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INTRODUCTION:
MASTERING THE
FUNDAMENTALS
OF PHYSICS

Physics is often called
the most fundamental
of the sciences. It
governs everything
from the motion of
planets to the behavior
of tiny subatomic
particles. For high
school students,
physics can be both
fascinating and
challenging. The key to
success lies not in

memorizing formulas,
but in understanding
how to apply them to
real-world high school
physics problems
and solutions. This
article aims to
demystify common
physics topics by
presenting clear, step-
by-step solutions to
typical problems
encountered in the
classroom. By working
through these
examples, you will
build the analytical
skills necessary to
tackle any physics
guestion with
confidence.
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WHY SOLVING
PRACTICE
PROBLEMS IS
ESSENTIAL

Reading a textbook or
listening to a lecture
can only take you so
far. Physics is a hands-
on discipline that
requires active
engagement. When
you work through high
school physics
problems and
solutions, you train
your brain to recognize
patterns, understand
concepts, and apply
logical reasoning.
Mistakes become
learning opportunities.
Over time, the process
becomes second
nature. This article will
help you build that
foundation by focusing
on three core areas:
kinematics, Newton’s
laws, and energy
conservation. Each
section includes typical

problems with detailed
explanations.

1. KINEMATICS:
DESCRIBING
MOTION

Kinematics is the
branch of mechanics
that describes motion
without considering its
causes. It involves
displacement, velocity,
acceleration, and time.
The most common
equations are the four
kinematic equations for
constant acceleration.
Let’s explore a typical
problem.

Problem
1:
Calculatin
g Final
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Velocity

Problem: A car
accelerates uniformly
from rest at a rate of
2.5 m/s? for 8 seconds.
What is its final
velocity?

Solution:

We know initial velocity
u = 0 m/s, acceleration
a = 2.5 m/s?, and time
t = 8 s. Use the
equationv =u + at. v
=0 + (2.5)(8) = 20
m/s. The car's final
velocity is 20 meters
per second.

Problem
2: Finding
Displace
ment

Problem: A ball is
dropped from a height
of 45 meters. How long

does it take to hit the
ground? (lgnore air
resistance, g = 9.8
m/s?)

Solution:

Initial velocity u = 0
m/s, displacement s =
45 m, acceleration a =
9.8 m/s? (downward).
Use s = ut + Y2at? 45
=0+ %(9.8)t2 > t2 =
(45%¥2)/9.8 = 9.18 » t =
3.03 s. The ball takes
about 3.0 seconds to
reach the ground.

Problem
3: Two-
Stage
Motion

Problem: A train
accelerates from rest
at 1.0 m/s? for 10 s,
then travels at
constant speed for 20
s, then decelerates at
-2.0 m/s? until it stops.



What is the total
distance covered?

Solution:
We break it into three
phases.

1. Acceleration:
u=0, a=1, t=10.
Velocity after 10
s:v=0+1*10
=10 m/s.
Distance: s1 = ut
+ Yeat? =0 +
¥%*1*100 = 50
m.

2. Constant
speed: v=10
m/s, t=20 s.
Distance: s2 =
vt = 10%20 =
200 m.

3. Deceleration:
u=10 m/s, a=-2
m/s?, v=0. Use v?
=u?2+4+2as-0=
100 + 2*(-2)*s3
-0 =100-4s3
-»53=25m.

Total distance = 50 +

2. DYNAMICS:
NEWTON'S LAWS
OF MOTION

Dynamics explains why
objects move the way
they do. Newton’s
three laws are the
backbone of classical
mechanics. Let’s tackle
problems involving
forces, friction, and
free-body diagrams.

Problem
4: Net
Force and
Accelerati
on

Problem: A 5 kg box is
pulled with a force of
30 N to the right, while
friction exerts 10 N to

200 + 25 = 275 the left. What is the

meters. acceleration of the
box?
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Solution:
Net force F_ net = 30 N
-10 N = 20 N to the
right. Using F = ma, 20
=5a - a=4m/s?to
the right.

Problem
5:
Tension
In a Rope

Problem: Two masses,
3 kg and 2 kg, are
connected by a light
string over a
frictionless pulley. Find
the acceleration of the
system and the tension
in the string. (g = 9.8
m/s?)

Solution:

This is an Atwood
machine. Let the 3 kg
mass be ml and 2 kg
be m2. Net force =
mlg - m2g = (3-2)*9.8
= 9.8 N. Total mass =

5 kg. Acceleration a =
F_net / total mass
9.8/5 =1.96 m/s2.

To find tension T,
consider the 2 kg
mass: T - m2g = m2a
- T=m2(g + a) =
2*¥(9.84+1.96) =
2*¥11.76 = 23.52 N.
Alternatively, for ml:
mlg-T=mla->T=
ml(g - a) =
3%(9.8-1.96)=3*7.84=2
3.52 N. Tension is
about 23.5 N.

Problem
6:
Inclined
Plane
with
Friction

Problem: A 10 kg
block slides down a 30°



incline. The coefficient
of kinetic friction is 0.2.
Find the acceleration.

Solution:

Components parallel to
incline: mg sing =
10*9.8*sin30° = 49 N
down the incline.
Normal force N = mg
cos® = 10*9.8*co0s30°
~ 84.87 N. Friction
force f = uN = 0.2 *
84.87 = 16.97 N up the
incline. Net force down:
49 - 16.97 = 32.03 N.
Acceleration a =
F_net/m = 32.03/10 =
3.20 m/s2.

3. WORK, ENERGY,
AND POWER

Energy concepts often
simplify complex
problems. The work-
energy theorem says
net work equals
change in kinetic
energy. Conservation
of mechanical energy
applies when only
conservative forces
act.

Problem
7: Work
Done by
a
Constant
Force

Problem: A person
pushes a 15 kg crate
with a force of 50 N at
an angle of 30° above
horizontal, moving it
10 m across a
frictionless floor. How
much work is done?
Solution:

Work W = F*d*cosB =
50 * 10 * cos30° = 500
*(0.866 = 433 ).

Problem
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8: Kinetic

Energy

and

Speed

Problem: A 0.5 kg ball
is thrown straight up
with an initial speed of
20 m/s. What is its
kinetic energy at the
top? (lgnore air
resistance)

Solution:

At the top, velocity is
zero momentarily, so
kinetic energy KE = 0 J.
All energy converts to
potential energy. Initial

KE = bmvz =
0.5*0.5*400 = 100 J.
That becomes

gravitational potential
energy.

Problem
9:
Conserva
tion of
Mechanic
al Energy

Problem: A roller
coaster car of mass
500 kg starts from rest
at a height of 30 m
above the ground.
What is its speed at a
height of 10 m? (g =
9.8 m/s?)

Solution:

Initial energy: PE_initial
= mgh = 500*9.8*30 =
147,000 J, KE_initial =
0. At height 10 m: PE =
500%*9.8*10 = 49,000 ).
By conservation, KE =
147,000 - 49,000 =
98,000 J. KE = Yamv? -»



98,000 = 0.5*500*v2 -
vz =392 ->v =19.8
m/s.

4. ELECTRICITY
AND CIRCUITS

Basic electrical
concepts like Ohm’s
law, series and parallel
circuits are common in
high school physics.
Let's solve two typical
problems.

Problem
10:
Ohm’s
Law

Problem: A 12 V
battery is connected to
a resistor of 4 Q. What
is the current?

Solution:
| =V/R=12/4 =3 A.

Problem
11:
Resistors
In Series
and
Parallel

Problem: Three
resistors: 6 Q, 3 Q, and
1 Q are connected in
parallel to a 9 V
battery. Find the total
current.

Solution:

First find equivalent
resistance: 1/R_total =
1/6 + 1/3 + 1/1 = 1/6
+ 2/6 + 6/6 = 9/6 =
1.5 - R _total = 1/1.5 =
0.667 Q. Then total
current | = V/R_total =
9/0.667 = 13.5 A.
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SOUND

Understanding wave
properties like
frequency, wavelength,
and speed is essential.
The wave equation v =
fA is fundamental.

Problem
12: Wave

Speed

Problem: A wave has
a frequency of 50 Hz
and a wavelength of
0.4 m. What is its
speed?

Solution:
v=fA=50%*0.4=20
m/s.

Problem
13:

5. WAVESDI\tBp p | er

Effect
(Concept
ual)

Problem: A police car
siren emits a 1000 Hz
sound. The car moves
toward you at 30 m/s.
What frequency do you
hear? (Speed of sound
= 343 m/s)

Solution:
Use formula for
observer stationary,

source moving toward:
f'f=Ff*(v/(v-vs))=
1000 * (343 / (343 -
30)) = 1000 *
(343/313) = 1096 Hz.
The sound is higher
pitch.

TIPS FOR
TACKLING ANY
PHYSICS PROBLEM

When you encounter



high school physics
problems and
solutions in your
studies, follow this
systematic approach:

* Read the
problem
carefully and
identify all given
guantities.

o Sketch a
diagram if
applicable —
often forces,
motion, or
circuits benefit
from a visual
representation.

¢ List known and
unknown
variables with
appropriate
units.

e Choose the
relevant
equation(s)
that relate those
variables.

e Solve
algebraically
first before

plugging in

numbers to avoid
arithmetic errors.

e Check units
and
consistency —
ensure your
answer makes
physical sense
(e.g., velocity
cannot be
negative for
speed in most
contexts).

* Practice
regularly — the
more problems
you solve, the
more intuitive
the process
becomes.

COMMON PITFALLS
TO AVOID

Many students struggle
because of simple
mistakes. Here are
some frequent errors in
high school physics
problems and
solutions:

e Forgetting to
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convert units additive without
(e.g., using cm considering
instead of m). vector nature.

e Mixing up e Using the wrong
acceleration and kinematic
velocity equation for non-
directions (sign constant
conventions). acceleration.

 Treating all * Neglecting
forces as friction or
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