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1.1

1. Introduction

General

The present analog computer is a small size, desk type computer
uxilizing the vacuum tubes. It is designed to haveralmost as exceilent
functions as a large computer in its auxiliary mechanisms such as the
control panel which permits very easy operation.

The components are roughtly classified as the linear panels, non-
linear panels, and control board. Since each panel is constructed in
the building-block (principle), addition of panels is very easy.

The programing for this computer is based on an unique pre-patch
system. For operational speed, this computer permits the selection
between slow operation and repeating operation by a single action of
the control switch, in order that the operational speed is easily ob-
tained. .

.By use of the newly designed AB changing mechanism, it is possible
to automatically display the two of the solution variables, both in
slow and repeating operations by cycling between them.

In addition to the mechanisms mentioned above, this analog com-
puter is provided with several other auxiliary mechanisms to enhance
it's use.

The maximum signal voltage of this computer is + 50 volt, and the
maximum output current of operational amplifiers is + 3 mA.

General specifications
Type HITACHI-303

Purpose Solution of differential equations, analysis of auto-

matic control systems.
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Performance Computing voltate within + 50V

Computing impedance precision

+ 0.5%
Drift of amplifier within 10m V/H
Connecting system Pre-patch system
Ambient temperature 500——3000
Ambient relative humidity
50%--80%
Power source 115V + 5V, 50 c/s~60 c/s.

14

Power consumption and dimensions

These values depend upon the number of panels being
mounted, which are shown below.
(The number of panels is a total number of linear

panel LA-121's and nonlinear panel NA-122's, moun-

ted.)
Composition Power consumption Dimensions
(Number of panels) v(Height)

1. Panel Approx. 100 VA Approx. 410 mm
2. Panel 150 480
3. n (half mounted) 200 550
4, n 300 620
5. 350 690
6. M (fully mounted) 400 760

Approx. 550 mm, in width and approx. 410 mm in depth




(note) These values show the ambient temperature and
humidity conditions necessary to meet the spe-
cifications.

The specification will be almost met even if
the above-mentioned ambient temperature and
humidity exceed the parameter given.
1.3 Composition
1.3.1 General
This equipment employs a building block system with opera-
tion panels. According to the panels selected, many combinati-

ons are available. There are 4 type of panels;

1. Linear panel LA-121
2. Non-linear panel NA-122 (or NA-121)
3. Control board CT-121
4. Additional power unit PS-021

The control board is indispensable. But, linear panels
and non-linear panels can be combined arbitrarily within the 1li-

mits described below;

Linear panel LA-121 1 to 6 panels
Non-linear panel NA-122 1 to 3 panels
(NA-121)

The total number of linear panels and non-linear panels
must be not more than 6, because of the limits of height and power
source capacity. (Excluding NA-121)

When the total number of panels is more than 3, the additional
power unit is always needed. (It is equipped inside the control

board).



Fig. 1-1 shows an outside view of the computer in full-equipped

condition.

Non-linear panel
NA-122
(or ¥A-121)

20
Aeassssa it
S R
Aasanssenn

Linear panel
LA-121

2y 0k 0% 1% & blens

e R SN

Control board
CT-121

CT-121

Fig. 1-1 Outside view in full-equipped condition



1.3.2 Composition of the main equipment

HITACHI-303

| Additional power

|
|

l
|
!
|
L

Linear panel

(LAa-121)

Nonlinear
panel

(NA =122)

Control
board

(cT-121)

Pre-patch board

(PS-021)
Non-linear
panel

(NA-121)

— Summer or universal operational

amplifier .s.veeeeecoococscocssacascsnansss sae 2
Integrator or summer or universal operational
amplifier ...eieeiecocsseoccencscnscscscnns 2
10 turning type potentiometer .....eeceesees 2
1 turning type potentiometer ....ccceeecoces 2
Auxiliary operational impedance ...... 1 group
Free diode .......cv0eveececnnn cees e
Diode function generating component ........ 1
Multiplier/divider (with amplifier equipped
inside) ..oveeiiiiennnn.. N PP |
Voltage comparator (with amplifier equipped
inside)..eeeeennn.. Ceeeeee. Ceeeeeeas oo 1
Inverter or universal operational amplifier 2
Control NIt .ccssssssssnsnssssnsssnssnnnsns L
Selector UNIt .sieeieeesoescoossnsoonscasasss 1

Indication UNIt .eeevesecsoooeocenococsaoonas 1

Patch unit .....c0vveeenn. D |
Power unit ...eeeeeeeieeeenonnncens B |
Attached UNit .eeeeeeenn. . vt ~eeees I S |
1 group
unit 1 group
Diode function generating component ........ 1
Multiplier-divider component ...........c... 1
Voltage comparator component ........... veee 1



1.3.3 List of accessories

HITACHI-303

Accessories

— Patch cord

~ Maintenance

tool

- Spare parts

length 20 cm
" 40 cm
n 70 cm

" 100 cm

—~ Short circuiting plug

nipper

— screwdriver

1"

— soldering iron

cutting pliers

@
©

]

1 group
1 group
1 group

1 group

ferd

group

1 group



1.4 Preparation for turn-on after installation

Before turning on the computor, proceed as follows:

(Refer to

Check whether the fitting screws of panels are secured tightly.

Check whether ‘the fitting screws of the power unit are secured

Fig. 1.2)
1.
/"2 .
tightly.
3.

Mount the prepatch board in its position.

Move the handle right-

ward and leftward, then make sure that the pre-patch board moves

smoothly up and down.

(1) Connect each cable plug led from each panel to such a posi-

tion as is indicated with J number corresponding to the panel.

(£2) Numbering of panels may be made from the top one or the bottom

one.

4

I3

1l JG

Js Jq J5

u ooow@@

o

DS-121

Demon-
strator

4

¢ 1

\[ <:>

Power @unit

g Front

—wr

A

- W

Space for increased
power source

Fig. 1-2
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2. Linear panel LA-121

2.1 General
In the linear panel LA-121, four (4) DC amplifiers are equipped.
The panel is composed of the following elements. Furthermore, this
panel is provided with four (4) potentiometers aﬁd a group of auxilia-

ry operational impedances. The auxiliary operational impedances can

( also be used as circuit elements for saturation or dead space.
10 turns potentiometer

] turn potentiometer

Overload indicating

neon lamp

Level adjusting knob ‘ Fig. 2-1 Outside view of linear panel

~Summer or universal operational amplifier 2

Integrator or summer or universal operational amplifier 2

10 turning type potentiometer ’ 2

Linear Panel | 1 turning type potentiometer 2
LA-121 Auxiliary operational impedances

1 Mohm+ 1M ohm *0.5% 2

' 100 K ohm t0.5% 2

0.1MF 10.5% 1

0.001 4F 10.5% 1

~Free diode



2.2 Summer or universal operational amplifier (ADD or OPE AMP)
The ADD or OPE AMP is composed of amplifiers No. 1 and No. 2.
The functional operation is selected by patch control (insertion or

removal of short circuit plug).

o In case of summer
Put a short circuits plug in.CyéFC)on the prepatch board as shown
in Fig. 2.2, and the amplifier will operate as a summer.

o In case of operational amplifier
The ADD or OPE AMP operates as an operational amplifier without
patching the short circuit plug in Fig. 2.2. Therefore, any trans-

fer function can be patched as described.

Short circuit plug

Short circuit plug

Fig. 2-=2



2

.3

Integrator or summer or universal operational amplifier (INT or ADD or
or OPE AMP)

This amplifier is composed of amplifiers No.3 and 4. It operates

as a linear component having any one of the above mentioned three func
tions by the patch control (by means of short-circuiting plugs).

o In the case of integrator

Link <3—{<) by means of short-circuiting plug as shown in Fig.
2-3, then this amplifier will operate as an integrator. IC is
the input terminals to give initial value to the integrator.
Apply a fixed voltage at the terminals IC when the initial
integrator output voltage is needed at the beginning of compu-

tation.

Short c%rcuit plug

Xt

O1

O1|&d
(111

O1HO=
O10 Y

Short circuit plug O—N\N—e

Fig. 2-3
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o In case of summer

. . . . A . .
With a short circuit plug inserted in O---Q as shown in Fig.

2-4, it will operate as a summer.

o
(@]
=
I

circuit 100K
plug

Fig. 2-4

10C>¢VVV-*‘

i
=
|>

M
1C%JVVV———>~O<é}J oy

Short circuit plug

o In the case of operational amplifier

It will work as an operational amplifier when no short cir-

cuit plug is patched in A nor I.

sfer function can be patched.

Therefore, any optional tran-

o Level adjustment of operational amplifier

This adjustment is to adjust the

offset voltage of operational

amplifier and, with it the output level can be changed. "LEVEL"

on the left side panel of LA-121

is the adjusting knobs. The

numbers 1-4 correspond to those of amplifiers.

Procedure for adjustments

1. Prepare all the operational amp

grator by inserting short circu

~11-
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2.

Place the operation control switch on the control board to
"RESET" .

Place the prepatch board to "SET"

Select an amplifier on AMP SELECT. Then, turn the correspo-
nding "LEVEL" adjusting knob to get O volt reading on the
voltmeter of the control board. 1In this process,make fine
adjustments in a properly selected METER RANGE.

As a simplified adjustment, the LEVEL knob is so adjusted
that the neon lamp above the knob will extinguish with the
prepatch board down.

Note that the computer should be adjusted before it is used.
This adjustment is to be made after 10 minutes after the

application of power (warm-up).

Overload indication lamp

OVERLOAD lamps on the left panel are to indicate overloaded
condition of amplifiers. Therefore, when a lamp illuminates;
stop the computation and remove the cause.

Great errors will result if the computation be continued with
the lamp illuminating.

Amplifier overlvad may occur due to improper patching;
amplifier malfunction; demand of voltage higher than rated

or current.

~12-



2.4 Potentiometer
2.4.1 10 turning type potentiometer.

POT3 and 4 are 10 turn potentiometers. One end of each
potentiometer is grounded. They are used for setting multi-
plication constants or for setting initial values. Their resis-
tance value is 50 KQand their linearity is 4+ 0.4%. The corre-
sponding patch board is shown in Fig. 2-5.

POT3 POT4 Input POT2 Terminal where tap contacts

terminal  POTL ,— 5> as turning potentiometer
clockwise to its limit.

-0 ~03=0O
Qutput terminal
Output
terminal | POT Terminal where tap contacts
SE as turning potentiometer coun-
terclockwise to its limit
Fig. 2-5 CCW.
Fig. 2-6

2.4.2 1 turning type potentiometer
POT1 and 2 are 1 turn potentiometers and are free at both ends.
They are used for setting multiplication constants or for setting
initial values, or used as a variable free impedance.
Resistance is 100 KQ.
Setting precision + 0.4%.
The corresponding patch board is shown in Fig. 2-6.

o In the case of setting multiplication constant or initial value

Put a short circuit plug in the part indicated withdotted lines in
Fig. 2-6. Thus,one end will be grounded and it can be used for set-

ting multiplication constant or initial value.

~13-



Since no dial is provided on the 1 turning potentiometer, a fine sett-

ing shall be made in combination with the reference potentiomej7T of
N

the control board.

o Setting procedure (Refer to Fig. 2-7)

1. 1Insert the short circuiting plug (with patchboard down.).

2. Set the patch plate at "SET" condition (with patch board up).

3. Select the POT No. with "POT SELECT" on the output selecting
panel.

4. Place the control switch on the control panel to "POT SET".

5. Set the reference potentiometer (REFERENCE POT) on the control
panel to a desired value.

6. Watching the meter at the center of control panel, turn the POT
to be set and get zero indication (at center).
(The setting described above can be carried out with the others
left patched).

In case of variable free impedance

It can be used as a 0-100 KQ variable oFerational resistor bet-
ween the moving contact and the smother terminal with bothends

left free. The figure below illustrates an example of use.

* Output
(+)
the value set
—FF——T PoTl on POT2
7@;/ |
- -
, N\ _A:p
Short circuit - %2
plug
Ll — MM ' e (- (+)
- ) input
)Short circuit
plug
M, PoT2 2 / the value set on
Fig. 2-7 -, & POTl
~14-
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1 turn potentiometer setting principle

To Patch board

I//// \?f ¢ +50V

——————————— POT SET relay
POT1 POT2

e S ——

+50V

(CT-121)

Fig. 2-7
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———————————— POT SET
POT2 relay
O
e —— e - ~
————————————————— te
DD e
j; || |
- _ | L] Lapi2d
| I l
- - | I |
Sign changing switch | |
of reference POT on ||
control board ]
COEF I l I | |
-50V ‘g) C[)— +50V [ | |n-12 2—|! l l]
S hé ‘&%;
+50V 1&) O,
-—POT SET
relay POT SELECT
reference |
Control board

Panel number



o Positioning the MODE switch of the control board to POT SET, +50V is

automatically applied to POT 1 and POT 2 on the linear panel.

o Follow the procedure described below in setting POT 1 at 0.15.

(1)
(ii)

(iii)

2.4.3

Total resistance //
of potentiometer R

By POT SELECT switch, select POT 1 now desired.

Set the desired value 0.15 on REFERENCE POT of the control

board.

Turn POT 1 to get the zero indication on the volt meter on the

control board.

Compensation for the effect of 10 turning potentiometer loading
Always when used with impedance load at the output terminals,

a potentiometer is, in general, affected by the effect ofloading.

Therefore, this loading effect must be considered on setting a

value on a potentiometer. Illustration below shows an example

of setting a certain voltage. How to get the division ratio K

with the load RL left connected is as follows:

Input voltage
Ei

—0 Output voltage Eo

50 KO \ \
iR

Load

N
H—\NV—0

2 1is an apparent division ratio;
i.e. the dial setting value to
get the desired value K with RL

left connected.
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Ry, is 100 KQ when the potentiometer concerned is connected to be ini-
tial value setting terminal of integrator.

Rp is 100 KQ when it is conrected to the ten input terminals of various

kinds of amplifiers of 1 MQ when it is connected to one input terminal
of an amplifier.
Referring to the above illustration, a desired division ratio K will

be expressed as follows.

K:Q: & o (1)
Ei 1+2(1-2)R
RL

From equation (1), the apparent division ratio 1, that is, the value

to be set on a dial which includes compensation to get K, will be

; = ~(1-aK) + (1-aK)%+ 4ak2 - - - = (2)
2akK
R
where, a=
RL

Fig. 2-8 shows the relation of the difference between the desired
division ratio K and the apparent division ratio on the vertical axis
and the desired division ratio K on horizontal axis for R = 50 KQ
and RL= 100 KQ , RL= 1 MQ in equation (2).

Thus, the value (4 -K) should be set on the dial for compensation.

~17-
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2.5 Auxiliary operational impedance

0, Dy

D2 De
0.1

g.ﬂﬂl-ol-
P

Fig. 2-9

The auxiliary operational impedance is
dance for linear components and can be also
saturation or dead space (special nonlinear

nonlinear component, an explanation will be

Components
1 MQ+ 1 MQ+0.5% 2
100 KQ +0.5% 2
0.1uF 10.5% 1
0.001 2F  %0.5% 1

Free diode 4

employed as an auxiliary impe-
employed as a component for
component). As for the special

made in section 2.6.

Transfer functions are shown in Table 2-1, with some impedances used as

their elements.
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Table of transfer functions

Indicial
Zi zf Transfer function res;o;se Remarks
R c 1
o—AMN-0 o—|}—o "i;—- T = CR jj Integration
R K=_R2
R1 Rp Incomplete
0—/"\VWM—0 -_K _ .
C 1+TP T=CRp [ integration
Ry R2 ¢ k= R2 .
o—MM—o0 | oM} |-K(1+ 1) Ry Proportion
w T=CR2 integration
C R Differenti-
o—{}—o o—/NMvWw—o |-TR T = CR
—[:::::::;» ation
Ry C R - R . :
5 A%% | 2 KTP oo ncomplete
o | oo R1 differenti-
1+TP _ .
T = CR1 ation
R
R K = R_2
o o~4Vé@Lo R1
T = CRy
R1 C'}_O Ry c% 1emp | K =
( 1+T9P > T1=C1Ry
T2=C2R2
) K=_R2
oMo 1 R ~K(T+12P) (T+ Ty P) [\
| T1=C1R; T2=C2Rp
T
R Ry, Cp [K(1+ -T;P)(1+T1P)
C oW o _R i
=Ry T2 = &R
T1=Cl1R1
Step input Input with markq*
ov
in- 0 - L“ \
put . Table 2-1

-20-




2.6 Special nonlinear component
Circuit elements to be used with this component are equipped in
the linear panel LA-121. For the operational amplifier, the universal
operation amplifier on the linear panel should be applied as a rule.

2.6.1 Dead space characteristics

-50V
-Ecl and Ec2 are

+50V
O LOVOwDO O X O devided.

Ei

OuUT

E
output

Fig. 2-11

21—



Input signal  Output signal

(Ei - Ecl)>0 exist

(Ei - Ecl)< O non exist

(Ec2 - Ei)> 0 non exist

(Ec2 - Ei)< 0 exist

2.6.2 Saturation characteristics

input

Ei

Eo
(Ec2 Ei) <
1
Ecl )
' i Ei
-Ec2
/’ﬁ\\\\ Ei-Ec1>0
Fig. 2-12
-Ec2

+Ecl
/////—\ +Ecl and Ec2 are divided

Ei

Eo
output

—Ec2 Fig. 2-14

—29-



Input signal
EC
Ei>?;lﬁ

-3Ec2 < Ei <iEcl

Ei <-iEc2

Output signal

Constant

Variable

Constant

Eo

1 _Ecl
2
Ei

-1 Ec2
2

Fi

g. 2-15

o Simplified saturation characteristics (Refer to Fig. 2-16 (b))

Ei

O

EA{ POT1
Eo
4of
POT2
-E

Programming on patch board

Eo

value set on

e —_— . POT2
Vu
\-A .
7 Ei
value ‘at” on
POT1
A G
l‘ﬁa

Slant due to
the resistance
component of POT

0 Hysterisis characteristic (Refer to Fig. 2-16(b))
®

-2 3-

lo

P
“TAE
ﬁqE es
-
—_— =
_/
e
=R |-R2




Multiple junctions (common tiepoints)

The pattern representing multiple junctions (common tiepoints) is
shown in Fig. 2-17. These junctions are connected to each other behind
the pre-patch board, electrically independent from the other parts.

These junctions are used for the relaying of a patch or to connect

several leads to one point in programming.

Fig. 2-17

-24-



3. Nonlinear panel NA-122
3.1 General
The nonlinear panel NA-122 is equipped with one diode function
generating element, one multiplier/divider, one voltage comparator and
two inverters or universal operational amplifiers. Two universal ope-
rational amplifiers are required for a diode function generator, and
one or two inverters for a multiplier/divider. For chese cases, this
panel does not have enough number of operational amplifiers. So,
employ the amplifiers in the linear panel for these purposes.
The Adjustment of levels of operational amplifiers is done in the
same way as for panel LA-121.
Here also the Number of each control knob corresponds to the
Nomber of the neon lamp.
Neor lamp
Slope setting control
Fo setting control

SET switch

Level adjustment control

Fig. 3-1 Outside view of nonlinear panel

Diode function generating element 1
Multiplier/divider
Non-linear panel Volt
NA-122 oltage comparator

Inverter or universal operational
amplifier 2

—-25-



3.2 Diode Function Cenerator (DFG)

The diode function generator approximates any desired function
with ten linear segments. The slope of every segment varies continu-
ously within + 5V, and the level of function output varieswithin +50V.
The setting of the voltage at each break point is accomplished with a
group of terminals arranged in two rows at the top of the nonlinear
patch board. (Refer to Fig. 3-3)

At these terminals, the voltage is divided in increment of 5 volt
from O to 50 volts.

0 Basic patch for diode function generator

1. Patch the two universal operational amplifiers using the

amplifiers in this panel or linear panel. (Refer to Fig. 3-2)

Input IN G G OUT Output F(X)

Fig. 3-2
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2. Carry out the patch to set the voltage of each break point.
(Refer to Fig. 3-3)
Patch to set the break
point By at +35V

No hole is provided here.

0O-O0 000 00DO0OODO0OO0O0ODO OO0 OK O 0+td
50 45 40 35 3025201510 5 0 510 1520 25 3035 40 45 50
OLONONONONONONONONONONONORONONC) O O 00
_______________1 —_— = —
These are connected & © © O O O O O O
internally to \BD:B\ B. B, B« Bs B¢ Bs Bs It is connected
-50V and no hole % O internally to
is provided here. Go G, Gz Gs Gs» Gs Gs Gr GsGs +50V and no hole
is provided here.
giQ %19 Terminals to set breakpoint of a function

Correspondence between the slope setting control and
breakpoint setting terminals.

Fig. 3-3

This generator employs the method of summing up proper trapezoidal
wave forms to get an approximent for an arbitrary function as illu-
strated below. So it is necessary to set the rising point, saturating
point and the slope between the points. For example, in order to set
the linear section (:) in the illustration below, the rising point
Bxl, saturating point Bx2 (this is, at the same time, the rising point
for (3) ) and the slope G are required.

Now, the rising point of (:) is necessarily determined whén the
saturating point Bxp of (:)is set. Therefore, only the slope G and
the rising point Bxjy (an inflection point of the function) will do to

set one linear section.
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The reason terminals Bi SET VOLT and Bj through Bg in Fig. 3-3
are paired with the marksﬁ% is for the purpose of settingboth the ri-

sing point and the saturating point of a line segment at a time.

F(X)
//”l-—_
- |
////’//1 |
| I
o/ | |
|
21 0 —
N~ X
Bx1l Bx1 Bx3

To set this generator, use<:>— (:) listed below.
<:> Variable resistor to set slope
Variable resistors GO through G9 to set slopes are used to set
slopes independently within £5.
(:) Variable resistor to set Fo
It is used to shift the approximated function level up and down
within +50V.
(:) SET SW (Refer to illustration below)
+50V  When the slope of which X axis (input) ranges O
through +50V is set.
OPE  Position here at the time of operation after the set-
ting is completed.

-50V  When the slope of which X axis (input) ranges 0 through

-50V is set.
OPE
-50V @ +50V
SET SW
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37
501 _——
G6, | I N\ 68
&) 30l | I
e&.
Bi B, 3 G5/ | | | [
-50 -40 -30 -20 -10" [ [ f |
T 35101'0 20 30 40 50 X
l | l I —-10Bg B Bs B
G0 | l | J G 1 “"‘%7 i
YA 30 @
N |G
Gz T C -0
Fig. 3-4

How, consider the setting of the wave form shown in Fig. 3-4.

First, patch the necessary voltages from Bi SET VOLT onthe top of

patch board to every inflection point setting holes By through Bg

the

on

the patch board (the voltages on X axis in Fig. 3-4).

The patch should be performed for every pair of Bi SET VOLT and

By through Bg paired and indicated with the mark %%
Bi SET VOLT Q Bi SET VOLT
———-Q - | —-0 0 O —--—
=0 L — =——=0| 0 Of—--—
correct incorrect j ///
O——--10 O“f—-0 O-—--0/ O—/~——-0
By Bg By B9
O——-0 O2-———0 O-——-0 O———--0
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Connect the holes of By through By to their corresponding Bi SET
VOLT a same mark<:)or(3 as illustrated above on the left-hand side
If they are reversed as in the example on the right-hand side, the
function pattern desired will not be obtained.

Attention should be taken in the fact that the relations between
inflection points By through By and slopes setting controls are as
shown in Fig. 3-4. In Fig. 3-4, an example with Bg at zero is shown,
of which function output exists on both sides of X axis i.e. +side and
-side of X axis.

However, anyone of Bj through By can be taken at zero voltage and
the wave will then exist only on + side (the lst and 4th quadrants) or
on -side (the 2nd and 3rd quadrants).

3. Setting of function value

After the patching is completed according to the procedures des-
cribed in para. 2, set the values of Gy through Gg and Fo‘ At first,
turn all the controls of Gy through Gg and Fy counter-clockwise to
their limits till the switches attached to them are operated.

i) Select the output of the output amplifier of the function

generator by the AMP SELECT switch. Set the voltmeter on
the control board in 50V range.
ii) Position the "SET SW" switch on the right bottom of this panel
at +50. ‘
iii) Turn (clockwise) from zero position the control for setting
the slope of the first linear segment Gg which lies on the
right side (+side of X axis), until the voltmeter points at

+30V, the final voltage of this segment.
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iv)

vi)

2
+
w™
=

+

Ut

After the setting described above is completed, set Gg. Turn
the control of Gg clockwise till the final voltage of this linear
segment +50V is obtained. Set for G; at +50V, Gg at +30V and G9
at +0V in the same way. Setting for segments on the left-hand
side of zero (-side of X axis) will be carried out after those

of +side are finished.

When all the settings for side segments are completed, position
the "SET SW' switch at -50V and set G4 (-30V), G3(-50V), Gyo(-50V),
61(-30V), and Go(OV) in the same way as the +side.

Thus the desired function form is set.

When the function has some value F(Xo) = Fy at zero input, posi-
tién the "SET SW' switch at OPE and (after checking zero input)
set the Fy control to get the output voltage of Fg-

(Refer to the illustration below.)
F(X)




4, Example of setting a function
As an example, a setting of a function illustrated in Fig. 3-4
will be explained.
First of all carry out the basic patch shown in Fig. 3-2. Combi-
ning trapezoidal wave forms 1 through 10, the overall pattern shown
with dotted line in Fig. 3-5 will be obtained for this function.

(Among trapezoidal wave forms, that of zero slope is also included.)

F(X)
50 r b
L / N\
301l / \\
\
@ -© @) \

Fig. 3-5
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Fig. 3-6

Decide which one of By through By is set at zero of X axis.
Placing this point to the center, carry out the setting procedures for
+ side and - side respectively. The patched condition for this function
is shown in Fig. 3-6.
Hefe the voltages shown in Fig. 3-4 are patched for the break points
By through By.
i) Turn all the controls Gg through Gg and Fg counter-clockwise
;o their limits until the switches are operated and the white
marks on the controls stop at OFF.
ii) On a voltmenter, check the output of output amplifier of
function generator selected with the AMP SELECT switch.
iii) Set the voltmeter in 50V range.
iv) Position the "SET SW' switch located at the right-hand side

below this panel at +50V side. Starting from the linear

segment (:) in the right-hand side of X axis the setting is
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vi)

vii)

viii)

ix)

x)

xi)

xii)

xiii)

xiv)

made in the order of<:) - (:>as shown in Fig. 3-5.

First, turn the control for

G5 clockwise until the voltmeter

indicates +30V, the final voltage of the linear segment G5 in

Fig. 3-4. Thus the setting
Turn Gg clockwise until the
value of the linear segment
Turn G; clockwise until the
value of the linear segment
Turn Gg clockwise until the
value of the linear segment

Turn Gg clockwise until the

value of the linear segment

for G5 is achieved.
voltmeter indicates +50V, the final
Gg -

voltmeter indicates +50V, the final

Gr.
voltmeter indicates +30V, the final
G8.

voltmeter indicates OV, the final

Gy .

Thus the settings for the +side of X axis is completed.

Position the "SET SW' at -50V side.

Turn G4 clockwise until the
value of the linear segment
Turn G3 clockwise until the

value of the linear segment

Turn Gy clockwise until the
value of the linear segment
Turn G] clockwise until the
value of the linear segment
Turn GO clockwise until the

value of the linear segment

—34-

voltmeter indicates -30V, the final
G4.

voltmeter indicates -50V, the final
G3,

voltmeter indicates -50V, the final
Gy -

voltmeter indicates -30V, the final
Gp.

voltmeter indicates OV, the final
Go.



xv) Position the "SET SW' at OPE again
When the wave form shown in Fig. 3-4 has some value Fog at zero
input after the step xv) is followed, set the input teo function
generator at zero and turn the control Fp clockwise till the
voltmeter indicates the value FoQ,
The wave form thus set may be checked by observation of the
visual pattern of input/output on the phase plane. The conne-

ction for-this is shown in Fig. 3-7.

) Function
Sine wave > ’
generator 3- 5 ¢/s generator
+50V
Analog-computer [ T~
circle test may be =
also used. T
>
7rr
Synchroscope

—~
BN

X-Y recorder

The oscillation frequency is most favourably 0.1 c/s

when the X-Y recorder is used.

Fig. 3-7
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3

.3 Multiplier/divider (MULT or DIV)

This multiplier/divider employs quarter-square system on the
basis of approximate square charactaristics produced by a diode
function generator.

As this multiplier-divider includes-an operatiocnal amplifier
(amplifier No.l) in itself, it will do well as desired without
any inverter when four kinds of inputs *X and +Y are employed.

It requires, however, two inverters when only two kinds of
inputs X and Y are used for operation. In this case, use the com-
ponents of this panel as inverters as shown in Fig. 3-9. (When
these of this panel are used as the other operational amplifiers,
use those in the linear panel LA-121.)

o Use as a multiplier (with 4 inputs +X, -X, +Y, -Y) (Fig.3-8)

-Y Z
; qD i MC>\ Short circuit plug

X ) og

: N
- XY out
. 50

-Y

IN

Fig. 3-8

The input impedance for any one of X, -X, Y and =Y is about
100 KQ. So it is required that the output impedances for these

signals should be low enough as compared with these of input's
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o Use as a multiplier (with 2 inputs X, Y)

X
Z
O~
M
€l
ouT
XY
Geot— - 0 Output
—

(EShort circuit plug

Fig. 3-9

As the input impedance for X or Y is about 100 KQ, it is required
that the output impedance for every signal should be low enough as com—

pared with these of input's.

o Use as a divider

M

X —é\ydi%_
o1 o o 1

O
OPE 1
¥ R

EShort Circuit Plug

— -50~—§f Output
oP

=

Fig. 3-10

O
Take off short circuit plugs indicated by : in Fig. 3-9 and patch
O
as shown in Fig. 3-10.

As the input impedance for Z is 1 MQ, and the input impedance for



X is about 100 K, it is required that the output impedance for X

signal should be low enough as compared with these of input's.

Note for division

It is necessary that the input signals X, Z should meet the condi-

tions described below at any moment; namely,

X >z,
X =>0.

3.4 Voltage comparator (CP)
This voltage comparator is equipped with an operational am-

plifier (amplifier No.3), so it is easily handled.

Compared Cp
%1+8++
S
voltage Y— 10 C}J C}J C}J C)j
o5 Y O o -

Fig. 3-11

It works when the total voltage at its input point is negative.
Patch as shown in Fig. 3-11. Apply two kinds of voltage X and Y to
be compared with to the input terminals of the voltage comparator.
Then, if the total value of them is negative the voltage comparator will
operate (relay turns to ON) and is chaneed over to(® side.

Fig. 3-12 shows an example.



As shown in the illustration on the left-hand side, the voltage

comparator operates and its relay contacts are changed to (® side, when

IN1 is applied with (® and the IN2 is grounded.
(= voltage CP

i

QShort circuit plug

=z

Contact of relay

| %'Q‘__S)nt

Iﬁﬂbb

0
—0
o+
o

|
|
s
voltage , _
|
¢<£% + Patch plate
= 1

INl M b |

BLEBA (O~ 1 J)%j I

When relay is ON

Fig. 3-12
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3.5 Inverter or universal operation amplifier

It consists of amplifiers No.l and No.2 and works as an inver-

ter or universal operational amplifier by the patching procedure

(putting in or pulling off of short circuit plugs).

It is usually used as an operational amplifier of nonlinear
component. To connect this inverter to a multiplier-divider, patch
by means of short circuit plugs. (Refer to Fig. 3-9 and Fig. 3-10)

o Used as an inverter

It can be used as an inverter with short circuit plugs inser-
ted as shown below (Fig. 3-13) on the prepatch board. In this case

of use, it is usually used for multiplier-divider.

X2

X1

GDA1<% cO 1(5

OPE 1 OPE 2

1G) 1Q —-X2

Fig. 3-13

o0 Usued as a universal operational amplifier

It is possible to use it as a high gain operational amplifier
with "G, OUT"on the prepatch board made as the input and output

and output as shown in Fig. 3-14.
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It is usually used as a diode function generator when it is an ope-

rational amplifier.

DFG | INO QPG GPO—Q&
GC? 10 G(g 10 An example of using amplifier as
OPE 1 1()0PE 2 function generator

Fig. 3-14
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4. Non-linear panel NA-121

4.1 General
The non-linear panel NA-121 is equipped with one diode function
generating element, one multiplier/divider element and one voltage
comparator element.
A diode function generator requires two universal operational amp-
lifiers. A multiplier/divider also requires inverters and one opera-
tional is required. Therefore, the amplifiers on the linear panel

LA-121 are employed for these purposes.

Fo setting control

SET switch

Slope setting control
Fig. 4-1 Outside View of Nonlinear Panel NA-121
diode function generating element 1
Non-linear panel multiplier/divider element 1

NA-121 voltage comparator element 1

4.2 Diode Function Generator (DFG)
The diode function generator approximates any desired function with
10 linear segments. The slope of each segment varies continuously
within +5V while the level of function output varies within S0V,

Settings of voltages for breakpoints are accomplished through a group
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of terminals arranged in 2 rows at the top of non-linear patch board
(Fig. 4—3); On these terminals, voltages ranging O to = 50V, are pro-
vided for use in setting the voltages at breakpoints at every 5 volt
step.

o Basic patch for diode function generator

1. Patch the two universal operational amplifiers by use of amplifiers

in the linear panel (Fig. 4-2).

Output F(X)
Input X IN

~ Q/D—\}WQ NA-121

éi_ LA-121

|

Fig. 4-2

2. Carry out the patch for setting voltages at each breakpoint (Fig.

4-3).
000000000 0OO0OO0 O 0+0
50 45 40 3530 252015105 0 5 40 45 50
000000000000 O O0-0O
________ B Patch to set the
}t is connected /Agf]() OO0 OO0 I;\ breakpoint Bg at
internally to -50V Bo)Bi B: E, By Es By Br By ByiBe +35V

and no hole 1is

\f’\‘ el
srovided here. LRQQRYELREYRE QT

****@o G Gz G; Cu (JG Gé G1 GQ G.‘? o

B1~Bg : Termirals to set breakpoints of function

22 89  Corresponcence between slope setting control and breakpoint
setting terminal

v

Fig. 4-3
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This generator employs a method of summing up proper trapezoidal wave
forms to get a desired shape of a function as illustrated in Fig. 4-4.
Therefore, it is necessary to set the rising point, saturating point and
the slope between them.

For example, to determine the linear section (2) in the illustration
below, the rising point Bxj, saturating point Bx2 (this is, at the same
time, the rising point for (:) ) and the slope G should be known. The rising
point of (3) is necessarily determined when the saturating point Bx2 of (j
is set. Thus, only the slope of G and the rising point Bx] (an breakpoint

of the function) are enough to set one linear section.

F(X)

Fig. 4-4

That the terminals Bi SET VOLT and Bj through Bg in Fig. 4-3 are paired
with the marks ofg;is to set both the rising point and the saturating point
of a linear segment at a time. The setting of this generator is made by
using () through (3) described below.

QD Slope setting variable resistor

Slope setting variable resistors Gy through Gg are used to set

slopes independently within £5.
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Fo setting variable resistor

It is used to shift a diode function level up and down within +50V

along the axis F (x).

SET SW (Fig. 4-5)

®

OFE
-50V +50V
AN
. +50V: Position for setting the slope
Qii) SET SW
of a segment when X axis (input)
lies in the range of 0 to +50V.
OPE : Position for operation after the
Fig. 4-5
setting is completed.
-50V: Position for setting the slope of
a segment when X axis (input) lies
in the range of 0 to -50V.
F(X
sotE X
Ge,/ | 1 \U8
304—— __}_'_—IL_
1 671 I | I\ 59
B, Ba B B4 B 10 | | | |
-50 -40 -30 -20 -10 l | , !
|' ' | |' 10 20 30 40 50
| 1
| | | | -10 B, Bn Bs Bjy
G, /i
| | I | G4-'
——t——1+—F——1-30
G, | [ /Gy 1
TR —— -50
Fig. 4-6

Now, consider to set a wave form shown in Fig. 4-6.

Patch the neces-

sary voltages from the terminals Bi SET VOLT on the top of patch board to

corresponding breakpoint setting terminals (holes) B

through B, on the

1 9



patch board. (Refer to the voltages on X axis in Fig. 4-6)
Patch for every pair. The terminals Bi SET VOLT and By through Bg are

paired with the marks g labeled to the pair.

Bi SET VOLT Bi SET VOLT

_______4:> - C) ———

correct | incorrect
O-- i@/ O--—-0 O—#---—0

Bl

3% S8 8 A8

Fig. 4-7

Connect Bj through By to their respective Bi labeled with a same mark
©orQas illustrated on the left-hand side of above Fig. 4-7. If they are
reversed as in the illustration on the right-hand side, the function pattern
desired will not be obtained.

Pay attention that the relations between each of breakpoints By through
Bg and each of slope setting controls are as shown in Fig. 4-6. In Fig. 4-6,
an example with Bg set at zero is shown, of which function outputs exist on
both sides, +side and -side of X axis.

However, by setting any of Bj througn Bg at zero voltage, output can
be made to exist only on +side, (the 1lst and 4th quadrants) or on -side
(the 2nd and 3rd quadrants).

3. Setting of function value
After the patching is completed according to the procedures described
in para. 2, set the values of Gy through Gy and F.
At first, turn all controls of Gy through Gy and Fy counter-clockwise

to their limits till the switches combined to them are operated.
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ii)

iii)

iv)

v)

Select an output of the output amplifier of the function generator
with the AMP SELECT switch. Set the voltmeter on the control

board in 50V range.

Position the "SET SW' switch on the right bottom of this panel at
+50.

From zero position, turn (clockwise) the slope setting control for
the first linear segment Gg which lies on the right-hand side (+side
of X axis) until the voltmeter points at +30V, the final voltage

of this segment. (Fig. 4-8)

bo t

oy BV

Fig. 4-9

After the setting described above is completed, set Gg. Turn the
control of Gg clockwise till the final voltage of this linear
segment, +50V, is obtained.

Set for G7, Gg and Gg in the same way. The settings for segments
on the left-hand side from zero (the -side of X axis) will be
carried out after those of +side have been finished.

when all the settings for +side segments are completed, position
the "SET SW' switch at -50V and set, one by one, Gj, G3 and Gg in

the same way as described for +side.
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vi) Thus the desired function form is set.
When the function has some value F(Xg)= Fy at zero input,

position the "SET SW' switch at "OPE" and (after checking zero

input) set the Fg control so as to get the output voltage of FO.

F(X)

LN X
\__/

Fig. 4-9
4. An example of function setting
An example of function setting illustrated in Fig. 4-6 will be
explained. First, carry out the basic patch shown in Fig. 3-2. Combining
trapezoidal wave forms @ through @Q , the overall pattern shown with
dotted line in Fig. 4-10 will be obtained for this function. (Among

trapezoidal wave forms is included that of zero slope's)
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50

® 0% \
@ 9
SERY :::\Eﬁoéifiaéglo 0 16//t;:i53?§§$i— 50

Fig. 4-10

Decide which one of By through By be at zero on the X axis. Placing
the selected point at the center, carry.out the setting procedures for +side
and -side respectively.

Here the voltages shown in Fig. 4-6 are patched for the breakpoints Bj
through Bg.

i) Turn all the controls GO through G9 and Fp counter-clockwise to
their limits, unitl their switches are operated and the white marks
on controls indicate "OFF'".

ii) On a voltmeter, check the output of the output amplifier for func-
tion generator selected with the AMP SELECT switch.
iii) Set the voltmeter in 50V range.
iv) Position the "SET SW' switch located on the right-hand side below
of this panel at +50V side. Set the linear segments, starting from
(:)in.the right-hand side of X axis toward (:) through (:) as shown

in Fig. 4-8. 1In other words, turn, first, the control for Gg clock-
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vi)

vii)

viii)

ix)

xi)

xii)

xiii)

xXiv)

wise until the voltmeter indicates +30V, the final voltage of the
linear segment Gg in Fig. 4-6. Thus the setting for G5 is achieved.
Turn Gg clockwise until the voltmeter indicates +50V, the final value
of the linear segment Gg.

Turn G7 clockwise untii the voltmeter indicates +50V, the final value
of the linear segment G7.

Turn Gg clockwise until the voltmeter indicates +30V, the final value
of the linear segment Gg.

Turn Gg clockwise until the voltmeter indicate OV, the final value
of the linear segment Gg.

Thus the setting for the +side of X axis is completed.

Position the "SET SW' switch to -50V side.

Turn G4 clockwise until the voltmeter indicates -30V, the final
value of the linear segment Gy.

Turn Gz clockwise until the voltmeter indicates -50V, the final
value of the linear segment Gg3.

Turn G2 clockwise until the voltmeter indicates -50V, the final
value of the linear segment Gp,

Turn G} clockwise until the voltmeter indicates -30V, the final
value of the linear segment Gj.

Turn Gy clockwise until the voltmeter indicates OV, the final value
of the linear segment Gp.

Position the "SET SW' at OPE again.

When the wave form shown in Fig. 3-4 has some value Fgp at zero input,
set the input to function generator at zero after the step xv) and
turn Fy control clockwise until the voltmeter indicates the value

Fo.
- 50-



Thus, the setting is completed.

The wave form thus set may be checked by observation of the visual

péttern of input output on the phase plane. The connection for

this is shown in Fig. 4-12.

Sine wave Function
IN —wW{—
generator
generator v
Analog-computer —— 1 x
circle test may be
also used. Ef__
b
beas

P
BN

XY recorder

0.1 c¢/s is the most preferable frequency of the

oscillator when the X-Y recorder is used.

Fig. 4-12
4.3 Multiplier or divider (MULT OR DIV)

This multiplier-divider employs the quarter-squares system by

realizing square characteristics with diode approximating function

generator.
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Tt requires one operational amplifier and two inverters to constitute
a multiplier-divider. But, for four kinds of input +X, -X, +Y, -Y, it does
two kinds of input X and Y are used for operation.

4.3.1 Use as a multiplier (with four inputs +X, -X, +Y, -Y) (Fig. 4-13)

— 50

Fig. 4-13

As the input impedance of the multiplier is less than 100 K, it is
required that every output impedance for +X, Y should be low enough

in comparison with the input impedance.
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4.3.2 Use as a multiplier (with two inputs X, Y)

(Use amplifier of
LA-121)

O1
O1
O1

0100w

| _ X
Output )

As the input impedance of the multiplier is less than 100 KQ, it is

<jrequired that every output impedance for X, Y should be low enough i>

in comparison with them.

4.3.3 Use as a divider

(Use amplifier of

0=
Output -5 X




As the input impedance of the divider is 1MQat Z side and about 100 KQ
at X side, it is required that the output impedance for X should be low
enough compared with this input impedance.
(NOTE) Note for division
It is necessary that input signals X, Z should satisfy the
condition described below at any moment.
X = Z
X = 0
4.4 Voltage comparator (CP)
This voltage comparator is not equipped with an operational am-
plifier, so it is necessary to combine it with an amplifier of the

linear panel. Patching in case of such combination is shown in Fig. 4-16.

Al&Az
G
O F
(1)g 4
-1 —Ol1 --
{ " N2 — (1
%99 ’
o o o 0.1
ol of ol o S
CP

Fig. 4-16

With the patching shown in Fig. 4-16, the comparator relay operates
(switched over to (E) side in Fig. 4-16) when the sum of compared input
IN-1 and IN-2 is negative. An example of operation is shown in
IFig. 4-17.
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With IN-2 grounded, the comparator relay turns to(i)side when<:>voltage
is applied to the compared input IN-1 through the switch S and turns to
<:>side when(i)voltage is applied.

Fig. 4-18 is the illustration of this operation.

-
C}J C}—f C}*r C}J
= Tp= =

Fig. 4-17

Lo
‘ 1
- - ll
| T o + |

|
|

Voltage ! - !

: e, | f
| | [
| o — |

INl] 1IMQ ¢:‘3\+_ | Patch bgard
. 5 ! termina%
IN2 1IMO o — |
————— —o==1 | |
! |
L_____ 4

When fe]ay is ON

Fig. -4-18



5. Control board CT-121
5.1 General
The control board CT-121 contains a control panel and an output
selecting panel. It is equivped with every device necessary for control,
indication and selection. A power supply is also mounted in the rear

of the case. Its outside view is shown in Fig. 5-1.

A.B switching
indicating lamp
Solution indication
selecting switch

Potentiometer Operational amplifier
selecting outputr selecting switch
switch

Output selecting panel

P v vo oy ey
awaaagaga,‘,‘o‘::'* ¥
aa

sl
: sasi :
tale ol i1, $iail:
anaa i Tl tiail,
: RIIR

Control panel

Function
switch
Power switch Meter range Operation control Reference potentiometer
changing switch
(power source Handle for moving patch board

voltage check) up and down

Fig. 5-1 Outside view of control board



5.2 Composition

Control board
(CT-121)

|
|
|
|
|
|
|

Control unit

Selector unit

Indication unit

Power supply unit

———-Additional power unit

(PS-021)

Power control device

Operation control device

Output selecting device for
operational amplifier

Potentiometer selecting device

Solution indication selecting device

Meter range changing device

Supply voltage checking device

L~ A B switching device

— -48V (relay driving power supply)

AC 6.3V (heater power)

4250V (high voltage)

L +50V (reference voltage)

— Function switch

Solution indication output terminal
Synchronous output terminal
Anplifier output terminal
Connection terminal

Reference potentiometer

AC socket

— Computing relay
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5.3 Control unit
5.3.1 Power control device (POWER)
This is a switch which is used to apply AC 115V power for
this equipment.

*ON The equipment is turned ON and becomes

POWER operative. It is indicated by the
ON illumination of the lamp in the volt-
i @ meter and AB contact indicating lamp.
oFE *OFF Power is switched OFF.

The equipment stops its operation.
Power switch (Note 1) Start operation about 10
minutes after switching-on.
Fig. 5-2
(Note 2) Keep meter range at OFF whenever
switches are at ON or OFF position.
5.3.2 Operation control device
This is a switch which is used to change the operation of

the computer.

State of computer in each control

position
*POT SET
RESET This is the position where 1 turn
POT SET\ JHOLD type potentiometer POT 1 and 2 equip-
REPEAT . ~COMP ped in the linear panel (LA-121) are
set.
(Note) Meter range and power source checking
Operational control switch facilities become operative.
Fig. 5-3



5.4

‘REPEAT
This is the position where the operation
speed is increased by 100 times, and the
repeating operation in operational
period of about 0.1 second is achieved
without any change in patching connection.
(Note) Keep meter range at OFF.
*RESET
& This is the position where all operatio-
nal components are ready for computation.
It is chiefly used to feed an initial
value to the integrator.
*COMPUTE
This is the position where all operational
component is ready to make functional
operation.
*HOLD
This is the position where the opération
is stopped and all connections of opera-
tional components are held.
Selector unit
5.4.1 Output selecting device for operational amplifier (AMP SELECT)
This is used to select an output of dc-amplifiers (the
number of amplifiers mounted depends upon the composition),
which is connected to the voltmeter in the center of the control

panel and the terminal AMP OUT.
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Therefore, the amplifier output voltage selected is read
on the meter and can be led out to the external from the terminal
AMP OUT. The position MIN has no direct connection with AMP OUT.
With the switch placed to this position, the voltage applied on
the terminal MIN on the pre-patch board can be read on the volt-

meter of the control panel.

Indication of panel

number

4; 444? Corresponds to
//gg\ ©.2.0

AMP SELECT

Indication for amplifier No. of
Input from terminal MIN on pre-patch

each linear panel ‘
board can be indicated on voltmeter.

Fig. 5-4



5.4.2 Potentiometer selecting device (POT SELECT)
This is used to select l-turn type potentiometers equipped
in the linear panel LA-121. (The number of potentiometers
depends upon the composition.) It is chiefly used when the

operation control switch is placed at POT SET.

i ~
. T *
Indication of / !
linear panel No. 2 2 Indication of POT No.
b ! ; of each linear panel
Ly
2
2
< !
o 2 6)
v
POT SELECT
Fig. 5-5

5.4.3 Solution indication selecting device (SOLUTION SELECT)
Some solutions to be obtained by operation are patched
beforehand on the SOLUTION terminals of the pre-patch board.
A desired solution among them is selected and connected to the
TO REC terminal or TO IND terminal of the control panel by
means of the switch SOLUTION SELECT. The solution is connected
only to the terminal TO REC for low speed operation, and only

to TO IND for repetitive operation, respectively.

-61-



The solution connected One of pairs of

to the SOLUTION terminal L 0 "SOLUTION" terminals
NC on basic patch board 1A,B, 2A,B ...5AB

is connected to TO REC & s on basic patch board
or TO IND regardless of ‘ is selected.

AB switching device.
SOLUTION SELECT

Fig. 5-6
NC 1A 2A 3A 4A  5A
0 O O O O
1B 2B 3B 4B 5B
O O O o O

(Note) Connect only one solution to
NC terminal.
Connection more than 1 will
cause damage. ~dJ
5.5 1Indication unit
5.5.1 Meter range changing device
This is used to change the ranges of the meter, if neces-
sary, in three steps such as 50V, 10V and 1V full scale respec-
tively, except when the operation control switch is placed at
POT SET.
Place the range changing switch at OFF when the operation
control is at REPEAT (repeating operation). This is because
the operation speed is too fast to read its solution and serious

\\\\ damage can occur to the meter.

N —
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Z50 +50

OFF
POWER
CHECK
+250 50 /\\
250 10 METER
RANGE
AC 1 V//

Fig. 5-7

5.5.2 Supply voltage checking device b/’///,

AC ¢ This is the position when the Voltage_of the commercial
power AC 115V is checked. Check that the pointer is
located within AC mark (in red) on the scale.

If the pointer is over this range, the power supply
voltage may be outside the range of 115V + 5V. 1In
this case it is necessary to adjust the voltage through
the voltage regulator (sliding transformer).

-250V : Check if the pointer indicates the full-scale of -side
(-250V).

+250V : Check if the pointer indicates the full-scale of side
(+250v).

-50V : Check if the pointer indicates the full-scale of -side
(-50v).

+50V : Check if the pointer indicates the full-scale of side
(+50V).

When indications are as described above, the power source
is normal. Adjustment should be made if the indicated values

different from those described above. Refer to the adjustment
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5.5.3

method in section 5.7, power unit.
A B switching device

This is a relay mechanism which switches over A to B (or
B to A) when the operation control returns to RESET from
COMPUTER. AB switching device operates for both slow operation
and repeating operation.

For slow operation, the operation control is done manua-
1ly in the order of RESET, HOLD, COMPUTE, HOLD and RESET. In
this sequence the AB switching device operates when the control
is changed into RESET. Therefore, if a desired solution is
patched beforehand on the SOLUTION terminal of the patch board
and manual operation control is repeated, two kinds of solutions
are obtained automatically on the recorder for the first and
second operations.

Positioning the REPEAT, operation control is repeated auto-
matically between RESET and COMPUTE with the constant repetition
frequency of 8 ¢/s and AB switching device operates automatically
when the control changes from COMPUTE to RESET.

Two kinds of solution can be observed on a CRT with long
persistence screen. Check for the AB switching operation by

use of the A-B indicating lamp.
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5.6

TO IND

©
S Slow L—{»’j}_______4%;zA .

flip !

. 8 - T 4 ! f‘\
RESET signal ﬁReCpi— flop O Q_‘
| [ tition ‘ O—— A

_[;7 Multi- B

—=% vibrator

] about
8 c/@

Fig. 5-8
Prepatch mechanism
Employing a prepatch method, this computer has a mechanism to
mount or dismount the patch board and also the mechanism to move it
up and down. To move-.the patch board up and down, operate the handle
rightward or leftward, respectively, in two positions, A and B, as

shown in Fig. 5-9.

7 <7
DA\‘ Ji:
LS
- - Handle to move patch up
- SET and down
TR
Fig. 5-9

‘Position A; the position to mount or dismount the prepatch board
and patch pins. Carry out the control by pushing the
mounting knob at the top of patch board to the inside

as shown in Fig. 5-10.
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5.

7

L A )

| BLSET VOLT
o0 0000
oo (o)eJeXe}

(0]
(0]

(o)s)
00

O
o

Prepatch board

ounting knob

Fig. 5-10

(Note) An operation can be made at the position A where patch cords
and patch pins are disconnected.
Position B; the position to make operation.
Carry out the precise balance check with the meter, if
necessary, at tﬁis position.

(Note) Never put in or pull off the patch cords in this position.

Power supply unit
5.7.1 General
The power supply unit for this computer is equipped in the
lower rear side of the case. When the total number of linear
panels LA-121 and non-linear panels NA-122 is more than 3 (half
equipped composition). An additional power unit must be used
besides the basic power supply unit. Specifications of the basic
power supply unit is as follows.
Input voltage AC 115 + 5V 50~60 ¢/s 1 ¢
Output voltage +250V 80 mA

} high voltage
-250V 80 mA )

+50V 25 mA

} reference voltage
-50V° 25 mA
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-48V 0.4 mA  Source for relays
(unstabilized)

5.7.2 Adjusting voltages
To adjust the voltages + 250V and + 50V, proceed as follows:
Watching the meter on the control panel, adjust these volc
by placing the PS CHECK in each position.
Adjustment of variable resistor for -250V
Adjustment of variable resister for +250V

Adjustment of variable resistor for -50V

® OO E

Adjustment of variable resistor for +50V
After completing the all the above adjustments, check for
voltages again.
5,8 Attached unit
o Function switch (FUNCTION SW)
This is composed of two switches as
NO 1 NO 2 shown in Fig. 5-11. It is used to add
any stepping voltage, function voltage
or disturbance from external at any
timfe during the operation.
It is also used to change operational
FUNCTION SW circuits.
Fig. 5-11 Terminals for these switches are provided
on the patch board PB-111B.
o Solution indication output terminal (TO REC, TO IND)
Connect the input of the recorders to
this terminal to display the solutions

on the pen recorder (for slow operation,
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To recorder 10 REC use TO REC) or synchroscope (for repeat-
TO IND

ing operation use TO IND).
<:::> The output selected by SOLUTION SELECT
\\\\To synchro-
- scope appears at this terminal.

o Synchronous output terminal (SYNC)

From this terminal, the trigger signal
synchronized with repetition frequency

SYNC is obtained, which is applied to an

(:::) <;£;> external trigger input terminal of

Synchroscope |

synchroscope to get the still image of
solutions on its screen during repeating
operation.

o Amplifier output terminal (AMP OUT)

To this terminal, the output voltage of
dc—amplifier is connected, which is se-
lected by the output selecting device

of the operational amplifier (AMP SELECT).

AMP It is comnected in parallel with the

OUTPUT voltmeter at the center of the board.

<:::> Therefore a signal for X or Y can be taken
— out from this terminal to display the
solutions on the phase plane with XY
recorder or synchroscope.
If the amplifier which is generating
the signal of X or Y is selected by

means of the output selecting SW, any
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signal other than that selected by
SOLUTION switch can be taken out from
this terminal.

o Jumping terminals (JUMPER)
These are used to make connection with
the external devices of the computer.
They are connected with CJ on the prepa-

tch board in one to one relationship.

r—‘_‘ JUMPER ]
They are used when it is necessary to
CJ1cCJ2 QI3 Q4

<::> <::> <::> <::> <::> take out more than 3 computer outputs.

For example, they are used to feed many
solutions in parallel to multi-channel
recorder or XY-recorder. They are also
used to connect other equipment to the
patch board.
0 Reference potentiometer
REFERENCE POT This is used widely to set a reference

Reference C::::)~:: value at POT SET, an initial value for

potentiometer ‘

the integrator, or a general multipli-

cation constant.

The functions of the Siemens type key

are as follows:

-50 & & 50 *+50 The reference voltage of +50V is

applied to the potentiometer.
*COEF This operates as a 10-turn type

) potentiometer. The input and output
Changeover switch

appear in thepre-patch board.
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o AC socket

71

AC socket

L]

Computing relay

~COMP )

77
JJ

-50  The reference voltage of -50V is
applied to the potentiometer.
This switch will lose its function
when the computer is in the state

of POT SET.

There is an AC 115V socket which is
provided in the both side of the

case, for use in supplying power to other
equipment such as the synchroscope.

Power capacity less than 400VA is allowable
output from each socket.

Great care should be taken not to exceed
this limit.

Whether the computer power switch is tur-
ned ON or OFF, AC power is always available

at this outlet.

The relay closes the lower side contacts
when the operation control switch is
placed at "COMPUTE" during the slow ope-
ration. (It is equipped in the patch

board PB-111B).
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6. Pre-patch board
6.1 General
The Pre-patch board is modular for every panel, therefore, there
is no requirement to manufacture additional new pre-patch boards nor
to modify boards in case of changing or increasing composition.

The patch board can be extended at will according to the composition.

6.2 Engraved Front

8 SEL ¥

000!00'0...0?92‘

NI IR Wy
’.".‘..

Non-linear tanel

PE-122N
(or PB-121N)

8SEL it

0&'..‘.....0.'0.0...‘

% s
LR

4 »
,jo ooop—q-q,ﬂogowb
, cnaloM’ o o
Cees eisie & ‘e
o.«i—o—oo

Linear panel

PE-121L

.
¢ 1.""’&,
@-iquB

eseeel

/‘F};:Y“_'T
Ll ic Luioo woug ‘o' *qmoldﬁ

s e's s ssisis s e e 43’3 r*.wiq

ey

o.tooe—tjooowo-&toi
.QOOOMGQQOCO-I“ QQ-0¢
ot—wovqmvoto vHou—y
Base Patch board cobosssborsseiesseie.
v ~ ! o HEF WOLT > et !
u-voogon-'couoooo-o'4 :

PB-121B “asialvse e e e eeR e R

‘wnn't'-Sox'.qv’Q»tovtvo'

Fig. 6-1 Outside Vieonf the pre-patch

board.
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7.1

7. Additional power unit, PS-021
General

The additional power unit is required when the total number of
panels of the linear panel LA-121 and the non-linear panel NA-122 ex-
ceeds three.

Attention should be called to use of the isolated additional
power unit as a non-stabilized power supply only. It merely can work
satisfactorily as an additional power unit in conjunction with the
original power unit contained in the control board.

Ma jor specifications of the power supply after an addition of
this unit is as follows.

Input voltage AC 115V  +5V° 50~60 c/s, 1 ¢

Output voltage +250V 160 mA }

High voltage supply
-250V 160 mA

+50V 25 mA
Standar supply
-50V 25 mA
-48V  0.4A Relay energizing power

supply (not stabilized)

Refer to item 5.7.2 as to voltage adjustment method.
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7.2 Additional connection method

7.2.1 Connection of the additional power unit PS-021

\}J

AC 115V

&

Before the addition

Fig. 7-1

té_'/ @f_l_L ?

Increased power unit

After the addition

Fig. 7-2
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7.2.2

Addition of panels

Addition of panels is perfomed as follows.

Turn the heads of four binding studs about 5 times counter-
clockwise respectively. (Refer to Fig. 7-3)

Remove them. (Refer to Fig. 7-3)

Remove the top plate and the panels of upper part of the plate
to insert additional panels. (Refer to Fig. 7-3)

Position the additional panel and replace the original ones on
it. (Fig. 7-4)

Apply some of glue to the threaded portion of binding studs and
screw in the stud piece. (Refer to Fig. 7-5)

Insert the binding studs through the top plate. (Refer to Fig.
7-4)

Turn the heads of studs clockwise and tighten them. (Refer to

Fig. 7-4)

NOTE: An additional panel is accompanied by four stud pieces and

a tube of glue.

Remove the top
plate and the
mounted chassis.
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‘ Additional

chassis

1. Remove the screws of patch board on that portion to be increased
(Refer to Fig. 7-7)
2. Remove the patch board. (Refer to Fig. 7-8)
3. Connect the additional patch board. (Refer to Fig. 7-9)
4. Assemble by tightening it with screws. (Refer to Fig. 7-10)
NOTE: An additional patch board is accompanied by two connecting

pieces and two pairs of screws and nuts.

Fig. 7-8
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8.1

Fig. 7-9 Additional Fig. 7-10 Oval flat
patch cross head
plate screw

@ Lock
i\ _Hex. nut

t

General

The demonstrator is a detached module of the main body of analog-
computer. This device is equipped with minimum units of the fundamental
linear components together with the various operational components
composing the main body and the control device.

The circuit composition of the operational amplifier and the action
of the operational relays can be observed from outside. So, it is a
convenient device for demonstrating the basic operation of the analog-
computer.

The demonstrator is composed of an operational amplifier, DC amp-
lirier, two potentiometers for voltage setting, two operational relays,
one group of operational impedances and a control device.

Various operational impedances can be selected as input impedance
Zi and feed back impedance Zf of the operational amplifier. Simulations

of every kinds of the transfer function can be easily made by using them.
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8.2

8.3

The exterior view of the demonstrator is shown in Fig. 8-1.

Operational Amplifier

The operational amplifier is a DC amplifier representative of tho-
se contained in the main body. It is equipped with printed wiring.
Necessary power for the amplifier is supplied from the main body
through a connecting cord.

For the input and output impedances any simulation of the transfer
functions such as summer, inverter, integrator, differentiator and
first degree lag component can be made by connecting the operational
impedance group with patch cords. Output can be,observed on the meter
mounted on the main body or with an external voltmeter.

Operational impedances

Impedances and diodes as follows are connected to the terminals

and they can be used seperatedly.

Their contents are as follows.
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Resistor 1 M ohm 2

0.5 M ohm 2

0.1 M ohm 2

Condenser 1uF 1
0.1uF 2

0.01xF 1

Diode 2

When the above operational impedances are used as Zi and Zf,
connect them between the terminals with patch cords.

Example of connection (Select impedances according to Table 10-1)

Zi zf
Summer 0.1 M ohm 1 M ohm in case of x10
0.5M n 1M " in case of x2
Inverter 1M 1M n
Integrator IM n 1uxF time constant of 1

8.4 Potentiometer for voltage setting
The potentiometer is used for applying the voltage for the input
of the operational amplifier or the initial value of the integrator.
This is provided with two potentiometers. Each can be applied with +
50V by switching. Selection of either of +50V or -50V is carried out
by switching.
8.5 Operation control device
This device is a combination set of switches and relays which are
necessary to change the operating condition of the operational amplifier.
The operational relays works automatically by the changing of the posi-

tions of control switch as shown in Fig. 8-2.
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B. C
RESET HOLD
B.C /T\ COMP RESET:
(.
HOLD :
N
Fig. 8-2 Control switch
COMP

Position for zero balancing on the
operational amplifier.

Position for incoming initial value
when operated as an integrator
Operation stops at this position
and the integrator holds its value
as it is.

Computing state

The operating states of the relays Ky and K, at each position of

the switch are shown below.

Position Kl(resetting relay) K, (computing relay)
B.C OFF (green lamp on) ON (yellow lamp off)
RESET ON (green lamp on) ON (yellow lamp off)
HOLD OFF (green lamp off)  ON (yellow lamp off)
COMP OFF (green lamp off)  OFF (yellow lamp on)

OFF
IC
C}AAAAF*——4><~CL;EE4
K1 ON
ouT
O—©O

Zic}___43r/;»-—4
© -

Fig. 8-3

8.6 Basic procedures

8.6.1 Connection of Power-supply cord

Connect the ppwer-supply cord which is drawn out from the

upper right part of the demonstrator to the back of the main
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8.6.2

body.

(Refer to Fig. 1-2 Input selector unit) The main switch

on the main body shall be "OFF'" before insertion of the plug,

then "ON'', after connecting to main body.

Patching

Patching is carried out to make required transfer functions.

Example:

Fig. 8-4

(1)

(2)

(3)

(4)

(5)

Integrator

Decide the integration time constantand connect resistor
to "Zi" and capacitor to "zZf'",

Connect the output of the potentiometer for voltage se-
tting to the input.

If the initial value is necessary, connect the output
of the potentiometer for voltage setting to the input
terminal for the initial value "IC'".

Decide and set the input value, polarity sign of the
initial value and setting value.

Connect the output of the amplifier "OUT" to the ter-

minal "M IN" of the main body and set the switch ' AMP

SELECT'" at "™ IN",




8.6.3 Balance checking

when

(1)

(3)

This is an adjustment to get zero output on the amplifier
its input is zero.

Set the adjusting switch on the demonstrator at "B.C".
Set the switch "METER RANGE" at "1,

Adjust the rheostat on the amplifier (printed base plate)
of the demonstrator to get zero deflection of the meter.

Close adjustment is unnecessary for this checking.
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9. Single Channel Recorder

General ....c.cceceeececes 82

Composition .........00... 82

Instructions for use ..... 83

RA-121 recorder
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9.

9

.2

General

This recorder is a single channel, thermal pen type. As the am-
plifier is transistorized it is small in size and light in weight.
Owing to the employment of thermal pen type, the recorded wave form is
shown on a rectangular coordinate which permits more easy observation.
Composition

The recorder is composed of following sections.

(a) Input sensitivity adjusting section

(b) Zero level adjusting section for the pen

(c) Paper speed changing device

(d) Pen heater adjusting section

(e) Power supply switch

(f) Paper loading mechanism

(g) Input connecting terminals

(h) Pen galvanometer

(i) Recorder amplifier

(j) Power unit

(k) Accessories and spare parts

Recording paper 5 rolls

Spanner for the pen 1

Screw driver () 1
Screw driver (5) 1
Vinul cover 1
Fuse 2
Pilot lamp 2
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9.3 Instruction for use

Instruction for operation of each section are as follows.

9.3.1 Input sensitivity adjusting section

(a)

(b)

Input sensitivity selection "RANGE"

This switch if for changing the input sensitivity of
recorder. A proper range can be selected according to input
signal level. The number appearing in the window of the swit-
ch shows the voltage which causes 20 mm deflection of the pen

on the recording paper.
The number in the window shows
sensitivity of 20V/20 mm.

—
Higher sensitivity is
\\\\\\\\///obtained by turning
in this direction.

Lower 'sensitivity is obtained by turning in this

direction. Direction of the pen can be calibrated
at "CAL" "CAL" appears in full turning.
Input sensitivity adjusting section "MGAIN"

Higher sensitivity is obtained by turning in such direction
that the number on the wheel becomes larger, and lower vice
versa. As mentioued above, recording sensitivity can be adjusted
by both means (a) and (b). It is desirable to calibrate the

sensitivity before operation.

L H
Sensitivity Sensitivity increases
decreases in <o = in this turning
this turning direction

direction
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9

9

(c)

.3

.3

o2

.3

Calibration

Turn the wheel "RANCE" noted in the item (a) leftward
until "CAL" comes in sight. At this condition, adjust the
wheel "GAIN" noted in item (b) until deflection of the pen
displays 10 mm.

By above adjustment, the number shown in the window coin-
cides with the full deflection of the pen at the resultant
sensitivity of (a) and (h).

Zero level adjusting for the pen, "ZERO"

This is used for adjustment of the zero position of the

pen when input signal is zero. The pen moves toward<:) side by

the turning of this control rightward, and vice versa.

In this direction In this direction of
of turning the pen turhing the pen moves
moves toward (- towdrd () side.

side.

Paper speed changing device

Paper speed can be changed at the following two parts:

(a) At the panel front: High (H), Low (L), Off (OFF)

(b) At the side of this device: A(50, 25), B(10, 5),
C(2, 1)mm/sec. (Changeable
in three blocks.)

The paper speed changing device at the panel front is used
to select the speed either high or low which is noted in the
parentheses in the item (b). Beside this, O(OFF) is provided

for stopping paper.
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One of M"H", "L" and "OFF" is shown

in the window.

~———____ One of "L, mH" and "OFF"M is

selected by this wheel.

SPEED

The paper speed changing device at the side of the recorder
permits changing of paper speed in three blocks by insertiné fhe gear
to a proper shaft of A, B or C.

The gear and the shafts are provided inside of the opening lid
at the pen galvanometer side. Thus any one speed among A( 50, 25)mm/sec,

B(10, 5)mm/sec and C(2, 1)mm/sec is selected.

Gear

The gear '"2'" is put on one of the shafts "A", '"B" and
"C" according to the required speed.
(c) Frequency selection (50, 60 c/s)
As the speed of the driving motor changes with the frequency of
power supply, paper speed is decided according to the frequency of the
power supply. In the figure below, gear "1 fits for 50 c/s and m2n

for 60 c/s.
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Gear 1 50 C/S

Cear 2 60 C/S Side of the driver shaft

Gear 2 50 C/S

Gear 1 60 C/S A 2

Fix the driving gear with the setting screw when the frequency
is selected. Changing sides of axes should not be fixed to facilitate

ease of axes change.

Gear

/’//////

GEEEE D

Setting screw

9.3.4 Pen heater adjusting section "PEN HEATER"

The thickness of line of the recording paper is affected
by the pen temperature as the pen is of a thermal type. The
line thickness is adjusted by the wheel "BEN HEATER". Low tem-
perature of the pen is suitable for slow recording, and high

for rapid.

L H
Temperature falls Temperature rises
in this <= C— > in this direction
direction of of turning
turning. PEH HEATER
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9.3.5 Power supply
Power for the apparatus is supplied from 115V A.C. through
the AC-cord. ON and OFF control is carried out by the switch

"POWER" on the panel.

Push the dotted side for '"on'"

L[ oF

9.3.6 Paper loading

POWER

Lift the plastic cover on the front of the unit.
Depress the lever to the left of the galvanometer; this
releases the paper roll holder.

Load new roll of paper (see figure below) and press
entire roll mechanism down into place. This completes the
loading.

Recording paper

9.3.7 Input connecting terminal
Input signal to be recorded is supplied to the connecting
terminals. The terminals are equipped on the left-hand side

of the apparatus. The apparatus is on the ground side.
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10. Appendix

Programming of the computer

10.1 Programming and it's symbols

10.1.1 What is programming?

10.1.2

(1)

(2)

(3)

(4)

10.1.3

A simple definition of an analog computer would be that
it is a device for obtaining a solution to a problem by means
of an electrical simulation of general physical phenomena.

So, the composition of electrical circuits is an indispensable
process and is called programming. In other words to express
a problem given in the form of an equation as a block diagram
for the computer and to compose it on the patch board.
Procedures for using ratch board

Great care should be taken in the following:

Do not plug in the patch cord with the patch board attached

to the computer. 1In doing so you may damage the spring conne-
ctors.

Programming shall be set up with the patch board isolated
from the computer.

Use as short a circuit plug as possible in programming, for
easy observation of the programming.

Be careful to avoid misconnection of short circuit plugs used
to decide the function of an amplifier, such as integrators,
summers, and operational amplifiers.

Symbolic expression of operational compconents

It is convenient to use symbols to represent necessary

computing components for the purpose of expression of a given
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equation in the block diagram. Symbols listed in Table 10-1

are generally used. There are some other expressions but they

differ little from each other.

Table 10-1 Analog computer symbols
Computing Note Formulas Remarks
componzsnts
possible for multiple
7 E input adding provided
E¢ ° ,
Integrator Eo=JEcdt | ywith multiplying
® I Ie factors 1, 10.
£~ E £ provided with multi-
Summer £ ‘ Eo:‘[ ’*52} plying factor 10
(2] :
Operational E "i S Sy Possible for
amplifier ° < Eo=~ Z; Ft | simulation of
transfer functions.
Inverter £ » Eo | W [ ; ; 1 £E,=-E7
. E. ‘ £ Ep=RE< Resistance
Potentiometer z o — "as + <, |50 KQ, 100 KQ
Y _ 1 .
1 K =<5 reciprocal of
e E :
‘Multiplier " ‘ E, =KXY the base voltage.
negative sign is
~ allowed.
Function ~ Negative sign is
Generator XE 0 Eo = FOX) | 41T owed.
Used as a logic
Voltage E, (B# circuit by comparison
comparator Eo between E] and E,.
Operational — AMAA— R =1MO basi
element C=1xaF asic
(resistor and — (0.01 . F) ‘repetition
capacitor) .
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In addition to the above, there are various computing components
and symbols. This table describes the components mounted on

HITACHI 303.

10.1.4 Basic example of programming
Usual procedure of programming is as follows.

(1) Express given problem in equations.

(2) Transform the equations by calculation to fit for the analog-
coﬁputer. For instance, it is desireable to make the equations
into the form which is available for the integrator without
the differentiator and to decide suitable scale factors and so
on.

(3) Make block diagrams based on the equations arranged by above
treatment.

(4) Set up the programming according to above block diagrams.

The following example shows a method of solving a simple ordinal

differential equation according to the above process.

Example:
- 32
A _Q_% + B Cy =0 vevreveen..(a)
dt dt
... (1)
dy
where, at t=0,-E?—= 0, V=V0 esesens ceeene.(b)

In most cases it is necessary to consider-the initial condition.
In other words, it means how the phenomenon expressed with the equation
is at the moment the solving starts. This condition is expressed in

the equation of (1)-(b).
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2
1) Solve the equation (1) -(b) about.g_%. (Generally it may be
dt
solved about the highest order differential coefficient in the

equation.)

2) Supposing d? is obtained make the block diagram as Fig. 10-1.

dt
A AN
iﬁz ’%% Y A/
© ® © @
A
N
A
C © Eﬁ
-7 O

Fig. 10-1

42
Namely, assuming that(az%)is obtained at the point (:), give

this signal to the integrator Ij. Then(—%%)is obtained at the
output point (:). (Negative sign is resulted from going through
an amplifier.)
3) Give the signal obtained at (:) to the integrator lp, and y is got
at the output point ().
C

4) Multiply the signal at (:) by the constanttz)in the potentiometer.

Now(%)is obtained at (:). Change the sign of the above signal

. C .
and obtaln(—zr>at (e) for the equation (2).
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5)

6)

7)

On the other hand, multiply (._%i>fTom the (:)by'the constant
t

%% in the potentiometer. Thenb(—%j %%>is obtained at (:) . This

signal corresponds to the first term on the right side of the equa-

tion (2).

»

2
The signal of(%z%>obtained temporarily from the equation (2) at It
\ :

: B dy _C
the point (a) equals to the sum of <_A—dt> at () and( i )at (e)

Therefore, Fig. 10-2 is obtained by using an integrator as the

integrator Il. This figure is called a block diagram.

OO«
=€
%@
@

Fig. 10-2

By the process as mentioned above, the block diagram for the equa-
tion (1)-(a) is completed. So it is necessary to consider about
the equation (1)-(b). The initial condition at t=0 is only y=yg
because all the other terms are zero. Therefore it is necessary
to give the initial value Yq4 to the integrator Ip which produces

y. This is carried out by giving the voltage corresponding to ygq

to the initial condition terminal "IC" on the Ip. This voltage.
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is made of the base voltage or +50V throughing the potentiometer.

The final block diagram is accomplished as shown in Fig. 10-3.

Ib D Eor)—— A F
& 8

Fig. 10-3

NOTE: The polarity signs of the applied voltage to the terminal
"IC" and output voltage of 12 are opposite each other even
when the initial condition is given.

An example of the patched state of the block diagram shown in Fig.

10-3 is illustrated in Fig. 10-4.

esssessscesse
@esvssses
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10.1.5 Time scale factor and scale factor
1) Time scale factor

The available frequency for the computing component of the
analog-computer is limited. 1In case the frequency is too high
or too low compared with the proper frequency of the computer,
it is better to adjust the time of the phenomena by extending
or compressing it in order to obtain suech results as having
less error. This adjustment for time is called conversion of
time scale and its ratio is called time scale factor.
The motion of the reproduced picture photographed with high
speed camera is an example of extended time scale, namely, a
time scale multiplied by a time scale factor.
For the model HITACH 303,w =1-5 is favorable as its operational

frequency. An example will be explained below.

2
dy + 39 4 900v= 0
dt? dt
eeeeepeen (3)
—“t=03‘—dl= 0, y=C
dt

As the frequency included in the equation (3) is wp= ~/900=30,
its time scale must be converted over such range as w=l-5

to fit for HITACHI303. The frequency of the phenomena in the
equation (3) is wp=30, and it is favorable to extend this
time by thirty times. Theﬁ the velocity of the phenomena
becomes one thirtieth and the computation will be carried out

slowly.
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When the equation (3) is considered in general, the time is to

be multiplied by t.

Hereupon T is a converted new time, i.e. a computing time
of the analog computer. This ratiodtis called time scale factor.
According to the value of &C;
(dt>1) means to extend the time, and
(At<<1l) means to compress the time.
Now, putqdt=20 in the equation (3). (4t may be 30, but
let it be 20 here.) From the relation of the equation (4) the
following relation is brought out. This relation is used to

rewrite the equation with the new time T.

3\

¢ P
= £ =

dt e dt

2 2 (5)
d<y 0L'C2 d“y 3 . cevsescns

dt2 dt2

3 3

d°y oLt3 d7y

dt3 d¢3 )

Substitute above relations and the value of dtinto the

equation (3), and rearrange them.
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2 3
400 3% + 3 x 204Y_+ 900y=0
dT12 dT

2
4 4+ 0.15 I + 2.25y=0 & (6)
dT2 ’ I AR AR A R

at T=0, ‘.d_y.-: 0’ y—.:C
- dT

The equation (6) is a machine equation for the analog-computer.
Both block diagrams of the equations (3) and (6) are illustrated in

Fig. 10-5 and 10-6 for comparison.

0.4
QF
I.‘IE’P Iz A
o
c
E

Fig. 10-5 Block diagram of the

equation (3)
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Fig. 10-6 Block diagram of the

equation (6)

The states of both solutions are given

in Fig. 10-7
1 S l67 I | |
Soluti 1|t equation(a)
A 3 x\“
dt
!
T
HU
l Yoo Al Lu.cl trime
| | | |
‘.33 ution 9t t equationg,
L
Al e
VN A AN ALA P
! \[/ 1\ \YAR4 i
U J 5. lsdc]ils [thel actua
y4de. T SEGSF Jecp Ay Hne_‘
Paper speed secC

Fig. 10-7
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(2) Scale factor
This scale factor has been explained in para. (1) and here
the scale factor regarding dependent variable y and its differential
coefficient will be set forth. As the value of y varies widely,
it is difficult to make the value correspond the voltage of the
analog-computer as it is. Hence, the conversion coefficient is

considered as follows.

ydy=Y..”“.“““.(ﬂ

dy is called scale factor, which is the coefficient to make
the value of y correspond to the voltage of Y volts. The conver-

sion coefficients of such differential coefficients oij,as in

SZ"%%% and so on are also decided readily whenly is done.

They are given by the equation (8). It is necessary to take

care that )tis related to the equation (8).

1
y = —¥Y

AY

dy dt dY /a4t the scale factor of the first )“
dt Ry dT \Rky order differential coefficient
S ... (8)
,ﬁ%gdtz ‘ _dz_Y A2 the scale factor of the second
dt® oy d12 \ 2y order differential coefficient
J

When only Jt , the scale factors of the first order differential
coefficient, and that of the second order differential coefficient

are given, the scale factoq;y can be got from the relation of the
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parenthesized passage of the equation (8).
10.2 Example of computation
Let us analyze the transient phenomena in the circuit as shown
in Fig. 10-8 and get the variation of charge. Hereupon the capacity

C has been charged with the initial value of 20V.

L R

Fig. 10-8

The equation of this circuit is given by the equation (9).

2
d"q dq , 1
s T + =
—0-O.no.‘..nc..o..lio."ii 9
w2 Ra o o8 (9)

Substitute the constant and solve about qu
dt

3

7 2024 x 10% @ viriiiiiieiiiiiieaeeeeee. (10)

The actual angular frequency iswp= 4(2_;—i6€ = 2000.
This is too high as the computing frequency for the HITACHI 303. It
is necessary to convert the time scale. It is estimated that the
time extended by 1000 times is suitable for computation with the

HITACHI 303 of which computing angular frequency is in the range of

w = 1-5.

~100-



So, put asd t = 1000, and at t=0, C is charged with the initial

voltage of 20V. Let qo is the initial value of the change q.
9= CE,=0.5 x 1070 x 20 = 10-5

There is no larger value of q than qy in the circuit because q decre-
ase its value gradually from qq,

Make q, correspond to 25V.

Qo 25
ol ? e = — =25 %X 10% i (11)
Q0

|

The relation of the equation (11) is used to get the value of
q from the voltage solution with the correspondence of the equation

(8) in reading of the solution.

Substitute the relation of the equation (5), dtand dg, to the

equation (10).

Lt o%Q At AR _ 4, 06 !

—200="— - =—— =gdX/0 " —Q ettt
A g “ATE 200(3. AT Ag

NOTE: 1) 2 is eliminated in the equation (9) since every tern
includes q of a same degree.
2) A J is eliminated when the degree of q are the same even
if the degree is higher than the second.

Put the value of q and arrange the equation.

(0 _ |
T2 ——0'2270'_40 sssmcnonmns ceeaes (13)

The solution is obtained by the analog-computer HITACHI 303 by pro-

graming the equation (13) on the patch board. The block diagram is

shown in Fig. 10-9 and the patching example in Fig. 10-10.
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Fig. 10-9

Fig. 10-10
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Fig. 10-11 shows the solution.

T | ]
Q A > Ly, Jr7,"“7
ol N VA A : '
NN A
TRVAVE AN
i ) 31\:“ P s
T l =3 y Lafl | Tme
, -
NN ATA ALl
JAVIA N
I [V
A T
Fig. 10-11

The former values of q andg—%are obtained by reversing the

operation from‘,)# and.) t using each Q and_gQ_ which are given as the

voltage on Fig. 10-11.

Then from the equation (8),
coulomb) =-i_ Q (volt
q ( ) I3 (volt)

t (second) i)it T (second) pressesereeseccncones (14)

dq
dt

_ob 4
(4) .,‘fé‘dT (V)
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