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s THE MINISPACE ANALOGUE COMPUTER

OPERATING MANUAL

FOREWORD

The Minispace analogue computer is a small general purpose machine suitable as a design
tool or as an educational aid., It comprises ten drift-corrected D. C. amplifiers, each of which
may be used for summing, sign reversing, or integrating, twenty-four potentiometers, a patching
panel, computer control facilities and built-in power supplies. Simple non-linear elements are
included, and servo-multipliers are readily incorporated to expand the scope of the computer.
Two Minispace machines may be used in conjunction with one another, with one control unit operating

both machines.

The following problems are typical of those which may be solved on a single Minispace.

(a) Single differential equations of up to fifth order.

(b) Two simultaneous differential equations, up to third order.

(c) Multiple loop servo-systems.

(d) Aerodynamics simulation for guided weapon control systems.

(e) ?ynamicalmechanical systems, of for instance, the mass, spring, viscous damping
ype.
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CHAPTER 1

BASIC ANALOGUE COMPUTING TECHNIQUES

11 Introduction

The equations which describe many real physical systems are not amenable to classical
methods of analysis due to inherent non-linearities. Others may be difficult and tedious to solve
because of general complexity, or because solutions of the same equation are required with many
values of the physical constant. This is particularly so, for example, in problems of system
optimisation, where insufficient initial information exists to enable those constants to be chosen
directly. .Insuch cases it is desirable to set up a model (an analogue) of the system to be studied,
provided this can be done with reasonable facility. This is precisely the function of the analogue
computer, .

: The electronic analogue computer is in fact, a model in which the physical variables are
‘fepresented as voltage variations, mathematical operations on these variables being performed
Using direct coupled, high gain feedback amplifiers, whilst the coefficients (physical constants)
multiplying the variables are set up on continuously variable attenuators (potentiometers).

Generally, the most suitable applications for electronic analogue computers are those in
which the independent variable is time, both transient ahd steady state solutions being readily
obtainable from the analogue. : _ i

1.2 Basjg Mathematical Operations

L) The D.C. amplifier with generalised forward path and feedback impedances.

FORWARD PATH

IMPEDANCES | no.  ERROR FEEDBACK.
| VOLTAGE yPEDANCE
: . V f_‘:r > | Z N : o3 o N
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Fig. 1. The D.C. amplifier with generalised forward path and feedback
impedances. . : g

The amplifier input impedance is high so the current into the amplifier is assumed zero.
Summing currents at thé input node

Vi-Ep+Vy -Eg+ecracaones V-Eg+Vy-E, =0 I
Zl ZZ Zn Zf

VO = "ﬂ(Eg i I
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Then

Vi+Vy Vg4V, Va+Vo Vo+Vy
-&"‘- ; * evecee .&- + of =0
Zy Z3 Zn Z

or re -writing

V]_-i-vz-l-..a.-..- vn=—vo( 1 +l + l

+1 +1)
Zy 7 Zy

(Zf «Zy oZ, oZ, oZ;)
Ife¢is very large, the terms multiplied byslzwithln the V, bracket may be neglected, and
then,

‘ vV =-(V Z\+ngf+....uuv zf)‘ mx
- N s

2 n

Depending on the value ofo¢the number of inputs is limited, since the effective amplifier
loop gainand the accuracy of the computation is decreased as the value of the forward path impedances
paralleled is decreased,

Note: Vo, Vi, Vg, etc. are of similar orders of magnitude; from equation II above,
since ecisvery large E, is always vanishingly small, Thus the summing node
is termed a virtual ea

2) Sign Reversal

.

Referring to Fig. 1, make Zj and Z; equal resistors R and remove all other forward
impedances, then

\_.// VO = -1

L

If an alteration in scale is desired the two resistors may differ

i.e. Vo= -R P =t 17
noRm T
(3) Summing

Referring to Fig. 1, make all impedances pure resistors.

\ Zg = R¢
) . Z1 = R : d t. 4
L\. Z2 = - Rg 14

Zn = Ry :

Thellv&= -(Vl R‘*vz?“’........ Vn Rf’
Ry 2 Rp

All inputs are added in proportions depending on the respective forward path resistors.
(4) Integrating

s

In this case the feedback impedance is capacitive.

Zg= 1 (p is the differential operator)
cp W g !
21 =R

§  ———




o
Z9, Z3 etc. are removed.

Then Vg =- 1
\Z1 RCp  time.

7

The "transfer function" representing an integration, with respect to

Multiple inputs can be summed and integrated in the same amplifier if Z9 = Ry, Z3 = Rg,

etc.
Alternatively: -
- c "
—
Y S
i i R
Vi 18 [T Yo

Fig. 2. An Integrator
Referring to Fig, 2.

Assume Eg =0

then,™ . ij =Vyandif=CqV,

R dt -
but, ip +ig=0
So," Vi=-CqV,
i dt
' t
Integrating Vo=_1 Vydg
CR
o

(5) Simple Lag

Cs
1k
| B |
Re
v, R, v
VA T~ P

Fig. 3. Circuit for simple lag

In the circuit of Fig. 3. ' 4 ol

1
Zs=RsCip = Rg
Ry +____I 1 + pCsR¢
Cip
and Z1 = Ry

80" Vgm=~Hy
' Vi Ri  T+pCiRg

Ct Ry sets the time constant of the lag and R is the scale change.
R1




More complextransfer functions can be formed by making Zf, Z1, Zg; etc. more complex.
______? N. B. There is, ne_cgssarily, a sign reversal accompanying each operzli..tion involving
a D. C. amplifier.
(6) Multiplying a Variable by a Constant k
VL . e

g = s ) pra

s

Fig. 4(a). Coefficient potentiometer. Fig. 4(b). Symbolic representation of
coefficient potentiometer.
Neglecting the loading of the forward path impedance of the following amplifier

Vo = +nVy.

n then represents the value of the constant k.

L)) Dividing a Variable by a constant k

‘This may be accomplished with the circuit of Fig. 4(a) by calling the potentiometer
1, but it is often more convenient to resort to the circuit shown below in Fig. 5.
4 .

R4 nR. T
AN !
R
v I .
- WA > i

Fig. 5(a).

Coefficient potentiometer in
feedback path.

: 5,
O AAAA b l o j

Fig, 5(b). Symbolic representation.
Neglecting the loading of Rf on the potentiometer
Vo=-1 Rg -
Vi n R
1.3 Setting up a problem and programming the computer
(1) The Flow Diagram ;
There are in effect two different starting points depending on the problem to be
investigated. 3 _ ;
A. When the information is given in the form of differential equations. This is so for
most dynamical mechanical systems,
f
k x
‘ L}
5
i

‘ o




B. When the information is presented in the form of a system flow diagram with the
transfer functions of the various paths in that diagram. The major group in this category
is servo-control systems.

In case A a reasonable approach is to rewrite the equation in operational form and
segregate the terms containing the highest derivative, equating this to all other terms.

If the highest derivative term is integrated a sufficient number of times to obtain
the lowest, each derivative produced can be fed through suitable coefficient setting devices
(and sign changes where necessary), then summed and equated to the original term (i.e.
the highest derivative).

Example:- Second order with spring, mass, damping.
2x+2§wnd_x+w§. x = 1(t)
dt2 at
g is damping ratio and Wy isundamped natural frequency and f(t) the forcing function,

Writing p for d and transposing
: dt

p2x = (2 gwnp + W2)x + f(t)

Now the flow diagram can be drawn

.

f. "
CO-EFFICIENT
SETTERS
' | P I Xx
P P
SIGN
; EVERSALS
S — X =] et

Fig. 6. Computer flow diagram for second order differential equation.
The next step is to draw the computer schematic diagram.

—— — 11—
-.Px /I
> >,

-

Fig. 7. Computer schematic diagram for second order differential equation.

Note: Since each amplifier inherently reverses the sign, on.15r one sign changing

amplifier (in the damping loop) is necessary.

The coefficient setting devices are potentiometers connected as described in the
sixth section under the previous heading.
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