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The EAI TR-20

2l “oten

It contains a maxinun.ofIZO amplifiers and i omcters,

The TR-20 may be oonﬁﬂctea (sWavud) ﬁiti‘otae -?O'v to increase
It can perform the following linear snd non-linesr mathe-

“matical operations:

- © 2. Inversion (éign change)
3. "Algedbraic ummﬂtlon
~ lte Continuous integrgtion
Se Multiplicebion snd division of variables
. 6; Thé'gencraﬁion of afbitrarV'functians
B, Linear Componsnts —_7 B L

1 Poten*icmetérs
L ]

the TR-20 i.e. zgrounded and ungroundsd,

Grounded potentioncters are used with a reference voltage - .

to obtain a fixed voltage less thzn the original rsle ce vol=-
tese, or to rmiliinly.a problem variable by a constint lesgs than

v

de o
UJ.-

;

Ungrounded pots sere generslly used vith nonlinear componsnts,

however, therc are some instsnces when they are of use in ,ilﬁa.



operation, They 1

L
thej nay ve used to add
a potentiometer setting =n
of grouﬁded snd ungrounued ootéiare
2e Olerztidnal Amplifiers

used to perform inver:zion,

“integration. . Wh3n connscted with

be used Lo pexform verious ncn-linesr functions

caticn, function gensration, etec,
-+ The input-output relationship of an
solely dependent on the ratios of  the feedbsack

input impedance,

o zs i
where s, is the outpus voltage
7 2. is the feed back impedance |
— Z. is the input impedande
e iz the input -
(Figure 2-—&) 'y
a, Amplifier as an inverter
i .

end feedback impadances are resistors of

_grounded cnd ussd as a

shoim in figure 1.

-1 ~
cne same S

grounded pots, or

(1-XK)E to an input or oubpui vhere X is

d E 1s a refersnce voltagé, A schematic

(Pege 6

of analog computers, Am-

sumnatlion, multiplica~ .

can

ial networks it
such as multipli-

cional amplifier 1

The -amplifier is used as an inverter vhen both the input

|

ZC,

- (1 e; (Figure»2fb)



The amplifier is used as a multiplisr when fthe input an
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the feedback resistors are not =squal, If Rf)>Ri then e

if Rf.<ﬁi'ﬁhen e {e.o

‘The TR-20 allows 3 combinations of gains (without the uss

e

of pots). For any emplifier.the user may select eithér 10° omm
-_reslstors,4104 ohm resistors, or a combination of Gthe two.

xamples of these cases are shown in figure 3. (Page §)

The amplifier may be used as a stmmer by inpubtting more -
‘than one voltage, Under the usual arrangement the fesdback re-
sisvor, Ray; will %2 107 »mmd, This will allow the voltages being

ce

¢

sum1ed a choice of two.z2ins 6f (1) =znd two goins of (10),

figure li-a2,

vhen .the feedbaclivesistor 15 replaced by a capacitor, .

the amplifisr circultb becomes an inbzgrator.  (Figure L-b) The
- ,:’ . . ’
TR-20 has -canaciteor values of 10 - farads only availsble for -

sistance on the order of aboub 100 ohms, Basically diodes are

analogous to the operation of a check valve in pipe flow, As

long as the plate voltage is greater than the cabhode voltage,

=)
~



'the 'o e conducts 'ﬁhen— she olaue vol 2ge becomes smaller, the

aiode repve entb 1nfln1ue rﬂ31stance.

Gathode“

late . .
P : Direction of current

 DIODE STMDOL

The quorter square multiplier is basicsally a function gene-

.rator which dose

“

plicstion is similer to' She principie used in all the fix ed dio
function gene;atofs {svch és x?,Alog X, gin'i, eﬁc,). The func-
ion goner: ted may be r%fsrfé@iJo as f(xj’ end ﬁhe input, Tor tiae
-3, e2re (xt+y) ond (x-7). | ' .

) Basically fthe QSIL gensrates a,cu;ve'which 2pPTo oxinates the
sqLarnrlaw”edr#¢;~ Fractvicslly, NO"DV,_, the 3517 taltes two vgri-

ablz inputs, x and y, =nd zives an outpubt xy.

puter, howsver, it reculires the use of szevsral integretors and

amplifiers, Figure 6. (Page 11)
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FIGURE 2. -
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'FIGURE I
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‘  FIGURE 5
' PROGRAMMING SYNBOLS
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MANUAL CONTROLS AND READOUT FACILITIZS

A.  Control Panel

1. Overload Alarm - fhe lamps are illuminated whenever
theif'aSSOCiated>amplifier iS-ovérloadéd.

| 2. VPowef Oi~-0FF Switch - Controls application of-pri;
mary a-c power to thé'QOwér supply of the computef.
| 3.‘ Mode Con€r§1‘5wit¢h'- Cogﬁrols the bperational modé‘

of the cdmputer. Positions are Reset, Hold, and Dperate{

L, Voltmete; 3uncﬁion Switcﬁ - Control voltmeter opera-

Y

39

[as}
-

tion;  Positi@nsbare POT BUS,.NULL, Vﬁ, AHPL; and

56 XULT £0T an& ?eférence Selector Switch - Us ed in con-
junction with the Vbltmetef:to-measure ?oltages by the’null
comparison method. i

b Vi Jackx - Provides for external inputs to the volt-

s

meter when the Voltmeter Function Switch is

4]

n th

(o)

NULL or Vi,

position» ' ' '.. ‘ L -

7o Ampllfler Selector awitch - Selects an amplifier for

output monltoring or balancing.

. 8. AMPL O"“ Jack - Connec teu ‘to the wiper of the AMPL
SEL switch; faoilitatés connec%ing any amplifier‘output Lo
externalbmonitoring_or meaéuring equiﬁment.
S. ~3IEP OF SLA?Ef?AEEL - Provides fixed‘tihe séaling from
'260 to 20 milliseconds., i{ust be on for display on oscilloscope.

10. Voltmeter Range Selector - Selects range of voltmeter,



“TR-20 CONTROL PANZL

OVERLOAD REP OP Slave
ATLARM ‘Panel

NULL :POT

- Reference Selsctor

Switch

Power ON—OFF

lVoitmeter’

o7 POT BUS -
e e 4 B

MODE CONTROL
SWITCH switch

Voltmeter Range
Selactor
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B, Oscilloscope'
1,  Patech Pansl Display Tnit = Cutpubs fromn ammlifiers are

-patched into T1s yz, y3, ﬂpd ¥ There should alwats be a

-
4° - _ ; .
Jumper Ddetieen x; and /L on this unit (ses fir:t pink page in

"EZAI-TR-20 Computer - Operators.RCferenCe H andbook"j. .

Lo Charnel Switch on .Scope
a., Large ¥nob - Selects ouiput desired i.e.
T1s Tzs T35 OF mu,iop if in "all" position
will give oubtput from 7., T~y T- and y, simul-
J1s ]
VT 22 v T Y ,

taneouslyo L

®
}-
-3
o]
o
W
cr
fate
o)
)
O
Fy

De SmaTl knob -~ Controls horizonte
diéplay on scope.

,3. ’nCthH S iiteh on Scope

a, ~Large kndb |
(l}"O -z Removes pou 3j.ffzm scone,
(2}7.S"°ep - Coﬁnecﬁsvramp'fuﬁc?iqh fron tim-

'ing unit to horizontal input,.
(3y X Plot - Connecis patch pansl display
terninal yL horizontal innut,

-~ be Small.knob - Conirols

patched into 71 Qutput from generated ramp Tunction is patched

into x;. There should sbili be a Jumper bebizen =, end _/1_on

this unit,



.2.ajPIotter Control Parel

a. Hode

1)

Select Switch

VAR - When in this mode the SCALE FACTOR

“control provides a means of cobtaining any

(2)
(3)

W)

‘b, "SCALE FACTOR Coutrol - Used.

eithe

- CAL - Permits the operator to calibrate

ZEROQ - -The input Signal is removed

value‘of-écéléffadtor frém the selected
fixed value down to zero deflection.

V ‘the
plotter deflection in reference to the
comﬁuter'mééhine unit.

b

-~

rom

the system. This allows the

signal is controlled solely by the
switch,

conjunc

+

jon with

»]

¥

[

r the VAR or CAL Hode 3elect Switch to

‘obtain scale factors for output.

c. RANGE
scale
(vZal
1110

- Permits the seslection of eight indicated

bR
I

actors,’

- Computer Hodule, NModel 12,83%,

Variplotter Systen")
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B. Programming
Aﬁ<example of th1skfor programming only is the following
equation: -
g =.cefkt
upon'diffgrentiation we have

dx = -keeX

tdﬁ L
oF dx = -kxdt
dx _ -
q T kX | | |
Obviously the component which best represents the relation-

ship between the two variables is the integrﬁtor:

Rz  : \__"#%

Now if we insert a pot

%ZQ. : \ ~F¥ s

A
which 15 the solution to dx/dt. Now connectinz the out-
put and the 1nput.

loég% | — v ek

Returning to our original equation

- -k
X = ce t

‘Wwe see that when t = o, X = e.
‘Therefore, our initial condition iSIX6 =c

i?



-G%;? N _T K

‘k
Another example of programming, again without magnitude
scaling, is the solution of thé Euler equation for column bucke-

ling (pin-ended). -

’y ~.m _ . B
o2 - EI.- TEI

where M is the moment
E is the modulus of electricity
I is the moment of inertia
P is thefcpmpfegsivé load on the column,

y is the deflection of the column.~

(-
o

.This may-bé prbgrammed uéing the "boot strap" method as

follows:
‘ Integrate dzx, to get - %% *
ax2 -

18



Y TN - ez

_fvepég | | s

Integratglzgi to get +y

Put +y_thrbugh a‘yét;and an in?erter_

%
cohnect the various components and add initial con-
"d;;ions. | S Ref - |
A'-”a’yz/lrz' ‘ |

\S
R\

_5;54_
For the given problem the slope of the colum will be zero

4An the center of the column. With this in mind~ea can be located

by trial and error and thé problem will be solved.

C. Magnitude scaling '

s Assuming,tﬁat the folloﬁiﬁg equation'has been programmed as

shown, magnitude scaling WOﬁld.beyin with the choice of maximum

~values. - |

=X +y

nri;
N ,



e

Now assume-that'the following maximum values are selected:

Xnax = lo_
Ymax = 5
Zpax = 2

We will say,‘therefqre, that7thevcomputer variables are
.‘[x/lo] . [y/S} , and [—'.2/2] . We will have also_‘some' "pot" settings,

k;and gains on the amplifiép/G.'

[/?zfj

.ngﬁlr VR G,
[35]

- ke
Values of ki;-Gl,‘kz; ng,and;kj maj be foﬁnd by dividing
the'denominaﬁbrs of the input by the denominators of the output.

ol
2]
i

10/2 = 5
kyGp = 5/2 =25
Remembering that k, and k, must be less than 1 and that the
moét_lbgical_éhoicé of gain is either 1 or 10 it is obvious that
the following is‘the scaled program. : _ lj{gf]
% Sz

f_”’/w_l___o_“_.,o |
S -7
L] O L D

7

20



_ky 1s the ratlo of the initial condition to the maxi-

" mum vslue'for'the output..

D. Time scaling

Occasionally it is necessary to increase or slow down the
gtime necessary for the computer “to solve varlous problems. .This
may be done for. certain fixed values directly on the computer
for the rep—op and plotter, or- it may be accomplished by changing
ithe input to the program 1ntegrators.
The direct method will be discussed in the section on ad-
gjustlng equlpment Tlme scaling 1s~usually accomplished by cor-
irecting the input to the integrators Invthetpfevious example -

of,the Euler Equaticn problempit woqld be_scaled'in the following'

o < -)e.,'/ ..Rer"

dlj o '; a/] - - ‘ . :
. Aéz B Aﬁzlxﬁ\\ . N Y <:;:> 321,

- O
Or 7

manner.

£
- &7

I

ﬁotice that the initial condition to integrator 1 was not
"time scaled. Only difect inputs to integrators are scaled by

same factor B.

21



| EXAWPLE PRoBLﬁr&s

The following pfoblems are giveoAas examples of the pre§

viously discussed techniques
_ 1. A body is progected vertically upward at an 1n1tlal ve-

‘loecity of 128.8 ft/sec : Solve for the velocity and displacement
at t secs. ’
B Solution: If air resistoncé'is neglected;the'problem-
faflables are the écoélefatioﬁ; §e1ocitj, ahd‘d13plécement

Now maximum values of the variables must be selected. The
maximum value of the acceleration due to gravity 1& of coursev |
.32 2 ft/sec However,‘in order not to "crowd" our solution we
will let Amaxobe 50 ft/sec -‘For the Same reason we can set

vﬁéx as.200_ft/sec. The maximum disPlacnment may be solved for:

= ¥ rax = ——-—-5_—— = 4’00 ft.

[95e] L -1z [ %]

N
%

k'.

22



T _29_ _
Ky =350 = 25

32.2 ft/secz,_therefore;

but a

Py = %5t = .64k (ref)

k, = (.25)(.644) = (161

is fbund‘as“

and kz

200 _ -
%2 = %0 = 0
.Finally'VO/ZOO

- _ 128.8 ft/sec _ ¢
Vo/200 = Sttt Tsec = O

whiéh'gives the following diagram,‘

Ny

» ::::;1 '[-Pffj

' Now Gains aﬁd_Pot Settings?must'be solved.

_l?f?ilA'

. [Ego] ' E>7 Z :
*1\7//, | W\Té/
-z =
N (%
Ve

23



: _Example 2.

'The spring;masssdaﬁlping apparatus shown below has the follow-
ing initlal values: k = 100, m = 25, X, = 4, X, =0 It is de-
sirablé to try s.eveAral values of the't‘ia’mpingu co;-eff‘icient, b, in
ord‘er» to »’s'tut‘iy.»_the éffec;ts of damping on this -svy’stem. Consequen’cly‘,
: thé following values wzilAl- ﬁe used for b:i 50, 25,'12.5, 6.25.A ’

L2l Lt 4 2z 2 {

-k

B Kl
Solution: - N‘oteb that the .syst.emhas beén displaced "4 units
from its equilibrium position.

The equation for the above system _1s a second order equation.

2- .
- dTx -dx
m-—=>+bsr +kx =20
dt‘z ~dt

i.e
, 2
F, = ma =mn 9‘-35
1 . 5 -
: dat
- F, =bv =b %% (a function of velocity)
F, = kx (Hookes law)

3

| Now solving the equation for the highest derivative:

a’ _ bax k.
ats dat »m
or



3:The‘preliminary circuit diagram will now be shown:
. . . N * »' - . . - : ) z, .

r————

Z

Y
U

?hé problem variables are acceleration, velocity, and dis-

.placementg'it is neces%ary to find the maximum values for these.

 ;et' Omax = 40
Vhax =_l0'
Tpax = 5

X - X - X
°" 75 - T0.' 3

Now the final circuit diagram can be drawn. _} :
| | . /\’7/ N /MJ
[Zao] - [%] TN [2—’/,—]

,,j;: 25 f



: Where _k/m8 = -(—%)—' 5 o \'(O

(23 =

and 'b/m_LF =1150_g = 5, |
fi% oD %&f
= l—i—('-)-g = .125
= '6"]‘_%% = ,d6_25 |

and x_/5 = 4/5 = .8 P

Note that as b approaches o the.systém approaches an os-

cillator.

26



Example 3

A two degrees of freedom problem will now be analyzed.

Lot o P L

Analysis of the system gives;the'follOW1ng»equations:

‘(1) m1x1,='k2(x2-xi)}-'kl(xl) - b.x

171
or v
o k ‘b
- ae 2 1 1
(1) x: = == (x,-X ) - (x ) - —= X
: 1T TR Ty TE
X : . ba -
» - F(t) 2 -T2 0
(2) x, === (x, - x,) - =x
27 my. T Ey 27 M Ty T2

.'The problem is pregrammed by first drawing the diagram for
-eqﬁation (1), then fhe diagfam‘for’equation (2} aﬁd»then connect-
ing shared members |

L The problem 1s scaled by assuming ‘that: the two problems
1are separate. By scaling the bottom first an estimate of k i

2 72

27



is found which may be used in the first equation as the drd ving

force.

2; \ -;é, _ T X, .

3|

N
4
A
N

X, NC-Fe N % o | "k
T T . - . ) . ) 7”’:

D

28



Example 4,
Beam‘deflectioﬁ'proﬁlem.

Solve the given beam for its shear, moment, sSlope and

- deflection,
o _ o = 70 %,
‘[Sl/// (L [[LLLLL //////Cl)
|r. 4 "(': z‘go” r!

Solution:

The problem variables are as followis:

7d§y/dxu'=';w
’day/dx} = V

a%y/ax? = u
_dy/dx = ZIO

1A

£

oy =
The preliminary circuit diagram will be as follows:

Ve - L o

—w NV M N CEL TN AEL

‘29



' The problem will have to.be solved for maximu values, i.e.
‘Let

w =10 1bs./in *
max
Loax = 300 in
Therefore .
v = 1000 1bs.
max -

M = 100,000
max -

™

L‘-Iy - -'WX“’ + WlXB - W:LBX .
T Vmax 2% 1z 24

8

'.:;Elyﬁaxfxi éxlo
‘Tﬁé value of EI3¥;x5méé-be'fbund'by trial and error if
it is remeiberéd.that because of sSymmetry the slope angle is
o in the center bf»the ﬁeam; - .
Cémpu ef_vgri%ﬁles  ) '
[«/10), [v/1000], [i/105], [CEZL;],.and
_ A Jonax _

Ely
2x10 |
. --’
Fhe problem may now be progranmed.
wily, - -

[ﬂﬁd;_* ’7é5/
ST — , L o ;
[Ret ) 20, ] — j5#
/9&3
AEL
’Q%% [izmws
R i i S
(jt>__;&&q;
%



EXPATSION OF COMPUTZR ATD LAB FACILITIES
i.‘ Computor
 As of this writing the computer now has the following com-
pohenﬁs,‘ .

crs - 16

=
|t

- Ampli
“Pétentiome%er§
| -.a; darbon'— 10
be Wire-wound - 6
- Integrators - &
Multipliers - 2

Sin --Cos generator - 1

The following components are recormended for future expan-

‘sion of the present TR-20,

- CAmplifiers -l T
- Potentiometers -

a, Wire-wound - .8

Relay Comparator - 1 .°

It is suggested that the integrators snd the VIFG be the

e L

next units purchased, T his should give a basic capability for



problems,or-structual nature, It“is-uugvestad that. as soon ‘as

~economicslly possible after the nubc‘ase of ’he VD"C and inte-
grator;units that another basic TR-20 be purchased, An alterna-
tive to this‘suggestion would be the purchase of tra componenus,,
since the interchongs of compia:ints on the TR-20 is a relatively
* b

- simple affair, T}l should be the most economical method of

fully ubilizing our present TR&20,

II, Personnel

It is suggested that a gnaduate-assistant be placed in charge

of the‘computer;labbrétorygf ﬂe hﬁqu be deskéd in or neer the
1ab aﬁd‘be respoﬁ“-ol for the - ene”a1 condltvon of the lab and
watcHdQO' of the.oouﬁuter. .Hexshou;a-oe_cogni aﬁ% of‘the prin-
ciples of analog compurat on" and Drﬁurammlng. ﬁmong nis duties
should- be thsiteach;ug Of\”SlO”t'COUfKeS s preparation of demon=

S0

strations for the faculty, ?rd the unk@e of the ms

]

-+ o T
el .

Q

U

hine it:

<Tﬁe naoorAtorJ should céntain"the'follbwingAitems:
Bencnns or tables f@r'ﬁhe coﬁputer andb )
accesso"ies
,oench or taole for pr,pauc i?g
Storége area for'paucn boards, vottle plﬁgs,
:patch'éords; etes .
Blaékboard

Desk for graduate student. .
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