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Exam FM formula sheet: A Gateway to Financial Mathematics Success

The journey to passing Exam FM (Financial Mathematics) from the Society of
Actuaries (SOA) or the Casualty Actuarial Society (CAS) is a challenging yet
rewarding one. Central to this preparation is a deep understanding and adept
application of the core formulas. Navigating the vast landscape of financial
mathematics can feel daunting, but a well-structured exam FM formula sheet
serves as an indispensable tool. This comprehensive guide will delve into the
essential formulas that form the bedrock of Exam FM, offering insights into
their application and importance. We'll explore everything from basic
interest theory to more complex annuity and bond valuation concepts, ensuring
you have a solid grasp of what you need to master. By breaking down these key
mathematical building blocks, you'll be empowered to approach your studies
with confidence and tackle the exam with precision.
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Introduction to Financial Mathematics for
Actuaries

Financial mathematics, often referred to as actuarial mathematics, is the
discipline that applies mathematical methods to financial problems. For
aspiring actuaries, mastering these methods is not just a requirement for
passing exams, but a fundamental skill that underpins the entire profession.
Exam FM specifically focuses on the core principles of interest theory,
annuities, amortization, sinking funds, and basic bond valuation. These
concepts are crucial for understanding how money grows over time, the pricing
of financial instruments, and the management of financial risk. The ability
to accurately calculate present and future values, analyze cash flows, and
interpret financial data is paramount.

The actuarial profession demands a high level of quantitative proficiency,
and Exam FM is designed to assess this proficiency in the context of
financial calculations. It serves as a foundational exam, building the
necessary mathematical scaffolding for more advanced topics in subsequent
actuarial exams. Understanding the relationships between different financial



variables, such as interest rates, time periods, and cash flows, is key to
success. This exam is where actuaries learn to quantify the time value of
money, a concept that permeates all aspects of financial decision-making.

The Importance of an Exam FM Formula Sheet

An exam FM formula sheet is more than just a collection of equations; it's a
strategic tool that can significantly enhance your preparation and
performance on the exam. While understanding the underlying concepts is
vital, having a concise and accurate reference can save valuable time during
the exam. It allows you to quickly access the correct formula for a given
problem, reducing the cognitive load and minimizing the risk of errors. A
well-organized formula sheet acts as a memory aid and a quick reference
guide, ensuring you don't overlook critical formulas or apply them
incorrectly.

The Society of Actuaries (SOA) provides a list of approved formulas that
candidates may bring into the exam room. Familiarizing yourself with this
official formula sheet, and potentially creating your own expanded version
that includes your personal annotations and derivations, is a crucial part of
the study process. This active engagement with the formulas helps solidify
your understanding. When you're under timed pressure, the ability to
instantly recall or locate the right formula can be the difference between a
correct answer and a missed opportunity. It allows you to focus your mental
energy on problem-solving rather than formula memorization.

Furthermore, the process of creating and refining your exam FM formula sheet
is a learning experience in itself. By actively writing down, categorizing,
and understanding each formula, you reinforce your knowledge. It encourages
you to think about the relationships between different formulas and how they
can be applied in various scenarios. This proactive approach to studying,
centered around your formula sheet, builds confidence and preparedness.

Core Concepts in Interest Theory

Interest theory is the cornerstone of financial mathematics and a primary
focus of Exam FM. Understanding how interest accrues and affects the value of
money over time is fundamental to all subsequent topics. This section will
explore the key concepts and formulas related to interest, including simple
and compound interest, different types of interest rates, and the force of
interest.



Simple and Compound Interest

Simple interest is calculated only on the principal amount of a loan or
deposit. It does not take into account any previously accrued interest. The
formula for the future value (FV) with simple interest is: FV = P(1 + rt),
where P is the principal, r is the annual interest rate, and t is the time in
years. While simple interest is straightforward, compound interest is far
more prevalent in financial applications.

Compound interest is calculated on the initial principal and also on the
accumulated interest from previous periods. This means that interest earns
interest, leading to exponential growth. The future value (FV) of an
investment with compound interest is calculated using the formula: FV = P(1 +
i)^n, where P is the principal, i is the interest rate per compounding
period, and n is the number of compounding periods. The present value (PV)
can be found by rearranging this formula: PV = FV / (1 + i)^n.

Nominal and Effective Interest Rates

Interest rates can be expressed in different ways, and it's crucial to
understand the distinction between nominal and effective rates. A nominal
interest rate is a stated annual interest rate that does not account for the
frequency of compounding within that year. It is often quoted with the
compounding frequency, such as "6% compounded monthly."

The effective interest rate, on the other hand, accounts for the effect of
compounding. The effective annual interest rate (i) can be calculated from a
nominal annual interest rate (i^(m)) compounded m times per year using the
formula: i = (1 + i^(m)/m)^m - 1. This formula highlights how the compounding
frequency impacts the actual return over a year. Conversely, to find the
nominal rate for a given effective rate, you would use: i^(m) = m [(1 +
i)^(1/m) - 1].

Force of Interest

The force of interest, denoted by the Greek letter delta ($\delta$),
represents the instantaneous rate of growth. It is a continuous measure of
interest. The relationship between the accumulation function a(t) and the
force of interest is given by $\delta_t = a'(t)/a(t)$, where a'(t) is the
derivative of the accumulation function with respect to time. For a constant
force of interest, the accumulation function is a(t) = e^($\delta$t), and
thus the future value of an investment P after time t is FV = P
e^($\delta$t).



The relationship between the force of interest and an effective annual
interest rate (i) is e^$\delta$ = 1 + i. This means that $\delta$ = ln(1 +
i). Understanding the force of interest is particularly important when
dealing with continuous compounding and in more advanced actuarial topics.

Annuities: A Deep Dive

Annuities are a series of equal payments made at regular intervals. They are
fundamental to many financial products, including mortgages, pensions, and
life insurance. Exam FM covers various types of annuities, from simple
ordinary annuities to more complex variations. Mastering annuity calculations
is a significant part of preparing for the exam.

Basic Annuity Formulas

An ordinary annuity is a series of payments made at the end of each period.
The present value (PV) of an ordinary annuity of n payments of R each, with
interest rate i per period, is given by: PV = R an|i = R [1 - (1 + i)^-n] / i.
The accumulated value (AV) at the time of the last payment is: AV = R sn|i = R
[(1 + i)^n - 1] / i.

An annuity-due is a series of payments made at the beginning of each period.
The present value of an annuity-due is PV = R an|i(1 + i), and the accumulated
value is AV = R sn|i(1 + i). The distinction between payments at the beginning
versus the end of the period is crucial for correct application.

Annuities with Varying Payments

Many real-world annuities do not have constant payments. Exam FM may include
problems with payments that increase or decrease in a predictable pattern.
For example, an annuity with payments increasing in an arithmetic progression
(a level annuity) or a geometric progression (a geometric annuity). The
formulas for these can become more complex, often involving adjustments to
the basic annuity formulas or the use of summation techniques.

For an annuity with payments R, R(1+k), R(1+k)^2, ..., R(1+k)^(n-1), the
present value is calculated differently depending on whether the growth rate
(k) equals the interest rate (i). If k = i, the PV is R n / (1+i). If k != i,
the formula becomes more involved, and often requires careful algebraic
manipulation or direct summation.



Deferred and Perpetuity Annuities

A deferred annuity is an annuity where the first payment is delayed beyond
the initial period. If the first payment occurs at time t+1, and there are n
payments thereafter, the present value is the PV of an ordinary annuity of n
payments discounted back t periods: PV = R an|i (1 + i)^-t. The deferred
period is t.

A perpetuity is an annuity with an infinite number of payments. The present
value of an ordinary perpetuity is PV = R / i. For a perpetuity-due, the
present value is PV = R / i (1 + i). Perpetuities are often used to value
long-term income streams.

Continuous Annuities

Continuous annuities involve payments made continuously over a period, rather
than at discrete intervals. For a continuous annuity with a payment rate of R
per unit time for n periods, the present value is PV = R $\bar{a}_{n|i}$ = R
(1 - e^(-ni)) / i. The accumulated value is AV = R $\bar{s}_{n|i}$ = R
(e^(ni) - 1) / i. These are particularly relevant when dealing with the force
of interest.

Amortization and Sinking Funds

Amortization and sinking funds are crucial concepts related to loan repayment
and the accumulation of funds to meet future obligations. They involve
applying interest theory and annuity principles to practical financial
scenarios.

Loan Amortization Schedules

An amortization schedule details how a loan is repaid over time. Each payment
typically consists of a principal repayment component and an interest payment
component. The interest paid in any period is calculated on the outstanding
loan balance at the beginning of that period. The principal repayment
increases over time as the interest portion decreases.

For a loan of L repaid over n periods with interest rate i, the periodic
payment R is calculated using the present value of an ordinary annuity
formula: L = R an|i. Thus, R = L / an|i. An amortization schedule can then be
constructed by tracking the interest, principal, and outstanding balance for
each payment period.



Sinking Fund Calculations

A sinking fund is a fund set up to accumulate money for a specific future
obligation, such as repaying a bond or replacing an asset. The borrower makes
regular deposits into the sinking fund, which earns interest. The goal is for
the accumulated value of the sinking fund to equal the required future amount
by the time the obligation is due.

If a company needs to accumulate an amount S in n years, it can make regular
deposits of R into a sinking fund earning interest rate i. The accumulated
value of these deposits must equal S: S = R sn|i. Therefore, the required
periodic deposit is R = S / sn|i. This calculation is essential for businesses
planning for future capital expenditures or debt repayment.

Bond Valuation and Pricing

Bonds are debt instruments that represent a loan made by an investor to a
borrower (typically a corporation or government). Understanding how to value
and price bonds is a key component of Exam FM. Bond pricing involves
calculating the present value of future cash flows, which include periodic
coupon payments and the redemption value at maturity.

Basic Bond Concepts

A bond typically has a face value (or par value), which is the amount repaid
at maturity. It also has a coupon rate, which determines the periodic
interest payments (coupons). The coupon payments are usually made semi-
annually. The maturity date is when the bond expires and the face value is
repaid. The yield to maturity (YTM) is the total return anticipated on a bond
if it is held until it matures, expressed as an annual rate.

Yield to Maturity and Current Yield

The yield to maturity (YTM) is the discount rate that equates the present
value of a bond's future cash flows to its current market price. It is
essentially the internal rate of return (IRR) of the bond's cash flows.
Calculating YTM often requires iterative methods or financial calculators
because it is embedded in the bond pricing equation.

The current yield is a simpler measure of return, calculated as the annual
coupon payment divided by the bond's current market price. It provides a
quick estimate of the income generated by the bond but does not account for



capital gains or losses at maturity or the time value of money beyond the
current period. Current Yield = (Annual Coupon Payment) / (Current Market
Price).

Bond Pricing Formulas

The price of a bond is the present value of all its future cash flows,
discounted at the yield to maturity. For a bond with face value F, coupon
payments C per period, and n periods until maturity, and yield to maturity i
per period, the price (P) is: P = C an|i + F (1 + i)^-n. If the coupons are
paid semi-annually, the YTM and coupon rate must be adjusted accordingly.

For example, if a bond has a face value of \$1,000, a coupon rate of 5% paid
semi-annually, and a YTM of 6% compounded semi-annually, with 10 years to
maturity: The semi-annual coupon payment C = (\$1,000 0.05) / 2 = \$25. The
number of periods n = 10 2 = 20. The semi-annual yield i = 0.06 / 2 = 0.03.
The price P = \$25 a20|0.03 + \$1,000 (1.03)^-20.

Premium and Discount on Bonds

When a bond's coupon rate is higher than the market's required yield to
maturity, the bond will trade at a premium (above its face value). This is
because the attractive coupon payments make it worth more than its face
value. Conversely, if the coupon rate is lower than the YTM, the bond will
trade at a discount (below its face value). The difference between the price
and the face value is called the premium or discount.

The process of amortization of premium or discount involves adjusting the
carrying value of the bond towards its face value as it approaches maturity.
This adjustment impacts the reported interest income on the bond. For a bond
bought at a discount, the interest income recognized each period is greater
than the cash coupon received, reflecting the gradual increase in the bond's
value. For a bond bought at a premium, the interest income is less than the
cash coupon received.

Introduction to Derivatives

Exam FM also introduces candidates to the fundamental concepts of financial
derivatives. Derivatives are financial contracts whose value is derived from
an underlying asset, index, or interest rate. Understanding basic derivative
instruments like forwards, futures, and options is part of the curriculum.



Forward Contracts

A forward contract is a customized agreement between two parties to buy or
sell an asset at a specified price on a future date. The terms of forward
contracts are negotiated privately, making them less standardized than
futures contracts. The price agreed upon is the forward price.

The value of a forward contract at initiation is typically zero. Its value
changes over time based on market movements. For a forward contract to buy an
asset at time T for a price K, the payoff at time T is S_T - K, where S_T is
the spot price of the asset at time T. The present value of the forward price
F is related to the spot price S_0 and the risk-free interest rate r and
storage costs or dividends.

Futures Contracts

Futures contracts are standardized agreements traded on an exchange to buy or
sell an asset at a predetermined price on a specified future date. Unlike
forwards, futures are marked-to-market daily, meaning gains and losses are
settled each day. This daily settlement reduces counterparty risk.

The pricing of futures contracts is similar to forwards, but the daily
marking-to-market introduces complexities in valuation, especially when
considering different types of underlying assets and dividend yields or
storage costs. The concept of cost of carry is central to futures pricing.

Options Contracts

An option is a contract that gives the buyer the right, but not the
obligation, to buy (call option) or sell (put option) an underlying asset at
a specified price (strike price) on or before a certain date (expiration
date). The buyer of an option pays a premium for this right.

Exam FM typically covers basic option pricing concepts and the relationship
between the price of a call option and a put option, known as put-call
parity. For European-style options, a common relationship is: C + PV(K) = P +
S, where C is the price of a European call, P is the price of a European put,
PV(K) is the present value of the strike price, and S is the current price of
the underlying asset. Understanding how to calculate these values and their
relationships is important.



Practical Tips for Using Your Exam FM Formula
Sheet

Having a comprehensive exam FM formula sheet is only the first step;
effectively using it during your studies and the exam is critical. Practice
using your sheet regularly in conjunction with practice problems. This helps
you identify which formulas are needed for specific types of questions and
how to apply them accurately under timed conditions.

Organize your sheet logically. Group formulas by topic (e.g., interest
theory, annuities, bonds). This will make it easier to locate what you need
during the exam. Consider using color-coding or clear headings to enhance
readability. Highlight key variables and their meanings to avoid confusion.

Don't just passively look at formulas; actively engage with them. Try to
derive formulas or explain their meaning in your own words. This deeper
understanding will help you adapt to variations of standard problems. When
practicing, time yourself. This will help you gauge how much time you can
afford to spend consulting your formula sheet for each question.

During the exam, read each question carefully to identify the type of
calculation required. Then, locate the appropriate formula on your sheet.
Double-check that you are using the correct variables and entering them into
the formula properly. Accuracy in transcription and calculation is paramount.
Remember that the SOA formula sheet is a guide; your own tailored sheet can
be even more effective if it includes personal insights and mnemonics.

Frequently Asked Questions

What are the most common formulas on the SOA/CAS
Exam FM formula sheet that students often struggle
with?
Students frequently find formulas involving variable interest rates, bond
pricing with irregular cash flows, and the present value of a perpetuity-due
with a changing perpetuity payment challenging. The relationships between
different yield measures (nominal, effective, continuously compounded) can
also be a point of confusion.

How can I effectively use the Exam FM formula sheet
during the exam to save time and avoid errors?
Practice using the formula sheet extensively during your study sessions.
Identify key formulas and their applications. When approaching a problem,



quickly scan the sheet for relevant formulas rather than trying to memorize
everything. Understand what each variable represents and how they relate to
the problem at hand. This will help you select the correct formula and apply
it accurately.

Are there any formulas on the Exam FM sheet that are
not explicitly stated but are important to know for
problem-solving?
Yes, while the sheet is comprehensive, understanding fundamental concepts
like the time value of money (which underlies many formulas), basic financial
mathematics definitions (e.g., what an annuity is), and the difference
between effective and nominal rates is crucial. Sometimes, you might need to
manipulate the provided formulas or combine concepts not directly presented
as a single formula.

How does the Exam FM formula sheet help with bond
valuation problems?
The formula sheet provides essential formulas for calculating bond prices
(present value of coupon payments and face value), yields (yield to maturity,
current yield), and the relationship between coupon rate, yield, and price.
It includes formulas for different coupon payment frequencies and for
calculating the price of a bond between coupon payment dates (using accrued
interest).

What are the key formulas related to annuities and
their variations that are on the Exam FM sheet?
The sheet includes formulas for the present and accumulated value of ordinary
annuities and annuities-due. It also covers increasing annuities (where
payments increase by a constant amount), geometric annuities (where payments
increase by a constant ratio), and perpetuities (both ordinary and due).
Understanding the distinctions between these is vital.

How should I approach questions involving
probability and actuarial present values using the
Exam FM formula sheet?
The formula sheet will contain symbols and formulas for life contingencies,
such as $A_x$, $a_x$, and $I_x$ notation, and potentially formulas related to
probabilities of survival and death. You'll need to understand how to use
these with the general present value formulas, often by multiplying a future
value by the probability of receiving it.



What are the common misconceptions or pitfalls
students encounter when using the investment-related
formulas on the Exam FM sheet?
A common pitfall is incorrectly identifying the effective interest rate for
the period. For example, if a problem gives a nominal rate compounded semi-
annually and the cash flows are monthly, students need to correctly convert
the interest rate to a monthly effective rate. Another misconception is
misapplying the discount interest rate ($d$) versus the interest rate ($i$)
in formulas.

Additional Resources
Here are 9 book titles related to the concept of an exam FM formula sheet,
each starting with "":

1. Integrated Formulas for Financial Mathematics
This book provides a comprehensive collection of formulas essential for the
FM exam, organizing them by topic for easy reference. It emphasizes
understanding the interconnectedness of different financial concepts and how
formulas build upon one another. Readers will find clear explanations and
examples demonstrating the practical application of these tools. It's
designed to streamline memorization and enhance problem-solving efficiency.

2. Concise Compendium of FM Formulas
As the title suggests, this text offers a highly condensed and focused
presentation of all critical formulas for the FM exam. It prioritizes brevity
without sacrificing accuracy or clarity. The layout is optimized for quick
review, making it an excellent companion for last-minute studying. Each
formula is accompanied by a brief note on its context and usage.

3. Essential Financial Mathematics Toolkit
This guide acts as a foundational resource, presenting the core formulas
needed to master the FM exam curriculum. It breaks down complex formulas into
manageable components, aiding comprehension. The book includes mnemonic
devices and memory aids to help candidates retain the necessary information.
It serves as a practical manual for building a strong understanding of
financial mathematics principles.

4. Formulaic Approach to Financial Markets
This book explores the mathematical underpinnings of financial markets,
presenting key formulas that govern their behavior. It goes beyond mere
memorization, aiming to build intuition about why these formulas are
constructed as they are. Each section is dedicated to specific areas like
interest theory, annuities, and bonds, with relevant formulas at the
forefront. It's ideal for those who want a deeper conceptual grasp alongside
formula recall.

5. Mastering FM: A Formulaic Framework



This title presents a structured approach to tackling the FM exam, built
around a robust framework of essential formulas. It guides students through
the systematic application of these formulas to a wide range of problems. The
book highlights common pitfalls and provides strategies for efficiently using
the formula sheet during the exam. It's designed to empower candidates with
confidence in their mathematical abilities.

6. The Financial Mathematics Formula Handbook
This is a definitive reference guide for anyone preparing for the FM exam. It
meticulously lists every formula likely to be encountered, categorized for
ease of access. The handbook offers concise definitions and standard
notation, ensuring consistency and understanding. It serves as an
indispensable tool for both learning and revision, covering all exam-relevant
mathematical expressions.

7. Strategic Application of FM Formulas
This book focuses on the effective and strategic use of formulas during the
FM exam. It provides insights into identifying which formula to apply in
various scenarios and how to manipulate them efficiently. The text includes
problem-solving techniques that leverage the formula sheet to its fullest
potential. It’s aimed at candidates who understand the formulas but need to
refine their application strategies.

8. Formula Deep Dive: Exam FM Essentials
This title offers an in-depth exploration of the most crucial formulas for
the FM exam. It delves into the derivations and underlying principles behind
each formula, fostering a deeper understanding. The book provides numerous
worked examples that clearly illustrate how to use the formulas in practice.
It’s designed for serious students aiming for a thorough mastery of the
subject matter.

9. Your Personal FM Formula Companion
This book is crafted as a user-friendly guide to aid in memorizing and
understanding FM formulas. It incorporates personalized learning elements,
encouraging active engagement with the material. The content is presented in
an accessible and engaging manner, making the often-intimidating world of
financial mathematics more approachable. It aims to be a reliable study
partner throughout the preparation process.
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