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Abstract

A system of finite difference equations based on the non-uniform
beam theory is developed for use in the calculation of the response of
a ship hull to transient forces. The conditions for stability of these
equations (and hence the conditions for validity of the numerical results)
are derived. The feasibility of the method is tested by the solution of a
vibration problem for a specific hull, the details of which are discussed
in the present report and by Mr. R. T. McGoldrick 1) in TMB Report
1119, "Calculation of the Response of a Ship Hull to a Transient Load
by a Digital Process'. The use of this method lends itself to the solution
of a wide class of problems related to the structural design of vessel
hulls or other structures subject to transient forces. The solution has
been programmed and carried out on the Bureau of Ships UNIVAC System,

Applied Mathematics Laboratory, David Taylor Model Basin.



Introduction

The mathematical equations governing the solution of engineering
problems in many broad areas of application are systems of partial
differential equations. Supersonic and subsonic aerodynamics, nuclear
reactor design theory, heat flow, propagation of electromagnetic and
acoustic waves used in the design of radar and sonar ejuipment are but
a few illustrative fields of engineering which fall in this category.

It is not generally realized that the solution of systems of differential
equations by classical methods in terms of known mathematical functions
or otherwise is extremely difficult and can only be carried out in the
case of a few isolated and very simple problems. In general, it has not
been possible in the past to obtain practical numerical results based on
the fundamental systems of differential equations governing the behavior
of material or devices under design study by engineers and scientists,
although the basic ejuations have in most cases been derived many years
ago. For this reason the design engineer must resort to many simplifying
assumptions and approximations, which are not always valid, in order to
find solutions based on theoretical considerations, and he must rely heavily
on experimental data.

One of the basic functions of the Applied Mathematics Laboratory is
to develop methods which will permit the direct numerical solution of

systems of differential ejuations, particularly those types which govern



technical problems encountered in naval engineering and architecture.
Success in this field will be the key to the solution of many outstanding
naval engineering problems.

The rapid development of high-speed automatic digital calculators
has given the mathematician a powerful tool which enables him to attack
the direct solution of complex systems of partial differential equations
with renewed vigor, and with greatly improved prospects for success.
The most promising possibility for making progress in this effort is the
use of finite difference methods.' This is basically a very simple and
direct approach to the solution of this problem, and for this reason has
great merits. One additional advantage inherent in the method of finite
differences is its broad generality.

The method of finite differences consists simply in replacing the
derivatives of various orders in the differéntial system of equations by
equivalent ratios of finite increments. For instance, the first derivative

? may be repiaced by ‘QL, where Ay, &X, are small but finite
X

AX
increments. This substitution results in a system of so called difference
equations, which is algebraic in form, and hence easier to solve. It
represents the original differential system of ejuations approximately.
Although the finite difference equation system is only an approximate
representation of the differential equations, its accuracy may under proper
conditions which may be determined mathematically, be progressively

improved by using increasingly smaller increments. In this manner,

any desired accuracy may be achieved.



The mathematician has two major tasks in successfully applying
finite difference methods to the solution of systems of partial differential
equations, one theoretical and one practical. First, in order for the
technigue to be valid, he must find the conditions under which a decrease
in the size of the increments will necessarily produce an improvement in
the accuracy of the solution, so that any desired accuracy may be obtained.
Unfortunately, this does not always occur. As a matter of fact, in many
instances, the use of the method of finite differences produces entirely
erroneous and irrelevant results. Secondly, since the sizes of the
increments must in general be chosen small in order to obtain reasonably
accurate results, the amount of computation required is usually extremely
large, and in many cases far beyond the capacity of human endeavor. For
this reason, the practical use of finite difference methods is in many areas
only feasible by the use of a very rapid automatic high-speed calculator.

In this paper the method of finite differences is applied to the calculation
of the motion of a ship hull which is subjected to a transient force. For the
purpose of this study the ship hull is subdivided into twenty sections or
increments and is assumed to behave like a free non-uniform beam. It is
also assumed that a force which varies in time is applied to one or more
of these sections. The final results obtained are a set of printed tables
which give the locations, the deflections, the angular and translational
velocities and accelerations, and the forces acting on each of the sections

at any instant of time following the initiation of the transient excitation.



Governing Equations

The equations governing the motion of a ship hull based on uniform and
non-uniform beam theory as developed by Timoshenko 2) and others are
discussed in considerable detail by R. T. McGoldrick and V. L. Russo 3)
in reference 3. A finite difference method for obtaining numerical solutiqns
to these equations is presented here. For this purpose, the ejquations
describing the damped vertical (or torsion-free horizontal) excitation of
a ship hull subjected to a transient force will be used. The results may be
directly extended to more general types of motion. The system of partial

differential equations describing this type of motion, as given in reference

3 s
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x = distance coordinate along the longitudinal axis of a vessel

y = displacement normal to the longitudinal axis



Y = rotation of transverse section about an axis normal to the (x y)
plane (z-axis)

M = bending moment

V = net shear force in y direction

,A = apparent rﬂass (per unit length)

¢ = damping factor (per unit length)

P = force (per unit length) acting upon ship hull

I'«z = mass moment of inertia about z axis (per unit length).!'rotary inerti

(EI) = bending rigidity factor

(KAG) = shearing rigidity factor.

Figure 1

1b - Representation by non-uniform segmented beam
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Finite Difference Representation

The set of equations (1) to (4) constitutes a system of partial differential
ejuations which is assumed to govern the motion of the ht}ll of a vessel, as
simulated by a freely vibrating non-uniform beam. If the state of motion
of the ship hull is known at any time tq, it is possible by obtaining the
solution to these equations to determine its motion at any subsequent time.
This system of equations may be represented approximately in finite
difference form by replacing the partial derivatives by ejuivalent ratios
of small finite increments. In making this substitution we will use the
following notation:

t

o initial time

Xo initial position

At = increment in time

AX = increment in length

AY, AT, &M, AV = corresponding increments in the dependent variables
y, ¥, Mand V, respectively.

Xp = X0 + NAX

1
m _ _ .
Yn+% = Y[Xo+(n+z)AX, to+mAt] = value of y at the position
1 ‘ n=0, 1, 2...
x0+(n+§) A X and at the time tog + mat;
m=0, 1, 2...

M2+ 1 M [xo +nax, tg+ (m + 1) AE] = value of M at the position

n
=0, 1, 2...
+nAX and at the time ty + (m + 1) At; n=01,2
. m:O, 1, 2...

Xo



Similar notation will be used for other variables and factors in the equations.

For quantitieé whiqh do not vary with time, the superécript will be omitted.
Figures la and 1b show the representation of a ship hull by means of a

non-uniform beam and its division in twenty in:crements, as used in the

ix{itial solution. Using the above notation, the displacement of the hull at

the position x5 (the boﬁndary point between the second and thi;‘d increments)

at the end of the mth time increment, for instance, will be represented by

ygl; its displacement at the center of the second increment will be represented

by yxlnl . The average mass per unit length at the center of the twentieth

2
increment will similarly be represented by F 19.5°

To solve the above system of equations we propose fo make the following

specific finite difference substitutions in the system of equations (1) to (4):

m+| m - m-1
) (_37‘_%)"' B . SO
a tl’ n+ly (A,C)z

m+l

. m ( m-=|
&M'/:z. — Z'O/YHV'L + b/n-r'/av

(At)*

o (3],
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The resulting system of finite difference equations is given below:

) Y, =Y fur) — j‘;)(ﬂgm- v )a
(Vi = ”’”) (At P, (4t)
b, 22 T TR,
m 2
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M+

5) ™ m-:_ }« -
(15) v = (KAG),Y. (KAG), T R

where

M

V=il V=g (W Vi)

In order to define gompletely the motion of the ship hull (non-uniform

J

beam) it is required that initial and boundary conditions be fixed. If we
begin our computation when the vessel is at rest (just prior to subjecting

dy ary

it to any force) we have the condition att =0, y = Y- =g =V=M=0.

At all time, t, we have the condition M, = Vo = Myg = Vo = 0, on the basis
of our assumption that the hull is vibrating freely.

The above system of equations (equations (12) to (15)) taken together
- with the supplementary initial and boundary conditions may be summarized
in the following form used in programming the solution on a high-speed

(2) %M_ (I+K)(% ~Y )t }:1{‘" Ko (V= Vo) T K
13) ¥, =(0 =V Vs KM =)+ (Vo V)
) M= K=

1) V=K (G + Vo) + (e = )
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where Ky, K,, ... K8 are multiplying factors which are, with the exception

of K., functions only of the characteristics of the vessel hull and the selected

32
time and space intervals, and which may be precomputed prior to the main
calculation. K3 may also be precomputed in the case of the application of
a constant force; in the case the acting force is a function of time a new set
of values K4 must be computed for each time interval. Specifically,

Klz - CM": At = - -l—— (-A—t)»z K3= n:j(ﬂt)

- r:ﬂ: A% )

_ (ED. = T k=t
0K B e G KB

T 2 ¥ Tax
The initial and boundary conditions are given by the relations,

0 -1 — o _ - 0 O_
'9”*-;,:‘::’ ,*r—’-m*t-——.v’ﬂ/:M%——o)

M™ = Mo =V," =V = 0.

From the above it is also possible to derive the following useful relations

for the end-point values of y,

68) YOM:rg) YJ: 175') ‘}' j’- Ya_‘g‘}ua: +SXY”~5’
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Numerical Stability

In order to carry out successfully the solution of a system of partial
differential equacions such as equations (1) to (4) by finite difference
methods, the finite difference equivalent system (12) to (15) must be
stable in the sense discussed in References 5, 6 and 7. We will now
derive the conditions under which this system of equations will satisfy
these stability requirements. The conditions of stability are satisfied
if the amplitude of a small disturbance, introduced at any time, t, does
not increase with successive time steps. This condition may be stated
as follows: ¥ SF(xt) and SF(x, t+at) are values of
a variation (or perturbatibn) of any of the dependent variables y, ', M
and V in the system, then it is said to be stable provided
I'SF(XJT* At) /XF(X)t)j <1, To determine the conditions for
stability we will introduce perturbations Jy,J ¥y, 9 M and 3 V in the
independent variables y, ¥, M and V, respectively. Substituting in

equations (12) to (15) we obtain the variational equation system:
(19) (4 (S}M.‘Q 513%. + 5%#).,_ Cw’:( S“QVA;‘X%:::) at
+ LG5V = 0
o B _a

LAt SY,\YH) S_MM-H XNM—'_S\/WE‘::O
(m)@‘I—(g W— m+') SMMH“‘O

=Yt _ gyt SV
) 2 Sz — ol (KAG). -
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We will assume in this analysis that within a small region in the (x, t)

plane the coefficients ( ,.4 , I Mz’ etc.) of the variational functions can

be treated as constanfs. A solution of the system of equations (19) to

(22) can then be obtained in the form

5'8:1: QQ,&gn}KMAt
0 mat

oy {OT= £
gl"l:f'-: C
EVMm=deLPM+xmat‘

QLF’VH‘ *«mat

where a, b, c, d are real constants and <{ complex. Substituting (23) in

(19) to (22) we obtain a system of linear homogeneous equations for the

quantities a, b, ¢ and d which has a non-trivial solution provided the

determinant D of the coefficients is identically zero, where

P2 eesti-A) O

) D=

13

ET (o4 _
O Z)_(:(e'
(£-2%) -

O

eet-¢?)

(kA6)




and where)\ =e€ °‘At.

From the above we obtain

R I Lz )\ 2 A")
[p(A-2+X)+cat 1-X")1[ |+(KAG)(“),(2 sin f) ZKAG(A:)" ]

s)

L (A=2+A7N
(Ax)‘(z song) [ Gising )= = Qtf; /0,

If we further assume At< -E-

we obtain,

iy ('Efé‘ + 4P sing )(HHEDSICE +T Shset) =0

or

o) PKir«Gz’ §=-+ [q rsm{_ (Irz-f- T‘éi?)+r(At)f[§+ler7(E[)sLmj£;O

2
where §=/\"2 "’/\—'J r= ((2331.

Equation (26) above is a fourth degree polynomial equation in A
If we designate one of its roots >\1 we draw the conclusion from the
- 1 . ‘
relation = -2 /\ 1 that /\ = will be another root.
§-4 * 2731
s 1
For stability both | )] £ 1land | ),]| = £ 1. It follows
A1 2= 15

that |Mq| = [N, =1 Likewise, |)g| = |}yl =1

14



Let )\lzcosr +isinY ; )\2=cos}’ -isiny =a—1,then,
27) €= 2(cosr— ))
or -HS.. ?S‘Oo

On the other hand, from equation (26) we obtain

(29) _g._.._ _ KAG

2P Le [(us + peth)+ (VT3 2pltu s+petf]

@9 §=- ’a%%«l( US + pet)-(UT 2] s et

S = (Li,* KA@))T- (I —r«(sr , U= qrsm%

It follows that, for stability, the inegualities

B) 4= *ﬁ [(us+-p@t)‘)+(u‘v%zr%t)’“u&f«@@"f] <0
z

and

BI) —yz _ KAS [(us+pat)—(uvr2+apistyus+es)d 20
2k

15



must hold. It may be seen by examining the expression for § that its
value is always less than or at most eqﬁal to zero and that the left hand

inequalities (30) and (31) are satisfied if

-

' n KAG < 2
G0 (vspet) ZAE.

In addition, from the previous discussion it follows that A t must be

chosen so that

33 at< L

The above result may be stated as follows:
Theorem:

The finite difference system, consisting of ejuations (12) to (15),
governing the transient motion of a ship hull, is numerically stable
provided the time increment At is chosen sufficiently small so that

te L and
ate = an

ML)
L2 (KAG)+ M(ET) +.25 1aX KAG)

32) (@at)* 2
throughout the range of solution.

16



Numerical instability is usually accompanied by violent variations in
the computed functions which invalidate the solution. This effect is shown
in Figure 2. Whereas a time interval satisfying inegualities (32 ) and (33)
guarantees stability, it should be pointed out that the interval need not

necessarily be as small as indicated by these inequalities.

Computational Procedure

We are now prepared to use the system of finite difference equations
((22 ) to (15 ) and (16) to (18)) to calculate the motion of a éhip hull in
response to a force acting upon it. The physical characteristics of the
ship hull and the magnitude of the forces acting upbn it (i. e. Mo C, P,
I Mz (EI) and (KAG)) are calculated on the basis of the theory of
elasticity from experimentally determined physical quantities. (For
instance, see Table 7, Ref. 4 for values of these parameters in the case
of the SS Gopher Mariner.) From these the maximum value that can be
assigned to A t, the time increment, in order to insure numerical
stability may be calculated on the basis of the inegualities (32’ ahd (33).
Then the coefficients Ky, Ky, ... Kg are calculated by use of eqyuations
(16). These should be listed at the full-interval positions or at the half-
interval positions (See Fig. 1 b) as follows:

listed at half-interval positions

K1, Ky, K3, K5, Kg

K4, K7, K8

listed at full (integral) interval positions.

From the known conditions (y, ¥, M, and V) at time t = 0
(equation 17) we proceed to calculate the values of yand Y att= At,

17
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by use of eyuations (12 ) and (13 ). We then obtain the values of M

and Vatt= A tfrom equations (14') and (15‘ ), also using the boundary
relations My = Mg = Vo = V99 = 0. We may now repeat this cycle any
number of times, obtaining the values of the variables y, ¥ , M and V at

t=2 4t, 34t ..., etc. until we reach any desired value of time, t.

The above computation procedure was programmed for solution on the
UNIVAC system, and a trial solution carried out. The results appear .
successful in every respect. Calculations at varying time intervals demon-
strate the feasibility of producing accurate solutions much beyond engineering
requirements.

Figure 3 shows the results of two sample calculations for the transient
excitation of a ship hull due to a large force applied for the duration of a
second a) amidship and b) at the bow. The vertical displacements of a
cross section of the hull are plotted in each case as a function of time.
Appendix A contains detailed procedure for use by a mathematician or
programmer in order to carry out additional solutions on the UNIVAC
system in. the future. It also contains a) a memory allocation chart,

b) the contents of the instruction tape and c¢) sample input data.

Conclusion and Acknowledgement

The successful calculation of the transient motion of a ship hull by
finite differences (on the basis of the fundamental system of differential

eyuations) and the use of a high-speed calculator system constitutes a
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significant forward step in the continual search by the applied mathematician
to develop practical numerical techniques for the solution of engineering
problems governed by complex systems of differential equations. It
establishes the feasibility of utilizing this technijue for the analysis of
structural vibrations of systems subjected to external forces on the basis

of theoretical considerations. This method has many advantages over
others:

a) In many areas of application, it is the only practical method
available to obtain numerical solutions of engineering problems governed
by systems of differential equations.

b) It produces a detailed description of the motion of the structure
under investigation and the forces acting upon it, as a function of time.

c) It is extremely simple in concept and relies entirely on the

fundamental differential equations which govern the motion and not

on an approximate version thereof.

d) It can readily be generalized and extended in many directions.
For instance, various forms of the basic equations may be solved and
compared with experimental results to determine the most adejuate theory;
or, a solution may be carried out in two or even three dimensions without
encountering any substantial additional basic difficulties in the application

of the method.

21



The solution of structural vibration problems by the method outlined
here was made possible only by the development of the mathematical
theory for the numerical stability of finite difference methods and by the
advent of high-speed electronic digital calculators.

The author is indebted to Mr. R. T. McGoldrick for proposing the
problem, for suggesting the use of finite differences as well as for
carefully reviewing the manuscript, and to Dr. E. H. Kennard for many
helpful discussions. He would also like to thank Miss Jacqueline Kitchens
for valuable assistance in carrying out the computations and in preparing

the report.
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Appendix A

Procedure for Solution of Transient Ship Hull Excitation

Problem on UNIVAC System

The present UNIVAC program for the solution of the transient ship
hull excitation problem was designed primarily to test the feasibility of
using finite difference methods for this purpose. Consequently it should
be considered an interim program. However, it may be used effectively
to solve problems in this field, vending the development of a more
general program. Because of its limited scope it has the advantage of
being simple to use and efficient. The machine procedure consists of
only one run which carries out the computation, produces the "edited"
output and contains an automatic rerun or restart feature.

The program is based entirely on equations (12 ) to (15 ) and (16),
(17) in the main text. It assumes twenty intervals for representation
of the vessel hull and a constant (square shaped) force which acts on
the hull from time t = 0 for some specified duration t = tl' The force
may act upon any number of the sections of the hull, located anywhere
along its length. This problem may readily be reprogrammed to
incorporate a larger number of intervals, if desired, and a force function
which is an arbitrary function of location and time. A number of additional
extensions and improvements should be made in reprogramming this
problem for production purposes.

The procedure for the solution of a problem on the UNIVAC system

consists of three phases, a) preliminary computation, b) preparation of

23



input data and c) machine operation. Detailed instructions for each of
these phases will be given in the order listed.

A. Preliminary Computation

1. Form of originating data

The proposer will provide the following information, which he
will obtain experimentally, or estimate:

listed at half-interval positions

r\, C, P and IﬁZ

(EI) and (KAG) listed at full (integral) interval positions.
In addition he will give the duration, t;, of the force, P, acting on the
vessel, and will indicate the approximate time interval, &¢t, at which
he desires tabular listings, and the total time, t 2 during which the
motion is to be calculated. If the data is not centered as required

above, proper centering can be obtained simply by averaging.

2. Determination of the time interval A t

The first computational task is to determine the maximum value
At for which the stability criteria will be satisfied. This value is
computed on the basis of the inequalities (32.') and (33), which must be
satisfied at each value of x. Once the maximum allowable 4 tis
determined a convenient value At is chosen which is smaller than this
maximum and which is an integral divisor of 0.1. If it is chosen too
small, however, it will unnecessarily increase the amount of computation.

3. Computation of Coefficients Ky ... Kg and k; ... kg

The coefficients Ky ... Kg are then computed on the basis of

R4



equations (16) in the main text, and centered as indicated in the section

on computational procedure (main text). Specifically, K;, K;, K3, Kg,

Kg are computed for values of n = 0.5, 1.5, ... 19.5; and K4, Ky, Kg

are computed for n = 1.0, 2.0, ... 19.0. (See Fig. 1b). Then compute
ki, Ky, ... kg as follows: kj = Ky, ky = 105K2, kg = K3, kg = 10’9K4,

ks = 109K, kg = 10%Kg, ky = 1078Kq, kg = 107°Kg. The program assumes
that ky, ky, ... kg, %, kq, l{% are less than unity.

4. Determination of pseudo-time factor f and computation of time

values

In order to facilitate tabular listings at desired time intervals,
it was convenient to use pseudo-time values, T, in place of actual time
values in the control phases of the data input. Pseudo-time, T, is egual
to a factor f times real time, t, i.e. T =ft. The program was so
arranged so as to obtain a listing every interval 2T = 0.1 in pseudo-time,
i.e. for T=0.1, 0.2, 0.3 ... etc. The factor f is thus used as a means
for obtaining listings at any desired real time interval 3 t.

The interval 3 t, at which listings occur should be taken so that

Y t=n At, where n is an integer. The factor f is then cpmputed

f= %{1_ . Then compute AT =f at, Ty=ft; and T, = ft,. The pseudo-
times AT, Ty and T, are entered in preparing the tabulating control input
data, rather than the real time. These should be rounded off to the nearest

integral multiple of AT.

B. Preparation of Input Data

The input data consists of ten blocks. These are prepared as

25



described in Table 1, which is a reproduction of a sample set of input
data together with notations which indicate the locations of all quantities
used in its formation.

C. Machine Operating Instructions

1. Machine Procedure

Place instruction tape on Uniservo 1, data tape on Uniservo 2,
blank tapes on Uniservos 3 and 8. Upiservo 3 should be set to write in
blockette form. This Uniservo will contain the results. Initial read
Uniservo 1. To facilitate following the progress of the computation the
supervisory control typewriter will print pseudo-time at each interval
printed in the final result. Upon completion the machine will stop.

To print results on High Speed Printer use double space control
tape with first skip to line 7.

2. Rerun Procedure

If the machine malfunctions, or if a problem is not completed
during any one period at the computer, remove rerun tape from Uniservo
8, place on Uniservo 2, place blank tape on servo 8, rewind Uniservo 1
and initial read Uniservo 1.

3. Interpretation of Printed Results

Each page of printed output will contain the results for one time
interval. The pseudo-time (not real time) will be given in the upper right
hand corner. The decimal point will be located between the sixth and
seventh digits. The problem designation and run number will be printed

in the upper left hand corner.
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The columns headed by Y, G will list y and 103 Y , respectively.
The decimal point is located between the first and second digits. The
values correspond to the half-interval positions, but are aligned to
print 2% the subsequent integral value of N. For instance y; is listed
on the line N = 1. It will be noted that the column heading fzor segment
numbers uses capital N in place of n.

5

6 M and 107° v,

The columns headed by M and V will list 10
respectively. The decimal point is located between the first and second
digits. The values correspond to the whole interval positions, and are
aligned correctly.

If values for yg, ¥,q or YO, Y ,0 are desired, these may be
obtained easily from equations (18) in the main text. If intermediate

whole interval values of y or Y are desired, such as 7Y7,, these may
+ Y12.5

2
4. Memory Allocation Chart and UNIVAC Instructions

be obtained by averaging, i.e. Y7, = Y15

As an aid to the mathematician programmer, in the event
modification or extension of the program is desired, a memory allocation
chart and the contents of the instruction tape is reproduced here.

An auxiliary program is available to change the time interval AN t,

if desired.
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UNIVAC Imstructions
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oate  8-18-56 pAGE 1
00 11 000
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o' |30 120 '
Y 010
02 Z 970 Copy (10-39) (970-999)
Y 020
Q3| Z 980
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o4l 2 990
000
05 420
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(¢]:] 210
U 090
o7 480
32 540 Read data tape
08 600
32 660
09 120
32 780
10 840
32 900
11 B |93 || Initial time to 099
c 246
2] L 816
— M| s
13 c 960
B | g%
»| s 935
K 000
10w 1576 P—)
A 960
18] A | 606
A |86
17| 5 | 816 |
A 86
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00 000
1° | 00 000
00 000
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] 905
21k 000

M §66
22]c 960

B 936
23 A 935

K 000 Compute g7/
2v ||y 696
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2sfa 1876 |

B | 876
26 [lA 8ué

c 8u6
2700 000

00 000
28 B 8u6

s | g
29 K 000

M 635 | Compute M "'
3%¢c 905 _

00 000
3' B 186

8 785
32 01 000
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33 755

c 960
34 |8 846

A | 845 | compute v3°
35 1K 000

M 125
36 1A 960

c 935
37 00 000

00 000
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00
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00 000
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Lo|lB 012

o077
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hella o078
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k38 o1y

079
byl ¢ o1k

015
bs |l A 079

015
he | B 016

o077
krlc 016

017 Modify address locations
e || A oT1

017
ho | B 018

079
510¢ 018

020
5' (A 077

020
52 |B 021

o718
CER 021 |

022
S4lA 078

022
55(B 023

079
58 |l ¢ 023

o2l
S7T A 079

24
sén 025 |

oT7
59 lc 025

026
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60l A o717
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oTT
62 ¢ 028
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63|A o078
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64 4B 030

079
65 || c 030

031
6s ||A o717
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67|B 033

079 Modify eddress locations
68| ¢ 033

03k
69 |lA o717

03k
T°0B 035

078
7' lc 035

036
72 1A 078

036 Cheek for campletion of all space increments
73 | L 076

080
7 1100 Q00 -

012
75 |00 000

000
78 1A 960

956
77 §000 001

001
78 1000 000

001
79 || 000 001

000
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DATE  8-18-56 PAGE 5
8oy 970
Z 010
8 iy 980
z 020 ‘|| Reset (10-39)
82|y 990
I Z 030
| _83|B 16 | Reset time from T" to T"*!
H 960
84| A 568
H LTS
851 I, 629
Q 097 Test for end of force duration (T,
8s |1.5 000
K 000
87| B 960
25 000
88 || ooo 000
QR 012 Test for print cycle
89 i 000 000
U 110
90 |l 42 270
32 330
9 || k2 390
32 480
2 || 00 000
u 007
ety 118 .
W 960
Q4 iy 120
W 962
95 ||y 122
W 96l
98 [ 00 000
i 118
7 ly 100
Z €00 Insert zeros
il A 610
Z 620
9° | 00 000
| U 086
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100 00 0
woo
|
2
3
3
5
6
7
8
v
10 9 || 000 000 y v
000 000
1108 156 |
c 930
11! 58 420
58 480
112 58 540
58 600 Rerun
113 | 58 660
58 | 720
1141 58 780
58 840
115 58 900
58 480
118 68 000
61 000
117 000 000
U 093
1181 B 450
c 150
nel s 780
Cc 152
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DATE 8-18-56 eace T
120 |B 840
c 154
121 B 900 .
¢ 126
122 ||p 930
¢ 158 || Eait
123 1000 000
00 000
124 B 18
A 149
125 |iC 118
B 119
128 |A 149
c 119
127 B 120
A 149
i2s ¢ 120
B i21
129 |[A 149
(o] 121 '
130 B 122
A 149
13! |H 122
L 148
132 000 {000
Q3 134
133 000 | 000
U 18
13% (v 960
W 118
135 (v 962
W 120 || Edit
136 v 964 :
W 122
137 |I53 150
53 210
138 |53 270 '
53 330
139 (53 390
50 138
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14 0 86 ]
L 569
14 ! (000 000
Ql 1h3 Test for end of problem
1k 2 000 000
u 012
1k 3 147
c 480
14 4 (53 480
62 000 Rewind Tapes
14 5 |63 000
0 000
| 1% s 00 000
: T 00 000 T
17 |PA AlAAA
ANAAA é A
k8 B 960
c 458
14 9 [|000 001
000 010
150
Zeros| to end| of block
15"
152
Type block of] Zp
153
sk
155
156
157
158
158
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