
A Pocket-Sized Answer Machine 
for Business and Finance 
This new nine-ounce, battery-powered calculator 
replaces most commonly used financial tables, 
such as compound interest. annuities, and bonds 
It's also a 200-year calendar 

by William L. Crowley and France Rode 

~rHE WORLD OF BUSINESS AND FINANCE ented. We wanted to produce an "answer machine," 
DEPENDS ON THE FLOW OF MONEY - not an "equation-solver." This meant that the power 

how much is flowing now and over a period of of the basic HP-35 hardware had to be harnessed 
time, the value that people place on it, the expec- in such a way that the real complexity of solving 
tations and (requirements) many problems would be 
of it in the future, and the invisible to the user. In 
evaluation of it over some the final design, the user 
past history. need only enter the pa-

Accurate measurement rameters of the problem 
of money as related to into the HP-80 and press 
time is of vital importance a key for his answer. 
to the business and finan- Within the restrictions 
cial community. However, of the HP-35's architec-
accura te measuremen ts ture and with the help of 
have been difficult be- colleagues on Wall Street 
cause extensive computa- and in the various money 
tional and mathematical markets (as well as a lit-
abilities are required for tle sensum intestinal, over 
many critical problems. 30 hard-wired programs 
But now, financial and were implemented in the 
business people can solve HP-80. These programs 
these difficult problems essentially replace all of 
easily with a new tool, the commonly used finan-
the HP-80 Pocket Calcu-' cial tables, such as corn-
Ia tor (Fig 1). pound interest, annuities, 

The HP-80 is a prepro- bonds, and so on. What's 
grammed computer I cal- more, other difficult prob-
culator designed specifi- lems, such as time-series 
cally for financial and linear regression analysis 
business calculations The and standard deviation, 
HP-80 looks very i~lUch are made extremely sim-
like the HP-35, HP's first pIe. Answers are dis-
pocket calculator, which Fig. 1. The HP-80 has a to-digit display, plus sign and two- played to as many as six 
is designed for engineer- digit exponent. It weighs nine ounces and operates from re- decimal places _ more 
ing and scientific work. 1 chargeable batteries or the ac line. than are given by many 

In fact, the HP-80 and the HP-35 operate the same tables. This increased precision is often valuable in 
arithmetically. But the design objectives for the bond yield and other critical problems. 
HP-80 were less technical and more problem ori- One of the more intriguing features of the ma-
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Fig. 2. HP·80 keyboard layout. The gold key converts 
eleven other keys to their alternate (extended) functions, 
shown in gold above the keys. 

Cover: "Ray Hutchinson at 
, ,jj the Pacific Stock Exchange" 
. is a familiar sign-off to lis­

teners of San Francisco ra­
dio station KCBS. Art Direc­
tor Arvid Danielson got the 
idea for this cover photo of 
the HP-80 Business Pocket 
Calculator while driving to 
work one day listening to 
the radio, and KCBS busi­

ness editor Hutchinson and the Pacific Stock 
Exchange kindly agreed to pose for us. 
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chine is its built-in 200 year calendar. Principally 
used in practical applications such as note and 
bond problems (for example, finding a bond yield 
between any two dates), it is also capable of such 
"extra-curricular" problems as finding the day of 
the week on which you were born or the number 
of days you've been on planet Earth. 

The Keys and Their Uses 

Fig. 2 shows the HP-80 keyboard layout and no­
menclature. The functions of the keys are as fol­
lows. 

• 
• 
• 
• D 

• 

The number of time periods pertaining to 
a particular problem (i.e., the number of 
days, months, years, etc.). 

The interest rate as it pertains to a 
particular problem, expressed as a percent. 
Use of this key in the extended mode 
(using the GOLD key prior to this key) 
refers to yield-to-maturity calculations 
for bonds. 

The payment or installment portion of an 
annuity or the coupon rate of a bond. 
Extended use of this key refers to the 
interest payment of a note. 

The present value or principal as it 
pertains to a particular problem. 
Extended use of this key refers to the 
present value or price of a bond. 

The future value as it applies to a given 
problem. 

GOLD colored key converts other keys to 
their extended or alternate function. 

The percentage amount of some base 
number (e.g., calculates 5 % of $50.00). 
Extended use of this key will calculate the 
percent difference between two values. 

Allows simple calculation of trend lines 
(by the least-squares linear regression 
method). 

Computes amortization schedules using 
the sum-of-the-digits method. Can use 
either months or years for finance charge 
or depreciation. 

Calculates the difference in calendar days 
between two dates. Extended use of this 
key finds a specific date given the number 
of days. 

Exchanges the contents of the X-location 
with that of the Y-location. 



Rotates the "stack" of stored values down 
one location each time this key is pressed. * 

Stores a given value into the constant 
storage location (a separate storage 
register not in the stack). 

Raises a positive number to any power. 
Extended use of this key finds the square 
root of any positive number. 

Calculates the mean (arithmetic average) 
of a series of values previously entered 
by the summation key ~ +. Extended use 
of this key allows the user to return to the 
summing mode for additional observations. 

I ~AVE.~ Stores a value into the ca~culator (not in 
.' ~ constant storage) so that It can be operated 

on by another value and/or function. 

Recalls the value stored in the constant 
storage location. 

Changes the sign of the number shown 
in the display. 

Clears the display of whatever is shown. 
Extended use of this key clears the entire 
stack (but not the constant storage 
location). 

Sums a series of numbers with the 
intention of determining a mean and 
standard deviation. Extended use of this 
key allows any value to be taken away 
from the sum, as in the case of an 
erroneous entry. 

Readers familiar with the HP-35 will notice that 
the SA VEt key performs the same function as the 
HP-35's ENTERt key, and that the yX key does the 
same thing as the xY key on the HP-35, but in re­
verse order. Also, the HP-35 doesn't have the un­
labeled gold key. The gold l<ey's purpose is to serve 
as a shift or control key to execute a function 
labeled in corresponding gold print above eleven of 
the HP-80 keys. 

Entering an Interest Problem 

Where possible the entry of problem parameters 
has been designed to be as simple and as natural as 
possible. For instance, the top row of five keys (re­
placing the basic financial tables commonly used 
in business and commerce) allows the user to enter 

"Like the HP·35. the Hp·80 has a four·register operational stack. The four stack 
registers are named X, Y, Z, and T. The display always shows the number in the X 
register. Pressing the SAVEfkey moves the number in X into Y, the number in Y into 
Z, and the number in Z into T. The number originally in T is lost. The R l. key moves 
the number In T Into Z, the number in Z into Y, the number in Y into X, an1 the 
number in X into T. 
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SPECIFICATIONS 
HP-80 Pocket Calculator 

BASIC HP-80 CAPABILITIES 
1. Add 
2. Subtract 
3. Multiply 
4. Divide 
5. Constant storage 
6. Selective round·off 
7. Percent calculation 
8. Percentage difference 
9. Square root 

10. Exponentiation 
11. Running total (summation) 
12. Mean (arithmetic average) 
13. Standard deviation 
14. Number of days between two dates (Automatically checks for 
15. Future date given number of days limproper date entries 
16. Future value of an amount compounded 
17. Present value of an amount compounded 
18. Effective rate of return for compounded amounts 
19. Number of periods required, given rate, principal and future value 
20. Future value of an annuity 
21. Present value of an annuity 
22. Effective rate per period, given the future value and payment of an 

annuity 
23. Effective rate per period, given the present value and payment of 

an annuity 
24. Payment or installment of an annuity given future value 
25. Payment or installment of an annuity given present value 
26. Number of periods given the rate, payment and future value of an 

annuity 
27. Number of periods given the rate, payment and present value of 

an annuity 
28. Add·on to effective annual rate conversion 
29. True effective annual yield 
30. Linear regression (trend-line) forecasting 
31. Sum-of·the-years digits depreciation amortization 
32. Sum-of-the·months digits finance charge amortization 
33. Discounted cash flow analysis 
34. Accumulated mortgage interest paid 
35. Remaining principal on a mortgage 
36. Accrued interest (360 and 365 day year) 
37. Discounted notes (360 and 365 day year) 
38. Effective yield on discounted notes (360 and 365 day year) 
39. Bond price 
40. Yield-to-maturity of a bond 

PRICE IN U.S.A.: $395.00 
MANUFACTURING DIVISION: ADVANCED PRODUCTS DIVISION 

10900 Wolfe Road 
Cupertino, California 95014 

his data in a natural, left-to-right sequence. 
As an example, consider the following problem, 

What is the effective compounded rate of growth 
required to double the worth of an investment over 
81/4 years? To solve for "i," the interest rate per 
period, simply enter the known parameters as fol­
lows (assume the present value of the investment 
is $1 and the future value is $2): 

8,25.1.2 •• ~8,76 (%) 

Any of the five elements of a compound interest 
problem can be found by simply entering the known 
values in left-to-right fashion and pressing the key 
bearing the symbol corresponding to the unknown 
value, In this way, we have tried to reduce the com­
plexity of a financial concept to the simplicity of a 
single function. 



Examples of HP-80 Solutions 
Percent Difference Between Two Numbers 
To find the percent difference between two numbers, enter 

the base number and press A 'I. 

I. SAVE • i . Enter the second number, pressD • 

For example, 
ENTER: SEE DISPLAYED: 
601. SAVE .! 2400. ----- % (240 is 

300% greater than 60) 
Day of the Week 

Suppose today is Monday, January 22, 1973, and you 
wanted to find out what day it was when the stock market 
crashed on October 29, 1929. 

ENTER: SEE DISPLAYED: 

10.291929 1 SAVE •• 1.221973 

• I. SAVE d 7 CE -----+ 

2255 G 7 [[l ----..... -_ day factor 

Today IS Monday; count SIX days back to get Black Tues­

day. 
Accumulated Interest Between Two Points, 
Remaining Principal 

You have a 30-year, 8% mortgage on your house In the 
amount of $40,885 which you obtained 4'13 years ago, 
Monthly payments are $300. What is the amount of interest 
paid during the taxable year just ended starting at payment 
40 and ending at payment 52? What IS the unpaid principal? 

Solution 
ENTER: SEE DISPLAYED: 
40~52.360. 

81 SAVE _!J12rn.3oolll~ -4 $_ interest 
~ l $ _ remaining 

principal 

Discounted Cash Flow Analysis 
You are offered an investment opportunity for $100,000 

at a capital cost of 10% after taxes. Will this investment be 
D'ofitable based on the following cash flows? 

Year Cash Flow 
1 $34,000 
2 $27,500 
3 $59}00 
4 $ 7,800 

S.-

ENTER: SEE DISPLAYED: 
,,'.10CJJC~"34000"G -->$1 •• 1 current 

net 
present value 

------>l $1 ••• current 
net 

present value 

$_current 
net 

present value 

; .. 3 -------------> $ _ final value 
IS positive 
deal is OK 

A Bond Problem 

The general equation for the price of a corporate 
bond in the United States is: 

5 

= -100(~)(180 -b) 
p 2 180 

+ [t 100(+) J 
k = 1 ( 1 + ~ ) {k -1 + (b/180) i' 

+ 100 

( 1 + ~ ) { c -1 + (b/180)} 

where: 
p = price of bond expressed as a percent 
a = annual interest rate payable semi-annually; 

the interest is expressed as a decimal 
b = number of days before the next coupon is 

payable 
c = number of coupons payable between the 

present and maturity 
m = annual yield to maturity, compounded semi-

annually; the yield is expressed as a decimal. 
One can imagine how difficult it would be to solve 
for the yield to maturity, m! With the HP-80, the 
solution is simple. For example, what is the yield to 
maturity of a bond bearing a 5% coupon, maturing 
in 5 years and selling at 941/2? 

To obtain yield to maturity, enter the following in 
left-to-right sequence and see the answer 6.30 (%) 
displayed. 

YTM 

5lMy'" 365 (!]. 5 III 94.5" •• ~ 6.30 (%) 

Trend Lines 

The HP-80 can be used to find the least-squares 
linear approximation to a time series and extra­
polate it into the past or future. The technique is 
known as linear regression or trend-line analysis. 

For example, using linear regression, calculate a 
projected value for sales in the seventh month if 
actual sales for the first six months are 486, 437, 
506,470,532.512. 

HP·80 solution: 

486.437.506.470.523. 512.D. 

7 •• ~ 524.20 

Conventional solution: 

Yx = A +- BX 
where: 

Y x = value on the trend line at the point in time X 
A = value of the trend line at the origin (X = 0) 
B = amount of change in the trend line value per 

unit of time X 
X = units of time 

.. 



n n 
2 2: KY K - (n + 1) 2: 

B K=l K 10.06 

n 
(B) 453.79 2: 

n K = 1 
A 

1 _(n;l) 
Then Y7 = 453.79 + (10.06) (7) 524.20 

Other Capabilities 

A list of the HP-80's basic capabilities appears on 

Yes 

1 nul _I nil 
. _. (1 _ iP - (1 - l) ) 

1-l-l+i 

Step ROM 
Nos. Address 
122 L031;-:" 
123 LiJ]17"3 
124 L~)317"4 

125 L0317'5 
126 L0317'6 
12;- LO]177 
128 L03200 
12? l'J3201 
131) LO]202 
131 L03~'03 

132 UJ3204 
1 '33 L03205 
! 34 ur::::o€· 
13'5 L(I]:::O;"' 
1:6 L(13:'10 
137' LO]211 
138 LO]212 
1'39 UJJ'::l3' 
140 L03214 
141 L0321~ 

142 UJ]216 
143 LO]2l;"' 
144 L03220 
145 LO]221 
146" LO]'::Z2 
147" L0'3223 
148 LO 3224 
149 L(1]225 
1 ':'0 LO]:::2€. 
151 l0]2'?';", 
1 ':".2 L0'32'30 
153 L03231 
154 L0'32'32 
155 
156 
157 

UJ'32T3 
L0'32'34 
L·J323:· 
LC'::::'36 
LO]2'37" 
L0'3240 
U)]24i. 

162 L03242 
1 f,] L0"324"3 
164 LO]244 
165 L0"724'5 
166 LO::'::46 
16-:" L0324;" 
1';:3 LO,]2'SO 
1';~ LO]251 
1;-0 U)]252 
17"1 LO::253 
17"2 LO::'::'S4 
.L, .! LO]255 
174 LO::'::5t" 
175 L03.::.5:' 
1 7"6 L0326l~ 

1:-;- L032f1 
1 -:"8 LOJ262 
17? L03263 
180 L03264 
1:=:1 L03265 
1 :32 L032~6 

1 :::] LO]2t:-:" 
184 LO]27(l 

page 4 . More complex problems can be solved by 
combining these basic capabilities. Additional ex­
amples of problem solutions are on page 5 . 

Inside the HP-80 

Architecturally, the HP-80 is essentially the same 
as the HP-351

, so instead of describing its architec­
ture completely we'll highlight only the differences. 

In many respects the HP-80 is more like a compu­
ter than a calculator. It has a microprogrammed in­
struction set that is essentially the same as the 

ROM 
Code 

1 1 
111 1 111 
111 1 

1 1 1 
1 1 1 1 

11 
11 1 11 1 

11 I 111 
111 1 
111 11 1 

1 1 1 1 
111 1 111 
111 11 1 

1 1 1 
11 11 

1 1111 
1 111 11 

11 1 1 
1 1 1 

11 1 1 
1 11 
111 11 1 

111 
11 

1 
11 1 1 

11 
111 

1 111 
1 1 1 1 

111 111 
111 

11 
111 1 

1 1 1 1 
111 11 1 

1 1 1 
1111 
111 1 
1 1 1 

1 111 
11 1 11 1 

1 1 III 
11 1 1 
111 11 1 
1 1 1 1 
11: 1 1 

1 III 
1 1 1 

11 1 11 1 
1 1 1 

11 1 1 
11 111 

1111 11 1 
1 1111 1 

1 111 11 
1 1 11 
1 11 1 1 

1 11111 
1 1 1 1 

1 111 

ROM 
Subroutine 
Addresses 

L3101 

L302::, 
L 3106 
L 3153 

L 3]44 
L 3153 

L3343 

L 321] 
L 3134 

L31 (16 

L 3153 

L 3004 

L 3344 

L ]025 
L 334 3 

L 3106 
L 31 ::,2 

L,],]43 
L 3025 
L 3152 

L,]153 

L 3343 

L3344 

L3153 

L]363 

L 31]4 
L 3210 

L'] 1 07" 

L 3111 

Labels 

A 

FVR44 

FVR50 

Program 
Statements 

'~,E DF '] 
E' .: HHt~i~E I: [ 

::.E: ':,U8 
E :( HHtlCE t,j 

:·E l'F'2 
·:·E· C,NE 
:,E !-IflL' 
E:Cf-,HH,~E E:[I,I) 

':.E, r'lF",' 
':,E' HD[I 

E 'C H~tll~E (( 1,1] 

';E D I'·.·' 
E :C Hl-ltlCE 

F H[f'l] 

THEt~ e,o TO F'·iF-50 
CO TO F',,'F4'; 
nOI,ltl F'u II-ITE 
.: E:<C HHtU:,E 11 
-:.THO -
J';.E; ')~lE 

)';,8 HDli 
c -, ::.THCI 
C - ':;,THI: I 
8 - C [ I,j ] 

C E~:CHHt~I~E I" 
Y;E: ':1'1 
DOIJtl PIjT~TE 

(- ':,THO 
J38 MP', 
8 - C ( i,l J 
J';8 DP;;" 
1':·8 D I I.,' 

J':,E liF'2 
J'::·E: OtlE 
J':;,E: ':;,;_ib 
M -
Y;·E: D IV 
JS8 TIP2' 
J';,8 ':·ue 
S THO. - H 
.: - :.TI-IO 
E' E::C HHrlGE C [ 101 ] 
J';,E: HDD 
8 D:CHHI1CE ([1,1) 

DOI,Hl F'OTHTE 
J-:,E: D I '"I 

M -
J'3E: r1F'\ 
8 E :CHHr1GE ([ 1,1) 
C E':C HHljC,E t'l 
J':.E' HDD 
I: r-' (HHt~I:'E r'l 
:. THe f -
(- H[ 1,1 J 
J-:,8 iEtk·· 
IF H[ ": ] 0:: 1 

THEtl I~O 

'-----1::.0 TO F·':P44 
TO F'·!F'4~.---4 

PMT42 IF ':·11 '* 1 • B THHl I~O TO -':4': 
IF:,1(1 -1+ 1 

THEt~ ,~c, TO P '4'? 

Fig. 3. HP-80 algorithm for finding interest rate given present value, payment, and number 
of periods. Also shown is a partial listing of the program that implements the algorithm. 
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HP-35's except that trigonometric functions are ex­
cluded. But the HP-80 also has another level of pro­
gramming that uses the basic functions [+, -, X, 
--:-, yX, In x, etc.) as subroutines. Also, some of the 
more frequently used register manipulation rou­
tines are incorporated as subroutines in the HP-80 
to save memory space. 

An example of HP-80 programming is shown in 
Fig. 3. The flow chart shows the algorithm used to 
solve for the interest i in the equation 

See Appendix A for the derivation of the algorithm. 
The equation is solved by an iterative technique. 

The program listing shown in Fig. 3 is the portion of 
the program that implements the iteration sequence 
(that is, the part between A and B in the flow chart). 

Both the microcode and the higher-level code in 
the HP-80 are implemented in read-only memories 
(ROMs). Where the HP-35 had three ROMs the 
HP-80 has seven. The seven ROMs are mounted on 
a hybrid circuit to form a single assembly [Fig. 4). 
The hybrid approach makes final assembly easier 
and allows use of a less expensive circuit mounting 
board. 

Accuracy 
Accuracy of the HP-80 varies according to the 

operation being performed. 
Arithmetic operations (+, -, X, --:-) are accurate 

to 10 digits ± 1 count; that is, the value of the 10th 
digit could be 1 less or 1 more than the value dis­
played. 

Special operations solved through an iterative 
method (bond yields, effective yield of an annuity, 
and add-on to effective annual rate conversion 
problems) use numerical analysis techniques for­
merly requiring computers or large-scale program­
mable calculators. These operations are accurate to 
5 digits. 

All other operations arc accurate to 9 digits ±1 
coun t; the value of the 9th digit could be 1 less or 
1 more than the value displayed. 

Bond yield calculations may result in slightly re­
dur:ed accurar:y if the problem is an unusual case 
such as calculating a 50% yield-to-maturity for a 
2% bond. For example, the yield-to-maturity on a 
2 % bond, maturing in 3 years, 3 months and selling 
at 26.481133 is 50.00%. The answer displayed is 
49.99'},;,. The formula for determining error magni­
tude is: percent calculation error for bond yield 
S; 2 >< yield (actual) X coupon X 10-'. The operating 
limits for the bond yield algorithm are defined such 
that the price of the bond must be above 20 and 
below 5,000, and coupon must be greater than 1fa % 
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Fig. 4. HP-80 programs are stored in seven read-only­
memory chips mounted on a hybrid circuit. 

and less than the price of the bond [expressed as a 
percent of par). 

Error Indicators 

Any computation or data entry resulting in a 
magnitude greater than or equal to 10'0°, or less than 
10-99

, triggers an error signal indicated by a blinking. 
display. 

If a calculation is attempted that contains a logi­
cal error-say division by zero-an error signal is 
triggered and a blinking display appears. To reset, 
press CLX. Examples of logical errors are division 
by zero, y' where y :::; 0, and date/day calculations 
where the range is exceeded, a date entered doesn't 
exist. or date-entry conventions aren't followed. 
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APPENDIX A 

A Typical HP-80 Algorithm 
Some of the functions incorporated into the HP-80 are implicit functions 

of i and must be solved by iterative techniques. Since we are register 

and ROM limited, the algorithms had to be as compact and efficient as 

possible. 
For a vaflety of reasons the best technique to try IS the Newton­

Raphson one2 and this was used for the annuity functions. Take the 

equation 

PV = PMT 

We wish to solve for i knowing the rest of the variables. Rewriting this 

as a function of i , 
PV 

f (I) = PM'T- (1) 

and we are solving for f(l) = O. First we sum the first three terms of the 

binomial expansion for f(i) and solve for i. This gives us i" the starting 

value. Thus 

. 2 (n - PV/PMT) 
10 = n (n + 1) . 

We now look for some relationship that will give us ii, i2, 

successively such that for some k 

lilt. - Ik+1 I < error limit we require 

The diagram shows that if f(i.+I) is very small, the following relationship 

holds for df(i,)/di,. 

so that 

.. 
f 

fl (i.) :::::.,....!...i!L 
Ik - Ik+1 

(2) 

Basically we slide down the Curve sawtoothing into the solution with this 

relationship. If f (i) is very steep we may take a lot of sawtoothing into 

the required accuracy. Converting this to an algorithm is just:-

i t- io feed into i the starting value 

compute next i value l' i, .. , +- i - f (i)/fl (i) 

Ii, .. , - i I < 10-' (say) 

I f yes then exit 
check convergence to accuracy required 

If no then i +- ined and go to 1 to compute (ine.t)ne~t. 

This is the Newton-Raphson technique. 

For the function f (i) defined in equation 1, i, .. , is derived as follows: 

f' (i) = _ n (1 + i)-' + 
i (1 + i) 

- (1 + i)-' 
i2 

Let P = PV IPMT and Z = (1 + i)-', 

Then 

iP - (1 

ined = i 
_ ...!J!L i 

I-
f' (i) +[ (1 -Z) 

= i [1 
iP - (1 - Z) ] 

1 - Z - ...::!!L 
1 + I 

- Z) 

-~J 1 + i 

(3) 

Fig 3, page 6 shows the flow diagram and HP-80 program listing to 

solve equation 1 uSIng the Newton-Raphson technique and lnell as de­

lined by equation 3. 
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APPENDIXB 

Principal HP-80 Equations 
1 FV = PV (1 + i)' 

FV = future value, PV = presenl value, n = number of periods, 

i = interest per period, . 

2, FV = PMT (1 + Ii' - 1 

PMT = payment 

3 PV = PMT 1 - (1 + i)-' 
, I 

4,IJ-K=PMT[K-J _ (1 +ii)K-' + (1 +ii)J-'] 

IJ-K = interest from payment J to payment K 

5, PVK = P~T [ 1 - (1 + i)K-, ] 

PVK = remaining balance after payment K 

6, Discounted Note Calculations 

D = FVni Y = ND 
N n (FV - D) 

D = discount rate, Y = yield. N = 360 or 365 (usually 360 in U.S,A,) 

7, DepreCiation 
d - 2 (n - k + 1) PV 

ep. - n (n + 1) 

depK = depreCiation for kth period using sum-of-digits (SOD) method. 

8, Bond Price' 

For n ~ 182,5 (days between purchase and maturity) 

p = 100 (1 + m/2)-'1I82,S + 100 (ali) . 

l (1 + m/2)J - (1 + m/2)-'/IB2S 1 - 100 (a/2) J 

For n ~ 182,5 

p = 200 + 100a _ (1 _ n/180) 100 (a/2) 
2 + nm/180 

p = bond price (based on 360 or 365 day year, depending upon how 

n is computed), a = coupon rate expressed as a decimal on an annual 

basis, m = annual interest called annual yield to maturity expressed 

as a decimal, J = 1 - b/180, b = number of days before next coupon 

is payable, 
'Note: This is a more general form of the equation shown on page 5 

9 Trend Lines 

Yx = A + BX 

Yx = value of trend line at point in time X, A = value at X = 0, 

B = slope of trend line. 

n n 
2 ~ KYK - (n + 1) ~ YK 

B=K=t K=1 
n (n2 - 1)/6 

A = ~ £ YK - (~) B 
n K = 1 2 

n = number of time pOints for which data is available. 

K = 1,2, ' , ' , n, 

YK = trend line value at Kth time point, 

10, Standard,.D_e_v-eia""tl,..' o_n-:::-___ _ 

Sx = .1_1_ ( £ X;2 - nX2) 
"n-l i=1 

Sx = standard deviation of variable x, n = number of samples of x, 

x = mean value of x, i = 1,2, ' , n, 

It. Discounted Cash Flow Analysis (Net Present Value) 

n 
NPV = ~ C. (1 + 1)-' 

k = 0 

NPV = net present value, i = discount rate expressed as a decimal, 

n = number of cash flows, C. = cash flow in kth period, k = 1, 2, 

• n, 
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Laboratory Notebook * 
Thick Films Widen A.llenualor Response 

In designing an oscilloscope for high-frequency perform­
ance, the attenuator can be as much a problem as the 
amplifiers. The inevitable distributed capacitance and 
inductance work against obtaining both high impedance 
and accurate attenuation simultaneously over a broad range 
of frequencies. With conventional rotary switches and 
discrete resistors, 75 MHz has been about the limit for 
I-megohm oscilloscope attenuators. 

The attenuator in late-model HP high-frequency oscillo­
scopes overcomes this limit by using thick-film resistors and 
conductors deposited on an alumina substrate. The attenua­
tor is switched by spring fingers that make contact to the 
conductors when depressed by plastic rods that are in turn 
actuated by cams on the switch shaft. Conductor paths are 
thereby shortened considerably and as a result, series 
inductance, ihe major cause of poor attenuator performance 
at high frequencies, is reduced as much as five times. 

Accumulated stray capacitance, which usually seemed to 
amount to at least 24 pF at the input of conventional attenua­
tors, is less than 13 pF. This doubles the frequency range 
over which high-impedance probing may be performed with­
out serious loading of the circuits under test. Furthermore, 
circuit paths are much more uniform from attenuator to 
attenuator, reducing the need for excess compensation to 
take care of all variables. 

The attenuator has I-megohm input resistance. The phys­
ical design, however, also made it possible to include a 

9 

France Rode 
France Rode came to HP in 1962, designed counter 
circuits for two years, then headed the group that 
developed the arithmetic unit of the 5360 Computing 
Counter. He left HP in 1969 to join a small new company, 
and in 1970 he came back to HP Laboratories. He 
designed the arithmetic and register circuit and two of the 
special bipolar chips for the HP-35, HP's first pocket 
calculator, and he was project leader of the HP-80 
development team, designing the hardware while Bill 
Crowley developed the algorithms. France holds the degree 
Deploma Engineer from Ljubljana University in Yugoslavia. 
In 1962 he received the MSEE degree from Northwestern 
University. When he isn't designing logic circuits he 
likes to ski, play chess, or paint. 

William L. Crowley 
Bill Crowley, HP's corporate cash manager, was half of 
the two-man team that developed the HP-80. Bill 
contributed the algorithms and France Rode designed 
them into hardware. Bill received his BS degree in 
mechanical engineering in 1964 from Texas A & M 
University and his MBA degree in 1967 from the University 
of Texas. DUring the next 18 months he started two 
companies dealing in software system consulting and 
investment management, and developed and published a 
statistical model for security price forecasting. In 1969 
he sold his businesses and jOined HP, becoming cash 
manager 18 months later. Investments, computers, and 
financial history occupy a good deal of Bill's spare time, 
too, but occasionally he stops thinking about money and 
enjoys backpacking, ski touring, photography, and music. 

switchable son termination at the input. Since the input, 
including the connector and switch, can be made part of a 
son line right up to the termination, this makes a clean son 
input impedance available for the oscilloscope. As a result, 
VSWR with the son termination switched in is only 1.2 at 
100 MHz on all attenuator ranges, much better than that 
obtainable using an external termination. Accurate transition­
time measurements on son circuits can thus be made with 
no risetime degradation attributable to the scope input. The 
2-watt capability of the son termination allows input signals 
as large as 10 volts rms. 

The entire attenuator is fabricated with only one conductor 
and two resistor screenings, one at lOOk ohms per square 
and one at 30 ohms per square. The resistors are trimmed on 
the substrate to an accuracy of 0.5 'Yo, allowing the entire 
attenuator to be specified conservatively to an accuracy of 
±2 'Yo. Temperature coefficient is 100 ppm/ °c with tracking 
within 25 ppm/ aC. 

Instruments using this attenuator include the Model 
1710A ISO-MHz Portable Oscilloscope, the Models 1805A 
100-MHz and 1808A 75-MHz Vertical Amplifier plug-ins for 
the 180-series Oscilloscope, and the Model 1834A 4-Channel 
200-MHz Vertical Amplifier plug-in for the 183-series. 

- Thomas Zamborelli 
Colorado Springs Division 

'Editors' note: "Laboratory Notebook" is a new editorial 
feature that describes individual developments of note. It 
will appear on an intermittent basis. 
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