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MASTERING THE CORE CONCEPTS: BASIC PHYSICS
PROBLEMS AND SOLUTIONS

Physics  is  often  seen  as  a  daunting  subject,  filled  with  complex
equations  and abstract  concepts.  Yet,  at  its  heart,  physics  is
simply the study of how the universe behaves. From the motion
of  a  baseball  to  the  flow  of  electricity  in  a  circuit,  the  same
fundamental  principles  apply.  The  key  to  unlocking  this
fascinating subject is practice. Working through basic physics
problems  and  solutions  not  only  builds  confidence  but  also
deepens your intuitive understanding of the natural world. This
guide  will  walk  you  through several  essential  problem types,
providing  clear,  step-by-step  explanations  that  make  learning
both  effective  and  engaging.  Whether  you  are  a  high  school
student preparing for an exam or a curious learner revisiting the
fundamentals, mastering these problems is your first step toward
seeing the world through the lens of physics.

THE LANGUAGE OF MOTION: KINEMATICS PROBLEMS

Kinematics is the branch of physics that describes motion without
considering its causes. It focuses on quantities like displacement,
velocity,  and  acceleration.  These  are  often  the  first  basic
physics  problems  a  student  encounters,  and  they  lay  the
groundwork for everything that follows. Understanding how to
break down a motion scenario into known and unknown variables
is a critical skill.

Problem 1: Calculating
Average Velocity
Scenario:  A car travels 150 kilometers east in 2 hours,  then
turns around and travels 50 kilometers west in 1 hour. What is
the car's average velocity for the entire trip?
Solution:  Velocity  is  a  vector,  meaning  it  depends  on
displacement  (the  change  in  position)  and  direction.  First,
calculate the net displacement. Traveling 150 km east and then
50 km west gives a net displacement of 100 km east (150 km -
50 km = 100 km). The total time is 2 hours + 1 hour = 3 hours.
Therefore, the average velocity is displacement divided by time:
100 km east /  3 hours = 33.3 km/h east.  Note that this is
different from average speed, which would be total distance (200
km) divided by total time (3 hours), or 66.7 km/h.

Problem 2: Free Fall from
Rest
Scenario:  A ball  is  dropped from a tall  building and hits the
ground after 4 seconds. Assuming no air resistance and using a
gravitational  acceleration  (g)  of  9.8  m/s²,  how  high  is  the
building?
Solution: Free fall problems are a classic example of constant
acceleration.  Since  the  ball  is  dropped  from  rest,  the  initial
velocity (v₀) is 0 m/s. We use the kinematic equation: d = v₀t +
(1/2)gt². Plugging in the values: d = (0 m/s * 4 s) + (1/2) * (9.8

m/s²) * (4 s)² = 0 + 0.5 * 9.8 * 16 = 78.4 meters. The building is
78.4 meters high.  This  simple solution demonstrates how a
fundamental equation can describe a real-world event.

FORCES AND INTERACTIONS: NEWTON'S LAWS

Once you understand how objects move, the next question is why
they move. Newton's Laws of Motion provide the answer, linking
force  to  acceleration.  These  basic  physics  problems  often
involve drawing free-body diagrams to visualize all forces acting
on an object.

Problem 3: Finding Net
Force and Acceleration
Scenario: A 10 kg box is pushed across a frictionless floor with a
force  of  50  N  to  the  right.  Simultaneously,  a  second  person
pushes with a force of 20 N to the left. What is the acceleration of
the box?
Solution: First, calculate the net force. Since the forces are in
opposite directions, we subtract: F_net = 50 N (right) - 20 N (left)
= 30 N to the right. Now, apply Newton's Second Law: F_net = m
* a, or a = F_net / m. So, a = 30 N / 10 kg = 3 m/s² to the right.
The box accelerates in the direction of the larger force.

Problem 4: Friction on an
Inclined Plane
Scenario:  A  5  kg  block  is  placed on  a  ramp inclined  at  30
degrees.  The coefficient  of  static  friction  between the block  and
ramp is 0.4. Will the block slide down the ramp?
Solution: This is a more nuanced problem that combines vector
components  with  friction.  First,  find  the  component  of  gravity
pulling the block down the ramp: F_parallel = m * g * sin(θ) = 5
kg * 9.8 m/s² * sin(30°) = 5 * 9.8 * 0.5 = 24.5 N. Next, find the
maximum  static  friction  force  that  can  hold  it  in  place:
F_friction_max = μ *  N,  where N is  the normal  force.  On an
incline, N = m * g * cos(θ) = 5 * 9.8 * cos(30°) = 5 * 9.8 * 0.866
= 42.43 N. So, F_friction_max = 0.4 * 42.43 N = 16.97 N. Since
the force pulling the block down (24.5 N) is greater than the
maximum friction force (16.97 N), the block will slide down.
This is a perfect example of how basic physics problems and
solutions can model everyday situations.

CONSERVATION OF ENERGY

Energy is a fundamental concept that ties together all areas of
physics.  The  principle  of  conservation  of  energy  states  that
energy cannot be created or destroyed, only transformed from
one form to another. This is an incredibly powerful tool for solving
problems.

Problem 5: Kinetic Energy
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and the Work-Energy
Theorem
Scenario: A 1000 kg car is traveling at 20 m/s. The driver applies
the brakes, and the car skids to a stop. If the force of friction is
5000 N, how far does the car skid?
Solution: The work-energy theorem states that the work done by
the net force equals the change in kinetic energy.  The initial
kinetic energy (KE) is (1/2)mv² = 0.5 * 1000 kg * (20 m/s)² =
200,000 J. The final KE is 0 J. The work done by friction is F * d *
cos(180°), which is -5000 N * d. Setting work equal to the change
in KE: -5000 N * d = 0 J  -  200,000 J,  so -5000d = -200,000.
Solving for d gives d = 40 meters. The car skids 40 meters. This
solution  elegantly  avoids  needing to  calculate  acceleration  or
time.

Problem 6: Conservation of
Mechanical Energy
Scenario: A roller coaster car (mass 500 kg) is at rest at the top
of a hill that is 30 meters high. Assuming no friction, what is the
speed of the car at the bottom of the hill?
Solution:  In  the  absence  of  non-conservative  forces,  total
mechanical  energy  is  conserved.  At  the  top,  all  energy  is
potential (PE = mgh). At the bottom, all energy is kinetic (KE =
1/2 mv²).  So,  mgh = (1/2)mv².  Notice that mass cancels out.
Solving for  v:  v  = sqrt(2gh)  = sqrt(2  *  9.8  m/s²  *  30 m)  =
sqrt(588) ≈ 24.25 m/s. This result is independent of the mass,
which  is  why all  objects  fall  at  the  same rate  in  a  vacuum.
Problems like these are foundational basic physics problems
that demonstrate the elegance of conservation laws.

MOMENTUM AND COLLISIONS

Momentum is another conserved quantity, especially useful when
analyzing collisions. The total momentum of an isolated system
remains constant.

Problem 7: Inelastic
Collision
Scenario:  A 2 kg ball  moving at 3 m/s to the right strikes a
stationary  1  kg  ball.  After  the  collision,  the  two  balls  stick
together. What is their combined velocity?
Solution: This is a perfectly inelastic collision. Conservation of
momentum  states  that  total  momentum  before  equals  total
momentum after. Before collision: p = m₁v₁ + m₂v₂ = (2 kg * 3
m/s) + (1 kg * 0 m/s) = 6 kg·m/s. After collision, the combined
mass is 3 kg, moving with velocity v. So, 3 kg * v = 6 kg·m/s,
which gives v = 2 m/s to the right. The balls move together at
a slower speed. This is a straightforward yet powerful application

of  momentum  conservation,  a  staple  among  basic  physics
problems and solutions.

ELECTRICITY AND OHM'S LAW

Moving from mechanics to electricity, Ohm's Law is one of the
simplest and most useful  relationships in physics.  It  describes
how voltage, current, and resistance are related.

Problem 8: Simple Circuit
Analysis
Scenario:  A  9-volt  battery  is  connected to  a  resistor  with  a
resistance  of  3  ohms.  What  is  the  current  flowing  through  the
circuit?
Solution: Ohm's Law is V = I * R, where V is voltage, I is current,
and R is resistance. To find current, rearrange the formula: I = V /
R. Plugging in the values: I = 9 V / 3 Ω = 3 Amperes. This simple
calculation is the cornerstone of understanding electric circuits.
More  complex  circuits  can  be  solved  by  finding  equivalent
resistances for series and parallel combinations, then applying
Ohm's Law to the entire system.

WAVES AND SOUND

Waves are disturbances that transfer energy through a medium.
The  relationship  between  wave  speed,  frequency,  and
wavelength  is  fundamental.

Problem 9: Calculating
Wave Speed
Scenario: A wave on a string has a frequency of 5 Hz and a
wavelength of 0.8 meters. What is the speed of the wave?
Solution: The universal wave equation is v = f * λ, where v is
wave speed, f is frequency, and λ (lambda) is wavelength. Simply
multiply: v = 5 Hz * 0.8 m = 4 m/s. This relationship holds true
for all types of waves, from sound waves to light waves, making it
an essential part of basic physics problems and solutions.

STRATEGIES FOR SOLVING PHYSICS PROBLEMS

While knowing formulas is important, a systematic approach is
what  separates  a  successful  problem-solver  from a struggling
one. Here is a proven strategy for tackling any physics problem:

Read and visualize: Carefully read the problem
statement. Try to picture the scenario in your mind. What is
happening? What is the question asking for?
List known and unknown quantities: Write down all the
given values with their units. Identify what you are solving
for. Use a variable (like v, a, t) to represent unknowns.
Draw a diagram: For motion and force problems, a simple
sketch with labeled vectors is invaluable. This turns a word
problem into a visual one.
Choose the right equation: Based on the


