
free particle model trigonometry
practice problems
Free particle model trigonometry practice problems are an essential part of understanding
classical mechanics, particularly in the context of particle motion. In physics, the free
particle model describes a situation where a particle is moving without any forces acting on
it, aside from its inertia. This model is foundational in both classical and modern physics,
and it often requires the use of trigonometry to analyze the particle's motion in two or three
dimensions. In this article, we will explore various practice problems that utilize
trigonometric principles associated with the free particle model, helping students and
enthusiasts strengthen their understanding of the concepts involved.

Understanding the Free Particle Model

To effectively tackle trigonometry problems related to the free particle model, it is crucial to
first understand what this model entails.

Definition and Key Concepts

1. Free Particle: A particle that is not under the influence of any net external forces,
meaning its motion is solely determined by its initial velocity and the effects of inertia.

2. Kinematics: The study of motion without considering the forces that cause it. Key
equations here include:
- \( s = vt \) (displacement)
- \( v = u + at \) (final velocity)
- \( s = ut + \frac{1}{2}at^2 \) (displacement under constant acceleration)

3. Trigonometry in Motion: When analyzing motion in two dimensions, trigonometric
functions help resolve vectors into their components. This is particularly useful for:
- Finding the resultant velocity of a particle moving in different directions.
- Calculating displacement when given angles and magnitudes.

Trigonometric Principles Relevant to the Free
Particle Model

In problems involving free particles, trigonometry plays a critical role. Here are some
essential principles:



Vector Resolution

When dealing with motion in two dimensions, it is necessary to break down velocity and
displacement vectors into their components. This can be done using sine and cosine
functions.

- X-component: \( v_x = v \cos(\theta) \)
- Y-component: \( v_y = v \sin(\theta) \)

This resolution allows for easier calculation of distances and times when a particle moves at
an angle.

Using the Pythagorean Theorem

The relationship between the sides of a right triangle can be used to find the resultant
vector when two components are known:

- Resultant Velocity:
\[
v = \sqrt{v_x^2 + v_y^2}
\]

- Direction of Motion:
\[
\tan(\theta) = \frac{v_y}{v_x}
\]

Practice Problems

Now, let's work through some practice problems that incorporate these concepts.

Problem 1: Particle Motion in a Straight Line

A particle is moving in a straight line at a speed of 20 m/s. If it continues to move for 5
seconds, what is the total displacement?

Solution:
Using the equation \( s = vt \):
- \( s = 20 \, \text{m/s} \times 5 \, \text{s} = 100 \, \text{m} \)

The displacement is 100 meters in the direction of motion.



Problem 2: Two-Dimensional Motion

A particle moves with a speed of 30 m/s at an angle of 60 degrees above the horizontal.
Calculate the horizontal and vertical components of its velocity.

Solution:
Using vector resolution:
- \( v_x = 30 \cos(60^\circ) = 30 \times 0.5 = 15 \, \text{m/s} \)
- \( v_y = 30 \sin(60^\circ) = 30 \times \frac{\sqrt{3}}{2} \approx 25.98 \, \text{m/s} \)

Thus, the horizontal component is 15 m/s and the vertical component is approximately
25.98 m/s.

Problem 3: Resultant Velocity

A particle moves with a velocity of 40 m/s at 30 degrees and another velocity of 50 m/s at
120 degrees. Find the resultant velocity of the particle.

Solution:
First, resolve each velocity into its components.

For the first velocity (40 m/s at 30 degrees):
- \( v_{1x} = 40 \cos(30^\circ) = 40 \times \frac{\sqrt{3}}{2} \approx 34.64 \, \text{m/s}
\)
- \( v_{1y} = 40 \sin(30^\circ) = 40 \times 0.5 = 20 \, \text{m/s} \)

For the second velocity (50 m/s at 120 degrees):
- \( v_{2x} = 50 \cos(120^\circ) = 50 \times \left(-\frac{1}{2}\right) = -25 \, \text{m/s} \)
- \( v_{2y} = 50 \sin(120^\circ) = 50 \times \frac{\sqrt{3}}{2} \approx 43.30 \, \text{m/s}
\)

Now, add the components:
- \( v_{Rx} = v_{1x} + v_{2x} = 34.64 - 25 = 9.64 \, \text{m/s} \)
- \( v_{Ry} = v_{1y} + v_{2y} = 20 + 43.30 \approx 63.30 \, \text{m/s} \)

Now, calculate the resultant velocity:
\[
v_R = \sqrt{(9.64)^2 + (63.30)^2} \approx \sqrt{93.08 + 4001.69} \approx
\sqrt{4094.77} \approx 64.06 \, \text{m/s}
\]

The direction can be found using:
\[
\theta = \tan^{-1}\left(\frac{v_{Ry}}{v_{Rx}}\right) \approx
\tan^{-1}\left(\frac{63.30}{9.64}\right) \approx 82.77^\circ
\]

Thus, the resultant velocity is approximately 64.06 m/s at an angle of 82.77 degrees above



the horizontal.

Problem 4: Displacement Calculation

A particle moves from point A (0, 0) to point B (30, 40) meters. Find the total displacement
and the angle of motion with respect to the horizontal.

Solution:
1. Displacement:
\[
s = \sqrt{(30 - 0)^2 + (40 - 0)^2} = \sqrt{30^2 + 40^2} = \sqrt{900 + 1600} =
\sqrt{2500} = 50 \, \text{m}
\]

2. Angle of Motion:
\[
\theta = \tan^{-1}\left(\frac{40}{30}\right) \approx \tan^{-1}(1.3333) \approx
53.13^\circ
\]

The total displacement is 50 meters at an angle of approximately 53.13 degrees above the
horizontal.

Conclusion

In summary, free particle model trigonometry practice problems serve as an invaluable tool
for mastering the relationships between motion and angles in physics. By understanding
the principles of vector resolution, the Pythagorean theorem, and kinematics, one can solve
a variety of problems that illustrate the motion of free particles. Regular practice with these
problems enhances not only mathematical skills but also a deeper comprehension of the
fundamental principles of physics. Whether you are a student preparing for exams or a
physics enthusiast, honing your skills with these practice problems will significantly benefit
your understanding of motion in a free particle context.

Frequently Asked Questions

What is the free particle model in quantum mechanics?
The free particle model describes a quantum particle that is not subject to any forces and
moves freely in space, characterized by a wave function that represents its probability
amplitude.



How can trigonometric functions be used to solve free
particle model problems?
Trigonometric functions can represent the wave functions of particles in the free particle
model, allowing for the analysis of their behavior in terms of sinusoidal patterns and
periodicity.

What type of trigonometric identities are useful in
solving problems related to the free particle model?
Useful trigonometric identities include the Pythagorean identity, sum-to-product identities,
and angle addition formulas, which can simplify calculations involving wave functions.

Can you provide an example of a practice problem
involving the free particle model and trigonometry?
Sure! If the wave function of a free particle is given by Ψ(x) = A sin(kx), where A is
amplitude and k is the wave number, find the probability density. The probability density is
|Ψ(x)|² = A² sin²(kx).

What is the significance of the wave number in the
context of the free particle model?
The wave number (k) is related to the momentum of the particle and indicates the number
of wavelengths per unit distance. It plays a crucial role in determining the spatial
characteristics of the wave function.

How can one verify the normalization of a wave
function for a free particle using trigonometry?
Normalization can be verified by integrating the square of the wave function over all space.
For Ψ(x) = A sin(kx), you would calculate ∫ |Ψ(x)|² dx over the relevant interval and set it
equal to 1 to find A.
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