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INTRODUCTION

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

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

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

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description Il page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-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 Desecription 1

-
Program Title _ Black Body Thermal Radiation

Contributor's Name Hewlett-Packard

Address i ] 000 N . E . C] rC] e B] Vd o e -
City Corvallis State Oregon Zip Code 97330
\_
4 N

Program Description, Equations, Variables
Bodies with finite temperatures emit thermal radlatxon The hlgher
the absolute temperature, the more thermal radiation emitted. T
Bodies which emit the maximum passible amount of energy at every
wavelength for a specified temperature are said to be black bodies.
While black bodies do not actually exist in nature, many surfaces
may be assumed to be black for engineering considerations.

Amax,
/
Black body / ST.»
monochromatic /" Amax Ti>T2>Ty
emissive power 2
[/ Amax, \ \

Wavelength, microns (continued
Fi .
e 1 next page)
Operating Limits and Warnings R R I S
A minute or more may be requ1red to obta1n Eh,n ,yor E. .. . since the
U\U ZAY ] W\I\ l "A I

integration is numerical.

Sources differ on values for constants. Thls could _yield small discrepancies
_between published tables and program outputs.

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.




Figure 1 1is a representation of black body thermal emission as a function of
wavelength. Note that as temperature increases, the area under the curves (total
emissive power Eb(O-m)) increases. Also note htat the wavelength of maximum
emissive power Amax shifts to the left as temperature increases.

This program calculates the wavelength of maximum emissive power for a given
temperature, the temperature for which a given wavelength would be the
wavelength of maximum emissive power, the total emissive power over all
wavelengths, the emissive power at a particlular wavelength, the emissive
power form zero to a specified wavelength, and the emissive power between
specified wavelengths.

Equations:

A T =

c
max Amax 3

Eb(o_m) = 0T4

2me,

A\S (ecz/}\T_ 1)

A
Epo-n = f Epa da

o

o ke,
-— 3
=2mc, Z ~T/key e TA 'i(%.) + 3T

k=1

2
NYEALWERL
A kC2 kCz

Ebr, -7,) = Eb(o-1,) = Eb(o-1,)

Epa =



where

Amax is the wavelength of maximum emissivity in microns;
T is the absolute temperature in °R or K;
Ep-y is the total emissive power in Btu/hr-ft?> or Watts/cm?;
Epa is the emissive power at A in Btu/hr-ft>-um or Watts/
cm?-um;
Ep(o-») is the emissive power for wavelengths less than X in Btu/
hr-ft? or Watts/cm?;

Ep@, -a,) is the emissive power for wavelengths between A; and A,
in Btu/hr-ft> or Watts/cm?.

c; = 1.8887982 x 107 Btu-um® /hr-ft?
=5.9544 x 10® Wum® /cm?

c; =2.58984 x 10% um-°R = 1.4388 x 10* um-K
c3=5.216 x 10® um-°R = 2.8978 x 10> um-K

0=1.713 x 10~ Btu/hr-ft2.°R* = 5.6693 x 10~ !?
W/cm?2-K*

Oexp = 1.731 x 107° Btu/hr-ft>.°R* =5.729 x 107'2
W/em?-K*



Program Deseription 11

—

Sketch(es)

SR S —

Sample Problem(s) _Example 1: ] I
__What percentage of the radiant output of a 1amp is in the visible range (O 4

~_to 0.7 microns) if the filament of the lamp is assumed to be a black body
at 2400 K? What is the percentage at 2500 K?

—Keystrokes: DR Outputs: o a4
) P— O - 5.669 x 10712 W/cm®-K
2400 [A] .4 [B] .7 [f] [£1 ch [:] 100 [x]=mmm=mmm- S 2.641%
2500 [A] .7 [f] [E] [C] [+] 100 [x]---ﬂ--:,f,--::_Tt, 3.337%
__xgmple Z

If the human eye was designed to work most efficinetly is sunlight and the _

visible spectrum runs from about 0.4 to 0.7 microns, what is the sun's
___temperature in degrees Rankine? Assume that the sun is a black body. Using

the temperature calculated, find the fraction of the sun's total emissive

power which falls in the visible range. Find the percentage of the sun's

____radiation which has a wavelength less than 0.4 microns.

——Keystrokes:———— Outputs:

B I > 1.713 x 1072 Btu/hr-ft2-°R?
——FCompute-mean—of visible range. — —
S I B I 5 A -1-7 W BIVER i S
——FGompute-temperature of sun. - e e

[B] mmmmmmmeemmmemmmmemmemeemm—> 9,484 x 103 °R
- (continued) B B S -
rl-'#eference(s) S S . S T

Robert Siegel and John R. Howell, Thermal Radiation Heat Transfer,
Volume 1, National Aeronautics and Space Administration, 1968.




Compute percentage of power in visible range.

[A] .4 [B].7@8) [C] [+] 100 [x]------mmmmmmmmmm- > 33.70 x 100 %
Compute percentage of power under 0.4 microns.

[E] [€] [+] 100 [x]--===mmmmmmmmmmmmmmmmmccmemeeeeo > 8.433%



User Instructions

Black Body Thermal Radiation

OUTPUT
INSTRUCTIONS DA'TNA‘,’SJ,TS DATA/UNITS

Load side 1 and side 2.

Store constants: g
For English units (Btu, ym, hr, ft, °R) 1-713x10]2
For SI units (W, um, cm, K) 5.669x10

For experimental Stefan-Boltzman constant 9

instead of theoretical value press 1;731X]0

5,729x10'2

Calculate any or all of the following (T and

A need only be input once):

Calculate A __ for a given T; T Amax
mdX
Calculate T such that A is A__ for T; A T(pax)
Calculate total emissive power; T Eb(O \
Calculate the emissive power at X; T Amax
X =
Calculate the emissive power between zero
and 2, T >‘n‘@.;(
! Epo-x)
Calculate the emissive power between i
and 1'. T Mmax
A T(Am:-n()
A Eh(x_)'\

For a new case, go to steps 2, 3, or 4.




g7Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS !
BE! ¥ BL:. i 15 1i gs7 < 5
gé: 5 Store English g‘:i . 'gi
13 b & 208 )
P4 : gz | constants. peo £ a6
S g g el a 3%
Bas - a7 BE2 z 83
geT z @s pEI  EEY -23
Bas g s B64  CHS -22
a0 = az BES ! a1
g18 570 T a1 BEE 2 az
Bil 2 3z BT STC4 35 @4
B2 g @5 BEE  RTH 2 O
@:3 z ag P69 #iBLc 21 16 13 Convert to exper-
B14 3 as e ! a1 imental o
15 z 05 BTl ) -62 .
Bl ) -2 172 2 ae
7 4 @ 72 ; al
g18  §Toz is &z g74 ] ae
g1 < as 7S = 85
B2 z 6z g7€  STr4 35-35 44
- 4 =« - T ~ j | TTTTTETEssssssssssS
g:é : Z: 78 Rg.;; 36 gq Store T and cal-
g27  ST0T 35 &3 @79  xLBLA 21 11 culate A -
124 ] -52 pe@  ST0S 75 a5
@25 ! &1 BS1  RCOLI 35 a3
BZE 7 &7 g2 X2y -4]
27 : i pa3 3 -24
28 z a3 884  FTN 24
220 ! ai P85 XLBLE 21 12 |=mmmmmmmmmmmmmmoee-
630 : bz PeE  STOE 35 @5 |Store A and calcu-
871 EEY -23 pe7  RCLI 35 83 late T for which
372 rys -2 poE way -4] A would be )‘max'
£33 £ a8 poa : -24
174 ST04 35 @4 ge@  RTN 24 |
s RIS 24 pa1  xLBLC Z1 13
BIE WLBLE 21 16 12 | —-mmmmmme—m———————- paz koLt 36 95 |cateulate By .
pzv s a5 Store SI constants. ez ¥z 53
78 a a5 a4 ye 53
179 g a3 pas  RCL4 36 94
40 4 a4 pag ¥ -35
pai ) -6 pa7  FTH 24
g4z 4 @4 pags  xLBLD 2114 |
g43 ST 35 ai P99 RCL! 36 ai
p44 : Gl 168 ENT? _zy Calculate Ep,.
£45 g 4 101 + -55
845 z 53 18z Pi 16-24
847 = as 183 ¥ -35
48 g ag 164  RCLE 36 @6
P49 STOZ a5 az 185 g as
g5a 2 az 18¢ §o a
3 g ag 187 3 -24
g52 o as 188 RCL? 36 az
53 7 H 189 RCLE 36 86
54 ) -5 11 3 -24
Bss 2 g 111 RCLS 36 a5
gss  STOZ 5 @3 12 z -24
REGISTERS
0 1 2 3 4 5 6 , 7 8 9
by Cq C Co o T X, A sum ke, /T
SO Si S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I




5 G Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
112 e’ 33 169  xz77 16-35
114 ! @1 S 2z 81
15 - -4 171 Ri -3i
116 2 -z 172 oLy -51
117 RTN 24 |mTToTmmmmmommooeees 173 RCLT 36 a7
11e «LBLE 2115 Calculate By . 174 ERNT® -2
112 & aé e + =g
126 STOS 35 a5 Y, i (6-24
121 sTO7 35 &7 177 - 3%
122 xLBL! 21 @i 178 prL1 36 ai
123 Ry -31 179 ¥ -35
124 CLY -51 199 BTN 24 |
125  RCLE 36 88 o1 xLELe 21 1 15
126 RCLZ 26 o2 isé i o o |Caleulate By,
127 RCLS 26 a5 183 ENT* -Z1
128 : -24 184  GSPE 23 15
129 - 43 185 K2 -41
138 ST08 I5 es 186  RCLE 36 @6
131 J 63 187 8708 35 o
132 xay -41 2g Ri -3i
123 N -z4 123 STOE 35 @c
134 RCLE 36 @6 198 GSBE 23 15
135 ye 53 191 - -45
135 % -24 192 ABS 16 31
137 LSTY 16-63 193 RCLS 36 @@
138 1s% 9z 194  STOE 75 @6
139 RCLE J6 Bé 195 =3 -3i
14€ B -4 196 RTH 24
141 - S 2 N e S E— U
142 € a6
147 RCLE 36 @6
144 < -24 200
145  RCLE 36 as
146 e 53
147 z -24
148 - -45
149 £ a6
158 RCLS 35 a8
151 xz 53
152 z -24
153  ECLE 36 @5
154 = -24 210
155 + -55
156 RCLE 3¢ a5
157  FCLE 76 @6
158 2 -24
159 a¥ 33
169 ¥ -35
161  RCLE 36 88
162 z -24
163 ST+7 35-55 &7
164 RCLT 36 67 220
165 z -24
166  EEX e x I
167  CHZ -z2 |
168 g a5 |
LABELS FLAGS SET STATUS
A B C D E 0
T->) AT IPE Ay >E, > E /n 2y FLAGS TRIG DISP
a MUA b MUA c IJ\U ] d L= AN e U\V—I\I 1 ON OFF
oEnq SI Exp o - A'+E.,(,A " o O “ DEG [ Fx O
1 4 e "12 10 GRAD scl O
- - Ep(o-a) , - - > O &) RAD O EN%@/
3 0 & n




Program Deseription 1

[(Program Tite B.lact ﬁ/&éx Wm B —

Contributor’s Name /</ (,aéoé N .;__;_
Address /3 / Y O )&/ #\50 /

fiw Bgz&b@ state (A ZipCode 74709

( N

Program Description, Equations, Variables

Q@ blach Aol &fmaao () rarmo Aao Mm%\d«.&z
Naeliwo (Z&,o)m ng)m “ o

/&o';

L= ), 579986 955 %00 wkbre G

WWW Conalant.and & o W?/%&’
MW@%@M% L) snaecondts io Wz,

f.L M QO 239 - - o
e /0 /;7 ” e

M& 2, 599 3%esaxo>!

Operating Limits and Warnings M WW MM cgp
Unolsflowr Scewns for Aa M< 6.734066393 X0 "
£L

®/wr7/£9uf eCouls K ke m< |. 00000000 ixeo
/90 ' MY LI5S 3Y%s0 033
/N Ro>/ 4547856854307 %

J

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

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

\_ 7/
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Program Deseription 11

r - : ~N\
Sketch(es)

\_ : .
( )

Sample Problem(s)

)T dens Hava maso /. 99 X/oﬁpgw. WA croelds e 2o

Lo naolis, and @ Llach

2) WAMWJ@W 6,/“@)(/0/0647@.1&%)/
w%m%ﬁ)w ? Jnd 11 B Loz aZions?

Solution(s) /) /: 77 @ 33 @ =7 /. 590 X /033
@~ ->2.955) x,0° R
Bl --7 5 0251 X565 k
-2 7.8006 x/0" T

O
> 6.7660 X/O/
2 Y6867 Xp0%° M
> 2./336xm"° K

2)  6.94 (EEX]) /0

g
A
0)
(8]

\_ J
[ Reference (s) //m«»a‘) M arlon MM w/,&#} N YVorss,)




User Instruetions K
Z, m
STEP INSTRUCTIONS b A'T'f/’l‘,’;”s KEYS b STTIS:LS

/- | Enkr gresart I
a4 ]

2. Enler a0 m Y . m
(I

oL &@m%ﬂMﬁMu Rs l A H ]] As

v GmporaZine. K { B { !} A

v Lfelime, £ el 1 [ 2o
R4 T

3. (’anw/ WD madnd {;D H ]] m

v deduwargedla 2actius {LJH[ Jl Ra

ov Ermperalic e s

ou_ 4t dome {CHJ Ze
For aalfforert 1-010dd, 6753 [ I’:j
Fma,méuy@a /4—9'445’.24 {H}
i ] o fais ziariall Rl
Woto: 4 auwr vabue sndozeo! } H J]
Zx,w%A b v K oo e { J}l[ J]
Al Mo s ey (5 b ; } ll %
o loslnled. } | % {%
BRI
| I ]
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STEP

67 Program Listing I

KEY ENTRY KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

001 LBl Al as )] Loduwa ?4/&&/ b oY) 26
A F2 3135171 o3 Caolud z A5 .52 m-——%
G1e O 22 O =+ g1
/ ol 060 StTe.3 3303
P ¥3 Res | 34 o)
</ o Re- L RTN 3522 - - - = — —-
5 o8 s= liLFﬂiz?;g/ 3125173 me
o9l M- 20 3y 71 23
9 09 L 8STX/D &yor o 22 00 -28
010 2 o /. 46475 FEX 493 é,;/r’ﬁ /O
A 06 CHS 92
£ o s 3
o8
Y of 070 RCL3 3903
EEX 43 Eatt 41
2 o 3 [OF)
c:?/ ?/y {%;% 315 63
S 2 71
R)C(L 3 39 03 %‘7’2&2}1} 33 62
020 71 7 3522
\zro* o 33 00 14/;42 31 25 00 cg/uﬂgﬁ“/w
LT 39 2 o e 33 02 Z cm,aali" g
LLBL 0 |3 25 00 G?QWWLy EEX 43 Zw’)ﬂtaﬂ”
Rwredle) 33 ool V4, W 080 2 02
A 06 & MAso e Of
. g3] 7“ X U ;=37 0>
7 07 m= 193% 3523 M=)ty e
3 03 T e ' : 2
B4 oY R$'°'7340$<e/3::?7 Ay™* 35 43
030 o 0o S¥e3 33 ¢
A 06| 2ol 2| 39Yp2
6 1Y) A rTN 3522 . — -
3 o3 L ALRLD 3] 25 19| 7 aao
z oY 090 A F13 35 ) 03 o
oY Gyre o LA OO wwrralie g
EEX 43 Rei 3 394 13 J{WW
2 02 27N | 35 22] 47
)% a7 L/;’L(g) 3/ 2500 &%/
71 STor 3303 ol 20,
040 Srer 3 33 02 A /;“7'/\} A5 22
ROL O 3Y 00 R/s X9
A RTA) 3523 __ _ - _] > | e laz 0-4
LBL BI31 98 12] Topgporalin. < az0 ‘9[%
£ 31354 71 03 % 100 l 0_7 meale
Gy o 22 00l K= /p //;7 DI
iEX 43 () -SDC'—Z
02 Y
é Db sl aNe 4444/45
RCL 3 34 03 v
050 =+ l ; 5/ Labelo waed:
A RTN 3522 J 2%
LB2 031 25 00 cg/Mua’/uaZAV
STOIl 33 0i] W compnte 110
A oa] 7YX
REGISTERS
0 R,o 1 K 2 tL 3 m 4 5 6 7 8 9

S3 S4

S5

S6

S7

S8 S9

D
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Program Desecription |

Contributor’s Name Ctein o o
298 Vista Grande
Address ) .
City Daly City _ State Ca_ Zip Code Q4014
\_

s )
Program Description, Equations, Variables This program provides relativistic conver-
sions between the following quantities: rest mass (m ); velocity

(v, in units of e=1); energy (E), and mementum (P). Given any two ———
it is possible to find the two unknowns by the following equations:

(I)-- E= m/SQRT(1-v2) // (II)-- E=SQRT(P*+m%) // (I11)-- E=P/v
(IV)-- P=vE // (V)-- P=SQRT(E°-m?) // (VI)-- v=P/E // (VII) m=SQRT(E’-P?)

Data may be entered in any order and recalled at any time. The program
scans the registers and, after determining if there is enough data to
solve for the unknown, selects the appropriate subset of equations+—
If insufficient data , then. the program displays Error. The following
selection patterns are used:

TO FIND: s m P
GIVEN: Wy B vy, B v,m - v,E ———
_use V,VI use IV,VII use I ~use IV
m, P- L/ B 5P e -
use II, VI wuse III VII use III ) use I, IV -
—E,P - E,P — myP i - myE
use VI use VII use 1T B use A"

Because of the complexity of this program, a --chart-is provided
on the next page which diagrams the access patterns used by each
labeled subsection. Boxes are used to represent direct jumps,

—and circles represent subroutine calls. The user is advised to
review this carefully before modifying this program.

Operating Limits and Warnings _— S
all data must be p081t1ve. Veloc1ty must be
‘less than 1. ERROR message will be displayed if a real solution
does not exist or the input data is outside these-limits, ———

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

\. v,
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ggram Deseription 11

(¢
Special Relat1v1

ﬁ\

Sketch(es)

S = = ‘ - | =

E Pl B
i 2 pfc] 7] —e—0
WOk 8 T oPld
O—ID)

\_
4

Sample Problem(s)
1) Find the velocity and momentum of an electron (m=.511 MeV)
with a total energy of 1.0 MeV.

2) Given an E of 500 MeV and a P of 498 MeV/c, what is the
particle's mass and velocity.

3) At .9c, and electron has an energy of 1.1723 MeV, Flnd
its rest mass and momentum.

L) An electron is traveling at .3c. Find its momentum and energy.

Solution(s) )
A, .511, C, 1, D, B, v=.8596c; E, P=.8596MeV/c.
'2) A, 500, D, 498, E, B, v=.996c; C, m= 4k, 6766NeV
3) A, .9, B, 1.1723, D, C, m=.511MeV; E, P=1.0551NeV/c
L) A, .3, B, .511, C, D, E=.5357MeV; E, P=.1607 MeV/c
-

~
Reference (s) HP-65 library program #308 by this author.
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SCr Instruetons
1 SPECIAL RELATIVITY CONVERSIONS z}
VELOCITY MASS ENERGY MOMENTUM
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Ioad Side one of card ]
2 Reset registers | ===—-- | A
3 TO ENTER A VARIABIE: || |
velocity v B ]| B v
mass m | € || | m
energy E [ D 11 ] E
momentum P [E || ] P
I
L TO FIND A VARTABLES VALUE: [ [ ]
velocity none [ B[ ] v
mass none [ C0 ] m
energy none [ D 1 ] E
momentum none | E [ ] P
I
GO TO STEP 2 FOR EACH NEW SET OF I
KNOWN VARIABLES ]
I
I
.
LI
I
I ]
L]
-
.
['7,'7ff] [fi,:fj]
I
FLAGS SET STATUS |
0 ----- FLAGS TRIG DISP
T ON OFF
o0 W| DEG ® | FIX ®
2 ______ 10 ®| GRADO | sci O
RAD O | ENG O
3 data? 2 E] ?.f n_%
LABELS
Areset [Relocity [© mass [Penergy [momentum
R —— bstore'x' [*0'error|®eq.V, VII|® —===--
01 or #2|'find v;ml|%eq.V, VII RT1-xYy) |¥ind m;V
S 6 eq.II |["eq.VI [RBT1-v<) [¥ind P;¥
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
%[ *LBI, A [31 25 11| RESET *LBL 8 |31 25 08
CLBEG 31 43 X6y 35 52 "
F 3 35 o3y __lasin 32 62 SQRT(1-v2)
R/S 84 cos 31 63
*TLBL B 31 25 12 FIND/STORE \A 81 .
1 01 RTN 35 o2 |&d.1 gives F
GSB 0|31 22 oo|Store new v ¥IBL E |31 25 15| FIND/STORE P
RCL 2 34 02 m . I ol
x=02 |31 51 if m 1s unknown GSB 0 31 22 00| store new P
010 GTO 1 22 01 Ehen go to 1 x=07 3151 if v is unknown
RCL 3 03 GT 2 09 .
A>Tt 1 |if E.,m are known RCL 515092 f?ea’%okﬁng,
GTO 3 |22 03 then go to 3 X707 J1 61 then eq.I gives
GSB 6 |31 22 0é]eq.lI gives B Joo |GSB 8 31 22 08| g,
ENTER 41 | __ RCL 3 34 03 If R, contains
*LBL 7 |31 25 07 x=07 31 51 E(i.8.#0), then
R ¥ 35 53 R v 35 53 this takes prior
RCL 4 [34 ok g RCL 1 3? 01 ity.
Xy 35 52 X 7 .
020 81 eq. VI gives v ¥LBL ¢ |32 25 13 4.7 glves I __
TQ_c 22 31 13]|check out P x=0% 31 51 if variable or
LBL C [31 25 13| FIND/STORE m / 81 result is not
2 02 RTN 35 22 legitimate,end.
GSB 0 |31 22 00 ?go?e.new m 80 [*IBL 0 |31 25 00]|check/store'x"
x=07 |31 51 1f v 18 unkﬂown ST 1 35 33 |store (1)
GTO L |22 o4 | then go to F? 3 35 71 _03]if data has been
RCL 3 [3L4 03 E ) GTO b 22 31 12]entered,go to b
X 71 eq.IV gives P RCL(i) |34 24 check contents
LST x |35 82 E i 0?2 31 61 of register'x'
030 X£0°? 31 61 if E is known, R/S 84 and display if
GTO 2 |22 02 go to 2 RCL 1 3L 01 good. Otherwise
RCL 4 |34 ok P RTN 35 22 RCL v_and return
ENTER |41 *IBL b |32 25 12| STORE NEW "x"
ENTER |41 o0 RV _ 35 53 in register defi
RCL 1 |34 01 v STO(i) |33 24 ned by (i)
181 eq.III gives E__ R/S 8l
*LBL 2 |31 25 021764,V or VII *LBL 1 |31 25 O1| FIND v;m UNKNOWN
EN$ER g% - RCL 3 Zh 03 E
R ENTER 1
040 GSB 3|31 22 03 SQRT(x2-y2) CTO 7 22 07 eq.VI gives v
R 4 35 5L ) *1,BL L 31 25 o] FIND m;v UNKNOWN
X 71 eq.VII gives m RCL 4 34 oL P
GTO ¢ 22 31 13]|check for valid GTO d 22 31 14|80 to d
*LBL 3 |31 25 03] results 100 *LBL 6 31 25 06]EQ. IT
/ 81 find RCL 2 3L 02 m
asin 32 62 SQRT(1+~y2/x?) GSB ¢ 32 22 13|check validity
cos 31 63 RCL L 34 ob P o
RTN 35 22 GSB ¢ 32 22 13|check validiy
#*TBL, D |31 25 14| FIND/STORE E R+P 32 72 E=SQRT(m“+P?2)
050 3 03 RTN 35 22
GSB 0 |31 22 00| store new E #TBI, 9 |31 25 09| FIND P:v_UNKNOWN
X=g?6 2% 5% if v is unknown R%%de %g 8% T L
GT 0 6. TTTTS
R“gq? 2$ 23 f?eg ggstanknown 5 Gg% g zi g% 1 EheCk validity
Y=
10 7 [Pz Q7 | hen g0 o 7. GT0 222 02 __lea.V orVII
REGISTERS
0 elocity® mass [|energy |thomentum|® 6 ’ 8 9

SO

S1

S2

S3 S4

S5

S8 S9

D

used
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Program Desecription 1

4 . . . . .
Program Title Three Dimensional Special Relativity -

Contributor’s Name William C. Wickes I

Address Princeton University, Department of Physics e —
City Princeton State N.d. ZipCode (08540

_
)
rProgram Description, Equations, Variables
1. Given the components of any 4-yector, in particular -
x™M= (x',y',z',ct') or pM= (p'*,p"Y,p'%,E"), calculate the components x ™ or
p" in a frame in which the original frame is moving with velocity — - —
g = (8%,8",8%,). B
3 = momentum o
E = total energy o
B=V/c V= velocity R
2. For any B, calculate the time-dilation/length contraction factor v .
3. For a 4-vector AxM connecting any two space-time events, calculate the
invariant interval cAT. R
Formulae: N 51 — T
BX = ax' o+ BL(v-1) B+ yeat'] B = 1Bl = [g%p 4g7 ] 12
At = y(t + B-X/c2) 16X1 = [axzay2az21V2
y = [1-p2171/2 c?AT? = c2At2- IAKIZ

The coordinate frames are assumed to be synchronized so that the event {0,0,0,;0)
has the same coordinates in both frames.

Operating Limits and Warnings For a spacelike interval, c?At*<0, the calculator will
display " - lcatl”

~

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

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

L D
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Program Desecription 11

Sketch(es)

\

~
Sample Problem(s) An observer moving relative to the Earth with velocity 8=(.4,.5,.6)

measures the coordinates of an event as x'" = (1,2,3,4).
a) Give the coordinates relative to the Earth frame.
b) What is the interval between the event and the origin (0,0,0,0)

Solution(s)  (If necessary) Set dimensions = 3: 3[E] -------------- 3.00
Enter B: .4[4] .5[*] .6[A] -=-mcmmmmmm- _ggxkx 1B

2.09 Y

Enter x'M: 1[4] 2[+] 3[+] 4[B] -------- .00 x'

Calculate_ cAt )1 [ —— 1.41  cAr

Calculate x*: (o) [—— 15.01%%* t

10.71%** z

8.43%%% y

\— 6. 14%*% x

-

Reference(s) Y-D. Jackson, Classical Electrodynamics (J. Wiley & Sons, NY 1962)




User Instruetions *
3-Dimensional Special Relativity
H cAT
STEP INSTRUCTIONS DATAIUNITS KEYS A
1.] Set number space dimensions N 1.2,0r 3 [ ] [I_I N
(default is N=3) I
LI
2.| Enter B (if N=3) X I .
(if N>1) g’ .
B? [ a L ] grrx
L] Y
3.[ Enter x¥, (if N=3) X R
(if N>1) y L+ 0]
z [+ 10 ]
ct L Il ] X
L]
4.| compute x [ C J[ ] [x***(if N=3)
L 1] [y**(if N>1)
I Ry e
L0 ] fet
-~
5.|Compute CAT [—E;J [r;:J + |cat]
Result is positive if _cAt [ ][f;J,
negative if cAT [ _ ] l ]
I
6.]To calculate the speed B corresponding to a |1 ;] [,:]
dilation factor ' Y [—ffl [Q B
(L]
L]
0]
[ I
L1 ]
L]
.
[ 1]
[ 1L ]
L]
I
[ ]
I
[T ]
.
LI ]
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STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 LBL D 31 25 14 LST X 35S B>
rRCL & 34 ob sTO J 33 o)
F?o 35 11 o0 X2y 35 s
P 22 o4 060 £z 35 2 o)
rLL 4 3y O# aTo b 22 06
R —>P 32 72 R+ 3s s4
2 35 21 of| Compute T wi? s70 2 23 02| a
GTOo 4 22 o4 PEY 22 72 !(_3/ .
RcL S 3y o5 8L b 3 25 ob Tt T oo
010 R-=>P 32 72 >0 A 33 )
LBL 4 3125 oy cos™! 32 63 g (\—g=
x* 32 SY| o o — SIN 3 ¢ P
RcL 7 Iy o7 /X 5 &2
X 32 Sy 070 sto B 33 12|
- S| cxr - x> 2ce A 3y |
cHS 42| . __ -x— 31 84| PisPLAY £
X <o 3 7 - - 2y 35 52
SE o 35 51 _o2]| spaceLikE? RTN 35 22| _ _
ABS 35 64 SFo LBL B 3125 2
020 x 3| Sy sro 7 33 o7
F22 35 21 o2 24 35 53
<HS 42| - for sSpPACcELIKE sTo b 33 06 STo >
ey 35 22| o . Ry 35 53| ¢
Lt8La 32 25 () Calcolate /3 080 sSTe 4 33 o4
sTo 8 33, 12 N 35 53
X+ 32 S¢ Frow 570 5 33 05
I/ 35 b2 rTNV 35 22| __ _ _ __ - ——-—-
[ ol LBL C 31 25 13| kLS ™
- 5 GsB e 32 22 IS /x‘z"
030 CcHS 42 ’cL A 3y )
53 31 54 x> 32 sy
sTo A 33 1) -+ 1
RTN 3 22| e 8 34 12
LBLe |32 25 5| T T 7 090 [ ol
ReL 6 06| Cowmpute Bk - s
Rce 3 34 o3 X e 2
x 7l = 2/51 't RrcL 8 34 12
Fo?z 3s 7(__©co é ree 7 34 o7
RT N 3s 22 kd i
040 P -~ 34 o) + A
RcL 4 3y oy STo C 33 13
bed udl 3 o3
+ 61 STo o 33 060 | USE RO As counTER
F2y 3s 11_o) 100 ST I 3s 33
RTA 35 22 LBLO 3l 25 oo | Compute owna
RCL 2 3y o2 REL © 34 oo Comnponent eacdi
rcL 5 34 os ST 35 33 cyele
x 2 rRLL < 3¢ |
+ el rce (1) 34 24
050 TN 3 22| _ . U
8. A 3025 | Coumpute ¥ rC T 3s 34
Sto 3 33 o3 3 o3
Fto 35S oo + 6i
&T0 b 22 o | 110 ST T 3s 33
Iy S s2 cLx x's
RI P 32 12 ’ee (1) 3y 24
REGISTERS
% ceouter Vx4 2 3* S [57 ! 4 >z ® 3 T et ® s
SO S1 S2 S3 S4 I} S5 x! S6 ?‘ S7 ct! S8 S9
A S B 4 c ° E USED
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STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS
+t 6/
pP=s 3 42 170
sto (i) 3y 24
P2s 3 42
2z o2
Fz2o 35 71 _oo| Ore cyce for N=|
sP-0 |33 51 00
120 . 83
5 oS
F2 35 7 _o| | Two cycies for N=2
SsTo — © 3% S| o6
o oo 180
sT T 35 33
psz () 32 33
GTO O 22c00|_ _ _ __ o __
rcL 7 34 o7 Compote ct
Gs8 e 32 22 IS
130 + 6'
egcL B 34 12
bl 11
p=Ss Sl 42
s 7 33 o7 _ _ _ _ _ e
o g 3L B4
ReL & 34 o6
-x= 31 8%
F20 25~ 1 0O
6T S 22 o5
140 RrLCL 4 34 O] DI13PLAY RESOLTS
- %= 3184
F2{ 3y N of
670 S 27 oS
BeL S 34 OF] 200
L8L 5 31 24 OS]
PTS 3 42
RTN 3ss 22|
LBL E 3\ 25 |5
ST I 3s 33
150 aro (1) 22 24| Set appropriaie
L3L | 3125 o©
e 3y 6l o) flmés for N=1,
SEo 3¢ S| oo 2,0r 3
12TN 35 22 210
LBL 2 3l 25 o
CEO 35 61 <O
sei 35 St o)
RTN 35 22
LBL 3 3l 25 o3
160 CEo 3~ &1 oo
CF( 35 61 _O( ]
RTA 35 22
220
LABELS FLAGS SET STATUS
AT By P75 im0 50 P e [F 0 ® w=1 FLAGS TRIG DISP
o | ‘ ’ A | M=2 oD% | oec o | Fx B
0 100 st 2155 3/59 4ou 2 seD 1 0O B | GRAD E}] SSIG g
2 O KB RAD
5145 665 7 8 9 3 ! n_z
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Program Desecription 1

-
Program Title Einsteins Twin Paradox )
Contributor’'s Name David M. Weingold
Address % Synergy Research P.0. Box 372
City Woodmere state N.Y. Zip Code 11598

\_ y,
( )

Program Description, Equations, Variables

The program is arranged to calculate subjective and real time differential
between an observer on Earth and the pilot of a vehicle accelerating near

the speed of light. If you imagine twins at age 21. One becomes an astronaut
and volunteers for the first interstellar flight. He takes off and travels

at a ponderous speed of say 2.994444444%10%*8 meters per second. In this
situation it is accurate enough to call C the speed of 1ight, 3*10**8. The
astronaut travels for what he measures to be a year well past the sun at which
time he fires retro and navigational engines, and turns around and heads

toward Earth; the journey naturally takes another year. He is now 23 years

old but when he steps from the ship his twin is over 37 years old! That over
16 years had passed on Earth. The explanation as to why this happened involves
very complicated non Euclidian geometry and relativistic considerations of
accelerating frame of reference too complicated for this discussion, it
sufficies to say that in the event of tremendous accelerations such as the
turning around of a space cra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>