what physics equations should i memorize
for the mcat

Mastering MCAT Physics: Essential Equations for Your Success

what physics equations should i memorize for the mcat is a question on the minds of countless
pre-med students preparing for this daunting standardized exam. The physics section of the MCAT,
while often feared, is entirely manageable with the right approach and a focused study plan.
Understanding which fundamental principles and their associated equations are most likely to appear
is key to efficient preparation. This comprehensive guide will break down the essential physics
equations you should commit to memory, categorize them by topic, and explain their significance in
the context of MCAT questions. We'll delve into mechanics, fluids, waves, optics, electricity,
magnetism, and modern physics, ensuring you have a solid grasp of the mathematical tools needed
to tackle any problem thrown your way. By focusing on these core equations, you can build a strong
foundation and approach the MCAT physics section with confidence.
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Understanding the Importance of Physics Equations on
the MCAT

The MCAT physics section isn't just about rote memorization; it's about understanding the underlying
principles and how to apply them to solve problems. Physics equations are the language of these
principles, providing the framework to quantify and predict physical phenomena. A solid
understanding of key equations allows you to dissect complex scenarios, identify relevant variables,
and derive solutions. These equations are the bedrock upon which MCAT physics questions are built,
often appearing in conceptual form or requiring direct calculation. Mastering them is therefore non-
negotiable for a high score.

Think of these equations as your toolkit. Without the right tools, even the most skilled mechanic
would struggle. Similarly, without the right physics equations, you'll find yourself adrift when faced
with a challenging MCAT problem. The AAMC, the organization that creates the MCAT, designs
questions that test your ability to connect these equations to real-world applications and biological
systems. So, while memorization is a part of the process, the ultimate goal is a deep, functional
understanding of how these formulas work and when to deploy them.



Mechanics: The Foundation of Motion

Mechanics forms a significant portion of the MCAT physics section, covering everything from basic
motion to energy and momentum. These are the building blocks of physics and are therefore heavily
tested.

Kinematics: Describing Motion

Kinematics deals with the description of motion without considering the forces that cause it. You'll
want to be comfortable with the kinematic equations that relate displacement, velocity, acceleration,
and time. These are fundamental to understanding how objects move.

» Velocity: v = Ax /At (average velocity) and v = vo + at (constant acceleration, relating final
velocity to initial velocity, acceleration, and time).

e Displacement: Ax = vot + %2at? (displacement given initial velocity, time, and acceleration)
and v2 = vo? + 2aAx (relating final velocity squared to initial velocity squared, acceleration, and
displacement).

These equations are your go-to for problems involving objects moving in one or two dimensions under
constant acceleration, such as projectile motion or objects sliding down inclines.

Newton's Laws of Motion: The Causes of Motion

Newton's Laws explain why objects move the way they do. They are crucial for understanding forces,
mass, and acceleration.

* Newton's First Law (Inertia): An object at rest stays at rest, and an object in motion stays in
motion with the same speed and in the same direction unless acted upon by an unbalanced
force. This is more conceptual but underpins many problem-solving approaches.

* Newton's Second Law: 2F = ma (The sum of all forces acting on an object is equal to its mass
times its acceleration). This is arguably the most important equation in mechanics.

e Newton's Third Law: For every action, there is an equal and opposite reaction. Again,
conceptual but vital for understanding force interactions.

Understanding how to break down forces into components (e.g., using trigonometry for inclined
planes) is essential when applying Newton's Second Law.



Work, Energy, and Power: Quantifying Energy Transfer

This area explores how energy is transferred and transformed. The concepts of work, kinetic energy,
potential energy, and power are frequently tested.

e Work: W = Fd cos 6 (Work done by a force is the force multiplied by the displacement in the
direction of the force).

e Kinetic Energy: KE = ¥2mv? (The energy an object possesses due to its motion).

e Potential Energy: PE gravity = mgh (Gravitational potential energy) and PE_spring = ¥2kx?
(Potential energy stored in a spring).

¢ Conservation of Mechanical Energy: KE: + PE: = KE2 + PE:z (In the absence of non-
conservative forces like friction, total mechanical energy is conserved).

e Work-Energy Theorem: W _net = AKE (The net work done on an object equals the change in
its kinetic energy).

e Power: P = W /At (The rate at which work is done) or P = Fv (Power when force is constant and
in the direction of motion).

These equations are critical for problems involving changes in height, speed, or the use of springs.

Momentum and Impulse: Quantifying Motion and Its Changes

Momentum and impulse are vital for understanding collisions and how forces change motion over
time.

e Momentum: p = mv (A measure of an object's mass in motion).

e Impulse: / = FAt = Ap (Impulse is the change in momentum, also equal to the average force
multiplied by the time interval over which it acts).

¢ Conservation of Momentum: mavz + mavz = mivi<0xE2><0x82><0x93> +

m2av2<0XE2><0x82><0x93> (In a closed system, the total momentum remains constant,
particularly important for collision analysis).

Be prepared to apply these to elastic and inelastic collisions.



Fluid Mechanics: Understanding Liquids and Gases

Fluid mechanics deals with the behavior of fluids (liquids and gases) at rest and in motion. This is a
highly relevant area for biology and medicine.

Density and Pressure: Properties of Fluids

Understanding density and pressure is fundamental to fluid mechanics.

e Density: p = m/V (Mass per unit volume).
e Pressure: P = F /A (Force applied per unit area).

e Pressure in a Fluid (Hydrostatic Pressure): P = pgh (Pressure at a certain depth in a fluid,
dependent on fluid density, gravity, and depth).

e Buoyancy (Archimedes' Principle): F B = p fluid V_submerged g (The buoyant force on an
object submerged in a fluid is equal to the weight of the fluid displaced by the object).

These concepts are key for understanding blood pressure, how submarines float, or why certain
objects sink.

Fluid Dynamics: Flowing Fluids

Fluid dynamics describes how fluids move.

e Continuity Equation: A:v: = Azv2 (In an incompressible fluid, the volume flow rate is constant,
meaning where the cross-sectional area decreases, the fluid velocity increases).

e Bernoulli's Equation: P: + Y2pvi? + pgh: = P2 + Y2pv2? + pgh:z (Relates pressure, velocity, and
height in a moving fluid. It's a statement of energy conservation for fluids).

Bernoulli's equation is particularly important and appears in many biological contexts, like blood flow
in arteries.

Waves and Sound: Oscillations and Their Propagation

This section covers the behavior of waves, including sound waves, which are crucial for understanding
hearing and medical imaging.



Wave Properties

Understanding the fundamental characteristics of waves is essential.

* Wave Speed: v = fA (Wave speed is equal to frequency multiplied by wavelength).

* Relationship between Period and Frequency: f =1 /T (Frequency is the inverse of the
period).

These simple equations are the backbone of wave physics on the MCAT.

Sound Waves

Sound is a mechanical wave and has specific properties tested on the MCAT.

* Intensity of Sound: Often related to amplitude squared and measured in decibels (dB). While
the formula for dB is complex, understanding that intensity increases with amplitude is key.

e Speed of Sound: Depends on the medium (e.qg., faster in solids than gases). This is often a
conceptual point.

Problems might involve the Doppler effect conceptually or calculations related to sound intensity and
attenuation in tissues.

Light and Optics: The Behavior of Light

Optics deals with light and its interaction with matter. This is highly relevant to vision and medical
devices like microscopes and endoscopes.

Reflection and Refraction

These are fundamental behaviors of light.

e Law of Reflection: Angle of incidence equals angle of reflection (6i = 6r).

e Snell's Law: n: sin 61 = n2z sin 62 (Describes the bending of light as it passes from one medium
to another).



Be ready to apply these to mirrors and lenses.

Lenses and Mirrors

These optical elements form images.

e Thin Lens Equation: 1/f = 1/do + 1/di (Relates focal length (f), object distance (do), and image
distance (d)).

¢ Magnification: m = -di / do (The ratio of image height to object height, also related to image
distance and object distance).

Understanding the sign conventions for these equations is crucial for determining whether an image is
real or virtual, inverted or upright.

Electricity and Magnetism: Fundamental Forces

This domain covers electric fields, potential, circuits, and magnetism, which are vital for
understanding biological processes at a molecular level and medical technologies.

Electrostatics: Stationary Charges

This is the study of electric charges at rest.

e Coulomb's Law: F = k |q:q2| / r? (The force between two point charges is directly proportional
to the product of the charges and inversely proportional to the square of the distance between
them).

e Electric Field: E = F / g (Electric field is the force per unit charge) and E = k |q| / r? (for a point
charge).

e Electric Potential: V = W /g (Electric potential is the work done per unit charge) and V=kq/
r (for a point charge).

e Relationship between Electric Field and Potential: £ = -AV / Ad (Electric field is related to
the change in potential over distance).

These equations help analyze interactions between charged particles and the fields they create.



Circuits: Flowing Charges

DC circuits are a common topic.

Ohm's Law: V = IR (Voltage is equal to current multiplied by resistance). This is a cornerstone
of circuit analysis.

Power in Circuits: P = |V = IR = V?/R (Power dissipated or supplied by a circuit element).

Resistors in Series: R eq =R: + Rz + ...

Resistors in Parallel: 1 /R eq=1/R:+1/Rz+ ...

Mastering these allows you to calculate current, voltage, and resistance in various circuit
configurations.

Magnetism: Moving Charges

While less dominant than electrostatics, understanding basic magnetic principles is important.

e Lorentz Force (on a moving charge in a magnetic field): F = qvB sin 6 (The force on a
charged particle moving in a magnetic field).

Conceptual understanding of magnetic fields generated by currents (Ampere's Law, though the
formula isn't typically memorized) and their interaction with charged particles is key.

Modern Physics: The Realm of the Very Small and Very
Fast

Modern physics covers topics like atomic structure, light as particles (photons), and relativity. These
are less quantitatively heavy but conceptually crucial.

Photons and the Photoelectric Effect

This area bridges light and particle behavior.

e Energy of a Photon: E = hf (The energy of a photon is directly proportional to its frequency,
where h is Planck's constant).



e Relationship between Energy, Frequency, and Wavelength for Photons: E = hc /A.

The photoelectric effect demonstrates the particle nature of light and is a frequent MCAT topic.

Atomic Physics

Understanding atomic structure and electron transitions is important.

e Bohr Model for Hydrogen Atom Energy Levels: While specific formulas for larger atoms
aren't tested, the concept of quantized energy levels and transitions emitting or absorbing
photons is key.

Questions often revolve around the energy differences between levels and the associated photon
frequencies or wavelengths.

Relativity (Special Relativity)

The MCAT typically tests conceptual understanding of special relativity rather than complex
calculations.

* Time Dilation: Time passes slower for a moving observer relative to a stationary observer.

e Length Contraction: Lengths appear shorter in the direction of motion for a moving object
relative to a stationary observer.

e Mass-Energy Equivalence: E = mc2.

Focus on the implications of these concepts, especially in the context of high-speed particles.

Strategies for Memorizing and Applying MCAT Physics
Equations

Simply staring at a list of equations won't get you very far. Effective memorization involves active
recall and application.

¢ Understand First, Memorize Second: Before memorizing, grasp the physical meaning
behind each equation. What does it represent? What are its components? What are its



limitations?

* Concept Mapping: Draw diagrams and connect equations to the physical principles they
represent. This helps build a mental framework.

e Flashcards: Create flashcards with the equation on one side and its meaning, variables, units,
and common applications on the other.

¢ Practice Problems: This is the most critical step. Work through as many MCAT-style physics
problems as possible. Apply the equations in context. This will reveal which ones you truly
understand and which need more work.

 Identify Patterns: Notice how certain equations are used together. For example, kinematics
and Newton's laws are often intertwined.

e Dimensional Analysis: If you forget a formula, try to derive it using dimensional analysis.
Ensure the units on both sides of the equation match.

* Focus on Core Concepts: Prioritize equations that represent fundamental physical laws. Less
common or highly specialized formulas are less likely to be tested directly.

Remember, the goal isn't just to recall an equation but to know when and how to use it to solve a
problem. Practice is your bridge from knowing to doing.

Final Thoughts on MCAT Physics Equation Mastery

Navigating the MCAT physics equations can seem daunting, but by focusing on the core principles and
their mathematical representations, you can build a robust understanding. The equations discussed in
this guide form the backbone of the MCAT physics section. By dedicating time to understanding,
memorizing, and, most importantly, applying these formulas through practice, you'll significantly
enhance your preparedness and confidence for test day. Remember to also pay attention to units and
dimensional analysis, as these can be powerful tools for problem-solving and verification. A
systematic approach to learning these equations will undoubtedly pay dividends on your MCAT
journey.

FAQ: What Physics Equations Should | Memorize for the
MCAT?

Q: What are the most crucial physics equations for the MCAT's



mechanics section?

A: For the mechanics section of the MCAT, you absolutely must memorize the kinematic equations
(e.g., v =vo + at, Ax = vot + Ysat?, v? = vo? + 2alx), Newton's Second Law (2F = ma), the work-
energy theorem (W _net = AKE), definitions of kinetic and potential energy (KE = ¥2mv?, PE_gravity =
mgh), and conservation of momentum (mzvii + mava = mivi<OxE2><0x82><0x93> +
m2avz2<0xE2><0x82><0x93>).

Q: How important is fluid mechanics, and which equations
should | focus on?

A: Fluid mechanics is quite important for the MCAT, particularly as it relates to biological systems like
blood flow. Key equations include density (o = m / V), hydrostatic pressure (P = pgh), Archimedes'
Principle for buoyant force (F_B = p_fluid V_submerged g), the continuity equation (A1v: = Azvz), and
Bernoulli's Equation (P:1 + ¥2pvi? + pghi1 = P2 + Y2pv2? + pgh:2).

Q: What are the essential optics equations for MCAT physics?

A: In optics, focus on the law of reflection (angle of incidence = angle of reflection), Snell's Law (n: sin
0: = nz sin 62), the thin lens equation (1/f = 1/do + 1/di), and magnification (m = -di / do).
Understanding the sign conventions associated with lenses and mirrors is also critical.

Q: Which electricity and magnetism equations are commonly

tested on the MCAT?

A: For electricity, Coulomb's Law (F = k |q1q2| / r?), the electric field (E = F/q or E = k |q| / r?), electric
potential (V=W /qorV =kq/r), and Ohm's Law (V = IR) are fundamental. For magnetism, the
Lorentz force equation (F = qvB sin 6) is the most likely to appear. Circuit equations for resistors in
series and parallel are also important.

Q: Are there any modern physics equations | need to
memorize for the MCAT?

A: Yes, for modern physics, the most crucial equations relate to photons: the energy of a photon (E =
hf) and its relationship to wavelength (E = hc / A). Understanding the photoelectric effect conceptually
is also key. While less quantitative, concepts from special relativity like time dilation and mass-energy
equivalence (E = mc?) are frequently tested conceptually.

Q: How should | approach memorizing these physics
equations for the MCAT?

A: The best approach is to first understand the physical principle behind each equation. Then, use
active recall methods like flashcards, practice problems, and concept mapping. Focus on applying the
equations to MCAT-style questions, as this reinforces understanding and application rather than just
rote memorization.



Q: Is it enough to just memorize the formulas, or do | need to
understand the derivations?

A: While you don't necessarily need to derive most of these equations on the MCAT, a deep
conceptual understanding of what each term represents and how the equation relates to physical
phenomena is vital. Understanding the context and limitations of an equation is more important than
just memorizing its symbols.

Q: How many physics equations are there in total that |
should aim to memorize?

A: There isn't a fixed number, but focusing on the core equations across mechanics, fluids, waves,
optics, electricity, magnetism, and modern physics—around 20-30 fundamental equations and their
variations—is a good target. Prioritize based on what is frequently tested and relates to biological or
medical applications.
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