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Chapter 8 Momentum Answers — A Complete Guide to Mastering Momentum
Concepts

Physics is full of intriguing ideas that shape our understanding of the natural world. One of the most fundamental
concepts is momentum, a quantity that captures the motion of objects and the forces that change it. If you're
studying a textbook or an online course, you'll often find Chapter 8 dedicated to momentum, covering topics from
linear momentum to conservation laws, impulse, and collisions. This article serves as a comprehensive guide to
Chapter 8 momentum answers, offering clear explanations, worked examples, and practical tips to help you ace any
quiz or exam.

Why Momentum Matters in Physics

Momentum is a vector quantity that depends on both mass and velocity. It tells us how “heavy” an object’s motion is
and how it reacts when forces act upon it. Understanding momentum is crucial for analyzing everything from sports
to spacecraft trajectories. In Chapter 8, you'll learn why momentum is conserved in isolated systems, how impulse
changes momentum, and how to solve real-world problems involving collisions.

Key Topics Covered in Chapter /8

 Definition of linear momentum

¢ Impulse and the impulse—-momentum theorem

e Conservation of momentum in isolated systems
 Elastic vs. inelastic collisions

e Center of mass and relative motion

» Applications: rockets, car crashes, sports, and more

Below we break down each topic into digestible sections, complete with illustrative examples and answers to
common textbook questions.

1. Linear Momentum — The Basics

Definition and Formula

Linear momentum (p) is defined as the product of an object’s mass (m) and its velocity (v):
p =m XV

Units and Significance

The Sl unit for momentum is kilogram meter per second (kg-m/s). Momentum is conserved in closed systems where
no external forces act, making it an invaluable tool for solving problems involving interactions.

Common Questions

Changing direction changes the vector’s direction but not its magnitude if speed remains the same.

2. Impulse —The Bridge Between Force and Momentum



Impulse Definition

Impulse (J) is the integral of force over the time interval during which the force acts:
J="+F/dt

Impulse—-Momentum Theorem

The impulse—momentum theorem states that the impulse applied to an object equals the change in its momentum:
J=9G O C7V#af-ae AA+7VH#a b C7V#Hae-se—F- AA+7V#a

Worked Example
Consider a 0.5 kg baseball that is struck by a bat, changing its velocity from 20 m/s to 35 m/s in 0.001 s. What is the

impulse?

Solution:

Initial momentum: pi = 0.5 /kg x 20 /m/s = 10 /kg-m/s.
Final momentum: pf = 0.5 /kg x 35 /m/s = 17.5 /kg-m/s.
Change in momentum: 9G O rdRb O raR 6{vO+0.
Impulse: J =9G O raR 6{vO+0.

FAQ
The impulse must be calculated by integrating the varying force over time.

3. Conservation of Momentum in Isolated Systems

Principle Overview

In an isolated system—where no external forces act—the total momentum before an event equals the total
momentum after the event:
:7 C7V#Hae—se—F—- AA+7V#a O £p<sub>final</sub>

Typical Textbook Problem

A 10 kg cart moving east at 2 m/s collides with a 5 kg cart moving west at 3 m/s. Find the velocity of the combined
carts if the collision is perfectly inelastic.

Solution:

Define east as positive. Then: p1 = 10 /kg x 2 /m/s = 20 /kg-m/s (east).
p2 =5 /kg x (=3 /m/s) = =15 /kg-m/s (west).

Total initial momentum: 20 + (—15) = 5 /kg-m/s.

Mass of combined cart: 10 + 5 = 15 /kg.

Final velocity: vf = (5 /kg-m/s) / (15 /kg) = 0.333 /m/s east.

Key Takeaways

* Momentum conservation works regardless of the forces involved, as long as the system is isolated.
¢ Direction matters: treat opposing directions as negative values.
 In a perfectly inelastic collision, objects stick together, and you use the combined mass for the final velocity.

4. Elastic vs. Inelastic Collisions



Elastic Collisions
In an elastic collision, both momentum and kinetic energy are conserved. This is typical of billiard balls or
subatomic particles.

Inelastic Collisions

In an inelastic collision, momentum is conserved but kinetic energy is not. Some kinetic energy is transformed into
other forms such as heat or deformation. A perfectly inelastic collision is a special case where the colliding bodies
stick together.

Energy Analysis Example

Two cars, each 1500 kg, collide head on with equal speeds of 15 m/s. If the collision is perfectly elastic, what is the
kinetic energy before and after the collision?

Solution:

Initial KE per car: (1/2) /x /1500 /kg /x /(15 /m/s)2 = 168,750 /J.
Total initial KE: 2 x 168,750 /J = 337,500 /J.
For an elastic collision, the total kinetic energy remains 337,500 /J after the collision.

Practical Implications

« In sports, understanding elastic vs. inelastic collisions helps coaches improve techniques (e.g., how a tennis
racket transfers energy to a ball).

¢ In automotive safety, engineers design crumple zones to absorb energy in inelastic collisions, protecting
passengers.

5. Center of Mass and Relative Motion

Center of Mass (COM)

The COM of a system is the weighted average position of all masses. For two particles, the COM position is:
Xx<sub>COM</sub> = (m<sub>1</sub> x<sub>1</sub> + m<sub>2</sub> x<sub>2</sub>) / (m<sub>1</sub>
+ m<sub>2</sub>)

Relative Motion in Collisions

Analyzing collisions in the center of mass frame simplifies calculations, especially for elastic collisions. In this frame,
the total momentum is zero, making it easier to apply conservation laws.

Worked Problem

A 1 /kg block moving at 4 /m/s collides head on with a 3 /kg block moving at —2 /m/s (west). Find the velocity of the COM
before the collision.

Solution:

pl=1/kg x 4 /m/s = 4 [kg-m/s east.

p2 = 3 /kg x (-2 /m/s) = —6 /kg-m/s west.

Total momentum: 4 + (—6) = -2 /kg-m/s west.

Total mass: 1 + 3 = 4 /kg.

COM velocity: vCOM = (-2 /kg-m/s) / 4 kg = —0.5 /m/s west.



6. Real World Applications of Momentum

Rocket Propulsion

Rocket engines rely on the conservation of momentum. As fuel is expelled at high speed in one direction, the rocket
gains momentum in the opposite direction. The basic equation:

9Gb O cC7V#aePxhaust</sub> x In(m<sub>initial</sub> / m<sub>final</sub>)

Car Crash Analysis

When cars collide, engineers use conservation of momentum to estimate impact forces and potential injuries. The
impulse experienced by each vehicle determines the deceleration and the likelihood of damage.

Sports Engineering
From the swing of a golf club to the launch of a javelin, athletes and equipment designers analyze momentum to
maximize performance while minimizing injury risk.

7. Common Mistakes and How to Avoid Them

 Ignoring Direction: Treat opposing directions as negative values.

Forgetting Units: Always keep track of kg-m/s for momentum and N-s for impulse.

e Mixing Up Initial and Final States: Label clearly to avoid sign errors.

« Assuming Energy Conservation in Inelastic Collisions: Remember that kinetic energy can be lost.
« Neglecting External Forces: If an external force acts, momentum is not conserved.

8. Practice Problems —Test Your Knowledge

1. Two ice skaters, each 70 /kg, push off from each other. Skater /A moves at 2 /m/s to the right, while Skater /B
moves at 1.5 /m/s to the left. Verify that momentum is conserved.

2. A 0.8 /kg ball traveling at 10 /m/s collides elastically with a stationary 1.2 /kg ball. Find the velocities after the
collision.
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