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Mastering University Physics 2: Your Comprehensive Formula Sheet Guide

university physics 2 formula sheet is an indispensable tool for any student tackling this
challenging yet fascinating subject. This guide aims to provide a detailed overview of the
essential formulas and concepts typically covered in a second-semester university physics
course, often focusing on electricity and magnetism, and sometimes optics or
thermodynamics. We'll delve into the fundamental principles that govern electric fields,
potential, circuits, magnetic fields, electromagnetic induction, and waves. Understanding
these formulas isn't just about memorization; it's about grasping the underlying physics
and applying them to solve a wide array of problems. Whether you're preparing for exams,
working on homework assignments, or simply solidifying your knowledge, this resource
will serve as your go-to reference for navigating the complexities of university physics 2.
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Electric Fields and Potential

The realm of electricity begins with understanding the fundamental force that charged
particles exert on each other: the electric force. Coulomb's Law quantifies this interaction,
stating that the force between two point charges is directly proportional to the product of
their charges and inversely proportional to the square of the distance between them. This
law forms the bedrock for understanding electric fields, which are regions of space where
a charged object experiences a force.

Electric field strength, denoted by E, is defined as the electric force per unit charge.
Mathematically, E = F/q. This concept allows us to describe the influence of a charge
distribution on its surroundings independent of any test charge placed within it. The
direction of the electric field is the direction of the force that would be exerted on a
positive test charge. For a single point charge q, the electric field at a distance r is given
by E = kq/r², where k is Coulomb's constant.

Moving beyond forces, we explore electric potential, which is related to the potential
energy a charge would have in an electric field. Electric potential (V) is defined as the
potential energy per unit charge. The difference in electric potential between two points,
known as the voltage, is the work done per unit charge in moving a charge between those



points. For a uniform electric field, the potential difference is ΔV = -Ed, where d is the
distance moved parallel to the field. For a point charge, the electric potential at a distance
r is V = kq/r. The relationship between electric field and potential is crucial: E = -∇V,
meaning the electric field points in the direction of the steepest decrease in electric
potential.

Electric Flux and Gauss's Law

Electric flux (ΦE) is a measure of the total electric field passing through a given surface.
It's essentially the "flow" of the electric field lines. For a uniform electric field E
perpendicular to a flat surface of area A, the flux is ΦE = EA. More generally, for a non-
uniform field and a curved surface, flux is calculated by integrating the dot product of the
electric field and the differential area vector over the entire surface. Gauss's Law provides
a powerful link between the electric flux through a closed surface and the net charge
enclosed within that surface. It states that ΦE = Qenclosed/ε0, where ε0 is the permittivity of
free space. This law is particularly useful for calculating electric fields of highly symmetric
charge distributions.

Capacitance and Dielectrics

Capacitors are fundamental electronic components designed to store electrical energy in
an electric field. A capacitor consists of two conductive plates separated by an insulating
material called a dielectric. The capacitance (C) of a capacitor is defined as the ratio of the
magnitude of the charge Q on either plate to the potential difference V between them: C =
Q/V. The SI unit of capacitance is the Farad (F).

The capacitance of a parallel-plate capacitor, a common configuration, depends on the
geometry of the plates and the properties of the dielectric material. For a parallel-plate
capacitor with plate area A and separation d, the capacitance is C = ε0A/d when there is a
vacuum or air between the plates. The presence of a dielectric material increases the
capacitance. A dielectric material is characterized by its dielectric constant (κ), which is a
dimensionless factor representing how much the capacitance increases compared to a
vacuum. The capacitance with a dielectric becomes C = κC0, where C0 is the capacitance
without the dielectric, or C = κ(ε0A/d). Dielectrics improve capacitance by reducing the
electric field between the plates for a given charge, thereby lowering the potential
difference.

Energy Stored in a Capacitor

Capacitors store energy in the electric field between their plates. The potential energy (U)
stored in a capacitor can be expressed in several equivalent forms: U = (1/2)QV, U =
(1/2)CV², and U = (1/2)Q²/C. These formulas are essential for analyzing circuits where
energy storage and discharge are critical processes, such as in flash photography or



power supply smoothing.

Current, Resistance, and Ohm's Law

Electric current (I) is the rate of flow of electric charge. It is typically measured in
Amperes (A), where 1 Ampere equals 1 Coulomb per second. In most metallic conductors,
the charge carriers are electrons. The direction of conventional current is defined as the
direction of flow of positive charge, even though it is usually negative electrons that are
moving in the opposite direction.

Resistance (R) is a measure of a material's opposition to the flow of electric current. It is
measured in Ohms (Ω). Ohm's Law is a fundamental relationship that describes the
behavior of many materials. For an ohmic conductor, the current through it is directly
proportional to the voltage across it, provided its temperature remains constant.
Mathematically, Ohm's Law is stated as V = IR, or equivalently, I = V/R and R = V/I.
Materials that do not obey Ohm's Law are called non-ohmic.

The resistance of a conductor depends on its material properties (resistivity, ρ), its length
(L), and its cross-sectional area (A). The formula for resistance is R = ρL/A. Resistivity is
an intrinsic property of a material that quantifies how strongly it resists electric current.
Materials with low resistivity, like copper and aluminum, are good conductors, while
materials with high resistivity, like rubber and glass, are insulators.

DC Circuits

Direct current (DC) circuits involve current that flows in only one direction. These circuits
are built using components like batteries (voltage sources), resistors, and wires. Analyzing
DC circuits often involves understanding how components are connected in series or
parallel, and applying Kirchhoff's rules.

In a series connection, components are connected end-to-end, so the same current flows
through each component. The total resistance of resistors in series is the sum of their
individual resistances: Rtotal = R1 + R2 + ... . In a parallel connection, components are
connected across the same two points, meaning they share the same voltage. The
reciprocal of the total resistance of resistors in parallel is the sum of the reciprocals of
their individual resistances: 1/Rtotal = 1/R1 + 1/R2 + ... .

Kirchhoff's Rules

For more complex DC circuits, Kirchhoff's rules are indispensable tools for analysis. The
first rule is Kirchhoff's Junction Rule (or current law), which states that the sum of
currents entering a junction (a point where wires meet) must equal the sum of currents



leaving the junction. This is a consequence of the conservation of charge. The second rule
is Kirchhoff's Loop Rule (or voltage law), which states that the sum of the changes in
electric potential around any closed loop in a circuit is zero. This is a consequence of the
conservation of energy.

Magnetic Fields

Magnetic fields are regions of space where a magnetic force can be detected. Unlike
electric charges, which are the source of electric fields, magnetic fields are generated by
moving electric charges (electric currents) or by intrinsic magnetic moments of
elementary particles like electrons. Magnetic field strength is typically represented by the
magnetic field vector, B, measured in Tesla (T).

A magnetic field exerts a force on moving charges. The magnetic force (Fm) on a charge q
moving with velocity v in a magnetic field B is given by the Lorentz force law: Fm = q(v ×
B). The magnitude of this force is Fm = |q|vBsin(θ), where θ is the angle between the
velocity vector and the magnetic field vector. The direction of the magnetic force is
perpendicular to both v and B, and can be determined using the right-hand rule.

This force has significant implications. For instance, a charged particle moving
perpendicular to a uniform magnetic field will move in a circular path. The radius of this
circular path is given by r = mv/(|q|B), where m is the mass of the particle. This principle
is fundamental to the operation of devices like mass spectrometers and particle
accelerators.

Magnetic Flux and Ampere's Law

Similar to electric flux, magnetic flux (ΦB) is a measure of the total magnetic field passing
through a given surface. For a uniform magnetic field B perpendicular to a flat surface of
area A, the flux is ΦB = BA. More generally, it's the integral of the dot product of the
magnetic field and the differential area vector over the surface. Ampere's Law relates the
magnetic field around a closed loop to the electric current passing through the surface
enclosed by that loop. Specifically, the line integral of B around a closed loop is
proportional to the total current enclosed by the loop: ∮B ⋅ dl = μ0Ienclosed, where μ0 is the
permeability of free space.

Sources of Magnetic Fields

Understanding where magnetic fields come from is crucial. The most basic source is the
magnetic field produced by a long, straight wire carrying a current I. The magnetic field at
a distance r from the wire is given by B = (μ0I)/(2πr). The direction of the magnetic field
lines is circular around the wire, determined by the right-hand rule.



Another important configuration is the magnetic field inside a solenoid, which is a coil of
wire. For an ideal solenoid of length L with N turns, carrying a current I, the magnetic
field inside is uniform and given by B = μ0nI, where n = N/L is the number of turns per
unit length. This uniformity makes solenoids particularly useful for creating controlled
magnetic fields.

The magnetic field produced by a current loop is also a common case. For a circular loop
of radius R carrying current I, the magnetic field at the center of the loop is B = μ0I/(2R).
These formulas allow us to calculate the magnetic fields generated by various common
current configurations, which are foundational for many applications in electromagnetism.

Electromagnetic Induction

Electromagnetic induction is the phenomenon where a changing magnetic field induces an
electromotive force (EMF), and thus an electric current, in a conductor. This principle is
the basis for electric generators and transformers. Faraday's Law of Induction is the
cornerstone of this concept. It states that the magnitude of the induced EMF (ε) in any
closed circuit is equal to the negative of the time rate of change of the magnetic flux
through the circuit: ε = -dΦB/dt.

The negative sign in Faraday's Law is explained by Lenz's Law, which states that the
direction of the induced current is such that it opposes the change in magnetic flux that
produced it. This opposition means the induced current creates its own magnetic field that
counteracts the initial change. For example, if the magnetic flux through a loop is
increasing, the induced current will flow in a direction that creates a magnetic field
opposing this increase.

A related concept is the self-induced EMF. When the current in a coil changes, the
magnetic flux it produces also changes, inducing an EMF in the coil itself. This
phenomenon is characterized by the inductance (L) of the coil, measured in Henrys (H).
The self-induced EMF is given by ε = -L(dI/dt). Inductance quantifies how effectively a coil
generates a magnetic flux in response to a current, or how much EMF is induced by a
change in current.

AC Circuits

Alternating current (AC) circuits are ubiquitous in modern power systems. Unlike DC, the
current in AC circuits periodically reverses direction. This is typically achieved using AC
voltage sources, such as those found in household wall outlets, which produce a sinusoidal
voltage waveform, V(t) = V0cos(ωt), where V0 is the amplitude and ω is the angular
frequency. The corresponding current is I(t) = I0cos(ωt + φ), where I0 is the amplitude and
φ is the phase difference.

Analyzing AC circuits involves understanding the behavior of resistors, capacitors, and



inductors when subjected to AC voltages. While resistors behave similarly in AC as in DC
circuits, capacitors and inductors introduce phase shifts and frequency-dependent
impedance. The opposition to current flow in AC circuits is called impedance (Z), which is
a complex quantity. For a resistor, its impedance is its resistance R. For a capacitor, its
capacitive reactance is XC = 1/(ωC), and for an inductor, its inductive reactance is XL = ωL.
The total impedance of a series RLC circuit is Z = √(R² + (XL - XC)²).

The power delivered in AC circuits is also a key consideration. The instantaneous power is
P(t) = V(t)I(t). However, it is often more useful to consider the average power, which is
given by Pavg = VrmsIrmscos(φ), where Vrms and Irms are the root-mean-square values of voltage
and current, and cos(φ) is the power factor. Understanding these concepts is vital for
efficient power transmission and utilization.

Electromagnetic Waves

Electromagnetic waves are self-propagating disturbances in the electromagnetic field,
consisting of oscillating electric and magnetic fields that are perpendicular to each other
and to the direction of propagation. These waves, such as light, radio waves, X-rays, and
gamma rays, travel at the speed of light in a vacuum (c). Maxwell's equations predict the
existence of these waves and reveal a fundamental relationship: c = 1/√(μ0ε0).

The energy carried by an electromagnetic wave is proportional to the intensity of the
wave, which is related to the magnitude of the electric and magnetic fields. The energy
density of the electromagnetic field is given by u = (1/2)ε0E² + (1/2μ0)B². Electromagnetic
waves carry energy and momentum and can exert pressure on surfaces, known as
radiation pressure.

The electromagnetic spectrum encompasses all types of electromagnetic radiation,
ordered by their frequency or wavelength. From longest wavelength (lowest frequency) to
shortest wavelength (highest frequency), the spectrum includes radio waves, microwaves,
infrared radiation, visible light, ultraviolet radiation, X-rays, and gamma rays. Each part of
the spectrum has distinct properties and applications, showcasing the incredible diversity
and power of electromagnetic phenomena.

The Electromagnetic Spectrum

The electromagnetic spectrum is a continuous range of electromagnetic radiation. The
relationship between the speed of light (c), frequency (f), and wavelength (λ) is given by c
= fλ. This fundamental equation applies to all electromagnetic waves. Different regions of
the spectrum interact with matter in different ways, leading to their diverse applications:

Radio waves are used in broadcasting and telecommunications.

Microwaves are used in radar, satellite communication, and microwave ovens.



Infrared radiation is associated with heat and used in thermal imaging and remote
controls.

Visible light allows us to see and is crucial for photosynthesis.

Ultraviolet radiation can cause sunburn and is used in sterilization and fluorescence.

X-rays are used in medical imaging due to their ability to penetrate soft tissues.

Gamma rays are highly energetic and are used in medical treatments and industrial
applications.

Understanding the properties and interactions of these waves across the entire spectrum
is a significant achievement of modern physics, building directly upon the principles of
electricity and magnetism.

---

Frequently Asked Questions

Q: What is the primary focus of a typical university
physics 2 course?
A: University physics 2 courses most commonly focus on electricity and magnetism, often
including topics like electric fields, potential, capacitance, DC and AC circuits, magnetic
fields, electromagnetic induction, and electromagnetic waves. Some courses may also
incorporate elements of optics or thermodynamics.

Q: How important is Coulomb's Law for university
physics 2?
A: Coulomb's Law is absolutely fundamental. It's the basis for understanding electric
forces between charges, which in turn leads to the concepts of electric fields, electric
potential, and the behavior of charged objects. Mastering Coulomb's Law is essential for
grasping virtually all subsequent topics in electricity.

Q: What is the significance of Gauss's Law in
electromagnetism?
A: Gauss's Law is a powerful tool for simplifying the calculation of electric fields,
particularly for highly symmetric charge distributions. It relates the electric flux through a
closed surface to the enclosed charge, providing an elegant and often more efficient
method than direct integration of Coulomb's Law.



Q: How does a dielectric material affect a capacitor?
A: A dielectric material increases the capacitance of a capacitor. It does this by becoming
polarized in the electric field, which reduces the effective electric field between the plates
for a given charge, thereby lowering the voltage and increasing the capacitance (since C =
Q/V).

Q: What are Kirchhoff's Rules used for in circuit
analysis?
A: Kirchhoff's Rules (the Junction Rule and the Loop Rule) are essential for analyzing
complex DC circuits. They allow you to determine unknown currents and voltages by
applying the principles of conservation of charge and conservation of energy to the circuit
network.

Q: How is a magnetic field generated?
A: Magnetic fields are generated by moving electric charges (electric currents) or by the
intrinsic magnetic dipole moments of elementary particles, such as electrons. This means
that wherever there is a flow of electricity, there is an associated magnetic field.

Q: What is electromagnetic induction, and why is it
important?
A: Electromagnetic induction is the process where a changing magnetic flux through a
circuit induces an electromotive force (EMF), leading to an induced current. It's critically
important because it's the principle behind electric generators, transformers, and many
other technologies that are foundational to our modern electrical infrastructure.

Q: What is the difference between resistance and
impedance in AC circuits?
A: Resistance is the opposition to current flow in DC circuits and is independent of
frequency. Impedance, on the other hand, is the total opposition to current flow in AC
circuits. It includes resistance but also accounts for the frequency-dependent opposition
from capacitors (capacitive reactance) and inductors (inductive reactance).

Q: Are electromagnetic waves, like light, considered
part of university physics 2?
A: Yes, university physics 2 often culminates with the study of electromagnetic waves. This
section connects the concepts of electricity and magnetism, showing how changing
electric and magnetic fields propagate as waves through space at the speed of light.



Q: What is the speed of light in a vacuum, and how is it
related to electric and magnetic properties of space?
A: The speed of light in a vacuum (c) is approximately 3.00 x 10⁸ m/s. It is fundamentally
related to the permittivity of free space (ε₀) and the permeability of free space (μ₀) by the
equation c = 1/√(μ₀ε₀). This equation highlights the deep connection between electric and
magnetic phenomena and the propagation of light.
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