total currents. 

 

 

 

 

 

 

 

 

16. Consider a simplified circuit diagram of the ñtwo outlet circuitò that we have built: 

black w ire(hot)

white wire(neutra l)  

 

Here as well is a picture of a light bulb   and a toaster 

light
toaster
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Now draw a picture of the light bulb and toaster plugged into the circuit below (it doesn't matter 

which plug). Show using small arrows the path that current flows through the light bulb, toaster 

and surrounding wires. 

 

 

black w ire(hot)

white wire(neutra l)

tota l current

 

 

17. How does the total current (in the white or black wire) coming into the circuit compare to the 

current flowing through the bulb and the current flowing through the toaster? Answer and 

explain in a few words. 
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18. If we plug another light bulb into the circuit drawn in step 18, what will happen to the total 

current? 

 

 

 

 

19. House circuits have circuit breakers to ensure that the current does not exceed 15 A. The 

breakers are inside the service panel (usually found in your garage or basement). 

black w ire(hot)

white wire(neutra l)

BC Hy dro 

service panel

through the walls of  y our house  

 

current flows through the cirrcuit breaker

 

 

The circuit breaker will ñtripò open if the current in the circuit exceeds 15 A. This stops the flow 

of current. 

circuit breaker  has tripped open
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Assume that we plug in a 60 W light bulb, a 1200 W hairdryer, a 250 W TV and a 120 W stereo 

all on the same circuit. Will the circuit breaker trip? Answer in the form of clear calculations and 

a few words of explanation. 

 

 

 

 

 

 

 

 

 

20. How many 100 W lights could we plug into a circuit without exceeding 15 A and causing the 

circuit breaker to ñtripò?  

 

 

 

 

 

 

 

 

 

 

21. Unplug your circuit and take it apart so that it is in the condition it started in at the 

beginning of the lab. 
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Equipment list 

Per group:  

2x4 with banana boxes affixed 

1 piece lumex with plug 

1 short piece lumex 

2 outlet recepticles 

2 outlet faceplates 

1 electricianôs screwdriver 

1 Phillips screwdriver 

1 clamp meter 

 

Per class: 

3-4 light fixtures with bulbs of known wattage 

5-6 other appliances to test: kettle, microwave, toaster, hairdryer, fan, heat gun 

Note: Higher power appliances are better because they give lower percent discrepancies (since 

ammeters have more sig figsïless rounding at higher currents). Also, the clamp meters will only 

accurately measure the current for AC voltages that are approximately sinusoidal (some things, 

like TVs donôt have this) 
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Lab 8 

KIRCHHOFFôS RULES 

 

Pre-lab 

1. Based on Kirchhoff's Laws, what would you predict to be true about current flow in this 

circuit? 

 

Vt 

It

R1 

V1 

I1

R2 

V2 

I2

R3 

V3 

I3  

 

 

 

2. Based on Kirchhoff's Laws, what would you predict to be true about voltage drops in this 

circuit? 

 

Vt 

It

R1 

V1 

I1

R2 

V2 

I2

R3 

V3 

I3  
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3. Based on Kirchhoff's Laws, what would you predict to be true about current flow in this 

circuit? 

 

Vt 

It

R3 

V3 

I3

R2 

V2 

I2

R1 

V1 

I1

 

 

 

 

 

 

 

4. Based on Kirchhoff's Laws, what would you predict to be true about voltage drops in this 

circuit? 

 

Vt 

It

R3 

V3 

I3

R2 

V2 

I2

R1 

V1 

I1
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5. Based on Kirchhoff's Laws, what would you predict to be true about 

a) current flow in this circuit (draw 2-3 conclusions)? 

 

Vt 

It

R1 

V1 

I1
R4 

V4 

I4

R2 

V2 

I2

R3 

V3 

I3

 

 

 

 

 

 

 

b) voltage drops in this circuit (draw 2-3 conclusions)? 
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Procedure and Data 

For the power supplies, turn the current knob fully on (clockwise). Connect your wires to the 

black and red jacks on the left side of the power supply. 

When you are ready to make your reading, push the switch momentarily. Do not leave the switch 

ON for an extended period of time. 

When you connect the meters, you should start on the largest scale and then adjust down until 

you get an accurate reading. 

We will take the % uncertainty to be 5% in our measurements, so that a % difference of less than 

5% will indicate agreement of data with predictions. 

1. Build the following circuit 

 

  

100 ohm 

S 
50 ohm 

120 ohm 

12.0 V 

 

 

2. Connect an ammeter and a voltmeter to read the current through and voltage drop across 

resistor 1 (50 ). Recall that the red terminals of the meters should be closer to the + terminal of 

the power supply. Call the instructor to check your meter placement. 

 

  

100 ohm 

S 50 ohm 

120 ohm 

12.0 V 

A 

V 
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3. Close the switch momentarily and record the voltage drop and current.  

 

 

 

4. Repeat for the other resistors. 

 

 

 

 

5. Use the voltmeter and ammeter to measure the total voltage gain across the power supply and 

the total current out of the power supply. 

 

  

100 ohm 

S 50 ohm 

120 ohm 

12.0 V 

A 

V 
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6. Record your data in a well-titled chart: 

Title: 

reading 
Voltage 

(V) 

Current 

(mA) 

R1 

(50 ) 

 

 

 

 

R2 

(100 ) 

 

 

 

 

R3 

(120 ) 

 

 

 

 

supply  

 

 

 

 

7. Add the voltage drops across the resistors to find the voltage sum. 

 

 

8. Find the % difference between the voltage sum and supply voltage (use the supply voltage as 

the predicted value). 
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9. What was the 

a) maximum current reading? 

 

b) minimum current reading? 

 

 

10. Find the % difference between these readings (use the minimum reading as the predicted 

value). 

 

 

 

 

11. Draw brief conclusions based on your data (does data agree with pre-lab predictions within 5 

% difference?) with respect to: 

a) current 

 

 

b) voltage 
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12. Build the following circuit 

 

  

100 ohm 
S 

12.0 V 

50 ohm 

120  

ohm 

 

 

13. Connect an ammeter and a voltmeter to read the current through and voltage drop across 

resistor 1 (50 ). Recall that the red terminals of the meters should be closer to the + terminal of 

the power supply. Call the instructor to check your meter placement. 

 

  

100 ohm 
S 

12.0 V 

50 ohm 

120  

ohm 
A 

V 

 

 

14. Close the switch momentarily and record the voltage drop and current. 

 

15. Repeat for the other resistors. 
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16. Use the voltmeter and ammeter to measure the total voltage gain across the power supply and 

the total current out of the power supply. 

 

  

100 ohm 
S 

12.0 V 

50 ohm 

120  

ohm 

A 

V 

 

 

17. Record your data in a well-titled chart: 

Title: 

reading 
Voltage 

(V) 

Current 

(mA) 

R1 

(50 ) 

 

 

 

 

R2 

(100 ) 

 

 

 

 

R3 

(120 ) 

 

 

 

 

supply  
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18. Add the current flows through the resistors to find the current sum. 

 

19. Find the % difference between the current sum and supply current. 

 

 

 

 

20. What was the 

a) maximum voltage reading? 

 

b) minimum voltage reading? 

 

 

21. Find the % difference between these readings (take the denominator to be the minimum 

reading) 

 

 

 

 

22. Draw brief conclusions based on your data (does data agree with pre-lab predictions within 

acceptable 5% difference?) with respect to: 

a) current 

 

 

b) voltage 
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23. Build the following circuit (note that you will need 4 resistors): 

 

  

S 

12.0 V 

R1=50 ohm 

R2=100 ohm 

R3=120 ohm 

R4=300 ohm 

 

 

24. Connect an ammeter and a voltmeter to read the current through and voltage drop across 

resistor 1 (50 ). Recall that the red terminals of the meters should be closer to the + terminal of 

the power supply. Call the instructor to check your meter placement. 

 

  

100 ohm 

S 

12.0 V 

50 ohm 

300 ohm  

120 ohm  

A 

V 

 

 

25. Close the switch momentarily and record the voltage drop and current.  

 

 

26. Repeat for the other resistors. 
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27. Use the voltmeter and ammeter to measure the total voltage gain across the power supply and 

the total current out of the power supply. 

 

  

100 ohm 

S 

12.0 V 

50 ohm 

300 ohm  

120 ohm  

A 

V 

 

 

 

28. Record your data in a well-titled chart: 

Title: 

reading 
Voltage 

(V) 

Current 

(mA) 

R1 

(50 ) 
 

 

 

R2 

(100 ) 
 

 

 

R3 

(120 ) 
 

 

 

R4 

(300 ) 

 

 

 

supply  
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29. Perform calculations and % difference calculations to verify ONE of the pre-lab (Q 5b) 

predictions you made with respect to VOLTAGE. 

 

 

 

 

 

 

 

30. Perform calculations and % difference calculations to verify ONE of the pre-lab (Q 5a) 

predictions you made with respect to CURRENT. Write a brief conclusion. 

 

 

 

 

 

 

 

Equipment list 

power supply 

ammeter 

voltmeter 

leads 

50/100/120/300 ohm resistors 

switch 
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Lab 9 

THE VOLTAGE DIVIDER 

 

Pre-lab 

1. If the supplied voltage Vs is 5.0 V and R1 = 50 ɋ and R2 = 80 ɋ, then what is the voltage 

across R1? What is the voltage across R2? 

 

 

 

 

 

2. If we want the voltage across R2 in the circuit above to be 2.0 Vs and Vs is 5.0 V and R1 is 50 

ɋ, what should R2 be chosen to be? 

 

 

 

 

 

 

 

 

Vs 

R1 

R2 
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3. If we add a circuit element with resistance RL, such as a transducer, in parallel to R2 as shown 

in the diagram below, what would happen to V2 (the voltage across R2): get bigger, smaller or 

stay the same? 

 

 

4. If you wanted to keep the same voltage across V2 (and hence VL) as before the transducer was 

added, how could you accomplish this? 

 

 

 

Adjusting the resistors in this way is a common way to get the voltage desired for a particular 

application such as supplying voltage to a transducer. This type of circuit is called a voltage 

divider. 

Using Ohmôs law and Kirchhoffôs Rules, the voltage across the load VL can be calculated. The 

general formula that relates the resistances and voltages is 

s

LL

L
L V

RRRRRR

RR
V

2121

2  

 

5. For Vs = 10V, R1 = 1 kɋ, R2 = 2 kɋ and RL = 100 kɋ, calculate VL. 

 

 

Things get a little tricky when a voltage divider is used with a load that changes resistance (recall 

many of our transducers from Lab 1). To keep the voltage VL the same when RL changes, the 

resistors must be adjusted. If you can change the values of the resistors, as with our Decade 

Vs 

R1 

R2 

RL 
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resistance boxes, then the resistance desired can be simply ñdialed up.ò This is sometimes called 

ñtuningò the voltage.  

An easier way of choosing the resistances (or tuning the voltage) is by using a potentiometer. A 

potentiometer (or ñpotò) is in effect one long resistor with a sliding contact in the centre called a 

ñwiper.ò The two ends of the resistor and the end of the wiper comprise the three terminals that 

can be used to insert the pot into a circuit to act as a variable voltage divider. There is a knob (or 

slider) on the pot that is used to move the wiper and this knob is used to tune the desired 

resistance for a circuit element. Therefore, the voltage can be adjusted simply by turning a knob 

(instead of adjusting resistor values). A common way to show a potentiometer circuit is: 

 

Examples of potentiometers used in circuits include volume controls on audio equipment and 

dimmer switches on domestic lighting. Potentiometers are rarely used to control anything of 

significant power. ñRheostatsò are normally used for high power applications. 

 

6. Many of your field instruments use potentiometers. Name two examples of instruments that 

likely use potentiometers in your fieldwork: 

 

 

 

Procedure and Data 

1. Many transducers (e.g., photoresistors, thermistors) operate with an applied voltage of Ò 10V. 

Changes in the resistance (and hence voltage) of these transducers is greater if V is larger. This 

means the measurement of the voltage is more sensitive if we use the largest possible VL. 

Therefore, if Vs = 12.0 V (e.g., a car battery) and we want to measure VL (the voltage across the 

transducer), we will want to choose R1 and R2 such that VL is close to (but never greater than!) 

10 V. 

Vs 

R1 

R2 

RL 
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Set up a voltage divider using the Decade resistance boxes with Vs = 12.0 V and R1+R2=1000 ɋ 

to operate the photoresistors and thermistors. The negative terminal of the power supply must be 

grounded (connect a wire between the black and green jacks). Use the Labview voltmeter VI to 

constantly measure the voltage across the transducer. Remember VL should never exceed 10.0 

V. Note: The Labview voltmeter has an extremely high impedance (can be thought of as 

resistance), and will therefore not affect the circuit in any significant way. You can see this by 

considering the equation for VL with a very large RL. 

 

Transducer R1 R2 

bead resistor   

photoresistor 1   

photoresistor 2   

 

 

2. Now replace the resistors with the 1 kɋ potentiometer in a circuit that allows the voltage 

across each transducer to be tuned to the correct voltage as the transducerôs resistance changes.  

 

3. Consider the Wheatstone bridge in Lab #2 and identify the voltage dividers and their role in 

that circuit. 

Vs 

R1 

R2 

RL 
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Equipment list 

Xantrex power supply 

Labview voltmeter (with leads connected to pin #68 and #34) 

2 Decade resistance boxes 

1 kɋ pot (mounted on plexiglass with mounted terminals) 

transducers (photoresistors and thermistors) 
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Lab 10 

INTRO TO THE OSCILLOSCOPE AND MAKING A DC POWER SUPPLY 

 

Pre-lab 

1. Read the following background information: 

The oscilloscope is one of the most widely used instruments in scientific laboratories of all kinds, 

from medical to astronomical. By studying simple waveforms in this experiment, you will a) 

gain an understanding of the basic principles of operation of an oscilloscope and a familiarity 

with its controls, b) learn some fundamental measurement techniques using the oscilloscope, and 

c) construct a simple DC power supply and study its characteristics. 

The oscilloscope is just a fancy voltmeter. Instead of displaying one reading of the potential 

difference (i.e., voltage) between two points in a circuit like a voltmeter does, the oscilloscope 

gives you a picture of the voltage as it changes over time (see Appendix 3, Part A). 

On the oscilloscope screen, the vertical scale corresponds to the potential difference (voltage in 

volts, V), and the horizontal scale to the time (s, ms or s). To determine a voltage or time value, 

simply count the number of vertical or horizontal divisions (the 1cm squares) on the screen, then 

multiply this number by the scaling factor (which is obtained by reading one of the knobs with a 

red centre). For the vertical scale, use the VOLTS/DIV scaling knob, and for the horizontal 

measurements, use the TIME/DIV knob. 

 

2. Briefly research and describe what a transformer is and what it does? 

 

 

 

3. Sketch a prediction of what the voltage VR versus time graph would look like if the voltage 

was measured across the terminals of a transformer plugged into the wall outlet (BC Hydro): 
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4. Consider a simple AC circuit as in the diagram below where the AC source is again a 

transformer plugged into the wall outlet. 

 

Sketch a prediction of what the voltage versus time graph would look like if the voltage is 

measured with the oscilloscope (CH1 of scope) across the 1000 resistor (this 1000  resistor 

will represent the ñloadò in the circuit in this labðin reality, the load is any device that operates 

on DC current, e.g., a charging cell phone, a power drill, etc.). This is a sketch of an unrectified 

output across the resistor: 

 

 

 

 

5. A diode is a semiconductor device which only lets current through in one direction. If we 

connect the diode to an AC voltage source as in the diagram below, half the time the diode will 

block the current. 

+
_

+

+_

_

CH1 of scope

1000

diode

transformer

 

Sketch the predicted waveform that will result. This is a sketch of a half-wave rectified output 

across a resistor: 

+ 
_ 

+ _ 

CH1 of scope 

1000  

transformer 
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6. A diode bridge is a device which lets current through in only one direction, but the 

current flows in both half cycles as opposed to every other half cycle as we saw in the last 

part (you can prove this to yourself by tracing out the direction of the current through the 

resistor R in the diode bridge in the diagram below). With a full-wave rectifier bridge in the 

circuit, then, we won't just see half of the AC sine wave as in Part C; instead we will see both 

parts of the sine wave but the bottom half will be flipped up. 

 

transformer

CH1 of scope

1000

+

_
_

+

 

 

Sketch the predicted waveform that will result. This is a sketch of a full-wave rectified output 

voltage across a resistor: 

 

 

 

 

 

 

Purpose 

To construct a DC power supply from an AC voltage source (BC Hydro) and use an oscilloscope 

to observe the resulting voltages. 
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Procedure and Data 

Part A: Power Supply Board Assembly 

1. Use the knife provided to strip 2 cm of the outer (black) covering off one end of the black 

power cable and cut off the nylon string inside using the small wire cutters as scissors. Be careful 

not to cut yourselfðalways cut away from your hand. Also, be careful not to cut into the 

insulation on the wires inside. If you do make this mistake, tape the affected area with electrical 

tape (to prevent a possible short) or cut off inside wires and start from scratch. 

Use the stripping tool to strip ~0.5ï1 cm off the inside wires of the cable (this length is 

approximate because different types of plugs require different lengths of exposed wire to go into 

the screw assembly inside the plug). The gauge of inside wires of the black power cable is 16, so 

use the hole marked ñ16ò on the stripping tool. Twist the loose conducting strands together for 

each of the 3 wires inside. Note: the outside black insulation of the cable must be clamped 

into the plug assembly when the plug assembly housing is closed up. Make sure all your 

lengths of wires and stripping allow for this. 

 

2. Now open up the plug, and connect the wires to the proper terminals: 

a) By convention, the green wire is connected to the greenish-coloured screw terminal 

inside the case. This is the ground connection. (Notice that the greenish terminal is 

physically part of the U-shaped prong on the outside of the plug.) 

b) The black wire is connected to the coloured terminal (in this case, it is a copper 

colour). 

c) The white wire is connected to the uncoloured, silver terminal. 

This procedure is the only correct one for connecting a male plug. If you make a mistake and 

then hook the plug up to a correctly wired female plug (receptacle), be prepared for fireworks! 

To double check your work, look at the male plug from the end: the green wire must be 

connected to the big, U-shaped prong; the black wire to the next, clockwise prong (with the 

coloured terminal on the inside); and finally, the white wire to the last prong (with the silver 

terminal inside). (For female plugs, the white and black wires are hooked up in reverse (so that 

starting from the green ground wire, the white wire is the next clockwise connection). This is 

done so that when the two different plugs are mated, the white wires will be connected to each 

other, as well as the black ones (think about itðthis requires a little spatial imagining). 
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3. To assemble the power supply board, use a lay-out similar to the one shown in Figure 1. 

 
Figure 1 Power Supply Board 

Attach the terminal block (using the 6×¾" screws) and the transformer (using the 6 1/4" screws) 

to the board using a screwdriver (and perhaps a few light taps with the hammer). Use tape to 

cover the ends of screws that may poke through the back of the board to prevent scratching the 

table, etc. 

Note: Figure 2 shows how to properly connect a wire to a screw-type mount. After ~1 cm of the 

insulation of the wire is stripped off, bend the exposed conductor into a semicircular loop as  

 

Figure 2 Connecting a wire to a screw-type mount 

in Figure 2. Loosen the screw and put the loop around the screw. The loop should wrap around 

the screw in the clockwise direction only about 3/4 of the way. Never wind the wire around 

the screw completely. That way, when the screw is tightened, the wire will not cut itself in two 

and break the electrical connection. 

Attach the power cord and plug to the board using the cable clamps and cable ties and trim the 

cable ties with the wire clippers (this may have to be demonstrated). Strip and connect the power 

cord's inside wires to one side of the terminal block using the built-in screws. Twist the multi 

stranded wires together first so that they don't come apart as you screw things in. 

Connect the terminal block to the transformer by connecting the two black wires on the 

transformer to the screws on the terminal block corresponding to the white or black wires. The 

terminal with the green wire connected to it is hooked up to the transformer using the (red or 

green) hookup wire. 

Cable Ties 

Cable Clamps 
Transformer 

Terminal  
Block 

Green 
Wire 

Red or green 
hookup wire 
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Part B: The Oscilloscope and Its Controls and Observing an AC Signal 

1. Examine your oscilloscope (see Appendix 3, Part B for descriptions of the controls). Make 

sure all inner red knobs are turned fully clockwise (to their ñcalòibrated positions). 

 

2. Cover the terminal block with some electrician's tape (to avoid any accidental contact with 

the exposed wires). Strip and connect a couple of 20ï22 gauge solid core wires to the back of the 

transformer as shown in Figure 3. 

 

Figure 3 

Strip and connect the other ends of these wires to the BNC connector of the oscilloscope (slightly 

unscrew the read and black connector ends of the BNC connector and thread stripped parts of the 

wires into the holes and tighten up the connectors againðsince itôs an AC signal, the polarity 

doesnôt matter). Plug in your power supply board to the power bar provided. Turn on your 

oscilloscope. 

 

3. Normally, the waveform that you initially see is not what you want (often, you wonôt see 

anything at all!). You will usually have to make adjustments to the oscilloscope to see the 

waveform the way you want it using the TIME/DIV and VOLTS/DIV controls, as well as 

sometimes using the trigger controls (bottom right). This is explained in detail in Appendix 3, 

Part B, but you should be able to observe simple waveforms by following these steps: 

a) Set the scope's zero voltage (GND) location along the centre line of the screen by putting 

the AC-GND-DC switch in the GND position and adjusting the vertical POSITION knob. 

Put the AC-GND-DC switch back into the DC position. 

 

In general, leave the AC-GND-DC switch on the scope in the DC position because in 

the AC position a capacitor, internal to the scope, is introduced into the circuit which will 

affect your circuit. 
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b) Adjust the VOLTS/DIV setting until the voltage signal occupies the maximum number of 

divisions without being cut off. Adjust the TIME/DIV setting until you see 1 or 2 

repeating cycles of the waveform (the wave repeats itself after each cycle). You should 

see a sinusoidal waveform since this is the type of voltage supplied by the outlet by BC 

Hydro (the transformer simply ñsteps down the voltageò to a safer level). 

 

When looking at a voltage signal on the oscilloscope, always adjust the scope settings so 

that the voltage signal occupies as much of the screen as possible without being cut off. 

Also, the waveform should contain a reasonable number of cycles. 

 

Sketch the resulting waveform with correctly labelled and scaled axes. Show (draw and label) 

the GND (0 V) location clearly. 

 

 

4. Record the number of divisions that the peak of the sinusoidal waveform is deflected 

vertically from the zero voltage location and the VOLTS/DIV setting. The product of these is 

the amplitude of the wave in volts V. Calculate the amplitude of the wave. 
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Because AC and DC are different types of voltages, it is not immediately obvious how to 

compare them. There is a way, however. When a DC voltage is applied to a resistor, power is 

dissipated in the resistor and it heats up. This is known as Joule heating. The equivalent heating 

effect of an AC voltage in the same resistor is used as a basis for defining the effective, or rms 

(root-mean-square) value of the AC voltage. By definition, the rms value of an AC voltage 

equals the steady DC voltage that would produce the same Joule heating as the AC voltage. For a 

sine wave, like we have here, the rms value, as the name implies, is given by 

 

 Vrms

Vmaxsin t
2
dt

0

T

T
 

 

 = 
2

2
Vmax 

where Vmax is equal to the amplitude of the voltage. 

 

Calculate Vrms for this waveform. 

 

 

 

With the voltmeter (DMM) set on AC volts, measure Vrms across the resistor. 

 

 

 

 

5. Record the number of divisions for one complete cycle of the wave horizontally and the 

TIME/DIV setting on the scope. The period T is the product of these. The frequency f is the 

inverse of the period. If the period is in seconds s, then the frequency (= 1/T) will be in Hz. 

Calculate the period and the frequency of the waveform. 
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Part C: Rectification and Filtering of an AC Signal 

1. Unplug your power supply board. Construct the AC circuit as in Figure 4. Plug in your power 

supply board and capture the signal on the scope. 

 

 

Figure 4 Circuit for an unrectified output across the resistor 

Notice that you see the same thing as you did when you connected the oscilloscope directly 

across the power supply. This is because the resistor is the entire load in this circuit and therefore 

all of the voltage supplied by the power supply is seen as a voltage drop across the resistor 

(Kirchhoffôs Rules apply!). Sketch the resulting waveform. As before, all sketches should 

include labelling and scaling of both axes and labelled zero GND voltage. 

 

+ 
_ 

+ _ 

CH1 of scope 

1000  

transformer 
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2. Unplug your power supply board. Connect the circuit shown in Figure 5. The negative side of 

the diode is the one with the silver band. Plug the power supply board back in. Use the 

oscilloscope to examine the voltage across the load (i.e., the 1000  resistor) by attaching the 

scope to your circuit as in Figure 5. 

+
_

+

+_

_

CH1 of scope

1000

diode

transformer

 

Figure 5 Circuit for half-wave rectification 

Sketch the resulting waveform (the voltage across the resistor, i.e., the half-rectified sine wave). 

As before, all sketches should include labelling and scaling of both axes and labelled zero GND 

voltage. 
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3. Unplug your power supply board. Construct the circuit in Figure 6. The diode bridge must be 

oriented as in the diagram. Make sure you connect the resistor and scope to the diode bridge in 

the right places. You should be able to figure this out if you remember that the end of the diode 

with the stripe on it is the negative side and the arrow in diode symbol of the circuit 

diagram points from positive to negative. Plug in your power supply board and capture the 

signal on your scope. Set the GND position near the bottom this time. Then reset the AC-GND-

DC switch to DC.  

transformer

CH1 of scope

1000

+

_
_

+

 

Figure 6 Circuit for fully rectified sine-wave 

 

Sketch the resulting waveform (as before, all sketches should include labelling and scaling of 

both axes and labelled zero GND voltage). 
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Measure and calculate the amplitude, period and frequency of the fully rectified sine-wave (note: 

Vrms cannot be calculated with the same formula as before as the waveform is no longer a sine 

wave). 

 

 

 

 

 

 

 

 

 

 

 

How does the frequency compare to that in Part B, step 2? Why? 

 

 

 

 

 

4. Because we have only positive voltages on the scope, we know that the current flows through 

the resistor in one direction only, but its value is anything but constant. In order to make a DC 

power supply, you need to add some capacitance to ñfilterò the voltage and make it more 

constant. As you increase the capacitance you will reduce the size of the AC component of the 

voltage (called the ñrippleò) relative to the DC component of the voltage. Begin by connecting 

the 1 F capacitor across the resistor. There is a positive and negative end to these ñelectrolyticò 

capacitors (i.e., polarity matters!). The negative lead of the capacitor has a black stripe adjacent 

it. Connect the negative end to the green dot and the positive end to the yellow dot If the 

capacitor is inserted backwards, it can blow upé be certain you have it in right! 
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Sketch the resulting waveform on the same sketch as in step 3 (using the same VOLTS/DIV 

setting as used in step 3 so that you can show the relative change in the size of the ripple). Label 

the waveform. Note that although the voltage is smoother, there is still some ripple. 

 

5. Now disconnect the 1 F capacitor, and connect the 10 F capacitor across the resistor. 

Sketch the resulting waveform once again on the same sketch and label it. 

 

6. Now disconnect the 10 F capacitor, and connect the 1000 F capacitor across the resistor 

and sketch this waveform on the same sketch and label it. 

 

7. Describe how the ripple changes as you increase the filtering capacitor. 

 

 

 

8. Take apart the power supply board. 

 

Equipment List 

1 toolbox 

1 board for power supply assembly 

30cm piece of black power cable 

plug assembly, screws 

2 cable clamps and 2 cable ties 

2 - 20cm long pieces of 20ï22 gauge single strand wire 

1 transformer and 1 terminal block 

power bar 

Iwatsu Model SS-5702 - 20 MHz dual-trace oscilloscope with BNC connectors (± 4%) 

Fluke DMM 

1 F, 10 F, 1000 F capacitors 

diode 

diode bridge 

decade resistance box (± 1%) 
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Appendix 1 

EARLY HISTORY OF NUCLEAR PHYSICS 

In 1896 Henri Becquerel was investigating the possible relationship between the fluorescence of 

glass exposed to the newly discovered x-rays (by Wilhelm Roentgen a year earlier) and the 

phosphorescence of uranium compound exposed to sunlight. As luck would have it, several days 

of rain (no, he wasn't in Vancouver, surprisingly) forced Becquerel to store the uranium 

compound inside a drawer, right beside a photographic film which was tightly wrapped in black 

paper. He discovered later that the film was fogged (darkened)ðwithout the benefit of sunlight! 

Repeating several observations of this type under controlled conditions, he concluded that the 

film was darkened by invisible radiation emitted by the uranium compound. He also found that 

the emitted radiation occurred naturally, which, unlike x-rays or phosphorescence, did not 

require external stimulus. This phenomenon of spontaneous emission of radiation by uranium 

came to be called radioactivity. 

In 1898, Marie and Pierre Curie discovered two other radioactive elements: polonium and 

radium. Other radioactive elements were soon discovered as well. At the present time about 30 

natural elements have been found to contain radioactive isotopes (isotopes are atoms whose 

nuclei have the same number of protons but different numbers of neutrons) and over 50 naturally 

radioactive isotopes have been identified. (Radioactive isotopes can also be produced artificially, 

as Frederic and Irene Joliot-Curie discovered in 1934, by bombarding nuclei with highly 

energetic particles like protons and neutrons.) 

Further investigations led by Ernest Rutherford and D. Villard established, in 1906, that the 

radiation emitted by radioactive substances were of three separate and distinct types which were 

named after the first three letters of the Greek alphabet: alpha ( ), beta ( ), and gamma ( ) 

ñrays.ò These investigations also revealed that radioactivity was independent of external 

conditions. The emissions were unaffected by such physical and chemical influences as 

temperature, pressure, or chemical combinations. With Rutherford's nuclear model of the atom 

(the charge and mass of the atom are concentrated in a small central sphere, called the nucleus, 

and the electrons orbit around the nucleus), scientists realised that radioactivity must be a nuclear 

processðthe rays emanate from deep within the nucleus. Following James Chadwick's discovery 

of the neutron in 1932, it became known that the difference between a radioactive atom and a 

non-radioactive one of the same element lay in the number of neutrons in the nucleus. Rutherford 

and his collaborators also found that alpha and beta particles were emitted through separate 

independent decay processes and that both types of decay may be accompanied by gamma 

radiation. 
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Appendix 2 

METER CONNECTIONS 

 

1) An ammeter measures the current in amperes (A) through an element of the circuit and 

therefore it must be connected to the circuit in series. For example: 

A

+

-

+

+

-

-

A

R R

RR1 2

3 4

 

 

2) A voltmeter measures the potential difference or voltage drop in volts (V) across an element 

of the circuit and therefore it must be connected to the circuit in parallel. For example: 

+

-

+

+

-

-

R R

RR1 2

3 4

V

V

 

 

3) An ohmmeter measures the resistance in ohms ( ) and must be connected with no other 

power source in the circuit. To measure the equivalent resistance of a circuit, just remove the 

power supply and connect the ohmmeter in the place of the supply. For example: 

R R

RR1 2

3 4
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Always use the highest precision possible (i.e., the lowest scale on the meter that contains your 

measurement). Work your way down the scales (i.e., start in the highest scale and move down to 

the lowest) to avoid damaging meters. For example, putting a 1.2 A current through an ammeter 

set in a 50 mA scale can blow a fuse in the meter or even damage it permanently. (For meters 

that are ñautorangingò, manually changing the scales is not necessary since the scale is 

automatically changed to the correct precision by the meter itself.) One further point, whenever 

you put a meter into a circuit, you change the characteristics of that circuit: 

1) Putting an ammeter in the circuit adds a (very) small amount of resistance (since an 

ammeter is hooked up in series with the rest of the circuit), which slightly reduces the 

amount of current that would be in the circuit without it. 

2) Putting a voltmeter in the circuit slightly increases the current in the circuit by 

decreasing the amount of total resistance (since a voltmeter is hooked up in parallel 

with the circuit element over which it is measuring the voltage drop). 

3) Putting both meters in the circuit at the same time only complicates matters (it may 

generate off-setting effects), however, it is the most useful way of continuously 

monitoring a circuit. 
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The Fluke digital multimeter (DMM) seen below serves as an ammeter, voltmeter or 

ohmmeter depending on which setting and jacks are used. 

The DMM must be connected according to the connections described above or a fuse 

may blow, or worse, the meter may be damaged. 

Set the big centre dial to the quantity you want to measure. The straight line above the 

symbol is for DC and the squiggly line is for AC. 

The negative lead is always attached into jack labeled COM. 

The positive lead is attached into the jack labeled: 

A for measuring current > 300mA 

mA ɛA for measuring current < 300 mA 

V ɋ for measuring voltage or resistance 
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Appendix 3 

THE OSCILLOSCOPE 

 

Part A Theory of Operation 

This appendix will explain how an oscilloscope works. The oscilloscope is essentially a device 

for electronically plotting a graph of two interdependent variables on its fluorescent screen. Its 

main component is a cathode-ray tube. Inside the small end of the cathode-ray tube is an electron 

gun which produces a high velocity, focused beam of electrons directed at the fluorescent screen. 

This screen emits visible light when the electron beam strikes it, resulting in a bright spot of light 

on the screen. This spot can be moved around by deflecting the beam on its way to the screen. 

For this purpose, two pairs of deflection plates are mounted at right angles to each other just after 

the electron gun. See Figure 1. 

time

voltage

sawtooth voltage

v

t

sine w ave

electron gun deflecting plates

f luorescent
screen

luminous
trace

Figure 11.1.1 A cathode-ray tube and the 
respective applied voltages.

 

Figure 1 A cathode ray tube and the respective applied voltages 
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A voltage applied across the vertical deflection plates causes a vertical displacement of the spot 

of light on the screen, proportional to the applied voltage. Similarly, a voltage applied across the 

horizontal deflection plates produces a horizontal displacement of the spot of light on the screen, 

proportional to the applied voltage. 

Figure 2 shows the sine-wave pattern on the screen produced by a point-by-point plot of a sine-

wave voltage on the vertical deflection plates versus a sawtooth voltage of the same frequency 

on the horizontal deflection plates. Both voltages start at zero, in the middle of the screen, at t = 

0. To keep the sawtooth (or sweep) voltage in step with the voltage under study (applied on the 

vertical deflection plates), the oscilloscope provides ñsynchronizing circuitsò which deliver 

ñpulsesò to the sawtooth (sweep) generator (circuits) telling it when to start each sweep (i.e., the 

sweep voltage is ñtriggeredò with the voltage under study). The sawtooth (sweep) voltage may 

be conveniently made to be a sub-multiple of the voltage being studied in order to display more 

than one cycle of the waveform. 

0
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CRT screen

Figure 11.1.2 A sine-wave voltage waveform.

 

Figure 2 A sine wave voltage waveform 
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Part B The Oscilloscope Controls 

Figure 3 is a schematic diagram of the front panel our oscilloscope (an Iwatsu SS-5702). In the 

centre is the screen on which we will be looking at the ñtracesò formed by the cathode ray tube 

(CRT) inside the oscilloscope. 

Iwatsu SS-5702 
Oscilloscope

INTEN FOCUS SCALE

POWER ON/OFF

POSITION

POSITION

POSITION

AC

GND

DC

DC

GND

ACINPUT

INPUT

V MODE

TIME/DIV

CH1

CH2

VOLTS/DIV

VOLTS/DIV

INV LEVEL SLOPE

CAL 

OUT

HORIZ IN

SWEEP 

MODE

COUPLING

SOURCE

TRACE

A

B
C D

E

SCREEN

A B
E

F

G

H I J K L M

N

O
P

Q  

Figure 3 

 

The first thing to note is that before making any measurements, check that the centre red knobs 

are twisted all the way clockwise until they click. Otherwise the calibration given on the knob is 

not correct. This is the case for both the VOLTS/DIV and TIME/DIV knobs. 
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In the upper left hand corner are the Channel 1 control knobs (CH1). This oscilloscope allows 

you to look at 2 voltage signals (called channels) at the same time. The POSITION knob (A) 

lets you adjust the vertical position of the trace, which sometimes helps in measurement. 

The VOLTS/DIV knob (B) adjusts the vertical scale on the oscilloscope. The trace should be set 

so that the signal is as large as possible while still showing at least one period and both peaks of 

the signal. If you look at the screen, you will see it is divided up into 1 cm divisions, horizontally 

and vertically. The vertical scale measures the voltage of the signal and is calibrated in Volts/div 

(i.e., each 1 cm vertically is so many Volts). For example, if the VOLTS/DIV knob is set on 5, 

then any voltage signal on the screen can be measured because we know there are 5 Volts/div.  

Just to the left is another important part, the INPUT, to which can be attached a special coaxial 

cord and BNC connector, or some other device for getting the input signal into the oscilloscope. 

This is where the signal is brought into the oscilloscope. There is also another one, a little lower 

down, for CH2. 

The horizontal scale is the time scale, and is divided into time units/div. The adjusting knobs for 

this scale are in the upper right hand corner. The POSITION knob (C) is adjusts the position of 

the trace on the screen in the horizontal direction and the TIME/DIV knob (D) is calibrated in 

seconds, milliseconds, or microseconds per division.  

Each POSITION knob has a red centre knob which can be pulled out for a ( 5) magnification 

(i.e., the reading can be made 5 times bigger than it actually is). For example if my VOLTS/DIV 

knob is set at 1 Volt/div and I pull out the knob, I am now using 1ù5 of a Volt/div on my scale. 

Going back to the left side of the scope, beside the input is a 3-position switch (E), labelled AC-

GND-DC. Normally you would use the DC position. The AC position is used when you only 

want to look at the AC component of the input (usually, every voltage has an AC component 

added to a DC component for a combination of the twoðsometimes it is useful to take a look at 

just the AC). The GND position will ground out the input, and all you will see is a flat line. This 

lets you set the zero-voltage baseline for the trace using the POSITION knob. (Try it later.) The 

DC position is used to see the DC and AC components together, i.e., you will see the net result 

of the two components. 

Below this is a 4-position switch (F) labelled V MODE with CH1-CH2-DUAL-ADD positions. 

The first position will limit the display to the signal on CH1, the second to CH2. The third 

position will show both traces separately on the screen, and the fourth will add CH1 and CH2 

and display the final result. Below this is another set of controls for CH2 similar to the ones 

already discussed for CH1, and a POLARITY knob (G) which can change CH2 to either +CH2 

(which is the NORM setting) or negative -CH2 (which is the INV setting). 

Moving along the bottom of the oscilloscope, from left to right, we see an output to ground, 

which we will probably never use, and a POWER ON/OFF switch (H) (always useful). It takes 

some time for the unit to warm up when turned on.  
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Next is a TRACE ROTATION (I) screw, which is used to align the trace when it is grounded 

(i.e., when the 3-position switch is on GND, the trace should be perfectly horizontal). 

The INTEN knob (J) adjusts the intensity of the trace, and should be set so that the trace can be 

seen, but should not be bright. 

The FOCUS control (K) adjusts the focus on the trace, i.e., the width of the line.  

The SCALE control (L) adjusts the brightness of the scale divisions on the screen. 

The CAL OUT connection (M) is to adjust the oscilloscope using the specified voltage (don't 

worry about it). 

Under the TIME/DIV knob is the LEVEL/SLOPE knob (N). This knob is the triggering knob, 

and basically what it does is it gives you the ability to start the trace at any point along the 

voltage waveform, using the value of the slope of that waveform. What usually happens is that if 

you can't get a trace on the screen, you play with this knob until one appears. 

The next two switches control the type of triggering, and they are the SWEEP MODE (O), 

which allows you to choose AUTOmatic or NORMal switching (leave it on AUTO), and 

COUPLING (P) (leave it on AC(EXT DC)). 

The final switch is the triggering control SOURCE switch (Q), which lets you begin the trace 

using CH1 (the usual position), or CH2, or even some other EXTernal TRIGger using the trigger 

input connector in the extreme lower right hand corner. Further information is in the oscilloscope 

manual. 

 


