mcat physics equations and units
explained

mcat physics equations and units explained is a fundamental topic for students
preparing for the Medical College Admission Test (MCAT). Mastery of these equations and
the associated units is crucial for solving physics problems efficiently and accurately on
the exam. This article provides a comprehensive overview of the key physics equations
commonly tested on the MCAT, along with detailed explanations of the units involved.
Understanding these concepts not only aids in problem-solving but also ensures that
students can interpret questions correctly and avoid common pitfalls related to unit
conversion and dimensional analysis. The discussion spans kinematics, dynamics, energy,
waves, and electromagnetism, all central to the MCAT physics curriculum. By the end,
readers will be equipped with a clear framework to approach physics questions
confidently. The following sections outline the core areas covered in this explanation.

e Kinematics Equations and Units
e Dynamics and Newton’s Laws

e Work, Energy, and Power

e Waves and Oscillations

e Electricity and Magnetism Basics

e Unit Conversions and Dimensional Analysis

Kinematics Equations and Units

Kinematics forms the foundation of motion analysis on the MCAT, focusing on the
description of an object’s position, velocity, and acceleration without considering the
forces that cause motion. The primary equations involve displacement, velocity,
acceleration, and time. Correct use of units is essential to avoid errors, especially since
velocity and acceleration incorporate different units of length and time.

Key Kinematics Equations

The most commonly used kinematics equations assume constant acceleration and include:

e v = vo + at: Final velocity equals initial velocity plus acceleration times time.

e X = Xo + vot + Y2at?: Displacement as a function of initial position, initial velocity,
acceleration, and time.



e v2 = vo? + 2a(x - xo0): Relates velocity and displacement directly, eliminating time.

Here, v is velocity (m/s), vo is initial velocity (m/s), a is acceleration (m/s?), t is time (s), and
x and xo are positions in meters (m).

Units in Kinematics

The standard units for kinematics on the MCAT are derived from the metric system:
e Displacement (x, Xo): meters (m)
e Velocity (v, vo): meters per second (m/s)
¢ Acceleration (a): meters per second squared (m/s?)

e Time (1): seconds (s)

It is critical to maintain consistency in units when applying these equations. For example,
when velocity is given in kilometers per hour (km/h), convert it to meters per second to
align with acceleration units.

Dynamics and Newton’s Laws

Newtonian mechanics underpins much of the MCAT physics section, particularly the
application of Newton’s laws of motion. Dynamics involves analyzing the forces acting on
an object and predicting its resulting motion using force equations.

Newton’s Second Law and Force Units

The cornerstone equation in dynamics is Newton’s second law:
F = ma

This relates the net force F on an object to its mass m and acceleration a. The unit of force
in the International System (SI) is the newton (N), defined as:

¢ 1 newton (N) = 1 kilogram meter per second squared (kg-m/s?)

Mass is measured in kilograms (kg) and acceleration in meters per second squared (m/s?),
so force combines these units. Understanding this relationship helps in solving problems
involving friction, tension, and other forces.



Friction and Other Forces
Frictional force is often encountered in MCAT questions and is calculated as:
f=nN

where pu is the coefficient of friction (unitless), and N is the normal force measured in
newtons (N). Correct unit application prevents confusion when combining forces or
calculating net force.

Work, Energy, and Power

Work, energy, and power are interrelated physical quantities essential for understanding
mechanical systems on the MCAT. These concepts often involve energy conservation and
transfer, requiring precise knowledge of equations and units.

Work and Its Units

Work (W) is defined as the product of force and displacement in the direction of the force:
W = Fd cos0

where d is displacement and 6 is the angle between force and displacement vectors. The
unit of work is the joule (J), which corresponds to:

e 1 joule (J) = 1 newton meter (N-m) = 1 kg-m?/s?

Understanding the vector nature of work and its units is crucial for interpreting energy
transfer problems.

Energy and Power Units

Energy is typically measured in joules (J), the same unit as work. Key forms of mechanical
energy include kinetic energy (KE) and potential energy (PE):

e Kinetic Energy: KE = Yamv? (units: kg-m?/s? = J)

e Potential Energy: PE = mgh (units: kg-m?/s? = J), where g is acceleration due to
gravity (9.8 m/s?)

Power (P) measures the rate at which work is done or energy is transferred, defined as:
P=W/t

The unit of power is the watt (W), where 1 watt equals 1 joule per second (J/s).



Waves and Oscillations

Wave phenomena and oscillatory motion are frequent topics on the MCAT, involving
equations that describe wave speed, frequency, wavelength, and energy. Units must be
carefully managed to ensure accurate calculations.

Wave Equation and Units

The fundamental wave equation relates wave speed (v), frequency (f), and wavelength (4):
v =fA

Units include:

* Wave Speed (v): meters per second (m/s)
e Frequency (f): hertz (Hz), equivalent to 1/second (s1)

e Wavelength (2): meters (m)

Maintaining consistent units across these variables is essential for solving wave problems
on the MCAT.

Simple Harmonic Motion
For oscillations such as springs and pendulums, the period (T) and frequency (f) relate as:
T=1/f

Period is measured in seconds (s), while frequency is in hertz (Hz). The equations for
energy in oscillations also use joules for energy and newtons for restoring forces.

Electricity and Magnetism Basics

The MCAT physics section frequently tests fundamental concepts of electricity and
magnetism, including electric forces, fields, potential, and circuits. Familiarity with the
relevant equations and units is vital for success.

Electric Force and Field Units
Coulomb’s law defines the electric force (F) between two charges:
F = k |quqz| / r?

where k is Coulomb’s constant (= 8.99 x 10° N-m?/C?), q: and gz are charges in coulombs
(C), and r is the distance in meters (m). The unit of force remains the newton (N).

The electric field (E) is force per unit charge:



E = F/q

with units volts per meter (V/m) or equivalently newtons per coulomb (N/C).

Voltage, Current, and Resistance Units

Ohm'’s law relates voltage (V), current (I), and resistance (R):
V=1R

Units are:

e Voltage (V): volts (V)
e Current (I): amperes (A)

¢ Resistance (R): ohms (Q)

Understanding these units and their relationships is essential for problems involving
electric circuits.

Unit Conversions and Dimensional Analysis

Effective application of MCAT physics equations requires proficiency in unit conversions
and dimensional analysis. This skill ensures that all quantities are expressed in compatible
units before performing calculations, minimizing errors and improving accuracy.

Common Unit Conversions

MCAT physics frequently demands converting between units such as:

e Kilometers per hour (km/h) to meters per second (m/s)
¢ Celsius to Kelvin for temperature-related problems
e Grams (g) to kilograms (kg) for mass

e Milliliters (mL) to liters (L) in fluid dynamics

For example, to convert velocity from km/h to m/s, multiply by 1000 m/km and divide by
3600 s/h to get the correct metric unit.

Dimensional Analysis Techniques

Dimensional analysis involves checking the units on both sides of an equation to confirm



consistency. This process helps verify that equations are set up correctly and that the
resulting unit matches the expected physical quantity. It also assists in deriving
relationships between variables when the formula is unknown.

Frequently Asked Questions

What are the fundamental physics equations every
MCAT student should know?

Every MCAT student should be familiar with key physics equations such as Newton's
second law (F = ma), kinematic equations (v = vO + at, d = vOt + 1/2at”2), work-energy
theorem (W = AKE), Ohm's law (V = IR), and equations for electric and magnetic fields.
These form the foundation for solving many physics problems on the MCAT.

How are units important when solving MCAT physics
problems?

Units are crucial for ensuring calculations are correct and answers make physical sense.
The MCAT primarily uses SI units (meters, kilograms, seconds, amperes), so converting
units appropriately and consistently applying them during calculations helps avoid errors
and ensures accurate problem-solving.

Can you explain the difference between scalar and
vector quantities with examples from MCAT physics?

Scalars have magnitude only, such as speed, distance, and energy. Vectors have both
magnitude and direction, such as velocity, displacement, force, and electric field.
Understanding this distinction helps in correctly applying physics equations, especially
when dealing with direction-dependent problems on the MCAT.

What is the significance of the equation F = ma in
MCAT physics?

F = ma, Newton’s second law, relates force (F), mass (m), and acceleration (a). It is
fundamental for analyzing motion and forces in mechanics questions on the MCAT. This
equation helps predict how objects move when subjected to various forces.

How do you apply the kinematic equations on the
MCAT?

Kinematic equations are used to solve problems involving constant acceleration. For
example, v = v0 + at relates velocity and acceleration over time, while d = vOt + 1/2at™2
calculates displacement. These equations help analyze motion in one dimension, a
common topic on the MCAT.



What units are used for electric charge and current on
the MCAT?

Electric charge is measured in coulombs (C) and electric current in amperes (A) on the
MCAT. Understanding these units is important when working with circuits, Ohm’s law,
and electromagnetism-related physics questions.

How does the work-energy theorem relate work, kinetic
energy, and units on the MCAT??

The work-energy theorem states that the net work done on an object equals its change in
kinetic energy (W = AKE). Work and kinetic energy are measured in joules (J), which are

equivalent to kg-m?/s2. This relationship helps solve problems involving forces and motion
on the MCAT.

Additional Resources

1. MCAT Physics Equations Made Easy

This book offers a comprehensive collection of essential physics equations specifically
tailored for MCAT preparation. Each equation is accompanied by clear explanations and
practical examples to enhance understanding. It is designed to help students quickly recall
and apply formulas during the exam.

2. The Ultimate MCAT Physics Review: Equations and Units Explained

Focused on clarifying complex physics concepts, this guide breaks down important
equations and their units in a student-friendly manner. It includes detailed explanations of
unit conversions and common pitfalls. The book is ideal for reinforcing foundational
knowledge and boosting confidence.

3. Physics for the MCAT: Equations, Units, and Problem Solving

This resource combines theoretical explanations with practice problems to solidify the
understanding of physics equations and units. It emphasizes the role of units in problem-
solving and teaches strategies to avoid common mistakes. Perfect for learners who want
an interactive approach.

4. MCAT Physics Formula Handbook

A concise handbook that compiles all critical MCAT physics formulas alongside their units
and definitions. It serves as a quick reference guide for last-minute reviews and quick
concept refreshers. The straightforward layout makes it easy to navigate under exam
conditions.

5. Mastering MCAT Physics: Equations and Units Demystified

This book demystifies challenging physics equations by explaining the significance of each
variable and unit. It includes step-by-step derivations and real-world examples to deepen
comprehension. Students will gain confidence in interpreting and applying formulas
effectively.

6. Essential MCAT Physics Equations and Units Explained



Targeted at MCAT students, this book breaks down the essential physics equations with a
focus on understanding the units involved. It provides mnemonic devices and tips to
remember complex relationships. The explanations are clear, making it a valuable study
companion.

7. Complete MCAT Physics Equations and Units Guide

A thorough guide covering all physics equations tested on the MCAT, this book highlights
the importance of units in calculations and conversions. It includes practice questions to
test mastery of concepts. The guide is suitable for both beginners and advanced students
seeking a deeper grasp.

8. MCAT Physics: Units, Equations, and Conceptual Understanding

This book emphasizes conceptual understanding alongside memorization of equations and
units. It explains how units relate to physical quantities and problem-solving techniques.
The approach helps students develop intuition for physics problems beyond rote learning.

9. Physics Equations and Units for MCAT Success

Designed to support MCAT preparation, this book compiles key physics equations with
detailed unit explanations and application tips. It features summaries and quick-reference
charts to streamline studying. Ideal for students aiming for accuracy and efficiency in
physics sections.
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