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PREFACE

This manual is the guide for service after sales with the
main purpose of quality performance of products and is
also useful for marketing promotion as well as repair ser-
vice.

It consists of seven sections, i.e., General; Basic Circuit;
Operation Principle; Operation Procedure; How To Repair;
Parts Catalog and Service Manual Report.

It is necessary that the operation features and basic circuits
of the Monroe 920 should be fully understood in the following
sections of General & Basic Circuit, that the principles and
the theorem should be also done of Operation Principle and
Operation Procedure, and that the proper service should be
done by referring to How To Repair and Parts Catalog.

Order repair parts by proper part number from Orange.

Part numbers are contained in both the "How To Repair'',
and '"Parts Catalog'' sections of this manual.
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HOW TO USE THE SERVICE MANUAL

This manual consists of seven sections, i.e., General; Basic Circuit; Operation Principle;
Operation Procedure; How To Repair; Parts Catalog and Service Manual Report.

General

Specifications and operation features are described, and also the manual
operations with their precautions are explainded details. If this chapter is thoroughly understood,
it will be basically in the servicing

Basic Circuit

By using Integrated Circuit, Delay Line, Crystal Oscillator, Nixie Tube and Reed Switch, the
electronic circuits are simplified with higher reliability and stability.

It is very important to master these Basic Circuits before understanding Operation Principle
and Operation Procedure.

Operation Principle

Principle of operation calculation is classified in addition & subtraction, multiplication,
division and square root with detail descriptions concerning about each data, decimal point
and sign respectively.

It is necessary to understand the fundamental working operation of these electronic calcu-
lations.

Operation Procedure
The actual operation of each calculation is described which is based on Operation Principle,

according to Flow Chart and Timing Chart, so that the structural and operational movements
can be easily understood.

How To Repair
Operation Check Program; Adjustments; Trouble-Shooting and Wiring Diagrams & Tables

necessary for actual repairs and maintenance are explained with important point to localize the
faults or defects.

Parts Catalog
Assembly Units are listed in this section and the diagrams should be used in locating the
physical defects for repair & maintenance. When parts are ordered, it is important to always to

write the complete parts number.

Service Manual Report

Reports of any modifications which should be known by all service personnels and agencies
will be issued and forwarded as soon as published.

It is important to keep them, so they should be filed in this section for future reference.

C.S5.B. No. ED9—505
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GENERAL 1

1. Introduction

Monroe 920 is the most compact type of Monroe series with very simple calculation operations
having high reliability and stability.

2. Specifications
2.1 General Specifications
Type: Electronic Desk-top Calculator
Calculation Ability: Addition, Subtraction, Multiplication, Accumulative Multiplication or Divi-
sion, Constant Multiplication or Division, Square and Powers, Mixed or App-
lied Calculation.

Indicator: 12 digits

Decimal Point:
Registration:  Floating decimal point until it coordinates to the affixed decimal point posi-
tion.
Result: Fixed decimal point system
Affixed decimal point position: 2, 3 or 4
(The position cannot be changed during calculation.)

Calculation Capacity:

Operation Result
Addition or Subtraction: 12 digits 12 digits 12 digits
Multiplication: 12 = 12: » 125
Division: 12 ¥ 120 = X2 o
Calculation Time:
Addition or Subtraction: 0.02 sec (max.)
Multiplication: 0.35 sec (max.)
Division: 0.35 sec (max.)
Special Features:
Negative Numeric: When there is negative registration or negative result, a comple-

ment numeric is indicated.

Overflow Indicator: When the undermentioned conditions occur, then overflow lamp
lights up and all registration stops;

1) Registration overflow
2) Calculated result overflow

Order Key Correction: When X or Bl order key has been mistakenly pressed, it can
be corrected, if the proper order key is pressed immediately after

it.

Key: Reed switch

C.S.B. No. ED9—505
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Indicator: Nixie tube

Indication system: Dynamic lighting up system
Code: 2'-4-2-1 binary code
DTL monolithic IC

TTL monolithic IC
Transistors & Diodes

Circuit elements:

Register Element:  Delay line
A register ... .. 3 words
Bregister ..... 1 word

Oscillator: Crystal oscillator 2MHz

Clock Pulse Frequency:
Arithmetic 125 KHz
Delay line 1 MHz

DC Power Supply:

1C: +5.3V
Read amplifier:  +5.3V, -4.5V
Neon lamp: +120V
Nixie tube: +200V

2.2 Ambient Condition

AC allowable voitage: fluctuation:
Ambient temperature:
Storage temperature:

Humidiry:

Power:

AC Power:
2.3 Physical Features

Dimension:
Weight:

2.4 Keyboard

o] ~ (9] Numeral key:

AC voltage, -15% ~ +10%
0~104°F

40 ~+158° F

95%

8W

115, 220 or 240 V

10.4 (W) x 12.8 (D) x 4.0 (H) in.
8.8 lbs

Affixed decimal point system.

Clears the indication register, accumulation register and

control circuits.

(=] Decimal point key:
© Clear key:
[e1) Clear Indicator key:

Clears indication register.

C.S.B. No. ED9—505
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C.$.B. No. ED9—505

Multiplication key:

Division key:

Equal key:

Negative equal key:

Constant key:

GENERAL 3

For multiplication

For division

Also used for plus key in addition.

Also used for entering of negative value in the calculation.

Lock key for constant multiplication division.
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3  Operation
3.1 Special Features
3.1-1 Overflow lamp
This lamp lights up when a

numeral enters the 13th digit position. It can be released by pressing [¢1 or 1T key.

3.1-2 In multiplication or division, the calculation of 12 digits 5 12 digits can be done and its
result is registered in the indicator according to the affixed decimal point position.

3.2 Registration

3.21 Entry of registration is freely done until it matches the affixed decimal point position.
Ex. 1-1 456.789 3 withdialatDf£=2

press indicator

4 (ofoJofofolofof0]0]0 [0 [4.]
5 [ofoJoJofolololofo]0]4 5]
6 [oToJoJoJofo]ofo]o 4[5 |6
‘ [oJoToToJoJofoJoJo]4 1516
7 [ooToJo]oloolo]4[5]6.[7]
8 [oJoToToJoofol4[516.]7 [8]

Overflow 9 ‘ [0ToToJoToJoT4T576.J718]9]  Registration stops
3 <4QoJoloJooJol4]5]6]718 9]

Error Correction in Registration

Ex. 1-2 124—>123
press indicator
© oJofoJolo]o]o.|
@ oloJofofofo[1,]
Z o[oJoJoJo]1]2,
k] o[ofoJo]1]2]3]

In numeral or numeric correction, or [c1] key must always be pressed as shown in Ex.
1-2.

3.2-2 Clearing of Indicator
(1) [ctkey clears all numerals registered in the indicator.

(2) After & or [ key is pressed in multiplication or division and when [c1] key is pressed
before the registration of multiplier or divisor, only numeric are cleared.

C.S.B. No. ED9—505
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3.2:3 Calculation Overflow

When a numeric is more than 12 digits in the registration cycle, the 13th digit registers
with the overflow lamp lighting up and no other digit or digits can be registered.

3.2-4 Decimal point switch and registration

(1) Decimal point switch always must be set before any calculation is started and cannot
be changed during calculation.

(2) Number of fractional digits of the numeric to be entered must equal to or be less than
the affixed decimal point position.

(3) Decimal point is a floating system until it coordinates to the affixed decimal point
position.

(4) After the decimal point has coordinated, the overflow lamp lights up when the next
digit enters in a registration.

Ex.1-3 1234567891723 (DE=2)

& [0fo[1]2[3]4]5]6[7.[8]9]1]2 3

!

(5) However, in the registration of a multiplier or divisor when [K key is not locked, the
floating system is not concerned to the affixed decimal point position.

Overflow lamp lights up Registration stops

3.3 Addition & Subtraction

Ex. 1-4 a+b+c-d=
press
© afg a
b = ath
il atbtc
d 8 atb+c-d

3.3-1 Negative value

When a negative numeric is registered or there is a negative result, the complement
numeric appears in the indicator and it must be converted to its true value by pressing Elkey.

Ex. 1-5 a+b=c
press

a Floating numerals until numeric coordinates to the affixed decimal position.

C.S.B. No. ED9—505
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3.32

3.33

3.34

GENERAL 7
B Shifts to the affixed decimal position.
b Floating numerals until numeric coordinates to the affixed decimal position.
= Coordinates to the affixed decimal position with the correct answer, but if

—a>b, the complement answer is indicated.

a(-b)=c This equation of calculation also can be done as follows;
press
a Floating numerals until numeric coordinates to the affixed decimal position.
= Complement indicated.
b Floating numerals until numeric coordinates to the affixed decimal positon.
=] Complement indicated
=] Converts to true value.

Overflow of Decimal Point Coordination
(1) In the decimal point coordination cycle, if the number of integral digits of registered
numeric is greater than 12 minus the affixed decimal point position, then the overtlow

lamp lights up.

Ex. 1-6 DL=4 123456789012

€ MNzBIATsTe7[8 1901 [2[0]
Calculated result enters the 13th digit position.

When the sum of the 12th digit of a+b or-a-b enters the 13th position, then the over-
flow lamp lights up. Place 1 to the indicated numeric and it will be the correct answer.

Ex. 1-7 Di=4
987654320000
+ 123456780000
& AT i1 1 1 ]oJofofo]o]

Overflow

Changing Affixed Decimal Point Position During Calculation.

If the affixed decimal point position is changed during calculation, then a mis-calcula-
tion will occur.

C.5.B. No. ED9—505
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GENERAL 8
Ex. 1-8 1. 2 3 (D4=4) + 1 2. 3 (D£=2).... mis-calculation
press indicator
1. 2 3 (DL=4) [ojofo]olofofofo]o]1]2]3]
= [oJo]o]oJofofo]1.]2]3]00]
12 3 (DL=2) [o]JoJofoToJoJoa]oTi]2]3]
= (ofoJoJoToToJo1[3]5.[3]0]
Ex. 1-9 12.3((D2=4)+1.23 (DE=2)....4 mis-calculation
press indicator

12 3 (De=4) loJoloJoJoJoJo]o o 1]2]3]

= [ofofofoJofo[1]2]3]0]0]0]
1. 2 3 (DL=2) [oJoJoJoJoJoJoJoTo[1.]2]3]
= [oJoJoJoJoJo[1]2]3]1.[2]3]

(1) When [= or @ key is pressed after the addend or subtrahend was registered, the affixed
decimal point position can be changed only to an upper position and then [= or & key
must be pressed again; but it cannot be changed to a lower position, because if the
affixed decimal point position is changed to a lower position the indicator clears with
overflow lamp lighting up when =] or & key is pressed again.

3.4  Multiplication
axb=c aXx b=
I L Fixed decimal point.
Floating decimal point (Multiplier)
Floating numerals until numeric coordinates to the affixed decimal position.
(Multiplicand)

axbxec=d alxbEXCcE
tt Both numerics [b] & [c] are floating decimal points.

In continuous multiplication, X & [=] key must always be pressed for each calculation and
the multipliers have always floating decimal points.

3.4-1 Negative value multiplication

Since the negative value is indicated by its complement, then it must be converted to
it true value; so a negative sign must always be added to the result by the operator as
follows;

¢ 1-10 2x123=-=246 (DL=4)

C.S.B. No. ED9—505
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press indicator

2 [ofo[oJofofolo]o]o[o[o][2]

C] [9T9]9T9o]99[o]8.]JoJoJo]0]

] [eToT9]9T9T9 98 oloTolo]

123 [o]oJoJoJoJoJoJolo 1]2]3)

= [oJoJoJofo[ooJo.JoJo]1]2] ... mis-calculation

Even though, it is a mis-calculation, the overflow lamp does not light up; so the comp-
lement can be converted to its true value with the calculation continuing.

Correct operation 2x123— 2K123 F 246 (DI=4)
Ex. 1-11

2 [oToJoJoJo]o]olo]olofo[2]

& [oToToToJoJoJo2]ofoToTo]

123 [ofofolofofofofofof1]2]3,

= [oJoJoJoo]2]4]6.Jo[o]o]o0]

Answer -2 4 6 : Place a negative sign to the result.

Therefore, it is to ignore the negative sign in the operation, but place it to the result.
3.4-2 Multiplication Capacity

This calculator can calculate 12 digits x 12 digits at one time, but the sum of the inte-
grals and fractions totalling 12 digits will be registered in the indicator with all other nume-
rals being eliminated; thus, when multiplying large numbers, the position of the decimal
point position (D £ ) is very important.

When D £ =0, the total maximum number of the integral digits of the multiplicand and
multiplier can only be 12 or a true result will not be shown, and when D £ =4, the maximum
fractional digits can only total 4 as shown in the following examples:

(1) D=0
a x b = ¢
I tow
Total
11 digits x 1 digit 12 digits —= 99999999999 x 9 = 899999999991
G 7 6 12 » —= 999999 x 999999 = 999998000001
1 e 5 [ DL 1 v —= 9x 99999999999 = 899999999991
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(2) DL=4

a X b =

[ l Total Indicator

T+4* 1+4* 16 digits 12 digits * the number of fractional

digits.

Ex. 1-9 1234567.8987x99999

=123455555302101.3

Z cut off

The total digits of the calculation figures are 16, but the upper 12 digits of the result are
indicated due to the decimal point coordination with the lower 4 digits being cut off.

(3) Large Numeric Multiplication

When the integral figures of the multiplicand and multiplier are both 12 digits
each: first, set the switch at 0, then enter the numerics and calculate. Record the result
which is the least significant 12 digits of the correct answer.

Then, set the switch at any position; but, be sure that a decimal point is entered
into the multiplicand and multiplier, so that the sum of the integral figures will total to
the amount of the difference between the switch set position to 12 and the maximum
total digits is 23 digits as follows:

Ex. 1-12 1 2:3 456 78 98 76 x 99 9:9 9 9:9 519 9: 9

=12345678987476543210124
(1) D=0

123456789876x999999999499
=12345678987[4]7]6]5]4]3]2]1]0]1]2]4]

{ T— Overlaps

verflow and cut off

(2) DL=4

123456789876x0.99999999999
=[i]2]3]4a[5[6[7[8.J9[8[7]4] 76 5432101 24
L Overlaps

Connect the overlapping numeral for the correct answer, so the method to calcu-
late large numerics is:

(1) First, set the decimal point switch at 0, so that the lower 12 digits of the calcula-
tion will be indicated.

C.S.B. No. ED9—505
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(2) Then set the decimal point switch at 4 and place a decimal point in the multipli-
cand (4), so that the upper 12 digits will appear in the indicator. Then connect
the overlapping numeral or numerals.

Ex. 1-13 12345 67 8987 x 99999 9:9 99 59
1234567898687 6543:21.013

[}

(1) D=0

412345678987x99999999999
1234567 898|6]|8]7l6]5/4[3[2][1l0]1]3]

Overflows Z‘cut off —overlaps
Overflows with overflow lamp lights up
(2) D=4

1234567.8987x99999999999
=[1]2]3]4[5]6]7]8]Jo[8]6]8] 76 54321013

L overlaps cut off
3.4-3 Correction of the order key

1) In multplication, if i key was pressed by mistake, it can be corrected by immediately

pressing the correct key [ as follows;

Ex.1-14 axb=c¢
a b=
/ (Correction method is the same for division.)
£_correction

Ex. 1-15 axbxc=d

a X biEEHECcE
correction
2} Clearing registration or order key
i) aley Clears a
i) af ey Clears a

i) aBble] Clearsonly b

C.S.B. No. ED9—505
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3.5 Divison
a<+ b =¢ alFHbE
I T— Calculated result appears at the affixed decimal point position.

Floating decimal point system when [K key is not locked.
Floating numerals until the numeric coordinates to the affixed decimal
point position.

a+b+c =d albEHCE

L

In continuous division, [=] key must be pressed every time before a division takes place.

Both numerics b & c are floating system when (K key is not locked.

3.5-1 Negative Division
The negative sign principle is exactly the same as in negative multiplication where the
operator calculates with both as positive values and then attaches the negative sigh to the
result, because when negative B key is pressed after the numeric, it is instantly converted to
its complement, giving an incorrect answer;

Ex. 1-16 —144 +— 12=-12 (D£=4)

If pressed accordingly to the equation, there will be a wrong answer.

144 LololofololoToToTol1]4]4]
S [9f9]9]9]9]8]5]6.Joolol0]
] [9l9]9]9]9l8]5T6.lo[ofoTo0]
12 [o[o]ofofoJo]ofoTo o 1]2]

= ‘ [3[3]3]3[3]3][2]1.]3][3]3]3] (mis-calculation)

3.5-2 Calculation Capacity

In division calculation, the calculation capacity is decided by the black region of the
Vector Chart as follows; for instance,

Ex. 1-17 1. 2345678123457 8x104%

/ <"P=4 (decimal point position)
D=8 (number of digits)

so the above equation can expressed as follows;

N=Dx 107

C.S.B. No. ED9—505
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lz/
11
10
9
= 8
11 7 1
6
5 (2, 6)
4
3
2
1
0123456789 1011
T
1 v
Fig. 1-1 Registration Allowance Region

(a) In registration of dividend, it must be within the black region of the first quadrant

Ex. 1-18
9 87 6.5 4
e —

]_' T P=2
D=6] N=(P,D) = (2, 6)

(b) In registration of divisor, since the decimal point is a floating system when [K key is
not locked, then it must be within the region of (0, 0), (11, 0), (11, 12) and (0, 12) as
shown in Fig. 1-1.

Ex. 1-19 987654321012
' —_
t—p=7 (No concern with the
decimal point position
when key is not
D=12  locked.)
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(c) In case of quotient, it is the same as dividend.
Ex. 1-20 536.1625 + 234 3
Thus,
5361625x104% + 2343x101=22883x10%
a ' b (DL=4)
Therefore,
a=(4,7)
b=(1,4)

So, calculation capacity is;
= (Number of digits of dividend) - (That of divisor) + 1

When the value of the dividend is larger than that of the divisor, which is the
same number of digits from the most significant digit, 1 must be added.

This can be calculated as Vector Calculation as follows:

7-4+(1)=4..... Number of digits of the quotient . .. D=4
(3, 4)
(-4)-(1)==3..... Decimal point position of the P=3
quotient

However, the quotient coordinates to the affixed decimal point position as follows:
N=(3,4)—(4,5) Shifts one digit to the left.

It is shown in following figure.

9
8 - a(4.7) Dividend
7
T 6 Tnc1,4) i i
b s ¥ C(4.5) ... Quotient (Decimal point coordination)
'; 1 (3,4} ....(+1)
) 2,3
s ) )
1

1 23456789 10

— p

Fig. 1-2 Vector Calculation of Quotient
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Calculation capacity can be obtained as follows:
I (a) Calculate the simple vector calculation.
(b) If the value of the dividend is larger than that of divisor which is the comparison
of the value of the same number of digits from the most significant digit except 0,
then 1 is added to D.

(c) It shifts to the decimal point position.

(d) After the operation of (a), (b) & (c), if the result is outside the black region in the
first quadrant, then the calculation overflows.

3.5-3 Correction of Order key
This is excatly the same as that of multiplication.
3.6 Constant Multiplication or Division
Simple constant calculation is operated by using (K] key.
3.6-1 Constant Multiplication

Kxa= Kl lock KXal=
Kxb= b=
Kxc= c=

K: Multiplicand (Constant)
a, b & c: Multiplier
1)  Multiplicand is the constant

2) When there is a negative multiplication, calculate it as a positive value and then the
operator should write the minus sign to it.

3.6-2 Constant Division

a £ K= Klock aM K[
b+K= b [=
c + K= c =

K: Divisor (Constant)
a,b& c:  Dividend
1) Divisor is the constant.

2) Negative division calculation is the same as that of multiplication.
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3.6-3

MONROE 920

key
1) [Kkey can be locked any time before [= or & key is pressed.
2) Ordinary calculation can be done as soon as [Kl key is released.

3) Individual addition, subtraction, multiplication or division can be done even though [K

key is locked.

3.7 Square Calculation

3.7-1

3.7-2

Square Calculation
a? — a @[
1)  In square calculation, it does not matter whether [Klkey is locked or not.
2)  ““a” can be either an entered numeric or a calculated result indicated in the indicator,

Powers

=

key locked

4]

n=2 =...a?
n=3 [liss o
n=4 & at
n=5 ... al
n=i = al

2“
a K key locked or not
n=1 XM= a2
n=2 = at
n=3 : a8
n=4 alb
n=i = a2}
i Kl key locked
n=0 = a?
n=1 B al
n=2 = a2
n=3 =], g3
n=i B af

C.S.B. No. ED9—505
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3.8 Summary of Overflow
3.81 Registration

1)  When a numeral enters the 13th digit position in registration the lamp lights up and
registration stops.

2) When the decimal point position of multiplicand or dividend is more than the affixed
decimal point position the lamp lights up.

3.8-2 Decimal Point Coordination

When the resultant numeric of the result overflows during the decimal point coordina-
tion, the overflow lamp lights up.

3.8-3 Calculation Overflow

1) Since the calculated result is a fixed decimal point system, so when it enters into the
13th digit, the lamp lights up and all calculation stops.

3.8-4 Decimal Point Overflow

1) In registration of addition, subtraction, multiplicand or dividend, when the decimal
point position of the numeric is larger than D £ position, the overflow lamp lights up.

3.8-5 Overflow by changing the affixed decimal point position during calculation.

1) If the affixed decimal point position is changed to an upper position, then the decimal
point coordination can be done, when any order key is depressed.

2) If the affixed decimal point position is changed to a lower position, then the overflow
lamp lights up when any order key is pressed.

3.8-6 Overflow Release
1)  When (@ or [c1] key is pressed, then indicator clears with the overflow lamp being

extinguished.
3.9  Summary of the funciton key

1) or €] wisevns Clears the indicator or all other circuits.
2) BorB oooennn For completion of the calculation; but when these keys are

pressed again, the calculation will not continue except for
power calculation.

3) oM cevwvins If Jand (3 keys are pressed continuously, then only the
latter order key will be in effect.
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1. Integrated Circuit
1.1 Types of Integrated Circuit
1.1-1 DTL (Diode Transistor Logic)

In Fig. 2-1(a), diode D1 & D2 which is the AND gate that makes the transistor T1 operate
to invert and amplify the given signals, so the equivalent logic is as shown in Fig. 2-1(c) which
is a positive logic. The diode D3 & D4 in Fig. 2-1(a) is the Level Shift Diode which makes the
Noise Margin larger by lowering the signal about 0.6V, lower by each diode.

The circuit of Fig. 2-1(b) is an improved one to that of 2-1(a), where one level-shift diode
is replaced by a transistor which operates not only as level-shift diode but also as an Emitter
Follower. The advantages are that a large output is obtained and operates at a higher speed.

Sincd DTL has a larger Noise Margin and Fan-Out (number of output loads at one time)
than that of RTL, so it was adopted in Monroe 950 or 990.

1 +v
+V é
= 1T c=imn
: Dy Da Ds C=AB . B4 T, ==
Dz Dy
. Dz T, B T 1
Zg
mr
(a) Basic DTL (b) Improved DTL

3 °—> E O C=AB
(c) Equivalent Circuit
Fig. 2-1 DTL Circuit
1.1-2 TTL (Tansistor Transistor Logic)

Recently TTL is been used in the place of DTL because it has a smaller output impe-
dance and a larger noisc margin.

The difference between DTL and TTL is that the diodes are replaced by a transistor
with an emitter follower T2 attached to the cirucit.
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+V

Ty

Ta T

Fig. 2-2 TTL Circuit

1.1-3 MOS (Metal Oxide Semiconductor)

In MOS integrated circuit, FET (Field Effect Transistor) is used which has a large input
impedance while epitaxial transistor is used for DTL & TTL,

Though the switching speed in MOS integrated circuit is a little lower than that of DTL &
TTL, the noise margin and integration are much larger than them.

Even now, 100-bit shift registers have been developed and are put into practical usage.

A°—|[: B o—

r wr
Fig. 2-3 MOS Circuit

1.1-4  Others
Extra-high-speed integrated circuits such as CTL (Complementary Transistor Logic) &
CML (Current Mode Logic) which are improved circuits of TTL, have been developed to meet
the requirements for extra-high-speed computers.
1.2 DTL Circuits and Its Characteristics
1.2-1 Improved DTL
The improved DTL, mentioned in 1.1-1(b) is adopted in Monroe 990. DTL is divided
into two main circuits NAND gate and Master-Slave flip-flop. NAND gate is divided into three
groups according to the number of input of diode, i.e. 2-input, 3-input and 4-input NAND

gates. There are two types of 4-input NAND gate, general NAND gate and Buffer gate which
is able to drive heavy loads.

C.S.B. No. ED9—505
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% Vece (5V)
A B X
0 0 1
Input Qutput 1 0 1
& E=19 X o 1 [
B » 1 1 0
GND
(a) Circuit (d) Truth Table
A
b—o X
B o—
sV =]
o \
(b) Symbol 9 * \
T 3 \
0 i o Vout 2 ‘
I A
npul 1 _L
0
Input B : g LT A T 7
O t X
utpu > IL : s
(c) Waveforms (e) Vin-Vout

Fig. 2-4 NAND Circuit

Fig. 2-4(a) ~ (e) shows the typical 2-input NAND gate. Generally this integrated circuit
is a positive logic circuit as shown in Fig. 2-4(c).

high level (5V) ...... s b
low level (OV) ...... “0”

Fig. 2-4(a) is the circuit diagram of 2-input NAND gate. Input is given to A and B, and
output is emitted from X. Input-output logic X = AB=A+B.

As shown in Fig, 2-4(c) and 2-4(d), output X becomes “0” only when both inputs of A
and B are 17, and in all other cases the output is “1”. In other words, when either input of A
or Bis “0", the output X is 1.

As shown in Fig. 2-4(e) when input voltage Vin is less than 1.2V with a standard load,
the output transistor is OFF and the output voltage Vout is nearly Vce (5V). When input vol-
tage is over 1.6V the output transistor is ON and the output voltage is under 0.5V. The hold-
ing voltages for the different input and output conditions are:

Vout “0” = 0.25V max.
Vout “1” = 2.6V min.

Vin “0” = 0.5V max.
Vin “1” = 2.6V min.
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Since Vout “0” maximum is 0.25V & Vout “1" minimum is 2.6V, then Vin “0"” maximum
is 0.5V & Vin ““1” minimum is 2.6V. So when considering any charge in temperature, both
Vin and Vout have a voltage leeway of over 0.5V. This voltage leeway is called Noise Margin
and the larger the noise margin is the higher the stability of the calculator will be. The number
of outputs from this NAND gate which operates the other gates is called Fan-Out.

Monroe 990, 950 & 920 adopts the NAND gate of Full-Fan-Out (F.0=8) and Half-Fan-
Out (F.0=4).

The switching speed of about 20ns (10" sec) is lower than that of TTL, but it operates at
arelatively high speed.

1.2-2  3-Input NAND Gate

\Elj
B X [
C X=A"B'C=A+B+C

Fig. 2-5 3-Input NAND

The structure of 3-input NAND gate is the same as 2-input NAND gate, except it consists
of 3-input diodes.

1.2-3  4-Input NAND Gate

B s
A o—H—a-—JJ\L B X
1) o4 bt =
() o—id—14 B II CA‘E'
=i E —-—Jﬂurméf“ 5
;o
(a) Circuit (b) Symbol

Fig. 2-6 4-Input NAND

4-input NAND gate consists of 4 input diodes and an expander node to which an ex-
pander diode is attached when the inputs are over 4.

1.2-4  Buffer Gate

Fig. 2-7 Buffer Gate

The operation of buffer gate without the emitter follower is exactly the same as 4-input

NAND gate, but if the emitter follower is attached to it, it drives a heavier load of a Fan-Out
of 25.
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3 "‘{ .
1.2-5 Integrated Circuit P RER! of
‘ﬂ%
s .4
a) Quadruplf. ZInput Gat: i m ll_31 m m m m [Tl

[-Ee Vee

o
SN3925 (F.0=4) §
SN4554 (F.0=8)

L &
SN7400 TTL El} :D L)

T T2l T T o7 e 2]

b) Triple 3-Input Gate 4] [3] [2] [7] 9] [5] []

Vee
SN3931 (F.0=4) }\
SN4556 (F.0=8) § El}

Fig. 2-8  Internal Connection
1.3 Logic of Integrated Circuit
1.3-1 NAND & NOR
All logic are constructed by the NAND gate because the positive logic AND and negative

logic OR are the same. Similarly the positive logic NAND and negative logic NOR are the
same. The logic of Fig. 2-9(a) is positive logic NAND and Fig. 2-9(b) is the negative logic

NOR.
A ABC
B
A A c
X=1.8:C F
= A+B4HC [}
X =ABC+EF+G
Fig. 2.9(a) NAND (b) NOR (c) NAND & NOR

Generally the 1.C logic is composed of NAND-NOR as shown in Fig. 2-9(c). The first
stage has a function of NAND and the second stage has a function of NOR. In every stage the
signal is converted from positive to negative or vice versa. It is important to understand the
following Boolean algebra.
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1.3-2 Wired OR & AND

In DTL, the outputs of more than two gates are connected and this is called “Wired".
Wired OR and wired AND are the same function but their difference is only whether the input
is positive or negative.

A A
B e e
AB+CDE B (A+B) - (C+D)
o] e
D D
E
(e) Wired OR (d) Wired AND

The circuit of 2-9(f) has the same function as 2-9(g) which is the wired OR. However by
wiring the outputs of each AND gates together simplifies OR gate which stabilizes the circuit.

A AB A
B B
o ©D (& .
D AB+CDHEF+G D AB+CDHEF+G
E BF| g | K
F F

(f) NOR (g) Wired OR

NAND gate is used as an inverter in the circuit by wiring any one terminal of it directly
to the output of a gate to convert the signal as shown in Fig. 2-9(h).

" B
DD
(h) Inverter 1

Even when wired as shown in Fig. 2-9(i), since A-A=A and A.A.A, the latter gate of
Fig. 2-9(i) functions as an inverter.

A AB

(i) Inverter 2

In some cases the input node is not wired since there is no need for it in the circuit
as shown in Fig. 2-9(j). Thus, this 3-input gate.

(j) 2-Input Gate

C.S.B. No. ED9—505
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There are other combinations of NAND & NOR to make other circuits as shown in
Fig. 2-9(k) ~ (o).

B AB (C+EF+GH)

AB+AB
jD— AB+AB

(k) AB (C+EF+GH) () AB+AB

%,7 AB+AC+CB

| p—y————— AB+A R (n) AB+AC+CB
A
B >_ i

=

0

-1

O mwm

al = ol

1.4 Reset-Set Flip-flop Attached Resistors & Condensers

Many R-S.FF attached RC whose circuit is composed of two gates, resistors and condensers
are used in the Monroe 990 & 920.

S| C|F
§ - 1)1 | nNC 1... Logical*“1”
0]1 1 [ (P Logical Rl
P 1]1]0]0 NC ... No Change
. 0] 0| UN UN ... Undetermined
(a) FF (b) Truth Table
Tn Tn+l
s _R @ S Cc Fn+1
c F 1 1 Fn
cp—I 0 1 1
i F 1 o | o
R b 0 J UN
(c) R-S FF Attached RC (d) Truth Table

Fig. 210 R-S.FF Attached RC
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1.5

1.6

Fig. 2-10(a) is the fundamental diagram. Each output of two NAND gates is connected
to the other input node and the flip-flop is only set or reset when the setting signal S is “0”
or resetting signal C is “*0”.

In the Truth Table Fig. 2-10(b), the output of flip-flop is undetermined when both signal
S and C are “0".

In Fig. 2-10(c), resistor (R) and condenser (C) are attached to the flip-flop of Fig. 2-10(a)
to set or reset the flip-flop by synchronizing with the fall time of clock pulse (CP). Truth
Table Fig. 2-10(d) shows when the signal $ or C is “0” or “1” synchronizing with the CP fall
time which delays the setting or resetting of flip-flop by 1-bit time. In order to stabilize this
flip-flop, it is necessary to have the clock pulse (CP) smaller than S or C signal and have the fall
time under 50ns. The wave forms of each point are shown in Fig. 2-11.

s UL

Input signal § 1 o 1
Inpur signal © 1 [

Output F o 1 o

Fig. 2-11 Wave Forms

Flip-flop (2)

Fig. 2-12 Flip-flop (2)

In Fig. 2-12, the input terminals are controlled by the output signals instead of being con-
trolled by the set or reset signal; so it sets or resets at the fall time of the clock pulses.

A A =0
F tn| tn+l
T IA|F|F
CP
1]0}1
1 3 o/1]o

(a) Circuit (b) Truth Table

D Type Flip-ﬂop

Fig. 2-13 D Type Flip-flop
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It sets at the fall time of the clock pulse when A signal is “0” and only resets when F is
“0” and A signal is “1”, so it can operate by using one input signal which is the set or reset
signal. Thus, the output signal changes whenever input signal changes from “0” to “1” or
‘ll" to “O’I.

1.7 Flip-flop (4)

tn fotl
F
Fll
1
Fll
Fﬂ

==lo o |»
o =2 Lo L =8 &

(a) Circuit {(b) Truth Table

Fig. 2-14  Flip-flop (4)

This circuit attaches the condition of C=1 to the R-S FF.; therefore, only when C=1 &
A=0, it sets at the fall time of the clock pulse; but when C=0, it does not change.
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2. Timing Pulse Generators

2.1 Blocks

ECPW FCPR  FTSp+2 FTS3 FTSp
] T [
2MHz ] J _] |_, |_J_.cp
FTBo+2 FTB3 FTBg
cp
FIDy . __ 2 4 § TDi2~14 TDis TDo
— [t o |l i)
I [ 55 (5 6
SCTy
SCTy  SCTp
5CTo
SCTy

Fig. 2-15 Block Diagrams of Each Signal Generator

2.2 Timing Counters

2.2-1 Bit Counter

Fig. 2-16 Bit Counter Circuit

TB counter forms the bit pulse and each output has a 1-bit time.

They are formed by a 4:1 counter. Usually these pulse are formed by a feedback counter,
but in this method, there are extra small pulses with the bit pulses which may interfere with
the other circuit causing an error in the operation, so this bit counter is used as shown in Fig.
2-16 which eliminates these unnecessary pulses.

C.S.B. No. ED9—505
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(1)

When all of the output signals of the counter is *“0”, then FTB0+2 * 10 (terminal No.) is
“0" by the feedback from 8, so FTB0+2 sets at the fall rime of CP1.

At this time, TBo & TB3 are not effected.

Since TBo is “0” then TB3 is set by CP2 at the fall time of TBo+2, so TB3 . 6 becomes
0" with TBo setting at the CP3.

Since TBo " 6 is “0” and TBo - 2 is also **0", then TBo resets at the fall time of CP4.,
Only TBo+2 sets at the fall time of CP . 5.
At this time TBo+2 resets by CP4 and since TBo is 1", then TB3 -1 is not changed.

TBo+2 resets at the fall time of CP6 and since TBo 8 is “0” at this time, then TB3 . 1
sets as follows:

A

TB(]+2 '
|

cp

TBy |

Fig. 2-17 Waveforms of Bit Counter

In this model, 1, 2, 4 & 2’ of the 2'421 code of each register are corresponded to the

timing of TBo, TB1, TB2 & TB3 respectively as follows;

TDo SCTo TD15 SCT1 SCT2

- ! !
e 1 ——a-k-z—-f-e—df——e-e—z—.ql

(TBo) ':(TBlj) {(TBz2) | (TB3)!

Fig. 2-18 Timing of Each Signal

C.S.B. No. ED9—505
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TS counter circuit is exactly same as that of TB counter and its waveforms are shown

below.

R AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR
v LT LML

CPR 500KHz _[_,_L_’—\__r_l__l l__[ U l_J
ma | L[ LT L1
[ ]

TS3

jiEE

- ] [

CPW .......

PR wovuins

TSo

TSa ...

CcP

2.2-3  Digit Counter

.

C.S.B. No. ED9—505

Fig. 2-19 Waveforms of TS Counter

Data is written on the delay line by CPW in 0.4 jtsec which is pulse width
of CPW.

Clock pulse for the delay line.
Timing when data in B register is written.

Timing when data in AD4 is written.

. Clock pulse for arithmetic operation, which is the same as TSo.

(a) Digit Counter Circuit



Scan Courtesy The Old Calculator Museum, http://oldcalculatormuseum.com

MONROE 920
BASIC CIRCUITS 14

FD4

FDs

I (P

(b) Waveforms (1)

Digit counter is the Hexadecimal counter which is also the same as that of the former
series.

TDo ~ TD155 signals are formed by encording the output signals of this counter.

S s e s W s
w7 L
o ] T
o M

(c) Waveforms (2)

Fig. 2-20 Digit Counter and its waveforms

2.2-4 Point Counter

FPC4

FPC1

FPC1

SPC

Fig. 2-21 Point Counter Circuit

C.S5.B. No. ED9—505
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Point counter counts one digit shifting at the fall time of TBo only when SPC signal is
‘(0?,.

PC=D signal is formed by encoding the output signals of FPC1 ~ FPCa.

2.3 Delay Line and Circuit

253.75 bits

16 bitst=—

FAD; 2 3 U:Z W1
ADDER ﬂ [_! [_] [] Eﬂ
U I_l I_l I_l TS3

EE RA

FRD FBU

Siel
B GFBU (TSy.2)
| 4l FCA | '
"‘—1.25hils—-— By [ { G}—AB
i [GBB (To)
L D

3-BS FSDy > 3 4 GSB
= 05 O
~—— 2.25 bits ——={ | D ] HER

Fig, 2-22 Delay Line Block Diagram

2.3-1 Data Flow

All data is written on the delay line as bit units as follows:

B Ao A1 A2 B Ao Al A2 B Ao A1 A2 B Ao A1 A2
L IR e AN r

1(TBo) — 2(TB1) — 4(TB2) — 2°(TB3)
~ /7

1Digit (TDn,n=0,1,2 ...... 15)

There are 256 bits (4 x 4 x 16) in the delay line loop, so when data of B register make one
complete circulation in the loop of Read amplifier =FRD ~FBU =BDo ~GBB~—= Write amplifier
-1, it passes through 256 bits of this loop.

The next first following data to B register transfers to ADo and then through AD1, AD2,
AD3 & ADa and is written on the delay line at TS3.

C.S.B. No. ED9—505
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The data of B register in FBU is transferred to BDo at TS3 and only the next bit (Ao in
SCTo) is transferred to ADo at the timing of CP. Since there are 258bit time in the loop of
Read amplifier = FRD ~=FBU -~ ADo—=AD4 —=Write amplifier-2; therefore its loop has 2 bit ext-
ra time than original loop.

So the data which passes in this loop, is delayed 4-bit time when it circulates for one cycle.

All data except B register and the next first following data to B register pass through the loop of
Read amplifier =FRD —=FBU—=GFBU->Write amplifier - 1 which has 255 bits, so it is 1-bit less
than the original loop; thus these bits are read 1-bit faster than that of original loop when it
circulates once in the loop as follows;

4 bit time delayed

Y
B Ao Al A2 B Al A2 Ao B

1-bit time advanced

Therefore, the sequence or the timing of each A register which is the interchanging of Ao
~ A2 whenever they circulate once through these loop, as follows;

B Ao Al A2 w0l (1)
B Al A2 Ao Gy, o o0TY (2)
B A2 A0 Al SPRAORV - ] o M i

At the timing of SCT0 ~ SCT?2, the sequence of the data is respectively (1) ~(3).

The calculation operation only takes place between B and the next first following data to B;
therefore at the timing of SCTo, the calculation operates between B and Ao register.

Transferring and shifting of data is as follows;

B ' LSF (Left Shift) ... : BDo=GBS -FSD-~GSB-=W|
A-LSF ... : AD0-G-AS—~FSD-—-GSX—=AD -W2
Bl e 2 BDo — GBY — AD —W2

By ey : FBU —= GAB —— Wi

2.4 Write Amplifier

Vee ; Ve | '
- 5.6K - | RW) 470 RW;
TSp —e
S, AD

GW; a w2

TSy 1 H T3 oK g |
22K
5.6K lj,‘:"“'c"" CPW CPR
Vee

Fig. 2-23 Write Amplifier Curcuit

C.S.B. No. ED9—505
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In Fig. 2-23 RW2 resistor is set at 30  with the current flowing into the write head W2 at
150mA and the RW1 resistor is adjusted by viewing the signal of read amplifier; so that the data
levels of W1 and W2 are equal.

2.5 Read Amplifier

\ +—>\CC
301 -
T00PS 335 3 2K [ 27K 2 -
i_. FRD

CE ' 2.7K

vee

Fig. 2-24 Read Amplifier Circuit

In Fig. 2-24, the variable resistor 1K Q adjusts the signal level of the collector of 2nd tran-
sistor at 2V (p-p) and the position of the read head sets the pulse width of FRD at 1.2 sec.

C.S.B. No. ED9—505
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1. Outline of Operation Principle
1.1 Special Features of Operation

Monroe 920 uses the delay line for its register and has one word for the indication register and
three words for arithmetic registers, making four words in all.

SCT , SCTo SCT1 _ SCT2 i
B register ; B - B - B :
A register Ap _ wL AR

Fig. 3-1 Data in each Registers

The registered numeric or the calculated result are entered in B register and the number of
fractional digits of the registering numeric must be less or equal than the affixed decimal point
position, except for the multiplier in multiplication and the divisor in division (when [K key is not
locked) in which it is the floating decimal point system. The decimal point coordination in the B
register always takes place before transferring the data from B register to A register. Even though
the data is not transferred, the decimal point coordination is done before the operation starts in
case of addition and subtraction. Consequently, before the commencement of any calculation
operation, the decimal point coordination of all the data are completed; so only one decimal point
counter is necessary.

Since the data of each register are written into the same delay line, then the clock frequency
(TS) of the delay line is four times higher than the clock frequency (CP) for operation.

To indicate a negative value, the complement indication system is adopted.
1.2 Outline of Addition and Subtraction
1.2-1 General

When addition or subtraction of two numbers is performed, their decimal point posi-
tions should be coordinated to the affixed decimal point position before the operation starts.
In addition of the two numbers, the augend and the addend are entered into their respective
registers and then the operation is performed. If the augend and the addend are denoted as
A.a and B.b respectively, the operation can be performed as follows:

A: Integral numeric of an augend
B: Integral numeric of an addned

a:  Fractional numeric of an augend

Answer: b:  Fractional numeric of an addend
A.a and B.b are entered into the accumulator and B register respectively.

In this calculator, the decimal points of all data are coordinated to the affixed decimal
point position before the calculation starts as shown in Fig. 3-2.

C.S.B. No. ED9—505
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Ex. 31 123.45+54.321 DI= 4: Affixed decimal point position

Steps DI =4

BR ' 1/2.3.43 Registration, PC=2

AR i g ,

BR ' 123/4500 i E]-—_Point Coordination
0 PC=4, PC=D/{

AR t i

BR ; 514321 . Registration, PC=3

AR b 1234500 .

BR i 5443210 @-‘— Point Coordination

AR : 123J4500 PC=4, PC=D{

123.45 +45.321
Fig. 3-2 Steps of Addition and Subtraction

1.2-2  Subtraction

Subtraction is performed by adding the complement of it and if the calculated result is
a negative value, then the complement is indicated, because after the complement conversion,
subtraction is performed by adding the two numbers as in the case of a Monroe 990, and
since Monroe 920 is not provided with a negative sign flip-flop; so when the result of sub-
traction operation is a negative value, it is not converted into its true value but indicated as a

complement.
Ex. 3-2 5.6-3.45=2.15
5.60 5.60
—3.45  complement —— 9.... 996.55
2.15 conversion 10.... 002.15
Lomitted
Ex. 3-3 4.56 -7.8=-3.24
4,56 4.56
7.8 complement —— +99... 92.20
—3.24 conversion 99... 97.76
complement
Fig. 3-3 Complement Subtraction

In Ex. 3-2 and Ex. 3-3, when a carry signal to the most significant digit (MSD) is emitt-
ed, the result is a true value, but when a carry signal is not emitted, the result is a negative
value which is indicated as a complement.

C.S.B. No. ED9—505
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1.3 Outline of Multiplication
1.3-1 General

The method of multiplication operation is shown in Fig. 3-4: namely, in case of
A x B = C, the multiplicand and the multiplier are entered into B and Ao registers respective-
ly at the start of the operation and the product appears in the two series
connected registers Al & AZ2.

A
—
BR
A2 Al . Ao
‘ ¢ st

MSD LSD

Fig. 3-4 Data in each register in multiplication

If the number of digits of the multiplicand A, the multiplier B and the product C are
denoted as [A], [B] and [C] respectively, then [C] = [A] + [B];so the product requires the
registers of two words in length, i.e., Al and A2, so that the calculation digits are 12 x 12.

Multiplication operation is performed by transferring the multiplicand A (content of
B register) to the accumulator A1 and adding to itself the same number of times as the value
of multiplier B (content of Ao register). This procedure is the same as that of Monroe 950.

Thus, the multiplicand is added to A1 register and 1 is subtracted from the MSD of
the Ao register. This operation is repeated until the MSD of the Ao register becomes 0.
When MSD becomes 0, the multiplier and the partial result of the product shifts to the left
one digit, and again the multiplicand is added to A1 register with 1 being subtracted from the
MSD of the multiplier every time it is added once.

This continued until there is no subtraction operation, so A1 and A2 are operated as
one accumulator. Since the result shifts 16 times to the left to enter the result in A2 register.
In this model, multiplication calculation must be finished at the PC=0 and also the decimal
point position of the product must be coordinated with D, so the number of shift S is as
follows:

§=(15-P)+16=31-P
P:  Decimal point position of multiplier.

In above equation, 15-P is the number of left shifting to calculated the whole numerals in Ao
register, then PC must count once (PC+1) before the calculation operation starts so that to
obtain the proper result.

C.S.B. No. ED9—505
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Thus, the calculation operation and total left shifting take place for 31 - P times.

Ex. 3-4 12x21=252
multiplicand multiplier
12 21
+12 =7
+12 |
24 01
24 (n/
+ 12 -1
252 - 0

Fig. 3-5 Multiplication Operation(1)

1.3-2  Decimal Point in Multiplication

Assuming that the number of digits of the multiplicand A.a; the multiplier B.b and the
product C.c as [A]. [a]; [B]. [b] and [C]. [c] respectively, then the following expression
is obtained:

[C]. [¢] = [A] + [B]. [a] +[b]

So the decimal point position in multiplication is the sum of the fractional digits of the
multiplicand and that of the multiplier.

For instance,
1.23x 2.1 =2.583

In this model, only the decimal point of the multiplicand is coordinated to the affixed
decimal point position in registration cycle; but the decimal point of the multiplier is a floating
system, so it does not coordinated to it.

AxB=4x238=92 .
Ex. 3-5 ) : +1

Multiplicand Multiplier e o — Ao s Shif
mit : Shift

0 920 4 1 . p

+ 0 =1 84 >

n 923 £ 4 ny

il B 8 i

1] omie —+An 23  Shift £ @ & g

\ —_—

Y E= 92 [

4 13 =

0 =1 4

B 03 £ g

= __1_ Omit —* ﬂ"

8 93

Fig. 3-6 Multiplication Operation(2)

C.S.B. No. ED9—505
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1.4 Outline of Divsion
1.4-1 General
The operation of division is shown in Fig. 3-7. Ina+b = ¢, the divisor [b] enters in B

register and the dividend [a] enters in the two registers A0 & Al which are connected in
series. The quotient [c] enters in register A2.

—_———
B !
[ Az ; Ay | Ao i

Fig. 3-7  Registration of Numerals in Division

The divisor [b] (data of B register) is subtracted from the dividend [a] (data of A1
register). The number of times of these subtractions which are repeated until just before

the dividend goes over 0 and becomes a negative value, is the quotient of that digit and is
added to A2.

Therefore, 1 is added to the LSD of A2 register every time the divisor in B register is
subtracted once from the dividend in A1 register. This operation is repeated until there is no
more subtraction of A1—B. When the partial division has been completed, the dividend and
partial quotient are shifted one digit to the left and same operation continues.

When the point counter becomes 0, the calculation operation is completed. If the de-
cimal point position of the divisor is P, then the number of times of left shifting will be as
follows:

Number of times of left shifting = 16 + P

Therefore, Ao ~ A1 are used as an accumulator of a two-word length. The remainder
remains in A1 register at the end of the calculation.

Ex. 3-6 15129 + 369 =41
1 5% 2°9 0
-369 + 1
11439 1
- 3609 + 1
77 4: 9 2
-369 + 1
4059 3
-369 ik
369 4 Left Shift
369 40
-369 +1
0 41
Quotient

Fig. 3-8 Division Operation

C.S.B. No. ED9—505
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1.4-2 Decimal Point

Division is performed from the MSD of the dividend and calculated one by one to the
right until all digits calculation are completed.

The decimal point in division is generally conformed that if the numbers of digits of the

dividend and the divisor are [A] - [a] and [B] - [b] respectively, thus the decimal point of the
division A «a — B - b is obtained as follows:

[a] — [b]

However, since the decimal point of the quotient is a fixed decimal point, then the
quotient must appear at the affixed decimal point position; so the number of times of left shift
to coordinate the decimal point of the quotient in the completed calculation is as follows;

Number of times of left shifting = 16 — ([a] — [b]) + D#

In this equation, D £ is the affixed decimal point position. Therefore, the calculation is
finished when the left shift which is shown in the above equation, is completed.

The above equation can be simplified by the substitution of [a] = DZ as follows:

Number of times of left shifting

16 —DZ£ + [b] + D!
16 +b

C.8.B. No. ED9—505
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2. Operation Principle

Control counters are used in order to perform the calculation operation and the operations of
each CC are as follows:

CCo Indication
Entry cycle Shifting for decimal point coordination in registration.
CC3

Data transfer, registration and left shift.

~ CC1 Shifting for the decimal point coordination in addition, subtraction and
constant division.

CC2 Interchanging of Be= A0 in multiplication or constant division.
Clearing of A1 & A2 register.

Operation —‘ CCe Addition or subtraction in multiplication or division.

CcCr Addition and subtraction. Correction of over-subtraction in multipli-
cation and division.

CCs Left shifting of the data in Ao~ Al in multiplication or division.
L CC4 Interchanging of B=+~Ao0 in addition or subtraction. Transferring of
A2—=B, B -Ao.

2.1 Addition and Subtraction

When the calculated result is a negative value, the complement conversion performs and it
is indicated as 10’s complement.

2.1-1 Binary Code

The adopted binary code 2-4-2-1 code in which it has self-complementing property, is
very convenient in obtaining a complement.

The 2"-4-2:1 code is shown below:

2'4 21 2'4 21
0 0000 1111 9(0)
1 0001 1110 8()
2 0010 1101 7(2
3 0011 1100 6(3)
4 0100 1011 5(4)
5 1011 0100 4(5
6 1100 0011 3()
7 1101 0010 2(7)
g8 1110 0001 1(3)
9 1111 0000 0(9

Fig. 3-9 2"-4-2-1 Binary Code

C.S.B. No. ED9—505
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Thus, “NOT" signal of each number corresponds respectively to 9’s complement of each
number.

2.1-2  Discrimination of Signs for Calculated Result

1 A+B 3+9=12

00000003
+ 000000009
Positive — [0] 0 0 0 0 0 1 2

2 —A+B ~5+8=3 (A<B)

998999495
+00000008

Omit - ADl00000023
Positive —*

3 -A+B -5+3=-2 (A>B)

99999995
+00000003
Negative — [9]9 9 9 9 9 9 8

4 -A+B -5+5=0 (A=B)

99999995
+00000005
Omit — A 00000000

5 A-B 5-7=-2 (ALB)

00000005
9999999 29s complement of 7
+ 0000000 1e Tomake 10’s complement
Negative — A\ 999 9 9 9 8

6 A-B 5-2=3 (A> B)

0000000O0S
D9 979 9:9'9 7
+00000001

Omit — A0 000003
Positive —=

7 A-B 5-5=0 (A=B)

00000005
9 99999094
+00000001
Omit —A00000000

C.S.B. No- ED9_505
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8 -A-B S-2=-7

99999995

90999997

+00000001

Omit —A9]9 999993

Negative
A B Ex. Qjﬁ Of |Carry [ +1 | 16th Digit | Posi. Nega

1 [+ +| 3+9=12 A+B 0 |- 0 +
2 | —<+ |—5+8=3 A+B s | 0 +
3 | ==+ |-5+3=—2| A+B 0 = 9 =
4 | — =+ |=5+5=0 A+B 1 |= 0 +
5 | +<—| 5-7=—2| A+B 0o |O 9 —
6 | +=>—| 5-2=3 A+B 1 O 0 ¥
7 |+= -] 5-5=0 A+B 1 |O 0 +
g | = —|-5=2=_7| A+B 1 |O 9 ~

Table 3-1  Sign Discrimination

From the above table, “positive” or “negative” can be discriminated by the content
of the MSD of the result. If the MSD is 0, then the result is positive; but if the MSD is 9,
the result is negative with the negative value being indicated as a 10’s complement. However
OF signal must be ““0” at the end of the calculation as explained later. When [ key is pressed,
always 1 is added to the complement to make a 10’s complement.

2.1-3  Overflow of calculated result

In this model, the capacity of each register is 16 digits,
but since only 12 digits indicator is adopted, the overflow is

14th15/13th D discriminated by content of the 13th digit. In addition, the
maximum value of the numeral that can enter the 13th digit is

al 0 0 “1”_ Which means that only the other numeral 0 can enter the
13th digit. In subtraction, no other numerals except “9” can

OF|b| 0 1 enter the 13th ~ 15th digit when the result is a negative
value. These three conditions of each case are illustrated in

c[ 9 9 Fig. 3-10. There can be no other conditions beside these for

addition or subtraction. In these three conditions, only b is
the overflow occurring in the calculated result with OF signal
Fig. 3-10 Data in B Register becoming “1",

2.1-4 Data Flow

Ex. 3-7 12+34 —-5=41
Az Al Ao
+ + Ao+ B
——
B

C.S.B. No. ED9—505
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operation @ [ [@ [ mB @ = Gl B
B 1 12 3 46 5
\. \?X N e X\ \¢ ><‘
Ao 12. 0 12—=46 46 —-41
undetermined Addition or subtraction is performed

between B and Ao registers.

2.1-5 Registration of numerals

CCo Indication

Key @ pressed

cCs {N] B— Ao N1 —B

Nn B - LSD Nn— B

Fig. 3-11  Registration Cycle

CCo is the indication cycle which indicates the data of B register by a dynamic indica-
tion system.

When the first numeral key N1 is pressed, the cycle proceeds from CCo to CC3 which
transfers the data of B to Ao register and enters the numeral N1 at the LSD of B register, and
then returns to CCo.

Next, each time the second or third numeral key is pressed, the cycle proceeds from
CCo to CC3; so the registered numeric in B register shifts one by one to the left every time
there is a registering of N2 or N3 into the LSD of B register, and then returns to CCo.

The checking of the overflow in the registration cycle is performed at CC3.

2.1-6  Data Flow of Addition or Subtraction

Key = or & pressed (1) At CCi, the data in B register is shifted to the
left until it coordinates to the affixed point posi-
cC B — LSF tion.
¥ (until PC=D1 )
cC2 Does nothing (2) CC2 & CCoé: Does nothing
i
CCe Does nothing (3) At CC7, addition or subtraction between Ao and
1 B registcrs is per formed.
CcCr A0 + B—=Aop At CC4, interchanging of Ao~=B is performed and
0—=B if the data of Ao register which is the result is a
cCs | Aves B negative value, then it will be indicated by a
END complement.
CCo

Fig. 3-12  Addition or Subtraction Cycle

C.S5.B. No. ED9—505
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2.1-7 Decimal point coordination in B register

A CCy pe—€ 0] .

+

cC +
SCT |SCTp SCT; SCT2 SCTp SCTy SCTy [SCTy  SCTy SCTp

Shift times of ' i .
B 1 2 3 4

Coordinated

Fig. 2-13 Decimal Point Coordination

Decimal point coordination is performed at CCi only. When the coordination ends
during CC1 cycle, it proceeds to the next step CC2 from SCTo of CC1.

Since there is a SCT signal which is a 3 word time in this CC1, then the left shift can
be performed three times. Since the affixed decimal point positions are 2~4, so it is possible
to obtain the coordination in 2 cycles of CC1. Also, the (=] key always starts the cycle from
CCl; provided the decimal point is not coordinated at the start and proceeds
to the next step CC2, after coordination. If the decimal point is coordinated
CCl is skipped and the system proceeds immediately to CC2.

The checking of the overflow caused by LSF to coordinate the decimal point is also
performegd at CC1.

2.1-8 Operation

I cCy l CCy ' CCs [ cCy | CCq I CCo

AQA1A2 l ADATA2 [ AQA1A2 I AQA1A2 l ADALAZ l ADALAZ
Agpt B Ag =B
B =0 B(0)~Ag

The operation of Ao+ B is performed at CC7. When the calculated result is a negative
value and & key is pressed, always 1 is added to it to make a 10’s complement at the start of
the cycle. The operation of B—0 is also used for complement conversion by pressing & key
again.

2.2 Multiplication
2.2-1 Outline of operation system
In the operation system of this calculator, since A1 + B operation does not performed
when the “Ao MSD-1" operation cannot be performed, so the over-subtraction correction
is not done. Also since the product appears in A1 register, so it must be shifted 16 times

more to enter A2 register.

2.2-2  Data Flow

1 Ap Al A2 .
HL._q A1 +B
= AgMSD-1
AgMSD~-1 Result appears in A

The multiplicand and the multiplier enter Ao and B register respectively.

C.S.B. No. ED9—505
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When the calculation starts, first the interchanging of Ao<>B takes place, so that
the multiplicand is retained for constant multiplication. Partial products are added to
Al ~ A2 and the number of times of left shifting to transfer the products to A2 register is
expressed as follows:

$=16+ {15~ (a+b)} +D1
a:  Decimal point position of multiplicand.
b:  Decimal point position of multiplier.
Dg:  Affixed decimal point position.

In this calculator, a alway equals D £,

a=D{
Therefore, the above equation can be simplified by the substitution of a = D£ as follows:

$=16+ {15-Df b} + D¢

=31-b

The 1st term “16” of the first equation, means the number of times of left shifting to
transfer the product from A1 to A2 register. The following is the actual data flow:

Ex. 3-8 Multiplication Operation

12x 21 =252

Press A2 A1 Ap B
X X X X

(] X X x‘/ 1

2 X X X 12

i S b i b

2 X 2 ag 2

[l X X 1221

= 0 0 212412

0252 0 12
252 0 0 12

0 0 12 252

C.S.B. No. ED9—505
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Ex. 3-9 Constant Multiplication

12x 3= 36
12x4=48
12x 5= 60

A2 Al Ao B

K key lock X X X o X

M X X X 1

2 X X X /12

3] X X 12 12

3 X X 12 >/< 3

= X X 3 12

36‘"‘JL“-ETAQ12

0 0 12 36

(4] 36 0 12 4

=) 0o 0 + o<y

48 0 0 12

0 o 12748

& 48 0 12 5

= 0 0 5 X 12

60 0 0 12

0o 0 160

When [Kl key is locked and the multiplication is completed once, the transferring of
B~-Ao is not performed; so the constant is retained in Ao as a multiplicand.

Ex, 3-10 Square
2—
4=16 A2 A1 Ao B
X X X X
@ X X x4
X X 5 4*//4
S o o 405y
16___JL__‘E?¢:4
0 0 47 16

C.S.B. No. ED9—505
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Ex. 3-11 Powers
2= 16
A2 Al Ao B
[K key lock X X X v X
2 X X X/ 2
[x X X 2 >< 2
= 0 0 2 2
§ ol - 6 2
0 0 2T Ehees 22
= 0 0 4 2
8 0 0 2
0 0 BF g 23
[=] 0 0 8 ><‘2
16 M{ 2
0 0 22 T Giv s 24

2.2-3 Registration

CCo ’.——l CCo Indication

Key pressed Key

K OFF B~LSF
cca |® 00 (Until PC=D{)
N1 B—Ao Ni1—B

_] Np B—LSF Nn—B

n=2 Bt B—Agp
CCs

NI. Ni1—B ]

Ny B—LSF Np—B

Fig. 3-14 Registral:i_on Fig. 3-15 Key operation

The registration cycle in multiplication operation of a x b is the same as that of addition
or subtraction. When X key is pressed, the data shifts to the left until PC=D{ and then the
transferring of B—Ao is performed. In constant multiplication, B—Ao is not performed
when N1 which is the first numeral of multiplier. In simple multiplication, the registration
cycle of the multiplier is the same as that of the multiplicand.

C.S.B. No. ED9—505
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2.2-4  Multiplication Operation

cCy B-LSF (Until PC=D2 ) (1)

At CC2, A1 and A2 registers are cleared and
Key (=] + @ pressed the interchanging of B== Ao and PC+1 are per-
Bo=Ap formed.

0—Aj, Ag PC+1
i (2) At CCe, Ao MSD-1 is performed. If this sub-

AQMSD-1 traction can be done, Al+ Bis performed and
A+B if not, the operation proceeds to CC7.
(3) At CC7, if FG.PC is not 0, 0—~Ao MSD is per-
formed and the operation proceeds to CCs.
If FG.PC is 0, then the operation proceeds to
CCa.
Ag ~ AJLSF
! (4) At CC5, left shifting of Ao~ A2 is performed.
|
(5) CCa transfers the result in A2 to B register and
transfers the data of B to Ao register.
Ay—+B (6) CCo indicates the result of the operation.
B—+Ap
Indication

Fig. 3-16 Multiplication Operation

(A) CCs (Addition Cycle)

Ex. 3-12 4x2=8 Di=2
Time —=
CCs CCs CCs CC1

Ao Al A2 Ao A1 A2 | Ao, A1l A2 | Ao Al A2
| i

H

I
Y H .
,_B_| f;.B_q fl—-g—d Ao MSD+1
oMSD-1
A0 MSD-1 AoMSD-1- A
No Carry
le- Ajef————— - Ay
15/6{1[2|3]4(5/6:7 8910/ 111213141516]1]2]3
Carry from AoMsD |© [2 [0]0 ufo:r;?n[o 0,0.0/0 0000 ololalo
A+ (1) 9 4! | | ] | ||
|| l

Carry from AavsD |0 [1[0[0 Jo ojo/o|ofojojojofojolo 0000
A+B (@) | g 4

Carry from AoMsD |0 [0 [0|0[8|0[of00|o[o|0l0lo|o(oo|o fo|ofo
Ai+B (3

DI=2 Di=2
Fig. 3-17 Data Flow

C.S.B. No. ED9—505
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The above diagram shows only a partial of CCs, when 2 x 4—+2.00 x 4 is performed
when D£ =2. Only after the repetition of CC6 — CC7-=CCs 15 times does “2" enter into
A0MSD.

Then the subtraction of AoMSD-1 takes place, so 9 which is the 10’s complement of
1 is added to it and a carry is emitted every time the addition of A1 + B is performed. Ifa
carry is not emitted, “A1 + 0” is done and the operation proceeds to CC7. In this case,
“A0MSD becomes 0 when CCs is repeated twice, and once more “AoMSD-1” is performed.
At this time, since no carry is emitted from AoMSD, “A1+ B” is not calculated and the
operation proceeds to CC7.

(B) CC1 (If PC = 0-FG)

CCr D=2
Ag Al Az
........ 09/00/80000 ;
+1 Do?nothing
001

carry is omitted

Fig. 3-18 Data at CC7 Cycle

In CC7, the correction of over-subtraction of A0oMSD-1 is done, therefore, when
“A0MSD-1" is performed when AoMSD=0, “*9” remains in AoMSD.
So in this model, AOMSD is cleared by closing the gate of G - X (223-6).

The data jumps from CC7 of the repetitive CC6 =CC7-CCs cycles. Thus, this repetitive
operations of CC6-= CC7-=CCs are performed “31-b” times as mentioned previously. “b” is
the decimal point of the multiplier and stored in the point counter when the calculation step
is started; therefore, PC=0 is the calculation ending condition. So when PC+1 is performed
each time CCs is in operation, the first “PC=0" is obtained by counting “PC+1” at “15.b"
times. The next “PC=0" is obtained after “PC+1” is counted 16 times. This means that CCs
operation is repeated at “31-b” times before the entire calculation is completed. This is the
reason why PC=0 is adopted as the operation ending signal. If the decimal point of the multi-
plier is 07, “PC=0" is obtained at the first CCs, but is ignored.

In this case, since b=0 (A.a x B.b), then the number of left shift is 31-0=31 times.

| Jump
Number of timesof CC_| 12 3 4.5 6 7.8 9 101112131415 16 171819,2021 2223, 24252627 28, 29 30 31,32
PCinCC(6+7) 123456 7809101112131415{0/1 2 3 4 5 6 7 8 9 1011 121314150
v8 F— EN.PC=0
ccy FG-PC=0
Ag~Aj- LSF 1,23 4.5,6,7,8,910 11 12131415/161718 19,2021 22 2324 25 26 27 28 29 30 3132

Fig. 3-19 Repetition of CCs~~ CC7=CCs Cycles (1)

C.S.B. No. ED9—505
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Ex. 3-13 1x1.234567 (DL =4) i
ump
Number of times of CC 123 4.5 67,8 ,9101112131415161718192021,22 23,24 252
PCin CC(6+7) 78 9101112131415/0(12 3 4 56 7 8 9 2011 121314150
F G EN - PC=0
CCy FG - PC=0
Ap~Aj: LSF 12345678 9(10/1112131415 161718191021 22 23 24 25

Fig, 3-20 Repetition of CCs~=CC7—+CCs cycles (2)
In this case, b = 6, so left shift times are:
5=31-6=25
(C) CCs (LSF)
This cycle performs left shifting of partial products which is located in A1~ A2 registers

where the multiplicand shifts one digit to the left to enter the MSD of Ao register in the 16th
digit position and each time the point counter counts one (PC +1).

(D) CCs (A2—B RSF)

The final answer obtained at CC7 is transferred to B register and it have its decimal
point coordinated with the affixed decimal point. Also the point counter will be equal with
the affixed point position in CC4.

2.3 Division
2.3-1 Data Flow

Ex. 3-14 30+ 20=1.5

press Az A1 Ao B

X X X X
@ x/ 3

X X
@ X X X,30
B X X 30‘/30
2 ¥ i€ 300 2
@ X X 30 20
E 0 0 30 20
15X 0,20
1.5“‘{1.5

Fig. 3-21 Data Flow of Simple Division

C.S.B. No. ED9—505
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Dividend is in Ao register and divisor is in B register. When equal key is pressed, the
division is done and the quotient appears in A2 register where the content is then trans-
ferred to B register and the data of B register simultaneously enters Ao register.

Ex. 3-15 Constant Division 3+2=15 6+ 2=3.0
press A2 A1 Ao B
K Lock %X X X X

K] X X x'/3
B X x 33
@ X X 3 2
= 0; D, 3| 2
15X 0 2

15 X 75
TR O
B 15 X 625
3 X @ 2

0 X 2 3

Fig. 3-22 Data Flow of Constant Division

When key is locked the division order is memorized after the first calculation has
ended. After the entry for the second calculation is completed, the content of B register
does not transfer to Ao register; so, the former division is in Ao register and the new dividend
is in B register.

As soon as the equal [Flkey is pressed, the interchanging of Ao==B takes place and then
the calculation begins.

2.3-2  Decimal Point Counter and Operation Ending Method

As previously expalined, if the left shifting of “16 +b” times had been performed during
the calculation.

In this calculator, PC is used as a subtraction counter which differs to that of multi-
plication. Since this counter adopts a hexadecimal, then the subtraction of PC—1 is done by
adding 15 to PC. Then, “PC-1" takes place every time there is a left shifting and when it
shifted “b” times which is the number of fractional numerals of the divisor the first “PC=0"
is obtained.

After another 16 times of left shifting has been performed, the second PC = 0 will again
appear which is used as the calculation ending signal. This means that “16 +b” times of left
shifting have been performed. Therefore, the data in the A2 register is calculated completely.

Ex. 3-16 3+ 0.006= D=4 Jump
Repetition of CC 1.2 3I4 56 7‘8 9 ll}.ll. 1213141516 171819 1:]
3l2 1|0 151413'1211]09 8?6l5l4'3 2:1'0:
F G

- PC=0
cc
4 FFG- pc=o-

! 2. 3[4 15 67 89 1011, 1213141516 171819 20

Ag~Aj- LSF

Fig. 3-23 Repetition of CCs-~CC7-~CCs in Division Calculation

C.S.B. No. ED9—505
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In this example, b = 3, then;
S=16+3=19

The number of left shiftings is 19 times, and the number of times of repetitions of
CCs—=CC7 is S + 1, which is 20 times.

2.3-3 Registration System
Exactly the same as multiplication.

2.3-4 Division Operation (1) €Ci: When [K key is locked, the data in B
register shifts to the left until it coordi-
nates to the affixed point position.

K(=+ & )ON If PC % D/ it repeates to shift in CC1,
but if PC=D! it advances to CC2.

(2) CC2: When [Klkey is locked, the interchanging
of Ao== B is done, but when[Klkey is not
locked and FG set, then the interchange
of Aoce=B does not take place.

(3) CCs: If there is a subtraction of A1—B, then
A2+1 is done; but if not, the operation
will proceed to CC7.

(4) CC7: This cycle performs the correction of
over-subtraction at CCs, which is A1+B,

(5) CCs: Itperforms left shifting of Ao~A2.

(6) CCa: Transferring of A2— B performs and
decimal point coordination of PC = D!
takes place.

Fig. 3-24 Division Operation

C.S.B. No. ED9—505



Scan Courtesy The Old Calculator Museum, http://oldcalculatormuseum.com

PRINCIPLE 20

5+2 Di =
ot | ccsm | cos® | ccsm |7
Az AvAol Az Ar Aol Az A Ad AzAl Ao
i Bl Bl B+
Akl | A= Al-B Ay-B
Az Al Ao
16151 [s]a]alz]q
ofofo olojolo|s]a
plojof fel|e|z|of7|B
@ I
Carry
tjo|ofe ofojofo|s
LHE-NE gle|e|o|7
® 1
Carry
zlofaofo oflofafo]:
nlafe afofalalsr
® 1
No carry
z|e|a|a o|afafa]e it

Fig. 3-25 Data Flow

(B)

(©)

(D)

CC7 (ADD)

MONROE 920

Fig. 3-25 is the operation procedure in CCé when
the cycle of CC6—= CC7 — CCs has been repeated
13 times, the dividend in Ao has entered A1 register
and a partial quotient has just began.

If the subtraction of Ai1—B can be done, then a
carry is added from the MSD of A1 to the LSD of
A2 register, that is, when a subtraction is performed,
“+1” operation takes place automatically. When it
over-subtracts, this carry will not be emitted and
the operation will proceed to CC7.

This cycle corrects the over-subtraction of A1—B. This can be done as A1 + B, because
the numeric in A1 register in over-subtraction is a 10’s complement of it and can be calculated
by a simple addition. The carry which is generated from A1 to A2 register in this addition is
omitted.

CCs (Left Shifting)

The calculated result in A1 ~ A2 register shifts to the left as that in multiplication.

CCa

It is the same as that of multiplication.

C.S.B. No. ED9—505
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1. Explanation of Blocks
1.1 Input Blocks
1.1-1 Key Circuit
Key circuit is the same system as that of Monroe 950. The only difference is that in
case of the N + P (numeral keys and decimal point key) or[ci]key, it is not necessary to

give an electric potential to them independently from Vec through resistors; therefore, these
resistors can be omitted and sometimes an AND resistor is used in their places.

) Vee
s
L unRecessary
\.r:-_,.,Jj_n____ W
&/
T_" o T S

Fig. 4-1  Key Circuit and Logic Diagram
1.1-2 Key OR Circuit

Wi, W2, W3 and W4 are encoded output signals corresponding to each respective digits
of the 2"-4-2-1 code:

For instance,

= K1+K3+Ks5+K7+K9
. Wa= K1+K3+Ks+K7+K9

Therefore, W4 corresponds to “1”" of the 2"-4-2-1 code which becomes 1", only when
an odd numeral key is pressed. Similarly, W3, W2 and W1 correspond to “2”, “4" and
“2™ of 2'-4-2-1 code respectively.

The above equation can be illustrated by a logic circuit as follows:

K —
KB——
K —————

H—4—
[ i Wi
+Vee

Fig. 42 Key AND Circuit
The key start circuit is the same as that of Monroe 950 except double entry preven-

tion circuit memory control key & shift key circuits. For instance, the signal KN+P is
emitted when a numeral or a decimal point key is pressad.

C.S.B. No. ED9—505
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Therefore: KN+P=W4.Ws=W4+Ws=Ko+K1+K2+K3+K4+K5+K6+K7+K8+K9+Kp

KN+P
Wi
Ws KN+P

1.1-3 Start Circuit

L J—
K e
KB

Fig. 44 Key Start Circuit

When any numeral or order key except [0 , [c1] or [Kl key is pressed, FIU sets when
FOF and KP . FN is 1.

FU sets at the first fall time of SCTO when FIU (212-6) is set, but when FOF or KP-EN

is 0, then 212-6 is inhibited, so FU is not changed even though any numeral or order key is
pressed, therefore this condition is overflow or point key is pressed.

LS S
Lo g m)
FIL-6 L
(212-6) i

e L

:

Fig. 4-5 Timing Chart of Start Circuir

C.S.B. No. ED9—505
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1.1-4 Registration Circuit

The registration circuit encodes the numeral signal into the 2'-4-2-1 code and enters the
signal into the SD.

Vee
TDy 7] %

Ty — ;kE\:'LOK T
CC3:5CT . o i
w 1
CPR ,,T, ; § i
ey

i SDy~SDy

GSD |
— -

CP o—roouo-r1—

Fig. 4-6 Registration Circuit
In registration cycle, SD1 is set by a clock pulse consisting of CC3-SCTo, TDo, TBo and

CPR when Wi is “0”. In indication cycle or while the calculation is proceeding, the circuit
is operated by CP according to the signals of GSD.

CC3 - SCTy

Dy M M

Fig. 4-7 Timing Chart in Registration

Thus, the clock pulses are emitted at the rate of 4 clock pulse at SCTo.
1.2 Output Blocks
1.2.1 Digit Selection Circuit

Digit selection is done by selecting the input signal of the primary side of the drive
transformer one by one. This digit selection signals FD1~ FDg are formed by counting
TBo.

FD4 - FDs selects the digits of 1~ 4 digits, FD4 . FDs selects 5~8, FD4 . FDs selects
9~12 digits as follows:

C.S.B. No. ED9—505
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FD; L L 5 1
i N e SR

FDg

1 2 3 45 6 789 101 1;.| Blank Time
FDy - FDg | |
FDg4 - FDg _—I—l
¥Dy - FDg ,_l_

Fig. 4-8 Digit Selection Pulse Timing Chart

1.2-2 Numeral Selection Circuit

First, it is the discrimination of either an odd or even number. If the value of LSD of
a 2'-4-2-1 coded numeral is ‘0", the numerals are even numbers including 0; and if the value
is *“1” the numerals are odd number. Then the discriminations between “0" & “1, “2" &
€37, 47, 45 “6" & 477 and “8” & “9” are performed which selects all the numerals.
The decimal point is indicated when PC = 15 is obtained. Therefore, if PC becomes 15 at
the selected TD time, the decimal point of the digit will be lit.

Fig. 4-9 Numeral Selection Circuit

C.5.B. No. ED9—505
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o | 2 [ s [ IDs
2 4 2 1
EVEN | 0 0 X ] o A } 42
obD | 1 o b o 1 A
E 2 P o ] o 2 5
- wow - el
0 s X ] 1 : B |} 24
E 6 ] 1 g o E .
0 7 1 ] 1 E } iy
E |8 |1 B o | ¥ } "
T '
0 9 Nz K E ODD = 1

EVEN =0
Table 4-1 Numeral Selection Table

C.S.B. No. ED9—505
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1.3 Operation Block

1.3-1

1.3-2

Registers

(1)

(2)

A Register

This register consists of 5 flip-flops (AD1, AD2, AD3, ADs & ADo) and the delay
line which circulates once at one SCT time. The sequence of signals Ao, A1& A2 are
always changing, so that each of these signals may be able to appear in ADo according
to each SCT time respectively. This register operates as an accumulator and performs
calculation operation together with the B register and the result remains in A2 register.

B Register

This register consists of BDo and a delay line which has one SCT time. Since data
are always read in BDo regardless of each SCT time, this register can be paired with
any of the registers Ao, Al & A2. Not only does it register the numerics, but also
the calculated result enters B register.

S Register
This register is used for one digit memory in the registration cycle and the left

shifting of A and B registers. The registration is performed by a clock pulse for only
this register and at other times it is triggered by CP.

(4) 1 Register
This is an indication register which stores for 4-bit time for indication. The data
are transferred from the S register and BDo to this register in parallel of four bits.
Data Gates
(1) G=X:  X-side of the adder.

G-AX: The data of the A register usually circulates through this gate. This gate
closes when [C] key is pressed and when A1 & A2 are cleared at CC2 before
the calculation starts, and also for left shifting, transferring and interchang-
ing of the A register.

G-SX: Opens when the A register shifts to the left in multiplication and division.
The logic and circuit of G-X are illustrated in Fig. 4-10.

(G-AX)

Clear A} & A2 (0(05]
registers before
calculation starts. SCTo ceanshec ey %
Left shifts of ccs - | interchangs GB==~A ™|
A register ADp —
Clears the regi el G-SX
when [Ckey pressed B [ :

ccs =

Fig. 4-10  G-X Gate Circuit
SDg ——

C.S.B. No. ED9—505
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(2) GY: This is the input gate of the Y-side of the adder and illustrated in the logic
diagram as follows:

Opens for subtraction of I AB
A-B BDo
(G-BY)
Opens for addition of A+B e d
or transferring of data BDo ——

Fig. 411 G-Y Gate Circuit

G-BY:  Opens when the data of B register is added to A register or the data of B
register is transferred to A register in addition, multiplication or division. It
is illustrated in the following logical diagram:

1 Addition of A+B GA+B
2 Teansfer of B~A GB~A il
G-BY
3 Interchange of Be=A GE+A EDo }
(a)
CC3-5CTp ————
2 = GB—~A
FN

(b)
Fig. 4-12 G-BY Gate Circuits
Input gates of G-BY are as follows;
GB~A: Fig.4-12(b) is the transferring of N1 from B to A register in the registration
cycle. FG discriminates whether it is a constant multiplication (or division)
or not.

GB+~A  Interchanging of B«»A0.

It opens when any interchanging operation of B+=A0(1)~'3) is performed.

CCy —

i SCTy
starts, in multiplication MLT+FG

GB==A

Before calculation

e

or constant multiplica-

)

tion & division. MLT
& —
at CCy CCq \
sctg —
In MLT or DIV at cCy \
CC4. Ap—=B M+D /
B — A 5CTy — 1

Fig. 4-13 GB==A Gate Circuit

C.S.B. No. ED9—505
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(4)

(6)

GA+B:  Opens when any of the following operations of (1)~ (3) is performed.

(1> Addition of Ao+B when (=] key 1s
pressed; but in addition caleulation, augend GALh
is added to the memory and in multiplica- 0B
tion or division, the result is added ta it.

| €Cs
2] Addition A1 +B when FJ sets SCTy
(A0-MSD- 1) in multiplication. MLT
FJ
. besci)
&) F.)‘l‘v.'f-?u.h(ucnon correction (A1 - B} | 5CTy I
in division.
o
L — s S | I

Fig. 4-14 GA+B Gate Circuit

G-BY: Opens when there is any subtraction of A0-B in subtraction; Ao.MSD-1 in

multiplication; A1-B in division, or M-B in multiplication or division when
the [ key is pressed.

Subtraction of Ag-B in l GA+B

subtraction calculation i FSUB
CCqy —
Subtraction of Aj-B in SCTy -
division. DIV Gy
BDg
In pultiplication, 0—+~ApMSD
oM ccs \
8CTg ——
MLT ——] /
Tys ——4
Correction of aver-subtraction . GCA
of it. (Ag-MSD+I) TBG
0

Fig. 4-15 G-BY Gate Circuit

G-CA:  Used for complement correction; therefore, since the result of A+B (A<B) is

the complement of 9, then 1 must always be added to make it the comple-

ment of 10.

G-FCA: Used for discriminating the carry.

CC6SCT I1CA

Fig. 4-16 G-FCA Gate Circuit

C.S.B. No. ED9—505
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(7) G-SD:  Used for the indication of the data in B register and left shifting of B or A
register,

(8) GWi: Input side gate of the write amplifier where all of the data of the registers
are written.

1.3-3 Full Adder

This adder is used for addition, subtraction, multiplication and division and sequent
addition is performed.

% Abg AD2 Ay -l‘.l‘,
¥ nFEa i UA -__rgn o ? [ = T% >~
D '—HW | !

BFA Birary Full Adder > l —

Fig. 417 Block Diagram of Full Adder (1)

This model adopts the same decimal correction method as that of Monroe 950.

To make correction for the conversion to 10’s complement in subtraction, it is per-
formed by a forced “+1'" operation prior at the starting of calculation. GCA is a gate to
perform this operation.

© Binary Full Adder
The logical equation of binary addition is as follows:

SUM

I
el
o]
g3
9]
3
)
>
+
X
=
m
@]
%
e
e
+
%
=
(]
)
>
T
O
-
+
]
)
=
o
O
>
S
~<|
+
|
o

n

(X-Y+X.Y)(GCA+FCA)+(X-Y+X.Y).(GCA+FCA)
[(GCA+FCA)(X-Y+X-Y)+(X-Y+X-Y)] [(GCA+FCA)(X-Y+X-Y)+GCA+FCA|

This can be illustrated by the following logic diagram:

j X+Y : | X-Y+X- ¥
[ I SUM
==l —

Fig. 4-18 Block Diagram of Full Adder (2)

=l =

=]
-

=
=
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CA = X-Y+X(FCA+GCA)+Y(FCA+GCA)

= X-Y+(GCA+FCA)(X-Y+X.Y)-(X-Y+X.Y)

If the above is superimposed in the logic diagram of SUM, the following logic diagram
is obtained:

SUM

G0A - TA
FOA —— '

Fig. 4-19 Block Diagram of Full Adder (3)

=] =l

CA

The truth table of the binary full adder (BFA) is as follows:

X Y | GCA | FCA | GCA+FCA |SUM| CA
0 0 0 0 0 0|0
0 0 0 1 1 110
0 0 1 0 1 110
0 0 1 1 1 L | 9
0 1 0 0 0 A
0 1 0 1 1 g |3
0 1 1] 0 1 011
0 1 1 1 1 o1
1 0 0 0 0 110
1 0 0 1 1 01
1 0 1 0 1 01
1 0 1 1 1 0|1
1 1 0 0 0 01
1 1 0 1 1 y M I |
1 1 1 0 1 0 ¢
1 1 1 1 1 1 1

Table 4-2 Truth Table of Full Adder

C.S.B. No. ED9—505
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1.3-4 Decimal Point Counter (P counter)

It is the hexadecimal subtraction coutner which counts the decimal point positions
and detects the ending time of multiplication or division calculation.

(1) Memorizes the decimal point position for B register and discriminates the decimal point
coordination.

(2) Discriminates the ending time of the multiplication.

(3) Discriminates the ending time of the division.

Fig. 4-20 Block Diagram of Hexadecimal Subtraction Counter

This timing chart is shown in the Fig. 4-23.
Time

01514 13121110 9 8 7 6 5 4 3 2 1|0 1514 13

- T
N Byl | gigigiy

| |
L l L L[

|

FPC4 t s

PC=0

|
FPCE |
o

Fig. 4-21 Timing chart of Hexadecimal Subtraction Counter
(1) Operation Gate: SPC

Since the P counter is a subtraction counter, then the addition of PC+1 is done
by counting 15 times and the subtraction of PC-1 is done by counting 1 time.

“#1” ... It counts during TD15 (TDo~ TD14). (-15)

“1” ... It counts once at the time of TD15. (-1)

C.S.B. No. ED9—505
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«; —

kTJ

1 In MLT, ?ddidon cCy
of PC+1 is done | o
before the calcu- MLT —
lation starts.
$ | 2 Inregistation cc; —
w | after [ key Bl o B
5 is pressed. KN+P) |
=2
B
S| 3 Left shifting in ccs — (@
multiplication. pr—
ﬂ,cﬂp) MLT — TD1s —
o AR TD1s —
S_| 4 Left shifting in CCs ——
%2 division. (PC-1) DIV
=
O 9

Fig. 4-22 Logic Gate of Point Counter

TD

|0[1 |2 13 Inl IS f6|? |B ]9 lI.UIlllI.2|l3II-l|15|

"PC+1"

]

L

"po-1"

[

Fig. 423 Waveforms of (d) point in Fig. 4-24

i

e
=

Fig. 4-24 PC Clear gate when [gor [c1] key is pressed

SCTh

@

(G
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Time

—_—

B T L e e o W o e

PC 431200 15Wi32100)9)8 78 6 /4)32)10/0,010/0,0)0,0/0/0/0 010 |SMAZIZID9 8 7)6,5) 4321\ 011

CB+K(C+CI) I |

Point @ | ! I—__
Point ® ( SPO) cco-ﬂ-mmcn—*}*—@*{ ® —==c00- FU-K(CH0T)

PC=0

Fig. 4-25 Timing Chart of PC Clearing

PC counts when the point @ which is SPC in the timing chart is the condition of “0”
(SPC=0) .

(2) Decimal Point Coordination Circuit.

PC=D1

This is a signal which discriminates the coordination of the point counter with the
affixed dial position by means of a direct current.

Decimal point coordination signal of PC=D{is emitted when each output signal of
PC coordinates to the affixed dial position.

Time

50T L]

TD nn:aqsetrs o frofinfszfajrafas|o |12 |3 e |s]|e]|7|8|9|10]11p12)i3 |14 [25]0 |1

FC z:nlsnum!umus75543333333:!33a:!sxs:3

PCamD £

Fig. 4-26 Operation of PC when PC+1 takes place at SCTo (D{ =3)

1.4 Control Blocks

1.4-1 Order Flip-flop

FMLT: It sets when [X] key is pressed.
FpIv : It sets when B key is pressed.
FsuB : It sets when & key is pressed.
FN 1t discriminates whether it is the first numeral registration (N1) or not.

C.S.B. No. ED9—505
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1.4-2

Fecl Fce2 Fccd

SFCC1 —— SFCC2

SFCCs

RFCCy RF CC2 RFCCq

SCTO

Fig. 4-27 Control Counter Block Diagram
Control counter consists of 3-bit counter which forms digit conditions and each signal
which is encoded by the output signals of FCC is called “CC™ with the trigger pulse for
FCC being TSo. There are 7 CC's from CCo ~ CC7.

Discrimination Flip-flops

These flip-flops discriminate and memorize various conditions and are used for control-
ling the “CC” or gate circuits.

(1) FJ
1 Sets when decimal point key is pressed during registration cycle.
2 Sets when a carry is emitted during subtraction of AoMSD-1 in multiplication.

3 Setswhen subtraction of A1-B is completed in division.

1 Sets when [l key is locked;
2 Setswhen the first “PC=0" signal is emitted during multiplication or division.
(3) FOF

1 Sets when a decimal point coordination overflow occurs except registration of
multiplier or divisor when [Kl key is not locked.

2 Sets when any numeral enter into 13 ~15th digit position of B register except 0
and 9.

In the above 2 conditions, FOF sets and the overflow lamp lights up. So, FU is
inhibited by FOF signal and all registration stops.

FOF resets when [€ or [c1] is pressed.

C.S.B. No. ED9—505
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2. Explanation of Operation Procedure
This chapter explains in detail the operation procedure of calculation.
2.1 Entry of Numeric
2.1-1 Numeral Keys ([0)~[3 numeral keys & [2] key)

The entry of a number is performed at CCo & CCs. The procedure of entry for this
model is the same as that of Monroe 990 except that FN sets at the end of CC3.

(1) Registration Cycle
CCo

SFCC1 FU
SFCC2 FU-K(N+P)

u

RFCC1 CC3
RECC2 cCcC2

CCo

Fig. 4-28 Flow Chart of Registration Cycle
(2) Data Flow when FN

When FN resets, the indicated numeric transfers to Ao register with the indication
register clearing and enters N1 in the indication register.

1 0—-PC SPC = CB(TDo+PC=0)
CB =CC3 - SCTo - FN . K(N+P)
SPC =CC3 « SCTo - FN. K(N+P) - (TDo+PC=0)

2 B -~ Ao
Ni—= B LSF

These gate circuits are shown in Fig. 4-31.

CC3:SCTy X
N DD
BDg

FG Y
e GS-D
BDg
CC3:8CTy —
KN+P GWy
SDy
B LSF N—= B - LSD

Fig. 4-29 Logic Gates in Registration

C.S.B. No. ED9—505
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At the time of FN, the entered numeral shifts to the left whenever there is a registra-
tion one by one.

At this time, since the gate for data shifting of B register opens and the other gate of
B register are normal condition.

(3) Setting Condition of FN

FN
CCy
KX++
SCTy
w T
RXFT — e
K g

Fig. 4-30 Operation of FN

In the registration cycle, FN is set after the pressing of N1 or KP at the end of CC3
except or [ key is pressed.

(4) Operation at the Time of FN
B — LSF
Nn—- B . LSD
The operation at the time of FN only differs from the operation at the time of FN is
that there is no transferring of A=B in the former operation and at the time of FN, B regist-
er is not cleared. The gates for the B register are the same for both operations.
When [=] key is pressed, the inhibit signal FN . KP is emitted to inhibit FU which sets
FJ. When there are any registration of numerals after FJ is set, PC counts 15 times (PC+1).

Since SPC is emitted at the time of CC3-SCToTD15:FJ-K(N+P), the point counter counts
the trigger pulses which are emitted 15 times, thus PC+1 is completed.

C.S.B. No. ED9—505
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1. Operation Check Program

CHECK PROGRAM No. 1

HOW TO REPAIR

1

N |G OPERATION KEY e INDICATOR REMARKS
SWITCH
D1 QE
1 2 t@ 28 0000000002.00
2 # 68 0000000004.00
3 o @ 123456789 = 0123456789.00
4 # 987654321 = 1111111110.00
5 » 123456789 B 0987654321.00
6 " &) 8000 =] 0000123456.79
7 Y 9999 [=] 1234444443.21
8 d & .9999 (=) 1234567900.00
9 " & 8 = 9876543200.00
10 . 9= O | 8888888800.00
11 4 K Lock
12 " 9 (= 00000001.0000
13 " = 00000000.1111
14 £ = 00000000.0123
15 " 123 = 00000001.5129
16 e 456 (= 00000005.6088
17 o .123000 = 00000000.0015
18 s 1M 00000000.1000
19 - 3= 00000000.3333
20 o 6 = 00000020.0000
21 @ 123 & 00000410.0000
22 o 2 = 00000004.0000
23 t =) 00000008.0000
24 " S 00000016.0000
25 o 00000032.0000
2% i B B 00001024.0000
27 3 1+ .12345 @) 00000000.1234
28 a (@) ® OFF .12343 000000008.103

C.S.B. No. ED9—505
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2. Circuits
2.1 Precaution

(1) Be sure that the power source of +200V or +120V is never touched during repairing,

(2) Use a soldering iron of 30W without any leakage of power.

(3) Use an oscilloscope which has the most suitable frequency characteristic as possible.

(4) When the ground is not connected well between the oscilloscope and the machine body, a
noise appears in the wave form, especially the ground line to the probe when it is touched
to the read amplifier.

(5) Removing of IC.

Remove the solder from the printed board with a tweezers while removing the solder of the pins
of the IC with a soldering iron. Pull off the IC from the printed board after disconnecting of
all the pins.

2.2 Integrated Circuit

1. Gates

Input and output voltage fluctuation allowance level of the integrated circuit is shown
in the Fig. 5-1 for the logic gate. It is necessary to observe the signal level when checking the

circuit.
Input Output
: For Gate |For FF
nput
P Output
0 Level {0.5V max. | 0.5V max. |0.5V max.
1 Level |2.4V min. | 2.4V min. [4.0V min.
Fig. 5-1 Gate Signal Levels Table 5-1
2. Flip-flop

Input Voltage

0 1.0 V max.

1 4.0V min.
CP sy 0 level 3.5~3.8V
Fall time 40ns max.
C=47 pF
R = 22K

Fig. 5-2 Flip-tlop

C.S.B. No. ED9—505
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The flip-flop is set or reset by synchronizing to the clock pulse when the input signal
15-40 7,

When the input voltage is less than 4V at the “1” signal, then the IC will not operate
properly: so when checking the flip-flop, first, check the input levels, clock pulse voltages or
wave fOrmS‘

Usually the capacity of condenser (C) is 47pF: but in some instance, the capacity must
be increased a little according to the operation speed of the IC. In such case, the capacity of
the condenser must be less than 100pF, but if larger capacity is required, the IC must be
replaced. When the capacity of the probe is too large when observing the wave form with an
oscilloscope, some times it interferes with the operation of the flip-flop. Especially when
checking the wave forms at point(ay and(b) shown in the Fig. 5-2. Always be sure that a
10K resistor is attached to the probe in series to prevent a mis-operation of the flip-flop.
However, when attaching the resistor, sometimes the wave form becomesmore or less dull.
The input capacity of the probe of the oscilloscope is usually about 10pF.

2.3 Crystal Oscillator

Since the oscillation frequency of the crystal oscillator is decided by the natural oscillation
frequency, then if it oscillates at a different frequency than the specified oscillation frequency
2MHz, the crystal is defected or damaged.

When checking the crystal oscillator, always be sure that an oscillation circuit is separated
from the other circuits, as shown in the Fig. 5-3, and if it does not oscillate, then check whether
the current is flowing to the transistor correctly or not,or whether the condenser C4 and Ci
operates properly or not.

Vet 0.5 usec

TRI /\/K/T_l 3.5V

Waveform of the crystal oscillator.

Output
RT13 = 56K
RT14= 100K Fig. 5-3 Crystal Oscillator Circuit
Ci =47pF
C4 = 100pF

C.S.B. No. ED9—505
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2.4 Delay line, Read and Write Amplifeir

FBU
'___ —
_c—u- _ — BDg
i O]
| _—-"ADU
RWZ
- i —
RW, ﬁl —h—
'y

. ﬁ}ﬁﬁ {Fﬂt

Fig. 5-4 Delay Line Circuit
There are four important points which must be adjusted in the delay line circuit.
1. Selection of the resistor series of RW1 & RW2 of the write head of W 1and W2.
RW1 resistor must be adjusted by viewing the read amplifier; so that the data levels of
W1 and W2 are equal.
RW2 is fixed at 308.

2. Gain adjustments of the read amplifier.

In Fig. 5-4, ground the terminal GW1 and disconnect the line of GW 2, and then, connect
the TS3 to the base of TR1 of W2 by usinga diode as shown in Fig. 5-5.

TSo 5

RES E: :
GWi1
Cut

Fig.5-5  Gain Adjustment of the Read Amplifier

Adjust the parallel resistor (Rx), so that the signal level of point (@) in Fig. 5-4 is at
2V (p-p) while observing the wave form with the oscilloscope.

3. Delay time adjustment between W2 and RH is by setting the read head (RH) position.

Adjust the read head position, so that the pulse width of FRD is 1.0usec at TS3
without changing the circuit after gain adjustment (2).

4. Delay time adjustment between W 1and RH is by setting the write head W1 position.

C.S.B. No. ED9—505
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TSo
GW1 GW2
Cut

Fig. 5-6 Delay Time Adjustment of GW1
In Fig. 5-4, ground the terminal GW2 and disconnect the GW1. Then, adjust the write
head W1 position, so that the pulse width of FRD is 1.2 usec at TS3. If the signal level at
point(@) is more or less than 0.3V from 2.0V, then adjust RW1 so that the signal level is just
2.0V.
5.  Others

When the crystal or the delay line has been changed, it is necessary to adjust the delay
time of all circuits, and when the signal circulates correctly through the delay line circuit,
observe to see whether the output pulse width of the FRD is 1.2 usec or not.

2.5 Indication Circuit

The life of a nixie tube is approximately a little more than 30,000 hours, and if it passes its
lifetime, it partially, indicates the numerals and the tube wall becomes coated which causes a
dimmer illumination.

Since the discharge current controls the lifetime of the nixie tube, its flow must be less than
12mA.  So, adjust the discharge current in high voltage circuit to be 12mA as specified in the
power supply circuit. (The voltage is about 200V.)

Note:

Never change the nixie tubes with a different maker because the illumination and lifetime is
different according to the discharge current.

Be careful not to touch the high voltage circuit or to shore-circuir with other power supply.
2.6 Power Supply Circuits

The following four power supply are used in this calculator.

Main power . .......... +5.3V 1.0A
Auxiliary power .. .... . -4.5V
Nixie tube .. .......... +200V 12mA

1. +5.3V

This voltage is mainly used for the arithmetic circuit and it is regulated by constant
voltage circuit. So, its voltage fluctuation allowance is within 5.3V +0.1V for the AC
rated input voltage. When the input voltage changes by +10% for more than AC 200V
rated voltage and by +10 ~—15% for less than AC 200V rated voltage, then this voltage
must be within +5.3~+0.4V,

C.S.B. No. ED9—505
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2. -4.5V
This voltage which is stabilized by the zener diode, is also used for the read ampli-
fier and to stabilize the main power. This voltage must be within-4~5.4V which is the
zener voltage.

3. 1200V

This voltage is used for the nixie tube circuit and is not regulated, so that the
discharge current flows at 12mA.

2.7 Keyboard
1) Key

The reed switch is operated by the movement of the magnets which are attached to the
key. Therefore, the positions of the magnets and reed switch are very important.

more than
0.5

unit, mm

C
G
5

3.5

Switch ON
3.7

(4

4.2 0.7
Switch OFF

Full St

|
|

==

=
F“'
=

1
Key Shaft

/— l
White Mark L

\.’7_

White Mark

Fig. 5-7 Movement of the Key Switch

It is necessary to adjust the positions of the reed switch and the distance of the magnets,
so that they correctly operate as in the above Fig. 5-7. The reed switch must be attached in
parallel to the magnets.

2) Magnet

The large and small magnets must be of reverse polarity to each other. The magnets of
keys which adjoin each other must be of reverse polarity. This is because if the magnets of
each key are installed with the same polarity together, then the magnetic force of them

becomesweaker, so the reed switch will not operate properly.

The correct polarity of the magnets is as shown Fig. 5-8.

C.S.B. No. ED9—505
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g \
Tl i =
2/ B
D |3:'|i—,|__? cl
O Rl
=y — —
\_ ¥,

Fig. 5-8  Polarity of Magnets

28  Decimal Point Switch

If the affixed point position is desired to be change, then it is necessary to change the
terminal circuit of undermentioned IC.

o o

Affixed Decimal point switch

w
—_—
@ B =

2P Pl o e |

242 8

F-S
S S
o + ]

Fig. 5-9 Affixed Decimal Point Dial Circuit
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3. Trouble-Shooting
3.1 Initial Checking Points

When any fault occurs, it is very important to always carefully examine its symptoms or
conditions to find the proper current and the suitable remedial measure for it.

In repairing, it is necessary to confirm at first whether the following items are correct or not.
1)  Are the AC input of DC output voltages normal?
2) Do the timing pulse generators operate properly?
3) Is KST signal emitted correctly?

The following are the detailed explanation of the trouble-shooting of the indicator, data,
decimal point and sign after all the above mentioned have been examined to be correct.

3.2 Indicator
(1) Digit in indicator does not light up.

(a) No digits in indicator light up.
Do the anodes of each digit receive a high voltage pulse?
Are the timing counters operate correctly?

(b) No figure of one digit lights up.
Does the anode of the digit receive a high voltage pulse?
Is the drive transistor, transformer or nixie tube normal?

(c) Certain figure or figures of the numerals do not light up.
Is indication decoder normal?
Do the cathode or cathodes receive a signal?

(d) Certain figure in certain digit or digits do not light up.
Do the cathode or cathodes receive its signal?

(e) Decimal point does not light up.
Does the anode receive a high voltage pulse?
Does the cathode of the nixie tube receive a LP pulse?
Is the point light-up transistor normal?

(f) Overflow lamp does not light up.
Does the lamp receive a high voltage?
Is FOF normal?
Is the light—up transistor normal?

3.3 Data

In trouble-shooting of the data, it is assumed that the previous calculation or calculations
operate properly; therefore in the trouble-shooting of the data for multiplication and division,
first confirm whether the operations for indicator clearing, registration, addition or subtraction
can be done or not.

C.5.B. No. ED9—505
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(1)

(4)

: . . Addition or
Clearing H Reglstratlil" Subtraction

Division

No clearing indicator

(a) Pressing [ or |¢!] key does not clear the indicator.
Does K (C + CI) signal become 0?7
Do GW1 and GSD close?
Is FSD or FID reset?

No registration

(a) No registration of numeric.
Is the key ST normal?
Is TBo signal emitted?
Is CC normal?
Does FSD operate properly and a signal emit from GW17

(b) Only 1st digit registers.
Does the signal of the 1st digit enter FSD from G-SD?

(c) Wrong numeral is registered.
Are W1, W2, W3 and W4 normal?
Is the numeral selection circuit or signal normal?

(d) Figure appears in all digits when entering the first digi.
Are the trigger circuits or signals of Wi ~ W4 normal?

No addition or subtraction

(a) Answer is always 0.
Is CC normal?
Does the answer enter Ao register at CCa ?
Is the addition of Ao+B done at CC7 correctly?
Where does the data of B register disappear in the circuit?

No multiplication

{(a) No answer is indicated.
Is CC normal?
Is there an answer in A2 register at CC47?
Does the subtraction of AoMSD-1 operate correctly?
Does the addition of A1+B operate at SCT1 of CCs?
Are FN and FG normal?
Does PC count at CCs ?

MONROE 920

Multiplication

C.5.B. No. ED9—505
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(b) Erroneous multiplication.
Is FMLT normal?
Do the decimal points coordinate correctly?
Is CC normal?

(¢) No constant multiplication.
Is there a key signal?
Are FG and M + D “1” when the first calculation finishes?

(d) Constant multiplicand changes.
Does G-Y close after the registration of the second multiplier?

(5) No division

(a) Data does not shift to the affixed dial position.
Is CC1 signal emitted at the proper timing?
Is G-SD open at CC1?

(b) Erroneous division.
Is CC normal?
Is there an answer in A2 register at CC4?
Do FN and FG operate properly?
Does PC count at CCs?
Do the operations (A1-B) & (A2+1) operate correctly?

(6) Decimal point
(a) No decimal point coordination.

Does the signal of FPC come to the dial?
Is the signal of PC=D{ normal?

C.S.B. No. ED9—505
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Terminal Destination (Wiring Unit, Arithmetic Card =— Indication Card)

3pIS S11Eg ‘pIE)) UOIIEDIPU]

3pIS paIuLl] ‘pIED) UONEIPU]

uoneunRsaqg

—

Jo "ON _N_._._ uraq,

€2 €T
Ajddng 1amog 104
U219 anNo e 44
Afddng 1am0g 10,4

umoig AS+ 1z 4

b EBST ngd 0z 0z

ST Py AdD 61 61

81 g1

€1 uaa15) 0q.L L1 Lt

1 aydang 04.L 91 91

H adue1n €SL 51 St

d Yor|d vO b1 1

9 on[g MO AT €1 €1

g aYM S z1 A

81 umolg 404 I 18

€ £a1n AT 01 01
A anjg vod49 6 6
S MO[[PA claL 8 8
| umoig VO L L
01 L1 vod 9 9
2] ajding W S <
6 yuid aso ¥ ¥
z a8ue1n M € I
¥ MO[[PR M z z
|

pIED SUBUIYIY 30[65 feusis piED) UOnEIIPU] o”

9
anNo ol Z [

AS+ 1zeg A bh

an[gd AS'V- Ajddng ;amod 104 X €

1 La1n ngd M oy
[ 2MYM 0SL A 157
n (117

& 6€

S 8¢

R LE

d 9¢

i apding vas N s¢
¥ pad | pI~TIdL W 23
8 2Sueip IAD 1 €
L1 MO[PA o b €
W uaain oadg [ €3
L yuig oas H 0¢
61 an[g 0a.L E| 62
a pay N q 8T
I yuid m a Lz
G u2219) M ) 92
q 5T

v T

3O "ON U3 ],

C.S.B. No. ED9—505



Scan Courtesy The Old Calculator Museum, http://oldcalculatormuseum.com

MONROE 920
HOW TO REPAIR 17

Terminal Destinations Wiring Unit (Arithmetic Card«==Keyboard)

No Te%-minal‘No. of Signal Calae Destination .
Arithmetic Card Keyboard unit
1 1 GND Green GND
2 2 Key = Grey K=-1
3 3 Keye White K=-1
4 4 Key X Yellow KX-1
5 5 Key -+~ Green K+-1
6 6 Key C Purple KC-1
7 7 m Orange KCI-1
8 8
9 9 Key P Blue KP-1
10 10 Key K Blue KK-2
11 11
12 12
13 13
14 14
Arihmetic Card, Parts Side
No. | Terminal No. of Signal Color Destination
Arithmetic Card Keyboard unit
15 A Key 9 White K9-1
16 B Key 8 Grey K8-2
17 (6 Key 7 Purple K7-2
18 D Key 6 Blue K6-1
19 E m Green K5-2
20 F Key 4 Yellow K4-2
21 H Key 3 Orange K3-1
22 J Key 2 Red K2-2
23 K Key 1 Brown | K1-2
24 L Key 0 Black K0-2
25 M DL=PC Green PS-2
26 N DLWI1 Black PS-8
27 P DLW2 Red PS-3
28 R DLW3 Yellow PS-1

Arithmetic Card, Printed Side

C.S.B. No. ED9—505



Scan Courtesy The Old Calculator Museum, http://oldcalculatormuseum.com

MONROE 920

HOW TO REPAIR 18

Power Supply Assembly
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1. Casing

CASING
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PARTS CATALOG 3
CASING
KEY UNITS [KEY UNITS
NO. PART NO. prp Ass'y DESCRIPTION NO. PART NO.ppp asglty  DESCRIPTION
1 Y50-0399-01 Upper Cover Unit UL ...... 2-28|83-6102-01 .| 1 |[Key Top = e
Y50-0400-01 Upper Cover Unit Except UL 2-29 | 83-5644-02 .| 1 |Damper i oin i sani
L-1] 83-6093-01 .f 1| Upper Cover Except Ul . 2-30 | X71-5207-01 | 20 [Serew . vo wsimainsimioins .
83-6094-01 .| 1) Upper Cover UL ...ouomene 2-31|X32-103027 | 2 |Washer ............... :
1-2.| 83-5811-02 .| 1| Polarization Plate ......... 2-32 | x62-6411-01| 1 |Slide Switch N
1-3.| 83-6097-01 . 1 Hood Except [} Oy N e TR 2-33| %X32-103027 7 |Washer . ..vvireinnnns
83-609820F ] 1 | Hood Uliswewmmwiesmmsin s 2-34| X07-300807 | 7 |Screw ............i....
=4 | 83-5560-04 .| 4| 3 digits IndICAtOr ... 0 2-35| X62-6863-01| 1 |Wiring Holder ..........
1-5.]| 83-6062-01 .| 2| Holder Except UL.......... 2-36 | X32-103027 1. TWaahEr oo i s =
83-6063-01 .| 2| Holder UL ....ovivvvevines 2-37| x71-5567-01| 1 lserew......... o ol
1-6.| 96-8044-01 . 1 Name Plate .....convnsnean 2-38 X62-6795-01 4’ IMerminal = con vuvnissnies
1-7.| 83-6480-01 .| 1| Keyboard Cover ........... 2-39 | x71-5240-01| 2 |screw ...... o A,
1-8.| 96-8001-01 .| 1| Decimal Point Plate ........ 2-40)| 83-6471-01 1 |Keyboard o= i
L-5. | X07-400807 | 4] BIAGSCOEW v mromnomsans 2-41X62-1104-01(17 |Reed Switch ............
1-10 83-5571-02 7 Dlet: ool S e & e gyl iy el w3 2-42| X62-0106-01 1 Push Switch - ... .oon..
1-11| 83-5567-02 1| Shock Absorber ........... 2-43| x3-5197-01.| 1 |Connector (28P) .......
1-12| 83-5563-04 1| Platée Holder" .. voesmnsssos 3 83-6095-01.| 1 |Base Cover Except UL..
I3 | Bee-10302g ) S| Washsraaayin saigieyiass 83-6096-01.| 1 |Base Cover UL.........
1-14 | X71-5227 4| Serew awmwcaenin wieE s sETE G 4 96-8045-01.| 1 |Back Plate ............
1-15| 83-5562-01 .| 1| Keyboard Holder ........... 5 96-8046-01.| 1 |Rating Plate UL ........
1-16 | X32-103027 10| Washer «uiesas cimns sy ves 96-8047-01 .| 1 |Rating Plate 220V. .+ ...
1-17 X?l-SZZ? 4 R RN o i T T L o 96"8048"01 i 1 Rating Plate 240V.......
2 88-0529-01 Keyboard Unit Except UL ... 96-8049-01 .| 1 |Rating Plate 115V.......
88-0530-01 Keyboard Unit UL.......... b o) 575035 61 0b i LEabet IEV s vevnnmns _
3.1, 83612001« | 1| Koy Top I  wvssn cun e : Stosns0 0.0 1 |Labat 28V s o
2-2.]83-6119-01 .| 1| KeyTop € +vovvvrvrnnnnn riataiiond 1 IES kel s s
2-3.| 83-5648-01 . | 17| Spring ....coeeeeiis e e 7 83-5566-01 .1 2 |Rubber Pad «-vvvev-enn
24, 83‘5402-01 . 1 Key TOP B e R 8 89-0499-0l | 1 |Power Source Cord 240V
2-5.| 89-0542-01 . |17 | Key Shaft .........uununnns 89-0498-01.] 1 |Power Source Gord 220V
2-6.]183-5647-01 .|17] Damper ....:cconsevsesans 89-0497-01 .| 1 |Power Source Cord UL .
2-7.|83-5649-01 . |17 | Magnet ........c.ovcvvannn 89-0500-01 .| 1 |Power Source Cord 115V
2-8.]83-5650-01 .17 ]| Magnet .......cvevmuusanss
2-9.183-6101-01 .| 1| Key Top 0 ...vevecronanecs
2:10]:83:6110=00 o] Y| Key Top. 1 s supsssvmmuies
2-11]183-6112-01 .| 1| Key Top 2 i..civvnrnnnnns
2-12] B3-6113-01 .| 1] Key Top, 3 sevusmnnvasvsae
2<13| 83-6114-01 ;| 1| ReyTop & corewsis v i
2-14| 83-6110-01 .] 1] Key Top 5 ....... St s
2-15] 83-6115-01 .| 1| Key Top 6 .....oovvnnnnnn
2-16| 83-6116-01 .| 1| Key Top T ..vvvvrennennns
2-17]183-6117-01 .| 1| Key Top 8 .....cvvvvunnnn
2-18| 83-6118-01 . 1| Key Top 9 .......cvvnvvnn
z-99 | B3-6121<01 ;) 1| ey Top » 5w i enes e
2-20| 83-5646-02 .] 1| Damper .......ocotvonasuns
2-21| X71-5567-01]| 2| Screw ..cvvennesvssnnrnsns
2-22| X32-103027.| 2| Washer ......ccovvecuvrnnns
2-23 | X62-0412-01| 1| Power Switch UL ........ .
X62-0415-01] 1| Power Switch Except UL....
2-24| 83-5645-02 .| 1| Damper .........coo0eeer-
2-25]| 83-6471-01 .| 1| Key TOp X «vvuvrveonsnnsss
2-26|83-6107-01 .| 1| Key Top + «vvuvvunronnns ’
2-27]83-6106-01 .| 1| Key Top @ «vrvuvvnnnnn :
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PARTS CATALOG 5
ARITHMETIC UNIT
KEY UNITS KEY
NO. PART NO. ppp asciy DESCRIPTION NOo. PART NO. PEURNfSi.Y DESCRIPTION
1 88-0446-02 ..| Power Supply Unit UL....... 28 | 83-5628-01 1| Card Frame ...... .
88-0447-02 ..|Power Supply Unit 220V ..... 29 | X62-5129-01 1| Connector (44P) ......
88-0448-02 ..|Power Supply Unit 240V ..... 30 | 83-5628-01...| 1| Card Frame ..........
88-0449-02 ..|...|Power Supply Unit 115V . 31 | 88-0527-01...| 1| Indication Card ..... .
1-1.(83-5640-03 ,.| 1 |Transistor Holder .......... 32 | 83-5690=01 ..:| 1| Fiber iivaviveeiviciss
1-2.|X65-6043-01,.| 1 |Transistor 25SB337.......... 33 | 83-5628-01...| 1| card Frame .........
1-3.|X62-6816-01..| 1 |Bush.............. 34 | 88-0528-01 ...| 1| Arithmetic Card ......
1-4.|X07-300807 2 |Screw .....iiiieininn, 35 | X71-5564-01 3| SErew: siiiiaeias e e
1-5.|X32-103027 2 | Washer i ivininsens B 36 | %X32-103027-01| 3| Washer -.usveisiniinn
1-6.|X61-1104-01..| 1 |Power Transformer Except UL 37 | 89-0538-01 ...| 1 | Shield Panel yrate st
X61-1117-01..| 1 |Power Transformer UL...... 38 | X71-5227-01 2| Screw ...
1-7.|X07-300807 ..| 2 |Screw ..... seerensesseaanae 39 | X32-103027-01| 2| Washer T e
1-8.|X32-103027 2 |Washer ............. sesaa 41 | X32-103027-01] 4| Washer ....... i ;
1-9.[X07-300807 4 |Serew ...........00 ceveeaea 42 | X71-5227-01 4| Screw ...... —
1-10 [ X32-103027 4 |Washer .....couevmvnssnnoss 43 | X71-5564-01 3] Serew v e we
1-11|X62-6863-01,.| 1 |Wiring Holder ......... sases 44 | X32-103027-01| 3| Washer ............ :
1-12|88-0423-01 .,.| 1 |Power Supply Card UL ...... 45 | X71-5564-01 .| 2| Screw Jem— 1
88-0424-03 ...| 1 |Power Supply Card Except UL 46 | X32-103027-01| 2| Washer ..............
1-13| 83-5783-02 ...| 1 |Fiber ..l iiiaiiicnicnnean 47 | 83-5629-04 ...|] 1| Card Frame .........
1-14 | X31-403357 4 |Washer ..iivivarirvorseses 48 | 83-5628-01 ...| 1| Card Frame .........
1-15|83-5639-01 ...| 1 |Power Supply Chassis ....... 49 | X32-103027-01| 6| Washer ............. :
1-16 | X71-5247-01 .| 1 (Washer .................... 50 | X71-5564-01..] 6| Screw ........oiunin.n
1-17 | X62-6741-01 1 |Earth Terminal ......... ces 51 | X62-5285-01..]| 1| 4P Receptacle ...... s
1-18|X71-5249-01 .| 1 |Screw .....ccieviievinnanns 52 | X62-5286-01..| 1| 4P Plug ..............
2 83-5753-01 4 |Collar ..uiieninsniioviniias 53 | 83-5800-02 ...| 1| Fiber ........
3 83-5641-01 4 |Collar .......... 54 | X32-103027-01]| 2| Washer ..........o....
4 X61-3020-01..| 1 |DPelay Line ...........00une 55 | X71-5227-01 2i| Sc¥ew vuvipsaaiusen
5 83-5641-01 ...| 4 |Collar .......... s 56 | 83-5821-02 Ll BUBE: | 5opmeie e s
6 83-5799-01 ...| 1 |Shield Panel ......... e 57 | 83-6104-01 1 Nixie Holder .........
7 83-5669-01 ...| 4 |Screw .......... o T e et 58 | 83-6105-01 ..| 1| Holder ..............
8 ..|X71-5227-01 2 |Screw ii.iiiciiiiiaeienan. 59 | X62-5129-01..| 1 | Connector (44P) ......
9 ..|X32-103027-01| 2 |Washer ............ e il 60 | X62-6848-01..| 2| Fasten Terminal ......
10 Y50-0339-01 Indicator Frame ............ * .| 88-0532-01...| 1| Wiring Unit Except UL
101 | 83-8633-02 ..l I | EFaomME covcosecesncoessoass * .| 88-0533-01 ...| 1| Wiring Unit UL.......
10-2.]| 83-4957-01 1 |Aeryl & cvvvnennns sesanans
11 ..|X07-300807-01| 2 |Screw .......... EET R
12 [ X32-103027.01.] 2 |WERBDEY . v sonmwscnwommmomne
13 ..|X62-7341-01 I I Neonw Lamp ook sarssivevais
14 X07-300807-01| 4 |[Serew .......iiiiiiiiiaens
15 ..l1X%X32-103027-01| 4 |Washer .........00uu..
16
17 83-5782-03 ...| 1 |Nixie Tube Holder ..........
18 X71-5227-01 4 | Screw Licisssiensniees caeee
19 X32-103027-01] 4 [Washer ......c0emarneravis
20 83-5636-02 ..| 1 |Angle ....... PR ceenane
21 X65-4004-01 12 | Nikie Tube: icoavsmcas sanaass
22 83-5635-02 ...] 1 |Angle ....coanvannnans
23 X71-5564-01 2 | Screw ..iesves R
24 X32-103027-01] 2 | Washer ...ccvvivivonennnnes
25 ..|X71-5227-01..| 4 [Screw ............ csersssne
26 %¥32-103027-01] 4 | Washer .. ucvosnnisesin vl
27 83-5632-01 ;,.] 2 |CardHolder ..:.ciwvivvivsans
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PARTS CATALOG 7

3. Cards

POWER SUPPLY CARD
3.1 Power Supply Card

UL 0423

S0-eeTo—13X S— °

 rrrrononsd

PARTS NO., Q'ty DESCRIPTION REMARKS
X61-6799-01 1 Power Supply Card Printed Board
X62-1502-02 2 Filter Chork Coil 1.2mH
X62-6734-01 4 Terminal
X62-6797-01 2 UL Fuse 1A
X63-2011-01 2 Ceramic Condenser 1000PF
X63-3083-01 1 Chemical Condenser 2000pF 10V
¥63-3089-01 1 Chemical Condenser 30pF 10V
X63-3099-01 1 Chemical Condenser 5pF 350V
X63-3571-01 1 Chemical Condenser 200pF 15V
X64-0268-01 1 Carbon Resistor 470Q2T 1/4
X64-0386-01 1 Carbon Resistor 1IKQT 1/4
X64-0585-01 1 Carbon Resistor 200KQT 1/4
X64-2116-01 1 Solid Resistor 2792
X64-2314-01 1 Solid Resistor 3.9KQ
X64-4353-01 1 Variable Resistor 1KQ (B)
X65-5044-01 1 Diode VO0-6G
| X65-5542-01 3 Diode VO0-3C
X65-5544-01 1 Zener Diode AWO01-5G
X65-6525-01 2 Transistor 25D77

C.8.B. No. ED9—505
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PARTS CATALOG 8

Except UL 0424

PARTS NO. Q'ty DESCRIPTION REMARKS
X61-6794-03 1 Power Supply Card Printed Board
X62-1502-02 2 Filter Choke Coil 1.2mH
X62-6452-01 0.1m | Jumper Wire

X62-6534-01 0.1lm Sleeve

X62-6606-01 2 Fuse 1A
X62-6796-01 i Fuse Holder

X62-6735-01 17 Terminal

X63-2018-01 2 Ceramic Condenser 1000PF

X63-3083-01 1 Chemical Condenser 2000pF 10V
X63-3089-01 1 Chemical Condenser 30pF 10V

X63-3099-01 1 Chemical Condenser 5pF 350V

X63-3571-01 1 Chemical Condenser 200pF 15V

X64-0268-01 1 Carbon Resistor 470QT1 /4

X64-0386-01 1 Carbon Resistor 1KQT 1/4

X64-0585-01 J: Carbon Resistor 200KQT 1/4

X64-2116-01 1 Solid Resistor 272

X64-2314-01 1 Solid Resistor 3.9K2

X64-4353-01 1 Variable Resistor 1KQ (B)

X65-5044-01 1 Diode V0-6G

X65-5542-01 3 Diode VO0-3C

X65-5544-01 1 Zener Diode AWO01-05

X65-6525-01 2 Transistor 2SD77

C.S.B. No. ED9—505
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MONROE 920
PARTS CATALOG 11
INDICATION CARD
PARTS NO. Q'ty DESCRIPTION REMARKS
X61-6895-01 1 Indication Card Printed Board
X61-1108-01 12 Drive Transformer
X61-3019-01 1 Crystal 2MHz
X62-6531-01 0.9m UL Tube 0. 54
X62-6744-01 6 Terminal 1.6¢x3.2BK
X62-7341-01 1 Neon Lamp
X62-8706-01 2 Film Condenser 0.001pF
X62-8707-01 1 Film Condenser 0,01pF
X63-2009-01 40 Ceramic Condenser 47PF
X63-2010-01 2 Ceramic Condenser 100PF
X63-2012-01 3 Ceramic Condenser 4700PF
X63-2014-01 6 Ceramic Condenser 33PF
X63-2015-01 15 Ceramic Condenser 68PF
X63-2024-01 1 Ceramic Condenser 220PF
X63-2508-01 3 Ceramic Condenser 680PF
X63-3089-01 6 Chemical Condenser 33pF 10V
X64-0053-01 1 Carbon Resistor 4.7QT 1/2
X64-0244-01 2 Carbon Resistor 4702T 1/8
X64-0547-01 5 Carbon Resistor 220KQT 1/8
X64-0548-01 1 Carbon Resistor 100KQT 1/8
X64-0828-01 3 Carbon Resistor 1KQT 1/8
X64-0829-01 2 Carbon Resistor 1.8KQT 1/8
X64-0830-01 12 Carbon Resistor 2, TKQT 1/8
X64-0831-01 1 Carbon Resistor 3.3KQT 1/8
X64-0832-01 28 Carbon Resistor 5. 6KQT 1/8
X64-0833-01 15 Carbon Resistor 10KQT 1/8
X64-0834-01 56 Carbon Resistor 22KQT 1/8
X64-0835-01 3 Carbon Resistor 33KQT 1/8
X64-0836-01 5 Carbon Resistor 56KQ2T 1/8
X64-0840-01 2 Carbon Resistor 2.2KQT 1/8
X64-0860-01 1 Carbon Resistor 15KQT 1/8
X64-0127-01 1 Carbon Resistor 302T 1/4
X65-4004-01 2 Nixie Tube
X65-5045-01 61 Diode ITT WG599
X65-6044-01 10 Transistor 25C641B
X65-6058-01 26 Transistor 2SC780
X65-7001-01 15 IC SN3925
X65-7002-01 1 IC 8N3931
X65-7004-01 2 IC SN4554
X65-7007-01 2 IC SN4553
X65-7011-01 1 IC SN7400

C.5.B. No. ED9—505
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PARTS CATALOG 12

3.3 Arithmetic Card
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MONROE 920
PARTS CATALOG 13
ARITHMETIC CARD
PARTS NO. Q'ty DESCRIPTION REMARKS
X61-6896 1 Arithmetic Card Printed Board
X62-6531-01 0.8m UL Tube 0.5¢
X62-8703-01 1 Film Condenser 0. 1pF
X63-2009-01 26 Ceramic Condenser 47PF
X63-2012-01 1 Ceramic Condenser 4700PF
X63-2015-01 8 Ceramic Condenser 68PF
X64-0828-01 3 Carbon Resistor 1KQT 1/8
X64-0832-01 17 Carbon Resistor 5.6KQT 1/8
X64-0833-01 7 Carbon Resistor 1KQT 1/8
X64-0834-01 35 Carbon Resistor 3.3KQT 1/8
X64-0840-01 4 Carbon Resistor 2.2KQT 1/8
X65-5045-01 76 Diode ITT WG-599
X65-6044-01 1 Transistor 2SC641B
X65-7001-01 L7 IC SN3925
X65-7002-01 10 IC SN3931
X65-7003-01 6 IC SN3920
X65-7004-01 10 IC SN4554
X65-7007-01 2 IC SN4553

C.S5.B. No. ED9—505
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