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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 | page gives a basic description of the program. The Program
Description Il 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 | and Program Listing 1l 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 | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-87). 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 . . S | ‘
This program computes the fo11ow1ng propert1es ‘of air at Tow 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.

THEORETICAL U.S. STAND%%S ATMOSPHERE TEMPERATURE AND

PRESSURE BELOW > FT. Y
The program computes the theoretical U.$. 'standard Atmosphere values'

for temperature and pressure at any altitudefrom -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 y
results are in Hg, psf, psi and mb. .

AIRCRAFT FLYOVER ACOUSTIC TONE DOPPLER SHIFT . , . ' » 9
Computes Doppler shift of an aircraft flyover 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 IDEAL GASES ., , s 13
The card replaces isentropic flow tables for a spec1f1ed spec1f1c 'heat’

ratio k. Inputs and outputs are interchangeable with the exception of k.

NORMAL AND OBLIQUE SHOCK PARAMETERS FOR COMPRESSIBLE FLOW . . « 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 . . 23
Given the upstream Mach number, the flow deflection’ ang]e, ‘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 AIRSPEED . . oo 28
Converts calibrated airspeed and pressure 'altitude to Mach number ‘and

true airspeed.

TAKE-OFF RUN VS DENSITY ALTITUD , Vol e s . '
Computes actual take-o ?% run requ?red g%ven sea level run at 15% C at ful" 32
gross weight, pressure altitude, actual air temperature, and actual take-
off weight.
TRUE  AIR TEMPERATURE AND DENSITY ALTITUDE . . . . 36 '

Converts indicated air temperature to true air temperature account1ng for
the temperature rise associated with high speed flight. Once a true
temperature is established the density altitude can be calculated.

AIR FT CLIMB . '
qRQs program perm1ts one to determine the des1rab111ty of c11mb1ng 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 0
to higher altitude worthwhile. Program is good for non-supercharged air-

craft only.

.




Program Deseription 1

(Program Title . Pro pe Y‘1_: 1?5 0 fA1 r

Héh]ett-?gc_kar&”

Contributor’s Name

Address 1000 N.E. Circle Blvd.

oy el e  state Oregon 7o _M_
\_ .

: ~

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:

. Specific heat ratio 3. Specific heat at constant volume
k=1/(1-R/J C = -°
/(-R/. o Cy =Cy/k, Bru/lb. - °R
where:
R Universal gas constant 4. Coefficient of viscosity
J Mechanical equivalent of heat M= 7.4X 10-7(T)] '5/(T + 200),

Ilbm./ft. - sec.
2. Specific heat at constant pressure

Cp =0.2478 - 4,2047 X 10'5T 5. Absolute Rankine temperature
+5.8X 107812 - 1,49 x 10-1173, T=459.7 + (T, °F), °R
Btu/Ib. - °R

* 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 , C and At are good for temperature and pressure ranges of 300 - 2000 °R
and 0 - 300 psi% respectively.

\. v,

)

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.

\_ _J




Program Deseription 11

(- ; % N
Sketch(es) i w
_ e
U S S N DU S N B o : . )
o )
Sample Problem(s)
Find the specific heat rat1o, spec1f1c heat at constant pressure,
specific heat at constant volume, coefficient of viscosity, and
absolute Rankine temperature for air at a temperature of 300 degreesw
Fahrenheit. ...
k = 1.3930 , ’
€ =.0.2428 Btu/lb. -°R . . . . i
C,= 0.1743 Btu/1b. -°R S v
uw 1.6146 x 10-° 1bm./ft. -sec. | ‘
I .= 759.70°R , e
}
Solution(s) .. . e e ;
_Keystrokes: o Qutputs: |
"300[E] [A] —-===-cmmmmmmm e e - > 1.3930
300[E] [B] hudonibmite i toooul b > 0-2428 -
300[E] [C] ---------- mmmmmmemsmm==-——---=> 0.1743
300[E] [D] -----=me-mmmmmmcceooa -----> 1.6146 x 10°°
300[E] ==-==-cmcmccmmccccccce e >7%9.70
\ L B . y
7
Reference(s) ... . ... . . I "
_Keenan and Kay,AGas Tab]es, fifth printing, John Wiley & Sons, Inc.,
March, 1956. Hall, Newman A., Thermodynamics of Fluid Flow, Prentice-
_Hall, Inc., 1951. | R
This program is a trans]at1on of the Users' Library program #01078A
\_submitted by Paul, K. Shumpert. Y,




User Instruetions

PROPERTIES OF AIR

C Cy

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Enter Program

Compute Specific heat ratio

T, OR *

T, °F

or

Compute specific heat at constant pressure

T, OR*

T, °F

or

Compute specific heat at constant volume

OR*

T, °F

or

Compute coefficient of viscosity

OR*

T, °F

or

Compute absolute Rankine temperature

For a new case, repeat step 2

* Temperature can be input as °R or °F as shown.

Note: having calculated one of the variables

k,Cp,Cv, or u, to calculate a second:

Recall the temperature

Go to step 2

L]
(A L]
[E_1[A ]
1]
(e 1]
[e 1[8 ]
L]
[c JL__]
[e_1[c ]
[ L]
[0 ]
[E 1o ]
[ L]
e L]
L IL_1
[ L1
LI
1L
[ 1
L]
[ L1
L1
[ReL 3]

f




97 Program Listing |

4
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@81 xLBLA Z1 11 857 RCLZ 3 @z
Bz FIX -11 Compute k 58 RN 24 |
BeZ  DSP4  -63 84 T, °R 859 LBLC 21 13 |Compute C, |
ged4  STO! 35 &1 #s@  E5BA 23 11
ges  ENT? -21 861 RCLZ 36 a2
(1513 Y -35 gez h s d -41
a7 5 @5 863 z -24
ges . 62 Bed RTH 24
616  EEX -23 gée  STO1 75 a1
#i1  CHS -2z 8Ev 1 a1
812 g asg 6s . -62
813 X ~-35 BESR L 8s
—gF eve i 31 .
§§§ 2 e 871 RCLI 36 a1
815 4 a4 i g a2
817 7 7 B3 8 ae
81g g ag 874 e ae
819 + -55 875 + -55
828  RCLI 36 a1 876 % -24
821 2 az 77 7 87
22 z 63 878 . -62
823 7 a7 arg 4 04
824 g as gge  EEX -23
825 k; a3 821  CHS -22
826 : -24 Baz 7 s
827 - -45 883 X -33
828 1 a1 ge4  SCI -1z
8239 4 a4 gas  RTN 24
238 9 s B8E #LBLE 21 15 -y
831 EEX -23 88T  ENT? 21 Compute T, °R
832 CHS -22 pae 4 a4
37 1 a1 Bes 5 as
834 z a3 9@ g asg
825 RCL! 36 &1 621 . -2
836 3 a3 a9z 7 ary
837 tid 31 893 + -55
B33 ¥ ~-35 894 FIX -11
839 - -45 B35  RTN 24
p48  STOZ 35 82 c
41 1 ai P
842  ENT? -21
843 1 @1
P34  ENT? -21 100
p45 . -62
B46 e 8¢
847 & a6
48 g ag
49 5 as
g8 RCLZ 36 a2 SET STATUS .
851 * -24 FLAGS TRIG DISP
B32 - -45 ON OFF
g53 = -24 o O @ DEG K FiXx &
B854 RTN 249 110 1 0 X GRAD O SCi O
855 xLBLE 2112 Compute C 2 El] g RAD DO | ENG,O
856  6SBA 27 11 P
- - REGISTERS »
0 1 2 3 4 5 6 7 8 9 @/
Used Used 1
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 ‘
A B o} D 1 ’
|




Program Description |

o (Program Title ____ Standarq AEmO§Rhere Bel o,w, 35’,32g Fget' - _ S
Contributor’s Name HQWJ,QEET_?§,Ek§rd _ _ S
Address ___ . ‘1000 NE CH:C]Q . S _
City _ Corvallis ~_state_ Oregon ZipCode 37330
o .

(p,og,am Description, Equations, Variables T11s program computes the theoretical U.S. Standard

Y

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 temperaturg
and pressure based on the following formulas:

P
o

(T n T=T - a2 t =T - T abs reference

lav}
[l

0 o)
T -aZ

o
= Pressure at altitude above/below mean sea level.
= Standard air pressure at mean sea level.
= Standard absolute temperature at mean sea level in Rankine/Kelvin.
= Temperature lapse rate per foot of altitude in oF/per meter °C.
Altitude above/below mean sea level in feet/meters.
= Constant G/aR = 5.2561
= Temperature absolute at altitude in Rankine/Kelvin.

abs ref. = 459.688 °R/ 273.16 °K.

¢ H a3 B N e B8 Y9 Y
1]

= 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.

_/




Program Deseription 11

™~
T e
Sketch(es) ; )
. | |
e :
Lo
E H
i i
i ! .
_ L f
. ; ;

- N
Sample Problem(s) .. . .

N 1. _What is the theoretical U.S. Standard Atmosphere pressure in inches of- ——

mercury, pounds per square foot, pounds per square inch, temperature in
degrees Fahrenheit and degrees Rankine at an. altitude of 30,000 feet? .

2. What is the theoretical U.S. Standard Atmosphere pressure in millibars
temperature in degrees centigrade and degrees Kelvin at an altitude of

. 11,000 meters? , o e , -
1. Hg = 8.885413 2. mb = 226.319813 o @
o Tbs/in2 = 4.364107 °C = -56,500000 L
) °F = -47,984800 °k = 216.660000 E—
~°R = 411.703200 B
Solution(s) KeysStrokes: ~ Outputs: =
. [RTN] [f] [a] 30000[D] -------- e > 8.885413
3 e >-47.984800
[RCL] [6] =-=mmmmmmmmmmoooocee o fieteieitetutetatntteee ettt bl >411.703200
[£] [b] 3000[D] ==n=mmmmmmmmem oo oo > 4.364107
. 1013.25[A] 288.16[B] .0065[C] 273.16[STO] [7]
11000[D] ---------- = e e >226.319813 )
B 3 ————— =msoomom=-m=------------->-56.5000
[RCL] [6] ==mmmmmmmmem e oo e e e >216.6600
- | 151 ==- S f—— y

Reference(s) .. .

This program is a translation of the HPQGSVUSers' Library«prpgram #01148A submitted
by William D. Staton.




User Instructions r
STANDARD ATMOSPHERE BELOW 35,332 FEET
LR ALT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter Program [:l: 0.00
Initialize 0.000000
Automatic input of U.S. Standard Atmosphere IE[I]
mean sea level values of Hg, temperature, lapsg m:”:’ 459.688000
rate plus reference temperature absolute. :I:
4 | Input altitude and compute Hg. Feet Ii”:] Hg
5 Compute temperature oF at altitude. : oF
6 | Recall °R at altitude. [reL [ 6] °r
7 | To recall input altitude in step 4 IEESII Feet
8 For new case change altitude input in step kL ::
9 | Convert program to compute LBS/II\I2 at altitude.
[r/s ] |an.6950u0
10 | Repeat steps 4 thru 8 I:”:l
11 | Convert program to compute LBS/FT2 at altitude 2116.216 E‘: 2116.216
12 | Repeat steps 4 thru 8 ::'
13 To compute pressure and temperature based upon Hg : Hg
other than U.S. Standard Atmosphere, input [:H::]
pressure reference at mean sea level. :[:]
14 | Input temperature reference at MSL. °Rr ': °Rr
15 Input temperature lapse rate per foot of oF/F"I‘. EI:] oF/FT.
altitude in °F. C_IC 1
16 | Repeat steps 4 thru 8. l::]
17 To compute the Standard Atmosphere in metric 1013.25 II: 1013.25
units, input millibars at MSL. ’:]:l
18 | Input temperature reference at MSL in °K. 288.16 [II: 288.16
1 Input lapse rate per meter in C. .0065 I:] 0.0065
20 | Input temperature abs reference in °k 273.16 E 273.16
21 Input altitude and compute pressure. meters [E:] mb
22 Compute temperature OC at altitude. I_E.jl_j oC
23 | Recall °K at altitude. [rer 6 ] %k
24 For new case change altitude input in step 21. I:I:
L1
L]
LI ]




[ ] [
. 97 Program Listing | Page  of
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 xLBLa 21 & 11 57 STOZ2 39 w2 Input MSL ref.
862 z 6z Inputs U.S. Stan- 856 RTN 24 tégperattree
883 3 85 dards in program 859 xLBLC 21132
pes 5 85 861 RTN 24 rate.
pas < az 862 x*xLBLD 21 14
oer f, eu 66z STOS 35 85 Input altitude for
Bae < b €4 RCL: 36 82 desired pressure
809 € e BES  ENT? -21 and computes P
alg 8108 35 a1 Temperature at MSL RGE ENT? -21 A’
a11 S as in °R BEvV RCLS 36 @83
elz 1 ai ace RCLS 36 85
B13 g as Bes = -35
Aig . -&2 are - -45
B15 & as 71 ST06G 35 a6
aie & gg e : -24
817 & as ) ) a5
a18 8702 35 gz a4 . -2
@19 i -5 Temperature lapse 75 2 az
826 a8 ag rate in °F per foot B7E 5 as
821 @ i of H. T4 & 96
g22 3 a3 gre 1 al
B2z S as are yx 31
24 € as aee RCLI 36 81
B2S & ae Bel X2 -41
82é 1 al ez = -24
Bz7 & 86 B8z RTH 24
828 8102 35 a3 R84 xLBLE 21 15
829 4 84 Zimgﬁga;:ﬁiﬁgsgﬁi 885 RCLE 36 @6 Computes °F or °C
g30 5 ) f ice under 88¢  RCL? 36 @7 at altitude.
831 2 @9 gg 92126 Ha mi a7 - -45
22 . -6z . g minus ges RN 24
37 & P 32 degrees.
B24 g @as 090
B35 8 as
B3¢& 8707 25 a7
g37  DSPé -63 8¢5
838 RTN 24
B33 xlBLb 21 1€ 12
a4 1 a1 Input 1bs/in2 for
B41 4 B84 MSL reference
a4z . -6Z pressure
B43 & as
f44 S as 100
845 9 a5
B4& a g9
847 4 a4
f48 g as
42 & Be
85 ] g1 SET STATUS
851 8TO1 35 ol FLAGS TRIG DISP
852 RTH 24 ON O;F 6 ® FX K
x ? 0o O X DEG X
333 ‘g?’a’f % o Input MSL ref. 110 1 0 ® | GRAD scl O
4l pressure.
855 RTN 24 2 0O K RAD K ENG O
856 *LBLE 21 12 s 0K
— - REGISTERS
° 1 Po Ref. 2 To Ref. fapse Ra Alt.-H ;nggéKa“T abs ref. °
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D £ 1




Program Deseription 1

-

Program Title . Aircraft Flyover Acoustic Tone Doppler Shift

Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Bivd. ; ) e
City . Corvallis o State _ Oregon =~ ZipCode_ 97330
\_

Program Description, Equations, Variables COMputes doppler shift of an airc rﬂft_,_,fig
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 flight path speed
and angle, air temperature, source frequency, and aircraft elevation
angle. Any input frequency can be located in the A.N.S.I.* 1/3
octave-band filters. Equations: See sketch on next page.

Doppler shift fo/fs = 1/(1-M cosg) ([fg is observed freq.
fg is source freq.

R wher M is Mach Number of
_Source angle _ B =86+a R source e
B=Source angle to
I e et e e e e e e . e JE . Gbse'f"v‘ﬁ
Mach number ___  Mach = V/(29.04/ t+459) JV=F1t. path speed, kts

T=Air temp,°F

o o , . TR e
__*Mid-frequency of 1/3 oct-band f_= 10710, N any integer

*Upper frequency of 1/3 oct-band fo = 1.1225 f_
(nominal band edge)

Operating Limits and Warnings | /3 octave band filters start a t,,,,,fm; 50 HZ _which
___corresponds to N=17, ANSI convention. Minimum input frequency of

fm;s arekexaét‘preferred frequenéies, wh{fh are within 0.7% of

nominal preferred frequencies.

The time required for filter band location is a function of the band
o3 secctime<3d soc for 17<N<40 __/
)

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 [N CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. J

\




10

l’mgram Deseription Il

( Edgart. ZW1eback

1966.

2. S1.11-1966, Specification for Octave, Half-Octave, and Third-Octave Band Filter
Sets, page 12 American Nat1ona1 Standards Institute, New York,

This program is a trans]at1on of the HP-65 Users' Library program #01291A submitted

e e IS B
Sketch(es)
P— f\ - 4
% N
|
% IS S N N ~ N
| OESERVER:\ A\ VN N\
\ ,
~ R
Sample Problem(s)__Air_temperature t = 77°F
Given: Flight path anglea= -3°
Source tone frequency f =687 H, . .
Flight path speed V 155 kts., (re to observer) ~
Calculate the Doppler shift, the observed frequency, the 1/3 oct.
band filter position (fo/fm), the band number, and the filter mid-
frequency for the following aircraft elevation angles. .
64 = 45 degrees o
6, = 90 degrees S
,,,,,,,, , 63 = 135 degrees , e
A1rcraft Elev. Angle 6, = 45° 6, = 90° 63 = 135° o
/f
0 1.21 1.01 0.87
forts 829 695 595
fo/Tm 1.04 1.10 0.94
Band No. T 29 2 28 28
£ oaH 7.9x10 6.3x102 6.3x102 .
(nominal of 800)
So1ut1ons j
Keystrokes Output B B
77[ENT4+] 3[CHS] [A] 687[ENT+] 155[B]
45[C] --->1.21[R/S] --->829. 04[D] --->1 04[R/S] 29[R/S] 7.9 x 102
. et )
s ~
Reference(s) R
1. Wood, A.B., A Textbook of Sound, pages 370B-372, G. Be11 & Sons, London, 1957

_/




1
User Instruetions
FLYOVER ACOUSTIC DOPPLER
INPUT INPUT
fs,V fo/fs 1/3 0-B
STEP INSTRUCTIONS DA'T’:SJ'TS KEYS DST%E:ITTS
1. | Enter program
- t,°F
2 Input air temperature i
3.1 Input flight path angle (refer:Horz,+ is up) o.Deg,
4. ] Input source (aircraft) tone freq fssHy
5.1 Input flight path speed (refer:observer) V,kts
6. | Input aircraft elevation angle (looking 8,0eg— | fo/fs
towards on-coming aircraft) and ca1cu1ate
Doppler shift freq. ratio
7. | Calculate tone frequency received at 0BS. fo.Hz
8 Fa'lmn'lafn 1/'2 nr+:un l\and pcs t-:cn cf‘ -:nput f,Hz _fom*
freq. (ratio of input freq. to mid-freq. of
appropriate band)
9. | Display filter band no. N
10. | Display mid-freq. of band _fmiﬂz____

(For a set of 8's for a given flyover, it is

only necessary to do steps 6 & 7,

and-steps

8-10 if des1red)

M AR A B 4

affect1ng f‘ and V, and v1ce versa)

(The time required for step 8 is a function of

of the value of f)

U000 00000000 CO0CC OB CEE AR
I




7 Program Listing I

12
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ge! xLBLR 2111 857 8 ag
pe2  ST02 75 8z Input t,o ggg 1;* 1g_§i
883 hed -41 | . 1€ 33
aB4  STO4 5 g4 | BeER  STCTV 35 87
ags XY -41 agi 1 q1
pes RTHN 24 ggi } —32
ge7 xLEBELE 2l 1z 6 i
ges  ST0Z 25 a3 Input fg, V . B4 2 62
ago ;3T ~-41 954 i az
e1e  ST0E 35 a6 ggg 3 gg
11 RTH 24 & X -
812 %LBLC 2113 Bee  RCLS 3¢ 65 Compare f with f,
813 FIX -11 Input & calc. ggg g;g? ég—g?
215 5701 35 a1 S . LLi > Ur
8ié RCL4 26 B84 B;i RQE? 36 g?
> K \ o -
@i i b4 8;4 : By
aie S as o3 o o f/f
g19 9 as 7E <5
820 + -55 Big RCL£ 36 15
21 I% 54 i CHE -&2
822 z az eii 1 gé
323 3 as [ ]
az4 . -6 ga6 + -a5 Band no
825 a aa gl R~S 51 :
826 4 a4 ggg Rgtl:; 36 87
B27 X -35 K : -1z
B28  RCLZ 25 83 Be4  DSFP! -£3 gz fm
g2a9 X2y -4 Bes RTN 24
230 z —24
831 RCL 36 8i
a3z RCLZ 35 B2
832 + -55
r34 cos 4z 090
835 X -35
a3& CHS -2z
Bav 1 a1
B38 + -85
B39 14X 52
g4@ RS 51 .
84z ¥ ~-35
843 8T0S 35 85
B34 RTN 24 100
845 =xLBLD 21 14
ad6  ST0S 35 85
847 e ag
g48  STOI 35 46
ggg *gg*'-i | 21 51 Calc. upper freq. e
g 6 25 46
85! RCLI 36 46 f, of 1/3 oct- FLAGS TRIG DISP
85?‘ e = ban filters 0 OS O§1F DEG X FIX &
0o é 21- 110 1 0O KX | GRAD O sct O
Bo4 f' 2 0 K& RAD 0O | ENG.O
S5 + -,:rfs s O K n_ 2
696 ! bl REGISTERS
0 1 2 3 4 5 6 7 8 9
0,deg | a,deg V,kts t,°F | fo/H, fe,H, | fm.Hy N
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D I
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Program Description |

-
Program Title . . ISENTROPIC FLOW FOR IDEAL GASES
Contributoi HEWLETT-PACKARD e
1000 N, E. Circle Blvd.
Address Corvallis, Oregon 973390 o
City o ate _. Zip Code
__E
— : N )
Program D I

IS 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;

T/T, is the ratio of flow temperature T to stagnation or zero velocity
temperature T,;

P/P, is the ratio of flow pressure P to stagnation pressure Py;
plpy is the ratio of flow density p to stagnation density pq;

A/A*y,;, and AJA*g, are the ratios of flow area A to the throat area
A* in converging—diverging passages. A/A*,,, refers to subsonic
flow while A/A*,, refers to supersonic flow. -

S Equations:

S T, = 2 _
2+k—-1HM

e e P/Po = (T/TO)k/(k—n
e P/Po = (T/ro)ll(k—l) o

e e k+1 -
1 2 k-1 2k - 1)
A* = — — 1 + 2
SR Al M [( —— )( M )]

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

MgZ = (VFrac (A/A*) + A/A¥) *3

Remarks: .

After an input of A/A*, the program begins to iterate to find M2 for future use.
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.

\. —

e —

This program has been verified only with respect to the numerical example given in Program Description Il. 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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Program Desecription |

- N

Program Title S

Contributor’s Name - -

Address . .

City , R ... State ZipCode
\. J
= )

Program Description, Equations, Variables

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

The calculator uses flag 3 to decide whether to store or calculate a value. If s
S you use the data input keys (setting flag 3) and then wish to calculate a o

parameter based on a prior input, clear flag 3 before pressing the appropriate

user definable keys. e

e e Registers Ry, R; and Rg,-R| are available for user storage. R
Operating Limits and Warnings

Y -
N

This program has been verified only with respect to the numerical example given in Program Description Il. 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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> D iption 11
Program Deseription
(- N ]
' Sketch(es) ) :
3: Lo . - X R
— 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 T,. What
is the true temperature assuming that k = 1.38?
T [ Keystrokes: Outputs:
T 13300 — 1.380
- — - K%Y - > 0.930 —
(5] — 0.859 (T/T,) “—_——ﬂ
(" 288 > 247352 (T, K)
Sample Problem(s) 2738 . -25.648 (T, °C)
If the same pilot reads a stagnation pressure P, 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.)
938 — 0.575 (P/Py)
700 > 402.843 (mm Hg)
—— e Example 2:
—_— A converging, diverging passage has supersonic flow in the diverging section. e
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: Outputs: -
17400 — 1.740
1600 + 2.105 M)
R = B ] > 0.379 (T/T,) e
N 0.102 (P/P,)
(D] > 0.269 (0/po)
Solution(s) . . . e
or, alternatively, using automatic output.
on > 1.740 *** (k) -
e 2105 ¥+ ™M) T T
— S 0.379 *** (T/T,) —
0.102 *** (P/P,)
0.269 *** (p/p,)
1.600 *** (A/A*)
- - ./
[ )
Reference(s) S
\ _ i _ _ A—‘)
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1 User Instruetions
ISENTROPIC FLOW
1T/ T 1-P/Pg
STEP DSTL:\.'/-S::TS
STEP INSTRUCTIONS DA:":\'/’SPTI.ITS KEYS DSI’%S:LS :’
1 Load side 1 and side 2. j
2 Input specific heat ratio. k [+ 2] k o
3 Input one of the following: j
Mach number M a M j
Temperature ratio T/T, a M j
Pressure ratio P/P, M j
Density ratio plpo 0] M :]
Subsonic area ratio A/A* M 7]
Supersonic area ratio A/A™,, /] M j .
4 Calculate one of the following: j
Mach number a M :l
Temperature ratio & ] T/, j
Pressure ratio P/Pq j
Density ratic (0] plpo j
Area ratio (subsonic or :l
supersonic) L€ ] AN j
4’ | Calculate and output all :l
values automatically. [+ 5] k,M,T/T,,P/P, j
plpo, AJAY j
5 For another calculation based j
on same input, go to step 4 i:l
(or 4°). For a new input, go to
step 3. For a new specific heat
ratio, go to step 2.

JUOHOOOOA0U

JI0HOHOEOUbuuoug
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g7 Program Listing I

17

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
681 ¥LBLa 2! I6 11 Store k-1,1/(k-1) 857  SF3 16 21 83
@82 5702 35 &z 858 GTOB 22 12
PTX: 1 81 859 xLBLD 21 14  Output o/p,.
@84 - -45 868  F3? 16 23 83
885 5703 35 83 861 €108 22 86
BBE 1% 52 862 &5BB 23 12
8687  ST04 35 a4 863 RCL4 36 84
888 RCL2 36 82 864 yx 31
689  RTN 24 Output M. 865  RIN 24
818 xiBLA 21 11 866 *LBLO 21 86
811  F3? 16 23 83 867 SF3 16 21 83 Convert p/p, to
812 6T08 2 88 668 RCL3 383 T/T, and
@13 RCLI 36 81 859 X 3 GTO™B.
a14 ix 54 876 ETOB 22 12
815  RTN 24 871 «LBLE 21 15 .
816 xiBLE Z1 aa 2 872 3 a3 Set -3 in display
817 X2 53 Store M¢, 73 CHS -22 for subsonic guess.
818  STOL 35 &1 a74 X2y -41
819 I% 54 875  F3? 16 23 63
828 RTN 24 876 6701 22 81
821 xLBLB Z1 12 877  ET03 22 63
822 F3? 16 23 85 Output T/T,. 878 aLBLI 21 81
823 6108 22 @6 879 ENTt -21 2
824 z 2 888 ST06 35 @6 | Make guess of M,
825 RCLI 36 a1 881  FRC 16 44
826 RCL3 36 83 882 X 54
az7 x -35 883 + -55
828 2 8z 884 2y -41
829 + -55 885 yx 31
a3a z -24 886 STOI 35 81
831  RIN 2% ) 887 sLBL2 21 8z Lterate by Newtop"
832 sLBL@ 21 86 888 RCLé 36 86 e ewtop's
833 2 gz Lconvert T/Ty to M- 889 6SB3 23 83 |method to find W
834 X2y -4i 89e z -24 Corresponding to
83s 3 -24 8s1 1 81 A/A*,
836 2 2 892 - -45
837 - -45 893 . -62
838 RCL3 36 83 : 894 5 85
839 % -24 ‘ 895 RCLS 36 68
g4e 5701 35 @i 896 3 -24
841 i 54 897 . -6
842  RIN 2 898 5 a5
843 ¥LBLC 21 13 899 RCLI 36 81
844  F3? 16 23 83 Output P/P . 188 z -24
845 CTO06 2z 96 0 181 - -45
846  GSBE 23 12 102 z -24
847 RCLZ 36 8z 183  ST+1 35-55 61
848 RCL3 36 63 184 RCLI 36 81
a4 z -24 185 2 -24
asa X 31 186  #BS 16 31
851  RTN 24 187  EEX -23
852 sLBLE Z1 8@ 188  CHS -2z
@53 RCL3 36 83 Convert P/Py to 189 4 04
854 RCLZ 36 6z 118 X<y? 16-35
855 = -24  T1/Ty and GTO B. 111 6102 22 @2
rag X =z n
856 Y 31 oo 112 RCLI 36 81 : :
3 4 6
° RV k=1 | 1/k-1 A/A* Used | Used
S0 S1 S2 S3 S4 S5 Sé6 S7 S8 S9
A B C D E 1
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 X 54 |

114 RTN 24 170

115 xlBle 21 16 15 Set +3 in display

116 2 a3 for supersonic

117 X2¥ -41 guess

118 F3? 16 23 83

119  ET01 22 81

1286 xlBL3 21 83 2

121 Z Bz Convert M~ to A/A*

122 RCL2 36 82

123 1 81

124 + -55 180

125 = ~-24

126 RCL3 36 83

127 LSTX 16-63

128 : -24

129 5707 33 67

138 RCLI 36 81

131 X -35

132 + -39

133 5708 35 86

124 RCL? 36 67 190

135 2 8z

136 x -39

137 1-% 3z

138 X 31

13%¢ RCLI 36 81

148 IX 54

141 < -24

142 RTN 24

143 sLBLL 21 16 1Z

144 SPC 16-11 Output values 200

145 CF3 16 22 83

146 RCLZ 36 8z

147 PRTX -14

148 SpC 16-11

149 GSBA 23 11

158 PRTX -14

151 6SBB 23 12

152 PRTX -14

153  6SBC 23 13

154  PRTX -14 210

155 &SBD 23 14

156 PRTX -14

157 6SBE 23 15

158 PRTX -14

159  RTN 24

220
LABELS FLAGS SET STATUS
AM>M BT/Tg>M[CP/Py ~ MPo/og > M [FAJAT p> MI° FLAGS TRIG DISP
-k Pk M T/ Ty f° ’ SA/A* Ml DX | oee | mx g
0 1 M2 2 u2 . 3 4 ) 2 10 X GRAD O sct O
z Used | M guess M iter AR 5 . 2 0 ®| RAD O | ENG,O
Data? |3 O & n_3
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Program Deseription |

~
Program Title ___Normal and Oblique Shock Parameters for Compressible Flow

Contributor's Name Hewlett-Packard

Address 1000 N,E, Circle Blvd. .
City Corvallis . __ State Oregon Zip Code _ 97330
\.
s )

Program Description, Equations, Variables =

Given the values for: free stream Mach number (M1); the ratio of specific heats
(v), and the shock angle (6); the program computes:

1/2
= (1> My¥ SinZ6-4(MXin%0-1) (yM,Bin?6+1) .
Mo = T2 7S inZe- (y— 1L (y-1 )W SSince+2] 4 . Mach No. behind shock

Py _ 2yM,%Sin%6-(y-1) -

Bl v — Static pressure ratio
p 2 Qin2
s . _(y+*1)M 2 Sin?% L
) (y=T)M, ZSinZ6+2 ~Density ratio
TA = [ZYMlzsinze-(Y-] )][(Y-] )M1251n26+2] Tamnaraturao. vatsin
ﬁ = (’Y'l‘])‘ MIZS'in‘e rempocracarc  TatTvw
P - o e — }
L _r (Y+1)M1251n29 1 Yf]rv£' y + 1 1 Y-1_ Total pressure ratio
PTl S {y~T)M ZSin%e+2 4 2yM “Sin%e-(y-1) -

——Where-the 1-subseript denotes—the—vatue upstream of the shock;—and—the 2—
subscript denotes the value downstream of the shock.

Operating Limits and Warnings e o e
Assumes calorically perfec;»(@p_quWCv‘are constant) and thermally perfect
(P=pRT) gas, and adiabatic flow. OnTy soTutions where . P, o, T,

R . e T Ma<My; A« PO s

- > ]

p
and T') 10 L W Py JO SO p— -
/Py <71 are valid.” If any one of these conditions is satisfied, the other
""" four are satisfied. T

S

f ——
This program has been verified only with respect to the numerical example given in Program Description Il. 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.

L )
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(- ! i \

Sketch(es) ) i

\ : . P i BTN A,w:w,,m.,,, o . i . f i H . i ; DR S SOOI )
— )

Sample Problem(s) . . . . .

1. Find the Mach number and static pressure behind an oblique shock where -
Mi= 2.5,6=70°, +v=1.4 and P,=85 psi. _Also find the ratios across the shock for
density, temperature and total pressure. (See Fig. 1) . v -

‘2. Find the temperature, Mach number and total pressure behind a normal shock
(6=90°) where M;=6.23, =1.4, PT =64 psi and T1=624°R (See Fig. 2)

Solution(s)

1. 1.4[4] 70[+] 2 5[f] [a] [A] ---~-cm=u-- 0.80 (M)

[B] ==--mmemmm e e 6.27 (P2/p,)

85[X] mmmmmmmmm e 533.12 (ps1) (P2)

[C] ---m-mommmmommom e -------- 3.15 (P2/Py)

[0] ----mmmmmmmmmmcmoo oo 1099 (T2/Th)
e 0.56 (Pr_spr.) I

2. 6.23 [sT0] [ ] 90 [STO] [2] [GTO] (0] [R/s] [D] ----- --------= 8.49 C%%)

624 [X] ---------- mommmmommmo s -------- 5296.40 (°R)(T.) o

B I Y R Lt e 0.40 (M;)

N [E] EX T LT EC Lt L LT £ 4 1 L il '30 (PT2/PT1) e e o e o s i e ]

— 64 [X] ~====mmmmmmmmmemmemmcm e cmm oo e 1.62 (psi) (P12)
( )
Reference(s) ... e .

National Advisory Committee for Aeronautics, Report 1135, Equations, Tables and
Charts for Compressible Flow, By Ames Research Staff, pgs. 7,8, U.S. Government
Primting Office, 1953

“This program is a translation of the HP-65 Users' Library program #01303A submitted
by -6lenn-D. Rambach. :

_/
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User Instructions 7
NORMAL AND OBLIQUE SHOCK PARAMETERS
FOR COMPRESSIBLE FLOW
Py/y Po/P1 Ty/Ty Fr /T,
STEP INSTRUCTIONS DATAUNITS KEYS DATAONITS
1. | Enter program [:::j
2. | Initialize @
3 Input specific heat ratie Y Y
4. | Input shock angle 6 (deg)l 6
5. | Input freestream Mach Na Ml [:::] My
6. | Preliminary calculations [:E::
7. | Compute any parameter: L]
Mach No. behind shock II] MZ
Static pressure ratio [:Eij PZ/Pl
Density ratio [Ei:] P2/Pj
Temperature ratio [:::j T2/T3
Total pressure ratio I:i;;] PT2/PT1
8. | For calculations using new values for My Ml STo Ml
and/or 6 6 (deg) 8
9. | Reset for preliminaries
10. | Perform new preliminaries
11.

Perform step 7 for any of the new parameters

NOTE: To perform calculations for a new value

of Y, use steps 2 through 7.

OO odoOoUOoOoUO U 5

O EOE L E UL e O e O O
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 x.BLa 21 16 1! g57 &LBLE 21 17
Pz STOM 7 a1 856 RCL3 3 83 Compute P,/Py
ea3 R -31 Store Ml in Rl B59 RCL4 It a4
ag4  STOZ 5 e BGE % -35
pos R -3 Store 6 in R, PE1 2 @z
805 5703 35 63 Store y 1n R, 862 , -35
8@y 1 @1 863 RCLT 26 @7
608 - -45 BE4 - -45
@es  ST07 s a7 BG5S RCLE 36 ag
A1e 2 a2 6E : -24
B11 5 _55 pE7  RTN 24  |Display P,/Py
812  §T08 75 ag 868 *LBLC 21 13 |Compute p,/p]
a13 xLBLS 21 o@ Initial point for 865  RCLS 36 as
Bi4  RCLZ 36 82 repeated operations §7&  RCLE 36 86
815  SIN 4 871 2 az
816 RCL1 3¢ 81 7o + -55
£17 X -35 7z : -24
Big X2 53 874  RTN 24  |Display p,/p;
g19  5T04 75 84 75  sLBELD 21 14
826 RCLE 36 88 876  GSBE 27 jp  |Compute Ty/T,
821 * -5 877 6SBC 23 132
g2z STOS 35 85 875 : -24
823 RCL7 36 87 878 RTN 24
824  RCL4 36 a4 BeE  #LBLE 21 15 |pisplay T,/T,
825 % -35 881  CSEC 27 137
826  STOE 3% wE 88:  GSEBE 23 12  |Compute Pr,/Pr;
827 RS 5i 8a3 : 24
828 *LEBLA 21 11 Compute M 884  RCLT 36 a7
829  RCLS 36 85 2 885 1. 2
836 RCLS 36 88 BeE ¥ 3
831 x -25 887  GSBC 23 13
832 RCLI 36 81 pes ¥ -35
833 ¥z 53 BE3 RN 24  Dislay Pry/Pry
834 x -35 —
835 RCL4 36 a4
836 RCLZ 76 93
837 ¥ -5
38 ! @l
839 + -55
p4e 4 a4
841 x -35
842 RCL4 36 @4
243 1 :
44 - -45 —
845 X -35
Bdé - -45
847  GSBC 23 13
p48 X -35
845  GSBE 23 12
g50 2 -24
@51 RCLS 36 68 SET STATUS
B5=2 = -24 FLAGS TRIG DISP
853  RCLS 36 85 DS | oee ®m | Fx =
854 : ~£4 110 10 ® | graD O | scI O
855 % 54 » O K| RAD O | ENG,D
856 RTN 24 Display M, 3 O K n_2
REGISTERS

0 Ty 29 |y  M2sm?e (L M2 Sorm2 | v-1 Py |

S0 S 32 33 S4 Sin2 6 sin2 o |57 S8 S9

A B C D E 1
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Program Description |

rI-"‘rogram Title Ob]ique ShOCk_A['g]e for wedge,v . e

Contributor’s Name

Address . .

Hewlett-Packard
1000 N.E. Circle Blvd.

City

Corva111s

State

Oregon

Zip Code

97330

\_

N
Program Description, Equations, Variables . . __ -

When the upstream Mach number, the deflection angle and. the,spec1f]c heat ratio
_..are given the compressible flow equation will give at most three values for the
~_shock angle. This program calculates the weak oblique shock angle when it is

__possible. o e
_.The equation whlch,mustvbe so]ved is.
L s1n60 +“b‘s1n4o +c 51n?o +d=20 o
__where 2 o
b= - th__:;g. -k sin26
e e e e MI 2 . . - et e S
) s I .
c = ml—-'.___ rML k ] -l 51 n? 6
M4 4 My 2
1 L
R J - _ﬂc0526 o e
_ ~ A_”M*ha,wwm 1= Upstream Mach number > 1.0

Deflection angle (deg)
Specific heat ratio
Shock angle (D.M.S.)

a x oo = |
1] i

Operating Limits and Warnings _
If no shock condition is poss1b1e, i.e., 1f the shock must detach from the

__corner, then the first program card stops with a blinking display. If §
__approaches 6.
_converge. I have never had the program fail to converge, although it may be

for the flow the program takes some time (1 min or so) to

possible. Should convergence not occur, change the calculator to the DEG mode

after the iteration is stopped.

S

s =

This program has been verified only with respect to the numerical example given in Program Description li. 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

_ J
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Program Deseription 11

— —— — : : ;

Sketch(es) ; AN QAQR oo Nw
P f_, <Shadk f E
,,,,,,,, e e g M \ > )! 0 W / SR S |
N \M Xa —
é - 7/ D .
D'z_ = specithic huer vatio .

9 [ S R U . ! b )

Sample Problem(s) Given

=10°

=~ o -
1

0 = 39.3139 Deg
Solution(s) ..
~ Keystrokes: - Outputs:
2[x2] [sTo] [1] 10 [sto] [2] 1.4 [sT0] [3] [A] ----- > 39.3139
\_ e — I )

[ 3

Reference(s) . 1. Introductory Gas Dynamics, A.J. Chapman and W.F. Walker, HRW Series-
in Mech. Engineering.. .

.—.This_program is.a translation of the HP-65 Users' Library program #00630A
__Ssubmitted by Harry W. Townes.
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User Instruetions
F DGE
1 OBLIQUE SHOCK ANGLE FOR WE Z’
STEP INSTRUCTIONS DATAONITS KEYS DSTTIB:II'S
1. |Enter program card #1 (RN I [ ]
2. |Enter the Mach number M., square it and store ] [;;;;
M2 in RI ' M STOJ [ ]
3. |Enter the deflection angle & in deg, store in 1]
RZ §/deg STO ][ 2
Enter the specific heat ratio P. store in R3 k stol[ 3 |
Run the program [ [ A] o deg
If program stops with a blinking display showing [ ]
zeros, the shock is detached and no solution 10 ]
is possible for a weak shock angle. ] [:Z:]
I ]
NOTE: Some time is usually required for a solultion, I
especially as &»6 . . The output will [ ]
be o in D.MS in the X stack location. L0 ]

Should the program not converge g in RAD

is in the R8 register for as far as the

iteration _ran
1teration—rahns

The program stops when the residual is

<1x10°

A direct solution of the equation gives

only <1% accuracy for o without any

iteration.

IR RN
I




2% g7 Program Listing 1

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 xLBLA 21 11 857 ENTT -21
g6z RCL2 35 8z ase Y -35
883 SIN 41 @59 - -45
884  ENT? -£1 g6@  STO7 5 67
ees X -35 @61  RCL4 36 84
gee  STO7 35 &7 @62  RCL5S 356 @5
B87  RCLZ 36 83 AE3 ¥ -35
8as X -35 ac4 I a3
#@3  RCLI 36 ai 865 ¥ -35
e1e 2 a2 BGE  RCLE 35 86
81! + =33 B&7 - -45
Biz RCLI 35 @1 A58 2 az
13 z -24 A69 z -24
814 + -55 878  RCL4 36 84
f15 CHS -2& Br1  ENT? -21
1€ 3 ?j 72 ENTt 21
817 z -2 73 X -35
pie  sT04 3584 |B/3 R4 2e x e
19 RCLZ 36 83 a7s _ 45
g2e 1 a1 @7e  ST08 35 @8
p21 + -55 877 RCLT 3¢ @7
22 ENTt -2l 878 ENT? -21
B22 X -3 B79  ENT? -21
24 4 a4 ase % -35
825 z -24 281 i -33
B26 RCL3 36 83 @gz  STOE 35 @6
27 1 a1 883 RCLE 36 ag
e2g - -43 Bg4  ENT? -21
829  RCL! 36 al 885 x -35
p36e < ~24 BeE + -55
831 + - -35 pev <} aa
B32  RCLY Ie 67 gegs  NLY? 16-35 Test for existance
833 b3 -35 ag9 1% 52 of weak shock
o3¢ RCLI 3681 98 RCLZ 36 62 | plinking display
835 < < . B31 TAN 43 for no solution
836 X -35 B9z 8TOZ 35 8z ossible
Eh 1 a1 293 RAD 16-22 P
#3e + -35 @24 RCLS 26 88
8398 RCL! 36 81 95 RCLE 3E as
p48 ENT? =21 f96 CHS -2z
841 X -33 897 Tx 54
pa2 z ~-24 gag < -24
843 + =33 @9s  Cos+ 16 42
04; 3 33 188 Pi 16-24
B4! z -2 4 84
@46  STOS 35 85 C/3 RS igé ¥ -35
847  RCL2 36 82 183 + -55
a4e cos 4z 184 3 az
849  RCLI 3¢ 81 185 z -24
858  ENT?T -21 18¢ cos 4z
851 X -33 187  RCLT 36 @7
as2 * -24 168 CHS -22
B53 CHS -2z d R6 189 IS 54
854 S5T06 35 @6 118 X -35
B55 RCLS 3¢ a5 111 2 8z
836 RCL4 3¢ 84 11z X ~35
[ REGISTERS
0 1 M2 2sandtons|®  k 4 Used |[° Used [° Used 7 Used [ in RrAD]®
S0 St S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 RCL4 36 a4 169 SIN §1

114 - -45 1V - -43

115 Ix 54 171 z -24

116 SINA 16 41 e CHS 3_-3?

7 b RCL! 6

i;é STO? 35_35 o in RAD from direct |4 - -45

119 p P solution of the 175 RIN 24

125 1 a1 gquat1on. Iterat1o

121 ST08 75 ac improves accuracy.

12z roLe 36 g |A R/S in step 30

123 ; -55 you]d g11m1nate

124  GSE6 23 6@ iteration 180

125 8107 38 ar

126 RCLE 36 B8

127 &5Ba 23 e

128 RCL7 36 87

129 Y -41

138 - -45

131 RCLE 36 86

132 z -24

133 8107 35 &7 750

124 xLBL1 21 a1

125 RCLE 36 a8

13€ &SBe 23 ae

137 RCLT 36 @7

138 2 -24

139 8T-8 35-45 @8

148 RCLS 3¢ @es

141 % -24

142 ABS 16 31

143 EER ~23 200

144 CHS -2z

145 3 as

14¢ XLYs 16-35

147 ET01 22 81

148 RCLS 35 88 .

149 R+D 16 498 o in deg after

158 RTN 24 convergence

15! «xLBL® 21 pa

152 ST0S 35 85

153 TAN 43 55

154 1/ 52

155 RCLZ 36 a8z

156 + -55

157 2 az

158 X -35

159 RCLS 36 85

168 g az

161 ¥ -35

162 5705 35 a5

162 C0§ 42 =0

164 RCL3 36 a3

165 + -55

165 RCLZ 36 a8z

167 X -35

158 RCLS J& 85 LABELS FLAGS SET STATUS

A o ° © ° E FLAGS TRIG DISP
b
’ ‘ ° 0 ?g ?EF DEG o | FIX ®
— EHESE Y
2 0 R

° i ® S 3 0o n—2




28

Program Description I

e
Program Title

~__Mach Number and True Airspeed

Contributor's Name

Address

Hewlett-Packard

1000 N.E. Circle Blvd.

.. State

City Corvallis
\.

Oregon

_ZipCode 97330

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 (Cy)
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.

P . _|518.67-3.566 x 1073 PALT
ressure ratio{ —|=
Po 518.67

M2

p CAS 27 3.5 0.286 ]
o

St — 1+02 -1 1+1 -1
P {[ 661.5 ] v}

5.2563

TAS = 39M !

(1+02M%)

ar +2713) | ¢p (———— -1) +1

Operating Limits and Warnings

Accuracy degenerates for mach numbers in excess of one.

MATERIAL.

This program has been verified only with respect to the numerical example given in Program Description Il. 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
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Program Deseription 11

‘ )
— — :
i t
Sketch(es) | | i !
A U SRS S S
S SRS T ST . SO |
+ . T . st > + :
i i + - +
13 * z {
i | i
o e e e S - 4 ‘} I - -
Lo P |
; — 1
i T 4 + + - ¥ e
; I
| | i
L I N . )

— —

Sample Problem(s)

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) I

M=084
e -~ TAS = 515.76 knots e o i e

~ Keystrokes T T See Displayed )
25500 Y 350 I3 0.84
8 5 B 515.76

~This program is a translation of the HP-65 Users' Library program
_#00531B submitted by Hewlett-Packard.

( 1
Reference(s) . S .
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User Instruetions

MACH NUMBER AND TRUE AIRSPEED

CAS C T T(°C)
+~M +TAS
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

Enter program*® I:':

Input pressure altitude PALT l: P/P,
Input calibrated airspeed in E:

knots and calculate mach ::

number CAS :] M
Input recovery coefficient :I::I

1.8 for most aircraft) Cr I: Cr
Input indicated air temperature ::

and calculate true airspeed I:l:

in knots meo (Lo 11 71as

For same aircraft at same

L]

PALT go to step 3 and skip

I ]

step 4. For different PALT go

[T 1

to step 2 and skip step 4. For

L1

totally new case go to step 2.

L]

*For pressure altitudes above 36089 feet, calculate P/P, using Standard
Atmosphere,
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e

31
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 *LBLA Z1 11 | es7  ST04 35 64
w oz z a3 . 858 RTH 24
a3 5 as @59 xLBLC 21 13
Y g 25 85€  STOZ 35 83 Input recovery
8as € a6 861 RTN 24 coefficient
Bas  EEX -23 862 #LBLD 21 14
88T  CHS -27 g5z 2 az
peg £ 13 864 i as Calculate TAS
pac x 38 86= 3 83
g1E CHS —o3 Convert pressure 86¢ + -55
8l: 5 as altitude to BE7  STOS 35 @5
11z 1 a1 pressure ratio BEE  RCL4 3¢ 84
813 g ag 869  GSBE 23 15
B13 . -62 are s -24
{5 g dc @71  RCLS 35 85
i g1 7 87 7 - -45
g7 + -55 7T RCL3 36 @3
‘ pl1E  LSTS 16-63 874 X -35
JE : -24 875  RCLS 36 @5
p2a s @3 7E + -55
821 . -62 T I 54
22 2 @z 8rs 3 83
27 S as 87y 5 89
824 6 as gae x -35
p2c z a3 881  RCL4 36 84
B¢ ¥ 31 882 x -35
827 STOE 35 86 #8Z  RTN 24
B2 RTN 24 884 LBLE 21 15
825  xLBLE 21 12 885  ENT? -21
w 836 F; a6 88E x -35
e3i s ag AT . -62
pIz 1 ai 885 2 8z
e33 . -67 88% ¥ -35
e3< 5 85 IConvert CAS to mach  89¢ ! o1
s z -24 number: 891 + -55
B3¢  GSBE 23 15 892  RIN 24
637 3 a3
ezs ] -62
a9 5 as
g4 pr k|
64: 1 g1
g4z - -45
847 RCLE 76 @
B4 z -24 100
845 ! al
f4E + -55
? a4r ) -62
a4c z z
g4c g ag
; 850 & as SET STATUS
@s; e 3l FLAGS TRIG DISP
S M a1 ON OFF
A S ET
c c X 110 b X
a:: L _gf 2 0 @ RAD O | ENG,O
il ¥ 30X n
eS¢ i 54 =
\w - REGISSTERS - - = <
0 ‘ 2 * G M T P/Py
SO St S2 S3 S4 S5 S6 S7 S8 S9
A B [ D E I
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Program Deseription |

TAKE-OFF RUN VS. DENSITY ALTITUDE

~
Program Title

Hewlett-Packard Corvallis Dlvision

Contributor’s Name

Address 1000 N. E. Circle Blvd.

City Corvallis == sgtate OR Zip Code 97330
~ J
f ~

Program Description, Equations, Variables ..
= 145366 [1 (-9—)0 233] Density altitude

p/po = (288/Toy) (1~6. 87 x 1076 Ap)5-256
where A = Pressure altitude (Ft) -
1+218x10"5AD+2032x10"8A2
(Dgrp/Wg) * Wp * F

where

Dy = Actual t;gke-—off run (Ft)

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

&
]

Gross weight

= Actual take-off weight

;>S
[

Computed value of Dj is an approximation to be tempered

Operating Limits and Warnings ..

by caution and good sense., It depends on runway surface condition, aircraft

condition, pilot skill; assumes zero wind. No provision for obstructions,

- : B U >

4 N

This program has been verified only with respect to the numerical example given in Program Description ll. 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.

\. /




Program Desecription 11

\w T e . ™
Sketch(es) :
Pt B v . v +
i i !
S . i . h i
E
f + - -~ - e T
| ; : : : ; A
( R . : B e e De e e e e e . H P (R . . . . : J
|
4 )

Sample Problem(s) _ Land performance of a popular twin engine amphibian is a ground run

How much runway will it require at Laramie, Wyoming (elev, 7300 ft,) on a summer

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

Solution(s) 265/6000 = ,1608 - Aircraft parameter to be inserted in program at LBL 1.

A.D (densi;yma;gitgde) = 11094 ft -
AAAAA Dy (actual take-off distance) = 3461 ft OQutpoints
Keystrokes: 965[ENT *]W6Q90[f1[STDl[le§§l§NT +] 7300[ENT +] 5750[A] > 11094
' B o - - [B] -~ 3461
t
S ——— S . — e J
)
Reference(s) 1) HP-65 Users' Library Program #532A e
o 2) "AOPA Handbook for Pilots - 1974", page 15 (F Vs Ap) -
ﬁl’ - ~ 3) "Aerodynamics of the airplane", Millikan, John Wiley & Sons, 1941,

page 132,

. ,
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User Instruections

DENS. ALT._T OFF RUN

TAKE-OFF RUN/DENSITY ALTITUDE

2P

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

. | Load program

Adjust aircraft constant as required

G.R.Height
F.G.Weight

Input T,
* A

Input A_
r

Ft.

j

Input W,

1bs,

Display Ay

Compute and Display DA

Sy

- R
DL

)
1l

It
JULU

£l
i

IINENEIANIN]
I

_}W

Height

Ft.

Ft.
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35
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
Pe! sLBLA 21 11 " 857 ENTt -21
| paz  DSPG  -63 8@ 5 z 2
@ 701 35 &1 Wy (Take off Wt.) ggf; ¢ e
864 R -31 A, (Pressure Alt.) ece 1 8!
ess  ST0Z 35 @z BS1 & as
aec Ri -31 86z  EEX -23
807 2 3z B63  CHS -22
st 7 57 864 5 a5
803 3 3 865 X -35
g1g  ST03 35 @3 s 1 a1
213 * -9a o BET + -55
€12 ST04 35 a4 Temp. °k R68 N2V -41
i i3 & 8¢ 869  ENT? -21 2
‘ #14 . -62 gre X -35 AD
13 & 98 871 z 8z
e1e i ar 87z . -62
! 817 € 86 873 @ 88
18 EEX 23 874 3 83
619 CHE =22 ar 2 az
eze 5 86 876  EEX -23
21 RCLZ 36 az 7 CHS =22
Bzz * 45 678 g 88
azs CHE &z 879 X -35
824 1 a1 gen + -55
g2c * —33 681 RCLE 36 88
Bze 5 a3 ass X -35
27 . -62 ;
gae & z ggi RCiI 3&_2; D, (Actual Take-
‘ 027 > 83 885 RIN 24 | Off Distance, Ft.)
W B3e & 8o B8E  R-S 51
a1 ¥ 31
72 ROL3 36 a3
g3z i a1
834 5 as 090
@35 + -55
e3¢ X -35
837  RCL4 2 64
838 2 -4
e3s . -62
4@ 2 8z
841 3 a3
B4z 5 85
843 X 31
844  CHS -2z 100
845 ! a1
84€ + -55
f 847 1 a1
pag 4 a4
B4 5 as
' gse 3 83 SET STATUS
851 3 8¢ FLAGS TRIG DISP
es: & 13 ON OFF
853 X -35 Ap o O N DEG FIX &
B55 KBLE 21 12 = RAD 0| ENGC
B9E  ENTT_ -21
w y REGIS;'ERS - : 5 =
o A * 273 Tk
! S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
f A B C D E 3
|
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Program Desecription 1

N
ﬂrogram Titte TRUE AIR TEMPERATURE AND DENSITY ALTITUDE o
Contributor's Name Hewlett-Packard, Corvallis Division I

Address 1000 N. E. Circle Blvd.

cty . Corvallis State . OR ZipCode 97330
\_

( N

Program Description, Equations, Variables INiSs program accounts for the compressibility
effects of high speed flight. Given the mach number (M) and the aircraft

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

is converted to true air temperature (T). True air temperature and pressure

altitude are then converted to density altitude, For low flight mach numbers,

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

altitugfigu(PALT) are needed to calculate density altitude (DALT),

T (K) =~“c;f'“(—-i—z—6;§f)5‘<r)4 — - IT) + IT(K)

_ DALT

g g e
145366 [1-C)7 <"1

—..where. e —
- 28,8415_-11 ~6.879 % 10 6P ALT] 5+256
po T(K)

Operating Limits and Warnings

( N

This program has been verified only with respect to the numerical example given in Program Description Il. 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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Program Deseription 11
— — — — : ; X : N
Sketch(es) : i : |
i -k S S S — . P
\_ — - : ),
~ )
Sample Problem(s) B R
1, M= 0,87 ~
Cr = 0.80 ) B
IT = 8°C
PALT = 10,000 ft i
2. For a low speed aircraft
T = 12°C
PALT = 9,000 ft )
Solution(s) 1. T =-22.21° ,
DALT = 7852.96 ft -
2. DALT = 10,703.11 ft L
Keystrokes [f][a] ~_ see Displayed
1. .87[A]8]cC] -22,21
10000[E] ) 7852.96 N
2, 12[D]9000[E] B 10703.11 -
¥ - AT _ —_ - J
rReference(s) ‘ This» program is a translation of the HP-65 Usersf Library Program I
#00532A Submitted by User's Library. o - S
. )




3" User Instruetions
TRUE AIR TEMPERATURE &
1 DENSITY ALTITUDE Z’
IT DALT
->T
STEP INSTRUCTIONS DATEUNITS KEYS DATAIORITS
1 Enter program E
2 | Initialize L 1| J]o.80
3 If you know the true air temperature, go to L0 ]
step 7 l: ’:
4 Input the following: lj :I
mach number M [all | |u
recovery coefficient (if different from C 10 ]
0.8) Cr LBl ] |er
5 Input indicated air temperature and calculate I:I Ej
true air temperature IT(°C) [ c ][ T(°C)
6 Go to step 8 [::l L‘j
7 Input true air temperature T(°C) [ o ][ ] |t®
8 Input pressure altitude and calculate density D [tjj
altitude PALT [ E] DALT (ft)
9 For new case go to step 3 [ 10 ]
[0 1]
00 ]
L]
LI ]
[
1]
-

{
_

JIUdOEOOECOOL
TR
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97 Program Listing I

STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
681 xLELa 21 16 11 857 1 a1
gaz . -6z 858 + -55
Bé4 8102 35 83 BSR . -62
885 RTK 24 #61 2 a2
BBe *LBLR 21 11 862 5 as
807 ST04 35 84 Input mach number 863 6 86
aa8 RTN 24 864 yx 3i
8as xLBLE 21 12 B65 RCLE 35 86
g8 S5T03 35 a3 86& 1 a1
a1 RTN 24 Input recovery 867 5 a5
012 xLBLC 21 13 factor 868 + -55
813 6SBD 23 14 869 X -35
814 RCL4 35 84 878  RCLS 36 85
RIS  ENT -21 871 p 54
8¢ -3a erz . -62
817 . -62 Calculate true 73 2 8z
Bis z az temperature arq 3 83 Calculate density
fls 8 a6 87s c a5 altitude
e2e ] a5 @re yx 31
621 * -39 77 CHS -22
82z ! a1 878 1 a1
823 * -39 7o + -55
824 N -24 888 1 a1
25  RCLS 3¢ a5 ey 4 a4
826 - 43 082 5 8s
@27 RCLI 26 63 883 3 83
28 33 084 £ 86
829 RLLS 36 a5 885 & a6
83@ + ~-93 #8s x -35
831 ST0S 35 85 ee7 RTN 24
832 RCLé 36 86
833 - -43
834 RTN 24 090
835 LBLD 21 14
B3& 2 a6z
737 v a7 Convert T(°C) to
838 3 as T(K) and store it,
Ba3s . -62
e4e 1 a1
B41 ) as
#42  ST0e 33 8¢
843 + -33
P44 5763 35 a5 100
845 RTH P
846 xLBLE 21 15
847 & (t]S
848 . -6
842 8 a8
B5@ 7 ar SET STATUS
es1 3 83 FLAGS TRIG DISP
83z EEX -23 ON OFF
3 S -2z y o OXK DEG FIX
gg: CHE gé Calculate density [ 10 g GRADg sCl %]
pss ¥ -35 ratio 2 0% RAD O ENG 9
856  CHS -22 30X .
REGISTERS
0 1 2 e [P M P [213.5 | ® °
S0 S1 S2 S3 S4 S5 S6 S7 S8 59
A B C D E 1
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Program Desecription 1

P

Program Description, Equations, Variables

N
Program Title ____Aircraft Climb

Contributor's Name Carroll F. Lam e _
Address 4411 Random Ct. v

City Annadale ) ... . State VA ZipCode 22003
\

- =

Given current and new higher a1t1tudes, A] and A » and associated headwinds at

_these altitudes, W, and W,, this program will compute the following:

el
. D= [V -Vq) + (.I 2)] CF-MT

) TC
m}n A_,_Cf\ cl e T it e ; ;
o  where: V= cruise air speed
) ) cc " climb air speed
= time to c11mb A to
A 2
A A A < .
2. T qip = oo—1n /W
m ,_wher:e;_,»,Am = aircraft celing
I R ROC
w1+w2 TTmax = sea lgvel rate-
3 e T _Dac t-J;\LéT-(—Z——)} I’c’ -, . e Of=cldmb
= ——act e "“'““é‘r‘”z e c
4, T = Mgaat T ‘ - _ i
et S AV Vcr —act

Operating Limits and Warnings

1

: VA_?,A,,.. S S B e - e e

D lfsi:eps 9,10,11 are to be used

act

J

This program has been verified only with respect to the numerical example given in Program Description Il. 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.

N
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Program Deseription |

rli'rogram Tite __ Aircraft Climb , . -

Contributor's Name  Carroll F, Lam

Address 4411 Random Ct. , R -

city ___ Annandale _ L State.. VA ZipCode 22003
\

[)
Program Description, Equations, Variables . _ _A(Eg,n,_ t) _ L
The equation for D_. is derived by setting up an equation for the two time I

Possibilites for traveling between points A and By and solving for the D that
_assures that the travel time based on climbing to a higher altitude with a smaller |

_headwind component is less than the travel time that would result from remaining at
altitude A.

’A]phoughﬂthe program doesn't incgrpéfate it, there would in general be an additional
‘benefit in climbing to a higher altitude, namely a higher true airspeed will
_generally result.

Operating Limits and Warnings - e, S

_See previous page. -

- _ =

This program has been verified only with respect to the numerical example given in Program Description Il. 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 PERFORMANGCE OF THIS PROGRAM
MATERIAL.

L J
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Program Desecription 11

T ; . , . , — : ™~ 8
(“sketentes T | e | "
| L Ver .
]
P A -
W v ; 4
-—-! Y !
\ch- ot DMN
]
O D A, . Dacr -
, B

-
Sample Problem(s)

NAssumedwﬁjrcraftwparameters;WMVéYﬁw.150“mphuww” — e

- Vgq-= 85.mph
ROCmaX = 850 _ft/min. R
) Amax =_18.5 kft i I
Given: Current Altitude (A,) = 3.5 kft - :
~~~~~~~~~~~~~~~ €urrent-HeadwindComponent (W_.)} = 38 mph
Potential Altitude (A ) = 11, b pFt L .
Headwind Component at Az (wz) 10 mph 0
Distance Remaining (Dact) =“185 miles S

1. Distance required for climb to breakeven

2. Time to fly distance remaining if climb is made T
~ 3. Time saved by climbing to higher altitude
4 T1me to c11mb to new a1t1tude

SoMﬁon@)150L§TQJ,[]] 85[sT0] [2] [850] [STO] [3] 18.5 [STO] [4]

11.5 [ENTER] ------------ Store A, ~11.50
10 [ENTER] ------ccuemm Store W, 10.50
3.5 [ENTER] ------------ Store A, 3.0

,,38 [A] ------ --------- Store W, 11.50

1. [B] --------------- Compute D - 87.54
2. 185 [C] -------m----oe- C°mP9F91T f°” 185 miles  1.28 (1 hr, 28 mins)
3 [R/S] eeemmeeeeeee Compute Tsaved .. 0.10 (10 mins)
4. I ---- Compute T j;0p 0.16 (16 mins) |

r ~
Reference(s) _Equations (1),(2), and (4) are submitter's own derivations based on the.
geometry of the prob]em

_wfaﬁgi76h (3) is based on an assumption that ROC varies 11neary with altitude

{RBG(A) =A (}* -A- )] and stra1ght forward integration. —See any good aeronautical

max
A engineering text.
,,,,,,,,, \max . eng g

by Carroll F. Lam.




Repeat steps 4-7 to enter new data.

JU0d0OdoU00 00RO 0= - el sl
Az

User Instruetions ®
ATRCRAFT CLIMB
STEP INSTRUCTIONS DATAUNITS KEYS DATAONITS
1. | Enter program card 1
2. | Input specific aircraft parameters
Cruise airsp s/hr) Ver Ver
Climb airspeed V,1 (m11es/hr) Ve Vel
Sea-level rate of climb (ft/min) ReC RoC
Ceiling (kft) Arax_| Amax
3. | Enter program card 2
4. | Input higher altitude Az (kft)
5. ] Input wind at higher altitude W,
6. | Input lower altitude Ay (kft)
7. | Input wind at lower altitude Wy
8. | Compute minimum remainingdistance __Emin____
If actual distance remaining is greater than
D‘FH K g0 to step 9: otherwise stop, or go to
12
9. | Key in actual stage length Dact
10. { Compute actual remaining time with climb
L1 Compute time-saved-by-climbing
12, | Compute climb time
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 *LBLA 21 11 @57 + -55 Compute Actual
ger ST0S 35 &3 858 g az Stage Time
863 Ré -31 Store Data asa z -24
aas 8108 35 @6 (£ 145} CHS ~-22
863 Ed -3l el RCLZ 36 a2
aes sST0V 35 87 862 + -55
ger Ré -3i BEZ RCLR 3c ¢%9
8688 8T0E 35 es 864 X ~35
rge RTN 24 BES - -45
818 =xLBLD 2114 gss  RCLI J& @i
el RCLA 25 84 A6T7 RCLY 3¢ 87
a2 RCLE 36 B8 gee - -45
pi13 - -45 BeS = -24
ei4 RCL4 36 84 gra RCLE 36 @S
815 RCLE 36 86 er1 + -35
616 - -45 e IHHS 1€ 35
817 2 -24 872 RS 51
@18 LN 3z  |Compute Climb Time 74 M2y -41 Compute Time
a1e RCLS 36 63 7S RCL1 36 81 Savings
82 3 -24 BYS RCLS 36 85
21 RCLY4 36 @4 7T - -45
g2z X -35 B7S < -24
az3 CHE =22 are *HNS 16 35
az4 1 81 age CHE =22
8zs & a6 [2F23] HMS+ 16-55
826 . -62 pez CHS =22

27 o ar GE3 RTK 4

828 X ~35

B29 5T0% 35 as

g3a SHHME 16 35 '

821 RTHN 24 0

B32 «xLBLE 2l 1z

833 RCL! 3€ vl X ..

@34 RCLS 3E @5 Compute Minimum 590

825 - -4 btate Length

836 RCLS 36 85

837 RCLY 36 @7

B3e - -45

p39 < ~-24

48 LSTX 16-632

841 2 az

842 z -24

B43 RCL1 36 a1

844 RCLZ 3€ 82 100

845 - -45

ad4e + -55

47 X -35

848 £SBD 23 14

849 HMS2 1€ 38

850 ¥ -35 SET STATUS

851 RTH 24 FLAGS TRIG DISP

@52 xLBLC 21 13 ON OFF

853 ENT? -21 o0 X DEG X FIX K

B55  RCLS 36 @5 2 0 ® | RAD 2
856 RCL? 36 @7 s 0. X .

REGISTERS
0 2 3 4 5 6 7 8
Vcruise Vch’mb R‘O'Cmax Amax w] A] w2 Az al-chb

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
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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. Every one 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 Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation

Clinical Lab and Nuclear Medicine

Users’ Library

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 software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of 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 valuabie new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA 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 FLYOVER 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
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