Logarithmic scales p. 3

Graphing with logarithmic scales

For certain applications, it is convenient to plot data points using different scales (then the usual equally-spaced scale) on the axes.

The most common other scale is the  logarithmic scale in which the numbers are spaced according to their logarithms. There are several reasons for using logarithmic scales:

1. A logarithmic scale allows us to plot a large range of values without losing the distinction between small values - if our values range over two or more orders of magnitude, but we want to be able to tell 10  from 30  as well as 100 from 300

2. With a logarithmic scale, numbers are spaced according to the percentage change between values  (the change from  20  to  30  is a 50% increase - so is the change from  150 to 225 - the spacing will be the same with a logarithmic scale)

3. When we plot pairs with either two logarithmic scales or a logarithmic and a linear (usual) scale, certain types of relationships show up very clearly  (a semilog or log-linear scale straightens out the graph of an exponential function; a whole-log of  log-log plot straightens out the graph of a power function)

There are two ways to plot numbers with a logarithmic scale.

1. Look up the logarithms of all the values and plot the logarithms instead of the values [This is fairly easy if the numbers are stored in a spreadsheet program or a statistics program - it is awkward and time-consuming by hand]

2. Use a special grid on which the spacing has already been laid out according to the logarithms, rather than the values - commonly sold as semilog or whole-log graph paper.

You can make such a scale yourself by looking up the logs of  2, 3, 4, . . . ,9  and plotting them on a standard scale, labeled as  2 3  . .... 9.

Such a scale is characterized by:
There is no  0  point anywhere - because  0  has no logarithm.

As you read the values 1  2  3 , etc.  the numbers get closer together - the space from  1  to 2  is the same as the space from  2  to  4  and the space from  3  to 6  and the space from 4  to  8  - because each of these changes represents doubling.

If there is more than one cycle (1  to  9  and then 1  to 9  again, etc.) each cycle takes up the same space on the scale

Each cycle represents one order of magnitude  - if  one cycles represents 1's (1, 2, 3, . . . ),  the next is  10's  (10, 20, 30,  . . .), the next is hundreds (100, 200, 300,. . .). If one cycle is tenths  (.1,  .2, .3  . . . )  the one before is hundredths  (.01,  .02,  ,.03, . . .)  and the cycle after is  1's ,   etc..

Thus the number  16 ,  the number  160  and the number  1.6  are all plotted as  1.6  - but each one in the proper cycle.

A graph can be extended by adding cycles above/to the right (for larger values)  or below/to the left (for smaller values)

Since  the equation  y = A ekx can be rewritten  ln y  = ln A  +  kx   [and  y = A bkx  can be rewritten  ln y = ln A  +  k(ln b) x) ,  an exponential function  y = A ekx will give a straight line on a semilog plot (logarithmic scale for  y , linear scale for  x ).  

Since the equation  y  =  A xn  can be rewritten  ln y = ln A  +  n ln x ,  a power function  y = A xn  will  give a straight line on a whole-log plot  (logarithmic scale for  x  and  for  y )

This is often useful for identifying the type of a function from experimental data.

[Linear function on semilog graph will curve  below a line,  power curve on semilog will level off.

Linear function on power curve will level off - exponential function will keep getting steeper]

Graphing with logarithmic scales

1.)Find the exponential function  f(x) = Aekx  whose graph goes through the given pair of points:
a.) (4,8) and (10,15)   b.) (1,4) and (7,3)    c.) (3,50) and (5,200)  d.) (4,800) and (10,1500)

2.)For each, make a standard plot (usual graph) and a semilog plot  (put semilog plots of a &b on same paper,  c&d on same paper) - use different scales where necessary..


a.) y = 2e.5x   b.) y = 3(2)x   c.) y = 200(1/2)x   d.) y =650 e-2x 

3.) Given the following experimental data: A semilogarithmic plot will be required to display the data (y  ranges through three orders of magnitude). Make such a plot (either use semilogarithmic paper or use standard paper and plot  (x,lny)):

x(mg)
2.5
3.5
4.5
5.5
6.5
7.5

y(min)
.47
2.8
27.4
83
18.3
12.4


Does the graph suggest that  x  and  y  are related by an exponential function?

4.) The enzymatic activity of catalase is lost during exposure to sunlight in the presence of oxygen. In the following table,  y  is the concentration (mg/10ml) of catalase in each of 7 samples, and  t  is the length of time (min) the samples were exposed to sunlight and oxygen. Find the exponential function  y = Aekt  which approximates the data (use first and last data points) Plot the given data and your function on a semilog graph. Use your graph to estimate the time required for half of the catalase to be lost (the half-life)

t(min)
0
10
30
50
60
70
80

y(mg/10ml)
121
74
30
12
6.7
3.7
2.0

5.) Approximate the function  y=Aekt  from which these data are taken (Use first and last data points). Plot the data and your function on a semilog graph. Use the graph to estimate the doubling time for this function.

t
1
2
5
7
10
12
15

y
1.68
2.35
6.45
12.65
34.71
98.62
186.68

6.)a.)Give the linear function f(x) = mx + b whose graph goes through (2, 6) and (20, 300)
b.) Give the values of  f(x)  for  x = 10 and x = 100
c.) Give the exponential function g(x) = Aekx whose graph goes through (2,6) and (20,300)
d.) Give the values of  g(x)  at x = 10 and x = 100
e.) Graph both  f and  g  (together) on standard graph paper and on semilog paper.
f.) Compare your results in b and e (which gives larger values when? which grows faster when?)

Whole-log and semilog graphing

1.) For each, make a standard graph and a whole-log graph (put all whole-log graphs of a&b  same paper, c&d on same paper)


a.) y = 1.1x3
b.) y = 2x.5
c.) y = 65 (1/x)-2
d.) y = 20 x-1.5

2.) Find the power function  f(x) = Axn  whose graph goes through the given points:
a.) (4,8) and (10,15)   b.) (1,4) and (7,3)    c.) (3,50) and (5,200)  d.) (4,800) and (10,1500)

3.) In allometric growth, different parts of an organism grow at proportional specific 


growth rates (  EQ \f(Dtx,x)      EQ \f(Dty,y)  ), which leads to a power relation y = Axn between the actual  


sizes of the parts. Given the data below for tail length (x, in mm) and dorsal fin length (y, in mm) for one species of fish, find (approximate) the function representing y in terms of x (use first and last data points), and make a whole -log plot of the data and your function .


x(mm)
2.9
3.5
4.2
15.1
20.5

y(mm)
1.01
1.29
1.64
8.76
13.07

4.) Given the following data, prepare a whole-log plot and a semilog plot. Find the power function y = Axn which approximates the underlying function (use the first and last pairs).


x
2
5
7
10
12
15

y
6.89
22.69
35.40
55.87
70.81
94.64

5.) For each (a, b, and c) prepare a standard (linear-linear) plot, a semilog plot and a whole-log plot, ands decide whether the data are best approximated by a linear function, a power function, or an exponential function (for y in terms of x). Find (approximate) the function (use first and last data pairs) and use your function to approximate the y-value for x= 50. (it should be consistent with your graphs)

a.)
x
y
b.)
x
y
c.)
x
y


1
1.755

1
1.893

1
1.704


2
2.369

2
5.354

2
7.597


5.5
6.679

5.5
24.417

5.5
28.223


8
14.330

8
42.834

8
42.955


10
26.111

10
59.862

10
54.741


11.5
40.951

11.5
73.707

11.5
63.581


14
86.692

14
99.161

14
78.313

6.) a.) Find the power function  y=Axn whose  graph goes through the points (3,2)  and  
(10, 12) 
b.) For this power function, find the y-values corresponding to x= 6  and x= 18
c.) Find the exponential function y = Aekx  whose graph goes through the points (3,2)  and (10, 12).
d.) For this exponential function, find the y-values corresponding to x = 6 and x = 18.
e.) Make semilog and whole-log plots of your functions from a  and  c.
f.) Compare the results of  b and  d. (which gives larger values ? always? where? which function grows faster where?)


