A 5.20 G Bullet Moving At 672 M.s
Strikes A 700 G Wooden Block At Rest
On A Frictionless Surface. The

A 5.20 G Bullet Moving At 672 M.s Strikes A 700 G Wooden Block At Rest On A
Frictionless Surface. The scenario presents a classic physics problem involving
conservation of momentum and kinetic energy, which are fundamental concepts in
classical mechanics. This article aims to explore the dynamics of this collision, derive the
relevant formulas, and analyze the results step by step. Understanding such interactions
not only reinforces foundational physics principles but also provides insights applicable in
various real-world applications, from ballistics to engineering.

Understanding the Scenario

Initial Conditions and Data

- Bullet mass: 5.20 grams (g)

- Bullet velocity before impact: 672 meters per second (m/s)
- Wooden block mass: 700 grams (g)

- Wooden block velocity before impact: at rest (0 m/s)

- Surface: frictionless, implying no energy loss due to friction

Conversions for Consistency

To proceed with calculations, it's essential to convert all quantities into SI units:

- Mass of bullet: \( m_b = 5.20\, \text{g} = 5.20 \times 10" {-3}\, \text{kg} \)

- Mass of block: \( m_{block} = 700\, \text{g} = 700 \times 10"~ {-3}\, \text{kg} = 0.7\,
\text{kg} \)

- Initial velocity of bullet: \( v_{b,i} = 672\, \text{m/s} \)

- Initial velocity of block: \( v_{block,i} = 0\, \text{m/s} \)

Fundamental Principles Involved

Conservation of Momentum

In an isolated system with no external forces, the total momentum before and after the
collision remains constant:

\[

m bv {b,i} + m {block} v {block,i} = m bv {b,f} + m {block} v {block,f}

\]



where:
-\(v_{b,f} \): Bullet's velocity after impact
-\( v_{block,f} \): Block's velocity after impact

Types of Collisions

- Elastic Collision: Both kinetic energy and momentum are conserved.

- Inelastic Collision: Kinetic energy is not conserved; some energy is lost as heat, sound,
deformation, etc.

- Perfectly Inelastic Collision: The colliding objects stick together after impact, moving
with a common velocity.

Given the problem setting, we need to determine whether the collision is elastic, inelastic,
or perfectly inelastic. Since the problem states "strikes" and involves a wooden block,
which can deform or absorb some energy, it most likely involves an inelastic collision. For
simplicity, initial calculations often assume perfectly inelastic collision unless specified
otherwise.

Analyzing the Collision

Case 1: Perfectly Inelastic Collision (Objects Stick
Together)

In this case, the bullet embeds into the wooden block, and they move together after impact
at a common velocity \( v_f\).

Applying conservation of momentum:

\[

m bv {b,i} + m {block} v {block,i} = (m b+ m {block})v f
\]

Since the block is initially at rest:

\[

(5.20 \times 10~ {-3} \, \text{kg}) \times 672\, \text{m/s} + 0 = (5.20 \times 10"~ {-3} +
0.7) \times v f

\]

Calculating numerator:

\[

5.20 \times 107" {-3} \times 672 = 3.4944\, \text{kg-m/s}

\]

Total mass:

\[

0.7052\, \text{kg}

\]

Therefore:

\[

v f = \frac{3.4944}{0.7052} \approx 4.95\, \text{m/s}



\]
Result: The combined system moves at approximately 4.95 m/s immediately after impact.

Implications of Perfectly Inelastic Collision

- The system's kinetic energy decreases because some energy is dissipated as heat,
deformation, or sound.

- The initial kinetic energy (KE) of the bullet:

\[

KE {initial} = \frac{1}{2} m bv {b,i}"2

\]

Calculate:

\[

KE {initial} = 0.5 \times 5.20 \times 10" {-3} \times (672)"2 \approx 0.5 \times 0.0052
\times 451,584 \approx 1,174\, \text{J}

\]

- The kinetic energy after impact:

\[

KE {final} = \frac{1}{2} (m b + m_{block}) v f~2

\]

Calculate:

\[

KE {final} = 0.5 \times 0.7052 \times (4.95)"2 \approx 0.3526 \times 24.50 \approx 8.63)\,
\text{J}

\]

- Energy loss:

\[

\Delta KE = KE ({initial} - KE {final} \approx 1,174 - 8.63 \approx 1,165.37\, \text{]J}

\]

This large energy loss indicates inelastic behavior, with most of the initial kinetic energy
dissipated.

Alternative: Elastic Collision Analysis

If we assume the collision is elastic (which is less realistic in this context but useful for
theoretical understanding), both momentum and kinetic energy are conserved.

Applying conservation of kinetic energy:

\[

\frac{1}{2} m bv {b,i}"2 =\frac{1}{2} m bv {b,f}"2 + \frac{1}{2} m {block}
v_{block,f} "2

\]

And conservation of momentum:

\[

m bv {b,i} =m bv {b,f} + m {block} v {block,f}

\]



Solving these equations simultaneously yields the final velocities:

\[

v_{b,f} =\frac{m b-m {block}}{m b + m {block}} v {b,i}
\]

\[

v_{block,f} = \frac{2 m b}{m b + m {block}} v {b,i}

\]

Calculations:

-\(v_{b,f} \):

\[

v_{b,f} = \frac{0.0052 - 0.7} {0.7052} \times 672 \approx \frac{-0.6948} {0.7052} \times
672 \approx -0.985 \times 672 \approx -662\, \text{m/s}

\]

-\( v_{block,f} \):

\[

v_{block,f} = \frac{2 \times 0.0052}{0.7052} \times 672 \approx \frac{0.0104}{0.7052}
\times 672 \approx 0.0147 \times 672 \approx 9.88)\, \text{m/s}

\]

Interpretation:
- The bullet reverses direction (negative velocity) at approximately 662 m/s.
- The wooden block moves forward at about 9.88 m/s.

However, given the significant disparity in masses and the nature of the materials
involved, an elastic collision is unlikely, and inelastic models are more appropriate.

Practical Considerations and Real-World
Implications

Energy Dissipation and Material Damage

In real scenarios, the collision between a high-velocity bullet and a wooden block results
in:

- Deformation of the bullet and/or the wooden block

- Generation of heat

- Acoustic energy release

- Potential shattering or splintering of the wood

The calculated energy loss (~1,165 J) suggests substantial energy absorption by the wood
and other mechanisms, which could cause the wood to fracture or splinter.

Applications and Relevance

Understanding such collision dynamics is crucial in fields like:
- Ballistics: designing armor or projectiles



- Material science: studying impact resistance
- Engineering: crash testing and safety analysis
- Forensics: analyzing projectile impacts

Conclusion

The collision between a 5.20 g bullet traveling at 672 m/s and a 700 g wooden block at
rest exemplifies fundamental physics principles. Under the assumption of a perfectly
inelastic collision, the block acquires a velocity of approximately 4.95 m/s, and a
substantial amount of kinetic energy is dissipated. Recognizing the nature of the collision
helps in predicting outcomes, designing safer materials, and understanding energy
transfer mechanisms.

While idealized models provide valuable insights, real-world impacts involve complex
interactions, deformation, and energy loss mechanisms. Nonetheless, the core principles
of conservation of momentum and energy offer a solid foundation for analyzing such
phenomena.

Key Takeaways:

- Conversion of units is crucial for accurate calculations.

- Conservation of momentum allows calculation of post-collision velocities.

- Inelastic collisions lead to significant energy dissipation.

- Real impacts involve material deformation and energy loss beyond simple models.
- Understanding impact dynamics informs various technological and scientific fields.

By mastering these concepts

Frequently Asked Questions

What is the initial momentum of the bullet before it
strikes the wooden block?

The initial momentum of the bullet is calculated by multiplying its mass by its velocity: p =
m X v =15.20 g X 672 m/s. Converting grams to kilograms: 5.20 g = 0.00520 kg, sop =
0.00520 kg x 672 m/s = 3.4944 kg-m/s.

What is the total momentum of the system before the
collision?

Since the wooden block is at rest initially, its momentum is zero. Therefore, total initial
momentum = momentum of the bullet = 3.4944 kg-m/s.



What principle can be used to find the velocity of the
wooden block after the collision?

The law of conservation of momentum states that the total momentum before collision
equals the total momentum after collision, which can be used to find the block’s velocity
after impact.

How do you calculate the velocity of the wooden block
after the collision?

Using conservation of momentum: m bullet x v bullet initial = (m_bullet + m block) x
v_final. Rearranged to find v final: v final = (m bullet x v bullet initial) / (m bullet +
m_block).

What is the approximate velocity of the wooden block
after the collision?

Converting masses to kg: m_bullet = 0.00520 kg, m block = 0.700 kg. Using the formula:
v_final = (0.00520 kg x 672 m/s) / (0.00520 kg + 0.700 kg) = 3.4944 / 0.7052 = 4.95 m/s.

Does the collision result in the wooden block moving,
and if so, at what speed?

Yes, after the collision, the wooden block moves at approximately 4.95 m/s in the direction
of the bullet's initial motion.

What assumptions are made in solving this problem?

Assumptions include that the collision is perfectly elastic or inelastic depending on
context, the surface is frictionless, and no external forces act during the collision.

How would the outcome change if the surface were not
frictionless?

Friction would dissipate some of the system’s kinetic energy as heat, possibly reducing the
velocity of the wooden block and affecting the momentum conservation calculations.

What real-world applications can this collision problem
illustrate?

This problem illustrates principles of momentum conservation relevant to vehicle crash
analysis, ballistic impacts, and safety device design in engineering.



Additional Resources

A 5.20 G Bullet Moving At 672 M.s Strikes A 700 G Wooden Block At Rest On A
Frictionless Surface: An In-Depth Analytical Investigation

Introduction

Physics, at its core, seeks to understand the fundamental principles governing motion,
forces, and energy transfer. One classic scenario that embodies these principles involves a
projectile—such as a bullet—colliding with an object at rest. This investigation delves into
a specific case: a 5.20 g bullet moving at 672 m/s strikes a 700 g wooden block initially at
rest on a frictionless surface. Such a problem is rich with concepts including conservation
of momentum, energy transfer, elastic versus inelastic collisions, and real-world
implications for safety and engineering design.

Context and Relevance

Understanding the dynamics of such a collision is not merely an academic exercise. It has
practical implications in fields like forensic analysis, ballistic engineering, and safety
testing. For instance, accurately modeling the outcome of a projectile impacting a
stationary object informs the design of protective barriers, vehicle crashworthiness, and
even firearm safety standards.

This investigation aims to provide a comprehensive analysis of the collision mechanics,
interpret the physical consequences, and explore factors influencing the outcome.
Additionally, it will examine the assumptions underlying classical mechanics models and
their applicability to real-world scenarios.

Basic Data and Assumptions

| Parameter | Value | Notes |

| | | |

| Bullet mass (m_bullet) | 5.20 g | 0.00520 kg |

| Bullet velocity (v _bullet) | 672 m/s | Initial velocity of projectile |
| Wooden block mass (m block) | 700 g | 0.700 kg |

| Block initial velocity (v_block initial) | 0 m/s | At rest |

| Surface | Frictionless | Assumption to simplify calculations |

Assumption Notes:

- The collision occurs on a frictionless, horizontal surface.

- Air resistance is negligible.

- The collision is considered elastic unless otherwise specified.

- The system is isolated, neglecting external forces during the collision.



Fundamental Principles and Theoretical Framework
Conservation of Momentum

In the absence of external forces, the total linear momentum before and after the collision
remains constant:

\[ m_bullet \times v_{bullet\ initial} + m {block} \times v_{block\ initial} = m bullet
\times v_{bullet\ final} + m {block} \times v_{block\ final} \]

Given that the block is initially at rest:

\[ m_bullet \times v_{bullet\ initial} = m bullet \times v_{bullet\ final} + m {block}
\times v_{block\ final} \]

Conservation of Kinetic Energy
In elastic collisions, kinetic energy is conserved:

\[ \frac{1}{2} m bullet v_{bullet\ initial}~2 = \frac{1}{2} m bullet v_{bullet\ final}"~2 +
\frac{1}{2} m {block} v {block\ final}"~2\]

However, real-world impacts often involve inelastic behavior, especially with deformable
objects like wood, leading to energy dissipation as heat, sound, and deformation.

Analytical Calculation of Post-Collision Velocities
Scenario 1: Perfectly Elastic Collision

Assuming an ideal elastic collision, the velocities after impact can be derived from the
conservation laws.

- Final velocity of the block (v_block final):

\[

v_{block\ final} = \frac{2 m bullet v_{bullet\ initial} + (m {block} - m bullet)
v_{block\ initial}}{m bullet + m_ {block}}

\]

Since \(v_{block\ initial} = 0\):

\[

v_{block\ final} = \frac{2 \times 0.00520 \times 672} {0.00520 + 0.700}
\]

Calculating numerator:

\[
2 \times 0.00520 \times 672 \approx 6.989 \text{ kg-m/s}



\]

Calculating denominator:

\[
0.00520 + 0.700 = 0.7052 \text{ kg}
\]

Thus:

\[
v_{block\ final} \approx \frac{6.989}{0.7052} \approx 9.91 \text{ m/s}
\]

- Final velocity of the bullet (v_bullet final):

\[

v_{bullet\ final} = \frac{(m bullet - m {block}) v_{bullet\ initial} + 2 m {block}
v_{block\ initial}}{m bullet + m {block}}

\]

Since \(v_{block\ initial} = 0\):

\[

v_{bullet\ final} = \frac{(0.00520 - 0.700) \times 672} {0.7052} \approx \frac{-0.6948
\times 672}{0.7052} \approx -661.58 \text{ m/s}

\]

The negative sign indicates the bullet reverses direction, implying a rebound, which is
characteristic of elastic collisions where the projectile bounces back with high velocity.

Implications:
- The block accelerates forward at approximately 9.91 m/s.
- The bullet reverses direction at approximately 661.58 m/s post-impact.

Limitations of the Elastic Model

While the above calculations provide a theoretical basis, real-world impacts involving a
wooden block are seldom perfectly elastic. Wood deforms, absorbs energy, and may break
or splinter, dissipating kinetic energy as heat and structural damage. Consequently, actual
post-collision velocities are significantly different.

Scenario 2: Inelastic Impact (Realistic Approximation)

Given the deformable nature of wood, a more realistic model considers the collision as
partially inelastic.

- Coefficient of Restitution (e):
A measure of elasticity; e=1 for perfectly elastic, e=0 for perfectly inelastic.



- Typical values for wooden objects in ballistic impacts vary from 0.2 to 0.5.
Let's assume \(e = 0.3\) for this case.

Post-collision velocities in an inelastic collision:

\[

v_{block\ final} = \frac{(m bullet v_{bullet\ initial} + m {block} v {block\ initial}) + e
\times m bullet (v_{bullet\ initial} - v_{block\ initial})}{m bullet + m {block}}

\]

Since \(v_{block\ initial} = 0\):

\[

v_{block\ final} = \frac{m bullet v_{bullet\ initial} + e \times m bullet
v_{bullet\ initial} }{m bullet + m {block}} = \frac{m bullet v_{bullet\ initial} (1 +
e)}{m bullet + m {block}}

\]

Calculating:

\[

v_{block\ final} = \frac{0.00520 \times 672 \times (1 + 0.3)}{0.7052} \approx
\frac{0.00520 \times 672 \times 1.3}{0.7052}

\]

Numerator:

\[
0.00520 \times 672 \times 1.3 \approx 4.54 \text{ kg-m/s}

\]

Thus,

\[
v_{block\ final} \approx \frac{4.54}{0.7052} \approx 6.43)\, \text{m/s}

\]

Similarly, the bullet's final velocity (assuming some energy loss):

\[

v_{bullet\ final} = e \times v_{bullet\ initial} \approx 0.3 \times 672 \approx 201.6\,
\text{m/s}

\]

The bullet would slow dramatically, reversing direction and moving backward at

approximately 201.6 m/s, though in reality, the bullet may fragment or embed into the
block, complicating this simple model.

Energy Considerations and Damage Potential



Kinetic Energy Before Impact:

\[

KE {initial} = \frac{1}{2} m bullet v_{bullet}~2 = 0.5 \times 0.00520 \times (672)"2
\approx 0.5 \times 0.00520 \times 451,584 \approx 1,173\, \text{J}

\]

This substantial energy highlights the destructive potential of the projectile.
Energy After Impact:

Using the elastic model:

\[

KE {final} = \frac{1}{2} m bullet v_{bullet\ final}~2 + \frac{1}{2} m {block}
v_{block\ final} "2

\]

Calculating:

- Bullet:

\[
KE {bullet} = 0.5 \times 0.00520 \times ( -661.58)"2 \approx 0.5 \times 0.00520 \times

438,267 \approx 1,139\, \text{J}
\]

- Block:

\[
KE {block} = 0.5 \times 0.700 \times (9.91
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