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Program Title RELATIVITY — INTERCHANGEABLE SOLUTIONS

Contributor's Name _DONALD _ BEATY B

Address X130 QUEEN'S LANE
City SAN _MATEO State _CACIFORNIA_____ ZipCode 34402
o

’ )

Program Description, Equations, Variables TROVIDES INTERCHANGEABLE SOLUTIONS FoR THE BASIC
REWWTIONSHIPS_of £ INSTEIN'S _SPECIAL RELATIVITY . ADDITION ALL\f,,__l_NTERCHANGEABLE SOLUTIONS . FOR___
L =/mc? ARE PROVIDED, VALUES ARE ENTERED AND STORED AUTOMATICALLY BY KEYING THE
ENTRY_ THEN PRESSING A CORRESPONDING. VSER-DEFINEABLE KEY, PRESSING A USER-DEFINERBLE Kiy
VTHOUTT AN IMMEDINTELY - FREVIOUS KEY BOARD ENTRY WILL CAUSE THE CALCULATION OF THE SAECTED
_PARAMETER. AND. JTS AUTOMATIC STORACE FoR RESUSE . ANY OR. ALL VAWES MAM_BE CHANGED __

AN AN SEQUEMCE. TO PERMIT _THE CALCULATION OF CHANGED ANSWERS BRSED IN MOPIFIED ENTRIES.
WHEN _DEDICATED REGISTERS ARE FILLED FRoM._KEBOARD ENTEM OR. INTERNAL CRLCULATIONS  LILL_

_CALCULATE _THE RELATWISTIC HINETIC ENERLY OF /MoVING MASS . e

BV =S PIN =  BV N S e [ S

y=c|-%" - — } S oy L
e N=Cm T — R g L.
T ,0 - ][ [ - c=N ) 1~
T WWERE X = My_on e )_}" X S H, o

X =M orT

~ memTioE et Ym0l aeomemer

Operating Limits and Warnings _V__MuST _NOT_BE €QUAL To .G, \N MUST NoT ROVND INTERNALLY TO EQUALC)
JNTRIES OR._ CALCULATIONS INYOLVING USER-DEFINEABLE KEYS A AND B MmucT ALWAYS BE BASED oN
CONSVGATE_PARAMETERS .o, _/my a0 1o anot, or L awo b (30 Nt mix_mn, avo 4 ox toaiof)

SUNITS  MUST BE CONSASTENT. .. INTERNAL ROUTINE STORES ONLN_ ST VALUE FOR _C

__BE CERmAN To SET FLAG 2 | MMEDIATELY PRIOR. To_ RECORDING CARD!

e - - . e - -)

7
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 RIiSK, 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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Sample Problem(s) 1) A _SPACE snup_TRAYELS AT A ConNsTANT 1347 OF THE SPEED OF LiGHT, REVATIVE To THE SARTH. W HEN THE

SHIFS PASSENGERS WAVE AGED | AR, TRAVELLING AT THIS SPEED oL MUCH. TIME it HAVE ELAPSED FOR FARTH'S W pABITANTS
2) RECALCVLATE PROBLEM 1 BUT. CHANGE_THE SPACE Ships sPEen To 49.99997% OF LICHT sreso

3) AFTER  CALCUMATING THE ANSWER To PRoBLEM MoU WISH To DETERMINE THE TIME THAT ELAPSES oN THe

SPACE SHIP WiLE TRAvEwwS AT 0.919399 ¢ WnE EARTU'S INHABITINTS EXPRIENCE 20 YEARS
4) For N = NANIc  WMAT 13 The vawe of B ((T=E ) T (astume trosian 3 Resuuts i sTomace)

5) THE CREW OF A SPACESHIP MEASURES THEIR SHIP'S LENGTH _AS 200 METRES WHILE TRAVELLING AT 0.939.C AwAy EROM

THE EARTH, _ WHAT 1S _THE LENCTH OF THE SHIP FRom THE_POINT OF VIEW OF AN_ARTH BaUND OBSERVERD

©) THE MASS Of THE SPRCESHIP_IN PROBLEM S. WAS 105 KG WHEN CONSTRUCTIZD .IN_ORBIT AROUND THE ERETH

WHAT WOULD_ITS MASS BE AS ASSESSED BY AN EARTHBOUND OBSERVER , WHEN THE SHIPS VAOUTY RELATIVE To THE_
___EARTH 1S 0.999 ¢ 2

7) AN FLECTRON'S REST MASS 15 9.11 X107 K, WHAT IS THE ENERGY KQUIVALENT OF THIS MASS?

8) WHMAT 1S THE MASS EQUIVALENT 0F 1.5 X 10~ ' Joutes 2

Solution(s) 1.9.11 (€] x K1 1 & B} —r 7.0828120/5 00 yeirs
1) 0.49931% (€] (€] JB]_—* 107107814 02 yenes
3) 20 [(BI[Al —> 2.828437134 ~02-—» 0% —> L.4192135(2 ~03 years
4) Fj [e) —r LL41421366¢2 -03
5) [El «999 x (€] 200 BI[A} —>B.942036010 meTres

) .33 El x[c]JEex] 81K [B] —> 2.236L270%2 07 KiockAms
7) a. [Eex[cas] 31 FJEa] —> 8.187654580 -4 Jouies
8) L5 [EEX[CS] 10 [SIo\[FIE]—1. 6 8I75104 =27 KiLoGRAMS

. /

=
Reference(s) . COLLEGE PHYSICS” By ERAMKLN MiLLER IR TV® D CHAPTER 1 )
HARCOURT  BRACE _JOVANICH '

\_/'
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0F LIGHT rTHEN STORE. AS V. FoR SUBSEQUENT CALCULATION

C) To CALCULATE THEN DISPLAY THE VALUE of V1-3¢
AFTER /U HAS BEEN ENTERED

D) To REPACE Nomna VAIUE OF C WHEN PREVIOUS ENTRIES

O CALCULATY HAVE € 3

£) To CALCULATE REWTIVISTIC CHMNGE IN_ENERGY_FoR MASY
ACCERATED Ty RELATIVISTIC SPESDS

STEP INSTRUCTIONS DA'T':S;.TS KEYS DI?T':‘JGLI:LS

1_| LOAD CARD _ S\DES ONE AND TWO 1]

(For_7eoBLEMS BASED oN 2=MMC™, Go To sTEP#5) I

2 | enTEr Ang 3 oF 4 yariARueS (SELECT oNLY Mo, toom 2 L] LTJ Mo to 00 A
CONIVCATE PAIRS FOR MALS LENGTH  AND TimME) KEN THE |/, € or 2| ] [:E mt, ord,
NUMERICAL YALVE _THEN THE CORRESPONDING 1)ER = | [ 1le] |
DEFINEABLE. Key ((C 1S STORED AUTUMATICALLY 1F NomwL vaE Riguuten)] & csnki‘lé:‘:&‘-“%) r::] @ c

3 | CALCOLATE THE REQUIRED VALUE BY SELECTIG THE [:] [

ReMAING USER- DEFINEABIE KEY L) ITHOUT A PRI10R KEY BOARD [j:_j ':::]
Ewy I~ —

4 | Foe B NEW PROBLEM Gp TO STEP 3 _Caswge oWy | (1L _1
THOSE ENTRIEC THAT WILL RE DIFFERENT FOR THE l:l I:]

NEW PROBLEM . I:j l:’

S | entER any 2 of 3. vaARiABLES KEy vAWE Taid = [« ] 2
CORRESPONDING USER-DEFINEABLE KE. C 1S /m (E m
ENTERED AUTOMATICALLY THIS gnTRY REQUIRED ONLY |F [ E E;J <
C_\S To WAVE A VA\UE OTHER THAN 294792 456.2™% L]

G| CALCUKTE TWg ReGuwep  VAWE BY SELECTING THE L]

REMAINING USER-DEFINEABLE KEY L) ITHOUT PRIOR L]
KEY BoAR D ENTRY (j_l_—:_}
7 | oPmioNAL_STEPS: L]
A) To DISPLAY THE NoMiNAL VALUE OF THE VELOCITY L__:]
OF LUGWT IN METPES PER SECOND _J 2917124562 08
B) To CALCVLATE N AS A SELECTED DECimAL TERCENTASE -
OF C 2.9, To CALLULTE 99.999% oF THe VELOLITY . 11919 2.197814533 08

299785983 &

A8

I0OORDOOAL e RO OO

JUOHOHOOe AR 0RD

C NomaL Wil B¢
SToRED IN R3 ,!7

DURING EXECYTION
OF NEXT CalcATIN

AE
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QTEP KEY ENTRY  KEY CODE COMMENTS STEP KEYENTRY  KEY CODE COMMENTS
001 £ oo 3 31 25 o1 ] INDIReCT ADDRESS — 5

ASTT 35 33 ] ASSIGNMENT SUBROUTINE £ I 31 54
A F3? 35 71 03 A BTN 35 22
) .F3? 35 71 03 060 £ LBL 3|31 25 03| SuBRoVTINE 3
A RTN 35 22 1 o1 -
PN 35 53 RCL P 34 00 \j | —( Xy
STO() 33 24 RCL 1 39 0ol (")
R/s B84 - 81
£ 1BLA I3 25 Ulgm, g X 32 54
010 2 Fa? |35 11 oa o / Emen. o2 = S|
P Gs3Y |31 22 oy . § Ix 31 54
A
P o0 (D:; CALCULATE T e 35 29
£ ¢Sl |31 22 0 &2 £ LBLY |31 25 o04] susRouTiNE 4
+ gsB2 [ 3 22 o2 N 070 2 02| LoADS NoMINAL VALUE
RCL 4 34 0) q 09| OF VRLOCITY OF LIGHT
X T q a METRZS/SECOND INTU 23.'.7[
—_ 33 2 9 TECT-CLEARED FLAG 2
i‘o_" 3 24 1 OT] Enapes THis RovTiNg
RTHN 3522 1 03 THE FIRST TIME C 1S Relieed
- -CJ\LBL B §| 2s 12| @ m 2 o2 foe. cm.cvumouésnn
F2?2 5 71 02 4 oY ENABLED FOR SUBSEQUENT
£ ¢SB Y 31 23 oY or. ENTER. ok 5 05 CALLUATIONS To MiN{MI2E
1 ol G> t CALCULATE b -1 ComeyTATION 71:3: ogwg']
CONTENTS oF
£ G6SB A |31 22 00| o . 83 oaw
RCL @ 34 oo >4, 080 2 021 32‘5,,?22“%"&.5&'5
PGB 2131 22 o2 ST0 3 33 03 NomIN AL VALUK OF C,
= 91 STO 7 33 07 key AsF2 To Ajm
ST0 @) 33 24 A Ry 35 53] et %
4 RN 35 22 ) RTN 35 22
£ LBLC |31 35 130 Ao A ENTER OR £ LBLE [31 25 15] —c
030 A F2? |35 T4 02 CACIATE A F27? |35 7 0a]  uouwh VAU oF vowem
£ GSBH |31 220 o £ 6By |31 231 09 LIGHT REQUIRK..
1 F37 25 71 03 Vt.LoC](Ll RCL3 TS PSPy FeR use AS REQUIRE.-
res8s [ 31 22 05| (y<c) 2 SF3 [35 51 03
2 ol 090 L RN 35 22
£ GsB1 |31 22 0 g LBLFa 32 25 U} P e (e=mc?)
£ 6GSB313 22 03 Y 0S5
RCL 3 34 03 TesB 51 21 o e
X 71 R F27? | 35 71 02 )
STolw | 33 a9 L csBg[ 31 23 04] B o
040 I RTN 35 22 RCL b 34 06
£ LBL D |31 25 14 _. 2CL 7 34 07
NN E AT g RNTER 0L e 32
£GSE 4 |31 22 o4 CALCULATE \IEchm’ X 71
3 03] ©F u“iGuT BAsed o [100 STO (42 33 24
£ GSBA [31 22 01 vAwee From ALY 35 22
RCL 2 34 02 4 LBLPE |22 25 12 ] (b m (2=mc?)
$ GSB3 131 22 03 b (o]} : "
E; 8l TOB A3 32 o] e cusebans
sTo0(i) 33 24 A Fa2 135 1 o2l cquvment of
050 b RN 35 22 PGBY | 31 22 0 SuERGY STORED IN
£ LBL 2 131 25 02] SvBRouTE 2 RCL S 34 05 ReGiTER, &
1 0l RCL 7 34 o071 STE
RCL 2 39 02 “u‘——,_r q X* 32 54
RCL 3 34 03 - 110 = 81
= 81 STD(U 33 Py
a4 X% 32 54 1. 27N 35 29
REGISTERS )
) a.,,r.,m,?l.‘m,r,nl. 2 5 e 4 P 5 m T 8 ke s i
Iso S1 S2 S3 S4 S5 S6 57 S8 )
A ls [ 1o 1
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0394 9D Program Listing 11
ST KEY ENTRY  KEY CODE COMMENTS STEP  KEYENTRY  KEY CODE COMMENTS
g LBLfe |32 25 13 . el
y 12 ¢ o (e=mer) |
£ 6SB 1 [ 31 22 o1 ENTER OR. CALCULATE
RCL S 39 o5] VMU oF C 3;’31
A 34 0b ON VAWE oF E|
RCL_- g1 STURED IN REGITER &
- AND MASS VAoe
g W 31 54 STORED A
. IN REGISTER.
20 SO | 33 29 T
) BTN 35 23
021 LBLEA |32 25 4] — pey
ReL 4 34 01 ] cAcunTEs REVATIVISTIC —
RCL P 39 00 | chaner N edkecY of
— SL|  moving MAsS, BASCO o
RC;E_ 34 gl CALCULATED OR- SRIRED
c} 32 54 VAWEgS Py RauTweg
X T1f cnieep oy wases A,B,C,ADD
b RTN 35 23l -
130 G LBL{e |32 25 I5 —éﬁ C&LCULRTES,
T GsB 2 [31 22 02] ovsdays Yi-az
R/S &4 &
£ IBL S | 3l 25 05| suPRouTiNg §
— - 190
Eiﬁ g; 9,"3 TESTS For Velocrty
Lot T wrors o v
JJ' > T ZRROR. FOR. ENTRIES
Xel) 35 521 -TwAT ArE iWvALID
A sE 3 |35 51 03
b RTN 35 22
140
200
150
210
160
220
i , — LABELS FLAGS SET STATUS
A AlB deToem IC 8 IE
D MO ooy P Vel #[F 3 Mo F10 — FLAGS TRIG DISP
a b c d 1 ON OFF
& 2 L m e >axe P4 - o0 ® | DEG FIX O
0 ! 2 3 4 e mmal 1 O M | GRAD O | SCI ®
5 3 7 3 5 Lo 1, @ O | RAD O | ENG O
. Doverss creaL, | 3 O & n
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