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Understanding quadratic equations and their solutions is fundamental in algebra, especially when
complex numbers are involved. In this article, we will explore how to determine the other solutions
of the quadratic equation given that one of the solutions is a complex number T = 3 + 2i. This
problem combines the concepts of quadratic equations, complex conjugates, and polynomial roots,
providing a comprehensive example of solving such equations.

Introduction to the Problem
The problem states: If T = 3 + 2i is a solution to the quadratic equation T = 12t^2 - 49t + 78, find
the other solutions. Here, T is treated as the variable, and we're told one of its solutions is a complex
number. Our goal is to find the remaining solutions, which may include real or complex numbers.

Understanding the Quadratic Equation
The given quadratic equation is:

The Standard Form
\[ 12t^2 - 49t + 78 = 0 \]

This is a quadratic in t, with coefficients:
- a = 12
- b = -49
- c = 78

Relevance of Complex Solutions
Since one solution is a complex number (3 + 2i), and quadratic equations with real coefficients
always have complex solutions in conjugate pairs, the other solution is likely its complex conjugate,
3 - 2i. But to confirm, let's proceed with the calculations and verification.

Verifying the Given Solution
Before finding the other solution, it's essential to verify whether T = 3 + 2i truly satisfies the
quadratic equation.



Substitute T = 3 + 2i into the quadratic
Calculate \( 12t^2 - 49t + 78 \) with t = 3 + 2i:

1. Compute \( t^2 \):
\[
t^2 = (3 + 2i)^2 = 3^2 + 2 \times 3 \times 2i + (2i)^2 = 9 + 12i + 4i^2
\]
Recall that \( i^2 = -1 \):
\[
t^2 = 9 + 12i + 4(-1) = 9 + 12i - 4 = 5 + 12i
\]

2. Multiply \( t^2 \) by 12:
\[
12 \times (5 + 12i) = 60 + 144i
\]

3. Compute \( -49t \):
\[
-49 \times (3 + 2i) = -147 - 98i
\]

4. Sum all terms:
\[
(60 + 144i) + (-147 - 98i) + 78
\]
Combine real parts:
\[
60 - 147 + 78 = (60 - 147) + 78 = -87 + 78 = -9
\]
Combine imaginary parts:
\[
144i - 98i = 46i
\]

Final sum:
\[
-9 + 46i
\]

Since the total is \( -9 + 46i \neq 0 \), T = 3 + 2i does not satisfy the quadratic equation directly. This
suggests that either the problem statement is theoretical or that T is a solution to an associated
polynomial or a different interpretation.

However, in many algebraic contexts, if the coefficients are real and one complex solution is known,
its conjugate is also a root. To clarify the problem, it's best to assume the intended scenario is that 3
+ 2i is a root, and therefore, 3 - 2i is also a root, based on the conjugate root theorem.

Thus, we proceed with the assumption that the roots include 3 + 2i and 3 - 2i.



Using the Sum and Product of Roots
For quadratic equations with real coefficients, roots come in conjugate pairs when complex roots are
involved. Knowing one root allows us to find the other using the sum and product relationships.

Sum of the roots (α + β)
\[
\alpha + \beta = -\frac{b}{a}
\]

Product of the roots (α × β)
\[
\alpha \times \beta = \frac{c}{a}
\]

Applying these to our quadratic:

- \( a = 12 \)
- \( b = -49 \)
- \( c = 78 \)

Compute:
\[
\alpha + \beta = -\frac{-49}{12} = \frac{49}{12}
\]
\[
\alpha \times \beta = \frac{78}{12} = \frac{13}{2}
\]

Since one root is \( 3 + 2i \), the other must be \( 3 - 2i \).

Verify the sum:
\[
(3 + 2i) + (3 - 2i) = 3 + 3 + 2i - 2i = 6
\]

Compare with \( \frac{49}{12} \):
\[
\frac{49}{12} \approx 4.0833
\]

This indicates the sum of the roots isn't matching, which suggests the initial assumption that \( T = 3
+ 2i \) is a root may be inconsistent with the quadratic's coefficients unless the problem is
theoretical or the roots are solutions to a different polynomial.

Alternative Approach:



Suppose the problem is to find the other solutions assuming \( T = 3 + 2i \) is one of the roots, and
the quadratic is:

\[
12t^2 - 49t + 78 = 0
\]

and that the roots are complex conjugates. Let's find the roots explicitly using the quadratic formula:

\[
t = \frac{-b \pm \sqrt{b^2 - 4ac}}{2a}
\]

Calculate the discriminant:

\[
D = b^2 - 4ac = (-49)^2 - 4 \times 12 \times 78
\]

Compute:

\[
D = 2401 - 4 \times 12 \times 78
\]
\[
= 2401 - 4 \times (12 \times 78)
\]
\[
= 2401 - 4 \times 936
\]
\[
= 2401 - 3744
\]
\[
= -1343
\]

Since the discriminant is negative, roots are complex conjugates with:

\[
t = \frac{49 \pm \sqrt{-1343}}{24} = \frac{49 \pm i \sqrt{1343}}{24}
\]

Expressed explicitly:

\[
t = \frac{49}{24} \pm i \frac{\sqrt{1343}}{24}
\]

Compare this with the given root \( 3 + 2i \):



\[
3 + 2i = \frac{72}{24} + i \frac{48}{24}
\]

Thus, the root \( 3 + 2i \) corresponds to:

\[
t = \frac{72}{24} + i \frac{48}{24}
\]

which is not identical to the quadratic roots derived above unless \( \sqrt{1343} = 48 \), which is
false. Since \( \sqrt{1343} \approx 36.6 \), the roots are approximately:

\[
t \approx 2.04 \pm i 1.525
\]

which does not match \( 3 + 2i \).

Conclusion:

- The original problem's statement appears to be a theoretical question or a misstatement.
- If the problem is to find the other solution given one complex root \( 3 + 2i \), and the quadratic has
real coefficients, then the other root must be its conjugate \( 3 - 2i \).
- The quadratic's roots are:

\[
t = \frac{49 \pm i \sqrt{1343}}{24}
\]

and not \( 3 \pm 2i \).

---

Final Solution: Finding the Other Solution

Assuming the problem intends that if \( T = 3 + 2i \) is a solution to the quadratic \( 12t^2 - 49t + 78
= 0 \), then the other solution is its complex conjugate \( 3 - 2i \). Here's how we confirm that:

Step 1: Recognize the conjugate root theorem

- For quadratic equations with real coefficients, complex roots come in conjugate pairs.

Step 2: Conjugate root is \( 3 - 2i \)

- The conjugate of \( 3 + 2i \) is \( 3 - 2i \).

Step 3: Sum and product verification

- Sum of roots:
\[



(3 + 2i) + (3 - 2i) = 6
\]
- Product of roots:
\[
(3 + 2i)(3 - 2i)

Frequently Asked Questions

Given that T = 3 + 2i is a solution to the quadratic equation
12t^2 - 49t + 78 = 0, what is the other solution?
The other solution is 3 - 2i, since complex roots in quadratic equations with real coefficients come in
conjugate pairs.

How can we verify that T = 3 + 2i is a root of the quadratic
equation 12t^2 - 49t + 78 = 0?
Substitute T = 3 + 2i into the equation and check if the expression evaluates to zero, confirming it
as a root.

What is the importance of conjugate roots in quadratic
equations with real coefficients?
When a quadratic has real coefficients and a complex root, its conjugate is also a root to ensure the
polynomial's coefficients remain real.

How do you find the other root of the quadratic if one root is
given as 3 + 2i?
Identify the conjugate of the given root, which is 3 - 2i, as the other root of the quadratic.

Can the quadratic equation 12t^2 - 49t + 78 = 0 be factored
easily given the roots?
Yes, once the roots are known, the quadratic can be factored as 12(t - root1)(t - root2).

What is the sum and product of the roots of the quadratic
equation 12t^2 - 49t + 78 = 0?
Sum of roots: 49/12; product of roots: 78/12, based on Vieta's formulas.

How do Vieta's formulas help in solving quadratic equations



with known roots?
They relate the roots to the coefficients, allowing easy calculation of sum and product without
solving the equation directly.

If T = 3 + 2i is a solution, what is the quadratic factor
corresponding to this root?
The quadratic factor is (t - (3 + 2i))(t - (3 - 2i)), which simplifies to a quadratic with real coefficients.

What is the quadratic polynomial with real coefficients having
roots 3 + 2i and 3 - 2i?
Multiplying out the factors: (t - 3 - 2i)(t - 3 + 2i) = (t - 3)^2 + (2i)^2 = t^2 - 6t + 9 + 4 = t^2 - 6t +
13.

How does knowing one complex solution help in solving
quadratic equations in general?
It allows us to find the conjugate root, completing the pair of solutions, especially when coefficients
are real.

Additional Resources
If T=3+2i is one of the solutions of T = 12t^2 - 49t + 78, then find the other solutions—this problem
elegantly combines complex numbers with quadratic equations, inviting a detailed exploration of
algebraic methods and complex conjugates. Whether you're a student preparing for exams or a math
enthusiast seeking deeper understanding, this guide aims to walk you through the problem step-by-
step, providing clarity and insight into the reasoning process.

---

Understanding the Problem

The statement indicates that T=3+2i is a solution to the quadratic equation:

\[ T = 12t^2 - 49t + 78 \]

At first glance, the problem appears straightforward: substitute the known solution into the
quadratic, verify it, then find the other solutions. However, because the solution involves a complex
number, it hints at underlying properties of quadratic equations with real coefficients, such as the
conjugate root theorem.

Key Concepts to Recall

- Quadratic equations with real coefficients: If the coefficients are real and the solutions involve
complex numbers, then their conjugates are also solutions.



- Complex conjugate roots: If \( a + bi \) is a root of a polynomial with real coefficients, then \( a - bi
\) is also a root.
- Solving quadratic equations: Using substitution or factoring methods, or directly applying the
quadratic formula.

---

Step 1: Confirming the Known Solution

Before proceeding, it's prudent to verify whether T=3+2i satisfies the quadratic equation:

\[ 12t^2 - 49t + 78 = T \]

Substituting \( t=3+2i \):

Calculate \( t^2 \):

\[
t^2 = (3 + 2i)^2 = 3^2 + 2 \times 3 \times 2i + (2i)^2 = 9 + 12i + 4i^2
\]

Recall that \( i^2 = -1 \), so:

\[
t^2 = 9 + 12i + 4(-1) = 9 + 12i - 4 = 5 + 12i
\]

Compute \( 12t^2 \):

\[
12 \times (5 + 12i) = 12 \times 5 + 12 \times 12i = 60 + 144i
\]

Compute \( -49t \):

\[
-49 \times (3 + 2i) = -147 - 98i
\]

Sum all parts:

\[
12t^2 - 49t + 78 = (60 + 144i) + (-147 - 98i) + 78
\]

Combine like terms:

- Real parts: \( 60 - 147 + 78 = (60 + 78) - 147 = 138 - 147 = -9 \)
- Imaginary parts: \( 144i - 98i = 46i \)

Thus,



\[
12t^2 - 49t + 78 = -9 + 46i
\]

Since this equals T, which is 3 + 2i, the two are not equal. This suggests that the initial assumption
that T=3+2i is the solution itself needs reinterpretation.

Re-examination:

The problem states: If T=3+2i is one of the solutions of \( T=12t^2 - 49t + 78 \), then find the other
solutions.

It might be more accurate that T is the variable, and t is the solution variable. The notation can be
confusing; perhaps the original statement is:

"Given that \( t=3+2i \) is one of the solutions of the quadratic equation \( 12t^2 - 49t + 78 = 0 \),
find the other solutions."

This is a common type of quadratic problem involving complex roots. The most logical interpretation
is:

Given that \( t=3+2i \) is a solution to the quadratic equation \( 12t^2 - 49t + 78=0 \), find the other
solutions.

---

Step 2: Clarify the Correct Equation

Assuming the problem is:

If \( t=3+2i \) is a solution of the quadratic \( 12t^2 - 49t + 78=0 \), then find the other solutions.

---

Step 3: Use the Conjugate Root Theorem

Since the quadratic has real coefficients (12, -49, and 78 are all real), and \( 3 + 2i \) is a complex
root, then its conjugate:

\[ 3 - 2i \]

must also be a root.

Therefore, the two roots are:

- \( t_1 = 3 + 2i \)
- \( t_2 = 3 - 2i \)

What about the quadratic?

Given these roots, the quadratic factors as:



\[
( t - t_1 )( t - t_2 ) = 0
\]

which expands to:

\[
t^2 - (t_1 + t_2) t + t_1 t_2 = 0
\]

---

Step 4: Find the Sum and Product of Roots

Sum of roots:

\[
t_1 + t_2 = (3 + 2i) + (3 - 2i) = 3 + 3 + 2i - 2i = 6
\]

Product of roots:

\[
t_1 \times t_2 = (3 + 2i)(3 - 2i) = 3 \times 3 + 3 \times (-2i) + 2i \times 3 + 2i \times (-2i)
\]

Calculate step-by-step:

\[
= 9 - 6i + 6i - 4i^2
\]

The \( -6i + 6i \) cancel out:

\[
= 9 - 4i^2
\]

Recall \( i^2 = -1 \):

\[
= 9 - 4(-1) = 9 + 4 = 13
\]

---

Step 5: Write the Quadratic Equation

Using the sum and product of roots, the quadratic with these roots is:

\[



t^2 - (t_1 + t_2)t + t_1 t_2 = 0
\]

Substituting the values:

\[
t^2 - 6 t + 13 = 0
\]

---

Step 6: Confirm the Quadratic Coefficients

Given the original quadratic:

\[
12 t^2 - 49 t + 78 = 0
\]

Our derived quadratic:

\[
t^2 - 6 t + 13 = 0
\]

are related by a factor of 12:

\[
12(t^2 - 6 t + 13) = 12 t^2 - 72 t + 156
\]

which does not match the original quadratic coefficients.

This discrepancy suggests that the quadratic \( 12 t^2 - 49 t + 78 = 0 \) has roots \( t=3+2i \) and \(
t=3-2i \).

Let's verify this explicitly.

---

Step 7: Verify the Roots in the Original Equation

Substitute \( t=3+2i \):

Previously, we computed:

\[
12t^2 - 49t + 78 = -9 + 46i
\]

which does not equal zero, so \( 3+2i \) is not a root of the quadratic \( 12 t^2 - 49 t + 78=0 \).



---

Crucial Clarification:

The initial problem statement may be ambiguous, but based on standard algebraic principles, the
typical problem is:

"Given that \( t=3+2i \) is a solution to the quadratic \( 12 t^2 - 49 t + 78=0 \), find the other
solutions."

But since substitution shows \( t=3+2i \) does not satisfy the quadratic, perhaps the problem is:

"If \( T=3+2i \) is one of the solutions of \( T=12 t^2 - 49 t + 78 \), then find other solutions."

Or, more precisely:

> Suppose \( t=3+2i \) satisfies the quadratic equation \( 12 t^2 - 49 t + 78=0 \). Find the remaining
solutions.

---

Final Step: Correct the Assumption and Proceed

Given the previous calculations, the conclusion is:

- The quadratic \( 12 t^2 - 49 t + 78 \) does not have \( t=3+2i \) as a root.
- Therefore, the initial statement is likely misinterpreted, and perhaps the intended problem is:

> If \( t=3+2i \) is a root of the quadratic \( 12 t^2 - 49 t + 78=0 \), then find the other root.

---

Summary and Final Solution
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