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Polynomials are widely used in engineering. The two primarily uses are as models and as functions in numerical calculations. The coefficients can be derived analytically to represent geometric areas and volumes or using statistical methods. When polynomials are uses as models, the coefficients are often fitted with least squares. Polynomials are widely used because they are flexible and can take the form of many sets of measured engineering data.

Representing Geometric Figures 


Physical fluid containers such as natural lakes and ponds often must be modeled. Bioresources engineers model wetlands to show their valuable environmental benefits. Hydrologic engineers must model urban flood control structures such as stormwater detention ponds in order to ensure that the volume is sufficient to control local flooding. To simplify modeling of these natural, and therefore irregular, systems, the engineers often approximate the natural systems using some assumed regular geometric volume. Figure 1 shows two examples based on sphere segments; both volumes are polynomials, one a quadratic and one a cubic. When either one of these is used to represent a flood control structure, the h would increase directly with flood magnitude.


If the engineer uses the geometry of Figure 1(b) to represent an urban flood control structure and the surveyor indicates that a is 36 m and b is 28 m, then the equation for computing the volume can be rearranged to solve for the required height h:
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The hydrologic engineer indicated that a required flood volume of 7100 m3 can be expected. Therefore, the third-order polynomial of Eq. 1 becomes:
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(2)

The solution yields a design depth of 2.17 m. 

Modeling of Steel Corrosion 


The ability of steel to resist corrosion due to environmental factors depends in part on alloying elements added during fabrication. The amount of each alloy also influences the strength of the finished steel. One widely used model is a quadratic model with twenty predictor variables. The model includes five linear terms, one for each element; five quadratic terms, again one for each element; and ten interaction terms for all possible products of the five elements:
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(3)

where 
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 predicted thickness loss at 15.5 year; 
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= regression coefficients; and Cu, Ni, Cr, Si, and P = alloy contents of the five elements , in percent. The effect of the copper (Cu) content on the thickness loss due to corrosion is shown in Figure 2. 

Electrical Circuit 


Resistors are a commonly used component of electrical circuits. They usually provide a linear relationship between voltage (E) and current (I) via Ohm’s law:

I = E/R







(4)

where R is the resistance of the resistor. Other types of resistors enable the resistance to vary with the voltage; these are called variable resistors, or varistors. The relation between the current and the voltage of a varistor can be approximated by the following nth-order polynomial: 
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(5)


If the circuit contains a linear resistor 
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 and a varistor
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, with a voltage E applied to the circuit, then the voltage is divided between the two components:


[image: image10.wmf]v

o

E

E

E

+

=









(6)

and the current in the circuit is 
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(7)

Solving Equation 7 for 
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 and substituting it into Eq. 6 yields a polynomial for
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(8)

The solution of Eq. 8 for 
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 can be used to compute the current I and the voltage across the linear resistor. 

Depth of Flow in Rivers


Hydraulic engineers perform flood studies and design flood control structures such as levees. The hydrologic engineer provides an estimate of the discharge (i.e., amount) of water that flows in a particular stream during a certain level of flooding. Then the hydraulic engineer uses the discharge, denoted as Q, to estimate the flow depth, denoted as d. The most widely used approach to this problem is Manning’s equation, which for a rectangular channel of width w(m) and depth d(m) is:
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(9)

in which n is a coefficient that measures the channel roughness (i.e., the type of weeds and boulders in the channel) and S is the slope (m/m) of the channel. Equation 9 can be algebraically transformed by cubing both sides, multiplying by (w + 2d)2, and collecting terms, which yields the fifth-order polynomial in the depth d:
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(10)

Applying a rule known as Descartes rule shows that this equation has only one positive root, which is the depth that the hydraulic engineer would use to design the flood control structure or establish the bounds of the floodplain.
Numerical Integration 

Engineering systems can be quite complex and involve many variables. For these systems, analytical descriptions of the models are not possible. Therefore, when areas or volumes are required, they must be determined using numerical solutions. Methods for numerical integration and differentiation are widely used by engineers. The trapezoidal rule uses a linear function to estimate areas under a curve defined by a set of discrete points. Simpson’s rule uses a quadratic polynomial for numerical integration; the higher-order polynomial yields greater accuracy.


The derivation of the trapezoidal rule uses the liner equation:
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Simpson’s rule used the quadratic equation 
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If the quadratic is integrated over an interval from 
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 is the center point of the interval, then the integration yields:
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Putting this in terms of the discrete values that represent the function yields:
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(14)

This is an approximation of the true, but often unknown, function.


Similarly, the integration of a cubic polynomial yields the following equation for computing an area enclosed by a function represented by a set of discrete points
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Integration of a fourth-order polynomial yields:
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(16)

The accuracy of the estimated area increases as the order of the polynomial is increased.
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FIGURE 1.
Volumes of Geometric Solids 
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