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RADIATION DECAY DEMONSTRATION

1. Introduction:

The Radiation Decay demonstration 1s capsble of storing for
one to sixteen different positions; informetion as to location of the
position, the radioactivity intensity level at the position, and the time
of the radiocectivity intensity reading. This data mey be entered in any
random order either manually using the typewriter or sutomatically using
the photo-tape resder.

After entering the time of the atomic explosion that caused
the present radioactivity level, the computer will give upon commend;

(1) a report of all entered positions as to its location, its measured
intensity, and the time of measurement, (2) a report of any or all

entered positions at any given time as to the remsining radiation level

and if it is dangerous or not, and (3) the time when the radiation level
will be safe if it is not already safe. The saftey level that is considered
safe can be determined in edvence by the operator in order to eadjust to
battle conditions. '

Attention 1s brought to the word "demonstration" in the title
of this program. A very sccurate prediction of intensity levels cannot
be determined without additional information such as weather conditioms,
wind speed and direction, type of bomb, previous radistion level before
the bomb explosion and more accurate formulas. These omisions were
purposely made in order to have a less confusing and faster operating
demonstration. Under average conditions, the answers produced by the
demonstration should be within a few percent of the correct value.

The typewriter should be loeded with 8 inch or wider paper,
the switch under the type bin cover should be set to execute "tabs" from
the computer, and the tad stops set as given in the swmmary at the end of
this report.

The program descrition starts with an outline of the mathematical
theory involved followed by an outline of each of these msjor sections of
the demonstration: Time of Explosion, Position Readings, Position Report,
Intensity level, Intensity Saftey level, Memory Dump, and Summary.
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Radicactivity intensity decays exponentally from the time of
an atomic explosion asccording to the equation:

D I = I° e~r_t

I = intensity at some time after explosion (R)
I, = Intensity at time of explosion (R)

t = time from exposion (hours)

¢ = decay constant = 0.35

The computer could solve this equation using a normal Talor series
expansion such as:

2) I=I[AeBx~ %”z-— _2293.----.-]

! 39

This solutlion however would take too many terms to give an
accurate answer so by using the same series expanded sbout Infinity
instead of zero gives:

3) I'—"-I,[F\ *—%-P%;“----.---]

A resonable accurate answer is now possible with just the
first 3 terms. In the exponential equation 1} the value c 1s determined
by the radicactive element involved in the explosion. Normally, many
elements are involved, each with different values of ¢ and mmny of these
elements are completly non-radiating within s period of 1.4l hours. A
value of ¢ that is an spproximstion of the radistion decay after an
average stomic explosion is 0.35 and values of t less then 1.40 hours are
considered the same as t = 1.40 in order to overcome the high initial
inaccuracy brought about by the very fast decay elements of the bomb.

Substituting these approximations into equation 2)results in
A dropping out and:

- Q.45 1.35
Y I = I°[At + Zea
oR 5
- X 1.3
5) I—Tg—[o.ws-:- X ]

At = fﬂme atIo"‘ Time at II



Note that At is limited to a period of 24 hours after the blast
time since no dates are involved.

Normally, however, I, is not known, so some reading I is taken

at any convenient time At after the explosion. Equation Qwill then solve
for Iy

I at
& I,= 20
O.45 4 1:35
at

Now, at some time At' after taking the intensity level I, a new
intensity level is desired which will be called I' . Either equation
7or @will solve for I' .

7) Ir (at +at’) > 140 HWAS;
LI I _'..3—5—————"]
I'= M“'—At [045‘ + it et’
8) IF (at -+ atV) £ ).40 HAS;

I"=T

I' can then be compared sgainst some value (such as 25 R)
in order to determine if the intensity is at a safe level or not. If
the intensity is not sefe, the time t'* at which the intensity level is
safe is determined by first solving for tg, the time of blast to time
of safety (equation 9) and then for t'‘', present time to time of safety

(equation 10).
Y e = [ IE o'.if-lf)] [(o.vs)(r.)]

2 I
I, = TuredsiTY ceveL CONGIDERED SAFE

19) ¢ = (ty—at?’)sRs.

A graph of the intensity level versus time from explosion as
derived by equation 7)is shown in the graph on the next page. Notice that
the top of the graph is constant due to the effects of equation §)(minimizes
inaccuracies around the first hour after the explosion). |

From the graph it is seen that I, = I, where I, = intensity
one hour af'ter the explosion.

3. P
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The plot of this graph is almost exactly the same as that
produced by equation no 1l:

1.2

w I=1, €t (R)

t = time to explosion in hours

Equation 11)is presented in the maruaml "The Effects of Nuclear Wespons"
printed by the Department of the Army (DA no. 39-3)in May 1957 and is
explained on page 432 a3 a good approximstion of the radiation level at
a given point some time v.rter an atomic explosion.

This equation is introduced merely as s check sgainst the
presented theory as it was not discovered until after the demonstration was
programmed.

3. Time of Explosion:

Pressing preset start button {or transfer to location 5200.0)
will cause the computer to ask:

TIME OF EXPLOSION:

Any four digit military time group from 0000 to 2359 is entered. Any
deviation from the military time formst will cause either

////21221 or //// ERRGR

t0 be typed and a new time called for. After a time entry has been accepted,
all previous intensity readings are erased and the computer asks for new
position readings.

4, Position Readings:

Pressing pre-set start button nmo. 2 (or starting at location
5000.0) will cause the hesding "POSITION READINGS" to be printed followed
by the question:

POSITION RO:
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A number of 1 thru 16 is entered. Negative numbers, non-numeric
characters, or numbers over 16 will result in the error print-ocut:

//// wome

After entering s correct position mmber, the computer asks for
the position location.

X: and then Y:

In both cases, enter a positive integer of five digits or less.
A negative entry or a non-numeric entry causes the reply:

////21222

An entry of more then 5 digits will bring the reminder:

//// 5 DIGITS MAX.
The time of the radiation intemsity reading is asked for:

TIME:

Enter a 4 aigit military time group between 0000 to 2359.
Numbers appearing outside of this range or an entry of a non-mmeric char-
acter causes the statment:

//// ERROR

Fimally, the intensity reeding will be called for with:

INTENSITY:

Any positive integer may be entered up to 1l digits. Negative
entries or non-numeric character entries are detected by the computer and
causes the type-back.

////11202
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After the intensity level is entered, the computer comverts
all entries to the proper format and stores them in the correct locations
coresponding to the desired position.
A new position number iz called for and the cycle or' entries
Just descrived is repeated again. As position reading data is entered, any
previous information at that position is replaced by the new readings.
A table of all position readings entered will be typed whenever
the position mmber of zero 1s entered.
In order to automaticelly enter a complete set of radiation
intensity levels, follow these instructions:
(1) Enter time of explosion.
(2) BEnter all desired position readings as described in this
sectlion.
{3) Check entries by printing out the table of all position readings.
(4) Using the inclosed memory dump (see section 8), punch out all
data between the locations 5600 to S777.
(5) Punch the explosion time data in location 5225 to 5227.
(6) Terminste the tape (also see section 8)
(7) This tape may now be entered at any time by loading the
the tape in the photo-reader snd pressing the "f£ill"
button. All previous readings will be replaced by those
recorded on the tape.
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5. Poslition Report.:

10. F

By entering a position no. 0 in the position remdings section of the
program (pre-set start no. 2) or by starting the computer at location 5240.0,
& complete report of all positions entered, their locations, time of
reading, snd intensity readings are typed in the following format:

POSITION REPORT
TIME OF EXPLOSION: 1023

NO. LOCATTON

1 12105 00237
2 09012 12315
5 70000 04000
9 00001 02000
1% 00305 01212
15 okoho Loloh
16 12512 51252

TIME
1058
1236
1309
ou37
1334
2144
0756

INTENSITY

1005
12
19

500

If no position has been entered since last entering an atomic
explosion time (which will erase all previous readings), then this

report is given:

POSITION REPORT
TIME OF EXPLOSION: 1023

Ko. LOCATION
NORE

INTENSITY

After either report, control is transfered to the "intensity
level” section of the progrsm which is described next.
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6. Intensity lLevel:
Preset start switch no. 3, location no. 5320.0, or termination

of a “position report” will cause the computer t0 type the heading and
time of the last entered explosion:

INTENSITY LEVEL
TIME OF EXPLOSION: 1023

TTME:

The last line typed was the request for the time you wish the
intensity readings for. Enter a four digit militaxry time group between
0000 and 2359. (note: Since the dete is not entered along with the time,
as "intensity level" time entries sre considered as being within 2k hours
of the "position resding” time for each particular position. Also, each
"position reading” time is considered ss being within 2 hours of the
time of explosion. To avoid confusion, try to keep all times, both
"position reading” and "intensity level"™ within 24 hours of the time of
explosion.) Time entries that are negative, or not in proper form will
result in the reply:

/1// ERROR

The next entry request is for the position mmber. Enter any
positive interger between O and 16. Entries other then this will bring
the reminder:

! //!] worE

Also, if a psrticular position mumber is called for that wes
never entered, the same reply is given.

Otherwise, the intensity level at the "intensity level" time
requested is computed and typed for each position chosen. If the intensity
level falls below e pre-set value, the words "NOT DANGEROUS" will be typed
instead of the intensity level value. After several "position no:" entries,
the format will look like:
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INTENSITY LEVEL
TIME OF EXPLOSION: 1023

TIME: 2000

POSITION NO: 1 INTERSTTY: 232

POSITION NO: 9 INTENSITY: 572

POSITION NO: 2 INTENSITY: NOT DANGEROUS
POSITION NO: 8 //// nOoNE

If the demonstrator desires, a report as to wvhen the intensity
level &t each position will fall below the pre-set saftey level is also
presented. To obtain this sdditionsl inmformation, sense switch C must be
down. The format for the same previous exsaple will now be:

IRTENSITY LEVEL

TIME OF EXPLOSION: 1023

TIME: 2000

POSITION NO: 1 INTENSITY: 232 SAFE IN 20 HRS, 22 MIN.
POSITION KO: 9 INTERSITY: 572 SAFE IN 47 HRS, 57 MIN.
POSITION NO: 2 INTENSITY: NOT DANGEROUS

POSITION NO: 8 //// NOKE

A complete report of what all intensity levels would be for each
entered position at any given time can be had by entering O (zero) vwhen
esked for the position number. Again, if the time at which each position
will become "safe" is desired, Just turn on (down) sense switch C.
Therefore, when esking the computer for position musber 0, the computer
will type, depending on the position of sense switch C, one of the
following eocamples:
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INTENSITY LEVEL
TIME OF EXPLOSION: 1023

TIME 2000
POSITION NO: O
POSITION NO. INTENSITY
1 232
2 NOT DANGEROUS
5 NOT DANGEROUS
9 572
1k NOT DANGEROUS
15 NOT DARGEROUS
16 320

INTENSITY LEVEL
TIME OF EXPLOSION: 1023

TIME: 2000

POSITION NO: O

POSITION NO. INTERSITY
1 232
2 NOT DANGEROUS
5 ROT DANGEROUS
9 572

1 NOT DANGEROUS

15 NOT DANGEROUS
16 320

SAFE IN 20 HRS, 22 MIN.

SAFE IN 47 HRS, 57 MIN.

SAFE IN 25 HRS, 8 MIN.

When an intensity level is completed, a new time is
requested. If no informetion was entered for any position since the
last explosion time was entered, the word "NONE" will be printed

under the POSITION NO. column.
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T. Intensity Saftey Level:

Normally, a man can live safely In an area that has &
radiation level of 25 R/hr. This is the value used for the "saftey"
level in all computations with this demonstration. However, you may wish
1o change this level %o a higher value becanse the men may all be inside
tanks or have protective clothing on, etc. Entering the program at location
5555.0 will cause the computer %o ask the gquestion:

INTENSITY SAPTEY LEVEL (R/hr):

Any positive interger up to 1l digits may be entered without
receiving the error reply:

117/ 1222

This value lsz then stored as the "safe" level until it is
azain chanzed by using the same procedure as sbove.

. Memory Dump: ‘
The memory dump routine is entered at location 0101.0 and
begins by displaying two groups of 4 zeros each on the display tubes.

4

o
Q
=
Q
Q
o
o
@]

Pressing any octal number key on the keybomrd (0 - 7) will
cause that number to be entered into the right most digit. As more keys
are entered, the last mumber is entered at the right and the previocus
numbers shifted left one digit. Only the last eight diglts entered
are displayed with the "+", "-", "8", and "9" keys being ignored. The
"olesx" key will reset the display tubes to zero as shown above. The
results produced by pressing keys “"start", “enter", or "." will be
explained separately.

A. Type Memory Contents:

If the "stert" key is depressed, the data between the
left and right address showing on the display tubes at that
time are typed in Recomp command formet with a reference address
typed every 8 words (one word per line).
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B. Punch Memory Contents:

If the "ent" key is depressed, the data between the left
and right address showing on the display tubes at that time
are punched in alphanumeric formet slong with a leading length of
blenk tape leader and a location code coresponding to the left
address location. '

C. Punched Tape Termination:

After all desired areas of memory are punched on tape,
the tape 1s terminated by pressing the key merked "." on the
keyboard. This will set up s new location code corresponding to
the right address group shown on the display tubes, punch a
HALT code on tape, (or if sense switch D is down, a START
code,) punch & blank tape trailer, and mark the end of the tape
with an E punched on the tape.

The memory dump routine may be used to give a listing of any
ares of the program by using the addresses shown on the flow cherts or the
routine may be used to punch additional copies of the program. When
punching copies of the program, remember that locetions within the memory
dump portion of the program are changing. Therefore, the tape will not
verify with the memory. This caen be partially teken Into account by
punching the ares 0000 to O1l77 last (memory dump routine) and then when
the verify light does come on, most of the tape should zlready be verified.
The verify error light should never come on however after first filling
the tape that was punched.
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9. Summary:

Program Storuge:
5000 to 5777 (program and storage)
0270 to 0437 (specilal date output)
3000 to 3137 (data input routine)
0500 to 0517 (alphammeric output)
0000 to 0177 ( memory dump and preset start locations)

TAB Settings:
CR
6 e 8o L6 -6 o 6 e 6>~ 6 e 66—

Preset Start Buttonms:
1. Time of explosion
2. Position readings {and position report)
3. Intensity Level(s)
Other entry locations:
5240,0 ~e~- Position Report
555540 ~=wa Intensity Saftey level
0101.0 ~-=« Memory Dump
Sense Switches:
B ~~~- Not used
C --=- (when on) will print time when intensity level
ia safe.
D ~~«- (when on) will cause & memory dump tape to be
terminated with & "start" instead of
& "halt" code.

For coples of this demonstration tape, description of the program,
or additional informmtion, contact the following:

Commanding Officer .
USASRDL

Fort Mormmouth, N. J.

gttn: SIGFM/EL-NPE, Mr. L. Halprin



