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Mastering Momentum Word Problems: A Complete Guide and Answer Key

Momentum is one of the most fundamental concepts in physics, and it appears in countless real �world scenarios—

from a soccer ball ricocheting off a goalpost to a freight train shunting cars. For students tackling physics

homework, exams, or standardized tests, momentum word problems can feel intimidating. However, with a clear

understanding of the underlying principles, a systematic approach, and plenty of practice, anyone can solve even

the toughest challenges.

In this article, we’ll dive deep into momentum word problems, walk through step �by �step solutions, and provide a

comprehensive answer key. Whether you’re a high �school student preparing for a test, a teacher looking for

classroom resources, or a lifelong learner curious about physics, this guide will equip you with the tools you need to

succeed.

What Is Momentum? A Quick Review

Before tackling word problems, let’s revisit the core definition of momentum and the key equations that govern its

behavior.

1. Kinetic Momentum

For a single object, the kinetic momentum (p) is defined as the product of its mass (m) and velocity (v):

p = m × v

Here, mass is measured in kilograms (kg), velocityin meters per second (m/s), and the resulting momentum is

expressed in kilogram �meters per second (kg·m/s).

2. Conservation of Momentum

When two or more objects interact—such as colliding or sticking together—momentum is conserved as long as no

external forces act on the system. The conservation law is written as:

:7�ö–æ—F–�Â�Ò�£p_final

This principle allows us to predict the final velocities of objects after a collision or interaction.

3. Elastic vs. Inelastic Collisions

Collisions are classified based on whether kinetic energy is also conserved:

•  Elastic collision: Both momentum and kinetic energy are conserved. Objects rebound without deformation.

•  Inelastic collision: Only momentum is conserved; kinetic energy is not. Objects may stick together or deform.

Knowing the type of collision is crucial for selecting the correct equations and solving problems accurately.

4. Impulse and Force

The impulse (J) delivered to an object equals the change in its momentum:

J = 9G��Ò�b
r�”t



Here, F is the average force applied over a time interval 9G@. This relationship is useful when a problem involves

forces acting over time, such as a bat hitting a ball.

Common Types of Momentum Word Problems

Momentum word problems often involve one or more of the following scenarios:

1.  Collisions: Two cars crash, a ball bounces, or a rocket launches.

2.  Relative motion: An object moving relative to another moving platform.

3.  Impulse and force: A hammer striking a nail, a car braking.

4.  Conservation in systems: A cart with attached blocks sliding on a frictionless track.

5.  Multi �step problems: Combining several concepts, such as a collision followed by a force applied.

Each type requires a slightly different approach, but all rely on the same fundamental momentum principles.

Step �by �Step Approach to Solving Momentum Word Problems

To avoid confusion, follow this systematic method whenever you encounter a momentum word problem.

1. Read the Problem Carefully

Identify all given quantities—masses, velocities, directions, forces, and time intervals. Pay attention to units and

signs (positive for one direction, negative for the opposite).

2. Draw a Diagram

Visual representations help clarify relationships and directions. Label masses, velocities, and any forces. For

collisions, indicate whether the event is elastic or inelastic.

3. Choose the Appropriate Equations

•  Use p = m × v for individual objects.

•  Apply :7�ö–æ—F–�Â�Ò�£p_final for collisions.

•  Use J = 9G��Ò�b
r�”t for impulse problems.

•  For inelastic collisions where objects stick together, treat them as a single mass after the collision.

4. Set Up the Algebraic Expressions

Write equations for each object or system. Ensure all terms are on the correct side of the equation and that units

are consistent.

5. Solve for the Unknowns

Isolate the variable of interest. Simplify fractions and convert units if necessary. Check for negative signs that

indicate direction.

6. Verify Your Solution

Plug your answer back into the conservation equation to confirm that momentum is indeed conserved. Also,

consider whether the answer makes physical sense (e.g., speeds should not exceed realistic limits).

Common Mistakes to Avoid

Even experienced students can fall into traps. Here are frequent pitfalls and how to avoid them:

1.  Ignoring Direction: Treating all velocities as positive leads to incorrect results. Use a sign convention or vector 

notation.



2.  Unit Confusion: Mixing centimeters with meters or seconds with milliseconds. Convert all quantities to SI 

units before solving.

3.  Misapplying Conservation Laws: Applying conservation of momentum to a system that experiences external 

forces (e.g., friction).

4.  Forgetting to Combine Masses in Inelastic Collisions: Treating the combined object as separate masses after 

sticking together.

5.  Overlooking Energy Conservation: Assuming kinetic energy is conserved in an inelastic collision.

Momentum Word Problems with Full Solutions

Below we present a series of representative momentum word problems, followed by detailed solutions. These

examples illustrate a variety of scenarios and help reinforce the concepts discussed earlier.

Problem 1: Elastic Collision Between Two Cars

Statement: Car A (mass 1200 kg) moves east at 20 m/s. Car B (mass 800 kg) moves west at 10 m/s. They collide

elastically. What are their velocities after the collision?

Solution:

1.  Initial momenta:

Car A: \(p_A = 1200 /kg × 20 /m/s = 24{,}000 /kg·m/s\) east.

2.  Car B: \(p_B = 800 /kg × (-10 /m/s) = -8{,}000 /kg·m/s\) west.

•  Equation 1: \(1200x + 800y = 16{,}000\).

•  Equation 2: \(x - y = -30\).

•  From Equation 2: \(y = x + 30\).

•  Substitute into Equation 1: \(1200x + 800(x + 30) = 16{,}000\) !’ \(2000x + 24{,}000 = 16{,}000\) !’ \(2000x = -8{,}

000\) !’ \(x = -4 /m/s\).

•  Thus, \(y = -4 + 30 = 26 /m/s\).

•  Car A: \(-4 /m/s\) (west).

•  Car B: \(26 /m/s\) (east).

Both cars reverse direction relative to their initial motion, as expected in an elastic collision.

Problem 2: Inelastic Collision of a Train and a Box

Statement: A freight train (mass 80,000 /kg) travels north at 5 /m/s. It collides with a box (mass 200 /kg) resting on the 

tracks. After the collision, the train and the box move together. What is their common velocity?

Solution:

1.  Initial momentum:

\(p_{\text{train}} = 80{,}000 /kg × 5 /m/s = 400{,}000 /kg·m/s\) north.

2.  Box momentum:

\(p_{\text{box}} = 200 /kg × 0 /m/s = 0\) (at rest).

3.  Total initial momentum:

\(400{,}000 /kg·m/s\) north.

4.  After collision, combined mass:

\(m_{\text{total}} = 80{,}000 + 200 = 80{,}200 /kg\).

5.  Using conservation of momentum:



\(400{,}000 = 80{,}200 × v_f\) !’ \(v_f = \frac{400{,}000}{80{,}200} "H 4.99 /m/s\) north.

The train slows down slightly due to the added mass of the box.

Problem 3: Impulse from a Bat Hitting a Baseball

Statement: A baseball (mass 0.145 kg) is hit by a bat. The bat exerts an average force of 2500 N over 0.001 s.

Initially, the ball is at rest. What is its velocity immediately after being hit?

Solution:

1.  Impulse:

\(J = F × 9GB�Ò�#S���ôâ
r��ã����÷2�Ò�"ãR�ôëw5Â’à

2.  Change in momentum:

\(9G��Ò�¢�Ò�"ãR�ö¶{vÒ÷5Â’à
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