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Abstract:  This  paper  describes  the  development  and  design  history of the SELECI'RIC Composer  justification  mechanism.  The  authors 
present a brief  definition of justification  and  how it relates to the printing  industry;  the  requirements  imposed  upon a justification 
device that are peculiar to the SELECTRIC Composer; a description of the  justification  mechanism and its design,  development and test- 
ing;  and a final  evaluation of the design  relative to the  attainment of its designated  objectives, both as a mechanism and  as a com- 
ponent of the SELECTRIC Composer. 

Introduction 
Within the printing industry, justification is defined as the 
process of spacing type so that lines within a printed col- 
umn will be of equal  length; i.e., will have even margins. 
Most type-setting equipment used today is provided with a 
device which either assists the  operator with justification or 
justifies the text automatically. The sophistication of the 
justification device, or justifier, depends largely on  the  na- 
ture of the type-setting machine to which it is attached. 
Regardless of its complexity, a justifier is expected to pro- 
vide finished copy with lines of exact, equal length. 

There is one prime characteristic of the IBM SELECTRIC 

Composer that dictated  the design of the justifier more than 
any other factor-its proportional escapement, which fea- 
tures  characters varying in width from  three  through nine 
units.' The aesthetic  quality of type  printed with the SE- 
L E C ~ I C  Composer  can be assured only by requiring that 
characters within a word  be placed side by side without  any 
intervening spaces. To justify a line of type  printed with 
the SELECTRIC Composer, it is necessary to vary the  amount 
of space between words (but not between characters within 
a word) to maintain the proportionality of the  characters. 
Further, the spaces must  be varied in a fashion that en- 
hances the overall  appearance of the finished copy. 

With the initial  determination that justification would be 
accomplished by varying word spacing rather  than either 
character spacing or a combination of both, a variable 
spacebar2  was provided which utilized the escapement se- 
lection system, allowing spacebar escapements of three 68 
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through nine units. Following this, it was necessary to es- 
tablish a method for assisting the  operator in justification. 
Several basic decisions were required: How could the vari- 
able spacebar be used most efficiently? Should justification 
be automatic or semiautomatic? How can information  be 
transmitted simply between machine and  operator during 
justification? 

Use of variable  spacebar 
Of prime importance was the fact that neither operator nor 
machine can  determine the length of a line of type before 
it is printed  (not, at least,  without time-consuming count- 
ing and/or computation).  This  led to the decision to type 
each line twice-one rough  typing to determine what words 
a line would contain, and a second, justified typing. To 
make the process systematic, it was decided that the first 
typing of a line would contain fixed-width word spacings 
only. Further, since efficiency requires that words  be placed 
as closely as legibility and appearance will permit, the in- 
itial word spacing was set for the minimum escapement 
available on  the SELECTRIC Composer-three units. Fin- 
ished copy was to be  obtained via a second typing by vary- 
ing the original word spacing in a systematic fashion. 

These decisions led to others: The use  of the minimum 
(three-unit) space in the first printing of a line requires that 
the line end  at or (more  often) short of the predetermined 
right margin. This is imperative because the spaces in the 
justified line will of necessity have at least equal  (and in the 
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Figure 1 Example of spacing  in  an  unjustified  line. 

great majority of cases, greater) escapement values than 
three units  and thus will usually expand the line. 

The variable spacebar’s use in justification can best be 
illustrated by examples: Assume the line in Fig. 1 has been 
typed with the SELECTRIC Composer in preparation for 
justification. As may be  seen, the line ends twelve units 
short of the right-hand margin. The twelve units at  the  end 
of the line may be distributed most evenly by dividing them 
equally among  the  four spaces within the line: 

12 units f 4 spaces = 3 additional units/space. 
(Example 1) 

If,  in the second  printing, four six-unit spaces are used, 
rather  than  the initial  three-unit spaces, the line will expand 
to  the right margin. 

As  a further example, assume that,  after a type element 
change and the resultant pitch change,’ the line in Fig. 1 
was retyped (again using three-unit spaces). In this instance, 
the line ends  fourteen  units  short of the right margin, as 
shown in Fig. 2. The fourteen units at  the end of the line 
will not be distributed as evenly as were the twelve units of 
Example 1. 

14 units t 4 spaces = 3 additional units  /space+ 2 units 
remainder. 

(Example 2) 

If, however, in the second typing two seven-unit spaces and 
two six-unit spaces are used, the line will extend to  the right 
margin. This  distribution of spaces was chosen rather  than, 
say, one eight-unit space and  three six-unit spaces to create 
a more  uniform  appearance. 

Automatic vs. semiautomatic  justification 
The justifier was designed as a  semiautomatic device as a 
result of estimates that compared the relative size, cost, and 
complexity of fully automatic and semiautomatic justifiers. 
In every instance, the semiautomatic justifier was found  to 
be more satisfactory for  the basic SELECTRIC Composer. 

Semiautomatic justification, of course, demands  more of 
the  operator  than would an automatic mechanism. From 
the previous examples it can be seen that  the number of 
spaces in a line and the number of units between the  end of 

14 
Units 
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Figure 2 Example of Fig. 1 retyped  using  different  escapement 
pitch. 

the line and  the right margin must  be  known before justi- 
fication can be attempted in  a  second typing. Further, a 
computation  must  be made  and  the results  applied, using 
the variable spacebar. In system terms, a semiautomatic 
justifier must provide an information output to the opera- 
tor,  and  the  operator, after  making the required  judg- 
ments,  must  provide a control  input to the machine. 

The SELECTRIC Composer’s justifier operates exactly in 
this  manner. An indicating mechanism, mounted at the 
right margin, measures the distance between the  end of the 
line and the  right  margin; a counting mechanism, triggered 
by the spacebar, counts  the number of spaces in the line, 
and  the interaction of these mechanisms makes the com- 
putation. The results are indicated to the operator. The 
operator then enters  the  appropriate information into  the 
variable spacebar mechanism and retypes the line. The 
“programmed”  spacebar thus provides the justification. 

A more complete description of the mechanism and  its 
operation is presented in the sections that follow. 

Design  specifications 
Implied  in the discussion above are several design criteria 
for  the justifier. These, as well as  other criteria, were es- 
tablished through  examination of market requirements and 
a study of SELECTRIC Composer features, industrial design, 
and human  factors. Specifically, they were determined on 
the following bases: 
(a) The SELECTRIC Composer must be capable of justi- 
fying any line of twenty word spaces or less that  ends  to  the 
left of and within three-quarters of an inch of the right  mar- 
gin, for  all settings of that margin. 
(b) The SELECTRIC Composer  must be capable of produc- 
ing justified columns varying in half picas (from a minimum 
column width of nine picas to a maximum of seventy-seven). 
(c) The justifier must collect and display required infor- 
mation so that  the need for  operator judgement is mini- 
mized. 
(d) The variable spacebar must receive and apply  opera- 
tor instructions  in  a way that will minimize operator effort. 
(e) The justifier and variable spacebar must provide three 
types of justification: (1) parallel,  in which the initial and 
justified lines are printed sequentially, side-by-side on  the 
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Figure 3 Simplified  sketch of sliding-scale  indicator. 

same sheet; (2) serial, in which the  entire text to be pre- 
pared is rough-set and then justified on a separate sheet; 
and (3) no-print,  in which the initial typing is done  in no- 
print and  the justified setting is completed on  the same 
sheet. 
(f) The justifier must be entirely reliable in that, during 
the life of the machine, it must  produce justified copy for 
any margin and escapement selected, without  requiring 
alteration  in operator judgment or effort. 
(g) The justifier and variable spacebar mechanisms must 
be designed so that they do  not impair the operation of 
related mechanisms, and so that operator  error will not 

70 damage the machine. 

(h) The justifier and variable spacebar mechanisms must 
be so designed that external  portions of the machine which 
are exposed are consistent with industrial design criteria, 
and so that  error will not injure the operator. 

Description of design 
It is pertinent to mention  that the uniqueness of the SELEC- 

TRIC Composer required that  its justifier be designed with 
only a concept as a starting  point. No mechanism existed 
which could serve as a design guide. 

The design of the justifier began late in the development 
program, and only one solution was attempted.  Although 
it was subjected to modifications, the basic scheme was suc- 
cessful and  has never been changed. 

The basic mechanisms are  the indicating and counting 
mechanisms, the combined action of which determines the 
number of spaces in a line, the number of units between the 
end of that line and  the right  margin, and  the distribution of 
these  units  in the printing of the line; and a variable space- 
bar mechanism which properly distributes the spacing in 
both justified and unjustified copy. 

The usual  method for obtaining justified copy requires 
that  the  operator (1) select the desired column width with 
the margin  controls and set the lever that actuates the indi- 
cating mechanism; (2) type the first line, starting at the 
left margin, using three-unit spaces, and ending the line to 
the left of and within three-quarters of an inch of the right 
margin; (3) read  the information displayed by the indicating 
mechanism; (4) enter this  information into  the variable 
spacebar in such a manner that  the second  typing is justified 
(this information  must  be  recorded rather  than entered into 
the variable spacebar if serial justification is to be used); 
(5) type the line a second time; and (6) reset the machine so 
that  the next line may be  typed in a similar fashion. 

Obviously, the  operator  cannot be expected to consistent- 
ly perform all of these  operations. The justifier and variable 
spacebar,  therefore, have been designed to assist the opera- 
tor  as much as possible. 

The indicating system 
The indicating system is composed of a sliding scale, which 
measures the number of units between the  end of a line and 
the right  margin, and a counter, which counts spacebar 
operations. 

The sliding scale is attached to the right margin control so 
that  it measures  units in a  3 :1 magnification, after  the car- 
rier  has  entered  a justification zone starting  three-quarters 
of an inch to  the left of (and ending at)  the right margin. 
Figure 3a illustrates the carrier, as  it approaches the justifi- 
cation zone; Fig. 3b  as  it  enters  the justification zone, 
initiating scale motion; and  Fig. 3c as  it stops within the 
justification zone, 24 units short of the right margin (for this 
example), as indicated on  the sacle. 

The counter is a ratchet-driven shaft,  mounted  above and 
to  the  rear of the keyboard and in front of the carrier. The 
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Figure 4 Ratchet  counter mechanism. 

ratchet advances  one tooth at each  spacebar operation. A 
schematic  side view  of the counter  is  shown in Fig. 4. During 
a spacebar operation the initial rotation of the filter shaft2 
drives the spacebar  interpose?  toward the front of the 
machine. The interposer  motion  positions the drive  lever 
underneath the cam  follower  (as  seen in Fig. 4), where it is 
latched in place  until the end of the indexing  cycle.  After the 
drive  lever  is  latched  in  place, the cam  follower starts up the 
ramp of the cam and  the ratchet advances  one tooth. The 
transfer of the motion of the cam follower  to the ratchet 
may  be traced through the links  shown in Fig. 4. 

As stated previously, the counter and the scale  indicate 
the number of spaces  in the line and the number of units 
between the end of the unjustified  line and the right  mar- 
gin.  With this information the operator can  make a compu- 
tation (Examples 1 and 2) to justify the line. In order to save 
time and the possible error involved  in  making a computa- 
tion, the sliding  scale and the counter have  been  designed 
so that the combination of their individual  motions  makes 
the necessary  computation  using the process of graphic 
division. 

Given a simple  division  problem, 

12 f 4 = 3, 

the divisor and the dividend may  be  given linear  representa- 
tion as shown: 

1 = H  
4 = I-++++ 

1 2 = l : : ~ ; : ! : : : : : ~  
(Example 3) 

Twelve  may  be graphically  divided by four by superimpos- 
ing a continuous  end-to-end  sequence of lines  representing 
four upon the line  representing twelve. The quotient is 
obtained by counting fours: 

12 Dividend 

4 4 4 Divisor 

3 2 1 Quotient 
I I 

- 
(Example 4) 

If the dividend  is not a multiple  of the divisor, a remainder 
will  result : 

14 f 4 = 3 with  remainder of 2 

Graphically,  since the number one may  be represented as a 
line  (as  shown in Example 3), the remainder  is  obtained by 
superimposing,  in  continuous end-to-end sequence, the 
divisor  upon the dividend,  counting  whole  divisors, and 
counting  ones  past that point: 

14 Dividend 
I 

C I !  I I 

1 1  4  4  4 Divisor 

2 1  3 2 

I 

I 

- - - 1 Quotient & 
Remainder 

(Example 5) 

Thus, fourteen divided by four equals three with a remain- 
der of two.  (The  reason for counting  from  right to left  will 
be  evident later.) In Example 5 the number fourteen and its 
physical representation can  be  considered  equivalent to the 
number of units  between the end of the line and the right 
margin. In the mechanism this is shown on a sliding  scale. 
The scale  (shown in Fig. 3) therefore  represents the dividend 
in the justification computation as well as the units of space 
remaining at the end of the line. 

The rotating spacebar counter provides the divisor for 
the graphical  division  process. If for each  position of the 
counter a line  is started at a common  reference  line,  ex- 
tended to the left, and graduated in elements of  width  pro- 
portional to the number of  spaces  represented by the counter 
position, then each  line  represents the continuous end-to- 
end  arrangement  required for divisors in graphical  division. 
Further, if the common starting point for all positions of 
the counter is  representative of the right  margin and the 
graduations on the lines are multiples of the graduations on 
the sliding  scale, then the computation  required for justifi- 
cation may  be  obtained by superimposing the graduated 
counter lines  upon the sliding  scale.  Figure 5, in  which the 
following  division operations are shown graphically,  il- 
lustrates this process: 

14 f 1 = 14 
1 4 + 2 =  7 
14 f 3 = 4 & 2 remainder 
14 f 4 = 3 & 2 remainder 
14 f 5 = 2 & 4 remainder 
14 f 6 = 2 & 2 remainder (Example 6) 71 
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Figure 5 Graphic  representation of Example 6. 

Figure 6 Relationship of color-coded  indicator to sliding  scale 
and ratchet  counter. 

Space  escapement Color c* 
3 Black Black 

Blue 

Orange 

Green 

White 

Red 

9 Yellow U 
0 4 8 12 Sliding scale 

(two  positions) 
\ 

I 
Endof line representation- I I I I I I 

0 4 

2 k c o u n t e r  

Black 

+Right margin 
representation 

Consider the portion of Fig. 5 for which the counter indi- 
cates that six spaces have been used and fourteen  units  re- 
main between the  end of the line and  the right margin. The 
justified line would be  most evenly spaced by using two six- 
unit spaces and four five-unit spaces. For five spaces, four 
six-unit spaces and  one five-unit space should be used. For 
four spaces, two seven-unit spaces and two six-unit spaces 
should  be used. For  three spaces, two eight-unit spaces and 
one seven-unit should  be used. It may be seen, then,  that a 
pattern has developed: 
(1) Spaces of only two different escapement widths that 
differ by one unit are used in the justified typing of any line. 

(2) The spaces with the larger escapement appear first in 
the justified printing. 
(3) The number of the larger escapement spaces is equal to 
the remainder  in the division process. 
(4) The escapement value of the larger escapement spaces 
is obtained by adding the quotient (in units) from  the di- 
vision process; three units-the escapement value in the 
initial  typing; and  one unit to each space until the  total of 
the single units added is equal  to  the remainder (in units) 
of the division process. As is evident from (3) and (4) above, 
the remainder  units in every case are  added  one per space to 
the spaces in the justified setting, rather  than  to  one space 
alone.  This pattern lends itself to coding so that  the opera- 
tor is not required to count the divisors nor  to determine 
what escapements are needed. This coding allows a simple 
transfer from  the indicating mechanism to  the variable 
spacebar. 

Figure 5 is now redrawn  in Fig. 6 using color  coding;  this 
is the basis for  the Composer's justification system. 

Justijication Mechanism 
It is evident from Fig. 6 that  the length in units of each color- 
coded segment on a counter  line is equal  to  the number n of 
spaces  in the typed line, and  that six segments are required 
on each line (one segment for each available spacebar  es- 
capement  greater than three). The length  in  units of the 
justification zone for each counter position is thus 6 seg- 
ments X n unitdsegment,  up to the specified limit  of 2 
inch, which represents 72, 63, or 54 units depending upon 
the escapement pitch (1/96, 1/84, or 1/72 inch., respec- 
tively). 

Examination of Fig. 6 reveals that  an  operator,  after  an 
initial typing of the line, can read  the color immediately to 
the right of zero along the line indicated by the counter  and 
the graduation on  the scale at which that color changes. This 
establishes the escapement value, and  the number, of larger 
spaces to be used in justifying the line. It may be assumed 
that  other spaces in the line will be one  unit  less in escape- 
ment. 

Consider the case in which fourteen  units  remain at the 
end of a six-space line: The  operator reads "Green-2'' (Fig. 
6), indicating that  two six-unit spaces and  four five-unit 
spaces are required  in the justified line. For a further exam- 
ple, consider the case in which five units  remain at the  end 
of a four-space line: The  operator reads "Orange-1'' (Fig. 
6), indicating that one five-unit space and three  four-unit 
spaces are required in the justified line, etc. 

The mechanism as described to this  point is visible to  the 
operator  as two concentric tubes mounted above and  to  the 
rear of the  keyboard and in front of the carrier. The inside 
tube is  fixed laterally, but is free to  rotate (Fig. 7). It is this 
tube which serves as  the spacebar counter  and  about which 
are oriented the graduated and color-coded counter lines, 
one  set for each pitch, spaced along the length of the tube. 

J. S .  MORGAN  AND 3. R.  NORWOOD 




