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After typing 'README' a short write-up of DIRAC ( 2 . 2 )  is displayed 

on the screen. 

3. User's guide to DIRAC (2.2)  

The following program example contains a comprehensive description of 

DIRAC ( 2 . 2 ) .  After reading this part the user is supposed to work with 

DIRAC ( 2 . 2 )  without difficulties. Additionally, there are given six 

useful examples. They illustrate the possibilities of DIRAC ( 2 . 2 )  to 

deal with typical problems often encountered in physical or 

mathematical calculations. A systematic error handling description is 

appended. 

- COM 'DIRAC IS A COMPUTER ALGEBRA SYSTEM FOR OPERATIONS WITH 

- POLYNOMIALS AND TENSORS. T H I S  IS AN EXAMPLE O F  THE USER'S DIALOG 

- WITH DIRAC VERSION 2 . 2  ON IBM PC. L I N E S  WITH USER'S I N P U T  ARE 

- PRECEEDED BY DIRAC'S PROMPT "-", L I N E S  WITH DIRAC'S OUTPUT ARE 

- NOT. THE TEXT YOU ARE READING NOW I S  PART O F  A COMMENT. COMMENTS 

- MAY F I L L  AN ARBITRARY NUMBER OF L I N E S  AND ARE TERMINATED BY THE 

- SAME CHARACTER I T  STARTED WITH. ANY NON-BLANK CHARACTER MAY BE USED 

- A S  A DELIMITER.  I N  THE PRESENTED CASE I T  IS  THE CHARACTER ' 
- COM / T H I S  IS ANOTHER COMMENT. NOW THE DELIMITER IS :/ 

- COM 

- END-OF-LINE ALSO SERVE AS A ONE-LINE COMMENT DELIMITER 

- TEXT 'THE COMMAND TEXT WRITES THE TEXT ENCLOSED BY THE DELIMITERS'  

THE COMMAND TEXT WRITES THE TEXT ENCLOSED BY THE DELIMITERS 

- MAXIMUM ORDER BEFORE ANY CALCULATION INVOLVING SMALL SCALARS!' 

- A= (1+2/3*X*Y * 2 - 3 / 2 * X W )  WRITE #A 
1+2/3*X*YA2-3/2*XA2*Y 

- COM 'VALUE OF A VARIABLE IS  RETAINED I F  I T  IS  PHECEEDED BY # 
AND OTHERWISE DELETED' - 
WRITE A - 

1 + 2 / 3 * x * y 4 2 - 3 / 2 * X A 2 * Y  

- WRITE A 

- 
- COM ' F I R S T  OF ALL, WE SHALL CONSIDER SOME EXAMPLES WITH POLYNOMIALS. 

ERROR AT L I N E  3 3  I N  UNDEFINED ARGUMENT 1 : A 

- COM 'NEW VALUE CANNOT BE ASSIGNED T O  A VARIABLE U N T I L  OLD 

- ONE IS  DELETED. ' 
- A=O A = l  

I 

ERROR AT L I N E  36 I N  REDEFINED RESULT : A 

- DELETE A A = ( l + X + Y )  B = # A A 5  WRITE # B  
1+5*y+1o*y"~+10*y"3+5*y~4+y~5+5*x+2o*X*Y+3o*x*YA2+2o*x*YA3+5*x*YA4+ 

10*x"2+3o*X*2*y+30*X~2*y~2+1o*XA2*YY3+1o*xA3+2o*xA3*Y+lo*xA3*YA2+5* 

XA4+5*XA4*Y+X*5 

- COM 'THE OUTPUT WAS REORGANISED FOR P R I N T I N G :  DIRAC USES 80 

- CHARACTERS PER L I N E .  ' 
- C = # A A 3  D=AA2 D=-D C=C*D B=B+C 

- COM 'RESULT SHOULD BE ZERO' WRITE B 

0 

- A=(X+S+T)  B = A A 5  WRITE B 
5*~*S*4+30*~*2*S^2*T+10*X~2*S~3+1O*X~3*T~2+2O*X*3*S*T+lO*X~3*S*2+5* 

- POLYNOMIALS HAVE RATIONAL ( I N  PARTICULAR INTEGER) C O E F F I C I E N T S  AND 

- MAY DEPEND ON SEVERAL SCALARS. ORDERS O F  SMALLNESS CAN BE ASSIGNED 

I - TO SCALARS, AND DIRAC W I L L  DROP OUT TERMS WHICH HAVE THE TOTAL 

- ORDER O F  SMALLNESS GREATER THAN A GIVEN MAXIHUU. POLYNOMIALS CAN 

- BE ADDED, SUBTRACTED, MULTIPLIED,  R A I S E D  TO AN INTEGER POWER, 

- DIFFERENTIATED AND INTEGRATED. A POLYNOMIAL MAY BE SUBSTITUTED 

- FOR A PRODUCT O F  POWERS Q F  SCALARS ( I N  PARTICULAR, FOR A SCALAR) . '  

X A 4 * T + 5 * X A 4 * S + X A 5  

- COM 'TERMS WITH ORDER OF SMALLNES >4 ARE DROPPED OUT' 

- SCALAR X , Y , Z , S : l , T : 2 ; P O L Y  A,B,C,D:ORDER 4 - 
- COW 'SCALAR S HAS ORDER 1 AND T HAS ORDER 2 .  TERMS U P  T O  THE 

- ORDER 4 W I L L  BE RETAINED. THUS, S A 4 ,  T A 2 ,  S A 2 * T  W I L L  SURVIVE, 

- BUT S A 5 ,  S * T A 2 ,  S A 3 * T  WILL NOT. I N I T I A L L Y ,  MAXIMUM ORDER IS  0, 

- AND A U  S M A U  SCALARS ARE DROPPED OUT. THE USER SHOULD D E F I N E  

- A= (1+X-XA2*Y-YA2) 

- COM 'DERIVATIVE I N  X' 

- B = D I F  X:#A WRITE # B  
1-2*X*Y 

- COM 'SECOND DERIVATIVE I N  x AND FIRST I N  Y '  

- C = D I F  XA2*Y:#A WRITE C 
-2 

- COM ' INTEGRAL I N  X'  

- B = D I F  XA-1:B WRITE # B  

X-XA2*Y 

- COM ' B  CONTAINS ALL TERMS OF A EXCEPT X INDEPENDENT ONES. '  

- B=-B B=B+A WRITE B 

1 - Y A 2  

- A=(2+X-Y+3*X*Y-X*2*Y+X"2*YY2) B=(Z) 

- COM 'SUBSTITUTE THE VALUE O F  B FOR X*Y' 



- A=SUB X*Y=B:A WRITE A 
2+3*Z+ZA2-Y+X-X*Z 

- COM 'A MAXIMUM POSSIBLE POWER OF X*Y IS SUBSTITUTED.' 

- 
- COM 'THE USER CAN INFLUENCE THE DIRAC'S BEHAVIOUR BY USING 
- FLAGS. IF THE FLAG <WRITE> IS TURNED ON, THEN THE RESULT OF 
- EVERY ASSIGNEHENT WILL BE PRINTED AUTOMATICALLY:' 
- +WRITE A=(X+Y) A=AA2 DELETE A -WRITE 
A= (Y+X) 

A=(YA2+2*X*Y+XA2) 

- COM 'THE FLAG <LINE> REQUIRES TO START EVERY COMMAND FROM A NEW LINE 

- ALL THE TEXT FROM THE END OF A COMHAND TO THE END OF LINE IS 

- TREATED AS A COMMENT. THIS OPTION ALLOWS TO EXPLAIN EVERY COMMAND 
I - ON THE SAME LINE AND IS USEFUL IN PROGRAMS WRITTEN TO A FILE 

I - FOR REPEATED USE.' 

- +LINE 
- A=O THIS TEXT IS TREATED 
DELETE A AS A COMMENT 

I -LINE 
- COM 'THE FLAG <ECHO> CAUSES COPYING OF INPUT LINES TO OUTPUT. 

- THEY ARE NUMBERED. THE NUMBER OF A LINE CAN BE CHANGED BY 

- THE COMMAND CONTAINING SIMPLY THE NEW NUMBER.' 

- +ECHO COM 'IT WILL BE ACTIVE FROM THE NEXT LINE.' 
I - A=123 WRITE #A DELETE A COM 'THIS IS THE REST OF THE LINE' 

I 93 A=123 WRITE #A 

123 

DELETE A COM 'THIS IS THE REST OF THE LINE.' 

- TEXT 'FIRST LINE 
94 TEXT 'FIRST LINE 

FIRST LINE 

- SECOND LINE' 
95 SECOND LINE' 

SECOND LINE 

- 500 COM 'THE CHANGE OF THE LINE NUMBER WILL BE ACTIVE' 
96 500 COM 'THE CHANGE OF THE LINE NUMBER WILL BE ACTIVE' 

- COM 'FROM THIS LINE.' 
501 COM 'FROM THIS LINE.' 

- -ECHO COM 'THIS WILL BE ACTIVE FROM THE NEXT LINE TOO.' 

502 -ECHO COM 'THIS WILL BE ACTIVE FROM THE NEXT LINE TOO.' 

- COM 'THIS LINE IS NOT ECHOED.' 

- COM 'THE FLAG <DIALOG> IS INITIALLY ON. IT CAUSES DIRAC TO ISSUE 

PROMPTS AND INFLUENCES THE REACTION ON ERRORS. IT IS TURNED OFF, 

- AUTOMATICALLY, WHEN INPUT OR OUTPUT ARE CONNECTED WITH A FILE.' 

- COM 'ALGEBRAIC COMPUTATIONS CAN TAKE A LOT OF TIME. THE USER MY 
- WANT TO KNOW WHEN DIRAC IS READY FOR A NEW COMMAND. THE FLAG 

- <SOUND> CAUSES DIRAC TO ISSUE A SOUND SIGNAL EVERY TIME IT WRITES 
- A PROMPT. ' 
- +SOUND 
- COM 'UNFORTUNATELY, YOU CANNOT HEAR THE SIGNAL WHEN READING THIS 
- LISTING' 
- COM ' SOMETIMES IT IS INTERESTING TO KNOW THE TIME USED BY DIRAC 
- FOR CALCULATION. FLAG <TIME> CAUSES DIRAC TO WRITE EXECUTION TIME 
- FOR EVERY COMMAND. HERE IS A RATHER LENGTHY EXAMPLE:' 

- +TIME 
- A=(X+Y+Z) A=An10 B=+#A A=A*B 
TIME 0 MSEC 

TIME 220 MSEC 

TIME 0 MSEC 

TIME 18670 MSEC 

- DELETE A 
TIME 60 MSEC 

- -TIME -SOUND 

- 
- COM 'NOW WE TURN TO SOME EXAMPLES WITH TENSORS. TENSORS CONSISTS 
- OF TENSOR STRUCTURES WITH POLYNOMIAL COEFFICIENTS. TENSOR STRUCTURES 
- ARE MADE OF VECTORS WITH INDICES, METRIC TENSOR AND UNIT 
- ANTISYMMETRIC TENSOR. SPACE DIMENSION MAY BE ARBITRARY, IN 
- PARTICULAR IT MAY BE GIVEN BY AN ANALYTIC EXPRESSION. ALL SQUARES 
- AND SCALAR PRODUCTS OF VECTORS MUST BE EXPRESSED THROUGH SCALARS. 
- TENSORS MAY BE ADDED, SUBTRACTED, MULTIPLIED WITH CONTRACTION 
- OVER REPEATED INDICES, DIFFERENTIATED WITH RESPECT TO A VECTOR. 

- A TENSOR MAY BE SUBSTITUTED FOR A TENSOR STRUCTURE MULTIPLIED BY 
- A PRODUCT OF POWERS OF SCALARS. SOME INDICES MAY BE REGARDED AS 
- FORMAL: SUBSTITUTION WILL BE APPLIED AT ANY ACTUAL VALUES OF THESE 
- INDICES. TENSORS MAY BE ALSO DIFFERENTIATED AND INTEGRATED WITH 
- RESPECT TO SCALARS; POLYNOMIAL SUBSTITUTIONS CAN BE APPLIED 
- TO TENSORS AS WELL.' 
- +WRITE +LINE 
- VECTOR U,V,W,P; DECLARATION OF VECTORS 

- TENSOR E,F,G; DECLARATION OF TENSOR VARIABLES 

- DIM(4) SPACE DIMENSION 



- COM 'INITIAL VALUE OF SPACE DIMENSION IS 0. THIS LEADS TO SOME 
- STRANGE RESULTS. THE USER SHOULD DEFINE SPACE DIMENSION BEFORE 
- ANY OPERATIONS WITH TENSORS.' 
- EPS 4 NUMBER OF INDICES OF ANTISYMMETRIC TENSOR 

- COM 'INITIALLY, EPS IS 0. IN THIS CASE CALCULATION WITH THE 
- UNIT ANTISYMMETRIC TENSOR IS IMPOSSIBLE.' 
- INDEX L,M,N,R; 
- (U.U=X) 
- (V.V=Y) SCALAR PRODUCTS 

- (U.V=Z) 
- COM 'INITIALLY, ALL SCALAR PRODUCTS ARE 0. THE USER SHOULD DEFINE 
- ALL NON-ZERO SCALAR PRODUCTS BEFORE ANY TENSOR CALCULATIONS.' 
- E=(U.M*U.N+M.N) U.M - VECTOR WITH INDEX,M.N - METRIC TENSOR 
E=(l*N.M+l*U.M*U.N) 

- A= (l+X) 
A= (l+X) 

- E=E*A TENSOR MULTIPLIED BY POLYNOMIAL (DEF. ORDER!) 
E=( (l+X) *N.M+ (l+X) *U.M*U.N) 

- DELETE E 
- E=((~+z)*u.M*L.N*u.R+u.M*u.N*u.L*u.R) 
E=((l+Z) *N.L*U.M*U.R+l*U.L*U.M*U.N*U.R) 

- F=(L.M*N.R) 
F=(l*M.L*R.N) 

- E=E*F TENSOR WITHOUT INDICES 
E=((X+X*Z+XA2)) 

- A=+E IT MAY BE COPIED INTO POLYNOMIAL VARIABLES 
A= (X+X*Z+XA2) 

- E=-A AND VICE VERSA 
E=((-X-X*Z-XA2)) 

- DELETE E 
- E=([U,V,M,NI) I* UNIT ANTISY~METRIC TENSOR 

E=(l*[M,N,U,V]) 

- -LINE F=+#E E=E*F DELETE E 
F=(l*[M,N,U,V]) 

E=((-2*ZA2+2*X*Y)) 

- E= (U .M*U. N*V. L) 
E=(l*V.L*U.M*U.N) 

- COM 'DERIVATIVE IN U.R' F=DIF U.R:#E DELETE F 
F=(l*V.L*R.M*U.N+l*V.L*U.M*R.N) 

- COM 'DERIVATIVE IN U.Lt F=DIF U.L:#E DELETE F 
F=(l*U.M*V.N+l*V.M*U.N) 

- COM 'DERIVATIVE IN U.Mr F=DIF U.M:E DELETE F 
F=(S*V.L*U.N) 

- 49 E=((l+X) *U.M*U.N) 
E=((l+X)*U.M*U.N) 

- F= (V. M-W. M) 
F=(l*V.M-l*W.M) 

- COM 'SUBSTITUTE THE VALUE OF F FOR X*U.M IN E' 

- G=SUB:X*U.M=F:E DELETE G 

G=(l*U.M*U.N+l*V.M*U.N-l*W.M*U-N) 

- E= (V. L*U. M*U. N+V. M*U. N*U. L+V.N*U. M*U. L) F= (M.N/4) 
E=(l*U.L*U.M*V.N+l*U.L*V.M*U.N+l*V.L*U.M*U.N) 

F=(1/4*N.M) 

- COM 'FOR ALL M,N SUBSTITUTE THE VALUE OF F FOR U.M*U.N IN E' 

- G=SUB M,N:U.M*U.N=F:E DELETE G 
G=(1/4*M.L*V.N+1/4*N.L*V.M+1/4*V.L*N.M) 

- E= (U. L* [P, W,U ,M] ) F= (U.M*V.N-U. N*V.M) 
E=(l*U.L*[M,U,W,P]) 

F=(l*U.M*V.N-l*V.M*U.N) 

COM 'IN [...I A VECTOR CAN APPEAR ON THE PLACE OF A FORMAL INDEX' 

- G=SUB M,N:[P,W,M,N]=F:E DELETE G 

G=(-Z*U.L*U.M+X*U.L*V.M) 

- COM 'A TENSOR SUBSTITUTION IS APPLIED TO EVERY TERM AT MOST 

- ONCE. THEREFORE, IT DIFFERS FROM A POLYNOMIAL SUBSTITUTION 

- EVEN IF ITS LEFT HAND SIDE CONTAINS ONLY SCAWS:' 
- E=((1+X*Y+XA2*YA2) *U.M) A=(Z) F=+#A 

E=((1+X*Y+XA2*YA2)*U.M) 

A=(Z) 

F=(Z) 

- COM 'POLYNOMIAL SUBSTITUTION' G=SUB X*Y=A:#E DELETE G 
G=( (1+Z+ZA2) *U.M) 

- COM 'TENSOR SUBSTITUTION' G=SUB:X*Y=F:#E DELETE G 
G=((l+Z+X*Y*Z)*U.M) 

- COM 'FIRST DERIVATIVE IN X AND SECOND IN Y' 
- G=bIF X*YA2:#E DELETE G 
G=(4*X*U.M) 

- COM 'INTEGRAL IN X AND Y' G=DIF XA-l*YA-l:E DELETE G 
G=((X*Y+1/4*XA2*YA2+1/9*XA3*YA3)*U.M) 

- 
- COW 'NOW WE SHALL DISCUSS DECLARATIONS IN MORE DETAIL. FOR EACH 
- CLASS OF OBJECTS (SCALARS, INDICES, VECTORS, POLYNOMIALS AND 
- TENSORS) THERE EXISTS A GLOBAL NAUE TABLE. DECLARATIONS FILL AND 
- CHANGE THESE TABLES. A DECLARATION MAY END WITH "7" INSTEAD OF 

- ";". IN THIS CASE THE NEW STATE OF THE TABLE IS PRINTED.' 



- W L Y ?  

A,B,CnD,,,,,,,rt,e,r,,,,,r,,,,,,,,,; 

- POLY A 1 ,  , C l ?  

POLY Al,BnC1tD,,,,t,,,,,r,,,,,,,,,,,,,t,,,; 

- COM 'USUALLY, DECLARATION ELEMENTS ACTS ON SUCCESSIVE P O S I T I O N S  

- I N  THE TABLE. BUT I F  AN ELEMENT I S  PRECEEDED BY /OLDNAME/, THEN 

- ALL P O S I T I O N S  I N  THE TABLE U P  TO "OLDNAME" WILL BE SKIPPED.  

- FOR EXAMPLE, I F  WE WANT TO RENAME A 1  TO A AND C 1  TO C,  WE CAN 

- DO: ' 
- POLY / A l / A , / C l / C ?  

W L Y  A , B n C , D , , r ~ , r t ~ ~ ~ r , , r , , r , r ~ ~ n , , , , , , ;  

- COM 'AN ESPECIALLY USEFUL CASE O F  T H I S  I S  S K I P P I N G  TO THE F I R S T  

- EMPTY PLACE I N  THE TABLE. I F  WE WANT TO ADD A POLYNOMIAL 

- VARIABLE H TO ALL EXISTING ONES, WE CAN DO:' 

- W L Y  //H? 

POLY A,BrC,D,H,,,,,,,,,r,r,r,,,,,,,,r,,,,; 

- COM 'SCALARS HAVE AN ADDITIONAL ATTRIBUTE : ORDER OF SMALLNESS: ' 
- SCALAR? 

SCALAR X : O , Y : O , Z : O , S : l , T : 2 , , , ;  

- COM 'TO CHANGE THE NAME X TO X 1  AND THE ORDER O F  SMALLNESS O F  Z 

- TO 3 ,  WE CAN DO:' 

- SCALAR X 1 , , : 3 ?  

SCALAR Xl:O,Y:O.Z:3,S:l,T:2,,,; 

- COM 'TO CHANGE THE ORDER OF SMALLNESS O F  Z BACK TO 0, WE CAN DO:' 

- SCALAR /Z/:O? 

SCALAR X1:O,Y:O,Z:O,S:l,T:2,,,; 

- COM 'DUE TO THE INTERNAL REPRESENTATION OF TENSORS, F I R S T  E P S  

- P O S I T I O N S  O F  THE INDEX TABLE ARE NOT USED. THEREFORE, WHEN E P S  

- I S  CHANGED, THE NUMBER OF AVAILABLE INDEX P O S I T I O N S  I S  CHANGED 

- ALSO. ' 
- EPS? 

EPS 4 

- INDEX? 

INDEX L,M, N,R; 

- E P S  0 INDEX? 

INDEX , , , , L , M , N , R ;  

- INDEX L 1 , M l . N l  , R 1 ;  

INDEX L l , M l , N l , R l , L , M , N , R ;  

- E P S  3 INDEX? 

INDEX R l , L , M , N , R ;  

- COM 'THEREFORE, I T  I S  RECOMMENDED TO S E T  E P S  BEFORE DECLARING 

- INDICES!  ' 

- 
- COM 'OFTEN I T  I S  USEFUL TO READ FROM A F I L E  OR TO WRITE TO A F I L E .  

- A FREQUENTLY USED SEQUENCE O F  COMMANDS MAY BE GROUPED INTO A 
- F I L E ,  AND I T  CAN BE READ AS OFTEN AS REQUIRED. SUCH A F I L E  ACTS 

- LIKE A SUBROUTINE WITH ALL INFORMATION TRANSFER I S  REALISED 

J - ONLY THROUGH G W B A L  VARIABLES. AT THE BEGINNING O F  AN INTERACTIVE 

- SESSION I T  MAY BE USEFUL TO READ A F I L E  WITH SOME DECLARATIONS 
- AND DEFINING COMMANDS. THE COMMAND < F I L E  REDIRECTS INPUT FROM 

KEYBORD TO THE S P E C I F I E D  F I L E .  ANY MS-DOS F I L E  S P E C I F I C A T I O N  
1 - 

- CAN BE USED; THE DEFAULT EXTENSION I S  .DIR.  THE COMMAND < F I L E  
- AUTOMATICALLY TURNS OFF THE FLAG <DIALOG>. THE LAST COMMAND I N  SUCH 

- A F I L E  MUST BE HALT. I T  RETURNS INPUT TO THE KEYBORD (AND OUTPUT 
- TO THE SCREEN),  AND TURNS ON THE FLAG <DIALOG>. SUPPOSE THAT THE 

- F I L E  I N F I L E - D I R  CONTAINS THE FOLLOWING L I N E S  : 

- TEXT / L I N E  1/ 

- TEXT / L I N E  2 /  

.- HALT 

.- THEN READING THE F I L E  RESULTS I N : '  
< I N F I L E  

L I N E  1 

L I N E  2 

- COM ' I N  ORDER TO PREPARE RESULTS OF SOME CALCULATION FOR LATER USE 

- AS INPUT OR FOR PRINTING,  THEY SHOULD BE WRITTEN TO A F I L E .  THE 

- COMMAND > F I L E  REDIRECTS OUTPUT FROM THE SCREEN TO THE S P E C I F I E D  

- F I L E  (AND TURNS O F F  THE FLAG <DIAWG>).THE COMMANDS WRITE AND TEXT 

- CAN BE USED TO GENERATE THE WANTED OUTPUT.' 

- -LINE 

\ - A=(X+Y) B=#AA2 

- >OUTFILE 

TEXT '+ECHO1 

TEXT 'A= ( ' WRITE A TEXT ' ) ' 
-1 

TEXT 'B= ( ' WRITE B TEXT ' ) ' 
TEXT 'HALT' 

HALT 

- <OUTFILE 

2 A=( 

3 Y+X 

4 )  

5 B=( 

6 YA2+2*X*Y+XA2 

7 )  

8 IiALT 



- -ECHO 

1 -ECHO 

- WRITE #A WRITE # B  

Y+X 

YA2+2*X*Y+XA2 

- COM ' I T  I S  OFTEN USEFUL TO EXECUTE A PROGRAM I N  BATCH MODE. I T  I S  

- MUCH EASIER TO CORRECT AN ERROR I N S I D E  A F I L E  AND TO REEXECUTE 

- I T  THAN TO REPEAT AN INTERACTIVE SESSION.  SUPPOSE THE PROGRAM 

- I S  I N  THE F I L E  "PROGARM.DIRt'. THEN I T  IS ENOUGH TO INPUT FROM 

- KEYBORD ONLY ONE LINE:  

- > L I S T I N G  <PROGRAM 

- THE RESULT WILL BE STORED I N  THE F I L E  "LISTING.DIR1' .  I T  IS USEFUL 

- TO BEGIN A PROGRAM WITH +ECHO. A PROGRAM SHOULD BE ENDED WITH 

- <END> RATHER THAN WITH <HALT>. THE COMMAND <END> TERMINATES 

- EXECUTION MODE O F  DIRAC.' 

- COM 'THERE ARE MANY DIRAC COMMANDS THAT GENERATES A LEGAL INPUT 

- FOR DIRAC. THEREFORE, F I L E S  FOR INPUT MAY CONVENIENTLY BE 

- GENERATED FROM A DIRAC SESSION.  THE CURRENT ENVIROMENT CAN BE 

- SAVED WITH THE HELP OF THE FOLLOWING COMMANDS:' 

- SCALAR? 

SCALAR X : O , Y : O , Z : O , S : l , T : 2 , , , ;  

- POLY? 

POLY A,B,C,D,H,,,,,,,,,,,,,,r,,,,,,r,,rr,; 

- ORDER? 

ORDER 4 

- VECTOR? 

VECTOR U, V, W, P ,  , , , ; 
- DIM? 

D I M ( 4 )  

- EPS? 

E P S  3 

- INDEX? 

INDEX R 1 ,  L ,M,N,R;  

- TENSOR? 

TENSOR ................................... 

- COM 'SAVING FLAGS' 

- ?WRITE 

+WRITE 

- ?ECHO 

+ECHO 

- ?LINE 

+ L I N E  

- COM 'AND SO ON' 

- COM 'SAVING SCALAR PRODUCTS' 

- ( U - U )  

(U.U=X) 

- ( U - V )  

(U. V=Z) 

- ( V - V )  

(V.V=Y) 
J 

- COM 'AND SO ON' 

- COM 'SAVING VARIABLES A AND B' 

- +WRITE 
v - A=+A 

A= (Y+X) 

- B=+B 

B=(Y"2+2*X*Y+XA2) 

- COM 'AND S O  ON' 

- -WRITE 

- COM 'THESE INFORMATION COMMANDS MAY BE USEFUL ALSO DURING 

- AN INTERACTIVE SESSION'  

- DELETE A 

- DELETE B 

- 
COM #-------=------EXAMPLE I-------------------------------# 

- COM 'DIRAC CANNOT WORK WITH NEGATIVE POWERS OF SCALARS. I F  I T  

- NECESSARY TO USE BOTH NEGATIVE AND P O S I T I V E  POWERS OF A SCALAR X, 

- WE CAN INTRODUCE ANOTHER SCALAR X 1  TO DENOTE X A ( - 1 ) .  POLYNOMIALS 

- CONTAINING BOTH X AND X 1  SHOULD BE S I M P L I F I E D  BY USING THE 

- IDENTITY X*X1=1. 

- FOR EXAMPLE : ' 
- SCALAR / / X I ;  POLY / /UNIT;  U N I T = l  

I - A = ( X + X l )  A=AA2 A=SUB X*Xl=#UNIT:A WRITE A 

2 + X 1 ^ 2 + X A 2  

- 
, - con #--------------EXAMPLE 2-------------------------------8 

- COM 'SUPPOSE WE WANT TO DIVIDE A POLYNOMIAL A BY ( X - 1 ) .  

- I T  I S  POSSIBLE I F  A BECOMES ZERO AFTER SUBSTITUTING 1 

- FOR X. I N  T H I S  CASE WE CAN MAKE THE S H I F T  X -> X + 1 ,  DIVIDE 

- BY X AND MAKE THE S H I F T  BACK. T H I S  METHOD I S  REALISED BY 

- THE FOLLOWING PROGRAM:' 

- A= ( X A 2 - 1 )  

- B=l =SUB X=B:#A 

- I F 0  B 

- B = ( X + l )  A=SUB X=B:A 

- B = ( X l )  A=A*B A=SUB X*Xl=#UNIT:A 



- B=(X-1) A=SUB X=B:A 

- ELSE 
- TEXT 'FAILED TO DIVIDE' 

- ENDIF 
- WRITE A 
l+X 

- COM 'HERE, THE CONDITIONAL OPERATOR OF DIRAC HAS BEEN USED. 

- IT CHECKS IF B IS 0 .  IF IT IS, THEN THE FIRST SEQUENCE OF 

- COMMANDS IS USED; IF IT IS NOT THE SECOND ONE (AFTER ELSE). THE 

- VALUE OF B IS DELETED AFTER CHECK; IN ORDER TO RETAIN IT 
- ONE SHOULD USE #B. THE ELSE-PART OF THE CONDITIONAL OPERATOR 
. - MAY BE OMITTED. CONDITIONAL OPERATORS MAY BE NESTED.' 
- 

- COM #--------------EXAMPLE 3-------------------------------# 

- COM 'VERY OFTEN MORE GENERAL EXPRESSIONS THAN POLYNOMIALS 
- ARE NEEDED. IN SOME CASES IT IS POSSIBLE TO DENOTE COMPLICATED 
- FUNCTIONS OR 1/( ...) BY ADDITIONAL SCALARS. AFTER THAT, SUCH 
- EXPRESSIONS CAN BE REPRESENTED AS POLYNOMIALS IN THIS EXTENDED 
- SET OF SCALARS. FOR EXAMPLE, LET LNX DENOTE LOG(X). WE CAN 

- FOFM EXPRESSIONS LIKE THIS ONE:' 

- SCALAR / / L N X ; A = ( l + L N X - Z * L N X A 2 + 2 * Z * W 3 )  C=+#A 

- COM 'SUPPOSE WE WANT TO INTEGRATE THIS EXPRESSION OVER X. 

- WE SHOULD FIRST CONSTRUCT THE TABLE OF ALL NECESSARY 

- INTEGRALS. RECURRENT RELATIONS CAN BE USED TO EXPRESS THESE 

- INTEGRALS THROUGH SIMPLER ONES. LET US DENOTE THE INTEGRAL 

- SYMBOL BY THE SCALAR INT. AN INTEGRATION PROGRAM FOR THIS EXAMPLE 

- MAY LOOK LIKE : ' 
- SCALAR //INT;B=(INT) A=A*B 

- B=(X*LNXA3-3*INT*LNX^2) A=SUB INT*LNXA3=B:A 
- B=(X*LNXA2-2*INT*LNX) A=SUB INT*LNXA2=B:A 

- B= (X*LNX-INT) A=SUB INT*LNX=B:A 

- B= (X) A=SUB INT=B:A 

- WRITE #A 
x*LNx-14*x*z+14*x*z*LNx-7*X*Z*LNXA2+2*X*Z*LNXA3 

- COM 'IT IS IMPORTANT THAT SUCH A TABLE MUST BE USED FROM HIGHER 

- POWERS TO LOWER ONES. IN THE OPPOSITE CASE THE SUBSTITUTION FOR 

- E.G. INT*WX WILL BE APPLIED TO THE TERM INT*LNXA2, AND THE 

- RESULT WILL BE INCORRECT.' 
- COM 'AS A CHECK WE CAN PERFORM THE DIFFERENTIATION OF THIS 

- EXPRESSION:' 
- POLY //Dl; 

- D=DIF X: #A 

- B=DIF LNX:A Dl=(Xl) B=B*Dl BDtB 

- D=SUB X*Xl=#UNIT:D 
- C=-C C=C+D WRITE C 
0 

- 
- COM #---- - - - - - - -  EXAMPLE 4--------------------------------' 

- COM 'DIRAC CAN CALCULATE PARTIAL DERIVATIVES OF TENSORS WITH 
- RESPECT TO VECTORS EXPLICITLY OCCURING IN TENSOR STRUCTURES. 

t - 
BUT OFTEN SOME SCALARS DEPEND IMPLICITLY ON VECTORS. ONE SHOULD 

- TAKE IT INTO ACCOUNT WHEN CALCULATING TOTAL DERIVATIVES. FOR 

I - 
EXAMPLE, SCALARS X AND Z DEPEND ON VECTOR U. LET S ALSO DENOTE 

- l/(U.U-1). THEN CALCULATION OF THE TOTAL DERIVATIVE WITH RESPECT 

- TO U.M CAN BE DONE IN SUCH A WAY:' 
- TENSOR //Q; 
- E=(S*U.L*U.N+X*U.L*V.N-Z*V.L*V.N) 
- H=DIF U.M:#E 
- F=DIF X:#E G=(2*U.M) F=F*G Q=Q+F 

- F=DIF Z: #E G=(V.M) F=F*G Q=Q+F 

- F=DIF S:E G=(-2*SA2*U.M) F=F*G Q=Q+F 

- TEXT 'TOTAL DERIVATIVE IS' WRITE Q 
TOTAL DERIVATIVE IS 

S*M.L*U.N+X*M.L*V.N+S*U.L*N.M-2*SA2*U.L*U.M*U.N+2*U.L*U.M*V.N-- 

l*V.L*V.M*V.N 

- 
- COM #--------------EXAMPLE 5-------------------------------! 

- COM 'SUPPOSE WE WANT TO AVERAGE A TENSOR OVER DIRECTIONS OF 

- THE VECTOR U. THERE ARE EXPLICIT FORMULAS FOR AVERAGES OF 

- THE PRODUCTS OF 2,4,6, ... VECTORS U, BUT THEY ARE RATHER 
- LONG. IT IS SIMPLER TO USE RECURRENT RELATIONS TO EXPRESS 

- THE AVERAGE OF THE PRODUCT OF N VECTORS U THROUGH AVERAGES 

I - 

OF THE PRODUCTS OF N-2 VECTORS U. FOR EXAMPLE, IN 3 DIMENSIONAL 

- SPACE:' 

I - 
EPS 0 DIM(3) 

- E=(U.L*U.M*U.N*U.R*U.Ml*U.Nl-X*U.M*U.N*U.Ml*U.Nl*L.R) 
- F=(X/7*L.M*U.N*U.R*U.Ml*U.N1 
- +X/7*L.N*U.M*U.R*U.Ml*U.N1 

- +X/7*L.R*U.M*U.N*U.Ml*U.N1 

- +X/7*L.Ml*U.M*U.N*U.R*U.N1 

- +X/7*L.Nl*U.M*U.N*U.R*U.M1) 

- E=SUB L,M,N,R,Ml,Nl:U.L*U.M*U.N*U.R*U.Ml*U.Nl=F:E 
- F=(X/5*L.M*U.N*U.R 
- +X/5*L.N*U.M*U.R 

- +X/5*L.R*U.M*U.N) 

- E=SUB L,M,N,R:U.L*U.M*U.N*U.R=F:E 



- F=(X/3*L.M) 
- E=SUB L,M:U.L*U.M=F:E 
- WRITE E 
1/105*XA3*N1.M1*M.L*R.N+1/105*XA3*N1.M1*N.L*R.M-2/35*XA3*Nl. 

Ml*R.L*N.M+1/105*XA3*L.M1*M.N1*R.N+1/105*XA3*L.Ml*N.Nl*R.M+ 

1/105*XA3*L.Ml*R.N1*N.M+1/1O5*XA3*M.M1*L.Nl*R.N-2/35*XA3*M.Ml* 

N.N1*R.W1/105*XA3*M.Ml*R.N1*N.W1/105*XA3*N.Ml*L.N1*R.M-2/ 

35*XA3*N.Ml*M.N1*N.W1/1O5*XA3*N.Ml*R.N1*M.Wl/lO5*XA3*R.Ml* 

L.N1*N.M+1/105*XA3*R.M1*MMN1*N.W1/1O5*XA3*R.Ml*N.Nl*M.L 

- COM 'THESE SUBSTITUTIONS SHOULD BE EXECUTED FROM HIGHER NUMBERS 
- OF VECTORS TO LOWER ONES.' 
- 
- con #------------ EXAMPLE 6-------------------------------8 

- COM 'LET S BE l/(U.U+l), AND SUPPOSE WE WANT TO CALCULATE 
- THE INTEGRqL OVER U OF A TENSOR CONTAINING U AND POWERS OF S. 

- LET US CONSIDER ONLY INTEGRALS WITH NO MORE THEN 4 VECTORS U, 
- WHICH ARE CONVERGENT AND CONTAIN NOT TOO LARGE POWERS OF S. 
- IT IS POSSIBLE TO USE THE TABLE OF SUCH 1NTEGRALS.IN THE 4 
- DIMENSIONAL SPACE THE PROGRAM MAY LOOK LIKE: 
- SCALAR //PI: 

- E=((S+1)*SA7*U.M*U.N*U.L*U.R-(S+1)S"5*U.M*U.N*L.R 
- +(S+l) *SA3*M.N*L.R) 

- A= (INT) E=E*A 
- F=(PIA2/3360*M.N*L.R+PIA2/3360*M.L*N.R+PIA2/3360*M.R*N.L) 
- E=SUB t,M,N,R:INT*SA8*U.M*U.N*U.L*U.R=F:E 
- F=(PIA2/1440*M.N*L.R+PI"2/1440*M.L+N.R+PIA2/l44O*M.R*N.L) 
- E=SUB t,M,N,R:INT*SA7*U.M*U.N*U.L*U.R=F:E 
- COM /INTEGRALS WITH 4 VECTORS U HAVE BEEN CONSIDERED/ 
- F=(PIA2/120*M.N) E=SUB M,N:INT*SA6*U.M*U.N=F:E 
- F=(PIA2/24*M.N) E=SUB M,N:INT*SA5*U.M*U.N=F:E 

- COM /INTEGRALS WITH 2 VECTORS U HAVE BEEN CONSIDERED/ 
- A=(PIA2/6) E=SUB INT*SA4=A:E 
- A=(PIA2/2) E=SUB INT*SA3=A:E 
- COM /ALL INTEGRALS HAVE BEEN CONSIDERED/ 
- COM SUCH TABLES OF INTEGRALS MAY BE LARGE; IT IS CONVENIENT TO 
- PLACE THEM INTO FILES.' 
- 
- Con I - - - - - - - - - - -  APPENDIX: ERRORS ------------------------# 

- COM 'THE FOLUlWING LISTING IS A PROMCOLE OF DIAIDGE WITH 

I 
- DIRAC OF AH UNLUCKY USER W I N G  AIWOST EXERY POSSIBLE ERROR. 

- AFTER DISCOVERING AN ERROR DIRAC SKIPS THE REST OF LINE 
- AND READS NEW COMMAND FROM THE NEXT LINE. BUT SOME COMMANDS 
- MAY BE RATHER LENGTHY. IT WOULD BE TIRESOME TO RETYPE THE 

- ENTIRE COMMAND. THEREFORE, IN SOME CASES (WHEN <DIALOG> IS ON) 
- DIRAC ASKS TO REPEAT ONLY THE PART OF THE COMMAND THAT CONTAINS 

- THE ERROR. ' 
- COM 'SET LINE NUMBER: ' 1 
- /WRITE 

A - 
ERROR AT LINE 2 IN COMMAND : ! 

- 
ERROR AT LINE 4 IN FLAG : WWRITE 

- ++WRITE 
A 

ERROR AT LINE 4 IN FLAG : + 
- ELSE TEXT 'ELSE' ENDIF 

A 

ERROR AT LINE 5 IN ELSE 

- ENDIF 
A 

ERROR AT LINE 6 IN ENDIF 

- ORDER ! 
A 

ERROR AT LINE 7 IN ORDER: ! 

- ORDER? 
ORDER 4 

- A=3 DIM A 
A 

ERROR AT LINE 9 IN DIM : A 

- DIM (A) 
A 

ERROR AT LINE 10 IN FACTOR : A 

REPEAT N*XAN ...+...) 

- 0) 
- DIM 3 

A 

ERROR AT LINE 12 IN DIM : 3 

- DIM(3) 
- DIM? 
- EPS A 

A 

ERROR AT LINE 15 IN EPS : A 

- EPS(3) 



ERROR AT L I N E  16  I N  E P S  : ( 

- E P S  3 3  
A 

ERROR AT L I N E  17 I N  E P S  : 3 3  

- E P S  3 

- ORDER A 
A 

ERROR AT L I N E  1 9  I N  ORDER : A 

- ORDER 10 

- (uu. v = 2  *X) 
A 

ERROR AT L I N E  2 1  I N  F I R S T  VECTOR : W 

- (U*V=2 *X) 

ERROR AT L I N E  2 2  I N  SCALAR PRODUCT : 

- (U. M=2*X) 
A 

ERROR AT L I N E  2 3  I N  SECOND VECTOR : M 

- (U.V:2*X) 
A 

ERROR AT L I N E  2 4  I N  EQUALITY : : 

- (U.v:2*X) 

- (U.V?) 
A 

ERROR AT L I N E  2 6  I N  EQUALITY : ? 

- (U.V) 

2*X 

- DELET A 
A 

ERROR AT L I N E  2 8  I N  COKMAND : DELET 

- DELETE A A=-2 
A 

ERROR AT L I N E  2 9  I N  ARGmENT : 2 

- A = ( - 2 )  B=A*5 
A 

ERROR AT L I N E  3 0  I N  ARGUMENT : 5 

- B=5*A 
A 

ERROR AT L I N E  31 I N  C O m D  : 

- C O ~  'DIRAC INTERPRETS THIS AS -5 FOLLOWED BY THE WRONG 

- COMMAND *A' 

- C:=A*B 

ERROR AT L I N E  3 4  I N  ASSIGNMENT : : 

- C=A-B 
A 

ERROR AT L I N E  3 5  I N  OPERATION : - 
- C=A/ B 

h 

ERROR AT L I N E  3 6  I N  OPERATION : / 

- C=AA B 
h 

ERROR AT L I N E  3 7  I N  POWER : B 

- C=A*#dB 
A 

ERROR AT L I N E  3 8  I N  ARGUMENT : # 

- C=A* d B 

- D=B+A 
A 

ERROR AT L I N E  4 0  I N  UNDEFINED ARGUMENT 2 : A 

- D=X 
A 

ERROR AT L I N E  4 1  I N  ARGUMENT : X 

- D= (X) 

- D=C+#D 
A 

ERROR AT L I N E  4 3  I N  REDEFINED RESULT : D 

- DELETE B DELETE C 

- COM 'AFTER AN ERROR I N  A MONOMIAL, DIRAC ASKS TO REPEAT T H I S  

- MONOMIAL (AND ALL WHAT FOLLOWS I T ) .  I F  T H I S  MESSAGE BEGINS 

- WITH "N*" THEN I T  MEANS THAT NUMBERS MAY BE USED I N  THE 

- MONOMIAL (ALSO I N  DENOMINATORS). THE NEXT PART OF THE MESSAGE 

- I S  USUALLY "SAN1l;  I T  MEANS THAT SCALARS RAISED TO 

- INTEGER POWERS MAY BE USED. I F  T H I S  PART O F  THE MESSAGE 

- I S  "SA-N" INSTEAD, THEN NEGATIVE POWERS ARE ALLOWED ( T H I S  

- I S  THE CASE O F  THE D I F  FUNCTION). I N  THE CASE OF TENSORS 

- THE NEXT PART O F  THE MESSAGE I S  " f V . 1 " ;  I T  MEANS THAT VECTORS 

- WITH I N D I C E S  ARE ALLOWED. I F  EPS>O THEN [...I I S  ALLOWED 

- TOO. THE NEXT PART O F  THE REPEAT MESSAGE I S  " . . . I 1  ; 

- I T  REMINDS THAT SUCH FACTORS MAY BE REPEATED AS MANY TIMES 

- AS NEEDED. THE MESSAGE I S  USUALLY ENDED WITH "+. . . ) " ;  I T  

- MEANS THAT FURTHER MONOMIALS MAY BE USED. THEY ARE SEPARATED 

- BY I ~ + I I  OR w-11 , AND ENDED BY ' I ) " .  I F  THE MESSAGE I S  

- ENDED WITH ":" OR "=" INSTEAD, THEN I T  MEANS THAT T H I S  

- MONOMIAL IS USED IN DIF OR SUB FUNCTION AND SHOULD BE 



- FOLLOWED BY " :" OR "=" CORRESWNDINGLY.~ 

- A= ( 1++X 
A 

ERROR AT L I N E  6 3  I N  FACTOR : + 
REPEAT N*XAN ...+...) 

- X Y 
A 

ERROR AT L I N E  6 4  I N  MONOM : Y 

REPEAT N*XAN. . .+. . . ) 
- x: Y 

A 

ERROR AT L I N E  6 5  I N  MONOM : : 

REPEAT N*XAN ...+...) 
- X *A 

A 

ERROR AT L I N E  6 6  I N  FACTOR : A 

REPEAT N*XAN ...+...) 

- XAY 
A 

ERROR AT L I N E  6 7  I N  POWER : Y 

REPEAT N*XAN ...+...) 

- 1/2*X/Y 
A 

ERROR AT L I N E  6 8  I N  DENOMINATOR : Y 

REPEAT N*XAN. ..+...) 

- l/O*X 
A 

ERROR AT L I N E  6 9  I N  DENOMINATOR : 0 

REPEAT N*XAN ...+...) 

- XA-3*YA-4*ZA-5*XA+2*YA3*ZA6+ 
A 

ERROR AT L I N E  7 0  I N  NEGATIVE POWER : X,Y 

REPEAT N*XAN ...+...) 

- 5 /6 *X*YA2*7*XA-2*ZA3 /4 /5 *XA+4)  
A=(1+7/24*XA3*YA2*Z"3)  

- COM !CORRECT! 

- A=DIF X*2:A 
A 

ERROR AT L I N E  7 3  I N  FACTOR : 2 

REPEAT XA-N...: 

- X/2:A 
A 

ERROR AT L I N E  7 4  I N  MONOM : / 

REPEAT XA-N. . . : 
- XA-2=A 

A 

ERROR AT L I N E  7 5  I N  D I F  : = 

- XA-2 :A 

A=(1/2*XA2+7/480*XA5*YA2*ZA3) 

COM !CORRECT! 

- B=10 A=SUB X*2=B:A 

ERROR AT L I N E  7 8  I N  FACTOR : 2 

REPEAT XAN. . .=  

- X/Z=B: A 
A 

ERROR AT L I N E  7 9  I N  FACTOR : 2 

REPEAT XAN. ..= 

- XA-2=B:A 

ERROR AT L I N E  8 0  I N  NEGATIVE POWER : X 

REPEAT XAN. . .=  

- XA2:A 
A 

ERROR AT L I N E  8 1  I N  MONOM : : 

REPEAT XAN...= 

- XA2=B:A 

A=(5+35/24*X*YA2*ZA3)  

- COM !CORRECT! 

- 
- E=4 COM ' I T  I S  LEGAL; E I S  NOW A TENSOR WITHOUT I N D I C E S . '  

e = ( 4 )  

E=A*E - 
A 

ERROR AT L I N E  8 6  I N  ARGUMENT :A 

- E=E*A COM ' T H I S  ORDERING I S  LEGAL' 

e = ( ( 2 0 + 3 5 / 6 * X * Y A 2 * Z ^ 3 ) )  

E = E A 2  - 

ERROR AT L I N E  8 8  I N  OPERATION : 

- E=F*E 
A 

ERROR AT LINE 8 9  I N  UNDEFINED TENS ARGUMENT 1 : F 

- E=O 

ERROR AT L I N E  9 0  I N  REDEFINED TENS RESULT : E 



- DELETE E 
- E=[U,V,M] 

A 

ERROR AT LINE 92 IN ARGUMENT : [ 

- E=([U,V,M]) F=(U.N*V.L) 
E=(l*[M,U,V]) 

F=(l*V.L*U.N) 

- F=F+E 
A 

ERROR AT LINE 94 IN INDEX MISUSE IN SUM : 

- DELETE E DELETE F 
- E=(U.L*U.M*U.N+2*(l+X)*VVL*V.M*V.N 

ERROR AT LINE 96 IN FACTOR : ( 

REPEAT N*SAN*V.I ...+...) 
- (l+X) *2*V.L*V.M*V.L 

A 

ERROR AT LINE 97 IN REPEATED INDEX : L 

REPEAT N*SAN*V.I ...+...) 
- V.L*V.R*V.N 

A 

ERROR AT LINE 98 IN PRESENT INDEX : R 

REPEAT N*SAN*V.I ...+...) 
- V. L*X+ 

ERROR AT LINE 99 IN ABSENT INDEX : M,N 

REPEAT N*SAN*V.I ...+...) 
- L.V*V.M*V*N 

ERROR AT LINE 100 IN SCALAR PRODUCT : 

REPEAT N*SAN*V.I ...+...) 
- V.L*V.M*V. .N 

A 

ERROR AT LINE 101 IN SECOND VECTOR : . 
REPEAT N*SAN*V.I ...+...) 
- V.L*V.M*V. X 

A 

ERROR AT LINE 102 IN SECOND VECTOR : X 

REPEAT N*SAN*V.I ...+...) 
- v.Lav.u*v.u 

ERROR AT LINE 103 IN V.U 

REPEAT N*SAN*V.I ...+...) 

ERROR AT LINE 104 IN EPS LIST : ] 

REPEAT N*SAN*V.I ...+...) 

- [U,V, L,M]*V.N 
A 

ERROR AT LINE 105 IN EPS LIST : , 
REPEAT N*SAN*V.I ...+...) 
- [U,V,L]*V.M*[U,V,N] 

A 

ERROR AT LINE 106 IN FACTOR : [ 

REPEAT N*SAN*V.I ...+...) 
- [U,V;L]*V.M*V.N 

A 

ERROR AT LINE 107 IN EPS LIST : ; 

REPEAT N*SAN*V.I ...+...) 
- [U,X,L]*V.M*V.N 

A 

ERROR AT LINE 108 IN EPS VECTOR : X 

REPEAT N*SAN*V.I ...+...) 
- (1-XA2) *[U,V,L]/3*YA2*M.V*V.N) 
E=(l*U.L*U.M*U.N+(1/3*YA2-1/3*XA2*Y"2)*[L,U,V]*V.M*V.N) 

- COM !CORRECT! 
- E=DIF U R:E 

A 

ERROR AT LINE 111 IN SCALAR PRODUCT : R 

- E=DIF U..R:E 
A 

ERROR AT LINE 112 IN SECOND VECTOR : . 
- E=DIF U.V:E 

A 

ERROR AT LINE 113 IN INDEX : U 

- E=DIF M.R:E 
A 

ERROR AT LINE 114 IN VECTOR : R 

- E=DIF U.R=E 
A 

ERROR AT LINE 115 IN DIF VECTOR : = 

- E=DIF U.R:E 
E=(l*R.L*U.M*U.N+1*U.L*R.M*U.N+1*U.L*U.M*R.N+(l/3*YA2-l/3*XA 

2*YA2)*[L,R,V]*V.M*V.N) 

- COM !CORRECT! 
- F=M . N 



ERROR AT LINE 118 IN ARGUMENT : M 

- F=(M.N) 
- %SUB M N:U.M*U.N=F:E 

A 

ERROR AT LINE 120 IN INDEX LIST : N 

- E=SUB M,U:U.U*U.N=F:E 
A 

ERROR AT LINE 121 IN INDEX : U 

- E=SUB H,,N:U.M*U.N=F:E 
A 

ERROR AT LINE 122 IN INDEX : , 
- E=SUB M,X:U.M*U.N=F:E 

A 

ERROR AT LINE 123 IN INDEX : X 

- E=SUB L,R:U.M*U.N=F:E 

ERROR AT LINE 124 IN FORMAL INDEX ABSENT : L,R 

- E=SUB:U.L*U.R=F:E 

ERROR AT LINE 125 IN PRESENT INDEX : M,N 

- E=SUB:U.L*U.M*U.N*U.R=F:E 
A 

ERROR AT LINE 126 IN ABSENT INDEX : L,R 

- E=SUB:U.M*U.N*X/Z=F:E 

ERROR AT LINE 127 IN MONOM : / 
REPEAT SAN*V.I. ..= 

- U.M*U.N*Z*X=F:E 

ERROR AT LINE 128 IN FACTOR : 2 

REPEAT SAN*V.I...= 

- U.M*U.N*X-F:E 

ERROR AT LINE 129 IN MONOM : - 
REPEAT SAN*V.I ...= 
- U.M*U.N*X=F:E 
E=(1*R.L*U.M*U.N+1*U.L*R.M*U.N+1*U.L*U.M*R.N+(l/3*YA2-l/3*XA 

2*YA2)*[L,R,V]*V.M*V.N) 

- COM !CORRECT! 

ERROR AT LINE 133 IN FILE : ABRA.DIR 

- COM 'THIS FILE PROBABLY DOES NOT EXIST' 
>AAAAAAAAAAAAAAAAAAAA - .AAA 

ERROR AT LINE 134 IN FILEE : P - A A A  

- 
- COM 'AFTER AN ERROR IN A DECLARATION,DIRAC ASKS TO REPEAT 
- THE LAST DECLARATION ELEMENT. REPEAT MESSAGE BEGINS WITH 
- "/OLD/NEW1'; IT REMINDS THE STRUCTURE OF A DECLARATION ELEMENT. 

- IN THE CASE OF SCALAR DECLARATION, ":ORDER " FOLLOWS. 
- THE MESSAGE ENDS WITH ", ... ;"; IT REMINDS THAT OTHER 
- DECLARATION ELEMENTS MAY FOLLOW. THEEY ARE SEPARATED BY ", ", 
- AND TERMINATED BY ";" OR "?". 

- POLY? 
POLY A,BrC,D,H,UNIT,D1,,,,,,,,,,,,,,,,,n,n,,,nn; 

- POLY /.H/Hl, 

ERROR AT LINE 145 IN OLD NAME : . 
REPEAL /OLD/NEW, . . . ; 
- /HH/H1, 

ERROR AT LINE 146 IN OLD NAME : HH 

REPEAL /OLD/NEW, ... ; 
- /H HI, 

A 

ERROR AT LINE 147 IN DECLARATION ELEMENT : H1 

REPEAL /OLD/NEW, . . . ; 
- /H/A, 

A 

ERROR AT LINE 148 IN REDEFINED NAME : A 

REPEAL /OLD/NEW, ... ; 
- C, /H/Hl, 

ERROR AT LINE 149 IN REDEFINED NAME : C 

REPEAL /OLD/NEW, . . . ; 
- En 

A 

ERROR AT LINE 150 IN ILLEGAL NAME : E 

REPEAL /OLD/NEW, . . . : 
- DIM, 

A 

ERROR AT LINE 151 IN ILLEGAL NAME : DIM 
REPEAL /OLD/NEW, . . . : 



- ? 

POLY A,B,C,D,H,UNIT,Dl,,,,,,,,,,,,,,,,,,,,,rr,t: 

- SCALAR ? 
SCALAR X:O,Y:O,Z:O,S:1,T:2,X1:0,INT:O,PI:O; 

- SCALAR X: -1; 

ERROR AT LINE 154 IN ORDER : - 
REPEAL /OLD/NEW:ORDER, ... ; 
- /PI/PIl,PI2; 

ERROR AT LINE 155 IN LONG DECLARATION : , 

- ? 

SCALAR X:O,Y:O,Z:O,S:1,T:2,X1:O,INT:O,PI:O; 

- 
- COM !GOOD BYE! 
- 
- END 
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