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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. 
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Program Deseripfion I 
Program Title Loaded Vertical Antennas 

Contributor's Name HEWLETT-PACKARD 

Address 1000 N.E. CIRCLE BLVD. 

City CORVALLIS State OREGON 

Program Description, Equations, Variables 

Let A = Height above ground in inches 
B = Length of lower section in inches 
C = Length of upper section in inches 
a = Average thickness in inches 
F = Frequency in MHz 

A = Vc/F = 3xl04 /2.54F Zo = 138 LOG [(A + B + C)/a] 

Electrical length of each section 
If= B·360/A = B·360·254F/3xl0 4 = B·F/32.81 degrees 
Co = C· F /32.81 degrees 

Requi red Reactance 
jXL= jAo (Cotan C~~ Tan BO) 

Inductance L = jXL/2ITF = ~Hy 

Operating Limits and Warnings 

Antenna must be shorter than 90 0 electrical length. 

Zip Code ~ 91-",-3",30,,--_ 

-----~ .. -

- ----- - - --

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(e5) 

LOADING COIL 

THICKNESS a 

x 

GROUND ////7 

Sample Problem(5) 

Solution(5) 

Given A = 24 inches 
B = 55 inches 
C = 55. inches 
a = .125 inches 
F = 7.2 MHz 

Find Land RRAD 

Repeat for B = 0 inches 
C = 110 inches 

i 
i 

1 
1 

[RTNJ [R/SJ 24[AJ 55[BJ 
[AJ 

[CJ .125 [DJ 7.2[EJ 

[R/SJ 
o [BJ 110[CJ [AJ 
[R/SJ 

L = 41.24 ]JHy 
RRAD = 3.87 OHMS 
L = 20.62 ]JHy 
RRAD = 1.77 OHMS 

Reference (5) The Mobile Manual for Radio Amateurs, first edition, Pgs. 239 thru 243, 
American Radio Relay League, 1955. This program is a translation of the HP-65 
User's Library program #1470A submitted by Paul Bunnell. 
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LOADED VERTICAL ANTENNAS 

A B C a Freq. 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Fnt~r oroarClm ClI~ 
1 __ =:J C~ 

2. Initialize I~I A I 
L_=II I 

3. Inputs I I [ I 
Dimension A Inche~ I A II I 
n;m",nc::;nn R Tnrh",c:: I B II I 
nimpnc:;inn r. Tnrh",c:: I C II I 
Thickness a Inchec; I D II I 
FrAn ant' MI-I7 I E II I 

.~ 

I I [ I 
4 nlltnlltc:; I II I 

T ... ,! ,..+" ... ,.." I~I[ I L llH.v 
~ --~~- ~- I R/S I [ I RRAn OHM~ Ri'lriii'ltinn rpc:;ic:;ti'lnc:p 

I II I 
I II I 
I II I 
[ II 1 
I II I 
I II I 
I II I 
I II I 
I II I 
I . II I 
I II J 
I ... I [ I 
[ II I 
[ I [ I 
I II I 
I II I 
I II I 
[ I [ -I 
I II I 
I I [ I 
I II I 
I I [ I 
I II I 
I Il I 
I I [ I 



4 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBL" 21 16 11 r 857 - -24 
882 CFl 16 22 81 Initialize 858 RCL5 36 85 
883 RTN 24 

I 

859 - -24 L in lJHy 
884 *LBLA 21 11 868 R/S 51 
885 Fl? 16 23 81 861 ReL7 36 87 
886 GT01 22 81 862 COS 42 
887 5T01 35 81 

i 
A -+ Reg 1 863 EHTf -2i 

888 5Fl 16 21 81 
I 864 EHTt -21 

889 RTH 24 I 865 RCL6 36 86 
818 *LBLB 21 12 866 x -35 
811 5T02 35 82 B -+ Reg 2 867 2 82 
812 RTH 24 868 -24 I 

-813 *LBLC 21 13 869 x:~· -41 I 

814 5T03 35 83 C -+ Reg 3 878 1 81 
815 RTH 24 871 + -55 
816 *LBLD 21 14 872 RCL7 36 87 
817 ST04 35 84 a -+ Reg 4 873 x -35 
818 RTH 24 874 2 82 
819 *LBLE 21 15 875 -24 
828 ST05 35 85 F -+ Reg 5 876 + -55 
821 RTN 24 877 EHrt -21 
822 *LBU 21 81 878 x -35 
823 RCLl 36 81 879 8 88 
824 RCL2 36 82 888 2 82 
825 RCLJ 36 83 881 6'" . - £ 
826 + -55 882 3 83 
827 + -55 883 -24 R in OHMS 828 RCL4 36 84 884 RTN 24 829 - -24 
838 LOG 16 32 
831 1 81 
832 3 83 
833 8 88 
834 x -35 ZO 
835 RCLJ 36 83 LABELS 

A B e 0 E 836 RCL5 36 85 Used Used Used Used Used 
837 7 83 

all C; pri 
b c d e ~. 

838 2 82 
0 1 2 3 4 839 . -62 

848 8 88 5 6 7 8 9 
841 - -24 
842 sms 35 88 
843 x -35 
844 ST06 35 86 Co -+ Reg 6 
845 TRN 43 100 

846 1 ...... 
~. l. 52 

847 RCL2 36 82 
848 RCL8 36 88 
849 x -35 
858 STa? 35 87 BO -+ Reg 7 

FLAGS SET STATUS 851 TRN 43 
0 852 - -45 FLAGS TRIG DISP 

853 x -35 XL 1 
Used ONI l!'f r1 o 0 DEG FIX 854 2 82 

110 2 1 0 GRAD 0 SCI 0 855 - -24 
2 0 RAD 0 ENG 2D 8

1
56 Pi 16-24 3 

3 0 n __ 
I I 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

A B C a F C B Used Used 
so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 E II 



Program Deserip'ion I 
Program Title Loaded Dipole Antennas 

Contributor's Name Hewlett-Packard 

Address 

City 

1000 N.E. Circle Blvd. 
Corva 11 is 

Program Description, Equations, Variables 

The required loading inductance 

106 y"'
2 

L(~Hy) = [1 n (w~} - 1][z2 
687Tzfz Y 

where z = 234/f 

x A/2 B 

Y Z - B 

w = 24/DIA 

and A = See sketch pg 2 

B = See sketch pg 2 

f = Frequency in MHz 
DrA = Diameter in inches 

Operating Limits and Warnings 

A < 1800 Electrical Length. 

State Oregon 

is: 
x2 

-1] [? - 1] [ 1 n (xw) - 1 ] 
X 

Zip Code 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. 

5 
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Sketch(es) 

Sample Problem(s) 

I------B--~--------~~ ~ ~ I , 
COIL L/ " DIAMETER 

~~ ~ 

To Transmitter or Receiver 

Given an antenna with the following dimensions: 

A = 130 feet Frequency = 1.8 MHz 

B = 16.5 feet OIA = 0.1 Inch 

Find the required coil inductance for resonance. 

Solution(s) 

130 [A] 16.5[B] 1.8[C2 .1[0] 

[E] L = 59.38 llHy 

Reference (s) 

Jerry Hall, Off-Center-Loaded Dipole Antennas, QST, PGs. 28 thru 34, 
September, 1974. 

This program is a translation of the HP-65 Users' Library program # 1619A 
submitted by Paul Bunnell. 
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Loaded Dipole Antennas 

A B Freq. D/A Calc 

INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

l. Enter program c=J1~ 
c=JL~ 

2. Inputs L.=J l_ I 
Dimension A Feet IT:] C=-J 
Dimension B Feet [_B ll~=-J 

Freauencv MI-b 
[ cJ [ -__ 1 

n; ;,mo+o,' ~n~h~~ 
r- ---Il J 0-- - - -

v vw 

[ ~_-- I [ _ -- I 
1 OIJtnIJtc: - TnnlJrtilnrl> [ E I r I L,~Hy 

[ 
-

II I 
[ Il I 
[ II I 
[ __ I[ I 
I II ) 

I ) [ I 
[ I [ J 

I I [ I 
I II I 
l I [ I 
[ I [ I 
I ) I ) 

[ II I 
[ It I 
I ) I ) 

[ I [ I 
[ ) [ I 
[ II I 
I It I 
I II I 
I II ) 

I " I 
I II I 
[ ) I ) 

I ) I I 
I I [ I 
[ I [ ) 

I ) I - ) 

I ) [ I 
I J I I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

081 *LBLfi 21 11 
ILength 857 , 81 (~/ A l 1 882 ~, B2 858 -45 -.::. - Z 

883 -24 859 RCL2 36 82 
884 STD7 ~r 

.:I~I f17 A/2-+7 868 RCL5 36 85 
885 RTN ~ .. 861 ... ~ -35 ;:;''1 

886 *LBLB 21 12 Length B 862 LN 32 
887 STDl 35 B1 B -+1 863 1 81 

ln (xw) 888 UN 24 864 - -45 - 1 
889 *LBLC ':'1 13 Frequency 865 x -35 ':".l 

818 STa6 35 86 Frequency -+6 866 RCL2 36 8~ 
811 2 82 867 - -24 
812 7 83 868 - -45 ..,; 

813 4 84 8~Q bJ E£;: ,,~ 

-.:,j 

814 RCL6 36 &6 878 6 86 
815 - -24 z-+3 871 .:< -35 
816 ST03 ~r 

6~ B"'~' 6 86 ~.,-' i~ 

817 RTN .:.4 873 8 as 
818 *LBLD 21 14 Thickness 874 -24 
819 ST09 35 BS D/A 9 875 RCL6 36 86 

I 828 RTN 24 876 Pi 16-24 
I 821 *LBLE .-, i 15 IF'" x -35 '::'l Ii 

8"? "-- RCU 36 fj{' 878 EHTt -21 'fT2f2 

8n RCLl 36 81 879 .X ~r 
-,j,.J 

824 - -45 x-+2 8se -24 
825 ST02 ~r 62 881 RTH 24 ,j~1 

826 RCLJ 36 B:5 
8"'" C,.( RCLl 36 81 
828 - -45 
8?Q ST04 35 84 y-+4 --838 RCLJ 36 83 
831 - -24 
832 EHTt -21 
8JJ .~. -35 
8J4 1 iii 090 

8J5 - -45 
~-836 ST08 ~r 8& 1 -+ 8 ,j,.J z 

837 RCL9 36 85 
(HB . ., 82 .::. 

839 4 84 
848 X;'r' -41 
841 -24 w-+5 
842 ST05 ~r 85 ,j ... 1 

843 RCL4 36 84 
844 x ~r -,; .. ..' 100 

845 LN 32 
846 1 81 In(wy) 1 847 -45 --
848 RCL8 36 85 
849 x -35 
858 RCL4 36 84 SET STATUS 

851 -24 FLAGS TRIG DISP 
852 RCL2 36 82 ON OFF 
853 RCLJ 36 83 0 0 L& DEG Kl FIX 00 
854 -24 110 1 0 - [)Q GRAD 0 SCI 0 

0 [jl RAD 0 EN~D 855 EHH -21 2 
3 0 [2\1 n __ 

856 x -35 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 
B x z Y w Freq. A/2 Used DIA 

80 81 82 83 84 85 86 87 88 89 

A IB Ie 0 IE r 



Program Deserip.ion I 
Program Title Gain of a Horizontal Rhombic Antenna at Zero Azimuth 

Contributor's Name James C. McLaughlin, P.E. 

Address General Motors Institute, 1700 W. Third Avenue 

City Flint State MI Zip Code 48502 

Program Description, Equations, Variables 

The program estimates the on axis gain of a horizontal rhombic antenna, placed 

above real earth, for specified take-off angles (TOA). 

Inputs are: The antenna's height in meters (H); the leg length in meters (L); 

the tilt angle in degrees (0); the frequency of operation in MHz (F); the lowest 

(initial) TOA, the step (increment) of TOA, and the highest (largest) TOA to be 

used, all in integer degrees; the earth's conductivity in Mho/meter (0); and the 

earth's relative dielectric constant (ER). 

Output consists of a print-out of input parameters (if Flag One is set) and a 

list of gains paired with the TOA at which they are estimated. 

The program uses the formulation of ESSA Technical Report ERLllO-ITS78. 

Operating Limits and Warnings The program contains no testing for invalid inputs. 

Only integer values of the take-off angle are used. 

One data point takes approximately l6s to calculate and print. 

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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Skelch(es) 

Sample Problem(s) 

Antenna characterized by: H = 20m L = 114m 0 = 70° 

Earth characterized by: a = 0.001 mho/m ER = 4 

Wish to evaluate starting at TDA = 6°, in increments of 6° until TDA 24° at a 

frequency of 16 MHz. 

Solution(s) 20 [B] -+ 20.0000 [A] -+ 20.0 T 20.8012 *** 
114 [C] -+ 114.0000 114.0 Z 15.0018 *** 

70 [D] -+ 1.2217 70.0 y -7.2024 *** 
.001 [f] [D] -+ 0.0010 16.0 X 

4 [f] [E] -+ 4.0000 

6 [f] [A] -+ 6.0000 1.00-03 *** 
6 [f] [B] -+ 6.0000 4.00+00 *** 

24 [f] [C] -+ 24.0000 

16 [E] -+ 16.0000 18.7006 *** 

Reference (s) 



STEP 

1 

2 

3 

4 

5 

GAIN OF A HORIZONTAL RHOMBIC ANTENNA AT ZERO AZIMUTH 

RUN 
init. TOA 

HEIGHT 
TOA step 

LEG LENGTH TILT ANGLE FREQUENCY 
largo TOA cr 

INSTRUCTIONS 
INPUT KEYS 

DATA/UNITS 

Enter the program. I J ~ ~ 
L __ IC=I 

Input the data in any order. I~I I 
Height H meters U I [ I 
Leg length L meters I C I [ I 
Tilt angle 0 degrees I D II I 
Frequency F MHz ! E II I 
Lowest (initial) take-off anl!le degrees I f II A I 
Step (increment) of take-off angle degrees I f II B I 
Highest (largest) take-off angle degrees I f II C I 
Earth's conductivity cr mho/meter I f II D I 
Earth's relative dielectric constant e:R - I f 1/ E I 

I ___ I [ I 
If a print-out of the input data is desired I f II STF) 
then set flag 1 I 1 II I 

I II I 
Run the program. I A II I 

Output in the form of the gain (in db I /I ) 

above isotropic) to the nearest 0.1 db, is I ) I I 
separated from the take-off angle by a [ II ) 

zero; and is preceded by a print-out of the I ) I I 
input (if flag 1 was set) in the following I I [ I 
format: I II I 

I II ) 

Height T I II I 
Leg length Z I ) [ I 
Tilt Angle Y I II I 
Frequency X I II I 

I II I 
cr *** I II I 
e:R *** I II I 

I II I 
Make any desired changes to any of the data I II I 
in the manner indicated in step 2 and then go I I [ I 
to step 3. I II I 

I II I 
I II ) 

I II I 
I II I 

11 

OUTPUT 
DATA/UNITS 

H 
L 

0 in rad. 

cr 

e:R 
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STEP KEtiMtRV KEytCODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

BBI tLBLE 21 12 057 + -55 Increment /). 

082 STaC 35 1:3 H 058 ST04 ~r 

,j~1 84 
083 RTN oj. 

~"t 859 RCLJ 36 03 
884 *LBLC 21 13 868 - -45 
005 SroD 35 14 L 061 :(}B? 16-44 
886 RTN 24 062 RTN 24 
887 tLBLD a 14 063 RCL5 36 05 
B88 D~R 16 45 864 RCL4 36 84 
889 STOE 35 15 0 865 t;T02 22 82 
818 RTN 24 866 tLBLl -'""Ii 81 Start of Print ~j 

ell tLBLE 21 15 867 FIX -11 Input Subroutine 
812 ST05 35 85 F 868 DSF'l -63 B1 
813 HN 24 869 ReLC 36 13 
814 tLBLo. 21 16 11 1378 RCLD 36 14 
815 INT 16 34 B71 RCLE 36 15 
016 STOl 35 81 /). lowest B72 R~D 16 46 
817 RTN 24 073 RCL5 36 B5 
818 tLBLh ~,; 

':'.i. 16 12 874 PRST 16-14 
819 INT 16 34 e ... r (..J ENG -13 
828 ST02 35 82 /). step 876 DSP2 -63 82 
B21 RTN 24 B..,. ... 

( ( RCLH 36 11 
B22 *LBLc 21 16 13 a78 PRIX -14 
8?7 INT 16 34 B79 RCLB 36 12 -'" largest 824 STG3 35 83 /). 

888 PHX -14 
825 RTN 24 B81 SPC 16-11 
826 tLBLoi ",. 1£ 14 882 FI,!,;' -11 ':'J. 

827 STOA 35 11 (J 883 DSP3 -63 B3 
828 RTN 24 884 RHi 24 
B29 *LBLe 21 16 15 885 tLBLB 21 8e Start of Gain 
B3B STaB 35 12 £R 886 p"C 

+-~, 16-51 Subroutine; /). in 
831 RTN 24 B87 COS 4'-' X, F in Y. 

Start of execution ~ 

B~" *LBUI 21 11 888 ST01 ~r 81 ,j,c 
Print input? ,j,} 

833 Fl? 16 23 81 889 LSTX 16-63 
834 GSBl 23 Bl 898 SIN 41 
835 RCL5 36 85 891 ST02 35 82 
836 RCLl 36 111 892 RHD 16-22 
B3? ST04 35 84 893 RJ. -31 
838 *LBL2 "1 82 Go calculate a94 RJ· -31 ~~ gain 
839 GSBB -"1- Be a95 .... 82 .:,j .: 
84B >I(0? 16-45 B96 9 B9 
841 SFB 16 21 8B B97 9 89 
842 DSPI -63 81 B98 . -62 
843 RHD 16 24 899 0 u BE: 
844 RCL4 36 84 188 x:y -41 
845 EEX -23 181 -24 
846 4 84 182 5T03 7r 

~I •• _.I e3 
847 CHS ·i·-· IB3 Pi 16-24 -LL 

848 )( -35 184 '} .... .' 
Ii .. i -41 

849 FB" 16 23 8e IB5 -24 
858 CHS -22 

I 
186 ST04 35 84 

851 CFe 16 .-;.-, 88 187 • 81 ,c~ j 

852 + -55 18S RCLi 36 81 
853 DSP4 -63 B4 Print gain and /). IB9 RCLE 36 15 
854 PRT.'>; -14 118 SIN 41 
855 RCL2 36 132 111 x -35 
856 RCL4 36 84 112 - -45 

REGISTERS 
0 1 lowest 2

TOA 3 lar§est 4 TOA in 5 
F 

6 7 8 9 
TOA step T A use /). 

SO S1 S2 S3 S4 
'IT/A 

S5 S6 I~I S7&.. S8 S9 
cos /). sin /). A U 

A IB Ie H 
D jE 0 J cr £R L 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 ST05 35 85 169 + -55 
114 RCLR 36 11 Start to calculate 178 RCL6 36 86 
115 RCL3 36 83 reflection coeffi- 171 X2 53 
116 x -35 cient 172 + -55 
117 6 86 173 RCL5 36 85 
118 8 88 174 RCL4 36 84 
119 x -35 175 x -35 
128 CHS "" .-, -t:.,- 176 RCLD 36 14 
121 RCLB 36 12 177 ):" _7r: 

~''''' 

I"" .... L. ReLl 36 81 178 SIN 41 
123 X2 53 179 X2 53 
124 - -45 188 RCLE 36 15 
125 ~p 34 181 COS 42 
126 [X 54 182 x -35 
IT' ~I x:r -41 183 RCL5 36 85 
128 2 82 184 - -24 
129 - -24 185 ~·'2 

" 53 
138 x:r -41 186 x -35 
131 ~R 44 187 2 82 
132 STa6 35 86 188 . -62 
133 R ... -31 189 f t11 • 
134 ST07 35 87 198 6 86 
135 CHS -22 191 x -35 
136 Rt 16-31 192 LOG 16 -:-.:. 

"""-r-",.. CHS "..,.-; 
-L..o. 193 1 81 

138 RCL2 36 82 194 e 8& 
139 + -55 195 )( -35 
148 ~p 34 196 DEb 16-21 
141 x:~' -41 197 P:S 16-51 Gain is in X 142 RCL6 36 86 198 RTN 24 
143 RCL2 36 82 
144 + -55 200 

145 RCL7 36 87 
146 x:~' -41 
147 ~P 34 
148 RJ. -31 
149 - -45 
158 ST07 35 87 
151 X;Y -41 
152 Rt 16-31 
153 - -24 
154 ST06 35 86 210 

155 RCt? 36 87 
156 RCL2 36 82 
157 RCL4 36 84 
158 x -35 
159 RCLC 36 ,"C' 

l,j 

168 x _ .,c::: 
"'" 

161 4 84 
162 x -35 
163 - -45 
164 COS 42 220 

165 )( -35 
166 2 82 
167 x -35 
168 1 81 

LABELS FLAGS SET STATUS 
A &t-_:~t o~ B CL S{."'.~e o ¢ ~~~"4l~ E F S~O't'"4~. 0 

t.l~eb e,'~e.t:""t'GV! H $(,," .. ~e FLAGS TRIG DISP 
al."'c~t T'OA b rop\ $t-~p c I .. ""e~-I: 'roJ 

d G"" ,tc>Y.~ f' e~R. ~r6.~e 1 pt"il<i; ;,.J~t ON OFF 
~to"",,& !tt .. .,..~~& J(I>"f''''~ 0 0 0 DEG ~ FIX ~ 
o~ ... t O§- 1 S"t~rt: t of 2p .. .,.t- ~ 3 4 2 1 a 0 GRAD 0 SCI 0 

.t Y\ lOll" ~ T~A " .. 0 
2 0 0 RAD 0 ENG 0 

5 6 7 8 9 3 n~ 3 0 0 
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Program Deseription I 
Program Title A~i",t.A+h p .. ffe.rn Or Cy,,.,,<lr,'t:I;f./ ArrA)' of. Alllt&JUIlkS 

Contributor's Name A J/o.lt 
Address 13 J 2. IOlon 
City D a.. V I' S State c:.!L Zip Code 9S~j&-

Program Description, Equations, Variables Fi"S+ +1,'·5 ,,"_,'411 c. ... lc..u /4/~" +"c.o..Lf,/~ a+ ",,/',·d 

-lit, ,'rld,'II'",U4 ( "".".,./-,.,., d£Hlf Uti {4 fr, b~ f!..flflt-I u.A,:/~eI \II,-th t4; s. I~'L (O~WfIA.J'·Qlfd( 

~.., tlt1lJ1"~ il..t. nt"'A'..J",,'~ 1;1 J,AJfL o~ flu. ,. .... d.v,.;u.1 ,o.J,·p..J, .. ,4./6.""~ AI- "'" ~ 
,It, 1'#"0,,.,,,,, +~..". ~~IA/~/~ +4c. PWc. or. +4 .. (..J,·cI,.JfAI(lJco~-I-~I-WrtJ"l h ·de-
fo h4. J ,.,.J..kJ ~ .. e/" "".-1-4 ".{C¥""""c. ~ Rc. GtU;a-i-w CIt ,.1Il. ~V»t d~ -tit c. ''''I4l,~,,~ 

(eou .. 4- 0 fA S'dc.4)4 T/..~ I'n",,-, ~UI\ "'pu.is +i&I.S-c. .sk,.~ fcrr allJ. __ & 
.. ·.,.~L 'tI • .JIA.AI .e.J .......... h,AI4St/ ,sc.4-.s -tI. "... ,-w./,'t/,./u "'./ CPY\.IY •• J,.,../'if'YtJ +0 dC.Jc.m,,;H ( 

tkc. ,.,.su,J...,,1 ~'c.,J ~J. '" ?,'IIC.Jt t:I'S .... cJ~,.,'OIJ( QA'/~J e. TLc t/eu','tAJ,I4:-.sIH'~; 
G(." = PA~A ~ "olwAft"t1l1 tAM/ie j ~ = "(f.J,"tJ.S 4:' ~ ~.,. HHA I/W'''/ j SF = ~I It 
ltC.J.weUl ~t ~e I1twlflfM.l.l; Y =- S"'.CJ4J Q.1\1/~ ,'" G. W. c:/.,)I'ec.oI'"J1 O~_t1L 
,")tJ,v,JlAAI ~~L.".Ii"?elf.Jllff,ftJi ,."Cu-a.1.Cc. AJ.rhf1414 ftoDlIt __ £~'~_"tJ"M«.L_ 
IJ = 1-1rA1 IJ~ C'~ ,,.d,VI'JlA.M./ nuIt~ elwtukj 11 =;11j,,(.J,~~~ J"N1,flI'41t1.A_L __ 

~ .... ~Ij S =- Or.~.scJ. cI.~ItHJ,-e 0' fltd,·III.JJA&1 UUllUfffroH1 e~_-'2t. t-«... . 

CPs :: pJ. .. ~c oC- (QM1aa"!~'#f 0' CIa '"lJdun.J,.,.( e/ua ... 1 du'l IrJLil.~/""/LH1~~;_ 
/N..-..) )p~) =- WI_tApt .. kJe , jJlt~ D~ ,w/,,,,Ju./ e.1&M.",,1 ~Vp./~ ~I:H~ j '" :::= 1'J,~~_u 
0'':' ',,#tAl /-rJ ~t. "iA#\ ~ 1JI(f4.11CI·/.w!t "t,. ':t"A/ ~. ~ If .-rk~'UAI-J'W.L4LI-!­
M(Ci) = auLIi, A#\· ,"(~n-) e.~(J§(~It>.Jwlt~A:;f~±f1+'f;«~;:;t!?--A--::r; 
(J-.s ::: 3~~( ~ "Q~e4 ~ bSrll S_);; ~"..JeA :: e -~(!'I-O-

• 6) ItA.fA~1- I.e I"cA""""./,'1:&d t}Io.u..., "- uJ..,J.,'i:IIf. 

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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~--- -------...y:.:- ---------­
I 

~ 
Jia~ II"Mb.,&1 rll C.W 

duoe,l,..". ~ ".H,,,,,,&~ 

llc.bld o~_It~w , 
th JwJ.-.I,oc/...."I cIt. 
~rc ofr~ ~_ ; $..~/. 

I __ 

Sample Problem(5)HDW-'I'l JA.&J. I~ ts t-hc. "'~'Q./~rlrL·~d._ a.:J- _D.II __ ~U·~ I~n, 
O~ 11-0· t-1r(A.", aJ /c~ T"~ Q."Y'~ ,'S A .rOCA.l'SL.J~J sf,,,,,",,,,./! 
eN .-~ A S,·ele or ~ #1'). rite -.",iC.ltIlAS o."c. or-t&c.1 ~., f,..,..., flee. 

Cl!4ttJ.-. .0:" ""'~ jDc-lt-c-/ f-ofA)..,.J~ 1'1te "'-' It/. c.J4""'VJ·~wI~J fl"P1!A~~ 
Cf.1't fc-r 0," +4. e tAYY"",y ~ 1FD.c,~ e../c./,uM.f- ,:S $Jccw«d 10" G.W._t.J.kM. ____ _ 

_ ,h·c.l4lt.J _fL'~.IJI ~e.. h". rite. e./.1fit..,./-s. (, .... • "J",v"'1=-lb_,,:*) _ 
_ o.rt:. p..J t).~ ~flIIDuJ.s: _ 1.0 ~O·) 0.9 L.. 90· ~ 0., L lB-o'? __ -' ___ Jl.L.Zld'. 

r.h.c..!JfAHe..,.... cC- Ike l"tAei'V;JKA' .. { ... wu ... 4- I'S A.1 f.,J/IJUifJS ( OI.""UA.t"j 

JMA11h·l-IAJ, / ~"-.sc , .... fIe .. -I- on}.",): O~ /.0 L o~· 10~ 0.'1- LOoJ 4O~Q.:J.4.L.s; 
°0 0 • 0 •• • 0 e. 
1-) 0 .005 L 10 ; 13 O.J 0.01. L..3 0 ; leo ./ o· 0 e L - SO ; ~ ~ 0 J ,,~o.1. L3D j 

2.10 ~ o. os L.. 1"; 3/ ~ 0./ CJ,,,.I L.' Do 

Solution(5) kc.ySfrok.-c.~: 4 (-I'11o £t:/ 3 CAl 10 l.f1z. !oJ2.·'l.[cJ -. 0.00 

.l.9-lDl~ J.OO (ft) ~ o. OC(_,) j 0 l+ Joe R!s J ~ s-+o. 2&; 10:1 I [IfI.sJ ~ .t.t) 0 (1fJ--­

~ 2..10. OO(<<a)j '1 £1-1 ?o [#/6] -r -/#0.0"; D'OSt.'f1 0." "'~1 '"* 3.00 (,,) .." "CI.OO'~ 

SD lcJ.£JC,fJ 18-0 l~sl ~ - 410.1.8 F D.oalf1 D. 9 W~ ..., #.00 '-") -r '0.00 c..c+); 
J.ltifl2..~-L1l/.sJ ~tS'l1 .. o_,;o ·osc 1-3 l·f) w.,iJ..,..3. :t 4 (::, JV\.U~-.l.) .. ----
If-orb:] -.11otLLtt) ~£30.00(g,l.; 3 o!+10 CR/sJ .. -/:ls.,,; 0 ·O.~lof.1o_LA/~ ~ ___ _ 
l·()~-W .. 40.00 ("'a>j .slf"J ,oellsJ ~ ,'1.1,,; 0.5<1-(+1 D.' C~ ~ 3.00 t,,).., 31"U~ 
ft[+J 18Q£.~sJ ~;s,s'j. "~; O· 'f{ ell o· 'I C A./.s1 ..., ~"O. lft) -Pz..l".()0{,4.,J.;3....oh~220 
[Ills] -- - 2.1". t'; o.oz C,J Ie AI.iJ ~ 2.. oJ f;: Nt (14-0 .)); 3.22 tf'J .... o. ,z l.,,~ItIC'J 

Reference (5) 
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STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 
KEYS 

OUTPUT 
DATA/UNITS 
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~TEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 f L& A 131 15 II t:l1f_ /IIJ 6 F {~ ~ SrN 3/ 'l. sra A 3:1 /I R.£L 1 l4- 07-
h R~ 3S 53 )( 1-1 
sro g .'l :l , 2- 060 + , 1 
h It~ 35 S3 ReL S ~~ e,5 
t::Ta C 33 13 ReL F ."t 4- J.i 
~ E,SS I 131 .12 f)J - 51 
It RTN 35 zz. rls 

c x,£o 31 7-1 
t LBL g 131 ZS 11- Ellfel' t {~.sg 3 l7.1 21. 03 

010 ~<;Tn n 37 14- ItGL " .14- ~ 
'" R.j. 35 S~ 1. ~AtA~E .'\S" ;n 
_~TO E ~-'1 IS t.. 11 J 3$ 53 

Ir ,"SR I .3./ zz. 01 .R./~ 8f. 
Il liT'" .lS.Z.l 070 01- 'I 
IF l-BL C 1"tI 2~ 13 €".+- >. "- Itt 15'" S4-
.sro q 3.1 09 .,. &.f 

I~ bSS I 1.:11 zz. DJ Ale ~ 
L. RTN 'loS 2> -I- &./ 
C Llli. I i:tl 2.'i 01 " ~R. .-1.I 7-1. 

020 eL~ ~ :STO -I- 3 3.l &1 O"t 
3 6.1 J.. X ~ V ..lS S2 
~ 0'- .<rD ~ ~ 1.11 6J1 ,,4-
0 00 R.£..L C. :14- /3. 
t 4-1 080 '/teL (i, ~f- o~ 
f 4-1 \ Q x-v 32 sl 

Rc.L A ~4-. I J r..Tb 2 2.z. 02. 
x :,1 , D/ 

RC.L CJ :14- OS' ISTtI +- (D I.:n 'I 0' 
C )(:0 :11 S-I c" 1c. ... 1afe. ~rcto A.£..L .R ..l.4- 12 

030 .... RTN .lS 22. , .. " 6,'IvVt ~,,..,~c <T'1> - S '\" 51 e.s 
ElfJ D~ P.""""'" c..Jcot ..!- ~I 1~4 T~ {u .2.2. .U 

5TD B 33 09 I~ LSL 2. I."! I 25 02. 
'" x~v ~ _I; Z. ~eL f- ~ (J~ ~ ~«~"'f.l- h 
ReL iJ :14- 14-- 090 IJ l..L ."t .1 f- O~ p.IIN C_"WSlt/'III 

~ 7..1 a ~ P .iAZL ; d is.1'/ay ,.*,,,,1-
IRc.l , 

J~ 0' ;:. IlTA! .35 2.2. . Ai C Lnl :1 1:1./ lS o...l 
.<;'Tn "I .1.1 l'1' .J. -'Ll c.itD-fll,e I1e,. -c ~ 

c.lX 4.f- t:: 0' ,.. I'.s,.~,,~ -,1&1
0 

040 It. RTA! 3S 2.L 
P. -f#_" c ... /ct4 /.,I-.- ~ 

0 00 
Ie LrJL n i:~1 2.l 14- + ~L 

5T('j s 33 os ~ x<.ll 3f '1-1 
J 01 f.ca T~ 3 22. o~ 

-sro , .'t:l 0" 100 ". 1f-rA! .l. S z.z. 
3 03 
S 6S 4>\,ot, ... 1 ( t e 

tC.. H c: 4-l. 
J.. 5Tr 3S .13 

C-L)( +-4-
050 STO 4- 33 04-

c:.T~ .:l 3:1 0:1 
.. c:.(.. S "l. 4. I!:JS 
c c:.o.s ~I ,.3 
it C.L 9 .i. 4- c9 110 

JC ~I 
AC.L S 3f- cS 

REGISTERS 
0 1 2 3 

Re~ F,o .. iJ 
4 5 
::C1l4~ F.oclt! Q .. 

6 n 73 (,0'/). 831tO~ 9 ). 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A 
R.. 

B 
g~ lC N 

0 S E "'( 11 lA~J 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

170 

120 

180 

130 

190 

140 

200 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A l!It te-; 

B !;./r, c £~"Cf' o c:.:.(;,),"e N, ec ~ 
E 0 

FLAGS TRIG OISP 
a b c d e 1 ON OFF 

0 0 !XI DEG 8 FIX ~ 
0 1 CO.S~~ 2 Rc.c,f- .... 1~~'/1 ~ 4 2 1 0 IliI GRAD 0 SCI 0 

ca/c"'.!..s Pol.", -" ,.. 0 ~ RAD 0 ENG 0 
5 6 7 8 9 3 

2 
3 0 ~ n~ 



19 

Program Deseripfion I 
Program Title cot-ttJ~A.€ AN TEAJ tV A GAIIJ AND PAT} EI2A./. ------- -----

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

Contributor's Name 1< E. A.J wtE-T2.6L 

Address 731 PEIJDRIC K eltCct.. ~ . --~----- -------- -------

City R,OG£CIZE.S r . State CA L / F=" .. ZipCode 1.3~5~~_ 

Program Description, Equations, Variables PI20G.€AM PE3.t<.PORM5 AJtJME:.RJ{;_A_~ 

INTEGeAlloA) OF: G;:: 5:" f(~)-Z~e de OVER STEPS OF e,i 

~(G)-z;:: f(e)~/Po'~' f(Gl)~.e.eAY 

= 

case-TTLA CoS (9) - COS(JrL>.) 

(SIN Q)( 1- Cos(rrL>J + I x 10-"') 

51 tJ ( IV f/Yz.) 
N S/Al( f/z ) 

T7-/E TE.eM (I-COS (7iLA}t. 

Alol2MAL I c~s 5(e) o-'fQ.£'~_. __ 

'1'0- PRo (312£S51 IJE £LGMIDJT - TO - ELEME/Jr PHA. 56 s/-llF"r oj 

LA = 

S"i\ 

N :: 

RADIANS. FoR 6120 A 0 - 5 I DE. ARRA'( sPa: O. FoR ¢o ::: 0 

USE 13077-/ POSITIVe. AND tJr=.GATIV€ VALuE. TO EVALuATE. 

8on-l 510£S of PATfE..lev 

roTflL DIPoLE LEIJCTH IAJ wA V£LEAJG77-IS 

nP- TO - TIP DIPoLE "':>PA C.JIJG IIJ wAV CLfElJG-nI S 

TorAL NUM8r;t< of t=.Lc M IE. NfS IN IjRI?-(J( 

OperatingLimitsandWarnings t,/ALID OAJLY FoR £..~UAL AMPL.lruD£ F£t€.DJ 

AND UAJ/F"Ot<.M SPACING ¥ DIPoLE" LlDJGn-/. IJALIO FORtlAJ( 

L.£AJGrH C£AJTER FED D/PoLE) 0/2 E/JD FED DIPoLE.. of ONE-HALF" 

I..{)AV6..L£tJGTH 0/2 LESS, PI<OGt<AM OP£R.ATE:.S BY IT""E3:/ZAT70A/: 

ALL.ow APPRo X IMAT7E.L y 10 ':::>£COAlDS PER Irr.eATIo/J, 

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) 

Sample Problem(s) 

(1J CALCuLA~ 
(2.) CALC u LA-r£ 

TIP· TO - TIP 

GAuJ 

GA fA.) 

tRoCI2.t:=SSIvi;. ELEIv1EA)T- TO-

.EL6 ME-Iv'" PHAS~ 5HI,::.r 

N 

o~ All. DiPoLE. 

of TWO ('/.:(,\ DIf'oLES sf'AC.ED YzA 

(3) EvAt...UA.--rC EFFEcT OF 0.7 RADIAtJ PHA.SE SI-/IFT oiJ ARRAY 

of 5/X )"/2 DIPOL£S 5PAc.~O "Vi nP -TIP. Pio-I IIJ 

3d6 STEPS ) PLOt /Aj ( d 6 Src=:PS) 2 ''/STEP 

Cc /0 T?2A S T of f'LccT /-lAS AiE £.AJ /AJCk: t= A. S6D 

FE:.ACH "8·' WI n-l A PElviC' L 

SOlution(s)ll) [1'1]}0,5 STDl) 1 sro I I [13] AN'S; 2,15 J6i 

i?L~ /,25 5TV I) 0.5 57?) z.) .2 STU 3) C 51VL) [6J AN"): 8.33 d6 6 

(3) 0.7 5TO 0,0,5 STD I 0,25 STV 2 f srn 3 5 [CJ)l1=J' /57"0 E) 2 [cJ) [El AAJ5 
~. • ••••• ~~ ••••• ~ ••• ~. J 
~ ~ .. ~................ ~ ::::::::::: .. ................... : .......... . 

. . .. . .. .. .. .. .. .. .. 
.... .,. .................... _ .... --1 .... ; ..................... 0 ............................. , ..... - ....................... .... 
....... ...... _ ............................................. " ......... 2-

:.:-:::.::::~~::~:~:::~ ., 
'-' ...................... -ro'" ................................. ....... 

:: :: ::: :: :: :: :: :: ~ ~::: t. 
~ :: :: ::: ~ :: ~ ~ :: .... Bda. 
I I I I I I I I I I I 

i:l!>'l~e!> 0 6' /0 ZD Jo '10 $'0 ItO 70 80 fo o "l. iJ 8 11. 1(, ·w 

Reference (s) 

EOL(./ARo A 

PAGE5 

(.J.JOLPF AJJTt::/o.)tJA 
I 

ql i: 2'18 {,.I.JlLEY 
I I 

A/JALYS/5 

l"1tt; 
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GAIN, PA~,:cA../ 

fA 7"7""1E f2A.) Pi- 0 r 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I LoA:D '),OG5 J.~z OF' CARD CJ[-~ 

2 fA) (riAL (2E Q~[ I 3,010 

3 Itv'PUT PARAM £rERS I~I I 
Pk?oG.R~SSj v£ PHA SE" SH 1FT RADIA.NS 'to 1~T1:>11 0 I 
Oif'OU~ LGAlcrH {..()AJ£LENGTHS LA [ 570 [ I , I 
OIf'oL.!= SPACING (TlP"ro-liP) WA vEt. clv'(;' THS SA [sm II 2 I 
NvM6ER of O;PoL€S IAJ ARRAY N [ sro II 3 I 

'f CALCULATE /1/JTENNA GAIN [6 I r I G d£3i 
'y- 1"ALcvLATE il.E.L.ATlvE GAl/V ~ ANGLE [ 1[- I 

'Iv'PUT DFEGer=ES PER srr;p ~ ei- [e II I /l't.. 

PI2I~':rs G RELATIvE GAIN' [0 II I e~ G ciB 

ITER A'T'E.5 -'Y1. TIMES P;<ltJT5 GAIN [ I r I G, d8i. 

£ PLoT AtJT£A.JAJA PATTEI2A!: [ ~_J[ I 
(/v'pur dB/STEP (PROC;J2AMI'v1£O For<: 3dB) d6/sn=P I~Tb I [ € I 
INPUt D~GR€!3S P6t2 STEP "* G-'. Ie [ [ I 
PLOT I fE. I [ I S fEE NC'TlE 

/JO IE. : READ PioT (3ci8/sJ""'E:.p) I I r .. ] 

11///1/(81 - +!.5d8t::cr + ,/,5 dB l II _J 
-1/ I I I I I I I E3 = o d 8 .& - I, 5 d 8 [ -I [ ] 
-//11111811 - '1,5d6 ~ -7.5 d B de [ I [ 

-

I ~ 
-

t:::Ac/1 LIAJE ,s AN OJCR.EMENi () F e;. [ 1 [ I 
S771RT/NG UJ In-I G = c:::J CJ , PI2 IIJ TS GAIN [ I [ I G. d. 8,; 

* TV S1ART GA/IJ <..H- ANGL£. t<ouTltJES I It I 
(DAIJOE:) AT AN AOVAI-)Cr;o ANGLE: [ I [ I 

l/.JpvT 5T1\R. r A rJG LIE A, F"T'E R. [ II -I 
l2oUTlf0 E € IS COM PLI-T'7==- . G~~Rr r 1- 1 L c_ -I -
C.oAJTIAJuE WIT7-! APPR.of'I2IATC. I - II I 
fAJ 'S Tl2 uC n 0;..)5' : £xAMPLc : PR./lJ ., [ II I 
fA TT'13 f2,J ())IT7-1 5':;' s,.-cps ~TPtRT7AJG r 1 [ J 

Ai 30'" : 5c 30, fc D I " I 
7 TD 5P££0 Oif'oL6 ONLY oR ARRAy [ I [ I 

FAC.TOR. ONLY' COM Pu TAn 0 NS : I II I 
OIPoLrE CIv'LY 1. I STO [[ I j 
Af('t<:'A,( FA.cTOR. ONLY + 2 [ S'ID I [ r [ 

TV r2t; TV RAJ TV O/PoLI- + AI<RA Y 0 I srn I [ I I 
+ LET LA." 0 SA:' rorAL O(-sTP,Alc£ [ II I 

I I [ I 
I J [ I 
I ] [ I 
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STEP KEY ENTRY 

881 tLBLA 
882 ENTt 
883 1 
884 1 
885 i 

A 

8B6 1 
887 1 
898 1 
889 1 
818 1 
811 1 
812 < 

A 

813 SroD 
814 Pi 
815 . ., 

L. 

816 -
817 STac 
818 ~, 

L. 

819 GSB7 
82B STaE 
821 RTN 
822 *LBLC 
823 D~R 

824 STOA 
825 8 
826 ST06 
827 STO? 
828 RCLC 
829 RCLA 
838 -
831 DSPB 
832 RHD 
833 ST05 
834 OSP2 
835 RTH 
836 tLBLe 21 
837 O~R 

838 RCLA 
839 -
848 OSP8 
841 RHO 
842 ST06 
843 RTH 
844 *LBLB 
845 9 
846 8 
847 RCLl 
848 RCL3 
849 x 
858 RCL3 
851 1 
852 -
853 RCL2 
854 x 
855 + 

KEY CODE COMMENTS -----------------.:. ; 11 '-A 

-2i 
81 
61 
81 
81 
fJ1 
81 ~TtRES 

81 COf\JSTlHJ,S 
81 
81 
61 

35 14 
16-24 

82 
-24 

35 13 
82 

23 87 
35 15 

24 
21 13 
16 45 
35 11 CALCuLATES 

8fi 
35 86 

A)OM f3£R of 

35 87 STEPS FoR 

36 13 o/ST£:P . 
36 11 J 

-24 IN I'nAt. i c E"<) 

-63 88 Rr:::.G ISrt:::.eS 
16 24 

5, b ) ~ 7 35 85 
-63 82 

24 
16 13 
16 45 
36 11 ADVA/VC£5 

-24 s-m.enAJe 
-63 88 AAJCLE'. 

16 24 
35 86 

24 
21 12 

89 
88 CALcuLATES 

36 81 
I 

MINIM UM 
36 83 NuM6ER oF" 

-35 
36 83 STEPS (MAX. 

81 °Arcp) FoR. 
-45 

36 82 
Ac.cUR.A~ 

-35 GA IA) 

-55 Ca M. ('uTA T7 otJ 

STE~ KEY ENTRY KEY cor' 
857 x -35 
858 7' 83 ~, 

859 + -55 
868 - -24 
861 GSBC 23 13 
862 tLBU, 21 16 12 
863 GSB9 23 89 
864 GSBi 23 45 
865 RCLB 36 12 
866 SIN 41 
8~'" b{ x -35 
868 ST+7 35-55 B7 
869 1 81 
878 ST+6 35-55 86 
871 RCL5 36 85 
872 RCL6 36 86 
873 X1Y? 16-32 
874 GTOb .., . .., 

~.:. 16 12 
875 RCL7 36 87 
876 . -62 
877 r::: 85 ~, 

878 - -45 
87Q 

I J RCLA 36 11 
888 .'Ie: -35 
881 GSP7 23 87 
882 CHS -22 
883 ST04 35 84 
884 DSP1 -63 81 
885 RHD 16 24 
886 PRTX -14 
887 DSP2 -63 82 
888 RCL4 36 84 
889 RTN 24 
898 *LBLD 21 14 
891 GSB8 23 88 
8Q" JL. R~D 16 46 
893 OSP8 -63 8fi 
894 RHD 16 24 
895 PRTX -14 
896 GSB9 23 89 
897 GSBi 23 45 
898 GSB7 23 87 
899 OSPI -63 81 
188 RHO 16 24 
181 PRTX -14 
182 1 81 
183 ST+6 35-55 86 
184 RCL5 36 85 
185 RCL6 36 86 
186 XiY? 16-35 
187 GrOD 22 14 
188 SPC 16-11 
189 GTOB 22 12 
118 RTH 24 
111 *LBLE 21 15 
112 (;SB9 23 89 856 RCLC 36 13 REGISTERS 

0 Po 1 LA 2 S 3 
fJ 

4 5 6 ~}(G)~e ).. us6.D .')Il (,2, 'j,'" /Yl-

SO S1 S2 S3 S4 S5 S6 S7 

A I~, Ie '"% 0 IE dB/STEP Gi, ) RADIAAJS RADIANS 11/(/1/(11 

COMMENTS 

CALCuLATES 

CAIN 

I 

I 
I 

I 

I 

I'RiNTS 
AAJc.[E 

f'I2IN is 
.e~LATllJc 
GAIA,) 

CAL cuL.A rES 
CA iN 

8 9 

S8 S9 

ro,1, at<. 2-



23 
KEY ENTRY KEY cr E COMMENTS ST"'" KEY ENTRY KEY CODE COMMENTS 

113 bSBi 23 45 ,~ ('LvT<;, f' ATTf:: R tJ 169 *LBLl 21 81 
114 bSB7 23 87 178 RCLB 36 12 CALC()[A TES 
115 X(8'1 16-45 CHE:cI<: SIC; tJ 171 COS 42 }(0)~ff'O(,C 116 SF2 16 21 82 172 Pi 16-24 
117 ABS 16 31 173 .x -35 
118 RCLE 36 15 tJc r2/\.1AL I ~ E 174 RCLl 36 81 
119 - -24 u:,rH d.B/sref' 175 x -35 
128 OSP8 -63 88 176 COS 42 
121 RNO 16 24 177 RCLl 36 81 
122 9 89 ~ sET 

LIM Irs 178 Pi 16-24 
123 X~)/? 16-35 P'Q x -35 I~ 

124 X:'r' -41 188 COS 4~ .: 
125 X*'r' -41 181 - -45 0-. 

126 18x 16 33 j FoRMAT 

182 1 81 
127 7 87 183 LSTX 16-63 
128 x -35 184 - -45 
129 RCLD 36 14 185 EEX -23 fR 6. ve.NTS 

138 + -55 186 CHS -22 DIVISION 13'( 

131 F2? 16 23 82 I A.) st; tel SICtJ 18? 9 89 "lcIZ O 
132 CHS "'"' -.:.: 188 + -55 
133 PRTX -14 ('t::.IIVi PLoT t=.: f< MAT 189 - -24 
134 1 81 198 RCLB 36 12 • 
135 ST+6 35-55 86 191 SIN 41 
136 RCL5 36 85 192 - -24 
137 Rf:L6 36 86 193 XZ 53 
138 X~'r'? 16-35 194 RTN 24 
139 bTOE 22 15 195 *LBL2 21 82 CALcuLATES 
148 SPC 16-11 

','A [c uLA rr 196 RCLB 36 12 
fee) 'ARRAY 141 broB 22 12 197 COS 42 

142 RTN 24 GAIN 198 RCL2 36 82 
143 *LBL9 21 89 199 RCLl 36 81 
144 bSB8 23 88 288 + -55 
145 RCLC 36 13 Ok. I ~\JC S OC 281 x -35 
146 + -55 TD 6RoAD510~ 282 Pi 16-24 
147 SroB 35 12 283 x -35 
148 RTN 24 284 'I 82 .: 
149 *LBL8 21 88 CALcuLATE 285 x -35 
158 RCLA 36 11 ANCL.E G 286 RCL8 36 88 
151 RCL6 36 86 287 + -55 
152 >:: -35 288 " 82 .: 
153 RTN 24 289 - -24 
154 *LBL? 21 87 218 ST04 35 84 
155 EEX '1--.:,j 211 RCLJ 36 83 
156 CHS r - C- 212 x -35 
157 9 89 213 SIN 41 
158 + -55 214 RCL4 36 84 
159 LOG 16 32 215 SIN 41 
168 1 81 216 - -24 
161 {1 88 217 RCLJ 36 83 
162 x -35 218 - -24 
163 RTN 24 219 X2 53 
164 *LBL8 21 88 z l 228 RTN 24 
165 (;SBI 23 81 ~(G) , }CO)A r- -0 

166 (;SB2 23 82 ~ 

167 x -35 
I 168 RTN 24 

LABELS FLAGS SET STATUS 
A BCALcULAn: C 

°/sTE"P 
DUST E _':'Lor 0 

FLAGS TRIG DISP '~I-rIALI liE GAl'" PAiTElbJ PAT/E.IC/oJ 
a b c AOv,qIVCG d e 1 ON OFF 

6l'i~Rr'(O \ 0 0 ~ DEG 0 FIX ~ 
o Z.ft! 2 1 t(G) ~'PvLE 2J(G)~R~AY 3 4 2 '5>ICN OF 1 0 ~ GRAD 0 SCI 0 5-(<9)0' 0)1\ PLoT 

2 0 ~ RAD ~ ENG 0 
5 6 

7 10 ~ BCALe Q 9Gr % 3 
0 Il!l n~ 3 
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Program Deseripfion I 

Contributor's Name St t.the r\ 

Address ,.. Rw S'1~te/l.oo.' Q,ro"f' ) 71000 

City M t. L e.Q.n. 

C 0\ ~""'-~e O~. 

State 'V CL. Zip Code 1- 'L 10 I 

Program Description, Equations, Variables Pro~rr..~ cO-l' ..... t. .. , ,!\I\.o,.-./A-l"!leol ~~....-. p .... tte.rl'l. 

of c... v"i.for~l'l sf,,-e.acl o..;o...ol \.\aL.'JktteL. lii.s1:,. ... e.t..e l\...ue~r O' ...... (L."\ fo .. c..rlo~.fr""~ 

NU/II'\..\"er of S~l'\sors I st(.e",L."~ Q. ..... '!Ilc. ()..""c1. ...., .... "e..Le .... 'lt~ .. 

'i'he. nor~"'-l;lect ioee...","" ~""ttc.rl'\. LS :;ivc."l. 1,,'1 ~ 

Rl9,) 

t-J ": tote..\ fo)vM.I..er 

ci. ':. ~ ",fe.r s e. .. ~o, 

it ::. wo..."e.\u,/~t~ 

S ioN ss)))1. 
si.V\ Ss)] 

~pr..~l....Jj 

of lNc..~d.e.V\t 

-:: c)""'~\t. o~ ~"'t.i..cle.~t wo."e~ro"'t 

-:: st e.c..Y"i. .... ~ ()..'" ~ \ t. ot 0.. .... Ca.'j 

, .ur

1? ~.<.~.l. 
6, r ~ ~ dZ.-- Q..YY"~ 

Operating Limits and Warnings A \\ o.I'I~ \.!. o.r(. c...~Su~ e.el to '0« "" u •. su rul '-.... cle~ rc e s . 

,,,,-& ~uc.. .... t.;~'es cl G..Nc:l ').. M-Ust \..o..H t~(. sc...~e VAl~\~ .. 

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) 

Sample Problem(s) G; ve n 0- S se.YlSO\" o..~",c..':l Ioo)~t~ G..IIJ whY' ~t.n$or s, ... t. .. ..,~ 
ot SO ft. o..",al ~ t.t.e. ... e~ +0 \'".oc...cl s,L.d.e. 19s = 0) 

) Co"'-\ e.u\ c..:\e.. tke. Alov·_c...1 ;le.et 

,.tst"0t'l~e.. f \) '" c.... ,l~W\f. wo...v f. o~ wc.."df."'')"'(~ , 00 ~t. 
. 
L"H .. l.cle.""t c....t 0 cie~P'C ~ 

o..,.,c1. 2..0 cl.e.~ .. ces. --r~ t." t.. 0...\ t. u l ""i e. ;\...e Y'e.~"olo\\e ioY' Si ;. 5° 10° I c... .. ct ,~O. 
) 

Solution(s) kt.") ,t,.okc.s !) lSTO A) 50 (~TO 81 100 (s·n:. c 1 o [61 o (A.1 

[tj ~ 0 d.~ 

1.0 [A1 [. c..] ~ -\~:~() d.\r, 

5' ( EN"f ErR t1 ~ lE"N"1ER t] S' lD1 ~~ - 0 . 0" *4.-

- 1..11 *** 
- b.g! *~ .. 

Reference (s) HP ... i....,tlfl~s ot Afe ... tute .• ArV't>..';) 

St.e ~'" bC."1 

Jo"'-"" W .... \e'1 ... So ... s ,<t'llo 
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BE~M 

8s R 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Lc;(l.d. s ~ <.l e 1.. ClI_1 
2- I~ t\..;.s 1$ the. fIrst C (.....!. e. st(.(>~ ldd _ I c=J 

2",- thV'1.4. 2...( Must be per+orn...('ct. l~[ I 
0\ ~e V' Wi So'; LiV P \A. t Cl'dU\. tkose. ctvC\.AJt:\ ('s L~=II I 

~ 

[ [ [ [ -t-hc..t N'Ce(t foe ~hC'A.AJo,t:'& • 
v 

[ I [ ] 
20.) -:[.""'PlLt Nv~loe (' cf ~e,...SDII'~ N I S,C [ [ A I N 

l b ) :i:Np'-\..t iNtc t' se.~S"1" 5\?"-I!·(.JVc,. at [ 570 I r e 
- I a 

2.c.) INp\..4,.t WC--VC le.vc., tl.. 
J 

A [ 570 II c. ] A 
~ 

I I r 
--

I 2ei.) 1:N p",-l st(.e.V'~N" (UJ,\\~ SS B ~i..N 6s 
." ~ 

[ I I I 
~'" t.o 3 0"-

fi'7\ I 11~_=] -

[ ___ I L J 
3 ·f .... {! ~ \ Q.N '\ \ e o~ ltVe~d.eV\t w C>... v ~ .( r c .\ t- el I A II I Sl'" e' l 

~ t",ll!vkt.e 
oJ 

Rlei) I c. II I R l Gi) 

I I r j 
Fe I' New e1. o."l", ~t> to 3 or b-. I I r 1 

C>tko·.,.;.~ e Q 0 to 2. I II I 
[ II ___ J 

5" -r"'p",t St.c... .. t iN '\ !lL.,j '" \ L- ei e~ IEN"EI~ If\. I 8'1 
(" r./oIfv..1:: o\Ivl\lw\.loe.tt o{ PD~,vts tc c.dtvlc...te. k [eWI [ IcR ~ ~ I< 
7 ~AJ~>4t lNu"clWLelld .. o...l a.iV'" \ e A6i. ~ e~ lD J l - J R ~el) 

l II --1 : 
I I [ -I R(Si -r (t;-t) A 

[ Il ] 

* s,'l:.cI"So 3 • "I LA.S e cl to \!lJ,.\c.u\c...te r ] [ 1 (l.\I'(. 

the b i' '-.1Wl P ",\-\e.r~ u..t on.e v,;....\ u e of 61. . [ ] [ ] 

S\:'q'$ 6" thrloL 7 Ct.v-e I.A.seA to tc..\ tl.l\de [ -] [ -] 

-tke be "- IWL .0 ""t\ e r rt ... t k V"'-\ Vt! l> d l- -] [- ---) 

8 1 ... c.,. .... ,\', (oJ "I. .(: r Co IWI. IUs;) to I _ I L __ J 
1\[E,)i 1-U<-\)lt.e~J I ] [ I 

r II ] 

I II I 
[ II I 
r 11- --I 
[ II I 
I II I 
I II ] 

I II I 



611)rc,gram IJs.in~ I 27 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 L~'- A 3/ z.5" /I 

J 

>;0 + 3 :H lol 03 
~\N 3; <..z. 

I",f' .It /<.o..:t,.;j e LSI.. 2 3, z.s oz. 
S1 C D '33 Iii I'C.L 3 34 o~ 

It TN 3:> 2Z. 060 SIN 3i <02 
L8L S 31 2.5" 12. 

] 
SID b :H / 'I 

5 iN 3 j 1.,2.. 
RO-.;t,N t 

G-S,S C. 31 Zl 13 
5Tc £ 33 1£ 

TNf\.J"t 
-'X.- 31 84 

(l.-rAJ 3S' 2.2. DS1. 3, 33 
LSL C 3 i 2.> 13 C:o"""pv1{~ &.0 1- 22. 01 

010 I 01 Be,,-""" \ 0o,,", e r ~ ."J 3) 2.2-

'8 OS 
~ .JIW\. tor 0 .. · .. (. 

D 00 
If(.-I v t v~ S't p.c.L. B 3'1 12. 

X 71 070 

RC.L C 3'1 13 

. 81 
STC 0 33 00 

ReI.. 0 3~I , Ii 

ft(.L E 3'i IS 
020 - 51 

5;D 1. 33 OJ 
X 71 

Rel A.. 3.., II 

X 11 080 

!liN 31 bl. 
RtL 1- 3"1 01 
RC.l 0 .1'i oC 

X 1/ 
S p,1 .~ 1 1:,2 

030 RlL. A. 3" \ \ 

X 71 
x.~O :31 51 TIl61. 10" "3 ft'" 
GTO 0 '2.2. 00 J.\\J~<.\e. . 

~I 090 . 
ASS 35 loil 
LO& "31 !;d 

Z. 01. 
0 00 

X 71 
040 ~TN 35" 22 

L8L. 0 3i 2!: 00 FLAGS SET STATUS 

C oC 0 
DISP FLAGS TRIG 

~iN 3~ 21. 1 ON OFF 

LI!. L 0 31 z.~ 1'4 100 0 D ~ DEG ~ FIX ~ 

5i 0 Z. 33 02 C"-r"t<~ 2u.Se.J. 1 D ~ GRAD D SCI D 

R~ 35 53 f>rc..."'" f ",' ""'<}' 3 2 D ~ RAD D ENG D 

lG"f ~.J"", ~">,, ~" 11,,,,,,,,1 3 D ~ n_2_ 
ASS 35 
'I.I'JT 31 '63 \/ ... \" e $ of e; 
ST !. 35" 33 LABELS 

050 R.J.. '35 53 A e't B 8s C P-lSi) D P- E 

5,0 3 33 c3 a b c d e 
SF 2 3~ 51 02 

LSI.. 1. 31 2.5 Cf o l.lse:,l 1 t)..S e ,t 2 \A.s",d. 3 4 

F '? 'Z. 35" 71 ClL 5 6 7 8 9 
&Tc Z. 2.2. C2. 

~\.L. Z 3'/ 02. 
REGISTERS 

0 1 
2 A e~ 3 8 t 

4 5 6 7 8 9 
\I..:;e,l "ls,eti. 

80 81 82 83 84 85 86 87 88 89 

A B C A-
D g. E 

SlN Ss ~ N cl 51."'/ t 



28 Program Deseripfion I 
Program Title Radar Antenna Beamwidth and Gain 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Blvd. 
Corvallis City 

Program Description, Equations, Variables 

Rectangular Antenna 

kA Beamwidthx = -c;-

Beamwidthy 

Circular Antenna 

Beamwidth kA 
= -D-

A. = 

State 

299.8 
f 

G = 10 LOG 

G = 10 LOG 

Oregon 

27000 
BW 

Lx' Ly ' D in metres, f in MHz 

Weighting 
Uniform 

Rectangular 
51 

k Cosin 
Hamming 
Cos on 10 dB Ped. 

l-R2 
(1_R2)2 

68 

74.5 

Operating Limits and Warnings on calculated gain. 

l. Subtract 1.5 dB for csc 2 beams. 

2. Add 1. 5 dB for 2 dimensional arrays. 

3. Add 0.5 dB for linear array fed parabolic cylinders. 

Zip Code 97330 

Circular 
58 

76 

80 

72.5 
84.3 

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(e5) 

Sample Problem(5) 

1. Find antenna beamwidths and gain of a uniformly weighted array operating 

at 500 MHz. Lx = 50 m, Ly = 25 m. 

2. Find antenna beamwidth and gain of a cosin weighted 10 metre circular 

antenna at 3000 MHz. 

Solution(5) 

1. [fJ [A] 500[AJ --------------------> 
50[tJ 25[BJ ----------------------> 
[R/SJ -----------------------------> 

0.60 (A - metres) 
0.61 (BWx - deg) 
1. 22 (BWy - deg) 

[R/SJ -----------------------------> 45.57 
1.5[+J ----------------------------> 47.07 (gain dB) 

2. Cd] [BJ 3000[AJ -------------------> 0.10 (A) 

10[CJ -----------------------------> 0.76 (BW) 
[R/SJ -----------------------------> 46.70 (dB) 

Reference (5) This program is a translation of the HP-65 Users I Library program 
#04707A submitted by Robert C. Thor. 

29 
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~1 
Radar Ant. BW and Gain 

~ Freq. Uniform eosin Hamming 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

l. Enter orOQram CJI I 
c=:J C=I 

2. Enter frequency MHz [-1\ J 1 __ J A (metres) 
c=J C~~ 

3. Set Ant. type 1 .. _._ll~ 
Rect. Ant. lLJ L A-l 
Cir Ant ~=f.::J r B~J 

[ __ 1 l --j 

4. Enter Ant. Dim. x or d m I t 1 [ ___ -_] 

Fntpr Ant nim v if Rpn m [==J [-=_._-1 
[--ll:~J 

5. uniform Wt. L g-l ~_~ )( nr 
cosin wt. [ _LJ [~_~.J cir 
Hamming wt. [n-l r - I BW(deg) 

5a _Y BH if re.o.u..ired RIS II J vBW(d~a) 
[ 

.. J [ ___ J 
6. Antenna Qain 1--- j I RLS._ . I dB 

[ II J 
L 1[ ___ ] 

For other values of k do steDs 1 thru 4 [t ][ 1 

I __ JL~] 
5. Enter k I -E-] C-=J x or ci r B~ 
5a. v BW if re.o.uired [R{$J [---I y BW 
6. Antenna gain IRIS I L_·~ dB 

L I L~ __ J 
l___ _I l--:-:J 
I J [~=:=J 
[- ···l [--~ 

---------

[---ll-] 
-------- -----

L.J L __ l 
l---l L 

------ - 1 
[] [--.::J 

l= lC~ 
[ _.J [- J 
I __ J[~ 
I_.l[--.J 
I __ J C_._-I 
I - ..• II ] 
---

r-J L J 



971)rf'~ram IJs.in~ I 
31 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

Bel *LBL" 21 16 11 857 Fl'? 16 23 81 Test for 0 ant. 8B2 CP1 16 '-1-; 81 Reet 1 858 (;T09 .-..-. 89 ~'-
"-"-883 RTN .-. ... 

RJ· -31 .c.Of 859 884 *LBL/;) 21 16 12 868 RCL2 36 82 885 SFI 16 21 81 Cir 2 861 ;.;-+v -41 ... ; 

BWx 
8B6 RTN 24 8£2 - -24 Be7 .LBLH 21 11 863 RCLJ 36 8;3 888 . ., 82 ;>;-+<.' -41 .c. 864 , ... 1 

BW(deg) 889 9 89 865 R.···S r· X ..Jl 818 9 09 e (m/]Jsee) 866 xti' -41 811 . -62 B67 *LBL8 21 88 Y or 0BW(deg) 812 8 8E. 868 R.···S 51 81:3 Xt'!, -41 869 .X -35 I 
I 

814 -24 878 2 82 I 

815 STa1 ~r 81 A (metres) ., 27000 ,j..J B71 i 87 816 RTN 24 iF·' Er:~,' _':'7 I ."- ~ .. "-..J 817 *LBLB 21 12 Uniform wt. t3?3 3 fi3 •• 
818 F1Q ,- '~7 81 .it, .... .J 874 .).;":/ -41 I 819 (;TO I " ... 81 Test for o ant. 

-24 ~rC. 875 -828 5 85 8l£ LOG 16 32 821 1 81 k reet 
877 ; 81 . i 822 GTDE . .,.., 15 .c..c. 878 8 86 , 

823 .LELI .; 4 131 -35 .c.l 1379 x 
(dB) 1324 r 85 888 R··S 51 Ant gain ~, 

! 825 c- 88 k0 881 ,LEL9 .-, .. 89 ! .... 
.c.l 82£ -62 882 ENH -21 827 4 84 883 Gr08 -"1?, 88 rC.,c. 828 (;TOE '-.. -, 15 i:.rC. 884 R .. ,-. 51 ,'"';;, 

829 • LBLC 21 13 eosin wt . 
8313 F1 ..... . : 16 23 81 Test for 0 ant. 
831 GTD2 ~,.., 

.c.,,- 82 
832 6 86 

k reet. 833 8 88 
834 GTDE ..,~, 15 090 '-.::. 
835 • LBU ~: .. 82 .c.. 

k0 BJ6 { 87 
837 6 86 
838 GroE 22 15 
8~Q ,j_. .LBLD 21 14 Hamming wt. 
848 F'r. L :" 

1 ~ .b 23 81 Test for 0ant. 
841 GT03 ..,.., 83 .::.£ 

842 ? 81 
843 4 84 k reet. 
844 . -62 100 
845 5 85 
846 GTOE 22 15 
847 .LBU 21 83 
(148 8 88 k0 
849 8 80 
858 .LBLE 21 15 SET STATUS 
851 RCLl 36 81 

FLAGS TRIG OISP 852 x -35 kA 
ON OFF 853 5T02 35 82 

0 0 ~ DEG ~ FIX [lg 
854 )(-+v -41 110 1 0 IXl GRAD 0 SCI 0 .. <l-i 

855 -24 2 0 ~ RAD U ENG 0 
856 5TD3 ~r 83 BWy or BW0 3 0 I2Il n~ j~, 

REGISTERS 
0 1 A metres 2 kA i3Wy or a.J01" 5 6 7 8 9 Used 
so Sl S2 S3 1S4 S5 S6 S7 S8 S9 

A 1B 1c 0 E II 
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Program Deseriptlon I 
Program Title Antennas 

Co~ribu~r~Name Hewlett-Packard 
Address 1000 N.E. Circle Blvd. 
City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables Given the height, h, and width, 1, of an antenna, 
this program will compute the -3d8 vertical and horizontal beamwidths, Sv and 
Sh respectively, equations for these quantities are: 

where: k = antenna taper factor 
(k = 1.4 ;s used in this program) 

A = wavelength 

Given the gain of antenna, G, this program will also compute the equivalent 
antenna area: 

The program will also compute the inverse of these quantities. 

Operating Limits and Warnings A should be small compared to antenna dimensions. 

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) 

Sample Problem(s) 

1. A plate antenna array operating at 620 MHz (A=0.16 ft) is 8.5 ft wide and 1.9 

ft high, assuming a taper factor of 1.4, what are the associated horizontal 
and vertical beamwidths? 

2. If vertical and horizontal beamwidths of 6.5 and 2.5 degrees were desired, what 

antenna dimensions would be required for antenna in (l)? 

3. A dish antenna operating at 8500 MHz (A= .12 ft) has a measured gain of 28 dB. 
What is its equivalent area? 

4. An antenna operating at 6500 MHz (A= 0.15 ft) has an area of 16.5 sq. ft. 
What is its expected gain? 

Solution(s) Solutions continued on next page + 

1. [fJ[AJ Initialize 8.5[tJ ----------------->Enter -----------> 8.50 

1.9[AJ ----------------------------------->Enter h -----------> 8.50 
.16[tJ ----------------------------------->Enter A -----------> 0.16 

[CJ[BJ ------------~---------------------->Compute Bn---------> 1.51 dey 

[R/SJ ----------------------------------->Compute Bv---------> 6.75 dey 
2. 2.5[tJ ----------------------------------->Enter Bh-----------> 2.50 

6.5[BJ ----------------------------------->Enter B -----------> 2.50 v 
.16 t ----------------------------------->Enter A -----------> 0.16 

Reference (s) 

This program is a translation of the HP-65 Users' Library program #02928A 
submitted by Carroll F. Lam. 

33 
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Sketch(es) 

Sample Problem(s) 

Solution(s) 

[C] [A] --------------> Compute 1 ---------------> 5.13 ft 
[R/S]--------------> Compute h ---------------> 1.97 ft 

3. 28[E] --------------> Enter G ---------------->28.00 
.12[t] --------------> Enter A ----------------> 0.12 
[C][D] --------------> Compute Ae---------------> 0.72 ft 2 

4. 16.5[D] --------------> Enter Ac----------------->16.50 

Reference (s) 

.15[t] --------------> Enter A -----------------> 0.15 
[C][E] --------------> Compute G --------------->39.65 dB 
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~1 
Antennas Initialize A 

~ l,h 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1. Load card CJr~ 
c=:J C=I 

? Tniti~li7p 
[-r--] [J~, I 
C=![=---=--l 

3. Enter: I _ -) [---::--l 
Antenna lenqth and l(ft) r t J I --) 1 

Antpnn~ hp;aht: h(ft) rAJ I I 1 
R. {rlP(] , [ t-_l I_ I R 

slI(deg) [ B [ I - I 13
11 

[ j [ 
-

j 
4. Enter wavelength It (ft) [ I I 1 It 

[ I r I 
5 Comnute' I __ ~l [ I 

\-In ... ; 7nnt-~' RI,J I C II B I Sh(deg 
Vertical BW IRIS I [ 1 13 (deg 

OR Ant.enna lpnat.h I C 
" A 

I 1 (ft) 
Antenna height I R/S I [ I h (ft) 

I II J 

~ iltpr_· [ I [ I 
fl '" "", '" 

Ap(ft) [ D /I I Ae 
OR 

~- -
G (dB) I E II I Antenna aain G 

I II I 
7. Enter wavelength It (ft) I I [ I It 

I I [ I 
8. Compute: I J [ 1 

Antenna gain [ C I [ E 1 G(dB) 
OR F(]lIiv~lpnt ~rp~ [ C I [ D I Ae(ft) 2 

[ I [ I 
9 To to steo 3 or 5 for new case. I I [ I 

[ I [ I 
[ I [ I 
[ II I 
[ 1/ I 
I J [ I 
I I [ I 
[ I [ I 
I I [ - I 
I I [ I 
I J [ J 
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36 97 I)rc'~ram IJs.ing I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 bSBIl 23 16 11 857 STOI 35 46 
882 1 111 858 RJ· -31 
883 0 88 859 RTH 24 v 

884 8 88 Initialize 868 *LBLC 21 14 
885 Pi 16-24 861 DSZI 16 25 46 If c pressed 
886 - -24 862 bT06 22 86 
887 1 81 863 EHT1" -21 then calculate 
888 . -62: 864 X' -35 
889 4 84 865 RCL7 36 Of 
818 ,.. -35 866 1 81 .'~. 

811 ST01 35 81 8~7 til 8 88 
812 e 8t1 868 -24 
813 STOI 35 4£ 869 HV 16 33 
814 RTH 24 878 .. ~. -35 
815 *LBLR '" 11 871 4 84 Ll 

816 DSZI 16 25 46 iF" 1<- -24 
817 bT08 22 88 If c pressed 873 Pi 16-24 
818 STOB 35 88 874 -24 
819 RCL5 36 85 then calculate 875 RTN .-. "" .::.'t 
828 - -24 876 *LBL6 21 86 
821 RCU 36 81 877 STa6 35 86 Else store 
822 x -35 878 RTH 24 
823 R····S 51 819 tLBLE 21 15 
824 RCt! 36 81 888 DSZI 16 25 46 If c pressed I 825 RCL4 36 84 881 GTD7 22 87 
826 - -24 882 ENTt -21 then calculate B27 RCL8 36 88 883 x -35 
828 .:-.:: _7r. 884 RCL6 36 B6 ,,'"' 
829 RTN 24 B85 4 84 
838 *LBL8 21 BfI 

Else 886 .x: -35 
831 ST02 35 82 store B87 Pi 16-24 
832 RJ· -31 888 )( -35 
833 ST03 35 83 889 - -24 
834 R···'S 51 898 1 ....... 52 . " il 

835 *LBLB 21 1" 891 LOG 16 32 .::. 
836 DSZI 16 25 46 892 1 81 
B37 bT01 22 81 

If pressed 893 8 86 838 ST08 35 88 c 
894 X _7r:: .... ~. 839 RCLJ 36 83 then calculate 895 RTH 24 Else store 

848 - -24 896 tLBL7 21 B7 841 RCLl 36 81 897 STar 35 87 842 x -35 898 RTH 24 843 R· .. ··S 51 
844 RCLl 36 81 
845 RCL2 36 82 100 

846 -24 
847 RCLS 36 88 
848 x -35 
849 RTN 24 
858 .LBU 21 81 
851 ST04 35 84 Else store 
852 R.J. -31 
853 ST05 35 85 
854 RTH 24 
855 .LBLC 21 13 

110 

"fl ag" ~56 
, 81 calculate l 

I I 
REGISTERS 

0 1 k(~) 2 h 3 1 4 
Bv 7T 

5 
Bh 

6 Used 7 Used 8 Used 9 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Tc 0 E II Used 
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Program Title Parabolic Antenna Calculations 

Contributor's Name Hewlett-Packard 

Address 

City 

1000 N.E. Circle Blvd. 

Corvallis State Oregon Zip Code 97330 __ _ 

Program Description, Equations, Variables 

G = 20 LOG 10 D F + 10 LOG 10 10.2E 

-1 
D = 10910 

G - 20 10910 f - 10 lo91010.2E 

-l-NdB 

D = 

f = 

E = 

a = 

= 

66.4 
fi) 

12a 2 

e3dB 2 

Antenna Dia., ft. 

Frequency, GHz 

Efficiency, decimal 

Off-Axis Angle, deg. 

Operating Limits and Warnings 

20 

G = 

e3dB = 

eNdB = 

eNdS = 

Gain over isotropic, dB 

3dB beamwidth, deg. 

NdB beamwidth, deg. 

Off-axis dB down 

All calculations are based on the main beam only. Side lobes are not 

considered. 

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

Sample Problem(s) 

A. Perform the following calculations for a 10 ft. parabolic antenna at 6.175 GHz: 
1. Gain (55% efficiency) 
2. 3dB beamwidth 
3. 15dB beamwidth 
4. dB down at 1 deg. off-axis 

B. Calculate the required antenna size required for 45 dB gain at 11.2 GHz assume 
65% efficiency. 

Solution(s) 

A. 1. 43.3 dB 1 
2. 1. 1 deg. 
3. 2.4 deg. 
4. 10.4 dB down 

B. 6.2 ft dia. 

Reference (s) 

This program is a translation of the HP-65 Users' Library program #01380A 
submitted by Ronald J. Finger. 
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Parabolic Antenna 
GHz % m or ft 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

l. Load program CJ [::=J 
t=Jc=J 

2. Enter frequency GHz LCJ L~~ 1 55 

NOTE: If efficiency = 55%, skip step 3 c=Jc=J 
L~~C] 

3. Enter efficiency % [~=J CJ 
C-] [- 1 

4. Run [ -] l_JLJ 
[-=-_ ._j [=~-1 

5. Select meter lenoth unit (reoeat if necessary) [-l] L~C~ ~ - ~. 
C~L~ 

. 
6. Enter antenna diameter ft. or m. [ --l c=J 

ComDute cain r--A ] C--=l dBl 
l-~ [- J 
--- "--

7. Enter antenna gain required dBl [ J [ 1 
ComDut!> antenna diameter LIJ [_=-] ft. or m. 

L_J [~~ 
8. Enter antenna diameter ft. or m. [=:J c=J 

r"mnll+o 1r1R ho:>m .. ';rlth [--f1 CJ dec 
NOTE: Computed 3dB BW is in reg. 1 [ ] [.~~ 

[~_]CJ 
9. Enter 3dB BW (If not computed above) deg. ~TO:J IT] 

[_J[=:J 
10 Entf>r n dR (helnw mtlx ) dB [_-=.1 c=J 

Compute n dB beamwidth [-0 J CJ deg. 
C-1CJ 

11 Fnter nff-nxic: tlnale deo. c::::J CJ 
Compute dB below max. [IJ [::=J dB 

C:=J [::=J 
c:=JCJ 
[=:] CJ 
[::=J CJ 
[ JCJ 
[ lCJ 
[::=J CJ 
CJCJ 
c=J c:=J 
CJCJ 
CJCJ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
881 f:LBLe,. -:, ; 16 11 857 RTN 24 .c. 

882 5T02 35 /32 Freq. 858 .LBLS 21 88 
BBJ LOG 16 ...,.c 859 RCL4 36 64 Cony . ft. to meters 884 2 B2 868 -24 
BB5 ti 86 861 PHI 24 
886 ST06 ~r 86 862 .LBL9 21 89 oj,.} 

8e7 :x: -35 86J RCL4 36 84 Cony. meters to ft. 888 STU3 ~C" 83 20 log freq. 864 -35 ~,.-' .'x. 
089 J 83 865 RTN 24 

! Bt8 . -62 866 .LBLe 21 13 Bll 2 82 867 F1':' 16 23 81 e12 " 88 868 GSB9 ~7 39 ~. 

...",' 813 8T04 35 04 Meters to ft. mul B69 RCL2 36 82 814 r 35 878 -35 ~I .:{ 
1315 5 85 55% is norm eff. 871 £ 86 816 RTN 24 87? £ 86 ,-B17 *LBt.J;. 21 16 12 873 . -62 
818 ENTt ..... 

874 4 84 -':.i 

819 . -62 875 X:Y -41 
828 1 81 876 ...... - -~"t 3dB BW ff'! B B@ 8""'''' ST01 ~C" 81 i ( J~I 13"·" 2 fJ2 878 RTN 24 a:::.. 

1323 ,. ~r 

879 .LBLD 21 14 -,j .... ' 

824 LOG 1 .- 32 I 888 RCLl 36 81 .b 

825 ; /31 881 ii"· 53 "' .. ~ 
826 0 B@ e82 .:<: -35 @",7 .. '~ _7r: Eff. constant KE 383 3 83 

.... 1 '"''"' {PO ST+J 35-55 33 20 log f + Kf 884 -24 n pB BW .... \..., 

8';'C; PIN .:.." 
885 i"'" 54 .... Of 

838 *L8L, 21 ' .- 13 RTN 24 .it- 886 eJ1 F1? 16 -:'7 /31 887 .LBLE 21 15 ~ ... I 

fF·~ GT01 .... -. 81 B88 v~ 53 ·· •. Ii ... 4.'::' .. .. ~ 
e33 SF1 ' ~ -:01 81 ft . toggle B1 .:tl .co m or 889 1 BJ4 1 81 1 = m 0 = ft. 898 2 82 835 RTN 24 £191 x -35 
836 tLBL1 21 /31 8Q? RCLl 36 81 ~-8J? CF1 ' ~ 22 B1 53 pB down it; @93 [;2 
838 3 B8 894 -24 B39 RIN 24 895 RTN 24 B4B *LBLH 21 11 
841 F1 0 16 23 81 
B42 GSB9 .... ~ 

,::,-1 B9 
B43 LOG 1£ 32 
844 RCL6 36 fl6 20 log 0 100 

845 }~. -35 
846 RCLJ 36 B3 
847 + -55 20 log Df+kE=gain 
848 UN 24 
849 *LBLB 21 1 .:' ..... 
858 RCLJ 36 83 SET STATUS 
851 - -45 

FLAGS TRIG DISP 852 RCL6 36 86 
ON OFF 853 -24 0 D rn DEG rn FIX IXl 

854 1W 16 33 110 1 D ~ GRAD D SCI D 
855 Fl') 16 23 81 I 2 D ~ RAD D ENG D 
856 GSBB 2J 88 I 3 D ~ n_l-

REGISTERS 
0 1 

2 FreqGHz 3 f 4 m/ft ~ 6 20 7 8 9 3dB BW 2010g con 
50 51 52 53 54 55 S6 57 S8 S9 

A 1B l D E I I 



Program Deseripfion I 
Program Title 'K. f 1> A. T \-\ Lo S 5 J 1Y& 

Contributor's Name l<,.O'!lE'il\ E. . 
Address J'\ b 'I' "oil,. ... AM P TO AI 

City SA't\~,.O &-1\ State 

Program Description, Equations, Variables US, N Go rJ.l 6. F" ~L. ow I N t;. 

L, :- 20 Lor;, ('11.87 f "D) 
, 
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L2, ': "",2'" '0"10 l1i) -7~ooL~ +O.O.1~~.f .. 2.8.3., Lo(' ~ .. 0.8'1' [) -O.ool'nl~'L 

'1 = - 10 /.oG- f(~·~;~··3 [I +?ol., {f I..sjll t 1>1., (~I..~j} 

T""c£ ll.f 'PATH LoSS IN D'S ,~ Cih.,uc.AT et:> . L, IS THE.. 
FR£E S PJ\C IS. PA7H LoS\ ANb IS ALWA'fS ouTPvfll[b._ ~1 

I~ T\.4-:' SMOOT'" £Atll'" 'PJ\T fo4 ~!.s AN!) 1$ PnJH'1!l) -J'lkT 
V N ,-e.~S L~ IS c;..n. 6A 1 E'i2. . '-'1. ' ~ l'H£ PAT lot L.O~~_ ----- - -- ~--

1::)\)£. ~ AtJ o~sTAC'-'-E IN Tl-le. T&.tlM/h' 

T\o\\S CA~G. L .. IS 'P1t I NT IE 1:) INPL./ttC.G. 

Operating Limits and Warnings ov'-'PVT 1::\A 1 A VA ~ I 1:> 
~o MH'i < .f < S'OO MU i-

of 
IN TH~ _~A'U"--~_ 11!_ 

L.,l . 

Foil... 

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. 



sampleProblem(s)_~_'"'~J·~ __ I~~_ THe. F'n.£~ S~Ac..t_ ~F 'PATH L.O!.~"NI) 

~_·n·t\t."Rf " A'T H L.o ~ S ']) \of e. TO A T c:. 'R\t~JN 0'8 ~ T" ~ t.. £ 

_-.£C){'l. \\0\ e.. f 0 ~'-ow '" Gr CON I>IT' 0 N S : 

R f ~ \l." CQ ",E.N c."( 

tHSTAHC£" aIi7W&EN ANTE.NNAS 

H ""~HT . oFftNTENNA , 
H el ~HT of AtiT£ NNA L 
H e.l 60 ... T of 0'8 STAC. L.c. A-'!aOV£ 

"II/e.-of - Sf &W1 ~f:1"W&.e.N 

Z.o 
..s-

o. I 
0." I 

MU. 

.tfM_ 
l(M 

KM 

TM.!. ANTeNNAS 0.0 I KM 

Solution(s) 

10,00 
,. 
~.oo 

o. 10 

0."/ -----_ .. _---

(f ). 
([)) 

(h, ) 
( ~a.) 

(H) 

71.'4'1 fI* "'_J~LJ~~_ 
10'}.~'" *H (t...J __ ]?_~_ 

Reference(s) fQL.L.'~_J._J""!e:.,, _ .. ROQ1)._~.~.b j "!AMMJlIfi. _CA~cv&.AT"N.s 
__ EJ)~ ___ ~I'\_ 'JOIc:~ .C.OMMIINfc:ATJoAlS ", £.fA) MAGrA2:INE.) 

_~Mr~~ ___ 3:\ ·'IJL;I_No"lIE~')I~l1-f'D~c.EM't.e~ Iq" C. 



STEP INSTRUCTIONS , 
LOA~ SIb£. I AII/l) S 11~ Eo 3-

2 L..oAb C.ofll.sTANT oS (DATA) 11,1'0 

'PjtoTEc.."tEl'I .s e "-ON J'),A n." KEb'S,.eU~ 
3 IN'PII"f ( VAL U~ .. 

" I liP",. n VAL ",- • 
5 INPoJ'f h "AL~E. 
b IfJPvI h VAL () E-
7 IAlpvT H" VALV E- * 
B c..OMfuTE.. L.., Afllb L 
C) fo'" ,..,£ow C.Ac;.£. Goo To S.TE.P .3 

~ No"£' 1wA"f THL=!..£. ST.'" MA"i 
'BE.. S \(1~'P£.b lI- THE.. IIiP". 
VALue. E.G\JAL~ THe. VA c. tJE. 
IJlPvT IN TWe. 'P1l.e.. VI 0\1 ~ 

C.A~E. 

INPUT 
DATA/UNITS 

of IMu;r 
1)/KM 
'k /J{M 

k.' IKM 
H/KM , 

-.1..., L 
J 

KEYS 

CJc=J 
c=:J c=J 
~[ I 
1- A II I 
[sl[ I 
[~nn~tl 
[c- J l __ I 
[-_-I [ -D- - I 
lE I [ I 
[ /I I 
l I L_ J 
[ -- ·.·1 r_-~-_J 
[~J [_ I 
I 1[- I 
I Il J 
[ -- I [ _-I 
I JL I 
I II I 
[ I [ _ J 
l J[ I 
[ - _. I L_.J 
[ ] [ - ] 
[ -~-] [ --1 
I ·ll_~ 

L_ I [-~] 
I _~l r .. _~ 
[- -] [--~ 
l_ 11 .. J 
[ 1 [---_] 

-- - .. 

1_ .. IL ___ J 
[ ll-] 
r J l-~l 
L - I [ 1 
[ J [_~-l 
[ _._ Il __ -1 
[ .] L_ -- .. J 
I I[~~ 
I 1 [---1 

-- --- - - --

,-- -J [ J 

43 

OUTPUT 
DATA/UNITS 

f 
'D 
Jot. 
kt.. 
ij 
L.. J L/'DB 
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STEP KEY ENTRY·· . KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBLfi 21 11 857 X' -35 
882 5T05 35 ti5 858 LOG 16 32 
883 RTN 24 859 RCLH 36 11 
884 *LBLB 21 12 868 2 82 
885 5T06 35 86 961 -24 
886 RTN 24 9~" b~ x -35 
887 *LBLe .-... 

~l 13 863 CHS -22 
988 5T03 35 93 864 5TOD 35 14 
989 ~:J. -31 855 15Z1 16 26 46 
818 5T02 35 82 866 RCLi 36 45 
811 RTN 24 867 15Z1 16 26 46 
812 *LBLD 21 14 868 RCLi 36 45 
813 5T04 35 84 869 RCL4 36 B4 
814 RTN 24 878 RCL6 36 86 
815 *LBLE .-, ~ 15 871 -24 ~l 

816 2 82 87 ':> Ii- X -35 
817 8 Btl 873 + -55 
818 5TOA 35 11 874 15Z1 16 26 46 
919 1 B1 975 RCLi 36 45 
928 !3 88 876 RCL4 36 84 
821 SroI 35 4£ 87? RCL6 36 B6 
822 RCLi 36 45 878 -24 
823 RCL5 36 85 87Q 

I J .~"'i·~ 53 
824 RCL6 36 B6 888 X -35 
825 " -35 881 - -45 
826 x -35 882 15ZI 16 26 46 
827 LOG 16 32 883 RCLi 36 45 
828 RCLfi 36 11 884 RCL5 36 85 
8"Q ~J X ~r 

-j:,) 885 x -35 
838 5TOB ~r 12 886 + -55 .j,J 

831 ISZI 16 26 46 887 15Z1 16 26 46 
832 RCLi 36 45 888 RCL; 36 45 
833 RCL5 36 85 

! 
889 RCL5 36 85 

834 RCL6 36 86 898 LO'; 16 32 
835 x -35 891 X -35 
836 Xf 53 9Q? + -55 
837 >\2 r7 ! 

893 ISZI 16 26 46 ~I ... 

838 - -24 894 RCL; 36 45 
839 ISZI 16 26 46 895 RCL6 36 86 
848 RCLi 36 45 896 x -35 
841 RCL5 36 B5 8Q7 

JI + -55 
842 RCL2 36 B2 898 15ZI 16 26 46 
843 }{ _7r. 899 RCLi 36 45 .,.',.' 

844 X2 r-,J.j 188 RCL6 36 86 
I 845 }:. -35 181 X' 53 

846 1 B1 182 x -35 
847 + -55 183 - -45 
848 X' -35 184 5TOC -r 

':'~I 13 
849 RCLi 36 45 185 RCLB 36 12 
858 RCL5 36 85 186 PRTX -14 
851 RCD 36 B3 187 RCLC 36 13 
852 x -35 188 RCLD 36 14 
853 ; .... '2 53 189 X>i!Q 16-34 
854 )( -35 I 118 Gr08 22 88 
855 1 B1 111 *LBL2 21 82 
856 + -55 I 112 RJ. -31 REGISTERS 

0 1 2 
h, 

3 4 
\...~ H 

5 6 
of 1> 

7 8 9 

50 51 52 53 54 55 56 -1 57 58 59 .3 .., /. 97 ·3 
3/.10 '"" • .2 e;J 

1010 1Soo 2 . .,8 II. ,0 '?8.!'I 0.88 3.18Jt 10 I.o~,t 10 

A J Ie 0 IE JU~ei:P V~~p Lo, L..J. L3 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 Xii'? 16-34 1 
114 (;TO 1 22 Bl 170 

115 RJ. -31 
116 *LBL1 21 81 
117 PRTX -14 
118 SPC 16-11 
119 SFC 16-11 
128 RTN 24 
121 *LBLB 21 !3B 
122 X:Y -41 
123 GT02 22 82 
124 R.····S 51 180 

---

130 

190 

140 

200 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A f B 

'D c ~,\ '-'''- 0 H E 0 .... L. L FLAGS TRIG OISP 
a b c d e 1 ON OFF 

0 0 18 DEG ~ FIX IX] 

a U)e.~ 1 vsE.t> 2 \J!lE.1:) 3 4 2 1 0 Il!I GRAD 0 SCI 0 

5 6 7 8 9 3 
2 0 IKI RAD 0 ENG 0 
3 0 KJ n~ 
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Program Ileserip'ion I 
Program Title Antenna Gain or Power of A Remote Transmitter 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Blvd. 
Corvall is City State Oregon Zip Code 97330 

Program Description, Equations, Variables 

Program computes TI using the formula: 

T G C2 
R 

Where f = Frequency of RF carrier (MHz) 
R = Range from xmitter or rcvr (Km) 

Strength of received signal (watts) 
Gain of rcvr antenna (dB) 

P = R 
G -R-
T = Gain of smit. antenna (or xmit power) (dB) 
T1 = Xmit power (or gain or xmit antenna) (watts) 

and C = Speed of light (see constants below) 
Program will convert nautical miles or statute miles to kilometers for input 
to program, using constants below. 

Operating Limits and Warnings T = 0; GR = O. Limits are 1 imits of the HP-65. 

Constants: C 0.29979250 kilometers/~sec. 
= Naut mile = 1.85325 kilometers 
= Statute mile = 1.609347219 kilometers 

Values are ideal; user should apply any known system losses to avoid error 
in computation. (propagation, etc.) 

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. 



Skelch(es) 

SampleProblem(s) (l)Given recelvlng system with antenna gain of 150 dB; a transmitter 
45 naut. miles away operating at 9050 MHz; strength of received signal .02 

watts; and transmitted power of 50,000 watts, compute xmit antenna gain. 

(2) Given rcvr antenna gain of 15 dB; transmitter located 750 statute miles 

away; freq. of 120 MHz; 15 x 10-6 watts received signal; and known transmit 

antenna gain of 300 dB, compute transmitted power. 

Solulion(s) 

(1) [fJ [AJ 150[AJ 45[OJ 9050[BJ 0.02[tJ 50,000[CJ ----------- 2668929.71 
Answer to #1 is in dB very hypothetical case, demo only. 

(2) [fJ [AJ 15[AJ 750[EJ 120[BJ 15[EEXJ [CHSJ [6J [tJ 300[CJ - 122868.76 
Answer to #2 is in watts. 

Reference (s) 

This program is a translation of the HP-65 Users' Library program #03214A 

submitted by William A. Sholar. 
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Antenna Gain or Power For Transmitter 

R f Nm Km Sm Km 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

l. Enter prooram CJ[ ~ 
c=J[ I 
[-f J IA~J 

. 
2. Initialize 0.00 

c=JC~ 
3. Input rcvr ant gain UR(dB) l-A_J[ J uR 

I==J C=l 
4. Input range in [--~~ [==~l 

either kilometers Km [tJL __ l Km 

or in nat miles Nm [il---l r-· J Km 

or in. c:t"t mi lE>~ Sm 
I . ] r- -I 

-E-- Km 
[-=--] C~ 

5. Input freauencv Mf{z [=]=1 [_ 1 
~J[ 1 

6. Input received power watts I t -] L=~=.J watts 
r---J [---J 
------- ----

7. Input transmitted power and compute ant. gain watts [~~-] [ 1 dB 
OR 1 ][=.J 

TnnlJt "nt a"in (xmit) "nrl rnmnlJtp xmit nnwpr rlR [CJ~ w"ttc: 

[~c-l 
L II ---] 

For a new case, go to step 2 (initialize) l=~C_~ 
L=~ L_--.l 

If there is no chanCle in prior input L_j[ _--.l 

n;:al";:amotol"C: ;:a now (";:ac:o m;:a\/ ho honlln with I~=::J ~ 
-J -oJ 

[--~~ 
C 

.. "'''1'' v. 

r~ c:=J 
L ___ J C ] 
r-:--~:J C-=J 
LJL:=J 
l_-:=J C~ 
L _ _1 l_ J 
i---l C-.J 
[~C.:J 
I ._Jr~ 
r---ll~ 

----- --

[ 
-

1 l-~ 
1._][-] 

1- 1 [ -1 
I JL J 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBLu. 21 16 11 857 x -35 
882 Pi 16-24 858 RTN 24 
883 4 84 
884 x -35 060 

885 ENIt -21 Initialize 
886 x -35 
B8? · -62 
888 .:. 82 
889 9 B9 
818 9 89 
811 { B7 
812 9 u9 
813 2 82 

C (km/].lsec) 814 5 85 070 

815 ENIt -21 
816 x -35 
817 -24 
818 5T08 35 88 
819 CLX -51 
828 RTN 24 Input GR 821 *LBLA 21 11 
822 SH8 35-24 88 RS = (4TT )2fi::2 GR 823 RTN 24 
824 *LBLB 21 12 Input R; f 080 

825 x -c 
R2f2(4TTF -j ... ' 

826 ENH -i, 
-':'1 RS- cZG 

827 .'!r:: -35 R 
828 STxS 35-35 B8 
829 RTN 24 Input Pr; T 838 *LBLC 21 13 
B31 -24 
832 ReL8 36 88 
833 x -35 
834 RTN 24 090 

835 *LBLD 21 14 
836 1 81 

Convert nautical 837 · -62 
838 8 88 miles to kilometers 
839 r 85 ~, 

84B 3 83 
841 .-. il2 .:. 

B42 c: 85 ~. 

843 }~ -35 
844 RTN 24 laO 

845 *LBLE '"I' 15 ':'1 

846 1 Bl 
84? · -62 
848 6 B6 Converts statute 849 @ B6 
858 9 89 miles to kilometers SET STATUS 

851 ,:, 83 FLAGS TRIG DISP 
852 4 114 ON OFF 
853 -.. f{; 0 0 \Zl DEG III FIX jlJ 
854 ~. il2 110 1 0 ~ GRAD 0 SCI 0 .:. 
855 1 B1 2 0 

~ 
RAD 0 ENG 0 

3 0 n __ 2_ 
856 9 89 

REGISTERS 
0 1 2 3 4 5 6 7 8 Sto be- 9 

tween lab 1 s 
so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A \6 r D E J 
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Program I)eserip'ion I 
Program Title Planar Phased Array Radar Beam Positions 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Blvd. 
Corvallis City State Oregon Zip Code 97330 

ProgramDescription,Equations,Variables Coordinate conversion between boresight plane and 
any other rotated plane by: 
1) Converting spherical coordinates (sina, sins-,R-unity) to rectangular 

coordinates where X = sin8,cos¢; y=sin8sin¢, z=cos8. 
2) Rotating the boresight plane to the new plane and computing new rectangular 

coordinates using the "directed angle cosines". 
3) Converting the ne~ rectangular coordinates to spherical coordinates in the 

new plane where 8 = sin-lz, ¢ = tan-lx/yo 
The inverse of the above procedure using angle inputs and obtaining sin a, sin S 
outputs is also used. The above stops are accomplished using the following 
formulas: 
A.Conversion of sin a,sin S to a', 6 

where BS = Boresight angle 

a' = Tan- l [cos BS co~!n a cos S ] cosS -sin BS sinS 

S' = sin-l[sin BS cosa cosS + cos BS sins] 

Operating Limits and Warnings 

B.Conversion of a, S to sina', sinS' 
where BS=Boresight angle. 

sina'=sin(Tan-l{cos BS sin a cos S ~) cosa cosS +sin BS sin 

sins'={cos BS sinS - sin BS cosacosS) 

Radar boresight (BS) elevation planes can be used within the following limits 
OO~BSo$90°. For sign convention, elevation sines below boresight should be 
entered with a negative sign. Azimuth sines to the left of Boresight (viewers 
eyes looking out of boresight) should be entered as negatives. All other sines 
should be entered as positive. 

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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Skelch(es) Z 
z' z 

Boresight elevation (Y7Y') 
(Directed cosine angle) 

Earth Plane 
y 

Side View 

Sample Problem(s) 

1. Using a boresight angle of 45° with the earth plane, convert the following 

sin a & sin 8 beam positions to spherical coordinates (deg. decJ(azimuth and 

elevation) in the tangent earth plane: a. sina=-.707l, sin8-.3; 
b. sina=.707, sinB=.3; c. sina=.32, sinB=.6; d. sina=-.35, sin8=-.5. 

2. Using a boresight angle of 30° with the earth plane, convert the following 

beam positions (deg. dec.) in earth plane reference to sin a and sin B beam 

positions in the boresight plane: a. 500az, 500EL; b. -200az, 100EL; 

c. -45°az, 600EL; d. 600az, 25°EL. 

Solulion(s) 1. 45[ f] [AJ 
a. .7071 [CHS] [t] 

b .. 707[t] 

.3[CHSJ[A]--------------->-44.39° [R/S] ----> 

.3[A] ------------------> 68.56° [R/S] ----> 

.6[A] ------------------> 66.43° [R/S] ----> 

.5[CHSJ[A]--------------->-18.lo [R/S] ----> 
c. .32 [tJ 
d. .35 [CHSJ [t] 

2. 30[f] [AJ 

a. 50[tJ 50[B] -----------------------------> .55 [R/SJ ----> 

b. 20[CHSJ [tJ lOeB] -----------------------> -.35 [R/S] ----> 
c. 45[CHSJ [tJ 60[BJ -----------------------> -.43 [R/SJ ----> 
d. 60[tJ 25[BJ -----------------------> .79 [R/SJ ----> 

Reference(s) CRC Standard Math Tables, 18th Edition, 1970, pp 364-369. 

15.36° 

43.56° 
73.78° 

12.71° 

.46 

-.31 
.57 
. 14 

This program is a translation of the HP-65 Users' Library program #03690A 

submitted by George E. Wilkins. 
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Planar Phased Array Radar Beam Positions 

-+ Sin 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

l. Enter program c=JC~ 
c=J C==:J 

2. Enter boresight elevation Deg. Dec. [-r-] l_A J 
c=JCl 

3. Enter beam pos iti on Azimuth Sin a [f_-] [:=-J 
l- J L-=-~ 

4. Enter beam position elevation Sin [ A .] l ______ J DeQ. (AZ) 
L J [~ __ J 

5. Press l&Z~J r---.-~] 

(octional check) r Ref] l_B -] 

[g l[~~ 
l-s- [ L=~l Sin a 

lliKJ [==1 Sin R 
For new case go to 3. If Boresight is I--~ l---] 

changed, go to 2. l "_l [~ 1 
OR [- ] [ __ l 

3. Enter beam position Azimuth Deg. Dec. I-t=-] [ ---] 

1 _:::] L -:~ 
4. Enter beam position Elevation Deg. Dec. r a--] l __ -l Sin a 

LJ I--:::J 
5. Press [ ~/ S--J [_.-..-] SinE. 

(Optional check [RCLJ [_8 I 
l-i I[_x~ 
1 B=.J L ~ Dea(AZ) 
[ SJ [-~ Ri- DeQ (EL) 
[_~ r-_=:l 

For new case go to 3. If Boresight changes [ --~ [ ...-J 
go to 2. L ___ J l .. -.J 

l_]L~ 
L : ______ J L=-l 
[-- J C-] 
[_~-1 L_-----.l 
[-_:::J [ . ] 
1 Jl~~ 
I --l[~ 
[ _._-

1 I -~ 
l l C ___ l 
1 -- . 

] [---=-J 
1-- ] L - ] 
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STEP KEY ENTRY KEY CODE COMMENTS 

53 
STEP KEY ENTRY KEY CODE COMMENTS 

881 .LBLa. 21 16 11 Initialize 857 tLBLC 21 13 
882 ST07 35 87 858 RCL7 36 87 
883 RTN 24 059 COS 42 Common subroutine 
884 .LBLA 21 11 868 ST05 35 85 
885 STOl 35 81 861 RCL7 36 87 
886 SIN-I 16 41 862 SIN 41 
887 CDS 42 863 ST06 35 86 
888 5T02 35 82 Lbl A 864 RJ. -31 
889 Xt'r' -41 Housekeeping 865 x -35 
818 ST03 35 83 866 RTN 24 
811 SIN-I 16 41 867 .LBLD 21 14 
812 CDS 42 868 RCL2 36 82 Common subroutine 813 ST04 35 84 869 RCLJ 36 83 
814 t;SBC 23 13 878 x -35 
815 .:.;: -35 871 xty -41 
816 xtr -41 872 - -24 
817 RCLl 36 81 Calculated display 873 TAN-I 16 43 
818 x -35 deg(AZ) 874 RTN 24 
819 - -45 8?C tLBLE 21 15 .oJ 

828 t;SBD 23 14 876 RCL5 36 85 
821 5T08 35 88 877 RCLl 36 81 
822 R/5 51 878 x -35 Common subroutine 
823 (;SBE 23 15 Calculate & 879 RCL6 36 86 
824 + -55 888 RCL4 36 84 
825 SIN-I 16 41 display deg(EL) 881 RCL2 36 82 
826 RTN 24 882 x -35 
827 .LBLB 21 12 883 ~( -35 
828 [HTt -21 884 RTf.! 24 
829 EHTt -21 
838 1 81 
831 x -35 
832 SIN 41 
833 5TOl 35 01 Lbl B 
834 R.I· -31 Housekeeping 090 

835 COS 42 
836 ST02 35 82 
837 RJ. -31 
838 SIH 41 
839 STD3 35 83 
848 RJ· -31 
841 COS 42 
842 ST04 35 84 
843 t;SBC 23 13 

I 844 RCL2 36 82 100 

845 .l\ -35 
846 Rt 16-31 
847 RCLl 36 81 Calculate & 
848 :,( -35 display sin ex 
849 + -55 
858 ';SBD 2314 SET STATUS 

851 SIN 41 FLAGS TRIG OISP 
852 STOB 35 B8 ON OFF 
853 R'·c 51 0 D 0 DEG 0 FIX £J ...... 
854 GSBE 23 15 Calculate & 110 1 D 

~ 
GRAD D SCI D 

855 -45 display sin B 2 D RAD D ENG2 D -
3 D 

n __ 
856 RTN 24 

REGISTERS 
0 1 2 3 S. 4 5 6 7 8 9 Sin B Cos B ln ex Cos ex Cos BS Sin BS BS (deg) De~ (AZ) Used 
so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A 

1
8 Ie 0 IE r 
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Program Deseripfion I 
Program Title Radar Parameter Unit Conversions 

Hewlett-Packard 
Contributor's Name 

Address 1000 N.E. Circle Blvd. 

City Corva 11 is State Oregon 

Program Description, Equations, Variables Conyers ion relationships are: 

1) Radians - (n/180) degrees 
2) Milradians (n/0.18) degrees 
3) Kilometers = 1.852 nautical miles 

4) 

5) 

6) 

7) 

8) 

9) 

Meters = 0.3048 feet 
Nautical miles = 1645 x 10-7 feet 

Wavelength(m) = 299.79/frequency (MHz) 
PRI (vsec) = 106/PRF 
Distance light travels(m) - 299.79 x time ( sec.) 
Radar range (nm) = 0.08089 x time ( sec.) 

10) Nautical miles = 0.8686 statute miles 

Operating Limits and Warnings 

Accuracies to 4 and 5 places as indicated by constants used. 

Zip Code 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. 



Skelch(es) 

Sample Problem(s) 

1) Convert 90° to radians 
2) Convert 1 radian to degrees 
3) Convert 100 ft. to meters 
4) Convert 100 meters to ft. 
5) Convert 5 statute miles to kilometers 
6) Find radar range for PRF of 50 

Solulion(s) 

1) 90[AJ ---------------------------------> 1.57 
2) l[R/SJ[AJ -----------------------------> 57.30 
3) 100[OJ --------------------------------> 30.48 
4) 100 [R/SJ [D) ------------------------->328.08 
5) 5 [fJ [EJ [CJ -----------------------> 8.04 
6) 50 [fJ [BJ [f] [0] ----------------> 1617.80 

Reference (s) 

This program is a translation of the HP-65 Users' Library program #04706A 
submitted by Robert C. Thor. 
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56 ~S(·r Ins'ru(·.i.,ns 

~1 
Light Radar 

l~ F~A PRF+-+PRI T/m T/Nm Sm/Nm 
~ 
~ Deg/Rad Deg/Milr Nm/Km Ft/m Ft/Nm 

INSTRUCTIONS INPUT KEYS 
OUTPUT 

STEP 
DATA/UNITS DATA/UNITS 

l. Enter program CJI_~ 

2 Initi al i ZE' I E I [~~ 
non +n V'::orH ::one- De~. lLJ l __ ) Radians 
R~dians to deQ. Radians CRtSJ CO DE'O 
npa tn mil rrlrl nPfl [-13= J L==-J Mil Rad 
Mil rad to deg Mil Rad [- ---J ,--] RL£ __ B __ Deg. 
Nm to Km Nm [---=-Cll I Km 

Km tn Nm Km [RISliC I Nm 
Ft to meters Ft [ii~] l ___ ] M. 
Meters to Ft M I Risl [--0-~~ ) Ft. 
Ft tl"l Nm Ft I_J_ ) [--] Nm 
Nm to Ft. Nm [R---liFJ /£-.£- Ft. 
Frpo tn Wrlvplpnath MH7 I J~J [=A-~l Meters 
Wavelength to Frequency Meters IRIS I r -f l 

[i-J [ I MHz 
PRF to PRI PPS L_ f- J [J--=-J llsec. 
PRI to PRF llsec. iRIS II 10--1 

[-IiJ I ) PPS 
Time to dis. LT. Trav. llsec. []n~] LLJ Meters 
Dis. LT. Trav. to Time Meters [-RIS llRT~l 

Ic=] L __ J llsec. 
Time to Radar Range llsec. lBIN] [~5] Nm 
Radar Range to Time Nm lR/s I [RIiJ 

1-n~J I I llsec. 
Statute M. to Nm Sm [RfN:J l E I Nm 
Nm to statute M. Nm [-R/sliRTN I 

[:JJ l I Sm 
L= --I [ J 

NOTE· OncE' initialized conversions mav be 1----1 r- J 

"'oV'f"nV'mori ; n ::0 nv e::onllonro rloe:: ; Y'tlrl 
[ J L ____ J 

"" [ I [-=-_-=J 
r --I [ - -I 
1--- I [ J 
I J [ ) 

r I [- ___ I 
[ Il I 
[ I L ____ l 
I I [ -- --1 

I ) I J 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

8Bl *LBL6 "j., BB Conversion Operation B57 
, c.J 

-62 BB2 pry 1 r 23 B2 . .b Test for Reverse B58 7 87 B83 1.····X 52 
B59 9 B9 B84 .:.~ -35 End of Conversion 86B GTOB -:1-::' 88 RTN 24 .:...:.. BBS 
B61 .LBU, 21 16 12 BB6 SF2 16 2i 11':' Set for Reverse 862 CF2 16 ..-,.-. 82 PRF +-+ PRI 51 LL 887 R·'C 0" ..,' 

86.3 1/\:' 5r
• *LBLH 21 11 c. 888 

864 EEX -23 889 Pi 16-24 
865 6 B6 81e ; 81 J 
866 (;T08 -:1-::' 8B B8 ~~ Bl1 8 Deg+-+Rad. 867 .LBU 21 16 14 B12 tl B8 
868 -62 813 - -24 
869 8 88 Time +-+ Radar Range 814 bTOe '-,·i 811 I 

;;.:: 
878 8 88 815 *LBLB 21 12 I 871 e 88 F2? 16 .,7 82 i B16 ~ ... ' 872 8 B8 317 SFI 16 21 81 
873 9 89 FE' 16 ,,- 81 1318 c.~ 
874 (;TOB "r. 88 16 21 82 Deg +-+ Mi 1 Rad c.c. 815 SF2 
875 *LBLe 21 16 15 B2B EEX -23 
876 -62 Sm +-+ Nm 821 "1 83 . 

~, 8-- 8 88 ' .' FI? 16 23 til f f 8?? 
878 6 86 5'-323 I .... !\:' c. 
879 8 B8 -r 824 ).~. -~,.I 

888 6 B6 825 eFl 16 22 81 
881 bTOB 22 88 826 (;TOA 22 ii 
882 R.·-"5 51 827 *LBte "<i 13 C.1 

B28 f 81 • Nm +-+ Km B?Q -62 --' · 83B 8 B8 
831 r 85 .' 
332 2 B2 
B33 /;TOe ....... -. 86 La:. 

834 *LBLD 21 14 090 

I 835 · -62 I Ft +-+ Meters 
I 836 "1 83 " 

B37 11 Be 
838 4 B4 
839 8 88 
848 bT08 '-,0-, 88 c.c. 
841 *LBLE .~ , 'r c.J J ~. 

842 1 til 
843 6 136 Ft +-+ Nm 
844 4 84 100 

345 5 135 
846 EEl,' -23 
B47 CHS -i'-' 

-~a:. 

848 7 87 
B49 bTOe '-,.-, 88 La: 

B5B *LBLc .. ". 16 ii Freq +-+ Wavelength LJ 

851 CF2 16 22 82 
852 1····X 52 
853 .LBLe 21 16 13 
854 .~ 82 110 L 

LT. 855 9 83 rime +-+ Di s. Trav 
856 9 8':; 

LABELS FLAGS SET STATUS 
A B C D E 0 

FLAGS TRIG DISP 

bUsed c Used d Used e Used 1 Used ON OFF a Used 
0 0 ~ DEG ~ FIX !Xl 

1 2 3 4 2 Reverse 1 0 [j) GRAD 0 SCI 0 0 

2 0 1211 RAD 0 ENG 0 
5 6 7 8 9 3 

3 0 ~ n-'---
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Program Deseripfion I 
Program Title Tel evi s i on Antenna Length and Channel Frequency 

Contributor's Name Hewl ett- Packard 
Address 1000 N. E. Circle Blvd. 

City Corvall is State Oregon Zip Code 97330 

Program Description, Equations, Variables Computes TV Channel frequency using the following: 

(2~N~4) f= 6N + 45 (5~N~6) f= 6(N - 5) + 79 

(7sN5J3) f= 6(N - 7) +177 (14~~3) f= 6(N - 14) + 473 

(frequency f may be entered without use of above formulae) 
Program then computes antenna length length (wave length) using: 
w = c/f 2nd, 3rd, ... nth best lengths determined by successively halving 

previous length, to produce ~ wave, ~ wave, 1/8 wave, etc. 
Converts back and forth between inches and meters using constant 0.0254 

N = TV Channel Number (2 thru 83) 

w wavelength 
c = 299.8 meters per microsecond 
f = frequency in cycles per microsecond - frequency in megahertz 

Operating Limits and Warnings TV Channe 1 frequency computed is approximate mi d-channe 1. 
For other uses where lower edge of band is desired, subtract 3 MHz from the 
frequency produced; for programming, subtract 3 from the added constants in 
the TV Channel frequency formulae above. 

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) 

t L .~ 

CONNECT~D I~ ________________ ~ ____ ~ 
~~------------------- .~ 

NOT 

TWISTED TOGETHER 

'" ~ TV ANTENNA 

TWISTED TOGETHER 
TERMINALS 

Use ordinary lead-in (flat) wire. Twist wire together as indicated above after 
cutting as shown. Connect to TV set antenna terminals. Adjust direction of the 
antenna for the best picture. Leave gap at the top, as shown. Tape bare wires. 

Sample Problem(s) 

(1) Find the antenna length in meters for TV Channel 27. 

(2) Find the antenna length in inches for a frequency of 30 MHz. 

(3) Find the TV Channel Frequency for channel 56. 

(4) Find the best antenna length under 1.2 meters for 37.5 MHz. 

Solution(s) (1) 27 [A] -+ 0.54 (meters) 
(2 ) 30 [E] [B] -+ 393.44 (inches) 
(3 ) 56 [A] [D] -+ 725.00 (MHz) 
(4 ) 37.5 [E] -+ 7.99, [R/S] -+ 4.00, [R/S] -+ 2.00, [R/S] -+ 1.00 (meters) 

Reference(s) This program is a translation of the HP-65 User's Library program 
#32l3A submitted by William A. Sholar. 
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TV ANTENNA LENGTH 

TV # M+IN IN -+ M FREQ MHz 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1. Enter program CJCJ 
l~C::=1 

2. Input TV Channel (?-~~, LLJ r· I Meters 
I 

1- I [ I or 
2a. Input Frequency Mlob I_E_ I [ _J Meters 

l Jf -] 

3. (Optional) If indicated length is too lonG for 
[ -- JI -J 

room. etc. determine next best lpnot.h R!J. [ RLsJ [ J Meters 
(Repeat 3 necessary) 

v 

[ - ll~ [ as 
I=- Il_'::'~~J 

4. (Optional) Convert [ --J [--] 
(Meters) to inches [-B_li-J Inches 

r-__ J [~ J 
5. (Optional) Convert l--- I r -:"'.1 

(Tnchpc;) tn mptprc:: l.1~-] l ---J Meters 
r J [ __ -] 

6. (Optional) Recall Calculated TV Freauencv (or l_~- I [ __ -] 
input frequency) [-n=.J r-~ MI-l7 

[.~ [ ----:J 
[ _______ I r -- ____ J 

For new case 00 to step 2 [ .. --~ L_-] 
[- ... _J C .J 
[_.1 r _=.J 
[- ~J L __ -l 
r_~J C-=-J r- -] [-J 

---- -

[- ~JC I 
r JC ] 
[ _____ J l- J 
[_-1 [_--_J 
[ 

--

- I [~=_J 
I . _J L -___ I 
l ._j r-_J 

LABELS I ll=~ 
ACH#-+MHz B M+in C ; n-+M D Freq. EMHz-+ANT [ 1 [ __ .1 
a b c d e [ l [ _.1 
0 

2-6 
1 

?-11 
2 

'>-h 3 112 4 1 -1 r':=J 
5 6 7 8 9 I II 

__ J 

I I l -] 



o 

80 

A 

971)rc'~ram I~ls.ln~ I 61 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

--~~~--------~----~----~~~~~~~~~~~~----~~~~--~ ~B1 l:"BL';; 21 11 ,:5"7 -62 I 

[82 ST05 35 85 Input TV Channel ~5E' e B8 
:~? 
.;i@J .;:, 
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NOTES 



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 

Games 

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 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 



ANTENNAS 

These programs will be of interest to both amateur radio operators and 
professional radar system designers_ 

LOADED VERTICAL ANTENNAS 

LOADED DIPOLE ANTENNAS 

GAIN OF A HORIZONTAL RHOMBIC ANTENNA AT ZERO 
AZIMUTH 

AZIMUTH PATTERN OF CYLINDRICAL ARRAY OF ANTENNAS 

COLINEAR ANTENNA GAIN AND PATTERN 

BEAM PATTERN FOR UNIFORM ARRAY 

RADAR ANTENNA BEAMWIDTH AND GAIN 

ANTENNAS 

PARABOLIC ANTENNA CALCULATIONS 

RF PATH LOSS, dB 

ANTENNA GAIN OR POWER OF A REMOTE TRANSMITTER 

PLANAR PHASED ARRAY RADAR BEAM POSITIONS 

RADAR PARAMETER UNIT CONVERSIONS 

(TELEVISION) ANTENNA LENGTH AND CHANNEL FREQUENCY 
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