Oceanographic Instrumentation, Measuring Temperature

In this lab you will build a temperature measuring device, program it, collect some data in a cylinder, and plot the data.  This will introduce you to oceanographic instrumentation and data. 

Prior to doing the exercise you should download and install the Arduino IDE (Integrated Development Environment) software and download and install the required Arduino libraries.  Your instructor will give you instructions on how to do this.

Part A.  Building a sensor 
Arduino is a microprocessor that allows you to attach a variety of sensors for making measurements.  It also has the capability to drive motors, connect to the internet, and drive 3D printers.  You may have seen robots that are controlled by an Arduino board.  So if you find this interesting, after this lab you can do an internet search and discover the amazing world of Arduino projects. Here we will use an Arduino board to construct a simple circuit that will allow us to take the temperature of water, and display the temperature on a computer.

To build the circuit you will need the following things:
· Arduino board and Mini breadboard mounted on an Arduino/Breadboard holder
· USB connector
· Waterproof temperature sensor (DS18B20) with one male jumper cable connected to each of the three wires
· 4.7k ohm pull-up resistor
· 2 male-male jumper wires
· 1 male-female jumper wires
· Laptop with Arduino IDE and appropriate libraries (these are downloaded from the internet)
· Arduino code (a link will be provided for this)

To create the sensor circuit complete the following steps:
1. Place the Arduino/Breadboard in front of you.
2. Run a male-male jumper wire from pin two on digital side of Arduino to any row (let’s call it X) on breadboard.  
3. Connect the resistor to the female end of the male-female jumper wire.
4. Plug the other end of the resistor cable into the 5v power on the analog side of the Arduino board and the resistor end into row X on the breadboard.
5. Insert the yellow wire from the temperature sensor into row X.
6. Plug the red and blue wires from the temperature sensor, and the male-male jumper wire into a different row on the breadboard (call it row Y).
7. Plug the other end of the male-male jumper wire into ground on the digital side of the Arduino board.
8. Plug the USB cord into the outlet on the Arduino board.



Part B.  Checking Arduino IDE, library installation and loading code onto Arduino.
1. For homework you installed the Arduino software and loaded the necessary libraries.  Check on your computer desktop.  There should be a shortcut called Arduino.  Click the icon and the software should open.  
2. Now check and see that the libraries were correctly installed.  Click on the Sketch drop down menu.  Choose Include library.  The installed libraries will be listed on the right.  Disregard the subtitles in the list.  Just make sure that somewhere in the list the following are listed:  MAX31850DallasTemp and MAX31850OneWire.
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3. If you do not have an Arduino shortcut on the desktop, and/or the libraries are not installed, follow the instructions supplied by your instructor to install these on your laptop.
4. Now it is time to load the code, but first a note about Arduino jargon.  In Arduino a computer code is called a sketch.  Thus to find a code stored on your computer you will go the File drop down menu and look in the Sketchbook.  You will be given the code to use in this exercise.  
a. Your instructor will email you a link.  Go to the link, and the code will appear in the browser.  Highlight the entire code and copy it.
b. If it is not open, open the Arduino IDE by clicking on the shortcut on your desktop.  Select the File dropdown menu and choose New.
c. Delete the bare bones program that appears in the window.
d. Paste in the window the code that you copied.  
e. Save the code using the name acquire_temperatures.  Now whenever you want to use this code go to File>Sketchbook and choose acquire_temperatures.
5. Read through the code.  Numerous comments are included, special symbols are used to separate the comments from the actual computer code.  The comments are not executed by the Arduino, but are included to help you understand how the code works.
6. The code is written to take temperature samples once every 5 seconds (5,000 milliseconds).  Change this so the temperature will be sampled once every second. Once you have done that save the code by choosing File>Save.

Load the code onto your Arduino board.
The code resides on your computer and that is where you can modify it.  To run the code it must be transferred to the Arduino board.  For this to happen the USB cable must connect the board to your computer so make sure the cable is plugged into both of these.
1. Plug the USB cable into a USB port on your computer.
2. Under the Tools drop down menu click Board and select the Arduino/Genuino Uno (even if it seems to have been selected).
3. Under the Tools drop down menu click Port and select the Com port you have connected to the Arduino (even if it seems to have been selected).
4. Load the code onto the Arduino board by clicking on the arrow pointing to the right (at the top of the IDE screen). 
5. [bookmark: _GoBack]Under the Tools drop down menu select Serial Monitor.  A new window will open.  Make sure that the baud rate (in the lower right hand corner) is set to 9600.
6. In this new window temperature data, collected once each second, should begin scrolling on the screen.  It should show temperatures close to room temperature.  Pick up the sensor and hold the silver end in your hand.  You should see the temperature start to change. If the temperatures do not look right first check the circuit and make sure it is set up correctly.  If things still don’t look right, wiggle the connectors that are inserted in the breadboard.  They need to make contact with the wires embedded in the breadboard to complete the circuit.  If there are still problems, try a different temperature sensor.
7. Once the circuit is working proceed with the lab.

Part C.  Determining the accuracy of the sensor
To test the sensor for accuracy you will need the following things:
· Ice
· Chilled water 
· Styrofoam cups
· Boiling water bath
· Stir rod
· Laptop and Excel

How will we know if the temperature measurement is accurate?  Two temperatures on the Celsius scale are defined for us.  By definition boiling water (at sea level) has a temperature of 100oC.  Liquid water in equilibrium with ice has a temperature of 0oC.  We will take the temperature of these two systems and use that to determine the accuracy of our instrument.  

Your instructor has set up a boiling water bath.  To make an ice water bath fill a Styrofoam cup with ice, add some chilled water and stir.  You will use these two solutions to calibrate your instrument.  
With the Arduino serial monitor open, and displaying temperature readings, submerge the sensor in the boiling water bath.  Make sure that it is fully submerged and not touching the sides or bottom of the bath.  Observe the change in temperature on the monitor and when the readings have stabilized record the reading in the table, below.

Prepare to use the ice water bath. Ensure the ice bath is in equilibrium with the ice by stirring the bath. If much of the ice has melted, and there is lots of water, spill out much of the water and add lots of ice. Submerge the sensor in the bath, making sure that it is entirely covered with ice and water and does not touch the sides or bottom of the bath.  Observe the change in temperature on the monitor.  When the readings have stabilized record the reading in the table, below.

	Bath
	Defined Temperature (°C)
	Sensor reading (°C)

	Ice water bath
	0
	

	Boiling water bath
	100
	



Compare the readings from the sensor to the defined temperatures and see if we need to correct the sensor readings.  To do this we will make a calibration curve.  Plot the two data points in Excel, let the defined readings be the independent variable (on the x-axis) and the sensor readings be the dependent variable (on the y-axis).  Insert a best fit straight line by right clicking on the data points and choosing Add Trendline from the drop down menu. This line is the calibration curve and can be used to correct sensor readings to account for sensor error.
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Under Trendline Options choose Linear and Display Equation on chart.
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What is your formula for the best fit line (read it directly off of the chart)? ________________________

Manipulate this formula to solve for X (the corrected temperature).  ___________________________

Now you can use this equation to convert any reading from this sensor (y) to corrected readings (x).  Rewrite your rearranged formula below, substituting Tcorrected and Tsensor for x and y.

Conversion formula _______________________________________________________________

Ethanol boils at 78.4 oC at 1 atmosphere.  If you placed your sensor in boiling ethanol what temperature would your sensor read?  _________________________________________________

Part D.  Determining the response time of the sensor
To determine the response time of the sensor you will need the following things:
· 2 250 ml beakers
· Ice
· Microwave 
· Stop watch

Sensors do not instantly respond to a change, so it is important to let them equilibrate a sufficient length of time.  How long does the sensor in your circuit need to equilibrate until it gives an accurate reading?  Let’s time it and see.

Acquire a stop watch, and two beakers.  Fill one beaker with hot water (may be warmed in the microwave oven) and the other with ice cold water.  Place the sensor in the hot water until it has achieved a high temperature.  Then place the sensor in the ice cold water and start the timer.  Make sure the sensor does not touch the bottom or sides of the beaker.    Note the amount of time it takes for the temperature to stabilize, at a temperature close to that which you measured for ice water in Part C.  That is the response time. 

Response time = _____________________________________ seconds

Part E.  Time to take some data!
To collect some data you will need the following things:
· 500 ml graduated cylinder
· 2 250 ml beakers
· Food coloring
· Stir rod
· Small piece of sponge
· Meter stick

Now that you have built your sensor and circuit and calibrated it let’s build an artificial ocean in a cylinder and take some data.  Place some ice and tap water in one of the beakers and stir to cool the water.  Fill the other beaker with hot tap water.  Add food dye to one of the beakers.  After your instructor explains how, create a two layer system in the graduated cylinder with cold water on the bottom and warm water on the top.  Don’t let any of the ice enter the cylinder.  Creating the two layer system will need to be done carefully to avoid completely mixing the two waters.  If they do mix you will need to start this process again.  If you have successfully created a two-layer system one of the layers should be clear, the other colored, and there should be a color gradient between the two.

 Starting at the water surface, take the temperature of the water at various depths (take at least six readings throughout the depth of the cylinder).  Remember the sensor response time you found above and allow the sensor to equilibrate for an appropriate amount of time.  Record the depth and temperature of your measurements in the table below.  Correct the sensor readings using the correction you determined earlier in the lab.

	Depth (cm)
	Sensor reading (°C)
	Corrected sensor reading (°C)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Plot the data in Excel.  Use the XY scatter plot chart type having the data points connected with a line.  Be sure to use the oceanographic convention, with depth increasing DOWN.  Your plot should look something like the one shown below.

 . 

Examine your plot.  Can you identify the thermocline?  Circle and label it.

Part F.  Coding challenge!
If time permits, change the Arduino code so that it prints out the operator’s name (that is you!) once, then starts collecting data.  By carefully examining the comments in the code you should be able to identify what a print command should look like (that is called the syntax) and where it should go (should it be in the set up section, or in the loop?).  Upload the changed code, run it.  Did it work?  Take a screen shot and submit it to your instructor.  


Deliverables
1. Plot of the calibration curve from Part C. Determining the accuracy of a sensor.  Be sure that the axes are labelled and the plot has a title.

2. Plot from Part E. Time to take some data! Be sure that the axes are labelled and the plot has a title.  Make sure the axes are in the oceanographic convention with depth increasing DOWN. Make sure the thermocline is circled and labelled.

3. This lab handout, with all required information completed.

4. Screen shot, if you did Part F. Coding challenge!
Example station profile- Lab data

Depth (cm)	20.5	20.5	20.5	19.100000000000001	18	17	17	17	17	1	2	4	6	8	10	12	14	16	Temperature (°C)


Depth (cm)
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