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Chapter 3: Equations and Inequalities in Engineering 


Example 3.1: Combining Capacitors in Parallel 
Two capacitors combined in parallel have an equivalent capacitance described by the formula below 


- 


 


Using the above expression, calculate the equivalent capacitance of a parallel network where 


and . Express your solution in standard form, scientific notation, as well as 


engineering notation. 


Solution: 


As we’ll explore further throughout the course of the text, a capacitor, which is traditionally 


fabricated by separating two materials which conduct electricity by an insulator, serves as a device 


to store energy. Note that the base unit of capacitance, which is denoted by the abbreviation F, is 


Farads, and is scaled by the metric prefix  . The schematic symbol of a 1 uF capacitor is shown 


below - 


 


 


 


Recall from Chapter 1 that this prefix corresponds to the following multiplier 


 


While the prefixes used within the examples of Chapter 1 serve to increase the size of the unit, the 


above prefix serves to decrease the size of the unit by six orders of magnitude. This is denoted 


mathematically by the use of a negative exponent. Recall that exponential terms written with 


negative exponents such as this may be rewritten in terms of positive exponents as follows 


 


Thus, the two specified capacitances may be converted to base units of Farads as  


 








 


Thus, 


 


The above solution may be rewritten in terms of scientific notation as  


 


More commonly in engineering applications, the solution would instead be expressed in what is 


referred to as engineering notation, where orders of magnitude are traditionally restricted to 


multiples of 3, and subsequently replaced by a metric prefix.  The order of magnitude is chosen such 


that the resulting coefficient lies between 1 and 1,000. 


 


It should be noted that the above solution could have been obtained by simply adding the two 


capacitance values in units of , rather than converting to standard form. While this is possible for 


this example, where the two quantities use the same prefix, it is not possible directly in examples 


such as that shown below. 


Example 3.2: Combining Inductors in Series 
Two inductors combined in series have an equivalent inductance value described by the formula 


below - 


 


Using the above expression, calculate the equivalent inductance of a series network where 


and  


Solution: 


Inductors, which are typically fabricated by winding a conductive material into a coil, serve various 


functions within electrical circuits, including energy storage. Before adding the above inductance 


values, it is important to recognize that the two quantities are not expressed in the same unit, as 


they differ in the metric prefix utilized to scale the base unit of inductance, which is the Henry. The 


schematic symbol of a inductor is shown below  


ADD FIGURE  


 


 


Recall from Chapter 1 that 


 


 








Thus, 


 


 


Recall that exponential terms with negative exponents may be rewritten in terms of positive 


exponents as 


 


 


Now that the inductances have been expressed in a common base unit of henries, they may be 


added as 


 


Which may be expressed in terms of scientific notation as 


 


Note that this may be expressed in engineering notation by simply replacing the order of magnitude 


by the equivalent prefix 


 


As an alternative approach to the problem, we may have chosen to simply express the two given 


inductances in a base unit other than henries. For example, expressing in terms of millihenries 


yields 


 


Which may then be directly added to , which is given in units of millihenries, in order to yield the 


same result. 


Example 3.3: Specifying the Conductance of a Resistor 
The conductance of a resistor, measured in Siemens (S), is related to the rated resistance of the 


component according to the following formula 


     (3.2) 


Determine the conductance of a resistor with a rated value of  


Solution: 


Since conductance describes the ease with which current may pass through a component, as 


opposed to the difficulty as specified by the resistance value, the relationship is inverse as dictated 


by equation (3.2).  For the specified resistance value, the conductance is given as 








 


To begin, it is first necessary to express the mixed number in the base of the exponential expression 


as an improper fraction 


 


Recall that similar expressions to those presented above were introduced in Chapter 1, where the 


operation was defined as the inverse of a fraction. While this approach to solving the problem is 


suitable, for now we will focus our attention on interpreting the above expression as an exponential 


term whose power is negative. When simplifying negative exponents with fractional bases, simply 


invert the base and change the sign of the power 


 


When raising a fraction to a power, the result is a new fraction whose numerator and denominator 


are both raised to the specified power. Since the power in the term is 1, the resulting operation is 


trivial 


 


Example 3.4: Gravitational Force Between Two Celestial Bodies 
Newton’s Law of Gravity specifies that the gravitational force exerted by one celestial body on 


another is inversely proportional to the square of the distance separating the two bodies, and 


proportional to the masses of the two bodies. This may be written in an unconventional form in 


terms of negative exponents as  


    (3.3) 


Rewrite Newton’s Law of Gravity in its conventional form using only positive exponents 


Solution: 


As you may recall, Newton’s Law of Gravity is an example of a rational expression, which is simply a 


ratio of two algebraic expressions. Factors involving negative exponents in a rational expression may 


be rewritten by simply changing the sign of the exponent, and then moving the factor to either the 


numerator (assuming that the factor was originally written in the denominator) or denominator 


(assuming that the factor was originally written in the numerator) of the rational expression. In this 


example, moving all instances of negative exponents occurring in the numerator to the denominator 


yields 


 








Note that rearranging the distance term to the numerator yields an expression which fits the 


appropriate description given in the problem statement that the force is inversely proportional to 


the square of the distance. In a similar fashion, moving all instances of factors involving negative 


exponents in the denominator to the numerator yields 


 


By convention, exponents of positive one are typically omitted. Rewriting the expression to follow 


this convention yields 


 


Note that the expression satisfies the behavior specified in the problem statement that the force 


should be proportional to the mass of both bodies. The meaning of each of the variables in the 


above formula is demonstrated in the figure below - 


 


ADD FIGURE - BE sure to use text box to label variables 


Example 3.5: Alternative Forms of the Power Rule for Electric Circuits 
Alternative forms of the formula for computing power in an electric circuit may be obtained by 


substituting Ohm’s Law into the standard form of the power equation presented below 


     (3.4) 


a. Substitute the expression for voltage given by Ohm’s Law, , into equation (3.4) in order 


to develop an alternative form of the power equation in terms of only current and resistance 


b. Using your formula for part a, determine the power dissipated by a resistor whose current 


is  


c. Verify your formula using the other alternative form of the power law,  


Solution: 


Substituting the expression for voltage given by Ohm’s Law into equation (3.4) yields 


 


Note that in the above expression, the two factors of I have been combined into a single exponential 


term as expected. While you may simply choose to view this combination as the simple definition of 


squaring a number, exponential rules may also be used in order to interpret the results. Recall that 


any term without an exponent may be rewritten with an exponent of positive 1 if desired 


 


Using this form in the original substitution yields 


 








Note that the first two exponential terms share a common base of the variable I. Recall that when 


two exponential terms of a common base are multiplied together, they may be combined using the 


product rule, which results in a new exponential term with an identical base whose power is simply 


the sum of the powers of the original exponential terms. Thus, 


  


To solve part b, simply plug in the specified values to the above equation 


 


Note that the given prefixes have been replaced by their equivalent multipliers in order to ensure 


that the quantities are entered into the equations in their S.I. units. To begin simplification, focus on 


the first term involving the squaring of the current. Recall that when a product is raised to a power, 


it may be rewritten as follows 


 


In the resulting product the first term is easy to compute, as it involves the simple squaring of a 


whole number. However, in order to simplify the second term in the product easily, it is necessary to 


use the power rule of exponential terms. Recall that when an exponential term is raised to a power, 


the result is an exponential term with an identical base whose power is the product of two powers 


involved in the operation 


 


Thus, 


 


 


When computing the above product, is is advantageous to utilize the associative property of 


multiplication, which allows the product to be rewritten as  


 


In the above grouping, the second product be computed simply by using the product rule of 


exponents 


 


Thus, 


 


Example 3.6: Electron Trajectory in a Uniform Electric Field 
A CRT monitor uses steered electron beams to create its visual display. The beams are steered 


through application of a uniform electric field which is created by a parallel plate capacitor, as 


shown below - 








Figure of electron in uniform electric field 


The  vertical component of the acceleration of an electron launched into the field in the horizontal 


direction is given by the following formula 
 


 


Given that the magnitude of the charge of an electron is given in Coulombs as 


, and that the mass of the electron is given as  , determine 


the magnitude of the acceleration of the electron in an electric field whose magnitude is given by 


 


Solution: 


To determine the acceleration of the electron, simply evaluate equation (3.x) at the specified values 


in the problem description 


 


Note that the numerator of the above expression may be simplified through application of the 


product rule 


 


Now, the resulting quotient may be simplified by treating the coefficients and orders of magnitude 


as separate divisions 


 


The first quotient may be computed easily in a calculator, while the second may be computed easily 


through applying the quotient rule. By definition, the quotient rule states that the quotient of two 


exponential terms is another exponential term of the same base whose power is the difference of 


the power in the numerator and the power in the denominator. Thus, 


 


Which may be written in scientific notation with the appropriate units as 


 


Example 3.7: Vertical Launch of Two Objects at Unequal Height 
The height of an object which is launched vertically 50 m above the ground at an initial upwards 


velocity of 20 m/s  is given by the following formula 








 


The height of a second object launched vertically from the ground at an initial upwards velocity of 


40 m/s is given by the following formula - 


 


a. Classify the number of terms, degree, and leading coefficients of the polynomials used to 


describe the heights of the two objects 


b. The vertical separation between the two objects during their period of motion is given by the 


following expression 


 


Develop a simplified expression for the vertical separation of the two objects by subtracting the 


two specified polynomials 


Solution: 


Polynomials are mathematical expressions which may be written in the following form 


 


Where the values  are referred to as the coefficients of the polynomials, is referred to as the 


degree of the polynomial, and is referred to as the leading coefficient of the polynomial. 


Additionally, it is said that the above polynomial consists of  terms. You may be familiar with 


some terms utilized to characterize polynomials based upon the number of terms present, such 


as binomial, which refers to a polynomial with two terms, or trinomial, which refers to a 


polynomial with three terms. Note that the expression for the height of object one is a 


trinomial, as it is simply a polynomial with three terms. In contrast, the expression describing 


the height of object two is a binomial, since it only involves two terms.  


Using the definitions described in the previous paragragraph, the expression for the height of 


object 1 may be characterized as a second degree trinomial with a leading coefficient of -5, 


while the expression for the height of the second object may be characterized as a second 


degree binomial with a leading coefficient of -5.  The separation between the two objects may 


be calculated by computing the difference of the two polynomials. To begin, subtract both 


terms of the second polynomial by distributing through a coefficient of -1 as shown below. 


 


The resulting polynomial may then be simplified using a procedure known as combining like 


terms. In order to do this, simply group all terms of identical degree together, and then add the 


associated coefficients 


 


Example 3.8: Area of a Rectangular Room 








A width of a rectangular room is 2 meters more than twice its length. Denoting the length of the 


room as , write an expression for the area of the room 


Solution: 


Recall that the area of a rectangle is simply the product of its length and width. In the problem 


description, we are told that the width is two meters more than twice its length. This relationship 


may be expressed mathematically as  


 


Substituting this into the expression for area yields 


 


Note that the expression on the right of the equation may be viewed as a product of two 


polynomials - a monomial and a binomial. When multiplying monomials by binomials, use the 


distributive property and apply the product rule of exponents to simplify - 


 


Example 3.9: Equivalent Resistance of Two Potentiometers Connected in Parallel 


Two potentiometers are originally set at an equal resistance value denoted by  and connected in 


parallel. Once connected, the resistance of the first potentiometer is increased to three Ohms more 


than twice its original value, while the resistance of the second is decreased by 2 Ohms. Determine 


an expression for the equivalent resistance of the configuration using the product-over-sum rule 


expressed below  


 


Solution: 


As you’ll discuss in your later physics and engineering coursework, a potentiometer is an electrical 


component which exhibits a resistance which may be varied. To denote this variability, the 


schematic symbol of a potentiometer is drawn as that of a resistor with an arrow through its middle, 


denoting the mechanism that allows the resistance to be varied, which is typically referred to as the 


wiper.  The schematic symbol of a potentiometer is presented below - 


 


ADD FIGURE SCHEMATIC OF POT 


 


To begin the problem, express both resistance values in terms of the original baseline value, 


denoted by . Based upon the problem description, the following expressions are developed 


 


 








Thus, 


 


The resulting expression is referred to as a rational expression. Since we will discuss these types of 


expressions in much greater detail later on in the text, for now we’ll simply focus on simplifying the 


individual expressions occurring in the numerator and denominator. Note that the numerator 


requires the multiplication of two binomials. You may recall that this type of product may be 


computed by remembering the acronym FOIL (First, Outer, Inner, Last). Namely, when a binomial is 


multiplied by a binomial, the resulting polynomial consists of four terms, each of which is given as 


the product of terms of the two original polynomials as described by the acronym FOIL.  For 


example, the first term of the resulting product is simply the product of the first two terms of each 


individual polynomial, which are  and , respectively. Thus, the product in the numerator 


simplifies to 


 


 


The outer and inner term products may be combined since the terms are alike, yielding the 


following simplified trinomial - 


 


The denominator may be simplified by simply adding the two binomials. Recall that adding 


polynomials simply involves identifying like terms and adding their coefficients. Thus, 


 


Therefore, the simplified rational expression describing the equivalent resistance of the two 


parallel potentiometers is given as 


 


As we will see in subsequent chapters, rational expressions may oftentimes be simplified by 


canceling common factors existing between the numerator and denominator. In order to 


cancel common factors, the resulting polynomials must be factored, which we will explore 


in the next example. 


Example 3.10: Equivalent Resistance of Two Potentiometers Connected in Parallel Revisited 


In the previous example, the numerator of the resulting rational expression was determined 


to be  


 


Attempt to factor the above trinomial as the product of two binomials 








 


Solution: 


Recall that factoring a polynomial involves attempting to write the polynomial to be 


factored as a product of two or more other polynomials. As a first step when factoring, it is 


advantageous to attempt to identify any common factors between each term in the 


polynomial, as factoring this common factor out will result in a factored form (which can 


oftentimes be simplified further, as will be demonstrated in later examples). In this case, 


the coefficients of the three terms of the polynomial share no common factors. 


Additionally, each term does not involve an occurrence of the variable. Therefore, it is said 


that the three terms of the polynomial are mutually prime, and thus no common factor may 


be removed. As an example of a polynomial that shares a common factor between its 


terms, consider the following alternative polynomial- 


 


A common factor of 2 is shared between the three terms and may thus be factored out, 


yielding the following factored form of the alternative polynomial 


 


Once it has been determined that no common factors exist between the terms of the 


trinomial, it is often advantageous to attempt to identify what are referred to as special 


products. One example of such a special product, the difference of squares, will be explored 


in the next example. Another example of a special product is a perfect square trinomial. You 


may recognize this type of trinomial by noting that the first and last terms (when written in 


descending order) are perfect squares, and that the middle term is simply twice the product 


of the square root of the first and last term. For example, a polynomial of the following 


form fits this criteria  


 


Once a perfect square trinomial is identified using the procedure identified above, it factors 


into the product of two identical binomials. For the above example perfect square, the 


factoring is demonstrated below - 


 


Unfortunately, the trinomial presented in this example is neither a perfect square nor a 


difference of squares. Therefore, we must employ the general approach of factoring 


trinomials, which may be accomplished by either trial and error or the ABC method. The 


trial and error method begins by noting that a trinomial naturally results as the product of 


two binomials as predicted by the FOIL method demonstrated above. For the given 








trinomial in this problem, the leading term restricts the form of the two factored binomials 


as demonstrated below  


 


To complete the trial and error method, simply try all possible combinations of the two 


unknown values in the above binomials based upon the restrictions naturally presented by 


the problem. Specifically, note that the product of the two terms must be -6, thereby 


restricting that the two terms be of opposite sign.  For example, setting  and  


yields the following factored form  


 


To check in the trial and error method, simply apply FOIL and compare the result to the 


desired form 


 


Note that although the leading and constant term are correct, the sign of the coefficient of 


the linear term is off. This may be resolved by swapping the signs of the unknown 


parameters, which yields the following correctly factored form  


 


To factor through the abc method, it is first necessary to identify the coefficients 


corresponding to the parameters a, b, and c. By convention, a is the leading coefficient, b is 


the linear coefficient, and c is the constant in the trinomial. Thus, for the trinomial in 


question 


 


 


 


During the next step of the abc method, we seek factors of the product of a and c which add 


to b. For this example, we seek factors of -12 which add to -1. The possible factors pairs, 


and their corresponding sum are listed below - 


 


Factor Pair Product 


(1, -12) -11 


(-1,12) 11 


(2,-6) -4 








(-2,6) 4 


(3,-4) -1 


(-3,4) 1 


 


Once the correct factor pair has been identified, decompose the linear term in the original 


polynomial into two linear terms whose coefficients are the correct factor pair 


 


To factor the expanded four term polynomial, utilize a technique known as factoring by 


grouping. When factoring by grouping, we seek to identify common factors which are 


shared between pairs of polynomials. Note that in the above four term polynomial, the first 


two terms share a common factor of R, while the latter two terms share a common factor of 


-2. Factoring out the common factor from the pair yields 


 


Note that in the resulting factored form, the two terms share a common factor of . 


Factoring out this common factor yields  


 


This result is identical to that obtained through the trial and error method as expected. 


Example 3.11: Energy Stored in a Spring Revisited 


The energy stored in a spring is specified by the following formula 


 


Where  is the spring constant, measured in N/m, is the spring displacement, measured in m,  


is the pre-loaded spring force, measured in N, and is the stored potential energy, measured in J. 


a. Determine the displacement required in order to yield a stored potential energy of 4 J in an 


unloaded spring with a spring constant of 2 N/m 


Solution: 


In order to determine the required displacement, begin by populating equation x.x with the 


parameters corresponding to the problem description. In part a), the spring is said to be unloaded, 


which indicates that . Substituting this value into equation x.x along with the specified spring 


constant and required energy storage yields 


 








Which may be rewritten as  


 


Note that the resulting equation is a simple example of a quadratic equation, which in general may 


be written in standard form as follows - 


 


The left side of the equation is an example of a trinomial, which was introduced in the previous 


example. For the equation referenced in this problem, note that , , and .   


Quadratic equations with  may be solved by isolating the  term and taking the square root 


of both sides. As we will explore later in the text, the square root operation is a specific example of a 


radical term.  


 


 


Recall that the square root of a number is the value that when multiplied by itself equals the original 


number. Since , then . In general, the square root of any perfect square is specified 


as . Thus, 


 


Alternatively, quadratic equations of this form may also be solved by factoring. Specifically, the 


polynomial occurring in the quadratic equation is an example of a special product referred to as a 


difference of squares. In general, differences of squares may be factored as  


 


The equation in question may be factored as  


 


Applying the zero property of multiplication, the above equation is satisfied under the following 


conditions 


 


 


Note that solving by both the square root property and factoring yields the same results. 


Example 3.12: Unknown Resistances in a Parallel Network 


Two resistors connected in parallel are known to have an equivalent resistance of 8 Ohms. The 


second resistor in the network is 30 Ohms larger than the first resistor. Find the values of the two 


resistors, solving the resulting quadratic equation by completing the square and using the quadratic 


formula. 








Solution: 


To begin, define the two resistors as and , and relate them using the information provided in 


the formula 


 


Recall that for two resistors in parallel, the equivalent resistance is specified by the product over 


sum rule.  


 


Substituting the given value for the equivalent resistance and the expression for  in terms of  


yields 


 


Note that the equation may be simplified through distributing in the numerator of the rational 


expression, and combining like terms in the denominator 


 


To develop a quadratic equation which may be solved for the unknown resistance value, multiply 


both sides of the equation by the denominator of the rational expression, which yields 


 


Distributing on the right side yields 


 


Rewriting the equation in standard form by setting one side equal to zero yields 


 


To solve by the quadratic formula, begin by identifying the standard form coefficients, , 


, and .  The quadratic formula specifies that the solutions for any quadratic equation are 


given in terms of these coefficients as follows 


 


Substituting in the coefficients for this problem yields 
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Simplifying within the square root operator yields 


 


Thus 


 


Thus, the two possible solutions for the unknown resistance value are 


 


 


Since resistance cannot be a negative quantity, the second answer is not physically meaningful and 


is thus neglected. Solving for the second unknown resistance value yields  


 


To solve the quadratic equation by completing the square, begin by isolating the quadratic and 


linear term on one side of the equation as follows 


 


Next, add the square of the coefficient of half the linear term (ie: add ) to both 


sides of the equation 


 


Note that the left side of the quadratic is now a perfect square trinomial, which may be factored as  


 


Thus, 


 


This equation may be solved by applying the square root property discussed earlier in this chapter 


 


Thus, 


 


Which may be solved to yield two solutions which are identical to those obtained through the 


quadratic formula. 
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