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1.2

1. Introduction

1.1 General

The pféseht analog computer is a smalfﬁsize, desk type computer
ptilizing the vacuum tubes. It is designed td have-almost 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 selectisn
between slow operation and repeatihg‘Operation by a single action of
the control switch, in order that the operational speed is easily ob-
tained. . |

'By use of thé newly designeh AB changing mechanism, it is possible
to automatically display the two of the solution variables, both in
slow and repeating operations by cycling begaeen 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.

~1-




Performance

Computing voltate within + 50V

Computing impedancé,precision

+ 0.5%‘
Drift of amplifier within 10m V/H
Connecting system Pre-patch system
Ambient temperature. 5 C--30"C

Ambient relativevhumidit&

" 50%--80%
115V + 5V, 50 c/s~60 c¢/s.

Power source

Power consumption and dimensions

These values depend upén 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) : (Height)

Panel ‘ Approx. 100 VA Approx. 410 mm
Panel | 150 480
n (half mounted)’ | 200 < 550
n 300 620
noo | o 350 690
" ,(fullf'mounted) 400 760

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

AN

—
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(note)

1.3 Composition

1.3.1 General

These values show the ambient temperature énd
humidity conditions necessary to meet the spe-
cifications.

The specification will be almost met even if
the»abofe—mentioned ambient temperature and

humidity exceed the parameter given.

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.

2.

3'

4.

Linear panel LA-121

Non-linear panel NA-122 (or'NA-lél)
Control board CT-121
Additional power unit - PS-021

The control board is indispensable. But, linear panels

and non-linear panels can be combined arbitrarily within the li-

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 andynOn—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)

Linear panel
LA-121

Control board
CT-121

Fig. 1-1 Outside view in full-equipped condition
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1.3.2 Composition of the main equipment

HITACHI-303

[ Additional power

!
|
I
I
L

Linear panel

(LA-121)

Nonlinear
panel

(NA -122)

Control
board

(CT-121)

Pre-patch board

(PS-021)
Non-linear
panel

(NA-121)

~ Summer or universal operational

amplifier ...evveu... Cescescecsananns Ceeeas 2
Integrator or summer or universal operational
ampPlifier teviieeresntecttaciecacncanarans . 2

10 turning type potentiometer .eeeecescesees 2

1 turning type potentiometer ...eececessssns 2
Auxiliary operational impedance ..... . 1 group
Free diode ...... cetreieieeteaaiae cesaesan 4
Diode function generating component ........ 1

Multiplier/divider (with amplifier equipped
inside) .evieiiiiiiiniiennn. A |
Voltage comparator (with amplifier equipped
ANSIAE) e eeeeeennneernnsonenennneennnnns vean 1

Inverter or wuniversal operational amplifier 2

Control unit ...... ceeeon ceeecsvecasen weeeue 1

Selector UNIit ..evivveverrsevaceraveosss veeas 1

Indication UNIE sivecosonooenoassssosencanss 1

Patch unit ...oveiveeiieniederonsossacsscenss 1

Power Unit ...eveieveeseeseecessnonsscnsonnns 1

Attached unit .eeieencnns . i veeoess Levonee .Q 1
1 group

unit 1 group

Diode function generating component ........ L
Multiplier—divider component ..........co... 1

Voltage comparator cComponent ..........oeo.- 1




1.3.3 List of accessories

HITACHI-303

Accessories

— Patch cord

— Maintenance

tool

- Spare parts

— length 20 cm

~ Short circuiting plug

nipper

— screwdriver

1"

" 40 cm
" 70 cm_
= n VlOO cm

— soldering iron

cutting pliers

C)
©

]

1 group
1 group
1 group

1 group

=

group

1 group
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1.4 Preparation for turn-on after installation

1.
s
2

Before turning on the computor, proceed as follows:

Fig. 1.2)

tightly.

(Refer to

Check whether the fitting screws of panels are secured tightly.

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

*/gf/ 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.

LLIT‘ Connect each cable plug led from each panel to such a posi-

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

(%qu Numbering of panels may be made from the top one or the bottom

one.

e .
| © \ Op
P \@}
Ki Jy Jq J5 z Ji

OOO@@@

®/ DS-121
’ Demon~
strator

L

"

VA |

. OFF
é?
l} Front

W~

Space for increagsed
power source

-~ w

Fig. 1-2




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 a;d 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
FSummer or universal operational amplifier 2
Integrator or summer or universal operational amplifier 2
10 turning type potentiometer
Linear Panel | 1 turning type potentiometer 2
LA-121 Auxiliary operational impedances
1Mohm+ 1M ohm =*0.5% 2
' 100 K ohm t0.5% 2
0.1M4F £0.5% 1
0.001M4F +0.5% 1
~“Free diode | |
—8—




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.

o0 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 1inear 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 iﬁpegrator. IC is
the input terminals to give initial value toithe 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

C)lO(DPU
Short circuit plug O—JVM“—AL
Fig. 2-3
-10-
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o In case of summer

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

2-4, it will operate as a summer.

circuit 10 100K
plug

Fig. 2-4

o In the case of operational amplifier

OANN——

Short circuit plug

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‘ihose of amplifiers.

Procedure for adjustments

I. Prepare all the operational amplifiers as summers or inte-

grator by inserting short circuit plugs.

-11-




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 0 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 wili result if the computétion 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-
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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 + 0.4%. The corre-
sponding patch board is shown in Fig. 2-5.

POT3 POT4 | Input POT2 Terminal where tap contacts

terminal POTL ,— 2> as turning potentiometer
clockwise to its limit.

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

2.4.2 1 furning type potentiometer
POTL 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 potentiome

j7T of
N

the control board.

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

1.

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

Set the patch plate at "SET" condition (with patch board up).
Select the POT No. with "POT SELECT" on the output selecting
panel.

?1ace the control switch on the control panel to "POT SET".

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

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 gmother terminal with bothends

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

the value set

porl ' on POT2
/
, TN Ay
Short circuit -4 -
plug
Gi — WA e (-) ' :g;})mt
Short circuit
plug |
_N__ﬁi’;{, PoT2 4, / the value set on
Fig. 2-7 1%, ©[POTl
~14-
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1 turn potentiometer setting principle

MEEN

To Patch board

Ky sor

——————————— POT SET relay

POT1 POT2
: —_— \
L e e e — e,

7 <
I +50V -’
2
———————————— POT SET -
POT2 relay
| - L
_————— _1"_ N
_________________ _+——|\\ \i
DD N
. o |
| Ii' s ) | || LAf121
| [ |
- - P |
Sign changing switch | ||
of reference POT on | ]
control board | | |
COEF ] ) | o
~50V ~% & +50V | g; ;1! i ;
1 s )2&) 1()«3£
+50V 1<£ o
-—POT SET-
relay POT SELECT
reference .
’ POT Control board
(CT-121)

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.

(i) By POT SELECT switch, select POT 1 now desired.

(ii)

(iii)

2.4.3

Total resistance //
of potentiometer R

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 1oad RL left comnected is as follows:

Input voltage
Ei

\ Output voltage Eo

50 KQ \\
AR
Vs Load

A 1s an apparent division ratio;
i.e. the dial setting value to
get the desired value K with Ry

left connected.

ey
g
W

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

R; is 100 KQ when it is connected 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. .

A
K=L0e — ———— - - - - - (1)
Ei 1+4(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

;= —{-aK) + (1-aK)%+ 4ak2 - - — = (2)
-2akK
!
where, a= R
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 (2 -K) should be set on the dial for compensation.

-]7-
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2.5 Auxiliary operational impedance

Components

D, i :Da 1MQ+ 1 MQ+0.5% 2
100 K& 10.5% 2

Dz D+
© @  o.uur t0.5% 1

0.1 .001
ji 0.00L2F  *0.52 1
0.1 0.1 '

OO OWO , Free diode 4

Fig. 2-9

The auxiliary operational impedance is employed as an auxiliary impe-
dance for linear components and can be also employed as a .component for
saturation or dead space (special nonlinear component). As for the special
nonlinear component, an explanation will be made in section 2.6.

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

their elements.

-19-




Table of transfer functions

Indicial
Zi VAR |Transfer function res;o;:e Remarks
R C 1
1| ovwWWo0 | o—}—o0 -_E;_ T = CR j: Integration
R K=_R2
R1 Ry Incomplete
2 | e— WAoo - K ' _
C 1+TP T=CRg _JC::::::_ integration
Ry Ry ¢ k= R2 : » )
3 | o WMo oW lo [-K(1+ T%_) ‘Rl Proportion
T=CR2 integration
¢ R Differenti-
4 o—]}—o o—VMwWw—o [-TR T = CR
—J::::::::; ation
Ry C Ro K =2 1 let
KTP ‘ ncomplete
5 O—JVbL4F—° o—/\WA—-0 R1 differenti-
1+TP - .
T = CR1 ation
R . R
6 o o—wv¢@Lo R1 ::
T = CRy
R C Ry Cf Ler k= C
2P
7 |o—Wh] o-M— C
}_O ( 1+T9P ) T1=C1Ry [
T2=C2R2
c Co K=_R2
Ry “1-1| To P R1
8 o |o+ R K 2
N (I+TP) (1+ Ty P)
T T1=C1R] T2=C2Rp
R 1
R, G [-K(1+ EP)(1+T1P)
? c oMo | R . _ —
TRy 27 G
T1=C1R1 . «
Step input Input with marks*
ov -
in- - L________ ‘\\\\\\\\\
put Table 2-1
-20-
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2

.6

Special nonlinear coﬁponent

Circuit elements to be used ﬁith 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

-Ecl and Ec2 are

devided.

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

1 1
o OO0 QG
DI Dl‘
o O O O G

\ D
e oon

Eo
(Ec2+Ei) <
1
Ecl .
y } Ei
-Ec2
Fig. 2-12
~-Ec2

+Ecl
////’_\ +Ecl and Ec2 are divided

Ei

input

Eo
——O output

~Ec2 Fig. 2-14

—29-
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Eo

Inpuf signal Output signal ‘

} L _Ecl
Ei>-§ELQ Constant F—Q—Ecz ; Ei
-LEc2 <Ei<iEcl Variable '
Ei <-1iEc2 Constant Fig. 2-15

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

Eo

value set on

POT1

Slant due to
Programming on patch board the resistance

component of POT
o Hysterisis characteristic (Refer to Fig. 2-16(b))

lo

_23_ ’ I'RI I‘R)..




2.7 Multiple junctions (common tiepoints)

The pattern representing multiple junctions (common tiepoints) is
shown in Fig. 2-17. These junctions are comnected 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-
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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 énough number of opefational 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
NA-122 Voltage comparator

Inverter or universal operational
amplifier 2

—~25-




3.2 Diode Function Generator (DFG)
The diode function generator approximates any desired function

with ten linear segments. The slope of every segment varies comtinu-

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.

o 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 OUT Output F(X)

o o0povod-0—0—"
/
O—(F—0

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-0 000 00O0OO0DO0DO0ODO0DODOD OO0 O 0 O+to
50 45 40 35 30 252015105 0 5 10 1520 25 3035 40 45 50
OONONOHNOHNONONONONONONONONONG, O O 00
ey =
These are connected &0 0 0 000000
internally to \BD:B\ B, B, B« Bs BsBs By By It is connected
-50V and no_gg;g_______f“‘ W internally to
is provided here. Go G, Gz G2 Gs» Gs Gs Gr GeGCs +50V and no hole
is provided here.
By By 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. Sé 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 Bxy (an inflection point of the function) will do to

set one linear section.
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The reason terminals Bi SET VOLT and By 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.

///

- |
I
|
|
|
|

®
P e

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

—28—
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G7
504 -
I C6,” | I \.G8
&) 30l ¢ l |
B Bs B & G5 /| | , |
B Br BB B /1 |1 1 \G
-50 -40 -30 -20 -10 | | | ! '
j | B'slol‘o 20 30 40 50 X
G : : ! JIG [™*"Be Bz Bs By
L 50 @
Gl | | .G3
e T 50
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 the

patch board to every inflection point setting holes By through By 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

Bl‘through Bg paired and indicated with the mark

Bi SET VOLT

———0, 0 O—*-
ol o/os
correct
O-—-10 0%/ —-0
By Bg

Bi
-G
incorrect J
o0

By
00
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Connect the holes of By through By to their corresponding Bi SET
VOLT a same markor O 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 téken in the fact that the relations between
inflection points By through By and slopes setting controls are as
shown in Fig. 3-4. 1In Fig. 3-4, an gxample with B5 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 By through B9'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).

Setting of function value

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

i) Select the output of the outputkamplifier 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 Gj which 1ies‘on the
right side (+side of X axis), until the voltmeter points at

+30V, the final voltage of this segment.

~30-
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iv)

v)

vi)

\g)

T +5
+30V oV

[op]

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), Gy(-50V),
61(-30V), and Gp(OV) in the same way as the +side.

Thus the desired function form is set. |

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

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




Example of setting a function fl
As an example, a setting of a function illustrated in Fig. 3-4 -
will be explained. ’

: g
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.) =
‘\x‘ﬂ
F(X) Fa
|5,
50 /TN £

L J \\ ‘
30 i \ (84

©® \
© @ \ ™
. i N
| @ | ) \ I\ \ -
' X
-50, -40 —30y—10 10 10 20 30{ 50
@ 2
\ @ I @ \,J
\ 50 ®

AN L -

\ “
N - 50 G
(‘?}
Fig. 3-5 u
Fa
&y
¥
Wy

<
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Fig. 3-6

Decide which one of Bj through By is set at zero of X axis.
Placing this point to the centér, 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
Bl through Bg.

i) Turn all the controls Gp through Gg and Fg counter—clockwise
;ovtheir 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 raﬁge.
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 Gg clockwise until the voltmeter

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

Fig. 3-4. Thus the setting for G5 is achieved.

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 Gy clockwise until the

value of the linear segment

voltmeter indicates
Gg -
voltmeter indicates
Gy,
voltmeter indicates
GB‘
voltmeter indicates

Gy.

+50V, the final

+50V, the final

+30V, the final

0V, the final

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 Gy clockwise until the

value of the linear segment

Turn Gp clockwise until the
value of the linear segment
Turn G1 clockwise until the
value of the linear segment

Turn Go clockwise until the

-value of the linear segment

— 34—

voltmeter indicates
G4.

voltmeter indicates
G3

2

voltmeter indicates
Gy .
voltmeter indicates
G.
Qoltmeter indicates

Go,

-30V, the final

s

-50V, the final

-50V, the final

-30V, the final

0V, the final
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B xv) Position the "SET SW' at OPE again

When the wave form shown in Fig. 3-4 has some value Fop at zero
input after the step xv) is followed, set'the’input to function
generator at zero and turn the control Fg clockwise till the
voltmeter indicates the value Fp,

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 v »
‘ »
generator 3- 5 ¢/s generator
+50V
Analog;computerv T~
circle test may be ' C#
also used. . T

Synchroscope

- L/”_\\\
4 .
J \\\_//1
;

XY recorder

The oscillation frequency is most favourably 0.1 c¢/s

when the X-Y recorder is used.

Fig. 3-7



3.3 Multiplier/divider (MULT or DIV)

IN

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 operaticnal 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 1inear.panel LA-121.)

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

EM
-X Y -Y Z .
; §> ; MC}\ Short circuit plug

r &4

i«—/’// ouT| S

: N

#’//) - X oyt
. =Y 50
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)

Y
X input AJ
— EM
X -X Y -Y z
‘@—‘6\ @'\ (\MO.\
0 & oo o o oA
OPE 1 OPE 2] | oyt "
lCK\ G -§6-Output
—

(EShort circuit plug

Fig. 3=9

As the input impedance for X or Y is about 100 KQ, it is requiréd
that the output impedance for every signal should be low enough as com—
pared with these of input's.

——
o Use as a djvider

EM

X X Y Y
oot e d
10 ;Cf/ O 1@/ . —50—32(— Output
QOPL 1 QOPE 2 OO’ —

QShort Circuit Plug

Fig. 3-10

O
Take off short circuit plugs indicated by
O

in Fig. 3=9 and patch
as shown in Fig. 3-10.

As the input impedance for Z is 1 MQ, and the input impedance for
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X is about 100 KN, 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 >o.

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

H
=
—

input X

voltage

! (P—_w +

g
(i

|Lw+

ﬁé

T
56
9 Q%+

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 changed over to(® side.

Fig. 3-12 shows an example.

[

o

Y]

[



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
NEE
O
™2

O
O

Contact of relay
O

—O

d . D+
ey

' |
|
i
_ _Q+ !
(@ voltage ' % —
|

CF‘-Q * Patch plate
INL IM P | ~

IN2 IM _@ _____ l JONEE !

When relay is ON

PP
| C&_QPBWL
| C&_ij

GShort circuit plug

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 opefational 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)

0 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. 1In this case

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

9]
X ﬁ

GDZl(% cO 1CJ ji

OPE 1 OPE 2

_X2

Fig. 3-13

o Usued as a universal operational amplifier

It is possible to use it as a high gain operational amplifier
with "0, 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 QP &PO—C |
G(} 10 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 generafor 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 S50V,

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.

o0 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 G G OUT“;////
. ~\\\*_.é12/£){>»<<:v{§roa§<:—{} A NA-121
. ) ] ) ] _
, | | ) 1A-121 |

Fig. 4-2

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

4-3).
000 000O0 O 0+0
50 45 40 35 30 25 20 40 45 50
O+tO O O OO O O O 00

Patch to set the
;t 1s connected &1 0 | € breakpoint Bg at
internally to -50V  B,!B, B. E, By Es Buo +35V :
and no hole is N ! - el

AN

———————— )
|

~ T, 6, G Gs Go Gy Gs G Gy Gs

B1~Bg : Termirals to set breakpoints of function
2228 . Correspondence between slope setting control and breakpoint
setting terminal ' '

Fig. 4-3
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This genérator 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 poiht, 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 Bxp of @
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 By through Bg in Fig. 4-3 are paired
with the marks ofggis 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 (O through (3) described below.

Q} Slope setting variable resistor

Slope setting variable resistors Gy through Gg are used to set

slopes independently within x5.

—44.
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(2) Fo setting variable resistor
It is used to shift a diode function level up and down within 50V
along the axis F (x).

(3 SET SW (Fig. 4-5)

0|PE
-50V +50V ‘
AN ;
. +50V: Position for setting the slope
(i;b 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.

| N |
B, By Bs B, B |
~50 -40 -30 -20 -10%° |

| | | ;
| I
G\ | I |

I G
Ko—A——t—F——1-30
G | | /Gy 1
G, 1%
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 89 on the

1
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patch board. (Refer to the voltages on X axis in Fig. 4-6)

Patch for every pair. The terminals Bi SET VOLT and Bj through Bg are
paired with the marks 8) labeled to the pair.

Bi SET VOLT : Bi SET VOLT

——-20 —_— (@) ____f___

correct ' incorrect
o-- CD/ O--—0 O-/--—0
B

B)

BN B Bd LB

Fig. 4-7

Connect B] through Bg 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 breakpoihts By through

Bg and each of slope setting controls are as shown in Fig. 4-6. 1In 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 By througn Bg at zero voltage, output can
be made to exist only on +side, (the 1st 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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i) Select an output of the output amplifier of the function generator

with the AMP SELECT switch. Set the véltmeter on the control
board in 50V range.

ii) Position the "SET SW! switch on the right bottom of this‘panel at
+50.

iii) 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)

Gg r

3V

Fig. 4-9

iv) After the setting described above is completed, set Gg. Turn the
control of Gg clockwise till the final voltage of this linear
segment, +50V, 1is obtained.

Set for G7, Cg and Gy 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.

v) When all the settings for +side segments are completed, position
the "SET SW' switch at -50V and set, one by one, G4, 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(Xy)= Fy at zero input,

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

input) set the Fy control so as to get the output voltage of FQ.

F(X)

P

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 (D) 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

e,

%0 -40 -30 -20 210 /|0
%K\\ __J/4f;

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 Fg counter-clockwise to

their limits, unitl their switches are operated and the white marks
on controls indicate "OFF'Y,

'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)

xiv)

wise until the voltmeter indicates +30V, the final voltage of the
linear segment Gz in Fig. 4-6. Thﬁs the setting for Gs 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 G;.

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 G3 clockwise until the voltmeter indicates -50V, the final
value of the linear segment G3.

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

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 M"SET SW' at OPE again.

When the wave form shown in Fig. 3-4 has some value Fg 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

Fg.
—50-
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Thus, the setting is completed.

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

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

this is shown in Fig. 4-12.

Sine wave Function
N —wm
generator generator Vv

Anal og-computer H
circle test may be

o
also used. }

P
B Y

X-Y recorder

0.1 ¢/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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It 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)

Fig. 4-13

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

in comparison with the input impedance.

£

L

£

Fn

ey
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4.3.2 Use as a multiplier (with two inputs X, Y)

(Use amplifier of

XY
OQutput - 0

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 j>

in comparison with them.

Fig. 4-14

4.3.3 Use as a divider

(Use amplifier of

Z
Output‘—SO*X'

U,




5. Control board CT-121
5.1 General
The control bd§rd CT-121 contains a control panel and an output
selecting panel. It is equioped 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 output selecting switch

switch

Output selecting panel

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
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5.2 Compositibn

—

Control board
(CT-121)

|
|
|
|
|
|
|

Control unit

Selector unit

Indication unit

Power supply unit

(PS-021)

__ Power control device

L Opefationfcontrol‘device

— Output selecting device for
operational amplifier

Potentiometer selecting device

— Solution indication selecting device

— Meter range chahgingrdeviee
Supply voltage checking device

L— A B switching device

— -48V (relay driving power supply)

AC 6.3V (heater power)

+250V (high voltage)

L +50V (reference voltage)

— Function switch
Solution indication output terminal
Synchronous output terminal
Amplifier output terminal
Connection terminal
Reference potentiometer

AC socket

— Computing relay

———-Additional power unit
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P
5.3 Control unit {
5.3.1 Power control device (POWER) : .
This is a switch which is used to apply AC 115V péwer for F
this equipment. o

*ON The equipment is turned ON and becomes
L
POWER operative. It is indicated by the -
ON illumination of the lamp in the volt- g
meter and AB contact indicating lamp. £
OFF *OFF Power is switched OFF. s
The equipment stops its operation. ﬂ
Power switch (Note 1) Start operation about 10 -
=
minutes after switching-on. by

Fig. 5-2 A

(Note 2) Keep meter range at OFF whenever e
switches are at ON or OFF position. o
5.3.2 Operation control device ™
This is a switch which is used to change the operation of ”
the computer. Z;
State of computer in each control e
position s
*POT SET o
s
RESET This is the position where 1 turn .
POT SEIP\ /HOLD  type potentiometer POT 1 and 2 equip- P
REPFAT . ~COMP ped in the linear panel (LA-121) are: -
@ set. e
(Note) Meter range and power source checking ‘M
Operational control switch facilities become operative. \
Fig. 5-3 s
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5.4

‘REPEAT
This is the posifion 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
P
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 operation
is stopped and all connéctions of opera-
tional components are held.
Selector unit
5‘4T1 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

L -

Y

J
4

.

(f..

AN

‘*3*@
O

N

AMP SELECT

Indication for amplifier No. of

each linear panel

Fig. 5-4

Corresponds to

®,®.,0

.

S

5.6

Input from terminal MIN on pre-patch

board can be indicated on voltmeter.

-



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.

33— ~
. < 2
Indication of / !
linear panel No. 2 2 Indication of POT No.
Z ! ;i of each linear panel
L; '
2
L
!
K, : . A) |
A2 '
POT SELECT
Fig. 5-5

5.4.,3 Solution indication selecting device (SOLUTION SELECT)
Some solutidnslto 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'términal TO REC for low speed operation, and only

to TO IND for repetitive operation, respectively.
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5.5

The solution connected One of pairs of

to the SOLUTION terminal L J "SOLUTION" terminals

1A,B, 2A,B ...5AB

NC on basic patch board
‘ S on basic patch board

is connected to TO REC

or TO IND regardless of ‘ ‘ is selected.

AB switching device.
SOLUTION SELECT

Fig. 5-6
NC 1A 2A 3A 44 5A
jz O O O O O
, 1B 2B 3B 4B 5B
O o0 O o O

(Note) Connect only one solution to
NC terminal.
Connection more than 1 will /
cause damage. | ~J
Indicafion 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

R

/ the operation speed is too fast to read its solution and serious
zl\\\Jffamage can occur to the meter.
—62—
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50 +50

OFF
POWER ‘
CHECK
2,50 50 /\\
250 10 METER
RANGE
AC ~ 1 V//

Fig. 5-7

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

AC

-250V

+250V

-50V

+50V

This is the position when the voltage(of the caemmercial
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).

: Check if the pointer indicates the full-scale of -side

(-250V).

: Check if the pointer indicates the full-scale of side

(+250V).

: Check if the pointer indicates the full-scale of -side

(-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 sldﬁ operation
and repeating operétion(

For slow operation, the operation control is done manua-
1ly in the order of RESET, HOLD, COMPUTE, HOLD and RESET. In
this sequence‘thé 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 RESETE

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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| ©
T Slaw LV Q___QhA

flip v G 7B
: N el — A
RESET signal {Recpi— flop O Q_‘
‘ I r tition i O—\ ) A
'T' Multi- : B
—% vibratox

|} about
8 ¢/

Fig. 5-8
5.6 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.

N, v,
E}A“ i
~2 == Handle to move patch up
ey SET and down
—
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

0| C D | b
i BLSET VOLT
000000 0000
000000 0000
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 metef, if
necessary, at tﬂis 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 c/s 1 4

Output voltage +250V 80 mA ,
: high voltage

A
X

=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 i+ 50V, proceed as follows:
Watching the meter on the control panel, adjust these velty oo
by placingithe PS CHECK in each position.
(:) Adjustment of variable resistor for -2350V
(:) Adjustment of variable resister for +250V
(:) Adjustment of variable resistof for -50V
(:) Adjustment of variable resispor for +50V
After completing the all the above adjustments, check for
voltages again.
5,8 Attached unif
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
time during the operation.
It is also used to change operational
FUNCTION SW circuits.
Fig. 5-11 Terminals for these switches are provided
on the pafch 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
TO IND

To synchro—
scoPe

use TO REC) or synchroscope (for repeat-
ing operation use TO IND).
The output selected by SOLUTION SELECT

appears at this terminal.

o Synchronous output terminal (SYNC)

SYNC

O

Synchroscope |

o Amplifier output terminal (AMP

AMP
OUTPUT

©

From this terminal, the trigger signal
synchronized with repetition frequency
is obtained, which is applied to an
external trigger input termiﬁal of
synchroscope to get the still image of
solutions on its screen during repeating
operation.

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).
It is comnected in parallel with the

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
recordef or synchroscope.

If the amplifier which is generating
the signal of X or Y is selected by

means of the output selecting SW, any

—-68-
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o Jumping terminals (JUMPER)

r‘""' JUMPER ——j

CJ1CJ2 CI3 CJ4 CI5

00000

0 Reference potentiometer

REFERENCE POT

N
Reference CoD \:\
potentiometer

——]

-50 @ ® +50

Changeover switch

*+50 The reference voltage of +50V is

+COEF This operates as a 1l0-turn type

signal other than that selected by

SOLUTION switch can be taken out from

this terminal.

These are used to make connection with
the external devices of the computer.
They are connected with CJ oh the prepa-
tch board in one to one relationship. | T
They are used when it is necessary to
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.

This is used widely to set a reference

value at POT SET, an initial .value for

e

the integrator, or a general multipli-
cation constant. h
The functions of the Siemens type key

are as follows:

applied to the potentiometer.

potentiometer. The input and output

appear in thepre-patch board.
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o AC socket

m 0

AC socket

L]

Computing relay

COMP

1
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.

Creat 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 néW'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

Non-linear panel
PE-122N '
(or PB-121N)

 Linear panel

PE-121L

Base Patch board

PB-121B

Fig. 6-1 OQutside vie%uof\the pre-patch

board.
-7]—




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 ¢

Outpﬁt 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

[“SJ‘/({"J'C? ==

Increased power unit

After the addition

Fig. 7-2




7.2.2

Addition of panels

Addition of banels is perfomed as follows.

Turn the heads of four bindiﬁg 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 t§ Fig. 7-5)

Insert the binding studs through the fop 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.

Washer

Heads of the binding studs

Remove the top
plate and the
mounted chassis.

}
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" Additional

chassis

1.

4.

Remove the screws of patch board on that portion to be increased
(Refer to Fig. 7-7)
Remove the patch board. (Refer toiFig. 7-8)
Connect the additional patch board. (Refer to Fig. 7-9)
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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Fig. 7-9 Additional Fig. 7-10 . Oval flat
patch cross head
plate screw

@ Lock
N\ Jrasher
'\_Hex. nut

l

8.1 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 thé 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-
l1rier, 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 zZf 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 suéh 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
0.5 M ohm
0.1 M ohm
Condenser 1uF
0.1uF
0.01«F
Diode

1

2

When the above operational impedances are used as Zi and Zf,

comnect them between the terminals with patch cords.

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

Zi
Summer 0.1 M ohm

0.5M 1
Inverter IM n
Integrator 1M

8.4 Potentiometer for voltage setting

zf
1 M ohm in case of x10

1M " in case of xX2

1M n

lsz time constant of 1

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: Position for zero balancing on the

operational amplifier.

RESET HOLD
B.C /T COMP - RESET: Position for incoming initial value
‘ - ’ when operated as an integrator
-fL HOLD : Operation stops at this position
and the integrator holds its value
Fig. 8-2 Control switch as it is.

COMP : Computing state

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

the switch are shown below.

Position ' Kl(resetting relay) Ko (6omputing 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 ﬁ*ﬁ;
— Q‘ﬂ
Ky ON
ouT

Zi g ©—©
©M

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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body. (Refer to Fig. 1-2 Input selector uhit) The main switch
on the main body shall be "OFF" before insertion of the plug,
then "ON", after connecting to main body.
8.6.2  Patching
Patching is carried out to make required transfer functions.
Example: Integrator
(1) Decide the integration time constantand connect resistor

to "Zi" and capacitor to "nzfrm,

(2) Connect the output of the potentiometer for voltage se-

tting to the input.

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

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

(5). Connect the output of the amplifier "OUT" to the ter-

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

SELECT' at "M IN",

Fig. 8-4




o

8.6.3 Balance checking

when
(1)
(2)
(3)

This is an adjustment to get zero 6utput on the amplifier
its input is zero.

Sét the adjusting switch on the demonstrator at "B.(C'".
Set the switch "METER RANGE" at "1m,

Adjust the rheostat on the amplifier (printedkbase plate)

of the demonstrator to get zero deflection of the meter.

-Close -adjustment- is--unneeessary-for this- checking-.
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9. Single Channel Recorder

General ....ce.eeveennreess. 82

Composition ...evivuenn... 82

Instructions for use ..... 83

RA-121 recorder
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9.1 General

9.2

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 ferminals
(h) Pen galvanometer
(i) Recorder'amplifier
(j) Power unit
(k) Accessories and spare parts

Recording paper
Spanner for the pen
Screw driver ()
Screw driver (5
Vinul cover

Fuse

Pilot lamp

—~83-
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9.3 Instruction for use

Tnstruction for operation of each section are as follows.

9.3.1

(a)

(b)

Input sensitivity adjusting section

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.

m—r

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 v
Sensitivity increases

in this turning
direction

Sensitivity
decreases in <o
this turning
direction

—~84-
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(c)

9.3.2

9.3.3

Calibration

Turn the wheel "RANGE!" 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 2 1] In this direction of
of turning the pen turhing the pen moves
moves toward (- towhrd () 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 MHM", "L" and "OFF" is shown

in the window.

£

~———___ "One of "L", "H" and "OFF" 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.

The gear "2" is put on one of the shafts WA MBM and
"0 according to the required speed.
(¢) 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 2"

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

Gear 2 60 C/S Side of the driver shaft

Gear 2 50 C/S

Gear 1 60 C/S

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

“(//////

@EEZDED
HSt Setting screw
9.3.4 Pen heater adjusting section "PEN HEATERM"

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 "REN 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 f
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. b
Push the dotted side for M"on" L
[ ef o
POWER -
b
9.3.6 Paper loading -
Lift the plastic cover on the front of the unit. b
Depress the lever to the left of the galvanometer; this ™
' by
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. R

Recording paper o

™

gk}

[}

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 &y
of the apparatus. The apparatus is on the ground side. Fo
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10. Appendix

Programming of the computer

10.1 Programming and it's symbols

10.1.1 Wwhat is programming?

10.1.2

(1)

(2)

(3)

(4)

10.1.3

A simple definition of an analog computer wauld 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 indisﬁensable
proceés and is called pfogramming; 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 vatch board

Great care should be taken in the following:

Do not plug in the patch cord with the patch}board attached
to the computer; In 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 compenents

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.

differ little from each other.

There are some other expressions but they

Table 10-1 Analog computer symbols

(resistor and
capacitor)

Computing Note. Formulas Remarks
componz2nts
possible for multiple
E: Ip Es input adding provided
z ’
Integrator Fo=JEldt | with multiplying
P I Ic factors 1, 10.
£~ E £ provided with multi-
Summe r Eé” ¢ EJ’{ '*52} plying factor 10
23 :
Operational E 'y o 2 Possible for
amplifier ° L Eo=" Z; Bt | simulation of
: ‘ : transfer functions.
Inverter £ » £ "VV£ ; ; 1 E,=-E;
T O ; ZRE ‘|Resistance -
Potentiometer E . & - Eo :f‘( , |50 K, 100 Ko
Y -4 - '
K = %5, reciprocal of
s E ‘
‘Multiplier X y Ep =KXY the base voltage.
negative sign is
o allowed.
Function B Negative sign is
Generator X—E0le Eo = F(X) | a1Towed.
| Used as a logic
Voltage E; &' circuit by comparison
comparator E, between Ej and Ey.
Operational — AMAMA— R=1MQ basi
K (0.01 «F) ‘repetition

o wmanan
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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) Makelblockrdiagrams 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:
’dzy dy | .
A =2 +B—2+Cr=0 veeverennn .(a)
dt2 dt
. (1)
dy
where, at t=0,—:7= 0, Y=V0 cevvonranne .e.(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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. | ) .
1) Solve the equation (1) -(b) about é_%. (Cenerally it may be
dt

solved about the highest order differential coefficient in the

equation.)

dy B dy C
EE%‘ L dt A V teceascas .. (2)
2) Supposing d2 is obtained make the block diagram as Fig. 10-1.
dt
A%y O
_ A/

@

) © B
© «

>
C/
_B 4y
A dt
B
o A
A

Fig. 10-1

Namely, assuming that(%%%)is obtained at the point (&), give
this signal to the integrator Ij. Then( g{)ls 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 ().

4) Multiply the signal at (:) by the constant&f)in the potentiometer.
NOW(X)lS obtained at () Change the sign of the above signal

. C .
and obtaln(— K') at (e) for the equation (2).
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5) On the other hand, multiply __%i>fTom the (:)by'the constant
t

%% in the potentiometer. Then (—%- %%);s obtained at (f) . This
signal corresponds to the first term on the right side of the equa-
tion (2).

.

) 9 v _
6) The signal of(%zg)obtained temporarily from the equation (2) at It

. B dy _C
the point (a) equals to the sum af(_zraz>at ® and( A')at ®

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

integrator il’ This figure is called a block diagféﬁ;

Fig. 10-2

7) 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,
because all the other terms are zero. Therefore it is necessary
to give the initial value Y§ to the integrator I, which produces
y. This is carried out by giving the voltage corresponding to yq

to the initial condition terminal "IC" on the I,. 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.

Fig. 10-3

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

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

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

Fig. 10-4
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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. In 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 sueh results as having
less error. Thisradjustment fpr 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 4+ 397 4 900v= 0
dt? dt

=0, - =0, yeo

- dt
As the frequency included in the equation (3) is wp= ~/900=30,
its time scale must be converted over such range as w=1-~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 A T.

toLt'_-T .e

@0 s s ps o000

c.. (4)

Héreupon T is a converted new time, i.e. a computing time

of the analog computer.

This ratio dtis called time scale factor.

According to the value of &T;

(lt>1) means to extend the time, and

(lt<<l) means to compress the time.

Now, putd.t=20 in the equation (3).

(at 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.

1
t Xt
dy d
= ot L
dt dt
2 2
d%y a2 &Y
dt2 dt2
a3y oLt3 d3y
at3 at3

/

B €2

Substitute above relations and the value of dtinto the

equation (3), and rearrange them.
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d2y dy )
400 &Y + 3 x 209Y_+ 900y=0
dT2 dT

2 \
9y 4 0.15 I + 2.25y=0 )
dTZ L dT ------ se v e e s

- 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.

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
| S 167 ! . ) |
Solluti 1| t 2quationddl
d N
‘ cJ si“?ﬁ
!
|
HU
1 v TA ttuat LiITte
| | | |
_ i‘S‘“a ution df| the equation
5
\ l\ /\ f\ /NN o | o o
! I VVIY T
J Y 5 lsdclils [the| actna
i i ' ifel |
” YS$dec “TESE "is°°”" ng ‘Tle
Paper speed sec

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 fofth. 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.
Yd_y=Y ® ® © 0 &0 06 6 008 ® 0 0 @ (7)

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 of}y.as in

g{, gigy and so on are also decided readily whenJly is done.

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

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

d at dY /qt the scale faétor of the first )’
dt &y dT \Qy  order differential coefficient

?.v..(B) '
d2y=;tt2 &2y 2 the scale factor of the seoénd)
dt® oy d72 84 order differential coefficient

When onLth ,» the scale factors of the first order differential
coefficient, and that of the second order differential coefficient

are given, the scale factoqu'can be got from the relation of the




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

EC=20V c
s [ _jl_
i

Fig. 10-8

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

d%q dq , 1
- — + = = 0 I I I A O e N e & ] 9
L3z R ¢ (9)

Substitute the constant and solve about_g%%,
dt

Ez-~' —20—&-{ 4X10 q 0680060000000 0s00css000ce (10) .

The actual angular frequency iswp= «CZ—;_IEE = 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 ektended.by 1000 times is suitable for computation with the
HiTAGH1303 of which computing angular frequency is in the range of

w = 1-5.
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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.
Qo= CE;=0.5 x 1076 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.

o 25 : | '
o(‘3=3-= 5= 25x10° L., cerieeeenn. (11)
Qo 10~

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).

oLt x e _ odQ

ag Yare 200‘8— o ~ 4 x0° dg’ v (12)

NOTE: 1) 2 is eliminated in the equation (9) since every tern
includes q of a same degree.

2) A3 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.

L0 _ g ‘
T2 —-022 -Fo L. N ¢ k)
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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To recorder or

synchroscope

Fig. 10-9

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

’ T | '
! d lé‘—%ﬁf' WAL SV
N \ \ f\ '\‘ f'/'\ P
TIRVAVR AN
L"‘A‘ g >
sjv ) ' At /:v » /i"'h" >
i T i ket
Tt
l’ T \"A -
OEEA LA A A AL
f VAN N
I VY
T VX plnl;‘. v
Fig, 10-1T

The former values of q andgq—icare obtained by reversing the
operation fromo}# andvo)t‘using’ each Q and%% which are given as the
voltage on Fig. 10-11.

Then from the equation (8),
coulomb) =-1_ volt
q ( ) I3 Q ( )

t (second) =;2_1t_ T (seéond) Srecsees
aQ

@ i a
= () —j% =W )
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