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TT~;:' represents a strong d",parture from the typical d:;/;;ital C'u;::r'puter pro·· 
r;r<nni~;;,:,ed in this type of study, a prime example of which was 'Ice SS'S progr~'>:.:nrrlB 

r .. t>~'ldy u5ed on ILLIAC. There an acceleratm" Has rega.r·ded,~ heing In<'fie ,"p of 
it fixed ·,l1.lmber of various ffcomponents" (gaps. angles between ~{aps; etc.} If 
thes2 various components could have different properties, it was necessary 10 

assem.b.l.e a master tape made up of the appropnate operating subroutmes. In 
order to be able to depart from the maximum number of comp~nts possible it 
was necessary to provide a complex system of counters. Data necessary to 
specify each component had to be loaded mto fIxed storage banks so as to bl~ 

presen~ on demand by the operating subroutines. 

Now wIth TTT. the index regIsters of the IBM 704 EDPM have be~n ex
ploited to the fullest in order to pnable a new concept :0 be introduced. The 
constitution and properhes (1. e. pertinent data) 01' a given accelerator are listed 
in order a~ one proceeds around the machine. This listing is in terms of a set 
of code and data cards called the SENARJO (the mis-spelling is deliberat0 .mo 
necessary). When this list IS read into the computer a master (:xecution p!'o~ 

gr,am:me is assembled on the spot from available internal subroutines. Only now 
does the operating programme even exist· it is r:;OV{ executed repeatedly to 3im:l~ 

late the passage of a particle around ..and around the Decelerator,. 

[,no ac.celerator is regarded as bemg made up of ANGLES, GAPS, p';1d 

FOIL5. A SENARIO is constructed by 1l,·;ting these on t.he 3ENARIO AGENDUT,ii 
S.Hl;:;ET severa} such sheets if the leng1.h warrants it}. A sample of rmch a 
she~~t is: c'\Uacbed. This sheet is then in turn stapled to the front 01' a seric;; of 
'1.:ns wbich 13 [0 exploit thIS SENARlO. 

.~>:';tch SSNARIO IS Identified by an ell:~ven dIgit. ID number so that ttl'? i'·ul.~ 

may be used where: 

A "'" Human ID 
i ::- ID numbc-r of tins case. 
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The eXistenee of an ANGLE is specified by a card (a line on the SENARIO 
AGENDUMSHEET)~a~g 

TY~PE: VALUE ICOMPONENT 
'X. ~. , . ANGLE

, f-------
(here and 1ft 'what follows. a blank is implied where nothing is written) 

)(, speeifies whieh expression will be used to evaluate the time necessary for 
the partiele to traverse the angle. 

If 1', = 1, the time interval Is given by: 
Ro E 

F(E. x, p. CIt) =7 VEz- Eo2.' r (E) S (x. p, d. ) 

where: 

Ifo = RadiUS. (in meters) of machine when E = 100 BEV 
e =velocity of hght =3 x 108 tnl sec 
E 1: particle energy 
Eo = particle rest energy =938 MEV 

EZ -. EoZ l'lJ'" 1/(1. k + z).
r(E) = 

1 - Eo 
k = mean field index in this angle 

S (x, p,oO =""ITo( +~ ~ 2."'" 0( -V +- "/,; (I -~ J.1f ot. 1)) 
t lS1:. (~".o(... ~ *1r qVV ) +& (~&f.1T"oC. 1.1 -I)+v a a ¥v~ 

t.f: l'iT'~;-~ ~fTrrbiJ)
Ito 11 ~ ':L 

X, P =coordinate and momentum of betatron oscillations 

~ = angle subtended by the portion of the machine in question (in units 
in which a full circle =1) 

"'V = number of betatron oscillations around the machine. 

FolloWing at once come 4 cards: 

TYPE VALUE COMPONENT 
1 R

0 
Z-7 

Z k 10-3 

3 "VI0·Z 

4 0< 
The identifying digits must be prefIxed. 
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It should be noted here and in what follows that all scaled fractions entered on 
an agendum must be less than unity. 

If X, = Z, an expression for the time identical to the XI = 1 case will 
be used except 

s (x,P,c<) = ZlTr:I.. 

The same set of cards as described in the ~~ = 1 case must follow the ANGLE 
CARD except that if desired the 3 1) 10· card may be omitted. It should 
be noted that if ~ angle of the whole machine is given time type X, = 2~ then 
all angles of the machine will be of time type Z even if designated otherwise. 

'X). gives the type of betatron oscillation transformation which will 
be used to obtain the X, p at the end of the angle in terms of the x~ p at the 
beginning of the angle. If Xa,. =1: 

X ::. X ~ ~iTO< 1) T P ~ .2- 'fTC)( 7) 

~ =- -x ~ 1iT"oC. 1,) + P ~ .. iTo( 1J 

where the same ~ and 1.) are used as those given by the cards of the previ
ously discussed time type 1 ( 'X, =1). No additional cards or entries are needed. 
If X~ = Z: 

X =)( ~ :a:rrol"l"'ZJ/+r A1-.J ~iio<.'"lJ1 
~ • -x ~ '-iT" ol,,' '7)' or p a..e-- :l.-,r r:f.../ V I 

where t::J.. 'I V I are two different param.eters for which two entries as follows 
are supplied following the above discussed group of entries specifying the 
time type. 

TYPE VALUE COMPONENT 
1 -Z)' 10·;a. 

Z c;I..' 

If \.. = 3, 
x=o
 
p = 0
 

and of course no entries or cards need be specified. 

Upon ingesting an ANGLE the computer will print a line of three columns: 

o %, ~,l. 

" followed by as many two column lines as there are entries under the ANGLE on 
the SENARIO AGENDUM SHEET. These lines will replicate the identification 
digit and value of each entry. 

The existence of a GAP is specified on the agendum sheet by a line 

~ :VALUE I COMPONENT
1, % GAP 
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It should be noted here that energy is expressed in this program and on all agenda 
in units in which 

100 BEV = l05MEV =1
 
so that for example
 

Eo = 938 MEV = •00938
 

•At the jth pp on the WhrevoluUon the particle suffers: 

E~ E =E + AE
 

t -> i =t
 

x -:)J i =~ (x + 1) - 1 
r(!) 

p-. p= r(E) p
 
r(E)
 

q..J, N ; 'J.N-' + Wj (t.j »N -t-,.,t j» N ~I ) [tj )N - t j, N. ,]
 

A E =. Vj (tJ IN) ~ ~j, N 

where
 
t N =time of arrival of the particle at the jth oscillator on the Nth
 
j , revolution 

~ j, N =phase of particle rela~ve to jth oscillator on Nth revolution 
. 

(all angles are measured in circles). , 

Here 2 Z ,.-=-:-l~=-
r(E) = ( E - Eo ) Zk + Z 

1 - EoZ 

The k used in this expression will be that pertinent to the angle just before the 
e. It is therefore wise to start all SENARIOS with an angle to provide such 
a value. If k is uniform through all angles of the machine, this is not necessary 
since the input program which writes the execution program would have provided 
this value to be available for all subsequently discovered GAPS. 

~, gives the voltage type of the gap. 

u x.,=1 

V (t) ~ ,Vo ' a constant 

An entry 
, .
 

TYPE VALUE C~PONENT
 

V· 10~
"1 0- '. ~. 

must be 'made JUSt following the GAP entry. 
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It "X.. = Z the voltage bas the form 

" (f;) 

t, t". t 3 .. t ... 
The following identified entries are to be made on the agendum sheet just following 
the GAP entry. 

TYPE VALUE COMPONENT� 
1 ts� 
l ts - t 4� 
3 t4 - t3 

4 ta-,tz� 
5 tz - tl� 

6 Vo 10"� 

wbere times are measured in seconds. Note that the time origin t =0 can be� 
at any place on the above graph. The value ts serves to locate the phase of the� 
voltage to the origin once it has been chosen. Each run through the machine� 
can be given an initial time to (which need not be zero). However. once chosen.� 
the thitial time, the time origin and the time phase of all time varying com�
ponents must be consistent.� 

"X~gives the frequency dependence of the gap oscillator. 

u X ),. =1 

w (t) = Wo ' a constant. 

Two identified entries are made on the agendum sheet just follOWing the above 
group of voltage type entries: 

TYPE VALUE COMPONENT 
1 lUg ).-1\

.,"1'r 

Z i\ 10-). 

where w is measured in radiansI sec and where to retain numerical significance� 
~ should be chosen as large as possible consistent with� 

~ ?-~ <' 
-a.1r 

. , 
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.
u -X" =Z 

CONSTANT ENERGY GAIN 
~-

w (t) will be used by the machine and parameters should be chosen so as to 
generate the expression:."" 

lu tt) 'l-~: d. P, it-i,) + crrl-t,.f2. 
,:tr fiE 1- 'J 2 ....+ 21 If,.

~o+ p(i.-t,/+;r -ttTLJ 

t,:'" t ~ t 2 
'-J ,\. i\ t .c. t ~ t'll--.. =0 .- .aTT'" . 

Here w is mea- ured in radians/sec~ t in seconds. The expression must be 
constructed so that 'II_ 

W :4 -~ 4 I 
liT 

at all times. 

To preserve scale and numerical significance the computer will evaluate 

The data are given by the following set of identified entries just following the 
voltage type entries. 
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TYPE VALUE COMPONENT 

1 ts 
Z ts  tz 
S t z - t 1 
4 cI. 

5 p.t .~ 

6 )' 

7 k 10-3 

8 1\ 10-Z 

9 A 10.2 

The same remarks pertain here with respect to the time origin as were made 
above in connection with voltage type z. 

After reading in the information pertaining to a GAP the computer will 
print a line of 3 columns: 

1 x.. X,a
followed by as many two column lines as is necessary to reproduce the identified 
entries following the GAP. 

At present the program limits the number of gaps to twenty. 

The third entity which can participate in the constitution of a machine is 
an energy dissipating FOIL which is called for by an entry

ml"-__ __UE__--+ ~_~_~_LPO_NE__V_1\L __ N_T__ 

on the agendum sheet. Note that only one parameter which specifies the type 
of FOIL is necessary. It should be placed in the first column. A FOIL produces 
an energy loss 

u = U (B) 

where 

B = Bo r (E) (l + x) 

where Z Z 1 
r (E) =fE - Eo ) ~Z::"""":"""k-+----""Z-

\1- E z 
o 
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The Rand k used in these expressions are those pertaining to the last ANGLE 
beforeOthe FOIL. If R and k are different for various angles in the machine~ o
the SENARIO should be started With an ANGLE. 

At a FOIL 

E~E=E"'U 

t ~ t =t 
x ~ i =(1 + x) r (~) -1� 

r (E)� 

p""'" p= p� r (E)� 
r (E) .� 

If X =1, the energy loss dependence U (R) of the FOIL is, 

U(R) 
r-------1 Va 

~o 

L,~ ,�
o ~. R R~ /).1 

Following the FOIL entry, one suppfie s 

TYPE VALUE COMPONENT 
1 U0 213 

2 RmZ-'( 

3 RM2'-l7 

where U (which can also be negative) has units in which 105 MEV = 1, and R,oRm, ~ are measured in meters. 

If X. =2,� U (R) has the form 

U(R)=Uo + U1R, R<::'Rs� 
U (R) = uC: + U1' R, R ~ Rs� 

with� 
Uo , Uo' in units in which 105 MEV = 1� 
Ul, U1' in units in which 105 MEVI t =1�me er� 
R, RS in meters� 

Mter the FOIL card oneUo' U ' Ul- U1' can be positive, negative, or zero. ,o
supplies the entries. 
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TYPE VALUE COMPONENT 
1 UoZ5 

Z UIZu. 

3 Rs-leo:'1 

4 Uo 'Z5 

5 Ul'ZlZ 

After ingesting the FOIL cards the computer prints a'singIe 3 column line 

2 o 
followed by as many two column lines as is necessary to replicate the entries 
pertinent to the foil type in hand. 

After the machine has been completely cJelineated, i. e. "closed", one 
terminates the SENARIO with a single entry 

I~__V_AL_UE ~__C_O_M_PO_NE_NT _I-H- .�CURTAIN 

During the reading of the SENARIO the computer will check for internal 
conaJstencyand scaling of the data and may halt rejecting the imperfect and 
unacceptable SENARIO. 

Each SENARIO can be used for a se lies of many individud runs. Each of 
these is identified by an 11 digit m number which should therefore have the form 

ID =108 A + t 

whete: 

A = Human 10 
i = Run 10. 

The run 10 number could if desired embrace the SENARIO ID number by use of 
some similar rule. This will be left to the discretion and desires of each user. 

In this problem a "step" means carrying the particle through one component 
of the machine, i. e. an ANGLE, a GAP. or a FOIL. Thus the number of steps 
around a machine is the sum of its number of ANGLES. its number of GAPS, 
and its number of FOILS. 

Ne = Number of steps in problem. For printing the machine has a larger 
period of NWOp + NWp steps. During NWOp steps no printing will occur, then 
duririg NWp steps it can; during NWOp steps it wilLnot. etc. Within the NWp 
portions, printing will occur every Np steps. The counters Ce which counts 
from 0 to Ne • CWOp/ WP which counts from 0 to NWOp + NWp, and ..Cp which 
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counts to Np can be given initial settings (Ce)o ~ (CWOP/WP)o ~ and (Cp)o 
respectively. 

Initial values Eo' to' xo' Po can be given to E (units 105 MEV :: 1), t (units 
seconds), x, and p (d1mensionless); and to the initial times and phases of the up 
to ZO gaps. t j # 0 (units 8econds)~ ~ j, 0 (units in circles) where j :: 1, Z, 3.... , 
jMAX ~ ZOo 

Overflow limits have been established which can be set if desired. The 
problem will be stopped if 

E ~ Em 

E ~ EM 
t ~ t M 
x ~ x M 

P ~ PM 

At the beginning of a series~ all parameters are given the value o. (except Em' 
EM, tM, xM, 1M which are given the values shown in parentheses on the TTT 

AGENDUM SHEET, a sample of which is attached). If any of these automatic 
values are satisfactory no corresponding entry should be made on the agendum 
sheet. All values are held from run to run. On subsequent runs of a series 
only those values which change should be entered on subsequent sheets. All 
sheets of a series should be securely stapled together. The initial counter 
settings (Ce )0' (CWOP/WP)o' (Cp)o are not held from run to run, and if 
initially set different from zero must be so reset on each run of a series. 

At the beginning of each run will be printed: 

00039 

00039 

00039 

SENARIOID 

Ne 

Em 

RUNID 

NWOp 

EM 

NWp 

tM 

Np 

xM PM 
(space) 

00000 <t>o Eo to Xc> Po 

Subsequent lines of printing will be controlled by the setting of sense switches 
4 and 5. If SS5 is down a line 

b+i <\> E t x P 

will be printed. If 8M is down a line 

b+i a <I> E t 

will be printed. Here a:: ifxl + pZ and in the index b + i, 
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i =ordinal number of the line of print 
b = 00000 if the print follows an ANGLE� 

=10000 if the print follows a GAP� 
=ZOOOO if the print tollows a FOIL� 

U overflows occur, the run till terminate and certain standard failure marks 
will be printed. These consist of a single 5 digit print index without a correspond
ing line of data. These failure marks and their causes are: 

00000 Negative radicand in \J xl + pZ� 
00001 t '> tM� 

OOOOZ E< Ern 

00003. E ?EM 
00004 x '" xM� 

00005 p~ PM� 

00006 Argument negative in log in r(E>: 
00007 Argwnent ,. 0 for exp in r(E) 
00008 More than ZO gaps 

00009 E ~ Eo in Time Type 1 
00010 -1 -< S ~ a in Frequency Type 2 
00011 . log B.7 Qin Frequency Type ~ 

00013 Z13tJ.)~i in FOIL Type Z 

U a run endures through Ne steps "END" will be printed. 

Mter any run is terminated by overflow or by arrival at Ne steps, the 
next run of the series Is automatically ingested and begun. However, thi9' 
program also incorporates the "Search Feature"; as long as runs terminate 
by overflow the successive runs of a series will be automatically ingested 
and run. The first run of a series which instead terminates by reaching Ne 
steps will stop the entire series. Hence, by properly arranging a series 01 
initial conditions, a boundary between two different modes of behaviOr eaft 
be delineated. 



" 

TTT (Program 39) AGENDUM SHEET 

USE SENARIO NUMBER 1'--- _ 
1.� Staple a series of runs together with SENARIO AGENDUM sheet first. 
2.� All values, once set, are held from run to run. Only parameters whose values change 

need be entered on subsequent sheets of a series. This is not true of (Ce)o' (Cp)o and 
(CWOp IWP)o' which if set different from zero must be so reset on each run. ' 

3.� All quantities are initially set to zero at the beginning of a series. Omit such para
meters. 

4:� The quantities given in parentheses are built into the program but may be altered if 
desired. 

Print a, ,s , E, t(S84 DOWN) 
Print ~, E, t, x, P (885 DOWN) 
Search Feature (SS6 UP) 

INTEGERS 

Address Value Parameter Address Value Parameter 

818 ID Number 801 (0) (Ce)o 
819 Ne 802 (0) (Cwop IWP)n 
820 NWOp 803 (0) (CrJn 

.. 

821 Nwp 
~ 

822 Np 

FRACTIONS 

825 Eo 831 (.00940) Ern 
826 to 832 (1/2) EM 
827 I Xn 833 (1/2) tM 
828 Po 834 (1/2) Xv 
725 c2-29 835 (172) P!ill!" 
681 En 682 1 - En~ 

838 f/J 1,0 858 IF 11,0 
83'9 .-1 1, 0 859 -t;ll,O 
840 (j 1,0 860 1512.0 
841 t" 2,0 861 e 12. 0 
842 ~ 3.0 862 Ip 13,0 
843 t' 3,0 I 863 -t-13,O 
844 ti 4,0 864 Ip 14,0 
845 I -t; 4,0 865 .e 14, 0 
846 o 5,0 866 fl 1 5,O 
847 -t; 5,0 867 -t-15,O 
848 ¢ 6.0 868 ~ 16.0 
849 -t 6,0 869 -c 16. 0 
850 rj 7,0 870 ¢ 17,0 
851 -t 7,0 871 r 17,0 
852 
853 

r1J 8,0 
of: 9, 0 

872 
873 

'_ 18,0 
-e 19 ,O 

854 (J9,O 874 ~ 19.0 
855 ~ 9.0 875 -t-19.0 
856 r/J 10,0 876 Ii 20, 0 
857 -t:'10.0 877 I to 20, 0 



TTT (PROORAM 39) SENARIO AGENDUM SHEET� 

Staple to front of a series of runs 

Page of pages 
rSENARIO NUMBER t! 

, I 

TYPE VALUE ~OMPONENl TYPE VALUE COMPONENT 
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MEMORANDUM 

TO: ALL February Z1, 1957 

FROM: J 

This memorandum should be regarded as an integral part of the 

description of TTT (Programme 39) and should be attached thereto in a 

secure and permanent fashion. 

Referring to the description of time type Z (page 3. top) indicated by the 

symbol /C. =2. the user should notice that card 3 is nowhere used in the 

resultant computation and therefore need not be present,as stated. However. 

this. will require the operator to manually bypass several division hang-ups. 

In orde r to continue to subscribe to the'Society for Prevention of Insanity 

Among Computer Operators" a card 3 should be entered on the Senario 

even for time type Z. The value on card 3 can be any non-zero fraction, 

for example. 1/Z. 



MEMORANDUM� March 14, 1957 

TO: Ole and All 

FROM: Jim 

This memorandum has arisen as a result of consultations between Keith 
Symon and the author. It should be attached to and become a permanent part 
of the description of TTT (Programme 39). 

The TTT programme may be changed in scale so that particles other than 
protons can be treated. Considerable thought should be applied to these attempts 
and the following rules and procedures adhered to: 

(1)� Select convenient units of energy, time, and distance. These do 
not appear on the agendum sheet but will be inserted in a special 
fashion later (see below). They must be kept in mind when writing 
the Senario and when interpreting the output from a given Senario. 
All energies E and voltages V, all times t, all distances R, all 
velocities c~ all frequencies w, etc., are to be supplied in these 
units. The units must be chosen so that all energies, times, dis
tances scaled by 1.-7 , and in fact every quantity, remain less than 
1. If foils appear in the Senario, additional restrictions may have 
to be applied. 

(2)� Three additional quantities must be inserted into the programme. 
These must be placed among the group of fractions pertaining to 
the first run of any series to be run on this Senario. When this 
insertion is made on the first run of a series the scaling will be 
changed for every run of this series. To use this facility~ prepare 
a sheet of paper containing the following three quantities and staple 
it to the front of such a series just before the sheet pertaining to 
the first run of that series. 

Address 

682 

Here Eo is the rest energy of the particle in the chosen units and 
c is the velocity of light in these units. 

The implications of this attempt to change the scale may be far-reaching. 
The Computer Division will extend all cooperation in an attempt to make this 
work. However, many hidden and subtle barriers may be encountered. 



MEMORANDUM� 

TO: Everyman April 4, 1957� 

FROM: As u3ual 

This memorandum augments TTT (Programme 39). It should be attached 
thereto. 

A frequency of type 3 (-x.-'J-. =3) (see page 3 of TTT description) has been� 
provided,� 

If)(,:I. =3 

w (t) will have the form 

!Begin 
repeating 
I, II, etc. 

-t,� 

where:� 

~ l-0'=~ + kJI (t.~irt~) + CJ[ t~~;;-t + ~ (t.~:t~)' 

W.JJI. ;. -t. ~ O.J. +k:ItI:. (t..' -t}) + SIr It1- t 3)\:1-.,. L!!!. (1:.'.: t 3)-' 
'l.11 JII:' 1"':m: "":m I .!It 

Here; 

t' =t - t F <:. t5 - 1: 
tF =n (t5 - t I ), where n is an integer. 

The restrictions: 

1';: 7 t z- t 1 
'itt "7 t3 - t z 
'1m /t4 - t 3 must be observed. 
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In the above w is measured in radians/ sec. t in secondso The expressions must 
be such that 

and such that all quantities entered on the SENARIO AGENDUM SHEET must be 
less than 1. 

The data are given by the following set of identified entries just foliowing 
the voltage type entries on the SENARIO AGENDUM SHEET: 

TYPE I VALUE COMPONENT 
1 -bs 
2 t s - tit , 
3 1;,!-- t 3 I 
4 t 3 - t,. j 

5 t~ _ t, 

6 T:r 
7 l'LI I 
8 ~ 
9 cT 

10 d..! ! 
11 1'"'tI: , 
12 (l.,rr \. 
13 Jrn:. 
14 cIt 
15 tLn: 
16 1"'T\I: 
17 <L~ 

18 ~ 
19 c.nr: 
20 ~nr 
21 "IO-~ 

Some of the time differences may be zero; any of the quantities which are not 
pertment (L e. are zero) may be omitted, except that card 21 ( 1\ 10-2) must 
always be present and must come last. Note that it IS required that a single 
value of ,1 must satisfactorily scale wI. • w ,and w •n: _TlT 

Note that the time origin t = 0 can be at any place on the above graph. 
The value of t5 serves to locate the phase of the frequency variation with respect 
to the origin once the latter has been chosen. Each run through the machine can 
be given an initial time to (which need not be zero). However,once chosen, the 
initial time, the time origin. and the time phase of all time varying components 
must be consistent. 



MEMORANDUM� 

:':'U: Al en Menschen 

VON: Jess An'erson 

This proramme augment the TT r family (Pro)ammes" and 119 and 
should be atta':hed to L:.e description thereof n a lerm~nent and" ecureashlOn. 

A volta e of type ~ fY.1 = , se page 3 of he des "iption) ha, bet.n pro
vIded 

If?!-l - 3� 

V will hav the form� 

I II III IV� 
V 

Begin 
repeatmg 
I, II, etc. 

whe e 

10
4

VI =a I + 

34 
10 V T · =all + 

4 
10 VIII =alII 

HerE. 

- t 

t F = n (ts - t 1 where n is an integer. 

The restrictions 

'"(.1 

'tIl 
must be observed.L,III 
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The value;:; must be such that 

and all quantities entered on the SENARIO AGENDUM SHEET are less than 1. 

The data are given by the following set of identified entries just 
following the GAP entry on the SENARIO AGENDUM SHEET: 

TYPE VALUE COMPONENT 

1 t5 
2 t 5 - t4 
3 t4 . t3 
4 t 3 - t 2 
5 t2 - tl 
6 "C1 
7 al 
8 b I 
9 cI 

10 d l 
~ LII 
1 
13 

II 
b Il 

14 cn 
15 d Il 
16 't-III 
1 alII 
18 bIll 
19 elIl 
20 dIll 

Some of the time differences may be zero; any quantity which is not 
pertinent (i. e ... zero) may be omitted, except that card 20 (dIll) must be present 
and must be last. 

Note that the time origin t =0 can be at any place on the above graph. The 
value of t 5 serves to locate the phase of the voltage variation with respect to the 
origin once the latter has been chosen. Each run through the machine can be given 
an initial time to (which need not be zero). However, once chosen, the initial 
time, the time or igin, and the time phase of all time varying components must be 
consIstent. 



MEMORANDUM 

From: 
To: 

CONCERNING AUGMENTATIONS TO TTT (Program 39} 

This memorandum constitutes an intrinsic part of the TTT description and 
should be attached thereto in such a secure and positive fashion as to guarantee 
that it will never come asunder leading thereby to confusion and error. 

Transformation Type 4 

This transformation is specified by ANGLE "X :::: 4 (see page 3 of TTTz 
description). This transformation type is similar to type 3 in that the hetatron 
oscillations are suppressed 

x =0 

P = 0 • 

However. time is saved in that the r (E) function (see page 4) at subsequent GAPS is 
r-- not computed. This function is not needed if betatron oscillations are not being 

studied. But it should be carefully pointed out that if anyone ANGLE of a machine is 
given ~z = 4. then all gaps of the machine will have r (E) suppressed even if other 

ANGLES are given some other'){zo Hence if it is desired to suppress betatron 
oscillations only at certain ANGLES and not at others. the transformation type ")tz :::: 3 

should be used at the ANGLES to be suppressed. 

No additional data cards are needed for transformation type")tZ = 4. 

Time Type 3 

If at an ANGLE. ")tl ::: 3 be specified,the time function (see page 2) 

F (E. ~) == 
f (E) 

will be used,where 

Note that e(. measures the angle in units of a circle; -v-. a. b, c. d. E • and £ must
1

be chosen so that the quantity Z- cr:f (E) lies in scale. E. must be chosen so that 
Eo -;;? E - E l for all E to be expected in the problemo 
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Data cards as follows must be supplied: 

TYPE VALUE COMPONENT 
1 El 
2 € 
3 a� 
4 b� 
5 c� 
6 d� 
7 k 1O-;:s 

8 0-10- 2 

9 I 0< 

The identifying digits must be prefixed; all quantihes entered must be less than 1; the 
. 9th card, 0<. , must be present and must be last in the group. 

Although the quantity k is not used in the ANGLE portion of the computation, it 
is present in case betatron oscillations are not to be suppressed (i. e. 'X'z ~ 4) so that 
a k will be available for the evaluation of r(E) at the successive angle. If')(2:: 4, then 

the k card may be omitted. Except for the ~ card. any card may be omitted with 
the result that the value zero will be automatically substituted. 

Note that three time types are now available')(l =1. 2. 3. Any mixture of 

"Xl =1 and){l =3 may be used with a multi-ANGLE machine. Similarly any mixture of 

~ =2 and "'1 =3 may be used. But if any ANGLE is marked")(l =2 then all ANGLES 

marked 'Xl = 1 will also become 'Xl = 2. The""l = 3 ANGLES will be unaffected. 

If a FOIL follows an ANGLE the k given by the"l =1. 2, or 3 of the ANGLE 

will be used in evaluating the r (E) necessary in the FOIL routine. If'Xl =1 or 2 is used 

for the ANGLE. the Ro needed by the subsequent FOIL is provided. If a mixture of 
'1t1 = 1 or 2 and')tl = 3 is used for a multi-ANGLE. multi-FOIL machine. the R proVidedo 
by a~l =1 or 2 ANGLE will persist through subsequent1t]. =3 ANGLES until the next 

itl = 1 or 2 ANGLE is encountered. If no ANGLE iS~l :: 1 or 2 type but all ANGLES 
are of}tl =3 type anappropriate Ro 2-7 should be entered on the agendum sheet at 
location 779 among the group of fractions. 

Extra Printing Provision 

If an agendum sheet is clearly inscribed with the graffiti "USE BROWN EXTRA 
PRINT CARDS" a second line of printing will follow each 5-column type print (if 
called for). The 4-column type print will be unaffected. The identifying digits on 

'" this line will be the same as the corresponding line above. 
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If printing is called for after a GAP the quantities printed will be' 

F: time interval to traverse previous ANGLE 
r (E + ~E): argument is energy after GAP

:#- ~ -~ :oscillator frequency of the GAP 

If the printing is called for after an ANGLE, the quantities printed will be: 

F: time interval to traverse that ANGLE 
r (E + A E): argument is energy after last previous GAP 

-e.u- -A 
2. 7/" ~ : oscillator frequency at last GAP 

In any case,ifl(~ =4 type ANGLES are being used, the second quantity 

printed, r (E + ~ EL will neither be pertinent or meaningful. 



MEMORANDUM 

TO: JEDER MANN No. 1 of June 12, 1957 

FROM: ME 

This memorandum pertains to TTT (Programme 39); it should be attached 

thereto, become an irrevocable part thereo~ and be carefully consulted each 

time agenda for TTT are prepared. 

It has come to my attention that the SENARIO ID NUMBER has been 

failing to produce itself on the printed output of TTT. The reason for this 

has been discovered. This particular number must be no more than eight 

decimal digits since it is read by a different read routine than is usually used 

to read ID numbers. If this rule will obtain, then it can be guaranteed that 

the SENARIO ID NUMBER will be prInted on each SENARIO print and on each 

subsequent TTT run. 

The above remarks do not apply to the TTT RUN ID NUMBERS which 

must only conform to the rule of being less than 34 359 738 367. 



November 3. 1958 

MEMORANDUM 

TO: Computer Users 

FROM: Jess Anderson 

SUBJECT: Computer Program - TTT 

The TTT and TTT Scope Programs have been augmented as described 
below. This memo should be attached securely to and become an integral 
part of th~ full write-ups of both programs. 

A voltage type 4 (Xl =4. cf. page 3 of the main write-up) has been 
provided. 

If"Xl =4, V (t) will have the form 

I II III IV 

V 
Begin 
repeating 
I; II, etc. 

t 

where 

f + g (t' - t1) + h(t'i t1V~ + i (t' -t 1)3 + j I. t' - t 1 \ 4 
I I 'tj I,I J I ti j I, . 't'I -; 

4 all + bil (t's; t z \ + cn(t'~ t z) Z + d (y - t z ),3 + e It' - t z )· 4 
10 VII = -II / ~. II,,' II ,-::en II, 'En 

fn + g (t, -t z) + h h't; tz)Z +. it' - t z )3 . ~t' -tz)4
II 'tIl II ~- II lnc 'til + JII ,- tIl 

. Z A, t _\ 4t' - t3 h' - t J ) + dJIl~r~3) 3 + e lII ,- '6n3;. 4 alII + bIll 'EnI + cnI \- -rin~ 
10 VJIl = fJIl + gJIlIt:; la)+ h h~~=-_t.w.3J Z . ~t' - t 3 )3 +' ~' - t s)4m + lill ~ JnI '>-' 

. ~- ~III ,- l-III ~ , ~nI , In 

104 Vrv =o.� 
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Here 

t' = t - tp <. ts - t1 

tp = n (t. - tl),}' an l~er.. 

The restrietions 

L.j 7 ta· tl 

'"t 11. :::>t) '7"tJ 

LUi ;? t 4 .. t 3 ..!!.'!!! ......erved. 

The 'WUu.*s mus-t be nell that lot· V ~ land all ctuatltittesentered on .... 
SENA1UO AGENDUM SHEIn':~ less than 1. 

The....... alWll''''' tM r.uow" eet f{Jl idltatit1ed entries j_ follOwi. 
Ute GAP-'«7"..S£NARIO ¥l1:NDt1Jl SHEET. . 

r

,
!.... 

TIS 

J: 
I 
3 
4 
S 
6 
'I 
8 
9 
0 
1 
J

•14 
15 
16

1"1. 
1. 

."Z6 
rI 

YAWl: 

. tl 
tl·~ 
t4~ tS' 
t•• tz
'tz -tt 
~I a
bx 
cI 
ell 
eX,) 
II 
III 
i 1 

.. 

jl 
't:D 
aU 
bn 
c .a:
'-a
fa 
au 
bU 

. in' 
Ju ' 

COIIJIONDlT 

, ... 

I' 

.. 
, . 

< 

. ':., 

."", 
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28 L III 
29 alII� 
30� bIn� 
31 cln� 
32� d UI� 
33� eIII� 
34� fIll� 
35 gIll� 
36� hIlI� 
37� iUi� 
38� hu 

Some of the time differences may be zero; any quantity which is not 
pertinent (i. e., is zero) may be omitted, except that card 3G (jIll) must be 
present and must be last. 

Note that the time origin t = 0 can be at any place on the above grap~. 

The value of t5 serves to locate the phase of the voltage variation with respect 
to the origin once the latter has been chosen. 

Each run through the machine can be given an initial time to (which 
need not be zero). However, once chosen, the initial time, the time origin, 
ana the time phase of alJ ti.me varying components must be consistent. 



August 24, 1959 

MEMORANDUM� 

TO: Technical S~;aff 

FROM; G, A, Westhmd 
SUBJECT: Changes to TTT (program 39) 

Cer'tain changes to TTT have been suggested by Robert Stump. The 
original e qUdion 

S (x, p,~) ;; 2'P'~ +V sin 2 "J1'tJt)J +f (1~· cos 2110' J) ) 

~ 

+~ (21Y@f, - } sin 41'f'of.. Jh +;/i (cos 41r~V-l) 

+ .::f!JJ.! (21Y@{ + l.. sin 4 1)"'0(1» 
I!IJ)):J. 2 

has been changed to 

S (x, p,o() ,- z1I'@!l, +~ sin 2 7rt:Jt J} + -'G- (1 - cos 2?rD!..v ) 

~~~ F ~ 
+ 11 (2 ~~-2~ sin 47r«j}) + ~.If (cos 4'7Yt4J) - 1) 

i ~;.?(27f'e-e +-L sin 4~Q(JJ) 
~llJ 

The accuracy of the result for S after 100 integration steps has been 
found to be within 2 parts in one million with this new method. 

Since certdin scaling problems were introduced by the change, it is 
now necessary to scale up the entry values of X o and Po by ten. This means 
the user must now enter 10 X o and 10 Po instead of X o and Po on his agendum 
sheet. 

Since this change is considered to correct the formula for S, this 
memo should become a permanent part of the original TTT program reports. 



October 26, 1959 

MEMORANDUM 

TO: Computer Users 

FROM: H L Carlson 

SUBJECT' Computer Program - TTT (Program No, 39) 

This memorandum augments the TTT program and should be a 

permanent part of the TTT write-up 

A frequency of type 5 Cx'2 :::: 5) has been provided (see p, 3 of TTT 

write-up), 

If ~ 2 == 5, W (t) will have the form 

I II III IV v 
Repeat 
I, II, lIt etc. 

t 1 t 2 t 3 t 4 t 5 t 6 

where 

WI -/\
2 = a21L I 

LUIII 
27t 
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t' - ~'t)' (' - 1,24 (t,l
_ +'4~4 

W a IV + b pv ( 7::.. -t (IV t: ..,. e 1V ;:'tiv:rv _".A IV, ",,- ..j. 

2 ~ " (,.
2'7T 

f' 

rv (." )'2 + jIV(~:'L, "roT h - 1: 4 - t4_~ 
.1. ''I ..,....

t..:
d 

rv \. "tlVJ 

- a
V 

, 
t ::: t - t L... t - t 1

F b 4 

't > t3 - t 2 ' II ~
 

1:II1 > t 4 - t 3 '� 

"CW '> t s - t 4 '� 

and 

2~ 2-)1.<. 1, where W is in radians / sec and t in seconds. 

Also, all quantities on the SENARIO AGENDUM SHEET must be less than 1. 

The data for this TTT augmentation should be entered on the SENARIO 

AGENDUM SHEET just following the voltage-type entries and should have the 

form as shown on page 4 of this write-up, 

Some of the time differences may be zero; any of the quantities which 

are z,=ro may be omitted, except that card 42 ('/\, 10- 2) must always be present 

and must come lasL Note that this single value of ~ must properly sC'lle all 

of the c.J's. 
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The time origin t = 0 can be at any place on the graph ',page 1}, The 

value of t 6 serves to locate tre phase of the frequency variation with respect 

to the origin once the latter has been chosen. Each run through the machine 

can be given an initial time, t (not necessarily zeroL However, once chosen, 
o 

the initial time, the time origin, and the time phase of all time varying com

ponents must be consistent, 
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TTT (')(.2, :: 5 Modiflcation) 

! TYPE i VALUE COMPONENT 
I : 1 , t6 

2 I t 6 - t 5 
3 I, t s  t 4 
4 I 

j t 4 - t 3 
5 I t3 - t?. 
6 I t z - t 1 
? I 

! a1 

8 I un 
9 j an 

10 b n 
11 en 
12 ! d TT

.1..11. 

L 
13 

I 
I 
I en 

I 14 ! f n 
I 115 ! gn 
!j 116 

j I h n 
I 117 1 in 

~ 18 hl 
19 I'G 

1P...... 
20 alII 
21 bIll 
Z2 c lII 

. 23 dIll 
,24 ern 
125 
I flU 
!26 gPI 

!27 h Tn 
,28, lIII 
!29 hn 
~30
; 

"t1IV 
~31 
I 

a IV 
~32 b IV 
33 J c TV 
34 d TV 
35 e-:v 
36 f IV 
37 grv 
38 hrv. 

1::Sl:1 I n1 
140 JIV 
141 a v 
j4:Z .7\ . 10-;:: 


