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Function Discovery 

Function discovery is the process of finding a function that can describe a particular set of data. The 

following three function types can often describe physical phenomena: 

1. Linear function: 

    bmxxy )(  

 

2. Power function: 

    
mbxxy )(  

 

 

3. Exponential function: 

   
mxbexy )(  or 

mxbxy 10)(   

 

Now, by appling the properties of logarithms on power and exponential functions, these functions can be 

converted into linear forms as follows: 

For power function, xmby lnlnln         mxBY     or    BmXY   

For exponential function, mxby  lnln       mXBY      or     BmXY   

Conclusions: 

1. Linear functions gives a straight line when plotted on a rectangular axes. 

2. Power function gives a straight line when plotted on a log-log axes. 

3. exponential function gives a straight line when plotted on a semi-log axes. 

MATLAB uses the following specialized plot commands to plot on rectangular axes plots: 

loglog(x,y) produces a log-log plot of x vs. y. 

semilogx(x,y) produces a semi-log plot of x vs. y with logarithmic scale on x-axis. 

semilogy(x,y) produces a semi-log plot of x vs. y with logarithmic scale on y-axis. 

or you can use the rectangular plot command plot after taking the logarithm for the apprprarte data set: 

plot(log(x),log(y)) produces a straight line if x and y follows the power model. 

plot(x,log(y))  produces a straight line if x and y follows the exponential model. 
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Now, you can find the values of b and m constants in the previous models with MATLAB polyfit 

function: 

polyfit(x,y,n) 

 

 

This function returns a row vector that contains the coefficients of the polynomial: 
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Since we interested only in a polynomial linear part (corresponds to a straight line), then: 

- If the data points gives a straight line over a rectangular scale, then: 

 p=polyfit(x,y,1)   m=p(1)     and      b=p(2) 

- if the data points gives a straight line over a log-log scale, then: 

 p=polyfit(log(x),log(y),1)  m=p(1)     and      b=exp(p(2)) 

- If the data points gives a straight line over a semi-log scale, then: 

 P=polyfit(x,log(y),1)  m=p(1)     and       b=exp(p(2)) 

Example 1: Rotameter calibration data (flow rate versus rotameter reading) are as follows: 

Flow rate (l/min) 20 52.1 84.6 118.3 151 

Rotamter reading 10 30 50 70 90 

Solution: 

Since the plot of V versus R gives a stright line on rectangular axes  y=mx+b 
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Subplots 

In order to compare between plots or to obtain several smaller subplots in the same figure window, 

MATLAB uses the subplot command:  

subplot(m,n,p) 

Data set Polynomial order 

Linear part of the polynomial 
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the command divides the figure window into array with m rows and n columns. The variable p tells MATLAB 

to place the output of the plot command following the subplot command into the p
th
 pane. The p

th 
pane is 

counted along the top row of the figure window, then the second row, etc.. 

 

 

 

 

Example 2: Use the subplot to plot the following function on the same figure window. 

80)620cos(5.0   ttez t
        and      88)20log(6 2  vvu  

 

 

 

 

 

 

 

 

Example 3: The temperature of coffee cooling in a porcelain mug at room temperature (68F) was measured 

at variaous times. Develop a model for the coffee’s temperature as a function of time. 

Time (sec) 0 620 2266 3482 

Temperature (F) 145 130 103 90 

Solution: 

Because T(0) is finite, the power function can not describe this data, then, either linear model: 

bmtT 68  or exponential model: 
mxbeT 68  should fit the given data. 
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The model is 684.77
41058.3 
 teT . Plotting the data points and the model on the same plot gives: 

 

 

 

 

Note: subplot in this session switches back the figure  

Window to its default state with one plot per window. 

 

Example 4: The rate at which a substance passes through a semipermeable membrane is determined by 

diffusivity D(cm
2
/s) of the gas. D varies with membrane temperature as follows: 

)/exp( RTEDD o   

Where R=1.987 cal/mol K. From the following data find the value of Do and E. 

T (K) 347 374.2 396.2 420.7 447.7 471.2 

D (cm
2
/s) x 10

6 
1.34 2.5 4.55 8.52 14.07 19.99 

Solution: 

RT
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PROBLEMS 

1. Determine the best function to describe the data. Plot the function and the data on the same plot: 

(a)   

x 25 30 35 40 45 

y 5 260 480 745 1100 

(b) 

x 550 600 650 700 750 

y 41.2 18.62 8.62 3.92 1.86 

2. A copper sphere initially at 300°C is immersed in a bath at 0°C. The following table gives measurements 
of the spheres temperature versus time. Find a functional description of this data. Plot the function and 
the data on the same plot. 

Time (seconds) 0 1 2 3 4 5 6 

Temperature (°C) 300 150 75 35 12 5 2 

3. A capacitor initially charged to 100 volts. When the power supply is detached, the capacitor voltage 

decays with time, as the following data table shows. Find a functional description of the capacitor voltage 

as a function of time. Plot the function and the data on the same plot. 

Time (seconds) 0 0.5 1 1.5 2 2.5 3 3.5 4 

Voltage (Volts) 100 62 38 21 13 7 4 2 1 

4. The following data represents pressure samples taken in a fuel line once every second for 10 seconds. 

Find the first, second, third, and fourth-degree polynomials that fit the data and plot each polynomial with 

the data. 

Time (seconds) 1 2 3 4 5 6 7 8 9 10 

Pressure (psi) 26.1 27 28.2 29 29.8 30.6 31.1 31.3 31 30.5 

5. What would you plot on what kind of paper to get a straight line if experimental data (x,y) are to be 

correlated by the following functions, and what would the slope and intercepts be in terms of the function 

parameters. 

(a) nmxy  22
   (c)  2/exp xbry    (e)   13 3


 baxy  

(b)   bxdy  5/1 2
  (d)  bxay 2sin 2    (f) cyx k   

 

6. Steam and dry air are fed at known flow rates and mixed 

to form a gas stream with a known water content, and 

the hygrometer reading is recorded as shown in the 

given table (the flow rate of either the water or the air is 

changed to produce a stream with different water 

content). Draw a calibration curve, and determine an 

equation for y(R). 

Mass fraction of water, y 0.011 0.044 0.083 0.126 0.17 

Hygrometer reading, R 5 20 40 60 80 
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7. The relationship between the pressure (P) and volume (V) of the air in a cylinder during the upstrocke of a 

piston in an air compressor can be expressed as: CPV k  , where k and C are constants. During a 

compression test, the following data are taken. Determine the values of k and C that best fits the data. 

(Give both numerical values and units). 

P (mmHg) 760 1140 1520 2280 3040 3800 

V (cm
3
) 48.3 37.4 31.3 24.1 20 17.4 

8. The chemical reaction BA  is carried out in a laboratory reactor. According to a proposed reaction rate 

law the concentration of A should vary with time as follows: 

)exp( ktCC AoA   

where CAo is the initial concentration of A in the reactor and k is a constant. The following data are taken 

for CA(t). Verify the proposed model and calculate CAo and k. 

t (min) 0.5 1.0 1.5 2.0 3.0 5.0 10.0 

CA (lb-mole/ft
3
) 1.02 0.84 0.69 0.56 0.38 0.17 0.02 

9. A mass flow rate F(g/s) is measured as a function of temperature T(K).  

T 10 20 40 80 

F 14.76 20.14 27.73 38.47 

There is reason to believe that F varies linearly with the square root of T: baTF  2/1
. Use a straight 

line plot to verify this formula and determine a and b. 

10. An orifice meter is to be calibrated for the measurement of the flow rate of a stream of liquid acetone. 

The differential manometer fluid has a specific gravity of 1.10. The calibration is accomplished by 

connecting the orifice meter in series with a pre-

calibrated rotameter as shown. Adjusting the valve 

to set the flow 

 

 rate and recording the flow rate and the differential 

manometer reading gives the following data: 

Flow rate (ml/s) 0 245 346 424 490 548 600 

Manometer reading, h (mm) 0 5 10 15 20 25 30 

(a) For each of the given readings, calculate the pressure drop across the orifice, P (mmHg). 

(b) The flow rate through an orifice should be related to the pressure drop across the orifice by the given 

formula. Verify graphically that the given orifice calibration data are correlated by this relationship, 

and determine the values of K and n that best fit the data. 

nPKQ )(  

11. In modeling the effect of an impurity on crystal growth, the following equation was derived: 

m
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where C is impurity concentration, GL is a limiting growth rate, Go is the growth rate of the crystal with no 

impurity present, and KL and m are model parameters. In particular experiment, Go=3.0x10
-3
 mm/min and 

GL=1.8x10
-3
 mm/min. Growth rates are measured for several impurity concentrations C (ppm) with the 

following results. Determine KL and m giving their values and units. 

C (ppm) 50 75 100 125 150 

G (mm/min)x10
-3 

2.50 2.20 2.04 1.95 1.90 

 

12. You are performing an experiment in which the concentration, CA, of a reactive species is measured as a 

function of time, t, at several temperatures, T. At a fixed temperature, CA varies with t according to the 

relation: 

kt
CC AoA


11

 

where CA (mol/liter) is the concentration of A at time t (min), CAo (mol/liter) is the initial concentration of A, 

and k (liters/mol min) is the reaction rate constant. The rate constant in turn depends on temperature, 

according to the formula: 

 TEkk o 314.8/exp 
 

where ko is a constant, T (K) is the reactor temperature, and E (J/mol) is the reaction activation energy. Write 

a computer program that calculates the value of k at each temperature from the following set of experiments. 

Then use the results to find the activation energy of the reaction 

t (min) 
T=94°C 
CA (g/l) 

T=110°C 
CA (g/l) 

T=127°C 
CA (g/l) 

T=142°C 
CA (g/l) 

10 8.1 3.5 1.5 0.72 
20 4.3 1.8 0.76 0.36 
30 3.0 1.2 0.5 0.24 
40 2.2 0.92 0.38 0.18 
50 1.8 0.73 0.30 0.15 
60 1.5 0.61 0.25 0.12 

 

 


