Exploration Guide: Roots of a Quadratic
**Use the back button to go back to this lesson

Quadratics With Real Solutions

1. In the Gizmotm, graph y = 2x2 + x − 5 by setting a = 2, b = 1, and c = −5. (To quickly set a value, type the number in the box to the right of the slider, and then press ENTER.) 

1. What are the solutions to 2x2 + x − 5 = 0? They are displayed below the sliders, expressed as decimals. 

2. What are the x-intercepts of the graph? Mouseover the x-intercepts to see their coordinates. What do you notice about the x-intercepts and the solutions of the quadratic equation? 

3. The quadratic formula can be used to solve a quadratic equation algebraically. Click on the SOLUTION tab to see the quadratic formula used to solve the current equation. What are the exact values of the solutions? 

4. Due to the ± sign before the radical, the quadratic formula usually results in two roots. When do you think there would be only one root? 

2. On paper, solve the equation x2 + 3x − 4 = 0 using the quadratic formula. 

1. Check your answer by clicking on the CONTROLS tab and graphing y = x2 + 3x − 4. Do the x-intercepts on the graph match your solutions? If not, check your work on the SOLUTION tab. 

2. Every quadratic equation has two factors. For example, the two factors of x2 + 3x − 4 = 0 are x + 4 and x − 1. 

3. What is the solution of x + 4 = 0? What is the solution of x − 1 = 0? How do these compare to the x-intercepts of y = x2 + 3x − 4? 

4. What are the solutions to the equation (x + 3)(x − 2) = 0? How many solutions does (x − 5)(x − 5) = 0 have? Explain. 

3. Every parabola has an axis of symmetry that divides it into two equal halves. Turn on Show axis of symmetry x = −b/(2a). Using the sliders, graph a new parabola that has two x-intercepts. 

1. How does the location of the axis of symmetry relate to the location of the x-intercepts? 

2. How can the equation of the axis of symmetry be determined if you know only the x-intercepts of a graph? 

Quadratics With Imaginary Solutions

Some quadratic functions have no real solutions. In that case, the solutions are complex numbers. Complex numbers are written as a + bi, where a and b are real numbers and i = 
1. Use the Gizmo to graph y = 3x2 + x − 7. Increase the value of c by dragging the c slider slowly to the right. Watch the solutions, below the sliders, as you drag. 

1. When the solutions change from real numbers to complex numbers, what is the corresponding change to the graph? What happened to the x-intercepts? 

2. Check on the SOLUTION tab to see the solution using the quadratic formula. Identify what caused the imaginary part of the solution to appear. 

2. Graph the function y = x2 + 2x + 5 in the Gizmo. 

1. What are the solutions to x2 + 2x + 5 = 0? How are the two solutions similar? How are they different? 

2. Two expressions that have the same real component and opposite imaginary components are called conjugates. Use the Gizmo to make different quadratic equations with complex solutions. Do complex solutions always occur in conjugate pairs? 

3. If x = −3 + 5i is a solution to a quadratic equation, how many solutions does the quadratic have? What is the other solution? 

The Discriminant

The discriminant, which is the part of the quadratic formula that is under the radical (b2 − 4ac), can give you useful information about how many real and complex roots a quadratic function has. 

1. In the Gizmo, graph y = x2 + 4x − 5. 

1. How many x-intercepts does this function have? What are they? What are the real solutions to x2 + 4x − 5 = 0? 

2. Turn on Show discriminant computation. Use the c slider to slowly increase the value of c. When the function has two real solutions, is the value of the discriminant positive, negative, or zero? 

3. Graph y = x2 + 4x + 4. How many x-intercepts does this function have? How many real solutions are there to x2 + 4x + 4 = 0? What is the value of the discriminant for this function? 

4. Starting at c = 4, use the c slider to slowly increase the value of c. How many x-intercepts (or real solutions to y = 0) do these functions have? What types of values does the discriminant have? 

5. Experiment further by varying a, c, and c, using the appropriate sliders. Pay attention to the connection between the number of x-intercepts the graph has (or the number of real solutions to y = 0) and the value of the discriminant. What is true of the discriminant when a quadratic function has two real solutions? One real solution? No real solution (two complex solutions)? 

2. On paper, evaluate the discriminant of the following quadratics to determine the number of real solutions. Check each answer by graphing the related function in the Gizmo. 

1. x2 − 4x + 4 = 0 

2. x2 + 2x + 4 = 0 

3. x2 − 6 = 0 

Solutions in the Complex Plane

Complex solutions to quadratics can be plotted on the complex plane. To graph a complex number on the complex plane, the horizontal axis graphs the real part of the complex number and the vertical axis graphs the imaginary part of the complex number. So, to plot the value a + bi on the complex plane, plot the point (a, b). 

1. Graph the function y = x2 + 2x + 5 in the Gizmo. 

1. What are the solutions to x2 + 2x + 5 = 0? 

2. Click on the COMPLEX PLANE tab above the graph to see the solutions plotted on the complex number plane. What are the coordinates of the points plotted? How do they correspond with the parts of the complex solutions? 

3. What is the real part of the complex solutions? How does it relate to the x-coordinate of the vertex of the parabola? (Hint: switch back and forth between COMPLEX PLANE and REAL PLANE.) 

2. With the graph displaying the complex plane, vary the sliders until you find a quadratic with solutions that lie on the real axis of the complex numbers plane. Then click back and forth between COMPLEX PLANE and REAL PLANE. What do you notice about the solutions in this case? 

