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Foreword

As an engineering professor, | have observed that students often do not have
useful study materials. They usudly have only the course textbook and their
own lecture notes and, having seen many students' lecture notes, these can leave
much to be desired in terms of clear, organized information.

On the other hand, professors usualy save their written examinations and
solutions to problems posed in tests and homework. Sometimes these are used
in subsequent classes, but mostly they are filed away. Many instructors reason
that the old exams can be employed when a new test must be prepared quickly.
Unfortunately, however, much of this excellent study materia is lost to the very
people we are endeavoring to teach.

This volume seeks to remedy this problem. Professors from around the country
have opened their exam files and alowed their problems and solutions to be
published. These professors all teach an introductory course in engineering eco-
nomic analysis’engineering economy and use one of the haf-dozen popular
textbooks. The problems were carefully selected for publication so that the
fundamentas of engineering economic analysislengineering economy found in
these textbooks would be covered.

In generd, the problems are just as they appeared in an actua course exam-
ination. Similarly, the solutions were prepared by the professor who wrote the
exam problem.

This book begins with a summary of a typical engineering economic analy-
sis/engineering economy course. The main section of the book consists of 384
authentic examination problems with the professors own solutions. The last
section has a set of compound interest tables.

The large task of transcribing the professors solutions into readable presen-
tations was ably performed by Bonnie Leong] If your working of any problem
uncovers an error in the statement or solution, kindly inform the editor a the
Engineering Press address. | hope you find this material facilitates a better
understanding of engineering economic analysislengineering economy and that
it helps you to succeed on your course examinations!

Donald G! Newnanl
Editor
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Compound  Inferesf
i = Interest rate per interest period*.
n = Number of interest periods, F
P = A preent sum of money.
F

= A future sum of money. The future sum F is an amount, m interest periods from the present,
that is equivdent to P with interest rate i.

A = An end-of-period cash receipt or dishursement in a uniforml Series continuing for m periods,
the entire series equivalent to P or F a interest ratel i.

G = Uniform period-by-period increase or decrease in cash receipts or dishursements; the arithmetic
gradient.

g = Uniform rare of cash flow incresse or decrease from period to period, the geometric gradient.
n = Nomind interest rate per interest period*.
m = Number of compounding subperiods per period*.

Pl F = Amount of money flowing continuously and uniformly during one given period.

*Normally| the interest period is one year, but it could be something else.

Vii



Course Summary

This chapter is a brief review of engineering economic analysislengineering economy. The
god is to give you g better grasp of the major topics in a typical first course. Hopefully
this overview will help you put the course lectures and your reading of the textbook in
better perspective. There are 26 example problems scattered throughout the engineering
economics review. These examples are an integral part “of the review and should be
worked to completion as you come to them.

CASH FLOW

The field of engineering economics uses mathematical and economic techniques to
systematically analyze situations which pose alternative courses of action.

The initial step in engineering economics problems is to resolve a Situation, or each
aternative course in a given situation, into its favorable and unfavorable consequences or
factors. These are then measured in some common unit-usually money. Those factors
which cannot readily be reduced to money are caled intangible, or irreducible, factors.
Intangible or irreducible factors are not included in any monetary anaysis but are
considered in conjunction with such an analysis when making the final decison on
proposed courses of action.
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A cashl flow table ghows the “money consequences’ of a situation and its timing. For
example, a simple problem might be to list the year-by-year consequences of purchasing
and owning a used car:

Year Caeh Flow
Beginning of first Year O —$4500 Car purchased “now’! for $4500 cashl
The minus sign indicates a disbursement.

End of Year 1 -350

End of Year 2 -350 !

End of Year 3 350 Maintenance costsl are $350 per year.
End of Year 4 -350

| +2000 Thecar id sold at the end of the 4th year
for $2000. The plus sign represents a
receipt of money.

This same cash flow may he represented graphicaly:

$2000
Receipt
of money
Year 01 1 2] 3 4
Disbursement *
of money $3500 $350 83500 $350

34500

The upward arrow represents a receipt of money, and the downward arrows represent
disbursements. The z-axis represents the passage of time.

EXAMPLE 1

In January 1990, a firm purchases a used typewriter for $500. Repairs g¢ost| nothing in
1990 or 1991. Repairs| are $85 in 1992, $130 in 1993, and $140 in 1994. The machine is
sold in 1994 for $300. Compute the cash flow table.

Solution

Unlesd otherwise stated in problems, the customary assumption is a beginning-of-year
purchase, followed by end-of-year receipts or disbursements, and an end-of-year resale or
sdvage value. Thus the typewriter repairs and the typewriter sale are assumed to occur at

the end of the year. betting a minus sign represent. a disbursement. off money, and a plus
sign a receipt of money, we are ableto set up this cash flow table:

Year Cash Flow
Beginning of 1990 —$500

End of 1990 0
End of 1991 0
End of 1992 -85
End of 1993 -130

End of 1994 +1A0
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Notice that at the end of 1994, the cash flaw table shows + 160 which is the net sum of
-140 and +4300)] If we define Year O as the beginning of 1990, the cash flow table
becomes:

Year Cash ‘Flow
0 -3500
0
0
-85
-130
+160|

O BwnN =

From this cash flow table, the definitions of Year O and Year 1 become clear. Year O is
defined asl the beginning of Year 1. Year 1isthe end of Year 1, Year 2 isthe end of Year

2, and so forth.

TIME VALUE OF, MONEY

When the money consequences of an aternative occur in a short period of time-say, less
than one year-we might simply add up the various sums of money and obtain the net
result. But we cannot treat money this same way over longer periods of time. This is
because money today is not the same as money at some future time.

Consider this question: Which would you prefer, $100 today or the assurance of
receiving 8100 a year from now? Clearly, you would prefer the 8100 today. If you had the
money today, rather than a year from now, you could use it for the year. And if you had
no use for it, you could lend it to someone who would pay interest for the privilege of
using your money for the year.

EQUIVALENCE

In the preceding section we saw that money at different points in time (for example, $100

today or $100 one year hence) may be equal in the sense that they both are 8100, but

$100 a year hence is sot an acceptable substitute for $100 today. When we have
acceptable substitutes, we say they are equivalent to each,| other. Thus at 8% interest,

$108 a year hence is equivalent to $100 today. '

EXAMPLE 2
At a 10% per year interest rate, $500 now is equivalent to how much three years hence?

Solution
$500 now will increase by 10% in each of the three years.

Now = 9500
End of 1st year == 500 + 10%(500) = 550
End of 2nd year = 550 + 10%(550) = 605
End of 3rd year = 605 + 10%(605) = 665.50

Thus $500 now is equivalent| to $665.50 at the end of three years.

-l
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Equivalence is an essential factor in engineering economic analysis. Suppose we wish to
select the better of two alternatives. First, we must compute their cash flows. An example
would bed

Year A B |
0 42000  —$2800
1 +800 +1100
2 +800 +1100
3 +800| +1100

The larger investment in Alternative B results in larger subsequent benefits, but we
have no direct way of knowing if Alternative B is better than Alternative A. Therefore we
do not know which alternative should be selected. To make a decision we must resolve
the alternatives into equivalent sums so they may be compared accurately and a decision
made.

COMPOUND INTEREST FACTORS

To facilitate equivalence computations a series of compound interest factors will be
derived and their use illustrated.

Symbols

i = Interest rate per interest period. In equations the interest rate is stated as a
decimal (that is, 8% interest is 0.08).

n = Number of interest periods.
P = A present sum of money.

F = A future sum of money. The future sum F is an amount. n interest periods
from the present, that id equivalent to P with interest rate i

A =1 An end-of-period cash receipt or disbursement in a uniform series continuing
for m periods, the entire series equivalent toP or Fat interest ratei.

G = Uniform period-by-period increase in cash flows; the arithmetic gradient.

g = Uniform rate of period-by-period increase in cash flows; the geometric
gradient.

Functional Notation

To Find Given Functional Notation
Single Payment
Compound Amount Factor F P (F/P,i,n)
Present Worth Factor P F (P/Fin)
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FUNCTIONAL NOTATION, continued

To Find Given Functionall Notation

Uniform| Payment Series

Sinkmg Fund Factor A F (A/F,in)

Capital Recovery Factor A P (A/P,in)

Compound Amount Factor Fl A (F/ A,.',ﬂ)|

Present Worth Factor P A (P/A,in)
Arithmetic Gradient

Gradient Uniform Series A G (A/Gyan)

Gradient Present Worth P G (P/Gyi,n)

From the table above we can see that the functional notation scheme is based on writing
(To Find / Given,i,n)| Thus, if we wished to find the future sum F| given auniform series
of receipts A, the proper compound interest factor to use would be (F/A,i,n)]

Single Payment Formulas

Suppose a present sum of money P isinvested for one year at interest rate] At the end
of the year, we receive back our initid investment P together with interest equal to Pi or
atotal amount P + Pi. Factoring P, the sum at the end of one year is P(I + ). If we
agree to let our investment remain for subsequent years, the progression is as follows:

Amount at Beginning + Interest for Amount at End
of Perio the Period of the Period
1st year P + Pi = P+
2nd year P + i) + Pi(l + i) = P+ 9}
3rd year P+ a1 & P+t = PO
nth year P(I + ™1 H P+ )™= Pl + i)

The present summ APiioceeasssi in » periods to P(I + ). This gives us a relationship
between a present sum P and itg equivalent future sum F: ’

Future Sum = (Present Sum)(l + 4)1
=P + "

This is the Single Payment Compound Amount formula. In functional notation it is
written:

F = P(F/P,in)
The relationship may be rewritten as:

Present Sum = (Future Sum)(l+ #~"
D -~ nrp |-|-.‘\7l'l
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Thisisthe Single Payment Present Worth formula. It is written:

P = F(P/F,in)

EXAMPLE 3
At a 10% per year interest rate, $500 now is equivalent to how much three years hence?

Solution
This problem was solved in Example 2. Now it can be solved using a single payment
formula.

P = $500
n = 3 years
H = 10%

= unknown

F= P(l + &%= 500(] + 010 = $665.50

This problem may also be solved using the Compound Interest Tables.
F  =P(F/P,in) = 500(F/P,10%,3)
Prom the 10% Compound Interest Table, read (F/P,10%,3) = 1.331.

F = 500(F/P,10%,3) = 500(1.331) = $66550

EXAMPLE 4
To raise money for a new business, a man askd you to loan him some money. He offers to
pay you $3000 at the end of four years. How much should you give him now if you want
12% interest per year on your money?

Solution
P = unknown '
N = 4 years
i = 12%
F = $3000
M = £+ ™" = B000() H V.12)"* = $1906.55

Alternate computation using Compound Interest Tables:

P = F(P/Fin) = 3000(P/F,12%,4)
= 3000(0.6355) = $1906.50

Note that the solution based on the Compound Interest Table is slightly different from
the exact solution using a hand calculator. In economic analysis, the Compound I nterest
Tables are always considered to be sufficiently| accurate.
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Uniform Payment Series Formulas

Consider the following situation:;

A = End-of-period cash receipt or
dishursement in a uniform series
continuing for m periods.

{4
l F = A future sum of money.
F

b

Using the single payment compound amount factor, we can write an equation for F in
terms of A:

F=A+ AL+ i HALH )] (1)

- In our situation, with n = 3, Equation (1) may be written in a more general form:

F=A+ AL Hi|+ AL+ )] (2)
Multiply Eq. (2) by (1 + {1+ 9F = )t(-l+\=)+N1 + )" + A(l‘ +9" 3
Write Eq. (2): F= A+ A(l wm"‘ (©)
@3) - @) il= A+ AL + )Y

F=A((1+?"-1)

Uniform Series Compound Amount formula

Solving thii equation for A:

]

A _ F((l—_l_'jﬂ-?i] Uniform Series Sinking Fund formula

Since F = P(I H )", we can suhetitute this expression for Fin the equation and obtain:

i1+ )" . . .
A = P(rl-i-_ﬂrq—l Uniform Series Capital Recovery formula

Solving the equation for P:

n —
P = A((—li(':?_—‘),,l) Uniform Series Present Worth formula

-
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In functional notation, the uniform series factors are:

Compound Amount (F/A,in)

Sinking Fund (A/F,in)

Capital Recovery (A/P,i,n)

Present Worth (P/A,in)
EXAMPLE 5

If $100 is deposited at the end of each year in a savings account that pays 6% interest per
year, how much will be in the account at the end of five years?

Sold tion

A = $100

F = unknown
n =5 years
i = 6%

F = A(F/Ain) = 100(F/A,6%,5)
= 100(5.637) = $563.70

EXAMPLE 6

A woman wishes to make a uniform deposit every three months to her savings account so
that at the end of 10 years she will have $10,000 in the account. If the account earns 6%
annua interest, compounded quarterly, how much should she deposit each three months?

Solution

F = $10,000
A = unknown
n = 40 quarterly deposits

i = 1-12-%‘ per quarter year

Note that i the interest rate per interest period, is 1%%, and there-are 40 deposits.

A = F(A/Fin) = 10,000(4/F,1}%,40)

10,000(0.0184) = $184

EXAMPLE 7

An individua is considering the purchase of a used automobile. The total price is $6200

with $1240 as a downpayment and the balance paid in 48 equa monthly payments with
interest at 1% per month. The payments are due at the end of each month. Compute the

monthly payment.

Solution
The amount to be repaid by the 48 monthly payments is the cost of the automobile
minus the $1240 downpayment,
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P = 84960

A = unknown

n == 48 monthly payments
i = 1% per month

A = P(A/Pin) = 4960(A/P,1%,48)
= 4960(0.0263) = $130.45

EXAMPLE 8

A couple sold their home. In addition to cash, they took a mortgage on the house. The
mortgage will be paid off by monthly payments of $232.50 for 10 years. The couple
decides to sell the mortgage to a locall bank. The bank will buy the mortgage, but
requires a 1% per month interest rate on their investment. How much will the bank pay

for the mortgage?

Solution

A = $§232.50
n = 120 months

i = 1% per month
P = unknown

P = A(P/A,in) = 232.50(P/A,1%,120)
= 232.50(69.701) = $16,205.48

Arithmetic Gradient

At times one will encounter a situation where the cash flow series is not a constant
amount A Instead it is an increasing series like:
200
175
150
125
100

|
[

This cash flow may be resolved into two components:

200
175
150 ; (n

t . ity il
b Dk T e

| -
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We can compute the value of P* as equal to P1 plusP. We already have an equation for
P

P'=A(P[A,in)

The value for P in the right-hand diagram is.

_ )" —in—1
P_G( (14 )" )

This is the Arithmetic Gradient Present Worth formula. In functional notation, the
relationship is P = G(P/G,i,n))

EXAMPLE 4

The maintenance on a machine is expected to be $155 at the end of the first year, and
increasing $35 each year for the following seven years. What present sum of money would
need to be set aside now to pay the maintenance for the eight-year period? Assume 6%
interest.

Solution -
=P -1 A
GZ %
1?5(_#f:f:1_ kS 2
l n=28yr
P = unknown i = 6%

P = 155(P/A,6%8) + 35(P/G,6%,8)
= 155(6.210) + 35(19.841) = $1656.99

In the gradient series, if instead of the present sum P] an equivalent uniform seriesl A is
desired) the problem becomes:

200
175 A
150 A (n — 1)
100 2G

P - .
NRR Ny

A = 100
Al
The relationship between A and Gl in the right-hand diagramis:

AJ

@A+ d=in=1

As G( T+ 9T=1 )‘
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In functional notation, the Arithmetic Gradient (to) Uniform Series factor is:

A = G(A/G,in)

It is important to note carefully] the diagrams for the two arithmetic gradient series

factors. In both cases the first term in the arithmetic gradient series is zero and the last

term is (o] — 1)G. But we use n in the equations and functional notation. The derivations
(not shown here) were done on this basis and the arithmetic gradient series Compound
Interest Tables are computed this way.

EXAMPLE 10
For the situation in Example 9, we| wish now to know the uniform annual maintenance
cost. Compute an equivalent A for the maintenance costs,

Solution

35 r 3
A A

|\

G
n=8yr

HHHTH
SRR

A = unknown
Equivalent uniform annua maintenance cost:

-
-
-
-
-

A = 155 + 35(4/G6%8)
= 155 + 35(3.195) = $266.83

Geometric  Gradient

The arithmetic gradient is applicable where the period-by-period change in the cash flow
is a uniform amount. There are other situations where the period-by-period change is a

uniform rate, g. A diagram of thig situation is: "
Ay lx
Aa . =
Ay gl

T

where A, = A,(1+ ¢)*1
g = Uniform rate of period-by-period change; the geometric gradient stated as a
decima (8% = 0.08).
A| = Vaue of A a Year 1.

An = Valud of A at any Year n.
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Geometric Series Present Worth Formulas:

When i =g, P = Ay(n(] + a')'l) I

When i # g, P = A:l(l =@+ 971 + i)_nl)

t—4

EXAMPLE 11

Itislikely that airplane tickets will increase 8% in each of the next four years. The cost
of aplaneticket at the end of the first year will be $180. How much money would need
to be placed in a savings account now to have money to pay a student’ s travel home at
the end of each year for the next four years? Assume the savings account pays 5% annual
interest.

Solution
The problem describes a geometric gradient where g = 8% and i = 5%.

b = A,](‘l — (L g i)"‘l)

1— g

_ 1 — (1.08)*(1.05)"4Y _ —0.119278 | _

Thus, $715.67 would need to be deposited now.
As a check, the problem can be solved without using the geometric gradient:

Year Ticket
1 A, = $186.00
2 A, = 18000 + 8%(180.00) = 194.40
3 A = 19440 + 8%(194.40) = 209.95
4 A = 20995 + 8%(209.95) = 226.75.

180.00( P/ F,5%,1) + 194.40(P/F,5%,2) + 209.95(P/F,5%,3) + 226.75(P/F,5%,4)
180.00(0.9524) + 194.40(0.9070) + 209.95(0.8638) + 226.75(0.8227)
$715.66

U u

NOMINAL AND EFFECTIVE INTEREST

Nomina interesf is the annual interest rate without considering the effect of any
compounding.

-l
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Effective interest iS the annual interest rate taking into account the effect of any
compounding during the year.

Frequently an interest rate is described as au annua rate, even though the interest period
may be something other than one year. A bank may pay 1-1 /2% interest on ‘the amount
in a savings account every three months. The nominal interest rate in this situation is 6%
(4 x 1-1/2% = 6%). But if you deposited 81000 in such an account, would you have
106%(1000) = $1060 in the account at the end of one year? The answer is no, you would
have more. The amount in the account would increase as follows:

Amount in Account

At beginning of year = 81000.00

End of 3 months: 100000 + 13%(1000.00) = 1015.00
End of 6 months: 1015.00 + 1%%(1015.00) = 1030.23
End of 9 months: 103023 + 13%(1030.23) = 1045.68
End of one year: 104568 + 13%(1045.68) = 106137

The actua interest rate on the $1000 would be the interest, $61.37, divided by the
original $1000, or 6.137%. We call this the effective interest rate.

Effective interest rate = (1 + i)” -~ 1, where

i = Interest rate per interest period,
m = Number of cornpoundings per year.

EXAMPLE 12
A bank charges 11%‘ per month on the unpaid balance for purchases made on its credit
card. What nomind interest rate is it charging? What effective interest rate?

Solution
The nomina interest rate is simply the annual interest ignoring compounding, or
12(13%) = 18%.

Effective interest rate =0 (1 + 0.015)" =1 = 0.1956 = 19.56%

SOLVING ECONOMIC ANALYSIS PROBLEMS

The techniques presented so far illustrate how to convert single amounts of money, and
uniform or gradient series of money, into some equivalent sum at another point in time,
These compound interest computations are an essentia part of economic analysis
problems.

The typical situation is that we have a number of aternatives and the question is,
which alternative should be selected? The customary methgd of solution is to resolve each
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of the alternativea into semet common form and then choose the best alternative (taking
both the monetary and intangible factors into account).

Criteria

Economic analysis problems inevitably fall into one of three categories]

1 Fixed Input The amount of money or other input resources is fixed,

Ezample] A project engineer had a budget of $450,000 to overhaul a plant.

2 . Fixedl Output There id a fixed task, or other output to be
accomplished.

Ezample] A mechanical contractor has been awarded a fixed price contract
to air-condition a building.

3. Neither Input This is the general situation where neither the amount
nor Output Fixed of money or other inputs, nor the amount of benefits
or other outputs are fixed.

Ezamplej A consulting engineering firm had more work available than it can
handle. It is considering paying the staff for working evenings to increase the
amount of design work it can perform.

There are fivd major methods of comparing alternatives: present worth; future worth;
annual cost; rate of return; and benefit-cost ratio. These are presented in the following
sections.

PRESENT WORTH

In present worth analysis, the approach is toresolve all the money consegquences of an
alternative into an equivalent present sum. For the three categories given above, the

criteriaare:

Category Present Worth Criterion

Fixedl | nput Maximize the Present Worth of benefits or other
outputs.

Fied output Minimize the Present Worth of costs or other
inputs.

Neither Input Maximize [Present Worth of benefitg minus

nor Output Fixed Present Worth of costs] or,

stated another way:
Maximize Net Present Worth.

-l
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Application of Present Worth

Present worth analysis is most frequently used to determine the present value of future
money receipts and disbursements. We might want to know, for example, the present
worth of an income producing property, like an oil well. This should provide an estimate
of the price at which the property could be bought or sold.

An important restriction in the use of present worth calculations is that there must be
a common anaysis period when comparing aternatives. It would be incorrect, for
example, to compare the present worth (PW) of cost of Pump A, expected to last 6 years,
with the PW of cost of Pump B, expected to last 12 years.

oy A 6 years

Pump B

12 years

Improper Present Worth Comparison

In situations like this, the solution is either to use some other analysis technique* or to
restructure the problem so there is a common anaysis period. In the example above, a
customary assumption would be that a pump is needed for 12 years and that Pump A
will be replaced by an identicall Pump A at the end of 6 years. This gives a 12-year|
common analysis period.

Replacement
Pump A | Pump A

12 years

Pump B

12 years

Correct Present Worth  Comparison

This approach is easy to use when the different lives of the alternatives have a
practical least common multiple life. When this is not true (for example, life of Jequals 7
years and the life of Kl equals 11 years), some assumptions must be made to select a
suitable common analysis period, or the present worth method should not ‘be used.

EXAMPLE! 13
Machine Xl has an initiad cost of $10,000, annual maintenance of $500 per year, and no
salvage value at the end of its four-year useful life. Machine Y costs $20,000. The first
year there is no maintenance cost. The second year, maintenance is $100, and increases
$100 per year in subsequent years. The machine has an anticipated $5000 salvage value
at the end of its 12-yearf useful life.

If interest is 8%, which machine should be selected?

Solutionl
The analysis period is not stated in the problem. Therefore we select the least common
multiple of the lives, or 12 years, as the analysis period.

*Generaly the annua cost method is suitable in these situations.
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Present Worth of Cost of 12 years of Machine X
= 10,000 + 10,000(P/F,8%,4) + 10,000(P/F,8%,8) + 500(P/A,8%,12)

= 10,000 + 10,000(0.7350) + 10,000(0.5403) + 500(7.536)
= $26521

Present Worth of Cost of 12 years of Machine Y’
= 20,000 + 100(P/G,8%,12) — 5000(P/F,8%,12)
= 20,000 + 100(34.634) ~ 5000(0.3971)
= $21478
Choosel Machinel Y with its smaller PW of Cost.

EXAMPLE 14
Two alternatives have the following cash flows:

Alternativel
Year A B
0 —$2000 —$2800
1 +800| +1100]
2 +800 +1100
3 +800] +1100

At a 5% interest rate, which alternative should be selected?

Solution
Solving by Present Worth analysis:

Net Present Worth (NPW) = PW of benefits= PW of cost
NPW 4| = 800(P/A,5%,3) — 2000
= 800(2.723) - 2000
= +178.40|
NPW g = 1100(P/A,5%,3) — 2800
= 1100(2.723) — 2800
= 4195.30( ‘

To maximize NPW, choose Alternative B.

Capitalized Cost

In the special situation where the analysis period is infinite (1 = co0), an analysis of the
present| worth of cost is called capitalized| cost! There are afew publid projects where the
analysis period is infinity. Other examples would be permanent endowments and
cemetery perpetual care.

When n eguals infinity, a present sum P will accrue interest of Pi for every future
interest period. For the principal sum Pl to continue _rundiminished| (an essential
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requirement for m equal to infinity), the end-of-period sum A that can be disbursed is Pi.

P =i P + Pi ml P 4 Pi i P o P s o ¢ o

A

A
When n =1 oo, the fundamental relationship between P} A, and i is:
A = Pi

Some form of this equation is used whenever there is a problem with an infinite analysis
period.

EXAMPLE 15

In his will, a man wished to establish a perpetual trust to provide for the maintenance of
a smal locd park] If the annual maintenance is $7500 per year and the trustl account can
earn 5% interest, how much money must be set aside in the trust?

Solutionl
When n= o0, A = Pioerl‘:ﬂ‘

_— . A _ $7500
Capitalized| costl P = 7= SppE = $150,000

FUTURE WORTH

In present worth analysis, the comparison is made in term8 of the equivalent present| costs
and benefits. But the analysis need not be made at the present time, it could be made at
any point in time: past, present, or future. Although the numerical calculation8 may ook
different, the decision is unaffected by the point in time-selected] Of course, there are
situations where we do want to know what the future situation will be if we take some
particular course of action now. When an analysis is made based on some future point in
time, it is called future worth analysis.

Category Future Worth Criterion

Fixed Input Maximiae the Future Worth of benefit8 or other
outputs.

Fixed Output Minimize the Future Worth of costsl or other
inputs.

Neither Input Maximise [Future Worth of benefits minus

nor Output Fixed Future Worth of costs] or,

stated another way:
Maximize Net Future Worth.
wl
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EXAMPLE 16
Two alternatives have the following cash flows:
Alternative
Year AJ B
‘0 —5200 —$2800
1 +800) +1100
2 +8001 +1100
3 d-800 +1100

At a 5% interest rate, which alternative should be selected?

Solution

In Example 14, this problem was solved by Present Worth analysisat Y ear 0. Here it will
be solved by Future Worth analysis at the end of Year 3.

Net Future Worth. (NFW)|= FW of benefits— FW of cost

NFW 4| = 800(F/A,5%,3) = 2000(F/P,5%,3)
= 800(3.152) — 2000(1.158)
= +205.60

NFWpg = 1100(F/A,5%,3) — 2800(F/P,5%,3)

1100(3.152) — 2800(1.158))
+224.80)

To maximize NFW, choose Alternative B.

ANNUAL COST

The annual cost method is more accurately described as the method of Equivalent
Uniform Annual Cost (EUAC) or, where the computation is of benefits, the method of
Equivalent Uniform Annual Benefits (EUAB).

Criteria

For each of the three possible categories of problems, there is an annual cost criterion for
economic effkiency.

Category Annual Cost Criterion

Fixed Input Maximize the Equivalent Uniform Annual
Benefits. That is, maximize EUAB.

Fiied output Minimize the Equivalent Uniform Annual

Neither Input
nor Output Fixed

Cost. That is, minimize EUAC.

Maximize [EUAB — EUAC)]
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Application of Annual Cost Analysis

In the section on present worth, we pointed out that the present worth method requires
that there be a common analysis period for all alternatives. This same restriction does not
apply in al annual cost calculations, but it is important to understand the circumstances
that justify comparing alternatives with different service lives.

Frequently an analysis is to provide for a more or less continuing requirement. One
might need to pump water from a well, for example, as a continuing requirement.
Regardless of whether the pump has a useful service life of 6 years or 12 years, we would
select the one whose annual cost is a minimum. And this would till be the case if the
pump useful lives were the more troublesome 7 and 11 years, respectively. Thus| if we can
assume a continuing need for an item, an annual cost comparison among aternatives of
differing service lives is valid.

The underlying assumption made in these situations is that when the shorter-lived
dternative has reached the end of its useful life, it can be replaced with an identical item
with identical costs, and so forth. This means the EUAC of the initia aternative is equal
to the EUAC for the continuing series of replacements.

If, on the other hand, there is a specific requirement in some situation to pump water
for 10 years, then each pump must be evaluated to see what costs will be incurred during
the analysis period and what salvage value, if any, may be recovered at the end of the
analysis period. The annual cost comparison needs to consider the actual circumstances of
the situation.

Examination problems are often readily solved by the annual cost method. And the
underlying “continuing requirement” is often present, so that an annual cost comparison
of unequal-lived aternatives is an appropriate method of analysis.

EXAMPLE 17
Consider the following dlternatives:
A e B
First cost $5000 $10,000
Annual  maintenance 500 200
End-of-useful-life salvage value 600 1000
Useful life 5 years 15 years

Based on an 8% interest rate, which alternative should be selected?

Solution

Assuming both alternatives perform the same task and there is a continuing requirement,
the goal is to minimize EUAC.

Alternative A:
EUAC= 5000(4/P,8%,5) + 500 —~ 600(A/F,8%,5)
5000(0.2505) + 560 — 600(0.1705) = $1650
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Allernativel Bl
EUAC = 10,000(A/P,8%,15) + 200 — 1000(A/F,8%,15)
= 10,000(0.1168) + 200 — 1000(0.0368) = 81331

To minimize EUAC, select Alternative B.

RATEOFRETURN

A typical situation is a cash flow representing the costs and benefits. Therate of return
may be defined as the interest rate where

PWI of cost = PW of benefits,
EUAC = EUAB,
or PW of costl = PW of benefits = 0.

EXAMPLE 18
Compute the rate of return for the investment represented by the following cash flow:

Year Cash Flow
0 —53595
1 +250|
2 +200(
3 +150)
4 ~+100
5 +50

Solultion
This declining arithmetic gradient series may be separated into two cash flows for which
compound interest factors are available:

250 250 250 250 250 250 5
200 A 2
150 160 ]

- 100

1y 11
Note that the gradient series factors are based on an increasing gradient. Here, the

declining cash flow is solved by subtracting an increasing arithmetic gradient, as
indicated by the diagram.

<
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PW! of cost — PW of benefits = 0
- [250(P/A,i,5) = 50(P/G,i,5)) = O
Try i = 10%
595 - [250(3.791) — 50(6.862)] = -9.65
Try 1 = 12%:
595 — [250(3.605) — 50(6.397)] = +13.60

The rate of return is between 10% and 12%. It may be computed more accurately by
linear interpolation:

Rate of return = 10% + (2%)(1»3—%%%_25%3] = 10.83%

Rate of Return Criterion for Two Alternatives

Compute the incremental rate of return on the cash flow representing the difference
between the two alternatives. Since we want to look at increments of investment, the cash
flow for the difference between the alternativesis computed by taking the higher initiald
cost alternative minus the lower initial-cost alternative. If the incremental rate of return
is greater than or equal to the predetermined minimum attractive rate of return
(MARR), choose the higher-cost alternative; otherwise, choose the lower-cost alternative.

EXAMPLE 19
Two alternatives have the following cash flows:
Alternativel
Year A B |
0 —8§2000  —$2800
1 +800 +1100
2 +800| +1100
3 +800] i-1100

If 5% is considered the minimum attractive rate of return (MARR), which alternative
should he selected?

Solution

These two alternatives were previously examined in Examples 14 and 16 by present worth
and future worth analysis. This time, the alternatives will he resolved using rate of return
analysis.

Note that the problem statement specifies a 5% minimum attractive rate of ratum
(MARR), while Examples 14 and 16 referred to a 5% interest rate. These are really two
different ways of saying the same thing: the minimum acceptabl e time value of money is
5%.

First, tabulate the cash flow that represents the increment of investment between the
alternatives. This is done by taking the higher initial-cost alternative minus the lower
initial-cost alternative: ¥l
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Difference between

Alternative Alternatives
Year A B B -A
0 42000 —$2800 —$800I
1 +800] 41100 +300
2 +800) +1100 +300(
3 +800] +1100| +300

Then compute the rate of return on the increment of investment represented by the
difference between the alternatives:

PWI of cost = PW of benefits
800 = 300(P/A,i,3)
(P/A,i3) = 3500&’ =267
i & 6.1%

Since theincremental rate of return exceeds the 5% MARR,| theincrement of investment
is desirable. Choose the higher-cost Alternative B.

Before leaving this example problem, one should note something that relates to the
rates of return on Alternative A and on Alternative B, These rates of return, if computed,
are:

Rate of Return
Alternative A 9.7%
Alternative B 8.7%

The correct answer to this problem has been shown to be Alternative B, and thisistrue
even though Alternative A has a higher rate of return. The higher-cost alternative may be
thought of as the lower-cost alternative, plus the increment of investment between them.
Looked at this way, the higher-cost Alternative B is equal to the desirable lower-cost
Alternative A plus the desirable differences between the alternatives.

The important conclusion is that computing the rate of return for each alternative does
not provide the basis for choosing between alternatives. Instead, incremental analysisis
required.

EXAMPLE 20
Consider the following:

Alternative

Year A B
0 -8200.0 —3$131.0
1 +77.6 +48.1
j +77.6 +48.1
+77.6 +48.1

If the minimum attractive rate of return (MARR) is 10%, which alternative should be
selected?
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Solution
To examine the increment of investment between the alternatives, we will examine the
higher initial-cost alternative minus the lower initial-cost alternative, or A = B.

Alternativd Increment
Yearl A B ‘:J A-B
0 -9200.0 —3$131. —5$69.0
1 +77.6 +48.1 +29.5
2 +77.6 $48.1 +20.5
3 1776 4+48.1 4295

Solve for the incrementd rate of return:

PWI of cost= PW of benefits
69.0 = 29.5(P/A,i,3)
(P/A,i3) = 889 = 2.339
From Compound Interest Tables, the incremental rate of return is between 12% and 15%.
This is a desirable increment of investment hence we select the higher initial-cost
Alternative A.

Rate of Return Criterion for Three or More Alternatives

When there are three or more mutually exclusive alternatives, one must proceed following
the same general logic presented for two alternatives. The components of incremental
analysis are:

1. Compute the rate of return for each alternative. Reject any alternative where
therate of return islessthan the given MARR. (This step is not essential, but
helps to immediately identify unacceptable alternatives.)

2. Rank the remaining alternatives in their order of increasing initial cost.

3. Examine the increment of investment between the two lowest-cost alternatives
as described for the two-alternative problem. Select the best of the two
alternatives and reject the other one.

4, Takethe preferred alternative from Step 3. Consider the next higher initial-cost
alternative and proceed with another two-alternative comparison.

5. Continue until all alternatives have been examined and the best of the multiple

alternatives has been identified.
il
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EXAMPLE! 21
Consider the following:
Alternative
Year A B

0 —8200.00 -81310
1 +77.6 +48.1
2 +77.6 +48.1
3 +177.6 +48.1

If the minimum attractive rate of return (MARR) is 10%, which aternative, if any,
should be selected?

Solution|
One should carefully note that thisis a three-alternative problem where the alternatives
are A, B, and “Do Nothing.”

In this solution we will skip Step 1. Reorganize the problem by placing the alternatives
in order of increasing initial cost:

Do Alternativd
Year Nothing B A J
0 0 -2131.0 —$200.
1 0 +48.1 +77.6
2 0 f48.1 +77.6
3 0 +48.1 +77.6

Examine the “B — Do Nothing” increment of investment:

Year B -~ Do Nothing

0 -3131.0 = 0 = —$131.00
! +48.1 - 0 = +48.1
2 +48.1 - 0 =  +48.1
3 f48.1 -« 0 = +48.1

Solve for the incremental rate of return:

PWI ofl cost = PW of benefits
131.0 = 48.1(P/A,i,3)

(P/A,i3) = 14331'1 = 2723

Prom Compound Interest Tables, the incremental rate of return = 5%. Since the
incremental rate of return is less than 10%, the B — Do Nothing increment is not
desirable. Reject Alternative B.

Next, consider the increment of investment between the two remaining dternatives:

Year A — Do Nothing
0 —$200.00 = 0 = —5200.00
1 +77.6 — 0 = +77.6
2 +776 — 0 = +77.6
3 +776 — 0 = +77.6
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Solve for the incremental rate of return:

PW of cost = PW of benefits
200.0 = 77.6(P/A,:’,3J
(P/A,i,3) = ?ﬁm%i—rz-.s 7

Theincremental rate of return is 8%. Since the rate of return on the A — Do Nothing
increment of investment is less than the desired 10%, reject the increment by rejecting
Alternative A. We select the remaining alternative: Do nothing!

If you have not already done so, you should go back to Example 20l and see how the
slightly changed wording of the problem radically altered it. Example 20 required the
choice between two undesirable alternatives. Example 21 adds the Do-nothing alternative
which is superior toAor B.

EXAMPLE 22
Consider four mutually exclusive alternatives:
Alternative
A B 0‘ c D 0‘
Initial Cost $400.0 $100. $200.0 $500.
Uniform Annual Benefit 100.9 21.7 46.2 1252

Eachl alternative has a five-year useful life and no salvage value. If the minimum
attractive rate of return (MARR) is §%, which alternative should be selected?

Solutionl

Mutually ezclusivel is where selecting one alternative precludes selecting any of the other
aternatives. Thisisthetypical “textbook” situation. The solution will follow the several
steps in incremental analysis.

1. The rate of return is computed for the four alternatives.

Alternative A B c D
Computed rate of return 8.3% 11.9% 5% 8%

Since Alternative C has a rate of return less than the MARR, it may be
eliminated from further consideration.

2. Rank the remaining alternatives in order of increasing intial cost and examine
the increment between the two lowest cost alternatives.

Alternative B J A D J

Initial Cost $100. $400.0 $500.

Uniform Annual Benefit 21.7 1009 125.2
A-B

A Initial Cost $300.0

A Uniform Annual Benefit 73.2

Computed A rate of return 7%
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Since the incremental rate of return exceeds the 6% MARR, the increment of
investment isl desirable. Alternative A is the better alternative.

3. Take the preferred alternative from the previous step and consider the next
higher-co& alternative. Do another twoalternative comparison.

D-A
A Initia Cost $100.0
A Uniform Annual Benefit 24.3
Computed A rate of return 6.9%

The incremental rate of return exceeds MARR, hence the increment is desirable.
Alternative D is preferred over Alternativel A.

Conclusion: Select Alternative D. Note that once again the alternative with the highest
rate of return (Alt. B) isnofl the proper choice.

BENEFIT-COST RATIO

Generally in public works and governmental economic analyses, the dominant method of
analysis is called benefit-co& ratio. It is simply the ratio of benefits divided by costs,
taking into account the time value of money.

B/C = EW of benefits _ Equivalent Uniform Annual Benefits
PWiof cost — ~Equivalent Uniform Annual CoSt

For a given interest rate, a B/C ratio 3 1 reflectsl an acceptable project. The method of
analysis using B/C ratio is parallel to that of rate of return analysis. The same kind of
incremental analysis is required.

B/C Ratio Criterion for Two Alternatives

Compute the incremental B/C ratio for the cash flow representing the increment of
investment between the higher initial-coat aternative and the lower initial-cost
aternative. If this incremental B/C ratio is > 1, choose the higher-cost alternative;
otherwise, choose the lower-cost alternative.

B/C Ratio Criterion for Three or More Alternatives

Follow the logic for rate of return, except that the test is whether or not the incremental
B/C rétio is > 1.

EXAMPLE 23

Solve Example 22 using Benefit-Cost ratio analysis. Consider four mutually exclusivel
alternatives:
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Alternative
A [J B (J c D
Initial Cost $400. $100. $200.0 $500.0
Uniform Annual Benefit 100.9 217 46.2 1252

Each alternative has a five-year| useful life and no salvage value. Based on a 6% interest
rate, which alternative should be selected?

Solution
1. B/C ratio computed for the alternatives:

PW of benefits _ 100.9(P/A4,6%,5)
At. A B/C = 'PW%H’ = s = 106

5 B/Q = 27.7(Pl/$6%,5] - 117

¢ Bjq = SB2APASKS) _ og

D B/C

_ 125.2(P/A6%5) _ 1 e
=== =1

Alternative €l with a B/C ratio less than 1 is eliminate&

2. Rank the remaining aternatives in order of increasing intial cost and examine
the increment of investment between the two lowest cost alternatives.

Alternative B A J D
Initial Cost $100.0 $400. $500.0
Uniform Annual Benefit 21.7 100.9 125.2
N -
Initial Cost $300.
Uniform Annual Benefit 73.2
Incremental B/C ratio = m’é&}ﬂ =103

The incremental B/C ratio exceeds 1.0 hence the increment is desirable.
Alternative A is preferredl over B

3. Do the next two-alternative comparison.

Alternative Increment
A D J D-A
Initial Cost $400.0 $500. $100.0
Uniform Annual Benefit 1009 1252 24.3

24.3(P/ A,6%,5) - 10
ST :

Incremental B/C ratio = %
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The incremental B/C ratio exceeds 1.0, hence Alternative [l is preferred.

Conclusion: Select Alternative Dl

BREAKEVEN ANALYSIS

In business, “breakeven’ isl defined asi the point where income just covers the associated
costs. In engineering economics, the breakeven point is more precisely defined a3 the point
where two alternatives are equivalent.

EXAMPLE 24

A city is considering a new $50,000 snowplow. The new machine will operate at a savings
of $600 per day, compared to the equipment presently] being used. Assume the minimum

attractive rate of return (interest rate) is 12% and the machine'slifeis 10 yearswith zero
resale value at that time. How many days per year must the machine be used to make

the investment economical?

Solution
This breakeven problem may be readily solved by annual cost computations. We will set

the equivalent uniform annual cost of the snowplow equal to its annual benefit, and solve
for the required annual utilization.
Let X = breakeven point = days of operation per year.

EUAC = EUAB
50,000(A/P,12%,10) = 600X
50,000(0.1770
Xl = ;GI(JU—] = 14.7 days/year

DEPRECIATION

Depreciation of capital equipment isan important component of many after-tax economic
analyses. For this reason, one must understand the fundamentals of depreciation
accounting.

Depreciation isdefined, in its accounting sense, as the systematic allocation of the cost
of a capital asset over its useful life. Book value is defined asthe original cost of an asset,
minus the accumulated depreciation of the asset.

In computing a schedule of depreciation charges, three items are considered:

1. Cost of the property, P;
2. Depreciable life in years, n;

3. Salvage value of the property at the end of its depreciable life, S.
-
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Straight Line Depreciation

Depreciation chargein any year = £+

Sum-Of-Years-Digits Depreciation

Depreciation charge - Remaining Depreciable Life at Beginning of Year‘,P 9)
in any year Sum of Years Digitsfor Total Useful Litfe . v ™

where Sum Of Years Digits =14+ 2+ 3 + .. 4+ n = g(“*' 1)

Double Declining Balance Depreciation

Depreciation charge in any year = %(H -~ Depreciation charges to date)

Accumulated Cost Recovery System (ACRS) Depreciation

ACRS depreciation is based on a property class life which is generally less than the actual

useful life of the property and on zero salvage value. The varying depreciation percentage
to use must be read from atable (based on declining balance with conversion to straight
line). Unless one knows the proper ACRS property class, the depreciation charge inl 20y

year cannot be computed.

EXAMPLE 25
A piece of machinery costs $5000 and has an anticipated 31000 salvage value at the end
of its five-year depreciable life. Compute the depreciation schedule for the machinery by:

(a) Straight line depreciation;
(b) Sum-of-years-digits depreciation;
(c) Double declining balance depreciation,

Solutionl

Straight line depreciation = £~ 8| 5000 — 1000 g0
Sum-of-years-digits depreciation:
Sum-of-years-digits = § (n + 1) = % (6) =15

1st year depreciation= %(5000 - 1000) = 81333
a
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2nd year depreciation = T‘H (5000 = 1000) = 1067

3rd year depreciation = 1ii.-,(5[l{]{l - 1000) = 800
4th year depreciation = % (5000 - 1000) = 633
5th year depreciation =i 115(5000 - 1000) = 267

$4000

Double declining balance depreciation:
1st year depreciation=r £(5000 - 0) = $2000

2nd year depreciation = %(5000 - 2000) = 1200
3rd year depreciation= 2(5000 — 3200) = 720
4th year depreciation = %{500q - 3920) = 432

5th year depreciation= (5000 - 4352) = 250
#4611

Since the problem specifies a $1000 salvage value, the total depreciation may not exceed
$4000. The double declining balance depreciation must be stopped in the 4th year when it
totals $4000.

The depreciation schedules computed by the three methods are as follows:

Double
Straight Sum-0f Declining
Year Line Years- Digitsl Balance
1 $800 $1333" 82000
2 800 1067 1200
3 800 800 720
4 800 533 80
5 800 267 0|
$4000 $4000 | $4000 |

#

INCOME TAXES

Income taxes represent another of the various kinds of disbursements encountered in an
economic analysis. The starting point in an after-tax computation is the before-tax cash
flow. Generally, the before-tax cash flow contains three types of entries:

1. Disbursements of money to purchase capital assets. These expenditures create
no direct tax consequence for they are the exchange of one asset (cash) for
another (capital equipment).

2. Periodic receipts and/or disbursements representing operating income and/or
expenses. These increase or decrease the year-by-year tax liability of the firm.
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3. Receipts of money from the sale of capital assets, usually in the form of a
salvage value when the equipment is removed. The tax consequence depends on
the relationship between the book value (cost — depreciation taken) of the asset
and its salvage value.

Situation Tadt Consequence
Salvage value > Book value Capital gain on difference
Salvage value = Book value No tax consequence
Salvage value < Book value Capital loss on difference

After the before-tax] cash flow, the next step isto compute the depreciation schedule for
any capital assets. Next, taxable income is the taxable component of the before-tax cash
flow minus the depreciation. Then, the income tax is the taxable income times the
appropriate tax rate. Finally, the after-tax cash flow isl the before-tax cash flow adjusted
for income taxes.

To organize these data, it is customary to arrange them in the form of a cash flow
table, as follows:

Before-tax Taxable Income After-laz|
Year cash flow Depreciation income taxes cash flow
0
1
EXAMPLE 26

A corporation expects to receive $32,000 each year for 15 years from the sale of a
product. There will be an initial investment of $150,000. Manufacturing and salesl
expenses will be $8067 per year. Assume straight line depreciation, a 15-year| useful life
and no salvage value. Use a46% income tax rate.

Determine the projected after-tax rate of return.

Solution

Straight line depreciation = P; b =|150'm1}g -0 .
= §10,000 per year

Before-tax Tazable Income After-tax

Year cash flow Depreciation income taxes cash flow
0 -150,000 - 150,000
1 +23,933 19,900 13,933 -6,409 + 17,524
2 423,933 10,000 13,933 -6,409 H 17,524
15 +23,933 10,000 13,933 -6,409 H17,524

Take the after-tax cash flow and compute the rate of return at which PW of cost

equals PW off benefits.
#
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150,000 = 17,524(P/A,3,15)
(P/A,i15) = PPsIP = 5550

From Compound Interest Tables) = 8%
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INTRODUCTORY PROBLEMS

BASIC CONCEPTS
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Many engineers earn high salaries for creating profits for their
employers, then find themselves at retirement time insufficiently
prepared financially. This may be because in college courses
emphasis seldom is placed on using engineering economics for the
direct personal benefit of the engineer. Among the goals of every
engineer should be assuring that adequate funds will be available
for anticipated personal needs at retirement.

A realistic goal of retiring at age 60 with a personal net worth

in ‘excess of one million dollars can be accomplished by several

methods. A recent independent study ranked the probability of

success of the following methods of personal wealth accumulation.

Discuss and decide the ranking order of the following five

methods.

(a) Purchase as many lottery tickets as possible with money saved
from salary.

(b)Y Place money saved from salary in a bank savings account.

(c) Place all money saved from a salary in a money market
account.

(d) Invest saved money into rental properties and spend evenings,
weekends and vacations repairing and managing.

(e) Invest all money saved into stock market securities, and
study investments 10 to 15 hours per week.

AT T 00T 00300000 003030000000 00 00000 30 363630 30 06 90 00 00 36 36 36 30 906 0036 96 36 96 30 0 3¢ e

Independent studies can be misleading. If Julia McNeese of
Roseburg, Oregon were asked to rank wealth accumulation methods,
(a) would head her list. Julia recently won one million dollars
in a Canadian lottery. A workaholic with handyman talent might
select (d) as his Number 1 choice. Lots of people have become
millionaires by investing in real estate. The important thing is
to learn about the many investment vehicles available and then
choose the one or the several most suitable for you,
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A food processor is considering the development of a new line of
product. Depending on the quality of raw material, he can expect
different yields process-wise, and the quality of the final
products will also change considerably. The product development
department has identified three alternatives, and produced them in
a pilot scale. The marketing department has used those samples
for surveys to estimate potential sales and pricing strategies.
The three alternatives would use exising equipment, but different
process conditions and specifications, and they are summarized as
follows. Indicate which alternative seems to be the best
according to the estimated data, if the objective is to maximize
total profit per year.
Alternative

1 2 -3

Lbs of raw material A per unit of product 0.05 0.07 .075
n " " B P n P " 0.19 0.18 89(2

" n n C n " 0.14 0.12 0.17

Other processing costs  ($/unit product) $0.16  $0.24 $0.23
Expected wholesale price ($/unit product) 0.95 1.05 1.25

Projected volume of sales

(units of product) 1,000 , 000
1,250,000
800,000
Cost of raw material A  $3. 45/1b|
" n n B 1<07
n " n C 1.88

BETETE T 00T 000000 0000000000 0000300000 000000 NN

At.! A2 AR3
Cost of Raw Mat. A it prod) 0Sx3.4Se1125 .25 2587
Cost of Raws MaH. BC /uﬁrl'fnod- 19x101=.2033 .1926 .a"82
God of Raw ma+l cC¥/umiprod) .4x188=.2032 -2256 .3K6

cos-l-C‘/t'mHFd) el a8

Ta+a.| cos+ funt prad 0799 877 10865
wholesale pnce.(*/mH' pmd 2 095 Los _ 1.25
Protit per unit 0.15]1 o©.1503 ©.1635
?ropcbd sales (units of prod) 000,000 1,250,000 800,000
Projected profits ISl,000 187,875 130,800

Therefore , choose aHernative 2
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Consi der the previous problem \When asked about the precision of
the given figures, the marketing department indicated the actual
sales results could change plus/mnus 10% from the forecast.
Simlarly, product development indicated the actual production
costs may vary 3% from the pilot-based calculations, |s your
choice of the best alternative the same as you found in the
previ ous probl en?

BRI 0 IR RR RN RN NN RN RN RN

Altecnative ] -

Cost Reofit
max. = (.03 x.799 = . 82297 min. =.95-.82297-=, 1703

min. =0.97x .799 = .77503 max. =.95 -.17503 = .1747
Sales Sales x Rofik = Tora PROEIT
max. = || x 1,000,000 = 1,100,000 max.=1,100,000x ,IT49T 122,467
Min. = 6.9 x 1,000,000 900,000 Min.= 900,000x .12703 114,327
Alternctive 2 :
max. fotal profit = (1,250,000 x (\)(1.06-.8997 x 097) = 243,775
min, total profit= (1,250,000x0.9)(1.05 - 8997 x| 1.03)+ 1 38,723|
AHernative 3
max.total peofit = (Bogood| x 1.0(1.28 - 1 .086S5 x 0.97) =172,,56%
min.+total profit = (800,000 x0QX | 25 -1.0865 x 1.03)= 94,252
ﬂl'fho.ugh aHernativel 4 stil gives the largest profits, thel
datas precision is noH qoed enough to +ell for sure
that it will actually bel el best choice sincel the mox!
profits fod | § 3 arel lamer Hun thel mini peftts ofl 2.

B 00000000000 0000000000 0030000 00 0600 00000000 000000 00 30 00 00 36 06 30 00 00 30 96 36 36 36 96 00 98 36 00 9000 9 96 06 3% 96 96 36 96 36 96 36 8| 1"”

Car Ainitially costs $500 more than Car B, but it consunes o.ou
gallons/mle versus 0.05 gallons/nmile for B. Both last g years
and B's salvage value is $100 smaller than A's/ Fuel costs $1.70
per gallon. Qher things being equal, beyond how many miles of
use per year (4 X)J does A become preferable to B?

BRNRRRRERRE R R RRR RN RN AR RN R RN RN AR R N R RN R R RN
-S00 +100| 4 (65| -.04)(1.10)(8) X =0
“Hoo +0.13bL X =0
X =0.136 = ) mi

=
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The following letter was a reply from Benjamin Franklin to Joseph
Priestley, a friend of Franklin's, Priestley had been invited to
become the librarian for the Earl of Shelburne and had asked for
Franklin's advice. What engineering economy principle does
Franklin suggest Priestley use to aid in making his decision?

London, September 19, 1772
Dear Sir:

In the affair of so much importance to you wherein you ask my
advice, | cannot, for want of sufficient premises, advise you what
to determine, but if you please | will tell you how. When these
difficult cases occur, they are difficult chiefly because while we
have them under consideration, all the reasons Pro and Con are not
present to the mind at the same time: but sometimes one set
present themselves, and at other times another, the first being
out of sight. Hence the various purposes or inclination that
alternately prevail, and the uncertainty that perplexes us.

To get over this, my way is to divide a half a sheet of paper
by a line into two columns: writing over the one PRO and over the
other CON. Then during three or four days consideration 1 put
down under the different heads short hints of the different
motives that at different times occur to me, for or against the
measure.  When 1 have thus got them all together in one view, I
endeavour to estimate their respective weights: and where 1 find
two (one on each side) that seem equal, | strike them both out.
If 1 find a reason Pro equal to some two reasons Con, | strike out
the three. If | judge some two reasons Con equal to three reasons
Pro, | strike out the five: and thus proceeding | find at length
where the balance lies: and if after a day or two of further
consideration, nothing new that is of importance occurs on either
side, | come to a determination accordingly. And though the
weight of the reasons cannot be taken with the precision of
algebraic quantities, yet when each is thus considered separately
and comparatively and the whole lies before me, I think | can
judge Dbetter, and am less likely to make a rash step: and in fact
I have found great advantage from this kind of equation in what
may be called moral or prudential algebra.

Wishing sincerely that you may determine for the best, I am
ever, my dear friend, your most affectionately..,

s/Ben Franklin

FRWNNNNN NN NN R RN NN RN RN RN RN RN NNE NN

Decisions should be based on the differences between the
alternatives. Here the alternatives are taking the job (Pro) and
not taking the job (Con).
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Assume that you are employed as an engineer for Wreckalll
Engineering, Inc., a firm specializing in demolition of high rise
buildings. The firm has won a bid to tear down a 30-story|
building in a heavily developed downtown area. The crane owned by
the company only reaches to 29 stories. Your boss asks you to
perform an economicl analysis of buying a new crane to complete the
job. How would you handle the analysis?

HRRERRRR RN RN NN NN RRRRRBERRERR

The important point of this problem is o realize
that your boss may not have m:ai-\?ed what +he
e problem ig \n this case, To y a new crane
is only one alternative, and qui-i'e. likely not +he
best altermative.
Other aHtermatives :  extension on current crane
ramp for current crane
revt a erane o remove top stay
explosive demolition
If this is a fixed output project- (e.q., fixed fee
for demolishing building) we want mMinimi3e
costs. Weigh alfernativ us:'ng economic. criteriato
Choose the 1rest arernative |
FHRRENNRRRER RN R RN RN RERRRRE RN ERRRREE RN R RN RRERR RN 1-7|
The total cost of a building (TC) is given by

TC = (200 + 80X # 2x2)A
where X = Number of floors
A= Floor area in ftz/floor{

If the total number of square feet required is 105, what is the
optimal (minimum cost) number of floors?

HRERIIT I 2000000 2000200000 0606 00200606 00 26 00 00 30 00 06 20 96 06 90 0 6 36 36 9 00 3 3 3 0 3 9F % % % ¥
T¢ =(200 +80x +*zx‘)(.‘°°&)|
4G4y = UeP)(" %% + 2) =0
** 2299, = Vioo = 10 floors|
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By saving and investing, wisely or luckily or both, Helen finds
she has accumulated $400,000 in savings while her salaried
position is providing her with $40,000 per year, including
benefits, and after income taxes and other deductions.

Helen’s salaried position is demanding and allows her little free
time, but the desire to pursue other interests has become very
stong. What would be your advice to her if you were asked?

60030 30 3030 00 00 00 0 3% 00 3098 9 06 36 9 3 36 30 3% 00 3 9 3 3% 36 30 3 36 3 30 36 30 36 2 26 3 3 36 30 30 0 0 30 30 30 00 00 0% 0

First, Helen should decide what annual income she needs to provide
herself with the things she wants. Depending on her age, she
might be able to live on the interest Income (maybe 10% x $400,000
= $40,000), or a combination of interest and principal. The
important thing that Helen should realize is that it may be
possible for her to lead a more fulfilling lifestyle if she is
fully aware of the time value of money. There are many people
with large sums of money in bank checking accounts (drawing no
interest) because they can write "free" checks.

1'51 BRI RN RN R RN RRRRRRRRRRRRRRRRRN

Charles belongs to a square dance club that meets twice each month
and has quarterly dues of $9.00 per person. The club moved its
meeting place to a location with increased cost. To offset the
cost each member agrees to pay 50 cents each time they attend the
meeting. Later the treasurer suggests that the quarterly dues be
increased to $12.00 per person as an alternative to the meeting
charge. Discuss the consequences of the proposal. Do you think
the club members would agree to the proposal?

B30 0060000000 0600060 06 06 06 9600 96 06 06 90 90 0696 90 06 00 00 0606 0606 00 00 30 00 00 90 00 96 36 00 30 36 36 30 36 30 06 30 30 06 00 K

The members who attend regularly would pay the same amount with
the new dues as with the older method of $9.00 plus 50 cents per
meeting. Many would like the added advantage of covering their
quarterly expenses in one check. The members who attend
infrequently would pay more by the new method and might oppose the
action.

Since the people who attend infrequently are in the minority in
this club, the members voted to approve the proposal.
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Sam decides to buy a cattle ranch and leave the big city rat race.
He locates an attractive 500-acre spread in Montana for $1000 per
acre, that includes a house, a barn, and other improvements.
Sam’s studies indicatethathe can run 200 cow-calf pairs and be
able to market 180 500-pound calves per year, Sam, being rather
thorough in his investigation, determines that he will need to
purchase an additional $95,000 worth of machinery. He expects
that supplemental feeds, medication9 and veterinary bills will be
about $50 per cow per year. Property taxes are $4000 per year,

and machinery upkeep and repairs are expected to run $3000 per
year.

If interest is 104 and Sam would like a net sdary of $10,000 per
year, how much will he have to get for each 500-pound calf?

EREERRRFRERRERRRREARERERRRBERRRRRRRRERRRRRERRR R RRRREN

Land Cost d| 500 Ac) 1 #,000/Ac. = *s500,000]
Machinery: lump| suml = 95, 000
Total Fixed Cost #545,000
Assume land and machinecy| 1o havel A v lonq life
M 107 Annual Cost = C.10X(#595,000) = #59,500
Other Annual Costs -

Feeds, medications, vet! bills #50 x zool = ¥ 10 oco

Property , taxes| 4, 000
UpKeep| ¢ Repairs 3| ocol
Salar 1 0, 00
Total Annual Cost %o, 500

Net sale price of each calf would have +o ke :
‘.&;eﬁ? - *480,s6

Note: If Sam were o invest his *5‘!5‘,00:: in a
suitable investment vehicle yeilding 10% interest
his salary weuld be almest six times greater
and he could go fishing instead anunchinﬂ couss,
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Smith borrowed $1000 from Jones for a 5-year period at a yearly
interest rate of 14%. Smith promised to make a simple interest
payment each 6 months and to repay the loan after 5| years. Draw a
cash flow diagram to show Smith's payments.

BRERERRRRRRRRRNRRRRRRRERRNR RN RN RN RN R AN RSN B n

! z - T I-=Prt
SENG i IEy = lpoox ond x Yz = #10
o To To Je 10 To 10 W

7 70

Lote

1-12 6062000 200 30 30 36 08 36 06 0% 6 26 36 6 06 30 36 00 30 36 30 36 06 36 36 96 6 06 06 30 3 3 3 3 36 3 36 30 30 30 36 36 36 06 06 36 96 36 6 06 26 00 06 06 06 4 ¥ W
What is the annual interest rate if a simple interest loan of
$15,000 for four months vyields $975 interest?

EREREERRRERERERRERERERERRR RN ERRRRRRRREREERERRERRRRRNN

I=Pr+.
"475 lS ocoox ¢ x Y yr.

= qTS/Smo /'-l- 195 = 19.8% [yr
L=t

=.195x %2 = .o6s 2 6.5 % for 4 momtns




2

INTEREST PROBLEMS
AND EQUIVALENCE
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Solve for the unknown value. Be sure to show your work.

P= 1000 @ = 12% n = 5 F = ?

0000 000000000 0 0006 0000 0006 00 30 30 00 00 00 00 00 06 00 00 00 30 36 90 0 90 90 30 36 30 00 30 30 00 00 36 30 00 36 00 0600 06 06 6 Y]

F=P(Fp, 1%, n) = ,000(7/812%,5) = #,762.00

RERRBEARRERRRRB RN ERRRRRE R R RN BB R B AR RN RN RN R RN R RN 2-—2

If you had $1000 now and invested it at 6%, how much would it be
worth 12 years from now?

B0 000030 000000 06060000 06 30 00 20 00 00 00 30 06 00 00 06 00 36 06 06 3000 0006 06 30 0 9000 00 00 00 30 00 0600 06 00 06 06

F=P(¥/p,i%,n) =1,000(F/p, 6%,12) = 1,000 (2.012)
= 42,012.00

*I!iIII!I!i!Il*!Illl*!!ll!!!*ﬁ!'!*i'*lliiili**i*i!ilﬂli*!l!!lﬂ:2-23

The effective interest rate is 19,56%. |If there are 12
compounding periods per year, what is the nominal interest rate?

FARXRRRAERRERRRERREAERRARERERERERRRRRARRERERRRERRRRERRERR
leff = (45)"-1 = 5[ = Qaig)™-|
= (11456)%% .\
=1.5%

v 212 x1.5 =18% 43
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Gwen ¢  Nominal interest = 9% c"'“P"””M mon-l-hlyi
F=

]

-J'nnfc‘hh-i.&rﬁwﬂaym

Find :(a) F
Pz as50 (b) Leff

S 22t 2222121t 2222222223212 2312222222222 22221 ]

Seln (@) Fl=350(F/F.751%)6) =366. 10
(b) et = (4™ = (1.00715)™-| =9.38%

2-5 BN NN T2 0000 0000 0000000 0000 06000 00 00300000 00 00 0 30 0 36 00 00 3000 3690 000 90 36 00 06 00 30 00 0 6 ¥

A young engineer wishes to buy a house but only can afford monthly
payments of $500. Thirty year loans are available at 12% interest
conpounded monthly, If she can make a $5000 downpaynent, what is
the price of the npst expensive house that she can afford to
purchase?

EREERR R RRRRERR R RARR RN R RN R REERRRRRRRRRRERRRRRRERENR
-%”s =1% at (30)(12) = 340

P-5000 = soo(7A,1%,260) =500(47.218) = 46,609
P=f53,baﬁ

2'6 SRR EFEERREERE RN RN RN AR RRR R AR R RRRRRRRRRRRRRRRRARRRRRNRRRRRN

M. Beach deposited $200,000 in the Lawence National Bank. |f
the bank pays 8% interest, how much will he have in the account at
the end of 10 years?

ERERARNRRRRRRRR R ERERRRRERERRERRRRRRRRR R E RN RN NN

‘]‘F
e ! 2 3 4 5 o 7 8 19

!

200,000

F = 200,000 (F/P, 8%, 10) = 200,000 (2.159)
F=%31 800
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Given:  Az4222

P: %800 Find: 1%

FRRMII RN NN RN NN NN NN

Seln: P«A (%,.% 5)
(A,1%,5)-= oo
= 3.6
From +ables
L=12%

RRARREREREEREETRRRRER RN R R RN R RN R RN R AR RN R RN BRSNS 2-&
How much should Reggie invest in a fund which will pay 9%,
compounded continuously, if he wishes to have $600,000 in the fund
a the end of 10 years?

U000 T 00000000000 000 000000 000000 00 0006000000 00 30 06 00 00 2600 00 30 30 06 3000 96 36 90 00 36 06 90 06 00 0 36 00 3 00

T*éoo,ooo
1 e m 3 ] 10 < 0.09
P n= 10

P4 F (P/F,9%,%) : FE™ = 600,000 (0.40657)
‘ J
= 243,94 .80

BRI RN NN RN R ERERRRRREERRERRRRRERERRRRRRRRN RN R

Solve for the unknown interest rate.

P 4 1000 n = 10 years A = 23850 i=?

i&!ll**IIlII'I-l-lI!!l‘!llI!llIIII-IIIlIIIIIllIlIIIIIlI}lll'

APV i%n) =28 - Mk o)- 228,52 -0.2285
from +ables L=z20%

s
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How much will accumulate in an Individual Retirement Account (IRA)
in 15 years if $500 is deposited in the account at the end of each
quarter during that time? The account earns 12% interest,
compounded quarterly. What is the effective interest rate?

BRI 00 U0 00306000 00000 R R 00RO

F
A
nz 4x 1§ = &0 r =12%4

° 5 =) 15 i = 2 2
AR TR =14

WYITTeYY TYYY Ty YTTTIVyYYYYPRYY

F = soo(FA | 3%) 60) » 500 C1e3.053) =*8|.526.5
Effective] interzet ratel = C1+.08)*-| = 11255 -1

2'1 1 EEERENE RN EEEE R RE RN RN E R RN RN R RN RN R R RN RR RN N

A continuously compounded loan has what nominal intérest rate if
the effective interest rate is 25%% Select one of the five
choices below. (Closed book problem.)

(a) e'-24 (b) €925

(c) 1loge(1.25) (d) loge(0.25)|

(e) Other (specify)

QlQ!I!'l!Ql-l'l*l-l'I!!!!!Ii!!*&IIil*llli!l&*lll!li!lll!l'Ii
'd
e -l =.28
e :q1.25

loge| C&7) = dogel (1.25)
= loaq (1.28)

l'll Qh Oog Q

2-1 z YT ST et e a2 22221222122 2222222 2atitdd)

Solve for the unknown value. Be sure to show your work.
P 4 1000 i= 12% n=25 A=1

BRENNNRN NI TR TIIENIT00I0 00 00 003000 00000 00 00 00 0 00 000000 30 00 00 00 000 0 e

A = P(A/p i%,n) = 1,000( A, 12%5) = %277.40
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To offset the cost of buying a $75000 house, a couple borrowed
$12,500 from their parents at 12§ nominal interest, compounded
monthly. The loan from their parents is to be paid off in five

years in equal monthly payments. The couple has saved $11,250.
Their total downpayment] is therefore 512,500 + 11,250 = $23,750.

The baance will be mortgaged at 15% nomina interest, compounded
monthly for 30 years.

Find the combined monthly payment that the couple will be making
for the first five years.

RRNBRRRRRERRRE R RN R RN RN RN RRRRRRR RN RN NN RN N2

12,500 (A[P, 1%, ©0)= 12500(0.0222) = $211.50
Borrowed Srom bank: 15000 -23,150 = $ 51,250

51,250 (AP, 1"4%,360)= 51,250 (0.01726) = 04515
s Monthly peyments are 2150 + L4515 = 592325

BT 00 0000 00 00 3030 300606 3006 30 00 06 06 36 30 30 2 0606 96 36 3 36 06 36 36 36 30 36 3 96 36 36 3 3 9% 3 96 96 3 3 2 96 06 9 3 3 2 % 2- 1 4

Find C if i = 12%

ank
1S¢C HERSRS:
AN
1oc
sc
A
o 0 =
100
200
300
wlr
Hoo

06000 006 30 00 3030 00 00 0 0 00 30 30 30 00 0 3 00 30 06 36 00 06 30 06 30 00 90 30 36 9 30 00 00 30 M N NN NN NNRR

20¢(Fh 12%, D) -5¢(%,125,4) = 100(PA,12%,4) +100( P, 129, %)
20¢(3.037) - 5¢(4.127) =100(3.037) + 100 (#.127)

60.74C -20.635C = 303,74+ 412.17

H0.105C = Ti6.4

C=11.86



48 . Engineering Economic Analysis Exam File

2_1 5 B0 3008 0 08 06 30 08 30 06 0 30 36 636 06 30 36 06 36 36 36 30 36 2 36 06 30 36 00 36 00 06 36 96 3% 90 06 3000 06 00 00 00 030 00 0 30 00 30 00 00 00 00 000 0 0

Decide whether each of the three statements below is TRUE or
FALSE without referring to your book, notes, or compound interest
tables.

(a) If interest is compounded quarterly, the interest period is
four months.

(b) (F/A, 12%,30) = (F/A] 1%,360)

(e) (F/P,i%,10) is greater than (P/F,i%,10) for all values of
i% > 0%.

BRI IR0 00000000 0000 0000000 00 30 0000 360 0

(a) FALSE. If interest is compounded quarterly, each interest
period is 3 months long.

(b) FALSE. If we assume, for example, we are taking about 30
years or 360 months, the (F/A,12%,30) does not provide
monthly compounding of interest. The (F/A,1%,] 360) does.
(This is a common error among beginning students.)

(¢ TRUE. Since 1%>0%, (1+i) > 0. Thus (F/P,1%,10) = (1+1)'9 > 1

and (P/F,i%,10) = (1+1)=10 ¢ 1 for dl values of i§ ¥ OX.

246 FEEEERERRNERNRERR RN RN NN NN RN RN RN RN RN RN NN RN RN

A company borrowed $10,000 at 12% interest. The loan was repad
according to the following schedule. Find X, the amount that will
pay off the loan at the end of year 5.

Year Amount

1 ~$2000
2 2000
3 2000
4 2000
5 X

EEERRENRANERERERRRRERRRR RN RRFRARRRERRRRRRRERRRRRRER RN

10,000 = 2,000 %A 12%,4) +x(,12%,5)
10,000 = 2,000(3.037) + % (.S674)
10,000 = 6,074 + X (.S674)
3,92b= A (.S6TH)

2= %% = 6,99.28
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Decide whether each of the two statements below is TRUE or FALSE
without referring to your book, notes, or compound interest
tables.

(a) A young engineer calculated that monthly payments of $A are
required to pay off a $5000 loan for n years at i¥ interest,
compounded monthly. If the engineer decides to borrow
$10,000 instead, her monthly payments will be $24,|

(b)  400(P/A,i%,5) -100(P/G,1%,5) = 40O0(P/A,i%,4) -100(P/G,1%,4)

HE R TR0 0000000000000 000006 3000 060000 00 30 36 36 06 900000 30 000000 06 0 3 ]

@) Az5000A0 5%, 12a) '
2A:z 10,000 (‘yﬂ “'.";":, 120 = 2[5,000(% %,l?n)
ce TRUE

(b) F'-o; t Hoo (VA,L%,S)-wo(%,L%,s)

L

LiEE

FC?; : "}OO(%; i_c/“q_) L IOO(?/é, "%: ‘-I-)

2 ¥
+
TELE
t TRuél |, sincel cash flowl d\‘osrmsi are identical
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A continuously compounded loan has what effective interest rate if
the nominal interest rate is 25%? Select one of the five choices
below. ( Closed book problem. )

(a) el-25 (b) eO.Eﬁ

() logg(1.25) (d)  loge (0.25 )
(e) Other (specify)

BRI TR 0000000000000 0000000 00000808 00 30 3 30 08 00 30 06 00 00 0% 3 06 00 00 06 9% 0% 00 08 0% 3% 9% 3 36 0 % %

| 2. chocse &

-

.25
P
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How much will Reggie accumulate in a bank account if he deposits

$3000 at the end of each year for 7 years? Use interest = 10% per
annum.

HRERREREERERERERRRRRRERRRRRRRERRRERERERERERERRERE RN NN

F
] F=A(7A,10%,7)

l 1 l l 1 I l 23,000 (4.487) =528 4ol
3,000 -

2-1 9A l*!ilil*!!lill*!!!!III!!IIII*!*II!il!ill!!*!!ii!!!!*l!lll!ll

You need to borrow $10,000 and the following two alternativesg 2ra
available at different banks:

(a) Pay $2983 at the end of each year for 5 years, Starting ae
the end of the first year, (5 payments in total,)

(b) Pay $237.90 at the end of each month, for 5 years, starting
a the end of the first month. (gp payments in total.)

On the basis of the interest rate being charged in eaoh case,
which aternative should you choose?

HERRRRRRERERERRRRR R RN RN RN R AR RRR R RN RN RN RERRNNNRRN

AHernatve | :
NPW = O = 10,000 -2,983(FA,L,5)
+hen (P/a,L,S) = 10,000 _ 3.3623
2,983
from tables ; i =15°% (nominal feffective armual
rate Since compounde.d Clnﬂuclh:lﬁ
Alternative 2 :
Nz=5x12 =60
NPW =0 = 10,000 - 237.90 (WA, i, &0)

Hen (PA, C,00) = 10,000 . 42.035
23790

from tables (=1.25°%
+the nominal aGaanual interest rate is:12 x 1.28 =1S Y%

but the effective iterest arte is: (1 +35=) - 116.015%
Therefore , choose the first aternative. .
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EREERREREERERRERRRRERRERERERERRRRERRREN RN NIEN RN NN NN N NNENNNEN 2-20

Find the Uniform Equivaent for the following cash flow diagram if
i =218%. Use the appropriate gradient and uniform series factors.

“TILIHIL

mm

62000 06 0 06 3690 06 30 0 30 30 3006 00 06 36 06 6 06 36 06 30 96 00 26 96 3 9 00 3 9% 00 3 00 3 06 06 30 06 06 00 36 D60 0 N M IENN
i =)

Lo T EFYRERRY

150 150 150 150 150 150 150 150 1S0 15O
£

T (+)
sillil
3,‘? -
P ﬁ“""-ioio

X, =150 (/A \8%,10) = 1So(4.44%) = 61+.10

%2 2250(7A 18%, 5) = 250(3.121) = 181.75

x3 = 50 (P4, 18%,5) = S0(85.231) = 261.55

X =X, + %2~ X3 = %,1Q%,30

P=119+.30 (%, 18%,2) =¥ uez0( 182) = 85715
A= 857.15 (PYp,18%,12) = 85115 (. 2086) = F178.93

FREREREREERERRRRRRRRRRRRRRERRERRRR AR RRRRRRRRRERE RN RN RN 2-20N

A young woman placed $200 in a savings account paying monthly
interest.  After one year her balance had grown to $212.64. What
was the effective annual interest rate?

HEREAERARRERERRREREAERAREAREARRERRERRERARERRRRARRRRRNER

By definition the effective annual interest mte is
determined by +re actua\l nierest eammed in one yeac.

fe= 12.64 . 6.22%
290
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22 sxrnnnnnnnnnnnnn R R RN RRRRRERRRERERRRRRRRRE

Below is an equation to compute an Equivalent Uniform Cash Fow
(EUCF). Determine the values of the net cash flow series that is
implied by the eqguation.

EUCFl = C-8000 -8000(P/F,10%,1)1(A/P, 10%,8)
+2000 +500(P/G, 10%,4) (P/F,10%,1)(A/P, 10%,8)
+750[(P/F,10%,6) - (P/F,10%,8)](A/P,10%,8)

Net Cash

Time Flow Series
0
1
2
3
4
5
6
7
8

FRRRERERRRBRERRRRR R R RRRRR R RERRERRRRRERRRRERR

+  NetCash Flow Series

o ~8poo = - 8Bpoco

l -booo = ~8 000 +2,000

2 2,000 = +2,000

5 2,500 = +2,000 + 500

" 3,000 = +2,000 +1,000

5 3,500 * +2,000 +1,500

6 2,750 = +2,000 +750
1 2,000 = + 2,000

8 1,260 = + 2,000 -1s0

2-22 B0 000000000 00 U OO RO 00 R0 0 0000000000 NN

Given : A situation where the annual interest rate is 5%. When
continuous compounding is used, rather than monthly compounding,
the nominal interest rate
(Select One)
(a) Increases
(b)Y Remains the same
(c) Decreases

BT 00030000000 000 00 30 00 0000 00 6O 0000 0 0 0006 30000 0% 06306 e

The answer is (b): Remains the same Saad
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RRRRRRRERRRRRE RN R IN R N R R R RRR R RRRRRNNN 2-23‘

A journalist for a small town newspaper has a weekly column in
which he answers questions from the local populace on various
financial ~matters. Below is one such question. Assume you are
the journalist and respond to this inquiry. Be brief and
specific.

Q) "I put $10,000 in a 12% six month savings certificate.  When
it matured, | expected to receive interest of $1200 - 12% of

$10,000.  Instead, | received only $600. Why? Current six
month certificates now pay 9% interest. If | put $10,000
in a new six month certificate, | assume (based on my

previous experience) I'l1l get only $450 interest - one half
of 9%. Wouldn't my money earn more interest if | deposit it
in a savings account paying 5-1/2 percent?”

ERERRRRRRRRRERRRERRRRRERRERRRRRRRRRRRRRRRRRRRRRRRRERRS

The questioner is confused about nominal vs. effective interest
rates. The 99 and 12% rates are nominal annual Interest rates
compounded semi-annually. The effective semi-annual interest
rates are 0,09/2 = 0.045 and 0.12/2 = 0.06 hence the interest
earned in 6 months would be 0.045(10,000) = $450 and
0.06(10,000) = $600. The corresponding effective annual interest
rates are

(1.045)4 = 1 20.092 and (1.06)2 -1 = 0.1236

The interest rate advertised on the savings account typically is
also a nominal annual rate. Most accounts pay interest quarterly
or continuously, thus the effective annual interest rate would be
either

(1.01375)4 = 1 = 0.05614 or ¢0:059 . 1 - 0.05654

neither of which is as good as the six month certificates,

RRERERRR RN NER RN RN RN RN RN RN RN N RN ERRERR RN RN 2"24‘

Draw a diagram that represents (P/A,i%,4)

FREERRERRREERRERRRR R RN RN R RR RN NN RN R nny

A A A GIvEN

[ T I 1T

o \ 2z 3 Y
‘[ P=7
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2'25‘ RERNRERRERRRRRRRRARRRERRRRERERERERRRRERR RN DR RN RR R RN R RN RS

On July 1 and Septenber 1, Joan placed $2000 into an account
paying 1% conpounded nonthly. How much was in the account on
Cct ober 17

FEERRRRRRRBRRRRRRERERERRRRRRARRERAERRRRRRRRRRRRRRRRENR

F = 2,000 C1+.00)* + 2,000 (.00 = #4pBo.69

(or)
Mopihial Lo @ Endiosid|
my 2,000 20100 2020) 00 ol
Aug. 2,020 20.2.0 20140,20 2poo)
Sept- 4,040.20| Ho.40| to8o)uo =
4,080. b0l

2-2& B0 0006 0036 00 30 0% 06 3 6 30 2606 26 3606 36 36 96 30 36 06 30 06 30 3006 26 3 06 3 96 9 06 06 30 30 06 96 36 06 30 36 20 30 36 6 30 9 96 3 06 36 3 % % % ¥

A drug dealer will sell dope to his regular customers for $20
imedi ately or $22 if the payment is deferred one week. \hat
nom nal annual interest rate is the dealer receiving?

RRRRERERREEERERREERRERERERNRRRNNRNEREERRRRRN NN NNNNNNN NN

2z
< _273 IO’{o
=52 x(0% = S20%

2-27 ERRRRERERERFERERBRERRRRRRRRRRRRERRERRRRERRRRRRERERRRERRRRE RN

Using a credit card, Ben Spendthrift has just purchased a new
stereo system for $975 and will be making payments of $45 per
nont h. [f the interest rate is 18% compounded monthly, how |ong
will it take to conpletely pay off the stereo?

FEIE T 006 TR U0 NN NN NN NN NNN

L= I?qf"' ll/z"/s

Q15 = wsCPa 2%, M)

(A%, ) = s =2167

n=21 lean is act completely paid f in 2b moaths,
Thece must be a smaller payment in the 27th month.
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FERREERRRRRRRRRRRR RN R RRRR RN R RN RN RRRERERRRREEN RN RN RERR RN 2'2&

An engineer on the verge of retirement has accumulated savings of
$100,000 which are in an account paying 6% compounded quarterly.
The engineer wishes to withdraw $6000 each quarter. For how long
can she withdraw the full amount?

RRRRRRRRRRRERERRRRRRRRRRRRRRRRRRRRRRRRRERRRRRNRERRERNR
Az 6,000

TR

loopoo L L e

¢ = 6%/ = (el R

A =6,000 = 100,000 (6, 1%%,n)

(7, \%2%) n) = 0. 0600l

From +ables n= ¥ quarters or 434 years

note ; This leaves some money in the acourt but not
enougn for d ful\ #6000 withdrawal

RRERRRRARAREARERRNRRRRERRRERRRRRRRRRRRE RN RN RRRRRRRRR R AR RN 2"29

Charles puts $25 per month into an account at 9% interest for two
years to be used to purchase an automobile. The car he selects
then costs more than the amount in the fund. He agrees to pay $50
per month for two more years, at 12% interest, and also makes a
cash payment of $283.15. What is the cost of the automobile?

HERBRRRRRRRRRRERRRRRRRERRRRRERERRRRRRRRRRRRRRRRRRNR NN

P=283.15 «25(7a,%%,24) 4 50(VA,1%,24)
= 283.15 4 25(26.188) +50 (21.243)

= 283,15 +654.70 +1,062.15 = $2.000 cact of quin-

BTN 00000000000 0RO 00000 0000000000 OO0 2-30(

Explain in one or two sentences why (A/P,i,infinity) = i.

BUEBARRRARRRARRRRRRER LR RERERRAREAREARRRRERERRRRRRRRRRRN NN

In order to have an infinitely long A series, the principal must
never be reduced. For this to happen only the interest earned
each period may be removed. Removing more than the interest would
deplete the principal so that even less interest is available the
next oeriod)
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2-31 ERAREANRRRNRRRRRRNRNRAARRRARERRRNRRRRR RN RN ERRRRRRRRRRRN RN

Find the value of X which makes the two cash flow series
equivalent at 18%.

o
l
B0 0 00 36600000606 0006000 0000 00 0000 00 30 00 0 0000 00 000 00 00 00 00 00 00 06 06 26 06 96 30 36 30 00 0 06 06 36 0 Y]

Equate the two series at the end of periad 2

X (7A,18%,3) = 100 +100 (VA 18%,3)

X (35712) 4 100 + (00 (Z.1T74)

X = 08.06

2-32 IQIll!I~lIII!iII'iI-II'l!-l*II‘III‘Ii!II‘!‘I‘!l'l!!!iﬁil*!!lllilll!lllll‘

N A,

x x

A local bank is advertising that they pay savers 6% compounded
monthly, yielding an effective annual rate of 6.168%. If $2000 is
placed in savings now and no withdrawals are made, how much
interest (to the penny) will be earned in one year?

"i!ll’l*!!lllI'II!ii*!i!lliillllﬁ*il**il!!!lllI!!*!*ilq

Interest = Effectivel annual mafe ¥ grincipal
= 0.06168 1 2,000 =¥123.36

Mon+thly] comgounding id irrelevant! when the effectivel
ratel i s known!

2'33 FARRERRNRER RN R RN RN RN R R RN RN RN

A man decides to put $100 per month into an account paying 12%
compounded monthly. Without using formulas or factors (that is,
use only basic concepts) determine how much (to the penny) will be
in the account immediately after the fourth deposit.

RERBRERRRERRRRRRRRRRRRRRRERRRRRRRRRR R RN RRERRRRRRNN NN

Month Beg.Bal. Int@\% pDeposit End Bal

\ o (=] V0o 100

Z 100 .00 100 20\.00

3 20\.00 2.0l (oo 3030l

1% 303.01 3.03 100 qob.ot +
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*ﬁ*'lI'II'IlIIIi*l‘I‘Il*llil.HI'I!!!II*QQ!I**I!II*!!ili!!lllil!l!ll 2-34‘

Abankisoffering a | oan of $20,000 with anominal interest rate
of 12% payable in 48 nonths.

(a) Caleculatel first the monthly payments.

(b) This bank also charges a loan fee of 4% of the amount of
the |oan, payable at the tinme of the closing of the |oan
(that is, at the tinme they give the noney to the
bor rover). What is the effective interest rate they are
charging?

llii!!!!liﬁi*lll*il!I‘i!I‘ll-l'lIiiil!llill!ili***!ilI'I--!'lil

a) the monthly paymerts :
ns 48)‘ I."__ZJ IVJPerPerlaﬂ(marﬂh]

A = P(AR|i,n) = 20,000(Ab, 1%, 48%)
= 20,0009 ( .0263) = 526.00|

b) Actual money received =P= 20,000 -0.04(20,000))
= 19,200
Bdt A=526.00; n- 48
then A = Fwr L n)
5264 18,200 (AP, i,u8)
(A, 48) ;52@ "0.02739

for U= | "% (%uw,usj =0.0278
for L= 1% C’YP,| 1%, 48D 2 0.026 3

thenl by iHerpolation U % 1% + V4%(. 0263 - 02%‘
0263 -] 027

L2 118177
the effective intrest ratel = (| +0.011817)™ |
S 0l1S14 = |S. |4 %

u*uu"naunnn“uunuuﬂﬂuuunnnnuu“inul 2'35
Find A if Az $3000(A/P,13.5%, infinity).

-I--!li!**i!li****ﬂi'I'l!ll'l'II!*ii*!I*l!!!!ll!li**!*i*Iliill

A=3000 x \2S =#yo5 .
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2-36 B30 000000 00 0000 00 0000 0000 0000 30 00 06 36 3 3 3 36 00 00 3 30 30 36 36 06 30 3 30 30 36 00 36 30 36 36 06 36 36 30 36 30 96 96 00 0 30 300 0

A small company borrowed $10,000 to expand the business. The
entire principal of $10,000 will be repaid in 2 years but
quarterly interest of $330 must be paid every three months. What
nominal annual interest rate is the company paying?

EREBAXLLARBARBRBXBXRBRABRERBEXRABBRBUBR B LB R BB LE2 BB

QUnce #3230 ig interest only for one irrtecest peried, +ren

v s%;o =3.3% per qunr"mr

=33 x4 = 13,2% neminal annual

2'3” 0000300000 3030 00 00 00 06 00 30 90 36 96 36 36 30 6 36 6 06 36 30 36 96 06 30 96 36 30 06 06 36 36 06 00 36 06 36 30 06 06 30 00 36 06 36 00 06 6 30 00 00 30 0 00 0 W

A store policy is to charge 1-1/4% interest each month on the

unpaid balance.
(a) What is the nominal interest?
(b)Y What is the effective interest?

BRI 0000000 0000000000 002000000300 000000 0000 0000 0000 00 3 0000 000 00 000 00 00 3000300 00 30 30 30 30 30

Q) N; =i = 1201.28) =15

B) E = (140" 1 = (l.o125) -1 =16.015%

2-38‘ BRI 00T 0000 000000 00000000 D U6 0000 0 00000 00 00 00 0 00 00 00 000 900000 0000 00

Compute the value of @ in the figure below if i = 18%.

5 SO s S0 S0 50 So e So

[ S P S SNSRI U T

(222222 ES R SES SRR RS R ERE SRR R AR RS RS AR R EEE S

Q= 50L%A,18%, %) +50(YA 18% 5) = s0(s.215) +S0(3.121)

=¢417.10

2-39 TR0 E 000000 TR 00000000 0000 00000 0030 0000 0000000000000 000000 000000000 00300000 0600 0000 000 00 e

Under what circumstances are the nominal and effective annual
interest rates exactly equal; or is this never true?

ERERERRERRRERRRRERRERRERRRRRRERRRRERRRERRRRERREE TR N

The nominal interest rate equals the effective interest rate when
there is yearly (annual) compounding (i.,e.,m = 1)/

=
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FRERERRER RN RN RN RN RN R R R R RN R RN RN RN RN 2-40

A small company borrowed $10,000 to expand the business. The
entire principal of $10,000 will be repad a the end of two years

but quarterly interest of $335 must be paid every three months.
What nomina annua interest rate is the company paying?

HRERRRRERRRNE R RN RN ER RN RN RN RRERRRRERRRRERRERENN

{=335 .335%
l0,000 -

rzim ¢ %x 3,35 =13.40%

EREREERRERRRRRRREARERR RN ERR R R AR R AR AR RN RN AR R RN RN R RN NN 2-41

E.Z. Marc received a loan of $50 from the SH. Ark Loan Company
which he had to repay one month later with a single payment of
$60. What was the nominal annua interest rate for this loan?

REREARERRRRERERERRRERERRRRRRERERRERRRRERERRERRRRRREEERR

Joterest = %0 in one morrth
L= '7505 20./.
= LM =20x12 @ z.qra‘(.

RN RE RN RN NN NN RN R R RN R RR RN RRRRRRRERRRRRERRRRRRRERR 2'42

A local college parking enforcement bureau issues parking tickets
which must be paid within one week. The person receiving the
ticket may pay either $5 immediately, or $7 iP payment is deferred
one week. What nominal interest rate is implied in the
arrangement?

***'k********'k*m*'k********'k****************************

. 1-5
L= 7 =%o% pec uouk‘
Cd mi < 52¢(40) = 2080%

060030 30 00000030 30 30 30 90 38 36 90 30 38 36 90 0 90 96 36 30 9 36 3000 6 3 36 96 36 96 26 36 36 00 06 30 06 36 30 36 96 36 36 0 90 36 30 90 3% 98 00 06 06 6 90 2'43

A deposit of $300 was made one year ago into an account paying
monthly interest. If the account now has $320.52, what was the
effective annual interest rate? Give answer to 1/100 of a
percent.

HERERRERRAR R RN AR R RN R RN RN AR RN RRRRRRRRRRRNRRRERRERNR

(e = 20.52 _ 6.84%
300
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2-44 T OO0 0000000000 000003000 00 30000000 30003000 00 00 30 00 00 3000 06 90 08 06 0% 36 06 90 00 06 00 96 96 00 06 06 06 00 0006 6 30 0 00 2 M M

Henry Fuller purchases a used automobile for $4500. He wishes to
limit his monthly payment to $100 for a period of two years. What
downpayment must he make to complete the purchase if the interest
rate is 15% on the loan?

RRERARERERRRIN IR RN RN AR RN RRRRRENRNN NN

P=P +A(PA, 1 4%, 24)
4500 = P't 100 (20.624)
P ' = 4,500 - 2,062 .40 = ¥ 243760 downgayment!

2-4& RRERRERERRRRRRERAARRRRRRERRERRRR RN RN RR RN RRRN RN NN NN RN

Which is the better investment - a fund that pays 15% compounded
annually, or one that pays 14% compounded continuously?
BB 06060000 3600 30 00 30 3000 30 30 30 90 9600 06 96 90 90 30 3636 90 00 26 0 36 30 06 90 30 36 30 00 06 00 90 30 36 06 06 96 96 0 36 30 9% 01 6 4l
L =15%) | n=\ E = PCi+.15)" 4 | 15007
r =¥ cont; nzl Fl zPe " 2 1.1So3P
14¥d_compounded] continuousyy is slightly betted

2'4& 0003000000600 00 00 0006 00 06 00 06 00 9000 36 96 00 90 00 30 90 36 06 00 30 00 90 96 06 06 30 00 90 00 30 30 96 96 30 00 90 36 96 06 30 06 06 9090 96 00 36 36 3¢ 3¢ e

For a nominal interest of 16 percent, what would the effective
interest be, if interest is

(a) compounded quarterly?

(b) compounded monthly?

(¢) compounded continuously?

FRARRBEREARREERRREERRRRRREREERRERERRERRRRRRRRERERRRRRNNR

a) [Clowy“ 1JC100) = 16.986%
B) [Cil.o333)*-]1(Cloo) =11.222%
e) e™-1=€*"% - 17,858%

2-47' FREEERRERERRRRRRRERRRRRRERRRRRERRRRRRRRRRRRRERRRRRRRRRRRRREER

If you can make 6% interest on your money, how much is $1000 paid
to you 12 years in the future worth to you now?

BT 0062626 0 U R BRI I 6266 3606 06 OE M NNNNM
P F(¥F, L% ) n) = 1,000 ( V) 6%) 12) = 1,000(0.447T)
= $497.00)

Ll
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Bt 0000000 00200000000 00000000 0000000000 0000000000 0000 0606 00 0 00 306 06 00 00 0006 00 00 06 00 0 00 06 06 06 06 00 6 00 00 30 e e 2'4&

Wite the functional notation of a single $2000 paynent and
evaluate. A

(-}

*3299 b8
HEREERRERRERRRRER RS R R R XXX ERRERRE BB RN R R ER AR EN

A< P(AP,8%,4)
= #2,000| (0.3019) = #603.80

B0 0 00 008 00 00 06 06 36 06 96 300 00 2606 6 36 06 36 06 96 36 06 36 360 30 90 0 30 3 20 30 06 3036 06 30 3606 3 96 3 36 96 96 3 36 3 36 0 0 00 0 0 00 % 2-49

Wite the functional notation of the future $500 to determine P,
and evaluate. ],F,f5m

. , l=6%
fp T z B

B0 300000 36 3036 00 90 36 00 36 96 96 6 36 0% 06 36 06 36 06 36 26 6 36 06 06 30 6 96 36 36 06 20 3 36 30 96 36 30 30 30 00 96 0 06 06 0% 96 0%

P4 F (VF) 6%, 5)
2$500 (0.74713) = ¥313.65

00300060 0300000 00 30 06 0006 00 30 06 36 36 30 30 36 36 06 3 30 06 3 96 9 36 96 30 96 30 36 96 30 06 30 9 6 30 6 30 30 30 30 0 30 96 3 6 00 30 30 30 0 0 | 2-50

Find the Present Equivalent of the following cash flow diagramif
i = 18%

100

80
T e

4ol
z Ti_l' 1 4 1o

10

4
&
%o

BT I0 T T0E 0000000000 00000000 NN

P =100 + 8o (YA, 18%, 10) -20(Ya,18%, 10)
=100+ Bo(+.49d)-20(14+.352) =%112 .48

L
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2-51 MMM NN IR0 0000000

Boomtown IS experiencing an explosive Populatlon growth of 18% per
year. At the end of 1984 the population was 16,000. If the
growth rate continues unabated, a the end of how many years will
the population have passed 75,0007

FERRERERARERRERER R AR R RER RN RRRRRRRRRRRRRERRR RN RN EN

L'=|8‘%-
75,000 = Ib ooo(‘:/q 18%, n)

(% ca%, M) # B2 = heB1S
Froml Sable n =19 years,

Notel 4t population would nut havel passed 75000
after q yeacs.

2_52 12 T T L ittt rtrrrrrrrrmppe

As long as the i and n are the same in al factors, the following
relationship always holds exactly.

(F/G,i,n) = (P/G,i,n)(F/P,i,n)
Is the above statement True or Fase?
RRERRRERERRRRERERERRR RN RRRRERRRRRRRRRREERRERRERERERNE

The statement is True.

2,53 FEEEERENERERE RSN NN RN F R R R RN RN NN RN RN RN RN RN RN RN RN NN

To start business, ECON ENGINEERING has just borrowed $500,000 at
6%, compounded quarterly, which will be repaid by quarterly
payments of $50,000 each, withl the first payment due in one year.
How many quarters after the money is borrowed is the loan fully]

paid off?
HENERRRNRERRRRERR R AR RN RRRRRRERERR AR RRERRARER RN
"
=% =1Y%2%
? 500,000 = soooo(.%n W29, M, 12%, 3)

(7, Wa%e,n) = _sooo00 = 10.us
S0,000 (.9563)

From tables n-12 payments plus 3 quarters without
paymerrts equal 1S quacters before loan is Tuly mid off.

E
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*l!lIIIl!!!IK!*!**lll!*ii!!ii*illi****l!!!!!!**Iilllll!***iill 2'54“

Given - 2 Find 1 P

EEO

: T
3
=10

I
o

FL ;

e 1 T T T T T T T T T T I Y ]

pj L12s(PA,10% 4) +25(Ya,10%, )1 TF, 10 %, 1)
P+ 459.73

B i 13

*#—éﬁ

l"

BRERRRRHRRNRNRRNRRRR RN R LR RRRRRRRRRRRRRRRRERRN 2-55

Mathematﬁally express
i T" N

BRI 600 0 09600 06 00 00 36 00 00 30 0606 36 06 06 06 00 0600 2606 06 30 06 000 06 3036 0630 3606 06 6 3 200 3006 0 06NN

of

F= AG+i)? 4 AG+D)" +  AGA+D) + A

B 00006 000 36 006 00 30 00 06 0 00 30 00 00 00 0% 30 06 30 00 30 00 06 30 00 06 30 30 30 90 30 36 96 30 30 30 36 90 30 96 3 6 30 30 96 3 6 0 30 36 36 9% 0 0 M 2.56

If the interest rate is 6% compounded quarterly, how long (humber
of quarters) does it take to earn $100 interest on an initial
deposit of $3007

EREERERERRERRERERRRRRRERRRRRRRRRRRRRARRRRRRRRRRRRNRRER

v= = 1ol

400l = 300l (7 | Y2 76,n)

)1 %) nY = 490 oo = 1333
N = 20 quarters|
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2.5ﬂ FEREERRRRRRRRERERRRRRRRRAR RN R R RN R R RRRRRRRR RN RN RN

Draw a diagram that represents (P/F,i%,3).

FE 0006006003600 36 0 30 96 06 606 96 30 36 3 36 0 3 3 9 3 06 30 3 36 36 00 3 30 6 96 36 06 36 96 9 36 36 26 36 06 08 30 96 2 2
ln F &aIVEN

o t b 3

o

2.58 EREERERERRERERERRRRERRERRERRERERREREERRRRERRRRRERRERRRRERRRE

If compounding is weekly and the (one year = 12 months =z 48 weeks
for this problem) quarterly effective interest rate is 5%,
(a) What is the nominal annual interest rate?
(b) What is the weekly interest rate?
(e} What is the semi-annual effective interest rate?"
(d) What is the effective interest rate for a two year
period?

00306036 00 00 D00 06 30 36 06 06 06 36 06 06 06 3 0 36 36 06 36 96 36 3 9 3 96 3 30 0 00 3 0F 3% 36 3 3 06 9 36 0 06 3 3 3 % % %

a) ip=C1+%m¥-1 + r=m{ {1751}

qr = bia =.05 = (v + 7o)

= 48{%— I} = IQ.E"’L5---°/0 per yr. comp wky.
P) iwk = m

- IQ.SQSAS = 4o IJ-% Pe( st
&) Lga =l =i = Qi )~y
= C1.oototi Y1 = 1026 Yoper 1z yr.
4> t:a.r'. ? Qo =-'l:-P =C\+\°.)P"\
=Cr.oonoT) -1 = 4115 % per Zyrs.

2.59 HRRRRREERRRNRRRERRERRBERRRRRRERERRERRERRERRRRRRRRERNEERRNN RN

If the interest rate is 10% compounded continuously, what is the
semi-annual effective interest rate?

HEEEEERRRERERERERERRRRERERRRRE RN RRER RN RNRNNNN

.L.g=e.d-l
iy =& 2 &% 2 10812711-1 = 5.127% per fa y©




3
PRESENT WORTH

FEERERRRRERRNRE RN RRE RN RN RN NN RN R RERRRRRRRRRRRRRRRRNNRRNR 3-1

Sarah and her husband decide they will buy $1000 worth of utility
stocks beginning one year from now. Since they expect their
salaries to increase, they will increase their purchases by $200
per year for the next nine years. What would the present worth of
all the stocks be if they yield a uniform dividend rate of 10%
throughout the investment period and the price/share remains
constant?

RERBEXRREBRERBRRBERRRRRERRERERRERRRRRERERR RN R RN RRRRREENR

AW of the base amourrt
(‘hmo) is :
1,000 (DA, 10%, 10)

=*%¢ 14,5

PW of the gmdien-\- sz - ‘ A
7 = ) ’
2m(é’?‘°%}l°) '—o"z‘,”é[g%-%‘l -l°] [_{I.io)'°]= 4,578.2T
Total PW = b,44.57+4578.21 =*10.722. 84
& 65



66 . Engineering Economic Analysis Exam File

Be2 rrrr R RN RRR RN

Using an interest rate of 8 what is the capitalized cost of a
tunnel t ot ransportwat ert hr ought he Lubbocknountain range if
the first cost is $1,000,000 and the naintenanoe costs are
expected to occur in a b-year cycle as shown bel ow?

End of VYear: 2 3 Iy 6 J
Mai nt enance: $351000 $35,000 335.00£J$45,000 $45~000 $60,00

ERERERRERE RN R RRRARR RN RN ERR NN RERRRRRERRRRRRR RN NN

Capitalized Cost = AW of Cost for an infinite time percd. As
the inttal step, compute the Equivalent Annual Mairfenance Cost.
EUAC = 35,000 +[10000(T7A, %, 3) +15,000] (HF, 8%, &)

= 385,000 * [10,000(3,24b) +15,000]C0.1363) = Wl ,468.20
For n=o0 , P=ML
Capitalized Cost =\ 000000 + Lo . 1,S18,350.

3_3 HRRRRRRNRRERRERR RN RN RN RN RN RN R RN RN RN RN RN NN NN RN NN

The investment in a crane is expected to produce profit fromits
rental as shown below, over the next six years. Assume the
salvage value is zero. Wiat is the present worth of the
investnment, assumng 12%interest?

Year Profit Year Profit
S $15, 000 4 $7,500
2 12, 500 5 5,000
3 10,000 6 2,500

B0 0000020000 00000 000000002000 000 30 000 3000 0000 000000 00 00 00 36 30 00 30 00 00 30 90 00 96 00 06 96 3 36 6 3¢ ¢/

P < 15,000 CWA,IZ"IO,G)| - 2,500 C%,l?.‘/a, b)i
= 15,000( #.11)) - 2,500 (8a30) = 34,3u0|

3.4| HERERERRERRE RN R RN R RN RRRR RN RN RN RN RN RN RN RN RN

A tax refund expected one year from now has a present worth of
$3000 if 1=6% \Wat is its present worth if i = 10%?

FRERRRNIERNR NN RN NN NN NI 00 0%%%N

AW = 3,000 (70,6%,\)(F.10%,1) = 3,000(1.06X 4A) =¥2,8909H
Cletl x4 amount in year|| = 3,000 (7P &%]1) j Pwi = X(7F, 10%,| 1)
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0030000636 036 9606 06 3000 00 90 0 3600 30 30 00 3 06 30 90 06 36 96 06 36 06 36 06 36 96 96 6 06 06 36 9 3 06 36 08 0 36 9 30 36 36 3¢ 06 36 ¢ 0 el 3 - 5

For the diagran below and an 18% interest rate, compute the value
of X so that the two series are equivaent.

50 Sso B0 50 5S¢
|l|s|!‘]§]§§'1 qQ 10 1 iz x'-_srgmﬂ-
X x X X X
***i!i*'i!l!!!***llEil**i!i*iill*iil‘i*i!*ilIl*li**lll‘ll
fresent Equivalent at P = so+so(7an8%,w
= xcwﬁiﬁﬁfo.ﬂ?/A‘ 189, =) TF, 18%,8)
so+so(2.690) =X (.6'531)(3'.':3)(. 2660)
¥ = #1395 47

» Note thot when n=o, then A=Pi so (%A, i%,=)=1

FOR 0000 002 00000000300 2006000 30 0000000 00 0000 0 00 00 06 06 00 96 06 30 3096 00 3 30 30 30 30 90 36 30 36 6 36 3 06 36 30 36 9 3¢ 30 6 Y| 3-6

An engineer is considering buying a life insurance policy for his
family. He currently owes about $77,500 in different loans, and

would like his family to have an annual available income of
$35,000 indefinitely (that is, the annual interest should amount

to $35.000 so that the original capital does not decrease).

(a) He feels he can safely assume that the family will be able
to get a 7% interest rate on that capital. ~How much life
insurance should he buy?

(b) If he now assumes the fami]%/ can get, a 10% interest rate,
caculate again how much life insurance should be buy.

ERBREEEREREREEENRERERERRRNRRNENERRRRRERRRNNNNNNNENNRN

a) IFﬂleyge-i'?%in*msl'm{-e:

Nneeo
then AP o P=A/L - 35'°°%.o7=5c>o,coo
Total life insurance =77,500 + 500,000 = 577,500

b) If they can r_.]e-} 10% interest rate :

ﬁain N=00
= A/c = 35900/:.10 =350,000
Total life insurance = 77,500 +350,000 = 427,500
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3-7 ERERRRRRRERRRRRRRRRRRRRRRRNRRERRRRRERERRRERERRRRRRRRRRRRARRRER

Find the Present Equivalent of the follow ng cash flow diagramif
i = 18%.

o-a.;n-?b'lb

| [1

200
5o | 50
300 |
Y
350
BRI RN R R R RN R RN R R RRRNRR RN

?

=)
V2 3 & 1.8 9 o , s1oo0 150 %,Iﬁ'o,lo
%LLLLfT 111? oo

o =100 4 1SO (4. 444)=T74,10
150 150 150 150 150 150

)

T" t 3 4 o P7_=So(% lﬁ"/c,lo)

2 ]
l l = So(\4.352) = T, 60

" %o

> P; s looc?/ﬁ,leyo,éxp/ﬁ )970,4')
=100(1.083)(,5158)
= 365, 34

n

S
"oy ]
200

4
PP 40, -0 =1,126.36
3.8 HRXRFRRRRRT RN RERRRERRERERRRERERERERERRERERARRREREERREERERERE

It takes a full $10,000 to put on a Festival of Laughingly Absurd
Wrks each year. Imediately before this year's FLAW the
sponsoring commttee finds that it has $60,000 left in an account
paying 15% interest. After this year, how many nore FLAVW can be
sponsored wi thout raising more nmoney? Think  Careful ly!

FRRERRBRRRRRLEREEREN RN RRERRERRRRRRBAEEERNERE KN NN
60,000 ~10,000 =10,000(PA,15%,0)
(PA,18%,n) = 22822 - 5.
Therefore N29 which is the number & FLAWS after
nis years. There will be some money left over but
not enough to pay for a 1oth year,
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ERERERRRREE NN NN RN RN RN RN RN RN RN RRERRRENRRRRRRRRRN 3-9

A couple wants to begin saving money for their child’s education.
They estimate that $10,000 will be needed on the child’'s 18th
birthday, $12,000 on the 19th birthday, $14,000 on the 20th
birthday, and $16,000 on the 21st birthday. Assume an 8% interest
rate with only annual compounding. The couple is considering two
methods of setting aside the needed money.

{a) How much money would have to be deposited into the account on
the child’'s first birthday (note: a child's “first birthday”
is celebrated one year after the child is born) to accumulate
enough money to cover the estimated college expenses?

(b) What uniform annual amount would the couple have to deposit
each year on the child's first through seventeenth. birthdays
to accumulate enough money to cover the estimated college
expenses?

B0 00 0000 06 0006 26 300000 30 06 0600 06 06 06 00 00 00 30 00 00 36 0600 00 30 30 36 90 36 90 36 36 90 36 36 06 96 96 06 06 06 06 36 9% 00 6 e ]
!

: i)

[} s ¥ -] B =] 1z 1 b 8

note: year zero correspends +o
P childs s+ birtiday

Fl = 10,000 (P 8% )} 2,000( %4, 8%6,4)
210,000 (3.212) + 2,000C(%+.650) 42,420

P= 42,420 (Y, 8%,16) = 42,420(.2919) =12,282.49
7‘

b

@t {12,382.40 ' —
2 4 e, child'd ficst
Llﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂ”ﬂ“lwmay

A=?

P 12,382,40 (77| 8%, 1) = 12,382.40 (425D |11, 464 8L
A=, %wa(w 8%,17) = I, 464.86 (-1096) = $ 256 €5

RRREFERARERERRE RN RN NN RN NN RN RN RN RN RN RN RN RN NNy 3-1 0

Calculate P if B =2 $3000(P/A,20%,infinity) ]

BRERERERE RN NRR RN RN R RN RN RN R RRR RN RNy

P4 ?"“9.’2\ = ¥5, 000 |

&l
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3-1 1 BN I 000000000 00000000 06 06000000 06 0600 0000 00 D0 000000 00000 0000 00 00 06 0000

Your company has been presented with an opportunity to invest in a

project . The facts on the project are presented below:
Investment required $60,000, 000
None

Salvage value after 10 years
Gross income expected from the project 20,000, 000/yn
Operating  costs:

Labor 2,500, 000/yr]
Materials, licenses, insurance, etc. 1,000,000/ yr|
Fuel and other costs 1,500,000/yn
Maintenance costs 500,000/yr

The project is expected to operate as shown for ten years. If your
management expects to make 259 on its investments before taxes,
would you recommend this project?

ERRERARRRRERRRRRERRRERRERRERRRRRRRRRERRRRRRRRRRRRERRERN

A'-:I 500,000
|
e

BEAEEEENEE,

é0,000,000

PW = - 60,000,000 + 14,500,000 (PA,25%, (0)
= ~©0,000,000 t+ 14,500,000 (3.571) = -8,220,500

Reiec.i due to n%aiue NPW/

3_1 2 -I-I-I'ii-li'lliii!!**I!l**!ill!iiillll*iilIliiilll!iiliil!!i*ilﬂl!’ll

The winner of a sweepstakes prize is given the choice of one
million dollars or the guaranteed amount of $81,000 a year for 20

years. If the value of money is taken at a 12% interest rate,
which choice ig better for the winner?

i*!l!!Ii***!illll*!liiiﬁ*'l!li!!I!!Ill!liliiiill*!*l!*

choice | ¢ P= # 000,000

choia 2: P= 81K(A12%,20) =8k (T1.469)
P =%ou, 489

choose alterative | = +take %1 000000 aoul
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FRNN NN NN NN RN RRRRRERRRRERERRRERRRERRR RN 3-1 3

The annual income from an apartment house is $20,000. The annual
expense is estimated to be $2000. |If the apartment house could be
sold for $100,000 at the end of 10 years, how much could you

afford to pay for it now, with 10% considered a suitable interest
rate?

0000000000 00600 EERnu

300,000

Ag = $20,000
L= 10%
n=lo

P': A’ (P/A| i"%; ﬂ) = A‘: (P/Al LOAJ n) + FF(P/F-} Lo/’; n)
=(Ae-AN(7A,1%,n) +Fa(PF, L%,n)
= (20,000 - 2,000)( VA, 10%, 10) "'IOO,OC)oC%,IO%, 10)
= 18,000 (6.145) + 100,000 (.3855) = *149 je0

PN I I0 2626000000006 06 30 063606 003060 006 006 9 6 06 36 30 06 30 3 26 36 36 0% 3% 9 6 36 36 % 9 9% % 9% 9% % % 9% 3.1 m

A scholarship is to be established that will pay $200 per quarter
at the beginning of Fall, Wnter, and Spring quarters, It Is
estimited that a fund for this purpose will earn 10% interest,
conpounded quarterly. What lunp sum at the beginning of Summer
quarter, when deposited, will assure that the scholarship may be
continued into perpetuity?

3830 NI I 2 BTN 2330 00NN

P= zoo(% ,2'/2‘9(0, 3)

=200 (2.856) =571.20
A'=57.20(AF, 2/2%,4)

= 571.20(.2658) =15|.82

For nze0  P'= A’/&_ w !B B s = $é*,27175 degosit
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3.1 5 PRI 22222 2222282222222 dtat i st ssis sl

Using an 8-year analysis and a 1o interest rate, deternine which
alternative shoul d be selected, based on Net Present Wrth (NPW).

Alternative A B
First cost $5,300 $10,700
Uniform Annual Benefit 1,800 2,100
Useful life 4 yrs a yrs

FRREERNERNREEERLRERRERRR XX RERRERRERRREXRRRERRXREXRRER

NPW = PW (benefits) - PW (costs)
glternative A :
NPW s %, 800 (7A, 10%,8) —‘5, 300 - *5,300 (VF, 16%,4)
= 1,800 (5. 333) - 5,300 - 5,300(. 6830) = $683,10
alternative. B .

NPW = %2100 (TA,10%,8) = #10,700 = 2,100(5,335) - 10,700

= %553 50
select altermative A

3_ 16 AR RN RRRR RN R R RN R RN KRR RNRNRRARRERR R RN RRRRR NN RRNRX

Assume you borrowed $50,000 at an interest rate of 1 percent per
nmonth, to be repaid in uniformnmonthly payments for 30 years. In
the 163rd paynent, how much of it would be interest, and how much
of it would be principal?.

336 3 06 36 3 3 3 2 36 3 36 3 3% 3 9 36 30 3 I 3 9 3 3 3 I 3 20 6 9 3636 36 36 6 96 3 3 3 3 3 3 I I I I X N KX XN

In general, the interest paid on a loan at tine t is determned by
miltiplying the effective interest rate tinmes the outstanding
principal just after the preceding paynent at tine t-I.

To find the interest paid at tinme t = 163, (call it I,.,) first
find the outstanding principalat tine t = 162 (callit P162)

This can be done by conputing the future worth at time t = 162 of
the amount borrowed, ninus the future worth of 162 paynents.

Alternately, conpute the present worth, at time 162, of the 198
paynents  remaining.

The uniform payments are 50,000(/%p,1% 3bo) =¥514.31, thus
Rz = s0,000(Hp .01, 162) -S4 3L (FA, \°I. (e2)
-s\'-l-?:\("/A to/a, 198)
=% Wt 259.18
The m‘\’eree\' i Xiea ool (w259 18) = *l-l—'»\-?_ 59
and the principal in the payment is Foins-442.5% = g2
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L2 2 d 2 2R R R R R R R AR A RS SR R SRR SE SRR L) 3.1 ﬂ

A municipality is seeking a new tourist attraction, and the town
council has voted to allocate $500,000 for the project, A survey
shows that an interesting cave can be enlarged and developed for a
contract price of $400,000. It would have an infinite life.

The estimated annual expenses of operation are:
Direct Labor $30,000
Maintenance 15,000

Electricity 5,000
The price per ticket is to be based upon an average of 1000
visitors per month. If money is worth 8 percent, what should be

the price of each ticket?

BRRRRERRRRIER RN R KRR R RN NN RN RN NN RN RN R RS

If the $100,000 cash, left over after developing the cave, is
invested at 8X, it will yield a perpetual annual income of $8000.
This $8000 can be used toward the $50,000 a year of expenses. The
balance of the expenses can be raised through ticket sales, making

the price per ticket
$42,000
= $3.50/ticket

12,000 tickets

AHernate_Solution

PW ecosH = PWbenefit]

400,000 + €30,000 416,000 +5,000) . sco0co + 1.

4°a ‘oﬂ

#o0,000| + €25,000| = 500,000 «Zel

T = $285,000(.08) = 42,000

Ticket! Price = w2,000 . *3.50

12¢ 000)

RRRERRNRNER RN RN RN RRRRERRER R R R R RN R RN R R ERR R RN RNNERRRRNR 3-1 8

P

H 4 2 3 % S & 7 & 9 1o 2 26 27 28 29 30
& A r*ﬂw oy

1,000 (000 wooo etc tpoo Ig
5,000

What is the present worth of this initial $5000 investment and
$1000 investments every 3 years if i a2 12%%

RERERRERRREREERERRER RN RR RN NN RN RN NN RN NN NN NN

AW 4 #5000 + l,000 (A, 12% ,3)C7A |12, 35)
¢ 5000 + 1)000¢.2963)(8.055) = #1,387
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3-1 9 BHRRERRIERRI NIRRT I NI IR RN RN

A niddl e-aged couple has made an agreement with Landscapes Forever
Conpany, a gravesite landscaping and maintenance firm  The
agreement states that Landscapes Forever will provide "deluxe
| andscaping and maintenance " for the couple's selected gravesite
forever for an annual fee of $1000. To arrange payment, the
couple has set us a variable rate perpetual trust fund with their
bank. ~ The bank guarantees that the trust fund will earn a mnimm
of 54 per year. Assume that the services of Landscapes Forever
will not be needed until after the wife has died, and that she
lives to the ripe old age of 100.

(a) What is the smallest ampunt of nmoneythatthe couple would
have to deposit into the trust fund?

(b) Suppose that the couple made this nininmm deposit on the
wife's 50th birthday, and suppose that the interest rate
paid by the trust fund fluctuated as foll ows:

Wie's Age Interest Rate

50-54 5%
55-64 10
65-74 15
75-84 20

What is the largest sum of noney that could be withdrawn
fromthe trust fund on the wife's 85th birthday, and still
have the perpetual paynments to Landscapes Forever made?

00030000600 30 36 06 06 06 00 06 00 06 76 20 90 0 00 00 00 30 06 6 96 06 00 30 06 00 00 06 96 0 96 36 30 06 06 6 30 06 36 36 36 3 06 3 90 30

) Age L TRUST FuN N
so-s4 5% 20000 (¥/2,5%,5) =20,000(1.27)-25520
55-¢4  10% 2552007 w‘)’o,lo)szs,szo(z.sw).—ea,w&sd
- 1574 66,98.88 (7715%,10):66,198.88(4.046)- 261840
15-84% 2 0 %  267,840( 78 20%,10)= 267,840(6.192)
= 1,658,469.43
1,658,463, 43 20,000 F) 132, 469.4
3_20 FEEEEE RO R0 30

Is the follow ng statenent True or Fal se?

The capitalized cost is always greater than the present worth of
costs for a project of finite life.

I!!ii!!iilll!!il!lllilllllii!liﬁiiliiil!lil!!!*lilliiﬂ
The statenent is True.
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FEEREARRARRRAERERRRRRRRRRRRRRR RN R RN RN RRRRRRR RN RRRR RN 3'21

A local car wash charges $3.00 per wash or the option of paying
$12.98 for 5 washes, payable in advance with the first wash. If
you normally washed your car once a nonth, would the option be
worthwhile if your MninmumAttractive Rate of Return (MARRY is 20%
conpounded annual | y?

RERRERREERRRRERERRRRRRRRR RN R RN RRRRERRRRERRRENRNR

First, convert the effect annual MARR 4o its equivalent
effective monthly rate:

.2Y™- 1 c oc.oi88
Any measure of worth could now be used, but net
present value is pebably the casiest.

NPV = (-12,98 +3.00) +3.00( YA, 1.53%, )

1,87 >o

Therefore | 4hel option is economical!

ERRNRRRRRRRERRRRRRRERNRRR RN RRRRRARRRRRRRRRRRERRRRRERRRRRE RN 3-22

A project has a first cost of $10,000, uniform annual benefits of

$2400, and a salvage value of $3000 at the end of its 10 year
useful life, What is its present worth at an interest rate of 20%
per year?

BRRRFRRERERERERNRRN RN RRR R RN NN RN R RRRRRRN RN

PWC20%) = - 10,000 + 2,40 IA, 20%,10) + 3000 CTF,200/e,10)
2 54L45

EERRRRRRERRRRRRE RN RR R RN RN RN RN RRRRERRERRRRRRRERRERRNN RN 3-23

A person borrows $5000 at an interest rate of 18%] conpounded
monthly. Monthly paynents of $180.76 are agreed upon

(a) What is the length of the |oan?
(Hnt: it is an integral nunber of years.)
(b) What is the total ampunt that would be required at the end

of the sixth nmonth to payoff the entire [oan bal ance?

BRERRNRNRERRERRRRRR R RN RN AR R RRRRRRRRRRR R R RN NN

ca) s000/i80.76 4 21.66, thereforel length of| loan musk

bel greater thanl 21.66, 4ry 36.
A= (5,000)(AP, 1.5%,3L) = 180162, S0 36 i s

(b) 180.762] + C180.762X(PA,1.5%, 30) = ¥, 52141

[
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3-24.| iIIlI!!lIlI'li*iI‘II'I!*!!l‘.IIIlI‘I‘!I!IIII!ﬁ!l!ll!!*!ll'li%*llll*l

Gven the following three nutually excusive alternatives.

Al ternative
A B CJ
Initial Cost $50 $30 $u
Annual Benefits 15 10 35
Useful Life (years) 5 5 2

Which alternative is preferable if i a2 10%?

FEREER R RN NN ERRRNR RN NN RR AR RRRRERNRRRRRRRRRRRRRRRRRNNN

Using simplest| method (Net Presertt! Worth) 1

A =4 c
Inifial Costl 50| 94 4o
Annual Benefits| \S| 12 25
useful Life Cyears) -1 5 2
Rresert Worth Benefils 56865  #A| 6016/
Present Worth Costy 50| 30| 4ol
NeH Presertt! Wortd = Pwel -AwC e.265 141 2076

choose Cl

3_25 BRI NI I0 R TV 00 D00 200000 00 00 U600 06000000 RN

A $50, 000 30-year loan with a nomnal interest rate of 12%
conpounded monthly is to be repaid in a uniformseries of paynents
of $514.31 per month (for 360 months). The borrower wants to know
how many paynents, N, he will have to nmake until he owes only half
of the amount he borrowed initially, Hs Mninum Attractive Rate
of Return (MARR)Y i s a nonminal 18% conpounded nonthly.

FRWERRNN NN 000 200000 00006 00 3036 36 36 30 00 30 00 00 30 00 6 20 30 30 30 36 0 30 30 00 96 36 36 3 96 % 96 06 3
The MARR is irrelevant in this problem The outstanding principal
is always equal to the present worth of the remaining paynents

when the payments are discounted at the loan's effective iInterest
rate.

Therefore | led Nf be thel remaining paymerts)
Y ¢so,000Y = 51431 (TA | 10%, N+

(A, oo, 2148, 6088

N'=¢69 = 6T

so, N =260 -N' =293 payments, . sab s
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BEOE 00000600 0000000000 0000000 0000 00 00 00 0000 00 00000000 06 90 00 06 30 00 0 0000 06 0000 00 00 000 00 0 00 0 3_26

Three purchase plans are avalable for a new car.

Plan A: $5000 cash immediately
Plan B: $1,500 down and 36 monthly payments of $116.25
Plan C. $1,000 down and 48 monthly payments of $120.50

If a customer expects to keep the car five years and his Minimum
Attractive Rate of Return (MARR) is 18% compounded monthly, which
payment plan should he choose? Think carefully about the
appropriate analysis period.

RN RRRNNERRRRRRRRRRR RN R RN RN RN RR RN RRRRR R RN

Note that in all cases +he car is kept 5 years which is

the common analysis period. Therefore PWC is +he
easiest method .

L= ‘:% ¥ l%‘yv

AWCa =*E,ooo

PWCs = 1,500 + 116.25(7A)1 2%, 30) = 1,500 +116.25( Z1. 661) = ¥715. 59
AW C ¢ 2,000 +120.50 (FA,112%e48) =1,000+120.50(3%.043) =*¥5,102.8

600000 2006 00 00 30 30 38 06 30 30 30 06 06 00 6 06 0% 36 00 36 9 6 30 30 30 00 36 90 98 90 00 36 36 96 30 30 00 30 90 06 0 06 30 36 06 306 30 36 36 9 0 3 XX 3-27

A project has a first cost of $10,000, net annual benefits of
$2000, and a salvage value of $3000 at the end of its 10 year
useful life. The project will be replaced identically at the end
of 10 years, and again at the end of 20 years. What is the
present worth of the entire 30 years of service if the interest
rate is 10%?

B0 0606 06 36 06 06 0600 00 00 00 00 06 00 0 6 00 30 36 96 30 00 3696 96 06 96 30 36 96 96 96 06 06 36 30 9606 00 36 96 26 26 96 96 36 % 2 e el

PW of 10 years = ~10,000 +2,000 (7A,10%,10) +3,000(FF, 10%, 10)
= %3, 4us 76

PW of 30 years = C:-!:,*I-*I-S.‘Tb)[l*(‘?'ﬁm%, 39)/[1-CHF,10%,10)
=%5,286.45

Alternate Solution -
PW of 30 years = [1+(%F,10%,10) +(%F, 10%,20)] (-10,000)
+ 2,000CYA,10%, 20)
+ 3,000 L{YF, 10%2,10) + (VF,10% ,20) +( Y, 10%,20)
= #5286.45
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3-28 BREERERERERRNER R RN RN RN RERRRRRR RN RN RRRRRRERTRRRRN

Consider two investments:
(1) Invest $1000 and receive $110 at the end of each month for

the next 10 months.
(2) Invest $1200 and receive $130 a the end of eaoh month for
the next 10 months.

If this were your money, and you want to earn at least 12%

interest on your money, which investment would you make, if any?
What nominal interest rate do you earn on the investment you

choose? Solve by Present Worth Analysis.

FAERRERNRERERERRRERERRRRRRRRERERERRRERRRRRRRRR RN NN

PW Analysis

L22%2mo. = \foger'mon-l-h

At 1: NPw =116 (7A,1%,10)-1,000 = 110(A.471) - 1000 = +41.8]

AH‘J_ NPW =130( A, I‘/lo) -1,200 = 130 @ 4M) -1,200 = +31.23

oose. Alt.1 -~ Max. NPW

Nom:nal Irterest = NPW =0 = -I ommo(% ué 10)
(Pa,i%,10) = Y5%° = 4.1
ig 1.75‘/-

Nominal ierest = 1.76% x 12 mo. =21 %

(1] -

3_29 LT e e  E  E EE T e Te L]

A farmer has just purchased a tractor for which he had to borrow
$20,000. The bank has offered the following choice of payment
plans determined using an interest rate of 8%. If the farmer’s
Minimum Attractive Rate of Return (MARR) is 15%) which plan should
he choose?

Plan A: $5,010 per year for 5 years

Plan B: $2,956 per year for 4 years plus $15,000 at end of 5
years.

Plan C: Nothing for 2 years, then $9048 per year for 3 years.

ARRRREREERERRRERRRERRRRRR RN ERRR R R RRRRRRRR RN R

PWCa =5,010 (PA,15%,S) = 5,010(3.352) = *i6,7q%.
Pwis =2456 (VA 15%,4) +15,000 (VF15%,35)
=2456 (2,855)+15,000(4472) = *i5,891.
PWC. = 4,048 (a,15%,3)( U, 15%,2) =9,048(2.282)¢156)) = H15, 018
Aan C is lowest cost plan.
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IIII*!I!!III!Q!!IIII!!IIII!IIIIii!il***l*i!ill*ll!il*!I!l!*!ll 3'30

Projects A and B have first costs of $5000 and $9000,

respectively, Project A has net annual benefits of $2500 during
each year of its 5 year useful life, after which it can be
repl aced i dentically.

Project B has net annual benefits of $3300 during each year of its
10 year life. Use present worth analysis, an interest rate of 30%
per year, and a 10 year analysis period to determne which project
to select.

RRRRRRRRRR RN R RN R R RN RN RRRRRE RN RERRRRRRRRRRNRRRRRN

PWa = -S,000[ | +1.3Y°] +2,500 (7A,30%,10) = %, 382.20
PWe = -9,000 +3,200 (YA, 30%,10) = #1,202 .08

Select A because of higher present worth of benefids.

!!ll!*!il!iiliiillil&i*!l**&!ll!!iiilii*-I*I‘I"lll’l*ill*II‘!I*!I"II 3'31

The lining of a chemical tank in a certain manufacturing operation
is replaced every 5 years at a cost of $5000. A new type lining
is now available which would last 10 years, but costs $13,000.
The tank needs a new lining now and you intend to use the tank for

40 years, replacing linings when necessary, Wth an i of 10%)
compute the Present Worth of Costs of 40 years of service for the
5-year and lo-year |inings.

'!‘ll'*‘I***'!'I**l"‘***"**‘*!*‘l‘l*i!‘l‘l!*'*"*I!"*i**i
PW S yr Ll'nin3 :
PW = [ 5,000 (AR, 10%,5)]1CA, 10%,40)

* 5,000 (.2638X%9.779) = ¥12.89a o
PW loyr Lining :

PW = Li3,000 CAYp, 10%s, 100 CTA 10%, 4o)
= 13,000£.1627X9.779) = ¥20 83 co

Illllll!I!lliﬁilll!ilIII!*E!!!Q*!*.‘IIII!*!‘llllllll‘illllll"*d 3‘32

The present worth of costs for a $5000 investment with a conplex
cash flow diagramis $5265. What is the capitalized cost if the
project has a useful life of 12 years, and the MARR i s 18%%

BRI RN RN RN REN RN RANRE NN

Capitalized Cost| = 5,265 (AR, 18%,12)CTA, 8%, )
25,265 (.2086) /i) = Y610z
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3.33 ERRERERRNRRRRNRNNNR BRI I 00000000 00 000 00 00 0000 PR E DTN

A scholarship is to be established to pay $500 each semester to a
recipient on September 1 and January 1 of each year. A fund with a
yield of 10% will be established on May 1 to pay the proposed
scholarship. What deposit at that time will be required to fund
the scholarship in perpetuity?

EEREARERERE AR EREEERERREREERERERERERRERERRRRRRERERRRREERREREER
&ginninq of Summer Semester : 3500 *500
P =500 (PA 18 %, 2) I G
F

=soo (1.904)=952.13 ;

For 3 semesters,
A' =952.13 (AR, '§%, 3) e
=4952.13(.356) =338.77

P=A - 238,77 - ¥10,163 +o deposit
L To3333

3-34-‘ EE RIS SRS TSRS S22 S 2R2 222 AR R R R AR LR R R st dtd]

A car dealer tells you that if you put $1500 down on a particular
car your payments will be $190.93 per month for 4 years at a
nominal interest rate of 18%. Assuming monthly compounding, what
is the present price you are paying for the car?

HUEERBRRREREERERARRERRERERRRRRRRRERENRRRRNNRERRRRNRRRER

A =190.9% perriod , L= Y2 = o8 3 n=uxiz=48
. e
P=|,500+ A[g Hn.)“-t] = 1,500 +190.43 [(14, o15) | ]
Chrey OIS (1.oiS
1§00 +6,494.7% ="B.o00

"

3-35 BN F TR IR0 000000 300 0000 00 00 0000 0000 00 0030 06 00 0000 00 00 36 36 30 00 30 ¢

What is the price of a j-year Savings Certificate worth $5000
three years hence, at 12% interest, compounded continuously, with
loss of interest if taken out before three vyears?

FERRERRRRRERRRREERRRRRRERR RN RN RN NN NN

- - - o’b
P=Fe ™ =#¥5000e ' ® = 5,000 °®

=% 5000(0.69717) = ¥3,488.50

e ——
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B0 000NN RN R RN NN RN RN RN RN R RN R NNRE 3'36

If the current interest rate on bonds of a certain type in

question is 10 percent nomnal, compounded seniannually, what
shoul d the market price of a $1000face value 14 percent bond be?

The bond will mature (pay face value) 6-1/2 years from today and
the next interest paynment to the bondholder will be due in g
mont hs.

TR0 06000000 000000000 0 0E 00066 000606 060600 00 06 366 000 e e e ]

A = To ﬂl. T %J:°“C4

W Wz %l 3 3% | 5 6 okl

Bi-yearly interest payment = .07¢),000) = ¥70
W= ‘YOC%, S, 1) + #,000 (YF, s%,13)
= 10(9.394) +1000(.6303) = #1,187.90

FRERERE RN NIRRT R RN RN AR RN R RN R R n] 3-37

A manufacturing firm has a before-tax Mninum Attractive Rate of
Return (MARR) of 12% on new investments. What uniform annual
benefit would Investnent B have to generate to make it preferable
to Investnment A?

Before Tax Cash Fl ow

Year I nvestment A I nvestment B
0 -$60, DUV -$45, 000
1-6 +15,000 ?

HRBERRRRRRERRRERERERERRRRRRERRRRRRRRRRRRRRRERRRERER NN
NPWoF A = -60 +15(Va,129%,6) = 1.e5
NPW of B 2 1,665 = -45 ?B(P/A,I'Z./G,@) S Berl.as)
B >%)|,351 peryear
*I*i*l’!Iiiiii!"l'l'Ii*ili‘l***ﬁlII!!*iil*ill!l!*‘**il‘llil!ll**iﬂ 3'38

Wat is thel PresentiVorth of a series that decreases uniformly, by

$20 per year, from $400 in Year 11to $220 in Year 20, if iequals
10%?

HRRERNNNNRRN RN RR R RRARRR R RN RERRRRRRERR R ERRANER

AN = Lyoo( %,:o%, 10) -20( Y4, 10%, 1%, 10%,10)
= L4oo(6.1u4) - 20(22.8913)(.3855) #170.9)



a2 . Engineering Economic Analysis Exam File

3.3g Iii*!!iiI!!‘!ll’llli!illlliiilll*iliill!*!i!l!lll!li!l!ili!iilIl

Many years ago BigBank |oaned $12,000 to a local homeowner at a
nomnal interest rate of y,54) conpounded monthly. The terns of
the nortgage called for paynments of $60.80 at the end of each
month for 30 years. BigBank has just received the 300th paynent,
thus the loan has five nore years to maturity. The outstanding
bal ance is now $3,261.27.

Because BigBank currently charges a nominal 13% conpounded nonthly
on hone nortgages, it could earn a better return on its noney if
the homeowner would pay off the loan now, however the bank
realizes the homeowner has little econonic incentive ‘to do that
with such a low interest rate on the loan. Therefore, BigBank
plans to offer the homeowner a discount.

[f the honeowner will pay today an amount of $3,261.27 « D, where
D is the dollar amount of the discount, BigBank W II consider the
loan paid in full. If for BigBank the Mninum Attractive Rate of
Return (MARR) is 10% (effective annual rate), what is the nmaxi mum
discount, D, it should offer the honeowner?

§§I*ll!i*llli§i!ll*!ll!!!iill!l!illliiiii!iI*I’ll‘lI-!*!Il

The cash flows prior to now are irrelevant, The relevant cash
flows are the follow ng:

[ oan continues

minus
1  loan contigues M\L paid off early
o o +(3261.21-D) -(326\.21-D)
-6 tbo.B0o + 60.80

Arly Measue ot wort could be used. The appropriate
discount rate is the effective mortthly MARR | .odﬁ‘f:ci.i‘f‘:{

Therefore, using NPV=0 = -3261.27+D +60.80( %, A91%6,60)
D=%¥370.60

3.4d !II!!!*I!**III*I*IE'!!l!!!!i!il!!!!!!l**iillil!!!lli!ilill*!IJ

A resident will give noney to his town to purchase a Vietnam veteran
menorial statue and to maintain it at a cost of $500 per year forever
[f an interest rate of 10%is used, and the resident giveg a total of
$15,000, how much can be paid for the statue?

*li!il*‘lil!!!llli*il!i*l!!!*!Ii!i!!*llﬂl*llll!ll!!i*lll

€.d, =15,000 = PH SOOI(PA, 10%, )

P4 15,000 -s00 (1) * Hio,000.
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RERRRRRAR RN NN RN RN RN RN RN R RN 3.41

The city council wants the municipal engineer to evaluate three
alternatives for supplementing the city water supply. The first
alternative is to continue deep well pumping at an annual cost of
$10,500. The second alternative is to install an 18" pipeline
from a surface reservoir. First cost is $25,000 and annual
pumping cost is $7000.

The third alternative is to install a 24" pipeline from the
reservoir at a first cost of $34,000 and annual pumping cost of
$5000. Life of all alternatives is 20 years. For the second and
third alternatives, salvage value is 108 of first cost. With
interest at 8%, which alternative should the engineer recommend?
Use Present Worth Analysis.

3000036000 36 30 00 36 26 08 00 36 00 3000 00 00 00 00 636 30 00 00 30 36 08 08 06 06 0 36 6 0 90 3 06 36 6 36 6 36 30 36 36 90 00 6 3% 00 6 8

Fixed output,

YEAR DeePwe 18" PiPeLINE] 24" PIPELINE
0 -25,000 - 34,000
1-20 -10,500 « 7,000 - 5,009
20 + 2,500 H 3,400

Deepwell: PW of Cost = = 10,500(7A,8%,20) =-10,500 Cq.818)|
= 103,089
18" Gpeline = AW of Cost = -25,000-7,000(7A,8%,20)
(net ofsadvage) 4y 500(% 8%, 20)— -93,189.75
24" fipelne : FWaFt‘os{" -34 000 - Scoo(/A 8%,20)
ofsalvage) +34oo(.4'87’ 20) =-82.360.70
) 1 el

ERRERERANRERRE DR R RRRERRRR R AR RN RN R RERRRERRRERERRRRRE RN 3_42

A magazine subscription is $12 annually, or $28 for a 3-year
subscription. If the value of money is 124, which choice is
best?

36 96 38 96 36 36 9 3 36 96 36 06 30 96 D6 36 36 90 30 30 3 36 36 96 36 3 3 96 96 36 06 36 36 9 36 96 36 36 96 36 36 06 2 9 0 96 3 % 3 3% 3 % % ¥l
’

28 = 12 +12(YA,12%,2)

20 2 12 412(1.eqQ ) =32.20

choose 3 yc subsecrnption hecause 28 < 32,28
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3.43| BRMREREIRRIN NI 0000000 000 0000 000 060000 00 00 0 960 00 00 00 00 00 00 00 00 0 00 0 0000 6.0 36 00 0 06 0

A rich widow decides on her 70th birthday to give most of her
wedlth to her family and worthly causes, retaining an amount in a
trust fund sufficient to provide her with an annual end of year
payment of $60,000. If she is earning a steady 104 rate of return
on her investment, how much should she retain to provide these
payments until she is 95 (the last payment the day before she is
96)7 |If she dies on her 85th birthday, how much will remain in
the trust fund?

B0 00062636 26 0606 00 06 06 0606 06 0 903 9 06 00 00 06 00 06 06 06 06 36 06 30 0606 36 36 0 30 0 00 30 30 30 3 30 00 3 30 3 M |

P=eok(Ph,10%, 28) = Lok (Aaet) = $549. 660,
P': 6OK(VALO% 1) 2 60K(6.445) * ‘36?.‘700.

3_44 PrrrrrPPrPPT TP T T T TRT T YT T TR R R RS YRR A2 SRR T2 2R 2222222

Two alternatives are being considered for recovering auminum from
garbage. The first has a capitadl cost of $100,000, a first year
maintenance cost of $5000, with maintenance increasing by $1500
per year for each year after the first.

The second has a capital cost of $120,000, a first year

maintenance oost of $3000, with maintenance incressing by $1000
per year after the first.

Revenues from the sde of auminum are $20,000 in the first year,
increasing $2000 per year for each year after the first. Life of
both alternatives is 10 years. There is no salvage value. The
before-tax Minimum Attractive Rate of Return is 10%/ Using
Present Worth Anaysis determine  which aternative is preferred,

ERRRERERRRRRRERNER R RR R RN AR R RRRRRRRRRRRRRERRRRERR RN

Alt 1 2 NPW = -100,000 + (20,000 - 5,000)( 7A,10%,10)
+(2,000-1, sao)(%. 10% ,10)= 3,620.50
Alt.2+ NPW“lzo,ooo+C::oooo 50003(% 10%, 10)
+ (2,000 -1,000X% 10%,10) = 1,356, oo
Choose A2 — Max. NPW
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FRRERRNRERERRRNRRERRERRRRRERERRERRER RN AR RRRRRER DR RN R RN NN 3—45

A brewing conpany is deciding between two used filling machines
as a temporary neasure, before a plant expansion is approved and
conpl et ed. The two machines are:

(a) The KramFiller. Its initial cost is $85,000, and the
estimated annual maintenance is $8000,

(b) The Zanni Filler. The purchase price is $42,000, with
annual nai ntenance costs of $8000.

The Kram filler has a higher efficiency, conpared with the Zannf,
and it is expected that the savings will anpunt to $4000 per year
if the Kram filler is installed. It is anticipated that the
filler machine will not be needed after 5 years, and at that
time, the salvage value for the Kram filler would be $25,000,
while the Zanni would have little or no val ue.

Assuming a Mninum Attractive Rate of Return (MARR) of 10%) which
filling machine shoul d be purchased?

R0 6 00 00 06 000606 0% 6 06 06 00 36 00 36 06 36 30 90 30 30 3 36 00 30 96 3030 36 36 96 96 06 06 30 96 30 06 00 00 00 30 0 30 36 0 3 06 M 06 0

25,000 25,000

o bibalds o 2
lHlLL lliogoll
85,000 agooo’

NPW = 25,000 (7, 10%,5) - 85,000 - 4000( A, 10%,5)
= 25,000 (. 6209) -85,000 - },000(3.791)
=-g4oH.5 (or a presert worth cost of 84,64.59

Zanni

NPW = -142,000 - 8,000 (74, 10%,5)

b bidiad = -42,000-8,000(3.791)
540 =-72,328
hooe (ora PW cost of 72,328)

Therefore choose the Zanni filler
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3_46 ERERRRREERERRERRREREERRERERRRRRRRERERRRRRNRRERRERRERRERRRRERRNN

Two technologies are currently available for the manufacture of
an important and expensive food and drug additive. The two can
be described as follows:

Laboratory A. Is willing to release the exclusive right to
manufacture the additive in this country for
$50,000 payable immediately, and a $40,000
payment each year for the next 10 years. The
production costs are $1.23 per unit of product.

Laboratory Bl This laboratoryl is also willing to release
similar manufacturing rights. They are asking
for the following schedule of payments:

On the closing of the contract, $10,000.

From years 1 to 5 at the end of each year, a
payment of $25,000 each.

From years 6 to 10, also at the end of each
year, a payment of $20,000.

The production costs are $1.3"7 per unit of

product.

Neither lab is to receive any money after 10 years for this
contract. It is anticipated there will be an annual production
of 100,000 items for the next 10 years. On the basis of analyses
and trials, the products of A and B are practically identical in
quality. Assuming a MARR of 12%. which lab should be chosen?

FRRERERRRREREERERREERRRRRRRRE R RN NRERRRRRERR AR RN

Laboratory A ¢ The annual praduction cast =1.23x look =¥ 123K
cash Flowl ¥

0 Q

LHHES LG

ch 250,000+163,000(%A,,12%,10) = 50,000 +163,000(5-65)
=970.950
Qbom{'og; B 2 The annual Fradudiorq coat = 1.37 x 100k = ¥ 81K

ox} iz'sk)(l_];qi( )t ’ —Ji 10k ]'(162‘()1 1 l (‘S'I’f{l_ﬂl

PWLC =10,000 + 162,000 (% 12%+,5)+157,000(%A,12%,5)(,12%,5)

=10.000+162,000(3. eos‘)ﬂsvooo(a 605)( A E <r|5 14‘? q
Therefoce] choosel Lavocatory B
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BRI T 0000000000000 0000000 IR0 0000 0000 00000 06 0006 6 06 06 06 3-47

An engineering analysis by Net Present Worth (NPW) is to be made
for the purchase of two devices A and B. If an 8% interest rate
is used, recommend the device to be purchased.

Uniform Useful
Cost Annual Benefit Salvage Life
Device A $600 $100 $250 5 years
Device B 700 100 180 10

HRRRRNRNRRRRRRRRARRRRRRRRERR RN RERRRERRRRRREE RN

DEVICE A zs0 25> DEVICE B: i
v 00 } A & 100

A A e 00
ettt 1T e d

ns s nzi1o

600 600
100

TEVICE A:
NPW = 100 (T, 8%,10) + 250(7,8%,10) - 600 - Leco -250)1( %, 8%,5)
=100 (6.710) +250 (. 4632) - 600 - 350 (.6804)
=67 +115.8-600 -258.21 = -5 .4
TEVICE B:
NPw = 100(7A,8%, 10) + |80 (%, 8%,16) - Too
z100(6.710) +186(.4632) - 7006 = &7/. +83.38 - Y0
= AS4.38
. select device B

ERFERRRRRRRERRRRRRR RN RN RN RN RN RN RN RN RRR RN RNRR AR 3.4&

A company decides it must provide repair service for the equipment
it sells. Based on the following Net Present Worths, which
alternative for providing repair service should be selected?

Alternative Net Present Worth

A -$15,725
B -6,657
¢ -8,945

HRERRERERERRRRRRRRERERERRERRRERRRRRERRRRRERRRRNNEENNNN

None of the alternatives look desirable, but since one of the
alternatives must be chosen (null not available), choose the one
that Maximizes NPW. Thus the best of the three alternatives is B.



88 . Engineering Economic Analysis Exam File

3.49 EREFEBEREERRERRRRFRERERRRRERBRERRRERRRRRRENRENE NN EET NN TN RERE NN

A firm is considering the purchase of a new machine to increase
the output of an existing production process. Of all the machines
considered, the management has narrowed the field to the machines
represented by the cash flows shown as follows:

Machine Initial Investment Annual  Operating Cost
5 § 50,000 $22.500
2 60,000 20,540
4 75,000 17,082
1 80,000 15,425
J 100,000 11,374

If each of these machines provides the same service for 3 years
and the minimum attractive rate of return is 122, which machine
should be selected?

RRNENRERRRRERERERRRREREERRRRRRRRRERRRRRERERRR RN RERERN

Minimize the AW of Cost

Machine %v'telwml— ‘é%‘:ﬁ""‘% x (7A,12%,3) = pw of Costs
s 50,000 + 22,500 (2.4072) = |04, O4S +
z 60,000 + 20540 (2.402) = 109,331
Y- 715,000 117,082 (2.402) = 116, 03]
\ 80,000 + 15,425 (2.402) = 117,05\
3 00,000 * |(,3TH (z2.402) z 121,320

Select Machine S

3_50 3030 30 90 30 30 36 96 3 30 30 30 00 36 06 90 38 30 96 9 36 90 30 30 30 30 36 38 26 30 30 96 36 36 30 30 36 30 5 30 30 30 00 06 30 90 06 06 00 30 36 30 36 3¢ 30 96 00 ¢ 6 0]

J.D. Homeowner has just bought a house with a 30-year, $30,000
mortgage on which he is paying $379.33 per month (15% compounded

monthl y) .
@ If JD. sdls the house after ten years, how much must he

give the bank to completely pay off the mortgage at the
time of the 120th payment?

(bY How much of the first $379.33 payment on the loan is
interest?

HFERRERNRERRARER RN ERRRRRARRRERRRRRRRERRERRRRRRRERRRRR

Q) P=214.33+31933 (YA, 1f4e, 240)
=3714,23+ 3719.23( 15.942) = *29,186. ¢
b) *ao,ooox o.ov2s =*z1s8
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While in college Pat received $10,000 in student loans at 5%
interest. She will graduate in June and is expected to begin

repaying the loans in either 5 or 10 equal annual payments.
Compute her yearly payments for both repayment plans.

ERERER RN RN R R RN RN RN RN RN RN NN RN RN RRRE Y

S YeArs 10 YEARS
A=P(AP i, n) A=P(Ap i, n)
= 10,000 (A, 5%]5) 210,000(A/p|s Yo )0)
z 10,000 (.2310) = 10,000(.1295)
= ¥2 31000 = %$),295.09

HERRREERRERERRRERRRRRRRERERARERR AR EERRERERRRRRRERRREERRERRRRENN 4.2

Suppose you wanted to buy a $100,000 house. You have $20,000 cash
to use as the down payment. The bank offers to loan you the
remainder at 18% nominal interest. The term of the loan is 20
years.  Compute your monthly loan payment assuming the payment is
the same for al months.

FAA NN NN TN I

$100,000 #20,000 = #80,000 Loan
A= P(AP 1%, n)
L= 8%/, pericds =1.5% orrth
ferye ol
N = 20 years X |2 pericds per year = 240 pericds
A = 80,000 (AP, 1.5%,240) = 80,000 (0.015K)
A = %1,232.00 per month
89
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Ia EERREERRERERRNNEE RN R0 00000000 00 000000 0000 0000 0 000 0000 000 0

Lester Peabody decides to install a fuel storage system for his
farm that will save him an estimated 6.5 cents/gallon on his fuel
cost. He uses an estimated 20,000 gallons/year on his farm.
Initial cost of the system is $10,000 and the annual maintenance
is a uniform gradient amount of $25. After a period of 10 years
the estimated salvage is $3000. If money is worth 12%, is it a
wisel investment?

BN R0 000 R0 000000 00000600000 0000 00 0 00000 0000 00 30 060000 369 36 e

EUAC =(P-SXAP, i n) +a(Ma, i n) +SL
z (:o 000 - Sooo)( 1110) +25 (3,585) + 3,000(.12)
= 1,229 +89.63 +360 = ¥(,688.63
EUAB = 20,000 (.065) =¥|,300
'.. m_mi& 'liiueg‘z!mil

L-4.‘ *ﬁ&!!il*!*!Iiili!lii!lll*!!!l!!!l'll-II!li!illll!lllliiﬁ’lii!ll!!!

The returns for a business for five years are as follows: $8,250,

$12,600, $9,750, $11,400 and $14,500/ If the value of money is
124, what is the equivalent uniform annual benefit for the five-

year period?

EREREERERRNRRRRERRERRRRNER RN RN RN RRRRRRRRRRRRRRRRRNN

Pw = 8,250 Tk, 12%, 1) +12,600 (Y, 12%, 2) +9,150(Vk,12%,3)
11,400 (P, 12%,4) + 14,500 ( Ve, 12%,5)
= 8,250(.8929)412,600(.1972) +9,750(.7118)
+ I,400(.6355) + 14,500(.5674)
-34 823
EUAB = 24,823 (AP, 12%,5)
=29,823(.2774) =*%i|,047 Annual Benefit

l.!; FHEE RN IE TN I IE 00000220 060000 00 00 00 00 00 0000 0 00 0 200000 2 3 90 3 300 3 3 30 30 00 30 0 06 06 36 36 36 06 06 36 06 8

I have borrowed $1000 from the bank. The interest rate | am to
pay is 20%,) compounded monthly. | am to repay the loan by making
24 equal monthly payments. What is the amount of m'y monthly
payments?

BEREREREERERRERRRNNERRR RN RN R RN RN RN RERERR RN
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A = 1,000 (AYe, 5 24)
There are qo |%2% compounding irterest tables adily avaiatie.
The capial recovery factor mus%- calculated .
C‘VP’ I 666‘10, 2t) = T (loes) = 0.050892
A = 1,000 (o.050892) = SCLQCL

L L T ITTIIIITI T T 4.6

Several companies offer “instant cash plans to holders of their
credit cards. A typical plan permits card holders to "draw" cash
up to a preset limit. At the time the cash is drawn, a special
charge of 4% of the amount drawn is charged to the card holders
account. Then the card holder repays the debt (the original
amount drawn plus the specia charge) by making a series of equd
monthly payments. Each. month the company adds a finance charge of
1-1/2% of the previous months unpaid balance to the account
balance.  If the card holder “draws” $150, a $6 special charge
will be made and the card holder will make a series of monthly
payments of $9.95.

(@ How many payments will be required?

(b} What "true" (effective) annual interest rate does the

card holder pay?

RERERRERRERER RN RERERRRRERRERRRRRRRRRRRRRRRRRRRRRRE R

@) 1s6 -.'-q.‘lSC%,I'/z’o,ﬂ)
AN R%, 1) =15.018
From compound interest Yables n=18 4 a very slight amount
PW of payments = §.45(15.673)= 155.95 for 18 paymerrts
PW of talance = 0.08(7p, 142%,19) = 0.05¢1.327) = 0,07
So there are. 12 payments of ¥4s and a final poymart
of 1 cents.
®) 150 =3.95CA, L%, 18) +0.01C%F, %, 1)
solve. for ¢, solution using fables -
try L21%% 150 2445 15.327) +0.67(0,1192) = 152.55
try t22% 130 £49.95C14.992) +0,07¢0.686%) = (49.22
infecpolate = L= l%%*fé%‘s;%é_‘iz(‘h%) = 1.944-%
Effechive annual irterest rate = C1+o.0u4d™ | = 0.2sas
=259s%
Hand calculaten soluhion s § = 1.9%ceq B o
Efective annual iMerést rate = 25.9u%
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Data for tractors A and B are listed below Wth interest of
12%. which tractor would be selected based on Equival ent Uniform
Annual Cost (EUAC)?

A
First cost $10.-000  '$36,000
Annual i ntenance 1,500 2,000
Salvage val ue 5,000 8,000
Useful Tife 6 yrs 6 yrs

EEEREENNERERRRRAR RN RR RN RN R RN RN RN RRRRRRRRNRRER

F= Sqivage Value

o ‘2 a3 4 S s’ i.--rz‘%
vy v + + + +
A: Ann. Maint n= 6
Pe st Cost

guac = P(Ap, L%,n) - SCHF, L %, n) +Other Costs
TRAcTOR A =
EUAC = 30,000(¥P, 12%,6) -5,000 (AF,12%,6) + 1,500
= 30,000(.2432) - 5,000(.1232) +1,500
:*ﬂ 180
check ¢+ EUAC =(P-S)(AP,i%,n) +S¢ + Other Costs
=(30,000 - 5,000)(.2432) +5,000€.12) +1,500
=*g,180
TRACTOR B *
EuAC = 36,000 (AP,12%, &) - 8,000(HF,12%,6) + 2,000
= 36, 000 (.2432) -8o00( -1232) +2,000
#9.769.00
check z BUAC = (P-5)(Vp,12%,6) + S(.12) + other Costs
=(36,000 - 8000)(.2432) + 8,000(.12) + 2,000
=*4,7¢9.00
Since criteria is 4o minimize EUAC select tractoc A .

_& D603 0% 300 0000 00 00 06 9696 06 36 30 36 30 00 06 30 3036 36 08 3000 96 36 06 96 96 36 36 96 30 06 06 3% 0% 6 ii&i!!lli%!!&ﬂ:“"ﬂ:-

Ifi $15,000 is deposited into a savings account that pays 12%
interest conpounded quarterly, how much can be wthdrawn each
quarter for five years?

EERNERERERERR RN ERRRRRRRERNRR RN R RN R RN R RN RRRRRERRRRR
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A = P(M, L%, n)
¢ 11#} = 15,000 {__.23__

1 - C1.03)"2°

n

\

15,000 (.0612) = *,008.214 pec quacter

6000206000000 006 0606 0020 6060606 00030206 33003063 0036 30 O3 0E 00 0E 0 360 3 30 00 3 30 4!9

According to the manufacturers’ literature, the costs of running
automatic grapt: peelers, if maintained according to the

instruction manua:ls| are:

Manufactureri Slippery Grater
Firditl cost $500 $300
Useful Life 10 years 5 years
Maintenance $100 at end Year 1 - § 0
of years 2, 2 - 50
4, 6and 8 34 75
4y 4100
5 - 125

Which alternative is preferred if MARR = 15%9

BN RN NN RN RRNRERRNRN RN RN REEE NN RN

Sliﬁ‘pery : ° 8
oo oo oo oD

560

EUAC < [ 500 +100 (AF,15%,2) (A ,15%,8) (A 15%,10)
= [ 500 t100¢. 465 (+48ICHID) = ¥ivi. 24

Grater : o I 2 3 4%
m nmﬂs

EUAC = [ 300 +25 (P, 18%,5) +25CTA, 15%, 4)CTF, 1%, N (DP1s7.5)
= [300+25(5.115) + 25 (2.855)(0.8696)] (. 2983)
< #1517

Thovednro | ghoota Clamacy —alde tesaeciiace (~lac
solutions ae possible



94 Engineering Economic Analysis Exam File

4-1 u SO NI I IE I 0000 00 0E 0TI 00 0000 0 0 TR0 0 00 06 00 0000 0000 00000 0000 0030 000 00

What uniform annual payment for 12 years is equivalent to
receiving all of the these:

3,000 at the end of each year for 12 Years

20,000 today

4,000 at the end of 6 years

800 at the end of each year forever

10,000 at the end of 15 years

Use an 8% interest rate.

B30 00000 000000000 06 00 0000 U0 90 00 26 00 00 30 30 00 00 06 06 06 06 06 00 00 30 00 30 00 0 30 36 00 06 30 36 30 30 06 90 06 00 00 0 0K

0K

'3

4 Ak — 101K
i: I o 800 aacp

an & 'Y

¢ 1 £ 2 2 T £
L

Az7

A. = 3000

A, = 20k (AP, 8%,12) = 20k(0.1327) = 2,654

Az = 4K(VF, 87,6 (AP, 8%,12) = 4+k(.&3020(,122.7)
= 234, 5]

n

"

Ay = 8% 0g (AP, 8%,12) = 10K (0.1327) = 1,327

As = 10k (P, a%, &P/, 8%,12) = 10k (.3152)(.13277)
= 418.27

;A.J 53,000 +2,65% +334.51+ 1,327 + h18.27
=1,133.78

4.11 B0 000006000200 TETE TR0 00 00000 0000000 00 0 00 00 0 00 0 3096 30 90 000 900 000 30 00 30 00 300 00 36 00 0 0

(& Compute the monthly loan payment on a 30-year] loan of $34,000
a 15% interest (nominal) with equal payments.

() How much of the first payment is interest, and how much is
repayment of principal?

IR0 000 0000000000 30 00 0000 000 00 0000 00 0000 0000 30 00 0000 30 00 36 00 00 00 00 000 30 00 06 30 00 ]

a) A=34 000 (Y, & %,SBOX = 34,000 (0.0126)
= 428 40
p) Interest in first peried = 1.25% of 34,000
=H2S.
Principal = 428.40 - 425 =3.40
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REREREREERRERREREREERRRRRRRRRERE R R R RN R RN R RN R R RN R RSN R R 4.1 z

A seni conduct or manufacturer has been ordered by the city to stop
discharging acidic waste liquids into the city sewer system Your
anal ysis shows you coul d sel ect anyone of the three systens.

Instal | ed Annual Salvage val ue
System cost Qperating Cost End of] 20 yrs
DoxhiTT $30, 000 $6, 000 $ 2,000
Sl owsi | ver 35, 000 5,000 5,000
Evergreen 80, 000 1,000 40, 000

If the system is expectedtolastand be used 20 years and noney
is worth 8%, which system should be purchased?

S 00 0000 0000 0000 0000 0000 06 00 00 36 00 30 0 30 00 30 00 00 30 00 06 00 06 0 30 00 00 0 00 00 06 06 30 00 06 06 06 06 0 06 00 30 00 00 00 0 0

Doxhill EUAC = 6,000 + 20,000 (AP, 8%,20) - 2,000 C/YF,8%,20)
= 6,000+ 20,000(.1019) - 2,000 C.0219)
= 6,000 + 3,057 -4 =¥9. 013
Slowsilver EUAC = 5,000 +35,000(.1019) 5,000 €.0219)
= 5,000 +3,565 - 10% = ¥ 8,454,
Evergreen EUAC = |,000 + Bocoo (.1019) - 40,000 C.0219)
=(,0004 8,152 - 816 = *8,2796,
Purchase system with lowest+ EUAC Evergceen

JU U000 000 IR TR RN RNE RN RN 4_1 3

For the following cash flow diagram which equation properly
ealeulated the. Unitform Equivalent (A)?

(a) A = 1000A/P,i,3) + 100(A/F,i,3)

(o) A = 100(A/P,1,15)

(¢) A = 100(A/F,i,3) + 100(A/P,1i,15)

(d) A = 100(A/F,i,3) + 100(A/F,1i,15)

(e) A = 100(A/F,i,3)
j.ﬂ_ﬂﬂﬂquqmumm"&m
100 .:L l..lﬂ :l;o uL ulo

0000000000 00000600 06 0000 00 00 90 30 06 000606 90 00 00 3030 00 30 90 369 30 0 30 30 30 36 30 06 00 36 30 30 30 00 30 00 00 60RO 0 Y]

Thel correct equation is (e)d



96 . Engineering Economic Analysis Exam File

4.1 4,‘ HRRENRE NN RN T30 0000000000 000000 0000 000 0000 0 3000 O 300 0000 00 90 00 0 00 36 30 00 3 0 00 0 M NN

The follow ng alternatives describe possible projects for the use
of a vacant | ot. In each case the project cost includes the
purchase price of the [land.

Parking Lot Gs  Station
I nvestment  Cost $50, 000 $100,000
Annual  Income 35,000/yr 85,000/yr
(perating  Expenses 25,000/yr 70,000 in Year 1,
then increasing
by 1, 000/yr]
Salvage 10,000 10,000
Useful Life 5 years 10 years

(a) If the Mninum Attractive Rate of Return (MARR) equals 18%,
what should be donewith the |and?

(b) I's is possible the decision would be different if the MARR
were higher than 18479 Wiy or why not? (No calculations
necessary.)

HRRRRRR RN RR RN RRRRRRRRRRRRERRERRRRRRRRRRERERRRRE NN

a) NAWp,. = (35,000-25,000) - 50,000 (AP, 18%,5)
410,000 (A¥F,18%,5)
= 10,000 - 50,000 €.3198) 4 (0,000(,1398)
w542,
NAW,s. = (8S,000 -70,000)- :oo,aoo(%, ;ﬁj’., 10)
+10,000 (A/F, 18%,10) - 1,000(Aa 187-,10)

= :5' 000 - 100,000 (.2225) +10,000( .04 25) -|,000(3,194)

—10,0\9.

Lleave lot vacant
B) No. Higner MARR favors lower cost projects and thne
lowest coet praject Cnull) has already peea choosen.

=

4.15 e T LTI I m

A project has a first cost of $75,000, operating and maintenance

costs of $10,000during each year of its 8 year life, and a
$15,000 salvage value. Wat is its Equivalent Uniform Annual Cost
(EUAC) if the interest rate is 25%9

HRRRRRRERRRERRRRERRRERRRRRRE RN RRE RN RRRR R RN NRENY

EUAC(25%) - - (15,000)(AP)| 25 %, @) + 10,000 - 15,000 CAF, 25%,8)
= %3 773 9



Chapter 4 Annual Cash Flow 97

FRRIU NI I RN RN RN RN RN RN R NRRRAREN 4'1 a

A land surveyor just starting in private practice needs a van to
carry crew and equipment. He can lease a used van for $3000 per
year, paid at the beginning of each year, in which case
maintenance is provided. Alternatively, he can buy a used van for
$7000 and pay for maintenance himself. He expects to keep the van
three years at which time he could sell it for $1500. What is the
most he should pay for uniform annual maintenance to make it
worthwhile buying the van instead of leasing it, if his MARR is
20%7

BRI IR0 000000 0000000000 000000 006 000600 00200 0000 36 090 000000 06 000000 0 00 36 e ]

e ! 3 3 EuMﬁs,ooo{(%,!w%,l 1) # 3,000| C 1.20)

P = 3,600

:

e+ i3 EUAC=17,000 (AP 20%,3)+ M- 1,500 (YR 20% 3)
* 7,000 (. 4141) +M - 500 ¢. 7147)

M M Mm=?
: = 2310.85 + 0

T,000

M=3600-2910.85 =%6gq.15

RN NI I3 000000 00000000 000 0 303606 06 0600 0020 90 96 06 06 90 90 06 90 06 30 38 30 30 06 06 6 6 0 6 0 ot 4-1 ﬂ

Given the following information about possible investments, what
is the best choice at a Minimum Attractive Rate of Return (MARR)
of 10%?

A | B |
Investment Costl $5000 $8000
Annua  Benefits 1200 800
Useful Life 5 yrs 15 yrs

BRRRRRRRRNE RN RN R R R RN R R RN RN RRR RN RN RRRNRRREER

Net Annual Worth is easier since. the useful lives are diffecent
NAWa = 1,200 - 5,000 (AP 10%, 5) * |,200 -S,000 (. 2b38) = -1\9.0
NAWe =800 -8,000(Ap10%, |s)=aoo-a,oao( 1315) = 2252.0

AHhough A is better than B, +he Do- - Nothing (Null) aHermative
S beat.
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4'1 a JRR NIRRT 00000000 0000030 00T 000000 3000 00000000600 0606 003000300090 0000000 6

You are considering purchasing the Press-o-matic of Steam-it-out
model automatic ironing system to allow you to handle more dry
cleaning, business. Either machine will cost the same amount.

$5000.

The Press-o-matic will generate a positive cash flow of $1300 per
year for 5 years and then be of no service or salvage value.

The Steam-it-out will generate a postive cash flow of $800 per
year for 10 years and then be of no service or salvage value.

You plan to be in the dry cleaning business for the next 10 years.
How would you invest the $5000 you have in your hand if you feel
the time value of money is worth the same as your high interest
bank account offers, which is

(a) 8%7
(b) 12%?

FRBREERRERRRERRERNERERR RN RRRRRNR RN RERRRRRRRRRRRRRRARRR

Q) Preze EUAB = 1,300 -5,000(.2505) =¥47.50
Steam EUAB = 800 — 5,000 (.14Q) = ¥55,c0
choose highest EUAB, steam - it-out.

b) fess EUAB = 1,300 - 5,000 .2T74) =381
Shean EUAR = oo - 5,000 (.17170) = -*85
cheose reithec option because both have a
tost oc negarttve penefit.

4_1'9 N E NI 3000000 000020000 0000000000 00 00 30 30 003000 0 00 30 0000 00 30 00 00 00 30 00 90 00 30 38 98 0 30 30 90 36 90 )

A consumer purchased new furniture by borrowing $1500 using the
store’'s credit plan which charges 18% compounded monthly,
(& What are the monthly payments if the loan is to be repaid
in 3 years?
(b)Y How much of the first payment is interest?
(e} How much does the consumer still owe just after making the
20th payment?

FENRERERERRR RN NN RN NIRRT NI NN

a) iz'%2=1%2% per morth |, N=3xv2 =36

A = 1,500 (Ap, 112%,36) :(,So0(.0362) = ¥s5d30
b) Int. = Principal x Monthly intrest mate

Int =\ soo xo.o1s =¥22.50
¢) P=5%30(%A,1Y2%,16) = 5%.30 C14.131) = $767.31

o
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A foundation supports an ‘annual seminar on campus by using the

earnings of a $50,000 gift. It is felt that 10% interest will be
realized for 10 years, but that plans should be made to anticipate
an interest rate of 6% after that time. What uniform annual
payment may be established from the beginning, to fund the seminar
at the same level into infinity?

T 00 000 000 00 0000 0000 00 06 0000 00 0600 00 00 06 0000 00 0000 00 36 96 06 06 06 36 0000 36 06 06 06 36 96 36 06 0 36 06 3% 3 3 3% %

TTTTTTLITTTT---

_"

l

l'\" |°
1 0% t..-b%

P P

Assum ficst seminar oceurs ot 4ime of deposit.
= A/t = Aloe

P A+ AYA,10%,10) +P (%%, 10%,10)

50,000 = A+ 6. 145A + Yot x.3855

13.57TA = 50,000

Azfase8dbo

BRI I 00 000 T0 0000000 20 06 00000000 00 000000 00000 0000 00 00 00 90 96 00 20 90 00 06 3600 2600 6 06 0006 06 6 00 06 8 4.21

A 30-year] mortgage of $30,000 at a 12% interest rate had the first

payment made on September 1, 1981. What amount of interest was
paid for the 12 monthly payments of 198479

BN IT NN NIRRT NN NNNN

Monthly payment A = 30,000 (A, (Y., 360)
= 30,000 (.010286) = 308.58
Interest periods femaining Jan. 1, 1384 =33
Jan. 1, 1985 =319

P'=308.58 (PA,1%,331)

®308.58 (96.288) =29,7T12.51
P"z 308.58 (A, 19, 319)

= %08.58(95.8117) =29,567.23
Interest = 208.58 (12) - €29,712.51 - 29,567.23)

= %3 557.68
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4-22 FERERRRFERRRERRERRE IR RN

Data for Machines X and Y are listed below, With an interest of
8%, which machine would be selected based upon Equivalent Uniform
Annual Cost (EUAC)?

X Y
First cost $5.00d $10,000
Annual  maintenance 500 200
Sdvage vaue 600 1,000
Useful life 5 yrs 15 yrs

PrTT Y I S st et s e SR 22222222 2 23 828 8dl

EUAC = PCAR, L%, n)-S(HE, i%,n) + other costs
EUAC = CP-S)(Mp, L%, n) +Si tothar costs

Machine X:
EUAC = 5,000 C‘%, 8%, 5) +500 -booC‘VF,B‘Yoﬁ')
= 5,000 (.2505) +500 -6oo .1705)
z 1,252.50 4500 —-102.3 1,650,20
(method 2) EUAC = (5000-600) (AP, 8%,5) 600 (.08)+500
= 4,400 (,2505) + 48.00 + 500 = 31,450.20

Machine Y:
euAc = 10,000 (A, 8%,15) +200 1,000 (AYF, 8%, 15)
=10,000 (.1168) +200 -1,000 ( .0368)
= 1,168 4200 -26.80 = T, 331,20
(method 2)  EUAC = (10,000 -1,000)( . 1168) +1,000(.08) + 200
=21,051.20+80+200 = |, 33).20

Decision eriterion " minimize EUAC , choose Y
L R T T L L L L

A grateful college graduate makes a donation of $2000 now and will
pay $37.50 per month for 10 years to establish a scholarship. If
interest in the fund is computed at 9%, what annual scholarship
may be esablished? Assume the first scholarship will be paid at
the end of the first year,

!!!Iii!!ll!ii!il*l!iiiiiiII*!!!*!!I!!!!ll!*%!!!iill!!q
P 2,000 +37.50 (VA ,%4%,120)
©2,000437.50 Cc 18.942) 2 4,9¢60.33|
A 2 #960.%23 (.0) = *446.43 scholarship
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EERERRARERREERRERRRERERERRRERRRER R RRRRRRERRRRERERRRERRREN 4-24
Consider Projects A and B. Which project would you approve, if
the income to both were the same. The expected period of service
is 15 years, and the interest rate is 10%.

Project A Project B

Initial coat $50,000 $75,000
Annual operating costs 15,000 10,000
Annual repair costs 5,000 3,000
Salvage value after 15 years 5,000 10,000

E2 22 22t s 222 s AR R R R R R R R R R R R R R R RS ESE SRR L )
%JC&'l' A

lfllllmlllllll

S0K

EUAC, = S50k (A, 10%,15) + 20k - Sk(A/;10% ,1S)
= 50K (. 1315) 420k - Sk( . 0B18) = 26,417.50

12K

Perecl' B:

1o TIS'
TTTIT R T ITTITd

75K

EUALg = 75K (AP 10%] 15) +13( K = 10K/ (A/ﬁ 10%) 15 D
2 95k| (.1215) +12K =10k (.03I1S) = 22,547.50

CHOOSE LEAST COST ! PRoTECT B

P T T 4_25

A rich folk singer has donated $300,000 to endow a university
professorial chair in Bohemian Studies. If the money is invested
at 16.5%,) how much can be withdrawn each year, ad infinitum, to
pay the Professor of B.S.?

HEERERRRERREERR AR R RRER A RN R R RRRRRRRRRRRR AR RN NN

A = 300,000 Cwﬂ 15.5%,.:-) =l 500,000(.155) =z $uq SOO:

-
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4-2& BRI 00000000000 3630 3606 00 3030 30 300 00 00 00 0 00 0 00 00 20 06 00 00 00 00 0636 006 30 30 36 36 30 3000 00 06 36 06 6 00

21,000

——— L= 20%
e 1 2 3 % 5

What woul d an equi val ent sum of noney be
(a) Vow?

(b)) Two years from now? .
(c) As a five year annuity, starting at the end of the first

year?
lii!!***!ll'*l**i*ililllll‘ll*‘ll!Eiil*****iiilil!***!l!
a) PV = *ooo (U, 20%,5) =#ipoo(.401q) = *uoid0
B) *4o1.90(FP, 20%, 2) = ol do CLuto) = * 578,74
) A =%io00 (N, 20%,S) = #ipoo iz = *124..40

4.27 RN RN RN R RN RN RN RN NN RRR NN NRNRRR

A project requires an initial investnent of $10,000 and returns
benefits of $6,000 at the end of every 5th year thereafter. |f
the Mninmum Attractive Rate of Return (MARR) is 10%, should the
project be undertaken? Show supporting calcul ations.

B30 0000600 000 00 3000 3000 00 36 00 06 3000 30 0 00 00 0% 30 9% 06 9 3% 06 3 6 20 06 06 0 6 9 06 36 9 30 9 0 30 00 96 3¢

o AL
lott!ubib'laqnauu,ujndotcib o

10,000

EUAX = 6,000 (¥, 10%, 5) -10,000 (¥, 1P, c0)
24,000(€.1638) —10,000 Co.loco) = ¥-11.20
The project should aot be undertaken.

4.28‘ FRRRARRRRERRRRRR RN RRRR RN NR RN RN RN RN RN RN RARRRRRRRRRRRRRRN

On January 1st an engineering student projects a need of $2400 on
Decenber 31st. \What anount nust be deposited in the credit union

each nonth if the interest paid is 12%, compounded nonthly?

RREREENRERERRRRERERRRRRERRRERRRRERERRERERRRRRRRRRRNRNR

A = F[ v ]= ;zlm( el ] =‘2,4‘00(.O?88)’$E_-_E

Ci+) ™1 Loy |
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BRI I 000000000000 00 00 0000 00 06 06 20 06 06 00 06 06 06 06 06 06 06 06 06 36 36 36 00 06 96 06 06 06 0 ot 4'29

Given :
A
T 1 > Ne o0
| i . LQS%

P=$12x10° Find : A

aL-—-’“

FERRERE RN R RN R RN NN RN RN NN NNN RNy ERRRRNR RN

Soln: A=Pxi
A =12 x10°A 0.03
,A = 360,000

BT 00000000 00 30 60000 00 3006 20 00 30 00 00 30 00 3020 6 00 00 30 30 00 30 00 00 06 36 36 00 36 06 30 36 6 30 98 30 36 00 3036 3 9 36 36 9% 06 3% 3% % % ¥ 4.30

Assunming nonthly payments, which would be the better deal on the
same $9000 car?

(a) 9% interest on the full anmpunt for 48 nonths, conpounded
nonthly.

(b) A $1000 rebate (discount) and 15%interest on the
remining amount for 48 nonths, conpounded nonthly,

ERRRERREEREREERNEERERERREERRRERRRRRRERRRRRRRERRERERRREE

@) A =9,000(,.75%,48) =4 000C.0244) = 224.10/mo,
BY A =8 000 (AYp 1257, 48) - 8,000(.6218) = 222. 4o/mo,
choooe. agltenative b.

RT3 000000000030 0000 0000000600 0 0 00 30 030 00 0030 3000 0000 30 90 00 0 00 00 00 06 36 00 00 3606 00 0 30 30 6 90 00 o0 0 4'31

The initial cost of a pickup truck is $11,500 and will have a
salvage value of $4000 after five years. Mintenance is estimted
to be a uniform gradient anount of $150 per year (first vyear
mai nt enance = zero), and the operation cost is estimated to be 30
cents per mile for 300 nmiles per month. If noney is worth 12%)
what is the Equivalent Uniform Annual Cost (EUAC) for the truck
expressed as a nonthly cost?

RERERRRNRRNRRRRNRRRRRRRRRRRRERRERRRRRR RN RRRRRRR RN

EUAC * (11,500 - 4,000)CAP, | %, 60) +4,000(.01)
1—(:50(%. 12%,5))/12 + 300(.30)
= 7,500 (.oz-z-z) +4,000C.oN + (150111502

+200(.30) = ¥218.64 oec montia
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4_32 (3231 IRR SIS ALIARTS LA LSS AL AL 22 R R

Twenty five thousand dollars ($25,000) is deposited in a bank
trust account that pays 30% interest, conmpounded sem annually.
Equal annual withdrawals are to be nade fromthe account,
begi nni ng one year from now and continuing forever. Calculate the
maxi num anount of the equal annual withdrawal .

36636 3 36 3 36 36 96 36 26 36 38 6 36 36 3 36 36 36 36 3 6 3 3636 36 36 36 2 36 2 36 96 3 3 06 3 6 2 3 3 0 36 3 3 % 36 36 2 X KX

30% interest compounded semi-annually = ’é’
- 15% inturest per pecied
A= Pi = (25,000X.1S) =3 150

W= 3750 (A,15%,2) =3150(2.150) = Bo62.50

4.33 FRERKRRNRRNEREERENERERERERREREERRRARERERRNRERRRERRRRRRERERNNR

A truck, whose price is $18,600, is being paid for in 36 uniform
nonthly installments, including interest at 10 percent. After
making 13 paynents, the owner decides to pay off the remaining
bal ance of the purchase price in one lunp sum How big is this
sun®

3 3 36 3% 3 3 3 3 3 36 9 3 3 36 I 3 0 3 3 36 3 K 3 3 3 I 3 I I I I M I I K I I K K I K N K I I I I I XN

In problens like this the lump sum is the Present Wrth of all the
future (unpaid) paynents. So to solve the problem conpute the
paynment and then conpute the PW of the unpaid payments at the
stated interest rate.

A =18,000 (AP, ,.83%,36) "
z 18,000 [ ocoBd3 (1 +. ogsas) 1 z *600.22
L+ .00833P0 -
After 13 mordns : 36-13 = 23
P = (e.oo.zz)(P/A 83% 23) = 600.22(20.93) = 17.,915 4s
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Assuming a 10% interest rate, determine which alternative should
be selected.

A B |

First Cost $5,300 $10, 700l
Uniform Annua Benefit 1,800 2,100
Useful Life 4 years 8 years
Sdvage Vaue 0 200

B0 00000 030 06360000 00 30300000 00 00 00 00000 30000 0600 26000 00030 30 00 0000 3600 06 06 00 6 06 0 30 0 06 6 30 4]

Alternativel A 1
EUAC = (5300 - o)CA/PJ 0%, %) - 1,800

= §,300(.3185) -1,800 =(,12.15 - \,80 =% 127, 354

121,05 venefit
Alternativel B+
EUAC = <16,700 -200)(“Yp, 10%6,8) +20C.1) - 2 100
= 10500 C.18T4) +200C. 1) -zpnoo = ~H12.20

el ,llz .50 bene: i+’|

choose alternatrive A, higner benefit aternative

BRI U006 00T R P I N N NN RN RN 4_35

A company must decide whether to buy Machine A or Machine B.
After 5 years A will be replaoed with another A.

Machine A Machine B
First Cost $10,000 $20,000
Annua  Maintenance 1,000 0
End of Useful Life
Sdvage Vaue 10,000 10,000
Useful Life 5 years 10 vyears

With the Minimum Attrective Rate of Return (MARR) = 10%, Wwhich
machine should be purchased?

HRRURARRERERRRRRRRE R AR AR ER R AR AR AR RN R RRRR R RN RR RN NN

EUAXal = ~10,000| (] 10%e | ) =1 ,000) + 10,000 (A]16%, S)
2 -1,000 - 10,000 = ¥-2,000
EUAXg| = = 20000 (AYp|10%10) + 10,000 (HYF]10%. 10)
* =20,000(.1627) +10,000( .0627) = ¥-2.621,
Therefore Machined A should bel gurchased |
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4-36 FRERENRERRRRRERR RN RRRRRRRR RN RN RN RRNRRRRRRRRRRRRERRN

If the interest rate is 10% and compounding is semiannual, what
series of equal annual transactions is equivalent to the following
series of semiannual transactions? The first of the equal annual
transactions is to occur at the end of the second year and the
last at the end of the fourth year.

g 5 5-=1/2

g 10 11

Time (yr) O 1 2 z
Period O 1 2 3 4 5

4
Cash Flow $0 600 500 400 300 200 100 300 500 700 900 1100

FRAERERRRRRERERRERR RN RRRRRRRRRRRRRRRRRRNRRRRRRRRNN

Petoo(PA,5%,5) - 100 P, 5%,8) +l100( P, 5% 6) +200(Ta, 5% K Fr 5 %)
=b0oC4.229) -100(8.237T) +[100(5.016) +200 L1 96B)] C 0. 1825)
*404b.8)|

ESfectivel L = (1+2$42) = 10,254

Sum ot endl o] Year \: F=P(7p,1025%,) =4046.8(11025) = 4ol 4]

Equal Anquall Tayments = A<l el 6(¥g1025%,3) = bl 6 Co4e2) = 2oz 04

4.3” WU I 66 I I 0 WM I NI I NN NN NNN

A tractor costs $12,500 and will be used for five years when it is
estimated a salvage value of $4000 will be appropriate.
Maintenance cost is estimated to be a uniform gradient amount of
$100. If a 12% interest rate is used, what is the Equivalent
Uniform Annual Cost (EUAC) for the tractor?

A0 00 03000 2000 0638 06 06 96 36 96 96 36 3636 30 96 96 96 36 30 30 36 30 00 06 06 06 0 00 26 00 30 00 20 3600 30 00 06 00 B 00 0 MMM N

w,000]

EUAC 7 12,500(Afp, 12%/5,5)| + 100 H 106 (Pg | 12%,5)
-4,000 (A, 12%,5))
212,500 (.2774 ) + 100+ 100(1.7115) - #,000(. 157
2 3,115,40 per| yea.r|
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BRERRRRRRRRRRR RN RR RN RN AR RN RN RN RRRRERRRRRERRR TR RN 4'38

| purchased a house for $50,000 fifteen years ago and | am paying

for it over a period of 40 years by making monthly payments. Thel
interest rate is 7%.

(a) How much of my 180th payment is reduction of principa?
(b)Y How much is interest?

(c) What payment would be necessary if | wanted to pay the
loan off a the time | make the 180th payment (do not
include the amount of the 180th payment)?

ERER RN RRRRRRRR RN RN RARRRR RN R RR RN NN ERRRNRR AR RRN

(a) Monthly payment-(A)| = sopoo (M) % J ey
% 50,000( 0.006214) = #210,12]
Amount owed after 17a4 payment and before 180t payment
= 50,000 C7) 1| 112D il NESIEDD) |
@ 50,000(2.8324) -310.12( 314.1299) = ¥4, 013. 55
Interest! portion of 1ot paymentt] = ;01356 ;:‘-?" 256.15
Therefore| principal portion ofl 1Bo4 paymentt
2 310.12 -256.15 = ¥ §3.91
W) Ierest, computed in Q)| i s *2s6.1s
) Amount! owed atl 1ot Payment Cnotl induding (@0t
paymertt) = 44 of 3,56 - 53,972 %43 459,59

BRERBERRRERERRRRERARRRRN RN R R RRR RN RN RN RRRRRNR RN RN 4-39

If Zod won $250,000 the last week in February, 1984 and invested
it by March 1, 1984 in a “sure thing” which pays 8% interest,
compounded annually, what uniform annual amount can he withdraw on
the first of March for 15 years starting in 19929

EFRERERERRRRRERRRRRR RN R ERRRRRRRNRRARRNERR RN RN u

250k 4

P'd 250k (F/p, 8%,7) = 250k (1.74) = 428,500

A = 250k (F/p, 8%, 1X(AF, 8%,15) = 250K (1.114)( 0.1168)
#s0.0¢8.80
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4-40 BRI NN I0 00000 20 00 000000 00 00 00 00 00 06 00 00 000006 90 30 00 3036 96 90 36 30 3090 2690 96 36 30360 90 06 00 30 90 96 00 00 96 6 9 6 06 0|

A machine, with a first cost of $20,000, is expected to save
$1,500 in the first year of operation and the savings should
increase by $200 every year until (and including) the ninth year,
thereafter the savings will decrease by $150 until (and including)
the 16th year.

Usi ng Equival ent Uniform Cash Fl ow (EUCF) as the measure of worth,

is this machine econonmical? Assunme a Mninum Attractive Rate of
Return of 10%

ERBEEEEREREERAXAARER R XXX XN AR ERAERERAR AR RRERERREARE RN
Thee are A aumber ofl equations| that wuld be written.
Hee's one
EUCH! = ~20,000 (YP] 10%,16) +1,500+200 (T, 10% )W, 10%e,16)

+ L1450 (T 10% 1) - 150k, 10%, 11T ,10%.3> AR 10%, 1b)

z -281 | the machine i8l nok economical

4_41 T T T T TR T T TR TN SR TI AT I A A S AR A4 A LA

Cal cul ate the equival ent uniform annual cast of the foellowing
schedule of paynents.

o-wﬂ”T AT

tz.slb-sb’l'e‘floutz.sa-l

S500

i 22222 SRR R RS SRS RS SRR 22 A R R R AR R Rttt d ]

Since payments repeat every five years, analyye
for S years only.
A = 100 + 100 (MG ,8%,5) =100 +100 (1.84b) =*284.00

4 42 S EREERR NN R RN NN NIRRT RN RN RN
-

A college is willed $100,000 to establish a permanent.schol arshi p.
If funds are invested at 6% and all funds earned are disbhursed
yearly, Wwhat will be the value of the scholarship in the 6th year
of operation?

ERFRRRRRRRRENFRRRERR R RN RN RNERERRRNREERRRRER

A =P =100,000 (0.06) =46,ooo for any yeac
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HERERERR RN AN N RN R RN RN RN R RRNR RN RN RRRRRRRER RN NN NN 4.43

(a) The construction costs and annual maintenance costs of two
alternatives for a canal are given below.  Using  Equivalent
Uni form Annual Cost (EUAC) anal ysis, which alternative would
you recomend? Assunme 7% interest and infinite life.

. Alternative A Alternative B
Construction  cost $25, 000, 000 $50,000, 000
Annual
Mai nt enance costs 3,500,000 2,000,000

(b)Y Whiat is the 'capitalized cost of naintenance for the
alternative you choose?

a) ERERERREERRERERRERRERRERERR RN RN ERN RN RRRRE RN RREREES
(A) EUAC =A +PL =3,5x(0%+25x10%C0.01) = ¥5.25 x10°
(B EUAC =2x10° 50x10°(0.07) = ¥5.5 x10°

b) P=4 - Eﬁ% = ¥s0x10°

.07
ERERRRRRNNRRAR RN RN RN RN R R RR RN RRRRRRARRRRRRRRRRRRRFRREERRREN 4.44‘

The UNI FORM EQUI VALENT of the cash flow di agram shown is given by
whi ch oneof the following five answers?

(a) 50(A/G,i ,8)

(b) s50(A/G,i,9)

(c) 50(A/G,i, 10)

(dY 50(A/G,i,9)(F/A,i,9)(A/F,i,10)
(e) 50(P/G,i,8)(P/F,i,1)(A/P,i,10)

A A A A AA A A A A

l!!!!ii**lﬂilliii!i!!I!Il!illll!lllili!!!Il!ﬂ!*&!lllil

Note thesge twio corcepts :

1) The G series is 9 pericds long

2 The unferm equivalert is 1o periads long
The answer is (4)
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Two alternatives are being considered by a food processor for the
warehousing and distribution of its canned products in a sales

region. These canned products come in standard cartons of 24
cans per carton. The two alternatives are:

Alternative A. To have its own distribution system.
The administrative costs are estimated at $43,000
per year, and other general operating expenses
are calculated at $0.009 per carton. A warehouse
will have to be purchased, which costs $300,000.

Alternative B. To sign an agreement with an independent distri-
bution company, which is asking a payment of
$0.10 per carton distributed.

Assume a study period of 10 years, and that the warehouse can be
sold at the end of this period for $200,000.

(a) Which alternative should be chosen, if they expect that
the number of cartons to be distributed will be 600,000
per year?

(b) Find the minimum number of cartons per year which will
make the alternative of having a distribution system
(A1t A) more profitable than to sign an agreement with
the distribution company (Alt) B)|

ERRREREREERERERRNEE R RERRRRERI RN NI R N2

For 600,000 cartons /yr.
AH&(('IG’\'\V& A
Administraton ! 43,000
Annual Costs Operahncj Expenses1 . 009 x600,000:5,400
Capital Expenses 36,270

Total= $8'-l-,b'70
*guAdl = (P-S)(Ak| T ,n)+ Sil
= (300,000-200,000)(Ap, 10% 16)+200,000(0:)
2100,000(0.1627) + 20,000 = 36,270|
Ze Total annual costs = $84,670.00
Alternativel B
Total annual costs = 0110 x 600,000 = $60,000
74 Sign an agreement fod distribution (AHB)
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b) Let M=number of cartons/yr.
- The annua| cost for alternative B (agreemm-{') =
EUACasmm ZoloM
- The annual cost for alternative A (own system)=
EUAC own = 43,000 +0.009M + 36,270
We want EUACown < EUACnﬂregmerH-
43,000+.00AM +3b270< O.10M
79,270 < (o.10-0.009)M
79,270/0091 <M
871,099 < ™M
<+ Own distribution is more profitable for 871,100
or more cartons/ year.

BT 0TI R0 RO 0063603006 66 3006 96 06 06 30 96 90 00 06 90 00 36 96 06 0 06 06 0 N 4-4&

Suppose you purchased a house three years ago by paying 209 down,
assuming the first nortgage, and taking a second nortgage (Ioan)
in the anount of $30,000. The term of the second nortgage is 10
years, with a nonminal interest rate of 18% conpounded nonthly.
Since that time, interest rates have dropped to 158 on second
nor t gages. Refinancing the loan will cost you a $100 penalty plus
$1000 in new loan fees. Should you refinance the second nortgage
if you intend to keep the house for the next seven years?

RRERRERERERRRRRRRREERRIERNRRRRER RN RN R RN RRRENR RN RN

Monthly payment! on cu | oan *
A= 30,001:(‘%,‘ %%, [0K12.5 (ZOwe.) =*s10) Fer| month
Remainin F?r']inc:.\:al‘ after 36 n‘Iq-quIyI Payments

= AlVA, 5%, 120 -30l = 84mo) = 540( VA, 15%,84) = 25,692.6¢]
Refinancel with penalty and fees ¢
New loan Pnnqpqq 1 25,692.66 +100 +1,000 =26,792.66|
New monthly payment:

A ’ZB,T‘IZ.E-&(M’, ll_i%,s‘l'mo.) =¥517 10 per| morvhl

Refinaace the loan
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4_47 RARERERRNERARRERARRRNRRRRRRRRRRNRRRRRRRRRERRRERRERRRRRRERRNR

The plant engineer of a major food processing corporation is
evaluating alternatives to supply electricity to the plant. He
will pay $3 million for electricity purchased from the loecal
utility at the end of this first year and estimates that this cost
will increase at $300.000 per year. He desires to know if he
should build a 4000 kilowatt power plant. His operating costs
(other than fuel) for such a power -plant are estimated to be
$130,000 per year. He is considering two alternative fuels:

(a) WOOD. Installed cost of the power plant is $1200/kilowatt.
Fuel consumption is 30,000 tons per year. Fuel cost for the
first year is $20 per ton and is estimated to inarease at a
rate of $2 per ton for each year after the first. No salvage
value.

(b) OIL. Installed cost is $1000/kw) Fuel consumption is 46,000
barrels per year. Fuel cost is $34 per barrel for the first
year and is estimated to increase at $1/barrel per year for
each year after the first. No salvage value.

If interest is 12%) and the analysis period is 10 years, which
alternative should the engineer choose? Solve thel problem by

Equivalent Uniform Annual Cost analysis (EUAC)|

EERRRRRNERRR RN RN RRERRRRRRRRRRRERRRRRARRRRERERERRR RN

Weod ol
First Cost o H,000%1,200 = 4,800,000 Y;000x1,000 =4,000,000
Oper. Cost- o 130,000 130,000
Ecg_y{.ﬂmual ¥3,000,000 30,000x20%600,000 44a00xFh=1,564000
Gradient: 3 300,000 30,000x2 = 60,000 46,000x| » }b,000

Mﬂh@,

L=

1 EUAC = 3,000k +3ook (Ha,12%10)
=3m +300K(3.585)
5!-0'!.5500 pec yeac

8 —n
e

xlob 3.0

—n
—r

57

0 1 3 4 5 ¢ 78 a0 pua-4800kNpi12%,10)+130k
h l +saok+6ok(% 12%,10)
s =%,794,100 per year
ck
- 127
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QOil:

234 5 ¢ 7 890 EUAC:H4o00k(Ypiz%,10)+ 130k
N‘{J._..k.. ,|, 1 +1,56%k + 46k (Ya12%,10)
X = *Z,Sséﬁlo per year
4o 2.108

inimizel cost

il!!!!Ilil!!illl!IIIIIIl!*!*il!!-II‘Iii‘lllII!!!!III*!!!!III*I!II 4'4&

T h e manager| ofl F. Roe, Incl id trying to decide between twd
alternative designs forl an aquacultural facility] Both facilities|
produce thel same numberl of fish forl sale] Thel firstl alternative
costs $250,000 to build,) and has a first-year] operating cost ofl
$110,000. Operating costs are estimated to increase by $10,000
per year for each year after the first!

The Second alternative costsl $450,000 td build, and has a first-
yean operating cost ofl $40,000 per year, escalating atl $5000 pen
yean forl eachl year after the first)/ The estimated lifel ofl both
plants ig 10 years and eachl has a salvagel value that is 104 of
construction cost.

Assumel an 8% interest ratel Using Equivalent] Uniform Annuall Costl
(EUAC) analysis,) whichl alternativel should bel selected?

FRERNR IR RIIN TN I3 000000 0000 00060000 3000 00 0 000 00 00 36 06 00 6 36 30 96 06 06 96 6 0 6 )

A | AH-2
Ficst Cost 250,000 450,000
Undform Annual Cost for loyrs. 110,000 H0,000
Gradient 10,000 5,000
Salmse in year 10 25,000 45,000

EUAC of AH.| = 250,000(/p B%,10) - 25 000(Af, B%, 16) + 110,000
+10,000(Ns, 8%, 10)=+184,235 per year

EUAC of AH:2 ’450,@0(‘*/?,3%,!@‘4%000(% B?’o,;o)-l- 40,000
+5000(Ha,8%,10) = *123,300 ger year

Fixed Output (same amount of fish for sale) . Minimize Euac
Choose AH. 2
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4_49 F NI NN NN NI

To get started, Econ Engineering has just borrowed $500,000 which
will be paid off in 20 end-of-quarter payments. If interest is
18% compounded monthly, what will be the size of each loan
payment?

HRERR RN RN ERRRRERRRRRRRERNEEERRRERRERRERERRREERNNRN
U221 % | =60 monthly interest peciods
P=500,000 = x (A, 112%,3)CTa 1a%,60) = X (.3284)(34.380)
% =%38 b3

4-50 BRANRRR AN RN AR RN R RN R R RRR R RRR RN RRRRNRRERE RN NN

The cost of an automobile is $9000 and after a period of three
years it will have an estimated salvage value of $5200. A
downpayment of $1000 will be used to purchase the car. 1t is
desired to make the monthly payments, at 12% interest, a value
such as to reduce the unpaid balance to exactly the amount of the
salvage value after three years. What is the amount of the
monthly  payment?

ERERREREEERRRRRIIRRERNR RN RN RR RN NN NN RN RN

P of Salvage = 5,200 (7F, 1%) 34| )
= 5,200 (.6989) =3 634.28|
P =4,000 -3, 634.28 = 5,3465.72|
A= 5365.72 (AR, 1%,36)
2 5,365.72] (.03%2) = #178.14 wonthly poyment

4_51 FRERERRERRNRRRRRNRRRRRERE RN NN R R RR RN NR RN RRRRRRRRRRE RN

Joyce and Bill purchased a four unit apartment house and as part
of the financing obtained a $100,000 loan a 14.5% nominal annua
interest, with egual monthly payments for 20 years.

What! is their monthly payment?

(i3 R 2 IR 2 RS E R R R RS RS ST RS SRR R AR SRR 2
Monthly interest L =7 12 months

«14S

L = 12
A P[( ‘*-‘I ] L = .0l1208 per moernth
= 1)Y=

-loom jpuo ‘2 0o
000 [LQuaBULIE) | - %1,280.%per month
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RRMRRRRERRE RN RRRRRRRRRRRR RN R R RRRRERRRRRRRRRRRRRRRRRE RN NN 4.52

The initial cost of a van is $12800and will have a salvage val ue
of $5500 after five years. Miintenance is estimted to be a
uni form gradient amount of $120 per year, and the operation cost
is estimated to be 36cents/nile for 400 niles/ nonth. [f rmoney is
worth 12%,) what is the Equivalent Uniform Annual Cost (EUAC) for
the van. expressed as a nonthly cost?

RERRERERRRERERRREFRRRRRERFRRRRRRRRRRAR RN RN ERR R NN NN

EUuAd 2 (12,800 -5,500) (Afp 12%, 5) +(12XS,500)
+120 (Aa, 12%, 5) 4 .36 (40oX12)
27,300(.2717M) +.12(5,500) + 120(1.775) *+ 1,728
= (2,025 +660 H 213 1,728)/12 =¥ 385, 50/mo0)

B 0000000000030 06 060900060090 300 00 00 06 3000 0600 00600 96 000606 0 9096 0600 6 36 9006 00 06 36 9600 6 06 36 36 00 0606 36 30 06 6 0 4_53

An engineering student purchased a 2-year-old car that sold new
for $8000. The car depreciated 25% per year. The student made a
downpayment] of $1000 and obtained a 36 month loan at 15% interest,
compounded  nmonthly.  Vhat were the nonthly paynents?

RERERRRERERRERRERRERRRRRFREFRRRERRRRERRERERRRRRRRRR RN

yr. | dep. = €.25)(8,000) = 2,000 goco -2,000 e ;000
yr- 2 dep. = (-25)(6,000)=1,500 6,000~ 1,500 #l 500
sqle price
if down payment = 100 ; loan = 3,500
L= '5%7- =1.28% ; fme peneds "N = 12¥ B =36
A =%3 500 (Ap, 14 Te,26)
=%2 500 (.034T) = ¥121.45

B3 060006003600 60 D606 6300630 0 00 000 36 06 96 0 6 30 36 36 30 06 36 30 36 M 06 6 3 36 00 06 96 96 6 36 0 6 06 0 00 6 003 06 006 0 4-54

A A A A A
T 2z 3 %

200 %200
I'f i = 20%, find A

BT 00000000000 0000 00 0 0k 0000 00 00 060000000 00000 0O RN

¥ = # 200 +%200(Ffp,20% ) = %200 + #200 ¢ 2.0 =61k B0
A=%6u80CAr 20% ) = ¥4614.80 ¢. 1344 = $82 43
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4_55 L e e A A TS v T T T

An engineer bought a house 4 years ago for $70,000. He paid cash
equal to 10% of the purchase price as the downpayment. The rest
he financed with two loans. One is a company-subsidized loan of
12% for $20,000, with equal monthly payments for 20 years. The
other loan (for the remainder of the money needed) was provided
by a local bank, with an interest rate of 15X, also payable over
20 years, with uniform monthly payments. (This local bank
charged $1263.00 in various fees, which the engineer paid in cash
four years ago.)

The engineer has today (atl the end of the fourth year) an option
of refinancing both loans with a new loan which has a 10%

interest rate, payable in 16 years with uniform monthly payments.
The fees for refinancing will amount to $1450.00, and this amount
will also have to be borrowed under the same 10% loan.

Should the engineer refinance his loan?

BRI 0000000000000 000006 0060000000 30000 06 0006 06 )

a) Find current monthly payments s
Amount needed = 70,000 ( 1 -0.1) = 63,000
Companyg Loan = 20,000
Therefore ; local bank lean =63, 000 - 20,000 =43,000
ld Company| Lean
P=20,000] n=20x12=240
A=P(Afp,i,n) = 20,0000, '* a2, 210)
A=20,000(0.011) = 220.00
2. Local bank loari s
P=u3000; n=240
A = 43,000 (AP, 'S%(2 , 240) = 43,000(0.0132) =56 .6
Therefoce, total monthly payment = 2204567.6=787. 40
(% +he $1263.00 in fees 1S @ Sunk cast, not to be
a inc;ujhed n -\"ni*.am\ sis) .
Find the amount still owed today (four years latep,
Number of monthly payments leFl'y=-lb:(|2y§<i?_
L. Company loan 42
P=226(7A,1%,192) —-220[ (1+00)" |
w £.01 {l'{'.Ot)m
=220(85.1988) =18, 743. TH
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2. Local bank \ean P
P=567.6(7A,1.25%,192) = 567.6 [&Qﬁu ]
.auzs(u.o;zs)"h
#567.6 (72.6338) = 41,226.95
¢) Find the amount needed for the new lcan
18,743, T4 + H,226.95 + L,450 = 61,420.69
d) Find the mortthly paymertts under the new loan :
A=P(AP, L n):6),420.69 (AP, '°"i2,192)
= 61,420.69 [, 00833 (i +, mgﬁ)’“‘]
(14.00833)"*- |
= 6!,420.6.9 (0. 010458) =642. 37
Therefore, it is wocth paying the new loan fee and
refinance, since therz s a savi of 787.¢0 -
c42.37 = 145.23 3 /month Tor the next 16 years.

BRI R 0002 0000 00 00 00 00 3000 0000 0000 0000 0000 06 2000 30 00 30 00 2000 00 00 36 00 30 36 00 0 30 00 30 3090 08 00 3000 90 30 06 0 0 el 4.56

Two alternative investments are being considered. VWhat is the
m ni num uni form annual benefit that will nake | nvestnent B
preferable over Investnment A? Assume interest is 10% Ignore
t axes.

Year A B
0l -$500 -$700
I-5 +150| ?

BEUE 00000 00 003600 0006 00 00 0000 00 3036 06 30 00 30 00 36 36 3 36 06 00 36 00 90 06 30 30 90 3% 96 30 30 30 06 00 30 96 0 30 06 3 0 0 N %

NPWa =NPWs

-500 +150(7A,10%,5) = - 100 + (VA 10%,5)
200 + 150 = % = YL = 200 4150

(P, 10%,5) 3.7
xebo02 Jo

A Solution ¢

EUACA =EUACe
-500 (AP, 10%,5)+150 =-T00(AfP,10%,5) +2

200 (AP 10%,5) 150 = X = 7 2200(0,2638) +150
1=%202.76
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4_5ﬂ HRRRRRRRRRRRRRRRRRRE RN RN RN NN RR RN RR RN RRRRRR RN %nn]

A(n) [fill in your major) student bought a car at a used car lot
on 4th street for $2000, including tax and insurance. He was to
pay for the car by making 19 equal monthly payments, with the
first payment to be made when the car was delivered (a down
payment). Interest on the loan was charged at the rate of 12%
compounded monthly. After 11 payments (the down payment and 10
end-of-month payments) were made, a second buyer agreed to buy the
car from the student and to pay a cash amount to pay off the loan
in full a the time the next payment was due. If there is no pay
off penalty for the early pay off, what amount will be required to
pay off the loan?

REEAREEEREREEREREEREREERERREERERERERERRRRRRRERRR RN N RNNNR
P=A (A, i%,n) +A
2000 = A{l--a:u-u‘.)""'_t l} = o’-\[l—(l.gif" = .}
: =Y

=ALlnN. 398269%
A = 29991300269 = n4 45347

Payoff = ACTA L%, n) +A = A (LT +4]
= 11495397 {‘-’—‘;;-:’—‘L"-r 11%.95397

* 114.95297 1 6.7281945 +1} - 888.38662

4_5& ll!illli!ilili!l!illl!i!Ilil!*!lll!!lll!!!!!!**&lli!il!!!li!ﬂ
Consider two investments:

(1) Invest $1000 and receive $110 a the end of each month for
the next 10 months.

(2) Invest $1200 and receive $130 at the end of each month for
the next 10 months.

If this were your money, and you want to earn at least 124
interest on your money, which investment would you make, if any?
Solve the problem by annua cash flow anayss,

I3 00006 0000000000 06096 0 363 00 363 30 96 0006 0 36 6 96 00 06 36 6 38 30 90 3 06 30 36 30 36 6 36 36 06 06 M

EUAC| Analysisl :
Alt | : EUAB-EUAC = 1O - r,ooo("/m% 16) =110- l,000(0.1056)=4.40
Alt.2: EUAB-EUAC =130-1,200( /"—‘ 1%,10) =10 -1,200(0.1056)= 3.28
Choose Alt.| —~ Max EUAB ELIPC.




5
COMPUTING AN
UNKNOWN INTEREST RATE

BRRRRRRNRERR R RN RN R R RN R RN RERRERRRERRERRRRRRRRERRRRRREEY 55-1

A large malting plant is considering the installation of energy-
saving systems as part of an expansion plan for the plant, The
cost of these systems anmount to $222,000 and the installation
costs represent an additional $178,000. The projected fuel
savings are $32,000 per year for the first 5 years oH operation,
and $53,000 per year fromyears 6 through 20, when the plant is
expected to operate at full capacity. [f the MARR of this
company is 15%,)is this a profitable investnent?

RERERRRRREERRRERRRRRRRERRN RN RN NN NN NN RN NNER

The cash flow 3 B,e00

SR LTI

10 15 20

222,000+ 178,000 = 400,000

NPW = 0 =32,000(%A,i,5)+53000(%A, 1, 15)(DE;i, 5)-100,000
for L=15% NPW =32K(3352) +53K (584 7). 4972) -400K=-138,658
for 12107 NPW=32K(3.791)+53K (7.606)(6209) - 400K = -28,392
Theetore L < 10% , L<€18% .. << MARR

it is not a peofitable investiment for a MARR of (5%
(The RoR s %9.07%)

119
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.z BTN TN NI I I

Given: The year-by-year interest rates:

Year i9
-1 4 %
2 13
a 12
11

5 10

(a) Wha amount, at te emutl off fivee yyears, ig equivdent to %1000
today, given the interest rates shown?

(b) What single interest rate for the same five year period would
be equivalent to those in the table?

FRRER BN NI T 000 R R NN

@) F e QAU AR D) CLINGLI0XI1,000) = %#),761.14
W) i * G16le)d- | =0.ad oril.93%, Notice that +he
@euHl differsl slightly from .the arithmetic avemge.

.3 J 0000 T 0000006 20 6 0 00T 000 0 06 00 06 06 00 30 06 06 30 26 30 36 06 06 06 0 36 36 06 96 06 96 3 3 36 06 3 3 3 3% 96 36 % 9 % 3% 3 3% % % ¥

Tony invested $15,000 in a high yield account. At the end of 30
years he closed the account and received $539,250. Compute the
effective interest rate he received on the account.

L3RS SRR 2 R 22 R R R AR R R R R iR ted s

F = P(Iﬂf)nl

533,250 = 15,000 ( 1+0)* = Hehee’ = (| +i)°

3545 = (1+™

TRY L=12% 2% = (1 4 o.czjbzz‘?.%

TRY i 213%  13% = (i 0/ 13)>°=39.12

by imterpolation U =. 12 4 (.13 -12)( 35.95 -22.9¢)
( 39.17 - 29.96)

i,-:"g_g,ssq] or lZ.BSﬁ‘/J

.4| EERNEEERRERRRNRRERERRRRRRRRRE R RN RN RN RN R RN RN RRR RN

Suppose you need to find the value of iy such that (p/A,i%,n) =
5.0000 but you have forgotten the (P/A,i%,n) formula.
Fortunately, however, you have two interest tables handy that give
(P/A,10%,n) = 2.0000 and (P/A,20%,n) = 22.0000. Use linear

interpolation to find i¢ such that (p/A,i%,n) = 5.0000. (Express
your answer as XX.XX%)

EREREXRRBERREEEREEREEE R R R R R AR EA AR AE SRR NNREEN
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| (A, 4% n)

10% 2.000 i—%ﬂo‘/--ﬂo'ﬂ(ﬂ_- sl
U % 5.000 = 2E
20% 22,000 (% =11.50%

R 0E 0000000000000 00 00000000600 00 00 00 30 00 06 00 00 06 06 3696 369 0 06 06 30 36 00 28 00 9090 96 96 26 6 00 06 06 00 36 6 36 6 96 3% 36 36 o6 5;-5

The heat loss through the exterior walls of a processing plant is
estimated to cost the owner $3000 next year. A salesman from

Superfiber, fnc. claims he can reduce the heat loss by 80% with
the installation of $15,000 of Superfiber now.

If the cost of heat loss rises by $200 per year, after next year
(gradient), and the owner plans to keep the building ten more
years from now, what is his rate of return, neglecting
depreciation and taxes?

BRERRRRNERNIE RN R RN RN RN RN RRRRR RN NN

PWeost| = PWpenefit

15,000| = ¢.8)(2,000)( VA, 1% 10) + ¢. 8X200)( Y, 1%,10)
L= : 2,400 [:._l_l"'ﬂ #1620 fLI4°-] _10 4 = 15,391
Ay Loy 1 Gaw '

L=215%]| 1 2400¢5.019) ¢ 166¢16.979) = 4,762
by interpelation 1 (= 14 6%
HRERENNENRR R RRRRRR RN XA ERRRERRER RN ERRRRRRRRRRRRRRERRER Esle

Does the following project have a positive or negative rate of
return? Show how this is known to be true.

Investment cost $2500
Net benefits $300 in Year 1

increasing by $200/year|
Salvage $50
Useful life 4 years

FRERFERERRRERERERERRRRRRRRRRR R RN ERERRRRRERRRRRRR RN

Year Benefitd

| 300 Total Benefits| cbtained arel less

2 500l than thel investment|s o  thel “refum
3 1e0| on the inwestment is negatiel

L qo00

5 50

Total = 2,450 < Cost
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.ﬂ 000000000 00 062600 06 00 30 06 0000 30 00 00 00 00 00 00 00 36 06 00 00 00 30 00 00 0 00 36 30 06 06 6 30 36 30 36 06 98 30 96 36 30 36 30 36 30 90 30 00 36 00 30 00 00

A young engineer has a mortgage loan at a 15§ interest rate,
which he got some time ago, for a tota of $52,000. He has to
pay 120 more monthly payments of $620.72 each. As interest rates
are going down, he inquires about the conditions under which he
could refinance the loan. If the bank charges a new loan fee of
4% of the amount to be financed, and if the bank and the engineer
agree on paying this fee by borrowing the additional 4% under the
same terms as the new loan, what percentage rate would make the
new loan attractive, if the conditions require him to repay it in
the same 120 payments?

B0 DE I DE 60RO 660336306

The amount 1o be refinanced -
a) PW of 120 monthly Fa yments left
P-A(%,i,n) =620.72(Ph, 5%, 120)=C2072 (61983) = 384740
b) New lam —Fee (4%
38,474.09 x 0,04 = ,538.96
= Total amount o efinance = 38 W14,09+1,528.96=40,013.05
The new monthly payments ace Anew = 40,013.05 (/5 i, 120)
while the eurrent payments ae Aed = 620.72
We want Aness < Aowp
Ho,01%.05 (‘%’, 120)< 620.72
then Mo i, 120)< oo;zos ¥ 0.0155
for i21% C‘/pIwa) 0.0143
for iz 1Yale CA/PLzs,g 120) = 0.0lp|
So, L= 1% +0.25% (00143200125 =1.166T %
0.0143 -0.0l6!
and this correspords to a nominal annual centage rate
of 12xo0.01lekT =14% B
Therefore | he/she has +o wait until irterest rates are
smatler than 14%. (at 4% i i= practically the same).

|.-8 ERRE RN R R R R RN RN RRRERRRRRRRRRR RN RRRRRRRERRERRRRRRNRY

At what interest rate would $1000 at the end of 1989 be equivalent
to $2000 at the end of 19927

ERENRERERRRERERRERRERRERERERRRRRERERRRERERERAERRRRR RN

(l+i.31= 23 f.:czy’-I = 0.OF| or 0.4 %
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!IIIII!I'!*‘III!I*!!!!I'lIli!l'illll!lllllllllll!llllIii*!i*li'! 5-g

Your company has been presented with an opportunity to invest in a
project. The facts on the project are presented below:

Investment required $60,000, 000
Salvage value after 10 years None
Gross income expected from the project 20,000,000/yn
Operating costs:
Labor 2,500, 000/yr
Materials, licenses, insurance, etc. 1,000,000/yr|
Fuel and other costs 1,500,000/yr
Maintenance costs 500,000/yr

The project is expected to operate as Thown for ten years. If your
management expects to make 25% on investments before taxes,
would you recommend this project?

LR R e Y P e T ST tIrTIrrrrrTY

A = 14,500,0c0

SESENERER|

60,000,000

— 60,000,900 + 14,500,000 (A, i 10)
(YA,i,10) = ®us = 438

@ 20% VA=4.192 by interpolation :
@ RorR  PA:=4.138 i=220% +5 (4,192 -4 38"
@ 25% YA-=3s57) 4192 - 3.57)

L = 20.43%,
RoR < 25 %> . Reject Project

i!*il!l!liilil!iﬁliiil!liili!-l-ili!!ll!I!*&ll****!l!i*ill!iiill 5-1 0

A painting, purchased one month ago for $1000, has just been sold
for $1700. What nominal annual rate of return did the owner
receive on his investment?

IIiIﬂl!!l!!Iiilll!i!llillliiil’lllliI!ii!llﬂ“li*!!!iillﬂl

. _ 7,000
L =800 = 70% RoR =Tox12 =840
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5-1 1 SRR 0000000 00 00 06 00 00 36 30 06 00 00 00 00 00 30 06 06 30 0000 36 06 06 06 36 00 06 06 0 00 06 36 36 00 06 06 0 36 30 06 96 96 36 36 00 0 3 0 0 3

Consider the following investment in a piece of land.

Purchase price 1

$10,000
Annual maintenance: $100/year]
Expected sale price
after 5 years: $20,000
Determine :

(a) A trial value for i

(b)Y Thel rate of return (to 1/1001 percent)

(e} What is the lowest sale price the investor should accept if
she wishes to earn a return of 10% after keeping the land
for 10 years?

*****************W************************************

0,000
ca) T (7P, i%,5) = 20,000 - 2
10,000
o .
100 per yr L= 15%
10,000 ————

b) NPW = m,aoo(% i%,5s) -10,000 —'aoo('%\,i.."/-,s) =0
Ty C=15% * 20,000 €.44912) - 10,000 - 100(3.352) = ~391.2
Ty C=12% : 20,000(,5614) - 10,000 - 100( 3,605 = +301.5
OR =\2+3(__9815 WS Y
F l (937.5 +3ﬂl-5) AR

Note: hand calculator answser is Wao%

NFW = o= Sale Price - 10,000 (7P, !o%,lO)-loo(VA,lo%, 10)
Sale Price = 10,000 (2.594) ~100(15.93T)
< #21.524-.

)

5_1 Z BEREERRTRRRE R R R RN RR RN RN RN RN AR RN RN RN RN RRRRER RN RN RN RN

Find the rate of return for a $10,000 investment that will pay
$1000/year for 20 years.

**************W***************************************
NPW =000 C%, 1%,20) -10,000 =0
Wa, %, 20> =10

from dables : 1% <« L Bofo . interpolete
L =7% + \%f10-10.594 \ = 7.77 %
q9.818 -0 .S9uU-
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RREERRRREERERERRRERR XA ERBREERRERRRERR RN RN RN RRERRRR RN, 5.1 3

Calculate the rate of return of the followng cash flow wth
accuracy to the nearest 1/10 percent.

A =#¥1,000

11T

I;moo

B0 3 0 0000008 3 303 00 0 0303000000 O 002000003000 00300000 06 003 00 0 000006000000

*,000 (A, 1,8) =*¥3 100
YA, i 8) =3\

CYA ,20%, ) =2.49) 8% 3427
: b
C%. 18%.5) =3.127 Ai 3_,00} .0I3b
20%  2.949
o . .02 . Az2%(.027) - .39
z?“" 0136 ) (,0;56

2o X = 18%+.397 Vo =4+845%

B 306303 00 3 6 3 3 06 0 36 90 2 36 06 36 36 3 3 90 0 3606 6 36 36 30 30 36 03 3 96 I 30 3 3 3K 0 3 3 3606 696 96 3606 30 96 90 20 e el 5.1 4

An investnent that cost $1000 is sold five years later for $1261.
Wiat is the nominal rate of return on the investnent (interest
rate)?

B39 6 3% 3 000 0 3606 0 36 e 30 09 06 26 00 36 00 96 3 90 36 90 36 36 90 30 30 96 3696 06 36 06 0 30 36 3096 3 3 30 0 % % % ¢l

£ =PCFP, 1%, s)
l'z.6l t 000 (F/f? ‘/ )
Fho, L% ,8) = ‘F"‘/.om = 1.2L10

From tables : 2 i%.s _i%

1,246 4-Ye %o
1.261 x interpolate 4o find x
1. 276 5%

4z +(S -4 h2bt-t246) . H.1S or 'JLM—%
QA.276-1.246)
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5-1 5 I'!!!ll-i!*lllli!!IIIl-l!lli!{ﬁ!lllll-IIII!II!Illlll!!!*!!llilil!'

Elizabeth made an initial investment of $5000 in a trading account
with a stock brokerage house. After a period of 17 months the
value of the account had increased to $8400. What is the nominal
annual interest rate realized on the initial investment if it is
assumed there were no additions or withdrawals from the account?

EEREERRRRERNN R R NN NE RN RN N RN ERERRR R RN RR RN R R R RN NN

A=P(Flp, i,/ D
E 8409 - | eg
5,000

G+ 2 168
I+U = (1.53)/"] =1. o3|
Annual interest cate = 3.\ x12 = 37.2%

5.1 6 FRERE NN NN NN IR NI 00000 2000

You borrowed $25 from a friend and after five months repaid $27.
What interest rate did you pay (annual basis)?

J 000600 00 00 0 30 30 00 00 06 06 96 00 6 30 06 36 06 00 06 06 00 00 06 36 3696 96 3 36 96 36 38 38 30 00 06 06 06 OF 36 36 36 06 96 3 06 36 3 3 3% ¥

F =P (1+)"
(g(_)'/S., 1+t = 1.0188
25

L2 1-55°/o|:2u‘man+h or g&%

5-17 T T ETIItrrrrrrrrrrrrrrrrr et st RS SRR 242222222 22222
You have a choice of $3000 now, or $250 now with $150 a month forl
two years. What interest rate will make these choices comparable?

B0 0600000000 00 0000 00 06 06 0600 00 3090 36 00 00 00 00 00 00 20 36 00 06 36 0% 00 00 36 3636 00 90 06 36 36 30 30 00 30 30 30 30 36 96 00 9

3000 Z 250 +150(PA, 1,29
P = 18.%3
ot 2% PA =18.94
a+ 2Y%% %A =17.885
lation 2% +.5(18.314--18.33\_2.28%
chit s (la 4 -17.8

or 21.36% pex year




RATE OF RETURN
ANALYSIS

3630000000 36 3600 30 36 00 00 30 36 06 6 0636 36 00 30 36 36 00 96 38 36 06 30 0 36 36 06 36 30 0600 08 30 06 08 30 0690 36 00 00 36 30 06 96 9 06 06 00 3 3% 3 3t 3¢ ] 64

A large bakery is considering three alternative investments for
next year. There were identified by the processing engineering
department to be important feasible projects that merit
evaluation. They calculated they spent $5600 in the last 6 months
Igathering the following information:

Project A Project B Project C

Process Bough-forming Improve

Automation Equipment Packaging

Cost of Equipment $80,400 $47,800 $75,450
Installation Costs 25,000 20,000 40,000
Expected Annual Saving 22,600 15,100 24,000
Useful life (years) 10 10 10

If MARR is 12%,] which alternative should be selected?

B0 000000030 360 00 3600 0030000060000 D600 0000000000000 30 00 00 2006 0 06 0

(e ¥Fopoo is a sunk cost, not celevant for compacisens,)
I. Caleulating the individual Ror’s :
For A: wst = PWgen
( 89,400 +25,000) = 22,600 (YA, ROR, , 10)
(P RoRa,10)= 2408 = 66377 RORa= 114012 alfractive.
For B:  (47800+20,000) =15,100(7A, RoRg,10)
(%A,RoRs,10) =449 < ROR = |8% also attrachve
ForC:  (715,450+40,000) = 24,000 (A ,RORe, 10)
(PA,RoRc,10) = 4.81 9 ROR = 16.2% also aftractive
2. Incrementa) Rates of Retwn :

PWeostse < PWeosts Ao < PWeosts ¢ 4
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a) Incement A-B
A Costs = (80,4004 25,000) - (#1,800+ 20,000) =37 00
A Ann. Ben. = 22,600 - 15,100 = 1,500
PWACD!I+5 Pwauen = 37 0O = 7500 (7A ARORABHO)
(PA,ARORAg,(0) =5.013 = ARoRag 2 15% >12% - keep A
h) Increment C-A
ACost= (75,450 +40,000) ~(80,400+25,000) = 10,050)
5Ann.Ben = 24,000 - 22,600.-1,4-oo|
AW (acosts) =PW (ABen) | 10,050 < | 4eo(VA,aR0Raw,10)
(YA ﬁRORCQ)‘ 10) =7.178 > QROR“‘A'&s"/ <<|z/-..keepA
Select Alternativel A.

(;.:! ERH NIRRT NN NN R NN NN IE 0 RRR

A recent graduate wants to join the university's alumi
association.  There are two payment plans for the association's
dues. Plan 1 requires an annual paynent of $75. Plan 2 requires:'
a one-tine payment of $750. Assume an infinite analysis period!
and deternine the range of values of the Mninmm Attractive Rate:
of Return (MaRR) for which Plan 1 is the preferred alternative.

ERFRMRNN NI RN NI J 00000003000 000600 009606060006 30 J0 000606000 00 00 00 90 0 30 0 00 06

YEAR AANZ PLAN | PLAN 2 - PLANI
0 =150 =175l -675
! 0 15 +75]

|

P=615

A=s

I EEEIPP

A =PC e
L= = "as =11.1%
CHoose PLAN | i MARR >11.11%
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HRRRRRERRERRRRRR RN RRRRRRRRRRRNRRERRRNRER !Q*!Il*i**i!llll!llii‘ 6-3

o Project A Project B
Initial cost $50,000 $75,000 |

Annual operating costs 15:000 lo:o000
Annual repair costs 5,000 3,000
Salvage value after 15 years 5,000 10,000

If the income to both Projects A and B is the same, what rate of
return would an investor make on the additional investment

required by choosing Project B rather than Projeqt A?

*‘l*llll*!I'l'!I*llI'I'III*%*III!**EII***EIQIII'!II!!IIIII!*I

TIIITTf EELERES

k

25K
PW = - 25k +7k (PA,L,15) +5k(PF, (,15)
VA =297 351743 - from dables L= 30%
NPW @ 25% —r -25k + 7k (VA ,25%,15) + 5k (%, (, 15D
-25k + 7k (3.859) +SK{(0352) =+,189.
NAW @ 30% —r -25k + Tk (VA,30%,15) +5k (Y 30%,15)
- 25K + 1K (3,268) +5k (.019S) =-2,026.5
by interpelation: iz25 +5 (2n8q . 25+2.5964

2,189+2,026,5

L= 27.590%

!‘II-IIlIII!I!*Ii*ll!!!*ii!ll!l!iilIl!ll!!l*illl‘iilIII**II!I!I‘I 6-4-'

Given the two alternatives shown below, which (if either) is
preferred at a Minimum Attractive Rate of Return (MARR) of 8%7

A B

Investment $500 =
Rate of Return $ el $'{gg
Incremental Rate of Return 1 0 %

*!!'.**"iil***'!***'**"*l****l*****ll‘**!**i**l*‘ll*ﬁl
Since ROR » MARR , both are acceptable,
Since AROR Y MARR, higher cost project is ?re‘?erred
Therefore B _is best
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6-5 FEERRRRRNRNIR NN R RN R R RN

Given the costs and benefits of two electric motors, with the
analysis period of 3 years, what is the rate of return on the
difference of these alternatives? Select the nearest whole number

of i.

Years A | B
0 -$2000 ~$2800 ‘4
1 +800 +1100 v

2 +800 +1100
3 +800 +1100
B0 00 00000300 R
YR A 2 PFFERBNCE B-A
o - 2000 =2800 - 800
| + 8oo +[,100 + 200
2 + 800 41,100 +200
3 + 800 +1,100 + 300

PW (wsts) = PW ( benefits)

800 : 300(Va,i%,3)
(Ta,i%,3) = - 85000 = 2,67 , From tables i z6%

6-6 EEERERERRR R RN R RERARR R RN AR RN RN RN RERRERRRRRRRRRRRRRRRNRY

The following mutually exclusive alternatives have been identified
for a possible investment. Make a choice table showing the range
of Minimum Attractive Rate of Return (MARR) in which each
alternative is preferable. The null (do nothing) alternative is
available. Report Rates of Return to the nearest 1/10%/ (HINT:
Use Net Present Worth: also use i = 10% for the first trial for
the incremental rate of return.)

A B
First Costl $4,00 $2,00
Annual Benefit 0 477
Salvage Value 12,424 0
Useful Life 10 years 10 years

RREEEERNNR NIRRT 0 003 I T e

l4 RoRa: ( VF' L fo 10) = iz, -pzq. = 0.8220
l 51' i.. - IQ.O‘,’O & seie
'az,A Ror sz (A, i%,10) = *F7 = ¢.193

.
= -
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AROR p-8
NPW. -NPW, = [12424-C%,i%,10) - 4000]a - L‘-I-TTCA V%, 10)- 2,oad
z 12,42% (%‘,o%,w) wT1CPp, L, 10) - 2,000

Ty Lzio%:  12,424(.385S)- 477 (6. t%)—gooo = = 14171
Ty (=9%" 12,424 C4220)-4T7C6.148) -2,000 = 186.5)
DRoRa-g =9 +1 |g§,§! = 4.51% =9.6%
s Vo Tl .9J
Choosel @ if 20% < MARR
B il 9.6%I< MARR <20
A il MARR < 9.6%

!*II**!Ill'lﬁ!!l!*l!!iilliﬁiiliI-ll!!**iii*l!lli!il!ll!*i*ll!liil 6'7

Givenl the costs and benefits of two water pumps, what is the rate
return on the difference of these alternatives? Compute to the

of
nearest integer value.
Years Al Bl

0 -$3000 -$3800
1 +800 +1200
2 +800 +1200
3 +800 +1200
4 +800 +1200l
5 +800 +1200

RRERRRRREEIRRR R RN RN RN R RN RN R RN R R RN R AR R RN RN NN

YEA A B DIFFERENCE B-A
o ~3,000 -38c0 -8co
| + 8oo 200 +Yoo
2 + Boo 41,200 +4co
e + 8co 41,200 +4oo
s +8co 4,200 t4o0o
S + 8co 4,200 +400

PW Ceosts) = Pw/ Cbenefidts)

8oo =

Yoo (P/q i%, 5)
(YA i% 5) = em/qoo =

L:: qib’%
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6.8 FEEERAERERNERRRRR RN RN RN RN RN R RN RER RN RN

A local recreational center offers a one year membership for $180
and a two year membership for $270 (a 25% discount compared with
two years for $360). Memberships are paid in advance.

(@) What is the incremental rate of return?
(b)Y Which membership. should be chosen if thel center will be
used for at least| 2 years? why?

!!!iil!!!ili!it!illili*l!lllill!!tllli*lilil!lill&i!li 18al
Q) Thel cash fiowl diagram of 4he differencel is: T_L'{
= 100°/d 90
p) Choose 2-year| plan since H seems) unlikely any
has a4 MARR > 100*/d

6.9 BRRERREREE RN NI 00T 060 RN

The manager of a local restaurant is trying to decide whether to
buy a charcoal broiling unit or an electric grill for cooking
hamburgers. A market study shows customers prefer charcoal
broiling but the unit is more expensive. The manager's Minimum
Attractive Rate of Return (MARR) is 20%. The manager estimates
the costs and net benefits from the two alternatives as follows:

End of Year Broiler Grill
0 =$2200 -$1450
1-5 +990 +710

Use incremental rate of return analysis to determine which
alternative the manager should choose.

FERRERERRRRRRRRRRERRRRRRRRRRERRRR RN RN R RRR NN RN RN AR

Broilec RoR= 2,200 = qtfo(% 1%,5)
(% 1%,5) = —##‘—2'22. ; (= 35% > MARR
Grill ROR: 1,450 =710 (VA 1%,5)
h,i%,S) = 2 2 2.04 5 i=Ho% >MARR

ARoR
END ofF YeAR PROILER - GR\U—
o - 750
1-5 + 280

150 = 2z80(VA u.?’ 5)
(PA,1%,5) =338 = 2.619 ; L€257- > MARR

ahoose hﬁher cost aHmﬂve. .- choose Proilec
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HRRRR I R R RN AN RN RN R AR RN 6'1 0

John Q. Customer has received his bill for the next 6 nonths
premium on his auto insurance, The bill allows himtwo nethods to
pay his premium of $189.00. He can either pay the entire anmount
now, or he can pay $99.00 now, which is one half of the premum
plus a $4.50 prepaid "service charge,” and $94.50 in two nonths,
the other half of his premum The insurance conpany is,
inplicitly, offering John a "lcanm What is the effective annual
interest rate of the |oan?

ERRRERRERRERRRNRRR R RRRRR AR RRR RN RN RN R RRRRN R RN RSN

Thel net cash flows) describin?J Johns altermatives)
arel as follows |

£ Rylow Haif loter  Later-Now
e «\pq =99 + 90
]

2' —-q""l;o L q"‘--ﬁo

The effective monthly interest rate Craate of retum) is:
90 =94, 50 (Y, tme, 2) = q4.S0C | + ime)*
tmo = \VAhs5/90 - | = c.02u47

The effeckive annual interest rate is therefoce
L2 ClozdTd =\ = 0,34 or 34%

BRI NN RN RN NN NN RN RN RN RN NERN 6-1 1

O two projects, A has the higher maintenance cost, but B has the
hi gher investnent cost. The increnental rate of return is 17.636.
State which alternative is preferred if the Mninmum Attractive
Rate of Return (MARR) is 202.

!*illlil!-IIIII§l!llIl!!il!!l!!iili!liill*li!&!!iilli!il
If the MARR > Incremental Rate of Return, take the alternative

with the lower investment cost. Therefore Aternative A is
preferred.
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6.1 Z HNEEIEN RN NN NN NN RN RN NN NN RN RN RN

The table below summarizes incremental rate of return information
for four mutually exclusive alternatives, one of which must be
chosen. The table includes all possible comparisons of
alternatives. For example, the value of 6% in column A represents
the incremental rate of return at which alternatives A and B are
equally attractive.

Overall Incremental Rate of Return
First Incremental For Breakeven
Alternative cost Rate of Return A B C D
A $20,000 9% —-— 6% 10% 10%
Bl 15,000 10 6X - 14 12
o 10,000 8 10 14 - 10
D 5,000 6 10 12* 10 —-—

(@ Make a table showing the range of Minimum Attractive Rate
of Return (MARR) in which each alternative ig preferred.
(b} If MARR = 7%, is the Net Present Worth of Alternative C

positive, negative, or equal to zero?

EREBERERRRERRRREREERRRRRRARRRRRRERRRRRRRRRRRRRRRERRR R

a) Null aternative net available. .

:PI’K choose D if 12<MARBR
‘ﬁ'ﬁ B f b<MmARRIZ
‘:A/“' A it MARR <&

never thnoose C
) Since ROR(BY)>MARR(T%A)  NPW»0(Positive)

6_1 3 BN RN RN NI N NN RN AR R AR RN NN RN

Is the following statement True or False?

If two projects each have a 15% Rate of Return, then the
Incremental Rate of Return must also be 15%.

HENENRNRRRRRRRRRRRRRRRRRRERRE RN RRR R RRRRRRRNEN

Thel Statement is True.
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!l!llllllllll**%*!illlllllll*!*lll!l!ii!!ﬁilil!*lll!l!lll!ilII 6'1_41

General Motors makes a "P-Car" automobile model, The standard P4
Car is sold as a Chevy while a modified, more "luxurious" P-Car is
sold as a Buick. Although the two cars are essentially the same,
the Buick costs $15,000 while the Chevy costs $13,000. A friend
of yours claims that the Buick is a better buy than the Chevy

since the Buick has a higher resale value. The Buick may be sold
after 4 years for $7500 while the Chevy can be sold for $5000.

(a) Calculate the incremental rate of return. Express your
final answer as XX.XXX%.

(b) For what range of values of the Minimum Attractive Rate of
Return (MARR), if any, is the Buick preferred?

(e} For what range of values of MARR, if any, is the Chevy
preferred? (lgnore the "benefit"/"eost" of owning/operating
a more luxurious car.)

HRERERERRNRRRRNERRRRRRRRRRREEREERRRRRNNRRRRRRERRRR NN

a) YEAR| Buick CHRvY| Buick| ~CcHEVY|
0 - 15,000 -13,00 —2,000
H +7,500 +5,000 +2,500

2000 = 2,500 (VE, L%, &)
(T, i%,4) = . 8000

try = S“/a - 8227 by interpolation :

L= 7 . Booo L =5% +(6%-5%)/(8221-.8
6% .12 -B227-79
L8 742%

b) MARR 5. 714 select Buiek
¢) MARRl > 5.14 select Chevy

WRRRENNN NN NN NN R RN NN RN RERR RN RRRERRERRRRRENENR 6.1 5

Would present worth analysis, using a given minimum attractive
rate of return, give the same solution to a particular problem as
the more difficult incremental or marginal analysis? Explain.

BRI RN NN RN RN RRRRRRR R R R RRRRRRRRRRRANNE

Yes. If the incremental rate of return in making a larger
investment is less than the Minimum Attractive Rate of Return
(MARR), the Net Present Worth of the larger investment will be
less than for the lesser valued initial investment. Thus both
methods select the same alternative.
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6_1 a I N IR 2060 000 D600 260NN

A young engineering technology graduate is interested in buying a
solar energy system for her home. She is investigating two
particular systems shown bel ow.

Sol ar ex Soltechl
Initial  Cost $10,000 $6, 000
Annual Mai ntenance Cost 100/year 50/year
Annual  Savings in Heating Costs 1,000/year| 700/ year
Salvage Value (end of life) 500 400
Expected Life 20 years 15 vyears

Use an analysis period of 20 years. Use SOYD depreciation for the
second Soltech bought to deternmine its salvage value at the end of
Year 20.

Calculate the incremental rate of return ofthetwo systems and
sel ect the nmost desirable one based on a Mninum Attractive Rate
of Return of 6%.

B0 300 0 300306 2690 0606 26 06 063 00 36 00 26 96 06 36 36 96 30 96 30 0 06 0 30 00 0 30 00 06 2600 36 6 06 06 06 06 2 0 X NN

jear  Solarex ¢A) 2oldech (B) A-B

o - 10,000 - 000 -, 000
1-20 + Qoo + bsO + 2s0
MdiS o] - 5,000 + 5,b00
Ad2o + soo + 2967 - ZMET

Using SoYyD get Book Value of 2nd Soltecn at end of year 20
(5 yeacs after installed).
BV (50YD) = booo - S 115 -7 Ilepoo-4oo] . #2,967.

2 s+0
NPW =250 (TA, i%,20) + 5,600(%, i%/e,15) - 2,461 (Vk, L%, 20)-theoo z0
i210% , NAW> 250(8.514)+ 5,600 (22A%) - LHET(.1486) - 4,000 = -§91.45 K0 lower
i26%, NPW = 250(12.462) +5,600( 4810 -2 461( 3160) - %000 = 879.28 >0 higher
Le7%e, NPW = 250 (10.594) +5,600(.3624) - 2,461(.2584) -#;000 = 0.4 6?0 hiﬁher
i=8%, NPw = 250(3.818)+5,600( 315D -2461¢. 21¢5) ~t,000 = ~309.54<0

wterpolate 1 AROR = T%e + (\*fe)(Hodo-0) - 7.12%
YON-C-3ASE)

AROR = 7.12%e > MARR (6%) | choose higher cost | Solacex .
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ERERREEEREERRREERERRRRARERRERRRERRRRERRRRRRRERRRRRRRRRERREERN 6-1 7

A | arge conpany has the opportunity to sel ect one of seven
projects: A B, C,...,G, or the null (Do Nothing) alternative.
Each project requires a single initial investnent as shown in the
table bel ow Information on each alternative was fed into a
conput er program which calculated all the rates of return and all
the pertinent incremental rates of return as shown in the table.

Initial Increnental Rate of Return of Project Over
Proj ect | nvest nent NuT T A B D C E F
A $10,000 10%
B 12,000 9 7%
c 13,000 8 2 0.1%
D 15,000 7 9 5% 9%
E 16,000 6 5 1 6 3%
F 18,000 5 8 2 5 5 5%
G 23,000 7 3 8 7 4 3 2%

For exanple, the rate of return for Project A is 10% and the
incremental rate of Project Cninus Project B (i.e., GB) is 0.1%.

(a) Determine the range of values of the Mninum Attractive Rate
of Return (MARR) for which the null (do nothing) alternative
is the preferred alternative. Deternine the range of values
of the MARR for which Project Ais preferred, for which Bis
preferred, and so on. (Note that there may be no range of
val ues of the MARR for which certain projects are preferred.)

(b) Now suppose that for reasons beyond your control, Project A
is not longer an available alternative. Now repeat (a) for
this situation.

HRRERERREXERRERRRRERERRLERRRERERRRRNRRRERRXRRRRRREN RN

a) If: Select :
MARR 7 | 0% NuLL
10% 2MARR 7 9% A
Q% » MARR > §% D
5%Y% MARR? 2 % F ’
2% MARR 4 ed Lo
) If - Select ¢
MARR 74% NULL
%%y MARR > 8% B

8% YMARR 4
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6-1 8 FEEEERE RN RN RN N RN RN RRRRRRRRRRRRRRNRRRRRRRRRRR RN NRR

A B
Investment  Cost $20,00d| $10,000
Annual Mai nt enance Cost 2,000 4,000
Sal vage 5,000 1,000
Useful Life 0 years  20lyears

(a) Determine the incremental rate of return between the two
rojects, to the nearest 1/1000 percent.
(b) Wiich project should be chosen if MARR = 18%%  (Ng

additional  calculations needed.)
RRBRERRRREEREREARARBERERRXERERERRRRRERARRRRERRRERRR RN
Q) NPW,~NPW, = [-20,000-2,000 (7, L%, 20) 45,000 (%, L%, 20))
-116,000 -4000( VA, L%, 20) +1,000C ¢, %, 20)] =0
= =10,000 42,000 YA, %, 20) + #,000 (OF, s, 20) =0
Tey i.=*zo’l::. - 19000 4 2,000 (4.810) + H,acol.ozkt) = ~155.60
L2 18%: =10,000 +2,000( 5.353) + +,000(.0365) = 852.00

AROR =1B8+2 852 =19.69 %
852 +155

b) AROR YMARR , choose higher cost project, deose A

; : 10,000
* T find a drial L2 FA,i,20)% Fses =5

From “ables i = 20%
649 l"]‘**..*‘!I’ll’l!‘"‘***"!*I"‘*l***i"’ﬁll!ii'..fllll‘!******l!llﬂ

Project A ($10,000 i nvestnent) has a rate of return of 25%
Project B ($20,000 investnent) has a rate of return of 15% Which
of the following is true?

(a) 25% ¢ Incremental Rate of Return
(b) 15% < Increnmental Rate of Return 4 25%

(e) Increnental Rate of Return < 15%

ERREERER TN 00 00 00000 0 00000000 00 300 206 0036 3003
Higmr investment project has
B skeepec sloped line. Choose C.

! A
‘Aﬁ'ﬂ.l@\ 28~
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RRRBERERRRRRRRRRERRTERERERRNRR AR RRRE RN RN RN RN RN RNRNRNEN 6-20

A store owner is considering installing a security system to
reduce shoplifting losses. Without the system, the owner figures
100 shoplifters each year are not caught and that next year each
shoplifter will steal, on the average, $6.45 of merchandise. This
average will increase at the rate of 35 cents each year thereafter
because the owner plans to increase his prices at that rate to
keep up with inflation.

With the system, the owner estimates half the shoplifters will not
attempt it. The other half wil be caught in the attempt, and
because of the apparent increase in the risk of being caught, they
will try to steal higher priced goods. The owner estimates during
the first year of operations, each shoplifter will be caught with,
on the average, $10.96 of merchandise. This average will also
increase at 5 cents per year. The system costs $1,195.60
installed and has a life of 5 years, What is the rate of return
on this investment?

HRERERRRRERNRRERRRRRRREERRRRERR RN RN RN R R RERERRRRRRR

The welevatt cash flows are -
A withodt sptem  with system  difference Custh - without)
o

o -,195.60 - L195.60
| ~100(6.45) 64s

2 ~-100( b6-860) LB

3 -100(1.18) 1s

e -100(1.50) 150

5 -100(1.85) 185

Notice that with the system the Sact that hatf of the
Shoplifters will attempt to el higher priced gocds is
icrelevant since they will be caugt and the merchandise
returned fo the store. The other half donit attempt it and
dhus the are no other costs atter installation. The
ke of @hum i, is:

NPV=0= ~11a5.60 +645CTA, L,5) * 35 (P, i%,s)

l.a = Scl"fo
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6.21 EREERREERRRRNE RN RN

A large food corporation is considering the development and
production of four types of beverages, ranging from juices to
instant drinks. The type of markets, margins of profit, sales
volume and technology needed are quite different in each case.
The following summarizes the economic aspects of the projects.

Product 1  Product 2| Product 3  Product A4

Equipment costs $597,500 $446,100 $435,700 $249,800

Installation costs 250,000 150,000 200,000 100,000
Expected annual
profits 212,000 145,000 168,000 100,000

This company’s MARR is 13% Assume the projects* lives will be 6
years. Which alternative is the most profitable?

*******************W**********************************

I Caleulate the individual RoR:
O AT RoR, 0> 2 (Th o) <
=A(VA,RoR, 6) = (VA RoR,b) = VA
Product 12 (A RoR,,6) :ﬂ_ﬁg@ =3,4976
ROR, 2 13% - attrachve
Product 2= (VA,RoR,,6) %%go_q =411
ROR, 3 (2% < not aHrachve
Product3: (Fh,RoRs,6) = 22035,585 =3.7839
RoRs N 15% .". attmactve
Pruducl'*:(!’/A,‘Ro&,b): W *3.498
RoRy 2 18% - attractive
2. Incremental Aralysis -
PW Costy < PWeosta < PW Cost,
a) Inccewvent 3-4;
D cost = (435,700 +208 coo) - (249, Boo +106,000) =285 00
A AN Ban = 168,000 - 100,000 = 68, 000
PWacost =PWasen = 285,900 =68,000(JA, ARORs,, &)
(P/A, BROR 34,6) = 42044 =¥ AR0Rzy 211.2% <MARR
‘e Keep 4
b) Inccamient 1-4 ¢
Alost = (597,500+250,000)- (249,800 +100,000) 447, T00
A Aan Ben. = 212.,000 - 100,000 = (2,000
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(Th ARORw,0) = 112505 = 4437
ARORw 2 9.3% <<MARR = .% keep 4
Product 4 is the most profitable.

HRERERRARRRRERNRERRARRN R RRRR R RN RN RRRNRRRERRER R RN RN ENRE Y 6.22

Consider four mutually exclusive alternatives that have 10-year
useful lives and no vege vaue. If the Minimum Attractive Rate
of Return (MARR) is 6%, which adlternative should be selected?

o A | B | ¢ D |
Initial Cost $3000 $2000 $5000 $4000|
Uniform Annua Benefit 447 259 885 651

HURERERRERRERRREREERERERRRNRERRRRNRERRRRRRRNNNRRRREREEN

A A: (FA,i,10) = %Yk = e.qu i:=8%

A8 : (VA, ¢, 10) = 2199984 = 1.722 iz 5%

at.c: (Va,i, 10) = >°°Yes=5650 i<12%

AtD: (VA i, 10) = “Usi 6. 144 L =10%

Reject alfernative B because ROR € ©7 . Organize the
other aMernatives in incrzasing order of cost tor incremestal
amlysis:

D-A C-A
A Cost] 1,000 1,000
A UAB 204 23%
Al Ror 15.7% 19.59%|

sSelect alternative ¢ largest cost

(7A,i,10) = WO ooh = #.902

1S% = S.019

% = #.902 rss(_._l_lz). .67 ¥ i=IS.67%
18% = 4 444 -85

(Fh, i, 10) = " Pad = 4274
18% = 4. 494 .
« 2 4.274 L= 2(_%1) sl =¥ L=19.6%
20% F H.192
Select altermative with largest cost, select altecnative C
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6.23 TR TR 00 0000000 000000 0000 0000 00 00 00000000 0000000000 0000000 00 000 000 00 00 00 0000 0 00 00 00 00 00 36 00 36 0% 3% 3% 3 3 3¢

A local brewing company is considering the marketing of one of
its main brands in new non-returnable bottles. This brand is
currently being marketed in returnable bottles, and will continue
to do so. The new presentation is expected to increase profits
(due to increase in sales, and to a higher margin of profit per
bottle) in the next 10 years, in the amounts given below. This
will require, however, an investment of $165,000 for packaging
equipment , with no salvage value at the end of the ten years. If
the company’'s MARR is 12X, should they invest in the project?

Additional Volume* Additional Volume*

of returnable of new non-returnable
Year bottles bottles
1 -3000 units +40000 units
2 -2500 +4000
3 -2000 +4000
4 -1500 +4000
3 -1000 +4000i
-500 +4000
g 0 +4000
+500| +4000
9 41000 +4000
10 41500 +4000

# Compared to Year 0.

The profit is $5.15 per unit for returnable bottles and $8.55 for
non-returnable bottles. Negative values refer to a decrease in
sales. This decrease is projected due to some of the current
consumers changing to the new non-returnable bottle.

TR 0000000000 000 0000000000000 000 0002000 000000 NNN

Caleulate first the fotul Peri-l- it the new bottle is
introduced ¢
Additional Rofit:  Additional Profi+:  Adddional
YeAR  Returnable Bottles| non-refurmable Total Profi+
|

15,450 ™ 34,200"" 18,750

2 ~12,875 34,200 21,325
3 -10,%300 3 4,200 23,900
§oIME agecemhe
"5, 3 4,200 29,050

% - 2:05'75 34,200 31';69.5
34, 200 34,200

8 ok 34, 200 36,175
S : 34, 200 29,350

7,725 2 aod WU Qac
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x from 3000 units x 5.15 E =¥15450
%% Srom 4,000 units » 85530 =%34, 200
The cash flow, therefoce | is as follows :

1,925

¥

24

gt 23 --—-"""‘j (nofe : '(‘he:;g'tsacmsbn-}
17234 & -7 -8 lmmsgan,STEpe»yez)
165,000
Theefore , the NPW of profits for the next 10 grs, is:
NAW =0 = 18,750 (PA, L, 10) + 2,575(Va, i 10) - 165,000
for L=10% NN =18,750(6.145)+2,575(22.891) -1bSKk =q163.0]
for i = 12% NPW= 18, 750(5.65) + 2,575( 20 254) - lbBK = 690845
Hen: L =10% +2%(‘lt&3.07—o ) = 1.14%
913,07 t6908,45

since L < MARR Not Froﬁhble o invest inthe
%< 12%) new rnon- returnable botHe .

REREERERERRERARRERRERRRRRERRRRRRRER RN RR RN RN N NN RRNNRNN 6-24‘

The following equation describes the differences between

t wo
proj ects.

NPWy - NPW;| = 3000(P/A,i,10) + 4000(P/F,i,10) - 10,000

(a) Find the incremental rate of return to 1/100 of a percent.

(b)Y Which alternative should be chosen if MARR = 10%% (No
additional calculations are needed.)

HURRRERRERRRERRERRRERERNRRRRRRRREERERRRERRERRERRRRRENR

a)

Tral i: (P/A,a‘."/a, 10) = %-% =333 .;snor-ins s-.-nluage
L 25%

Try L = 25%: 3,000(3.571) +4,000C.107%) -10,000 = +,142-b

Try L = 30%: 3,000(3.092)+ 4,000(.0725) - 10,000 = ~ 434

AReR =25 -z-s( "_) =28.62%
LiYZ2.64+43
b)

The higher cost Frq)ec.’r since. AROR > MARR
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6.25 FERMARRRINRRERN NN RN RN RN RN RRRRRRRRRRENN

Many persons believe that Net Present Value (often called Net
Present Worth) and Rate of Return can lead to a contradictory
choice in d decision between alternatives. The following example
demonstrates that a proper incremental analysis between
alternatives X and Y would result in the same decision. The
Minimum Attractive Rate of Return is 15%.

Year Ol G k| X |
0 -$10,000 -$20,000 -Fg.ooa

1 +5,500 0 -5,500
2 +5,500 0 -5,500
3 +5,500  +40,000 +34,500
Rate of Return: 30% 26 % 24.1% >15%
Net Present Value: ‘$2,558  $6,300 $3.,742 >0
When shown an example such as this, some people still remain
skeptical. Among the remarks they frequently make is the

following

"1 understand what you're saying about an incremental analysis,
nonetheless it seems to me that if | select Y, as you suggest,
with a rate of return of 26%, I'll forego the opportunity to
invest at 30% and that doesn't make sense to me. Why should I
give up the chance to invest at 30% to invest at a lower rate of
return?”

Respond to this remark. By selecting Y is the investor foregoing
the-opportunity to invest at 30%% Be specific and concise.

EERRRRRERERERRRRERRRERRRRRRRRRERRARARERRRRRRRRNERRNRNN

By seleding Y, one does not forege the opportunity o
invest at 30%. This can be moce eas-'\\y seen b\( -.nri-anj
e cash flows as follews =

ALTERMATWVE X ALTERNAT\VE Y

JEaR X 4 CAstt LEFTOVER 4 =X)=
o -10,000 - l0,000 “10,006 - 8,000
\ + s sc0 +5500 -5,500
Z + g Soo + 5500 -5,800
> + 5,500 + 5,500 34,500

m 30% MARR:I5% 30%e  2A-\Ye

If x is selected #10000 will be invested at 2% and *igo00
aCoresumably) the MARR of 15%. Notice Hat Y can be
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divided nt> two gacks, ene pact has the same cash flous
as X and the other pact has the same cash flows as Y-X.
Thus, if Y is selected #i0,000 will be invested at 30%
and he difference. 24.1% . Regardless of whether X ocY
is selected #0000 will be invested ot 30%, and +the
diffecence will be invested at eithec 15% o 241%
depending on +the choice.

600300000 3 00 00 00 00 30 36 06 36 06 36 36 30 36 36 6 36 30 96 36 6 96 06 06 00 96 06 36 36 36 6 3 0 30 30 6 36 06 30 30 06 30 96 9 36 % 30 36 % 3 % 0% W %N 6_26
A farmer needs to purchase a new grain combine to harvest his
rice. He is considering two alternatives, a K-E combine and a J-I
combine. The K-E combine costs $100,000 and is espected to
produce revenues of $122,000 per year. The J-I machine costs

$135,000 but is expected to produce revenues of $128,000 per year
because of its higher efficiency.

Operating cost for both machines is $100,000 per year. Life of
each machine is 7 years. If the farmer's Minimum Attractive Rate
of Return (MARR) is 8%, which one should he buy? Use Incremental
Rate of Return Analysis.

ERERERBERERERERREREERRRRRRERRERERRERRARRRERRRRRRRRERENR

Assume no aalvaﬂe

31 T-1 - K-E

First Cost  *100,000 *¥135 000 35, 000
Ann. Dene. 122,000 128,000 6,000
Ann. Cost | 00,000 |00, 000 o

(ompute RoR for each aHemativel ¢

K- NPW =04 ~100,000 +22,000|(PA,i%,T)
(A, %, 1) 2 4,55
Lz RoR & 12% > MARR

J-I17 NPW=04 ~135,000 +2.8,ooo(%,i,%,l 7)
(Dh, i %, T~ .82
U = RorR 2 10%] » MARR

ARoR 2 NPW = -35,000] +6,000 (TA,1%,7)
(%) %) 7) = 5.03
U = ARoR| Z4.75% < MARR)

choosel lower eosH combinel i K-€E
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6_27' B0 3600600600600 00000 000600609606 0600 0606 30006000600 60 TR RN

A firmneeds to increase its manufacturing floor space to at |east
125,000 square feet. Seven independent plant sites have been
identified in existing buildings in seven cities. The floor
space, the first cost to renovate the plant and the uniform annual
revenue for each location is shown below.  The life of each plant
is 8 years and the Mninum Attractive Rate of Return is 10% for
this firm Also shown below are the rates of return for each
location. The firm will consider any conmbination of |ocations
that satisfies its floor space requirements.

Fl oor First Uniform Rate
Location Space cost Annual Revenue of Return
Denver 75,000 ft2 $300,000 § 75,000 18.6%
Dal | as 125.000 750,000 187,000 18.5
San  Antonio 50,000 450,000 117,000 19.9
Los Angeles 125,000 550,000 122,000 14.9
Clevel and 50,000 150,000 25,000 6.9
Atlanta 75,000 200,000 49,000 18.0
Chi cago 100, 000 100,000 20,000 11.8

(a) If the firm has no budget constraint, what course of action
woul d you reconmend?

(bYy If the firmhas a linted budget and cannot spend nore than
$600, 000, what course of action would you reconmend?

H 060000000000 060000 300000 0000 00 00 00 000 0000 00 00 00 00 0600 06 06 6 00 30 0 00 06 36 30 36 90 06 30 30 0 30 08 36 06 36 6 0 Y

Fromthe rates of return we can elimnate O eveland since the ¢.9%
rate of returnis less than the 10% MARR.

W can use any neasure of worth to evaluate the remaining
| ocat i ons. This solution uses Net Present Value (NPV), although
Equi val ent Uniform Cash Flow would also be a good choice in this
probl em because the revenues are already uniform

The conbinations of plant sites that satisfy the space
requi rements are shown below. Aso shown are the NPV'sl for each
plant and for each conbination.

Combination
Pland {| 2| 3| % 5 6 &Plant NPV
Den| 75 78l *100.12
Pall 128 247.63
S.Al sol 50l S0 174.19
L.A) 125 10084
AH. 18 78 AR

Chi) — — — — <, [f2] 6.70
£1Y 172¢ 12€ m_é 126 156 1S5S0
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Plant L 2 3 % S5 & HantnNPY
Comb. NV zmM.3! 24143 235.60 100.86 16153 180,89
Total FC. TS50 750 650 S50 S00 550

Q) If funds are unlimited , H1e Denver and San Arrtonio
sites ae the most economical.

B> I funds are limited 4o *600,000 | combinations | 3
are eliminated , and ¥e best of the remander s
San Antonie and Chicago-

FARERRAEEERRAARERERERERRERRRERERRRERRRRREERRERERRRRRRERRRERRRENR 6.2&

The table below summarizes incremental rate of return information
for four possible mutually exclusive alernatives.

Overall Incremental Rate
Rate of of Return for Breakeven
Alternative First Cost Return A B c_ D
A $18,000 9% g R | 12% 1%
B 12,000 g9 9% - 6% 15%
C 15,000 8 12% ﬁa - 10%
D 10,000 6 11% 15% 10% —

The table includes all posible comparisons of alternatives. For
example, the value of 9% in column A represents the Incremental
Rate of Return at which Alternatives A and B are equally
attractive.

(@ Make a choicel table showing the range of Minimum Attractive
Rate of Return (MARR) in which each alternative is
preferred.

(b If MARR = 9%, is the Net Present Worth of Alternative B
positive, negative, or zero?

30060006 06 303000 00 06 30 36 30 36 30 36 06 0 36 96 30 06 36 36 96 36 96 30 36 96 96 9 30 36 30 90 06 36 36 36 96 9 36 36 96 36 36 36 06 9 e 0

(a) The null Cddl nafhinq alfernative) is available since] overall
RoR ¢ given and ncrl'hincj e.xpres-slﬂ_ forbids w8 cheice,

3
t;i P choose Nutl i 4% < MARR
’ >
95::‘9 hoose A f Marr <4
q %
\'A never choose B,C or D
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Consider five mutually exclusive alternatives that have lo-year
useful lives and no sdvage vaue If the Minimum Attractive Rate
of Return (MARR) is 9%,) which alternative should be selected?

_ K| B | C D | E |
Initial cost $4000 $5000 $2000 $300® $6000
Uniform Annual

Benefit 651 885 259 447 1195

HRRRERRRRRIRRRERERERR RN RRRRERRRRRRRRRRRRRRRRRR

Determing] individual matel of retumn

At.A: (P/A,':.,lo) = %%l =e.uu U= 10%

Atlg: (A, i, 10) = 5°Pepd = s.650  (:12%

AR.C: (TA, i) 10) = 2°°%sd =1.1220 4 s%

A0l (PR ij10) m 2%tz 670y -8

are: A L) 10) ¢ 6’00%,:45 = 5.020 L=15%

reject alternatives| Cand Dl tecaasel these votes! of retum
arel lesg than thel minimum attrachive vatel of| @tuv |

incrementa| analysis :

2-A ED
D Cost |,000 1,000
A UAB 234 310
A ROR 19.5% 28.6%

choose E | largeet cost aHemative
(8-A): @A, i,10) = "3y = 42735

18 = 4494

X % 427135 AR, V. N T )

20 F %.\42 Ll L=19.5%
(e-2): (TA,i,10) = " Va0=3.2258

25 = 3.57 X _.345 _, %=3.60

£ & 3,226 S 479 L =28.6%

20 = 3,092
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The table below summarizes incremental rate of return information
for five mutually exclusive alternatives, one of which must be
chosen (that is, the null or do nothing alternative Is not
available). The table includes all possible comparisons of
alternatives. For example, the value of 22% in column A represents
the incremental rate of return at which alternatives A and C are
equally attractive.

Incremental Rate of Return

First Overall For, Breakeven
Alternative cost Rate of Return A B C D E
A $80,000 19% - 29%  22%  25%  24%
B 60,000 16 29 - - 14 23 21
C 40,000 17 22 14 - - 35 29
D 30,000 12 25 23 35 - - 17
E 20,000 8 24 21 29 17 - -

The questions below use this information to test whether you
understand how to use incremental rate of return methods without
the need for you to make extensive calculations.
(a) If the Minimum Attractive Rate of Return (MARR) = 35%,
which alternative is best?
(b} In what range of MARR is alternative C the best choice?
(¢) In what range of MARR is alternative B the best choice?
(d) If the null were to become available, which alternatives
would never be chosen?

BE 00026063600 6300030002000 0023006 00 36 00 3006 2030 30 30 36 9 3 20 30 36 06 36 36 36 3 36 9 3 9 M 3 0 2NN

E i5 4he best abermative

B)  22% < MARR< 29%

c) None

d) &
s’ p  AMternakves 8,C,D,E will never
,:,._'—‘5_"’6 be chosen

-
~

~ b
'\;5 If MARR > (9%, choose ¢
¥ MARR<C 19% choose A
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A manufacturer, whose Mninmum Attractive Rate of Return (MARR) is
20%, is considering two alternative automated material handling
systems, A and B, to replace his current manual |y operated system
The cash flows that describe each automated systemwith respect to
the current system are given below. Using rate of return as the
deci si on criterion, what course of action do you reconmend?

Year System A SystemB
0 -$10,00 411.500
1-15 +1,02 +1,780

T I T I TN NNNNE

The conputed rate of return for SystemA is 6%and for SystemB it
is 13%. Since both rates of return are less that the mninmum

required 20%, neither systemis nore economcal than the current
system

Notice the increnental rate of return of B-A
Year System A SystemB  System B = System A

0| -$10,000 -$11,500 -$1,500
1-15 +1,029 +1,780 +751

-1,500 = 751(P/A,i%,15) Solving for i we find the increnental
rate of return of B-A = 50%, but this figure is irrelevant since
neither system alone, conpared to the current system is
econoni cal . Retain the manual |y operated system




OTHER ANALYSIS
TECHNIQUES

FUTURE WORTH

E2 222222 EI SRS R R SRS R RS RS R R AR R AR RS AR RS R L RS EL L 7.1

A nortgage of $20,000 for 30 years, with nonthly paynments at 10%
interest is contenplated. At the last nmonment you receive news of
a $5000 gift from your parents to be applied to the principal.

Leaving the nonthly payments the sane, what anount of time will

now be required to pay off the nmortgage and what is the amount of

the last payment (assune any residual partial payment amount is
added to the |ast paynent)?

FERERRRRRRAERRRRRRRRRRRRERRERRRRRRRRRERR R RRRRRRRRRNS

A = 20,000(Ap, T, 360)
=20, 0co(.0087157) = *l'is 51 monthly paymerrt
After reduction of P o 1S,co00
15,000 = 175.51 (%A, 1T 1) ; Pa=85.443
Try n=(2 years; U = 85.&.‘76
Ty n=12 years; A =89.120

Irtterpolate , n212.52 yeacs
at 12 years &months = P=115.51 (VA 0.832%,150)
=115.51 ( B5.WH > = 14,395,715
Residual = 4.25
Last Tayment = Value aFre,aidual at time of last payment
+ last pa
Lagt Rayment = 4-‘7_5('7?, z, 150)+115.5|
=uU-25C3 106 +11715. S| = 190 26



152 . Engineering Economic Analysis Exam File

7-2 RN RERRR RN RN RRRRRRRRRRRRR RN RN RRNRRRRRR R RRNNN

A woman deposited $10,000 into an account a her credit union.
The money was left on deposit for 10 years. During the first five
years the woman earned 15% interest (nominal), compounded monthly.
The credit union then changed it's interest policy so that the
second five years the woman earned 18% interest (nominal),
compounded  quarterly.

(& How mueh money was in the account at the end of the 10 years?
(b)Y Calculate the rate of return that the woman received.

B 36062 36 06 36 96 9606 36 00 36 06 262 0 36 06 90 36 00 20 00 06 30 0 06 00 06 6 06 00 30 36 36 06 0 000006 0 6 06 00 06 0 60 M MR

&r“-l'a. :
at the end of s years =

F = (0000 (F/8 1 /4o, bO) =10,000(2.107) =2),070
at the end of 10 years :

F = 21,070 (7P, 4 /4%, 20) = 21,010( 2.42) - 50,820.84
ﬂf—* b:
10,000(% i ,10) = s50,820. 8%
(7p¢,10) = 5.082084
try i=15% (FP i, 10) = 4. oyb
4y ¢z 18% (%, i 10) * 5. 234
in‘hupola-ie : Lz 15% +(18% -16%) Mj‘)

H.046-5.2

i Y
- L% = !1%%"" |JV‘¢-7’° j(SyM)CI?Fw/yr)s'bo
2- L% = "%.[."Hﬁ%j(s‘ym)(‘-l»pw/yr):zo

7-3 FRWE NN RN NN NN AR RN TR R R RN RN R RRRRRRRRRRAARE RN RRRRRS

A woman deposited $100 per month in her savings account for 24
months at 6% interest, compounded monthly. Then for five years
she made no deposits or withdrawals. How much is the account
worth after seven years?

HRRNBRR NN RN RN RRR NN RRRRRRRRRNRNRR NN RN N R

Assume monthly compoundin
FW = 100 (A, 2%, 24)(7p, 129, 60)
=100 (25.432)(1.349) = ¥3 43078
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On January 1st a sum of $1200 is deposited into a bank account
that pays 12% interest, compounded monthly. On the first day of
each succeeding month $100 less is deposited (so $1100 is
deposited February 1st, $1000 on March Ist, and so on> What is
the account balance immediately after the December 1st deposit is
made?

000 0000 36 3000 00 06 06 30 96 00 36 90 06 38 36 36 6 96 06 36 36 9 3 06 36 36 30 36 36 36 36 3 36 6 0 36 30 3 36 30 06 3 30 06 98 0% 30 ¢ 30 ]

F=17

JuL 8

O JAW A MM ¥ MAY 2 e Noy |z
=1}
oo '

[TIIIILL

P = 1,200(7,1%,12) -100(%a,1%,12)
=1,200(11.255) - 100 (€0.56A) = 7,444].|
F=7,449.( {F/P, 1 %,12) = 7,449.1(1.127) = §395.1%

REREERRNER RN RN RN R RN R R RR RN NR RN RN NN R RN NN RN 74

A 25-year=-o0ld engineer named Milton begins working for a salary of
$30,000 per year when he graduates from college. From his first
monthly paycheck, he notices 7% of his salary is deducted and paid
into Social Security, and his employer pays a like amount, In
effect. Milton finds that 144 of his salary is being taken by the
government for this mandatory program.

Assuming that Milton’s contribution to Social Security is 14% of
$30,000 = $4200 per vyear, and that Milton works for the same
salary until he is 65, how much will he have effectively
contributed into the Social Security program. Assume a 10%
interest rate,

FEERREEANRRERERRRRRNR RN RN RN NN NN RN RN RRRRRRRRN RN NNN

FsA(7A,1,n) wherz A-%,200; iz10%;n=Hoyrs.
= 4,200 (#42.593) = 1,858 ,890.60
Fs A[ﬁm!”—z] r ,,,zoo[_um”_-LJ . ,BS8,888.73
L .10
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An engineer is considering the purchase of a new set of batteries
for a tractor. Given the cost, annual benefit and useful life,

conduct a Net Future Worth (NFW) analysis to decide which

alternative to purchase if i = 12%.
A | B
cost $150 $90
Annual benefit 40 40
Useful life 6 yrs 3 yrs

JA R0 0020000000000 003 00 00 00 00 00 0 36 00 30 00 00 00 30 06 00 00 30 00 00 00 00 30 6 06 06 00 0 36 ]

NFW = 40(7A,12%,6) - 150CF/p, 12%,6) = 4ol 8.5 ~150C1ATH)
b 324-6'246.' = +18t5

Alternative B:
z 4O

TaR AR

ol nea nes l
90 90 FW

NFW = 4o (FA 12%, 6) -90( /P, 12%,6) - Y0 (9P, 2%, 3)
= 40 (8.uS) -90(1.974) - 9oC1.405)
z 3246~ 177.66 - 126.45 =z120.49

chocsel Altermtivel A, largest NFW

'-7 636 36 30 36 3 3 36 36 36 36 96 36 36 30 96 36 96 36 3696 36 96 3 38 96 36 36 90 36 96 36 36 30 96 30 30 30 30 30 30 30 06 30 0 90 30 96 30 36 36 30 6 3 30 90 96 06 3¢ 3¢ 3¢ el

How much money would be in an account if $1000 is deposited in a
bank at 12% interest, compounded semiannualy, for 3 years?

RN E NI NI 0060000 D600 60600 600000 0006000006 D606 NN NNN

i='% 6% 1 n= 2x3 =6 penads
F=PO+) = ‘l,ocd(l.obﬁ :‘l,oao(l.q-ra.sz] --‘l;tlaﬂ
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To start a programming business, a computer science student bought
a personal computer for $5000 to be paid for with a down payment
of $1000 and 24 monthly payments at 18%, compounded monthly.

(a) How much are the payments?
(by How much of the first payment is interest?

(e) The bank is terminating the loan now, six months after the
computer was bought, because the fourth and fifth payments
had not been made (the first three monthly payments were
made). How much money must he get from his parents (or
another source> to pay off the loan balance in full now to
prevent losing the computer? Assume the only "penalty" is
that interest continues to compound on any unpaid balance.

ERRERRERRRRRRRRRERRRRRRERRR AR AR R R RRRRERRERRERERRRRRES

P = 4,000

a) Frice = *5,0c0 1 A nzza
Pownpayment = _1,000 iiti tiii
l.'m?a Y,000
ve 72 = 1\Y2% A = 4000 (% Ifﬁz'/ol 2-4-)

=ihooo (.o4qq) = ¥199.60
(b) Interest =P = hooo C.o15) = $e0.
) Amount owed equals +he equivalent of unpaid

payments determined at +he fime of concern Cnowd.

X
1.10\#

T T T T T Hmso/menth

. [ . 'y

e — " S——

L SR e

X =199.60 CT7A 11275, 2) +194.60C A, 1Y2%-,18)
=199.60 C3,045) +193.60(15.613) = ¥373¢6,1\

HRERREREREREARTRRRERRRERRRRRRERRRRERRERRRRRRRARRRERERRRRR RN 7-‘
\

Harry was a big winner in the New Hampshire sweepstakes. After
paying the income taxes he had $80,000 left to invest in an
investment fund that will pay 10% interest for the next 20 years.
How much money will Harry receive a the end of the 20 years?

ERREAERBERERERRNNBEAREXRREARRXEERXRREXERHERE XX XXX X2 %H

F = P(F/p 10%.,20) = 80,000(6.127) = #538,160.00
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David has received $20,000 and wants to invest it for 72 years.
There are three plans available to him.

(ay A Savings Account. It pays 5-3/4% per year, compounded
daily.

(b) A Money Market Certificate. It pays 8-3/4% per year,
compounded  semiannually.

(e) An Investment Account. Based on past experience it is
likdly to pay 11.5% per year.

If David does not withdraw the interest, how much will be in each
of the three investment plans at the end of 12 years?

R IIEN NN NN NN RN RN NNRNNRNINNRRRRERRRRERRRR NN

i bl S
ectve i rate : (1+)"-1 = EIR
EIR = (I -V%ﬂif"s -1 = (1 +. 0001~ =.,05918
~#FW =*20000(1+.0598)"= $29,872.14
b) FW = F=P(i1+)"
effective inferest cate = C1+0)™-1 = 1R
EIR= (14252 ) . (| +.04375)- 1 =, 0814
SFW = 520,000 (1+.08%4)"™= ¥55,891.49
¢) FW =P +)" .
z 20,000 ( 1+0.1150) "= "73,846.24
Choose plan € since this plan yields the highesst
retumn af the end oF 2 yeacs .

74 1 B30 0000 00T 00 0000000 0000 00 00 00 0006 0000 0000 0000 36 6 90 06 00.06.06 06 06 00 6 26 36 36 00.00 30 36 06 36 36 06 36 06 06 6 3006 06 06 3 Y

How long will it take for $300 to triple a a 5% per year interestl
rate?

B0 363636 06 06 30 00 36 06 06 06 06 06 36 00 06 30 00 3696 6 30 30 96 3 36 30 06 06 303 00 30 36 06 36 00 30 36 06 360 96 00 00 0 3 H M M

F =3p PP, 5%,a) = (P, s%,n)% %<3

3> (7p,5%,n)

(e, s%0,n
22| 24252

2225le-3.000 —» (P 5% 225) =3 = 22.5 years required
23 2307182 4o 4dricile
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An annuity is established by the payment of $150 per month for
eight years with interest to be calculated at 7-1/2%] The company
retains these funds in an ‘account from which they propose to pay
you $1530 per year for life (an actuarial period of 18 years for
your age). If interest is assumed to continue at 7-1/2%) what is
the lump-sum profit to the company at the end of the pay-in
period? Assume monthly compounding for the payment period.

MM T 00000000 060036 06 3630 20000000 30 30 30 0000 06 00 06060606 06 06 0 6 0606 06 0 08 e e

Assume monthly compoundin
FW=150(F/a ,*°™2,96) = 150 (120.445) =19, 649
Less = C1+ °™2)™ = . 0776
PW of poyment = 1,530 (F/A,1.76% ,18)
= 1,530 (4. sso) = 14,58\
Profit ot end of pay-in period =19,644- 14,581 = 45008

0006300000 36 000300 00 00 0000 30 30 3000 36 36 38 30 30 96 30 36 06 00 30 36 30 90 36 30 00 06 36 06 96 36 30 3006 00 36 06 00 0600 00 0 00 00006 0 M N/ 7 - 13

A person would like to retire 10 years from now. He currently has
$32,000 in savings, and he plans to deposit $300 per month,
starting next month, in a special retirement plan. The $32,000
is earning 10% interest, while the monthly deposits will pay him
99 nominal annual interest. Once he retires, he will collect the
two sums of money, and being conservative in his calculations, he
expects to get a 6% annual interest rate after year 10. Assuming
he will only spend the interest he earns, how much will he collect
in annual interest, starting in year 119

FNRE NN 000000000 0000000000 RN

a) Sayings :  F=32,000(7/P,10%10) = 32,000(2.544) = 83,008
B> Monthly deposits : F= 800(7A, 7z 7%,120) =300(193.514)-58,054.2
The total amount- 1o deposit at the end of year 10 is:

= 83,008 +58,054.2 = 1\H,062.2
The interest 1o collect per year =14,062.2 x 0.06=8,46313
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7 - 14 FERERERRRNRIN RN NIRRT RN

Mary wants to accumulate a sum of $20,000 over a period of 10
years to use as a downpayment for a house. She has found a bank
that pays 129 interest compounded monthly. How much must she
deposit four times a year (once each three months) to accumulate
the $20,000 in ten years?

EEEEEREERARERRRFRRERRERR AR R RRRRERRRRERERRRRRRRERRR RN NN

In this poblem Macys deposits do not match 4he infecest
period. One solution is to compute what her monthly
deposit would need 1o e, and +hen the equivalent deposit
each 2 momths,
Mortthly deposit- ()= FCYE, L%, ) = 20,000CHF, 1506,120)

= 20000 0.00uB) =*86
Equivalent degosit at end of each 3-months:

=A CF/A,\"Io,b) = 86(3.030) - *26|

Note that the compound interest 4uble enly provided ~we
digi-\- accuracy.
Hand Calculator Solution* o0
monthly deposit (A) = 20,000 L a0 = 86342

equwa\en"’ a + at %rd\ of eachh 3 months:
~eb. a2 [CH220°=] - #2603 uy

o0\

7! 1 5‘ *II!!****I!*‘!**!I!iii*!l*!!*ﬂ*llE!**!***IE***‘-!I*'IIl**l!*iq

If $5000 is deposited into a savings account that pays 8%
interest, compounded quarterly, what will the balance be after 6
years? What is the effective interest rate?

*‘l'!lII'Iiiil!i!liﬁll!!lillillil!l!iiillillliiilﬁiililiﬂ

F=pPCI +L)"

—'-'s,ooom,oz)“: 5,000 (1.6084) = 8,042.19
te = Ct+Tm)™

=+ -1 =, 0B2u3 = B8.242% per yr.
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Six months ago a local resident bought a new oar for which ha
borrowed $4000 to be repaid over 24 months a 18% compounded

monthlty. He has just won the lottery and decides to completely
pay off the car a the time of the seventh payment. How much is
this final payment?

l!Il!lIIiiilIlI!l!§!l'll*IiI'ilIIICII!I!!I‘I!!IIIIIII‘I!E

K
»
L)

IR

ASAaaAaaAaA Aa
L’le%%‘t-"'lql.(o
A = 4000 (AR 1'% 24) = 4000 C.04q]) = %199, 6o

% =#%149.00 +199.60( YA ,12%,17) = 199,60 + 199,60 ( 14+308)
o ‘é 175 2

b 2

RN NN NRN RN R R AR AR ARERRRRRARRRRRRR RN R RN RN NN 7-1 ﬂ

Starting now, deposits of $100 are made each year into a savings
account paying 6% compounded quarterly. What will be the baance
immediately after the deposit made 30 years from now?

BRRRRRERRNRRRRERRRRRRRRERRRRRRRNEREE R RN NN RN E N RN NNNEEN
L= 6%/4' ot Ilk#o

F = 100 (A, 1%2%6, ) FA, 1he 120) + 100 TP, 1 fo%,120)
=100(. 2444 )(331.28@) +100(S.qR) '8 693 58

HRERRR NN NN RN AR R AR RN RN R RR RN RN R RN RN RN RN NN RN 7_1 8

You invest $1000 in a bank at 8 percent nominal interest.

Interest is continuously compounded. What will your investment be
worth

(a) a the end of 1 year?
(b) a the end of 36 months?

WO 00O 600003000 00200000600 e el

Q) F:Pe" - 1p00e®?®*? - | cooc.0833) = #,083.29

b) Fsfe™ =1,000e°*® -\ 000ci2112) =% 271 25



160 . Engineering Economic Analysis Exam File

7-1 g FR NI TR U000 IR0 000600000000 000000000 B0 000 R R

e g ﬂ_ﬂ

}

$i00

Using the tables for Uniform Gradients, solve for the Future Vaue
a the end of year 7.

BERERRRERREREE RN R RRRRRRN RN RR NN R RN RRNR N RN RENNN

PV = 100 (P, 10%,T) - 100¢ 7A,10%,1) - 100
= 100 (12.76%) “100l%.B68B) -100 = 689.5
Fv = 6849.5CP,10%,7) = 684.5 (1.94a) =¥1,343 . 84
7_2“ FEEERRENRN RN RN RN RN RN R RN RN RN NE R RN RN RN RRNARENRNNRRR
If Jane invests $125,000 in a fund which will pay 12%] compounded
quarterly, how much will she have in the fund at the end of 10

years? What effective interest rate is she earning on her
investment?

BN I IR 0000000 20006 00 00 30 00 0600 00 06 00 00 96 00 36 00 00 30 DR 2006 I 00 00 0 0

F
10 x § =4O L-'-'-'-'i—.’-‘-.-:S%
l,ﬁ- Nz 10x4 =40

125K
=125k (F/p, 3%,40) =125k (5.262) =*¥407,750,

7 21 FEERER NN RN NN RN RN RN RN RN RN NN RN RN ARRERRRRRRRRRNNR
-

As a tax shelter, Joan's father has set up a trust fund into which
he puts $1000 every year on Joan's birthday beginning on her first
birthday. How much will be in the fund on Joan's 21st birthday if
the account pays 6% compounded quarterly?

‘!'"I!"‘"*l‘ll‘ll‘**i“l‘lll*i"i'l****‘*!*‘!’***‘ii*!‘l
- b.k/q-l z Y% per| qua
A =1,000 CAYF 12 % 4) 1,000 C.2444) = #quul yg
F = 2440 (7a,\2%,84) =244 4o ( 166.173) = *do,613 |
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PAYBACK PERIOD

**!*iil!l!*liilllll!l!Il!llll!!!lll!li*!!il!lli*!llliillll!iil 7-22

What is the major advantage of using Payback Period to compare
alternatives?

T 00 T II000E U 00 0000 00000000000 0000 00 0090 3006 06 06 0 00 00 00 36 06 36 96 36 96 96 96 96 90 06 e

Payback Period is easy and rapid. Also, it provides information
on investment recovery time which may be important for companies
with cash flow problems.

!l!liliilllll**lll!!**I‘l!'l'l'l-lll!llil!i!!ill*li*lil‘llillll-ll-l'l'l' 7.23

For calculating payback period, when is the following formula
valid?

First Cost
Payback Period =z I--------------

Annual Benefits

RN RN RN RN RN RN RRRRRRNNRR R NN RNy

Valid when 1 &) Therel il 4 singlel ficst cogk atl timel zecro,
b) Annual Benefits! = Ned| annual benefits after
Sdb'\m‘:ﬁnj any annual costs
©) Net Annual Berefits arel uniform

-l!!lll**i*!!!lI!E!!***il*ﬁilI!‘lil!l*iil!ﬁ!lii*ﬁ**ii!llll!ii* 7-24|
Is the following statement True or False?

If two investors are considering the same project, the Payback
Period will be longer for the investor with the higher Minimum
Attractive Rate of Return (MARR)|

FRRRRRRERNRERERRRFRRRRRRRRRRRRRRR AR RRRRRRRRRRRRRRRENN

Since Payback Period is generally the time to recover the
investment, and ignores the MARR, it will be the same for both
investors. The statement is False.
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7.25| FEEEHENIE IR IR RN RN

What is the Payback Period for a project with the following
characteristics, if the Minimum Attractive Rate of Return (MARR)

is 10%?
Udiefull Life 10 years
First Cost $20,000
Salvage 2,000
Benefits 8,000/yean
Maintenance 2,000 in year 1, then

increasing by $500/year

FHRRXENRRRRNERRRERRRN TR T 03330363 3030 00 3 36 90 3 36 30 30 3 3 3 36 0

fyback occurs when the sum of net amual benefits is
equal o the first cost. Time value of money is ignored.

mm&ﬁ%mw

8ooo - 2000 *= b000 Goco
2 ooco - 2500 = 5,500 ,seco
3 Booo - Booo = S0c0 b, S0
1% Boco - asoo = 4,500 21,0007 20,000

Paybock Period = & years CAchually a little \essD

7.2& EEEEER RN NN RN NN NN NN RN RN RN RN RN RN RRRE R RNRY

Two mutually exclusive alternatives are found to be acceptable but
A lasts twice as long as B. With no additional information given,
which alternative is likely to have the shorter payback period?
Why?

EEEERRRRERRRR RN RN RN R NN RRRR RN R RRRERRRRRE RN RRRRRRRRRY

Alternative B is likely to have the shorter payback period.  Since
both are acceptable, they must return benefits greater than costs
within the useful life. But B has only half as long a life, so it
will almost certainly return benefits greater than cost before A
and will therefore have a shorter payback period.
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AT 300 00 D060 000006003000 6060000000000 0000000 0000260003000 7.2”

A cannery is considering different modifications to some of their
can fillers in two plants which have substantially different types
of equipment. These modifications will allow better control and
efficiency of the lines. The required investments amount to
$135,000 in Plant A and $212,000 for Plant B. The expected
benefits (which depend on the number and types of cans to be
filled each year) are as follows:

Plant A Plant B
Year Benefits Benefits

§ 73,000 $ 52,000

!

2 73,000 85,000
3 80,000 135,000
4 80,000 135,000
5 80,000 135,000

(a) Assuming MARR = 10%,] which alternative is more profitable?

(b) Which alternative has the shortest payback period?

RERRRERREEXEREERRERERRERRERERERAEREEERRERRREARRRRRRREN

@) May be solved in various ways. Use PW method
NPWa = -135k + 13k (PA, 10%,2) + 8ok (DA, 10%, 2X Y, 10%, )
z- 135K+ 73K (1.136) + Bok(248T)(.B2H) =156,148.5
NPWs = - 212k +52K(%F,10%,1) + 8SK(7/F, 10%,2)+
135Kk (YA, 10%,3)( T8, 10%,2)
=-212K +52k(. ‘lo‘ll)-i- 85|<c B264)+135K (2 487)(.B26H)
=182,976.8
Therefore, madifications to plant B ae more prfidable
b)

PLANTA PLANT B
LAT\VE >
‘/EAR E Cumriu v 4 CUMMULATIVE
| 18,000 73,000 52,000 52,000
2 13,000  146,000™ 85, oco 137, 000
3 80000 224,000 (35,000 272, 00o™™
xThe PBP of A is +#% The PBP of B is
less than 2 years 2.55 years
(|.85 years)

Therefore., although nat the most profitable, aHernative A
has +he shortest payback period.
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7.2& SRR 00 30000000 TR U000 30000000000 000 TR 000 3600000 0 0 Y]

In this problem the minimum attractive rate of return is 10%]
Three prbposas are being considered.

e R

o ) 2 10 2 2 4 5
41,700
#2100
#3750
(a) Which proposal would you choose using Future Value
analysis?
(b) How many vyears for back for each alternative? Which

dternative would you choose?
K-I-l-lllIllll‘*!*!iliilii!l!!*!l!!!i*lllii**!l*iii*i*ﬂiii
PRofosAL A EUAB ¢ | 0oo -\, 100 (AP, 10%, 2)
= y,000- 1,100 (.5762) = ¥20.5
PRoPosAL B EUAB = 1,000-2,100 (AP, 10%, )
= Looo - 2\00( . 4021> =¥155.6

PRoPosalL € EUAS = 1,000 - 31SO CNF;;o"I. ,t—.D
=\,000 -3150 (.22%6) = ¥|37.0

a)

ﬂ’oPml A:¥W=20.5 CF/A,W%,G) =158, 2
‘From[ B: FWeIS556 CF/A, lo"ﬁ,&) e |lzao.e.
Proposal C : FW= 1249 (7/a,10%, &) = 1,072.5

chaose. highest Ful, Fopesal B

&
fopesal A @ V1" %o = 11 years

froposal © ° z"aa/l,aao 2.l yers
Y ld'g'?s%oao-; 15

roposal C : 3715 years
choose quickest payback | proposal A
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T 0000000000 ORI R RN RN R E RN 7.29

Determine the Payback Period (to the nearest year) for the

following project.

First Cost $10,000

Maintenance 500 in Year 1, increasing
by $200/year

Income 3,000/year|

Salvage 4,000

Useful Life 10 years

MARR 10%

FEERRRRERERERRRERR R R RN RRRRRRRERRRRRRERRRNE RN NN RN 0N

yeoq _NetIncome  Suml
| 2,500 '2-.530'
2 2,300 %, 8co
3 %100 edoo

% I,900|
5‘ {, 700

8,800
10,500 710,000

Pogeick| period *5 e

RRERRERNRRRRRR R R RERRRRRRRRRRRRRRRRRRR R RN R R RRNRRRENS 7-30

Determine the Payback Period (to the nearest year) for the

following project:

Investment cost  $22,000

Maintenance cost 1,000/year

Uniform benefits 6,000/year]|

Overhaul costs 7,000 every 4 years
Salvage 2,500

Useful life 12 years

MARR 10%

HRERERERRRRRRR AR RN RR R AR RN RRRERRERRRERRERR NN

Year $ Costs 3 Benetts
o 22,000 -
[ 23,000 6,000
z 24,000 12,000
2 15,000 18,000 Payback peried =6 years
Y 23,000 24,000
5 34,000 20,000
6 35,000 3b, 000 & fayback
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BREAKEVEN
7_31 T T R e e e P T T T e e Y

A machine that produces a certain piece must be turned off by the
operator after each piece is completed. The machine "coasts" for
15 seconds after it is turned off, thus preventing the operator
from removing the piece quickly before producing the next piece.
An engineer has suggested installing a brake that would reduce the
coasting time to 3 seconds.

The machine produces 50,000 pieces a year, The time to produce
one piece is 1 minute 45 seconds, excluding coasting time. The
operator earns $8.00 an hour and other direct costs for operating
the machine are $4.00 an hour. The brake will require servicing
every 500 hours of operation. It will take the operator 30
minutes to perform the necessary maintenance and will require
$44.00 in parts and material. The brake is expected to last 7500
hours of operation (with proper maintenance) and will have no
salvage value.

How much could be spent for the brake if the Minimum Attractive
Rate of Return is 10% compounded annually?

ERRERRRERRERRREREREERERRNR AR RERRRRRR RN RN R RERRR RN

Annua cos'H N/d h’i‘lkd 50, OOOCZ/(':O)CI'Z)‘ = ZOOOA
Annual costl w/ brake | 50000( /e.o')(uz) =¥ 18,000
Mainrteniance) : (50,0000 el s0eld.€012) +ut) = 150
brake will lasd 1 7SON 5 000¢1.8) /60) = &l yrs.

Maxl amount 1 (20,000 -18,150) (7A,10%, 5) #1,013.35

7_32 B0 000006 06 06 00 0 20 36 00 3630 06 00 96 06 06 06 00 00 6 90 36 36 30 9006 06 00 00 0606 6 36 06 00 00 0006 00 00 0 00 00 3000 06 6 6 00 00 00

A road can be paved with either asphalt or concrete, Concrete
costs $15,000/km and lasts 20 years. What is the maximum which
should be spent on asphalt if it only lasts 10 years? Annual
maintenance costs for both pavements are $500/km.) MARR = 12%.

P22 2322222382222 2222212 R2 222 R R 22 RS R 2R R s s ]

Since maintenancel is the same for both | it doesnt]
atfect] thel answer However| Hhere is nething uxong
wih induding it

(15,000) (YA 12%,20) = PAYe 1 2% 10)

(18,000)(]133q) = P(.1170)

P= 15,000 ¢ A339) = *11,5'4-1
1170
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HERRERRRRARRRBERRARRRRRRERERRRRRRRRRRRRRRRRRRRFRERRR RN RN 7-33

A proposed building my be roofed in either galvanized steel sheet
or conposition roofing, The conposition roof costs $20,000 and
nust be replaced every 5years at the same cost. The steel roof
costs $28,000 but the useful life is unknown. Neither roof has
any salvage value and no maintenance is needed. [f the M ninum
Attractive Rate of Return (MARR) equals 15%) what is the mininum
life that the steel roof nust have to nake it the better

alternative? (Report to the nearest whole year; don't bother
interpolating.1

ERRRRRREREREERRRERARRERRRRRRRRRRRRRRERRRRRRRRRRRRRRRRR

EUAC( = 20,000 (AR15%,5) = 20000(.29@3) = 5 66|
EUACs = ,OOO Cw |S°/e, n)

(M| 1%k, 0) <52 = 5,213

*Yp1s%,8) = . 22.29

A 15%,2) =.2096 <. n_=4

B0 0000006 06 00 0006 6006 3008 6 0 06000 06 06 6 06 0 06 06 00 00 00 30 30 30 30 00 3 06 36 36 06 36 36 96 3696 90 30 36 30 3 06 0 30 30 30 30 00 M N 7 34
-

What is the breakeven capital cost for Project B conpared to
Project Aif interest equals 10%?

Year A B
0l -$1000 ?
[-5 +300/year  +200/year

REERRRRRRNER RN RN R NN RN RRRRARRRERRRRRRRARRRRE

NPW of A = -1,000 + 300 (V/A,10%,5) =-I,000+3c0 (3.291)
= 1317.3
NPW of B = NPW of A
127.3 = B +200(27917 - Pa=-620.90

FRERRER RN RN NN R R R NN RN R RN RN RN RN RN NAR NN NN RN 7.35

VWhat is the snallest acceptable annual income froma project which
has a $70,000 investnment cost and a $70,000 salvage value if the
life is 15 years and the Mninum Attractive Rate of Return (MARR)
is 20%7?

HRERERRRRRERERRRRRRR R RN RN RN RN NN R R RN RNRERREFRRNRY
Income = 10,000 (A% 20%,15) -70,0000‘%, 20%,15)
= 10,000 1 = 70000(.2)

= 314 ooO
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7-36 BRRRRRRNNRRNR NIRRT NI T 00 300000 0000 00000030 00 30 30 36 30 0 %

A car rental agency has a contract with a garage to have them do
major repairs (specified in the contract) for $450/carl every six
months. The car rental agency estimates that for $150,000,
amortized at 8% interest for 20 years, and a salvage value of
$60,000, they could have their own facility. They estimate that
they could take care of their own car repairs in this facility at
a cost of $200/car every six months. Ignoring taxes and other
economic factors, what is the minimum number of ears needed to
make the change feasible?

B0 000000000600 00 00 060000 00 0020 00 30 90 06 06 06 00 00 960606 06 00 96 96 08 30 30 0 96 06 06 36 26 6 96 36 96 36 36 36 36 6 0 00 6 ]

Let N = number of autos needed

450 x N = (150,000 - 60,000 P/p, 4%, 4o)
+ 60,000 (.0o%) + 200N

YSON = §0,000% .0505 + 2,400 + 200N

250N =6345

N =27.78 ocr 29 autos needed

7_37 ERUERERRBERRERRRERERRRARRERERRERERERERRERRERRRRRERERRRRR RN

Assume you need to buy some new automobile tires and you are
considering purchasing either the "Econo-Ride," which costs $33.95
per tire, or the "Road King," which costs $65.50. Both tires are
alike except that the "Road King" is more durable and will last
longer, Regardless of which tire is purchased, balancing and
installation costs are $1.50 per tire. The salesman says the
"Econo-Ride" will last 20,000 miles, Assume a Minimum Attractive
Rate of Return (MARR) of 6% and that you drive 10,000 miles per
ear.

Y (a) How many miles would the “Road King" have to last to make

you indifferent in your choice?

(b)Y The salesman says the "Road King" will be on sale next
week. If he also says the tire will last 30,000 miles,
what would the sale price have to be to make you
indifferent in  your choice?

222 2R E SRR SRS RS RIEEE S EL SR AR ASEEEESE RS )

Q) 401.5 423,952, 6%, 32555) = 15465500 (N7 6%, N)
(P, 6%,N) =.28859 | 50 N= i, or 40,000 miles

p) 1. 6(% 6%0,2) = (?+e)(% 6% 22:222)
50 T’=‘e;o 8
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T T T T T T 1L AT o]

A soft drink company has researched the possibility of marketing a
new low-calorie beverage, in a study region. The expected profits
depend largely on the sales volume, and there is some uncertainty
as to the precision of the sales-forecast figures. The estimated
investment is $173,000 while the anticipated profits are $49,500
per year for the next 6 vyears, If the company’s MARR = 15%, is
the decision to invest sensitive to the uncertainty of the sales

forecast, if it is estimated that in the worst case the profits
will be reduced to $40,000 per year? What is the minimum volume

of sales for the project to breakeven, if there is a profit of
$6.70 per unit volume?

0060600 R TR R0 2000 E 006 00T TR R 0000 000 026000000000 0000 00 30 00606 06 06

a) For an annual profit of $4?,Sao
NPW = 44,500 (%A, 15%,6) - 173,000= 49,500 (3.784)~ 173,000
=+i4,308 Cathractive)
b) For an annual proft of *uo,c00
NPW = 40,000(7A,15%,6) -113,000 = 40,000(3.184)~173, 000
= -21,640 (net attractive)
Therefore the decision is sensitive +o the expected wariations
in sales or profits.
The breakeyen : NFW =O
NPW = O = % (7A,15%,6) 173,000 where x=min $ prfit

- 173,000 - | B,000 _ % )
x (VA,15%,0 3.784 L

in volume units = $4578 8 - 6,824 volume unis
26.7%nit

00030 0000 00 08 36 366 36 00 06 38 30 06 6 38 36 98 36 36 36 36 3696 30 30 30 36 36 00 36 36 96 06 06 36 36 36 20 00 06 36 36 06 96 30 00 96 36 36 90 6 36 96 96 36 36 96 b 7_39

A machine, costing $2000 to buy and $300 per year to operate, will
save labor expenses of $650 per year for 8 years. |If the interest
rate is 10%, what is the minimum salvage value (after 8 years) at
which the machine is worth purchasing?

00000 00 30 00 00 26 00 30 08 36 96 30 90 96 30 36 096 3 30 00 30 00 30 3 06 96 36 36 96 26 36 06 06 36 96 36 06 3 36 06 30 6 9 36 36 30 36 06 6 % %

NPW =-2,000 +350 (A, 10%,8) +S(7,10%,8) =0
2-2,000+ 350( 5.335) + S(,4665) = O
-132.15 +.46658S =o
12295 4
S 7 Tuees © 28451
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7.40 NI I RN RN NN NN RN RN

The PARC Conpany can purchase gismoes to be used in building
whatsits for $90 each. PARC can nanufacture their own gisnmoas for
$7000 per %ear overhead cost plus $25 direct cost for each gisne,
provided they purchase a gisnoe maker for $100,000. PARC expects
to make whatsits using gismoes for 10 years. The gisnoe naker
shoul d have a sal vage val ue of $20,000 after 10 years. PARC uses
12% as its mnimum attractive risk rate. At what annual
production rate shoul d PARC make their own gi smoes?

RRRBRERRRRERRERRRRERRNNR R RERRRRRERERRREREERERRREREEN

Equivalent Uniform Aadual Cost Sclution =

EUAC guy =%qoN  where N=annaual quo.nh-\-y

EUACMake = 100,000 (AP 12%,10) +7,000 425N - 20,000 CHE 2%,10)
= 100,000 0.1110) + 1,000 425N - 20,000(0.0570)
= 23,560 +2SN

For breakeven '

E‘UAC-Euy = EUAC make jors S

qoN = 23,560 +25N N = =&z = 362.§

This indicates Hhey should be bought ot %yyeqr or \ess

Ak ke o, RS e



DEPRECIATION
COMPUTATIONS.

ERERERERRERERRRERRRRRERRE R R R RN RRE R RN AR R AR R RRRRRRRRRRRRER NN 8.1

Some seed cleaning equipment was purchased in 1978 for $8500 and
is depreciated by the Double Declining Balance (DDB) method for an
expected life of 12 years. What is the boeokl value of the
equipment in 19847 Original salvage value was estimated to be
$2500 at the end of 12 years.

O 0020 063000 00 3000 200 00 30 06 00 36 96 0 00 30 36 36 3 06 30 36 00 30 36 36 36 06 96 36 36 6 06 06 36 08 30 36 00 3¢ 36 ¢ ¢/

Bool< Value = P(I-T?r)n
= 8,500(1- %) = ¥2,846.63
This can be checked by doing the year--by—year

¢omputations *

YEAR Dp8

1877 %(®s00 - 0O) = \,416.67
1918 72 (8,500 - 1,416.60)= 1,180.56
19179 1 (8,500-2,597.23) = 483,80
1980 -,%(B,Scao-g,ss\ .03) = Bl9.83
1981 4 (8,500 - h %00 BL) = €83 19
1982 % (8,500 -5,084.05) = 569.32

Peock Value = 8500 -5,653.37 =2 ,64b.63
171
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8.2 FREEERRRE RN RN RN NN R RN RN NR RN RN RRRNRRRRRRRRRERRERRRRRRRARN

=

0w

It is expected that an asset will cost $1750 when purchased in
1986. It is further expected to have a salvage value of $250 at
the end of its five year depreciable life. Calculate complete
depreciation schedules giving the depreciation charge, D(n), and
end-of-year book value, B(n), for straight line (SL), sum of the
years digits (SYD), double declining balance (DDB), and
accelerated cost recovery (MACRS) depreciation methods. Use MACRS
percentages of 20%, 32%, 24%. 16%, and 8%, for years 1 through 5,
respectively.

60000 06 30 08 2000 00 06 00 0 6 30 36 06 30 06 6 06 6 06 06 06 36 36 36 36 36 06 30 36 630 36 30 36 9696 30 30 30 30 96 36 3 30 06 3¢ 3¢ 30 3¢ %% %]

sy 5Y0 DO MACRS
Dy By Dy Bum D By D) Bl
150 1,750 1,150 1,750

300 450 500 1,250 71oo 050 350 |40
300 1,150 Yoo 850 Y20 620 560 Buyo

300 8so 200 550 252 318 W20
300 550 200 350 128 250 280!
3c0l 250 lool 250 0 250 4ol

8.3 RN ERRRERAENAREERRRRRRRRRERRRRRERNRRRRRRRRRRRRRRERRRR RN NN

A pump costs $1000 and has a salvage value of $100 after a life of
five years. Using the double rate declining balance depreciation
method, determine ;

(a) The depreciation in the first year.

(b) The tax write-off in the first year based on a 40% tax riate.
(c) The book value after five years.

(d) The book value after five years if the salvage wasl ‘only $50.

SERRRRRERRRRRRRRRRRERRRERRRRRRRRRRRRRRRERERRARRRRR RN R

a) fate = E.ggi°= Yo% =,4-
1,000 (4) = $400.
b) Write-off for 4ax =uoco
Tax reduchon = leo
4oo(.4) = #160.
) BV. = max.LS.V.} 1,000(.6)°} = max Lioo, 11.76 } * ¥100.
d) Bv. = max.{s.v.; ,oo0(i-.4)° 3 = mas.{sO,ﬂ.‘)b} =*717.76.

4-w
| 40
0
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RRNERRRRRERRRER RN RN R R AR RRRRERRRRRRRRRERRRRRRRRNRRRERRN 8-4-'
A new machine costs $12,000 and has a $1200 savage vaue after

using it for eight years. Prepare a year-by-year depreciation

schedule by the Double Declining Balance (DDB) method with a
switch to Straight Line if appropriate.

BEERERERREREERRRRRRRRRRRR R RR RN R RRRERE AR RRARER
DDB Depr = % (P-Dau)

Yene | z 3 - S e
Depr. |3,000 2,250 1,88 | 266 949 T2

Year | 1 g Total
Derr. | 534 4ot #i0,800

Total Depreciation = #10,800 whanw n=8

ERRARERARRRN R AR RN R R R RN RN RRRR RN RRRRRRR RN RN RRRRRN 8-5

1fl you were to use Double Declining Balance depreciation for an
asset whichl cost $100,000 and had an estimated salvage value of
$5000 and an Syear useful life, In which year would you switch to
straight line depreciation?

B0 002600 3 36 06 00 06 00 0 30 0 06 00 00 0 0 6 30 3 00 30 90 96 96 06 06 0 30 0 00 W 3 0 M M M MMM NN NNNNNNE

REMAWN, 2TRALHT LINE DEPREC,
YEAR DDB DEpRec.  Bookvalle

TR secr yeag
\ %’(loo,oao)v 25,000 75,000 E‘ggi;é‘g? *10,000
2 .25(15000)=18,150 sezso W% = fg sy,
3 ,25(56,250)= 14,063 w288  O'BYg o 4 5.0
4 .25(42,108) =10,S4] 31,641 T':’:‘“/H- = % 4 000
S  .25@Le4)=7d10 23,731 s = % 4204
& .25C23,721):5433 17,798

starting in

year &, convert to straiqrt line depreciation.
year 6 shaiﬂh-i- line depreciation would be * 6,244 vs a
008 methed *#5923.
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8.& EENEE RN ER R RN RN RN RN RN R RN RN RN RN RN RN

Suppose the tax laws are changed in 1989 as a result of the
President’'s new economic policies. One class of property is
assigned a 6-year depreciable life. The depreciation schedule
is based on 150% declining balance switching to straight line,
with a full year’'s depreciation in the first year.

Compute the percentage recovery factors to be applied to the
purchase price for determining the depreciation charge in each

year. Book value at the end of the depreciable life is to be
zero. Round to the nearest percent.

ill!li!illllllll!ill!!ll!Il-llll*!I!li}!lil!***lllﬂﬁ*liq

YEAR  150% Dectining Ball!  S.L. % Recovery FACRR

I L i00%) = 25% —'%-o%_—.nd 250

2 J.“é (100 -25)=19% o159 1 49/,

3 "55(15- 4= 14%(:%‘22 ;f'%’ 4% 4% Total ;
i "‘.:5(56-1-4-): 1% 14%/e | 4% s loo'/e
s 'L (W2-1) = 8% 149s 1 4%

&

2 (31-8) - e"ly \4-fo (4%
Dortt need to compute. Nete +hat DB depreciates| only 83%
oFoﬁﬂ?ﬂa.l value .

8-T| !lil!l!**!*ilil***!*i!!!I-*!}i*!*i****!**!!ﬁ**ii**!*l!i*i***!iﬂ

A piece of machinery costs $5000 and has an anticipated $1000
resale value at the end of its five year useful life. = Compute the
depreciation schedule for the machinery by the Sum-0f-Years-
Digits method.

!l!!!!*l*lﬁliilli!lll--!!i!*I!i*Iii!**l!i!***l&******iIII

Sum-of -years - digits = T(n+) = B (e) =18

It year depreciation = 15 (5,000-1,000) = ‘1,353
2nd year depreciation = 5 (5p00-1,000) = #1061
3rd year degpreciation = & (5,000-1,000) =¥800
th year depreciation = % (5000-|,000)= :'5?:3
S+h yeac dep’&daﬁoﬂ =T‘€:»C'5,ooo -1,000) = ' 2b7]_

*4.000
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*Ill***‘il!ll!lli!liI!i!i*iIIi!!lﬂl*l!ll!!*lll!l!illill!ll!iiq i!_iﬂ

We are considering the purchase of second-hand minicomputer at a
cost of $10,500, with an estimated salvage value of $500 and a
projected useful life of four years. Interest is 10%.

Determine :

(a) Sum Of Years Digits (S0YD) depreciation

(b) Double Declining Balance (DDB) depreciation

(¢} Double Declining Balance with conversion to Straight
Line depreciation

(d) Using present worth analysis, determine the best
alternative between DDB with conversion to SL, and SOYD
depreciation.

JR AU 00 R IR 06000000 060600 00 00 0600 00000000 000000300000 0000 06 30000000 0 0 N

P=10s00| S=500, nz4| {=10%
year| ca)SoYp — (B)DDBl «oDpe/su

I 4,000 5,250 5,250

2 3,000 2,625 2,625

3 2,000 1,212,50 1,212.50

H Liooo| 656,25 812.50
10/ 000 4,843 15 lo,000

ooB/s\| 3yr| 5L =loS00 ~ (5250 +2,625) -500] 1,082 .50
2

bye| 5L = (10,500 - (6,250 +2,625 ¢1,812.50) - 500 = 812.50
|

4) S0YDCPW) = t000(Th 0% W) -1 000, 10%, )
* 4,000 (3.710) -1,600(4.318)| = 8,302
DDB/50(PW) = 5,250 (T, 10”6, 1) + 24625 (Te|ic?h) 2)
¥1,312.50(%;10%0,3Y v 812.50 (7| 10%,%)
25250 C.9041) + 2,625(.826%) +1,312.50(1513)
+812.50 (.e830) @ 6,483.c4
Comparing 50YO i DDB/SL , DOB/oL 15 hest
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8 -9 ERRERREERRRRREBRRRRERRR RN RN R RN RN RN N R R R RRRRRRRRRRRRR RN

A machine costs $5000 and has an estimated sal vage val ue of $1000
at the end of 5 years useful life. Conpute the depreciation

schedul e for the nmachine by
(a) Straight Line (SL)
(b) Double Declining Balance (DDB)
(e Sum O Years Digits (SOYD)

FRRRNRNNNN KNI 000000000 00000000 00 00000660600 200 000 00 00 00 00 06 06 06 00 0 00

o) su - G -Si229= 1000 _ o

L0 = Boo ® S = 4,000
s = 5000 - 4,000 = * 000
b) ODsl = %[P-|ED:.(.+.)]

De Cist ye) = B [s,000 -0] = ‘z, —» *2,000

De (2nd yr): %[S'ODO 20001=%,200 — #),200

De (3rd yr) = 3’“[5000 -3,200]= 4720 —» 720

De (dth yr)“‘s'[saoa-S‘iz.o]- ’4—32 —- * 8o

De (5th yr) - 2 L5 000- 4,352] 259.2 —»
4,611.2 4,000

- 4000,
en.2j

¢)SoYp = zCN-I-I) =2 Cf,)- s
DeCist) = ‘ECS,aao—t,ooo) ¥323

Oc (2nd) = 1% (hoo0) = %,067
DaCBd)";&C*hOOO} =*g00
De CH+h) = " = (4 000) =*533
De (54h) = ;5(4-,ooo’) = #2047

4,000
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B0 0000 0600 00 0 00 0000 00 30 00 00 00 000 00 30 3% 00 00 00 0% 06 30 36 36 90 06 30 96 36 36 00 90 06 3% 3% 90 30 06 0% 36 06 36 3% 3 9 9 30 00 30 06 0 0 20 0 8 10

An asset has a purchase cost of $100,000 and a depreciable life of
10 years,

Part One: Calculate the year 2 depreciation charges for each of
depreciation methods listed below, assuming a zero
salvage value.

(a) Straight Line (b) Double Declining Balance
(¢) Sum Of Years Digits (d) 150% Declining Balance
Part Two:

Caculate the year 2 depreciation charges for each of
the depreciation methods listed in Part

One, assuming
an end of depreciable life savage value of $80,000

ERREARRREERRRRRRRRRRR R RRARERRRRR RN RN RRRRAARRRRRRR

fart One - P
Q) SL=?‘J(P-—0)= H—" z 10,000 +—
b) DDB, = m (mo,ooa) = 20,000

DDB. =16 (100,000 - 20,000) =

= 16,000 &
¢) Soyp = _""o'ﬁ)'

255 3 55 (100,000) 7 b 263 6t +
d) 150% D8, = "3 (100,000) = iS,000

150% DB. * 15 (100,000-15,000) = 12,750 +
Fart Two ¢

a) SL= 1’535 100,000 - 80,000) =2,000 +

b) PPB, = 10(108,000) = 20,000

book value gt year 4wio = 80,000 .- totally depreci
PpBLz=0

c) Soyp = %i'(lmaao - 8o,000) 2 3,212.72 +
d) 150% .--To-i(tao,m)«ls,

150% DB, = 55 L2 t1oo,000 - I5,000) = 12,150 but

Pook value at year 2 would be 72,250
¥+ 150%, DB, = 85000 - 80,000 = 5000
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8.1 1 36000000 00 00 36 30 00 06 00 0 36 30 36 00 36 00 00 30 36 00 36 06 36 00 36 36 98 96 36 36 06 08 06 36 3 00 36 96 36 08 06 06 36 06 06 06 36 0 30 6 06 9006 0% 0% % 2 M)

A used piece of depreciable property was bought for $20,000. |f
it has a useful life of 10 years and a salvage value of $5000, how
much will it be depreciated in the 9th year, using the 150%
declining balance schedule?

A 33008 36 08 06 96 06 3 96 3 3 3 06 3 3 9 3 3 % 3 36 96 3 9 30 3 30 90 06 00 3 06 3 06 6 36 06 0 06 9 96 3 96 3 9 00 NN X

Depr. = t.SE(l 2 L-E’-)n—l: LS (20,000 2(\ L5 - - *817.50
N N 10

msv::&endo? g4 yeac

Bv:= PO-5)" = 20,000 (1-55)° = 5,444 .80

But salvage value is #5000 .. in Qth year you can only
depreciate 5444.80-s,000 = ?449.80. The ¥8\1.50 would
have brmgw\' ¥ below salage value of ¥s,000

8_1 Z 00006 0600000606 0006 06 00 06 96 06 36 90 30 30 36 6 00 90 06 06 36 6 00 96 90 06 30 30 00 20 00 06 36 26 90 36 30 36 30 30 36 30 36 0630 30 36 36 06 36 36 9% 90 06 )

A front-end loader cost $70,000 and has an estimated salvage vaue
of $10,000 at the end of 5 years useful life. Compute the
depreciation schedule, and book value, to the end of the useful
life of the tractor by

(a) Straight Line (SL)

(b) Sum Of Years Digits (SOYD)

(c) Double Declining Balance (bpbpB) with conversion to

straight line if necessary.’

ERRERRERERERRRERERNRNNRRNNRRRARRRRRRRRRRERERERRERERRRN

a) ﬁ-rwgcn-!- line <SL

P-s)4 = C10000 - 10,090)/% v 12,000 per yr-
YR e Bv
1 12,000  70,000-12,000 =S8,000
2 12,000 70,000 - 24,000 = 46,000
3 12,000 70,000 - 35,000 = 34, 00O
4 12,000 70,000 - 48,000 = 22,000
§ 12000 7000065000 12,000

Z 60,000
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b) sum of years digit (SoyD)
SoYyD = %'_'(.Nh‘) s Z(5+) »,5

D =5 (P-S)
Y& e Bv
' Y5(79000-10,000)=20,000  70,000-20,000 *5g000
z 18 (bo,000) =16,000 70,000-36,000 ¢ 34,000
3 %5 (60,000) 212,000  70,000-48,000 = 22,000
¢ Zis (e0,0c0) = 8000 70,000-56,000% 4,000
5 s (60,000 24000  70,000-60,000< Q000

Z = 60,000
c) double dedinmg balance (DOB)
POB = 7 [P- 2D { $3vel]

YR PrP 2y

! %C?o,aoo-—o‘) = 28,cc0 70K - 28,000 =H2 000

2 %5(70,000-28,000) 7 16,800 44,800 7Ok - 44,8C0 = 25,200
3 s (70,000-44,850) = le, 000 54,880 TJok-5%680= |5, 120

4 %5 (10,000-54,680) = 6,048 60,928 7Tok-60,428= T,072¢
5 75 (10,000-60,928): 3,288 45568 TOK - 4,556 8= 5H43.2

"

deprecitted 1o end of useful life means o convert Ho straignt
ling ¢

3yR: De (L) = [BV(Boy)-Sl/RuL =599, - o nueet
< 10,800
4YR: De(5L)= [BV(Boy) -sl/RuL=""""%27"199%Y, = 2,560 /yc
YR PR BV=P-2Dc
| 28,000 70,000 - 28,000 = 42,000
6,800 70,000 44,800 =25,200
3 10,080 70,000- 54,880 = 15,120
4 2,560 70,000-ST,440 = 12,560
5 _2560 70,000 -60,000 =|0,00D0
60,000
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843' BRI AN R RN RN R RN RN RN RN RN RRNRNRRE RN RS

To meet increased sales, 10 new special delivery trucks will be

purchased by a large dairy. Each one costs $18,000. Compute the
depreciation schedule for each truck, by the following methods:

(a) Straight line, declining balance and sum-of-years digits;
assuming a salvage value of $2000 for each truck at the end
of 4 years.

(b) By the Accelerated Cost Recovery System (MACRS) method, if
this property class is depreciable in 3 years, and the
following depreciation rates should be applied for years 1,
2, and 3, respectively: 33%. 45%, and 22%.

HRERRERRRRRRRRERRRRERRRR R R RN NN RN RN RN RR RN

@) - Straight{line/
Depr| Chargel =37 (P-S) = & (18,000-2,000) = 4,000 ¥/jead
-Double declining balance .
Depri eharge| = Fr(Book Value) * & (Book| Value) = £ (ks Value)

Year “ﬁ“ g'gen D’%ﬁﬁq&m M&“ Aﬂtg\-ﬂ

| 18,000 9, 000 9,000

2 9,000 4500 4/500

3 % ool 2,250 2,250

4 2,250 125 1, 125 %

id 19 lower +har the S value J 1n cti
* -';j-hofﬁ :Jho‘fld:l nlcr*'bel permissible| “ PRelin
- Sum - of - Years digits "
Depreciaﬁon dnargm = ot Mg T “{E (P-3)
syoD —* 3 (N+1D
(N = £ (44D =10

vear 5200
/ 75 (18,000 -2,000) = 6,400
2 75 (16000) =H4,@c0
3 76 (16,000) = 3,200
o 72 (16,000) = 1,600
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b) by MACRS
Wear. ___ Depreciation|

| 0.33 (18,000) =59 4%0

2 0.45(18,000) = 8,1 09
3 0.22 (18,000)=3,960
4 ol

B0 30000 30069006 96 366 00 3606 360 96 30 3096 3000 30 3 36 336 06 3 06 606 06 96 06 0 30 36 00 9 00 30 00 00 96 36 96 36 36 U6 0 3 00 0 06 06 0 NN 8_1 4

A lumber company purchased a tract of timber for $70,000. The
value of the 25,000 trees on the tract was estimated to be
$50,000. The value of the land was estimated to be $20,000. In
the first year of operation, the lumber company cut down 5000
trees. What was the depletion allowance for the year?

00000 000000 0 00 0000 D6 0RO 06 00 08 06 00 06 30 00 30 0 36 06 0 06 06 3 36 3 0 36 3 06 06 30 36 9 9 30 30 30 30 00 3 0 0t 3 M

For standing timber only cost depletion (notl percentage depletion)
is permissible. 5,000/25,000 = 0.20. Thus 1/5 of the tract was
depleted. Land is not considered depletable, Only the timber,
which is valued at a total of $50,000. Therefore, the first
year's depletion allowance would be

0.20($50,000) = $10,000.

HEERERERR R e oaas. 8.1 5

A stamping machine cost $9000, has a useful life of 6 years, and
an estimated salvage value of $1500. Using double declining
balance  depreciation, compute both the depreciation schedule and
the book value for each year, Make the conversion to straight
line depreciation if this is advantageous.

RRERRRRRREERRRARRRRRRRRERERNRERRRRRRRR SR RE R RN R RERRIRER

YEAR DEPREciaTioN Prox VALULE

0 9,000 pep. = £ (B v)
! 4 000 6,000
2 Zo00 4, coo
3 ,333 2,667
4 seq l, 778
5 5% 218 LIBS 1,500 + Bock value| can
b & 1,500 not drop  below

:‘-alva.ge. value.
Pepreciation stops.
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8__]-6 HRREN NN RN NN RN RN R RN R NN RN RN RN N RN RRRRRRR RN RN

A machine was purchased two years ago for $50,000 and had a
depreciable life of five years. The owner is considering an offer
to sell the machine for $25,000. For each of the depreciation
methods listed, fill in the table below to determine the
depreciation for year 2, and the book value at the end of year 2.

Depreciation End of Year 2
For Year 2 ‘ Book Value

Sum-Of-Years I ‘
Digits (SOYD) | |
I
\

I

|

Stright Line !
(SL) I I I
i

\

Double Declining \

Balance  (DDB)Y | I |
| | i

Accelerated Cost | I I

Recovery System | I I

(MACRS) | I I

B0 02O 00RO 0000300 0020303 0000 30 00 0000 3036 30 00 90 0 00 30 30 30 00 00 30 30 90 00 30 90 06 30 0% 0 9 00 9 6 00 M N

Depreciation End of Year 2

For Year 2 Book Value
Sum-Of-Years I _ I
Digits  (SOYD) : 13,2333 | 20009 |
Stright Line ! I \
(SL) ‘ | 0,000 i 2o, 000 |I
Double Declining | \ |
Balance (DDB) | 12,000 l 18,000 I

I
Accelerated Cost | I i
Recovery System | 24,000 i
(MACRS) | 16,000 || ! :
WQH‘ Line :

depreciation - M(P-S) = Js"(So,om-O) 10,000 per year

cumulative depr. = 20,000

book value = P - Curmm.depr = $0,000 - 20,000
SovYD :

Soyp= =15

depreciation yc.| = £ (50,000) * 16, 666. b

depreciation yr.2 = ‘.%- (50,000) =3, 333, 33
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cumulative depr. = 30,000

book value = 50,000 - 30,000 = 20,000
po8 :

depreciation year | = ’ﬂ'(ank Value) = % (50,000) = 20,000

depreciation year2: : 5 (50,000 - -2000) = 12,000

Cumulative depr. = 32,000

book value = 590,000 - 32,000 = 18 000
MACRS:

depreciation year| = €20%)(50,000) = 10,000

depreciation year2 = (32%)(50,000) = 16,000

eumulative depreciation = 24,000

book value = 50,000 — 26,000 = 24,000

HENRRERERRERRRRRNRRERNRRNERRRRRRNRRTRRRRRRRRRRRRERRR BB RED RN 8_1 ﬂ

In the production, of beer, a final filtration is given by the use
of "Kieselguhr" or diatonaceous earth, which is conposed of the
fossil remains of minute aquatic algae, a few nicrons in diameter

and conposed of pure silica. A conpany has purchased a property
for $840,000 which contains an estimted 60,000 tons. Conpute the
depreciation charges for the first three years, if a production
(or extraction) of 3000 tons, 5000 tons, and 6000 tons are planned

foryears 1, 2, and 3,respectively. Use the cost-depletion
met hod, assuming no salvage value for the property.

EREEEERERERRERERRRRRRERRRRERRRERE RN RN AR RS E R RS EE S

Total diatomaceous earth in property = 60,000 tons
Cost of oper‘fy > *640 ooa

Then , dgalehm allaogeje = 14 $/jon

40, ooa-fons
4ons of diatomaceous %frecmhm
—facth extvacied cHarge

| 3,000 3,000x 14 = ‘*ll-z,ooo
2 4,000 H,000x (4= =’4.':1:;_,00:9
3 5,000 5000;:4: ﬁo,oao
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8.1 & B 96000 30 00 36 06 06 30 0000 06 08 96 06 96 96 0600 06 3 3 0000 00 0 R MU MNE NN NN NN NNNRNNNN NN

On January 1 you purchase a production press for $10,500. The
press has a b5-year useful life and a $500 expected salvage value.

PART 1. Compute the vyearly depreciation using:

(a) Straight line depreciation

(b) Sum of years digits depreciation

(¢) Double declining balance depreciation

(d) Double declining balance depreciation with conversion
to straight line

(e} Accelerated Cost Recovery System depreciation, based
on the b5-year property class and MACRS percentages of
202, 32%] 24X, 16%) and 8% respectively

PART, 2] If the estimated salvage value was $1000, rather than
$500, what would the DDB depreciation be in year §?

PART 3. The MACRS depreciation percentages are based on DDB in the
early years. Why then is the MACRS method first year’s
depreciation so much lower than when using DDB?

B3 3 06 3 36 06 06 36 3% 96 96 9 36 90 3 3 I 3 96 96 6 36 30 3636 30 96 2096 6 30 36 363 06 30 36 06 0 06 6 30 36 00 30 30 o0 36 06 36 %0 3

PART]
o) StraighH line - +

annual depreciation| chamge = W**@m
b) Sum of ears -

dngiH Z(s+1) =18

lsH year ('?;Cfo,soo Sc:oj =%3 333

2nd Yea 2 1 CI0,0&O)"I 2,567

3rd year '1-?5| Ci0,000) 2%2,000

444 year 13 (I0,000)'I * 35ﬂ

St year = 7€ C10,000) = Yo7

¥ 0,000
¢) Doublel Dec.\mm Balance -
\sH year = 10,500 = ¥4 200

2nd year] = -goo sc0 - 4 q_oo){ v*g_ szo|
3rd year]* 3 (e300 =2,520) = *),512
44 year= ‘E (3,18d -,512) = *"?07
5Hi year = % (2,268 - 907) = * suy
d)Double Dedinin3| Balance witrl Conversion +ol
S+raign+ Line -
In method <c) +he nernaia.‘mj book. value at end
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yeac S would be *811. This is greater +han
the estimated *sco 5alva9e, value, and clear'ly
conversion to straignt line is warrented in
4he yaac when Si'r'aiqh-i' line depreciation of
the remaning “back. value” would pe grea-ier"
+than the DVD’QB depreciation.

STRAI&GHT LINE

YEAR DPPB DEPREC Book VALUE
! ’LI-,ZOO ;6,500 {6,300 "509)/_‘_ "‘;%
2 2,520 3180  X180-S0), . 4 M3
3 1,512 2,268 €2/268-500) = ¥y
i 407 1,361 i adaian P, SO
s sy

Conversion 1o :d'migh-l- line depreciation in year
5 weuld provide an ¥ge\ depreciation allewance
which is greater than the *swt sum of years

digis depreciation allowance. For years -4 it
IS more advavﬂ'agws to continue using DDB.

e) MACRS -

year | = .20(10,500) = #2100
year2 = .22 (i0,500) = ¥3,3c0
years = .24 (10,500) = 4’2,520
!,'aartl- = .16 (l10,500) = 4 ;,bso
years = .o08C10,500) = ¥ guo

SL So¥p  ppE peBw/sl. MACRS

YEAR
[ 2,000 3,223 4,200 4,200 2,100
2 2,000 2,667 2,520 2,520 3 3t0
3 z,000 2,000 1,512 L S12. 2,520
4 2,000 |, 233 907 901 1,680
=1 2,000 66T 544 26| a4o
PART 22

The beok. value at the end oF year 4 would st
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be 1,261, Therefore in year 5 #z6) depreciation
allowance weuld be allowed .

PART 2+
The MACRS deprzciaton schedule assumes the
property was acquired in the middle of the
first year

E;zlsa F 030 3000 0000000000000 300020 000006 30 3000 00 3006 662 2 0E IR R IR0 D0 R N

Given the following two depreciation schedules, determine which
one is best. Use an interest rate of 6% per annum.

Year SOYD DDB/SLI
1 $16,0004$19,000

2 14,000 14,250

3 12,000 10,688

4 10,000 8,015

5 8,000 6,012

6 6,000 4,678

g 4,000 4,678
2,000 4,678

$72,000 $72,000

00000000 002000 000006 06 000000 00 00 30 0096 00 08 90 06 06 6 3696 0 96 06 06 0696 06 96 90 36 36 96 36 06 30 06 06 96 36 36 36

The ™"best" depreciation schedule would be the one that depreciates
the asset most rapidly. More precisely, it is the depreciation
schedule whose Present Worth is greatest.

Soyp !
Pz16,000 C%,b’/o, 8) - 2,000 (%6, 6%,8)
< 1b,000(621) - 2,000(19.842) = 59 676
DOB/sL:
P =18,000 CYE, 6%, \) +14,250 Cp/ﬁ 6‘79,2)1-!0,68&0757, 6%, 3)
+2,015 (O 6%, ) +6,012 (T, 695,5) + 4,618 (%, 6%, 3X(OF 6%,5)
219,000 (.qu31) + 14, 250 ( Beo) +10,688 (.8396) + 8,015 (1921)
Y6O1L( H13) +4,678 (2.613)C.7473) = ¥59, 766 45
7+ choose. Double Declining Balance, with conversion +o
shraight line
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HERRRRRERREERERRERBRRRRRRRRRRRRRRRERR R RR RN ARERRRR R 8.20

Given two depreciation schedules for a small microprocessor, which

method of depreciation should be selected, based upon i = 1299
Year DDB SOYD

1 $333.33 $285.71
2 222.22 238.09
3 148.15 190.48
4 98.77 142.86
a 98.77 95.24

98.76 47.62

PRI R UEIE R EIIOR RO NN NN

A firm wants to depreciate its assets as rapidly as possible. In
situations where the choice between methods is not obvious, then
computations are required. Select the depreciation method with the

largest Present Worth of depreciation charges.

D% YR DPB %,J 12%,n
w/eonv. SL V7 333, 53‘ x .8929 = 29763
222.22 x .1912 177,18

2 =l
3 148.15 x . T118 s | 05.45]
4 98.7T1 x .6355 = 62.77
s 9837 x  Sem™ = S56.0%
b 9878 x 5066 = _S0.03
1,000 .00 744, 07
Soyo YR 2ovD a2k o
| 2857l « 8929 = 25511
2 238.09 <~ .7972 . 184. 80
8| 19048 «x .T1g = 135.58
4 142.64 =« .6355] = 90l74
5 9s5.24 *  .S674H = 54 o4
6 47,62/ x .S066 ¢ 24 12]
1)000.00| _749.44

‘s Select SOYD
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8 21 E222223322 2222333222322 2222222 2222222 bl 2t Aty Ed ]
n

Adventure Airlines recently purchased a new baggage crusher for
$50, 000. It is expected to last for 14 years and have an

estimated salvage value of $8000. Determine the depreciation

charge on the crusher for the third year of its life and the book
value at the end of 8 years, using sum-of-digits  depreciation.

3396 36 36 3 36 9 36 3 6 % 3 3 3 3% % 36 3 3 3 I 3 I I I I 36 I 3 I I I I I K I I I I I I I I I I K 26 64

(&) SOYD depreciation for 3rd yeac.

Sum of Years di6i+s = 'ni(.m—\) = % QU4 +V) =08
by N remdlf_\\f\g '.
3rd year depreciation = peginning”of veac (P-5)
€ years digits
12
= T65 (S50,000-8,000) = {,©00

() Pook Value atend oFf 8 years

11 ¢l O+q+B+
L2+l +l0+9+8 1(50' 2 3)

2 8 years of depreciation * oS

= 1ok (42,000) = 23,00

Book Value = (Cosr - Depreciation 4o date = $0,000-23bc0

= 16,400
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HERRRERRRRRRRRRERRRRERRRRRRRE RN AR RRERNRRRE RN RN NR R NRNRN 9-1

Municipal (government) bonds are tax-exempt securities, that is, a
taxpayer who owns a municipal bond pays no federal taxes on the
bond. As a result, investing in municipal bonds is often
attractive to taxpayers who have high federal tax rates.

Assume a taxpayer is considering the purchase of either a
municipal bond or a corporate bond (which is subject to taxation),
both of which are summarized below. Assume his Minimum Attractive
Rate of Return is 8% after taxes and that the taxpayer's (federal)
capital gain tax rate is 40% of his (federal) income tax rate,
that is, d4 = 0.4d) What would the taxpayer's (federal) income
tax rate, %,l have to be for him to be indifferent in choosing
between the two bonds? Assume interest payments are made
annually. Ignore state taxes.

Municipal Bond Corporate Bond

Face Value (Denomination) $5000 $5000
Market Pricel 3770 2010
Annual Interest Rate 6% 10%
Maturity 10 yrs 10 yrs

B0 0000000000000 0006 0006 00 36 0000 0000 0606 0 060606 06 30 00 36 36 06 30 08 30 36 9 00 06 9% 36 00 30 96 9 96 06 3 0% % 0 ¢ el

Any measure of worth could be used. The solution

here sets the net present values equal Ho each other

then solve for d.

- 3,770 +0.06 cs,oao)ot%, 8%, 10) 15,000 CYF, 8%,10)

= -2p10 + 0.1(5,000)(1-d)(7A ,8%,10) + 2,010 (VF, &%, 10)
+(5,000-2,010) | -.4d) (TF, 8%, 10)

558.99 = 3,661.01 - 330%.02 d

e 189
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s’.:! FRERERERERNRNN RN RN RN R RN RN R RN

A tool costing $300 has no salvage value, Its resultant cash flow
before tax is-shown bel ow.

Ef fect on Effect on

Cash Flow SOYD Taxabl e Cash Flow Cash Flow
Year Before Tax Wite-OFf [ ncome For Tax After Tax
0 | -$300
1 +100
2 +150
3 +200

The tool must be depreciated over jyears according to the Sum Cf
Years' Digits nethod. The tax rate is 50%

(a) Fill in the four columns in the table,

(b)Y What is the internal rate of return after tax?

066000600 00 30 00 00 3006 0 0606 0036 06 36 0000 26 06 3630 30 00 36 36 06 06 06 06 96 36 96 36 6 06 06 36 3 30 30 90 36 90 06 36 06 36 0 2 3|

a)
Effect n Effect on
Cash Flow SOYD Taxabl e Cash Fl ow Cash Flow
Year Before Tax Wite-Of | ncone For  Tax After Tax
0 - 300 - 300
\ 4 (o0l - |50 - 50 +2.5| +125]
2 +\150 -100 + 50 -25 +128
) + 200 - 8o +180 -5 +12.8

B) NPWar = -300 +125 (A, i%,2) =0
(gleinm’ﬂ5> s %gﬁé =24
IRR =L 212% (= 12.05%)

9.3 FERERERRERRRRERFERERRRRRRERRERRRRERRRRE RN RERR RN RN RRRRRRNR R

Pete put $10,000 in a fund that paid him $250 every three nonths.
Because of changes in the tax laws to close certain | oopholes, the
fund was liquidated at the end of 3 years and Pete received
$12,000 as his share, in addition to the normal $250 paynent.
Treating the $250 as taxable income and the $2000 as a capital
gain (taxable income = 40% of capital gain), what was Pete's
nom nal annual after-tax rate of return (that is, with quarterly
compounding) if his incremental incone tax rate is 38%% Assume
the taxes are paid when the noney is received. Hnt: To find an
i for the first try, use (P/F,i,n) =] P/(Fl + nA)l

ERERERNRENREERERRRERRRERRRRRRRRERRRERRRRRRRRRERRRRRRERN
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Quarter BicE Tox.Inc, Taxes ©38% ATcE

o -10,000 o

’lo,om
-2 250 250 a5 1S5
S 12,000 oo 3oy h,e96
NPW =185 c%\, by 12) + n,eﬂeCP/F, L,12) -10,000 =0
Trial C: CVF,ll,l'J.)% —l2020 __ _ 0138 Fom tables
1,646+ 1208S) = 2% %

Tey c=2¥2%:  185¢10.258) + 11,696 C0:1436) - 10,000 = 2€7
Ty i=2% : 15504954 +\|, 696 Co.1014) - 10,000 = -25%
. ﬂ '

Lz 2tk + Yo GGETezm) = 2.17%

Nominal Anfual Rate = wx 277 = 119

BT 03000 00 00000 00006 00 00 0 00 06 0000 06 000 3036 00 06 00 20 00 0000 06 00 30 00 2090 00 00 30 00 36 00 00 00 00 0600 96 90 90 30 00 00 06 0 0 00 06 0 s;"u

A company, whose earnings put them in the 46% tax schedule, is

considering purchasing a piece of equipment for $25,000. The
equipment has a straight line depreciation, a useful life of 4
years and a salvage value of $5000. It is estimated that the
equipment will increase the company’'s earnings by $8000 for each
of the 4 years. Should the equipment be purchased? Use an
interest rate of 10%.

ERRRERRRRERERRR RN RRRR RN RN RRR RN RN RN RN N NN

Year  BTCF  Depree, DTI  46%OIT ATCF

o -25,000 o -25,000
! 1 8,000 5000 3,000 L3A8e 6,620
2 + 8,000 5,000 + 3,000 1,380 6,620
3 + 8,0c0 5,000 t 3,000 L, 380 6,620
4 ¢+ o000 5600 + 3000 |, 380 6,620

+ S,000 - 5,000

A Depr. = % (25000 -5,000) =*5,000

Find net present worth @ if >0 then good deal
6,620 (A, 10%, %) +5,000CHF,10%,4) -25 0coo =7
6,620(3.170) +5,000(. 683) - 25,000 = -0 < O .
Do not purchase equipment
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Agra Conpany is considering the construction of a certain
facility. The facility will cost $1,000,000 to build. Its life
and salvage value are expected to be 25 years and $100, 000,
respectively. Agra estimtes the net income will be $200,000 per
year for the first 19 years, and to decrease thereafter at $20, 000
per year.

Agra will use a Mninum Attractive Rate of Return of 12% after
taxes, an income tax rate of 46%,) a capital gain tax rate of 28%,
and a | o-year recovery period.

VWhich is the nore economically advantageous depreciation schedul e
to use for this investnment, the Accelerated Cost Recovery System
(MACRS) ori Straight Line (SL) depreciation? Show how you reached
your decision. For MACRSuse 8%, 14% 122, 10%) 10%) 10%, 9%,9%,
9% and g%, for years 1 through 10, respectively.

BN 6260000 06 00 36 3 0 26 0606 06 36 2606 06 06 06 36 3636 36 36 30 30 36 06 06 36 06 06 96 06 06 36 3 96 96 06 36 3 3 3 % %

By inspection we would expect that MACRS depreciation would be the
preferred  nethod. But the problemasks for some proof,

To answer the question we do not need to performa conplete after-
tax analysis, including all the cash flow information. W only
need to consider the tax savings using either depreciation
schedul e. The Net Present Value (Worth) ofeach would be

= 46 (B, .12, 0) 414 (T, 12,2) 412 TF .12,3)
e +ioA, .12 ,55(%, 12,2) +‘;C%,.l?., W, 12,0)]
=%26.58
NPVs. = .4&(10)(174&,.12.,10) = %2544
The MACRS percentages would be more ecoriomical.

s’.e‘ EERRERRRRENRRRRRRRE RN RN RN RN RN RN RN RRRRRA RN NN

The Tax Act of 1982 pernits taxpayers who claimthe Investnent Tax
Credit (ITC) to either (1) reduce the ITC fraction from 0.10 to
0.08 and depreciate the full first cost or (2) claimthe full ITC
of 0.10 but depreciate only the first costless one-half the |ITC
(dollar anount) clained, If a taxpayer, whose Mninum Attractive
Rate of Return is 0.10, was considering the purchase of a
qualitying asset with a 'j-year recovery period, what is the
maxi num inconme tax rate that would make him indifferent between
the two | TC choices above? Use either straight-line depreciation
or the Accelerated Cost Recovery System (MACRS) percentages, which
are 1, 15%; 2, 22%: 3, 21%: 4, 21%; 5, 21%.

SRNNRERRERRERERRRERRRRERRRRRRNRRRRERRRRRERRRRRRR RN RER
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Onel could solve the problem by assuming a hypothetical numerical
example. The particular numbers would be irrelevant since they
would cancel out. In the solution below FC represents the first
cost of a qualifying asset and d the income tax rate. The
solution uses straight line depreciation. The answer for MACRS
percentages is also shown.

choice | choice 2 choicel 1-2
t tx  vgs) g +ay svas
o .08 FC .10FC -.02 F¢
r-5 L20()FRE L2Cd)CFE-SG) R +.01d¥Fc/

NPV =0= -.028¢ +.o01dpc (YA ,10%,S)
d = 0.528 \{ sL used
d = 0]/ 833 if MACRS ysed

T3 06 0360020000 06000606060 00 N6 0TI g-ﬂ

A company is considering the purchase of automatic equipment to
improve productivity. The equipment costs $40,000, has an
estimated life of 10 years and zero salvage value, and qualifies
for the investment tax credit (ITC),) The company will elect an
ITC of 8% and depreciate the full first cost. Thel company’s state
income tax rate is 0.10 and their federal income tax rate is 0.48.

The annual disbursements (before taxes) for operation and
maintenance are $14,000 per year. If the company uses Straight
line depreciation, and a S-year] recovery period, what minimum
annual receipts (before taxes) must the company have to justify

the equipment? Their Minimum Attractive Rate of Return (MARR) is
15% after taxes.

HEERRRERRERRRRRRERERERRR RN RN RN NN RN RERREERNN

Thel minimum annual after tax cash flow A @quired

o eam 1894 is NPV= O < -3b,000 4 ACPA|15%)] 10) thug

A = +7,113 for t=1,:] 10 Becausel A'Cl-d) +dD = A

wherel A’ is the annual before tax cash flowl and D

thel annual depreciation , specifically , d = . 1 4 €A/ 40) = 537

and D = 4o,000/8 = gooo fwr t=1,..:,5] So

A= ({7,173 (DA ,15%,10) —. 532 ¢ 8,000)( VA ,15%,53) (B, 15% 10Y/L 1 -. 532)

A =2,252 and +he minimum annual receipgts befocel

taxes R' mu& be Al=R' =« 14,000, R 4 14,000 +9,252
523,253
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By purchasing a truck for $30,000, a large profitable company in
the 50% income tax bracket was able to save $5000 during year 1,
$4000 during year 2, $3000 during year 3, $2000 during year 4 and
$1000 during year 5. The company depreciated the truck using the
Sum-Of-Years-Digits depreciation method over its four year
depreciable life, while assuming a zero salvage value for
depreciation  purposes, The company wants to sell the truck at the
end of vyear 5. Assume that capital gains/losses are
taxed/refunded at a rate of 28%] and assume that the truck
qualifies for a 10% investment tax credit.

What resale value will yield a 12% after-tax rate of return for
the company?

J 00600 3606 30 36 3030 060008 00 36 06 00 00 00 00 00 30 6 30 30 00 30 06 3006 36 30 96 3 36 36 36 3 38 3% 30 36 30 00 00 00 00 06 06 06 30 30 06 N

; (s)
Depreciation 2 SoYp = £>=10

YEAR SoYp Mc«ah on

| "']fo(ao,ooo—-o) = 12,000
2 3o (30, 000-0) = q, coo
3 %o ( 20,000-0) = 6,000
¢ Yio (30,000 -0) > 3,000

ATCF Caleulations ¢ TaxA 3 y g

YeAR BTeE  Sepe TAX ATCE
0%
o ~30,000 = “+ay credit +5_,ooo - 27,000
) 5000 12,000 - 7,000 +3,500 8,500
2 %000 qo000 -S5000 42,500 6,500
3 3,cc0 6000 -3,000 +(,5c0 4,500
s 2,000 3,000 - 1,000 + 500 2,500
s {!,aao - 1,000 - Sco Soo
ital gains of
R = R et ! | =IO .72R
Solve foc R :

29,000=8,500(7A, 12%, - 2000(Z4,12%, 4500 + 120X F %)
27000~ 8,500 ( 3.037) - 2,000 (%.12T) +(S00 + . T2ZR) (. S6TH)
27,000 = 17,844,2 + .408528R

R= JI155.8 - 22,41.68
R -Y -
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As an investment, a large profitable corporation, with an
incremental tax rate of 461, purchased a tract of land with
several buildings for $1,000,000) All the buildings but one,
valued at $40,000, were demolished. This building was rented for
storage. Straight line depreciation was used with a depreciable
life of 100 years. However at the end of 5 years, the building was
demolished and the land sold for $2,000,000 to a land developer.
During the five years, no taxable inoome was attributed to the
property because the rental income exactly equalled the property
taxes and depreciation. The corporate capital gains tax rate is
28%. What was the after-tax rate of return?

FRERRRNRE RN RRNRNNRRRRRRRRRRRNRRRRRRRRARRRR RN R RN

Near BTcE ‘P%'m : | ﬁglirecl “Taxesic. ATer
0 ~1,000k ~L,000K]|
1-5| Yk+7 x® #000| o ol oo
S 2,000k 282K 1,718K]|
Land

Thitial Land Value = 1,000,000 - 40,000 = ¥4e0,000
Fna\ land Value = 2,000,000

Capital Gain 2 2,000,000~ 4b0,000 = |,040,000
Taxes on Gain =0,29 % \,040,000 = ‘z‘n'-zoo
Building :

Bock Valué = 40,000 - Sx 4,000 = ’20,090

Sale Price = © CBuilding demolished)

Ordinacy loss = Book Value - Sale frice = ¥20,000
ﬁxﬁaw'mjs = 0.4b x 20,000 = 9,200

Teta\ Taxes = 291,200 -4,200 =%282,0c0
NPW = 4,000 (YA L, S) +1, 118,000 (7 L,5) -1,000,000 =0

For i= 2% 3.bos o.5614% =-10,787
For ¢ =1\0% 2.14( 0. 6204 = 81,870
Lei10+2 1,870 = 1.8%

1,870 +i10,787
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A large company must build a bridge to have access to land for
expansion of its manufacturing plant. The bridge could be
fabricated of normal steel for an initial cost of $30,000 and
should last 15 years. Maintenance (cleaning and painting) will
cost $1000/year] If a more corrosion resistant steel were used,
the annual maintenance cost would be only $100/year, although its
life would be the same. In 15 years there will be no salvage for
either bridge. The company pays an income tax rate of 48% and
uses straight line depreciation. lgnore the investment tax
credit.

If the minimum acceptable after tax rate of return is 12%, what is
the maximum amount that should be spent on the corrosion resistant
bridge?

ERREERRRERRREERERREAARRRRRAR AR R R R R RN R R R RRERRRRRRRRRNN

Steel CA)
Year BTCF Degrec. Tax.Irx, Taxes@ugh ATCF

o ~30,000 - - -30,000
1-18 -L,000 Zo0O - 3000 - L4$H0 + 440

S o = o o o

i [4-)

Year BTcF Deprec.  Tax.Ine. Tares@u48% ATCF

o) -P - - - -P
-5 =100 77:5 —m—?:s 48 -0,022P) -52+0.022P

S o] “ o o o

NPWa = NPWe for brazakeven

HHO (T, 12%,15) - 30,000 = (-S2 +06.032P)( VA, 12%, s)-P
4o (6.811) -20,000 = (-52+0.032FP)(6.81\) -P

-27,003 =-25% +0.2187 - P

P = 21003 -354 _ %34 018

=216
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A company has purchased a major piece of equipment which has a
useful life of 20 years. An analyst is trying to decide on a
maintenance program and has narrowed the alternatives to two.
Alternative A is to perform $1000 of major maintenance every year.
Alternative B is to perform $5000 of major maintenance only every
fourth year. In either case, maintenance will be performed during
the last year so that the equipment can be sold for an estimated
$10,000. If the Minimum Attractive Rate of Return (MARR) is 18%,
which maintenance plan should be chosen?

The analyst computed the solution as:

Equiv Uniform Annual Cost, = $1000
Equiv Uniform Annual Costy = $5000(A/F,18%,4) = $958.95
Therefore choose Alternative B.

Is it possible the decision would change if income taxes were
considered? Why or why not?

RRRRARANEENRR RN R AR AR RRRRRRRARAENANRRRRRRRRRRRRN SN

No. Both cash flews, which distinguish between he

alternatives, weuld be reduced by the same percentage

Cie. faxes) So EUACA> EUAC would still be true. 1§

we assume a US% tax mte, for example, Hhe computations

are as folows ;

AHernative A - Year mg@ﬁ?w" M m
-4 - 1,000 -hooo  +ysSO™ -550

BUAC, = g50 i
Al Hve B- Year Befor Tax xabtle Inc:;\e Ader ax

-3 =] o o o
o -5,000 -5000 t2250° -2,750
EUACE = 2,150 (A, 18%,4) = 527.2
= where + sign mdicates a decrease in income faxes.
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An unmarried student earned $5200 during the year. The student
claims one $1000 exemption and estimates itemized deductions of
$2600. If single people are automatically allowed $2300 of
deducations, what is the student’s Federal Income Tax?

Tax Rates:
Taxable Income Tax is
Over But not over This Plus percentage Over
$2300| $3400 $ 0] 14% $2300
3400 4400 154 16% 3400
4400 6500 314 18% 4400

0020000 3030 0030003030 3000 303030 00 0036 30 00 30 00 30 30 30 30 00 00 30 0 30 30 30 90 06 50 30 6 30 0 30 30 00 30 36 30 00 00 0 3k e

Adjusted Jross Income ¥5 200
Exemption - 1,000
Tremized deductions (2,000 - 2,309) -  3oo
Taxable Income #3900
Tax

IS4 +16% 3,900 - 3,400]
z 15l 3 ,1b(S00) = ¥234)

S)le; FREERRARE NN RN RR RN RN RR RN R RN R RN RN RRRRRRRRRRRRRE RN RN

An asset with a five year MACRS* life will be purchased for
$10,000. It will produce net annual benefits of $2000 per year
for five years, after which it will have a net salvage value of
zero and will be retired. The company’'s incremental tax rate is
46%. Ignore the investment tax credit and inflation, Calculate
the after tax cash flows.

*The annual percentages to use are 15%| 22%) 21%) 21%) and 21y for
years 1 through 5.

BN NN RN RN RRRRRRERRRRRR NN RRRRRER AR REN

TAXABLE CASH FLoW  AFTER TAX
EQYy  PTcF  SYRMACRS racoMe  Fop TAXES  CASK How

0 -10,000 -10,000
\ 2,000 1, S00 500 ©230 1,770
2 2,000 2,200 -2¢c0 42 2,092
3 2,000 2,100 -100 4 2,046
4 2,000 2,100 -100 Ho 2046
S 2000 2.100 e =) | 2.0ub
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Five years ago a lawyer bought an antique car for $50,000 as an
investment. He has just sold the car for $70,000. The| lawyer is
single and has a taxable income of $50,000 from all income sources

other than this investment. Antiques can not be depreciated. A
portion of the appropriate tax table is as follows:

If Your Taxable Income Is Your Tax lIs
Plus Following
Over But Not Over This Percentage Over This|
$41,500 $55,300 $10,319 42% $41,500
55,300 81,800 16,115 48% 55,300
81,800 28,835 50% 81,800

(a) How much profit did he make on the sale after the required
taxes have been paid?
(b) What was the ter tax rate of return on the investment?

FRERERRERE RN R RN RRRERRRRNRRREER R RRERRRERRRERRRERRN

@) Incremental Tax Rate = 42% of next #5 300, then 48%
Cari‘bal &ain = Sale Frice - Beok Value =70,000 - 50,000 =*20,000
Taxable Inome. = 40% of Capital Gain = (0.4)¢20,000) = *goco
Taxes = Co.42)($,300) + (048X 8,00 -S,300) = ¥3 522
Péter Tax Pofit = (10,000 - 3,522) —50,000 = ¥16, 478

b') 4 '““; 18

RIS - (.Fﬁ" 5"1"&';1&'5.3
l ' 2 3 4 § t So,000 = -3296

50,000 L=6+C) @g_u_m)ss_&b:&

1.238 ~.276

FEEEERRROE RO ool 045

A state tax of 10% is deduotible from the income taxed by the
Federal Government (Internal Revenue Service). The Federal tax is
40%. What is the combined effective tax rate?

BRI RN RN RN RN RRRRNNRN RN NN N
ET. =S+0-9)F

= . "‘(l"'-l).‘l‘
A+ =, 14,38 =. 46 = 4uPe
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A small oil company, in the 50% income tax bracket, bought an oil
well for $1,000,000]/ Operating expenses (including labor costs,
maintenance, utilities, etc.) are $500,000 per year plus $5 per
barrel of oil pumped. A geologist calculated that the well

contains 900,000 barrels of very low grade oil. The company
expects to pump 300,000 barrels in”year 1, 200,000 barrels in year

2, and 100,000 barrels in year 3. (It is not known yet what the
pumping schedule will be for any year beyond year 3.) The company
expects to sell the oil for $15 per barrel.

The company also purchased some oil pumping equipment for

$2,000,000 and plans to depreciate the equipment using Accelerated
Cost Recovery System (MACRS). This equipment is in the five year
property class (applicable percentages are 20%,) 32%, 24%] 16% and
8%, respectively, for years. 1, 2, 3, 4 and 5). The corn pany
expects that the equipment will have no value at the end of its
depreciable life.

Assuming the oil percentage depletion allowance is 15% and that
this oil well has a zero salvage value, calculate the cost and
percentage depletion allowances and the after-tax. cash flows for
years 1, 2, and 3 only. For each year be sure to use the
depletion method that vyields the largest deduction for that year.
Fill in the table below.

Percentage cost After-Tax
Year Depletion Depletion Cash Flow
1
2
3

RRRRERRERRERRERRRRRRRRRRRERRRRRRRRRRRRRRRRRRR RN RNN

YEAR a 2 3
Bbl Zoo K 260k (00K
Tncome - ¥15/8b! 4,500k 3000k ¥1,500k
Expenses - #500 +%5/8p #2000k *i,500k #1000k
MACRS depr.’ $uook % edox * Hgok
Before Depletion Taxable Inc, *2000k  *gox * zok
15% Income fe5x  Puymx ¥ 2251
50% Limit ¥l osok  *usok *iok

Allowabie % depletion $¥.5¢ *uazok  *i0k

Cost depletion allowance. > *2333Kk  *2222k 4Tk

Degletion allowance used * *o1s«  HBok  INTK
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YEAR | 2 k-
Taxable Inc. ¥ 425k tueok  Fquu
50% Tax ¥nesk %zisk - , 555
YEAR InNcome ExPENSES Tax ATCF
| #4500 # Zpook *125xk  ¥*1,787.5%
2 3000 1,500 215K 1,285k
3 |,500 Lok  —HS5 555 545,585
Jear  %Depiemon Cost Depieron  ATCE
| 5675K #233.23k ¥ 787.5K
2 *? 420k *222.22k %1285k
3 # 0k fFlliaTk 545555
t - MACRS = (#2,000,000 ) applicable 7o)

2 - depletion allowance used = 15% of Income
3 - Cost depletion allowance *
YR.1 = -?,—:-.of(n,aook) =¥333.3
YR.2 = Fook (1,000k)= %222,k
YR.3 = Haoe Clocok) = ¥ 1(.Tk
note: cost deplehion allowance s compared on a year -
by- year basis to the % depletion allomance +o
determing which methed of Galmla-h'mj depletion
will be used.

!II!!*II!!l*l*!*!l*!!i!*I!**li!!l!!i*iil!!i*ill!!!li!ili*ili!l 9-17'
For engineering economic analysis a corporation uses an
incremental state income tax rate of 7.4% and an incremental
federal rate of 46%. Calculate the effective tax rate.

!iil'l'l'l*I!i*i*!l'I!'l!l‘l!!!!lﬂl!lll!*!ii*i!!*llll*!!*ll**l

Effective mte = 0.074 ¢ C1-0.0714)(0.46) = 0.5000
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A conpany bought an asset at the begining of 1984 for $100, 000.
The conpany now has an offer to sell the asset for $60,000 at the
end of 1985. For each of the depreciation nethods shown bel ow,
determne the capital gain or loss that would be realized for
1985.

Depreci ation Depreci abl e Salvage Capital Capi tal
Met hod Life Val ue* Gai n Loss

Straight  Line 10 years $ 1,000

SumCF-Years  Digits 5 25,000

Doubl e Declining Balance 4 0

150% Declining Balance 15 0

*This was assunmed for depreciation purposes

FRERERRRBRRRRRERRRRRRRRRRERRERRRRERRRRRRRRRRRRRRRRRRNN

Daggiaun - Depoe oy opkl Gt

SL 10 yrs. ’l,ooa fZQ,z.oo
S50YD Syrs. 25,000 ’FS,aao
ore Hyrs o *55,995 5
150% 0B 15 yrs) o b
SL

depr = 5 (100,000 - 1,000) =9 900
boek yvalue = |00,000- 2(9,900) = 80,200
cap. loss = Bo,200- 64,000 = $20,200
Soyp -
(depr. yr. N +(depr. yr.2) = SHE (100,000 - 25,000) = 45,000
book value = 100,000 - 45,000 = $S,000
capital gain = 66000 ~55,000 #¥5 0oo
DoB:
depr. yr. | = % (l100,000) 5 depr. yr.2 = % (100,000 -s0p00)
“4otal depr z 75, 000
boek value = 100,000~ 75,000 =25,000
capital gains = 60,000 - 25,000 = 595;000
150% DB :
j.g “_-'E
depr, .l % =5 (100,000) = 10,000 depr. ye2 =715 (‘ioJoao)
total depc = 14,000 A
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book| valuel = 100,000 - 19,000
capital |oss| = 81,000 -60,000 = ¥2|,0c0)

BRERERERRNNRRN RN RN RRRRRRRRRRRRERFRRERRRRRRRRRRRRRRRRRNRRRN 9'1 9

A corporation’s tax rate is 50%. An outlay of $35,000 is being
considered for a new asset. Estimated annual receipts are $20,000
and annual disbursements $10,000. The useful life of the asset is
5 years and it has no salvage value.
(&) What is the prospective rate of return (ROR) before income
tax?
(b) What is the prospective rate of return (ROR) after taxes,
assuming straight line depreciation for writing off the
asset for tax purposes?

RERRRRREERERNR RN RR RN RN RR R RN RN RRERA R RN Y

DeCsL) = N(P-5) = BEEZ2=2 4 e

YR — cFBT Pe TAXIINC, So%Tax  CFAT
o  =35,000 -35,000
I + 10,000 7,006 +3,000| -,800 +85,000
2 + Igoog 7,000 +3)000] -n,500  +85000
3 # 10,000 7,000 +3,000 -l,s00  +85,0c0
4 410,000 7,000, +3,000] -1,500 +85000
§ 4 10000 1000 @ +3000 -,500 + 885000
=35 000

a) RoR (&T) PW(B) = PWCC)
AlTA,i,n) =c 12% = 3,605 Z_-loS
(K,i,5): 25000 - 35 « = 35c0 > %53
10,000 5% =:3.252 «x=l25

(RoR) ( =12%/0 + |.25% = 3 25°%

b) Rorg CAT) e 422 X .,o0qu4
(YA ,.,58) = 35000 _4.06 x =4.a76 ! - 102
8,500 7% = 4.1 x=.92549

CROR) iL26%+0.9% =6.9%



204 . Engneering Economic Analysis Exam File

9.20 BRI IE I3 0000360 00 00 00 200000 000 0000 00 00 00 00 06 06 009 00 00 00 00 30 20 00 30 0 90 06 00 00 00 30 00 0 30 Y

A young couple has just won a prize in a nationally advertised
magazine sweepstakes contest. The couple may receive their prize
money in one of two ways: either $100,000 now or $25,000 per year
for five years (with the first year payment to be received now).
The couple wants to make a decision depending on the after-
federal-tax consequences of the two options.

Assume that the couple currently has a combined taxable income of
$28,000 and that the couple plans to continue working (and
maintaining this same taxable income and filing a joint return)
regardless of which payment option they choose. For what range of
values of the after-tax Minimum Attractive Rate of Return (MARR)
is the $100,000 now option the preferred alternative? For what
range of values of the after-tax MARR is the $25,000 for five
years option preferred? A portion of a federal income tax table
is given below.

Tax Rates = If You File A Joint Return

If your taxable income is Your tax Is
Plus following
Over But not over This percentage Over this
$ 24,600 § 29,900 § 3,465 25% $ 24,600
29,900 35,200 4,790 28 29,900
35,200 45, 800 6,274 33 35,200
45,800 60,000 9,772 38 45,800
60,000 85,600 15, 168 42 60,000
85,600 109,400 25,920 45 85,600
109,400 162,400 36,630 49 109,400
162,400 62,600 50 162,400

ERERERRRERRRBRRERRRRERRRERRRRRRR RN RERRRRRERRERR RN RN

* 25,000 OPTION *
- income increased from ¥28,000 +o¥53,000 for yeass
0,1,2,3,%.
- -taves paided on ‘sa,ooo are
£49,772 +38%( 53,000- 4s,800)=¥%12,508
= let % = BTCF prioc fo the prize money

For years 0-4 ; BTCF =% +25,000 , Taxable Income = S3k
Tayes = 12,508 , ATCF = X +12,492
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#100,000 OPTION *
- yéar O : tayable income will increase from ‘28,000
+o ¥128,000
- taxable income for years 1 4o 4 will vemain ot
¥28,000
- incometay on *128000 =
* 30,630 +149% (128,000 -109,400) = Fibs, 744
- income tax on *28,&90 =
% 3,465 + 25% (28,000 -2 6c0) = Fuy, 315

For year 0 ; BTCF = % +100,000 , Taxable Income = 128,000
Taxes =454 , ATCF = A +54,256
For years |-% ; BICF = X | Taxable Income = 28,000
Tayes = 4,315 , ATCF = X -4,315

YEAR  ATcF (235K oPTioN - lookcpmaNd

o - 41, Te%
! t 16,801
Z t (6, 807
3 t 16, 807
¥ + 16,807

Hi,76% = 16,807 (A, 1%, +)
(Va,i%, ) = 2.4849
L= 20 2.589 by interpolation
i= 7 2,4849 i=20% t(25- )(M_;*?

i=25% 2.362 2.589-2.%62
L= 22.245‘{.

Choose, *loa,ooo option it MARR>22.293%
choose ¥ 25,000 option  MARRS 22.29% %
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A delivery firm is considering the purchase of a light truck. The
purchase price is $11,500. The truck will be purchased January 1,
1986, if needed, The truck will be sold after three years for
$2000.

The MACRS depreciation schedule (3-year class properts, run
equipment placed in service after 1985 s

Year Recovery Factor
11 33%
2 45

3 22
There is a 6% investment tax credit on 3-year property if it is
held for three years. The firm has a combined state and federal
income tax rate of 50%. Capital gains are taxed at the combined
rate of 35%. Fill in the table below. If the firm has an after
tax Minimum Attractive Rate of Return (MARR)Y of 104, is the
investment desirable?

Before Tax MACRS =~ Taxable Income Investment After Tax
Year Cash Flow Depreciation Income Taxes Tax Credit Cash Flow
O ‘$11150u

1 +4,000

2 +6, 000

3 +5, 000
+2,000(Salvage)

B U000 00 00 000000 00 00 0020000060030 00 3000 30 06 30 30 00 36 0 00 00 30 0 0000 0 36 00 30 90 30 06 30 306 36 36 3¢ 3¢ ]

Before Tax MACRS = Taxable Income Investment After Tax
Year Cash Flow Depreciation |ncome Taxes Tax Credit Cash Flow
0 -$11,500 t e90 ~lo,810.00

1 +4, 000 -3,795 +2085 -i102.50 +3,891.50
2 +6,000 ~5,178| +825] -442,50 +5687,50

3 +5,000 =-2,520 12,470 -1,23800 +3,76800
+2,000(Salvage) +2,000 -Too +1,300,00

QYR DEPRECIATION b) Salvage. taxed ot a caprtal gain
) 0.33x11,500=3,795 (MACRS depreciates +o © bock value)

2 0.45x11,500+=5,175 2000 x 0,35 = 700 +axes
3 o0.22x1\,800 =2,530  The combined az from 26% federal
and 9.0% state

) investment fax credit = 0.06 x \\,500 = +&A0,
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Check degicability of investment :
NPW @ 10% interest = -10,810 +3,897.50(VF, 10%, 1)
v 5,581.50 (% 10%) 2)
+ (3,765 +1,300)( V¢, 10%, 3)
4 +1,156.06 >0 - Trject is able

BERERRRRERRERRRRRRRRRRRRNERRRR RN NN RN RN NN RN RENN 9-22

A large and profitable company, in the 50% income tax bracket, is
considering the purchase of a new piece of machinery that
qgualifies for a 10% investment tax credit. The new machine will
yield benefits of $10,000 for year 1, $15,000 for year 2, $20,000
for year 3, $20.000 for year 4, and $20,000 for year 5.

The machinery is to be depreciated using the Accelerated Cost
Recovery System (MACRS) over three years. The percentages are 332,

45% and 22%. respectively, for years 1) 2 and 3. The company
believes the machinery can be sold at the end of five years of use

for 25% of the original purchase price.

What is the maximum purchase cost the company can pay if it
requires a 12% after-tax rate of return? Assume, if necessary,
that capital gains/losses are taxed/refunded at a rate of 28%.

RARRERRERRRREERRRRRE RN RR RN R RN RN RN RN RN RN R RN NEE

MACRS
YEAR  BTCF  depr T:::::‘f 50% TAx ATCF

o -P - e +.107 -.90P

1 10,000 .33P  10000-.33FP 5,000+15F 5000+.165P

2 15000 .4SP  [S000-4SP 1,500+225F 1,500+.2125¢

3 20000 .22P  20,000-.22F 10,000+.110F 10,000+.110P

L | 20,000 o 20,000 10,000 10,000

s [ 206000 o 20,000 10,000 10,000
25P tes ot 20k -01P .18P

.90P=5,000(7A,12%, 5) +2500(%%,12%,2) +5,000(h, 12 %2)( T, 12%3)
+.18P(%512%,5)
= 5000 (3.605) +2,S00(2.221) +5,000(1.680) (. 18)
+.18P (. S6TW)
.90P = 24,542.21 +.102|32P —» P=37089.10
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An investment of $120,000 is being spent on modifications to the
pasteurization, packaging lines and distribution vans at a large
dairy to increase its productivity. Of the $120,000 total
investment, $85,000 corresponds to equipment depreciable only by
straight line with a salvage value of $5000 after 8 years. The
remaining $35,000 are depreciated by double declining balance with
conversion to straight line (at the optimum point). with a salvage
value of $3000 after 8 years. The benefits per year will amount
to $32,000 for the next 8 years. If this dairy has an incremental
tax rate of U84, what is the payback period before and after taxes
for this investment? Assume that at the end of the 8 years, the

depreciable equipment is sold at its exact salvage value.

HRERRERERRRERBERBRRRARRRNRRR R RN RR R R R RN R RN RRRERAN

dil?!@dta{"on .schedul&s s

85,000 s-= 5000 Nn=8 ; s+ra ht line
jreacd'on chacge Cany yo)=N RS gasa -SK) =10k

b) P- 35 000 .S-= 3,000 n:= 8 [douba.htie‘cﬂgmg quance, (ood&)

Yor Sk dape = cemaining usc-ﬁd%ife o %&mmg > year

For! DDBI depd] = A (Book| Value) * § (Bookl Value)

YR| ppB8 SL Choose!
| %(SSKH 8750 B(35¢-31K) = 4,000 DOB
2 e %(3s¢-8 ?So)-Lﬁéz,d ‘#(353 8750-3K):3,3214 DDB
3 E(ask-ls 312.5)=4 32| S‘ﬂ s(ﬂbﬁ?s 3k):2,78I. 7.5| DD8l
LH 3(55« -20,234.3) 3,694 ’s(r*?es t3-3K):2355,13 DDB
5 e(ssk -23,925.17)=2,768.55 L ,0T4.23-3K)>2 01856  DDB
6 3(3& 2b6M.32)= z,o'fwl é(s,e.os.s‘r 30)- 1,758.54 DDB
1 % (ask- -28, ?7014)4,557# 3(6,229.25-3K) =1,614] 63 SL
8 e — Let#e3  SL

2. The cash Hows (before. and after taxes)

cummulative
TG Diplidd Stwcble Tus A Afiw

YR.

0 -f20oK -120K 0

| 32kl  1B150| 13,250 6360 25649 25,040
2 32K 16,562,5 154375 1410 2%590 30,230
3 32K 14921.87 1701843 8,1975 23802, 14,032.5
% 32K 13,6414 19,3036 87883 23,2118 97, 24437
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Before Tax [fotn] ATaxable Taves After—iax %mfmue

_Geabi)_)_h_f +)1 Income _@ 48% CashFlow  Benefits
32K 1276855 19,23145 42314 22,%891 120,013.28"
32K 12,0742 1992358 9,563327 22,436(8
32K L3 2038537 4,718497 22,215.03

t.nk U, ol.63 {zgsssrn {grgqﬁ? 30,215,03

® 30 wl|X

8K
* No capital sasn/ less
ot paylm.k
The paybnck Pen'a.t ﬁor&{m@s s % 3.1 years
The payback perted gftec taces is approc. 6 years

RAXRXRREREERRRERERRRNRRRRERERNRNRRRRRRRNEERNNNHEERR RN RNX 9_24

A large and profitable company in the 50% income tax bracket
bought an asset for $100,000. The asset will be depreciated over
10 years using 175% Declining Balance depreciation with a $75,000
salvage value assumed. The asset is expected to vyield benefits of
$15,000 per year. Calculate the After Tax Cash Flow for years 1.
2 and 3 only.

HRAFERERERRRREARERFRRRRRERRRRRERRRRRRRRRRRRRRRRRRRR R

175 % TRXABLE 50%

YEAR BTCF DB INCOME Tax ATCF
O =100, 000 = = ey - 100,000
| + |5, 000 17,500; -2,500 +l1,250 + 16,250
Z + 15,000 7,600 +7,500 -37s0 + 11,250
3 t 15,000 o t1S,000 -1,500 + 17,500

| - BPook value at end ¢f yeas | = 100,000 -.;,'556100,0::0):52'500
Yo PooK VALUE = 100,600 - 17,S00 = 82,500

2- atend of year 2 ¢ 1o (8%S00) = \4,437.5
Jo Book vbuE = 100,000 - 11,500 - 14,437.5 =68,062.5
since +his value is less than the Salvage value
the asset may onty be depn:iq-bd b}’ 82,500 - 75,000,
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A manufacturing firm purchases a nmachine in January for $100,000.
The machine has an estimated useful life of 5 years, with an

estimted salvage value of $20,000. The use of the machine shoul d
generate $40,000 before-tax profit each year over its 5-year

useful "1,

PART 1. Conplete the following table.

Before Tax Sum of Digits  Taxable  Taxes After Tax
Year  Cash Flow Depreci ation | ncome at  40% Cash  FHow

NMEwh o

PART 2. Does the sum of digits depreciation represent a cash
flow?

PART 3. Calculate the Before-Tax Rate of Return and the After-
Tax Rate of Return.

HRRRRRRRR R AR RR A RRR AR AR RR RN R ARRRRRERRRERRRRERR R RRN

PART | :

Before Tay Cash Flow -
In January you must pay *ico,000. At the end of
the Szt year, and in each subsequent year you
(ealize a cash income of *yooc0. This income. less
depreciation allowarnce is taxable, In year S you also
realize 20,000 fom salvage of the equipmentk
This amount is not faxable as it epesents a
capital expense that was never allocated as
depreciation .

Sum of )@arsg‘l?iﬂib Depreciahon -

year | = As (*100,0c0 - ¥20,c00) =‘2.b,l:-6'?

year 2 = q"./15 (‘90,000')-'- 1"z,],?!»ﬁs,'é
year 2 = %5 (¥80,000) = * lb,000
yeac & = %s (*80000) = * 10,667
year s = 'As (¥80 000) = * 53233

check, Bo,oc0
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Taxable Income -
year | =H4o,000- 26,667 = ¥13,233
year 2. = 4o,0c0 -21,333 = ¥18,667
year 3 = 40,000 - |b,0c0O = * 24,000
yeéar 4 = 40,000 - 10,667 = "’z‘l, 333
year 5 = 4o,co0o - 5,323 = ¥34 667
Taxes at Ho%e -
yéari = *l-a,aaﬁ x.4 = ‘5,333
yearz = *18,667 x .4 = #7467
year 3 =*2}{-,oaa X .4 = *‘7,690
year 4 =%29,333 x .4 = #\ 733
year 5 = #34,667 x .4 = 13 867
After Tax Casih Flow -
yeor © =-100,000
year | = H0,000 - 5,233 = ¥ay 67
year 2 = Ho,000 - 7,467 =*32,533
year'zo e Ho,000 -9q,600 ﬁ*ao,u{-c:o
year 4 = HQOOO - 1,733 = *28,267

"

years = 40,000 -13 867 = 46,133
Before Tax Sum of Digits Taxable  Taxes After Tax
Year Cash Flow Depreciation Income at 40% Cash Flow
O ~-100,coo - wt = = 100,000
| 40,000 26,667 13333 5,323 34, 66T
2 40,000 2,333 18,657 7,467 32,533
3 40,000 16,000 24,000 q 600 30,400
% Yo,c00 10,667 29,333 (\,733 28, 261
s b 1 s 5,333 3uhe6l 13,861 Hb 133
E_A_&'T 2z %

The sum of d.ia‘\'\'s dq-xec.icr’ctm 1S a besk keeping

alocation of m?'&-n\ ex?cnSe Loc P

not r‘ep(‘e,sen-\" a cash Flow.

<
c.ornw’ﬁncs daxob\e acome . In treself v deoes
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PART D -
Before Tax Rate of Returmn -

PR

100,000

\00,000 = WO,000 C%,Llsﬁ + 20,000 CP/F, L, S)
at 35% 100,000 # 4o000 (2.220) + 20,000 C.2230)#93.24
a+ 3o (00000 # ato,oao(z.t&%)*:o,oao(.zé‘ls)élaz.a

Imrpplah' 102.83—-100 = AL
"3 102.83-93,2b 5%

Al = 1.4@% or L=30%% +1.5% = 31.5%

After Tax Rate of Returm -

20,000

100,000

100,000 = 3i,u1 (A, L%,n) - 2,133 (P, i%, ) +20,000 <Y, (%,n)
at 20% > 100,000 # 34,667¢2.421) -2,33(+q0b)
+20,000(.40lq) # \0\,263
at 25%. 100,000 # BihetsT(2.689) - 2,133(+.204)
+20,0004.3211) #40,85]
inq ¢ ieL2b3-10000g - O
mmhﬁﬂﬂ 101,2b3 - 90,801 5%

Al 2,60% aad U= 20% +.60 =20.60%
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PARC, a large profitable firm, has an opportunity to expand one of
its production facilities at a cost of $375,000. The equipment is
expected to have an economic life of 10 years and to have a resale
value of $25,000 after 10 years of use. If the expansion is
undertaken, PARC expects that their income wii increase by
$60,000 for year 1, and then increase by $5000 each year through
year 10 ($65,000 for year 2, $70,000 for year 3, . . . . $105,000 for
year 10). If the equipment is purchased, PARC will depreciate it
using 7-year Double Declining Balance depreciation changing to
Straight Line,with zero salvage value at the end of year 7 for tax
purposes. PARC will take a 10% investment tax credit if the
equipment is purchased.

The annual operating cost is expected to be $5000 for the first
year and to increase by 5% per year ($5250 for year 2, $5512.50
foryear 3, . . . . $7756.64 for year 10)J If the equipment is
purchased, PARC will pay $175,000 down and finance the balance
with a 5-yeari 12% loan payable in annual payments (the annual
payments will be rounded to the closest $500 amount), which
include both principal and interest. Since PARC is a “large and

profitable” firm their tax rate is 46% and their capital gains tax
rate is 28%.

If PARC's Minimum Attractive Rate of Return (MARR) is 15%, should
they undertake this expansion?

BEERREEARR SRR RN R ER RN RN RERRRERRRERRRR R RRRRERRRNRREE
Depreciation
Years Book| Values Deprecy DUB Deprecyl * | i n e
0 315,000

261,857 107, 142,86 S5 HHHD

|

z 191,32653  16,530.6| i e-et-
3 186,661.81  S4beHT2 Berzbs3t
¥ 9161558 39,0423 B 46545
S 6s,0T1.05| 2F-830+F 32,53@.53
6 32,528.53 - $2,538.53
7 0 - 32,5%8.53

loarl 200,000 = 12.%
A s 200000 ¥ I=aiys = SS,4Bl.AS —» S5,500]
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Five year 2% Loan -
Yegr Balance Infereet Total Payment Debt Reduction

(= 200,000 24000 $5,s00 3\,500
! 168,500 20,220 65,500 35,280
2 133,220 15,986.4 55,500 39,513.b
3 4371006, % 1, 24+77 $5,500 "4, 255,23
i 44,4s5117 549344 55,385.3\ 49,4510.17
S o - - -
Year  Income  Expense Net
o o 115,000 -175,000
| 60,000 5,000 55,000
2 65,000 5,250 54,150
3 70,000 5,512.5 otk 4 81.5
¥ 15,000 5,188.13 eq,211.87
s 80,000 6,077.53 1%,9z2247
6 85,000 6,301. 4% 18,6018.59
7 90,000 &,700.4& 3 299.52
8 95,000 7,0%6.50 &7,
9 100,000 7,361.28 q2,b12.72
o 108,000 7, 1S6.64 97,243,2b

28,000 COP“"G.[ %A\n
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A married man with a taxable income of $45,000 buys a house to
live in on January 1 for $80,000, putting $8000 down and financing
the remainder at 12% for 30 years, in 360 monthly payments,
payable at the end of each month. Taxes on the house are $400
per year, payable at the end of the year. Hazard insurance of
$150/year is payable at the beginningofthe year. Maintenance
costs are $500/year, Ppayable a the end of the year,

(@ What is the monthly payment on the loan?

(b) If he can deduct interest paid on the loan and property
taxes from his taxable income (assume a 334 incremental tax
rate), what is his effective monthly payment during the
first year?

(c) If he sells the house 3 years later on January 1 for
$130,000, what additiona income tax will he pay that year
due to the sde if he does not reinvest that money? Assume
that 40% of the long term capital gain is taxed at a 33%
incremental tax rate.

L2222 2222222222 22222 AR R R a Tl ]

Exact soluhen using hard caleulator
a) A= (8qo0d|~ 8,000)(A/p| 1%, 360) * 12,000/(0.010286) =740.60
P) Amount owed after one year
Pl =740/ 0l (A |19/, 348) = 140.60(b.8655) = 11,739
2 Total P{‘inc.'rp\e, Pnyrnenﬂ W %rg,f \laar = 12 ,OOO-‘II,'I'B“ ‘-"2!4‘
4 Total interest payment inl Reed year = 12{40,60) -26\ =*5 624
Dewreazel in taxablel income = 8,626 +4oo = 4,028
Decreasel il incomel taxes| for ficsH year=9,024 x 0.33+=2979
24 Effective mondhly payment =740.60 -2 = #4473
eY Sincel the dme\\intj wasl uged asl thel man's persenal home
hel could not deduct depreciation whilel he owned it
Terml capital gain = 130, coof -Bo,000| = *s0,000
Tad On capial gain = o.4oSo,coc)<0:33) = %6600

9_28 BERRRRERRRRRARRRNRR R RRRRRRNR RN RN R RN RN R RN RN NN RN NN

A young man bought a one-year savings certificate for $10,000,
which pays 15%. Before he buys the certificate he has a taxable
income that puts him in the 34% incrementa income tax rate. What
is his after taxes rate of return on his investment?

HRERRRREEXREEXERRRRRRR AR XA R RRRRRRERRRE R RN NR NN Nnn

A+ RoR| = C\=btad mte) (BT RoR) = Ci-.34)C.15) = 9.9 %)
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A project can be summarized by the data given in the table below,
The company uses straight line depreciation, pays an incremental
inoome tax rate of 30% and requires an after-tax rate of return of

12%. lgnore any investment tax credit.
Item Amount
Life 30 years
Investment $75,000
Salvage 15,000
Revenues 26,000/year|

Operating Expenses 13,500/year]

(a) Using Net Present Worth, determine whether the project
should be undertaken,

(b} If the company used Sum-Of-Years-Digits depreciation, is it

possible the decision would change? (Nd computations
needed. )

RRRRRRRRRRRRRRRRRERRRRRRERRRRRRRRERRRRRRERRRERRRRRRRR

Q) Depreciation = 15000 -15,000 . 2,000 /yr.
30

Year BTCF Deprxighion aas Taxes@sch ATCE
o  -15000 pot -

- -18,a00
1-%0 12,500 2,000 10,500 3,150 9,350
S 15,000 - - - 15,000

NPW = 4,350 (TA,12%, 20 +15,000 (T 12%, 30) -15,000
= 4+ 8.5

Yes, fake project since NPw OO

P> No. Athough +otal depreciation is the same, soyp
is larger in +he early years wshen i is worth Mo,
Therefore. the NPW would jncrease with Soyp making
the project even more desiable.,
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A corporation expects to receive §$32,0000 each year for 15 years
from the sale of a product, There will be an initial investment
of $150,000. The expenses of manufacturing and selling the
product will be $7530 per year. Assume straight line
depreciation, a 15-year useful life and no salvage value. Use a
48% income tax rate and ignore the investment tax credit.

Determine the projected after-tax rate of return.

FRENKEEREERRRRRRRNRR RN RN RN RN RN NN

S-l-raigl'r" linel depraciahod = P—;E“" E‘%ﬁ"-’ *0,0c0] per year

Before o St He% After 1o
weor Caoifow Depdiation Dieme - ates . Cash Flow
o -150,000 Eye—

=15+ 24,470 10,000| 14,410 6Ade  + 17,524

Take| #ne Afted Tax Cashl Flaw and compute the rate. oF
return at which PW| of Costs equals| PW of Benefits.
150,000 = 11,5244 (A %) 1)
C%J Lo, 15 = SeTw = 8l 554

From interest taples | L= B4

EEEREENRE R R R R RN
*

* A NOTE ON THE RECAPTURE OF DEPRECIATION ¥
#

B0 000000 200000000006 0600 0000 0006 000030 0000 0030 3000 300960 3000 000 000 006 00 006 0096 06 36 36 3036 00 6 00 30 0
When property is sold for more or less than its book value,
engineering economy textbooks often treat the difference as a
capital gain or loss. This may or may not be accurate.

When the book value of the property has been reduced by deprecia-
tion, U.S. tax laws may treat some or all of the gain or loss as
ordinary income or ordinary loss. The recapture of depreciation
rules are complex. This may explain why textbooks avoid discussing
the problem in detail.

The important thing to recognize is that there may be less
favorable tax treatment than suggested in textbooks. Further, of
course, if you are solving problems in a college course you need
ta fnl low the prafaszsor's anoroach « SINCE he gradesl the exams!
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One of the four ovens at a bakery is being considered for
replacement. Its salvage value and maintenance costs are given in
the table below for several years. A new oven costs $80,000 and
this price includes a complete guarantee of the maintenance costs
for the first two years, and it covers a good proportion of the
maintenance costs for years 3 and 4. The salvage value and
maintenance costs are aso summarized in the table

Old Oven New Oven
Sdvage value  Mantenance Sdvage vaue  Maintenance

Year a end of year costs at end-cf year costs
0 $20.000 § - $80.000 § -

1 17,000 9,500 75,000 0

2 14,000 9,600 70,000 0

2 11,000 9,700 66,000 1,000
7,000 9,800 62,000 3,000

Roth the old and the new ovens have similar productivities and
energy costs. Should the oven be replaced this year, if the MARR
equals 10%?

BRI R RN RN RN R RRRRRRRRRNNS

EUAC Cagitall Maint.  EUAC of Maint. EUAC
YR. Se:f:rf:gg g (PSX  Cost =400 ﬂoo(%’lox,ﬂ) Total

o P20k == = -
\ K 5000 4,500 4,500 I, So0

1 14K +,857.2 q,600 9,547.6 14, 4o4.8
3 K 4189 970 9,593.1 14,312.6"°
4 K $,80l.8 9,800 q,638.1 14,434 6
% Economic Lite = 3years, with BUAC= 1312 .6

219
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2. Thel new oven (“challenger”)

wac Capidal _ _ Maint| EUAC of Maint  EuAC
B et " Teeleoiesh Total
0 P= 8ok - -
\ 15K 13,000 0 0 13,000
2 Tok \2,Te 0 o 12,7%
3 Gbk 12,229.4 1,000 302. ;“)| 12,5315
s 62K [, 87 3,000 gea.ss” 17z

(a) 1poo(/r)10%,3) = 3621

®> [1,000(%, 16%,1) +3, s00] (M 10%, )| = 883.55

*% Economicl Life 3 years, with EUAU ol 12,531 .9

Since| EU AC defender] > EUAC chattenged]  (14,312..6 >/12,531.5)
replace overi this yeac|

.1()':a !!lli*liﬁ!lil!**l!Ill!llilliiilll*ili!!!ll'l**ii*lllll!*!lilq

The cash flow di agram bel ow indicates the costs associated with a
pi ece of equipment. The investment cost is $5000 and there is no
salvage. During the first 3 years the equipnent is under warrantyl
so there are no nmintenance costs. Then the estimated maintenance
costs over 15 years follow the pattern shown. To show you can do
the calculations required to find the nost economc useful life,
determne the Equivalent Uniform Annual Cost (EUAC) fori n = 12 if
the Mninmum Attractive Rate of Return (MARR) = 15% You must use
gradient and uniform series factors in your solutiond

WO 1 1L %\

ENERERREREEERRRRRERRN N RN RN RN R AR RN ARN

EUAC 2 = 5,000 (A 18%,12) 4150 (A ,15%,3) ¥, 15%,12)
+ 100 (d \s %) TIVF|15%,8)( e} 18%.,12)
25,000| C.AB45) +1S0(16:186X(.0345) +100<10,192X, 442X 1843
= #],103|
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A hospital is considering buying a new $40,000 diagnostic machine
which will have no salvage value after installation as the cost of
removal equals any sale value. Maintenance is estimated at $2000
per year as long as the machine is owned. After ten years the
radioactive ion source will have caused sufficient damage to
machine components that safe operation is no longer possible and
the machine must be scrapped.
The most economic life of this machine is:
(Select one)

(a) One year since it will have no salvage after installation,

(b) Ten years because maintenance doesn’'t increase.

(e) Less than ten years but more information is needed to

determine it

BN I NI NN NN RN T RN NN NRNENENNR NN

The correct answer is (b).
S Tt R T I I Y 10.4{

A petroleum company, whose Minimum Attractive Rate of Return is
10%. needs to paint the vessels and pipes in its refinery
eriodically to prevent rust. "Tuff-Coat," a durable paint, can
Be purchased for $8.05 a gallon while “Quick-Cover,” a less

durable paint, costs $3.25 a gallon. The labor cost of applying a
gallon of paint is $6.00; Both paints are equally easy to apply
and will cover the same area per gallon. Quick-Cover is expected
to last 5 years. How long must Tuff-Cover promise to last to
justify its use?
PR e e e T T Y

This replacement problem requires that we solve for a breakeven
point. Let N represent the number of years Tuff-Cost must last.
The easiest measure of worth to use in this situation is
Equivalent Uniform Cash Flow (EUCF), Although more
computationally cumbersome, others could be used and if applied
correctly they would result in the same answer.

Find N Suh #harl BEUCF =BUCFQ(d

W05 (AP N, ) =9.25CAR,S,.Y)

(AP, N, . D 017361 therefocel N = 9 years .
TafS - coat musH last oY las q years, Nohce ]
+hisl solution ';mplir_i-Hﬂ assumes that thel pipes| need
be painted inde-?in'rl'e.iy Cf.e.,-Fore.uef) and that e
paint and costs of panting never chan%e, Cie. no
nflation oa Yedhno\daical '\mF.rD\!QXV\UM'S ebleck

e paint o the chq—‘bprﬂduc& anrd =ell paiet,
or 4o ofply e paink
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Ten years ago Hyway Robbery, Inc. installed a conveyor system for
$8000. The conveyor has been fully depreciated to its zero
salvage value. The company is considering replacing the conveyor
because maintenance costs have been increasing. The estimated
end-of-year maintenance costs for the next five years are as
follows:

Year Maintenance

$1000
1250
1500
1750
2000

OB WN

At any time the cost of removal just equals the value for scrap
metal. The replacement the company is considering has an after-
tax Equivalent Uniform Annual Cost (EUAC) of $858 at its most
economic life. The company pays a 48% incremental income tax rate
and requires a Minimum Attractive Rate of Return (MARR) of 10%
after taxes.

(a) Should the conveyor be replaced now? Show the basis used
for the decision.

(b) Now assume the old conveyor could be sold at any time as
scrap metal for $500 more than the cost of removal. All
other data remain the same. Should the conveyor be
replaced?

ERAERERERRERRERERERERERARRRRRRRERRRRERRRRRRRRRRRERRR RN

a) Since the curcertt value ($0.00) is not changing but
Mantenance costs ace increasing , the most ewenemic

life is one vear.
Year  BTCcF  Tax.Tac Taxes  ATCE

o o o o o)
{ -|,000 -,000 -480 -520
S o) o o o

Defender uniform equivalent cost : EuACy=¥s20
Since EUALp< EUACe, Keep the old conveyer for now

B) Year BTCFE  Tax. Inc. Taxes ATce

o -Soo - - - 200™
{ -1,000 -l,000 -480 - 520
S t s%0 + 500 + 240 t+ 260
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*1f sold now:
BlcF Tax.Irek. Toxes ATCE ot cost is
+soo +Soo +uo ¢ 20 -Forasanc, salvage
value.
Note: whenever the conveyor is sold dhere is an ordinary
3ain of $500 since the book value s zero.
EUAC = 520 +260 (AP, 16%,1) - 260 ¢AVF, 10%s, 1) =¥sub
Since EUACp <EUAC., Keep +he old conveyor for now,

FERERRERNIN NN T TN NN T T DTN D NN 1 O.G

Ten years ago, the Cool Chemical Company installed a heat
exchanger in its plant for $10,000. The company is considering
replacing the heat exchanger because maintenance costs have been
increasing. The estimated maintenance costs for the next 5 years
are as follows:

Yexr  Maintenance

I $1000
2 1200
3 1400
4 1600
5 1800

Whenever the heat exchanger is replaced. .the cost of remova will
be $1500 more than the heat exchanger is worth as scrap metal.
The replacement the company is considering has an Equivalent
Uniform Annual Cost (EUACY = $900 at its most economic life.
Should the heat exchanger be replaced now if the company’'s Minimum
Attractive Rate of Return (MARR) is 20%% Ignore taxes.

HEEBRERRRERRRREREARRRRRRRRRRRRRRRRRRERRRRERERRRRRRRRREER

Q) Since the current value (¥-1,500) is not changing but
Maintenance cost ace increasing | the most economic
life is one vear.

b) Yéar Clash Flow
o +(,500 CFoaﬂm sq\mﬁe‘)

' -000 (Mairtenance)
s -wseo  (Negative Salvage)

©) Uniform equivalent cost of the defender :

EUACy = 1,000 +1,500 (AR, 20%,1) -1, s00(Pp 20%, l)'-"tZ?__?_

d) Since EUACp<EUAC, , keep the old heat exchanger
for nows.
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An engineer is trying to determine the economic life of a new
metal press. The press costs $10,000 initially. First year
maintenance cost is $1,000. Maintenance cost is forecast to
increase $1,000 per year for each year after the first. Fill in
the table below and determine the economic life of the press.
Consider only maintenance and capital recovery in your analysis.
Interest is 15%.

Maintenance EUACH of EUAC of Total
Year cost Capital Recovery  Maintenance EUAQ
$1000
2000
3000
4000
5000
6000
7000
8000

O~ DA oo N —

#EUAC = Equivalent Uniform Annual Cost

363098 90 36 08 36 06 36 36 06 9% 3 3 36 96 36 36 9 36 9 36 36 30 36 36 96 0 30 06 36 36 96 30 36 3 3 36 30 9% 3% 3 9 3 96 96 3% 06 3 9 3¢ 3¢ 3¢ ¢l

Maintenance EUAC of EUAC of Total
Year cost Capital Recovery Maintenance EUAC
! $1000 $\() sool 1,000 12,500
2 2000 6,15 |, 465 7,616
3 3000 4,380 Lo 6,287
4 4000 3,503 2,324 5,829
5 5000 2,403 2,723 5,70¢|
6 6000 2,642 3,047 5,139
7 7000 2,%o4 3,450 5,854
8 8000 2,229 3,781 6,010

Eeonomid Lite = 5 yes (EUAC = minimum)

EUAC of Caprtal Recoieny = ¥10,000(Afp) 15%, n)
Eu AC of| Maintenane = $(,00d| i 1,000(Na,15%, 1)
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A manufacturer is contemplating the purchase of an additional
forklift truck to improve material handling in the plant, He is
considering two popular models, the Convair Tf and the FMC 340.
The relevant financial data are shown below. The manufacturer
will use a 5-year recovery period and the Accelerated Cost
Recovery System (ACRS) percentages: 1st yr, 15%": 2nd yr, 22%: 3rd-
5th yr, 21% each year. The manufacturer’s income tax rate is 50%
and his Minimum Attractive Rate of Return (MARR) is 12% after
taxes.

First Salvage Annual  Operating
Model cost Life Value Expenses
Convair T6 $20,000 5 yrs $2000 $8000
FMC 340 29000 7 4000 4000

(a) Which model is more economical?
(b) List two iimortant assumptions that are implicit| in youn
computationg in (a).

ERRRRRRRREERRRRRRRRRRNR R RN RN R RRRRRRRRRRRRRRRRRR NN

Q)

Compute the EUCF for eacht meodel.,

Convair -

EUCF = 20,000 (AP, 12%-,8) + 2,000 (.8)CHF,12%,5)
- ¢.8) 8,000 + [ 20,000 C.1$)CE,12%,1)
+ 20,000 ¢.22)C%,12%,2)+ 20,000 C.21)
CYA 2%, 3C7F,12%0,2)1 (AP, 12%,5)C.5)
= -%7417
FMC

EUCF =-29,000 ¥, 12%, 1) + 4000 . S)CAYF, 2%, T)
~ (.5>¢Y, 000) + (P 12%0,7)C.5)
L29,000 Q) TF, 129, 1)+ 29,000¢.22)(VF 12%,2)
t 29,000 C.2CTA 2%, 3X VF, 12%, 2)]
= -%5 896
The FMC is more economical .
b)
That either truck can be ) repeated idemtically
info the indefinte hdurz and <2) Hhe service
o be provided (waterial handling) is fequired
forever.
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A rent-acar company, whose Minimum Attractive Rate of Return is
12% after taxes, is considering replacing part of its fleet. The
cars in question were purchased 2 years ago (1979) for $8500 each.
They have been depreciated under the tax laws prior to the Tax Act
of 1981 using the Straight Line method, 5-year depreciable life
and no salvage value for tax purposes. Each car has a remaining
economic life of 2 years, no salvage value at that time, and the
annual operation and maintenance expenses are estimated to be
$7000.

New cars can be purchased from a local dealer at a cost of $10,000
each. Annua operation and maintenance costs would be $2000, an
economic life of 46(}/ears and no savage value a that time.  They|
would be depreciat using a recovery period of 3 years, and the
Accelerated Cost Recovery System (ACRS) percentages: 25% the first
year| 38% the second year and 37% the third year. For this
company the effective income tax rate is 55% and the capital gains
tax rate is 28%.

Write Equivalent Uniform Cash Flow (EUCF) equations from which you
could compute the trade-in value the rent-a-car companY would need
on each old car to make the new cars economically attractive.
Show the values of i and n in the equations, but do not waste time
looking up the values of the factors.

B30 3600 36 06 00O 36 36 36 36 30 30 36 36 36 36 36 96 36 36 3 30 96 36 96 3606 3 36 96 30 90 30 30 30 30 06 30 06 06 0 06 90 06 0 96 06 00 00 90 |

Thel 4radel in valuel , TL| isl that valuel such that

EUCFold = EUCFneu | The{ equahmsl are =

EUCFaid 7 7,000 (.4S) + 1,700 (.55 +1,700C.S5)CHF 1296,2)”
- LA4S(TI - 51000+ T ]('VP 12%s, 2"

EUCFaeu = -10,000CAYP) 2% ,4) | 2 oood 45')"|
+.55s [io,000C. ZS)CWFJ 19.% 1)+ 10,00(. 3B)C17F 12%,2))
+ 18000 C.31WF2%,3)]"

\-1 AT, Expenses|

2- Depreciation| fax savings { Depc 7 FO55%s Aodl

3- Tad savings| for S+ year depr. in yeacr of dispasal,

#- A.T. ficst cost of each dd cac. Book value of each old cad
at +rade in would be 8,500 - 2(1,200) **s,100)|

54 Fiestl cO*

61 ATl Expense]

7-Tax savings Svorn depceciation
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A graduate of an engineering economy course has compiled the
following set of estimated costs and salvage values for a proposed
machine with a first cost of $15,000; however, he has forgotten
how to find the most economic life. Your task is to show him how
to do this by calculating the Equivalent Uniform Annual Cost
(EUAC) for n = 8] if the Minimum Attractive Rate of Return (MARR)
is 15%. Ignore income taxes. You must show how to use gradients
and uniform series factors in your solution.

Life (n) Estimated End-of-Year Estimated Salvage
Years Maintenance if sold in Year n
[ ] 0¥ $10,000
2 o#* 9,000
3 300 8,000
4 300 7,000
5 800 6,000
6 1,300 5,000
7 1,800 4,000
8 2,300 3,000
9 2,800 3,000
10 3,300 3,000

*warranty period

Remember: Calculate only one EUAC (for n = §)] You are not
expected to actually find the mostl economical life.

BRERRRBRBEEREEEREEREE R RN RR R AR RRARRRRERRRRRRRRE RN

= 1910

15,000

First Cost: EUAC =15,000 (Ap,15%,8) = 15,000¢ 2229) = ¥3 344
Salvage : EUAC = - 3,000 (¥r,15%,8) "3 000(.0129) =*219
Mairttenance | EUAC = 300 (A, 15%, & XAF15%, 8)
+ 500 (Yla,15%, 5)C ¥, 15%,3) (AR 5% B)

= 300(8.15%)(. 07129) +500( 5.7175)(.6515)(. 2229)

15
Tota) EuACs =¥3,740
CA complete analysis would show that e most ecoromic

lfe is 1 years with EUAC, =3727)
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The conputer systemused for production and administration control
at a large cannery is being considered for replacement. O the
avai |l abl e replacement systens, "Challenger| I" has been considered
the best. However, it is antici pated that after one year, the
"Challengerf II" nodel will becone available, wth significant
t echnol ogi cal modi fications. The sal vage val ue projections for
these three systens are sunmarized below Assuming that their
performance woul d ot herwi se be conparable, should we replace the
existing system either this year or next year? Assume the MRR
equal s 124, and a useful life of 5 years on all alternatives.

Sal vage Value atthe end of the year

Year Existing  Conputer Chal l'enger | (hallTenger 1
0 $20,000 $25,000 $24,000
1 16,000 22,000 23,000
2 13,000 21,000 23,000
3 11,000 20,000 22,000
4 8,000 16,000 16,000
5 3,000 10,000 10,000

JOE R0 0000003600 3000000 00 2020 000006 00 000 000000 00 00000 000 R R 06 0E 06 ORI RNN

l. Existing Com (defender)
n WIET HESnanme
0 Pz20k
| ek 6,400 #* Economic Life
2 13K 5,70 9 Yyrs) EUAC=HT10.
3 I 5,066.
b e« ®,q10. 4"
5 3K 5,07s. 8
z. m@hallanﬂ Uzlue. at EUAr_ of &pgn?zcmery) coye
o P=225Kk =
( 22K 6,000 %% Economic Life
z 21K 4,886.8 3ycs, EUAC=MBI.S
3 20k 44+81.5™"
4 1bK 4,882.8
5 | Ok 8,3\
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2. Yehal I af
@) leﬁ:{mm EUAC Hal Rzuwery

r c = (P-5)(AP12% ntSi
o P= 24k -
ettt
\ 23k 3,880 Economic Life
2 22K 305, T " 2yes, EuAC=33517
3 22k 3,472.6 (@) year numbers do
i lbK 4,553.b Ll o 8

Note EUACom(g € EUAChaqr < EUACasfon,r , but, should we
eplace i+ now or shoud we wait one year for Challenger 1.7
Atternative A: Dont ulad > EUACLA=EUAC (¢ = #4815
Atemative Bz Wadt one yeac before ceplacement .
EUAC = [ 600 (FA, 2%, 1) +3,351.7(TA 2% 2)( Bk, 2%, )] (Ne, %3)
cost of Keepi ost of chall i
T T T
EUACa = [600(.8929) +3,351.7(1.69)(0.8929 Y| (463) = 4 484.4]
Since. EUACA 2 EUAC, We should peferdbly wait one year,
Q%Uﬂh strichly Speaking We can dhoose ether option.

RRRRERERRRRRRERRRRERRRRRRRRRRRERRRRERRRRRRRERERRRRNRRN RN RN 1042

An existing machine has operating costs of $300 per year and a
salvage value of $100 (for al vyears). A new replacement machine
would cost $1000 to purchase, and its operating cost over the next
period of t years (not per year) is 14 = 200t + 10t2] Assume i =
Zero  percent.

la) what is the most economic life t¥ for the new machine?
(b) Should the old machine be replaced with the new one?

HERERNA R AR RRRRR RN E R RN RN R RERRRRERRERRRRRREN NN

a) Cost per year = AC =l'%2+200+:o4;. (=‘L°—:2+'%)

dAC | 1000 L 10=0 +* = +10 vears

B AC* = ACGO) = 2582 + 200 +100:) =400 2 Annual cost of

od machine for any number of years.
“- No, kegp old ene..
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1 0.1 3 ERERRRERARRRRRRRRRRRRRERERRRRRRRRR RN RRRRNN NN RN RRRRNR NN

A truck salesman is quoted as follows:

"Even though our list price has gone up to $42,000, I'l1l Sell you
a new truck for the old price of only $40,000, an immediate
savings of $2,000, and give you a trade-in allowance of $21,000,
so your cost is only ($40,000 - 21,000) = $19,000. The book value
of your old truck is $12,000, so you're making an additional
($21,000 - 12,000) = $9,000 on the deal.l The salesman adds,
“Actually I am giving you more trade-in for your old truck than
the current market value of $19,500, so you are saving an extra
($21,000 - 19,500) = $1,500.”

(a) In a proper before-tax replacement analysis, what is the
first cost of the defender?

(b) In a proper before-tax replacement analysis, what is the
first cost of the challenger?

(e) What is the proper first cost to use for the defender in an
after-tax analysis? The corporat/ion's incremental tax rate
is 30%

(d) What is the proper first cost to use for the challenger in
an after-tax analysis if no investment tax crediu is ‘takem

EREREERRE R RRRNRERRRRERRRRRRR R RERRRRRRRRRRRRRERRRRN

a) #9.500] Thel defender \st cost before| taxes iz always
4e current market value | net trade-in or book value)
b) *28,500. With anl inflated trade-idl ofl iS00l (21,000 -19,500)|
dnel newl truck can bel purchosed ford ¥u4o,000. Therefore,
thel iate| valuel for a ceplacemertt| analysis is *
s *w.mﬁgq*mlsoﬂ "
¢) "1.250. The after -4ad | * cosH i s el current ater-4ax
wilue i it werel sold now. The toresl arel affected by
an ordinary gainy ofl 19,500 ccMV) = 12,000 (BV), Thusg
B&reF  Tax Inc) ATCF
19,500 1,500 2,280 17,250
) B8,500] Withoutl an invegtment +ax credit +hel after-tox
Is¥ cost is +hel same as thel befare —4ux value. Thee
is no 4ax ’un\pad"l
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A European investor lives near to one of his country's borders.
In Country A (where he lives), an 8% interest rate is offered in
banks, and the inflation rate is 3X. Countrg B, on the other
hand, has an inflation rate of 23%, and their banks are offering

26% interest on deposits.

(a) What is the real or effective interest rate that this person
gets when investing in his Country A?

(b) This investor believes that the currency of Country B will
not change in its value relative to the value of the currency
of Country A during this year. In which country would he get
a larger effective interest rate?

(¢) Suppose now that he invests in a bank in Country B, and that
his prediction was wrong, The currency of Country B was
devaluated 20% with respect to the exchange value of Country
A's currency. What is the effective interest rate that he
obtained?

HERRERERERRER RN RRRARRRRRRRRRRRRR RN R R R RRRR RN RN RN

a) i'=?7 if w=8% fa-3%
te ¢ ""F .4 '-f'? g
08=U+.03+1'(03) =2 ’% = 0,0485 ;. 4,86%
b) W inues-h'ng " Ca.mi'ry A: Ua =0,04496
i investing in Country B : Lg =20%, £a = 3% (note that
he lives in (’.oum-né A. Inflation of Country B does not
afect wim directly
gz Brgh (Q2EROOB _ 238 - 22.33%
He can get a larger effective interest rate in Country B,
(A person that invests and lives in Guntry B, howener;
gets U'= T3gg °  1+023  ~0.0243%, much lessthan a
231
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persen who lives and invests \n ).
c) % =amt. originally invested in B (measured i curreny A).
The amt. collected at end of | yr (measuced in curvency A) 2

(1.o-0,2)( 1 26x) = l.008%

doe Yo The 'Fug T inrhial
d::dwm ?i::am‘(:) irrtereet

thel c‘vrl'e.ras+| s H’\Zﬂl Lﬁlﬂ%‘x‘= 0.M6|
but duning theH year| thel inflation i Courrtry A (where)
hel lives) was 8% | Thevefore |
Lz0.008
-E'na} c;l.osl vl 2 oool‘_’so"so'oa = ~0.02134|

He aclually lost money (reqative] effectivel interest ratel

ot -2 126%)

1'1.:! ERERERENERNRRERERRRRR RN E RN RN RN RN RN RN RN R RN

The first sewage treatment plant for Athens, Georgia cost about $2
mllion in 1964. The utilized capacity of the plant was 5 nillion
gal lons/day (mgd)] Using the comonly accepted value of 135
gal l ons/ person/day of sewage flow, find the cost per person for
the plant. Adjust the cost to 1984 dollars with inflation at 6%
Wiat is the annual capital expense per person if the useful life
is 30 years and the value of money is 10%?

BRI IR IR IR0 00 U000 0 B0

fopd lation equivalents| =t 5 mgd =37.,037
135

Cost per capitd = *2,000 - $54!
e 37087 |
1984 dollars, ﬂ:‘lS'—I-I(]%Jé%,Zo)
: s4(3.207) =*173.18
Annual Cost | A = 173118 (Ap) 10%,30)
2 173. 18lc. 1061) = ¥18.37
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How much life insurance should a person buy if he wants to leave
enough money to his family, so they get $25,000 per year in
interest, of constant Year 0 value dollars? The interest rate

expected from banks is 11%] while the inflation rate is expected
to be 4% per year.

BERERRRRRRRRRRRRERERRRRRRERRR RN RRERRRRRANRRR RN NN S0

The actual (effective) rate that the family will be qetting
i ("=i-f . 01 -0.04 _ 0.0673 -.1 6.13%
|+.ﬂ I. at{.l
To caleulate P, n=oo (cqp'ri-ah'zecl‘ cost)
P=A . 25000 .37,
1! o0673

Thereforel | hel needs +d buy abeut 370,000 ofl life insurarcel

FRERRERRERRERERERRR AR RN R RRERERRERRRRRRRRRRRRRRRRR RN RN 1 1 '4

Property, in the form of unimproved land, is purchased at a cost
of $8000 and is held for six years when it is sold for $32,600.
An average of $220 each year is paid in property tax and may be
treated at an interest of 124 The long-term capital gain tax is
15% of the long-term capital gain. Inflation during the period is
treated as 7% per year. What is the annual rate of return for
this investment?

ERNBRERERRERREEERERRRRRRERERRFRRRERRRRRRRERRRRERRRRRRS

Long ferm gains = 32,600 -8,000 = 24,600
Tax on Long term gains = .15 x 24,00 = 3,¢f0.
Froperty fax = 220(¥/A, 12%, &) = 220(8.115) = 1,185.30
Adjusted FW = 32,600 - s,b%-: 185.30 = 27,624.70
qlso FW = gooo (1 + Lq)
¢ (1+iag)= (g'?,lzu 20) = 1.2257

(1 +ieg) = 1+L)(14Lg), note: inflation and interest rates
arve addihve in effect.

I+l = 12287 =1.1455 or |%6% rute of wium

.o
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The auto of your dreams costs $20,000 today. You have found a way
to earn 15% tax free on an “auto purchase account.” If you expect
the cost of your dream auto to increase by 10% per year, how much
would you need to deposit in the “auto purchase account” to
provide for the purchase of the auto 5 years from now?

HEREERERREREFRRERERERERRERRERRRRRERERRERRRRARRRRERRRRN

Cost of Auto 5 years hence (F) =P +inflation ate)”
z 20,000 (1 +0.10)°= 32,210
Amourtt to deposit now to have #22,210 five years hence.
P = FCYF (%) = 32,210 (Y, 5%, S)
= 32,210 C0.44712) = | b, o148\

1 1 _a EREHEE RN RN RN RN RN R RRNRRY

On January 1, 1975 the Nationa Price Index was 208.5, and on
January 1, 1985 it was 516.71. What was the inflation rate,
compounded annually, over that lo-year period? If that rate
continesl to hold for the next 10 years, what Nationa Price Index
can be expected on January 1, 19957

FNNEFERANN RN RN RN RN RN RN RN NN RN RN RN RN

NPW =0

o=-zoes+s|b-ﬂ("7:= inflation rate, 10)

(Y, inflakion ke ,10) = B1e4T = 04035

Tral ¢ Eqer Sdalution *

Ty =%l = -208.S +SibTL Co.-+lz:ul-‘)> 4.6

Tv 0210% = -208.S +516.11L0.%855) =-9.3\

Ir:'\'erpoi&hon Infation Rate = 3%/t Cl‘lo)(ﬁ_-c.%lﬂi)
=4.51%

National Frice Index qqs = Stb1 (1+0.0951)%= 1,281.67
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A department store offers two options to buy a new color TV which
has a price of $440.00. A customer can either pay cash and
receive immediately a discount of $49.00 or he can pay for the TV
on the installment plan. The installment plan has a nominal
interest rate of 124 compounded bi-yearly and would require an
initial down payment of $44.00 followed by four equal payments
(principal and interest) every six months for two years.

If for the typical customer the real Minimum Attractive Rate of
Return is 5%. what is the maximum effective annual inflation rate
for the next two years that would make paying cash preferred to
paying installments? All figures above are’ quoted in time zero
dollars.

HEERRRRRRRERERREREREERERRRRRAERRRRRRRRRRRRRRRERRRNNRNN

The rvlon-l'lnty Fuymgn-l-s i nominal dollars it +4he
nstallment plan was selected would be

C-*uu0 +u) (AP, T, 4D = — 3428
The breakewen inflation rate is that rate such et
NPVeuy =NPVznstall. or NPVauy-install =©
NPVa-1 = (- 440 +4q) +uit) + 11428 CVA, Ly, ,4) =0
(%:':%.- 4) 3,034 theefore 4he nominal effective
Semi-annual MARR would have {obe up .15, The
nominal effective annual mte would be L=<C1.16Y*-( =0.2432
The effective annual inflation rate can now be com
fom Hhe formula C1.2432) =Cl.oSX1+8) ; thus § = .1840

J0E 300006360000 J0 00 06 36 0096 36 36 00 36 36 00 06 06 36 36 00 0600 36 36 36 00 30 00 00 90 90 36 36 06 06 96 36 36 36 96 36 06 98 96 96 96 36 06 96 3 3 36 6 el 1 1 _a

An automobile that cost $6500 in 1980 has an equivalent model four
years later in 1984 that cost $9250. If inflation is considered
the cause of the increase, what was the average annual rate of
inflation?

HERERERREREREREREERRRRRRERRERARRRRRRRRERERRRRRRERRRRRENR

F= P(I-H:.;')n
925%/¢,500 = Cleip)®
I+ ig = (1.4223)%=1.092
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A machine has a first cost of $100,000 (in today's dollars) and a
salvage value of $20,000 (in then-current dollars) at the end of
its ten year life. Each year it will eliminate one full-time
worker. A worker costs $30,000 (today's dollars) in salary and
benefits. Labor costs are expected to escalate at 10% per year.
Operating and maintenance costs will be $10,000 per year (today’'s
dollars) and will escalate at 7% per vyear.

Construct a table showing before-tax cash flows in current
dollars, and in today’s dollars. The inflation rate is 7%.

ERNRRERREERERRREERRRRRRRERRB R RR RN RN RERERRRR R NN NN

gnd of  Currett Dollars Todays
Year Savings ©%M  Capital Total Dollas

o -100,000 -l0opoo ~loYc00
| 33,000 - 10,700 22,200 20,844
2 3b,200 ~il,4¥4 24,85 21,706
3 24,9%0c -12,250 27, 6€0 22,5
% 42,472 ~-13,108 20,815 23,59
5 48,315 -i%,02 34,290 24445
6 53,1471 -i15,001 28,40 25 414
y S8,462 -1b6,058 Y2 4o 2b, 4o
8 e4,208 17,182 ¥12b 21428
9 710,128 -18,385 52,25% 28,411
1o 18lz -\9,612 20000 78,144 24,123

1 1 _1 0 ERERERERNENRERNARR RN AR AR RN RN RRRRRRRRR RN RN RN

A project has been analyzed assuming 6% inflation and is found to

have a monetary Internal Rate of Return (IRR) of 22%, What is the
real IRR for the project?

26303 0 30 06 3006 30 36 06 96 36 36 36 06 36 36 06 36 6 36 06 30 3006 36 06 06 06 06 3 96 3696 0 30 96 30 00 9 36 06 30 90 30 30 06 9% 0% 9% ¢ % )

Real IRR = (1,22)/¢| .06) =1 = 011509 or 1S.09°/4
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A solar energy book gives values for a solar system as follows:
Initial cost, $6500: Initial fuel savings, $500/year; Expected
life, 15 years; Value of money, 10%] Inflation, 12%j and
Incremental income tax rate, 25%. If we define the payback
condition as the time required for the present worth of the
accumulated benefit to equal the accumulated present worth of the
system cost, what is the time required to reach the payback
condition? Since the income tax benefit is related to the annual

interest expense, treat it as a reduction of the annual cost.

BRRERERARR RN RN RERR NN RRRRRRRRNNRAEERRRRENRR

Annualizing Pl: A= @500 (AP, 10%)15)
= 6,500 (.1315) = 654.75
I+t = (1.10)0U + 025x0.10) = I 1275
PW of costs = 854, 75CPA,12.715 %, 15)
= 854.75 (6.541) =5,595.82)
1+L¢4 T l4id - 12 = 1.o8
1+4 l.10

The solution s*rahgy is 4o find te Hme for the
PW of benefits o @jual PW of cost. When the combined
effect of the two rates on a distributed A amount are

posed +then Hhe net effedt retuins Hhe direction of

e lagex rate. The inflahion rate is greater +han
the time value of money , which is adbnormal. To
solve this problem, find the PW of berefit, and 4o do
that we must get FW of the equivalent rate | io.
Ty 10 years : FW =Soo(%A,1.2% n)

=500 (10.850) 4 5,425.06
Tey | | years : Fw = 500 (/A 1.0%, n)
=500 (12.045) < ¢,022.92

Irrhrpola-i'& Paybud( = 10.Syears
FREREEREEEEE N NN NN RN NN RN RRRR RN RN RN NN RN RRNN 1142

A company requiresa I eal MARR of 12%. WWiat monetary MARR should
they use if inflation is expected to be 7%%

HRRERRRERERRRRNNR TR R RN RN 0000000000 06 0 0

Monetary] MARR =z (112)(1.07) -| = 0.1984 on 19.84-%
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An asset with a three year UOP * life will be purchased for
$20,000. It will result in savings (net annual benefits) of
$9600, $11,520, $13,824, and $16,589 in years 1 through 4,
respectively, after which it will be sold for $3000. All amounts
are in actual dollars. The company’s incremental tax rate is 50%.
Ignore the investment tax credit. The company uses a real Minimum
Attractive Rate of Return (MARR) of 20% and a monetary MARR of
32%. Recaptured depreciation (gain on disposal) is taxed as
ordinary income. What is the after-tax present worth?
* U0P Depreciation: 29%, 47%) and 24% for years 1, 2, and 3.

RRERRFRRERERERERRRARRRERRRRRRERRRRRRRRRRRRRRRRRR RN

ACTUAL ACusL  YEARO
goy TBHAR P IncomE foR mxes Ame  Raor
o =20,000 -20000 ~20,000
1 9600 S@o0 3 8co -1,900 7,100 7,000
2 i,520 9,4ec0 20 -(,060 10,460 8,644 .3
% 13,8624 4,8c0 9,024 4,512 9,212 6,99b6. 24
JE PR CRR. i

PW(2296) = - 20,000 +7,700C1.32) '+ + - 4+ (B29%.5 + 1500)C1.32)™*
= -888.54

PWC2070) = = 20,000 + 7,000 (1,205 + <+ = +(S,665.2b + 1,024, sD1.265°
= -888.53

The conversion ftom Actual Dollar ATCF 4o Year© Dellar
ATEF was made by noting that inflarion ate, € is given
by: *=22%i20 -1 =01 or 0%

*Book value

**Ordinary  income. See the note at the end of the Income Tax
chapter.

11 14 BRI 00 00 00EE0000E00 06 00 060606 00 06 36 00 0 36 26 00 30 00 30 3000 30 36 36 36 360 6 00 08 30 9000 36 06 06 6 0600 00 00 06 6 6 0 K
-

The real interest rate is 4%.
The inflation rate is 8%.
What is the apparent interest rate?

AREEEERRRRRER RN RN RN R R RN RRARRRRRRRRRRRRRNNEN

LU+ § +UF
z 0.04 +0.08 + 0.0+ x0.08 = |2,5z‘%



Chapter 11  Inflation 239
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Compute the internal rate of return based in constant (Year 0)
dollars for the following after-tax cash flow given in current or
actual dollars. Inflation is assumed to be 7% per year. (Round
to the nearest dollar.

After Tax Cash Flow

Year in actual dollars
1988 (Yrl 0) -$10, 000
1989 +3,745
1990 +4, 007
1991 +4,288
1992 +4,588

B0 OO0 000 0000 00 0000 0000 0000 0 0006 06 6 3006 00 0006 0 00 30 00 00 9 0 36 00 00 30 30 00 30 30 00 00 00 00 00 30 00 06

Year After Tay Cash Flow jn Constant Dollars
1988 (o) -10,000

18] 1) 3,748/ .07 = 3,Sco

1990 (2) *00% 1oy = 3,500

199 (3) ""7'98/(1 07? = 3,500

1992 (%) 93/:: o1)¢ =3,500

NPW =0 = -10,000 *3,s00(VA, L%, &)
(P/A Lﬂ/° q.‘) & IopOOO/s'soo - 2.857
ROR = L= 1S

B3 600 36 30 36 U0 00 00 3006 006 0060600 06 366 00 30 00 9006 30 6 06 00 0000 00 96 06 06 0630 90 30 00 00 36 90 30 36 6 06 06 00 00 3 36 06 R K 1 1 .1 a

The capital cost of a wastewater treatment plant for a small town
of about 6000 people was estimated to be about $85/person in 1969.
If a modest estimate of the rate of inflation is 5.5% for the
period to 1984, what is the per capita capital cost of a treatment
plant now?

630 00 08 36 08 36 3% 3 3 96 36 36 36 3 06 36 06 36 36 98 96 96 3 96 96 36 96 3 96 3 36 96 30 36 3 96 30 96 06 36 36 3 6 06 06 36 96 96 06 30 ¢ % ¥l

F= F'(i-l-l...p)
=85 (1+4.055)"°
=85 (2.232) =$189.7¢
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A lot purchased for $4500 is held for five years and sold for
$13,500. The average annual property tax is $45 and may be
accounted for at an interest rate of 12%] The income tax on the
long term capita gain is a the rate of 15% of the gan. What is
the rate of return on the investment if the allowance for
inflation is treated at an average annual rate of 7%%

000000600 00000000 0000 0000 00 00 00 06 06 00 00 00 30 300000 00 00 00 0600 06 00 00 00 00 00 00 00 060 00 0 0000 B N0 0 e

Lor|.3+enn gain = 13,500 - 4,500| =9,000
Tax on long term gain = (15)(q,000) = 1,350
?r‘uper‘l'y’zalx = 45(F/a,12%,5)
= 45(6.353) = 285.89
Ad_(usl'ed rebum = 13,500 -1,350 -285, 89 = 11,864. (2]
also = #,soco(i+ Lq‘)s

H’Qﬂ’ (_J__ELLZ” pot.12\% = 1.214

H,500

|+ = l+|€,ﬁ . L2 g 1129 ; (=12.8%
| + L4 l.o7S

1 1_1 & HRRRERERRRRRERRRRER RN RN RRRR R RN RN RN R RN R R AR RN RN RNNN

Undeveloped property near the planned site of an interstate
highway is estimated to be worth $48,000 in six years when the
construction of the highway is completed. Consider a 15% capita
gains tax on the gain, an annual property tax of 0.85% of the
purchase price, an annual inflation rate of 7%, and an expected
return of 15% on the investment. What is the indicated maximum
purchase price now?

RREEEEREREEERE RN RN RN RN RN NN RR RN RRRRRRRREN

Let x = purchase cost
| +Leg = C14SX(1.07) =(.23]
Annual operty +ax = .oco88%
FwW c'F}r;wpzﬂly tax = .oossx [7A,23.1%,6]
= .08 %
Adj. return = 48,000 -.1S (48,000-7%) -.0909%
also = %(1.23)° =3. 48 x
'-I-O,Bfo +.15« —.0909 X = 3.48%
X=%11927 purrthace cost
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Mnor Gl Co. owns several gas wells and is negotiating a 10-year
contract to sell the gas fromthese wells to Myjor Gl Co. They
are negotiating on the price of the gas the first year, $ per
thousand cubic feet (MCF), and on the escalation clause, the
percentage rate of increase in the price every year thereafter.
M nor expects the wells to produce 33,000 MOF the first year and
to decline at the rate of 18% every year thereafter. M nor has
agreed to spend $500,000 now to lay pipelines from each well to
Major's nearby refinery. Wat should the mninum price be the
first year and what should the escalation rate be if Mnor wants
their revenue each year to remain constant (unifornm) over the life
of the contract. Assume an end-of-year convention and a M ni num
Attractive Rate of Return (MARR) of 15%.

RRRERERERERRREREERRERNERNR RN ENRE RN ERERRRFEEERRRRER
Requu’ed income 1o earn the 15% MARR on *500,000:
EUAC = 500, om("‘/?, 15%,10) = 50%000(0 1993)=9,¢50
Initial price = 444 650/33,000McF =¥3.02/McF

Annual production deelines to (1-0.8) of inttial rate
each

Let f+ required ammual escalation ratel
Then (1-0.18)<l+-F)=i +o keep the| revenue constant

£ 4 J -1 = 0.21951/yead

([ -'acla
BERENN RN N 000 0000 00T 00 00T 00 0 000 2000 06 20 00 00 0000 30 00 00 0 000 06 0 S 1 1 _20

Jack purchases a |ot for $40,000 cash and plans to sell it after 5
years. What should he sell it for if he wants a 20% before-tax

rate of return, after taking the 5% annual inflation rate into
account ?

HEERRNRNNRRR RN RN RN RN RN RN RN RRRRRRRRRRRR RN NNR

l 1 1 5
4ok
F < wokl (F/p| 20%,5)(Flp, 5% ,5)

= 4ok (2.488)(1.2.76) = 126,988




242 Engineering Economic Analysis Exam File
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A solar system costs $6500 initially and qualifies for a federal
tax credit (40% of cost, not to exceed $4000). The costo'fmoney
is 108] and inflation isl expected to be 7% during the life of the
system. The expected life of the system is 15 years with zero,
salvage value. The homeowner is in the 40% income tax bracket,
The initial fuel saving is estimated at $500 for the first year
and will increase in response to inflation, The annual
maintenance cost of the system is estimated at 5% of the
annualized cost of the system. What is the time required for tha
payback condition to be reached for this investment?

BRI NI IR NI

Ad ust indtial cost byi “4ax| ced-4 P=.60 (6 500) = 3,900
Annualq_el costl : A = 3300 (A 10%)15)
713900 (11315) = S12.85]
l+id =z L1001+ 40x.180) = 1.0895 [ 1+im -1.08 represents|
I-es mairfenance charge
as a rate
PW ofl costd = 512.85 (PA, 8457. | 15)
= 57,85 (8. 086) =4 |46, 67
| +Led = 'O/, o‘T. | .o28 e
Ty 9 years s PW = 500(7A, 2.8%, n) el
= soo (7 868] 3 ‘-154 13‘ gl
T 10 years : PW = Soocl%.,zs‘fo,nﬁ
= 500(8.618) = 4,308.97
Interpolate payback| =%.6 years.

1 1 -22 FRFRRRRRRRRR NN NN RN R RN RN RN RN RRR R RRRRRA RN RN

Acme Company is considering the purchase of a new machine for:
$30,000 with an expected life of 20 years when it is estimated the
salvage value will be zero. An investment tax credit of 7% will
be allowed. The incremental tax rate (tax bracket) for the
company is 36%, inflation is estimated to be 7%, and the value of
money is 12%. If the annual benefit is estimated to be $2500 per
year over current production and maintenance costs, what will be
the time required for ‘the payback condition to be reached (that.
is, the point where the present worth of benefits up to payback
equals the present worth’ of costs for the life expectancy of the
equipment)?

BEFER R BRI R R R B RS E RN R LR R B RN LR EE LRSI
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Tax credt rgduces nitial ecosH Pz 30000 x| 93=27,900
Annualizel P 1 A 227900 (Af12%) 20
= 27,400 C |1339) =#¥3735.81
I+Ld =1+ +.3bx.12) = 1.1684
Le combines: interest U widh income ‘ox credit ratel
PW of cost = 3,135.8) (7A | 10.84 %6 | 20)
= 3,735.8) (5.674) = 21,197

| ’Hi.ecd = (1 +L)/(|+| vi)

4 1.12/1.07 = l.o%6T «
Ty Il years 2 P/ = 2‘500(%,4.67%,n)=2.l,l30
Try 12 yearss PW = 2,500 (VA 4.67%] ) 2 22,515
Interpolate payback]| = ||.OS years
H numbecs) found by intecpolatton

B30 0600 0000 00 30 00 00 3000 3090 2600 00 00 00 00 006 00 90 0000 06 30 00 30 30 00 30 00 00 30 3036 00 00 00 30 0 00 06 30 9 90 3% 90 6 90 36 36 36 36 06 6 26 K 1 1_23

The net cost of a solar system for a home is $8000 and it is
expected to last 20 years. If the value of money is 10%)
inflation is expected to be 8%, and the initial annual fuel saving
is $750, what is the time for the payback condition to be reached
for the system? Assume the homeowner is in the 30% income tax
bracket.

WRRER R RN NN NN NN NN TN NN

Annualize P A = 8,000 (A 10%) 20)
= 8,000 (4 115) =940
ttie = (10)(1 + .10 X.30) = 1.133
PW of CosH = q‘l'o(VA,lﬁ.S"/oJ 20)
= 940 ( 6300) = 6,406
l+ieq =1.10/1.08= | 018S
Ty 4 years 1 PW =440 (7A ) 1.85%,n)
=quo (8.228) = 6,17|
Try 10 years * Pw =‘?4O(P/A,| 1.85%,n)
= Q40 (9.053) = 6,799
Inerpolate] payback] =4.5| vears)
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An undeveloped parcel of land in Clarke County, Georgia was
purchased in 1980 for $4850. The property tax was $8 for the
first year and is assumed to have increased by $2 per year. The
capital gain tax is 13.6% of the long term capital gain.
Inflation for the period is treated at an 8% annual rate. A 16%
rate of return on the investment is desired. What is the
indicated sale price in 19852

0636 36 36 3 96 36 96 06 30 36 96 36 3 96 96 26 96 36 30 36 36 36 9 36 3 36 36 9 36 3 I 36 I 36 3 I 3 I 36 36 06 36 3 96 I 2 XX ¥

I tieq = (1.16)(1.08) =1.2528
FW of property tax = [8+2(%4,25.28%,5)][%A, 25.28%,5]
= 8 4+2(3120)]L8.252] =41.74
Let o = Selling price
Lona term aapital gains tax = 0.136 (1 - 4,850)=
=.136% - 659.60
Adj. ret = % = [L136e - 659.60 +21.74]
= .8bdy +5617.86

also = 4,850 (1.2528)° = 14,967.54

.864 % =14 399.08
Z =%16,606.31 sellina price

I I_25 3% 3% 9 36 2 3 36 36 3 36 3 9 I 3 % 3 3 3 3 % 36 3 3 I I 9 I 3 I I K I 3 I I I I I I I I I I K 3 I I K 3 3 I I I X KX

A company has designed a VLSI circuit and a production system to
manufacture it. It is believed that it can sell 100,000 circuits
per year if the price in then-current dollars is cut 20% per year
(for example, if the unit price in the first year is s$100, then
the price in years 2 through 5 would be $80, $64, $51.20, and
$40.96).

The required revenue for the five years is $2,500,000 per year in
today’s dollars. The real and monetary costs of capital are 8.8%
and 16.4161, respectively. What should the then-current dollar
selling price be in each of the years 1 through 5?

HRRHERRRERERRRERRRRAEERRERERRRERERRRRRRRERRRRRRRR RN
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Letl R, bel the required cevenue inl year| |, thert the
required| revenuel i years 2 Hirough S sl L8R, .64R,
.512R|. and .4046R,| Since thesel arel in 4hen - curent #)
(2,500,000X A 8,8%,5) = R, (1A6HE) " +o.8R, (1. 164H6) Y

+O.64R, (1.164HE) 4 0.512R. (L.IbHe) Y
+ O.40q6R| CLIBHE) ™

9,774,800 = 2.32523%,
R 4,203,804 on a unit pricg] of #uz.oddin vy, |
1’33.&3‘ in yo 2
-"z{_—,.‘io in y¢3
*a1.52 in yrd
¥ 17.22 in yrns

B30 0000 3006 00 06 96 36 30 36 96 00 36 06 30 36 36 36 06 00 36 00 3606 26 36 06 36 08 36 3% 26 6 06 06 36 36 36 0 o 96 06 36 3% 3 36 3 30 36 30 96 06 06 06 06 0 0 1 1 _2&

An investment in undeveloped land of $9000 was held for four years

and sold for $21,250. During this time property tax was pad that
was, on the average, 0.4% of the purchase price.

Inflation in
this time period averaged 7% and the income tax was 15.2% of the
long term capital gain. What rate of return was obtained on the
investment?

RN RN RN R RN NI R N RN RN RN NRH

Lang"'erm capital gaing fox = 0,152 (21,250 ~9,000) w*:,asz
Prop | +ax = . 0o x 9,009 = *36/yaa:'|

FWI ofl co. tax = 36(FA) ioq, 4)

Hi“‘i a( 2,250 -1,862 \/* - 1.211S (|5H estimate)
9,000

FWl of prop. +uxl = 36CFAl | 21.15%, ) 436 (s,47) = #197]
14 Leg = Gz;,zsq -1,862] -{ﬂ)"*; 1,208 (2nd estimate)

9,000
Ratd of Returrd = 1.2084 | = 12.9%
.07
check : 9,000 (1.2084) =#19,14]
poupy deol = M1

L.-T. cap. 3@‘«1 -l-mi;ltziil
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Steve Luckee has just been inforned that he has won $1 mllion in
a local state lottery; unfortunately the Internal Revenue Service
has also been so informed. Due to tax considerations, Steve has a
choice in the manner in which he wll receive his winnings. He
can either receive the entire amount today. in which case his
conbined federal and state incone tax rate will soar to Tu%, or he
can receive the noney in uniform annual paynents of $50,000 over
the next 20 years, beginning one year from today, in which case
his annual payments will be taxed at a lower rate.  Steve expects
inflation to be a problem for the next 20 years which will
obviously reduce the value of his winnings if takes the annual

payment option. Steve uses a real dollar MARR of54 in his
deci si ons.

(a) If Steve estimates that the inflation rate f would be 6%
and his conbined federal and state tax rate d would be 40%
for the next 20 years, what action should he take?

(b What would be the present worth of the cost of an error in
Steve's estimates in (a) If the true values eventually
prove to be f = 8% and d = 20%7

(c) If Steve is certain that 6% ¢ f < 8% and
20% 4 d < 4% for the next 720 years, what is the maxi num
cost-of errord in estimting f and d?

FRRERRERRRERRRRRERRRRRRRERRRRERRRRRRRRRRRRRRRRERR RN

a) The walue of the entire amount is +

Ci-4)CH M) = R*200,0c0.
The real NPV of the payments is :
NPV = (1 - ) ¥1M/20)CT/A  (1.05)(1-06) -1, 20)
= R*23u4 208
Take the entire amount +aday, it 15 worth more,
b) The real NPV of the payments would be -
NPV = (i-.2)¢s0k)(YA  C1.asXi.og)-1, 20)
= R #2714, 310,
whidn is more than te entire amount today -
Steves ervors in estimation would cost him
274,370 - 260,000 = R* 14, 370.

c) The maximum cost of an ervor will oceur one of
4wo ways, either Steves estimates indicates he sh
take e entire amount foday when he shoudnit
or 4hat he Hake the payments when he showdnt
If he fakes 4he entire amount when he shouldnt,
then for £=.0b and d=.2, and the payments are
worth NPV = ,B(SoK)(PA ,(1.05)¢1.08) -1, 20) = R*#312 38
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and thel costl s #52,384 | If he takes| Hhe
payments) when hel shouldnt, then £= .08 and
d=.%, and the payments are worth

.6 (S0KX(PA, (1.08X1.08) -1, 20) = R¥2085,777] and
el cost is #54%,223. TWe maximum cost is
*54,223)
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An investor is considering the purchase of a bond. The bond has a
face value of $1000, a coupon rate (interest rate) of i = 0.06

compounded annually, pays interest once a year, and matures in 8
years. This investor's read MARR is 25%.

(a) If the investor expects an inflation rate of 16% per year for

the next 8 years, how much should he be willing to pay for
the bond?

(b)Y If, however, the investor expects a deflation rate of 18% per

year for the next 8 years, how much should he be willing to
pay for the bond?

36000600 36 0 3096 96 36 96 30 3 30 30 00 00 00 00 36 98 36 0 30 96 36 96 36 30 36 96 96 90 30 36 30 90 00 0 06 30 30 0 30 06 96 9% 00 30 0% 06 % 6 )

a)

Thel net casvi flows| forl bord il nominal dollacs are
4| Net cash Flows

0 N $F.C.
-8  +60 = .06¢1,000)
8 +1,000|

Ifl e investor wantsd eam a ceal 25% , buh

expects inflation at 6% , h i s nominal MARR musH

bel CL.25X116)-1 =, 45| and therefore

NPV =0 = EC. t 6ol (PA, .45 8) + 1,000CF, .45, 8)

F.c.=-111

Hel should bel willing +ol pay| n o more| than $17)
bY

IF Hnel deflation] mate Cal negartive] Tofl lation rate))

is 18% Hen the real MARR is (1:25)(0.82)-] = .o25

and F.CJ = -60(%, .025,81 -hooo(%.ogsjsj -:-ﬂlq_s-;_
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An asset with a three year ACRS life (use ACRS percentages of 25%)]
38X, and 37X, respectively) will be purchased in 198X for $10,000
(198X dollars). It will result in savings (net annual benefits)
of $4000 per year (198X dollars) for three years, after which it
will have a salvage value of $1000 (198X dollars).

Calculate the year by year after tax cash flows in 198X
dollars if the company’s incremental tax rate is 50% and the
inflation rate is 10%) Assume that benefits inflate at the general
inflation rate. Ignore the investment tax credit. Any gain on
disposal (to the extent of the depreciation) is treated as
ordinary income.

HEEBRREREEERRRRERREEREERRRER AR EREEER AR REREERERRRR RN

End of Year o 1 2 3
(198X Dellar Before Tax Cash Flow -iI0000 Wo00 Yooo ‘oo 000
Actual Dollar Before Tax Cash Flow =10,000 oo ewo 5320 |,33

ACRS TDepreciation 2500 3@oo 3o 1o 0)
Taxable Income Qoo 1,080 |62k (33
Cash Fow For Taxes -950 -520 —8IZ L5505

Actual Dollar After Tax Cash Flow -1c,000 3uso %320 1512 6650
148X Dollars After Tax Cash Fow -10000 3,3b36 357075 328443 500

The interial rate of celum of the ATCF in actual dollars
CA%) 13 13.135%, This is the monetary rate of @lum,
The intemal ate of etum of the ATeF in 198X dollars
(R%) is 2.25%. This is the real mte of retum,
They are related by (113135) = (1.1 1.0285)

*The entry (0*) in the ACRS Depreciation row is a reminder that
the book value is zero at the end of three years,

**QOrdinary  income. See the note at the end of the Income Tax
chapter,
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BENEFIT-COST
RATIO
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A city engineer is considering installing an irrigation system.
He is trying to decide which one of two alternatives to select.
The two alternatives have the following cash flows:

Year & | B Ll
0 | -$15,000 -$25,000
1-10 +5,310 +7,900

If interest is 12%,| which alternative should the engineer select?
Assume no salvage value. Use Incremental benefit/cost analysis.

FERRREARRBRERRRRRRRRRERRRRR RN RN R RRRRRERRERRNRRRRNERE

A B
PWe -15,000 -25,000
Pwe 5,3loC%,|‘2%,|o)=5;;ox5,55 1,900 (%A, 12%,10)
= $30,000 =P 400 xS.65 = 44,635
Wc 5010""%5’0003 2 Wiy, (’Wzﬂm =179

B-A: PW. = -logococo
Unif. Ann, Ben = +2,5%90
PWy = 2590 x5.65 = 14,634
A8 _ 14634 _ 1.46 > |
ac lo,occ
- choose B, higher cost alternative

249
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With interest at 10%, what is the benefit-cost ratio for this
government project?
Initial cost $200) 000

Additional costs at end of years 1 & 2 30, 000/yr
0

Benefits at end of years 1 & 2
Annual benefits at end of years 3-10 90,000/yr

ERERRERRERRRRNRRRER RN R RN R RRRER RN RN RN RN RN R ERERRRRNN

90k

T = &
30K

200K

PW Cost = 200K +30k (7A,10%,2)
4 200Kk| + Bok < 1,736) ¥ 252,080.
PW Benefitsl = 9ok (FA ,10%,8)(TF, 106%,2)
= 9ok (5.335Y.8264) = 396,800

B/c = 296,800/252,080 = || 574

1 2-3 FREFERAANIMIN NIRRT 00T T 0 I I N R

A van is bought for $15,000 in Year 0 |t generates revenues of

$25,000 per year and expenses of $20,000 per year in each of the
Years 1 through 5. Its salvage value is zero after § years.

Ignoring income taxes, compute the Benefit/Cost ratio if i1 2 10%.

JR 00002600 0 00 00 0 00 06 00 0 06 U000 000 06 0 00 06 00 00 00 00 06 06 30 00 06 30 00 00 00 00 36 26 06 0 06 06 30 00 30 00 06 0
I

A ¢ +25
PWB| = 25,000 (%\J 10%,5) =25,000(3.791)
S 2 ¥4y, 115
2 Pwe = 20,000 h|i10%,9) + 15,000
N = 20,000(3.191) +15,000 =%40,820

B W15
Awe ° 75,85  Lou3s
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A tax exenptrmunicipalityis considering the construction of an
i npoundnent for city water supplies. Two different sites have
been selected as technically, politically, socially, and
financially feasible. The city council has asked you to do a
benefit-cost analysis of the alternatives and reconmend the best
site.  The city uses a 6% interest rate in all analyses of this

type.

Year Rattlesnake  Canyon Blue Basin
0 -$15,000,000 -$27,000,000
I-75 +2,000,000/yr| +3, 000, 000/yr

Wi ch shoul d you recommend?

B0 000000 000600000000 30 3E 003000 JR 0000000000000 ORI NN

Rattesnakel Blue| Basin
Pwofpen . 2xic®VA,6%,15) 3x10°CYA.6%, 15)
W of 15110 27 x10"
&/c 2 2.9 7| ok 183 7 | ¥
IR BB-RC/ 28 _ | x10°(PA, 6%l 75)
ol =12,000,000| ac 'z
1-1Sl 41,000,000 =1.37 A

® choosel hisheq cost alternative. | Blue Basin

BRI TR RN NN RN RNRERRRNN 1 2'5

Two economsts are arguing about the best way to rank projects
under a capital constraint. One thinks the best way to do it is
by NPW/PW ofl Cost. The other thinks the best way is to use B/C
Prove that both are essentially using the same technique.

RRRRERRERRRRERRRRERRRNN RN RRERRRRERNRNRRRRRDRRRRRRRRNE

NPW = PW of Benefits - PW of Cost

NOW . PwefB-PwofC . PWofB _

PW of Cost PWeof C PWof C :

2 . puofe

c PWetce note: the constart - | has no efect

v Mg g e °n e ranking
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A consulting engineer is deciding which of two computers to
purchase. Using Benefit-Cost analysis, which alternative should
be selected if the interest rate is 10% per year?

Computer cost Annual Benefit Salvage| Useful Life

A $48,000 $13,000 $0 | 6 yrs
B 40,000 12,000 0 6

J 00060600036 00 00 00 0 00 30 90 00 36 06 06 06 36 36 30 96 36 30 30 36 00 00 00 00 00 30 00 06 00 00 0 00 08 00 00 30 30 30 00 36 06 00 36 00 36 6 3

Alternative A :
PW(B) = 13,000(TA,10%,b) =13000(4.355) = *¥56,615.
PW(C) = 48,0c0

%- 56,6150 oo = 1179
AHermahve B:
PW (B = 12,000 (TA, 10%,6) = 12,000¢4.255) =%2,260
Pw () = Ho,000

B = 220,000 =1.3065
Select B largest B ratio

AP . 56,615 - 52,260 , 4,355 _ .S+
AC 48 ooo - Hoo00 8,000

%% 4 1.0 galeet smallest cost alternahve B

NPW = PW(B) - PWCC)

Da = 56,615 -48,c00 = +¥8,615

Db = 52,260 - 40,000 = + %12,260

To maximize NPwW - choose !ar-ge_f,-l- pos--hve. nummber
altermative 8|

1 2_ﬂ P Y YT TR TYTIE RIS IS ISR SITRSSRISS SIS A SELL LRSS AL AR R £ 2 2 )

Given four mutually exclusive alternatives, each with a useful

life of 20 years and no salvage value. Which alternative should
be selected?

A B C D

PW of Costs  $4,000 ¢ 9,000 $6,000 $2,000
PW of Benefits 6,480 11,250 5,700 4,700

B30 000 36 3 90 06 30 36 06 36 0 30 96 06 36 06 36 96 06 96 06 96 36 36 30 36 30 36 36 36 6 06 96 36 36 06 00 06 00 3 06 00 00 00 30 00 0 0 0 N
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g B < 2
78 L6z 2.5 045 235
exclude “c*
(rearrange) D A B
PW (benefits) 4700 g48o 11,250
PW (cost) 2,000 Y000 9F,000
A-D B-A
AP 1,780 4,770
AC 2,000 £,000
22 =  .eq 454 S0

<. choose D swuller cost

BRI 0000000000 00000 0000060000000 006N NN RN RN 12.8

(a) The state engineer estimates that the cost of a canal is $680
mllion. The legislative analyst estimates the equival ent
uniform annual cost of the investnent for the canal to be

$20.4 mllion. If the analyst expects the canal to |ast
indefinitely, what interest rate is heusing to conpute the
Equi val ent  Uni form Annual Cost (EUAC)?

(o) If the canal lasts only 50 years, what interest rate will the
anal yst be assuning if he believes the EUAC to be the sane

$20.4 mllion?

RERNERRRRR AR RN RN E NN E R RN RRRRRRR RN RRRNRRENN

a) A=P(Ap,i%,n)

For n-—-"oo, (AYP,L"/-,G)rL

A-Pxi

L=hAp = =o.c>3 or 1=3%

b) A= f’(‘%’ L% n)
A= P(Np L?’q S0)
(Ale,i%,505= M = 28& =003
L =, 15 le
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The city council of Arson, Michigan is debating whether to buy a
new fire truck to increase protection for the city. The financial
analyst has prepared the following data:

(a)

Truck A Truck B
First cost $50 , 000 $60,000
Maintenance 5,000/year 4,000/year|
Useful life 7 years 7 years
Salvage 6,000 6,000
Reduction in
fire damage 20, 000/year] 21,000/year]

Using the modified B/C ratio method determine whether the
city should buy a new truck, and which one to buy if it
will be paid for with money borrowed at an interest rate
of 7%.

(b) How would the decision be affected if inflation were

(c)

considered? Assume maintenance costs, salvage and fire
damage are responsive to inflation.
Is it possible the decision would change if the interest

rate were lower? Why or why not?

HERRRR R RN RN RERRRRRRRERERRRRRRRRRRRERRRRRRR R

@) In e modifed Y ratio, all annual cash flows belong
in the numerator while first cost and salvage belong
in the denowminator. Either present or unform equivlent
wmethods may te used 4o relate cosh flows,

(P_) - 20,000 -5000 = T2 % A s
< /A~ 50,000 (Bfp 1%, 7> -5:000 (N, 7961 acceptable
(Q_Q_ = €21,000 ~2.0,000) - (hooo -5,000) _ |.08
10,000 (&p, 796,71 . Bis
petrter dan A

Toudk B should be purehased.

b) Since both future cost (Mairtenance) and benetits
(educed damoge and salvaged are respensie Yo
inflation , the decisions are not aftected by wtiation.
Also note that a city qovernment does not pay income fax.

e No. lower i (MARR) favers higher investment cest
projects and truk B 1o already the hishesd’ cost
aterative
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The receiving area for the expansion of a meet processor is under
study. The initial investment and annual operating benefits and

costs are very different due to various degrees of automation.
These can be summarized as follows:

Alternative A Alternative B Alternative C

Investment costs $180,000 $100,000 $280,000
Annual operating costs 16,000 12,000 28,000
Annual benefits 53,000 35,000 77,000

Iff the company’'s MARR is 10%] which alternative should be selected
fort a ten-year useful life analysis period. Use benefit/cost
ratio analysis.

RN RN RN RN RN RN RN RR NN RN R R RN RN

Il B/ ratios o indiyidual atervatives )

B/)| o EUABA| . 53,000 2 107 (7D
( /c.).l EUACA  180,000(Ap) 10% 1D) tl 6,000
”E.aan
8/) =EUABg . __ 35,000 24 OV
(%) EUACe  160,000(},10%,10) +12,000
(?Cj: = EUABC 77,009 =1.o] O1)

EUACA 280,000, 100, 10)1 28,00
<4 All economicall y attractiye)
2) Ineremental B anal ysi s.
Cost B < CostA ¢ CostC
a) A-B 1 ABerefits = 53,000-35000 = 18,000
A Costs= (189000 -mqooo)(%, 10%, 10) (b, c00- w,mo]

= 17,016.
DBen _ A . 1Booo _ 1058 (> DakapA
ACosts | AEUAC] * 17006

b) c -Ad ABenefitsl = 77,000 53666 = 24,009

A Costs = (280k - 180X MR, 108s,10) +(26K-16K) =28 270
pBen | AEUAB . 24,000 _o.8489 (<) keep
A Costs] - AEUAC 28,719 “
Select Aternative A (1f we eonsider the operating| ceshsl o8 a eduction
R A AR i S
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A firm is deciding a purchase between two machines.

Machine cost Annual Savings Useful Life Salvage
X $1000 $300 5yrs $0
Y 1200 325 5 0

With an assumed interest rate of 12%, which machine should be
purchased based upon Benefit-Cost Analysis?

BRRRERERERRERERERERNRRRR RN RN R RRRRRERRRI RN RE RN

Machine X <
PW (cost) = *:,ooo
PW (benefits) = *300 (Fh, 129, 5) =*300(3.605) A ogis
BL ratio = "8 N 000 = LoBIS

Machineg Y:
Pw Ccost) = ¥,200
W (penefits) =% 325 (Vh,12%,9) =325(3.605) = 1,111.63
% catio = "' 7" H 200 = 9763

Select Machine X

1242 ERRRERER R RERRRRRERRERRERERRERNXRRRRRRRRRRRRRRRRRRRRLRRRRR RS

A public project has been analyzed using Benefit Cost ratios and
been found to be acceptable. It was then found that the analyst
should have used a lower interest rate. Using the correct
interest rate, will the B/C ratio increase or decrease? Explain.

2222222222222 222222222222 222 222222222222 R a2 222t ]

When the interest rate decreases, the present worth of future
benefits increases relative to the investment costs. Therefore
the B/C ratio increases.
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A small surveying company identifies its available independent
alternatives as follows:

Alternative Initial Cost Rate of Return
A.  Repair existing equipment $1000 30%
B. Buy EDM instrument 2500 9%
c. Buy a new printer 3000 149
D. Buy equipment for an
additional  crew 3000 15%
E. Buy programmable calculator 500 25%

The owner of the company has $5000 of savings currently invested
in securities yielding 8% that could be used for the company.

(a) Assuming his funds are limited to his savings, what is the
apparent cut-off rate of return?
(b)Y If he can borrow money at 10%, how much should be borrowed?

ERERERRERERERARRRR RN RN RN RN NN A RN RRRRR RN RRRRERRIRRER

A 1,000 1,000 ach

E sco lisoo 25% cutotf cate-of-
D 3,000 4,Sco 15% retum = 1% to1S%
¢ 3000 7,500 n%

® 2,500 10,000 q9-

) Do all Prq&*s with a vate of et Y10% Thus
Alfernatives A €,D,{C with a total inttial cost of
#1500 would be selecked . Since only *scoo is

availovle , #¥2,500 would need 4o e borconed .
257
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The capital structure of a firm is given below.

Source of Percent of Interest
Capital Capitalization Rate
Loans 35% 17%
Bonds 30 8
Common Stock 35 12

The combined income tax rate for the firm is 50%. What is the
after-tax and before-tax cost of capital to the firm?

BT TRTIER JEE ORI 000000000000 000000000200 0000000 R0 e

Beore Tax Cost o' Capdal

0.35 % 1% + 0,30 x 8% +0.35 x12% = 12.56%

Ner Tax Cost o, Cagihl
0.%5%11% (1-050) + 020x8%(1~0.50) + 035 %12% = R.15%

1 3-3 B0 00000600 000000 0000 000 060 0000 00 06 00 30 06 00 00 00 30 06 00 00 30 00 36 90 90 00 30 90 06 0 30 36 36 90 06 96 36 36 06 00 36 06 06 36 30 36 30 30 % 00

A local finance company will loan $10,000 to a homeowner. Ttl is
to be repaid in 2-1/2 years by making monthly payments of $500
each. What is the

(a) monthly interest rate?

(b} nominal interest rate?

(¢) effective interest rate?

B30 38 06 30 303096 00 30 36 3006 00 36 36 36 36 30 36 36 36 9 30 96 06 96 96 3 96 96 36 90 3 96 36 3606 3 06 3 00 36 30 96 698 06 30 96 36 96 3 ]

@ P=APA,i%,n

10,000 = 500| (7A | L%, 30)

Tral 1 Erree Solution

L | (A, e, 30D

2%| 22.396

3% 14.e00

iterpolate. = L= 2’/--!-(!%)(%

: 29+ SR - 2.857% pec month

) nominal nterest ate = 120 =12(2,857) = 34-.28%
o) effective interest mte = C14L)™ 1 = Cixo.02857) 2|

= :&-E‘Yo
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A small construction company identifies the following
dternatives which are independent, except where noted.

Incremental on

Alternative Initial Cost Rate of Return Investment Over
1. Repar bulldozer $ 5,000 309 0
2. Replace backhoe

With Modd A 20) 000 15% 0

With Model B 25,000 10.56 2A
3. Buy new dump truck

Model X 20,000 20% g

Modd Y ~30,000 14% 3
4] Buy computer

Model K 5,000 121 0

Model L ~— 10,000 9.5% 4K

(& Assuming the company has $55,000 available for investment
and it is not able to borrow money, what alternatives
should be chosen, and what is the cut-off rate of return?

(b)Y If the company can also borrow money at 10%] how much
should be borrowed, and which alternatives should be
selected?

FERRAREARRXRNEAREEAEEREERR R R AR RR R AR R R RN ERRERRRERRRRR

Rank the alternatives by aRoRr 2
Project  TNZREER  Gnvestwent — oROR
t

S,000 5,000 20%

3x 20,000 25,000 20%

2A 20,000 45,000 15%

3Y-3% 10,000 85,000 4%

4K 5,000 60,000 12%
26-2A 5000 65,000 10.5%
LL-4K S,000 70,000 q.5%0

) With #55000 available choose : | Repair pulldozer
ZA Blackhoe madel A
2Y Dump truck madel Y
Cutoft Rate -of -Retum = 12 40 4%  No computer
b) Money borcowed =¥10,000 . Proects:| Repaic buldozer
Y : Je" 2P xkhoe. maode| B

3Y Pump ruck wmodel Y
YK, Computer model K
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The following independent and indivisible investment opportunities
are available :
Investment  Amount Rate of Return

A $200 20%
B 100 22
C 50 19
D 100 18
E 50 15
F Unlimited 7

(a) Which investments should be selected if the Minimum
Attractive Rate of Return (MARR) is greater than or equal to

18%?

(b)Y Which investments should be selected if MARR is greater than
or equal to 14% and the available budget is $4007

(e) What is the opportunity cost of capital in Part (b)?

0000006 00000600 0 0 060606 06 36 3 36 06 06 36 36 36 96 8 96 06 3 3 9 30 06 9% 36 30 36 06 30 36 36 3 06 0 06 3 6 %

a) ABcD
P> ABD
o 1%

1 3.6 600 0000 3000 00 00 00 06 08 300 3000 0 00 00 0 00 000 96 3 06 3 06 06 O 3% 3 36 36 0% 36 96 9% 36 96 06 3 0 3 30 36 30 303 0% 06 O 06 96 06 36 0 % 6 %

The probability that a machine will last a certain number of years
is given in the following table.

Probability of
Years of Life Obtaining Life

10 0.15
11 0.20
12 0.25
13 0.20
14 0.15
15 0.05

What is the expected life of the maohine?

Ty T e T T

ngded value = 1000.18) +11 (0.20) +12(0.25) +13(0.2)
+14(0.18) +15 (0.05) =12.15 yeacs
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RRRRERNRERREREERER R RRRE R R RN RN RE RN RRRRRRRRRRARRRE RN 13"7
A city engineer calculated the present worth of benefits and costs

of a nunber of possible projects, based on 10%interest cost and a
10 vyear analysis period.

Costs and Benefits in 1000's

Proj ect: A_B_C D _E F G
Present Wrth of Costs 75 70 B0 35 60l 25 70l
Present Wrth of Benefits 105 95 63 55 76 32 100

If 10%is a satisfactory Mninmum Attractive Rate of Return (MARR)|
whi ch project(s) should be selected if $180,000 is available for
expendi ture?

I IE0 T IE I 0TI 0000 00O

froject A B € D E E 4
Cost 75 170 S0 3 e 25 70
Benefit 105 95 63 55 7% 32 100
NPW 30 25 13 120 (b 7 3o
-N-Eﬂ 0.400 .357 .2b0 .57 .2667 .28 .28

3 4 ? F e 5 2

D+&G+A = 35K+ 70K t75K = 8oK
CHoosE PRoJECTS D, & A

HRERRERRRERERRE RN RR R R RRRRRRRRARERRERRERRERRR RN RREN 13.8
How much woul d you pay now for an insurance policy protecting you
against a one in twenty chance of |osing $10,000 three years from
nowif i = 10%?

HRNRERRERRRRRRERRRRR RN RRRERERRERARRRRRRRRARRRRR R R RN

PW = 2 (% 10%,3) = soo( 1513) = ¥315.65
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A coal burning power plant has been ordered by the government to
install a $5 million pollution abatement device to remove sulphur
that is currently being emitted into the air. The sulphur is
removed by allowing the plant's exhaust to pass through a filter,
The filtration system requires the presence of a certain chemical,
The purchase price of the chemical is $1000 per kilogram. Studies
have been conducted that show that the number of units of sulphur
that may be recovered annually from the exhaust is equal to 100
times the square root of the number of kilograms of the chemical
used in the filtration system. Thus:

(Units of Sulphur) = 100 x (Kilograms of Chemical)v'al

Each unit of sulphur that is removed may then be sold by the power
plant to chemical supply companies for $300. The filtration
system and chemical have an expected life of 20 years at which
time the chemical will have a resale value of $500 per Kkilogram,
while the filtration system itself has no resale value.

Using a before-tax Minimum Attractive Rate of Return (IMARR) of
10%) find the optimal amount of the chemical that shouid be
purchased by the Rower plant.

BEEEERERERRRRRRERERRERR R AR RRRRRRNRRRRRRRRRRRRR RN RN

Let % = noJ of kilasmm.'.{ of ehemicals purchased
Net Annual Costi (x) =
(purchase| cost- ofl pellution abatment device) (Y7 10%,20)
t (chemical parchase] cost) AP 10%,20)
- (sawa.geJ valuel of chemical)(AF, 10%,20)
- Cannual salel val ue of sulphur)
NeH Annual Cost () = (5,000,0000(Ye] 10%,20)+(1,000% XA 10% 29
- (Scox XA, 10%,29) ~(200)((0OVK")
2 5,000 (.1115) 4 1,000 % (. 1175) -500x (. o(15)
= 30,000VX
= 5§817.5 +108.15% - 3go000VX
Td minimize cost differentiatel N Al ¢.(x) and set = O

dNACX) . 108.75 - 39000 . o
ax av

e, i 1OBTE = 29002 . 137.93)
2 30,000 ¥ 2X(108.75)
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% = (1%7.9212%=1%. 02497

check Sorl mmax., o« min . d‘M&C(xj = 1,500, forxo
dx Vsl

unlams*nnuasnill,iamuuuuuunnuunu'&nnuunn"uu1 3.1 q

How many positive rates of return does the follow ing cash flow

have?
Year Cash Flow
01 -$50,000
1 +25,000
2 +25,000]
ﬁ -sor 003
5 +25,000
6 +25,000
7 +25,000

F 00 000000 00 06 36 36 30 06 96 36 36 06 06 36 00 3 30 9% 3% 0% 3% 3 0% 90 0 3 3 0% 0 3% 0 38 3% 00 36 06 3 3% 06 3 08 0 06 96 00 06 0 0 0 6 %

Year  Accum, Cash Flow

o - 50,000 3 sign changes in cash flow,
( - 25,000 Cash Row Rate of Signs : There.
2 o may be as many as 3 positive
3 o RoR,

4 - 50,000 Awum. Cash Flow: Aq #0, one
s - 25,000 Sign change in accumulated
6 o eash {low, . one posrtive

7 t 25,000 A, rate of um

note: also check o see if there is any external investment
dun‘ng Prv"&xl' life
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13- sorrrrrrrrr R

A bond with a face value of $1500 can be purchased for $800. The
bond will mature five years from now and the bond dividend rate is
12%. If dividends are paid each three months, what effective
interest rate would an investor receive if she purchases the bond?

HRNREEREERREREREERRERRRRERARNNRRRRENARRNERERRRRRRRERER

oo
N=2°

T

A = %45

Interest period = 3 months

1,50+ S

Compute © < interest rate / interest period
0 = 800 + 4sCYA, (4, 20) +1,500CTF, i%e, 20)
Trial £ Ecror Solution @

L | Net Fresent werth

1% | - 800 445 €10.594) + | sool0.2584) = +64.23

8% - 8oo + 45 (].8\B) +1,500€0.2145) = - Bb. 44
Linear interpolation : i = 1% + (1% (Trss st =1.638%
Effective interest mte = C14+U™| = (1 +0.01628) -

z 03423 = 34.23%

CHand Calcylator Solution ¢ Effective interest mte =24.14%)

1 3_1 z ERNREERRNEE R RN RR NN NN N RN RN RN RN RN RRRR RN
| f the quarterly effective interest rate is 5-1/2%)] with
continuous compounding, what is the nomina interest rate?

HRRRRERRRERRRRRRERRNRRRERRERRRRRRRRERRRR RN RRRRRRE RN

l.quarl{\a'h’ = 0,059

Leffective = &1

o.055 =& -\

el _ | e =l ln (LosS) = Yoo hD = 21.42%



Compound Interest Tables

Discrete  End-Of-Period  Compounding

Tables for:

Ya% 2% Y% 1% 1Y% 1%%
%% 2%  2%% 3% 3% 4%
4% 5% 6% 7% 8% Y%

0%  12% 15%  18%  20%  25%
30%  35% 40%  45%  50%  60%

Values Of Interest Factors
When N Equals Infinity

Single Payment: Uniform Payment Series.
(F/P,i,») = (A/F,i, ) = 0
(P/Fi®) = 0 (A/P,i,®) = i

Arithmetic Gradient Series: (F/A,i,®) =

(A/G,i,®) = 1/i (P/Ai, =) = i

(P/G.i,») = 1/
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1/4% Compound Interest Factors 1/4(%)

Single  Payment Uniform Payment Series Arithmetic Gradient
Compound Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund  Recovery Amount Worth | Uniform  Present
Factor Factor Factor  Factor Factor Factor Series Worth

Find F FindP | Find A Find A Find F Find P Find A Find P
Given P Given F | Given F Given P GivenA Given A | GivenG Given G

n F/P P/F A/F A/P F/A P/A A/G P/G n

1 1.003 9975 1.0000 1.000 0 1

2 1.005 .9950 4994 15019 2,003 0.998 0.504 @.005 2

3 1.008 .9925 3325 .3350 3.008 2.985 1.005 2.999 3

4 1.010 9901 .2491 2516 4.015 3.975 1.501 5.966 4

5 1.013 9876 .1990 2015 5.025  4.963 1.998 9.916 5

6 1.015 .9851 .1656 6

7 1.018 .9827 1418 1443 8.038 6.938 2.998 209885 7

8 1.020 9802 1239 8

9 1.023 .9778 1000 1125 9.090 3.989 3.980 35.840 9
10 1.025 9753 0989 1014 10.113  9.864 4.483 44.216 10
11 1.028 9729 .0898 11
12 1.030 .9705 0822 0847 12.189  10.887 8.978 63.830 12
13 1.033 9681 .0758 (783 13.197  12.775 5.968 76.244 13
14 1.036 .9656 .0703 6.464 14
15 1.038 .9632 .0655 .0680 18.286 137304 6.957 168.806 15
16 1.041 .9608 .0613 16
17 1.043 9584 .0577 .0602 18.304  16.688 7.952 138.068 17
18 1.046 .9561 0544 0569 18.388  17.580 8.437 148.319 18
19 1.049 .9537 .0515 19
20 1.051 9513 .0488 0513 29.432  18.883 8.929 163.859 20
21 1.054 .9489 .0464 21
22 1.056 9465 0443 0468 22.58%  20.380 19.902 202.53% 2
23 1.059 9442 .0423 23
24 1.062 9418 .0405 0430 28.308  23.388  10.884 2683.852 24
25 1.064 .9395 .0388 0413 25.765  24.206 11.874 287.407 25
26 1.067 9371 .0373 26
27 1.070 .9348 .0358 0383 28.896  25.0%8 12.863 336.850 27
28 1.072 .9325 .0345 0370 28.966  27.010 13.341 360.343 28
29 1.075 .9301 .0333 .0358 30.038  27.940 13.828 386.366 29
30 1.078 9278 0321 .0346 31.114  28.868 14.317 413.302 30
36 1.094 9140 .0266 .0291 37.621  34.387 17.234 592.632 36
40 1.105 9049 0238 0263 : 42.014 38.020 19.171 728.882 40
48 1.127 .8871 .0196 .0221 50.932 45.179 23.025 1 040.22 48
50 1.133 .8826 .0188 0213 53.189 46.947 23.984 1 125.96 50
52 1.139 .8782 .0180 .0205 55.458 48.705 24.941 1 214.76 52
60 1.162 .8609 .0155 .0180 64.647 55.653 28.155 1 60031 60
70 1.191 .8396 .0131 .0156 76.395 64.144 33.485 2 147.87 70
72 1.197 .8355 0127 0152 78.780 65.817 34.426 2 265.81 72
80 1.221 8189 .0113 .0138 88.440 72.427 38.173 2 764.74 80
84 1.233 8108 0107 0132 93.343 75.682  40.037 3 030.06 84
90 1.252 .7987 00992 9%
96 1.271 1869 00923 0117 108.389  86.368  43.538 3 885.52 96
100 1.284 .7790 00881 .0113 113.451  88.383  47.425 4 191.60 100
104 1.297 1713 .00843 104
120 1.349 7411 00716 00966 138.803 198.583  86.3%3 g 863.93 120
240 1.821 5492 .00305 ) 240
360 2.457 .4070 00172  .00422 583.306 28D.392 152.894 16 389.95 360
480 3.315 .3016 .00108  .00358  926.074 279.343  192.673 53 821.93 480
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2%

Compound InterestFactors

2%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Prsent Sinking Capital Compound Prgsent  Gradient Gre;[jient
Amount orth Fund Recovery Amount orth Uniform Present
Factor Factor Factor Factor Factor Factor Series Wqrth
FINd Tgind p | Find A Find A Find F Find P | Find A Find P
Given P Given F|Given F Given P Given A Given Al Given G Given G
_n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.005 29950  1.0000  1.0050 0 1
2 1.010 .9901 .4988 .5038 0499 ... 2
3 1.015 9851 3317 3367 2.959 3
4 1.020 .9802 2481 .2531 5.903 4
s 1.025 9754 .1980 .2030 9.803 5
6 9705 .1646 .1696 2.486 14.660 6
7 9657 .1407 .1457 2.980 20.448 7
8 9609 1228 1278 3.474 27.178 8
9 .9561 .1089 1139 3.967 34.825 9
10 9513 .0978 1028 1.000  0.995 4.459 43.389 10
2.005 1.985
11 1.056 .9466 .0887 .0937 3.015  2.970 9986 52.855 11
12 1.062 9419 0811 0861 4.030  3.951 3,441 63.218 12
13 1.067 9372 .0746 0796 5.050  4.926 5. 9810 74.465 13
14 1.072 .9326 .0691 .0741 6.419 86.590 14
15 1.9% .9279 .0644 .0694 6.076  5.896 6.907 99.574 15
1.036 7.106  6.862
16 1.088 9233 .0602 0652 16.514 15.820 7.394 113.427 16
17 11088 9187 .0565 0615 19.887 16825 7.880 128.125 17
18 1.O% 9141 .0532 .0582 18.786 17917 8.366 143.668 18
19 1.099 .9096 .0503 .0553 19.880 18.082 8.850 160.037 19
20 1.105 9051 .0477 .0527 20,97 18.937 9.334 177.237 20
12.336 11.619
21 1.110 .9006 .0453 .0503 2B@3A7 12 556 9.817 195.245 21
22 1.116 .8961 .0431 .0481 23 4HH4 28789  10.300 214.070 22
23 1.122 .8916 0411 .0461 2R FRY 208716  10.781 233.680 23
24 1.127 .8872 .0393 0443 25.432 22.563 11.261 254.088 24
25 1.133 .8828 .0377 .0427
26 .8784 .0361 .0411 2285929223446  14bMY 2875288 2825
27 1.144 .8740 .0347 .0397 28.830 25.198  12.698 319.955 27
28 114938 .8697 0334  .0384 29.975 26.068 13.175 343.439 28
29 1.156 .8653 .0321 0371 31.124 26.933  13.651 367.672 29
30 1.161 8610 .0310 .0360 32.280 27.794  14.127 392.640 30
36 1.197 .8356 0254 0304 39.336 32.871 16.962 557.564 36
40 1.221 8191 0226 .0276 44.159 36.172  18.836 681.341 40
48 1.270 7871 0185 0235 54.098 42.580 22.544 959.928 48
50 1.283 7793 0177 0227 56.645 44.143 23.463 1 035.70 50
52 1.2% 7716 0169 0219 59.218 45.690  24.378 1113.82 52
60 1.349 7414 .0143 0193 69.770 51.726  28.007 1 448.65 60
70 1.418 .7053 0120 .0170 83.566 58.939  32.468 1 913.65 70
72 1.432 .6983 .0116 .0166 86.409 60.340  33.351 2 012.35 72
80 1.490 6710 0102 0152 98.068 65.802 36.848 2424.65 80
84 1.520 6577 00961  .0146 104.074 68.453  38.576 2640.67 84
90 1.567 6383 00883  .0138 113.311 72.331 41.145 2 976.08 90
96 1.614 .6195 .00814 0131 122.829 76.095 43.685 3 32419 96
100 1.647 .a73 00773 0127 129.334 78.543 45.361 3 562.80 100
104 1.680 .5953 00735 0124 135.970 80.942 47.025 3 806.29 104
120 1.819 .5496 00610 .0111 163.880 90.074 53.551 4 823.52 120
240 3.310 .3021 00216 00716 13 415.56 240
360 6.023 .1660 .00100  .00600 21403.32 360
480 10.957 .0913 00050  .00550 27 588.37 480
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o, 310
3/4 Yo Compound Interest Factors /4%
Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery  Amount  Worth | Uniform  Present
Factor Factor Factor  Factor Factor Factor Series Worth
Find F Find P | FindA Find A Find F Find P | Find A Find P
Given P Given F | Given F Given P GivenA GivenA | Given G Given G
n F/P P/F AJF A/P F/A P/A A/G P/G n
1 1.000 0 1
2 108 105 9852 1.4981  1.5056l 2. 0.993 0.499 8987 2
ﬂ 9778 3308 .3383 3.02 2.956 0.996 2941 3
1 10 .9706| 24720 2547 4.045 3.926 1.492 5.857 4
5 1.038 9633 19700 2045 5.076 4.889 1.986 9712 5
ﬂ i‘mg 9562 16360 L1711 6.114 5.846 2.479 14.494 ¢
.05 9490| 13971 L1472 7.160 6.795 2.971 20.187 7
a 1.06: 94201 218 L1293 8.213 7.737 3.462 26.785 8
1.070 9350l 10781 (1153 9.275 8.672 3.951 34.265 9
10 1.078 9280 0967 1042 10.344 9.600 4.440 42.619 10
'ﬂ 9211 0876 .0951l 11.422  10.521 4.927 51.831 11
[} 0%, Iy 9142 .0800  .0875l 12.508  11.435 5.412 61.889 12
13 1.102 9074l 0735  .0810/ 13.602  12.342 5.897 72.779 13
14 9007 .06801 + .0755 14704  13.243 6.380 84.491 14
15 110 119 8940| 06320 .0707 15.814  14.137 6.862 97.005 15
16 1.127 8873 L0591 0666l 16.932 15.024 7.343 110.318 16
1 8807 0554 .06291 18.059  15.905 7.822 124.410 17
1 1% 14 .8742| 0521 .0596l 19.195  16.779 8.300 139.273 18
19 .8676l 04920  .0567 20.339 17.647 8.777 154.891 19
20 15 1161 .86121 0465 05400 21.491 18.508 9.253 171.254 20
21 .8548 .0441  .0516 22.653 19.363 9.727 188.352 21
22 1 1m .8484| 04200 0495 23823 20211 10.201 206.170 22
23 8421 owg 10.673 224.695 23
24 1% 1% .8358 .038 .0457 B0OBB L A 11.143 243.924 M|
25 1.205 8296 0365 04401 27.385 22.719 11.613 263.834 25
26l 1.214 8234 03501 0425 28.591 23.542 12.081 284.421 26
%g 8173 0336l 0411 29.805 24.360 12.548 305.672 27
1 8112 0322 .0397 31.029 25171 13.014 327.576 28
ga .B052 .03100  .0385 32.261  25.976 13.479 350.122 29
1 15 .7992 0298  .0373 33503  26.775 13.942 373.302 30
ﬁ 1‘303 7641 0243 .0318 41,153  31.447 16.696 525.038 iﬁ
1.34 7416l 0215 .02901 46.447 34.447 18.507 637.51
48 1.43 6986 0174 0249 57.521 40.185 22.070 886.8 48
50 .68821 0166 0241 60.395 41567 22.949 953.911 so
52 18 15 67801 0158  .0233 63.312 42928 23.822 | 022.64 52
63 .6387 0133 .0208 75425  48.174 27.268 1 313.59 60
7 15 160 .5927 0109 0184 91.621  54.305 31.465 1 708.68 70
72 .5839 .0105 0180l 95.008  55.477 32.289 1791.33 72
80 173 18 .55001 009171 .0167 109.074  59.995 35.540 2 132.23 80
89;1, 1.873 .5338 00859 .0161 116.428  62.154 37.137 2 308.22 84
9% W 1W 5104 00782 .0153] 127.881  65.275 39.496 2 578.09 98
L4881 00715 .0147 139.858  68.259 41.812 2 854.04 %
1 4737 00675 .0143 148.147  70.175 43.332 3 040.85 100
1 a um L4597 .00638 .0139l 156.687  72.035 44.834 3229.60 104
120 2.45 1 40791 00517 .0127 193517  78.942 50.653 3 998.68 120
2323 6. .1664] .00150  -00900 667.901  111.145 85.422  9494.26 248
14.73 .0679 .00055 .00805 18308 124.282  107.115 13 312.50 360
480  36.11 0277 .00021 .00771 4 6815 129.641  119.662 15513.16 480
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1%

Compound Interest Factors

1%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund  Recovery Amount Worth | Uniform  Present
Factor Factor Factor  Factor Factor Factor Series Worth
Find F FindP | FindA FindA Find F Find P Find A Find P
Given P Given F | Given F Given P GivenA Given A | Given G Given G
n F/P P/F A/F A/P F/A P/A A/G P/G n
1 9901  1.0000 1.0100 1.0001 0.990 0 0 | 1
2 1 10 9803 .4975 .5075 2.010 1,970  0.498 0.980 2
.9706l .3300| .3400 3.030 2941  0.993 2.921 3
3 i) IS 96100 .2463 2563 4.060 3.902  1.488 5.804 4
5 1.051 .9515 -19601 .2060 5.101 4.853 1.980 9.610 5
6 1.062 9420 1625 1725 6.152 5.795 2.471 14320 6
7 .9327 .1386l .1486l 7.214 6.728  2.960 19.917 1
8 10,083 9235 1207 ,1307 8.286 7.652 3.44ﬁ 26.381 8
a 9143 1067 1167 9.369 8.566  3.93 33.695 a
1 L 118 .9053 0956 .1056l 10.462 9.471  4.418 41.843 1
11 .8963 .0865 .0965 11567  10.368 4.900 50.806 11
lﬁ 1 17 8874 .0788 0888l 12.682  11.255  5.381 60.568 12
1 19 113 .8787 0724 .0824 13.809  12.134 5861 71.112 13
87001 .06691 .07691 14.947  13.004  6.338 82.422 14
15 1.161 .8613 0621 .0721 16.097 13.865  6.814 94.481 15
1 .8528 .05791 .06791 17.258  14.718  7.289 107.273 16
1 1B 1 8444 .0543 .0643 18.430 15562  7.761 120.783 17
18 1.196 83601 .05101 06100 19.615  16.398  8.232 134.995 18
g 8277 0481 0581 20.811  17.226  8.702 149.895 19
118 1 8195 .0454| 0554 22.019  18.046  9.169 165.465 20
8114 .04301 .05301 23.239  18.857  9.635 181.694 21
I f 1 1% .8034| .0409 .05091 24472  19.660 10.100 198.565 22
23 1.257 7954 .0389 .0489 25716  20.456 10.563 216.065 23
g .7876l 0371 0471 26.973  21.243 11.024 234179 M
1m 1 1798 .0354| 0454 28.243  22.023 11.483 252.892 25
26 7720 0339 .0439] 29.526  22.795 11.941 272195 26
27 % 1 .7644| .0324] .0424] 30.821  23.560 12.397 292.069 27
28 7568 0311 0411 32129  24.316 12.852 312504 28
29 L L 7493 .02991 .03991 33450 25.066 13.304 333.486 29
30 1.348 74191 0287 .0387 34.785  25.808 13.756 355.001 30
ﬁ .6989) 10232 .0332 43.077  30.107 16.428 494620 36
14 14 6717 0205 .0305 48.886¢1 32.835 18.178 596.854 40l
;ﬁ .6203 0163 0263 61.223  37.974 21.598 820.144 48
160 185 .60801 0155 .0255 64.463  39.196 22.436 879.417 50
52 1.678 5961 0148 0248 67.769  40.394 23.269 939.916 52
?ﬂ 1.817 .5504] 0122 .0222 81.670  44.955 26.533 60
4983 00993 .0199 100.676 50.168 30.470 | 322.80 70
7 2. 4885 009551 .0196l 104710 51.150 31.239 | 597.86 72
2.21 L4511 00822 0182 121.671  54.888 34.249 | 879.87 80
84 2.307 4335 00765 0177 130.672 56.648 35.717  2023.31 84
:ﬂ .4084] 006901 01691 144.863 59.161 37.872 90
Uy 15 .3847 100625 .0163 159.927  61.528 39.973 2 280.58 96
100 2.705 .3697 .00587 .01591 170481  63.029 41.343 2 605.77 la
104 2.815 .3553 .00551 .0155 181.464  64.471 42.688 275217 1
120 3.300 30300 .00435 .0143 230.039  69.701 47.835  3334.11 120
ﬁ 10.893 .0918] .00101 .0110l 989.254  90.819 75.739 6 878.59 240
35.950 .0278 .00029| .0103 3 495.0 97.218 89.699 8 720.43 360
480 118.648 .00843  .00008 0100 117648 99.157 95.920 9511.15 480
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14%l

CompoundInterestFactors

1V4%

Single Payment |

Uniform Payment Series

| Arithmetic Gradient

Compound Pm,eml Sinking Capital Compound Prese'n1 Gradienw Gmdienll
Amount Worth Fund Recovery  Amount Worth| Uniform| Present
Factor Factor Factor Factor Factor Factor Series Worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given Given Given Given Given| Al Given A | Given Given G
o F/p P/F AlF AlP Fl P/A AlG PiG n
1
2 LA 9877  1.0000 1.0125 1. 0.988 0 7| 0 | 1
9755 .4969| .50941 2.013 1.963 0.49 0.976 2
3 9634 3202 3417 3.03 2027 0.992 2. 3
4 LI L1 9515 .2454| 2579 4.076 3.878 1.485 5.75 4
5 1.064 9398 1951 2076 5.127 4.818 1.976 9.51 5
6 9282 .1615 17401 6.191 5.746 2.464 14.160 6
8 1.091 9167 .1376) 1501 7.268 6.663 2.951 19.660 7
9 LU .9054| 1196 1321 8.359 7.568 3.435 25.998 8
.8942] 1057 1182 9.463 8.462 3918 33.152 9
10 1132 .8832 .0945 .10701 10.582 9.346 4.398 41101 10
:ﬁ 1.146 8723 .0854] .09791 11.714  10.218 4.876 49.825 11
1.161 8615 .0778 .0903 12.860  11.079 5.352 59.302 12
1.175 8509 .0713 .0838 14.021  11.930 5.827 69.513 13
14 1.190 8404 0658 0783 15196 12771 6.299 80.438 14
15 1.205 .83000 06101 0735 16.386  13.601 6.769 92.058 15
16 1'220 .8197 0568 .0693 17.591  14.420 7.237 104.355 16
1 .8096| .0532 L0657 18.811  15.230 7.702 117.309 17
1 LIBLL 7996 .0499] 06241 20.046  16.030 8.166 130.903 18
19 7898 04700 .0595 21.297  16.819 8.628 145.119 19
20 L LR 78001 .0443 0568 22563  17.599 9.088 159.940 20
21 1.298 .7704 0419 .0544 23.845 18370 9.545 175.348 21
22 1314 .7609 .0398 .0523 25143 19131 10.001 191.327 22
23 1.331 1515 .0378 .0503 26.458  19.882 10.455 207.859 23
24 1.347 7422 .0360! 0485 27.788  20.624 10.906 224.930 24
2s 1.364 .7330 .0343 .0468 29136  21.357  11.355 242523 25
26 1.381 72400 .0328 .0453 30500  22.081 11.803 260.623 26
27 1.399 71500 0314 .0439 31.881 22.7% 12.248 279.215 27
28 1.416 7062 .03001 .0425 33.280 23503  12.691 298284 28
29 1.434 6975 .0288 .0413 34696  24.200 13.133 317.814 29
30 1.452 L6889 0277 0402 36.129  24.889 13.572 337.792 30
36 1564 6394 0222 .0347 45116  28.847 16.164  466.297 36
40 1.644 .6084] .0194| .0319 51490  31.327 17.852 559.247 40
48 1.815 55001 0153 .0278 65.229 35932  21.130 759.248 48
50 1.861 5373 0145 .02701 68.882  37.013  21.930 811.692 50
52 1.908 5242 .0138 .0263 72628 38068  22.722 864.960 52
600 2.107 4746 0113 .0238 88575 42,035  25.809 084, 83 60
70 2.386 4191 .00902 0213 110.873  46.470  29.492 370.4 70
72 2.446 4088 .00864 0211 115.675  47.293 30.205 14284 7
80 2.701 37021 00735 L0198l 136120 50.387 32983 1661.89 80
84 2.839 3522 .00680 0193 147130 51.822 34326 1778.86 84
90 32691 .00607 0186 164.706 53.846  36.286 1953.85 90
96 3080 .08 .3034) .00545 01791 183643 55725 38180 2 127.55 96
lgﬂ 2887 .00507 0176l 197.074  56.901 39.406 2 242.26 100
1 380 440 2747 .00474 01721 211190 58021  40.604 235590 104
120 4.440 2252 00363 0161l 275220  61.983 45119 2 796.59 120
ﬁ 19.716 0507 00067 0132 1497.3 75.942 67.177 i 101.5 240
87.543 D114 .00014| 01260 69234 79.086  75.840 967,91 360
480 388.713 00251 .00003 0125 31017.1 79.794 78762 6 284.7 480
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192% Compound InterestFactors 1 1/2‘%]

Single Payment Uniform Payment Series Arithmetic Gradient

Compound Present [Sinking Capital Compound Present | Gradient Gradient

Amount Worth Fund Recovery Amount worth Uniform  Present

Factor Factor Factor Factor Factor Factor Series Worth

Find F Find P | Find A Find A Find F Find P Find A Find P

Given P Given F|Given F Given P Given A Given A | Given G Given G
n F/P PIF AF AP F/A P/A_ | A/G PIG | n
1 1.015  .9852  1.0000  1.0150 1.000  0.985 0 1
2 1.030  .9707 .4963 5113 2.01; 1.956 0.% L O 2

3 1.046  .9563 .3284] -3434 3.04 2.912 0. 2.883
4 1.061 9422 2444 .2594| 4.091 3.854 1.481 5.709 3
5 1.077  .9283 .1941 .2091 5.152 4.783 1.970 9.422 §
6 1.093 9145 .1605 1755 6.230 5.697 2.456 13.994 @
7 1.110  .9010 .1366| 516l 7.323 6.598 2.940 19.400 7
8 1.126 8877 1186 1336l 8.433 7.486 3.422 25.614 8
9 1.143 8746l .1046| 1196l 9.559 8.360 3.901 32.610 9
10 1.161 8617 .0934 1084 10.703 9.222 4.377 40.365 10
11 1.178  .B489 .0843] .0993 11.863  10.071 4.851 48.855 11
12 1.196  .8364| 0767 0917 13.041  10.907 5.322 58.054 12
13 1.214  .8240 .0702 .0852 14.237 11731 5.791 67.943 13
14 1.232  .8118 0647 .0797 15.450  12.543 6.258 78.4% 14
15 1.250  .7999| .05991 0749 16.682  13.343 6.722 89.694 15
16 1.269  ,7880| .0558 .0708 17.932 14131 7.184 101.514 16
17 1.288 7764 .0521 .0671 19.201  14.908 7.643 113.937 17
18 1.307 .7649 .0488 .0638 20.489 15.673 8.100 126.940 18
19 060% 21,797  16.426 8.554 140.505 1 9
20 1.327 7425 .0432 058 23.124 17.169 9.005 154.611 20
21 1.367  .7314 .0409 .0559] 24.470  17.900 9.45s 169.241 21
22 1.388  .7207 .0387 0537 25.837  18.621 9.902 184.375 22
23 1,408  .7100 .0367 05]7 27.225  19.331 10.346 199.996 23
24 1.430  .6995 .03491 28.633  20.030 10.788 216.085 24
25 1.451 .6892 .0333 04831 30.063  20.720 11.227 232.626 25
26 1.473  .6790 .0317 0467 31.514  21.399 11.664 249.601 26
27 1.495  .66901 .0303 .0453 32.987  22.068 12.099 266.995 27
28 0440‘ 34.481  22.727 12.531 284.790 28
29 1.5400  .6494| 0278 0428 35.999  23.376 12.961 302.972 29
30 1.563 .6398 02661 .0416l 37.539  24.016 13.388 321.525 30
36 1.709  .5851 0212 .03621 47.276  27.661 15.901 439.823 36
40 1.814 5513 .0184 .0334 54.268  29.916 17.528 524.349 40
48 2.043 .4894] .0144| .0294| 69.565  34.042 20.666 703.537 48
50 2.105 4750 .0134l .0284l 73.682  35.000  21.428 749.95s 50
52 2.169 4611 .0128] .0278 77.925  35.929 22.179 796.868 52
60 2.443 4093 .0104] .0254) 96.214  39.380 25.093 988.157 60
70 2.835  .3521 00817 .0232 122.363  43.155  28.529 123115 70
72 2.921 .3423 .00781 0228 128.076  43.845 29.189 1279.78 72
80 3.291  .3039 00655  .0215 152.710  46.407 31742 1 473.06 80
84 3.493 .2863] .006020 02100 166.172  47.579 32967 1 568.50 84
20 3.819 .26191 005320 .0203 187.929  49.210 34.740 1 70953 90
9% 4.176 .2395 .00472 0197 211719 50.702 36.438 1847.46 96
100 4432 2256  .00437 .0194 228.802  51.625  37.529 1 937.43 loo
104 4704 2126 00408 0190 246.932 52494 38589 2 025.69 104
120 5969  .1673 003020 01801 331.286  55.498 42,518 2 359.69 120
240 35.632 .0281l 00043 .0154 2 308.8 64.7%  59.737 3 870.68 240
360 212.700 004700  .00001 0151 141133 66.353 64.966 4 310.71 360
aso 12697 .000790 0000l OISO 84577.8 66.614 66.288 4 415.74 480
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13/4% Compound Interest Factors 134%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present | Sinking Capital ~ Compound Present | Gradient Gradient
Ammt Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor Series Worth

Find F FindP | FindA Find A Find F Find P F_’ind A F_ind P
Given P Given F | Given F Given P GivenA GivenA | Given G Given G

n F/P P/F A[F AP F/A P/A AJ/G P/G n
1 .9828 1.0000 1.0175 1.000  0.983 0 0 1
2 108 105 9659 4957 5132 2.01 1.949 0.4% o.%i 2
3 1.053 .9493 .3276l .3451 3.05 2.898 0.989 2.86 ﬂ
g .93301 .2435 .26100 4.106 3.831 1.478 5,664

m 1w 9169 1931 .2106 5.178 4.748 1.965 9,332 5
6 1.110 9011 1593 770 6.269 5.649 2.450 13.837 6
7 1.129 8856 .1355 .1530( 7.378 6.535 2.931 19.152 7
8 -8704| 1175 .13501 8.508 7.405 3.409 25.245 8
9 14 15 .8554] .10361 a2 9.656 8.261 3885l 32.088 9

10 1.189 .8407 .0924| .1099] 10.825 9.101 4.357 39.655 10
1 1.210 .8263 .0832 .1007 12.015 9.928 4.827 47.918 11

1 8121 .07561 .0931 13.225  10.740 5.294 56.851 12

1 3 1B 7981 .06921 .0867 14.457 11538 5.758 66.428 13
14 1.275 7844 0637 0812 15710  12.322 6.219 76.625 14
15 1.297 7709 L0589 0764 16.985  13.093 6.677 87.417 15
16 1.320 7576l 0547 0722 18.282  13.851 7.132 98.782 1
17 1.343 .7446] .0510] .0685 19.602  14.595 7.584 110.695 1
18 1.367 7318 0477 0652 20.945  15.327 8.034 123.136 18
19 7192 .0448 .0623 22311  16.046 8481  136.081 19

20 150 15 7068 0422 .0597 23.702  16.753 8.924 149511 20

21 .6947 .0398] .0573 25.116  17.448 9.365  163.405 21

23 1.465 .6827 0377 0552 26.556  18.130 9.804 177742 22

24 1506 1490 6710 0357 .0532 28.021  18.801 10.239 192.503 23

6594 0339 L0514 29.511 19.461 10.671 207.671 24

25 1.543 6481 .03221 .0497 31.028  20.109  11.101 223.225 25

26 1.57 6369 .0307 .0482 32571  20.746 11528  239.149 26

27 1.5 .62601 .0293 L0468 34.141  21.372 11.952 255.425 27
;-g J— .6152 .02801 .0455 35.738  21.987 12373  272.036 28

l.ﬁw .6046| 0268 .0443 37.363 22592  12.791  288.967 29

3;‘)5 1.683 .59421 0256l .0431 39.017 23.186  13.206 306.200 30

40 am 1 .5355 .0202 0377 49566  26.543 15640 415130 36

-49961 0175 .03501 57.234 28594  17.207  492.017 40
gﬂ 4349] 0135 03100 74263  32.294  20.209 652.612 48
A0 23 42001 0127 .0302 78.903  33.141  20.932 693.708 50

52 2.465 .4057 0119 0294 83.706  33.960  21.644 735.039 52

60 2.832 .3531 .00955 .0271 104.676  36.964  24.389  901.503 60

;21] 3.368 .2969 00739 .0249 135331  40.178  27.586 1 108.34 7

LlIRRY] .2868 00704 0243 142,127  40.757  28.195 1149.12 7

.2496l .00582 .0233 171.795  42.880  30.533 1309.25 80

84 4.294 2329 .00531 0228 188.246  43.836  31.644 1387.16 84
2098 .00465 0221 215166  45.152  33.241 1 500.88 90

1 % 58 .1891 .00408 0216l 245.039  46.337  34.756 1 610.48 9

1 805 566 1764 .00375 0212 266.753  47.062 35.721 1 681.09 100
1646l 00345 .0209 290.028  47.737  36.652 1 749.68 104

120 8.019 1247 .00249 .0200 401.099  50.017  40.047 2 003.03 120

%ﬁ S 638 ,([;tl)sgl‘1I -00003 0175 294118 58.032  58.383 3 009.08 g:ﬂ
.001

480 4 1355 00024 0175 236 259.0 57.129  57.027 3 257.88 480
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2%l

Compound Interest Factors

2%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present [Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Find F FindP | FindA Find A Find F Find P | Find A Fiid P
Given P Given F|Given F Given Given A Given A| Given G Given G
n F/p P/H A/R A/H F/A P/A A/G PIG a

j A
2 1.020 .9804| 1.00001 1.000 1
ﬁ L. 9612 .4951 15150 2.020 asee 0495 0.961 2
1.061 9423 3268 106% 2. ﬁ
1.082 9238 2426 2626 40 2868 0.99% 5.61
5 1.104 9057 1922 2122 5.204 4713 1960 9.2 5
6 1126 8880l .1585 .1785 6.308 5601 2442 13.679 6
7 .B706| 1345 1545 7.434 6.472 2921 18.903 7
8 LILIT 8535 .1165 .1365 8.583 7325 3.3% 24877 8
a 8368 1025 1225 9.755 8.162 -3.868 31.571 9
1 LI L9 .8203 .0913 d113) 10.950 8.983 4.337 38.954 10
11 1.243 .8043 .0822 .10221 12.169 9.787 4.802 46.996 11
12 1.268 .78851 0746 ; 13412  10.575 5.264 55.669 12
13 1294  .7730 0681 .0881 14.680  11.348 5.723 64.946 13
1 75791 .0626l L0826l 15974  12.106 6.178 74.798 14
1 1309134 7430/ L0578 .0778 17.293  12.849 6.631 85.200 15
16 1.373 7284 0537 0737 18.639 13.578 7.080 96.127 1 6
1 1.400  .7142 .05001 .0700! 20.012  14.292 7.526 107.553 17
1 1.42 7002 .0467 0667 21412  14.992 7.968 119.456 18
;a 1.45 6864| 0438 0638 22840 15.678 8.407 131.812 19
1.486 67301 .0412| .0612| 24297  16.351  8.843 144.598 20
21 1516  .6598 .0388 .0588 25783  17.011 9.276 157.793 21
22 1.546 6468 0366l 0566 27.299 17.658 9.705 171.377 22
ﬂ 6342l .0347 0547 28845  18.292 10.132 185.328 23
L1408 6217 .0329 .0529 30422 18914 10.555 199.628 24
25 1.641 6095 .0312 0512 32.030 19523 10.974 214.256 25
26 1.673 .5976l .0297 .0497 33671 20121 11.391 2291% 26
27 1.707 58591 0283 .0483 35344  20.707 11.804 244428 27
28 .5744| .0270i 04701 37.051  21.281 12.214 259936 28
29 LTS 5631 0258 .0458 38792 21844 12.621 275.703 29
30 1.811 5521 0247 .0447 40568  22.396 13.025 291.713 30
36 .4902| .0192 .0392| 51.994 25489 15.381 392036 36
40 2000 0118 4529 0166l .0366| 60.40: 27.355 16.888 461989 40
;ﬂ 3865l 0126l L0326l 79.35 30.673 19.755 605961 48
1301 1% 3718 0118 .0318 84579 3 1424 20.442 642.355 50
52 2.800 3571 0111 0311 90.016  32.145 21.116 678.779 52
60
70 3.281 3048 .00877 .0288 114,051  34.761 23.696 823.692 60
4.000 .25001 00667 .0267 149.977 37499 26.663 999.829 70
72 4.161 .2403 00633 0263 158.056 37.984 27.223 1034050 72
m N .2051 .00516| .02521 193.771  39.744 29357 1 166781 80
4878 1895 004681 .0247 213.865 40.525 30.361 1230413 84
90 .1683 00405 .0240| 247155 41587 31,793 1322164 90
9% BRI 1494 .00351 02331 284.645 42529 33137 1 409291 96
1 13800 003201 0232 312.230 43.098 33986 1464.747 100
1040 BIERRT 1275 .00292 .0229] 342.090 43.624 34799 1518.082 104
120 10.765 .09291 002041 .02201 488255 45355 37.711 1 710411 120
gﬂ 1 2475115887 .00863  .00017 02021 5 744.4 49569 47.911 2 374.878 240
—— 00080  .00002| .0200! 62 326.8 49960 49.711 2 483.567 360
480 13 429.8 .00007 02000 671 442.0 49.996 49.964 2 498.027 480
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212% Compound Interest Factors 214%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund  Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor Series Worth

Find F FindP | Find A Find A Find F Find P | Find A Find P
Given P Given F | Given F Given P Given A  GivenA | Given G Given G

n F/P P/F A/F AP F/A P/A A/G P/G n
y .9756l 1.0000 1.0250 1.000 0 1
15 101 .9518 4938 5188 2.025 0% 19 0.494 s%ga 2
3 1w 1m .9286| 3251 .3501 3.076 2.856 0.984 2. 3
] .2408 .2658 4.153 3.762 1.469 5.527 4
5 1.131 .883 19021 2152 5.256 4.646 1.951 9.062 5
% .8623 .1566 1816l 6.388 5.508 2.428 13.374 6
U 18 8413 1325 L1575 7
] .8207 1145 .1395 8.336 8.340 3.370 28.106 8
9 118 128 .8007 .1008 .1255 9.955 7.971 3.835 30.572 a
10 1.280 78121 .0893 1143 11.203 a.752 4.296 37.603 1
11 1.312 .7621 .0801 .1051 12.483 9.514 4,753 45.224 11
1 1.345 7436 0725 L0975 13.7% 10.258 5.206 53.403 12
1 1.379 7254 0660‘ 15.140 10.983 5.655 62.108 13
1 1.413 7077 .0605 .0855 16.519 11.691 6.100 71.309 14
15 1.448 6905 0558 .0a0a 17.932 12.381 6.540 80.975 15
I 1.485 .6736l .0516f  .0766l 19.380 13.055 6.977 91.080 16
1 1.522 65721 0479 0729 20.865 13.712 7.409 101.595 17
18 1.560 .6412 .0447 .0697 22.386 14.353 7838 112.495 18
;a 1.599 6255 0418  .0668 23.946 14.979 8.262  123.754 19
1.639 6103 .0391 0641 25.545 15.589 8.682 135.349 20
21 1.680 .5954| 0368  .0618 27.183 16.185 9.099 147257 21
22 1.722 .58091 .0346 0596 28.863 16.765 9.511 159.455 22
ﬂ 1.765 .5667 03271 0577 30.584 17.332 9919 171922 23
1.809 .5529 .0309 0559 32.349 17.885 10.324 184.638 24
25 1.854 .5394| .0293 .0543 34.158 18.424 10.724 197.584 25
26 1.900 .5262 0278 0528 36.012 18.951 11.12 210.740 26
ﬂ 5134 0264  .0514 37.912 19.464 11.51 224.088 27
19 1% 50091 .0251 .0501 39.860 19.965 11.90 237.612 28
29 2.046 .4887 0239 0489 41.856 20.454 12.286  251.294 29
30 2.098 4767 0228 .0478 43.903 20.930 12.667  265.120 30
31
32 2 L4651 02171 0467 46.0001 21.395 13.044  279.073 31
4538 .0208 .0458] 48.150 21.849 13.417 293.140 32
33 2.259 4427 .0199 0449 50.354 22.292 13.786 307.306 33
;ﬂ 4319 01900 0440 52.613 22.724 14151  321.559 34
u 4214 0182  .0432 54.928 23.145 14512  335.886 35
:g 3724 .0148 0398 67.402 25.103 16.262 408.221 40
25 30 .32921 0123 .0373 81.516 26.833 17.918  480.806 45
sg .29091 0103  .0353 97.484 28.362 19.484  552.607 50
5 3 3% 2572 .00865 .0337 115.551 29.714 20.961 622.827 55
60 4.400 .2273 00738 .0324] 135.991 30.909 22.352 690.865 60
ﬁa 2009 00628 .0313 159.118 31.965 23.660 756.280 65
7 im 58 1776 .005400  .0304| 185.284 32.898 24,888  818.763 70
ﬁ .1569! 00465 02971  214.888 33.723 26.039 878.114 75
6 120 1387 .00403 02901  248.382 34.452 27.117 934.217 80
85 8.157 1226 00349 .0285  286.278 35.096 28.123 987.026 8§
;ﬂ 0 9 .1084) 00304/ .0280  329.154 35.666 29.063 1 036.54 9%
.0958 .00265 .0276  377.663 36.169 29.938 1 082.83 95
100 11814 -0846l 00231 0273 432.548 36.614  30.7521125.97 100
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3% Compound InterestFactors 3%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor Series Worth

Find F FindP | Find A Find A Find F Find P Find A Find P
Given P Given F | Given F Given P GivenA GivenA | GivenG Given G

n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.030 9709 1.0000  1.0300 1.000 0.971 0 J 0 1
1.061 .9426| .4926| 5226l 2.030 1.913 0.49: 0.94 2
3 1.093 9151 3238 .3535 3.091 2.829 0.980 2.71 ﬂ
4 1.126 .B885 .23901 26901 4.184 3.717 1.463 5.438
5 1.159 .8626/ .18841 .2184] 5.309 4,580 1.941 8889 5
6 1.194 .8375 1546 L1846l 6.468 5.417 2.414 13.07 ﬂ
7 8131 .1305 .1605 7.662 6.230 2.882 17.95
8 13 18 .7894 1125 .1425 8.892 7.020 | 3.345 23.481 8
a .7664 .0984| 1284 10.159 7.786 3.803 29.612 9
1 196 134 7441 0872 1172 11.464 8.530 4.256 36.309 10
1% 7224 0781 .1081 12.808 9.253 4.705 43533 11
1 1B 145 70141 0705 1005 14.192 9.954 5.148 51.248 12
13 1.469 6810/ .06401 .09401 15.618 10.635 5.587 59.419 13
14 L6611 .0585 .0885 17.086 11.2% 6.021 68.014 14
15 153 1% .6419] .0538 .0838 18.599 11.938 6.450 77.000 15
1 6232 .04961 .07961 20.157 12.561 6.874 86.348 16
la 106 18 0460‘ 07601 21.762 13.166 7.294 96.028 17
1 1B 1 5874l .0427 0727 23.414 13.754 7.708 106.014 18
5703 .0398] .0698 25.117 14.324 8.118 116.279 19
20 1.806 5537 .03721 L0672 26.870 14.877 8.523 126.799 20
21 5375 .0349| .064 28.676 15.415 8.923 137.549 21
ﬂ 180 195 .52191 0327 .062 30.537 15.937 9.319 148.509 22
AR 1 .5067 .0308 .0608 32.453 16.444 9.709 159.656 23
4919 .02901 05901 34.426 16.936 10.095 170.971 24
25 2.094 4776l 0274 0574l 36.459 17.413 10.477 182.433 25
26
27 m .4637 L0259 0559 38.553 17.877 10.853 194.026 26
.4502 .0246l .05461 40.710 18.327 11.226  205.731 27
Jﬂ .4371 0533 42.931 18.764 11593  217.532 28
2 m .4243 L0221 .0521 45.219 19.188 11.956  229.413 29
30 2.427 4120 0210 05101 47575 19.600 12.314  241.361 30
3 p .0200! .0500! 50.003 20.000 12.668  253.361 31
3 20 255 .3883 .0190| .0490| 52.503 20.389 13.017  265.399 32
33 2.652 37700 0182 0482 55.078 20.766 13.362  277.464 33
gg .36601 0173 .0473 57.730 21.132 13.702  289.544 34
M8 .3554) .0165 0465 60.462 21.487 14.037 301.627 35
45 3.262 § 75.401 23.115 15650  361.750 40
50 3 2 .0108| .0408 92.720 24.519 17.156  420.632 45
2281 .00887  .0389  112.797 25.730 18.558  477.480 50
za .1968 00735  .0373 136.072 26.774 19.860 531.741 55
5B 560 1697 .00613  .0361 163.053 27.676 21.067 583.052 60
.146;| 194.333 28.453 22.184 631.201 65
ﬁ 650 798 126 00434 .0343  230.594 29.123 23.215 676.087 70
ne om .1089| 003671 .03371  272.631 29.702 24.163 717.698 75
.09401 00311 .0331 321.363 30.201 25.035  756.086 80
85 12.336 L0811 .00265  .03261  377.857 30.63 1 25.835 791.353 85
90l 14.300 06991 002261 .0323  443.349 31.002 26.567  823.630 9g
95 16.578 .0603 00193  .0319]  519.272 31.323 27.235 853.074 9

1 14 210 nganl ‘NN1A% N4 AT 2927 a1 s0d 1 |44 R70 /84 10



31/2% CompoundInterest Factors 31/?%

Single Payment Uniform Payment Series Arithmetic  Gradiit
Compo Present [Sinking Capital Compound Resent [Gradient Gradient
Amount Worth Fund Recove Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Fiid F FindP| | Find A| FindA Find F Find P | Find A Find P
Given P Given Given Given Given A Given Al Given G Given G
n F/P P/R A/F__ A/P IF% P/A A/d P/G | n
1 1.035 .9662| 1.0002] 1.0350 2.035 0.966 0 lI 1
2 1.071 .9335) .491 .5264| —— 1.900 0.49 8933 2
3 1.109 9019 3219 3569 3106 2802 0977 27371 3
j 1.148 8714 .2373 2723 4.215 3.673 1.457 5.352 4
1.188 84200 1865 2215 5.362 4,515 1.931 8.719 5
8135 1527 .1877 6.550 5.329 2.400 6
4 1 1m .7860 .1285 .1635 7.779 6.115 2.862 12.563 7
8 .7594| 1105 .1458 9.052 6.874 3.320 8
9 147 18 7337 .0964| 1314 10.368 7.608 3.771 28.888 9
10 1.411 .70891 .08521 1202 11.731 8.317 4.217 35.069 10
11 ]:j .68491 0761 A1 9, 4.657 41.918 11
1 1.511 .6618 .0685 1035 13.602 9.66. 5.091 49.198 12
1 1. .6394] 0621 .0971 16.113 10.303 5.520 56.871 1
14 1.619 6178 0566 L0916l 17.677 10.921 5.943 64.902 1
15 1.675 .5969 0518 .0868 19.296 11.517 6.361 73.258 15
1 1.734 5767 0477 0827 20.971 12.094 6.773 81.909 16
1 15 115 .5572 04401 .07901 22.705 12.651 7.179 90.824 17
19 - .5384 .0408 .0758 24.500 13.190 7.580 99.976 1§
20 1.900 15202 .03791 0729 26.357 13.710 7.975  109.339 19
5026/ .0354| 07041 28.280 14.212 8.365 118.888 20
ﬂ L4856 .03301 .06801 30.269 14.698 8.749 128.599 21
AR 1 4692 .0309 06591 32.329 15.167 9.128 138.451 2
ﬁ .4533 02901 w 34.460 15.620 9.502 148.423 23
5 U .4380| .0273 0623 36.666 16.058 9.870 158.4% 24
25 2.363 4231 .0257 .0607 38.950 16.482 10.233 168.652 25
26 .4088 .0242 0592 16.890 10.590 178.873 26
27 24615 .39501 0229 05791 43.3%8 17.28 10.942 189.143 27
Jﬁ 3817 .0216l 0566 46.291 17.66 11.289 199.448 28
2 20 .3687 .02041 ,0554| 48.911 18.036 11.631 209.773 29
30l 2.807 .3563 0194 .0544| 51.623 18.392 11.967 220.105 30
31 34423 .0184] .0534| 54.429 18.736 12.299 230.432 31
3 25 30 33 .0174 0524 57.334 19.069 12.625 240.742 32
33 3.112 3213 0166l L0516l 60.341 19.390 12.946 251.025 33
34 3.221 .3105 0158 .0508 63.453 19.701 13.262 261.271 34
35 3.334 .3000( .0150] .05001 66.674 20.001 13.573 271.470 35
40
45 3% .25261 0118 .0468 84.550 21.355 15.055 321.490 40l
2127 .00945  .0445  105.781 22.495 16.417 369.307 45
sg 1791 .007631  .0426  130.998 23.456 17.666  414.369 50
5 556 663 .1508 .00621 0412 160.946 24.264 18.808 456.352 55
60 7.878 12691 .00509 0401 196.516 24.945 19.848  495.104 60
65 9.357 .1069 00419 0392 238.762 25.518 20.793 530.598 65
70 0903 .00346  .0385  288.937 26.000 21.650 562.895 70
75 B B® 075 .00287 0379  348.529 26.407 22.423 592.121 75
80 .0638 00238 0374  419.305 26.749 23.120 618.438 80
85 15676 18618 .0537 00199 .03700  503.365 27.037 23.747 642.036 85
9g 22.112 0452 .001661  .0367  603.202 27.279 24, 663.118 90
9 26.262 .0381 00139 .0364] 721778 27.483 24.811 681.890 95
100 31191 .0321 .00116  .0362]  862.608 27.655 25.259  698.554 100i
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4%

Compound Interest Factors 4%

Single Payment

Uniform Payment Series

|Arithmetic Gradient |
1

Compound  Present | Sinking Capital Compound Present Gradient Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor- Factor Factor | Series worth
Find F FindP | Find A Find A Find F Find P Find A Find P
Given P Given F | Given F Given P Given A Given A Given G Given G|
n F/P P/F A/F  -AIP F/A PA | AG P/G | n
1 1.040 .9615 1.0000 0 0 1
2 1.082 9246 4902 1.5302 2.000 1.868 0.490 0.925 2
3 1.125 .8890 3203 o 3
4 1.170 8548 .2355 .2755 3.228 2.8368 0.954 2.762 4
5 1.217 .8219 .1846 .2246 5.416 4,452 1.922 8.555 5
6 1.265 7903 1508
7 1.316 7599 .1266 .1666 6.633 6.002 2.888 12.566 4
8 1.369 7307 .1085 8
9 1.423 7026 .0945 1345 19.5838 .433 3.299 27.880 9
10 1.480 .6756 0833 1233 12.006 8.111 4.177 33.881 10
1 1.539 .6496 0741 1141 13.486 8.760 4.609 40.377 11
12 1.601 .6246 0666 .1066 15.026 9.385 5.034 47.248 12
13 1.665 .6006 .0601 .1001 16.627 9.986 5.453 54,454 13
14 1.732 .5775 .0547 0947 18.292 10.563 5.866 61.962 14
15 1.801 .5553 0499 .0899 20.024 11.118 6.272 69.735 15
16 1.873 .5339 0458 .0858 21.825 11.652 6.672 77.744 16
17 1.948 5134 0422 .0822 23.697 12.166 7.066 85.958 17
18 2.026 4936 0390 .0790 25.645 12.659 7.453 94.350 18
19 2.107 .4746 .0361 19
20 2.191 4564 0336 .0736 29.878 13.590 3.2949 102.863 20
21 2.279 4388 0313 0713 31.969 14.029 8.578 120.341 21
22 2.370 .4220 0292 .0692 34.248 14.451 8.941 129.202 22
23 2.465 4057 0273 .0673 36.618 14.857 9.297 138.128 23
24 2.563 .3901 .0256 24
25 2.666 3751 .0240 0640 . 20.688 15.822 9.998 188.108 25
26 2.772 .3607 0226 .0626 44,312 15.983 10.331 165.121 26
27 2.883 .3468 0212 0612 47.084 16.330 10.664 174.138 27
28 2.999 3335 02 .0600 49.968 16.663 10.991 183.142 28
29 3.119 .3207 0189 0589 52.966 16.984 11.312 192.120 29
30 3.243 .3083 0178 .0578 56.085 17.292 11.627 201.062 30
3 3.373 .2965 0169 .0569 59.328 17.588 11.937 209.955 31
k7] 3.508 .2851 0159 .0559 62.701 17.874 12.241 218.792 32
33 3.648 2741 0151 .0551 66.209 18.148 12.540 227.563 33
34 3.794 .2636 0143 .0543 69.858 18.411 12.832 236.260 34
35 3.946 2534 0136 .0536 73.652 18.665 13.120 244876 35
40 4.801 2083 0105 .0505 95.025 19.793 14.476  286.530 40
45 5.841 1712 00826 0483  121.029 20.720 15.705 325.402 45
50 7.107 1407 35 152.667 21.482 16.812 361.163 50
55 8.646 1157 00523 0452 191.159 22.109 17.807 393.689 55
60  10.520 L0951 00420 0442  237.990 22.623 18.697  422.996 60
65 12.799 0781 00339 0434  294.968 23.047 19.491 449.201 65
70 15572 .0642 00275 0427  364.290 23.395 20.196 472479 70
75  18.945 .0528 00223 0422  448.630 23.680 20.821  493.041 75
80  23.050 .0434 00181 0418  551.244 23.915 21.372 511.116 80
85  28.044 0357 00148 0415  676.089 24.109 21.857 526.938 85
90  34.119 .0293 00121 0412  827.981 24.267 22.283 540.737 90
95 41511 .0241 00099 0410 10128 24.398 22.655 552.730 95
100  50.505 0198 00081 0408 1 237.6 24.505 22.980 563.125 100
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4 1/ 2% Compound Interest Factors 4 1/ 2%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present | Sinking Capital Compound Present | Gradient Gradient

Amount Worth Fund Recovery Amount Worth | Uniform  Present

Factor Factor Factor  Factor Factor Factor Series Worth

Find F Find P | Find A Find A Find F Find P Find A Find P

Given P Given F | Given F Given P GivenA  Given A | Given G Given G
n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.045 .9569 1.0000 1.0450 1.000 0.957 0 0 1
2 1.092 9157 .4890 .5340 2.045 1.873 0.489 0.916 2
3 1.141 .8763 .3188 .3638 3.137 2.749 0.971 2.668 3
4 1.193 .8386 .2337 2787 4.278 3.588 1.445 5.184 4
5 1.246 .8025 .1828 2278 5.471 4.390 1.912 8.394 5
6 1.302 .7679 .1489 .1939 6.717 5.158 2.372 12.233 6
7 1.361 7348 1247 .1697 8.019 5.893 2.824 16.642 7
8 1.422 7032 .1066 1516 9.380 6.596 3.269 21.564 8
9 1.486 6729 .0926 .1376 10.802 7.269 3.707 26.948 9
10 1.553 .6439 .0814 .1264 12.288 7.913 4.138 32.743 10
11 1.623 .6162 .0722 1172 13.841 8.529 4.562 38.905 11
12 1.696 .5897 .0647 .1097 15.464 9.119 4.978 45.391 12
13 1.772 .5643 .0583 .1033 17.160 9.683 5.387 52.163 13
14 1.852 .5400 .0528 .0978 18.932 10.223 5.789 59.182 14
15 1.935 5167 .0481 .0931 20.784 10.740 6.184 66.416 15
16 2.022 .4945 .0440 .0890 22.719 11.234 6.572 73.833 16
17 2.113 4732 .0404 0854 24.742 11.707 6.953 81.404 17
18 2.208 4528 L0372 .0822 26.855 12.160 7.327 89.102 18
19 2.308 .4333 .0344 0794 29.064 12.593 7.695 96.901 19
20 2.412 4146 .0319 0769 31.371 13.008 8.055 104.779 20
21 2.520 .3968 .0296 .0746 33.783  13.405 8.409 112715 21
22 2.634 .3797 .0275 .0725 36.303  13.784 8.755 120.689 22
23 2.752 .3634 .0257 0707 38.937 14.148 9.096 128.682 23
24 2.876 3477 .0240 .0690 41.689 14.495 9.429 136.680 A4
25 3.005 .3327 .0224 .0674 44.565 14.828 9.756 144,665 25
26 3.141 3184 .0210 .0660 47.571  15.147 10.077 152.625 26
27 3.282 .3047 .0197 .0647 50.711  15.451 10.391 160.547 27
28 3.430 2916 .0185 .0635 53.993 15.743 10.698 168.420 28
29 3.584 .2790 .0174 .0624 57.423  16.022 10.999 176.232 29
30 3.745 .2670 0164 .0614 61.007 16.289 11.295 183.975 30
31 3.914 2555 0154 - .0604 64.752 16.544 11.583 191.640 31
32 4.090 .2445 .0146 .0596 68.666 -16.789 11.866 199.220 32
33 4.274 .2340 0137 .0587 72.756 17.023 12.143 206.707 33
34 4.466 .2239 .0130 .0580 77.030 17.247 12.414 214095 34
35 4.667 .2143 .0123 .0573 81.497 17.461 12.679  221.380 35
40 5.816 1719 .00934  .0543 107.030 18.402 13.917 256.098 40
45 7.248 .1380 .00720 .0522 138.850 19.156 15.020 287.732 45
50 9.033 1107 .00560 .0506 178.503  19.762 15.998  316.145 50
55 11.256 .0888 .00439  .0494 227918  20.248 16.860  341.375 55
60 14.027 .0713 .00345 .0485 289.497  20.638 17.617 363.571 60
65 17.481 .0572 00273 .0477 366.237  20.951 18.278 382.946 65
70 21.784 .0459 00217  .0472 461.869  21.202 18.854 399.750 70
75 27.147 .0368 00172 .0467 581.043  21.404 19.354 414.242 75
80  33.830 .0296 .00137  .0464 729.556  2i.565 19.785  426.680 80
85 42.158 .0237 .00109  .0461 914.630  21.695 20.157 437.309 85
90 52.537 .0190 .00087 .0459 1145.3 21.799 20.476 446.359 90
95 65.471 .0153 00070 .0457 1432.7 21.883 20.749 454.039 95
100 81.588 .0123 00056 .0456 1790.9 21.950 20.981 460.537 100
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5% Compound Interest Factors 5%

Single  Payment Uniform  Payment  Series Arithmetic Gradient
Compound Present | Sinking Capital Compound Present | Gradient  Gradient
Amount worth Fund Recovery Amount worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Find F Find P | Find A Find A Find F Find P | Find A Find P
Given P Given F|Given F Given P Given A Given A| Given G Given G
n F/P P/F A/F A/P F/A P/A A/G PIG n
1 1.050 9524 1.0000  1.0500 1.000 0 0 1
2 1.102 9070 4878 5378 2.050 0.488 0.907
3 1.158 .8638 3172 3672 3.152 2.635 3
4 1.216 .8227 2320 2820 5.103 4
5 1.276 7835 1810  .2310 8.237 5
6 7462 .1470 1970 6
7 7107 .1228 1728 7
8 6768 047 (1547 8
9 .6446 0907  .1407 9
10 .6139 0795 (1295 31.652 10
11 1.710 5847 0704 1204 14.207 8.306 4,514 37.499 11
12 1.796 .5568 0628  .1128 15.917 8.863 4.922 43.624 12
13 1.886 5303 0565 .1065 17.713 9.394 5.321 49.988 13
14 1.980 .5051 0510  .1010 19.599 9.899 5.713 56.553 14
15 2.079 4810 0463 .0963 21.579  10.380 6.097 63.288 15
16 2.183 4581 .0423 .0923 23.657 10.838 6.474 70.159 16
17 2.292 4363 0387  .0887 25.840  11.274 6.842 77.140 17
18 2.407 4155 0355  .0855 28.132  11.690 7.203 84.204 18
19 2.527 .3957 0327  .0827 30.539  12.085 7.557 91327 19
20 2.653 .3769 0302  .0802 33.066  12.462 7.903 98.488 20
21 2.786 .3589 .0280  .0780 35719  12.821 8.242 105.667 21
22 2.925 .3419 0260  .0760 38.505  13.163 8.573 112.846 22
23 3.072 .3256 0241 0741 41.430  13.489 8.897 120.008 23
24 3.225 .3101 0225  .0725 44502 13.799 9.214 127.140 24
25 3.386 .2953 .0210  .0710 47.727  14.094 9.524 134.227 25
26 3.556 2812 0196 .0696 51.113  14.375 9.827 141.258 26
27 3.733 .2678 0183 .0683 54.669  14.643 10.122 148.222 27
28 3.920 2551 0171 0671 58.402  14.898 10.411 155.110 28
29 4.116 2429 0160  .0660 62.323  15.141 10.694 161.912 29
30 4.322 2314 0151 0651 66.439 15.372 10.969 168.622 30
31 4.538 .2204 0141 .0641 70.761  15.593 11.238 175.233 31
32 4,765 .2099 0133 .0633 75.299  15.803 11.501 181.739 32
33 5.003 .1999 0125 0625 80.063  16.003 11.757 188.135 33
34 5.253 1904 0118  .0618 85.067  16.193 12.006 194.416 34
35 5.516 .1813 0111  .0611 90.320  16.374 12.250  200.580 35
40 7.040 1420 00828  .0583 120.799  17.159 13.377  229.545 40
45 8.985 113 00626 .0563 159.699  17.774 14.364  255.314 45
50 11.467 .0872 00478 0548 209.347  18.256 15.223  277.914 50
55 14.636 .0683 .00367 .0537 272.711  18.633 15.966 ~ 297.510 55
60 18.679 0535 00283  .0528 353.582  18.929 16.606  314.343 60
65 23.840 .0419 00219 .0522 456.795  19.161 17.154  328.691 65
70 30.426 .0329 .00170  .0517 588.525  19.343 17.621 340.841 70
75 38.832 .0258 00132 .0513 756.649  19.485 18.018  351.072 75
80 49561 .0202 .00103  .0510 971.222  19.596 18.353  359.646 80
85 63.254 .0158 00080 .0508 1245.1 19.684 18.635  366.800 85
90 80.730 .0124 00063 0506 1594.6 19.752
95  103.034 .00971 .00049 .0505 2 040.7 19.806 11%807%9 2?%;2‘7‘? 32
100 131.500 00760 .00038 0504 2 610.0 19.848 19:234 381.749 100
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6%

Compound Interest Factors

6%

Single Payment

Uniform Payment Series

Arithmetic Gradient

Compound  Present | Sinking Capital Compound  Present | Gradient — Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor Sries Worth
Find F Find P | FindA Find A Find F FindP | Find A Find P
Given P Given F | Given F Given P Given A Given A | Given G Given G
n F/P P/F A/F A/P F/gOO P/A A/G PIG n
1.
1 1.060 9434 1.0000  1.0600 2.060 0.943 0 0 1
2 1.124 8900 4854 5454 1.833 0.485 0.890 2
3 1.191 .8396 3141 3741 3.184 2.673 0.961 2.569 3
4 1.262 7921 .2286 2886 4.375 3.465 1.427 4.945 4
5 1.338 7473 1774 2374 5.637 4.212 1.884 7.934 5
6 1.419 7050 .1434 .2034 6.975 4.917 2.330 11.459 6
7 1.504 .6651 A191 1791 8.394 5.582 2.768 15.450 7
8 1.594 6274 1010 .1610 9.897 6.210 3.195 19.841 8
9 1.689 .5919 0870 .1470 11.491 6.802 3.613 24577 9
10 1.791 .5584 0759 1359 13.181 7.360 4.022 20602 10
1 1.898 .5268 0668 1268 14.972 7.887 4421 34870 11
12 2.012 .4970 .0593 .1193 16.870 8.384 4.811 40337 12
13 2.133 .4688 .0530  .1130 18.882 8.853 5.192 45963 13
14 2.261 4423 0476 1076 21.015 9.295 5.564 51713 14
15 2.397 4173 0430 1030 23.276 9.712 5.926 57554 1§
16 2.540 .3936 .0390  .0990 25672  10.106 6.279 63459 16
17 2.693 3714 0354  .0954 28.213  10.477 6.624 69.401 17
18 2.854 .3503 0324 0924 30.906  10.828 6.960 75357 18
19 3.026 3305 0296  .0896 33760  11.158 7.287 81.306 19
20 3.207 18 0272 0872 36.786  11.470 7.605 87230 20
21 3.400 .2942 0250  .0850 39.993  11.764 7.915 93113 21
22 3.604 2775 .0230  .0830 43392  12.042 8.217 98.941 22
23 3.820 2618 0213 .0813 46.996  12.303 8.510 104.700 23
24 4,049 2470 0197  .0797 50.815  12.550 8.795 110.381 24
25 4.292 .2330 .0182 0782 54.864  12.783 9.072 115,973 25§
26 4,549 .2198 0169  .0769 50156  13.003 9.341 121.468 26
27 4.822 .2074 0157  .0757 63.706 13211 9.603 126.860 27
28 5.112 .1956 .0146 0746 68.528  13.406 9.857 132.142 28
29 5.418 .1846 0136  .0736 73640  13.591 10.103 137.309 29
30 5.743 1741 .0126  .0726 79.058  13.765 10342 142359 30
31 6.088 .1643 0118 0718 84.801  13.929 10.574 147,286 31
32 6.453 1550 0110  .0710 90.890 : 14.084 10.799 152.090 32
33 6.841 1462 0103 .0703 97.343  14.230 11.017 156.768 33
34 7.251 1379 .00960 .0696 104.184  14.368 11.228 161.319 34
35 7.686 .1301 00897 .0690 111.435 14.498 11.432 165.743 35
40 10.286 .0972 .00646  .0665 154762  15.046 12.359 185.957 40
45 13.765 0727 00470 0647 212.743  15.456 13.141 203.109 45
50 18.420 0543 .00344  .0634 290.335  15.762 13.796 217457 50
55 24.650 .0406 00254  .0625 394171 15991 14.341 229322 55
60 32.988 .0303 00188  .0619 533126  16.161 14.791 239.043 60
65 44.145 .0227 00139 .0614 719.080  16.289 15.160 246.945 65
70 59.076 .0169 00103 .0610 967.928 16.385 15.461 253.327 70
75 79.057 .0126 00077 .0608 1300.9 16.456 15706 258453 175
80 105796 .00945 00057 .0606 1746.6 16.509 15.903 262549 80
85  141.578 .00706 00043 .0604 2 343.0 16.549 16.062 265.810 85
90  189.464 .00528 00032 .0603 31411 16.579 16.189  268.395 90
95  253.545 .00394 00024 0602 4209.1 16.601 16.290 270437 9%
100  339.300 .00295 00018 .0602 56383 16.618 16.371  272.047 100
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7% CompoundInterestFactors 7 %

Single Payment Uniform Payment Series Arithmetic Gradient

Compound Present | Sinking Capital Compound  Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor Series Worth

Find F FindP | FindA Find A Find F Find P Find A Find P
Given P Given F | Given F Given P GivenA  Given A | Given G Given G

n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.070 .9344] 1.0000  1.0700 1.000 0 1
2 1.145 8734 L4831 .5531 2.07 15188 00.483 0.873 2
3 1.225 .8163 A1t 3811 3.21 2.624 0.955 2.5 3
4 1.311 76291 22520 2952 4.440 3.387 1.416 4.795 4
5 1.403 130 1739 2439 5.751 4.100 1.865 7.647 5
6 1.501 L6663 1398 2098 7.153 4.767 2.303 10.978 6
7 1.606 62271 1156 18561 8.654 5.389 2.730 14.715 7

.58201 0975 1675 10.260 5.971 3.147 18.789 8

ﬁ 1‘.3&9 .5439| 0835 153§ 11.978 6.515 3.552 23.140 9
1 1.967 .5083 0724 1424 13.816 7.024 3.946 271716 10
1 2.105 4751 0634 .1334 15.784 7.499 4.330 32.467 11
1 2.252 4443 0559 L1259 17.888 7.943 4.703 37.351 12
1 2.410 415 .0497  .1197 20.141 8.358 5.065 42330 13
1 2.579 3878 .0443 .1143 22.551 a.745 5.417 47.312 14
15 2.759 .3624 .0398  .1098 25.129 . 9.108 5.758 52.446 15
1 .3387 .0359 10591 27.888 9.447 6.090 57527 16
1 18 3R .3166l 0324 10241 30.840 9.763 6.411 62.592 17
18 3.380 .2959) 0294  .0994] 33.999  10.059 6.722 67.622 18
;a 2765 .0268  .0968 37.379  10.336 7.024 72599 19

367360 .2584| 0244 .0944] 40.996  10.594 7.316 77509 20

21 4.141 2415 0223 .0923 44,865  10.836 7.599 82.339 21
22 4.430 2257 0204 .0904 49.006  11.061 7.872 87.079 23
ﬂ 4.741 .2109] 0187  .0887 53.436  11.272 8.137 91.720 23

5.072 1971 0172 0872 58.177  11.469 8.392 96.255 24

25 5.427 .1842 .0158]  .0858 63.249  11.654 8.639 100.677 25
26 5.807 , 1722 01461 0846l 68.677  11.826 8.871 104.981 26

27 6.214 .16091 0134 0834 74.484 11,987 9.107 109.166 27

28 6.649 1504 0124 0824 80.698  12.137 9.329  113.227 38
29 7.114 .1406 o114 0814l 87.347  12.278 9.543 117.162 29
30 7.612 1314 010680 0806 94.461  12.409 9.749 120972 73y
k]| .1228 .009801  .0798 102.073 12532 9.947 124.655 31
32 alls 875 1147 .00907  .0791 110.218  12.647 10.138 128.212 32
a 1072 .00841  .0784| 118.934  12.754 10.322 131.644 33

5 9B 1002 007801 0778 128.259  12.854 10.499 134.951 Ml

35  10.677 .0937 .00723  .0772 138.237  12.948 10.669 138.135 35

:g am o .0668 .075 199.636  13.332 11.423 152.293 40
.0474 00350 .073 285.750  13.606 12.036 163.756 45

50 .03391 002460  .0725 406.530  13.801 12.529 172.905 50
55 Q6 43 .02421 001741 .0717 575.930  13.940 12.921 180.124 5§
60l  57.947 .01731 00123 .0712 813.523  14.039 13.232 185.768 60
65  81.273 .0123 00087 .0709 1 146.8 14.110 13.476 190.145 65
70 113.990 .00877 000621 .0706 1614.1 14.160 13.666 193519 70
75 159.877 .00625 .000441  .0704 2 269.7 14.196 13.814 196.104 75
80 224.235 .00446 00031 .0703 3 189.1 14.222 13.927 198.075 80
85 314.502 .00318| 000220 .0702 4 4786 14.240 14.015 199.572 8§
90 441,105 .00227 000161 “0702 6 287.2 14.253 14.081 200.704 90
95 618.673 .00162 00011 .0701 8 823.9 14.263 14132  201.558 95

100 867.720 .001151 00008 .0701 12 381.7 14.269 14170 202.200 100
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8%

Compound InterestFactors

8%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor Series Worth
Find F Find ? | FindA Find A Find F Find ? | Find A  Find P
Given P Given F | Given F Given P Given A Given A | Given G Given G
n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.080 9259 1.00000  1.0800 1. 0 1
2 1.166 8573 4808 .5608 2.3% NS 8481 0.857 2

3 1.260 7938 30800 38801 3.2 2.577 0.949 2.445
4 1.360 27350 2219 3019 1.322] 4,650 3
5 1.469 68061 1705 2505 5.566 3.993 1. 7372 5
6 1.587 .6302 J363 2163 7.336 4,623 2.276 10.523 6
7 1.714 .5835 121 1921 8.923 5.206 2.694 14.024 7
8 1.851 .5403 .09400  .17400 10.637 5.747 3.0991 17.806 8
9 1.999 .5002 0801  .1601 12.488 6.247 3.491 21.808 a
10 2.159 4632 06901 .14901 14.487 6.710 3.87 25.977 1
11 2.332 .4289] .0601 1401 16.645 7.139 4.240 30.266 11
12 2.518 23971 0521 .1327 18.977 7.536 4,596 34.634 12
13 2.720 3677 0465  .1268 21.495 7.904 4.940 39.046 13
14 2.937 .3405] 0413 L1213 24.215 3.2431 5.273 43.472 14
15 3.172 3152 .0368  .1168 27.152 8.55 5.594 47.886 1§
16 3.426 29191 .03300 11300 30.324 8.851 5.905] 52.264 16
17 3.700 2703 0296 . 1096 33.750 9.122 6.204 56.588 17
18 3.996 .2502| 0261 .1067 37.450 9.372 6.492 60.843 18
19 4.316 2317 0241 .104] 41.446 9. 6.770 65.013 19
20 4.661 .2145 0219 1019 45.762 9.81 7.037 69.090 2 0
21 5.034 .1987 0198 0998 50.423  10.017 7.294 73.063 21
2 5.437 .1839 o1sa 09801 55.457 10201 7.541 76.926 22
23 5.871 .1703 o164 0964l 60.893  10.371 7.779 80.673 23
24 6.341 U577 01500 09501 66.765  10.529 8.007 84.300 24
25 6.848 .1460 0137 .0937 73.106  10.675 8.225 87.804 25
26 7.3% .1352] 0125  .0925 79.954  10.810 8.435 91.184 26
27 7.988 12521 0114  .0914 87.351  10.935 8.636 94.439 27
28 8.627 1159 .0105  .0908] 95.339  11.051 8.829 97.569 28
29 9.317 1073 009621 0896l 103.966  11.158 9.013 100.574 29
30 10.063  .0994l .00883 .0888 113.283  11.258 9.190  103.456 30
31 10.868 .09201 .00811 0881 123.346  11.350 9.358 106.216 31
32 11.737 .0852 .00745 .0873 134,214  11.435 9.520 108.858 32
33 12.676 0789 .00685 .08691 145.951  11.514 9.674 111.382 33
34 13.6900  .0730i 00630 .0863 158.627  11.587 9.821 113.792 34
35 14.785 .0676l 005801 .0858 172.317  11.655 9.961 116.092 35
40 21.725 .04601 .00386  .0839] 259.057  11.925 10.570 126.042 40
45 31.920 0313 .00259 0826l 386.506  12.108  11.045  133.733 45
50 46.902 0213 00174 .0817 573.771  12.233 11.411 139.593 50
55 68.914 .0145 00118  .0812 848.925 12319  11.690  144.006 5§
60  101.257 00988 .000801 0808 12532 12377  11.902  147.300 60
65  148.780  .00672 .00054 .0805  1847.3 12.416  12.0600  149.739 65
70  218.607 00457 000371 .0804 27201 12443 12178 151.533 70
75 321.205 .00311 .0002§ 0802  4002.6 12.461 12266  152.845 75
80 471.956 00212 .00017 0802 5 887.0 12.474 12.330 153.800 80
85 693.458 001441 Bool2  .080I 8 655.7 12.482 12.377 154.492 85
g9 1018.9 .00098 .0000 12 724.0 12.488  12.412  154.993 90
95 14971 .00067 00005 0800 18 701.6 12492 12.437 155352 95
100 21998 .00045| .00004  .08001 27 484.6 12494  12.455  155.611 100

282



9% Compound InterestFactors 9%

I Single Payment | Uniform Payment Series Arithmetic Gradient | |
Compound Sinking Capital Compound Present Gradient Gradient '
Amount Worthl | Fund Recovery Amount Worth  Uniform Present | l
Factor Factor Factor Factor- Factor Factor Series worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P Given Fl|Given F Given P Given A Given Given G Given G
n F/P P/F A/F_ A/A F/4 P/A A/d| PIG n
ﬂ 1.000 0.917 0 J 1
10 1 9174 1.4785 1.5685 2.090 1.759 0.47 0.84 2
i 3.27 2.531 0.94 2.386 3
1% 10 7084 2187 L3087 4.57 3.240 1.393 4511 4
5 1.539 .6499| 1671 2571 5.985 3.890 1.828 7.111 5
.5963] JA329 2229 7.523 4.486 2.250 10.092 %
8 11 .54700 1087 1987 9.200 5.033 2.657 13.375
9 um 1% .50191 1807 11.028 5.535 3.051 16.888 ﬂ
.4604| 0‘!68 .1668 13.021 5.995 3.431 20.571
10 2.367 4224 .06581  .1558 15.193 6.418 3.798 24.373 10
11 17.560 6.805 4.151 28.248 11
12 250 288 .33531 0497 1397 20.141 7.161 4.491 32,159 12
13 3.066 .3262| 0436l 1336l 22.953 7.487 4.818 36.073 13
:; 26.019 7.786 5.133 39963 14
3 3 .2743 0341 L1241 29.361 8.061 5.435 43.807 15
lﬁ 3.970 .2519| 0303 .1203 33.003 8.313 5.724 47585 16
1 4.328 2311 .02700 11701 36.974 8.544 6.002 51.282 17
18 4,717 2120 0242 1142 41.301 8.756 6.260 54,886 18
;a 5.142 1945 0217 117 46.019 8.950 6.524 58.387 19
5.604 .1784| 0195  .1095 51.160 9.129 6.767 61.777 20
gl 56.765 9.292 7.001 65.051 21
68 688 1502 .01591 10591 62.873 9.442 7.223 68.205 22
ﬁ 69.532 9.580 7.436 71.236 23
1% 19 .1264| o130 1030 76.790 9.707 7.638 74.143 24
25 8.623 11601 0118 .1018 84.701 9.823 7.832 76.927 25
28 9.399 .1064] .0107 1007 93.324 9.929 8.016 79.586 26
27 10.245 .0976l 00973  .0997 102.723  10.027 8.191 82.124 27
28 .0895 .00885 .0989 112.968  10.116 8.357 84.542 28
29 w em o 0822 00806  -0981 124,136 10.198 8.515 86.842 29
300 13.268 0754 00734 0973 136.308 10.274 8.666 89.028 30
31 .0691 0066 149.575  10.343 8.808 91.102 31
3 Uk 1578 0634 0061 0961 164.037  10.406 8.944 93.069 32
g 17.182 .0582 00556  .0956l 179.801  10.464 9.072 94931 33
U] .0534 005081 0951 196.983  10.518 9.193 96.693 34
.0490( 0946 215711  10.567 9.308 98.359 3§
ﬂ B 14 .0318 .002961  .0930| 337.883 10.757 9.7% 105.376 40
sg 0207 00190  .0919I 525.860  10.881 10.160 110.556 45
5 1 U 0134 00123 0912 815.085  10.962 10.430 114.325 &0
-00874| 00079 .0908  1260.1 11.014 10.626  117.036  §§
g 176.032 .00568 00051 .0905  1944.8 11.048 10.768 118.968 60
70 wm 003691 00033 0903 2 998.3 11.070 10.870 120.334 65
002401 000220 .0902 4 619.2 11.084 10.943 121.294 70
75 00156 00014 .0901 7 113.3 11.094 10.994 121.965 178
80 1B % .00101 m 0901 10 950.6 11.100 11.030 122.431 80
85 1517.9 .00066! j .0901 16 854.9 11.104 11.055 122.753 8§
90 23355 .00043 .00004 m 25 939.3 11.106 11.073 122.976 90
95 35935 .00028 .00003 | 39 916.8 11.108 11.085 123.129 9§
100 5 529.1 .00018 00002 .09001 61 422.9 11.109 11.093 123.233 100

283



10%

CompoundInterestFactors

10%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Present $inking Capital Compound Present | Gradient Gradient

Amount Worth Fund Recovery Amount Worth Uniform present

Factor Factor Factor Factor Factor Factor Series Worth

Find F FindP | Find A| Find A Find F Find P Find A Find P

Given P Given F | Given FI  Given Given A Given Al Given G Given
n F/P P/F A/F A/P F/A P/A Ald P/G n
2 1.100 .9091 1.00000  1.1000 1.000 0 0 1
ﬂ 1.210 8264 47621 .57621 2.100 WL 0.476 0.826 2
1.331 7513 .3021 4021 3.310 2.487 0.937 2.329 3
1.464 .68300 2155 3159 4.641 3.170 1.381 4.318 4
5 1.611 .6209] .1638 .2638| 6.105 3.791 1.810 6.862 5
7 1.772 56451 .1296 .2296| 1.716 4.355 2.224 9.684 6
8 204 139 5132 10541 .2054 9.487 4.868 2.622 12.763 T
a 4665 .0874| .1874| 11.436 5.335 3.00; 16.029 8
1 250 158 4241 0736l .1736l 13.579 5.759 3.37 200 1.4 9
.38551 0627  .1621 15.937 6.145 10
11 2.853 3505 .05401 15401 18.531 6.495 4.064 26.3% 11
1 3.138 3186 .0468] 1468 21.384 6.814 4.388 29.901 12
1 3.452 .28971 .0408 .1408 24.523 7.103 4.699 33.377 13
1 3.791 .2633 .0357 1357 27.975 7.367 4.996 36.801 14
15 4177 .2394| .0315 1318 31.772 7.606 5.279 40.152 15
I 2176 .0278 1278 35.950 7,824 5.549 43.416 16
1 155 560 1978 .0247 L1247 40.545 8.022 5.807 46.582 17
1% 5.560 17991 .02191 1219 45.599 8.201 6.053 49.640 18
;a 1635 0195 .1195 51.159 8.365 6.286 52.583 19
§.116 6.8 .1486| 0175 1175 57.275 8.514 6.508 55.407 20
2 1351 0156l 11561 64.003 8.649 6.719 58.110 21
é 7.400 1228 01401 1140 71.403 8.772 6.919 60.689 22
9050 0.5 A1 0126l 1126 79.543 8.883 7.108 63.146 23
1015 .0113 U113 88.497 8.985 7.288 65.481 24
25 10.835 0923 0102 1102 98.347 9.017 7.458 67.696 25
lgl .0839| 00916  .1092 109.182 9.161 7.619 69.794 2 6
2 1198 B0 .0763 008261  .1083 121.100 9.237 7.770 71.717 27
29 14.421 06931 00745  .1075 134.210 9.307 7.914 73.650 28
30 149 5.4 06301 00673 10671 148.631 9.370 8.049 75.415 29
0573 00608  .1061 164.494 9.427 8.176 77.077 30
31 181.944| 9.479 8.2% 78.640 31
32 IR 0474 00497 10501 201.138 9.526 8.409 80.108 32
33 23.225 0431 00450 1045 222.252 9.569 8.515 81.486 33
34 245.477 9.609 8.615 82.777 34
k1 B0 B8 .03561 .00407 1037 271.025 9.644 8.709 83.987 35
45 45.259 .0221 00226  .1023 442.593 9.779 9.096 40
50 s 0137 00139 1014l 718.905 9.863 9.374 BE 06 45
00852 00086  .1009  1163.9 9.915 9.570 94.889 50
55 189.059 00529 .00053 .1005 1880.6 9.947 9.708 96.562 55
60 304.482 .00328 00033 .1003 3 034.8 9.967 9.802 97.701 60
65 .00204| .000200 1002 4 893.7 9.980 9.861 98.471 65
70 s 00127 00013  -1001 7 887.5 9.987 9.011 08.987 70
75 1271.9 .00079) .00008 1001  12709.0 9.992 9.941 99.332 75
80 2048.4 .00049] 00005 10000 20 474.0 9.995 9.961 99.561 80
85 3299.0 .000301 00003  .10000 32 919.7 9.997 9.974 99.712 8§
90 5313.0 00019 00002 .10000 53 120.3 9.998 9.983 PP.812 90
95 8 556.7 .00012| .00001  .10000 85 556.9 9.999 9.989 99.877 95
100 13 780.6 .00007 000001  .10001 137 796.3 9.999 9.993 99.920 100

284



12%

Compound InterestFactors

12%

Single Payment

Uniform Payment Series

Arithmetic Cradiint

Compound Present Sinking Capital Compound Present Gradient Gradient
Amount worth Fund  Recovery Amount worth Uniform Present
Factor Factor Factor Factor Factor Factor Series Worth
Find F Fiid P | Fiid A Find A Find F Fiid P | Find A Find P
Given M Given F|Given F Given A Given A Given A|Given G Given G
n F/P| PIF AF A/P F/A P/A A/d P/G n
1 1.120 8929 1.00001  1.1200 1.000 0 1
2 1.254 .7972 4717 5917 2120 B LW 0 0.4712 0.79 2
3 1.405 118 .2963 4163 3.374 2.402 0.925 .22 ﬂ
4 1.574 .6354] 20920 3202 4.779 3.037 1.359 4.127
5 1.762 5674 1574 2774 6.353 3.605 1.775 6.397 5
6 1.974 .5066] 1232 2432 8.115 4.111 2.172 8.930 6
7 2.211 4523 .0991 .2191 10.089 4.564 2.551 11.644 7
8 2.476 .4039| .0813 2013 8
9 2.773 .3606! 0677 1877 12.300 8.988 3.953 13.336 9
10 3.106  .32200 05700 1770 17.549 5.650 3.585 20.254 10
11 3.479 .2878 .0484] 1684 20.655 5.938 3.895 23.129 11
12 3.8% 25671 0414  .1614 24.133 6.194  4.190 25.952 12
13 4.363 .2292| .0357 1557 28.029 6.424 4.468 28.702 13
14 4.887  .20461 0309  .1509 32.393 6.628  4.732 31.362 14
15 5.474 .1827 02681  .1468 37.280 6.811 4.980 33.920 15
16 6.130 1631 0234 1434 42.753 6.974 5.215 36.367 1
17 6.866 .1456| .0205 .1403 48.884 7.120 5.435 38.697 1
18 7.690 13001 .01791 13791 55.750 7.250 5.643 40.908 1
19 8.613 1161 .0158 1358 63.440 7.366 5.838 42.998 1
20 9.646 .1037 0139 1339 72.052 7.469 6.020 44.968 20
21 10.804 0926 0122 1322 81.699 1.562 6.191 46.819 21
12.100 .0826l 0108 1308 92.503 7.645 6.351 48.554 22
2 13.552 .0738 00956  .1296l 104.603 7.718 6.50 50.178 23
ﬁ 15.179 06591 .00846]  .1285 118.155 7.784 6.64 51.693 ;g
- 17.000 .0588 007500 .1275 133.334 7.843 6.771 53.105
19.040 .0525 00665  .1267 150.334 7.8% 6.892 54.418 26
26 21.325 .0469| .005901  .12591 169.374 7.943 7.005 55.637 27
27 23.884 04190  .005241 1252 190.699 7.984  7.110 56.767 28
28 26.750 0374 004661 .1247 214.583 8.022 7.207 57.814 29
;3 29.960 .0334| 004141 1241 241.333 8.055 7.297 58.782 30
33.555 .0298| 003690 1237 271.293 8.085 7.381 59.676 31
31 37.582 0266l 003281  .1233 304.848 8.112 7.459 60.501 a2
32 42.092 02381  .00292  .1229 342.429 8.135 7.530 61.261 33
33 47.143 .0212 002600 1226l 384.521 8.157 7.596 61.961 34
g; 52.800 .0189 00232 1223 431.663 8.176 7.658 62.605 35
93.051 .0107 001300 1213 767.091 8.244 7.899 65.116 40
40 163.988 006100  .00074  .1207 1 358.2 8.283 8.057 66.734 45
45 289.002 003460 .00042 .12041  2400.0 8.304 8.160 67.762 50
50 509.321 .00196/  .000241  .1202 4 236.0 8.317 8.225 68.408 55
55 897.597 00111 .000131 1200 7 4716 8.324 8.266 68.810 60
60
us 1581.9 .00063 00008 .1200 13 173.9 8.328 8.292 69.058 65
<z 2 787.8 00036 .00004 12000 23 223.3 8.330 8.308 69.210 70
7
sﬂ 31 8 5 00012 .00000  .12001 47 Wb 17 82 8.0 B3 8.4 GRIK I
85 15 259.2 00007 .00000  .12000 127 151.7 8.333 8.328 69.393 85
m 12000 224 091.1 a.333 8.330 69.414 90
% 27892.8 i 12001 394 931.4 8.333 8.331 69.426 95
100 83522.3 .00001 12000 6 %010.5 8.333 8.332 69.434 100

285



15%

Compound Interest Factors

15%

Single Payment Uniform Payment Series Arithmetic Gradient
Compounc1 Prese Sinking Capital Compound Present [Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform Present
Factor Factor Factor Factor Factor Factor Series Worth
Find Fl Find P | Find A Find A Find F Find P | Find A Find P
Given P Given Fl|Given F| Given P Given A Giw::l A|Given G Given G
n F/P P/A_| AR AP F/A P/, Ald P/G |n
1 1.150 8696  1.0000  1.1500 1.0001 0870 0 1
2 1.322 7561 4651 .6151 2.150 1.626  0.465 8756 2
3 1.521 6575 .2880! 43801 3.472 2.283 0.907 2.071 3
4 1.749 5718 2003 .3503 4.993 2.855 1.326 3.786 4
5 2.011 4972 1483 .2983 6.742 3.352 1.723 5.775 5
6 2.313 4323 1142 2642 8.754 3.784  2.097 7.937 6
7 2.660 @g;l 7
8 3.055 .32691 .07 2229 13.087 4,480 2.280 10.292 8
9 3.51 .2843 0596 .2096l 16.786 4.772 3.092 14.755 9
10 4.046 2472 .0493 .1993 20.304 5.019 3.383 16.979 10
11 4,652 2149 .0411 1911 24.349 5.234  3.655 19.129 11
12 5.350 1869 0345  .1845 29.002 5.421 3.908 21.185 1
13 6.153 1625 .0291 1791 34.352 5.583 4.144 23.135 li
14 7.076 1413 .0247 1747 40.505 5.724 4.362 24.972 1
15 8.137 1229 02101 ‘1710 47.580 5.847 4,565 26.693 15
16 9.358 1069 0179 .1679] 55.717 5.954  4.752 28.2% 16
17 10.761 .0929 0154 16541 65.075 6.047  4.925 29.783 17
18 12.375 .0808] 01320 .1632 75.836 6.128 5.084 31.156 18
19 14.232 .0703 o013 1613 88.212 6.198 5.231 32.421 19
20 16.367 0611 00976 .1598 102.444  6.259  5.365 33.582 20
2 118.810 6.312 5.488 34,645 21
2 265 B .0462| 007271 .1573 137.632 6.359 5.601 35,615 22
23 24.891 .04021 .00628)  .1563 159.276 6.399 5.704 36.499 23
24 184.168 6.434 5798 37.302 24
25 A5 29 .0304| .004700 1547 -212.793 6.464  5.883 38.031 25
26 37.857 .0264| 00407 .1541 245.712 6.491  5.961 38.692 26
27 43,535 .02301 00353 .1535 283.569 6.514  6.032 39.289 27
28 50.066 .02001 .003061 1531 327.104 6.534  6.096 39.828 28
29 57.575 0174 00268 .1527 377.170 6.551 6.154 40.315 29
30 66.212 .0151 .002300  .1523 434.745 6.566  6.207 40.753 30
31 76.144 .0131 002000 .1520] 500.957 , 6.579  6.254 41.147 31
32 87.565 0114 00173 1517 577.100 6.591 6.297 41.501 32
3 100.700 .00993 001500 .1515 ﬁedsgg 6.600 33
34 115.805 .00864  .00131 1513 765.3 6.609 0% 6N am w34
35 133.176 00751 .00113 .1511 881.170  6.617  6.402 42.359 35
40 267.864 00373 .00056 .1506] 17791 6.642  6.517 43.283 40
45 538.769 00186  .00028 .1503 3 585.1 6.654  6.583 43.805 45
50 1 083.7 .00092  .00014 1501 7 217.7 6.661  6.620 44.096 50
58 21796 00046 .00007 1501 14 524.1 6.664  6.641 44256 55
60 4 384.0 00023 ..00003 15000 29 220.0 6.665  6.653 44.343 60
65 8817.8 00011  .00002 .15001 58 778.6 6. B 66 uh 4w 65
70 177357 § 00001  .15000 118 2315 6. 70
75 356729 .00003 15000 237 8125 6.666 75
80 717509 .00001 15000 478 332.6 6.667  6.666 Mmﬁ 80
85 144 316.7 .00001 15000 962 104.4 6.667 6666 44, 85

286




18%

Compound InterestFactors

18%

V1S UihWk e

40

50
55
60

65
70

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor Factor  Factor Factor Factor Series Worth
Find F FindP | FindA FindA Find F Find ? | Find A Find P
Given P Given F | Given F Given P GivenA GivenA | Given G Given G
E/P P/F A/F A/P F/A P/A A/G P/G n
1.180 8475  1.00000  1.1800 1.000 0.847 0 1
1.392 7182 4587  .6387 2.180 1.566 8459 0.71 2
1.643 .6086l 27990 4599 s e
1939 s158 (1917 3717 8378 2690 089 898y 3
2.288 4371 13981 .3198 7.154 3.127 1.673 5.231 5
2.7 . 9.442 3.498 2.025 7.083 6
1. 3139 L0824 .26241 7
3.759 .2660 0652  .2452 13.322 3.013 2.858 18.869 8
4.435 22595 05241 232 19.086 4.303 2.936 12.633 g
5.234 1911 0425 2225 23.521 4.494 3.194 14352 1
6.176 1619 .0348 2148 28.755 4,656 3.430 15972 1l
7.288 1372 .0286  .2086l 34.931 4,793 3.647 17.481 12
8.599 1163 0237  .2037 42.219 4.910 3.845 18.877 13
10.147 .0985 .0197  .1997 50.818 5.008 4.025 20158 14
11.974 .0835 .0164| .1964 60.965 5.092 4.189 21.327 15
14.129 P 0137 1937 72.939 5.162 4.337 22.389 16
16.672 .0508 0115 1915 87.068 5.222 4.471 23.348 17
19.673 .009641  .1896] 103.740 5.273 4.592 24.212 15
23.214 0431 .008101 1881 123.413 5.316 4.700 24988 1
27.393 .0365 00682  .1868 146.628 5.353 4.798 25.681 20
32324 0309  .00575 .1857 174021 5384 4885  26.300 21
38.142 .0262 .00485 1848 206.345 5.410 4.963 26.851 22
45.008 0222 004090 1841 244.487 5.432 5.033 27.339 23
53.109 0188 .00345  .1835 289.494 5.451 5.095 27.772 24
62.669 .0160i 00292 .18291 342.603 5.467 5.150 28.155 25
73.949 .0135 .00247  .1825 405.272 5.480 5.199 28.494 26
87.260 0115 002090 .1821 479.221 5.492 5.243 28.791 27
102.966 .00971  .00177 1818l 566.480 5.502 5.281 29.054 28
121.500 .00823  .00149  .1819 669.447 5.510 5.315 29.284 29
143.370 00697  .00126  .1813 790.947 5.517 5.345 29.486 30
169.177 .00591  .00107  .1811 934.317 5.523 5.371 29.664 31
199.629 .00501  .00091  -1809 1103.5 5.528 5'394 29.819 32
235.562 00425  .00077 .1808]  1303.1 5.532 5.415 29.955 33
277.963 003600  .00065 .1806 15387 5.536 5.433 30.074 34
327.997 00305  .00055 .1B06l 1 816.6 5.539 5.449 30.177 3.5
750.377 00133  .000241 .1802 4 163.2 5.548 5.502 30.527 40
ST .00025  .00005 18001 219 %5 &30 SEOSE 5D 5B m AW L8
984,
2& 555.1 .00005  .ooc01 ,1BOOI W 4ol 1 OS50 5 Wy g
47025.1 .00002| 8001 261 2447 5.555 5.554 30.856 65
107 581.9 .00001 .18001 597.671.7 5.556 5.555 30.860 70
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20%

CompoundInterestFactors

20%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Present | Sinking Capital Compound Present (Gradient Gradient
Amount Worth Fund Recovery Amount worth | Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Find F FindP |FindA| FindA Find ¥ Find P [ Find A Find P
Given P Given F | Given Given P Given A Given A Given G| Given G
n FIP PIF A/F AlP FiA P/A AlG PIG n
1 1.200 8333 10000 1.2000 1.000 0 1
2 1.440 .6944| 4545 6545 2.200 0% 1% 8455 0. 2
3 1.728 5787 2141 4747 3.640 2.106 0.879 1.85 3
4 2.074 .4823 1863 .3863 5.368 2.589 1.274 3.299 4
5 2.488 .4019 344 3344 7.442 2.991 1641 4.906 5
6 2.986 3349 10071 .3 9.930 3.326 1.979 6.581 6
7 3.583 2791 0774 277 12.916 3.605 7
8 M .2606| 16.499 3.837 2.296 9.883 8
a 5.160 1938 0481  .2481 20.799 4.031
1 6.192 1615 0385  .2385 25.959 4,192 2.038 11484 1:
11 7.430 1346 0311 2311 32.150 4.327 ]ﬂ
1 8.916 1122 0253 22531 39.581 4.439 3.660 18.283 1
1 10.699 .09351 .02061 48.497 4,533 3.817 5% e 13
1 12.839 .07791 0169  .2169 59.196 4611 ... 1
1 15.407 .0649] 0139 2139 72.035 4,675 3.95¢ 18.509 1
16 18.488 .0541 o114 2114 87.442 4.730 1
17 22.186 L0451 009441 . 2094| 105.931 4,775 4.088 0m2 1
18 26.623 .0376l .00781 .2078 128.117 4812 4.298 20.680 18
19 31.948 0313 006461 2065 154.740 4.843 4.386 21.244 19
20 38.338 .0261 005361 .2054] 186.688 4,870 4.464 221739 20
21 46.005 0217 00444 2044 225.026 4.891 4533 22174 21
22 55.206 0181 003691 .2037 271.031 4.909 4,594 22.555 22
23 66.247 .0151 003071 2031 326.237 4,925 4,647 22.887 23
24 79.497 o126l .00255 2025 392.484 4,937 4.694 23.176 ;ﬁ
25 95.396 .0105 002120 .2021 471.981 4.948 4,735 23.428
26 114.475 ma74 00176 .2018 567.377 4,956 4771 23.646 26
27 137.371 00728  .001471 2015 681 .853 4.964 4.802 23.835 27
28 164.845 006071 .001221 .2012 819.223 4.970 23.999 ﬁ
29 197.814 .005061  .00102 .20101 984.068 4.975 4,839 24.141
30 237.376 .00421 00085 .20081 11819 4.979 4.873 24.263 30
31 284.852 00351  .000700  .2007 14193 4.982 4.891 24.368 31
32 341.822 .002031  .00059 .20060  1704.1 4,985 4,906 24,459 32
13 410.186 .00244)  .00049 2005 2 045.9 4,988 4.919 24537 33
34 492.224 .00203  .00041 .2004] 2 456.1 4.990 4,931 24.604 34
35 590.668 00169  .00034 2003 2 948.3 4,992 4,941 24,661 35
40 | 469.8 00068  .00014 .2000 7 3439 4,997 4,973 24.847 40
45 36573 .000271  .00005 .2001 18 281.3 4,999 4,988 24,932 45
50 9 100.4 m 00002 .20001 45 497.2 4.999 4,995 24970 50
55 226448 E .00001 20001 113 219.0 5.000 4.998 24.987 55
60 563475 .2000 281 732.6 5.000 4.999 24.994 60
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25% Compound InterestFactors 25%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Presentl | Sinking Capital Compound Present [Gradient Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P Given F|Given F Given P Given A Given A| Given G Given G
n F/P P/F A/R A/P F/A P/A A/G P/G n
1
2 1% 1% 64000  1.00000 1.2500 1.000 0.800 0. 0 1
.6944] 2.250 l«a 0.85 0.640 2
i .5123 3.813 .95 — 1.
ﬁ wom o .S5120 .1?33] 4234 5766 236 1.225 2.3% 3
5 3.052  .3277 1218 .3718 8.207 2.689 1.563 4.204 5
2.951
6 .3388] 11.259 3.161 1.868 5.514 ﬁ
7 8 %5 2097 .0663 .3163 15.073 . 2.142 6.773
8 5. .3004 19.842 3.329 2.387 7.947 :
9 7451 1332 .0388 .2888 25.802 3.463 2.605 9.021
10 9.31 ‘1074 .0301 .2801 33.253 3.571 2.797 9,987 10
11 27348 42.566 3.656 2.96 10.846 11
1} W um 0687 .0184| .2684| 54,208 3.725 3.11 11.602 1
Ii .2645 68.760 3.780 3.2 12,262 1
1 29 B9 04400 0115 .2615 86.949 3.824 3.356 12.833 1
15 28.422 0352 00912 2591 109.687 3.859 3.453 13.326 15
1 .2572 138.109 3.887 3.537 13.748 16
1 e B 0225 .005761  .2558 173.636 3.910 3.608 14.108 17
1 .2546] 218.045 3.928 3.670 14.415 18
1 Bilo0m 0144 .00366| .2537 273.556 3.942 3.722 14.674 19
20 86.736  .0115 002920 2529 342.945 3.954 3.767 14.893 20
gl .2523 429.681 3.963 3.805 15.078 21
o BB 00922 00186  .2519 538.101 3.9 3.836 15.233 22
23 169.407 005900  .001481 2515 673.626 3,07 3.863 15.362 23
ﬂ 25120 843.033 3.981 3.886 15.4711 24
WP W 00378  .00095  .2509 1 054.8 3.985 3.905 15.562 2§
zﬁ .2508 1319.5 3.988 3.921 15.637 26
2 My wm o .00242 00081 .2506 1 650.4 3.990 3.935 15.700 27
23 .2505 2 064.0 3.992 3.946‘ 15.752 28
2 W 6% 00155  .00039 2504l 2 580.9 3.994 3.95§ 15.796 29
30 807.794 .00124/  .00031  .2503 32272 3.995 3.96: 15.832 30
3 00093 .25021 4 035.0 3, 31
}1577.1 .0007 000200 .2502 5 044.7 3.99 3.06%  sE 5% 32
33 972.2 000631  .000161 .2502 6 306.9 3.99 3.979 15.906 33
R .2501 7 884.6 3.998 3.983 15.923 34
2 465.2 00041 .000100 2501 9 856.8 3.998 3.986 15.937 3§
3.999
:g 27 6550 00013 .00003  .2500] 30 088.1 4.000 3.995 15.977 40l
,,,,, mooal .25000 91 831.5 3.998 15.991 45
50 70064.9 .00001 2500 280 255.7 4:000 3.999 15.997 50
55 213 821.2 25000 855 280.7 4.000 4.000 15.999 55
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30% Compound InterestFactors 30%

I Single Payment Uniform Payment Series Arithmetic Gradient

Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor | Factor  Factor Factor Factor | Series  Worth

Find F FindP | FindA FindA Find F FindP | Find A Find P
Given P Given F | Given F Given P GivenA Given A | Given G Given G

Is

F/P P/F A/F A/P F/A P/A n

1 1.300 76921 1.0000  1.3000 1.000  0.769 0 J 0 ﬂ 1
2 1.690 .5917 .4348 7348 2300 1.361 0.43 0.59 2
3 2.197 4552 .2506/ .5506l 3.990 1.816 0.827 1.502 3
4 2.856 .3501 .1616 4616 6.187  2.166 1.178 2.552 4
5 3.713 .2693 1106/ 4106 9.043  2.436 1.490 3.630 5
6 4.827 2072 .0784 3784 12.756  2.643 1.765  4.666 6
7 6.275 1594 0569 .3569 17.583  2.802 2. 5.622 7
a 8.157 .1226l 0419 3419 23.858  2.925 2.21 6.480 8
10.604 .0943] .0312 .3312 32.015  3.019 2.3 7.234 9

10 13.786 .0725 .0235 .3235 42.619 3.092 2.551 7.887 10
11 17.922 .0558 0177 3177 56.405  3.147 2.683 8.445 11
1 23.298 .0429 .0135 .3135 74327 3.190 2.795 a.917 12
13 30.287 .03301 .0102 .3102 97.625  3.223 2.889 9.314 13
1 39.374 .0254) .00782  .3078 127.912  3.249 2.969 9, 14
1 51.186 .0195 00598 3060 167.286  3.268 3.034 9.91 15
16 66.542 L0150 00458 .3046| 218.472  3.283 3.089 10.143 16
17 86.504 0116l .00351  .3035 285.014  3.295 3.135 10.328 17
18 112.455 .00889 00269  .3027 371518  3.304 3.172 10.479 18
19 146.192 006841 .00207  .3021 483.973  3.311 3.202 10.602 19
20 190.049 00526/ 001501  .3016 630.165  3.316 3.228 10.702 29
21 247.064 .00405 00122  .3012 820.214  3.320 3.248 10.783 21
22 321.184 00311  .00094 3009 1 067.3 3.323 3.265 10.848 22
23 417.539 002390 .00072  .3007 13885 3.325 3.278 10.901 23
24 542.800 00184 00055  .3006 1 806.0 3.327 3.289 10.943 24
25 705.640 .00142  .00043  .3004 2 348.8 3.329 3.298 10.977 13§
26 917.332 .00109  .00033  .3003 3 054.4 3.330 3.305 11.005 26
27 1 192.5 .00084  .00024  .3003 3 971.8 3.331 3.311 11.026 27
28 | 550.3 00063  .00019 3002 5 164.3 3.331 3.315 11.044 28
29 2 015.4 .000500  .00015 3001 6 714.6 3.332 3.319 11.058 29
30 2 620.0 00038  .00011  .3001 8 730.0 3.332 3.322 11.069 3¢
3 3 406.0 00029  .000090  .3000 11 350.0 3.33 3.324 11.078 31
32 4 427.8 00023 .00007 3001 14 756.0 3.33 3.3 11.085 33
33 5 756.1 00017 .00005  .3000 19 183.7 3.33 3.3 11.090 33
34 7483.0 .00013 00004  .30000 24 939.9 3.333 3.329 11.094 34
35 97278 000100  .00003 30000 32 4228 3.333 3.330 11.098 35
40 361188 00003  .00001  .30000 120 392.6 3.333 3.332 11.107 49
45 134 106.5 .00001 30000 447 018.3 3.333 3.333 11110 45
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35%

Compound InterestFactors

35%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor Factor  Factor Factor Factor Series Worth
Find F FindP | FindA Find A Find F Find P | Find A Find P
Given P Given F | Given F Given P GivenA Given A | Given G Given G
n F/P P/F A/F A/P F/A P/A A/G P/G n
1 1.000 0 1
2 1.832 5487 14255 1.7755 2.350 a.zep 0.42 0.549 2
3 2.460  .4064 .2397 .5897 4173  1.6% 0.80 1.362 3
4 3.322  .3011 .1508 .5008 6.633 1.997 1.134 2.265 4
5 4.484 2230 .10051 .4505 9.954  2.220 1.422 3.157 5
6 6
7 8.032 1224 .0488 .3988 28433  2.368 1.880 3283 7
8 2.060 8
9 il 0671 0252 3752 38,668 2.668 2.209 5,882 9
10 20.107  .04971 .0183 .3683 54590  2.715 2.334 6.336 10
11 27.144 0368 0134 .3634] 14.697  2.752 2.436 6.705 11
12 36.644 .0273 00982 .3598] 101.841  2.779 2.520 7.005 12
13 49.470 0202 00722 3572 138.485  2.799 2.589 7.247 13
14 66.784 0150 .00532 3553 187.954  2.814 2. 7.442 14
15 90.158 0111 .00393 .35391 254.739  2.825 2.68 7.597 15
16 121.714 .00822  .00290| .3529| 344.897  2.834 2.725 7721 16
17 164.314 00609  .00214 3521 466.611  2.840 2.753 1818 17
18 221.824 .00451  .00158 .35161 630.925  2.844 2.776 7.895 18
19 299.462  .00334  .00117 .3512 852.748  2.848 2.793 7.955 19
20 404.274 00247 00087 .3509) | 1522 2.850 2.808 8.002 20
21 545769 00183  .00064 3506 15565 2.852 2.819 8038 21
22 736.789  .00136  .00048 .35051 2 102.3 2.853 2.827 8.067 22
23 994.665 .00101  .00035 .3504] 2 839.0 2.854 2.834 8.089 23
24 13428 00074 .000260 3503 38337 2.855 2.839 8.106 24
25 181238 00058 .000190 35020 51765 2.856 2.843 8.119 25
2% 2 447.2 .00041  .00014 .3501 6 989.3 2.856 2.847 8.130 26
27 33038 .000301  .00011 .3501 9 436.5 2.856 2.849 8.137 27
28 4 460.1 000221  .00008 3500 127403 2.857 2.851 8.143 28
29 6 021.1 .00017  .00006| 3501 172004 2.857 2.852 8.148 29
30 8 128.5 000120 00004 35001 23 221.6 2.857 2.853 8.152 30
3 109735 00009‘ .00003 .35000 31 350.1 2.851 2.854 8.154 31
33 148143 000071 .00002 3500 42 323.7 2.857 2.855 8157 32
33 199993 00005 .00002 3500 57 137.9 2.857 2.855 8.158 33
34 269990 00004‘ .00001 3500 77 137.2 2.857 2.856 8.159 34
35 364487 .00003 00001 3500 104 136.3 2.857 2.856 8.160 3§
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40% CompoundInterestFactors 40%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Pnescntl Sinking Capital Compound Present |Gradient Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth
Find F Find P Find A Find A Fmd F Fiid P Find A Find P
Given P Given F | Given F Given P Given A Given A| Given G Given G
n F/A P/H A/R A/P F/A P/A A/Gl P/G n
1 1.400 .7143  1.0000  1.4000 1.000 0.714 1
2 1.9601 .5102 4161 8167 2.400 1.224 8417 8510 2
3 2,744 3644 2294 6294 rrnr e i
4 3.842 2603 1408 .5408 7.360 1839  Q.080 2.020
5 5378  .1859 0914 4914 10.946 2.035 1.358 2.764 5
6 7530 132§ 0613 4613 16324  2.168 1.581 3.428 6
1 10.541  .0949| 0419 4419 23.853 2.263 1.766 3.997 7
8 14.758  .0678 .0291 4291 34.395 2.331 1.919 4.471 8
9 20.661  .0484 .0203 4203 49.153 2.379 2.042 4,858 9
10 28.925  .0346| 0143 4143 69.814 2.414 2.142 5170 10
11 40.4% 0247 .0101 4101 98.739 2.438 2.221 5417 11
12 56.694 .0176l 00718 4072 139.235 2.456 2.285 5611 12
13 79.371  .0124 005101 .4051 195.929 2.469 2.334 5762 13
14 111120 .009001  .00363  .4036l 275.300 2.478 2.373 5879 14
15 155568 00643  .00259 .4026 386.420 2.484 2.403 5969 15
16 217.795 .00459  .00185 4018 541.988 2.489 2.426 6.038 16
17 304913 .00328 00137 .4013 759.783 2.492 2. 6.090 1
18 426.879 00234  .00094  .4009 | 064.7 2.494 2.% 6.130 1
19 597.630 .001671 00067 .4007 | 419.6 2.496 2: 6.160 19
20 836.682  .00120i 00048 4005 2 089.2 2.497 2.476 6.183 20
21 1171.4 .00085  .00034 4003 2 925.9 2.498 2.482 6.200 21
22 1 639.9 00044| .00024 4002 4 097.2 2.498 2.487 6.213 22
23 2 2959 000311 .00017 4002 5 737.1 2.499 2.490 6222 23
24 3214.2 000121 .4001 a033.0 2.499 2.493 6229 24
25 4 499.9 00022 .00009  .4001 11 247.2 2.499 2.494 6.235 25
26 6 299.8 00016  .000061  .4001 15 747.1 2500  2.4% 6.239 26
27 8 819.8 00011 .00005  .4000( 22 046.9 2.500 2.497 6.242 27
28 12 347.7 0000a  .00003  .4000i 30 866.7 2.500 2.498 6.244 28
29 17 286.7 .00006l 00002 4(0)% 2.500 2.498 6.245 29
30 24 201.4 00004 .00002 4 60 114340 2.500 2.499 6.247 30
31 33 882.0 00003  .00001 .40000 84 7025 2.500 2.499 6.248 31
32 47 434.8 .00002  .00001 .4000| 118 584.4 2.500 2.499 6.248 32
33 66l 408.7 000020 .00001 40001 166 019.2 2.500 2.500 6249 33
34 92 972.1 .00001 m 232 427.9 2.500 2.500 6249 34
35 130 161.0 .00001 325 400.0 2.500 2.500 6249 35
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45%!

CompoundInterestFactors

45%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinkingd Capital Campound Preserjt Gradiem* Gradient
Amount Worth Fun Recovery Amount Worth _Uniform| Present
Factor Factor Factor Factor Factor Factor Series Worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P Given F | Given F Given P Given A Given A Given G Given G
n F/P PIF A/H AP F/A PIA AlG P/G
1 1.000 0 (J g
2 u8 18 47560 1,408  1.8582 2.450 060 115 0.40: 476
3 wous 2260 21316 6697 4558 ww 073  1.13®
2 6.410 15601 .0832 .5332 12.022 1,876 1.298 2.434
; 134 9 .0742 .0361 L4861 PR W1 14 161 38
9 B 105 .0353 0243 4665 nm a9 24 L L 3T A
10 41.085 .0243 0112 4612 89.077 2.168 1.973 4.277
11 59.573 .0168] 00768 .4577 130.162 2.185 2.034 4.445
12 . 86.381 0116l 005271 4553 189.735 2.196 2.082 4,572
13 125.252 00798 .00362 453@ 276.115 2.204 2.118 4.668
14 181.615 00551  .00249 .45 401.367 2.210 2.145 4.740
15 263.342 003800 .001720 4517 582.982 2.214 2.165 4.793
16 381.846 .002620 00118  .4512 846.325 2.216 2.180 4.832
17
18 863.831 .00125 .00056 4506 172B.8 2.218 2.200 4,882
19 1164.1 .00086 .00039 .4504 2 584.7 2.220 2.206 4.898
20 1 688.0 .00059  .00027 .4503 3 7488 2.221 2.210 4.909
21 2 4475 00041  .00018  .4502 5 436.7 2221 2.214 4.917
22 35489 .00028  .00013  .4501 7 884.3 2.222 2.216 4.923
23 51459 .000191  .00009 4501 11 4332 2.222 2.218 4.927
24 7461.6 .00013  .00006l 4501 16579.1 2222 2.219 4.930
25 108193 000090 .000041  .4500 24 040.7 2.222 2.220 4.933
26 15 688.0 .00006  .00003 45001 34 860.1 2.222 2.221 4.934
27 22 7417 .00004 .00002 45000 50 548.1 2.222 2.221 4.935
28 32 984.1 .00003  .00001  .4500i 73 295.8 2222 2.221 4.936
20 47 826.9 000021  .00001  .45000 106 279.9 2.222 2.222 4.937
30 69 349.1 .00001  .00001 .45000 154 106.8 2.222 2.222 4.937
4.93
32 106 $96.1 .00001 45000 2323 ¢8R9 2,222 2.222 4.93
33 211 419.3 45000 469 8185 2.222 2.222 4.938
306 558.0 AS000 w8 T m m m i I
444 509.2

ME G0 1O U b
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50%

CompoundInterestFactors

50%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound  Present | Sinking Capital Compound Present | Gradient Gradient
Amount Worth Fund Recovery Amount Worth niform  Present
Factor Factor Factor  Factor Factor Factor Series Worth
Find F Find P | FindA FindA Find F Find P | Find A Find P
Given P Given F | Given F Given P Given A Given A | Given G Given G
n F/P P/F A/F A/P F/A P/A A/G P/G n
1 Lm 1.5000 1.000 0 444| 1
2 25 150 6667 i 2.500 0887 111t Loo 0. %
; F — - 1.037
ﬂ 0 3 ‘19;% 1231 .323% 4756 1.40% 073 1630 4
5 7.594 1317 0758 5758 13.188 1.737 1.242 2.156 5
6 .548}‘ 2.595 6
7 1m0 .0385 .0311 531 meam 104 18 143 155 7
a 2.920 8
B B8 02601 0134 5134 0% 10 1% 165 10
10 57.665 0173 .008821 .5088 113.330 1.965 1.824 3.838 1:
11 3. lﬂ
1 1% 64 00771 00388  .5039 BB M 147 1% 1 1 3.7 1
1 0 W60 19 00343 00172 .50i7 BE R 19 18 1% 1% 3.8 13
1
15 437.894 .002281  .00114 5011 873.788 1.995 1.966 3.090 1
1 1
1 T J00101  .000761  .5005 317 1 %5 147 1% 19 19 3.985 1
}si 1477.9 000681  .00034 5003 2 953.8 1.999 1.988 3.973 l18
ﬂ |68 B3 000301 .00015  .5002 45 817 845 19 19 19 1 3.981 za
21 2.000 21
22wy ms .00013 00007 5001 19 0 %17 2.000 19 197 3.992 22
23 112227 m .00004  .50001 22 4435 2.000 1.998 23
24 16 834.1 i .00003 50001 33 666.2 1.999 3.998 24
25 25 251.2 .000021 50001 50 500.3 2:000 1.999 3.998 25
26 37 876.8 .00003  .00001 5000l 75 751.5 2.000 1.999 3999 26
2.000 2.000 3.999 27
8 BesABA7 .00000 00001  .50001 170 828.3 2.000  2.000 3999 28
29 127 834.0 .00001 50000 255 666.1 2.000 2.000 4.000 29
30 191 751.1 .00001 50000 383 500.1 2.000 2.000 4.000 30
2. 2. 4.000 31
32 287 836.8 ,50000 BB% 831.8 2. 2. 4.000 32
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60% 60%

Compound InterestFactors

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Present [Siig Capital Compound Present |Gradient Gradient
Amount Worth Fund Recovery Amount Worth | Uniform  Present
Factor Factor Factor Factor Factor Factor Series Worth
Fiid F Find PF‘ Find A Find A Find F Find P Find A Find P
Given P Given Given Given Given A Given A Given G Given G
n F/P P/F | A/F AP FIA___PIA | A/g /G__|n
1 1.6% 0 84 0 || 1
2 2.5 3906 1.38461 16,9846 1.000 065 100 0.3 0.39 2
i 4.096 2.600 v e 1
6.554 15260  .10801  .7080l 560 w0698  0.874
§ 10.48 .0954| 0633 .6633 15.810 1.508 1.140 1.718 5
6 16.777 L0596 .03801  .63801 26.295 1.567 1.286 2.016 6
7
Q 0% B .0233 .0143 6143 B 896 165 168 1% 145 PR 8
lﬁ mE %M 00909 00351 .6055 18 18155 180 16 15575 250 281 lﬁ
lﬂ 1.604 lg
1 BB 1B 00358  .00214  .6021 4525361 167 1681 1.624 25 29 {3
la 450.360 00222 00134 .6013 748.933 l.oagl 1638 2724 W
1 | TS 189 .000871  .00052 .6005 na 1w 1.66 167 168 A 15
lﬁ 1.666
1 11 G5 .00034  .000201 .6002 ims s 1.666 L1681 m 1
;a 4.722.4 .00021  .00013 .6001 7 868.9 1,666 1.664 2.771 1
12703 558 .00008  .00008 .601H [ %3 Wl 166 L1657 1.665 m 1% 1
21 1934238 .00005  .00003  .6000i 32 236.3 1.667 1.321 2.776 21
22 3009485 .00003  -00002 .6000i 51579.2 1.667 1. 2.777 22
1. 23
4 793286 .00001  .00001 .60001 182 62%.8 1.667 ngl 2.777 24
25 126 765.0 .00001 60001 211 273.4 1.667 2.777 25
26
26 202 828.0 .60001 330 883.4 1.667 1.667 2.778 27
28 519 229.5 6000 865 380.9 1.667 1.667 2.778 28
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Engineering License Review Books from

Engineer-In-Training License Review

Civil Engineering License Review

Civil Engineering License Problems and Solutions
Civil Engineering Problem Solving Flowcharts
Electrical Engineering License Review

Electrical Engineering License Problems and Solutions
Chemical Engineering License Review

Mechanical Engineering License Review

Engineering Press:

Professors around the country have opened their exam files and revealed their examination
problems and solutions. These are actual exam problems with the complete solutions prepared
by the same professors who wrote the problems. Exam Files are currently available for this

topics:.

Calculus | Linear Algebra

Calculus 1 Materiais Science

Calculus 11l Mechanics of Materials

Circuit Analysis Organic Chemistry

College Algebra Physics [-Mechanics

Differential Equations Physics llI-Electricity and Magnetism
Dynam ics Probability and Statistics

Fluid Mechanics Statics

The EXAM FILES for courses (about $14.45 to $21.45) and Engineering
licenses (about $22.45 to $49.00) may be ordered with a Visa or Mastercard

by telephone. Call Toll Free: (800) 800-1651

For a detailed description of the License Review Series, ask at your college

or technical bookstore, or write to:

Engineering Press
P.O. Box 1
San Jose, California 95103-0001



Personal Computer Programs

Now available for Windows!

These are the programs discussed in
Chapters 19-21 of the textbook.

To get your copy of these powerful programs:
Economic Analysis
Mortgage Analysis
Rate of Return Analysis
Equipment Replacement Analysis
Capital Expenditure Analysis & Simulati
Plus Spreadsheet Workbook Programs for
Three Popular Spreadsheets

Ask your bookstore for * >
Engineering Economlc Wys]
Student Pak II (e

Keep this book! More and

managers are finding that this |
is a valuable resource for
engineering decision making.

No software is included in this book.
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