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INTRODUCTION 

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for 
the HP fully programmable calculator user. This service is designed to save you time and programming effort. 
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in 
terms of power and flexibility, but the real genie in the bottle is program solutions. HP's introduction of the first 
handheld programmable calculator in 1974 immediately led to a request for program solutions - hence the begin­
ning of the HP-65 Users' Library. In order to save HP calculator customers time, users wrote their own programs 
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs 
were accepted and made available. This overwhelming response indicated the value of the program library and a 
Users' Library was then established for the HP-67/97 users. 

To extend the value of the Users' Library, Hewlett-Packard is introducing a unique service-a service designed 
to save you time and money. The Users' Library has collected the best programs in the most popular categories from 
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting 
in substantial savings for our valued HP-67/97 users. 

We feel this new software service will extend the capabilities of our programmable calculators and provide a 
great benefit to our HP-67/97 users. 

A WORD ABOUT PROGRAM USAGE 

Each program contained herein is reproduced on the standard forms used by the Users' Library. Magnetic 
cards are not included. The Program Description I page gives a basic description of the program. The Program 
Description II page provides a sample problem and the keystrokes used to solve it. The User Instructions page 
contains a description of the keystrokes used to solve problems in general and the options which are available to 
the user. The Program Listing I and Program Listing II pages list the program steps necessary to operate the calcu­
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent 
information about data register contents, uses of labels and flags and the initial calculator status mode is also found 
on these pages. Following the directions in your HP-67 or HP-97 Owners' Handbook and Programming Guide, 
"Loading a Program" (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing I and 
Program Listing II pages. A number at the top of the Program Listing indicates on which calculator the program 
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult 
Appendix E of your Owner's Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97 
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but 
some differences do occur in the keycodes used to represent some of the functions. 

A program loaded into the HP-67 or HP-97 is not permanent-once the calculator is turned off, the program 
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card, 
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner's 
Handbook for full instructions. A few points to remember: 

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your 
program, review the status section and set the conditions as indicated before using or permanently re­
cording the program. 

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have 
recorded the program. This simple step will protect the magnetic card and keep the program from being 
inadvertently erased. 

As a part of HP's continuing effort to provide value to our customers, we hope you will enjoy our newest concept. 



TABLE OF CONTENTS 

PROPERTIES OF AIR I I I I I I I I I I I I I I I I I I I I I I I 
This program computes the following properties of air at low pressures 
for a given temperature: specific heat ratio, specific heat at 
constant pressure, specific heat at constant volume, coefficient of 
viscosity, and absolute Rankine temperature. 
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THEORETICAL UISI STANDABtl ATMOSPHERE TEMPERATURE AND 
PRESSURE BELOW 35.155L FT I I I I J. II I • I I • • • • • . • I. 5 

The program computes the theoretical U.~. Standard Atmosphere values 
for temperature and pressure at any a1titudefrom -16,500 to 35,332 feet 
or by converting to metric units in the formula, -5,000 to 11,000 meters. 
Temperature is provided in absolute and thermometer standards. Pressure 
results are in Hg, psf, psi and mb. 

AIRCRAFT FLYOVER ACOUSTIC TONE DOPPLER SHIFT • • • • • . • • • •• 9 
Computes Doppler shift of an aircraft f1yover acoustic source frequency 
observed on the ground. Also determines the 1/3 octave-band filter, and 
location within the filter, of the observed frequency. Inputs are flight 
path speed and angle, air temperature, source frequency, and aircraft 
elevation angle. 

ISENTROPIC FLOW FOR IOEAL GASES • • I • • I • I • • • • • • • • • I 13 
The card replaces isentropic flow tables for a specified specific heat 
ratio k. Inputs and outputs are interchangeable with the exception of k. 

NORMAL AND OBLIQUE SHOCK PARAMETERS FOR COMPRESSIBLE FLOW. I • I • 19 
KnOWing freestream Mach number, shock angle and ratio of specific heats 
(Gamma); computes mach number behind shock and the ratios across the ~ 
shock for: static pressure, total pressure, density and temperature. 
Assumes adiabatic flow, perfect fluid. 

OBLIQUE SHOCK ANGLE FOR WEDGE • I I I I I I • I • • I I I • • I I • 23 
Given the upstream Mach number, the flow deflection angle, and the ratio 
of specific heats the program determines if an oblique shock is possible 
and finds the shock angle for the weak shock condition if the condition 
is possible. 

MACH NUMBER AND TRUE AI RSPEED • • • I • I I • I I • . • I • I I I • 28 
Converts calibrated airspeed and pressure altitude to Mach number and 
true airspeed. 

TAKE-OFF RUN VS DENSITY ALTITUD~ I , I I I I I I I I ~ b I I ~ ~ I 32 
Computes actual take-off run requlred glven sea level run at 15 C at Tu1 I 

gross weight, pressure altitude, actual air temperature, and actual take-
off weight. 

TRUE AIR TEMPERATURE AND DENSITY ALTITUD~ • I I I I I I I I I ~ I I 36 
Converts indicated air temperature to true alr temperature accounting Tor 
the temperature rise associated with high speed flight. Once a true 
temperature is established the density altitude can be calculated. 

AIRCR~FT CLIMB I I I I I I I I I I I I • I I , • I I • , . I I I I 40 
ThlS program permits one to determlne the desirabi11ty of c1imblng from an 
altitude of high headwinds to an altitude with lower headwinds. Determine 
the minimum that must remain at the start of the climb to make the climb 
to higher altitude worthwhile. Program is good for non-supercharged air­
craft only. 
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Program Deserip'ion I 
Program Title Properties of Air 

Contributor's Name Hewlett-Packard 

Address _ 1000 N.E. Circle Blvd. 
~- --~ ~~-~-~~-~-~-----.------~ 

City Corva 11 is _ Slate __ 0 _re ~o_n _____ ~Zip Code __ 9_7_3_3_0_ 

Program Description, Equations, Variables 

This program computes properties of air at low pressures for a given temperature * in degrees 

Fahrenheit or Rankine. 

The following properties are computed: 

I. Specific heat ratio 

2. 

k = 1/(l-R/J C ) 
P 

where: 

R Universal gas constant 
J Mechanical equivalent of heat 

Spec ific heat at constant pressure 

C = 0.2478 - 4.2047 X 10 .;.5T 
p 

+ 5.8 X 1O-8T2 -1.49 X 1O- 11 T3 

Btu/lb. _ oR 
I 

3. Specific heat at constant volume 

4. Coefficient of viscosity 

)A = 7.4 X 1O-7(T) 1.5/(T + 200), 

Ibm ./ft. - sec. 

5. Absolute Rankine temperature 

T = 459.7 + (T, °F), oR 

* If temperature is in degrees Centigrade or Kelvin , use Temperature Conversion program 

(STD - 08A) from Standard Pac to convert to degrees Fahrenheit or Rankine. 

Operating Limits and Warnings 

Properties k, C I C and)A-- are good for temperature and pressure ranges of 300 - 2000 oR 

and 0 - 300 ps£ respectively. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance­
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

1 



2 

... ~.-,.------.~- ---,. 
Sketch(es) 

Sample Problem(s) _____ _ 

Fin d the sec i f i c h eat rat i 0, s pe_c if i c he a t ~t con s tan ~ pre s sur e ,_ 

specific heat at constant volume, coefficient of_v!~c:~~j~y, and 

absolute Rankine temperature of 300 degrees 
------,--------... -.---,-------.~.-

Fahrenheit. 

k = 1 _3..9..3.n--~------.-------------­

c.p = 0 ~ 2428 Btu) Ih. - ° R 

Gv= 0.1743 Btu/lb. _oR 

-lL== __ 1.6146 x ]0- 5 1bm./ft. -sec. 

1_= 759.70 o R 

Solution(s) 

~K~y~trokes : 

300[E] [Al ___ - - - - - -- -- -- -- - -- --- ---- - - ----> 

_~O O[~J_Ll3~=-=-_=_- - - - - - - - - - - - - - - - - - - - - - - - - - > 

~ml.l..cJ __ =_ - - - - - - - - - - -= - - - -~ - - - - - - - - - - -> 

_J.Q.9[ E ] [ 0] ___ ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - > 

300 [_~J .. - ----- - - -- ---- - - -- --------- --- ---> 

Reference(s) __________ _ 

Qutputs: 

1 .3930 

0.2428 

O. 17 

.1_.6146 xl 0-_5 

759.70 

Keenan and Kay, Gas Tables, fifth printing, John Wiley & Sons, Inc., 

_ Ma_~_~,_ 1956. Hall, Newman A., Thermodynamics of~luid Flow, Prentice-

Hall, Inc., 1951. 

This program 
s ubrlir-

the Users' Library program #01078A 
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~1 
PROPERTIES OF AIR c:~ 

~ k Co Cv oR 
~. • • • ]..I • • 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Enter Program II 
2 Compute Specific heat ratio T oR * A II k , 

T, of E II A " 
or II 

2 Compute spec ific heat at constant pressure T oR * B II Co' 
Btu , 

T, of E II B " 
, .... 1'\ 

or II 
2 Compute specific heat at constant volume T, oR * C II Cv, Btu 

T, of E II C 
" ID.-K 

or II 
2 Compute coefficient of viscosity T, oR * D II ,.AC, Ibm. 

of L E II D " 
' I • ;0'" 

T 
or II 

2 Compute absolute Rankine temperature T, of f II T, oR 

3 For a new case, repeat step 2 II 
II 
II 

* Temperature can be input as oR or of as shown. II 
II 

Note: having calculated one of the variables 

k. C • C • or u. to calculate a second: 
t' v 

Reca 11 the temperature 1. oR ECl 11 T, oR 

Go to step 2 II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
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STEP KEY ENTRY KEY CODE COMMENTS 

801 *LBLA 21 11 
982 FIX -11 Compute k 
883 DSP4 -63 84 T, oR 
894 STOI 35 81 
895 ENTt -21 
886 x -35 
907 I;: 85 "" 988 · -62 
839 e 8S 
81(3 EEX -23 
811 CHS -"").-, 

-,co:: 

812 0 08 ... 
813 .;{ -35 
814 · -62 
815 . ., 

.:: 82 
816 4 04 
81? 7 87 • 
818 8 138 
819 + -55 
828 RCLl 36 01 
821 '71 8~' <- ,c 

822 7 83 "" 823 7 87 • 
824 0 ... 08 
825 7 83 ., 
826 - -24 
827 - -4S 
828 1 81 
829 4 84 
8313 9 89 
831 EEX -23 
832 CHS 2'" - ,c 

833 1 81 
834 7 8J ., 
B35 RCLl 36 81 
836 3 OJ 
83? i"j; 31 
838 x -35 
839 - -45 
848 ST02 35 82 Cp 941 1 131 
842 ENTt -21 
843 1 81 
844 ENTt -21 
84r . ..) . -62 
846 e 138 
847 6 86 
048 8 98 
849 5 9S 
858 RCL2 36 82 
851 -24 
852 - -45 
a5J - -24 
854 RTN 24 
855 *LBLB 21 1'" 0:: Compute Cn 856 GSBA 2? 11 r-

- - - -

0 1 2 3 4 
Used Used 

80 81 82 83 84 

A IB r 

STEP KEY ENTRY KEY CODE 
85? RCL2 J6tJ2 
858 RTN 24 
859 *LBLC 21 1-J 
86B GSBA 23 11 
961 RCL2 36 02 
8 ~" bo:: X:~ -41 
863 - -24 
864 RTN 24 
865 *LBLD 21 14 
866 STOl 35 91 
867 1 €I1 
868 · -62 
869 I;: 85 "" 
87B ~..,c 31 
871 RCU 36 €I1 
87 ':1 .<- 2 02 
8('3 8 88 
874 e 138 
875 + -55 
a76 - -24 
8"'''' .., 

87 .... .. 
878 · -62 

I 879 4 04 
I 888 EEX -23 

881 CHS -22 
882 "7 87 • 
B83 x -3S 
884 SCI -12 
885 RTN 24 
886 *LBLE 21 15 
88? ENTt -21 
988 4 84 
989 5 85 
898 9 09 
891 · -62 
892 7 137 
893 + -55 
894 FIX -11 
895 RTN 24 

100 

FLAGS 
ON OFF 

0 0 [lg 
110 1 0 IX! 

2 0 ~ 
3 0 IKl 

REGISTERS 
5 6 7 

85 86 87 

0 IE 

I 
I 
I 

COMMENTS 

Compute Cv 

Compute )..1 

Compute T , oR 

SET STATUS 

TRIG DISP 

DEG ~ FIX [lg 
GRAD 0 SCI 0 
RAD 0 ENG 0 

n~ 

8 9 

88 89 

r I 

l 



Program Deseripfion I 
Program Title Standard Atmosphere Below 35,322 Feet 

Contributor's Name Hewlett-Packard 
----

Address _ 1000 N.E. Circle 
~-------- ------------------

City Corvall is 

Program Description, Equations, Variables This program computes the theoretical U. S. Standard 

Atmosphere temperature and pressure in English and Metric units at altitudes below 

35,332 feet and 11,000 meters. Additionally, the actual mean sea level values, at 

a specific time, can be placed in the program for prediction of altitude temperaturE 

and pressure based on the fallowing formulas: 

P 
o 

T = T - aZ 
o t = T - Tabs reference 

P = Pressure at altitude above/below mean sea level. 

P = Standard air pressure at mean sea level. 
o 

T = Standard absolute temperature at mean sea level in Rankine/Kelvin. 
o 

a = Temperature lapse rate per foot of altitude in of/per meter °c. 

Z = Altitude above/below mean sea level in feet/meters. 

n = Constant G/aR = 5.2561 

T = Temperature absolute at altitude in Rankine/Kelvin. 

Tabs ref. = 459.688 °R/ 273.16 oK. 

t = Temperature at altitude in Fahrenheit/Centigrade 

Operating Limits and Warnings 1. The program will accurately reproduce the theoretical U. S. 

Standard Atmosphere tables of temperature and pressure within 

the limits of -16,500 to 35,332 feet or -5,000 to 11,000 meters. 

2. The correct temperature and pressure cannot be predicted under actual conditions 

when the temperature gradient is not linear, i.e. the lapse rate is not linear per 

foot of altitude. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance. 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

5 
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I'rf,gram I)es~rip.ion II 
Sketch(es) 

.- t· 

Sample Problem(s) .. ________ .--.... - -.-.... 

+-

___ L _____ Wh~Lt._is_tbELthe.Qr.eticaLU.S. Standard Atmosphere-pressure tn inches of--
______ J!Ler..ky.r~p-oJ,mdsper square foot .. poundspersquareincnr temperature in 

__ __~teJlree_$ __ Eg_hr...enhei 'land.deg.rees Rankine_at ana ltitude.of30 yooO feet ( .. 

_____ .?_. ___ ~_ha t is the theoret i ca 1 U. S . Standard Atmosphere-pre5Sul"e-in.-mil-Libars 
________ !g'lli>_~ ra tu r~ __ ill _c:lesr.e.e:Lcent ig.rade and degrees Ke 1 vi n at..an-altitude--.o!----····-

11 ,000 meteY'~? 
l. Hg = 8.885413 2. mb = 226.319813 

Ibs/in2 = 4.364107 °C = -56.500000 
of = -47.984800 ok = 216.660000 
oR = 411.703200 

~--".--~--- -

Solution(8) Ke~strokes: Outputs: 
1. [RTN] [f] [a] 30000[0] ----------------------------------> 8.885413 

[E] ----------------------------------------------------->-47.984800 
I~CL] [6]_-: .... -------------------------:------------------->411.703200 __ 
[f] [b] 3000[0 l-=-:..-:==--:.:-=--=--=_-------------- ------:---------> 4. }§4JQ2 ____________ _ 

2. 1013.25[A] 288.16[~L ___ 0_~65[~I_ ~}~J~rSTO] [7] 

11000[0] ------------------------------------------------>226.319813 
[E] ------------------------------------------------>-56.5000 

--- _. - --- - .. -- -- --- - -- -- -- - -- . -

[RCL] [6] ------------------------------------------>216.6600 

Reference (8) 

This program is a translation of the HP-65 Users' Library program #01148A submitted 
by William O. Staton. 

-
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STANDARD ATMOSPHERE BELOW 35,332 FEET 

LR ALT t 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Enter Program II 0.00 

2 Initialize RTN II RiS 0.000000 

3 Automatic input of U.S. Standard Atmosphere GTO II ] 

mean sea level values of Hg temperature. lapse Eis II 459.688000 

rate plus reference temperature absolute. II 
4 Input altitude and compute Hg. Feet D II Hg 

5 ° Compute temperature F at altitude. E II of 

6 Recall oR at altitude. RCL 

" 
6 oR 

7 To recall innut altitude in step 4 EeI, II 5 Feet 

8 For new case change altitude input in step 4 

" 9 Convert nrogram to comnute LBSjIN
2 

at altitude. GTO II 2 

RLs II 14.695949 

10 Repeat steps 4 thru 8 II 
11 Convert nrogram to comnute LBS/FT2 at altitude 2116.216 8 II 2116.216 

12 Repeat steps 4 thru 8 II 
13 To compute pressure and temperature based upon Hg A I Hg 

other than U.S. Standard Atmosphere, input 

pressure reference at mean sea level. 

14 Input temperature reference at MSL. OR B OR 

15 Input temperature lapse rate per foot of OF/FT. Q II OF/FT. 

altitude in OF. II 
16 Repeat steps 4 thru 8. II 
17 To comnute the Standard Atmosphere in metric 1013.25 A II 1013.25 

units innut millibars at MSL. II 
18 Innut temnerature reference at MSL in OK. 288.16 II II 288.16 

19 Innut lansp rFlte npr meter in °c. .0065 C II 0.0065 

20 Input temperature abs reference in OK 273.16 STO 1 273.16 

21 Input altitude and compute pressure. meters 1:1 mb 

22 ° Compute temperature C at altitude. E °c 
23 Recall OK at altitude. EQL 6 OK 

24 For new case change altitude input in step 21. 

I 
I II 
I II 
I II I 



8 
STEP KEY ENTRY KEY CODE 

801 *LBL .. 21 16 11 
992 ':' 82 "-

883 9 89 
884 · -62 
885 9 139 
886 2 (12 
e8? 1 lin 
988 '" €i2 ,;;. 

889 6 fl6 
B18 STDl 35 131 
811 c: 85 w 

ro12 1 8i 
913 8 88 
814 · -t72 
815 6 €i6 
816 B OS 
al? c' v 88 
818 ST02 35 82 
B19 · -62 
820 e BfJ 
821 e 88 
622 J 83 
aZ3 r:::: 85 W 

824 6 86 
825 6 116 
826 1 81 
8"-:> .... 6 86 
828 STDJ 35 83 
829 4 84 
830 5 85 
831 9 89 
8"7-:> w"- · -62 
£In 6 f16 
834 8 88 
835 8 88 
836 ST07 3S fl7 
83? DSP6 -63 86 
838 RTN 24 
839 *LBLA:. 21 16 12 
fl4f1 1 81 
941 4 B4 
942 · -6i. 
843 6 B6 
044 9 89 
845 5 as 
846 9 89 
£I4? 4 84 
948 8 88 
849 6 {;6 

858 1 81 ... 
851 STOl 35 131 
852 RTN 24 
853 *LBLA 21 11 
854 ST01 35 81 
855 RTN 24 
056 *LBLe 21 r' ,;;. 

- - -
0 1 Po Ref. 2 

TO Ref. 
80 81 82 

A IB 

of 

COMMENTS STEP KEY ENTRY KEY CODE 

Page 

COMMENTS 

857 ST02 J~ tU Input MSL ref. Inputs U.S. Stan- 858 RTN 24 temperature dards in program 859 *LBLC 21 13 
868 ST03 35 tB Input temperature 
861 RTN 24 rate. 
862 *LBLfi 21 14 
963 STD5 35 85 Input altitude for 
864 RCL2 36 82 desired pressure 
965 ENH -21 and computes PA' Temperature at MSL 866 ENTt -21 
867 I?CL3 36 83 in OR 
868 RCL5 36 85 
869 x -35 
8?0 - -45 
8"'71 i .. ST06 35 86 
9""-:> ."- -24 
B7J r:::: 85 " 874 . -62 

Temperature lapse 075 2 82 rate in OF per foot 976 r:::: B5 .... of H. 877 6 86 
8?S 1 81 
879 ~/)( 31 
880 RCU 36 81 
881 X~·· .+-f -41 
882 - -24 
883 RTtI 24 

Temperature absolute 884 *LBLE 21 15 

at the melting point 885 ReL6 36 86 Computes OF or °c 
of ice under 886 ReL7 36 fI? at altitude. 
29.92126 Hg minus 887 - -45 

888 RTN 24 32 degrees. 
090 

Input lbs/in2 for 
MSL reference 
pressure 

100 

SET STATUS 

FLAGS TRIG OISP 
ON OFF 

Input MSL ref. 0 D ~ DEG ~ FIX Kl 
110 1 D IXl GRAD IX! SCI D pressure. D !Xl RAD Kl ENG D 2 

n~ 3 D Kl 
REGISTERS 

Lapse Ra1l 4 1\lt.-H 6 I emp. at 7T abs ~ 9 
H OR/oK re 

83 84 85 86 87 88 89 

Ie D IE r 



Program Deseripfion I 
Program Title Aircraft Flyover Acoustic TQneDQP~ler Shift 

Contributor's Name Hew 1 e t t - Pac k a r d 

Address 1 Q 0 0 N. E. C i r c 1 e B 1 V d • 

City C,or\'aJljs State 0 reg QJl ___ Zip Code _ 

Program Description, Equations, Variables C 0mP ute s do P P 1 e r ~ _hi! t _0 fan air c r ~It_~ 
over acoustic source frequency observed on the ground. Also 

determines the 1/3 octave-band filter, and location within the 
-----_ ... _---

filter, of the observed frequency. Inputs arE! fli_ghL!l_ath_~~~_d __ 

and angle, air temp_erature, source frequency, and aircraf~_eJ~v~tL_ 

angle. Any inp~tfrequency can be located in the A.N.S.I.*li_:L __ _ 

oct a v e - ban d f i 1 t e r s. E qua t ion s : See s k etc h 0 nne x t p (l ~ E!_.__ 

Doppler shift fOlfs = l/(l-M cosS) fO is obser_'{~(LfrJ~S-. ___ _ 
h fs is source freq. 

w er M is Mach Number of 
Source a n 9-1 e 13 = e + a. S 0 urce___ __ _ 

S=Source angle to 
- ---- -"Oh-s-e-r-v-e--------... ---

Mach number Mach = VI (29. 04/'--:-t+~4;-r5:-;:;:9""T'") rV=Fl.1:-"-_j)_~_~_~~_d, kts 
IT=Air temp,OF 

N -. ---.------------
*Mid-freqye.nc.Y of.l/3 oct-band fm = 10 !lO,N anyiJlt~_~ 

* U P per f r e que nc y ()f 1 I 3 0 c t - ban d f 2 = 1. 1 22 5 f m _ 
(nominal band edge) 

1/3 octave band filters start at f =50H which .- m -z--Operating Limits and Warnings 

corresponds to N=17, ANS I convent ion. M iii i mum _i npu t~l"~_9_u.en~-t_~~ 

45 Hz. 

f 's are exact preferred frequencies, which are within 0.7% of m . ----
nominal preferred frequencies. 

The time required for filter band location is a function of the ba 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING. BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

9 
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I)r()~ram I)es~rip'ion II 
Sketch(es) 

Sample Problem(5) ~.-Air_tem.Jleratuxet = 77 0 F 

Jlty-eR:..~ __ ~ ___ ~ __ ~_ £ltgllL p.at h angle. 0.:: ~ 3 0 

_~.~_~ .______S.o.urc_e_ t o.n e. f re Q.u.e.n cy f 5 =6_8 Z Hz 

___ ~_~ ___ ~ _____ ~~_LLi9.ht _p.aths pf_ed . V =_155 _kt s.Lr EL _~Q_obs e ry er L 
_G..alcuJ a tetJl~ .DQP~ple r shift, the observed frequency, the 113.o.<::.:t,-~~ 

~b~ndJilter position (fO/fm), the band nUJ!1b~r,~n9j;b~_fjJt~rmid­

f r e que n c.L19 r._tbJL_toll Q_wi ng 

e 1 =45 degrees 

8 2 = 90 degrees 

8 3 = 135 degrees 

a; r c r ~ f tel e v at i on a n g 1 e s._ 

Aircraft Elev. Angle 
fO/fs 

8 = 45 0 

1 
8 - 90 0 

2 - 8 = 135 0 

3 

fO,Hz --- --~TO / f m--

B a ri a~N 0-.­

-----'If m ,-H Z-

Solutions: 

1. 21 

829 

1. 04 
~·-·-·--·----... 2'" 9----

7.9xl02 

(nominal of 800) 

1. 01 

695 

1. 1 0 
28 

6.3xl0 2 

... _______ ~E!1~~t.!:.~kes: Output 
77[ENTtJ 3[CHSJ [AJ 687[ENTtJ 155[BJ 

0.87 

595 

0.94 

=-====-4S-[C] ~~~-;1-.2l[R/SJ --->829.04[DJ --->1. 04[R/SJ 29[R/SJ 7.9 x-l 02~ 
etc. 

Reference (5) 

L WQQd~A.B.,ATextbQok of Sound, pages 370B-372, G. 6ell & Sons, London, 1957. 

2J_~~--,-ll-1966LS-p_e~jfication for Octave, Half-Octave, and Third-Octave Band Filter 
Sets, page 12, American National Standards Institute~New York, 1966. 

This program is a translation of the HP-65 Users' Library program #01291A submitted 
Edgar-t~ZW1eback. ~ 

==~==================================~ 



STEP 

1. 
? 

j 
3 
4. 
5 
6. 

7 

~ 

9. 
10. 

FLYOVER ACOUSTIC DOPPLER 

INPUT 
t,o. 

Enter Droaram 

INPUT 
fs'V 

INSTRUCTIONS 

Tnnllt "';'" tiO/l1n""''''+II ... O 
Inout fliaht oi'lth "'nnl" ("'''To ... ·Un ... ., "'" .; ... n' 

I 

Inout sourCE> (airrr.:lft\ +nn" fr"n 
Inout fliaht Dath c:npprl (rpfer~obseryer) 

Input aircraft elE>vatinn .:Inalp (lnnkinn 
towards on-coming aircraft) and calculate 
Doppler shift freQ. ratio 
Ca 1 ('Ill .:Itp tnn" T",,,nIlOnr\l ... o,."i ,,,ri "'+ nRC::: 

r",l rill "'+"" , 1':1 ",..oj.~ ._ l..~_'" _ • oj.. .& • 
(. ~"-"--=--.ro;lOl .J ... .., • .., "I"'U" 

freq. ratio of inout frea to mid-free of 
appropriate band) 
Display filter band no. 
Displav mid-free nf banrl 

(For a set of 8's for a aiven flvover it is 
onlv np(,pC:C:.:Irv tn tin c:+"nc: ~ It 7 ",nti c:+onc: 
8-10 if desired) 

(A ('h.:lnn" in t n", '" r"'n h"" ."",ri" wi+hnll+ 
affecting f .. and V, and vice versa) 

1/3 O-B 

INPUT 
DATA/UNITS 

t,OF 

a. Dea 
fc:.H..,. 
V,kts 
A n""n 

-OJ 

f.H 
L 

(The time required for step 8 is a function of 
of the value of f) 

11 

KEYS OUTPUT 
DATA/UNITS 

c=Jc=J 
[Dc=J 
[LJCJ 
ct=JCJ 
[R:=J CJ 
CDc=J fO/fe: 
L---=:J c=-=J 
c=:J c=J 
[iliJ [ J fO,Hz 
LD L:=:J f/f. 
CJc=J 

III 

C~c=J 
[BKJL~ N 
lliZU [==::J f_,H., 
C Jc=J 
CJ [--=:J 
i]c=J 
L:=J L:=J 
CJc=J 
CJCJ 
c=J L:=:J 
c=:J c=J 
c=Jc=J 
L:=J c::::J 
c=Jc=J 
c=J c::::J 
c=Jc=J 
c=JCJ 
c=Jc=J 
L=:::J c::::J 
c=JCJ 
CJCJ 
c::::J L:=J 
c=JCJ 
c=Jc=J 
CJc=J 
L=:::J L:=J 
c=J[~ 
c=Jc=J 



STEP KEY ENTRY KEY CODE 

97 I)rf)~ram l.Jis.in~ I 
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

12 

8al *LBLH 21 li 

I 
8S7 8 tttt 

882 ST02 35 82 Input t,a 8S8 -24 
883 X:'r' -41 i 8S9 lex 16 33 
984 ST04 35 84 ! 868 STC7 35 87 
805 x: l' -41 061 1 81 
886 RTN 24 8 ~., 

0": 0 -62 
007 *LBLB 21 12 Input fs' V 863 1 81 
888 5T03 064 ,., 

82 35 83 . ..: 

889 X~ .. 8~r "j 82 ~T -41 ti .... ... 
818 ST06 35 86 066 S 85 
811 RTN 24 867 x -35 
812 *LBLC 21 13 868 RCL5 36 85 Compare f with fz 
813 FIX -11 Input & calc. 869 x.> "? 16-34 
814 DSP2 -63 82 fO/fs 

878 GTOl 22 81 
81S ST01 35 81 871 RCLl 36 87 
816 RCL4 36 84 872 RCL5 36 85 
817 4 84 873 Xt'r' -41 
818 c: 85 874 -24 f/fm "" 819 9 89 B75 R·· .. ·S 51 
828 + -55 876 RCLI 36 46 
821 .[X 54 all CHS -22 
822 2 82 878 1 81 
823 9 89 {per I J 6 86 
024 -b2 888 + -55 Band no. 0 

82S 8 €I€I 881 R .,;:0 51 ' "" 
826 4 €l4 682 RCG 36 87 
827 x -35 883 SCI -12 
828 RCLJ 36 83 984 DSP1 -63 €ll fm 
829 X:'r' -41 88S RTN 24 
038 -24 
831 RCLl 36 81 
832 RCL2 36 82 
833 + -55 
834 COS 42 090 

83S )( -35 
836 CHS -22 
837 1 81 
838 + -55 
839 l/X 52 
8413 R';:O 51 ...... 

fO/fs Doppler shift 841 RCL6 36 86 
842 x -35 
843 ST05 35 85 
844 RTN 24 100 

845 *LBLD 21 14 
846 ST05 JS 85 
847 8 88 
848 STOI 35 46 
849 *LBLI 21 81 Calc. upper freq. 
850 DSZI 16 25 46 SET STATUS 

051 RCLI 36 46 fz of 1/3 oct- FLAGS TRIG OISP 
852 CHS _ojo:' 

ban fi 1 ters ON OFF ...... 
853 1 81 0 0 IKJ DEG IXI FIX IKl 
8S4 6 86 110 1 0 ~ GRAD 0 SCI 0 

855 -55 2 0 ~ RAD 0 ~NG2D + 
856 1 81 3 0 IKl 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

e,deg a,deg V,kts t,OF fQ/H2 f~,H.z. fm,H7 N 
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A fB Ie D IE r 
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Program Title 

Contributol 

Address 

City 

Program D 

--- --------------

Operating Limits 

Program Deseripfion I 
ISENTROPIC FLOW FOR IDEAL GASES 

HEWLETT-PACKARD 
1000 N. E. Circle 
Corvallis, Oregon 

Blvd. 
97339 

:ate _ ____ __________ Zip Code ~ ____ _ 

This card replaces isentropic flow tables for a specified specific heat ratio k. 
Inputs and outputs are interchangeable with the exception of k. 

The following values are correlated: 

M is the Mach number; 

TlTo is the ratio of flow temperature T to stagnation or zero velocity 
temperature To; 

P/Po is the ratio of flow pressure P to stagnation pressure Po; 

pi Po is the ratio of flow density p to stagnation density Po; 

N A * sub and N A * sup are the ratios of flow area A to the throat area 
A* in converging-diverging passages. NA*sUb refers to subsonic 
flow while N A * sup refers to supersonic flow. 

Equations: 

TlTo = ___ 2 __ _ 
2 + (k - I) M2 

P/Po = (TITo)k/(k-U 

pi Po = (TIT O)l/(k-U 

k + 1 

N A * = ~ [( k ! 1 ) (I + k ; 1 M2)] 2~ - I) 

In the last equation M2 is determined using Newton's method. The initial 
guess used is as follows with a positive exponent for supersonic flow: 

M02 = Cy'Frac (NA*) + NA*):!o3 

Remarks: 

After an input of N A *, the program begins to iterate to find M2 for future us~. 
This iteration will normally take less than one minute, but may take longer 
on occasion. For extreme values of k (1.4 is optimum) the routine may fail to 
converge at all. An "Error" message will eventually halt the routine if it 
goes out of control. 

~~~~~-

----~~~~-

---~----

--~~~~ 

--~~~----

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

13 
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Program Deseription I 
Program Title 

Contributor's Name 

Address 

City State Zip Code __________ _ 

Program Description, Equations, Variables 

A/A* values of 1.00 are illegal inputs. Instead, input an M of 1.00. 

The calculator uses flag 3 to decide whether to store or calculate a value. If 
you use the data input keys (setting flag 3) and then wish to calculate a 
parameter based on a prior input, clear flag 3 before pressing the appropriate 
user definable keys. 

Registers Ro, R5 and Rso-R[ are available for user storage. 

----------------------------------------------- -------------------

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE_ NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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: Sketch(es) I 
t 

Sample Problem(s) 

Solution(s) 

Reference(s) __ _ 

I'rogram I)~s~rip.ion II 

+-~,--.------+-- ~~---~- ---+-- ---~-- -'-~~~~-+------1~-+--

i 

--~_~_-1_ ~----~----L-~~+-~-

Example 1: 

A pilot is flying at Mach 0.93 and reads on air temperature of 15 degrees 
Celsius (288 K) on a thermometer that reads stagnation temperature To. What 
is the true temperature assuming that k = I.38? 

Keystrokes: Outputs: 

1.38 a B • 1.380 
.93 B • 0.930 
II • 0.859 (T/To) 
288 £I • 247.352 (T, K) 
273. • -25.648 (T,°C) 

If the same pilot reads a stagnation pressure Po of 700 millimeters of mercury, 
what is the true air pressure? 

(Since the data input flag was set when 288 was keyed in, we must either 
clear it, or input 0.93 again.) 

.93 B II -------+. 
700 £I 

Example 2: 

0.575 
402.843 

(P/Po) 
(mm Hg) 

A converging, diverging passage has supersonic flow in the diverging section. 
At an area ratio A/A* of 1.60, what are the isentropic flow ratios for tem­
perature, pressure and density? What is the Mach number? k = 1.74. 

Keystrokes: 

1.74 a B 
1.60 a II 
II 
II ~---------+. 
II --------------------~. 
or, alternatively, using automatic output. 

a 11--------+. 

Outputs: 

1.740 
2.105 
0.379 
0.102 
0.269 

(M) 
(T/To) 

(P/Po) 

(P/Po) 

1.740 *** (k) 

2·.105 *** (M) 
0.379 *** (T/To) 

0.102 *** (P/Po) 
0.269 *** (p/Po) 

1.600 *** (A/A*) 

--- ---~~~~~~-

15 
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ISENTROPIC FLOW 

• M 1 TITo 1 P/PO <'1-, /'0 T A/A·"ub 

STEP 
OUTPUT 

DATAIUNITS 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

~ DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. ~ 
2 Input specific heat ratio. k DB k ~ 
3 Input one of the following: ~ 

Mach number M B M ~ 
Temperature ratio TlTo III M ~ 
Pressure ratio P/Po a M ~ 
Density ratio plpo II M ~ 
Subsonic area ratio AlA"ub D M -] 

Supersonic area ratio AlA"up DD M =--~ 
4 Calculate one of the following: :=J 

Mach number B M ~ 
Temperature ratio III TlTo ~ 
Pressure ratio a P/Po =:J 
Density ratio II plpo ~ 
Area ratio (subsonic or ~ 

supersonic) D AlA' ~ 
4' Calculate and output all =:J 

values automatically. DII k,M,TITo,P/Po =:J 
plpo, AlA' =:J 

5 For another calculation based =:J 
on same input, go to step 4 =:J 
(or 4'). For a new input, go to =:J 
step 3. For a new specific heat :=l 
ratio, go to step 2. =:J 

=:J 
~ 

~ ~ 
c::::J c::::J 
c:=J c:=J 
[=:J c::::J 
[=:J [=:J 
c::::J c::J 
c::::J c::::J 
[=:J [=:J 
[=:J c::::J 
c:=J c:=J 
C~[=:J 
c::::J [=:J 



STEP KEY ENTRY 

97 I)n)~ram l~is'ln~ I 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

17 
COMMENTS 

B8l ~:LBLo. "I' i6 11 Store k-l,l/(k-l) 857 SF3 16 21 83 '-l 
882 5T02 35 82 B58 GTOB 22 12 

Output p/PO' 8B:! 1 B1 859 *LBLD 21 14 
BB4 - -45 B6B F3? 16 23 83 
885 ST03 35 83 861 GT08 22 88 
886 1 .. ··X 52 862 GSBB 23 12 
887 5T04 35 84 863 RCl4 36 84 
BB8 RCL2 36 82 864 yx 31 
B89 RTN 24 Output M. B65 RTH 24 
818 .:LBlA 21 11 866 *LSL8 21 88 
811 n? 16 23 83 867 SF3 16 21 83 Convert p/PO to 
812 GT08 22 88 868 RCL3 36 83 T/TO and 
813 RCLl 36 81 869 yx 31 GTO B. 
814 IX 54 878 GTOB 22 12 
815 RTN 24 171 *LBLE 21 15 
816 *LBLe 21 8B 

Store M2 872 3 83 Set -3 in display 
817 x::: 53 . 873 CHS -22 for subsonic guess. 
818 STD1 35 81 874 Xty -41 
819 IX 54 875 F3? 16 23 83 
828 RTN 24 B76 GTOI 22 81 
821 *lSLB 21 12 877 GT03 22 83 
822 F3? 16 23 85 Output T/TO' 878 *LBLl 21 81 
823 GT08 22 BB 879 EHTt -21 2 
824 ~, 82 B88 ST06 35 86 : Make guess of M . 

" 825 RCL1 36 81 B81 FRC 16 44 
8?~ ~tl RCLJ 36 83 B82 IX 54 
827 x -35 883 + -55 
828 2 82 884 Xty -41 
829 + -55 885 rx 31 
838 - -24 886 STOl 35 81 
831 RTN 24 887 *LBLl 21 82 
832 *LBLe 21 8B Convert T/TO to M2. 888 ReL6 36 86 ~rate by Newto2's 
833 2 82 B89 GSB3 23 83 method to find M 
834 Xt'j"' -41 898 · -24 Corresponding to 
835 · -24 891 1 81 A/A*. 
836 2 82 892 - -45 
837 - -45 893 . -62 
838 RCLJ 36 83 I 894 5 85 I 

839 · -24 B95 RCL8 36 88 
848 ST01 35 Bl 896 · -24 
841 IX 54 897 . -62 
842 RTH 24 898 5 85 
843 *LBLC 21 13 B99 RCLl 36 81 
844 F-n 16 23 83 Output P/Po' 188 -24 .:.~ · B45 GTOB 22 BB IBI - -45 
846 GSBE 23 12 182 · -24 
847 RCL2 36 82 183 ST+l 35-55 81 
848 RCL3 36 83 IB4 RCLl 36 B1 
849 · -24 IB5 · -24 
858 fX 31 186 ABS 16 31 
851 RTN 24 187 EEX -23 
852 *LBL8 21 8B IB8 CHS -22 
853 RCLJ 36 83 Convert P/Po to 189 4 84 
854 RCL2 36 fJ2 118 X~Y? 16-35 
855 · -24 T/TO and GTO B. 111 GT02 22 82 
856 y,.. 31 112 RCLl 36 81 

REGI~I~H::' 
0 1 M2 2 3 4 5 6 7 8 9 

k k-l l/k-l A/A* Used Used 
50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 IE II 
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STEP KEY ENTRY 

97 Pr()~r8m Ilis.in~ II 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 IX 54 1 
114 RTN 24 170 

115 *LBLe 21 16 15 Set +3 in display 
116 3 B3 for supersonic 
117 X~" ~r -41 guess 
118 F3? 16 23 83 
119 Gro1 22 Bl 
128 *LBU 21 83 

Convert M2 to A/A* 121 2 B2 
122 RCL2 36 B2 
123 1 81 
124 + -55 180 

125 . -24 
126 RCLJ 36 83 
127 LSTX 16-63 
128 -24 
129 ST07 35 87 
138 RCLl 36 81 I 

131 x -35 
132 + -55 
133 ST08 35 88 
134 RCL7 36 Bi 190 

135 2 82 
136 x -35 
137 1/X 52 
138 yx 31 
139 RCLl 36 81 
148 IX 54 
141 . -24 
142 RTN 24 
143 *LBLh 21 16 12 
144 SPC 16-11 Output values 200 

145 CF3 16 22 83 
146 RCL2 36 B2 
147 PRTX -14 
148 SPC 16-11 
149 GSBR 23 11 
158 PRTX -14 
151 GSBB 23 12 
152 PRTX -14 
153 GSBC 23 13 
154 PRTX -14 210 

155 GSBD 23 14 
156 PRTX -14 
157 GSBE 23 15 
158 PRTX -14 
159 RTN 24 

'vv 

220 

LABELS FLAGS SET STATUS 
A M -+ M B TIT n -+ M c PIP 0 -+ M Dp/pO -+ M EA/A~ub -+ M 0 FLAGS TRIG DISP 
a k' b-+k,M, TIT n" C 

d eA/A* -+M 1 ON OFF 
C:lln' 0 0 ~ DEG ~ FIX XJ 

0 Used 1 M2 guess 2 M2 itpY' 3 A/A 4 2 1 0 Qg GRAD 0 SCI 0 

5 6 7 8 9 3 
2 0 IX] RAD ° ENG

3
0 

Data? 3 0 ~ 
n __ 



Program Deseription I 

Contributor's Name Hewle.U-hckard 

Address __ JJlOO_]. E. Cir.cle..J3] vdJ 

City __ State ___ .-uO .... re'-'gtJ'o""n.L-___ ~ Zip Code ---;l9'-/-.7.;).33~O,J----

Program Description, Equations, Variables ~~~~___ _ ___ _ ____ ~~~ ___________ _ 

__ G_iventhe vl1_!.!!~s for: __ free_~tre~ __ ft!ach number_{~~tD~-raj:i(L.Qf specific heats 
_J r.L~ a n_<!_ the s~~c~ __ angle. (8 h!_~_e._pr_ogr~!!1c:.Qmputes : ____________ _ 

__ _ 112.... _____ ~ _______ _ 
-+hhi+.....;.;:.:.:-.,.:=---:i-t-:.i~..:..:..-~~~~.;:.....;::..:....:..J.....] ____ MacD_ No._ behi nd shoc,=k ___ _ 

St~tlc_pressure ra~io. ~ ___ _ 

-----~---------------.-----

----- ----- --- ~----- --~----1------ -------
y + 1 }-_.1'-1 Tota 1 pressure rati 0 

2y~ 2Sin28-(y-l) 

p----­
-1L ~f-~~~~~~ 
~_IL ___ _ -------------- ----------- ---------------

Wh er-e--the---t---subs€r l-p-t de A 0 te s th e va 1 u e ups tream 0 f the s ho e k , --and~t~hl'HeiO--il2'-------­
subscript denotes the value downstream of the shock. 

Operating Limits and Warnings __________ ~_~ ______ ~__ _ __ ~ 

I' 

Assumes calorically perfect (Cp and Cv are constant) and thermally perfect 
---{P=PRTT--gas, -ana a:-crraoatic flow. uQnly solutlons-where-M~<Ml-; P2_, P-'-2---'--, ~T'-2->--

--Qnd-
P

I-21f>T 1 ~-l-a-r-evalid.­
four are satisfied. 

u_ u_ -- - -- P-t----~ Tl 1 

Tfany one of these conditions is satisfied, the other 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

19 
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I)rf)~ram I)es~rip'if)n II 
Sketch(es) 

Sample Problem(s) 

J. ___ Ei ncl_the ___ Jt1.achllUIDher and sta ticp res.surebeh ind anob 1 iqueshock where 

___ ML::_2.~£L::ZO_~~ __ y:::l~_4and 1'1=85 psLA1SQ fineL the-rattosacross the shock for 

. __ ~grl$J1:YJ.._1:gmQexatureaJ)d tQtalpress.ure .. _ lS.ee£i~k 1) . 

__ ~ •. Find the temperature, Mach number and total press.ure._behimLa normaLshock 

____ t~-==1Q~1~(b_~~_~~=6"_2_~L::l.4,, PTi ::64 psi and Tl=624°R (See Fig... 21 

Solution(s) 

1. 1.4[+] 70[+] 2.5[f] [a] [A] -----------
[B] ----------------------~------------
85[X] --.--~-------------------------
[C] -----------------------------------
[D] ------------------------------------------.. ~,- ~-~--.----

0.80 
6.27 

533.12 
3.15 

___ C~L:.::::.:_~:::.:--::-----_:_:------:------- 0.56 (PTz/PTt) 

2. 6.23 [STO] [ ] 90 [STO] [2] [GTO] [0] [R/S] [D] --------------
- .--.-~-- -

624 [X] ------------------------------- 5296.40 (OR)(T 2 ) fAJ --------------.::..---:..:.-:...:..::..:-----:.--- O. 40(M2} 
[E] -.., ... -.. --.!! .. -~---------- ... --- .. ------------- .30 (PT2/PTl) 
64 [X] -------------------------------- 1.62 si P 2 

Reference (5) __ 

_ National Advisory Committee for Aeronautics, Report 1135, Equations, Tables and 
Charts for Compressible Flow, By Ames Research Staff, pgs. 7,8, U.S. Government 
Pri nt1rrg {}ffi ce ,-1953. 

TIrts programiSa translation of the HP..;.65 Users l library program H01303A submitted 
byG-leoo D. Ramba£.ft. 
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STEP 

1. 

2. 

3 

4 
5. 
6. 

7. 

8. 

9 
10. 

11. 

I 

NORMAL AND OBLIQUE SHOCK PARAMETERS 
FOR COMPRESSIBLE FLOW 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Enter program 

Initialize 

Tnnl1f" ",n .. ,..if'i,.. h",,,, .. ... ~ .. -l~ Y 
-. 

Innut RhoC'k an~lp 8 (de2) 

Input freestream MaC'h No M, 

Preliminary calculations 
Compute any parameter: 

Mach No hphinn .. ho,..J,. 
Static pressure ratio 

Density ratio 
Temperature ratio 

Total pressure ratio 

For calculations usin~ nPTJ '\7 .. 1 , .. '" f'n .... M, M, 
-.I.. 

and/or 8 8 (deg' 

RPRPf" fo .... n ...... li .... i ... "' ... ion 

Perform new preliminaries 

Perform sten 7 for .. nv of f"h .. ""'T.T ... ~ ... ~_~ .. ~ ... 

NOTE: To perform calculationI'! for .. n .. ", .... 1"", 

of y, use steps 2 through 7. 

I 

PT /T 
2 1 

KEYS 

CJc=J 
IRTN I CJ 
[LJc=J 
[LJc=J 
c::J c::J 
[LJCLJ 
c::JCJ 
CLJc=J 
[LJ C-] 
cc=JCJ 
CiLJ c::J 
[i~ c::J 
[STo 1 [) =oJ 
[STQJ [ 2-"] 

[GTQ] ULJ 
[!ZU~ 
c::J c::J 
CJCJ 
c::J c::J 
c::J c::J 
CJCJ 
r- ] c::J 
c::J r=:J 
c::JCJ 
c=J c::J 
c::JCJ 
c=JCJ 
c::JCJ 
c=JCJ 
c=Jc=J 
c::JCJ 
c::J c::J 
c::JCJ 
CJc::J 
c::J c::J 
c::J c::J 
CJCJ 
c::JCJ 

I c::J c::J I 

21 

OUTPUT 
DATA/UNITS 

Y 

8 

M, 
~ 

1"12 
P2/P

1 
PUP, 
T2/Tl 

PT2/PTl 

M, 
8'" 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *;"BL .. 21 16 11 8e? *LBLB 21 12 Compute P2/Pl 
,./, 

882 STD1 35 81 958 RCLJ 36 83 
983 IU -31 Store Ml in Rl 859 RCL4 36 84 
004 ST02 35 f!f2 Store e in R2 06e x -35 
80S RJ -3i 861 ;.: 02 
806 STD3 35 03 Store y in R3 862 ,"'. -35 
a8? 1 81 863 RCt? 36 07 
808 - -45 864 - -45 
909 STO? 35 87 8~C: b ... RCL8 36 88 
81B -:> 82 866 -24 .. 

Display PZ/Pl ell + -55 86l RTN 24 
812 STDS 35 88 968 *LBLC 21 13 Compute p/Pl 
813 *LBLB 21 80 Initial point for 969 RCL5 36 85 
014 RCL2 36 02 repeated operations 87B RCL6 36 86 
815 SIN 41 871 .... 02 .::. 
816 RCLl 36 81 IP'" .. ~ + -55 
81 ? x -~5 57,? - -24 
818 X'i 53 874 RTN 24 Display p/P l 
819 ST04 35 84 B75 *LBLD 21 14 Compute TZ/Tl 820 RCLS 36 88 876 GSBB "7 12 .:... ... 
821 x -35 677 GSBC 2313 
822 ST05 35 85 578 - -24 
923 RCL7 36 B7 I 879 RTN 24 
824 RCL4 36 84 886 *LBLE 21 15 Display TZ/Tl 8"e -35 981 GSBC ,.,- 13 .. ,./ .. \ .::.oj 

Compute PT/PTl 926 ST06 35 €t6 982 GSBB 23 12 
92? R .-c-' ~. 51 883 - -24 
028 *LBLH 21 11 Compute MZ 

984 RCL? 36 87 
929 RCL5 36 85 885 l/X 52 
930 ReL8 36 88 986 ,'.l( 31 
831 x -35 88? GSBC 2.3 13 
832 RCLl 36 81 888 ){ -35 Display PT/PTl 833 y'i 5.3 889 RTN 24 
934 x -35 090 
835 RCL4 36 84 
836 RCLJ 36 €t3 
83? x -35 
838 1 €t1 
839 + -55 
948 4 84 
841 x -35 
842 RCL4 36 €t4 
843 1 81 
944 - -45 

100 
845 ."~ -35 
846 - -45 
84? GSBC 23 13 
048 x -35 
949 GSBB 23 12 

\ 
858 -24 I SET STATUS B51 RCL8 36 88 
852 - -24 FLAGS TRIG DISP 

853 RCL5 36 85 ON OFF 
0 0 ~ DEG !Xl FIX Xl 854 -24 110 1 0 I&l GRAD 0 SCI 0 

855 n: 54 2 0 Kl RAD 0 ENG
2

D 
856 RTN 24 Display M? 3 0 Kl 

n __ 

REGISTERS 
0 1 

Ml 
2 e 3 ~2Sin2 e 1

5
(y+l)MlZ 6 (y-l)M 2 7 

y-l 8 y+l 9 
Y 1 

50 51 52 53 54 Sin2 e SinZ e 57 58 59 

A IB JC D IE II 



Program Deseripfion I 
Program Title Oblique Shoc~ _~~gl e for Wedge _____ _ 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Blvd. 

City Corvall i s State __ gr~~~_~ _____ ~ Zip Code _-=9....:...7....:...3-=...30=--_ 

Program Description, Equations, Variables 

JoJb~n the upstr'eanLM~cb number~_thedeflectiQnangla~ruLthespecific heat ratio 

are .given the compressjhle flolr!luequation wiJ 1 giY~ at most three_\la~_Jor the 

£hock angle. Ihisu-J)rogram calculates_the _weak oblique shock angle when it is 

possibleL-

The~uatiQn whichmus.tbe solved_js 

where 

. 6 b' 4 . 2 51n a +_ 51n a + C £In_o 

b - - M12 + 2 

~2 
k . 2-.l' 

- Sln u 

+ d = 0 

c = 2M)2 + 1 + (k+ iFu+ k- 1 . 2---
u--

u
-

-------- M,4 -----~-L---4 ------Ml~ s~ _______ ~ ___ _ 
------ ----------------------- ----------

___ ---------------_-Ml = Ups_tream Mach number> 1.0 
_9 ___ :::J)gfJecti on_~l e _(", d=e~9.L) ____ _ 

k =.sj)~c:ific heat ra_t~.!...'io",---_____ _ 

______________ a ____ = __ ~hock an ...... 9-'..-'1 e"--'.(=O"-'.. M-,-=-.-=-S~. }L-____ _ 

Operating Limits and Warnings___ __ _ ____________ ~ ___________ _ 

If no shock condition is possible, i .e.,_Ji_the shock must detach from the 

corner, then the firs~ program cardstops witha~linking~'Lselal~ __ If 0 ____ _ 

approaches 0max for the flow the pr()~ram_t~ke~ _~om~time (l mi n or so) to 

converge. I have never had thep_r_ogram f~!l ___ t~co~y~t"~~_, although it may be 

poss i b 1 e. Shoul d convergence not occur, change the cal cu_l_a!()!_~<:> ~~_~_ OEG '!10_~ 
after the iteration is stopped. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCID~NTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

23 
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I'rc,gram I)es~rip.ion II 
Sketch(es) 

Sample Problem(s)~ ___ Gi'v'en_ 

-.----- -- .Mt --=- .. 2. .. .1) ... 
- _10° 

SJ = 39.3139 Deg 

Solution(s) 

Keystrokes: Outputs: 

2[x2J [STO] JU 10 [STOJ [2J 1. 4 [STOJ [3J [AJ -----> 39.3139 

Reference(s)-_1.lntroductory Gas Dynamics~ATJ. Chapman and W.F. Walker, .}IRWSe+.te.& 

in Mech. Engineering. _ 

____ Ibis_-Program isa translation of the HP-65 Users I library program #0063OA 

-submitted by Harry W. Townes. 
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OBLIQUE SHOCK ANGLE FOR WEDGE 

a 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

l. Enter orOQram card #1 CRlliJ CJ 
2. Enter the Mach number M,. square it and- store [=:J [=:J 

M.2 in Rl Mli::: [STO I [ 1 ] 
3. Ehter the deflection angle 0 in deg, store in c=J c:::J 

R2 O/deg L2]][D 
4. Enter the specific heat ratio Pr store in R3 k LsIDJ IT] 
5. Run the program L~[:IJ a deg 

If program stops with a blinking display showir~ c::::::::J C:=J 
zeros, the shock is detached and no solution c::::::::J C-_l 
is possible for a weak shock anq1e. c=J r=:=J 

c::::::::J CJ 
NOTE: Some time is usually required for a solu ion~ C::~ c::::::::::J 

especially as 0-+-0 mi'lx. The output wi 11 c::::::::J c::::::::::J 
be a in D.MS in the X stack location. C~ [_=:=I 
Should the program not converge a in RAD c=JCJ 
is in thp RH rpoie:tpr fnr i'le: fi'lr <'Ie: thp c::::::::::J c=:J 
i+o .. ::o+;nn .. ::on ilCJ 

r=:=J r=:=J 
The program stops when the residual is [=:JCJ 
< 1 X lO-b c::::::::::J CJ 

C~~ r=:=J 
A direct solution of the equation gives c=JL~ 
only <1% accuracy for a without any c::::::::J c::::::::J 
iteration r=:=J r=:=J 

c::::::::J CJ 
c:=J [=:J 
c::::::::J CJ 
c::::::::J CJ 
c::::::::J [=:J 
c:=J [=:J 
[==:J CJ 
[==:J c::::::::J 
c:=J r=:=J 
c::::::::J [==:J 
c::::::::J c::::::::J 
[==:JCJ 
c:::J c:::J 
[==:J [==:J 
[==:J CJ 
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STEP KEY ENTRY 

97 IJrf'~ram I~is'in~ I 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

801 *LBLA ?; 11 857 ENTt 21 -, 
002 RCL2 36 02 858 x -35 
883 SIN 41 859 - -45 
084 ENTt -21 060 ST07 35 07 
885 .l( -35 861 RCL4 36 04 
886 ST07 35 87 062 RCL5 36 85 
007 RCU 36 83 063 x -35 
088 x -35 064 3 83 
089 RCLl 36 8i 065 x -35 
810 " 82 866 RCL6 36 86 ~ 

011 + -55 0~- - -45 b{ 
912 RCLl 36 81 868 2 82 8'- -24 069 -24 ~.;\ - -
014 + -55 878 RCL4 36 f14 
IU5 CHS 2· ... 

871 ENH -21 - &. 

81£ 3 f13 8?? ENTt -21 ,-
817 - -24 873 x -35 ' , 

b/3 R4 018 5T04 35 f14 874 x -35 
819 RCL3 36 8.3 975 - -45 
82e 1 fH 076 5T08 35 88 
021 + -55 877 RCL7 36 07 
8"~' ENTt -21 678 ENTt -21 &.~ 

823 x -35 679 ENTt -21 
924 4 04 880 x -35 
925 -24 681 x -35 
826 RCL3 36 83 082 ST06 35 86 
927 1 81 083 RCL8 36 88 
028 - -45 6&4 ENTt -21 
029 RCU 36 i11 885 x -35 
830 - -24 886 + -55 
831 + -55 087 8 08 
032 RCL? 36 87 088 >;ir? 16-35 Test for existance 
833 x -35 889 1/.'< "'oj of weak shock ...!<-034 RCLl 36 81 090 RCL2 36 82 Blinking display 835 .-. 02 991 TAN 43 ~ 

for no solution 836 x -35 892 5T02 35 82 possible IP'''' 1 81 I 8Q7 RAD 16-22 .." 
i Jo.J 

638 + -55 I 894 RCL8 36 88 
839 RCLl 36 81 895 RCL6 36 86 
848 ENTt -21 896 CHS -22 
841 x -35 097 IX 54 
842 - -24 898 - -24 
843 + -55 899 COS-I 16 42 
044 3 83 188 Pi 16-24 
045 - -24 181 4 84 
046 5T05 35 05 C/3 R5 102 x -35 
847 RCL2 36 82 103 + -55 
648 COS 42 184 3 83 849 RCLl 36 01 105 - -24 
850 ENTt -21 106 COS 42 
851 x -35 107 RCL7 36 87 
052 - -24 198 CHS -22 
853 CHS -22 d R6 109 IX 54 854 ST06 35 86 118 x -35 
855 RCL5 36 05 111 .... 82 .:. 
856 RCL4 36 04 112 x -35 r-

REGISTERS 

1 M12 2aand ton a 3 4 Used 5 Used 6 Used 7 Used 8 in RAD 9 0 k cr 
80 81 82 83 84 85 86 87 88 89 

A 1B Ie D 
IE J 



97Pro~ram I.;is'in~ I I 27 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

I ~ 

113 RCL4 36 B4 169 SIN 41 
114 - -45 178 - -45 
115 fX 54 171 . -24 
116 SIN-I 16 41 1"'? i .. CHS -22 
117 5T08 35 B8 a in RAD from direc 

173 RCLl 36 Bl 
118 -62 174 - -45 . solution of the 119 0 BB 175 RTN 24 
12B 1 B1 equation. Iteratio 
121 ST06 35 B6 improves accuracy. 
122 ReL8 36 88 A R/S in step 30 
123 + -55 would eliminate 
124 GSBB 23 88 iteration 180 

125 STO? 35 87 
126 RCL8 36 88 
127 GSB0 23 8B 
128 RCL7 36 87 
129 x:~· -41 
13B - -45 
17' "'l RCL6 36 B6 
132 · -24 
133 ST07 35 87 190 
134 *LBLI 21 81 
135 RCL8 36 88 
136 GSBB 23 8B 
177 '" , RCL7 36 87 
170 "' ... · -24 
139 ST-8 35-45 88 
14B ReL8 36 88 
141 · -24 
142 ABS 16 31 
143 EEX -23 
144 CHS r 200 - .:: 
145 6 86 
146 ,I(~Y'~' 16-35 
147 HOI 22 81 
148 RCL8 36 88 
149 R-tD 16 46 a in deg after 
15B RTN 24 convergence 
151 .LBLB 21 88 
152 ST05 35 85 
153 TAN 43 
154 UX 52 

210 

155 RCL2 36 82 
156 + -55 
157 ,., 

.:: 82 
158 x -35 
159 RCL5 36 85 
16B ~. 

.:: 82 
161 x -35 
162 ST05 35 85 
163 COS 42 220 
164 RCL3 36 83 
165 + -55 
166 RCL2 36 82 
167 x -35 
168 RCL5 36 85 LABELS FLAGS SET STATUS 

A B C 0 E 0 a FLAGS TRIG DISP 
a b c d e 1 ONO~ o 0 DEG fit FIX Ii1 
0 1 2 3 4 2 1 0 GRAD 0 SCI 0 

5 6 7 8 9 3 2 0 ~ RAD 0 ENG 0 
3 0 !i!f n_'+_ 



28 

Program Deseription I 
Program Title 

Contributor's Name HE!wl~:tj;-Packard 

Address _J_O_QO N. E. Circ:l e Blvd. __________ _ 

City c oY'_\t~JJ i s State _OY'egO.ll __ . __ .________ Zip Code 

Program Description, Equations, Variables, etc. 

This program converts calibrated airspeed (CAS) to mach number 
and true airspeed (TAS). Pressure altitude (PALT) must be known 
to calculate mach number (M). Aircraft recovery coefficient (CT) 
and indicated air temperature (IT) must also be known to calculate 
true airspeed. The recovery coefficient varies from 0.6 to 1.0 but is 
around 0.8 for most aircraft. 

( ~ [ j 5.2563 

P t · P 518.67 - 3.566 x 10-3 PALT ressure ra 10 - = 
Po 518.67 

TAS = 39M (IT + 273) [CT ( 1 -1) +1 
(1 + 0.2 M2) 

-

Operating Limits and Warnings 

Accuracy degenerates for mach numbers in excess of one. 

97330 __ 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE_ NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(es) 

+----+--
I 
t-

I 
--: --+- ~-- -----+.----t-~ 

-+ ----t-----:-

Sample Problem(s) ___________________ _ 

.~ -~.. t -~J~2J 
-- T -- -+------+- -------+-----+-- +-----r--+-~___II 

I I I I ' -+------ .-~-+----+----+- I 
I I ' 

I ! I -H' -----~--~-_t------T+-- : 
_ ~_ _~ ____ L~_~l i ! 

-t 

For a pressure altitude of 25,500 feet, a calibrated airspeed of 
-----~--------- -- 350 knots, a recovery factor of 0.8, and an indicated air ----------~---.----

temperature of 5 degrees Celsius, what is the flight mach - ---------
number and the true airspeed? 

----------------------- ------- - -------------

Solution(s) 
M = 0.84 
TAS = 515.76 knots 

Keystrokes 

--------- ---------- 25500 II 350 iii 
-------------------- ---- .8115 m 

Reference(s) 

-- - ------- ---- ------------------

--- -- - -------------------------------

----- -------------------

See Displayed 

0.84 

515.76 

---------------------------------

I~;sprogram jsa translation of the HP-65 U~~r~~_Lib!,~!,y program ___ _ 

J00531B submitted by Hewlett-P~ckard. _________ _ 

29 
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STEP 

1 

2 

3 

4 

5 

6 

MACH NUMBER AND TRUE AIRSPEED 

CAS 
-+M 

INSTRUCTIONS 

Enter program * 

I nput pressure altitude 

Input calibrated airspeed in 

knots and calculate mach 

number 

Input recovery coefficient 

:.8 for most aircraft) 

Input indicated air temperature 

and calculate true airspeed 

in knots 

For same aircraft at same 

PAL T go to step 3 and skip 

step 4. For different PAL T go 

to step 2 and skip step 4. For 

totally new case go to step 2. 

INPUT 

T(OC) 
-+TAS 

DATA/UNITS 

PALT 

CAS 

CT 

IT (oC) 

KEYS 

II 
A II 

B 

C 

I 
D 

"For pressure altitudes above 36089 feet, calculate PIP. using Standard 
Atmosphere, 

OUTPUT 
DATA/UNITS 

P/Po 

M 

CT 

TAS 



97 Prc)~ram I~is'in~ I 
31 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
lie 1 .'f;LBLA 21 1 i I 0Si ST04 3S 84-
8@2 3 83 858 RTtl 24 
083 5 85 059 *LBLC 21 13 
884 £ 86 06f: 5T03 35 83 Input recovery 
885 6 86 861 RTN 24 coefficient 
686 EEX -23 06;" *LBLD 21 14 
087 CHS -22 86:? 2 82 
r@B 6 8£ 86.; 7 87 Calculate TAS ge.s x _7~ 865 3 83 .... ~. 
81e CHS -22 Convert pressure 966 of -55 
8L 5 85 altitude to 8£7 STOS 35 85 
8' .-, 1 01 pressure ratio 8£8 RCL4 36 84 'l,c 

013 8 8E: 0£9 GSBE 23 15 
814 0 -62 878 ~ -24 
815 6 86 871 RCL5 36 85 
816 7 87 872 - -45 
81;' + -55 87 ":' ..... RCL3 36 83 
818 LSTX 16-63 0i4 x -35 
819 -24 075 RCL5 36 85 
820 c: 85 876 of -55 '"' 
8 .... ' ,c. 0 -62 0""" •• .r .... 

" 54 
9-:>-:> L. .... 2 82 878 3 83 
82:? "" ~J 85 0""<1 • J :3 89 
824 6 06 08C x -35 
025 3 83 881 RCL4 36 84 
026 ~')( 31 882 x -35 
8 .... ..., 
.:' 5T06 35 86 883 RTH 24 

82E RTN 24 884 *LBLE 21 15 
829 *LBLB 21 12 885 EHTt -21 
83D £ 86 986 x -35 
CJi £ 86 88? 0 -62 
B32 1 81 888 . ., 

.: 82 
033 0 -£2 089 x -35 
834 "" 85 Convert CAS to mach 898 1 81 ~J 

B35 -24 number 091 of -55 
836 GSBf .... ~ 15 092 RTH 24 ,c,; 

637" 7 
~, 03 

038 0 -62 
839 5 85 
840 yx 31 
e4~ 1 81 
942 - -45 
84::: ReL£ 7·-.... b 8£ 
844 - -24 100 

845 ; 81 . 
84£ of -55 
84:- 0 -£2 
84f: .-, 8·-' .: ,c 

845 8 88 
850 £ 86 SET STATUS 
051 V)" 31 FLAGS TRIG OISP J 

052 ; 81 ON OFF • 
0S:? - -45 0 0 ~ DEG (j FIX fXJ 
fl54 5 85 110 1 0 (j GRAD 0 SCI 0 
8SS .Ie' -35 2 0 !XI RAD 0 EN~O 

.----..8St. IX 54 3 0 !XI n __ 

REGISTERS 
0 1 2 3 CT 

4 5 6 7 8 9 
M T P/Po 

50 51 52 53 54 55 56 57 58 59 

( IB Ie D IE II 
I I j L 
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Program Deseription I 
Program Title TAKE-OFF RUN vs. DENSITY ALTITUDE 

Contributor's Name 

Address 

Hewlett-Packard, Corvallis Division 

1000 N. E. Circle Blvd. 

City Corvallis State OR 

Program Description, Equations, Variables 

A = 145366 [1 _(E-)O.235] Density altitude 
--------~---- - -------------~ --- ---- - -- --

p/po = (288/T o )(1-6.87 x 10-6 Ap)5.256 
-K'-------.--

where A = Pressure altitude (Ft) 
p 

F = 1 +_~._1~ x 10,""5 An :1: __ 2.032 x 

____ DA_== __ (~STD.L~C) __ ·_~~'__F 
where 

_~A = Actual take-off run (Ft) 

DSTD = Sea level take-off run at 15°C and full gross weight 

WG = Gross weight 

_tvA.~~ctual talt=,:,:of_~ weight 

---------------

Operating Limits and Warnings 

Zip Code 97330 

by ca~t~on and good sense. It depends on runway surface condition, aircraft 
---~"~-"~"- --- - -" ~ -----"- -" 

condition, pilot_s}:c:i...~!; assumes zero wind. No provision for obstructions. 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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I 
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Sketch(es) -:! : : I 
----------+ --~-_i_-~~~ 

.-J- ___ ._ .. ~ ______ ~_~ 
I 

. : ! 

·-t ~~--->.--- .~.-+-----r----__t-~~-+--, -~-II 

: i ' I 
-- --- - -,-- -~--r --·-r+~ 

~ __ L __ ~ 

Sample Problem(s) __ ._r.CiE~u~rfo~I!~~u()~ _ll_.E().Et1J!!!'_t~:!I!-_e.!1g..ine amphibian is ~ound run 
of 965 feet (sea level) at 15°C at full gross weight_ o! 6,000 1bs _______ ~_._~ __ 

_ Ho_~.~u~!t_.:.~~!~r!i1! __ it require at Lar~i~! __ Wyomin_~(~lev -'- 7~gp_ ft.) on a sUllDDer 

day when outside air temperature is 35°C (95°p) and plane is loaded to 5750 1bs? 

SOlution(5)26,5I~OOQ = .1608 - Aircraft parameter to be inserted_to prQgMIJ!Lat._LBL....1.L __ 

An (densit:ya1titude) = 11094 ft 

DA.{actua1 take-off distance) = 3461 ft Ou~~ints 

__ KeY~!E~~e.s.L ___ ~6~ [~~2J 6q90 [ + 1 [STD] [()1}..s1~~ t] 7 3{)Q LENT t] 5750 rA] ~ 11094 

Reference (5) 

[B] ~ 3461 

1) _ ~-65 Users· Library Progra~ #532A 

2) "AOPA Handbook for Pilots - 1974", page 15Q'._Y~.ADL 

3) "Aerodynamics of the airplane", Mi11ikan,J~.!t?."ii!~}'& Sons, 1941, 

page 132. 

33 
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STEP 

1. 

2. 

3 

4. 

5. 

6. 

~1 
~ 

TAKE-OFF RUN/DENSITY ALTITUDE 

~ DENS. ALT. T OFF RUN 

INSTRUCTIONS INPUT 
DATA/UNITS 

Load orollram 

Adjust air~aft constant as required G.R·Hpiaht 
F.G.Weight 

Inol1'" l' °c 
n 

Input A Ft. 
c 

Input W lbs 
~ 

Disnlav A 
1J 

Compute and Display D 
.ti. 

KEYS 
OUTPUT 

DATA/UNITS 

CJCJ 
c=JCJ 
[t lLJ Height 

CL:JCJ 
l STO I Q:::J 
c:::=J c:::=J 
L£J[~ 
c:::=J C] 
U---=:J C] 
CJ [--:::J 
LAJ c=J 
C:::J c=J Ft. 

c=Jc=J 
CLJ C:::J Ft. 
[---J c:::=J 
C=:J c=J 
I-JC~ 

[--=J C:::J 
[~CJ 
C~CJ 
C~c=J 
r=~CJ 
c=Jc=J 
L~c=J 
r-- J L~ 
c=Jc=J 
c=JCJ [-----] CJ 
c=Jc=J 
c=J c::::::::::J 
CJCJ 
CJCJ 
c::::::::::J c::::::::::J 
CJ c:::=J 
CJCJ 
CJCJ 
c::::::::::J c::::::::::J 
C~CJ 
I lCJ 



STEP KEY ENTRY KEY CODE COMMENTS 
35 

STEP KEY ENTRY KEY CODE COMMENTS 
BOl *LBU; 21 1 1 057 ENIt -21 
002 DSP(1 -63 8E1 

(Take off Wt.) 058 2 82 
883 STOl ~r 81 WA 859 -62 oj..J . 
004 RJ -31 

~ (Pressure Alt.) 868 1 81 
885 ST02 35 8e: 0~1 8 88 to ... 
806 RJ· -31 862 EEX -23 
807 .-. 

82 863 CHS -22 .:. 
eEl£; ? 87 864 5 85 
809 3 83 865 x -35 
fHe ST03 35 83 fl66 1 81 
811 + -55 0£7 + -55 !;il2 ST04 35 84 Temp. Ok 

868 x:y -41 
81] 6 86 069 EHTt -21 

~2 (114 . -62 878 x -35 
815 8 88 071 " 8~' .:. ~ 
816 7 if7 072 -62 , . 
817 6 86 873 8 88 81 (, EEX -23 074 3 83 ..... 
819 CHS ."'\.""\ 

075 .-. 82 -L.~ .:. 
020 6 86 876 EEX -23 
021 RCL2 36 82 877 CHS -22 8?':' }.~ -35 878 8 88 l..l.. 

8 .... ~ CHS -22 -35 .:..j 879 x 
824 1 81 888 + -55 
825 + -55 881 RCLe 36 88 
826 r 85 882 x -35 ..J 
0 .... ., -62 883 RCU 36 81 ~,. . 
82f: ~. 82 884 -35 DA (Actual Take-.:. x 
829 5 85 885 RTN 24 Off Distance, Ft.) 83B 6 815 B8G R,"'S 51 
831 y" 31 
832 RCLJ 36 83 
033 1 81 
8J4 r 85 090 ~I 

8J5 + -55 
BJ6 .)0:: -35 
837 RCL4 "7 .-",b 84 
8Jf: . -24 
!:1"<'Q w_· . -62 
840 2 82 
841 3 83 
842 5 85 
843 rx 31 
844 CHS .j ..... 

-.:..:. 100 

845 f 81 • 
846 + -55 
847 1 81 
84E: 4 84 
849 5 85 
85e 3 83 SET STATUS 

851 6 86 FLAGS TRIG DISP 
852 £ 86 

~ ON OFF 
853 }: -35 0 0 ~ DEG I)(j FIX KJ 
B54 RTN 24 110 1 0 iii GRAD 0 SCI 0 

2 0 IXl RAD 0 ENG 0 855 *LBLB 21 1'-' n-lL-.:. 
3 0 ~ 856 ENTt -21 

REGISTERS 
0 1 2 

~ 
3 4 5 6 7 8 9 

WA 273 TOk 
80 81 82 83 84 85 86 87 88 89 

A IB Ie 0 E )1 

l 
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Program Deseription I 
Program Title TRUE AIR TEMPERATURE AND DENSITY ALTITUDE 

Contributor's Name 

Address 

Hewlett-Packard, Corvallis Division 

1000 N. E. Circle Blvd. 

City Corvallis State _ OR 

Program Description, Equations, Variables 

effects of high speed flight. 

This __ program accounts for the compressib:iJ.J!y 

Given the mach number (1) and the aircraft 

recovery coefficient (~T = 0.8 for most aircraft), indicated air temperature (IT) 

is converted to true air temperature (T). True air temperature and press~J:"~_ 

altitude are then converted to density altitude. For low flight mach numbe~s, 

compressibility effects are small. In such cases only temperature and pressure 

altitude (PALT) are needed to calculate density altitude (DALT). 

T(K) 

DALT 

·-wher~ 

= C-c IT {K} _ IT) + IT (K) 
T 0.205 MZ+l 

.p = ~8.a..~ [1 -'6.1H~xW-&PALTl 5-.256-
po T (K) 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 
- -- .,.--..~~-----~.-----;---~ 

----+- - _ .. -- ---+---.. -~------......--- ---+---.--t--------+-.~~~__i , 

-t---

-+----+-1 -+-----i 

i 
.------- - --- -------~------- --+---~-----------__r-__I------+---- - -t------+--- i! i 

Ii. I 
-1', -~+-+--+-1 

j , ! i _____ l~ ___ ....L_u __ , ! 

Sample Problem(s) ------ -------------------------

1. }L .. JhJ~L _____ _ --- ._----------------------

CT = 0.80 

IT = 8°C 

PALT = 10,000 ft 

2. For a low speed aircraft 

PALT = 9,000 ft 

'~ 

Solution(5) 1. T =-22.21°C 

DALT 7852.96 ft 

2. DALT 10,703.11 ft 

-- ------------- -----

Keystrokes [f][a] 
--------------- ... __ ._---- ------ ----

See Dis~~~~y.~ed= _______________ _ 
1. .87 [A]8[C] _-:22_ .}_! ____ ~ ___________ _ 

10000[E] 7852.96 

2. 12[D]9000[E] 10703.11 

Reference (5) This program is a translation of the HP-65 UserstL1~Eary Program 

#00532A Submitted by User's Library. 
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STEP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TRUE AIR TEMPERATURE & 
DENSITY ALTITUDE 

IT 
M 'C

T 
-+T 

INSTRUCTIONS 

Enter program 

Initialize 
If you know the true air temperature, go to 

step 7 

Input the following: 

mach number 

recovery coefficient (if different from 
0.8) 

Input indicated air temperature and calculate 

true air temperature 

Go to step 8 

Input true air temperature 

Input pressure altitude and calculate density 

altitude 
For new case go to step 3 

INPUT 
DATA/UNITS 

M 

CT 

IT(OC) 

T (OC) 

PALT 

DALT 
-+DALT 

KEYS 

[:=LJ GJ 
c=J c:=J 
[ lCJ 
C=:J c=J 
l_JCJ 
CAJ [ ] 
C-J[~ 

OJC=] 
CJC_-~l 

U][~ 
C:=J [~ 
Cn::J C~~J 
c=JC~~ 
[--TI C~ 
r--li--=-J 
[~---] c=J 
c=JCJ 
CJCJ 
CJ[~ 
CJCJ 
L _J c=J 
C] [~~::J 
[~CJ 
C=:J [=--~ 
[ l C~J 
CJ [---~ 
CJc=J 
c=JL~ 
[ --] c=J 
CJc=J 
c:=J c:=J 
c:=J c:=J 
CJCJ 
C::J c=J 
C-=:J c:=J 
C::J C::J 
[:-=:=1 CJ 
C::J C] 
CJ [---] 

OUTPUT 
DATA/UNITS 

0.80 

M 

CT 

T (OC) 

T(K) 

DALT (ft) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
fl81 *LBL" 21 16 11 857 1 91 
e82 . -6i: 858 + -55 
883 8 88 Initialize 859 5 85 
884 ST03 35 f}3 868 . -62 
805 RTN 24 861 2 82 
886 *LBLA 21 11 862 5 85 88? ST04 35 84 Input mach number 863 6 86 
888 RTN 24 864 ~')( 31 889 *LBLB ..... 12 865 RCL6 36 86 LJ 

910 ST03 35 83 866 1 81 811 RTN 24 Input recovery 867 5 85 r,12 *LBLC 21 13 factor 868 + -55 
813 GSBD 23 14 869 x -35 
814 RCL4 36 84 878 RCL5 36 85 815 ENT1 -21 , 

871 -24 -816 x -35 8 ...... -62 ,L . 81;' . -62 Calculate true 8n 2 82 81S 2 8·-' temperature 874 3 83 Calculate density L 

r,19 0 8€1 875 r 85 altitude 
~ 

828 r €IS 876 jI)( 31 ~I 

821 X -35 877 CHS -22 822 1 81 878 1 81 823 + -55 I.F'Q + -55 • J 

824 -24 888 1 81 Ipc: RCL5 36 95 881 4 84 .. oJ 

826 - -45 882 5 85 8 .... .., RCL3 36 83 883 3 83 L. 

828 .X· -35 884 6 86 829 RCL5 36 85 885 6 86 830 + -55 886 x -35 831 ST05 35 85 887 RTN 24 832 RCL6 36 86 
833 - -45 
834 RTN 24 090 

835 *LBLD 21 14 
836 .... t"F' L <-

837 ;' 87 Convert T (OC) to 
838 ";' 83 T(K} and store it. v 

839 . -62 
840 1 81 
841 5 85 
942 ST06 35 86 
843 + -55 
844 ST05 35 85 100 

845 RTN 24 
846 *LBLE 21 15 
947 6 86 
848 . -62 
849 8 88 
858 7 B? SET STATUS 
851 9 89 FLAGS TRIG OISP 
852 EEX -23 ON OFF 
853 CHS -22 0 0 Xl DEG iii FIX &I 
854 6 86 

Calculate density 110 1 0 Xl GRAD 0 SCI 0 ratio 2 0 Xl RAD 0 ENG 21 855 x -35 
3 0 £I 

n __ 
9"i~ CHS -22 wb 

REGISTERS 
0 1 2 3 CT 

4 
M 5 roC) 62.73.15 

7 8 9 

50 51 52 53 54 55 56 57 58 S9 

A IB r D E II 

I 
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Program Deseription I 
Program Title ___ Aircraft Climb 

Contributor's Name CarrollE.Lam 

Address 

City 

4411 Rand.om Ct. 

Annadal.a_ ... 

Program Description, Equations, Variables 

State VA Zip Code 22003 

_~b'~n __ current and new hi gher altitudes, Al and Az ' and associ ated h~ad~_i nds at 

these altitudes, W
1 

and Wz' this program will compute the following: 

1. = [(V -V ) + t'-W2)] (Vcr41-) TC 
Dmin----cr cl----2- W1-WZ -

2. 

+ T . c 

Operating Limits and Warnings_ 

W" W2 >-0. .. 

A-->A _. 
2 1 

where: Vcr = cruise air speed 

Vcc = climb air speed 

Tc = time to cl imb, 8L_to 
A2 

.whe~.:-AI1i = aircraf.tceli.ng......~ 

ROC-ma5c=sefif·Te veTrate::;-­
of",-cUmh--.. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



i 

t 
f 

Program Deseripfion I 
Program Title Ai rcraft Cl illtb 

Contributor's Name Carro Df ~ Lam 

Address 

City 

4411 Random Ct. 

Annand~Jg State VA ______ ~ ____ Zip Code 22003 

Program Description, Equations, Variables .J~Qnl t)~_____________. __ ~~~.~ ___ ~ 
The equation fo_r_D.miA-is derived_by_setting up an eq~~~~i()n for the ~~_o~ime _____ ~_ 

possibilites for travelin~ between poj,!~~s A and 81 an~~sol~ifl9f()r the D th~~_~_ 

assures that the travel time based on climbing to a ~igh~t_~1~Jt~u~~jJ1L~~ smaller 

headwind component is less than the travel time that wOlJld _ result from!,em~tning~ 

a 1 ti t_u~~.J\+._ . ___ ~_.~~ ____ ~. 

41 

Although the program doesn I t incorporate it, there would in gene!,~l_~~n~ ~dditional 

benefit in climbing to a higher altitude, namely a higher true airspeed will 

generally result. 

Operating Limits and Warnings 

_..s.ea -Pr.-e'lio.us page. 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK. in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL. INCLUDING. BUT NOT LIMITED TO. THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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I'rf)gram I)es~rip'ion II 
Sketch(es) 

A, -------1---l>"c.r -----..I 
13 

Sample Problem(s) ______ . __ .____ .. 

.Assumed _.air.craft...parameters.:_ '1-==. 150-.mph cr 
IJ. c1 =.85.mph 

JWs"ax=B50--f t/roin 
\'ax = 18.5 kft 

GTven: Current Altitude (A ) = 3.5 kft 
---.. ·-----·£urrent Headwi lid ·-c~onent tw } = 38 mph 

Potent i alA It itude (A ) = 1) J kft 
Headwind C()mponent atZA (Wz) = 10 mph 
Distance Remaining (Dac~) = 185 miles 

f1nd: 1. Distance required for climb to breakeven 
2. Time to fly distance remaining if climb is made 
3. Time saved by cl imbi ngto hi gher altitude 

.... -4. Time to cl imb to new altitude 

Solution(s) 150[STOJ [1] 85[STO] [2] [850] [STO] [3] 18.5 [STO] [4] 

11.5 [ENTER] ------------ Store A . z 
1 0 [EN!.~RJ ------------ Store Wz 

ENTER] ------------ Store Al 

38 [A] --------------- Store W ----- .. - .. _-_.-.1-. 
1. [B] --------------- Compute 0 . --.- -. -- .... .. . IDHl 

2. 185 [C] --------------- Compute Tact for 185 miles 

3. [R/S] ---------------C().~pu_te T sav~{j 

4. [0] ---------------. Compute T climb 

11.50 

10.50 

3.50 

11.50 

87.54 

1.28 (l hr, 28 mins) 

0.10 (10 mins 

0.16 (16 mins 

ReferenCe(S) . .I.qllattonUU~L2J1 and (4) are submitter's own derivations.ha.s..ecLon .. tb.e 
geometry of the problem. 

'-EquaiTon (3) isbased on an assumption that ROC varies lineary with altitude __ 
--{RO€{A}-=- A {l--- A }] and straight forward integration. "See any good aeronautical 

max -A- engineenng text. ·····max . . .....-

This program is a translation of.the HP-65 Users Library program # 0181SA submitted 

by Carroll F. Lam. 
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~1 AI RCRPfT CLIMB 1 

~ DJHA 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

l. Enter program card 1 CJCJ 
2. Input specific aircraft oarameters [:=JCJ 

rY'lJic:o ~;,,".,no .. rI \/ (m~, .. .,/h",' V [SIDJ LLJ V. 
Climb airspeed V~~r(miles/hr) 

... 
[lliJ o:::J .... , 

v_, V("l 
Sea-1pvp1 Y'",to ni' ,.Hmh (i't/min' 

... , 
I STO I L:LJ 0_(" RnC 

Cei1ina (kft) A:.~ csmJ IT] Amax 
3. Enter orooram c"''''n ? c=J [=:J 
4. Inout hinhoY' ~1H+llri .. Az (kft OO£RJ c=J 
5 Inout winri ~t hinh .. ", ,,'+~+ ,rI .. W ENIDJ CJ 

or .L 

ENTERI c=:J 6 Inout 1nwpY' ~1Hhlri .. A, (kft: 
7. Inout winri ",t In,,,o,," :>,+~+ ,,j .. W, LDc=J 
8 Comoutp minimllm "' .. m"~ ... ~ ... " ~~ .. +~ CLlc=J Dmin 

'::I .... u, , ....... 
c=Jc=J 

If actual dic:t",n("o Y'om~;n;nn i., n"' .. "+ ...... + .. L~c=:J 
D~. 

.. 
c=Jc=J k gO to steD g. nthpY'wisp c:tnn nY' nn f-n 

17 '" c=J c=::J 
CJCJ 

9. Kev in actual staop 1pnath Dact c=:J c=:J 
10. Comoute actu",l "'om~ininn Hmo wi+h ,.1 ;mh [LJCJ Tact(H.MM 

.'" 
[ill] CJ T save(H.M~ " rnmn, ,+" +;m .. .,,,,,,,...1 .... _, ':_L· " 

2 ComOlJto ("1 imh timo 
LlJ ... '::I CiLJ c=:J Tclimb(H.M ) 

- c=JCJ 
Repeat steps 4-7 to enter new data. c=JCJ 

c=:J c=:J 
c=JCJ 
c=:J c=J 
CJCJ 
c=JCJ 
c=Jc=J 
c=:J c=:J 
CJCJ 
CJc=J 
c=:J c=:J 
c=Jc=J 
c=Jc=J 
CJc=J 
c=:J c=:J 
c=JCJ 
c=Jc=J 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS --a-01 *LBLA 21 11 ~57 + -55 Compute Actual 1302 ST05 35 85 058 2 8·-' Stage Time i:. 

130] fU -31 Store Data 859 - -24 
8£14 ST06 3S it6 86e CHS -22 
BOS RJ· -31 861 RCL2 36 82 
8B6 ST07 35 £17 0~"" 0': + -55 
00? RJ -31 863 RCL9 36 09 
808 STOB 35 0S 1364 x -35 
889 RTN 24 865 - -45 
Ble *LBLD 2114 066 RCLl 36 it1 
011 RCL4 36 84 067 RCL7 36 87 
012 RCLe 36 88 868 - -45 
013 - -45 069 - -24 
814 RCL4 36 84 878 RCL9 36 89 
015 RCL6 36 86 B71 + -55 
B16 - -45 872 i-HI'IS 16 35 
1317 - -24 873 R,··-S 51 
1318 LN 32 Compute Climb Time 874 \(~'.' -41 Compute Time II ..... 

819 RCLJ 36 83 B7S RCLl 36 itl Savings 
828 -24 876 RCL5 36 85 
1321 RCL4 36 84 877 - -45 I I 

B22 x -35 87C' 'u -24 
823 CHS -22 8""'Q i-HI'1S 16 35 , J 

824 1 01 88e CHS -22 
825 6 86 B81 HI'1S+ 16-55 
826 -62 882 CHS 2~' . - i:. 
0"7 '-, 7 87 083 RTN 24 
828 x -35 
829 ST09 35 89 
838 i-HI'1S 16 35 
831 RTN 24 
832 *LBLB 21 12 
833 RCLl 36 81 

ompute Minimum 834 RCL5 3~7 85 090 

835 - -45 !)tate Length 
836 RCL5 36 85 
B3? RCL? 36 8? 
838 - -45 
839 - -24 
848 LSTX 16-63 
841 2 82 
842 - -24 
1343 RCLl 36 81 
844 RCL2 36 82 100 

845 - -45 
846 + -55 
847 , .. -35 .-\ 

848 GSBD 23 14 
849 H"'S~ 16 36 
B5!3 x -35 SET STATUS 
851 RTN 24 FLAGS TRIG DISP 
852 *LBLC 21 13 ON OFF 
853 ENTt -21 0 0 IX] DEG IX] FIX KI 
854 ENTt -21 110 1 0 !Xl GRAD 0 SCI 0 

RCL5 36 85 2 0 IXl RAD 0 ENG 0 055 
3 0 !Xl n---2....-

~ ...... _.J~56 RCL7 36 87 
REGISTERS 

0 
Vcruise 2V cl imb 3 R.O.crfla \ 4 

Amax 
5 Wl 

6 
Al 

7 W2 
8 Az 1-c1 imh 

80 81 82 83 84 85 86 87 88 89 

A IB Ie D E II 



Hewlett-Packard Software 
In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully 

programmable calculators is nearly limitless. And in order to see the practical side of this potential, 
we have several different types of software to help save you time and programming effort. Everyone of 
our software solutions has been carefully selected to effectively increase your problem-solving poten­
tial. Chances are, we already have the solutions you're looking for. 

Application Pacs 
To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex­

tensive library of "Application Pacs". These programs transform your HP-67 and HP-97 into specialized 
calculators in seconds. Each program in a pac is fully documented with commented program listing, 
allowing the adoption of programming techniques useful to each application area. The pacs contain 20 
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder. 
Every Application Pac has been designed to extend the capabilities of our fully programmable models 
to increase your problem-solving potential. 

You can choose from: 

Statistics 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

The main objective of our Users' Library is dedicated to making selected program solutions contri­
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users' Library, you'll have 
at your fingertips, literally hundreds of different programs. No longer will you have to: research the 
application; program the solution; debug the program; or complete the documentation. Simply key 
your program to obtain your solution. In addition, programs from the library may be used as a source 
of programming techniques in your application area. 

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs; 
catalog updates; and coupons for three programs of your choice (a $9.00 value). 

Users' Library Solutions Books 
Hewlett-Packard recently added a unique problem-solving contribution to its eXisting software 

line. The new series of saftware solutions are a collection of programs provided by our programmable 
calculator users. Hewlett-Packard has currently accepted over 6,000 pragrams for our Users' Libraries. 
The best af these programs have been compiled into 40 Library Solutions Books covering 39 application 
areas (including two game books). 

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up 
to $35.00 over single copy cost. 

The Users' Library Solutions Books will compliment our other applications of software and provide 
you with a valuable new tool for program solutions. 

Options/Technical Stock Analysis 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing/Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of Chance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
Forestry 



AERONAUTICAL ENGINEERING 

Includes programs in several areas for Aeronautical Engineering, such as 
calculations for properties of air and atmosphere, behavior of gas flows, 
calibration of temperature and speed, and also some aircraft maneuvering. 

PROPERTIES OF AIR 

THEORETICAL U.S. STANDARD ATMOSPHERE TEMPERATURE 
AND PRESSURE BELOW 35,332 FT. 

AIRCRAFT FL YOVER ACOUSTIC TONE DOPPLER SHIFT 

ISENTROPIC FLOW FOR IDEAL GASES 

NORMAL AND OBLIQUE SHOCK PARAMETERS FOR 
COMPRESSIBLE FLOW 

OBLIQUE SHOCK ANGLE FOR WEDGE 

MACH NUMBER AND TRUE AIRSPEED 

TAKE-OFF RUN VS DENSITY ALTITUDE 

TRUE AIR TEMPERATURE AND DENSITY ALTITUDE 

AIRCRAFT CLIMB 

HEWLETT' PACKARD 

1000 N.E. Circle Blvd., Corvallis, OR 97330 
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