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Frodies Susssry

Given: (1) Problem System of first-order linear homogencous equatione
in mtrix form (X= AX).
(2) Meximu= values of the dependent variables (%) puy? 1=1=n)

To deterwuine:

(1) Asplitude sesls factor (8y)

22 Tine scale factor (A )

3) Integrator - amplifier combimaticne which wil) provide the
Becessary positive and nege tivc sutpute specified by the
coefficient mmtrix (A).

(A) Fotemtiometer settings Pyye= (my484/84)/0;

(5) Proper combimation cf integrators, ampl ifiers,potentiometers,
and ssscciated wiring to effect correct emalog eireuit for
problem solution.

(6) Digital computer output in printed fore specifying data
and for instructione contained in (1) through (5).

Probles Mestrictions:

Inputs System of |inear howsgeneous diffarential equations up to and
including fourtesnth order provided that:
(l;-tnor7t-u.nnplnlh-ymm.

(2 not over 7 outputs are required from any integrator-
amplifier combination, amd

(3) ot over 46 total inputs are required to all integraters,
i.0. not over 46 potemtiomsters are required.

Equipment: The following equipment restrictions are incorporated in the
’ua-.htm-m-thlmtmn-
those indicated sbove.
(.lme”mlio.
(2) Integrator inputs are restricted to the set
(w.lo.‘.." .l .l ).
(3) Istegrator outputs are 1imited to feeding not more thanm
four potentiowsters and ome recorder.
(A)m-—u-xmmmunwu.
ampl ifiers are available.
(5) Mwplifiers required to form additional outputs and/or
u'c*muupdbwurmn

one.
(G)t:uhrm.nudtdbmt\-t-nh
four potentiometers.
(7) “otentiometers are 1imited, for convenience, to one
output.
(8) fourty-four intercommectione are available.

Pigure 6
Problem Sussary and Restrictions
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Road Input:

1. Set N=order of irput problem
2. Input coefficient matrix

3, Input maximum values

1

AMAX =0
ANIX=0.1
TAUN =0

(Coprs_1=1=n M :

S = —m S :

1

i

I

i

1

i

|

|

'

< 1s 1a_(1,0)1>0 e ..': :

I

1

< 1s 1A (3,3)>AMX o8 | amx={a (1,3) i :

— iy

< 1s 14 (1,3)] >ANIN | avrm={a (1,3) '

[ —— 2

r“m (I)SAI.(I)-OIA}- ------------------- - :
1

R —" 5

( Repeat: Ix =X j-r .............. o

} .

C___Lf_l__%" AUM (1) 7!!1?0 E

Too many imputs :

[Tam=maumsaom (1) }-————————-————==— == 4

Pigure
Problem Casck Program
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?

Cm-c- x;x--- N :

[z2=100.00/ 1x (1) mx| |

]

| c=0 |
ﬁ D-lloc - J
" n-lz >

Is

D>12

r—{c=c1.0

t

TYTE

<
- .
E'—;br T ﬁJ

<1 pp>2 B=3-1.0
— el
[ s(esn __ F---------m===-------
F loop complete)

C Mepeat: I=l—eN j-

|
|
|
|
'
|
|
|
|
!
|
|
-

]
Ca =2 e o 3

[ (n,9)=a (L3 s (W8 () F------- -

(I loop complete)

reecrcmee ce--
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1

[6(1,9)=15, 1=1=K, J=1—7 ]

[ s 115)=0, 1=1—¥

o= x!l-x—ﬂ e '
e 1

<l |B(LAIZ0 D
| : L,“ a
L l-‘o(t.g .

y T |lu.})|>|:(x.g>-;———E.:+B

!
|
]
]
|
: ;
: |
' :
l |
l |
- ]
l :
' | \
; ]
: Repeats l-1-(1.+n?‘-., :
: ( merememt by ~1) ! :
| :
: 1
| :
\
5 :
: :
. ]
J

. i
| e(1,M=0(1,m-1) —

l(l loop complete)

b —— 3 '
[ oowwms - -
(,,.,......,L U (3 lospoomiote) :
Pigwre 1-3
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< 1s AMAX >10.0 },ﬁ

<18 AvIN > 0.1 >Tr‘

r k=0 ( xo,) J

L o o o o 0 o 5 - - - - -

L CONTINUE [

Plgure A
Time Sealing Program (Part II)
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L c=0 |
P -
[ bsiloc |
v I D-'t >
N
<= e
[2=1] L B=9 |
G
il T=8-D 1
—— 3}

£ (1,J)=8(1,9)-2 p—-—-—----~- H
T )
(1 loop complete) beedld loop complete)

Pigure A-5

Time Scaling Progres (Part III)
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Is E(I

OxN {(J)>0

, ; ©
Repeat:s J= ~ 77 1 °°"71"UL‘ |
13
okP (J O
o 4
oK (J

| ROTNT (9)=14 f=(12

8
OKP (3)>3 >=<1s on(J)>"§

yes

| ocowrmmm

(J loop complete)

ball

NPRINT =0
=0
=0
=0
=y
-y
=14
=14

e
@

=10r
=0

LEHH R

oKXP (J)>7

>

yes

mny outputs

Integrator Loading
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OKP (J)=0
OKN (J)=0
oK (J)=o0

C;"""' xi- L —N 3-— ..................

< 1w E(13)>0 e 0% (3)=oxp ()41
1 | -
< B E(L)<0 Do (J)=om (1)4]

oK (J)=0K 1
T

B o o o 0 B s S a0 45 P W S o n @D

(J loop cowplete) ——ll e R

=0
o

=14
=14
=100
=0

:

®igure M6 (Part 1)
Integrator Losding Mleviation and Aplifier beignment Progrem




b o———

1 o —®
C -..u[:-l-—l D- ------------ 1 Oaﬂ? |
NGl (J)=0 @
NEaR (JE-O
NPOs (J)=0
mINT (J)=0
WG (J)=0
< ook o= 1 om (3)>0 > momr ()=a}=)
yoo | §a}
< 1 ()3T D Is o (3)>3 D=<ls OKN (J)>4
yoo yos you
®
1
< oomaps o=l B ow )T D>
i
< o (3)>6 )-\‘%j ml"’ ]
| J—
< w337 D, e

Pigure &6 (Part 1)
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- T TTTeee/wwwWfSr=y2 o - T T T T

'

®

[ wnoer=weroeT+1 |

[ wowa=wDwa+1

]

< Is NINVA>20

De—y

{

PRINT (NPRINT)

INT A,(J) our
AMP A,(NINVA) 1

[imavm=o | [umave=1] |
| ——
[ wemmer=weroer+1_ |

< Ie >

J=>7

{
[ weoz (3) wDwa |
l '_.Q—

[ wsum=Nstm+1 |
< b m%mb e
|
PRINT (NPRINT)

INT A,(J)
AMP A (NSINA) 1

our

| w02 (J)=Nsuma

J

| womr (3)=2

—@

[ m-;uﬂ

< Is_ NSUMA =14

2/

PRINT (NPRINT)

AVP A,i” -1)
AMP A,(NSUMA)

1

| wros (J)=nsmma
L

|

F-"--T-ﬂ J |
poe D -ml>u >
. PRINT (NPRINT)

e {om 1

;i [——(:)l-— ]
g < 1s LEAVE >0 .
s @,—(b LEAVE > 2 >
) |  wenoer=mPRoNT+1 |

[ wome (3)=3 jg

T T
—— <> "I"“ p

G

32;2-7"‘.. "




)

[mn}z | fwn;:_]

@

I

IVE > 2 [ NPRINT = NPRINT +1 J

= NPRINT + 1 | womes (3)=3 |

nn-lr(l)

= NPRINT +1 —]——{ mr-(J-7) | [ wowe=wows+1 |
= R i
I>7 > [ sus-rsim+1 | foa<w__Is NINVB >20 >
i
= NSUMA + 1 | L 1s msuMm > 14 > PRINT (NPRINT)
- INT 3,(NDINT) OUT
PRINT (NPRINT) AP B,(NDNVE) 1
oeT B, (NINT) OUT R
P B,(XSUMB) 1 ; | me (J)=spws |
| =ma (J)=msive | :.‘ [ woe=-wmne+1 |
£ | ]
<_Is LEAVE >0 > 2 el MU 14 >
- i
< nimv>2 S | & PRINT (NPRINT)

INT B,(NINT) oOUT
AP B,(NsUMB) 1

| mo2 (J)=wsve |

. ()=3 1 Eu:él—_:ﬂ { mn-u_x{nn |

unn < 1s NINVE > 20 ),.—I | -n-jn-ﬂ |
BRA =~ > PRINT (NPRINT) — Is m£>n >
- IR AP B,(NSUMB) OUT ‘2\ 1

[NPTINT) AWP B,(NTNVE) 1 2 PRINT ( NPRINT)

m; clm'r _ | weos (J)=smve | — :::j)."i.‘

)=Nmwa | < n mv£>1r —r® [ wos O)=mme |

T e f

=1 > 5 womt (3)=3 ] @

Pigure &6 (Part II)
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O
K umt1>25 s TLIOE =1 —@ -
[ wom=o0 | @ NPOTA = NPO® -
e T -
(___Mpemts lx-x—-u Ds--————---———————--.: NFOTR
. ;
NONA = 3 I
NGN] = & :
a8 =0 |
[ ': Is & (1,1)>0
Mepeat: L=7—1 St ¥ yes
un—tu-l @ : : / | 1w (K)=wo1Nt
< o(xx.)>u H CONTINUE J i < 1s DT (X) >0
{1 loor conp) (L ‘”p----" b;-
- PRINT (NPRINT
- . — ’_]nt_\ mr 8,(x -7)
[weamrr=mroe+1 | OUTPUT PROGRAM FoT 8,(WFOTR)
< I x>7 e
i

—“i ”(l)-i :

< 1» womes (x)

- m— I——.
3 INT (NPRINT)
< B E(LE)>0 oe A (wros (X)) our
[ )

™
[woner (x) =mmer (x)-1]
} PRINT (4PRINT)
< 1w (0)>0 > | mmwa(x) ovr
Lyee f FOT A,(NFOTA) IN




P e 3

i
< Is MNOVE> 0 qu)=m(x)ﬂ PRINT (NPRINT)
( }

|
|

é NFOTA= NPOTA 11 |

o
e 3,(NE02 (X)) oUr
< 1» oMo (x) >0 >0 | roT .,ﬁmS - w

— -, | k. s X :@

[ mn:{mn*ﬂ ‘ PRINT (NPRINT) PRINT (NPRINT)
| ¢
| o B ; our
< 1 m}f:>:~5§ ‘ ot :.f:'hg')’ 4 ot :.2'353'” v
no T___j
) || —a @
N=1

_ | pr———
< BE(L,p)>0 > { [ wom=yom+72 |
| yoo [ wors=wors+1 | {
(o (x) =mo1Nr )| { < I» NDR> 222 —
! Fm-=n-i+1 ] ]

e mot(R)>0 >

Jywe < e ovm>122 || [ omso (x)=momes (x)4
PRINT (NPRINT) no
e < 1 owm(5)>0 O
FOT B, NFOTB) bt | l
5 < s x(nx)>0 > |eamer (wenmer)
16 yoo § e A (¥Ea (X)) ovr
[(wor=-mor+1 | om_(wom)
-
] womes () =mme_ x)1] < 1s wmT>0 >
yoo |
_1s roms (K)> 0 PRINT (NPRINT) PRINT (WPRINT)
you § INT A(K) ovr AWP A((.ol (x)) ovr
PRINT ( NPRINT) um (¥Dm) o (NINR)
| W — —
AW A, wec) (K) our
FOT A,(NFOTA) IN | werIwe =wPRINT +1
e [ i
PRINT (NPRINT) PRINT (NPRINT) PRINT (NPRINT)
’ m ( A A x) our
v i— A T si(ots) o (o) 2

D é é Pigure &7 (Part I)
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—— | r-n--m-im ]
[(oom-som+1 | | <_1» wom>22
= |===]
< 1 ym>122 s

—
< xx,x{:.o /;m-:wd

[(wone (x)=moner (x)-1] (x)=nowe (x) -1 |
< 1 wom(x)>0 < 1s womme (¥) >0
jree pree
PRINT ( NPRINT) PRINT (NPRINT)
T (K ~7) oUT A.l((-(l))oﬂ
DR (DR om (wDm)
= 3
f [
PRINT ( NPRINT) PRINT ( NPRINT)
A 8,(¥POS (X)) OUT AP n((- (x)) out
) )
| ——
[ wroer=werner+1 | i
l PRIN (NPRLY)
PRINT (NPRINT) FOT A, (NFOTA) (PSET)
i ]
IR (NINR) OUT 1
FOT ‘,(m’ m PRDI (NPRIN)
(NPOTE) (PSST)

2]




I 1 +-
T 1o B(LE)>1.001  Djee<__ I B(LEPAo0l > < 18 I>7 >
| o

— = ] =4
= Bt | [ k= wamh -1 1 PRINT (NPRINT)

FOT §,(NFOTS) OUT

- <_!- NG {>o < s III»O T 8,(1 -7) (amw)
[ a=1 | | ”.cll-rt | l f—J

l,_ - - Ln--nTﬂ B
— =10
| NPRIN=NP RIN+1 C;J 2 ] Is ¥IR>122 @ >
| pser=iE ( LXYam | < m u=0 S —-:T+n ]
< B 1>7 < 1 vom>222 O
' o | — W
e PRINT (NPRINT) PRINT (NPRINT)
[ wrovr=nemmer+. | m‘jm) - v aloemd
INT A1) (aw) e (NDER)
[ wer=wpr 41 f t
[ wom=wom+1 | [ wenoer <wemmer+1 |
< Is W =0 L [
- f  Ie n-l>uz PRINT (NPRINT)
i P;fr':()rczﬂ) (1),(%) nm-(mtlﬂ —/ ‘ = (.x.) :
I o ) It!'_—‘@
| FOT 8, (WP OTB) (I),(X ) [ wom=wom+ 78 J
i | @ an-Txnﬂ | |~ 4 S
21 - Is NINR > 222
| L—J

PRINT (NPRINT)

o T (e Ilj Wo wuy intercomests

Pigure A7 (Pest 1I)
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WIRING DIAGRAM
INT A, 2 Our
AMP Ay 8 ] E
INT A, 1 wur R
POT A, 1 I
INT A, 2 OuT o
PCT Ay 2 1%
INT A, 3 cur B
POT A, 5 IN
INT A, 1 OUT
POT A, 4 IN
INT A, 2 Gur . =
POT A, > IN
INT A, 4% OuT -
PCTY Ay 5 I
INT A, & OuT
POT A, 7 IN
INT A, 1 oOur B
POT A, 8 IN
AMP A, B CUT R
POT A, 9 IN
INT A, & OuT i
POT A, 10 IN
POT A, 1 Oul
INT A, 1 1.000E 0O
POT A, 2 OUT B
INT A, 1 1.000L GO
POT A, 5 OuT
INT A, 1 1.000 00
___POT___ Ay 4 OUT
INT A, 2 4.000t GC
POT A, 5 OUT
INT A, 2 4.000% 00
POT Ay, 6 OUT
INT A, 2 1-000E 01
Pigaye Bl (Part I)
pawpis Probles Outywt
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POT A, ¢ OUT

INT A, 3 &.000° 00
POT A, . OUT

INT A, & % -CLOL. 00

POT A, 7 CUT
INT A, & W.0UCL 00

PCT A, 10 OUT B
INT Ay, b 1.006L G}

- —- e - - - e memeb-

POT SETTINLS

_PCT Ay 1 2¢5920-02
PCT Ay, 2 b.o0U0L-02
___PpOT Ay ] B8.0u.-02
POY Ay, & Z2ebulL =01
POT Ay 5 3.200C-01
POT Ay, & 4.0UCL-01
POT Ay, T 10.000L-01
PCT A, 3 Fe257E-01
'Q' Ay 9 s
POT A, 10 9.299C-01

X SCALE FACTORS

SCALC X 2 BY 10.000C 00
SCALE x 3 &Y  10.
SCALE X & ay 10.0007 00

POT NUMBER RCLATED COEFFICIENT
POT A,
POT A,
POT A,
POT A,

POY A,
POT A,
POT A,
POT A,
POT A,
POT A,

OV NORMNFUWUN-
""“NNN--}
EMN = F o=l -

_ TIME SCALE FACTGR=  4,0006 GO

;
H



=10

3511 = Ju

Al

o

10x; =10v

A<

10
AL T

A-1
A=2
A-3
A-5
A~6
A7

A-9
A-10

Settings

0.02552
0.04560
0.08608
0.2687
0.3240

1.0000
0.5¢37
0.5740
0,9288

~10x- = -10v

Time Scale Factar
440

Figure B-2

Analog Computer Circuit (Automatic)

»




— ——

09

N 1 k e
10w
o1l
@
"“—@-— 100a2 1ov
~2.5w" -10v
Lo ll>
=10 > L
v—@_* 1 |AL = -10w 4l A3
10
Pot Setting Time Scale Factor
A-1 0.02552 40
A-2 0.04560
A-3 o.%ca
Al 0.
A-5 0.1296
A-6 (not used)
A=T (not used)
A-8 0.5237
A-9 0.5740
A-10 0.9288
Figure B-3

Analog Computer Circuit (Manual)
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Beooo oo Input coefficient metrix.

agg=A (1,J) . . General element of the coefficiemt mtrix.

AUM (I) . . . . Mumber of non-sero clemsnts in the i-th row of the
coefficient mmtrix.

B . s 60 s Tots]l number of non-sero elemsnts in the cosffisiemt
mtrix.

AMAX . . . . . . Maxisum sbsclute value of the slemmmts in the
cosfficient mtrix.

AMIN . . . . . . Minisum absclute value of the (nom=zerc) elemsats of
the coefficiemt mtrix.

sl-l(l) e + « « Optimum swpl itude scals factor for the i-th row of the
coefficimmt mtrix.

8.....4 . Dingoma]l mtrix containing the ampl itude scale factors.

E'=8A8", . . . .Amplitude sceled mtrix.

l'u-l' (1,J) . .Cemeyal element of the amplitude scaled matrix.

E=THAS . . . . .Time end amplitude scaled mtrix.

lu-l(!..!) « «» Geners]l element of the time and amplitude sealed mtrix.

NOTE: In the digital computer, botn the swplitude sealed mtrix
and the time and amplitude scaled mtrix are stored in the
same memory locations (E) at different times.

G.. .0 ¢+« Mtrix of subscripts which is formed by arranging the
elemsnts of the rows of the amplitude sealed mtrix
in decending order and recorcing their columm
subseripts.

e(rnL) .

|
|
;
:
3

A=T. . . . . Optimum time scale factor.

the
Sero .

OKP (J) . . . . MNumber of elemsnts of the j-th columm
coefficient mérix which are greater

of
Mumber of elememts of the j-th columm of the
coefficient mmtrix which are lese them sero.

oxx (J) .




! of the

yefficient

the

|omonts of

1 row of the

tale factors.

trix.

soaled mtrix.

M mtrix
tored in the

the
tled mtrix
plumn

ual the
he E mtrix
w.

C § A P

PRINT ( NPRINT)
PRIN (NPRIN) .
PRI (NPRI) . .

ﬂ(")...

Total number of nomezerc elements in the j-th columm of the
coefficiont mtrix.

Count of PRINT storage locaticns.

Coumt of PRIN storage locations.

Coumt of PRI storuge locatioms.

Count of PT storege locations.

Wiring statemsmnt to be printed out.
Fotentiomster setting to be printed out.
Amplitude scale facter to be printed out.

Statessnt,relating potemtiomster to elemsnt of coefficient
mtrix, to be printed out.

Mumber of summer om bay A of the computer.
Musber of susser om bay B of the computer.
Mumber of inverter on bay A of the computer.
Number of inverter on bay ] of the computer.
Musber of potemtiometer om bay A of the computer.
Number of potemtiomster om bay B of the computer.
Mumber of intercommection.

Busber of first smplifier assigned to integretor nusber J.
Mumber of second amplifier assigned to integretor number J.
Mumber of caseaded amplifier assigned to integretor mumber ..
Mumber of opem (usesble) outputs om imtegretor nuwber J.

Mamber of open (useable) outputs on the first amp! ifier aseigned
to integrator number J.

2
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Vita

James O Yine was bdorn on NN i
B B the son of Clurence Jine and Anna [

B iine. After graduating fron G
in 1952, he enrolled in Technological College, [N

B - He was zgraduated in hay 1950 with the degree of
Bachelor of Science in Llectrical Engineering. After re-
ceivinz his commission as Lieutenant in the USAF, he
entered active duty in February 1957. He served as an
electrical enzineer assigned to the National Security
sgency before enterins the Air Force Institute of Tech-
nology for graduate study in September 195S.

Permanent address: “

This thesis was typed by lrs. Marjorie Felton.
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Vita

dillian J 3eisincer was vorn on NS A

the son of Joseph and Mary 3eisinger, in _ _.
He attendea public schools in [N RN 2™

graduated fror [N B M- o Joined

the Bethlehem Steel Company and served as an aprrentice
cachinist until late in 1943 when he enlisted as a private
in the army iir Corps. He subsequently enterec fli_ht train-
ing, receiving his wincs and a comrission in early 1945.
After a short tour as a navigator instructor he completed
Flizht Engineer Training, receiving a seconé set of win_s
late in 1945. Following a two year lapse in service to
study at Lehigh University, Bethleher, Tennsylvania, he
returned to active duty to attend Electronics Officer Gchool
at neesler iir Force Base, l.ississippi. \fter graduation
followed successive tcurs, in ilaska as a line navigator
with the S&th Troop Carrier Squadron, and at Zllington air
Force Base, Texas, as an electronics instructor. He gradu-
ated from the Air Force Institute of Technology with a
Bachelor of Science Degree in Electrical Yngineering in
1954. Following a tour in Gerzany as comcander of a

satador control and guidance detachment, he returied to the
Air Porce Institute of Technology for graduate study in
Septerber, 1959.
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This thesis was typed by Mrs. Marjorie Felton.
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