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INTRODUCTION

Teaching is not dumping a truckload of bricks on your front lawn. It's
gradually showing how the bricks can fit together to build a structure.

The aim of this book is to teach. It seeks to provide:

- an understanding of financial concepts,

— a practical understanding of calculator procedures,

— practice in putting financial concepts and calculator procedures
together to solve actual problems.

It uses the calculator to clarify financial concepts, and financial
concepts to clarify calculator procedures.

This presentation assumes no prior specialized knowledge of any kind,
certainly none whatsoever of the calculator: open the box, open the
book, and you're in business.

The ideal is not so much to simplify as to make obvious. The obvious
implies understanding the simplicity. As such the most successful
passages are those where the reader is lLeft with the impression that he
already knew it, or at least that there is nothing that he needs to
remember. If the reader cooperates in this approach, if he strives to
understand the simplicity rather than attempt to memorize the simple, he
will retain the creativity required to adjust to the infinite variety of
circumstances encountered in the real world.

A majority of the examples used here are taken from real estate. That
emphasis gives unity to the book. It allows the major financial concepts
and calculator procedures to be expressed in terms of financial
situations to which most people can relate, and that can yet be
transferred to applications ranging from estate planning to business
finance. In terms of financial functions, this volume Limits itself to
the regular compound interest features of the calculator, as opposed to
irregular cash flow functions, statistical functions, and programming
features. A continuation is being actively prepared.

Born of a seminar offered at UCLA-Extension, UC Berkeley, and to a
variety of real estate, banking, and investment groups from New York to
Hawaii, this written course will remain a text for my own seminars.
There are so many courses, excellent in their own right, which could be
made so much more productive if the student came equipped with the
understanding and the practical abilities offered here! It is hoped that
this volume and the one that will follow, will be recommended for other
courses or seminars where the use of the HP-12C is advised: appraisal,
property management, investment analysis, estate and financial planning,
mortgage banking, as well as business courses and MBA programs.
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BASIC FINANCIAL CONCEPT: EXCHANGING MONEY IN TIME

BASIC CALCULATOR PROCEDURE: DATA THEN QUESTION

A FIRST LOOK AT THE CALCULATOR
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EXCHANGING MONEY IN TIME

- BORROWING is EXCHANGING MONEY IN TIME.

We get money now, and we pay back more money later.

— INVESTING is EXCHANGING MONEY IN TIME.

We give money, and we hope to get back more money Llater.

— CHOOSING BETWEEN FINANCIAL ALTERNATIVES is EXCHANGING MONEY IN TIME.

Should we buy or rent, refinance or add a second, choose one offer
with more cash but less paper to carry, or another offer with a
higher selling price but less cash? The choice itself is between
getting more money now but less later, or vice versa.

BORROWING,
INVESTING,

CHOOSING between financial options.

This covers a Lot of ground. Much of it is simply

EXCHANGING MONEY IN TIME.

MAJOR OBJECTIVE

TO ANSWER MOST NUMBER GUESTIONS INVOLVING
THE EXCHANGE OF MONEY IN TIME.
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THE CASH FLOW DIAGRAM

The questions that can be asked concerning EXCHANGES OF MONEY IN TIME
are exceedingly varied and may involve such words as

Interest rate
Annual Percentage Rate (APR)
Yield
Internal Rate of Return (IRR)
Rate of inflation
Payments,
Cash flow
Balance
Balloon payment
Reversion
Equity,
Future Value
Present Value
Discounted Value

Investment

Downpayment

Loan amount

Principal

Principal reduction
Interest payment
Pay down
Buy down
Term
Due date, etc.

Under the great variety of names, there is the simple reality of an
EXCHANGE OF MONEY IN TIME: the reality of

SPECIFIC SUMS OF MONEY that we receive and that we give at
SPECIFIC POINTS IN TIME, and of the
RATE OF INCREASE that is required for the money received

to balance off the money given out.

We may represent the sums that make up the exchange by arrows spread out
on the line of time, arrows that point up for the money received and
down for the money given, or vice-versa.

This visual representation is the

CASH FLOW DIAGRAM.
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SAMPLE CASH FLOW DIAGRAMS

REGULAR CASH FLOW

STRAIGHT NOTE: I make a lump deposit in
a savings account, and later withdraw
principle and interest in one lump sum.

Or vice-versa: I borrow, and pay back in
one Lump sum. This is the simplest
EXCHANGE OF MONEY IN TIME.

FULLY AMORTIZED LOAN: I borrow, and then TT T T T T T T T T

pay back with regular equal payments.

4
PARTIALLY AMORTIZED LOAN: I borrow, and /]
then pay back with equal payments for a T T T T T /P T T

A

7

while, then pay off the remaining
balance with one Lump sum.

IRREGULAR CASH FLOW

AN INVESTMENT requires me to spend
various sums for a while, then I get

After a final disbursement, I cash in on
my investment.

, T
more and more money back in return. l‘L \L \l/

l

The HP-12C divides exchanges of money in time into two broad categories:

— REGULAR CASH FLOW
— IRREGULAR CASH FLOW

REGULAR CASH FLOW situations: as in the first three cash flow diagrams,

all the amounts except the initial and final amounts are equal.

IRREGULAR CASH FLOW situations: as in the final example,
accommodate considerable fluctuations in the cash flows.

they

THE PRESENT VOLUME DEALS ONLY WITH REGULAR CASH FLOW SITUATIONS
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Throughout this presentation we will be moving back and forth between
TWO LEVELS OF UNDERSTANDING:

— UNDERSTANDING FINANCIAL CONCEPTS

— UNDERSTANDING CALCULATOR PROCEDURES.

We have considered so far the most important financial concept, one that
we will be constantly referring back to throughout this course, the
notion of

EXCHANGING MONEY IN TIME

It is more dynamic than the more usual concept of the time value of
money as it stresses the consequences of our own decisions, but
basically anything covered by the notion of the TIME VALUE OF MONEY is
included in the notion of EXCHANGING MONEY IN TIME. We will return to
the phrase "Time Value of Money" when we consider the exchanges of money
in time from a more theoretical point of view.

We now turn to the most important calculator procedure:

DATA then QUESTION

It simply means that to solve problems we need first to provide the
DATA, then to ask the QUESTION. With our calculator, for all the
financial and other functions that it possesses, the ANSWER
automatically appears.

The following comparison makes the point.

(In keeping with our objective of avoiding technical terms whenever
possible, we will be using the word "DATA" as a collective singular)
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BASIC PROCEDURE
[- DATA then  QUESTION

A ROBOT IN YOUR KITCHEN!

How would you like to have a robot that could do the cooking
for you? Well, one has just settled in your kitchen. It has
rows of buttons on its chest labelled for all your favorite
recipes: lemon chiffon pie, chocolate chip cookies, quiche
lorraine, etc. When you press the quiche lorraine button, the
robot spins towards the refrigerator and reaches for the eggs,
the bacon, the milk and the butter. It swings towards the shelf
and gets the flour and salt. It mixes the ingredients together
according to its instructions, bakes the mixture for the right
amount of time, and presents you with a piping hot dish.

Excellent! Provided of course you have the right ingredients on
the shelves. You see, the robot doesn't really have a sense of
taste or smell, it doesn't have eyes: it just has instructions
to go, to grab, and to mix. If the salt on the shelf is where
the flour is supposed to be, and the flour is where the salt
should be, the quiche ends up with two cups of salt and a pinch
of flour. We first need to have the right ingredients in their
proper place, and then we can get the process going by pressing
the right key.

The calculator is like this kitchen with the robot and the shelves.

The shelves and refrigerator are just places where ingredients are
stored. In the calculator, they correspond to electronic memories where
we can store our DATA in the form of numbers.

The robot itself embodies a set of instructions and the ability to carry
them out: instructions to reach into specific places and to mix
according to specific formulas. GUESTION keys on the calculator perform
the same function: they set in motion pre—programmed instructions that
tell the calculator where to reach for its data,-—what memories to
explore—, and what mathematical processing to apply to the numbers that
it finds there. The result of the reaching and processing is the ANSWER
to our question

Of course, we get the right answer only if we provide the correct data.
As with the flour and the salt for our kitchen robot, if we have the
wrong numbers, or if some number is in the wrong place or is missing, we
get the wrong answer. Or rather:

WE NEVER GET THE WRONG ANSWER,
WE JUST GET THE CORRECT ANSWER TO INCORRECT DATA.
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ELECTRONIC MEMORIES and PRE-RECORDED PROGRAMS.

DATA then QUESTION. This is our fundamental procedure. This also
corresponds to two different parts of the calculator. We have data keys
and question keys, and a few keys that perform the two functions under
different circumtances.

The DATA KEYS correspond to ELECTRONIC MEMORIES where we store NUMBERS.
We may think of them as the shelves and refrigerator in our kitchen, or
as boxes below the keys.

Data keys allow us to put the numbers we choose in specific places, to
look into the content of a memory, to shift data from one memory to
another, or to wipe a memory clean of any data. The data stored in the
calculator is always available: if it is anywhere in the calculator,
then it can be retrieved, checked, and changed if so desired.

Acquiring full control over the data we have in the calculator is an
important objective we should set for ourselves.

The QUESTION KEYS correspond to PERMANENT SETS OF INSTRUCTIONS or
programs remembered by the calculator and executed when the key is
pressed—Llike the keys on the robot. When we refer to "questioning the
calculator" or to "solving" for a specific piece of information, we just
mean pressing the appropriate question key.

A financial calculator is a calculator that remembers programs that
solve financial questions. A scientific calculator could be very
similar, except that it would remember programs of interest to the
scientist.

The instructions set in motion by pressing the question keys
are instructions to take the numbers in specific memories and
to process them according to specific mathematical formulas.

Different question keys can explore different groups of memories, but
any given question key always explores the same data memories. It is
important to know what memories are going to be explored when we press a
certain question key: that is where our correct data is supposed to be.

DATA QUESTION
NUMBERS PERMANENT INSTRUCTIONS
stored in to take the numbers in specific memories
ELECTRONIC MEMORIES and to process them according to specific
by the user. mathematical formulas.
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LET THE CALCULATOR TAKE CARE OF THE MATH!

Because of the pre—recorded mathematical formulas and processing

instructions, providing the DATA and asking the QUESTION takes care of
the mathematics for us.

This is not a course where we need to be good in mathematics. We are not
concerned with formulas and computations. We make full use of the
calculator, and that means dispensing with the mathematics when the
calculator knows it and does it for us. The course helps us understand
financial problems so that we may express them in terms of data and
question, and understand the calculator to the extent needed to
communicate our data and ask the question.

DO NOT TRY TO REMEMBER SERIES OF KEYSTROKES!

DATA then BUESTION is the basic procedure that we have to remember. It's
easier than to remember 1500 different series of keystrokes! As our
basic attitude towards learning how to use the calculator we should
deliberately avoid trying to remember long series of keystrokesl!.

Instead, we should ask ourselves:

- What is my DATA?
— In what memories should I store this data?
- What is my GUESTION?

The answer to these three questions should be relatively obvious. With
the right data in the right place, asking the right question is a simple
matter that provides the correct answer.

I need your cooperation on this matter. If you try to memorize
series of keystrokes, you are bound rapidly to reach a point of
saturation and frustration. There is an infinite number of
problems. Each problem, as it occurs in real life, may present
itself from a variety of angles. How can we memorize so many
variations? How can we adjust creatively to constant changes if we
are relying on memory rather than understanding?

Solving problems becomes simple if we remember the basic procedure:

DATA then  GUESTION
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A first look at the calculator.

THE NAMING OF KEYS

Keys are referred to by the name or symbol of the function they perform.

On occasion it may be convenient to refer to the position of the key.
We will do so by giving each key a number corresponding to its
COLUMN and its ROW as follows:

COLUMN > 1 2 3 4 5 6 7 8 9 0
ROW

A%

1 11 12 13 14 15 16 7 8 9 10
2 21 22 23 24 25 26 4 5 6 20
3 31 32 33 34 35 36 1 2 3 30
4 ON 42 43 44 45 0 48 48 40

The keys for numbers O to 9 retain their own numeral as reference.

The first time we use some of these keys, we will refer to their
function name and, between square brackets, to their position. For
instance:

PLUS may be referred to as: + (40] (40: Row 4, column 10)

The PERCENTAGE key as: % [25] (25: Row 2, column 5)

The calculator itself refers to its own keys in this way in programs.
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f g GOLD and BLUE

Now turn the calculator ON. [41]
The ON key also turns the calculator OFF.

The two most prominent keys, f and g, [42 and 43] have NO MEANING OF
THEMSELVES. We will call them GOLD and BLUE.

When pressed and released before another key is pressed, they give a
second and third meaning to that other key.

The second and third meanings are written in gold above the key for the
functions that require the 60LD key as a prefix, and in blue on the
front face of the key for the functions that require BLUE as a prefix.

The three meanings of the Clx key [35] may serve as an example:

GOLD CLEAR — REG Clears all data memories.
CLx Clears the display only.
BLUE x =0 A programming function.

(of no interest to us at this stage)

(The word "CLEAR" applies to the 5 gold functions, all
on the same row, that have the gold Lline over them].

We may compare the GOLD and BLUE keys to the SHIFT key of a typewriter.
It too can give an entirely different meaning to the same key—--my "4"
becomes a "$" sign! However, we release the GOLD and BLUE keys before
we press the second key, we do not keep them pressed down as with the
shift key of the typewriter.

When we press the GOLD key, a small f appears in the display. This
status indicator warns that the next key pressed is going to have its
gold function executed. A small g appears when the BLUE key is pressed.

DISPLAY FORMAT

The normal format shows two decimals, dollars and cents. If a previous
user selected a different format, select the normal format by pressing:

GOLD | 2
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MAJOR CLEARING FUNCTIONS

ClLx CLEAR x [35]
x is the number shown on the display.
ClLx stands for CLEAR x. Pressing Clx clears (erases) the number in the
display.
The CLx key eliminates the number in the display without affecting any
other data in the calculator. Use CLx in particular when the wrong
number has been keyed in:

788 Oops! I really wanted 758. Press ClLx, and then 758
GOLD | CLEAR-REG Clear Register

- Press the Gold key.
— Release it.
- Then press the ClLx key.

The instruction now given is CLEAR-REGISTER.

GOLD CLEAR-RE6 and CLx are two entirely different instructions
though they both happen to be clearing functions: GOLD CLEAR~REG
clears all the memories of the calculator, not just the display,
everything, that is, except the program memories.

Some people use GOLD CLEAR-REG or other clearing functions
systematically between problems. If this becomes a habit, it can prevent
you from taking full advantage of the flexibility of the calculator. I
propose an approach that clears only what needs to be cleared.

From here to the end of these instructions, all the clearing
that needs to be done as you move from one illustration to the
other is included in the keystrokes. No clearing needs to be
done between practice problems. You do not need to clear when
you get the wrong answer and want to start a problem again.
The assumption is made that you will not clear anything
between calculations unless directed to do so.

However, do use Clx if you press the wrong digits, and 60LD CLEAR-REG
does have a psychological effect: if a problem gets you all confused, it
is sometimes good to know that you have been absolved of all your past
keystrokes.
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1)

2)

3)

4)

TRIAL AND ERROR
AND THE LEARNING PROCESS

You cannot harm the calculator by "pushing the wrong button". So test
your ideas. If you are not sure of a procedure, try it. If it works, you
have discovered something. If it doesn't, that too was worth learning.

As you move through procedures that you have already experienced, Llearn
to trust your first instinct and to act upon it with speed and
confidence....if only from the knowledge that no harm has been done if
that was not the correct move.

Set yourself goals as you move through this course. Some things you
really need to know. Work on them. Work on your dexterity and speed in
achieving them. Other features are just applications: some you may need,
others you don't. Be selective as you go along. Glance, skip, and study
as the subject requires.

We may speak of four stages in the learning process:

DISCOVERY AND AWARENESS: "Hey, that's interesting!" "It makes sense.
How come I didn't think of it before?" "I could use that!" You have
just seen someone ride by on a bicycle.

AWKWARDNESS AND FRUSTRATION as you try to implement something that
seemed simple at first sight. "I'lLL never learn how to keep my balance
on that thing. I wonder that anybody could." You know you are at that
stage when you become convinced that your machine isn't working
properly.

SKILLFULNESS: with careful attention you get it right most of the time.
But it dcesn't take much to throw you back to the previous stage.

INTEGRATION: now it comes naturally and does not require much mental
effort on your part. You've learned how to ride the bicycle, you can
wave as you go by, you enjoy the mastery, and you take it for granted.

It pays to come pretty close to integration on some of the basic
procedures. Skillfulness is not enough for such fundamental calculations
as finding the payments or the balance on a loan. These are essential
building blccs, and integration will allow you to shift your attention
to what comes afterwards, to understanding the problems and applications
that use these simple procedures or modify them for their own purpose.

This is why, along with the more systematic progression followed in
these pages, relaxed, casual, fun-filled attempts to solve simple
problems of your own making, with no pressure to get the answers right,
can be an important part of the learning process.
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UNIT 2

THE TRADITIONAL

REAL ESTATE LOAN

This unit provides essential routine information on
the most common exchange of money in time: the
amortized loan. Other units will bring us back to
the traditional real estate Loan with more details
and specific applications, but this unit provides
the basic building block both for the understanding
of the logic and for the practical ability to
compute answers.



THE TRADITIONAL REAL ESTATE LOAN

We have considered a major financial concept:

EXCHANGING MONEY IN TIME.

We have seen a major calculator procedure:

DATA then QUESTION.

Let us put the two together and start solving problems on the

traditional real estate loan.

The traditional real estate loan is

MONEY NOW EXCHANGED FOR MORE MONEY LATER.

The various words of this definition are represented by the

FIVE TOP ROW FINANCIAL KEYS:

n i PV PMT

FV

They are the five most important keys on our calculator.

MONEY

PV

n|{Term € NOW

EXCHANGED FOR ~———)

i |Interest €———— MORE

MONEY PMT

LATER FV
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Present Value, or
amount of the Lloan

The sign requirement
(see later)

Payment
and/or

Future Value




n i PV PMT Fv

AND THE TRADITIONAL REAL ESTATE LOAN

n TERM of the lLoan and NUMBER OF PAYMENTS.

With a 30 year lLoan, 360 represents
the number of payments and the number of months.

i INTEREST as a percentage rate PER PERIOD:

For a loan with monthly payments, an annual rate of 12%
means an interest rate of 1% per month.

PV PRESENT VALUE or the AMOUNT OF THE LOAN.
PMT PAYMENT amount.
Fv FUTURE VALUE or the BALANCE OF THE LOAN.

THE TIME REGUIREMENT .

These definitions bring out a fundamental requirement:
n, i, and PMT must be on the same TIME SCALE: if we have

monthly payments, the interest must be expressed per
month, and n will measure a number of months.

The 5 regular cash flow keys allow us to answer a number of questions
involving financial situations. We are applying them first to the
traditiocnal real estate loan paid off with monthly payments. We will
later broaden our definitions and applications to include a greater
variety of financial circumstances.

Let us begin with two basic problems: calculating the payments and the
balance of a Lloan.

IT IS ESSENTIAL TO ACQUIRE CONSIDERABLE FACILITY IN

SOLVING FOR THE PAYMENTS AND THE BALANCE, AS THOSE BASIC
PROCEDURES ARE THE FIRST STEP IN MANY OTHER CALCULATIONS.
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PAYMENTS ON AN AMORTIZED LOAN.
MODEL
PROBLEM

Calculate the monthly payments on a $78,000 loan,
9% interest, amortized over 30 years.

SOLUTION
78000 PV
9 BLUE i Display shows 0.75% monthly rate
DATA
30 BLUE n Display shows 360 months.
0 FV 0 in FV = fully amortized.
QUESTION PMT The ANSWER: $627 .61.

If your answer is $622.93, you also have the word BEGIN in small
characters in your display. This status indicator shows that your
calculator has been told to interpret every payment as being made at the
beginning of each period instead of at the end. The first payment is
made the very day you get the loan! So of course your payments are a
little Llower.

To tell the calculator that your payments are made at the end of each
month, just press:

BLUE | END [BLUE 8]

You may now press the PMT key again, and get the correct answer—no need
to key the data in again.
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UNDERSTANDING

78000 PV Puts the number 78,000 in the Present Value memory.

9 BLUE i Used with n and 1, the BLUE key transforms the
monthly data (30 years, and 9% per annum) into the

30 BLUE n monthly equivalent (360 months and 0.75% per month), and

stores that monthly data in n and i.

We could also key the monthly data directly into n and i, by
pressing 360 n and 0.75 i. Of course, that option would not be
open with a 10.25% interest Loan amortized over 27 years!

0 FV Tells the calculator that we want to find the payments that
FULLY AMORTIZE the loan: there is no outstanding balance at the
end of the 360 payments.

0 FV allows us here not to clear between financial problems.
Though we do not need to press 0 FV if we already have 0 in FV
we will at this stage train ourselves to press 0 FV as a matter
of routine when dealing with fully amortized situations. (More
on the subject Llater).

PMT This is the QUESTION. The word "running" flashes briefly in
half size characters in the display while the calculator
calculates. Almost immediately, we get the ANSWER.

The answer is negative: I receive the positive PV, I pay back
the negative PMT. The change in sign represents the exchange of
money. More on the SIGN REGUIREMENT Later.

The 5 regular cash flow keys are both DATA keys and QUESTION keys.
Pressing PMT is interpreted as a question because no NEW data has been
put in the display.

n i PV PMT Fv

360 0.75 78,000 <:> 0

First, we key in the DATA. Then we ask the GUESTION. This instructs the
calculator to explore the other four financial memories, and to
calculate the only PMT amount that is consistent with the data it finds:

the only amount that is fair to the borrower and the lender on the basis
of the terms represented by the data.

Calculating the payment BALANCES THE BOOKS on the transaction. The
calculator now holds full information on the EXCHANGE OF MONEY IN TIME.
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1]
2)
3)
4)
5]

6)

PRACTICE)

Practice is essential. Some need more practice than others.
Most of us need to forget things a few times before they
become second nature. So going over the same practice problems
a number of times, with some time to forget in between, may be
an important part of your strategy.

Practice the model problem until the keystrokes come easily to your
finger. You may want to take each line separately and repeat it 5 or 6
times or until your finger no longer has to search for the sequence.
Acquiring a certain amount of speed and dexterity is important:

9 BLUE i 78000 PV 30 BLUE n 0 FV PMT
89 BLUE i 78000 PV 30 BLUE n 0 Fv PMT
S BLUE i 78000 PV 30 BLUE n 0 FV PMT
9 BLUE i 78000 PV 30 BLUE n 0 FV PMT

Use the same keystrckes with the following problems.

Make sure you press 0 FV even though with this particular sequence of
problems omitting O FV should still give you the correct answer.

Key the data in the order in which it appears in the problem—the order
is not important, so you don't have to stay with the order of the model.

If you get an incorrect answer, just start the problem over again--and
make sure you do not have BEGIN in the display (Unit 2, page 4)

Press GOLD 2 if your display does not show 2 decimals (Unit 1, page 11)

There is no need to clear between problems or after an incorrect answer.

jPROBLEHS)

Calculate the monthly payments:

$135,000 lLoan, 13.5% interest, amortized over 30 years. (1,546.31)
$25,000 Lloan, 9% interest, 20 years. (224.93)
30 year loan at 12.75% interest in the amount of $75,000. (815.02])
$96,000 Lloan, 30 years, 14.625 interest. (1,185.13)
$235,000 lLoan, 15% interest, 25 years. (3,009.95)
8.5% interest, 30 years, loan of $15,000. (115.34)

Practice these problems and problems of your own making until
the keystrokes come naturally to your fingers.
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CHANGING THE DATA

Let's key our $78,000, 9%, 30 year loan back in:

n i PV PMT Fv

360 0.75 78,000 0

As we key in the data, the ONLY thing we are doing is putting numbers
into those four boxes, those four electronic memories. As we do so we
eliminate any other number that might have been there.

So now if I key in 81000 PV, I just replace the $78,000 loan with an
$81,000 loan. If I key in 10 BLUE i, I replace my 9% interest with 10%.

As I press the PMT key, the only thing the calculator knows is the data
that is now in the four other financial memories. It doesn't know when
the data was keyed in, in what order, or what data was there before. It
Jjust calculates the payment corresponding to the data that it finds.

CHANGING DATA is as simple as KEYING IN THE NEW DATA.

I can change data because I keyed in the wrong number: I just overwrite
with the correct number.

I can change data because I have changed my mind, or the banker has
changed his rate: I just overwrite with the latest data.

I can change data before I calculate an answer or after: I just
overwrite with the new data and solve for the new answer.

Any number that I do not change remains in the financial memory and is
used by the next financial calculation.

For instance:

INSTRUCTIONS KEYSTROKES
A $66,000 loan: 66000 PV
Amortized over 30 years: 30 BLUE n
At 11% interest: 11 BLUE i
Well, let's make it 12%: 12 BLUE i
And let's increase the loan to $69,000: 69000 PV
What are the monthly payments? 0 FV  PMT ($709.74)
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RCL RECALLING THE DATA

Let us key in the model problem once again:

30 BLUE n 78000 PV

9 BLUE i 0 FV PMT
!

We now have numbers in the 5 financial memories: the 4 numbers we keyed
in and the number we calculated.

We can check what those numbers are with the RECALL key: RCL [45]
RCL PV $78,000 Lloan.
RCL i 0.75%, the monthly interest rate.
RCL n 360, the number of payments.
RCL FV 0: the loan is fully amortized.
RCL  PMT $627 .61: the payment amoount calculated.

Recalling does not take a number ocut of the memory. It just duplicates
the number in the display.

Now Let us try:

RCL  BLUE i 9%, our annual rate of interest.

RCL BLUE n 30 years, the term of the loan in years.

Used with n and i the BLUE key takes the yearly data in the display, and
stores its monthly equivalent in n or i. It also takes the monthly data
in n or i, and shows its annual equivalent in the display——however the
monthly data remains unchanged in n and i.

ANNUAL ———— | MONTHLY
DATA / ), DATA
IN DISPLAY |< ¢ IN n OR i

Note: After you RECALL financial data, you need to press a financial key
twice before it calculates an answer. The first time, the number
you have in the display is merely stored in the financial memory.
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IF YOUR DATA IS CORRECT, YOU KNOW YOUR ANSWER IS CORRECT.

In the field, with no answer between brackets at the end of the Lline,
checking the data is the only way to confirm that the answer is correct.

However, you must explore the four data memories with the RCL key. Do
not omit to check the FV memory, or any other financial memory where you
had no specific data to store. When you ask the question, the calculator
explores the four memories other than the one you select for your
question. It takes into account all the data that it finds there,
including any leftover data from a previous calculation!

IF YOU HAVE THE WRONG ANSWER, YOU KNOW YOUR DATA IS INCORRECT.

This is just lLooking at the previous statement from another angle. If

you get the wrong answer, and we all do on occasion, our response should
be: "What data do I have wrong?"

It should not be: "Where in the world did I punch the wrong key?" Of
course you punched the wrong key sometime in the past, but the mistake
is now in the present. You can look at the data in the calculator now
and find the missing, misplaced, or incorrect piece of data. You can
then correct just that piece of data by keying in the correct amount and
question the calculator once again, this time for the correct answer.

Another way of putting it is to say that:
THERE ARE NO INCORRECT ANSWERS....ONLY INCORRECT DATA.

So let's lLearn from our mistakes and build confidence in ourselves and
in the calculator by checking our financial data with the RCL key.

REMINDER:

The other possible cause of mistakes is signalled by the
presence of the BEGIN indicator in the display when we are
really dealing with the usual END situation. The calculator
vould then be instructed to give an incorrect interpretation to
the correct data by assuming that the payments are made at the
beginning of each period. Press BLUE END [BLUE B] to select the
normal END option and eliminate the unwanted BEGIN indicator.
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CHS CHANGE SIGN

We are going to need a new key: CHS [16] Next to the FV key.

It changes the sign of whatever number is in the display: a positive
number becomes negative, a negative number becomes positive.

Keystrokes Display

789 CHS -789
CHS 788
CHS -788
CHS 787
CHS -788

We are going to need to key a negative number in the PMT memory:

789 CHS  PMT

It is important to see the negative number in the display before we
press the PMT key. The following keystroke is not satisfactory:

789  PMT Puts positive 789 in PMT.
CHS Leaves -789 in the display.

We would have -789 showing, but a positive 789 in PMT.
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THE

BALANCE OF A LOAN
(Payment amount known)

$55,000 lLoan, 15% interest, monthly payments of $700.
Calculate the balance of the loan after 5, 10, and 4 years.

Here again it is quite obvious where the data needs to be stored and
which of our 5 top row financial keys needs to be pressed to solve for
the balance. There is just one requirement that might not be obvious:

SIGN REQGUIREMENT

We borrow $55,000 and we give back $700 amounts as partial repayment.
If the $55,000 amount is keyed in as a positive number, the $700 amount
must be keyed in as a negative number. The calculator would give us a
negative amount if it calculated the PMT. We need to key in a negative
amount when we impose the PMT amount. The difference in sign is what
allows the calculator to know that the PV and the PMT are on opposite
sides of the transaction. This is the SIGN REQUIREMENT.

With the TIME and SIGN requirements in mind, it just becomes a matter of
keying in the DATA and asking the GUESTION.

MODEL

$55,000 loan, 15% interest, monthly payments of $700.
Calculate the balance of the loan after 5, 10, and 4 years.

55000 PV

15 BLUE i

700 CHS  PMT

5 BLUE n Fv ($53,892.82, 5 years balance)
10 BLUE n FV ($51,559.79, 10 year balance)
4 BLUE n FV ($54,184.65, 4 year balance]

The calculator gives negative amounts for FV also: the borrower gets the
loan amount, and has to pay back the payments and the balance.
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7)

8)

w

10)

11)

PRACTICE )

Practice the model until the keystrokes come easily, then turn
to the practice problems. There is no need to clear as you
move from one problem to another. There is no need to press
0 FV except in problem 8 where you have a fully amortized
situation.

$72,000 Lloan at 12%. What is the balance after 3 years

if the monthly payments are $800°? ($68,553.85)

$€115,000 Lloan at 16% with monthly payments of $1,550.

What is the balance after 5 years? ($113,482.74)
10 years ? ($110,123.82)
15 years ? ($102,687.83)
20 years ? ($86,225.97)
25 years ? ($49,782.60)

$185,00C Llcan amortized over 30 years. Key this information in only
once, and check what the monthly payment would be at the following rates
and at rates of your cwn choosing:

% ($1,430.84) 12% ($2,005.79)
10% (%$1,711.26) 15% ($2,465.67)
11.75% interest Loan of $225,000. Payments of $2,250 per month.
Balance after 4 years. ($222,145.18)
5 years. ($221,197 .27)
6 years. ($220,131.77)

Recall the data presently in the 5 financial memories.

Vhat is the balance after 10 years on a 7% interest Lloan

of $100,000 with monthly payments of $750 ? ($71,152.53)
With payments of $6507? ($88,461.01)
With payments of $550°7? ($105,768.49, negative amortization)
Viith payments of $8507 ($53,844.05)
$98,000 Lloan, 14.8% interest, payments of $1,250.

Balance after 2 years. (86,179.689)
Balence after 3 years. (95,052.81)
Balance after 7 months? ($97,522.12)
Balance after 17 months? ($586,765.83)

Vihat have we been keying into the n memory all along? The
number of months! We used the BLUE key as a convenient way
of transforming yearly data into the monthly equivalent.

Now we no longer need the BLUE key:

Balance after 7 months: 7 n FV
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BALANCE OF A LDAN.
(Payment amount not known)

$100,000 Loan, 14% interest, amortized over 30 years.
What is the balance after 5, 10, 15 years?

This problem needs to be solved in two stages:

1) Calculate the payments that fully amortize (0 in FV).
2) Calculate the balance.

Clearly, the balance of a Loan at a given time depends on the amount of
the payments: the higher the payments, the lower the remaining balance.
In our problem, we are not directly given the amount of the payments,
but "amortized over 30 years" is an indirect way of telling us what the
payments are: the payments are such that they would fully amortize the
loan in 30 years. We are going to use this information to calculate the
payments, and then use our knowledge of the payments to calculate the
balance.

MODEL

$100,000 loan, 14% interest, amortized over 30 years.
wWhat is the balance after 5 years, 10, 15 years?

100,000 PV
14 BLUE i

30 BLUE n

0 FV PMT ($1,184.87: PMT.)
5 BLUE n FV ($98,430.81: 5 year balance)
10 BLUE n Fv ($95,283.63: 10 year balance)
15 BLUE n FV ($88,971.61: 15 year balance)

Note: The BALANCE is NOT the BALLOON PAYMENT. (See Unit 3, page 16)
To calculate the balloon payment, add one payment as follows:

RCL PMT  + ($90,156 .48: balloon after 15 years)
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ROUNDING THE PAYMENT AMOUNT

GOLD | RND| PMT

We have just calculated a payment amount of $1,184.87, but
internally, inside the payment memory, the number still has
additional hidden decimals that we will Learn how to explored in the
next Unit.

To eliminate those extra decimals and round the amount in the PMT
memory to an exact number of dollars and cents, we may press the
ROUND function: GOLD RND [GOLD and the PMT keyl. This rounds the
number in the display to what is actually showing in the display. We
then need to press that rounded number back intoc the PMT memory by
pressing the PMT key again.

We may think of the procedure as GOLD PMT PMT. Performed when the
payment amount is showing, it assures that no hidden decimals will

interfere with the accuracy of a Future Value calculation.

Previous problem with the rounding routine:

10G,000 PV
14  BLUE i

30 BLUE n

0 FV PMT ($1,184.87: PMT)
GOLD RND  PMT PMT rounded to exactly $1,184.87
5 BLUE n Fv ($58,430.96, or 16 cents more)
10 BLUE n FV ($95,284.08, or 46 cents more)
15 BLUE n FV ($88,972.67, or $1.06 more)

Even in the worst of cases the difference is very small. We will not
include this routine in our calculations on a regular basis, but
users who feel the need for the extra accuracy should practice
including it whenever payments are calculated and then used to
calculate a balance.
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13)

14)

15)

16)

17)

18)

18)

20)

PRACTICE PROBLE@

This essential calculation needs to be practiced until it
becomes second nature. Make sure you are familiar with the
model, then turn to the practice problems. There is no need to
clear between calculations if you press 0 FV before you
calculate the payment amount that fully amortizes the Lloans.

For the first few problems, the answer provides the payment amount that
needs to be calculated. For later problems, the answer is given for the
balance only, though the correct payment must still be calculated first.

$50,000 Lloan, 12% interest, fully amortized in 30 years. ($514.31)
Balance after 5 years: ($48,831.61)
15 years: ($42,852.86)

25 years: ($23,120.66)

$109,000 Lloan, 10%, 30 years. ($956 .55)
Balance after 10 years. ($99,122.44)
$88,500 Lloan, 14.25%, 25 years. ($1,082.29)
Balance after 5 years: ($85,779.08)
10 years: ($80,254.13)

15 years: ($69,035.49)

$135,000 Lloan, 30 years, 8.75%. ($1,062.05)
Balance after 6 years. ($127,679.53)
$25,000 loan, 9% interest, 30 years. ($201.16)
Balance after 12 years: (%$21,480.78)
18 years: ($17,675.77)

3 years: ($24,438.03)

$52,000 loan, 12% interest, amortized over 30 years, all due in 3 years.
What is the balance? ($51,359.08)
What is the balloon payment? ($51,893.96)

$195,000 Loan, 6% interest, amortized over 30 years.
Vihat is the balance after 5 years? ($192,972.08)

$15,000 loan, 9% interest, 25 years.
Balance after 10 years. ($12,410.88)

— Practice with loans of your own choosing.

- Use the RCL key to check the data in the § financial memories.

— Choose one problem and practice solving it 5 or 6 times in succession
with Lless and less hesitation between keystrokes.

- Run through these problems again, this time including the rounding
routine. Notice the size of the discrepancy.
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Taking stock.

PAYMENT and BALANCE

We have learned how to calculate the payments and the
balance on the traditional real estate Lloan.

This represents absolutely vital information and is a
frequent first step in more advanced applications. These
calculations should be allowed to sink in and become
second nature. See Unit 4 for further details and options.

SUMMARY

TIME REGUIREMENT: n, i, and PMT must be on the same time scale.

With monthly payments, n and i must be expressed in months.

Using the BLUE key with n and i automatically transforms yearly data
into the monthly equivalent. It takes care of the time requirement under
normal conditions.

SIGN REGUIREMENT: with PV as a positive number, the calculator gives
negative values for PMT and FV because these amounts are on the opposite
side of the transaction—I get the loan and give back the payments and
the balance; or vice-versa, I make the lLoan and get back the payments
and the balance. Similarly, when we key in a value for PMT or for FV,
we are going to key it in as a negative amount. Use the CHANGE SIGN key
CHS for that purpose.

FULLY AMORTIZED means that there is nothing Left over after the payments
are made. This is communicated to the calculator by having 0 in FV.

To calculate the BALANCE of a Loan, we need to know what the PAYMENTS
are. If we do not know what the payments are, then we need to calculate
those payments before we can press FV to solve for the balance.

To find the BALLOON PAYMENT, add one payment to the balance.

IF THE DATA IS CORRECT, THE ANSWER IS CORRECT.

We can always check the data with the RCL key.

(Of course, with payments made in arrears, we do not want the word BEGIN
in the the display)

CHANGING DATA is as simple as KEYING IN THE NEW DATA
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UNIT 3

FORMAT
MEMORY SYSTEM

BASIC ARITHMETIC

The time has come to learn how to add!

This unit presents a number of basic arithmetic
functions, including percentage calculations. It also
gives a basic understanding of the memory system and
how it is designed to make calculations easy and
natural-——with a Llittle bit of practice.

The word 'basic' is important, as we do not seek at
this stage to present a complete inventory of the
features. We are concerned with immediate practical
needs and with providing you with some time to become
familiar with essential procedures before exploring
the full power and convenience of the system.

See Unit B8 for a more systematic presentation.
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DISPLAY FORMAT

- In the normal setting, the number in the display shows 2 decimals
(dollars and cents]).

— The number actually in the calculator may have more than 2 decimals.

— The number visible in the display is rounded up or down to the closest
approximation allowed by the number of decimals selected.

- To change the format, press the GOLD key, release it, then press the

numeral for the number of decimals desired.

For instance, let's key into i a rate of 8.5%: 8.5 BLUE i. We see 0.71
in the display. Then Llet's change the display format as follows:

KEYSTROKES DISPLAY
8.5 BLUE i 0.71

GOLD 3 0.708

GOLD 4 0.7083

GOLD 8 0.708333333

GOLD O 1.

GOLb 2 0.71

GOLD  ENTER 70833333333 then 0.71

GOLD ENTER offers a convenient way to check on the internal number. The
regular format reappears when ENTER is released.

Whatever the format of the display, the full internal number of decimals
is used in calculations. So it is important not to key in 0.71 the
second time you need the same 8.5% rate.

If you suddenly find yourself with too many or too few
decimals and want to revert to the NORMAL FORMAT, press:

GOLD | 2
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THE MEMORY SYSTEM

There are three major groups of memories:

- 5 regular cash flow FINANCIAL MEMORIES:
n, i, PV, PMT, FV which we have already used extensively.

— 20 REGISTER MEMORIES: a scratch pad and much more.

- THE STACK: the crossroad of all information, a powerful
and flexible tool.

The content of all these memories is retained when the calculator is
turned OFF—-that's what '"continuous memory" means.

Acquiring full control over the memories of the calculator is an
objective we should set for ourselves. After a while, we should be able
to check the content of any memory, change it, clear the memory, and
shift data around from one memory to another.

The following explanations give the essentials only.
A full exploration of the features of the REGISTER
and of the STACK is reserved for later. (See Unit 8)
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THE REGISTER

STO0 RCL

The REGISTER is a group of 20 memories (Register memories 0 to 19) in
which we can store numbers for future use. They are accessed with the
STO (Store) and RCL (Recall) keys. [44 and 45]

789

456

18

RCL

RCL

35

RCL

RCL

RCL

RCL

STO0

STO

STO

Stores 789 in memory 1,
456 in memory O,
18 in memory 7.
789 back in display.
19 back in display.
Replaces 788 with 35 in memory 1.
456 in display.
19 again in display.
35 in display.

456 again in display.

As with the financial memories, the last number to be keyed into the
memory entirely replaces whatever number was there before and can be

RECALLed any number of times.

Use the REGISTER as a scratch pad to store numbers you may need later in
your calculations, telephone numbers, etc. Other uses of the Register

will be introduced Llater.
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BASIC ARITHMETIC
Preliminary exploration

The calculator does not have an equal sign. This is because even
arithmetic operations follow the Golden Rule:

DATA then GUESTION

We first key in the DATA, then we ask the QUESTION. The ANSWER appears
without any need to press an equal key.

If I want to add 21 and 17, these two numbers are my DATA, and I have to
communicate them to the calculator. If I press the two numbers in
succession, I get 2,117. So I have to tell the calculator where one
number ends and the other one begins. This is done by pressing the Llong
ENTER key. [36]

21 ENTER | 17

The DATA is now in the calculator. I can now ask the GUESTION.
When I press the + key the answer, 38, appears in the display.

I can execute in this way all two—number functions, and in particular
any one of the four basic operations:

PROBLEM KEYSTROKES ANSWER
21 + 17 21 ENTER 17 + (38)
21 x 17 21 ENTER 17 X (357)
21 - 17 21 ENTER 17 - (4)

21 : 17 21 ENTER 17 + (1.24)

These arithmetic operations, like all other functions requiring two
numbers, are performed on the content of the two lLower memories of the
STACK.
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THE STACK

The Stack is a group of four memories named x, y, z, and T stacked one

on top of the other. The Lowest memory, x, is what we see in the
DISPLAY.

Top memory T

z
y Arithmetic calculation performed on
Display x content of x and y memories.

Let's look at the STACK in time as we add two numbers:

T
The

z
Stack

y 21 21
Display X 21 21 17 38
Keystrokes: 21 ENTER 17 +

So before we tell the calculator to add, we need to have the two
numbers—the DATA—stacked in the x and y memories one above the other
as they would be if we were performing the operation on paper. This is
what is achieved by pressing 21 ENTER 17.

When we press the + key, the numbers in x and y are replaced by their
sum visible in the x memory. 21 and 17 have disappeared from the Stack.

21
+17
38

Operations are performed as we naturally do them, not as we write them
down with the = sign.

The full power and flexibility of the Stack, its ability to become an
automatic memory for partial answers that float up and down until they
are needed, will be studied more systematically in Unit B. At this
stage, let us concentrate on the more fundamental aspects.
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Let's practice a few operations:

There is no need to clear between calculations. Just ignore the previous
answer if you do not need it.
(Answers are provided between brackets].

56.92 9,324 38.75 15.36 39 342
+37.27 + 1,207.56 + 61.25 - 11.45 x 74 - 123
(s4.18) (10,531.56) (100.00) (3.91) (2,886) (219)

We now have 219 showing in the display. To add 150 to that number I do
not need to press the ENTER key: I just key in my new piece of data
(150), and press +. 219 was calculated by the calculator, and
automatically moves up into the y memory when I key in my new data.

(With 219 still in display) 150 + (368)

WE PRESS THE ENTER KEY ONLY WHEN WE KEY IN TWO
NUMBERS OURSELVES IN IMMEDIATE SUCCESSICN.

With many chain calculations only the first two numbers are keyed in by
us in immediate succession: they alone need to be separated by pressing
the ENTER key:

DATA KEYSTROKES THE DISPLAY

64 64 ENTER 64.00
Add 91 91 + 155.00

32 32 + 187 .00
Now multiply by 12 12 X 2,244.00
and divide by 8 8 + 280.50

We now know how to key in an interest rate of 9 7/8.
We calculate 7/8 and we add S:

7 ENTER 8 + (7/8 1is 7 divided by 8)

9 + (9.88 in display, but check hidden decimals)
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CHECKING THE Y DATA X3y

With all two-number operations performed on the content of the x and y
memories, it is important to be able to check the content of the y
memory. This can be done by pressing the x%y key [34].

x%y puts the y data in the x memory where it can be seen, and the x data
in the y memory.

Pressing x%y twice is a convenient way of checking what we have in the y
memory, and putting the data back in its original order.

Pressing x%y once re-establishes the correct order if we have the
correct data in x and y, but in the wrong order.

Examp le:

32 ENTER 788

Now press x%y a number of times to see the two numbers alternatively in

the display. Stop when 32 is showing. You may now press + to divide
789 by 32.
9
y = 32 788 e 32 78
X 32 788 3 32 789 e 32 24.66
32 ENTER 789 xty x%y x%y +
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Basic arithmetic

PRACTICE PROBLEMS

There is no need to clear between problems.

1) Add the following amounts and multiply the result by 12:

789 56 15.50 197 32.51 300
456 44 30.75 372 19.66 45
123 82 65.45 507 12.18 210
632 17 95.00 229 79.37 173

(24,000} (2,388) (2,480.40) (15,660) (1,724.76) (8,736)

2) Add or subtract as indicated.

950 33 77 .31 357 18.65 713
-212 13 -51.03 -112 12.96 -502
-187 -2 89.61 -513 -25.00 -121

721 Y4 —45.13 —374 -16.33 419

(1,262) (74) (70.76) (-642) (-8.72) (509)

3) Add or subtract as indicated.

13,952 + 17,321 + 5,076 + 23,894 = (60,343)
532 — 64.25 + 145 - 278 - 56.77 = (277 .98)
32.27 + 15.66 - 45.00 + 16.21 + 71.75 — 12.23 = (82.66)

4) Multiply as indicated and divide the answers by 17.

47 a
x 21 X

67 .91
x 33.33

ol

13
x 7

N n
x
N
N
W
x
(de]
(8)]
no

1
5

(58.06]) (3,057.88) (90,067 .65) (10.99) (582.35) (133.14)

5) Calculate the following interest rates (annual). Check hidden decimals.

1 7/8 % B 5/8 % 13 1/8 % 10 3/8 % 9 5/8 %
(11.88) (8.63) (13.13) (10.38]) (9.63)
(11.875) (8.625) (13.125) (10.375) (9.625)

(Press GOLD 2 to switch back to regular fcrmat)
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The Stack

AUTOMATIC MEMORY FOR PARTIAL ANSWERS
The Stack makes it very convenient to perform an operation while another
operation is in progress. The sub—total or partial answer automatically

floats up into the Z memory while the second operation is being
performed, and floats back down into the y memory when it is needed.

Find the sum of the following numbers:

DATA KEYSTROKES
252.75 252.75 ENTER
31 .86 31.96 +
164.15 164.15 + Sub-total: 448.86
87 .32
87 .32
87 .32 87 .32 ENTER 5 X 87 .32 x 5 = 436.60
87 .32 + Sub-total: 885.46
87 .32
358.26 359.26 + Grand total: 1,244.72

Notice the ease with which the addition is interrupted to perform a
multiplication and resumed by adding the product back in.

Find the sum of the following products:

Each multiplication can be performed and added to the sum of the
previous products as follows:

72 x 15 72 ENTER 15 X

94 x 66 84 ENTER 66 X +

61 x 51 61 ENTER 51 X +

37 x 68 37 ENTER 68 X + 12,848 grand total.

This feature is studied in greater detail in Unit 8
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PERCENTAGE

MODEL
PROBLEM

You buy a $789.00 refrigerator.
Calculate the 6% sales tax.
What total amount do you have to pay?

789 ENTER 6 The DATA.
% $47 .34 sales tax.
+ $836 .34 total cost.

- We enter the two numbers in the x and y memories of the Stack.

— Pressing % calculates the tax.

— The base number (789) remains in the y memory. Pressing + adds it
back to the sales tax to give the total cost.

y 789 788 788
The Stack.

X 788 78S 6 47 .34 836 .34
The keystrokes: 788 ENTER 6 % +

If the store offers a 15% discount, the keystrokes are as follows:

788 ENTER Initial number ENTERED.
15 % - 15% discount calculated and deducted.
6 % + 6% tax calculated and added (%$710.88)

These examples should provide some feel for how natural and close to our
normal thinking pattern are the keystrokes made possible by the Stack.
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C

Study the following percentage problems:

A Growing Equity Mortgage (GEM loan) has initial payments of $456.00.
They are to increase by 4% each year. What are the payments after each
of the first 9 increases?

456 ENTER

4

+ (474.24)
+ (493.21)
+ Etc. (512.94)

A $117,000 property is financed with a Loan and a 20% downpayment.
Store the downpayment in Register memory O.
Put the amount of the loan in Present Value:

117000

20 %

ENTER

STO

PV

0

($23,400 downpayment in memory 0)

($93,600 Loan in Present Value)

Calculate the interesteonly payment on a $77,000 lLoan at 9.75% interest.

77000

8.75

12

ENTER

%

(Annual interest only payment: $7,507 .50)

(Monthly interest only payment: $625.63)

UNIT 3 PAGE 13



PERCENTAGE DIFFERENCE and PERCENTAGE OF TOTAL

The calculator has two more percentage functions.
They are introduced here for the record only, and
will be studied in detail in Unit 8.

PERCENTAGE DIFFERENCE | A% [24]

What percentage difference (percentage discount in this case) is there
as we go from a face value of $31,000 to a discounted price of $23,0007?

31000 ENTER 23000 (DATA in x and vy]
A% (A 25.81% decrease)
PERCENTAGE OF TOTAL %T [23]

A broker is promised a commission of $25,000 if he sells a $470,000
property. Express that commission as a percentage of the total price:

470000 ENTER 25000 (DATA in x and y]

%T (5.32% commission)
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6)

7)

8)

8)

10)

11)

12)

13)

14)

15)

16)

17)

Percentage

PRACTICE PROBLEMS )

Find the 5% sales tax and total cost of a $34.25 video game cartridge.
($1.71 and $35.96)

6.5% sales tax and total cost of a $450.00 computer software package.
($29.25 and $%$479.25)

6% sales tax and total cost of a $27.50 book. ($1.65 and $29.15)

Calculate the negociated 6% commission on a $235,000 real estate sale.
($14,100])

Total cost of a $92.8B5 case of wine if you get a 12% discount but have
to pay 6.5% tax on the discounted price? ($87.02)

An investor purchases a house for $83,000, remodels it, and increases
the price by 30% when he puts it back on the market.
What is his asking price? ($107,900)

A property is purchased for $377,000 with 25% down and a 30 year loan at
10.5% interest. Store the amount of the downpayment in memory 0O and
calculate the monthly payment.

($94,250 downpayment, $2,586.43 payment)

Same question with $130,000 property, 20% down, 30 year loan at 12%.
($26,000 and $1,069.76)

First year payment on a Graduated Payment Mortgage is $732.25. The
payments increase by 7.5% every year for the next § years: what are
those payments? ($787 .17, $846.21, $909.67, $977.90, $1,051.24)

Calculate the interest only payment on a $91,000 lLoan at 11%. ($834.17)

Interest only payment on a $500,000 Loan at 9.5%. ($3,958.33)

Calculate the 2 5/8 % seller's commission on a $466,000 sale.
($12,232.50)
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ARITHMETIC PERFORMED ON LDAN DATA

Arithmetic operations can be performed at any time on numbers that are
brought into the x and y memories of the Stack by recalling them from

some other calculator memories, in particular from the financial
memories.

Calculate the monthly payments and the balance on a $37,000
loan at 13% interest, amortized over 30 years, due in 5 years.

This leaves us with the following data in the financial keys:

n i PV PMT Fv

60 1.08 37,000 -408.29 -36,290.21

A The BALLOON PAYMENT is FV + PMT:

RCL FV RCL  PMT + $36,699.51 balloon payment.
Omit RCL FV if the balance
is still showing in display.

$37,000 /N

IRV AV

$36,290 .21
FV=Be Lance

$36,699.51
Bal loon

Notice how the last payment and the balance are due at the same time
when the loan is paid off. The total amount paid at that point

in time
is the legal definition of the balloon payment.
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EGUITY BUILD-UP or PRINCIPAL REDUCTION

This is the difference between the original balance and the balance at a
later time, or PV - FV.

Because of different signs, we convert the negtive number into a
positive one. (We could also press + instead of CHS -)

RCL PV RCL FV

CHs -

TOTAL AMOUNT (PRINCIPAL and INTEREST) spent to pay off the Lloan:

The sum of all the checks is: (PMT x n) + FV

RCL  PMT RCL n Brings PMT and n in Stack and
Multiplies PMT by No of PMT:
X $24,557 .63 spent on 60 payments.
FCL FV + Adds balance to previcus total:
$60,847 .84 total pay-back.

Because both numbers are negative, we can add without concern for the
sign. Do not clear cdata!

What is the TOTAL AMOUNT OF INTEREST paicd on the lcan?

The total amount paid ($60,847 .84 still in the display) is both interest
and principal reduction. Because the whole loan has been paid off, the
loan amount in PV is the principal reduction. By deducting it from the
total amount paid we get the total amount of interest.

The emount in the display is negative. It is convenient to change it
back into @ positive number (CHS) befcre deducting from it the positive
value in PV,

CHS
Ceducts PV from total amount paid:
RCL PV - $23,847 .84 total interest over £ years
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INTEREST PORTION of payment and INTEREST—ONLY payment:

The interest portion of a payment is not affected by the amount of the
payment. It is determined by the balance of the loan and the periodic
rate. Any amount not claimed by the interest goes to reducing the

principal balance.

1.08% stored in i (with hidden decimals) is the periodic rate.
1.08% of PV gives the interest portion of the first payment and the
interest—only payment if the loan had been interest-only.

1.08% of FV (here the balance after 60 payments)

portion of the B1st payment.

Interest—-only

RCL PV payment and RCL FV
interest portion

RCL i % of 1st payment: RCL i
$400.83.

gives the interest

Interest
portion of

% 61st payment:
$393.14.

F

Despite the calculations we have done on the loan, the financial

memories still hold all the original data. In fact,

you may want to

start over again with problem A, but now without Llooking at the

keystrokes.

ARITHMETIC can also be performed ON TWO SUCCESSIVE ANSWERS.

This is because data keyed intc financial memories is not
pushed up into the y memory, but disappears from the Stack
when a new number is put in the display. So the previous

answer remains in y. Examples:

Calculate the payments on a $92,000, 30 year loan at 13% interest. You
should find $1,017.70. Now change the rate to 12.5%:

82000 PV 30 BLUE n
13 BLUE i 0 FV PMT
12.8 BLUE i PMT

There are three loans on a property, as follows:
Loan 1: $125,000, 11%, 30 vyears.

Loan 2: $55,000, 8%, 20 years.

Loan 3: 36,000, 14%, 30 years.

What is the total monthly debt service?
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(New payment: $981.88)
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1€)
18)
20)
21)

ee)

es)

Loan 1: 125000 PV 1M BLUE i
30 BLUE n 0 FV PMT ($1,120.40)

Loan 2: 55000 PV 8 BLUE i
20 BLUE n 0 FV PMT ($460.04)
Loan 1 + 2: + ($1,650.45)

Loan 3: 36000 PV 14 BLUE i
30 BLUE n 0 Fv PMT ($426 .55)
Loans 1 + 2 + 3: + (s$2,077 .00
total debt service)

Arithmetic on loan data

PRACTICE PROBLEMS )

A $35,000 Lloan at 10% interest, amortized
over 20 years, all due in 4 years.

Calculate the payment amount and the balance. ($337 .76 and $32,293.43)

What is the balloon payment? ($32,631.18)
Total amount spent on paying off the Lloan? ($48,505.79)
Total amount spent on interest? ($13,505.79)
What would the payments be if the loan was interest only? ($291.67)

With all the loan data still unchanged in the financial memories, run
through these calculations over again. It is important not to
concentrate on the series of keystrokes, but on understanding where the
data is——the financial memories——, and where it needs to be——x and y——in
orcder to perform the arithmetic operation that you want.

What is the total interest paid on a $100,000 loan at 8.5% with monthly

payments of $77C.00 if the loan is kept for 15 years? ($116,288.84)
Vie have a $250,000 loan, 11.5% interest, amortized over 30 years.

Calculate the payment. ($2,475.73)
What is the payment if the rate gces down to 10.5%7 ($2,286.85)
Calculate the difference between the two payments. ($18€.88)

Calculate the payment and 10 year talance on

a $45,000 3C-year loan. The interest is 9.75%. (%$386.62 and $40,760C.42)
Vhat is the belance if the payments are $450°7 (27,961 .51)
Give the difference between the two balances. ($12,758.91)
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26)

27)

28)

28)

30)

31)

32)

33)

34)

Stack and Register

RANDOM PRACTICE PROBLEMSA)

Here again it is essential to concentrate not on remembering a
series of keystrokes but on controlling the data: shifting it
to where you want it to be and performing on it the operations
that you desire.

Add the following numbers. Store the answer in memory 1.

52 + 126 + S5 + 31 + 423 + 21 (748)

Add the result of these two multiplications and store in memory 2.

221 x 37 423 x 61 (33,980)

Divide 800 by 81. Explore the full range of hidden decimals, then switch
back to normal format. (9.876543210)
A $185,000 property is financed with a 20% downpayment and a 13% Lloan
with interest only payments. Store the downpayment in memory 3 and the
monthly payments in memory 4. ($37,000 and $1,603.33)
A $15,000 expense is expected to increase by 4% per year. Give the

amount for the next 4 years. ($15,600, $16,224, $16,872.96, $17,547.88.)

Using the data stored in memories 1 and 2, divide the answer to problem

27 by the answer to problem 26. (45.43)
Select a display format with no decimals.

Multiply 0.84 by 4. (3)
Multiply the answer by 3. (10)

Switch back to normal format.
If you are baffled, do the calculations again in normal format.

Calculate the balloon payment (not the balance!)
on a $56,000 Loan, 11% interest, monthly payments

of $560 (560 CHS PMT) with a 4 year due date. ($53,762.05)
Calculate the total amount spent on the Lloan. ($80,082.05)
Celculate the total amount of interest paid during

the four years. ($24,082.05)

Go over these last calculations with the data that is still undisturbed
in the financial memcries.

Calculate the 25% downpayment on a $235,000 property. ($58,750)
Check the number that you now have in the y memory
and store it in memory O. (The selling price goes into memory 0)
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THE MASTER CLEAR (MINUS——-ON)

To clear EVERYTHING in the calculator turn the calculator ON while
keeping the MINUS key pressed down—think of "minus" as "taking away":

With the calculator turned off,

Press the MINUS key——[30]--, and keep it pressed down as you
Turn the calculator ON with a firm strike of the finger.

As you release the ON key, the display should read "Pr Error".
You may now release the MINUS key.

Pressing any key—for instance CLx——eliminates the Error sign.

You now have 0.00 in the display and the calculator is exactly as it was
when it Left the factory: you have cleared all the memories, all
programs, all status indicators, and brought the format back to its
normal setting.

"Pr Error" stands for "Program error": it warns that any user-written
programs have been Llost.

USE THIS MASTER CLEAR PROCEDURE whenever you find yourself
with an unwanted feature that you do not know how to clear
selectively——unwanted indicators, an unwanted format, a
comma instead of the decimal point, etc.—-—provided that
there is no user-written program or data in the calculator
that you want to preserve.

To eliminate indicators selectively refer to APPENDIX I. At this stage
you should be concerned with not having the word BEGIN in the display.
Other indicators will be introduced before their presence could create a
problem.

With a few HP-12Cs that perform well in other respects this master clear
procedure—and the master check—do not turn the calculator on. If this is
the case, try a few times, have somebody else try. If nothing works, just
keep geing: we will take care of any possible problem before it could
become an inconvenience——cor you may want to take a clcser look at
Appendix I or have the calculator checked and repaired.
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UNIT &

THE FIVE REGULAR CASH FLOW KEYS

DISCOVERING FREEDOM

So far, we have learned how to calculate the payments and
the balance on a traditional real estate loan. This is only
a small part of what the regular cash flow keys can do for
us: they just about give us the full freedom to ask any
question that has an answer concerning the five elements
represented by n, i, PV, PMT, FV.

We are going to explore that freedom as we would an unknown
land: by gradually expanding the area with which we are
familiar. This implies acquiring much greater flexibility in
answering questions concerning the traditional real estate
loan, and will Lead gradually beyond Lloan problems to other
matters that can be analyzed with the same keys. As we do so
we should remember that knowing that we have full freedom
says it all: it is just a matter of discovering that freedom
and claiming it as ours.
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DATA then QUESTION
and the financial keys

MODEL
I borrow $50,000 and pay back with monthly payments of

$625 for 10 years, plus a balance of $35,000 at the end
of the term. What interest rate am I being charged?

50000 PV
625 CHS PMT
The DATA
35000 CHS FV
10 BLUE n
i We ask the GQUESTION and get
the ANSWER: 1.13%, monthly rate.
12 X or 13.57% annual rate.

Any number of problems can be solved by just
keying in the DATA and asking the QUESTION as above.

ALl the NUMBERS that figured in the problem were keyed into the
appropriate financial memory-—and it was quite obvious where each one
belonged. We wanted to know the INTEREST RATE, so i was the question.

The only precautions we took concerned two requirements:

The TIME requirement
The SIGN requirement

Under routine circumstances these two requirements can be met when
keying in data by systematically using, as above:

BLUE n

———————%) the time requirement.
BLUE i
CHS PMT

--_____€> the sign requirement.
CHS FvV
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THE TIME REGUIREMENT

The calculator does not know about time any more than it knows that the
payment it calculates is expressed in dollars, yens, pesos, or swiss
francs. The answer is in dollars because I key in amounts that in my
mind are dollars. The time is the year, the month, the week, because in
my mind it is so. We could say that the calculator deals in periods and
that we give a meaning to that period.

So the only requirement imposed by the logic of the 5§ financial keys is
consistency: the period can have one meaning, and one only:

n, i, and PMT must be on the same time scale.

With monthly payments, n and i must be expressed in months. If I key
yearly data into n and i, the payments are yearly amounts. As we shall
see later, the compounding period is also on the same time scale as n,
i, and PMT.

In locan situations, under routine circumstances, the payments are
monthly. But the data we get for the term and rate of the Lloan is
traditionally expressed in years. So the routine keystrokes use BLUE n
and BLUE i to transform yearly data into the monthly equivalent and meet
the time requirement of consistency.

Of course we retain the freedom to key the rate and term directly into n

and i without using the BLUE key provided that we express the data in
terms of the appropriate pericd.
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THE SIGN REGUIREMENT

Amounts that occur on opposite sides of a transaction must be of
different signs. This is the sign requirement.

One approach to meeting this requirement——this will not be ours-—-is to
decide that money you get is positive and money you give negative. It
makes sense, and it works, but it is easier to explain than to
implement. Among the inconveniences:

— It forces us to make a decision each time we solve a problem.

- It means that we have to key in the data differently when we
calculate the payments from the lenders point of view and when we are
looking at the loan from the borrower's perspective, though the amount
of the payments doesn't change.

- It leaves us in a quandary when our perspective changes in the middle
of a problem, or when we are caught in the middle, with the borrower on
one side and the lender on the other and we forget alcng the way which
arbitrary pcint of view we decided to adopt, or again when the problem
we are solving does not really lend itself to being expressed in terms
cf money in and money out.

Another approach—it will be ours here——is to realize that for most
users, 99% of all problems have the Present Value on one side of the
transaction, the Payments and Future value on the other. Why not
systematically decide that we are going to have Present Value positive,
and Payments and Future Value negative? There is no decision to make,
Jjust a routine to get accustomed to.

Of course, as with the BLUE key, we remain ready to modify our use of
CHS with PMT and FV in those circumstances where Payments and Future
Value are on opposite sides of the transaction. We can then switch back
to the "Money in, positive-—Money out, negative'" approach. More on this
later. (Unit 10)

AS A MATTER OF ROUTINE

vVihen keying data in, we are systematically gecing
to press CHS PMT and CHS FV, unless circumstances
absolutely prevent us from doing so.
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Keying in the data: routine procedure

PRACTICE

n i PV PMT FV

BLUE CHS

Just key in the data in the appropriate financial memory using BLUE
with n and i, and CHS with PMT and FV. (No problems are being solved).

DATA ROUTINE KEYSTROKES
$500,000 Loan. 500000 PV
Payments of $450.00. 450 CHS PMT
Balance of $85,000. 95000 CHS Fv
16% interest. % 16 BLUE i
14% interest. j 14 BLUE i
Payments of $2,000.00. ; 2000 CHS PMT
A loan of $250,000. | 250000 PV
30 year loan. 30 BLUE n
4 year due date. 4 BLUE n
10 year due date. 10 BLUE n
Payable $1,500 a month. 1500 CHS PMT
S% interest. 8 BLUE i
$17,000 Lloan. 17000 PV
$185,000 balance. 185000 CHS FV
$25,000 balance. 25000 CHS FV
2 year due date. 2 BLUE n
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CLEARING BETWEEN FINANCIAL CALCULATIONS.

There is at most one financial memory that needs to be cleared between
financial calculations. The four others are either overwritten with new
data or, for the QUESTION key, automatically overwritten with the new
answer. We have chosen consciously to clear that one unused memory by
keying O in it as needed. This approach offers maximum flexibility and
control. It can be performed at any time before the question is asked,
and even after if it was omitted and we have the wrong answer. When it
is used there is no need to clear between financial calculations. But
other options are available.

GOLD CLEAR-FIN [GOLD and 341 (2 keys only. Do not press Clx)

It puts O in each of the 5§ financial memories, n, i, PV, PMT, FV.

It does not clear the display. In particular, if the last financial
answer is still showing, it remains in the Stack and can be added to the
next financial answer or subtracted as needed.

GOLD CLEAR-FINANCE can be selected as a very convenient routine
procedure between financial calculations. It eliminates the need to
press 0 FV for a fully amortized calculation, 0 PMT for a PV-FV
calculation with no payments, or O PV for a PMT-FV exchange with no PV.

The disadvantages of using GOLD CLEAR-FINANCE are:

— It clears 5 memories when at most only one needs to be cleared. In
many circumstances some of the data that is cleared could have been used
in the next calculation but now needs to be keyed back in again.

- It must be used before we begin keying in new data. If it is the only
procedure available to the user, forgetting to use it means that all the
data needs to be cleared and keyed in again to correct the omission.

- It does not clear the display. Some users find this disturbing and
switch to pressing GOLD CLEAR-REG instead.

Provided the user retains the option of clearing a single financial
memory where convenient, GOLD CLEAR-FIN can be used as an alternative to
keying 0 in selected financial memories when strings of unrelated
calculations are performed.

GOLD CLEAR-REG [GOLD and 351

GOLD CLEAR-REGISTER clears all non—-program memories in the calculator.
It is a serious overkill when only one memory needs to be cleared. All
numbers stored in the Register and the Stack are lost. But knowing that
there can be no data to interfere with our calculations, and seeing O in
the display, can have psychological advantages to a user running through
a series of tedious unrelated financial calculations.
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Beginning with our model for this Unit, let's review problems that can
be solved by just keying in the data as explained in the previous pages,

and asking the question.

SOLVING FOR THE RATE

I borrow $50,000 and pay back with monthly payments of
$625 for 10 years, plus a balance of $35,000 at the end of
the term. What rate am I being charged?

50000

625

35000

10

PV

CHS

CHS

BLUE

12

PMT

FV

n

-\

The DATA

The QUESTION gives the ANSWER:
1.13%, monthly rate.
13.57% annual rate.

The data alone makes it possible to draw the full cash flow diagram and
to put numbers on the various elements:

$50,000

N A

$35,000 FV

\4

I am exchanging $50,000 for 120 payments of $625 and an extra lump sum
payment of $35,000 at the same time as the last payment. The dollar
amounts on opposite sides of the transaction are of opposite signs. The
only number that remains to be calculated is the rate that makes sense
of the exchange. Pressing i1 gives a monthly rate. We multiply it by 12
to get the annual rate: 12 x or RCL BLUE i
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SOLVING FOR THE LOAN AMOUNT
What traditional 30 year fully amortized loan can I
afford to get with payments of $1,200 a month if the
interest is 10% per year?

Let's put the numbers in the 5 financial memories.

INFORMATION KEYSTROKES
The loan is fully amortized 0 FV
over 30 years 30 BLUE n
Payments of $1,200 1200 CHS PMT
Interest is 10% 10 BLUE i
I want to know the loan amount PV (136,740.58)

Here again, DATA then GUESTION fully solves my problem.

- I use the BLUE key with n and i because I want the monthly equivalent
of the interest rate and amortization term.

— I press CHS PMT perhaps more as a matter of routine than of real
necessity in this particular case.

— I press O FV just in case there is left-over data in FV that needs to
be erased. Before I press the question key, I want to be assured that I
have the correct data in the four other financial memories. 0 FV means
fully amortized and is as much a part of the data as the amount of the
payments.

— I solve for PV because that is what I want to know.

In the memories, the data appears as follows:

n i PV PMT FV

360 10/12 -1200 0

S T T

When I solve for PV, the calculator calculates the only loan amount that
makes sense cf my data: once again it BALANCES THE BOCKS on the rest of
the data.
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SOLVING FOR THE TERM OF THE LOAN.

How long does it take to bring the balance of a $100,000
loan, 9% interest, with payments of $800, down to

$60,000?
100000 PV
9 BLUE i

800 CHS PMT
60000 CHS FV
n (261 months)

or
12 + 21.75 years)

Again, it is just a matter of keying in the data.

The calculator gives an exact number of months and stores that number
in n. Let's now press FV.

FV ($55,799.57)

We might expect to get back the $60,000 we keyed in initially. Instead
we get $58,789.57. Why is that?

By making 261 payments we pushed the balance too far down. Let's see
what balance we would have after just 260 payments:

260 n FV ($60,146.46)

The logic here is that until I make that 261st payment the balance has
not been brought back down to $60,000. When I make that 2B1st payment,
the balance drops below $60,000. The calculator givesthe value for n
that reaches the goal, and to know by how much we overshot the mark we
have to recalculate the FV. Until we do this we have not fully balanced
the books on the transaction.
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SOLVING FOR THE REMAINING TERM.

There is an old loan on a property with a balance of
$46,322. The interest rate is 8% and the monthly payments
are $385. What is the remaining term of the Lloan?

We have no way of reconstructing the past: it could have been a 30 year
loan, or a 25 year loan, or an interest only loan where the borrowers
exercised the "or more" clause for a while and brought the balance down.
So let's concentrate on the present and the future, not the past.

The balance is the indebtedness now, and becomes our Present Value. We
want to know how long it will take tc fully amortize the loan, or how
long it will take to bring the FV back to 0. With these points in mind,
we just key in the data and ask the question:

46322 PV
385 CHS PMT
8 BLUE i

0 FV n 244 months.

As with the previous problem, by making 244 full payments I may slightly
overpay my obligaticn. Let's press FV: we should have 0O but we find a
positive 70.01. That's how much the lender owes me back for having
overpaid him!

I may now calculate the "balloon payment": RCL PMT +. The number in my
display, $314.99, is the amount of the 244th payment. I can pay off the
loan by making 243 payments of $385 and one final 244th payment of
$314.99. So we completed the previous keystrokes as follows:

FVv $70.01 positive amount.

RCL  PMT + $314.99, amount of Llast payment
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1)

2)

3)

4)

Keying in the data and asking the question

| PRACTICE )

The answer is given in parenthesis. Do not key it in!

Remember CHS with PMT and FV data.

A debt in the amount of $21,000 is to be paid off with monthly payments
of $300. How many payments pay off the loan if the rate is 11%?

n

i

PV

PMT

FV

(113)

11/12

21,000

-300

0

RCL BLUE n or 12+ gives the answer in years: 9.42 years.

You agree to pay back a $100,000 Loan with monthly payments of $1,500
for the next 10 years. Vlhat interest are you paying?

n

i PV PMT FVv

120

(1.08) 100,000 -1,500 0

RCL BLUE i, or 12 x,

gives the annual rate of 13.12%.

You agree to pay back a $100,000 loan with monthly payments of $1,200
for the next 10 years, plus an extra amount of $70,000 at the end of the

1C years. Vihat interest are you paying?

(12.92% annual)

n

i PV PMT FV

120

(1.08) 100,000 -1,200 -70,000

The buyer of a home needs to borrow $115,000 to complete the
transaction.
interest. He
order to use
off the Lcan

He qualifies for a traditional amortized lcan at 13.5%
wants to bring the balance down to $70,000 in 6 years in
the balloon payment on a second trust deed he owns to pay
and own the property free and clear. What monthly payments

does he need to make?
n i PV PMT FV
72 13.5/12 115,000 {(-1,702.75) -70,000
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5)

6)

7)

g8)

8)

10)

11)

12)

How much can you borrow at 9% interest if you are willing to pay $800 a
month for the next 7 years, plus an extra $15,000 at the end of the 7
years?

n i PV PMT FV

84 8/12 (57,730.85) —-800 -15,000

A homeowner has a loan on his property for which he is paying $532 a
month. He knows that the rate is 7.75% and that the present balance is
$31,200. As he inherited the property from distant relatives, he does
not know when the loan was created or the original amount of the Lloan.
How Llong will it take to pay off the loan?

(74 months, or 6 years and 2 months)

n i PV PMT FV

(74) 7.75/12 -532 0

31,200

How much can you borrow with monthly payments of $2,000 if you can get a
30 year loan at 11%? ($210,012.69)

How long does it take to reach a $50,000 balance on a $100,000 Lloan at
16% interest with payments of $1,3457? (307 months, or cver 25 years)

There is a $44,000 balance on a 9.5% loan. The payments are $415 per
month. What is the remaining term of the loan? (232 month, 19.33 years)

You are buying a discounted mortgage for $18,000. The note promises
monthly payments of $350 for 6 years, plus a balance of $23,000 at the
end of the term. What yield are you getting on your purchase?

(2.11% per month, 25.34% annually)

How much can you borrow at 8% interest with monthly payments of $1000
for 10 years, plus a balance of $100,000 at the end of the term?
($127,473.83)

You have a $37,000 loan at 9% interest. What monthly payments will Lleave
you with a balance of $10,000 after 5 years? ($635.48)

Because of the ease with which these problems are solved, the calculator
may become an extension of your hand, and you may find yourself keying
in numbers as they are expressed by your broker, clients, or banker. You
will be ready with the answer even before the question is formuleted.
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INTEREST-ONLY LOAN

Calculating the monthly payments on an interest—only loan requires very
simple arithmetic and we have already solved the problem in two
different ways. We will review them here and add a third.

A SIMPLE ARITHMETIC
Interest—only monthly payments on a $47,500 loan at 14%?

We may take 14% of $47,500, which gives us the annual interest, and
divide by 12 to get the interest-only payment:

47500 ENTER
14 % (Annual interest: $6,650)

12 =+ (Monthly interest—only payment: $554.17)

B  USING MONTHLY RATE STORED IN i

This approach is particularly useful when we already have an amortized
loan in the financial memories, and we want to know what difference an
interest-only situation would make. The rate already stored in BLUE i is
the annual rate divided by 12, for instance 1.5% in the case of an 18%
loan. Taking 1.5% of the amount of the loan gives the interest-only
payment. (This is also the interest portion of the first amortized
payment) .

Calculate the monthly payment on a $47,500 Loan
at 14% interest, amortized over 30 years.
What would the payments be if the lLoan was interest-only?

14 BLUE i 30 BLUE n

47500 PV 0 Fv PMT (Amortized payment: $562.81)

RCL PV RCL i % (Interest—only payment: $554.17)

RCL  PMT CHS - ($8.65 difference between amortized
and interest—-only payments.

$8.65 is is also the principal
reduction amount included in first payment of amortized loan].
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FINANCIAL KEYS APPROACH

With an interest-only loan there is no principal reduction: We borrow a
certain amount, we faithfully pay the interest every month, and we are
still Left with the full lLoan amount to repay when the loan becomes due.
So the Future Value is the same amount as the Present Value, except that
it has to be of a different sign. Let's use this observation to
calculate the interest—only payments:

A 14% interest-only loan of $47,500 is all due in 5 years.
What are the monthly payments?

47500 PV CHS FV Puts Lloan amount in PV AND FV,
with different sign.

14 BLUE i
5 BLUE n

PMT Interest—only payment: $554.17.

This approach Leaves the Loan fully "balanced" in the financial memories
where it can be discounted or used for other calculations, It also has
the advantage of using the routine financial key procedure. We just
remember that we know what the FV is and can key it in in the usual way.

Note: — If we omit to press CHS FV when the PV amount is still showing
in the display, we may at any time press RCL PV CHS FV instead.

- The interest-only payments are the same whatever the term of the
loan. However, it is worth putting the correct term in n as the whole
purpose of this approach is to discount the loan or ask other questions
that require the correct value for n.
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NEGATIVE AMORTIZATION

This is when the payments on a loan do not even cover the interest.
Whatever interest is earned but not paid is added to the principal,
which therefore increases instead of decreasing—-—so the name negative
amortization.

The interest added to the principal every month earns interest of its
own: we have compounding. The calculator automatically takes care of the
calculation if the data submitted implies that situation.

Calculate the 5 year balance on $200,000 Loan at 10%
interest with monthly payments of $1,200.

200oooc PV
5 BLUE n 10 BLUE i

1200 CHS  PMT

FV ($236,137.30)

STRAIGHT NOTE

A Llcan with no payment is an extreme case of negative amortization. We
just need tc key zero into PMT and proceed as usual in all respects.

Calculate the balance after 5 years on a $200,000 Lloan
at 10% interest with no payments made on the Lloan.
Assume monthly compounding.

200000 PV

5 BLUE n 1C BLUE i

0 PMT

FV ($328,061.789)

By keying in the values for n and i on a monthly basis we have imposed
monthly compounding on the situation. Keying in yearly data would imply
yearly compouncing.
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13)

14)

15)

16)

17)

18)

20)

21)

22)

Loans that do not amortize

| PRACTICE )

Calculate the interest-only payments by the arithmetic approach:

$23,500 loan, 7.5% interest. ($146.88)
$79,000 Lloan, 11% interest. (724.17)
$19,000 loan, 17% interest. (269.17)

Calculate the payment amount on the following 30 year loans. Then use
the rate in i to check what the interest-only payments would be and
calculate the difference between the two payments:

$25,000 loan at 15%. ($316.11; $312.50; $3.61)
$186,000 loan at B8%. ($1,364.80; $1,240.00; $124.80)
$186,000 loan at 18%. ($2803.18; $2,750.00; $13.18)

Now, using a 5 year due date on all the loans, let the payment key of
the calculator calculate the interest-only payments on the six Lloans
defined by the previous problems.

Calculate the balance after 3 years on a $22,000 loan at 8% interest
with payments of $10 per month. ($36,431.52)

Calculate the monthly payment that will allow the balance cn a $45,000
loan at 14% interest to increase to $55,000 after 6 years. ($435.61)

What is the balance after 2 years on a $1856,000 lLcan at 12% interest if
no payments are made on the loan? (Monthly compouncing)
($198,078.61)
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ANNUAL, SEMI-ANNUAL, GUARTERLY PAYMENTS, etc.

So far we have considered lLoans with monthly payments. Balancing the
books on Lloans with payments that occur on a different schedule is
simple: we just need to express n, i, and PMT on the same time scale,
the time scale defined by the time that separates the payments.

With yearly payments, n, i, and PMT are expressed per annum.
With quarterly payments or payments twice a year, n, i and PMT are
expressed on a quarterly or semi—annual basis.

Note: Yearly payments are not equal to 12 times the monthly payments.
They are higher. Monthly payments speed up the amortization process.

Study these examples:

A Loan of $200,000, 13% interest, amortized with 10 yearly
payments.
Calculate the yearly payments.
Calculate the balance and balloon payment after 5 years.

200000 PV
Annual rate 13 i
Number of payments

10 n
and number of years
Yearly payment: 0 FVv  PMT ($36,857.91)
Balance after 5 years 5 n FV ($122,637.80)
Balloon payment: RCL PMT + ($166,485.71)

B Loan of $200,000, 13% interest, amortized over 10 years
with payments every 6 months. What are those payments?

200000 PV
Interest per period: 13 ENTER 2 + i i =13 +2
Number of payments 10 ENTER 2 «x n n=10 x 2
and number of periods
Semi—annual payment: 0 FV PMT ($18,151.28)
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23)

24)

25)

e6)

27)

28)

C Same loan, same rate, same term, but quarterly payments:

200000 PV
Interest per period: 13 ENTER 4 <+ i i =13 + 4
Number of payments _
and number of quarters 10 ENTER 4 x n n=10 x4
Quarterly payment: 0 FV PMT ($9,005.59)
Different payment periods
PRACTICE

Calculate the semi—-annual payments and the balance after 3 years on a
$45,000 Lloan, 9% interest, amortized over 20 years.

(Semi—annual payments: $2,445.44.)

(Balance after 3 years—or 6 payments—$42,175.94)

A $300,000 Loan at 11% interest is amortized over 30 years with payments
every 2 months. What are those payments? ($17,151.80)

A $100,000 Loan at 14% requires quarterly payments of $4,000. What is
the balance of the loan after 5 years? ($85,860.16)

$7,000 loan, 17% interest, amortized with annual payments over 5 years.
What are the payments? ($2,187 .95)

$59,000 Lloan, 13% interest, amortized over 15 years with payments every
two months. What is the balance and the balloon payment at the end of
the third year?

(PMT $1,495.60; balance $54,278.64; balloon $55,774.24)

What 30 year loan can a borrower get with payments of $3,600 every 2

months if he is charged 9% interest? ($223,544.02)
What is the balance of the loan after 10 years? ($199,794.43)
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CHANGING THE DATA

We can at any point change some of the data and ask a question based on
the new requirements. Let's give one illustration.

A buyer needs a $123,000 loan to purchase a property. He can
get the loan at 11.5% amortized over 30 years. He plans on
retiring in 10 years and on paying off the Loan at that time
to own the property free and clear during retirement. What
are his payments, and the 10 year balance?

123000

11.5

30

0

10

BLUE

BLUE

FV

BLUE

PV

i

n

PMT

n

FV

$1,218.06 to amortize in 30 years.

$114,218.36 balance after 10 years.

On Llearning of the balance, the borrower asks: "What
payments should I make to bring the balance docwn to
What is the answer?

$80,000?"
RCL  PMT
80000 CHS  FV
PMT

Brings PMT back into the display: $1,218.06
Imposes the desired balance.
Calculates the required payment: $1,371.23

Required increase in payment amount:$153.17

By recalling the initial payment befcore we begin to change the data we
make it possible for that amount to be in the y memory of the Stack when
the new payment amount is calculated. Pressing minus then gives the
difference between the two payments. These two lines could be omitted.
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28]

30)

31)

32)

RECALLING AHEAD is the term we will use for this last procedure. It
consists in bringing back into the display the content of one of the 5
financial elements that is going to be erased by a new calculation of
that element—here the initial value for the payments was going to be
erased by the calculation of the new value. For greater efficiency it
should be done before we have changed all the data required by the new
calculation—here we recalled before we keyed in the new Future Value.
This procedure is an alternative to having to key the number back in
later on. (See Unit 3, pages 18 & 19 for related material).

Changing the data

PRACTICE )

$96,000 loan, 9% interest, 30 years.
Calculate the payments and the balance after 7 years.
What payment would bring the balance down to $50,0007?
What dollar increase would that be over the initial payment?
(Initial amounts: $772.44 and $89,894.84)
(New payment: $1,115.10, a $342.66 difference)

$186,000 loan, 12.75% interest, 25 years.

What is the balance after 10 years?

What is the balance after 11 years?

What is the principal reduction during the 11th year?
(Calculate the payment: $2,062.84)
(Calculate the 10 year balance: $165,180.66)
(Calculate the 11 year balance: $161,263.48)
(Press — to get the difference: $3,917.18)

You want to make payments of $4,800 per month.

What Loan can you afford to borrow at 11%, amortized over 20 years?

How much more money can you borrow with a 30 year loan at 11.25%?
(First Loan: $465,031.39)
(Second loan:$494,202.70)
(Difference: $29,171.31)

$199,000 loan, 8% interest, 30 years.

What is the balance after 12 years?

What is the balance if you increase the payments by 10%?

What difference between the balances?
(Initial payment: $1,460.19. Initial balance: $166,886.16
Increased payment: $1606.21. New balance: $131,767.33.
Difference: $35,118.83).

(Here as elsewhere the answers are given without rounding the payment
amount to an exact number of dollars and cents. In this last problenm,
rounding the internal values in PMT would give a final 12 year balance
of $131,767 .48, a 15 cents difference. See Unit 2, page 14).
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IF YOU GET AN INCORRECT ANSWER.......

..... ...YOUR DATA IS INCORRECT.

Check the data with the RCL key:

— Check the data in all 5§ financial memories, in particular the
memory that you have not used, if any.

- If you have monthly payments, check that you have monthly data
in n and 1.

— Check that the signs reflect the exchange of money in time:
PV positive, PMT and FV negative unless you have good
reason to have it otherwise.

— Check that you do not have the word BEGIN as an indicator
in the display unless you have reason to select that option.

The numbers in the five memories must reflect the reality of the
situation that you are analyzing: it is not a question of keystrokes or
meaningless formulas but of REALITY.

In the field, checking the accuracy of the data is the
only means of ascertaining the accuracy of the answer.

When you RECALL data, the number that you have recalled is Like fresh
data in the calculator. That number is stored as data by the first
financial key that you press. If you intended that key to solve for an
answer, it has not done so. Press it a second time to have it respond as
a question key. This is the small price we pay for having those 5 keys
act both as data keys and question keys:

- Key in data for a loan: $30,000, 10%, $290/month, 5 years.

Recall that data.

Now solve for the FV: you have to press FV twice!
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Taking stock

BALANCING THE BOOKS

By "balancing the books" on a loan transaction we mean calculating those
elements of the transaction that were not known, but were nevertheless
implied by the known data. If I agree with a lLender to borrow one
hundred thousand dollars at 12% interest amortized with equal monthly
payments over 30 years, even though no mention has been made of the
amount of the payments, there is only one payment amount that fulfills
the agreement, only one amount that is fair to both borrower and lender.
Calculating that amount "balances the books" on the transaction.

Balancing the books may require that we define a dollar amount, either
by calculating the amount (PV, PMT, FV] or the number of times that it
occurs (n), or when it should occur (again n). Or if all the cash flow
is known both in amounts and in timing, balancing the books means
calculating the rate that makes sense of that exchange of money in time.
It means, in short, making sure that we have the full picture under the
conditions that we assume, and just as important, making sure that the
calculator has the full picture as well.

Unit 4 has provided us with consicderable flexibility in balancing the
books on loan transactions under greatly varied circumstances. With our
ability to balance the books we have a powerful tool that can be applied
to a variety of problems. This is what we want to do now.
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UNIT 5

LOOKING AT A LOAN

FROM TWO POINTS OF VIEWS

ANNUAL PERCENTAGE RATE  (APR)
DISCOUNTED NOTES: YIELD AND PRICE
CASH EQUIVALENT PRICE
COST EQUIVALENT PRICE

BUYDOWN

Now is when our newly acquired abilities pay off!

My effort will be to show that these problems are really
very much the same thing under different names, and that
the procedure to solve them is essentially the same.



LOOKING AT A LOAN FROM TWO POINTS OF VIEWS

Annual Percentage Rate (APR)
Discounted note
Cash equivalent price
Cost equivalent price
Buydowns

All these situations imply lLooking at a Loan from two points
of views. As we balance the books from one perspective, we
realize that this does not meet the requirements of the second
point of view. So we change the Present Value to meet the new
requirement, and we must then re—-calculate the rate to balance
the boocks once again on the data; cr we change the rate to
meet the requirement of the second perspective, and then we
balance the books by re—adjusting the Present Value.

At the heart of each problem then we have the following steps:

(1) Balance the books cn a loan.

(2) Change PV or (2) Change i

(3) Re-calculate 1. (3) Re-calculate PV.

REMINDER: Though most examples will be on amortized loans with
an early due date, exactly the same procedures apply to FULLY
AMORTIZED, INTEREST-ONLY, NEGATIVE AMORTIZATION, and STRAIGHT
(no payment) LCANS.
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—The two perspectives:

A ANNUAL PERCENTAGE RATE

(APR)

The Llender: "Here is an $80,000 Loan!"

The borrower: "Yes, but
you charged me $2,000 in points and costs
so I really only received $78,000!"

Step 1

Step 2:

Step 3:

Step 1:

Step 2:

Step 3:

APR

MODEL PROBLEM

An $80,000 lLoan at 13% interest, payments of $890, 5 year due date.
Because of loan costs the borrower only receives $78,000.

What is the APR?

Balance the books
on the face value.

($78,042.46 balance)

The borrower in effect

only received $78,000:

Real cost of the
money to the borrower:
(13.70% APR)

Exchange of money

in time based on
face value of Lloan:

Exchange of money in

time from borrower's
perspective.

Calculates the rate
corresponding to the
exchange of money
established in step 2.

80000 PV 830 CHS PMT
13 BLUE i 5 BLUE n
FV
78000 PV
i (wait) 12 X
Inside the financial memories:
n i PV PMT FV
60 13/12 80,000 -8S0 -78,042.46
60 78,000 -8S0 -78,042.46
13.7/12
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In most cases we have to calculate the net amount received by the
borrower from knowledge of the costs charged to the borrower. This can
be done while we are performing the calculations previously described.

Loan charges are frequently expressed in "points", which means
percentage points: 1 point is 1% of the loan amount. It makes no
difference whether the points and other costs are paid by the borrower
in advance of getting the loan, or deducted by the lender from the LlLoan
amount: in both cases the net amount left for the borrower to use for
his purpose is reduced by those costs.

MODEL APR PROBLEM
including loan proceeds calculation

$80,000 loan, 13% interest, payments of $830, all due in 5 years.
What is the APR if the lender charges 2 points (2% of the
face velue of the loan) plus $400.007?

80000 PV 830 CHS PMT
13 BLUE i 5 BLUE n Balances the books
on the Llcan.
FV
RCL PV
Calculates net
e % - amount received
by borrower.
400 - ($78,000C)
PV $78,000 in PV
i (wait) 12 X (13.70% APR)

Instead of just keying in the $78,000.00 net proceeds, we must here
calculate the amount. We do so in parenthesis, as it were, as a prelude
tc keying the amount into PV.

Of course it is highly important to balance the books correctly, and
this may be done in a variety of ways according to the nature of the
loan and of the information we have on it. If there is a due date, it is
essential to key it in and to calculate the FV based on that due date:
it mekes a significant difference if the initial costs of the lcan are
absorbed in 5 years or can be spread over 30 years.
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Without the lender's obligation to disclose the APR,
points and costs could be used to hide the real cost of
the money actually received: the worst Loan in town could
advertise the lowest rate in town! Regulation Z "Truth in
Lending" that requires disclosure of the APR has made it
easier for borrowers to choose between loans that have
different rates of interest and different loan costs.

For details on the points, costs, reconveyance fees,
required loan insurance fees, etc. that must be taken into
account in calculating the APR, see the "Regulation Z:
Truth in lending" publications of the Board of Governors
of the Federal Reserve System.

The Board of Governors also provides tables and rule of
thumb formulas for calculating the rate under various
conditions: these tables and formulas are only meant to be
of assistance to those who have no better means of
calculating the APR, and they can be significantly
inaccurate, especially at higher rates. Properly used, the
calculator is a simpler, more accurate, and perfectly
valid means of obtaining the APR.

COSTS AND NET LOAN PROCEEDS

A lender advertises 10.75% interest and a 11.21% APR on fully
amortized 30 year loans. What are the costs and the net Loan
proceeds on a $150,000 Loan?

150000

10.75

11.21

PV 30 BLUE n
BLUE i 0 FV PMT ($1,400.22)
RCL PV Recall ahead procedure
BLUE i PV (Loan proceeds: $144,617.42)
- (Costs of loan: $5,382.58)

Because the APR is frequently only approximative, the answers here are
likely to be approximations.

Notice how we just choose the second option: after balancing the books,
we impose the APR, and calculate the net Loan proceeds.

We also include here the "Recall ahead" procedure that brings the
original Lloan amount back into the Stack before we change the data. This
makes it possible to just press — at the end to get the difference
between the twc successive values for PV.
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PERSONALIZED APR

The APR is defined by laws and regulations. As such the legal APR cannot
always fully take into account the specific costs and circumstances
affecting a borrower. So we may want on occasion to substitute the
notion of a personalized APR that implements the intent of the APR but
more fully adapts to the circumstances of a specific borrower.

This effort to improve on the APR points to a major
assumption of all the calculations that follow (discounted
loan, cash equivalent price, etc.). They are valid "all
other things being equal", which is seldom exactly the case.
If major distortions are introduced——by tax consequences for
instance, or the possibility that the loan could be paid off
early,——then, either the tax consequence or other distorting
element should be taken into account, or we should be aware
of the Limitations of the answer that we obtain.

MODEL
PERSONALIZED APR

A borrower needs to choose between:

Loan A: $100,000 Loan at 12% interest, amortized over 30 years.
The Lloan charges are 2 points and $200.
(We calculate the APR and find 12.30%)

Loan B: A similar loan at 13% interest, with no points,
no costs, and no penalties of any kind made available
by his credit union.
The APR of course is 13%.

On the basis of the APR alone, lLoan A seems cheaper than loan B. But the
borrower is expecting to stay only two years in the area. Should that
affect his choice between the two lLoans? Let's calculate the
personalized APR on loan A based on a 2 year self-imposed due date.

100000 PV 12 BLUE i
30 BLUE n ] FV PMT
2 BLUE n FV ($99,228.22)
RCL PV 2 % - 200 - (Arithmetic: $97,800)
PV i (wait) 12 x (13.26%)

With a personalized APR of 13.26% loan A is now more costly than Loan B.
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If we assume that Loan A would also require a prepayment penalty of
$5,000 if paid off after only two years, then we can add this penalty to
the balance Left in the FV memory, and calculate the personalized APR
that takes the penalty into account:

RCL FV CHS
5000 + (Adds $5,000 to FV amount)
CHS FV (Adjusted balance keyed back
into FV as negative amount)
i (wait) 12 x (Personalized APR: 15.45%,
much higher than the 12.30% APR!)

Other incidental costs, such as extensive termite work required by one
lender as a condition for the loan but judged useless by the borrower,
could be included in personalized APR calculations.

(There are shorter ways of adding $5,000 to the FV. But the safe
approach used here consists in changing negative numbers back into
positive numbers before performing additions or subtracticns on numbers
that have different signs)

Any change in the amount or the timing of cash flows
affects the APR or the personalized APR. The key is to
have in the calculator the reality of the exchange of
money as seen from the borrower's point of view. Whether
the lLoan is fully or partially amortized or interest—only,
whether it has negative amortization or no payments at
all, whether the payments are monthly, quarterly or annual
is of no importance provided the calculator faithfully
reflects that reality and records the net amounts of money
changing hands at each point in time.

With irregular payments, the same procedure is implemented with the use
of the irregular cash flow keys (see separate volume).
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1)

2)

3)

4)

5)

6)

7)

8)

APR and personalized APR

PRACTICE )

There is no difference in the actual calculation of the APR
and of the personalized APR, except that the costs or the
term, or both, are different.

When calculating first the APR and then the personalized APR
the safest approach is to balance the books again from
scratch, without trying to rescue some data from one
calculation for the next one. The payments are the same, but
Jjust about everything else would probably need to be changed.

If you come up by mistake with the original nominal rate when
calculating an APR this means that you forgot to key back into
PV the net loan proceeds that you calculated.

Calculate the APR where appropriate.

$75,000 loan, 30 years, 9.25% interest. Loan costs are 2 points and
$400.00. (9.54%)

$17,250 loan, 15% interest, payable $258.75 per month, due in 3 years.
Loan costs are 10% plus $250.00. (20.37%)

$115,000 Lloan, 8.5% interest, amortized over 30 years. Loan costs are 2
points and $200.00. (8.74%)

$6,000 Lloan, 16% interest, payable $90 per month, all due in 1 year.
Loan costs are 6% plus $200.00. (26 .84%)

Nominal rate: 9.5%, APR: 10.10, fully amortized in 30 years. What are
the net loan proceeds and costs on a $92,000 Lloan.
($87,413.78; $4,586.22)

$45,000 loan, 10%, 30 years. Cost: 3 points and $300.00. Give the APR.
Calculate the personalized APR for a borrower who intends to keep the
loan only 3 years. (APR: 10.45%. Personalized APR: 11.46%)

$150,000 loan, 9% interest, 30 years. The costs are 2.5 points and $400.
Calculate the APR. Calculate the personalized APR on the assumption that
the borrower will pay off the Loan after 4 years and will have to pay a
prepayment penalty of $6,600. (APR: 9.32%. Personalized APR: 10.76%)

$19,000 15% interest—only loan. 5 year due date.
Cost: 6 points and $700. What is the APR?
What is the personalized APR if the borrower uses that Lloan as a short
term swing loan, and pays it off after 6 months?
(APR: 17 .95%. Personalized APR: 36.48%)
(19000 PV CHS FV 15 BLUE i 5 BLUE n PMT
RCL PV 6 % — 700 - PV i 12 x (APR)
6 n i 12 x (personalized APR)
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B DISCOUNTED LOANS

The two perspectives:

Original lender: This is a $15,000 Loan.
New owner of the loan: Yes, but I am buying it from you
at a discount for $13,000.

Ownership of a loan is the right to receive a certain number of payments
and possibly a Future Value. That right can be sold. The sale does not
generally occur at the face value of the loan, but at a discount.

V/le saw that the APR was the rate from the point of view of a borrower
who does not get the full face value of the loan and yet has to pay it
off in full. The yield on a discounted loan is the rate from the point
of view of an investor who does not invest the full face value of the
loan and yet receives the full benefit of the payments.

PROBLEM

A $15,000 Loan at 12% interest with monthly payments of $160
anc a 3 year due date is sold at a discount for $13,00C.
Vthet is the rate of return (yield) to the buyer?

Vie have all the infocrmation needed toc know what amcunts the buyer of the
ciscounted note receives in return fecr his $13,CC0 investment. Once
these numbers and the $13,000 investment are in the calculator, pressing
i calculates the rate of return. If we knew all these amcunts from the
beginning, we cculd key them in and press i. We would then have no need
tc know the fece value and nominal rate of the note. We require these
numbers here only because they are needed to calculate the balance after
3 years ($14,569.32). Calculating this last number—-—or the payment
amount if it too was missing——is the only but essential purpose achieved
by "balancing the bookse" on the criginal Lloan.

N $14,569.23
0 S S O

$13,000 Y

$15,000 \V/
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Discounted loan

MODEL PROBLEM I

A $15,000 Loan at 12% interest

with monthly payments of $160

and a 3 year due date is sold at a discount for $13,000.
What is the rate of return (yield) to the buyer?

Step 1: Balancing the books

($14,569.23 balance)

Step 2: Changing PV.

Step 3: Calculating i.

(17 .84% yield)

15000 PV 12 BLUE i
160 CHS PMT 3 BLUE n
FV

13000 PV

i (wait) 12 x

MODEL PROBLEM II

Same $15,000 Loan at 12% interest with monthly payments of

$160 and a 3 year due date.

What discounted selling price provides a 21% rate of return?

Step 1: Balancing the books

exactly as above.

Step 2: Changing 1i.

Step 3: Discounted price.

($12,048.69)

With MODEL I still in the calculator

15000 PV 12  BLUE i
160 CHS  PMT 3 BLUE n
FV

21 BLUE i

PV

there was really no need to baleance

the books again on the loan. When this has been done once, a whole

sequence of questions can be asked:

What is the yield if the note

is sold for $11,0007 11000 PV i 12 X
(24.84%)

Yield if sold for $14,0007? 14000 PV i 12 X
(14.80%)

Discounted price to yield 16%? 16 BLUE i PV
($13,594.85)

Discounted price to yield 13%? 13 BLUE i PV

($14,633.54)
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Discounted loans

PRACTICE )

9) $18,000 loan, 10% interest, payments of $180 per month, 6 year due date.

Yield if sold for $14,4007? (15.47%)
Yield if sold for $13,5007? (17 .11%)
Price to obtain 12% return? ($16,562.19)
Price to obtain 19% return? ($12,558.57)
Price to obtain 13% return? ($15,897.85)

(When initially balancing the books, you found a FV of $15,056.66)

10) $25,000 Locan, amortized over 20 years at &% interest, due in 5 years.

Discounted price to yield 14%°? ($19,897.02)
Discounted price to yield 16%? ($18,483.02)
Yield if sold for $21,0007 (12.56%)

(You initially found PMT of $209.11 and FV of $21,881.40)

11) $400,000 Lloan at 7%, monthly payments of $3,500, 7 year due date.

Price to yield 10%? ($347,288.54)
Price to yield 12%°? ($317,053.34)
Yield if sold for $300,0007? (13.24%)

(When initially balancing the bocks, you found a FV of $274,001.19)

12) Interest-cnly loan of $6,000 at 13% interest with a 3 year due date.

Price to yield 19%°? ($5,181.58)
Price to yield 15%°? ($5,711.53)
Yield if sold for $5,0007? (20.48%)

(Did you find payments of $65.007)

A LOAN, BY ANY OTHER NAME,
IS STILL A LODAN

Real estate lLoans are frequently called by the nature of
the security agreement that covers them. These may change
in various parts of the country: mortgages in the East,
Notes, Trust Deeds—--First, Second, or Third Trust
Deeds—in the West. We will generally refer to all of them
simply as "loans". In the West, discounted loans most
frequently apply to second Trust Deeds (2nd TDs) and are
then frequently referred to as "discounted seconds".
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PERCENTAGE DISCOUNT

When a lLoan is sold at a discount, the discounted selling price is
frequently expressed by specifying the amount of the discount as a
percentage of the face value. A $30,000 Loan sold for $24,000 is said to
be scld "at a 20% discount": 24,000 is 30,000 minus 20% of 30,000.

If the discounted selling price is expressed in that fashion, the simple
calculation that tells us the actual selling price can be done after the
full loan has been balanced in the financial keys:

MODEL PROBLEM
DISCOUNTED LOAN
with discounted price expressed as a rate.

$30,000 loan, 10% interest, payments of $$290.00, 5 year due date.
What is the yield to the buyer if it is sold at a 20% discount?

30000 PV 10 BLUE i
250 CHS  PMT 5 BLUE n
FV (%$26,902.52)
RCL PV Calculates the
selling price:
20 5 - ($24,000)
PV i 12 x (16.09%)

The rate at which the face value is discounted (here 20%) has very
little to do with the yield (here 16.09%). A loan could have a yield of
16 .0S% without being discounted at all, if that was the nominal rate on
the lcan. A 20% discount means a cne-time cut of 20%, from $30,000 to
$24,000 in our example. The yield is the annual rate of return to the
investor cver the Llife of the investment,
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CALCULATING THE DISCOUNT AS A RATE.

A $19,000 Loan at 9% interest, with payments of $180.00 per month

and a 4 year due date is discounted to yield 20%.

What is the discounted price?
What percentage discount is that?

Getting the answer to the last question is very simple: we need the face
value in y and the discounted price in the display. We then press A %.

This can be implemented in two ways, as illustrated below.

In one case

we use the "Recall ahead" procedure to avoid having to key in the Loan
anount a second time. In the other case we use the x2y key to
re—establish the correct order before we press

RCL PV

20 BLUE i PV

Ay

18000 PV 8 BLUE
180 CHS  PMT 4 BLLE
FV

or

($13,533.25 discount price.)

(A 28.77% discount)

D ——
20 BLUE i PV
18000 X%y
Ay
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DISCOUNTING A MATURE LOAN

So far we have assumed that the loan was being sold at a discount as
soon as it was created. This need not be the case. Let's take the Lloan
that we still have in the calculator. What if it was being sold to yield
20% 10 months after its creation? What numbers in the calculator no
longer apply? Let's use the RCL key to lLook into the financial
memories. We find the following numbers:

n i PV PMT FV

48 20/12 13,533.25 -180 -16,842.97

When I buy that note 10 months after its creation, I am still buying the
right to receive payments of $180.00 a month and a Future Value of
$16,842.97, and I still want a 20% return. But I will get only 38
payments, and will receive the balance in 38 months, not 48. Putting 38
in n is the only change that needs to be made before calculating PV.

38 n PV ($14,024.52)

Note: — Even though I will receive the balance in only 38 months, it is
the balance of the loan after 4 years that I receive, and it is with the
full 4 year term in n that the balance must be calculated.

- I have allowed the original cwner to receive 10 payments, and
yet the calculestor tells me that I should be willing to pay more fcr the
loan than if I had bought it at a discount when it still had 4 years to
run. The reason is that I will not have to wait as long before I receive
the $16,842.97 balance, or the $17,022.97 balloon payment. Think of it,
how much would you be willing to pay if you had just one month to wait
before you received the $17,022.57 balloon payment? ALL our calculations
teke the time value of money into account, and when money is received or
paid out is as important as how much. The complete model follows:

$15,000 Lcan, 8% interest, payments of $180, 4 year due date.
What discounted selling price will yield 20% return if the loan
is sold when 38 mcnths and 38 payments still remain?

18000 PV S BLUE i
160 CHS  PMT 4 BLUE n FVv
38 n
20 BLUE i PV ($14,024.52)
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RENEGOTIATING THE TERMS OF A LOAN
before selling it at a discount

Loan A: $20,000, 12% interest,
payments of $210, 7 year due date.

Loan B: $20,000, 10% interest,
payments of $420, 5 year due date.

You are the lender.
Which Loan do you prefer? The one at 12% or the one at 10%?
The tendency of investors is to prefer 12% interest over 10% interest.

Let's discount these two loans to yield 20%. To provide that yield
—— loan A must sell for $14,120.02, a 29.40% discount.
—— loan B must sell for $15,994.63, a 20.03% discount.

If you have to sell these lLoans under these conditions, the 10% Lloan is
significantly more valuable than the 12% loan. The reason is that "money
is better sooner": with Loan B money comes back sooner, and therefore it
does not have to be discounted as much to provide the same 20% yield.

It is also possible that the borrower would prefer Loan B to Loan A:

—— The interest is lower.

—— The term is shorter.

—— It is almost fully amortized during the shorter term instead of
leaving an $18,903.28 balloon in 7 years.

Of course, the payments are double, but the trade-off might be worth the
higher payments.

Is it possible to imagine that the owner of lLoan A might renegotiate it
with his borrower into loan B before selling it at a discount? Is it
possible to imagine that we could buy loan A at a discount to yield 20%,
renegotiate it with the borrower into lLoan B, sell the new loan to yield
20%, and keep the difference?

The ability to discount loans to test any hypothesis puts a powerful
tool at our disposal and can be used in a variety of creative ways.
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13)

14)

15)

16)

17)

18)

Discounted loans

MORE PRACTICE )

A $10,000 loan, 10% interest, payments of $100,
due in 7 years is sold 3 years after its creation.
What is the selling price to yield 14%? ($8,234.89)

A $56,000 loan at 8% interest with monthly payments of $440
and a 10 year due date is sold at a 30% discount.

What yield does that represent? (14.01%)
What is the yield if it is sold for the same price
23 months after its creation? (14.25%)

A $750,000 loan at 10% interest, with payments of $6,500
and a 5 year due date is offered for sale to yield 12%.

What is the selling price? ($694,388.66)
What percentage discount is that? (7.41%)
What is the yield if it is sold for $650,000? (13.74%)
What is the yield if it is sold for $610,0007? (15.43%)

An interest-only LlLoan of $140,000, 13% interest, with a
4 year call, is offered for sale 15 months after its creation.

What is the yield if it sells for $110,0007? (23 .68%)
What selling price results in a 21% yield? ($116,752.56)
What selling price results in a 19% yield? ($122,115.45)

$40,000 loan, 8.75% interest, amortized over 30 years,
all due in 7 years is offered for sale at a 20% discount.

What yield is that to the buyer? (14.39%)
What is the yield if it sells for $30,0007? (15.79%)
vihat is the selling price that results in a 17% yield? ($28,401.70)
What percentage discount is that? (29%)

$21,000 loan, 7.5% interest, payments of $170,

all due in 4 year.

What selling price will double the yield to 15%7? ($16,485.76)
What percentage discount is that? (21 .5%)
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C CASH EQUIVALENT PRICE

—The two perspectives:

Seller as seller: To help sell my house, I will carry a $100,000
mortgage at 8% interest!

Seller as investor: If I received cash instead of carrying the
mortgage I could invest at 12%!

The property is selling for $125,000: the seller gets $25,000 in
cash—or in cash and debt relief as the case may be——, and carries the
balance at 9% interest. He is not really getting the $100,000 balance:
that number is just a word on a piece of paper. What he is getting are
the payments—$760.00 dollars a month shall we say—, and the balance of
the lLoan 8 years from now when the lLoan becomes due. Let's balance the
books on the loan and do our usual little routine. Let's then add back
the down payments:

100000 PV 760 CHS  PMT

] BLUE i 8 BLUE n FV (Balance of the LlLoan:
$98,601.44.)

12 BLUE i PV (Discounted value of
loan: $84,695.29)

25000 + (Cash equivalent price:
$109,695.29)

As an investor who wants 12% return on his investments, the seller would
be willing to pay $84,695.29 for the note that he now possesses. If that
is what he would be willing to pay for that 9% loan, discounted to yield
12%, that is what the loan is really worth to him. If we add back the
down payment received in cash, we get $109,695.29: that is the VALUE of
what the seller receives for the property, the CASH EGUIVALENT PRICE of
the property.

Any cash offer higher than the cash equivalent price is a better offer
than a full $125,000 offer with the $100,000 owner~carried loan at
9%—we are not here of course taking into account the numerous tax
ramifications of the various options.

If the seller was made a cash offer of $109,395.29 it would be as good
an offer as the $125,000 selling price with the loan at 9%: it would be
an offer that could, if desired, provide him with the same amounts of
cash now and in the future as the full $125,000 price with owner
financing.
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The difference between the selling price and the cash equivalent price
is merely the amount of the discount on the $100,000 loan at 8% when it
is required to yield 12%. It is as if the seller, who accepted 9%
interest in order to sell the property, was now, as an investor, buying
that note from himself at a discount that will yield a 12% return. He
decides to ignore the face value of the note and consider instead its
real value to him now.

Let's give the full keystrokes lLeading from the selling price of the
property to the cash equivalent price using register memory 0 (RO) to
store the downpayment:

MODEL PROBLEM
CASH EGUIVALENT PRICE

A property sells for $125,000 with a 20% downpayment and the
balance carried by the seller at a Llow 9% interest (payments
of $760, balance due in 8 years). What is the cash equivalent
price for an owner who generally expects 12% on his
investments?

125000 ENTER 20 % STO O (Downpayment in RO)
- PV (Loan in PV)

760 CHS  PMT 8 BLUE n

9 BLUE i FV ($98,601.44 balance)
12 BLUE i PV ($84,695.29: value
of discounted loan)

RCL O + ($109,695.29: cash
equivalent price)

The seller has many possible reasons to use the cash equivalent price.
Having offered 9% financing, he might be tempted to refuse a cash offer
of $115,000 that would be a much better offer than the $125,000. When
debating how to offer the property for sale, he might decide that a
$109,900 cash—-to—new—loan listing would be easier to sell—and a better
value—than the $125,000 price with owner financing at S%.
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Appraisers may use the cash equivalent price calculation in order to
compare properties that are sold with very different financing on the
assumption that the better the financing, the more people are willing to
pay for a property. The financing obviously affects the selling
price—to what degree may be subject to debate—and translating all the
selling prices into their respective cash equivalent price can provide
useful market data despite the differences in the terms. In this case,
the rate projected into the calculations—equivalent to the 12% in our
example—would be the standard rate for the financing of such properties
at the time. A common term for all the loans, such as 5 years, would
also be used on the basis that a property is not kept for 30 years even
when there is no early due date.

So the CASH EQUIVALENT PRICE really helps the seller or appraiser
compare various terms for the sale of property, and that is what it can
be used for by a seller confronted with different offers at different
selling prices and with different terms. For instance:

Offer A: $1,000,000, 20% cash, balance carried by seller
at 9% interest-only for 5 years.

Offer B: $910,000, $500,000 cash, balance carried by seller
at 11%, amortized over 30 years, due in 6 years.

Which is the best offer for a seller who can really
expect 13% from his investments?

The cash equivalent prices are $882,799.71 and $876,421.95 respectively,
a difference of about $6,400 in favor of the $1,000,000 offer.

Which is the best offer for a seller who really expects 15% on
his investments?

The answers are $831,861 .63 and $846,223.45: the $310,000 cffer now
appears to be a better deal.

Let's give the keystrokes for the very last of these calculations.

810000 ENTER 500000 STO O (Downpayment in RO)

- PV 0 FV

30 BLUE n 11 BLUE i PMT ($3,904.53)
6 BLUE n FV ($395,184.30 balance)
15 BLUE i PV ($346,223 .45)
RCL O + ($846,223 .45 cash

equivalent price)

(For an alternative approach to these choices, see Unit 7, page 10.]
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Cash equivalent price

PRACTICE )

19) $97,000 property. 20% downpayment. Balance is owner-carried at 11% (30
years, due in 7 years). VWhat is the cash equivalent price if the buyer
could expect 13% on his investments? ($90,004.79)

20) A seller has listed his property for $210,000. The seller is willing to
carry $80,000 at 7%, amortized over 30 years, with a 5 year due date.

Knowing that the seller could really expect 11% on his investments, what
is the cash equivalent price of his property from his perspective?
($198,035.78)

21) $155,000 property, $35,000 downpayment, the balance is an assumable Lloan
at 8% interest with payments of $1,000.

that is the ceash equivalent price of the property from the pcint of view
of an appraiser who is bringing in line all preperties financed with
loans cther than the current 10% rate on regular mortgages, and who
assumes a 5 year due date on all financing? {$149,690.37)

22) A seller is presented with three offers for a property. Knowing that he
can expect 11% return on his investments, use the cash equivalent
approech tc select the best offer.

Offer A: $220,000, cash to new Lloan.
Cffer B: $235,000, $€0,000 down, owner carries balance at
8% interest only for 7 years.
Offer C: $230,000, $120,000 down, balance carried by the cwner at
S% interest, amortized over 30 years, due in 5.
(Cash equivelent prices: $220,000, $212,368.87,
$221,710.22. The $230,000 offer seems best, and the
$235,000 offer is significantly less satisfactory
than the cther two.)
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COST EQUIVALENT PRICE

The two perspectives:
Buyer: — It's great, I can get 9% financing on this purchase.

— I would have to pay 12% for any other property.

buyers do not generally pay CASH for Real Estate, they finance their
purchase with a lLloan. So they do not really pay for the PRICE of the
property, they pay for the COST, which implies a downpayment and various
payments stretched out in time.

The same PRICE can correspond to very different COSTS if one property is
financed at 9% interest, for example, and the other selling for the same
price is financed at 12%.

Similarly, the same COST can correspond to very different PRICES if one
cost is the result of high rates and the other of Lower rates.

COST

PRICE

PRICE

The PRICE is just a number on a piece of paper. The reality of money
changing hands it represented by the COST.

Wihen all properties are financed at about the same rate, the price is an
acequate reflection of the cost. But when properties are available at
rates significantly different from the ncrm, then the question arises:
hcw can we compare the costs rather than the prices?
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The availability of a Low interest Loan on a property tends to make it a
good buy. So the ads stress: "Owner will carry at 9%" or "Assume FHA
loan at B8%" when the market rate on Loans is 12%. We have even seen
no—interest financing offers with substantial downpayments. But how good
a deal are we looking at, at what point does an inflated selling price
offset the advantages of lower financing?

A solution is to establish the cost of buying that property, and then to
work backwards from the cost to the price that would require the same
cost if the financing was at the standard rate: in other words the COST
EGUIVALENT PRICE. The calculation is none other than a cash equivalent
price calculation done from the point of view of the buyer.

MODEL PROBLEM
COST EQUIVALENT PRICE

A $141,000 property is offered with 9% financing
(owner-carried, assumable, or wrap—around, whatever the case
may be), provided that the buyer can come up with a 25%
downpayment. The 9% loan is amortized over 30 years and has a
6 year due date. Calculate the cost equivalent price knowing
that market rate for mortgages is presently 12%.

141000 ENTER 25 % Stores $35,250 downpayment
in Register memory 0 and
STO 0 - PV puts $105,75C Lloan in PV.

9 BLUE i 30 BLUE n

0 FV PMT 6 BLUE n FV ($100,262.07)

12 BLUE i PV Standard routine calculates

the loan we could afford at
12% with same payments and FV

RCL O + Adds downpayment to obtain
COST ECGUIVALENT PRICE of

$127,750.90

We now know that if we had to pay the market rate of 12%, we would have
to go all the way down to a price of $127,750.90 before we could buy a
property with the same downpayment, the same payments for 6 years, the
same balance at the end of 6 years as are required by the purchase of
the $141,000 property.
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Like the cash equivalent price, the cost equivalent price allows us
to compare situations that, under realistic conditions, are not
equivalent in all respects. The whole point is precisely to resolve
a variety of differences into one single number,.

However, there are also differences that are not taken into account,
in particular the numerous tax consequences that are affected by the
sales price——property tax, depreciation and investment tax credit,
capital gains tax on resale, possibly capital gains tax on previous
property——, and those affected by the lLoan amount and the interest
on the loan. And of course if the property is not kept for the
number of years that was assumed, then the calculaticn is no longer
valid: what is the advantage of a low rate if circumstances force us
to sell the property one month after it was bought?

So the cash equivalent and cost equivalent calculations——Llike the
APR before them——should be seen as useful tools, not as an assertion
that two situations would be perfectly equivalent. These numbers
cannot make a decision for us, but they can make an important
contribution to the decision—-making process.
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23)

24)

25)

26)

27)

Cost equivalent price

PRACTICE )

A property is being offered for sale for $89,000. There is an assumable
FHA loan at 7.5% interest with a balance of $61,000 and monthly payments
of $480.00. What is the cost equivalent price of the property if current
rates are 10% from the point of view of a buyer who expects to keep the
property at least 6 years. ($82,549.45)

What is the cost equivalent price if current rates are 13%? ($75,874.19)

A $319,000 property can be financed with wrap—around Loan at 11%
interest (amortized over 30 years, balance in 7 years]) for a buyer with
a 25% downpayment. What is the cost equivalent price of the property for
someone who would keep the property for the 7 years if regular financing
is at 13.5%. ($292,436 .45)

A property can be bought with no—interest financing! The selling price
is $100,000. A $40,000 downpayment is required. The balance is paid off
in equal monthly payments over 5 years. What is the cost equivalent
price if mortgage rates are around 12.5% ($84,448.52)

At today's interest of 13.75% a buyer can purchase a $175,000 property
with 20% down and the balance amortized over 30 years. He is assuming
that he would keep the Loan for 5 years. What price property could you
purchase with the same downpayments, the same payments, and the same
balance if rates were at 12%? ($184,119.74, a 5.21% increase)

A $70,000 commercial building can be financed with no downpayment and a
10% interest loan amortized with monthly payments over 5 years,

or with a $10,000 downpayment, and an 8% loan amortized over B years.
Calculate the cost equivalent price under each circumstance from the
point of view of a 13% rate for Lloans. ($65,366 .69 and $60,466 .35)
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1)
2)
3)

4)

E BUYDOWN

- The two perspectives:
Buyer: I'm only paying 10% interest for the first 3 years.

Lender: I'm getting 13% interest on my money for the Length of the
loan——and that means even during the first 3 years.

A buydown occurs when a third party bridges the gap between the two
conflicting requirements by compensating the lender up front for his
loss.

SAMPLE PROBLEM

A developer has a commitment of 13%, amortized over 30 years,
for the $110,000 Loans his clients need to purchase his units.
To attract buyers, he wants to offer 10% financing, amortized
over 30 years, for the first three years of a lLoan. What must
he pay up front to the lender to compensate him for receiving
only 10% interest for 3 years?

Nothing in this scenario indicates that the lender is willing to charge
less than 13% for his money. The buydown, therefore, is a means of
reducing the amount of the loan so that the reduced payments provide the
full 13% rate to the lender. The question becomes: "How much can the
lender be expected to lend, given the payments we are willing to make,
if he is to receive 13% return on his money?" The solution requires
exactly the same keystrokes as for discounted lLoans because indeed we
ere discounting that 3 year 10% loan to yield 13%. Only here a third
party steps in to pay for the amount of the discount.

The buydown itself is the amount of the discount. Because that is what
we want to calculate, it is convenient to "recall ahead" the original
loan amount after we have balanced the books. This retains the number in
the Stack even after PV has been recalculated, and allocws us to
calculate the discount by just pressing the minus key. In summary:

'Balance the books' on the bought down section of the loan.

RCL | PV (Keeps original Loan amount in the Stack])

Proceed with the standard routine: key in the market rate and press PV.

Press — (minus) to get the cost of the buydown. This calculates the
difference between the full face value ($110,000) and the new PV.
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28)

29)

30)

BUYDOWN
MODEL PROBLEM

A developer has a commitment of 13%, amortized over 30 years,
for the $110,000 loans his clients need to purchase his units.
To attract buyers, he wants to be able to offer 10% financing,
amortized over 30 years, for the first three years of a Loan.
What must he pay up front to the lender to compensate him for
receiving only 10% interest for 3 years?

110000 PV 10 BLUE i Balances the books
on the 3 year, 10%
30 BLUE n 0 FV PMT paydown portion
of the loan.
3 BLUE n FVv ($107,966.81 FV).
RCL PV (Puts 110,000 back in stack)
13 BLUE i PV ($101,903.06 net Lloan)
- ($8,096 .94 buydown cost
$110,000 - $101,903.06)

From the point of view of the lender this is a net loan of $101,903.96:
he lends $110,000 to the buyer but receives $8,096.94 from the seller.
This net loan amount allows the lender to get 13% on his investment.

Buydown

PRACTICE )

A developer has a take—out loan commitment at 12%, amortized over 30
years. He wants to offer 9% interest for the first 2 years, also
amortized over 30 years. What is the cost of the buydown on a home that
requires an $80,000 Loan? ($4,221.66)

$125,000 Lloan, 15% interest, amortized over 30 years. What is the cost
of the buydown that will bring the interest down to 13% for the first 4
years? ($7,443 .13)

$500,000 loan, 11% interest, 20 years. Cost of buying down the rate to
10% for the first 5 years. (%$18,371.23)
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$101,903 .06 negative
amortization Lloan

COMMENT :
BUYDOWN versus NEGATIVE AMORTIZATION.

A buydown allows the buyer to make lLower payments for a period of
time. Apart from unavoidable tax ramifications, what is the
difference between the buydown we have just analyzed and a sale
where instead of giving the buydown to the lender, the seller would
just reduce the price of the property by the same amount, and where
the buyer would still be required to make the same downpayment and
the same payments that increase in the same way after 3 years? This
would allow the loan to be reduced by the amount of the buydown and
the lender would be getting the 13% that he requires.

The $101,903.06 Lloan would then be a graduated payment Loan with
negative amortization for the first 3 years as the low payments
would not cover the interest. The balance of the lLoan, after 3 years
of negative amortization would be exactly $107,966.81, which is the
3 year balance on the $110,000 buydown loan. Soc the only difference
for the buyer would be that during the first three years his
indebtedness would be significantly lower with the graduated payment
loan than with the buydown alternative: a significant advantage if
circumstances force him to sell during that time.

A buydown is a disguised negative amortization loan where the Llender
is paid up front as full compensaticn for the lower payments whether
or not the buyer keeps the loan for the whole buydown period.

GRAPH
showing loan balance (indebtedness])
for buydown loan and negative amortizaticn Lloan
that both require the same payments from the buyer.

$110,000 buydown Loan’]
at 10% $107 , 966 .81

balance
$8,096 .94 buydown after 3 years

/|
at 13%

(- J \ J
Y '

$965.33 PMT + $1,206.40 PMT

for 3 years for 27 years.
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IRREGULAR CASH FLOW FUNCTIONS FOR IRREGULAR PAYMENTS

Buydown Loans frequently imply gradually increasing payments
during the buydown period. With a 3-2-1 buydown, for example,
the rate is reduced by 3 percentage points the first year, by 2
points the second year, and by 1 percentage point only the third
year. In such cases the user needs the irregular cash flow
functions of the calculator.

The same is true for the other applications in this unit——APR,
discounted loan, cash and cost equivalent price——and elsewhere.
If the payments are not equal throughout the Life of the loan,
we can still solve the problem in very much the same way as
shown here except that the irregular cash flow functions of the
calculator are required.

Lookirg at a loan from two points of views

SUMMARY

— - ~——————— e i e

We have given different meanings to the same calculations. Let's take a
last look at these meanings by interpreting the same numbers and the
came cash flow diagram in terms of the variocus applications.

— The Lloan:

$50,000, 10% interest, payments of $430, due in 3 years.
Be lancing the books shows a balance of $48,442.

— Second point of view:

Increasing the yield to 12% decreases the Present Value to $47,500.
Decreasing the Present Value to $47,500 increases the yield to 12%.

- Keystrokes:

50C00 PV 3 BLUE n 430 CHS  PMT

10 BLUE i FV (848,442)
12 BLUE i PV ($47,500)
47500 PV i 12 X (12%)

For convenience, numbers are rounded up or down a few dollars. Where
needed in the applications a $100,000 cash downpayment (or its
equivalent in debt relief or financing at market rate) is ircluded.
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(1)

(2)

(3)

(4)

(5]

The same cash flow diagram and the calculations that it represents apply
to anyone of these five interpretations:

$50,000 if 10% A\
$2,500
$47,500 if 12% A\

| A A A A A

$48,442
ANNUAL PERCENTAGE RATE (APR].
With $2,500 in points and other Loan costs the APR is 12%.
DISCOUNTED LOAN.

When sold at a discount for $47,500, the yield is 12%, or:
To yield 12%, the loan must be sold for $47,500.

CASH EGUIVALENT PRICE.

A seller receives $100,000 cash or equivalent for his property and
carries $50,000 for 3 years at 10% when he could really expect 12% on
his money. The Cash equivalent price of the property is $147,500.

COST EGUIVALENT PRICE.

A buyer purchases a $150,000 condominium with $100,000 cash and loans at
current 12% market rate, plus a $50,000 lcan at 10% for 3 years. He
could only have purchased a $147,500 property with the same downpayment,
the same peyments for 3 years and the same balance at the end of 3 years
if all the financing had been at market rate.

BUYDOWN

A lender requires a 12% rate of return on his loans. By making a buydown
payment of $2,500 a seller is able to secure from him a 3-year $50,000
lcan at 10% for the buyer of his property.

Reminder: The same keystrokes apply to negative
amcrtizaticn, interest-only and no—-payment loans except
that we 'balance the books' initially in a way that
reflects the realities of such Lloans.
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UNIT 6

TIME AND MONEY

THE TIME VALUE OF MONEY
PRESENT VALUE AND DISCOUNT RATE
INFLATION AND APPRECIATION

COMPOUNDING

We have acquired practical ability in using the 5 regular
cash flow keys and have applied that ability to solving a
number of concrete problems. We now need to turn to the more
abstract notion of the TIME VALUE OF MONEY and some related
topics. The time value of money is at the heart of
everything we have done so far. In fact, as a financial
calculator, the HP-12C is a tool that does one simple task
well: take the time value of money into account.
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THE TIME VALUE OF MONEY

$1,000 is deposited in a 12% account, annual compounding.
How much is there in the account 5 years later?

1000 PV 0 PMT
. Annual compounding
12 ! 5 so annual data.

FV ($1,762.34)

By investing I am exchanging $1,000 now for $1,762.34 in five years.
$1,762.34

LA
P )

Cd
4

4
!

[
[}
(]
[}
LY

\

1

Y
\
N\

$1,000-°

To visualize the growth of my money in the account, I can put the two
amounts on the same side of the time line. The rate of growth (12%) can

then be represented by a curve, as follows:

\$1,762.34

$1,000 ,

That curve is what the TIME VALUE OF MONEY is all about.

Different rates correspond to different curves.

$2,011.36 15%
$1,762.34 12%
$1,538.62 9%

$1,000
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Let's press 12 i once again to key the 12% curve back into the
calculator, and let's get a better feel for the growth of our investment
by calculating how much we have in the account at the end of each year:

1 n FV $1,120.00
2 n FV $1,254.40
3 n FV $1,404.93
4 n FV $1,573.52
5 n FV $1,762.34

Can you see the money grow? It is just sliding up that 12% curve in
stepped up increments really for each of the successive periods:

$1,762.34
$1,573.52 Interest
$1,404.93
$ 4,
$1,120 1,254.40
$1,000
The same numbers can be obtained by simple arithmetic:
Interest Balance
1000 ENTER 12 % + $120.00 $1,120.00
12 % + $134.40 $1,254.40
12 %+ $150.53 $1,404.93
1z % + $168.58 $1,573.52
12 % + $188.82 $1,762.34

The effect of compounding can be seen in the increasing amount of
interest earned. Each year I get in interest 12% of the balance of the
previous year, which includes the interest earned in previcus years. I
am earning interest on interest, which is called compounding. The
financial keys automatically take care of the compounding effect.

UNIT 6 PAGE 4



THE RATE CURVE DEFINES NUMBERS THAT, IN TIME, ARE "EGUAL"

Vlhen I buy a piece of property for $120,000, I decide that the VALUE of
the property is $120,000,—— the benefits of owning the property in the
future are worth that amount of money now——, and therefore I am willing
to exchange 120,000 dollars for that property. The seller also agrees on
the VALUE of the property, and is willing to exchange the property for
$120,000. We establish an equality of some sort between a certain amount
of money now and certain benefits to be received over time from
ownership of the property, and the word VALUE, equating as it does the
dollar amount with the future benefits, is used to express that
equality.

The same kind of equality is assumed when I decide to invest $1,000 at
12% for scme years, exchanging $1,000 for $1,762.34 five years from now
or for $1,254.40 in two years. I find benefits of my own in the
exchange, the borrower finds benefits of his own in the reverse
transaction. But from the common point of view we have agreed upon an
equality of a sort has been established between different amcunts at
different points in time.

$1,000 = $1,762.34
(now) (in 5 years)

Agreeing to the 12% rate is to agree to a rate of exchange. From the
pcint of view of that rate of exchange in time, all the amounts &along
that 12% curve can be said to be equal:

$1,000 now is equal to $1,404.93 three years from now,
$1,762.34 in five years is equal to $1,404.S3 three years from now,
$1,573.52 in four years is equal to $1,254.40 two years from now.

By keying a rate into the calculator we are imposing a curve. The only
thing that money can do then is slide up and down that curve WITHOUT
EVER CHANGING IN VALUE from our particular point of view: all the
amounts calculated along that curve are equal to the initial amount and
equal to one another FROM THE PCINT OF VIEW OF THE RATE OF EXCHANGE
DEFINED BY THE CLRVE.

Acquiring a feel for that curve,
for the growth or decrease that it represents,
for the equality in value between all the different
amounts that money changes intc alcng the way,
is what the TIME VALUE CF MONEY is all about.
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PRESENT VALUE and DISCOUNT RATE

We've seen money increase with time along the rate curve.
Let's now look at money sliding back in time along the same
curve, in fact sliding all the way back to the present.

As we have seen, given a rate of 12%, $1,000 now is "equal" to $1,762.34
five years from now, and $1,762.34 five years from now is "equal"” to
$1,000 now. Another way of expressing this equivalence is to say:

$1,762.34 is the FUTURE VALUE of $1,000 invested for 5 years at 12%.
$1,000.00 is the PRESENT VALUE of $1,762.34 five years from now at
the DISCOUNT RATE of 12%.

The notion of PRESENT VALUE is an essential concept related to the
time value of money. Well understood, it clarifies a number of problems
and calculations. So let's Look at a practical illustration by
pretending that you have just receive the following note:

Today's date

I promise to pay you, (your name), or bearer,
the sum of $10,000 exactly 10 years from today.

Signed:
The Richest Man in Texas

If you wait 10 years you will receive $10,000. But "money is better
sooner" and the note gives your name "or bearer". So you decide to sell
the note right now.

Without using the financial keys of the calculator, check the MINIMUM
SELLING PRICE that you are willing to accept:

Lowest offer you will accept: $10,000 () $5,000 ()
$9,000 () $4,000 ()
$8,000 () $3,000 ()
$7,000 () $2,000 ()
$6,000 () $1,000 ()

Let's say that you have checked $7,000. At that price or at any other
higher price you are willing to sell, at any lLower price you will keep
the note and wait 10 years.

Your choice means that, for you, $7,000 is the PRESENT VALUE of $10,000
in ten years. The Present Value is exactly what it means: the value now
cf an amount that is to be received only some time in the future.
Because $10,000 in 10 years is worth $7,000 to you now, you are willing
to exchange your right to receive $10,000 in 10 years for $7,000 now:
you are exchanging amounts that have equal value.
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The Present Value that you selected ($7,000 in our assumption) was just
a guess. Let's see if the calculator can help us analyze that guess. We
already know how to do it from the point of view of the buyer of the
note. For him it is an investment. He invests $7,000 now and gets back
$10,000 in ten years. What rate of return is he getting on his
investment?

7000 PV 10000 CHS FV

0 n 0 PMT i (3.63%)

He gets a rate of return of 3.63% on his investment.

The same rate expresses the exchange of money from the investor's point
of view and from your point of view as the seller of the note. But from
your point of view it can no longer be called "rate of interest", "rate
of return" or "rate of increase", because that implies money moving with
time, not against it. This is why, from your point of view, the rate is
called a DISCOUNT RATE.

By the way, 3.63% is not a very good rate of return for the investor,
and you won't find a buyer when other safe investments provide 2 or 3
times that rate. From your point of view also 3.63% is an unacceptable
discount rate. Refusing to sell for Less than $7,000 means that you have
Little hope of investing at much more than 3.63%, and we have all heard
of 5 1/2% passbook accounts.

It is difficult to guess at a Present Value—-—even more so if there were
more than one cash flow. Our approach should be to decide on a discount
rate and use it to calculate the Present Value. So let us choose a
discount rate a couple of points Lower than what we feel we can get as a
rate of return on our secure investments over the next 10 years:

7% () 8% () 1% () 183% () 15% () 20% ()

If we select 11% we can now calculate the Present Value:

10000 CHS FV 1 i

10 n 0 PMT PV ($3,521.84)

We should be willing to sell the note for $3,521.84.

The discount rate that we select, and the resulting Present Value, need
not be the same for everybody. Within the framework of the financial
market at the time, it very much depends on the investment and borrowing
options that are available to use.
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A discount rate of 10% does not mean that we discount the Future Value
amount by 10% for every year that we bring that amount closer to us. It
is the rate that would allow the Present Value to grow into the Future
Value but seen from the point of view of the Future Value shrinking back
to an earlier period of time, sliding back, in other words, along the
very same curve that is defined by a rate of return of 10%.

So there is a major difference between a discount rate and the more
common usage of the word discount, even when expressed as a rate. When a
$5,000 object—whether a Loan or an air conditioning unit—is sold at a
10% discount, it is sold for $4,500, which is $5,000 minus 10% of
$5,000. When a 10% discount rate is applied to a $5,000 amount due in
one year, the Present Value is $4,545.45 which is the amount that,
increased by 10% of itself (%$454.55), gives $5,000.

\~$5,000

10% 10% of
4,545.45

$4,545.45 K

The difference is equal to 10% of $4,545.45, not 10% of $5,000. The 10%
discount rate is the rate that allows $4,545.45 to grow into $5,000 in
one year, but from the point of view of the $5,000 sliding back down to
the present along the very same 10% curve.

The Present Value of a future sum depends on the rate that is applied to
the calculation: the higher the rate, the smaller the Present Value. At

12%, the Present Value of $10,000 ten years from now is $3,219.73. At
15% it is only $2,471.85, but at 9% it increases to $4,224.11:

$10,000

8% $4,224.11
12% $3,21E.73 A

18% $2,471.85

10 years
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SOME BASIC TIME VALUE OF MONEY CALCULATIONS

What is the Present Value of $10,000 ten years from now?
As we have seen, there is no answer unless we also submit
a discount rate.

10000 CHS FV
10 n
0 PMT
At a discount rate of 12%: 12 i PV ($3,219.73)
At a discount rate of 15%: 15 i PV ($2,471 .85)
At a discount rate of 9%: g i PV (%$4,224.11)

These numbers imply that I would have to invest $4,224.11 at 9% in
order to accumulate $10,000 ten years from now, but that I would only
have to invest $3,219.73 at 12% or $%$2,471.85 at 15% to get the same
$10,000 after the same 10 year period: the Present Value calculation is
just the flip side of the coin of the Future Value calculation.

We pressed CHS FV more as a matter of routine than of necessity.
Omitting it would just give us a negative amount for the PV answer.

So the PV key really gives us the Present Value with the wrong sign.
This is because the regular cash flow keys take the point of view of the
exchange of money rather than just simply calculating the (positive)
Present Value of a (positive) future amount, or the (positive) Future
Value of a (positive) present amount. The calculator is telling us: if
it is worth $3,219.73 cents, then you should be willing to pay $3,219.73
for it.

Similarly we can calculate the discount rate if we know the Present
Value, the Future Value, and the time span involved:

What discount rate have you established for yourself if
you decide that $60,000 three years in the future is only
worth $45,000 to you?

60000 CHS FV 45000 PV

3 n 0 PMT i (10.06%)
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In this case we know the dollar amounts and we calculate the curve:

_ - $60,000

-

-
-
—

3 years
In the same way we can calculate n if we know the three other elements:

How long does it take for $1,000 to grow into $1,500 if we
invest it at 12%, annual compounding?

K M il et (-4\

$1,000 $1,500

V4
\

We know the Present Value, the curve, the amount of the Future Value but
not its position in time. Graphically, we can imagine the $1,500 amount
sliding until it touches the curve. That defines a2 value for n.

1000 PV 1500 CHS FV

12 I 0 PMT n (4)

The calculator gives 4 years as the answer, but this number has been
rounded up to an exact number of years—-—on the HP-12C n does not
calculate fractional numbers. By pressing FV now, we calculate $1,573.52
as the amount earned after 4 years, not just $1,500. The calculator
gives 4 as the answer because it assumes that no interest is earned
until a full compounding period is over.

(For more details on n see Unit 10 and Appendix II)
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What is the Present Value of $10,000 a year