GENERAL

classical mechanics problem solutions

Published: September 27, 2026 | Index ID: #-

Unlocking the Secrets of Classical Mechanics: A Complete Guide to
Problem Solutions

For students and physics enthusiasts alike, classical mechanics remains a foundational pillar that explains how
objects move and interact under the influence of forces. Whether you're tackling a university exam, preparing for a
competitive entrance test, or simply curious about the physics that governs everyday life, mastering problem
solutions in classical mechanics can transform your understanding of motion, energy, and the laws that bind the
universe.

In this comprehensive article, we’ll walk through the most common categories of classical mechanics problems,
provide step by step solution strategies, and share practical tips to streamline your study sessions. From kinematics
to dynamics, from conservation laws to advanced Lagrangian techniques, you'll discover how to approach each
question with confidence and precision.

Why Focus on Problem Solutions?

Classical mechanics is a problem solving discipline. Theories such as Newton’s laws, conservation principles, and
differential equations become meaningful only when applied to real world scenarios. By concentrating on problem
solutions, you:

¢ Develop analytical thinking and mathematical rigor.

Build a toolbox of techniques that can be reused across physics topics.

« ldentify common pitfalls and misconceptions early.

¢ Gain confidence to tackle high level coursework and competitive exams.

Below, we'll break down the most frequent problem types and illustrate each with clear, step by step solutions.

1. Kinematics: The Language of Motion

1.1. Uniform Acceleration Problems

These classic problems involve motion with constant acceleration, where the basic equations are:

e v=u+at
e s = ut + Ysat?
e V2= U2+ 2as

Example Problem: A car starts from rest and accelerates uniformly at 3 /m/s2 for 10 /s. How far does it travel?

Solution Steps:

1. Identify known values: u =0 /m/s, a=3/m/s?,t=10/s.

2. Choose the appropriate equation: s = ut + %at2,

3. Plug in numbers: s = 0-10 + %2:3:(10)2 =0 + 1.5-100 = 150 /m.
4. Answer: The car travels 150 /m.

1.2. Projectile Motion



Projectile problems require resolving motion into horizontal and vertical components. The key equations are:

e Horizontal: x = v € “t.
e Vertical: y = v € gt — Y2gt2.
e Range: R = (v €2/g) /sin /12;,4

Example Problem: A ball is thrown at 20 /m/s at a 30° angle. What is its maximum height?

1. Resolve velocity: v € g = 20 /sin /30° = 10 /m/s.
2. Usev2=u2+2aswitha=-g:0=102+2(-9.8)h " h =102/(2-9.8) "H 5.10 /m.
3. Answer: Maximum height "H 5.1 /m.

2. Newton’s Laws of Motion: Forces and Acceleration

2.1. Free-Body Diagram (FBD) Technique

Before applying Newton’s second law, draw an accurate FBD. Label all forces: weight, normal, friction, tension,
applied forces, etc. This visual step eliminates confusion and ensures you account for every interaction.

2.2. Solving for Unknown Forces

Example Problem: A 5 /kg block slides down a 30° incline with kinetic friction coefficient ;A b O &"a Find its acceleration.

Draw FBD: Weight mg splits into components parallel (mg /sin /;;’ &B W pendicular (mg /cos /;;’ FO FTR —ae6/AE—aeP.
Compute normal force: N = mg /cos /;,a

Calculate friction: f = ;A da O ¥4 —mg /cos /;,a

Apply Newton'’s second law along the incline:ma=mg/sin/;, b".

Plug in values: a = g /(sin /30° — ;A b 66+2 63 * $,’4, 0f 4R b &+s&dfch’ $,’4,0f AR b As2'$,’4, Or 6 A3#r $, 2a# 60+;"a
Answer: Acceleration "H 3.20 /m/s2 down the incline.
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2.3. Multiple-Object Systems
When several objects interact (e.g., a pulley system), treat each body separately, then combine equations using
constraints (e.g., rope length conservation).

3.Work, Energy, and Power
3.1.Work-Energy Theorem
W = 9D2A vW&R 2 O O 6xk"a This theorem bypasses force integration, especially useful for variable forces.

3.2. Potential Energy

Gravitational potential energy: U = mgh. Elastic potential energy: U = %2 /k /x2.

3.3. Conservation of Mechanical Energy

When non conservative forces are absent, total mechanical energy (K + U) remains constant.

Example Problem:A 2 kg block slides down a frictionless 5 m incline from a height of 3 m. Find its speed at the
bottom.

1. Compute initial potential energy: U € = mgh =2.9.8-3 =58.8 /J.
2. SetK f=U€ (since K€=0):%/m/v2=58.8/J!'v2=(2-58.8)/2=58.8/"v"H 7.67 /m/s.
3. Answer: Speed "H 7.7 /m/s.

4. Rotational Dynamics



4.1.Torque and Angular Acceleration

<B O “+, where | is moment of inertia.

4.2. Rotational Kinetic Energy

K_rot =% /I<>"a

4.3. Example Problem: Rolling Cylinder

A solid cylinder of mass 3 /kg and radius 0.5 /m rolls down a 10° incline without slipping. Find its linear acceleration.

Moment of inertia for solid cylinder: | = %2 /IMR2 = %2-3:(0.5)2 = 0.375 /kg-m?2.

Apply rolling condition:a = (g /sin/;’ 0 f 2'0,0+™ O faw6-a6 '0f 2 &3sRof;s &#R"a
Compute denominator: 1 + 0.375/(0.75) =1 + 0.5 = 1.5.

Compute numerator: 9.8-0.1736 "H 1.70 /m/s2.

Divide:a=1.70/1.5"H 1.13 /m/s2.

Answer: Linear acceleration "H 1.13 /m/s2.
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5. Conservation Laws: Momentum and Energy

5.1. Linear Momentum Conservation

p = mv. For isolated systems, total momentum before collision equals total momentum after.

5.2. Elastic vs. Inelastic Collisions

Elastic: both momentum and kinetic energy conserved.
Inelastic: momentum conserved; kinetic energy decreases.

5.3. Example Problem: Two-Body Collision
Two masses, m ¢ = 4 /kg moving at 3 /m/s and m, = 6 /kg at rest, collide elastically. Find their final velocities.

1. Conservation of momentum: meue+m,u,=meve+m,,.

2. Conservation of kinetic energy: ¥am eu *2 + ¥om ,u 2 = %2m ev 2 + 1om v 2,

3. Solve simultaneously: Using standard formulas, v ¢ = ((m —m ,)/(m «+m ,))u * = ((4-6)/10)-3 = (-0.2)-3 = -0.6 /m/s
(reversed direction).

4. v,=((m ,—m ¢)/(m +m ))u * = (2/10)-3 = 0.6 /m/s.

5. Answer: After collision, m « moves at 0.6 /m/s in the opposite direction, m , at 0.6 /m/s forward.

6. Oscillatory Motion and Simple Harmonic Oscillators

6.1. Mass Spring System

Equation of motion: m /x" + kx = 0. Solution: x(t) = A /cos(<—B 2 /), where <’ O 1¢1260’a

6.2. Period and Frequency
T=2<0E, f=1/T.

6.3. Example Problem: Spring Period
A 0.5 /kg mass attached to a spring of constant 200 /N/m. Find its period.
1. Compute angular frequency: <’ O 1¢1260’ O 1¢f# 6 4R’ O I£C O # + ad/s.

2. Compute period: T = 2< 6E = 2< 6# $, 43 B +0.
3. Answer: Period "H 0.314 /s.



7. Lagrangian and Hamiltonian Mechanics: Advanced Problem-Solving

7.1. Lagrangian Formulation
L =T — U. The Euler-Lagrange equation: d/dt(" L/" <) —="L/"x = 0.

7.2. Example Problem: Pendulum with Small Angles

Derive the equation of motion for a simple pendulum of length L = 2 /m under small angle approximation.

1. Choose generalized coordinate: ;,a
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