Laboratory 1   Use of EXCEL



SUBTITLE: ATTENTION TO DETAIL
The purpose of this laboratory exercise is to develop your skills in using EXCEL spreadsheets for scientific analysis.  This software is important for many other uses as well.  In science we find it useful for initial data analysis because we can easily perform simple statistics and create informative graphics.   EXCEL will be used in other laboratory exercises so learning it now will aid your work later in this class.

1.  Basics

Enter the numbers from 32 to 100 in column A.  Enter 32-40 by hand to get used to the process, then enter the remainder using a formula.  These values are temperatures in degrees Fahrenheit.

In column B enter a formula to convert the temperatures to Centigrade.  Note the positive and negative effects of relative cell references.
Format the Centigrade numbers to 1 figure to the right of the decimal point.
Label the columns.  Insert a blank line at the first row and type in Fahrenheit and Centigrade into their respective columns.

Format the columns to improve clarity:  

a) in Format, use auto-select to adjust the column width to fit the 
    label; 

b) center all the numbers in the column

c) underline the cells that contain the labels

d) color the label cells with a light green

Plot the data.

a) To observe the relation between the two data columns, plot Centigrade as a function of Fahrenheit.  Which data are on the x-axis?  Create your plot.  Try both “line” and “scatter” plots and just go as far as “step 2” in the “Chart Wizard”.  What is the difference between the two?
b) Create your plot using the “scatter” plot.  Use just the straight line.  Discuss the other plot options.  

c) In step 3 of the “Wizard” label your axes and click finish.

d) An annoying aspect of EXCEL is the grey background of the plot area.  It obscures the data and wastes ink.   Get rid of it.

e) And those horizontal grid lines really mess things up.  They are rarely useful.  Get rid of them.

f) The legend is useless, the only thing we are plotting is Centigrade.  Delete it.

g) What are you going to do about the graph title?

h) Note the y-axis tick labels.   Each has a “.0”.  The x-axis doesn’t have a zero.  You have a choice, either add a decimal place to the x-axis or remove it from the y-axis.  Discuss this issue.  Then remove it from the y-axis.  Why?

i) Note the x-axis is longer than the y-axis.  There is no particular reason for that in this case.  Both data sets vary across similar magnitudes.  Make the graph more square.
j) Whoops!  The font of the tick labels and the axes label are now smaller and are hard to read.  Make them 10pt and 12 pt, respectively.

h) Turn the ticks inward to neaten the graph

Now there is a nice, clear scientific graph.  Discuss the positive and negatives attributes.

2.  The real thing.

We often get time-series data from data loggers in a format that is not exactly what EXCEL requires.  But it is close and EXCEL can import it. 
a) On Sheet 2, import Canada Glacier Rover Data, see the end of this assignment for the data.  This data file is from a meteorological station on Canada Glacier, a polar alpine glacier located at 77.5o S in Antarctica.  This data was collected by a solid-state data logger made by Campbell Scientific Company.  Put the data into row 1, column A.

b) The first column is the program number.  It helps to identify different data sets.  We don’t need it.  Delete the contents of column A, but not the column.  To make things simpler, also delete the contents of columns G, I, J and K.  The remaining data in the first row should be:  
324  1500  -12.39  63.82  0.736  15.66  12.65
Once you have this, delete the blank columns.
c) Now label the columns so you know what you are dealing with.
Column

Label





Units
     A 


Day

     B


Time

     C


Air Temp     for Air Temperature        degrees C
     D


RH               for Relative Humidity       %
     E


W Speed      for Wind Speed               m s-1
     F


W  Dir          for Wind Direction          degrees azimuth
     G


Batt Volt      for  Battery Voltage        volts
Underline and color the label cells using a light color.
d)  (5pts) Print out the first 20 rows as part of your lab assignment.

e) (10pts) To convert the time (day, hour) into a useable format, insert a new column between Hour and Air Temp, and label it “Dec Day” for decimal day.  In this new column C, row 2, write in the formula, 
+A2+((INT(B2/100)+((B2/100)-INT(B2/100))/0.6)/24)     

Copy this for the rest of column down to the last row of data.

What is this formula doing?  Do the values make sense elsewhere (that is, check your results).    

Later, after the lab, please consider this formula.  Mathematically, what is it doing?  The function “INT” takes the integer of the quantity inside the parentheses.  Try it out elsewhere on the work sheet to see how it works.  Please write up a few sentences explaining what this formula is doing, why, and how.


Ok, we are now almost ready to go.  One more thing.  Look at the Battery Voltage column.  For the data logger and instruments to operate correctly, the voltage has to be greater than 12 volts.  Is voltage always greater than 12 volts?  If so, delete that column.
NOW we’re ready to go.

Calculate the average, maximum, and minimum air temperature.  These numbers should appear in the same column as the air temperature, but at the bottom of the data set after skipping a blank row.  Be sure to label these numbers.  
Print out a copy of the bottom 10 or so rows and the rows with the average, maximum, and minimum temperatures.

f) (10 pts)  Plot air temperature as a function of decimal day.  
What a terrible looking plot.  Using the only the techniques from before, make it look better. Do not resize the plot and do not delete the legend.

Can you figure out how to put the x-axis labels at the bottom of the plot where they should be?  Look in “Format Axes” for the y-axis.  Include the units on the y-axis.
Note two things about the plot.  First, there is lots of blank space above the graphed line (temperatures warmer the -10oC).  To better see the variations, we rescale the plot.

Rescale the plot.  Make the temperature range from -8 to -24.  

Whoops!  The axis labels jumped again.  Move them back down to the bottom at -24.  Also change the legend to Air Temp.  Use the “Chart” option at the top of the window, “source data” option.
Print out a copy of your plot.

g) (15 pts) Now add a second variable, RH – relative humidity.  Use “source data” to do this.  The format of the graph should follow that in step (f), except that it has an additional axis.  Attention to detail!
Note that an addition to the legend appears, but there the data doesn’t show up.  That is because the scale of the RH data (0-100) is out of range of the temperature data (-8 - -24).  If we made the y-axis, from -24 to 100 so both can plot, the scale would be so large we couldn’t see the little variations.  So we need to add an axis.

To add an axis, click on the plotted data to highlight it, and then click on “Format”, “selected data series”, “axes”.  Then select “secondary axis”.  The data is now replotted on the right-hand y-axis.  On the left hand axis, rescale to 0-100 (using autoscale works very well here).  Re-label each y-axis and include the units.  Be sure to turn the axis ticks inward.

Print the plot.

h)  (15 pts) To illustrate what you have learned, plot wind speed and direction against time.  Print the plot.
Canada Glacier Rover Data

2,324,1500,-12.39,63.82,.736,.618,15.66,12.2,1.715,0,12.65

2,324,1515,-12.91,61.92,1.652,1.126,315.2,22.41,3.528,.612,12.63

2,324,1530,-12.59,57.08,.919,.785,291.7,28.99,2.523,0,12.62

2,324,1545,-12.52,53.64,1.386,1.31,283.6,14.3,2.474,.073,12.62

2,324,1600,-12.27,49.13,1.2,.864,125.6,31.89,2.719,.196,12.62

2,324,1615,-12.55,46.68,1.669,1.583,351.4,15.92,3.871,.049,12.62

2,324,1630,-12.17,45.59,1.325,1.114,284.7,24.1,3.062,0,12.61

2,324,1645,-12.27,43.39,3.139,2.927,147.5,20.62,6.933,.22,12.62

2,324,1700,-12.51,43.06,3.549,3.142,165.5,16.4,6.933,1.127,12.61

2,324,1715,-12.41,43,1.641,1.275,179.9,25.79,5.096,0,12.61

2,324,1730,-12.46,42.48,3.537,2.9,166.3,20.61,6.59,.906,12.61

2,324,1745,-12.47,41.04,2.915,2.459,265.6,28.43,5.61,.637,12.61

2,324,1800,-12.51,43.24,3.129,2.222,207.3,31.06,6.982,.833,12.61

2,324,1815,-12.38,42.83,1.846,.938,245.9,30.15,3.748,0,12.6

2,324,1830,-12.45,43.09,3.358,2.934,182.7,18.36,7.1,1.127,12.6

2,324,1845,-12.43,42.36,2.956,2.516,169.5,25.75,6.517,.073,12.6

2,324,1900,-12.45,41.13,3.653,3.488,172.6,14.84,7.37,.906,12.6

2,324,1915,-12.53,39.89,4.042,3.833,152.8,15.53,7.28,1.666,12.6

2,324,1930,-12.52,40.78,5.358,5.16,144.8,14.54,8.89,1.592,12.6

2,324,1945,-12.53,41.07,6.083,5.928,162.2,12.83,9.26,3.405,12.6

2,324,2000,-12.46,41.42,4.552,4.504,167.7,7.74,7.3,2.548,12.6

2,324,2015,-12.41,41.09,3.14,3.062,172.7,11.98,4.875,1.935,12.6

2,324,2030,-12.38,39.55,2.933,2.739,155.3,12.18,4.973,1.176,12.6

2,324,2045,-12.37,38.05,2.747,2.518,151.7,18.84,5.929,.514,12.6

2,324,2100,-12.42,37.46,2.925,2.779,141.1,17.24,5.022,1.396,12.59

2,324,2115,-12.44,37.63,2.737,2.538,151.2,17.56,4.704,.808,12.59

2,324,2130,-12.45,34.47,2.62,2.467,137.7,19.15,4.238,1.127,12.59

2,324,2145,-12.44,34.69,2.068,1.979,159.8,15.52,4.924,.147,12.59

2,324,2200,-12.41,34.27,1.987,1.891,157.6,17.3,4.606,.588,12.59

2,324,2215,-12.59,38.33,2.359,2.26,125.6,8.9,4.361,1.225,12.59

2,324,2230,-12.75,42.17,1.092,1.011,85.5,21.29,2.523,0,12.59

2,324,2245,-13.28,43.56,2.483,2.45,107.8,9,3.601,.955,12.58

2,324,2300,-13.42,37.61,2.751,2.701,113.8,10.22,4.532,1.739,12.58

2,324,2315,-13.64,44.73,2.127,1.873,34.35,10.43,3.087,1.249,12.58

2,324,2330,-13.76,38.47,2.956,2.872,12.75,10.29,4.704,1.47,12.58

2,324,2345,-13.94,40.35,2.11,2.088,23.51,6.835,2.964,1.347,12.58

2,324,2400,-14.07,40.8,2.238,2.208,19.05,9.14,3.356,1.176,12.58

2,325,15,-14.03,39.1,1.773,1.743,15.18,10.07,2.695,.882,12.58

2,325,30,-13.89,40.24,1.622,1.59,29.2,6.362,2.548,.784,12.57

2,325,45,-13.73,40.5,1.385,1.378,54.76,4.501,1.862,.931,12.57

2,325,100,-14.03,45.04,1.426,1.396,71.4,7.75,2.278,.196,12.57

2,325,115,-14.34,54.41,1.945,1.89,89.2,7.89,2.744,1.127,12.56

2,325,130,-14.45,50.68,2.623,2.617,73.9,3.559,3.136,1.788,12.56

2,325,145,-14.52,48.47,2.165,2.141,55.83,4.946,2.793,1.47,12.57

2,325,200,-14.4,44.94,2.205,2.169,35.63,9.04,3.307,1.372,12.57

2,325,215,-14.57,47.09,2.167,2.132,49.3,6.976,3.332,1.641,12.57

2,325,230,-14.79,45.91,2.336,2.206,66.7,13.12,3.993,1.078,12.56

2,325,245,-14.77,40.73,3.013,2.509,83,15.12,5.365,2.009,12.56

2,325,300,-14.88,42.09,2.942,2.763,106.9,8.39,5.096,1.568,12.55

2,325,315,-15.21,44.99,1.803,1.685,98.7,20.78,3.16,.661,12.55

2,325,330,-14.98,46.18,1.633,1.615,82.5,6.874,2.67,1.029,12.55

2,325,345,-14.88,47.44,2.114,2.074,74,9.98,3.43,1.274,12.55

2,325,400,-14.64,48.55,2.073,2.049,78.9,6.036,2.695,1.347,12.55

2,325,415,-14.51,43.55,2.189,2.157,59.18,8.13,3.405,1.494,12.55

2,325,430,-14.3,36.35,2.715,2.587,97.3,15.78,4.728,1.053,12.55

2,325,445,-14.1,35.55,2.234,2.048,114.1,21.56,4.949,.269,12.55

2,325,500,-14.09,36.12,2.448,2.311,107.7,19.99,4.532,.857,12.55

2,325,515,-14.12,35.87,2.09,1.947,114,18.79,4.361,.808,12.55

2,325,530,-14.07,39.6,2.149,1.991,120.4,18.2,4.336,.637,12.55

2,325,545,-14.29,40.99,2.48,2.43,94.9,9.75,4.361,1.274,12.55

2,325,600,-14.18,43.43,2.172,2.077,101.9,13.64,3.993,1.029,12.55

2,325,615,-14.28,40.96,2.424,2.371,88,11.43,3.92,1.249,12.55

2,325,630,-14.41,43.95,2.875,2.827,89.1,9.4,4.091,2.009,12.55

2,325,645,-14.36,43.23,2.508,2.455,93.8,10.59,3.846,1.494,12.55

2,325,700,-14.39,42.99,2.675,2.638,98.2,8.21,4.459,1.421,12.55

2,325,715,-14.52,42.43,3.169,3.132,96.2,8.42,4.385,1.543,12.56

2,325,730,-14.48,43.14,2.933,2.865,108.1,11.84,4.312,1.543,12.56

2,325,745,-14.5,45.89,2.663,2.604,118.3,10.72,3.601,1.617,12.56

2,325,800,-14.46,44.44,2.747,2.718,117.7,8.22,4.777,1.543,12.56

2,325,815,-14.36,42.79,2.703,2.667,115.4,8.95,4.312,1.641,12.56

2,325,830,-14.23,42.11,2.506,2.479,118.6,8.09,4.214,1.396,12.57

2,325,845,-13.98,40.9,2.403,2.352,114.8,10.84,3.528,1.004,12.57

2,325,900,-13.7,40.41,2.532,2.454,109.1,13.89,4.091,1.004,12.57

2,325,915,-13.46,40.57,2.118,2.036,100.1,12.6,3.797,.759,12.57

2,325,930,-13.48,38.85,2.546,2.484,99.6,11.13,3.969,1.151,12.57

2,325,945,-13.47,36.49,2.352,2.266,87.2,13.93,3.699,1.102,12.58

2,325,1000,-13.47,37.12,2.576,2.511,91.2,10.92,4.826,1.2,12.58

2,325,1015,-13.5,36.11,2.813,2.758,92.8,10.41,4.655,.931,12.58

2,325,1030,-13.47,37.25,2.521,2.422,86,15.6,3.797,1.298,12.58

2,325,1045,-13.43,39.01,2.848,2.771,86,12.2,4.704,1.249,12.58

2,325,1100,-13.44,39.92,2.916,2.859,88.4,10.42,4.557,1.421,12.59

2,325,1115,-13.4,40.53,2.811,2.749,87.6,11.54,4.483,1.445,12.59

2,325,1130,-13.5,39.17,2.981,2.892,94,12.43,4.875,1.641,12.59

2,325,1145,-13.56,39.18,3.443,3.365,92.7,11.97,5.635,1.641,12.59
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