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Foreword

As an engineering professor, I have observed that students often do not have
useful study materials. They usually 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 usually 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 material 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 allowed 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 half-dozen popular
textbooks. The problems were carefully selected for publication so that the
fundamentals of engineering economic analysis/engineering economy found in
these textbooks would be covered.

In general, the problems are just as they appeared in an actual 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 at&y-
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 at the
Engineering Press address. I hope you find this material facilitates a better
understanding of engineering economic analysis/engineering economy and that
it helps you to succeed on your course examinations!

Donald G. Newnan
Editor
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Geomeffic  Gradient

Geometric Series Present Worth:
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Confinuous  Compounding at Nominal Rate  r

Single Payment: F = P[ern] P = F[e-m]

uniform Seties: A = F[fi] A = P[ez!:l-l*)]

Continuous, Uniform Cash Flow (One Period)
With  Continuous Compounding at Nominal Rate  r

Present Worth:

To Find P
Given P [P/F,,,,]

Compound Amount:

;J;$” [F/F,~,(

Compound lnferesf
i = Interest rate per interest period*.

R = 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 is equivalent to P with interest rate i.
A = An end-of-period cash receipt or disbursement in a uniform  series continuing for n  periods,

the entire series equivalent to P or F at interest rate  i.
G = Uniform period-by-period increase or decrease in cash receipts or disbursements; the arithmetic

gradient.
g  = Uniform rate  of cash flow increase or decrease from period to period, the geometric gradient.
r = Nominal interest rate per interest period*.

m = Number of compounding subperiods per period*.
F, F = Amount of money flowing continuously and uniformly during one given period.

*Nommlly  the interest period is me  year, but it cbvld  be smething  else.
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Course Summary

This chapter is a brief review of engineering economic analysis/engineering economy. The
goal is to give you a 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 analyse situations which pose alternative courses of action.

The initial step in engineering economics problems is to resolve a situation, or each
alternative 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 called intangible, or irreducible, factors.
Intangible or irreducible factors are not included in any monetary analysis but are
considered in conjunction with such an analysis when making the final decision on
proposed courses of action.

, 1
*i,.;. L
-i.“i,,. .

: ,.”



2 Engineering Economic Analysis Exam File

A cash flow table chows  the “money consequences” of a situation and its timing. For
example, a simple problem might be to list the year-by-year consequencea of purchasing
and owning a used car:

Year Caeh Flow
Beginning of first Year 0 -$4500 Car purchased %ow”  for $4500 cash.

The minus sign indicates a disbursement.
End of Year 1 -350
End of Year 2 -350
End of Year 3 -350 Maintenance co& are $350 per year.

End of Year 4
I

-350 I
+2000 The car is sold at the end of the 4th year

for $2000. The plus sign representi a
receipt of money.

This same cash flow may he represented graphically:
$2000

Receipt A
of money

Year0  1 ,,2, 3 4

Disbursement 1 t 4 T
of money 3350 $350 3350 $350

T
34500

The upward arrow represents a receipt of money, and the downward arrows represent
disbursements. The 5axis represents the passage of time.

EXAMPLE 1
In January 1990, a firm purchases a used typewriter for $500. Repairs co&  nothing in
1990 or 1991. Repaim 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
Unlm  otherwise stated in problems, the customary assumption ie a beginning-of-year
purchase, followed by end-of-year receipts or disbursements, and an end-of-year resale or
salvage value. Thus the typewriter repairs and the typewriter sale are assumed to occur at
the end of the year. betting a minus sign renresent a disbursement nf mnnev.
sign a receipt of money, we are able to set

Year Cash Flow
Beginning of 1990 -3500

End of 1990 0
End of 1991 0
End of 1992 - 8 5
End of 1993 -130
Fhd of 1994 sifin
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Notice that at the end of 1994, the cash flaw tirble  shows +160  which is the net sum of
-140 and -1-300.  If we define Year 0 as the beginning of 1990, the cash flow table
becomes:

Year Cash ‘Flow
0 -3500
1 0
2 0
3 - 8 5
4 -130
5 +160

From this cash flow table, the definitions of Year 0 land Year 1 become clear. Year 0 is
defined aa  the beginning of Year 1. Year 1 is the end of Year 1, Year 2 is the end of Year
2, and so forth.

TIME VALUE OF,, MONEY
When the money consequences of an alternative 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.

E X A M P L E  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.

N o w = 9500
End of 1st year = 5 0 0  +  16%(500)  =  5 5 0
End of 2nd year = 550 + 10%(550) = 605
End of 3rd year = 605 + 10%(605) = 665.50

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

c
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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 f lows.  An example
would be:

Year A
0 42000 42:oo
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 i l lustrated.

Symbols
i = Interest rate per interest period. In equations the interest rate is stated as a

decimal (that is, 8% interest is 0.08).

a = 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 neriods
from the present, that is  equivalent to P with interest rate i.

A = An end-of-period cash receipt or disbursement in a uniform series continuing
for n  periods, the entire series equivalent to P or Fat interest rate i.

G = Uniform period-by-period increase in cash flows; the ari thmetic 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/PA4
Present Worth Factor P F (P/F,4n)
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FUNCTIONAL NOTATION, contimmd
To Find Given Fzrnctional  Nota t ion

Unifom  Payment Series

Sinkmg Fund Factor A F (A/F&4
Capital  Recovery Factor A P (AIP4n)
Compound Amount Factor F A [FI4,n)
Present Worth Factor P A (P/A&n)

Ari thmet ic  Gradient

Gradient Uniform Series A G (AIG,4$
Gradient Present Worth P G (P/G,44

From the table  above we can see that  the functional  notat ion scheme is  based on writ ing
(To Find/Given,i,n).  Thus, if we wished to find the future sum F, given a uniform 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 is invested for one year at interest rate i. At the end
of the year, we receive back our initid investment P together with interest equal to Pi or
a total amount P + Pi. Factoring P, the sum at the end of one year is P(l + a>. If we
agree to let  our investment remain for subsequent years,  the progression is  as follows:

Amount  a t  Beg inn ing  + Interest for
of  Period the Period

= Amount at End
of the Period

1st year P + Pi = P(1 f IJ
2nd year P(1  + i) +Pi(l+Q =. _ P(1  + :I2
3rd year3rd year P(1  + 8)”P( l  +  8)” + Pi(l  + z+)a+ Pi(l  + z+)a == P ( l  f I-j9
nth yearnth year P ( l  +  a)*-1P ( l  +  a)*-1 + Pi(1 + 3*-r  =+ Pi(1 +  3*-r  = P ( l  +  2-y

The present sum P increases iThe present sum P increases in n  periods to P(l + i)“.“This  gives us a relationship
between a present sum P and it..between a present sum P and i ts  equivalent  future sum F: *-x--  . -.

Future Sum = (Present Sum)(l + 4”
F = P ( l  +  IJ”

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

F = P(F/P,i,n)

The relat ionship may be rewrit ten as:

Present Sum = (Future Sr~rr\~l  I :
D- E-4, I 3-n

.
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This is the Single Payment Present Worth formula. It is written:

P = F(P/F,i,n)

EXAMPLE 3
At a 10% per year interest  rate,  $500 now is equivaleni  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 = fyears
. = 10%
z = unknown

F =  P ( l  +  8)” = 500(1  + 0.10)’ = $665.50

This  problem may also be solved using the Compound Interest  Tables .

F =P(F/P,jn) = 5OO(F/P,10%,3)

Prom the 10% Compound Interest Table, read (F/P,10%,3)  = 1.331.

F = 5OO(F/P,10%,3)  = 500(1.331) = $665.50

EXAMPLE 4
To raise money for a  new business,  a man asks  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  =  4years
i = 12%
s-l .annn”.

r = ql + :I .-  = 3UUU(l  f  u.G!-’  = 9ilYU6.55

Alternate computat ion using Compound Interest  Tables:

P = JfP/F,i,n) = 3000(  P/F, 12%,4)
= 3000(0.0355)  = $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 Interest
Tables are a l w a y s  considered to be sufficiently  accurate.
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Uniform Payment Series Formulas

Consider  the  fol lowing s i tuat ion:

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

F = A future sum of money.

F

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

F = A + A(1 + 9 + A(1 -I-  8)’ (1)

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

F = A + A(1 $  i)  $  A(1 + a)“-I (2)

Multiply Q. (2) by (1 + Q: (1 + i)F  =

write  Eq.  (2): F=ygTJyg$?  +‘I”  I;;

(3)  - (2): iF  = -A + A(1 + 9”

+l+‘ln-l)

Uniform Ser ies  Compound Amount  formula

Solving th i i  equat ion for  A:

c -A = F((pT+T) Uniform Ser ies  Sinking Fund formula

Since F = P(l + g”, we can suheti tute this  expression for Fin the equat ion and obtain:

A = P((li($T  i) Uniform Series  Capital  Recovery formula

Solving the equat ion for  P.

P= A((li;$+l) Uniform Series  Present  Worth formula

..’

t -
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In functional notation, the uniform series factors are:

Compound Amount (F/A,i,n)

Sinking Fund (A/F,44
Capital Recovery (AIP,kn)

Present Worth (P/-4+4

E X A M P L E  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?

So/u  tion

A = $100
F = unknown
n  =  5  y e a r s
i =  6 %

F  =  A(F/A,i,n)  =  lOO(F/A,6%,5)
= lOO(5.637)  = $563.70

E X A M P L E  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%
annual interest, compounded quarterly, how much should she deposit each three months?

Solut ion

F = $10,000
A = unknown
n = 40 quarterly deposits
i = la%  per quarter year

P
Note that i, the interest rate per interest period, is 1436,  and there-are 40 deposits.

A = F(A/F,i,n) = lO,OOO(A/F,1~%,40)
= 10,000(0.0184)  = $184

E X A M P L E  7
An individual is considering the purchase of a used automobile. The total price is $6200
with $1240 as a downpayment and the balance paid in 48 equal monthly payments with
interest at 1% per month. The payments are due at the end of each month. Compute the
monthly payment.

Solut ion
The amount to be repaid by the 48 monthly payments ls 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/P,i,n) = 4969(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 locai 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?

sdut;otl

A  =  $232.50
n = 120 months
i = 1% per month
P = unknown

P = A(P/A,i,n) = 232.50(P/A,1%,120)
= 232.50(69.701) = $X6,205.48

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

This cash flow may be resolved into two components:

200
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We cau  compute the vslue  of P' as equal to PI plus P. We already have an equation for
P':

P’=: W/A,&4

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

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

E X A M P L E  9
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=unknown  i=S%

P = 155(P/A,6%,8)  + 35(P/G,6%,8)
= 155(6.210)  + 35(19.641) = $1656.99

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

The relationship between A ’ and G in the right-hand diagram is:

A ’ =  G (1 + ;)”  - in - 1
i(1 + 0”  - i

> \
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In functional notation, the Arithmetic Gradient (to) Uniform Series factor is:

A = G(A/G,i,n)

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 (n - l)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, <e wish  now to know the uniform annual  maintenance
cost. Compute an equivalent A for the maintenance costs,

Solution
c+ 35

1K

~

n=8yr
- -L  - -- - i = 6%

A = unknown
Equivalent uniform annual maintenance cost:

A =  1 5 5  +  35(A/G,6%,8)
= 155 + 35(3.195) = $266.83 ( _I j . .

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 this situation is:

A,

AS,,
4,/

4 ‘$-

4

- -

P

where A, = A,(1 + g)“-’

9 = Uniform rate of period-by-period change; the geometric gradient stated as a
decimal (8% = 0.08).

A, = Value of A at Year 1.

An z Value  of A at any Year n.
ri
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Geometric Series Present  Worth Formulas:

When i = g, P = Al(n(l -I- 3-l) .:*,,“_ - . m . : :  .‘.  -.‘,.,_ .,,  \,_ .;. . . . -
;;:,, ,;

When i #  g,‘  P = Al 1 - (1 + g)“(l  ,+,,iy” _,
‘-!7

_ ‘:: j
; ‘cr.:  ,: ‘1.  ‘~’

E X A M P L E  11
It is likely that airplane tickets will increase 8% in each of the next four years. The cost
of a plane ticket 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
interes t .

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

P Al
(

1= - (1 + g)“(l + a)-”
1-g 1

= 180.00
1 - (l.08)4(l.05)-4

Oo5  O
. -.o8 ) = 180.00(  F+#@  = $715.67

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

Yew Tickei

1 A , = $186.00

2 A ,  = 180.00 + 8%(180.00) = 194.40

3 A, .= 194.40 + 8%(194&l) = 209.95

4 A4 = 209.95 + 8%(209.95) = 226.75.

P = 18O.OO(P/P,5%,1)  + 194.4O(P/P,5%,2)  -I-  209.95(P/F,5%,3)  f 226.75(‘P/F,5%,4)

= 180.00(0.9524)  +  194.40(0.9070)  +  209.95(0.8638) +  226.75(0.82!27)

= $715.66

.

NOMINAL AND EFFECTIVE INTEREST
Nominal inieresi is the annual interest rate without considering the effect of any
compounding. c

r
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Effective interest is the armuai  interest rate taking into account the effect of any
compounding during the year.

Frequently an interest rate is described as au annual rate, even though the interest period
may be something other than one year. A bank may pay l-1/2% interest on ‘the amount
in a savings account every three months. The nominal interest rate in this situation is 6%
(4 x l-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: 1000.00 -I-  1~%(1000.00) = 1015.00

End of 6 months: 1015.00 + 1~%(1015.00) = 1030.23

End of 9 months: 1030.23 + 14%(1030.23) = 1045.68

End of one year: 1045.68 +‘14%(1045.68)  = 1061.37

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

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

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

E X A M P L E  1 2
A bank charges 14%  per month on the unpaid balance for purchases made on its credit
card. What nominal interest rate is it charging? What effective interest rate?

S o l u t i o n
The nominal interest rate is simply the annual interes? ignoring compounding, or
12(1$%) = 18%.

Effective interest rate = (1 f 0.015)” - 1 = 0.1956 = 19.56%

SOLVING ECONOMIC ANALYSIS PROBLEtiS
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 essential part of economic analysis
problems.

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

Criteria

Economic analysis  problems inevitably fal l  into one of  three categoriti

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

h’zomple: A project engineer has  a budget of $450,000  to overhaul  a  plant .

2 .  Pied Output There is  a fmed  task, or other output to be
accomplished.

Eznmple: A mechanical contractor has been awarded a fixed price contract
to air-condit ion a bui ld ing .

3. Neither Input
nor Output Fixed

This is  the general  s i tuat ion where neither  the amount
of money or other inputs,  nor the amount of  benefi ts
or other outputs are fured.

Example: A consulting engineering firm has  more work available than it can
handle.  I t  is  considering paying the staff  for working evenings to increase the
amount of  design work i t  can perform.

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

PRESENT WORTH
In present worth analysis, the approach is to reaalve  all the money consequences of an
alternative into an equivalent present sum. For the three categories given above, the
criteria are:

Category
Pied Input

Present Worth Criterion
Maximize the Present Worth of benefi ts  or other
ou tpu ts .

Fied output Minimize the Present Worth of costa  or other
inpu t s .

Neither Input
nor Output Fixed

Maximize [Present Worth of benefit8  minus
Present Worth of costs]  or,
stated another way:

Maximize Net  Present  Worth.
r
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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 analysis period when comparing alternatives. 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.

12 ye%rs

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 analysis 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 identical Pump A at the end of 6 years. This gives a 12-year
common analysis period.

P u m p  A
Replacement

I Pump A
I 12 years

Pump B

Correct Present Worth Comparison

12 yeam

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 K 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  1 3
Machine X has an initial 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-year  useful life.

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

Solution
The analysis period is not stated in the problem. Therefore we select the least common
multiple of the lives, or I2 years, ss the analysis period.

*Generally the annual cost method is suitable  in these situations.



16 Engineering Economic Analysis Exam File
.

Present  Worth of  Cost  of  12 years  of  Machine X

= 10,000 f lO,OOO(P/F,8%,4)  -I-  lO,OOO(P//1;38%,8)  -I-  5OO(P/&8%,12)
= 10,000 + 10,000(0.7350)  + 10,000(0.5403)  + 500(7.536) ,’ ‘.
= $26,521 d

Present  Worth of  Cost  of  12 years  of  Machine Y

= 20,000 + lOO(P/G,8%,12)  - 5OOO(P/&8%,12)
= 20,000 + 100(34.634) - 5000(0.3971)
= $21,478

Choose  Machine  Y with its smaller PW of kok

EXAMPLE 14
Two alternatives have the following cash f lows:

Aliernaiive

1 +800 +1100

3 +800  ’ +1100

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

Solution #
Solving by Present  Worth analysis : ‘*

i
Net Present Worth (NPW) = PW of benefits - PW of cost : ‘,;,+y, I:

: ‘_ I
NPWA = 8OO(P/A,5%,3)  - 2000

= 800(2.723)  - 2000 c
= +178.40

“f
NPWB = llOO(P/A,5%,3) - 2800

= llOO(2.723)  - 2800 *
= +195.30 , .$i*

To maximk.  NPW, choose Alternative B.

Capitalized Cost ’

In the special situation where the analysis period is infinite (n  = co), an analjsis  of the
preeent  worth of cost is called capiSalized  cd. There are a few ptiblic  projects where the
analysis period is infinity. Other examples would be permanent endowments and
cemetery perpetual care.

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

PIIIII)P+PiI)P+PiLP+PiL*  l  l

IA  i kA

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

A =  P i

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

E X A M P L E  15
In his will, a man wiehes  to establish a perpetual trust to provide for the maintenance of
a small local park*  If the annual maintenance is $7500 per year and the trw3t  account can
earn 5% interest, how much money must be set aside in the trust?

Solution
When n =c~,A=PiorP=~T

Capital&d  co8t  P = A $75007  = - = $150,000I 0.05

FUTURE WORTH
In present worth analysis, the comparison is made in term8 of the equivalent preisent  costs
and benefits. But the analysis n&d not be made at the present time, it could be made at
any point in time: pa8t,  present, or future. Although the numerical calculation8 may look
different, the decision is unaffected by the point in timecselected.  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 8ome  future point in
time, it is called future worth analysis.

Category
Fixed  Input

Future  Worth  Cri ter ion
Maximiae the Future Worth of benefit8 or other
outputs.

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

Neither Input
nor Output Fixed

Maximise [Future Worth of benefits minus
Future Worth of costs] or,
stated another way:

Maximize Net Future Worth.
P

-
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”

EXAMPLE 16
Two alternatives have the following cash f lows:

Aliemntive
Year
‘0 -32oio -42:oo

1 +800 +1100
2 +800 +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 analysis at Year 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

NFWA = 800(F/A,5%,3)  - 2OOO(F/P,5%,3)
= 800(3.152) - 2bOO(1.158)
= +205.60

NFWB = llOO(F/A,5%,3)  - 28OO(F/P,5%,3)
= llOO(3.152)  - 2800(1.158)
= +224.80

To maximiae  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 Benefi ts  (EUAB).

as

Criteria ”
”

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

Category Annual  Cost  Cri ter ion
Fixed Input Maximize the Equivalent  Uniform Annual

Benefits. That is, maximize EUAB.

Fiied output Minimize the Equivalent  Uniform Annual
Cost. That is, minimize EUAC.

Neither Input Maxim&  [EUAB - EUAC]. .
nor Output Fixed

c_ *
i_ “W,  “2 “.  Q - . / ,.a>. . I ._J-

,
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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 all 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 still 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 alternatives of
differing service lives is valid.

The underlying assumption made in these situations is that when the shorter-lived
alternative 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 initial alternative 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 alternatives is an appropriate method of analysis.

E X A M P L E  1 7
Consider the following alternatives:

A “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?

S o l u t i o n
Assuming both alternatives perform the same task and there is a continuing requirement,
the goal is to minimize EUAC.

Alternative A:

EUAC= 5OOO(A/P,8%,6)  -I-  500 - 

5000(0.2505) f 560 - 600(0.1705) = $1650 .,
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Alicmaiive  B:

EUAC = lO,OOO(A/P,8%,15)  -I-  200 - lOOO(A/F,8%,15)

= lO,OflO(O.1168)  + 200 - lOOO(O.0368)  = 81331

To minimize EUAC, select Alternative E.

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

PW  of cost = PW of benefits,

EUAC = EUAB,

or PW of co&  - PW of benefits = 0.

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

Year Cash Flow
0 4595
1 +250
2 +200
3 +150 ~‘:
4 +100
5 $50

So/u  tion
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

llil~l~~ .,l[iil 1111  ,::goj

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 -PWofbenefits=O

595 - [250(P/A,i,5)  - 5O(P/C,&5)]  = 0

Try i = 10%

595 - [250(3.791)  - 50(6.862)]  = -9.65

Try i = 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  interpolat ion:

Rate of return = 10%  + (2%)(I3Q&5,-&5)  = 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 inuesiment,  the cash
flow for the difference between the alternatives is computed by taking the higher initial-
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 f lows:

Altcmaiive
Year

0 -52o:o -82iOO
1 +t300 +1100  rz
2 +soo fllO0
3 +800 i-1100

If 5% ls  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 t ime, the al ternatives wil l  he resolved using rate of return
analys is .

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 acceptable 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
init ial-cost  al ternative: 96.

,

I
I

c
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Dif f e rence  be tween
Alternative Alternat ives

Year A B B - A
0 42000 -22860 4800
1 +800 +1100 +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:

PW  of cost = PW of benefi ts
800 = 3O;(P/A,i,3)

(P/A&3) = 3oo  =  2.67

i w 6.1%

Since the incremental rate of return exceeds the 5% MARR,  the increment 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 this is true
even though Alternative A has a higher rate of return. The higher-cost alternative may be
thought of  as the lower-cost  al ternative,  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 analysis is
required.

E X A M P L E  2 0
Consider  the  fol lowing:

Year
0
1

f

Alternative
A B

-8200.0 G131.0
+77.6 +48.1
-i-77.6 +48.1
+77.6 +48.1

If the minimum attractive rate of return (MARR) is lo%, 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.

Alfemative
Y6?iW A

0 -9200.0 -51381.0
1 +77.6 +48.1
2 +77.6 $48.1
3 -l-77.6 +48.1

Solve for the incremental rate of return:

Increment
A
469:

+29.5
+29.5
+29.5

PW  of cost = PW of benefi ts
69.0 = 29.5(P/A,i,3)

(P/A,i,3) = E; = 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
the rate of return is less than the given MARR. (This step is not essential, but
helps to immediately identify unacceptable al ternatives.)

2 . Rank the remaining al ternat ives in their  order  of  increasing ini t ial  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 . Take the 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 identif ied.

L

f
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EXAW’LE 21
Consider  the  fol lowing:

Aliernalive
Year A B

0 -$200.0 -8131.0
+77.6 +4311

2 +77.6 +4&l
3 3-77.6 +48.1

If the minimum attractive rate of return (MARR) is 1096, which alternative, if any,
should be selected?

+ ‘ ,

I

,

I

.

sollltion
One should carefully note that this is a three-alternative problem where the alternatives .-’
are A, B, and “DO  Nothing.”

In this  solut ion we wil l  skip Step 1.  Reorganize the problem by placing the al ternat ives I.
in order of increasing initial cost:

,
D o Aliemaiive

Year Noth ing B
0 0 -2131.0 42tJ.o i
1 0 +48.1 f77.6
2 0 f48.1 +77.0 i

3 0 +48.1 +77.6
.-,. ..,  C’,.

Examine the “B - Do Nothing” increment  of  investment: ,,.,. ;,.;..  .,..x-2
~, .>’ , , _ .~.

‘..L I
Year B - Do Nothing

0 -3131.0 - 0 = -%131.0 ‘\I”  .:.,  :

1 +48.1  - 0 = +48.1
2 +4&l  - 0  = +4&l .
3 f48.1 - 0 = +4&X1 . o

,
Solve for the incremental  rate of return:

P
PW  of  cost = PW of benefi ts .’

131.0 = 48.1(P/A,i,3)
(P/A&3)  = $$+)  = 2.723

“J

Prom Compound Interest Tables, the incremental rate of return = 5%. Since the
incremental rate of return is less than lo%,  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 -$200.0  - 0 = -$200.0

,

,w
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Solve for the incremental  rate of return:

PWofcost  = PW of benefi ts
200.0 = ;7.;(6PlA,i,3)

(P/A,i,3) = 77  = 2.577

The incremental rate of return is 8%. Since the rate of return on the A - Do Nothing
increment of investment is less than the desired lo%,  reject the increment by rejecting
Alternative A. We select  the remaining al ternative:  Do nothing!

If you have not already done so, you should go back to Example 20  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 to A or B.

E X A M P L E  2 2
Consider  four mutual ly exclusive al ternat ives:

A
Initial Cost $400.0
Uniform Annual Benefit 100.9

Alternat ive
c

Slo”o.0 $200.0
27.7 46.2

&LO
125.2

Each  alternative has a five-year useful life and no salvage value. If the minimum
attractive rate of return (MARR) is 6%,  which alternative should be selected?

SOlUhii
Mutual ly  exclusive  is  where selecting one alternative precludes selecting any of the other
alternatives. This is the typical “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% i 5% 8 %

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

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

,
Alternative A
Initial Cost Slo80.0 $400.0 i&O
Uniform Annual Benefit 27.7 100.9 125:2

A - B
A Initial Cost $300.0 .
A Uniform Annual Benefit 73.2
Computed A rate of return 7 %

I

I
L
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Since the incremental rate of return exceeds the 6% MARR, the increment of
investment  ie desirable.  Alternative A is  the better al ternative.

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

A Initial Cost
A Uniform Annual Benefi t
Computed A rate of return

D - A
$100.0

24.3
6.9%

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

Conclusion: Select Alternative D. Note that once again the alternative with the highest
rate of return (Alt. B) is nof  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 t ime value of  money.

B/C = PW  of benefits  = Equivalent Uniform Annual Benefits
PW  of cost Equivalent  Uniform Annual  Cost

For a given interest rate, a B/C ratio 2 1 reflects  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 alternative and the lower initial-cost
alternative. If this incremental B/C ratio is 2 1, chooge  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 ratio is > 1.

E X A M P L E  2 3
Solve Example 22 using Benefit-Cost ratio analysis. Consider four mutually ,exclusive
alternatives:
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Alternative
c D

Initial Cost t4OAO.o rsloBo.0 $200.0 $500.0
Uniform Annual Benefit 100.9 27.7 46.2 125.2

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

SOhltiO~

1 . B/C ratio computed for the alternatives:

Alt. A B/C = Py$f’be;;;”  = 160.9(P/A,6%i6,5)
400 = 1.06

B B,C _ ~7W’/46%,5)
100 = 1.17

c B/C ~ 4fW’/-46%,5)
200 = 0.97

D -B/C _  125.2(P/A,6%,5)
500 = 1.05

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

2. Bank the remaining alternatives in order of increasing intial cost and examine
the increment of  investment between the two lowest  cost  al ternatives.

Alternative I3 D
Initial Cost $100.0 24oAo.o $500.0
Uniform Annual  Benefi t 27.7 100.9 125.2

A
Initial Cost 3300:
Uniform Annual  Benefi t 73.2

Incremental B/C ratio = 73W’I46%5)  = f  o3
300

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

3 . Do the next two-alternative comparison.

Alternative Increment
A D - A

Initial Cost $400.0 §&.0 $100.0
Uniform Annual  Benefi t 100.9 125.2 24.3

Incremental B/C ratio z 24W’/A@‘W  = 1 o2
1nl-l

.



The incremental  B/C rat io  exceeds  1 .0 ,  hence  Alternat ive  D  ia  preferred.

Conclus ion:  Se lect  Al ternat ive  D.

BREAKEVEN ANALYSIS e

r the point
In business, “breakeven”  is  defined aa the point where income just cove&the  associated
costs .  In  engineering economics ,  the  breakeven point  i s  more  precise ly  def ined a~
where  two a l ternat ives  are  equivalent .

.
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EXAMPLE 24
A city is considering a new $50,000 mowplow,  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’s life is  10 years with zero
resale value at that time. How many days per year must the machine be used to make
the  investment  economical?

2

4

,

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 ita  annual benefit, and solve
for  the  required annual  ut i l izat ion.

Ldetx= breakeven point = days of operation per year.

EUAC = EUAB
50,000(A/P,12%,10)  = 600X

X = 50~ooo(o~1770)  =
600

14 7 days,lyear.

D E P R E C I A T I O N 2 i
1/

Depreciation of capital equipment is an important component of many after-t& economic
analyses. For this reason, one must understand the fundamentals of depreciation
account ing .

Depreciation is defined, in its accounting sense, aa the systematic allocation of the cost
of a capital asset over its useful life. BooL  value is defined as the original cost of an asset,
minus  the  accumulated depreciat ion of  the  asset .

In  computing a  schedule  of  depreciat ion charges ,  three  i tems are  considered:
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Straight Line Depreciation
,,

Depreciation charge in any year = pd . ’

Sum-Of-Years-Digits Depreciation

Depreciation charge = Remaining Depreciable Life at Beginning of Year
in any year Sum of Years Digits for Total Useful Life (P - s) ‘. ,, ,.

I

Double Declining Balance Depreciation

Depreciation charge in any year = &P  - Depreciation charges to date)

Accumulated Cost Recovery System (ACRS) Depreciation

ACRS  depreciation is  based on a property class l ife which is  generally less than the actual
useful l ife of the property and on zero salvage value. The varying depreciation percentage
to use must be read from a table (based on declining balance with conversion to straight
line). Unless one knows the proper ACRS property class, the depreciation chwge in  any
year cannot be computed.

E X A M P L E  2 5
A piece of machinery costs $5000 and has an anticipated 31000 salvage value at the end
of i ts  f ive-year depreciable l ife.  Compute the depreciation schedule for the machinery by:

(a) Straight line depreciation;

(b) Sum-of-years-digits  depreciat ion;

(c) Double declining balance.depreciation.

SolutionSolution

Straight line depreciation = v  = eStraight line depreciation = w = y  =: 3300”

Sum-of-years-digits  depreciat ion:Sum-of-y

Sum-of-years-digits = 1 (n f 1) = t (6) = 15

1st  year depreciation = &(5000  - 1000) = 81333 1 .
a

,‘- * ::*
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2nd year depreciation = & (5000 - 1000) = 1067

3rd year depreciation = &(5000  - 1000) = 800

4th year depreciation = &5000  - 1000) =: 633

5th year depreciation = &5000  i 1000) = 267

$4000

Double declining balance depreciation:

lat  year depreciation = i(5000  - 0) = $2000

2nd year depreciation = $(5000 - 2000) = 1200

3rd year depreciation = g(5000 - 3200) = 720

4th year depreciation = g5000  - 3920) = 432

5th year depreciation = i(5000 - 4352) = 259

$4611

Since the problem specifies a $1000 salvage value, the total depreciation may not exceed
$4000. The double declining balance depreciat ion must  be stopped in the 4th year when i t
to ta ls  $4000.

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

Double
Straight sum-ofi Declining

Year Line Years- Dieifs Balance
1 $800 $1333" 82000
2 800 1067 1200
3 800 800 720
4 800 533 80
5 800 267

%4ooo $4ooo -3zk
4

.4i

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 beforetax 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
I ,. -rexpenses. These increase or decrease the year-by-year p  l iabi l i ty  of  the  f i rm.

..I  : . . , !’ L,.. ,
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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 relat ionship between the book value (cost  - depreciation taken) of the asset
and i ts  salvage value.

Sitnbtion Taz 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 beforotsx cash flow, the next step is to 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 is  the before-tax cash flow adjusted
for income taxes.

To organize these data, it ia  customary to arrange them in the form of a cash flow
table, as  fo l lows:

Before-tax Taxable Income Aftedax
Year cash flow Depreciation income taxes cash flow

0 .
1 . .
.

EXAMPLE 26
A corporation expectts  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 sales
expenses will be $8067  per year. Assume straight line depreciation, a 15-year  useful life
and no salvage value. Use a 46% income tax rate.

Determine the projected after-tax rate of return.

Solution

Straight line depreciation = p-s,  __160,000  - 0 d,‘
15

= r110,000 per year
dJ

Before-tax Taxuble Income
Year

After-tax
cash flow Depreciation income taxes

0
cash flow

- 150,000 - 150,000
1 +23,933 19,900 13,933 -6,409 + 17,524
2 f23,933 10,000 13,933 - 6 , 4 0 9 -I-  17,524
. . . . .
. * * . . .
. . * b .

15 +23,933 10,000 13,933 -6,409 f 17,524

Take the after-tax cash flow and compute the rate of return at which PW of cost
equals  PW Of  benefi ts .

*
Z
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.

150,000 = 17,524(P/A,i,15) I
150 000(P/A,i,l5)  = 17,524 = 8.559

From Compound Interest Tablea, i = 8%.
- *.

. -
,

il
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1
INTRODUCTORY PROBLEMS

BASIC CONCEPTS

**************************i************************************ l-1
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)  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.

****************************************************ff*

Independent studies can be misleading. I f  J u l i a  McNeese o f
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,

35c-
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lm2 *********i*i*********~*~~#*~********~~~*******~*~***~#*ff~~***~

A food processor is considering the development of a new line of
product. Depending on the quality of raw material, he can expect
d i f f e rent  y i e lds  p rocess -w i se , 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
f o l l o w s . 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 0.075
" II 1, B 1, ,f 0.19 0.18 0.26
1, n I! C n 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 o f product) 1‘ 000 ( 000

1,25O,OOO
800,000

Cost of raw material A $3. ‘E/lb
0 ,1 n B 1‘07
" 19 (1 C 1.88

*********************************************** ‘*****ii
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******i*****lli*****~*~***********a~~************************* l-3
Consider the previous problem. When asked about the precision of
the given figures, the marketing department indicated the actual
sales results could change plus/minus 10% from the forecast.
Similarly, product development indicated the actual production
costs may vary 3X from the pilot-based calculations, Is your
choice of the best alternative the same as you found in the
previous problem?

*****ff************************************************

-= Cl,250p=KI~\)CI4s--8Q97 uo.Q~~=243,775
qnxt+= ~I,~~OaOx~.Q)(l.~-.89Q7w r.o3)= 138,723

A lterrlatiue  3 :

rn~&~+cd  +i+= (&xpoo  x l.t>(  LZS - I .0865  xo.q7)=172,56’t
mrn.-t~cll~~‘--~~,o6o~~~~xl.~-~.a665  Jcr.o3>4u,zsz

AHbygh  cd-km&\~e  2 S-M\  t$* -GeLd~cpk  @i-I-s,  -the
d&lS precision  is d- 904 ertaygh  b -b&l fw ~rlre
that i+ u)i\/  &$&lly be i+?C  befR Ch0r'Ze  SitiCe  #l&m.
v&b bf \ t 3 cl-  l&ZJ?Y  +b the  Min.  p$TtS  0-f 2.

****I*I*~*****w********~**~***********#~**************#******* I-4
Car A initially costs $500 more than Car B, but it consumes 0104
gallons/mile versus 0.05 gallons/mile for B. Both last 8 years
and B's salvage value is $100 smaller than A's. Fuel costs $1.70
per gallon. Other things being equal, beyond how many miles of
use per year (= X1 does A become preferable to B?

**********I*wI*******************************~******~*

-5oa  Cl00 -k c.05 -.04>a.70)(0) x “0

. -
c
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145 ****************************#*********************************

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?

Dear Sir:
London, September 19, 1772

In the affair of so much importance to you wherein you ask my
advice, I cannot, for want of sufficient premises, advise you what
to determine, but if you please I 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 I 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 I have thus got them all together in one view, I
endeavour to estimate their respective weights: and where I find
two (one on each side) that seem equal, I strike them both out.
If I find a reason Pro equal to some two reasons Con, I strike out
the three. If I judge some two reasons Con equal to three reasons
Pro, I strike out the five: and thus proceeding I 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, I 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 I can
judge better, 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

******************************************************

Dec i s i ons  shou ld  be  based  on  the  d i f f e rences  be tween
alternatives. Here the alternatives are taking the job (Pro)
not taking the job (Con).

the
and
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**#*****#**********#******u*********#ff***********************#I-6
Assume that you are employed as an engineer for Wreckall
Engineering, Inc., a firm specializing in demolition of high rise
buildings. The firm has won a bid to tear down a 3CLstory
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 eoonomic  analysis of buying a new crane to complete the
job. How would you handle the analysis?

******************************************************

X4  ateiVe.

rrrrrrr+rrrrrxrl*******IIIIYIIII,********************** 57
The total cost of a building (TC) is given by

T C = (200  + 80X + 2X*)A
where X = Number of floors

A= Floor area in ft2/floor

If the total number of square feet required is 106, what is the
optimal (minimum cost) number of floors?

+.’

************************************************#*****
.******************w*****************************#*****

TC r(2m +eqc +u(‘>&)
d%x - <fob)c-wha  + 2) -0 ,.

x*=:~4zs,ocloca  i:,
c .‘.
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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?

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.

I=9 *********i********************************~**************#****
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?

w*******i**************+rrw*r*wr*rww**************

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.

I

r i

c



Chapter 1 Introductory Problems-Basic Concepts 41 ,

*w*******r*****,***********e**#********~**#***~***e~~****e***  1.10

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. 41
Sam’s studies indicatethathe can run 200 cow-calf pairs and be

-z

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 cou  per year. Property taxes are $4000 per year,
and machinery upkeep and repairs are expected to run $3000 per
year.

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

************l*****~*********************************** .
?

Land  iI!os+:
1 .

5osAc. Jc  4,ooo/Ac. = *500,-

M4dinec)r= lump 5unl t 45boo
%+a1  ?i%& Goss- +595,000
Assume land Ad  wU&i~er)r  So have  A t&y  bi?~ I&.
A+ 10% &w9uat Gss+  = c*ro>c+s45,ooo~ = ~srpko
o+hWAnnwr carb:.

F&s, fd&kqfi~,  Vi&  bilk  $50  x 200  s +  10, Qc30

P+q  , -hces u,ot30

c(f%t?.p  7 ReQpim 4 -
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141 *********w********~**~***************~*****~**********~*~****

Smith borrowed $1000 from Jones for a s-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.

*******************~********~u************************

512 *********i********i********************~~~#***~**************
What is the annual interest rate if a simple interest loan of
$15,000 for four months yields $975 interest?

******i*****************~*****************************



2
EREST PROBLEMS

AND EQUIVALENCE

*************,*********~*~***~******~******e*******~********** 24
Solve for the unknown value. Be  sure to show your work.

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

*#***l*i*****************************~*************~**

************~~******wwiwwillw*ww*i*iiiii********************** 2-2
If you had $1000 now and invested it at 6$, how much would it be
worth 12 years from now?

*,,******Iw*wI*IIII*e************ff*~*************~**~~~#~~~*~*  2.3
The  e f f e c t i ve  in teres t  ra te  i s  19,561x. If there are 12
compounding periods per year, what is the nominal interest rate?

***i#**********************~e~*******~****************

43
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2-4 ******w*************~*****************************~***~**~*~**

Gwen : h~itd i$rF *Q%  , &wnpoued&  tion+hly

pJrL8’
F i n d  t(a) F

r Cbl i&

**Y**************w*w*****************~**~**~**********

SO\  n : (4 I= * 35o(Vii  .75  %,  6) = 366. I 0
lb) i& = (I+$=I s (I.a07s)‘=i  --~.30”/

2*5 *****Y*I*********I****************~*****~*~****~*~*********#**

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

2m6 **I**********************~***********~****,********************

Mr. Beach deposited $200,000 in the Lawrence National Bank. If
the bank pays 8% interest, how much will he have in the account at
the end of 10 years?
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*l**,i************w****~********ff************~e*********~*****2-7

****l*****i*********Wwwwwwlw**lw*****************************

*******I*************e*******************~******************** 2m8
How much should Reggie invest in a fund which will pay 9%.
compounded continuously, if he wishes to have $600,000 in the fund
at the end of 10 years?

i

,

[lrwJ-;s p;p’
P 5

?s f vY+t%,~)  = FkiY’”  = 600,mcJ(0.406~7~
&43,q41 l 80

a�

**~*~*************i****~**ii*Y********~**ff***~*****

2 - 9

Solve for the unknown interest rate.

P: 1000 n = 10 years A = 238.50 i = ?
i _

**i*i**i****i*****~W******~*********&****~**~*********
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240 ***********,***i*****,*wIII*wI*I,IwIIIw,**a**~~e**e*~*ae**~~*
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?

********~*******************a****~#*****~********~****

F

VI= 4 x  15 s 60 f * lP/S
i - 53%

F r SC&F/A,  5%‘  60) - 5(ro (163.051)) &t,.526r56
EFFet+rVe i-f&& S Cl+.O3)‘-j = 1.1155*1

1 r2,5SQ/o

241 **************ff********************~*~******~********~***~***
terest rate if

L o n e  o f  t h e  f i v e
A continuously compounded loan has what nominal in
t h e  e f f e c t i v e  i n t e r e s t  r a t e  i s  25%? Seleci
choices below. (Closed book problem.)

(a)  e1*25 (b) e”*25

(cl 10g~t1.25) (d)  log,(O.25)

(e) Other (specify)

-

t03,  cer)  = lola 0.25)
f s tog&j  Cl.25)

:a Ghoose c

242 ***********w*******,**~~ff~*~*******~****~~**********~**~***~*
Solve for the unknown value. Be  sure to show your work.

P= 1000 i=12$  n=5  A=?

**IY******************************~~*&**********~a****
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To offset the cost of buying a $75,000 house, a couple borrowed
$12,500 from their parents at 12X 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 do&payment  is therefore 512,500 + 11,250 = $23,750.
The balance will be mortgaged at 15% nominal interest, compounded
monthly for 30 years.

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

***********w******************************************
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245 ********************~****e*****~*************o~*~************

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,  1X,360)

(0) (F/P,i%,lO)  i s  g r e a t e r  t h a n  (P/F,i%,lO) f o r  a l l  v a l u e s  o f
ia > 0%.

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

(b) FALSE. If we assume, for example, we are talking about 30
years or 360 months, t h e  (F/A,12%,30)  d o e s  n o t  p r o v i d e
monthly compounding of interest. The (F/A,l%,  360)  does.
(This is a common error among beginning students.)

(cl TRUE. Since i%>O%,  (l+i) > 0. Thus (F/P,i%,lO)  = (l+i)” > 1

a n d  (P/F,i%,lO)  = (l+i)-lo< 1 for all values of i% > OX.

246 ***Y*********#**I*************~***~**********~****~***s******

A company borrowed $10,000 at 12% interest. The loan was repaid
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

Us %+ ,6,414.28
.567rc
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******lil*i**i**,i******************************************ff  247
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 iX  interest,
compounded monthly. If the engineer decides to borrow
$10,000 instead, her monthly payments will be $2A,

(b) 400(PIA,iX,5)  -1OO(P/G,iX,5)  = 400(P/A,iX,4)  -1OO(P/C,i%,4)

**********#*******************************************

.** TRUE  t 5ince  CC& -&.I diogms

************************************************************* 2-18
A continuously compounded loan has what effective interest rate if
the nominal interest rate is 25X? Select one of the five choices
below. ( Closed book problem. 1

(a)  ,‘a25 Cb) ,0.25

(c) log,(1.25) (d) loge (0.25 1

(e) Other (specify)

.

. . c
e.
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249 **i*www***********w**,rr+rrr**rwrrwn*r*r**~****~*~*~**~*~*~~~

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

33,600

249A ********************************~*****~**********#~******~*

You need to borrow $10,000 and the following two alternativ- -r-
available at different banks:

(a) Pay $2983 at the end of each year for 5 years, start-.., __
the end of the first year, (5 payments in total,)

(b) Pay $237.90 at the end of each month, for 5 years, starting
at the end of the first month. (60 payments in total.)

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

****~*******~*~*il**III*IwwI,wII,wI,**,I~***~*~**~**~**#***** 2-20
Find the Uniform Equivalent for the following cash flow diagram if
i =  18%. Use the appropriate gradient and uniform series factors.

‘<L

****#**#***********l***********~************&**~**~~~****~~*2-20A z

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?

+n’
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2=21 **~**********l******~**e**~**********~*e~#***~************e*~

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

EUCF = C-8000 -8000~P/F,10X,l)l(A/P,lO%,8)
+2000  +500(P/G.lO%,4~~P/F,lO%,l~~A/P,lO%,8~
+750C(P/F,10%,6) - (P/F,lO%,8)l(A/P,10%,8)

Net Cash
Time Flow Series

0
1
2
3
4
5
6
7
8

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> I n c r e a s e s

(b) R e m a i n s  t h e  s a m e
(c) Decreases
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*~**i**,***#a*i***,*******************~********************** 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.

9: “1 put $10,000 in a 12% six month savings certificate. When
it matured, I expected to receive interest of $1200 - 12% of
$10,000. Instead, I received only $600. Why? Current six
month certificates now pay 9% interest. If I put $10,000
in a new six month certificate, I assume (based on my
previous experience) I’ll get only $450 interest - one half
of 9%. Wouldn’t my money earn more interest if I deposit it
in a savings account paying 5-l/2  percent?”

A:

**#*******w*I*w************~*****~*~~**#**************

The questioner is confused about nominal vs. effective interest
rates. The 9% and 12% rates are nominal annual interest rates
compounded semi-annual1 y. 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)  = $ 4 5 0  a n d
0.06(10,000)  = $600. The corresponding effective annual interest
rates are

(1.045P  - 1 = 0.092 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 e"*055  - 1 = 0.05654

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

***i********i***w***************ff***************************~ 2=24 *‘ j

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

****************R****~****~****~***~****~~************

,+ 6r”613 I * .

6.
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2=25 **W*****,***************************~*a~**~*******~a*****~a#*

On July 1 and September 1, Joan placed $2000 into an account
paying 12% compounded monthly. How much was in the account on
October l?

F s z,oo0C1~.o\~fz,~~,.o~~‘  =$c~pt30.6a
Cod

%%j.%\Mu&h pvw1% ltx3psi+Eld  % a \

m y 2,000 m.  00 20-e  0 0 e

Aug. zp- w.20 zuswh20  2poo

we +,040.20  40.4-o 4-oeo.  b0 0

od-. Lc,o&h  - @-

2m26 i*i*ii*~11***1***1*1*IrxI*wI*w,II*I*****~*~~~*~**~*~**~**~**~

A drug dealer will sell dope to his regular customers for $20
immediately or $22 if the payment is deferred one week. What
nominal annual interest rate is the dealer receiving?

Using a credit card, Ben Spendthrift has just purchased a new
stereo system for $975 and will be making payments of $45 per
month. If the interest rate is 18% compounded monthly, how long
will it take to completely pay off the stereo?

**************i******s*s************s*#***************
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***********#*##***********#*#ff#***#*****#*###***************# 2928
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?

******************************************************

11 ,, ,.I” ,..  ._.~

f%@- -*<  ie , . I ; & T::3 / ; ’ :w 1).  \ **.:q. irv.:,s~p-~
; &9$4+  =(‘/&

_’ ‘ ..* i’\  .’ p\,‘.  \

A *6,00d = mqoeo  c?‘ii,~Lh%,n)
(Vi VI275  n) = 04 06oca

F03m  -+4bits  n=  14  ~UU+W~  0r  Q/4 ye0n5
~:ThisI~vessanL~yi~~ouburctbutnoC

ewqkl  Focu  44  *6,000  lHhdracrur\

******#*******##***##**************************************** 2m29
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?

**************#**************************************#

i- 2S(F/A,?‘k%,2$)+ So<%,  1%,2’49
: =t  2sClb.r88) +SOt2\.2+3)

***********#***#***********************#*#*******************2-30
Explain in one or two sentences why (A/P,i,infinity)  = i.

***************#*********************#***********#*##*

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 neriod.
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2-31 *************************************************************

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

ff***************************************#*************

Equ&Ah~twos~atsheud&~adz:
~~~,100/.,3>~  \- +(oo  c%,I0%,3)

XC3.S72)=  l00+(00(2.1-r~
x Q 0 8 . 0 6

2=32 *************************************#***********************

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?

******************************************************

lirtw;e4t-  = E-!Sckve  annual n&2 x fmbeipdc
‘5  0.06160  Y z,csDo  =$\a3.36

E/kmfh\y  myoundiny iS irrelevm*  UAW 4+W &S+iV&

fata i s  kcno*Jn.

2-33 *************************************************************

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.

******************************************************
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*************C**ff******************************************** 2-34
A bank iS offering a loan of $20,000 with a nominal interest rate
of 12%. payable in 48 months.

(a)  Caloulate  first the monthly payments.

(b) 'fhis  bank also charges a loan fee of 4% of the amount of
the loan, payable at the time of the closing of the loan
(that is, at the time they give the money to the
borrower). What is the effective interest rate they are
charging?

******************************************************

a) d+?e monthly payYYle??b:
ns48;  i=%= t % peYpe.riod Cnla+h)

I2

A = PW+, i,d = 20,000CAk~  1%) 48%)
z 20,000  c .0263> = 526.00

b) wl- fQCP,hd =P= 2~dcro-O.04(5Lo,ooO)

s 14,mo
&i 48

rLwrI  L, fll
5260 lq,zoo (A/ii,48)
(A/Pii, 48) =.Sb i 0.0273q

19,200

sor i = I Y+% CA/C: Is&%> 481 =cLozy(5

-k iSI% PMP,  I%, Its> = 0 . 0 2 6 3

*en by MWf&+on i * 1% +‘Y4% .02&-.027

(.CQk&-.  0273
ia I*l817%

-Ihe  &fec-#te  i* dS5 = (I  -+O.Ot 18l?)‘l- I
= 0‘ IS/4 = 15.14%

www*Iww++*IIII*I*II****************************************** 2.35

Find A if A = $3000(A/P,13,5%,  infinity).

******************************************************
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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?

2-37 ****************************************#***##***************

A store policy is to charge l-1141 interest each month on the
unpaid balance.

(a)  What is the nominal interest?
(b)  What is the effective interest?

***************#***#**#************#**************#***

2=38 #*************#*****##*#**~*#~**~~**********~*******#********

Compute the value of Q in the figure below if f = 18%.

&#.17,10

2939 **#*****************#****~*********~#~~**#***~~#*~*****#**#**

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

********#**********#*****##*********~*****#******#**#*

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

c

i* &
c

,

*
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***********#************************************************* 2-40
A small company borrowed $10,000 to expand the business. The
entire principal of $10,000 will be repaid at the end of two years
but quarterly interest of $335 must be paid every three months.
What nominal annual interest rate is the company paying?

******************************************************

ih355,~- e 3.3s  %
,

f: irtl = Yx 3,35  = I3.4&/#&

mmmwmmmmcmmmmmmm+wmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm  2-41
E.Z. Marc received a loan of $50 from the S.H. Ark Loan Company
which he had to repay one month later with a single payment of
$60. What was the nominal annual interest rate for this loan?

******************************************************

************************************************************* 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 if payment is deferred
one week. W h a t  n o m i n a l  i n t e r e s t  r a t e  i s  i m p l i e d  i n  t h e
arrangement?

**************m***************************************

i= %b+ufwcLk

c-f  mid SP<Jo)  s ‘2080%

************************************************************* 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
e f f e c t i v e  a n n u a l  i n t e r e s t  r a t e ? G i v e  a n s w e r  t o  l/100 o f  a
percent.

************‘******************************************

. Y
1
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2-44 *~*#,****i***ii**i***********~***********~***~*********~*****

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?

*I****************************************************

?s P’+A(%, 1k%,24)
430 = p' t 100 (20.624)
P ' = +,SOO  - 2,062 .‘+O  * *,2,437.60  dowwm&-I ,

2-45 *************************************&*********~******~*****~

Which is the better investment - a fund that pays 15% compounded
annually, or one that pays 14% compounded continuously?

w**********i******i***********************~*~**~**~***

i %ly% ; ns\ F: = 3C1+.ts>‘s  r.,5ao9
~-IV/~&;  nsl F sQe"' = \.IScs~sp
Ido  m&ed CdA~oudy  is S(igh+\y  e

2=46 ****I******************************~*~**~****************#*~*

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

(a)  compounded quarterly?
(b)  compounded monthly?
(c) compounded continuously?

2-47 ***********************rrr*rnirrrrr**~*******~~*********

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?

**i***********************************~****~******~*&~ .

Pe F(Vi,i%,  n) s 1,000 C %, 64/s, 12) - 1,600<0.4S7) I
+ *497.00

x

<p I”
:. b * -8’. +,,&.,.^  ,- - ‘:,.*-;,Yi”  *a;:.  _ i-.*s’ em6  ‘



. Chapter 2 Interest Problems and Equivalence 61

+*III*~*ww*I***zI*********~~*#****~~~*****~~***~****~*~****~* 2-48
Write the functional notation of a single $2000 payment and
evaluate. A

l*
****************I******~********************~*~*~*****

As P(q/p,S%,4,
* 42,mo  b‘30d  = bu3.6o

**w*****#i*i**w***w***********~***************************~**2=4§
Write the functional notation of the future $500 to determine P,
and evaluate. ~f+*5-

i s 6%

p* F (P/F,  6%, 5)
= bo CO.7’)?3) = *373,&r

**************#**************~******~**~*~********~~********* 2=50
Find the Present Equivalent of the following cash flow diagram if
i = 18%.

100
&00

.bo
-4e

.b L 7 0 4  10
. I

ix,
. yo,

60,
k,

. loo

*~******,*********************~*************~****~****

. x
L
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2951 ***********w*********************~********~****~*******~*****
Boomtown  is experiencing an explosive population growth of 18% per
year. At the end of 1984 the population was 16,000. I f  t h e
growth rate continues unabated, at the end of how many years will
the population have passed 75,000?

75,000 = Ib,oooCF/~  100/o,  n)
cF/p,(@o/o,rz)=  'e =+6875

F?OVVI Sable n = IO YWS
b+ts -HI&  ppuld-m~  aId nut hate  peed -s,s,ocx9
*9yaarr.

242 ******************i*****rrw+rr*w+*r*~*****************~*
As long as the i and n are the same in all 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 False?

The statement is True.

2-53 ******i*****************#****************************#*******
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, with  the first payment due in one year.
How many quarters after the money is borrowed is the loan fully
paid off?

**********Y**w*************#**************************

CL .e
.
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***********##***#*****#*#*****##**************#****#********* 264
Find :

**********

P

********************

;= y~~,m%>4~  +u(P/c,lo%,4~l~~f*/F,ro%,l)
0 .

*****#***#**********#***#***********##*#***#*ff##**#********** 2-55
Mathematically express:

If the interest rate is 6% compounded quarterly, how long (number
of quarters) does it take to earn $100 interest on an initial
deposit of $300?

*************************#*************#******#**#****

i2!%~lYi%

yoo * 3oc3 cf%, r Yz”/o,ed
cw, I %%, rl) 0 +T?&e = r-333

n c 20 qLRif-t&Lr~
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2-57 *************,***********&*~~**#~*********~~*&**~****~*~*u***

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

********************wIIIIIIIIII*****wII*****ff********

If compounding is weekly and the (one year = 12 months = 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?
(c) What is the semi-annual effective interest rate?‘
(d)  ,“eyikd;s  t h e  e f f e c t i v e  i n t e r e s t  r a t e  f o r  a  t w o  y e a r

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

‘.
c- d

e



3
PRESENT WORTH

*****i*****************************************#************** 34
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?

“’
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3=2 **************************************************************

Using an interest rate of 8X, what is the capitalized cost of a
tunneltotransportwaterthroughthe Lubbockmountain range if
the first cost is $l,OOO,OOO and the maintenanoe costs are
expected to occur in a b-year cycle as shown below?

End of Year: 4
Maintenance: $ 3 5 1 0 0 0  $35?000  $35tooo  $ 4 5 , 0 0 0  $ 4 5 ~ 0 0 0  $60:000

***************I**************************************

3=3 *************II*********************~***~ *

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

Year Profit Year Profit
1 $15,000 4 $ 7 , 5 0 0

2 12,500 5 5 , 0 0 0
3 10,000 6 2 , 5 0 0

***Y**************************************************

fs IS,0~C%,I24+>  -1,560~~~~~~d+)
r: IS,aoO(rC.lLl~  -2,5oaC8.9Ee>  * 39,3w.

3m4 ******************w*********************************~*******~~

A tax refund expected one year from now has a present worth of
$3000 if i = 6%. What is its present worth if i = lo%?

*****+************************************************

au~~~~~~6%,l)C~,iO%,I)  ~3,tmo(:wb~?i~l~  r*2,ef?0PI+
<let %= amount in year I = 3,obo <F/p, 6%~ I)  j WX  s XC%, Idlo,  I)
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********IY*****#**********~**~~***********~******************* 3-5
For the diagram below  and an 18% interest rate, compute the value
of X so that the two series are equivalent.

x x x x x
***********r************************~**~**ff*****~*****

I,******eeWW**~~~+~~***ww**#**~*********************************  3.5
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 family can get, a 10% interest rate,
calculate again how much life insurance should be buy.
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3-7 **********+***************************************************

Find the Present Equivalent of the following cash flow diagram if
i = 18%.

340
******************************************************

3-8 **************************************************************

It takes a full $10,000 to put on a Festival of Laughingly Absurd
Works each year. Immediately before this year's FLAW, the
sponsoring committee finds that it7iZZ?$-60,000  left in an account
paying 15% interest. After this year, how many more FLAWS can be
sponsored without raising more money? Think Carefully!

****~*************************************************
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*****#******************************************************** 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?

******************************************************

t

F ‘c:  lO,wO  (?iA,t%,+) t 2$W&@%,4)
=+2,4w

P 2,+2t~c.~414)  s 12,st32.rcO

I ye~f  1 ind*
s rt c,  e 10 C’L brc lb childk  f;fst

v 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 bir+hday “’
A s?

1” t 12,302,vo @ii, eT45  I) L- r2,982.4d.4259)~  H,ti4.  rab
A 5 Il,Wi.OdAk,  0%,r7)  * I~,SbW3b(.ia96)  * s~z56,SS

**************************~********#************************* 340
Calculate P if P = $30OO(P/A,203,infinity),

******************************************************

p* ~=YYz  = *rS.#m.
B

P
#

h *c



70 . Engineering Economic Analysis Exam File

3-11 I************Y*I**************~*******~#**~**~~**************

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 20,000,00O/yr
Operating costs:

Labor 2,500,00O/yr
Materials, licenses, insurance, etc. 1,000,00O/yr
Fuel and other costs 1,500,00O/yr
Maintenance costs 500,00O/yr

The project is expected to operate as shown for ten years. If your
management expects to make 255 on its investments before taxes,
would you recommend this project?

342 ********I*******w**************~~*************~**************
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 ia better for the winner?
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***********i***i***i****~******ff***~****~******~**e*******~**3=13
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?

*******************I~*********~****~******************

******i****i**********************~************************** 3=14
A scholarship is to be established that will pay $200 per quarter
at the beginning of Fall, Winter, and Spring quarters, It is
estimated that a fund for this purpose will earn 10% interest,
compounded quarterly. What lump sum at the beginning of Summer
quarter, when deposited, will assure that the scholarship may be
continued into perpetuity?
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3-15 *******ii***********+iiii++iiiiiii+tiiii*********************
_

Using an a-year  analysis and a 10% interest rate, determine which
alternative should be selected, based on Net Present Worth (NPW).

Alternative A
First cost $5,300 $10B700
Uniform Annual Benefit 1,800 2:100
Useful life 4 yrs a yrs

******************************************************

tww  = f3m?ei&+5)-  pw(ce+d
qI-twna-h\re  A :

ldm = *1,800(17/,di+)  -'~300  -*5,3c&%,,ro”/o,4)

2 r,800C5.3~) -s,~0-5,~0(.b~ao)~+)603.t0
al-bntrtid~  0 :

AJJpL(/c- $Z,rdo  (%,ro’b,8)  - +10,700  - 2,rOd5,335)  -/0,7&
'~503.SO

s&d-  nl)ema-tive  A

3-16 ***************************++*********************

I

Assume you borrowed $50,000 at an interest rate of 1 percent per
month, to be repaid in uniform monthly payments for 30 years. In
the 163-d payment, how much of it would be interest, and how much
of it would be principal?.

i

In general, the interest paid on a loan at time t is determined by
multiplying the effective interest rate times the outstanding
principal just after the preceding payment at time t-l.

To find the interest paid at time t = 163, (call it 1,631 first
find the outstanding prinCipa1  at time t = 162 (Call  it Pl62).

,

This can be done by computing the future worth at time t = 162 of
the amount borrowed, minus the future worth of 162 payments.
Alternatel.y,  compute the present worth, at time 162,ofthe 198
payments remaining.
The unifom  fxl~fnrztlt5  ace 50,oooc4c:1%,360)  =%14.31,4hus

Plb2 = So,000(f/~.ol,~62)  -S\+.3@?!A,\“I,,\bz)
=5\+.3\cQ/A,Io/o,\~8)

5 G4,zst .16
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****+*****i**********~*~**~*~*~**~*************~**#********~~  3.17
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?

**************I**Y****~*****#**~*~**********#**~*~***~

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. T h e
balance of the expenses can be raised through ticket sales, making
the price per ticket

$42,000
-----------a--  = $3.50/ticket
12,000 tickets

At&&& Sdutio~ :

?NtOS+  -"?Wb@&i+

eo,ooo 4 C3cY,ooo+r5,oeo4s,@xae~  r~ooo  +z
.08 00s

4cw,ooo  + bzs;,ooo  c5or>,-  +4az
7 s stipaoC,o0)  L- w,ooc3
Tkkk?+  pcice s rcz,- e *3,so

\zctpoa
**~*isi**~*******ii********~**~*#**********************~~**~  3.18

[a .: :‘,Lt 6(,&$  ?,,$I: ‘!2s  rLyo

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

****************i***irww,rwrr*rwrwrrr*ww*********~****
f%/- %‘@a  + I,ocr> CA/F,  r2%,3)<%,  ~Z%,Jo~

- $rjooo 4 r,oooC.2qa3m3.0ss>  = *7,3f)7
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349 *******+***********************************~*~~*~**~********~

A middle-aged couple has made an agreement with Landscapes Forever
Company, a gravesite landscaping and maintenance firm. The
agreement states that Landscapes Forever will provide "deluxe
landscaping 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 minimum
of 5X 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 amount of moneythatthe couple would
have to deposit into the trust fund?

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

Wife's Age Interest Rate
50-54 5%
55-64 10
65-74 15
75-84 20

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

*********I***I******wIIII*****************************#***

55-d 100/a &2&~  IO%,  r*)~Pr,5*~C’r*ssu)5~,1~0.~

bS-‘I4 I SolO 6b,r~8.88(~~15~,,0~=~,1~0.~4.o46)=267,~

?S-04  2 0 % 261,0+o(~d~  10): 267,aYoMN
= I,6SS,469.33

* l,b5B,k4.43-  20,ooo

3=20 -*

==4,d2,w.43
*************I****I******************************~~**********

Is the following statement True or False?

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

*~*i***************w*~********#****~~*********~*******
The statement is True.
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wiiwrw*i~w****i+*+iw,*r,rn+***ri,ir*wnrr**e***u**~*******~***  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 month, would the option be
worthwhile if your Minimum Attractive Rate of Return (MARR)  is 20%
compounded annually?

ThmdQre, i+tL o p t i o n  i s  eamomicer\.

***w*****I*******************~**~****************~**~******** 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?

I****wI***************~**********~************~*****~******** 3=23
A person borrows $5000 at an interest rate of 18%, compounded
monthly. Monthly payments of $180.76 are agreed upon.

(a)  What is the length of the loan?
(Hint: it is an integral number of years.)

(b) What is the total amount that would be required at the end
of the sixth month to payoff the entire loan balance?

**************wP***w*************~*~~*****************
ca) 5,oooA60.76=  2i.&, -+lweh3 kq+h of ban musk

be gm +hn zu6,4y 36.
A= Cqa>o)<%,  IS%,S~)  * 100.74~  , So  =36  i-t  is.

cb) 100.762  + cr00.76~~l~.50~,30>  = ‘4,sn\.q1
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3=24 I***,********************~~************e~********************

Given the following three mutually exclusive alternatiVeS.

Alternative

Initial Cost $EO a;0 $iO
Annual Benefits 15 10 35
Useful Life (years) 5 5 2

Which alternative is preferable if i = lo%?

e****************W********~***********************~a**

Lbing  s;mple& m&d CtM l%& t&x%> :
A 0 c

Sni-kd Cc& so G 40

Annual Beneci)s \5 JO 3s

M&i~l Li% Cy&W51 5 5 2

wi$dH-d&W& 56.965 Yvtl 60%

fr?sen+ NA co& 50 50 w

t&f P& vb&l s nm -?wc h&b5 7841 2a-N

dl6o~ c

3=25 **W****II~I*I**********#***~*~*~****~***********~******~*~*#*

A $50,000 30-year loan with a nominal interest rate of 12%
compounded monthly is to be repaid in a uniform series of payments
of $514.31 per month (for 360 months). The borrower wants to know
how many payments, N, he will have to make until he owes only half
of the amount he borrowed initially, His Minimum Attractive Rate
of Return (MARR)  is a nominal 18% compounded monthly.

************************~****~~***************~~~*****

The MARR is irrelevant in this problem. The outstanding principal
is always equal to the present worth of the remaining payments
when the payments are discounted at the loan's effective interest
rate.

lTl&&w5, I& bl’ bfz *e OWlaining  pcymti.
12 Cso,oao~  5 si+,3\ (p/4,  IO%,  Ida0

<% , to%, hsl c *0.6oa3

r4’  s ca,q a 67
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************************************************************* 3~26
Three purchase plans are available for a new car.

Plan A: $5,000 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 18X compounded monthly, which
payment plan should he choose? T h i n k  c a r e f u l l y  a b o u t  t h e
appropriate analysis period.

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
r a t e  i s  lo%?

******Y***********************************************
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3928 *ii***o*i***a****i*aiiwi***,iii*iiiii,*,*******a****aa*******

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 at 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.

**********a*r*******************~******a******~*****~*

3-29 *****************************~***************~*~*~~~s*~*~****
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.
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**********************&****~~~ff*****~********~~*~********ff*~~ 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
replaced identically.

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,
to select.

and a 10 year analysis period to determine which project

**************+**********~*********************************** 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 IO 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, With an i of lo%,
compute the Present Worth of Costs of 40 years of service for the
5-year and lo-year linings.

*******i*************~**I*III+WW*YIIII***********‘********** 3=32
The present worth of costs for a $5000 investment with a complex
cash flow diagram is $5265. What is the capitalized cost if the
project has a useful life of 12 years, and the MARR is 18%?

********W****W*********e***~****~*~~*****#************

~p*h~idbd  55,265<~1~~~12~{~,10~,~)
*S,d&.2086dt3+  *6WZ.

5

,\ :. _.. P
,,. .' . ..%',,

*-
l
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3=33 *********************~*******************~**~****~*~******~**

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?

3-34 **II******************~*****~*****~**~*****************~*****

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?

3-35 ******************************~~*~*~******~******************

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 years?
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l*************i*********~****~********~**~******************* 3=36
If the current interest rate on bonds of a certain type in
question is 10 percent nominal, oompounded  semiannually, what
should the market price of a $1000 face value 14 percent bond be?
The bond will mature (pay face value) 6-l/2  years from today and
the next interest payment to the bondholder will be due in 6
months.

*******I*~Y****************~***~~***~**********~***~**
h I,DoO

A s 70

I rttftft,TTttT"!4 1 \% 2 ZY% 3 3% + Yk 5 sya 6 &Yz

Y
QV

*~Y********************~**~*******~##***************~******* 3a37
A manufacturing firm has a before-tax Minimum Attractive Rate of
Return (MARR) of 12% on new investments. What uniform annual
benefit would Investment B have to generate to make it preferable
to Investment A?

Before Tax Cash Flow
Year Investment A Investment B
0 A__  --- -$45,000

1-6 I ?

******W********I~I~t*~~~~~**********************~*****

*******I********I*W****************~*~*******************~*** 3-38
What is the Present Worth of a series that decreases .u&formly, by
$20 per year, from $400 in Year 11 to $220 in Year 20, if i equals
log?
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3939 ****************************************************&********

Many years ago BigBank  loaned $12,000 to a local homeowner at a
nominal interest rate of 4.5%.  compounded monthly. The terms of
the mortgage called for payments of $60.80 at the end of each
month for 30 years. BigBank  has just received the 300th payment,
thus the loan has five more years to maturity.
balance is now $3.261.27.

The outstanding

Because BigBank  currently charges a nominal 13X compounded monthly
on home mortgages, it could earn a better return on its money if
the homeowner would pay off the loan now; however the bank
realizes the homeowner has little economic incentive ‘to do that
with such a low interest rate on the loan.
plans to offer the homeowner a discount.

Therefore, BigBank

If the homeowner will pay today an amount of $3,261.27  - D, where
D is the dollar amount of the discount, BigBank  will consider the
loan paid in full. If for BigBank  the Minimum Attractive Rate of
Return (MARR)  is 10% (effective annual rate), what is the maximum
discount, D, it should offer the homeowner?

************ff***********#****#************************

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

loan continues

3-40 *************************************************************

A resident will give money to his town to purchase a Vietnam veteran
memorial statue and to maintain it at a cost of $500 per year forever
If an interest rate of 10% is used, and the resident gives  a total of
$lS,OOO,  how much can be paid for the statue?

******************************************************
c.c . :: I~,OOCI = PC  so0
9s  rs,ooo-SboC+~  =:
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****************************************************~******** 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 10%  of first cost. With
interest at 8X, which alternative should the engineer recommend?
Use Present Worth Analysis.

******************************************************

YEAR DEEPWELL 18”P1PELlbJe 29” PlmYdrJ6
0 - 2 5 , 0 0 0 - 34,000

I-20 -lo,506 - 7 , 0 0 0 - spoo

W + 2,Soo + 3,ct-

zbi?pddl:  PMufw = -,~,~~~AI%%,Za)=-la,soo~4.81s)

************************************************************* 3=42
A magazine subscription is $12 annually, or $28 for a 3-year
subscription. If the value of money is 12%. which choice is
best?

*****************************************************~

20 z I2 +-rzCs,~29?9,2>
2 0 2 12 3 l2iI*b4 ) = 3 2 . 2 0

,
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3*43 ***~***************************~*~*****************~*********

A rich widow decides on her 70th birthday to give most of her
wealth 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 10% 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)? If she dies on her 85th birthday, how much will remain in
the trust fund?

****l*l**l****w************w*iii+i,i************#*

A I &O,Oob
t tttttttt-ittt

ICY=/  261 r&&OK  (9 161) = 4549,660.
P’z ~oK(P/A,~  IO%;II, = 6oI&t~~~*  *384,700.

3m44 ******************************************~~*****~***********
Two alternatives are being considered for recovering aluminum from
garbage. The first has a capital cost of $100,000, a first year
maintenance cost of $5000, with maintenance increasing by $1500
per year for each year after the first.

T h e  s e c o n d  h a s  a  c a p i t a l  c o s t  o f  $ 1 2 0 , 0 0 0 ,  a  f i r s t  y e a r
maintenance oost of $3000, with maintenance increasing by $1000
per year after the first.

Revenues from the sale of aluminum 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 Analysis determine which alternative is preferred,
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********&****~*******a*a*a*****~*&********a~~****&~********** 3-45
A brewing company is deciding between two used filling machines
as a temporary measure, before a plant expansion is approved and
completed. The two machines are:

(a) The Kram Filler. 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 maintenance costs of $8000.

The Kram filler has a higher efficiency, compared with the Zannf,
and it is expected that the savings will amount 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 value.

Assuming a Minimum Attractive Rate of Return (MARR)  of lo%,  which
filling machine should be purchased?
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3=46 ******#**********l*w********~**~**~**e*a*******************~*

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 B. T h i s  laboratcry  i s  a l s o  w i l l i n g  t o  r e l e a s e
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?

*****************************~***~*****~**~~***u*&*~**

L4h&~qA:  ~~n~&pmiuchm  a&=1.23~IcXW*123Y

Cash FlouJ  :
0 0

L~I,&-J~,~  B i -t-be anrma~  prdM aad- s 1.37 s IOOK=  *I $7 k

rht?mfore  choo5e hbo&~ B.
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************************************************************* 3=47
An engineering analysis by Net Present Worth (NPW)  is to be made

8% interest ratefor the purchase of two devices A and B. If an
is used, recommend the device to be purchased.

Uniform
Cost Annual Benefit

Device A $600
Salvage

$100 $250
Device B 700 100 180

Useful
Life
5 years

10 -ff

******************************************************

************************************************************* 3-48
A company decides it must provide repair service for the equipment
i t  s e l l s . Based on the following Net Present Worths, which
alternative for providing repair service should be selected?

Alternative Net Present Worth
A 415,725
B -6,657
C -8,945

******************************************************

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.
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3949 ***************ff****~***********~********e~*a*~#***~***#*****

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

:
80,000 15,425

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?

3-m **************w***************~*********~********~#*******~*~

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
month1 y> .

(a) If J.D. sells 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?

(b) How much of the first $379.33 payment on the loan is
interest?



4
ANNUAL

CASH FLOW
*********ff************ff*************************************ff* 4ml
While in college Pat received $10,000 in student loans at 5X
i n t e r e s t . She will graduate in June and is expected to begin
repaying the loans in either 5 or 16 equal annual payments.
Compute her yearly payments for both repayment plans.

~ ******************************************************

s YEIARS IO YEARS
A s?CA/p,i,nl

= 10~000 CA/p,  s%,  5)
A * PcA/p, i,n)

= \o,mowP, s %,Ld
s 10,00~c.2310~ f

= ~2,3\0.00
lo,oooC*~nqs~

=*1,295.00

************************************************************** 4m2
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 all months.

******************************************************
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n 3 ********************~*#***********~***************~**~*u*~~*~~

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
wise investment?

I****w************Iw***********************~*~********

c=4c=4 ********************************~~*ff******~***************************************************~~*ff******~*******************

The returns for a business for five years are as follows: $8,250,
$12,600, $9,750, $11,400 and $14,560. If the value of money is
125,  what is the equivalent uniform annual benefit for the five-
year period?

I have borrowed $1000 from the bank. The interest rate I am to
pay is 20%,  compounded monthly. I am to repay the loan by making
24 equal monthly payments. W’hat is the amount of m’y monthly
payments?
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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 special charge) by making a series of equal
monthly payments. Each. month the company adds a finance charge of
l-1/2% o f  t h e  p r e v i o u s  m o n t h s  u n p a i d  b a l a n c e  t o  t h e  a c c o u n t
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.

(a) How many payments will be required?
(b) W h a t  “true” ( e f f e c t i v e )  a n n u a l  i n t e r e s t  r a t e  d o e s  t h e

card holder pay?
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17 **************************************************************

Data for tractors A and B are listed below. With interest of
12%. which tractor would be selected based on Equivalent Uniform
AnnGal  Cost (EUAC)?

A ,_ B
$10.000First cost T--I--- $36,6bo

Annual maintenance 1,500 2,000
Salvage value 5,000 8,000
Useful life 6 yrs 6 yrs

****w**************************************ff**********

s-8 ******************************************~ w****

If $15,000 is deposited into a savings account that PaYS 12%
interest compounded quarterly, how much can be withdrawn each
quarter for five years?
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. . -

*******&*i*********************~**********~******************* 4m9
Accarding  to the manufacturers’ literature, the costs of running
automatic grapt
instruction manua:

2 p e e l e r s , i f  m a i n t a i n e d  a c c o r d i n g  t o  t h e
Is, are:

Nan1
iGi

Ifacturer: S l ippery Grater
St  cost $500 $300

Useful Life 10 years 5 years
Maintenance $100 at end Year 1 -$ 0

o f years 2, 2- 50
4, 6 and 8 3- 75

4- 1 0 0
5- 12s

Which  alternative is preferred if MARR = 15362

*+****i****

Slips
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4m i**,*****i*ffi**********~ff*************~******e************~~*

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.

**************,Y********~***************~~*~*****~****

tA1, = ~@oooO  +Z,bS&  -t 3?34.§\  + I,sT? -e  41t!9.r’7
i=i

hJ33.78

4al ****i*********i****l***~~***********~***e******~*~*~***~*~e*~

(a) Compute the monthly loan payment on a 30-year  loan of $34,000
at 15% interest (nominal) with equal payments.

(b) How much of the first payment is interest, and how much is
repayment of principal?

*,*i************i****~********~e**********~***********

a ) A s 3$, ooo (*/p, 3 %,&cd = ~+XXB k~0126)
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*l****1**i*****a*i*********a*&********~*******~**************4=12
A semiconductor manufacturer has been ordered by the city to stop
discharging acidic waste liquids into the city sewer system. Your
analysis shows you could select any one of the three systems.

Installed Annual Salvage value
System cost Operating Cost End,of  20 yrs
Doxhill $30,000 $6,000 $ 2,000
Slowsilver 35,000 5,000 5,000
Evergreen 80,000 1,000 40,000

If the system is expectedtolastand be used 20 years and money
is worth 83,  which system should be purchased?

*****************I*******I*I*****a******~~************~******** 4=13
For the following cash flow diagram, which equation properly
cnloulates  the Uniform Equivalent (A)?______ -_-- _._-

(a) A = lOO(
IL\ A - *nfi,

A/P,i,3)  + lOO(A/F,i,3)
\Ul n = ,vv\A/P,i,l5)
(c) A = lOO(A/F,i,3)  + lOO(A/P,i,15)
(d) A = lOO(A/F,i,3)  + lOO(A/F,i,15)
(e) A = lOO(A/F,i,3)

0 I- ) s * $ L ? B ,q 19 I! I% lb I* IS
? _ -

*****Y*************I**~****~*******~***************~**

The correct equation is (cl. 9
- :

P



96 . Engineering Economic Analysis Exam File

4=14 i**i**i****,*****ff******~ff*****~**~~****~********~**~********

The following alternatives describe possible projects for the use
of a vacant lot. In each case the project cost includes the
purchase price of the land.

Investment Cost
Parking Lot Gas Station
$50,000 $100,000

Annual Income 35,000&r 85,000&r
Operating Expenses 25,000&r 70,000 in Year 1,

then increasing
by 1 , OOO/yr

Salvage 10,000 10,000
Useful Life 5 years 10 years

(a) If the Minimum Attractive Rate of Return (MARR)  equals 1821,
what should be done with the land?

(b)  Is is possible the decision would be different if the MARR
were higher than 18%?  Why or why not? (No calculations
necessary.)

4a5 ***************w*******************~*~*~*****~***************

A project has a first cost of $75,000, operating and maintenance
costs of $10,000 during each year of its 8 year life, and a
$15,000 salvage value. What is its Equivalent Uniform Annual Cost
(EUAC)  if the interest rate is 25%?

******************i*********ff*************************

euAw35%~ -- C?S,t.wdCA/b,  25%,0~ + I0,ceo  - ls,ooocv~250~,,8)
s *31.973.91
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*********I***************#*************************ff********* 4~16
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, p a i d  a t  t h e  b e g i n n i n g  o f  e a c h  y e a r ,  i n  w h i c h  c a s e
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 $1500. What is the
most he should pay for uniform annual maintenance to make it
worthwhile buying the van instead of leasing it, if his MARR is
20$?

******************************************************

EUAC  = 3,ooo cFyh+,  2oo/o, I) = 3,eao c 1.20)
: 3,bOO

**********************************************#****#********* 4=17
Given the following information about possible investments, what
is the best choice at a Minimum Attractive Rate of Return (MARR)
o f  10X?

Investment Cost $5iOO Q8iOO
Annual Benefits 1200 800
Useful Life 5 yrs 15 yrs

*******#*******************#***********************#*#
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4m **~************~*******~***~*******e~************~*******~**&
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%?
(b)  12%?

4-1'9 ******I*********w******~****~**~*************~***#***#*******
A consumer purchased new furniture by borrowing $1500 using the
store’s credit plan which charges 18% compounded monthly,

(a) What are the monthly payments if the loan is to be repaid
in 3 years?

(b)  How much of the first payment is interest?
(c) How much does the consumer still owe just after making the

20th payment?
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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?

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 1984?

.L
l

I

l>

.

*
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4-22 *************************************************************

Data for Machines X and Y are listed below, With an interest of
85, which machine would be selected based upon Equivalent Uniform
Annual Cost (EUAC)?

Y
First cost $5?000 $10,000
Annual maintenance 500 200
Salvage value 600 1,000
Useful life 5 yrs 15 yrs

***************#**************************************

4m23 *************************************************************

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 established? Assume the first scholarship will be paid at
the end of the first year,

******************************************************

9s l,acro~37*50C~~,~4%,r20)
= 2poo + 37. so c 70*q+z) 2 4,460.33

A t $.%a.%3 <,&I) s *+I&,43 $&t&w&&



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 $75rOOO
Annual operating costs 15,000 10,000
Annual repair costs 5,000 3,000
Salvage value after 15 years 5,000 10,000

*******************************ff**********************

EUACS z 75K <++, lo%, 15) + I3 U - IOk  (A/ii 100/o,  15 >

= 7%  (r .rzM)+rsk --lOk(,oSlS)=  22,547.SO

CkbcWE  L E A S T  COST  : FR0SX.T  B
************************************************************* 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.?

*******#**********************************************

A s CJOO,CWO c’$(Q;  Ib.S%,a) 0 ~,ooOt.\bS)  + ?yQ,SOO
Y
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4=26 *********i**w********************~****s*~**#*~***#**#*******~

What would an equivalent sum of money be
(a) Wow?
(b)  Two years from now?
(c) As a five year annuity, starting at the end of the first

year?

A project requires an initial investment of $10,000 and returns
benefits of $6,000 at the end of every 5th year thereafter. If
the Minimum Attractive Rate of Return (MARR) is lo%, should the
project be undertaken? Show supporting calculations.

4-28 #*********i***w~***i**~*********~********~************~~****

On January 1st an engineering student projects a need of $2400 on
December 3lst. What amount must be deposited in the credit union
each month if the interest paid is 121, compounded monthly?
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***************************************************#********* 4~29
Given :

A

~******** ,***

wn: Adhi
A = 12 rfObx 0.03
,A s3360,ooo

************************************************************* 4m30
Assuming monthly payments, which would be the better deal on the
same $9000 car?

(a) 9% interest on the full amount for 48 months, compounded
monthly.

(b) A $1000 rebate (discount) and 15% interest on the
remaining amount for 48 months, compounded monthly,

********************************#**************************** 4.31
The initial cost of a pickup truck is $11,500 and will have a
salvage value of $4000 after five years. Maintenance is estimated
to be a uniform gradient amount of $150 per year (first year
maintenance = zero), and the operation cost is estimated to be 30
cents per mile for 300 miles per month. If money is worth 12%.
what is the Equivalent Uniform Annual Cost (EUAC)  for the truck
expressed as a monthly cost?

***#**************************************************

L .
c
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4-32 ************************************************************* ,

Twenty five thousand dollars ($25,000) is deposited in a bank
trust account that pays 30% interest, compounded semiannually.
Equal annual withdrawals are to be made from the account,
beginning one year from now and continuing forever. Calculate the
maximum amount of the equal annual withdrawal.

I
*

A I 3,750 I

4-33 *************************************************************

A truck, whose price is $18,600, is being paid for in 36 uniform
monthly installments, including interest at 10 percent. After
making 13 payments, the owner decides to pay off the remaining
balance of the purchase price in one lump sum. How big is this
sum?

******************************************************

In problems like this the lump sum is the Present Worth of all the
future (unpaid) payments. So to solve the problem compute the
payment and then compute the PW of the unpaid payments at the
stated interest rate.

4 = G3,bodA/Q,.03%,  36)
= t~,boo

I
.oos~3C~+.oo833~ = *600.22
cl+.oos33)f‘-~ 1

A$+er  13 mod& ; 36-13 = 2-3

P- <boc~22)(~~,.~3~&2~)  =600.~~~?0.85~  ~12,S64S

.

,

t
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*****~**e*************e*********~*******************~******** 4134
Assuming a 10% interest rate, determine which alternative should
be selected.

A
First Cost $5,300 $1 oy700

Uniform Annual Benefit 1,800 2,100
Useful Life 4 years 8 years

Salvage Value 0 200

*********#*****************~**************************

lwbemdive A :

WAC c- cs,3QQ  - o>c%,  lO~o,U~  - 1,000

s S,3~oC.3r55)-'t,Boo  r:1,~72,15'l,c3zy3  ~+427.SS

A 27.es  kwcr-t

p*art;ve l3=

EUAC  = <q700-2~)c%,  lOof@)  +ZaaC.t’)  -2,100
= lo,5ooC~t87+) +aC*l) 'Z,\cy) s 42.30

+ *~~2.~b&lcCit

* ********I******Y****IwIw*I************* 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 0
First Cost $10,000 $20,000
Annual Maintenance 1,000 0
End of Useful Life

Salvage Value 10,000 10,000
Useful Life 5 years 10 years

With the Minimum Attractive Rate of Return (MARR) = 105, which
machine should be purchased?

***************i*************#**~****~*~**~*********~*

EUAXa = -ra,aaa c%, I@/., s) -1 @co  + 1o,ocao  c+$ IOlr/o, s)
= ~I,000 ,“. iO,c1013i = $-2oar,

EUqti~  1 - zqooa CfYii  14, io> + lO,ooa  CA/F,  IO%,  10)

;5 -20,000<.Ib27)+10,6cM(.0627)  = *-2627

Thm&a Mwhirrp A &muM be  gwcha~.
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I

4=36 *#**********w***********~*************#***~~~***~~********~**
I

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 .I
last at the end of the fourth year.

r:Time (yr)  0 1 2 5-l/2 2
Period 0 1 2 3  4 5 i 7~ ; g 1: 11

I

Cash Flow $0 600 500 400 300 200 100 300  500 700 900 1100
,

********#*********************~*****ff***~***********~*
:-

#

?4od~A,5$+~ -IcloCP/4,S%,S)+trooCP/A,s%,b)+2aoCP/
&cxx4.s2-4) -loot0.237)+~,&CS.b16~+wC~l.~~~~to~~

r

=4,0&x3 M

E#dc/e i = c\+*+",2,  ~O.es4

s&n & end of venr \: F4%,10*259o,i)  =4p46.C3CI.1025)*UC,W.b
,

+I Anrtuu\ RI+ : A-- ~~l,b~bjp,1~.~0,3~~IC,r(bl.bCo.~ = I,eoZ.c+ I

I
4=37 #*************I******************#********************#****~*

*
A tractor costs $12,500 and will be used for five years when it is
e s t imated  a  sa lvage  va lue  o f  $4000  w i l l  be  appropr ia te . .
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?

*#********I*w**w*w**********~**~%***~****~************ l

i

r�l

Y-

I

,
5 .,�

s

& RIO0 I

12,500

,

EUACr: 1~5otA%,I2%,5~  +too + lad%, r2%,5) .

-4,000 mii, 12*&Q .
= ~~,50dC.2?74~*100+1OdC1.?75)-4~~C.rs74~

= 3,115,46 per ye&& wa

e d
* s t>. _I  : -;*$,g  -a+  _ *p&;p,;_ a.r'*. * c-"&$,  \*-  zra;- :-- *

. I_*

I

f
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******#*********il*********~********************************* 4-38
I purchased a house for $50,000 fifteen years ago and I am paying
for it over a period of 40 years by making monthly payments. ‘Ihe
interest rate is 7%.

(a> How much of my 180th payment is reduction of principal?
(b) How much is interest?
(c) What payment would be necessary if I wanted to pay the

loan off at the time I make the 180th payment (do not
include the amount of the 180th payment)?

*****l***************************~*****~**ff******#****

co)  M-thy pyrmtCA)  * so,wocAIp, g, 4eo)
= !w,aooc0.0&6u~>=~310.72

Amar&&  * WI* Qdymed  and  k&are  r@o+h  fap&
= so,&oc~,  g, I-& -3t0.72  <%,  %,  179)
s !So,ooCd2,0324~  -310.72<3\4.12%)  = +yl)jo\3.56

LCdae&  ydion  & tGo+h  p”ymw+ = 44pr3.56  * ~~zsb.75

-fhsdkB  prsrv5po\ f=ctm  of Leo* pymmt
s 910.72 -256.-E 7 + 53.97

W ‘fnkae6+, compU* irr Cd,  i s  $256.75
cc) Amou&  aad at teo+h p’aymed cd- induding  r004-h

ppyfn&  s LcLc,OI %56  - 53,47  p *tM,sst  .sq

*************w***I****~******~****************~************** 4*39
If Zoe 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 1992?

*Y*wY*************I*~*~*~****************~***~~~~*****

n = Ii
0 2 1 9 . _ ,- trttttttrttf86 8a

P’
p’= 2&N  (F/p, %,7) = 250k  hr4) + 420,500.
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4=40 ******P*******************~*******************~**************

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.

Using Equivalent Uniform Cash Flow (EUCF) as the measure of worth,
is this machine economical? Assume a Minimum Attractive Rate of
Return of 10%.

******w**************~**************~*****~~#*********
*et%  Af&  A rWrrt;w  Of  &jWtiMs  +lA+ Larki  be3  &I&b.

k-&j  om:

EclCF  * -2O,wcI~7p,  IO%,&  +~~SoO+206~~,,O~,~)~~~cO~~,lb)
*r4~~oCP/A,t~~~7)-tso(~,to~~,711(PA,,o”la,~~~t00/o,tb)

s -281,  the nrachine  iS td etor\omid

4=41 ********************~*****~*******~*********~~****~***~~~~***

Calculate the equivalent uniform annual cast of the fOllowin
schedule of payments.

4=42 ******w*********~***#*************~***~~********~************

A college is willed $100,000 to establish a permanent.scholarship.
If funds are invested at 6% and all funds earned are disbursed
yearly, what will be the value of the scholarship in the 6th year
of operation?
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**~*I******I*I*W*****~a~****~ff~********a********************* 4-43
(a)  The construction costs and annual maintenance costs of two

alternatives for a canal are given below. Using Equivalent
Uniform Annual Cost (EUAC) analysis, which alternative would
you recommend? Assume 7% interest and infinite life.

Alternative A Alternative B
Construction cost $25,000,000 $50.000,000
Annual
Maintenance costs 3,500,000 2,000,000

(b) What is the 'capitalized cost of maintenance for the
alternative you choose?

****+**C**************~************~**~***********~~********* 4=44
The UNIFORM EQUIVALENT of the cash flow diagram shown is given by
which one of the following five answers?

(a)  50(A/G,i ,8)
(b) 50(A/G,i,9)
(c) 50(A/G,i,  IO)
(d) 50(A/G,i,g)(F/A,i,9)(A/F,i,lO)
(e) 50(P/G,i,8)(P/F,i,l)(A/P,i,lO)
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4-45 *****************ff*******************************************

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
(Alt. A) more profitable than to sign an agreement with
the distribution company (Alt. B).

******************************************************

For mqooa ccrtcms  /y
Abbm-twe 4 :

c

Adrulini&n f L)3po
&v%.m~  &it& +m+q  Eqemp  .@b@o,~=5,r)ck,

Capital Exw : 36 ,270

T o t a l = $84,b70
*WAC = @-s)(A/i’,  t ,d + %

= (SOqO=-2oo,ooo)tA/P,  IO’%, 10~+2oc,tii)
= ICX+0Odc%3.7)  +20,000  = 36,230

.-., T&l annual cc&s = s8Y,b~0.00
Al+eunahe,  B :
f&al  onnua\  c& = 0. IO x 600,aoa  = %opoo

:* Srgn a n  U~~~WWYP+ -for d&rib-bon CAlk.0)



**l#*********~*****s****~***~*s*s********~****s**s**s******** 4946
Suppose you purchased a huuse  three years ago by paying 20% down,
assuming the first mortgage, and taking a second mortgage (loan)
in the amount of $30,000. The term of the second mortgage is 10
years, with a nominal interest rate of 18% compounded monthly.
Since that time, interest rates have dropped to 15X  on second
mortgages. Refinancing the loan will cost you a $100 penalty plus
$1000 in new loan fees. Should you refinance the second mortgage
if you intend to keep the house for the next seven years?

***,,**i#*************~***~******&***s*~~s******s*****

IMthly faNpen+ OfI surr;Lvtt loan : >f

A 0 3qmo(%, &,,orta=  t-4)  =*5’b.  p morvtb
RfWlciinifi

v-

imiprr\ * 36 rWmthly  p me&
*A /&‘+ 120-36  :8~~.)=5~~/A,tt”/o,8y)=25,692.66J

ftkifharru  Jifcr penalty  and fee?;=
NW ban pi&p\  0 25,bqZ.b +I00 +\,m s26,TW.U
Ia%3 morrtltly  P”H”I”+&

A ~26,792.66~A/q,Y&34ma~  =*517. lo pw r-no&
3

*
/

.  .r
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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 looal
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 ,400O  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 $lOOO/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 $l/barrel  per year for
each year after the first. No salvage value.

If interest is 125, and the analysis period is 10 years, which
alternative should the engineer choose? Solve thq  problem by
Equivalent Uniform Annual Cost analysis (EUAC),

********I**I***************~***~*~*****~~*s******~****
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nob
i

‘+L

Y.0

J4inimise  &35-k

ff************************************************************ 4-48
T h e  manager  of F.  Roe,  fnc. is trying  to decide between  two
alternative designs  for an aquacultural  facility. Roth  facilities
produce the same number  of fish for sale. The  first  alternative
costs $250,000  to build, and has a first-year operating cost of

imated  to increase by $10,000
-at.

lne secona  alternatlve  costs  $450,000  to build,  and has a first-
year  operating cost of $40,000  per  year, escalating  at $5000  per
year  for each  year  after  the first. The estimated life of both
plants is 10 years  and each  has a salvage value  that  is 10%  of
construction  cost.

Assume an  8% interest rate. Using  Equivalent  Uniform  Annual  Cost
(EIJAC)  analysis,  which  alternative should  be selected?

******************************************************
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4-49 *******ii****i******************************~~~***~~*********

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?

*********************************ff*****~******~*****~*

i = ‘%2 * I ‘bc*~, fl*61) mo&ly Iil-teti* pwkt&

f-So6,oao  = Xc+‘+, ih%,3)&4h%,60)  =ti<.328+)t3~.‘3#30>

X =+3,bb3

4=50 ***************w***************************~********~********

The cost of an automobile is $9000 and after a period of three
y e a r s  i t  w i l l  h a v e  a n  e s t i m a t e d  s a l v a g e  v a l u e  o f  $ 5 2 0 0 .  A
downpayment of $1000 will be used to purchase the car. It i s
desired to make the monthly payments, at 12% interest, a value
such as to reduce the unpaid balance to exactly the amount of the
s a l v a g e  v a l u e  a f t e r  t h r e e  y e a r s . What is the amount of the
monthly payment?

****************I*********ff********~*****************~

f?d of SAbT = 5,260 (&, 1%)  % )

=5,2OtD(:.6’?8q>  =3,634.28
p s q,oOO  - 3, b3+.28  s $3365.32
A = 5,365.W ~A/P,I%,356)

= 5,365.72  (.0332>  s ‘178.14 ~o&ly pnymey\S.
/

4-51 **************Y**YI***********~*******~*~******~*~********~**

Joyce and Bill purchased a four unit apartment house and as part
of the financing obtained a $100,000 loan at 14.5% nominal annual
interest, with equal monthly payments for 20 years.

What is their monthly payment?



Chapter 4 Annual Cash Flow 115

The initial cost of a van is $12,800 and will have a salvage value
of $5500 after five years. Maintenance is estimated to be a
uniform gradient amount of $120 per year, and the operation cost
is estimated to be 36 cents/mile for 400 miles/month. If money is
worth 12%. what is the Equivalent Uniform Annual Cost (EUAC) for
the van. expressed as a monthlv cost?

I**I***w******w**************

EUAC  = (: 12,0cm-5,soo)~~~  12%,5)  +~t2~s,suo>
+120(A/~,i20/p,5)~  .36(4uo~12)

=7,Soo(  .277rC)~.~2(5,5~)+Izc,C1.775)+l,720
= c2pz5  d-660  + 213 + 1,728)/12 =* 385,  so/MO,

***********W****++*I**~****~********************************* 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 monthly. What were the monthly payments?

*******************Y*****~***~~******~*********************** 4a4
hAbAA

If i z 20%, find A,

*****~****I*****************~*************************
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4=55 ******#***************~~*~*************************~~#*******

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  res t
he f inanced 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
2 0  y e a r s , w i t h  u n i f o r m  m o n t h l y  p a y m e n t s . ( T h i s  l o c a l  b a n k
charged $1263.00 in various fees ,
four years ago.)

which the engineer paid in cash

The engineer  has  today (at the end of  the fourth year)  an option
o f  r e f i n a n c i n g  b o t h  l o a n s  w i t h  a  n e w  l o a n  w h i c h  h a s  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?

I’\

***l**********+**~*********~****~~****~*~***~*******~*

CO  Fid Curti l?ldbdy  pOyW&:
Af?l& needed p 7O,Lxx)( I-0.1)  = 63,aw
c”“p3ny Loan = 20,~
Theteh,  local bank burr ~63~~~-2~poo=4~,o0a
1. Gmpsny burl

P’ 20,m j fl t  20X \Z  =2rCa

- --
= 22amm00)  =l8,7+3.74
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/

******w**,*I~~*Y****#**************#*~***~******************* 4=56
Two alternative investments are being considered. What is the
minimum uniform annual benefit that will make Investment B
preferable over Investment A? Assume interest is 10%. Ignore
taxes.

Year
0 -t;oo -SF00

l-5 +150 ?
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4957 *****I***ff*************~~*&********#**************~*~~******u

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 IO
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 at 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?

4-58 ****i*************************~***~*********~****************

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 at the end of each month for
the next 10 months.

If this were your money, and you want to earn at least ‘125:
interest on your money, which investment would you make, if any?
Solve the problem by annual cash flow analysis,

EUAC  htusis :



5
COMPUTING AN

UNKNOWN INTEREST RATE
**********w**********~***~****~********~***~****ff***~~********

5-i

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 amount 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 of operation,
and $53,000 per year from years 6 through 20, when the plant is
expected to operate at full capacity. If the MARR of this
company is 15X,  is this a profitable investment?
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2
******#***********w****~**********~******************~***~****

Given :Given : The year-by-year interest rates:The year-by-year interest rates:

Year i%Year i%
- 1 4 %- 1 4 %11

22 1313
1212

: 11: 11
-- 55 1010

(a) What amount, at the end of five years+is equivalent to $1000(a) What amount, at the end of five years, is equivalent to $1000
today, given the interest rates shown?today, given the interest rates shown?

(b)  What single interest rate for the same five year period would(b)  What single interest rate for the same five year period would
be equivalent to those in the table?be equivalent to those in the table?

****************i************~~********~**~**~************************i************~~********~**~**~********

IL,

cb)  i = cmlb)* - I  -a.llqq  9cIl.SS

(acu#  diffk  &ighHy  fcon7  . . .
83 ************+***********************uuuuuuuuuuuuuuuuuuuuuuuu~*

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.

F = P(:t+i)”
53q,250  = ls@d  1+iY  53  5!$ss  CJ tL7
35,qs  = o+P

-l-w  i=rr% ,2% - Cr+  o.d-=24.96
TRY i s 13% W/o = Cl $0, (#‘&I2
9 irrkxpoklti*fi i  2 l 12  + (bib  -*tZ>C  35-9s  *2q.gc)

( 3%2  - 24.46)
is ,t2653’3 o<  1Z.b53q%

14 *********I*w****Y**********************~****u****~************

Suppose you need to find the value of i% such that (P/A,i%,n)  =
5 . 0 0 0 0  b u t  y o u  h a v e  f o r g o t t e n  t h e  (P/A,i%,n) f o r m u l a .
Fortunately, however, you have two interest tables handy that give
(P/A,lO%,n) = 2 . 0 0 0 0  a n d  (P/A,20%,n)  = 2 2 . 0 0 0 0 . Use  l inear
interpolation to find i% such that (P/A,i%,n)  = 5.0000. (Express
your answer as Xx.Xx%)
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i “/, C~,i%,n>  )
-zz 2.000 i%w%+ioo/a 2 -5

i “/o 5,doo c 1TX

-754 22,orx, ;% * rr.zo%

************************************************************** 54

The heat loss through the exterior walls af 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
y e a r s  f r o m  n o w , w h a t  i s  h i s  r a t e  o f  r e t u r n ,  n e g l e c t i n g
depreciation and taxes?

******************************************************

Qhbd  -m&mb3&+
1s,ooo  p.L*~~~~Qoo)~p/A)~4~Lo)~c.8kzpp)~~~ii~-,10)

;s,l& : 2,400 cM9’“-  IL f I60 l.l4’O-I IO
I 1 1

- - -
.tYtl.\Yy .I0 *I4 II 3<w&Y

t 15,347

i=rS% :~~oCS.olq)t160<116.474) = N,762

b ir\kxpo\dion  : i * 1~.61%

**************************************************************
is7%

54
:,- Does the following project have a positive or negative rate ofi ,;

xsmP3 return? Show how this is known to be true.
: ^>j

8 u, -/“.4, .’  I Investment cost $2500
_ I ,1

-<  _ Net benefits $300 in Year li
L >!

_  i^. $ ‘-“;I  < increasing by $200/year
d ; ,.  .-- ! Salvage $50.  . Useful life 4 years

***********#******************************************

k fk2dbk

I TM4 &MS%  obtaitled  & \egS

2 so0 than -Ihe  ith&&MWtf, s o  +he  “fehm”

3 700 On  *a  ir?e  is ‘*

4QO
“B&“h

4
5 50

-rbtat  = 2,Lcso ( cw-l-
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7
************w************~**~*~~#*****************************

A young engineer has a mortgage loan at a 15% interest rate,
which he got some time ago, for a total 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?

******************************************************

1-8 ************,I*************************~********~**********~**

At what interest rate would $1000 at the end of 1985 be equivalent
to $2000 at the end of 1992?
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************************************************************** 59
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
Operating costs:

20,000,00O/yr

Labor
Materials, licenses, insurance, etc.

2,500, OOOJyr

Fuel and other costs
l,OOO,OOO/yr
1,5OO,OOO/yr

Maintenance costs 500,00O/yr

The project is expected to operate as shown for ten years. If your
management expects to make 25% on its investments before taxes,
would you recommend this project?

******************************************************

************************************************************* 540
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?

*****&************************************************

. .
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541 ********************,,rrrlr+rnw,wrnr,*rr*********************
Consider the following investment in a piece of land.

Determine :

Purchase price : $10,000
Annual maintenance: $1 OO/year
Expected sale price

after 5 years: $20,000

(a) A trial value for i
(b)  ‘Ihe rate of return (to l/100 percent)
(c) 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 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

542 *************************************************************
Find the rate of return for a $10,000 investment that will pay
$lOOO/year  for 20 years.

* * * * * * * * * * * * * * w * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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#**********#****#***#*******#******************************** 5-13
Calculate the rate of return of the following cash flow with
accuracy to the nearest l/10 percent.

******************************************************

******#*****#************************************************ 514
An investment that cost $1000 is sold five years later for $1261.
What is the nominal rate of return on the investment (interest
rate)?

*******#*#***##*#*********#************#*****#********
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545 ******r******w************~***********~********~~***~********

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?

****w*****w****i**************~******~*******~********

F GWP, i,m

f =ef-&  s1.60
1

Cl-d I? ‘; I.40
I +i = ~,.~)“’ = I. a31
AWM\ id@&” h = 3.\ 212  2 37.2%

546 ***********w******I**********~*#***********~************~~***
You borrowed $25 from a friend and after five months repaid $27.
What interest rate did you pay (annual basis)?

547 **W*************#****~*******~************~**~*********~*****
You have a choice of $3000 now, or $250 now with $150 a month for
two years. What interest rate will make these choices comparable?

*w******I*I**********************~****~*~*********#~**



RATE OF RETURN
ANALYSIS

*******~*********w*****e****~***********ff*********************6-
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
gathering the following information:

I

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 HARP  is 12%. which alternative should be selected?
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A&s+=C75,+50 ++opd  -~8q#-oo+2s,abo)  = ropso
A,hr1n.l3etp2’tjOC-22,b-rI,Sab

prr! (Ati) =.pu/(A%&‘~) + lO,OSO= I,‘kX'@+,A~&,,,O)
~%,aRo~~, IO) =?I78 + dbf?cA~6.5%-(2% 9.0  feepA

%QA- pc\tiave  A,

612 **************************************~*~*~*******************
A recent graduate wants to join the university's alumni
association. There are two payment plans for the association's
dues. Plan 1 requires an annual payment of $75. Plan 2 requires
a one-time payment of $750. Assume an infinite analysis period
and determine the range of values of the Minimum Attractive Rate
of Return (MARR)  for which Plan 1 is the preferred alternative.

0 - 350 -7s - 6 7 5
I 0 -75 +75
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uuuwuuuu+u~uwuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu  6.3

Initial cost
Annual operating costs
Annual repair costs

!fcge&!
15:ooo

E$IgE$E
lo:ooo

5,000
Salvage value after 15 years

3,000
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?

****************************#**#********************#*

%-A
0 t,ttt1 I I I I I I I IJ5 10 15

**#*#************************************************#****#**# 6-4
Given the two alternatives shown below, which (if either) is
preferred at a Minimum Attractive Rate of Return (MARR)  of 8%?

Investment
Rate of Return
Incremental Rate of Return 1 0 %

***********#******************************************

3

*

I’
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6=5 ##**#******************#***************##**************R******

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

************

Years
0
1
2
3

******

4t000
B

&$2800 : a; ._ : -h
+800 +llOO il . ._ / I :-

+800 +llOO
+800 *llOO

~**#*********#***********************

6=6 ****************#**#*#*##**#*******#*####*####**#####*####**##

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 l/10%.  (HINT:
Use Net Present Worth: also use i = 10% for the first trial for
the incremental rate of return.)

First Gost 64,iOO ,2,:00
Annual Benefit 0 477
Salvage Value 12,424 0
Useful Life 10 years 10 years

***#*##**************######**#*#**#*******************
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Choose  141  i f  2 0 %  < MNZIR

0 lf $b% < MAUU i 2-k
A 8 MARR  4 %a%

*~,*YY,*W,**I*WWI*II*~******~*~**~****~******~***~************  6.7
Giiten  the costs and benefits of two water pumps, what is the rate
of return on the difference of these alternatives?
nearest integer value.

Compute to the

Years A B- -
0 -$3000 -83800
1 +800 +1200
2 +800 +1200
3 +800 +1200
4 +800 +1200
5 +800 +1200
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64 ****************&***********&******&*******&*&*************&**

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.

(a) What is the incremental rate of return?
(b)  Which membership should be chosen if the. center will be

used for at ,least 2 years? why?

&***************************&&******&*****************  ,a

7lle  cad?  AW dkipm tsf 4k d##mCe i s :  0 a
aRoR 5 e L ~OOYe rt

Cbjc  2*yeCW  QlAn  $ft?U i+ jr?uuls utllikdjt  tZ:y-

hnq  d MARR > 100%

6*9
The manager of a local restaurant is trying to decide whether to

a charcoal broiling unit or an electric grill for cookingbuy
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
0 -$2200

Grill
-$1450

l-5 +990 +710

Use incremental rate of return analysis to determine which
alternative the manager should choose.

********&****&*****&&*******&*****&*******************
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****I****************************~****&**********~*&*~******~ 640
John 9. Customer has received his bill for the next 6 months
premium on his auto insurance, The bill allows him two methods to
pay his premium of $189.00. He can either pay the entire amount
now, or he can pay $99.00 now, which is one half of the premium
plus a $4.50 prepaid "service charge," and $94.50 in two months,
the other half of his premium,
implicitly,

The insurance company is,
offering John a "loan". What is the effective annual

interest rate of the loan?

**************wn********************#*****#*********~*

7k I& ~dsh  &UJS  dedbitij  3ohds ~\-kmurWe.s
Qm 424&A*:

*******I~********************~*****************~****~*#*****~ 64 1
Of two projects, A has the higher maintenance cost, but B has the
higher investment cost. The incremental rate of return is 17.636.
State which alternative is preferred if the Minimum Attractive
Rate of Return (MARR)  is 202.

****r*********i**~i*************~********~********#***

If the MARR > Incremental Rate of Return, take the alternative
with the lower investment cost. Therefore Alternative A is
preferred.

. 1
l

,
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6-12 ***********************~******~*******************~***~*#~***
The table below summarizes incremental rate of return information
for four mutually exclusive alternatives, one of which must be
chosen. T h e  t a b l e  i n c l u d e s  a l l  p o s s i b l e  c o m p a r i s o n s  o f
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% a,..- 6% 10% 10%
B‘ 15,000 1 0 6X -- 14 12
C 10,000 8 10 14 -- 10
D 5~000 6 10 12' 10 --

(a) Make a table showing the range of Minimum Attractive Rate
of Return (MARR)  in which each alternative is preferred.

(b)  If MARR = 7’S, is the Net Present Worth of Alternative C
positive, negative, or equal to zero?

6-13 ************~*l******************~~********~~********~***~~**
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%.

I?IP  statement is True.
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#****,*+*#*i**,*****~**~~**~~********************************~  6.14
- --

General Motors makes a “P-Car” automobile model, The standard P-
Car is sold as a Chevy while a modified, more ttluxuriousw  P-Car is
sold as a Buick. Although the two cars are essentially the same,
the Buick costs $15,00’0 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 XXXXX%.

(b)  For what range of values of the Minimum Attractive Rate of
Return (MARR), if any, is the Buick preferred?

(c) For what range of values of MARR, if any, is the Chevy
preferred? (Ignore the ttbenefittt/%ost”  of owning/operating
a more luxurious oar.>

**********~**********ff************************~*******

a> YEAR eJulCC CtiWV q3iuK -cfwvy

0 - IS,000 ‘13,006 -2,oag

rc +7,- ++a3 +z,sc%D

c-1  PlARR  7574 s&c..  Chevy

****Y#*w**w********I#~**~*~******~***ff*******~*~************* 6-15
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.

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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646 ***u***********i**********e**e*********e****e**~*ee**e**~*~**

A young engineering technology graduate is interested in buying a
solar energy system for her home. She is investigating two
particular systems shown below.

Solarex Soltech
Initial Cost $10,000 $6,000
Annual Maintenance Cost 1 OO/year 50/year
Annual Savings in Heating Costs l,OOO/year 700/year
Salvage Value (end of life) 500 400
Expected Life 20 years 15 years

Use an analysis period of 20 years. Use SOYD depreciation for the
second Soltech  bought to determine its salvage value at the end of
Year 20.

Calculate the incremental rate of return ofthetwo systemsand
select the most desirable one based on a Minimum Attractive Rate
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*****************************~******************************* 6-17
A large company has the opportunity to select one of seven
projects: A, B, C ,...,G, or the null (Do Nothing) alternative.
Each project requires a single initial investment as shown in the
table below. Information on each alternative was fed into a
computer program which calculated all the rates of return and all
the pertinent incremental rates of return as shown in the table.

Project
A

Initial Incremental Rate of Return of Project Over
Investment Null A B D C E F
$10,000 10%
12,000 9 7 %
13,000 8 2 0.1%
15,000 7 9 5 % 9 %
16,000 6 5 6 3 %
18,000 5 8 : 5 5 5 %
23,000 7 3 8 7 4 3 2 %

For example, the rate of return for Project A is 10% and the
incremental rate of Project C minus Project B (i.e., C-B) is 0.1%.

(a) Determine the range of values of the Minimum Attractive Rate
of Return (MARR) for which the null (do nothing) alternative
is the preferred alternative. Determine the range of values
of the MARR for which Project A is preferred, for which B is
preferred, and so on. (Note that there may be no range of
values 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.

******************************************************

a)  lf: ’ sele+ :
MARR  7 I 0% )r(ULL

IO%  bMARR  7 9 % A
q%r/MARR>  5% D
S%;r/  PjAUR7  2 % F j
2%7/  MARR 4 ad' _ .,

b') lf :
MARR  7 So/o

q%+  M&7R?  8%
s% r,wwz

Select  :
NUU

0
4

3

5

P



1 3 8  . Engineering Economic Analysis Exam File

Investment Cost $20.:00 $&
Annual Maintenance Cost 2,000 4,000
Salvage 5,000 1,000
Useful Life 20 years 20 years

(a>  Determine the incremental rate of return between the two
projects, to the nearest l/100  percent.

(b) Which project should be chosen if MARR = 182b? (NO
additional calculations needed.)

649 ****#***w*********+*****~******~~******~******************~**
Project A ($10,000 investment) has a rate of return of 25%.
Project B ($20,000 investment) has a rate of return of 15%. Which
of the following is true?

(a)  25% < Incremental Rate of Return
(b)  15% < Incremental Rate of Return < 25%
(c)  Incremental Rate of Return < 15%

*********I**************************~*****~******~****

,

*
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****************I***#*****a******~*~***************s*****~***6a20
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 35 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?
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6~21 *#**********ff************************************************
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 4

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**********************************
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I

I***Y***w*****************I**********#**~**~*****6922
Consider four mutually exclusive alternatives that have lo-year
useful lives and no salvage value. If the Minimum Attractive Rate
of Return (MARR) is 6%‘  which alternative should be selected?

c
Initial Cost $400 .$2:00 $5000 !$4:00

Uniform Annual Benefit 447 259 885 651

Ufl4lpis:
D - A C - A

A-4 1,000 I,000

A UM 204 234
D ROR I5.?% MS96
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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 P 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 +4000  units

2
3
4

2

I
9

10

-2500 +4000
-2000 +4000
-1500 +4000
-1000 +4000

-500 +4000
0 +4000

+500 +4000  \
4 1 0 0 0 44000
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.

Bf%
i
3
4
5
6

s'

@hrnable&rttier
-ts,450*
-12,075
-IO*c300

- 7,325
- 5 , 1 5 0
- 2,a75

Q
IO
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*I*************I******~************************************** 6=24
The following equation describes the differences between two
projects.

NPWH  - NPWt = 3000(P/A,i,lO)  + 4000(P/F,i,lO)  - 10,000

(a)  Find the incremental rate of return to l/100  of a percent.
(b) Which alternative should be chosen if MARR = 10X?  (No

additional calculations are needed.)
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6-25 *******l***********************************~ff********~*~*~*~*

Many persons believe that Net Present Value (often called Net
Present Worth) and Rate of Return can lead to a contradictory
choice ina decision between alternatives. The following example
d e m o n s t r a t e s  t h a t  a  p r o p e r  i n c r e m e n t a l  a n a l y s i s  b e t w e e n
alternatives X and Y would result in the same decision. The
Minimum Attractive Rate of Return is 15%.

Year-
0 -$10~000 -$20:000  :41: “000
1 +5,500 0 -5,500
2 +5,500 0 -5,500
3 +5,500 +40,000 +34,500,.

Rate of Return: 30% 2 6 % 24.1% >15%
Net Present Value: ‘$2,558 $6,300 >o

When shown an example such as this, some people s t i l l 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 I 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.
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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.

Gmpta ROR -k tiM& al-bWn#tive  :
K-E: hlpw-OS - (00,ooo  +22,000 CR, i%,?)

(VA, q77) = 4,5s
i=l?o@ 12% > MARR

pJ: NQVV-0s - f35,cxao  +28,ocd%,t%, 7)
(p/A,i%,?) -- 4.62
i = fzou  s ro*/ > MARR

PUoR*:  fdJpnl  = -3S,am  +6,Dd%,i%,77)
(?%!, LO/t,  7) * 5.03
i. s ~ROR Wf-.?s% < MARK

thee ioww  co& iamb if&3 K: -E
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6-27 **+****i**********i******************~~****~*~*~~***~********

A firm needs to increase its manufacturing floor space to at least
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 Minimum 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 combination of locations
that satisfies its floor space requirements.

Floor First Uniform Rate
Location Space cost Annual Revenue of Return
Denver 75,000 fi? $300,000 $ 75,000 18.6%
Dallas 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
Cleveland 50,000 150,000 25,000 6.9
Atlanta 75,000 200,000 49,000 18.0
Chicago 100,000 100,000 20,000 11.8

(a) If the firm has no budget constraint, what course of action
would you recommend?

(b) If the firm has a limited budget and cannot spend more than
$600,000, what course of action would you recommend?

*******************~*********~#~*~********************

From the rates of return we can eliminate Cleveland since the 6.9%
rate of return is less than the 10% M1

We can use any measure of worth g
locations. This solution uses Net h
Equivalent Uniform Cash Flow would also be a good choice in this
problem because the revenues are already uniform.

The combinations of plant sites that satisfy the space
requirements are shown below. Also shown are the NPV's for each
plant and for each combination.

~mbins’h’an
PltM+  J- 2 3 & & 2 f3am-k  WV

l?t3vl.  75 75 *toal
Dol. I25 SW&3
S.Aa so 50 50 174.IQ
LA. 12s 100&t

Aa. 35 15 bi.4l
Chi. _- __-.!EtQ b-70
u-1 I2C I22 z I25 IdO Is0
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************************************ff~**********************a 6=28
The table below summarizes incremental rate of return information
for four possible mutually exclusive al&-natives,

Overall Incremental Rate
Rate of of Return for Breakeven

Alternative First Cost Return A B c D
A $18,000 9%  ---is 12% 11%
B 12,000 9% 6% 15%
C 15,000 12% 6; -- 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.

(a) Make a ohoice  table showing the range of Minimum Attractive
Rate  o f  Re turn  (MARR)  i n  w h i c h  e a c h  a l t e r n a t i v e  i s
preferred.

(b)  If MARR :: 9X,  is the Net Present Worth of Alternative B
positive, negative, or zero?

*******#***********~**********************************

Id T& Nell  Cd&  notching dhlakV&)  iS a\Kli\abk sina -11
RoR is  giw 4(16  n&ing apftily fwbi& *t-k  &ice.
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6=29 *******w****************************************************~

Consider five mutually exclusive alternatives that have lo-year
useful lives and no salvage value. If the Minimum Attractive Rate
of Return (MARR) is 9%.  which alternative should be selected?

D- -
Initial cost .$4:00 §i5:00 &5-E-$3000 $6:00
Uniform Annual

Benefit 651 8 8 5 259 4 4 7 1195

***********************************~~*~~~************a

lXkWmin&  idi\ridUaI  rpla uF &Ufvj;
*.A:  @k,i,lO)  = *?&I *&I+~ i + IO%
A[+.  0 : <s, i , IO)  s sto%?35 s 5.60 is 12%
AE+.C:  tvA,i, IO> s *‘000/zS4 ~-7.722 i= 5%
Abt.0; (%, t, IO) 5 3’oo%+?  = 6.71 t i&L)/
AI-M: t%, i, IO) = 6,000/r,pqs t s.ts20 t--G%

r’+hem?&ves  Cand  D t=atus  *esc  lm-b  CJf i??dw+i

ACii k% dhQn -the miniWurv\ c?thi&W vate uf fJ%tWH.
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***i**************************************~~****************~ 6-30
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 $SKmO 19% me 29% 22% 25% 24%
B 60,000 16 29 - - 14 23 21
c 40,000 17 22 14 - - 3 5 2 9
D 30,000 12 25 23 3 5 - - 17
E 20,000 8 24 21 2 9 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) = 358,
which alternative is best?

(b) In what range of MARR is alternative C the best choice?
(c) 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?
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c

6-31 ***ciwi,********w*w**#~***~~**~*~***~~*#******~~~~~~~~~***~*~
A manufacturer, whose Minimum Attractive Rate of Return (MARR)  is
20%.  is considering two alternative automated material handling
systems, A and B, to replace his current manually operated system.
The cash flows that describe each automated system with respect to
the current system are given below. Using rate of return as the
decision criterion, what course of action do you recommend?

Year System A System B
0 -$10.000 411.500

1-15 +1;029 +1;780

***************w*******~***************~********~*~***

The computed rate of return for System A is 6% and for System B it
is 13%. Since both rates of return are less that the minimum
required 20X, neither system is more economical than the current
system.

Notice the incremental rate of return of B-A:

Year
0

System A System B System B - System A
-$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 incremental
rate of return of B-A = 50%,  but this figure is irrelevant since
neither system alone, compared to the current system, is
economical. Retain the manually operated system.



OTHER ANALYSIS
TECHNIQUES

FUTURE WORTH

***********************************#*******~*************~**** 7.1
A mortgage of $20,000 for 30 years, with monthly payments at 10%
interest is contemplated. At the last moment you receive news of
a $5000 gift from your parents to be applied to the principal.
Leaving the monthly payments the same, what amount of time will
now be required to pay off the mortgage and what is the amount of
the last payment (assume any residual partial payment amount is
added to the last payment)?
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A woman deposited $10,000 into an account at 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.

(a) How muoh money was in the account at the end of the 10 years?
(b) Calculate the rate of return that the woman received.

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 aocount
worth after seven years?
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****************&******************ff************************~~ 7-j

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 lst, $1000 on March lst, and so on>. What is
the account balance immediately after the December 1st deposit is
made?

******************************************************
Cr?

************************************************************** 79
A 25-year-old 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
e f f e c t . Milton finds that 14% 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 year, and that Milton works for the same
s a l a r y  u n t i l  h e  i s  6 5 , how much will he have effectively
contributed into the Social Security program. Assume a 10%
interest rate,

******************************************************
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n 6 *******i*******************s*****~*~******#*~*******~~********
An engineer is considering the purchase of a new set of batteries
for a tractor. Given the cost, annual benefit and useful life,
c o n d u c t  a  N e t  F u t u r e  W o r t h  (NFW)  a n a l y s i s  t o  d e c i d e  w h i c h
alternative to purchase if i = 12%.

cost do
B

$90
Annual benefit 40 40
Useful life 6 yrs 3 u-s

w************#*****I*******~***~**********~**~********

th- A14err2ra  A ,  targa+  NFwJ

‘17 ***#***#I************************~*****~******************~*~*

How much money would be in an account if $1000 is deposited in a
bank at 12% interest, compounded semiannually, for 3 years?

************************************~~~*s**~s*****~***

;dz ‘6% ; fi= 2x3 =apswQa&j

F:wP(I+i)q  = ~l,ooo (LO&Y =*I,oMh4~~23 =*l.yt%,sr



Chapter 7 Other Analysis Techniques 155

*************************e**~e*****~*~~~******~**~**~*******~* 74
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?

(b) How much of the first payment is interest?

(c)  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 l’penaltylf  is
that interest continues to compound on any unpaid balance.

I*************~*******************~****~**********~********** 7-1
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 at the end of the 20 years?

*****************************#************************
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740 *****i*********i*w****~*************~****~~**~*********ff*****
David has received $20,000 and wants to invest it for 72 years.
There are three plans available to him.

(a)  A Savings Account. It pays 5-3/4% per year, compounded
daily.

(b) A  M o n e y  M a r k e t  C e r t i f i c a t e . I t  p a y s  8-3/4% p e r  y e a r ,
compounded semiannually.

(c) An Investment Account. Based on past experience it is
likely 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?

741 ********w*******************************~**~****~************
How long will it take for $300 to triple at a 5% per year intereSt
rate?

******i**ii*w*******************~***********~***~*****

F ~34 4’@‘k’,S%,n)  =+ (%,S%,CI)=  F/p  =3

3 * Cvii,s?&n)
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***********I****w*w***ff*~****~*~**~***********~***#********** 742
An annuity is established by the payment of $150 per month for
eight years with interest to be calculated at 7-1/2X.  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-l/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.

*I************w***********~**********#********~*******

*+*********************n******************~**ff******~****~*** 7-13
A person rould  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
9% 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 ll?
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7-14 **~**************W***~*******************************~*~*~*~*
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?

7=15 I***********I********II*I*wIwllllr*III**************~***************~*~
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?

*******II~**********************~********#*~*~*~~*****
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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 at 18% compounded
monthly. He has just won the lottery and decides to completely
pay off the car at the time of the seventh payment. How much is
this final payment?

************************#************************************ 747
Starting now, deposits of $100 are made each year into a savings
account paying 6% compounded quarterly. What will be the balance
immediately after the deposit made 30 years from now?

**************************wr**************

************************************************************* 748
Y o u  i n v e s t  $ 1 0 0 0  i n  a  b a n k  a t  8  p e r c e n t  n o m i n a l  i n t e r e s t .
Interest is continuously compounded. What will your investment be
worth

(a)  at the end of 1 year?
(b) at the end of 36 months?

*********************IY,WIIWWWI*IWIWWYIY**************
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7-19 ********w***********#***************#******~**********~******

*,$L  ;**fTrrI
Using the tables for Uniform Gradients, solve for the Future Value
at the end of year 7.

7-20 ******************w*~********************************~******#
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? W h a t  e f f e c t i v e  i n t e r e s t  r a t e  i s  s h e  e a r n i n g  o n  h e r
investment?

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********PI*********~******~*********~********~~*

i cc 6%Y& 0 1’12% per cipA*

A 2 t,ooo  C~/F,I’~~%,Y)  . I,==C.2~4  * %-Wo
F = 244.kd%,\'/z%,eU~  =2~,rCo<166,173)~+50,al3.
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,.

PAYBACK PERIOD

******************II*************************~***~#***~*****~7-22 0 ’

What is the major advantage of using Payback Period to compare
alternatives?

i

**********lQ**********~****~******************~*******

Payback Period is easy and rapid. Also, it provides information
on investment recovery time which may be important for companies
with cash flow problems.

For calculating payback period,
valid?

when is the following formula

First Cost
Payback Period = I - - - - - - - - - - - - - -

Annual Benefits

***********w**********************************#*******

VtAid Urtlen  Z tl>  ilWe iS 4 sit+ $k&  cg)- & hW Zero,

b1 AWIUA\  Ber\ef&  --t&y  CV\RL(Q\  h&i-ts &u
SLcWny any  amus\ cd-5

C) bl& Amua\  B&-ks ace uniform

********x**+******I****~****************#*~****************** 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).

Since Payback Period is generally the time to recover the
investment, and ignores the NARR, it will be the same for both
investors. The statement is False.
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7-25 ***************************************************~*********

What is the Payback Period for a project with the following
characteristics, if the Minimum Attractive Rate of Return (MARR)
i s  10X?

ue;eful  Life 10 years
First Cost $20,000
Salvage 2,000
Benefits 8,00O/year
Maintenance 2,000 in year 1, then

increasing by $500/year

7=26 ****************************************************u********

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?

*********************************************#********

Alternative B is likely to have the shorter payback period. Since
both are acceptable, they must return benefits greater than oosts
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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i*****,**************e**e~*e**********~e**~~e~~************** 7-27
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
e f f i c i e n c y  o f  t h e  l i n e s . 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:

Year

1

Plant A Plant B
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 MAIM = 10%.  which alternative is more profitable?

(b)  Which alternative has the shortest payback period?
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7=28 *************************************************************

In this problem the minimum attractive rate of return is 10%.
Three prbposals are being considered.

~RoPPMLA  ~#tSAC 0 Pt?OPrnL c
A=4w=

analysis?

(b)  How many years for Payback for each alternative? Which
alternative would you choose?
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*********************************ff*************************** 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 3,00O/year
Salvage 4,000
Useful Life 10 years
MARR 10%

******************************************************

Ys lh+Ictwme  sum

\ 2 , s o o ssoo

2 2,wJo +I-

3 21- 6,400
Y I,+= d,Bcld
s’ 1,700 10,500 7l*pmY

pyklck pied =Sv

************************************************************* 7=30
Determine the Payback Period (to the nearest year) for the
following project:

Investment cost $22,000
Maintenance cost l,OOO/year
Uniform benefits 6,OOWyear
Overhaul costs 7,000 every 4 years
Salvage 2,500
Useful life 12 years
MARR 10%

******************************************************

,.
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BREAKEVEN

7m31 ***~******************~*********~**************~***********~*

A machine that produces a certain piece must be turned off by the
operator after each piece is completed. The machine %oasi#  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?

***************W****~******~~~*****~~*****~***~**~***~

Ant7ua(  cod w/o tn#lte  : so,oooc2/60)c~2) 40,ood

Annual co& Duke:  SO,~~D<‘*~><~~>=*~@OOO
f+dWWtU  : kSO,OUOC  ‘**/60~SOt3J C .5 C 12)  -+W+~ = IS0
brake b&l\  \a& : ‘~-/cs,mocl.6) /&do) s 5 ye.
l+aX.  AWr0uvr-f  5 ~~,~O-l$,lSo>(~A,i~~,~) :‘7aO13.35

7=32 *********************~**************************~*******~**~~

A road can be paved with either asphalt or concrete, Concrete
costs $15,00O/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&n.  MARR = 12%.

************w*********#~*~***********~#**~**~&~***~***

Since ~QiO+~Qft~ iS, * a211(?.  &X bk#+I, i-k  doex;t

ct%d She an!Laer. I+-, * iS nathiOg  On?

rjrth indcrdirlcj i-l-.

<l5,poo)C~~ IZ%,zd s Pcy~ lZ%, (0)

(ls,ooo~c. 1339) * Pc.m~)
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**i**i,*i***i*,**liiiii***iiii**~*~~aa**~**~*~*********~***~*** 7-33
A proposed building may be roofed in either galvanized steel sheet
or composition roofing, The composition roof costs $20,000 and
must 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. If the Minimum
Attractive Rate of Return (MARR)  equals 15%‘  what is the minimum
life that the steel roof must have to make it the better
alternative? (Report to the nearest whole year; don't bother
interpolating.1

ELtACc  = W@OO &,&,S) i=24&wC.+f03) = !+6
EUACs = 28,000 c% IS%&
(9, IS%, f-d eaTo  * 0.2131

c~~ts%,f3~s.z~2~
c~,ls%,q~~,20?6  =a n =g
*********i*******ti****~***********~************#********~*** 7834
What is the breakeven capital cost for Project B compared to
Project A if interest equals lO$?

Year B
-T- 4100:: ?
l-5 +300/year +20O/year

************W***********~********~***********~*~***~~*

***w**I**************~*****************~*********~******#**** 7-35
What is the smallest acceptable annual income from a project which
has a $70,000 investment cost and a $70,000 salvage value if the
life is 15 years and the Minimum Attractive Rate of Return (MARR)
is 20%?
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7~36 *************************************************************

A car rental agency has a contract with a garage to have them do
major repairs (specified in the contract) for $450/tar  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/tar  every six months. Ignoring taxes and other
economic factors, what is the minimum number of ears needed to
make the change feasible?

******************************************************

7-37 *************************************************************

Assume you need to buy some new automobile tires and you are
considering purchasing either the “Econo-Ride,ll  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
year.

(a> How many miles would the “Road King”  have to last to make
you indifferent in your choice?

(b)  The salesman says the “Road King”  will be on sale next
week. If he also says the tire will last 30,000 miles,
w h a t  w o u l d  t h e  s a l e  p r i c e  h a v e  t o  b e  t o  m a k e  y o u
indifferent in your choice?

******************************************************
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*IIIYW***YIWII,II***#**~**~~**W*********~*********~* 7.38
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 years, 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?

************u***************************~~*ff***********~**~** 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 lo%,  what is the minimum salvage value (after 8 years) at
which the machine is worth purchasing?
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7=40 **********************************#*************##***********

The PARC Company can purchase gismoes to be used in building
whatsits for $90 each. PARC can manufacture their own gismoas for
$7000 per year overhead cost plus $25 direct cost for each gismoe,
provided they purchase a gismoe maker for $100,000. PARC expects
to make whatsits  using gismoes for 10 years. The gismoe maker
should have a salvage value of $20,000 after 10 years. PARC uses
12% as its minimum attractive risk rate. At what annual
production rate should PARC make their own gismoes?

#***#*#*#***#**#*****#*************&*#***********#*#*#



,
13EPRECIATION

i ,:
i COMPUTATIONS

Some seed cleaning equipment was purchased in 1978 for $8500 and
is depreciated by the Double Declining Balance (DDB)  method for an
expec ted  l i f e  o f  12  years . W h a t  i s  t h e  bouk v a l u e  o f  t h e
equipment in 1984? Original salvage value was estimated to be
$2500 at the end of 12 years.

***************i**************************************

.
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8=2 ***~**********************************************************

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
y e a r s  d i g i t s  ( S Y D ) , d o u b l e  d e c l i n i n g  b a l a n c e  ( D D B ) ,  a n d
accelerated cost recovery (MACRS) depreciation methods. Use MACRS
percentages of 20%.  32%.  24%. 16%. and 8X,  for years 1 through 5,
respectively.

**********~*******************************************

SL SYO VV0 MACUS

a. pen)  m I)Ln‘, Ben) @a?  -0m Ixn)  ?a?
0 1,750 1,750 1,750 1,150
I 3 0 0 I,SSO so0 1,250 I- l,dsO 350 I,+=
2 3cm 1,150 Jkw 850 420 630 560 040
3 300 050 m 550 252 318 4G?o 4 - w
v 90 550 - 350 12s 2 5 0 200 14-0
s 300 2!m 100 3y) 0 250 I40 0

.

8~3 **************************************************************

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 i

(a) The depreciation in the first year.
(b) The tax write-off in the first year based on a 40% tax ri ate.
(c) The book value after five years.
(d) The book value after five years if the salvage Was  ‘only $50.

P
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******w***wi*******ii+iiiiii+i*iililiili********************** 8-4
A new machine costs $12,000 and has a $1200 salvage value 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.

~~**************************************~**************~****** 86
ff you were to use Double Declining Balance depreciation for an
asset which  cost $100,000 and had an estimated salvage value of
$5000 and an S-year useful life, in which year would you switch to
straight line depreciation?
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8=6 ******w*~I******w**********~**ff*****~*****************~****~**

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 1505  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 l Round to the nearest percent.

w*****************I***********#****~*****~*~********#*~

Jw4R ISOo/o  Dedning %a(. §.L. % l2uw$r?y  cAcr(>R

I +%ooO~)  * 2s% ?2,7% 2 5 %
I 90/
14%

I 4%
14Tb
14%

cIqm&s  only B%‘e

8m7 ********~***+***************************~**~**~****~***~***~~*

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-Of-Years-
Digits method.

**W********************IIW***********************~*~****s

1

.

a,.

r’
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*#*************Y*****************~********~**~****~**********~ 8m8
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 (SOYD)  depreciation
(b)  Double Declining Balance (DDB)  depreciation
(c)  Double Declining Balance with conversion to Straight

Line depreciation
(d) U s i n g  p r e s e n t  w o r t h  a n a l y s i s ,  d e t e r m i n e  t h e  b e s t

alternative between DDB with conversion to SL, and SOYD
depreciation.

II********************#*******~**~********~~******~***

QI”lO,Sleo,  S*wq na4, i VIOL

sr caXWW cbXm0 cc>ODBIsL

I 4 , 0 0 0 5,250 5,25Q

2 3,ooa 2,625 2,625

3 2,000 I, Br2** 1,312.50
4 1,000 656,25 B~2.k

IO,  000 4,w3.15 IO,ooO

VW* 3yr. 5l.  =  t10,saa  - c5,250 t?,CZS)  -5-l  * \@&a  50

2

4-y. St 3 LW‘500  -LS,2~*2~~fl,g,2,~~-Sooa  6cL50
I

to soytmw)  = yo~dc%,wt&i  -\,crod%,~a-J.,~)
* 4,cua  Cb.\?O~  -ps4.378>  ~8,3-

md..cw)  * s,esoCp/F, w%, I) +2, b25 <VF,  eJe, 2)

+ ~,3,2.~o(pk,to%,3~ + 8\2.soc%,  IO%,@
=5,25oc.4oqi)  + 2,~5(:.02bY)~l,~2.so(.751~~

+0n.!m  oa30~  2 i3,403.ti
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i

8 - 9 Iw**~*******************s***************s*****************s**~
w

A machine costs $5000 and has an estimated salvage value of $1000
at the end of 5 years useful life. Compute the depreciation
schedule for the machine by

(a) Straight Line (SL)
(b) Double Declining Balance (DDBI
(c) Sum Of Years Digits (SOYD)

*****************************~*******************~**** d

6) SL = fp t ~""s' ta- s SF- *
ZVC =8ao% s r4,iooo

s = 5,000  - 4,oocB  1 *,,oDo
w

17) 0~ = $ [P-  ED~..J I

-.

611.2 I
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******************l*ri+iiiiiwxi*****************$****~**~********~*** 840
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
(c) Sum Of Years Digits (d) 150% Declining Balance

Part Two: Calculate the year 2 depreciation charges for each of
the depreciation methods listed in Part One, assuming
an end of depreciable life salvage value of $80,000.
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841 *********,*****************~*****~***************************
A used piece of depreciable property was bought for $20,000. I 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?

842 ***I********************************~****~~***~****~*****#***
A front-end loader cost $70,000 and has an estimated salvage value
o f  $ 1 0 , 0 0 0  a t  t h e  e n d  o f  5  y e a r s  u s e f u l  l i f e . 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 (DDB) with conversion to

straight line if necessary.’
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843' ************i************~***********~*****~****~************
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.

lb)  By the Accelerated Cost Recovery System (hACRS) 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%.

*************************************~****************

Q) - *dighe he,
Depc cbmje =i!f(P-s) = & m,ooD-z,-~~4>odb~/pc

-DouMe  dedi~i~bsh~
Depr;  &rye  = ~moolc  v!!Iud  = 4 tl304 ViluLe)  4&Qk  d4

&e!z
09.0efcm mfgp$y  g&g&w

I 18,000 9,000 9,-
2 9,000 4j  500 4) sm
3 %- 2,250 2,-o
4 2,aso I, 125 I ,  125”

rc  &+e tbis iS IodW *II  -t+W S r/due- In pmctiCe
-/+is umld  &be permissible.
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b) by MACiS
MACRS  Depreci&SQYear

I 0.33c!0@00>=5,940

2 o.4sc\ep->  = 8,100

3 0.22 CG3,a60)~3,9&

4 0

*************************************** *************

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?

*****************************ff************************

For standing timber only cost depletion (not Percentage depletion)
is permissible. 5,000/25,000  = 0.20. Thus l/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.

************************************************************* 8d5
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.

*****~***********************ff*****************ff******

slQ2E PSpRWlNlO~ j?kwe &Ale

0 9,000 w =&l3M)
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8-16 *I***I*I***I***********~**********************~**~***ff**~****

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, f i l l  i n  t h e  t a b l e  b e l o w  t o  d e t e r m i n e  t h e
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 I I
Digits (SOYD) I I I

I I :
Stright Line I I I
(SL) I I I

I I ,, I
Double Declining I I I
Balance (DDB) I I I

I I I \.I
Accelerated Cost I I !
Recovery System I I 1
(MACRS) I I I

************************~*****************************

Depreciation End of Year 2
For Year 2 Book Value

Sum-Of-Years i I I
Digits (SOYD) :

I
19,b3533L  j fa,oM 1

Stright Line I I I
(SL) ! lO,odo I gqG+eu+  I

I I I
Double Declining I I I
Balance (DDB) I

I
12pm 1 \s,eaa j

Accelerated Cost I I I
Recovery System I
(MACRS) I

lb,000 /
I
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******************i**************************~*************** 8-17
In the production, of beer, a final filtration is given by the use
of"Kieselguhr"  or diatomaceous earth, which is composed of the
fossil remains of minute aquatic algae, a few microns in diameter
and composed of pure silica. A company has purchased a property
for $840,000 which contains an estimated 60,000 tons. Compute the
depreciation charges for the first three years, if a production
(or extraction) of 3000 tons, 5000 tons, and 6000 tons are planned
for years 1, 2, and 3, respectively. Use the cost-depletion
method, assuming no salvage value for the property.
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8-18 ********************~**********************~****~************
On January 1 you purchase a production press for $10,500. The
press has a 5-year useful life and a $500 expected salvage value.

PART 1. Compute the yearly depreciation using:
(a> Straight line depreciation
(b)  Sum of years digits depreciation
(c) Double declining balance depreciation
(d) Double declining balance depreciation with conversion

to straight line
(e)  Accelerated Cost Recovery System depreciation, based

on the 5-year property class and MACRS percentages of
202, 32%,  24X, 165, and 8%,  respectively

PART, 2. If the estimated salvage value was $1000, rather than
$500, what would the DDB depreciation be in year 5?

PART 3. TheMACRSdepreciation  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?

*************i*******************~*********~****~~****

1:PAR-r
Cl)  *iif& litit  *

-9@cY
annual ckpG?ciaiion  chmzje  + sro*y =%-
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sum u!+txcrs  dig&j  =&+I)  *IS
lsk yew 4sc10,500-sm)  -33,333
2nd )&a, c & c’o,ooo)  5 *2,66?
3rdyear= -i3s  cla,000)  = ~2,000
4% year = &<10,000~~  %,a33
S-HI year +s & clo,ooo)~  $667

+ ro,ooo
c) &uble hc\itiing &IIcwI& -

15-i  yew = %c IO,Sbb)  = +4,2tm
2nd yem = -$00,560-4,200)  ~~2,520
3rd year  * 3 C6,306 - 2,52ca  = %,Sl2
441  y e a r = s c3,7ao  -\,Sl2) =4907
5th year = %<2,266-?a7)=  h++
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849 *****************************#~**********************e****~**
Given the following two depreciation schedules, determine which
one is best. Use an interest rate of 6% per annum.

Year SOYD DDB/SL
1 $ 1 6 , 0 0 0  -$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

ii
4,000 4,678
2,000 4,678

$72,000 $72,000

**********~******wr***************~**********~***~**~~

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.

SWP  :
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*,*******w**w*********************~************************** 8=20
Given two depreciation schedules for a small microprocessor, which
method of depreciation should be selected, based upon i = 12X?

Year DDB SOYD
1 $333.33 $285.71
2 222.22 238.09
3 148.15 190.48
4 98.77 142.86

;
98.77 95.24
98.76 47.62

*****************l*******#****************************

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.

4x74 YU
d/mJ.5L  -i-

DPB %, lZ%,n
zGT3  R .8424 =

2 2 2 2 . 2 2  * .79?2  +
3 lW.15  x .fll8  =
4 q0.77  x -6355 :
5 98.37 x .S67$  =
6 q0.x  x *So66  =

1,000 .oo

I 205.71 Y .842q  =

2 230.M x -7472 .

5 IQO‘48 x .-tJlB  s

4 l’fZ.06  t .a3555  *
5 45.2.4 * .567'+ L:

6 +7,&z lt .5066 s
i,ooo.oo

$97.63
If?. 1s

IOS.4s

62.77
56,-l-
So.03

749.07

zs5.  I I
184.80
135.50
70.  ?q
54% 04
,2$:J2

744.44
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8=21 *************************************************************
Adventure Airlines recently purchased a new baggage crusher for
$50,000. I t  i s  expec ted  t o  l a s t  f o r  1 4  y e a r s  a n d  h a v e  a n
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.

******************************************************



INCOME TAXES

************************************************************** 94
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, dG = 0.4d. What would the taxpayer’s (federal) income
tax rate, d,  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 Price 3770 2010
Annual Interest Rate 6% 10%
Maturity 10 yrs 10 yrs

******************************************************
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Qm2 ************************************************************~*

A tool costing $300 has no salvage value, Its resultant cas h flow
before tax is-shown below.

Cash Flow
Effect On Effect On

SOYD Taxable Cash Flow Cash Flow
Year Before Tax Write-Off Income For Tax After Tax
---6- -$300

1 +lOO
2 +150
3 +200

The tool must be depreciated over 3 years according to the Sum Of
Years' Digits method. The tax rate is 50%.

(a) Fill in the four colLanns in the table,

(b)  What is the internal rate of return after tax?

******************************************************

a)
Effect On Effect Cm

Cash Flow SOYD Taxable Cash Flow Cash Flow
Year Before Tax Write-Off Income For Tax After Tax
0 -3ab -?5oe
I =kIOO - I50 -50 +2s +I25

Q-3 *********************************************#****************

Pete put $10,000 in a fund that paid him $250 every three months.
Because of changes in the tax laws to close certain loopholes, the
fund was liquidated at the end of 3  years and Pete received
$12,000 as his share, in addition to the normal $250 payment.
Treating the $250 as taxable income and the $2000 as a capital
gain (taxable income = 40% of capital gain), what was Pete's
nominal annual after-tax rate of return (that is, with quarterly
compounding) if his incremental income tax rate is 38%? Assume
the taxes are paid when the money is received. Hint: To find an
i for the first try, use (P/F,i,n)a  P/(F + nA).

***************************************************#**
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**********w**w***********************~*********************~** 9=4

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%.
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.

94 ********************~~*********************~**~*~************* d

Agra Company is considering the construction of a certain
facility. The facility will cost $l,OOO,OOOto  build. Its life
and salvage value are expected to be 25 years and $100,000,
respectively. Agra estimates the net income will be $200,000 per
year for the first 15 years , and to decrease thereafter at $20,000
per year.

Agra will use a Minimum Attractive Rate of Re'turn  of 12% after
taxes, an income tax rate of 46%.  a capital gain tax rate of 28%,
and a lo-year recovery period.

Which is the more economically advantageous depreciation schedule
to use for this investment, the Accelerated Cost Recovery System
(MACRS)or  Straight Line (SL) depreciation? Show how you reached
your decision. ForMACRSuse  8%, 14%. 122, iO%, lo%, 10%. 9%. 9%,
9% and 9%,  for years 1 through 10, respectively.

By inspection we would expect thatMACRSdepreoiation  would be the
preferred method. But the problem asks for some proof,

To answer the question we do not need to perform a complete after-
tax analysis, including all the cash flow information. We only
need to consider the tax savings using either depreciation
schedule. The Net Present Value (Worth) of each would be

9-6 *********w*******************~~~****~*****************~*~**~**

The Tax Act of 1982 permits taxpayers who claim the Investment Tax
Credit (ITC) to either (1) reduce the ITC fraction from 0.10 to
0.08 and depreciate the full first cost or (2) claim the full ITC
of 0.10 but depreciate only the first costless one-half the ITC
(dollar amount) claimed, If a taxpayer, whose Minimum Attractive
Rate of Return is 0.10, was considering the purchase of a
qualitying asset with a 'j-year recovery period, what is the
maximum income tax rate that would make him indifferent between
the two ITC choices above? Use either straight-line depreciation
or the Accelerated Cost Recovery System (MACRS)pereentages,  which
are 1, 15%; 2, 22%: 3, 21%: 4, 21%; 5, 21%.
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One  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 deprec,iation. The answer for MACRS
percentages is also shown.

choice I choice  2
-t: -)Y  5+5 stftjs+x

C&d&3 L-Z
-+-au  51145

b .08FC ,rOFC -.oz  FC

r -5 .2aam .ItCd)CFC-SCOfc) +.o(dFrc

NW =u= -~o2= -hold@ @&,10%,5~

d = 0,520  1-f SL us

d * o, 593 if MACW us&

************************************************************** 9=7
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. The  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 5-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.

******************************************************

%13 NlirllNlWvl  annual aFhr,  hl% cd& -fboJ A TbWd
-tr,  eQrn  15%  is  NW=  0 - -s,oou -t AC%, IS%, IO)  -HWS
A ec +7,r73  far  +I,-*, IO, 0cxause  A’cI-d) ido = A
I&W& A’ is he umual txkm 4ux CA&  fbti and D

=+he CWIU~\  &p&&on , sp&hu~\y I d = . I + U?X.  4@ = .S32
ad D~W,oaO/S =S,m f w r  -tt:l,a~*,5.  S o
A’= tc1,173<~,~5%,to)-.532C0,~)~~,iS%,~))~~,~~~,~O)/(~-.S32~

A’*4,zS2  ad -kt+te  minimcr~ antiuct\  miiipts b&m

-he5  I?’ m u &  b e  A’  = R’  - ~4,ooO  ( RI= ~Lc,oOu +q,zSZ
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9-8 **************i~*i*******li*i*,~*~***************~***

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
deprec iab le  l i f e , while assuming a zero salvage value for
depreciation purposes, The company wants to sell the truck at the
end of year 5. A s s u m e  t h a t  c a p i t a l  g a i n s / l o s s e s  a r e
taxed/refunded at a rate of 28X, and assume that the truck
qualifies for a 105 investment tax credit.

What resale value will yield a 12% after-tax rate of return for
the company?

I*****I**I***w****************~****************~******
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**u***********#*******u**u***~*u****************uu~******~**** 9-9
As an investment, a  l a r g e  p r o f i t a b l e  c o r p o r a t i o n , with an
incremental tax rate of 461, purchased a tract of land with
several buildings for $l,OOO,OOO. 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 10  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?

******~*********i*******~***************u*u*********u*
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940 *******Y***I***************************~****e**#***********~~

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
c o s t  $lOOO/year. If a more corrosion resistant steel were used,
the annual maintenance cost would be only $lOO/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. Ignore 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?
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*********************~**************ff************************ 941
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 181,
which maintenance plan should be chosen?

The analyst computed the solution as:

Equiv Uniform Annual CostA  = $1000
Equiv Uniform Annual CostB  = $5OOO(A/F,lg%,4) = $958.5
Therefore choose Alternative B.

Is it possible the decision would change if income taxes were
considered? Why or why not?
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942 *******************************************************ff*****
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
$ZTi5

This Plus percentage Over
$3400 $7 14% $2300

3400 4400 154 16% 3400
4400 6500 314 18% 4400

********************IwwI***************ff*****************

= 154 3 .tbt500)  1 +234.

943 **********#****I***********#**~******************************
An asset with a five year MACRS * l i f e  w i l l  be  purchased  f o r
$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%,  225, 21%. 215, and 21%  for
years 1 through 5.

0 - 1 0 , 0 0 0 -ro,axD

I z- r,Soo St30 ‘ 2 3 0 1,170
2 z- 2J- -2a3 42 %#2
3 s- 2J100 - 1 0 0 J+b 2,046

Lc z- 2,100 -loo 449 we
S 2aab 2.100 --LB0 443 3.ouh
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********W***************~*~*********~******~**~************** 9-14
Five years ago a lawyer bought an antique car for $50,000 as an
investment. He has just sold the car for $70,000. Thee  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

Over But Not Over
$41,500 $55,300
55,300 81,800 \
81,800

Your Tax Is
Plus Following

This Percentage Over ,,This
$10,319 42% $41,500
16,115 48% 55,300
2 8 , 8 3 5 50% 81,800

(a) HOW much profit did he make on the sale after the required
taxes have bee

?
paid?

(b)  What was the a ter tax rate of return on the investment?

*******~*w**************************~***************~******~*945
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?

****w*****************~*~**********************#******
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946 *************************************************************
A small oil company, in the 50% income tax bracket, bought an oil
we l l  f o r  $l,OOO,OOO. 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 tiompany
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 pan y
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 ?ff-+=-+.aY  cash
years 1, 2, and 3 only. For each ye
depletion method that yields the largest
Fill in the table below.

Percentage cost After-Tax
Year Depletion Depletion C a s h  F l o w

1
2
3

******************************************************



I

#II****I****w***II********~*~*************~*****~************947 ’
F o r  e n g i n e e r i n g  e c o n o m i c  a n a l y s i s  a  c o r p o r a t i o n  u s e s  a n
incremental stat&  income tax rate of 7.4% and an incremental
federal rate of 46%. Calculate the effective tax rate.

w******************I**********#***~*****************&*
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948 *******l****************~*e**********************~***********
A company bought an asset at the begining of 1984 for $100,000.
The company now has an offer to sell the asset for $60,000 at the
end of 1985. For each of the depreciation methods shown below,
determine the capital gain or loss that would be realized for
1985.

Depreciation Depreciable Salvage Capital Capital
Method Life Value* Gain Loss

Straight Line 10 years $ 1,000
Sum-Of-Years Digits 5 25,000
Double Declining Balance 4 0
150% Declining Balance 15 0

*This was assumed for depreciation purposes

*************~*******Y**IYIII*XI*W**IIII*#********~***

+yA*
lSyrrs0
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brrolc Value  lc r~,-- 19,om
caphll  loss = 81 ,oml -60,ooo  * $21,e

*******~**************i*iiiiiy,ii*l*i*******~*******~~**** 949
A corporation’s tax rate is 50%.
considered for a new asset.

An outlay of $35,000 is being
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.

(a) 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?

******w*************iCwrr*r*rr*rrw,ww*in**************

E cwr  pc TA)(.  mc. 5&=.&%  a%T
0 a 35,000
I + iO,OOO 7,006 +3,-O

2 + ro,Oao 7,txxD +3,aoo
3 + 1 0 , 0 0 0 7,0- +3,-
4 4 ro,cwo w= +3,oao
4 3 lO,ou30  7,aao +3,-

r =35,oao
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9=20 ****i*********************~*~*&*******~***~+~**~******~~**~~~
I

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

*******************w**************~*#******~~~*~*****~

I

.

--  --i-
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9-21 **************i******~***s***#*******~**~********************

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

r't.vJ  fhl

$2000.

The MACRS depreciation schedule (3-year  class prope. _I, -“a
equipment placed in service after 1985 is:

Year Recovery Factor
1 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)  of lo%, is the
investment desirable?

Before  Tax MACRS Taxable Income Investment After Tax
Year Cash Flow Depreciation Income Taxes Tax Credit Cash Flow- -

0 -$11,500
1 +4,000
2 +6,000
3 +5,000

+2,00O(Salvage) L

i*w***********&******e********~**********************

Before Tax MACRS Taxable Income Investment After Tax
Year Cash Flow Depreciation Income Taxes Tax Credit Cash Flow- -

,
0 -$11,500 t 690 -fO,BraOO

i1 +4,000 -3,795 +205 -lo2,so +~,a,s9%5;0

2 +6,000 -5,195 +8S -4tl2,so +sp5%7,so
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s -lO,blO +3,097.5omira%,  9
+ 5,587.50  CVF,  ros, 4
+ t3,w+1,3oox p/F, JO%)  31

c +1,156.06  >o :. ?rts,e&  i?c LEcup)able

*I***********W*************~***~*********~*****~********~**** 9-22
A large and profitable company, in the 50% income tax bracket, is
considering the purchase of a new piece of machinery that
qualifies 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 @ACM) 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%.
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9=23 *************i*************II****~******~**s******

An investment of $120,000 is being spent on modifications to the
pasteurization, packaging lines and distribution vans at a large
d a i r y  t o  i n c r e a s e  i t s  p r o d u c t i v i t y . 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 48%,  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.

********************i*I**w+*i*w****************************

k DOB  dqc  5 hi& \hlue.~  = 3 CB& Vulye>
& DpB chaose

1 h5K)”  8>?50 DOB
2 9b5k0*?5&4$&~5 +(%%-@9%+31s’3,321.4  DDB
3 ~(~K-s,3,2.5)=~~~.~~ t;(t4,4~,5-3k)=2,781.25  006
4 ~~3!%-1D,2?!437~+%.Y  &t(t,76S.63-3li)=2,355.l~ 008
5 DVB
6 hk-26,4’?4.3z)~z.,o?&~  &km+31+1,768.56  Do0

7 Q(~U-28,77o.74):f~5~3l  &6,22%25-31$+Vh.  63  SL
&4’+.b3  SL

m-f-  T&xa*)
R.  c&t

0 ‘IZOU -12oK 0

I 32k 10,750 l3,2so 6,so  =,yco 25,*
2 32K 16,!562.5  154Y37.5  7,410 24,590 30,230
3 32K Plg21.87  qo78.13 8,197.5  23J!b2,5 7+,032,5
Y 32K 1qCq1.4 I8,So3.6  8,7#%3  z3,211.87 97,2’&.37



.. ~
Chapter 9 Income Taxes 209:_ . . . . . ..A .I

*******************t*~**~*******************~~******~~******* 9=24
A large and profitable company in the 50X  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 yield benefits of
$15,000 per year. Calculate the After Tax Cash Flow for years 1.
2 and 3 only.
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9=25 ************C*w***********************#*************~*~~***~*

A manufacturing firm purchases a machine in January for $100,000.
The machine has an estimated useful life of 5 years, with an
estimated salvage value of $20,000. The use of the machine should
generate $40,000 before-tax profit each year over its 5-year..-^L-..,  7 2 n-

PART 1. Complete

Before Tax
Year Cash Flow
0

PART 2. Does the

the following table.

Sum of Digits Taxable Taxes After Tax
Depreciation Income at 40% Cash FlowP -

sum of digits depreciation represent a cash
flow?flow?

PART 3.PART 3. Calculate the Before-Tax Rate of Return and the After-Calculate the Before-Tax Rate of Return and the After-
Tax Rate of Return.Tax Rate of Return.

******I*****w**~**#************~~*~**~*~********~****~
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After Tax
Cash Flow

- ~m‘ooo

34,467
32,533
344-
2%,2&J
44,133 -’
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**********w************************************************** 9-26
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 will  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
for year 3, . . . . $7756.64 for year 10). If the equipment is
purchased, PARC will pay $175,000 down and finance the balance
with a 5-year 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 15X,  should
they undertake this expansion?

*****l*************w**********************************

lXpZtidi0n

year*  fwok tirLlt+  faI3peQ  Dtm  Dcprctl  * L i n e

0 315,ooo
I 267,857.14 lof, ~4-2,06 *-Y-

II

2 v?l#  324s3 76, S30+6\
3 ISb,bbl.01 5% b&.72 -

r)- 97, b\s.S0 39,o*z3
S 6spn.os -
6 32+538.53 - 32,530.53
7 0 L 3~530s3

Icam  200,obb  s r 124
.I2A * 2a~,uoo  x I -ct.  IZ.+ = ss,*m.95  - ss,sbo.
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9-27 ************w*************~***************************~******

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
$l!jO/year  is payable at the beginningofthe year. Maintenance
costs are $500/year,  payable at the end of the year,

(a) 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 33% incremental tax
rate), what is his effective monthly payment during the
first year?

( c )  I f  h e  s e l l s  t h e  h o u s e  3  y e a r s  l a t e r  o n  J a n u a r y  1  f o r
$130,000, what additional income tax will he pay that year
due to the sale if he does not reinvest that money? Assume
that 40% of the long term capital gain is taxed at a 33%
incremental tax rate.

**************************#************************~**

ExcuA  So\*  LIshq  txmd  cd\culatw

a) A= C0q-o  - ~,oco)(~/P,  I%, 3t4  0 72,oaO  <o.a020b~  ~+7rcQw
b) Amou&  wed  &er tme  pc

p = 74-O.  60 cp/A, loto,  3’443)  = 74doWb.B655)~71,73~

f4  7ots\  ~tlCiqle  pyment  ;fi Gr* y%aC  = 72,0~~71,7~&4
2.  TtYb\  ivvkes+  p0ycW.n-k  ir\  fid  pr  c I~hfo.60)  -2bl~626

-UW  in tQXClbl&  ifXoW&  0 0,bzbW-OO  r 9,026

r)erreoSe  ir\  incMne taixes  Cof&s+ p?nc=+2b  x 0.33*2,4??q

:a Wedive  monshly  p~lp&~7+~.60-~=  W72.3s

CA  SW 4hC  CL&Ll\ir\q  LL)QS  t&d CL5  *e miwt’s pZr510nc.f\  hunq

he  could  n&de&&-  &pzkt4i’oc\  &-tie  he ouned  ik
LOOcj  Term  capita\  pi s 130,cxe  -Ele,aab  = %o,lrxx>

T&t on cd*1  qain - 0.40c50,600)<0.33>  - Q6&eo

9=28 ********************YI******************s*********************

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% incremental income tax rate. What
is his after taxes rate of return on his investment?

************************************~~*******~********

A+ RoF(  = t\-~+a  mte)(er uot0  = ci-.s+>c&  swi%
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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%. Ignore any investment tax credit.

Item Amount
LifT- 30 years
Investment $75,000
Salvage 15,000
Revenues 26,00O/year
Operating Expenses 13,50O/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? (No  computations

needed. 1
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9*30 **********#*******w******************~~*~~*******************

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. The expenses of manufacturing and selling the
p r o d u c t  w i l l  b e  $ 7 5 3 0  p e r  y e a r . A s s u m e  s t r a i g h t  l i n e
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 tWtUr!l.

*********I***************~**~*~~s****~**~~************

high-k line d-q-h  = ‘GF:  s rso*T-o  of  *10,0a>  PDF

wr &?haes!  l2Elz&m  z3k?iLome
0afbre’t;tc.  slnx’*Lin  lzv47le  44ylume

0 - 150,000 - I50,ou7
l-15 + 24,470 lb,000 I+,470 b,34b t 17)524a

-We  d-he  Ackr  Tax cctsh  Fi -LlildUW@d?-kcfF
d-w0 dr d3ich  VwJ  bf  C!ads  equak  .FW (If TW&k.
tSO,aOa  = 17,5z~L cQ/A, ?‘/o,  15)
<p/A,  ;O/o,  15)  5 ‘50n-17,5*  = 8.  s54
Ft73nl  iM-tsbles,it~~h

***********w********~***********************~**~******************
* *
* A NOTE ON THE RECAPTURE OF DEPRECIATION *
* *
****I********~*****************~*****~***~***~*#***************~*~
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
t.n  fnl low t.hc nrnfassnr’s  armroach  - since he wades  the exams!



EQUIPMENT R TIREMENT
AND REPLACEMENT

************************************************************* 10-l
O n e  o f  t h e  f o u r  o v e n s  a t  a  b a k e r y  i s  b e i n g  c o n s i d e r e d  f o r
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 also summarized in the table.

Old Oven New Oven
Salvage value Maintenance Salvage value Maintenance

Year at- -
0 $20.000

end of year costs at end-c
$ -

If  year costs
$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!6?
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IO=2 ****i**********i********~*******~****************~~******#*~*

me cash flow diagram below indicates the costs associated with a
piece of equipment. The investment cost is $5000 and there is no
salvage. During the first 3 years the equipment is under WarrantY
so there are no maintenance costs. Then the estimated maintenance
costs over 15 years follow the pattern shown. To show you can do
the calculations required to find the most economic useful life,
determine the Equivalent Uniform Annual Cost (EUAC) for  n = 12 if
the Minimum Attractive Rate of Return (MARR)  = 15%. YOU  must  Use
gradient and uniform series factors in your SQlUtioiL

rq11Is0 Is0 1
*850&o w  r

=m&~
w
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*ii*#***#*w*****~*********~***********************~***

EUACI+~~ooo(4f:r5%,,2~~150tf/A,,S~,3)~~,~,,rlS
+ \oo P/4  ,ISOb,  7X%,  IS%,SX~~  ls*/.‘Iz)

ss,oocl  C.tBYS) +,saCIb.7gbX.6’3~)+Icr>clo.19z~LVnZL3(.18’)~
s +r,ro3



. Chapter 10 Equipment Retirement and Replacement 221

************************************************************* IO=3
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.
cc>  Less than ten years but more information is needed to

determine it.

******************************************************

The correct answer is (b).

*********&*************************************************** IO=4
A petroleum company, whose Minimum Attractive Rate of Return is
10%. n e e d s  t o  p a i n t  t h e  v e s s e l s  a n d  p i p e s  i n  i t s  r e f i n e r y
periodically to prevent rust. WTuff-Coat,ti  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?

******************************************************
This replacement problem requires that we solve for a breakeven
point. Let N represent the number of years Tuff-Cost must last.
T h e  e a s i e s t  m e a s u r e  o f  w o r t h  t o  u s e  i n  t h i s  s i t u a t i o n  i s
E q u i v a l e n t  U n i f o r m  C a s h  F l o w  (EUCF), Although more
computationally cumbersome, others could be used and if applied
correctly they would result in the same answer.

Eod I4  s&h  *a4  EUCFrr  =wcFc&

A-ms<%ld,*\~  =%2S<%,6,.\)
d2

WP, Id,  .A = o.r7367 +lam*e I4 * 9 pcs .
TiAs-c6af  feu!& lar_rt- at leasA-  9 pat%. l4uke th&
thb  so\&iO~  impliti-Hy  ClsgutM.5 ihat  ihe j+S iW?d  St,

~~c;oln  bc  4ech~Ob
0
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IO-5 ****************II*****~**~*~********************************
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:

2 1250
3 1500
4 1750
5 2000

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?
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**i**********#***********~*~**#*~**************~******~****** IO=6
Ten years ago, the Cool Chemical Company installed a heat
exchanger in its plant for $10,000. The company is considering
replaoing the heat exchanger because maintenance costs have been
increasing. The estimated maintenance costs for the next 5 years
are as follows:

Year Maintenance
1 $1000
2 1200
3 1400
4 1600
5 1800

Whenever the heat exchanger is replaced. the cost of removal 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 (EUAC) z $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.
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IO=7 ***#*P**#***&****w******~****~****~*******~~**~**************
An engineer is trying to determine the economic life of s 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 EUAC*  o f EUAC of Total
Year cost Capital Recovery Maintenance EUAC

1 $1000
2 2000
3 3 0 0 0
4 4000

5000
i 6000
7 7000
8 8000

*EUAC = Equivalent Uniform Annual Cost

***********i*********irrrr*rrirrrrirr*i***************

Maintenance EUAC of EUAC of Total
Year cost Capital Recovery Maintenance EUAC

1 $1000 $11,  SW I,- I2,9=

2 2 0 0 0 (5,iSl I,- 7+&b

3 3000 4,900 I,4fl &Jz8?

4 4 0 0 0 3,5a3 2,zab w*q

5 5000 2,403 2,723 5,7*

6 6000 2,642 3,097 ym?

7 7000 %rtoy 3,4= 5,854

8 8000 2J2z4 3,701 b,oto

&ut-nrnic  L&Z  = S p (EUAC  s rdnimurn)

ELM &kp+~[ fb.akry  g ‘ro,~@$)  15%)  n)
EU x u?  !+3ir&?W~  ‘&,- 4- ~,-&‘k,  I%,  d
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******i**~**l************~**~*****~*********************~**** W-8
A  m a n u f a c t u r e r  i s  c o n t e m p l a t i n g  t h e  p u r c h a s e  o f  a n  a d d i t i o n a l
f o r k l i f t  t r u c k  t o  i m p r o v e  m a t e r i a l  h a n d l i n g  i n  t h e  p l a n t , He is
considering two popular models, the Convair T6 and the FMC 340.
T h e  r e l e v a n t  f i n a n c i a l  d a t a  a r e  s h o w n  b e l o w .  T h e  m a n u f a c t u r e r
w i l l  u s e  a  5-year  r e c o v e r y  p e r i o d  a n d  t h e  A c c e l e r a t e d  C o s t
Recovery System (ACRS)  percentages:  1st  yr ,  15%': 2nd yr, 22%: 3rd-
5th yr, 21% each year. The manufacturer’s income tax rate is 50%
a n d  h i s  M i n i m u m  A t t r a c t i v e  R a t e  o f  R e t u r n  (MARR)  i s  1 2 %  a f t e r
t a x e s .

F i r s t Salvage Annual Operating
Model c o s t Life ValueI___- E x p e n s e s
Convair T6 $20,000 5 yrs $2000 $8000
FMC 340 29,000 7 - 4000 '4000

ta)  Which model is more economical?
(b)  L i s t  t w o  i  portant  a s s u m p t i o n s  t h a t  a r e  implicit  in  your

rcomputatio  9 i n  ( a ) .

*********i***i*i************~*****~***~*******~*******
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l&Q *i**************is***~*******~~ff*******~ff*****~*~***~********

A rent-a-car 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 estim,ated  to be
$7000.

New cars can be purchased from a local dealer at a cost of $10,000
each. Annual operation and maintenance costs would be $2000, an
economic life of 4 years and no salvage value at that time. They
would be depreciated 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. F o r  t h i s
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.

*******************w**~************~~*#***~**~********

The -kade in w&e , Tf,  is #tat v&e  34 -ha+
EUCFord  s ElKFfth~,  ?te ty&ims,  cua  :
EUCfdd = -7,000 c.c\.s)  + 1,700 c,s*> ~~,7cmc.ssw~ ,z%&=

- f*+WTs  -5,too)~~r~~A/p,12~~,z~Lc
EUCFNe*r  = -lo,ooocA/p,  ,.r%,LcP-  2,oooc  ,rcs)”

+.SS  b,odoCAS)~p/F,  t2%,l)+  lO,oocsC.SB)<~/~,r2a/o,Z)

+ ~~OGC' C.37)d75 r2‘&,3)1’
1’ AT, f%QenSes
2-boprecia*o  +a% awiy. Dopro  *-fs 4,m

b-T&  Scwirtp ~S~~fdep:i~~~&di~~~
Lt’A.T.~irstcosCaf:eachddcacL.~~~eoFBachold~

d- imA%  in aaiA!sd  & e,- - s.ct,zDo~  =4s,\oo.
fi-  I=i&  c o *
da-  A.-r. E)tplmse
7-T&t  saw’qs  ‘r;oM  dllqea&m
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**w**,*I******~**I*w*********~~************~*~~***~********~ IO=10
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
(EOAC)  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.

L i f e  (n) Estimated End-of-Year Estimated Salvage
Years Maintenance if sold in Year n

1 $ o* $10,000
2
3 30:*

9,000
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

IO 3,300 3,000
*warranty period

Remember: Calculate only one EUAC (for n = 8). You are not
expected to actually find themost  economical life.

******************************************************
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1041 **,**I*************w~~***~***********#***~***~*~**~~#*******
The computer system us‘ed for production and administration control
at a large cannery is being considered for replacement. Of the
available replacement systems, Whallenger  In has been considered
the best. However, it is anticipated that after one year, the
WChallenger  II" model will become available, with significant
technological modifications. The salvage value projections for
these three systems are summarized below. Assuming that their
performance would otherwise be comparable, should we replace the
existing system either this year or next year? Assume the MARR
equals 12%.  and a useful life of 5 years on all alternatives.

Salvage Value at the end of the year
Year Existing Computer Challenger I Challenger II
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

****w*******************~*****~*****~*********~***~***

0 P=ZOk

I lbk

2 13K s,7w .9 Yycs, ElJiw=4,Q~~.S
3 I I  K 5+J.7
4 %K 4,Qco.  Y*
5 3c s,o'ls. 8
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.

**********ff~************~~~**~*******************~********** 1042
An existing machine has operating costs of $300 per year and a
salvage value of $100 (for all years). A new replacement machine
would cost $1000 to purchase, and its operating cost over the next
period of t years (not per year) is I4 = 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?
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1043 *****************I****~******~*~******~***a****~*********~**
A truck salesman is quoted as follows:

“Even though our list price has gone up to $42,000, I’ll 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.* 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?

(c) What is the proper first cost to use for the defender in an
after-tax analysis? The corporat
i s  30%

(d) What is the proper first cost to
an after-tax analysis if no investment tax creait 1s taken:

**************************************~***~****~******

A) dFL5m,  The d4!th&  \sh cc& bec#e  tier  i8  days

4~5  CuxTent  ma* valrie,  nd +va&-in  ff b4=kdcce,
b) +~,soo.  Wiih on i&a&d +m,dtz+~  bF +\,~a0  C~po--lq,540)1

-he ned -buck CQr?  be f7lrfChased  %r *4o,ooo.~k,
-the QpfXopfiate vduc  &r  d,  +x&nW+  aw\ys&  is:
*4e,oca  - +I,zaD  = *3qsao

d Sr7,*5*.  ThiZ  A-f&V  d-b I *  u>sk  i s  Me  cum-b Cdkf-kX

b+alueiSit~  sddnotiJ.7heh6e5  am &dWdby

UVl Odic’~~  CJ&  QF  lq,saO  C C M V )  - 12,ooO  CB~).ThOS

E9R.F -nxkc.  -u.esATCF
rq,5oo 7,500 2,2so 17,250

d> %~,SOO. WiihaC+  in iW&hWd -tux  ccsdi+ -he  c33%+h

145‘  d i5 -k&L  SqrfZ as-ttlts  tX?bZ-3ax VulMLTh%fZ

i s  n o  -kkx  ;mgab-.



11
INFLATION

***~I******************************************************~* 114
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. Country B, on the other
hand, has an inflation rate of 231,  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?

(c) 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?

I)
*

x f.
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+k  b?+W&  iS+hm  ~sJ'do~*~*~~.~

bd d@y +I&  yar 4~ I&I+M  in &m-t-y  ~ttib

ha  bs)  hlrw  a+/,,  -rcw;eco7e

L=C3,000

$ = o.a3 i’ = o.ooe -0.oG3  -, mt+J,apJa&
i’s  ? I -c .03

FL a&41$  k&t  fWMe)l  CtWjQtiVe  t?R&iVc?  i&t &
& - 2. i4b%)

11m2 *******************r~*********~*****#*****~*******~~*~*******

The first sewage treatment plant for Athens, Georgia cost about $2
million in 1964. The utilized capacity of the plant was 5 million
gallons/day (mgd). Using the commonly accepted value of 135
gallons/person/day of sewage flow, find the cost per person for
the plant. Adjust the cost to 1984 dollars with inflation at 6%.
What is the annual capital expense per person if the useful life
is 30 years and the value of money is lo%?

******************************~~***~*******~**********

I?+ IWtiOfl  equ;Wl& * 5 ma& s 3 7 , 0 3 7
I’35

cod-  pwcpp;-lYl =#:,y;yw ‘t Ps$.
t

l96‘i  d o l l a r s , F = 5Lc ( f/p,  so/o,  20)

= 5+(3.207)  “*l73.l0
Annual cost-, A s 173.  teC%,  ro%,30)

= 173. I8  c. 1061)  -*ra.s7
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************************************************************* II=3
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.

******************************************************

s 011  -0.04  = 0.0673  ;, t&73%
I+? I.04

XJ  Edlculllte  9, r?s*  Cc4ps&lli3d  COSSI)

ThW@fo’~r~.  , he nd~ fb buy  csbec& 370,000  of \iCL  in%-=

************************************************************* l-I-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 12%. 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?

******************************************************
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114 *****i********R*****,I,II*I********~**~*~******~*~**********~***
-- -

‘Ihe  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?

II=6 ******************w******~*****~**********~******************
On January 1, 1975 the National 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? I f  t h a t  r a t e
contines  to hold for the next 10 years, what National Price Index
can be expected on January 1, 1995?
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***********C***k~*****~*****+I*************~******* 11-7
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 12% 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.

***********WW***********~****~*****~**********~************** II=8
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?
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II-9 *************#******************#******************#*********
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
b e n e f i t s . 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 year.

Construct a table showing before-tax cash flows in current
dollars, and in today’s dollars. The inflation rate is 7%.

*****************#***####**######*#####*##*##*#*#*****

1140 ************#**#%****###**#**###**#**##****####*#*##*#***#**
A project has been analyzed ,assuming  61 inflation and is found to
have a monetary Internal Rate of Return (IRR)  of 22%.  What is the
real IRR for the project?

*****************#***#*####*####*###**###***#*#**####*

Real  SRI?  = c L22)/<r  .oQ  - I = 0,  rsoq or  IS.oq”/O
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**w***#**********~******~*******#~*********~**************** 11=fl
A solar energy book gives values for a solar system as follows:
Initial cost, $6500: Initial fuel savings, $500/year;  Expected
life, 15 years; V a l u e  o f  m o n e y ,  10%;  I n f l a t i o n ,  12%;  a n d
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.

*~**********~*****Y**~*********~*****#**~~************

AnnwI  i zing P : A* Guo  C?)+,  I o”+e,  1s)
= 6,soa C,r3w)  = 6S4.75

I& = (:I.lo)CI+ORS%00,10)~1~1275
pw e&x2&=  054.?sC%,r2.7s%,l5)

= e54*?S~4S47)  =s,sqsJ32
l&q = t+ic s (.I2 = l.0rr)

I+i -KG

=s00c10.850)~  s,42s.66
Tty I I  yedrs  2 FW = 5ooCV4,  I.@%, nl

~~00~12.0+5~=  6,~z23z
*pIa*  payback  = IO.3t/\reafS
************~***I*I***~****~**************************~**~*~ 1142
A company requires a real MARR of 12%. What monetw  MARR should
they use if inflation is expected to be 7%?

~**~I*I***I*************************************~~****

rJlior\etafy  MAUR  * C~d>Ci.07)  -I * o,F?eirC  M r9.04’“/~
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II-13 ************************************************************
sed forAn asset with a three year UOP  * life will be purcha

$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?

* iJOP Depreciation: 29%.  47%‘  and 24% for years 1, 2, and 3.

******************************************************

**Ordinary income. See the note at the end of the Income Tax
chapter.

11=14 ************************************************************
The real interest rate is 4%.
The inflation rate is 8%.
What is the apparent interest rate?

******************************************************

,
a

\’.

I
A
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*******#****#*#*#*##*****##****#*********#*************#****ll,l5
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 (Yr  0) -$10,000
1989 +3r745
1990 +4,007
1991 +4,288
1992 +4,588

***************************#****##**********#*********

w***#******#***#*************#*******#******#*****#*********1146
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?

***************#****************#*********************
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II-17 *r******,***********wr,,*rriY*wYYrrrrrrr****~~*******~**e***
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 capital gain is at the rate of 15% of the gain. What is
t h e  r a t e  o f  r e t u r n  o n  t h e  i n v e s t m e n t  i f  t h e  a l l o w a n c e  f o r
inflation is treated at an average annual rate of 7%?

**w********************~***********************#~****~

= 13,50&-4,soc3  =4,oao
~sw?,otw>  =I,350

= 45C6.353)  * 2 8 5 . 8 9

=1\,864-.12

I+i = w&r$ = 1.21$ f 1,req  ; i~l2.4%
i-k* I.075

1148 **~********#w*******************~**~**********~**#*******~**
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% capital
gains tax on the gain, an annual property tax of 0.85% of the
purchase price, an annual inflation rate of 7X,  and an expected
return of 15% on the investment. What is the indicated maximum
purchase price now?

********************~*****~*~****~**************~*~***
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*~i**~c****************~**~*****e***********************#**~ 1149
Minor Oil Co. owns several gas wells and is negotiating a lo-year
contract to sell the gas from these wells to Major Oil 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.
Minor expects the wells to produce 33,000 MCF the first year and
to decline at the rate of 18% every year thereafter. Minor has
agreed to spend $500,000 now to lay pipelines from each well to
Major's nearby refinery. What should the minimum price be the
first year and what should the escalation rate be if Minor wants
their revenue each year to remain constant (uniform) over the life
of the contract. Assume an end-of-year convention and a Minimum
Attractive Rate of Return (MARR) of 15%.

Les- f- +d dnt’&  t%Caktkwi  m-ha
rhm cI-o.I8xI+f)=r  -f= keep* r42mwec6n~
f= <,!w3) -' * c).ZIQS /pitar

****************Y*************~*~*****~**********~********** lim20
Jack purchases a lot 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?

,i[

F

I 1 5

F=:  4ok  (f/f, 20~/o,S)(~/p,  5%  $1
= 4oK  kL4B8X  1.276)  * 126,988
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11m21 .******#*******************************~********************

A solar system costs $6500 initially and qualifies for a federal
tax credit (40%ofcost, not to exceed $4000). The costo‘fmoney
is lo%, and inflation is 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
a n d  w i l l  i n c r e a s e  i n  r e s p o n s e  t o  i n f l a t i o n , The annual
maintenance cost of the system is estimated at 5% of the
annualized cost of the system. What is the time required for the
payback condition to be reached for this investment?

***********************************~****************~*

Adju&  irirhal  CO&  b/  SQX CO&+: P=:  - LO C6,~bo  + 3,90a
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f%’  of co&s  = 512.8S(~,  8.97%~ 15)
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1+&q = ~~~o;/l.o,  = L ,028
‘.

&“e  I ..-z
ri=y  q yews : ?VV  = soO~%,2.!3%,d

i ‘9,  _ ‘:  : ~ ‘1

= soocm38~  =3,qsfw3 i+  IL.  'i
ry  loyew-  : lw 5 !soo(~/A,2.8%,n~

= sooc8A8~  3 4,308.97
fqt~l&  payback  --9.6  yeas

llm22 **********************~***********~******************~******

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 71, and the value of
money is 12%. If the annual benefit is estimated to be $2500 per
year over current produotion  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 fo ectancy of the
equipment)?

************************************~**~****~*********
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fiat cced*+k  mduus itiE‘tidJ CO&  P+~OCW  X,  %=zT,%o
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I +ic dl+L)(bt.3dx.12)  = 1.1684
if&$& i 3is/7  itime  Sa%  WEdiS  id%

j: 3,735.a  mi,  lb.pl%,  4
= 3,735.81~5.6’74)  = 2\,1q7

I -t ieq -p (14/<i+ L+)
0 r.12A.0’1  = I.0467

fy I\ ye&e : ?~“2,sooCP/A,4.67O/o,n)=21,i96~
I Try  42 years: ?wV  * 2,500  (VA,  ‘k67%, n) t 22,5?f

s?-krpsla+a  plykdc  s Il.aS  Yea#
, + r~urnk~ &and by  i&fpoIc&on

h ************~*********************************~***~********* W23
. The net cost of a solar system for a home is $8000 and it is

e x p e c t e d  t o  l a s t  2 0  y e a r s . I f  t h e  v a l u e  o f  m o n e y  i s  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.

****************l*************************************

.
AvWWo\iz&  PZ A 1 8$00 P?hy  loo/d,  20)

. = 8,000  (. 1175)  -?40
l+iL  =  (I.IO)(I  + .rO x . 3 0 )  5 I.133 %.’

f%t of &a&  s ?@?h,J3.3%,  20)
. = 440 < b.(lOo) c 6,406

I+ilaq = I.\O/l.O8  = 1.018s.
T+ 9 y-a : ?w =slca(f%,  I.es%,n)

i +m c0.2zm  = 6,171

f-y IOyeCrrs  = t+/ =%tOc%,  1.850/a,n)

=quo (q.o53)=6,?‘qo
.

lHwpo\strr,  payt+n&  59.5  v4aK!s e
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II-24 ************************************************************
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
c a p i t a l  g a i n  t a x  i s  13.6% o f  t h e  l o n g  t e r m  c a p i t a l  g a i n .
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 1985?

_I******************************************************

= t.8  •2&,12~~~~.2S2~  =ql.7‘h
Le-t X t Selling price
Long  ixtrvvl  &prful gaiclS fax  = 0.136  l% - 4,0SO)=

=..136%-6sq.40

Adj.  & = 3c  - [.136X  - 6Sq.60  +qi.741
= .8b’kt  +567.86

4150 = 4,sso ( I.zsaa,” = I4,967.54
.0&x  = r4,354.u3

X =S16,b66.31 Se I\ina  PriCe

II-25 ************************************************************
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 $100, then
the price in years 2 through 5 would be $80, $64, $51.20, and
$ 4 0 . 9 6 ) .

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?

******************************************************
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Li&  I?,  be -h& fiUif54  ffW&7U& itI  y&W  I, i-hen *
f@+r’  flWZWf3  IfI yf?iWS  2 -Chc=wjh S iS .8&,  .6+&,

l SI2LR,  , and  .Yo46&. Since  sfre  ara in -Ihen-we*,
<Z,Sao,-xp/A,  0,8jP,d  s f?,Cl.lbrkb)-‘+o.BR,  C~.ta‘tra>-~

+o.6W,C~rW6~5  O.SIZU,(LIW&)I
4 O.‘b96i?,  <.I~lb’+lb)-~

4,f74,E3ao  = 2*32529?,
R1=4jW3,004-  Or P Mli+  pRIce bf “42.04 i n  y r ,  I

*3s,b3  in  yc  2
+26.40  i n  yc3
*2t.s2  i n  ymk
$ 17.22 in ~5

*******************Y************~***~****~****************** I+26
An investment in undeveloped land of $9000 was held for four years
and sold for $21,250. During this time property tax was paid that
was, on the average, 0.4% of the purchase price. In f l a t i on  i n
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?

***~**YI*****I***w*I~~*~~***~~~**~~*~*****~*~******~**

Lm+zwl  txip*&\  p”s kx =0.15212t,~~~~,oQo)**l,0~2
%p. +s⌧ 5 l oarC ⌧ q,ooo = $36/ydar

FW  of prop. -bar s 3&F/A,  iq, 4)
I-+$ G

(
21,2so-1,062 v+ 5

>
1.2115  CM+ estimate)

4,0-
F\hl  oflpv, -ktw r36cFh  j 21  AS%, 41s  216  Cs.47)  = *fq’T
I&&q =

(
21,250 - 1,862 -tst) y4p 1‘2088rc cad dLsih.mptt)

q,ooo
R& cl&&,rq = I.2084 -I  =: 123%

r.o?

&e&k : q,om(l.208~~~=~t4,1~1
prop.  -haA  = 157

L . - T .  cop. gcrin+PW  * r.%2

*2t,zso
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11~27 ,***********wwi**i*************~*********~****~*******~*****
Steve Luckee  has just been informed that he has won $1 million 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 will receive his winnings. He
can either receive the entire amount today. in which case his
combined federal and state income tax rate will soar to 74%. or he
can receive the money in uniform annual payments 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 of 5% in his
decisions.

(a) If Steve estimates that the inflation rate f would be 6%
and his combined 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 = 20X?

(c) If Steve is certain that 6% 5 f (8% and
20%  < d < 40% for the next 20 years, what is the maximum
cost-of errors in estimating f and d?
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1 01 a n d  +k co&-  IS %2,304.  Lf h e  Srrkzs ihe

P- ~pp~encS  t+&ti  he  shar\dn+,  -thevl  co -68 svrdI’
1 ,_ d s.4 ,ad-cl?epary&amti

.6cSOk>t%,  ~l.OS~I.o8~-l,zd  = I&ios,77t,  and
=kk d i s  *SY,223.  T\/ce  w~xivnm cd-  is.
*54,223.

.

L *I****************************#*~**************~****u******* 11~28
1 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 real MARR is 25%.

5 (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

k the bond?
(b)  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?

L *********I%********************~*~*~******************

II

a)h
The  net C&I LOUIS for  bard iti norrlid  dd\srs  aa

I A de+  cash  flows
0 I4 6F.C..

1-e -Go = .obC\,ooo)
. 0 +l,OOO

.I*  h inud  ukt&‘b  B~WI  Q G~Q.(  25”b,  beet
@$pdS  infl&Wl 42-k Ibob  , h i s  r’?owiu?a(  MARK  mu&
be,  cl‘2s~I.I6~-\  “.W,  and +he*e-focla
NIP\/  =o  s EC. t 60  cp/A, ,‘+S,  8) i r,QOd=,  .45>8>
F.C.  = -177

de  &wld  be  dhf  $0 jay  n o  m +hafi $177.

b>

ST* d&&i00  mb Ca fkQtJXW&  iOf It&ion  rata)
its \0% -h&l -b WI MWR  iS C1,25)CO.02)-1  0 -625,
Crnd  ?=a&  s -6crc%i,  .OS,8>  -1,00~3~~~aS,8)  --*l,es1.
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II=29 *i*************i*******~*********~~**~*******~**************
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
d i sposa l  ( t o  the  ex tent  o f  the  deprec ia t i on )  i s  t r ea ted  as
ordinary income.

*The entry (O*)  in the ACRS Depreciation row is a reminder that
the book value is zero at the end of three years,

**Ordinary income. See the note at the end of the Income Tax
chapter,



12
BENEFIT-COST

RATIO

************i********i*r**************~****~*****~**************  12.1

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
0 -415fOOO -$25:000
l-10 +5,310 +7  *  900

If interest is 12%.  which alternative should the engineer select?
Assume no salvage value. Use Incremental benefit/cost analysis.
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1282 *************+***********~*~*~*********s*e**************~****

With interest at 105, what is the benefit-cost ratio for this
government project?

Initial cost $200) 000
Additional costs at end of years 1 b 2 3O,OOO/yr
Benefits at end of years 1 & 2 0
Annual benefits at end of years 3-10 9O,OOO/yr

*********,*********i**~~**~*~*~*********************~*

40k

TTTrTTT0 r 4 6 6 10

Sk

V
2-k

ml cos+o zcc3K  t3me%,roOJ4,2)
= 200Y +  3ok  <  1 , 7 3 6 )  = 252,000,

fw -fib e ~Ok~~,loo/o,~)(~~, lO%)Z)

= ‘Zok&.335~.882&>  = 396,800.
0/c c- ‘346$?00/252,aeo  = I*  574

1213 ********************~*~***********~*****~***********~**~#***~

A van is bought for $15,000 in Year OI It 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 5 years.
Ignoring income taxes, compute the Benefit/Cost ratio if 1 = 10%.

*****~*********Y***********~********************~*****

1
AS 425

~

fw3 s 2s,ooDcpIA,  IO%,S>  ws,400c3.791~

0 I = 34,775.

-15
Fwc * 2o,aod%, l%,S) + 15,oas

A*-*0
p 2o,ooo~s.l~~)  +s+o  =*qo,mo
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A tax exemptmunicipalityis considering the construction of an
impoundment 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 recommend 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

l-75 +2,OOO,OOO/yr +3,OOO,OOO/yr

Which should you recommend?

*****ww******************~***~************~***********

Ra+)bke j?due ;&rrin
f&&w~ = 2w10b&4~6%,75)

wO$f=+
IS* IO6 a7rroC ,*

L z,r4 71 aJ 1.03  7 1 aa

Yf3 0%t?c 40 = I x 10b(%, &%, 75)
0 -I?,txw,cy1D 2z 12

I-75 + 1,69o,ocu3 = 1.37 7 1
l : C.ho&~ hi$hW  CWk Ql+?Pdiv~,  WUe  Bdsir7

*********************rrrrrrirrw,*rrrriww*******************ff* 12=5
Two economists are arguing about the best way to rank projects
under a capital constraint. One thinks the best way to do it is
by NPW/PWof  Cost. The other thinks the best way is to use B/C.
Prove that both are essentially using the same technique.

*******w*************~**~***********~*~*************** J'
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12-6 *********************~****************~****#~*****~***~~***~*
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
%=

Useful Life
A $48,000 $13,000 6 yrs
B 40,000 12,000 0 6

****YI******************~**********~###*#*****~*******

af-fwvla-t-rve  Se \

12~7 ****************Pi**********~**~*~~****~*********************
Given four mutually exclusive alternatives, each with a useful
life of 20 years and no salvage value. Which alternative should
be selected?

PW  of Costs
PW of Benefits 6,480 11,250 5,700 4,700
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(a) The state engineer estimates that the cost of a canal is $680
million. The legislative analyst estimates the equivalent
uniform annual cost of the investment for the canal to be
$20.4 million. If the analyst expects the canal to last
indefinitely, what interest rate is he using to compute the
Equivalent Uniform Annual Cost (EUAC)?

(b) If the canal lasts only 50 years, what interest rate will the
analyst be assuming if he believes the EUACto be the same
$20.4 million?

,I

”  -

*
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12=9 l************i******************~****************************
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:

Truck A Truck B
First cost $50 V 000 $60,000
Maintenance 5,00O/year 4,00O/year
Useful life 7 years 7 years
Salvage 6,000 6,000
Reduction in
fire damage 20,00O/year 21,UOO/year

(a) 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
considered? Assume maintenance costs, salvage and fire
damage are responsive to inflation.

(cl Is it possible the decision would change if the interest
rate were lower? Why or why not?
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**,*l*********~*i****e****~**~~***********e******ff**ff**&**** 1240
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 I3 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

If the company’s MARR is 10%.  which alternative should be selected
for a ten-year useful life analysis period. Use benefit/cost
ratio analysis.

*****~****~******W*******~******~*****~***************
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= EclA& 37,000 ,I.047  cd
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=- AlI arorlomically  attiPctve
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12-11 ************************************************************
A firm is deciding a purchase between two machines.

Machine cost Annual Savings Useful Life
X $1000 $ 3 0 0 5 yrs
Y 1200 3 2 5 5 0

With an assumed interest rate of 12%, which machine should be
purchased based upon Benefit-Cost Analysis?

******************************************************

ti Lbencc;tS>  is 32S<%,iZ‘$o,S>  =325(3,605bI,1li.63
V/c  rat;a  = ““““‘~Z00  = -4763

W&d MachiflQ X

1242 ************************************************************
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.

******************************************************

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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OTHER PROBLEMS .

****Y**********w***ff******~*************~*~*****~*****~****** 13-l
A small surveying company identifies its available independent
alternatives as follows:

Alternative Initial Cost Rate of Return
A. Repair existing equipment $1000 3 0 %
B. Buy EDM instrument 2500 9%
c . Buy a new printer 3000 11%
D . Buy equipment for an

additional crew 3000 15%
E. Buy programmable calculator 500 2 5 %

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) If he can borrow money at 10X, how much should be borrowed?

.
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13=2 ***************i******~******~~****#*~*******~~****&*********
i

The capital structure of a firm is given below.

Source of Percent of Interest
Capital Capitalization Rate

Loans 3 5 % 1 7 %
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?

**~**************w************~*******~***~~**~*******

*

-

* i

,

.

13=3 w*******i*ww****#***wwrw+rwrwrruw*rr)rw*~*~**~~*#~~~~~~*#*~~*

A local finance company will loan $10,000 to a homeowner. It i s
to be repaid in 2-l/2 years by making monthly payments of $500
each. What is the

(a)  monthly interest rate?
(b)  nominal interest rate?
(c) effective interest rate?

~*******Y****************~******~****************~**** d
Ca Q=A(,P/A,~%,~~)

~o,ooo  =soa  &k,  &,a& I(

-frici\  + Ernx  solut3ion  = 1
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*,****w****w*l*ii*******~*********************************~** 13-4
A  s m a l l  c o n s t r u c t i o n  c o m p a n y  i d e n t i f i e s  t h e  f o l l o w i n g
alternatives which are independent, except where noted.

Incremental on
Alternative fnitial  Cost Rate of Return Investment Over

1. Repair bulldozer $ 5,000 30s 0
2. Replace backhoe

With Model A 20) 000 1 5 % 0
With Model B 25,000 10.56 2A

3. Buy new dump truck
Model  X 20,000 2016
Model Y ~30,000 14% 3::

4, Buy computer
Model K __ 5,000 121 0
Model L 10,000 9.5% 4K

(a) 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) If the company can also borrow money at 10%. how much
should be borrowed, and which alternatives should be
selected?
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134 ***********#****i**#*~***~~*************~****~***~***#*~*****

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 5 0 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)  Which investments should be selected if MARR is greater than
or equal to 14% and the available budget is $400?

(c) What is the opportunity cost of capital in Part (b)?

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

1 0 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?

I*#****
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#************************************************************ 13.7
A city engineer caloulated  the present worth of benefits and costs
of a number of possible projects, based on 10% interest cost and a
10 year analysis period.

Costs and Benefits in 10001s (

Project: A B C D E F G
Present Worth of Costs 75 70 50 35 60 25 70
Present Worth of Benefits 105 95 63 55 76 32 100

If 10% is a satisfactory Minimum Attractive Rate of Return (MARR),
which project(s) should be selected if $180,000 is available for
expenditure?

********************************#*********************

************************************************************* 13=8
How much would you pay now for an insurance policy protecting you
against a one in twenty chance of losing $10,000 three years from
now if i = 10X?

******************************************************

.  ”

.

,

v

I
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13=9 *************************************************************
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)“2

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 kilogram,
while the filtration system itself has no resale value.

Using a before-tax Minimum Attractive Rate of Return (i
lo%, find the optimal amount of the chemical that should be
purchased by the Rower plant.

******************************************************

L&k71  : no.  of kilagrums  of chu*rfcclb pkr&m!d

tie+ Awual  bst Lx) =

+W uwk  uf po((vt[hn  a- devid!.~ Cb/pl  t%,20>
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- CSalkbp  vaiue  aF3rcmk4\X4k,IO"~,20)
-(mnua\ su(e  value efs4phu.d

F(&  Anrtwl  Ccsf  ti>  * CS,OOO,CO$~<  lO%,,za)*<t,~~~,l&,~
-cmX+F,,o%,yo)  -cmlc(-w)
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5 minimize  CO&  difb&a*  hi-146  C,C%)  and sa?b  * o
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% 3 l l%57,9gl>“~  14.094~97
check  k mu.  or  m i n .  drhlACCx) = v,soo  po -f’sti>o

d&c* 63

****~*I***(I******~*******~**********#******~~~*ff*************~311~
/

How many positive rates of return does
have?

Year Cash Flow
0 -$50,000

1 +25,000
2 +25,000

z -50,oo:
5 +25,000
6 +25,000
7 +25,000

t h e follow cash flow

,

5
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1341 **************w*********************************************
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?

*******i********~*************************************

1342 **I**************~*#*~***************************~**********
If t h e  q u a r t e r l y  e f f e c t i v e  i n t e r e s t  r a t e  i s  5-l/2%,  w i t h
continuous compounding, what is the nominal interest rate?



Compound Interest Tables

Discrete End-Of-Period Compounding

Tables for:

92% 22% ?4% 1% 194% 1 l/z%

13/s%  2% 2v2%  3% 31/i%  4%

4’/2% 5% 6% 7% 8% 9%

1 0 % 1 2 % 1 5 % 1 8 % 20% 25%

30% 35% 40% 45% 50% 60%

Values Of Interest Factors
When N Equals Infinity

Single Payment:

(F/P*i,Q))  = w
(P/F&=) =  0

Aritbmetic Gradient Series:

(A/G,i,m)  = l/i
(P/G,@)  = l/i2

Uniform Payment Series:

(A/F,@) = 0
(A/P,&@)  = i
(F/A&m)  = 00
(P/A,ip)  = l/i

?#

265
.

rL



l/4% Compound Interest Factors

Single Payment

Compound Present
Amount Worth

266

1.003 .99x
1.005 .9950
1.008 .9925
1.010 .9901
1.013 .9876

1.015 .9851
1.018 .9827
1.020 .9802
1.023 .9778
1.025 .9753

1.028 .9729
1.030 .9705
1.033 .9681
1.036 .9656
1.038 .9632

1.041 .9608
1.043 .9584
1.046 .9561
1.049 .9537
1.051 .9513

1.054 .9489
1.056 .9465
1.059 .9442
1.062 .9418
1.064 .9395

1.067 .9371 .0373
1.070 .9348 .0358
1.072 .9325 .0345
1.075 .9301 .0333
1.078 .9278 .0321

1.094 .9140
1.105 .9049
1.127 .8871
1.133 .8826
1.139 .8782

1.162 .8609
1.191 .8396
1.197 .8355
1.221 .8189
1.233 .8108

1.252 .7987
1.271 .7869
1.284 .7790
1.297 .7713
1.349 .7411

1.821 .5492
2.457 .4070
3.315 .3016

1.0000
.4994
.3325
.2491
.1990

.1656

.1418

.1239

.llOO

.0989

.0898

.0822

.0758

.0703

.0655

.0613

.0577

.0544

.0515

.0488

.0464

.0443

.0423

.0405

.0388

.0266

.0238

.0196

.0188

.0180

.0155

.0131

.0127

.0113

.0107

.00992
.00923
.00881
.00843
.00716

.00305

.00172

.00108

1.0025 0.998.5019 :tE
3:008

1.993 t.504 01.005 :
.3350 2.985 1.005 2.999
.2516 4.015 3.975 1.501 5.966 :
.2015 5.025 4.963 1.998 9.916 5

.1681 6.038 5.948 2.498 14.861.1443 7.053 6.931 2.995 20.755 !I

.1264 8.070 7.911 3.490 27.611.1125 9.091 8.889 3.987 35.440 !i

.1014 10.113 9.864 4.483 44.216 1 0

.0923 11.139 10.837 4.978 53.950.0847 12.167 11.807 5.474 64.634 :;

.0783 13.197 12.775 5.968 76.244 1 3

.0728 14.230 13.741 2% 88.826.0680 15.266 14.704 102.301 :5

.0638 16.304 15.665 7.451 116.716.0602 17.344 16.624 7.944 132.063 :4

.0569 18.388 17.580 8.437 148.319 1 8

.0540 19.434 18.533 8.929 165.492.0513 20.482 19.485 9.421 183.559 :i

.0489 21.534 20.434 9.912 202.531.0468 22.587 21.380 10.404 222.435 2

.0448 23.644 22.324 10.894 243.212.0430 24.703 23.266 11.384 264.854 3:

.0413 25.765 24.206 11.874 287.407 2 5.

.0398 26.829 25.143 12.363 310.848.0383 27.896 26.078 12.852 335.150 ;t
.0370 28.966 27.010 13.341 360.343
.0358 30.038 27.940 13.828 386.366 ;s
.0346 31.114 28.868 14.317 413.302 3 0

.0291 37.621 34.387 17.234 592.632

.0263  .-  4 2 . 0 1 4  3 8 . 0 2 0 19.171 728.882

.0221 50.932 45.179 23.025 1 040.22

.0213 53.189 46.947 23.984 1 125.96

.0205 55.458 48.705 24.941 1 214.76

.0180 64.647 55.653 28.155 1 600.31

.0156 76.395 64.144 33.485 2 147.87

.0152 78.780 65.817 34.426 2 265.81

.0138 88.440 72.427 38.173 2 764.74

.0132 93.343 75.682 40.037 3 030.06

.0124 100.789 80.504 42.820 3 447.19.0117 108.349 85.255 45.588 3 886.62 z

.0113 113.451 88.383 47.425 4 191.60 1 0 0

.0109 118.605 91.480 49.256 4 505.93.00966 139.743 103.563 56.512 5 852.52 ::

i

,

,

4

a0555 328.306 180.312 107.590 1 9 399.15.00422 582.745 237.191 152.89;2 3 6 264.96 iii
.00358 926.074 279.343 192.673 5 3 821.93 480

I
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Compound Interest Factors

n-

4
f

1 0

21
22

ii
25

26

ii
29
3 0

60

;i
80
84

90
96

::
120

240

iii

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 FFind 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
F/P P/F AiF A/P F/A PIA A/G P/G  n

1.005 .9950 1.0000 1.0050
1.010 .9901 .4988 .5038
1.015 $851 .3317 .3367
1.020 .9802 .2481 .2531
1.025 .9754 .1980 .2030

i.499
0.996

1.000 0.995
2.005 1.985
3.015 2.970
4.030 3.951
5.050 4.926

6.076 5.896
7.106 6.862
8.141 7.823
9.182 8.779

10.228 9.730

11.279 10.677
12.336 11.619
13.397 12.556
14.464 13.489
15.537 14.417

1.494
1.990

1.030
1.036
1.041
1.046
1.051

.9705

.9657

.9561

.9513

.1646 .1696
.1407 .1457
.1228 .1278
.1089 .1139
.0978 .1028

2.486 14.660 6
2.980 20.448
3.474 27.178 ;
3.967 34.825 9
4.459 43.389 10

1.056 .9466 .0887 .0937
1.062 .9419 .0811 .0861
1.067 .9372 .0746 .0796
1.072 .9326 .0691 .0741
1.078 .9279 .0644 .0694

4.950 52.855
5.441 63.218 ::
5.931 74.465
6.419 86.590 ::
6.907 99.574 15

1.083 .9233
1.088 .9187
1.094 .9141
1.099 .!I096
1.105 .9051

a602 .0652
.0615
.0582
.0553
.0527

16.614 15.340 7.394 113.427
17.697 16.259 7.880 128.125 :t
18.786 17.173 8.366 143.668
19.880 18.082 8.850 160.037 :t
20.979 18.987 9.334 177.237 20

1.110 .9006
1.116 .8961
1.122 .8916
1.127 .8872
1.133 .8828

.0503 22.084 19.888 9.817 195.245 21

.0481 23.194 20.784 10.300 214.070 22

.0461 24.310 21.676 10.781 233.680 23

.0443 25.432 22.563 11 .261 254.088 24

.0427 26.559 23.446 11 .741 275.273 25

1.138

.8784
1.144 .8740
1.150 .8697
1.156 .8653
1.161 .8610

.0334

.0321

.0310

St411 27.692 24.324 12.220 297.233 26
.0397 28.830 25.198 12.698 319.955 27
.0384 29.975 26.068 13.175 343.439 28
.0371 31.124 26.933 13.651 367.672 29
.0360 32.280 27.794 14.127 392.640 30

1.197 .8356 .0254 .0304 39.336 32.871 16.962
1.221 .8191 .0226 .0276 44.159 36.172 18.836
1.270 .7871 .0185 .0235 54.098 42.580 22.544
1.283 .7793 .0177 .0227 56.645 44.143 23.463
1.2% .7716 .0169 .0219 59.218 45.690 24.378

1.349 .7414 .0143 .0193 69.770 51.726 28.007
1.418 .7053 .0120 .0170 83.566 58.939 32.468
1.432 .6983 .0116 .0166 86.409 60.340 33.351
1.490 .6710 .0102 .0152 98.068 65.802 36.848
1.520 .6577 .00961 .0146 104.074 68.453 38.576

1.567 .6383 .00883 .0138 113.311 72.331 41.145
1.614 .6195 .00814 .0131 122.829 76.095 43.685
1.647 .a73 .00773 .0127 129.334 78.543 45.361
1.680 .5953 .00735 .0124 135.970 80.942 47.025
1.819 .5496 .00610 .Olll 163.880 90.074 53.551

3.310 .3021
6.023 .1660

10.957 .0913
:E%
.00050

.00716

21959
i

5.903 :
9.803 5

557.564 36
681.341 40
959.928 48

1 035.70
1 113.82 2

1 448.65 60
1 913.65
2 012.35 ;;
2424.65 80
2640.67 8 4

2 976.08 90
3 324.19
3 562.80 iii
3 806.29 104
4 823.52 120

13 415.56 240
21403.32 360
27 588.37 480
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Compound Interest Factors

: 1.008 1.015

: 1.023 1.030
5 1.038

.9926 1.oooo 1.0075 Ez 0.993.9852 .4981 .5056
3:023

1.978 i499
.9778 .3308 .3383 2.956 0:996

8987
2:943

i
3

.9706 .2472 .2547 4.045 3.926 1.492 5.857 4

.9633 .I970 .2045 5.076 4.889 1.986 9.712 5

.9562 .1636 .1711 6.114 5.846 2.479 14.494 64 : Ei
B

1:062
1.070

1 0 1.078

.9490 .1397 .1472 7.160 6.795 2.971 2 0 . 1 8 7  7

.9420 .I218 .1293 8.213 7.737 3.462 2 6 . 7 8 5  8

.9350 .1078 .1153 9.275 8.672 3.951 3 4 . 2 6 5  9

.9280 .0967 .I042 10.344 9.600 4.440 42.619 10

.9211
.9142
.9074
.9007
.8940

11.422
12.508
13.602

10.521 4.927 51.831 11
11.435 5.412 61.889 12
12.342 5.897 72.779 13
13.243 6.380 84.491 14
14.137 6.862 97.005 15

14.704
15.814

.8873

.8807

.8742

.8676

.8612

.0876 AI951

.0800 .0875

.0735 .0810
Al680 * .0755
.0632 .0707

.0591 .0666

.0554 .0629

.0521 .0596
a492 .0567
.0465 .0540

16.932 15.024
18.059 15.905
19.195 16.779
20.339 17.647
21.491 18.508

7.343 110.318 16
7.822 124.410 17
8.300 139.273 18
8.777 154.891 19
9.253 171.254 20

.8548

.8484

.8421

.8358

.8296

&Ml .0516 22.653 19.363
a420 AM95 23.823 20.211

:%i xl475 .0457 25.001 26.189 21.053 21.889
.0365 .0440 27.385 22.719

9.727 188.352 21
10.201 206.170 22
10.673 224.695 23
11.143 243.924 2.4
11.613 263.834 25

23.542 12.081
24.360 12.548

.8234 .0350 .0425 28.591
.8173 .0336 .0411 29.805
.8112 .0322 .0397 31.029
.8052 .0310 .0385 32.261
.7992 .0298 .0373 33.503

25.171 13.014
25.976 13.479
26.775 13.942

284.421 26
305.672 27
327.576 28
350.122 29
373.302 30

.7641 .0243 .0318 41.153 31.447 16.696

.7416 .0215 .0290 46.447 34.447 18.507

.6986 .0174 .0249 57.521 40.185 22.070
.6882 .0166 .0241 60.395 41.567 22.949
.6780 .0158 .0233 63.312 42.928 23.822

%!Z
886:899

E
48

953.911 so
1 022.64 52

.6387 .0133 .0208 75‘425 48.174 27.268 1 313.59 60
s927 .0109 .0184 91.621 54.305 31.465 1 708.68 70
.5839 .OlOS .0180 95.008 55.477 32.289 1791.33 72
.5500 .00917 .0167 109.074 59.995 35.540 2 132.23 80
.5338 .00859 .0161 116.428 62.154 37.137 2 308.22 84

.5104 JO782 .0153 127.881 65.275 39.496 2 578.09 98

.4881 .00715 .0147 139.858 68.259 41.812 2 854.04 %
.4737 a0675 .0143 148.147 70.175 43.332 3 040.85 100
.4597 .00638 .0139 156.687 72.035 44.834 3 229.60 104
A079 .00517 .0127 193.517 78.942 50.653 3 998.68 120

.1664 .cn3150  IlO 667.901 111.145

.0679 .00055  .00805 1 830.8 124.282

.0277 .00021 a0771 4 681.5 129.641

85.422

:Ei:

9494.26 248
13 312.50 360
15 513.16 480

:jl 1086 1’094
13 1:102

if 1.110 1.119

1 6 1.127

:i 1.135 1.144

f : 1.153 1.161

ii 1.170 1.179

z 1.188 1.196
25 1.205

26 1.214

E 1.224 1.233

i: 1.242 1.251

2 i*%48 1:431

z; 1.453 1.475

E 1.566 1.687

2 1.713 1.818
84 1.873

z 2.049 1.959

E 2.111 2.175
1 2 0 2 . 4 5  1

E 1:E
480 36:lll
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1 % Compound Interest Factors 1 %

: 1.010 1.020

3 4.030 1.041
5 1.051

6 1.062

;: 1.072 I .083

1: 1 . 0 9 4  1 . 1 0 5

:: 1.116 1.127
:: 1.149 1.138

1 5 1.161

:; 1.173 1.184
18 1.196

;z 1.208 1.220

I f 1.232 1.245
23 1.257

ii 1.270 1.282

;4 1.295 1.308

3; 1 . 3 2 1  1 . 3 3 5
30 1.348

it 1.431 1.489

2 1.612 1.645
52 1.678

z 1.817

2 f% 2:217
84 2.307

E 2.449 2.599
loo 2.705
1 0 4 2.815
120 3.300

z
10.893
35.950

480 118.648

.9901

.9803

.9706

.9610

.9515

.9420

.9327

.9235

.9143

.9053

.8%3

.8874

.8787

.8700

.8613

.8528
.8444
.8360
.8277
,819s

.8114

.8034

.7954

.7876
,7798

.7720

.7644
.7568
-7493
.7419

l.ooc4i 1.0100
.49x so75
,330O .3400
.2463 .2563
.I960 .2060

.I625 .I725

.I386 .I486
,I207 * 1307
.I067 .I~167
.0956 .I056

.0865 a965

.0788 .0888

.0724 .0824

.0669 -0769

.062 1 .072 1

.0579 .0679

.0543 .0643

.0510 .0610

.0481 .0581

.0454 .0554

a430 .0530
.0409 .0509
.0389 .0489
.0371 .0471
.0354 .0454

.0339 a39
.0324 .0424
.0311 a411
.0299 .0399
.0287 .0387

.6989 .0232 .0332

.6717 .0205 .0305

.6203 .0163 .0263
A080 .0155 .0255
.5961 .0148 .0248

.5504

.4983
x4885
.4511
.4335

A084
.3847
.3697
.3553
.3030

.0122 .0222

.00993 .0199
al955 .Ol%
Lb0822 .0182
.00765 .0177

.00690 .0169

.00625 .0163

.00587 .0159

.00551 .0155

.0043.5 .0143

.0918 .OOlOl .OllO 989.254 90.819 75.739

.0278 BOO29 .0103 3 495.0 97.218 89.699

.00843 .00008 .OlOl 11 764.8 99.157 95.920

l.ooO 0.990 0
2.010 I .970 0.498
3.030 2.941 0.993
4.060 3.902 1.488
5.101 4.853 1.980

6.152 5.795
7.214 6.728
8.286 7.652
9.369 8.566

10.462 9.471

2.471

32%.
3:934
4.418

11.567
12.682
13.809
14.947
16.097

17.258
18.430
19.615
20.811
22.019

23.239
24.472
25.716
26.973
28.243

29.526
30.821
32.129
33.450
34.785

43.077
48.81
61.223
64.463
67.769

81.670 44.955 26.533
100.676 50.168 30.470
104.710 51.150 31.239
121.671 54.888 34.249
130.672 56.648 35.717

144.863 59.161 37.872
159.927 61.528 39.973
170.481 63.029 41.343
181.464 64.471 42.688
230.039 69.701 47.835

10.368 4.900
11.255 5.381
12.134 5.861
13.004 6.338
13.865 6.814

14.718 7.289
15.562 7.761
16.398 8.232
17.226 8.702
18.046 9.169

18.857 9.635
19.660 10.100
20.456 10.563
21.243 11.024
22.023 11.483

22.795 11.941
23.560 12.397
24.316 12.852
25.066 13.304
25.808 13.756

30.107 16.428
32.835 18.178
37.974 21.598
39.196 22.436
40.394 23.269

z.980 :
2.921
5.804 :
9.610 5

14.320 6
19.917
26.381 ;:
33.695
41.843 1:

50.806 11
60.568 12
71.112 13
82.422 14
94.481 15

107.273
120.783
134.995
149.895
165.465

181.694
198.565
216.065
234.179
252.892

2
23
24
2 5

272.195 26
292.069 27
312.504 58
333.486 29
355.001 30

494.620 36
596.854 40
820.144 48
879.417 50
939.916 52

1 192.801 528.64 E
1 597.86 72
1 879.87
2 023.31 ii

2 240.562 459.42 2
2 605.77
2 752.17 E
3 334.11 1 2 0

6 878.59 240
8 720.43 360
9511.15 480

a
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1 l/4% Compound Interest Factors

I I Single Payment 1 Uniform Payment Series Arithmetic Gradient I
Compound

Amount
Pieoyht Sinking Capi ta l C o m p o u n d  ;oxgt  t;fIiz  Ggznyt

Amount
Factor Factor

F u n d  R~~ec;ry
Factor Factor Factor Series W o r t h

Find F Find P Find A Find  A Find F Find P F i n d  A Find P

n “i,v7”pP
Give;,  Givv;F Givv;P

“%i  A
“ivv;” G;vGG GzGG

n

f 1 . 0 2 5  1 . 0 1 3

: 1 . 0 3 8  1 . 0 5 1
5 1.064

: 1.077 1.091
ii 1 . 1 1 8  1 . 1 0 4

1 0 1.132

1 1 1.146
:i 1.161

1 . 1 7 5
1 4 1.190
1 5 1 . 2 0 5

16 1 ‘ 2 2 0

:; 1 . 2 3 5  1 . 2 5 1

2 1 . 2 6 6  1 . 2 8 2

2
23
24
2s

1 . 2 9 8
1.314
1 . 3 3 1
1.347
1.364

26 1 . 3 8 1
27 1.399

E
1.416
1.434

30 1.452

1564
2 1’644
48 1:815

E
1 . 8 6 1
1.908

60 2.107

2
2.386
2.446

80 2.701
84 2.839

2 3 . 0 5 9  3 . 2 9 6

:z 3 . 4 6 3  3 . 6 4 0
1 2 0 4.440

z
19.716
87.543

480 388.713

.9877 1.0000 1 . 0 1 2 5

.9755 .4969 .5OP4

.9634 .3292 .3417

.9515 .2454 .2579
.9398 .1951 -2076

Et
3:038
4.076
5.127

0.988
1 . 9 6 3
2.927
3.878
4.818

:497
0:992
1 . 4 8 5
1.976

z.976

5%i
9:SlS

.9282 .1615 ,174O 6.191 5.746 2.464 1 4 . 1 6 0
.9167 .1376 .1501 7.268 6.663 2 . 9 5 1 1 9 . 6 6 0
.PO54 .1196 .1321 8.359 7.568 3.435 25.998
.8942 .1057 .1182 9.463 8.462 31918 33.152
.8832 .0945 .1070 10.582 9.346 4.398 41.101

.8723 .0854 BP79 11.714 10.218 4.876 49.825

.8615 .0778 .0903 12.860 1 1 . 0 7 9 5.352 59.302

.85OP .0713 .0838 1 4 . 0 2 1 11.930 5.827 69.513

.8404 .0658 .0783 15.196 12.771 6.299 80.438

.8300 .0610 .0735 16.386 13.601 6.769 92.058

.8197 .0568 xl693 1 7 . 5 9 1 14.420 7.237 104.355

.8096 .0532 .0657 1 8 . 8 1 1 15.230 7.702 1 1 7 . 3 0 9

.7996 .0499 .0624 20.046 1 6 . 0 3 0 8.166 1 3 0 . 9 0 3

.7898 .0470 .0595 21.297 16.819 8.628 1 4 5 . 1 1 9

.7800 .0443 .0568 22.563 17.599 9.088 1 5 9 . 9 4 0

.0419 .0544 23.845 18.370 9.545 1 7 5 . 3 4 8

.0398 -0523 25.143 19.131 10.001 1 9 1 . 3 2 7

.0378 .0503 26.458 1 9 . 8 8 2 1 0 . 4 5 5 207.859

.0360 .0485 27.788 20.624 10.906 224.930

.0343 .0468 29.136 21.357 1 1 . 3 5 5 242.523

.7515

.7422

.7330

.I240 .0328 .0453 30.500 2 2 . 0 8 1 1 1 . 8 0 3 260.623

.7150 .0314 Al439 31.881 22.7% 1 2 . 2 4 8 279.215

.7062 ,030O .0425 33.280 23.503 1 2 . 6 9 1 298.284

.6975 .0288 .0413 34.696 24.200 13.133 317.814

.6889 .0277 .0402 36.129 24.889 13.572 337.792

A084
.5509
s373
.5242

.0222 .0347 45.116 28.847 16.164 466.297

.0194 .0319 51.490 31.327 17.852 559.247

.0153 .0278 65.229 35.932 21.130 759.248

.0145 .0270 68.882 37.013 21.930 811.692

.0138 .0263 72.628 38.068 22.722 864.960

.4746

.4191
A088
.3702
.3522

90238 88.575 42.035 25.809
0215 110.873 46.470 29.492
.0211 115.675 47.293 30.205
.0198 136.120 50.387 32.983
.0193 147.130 51.822 34.326

t %z
1 428:48
1 661.89
1 778.86

.326P .00607 .0186 164.706 53.846 36.286 1953.85

.3034 Lo545 .0179 183.643 55.725 38.180 2 127.55

.2887 .00507 a0176 197.074 56.901 39.406 2 242.26

.2747 .00474 .0172 211.190 58.021 40.604 2 355.90

.2252 .00363 .0161 275.220 61.983 45.119 2 796.59

.0507 BOO67 .0132 1 497.3 75.942 67.177

.0114 .00014 .0126 6 923.4 79.086 75.840

.00257 .OOoO3 .0125 31 017.1 79.794 78.762
: K:
6 284:74

270



192% Compound Interest Factors

Single Payment 1 Uniform Payment Series 1 Arithmetic Gradient
Compound

Amount
Foyht  Sinking Capital

Fund Recovery
Compound Resent

Amount worth
Factor Factor Factor Factor Factor Factor
Find F Find P Find A Find A Find F Find P

Given  P Given F Given F Given P Given A Given  A
F/P P/F 1 A/F A/P F/A PIA A/G P/G  1 n

1.015 .9852 1.0000 1.0150
1.030 .9707 .4963 s113
1.046 .9563 .3284 .3434
1.061 .9422 .2444 .2594
1.077 .9283 .1941 .2091

1.093 .9145 .I605 ,175s
1.110 9010 .1366 -1516
1.126 .8877 .1186 .1336
1.143 .8746 .1046 41196
1.161 .8617 .0934 .I084

1.178 .8489 .0843 .0993
1.196 .8364 .0767 xl917
1.214 .8240 .0702 .0852
1.232 .8118 .0647 .0797
1.250 -7999 .0599 .0749

1.269 .7880 .0558 .0708
1.288 .7764 .0521 -0671
1.307 .7649 .0488 .0638

1.327 .7536 .04591.347 .742S .0432 2%

1.367 .7315 .0559
1.388 .7207 .0537
1 A08 .7100 .0367 .0517
1.430 .6995 .0349 .0499
1.451 .6892 .0333 .0483

1.473 “6790 .0317 JIM67
1.495 .6690 .0303 .04s3

1.517 .6S91 .02901 .s40 .6494 .0278 :E
1.563 .6398 .0266 .0416

1.709 .58Sl .0212 .0362
1.814 .s513 .0184 .0334
2.043 .4894 .0144 .0294
2.105 .4750 .0136 .0286
2.169 .4611 .0128 .0278

2.443 .4093 .0104 .0254 96.214 39.380 25.093 988.157 60
2.835 .3S27 .00817 .0232 122.363 43.155 28.529 1 231.15
2.921 .3423 .00781 .0228 128.076 43.845 29.189 1 279.78 ;i
3.291 .3039 .0065S .021s 152.710 46.407 31.742 1 473.06 80
3.493 .2863 .00602 .0210 166.172 47.579 32.967 1 568.50 84

3.819 .2619 .OOS32 .0203 187.929 49.210 34.740 1  709.53
4.176 .239S .00472 .0197 211.719 50.702 36.438 1 847.46 z
4.432 .22S6 .00437 .0194 228.802 51.625 37.S29 1 937.43 loo
4.704 .2126 .OO‘NS ,019o 246.932 52.494 38.589 2 025.69 104
5.969 .167S .00302 .0180 331.286 55.498 42.518 2 359.69 120

:Et
3:04s
4.091
5.152

0.985
1.956
2.912
3.854
4.783

E4%
0:990
1.481
1.970

L O :
2.883
5.709 3
9.422 S

6.230 5.697 2.456 13.994 6
7.323 6.598 2.940 19.400 7
8.433 7.486 3.422 25.614 8
9.559 8.360 ‘3.901 32.610 9

10.703 9.222 4.377 40.365 10

11.863 10.071 ,4.851 48.855 11
13.041 10.907 5.322 58.054 12
14.237 11.731 5.791 67.943 13
15.450 12.543 6.258 78 .4% 14
16.682 13.343 6.722 89.694 15

17.932 14.131 7.184 101.514 16
19.201 14.908 7.643 113.937 17
20.489 15.673 8.100 126.940 18
21.797 16.426 8.554 14O.sos  1 9
23.124 17.169 9.005 154.611 20

24.470 17.900 9.45s 169.241 21
25.837 18.621 9.902 184.375 22
27.225 19.331 10.346 199.996 23
28.633 20.030 10.788 216.085 24
30.063 20.720 11.227 232.626 25

31.514 21.399 11.664 249.601 26
32.987 22.068 12.099 266.995 27
34.481 22.727 12.531 284.790 28
35.999 23.376 12.961 302.972 29
37.539 24.016 13.388 321.525 30

47.276 27.661 15.901 439.823 36
54.268 29.916 17.528 524.349 40
69.565 34.042 20.666 703.537 48
73.682 3s.000 21.428 749.95s 50
77.925 35.929 22.179 796.868 52

35.632 -0281 .00043 .0154 2 308.8 64.7% 59.737 3 870.68 240
212.700 JO470 .oooo7 .OlSl 1 4 113.3 66.353 64.966 4 310.71 360

1 269.7 .ooo79 .OOOOl .OlSO 8 4 577.8 66.614 66.288 4 415.74 480

Given G Given G
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13/4% Compound Interest Factors

: 1.018 1.035
3 1.053

: 1.072 1.091

.9828 1.0000 1.0175

.%59 .4957 .5132

.9493 .3276 .3451

.9330 .2435 .2610

.9169 .I931 .2106

.9011
A856
.8704
.8554
.8407

.I595 .1770
.1355 .1530
.1175 .1350
.1036 .1211
.0924 .I099

.8263

.8121

.7981

.7844

.7709

.7576

.7446

.7318

.7192

.7068

.6947

.6827

.6710

.6594

.6481

.0832 .I007
.0756 .0931
.0692 .0867
a637 .0812
.0589 .0764

.0547 .0722

.0510 .0685
a477 .0652
.0448 .0623
St422 .0597

.0398 .0573

.0377 .0552

.0357 .0532

.0339 .0514

.0322 .0497

.0307 ~3482

.0293 a468

.0280 .0455

.0268 a443

.0256 .043 1

Ei
3:053
4.106
5.178

6.269
7.378
8.508
9.656

10.825

12.015
13.225
14.457
15.710
16.985

O.!i83 0
1.949 0.4%
2.898 0.989
3.831 1.478
4.748 1.965

Lx6
2:865

:
:

i:z  5
5.649 2.450
6.535 2.931
7.405 3.409
8.261 3:885
9.101 4.357

9.928
10.740
11.538
12.322
13.093

4.827
5.294
5.758
6.219
6.677

47.918
56.851
66.428
76.625

87.417

13.837
19.152

6 1.110
7 1.129

B 1.149 1,169
1 0 1.189

11 1.210

:: 1.231 1.253
1 4 1.275
1 5 1.297

1 6 1.320
1 7 1.343
1 8 1.367

2 1.390 1.415

z 1.440 1.465
ifi 1.516 1.490

25 1.543

E :*:it

;i 1:625 1.654
30 1.683

18.282
19.602
20.945
22.311
23.702

25.116
26.556
28.021
29.511
31.028

13.851 7.132 98.782
14.595 7.584 110.695
15.327 8.034 123.136
16.046 8.481 136.081
16.753 8.924 149.511

163.405
177.742
192.503
207.671
223.225

17.448
18.130
18.801
19.461
20.109

9.365
9.804

10.239
10.671
11.101

32.571 20.746 11.528 239.149
34.141 21.372 11.952 255.425
35.738 21.987 12.373 272.036
37.363 22.592 12.791 288.967
39.017 23.186 13.206 306.200

:t
1 8

26
27.6260

.6152
KM6
.5942

.5355 a202 .0377 49.566 26.543 15.640 415.130

.4996 .0175 .0350 57.234 28.594 17.207 492.017
*4349 .0135 .0310 74.263 32.294 20.209 652.612
.4200 .0127 .0302 78.903 33.141 20.932 693.708
.4057 .0119 .0294 83.706 33.960 21.644 735.039

.3531

.2969

.2868

.2496

.2329

JO955 .0271 104.676 36.964 24.389 901.503 60
.00739 .0249 135.331 40.178 27.586 1 108.34
.00704 .0245 142.127 40.757 28.195 1 149.12 ;i
.00582 .0233 171.795 42.880 30.533 1 309.25 80
.0053 1 .0228 188.246 43.836 31.644 1387.16 8 4

a465 .0221 215.166 45.152 33.241
NM08 .0216 245.039 46.337 34.756 z
.00375 .0212 266.753 47.062 35.721 1 0 0
.00345 .0209 290.028 47.737 36.652 1 749.68 1 0 4
.00249 .0200 401.099 50.017 40.047 2 003.03 1 2 0

it 2.002 1.867

4: 2.300 2.381
52 2.465

.00028 .0178 3 617.6 56.254 53.352 3 001.27.00003 .0175 29 411.5 57.032 56.443 3 219.08 g

.0175 236 259.0 57.129 57.027 3 257.88 480

2.832
3.368

ii 4.006 3.487

84 4.294

ii2 4.765 5.288
:t 6.075 5.668

1 2 0 8.019

iti 515.702 64.308

480 4 135.5

.I891

.1764

.1646

.1247

-0156
II0194
BOO24
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2% Compound Interest Factors 2%
Single Payment Uniform Payment Series Arithmetic Gradient

Compound PreosGt  Sinking Capi ta l Compound Present  Gradient  Gradient
Amount Fund Recovery Amount worth Uniform Present
Factor Factor Factor Factor Factor Factor Series worth

Find F Find P Find A
Given F Given F &?zn!/’

Find F Find P Find  A Fiid P
Given P Given A Given A Given G Given G

n F/P P/F AIF A/P F/A PIA A/G PIG n

: 1.020

: :~~
LO82

5 1.104

6 1.126

ii 1 . 1 4 9  1 . 1 7 2

1: 1 . 1 9 5  1 . 2 1 9

1 1 1 . 2 4 3
1 2 1 . 2 6 8
13 1.294

:i 1 . 3 1 9  1 . 3 4 6

16 1 . 3 7 3

:‘8 t*z

z
1:457
1.486

2 1 1.516
22 1.546

z 1 . 5 7 7  1 . 6 0 8
2 5 1 . 6 4 1

2 6 1 . 6 7 3
21 1.707

E 1 . 7 4 1  1 . 7 7 6
30 1 . 8 1 1

ii 2 . 0 4 0  2 . 2 0 8

2 2 . 5 8 7  2 . 6 9 2
52 2.800

z 3.281

72 dE

ii 4:875  5.277

2 5 . 9 4 3  6 . 6 9 3

:: 7 . 2 4 5  7 . 8 4 2
120 1 0 . 7 6 5

i2i 1 247’5 115 887

480 13 429:8

.9804 l.COOO

.%12 .495  1

.9423 .3268

.9238 .2426

.9057 .1922

.8880 .1585

.8706 .1345

.8535 .1165

.8368 .1025

.8203 .0913

.8043 .0822

.7885 .0746

.7730 .068  1

.7579 .0626

.7430 .0578

a7284 ;0537
.7142 .0500
.7002 .0467
\.6864 .0438
.6730 .0412

1.0200 ::Ei 0.980 0 0.5151 1.942 0.495 O.%l f

.3468 Ei 2.884 0.987.2626
5:204

3.808 1 . 4 7 5 i-if!
9:240

z
.2122 4.713 1.960 5

a1785 6.308 5.601 2.442
.1545 7.434 6.472 2.921
.1365 8.583 7.325 3.3%
.1225 9.155 8.162 .3.868
.1113 10.950 8.983 4.337

.1022

:Et
.0826
.0778

12.169 9.787 4 .802 46.996 11
13.412 10.575 5 .264 55.669 12
14.680 1 1 . 3 4 8 5.723 64.946 13
15.974 12.106 6 .178 74.798 14
17.293 12.849 6 .631 85.200 15

.0737

.0700
18.639 13.578 7 .080 %.127  1 6
20.012 14.292 7 .526 107.553 17
21.412 14.992 7 .968 119.456 18
22.840 15.678 8 .407 131.812 19
24.297 1 6 . 3 5 1 8.843 144.598 20

.0638

.0612

.6598 .0388 .0588 25.783 17.011 9 .276 157.793 21

.6468 .0366 .0566 27.299 17.658 9 .705 171.377 22

.6342 .0347 .0547 28.845 18.292 10.132 185.328 23

.6217 .0329 .0529 30.422 18.914 10.555 199.628 24

.6095 .0312 .0512 32.030 19.523 10.974 214.256 25

.5976 .0297 a497 33.671 20.121 1 1 . 3 9 1 229.1% 26

.5859 .0283 .0483 35.344 20.707 11.804 244.428 27
.5744 .0270 JIM70 37.051 21.281 12.214 259.936 28
.5631 .0258 .0458 38.792 21.844 1 2 . 6 2 1 275.703 29
.5521 .0247 .0447 40.568 22.396 1 3 . 0 2 5 291.713 30

.4902 .0192 .0392 25.489 1 5 . 3 8 1 392.036 36

.4529 .0166 .0366
&l.z

791353
27.355 16.888 461.989 40

.3865 .0126 .0326 30.673 19.755 605.961 48

.3715 .0118 .0318 84.579 3 1.424 20.442 642.355 50
.3571 .Olll .0311 90.016 32.145 21.116 678.779 52

3048 .00877
.2500 .00667
.2403 Jo633
.20.51 XI0516
.1895 .00468

“1683 JO405
.1494 .00351
.1380 .00320
.1275 .00292
.0929 .00205

03863 .ooo17
.00080 .00002
.00007

.0288 1 1 4 . 0 5 1 34.761

.0267 149.977 37.499

.0263 158.056 37.984

.0252 1 9 3 . 7 7 1 39.744

.0247 213.865 40 .525

.0240 247.155 41.587

.0235 284.645 42.529

.0232 312.230 43 .098
.0229 342.090 43 .624
.0220 488.255 45.355

23.696 823.692
26.663 999.829
27.223 1 034.050
29.357 1 166.781
3 0 . 3 6 1 1230.413

31,793 1 322.164
33.137 1 409.291
33.986 1 464.747
34.799 1 518.082
3 7 . 7 1 1 1 710.411

.0202 5 744.4 49.569 47.911 2 374.878 240

.0200 62 326.8 49.960 49.711 2 483.567 360

.0200 671  442 .0 49.996 49.964 2 498.027 480

273

‘



2-!/2% Compound Interest Factors

: 1.025 1.051
3 1.104 1.077

5 1.131

9756
.9518
.9286

:E

1.0000 1.0250
.4938 .5188
.3251 .3501
.2408 .2658
.1902 .2152

::kS 0.976 1.927 z494 8952 :
3.076 2.856 0:984 2:809
4.153 3.762 1.469 5.527 z
5.256 4.646 1.951 9.062 5

6.388 5.508 2.428 13.374 6

7.547 6.349 2.901 18.4218.736 7.170
:‘6!

24.166 i
9.955 7.971 30.572

11.203 a.752 41296 37.603 1:

: 1.160 1.189

f 1.218 1.249
10 1.280

.8623 .1566 .1816

.a413 .1325 .1575
.a207 .I145 .I395
.a007 .I005 .I255
.7812 .0893 .I143

.7621

.7436
.7254
.7077
.6905

::
1.312
1.345

::
1.379
1.413

15 1.448

::
1.485
1.522

18 1.560

E
1.599
1.639

12.483
13.7%
15.140
16.519
17.932

19.380
20.865
22.386
23.946
25.545

.0801 .1051

.0725 .0975

:E .0910  .0855
.0558 .oaoa

a0516 .0766
.0479 .0729
AM47 a697
.0418 .0668
.0391 .0641

.0368 Ml8

.0346 .05%

.0327 .0577

.0309 .0559

.0293 .0543

-6736
.6572
.6412
.6255
.6103

.59542 1 1.680
2 2 1.722

2
1.765
1.809

2 5 1.854

27.183 16.185
28.863 16.765
30.584 17.332
32.349 17.885
34.158 18.424

ZY
9:919

10.324
10.724

36.012 18.951
37.912 19.464
39.860 19.965
41.856 20.454
43.903 20.930

tt*:;i
11:901
12.286
12.667

46.ooo 21.395 13.044
48.150 21.849 13.417
50.354 22.292 13.786
52.613 22.724 14.151
54.928 23.145 14.512

147.257
159.455
171.922
184.638
197.584

.4651 .0217 .0467

.4538 .0208 .0458
A427 .0199 .0449
.4319 .0190 .0440
.4214 .0182 .0432

.0148 .0398

.0123 .0373
.0103 .0353
.00865 .0337
.00735 .0324

67.402
81.516
97.484

115.551
135.991

.00628 ,0313 159.118
.00540 .0304 185.284
.OCU65 .0297 214.888
.00403 .0290 248.382
.00349 .0285 286.278

25.103 16.262
26.833 17.918
28.362 19.484
29.714 20.961
30.909 22.352

31.%5
32.898
33.723
34.452
35.096

.00304 .0280 329.154 35.666
XXI265 .0276 377.663 36.169
.00231 .0273 432.548 36.614

.5809

.5667
-5529
.5394

2 6 1.900

ii 1.948 1.996
2 9 2.046
30 2.098

z; 2.204 2.150

3 3 2.259

z 2.315 2.373

S262
.5134
.5009
.4887
.4767

210.740
224.088
237.612
251.294
265.120

279.073 31
293.140 32
307.306 33
321.559 34
335.886 35

ii 2.685 3.038

250 3.437 3.889
6 0 4.400

.3724

.3292

.2909

.2572

.2273

23.660
24.888
26.039 878.114
27.117 934.217
28.123 987.026

29.063 1 036.54
29.938 1 082.83
30.752 1 125.97

408.221
480.806
552.607
622.827
690.865

756.280
818.763ti 4.978 5.632

ii 6.372 7.210
8 5 8.157

E 10.442 9.229

100 11.814

.1776

.1569

.1387

.I226

.1084

.0958

.0846
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3% Compound Interest Factors 3%

1 1.030

3
1.061
1.093

4 1.126
5 1.159

6 1.194

i 1.230 1.261

1: 1.305 1.344

:i 1.384 1.426
1 3 1.469

:: 1.513 1.558

:: 1.605 1.653
:t 1.754 1.702

20 1.806

ii 1.860 1.916
ii 2.033 1.974

25 2.094

2 2.221 2.157

E 2.288 2.357
30 2.427

ii 2.500 2.575
33 2.652

2 2.732 2.814

40 3.262
ii 4.384 3.782

El 5.082 5.892

:: 6.830 7.918
E 10.641 9.179

8 5 12.336

90 14.300
95 16.578

1M to 31(1

.9709 1.0000

.9426 .4926

.9151 .3235

.8885 .2390

.8626 .I884

.8375 .I546

.8131 .1305

.7894 ‘.1125

.7664 .0984

.7441 .0872

.7224 .0781

.7014 .0705
.6810 .0640
.6611 .0585
xi419 .0538

.6232 .04%

6050.5874 :E
.5703 .0398
.5537 .0372

.5375 .0349

.5219 .0327
.5067 .0308
.4919 .0290
.4776 .0274

A637 .0259
.4502 .0246

::;:: .0233 .0221
.4120 .0210

$2
.ozOiI
.0190

.3770 .0182

.3660 .0173
.3554 .0165

.0500
a490
.0482
.0473
.0465

:E‘t .0133 .0108 .0433 .0408
.2281 .00887 .0389
.1%8 .OQ735 .0373
.1697 .00613 .0361

1.0300
.5226
.3535
.2690
.2184

::E
0.971
1.913

3.091 2.829
4.184 3.717
5.309 4.580

6.468 5.417
7.662 6.230
8.892 7.020

10.159 7.786
11.464 8.530

12.808 9.253
14.192 9.954
15.618 10.635
17.086 11.2%
18.599 11.938

20.157 12.561
21.762 13.166
23.414 13.754
25.117 14.324
26.870 14.877

28.676 15.415
30.537 15.937
32.453 16.444
34.426 16.936
36.459 17.413

:493
0:980
1.463
1.941

k43
21773

;

5.438 :
8.889 5

.1846

.1605

.1425

.1284

.1172

2.414
2.882

( 3.345
3.803
4.256

f:z
23:481

:
29.612 !
36.309 10

.1081
-1005
a940
.0885
.0838

4.705 43.533 11
5.148 51.248 12
5.587 59.419 13
6.021 68.014 14
6.450 77.000 15

.07%

.0760

.0727

.0698

.0672

6.874 86.348 16
7.294 96.028 17
7.708 106.014 18
8.118 116.279 19
8.523 126.799 20

:ET
MO8
.0590
.0574

8.923 137.549 21
9.319 148.509 22
9.709 159.656 23

10.095 170.971 24
10.477 182.433 25

.0559 38.553 17.877 10.853 194.026 26

.0546 40.710 18.327 11.226 205.731 27

.0533 42.931 18.764 11.593 217.532 28

.0521 45.219 19.188 11.956 229.413 29

.0510 47.575 19.600 12.314 241.361 30

50.003 20.000
52.503 20.389
55.078 20.766
57.730 21.132
60.462 21.487

75.401 23.115
92.720 24.519

112.797 25.730
136.072 26.774
163.053 27.676

194.333 28.453
230.594 29.123
272.631 29.702
321.363 30.201
377.857 30.63 1

443.349 31.002
519.272 31.323
M7 7P7 21 aa

12.668 253.361 31
13.017 265.399 32
13.362 277.464 33
13.702 289.544 34
14.037 301.627 35

::iE .00515 .00434 .0351 .0343
.1089 .00367 .0337
.0940 .00311 .0331
.0811 .00265 .0326

a699 .00226 .0323
a603 a0193 .0319
n<%l In,&< i-val~

15.650 361.750 40
17.156 420.632 45
18.558 477.480 50
19.860 531.741 55
21.067 583.052 60

22.184 631.201
23.215 676.087 4:
24.163 717.698 75
25.035 756.086 80
25.835 791.353 85

26.567
27.235
71  SAA

823xi30  z853.074
1170  QCd 1iNI



Compound Interest Factors

Single Payment Uniform Payment Series Arithmetic Gradiit

c:izzd
zht Sinking Capital Compound Resent Gradient Gradient

Fund R~~ecz~y Amount Worth Uniform Present
Factor Factor Factor Factor Factor Series worth

Fiid F
t$?zn%  ztznAF  i!fi?znAP

Find F Find P Find A Find P
Given P Given A Given A Given G Given G

n F/P P/F A/F A/P F/A PIA A/G P/G n

:.
1.035
1.071

3 1.109

i
1.148
1.188

4 1.229 1.272

P 1.317 1.363
1 0 1.411

1 1

K
KY
1:564

1 4 1.619
15 1.675

1 6 1.734
:; 1.857 1.795

ii 1 l&O  922

;i 2.059 2.132

ii 2.206 2.283
2 5 2.363

i!! 2.446 2 . 5 3 2

ii 2.620 2.712
30 2.807

z; 2.905 3.007
3 3 3.112
3 4 3.221
3 5 3.334

2 4.702 3.959

z: 5.585 6.633
6 0 7.878

6 5 9.357

:i 11.113 13.199

ii 15.676 18.618

E
22.112
26.262

100 31.191

sJ662.9335 ‘:E
Ml9 .3219
.8714 .2373
.8420 .1865

.8135 .1527

.7860 .1285

.7594 .1105

.7337 .0964
.7089 .0852

.6849 .CV61

.6618 .0685

.6394 .0621
.6178 .0566
.5%9 .0518

S767 .0477
S572 a440
.5384 .0408
.5202 .0379
.5026 .0354

.4856 .0330
.4692 -0309
.4533 .0290
.4380 .0273
.4231 .0257

.4088 .0242 .0592
.3950 .0229 .0579
.3817 .0216 .0566
.3687 .0204 .0554
.3563 .0194 .0544

:Z .0184
.0174

.3213 .0166

.3105 .0158
-3000 .0150

.2526 .OllS

.2127 .00945

.1791 .00763

.1508 .00621

.1269 .00509

.1069 .00419

:E
JO346
.00287

.0638 .00238

.0537 .00199

.0452 .00166 .0367

.0381 .00139 .0364

.0321 .00116 .0362

1.0350
.5264
.3569
.2723
.2215

i-E 0.966

3:106 ::E
4.215 3.673
5.362 4.515

:491
oh77
1.457
1.931

.1877 6.550 5.329

.1635 7.779 6.115
.1455 9.052 6.874
.1314 10.368 7.608
.1202 11.731 8.317

8 9 3 3
2:737

i
3

5.352 4
8.719 5

EY.
3:320
3.771
4.217

12.78717.503 :

22.81928.688 P
35.069 1 0

.llll
.1035
.0971
.0916
.0868

13.14214.602 ;~~
16.113 10:303
17.677 10.921
19.296 11.517

4.657 41.918 11
5.091 49.198 12
5.520 56.871
5.943 64.902 ::
6.361 73.258 15

.0827 20.971 12.094 6.773

.0790 22.705 12.651 7.179

.0758 24.500 13.190 7.580

.0729 26.357 13.710 7.975

.0704 28.280 14.212 8.365

30.269 14.698 8.749
32.329 15.167 9.128
34.460 15.620 9.502
36.666 16.058 9.870
38.950 16.482 10.233

8 1 . 9 0 9  1 6
90.824 17
99.976 18

109.339 19
118.888 20

.0680

.0659

:E
.0607

128.599 21
138.451
148.423 :t
158 .4% 24
168.652 25

41.31343.759 Ei
46.291 17:667
48.911 18.036
51.623 18.392

10.590
10.942
11.289
11.631
Il.967

178.873 26
189.143 27
1 9 9 . 4 4 8  28
209.773 29
2 2 0 . 1 0 5  30

.0534 54.429 18.736 12.299 230.432 31

.0524 57.334 19.069 12.625 240.742 32

.0516 60.341 19.390 12.946 251.025 33

.0508 63.453 19.701 13.262 261.271 34

.0500 66.674 20.001 13.573 271.470 35

.0468 84.550 21.355 15.055 3 2 1 . 4 9 0  40
xl445 105.781 22.495 16.417 369.307 45
.0426 130.998 23.456 17.666 414.369 50
.0412 160.946 24.264 18.808 456.352 55
.0401 196.516 24.945 19.848 495.104 60

.0392

.0385

.0379
-0374
.0370

238.762 25.518
288.937 26.000
348.529 26.407
419.305 26.749
503.365 27.037

603.202 27.279
721.778 27.483
862.608 27.655

20.793 5 3 0 . 5 9 8  65
21.650 562.895 70
22.423 592.121 75
23.120 618.438 80
23.747 642.036 85

Z*E
25:259

663.118 90
681.890 95
698.554 100
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Given  P Given F
n F/P P/F

1.040 .9615 1.0000
1.082 .9246 .4902
1.125 .88W .3203
1.170 .8548 .2355
1.217 .8219 .1846

1.265 .7903 .1508
1.316 .7599 .1266
1.369 .7307 .1085
1.423 .7026 .0945
1.480 .6756 .0833

1.539 .6496
1.601 .6246
1.665
1.732 :Et
1.801 .5553

1.873 .5339
1.948 .5134
2.026 .4936
2.107 .4746
2.191 .4564

2.279 .4388
2.370 .4220
2.465 .4057
2.563 .3901
2.666 .3751

2.772 .3607
2.883 .3468
2.999 .3335
3.119 .3207
3.243 .3083

3.373 .2965
3.508 .2851
3.648 .2741
3.794 .2636
3.946 .2534

4.801 .2083 .0105 .0505 95.025 19.793 14.476 286.530
5.841 .1712 .00826 .0483 121.029 20.720 15.705 325.402
7.107 .1407 .00655 .0466 152.667 21.482 16.812 361.163
8.646 .1157 .00523 .0452 191.159 22.109 17.807 393.689

10.520 .0951 .00420 .0442 237.990 22.623 18.697 422.996

12.799 .0781
15.572 .0642
18.945 .0528
23.050 .0434
28.044 .0357

34.119 .0293
41.511 .0241
50.505 .0198

Compound Interest Factors

Uniform Payment Series Arithmetic Gradient

Sinking Capital
Fund Recovers

Compound Preregt  Gradient Gradient
Amount Uniform Present

Factor Factor- Factor Factor 1 Series worth

Find A Find A
Given F Given P

Find F Find P Find A Find P
Given A Given A Given G Given G I

A/F -A/P F/A P/A 1 A/G P/G  1 n

1.0400 1.000 0.962.5302 2.040 1.886 z.490 :925 ;

.3603 3.122 2.775 0.974 21702.2755 4.246 3.630 1.451 5.267 :

.2246 5.416 4.452 1.922 8.555 5

.1908 6.633 5.242 2.386 12.506.1666 7.898 6.002 2.843 17.066 4

.1485 9.214 6.733 3.294 22.180.1345 10.583 7.435 3.739 27.801 t
.1233 12.006 8.111 4.177 33.881 1 0

.0741

.0666

.0601

.0547

.0499

.1141 13.486 8.760 4.609 40.377 1 1

.1066 15.026 9.385 5.034 47.248 1 2

.lOOl 16.627 9.986 5.453 54.454 1 3

.0947 18.292 10.563 5.866 61.962 1 4

.0899 20.024 11.118 6.272 69.735 1 5

.0458

.0422

.0390

.0361

.0336

.0858 21.825 11.652 6.672 77.744 16

.0822 23.697 12.166 7.066 85.958 17

.0790 25.645 12.659 7.453 94.350 18

.0313

.0292

.0273

.0256

.0240

.0761 27.671 13.134 7.834 102.893.0736 29.778 13.590 8.209 111.564 ii

.0713 31.969 14.029 8.578 120.341 2 1

.0692 34.248 14.451 8.941 129.202 2 2

.0673 36.618 14.857 9.297 138.128 2 3

.0656 39.083 15.247 9.648 147.101.0640. 41.646 15.622 9.993 156.104 ii

.0226 .0626 44.312 15.983 10.331 165.121

.0212 .0612 47.084 16.330 10.664 174.138

.0200 .o600 49.968 16.663 10.991 183.142

.0189 .0589 52.966 16.984 11.312 192.120

.0178 .0578 56.085 17.292 11.627 201.062

.0169 .0569 59.328 17.588 11.937 209.955

.0159 .0559 62.701 17.874 12.241 218.792

.0151 .0551 66.209 18.148 12.540 227.563

.0143 .0543 69.858 18.411 12.832 236.260

.0136 .0536 73.652 18.665 13.120 244.876

.00339 .0434 294.968 23.047 19.491 449.201

.00275 .0427 364.290 23.395 20.196 472.479

.00223 .0422 448.630 23.680 20.821 493.041

.00181 II418 551.244 23.915 21.372 511.116

.00148 .0415 676.089 24.109 21.857 526.938

.00121 .0412 827.981 24.267 22.283 540.737
.00099 .0410 1 012.8 24.398 22.655 552.730
.00081 .0408 1 237.6 24.505 22.980 563.125

2
5 0
5 5
6 0

6 5

::
8 0
8 5

tit
1 0 0
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5% Compound Interest Factors 5%
Single Payment Uniform Payment Series Arithmetic Gradient

Compound Present Gradient Gradient
Amount worth

Sinking Capital Compound Present
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 AIF A/P F/A PIA A/G P/G n

1.050 .9524 l.OiXNl I .0500
1.102 .9070 .4878 .5378
1.158 .8638 .3172 .3672
1.216 .8227 .2320 .2820
1.276 .7835 .1810 .2310

i.E

.7462

.7107

.6768

:zE

.1470 .1970

.1228 .1728

.1047 .1547

.0907 .1407

.0795

:907
1

2:635 3
5.103
8.237

t
31.652 10

1.710 .5847 .0704 .1204 14.207 8.306 4.514
1.796 .5568 .0628 .1128 15.917 8.863 4.922
1.886 .5303 .0565 .1065 17.713 9.394 5.321
1.980 .5051 .0510 .lOlO 19.599 9.899 5.713
2.079 .4810 .0463 .0963 21.579 10.380 6.097

2.183 .4581 .0423 .0923
2.292 .4363 .0387 .0887
2.407 .4155 .0355 .0855
2.527 .3957 .0327 .0827
2.653 .3769 .0302 .0802

23.657 10.838
25.840 11.274

6.474
6.842
7.203
7.557
7.903

2.786 .3589 .0280 .0780
2.925 .3419 .0260 .0760
3.072 .3256 .0241 .0741
3.225 .3101 .0225 .0725
3.386 .2953 .0210 .0710

28.132 11.690
30.539 12.085
33.066 12.462

35.719 12.821
38.505 13.163
41.430 13.489
44.502 13.799
47.727 14.094

8.242
8.573
8.897
9.214
9.524

37.499
43.624 :;
49.988 13
56.553
63.288 :s

70.159 16
77.140 17
84.204 18
91.327
98.488 :i

105.667 21
112.846 22
120.008 23
127.140 24
134.227 25

3.556 .2812 .0196 .0696 51.113 14.375 9.827 141.258 26
3.733 .2678 .0183 .0683 54.669 14.643 10.122 148.222 27
3.920 .2551 .0171 .0671 58.402 14.898 10.411 155.110 28
4.116 .2429 .0160 .0660 62.323 15.141 10.694 161.912 29
4.322 .2314 .0151 .0651 66.439 15.372 10.969 1 6 8 . 6 2 2  30

4.538 .2204 .I3141
4.765 .2099 .0133
5.003 .1999 .0125
5.253 .1904 .0118
5.516 .1813 .Olll

.0641

.0633

.0618

.0611

11.238 175.233 31
11.501 181.739 32
11.757 188.135 33
12.006 1 9 4 . 4 1 6  34
12.250 200.580 35

7.040 .1420 .00828 .0583
8.985 .1113 .00626 .0563

11.467 .0872 .00478 .0548
14.636 .0683 .00367 .0537
18.679 .0535 .00283 .0528

70.761 15.593
75.299 15.803
80.063 16.003
85.067 16.193
90.320 16.374

120.799 17.159
159.699 17.774
209.347 18.256
272.711 18.633
353.582 18.929

13.377 229.545 40
14.364 255.314 45
15.223 277.914 50
15.966 297.510 55
16.606 314.343 60

23.840 .0419 .00219
30.426 .0329 .00170
38.832 .0258 .00132
49.561 .0202 .00103
63.254 .0158 .00080

.0522

.0517

.0513

.0510

456.795 19.161
588.525 19.343
756.649 19.485
971.222 19.596

1245.1 19.684

1 594.6 19.752
2 040.7 19.806
2 610.0 19.848

17.154 328.691 65
17.621 340.841 70
18.018 351.072 75
18.353 359.646 80
18.635 366.800 85

80.730 .0124 .00063
103.034 .00971 .00049
131.500 .00760 .00038

18.871 372.749 90
19.069 377.677 95
19.234 381.749 100
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6% Compound Interest Factors 6% ;

:

Uniform Payment Series Arithmetic Gradient
Gradient Gradient
Uniform Present

Sinking Capital
Fund Recovery

Compound Present
Amount W o r t h

Factor Factor Factor Factor

Find A Find A Find F Find P
Given F Given P Given A Given A

A/F A/P F/A PIA

Series W o r t h
F i n d  A Find P

GtivGG  G i v e n  G
PIG

i:E
.9434
.8900

1 . 1 9 1 .8396

k%
.792l
.7473

l.OOc!O 1.0600
.4854 .5454

::tZ 0.943
1 . 8 3 3

.3141 .3741 3.184 2.673

.2286 .2886 4.375 3.465

.I774 .2374 5.637 4.212

1 . 4 1 9 .7050 .1434
1.504 .6651 .I191
1.594 .6274 .1010
1.689 .5919 .0870
1 . 7 9 1 .5584 .0759

1 . 8 9 8 .5268
2.012 .4970
2.133 .4688
2 . 2 6 1 4423
2.397 .4173

2.540 .3936
2.693 .3714
2.854 .3503
3.026 .3305
3.207 .3118

3.400 .2942
3.604 .2775
3.820 .2618
4.049 .2470
4.292 .2330

4.549 .2198
4.822 .2074
5.112 .1956
5.418 .1846
5.743 .1741

6.088 .1643
6.453 .1550
6.841 .1462
7.251 .1379
7.686 .1301

.2034 6.975 4.917

.1791 8.394 5.582

.1610 9.897 6.210

.1470 1 1 . 4 9 1 6.802

.1359 1 3 . 1 8 1 7.360

.1268 1 4 . 9 7 2 7.887

.1193 16.870 8.384

.I130 1 8 . 8 8 2 8.853

.1076 21.015 9.295

.1030 23.276 9.712

.0990 25.672 10.106
.w54 28.213 1 0 . 4 7 7
.0924 30.906 1 0 . 8 2 8
.0896 33.760 1 1 . 1 5 8
.0872 36.786 1 1 . 4 7 0

0
0.485
0.961
1 . 4 2 7
1 . 8 8 4

:890
2:569
4.945
7.934

2.330 1 1 . 4 5 9
2.768 1 5 . 4 5 0
3.195 19.841
3.613 24.577
4.022 29.602

.0593

.0530

.0476

.0430

4.421 34.870
4.811 40.337
5.192 45.963
5.564 51.713
5.926 57.554

.0390

.0354

.0324

.0296

.0272

6.279 63.459
6.624 6 9 . 4 0 1
6.960 75.357
7.287 81.306
7.605 87.230

.0250 .0850 39.993 1 1 . 7 6 4 7.915 93.113

.0230 .0830 43.392 12.042 8.217 9 8 . 9 4 1

.0213 .0813 46.996 1 2 . 3 0 3 8.510 104.700

.0197 .0797 50.815 12.550 8.795 1 1 0 . 3 8 1

.0182 .0782 54.864 1 2 . 7 8 3 9.072 1 1 5 . 9 7 3

.0169 .0769 59.156 1 3 . 0 0 3 9 . 3 4 1 1 2 1 . 4 6 8

.0157 .0757 63.706 13.211 9.603 126.860

.0146 .0746 68.528 13.406 9.857 1 3 2 . 1 4 2

.0136 .0736 73.640 1 3 . 5 9 1 10.103 137.309

.0126 .0726 79.058 1 3 . 7 6 5 10.342 142.359

.0118 .0718

.OllO .0710

.0103 .0703

.00960 .0696

.00897 .0690

I0646 .0665
.00470 .0647
.00344 .0634
.00254 .0625

..00188 .0619

8 4 . 8 0 1 1 3 . 9 2 9
90.890 J 14.084
97.343 14.230

104.184 1 4 . 3 6 8
1 1 1 . 4 3 5 1 4 . 4 9 8

154.762 1 5 . 0 4 6
212.743 15.456
290.335 1 5 . 7 6 2
394.171 15.991
533.126 1 6 . 1 6 1

1 0 . 5 7 4
1 0 . 7 9 9
11.017
1 1 . 2 2 8
1 1 . 4 3 2

1 4 7 . 2 8 6
1 5 2 . 0 9 0
1 5 6 . 7 6 8
1 6 1 . 3 1 9
1 6 5 . 7 4 3

1 2 . 3 5 9 1 8 5 . 9 5 7
13.141 203.109
13.796 217.457
1 4 . 3 4 1 229.322
14.791 239.043

IN139
.00103

BOO32
BOO24
BOO18

.0614 719.080 16.289

.0610 967.928 1 6 . 3 8 5

.0608 1300.9 16.456

.0606 1 746.6 1 6 . 5 0 9

.0604 2 343.0 16.549

.0603 3 141.1 16.579

.0602 4 209.1 16.601

.0602 5 638.3 16.618

15.160 246.945
15.461 253.327
15.706 258.453
1 5 . 9 0 3 262.549
1 6 . 0 6 2 265.810

16.189 268.395
16.290 270.437
1 6 . 3 7 1 272.047

c

,

I

.

2
x

r

10.286 .0972
1 3 . 7 6 5 .0727
18.420 .0543
24.650 .0406
32.988 .0303

44.145 .0227
59.076 .0169
79.057 .0126

105.796 .00945
1 4 1 . 5 7 8 .00706

.

189.464 .00528
253.545 .00394
339.300 .00295
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7% Compound Interest Factors 7%

Amount Worth

1:
1.838
1.967

::
2.105
2.252

::
2.410
2.579

1 5 2 . 7 5 9

:; 2.952 3.159
1 8 3.380

:z 3.617 3.870

4.141
4.430

2;:
4.741
5.072

2 5 5.427

2 6 5.807
21 6.214
2a 6.649
2 9 7.114
30 7.612

2 a.145 8.715

E 9.325 9.978
3 5 10.677

z 21.002 14.914

2 29.457 41.315
60 57.947

6 5 81.273 .0123
70 113.990 .00877
75 159.877 .00625
80  224.235 .00446
85 314.502 .00318

90 441,105 .00227
95 618.673 -00162

100  867.720 .00115

.9346

.a734

.a163

.7629

.7130

.6663

.6227

.5820
s439
.5083

.4751

:El
.3878
.3624

.3387

.3166

.2959

.2765

.2584

.2415

.2257

.2109

.1971

.1842

+ 1722
.1609
.1504
.1406
.1314

.I228

.1147

.1072

.1002

.0937

.0668

.0476

.0339

.0242

.0173

Compound %ser  Gradient Gradient~1
1.0000 1.0700

\ .4831 .5s31
.3111 .3811
.2252 .2952
.1739 .2439

-1398 .2098
.1156 -1856
.0975 .1675
.0835 .1535
.0724 .1424

.0634 .I334

.0559 .1259
a497 >1197
.0443 .1143
.0398 .1098

-0359 .1059
.0324 .1024
.0294 .0994
.0268 .0968
.0244 .0944

.0223 .0923

.0204 .0904

.0187 .0887

.0172 .0872

.0158 .0858

.0146 .0846

.0134 .0834

.0124 .0824

.0114 .0814

.0106 .0806

JO980 -0798
.00907 .0791
.00841 .0784
.00780 .0778
.00723 .0772

.00501.00350 :tE
JO246 .0725
.00174 .0717
.00123 .0712

BOO87 .0709
BOO62 .0706
40044 .0704
.00031 .0703
BOO22 .0702

BOO16 “0702
.OOfIll .0701
.00008 .0701

:Gt
3:215

0.935 1.808 0  0 .483 : 873
2.624 0.955 2:506

4.440 3.387 1.416 4.795
5.751 4.100 1.865 7.647

7.153 4.767 2.303 10.978
8.654 5.389 2.730 14.715

10.260 5.971 3.147 18.789
11.978 6.515 3.552 23.140
13.816 7.024 3.946 27.716

15.784 7.499
17.888 7.943
20.141 8.358
22.551 a.745
25.129 - 9.108

27.888 9.447
30.840 9.763
33.999 10.059
37.379 10.336
40.996 10.594

4.330 32.467
4.703 37.351
5.065 42.330
5.417 47.312
5.758 52.446

EE
6:722
7.024
7.316

44.865 10.836 7.599 82.339
49.006 11.061 7.872 87.079
53.436 11.272 8.137 91.720
58.177 11.469 8.392 96.255
63.249 11.654 8.639 100.677

68.677 11.826 8.871
74.484 11.987 9.107
80.698 12.137 9.329
87.347 12.278 9.543
94.461 12.409 9.749

102.073 12.532 9.947
110.218 12.647 10.138
118.934 12.754 10.322
128.259 12.854 10.499
138.237 12.948 10.669

199.636 13.332 11.423
285.750 13.606 12.036
406.530 13.801 12.529
575.930 13.940 12.921
813.523 14.039 13.232

1 146.8
1614.1
2 269.7
3 189.1
4 478.6

6 287.2
8 823.9

12 381.7

14.110 13.476
14.160 13.666
14.196 13.814
14.222 13.927
14.240 14.015

14.253 14.081
14.263 14.132
14.269 14.170

57.527
62.592
67.622
72.599
77.509

104.981
109.166
113.227
117.162
120.972

1n

124.655 31
128.212 32
131.644 33
1 3 4 . 9 5 1  34
138.135 35

152.293
163.756
172.905
180.124
185.768

190.145
193.519
196.104
198.075
199.572

200.704
201.558
202.200
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Compound Interest Factors

1.080 .9259 l.oooo 1.0800
1.166 .a573 .+4808 .56o8
1.260 .7938 .3080 .3880
1.360 .7350 .2219 .3019
1.469 .68o6 .I705 .2505

1.587 .6302
1.714 S835
1.851 .5403
1.999 .JOO2
2.159 A632

2.332 .4289
2.518 .3971
2.720 .3677
2.937 .34o5
3.172 .3152

3.426 .2919
3.700 .2703
3.996 .2502
4.316 .2317
4.661 .2145

5.034 .1987
5.437 .1839
5.871 .1703
6.341 .1577
6.848 .146o

7.3%
7.988
8.627
9.317

IO.063

.1352

.1252
-1159
.1073
.o994

10.868 .0920
11.737 .0852
12.676 .0789
13.690 .0730
14.785 .O676

21.725 a460
31.920 .0313
46.902 .0213
68.914 .0145

101.257 .oo988

148.780
218.607
321.205
471.956
693.458

1  018.9
1497.1
2 199.8

JO672
Jo457
Jo311
.oo212
.OO144

.ooo98

.ooo67
Boo45

.1363 .2163

.1121 .1921
xl940 .I740
.0801 .16ol

.o690 .149o

B6Ol .14ol
.0527 .1327
.O465 .1265
Ml3 .1213
.0368 .I168

-0330 .1130
.0296 . lo96
.0267 .I067
.0241 .lo41
.0219 .1019

.0198 .O998

.0180 .O980

.0164 a964

.0150 .0950

.0137 II937

.0125 AI925

.0114 .0914
-0105 .09o5
.oo962 .0896
BO883 .oaaa

St-I811 .0881
.oo745 .0875
.00685 .0869
.oo630 .0863
.OO580 .0858

SW386 .0839
.OO259 .0826
.ool74 .0817
.OO118 .0812
BOO80 .0808

*ooo54 .0805
.ooo37 .08O4
.OOO25 .0802
.ooo17 .0802
Boo12 .0801

:%z .0801  .0801
.oooo4 .08OO

:zz
31246

0 . 9 2 6  1 . 7 8 3 8 4 8 1
2.577 0:949

4.506 3.3125.867 3.993 ::i!ii

7.336 4.623
8.923 5.206

10.637 5.747
12.488 6.247
14.487 6.710

16.645 7.139
18.977 7.536
21.495
24.215 Eft
27.152 81559

30.324 8.851
33.750 9.122
37.450 9.372
41.446
45.762 E:E

50.423 10.017
55.457 I O . 2 0 1
60.893 10.371
66.765 10.529
73.106 10.675

79.954 10.810 8.435 9 1 . 1 8 4  2 6
87.351 10.935 8.636 9 4 . 4 3 9  2 7
95.339 11.051 8.829 9 7 . 5 6 9  28

103.966 11.158 9.013 loo .574  29
113.283 11.258 9.190 103.456 30

2.276
2.694

:-z
3:871

4.240
4.596
4.940
5.273
5.594

5.905
6.204
6.492
6.770
7.037

52.264 16
56.588 17
60.843 18
65.013 19
69.090  2 0

7.294 73.063 21
7.541 7 6 . 9 2 6  2 2
7.779 80.673 23
8.oo7 8 4 . 3 0 0  2 4
8.225 8 7 . 8 0 4  2 5

123.346 11.350 9.358 106.216 31
134.214 11.435 9.520 108.858 32
145.951 11.514 9.674 111.382 33
158.627 11.587 9.821 113.792 34
172.317 11.655 9.961 116.092 35

259.057 11.925 10.570 126.042 40
386.506 12.108 11.045 133.733 45
573.771 12.233 11.411 139.593 50
848.925 12.319 11.690 1 4 4 . 0 0 6  55

1 253.2 12.377 11.902 147.300 60

1 847.3
2 720.1
4 002.6
5 887.0
8 655.7

12.416 12.060
12.443 12.178
12.461 12.266
12.474 12.330
12.482 12.377

12.488
12.492 Et::
12.494 12:455

0
0.857 1
2.445
4.650 3
7.372 5

10.523 6
14.024
17.806 ;:
21 .aoa
25.977 1;

30.266 11
34.634 12
39.046 13
43.472 14
4 7 . 8 8 6  15

149.739 65
151.533 70
152.845 75
153.800 80
154.492 85

282



Compound Interest Factors

I I Single Payment 1 Unifom  Payment Series Arithmetic Gradient

I I Compound
Amount

gzt Sinking Capital
I Fund Recovery

Compound Reseat  Gradient Gradient
Amount Worth Uniform Present I I

Factor Factor Factor Factor- Factor Factor Series worth
Find F Find P Find A Find A Find F Find P Find A

Given P
Find P

Given F Given F Given P Given A
n F/P P/F A/F A/P F/A

Gg;A  Given G Given G
A/G PIG n

: 1.090 I.188 -8417  .9174 l.OOOo  .4785 1.0900 S685

: 1.295 1.412 .7722  .7084 .3051  .2187 .3951  .3087
5 1.539 .6499 .1671 .2571

1.000 0.917

EE
1.759

41513
2.531
3.240

5.985 3.890

7.523 4.486
9.200 5.033

11.028 5.535
13.021 5.995
15.193 6.418

:478
oh3
1.393
1.828

EL42
2:386
4.511
7.111

4 1.677 1.828
t 2.172 1.993

1 0 2.367

.5%3 .1329 .2229

.5470 a1087 .1987

.5019 .0907 .1807

.4604 .0768 .1668

.4224 .0658 .1558

2.250
2.657
3.051
3.431
3.798

17.560 6.805 4.151
20.141 7.161 4.491
22.953 7.487 4.818
26.019 7.786 5.133
29.361 8.061 5.435

33.003 8.313
3 6 . 9 7 4  8 . 5 4 4
41.301 8.756
46.019 8.950
51.160 9.129

5.724

2%
61524
6.767

10.092
13.375 t
16.888
20.571 t
24.373 1 0

28.248 11
32.159 12
36.073 13

if 2.580 2.813 .3875  .3555 .0569  .0497 .1469  .1397
1 3 3.066 .3262 .0436 .1336

:: 3.342 3.642 .2992  .2745 .0384  .0341 .1284  .1241

:4
3.970
4.328

1 8 4.717

::
5.142
5.604

.2519

.2311

.2120

.1945

.1784

.0303.0303 -1203-1203

.0270.0270 .1170.1170

.0242.0242 .1142.1142
.0217.0217 .1117.1117
.0195.0195 .1095.1095

39.%3
43.807

47.585
51.282
54.886
58.387
61.777

56.765 9.292 7.001 65.051
62.873 9.442 7.223 68.205
69.532 9.580 7.436 71.236
76.790 9.707 7.638 74.143
84.701 9.823 7.832 76.927

93.324 9.929 8.016 79.586
102.723 10.027 8.191 82.124
112.968 10.116 8.357 84.542
124.136 10.198 8.515 86.842
136.308 1 0 . 2 7 4  8 . 6 6 6 89.028

ii 6.109 6.659 .1637  .1502 .0176  .0159 .1076  .1059

ii 7.258 7.911 .1378  *1264 .0144  .0130 *lo44  .1030
2 5 8.623 .1160 .0118 .1018

24 9.399
2 7 10.245

E 11.167 12.172
30 13.268

.0107 .1007

.00973 .0997

.00885 .0989
.00806 .0981
-00734 .0973

:Ei?i .0967  .0961
.00556 .0956
JO508 .0951
30464 .0946

.002% .0930
,00190 XI919
.00123 .0912
.00079 .0908
.00051 .0905

.1064

.0976

.0895

.0822

.0754

.0691

.0634

.0582

.0534

.0490

.0318

.0207

.0134

.00874

.00568

:i 14.462 15.763
3 3 17.182
z 20.414 18.728

149.575 10.343
164.037 10.406
179.801 10.464
1%.983 10.518
215.711 10.567

337.883 10.757
525.860 10.881
815.085 10.962

1260.1 11.014
1944.8 11.048

2 998.3 11.070
4 619.2 11.084
7 113.3 11.094

10 950.6 11.100
16 854.9 11.104

25 939.3 11.106
39 916.8 11.108
61 422.9 11.109

8.808 91.102
8.944 93.069
9.072 94.931
9.193 96.693
9.308 98.359

z 48.327 31.409

2: 114.409 74.358

60 176.032

!Z 416.731 270.847

ii: 641.193 986.555
8 5 1 5 1 7 . 9

9 0 2 335.5
9 5 3 593.5

100 5 529.1

9.7% 105.376
10.160 110.556
10.430 114.325
10.626 117.036
10.768 118.968

10.870 120.334
10.943 121.294
10.994 121.965
11.030 122.431
11.055 122.753

11.073 122.976
11.085 123.129
11.093 123.233

.00369
SKI240
.00156
.OOlOl
.ooo66

BOO33 .0903
BOO22 .0902
BOO14 .0901

:EE
.0901
.0901

:EE  :E
.00002  .o900

BOO43
BOO28
BOO18
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Compound Interest Factors

Single Payment Uniform Payment Series Arithmetic Gradient

Compound
Amount

zet Sinking Capita l
Fund Recovery

Compound Present Gradient Gradient
Amount Worth Uniform present

Factor Factor Factor Factor Factor Factor Series Worth

F i n d  F
li%:  (!ii%nAF  lk$n$

F i n d  F Find P Find A
Given P Given A Given A Given G :?A:

n F/P P/F A/F A/P F/A PIA A/G PIG _ n

: 1.100
1.210

;: 1 . 3 3 1
1.464

5 1 . 6 1 1

.POPl l.OMm 1.1000
.8264 .4762 S762
.7513 .3021 A021
.6830 .2155 .3155
.62OP .1638 .2638

Et
3:310

0.909 1.136
2.487

4.641 3.170
6.105 3.791

z.476 i.826
1

0.937 2.329
1.381 4.318
1.810 6.862

6 1.772
i 2.144 1.949

1: 2.594 2.358

.5645 .12% .22%
S132 .1054 .2054
.4665 .0874 .1874
.4241 .0736 .1736
.3855 .0627 .1627

.3505 .0540 .154O

.3186 II468 .1468

.2897 .0408 91408

.2633 .0357 .1357

.23P4 .0315 .1315

1.716 4.355
9.487 4.868

11.436 5.335
13.579 5.759
15.937 6.145

2.224
2.622

31725  %l

9.684
12.763
16.029
22.891 19.421

::

::
1 5

2.853
3.138
3.452
3.791
4.177

1 8 . 5 3 1 6.495
21.384 6.814
24.523 7.103
27.975 7.367
31.772 7.606

4.064 26.3%
4.388 29.901
4.699 33.377
4.996 36.801
5.279 40.152

5.549 43.416
5.807 46.582
6.053 49.640
6.286 52.583
6.508 55.407

6.719 58.110
6.919 60.689
7.108 63.146
7.288 65.481
7.458 67.696

:: 4.595 5.054
1 % 5.560

iii 6.116 6.728

-2176 SO278 .1278
,197s .0247 .1247
.17PP .0219 .1219
.1635 .0195 .1195
.1486 .0175 .1175

.1351 .0156 .1156
,122s .0140 .1140
.1117 .0126 .1126
.1015 .0113 -1113
LIP23 .0102 .1102

.0839 JO916 .lOP2

.0763 .00826 .1083
a693 .00745 .1075
.0630 .00673 .1067
.0573 .00608 .1061

35.950 7,824
40.545 8.022
45.599 8.201
51.159 8.365
57.275 8.514

2 7.400  8.140
ii 9.850 8.954

2 5 10.835

t": 11.918 13.110
2 8 14.421
3: 17.449 15.863

64.003 8.649
71.403 8.772
79.543 8.883
88.497 8.985
98.347 9.017

ii
25

109.182 9.161
121.100 9.237
134.210 9.307
148.631 9.370
164.494 9.427

7.619 69.794  2 6
7.770 71.717 27
7.914 73.650 28
8.049 75.415 29
8.176 77.077 30

8.2% 78.640
8.409 80.108
8.515 81.486
8.615 82.777
8.709 83.987

3 21.114 19.194 .0521  a474 .00550  a0497 .1055  .1050
3 3 23.225 a431 a0450 .1045

ii 28.102 25.548 .0391  .0356 .00369  .00407 .1041  .1037

181.944 9.479
201.138 9.526
222.252 9.569
245.477 9.609
271.025 9.644

4 0 45.259
iti 117.391 72.891

5 5 189.059
60 304.482

.0221 JO226 .1023
.0137 .00139 .1014
.00852 .00086 .lOOP
.00529 .00053 .1005
.00328 a0033 .1003

442.593
718.905

1 163.9
1 880.6
3 034.8

9.779
9.863
9.915
9.947
9.967

Ef 88.953 92.454
9.570 94.889
9.708 96.562
9.802 97.701

4 893.7 9.980
7 887.5 9.987
12709.0 9.992
20 474.0 9.995
32 919.7 9.997

f : 490.371 789.748
7 5 1271.9
8 0 2048.4
8 5 3299.0

.00204 .00020 .1002
.00127 .00013 .lOOl
.00079 .OCOO8 .I001
.00049 .OOOo5 .lOOO
.00030 .OoOO3 .lOOO

9 0 5 313.0 .00019 .oOOO2 .lOOO 5 3 1 2 0 . 3
95 8 556.7 .00012 .OOOOl .lOOO 8 5 556.9

1 0 0 13 780.6 .00007 .OOOOl .lOOO 1 3 7 796.3

9.861
9.911
9.941
9.961
9.974

98.471
98.987
99.332
99.561
99.712

9.998 9.983 PP.812
9.999 9.989 99.877
9.999 9.993 99.920
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12% Compound Interest Factors 12%
Single Payment Uniform Payment Series Arithmetic Cradiint

Compound Present Sinking Capital Compound Resent Gradient Gradient
Amolmt  w o r t h 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 P Given F Given F Given P Given A Given A Given G Given G

n F/f-’ P/F A/F A/P F/A PIA A/G P/G  n

1.120 .8929 1.OOoo 1.1200
1.254 .I912 .4717 s917
1.405 .7118 .2963 .4163
1.574 .6355 .2092 .3292
1.762 S674 .1574 .2774

1.974 *5066 .1232 2432
2.211 .4523 .0991 .2191
2.476 A039 .0813 .2013
2.773 .3606 .0677 .I877
3.106 .3220 .0570 .I770

3.479 .2875 .0484 -1684
3.8% .2567 -0414 .1614
4.363 .2292 .0357 .1557
4.887 .2046 .0309 .1509
5.474 .I827 .0268 .1468

6.130 .1631 a234 .I434
6.866 .1456 .0205 .I405
7.690 .1300 .0179 .1379
8.613 .1161 .0158 .I358
9.646 .1037 .0139 .1339

10.804 J926 .0122 .1322
12.100 .0826 .0108 a1308
13.552 .0738 .00956 .1296
15.179 .0659 .00846 .1285
17.000 .0588 .00750 .1275

19.040 .OX?S .00665 .1267
21.325 II469 a0590 .1259
23.884 a419 .00524 .1252
26.750 .0374 a0466 .1247
29.960 .0334 .00414 .1241

33.555 .0298 .00369 .1237
37.582 .0266 .00328 .1233
42.092 .0238, XI0292 al229
47.143 .0212 .00260 .I226
52.800 .0189 JO232 .I223

63.440 7.366 5.838 42.998
72.052 7.469 6.020 44.968

81.699 1.562 6.191 46.819
92.503 7.645 6.351 48.554

104.603 7.718 E: 50.178
118.155 7.784

6:771
51.693

133.334 7.843 53.105

150.334 7.8% 6.892 54.418
169.374 7.943 7.005 55.637
190.699 7.984 7.110 56.767
214.583 8.022 7.207 57.814
241.333 8.055 7.297 58.782

271.293 8.085 7.381 59.676
304.848 8.112 7.459 60.501
342.429 8.135 7.530 61.261
384.521 8.157 7.596 61.961
431.663 8.176 7.658 62.605

93.051 .Olcr7 .00130 .I213 767.091 7.899 65.116 40
163.988 .0061O .00074 .1207 1 358.2 ::% 8.057 66.734 45
289.002 .00346 mo42 .I204 2 400.0 8.304 8.160 67.762 50
509.321 II0196 .00024 .I202 4 236.0 8.317 8.225 68.408 55
897.597 .OOlll .00013 ,120l 7 471.6 8.324 8.266 68.810 60

:fz
31374

0.893 1.690 0 0.472 i797
2.402 0.925 2:221

:.

4.779 3.037 1.359 4.127 :
6.353 3.605 1.775 6.397 5

8.115 4.111 2.172 8.930
10.089 4.564 2.551 11.644 !:

12.300 4.968 2.913 14.47114.776 5.328 3.257 17.356 t
17.549 5.650 3.585 20.254 10

20.655 5.938 3.895 23.129 11
24.133 6.194 4.190 25.952 12
28.029 6.424 4.468 28.702 13
32.393 6.628 4.732 31.362 14
37.280 6.811 4.980 33.920 15

42.753 6.974 5.215 36.367
48.884 7.120 5.435 38.697
55.750 7.250 5.643 40.908

:;

:t
2 0

21
2 3

z
2 6

2
2 9
3 0

1 5 8 1 . 9 a0063 .00008 .1201 13 173.9 8.328 8.292 69.058 6 5
2 787.8 .00036 -00004 .1200 23 223.3 8.330 8.308 69.210 7 0

2 4913.1 8 658.5 .00020  BOO12 .OOOO2  .oooo1 .1200  .1200 40 72 933.8 145.7 8.332 8.332 8.318 8.324 69.303 69.359 75 80
85 15 259.2 .00007 .ooool .I200 127 151.7 8.333 8.328 69.393 85

90 2 6 891.995 4 7 392.8 :z
100 83 522.3 .oooo1

.1200 224 091.1 a.333 8.330 69.414 9 0

.1200 394 931.4 8.333 8.331 69.426 95
.1200 6 % 010.5 8.333 8.332 69.434 100



15% Compound Interest Factors 15%
Single Payment Uniform Payment Series Arithmetic Gradient

cEE%d
Prest  Sinking Capital Compound Present Gradient Gradient

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 P Given F Given P Given  A

n F/P P/F A/F A/P F/A
Gt:;  A Given G Given G

A/G P/G  n

1.150 .86% 1.0000 1.1500 l.ooO 0.870 0
1.322 .7561 .4651 26151 2.150 1.626 0.465 8756
1.521 .6575 .2880 .4380 3.472 2.283 0.907 2:071
1.749 .5718 .2003 .3503 4.993 2.855 1.326 3.786
2.011 .4972 .1483 .2983 6.742 3.352 1.723 5.775

2.313 .4323 .1142 .2642

3Et
3:518

.3759  .3269 :z .2404  -2229

.2843 .0596 .2096
4.046 .2472 .0493 .1993

8.754 3.784 2.097 7.937 6

11.067 4.160 2.450 10.19213.727 4.487 2.781 12.481 ii
16.786 4.772 3.092 14.755 9
20.304 5.019 3.383 16.979 1 0

. 4.652 .2149 .0411 .I911 24.349 5.234 3.655 19.129
5.350 .I869 .0345 .1845 29.002 5.421 3.908 21.185
6.153 .1625 .0291 .1791 34.352 5.583 4.144 23.135
7.076 .1413 .0247 .I747 40.505 5.724 4.362 24.972
8.137 a1229 .0210 ‘1710 47.580 5.847 4.565 26.693

9.358 .1069 .0179 .1679
10.761 .0929 .0154 .1654
12.375 .0808 .0132 .I632
14.232 .0703 .0113 .1613
16.367 .0611 .00976 91598

:: 21.645 18.822 .0531  .0462 JO842  .00727 .I584  11573
2 3 24.891 .0402 .00628 .1563

ti! 28.625 32.919 .0349  .0304 .00543  .00470 .1.554  .1547

37.857 .0264 .OwO7 .1541 245.712 6.491 J.%l 38.692
43.535 .0230 .00353 -1535 283.569 6.514 6.032 39.289
50.066 .0200 .00306 .1531 327.104 6.534 6.096 39.828
57.575 .0174 .00265 .1527 377.170 6.551 6.154 40.315
66.212 .0151 $0230 .1523 434.745 6.566 6.207 40.753

76.144 .0131 .OO200 .1520
87.565 .0114 .00173 .1517

100.700 .00993 .00150 .1515
115.805 .00864 s30131 .I513
133.176 .00751 .00113 .I511

267.864 JO373 .00056 .1506
538.769 .00186 .00028 .1503

1 083.7 BOO92 .00014 .1501
2 179.6 .00046 .00007 .1501
4 384.0 BOO23 . .OOoO3 .I500

8 817.8 .00011 .00002 .1500
1 7 735.7 .00001 .1500
3 5 672.9 :EE .1500
7 1 750.9 .oooo1 ,150O

1 4 4 316.7 .00001 .1500

::

::
15

55.717 5.954 4.752 28.2% 1 6
65.075 6.047 4.925 29.783 1 7
75.836 6.128 5.084 31.156 1 8
88.212 6.198 5.231 32.421

102.444 6.259 5.365 33.582 1:

118.810 6.312 5.488 34.645
137.632 6.359 5.601 35.615
159.276 6.399 5.704 36.499
184.168 6.434 5.798 37.302

-212.793 6.464 5.883 38.031

500.957 , 6.579 6.254 41.147
577.100 6.591 6.297 41.501

E%
881:170

f.E
6:617

6.336 6.371 41.818 42.103
6.402 42.359

1  779.1
3 585.1
7 217.7

14 524.1
29 220.0

58 778.6
118 231.5
237 812.5
478 332.6
962  104.4

6.642 6.517 43.283
6.654 6.583 43.805
6.661 6.620 44.096
6.664 6.641 44.256
6.665 6.653 44.343

f :Z 6.659 6.663 44.416 44.390

E2 6.665
6:667 22

44.429 44 436
44:440

2 6

z
2 9
3 0

7 5
8 0
8 5

286



Compound Interest Factors

1.180 .a475 1.00&l 1.1800
1.392 .7182 .4587 a6387
1.643 A086 .2799 .4599
1.939 .5158 .1917 .3717
2.288 .4371 .1398 .3198

i%t
3:759

.3704 .3139 *lo59  .0824 .2859 .2624

.2660 .0652 2452
4.435 -2255 .0524 ,2324
5.234 .1911 .0425 .2225

6.176 .1619 .0348 .2148
7.288 .1372 .0286 .2086
8.599 ‘1163 .0237 .2037

10.147 .O985 .0197 .1997
11.974 .0835 .0164 .1964

14.129 .0708 .0137 .I937
16.672 :E .0115 .1915
19.673 a0964 .1896
23.214 .0431 .00810 .1881
27.393 .0365 .00682 .1868

32.324 .0309 a0575 .1857
38.142 .0262 .00485 .1848
45.008 .0222 .00409 .1841
53.109 .0188 a0345 a1835
62.669 .0160 .00292 .1829

73.949 .0135 HI247 .1825
87.260 .0115 .00209 .1821

102.966 .00971 .00177 .I818
121.500 .00823 .00149 .1815
143.370 m697 .00126 .1813

169.177 JO591 .00107 .1811
199.629 .00501 .00091 .1809
235.562 .00425 .ooo77 .1808
277.963 .00360 .00065 .1806
327.997 .00305 .OOo55 .18Q6

1.000 0.847
2.180 1.566 8459

0:890

i718 :

3.572 2.174 1:9355.215 2.690 1.295 3.483 3
7.154 3.127 1.673 5.231 5

9.442 3.498 2.025 7.083 6

12.142 3.812 2.353 8.96715.327 4.078 2.656 10.829 ;:
19.086 4.303 2.936 12.633
23.521 4.494 3.194 14.352 1:

28.755 4.656 3.430 15.972 ‘11
34.931 4.793 3.647 17.481 1 2
42.219 4.910 3.845 18.877 1 3
50.818 5.008 4.025 20.158
60.965 5.092 4.189 21.327 :i

72.939 5.162 4.337 22.389 16
87.068 5.222 4.471 23.348 17

103.740 5.273 4.592 24.212
123.413 5.316 4.700 24.988 ::
146.628 5.353 4.798 25.681 20

17d.021 5.384 4.885 26.300 21
206.345 5.410 4.963 26.851 22
244.487 5.432 5.033 27.339 23
289.494 5.451 5.095 27.772 24
342.603 5.467 5.150 28.155 25

405.272 5.480 5.199 28.494 26
479.221 5.492 5.243 28.791 27
566.480 5.502 5.281 29.054 28
669.447 5.510 5.315 29.284 29
790.947 5.517 5.345 29.486 30

934.317 5.523 5.371 29.664 31
1 103.5 5.528 5‘394 29.819 32
1 303.1 5.532 5.415 29.955 33
1 538.7 5.536 5.433 30.074 34
1 816.6 5.539 5.449 30.177 3.5

40 750.377 .00133 BOO24 .1802 4 163.2 5.548 5.502 30.527 40

:: 3  1 716.7 927.3 BOO58  .00025 .00010 .00005 .1801 -1800 21 9 531.6 813.0 5.552 5.554 5.529 5.543 30.701 30.786 4 . 5  5 0

2 2: E”;:! .00011 .Ocoo5 .Oooo2  .00001 .1800 .1800 114 49 910.1 189.4 5.555 5.555 5.549 5.553 30.827 30.846 5 5  6 0

65 47025.1 aOoo2 .1800 261 244.7 5.555 5.554 30.856 65
70 107 581.9 .00001 .1800 597.671.7 5.556 5.555 30.860 70

i
. . ,
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Compound Interest Factors

Single Payment Uniform Payment Series Arithmetic Gradient

Compound Present Sinking Capital Compound Present Gradient Gradient
Amount Worth Fund R~~ec;ry Amount worth Uniform Present
Factor Factor Factor Factor Factor Series worth

FindF ;it$pF  g!~yjj  ,gfnAp Find F Find P Find A Find P
Given P Given A

n FlP P/F A/F AlP FlA
Given A G2;2GG  Given G

PlA PIG n

6

I
1:
:ti3
:4

I.200 -8333 1.0000 1.2000
1.440 xi944 .4545 .6545
1.728 S787 .2747 .4747
2.074 .4823 .1863 .3863
2.488 A019 .1344 .3344

2.986 .3349 .1007
3.583 .2791 m74

4.300 .23265.160 .1938 :E
6.192 .1615 .0385

7.430 .1346 .0311
8.916 .1122 .0253

10.699 .093S .0206
12.839 .0779 .0169
15.407 .0649 .0139

18.488 .0541 .0114
22.186 .0451 .00944
26.623 .0376 .00781
31.948 .0313 .00646
38.338 .0261 .00536

46.005 .0217 .00444
55.206 .0181 SKI369
66.247 .0151 .00307
79.497 .0126 .00255
95.396 .0105 .00212

114.475 ma74 NO176
137.371 A0728 .00147
164.845 .00607 .00122
197.814 .00506 .00102
237.376 .00421 BOO85

284.852 .00351 .00070
341.822 .00293 BOO59
410.186 .00244 .00049
492.224 .00203 BOO41
590.668 .00169 Lo034

1 469.8 .00068 .00014 -2001 7  343.9 4.997
3 657.3 BOO27 .OGuO5 .2001  18 281.3 4.999
9 100.4 .OOOll .OOcG2 .2000  49  4 9 7 . 2 4.999

2 2 644.8 .2000  113 219.0 5.000
5 6 347.5

:EE? .00001
.2000  281 732.6 5.000

:%i
3:640

0.833 1.528
2.106

5.368 2.589
7.442 2.991

:E
.2606
.2481
.2385

9.930 3.326
12.916 3.605
16.499 3.837
20.799 4.031
25.959 4.192

.2311 32.150 4.327
a2253 39.581 4.439
.2206 48.497 4.533
.2169 59.196 4.611
.2139 72.035 4.675

-2114 87.442 4.730
.2094 105.931 4.775
.2078 128.117 4.812
.2065 154.740 4.843
.2054 186.688 4.870

.2044

.2037

.2031

.2025

.2021

.2018
“2015

.2012
.2010
.2008

.2007

.2006

.2005

.2004

.2003

225.026 4.891
271.031 4.909
326.237 4.925
392.484 4.937
471.981 4.948

567.377 4.956
681 .a53 4.964
819.223 4.970
984.068 4.975

1181.9 4.979

1 419.3 4.982
1704.1 4.985
2 045.9 4.988
2 456.1 4.990
2 948.3 4.992

8455
0:879

!694
1:852

;

1.274 3.299 :
1.641 4.906 5

1.979 6.581 6

2.290 8.2552.576 9.883 ii

2.836 11.4343.074 12.887 1:

3.289 14.2333.484 15.467 :i:z
3:9s9

16.588 17.601 1 3

18.509 ::
4.085 19.3214.198 20.042 ::
4.298 20.680 1 8
4.386 21.244 1 9
4.464 .21.739 2 0

4.533 22.174 2 1

ii
z

4.771 23.646 2 6
4.802 23.835 2 7

4.829 23sJ994.853 24.141 it
4.873 24.263 3 0

4.891 24.368
4.906 24.459
4.919 24.537
4.931 24.604
4.941 24.661

4.973 24.847
4.988 24.932
4.995 24.970
4.998 24.987
4.999 24.994
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25% Compound Interest Factors 25%
Single Payment Uniform Payment Series Arithmetic Gradient

Compound Fksellt
Amount Worth

Sinking Capital
Fund Recovery

Compound Resent  Gradient Gradient
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 AIF A/P F/A PIA A/G P/G  n

: 1.563 1.250 .8ooo  BOO 1.oOOO

i 2.441 1.953 .4096  .5120 :23  .1734
5 3.052 .3277 .1218

!: 4.768 3.815 .2621  .2097 .0888  .0663

f EY
1 0 9:313

.1678  .1342 .0504  .0388
‘1074 .0301

:i 11.642 14.552 .0859  .0687 .0235  .0184

:: 22.737 18.190 .0550  .0440 .0145  .0115
1 5 28.422 .0352 .00912

:t 44.409 35.527 .0281  .0225 .00724  SK1576

:i 55.511 69.389 .0180  .0144 .00459  .00366
2 0 86.736 .0115 .00292

ii 108.420 135.525 .00738  Lb0922 .00233  .00186
2 3 169.407 .00590 .00148

z 264.698 211.758 .00472  .00378 .00119  .00095

E 413.590 330.872 .00302  XI242 BOO76  .00061

it 646.235 516.988 .00193  .00155 .00048  .00039
30 807.794 .00124 .00031

z; 1  1 009.7 262.2 :E% .ooo25  .00020
3 3

z

t E;I .00063 BOO16

2 465:2 .00051  BOO41 .00013  .00010

!! 22 I 958’9 523 2 .00013 .@I001  .OwO3

5 0 7 0 064:9 :EEE
5 5 213 821.2

1.2500
.6944
~5123
-4234
.3718

.3388

.3163

.3004

.2888

.2801

.2735
.2684
.2645
.2615
.2591

2572
.2558
.2546
.2537
.2529

.2523
.2519
.2515
.2512
.2509

a2508
.2506
.2505
.2504
.2503

.2502

.2502
.2502
.2501
.2501

1.000 0.800 0 0
2.250
3.813

f *i2

21362

:% 0.640 :.

\ 5.766 1:225 :%3
4:204

3
8.207 2.689 1.563 5

11.259
15.073

E: 1.868 5.514
2.142 6.773

19.842 3:329 2.387 7.947
25.802 3.463 2.605 9.021
33.253 3.571 2.797 9.987

4
t

1 0

42.566 3.656 10.846
54.208 3.725 :E

31244
11.602

68.760 3.780 12.262
86.949 3.824 3.356 12.833

109.687 3.859 3.453 13.326

138.109 3.887 3.537 13.748
173.636 3.910 3.608 14.108
218.045 3.928 3.670 14.415
273.556 3.942 3.722 14.674
342.945 3.954 3.767 14.893

429.681 3.963 3.805 15.078
538.101 3.836 15.233
673.626 :%i
843.033 3:981

3.863 15.362
3.886 15.471

1 054.8 3.985 3.905 15.562

1 319.5 3.988 3.921 15.637
1 650.4 3.990 3.935 15.700
2 064.0 3.992 15.752
2 580.9 3.994 :% 15.796
3 227.2 3.995 3:963 15.832

?E
31997

3.%9 3.975 15.861 15.886
3.979 15.906

3.998 3.983 15.923
3.998 3.986 15.937

4 035.0
5 044.7
6 306.9
7 884.6
9 856.8

.2500 3 0 088.1 3.995 15.977 40

.2500 9 1 831.5
2Ei

4:Oo0
3.998 15.991 4 5 ...

.2500 280 255.7 3.999 15.997 5 0
.2500 8 5 5 280.7 4.000 4.000 15.999 5 5

::

:i
1 5

26
2 7

it
3 0
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Compound Interest Factors

n-
1.300 .7692 1.0000 1.3000
1.690 -5917 .4348 .7348
2.197 A552 .2506 .5506
2.856 .3501 .1616 A616
3.713 .2693 .1106 .4106

!
1 0

:::
1 3

::

4.827 .2072 .0784 *3784
6.275 .1594 .0569 .3569
8.157 .1226 xl419 .3419

10.604 .0943 .0312 .3312
13.786 .0725 .0235 .3235

17.922 ,055s .0177 .3177
23.298 .@I29 .0135 .3135
30.287 .0330 .0102 .3102
39.374 .0254 .00782 ,307a
51.186 .0195 $0598 .3060

66.542 .0150 .00458 3046
86.504 .0116 JO351 .3035

112.455 .00889 .00269 .3027
146.192 .00684 JO207 .3021
190.049 .00526 .00159 .3016

247.064 .00405 .00122 93012
321.184 .00311 BOO94 .3009
417.539 JO239 .ooO72 .3007
542.800 .00184 .00055 .3006
705.640 .00142 .00043 .3004

917.332 .00109 .00033 3003
1 192.5 BOO84 BOO25 .3003
1 550.3 .00065 .00019 -3002
2 015.4 .00050 .00015 .3001
2 620.0 BOO38 .OOOll .3001

3 406.0 .00029 .00009 .3001
4 427.8 .00023 .00007 .3001
5 756.1 BOO17 .00005 .3001
7 483.0 .00013 .oooo4 .3ooo
9 727.8 .OOOlO .00003 .3000

ziz
0.769

3:990
1.361 :435 !592
1.816 0:827 1:502

6.187 2.166 1.178 2.552
9.043 2.436 1.490 3.630

12.756 2.643 1.765 4.666
17.583 2.802

:%i
5.622

23.858 2.925 6.480
32.015 3.019 2:396 7.234
42.619 3.092 2.551 7.887

56.405 3.147 2.683 8.445
74.327 3.190 2.795 a.917
97.625 3.223 2.889 9.314

127.912 3.249 2.969
167.286 3.268 3.034 X:E

218.472 3.283 3.089 10.143
285.014 3.295 3.135 10.328
371.518 3.304 3.172 10.479
483.973 3.311 3.202 10.602
630.165 3.316 3.228 10.702

820.214 3.320 3.248 10.783
1 067.3 3.323 3.265 10.848
1 388.5 3.325 3.278 10.901
1 806.0 3.327 3.289 10.943
2 348.8 3.329 3.298 10.977

3 054.4 3.330 3.305 11.005
3 971.8 3.331 3.311 11.026
5 164.3 3.331 3.315 11.044
6 714.6 3.332 3.319 11.058
8 730.0 3.332 3.322 11.069

11  350.0
14 756.0 :-z::

3:333
:%i

11.078
11.085

19 183.7 3:328 11.090
24 939.9 3.333 3.329 11.094
32 422.8 3.333 3.330 11.098

4 0 3 6 118.8 .00003 .00001 .3000 1 2 0 392.6 3.333 3.332 11.107
4 5 1 3 4 106.5 .OOOOl a3000 447 018.3 3.333 3.333 11.110
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35% Compound Interest Factors 35%

1.350 .7407 1.0000 1.3500 0.741 01.822 “5487 .4255 .7755 2%
2.460 4064 .2397 S897 4:173

1.289 i426 0.549 :
1.6% 0:803 1.362 3

3.322 .3011 .1508 .5008 6.633 1.997 1.134 2.265
4.484 .2230 .1005 .4505 9.954 2.220 1.422 3.157 s

6.053 .1652 a693 .4193 14.438 2.385 1.670 3.9838.172 .1224 a488 .3988 20.492 2.508 1.881 4.717 f

il.032 4906 .0349 .3849 28.664 2.598 5.35214.894 .0671 .0252 .3752 39.696 2.665 I-E 5.889 i
20.107 3497 .0183 .3683 54.590 2.715 2:334 6.336 1 0

27.144 .0368 .0134 .3634 14.697 2.752 2.436 6.705 1 1
36.644 .0273 .00982 -3598 101.841 2,779 2.520 7.005 1 2
49.470 .0202 .00722 .3572 138.485 2.799 2.589 7.247 1 3
66.784 .OlJO .00532 *3553 187.954 2.814 7.442 1 4
90.158 .Olll a0393 .3539 254.739 2.825 52-i 7 . 5 9 7 1 5

121.714 JO822 .00290 .3529 344.897 2.834 2.725 7.721 16
164.314 .oo6o9 .00214 .3521 466.611 2.840 2.753 1.818 1 7
221.824 .00451 .00158 .3516 630.925 2.844 2.776 7.895 1 8
299.462 .00334 .00117 .3512 852.748 2.848 2.793 7.955 1 9
404.274 -00247 SW087 -3509 1 152.2 2.850 2.808 8.002 20

545.769
736.789
994.665

1 342.8
1 812.8

2 447.2
3 303.8
4 460.1
6 021.1
8 128.5

10 973.5
14 814.3
19 999.3
26 999.0
36 448.7

JO183 BOO64
XI0136 .ooo48
.OOlOl .00035
.00074 BOO26
BOO55 .00019

.00041 .00014

.00030 .00011
BOO22 .00008
.00017 .00006
.00012 .OooO4

:E
.OOOo3
.OOoO2

.OOoO5 .OOoO2

:E%
.OOOOl
.00001

.3506 1 556.5 2.852 2.819 8.038

.3505 2 102.3 2.853 2.827 8.067

.3504 2 839.0 2.854 2.834 8.089

.3503 3 833.7 2.855 2.839 8.106

.3502 5 176.5 2.856 2.843 8.119

.3501 6 989.3 2.856 2.847

.3501 9 436.5 2.856 2.849
-3501 12 740.3 2.857 2.851
.3501 17 200.4 2.857 2.852
.3500 23 221.6 2.857 2.853

.3500 31 350.1 2.851 2.854

.3500 42 323.7 2.857 2.855

.3500 57 137.9 2.857 2.855
a3500  77 137.2 2.857 2.856
.3500 104 136.3 2.857 2.856

8.130
8.137
8.143
8.148
8.152

8.154
8.157
8.158
8.159
8.160

9
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40% Compound Interest Factors 40%
Single Payment Uniform Payment Series Arithmetic Gradient

Compound Preoyht Sinking C a p i t a l Compound Present  Gradient  Gradient
Amount Fund Recovery Amount W o r t h 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/P P/F AIF A/f’ F/A PIA A/G P/G  n

6
7

1.400 .7143 1.0000
I .960 .5102 .4167
2.744 .3644 .2294
3.842 .2603 .I408
5.378 .1859 .0914

7.530 .I328 .0613
1 0 . 5 4 1 .0949 .0419
14.758 .0678 .0291
20.661 .0484 .0203
28.925 .0346 .0143

1.4000
.a167
.6294
.5408
.4914

.4613
$4419
.4291
$4203
.4143

40.4% .0247 .OlOl .4101
56.694 .0176 Xl0718 .4072
79.371 .0126 .00510 .4051

111.120 .00900 .00363 .4036
155.568 JO643 DO259 .4026

217.795 .00459 JO185 Ml8
304.913 .00328 .00132 .4013
426.879 .00234 BOO94 .4009
597.630 ~30167 .00067 .4007
836.682 .00120 .00048 .4005

1.000 0.714
2.400 1.224 8417

0:780

8510 ;

4.360 1.589 1:2397.104 1.849 1.092 2.020 i
10.946 2.035 1 . 3 5 8 \ 2.764 5

16.324 2.168 1 . 5 8 1 3.428
23.853 2.263 1.766 3.997 t
34.395 2.331 1.919 4.471
49.153 2.379 2.042 4.858 t
69.814 2.414 2.142 5.170 1 0

98.739 2.438 2.221 5.417 11
139.235 2.456 2.285 5.611 12
195.929 2.469 2.334 5.762 13
275.300 2.478 2.373 5.879 14
386.420 2.484 2.403 5.969 15

541.988 2.489 2.426 6.038 1 6
759.783 2.492

1 064.7 2.494 i%
2:46a

t z
1 419.6 2.496 6:160

:i

2 089.2 2.497 2.476 6.183 1:

1 171.4
1 639.9
2 295.9
3 214.2
4 499.9

6 299.8
8 819.8

12 347.7
17 286.7
24 201.4

BOO85 .00034
BOO61 BOO24
:EE .00017

BOO12
.00022 .ocoo9

.00016 .00006

.00011 .ocMl5

.OOOOa .00003

.00006 .00002

.oaoo4 .00002

.4003 2 925.9

.4002 4 097.2
.4002 5 737.1
.4001 a 033.0
.4001 11 247.2

.4001 1s 747.1
“4ooo 2 2 046.9
.4000 30 866.7

:Z 43 60 2 1 4 . 3  5 0 1 . 0

2.498 2.482 6.200 2 1
2.498 2.487 6.213 22
2.499 2.490 6.222 23
2.499 2.493 6.229 24
2.499 2.494 6.235 2 5

2.500 2.4% 6.239 26
2.500 2.497 6.242 27
2.500 2.498 6.244 28
2.500 2.498 6.245 29
2.500 2.499 6.247 30

3 3 882.0 .OOoO3 .00001 .4000 a4 702.5 2.500 2.499 6.248 3 1
47 434.8 .OOoO2 .00001 .4000 1 1 8 584.4 2.500 2.499 6.248 32
66 408.7 .00002 .OOOOl MOO 1 6 6 019.2 2.500 2.500 6.249 33
92 972.1 .OOOOl

:Z
232 427.9 2.500 2.500 6.249 34

1 3 0 161.0 .OOOOl 325 400.0 2.500 2.500 6.249 35



45% Compound Interest Factors

Single Payment 1 Uniform Payment Series Arithmetic Gradient
~nmnmnd &rent  1 Sinkin@ Canital Compound Present E;:baz  Gra$e$t

m o u n t W o r t h
-----D --r----  ---

Fund Recovery AI.._-...
F a c t o r F a c t o r F a c t o r

F i n d  A Find A Find F
Given F Given P Given A

F a c t o r -S&.S W o r t h

Find P F i n d  A Find P
Given A Given G Given G

n

:

3
5

F/P P/F 1 AfF A/P F/A P/A 1 A/G PIG

2.103 1.450 .6897  .4756 l.Oooo  A082 1.4500 .8582 :%t

4:553  7.601

0.690 1.165 &OS : 476

4.421 3.049 .3280  .2262 .2197  .1316 .5816  .6697 1.493 1.720 0:758  1.053 1:132  1.810
6.410 .1560 .0832 .5332 12.022 1,876 1.298 2.434

1n
t 13.476 9.294 .1076  .0742 .0543 .0361 .5043  .4861 27.725 18.431 2.057 1.983 1.499 1.661 2.972 3.418 6

f 28.334 19.541 .0512  .0353 .0165  .0243 .4743  .4665 41.202 60.743 2.109 2.144 1 . 7 9 1  1 . 8 9 3 3.776 4.058 ii

10 41.085 .0243 .0112 A612 89.077 2.168 1.973 4.277 1:

59.573 .0168 .00768 .4577 130.162 2.185 2.034 4 . 4 4 5 1 1
86.381 .0116 .00527 .4553 189.735 2.196 2.082 4.572 1 2

’ 125.252 .00798 Xl0362 .4536 276.115 2.204 2.118 4.668 1 3
181.615 Lb0551 .00249 .4525 401.367 2.210 2.145 4.740 1 4
263.342 .00380 .00172 .4517 582.982 2.214 2.165 4.793 1 5

381.846 JO262 .00118 .4512 846.325 2.216 2.180 4.832 1 6

553.677 .00181 .00081 .4508 1 228.2 2.218 2.191 4.861802.831 .00125 BOO56 .4506 1781 .8 2.219 2.200 4.882 :;
1164.1 BOO86 .00039 .4504 2 584.7 2.220 2.206 4.898 1 9
1  688.0 .00059 .00027 .4503 3 748.8 2.221 2.210 4.909 20

2 447.5 .00041 .00018 .4%x? 5 436.7 2.221 2.214 4.917 21
3 548.9 .00028 .00013 .4501 7 884.3 2.222 2.216 4.923 22
5 145.9 BOO19 .oooo9 .4501 1 1 433.2 2.222 2.218 4.927 23
7461.6 .00013 .ooOO6 .4501 1 6 579.1 2.222 2.219 4.930 24

10 819.3 .oooo9 .oooo4 .4500 24 040.7 2.222 2.220 4.933 25

15 688.0
22 747.7
32 984.1
47 826.9
69 349.1

.00003 .4500 34 860.1

.OooO2 .4500 50 548.1
.OOOo3 .OOOOl .4500 7 3 295.8
.OoOO2 .OOOOl .4500 106 279.9
.00001 .OOOOl .4500 1 5 4 106.8

2.222 2.221 4.934 26
2.222 2.221 4.935 27
2.222 2.221 4.936 28
2.222 2.222 4.937 29
2.222 2.222 4.937 30

3 1 100 556.1 .00001 .4500 223 455.9 2.222 2.22232 145 806.4 .00001 .4500 324 012.0 2.222 2.222 d% zi
33 211 419.3 .4500 469 818.5 2.222 2.222 4:938 33

g 306;g.; .4500  .4500 6 8 1  9 8 7 237.8 795.9 2.222 2.222 2.222 2.222 4.938 4.938 3 4  3 5



Compound Interest Factors

: 2.250 1.500 A667 ‘:E I.5000

:Z  .1975 :E  .6231

:iE

41750  8.125

0.667 1.111 L o o

;: 5.063 3.375 .2105 .1231 1.4M  1.605 0:737  1.015
5 7.594 .1317 .0758 .5758 13.188 1 . 7 3 7 1.242
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6 0 % Compound Interest Factors 6 0 %
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Engineering License Review Books from Engineering Press:

Engineer-In-Training License Review
Civil Engineering License Review
Civil Engineering License Problems and Solutions
Civil Engineering Problem Solving Flowcharts
Electr ical Engineering License Review
Electrical Engineering License Problems and Solutions
Chemical Engineering License Review
Mechanical Engineering License Review

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:.
Ca lcu lus  I Linear Algebra
Calculus I I Materiais Science
Calculus III Mechanics of Materials
Circuit Analysis Organic Chemistry
College Algebra Physics l -Mechanics
Differential Equations Physics III-Electricity and Magnetism
Dynam its 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
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