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A eystEiil of standard electronic logical circuits 
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binary number to its decimal equivalent, and then indi­
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A BINARY-TO-DJ!X:IMAL CONVlml!R 

CHAPI'l!R 1. INTRODUCW!'ION AND SUNMARY DESCRIPriON 

Introduction 

This paper describes a device which electronically converts a binary number into its deci­

mal equivalent. Su.ch a device might be of use in ~igital computers, Jll8.l'JY' of which use the 

binary. number system, and also in similar machines, such as pulse code mod:ul.ated data. collectors. 

The· binary-to-decimal converter described here was designed specifical.ly for use iii. Sandia 

Corporation's High-Speed Digital Recording and Data-Handling System, which actually uses the 

Gray code rather than the. binary number system. However, conversion from Gray to binary (see 

Appendix B) is simple, and a binary-to-decilllal converter seems much simpler than·~ Gray-to-

decimal converter. 

The converter is designed to have a parallel·input of 7 binary bits, representing any 

number from 0 to 127. Elctension of the converter to more ~its is easy. Its output is presented 

on neon lights, representing the decimal equivalent of the input as shown in Fig. 1.1 •. The 

output is in lights because this converter is lised as an indicating device; however, the output 

voltages could also be used to drive other memory or recording systems. 

The converter is designed to make conversions at any rate from 0 to about 100 conversions/ 
· .. 

sec. When used in the Sandia Corporation data system mentioned previously, it will run at 

about 25 conversions/sec. ., 

It .seems reasonable .that a design at least similar to the. one used here might already have 

been built. However, a search of all available literature has not revealed any similar device 

"\ either proposed or in use. 
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Fig. 1.1 - Output of Converter is in Lights Which Represent 
Decimal Equivalent of Input 

Following this iritroduction iE a summary and general description of the converter·, designed 

to give the r.eader an idea of how it works in a min:illlum of reading time. 

Following t~e summary i~;> an account of some of the methods for binary-to-decimal conversion, 

to show wh;y the particular design used was chosen. ·Finally-, there is a detailed description of 

the circuit operation of the converter. · 

SummarY Description 

In .order to change a 7.:.bit binary m.unber to its decimal equivalent, this converter first 

changes the binar,y m.unbe:r:- (N) to its two's complement (2n-N, where n = 7 in this case). The 

converter then· stores the.two 1s complement in seven flip-flop stages. 

f] f' I'< 
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• After the tvo 1s complement of N, or 128-N, bas been stored, an oscillator begins to in­

crease this quantity in storage, one unit at a t:ime. The oscillator continues to increase the 

number in storage until the number reaches 128; then the oscillator steps. In order to increase 

the number in storage -to 128, the oscillator has put out a number of pulses equal to the dif­

ference between 128 and the tv6 's complement of N, or 

128 - (128-N), or N 

Thus the oscillato1" puts ·out a number of pulses excatly equal to the number represented by the 

-~' binary input to the converter~ These pulses from the oscillator are also fed into a decade 

scaler which is capable of counting up to 127. The decade scaler then displays the number N in 

· decimal form on direct-reading neon lights. 

The entire converter (less power supply) uses 21 vacuum tubes; including· twenty 5963 tVin 

triodes and one 6CI6 pentode. Power requirements are as follows: 

B+ - 250-300 v de 
Fil • ...o. 6.3 v ac 

at-80 ma 
at 6.6; a 

While, as mentioned, this converter was built specifically for use with the Sandia -Corpo­

ration High Speed D~gital Recording and Data .Handling System, it may also be uaed. for ou~ut 

and disPlay puzPoses in .digital computers which use the binary system:. A photograph of the 

converter is shown in Fig. 1.2. 
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Fig. 1.2 - A Binary-to-Decimal Cou:verter 
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CHAPI'ER 2. MEl'HODS FOR BIN.ARY-TO-DPX:JMAL CONVERSION 

. . 

The problan of finding the simplest 8nd best circuit to perform even a moderately ccmpll-

cated logical :t\inction, .. such as binary-to-decimal conversion, is usue.riY not simple or straight-

. forward.. The logical .f'unction can be described precisely in Boolean algebra, 1 but the Boolean 

e:spreseions can be manipulated in various ways, and mauy different circuits can be bull t which 

will satisfY a single Boolean expression. Nevertheless, it is helpful to express the fUnction 

in Boolean algebra r~st, and then to investigate various wqs of. mechanizing the fuilction. 

1. For an eJq>lS.nation or· Boolean algebra, see Richards, R. K., .Arithmetic Ooerations in 
· Digital. Computers, D. Van ,Nostrand Ccmpauy, 1955. 
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Method. 1 

This binary~to-deciina:l converter must accept an input (parallel in time) of a 7-bit binary 

number N, vhich vill be denoted by 

vhere B1 is the most significant bit, having veight 64, all!i B7 is the least significant bit, 

having ve~ht 1. Thus, if 

N = 1010100 , 

Likewise,· the output vill be denoted by 

vhere D:J,. is the most.significant dec:imal digit and D
3 

the least significant dec:imal. digit. 

To eJq:~ress the function of the converter, the output must be v~itten as a Boolean function 

of the input. But Boolean e~ressions· can contain only variables vith tvo possible values, so 
. . I 

I . . . 
first the output must be re-e~ressed. To do this, the double-subscr~t notation is used for 

the D1s., the first subscript denoting the decade and the second subscript the unit vithin. the 

decade. Thus the e~ression 

means that N has the value 084. Note also that, for instance, if n
34 

= 1, then D
30

=D
31

=D
32

= 

D
33

=n
35

=D36=D37=D38=n
39

=o necessarily. Furthemore, D12, 113, D14, D
15

, n16, D17, D18, and D19 

are alvqs o, .because it is impossible to have an input N greater than 127. 

The Boolean equations for the D's as !'unctions of the B1s vill now be given and simplified 

as much as possible. D:t will be eJq>ressed first, then D2, and final4 n
3

• These equations mq 

be derived by inspection of Table 2.1 • 

8 



Table 2.1 BINARY AND DEDlMAL NUMBms 
... ~ Binary ~ 

B I 2 3 4 5 6.7 
0000000 
0000001 
0000010 
0000011 
0000100 
0000101 
0000110 
0 0 0 0 1 1 l 
0001000 

10 0001010 10 
1.1 0 0 0 l 0 1 1 11 
12. 0001100 12 
13 0 0 0 1 1 0 1 13 
14 0 0 0 1 1 1 0 .. 
IS 0 0 0 1 1 l 1 15 
16 0010000 16 
17 ·0 0 I 0 0 0 1 17 
16 0010010 16 
19 0 0 1 0 0 1 t 19 
20 0010100 20 
21 0 0 l 0 1 0 1 21 
22 0 0 1 0 1 1 0 " 23 0 0 1 0 1 I 1 23 
24 0011000 24 
25 0 0 1 1 0 0 1 25 
26 0 0 1 1 0 1 0 26 
27 0 0 I 1 0 1 l 27 
26 0 0 I 1 1 0 0 26 
29 0 29 
30 0 0 l 1 1 I 0 30 
31 0 0 I 1 l 1 1 31 
32 0100000 I 32 
33 0100001 33 
34 0100010 34 
35 o 1 o o·o 1 1 35 
36 0100100 36 
3? 0 1 0 0 1 0 l 37 

"' 38 0 1 0 0 1 1 0 38 
39 

40 0101000 40 
41 0 1 0 1 0 0 1 41 
42 0 1 0 1 0 1 0 42 
43 0 1 0 1 0 1 1 43 
44 0 1 0 1 1 0 0 44 
45 0 1 0 1 1 0·1 45 
46 0 1 0 1 1 1 0 46 
47 0 1 0 1 1 1 1 47 
48 0110000 48 
49 0 0 0 0 
50 0 1 1 0 0 1 0 50 
51 0 1 1 0 0 1 1 51 

" 0 1 1 0 1 0 0 " 53 0 1 1 0 1 0 1 .53 
54 0 1 1 0 1 1 0 •• 55 0 1 1 0 1 1 1 55 
58 0 1 1 1 0 0 0 56 
07 0 1 1 1 0 0 1 .,. 
58 0 1 1 1 0 1 0 58 .,, 
60 0 1 I 1 l 0 0 80 
61 0 1 1 1 1 0 1 61 

_..., 62 0 1 1 1 1 1 0 62 
63 0 1 1 1 1 l 1 63 
64 1000000 64 
65 1000001 65 . . 66 1000010 66 
87 1 0 0 0 0 1 1 87 
68 1000100 88 

70 l 0 0 0 1 1 0 70 
71 l 0 0 0 1 1 1 71 
72 1001000 72 
73 1 0 0 1 0 0 1 73 
74 1 0 0 1 0 1 0 74 
75 1 0 0 l 0 11 75 
78 I 0 0 1 1 0 0 76 
77 1 0 0 1 1 0 1 77 
78 1 0 0 1 1 l 0 78 

7 
80 1010000 80 
81 1 0 1 0 0 0 1 81 
82., 1 0 1 0.0 1 0 82 
83 1 0 1 0 0 1 1 83 
84 1 0 1 0 1 0 0 84 
85 1 0 1 0 1 0 1 85 
86 1 0 1 0 1 1 0 86 
87 1 0 1 0 1 1 1 87 
88 1 0 11 0 0 0 88 

8 
90 1 0 1 1 0 1 0 90 
91 1 0 1 1 0 1 1 91 
92 1 0 11 1 0 0 92 
b3 1 0 1 1 1 0 1 93 
94 1 0 1 1 1 l 0 94 
95 1 0 1 1 1 1 1 95 
98 1100000 .96 
87 1 1 0 0 0 0 1 97 

.98 1 1 0 0 0 1 0 98 
99 

100 100 

~ 101 1 1 0 0 1 0 1 101 
102 1 l 0 0 1 1 0 102 
103 1 1 0 0 1 1 1 103 
104 1 1 0 1 0 0 0 104 
105 1 1 0 1 0 0 1, 105 
106 1 1 0 1 0 1 0 106 
107 1 1 0 1 0 1 1 107 
108 1 1 0 1 1 0 0 108 

0 
110 1 1 0 l 1 1 0 110 
111 1 1 0 1 1 1 1 111 ._ 112 1 1 1 0 0 0 0 112 
113 l 1 1 0 0 0 1 113 
114 l l 1 0 0 1 0 114 
115 1 1 1 0 0 1 1 115 
116 t 1 1 o·1 o o 116 
117 1 1 1 0 1 0 l 117 
118 1 1 1 0 I 1 0 118 

;, 11 
120 1 1 1 I 0 0 0 120 
121 1 1 1 l 0 0 l 121 
122 1 1 1 1 0 1 0 122 

'·~ 123 1 1 11 0 l 1 123 
124 1 1 1 1 1 0 0 124 
125 1 1 1 1 1 0 1 125 
126 I 1 1 1 1 1 0 126 
127 1111111 127 

C.~I (/ (' ,., t:1 
·-· 'i:/ .· 
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....... 

1. D:J.1 the "hundreds" digit. 

~ 

D:to = 'Bl+B1B2+B1B~}4'B5 

= 'Bl+'B2+'B}34i35 (2.1) 

Drl =·BlBZS3+BlB2B3B4+BlB2B;s4B5 

= BlB2(B3+B3B4+B3B5) 

= BlB2(B3+B4+B5) = DlO (2.2) 

2. D2, the "tens 11 dJ.gito 
" 

D20 = BlB2B3(B4+B~6)~BlB,j3(B4B5+B4B5+B4B?6>. 
= 'B1'Bj3 ('B4+W~6 )+B1B,j/'B4B5+B4'B5+B4'B6 ) (2.3) 

D2l = BlB2(B,4B5+B3B4B6+B3Bi)5)+BlB/B3B4B5B6+B3B4) 

.. , = BlB2[B3B4(B5+B6)+B3B4B5]+BlB2(B3B4B5B6+B3B4) (2.4) 
..... 

.n22 = 'Bl'B~3'B4a5+BJB4(85+B5'B6)+BlBZSJB4 

= BlB2B3(84B5+B4B5+B4B6)+BlBZS!4 (2.5) 

D23 = Bl (B2B3B4B~6+B~f4) (2.6) 

D24 = BlB2(83B4+B3B4B5B6) (2.7) 

,, D25 = BlBZS}4 (B~6+B5)+B4B5 

= BlB2B3[B4(B5+B6)+B4B5] (2.8) 

tt· D26 = BlB2B3B4B5+BlB2B3B4(B5+BJB6> 

= BlBZS3B4B5+BlB2B}4(B5+B6) (2.9) 

~ 

D27 = BlB2B3(B4+B~6) (2ol0) 

" n;s = BlB2B3(B4+'B?6> .. (2.11) 
·•. 

.. ~ 

(}'-''·"· ~~·(r 
,... (': 9 !,, ll.' 10 



... 
D29 = B1[BiBf4 (B~6+B5)+B~~4i5] 

= Bi~iB3B4 (B5+B6)+B;3B4B5J (2.12) 

Before writing the D3 equations, it should be noted here that so far the conversion is 

not too ~bersome, since the twelve equations above can be mechanized with about 141 diodes 

and 7 triodes. The situation for D
3 

is different. 

3. D3, the "units" digit. 

D30 = i7 [i;FJ~3i4i~6+BlB~3B4B~6+BlB2B~4B~6 
+ B1B2Bf4B~6+BlB2B3B4B5B6+B1BiB~4B~6 

+ BlBiBf 4B~6+BlB~3B 4B5B6+BlBiB~ i)~6 

. + BlBiBf4BtjB6+BlB2B3B4B5B6+BlBj.3B4B5B6 

+ B~BiBf 4B~6] 

. D31 = B7 [Same as inside brack~ts above J 
D32 = i7 [ ~1B~~4B~6+B1B}3B4B5B6+BlBiBlJ4B~6 

+ BlB;j.4~lJ6+B1B}f i5B6+BlBiB~ 4B~6 

+ BlBiBf ;!~6+BlB}f 4B~6+BlBiB3B 4B5B6 

+ BlB2B3B4B~6+BlB2B~4B5B6+BlB2B3B4B~6 

+ B1BiBf4B~6] 

n33 = B7 [Same as inside brackets above] 

(2.l3) 

(2.14) 

(2.15) 

(2.16) 

{-. -----
Without writing the rest. of the n3 equations, the results can be evaluated. If all of the 

• n3 equations are written, there will be a total of 128 terms in all 10 equations (13 terms in 

each of the equatio~ for n30 - n37 and 12 in the equations for n
38 

and. n
39

). None of the 

equations can be reduced, as may be suspected by observing the first four. Therefore, to 

mechanize the D3 equations, all 128 terms could _be generated· in one of the standard "and-tree" 

matrices, such as the.one shown in Fig. 2.1. 

. i/~ . ~ 0 ~ e· . :.?: . 11 
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-·~ ·~ A matrix such as the pne in Fig. 2.1 would take about 328 diodes, .plus the 7 triodes 

necessary to give the inverted inputs. Since the outputs of this matrix must be combined 

f'urther, the matrix is denoted as follows: 

TERM MATRIX·········· (328 DIODES) M 1 
~~~-r~-,r-~--~----------------------------------~ 

-~---- -- (128 TERMS)----- -- - - ---

The outputs of 1\ can now be combined in "or" circuits to. form the ten D3 outputs •. Also, 
since all of the 128 elemental forms have been genera~ed in~~ the ten D2 ou~uts could be 

generated using the outputs of M:L. To generate the D2 outputs would take 128 additional diodes, 

compared with about 14J. diocles to generate sep~ately the D2 cnitputs (see Fq~. 2.3 through 2.12). 

J;t is evidentiy better to use the ~ outputs to generate bo~h the D
3 

am the D2 outputs. 

. ThEI l1_ ou~~ts coti.ld of ~ourse also be formed using the outputs of 1\1 but obviously 

Fqs 2.1 and 2.2 are much easier to mechanize. -

The complete fOl"!!l of this type of binacy-dec:imal conve_rter is now shown in Fig. 2.2. The 

ten D2 and the ten D3 c:mtputs are generated using the 1\ outputs, and D:t_ is generated separately. 

Altogether, the converter shown in Fig. 2.2 would take 590 diodes and 8 triodes, not 

counting extra devices needed for clamping, amplification, etc. Although eJ!pensive and complex, 

it could operate rapidly and all 22 dec:imal outputs would be compl~tely isolated. 

!f) .• - 2 
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Method 2 

Two special criteria for the bi.l:lary-dec:imal converter needed by Sandia Corporation suggest 

other approaches to the problem. First, the. converter Vill be used as an iD:iicating device 

vith the output displeyed on lights. Seoond.ly, the necessary conversion rate here is quite 

lov, being 25 conversions/sec. The first criterio~ ·suggests that the output of the converter 

might be in some decimal code, ·rather than on 22 separate lines. This is essentially the 

difference betveen Method .2 and Method 1. The second criterion vill be disregarded for the 

time being. 

ten decimal digits. 

-"' 
Table 2•2 - FOUR-Bl'l' DEX:IMAL CODES 

8421 Code 6.3ll Code Nonveighted (Elccess-.3) Code 

Dee1mA1 Number · blb2b3b4 blb2b3b4 blb2b3b4 

0 0 0 0 0 0 0 0 0 0 0 i i' 
1 0 0 0 1 0 0 0 1 0 1 0 0 

2 0 0 1 0 0011 0101 

3 0 0 11 0 1 0 0 0·1 1 0 

4 0 1 0 0 o 1 o·1· 0 111 

5 0 1 0 1 0 111 1 0 0 0 

6 0 11 0 1 0 0 0 1 0 0 1 

7 0 1 1 1 1001 1 0 1 0 

8 1 0 0 0 1011 1 0 11 

9 1 0 01 11 0 0 11 0 0 

2. Ibid. 
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If the COZNerter output consisted of decimal digits in some four-bit code, straight 

decimal indication coUld be achieved with the use of neon lights and resistors in a per.mutating 
I 

network. A permutating network for the 8421. code is shown in Fig. 2.3. ~ this example, the 

munbered neon Ughts in the center will fire at 70 volts, and any "b" i.np'lit is either 60 or 

140 volts depe~irig on whether it is 0 or 1. The inverse bits~ or "b"'s, are available here 

also, since each bit is assumed to be stored in a flip-flop stage, where either plate voltage 

may be used. Note that a given lamp .will not light unless the proper b
4 

bus is at +140 volts 

and all inputs to the other side of the lamp are at 60 volts. Referring to Table 2.2, it can. 

be seen how the decimal indication of the 8421 code is achieved in Fig. 2 • .3. The permutation 

of any other decimal code is. just as simple and woUld require about the same munber of com-

ponents. 

Fig. 2 • .3 -- Per.mutating Network for 8421 Code 

."Thus1 if it were easier to convert from binary to some decimal code than to straight 

. decimal as in Method 11 a saving in components could probably be achieved, since the permutating 

network is qUite simple. 

Of the II18D\V' four-bit codes, the excess~.3 code was chosen for use as an example here, not 

because it has ai:q unique praperties 1 but because a bina:ry-to-excess-.3 converter has already 
'-

015 16 
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been built vith rel.qs) In looking at other f'our-bit codes, it appears that conversion f'rom 

binary to other codes is no simpler than conversion to excess-.3. However, no proof' of' this 

f'act is lolovn to the author, and the existence of' an easier-to-convert-to code is possible. 

The excess-.3 code is shovn in Table 2.2. Since three dechlal. digits must be represented 

by this code at the converter output, nine bits must be generated. The output vill be of' the 

f'orm 

, 

vhere e1 represents the hunireds digit (can only be 0 or 1), e2e
3

e
4 

e
5 

represents the tens digit, 

. and e6e7e8e
9 

represents the units digit. A pe:rnrutatine net-..rork f'or the tens digit is shown in 

Fig. 2.4. Operation is similar to the 8421 code permuta.ting network already described.· 

Fig. 2.4 -· Permutating Net1-rork f'or Eltcess-.3 Code (Tens Digit) 

For .conversion f'ram bimry to excess-3, the ·Boolean equations may be examined f'or possible 

means of' mechanization. This has been done, and it has been f'ound.4 that the silllplest vq to 

convert is to generate all 12 decades on separate lines, and then generate most of' the e'a 

3. Robnett, A. v. and Vulgan, E. J., Small-Scale Automatic Field-.Data Reduction System, Sandia 
Corporation TM-2.36-55-51, October .3, 1955. 

4. Ibid. 
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using these decade lines. Letting A 1' A 2, - - - A 12 be the twelve decades, and letting 

B1B2B3B4B596B7 be the seVen~bit binary input, the Boolean ~ressions for the e'a are as 

follOl-rss 

(2.17) 

e = 2 A5 + 66 + A7 + As+ 69 (2.1S) 

e = 3 Al + 6 2 :t A3 + A4 + A9 + flu+ 612 (2.19) 

e = 4 Ae + !!3 + !!4 + !!. 7 + lls + 6 le '(2.2e) 

e = 5 Ae + !!2 + A4 + A6 + As+ Ale+ 612 (2.21) 

e6 = e7-;S-;9 [ B4 ( Ao + A2 + A5 + A7 + As + Ale> + 'B 4 < 61 + 

A3 + 64 + A6 + A9+ 611 + 612)] + 

e7 [';s + ';9 + B4 (lle + 62 + 65 + A7 + l!S+ llle> + 'B 4 ( 61 + 

63 + 64 + .16 + 69 + 6 u + ll i2>] (2.22) 

e = 7 ~lie + 64 + 6s + 612) [ B5B6B7 + B5 (B6 + B7) J + 

( 62 + 66 + Ale> [ B~6B7 +. B5 (B6 + B7) J + 

( 61 +'.A 5 + 1::.9) [ B5 (B6 + B7) + B5B6B7 J + 

( 1::.3 + 67 + All) [as <'B6 .+ 'B7> + B5B6B7] (2.23) 

es = ( 1::.1 + 6 + 
3 65 + A7 + A9 + An) (B6B7 + 'B6B7) + 

( 6 e + 62 + 6 + 
4 66 + lls + 6 le + 612) (B6B7 + B6B7) 

-
e9 = B7 '(2.25) 

The separate generation of A 1 through A 12 is· of ~ourse a,]. so necessary, and ~o the fol­

. 1m-ring equations must also be mechanizeda 
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"'1 = 'Bl'B2 [s/4 (B5 + B6> + Bj4a5] 

62 = BlB2B3 ['B4B5 + B4 (B5 + B6)] 

A .3 = Bl (B2£3B4B~6 + B2B3B4) 

A 4 = BlB2 (B3B4 + B3B4B?6> 

6 5 = BlB2B3 ['B4 (B5 + B6) + B4B51 

6 ~ = BlB2B3B4B5 + BlB2B3B4 (B5 + B6) 

A7 = BlB2B3 (B5B6 + B4) 

6 8 = a;B2B3 (B4 + 'B~6) 

6 9 ~ Bl ['B2B3B4 (B5 + B6) + B2~3B4B5] 

6 10 = BlB~3 ['B4B5 + B4 (B5 + B6)] 

6 11 = ~1B2 (B3B4B~6 + B3B4) 

0 (2.27) 

(2.28) 

(2.29) 

(2.30) 

(2.31} 

(2 • .32} 

(2.33) 

. (2.34) 

(2.35) 

(2.36) 

(2.37} 

(2.38) 

A convert·er using the mechanization of these e- and A~ equations has been built5 with 

relays and diodes, and it uses 15 multicontact relays and 36 diodes. Because of the relays, 

its maximum conversion rate is 25-conversions/sec •. Using only diodes, the same converter 

would require about 250 diodes, plus 7 triodes for inverting the input; again not counting 

eXtra devices for clamping, amplification, etc. 

Method 21 then, although still requiring a· large ni.llnber of components. is simpler than 

Method 1 and would operate as rapiclly as desired~ 

5. Ibid. 
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.Method 3 

The third and final method for mecha.J4zing the binary-decimal converter is suggested b,y 

the second special criterion mentioned at the beginning of the discus~ion of Method 2; that is, 

that the necessary conversion rate of this particular converter is quite slow., being only 25 

or more conversions/sec. This sloW conversion rate suggests that the binary input might 

actually be counted by some scaling device after it enters the converter. 

USing a scale-of-128 binar,y scaler with 7 scaling stages, each of the 7 binar,y input bits 

could alter each of the scaling stages in some prescribed. manner from same lmown reset con­

dition. Then the sc8.ler could be triggered by an external device and set to some lalown stable 

ooDI:ltion. The number of trigger pulses required· to set the sc.aler to this lalown :condition 

vFd depem upon the manner in which the f!caler had been altered from its reset condition; 

i.e., the number of trigger pulses would be a function or the seven-bit binary input. If the 

number of trigger pulses were counted, a dec:imal indication of the inPut could be obtained. 

A blOck diagrani. of this idea is shown in Fig. 2.5. The binary scaler, consisting of the 

7 coupled binary stages at the top of Fig. 2.5, is reset to lllllll. Then the binar,y input 

(B1B:!3B4Btj36B7 ) is allowed to enter the scaling stages. If a })articular B ill>ut is 1, it Vill 

change its correSponding scaler stage to the zero condition; etherwise the stage will ·remain 

set at 1. Thus each of the B 1s is effectively inverted when it is stored. Inverting all of 

the bits of a binar,y mnnber in this manner is the same as creating its one's complement, which. 

is 

' 
·where N is the binar,y number _and n is the number of bits in N, or 7 in this case. The number 

· 127- N 
' 

then, is stored in the binary scaler. 

When the b~ .scaler was reset. to lllllll, the decade scaler at the bottom or Fig. 2.5 

vas reset to 199. The decade scaler altogether is a scale-of-:-200 scaler, so that one pulse 

from the oscillator will make it read 000 • 

o~o 
(" ~ () 
;._ -~- "·. 
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CLOCK 
PULSE 

RESET 
TO 1111111 

OSCILLATOR OFF 
OSCILLATOR ON 

SCALE 
OF TWO 
COUNTER 

RESET 
TO I. 

OSCILLATOR 

SCALE 
OF TEN 
COUNTER 

RESET 
TO 9 

SCALE 
OF TEN 
COUNTER 

RESET 
TO 9 

Fig. 2.5 - A Binary-to-Dec:iliial Converter Using Method 3 

.Arter the abov~entioned reset and storage operations have taken place, a clock pulse 

starts the oscillator running. The pulses out of the oscillator enter both scalers. The first 

pulse frcim the oscillator increases the number stored in the binary scaler by one, ~ also 

changes the decade sealer fram a reading of 199 to a reading of 000. ·Thus, at the instant that 

the dedade scaler reads 000, the number in the binary scaler is: 

(127- N) + 1 

= 128 - N •' 

The oscillator continues to trigger both scalers until an output from the last binary stage 

shuts it off. At this point, the binary scaler is actUa.l:cy storing the m.nnber 128, since all 

of its stages are in the 110~ condition. The decade scaler nov reads the difference between 128 

and (128 - N), or N, arid the binary-to-dec:i.mal conversion has been completed. 

This relativacy s:impie method of conversion seems to represent a considerable saving in 

components over Methods 1 and 2. For this reason, it was chosen as the best method for the 

mechanization of the converter. 
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Although Method 3 seems to be somewhat unique, it is not presented as an absolute or 

"best" method of binar,y-decimal conversion~ It is, however, the best method that could be 

found for this particular application. The next chapter describes in detail the circuitry and 

operation of a binar,y-decimal converter using Method 3. 

(21 
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CHAPI'ER 3. CmCUrrRY AND OPERATION OF THE BINARY-TO-DEX:IMAL CONVERTER 

A basic block diagram of the converter was given in the third part of the preceding 

chapter, and the theory of operation was discussed. It was found that an oscillator could be 

made to put out a number of pulses equal to . .the input binary rrumber plus one, and that these 

pulses could be counted by a decade scaler which had effectively been reset to minus one. The 

decade scaler would then .. give a decimal indication of the. input. 

A complete operational block diagram is shown in Fig. 3.1. The dotted lines around the 

individual blocks give reference to the figures that show the individual circuit schematics • 

. In the scalers, where individual stages are identical, the circuit of only one stage will be 

shown. A complete schematic appears at the .end of this chapter. 

Referring to Fig. 3.1, the binary scaler consisting of seven binary blocks may be seen at 

the top of the figure, and the decade scaler at the bottom. Assuming that the binary scaler 

bas been reset to 1111111 and the decade scaler to 199, the sequence of operation goes as fol-

lows: 
1h . 

1. Binary number B1B2B3B4a596a7 enters scaler stages. If any Bi = 1, then ·f stage 

is flipped to 110. 11 "And Drive" is not on, so no interstage coupling is possible 

at this time. 

2. With inverted binary bits now stored, clock pulse enters "Timing One-Shot." 

3. Timing One-Shot immediately.pulses "MV Switch," turning on 11MV 11 (free-running 
. . 

multivibrator). And. Drive is energized simultaneously, and interstage coupling 

in binary scaler is now possible. 

4 •. MV free...runs and sends pulses to inputs of both scalerS. 

5. MV continues to rtm until binary scaler reaches 1281 or 0000000, and gives an 

output pulse, causing MV &.ritch to turn MV off. "Decade Scaler" now reads 

decimal equivalBnt of input. 
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Fig • .3.1 - ~erational Block Diagram of the Binary-Dec:1llla.l Converter 
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6. Converter remains inoperative, with decade scaler reading correct ou-q,ut, 

until Timing One-Shot relaxes and returns to stable state. 

7. When Timing One-Shot relaxes,· "R~set Drive" is operated and s~'lers are 

reset. And Drive is simul. taneously de-energized, cutting off interstage 

coupling. 

8. Next binary' number enters scaling stages, and cycle starts again. 

Since the converter output is presented on the neon lights of the decade scaler, it is 

essential to have the scaler reading the correct output most of the time, in order that the· 

observer may see the correct lights lit brightly. The decade scaler is either reset to 199, 

or it is being pulsed by the multivibrator, or it .is ·reading the. correct output. From this 

consideration, two things are essential. for proper operation: 

1. Reset must occur at the last possible moment b~ore t~e binary number enters . 

the converter. 

2. The free-running multivibrator must run at a high enough frequency so that up 

. to . 128 pulses can be put out in a small fraction of the time between binary 

inputs • 

If these two coniitions are met, then the proper lights on the decade sCale:~," will appear 

to burn brightly and continuously. They are easily met in this particular application, since 

the binary input frequency can be made to be as low as 25 numbers/sec. The multivibrator runs 

at 27.8 kc, and will put out 128 pulses in about 4.6 milliseconds. Thus, if the conversion 

rate is 25 conversions/sec, or one conversion every 40 milliseconds, multivibrator time is 

negligibly s~ort. The time that the converter spends in the reset condition is determined 

somwhat by the shape of the binary input pulses, but it too is negligibly short. Due to the 

·persistence of the eye; th~ proper neon lights appear to glow continuously. 

The circ~try of each block in Fig. 3.1· is generally quite simple and straightforward. 

The binary scaler stages will be described first, and then the Timing One-Shot, the .And Drive, 

the MV &ritch, the MV, the Decade Scaler and the Reset Drive will be described in oi-der. 

o~o 
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Binerx Sca1er stage with Cqupling 

The Binary stage is shown -in Fig • .3.2. It is almost exact:cy like a single Berkeley scaler 

stage, 6 and is a typical e:xample of the standard fijp-flop circuit, or Eccles-Toi-dan circuit, 

.r with acme modifications. Each of the seven stages is the same, except that the first stage 

does not have the IN48 diode or the input from And Drive. 

.) 

+ 300V 

47K 
50UUF 

IN PUT FROM ... ------tll------+ ....... ..------tlllllt------+ FROM "AND DRIVE II 
PREVIOUS STAGE IN48 

47K 47K OUTPUT TO 
..,_ _____ ,.. NEXT STAGE 

OR MV SWITCH 

FROM 
"RESET +--'\A~ ....... --~­
DRIVE'1 

Fig • .3.2 - Binary Scaler stage (Except First Stage) 

When a positive pulse arrives from Reset Drive, the left grid is driven positive and the 

left side conducts. A posit~ve "Binary Bit" pulse on the right grid would cause the right side . 

to conduct and the left side to cut orr, or if there were no Binary Bit input, the left side 

would continue to conduct. 

Both positive ani negative pulses are coupled in from the previous stage; however, the 
\ . 

circuit can be triggered only with negative pulses. The negative pulses will only trigger the 

6. Berkeley Scientific Division of Beclanan Instruments, Inc., "Instruction Manual -Berkeley 
Decimal Counting Units - Models 700A and 705A." 
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circuit if' the And Drive: input is less than 180 volts. If' the And Drive ·input is more than 

180 volts, the ir.put pulse will see a lower impedance through the diode, and will be too small 

to trigger the stage• 

The stage uses a 596.3 twin-triode, which is specially designed for this type of on-off 

operation. It has .a reaolution time of about 10 microseconds, so that input frequencies up to 

about 100 kc may be used. 

Matching the input binary lines to the 7 binary stages is important for proper operation 

of the converter. · In the circuit used here, almost complete isolation of the scaler stage from 

anr input source impedance is necessary. If same loading is anticipated at the binary bit 

·inputs 1 canponent changes may be necessary in the binary stages in order to obtain stable 

operation and proper interstage.triggering. 

The Timing One-Sh.2!t 

The Tilning One-Shot, shown in Fig • .3.3, is a typical one-shot, or unistable multivibrator. 

The le:f't side, with its grid tied to B+, .is normally conducting. When a negative clock pulse 

enters, the left side cuts off and the right side conducts for a length of time determined 

primarily by the 1-meg resistor, the 0.0.3-mfd capacitor, and the setting of the 5-meg pot. The 
. . 

one-shot then returns to its stable condition. 

+300V 

I 
MEG 

+ 300V +300V 

39K 

-. 

0.24 
MEG OUTPUT 

.,._ __ ,.TO ·Mv 
SWITCH 

Fig • .3 • .3 - The Timing One-Shot 27 
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A clock pulse in causes the lef't plate to rise from 30 volts to 300 volts, and this 

posith·e-going voltage is coupled out to the And Drive circuit. At th.e same time, a negative 

pulse is coupled from the right plate to turn on the MV Switch. later 1 when the one-shot 

returns to its stable state, the negative-going le.f't plate turns orr the ADd Drive, and simul­

taneously sends a negative pulse out to the Reset Drive. It is obvious that the clock pulse 

must be a negative pulse which arrives just after t}?.e binary inputs {see description or Fig. 3.1) • 

The length of. time between the clock pulse and the negative pulse out to Reset Drive is 

de:termined by the setting of the 5-meg pot. The s..meg pot, then, may be used to adjust the 

timing or reset~ so that it occurs. just before the binary input pulses arrive. at the scaler 

stages. The duration between clock pulse and reset is variable from 8 ms to 53 ms. The 1-meg 

resistor is added in serles with the 5-meg pot to insure a mi~lDII duration,· long enough for 

the MV to put out ·128 .pulses. The input capacitor, c, has a value which depends on the size 

and shape· or the clock pulse. 

A typical waveform appear:ing at the left plate is shown below • 

1 L r 

.Au.cL.Prive 

T 
270V 

...L 
LEFT PLATE OF 

TIMING I-SHOT 

The And Drive circuit is sin¥)ly a triode amplifier, inverter and impedance matcher which 

'is connected to the six intez:stage binary coupling linea through six diodes. With no signal 

in on the grid, the triode is held cut orr by the cathode biasing arrangement shown in Fig. 3.4. 

Arter the storage operation has taken place in the binary stages, the. positive-going plate 

or the Timing One-Shot is coupled to the grid or And Drive through the 0.05-mfd capacitor. The 

plate or And Drive then goes negative, and binary interstage coupling is then possible. The · 

-. · long-time constant in the And Drive grid circuit causes the plate to remain low until a negative 

voltage is coupled in from the Timing One-Shot, cutting orr the And Drive tube 8nd thus again 

making binary interstage coupling impossible. · 
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+300V 

90t< 

1/2 5963 

+300V 

TO DIODES IN 
-------• BINARY STAGES 

Fig. 3.4 - And Drive Circuit 

The And Drive ~0-k: plate resistance is low enough so that a low· slmnting bpedance is seen 

by the bi.nnry outputs whenever the And Drive tube is not conducting. 

MV Switch 

The MV Switch is a single flip-flop stage which acts as an on-oft 8Witch for the MIT 

(Fig. 3.5). When a negative pulse is coupled in. from the T;lming One-Shot the right side cuts 

orr, the right plate goes positive, and the MV is turned on. When a negative pulse is coupled 

in from the last Binary Stage, the circuit is flipped back and the MV is turned off. The manner 

in which the MV is switched on and off is described in the next section. 

The MV 

The MV stage is a standard plate-coupled f~ee-running multivibrator circuit, designed to 

run at about 27.8 kc (Fig. 3.6). The circuit is s.y.mmetrio and free-running only if the right 

side. of the MV Switch circuit is cut off. , If the right side of the MIT ~itch is conducting, 

then the left side of. the MV is driven into cutoff by virtue of the direct coupling between 

the stages. Fast and positive switching of the MV is accomplished with. this arrangement. 



,, 

., 

+ 300V+300V 

OUTPUT ...__ _______ TO "MV
11 

5K 

75K 
. INPUT FROM 

-+-..._...,_ __ ...;~ "TIMING I·SHOT 11 

50 
Ul)F: 

Fig. 3.5 - MV Switch Circuit 

+ 300V +300V + 300V 

20K 

5963 

2MEG 
OUTPUT TO 

.._--+----+BINARY 8 
. DECADE 
SCALERS 

Fig. 3.6 - MV Circuit 

One point is inportant in the operation of :the MV: when it is. switched on, the left side 

conducts first, and so a positive pulse is first coupled out to the scalers, and then a n~gative 

pulse, a. positive pulse, a negative pulse, an~ so on• Since only negative pulses wi~l trigger 

the scalers, a delay of 

029 
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is created between the time that the MV Sdtch operates and the time that the first trigger 

pulse goes to the scalers. This delay allows the And Drive circuit time to completely turn on 

interstage coupling in the binary scaler. The f'ree-running MV waveform is shmm below. 

m 
. --1 36fLS 1-

The Deca4e Scaler 

_l 
20V 

T 
90V 

j_ 
M.V. 

(EITHER PLATE) 

The units and tens decades are alike, and Fig. 3.7 shows the circuit of either decade. 

·The hundreds decade is shown in Fig.· 3.8. When the three decades are cascaded, a scale-of-200 

decade scaler is the result. Since the maximum rrumber of input pulses to the scaler is 1281 

the scale of 200 is adequate. 

The units and. tens decades are almost exact capias of the Berkeley decade unit, 7 excePt tor 

the reset connections, the capaci~rs in the permutating networks, and other minor changes. The 

Berkeley unit is designed far mechanical reset, while electronic reset was necessary here~ Also, 

the Berkeley units are reset to zero, while the units and tens decades here are each reset to 

nine. These decades are atalldard split-feedback scale-of-ten circuits, with capacitive coupiing 
. 8 

and 4221 code per.mutating networks. The 0.25~d capacitors in Figs. 3.7 and 3.S hold the· 

neon lights off during reset, so that they will not flicker while the converter is running. 

' The Hundreds circuit, shown in Fig. 3.8, is a single binary stage. It is exactly like 

binary stages 2, 3 or 4 in ·either the.units or the tens circuit. The Ne-51 neon lamp will 

light when the stage remains in the "one" -state, with the right side conducting. Thia stag~ 

ie reset to one • 

7. Ibid. 

8. For description of opera.tion, see Ibid. 
01:0 030 
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Reset Drm 

t300V 

' 50 
_INPUT UUF 
FROM ••----~~~--~--~---.-----1 
TENS 
DECADE 47K 

FROM 
-;~----~~~_. RESET 

DRIVE 

Fig. ,3.8 ~ Hundreds Decade 

The Reset Drive circuit, which sends a positive pulse to the proper grids of all scaler 

•. stages, is shown in Fig. 3.9. Due to the short time constant in the input grid circuit, the 

pulse from the left plate of the Tjming One-Shot appears at the input grid in differentiated 

form, wh5.ch is a positive pulse followed by a negative pulse. Since the input triode is 

normalzy conducting, only the negative input pulse has an appreciable effect on the plate 

voltage. 

1/2 5963 
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Fig • .3.9 - Reset Drive Circuit 
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, .. : The negative input pulse causes the triode plate to riSe momentarily' am this positive 
' -

pulse is coupled to the control gr:i.d of the pentode, which is held close to cutoff vith cathode 

... biasing. The pentode acts as a cathode follower and sends a 110-volt positive pulse out through 

the ·2-mi'd capacitor to all scaler stages. This pulse is shown below. 

•. 

. , 

---I.SMS ~-

T 
IIOV 

_l 
RESET DRIVE 

OUTPUT 

This ccmpletes the discussion of the individual circuits in the converter. A complete 

schematic is given in Fig. 3.10. Power requirements for the converter are as follows: 

Plate Supp4r: 300 v do at SO ma 'UDl'egulated 

Filsments: 6.3 v ao at 6.65 a •. 

The binary input pulses (posiiive pulse= 1, no pulse = 0} and the iq:>ut clock pulse 

(negative pulse} are matched t(! the. converter by varying the input coupling capacitors. In the 

case·or the binary stag~s, it is essential that the inputs do not present too low an impedance 

as see;n by the input grids; otherwise the binary sealer will not count properly. The clock 

pulse must arrive just after the binary input pulses. 
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FIG. 3.10 ·- SCHEMATIC, BINARY-TO-DECIMAL CONVERTER 
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NOTES: 
. I. All RESISTORS ARE 112 WATT,± 5% ,UNLESS 

OTHERWISE NOTED. 
2. ALL CAPACITORS ARE 400 W.V., :!:10%, IN 

UUF, UNLESS OTHERWISE NOTED. 
3. ALL VACUUM TUBES ARE 5963'S UNLESS 

OTHERWISE NOTED. 
4. All LIGHTS ARE NE-51. 
S.CI S C2 VARY WITH INPUT PULSE SIZES. 
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CHAPl':ER 4. CONCLUSION 

There. are several different basic designs for a binary-to-decimal converter. The design 

used hero seems to· have the advantage of being a very simple design, but· it cannot be proven to . 

be the suiplest possible. · 

The max:ilnum conversion rate of this converter is limited because the converter actual.ly 

"courrts" the bina.ry number. other designs do not -have this limitation. 

The converter described here meets the requirements of the Sandia Corporation data handling 

system for which it was designed, and it should be usef'ul. in other data handling and computing 

. systems as an indicating device • 
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.APP:mDlX A 

THE GRAY CODE AND GRAY-TO-BINARY CONVmSION 

The data-handling system that the binary-to-dec:imal converter has been designed for 

actually employs the in~erted binary, or Gray code, and a. Gray-t.o-dec:l.mal converter is what · 

is act~ required. The seven-bit Gray code for d~cimal numbers 1 through 127 is shown in 

Table A.l. 

The Gray code· is a nonweighted ·code. Inspection of this. code indicates that Grey-to­

dec~l. conversion would be more difficult than binary-to-decimal conversion. The Boolean 

equations for Gray-dec:imal are as c~lex or more complex than the binary-decimal equations. 

Furthermore, since the Gray code is nonweighted, no Gray-dec:lm81 converter employing Method 3 

is possible • 

Gray-to-binary conversion, however, is quite simple. Letting ~G2G3 - G7 be the Gray­

coded number and B1B2B
3 
-- B7 be the_ binary number, where B1 and ~ are the most significant 

·bits, ~he Boolean relationships are 

and 

B =B G+B G I n n-1 n n-1 n_. n = 2, 3, 4, 51 6, 7 

These equations may be easily verified by inspecting Table A.l. They are comparatively easy 

to mechanize. A block diagram equivalent of the above equations is s~own in Fig. A~l. In 

order to minimize the rrumber of inverters (triodes), the Bn equations are manipulated as fol-

lows: 

C36 
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:Table A.l 

10 
II 
12 
13 
14 
10 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 ,. 
36 
37 
36 
39 
40 
41 
42 
43 
44 .. 
46 
47 
46 
49 
50 
5I 
52 
53 
54 
55 
59 
57 

'59 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
76 
.79 
60 
61 
62 
63 
64 
65. 
66 
67 
66 
89 
90 
91 
92 
93 
94 
95 
96 
97 
96 
gg 

100 
101 
102 
103 
104 
10$ 
106 
107 
109 
tog 
110 
Ill 
112 
113 
114 
II$ 
116 
117 
116 
119 
120. 
121 
122 
123 
124 
12$ 
129 
127 

THE SEVEN-SIT GRAY' CODE 

Gray 

G 1234567 
0000000 
0000001 
0000011 
0000010 
0000110 
0 0 0 0 1 1 1 
0000101 
0000100 
0001100 
0 0 0 1 l 0 1 
0 0 0 t l 1 1 
0 0 0 1 l 1 0 
000101.0 
0 0 0 I 0 1 1 
0001001 
0001000 
0011000 
0 0 1 1 0 0 1 
0 0 1 1 0 1 1 
0 0 1 1 0 l 0 
0 0 1 1 1 1 0 
0 0 1 1 1 1 I 
0 0 l l 1 0 l 
0 0 I 1 1 0 0 
0010100 
0 0 1 0 1 0 1 
a·a 1 o 1 1 1 
0 0 1 0 1 1 0 
0010010 
0 0 1 0 0 1 1 
0010001 
0010000 
0110000 
0 1 1 0 0 0 1 
0 1 1 0 0 1 l 
0 I 1 0 0 1 0 
0 I 1 0 1 1 0 
0 1 1 0 1 1 1 
0 1 1 0 1 0 1 
0 I J 0 I 0 0 

. 0 1 1 1 1 0 0 
0 1 1 1 1 0 1 
0 1 1 1 1 1 1 
0 1 1 1 l 1 0 
0 1 1 I 0 1 0 
0 1 1 1 0 1 1 
0 1 1 1 0 0 1 
0 1 1 1 0 0 0 
0101000 
0 1 0 1 0 0 1 
0 I 0 1 0 1 1 
0 1 0 1 0 1 0 
0 1 0 1 1 1 0 
0 1 0 11 1 1 
0 1· 0 1 1 0 1 
0 1 0 1 1 0 0 
0100100 
0 1 0 0 1 0 1 
0 1 0 0 1 1 1 
0 I 0 0 I I 0 
0100010 
0 1 0 0 0 t 1 
0100001 
010"0000 
1100000 
1 1 0 0 0 0 1 
1 1 0 0 0 1 1 
1 1 0 0 0 1 0 
1 1 0 0 l 1 0 
I I 0 0 I I I 
1 1 0 0 1 0 1 
1 1 0 0 1 0 0 
1 1 0 1 1 0 0 
1 1 0 1 1 0 1 
1 1 0 1 1 1 1 
1 1 0 1 1 1 0 
1 1 0 1 0 1 0 
1 1 0 l 0 l 1 
1 1 0 I 0 0 1 
1 1 0 I 0 0 0 
1 1 1 I 0 0 0 
1 1 l 1 0 0 1 
t t t 1 o·t t 
1 1 1 1 0 1 0 
1 1 1 1 1 1 0 
1111111 
1 1 1 1 1 0 1 
1 1 1 1 1 0 0 
1 1 1 0 1 0 0 
1 1 I 0 I Q I 
1 1 1 0 1 1 1 
t t rot to 
11 1 0 0 1 0 
1 1 1 0 0 1 1 
1 1 1 0 0 0 1 
1 1 t o'o o o 
10·10000 
1 0 1 0 0 0 1 
1 0 1 0 0 1 1 
I 0 I 0 0 I 9 

1 0 1 0 1 1 0 
I 0 1 0 1 1 1 
1 0 1 0 1 0 1 
I 0 1 0 1 0 0 
1 0 1 t 1 0 0 
l 0 I 1 1 0 I 
1 0 1 1 1 1 l 
1 0 I 1 1 1 0 
1 0 1 1 0 1 0 
1 0 II 0 1 I 

1 0 1 1 0 0 1 
1 0 1 1 0 0 0 
1001000 
1 0 0 1 0 0 1 
1 0 0 1 0 1 1 
l 0 0 I 0 1 0 
1 0 0 11 I 0 
1 0 0 1 1 1 1 
1 0 0 1 1 0 1 
I 0 0 I 1 0 9 
1000100 
I 0 0 0 1 0 1 

'·I 0 0 0 1 I 1 
1 0 0 0 1 1 0 
1000010 
1 0 0 0 0 1 1 
1000001 
1000000 

10 
II 
12 
13 
14 
IS 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
46 
49 
50 
5I 
52 
53 
54 
55 
56 
57. 
56 
S9 
60 
61 
62 
63 
64 
95 
66 
67 
66 
69 
70 
71 
72 
·73 
74 
7$ 
76 . 
77 
76 
79 
60 
61 
62 
63 
94 
8$ 
96 
87 
66 
69 
90 
91 
92 
93 
84 
95 
96 
97 
96 
99 

100 
tOt 
102 
103 
104 
105 
106 
107 
106 
109 
110 
Ill 
112 
113 
114 
II$ 

'116 
117 
116 
119 
120 
121 
122 
123' 
124 
12$ 
126 
127 037 
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B = B'. G + B G 
n · n-ln n-ln 

= B ,G + B J.G 
n-.~. n n- n 

= (B J.G )(B 1. G) n- n n- n · 

= B ,G (B l +.G ) 
n-.~. n n- n 

The final e:xpression above is mechanized in Fig. A.l below • 

Fig. A.l - Grsy-to...Binary Converter 

O·r: (i f. ..1:. '-' 

39 



. ~ .. 

• 
c~ .. 

-

~ .. 

.. 

BIBLIOGRAPHY 

1. Ric~e, R. K., A;ithmetic Ooerations in Digital Cgnputers, D. Van Nostrand Co., 
Inc., 1955 • 

2. 

3 • 

. Buchholz, Werner, "The System Design of the IBM 701 Computer, 11 Proceedings of the IRE, 
October 1953, Vol. a., No •. 10, p. 1262. · 

HuSkey, H. D., Thorensen, R., and others, "The S.TAC-Design Features and tperating 
Elq>erienoe, 11 Proceedings of the lRE, October 1953, Vol~ a., No. 10, p. 1294. 

4. Erickson, R. s., "The Logistics Computer, 11 Proceedings of the IRE, October 1953, Vol. a., 
No. 10, P• 1325. 

5. Burks, A. w. and Wright, J. B., "Theory of Logical Nets," Proceedings of the lRE, 
October 1953, Vol. a., No. 10, p. 1357. 

6. White, Garland s., "Coded Decimal Number Systems for Digital Computers," Proceedings 
of the IRE, October 1953, Vol. a., No. 10, p. 1450. · 

7. Robnett, A. V. and Vulgan, E. J., Smell-§ca1e Aut ana tic Field-Data Reduction System, 
Sandia Corporation TM-236-55-51, October 3, 1955. . · 

8. Jones, R. D., "A High Speed. i>.igital Recording System," Seventh Region lRE Technical 
Conference~ April 29, 1955. 

9. Ferner, R. O., .Jones, R. D., and Palmer, D. G., High-Speed Digital-Recording System, 
Sandia Corporation SC-3497(TR). 

10. Shav, R. F., "Payroll Accounting vith El.ecom 120 Computer," Proceedings of the Western 
Computer Conference, 1953, published b.Y the IRE, Inc., June 1953. 

11. Servomechanisms laboratory, Massachusetts Institute of Technology, "Project Whirlwind, n 
Summary Report No. 23, Second Quarter, 1950. 

12. Jacobs, D. H., "Design Features of the JAINCOMP-C and J.AINCOHP-D Electronic Digital 
Computers, 11 1954 Convent~on Record of the lRE, Part 4. 

13. Berkeley Division of Beckman Instruments, Inc., "Instruction Manual -Berkeley Decimal 
Counting Unite -MOdels 700A and 705A." 

f 
~ ("· 

. /_; .· ( 
-·.: ' 

n '19· r ..... v 

40 

J 



SAI\DJA CORPOC'A'r f.t.l 
filRQ.Jps 1 &.111 01~ • ~~ Jt. IQN 

, bCCBIVr-.;o 

.. 

' 

• 
t e. 

' • 

i .. 

,_ . 

• • 

J ' 

"• 

r 1 
l 
t 




