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57 ABSTRACT 

In a photocomposition machine environment the ap 
paratus and method show the concept of advancing 
the photosensitive material into position normally oc 
cupied for composition of text. The known apparatus 
and method are then modified by providing reverse 
leading for the paper and re-advance to the starting 
point followed by composition of a second column lat 
eral to and aligned with the first column. A particular 
advance in the art is the ability to compose a complex 
mathematical formula with greatly simplified software 
using the improved hardware. 
The point of reference is established by a sensor which 
is activated upon advance of the paper to the sensor 
and therefore reversal and re-advancement of the 
paper will cause an exact repositioning of the paper 
for each column. 

7 Claims, 4 Drawing Figures 
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METHOD OF AND APPARATUS FOR 
MULT-GALLEY COMPOSTON 

BACKGROUND OF THE INVENTION 5 
In the printing art, type was composed in a galley and 

a galley proof printed for inspection. Changes in com 
position, spacing, or other improvements could then be 
accomplished prior to transferring the set type to the 
press. 
Various means for making use of hand-set type have 

been developed, and machines were perfected for cast 
ing lead in response to an operator actuated keyboard. 
With the advent of modern lithographic printing 

equipment, the photographic process became the 
means for producing a printing master for large-scale 
printing, and a direct impression master typed on an of 
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(i. 
fice typewriter became the common vehicle for less so 
phisticated but more rapid composition. 
The VariTyper brand strike-on cold type machine 

was developed to provide typed source material but 35 
with the lines justified in the manner of set type. This 
“cold type' is then produced as lithographic masters by 
photographic techniques. 
A more recent development is the photocomposition 

technique. A source of font, usually a revolving disc of 40 
characters in a photographic negative format, is pro 
jected within a light-tight environment upon photosen 
sitive high-speed paper. 
The photocomposing machine is capable of project 

ing columns of any width from one word up to the max 
imum width of the paper. Maximum width is estab 
lished by the practical optics which can project from 
the revolving disc, or the practical distance that the 
disc can be transported within the housing. 
However, not always is a column of the maximum 

width desired. Therefore, the composer very often will 
produce long narrow columns and waste the balance of 
the paper. Then, the column is physically cut into 
proper useful length and pasted onto a backing sheet in 
order to produce a multi-column galley. 

In order to assure optically pleasing alignment, a rule 
is used to establish the second and further columns in 
alignment with the first column when such paste-up 
technique is used. 
Mathematical formulas are a very difficult composi 

tion problem in known photocomposition machines. 
There are three teaching examples given: (1) A 

strike-on typing machine; (2) A known photocom 
poser; and finally, an example (3) using the new struc 
ture of this invention. Note that in each example the in 
structions leave space for the unique symbols such as 
the integration sign . These symbols must be by some 
other means, such as hand artistry, or transfer lettering 
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2 
unless a specific symbol matrix and large print capabil 
ity is available. 

EXAMPLE 1 

An actual composition problem is set forth below 
which has been set for a printed publication using a 
strike-on typing machine, and transfer letters of the 
type carried on a release backing and rubbed through 
the paper to cause transfer. This latter portion is for 
complex Greek letter forms. There are a total of 51 
specific instructions to the typist for composing this en 
tire formula. However, in order to simplify the illustra 
tion, only the first 13 instructions dealing with the first 
line of the formula are set forth below the formula. The 
balance of the formula requires the balance of instruc 
tions 14 through 51 and is similar in nature to those re 
produced: 

= o(m-l) go?--C(m+2) dudr 

c2-m+1+k S. w ful 
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1. From the last line of text, lead 44 points to baseline 
of the first equation. 

2. Reverse lead 26 points (after setting R' =) and set 
the top limit of the summation. 

3. Backspace to the first character of the top limit. 
4. Lead down 19 points, set the bottom limit (which 
should be centered on the summation). 

5. Reverse lead 10 points, set the balance of the numer 
ator of the fraction. 

6. Backspace to the beginning of the fraction. 
7. Lead down 24 points to set the top limit of the sum 
mation in the denominator. 

8. Backspace to the first character of the limit. 
9. Lead down 19 points to the bottom limit of the sum 
mation; center limit on the summation. 

10. Reverse lead 10 points and set the balance of the 
denominator. 

ll. Backspace to the beginning of the fraction. 
12. Reverse lead 16 points to baseline and type the 
fraction bar. 

13. Type the balance of the first line of the equa 
tion-reverse lead 4 points for superscripts, lead 
down 2 points for subscripts. 

1-2 l 

The author of the work in which the above formula 
appears stated that a computer program is impractical 
for the typical compositor in that program and the 
computer can never be made as versatile as a human 
operator except possibly at a very unrealistically high 
price. Consequently, the compositor indicated that he 
prefers to have human operators set this work. 
Notice the number of times the operator must lead 

backward and forward in order to set the complex for 
mula. It can then be envisioned how difficult the prob 
lem would be if the compositor did attempt to write a 
software program for a photocomposing machine 
which did not have the capability of reverse leading of 
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the type set forth hereinafter. In that case, the entire 
job would have to be composed from the top line down. 
Again, considering only the first line of the formula, if 
it were to be set on a phototypesetter without the re 
verse leading capability, the instructions would be sub 
stantially in this manner: 
A word of explanation of the commands used ap 

pears to be in order. These commands appear in the 
text of this and the next instruction set. Their meaning 
is set forth in this glossary: 

A. No Flash) - The "no flash' command means 
that characters typed or entered following the com 
mand will result in spacing movement of the phototype 
setter, but no actual imaging or flashing of the charac 
ter. This function is used to provide the right amount of 
spacing or escapement when the actual widths of the 
characters in question are not known. 

B. Flash-The “flash' command re-enables the 
normal flashing or exposure function in the phototype 
setter. Characters entered following the flash command 
are exposed and cause character escapement. 
C. Return-The "return' command has the same 

function as the carriage return key on a typewriter. It 
reinitializes the typesetting process back to its left hand 
margin or the left-hand-most edge of the present tab or 
indent. - 

D. Zero Width-The "zero width' command basi 
cally indicates that the single character following the 
command is to be flashed or exposed, but no character 
escapement takes place. If the command is given and 
two characters are then selected, the first character will 
be exposed with no width, meaning the typesetter will 
do no escapement or spacing. The second character is 
subsequently superimposed over the first. The second 
character spaces or escapes normally. 

EXAMPLE 2 

1. Set left margin at an indent value corresponding to 
the beginning of the first character in the equation. 

2. Lead down 18 points. 
3. Type No Flash) R' = Flash) (N-1). 
4. Lead down 5 points. 
5. Type No Flash) & {e(p) ) (Flash) (2) Return). 
6. Lead down 4 points. 
7. Type INo Flash) (R =N-1) (Flash) & { e(p) (No 
Flash) (2) Flash . Return). 

8. Lead down 10 points. 
9. Type No Flash) R'- Flash) (p=o). 
10. Lead down 3 points. 
11. Type No Flash) & e(p)} = ol Flash (2) No 
Flash 2(n-1) -- ol Flash) (2) No Flash) or 
Flash 2 Return. 

12. Lead down 4 points. 
13. Type R'= No Flash) N-1 & {e(p)}) (Flash) 

or No Flash (2 Flash 2(n-1) -- ot) No Flash) 
2 Flash or No Flash (2) Flash) -- C No 
Flash k) Flash) (n + 2)dudt) Return. 

14. Lead down 2 points. 
15. Type No Flash) R' = N-1 & { e(p) } = ol 

Flash) (X) (No Flash) (2(m-1) + ot) (Flash (o) 
No Flash) or Flash) X. No Flash --C) (Flash) 
k Return. 

16. Lead down 5 points. 
17. Type No Flash) R'- Flash (N-1). 
18. Lead down 5 points. 
19. Type No Flash) &{i(s)) Flash) (2) Return). 
20. Lead down 4 points. 
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. . . . . 4 
21. Type No Flash) R'=N-1) (Flash) *{i(s)|) 
No Flash) (2) Flash) () Return). 

22. Lead down 10 points. 
23. Type No Flashl (R = Flash) (p-ol (Return). 

Proceed with remainder of equation. 
Reference to the Example 2 shows that a great deal 

of repetitive typing of characters for spacing alone is 
required, when the reverse leading capability is not 
present. Following the steps of Example 2 will show 
that it is rather confusing and requires a great deal of 
pre-planning in order to properly enter the characters 
starting with those set on the highest baselines. 

In a similar manner, the instructions would be re 
quired in order to work through the remainder of the 
equation and are very complex. In fact, trial and error 
is probably necessary and the instructions will ordinar 
ily require revision to get the proper spacing. 

SUMMARY OF THE INVENTION 
The advantage and object of this invention is to com 

pose multiple columns upon the photosensitive paper 
in alignment with one another within the machine at 
one setting and thereby to avoid the necessity for cut 
and paste techniques. 
Another object of the invention is to provide within 

the composition machine, a paper-handling system 
whereby the paper is advanced and retracted repeat 
edly to an exact starting place in order that successive 
column composition may be accomplished with each 
column in perfect alignment. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a photocom 
position system embodying the apparatus of this inven 
tion. 

FIG. 2 is a perspective view of the paper-handling ap 
paratus in schematic outline. 

FIG. 3 is a top plan view of a paper sensing system ac 
cording to this invention. 
FIG. 4 is a side elevation of the apparatus of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Photocomposition machines and processes are suffi 
ciently well-known that the first figure of the drawing is 
set forth only in schematic arrangement and will prop 
erly illustrate the principles of the invention. 
A photocomposition system is depicted by a disc 10 

of conventional structure which bears a circular path of 
characters near the peripheral edge of the disc. The 
disc is rotated by a motor 11 at a uniform speed, related 
to the magnification ration of the image on the disc to 
the projected image to be reproduced. 
A projection means is illustrated symbolically by a 

flash-tube symbol 12 and a lens symbol 13. Such a pho 
tocomposing system and projecting means will entail 
the necessary transport and control systems which are 
well-known and therefore need not be set forth in de 
tail. - 

This invention is embodied in a general photocompo 
sition machine by a paper feed magazine 15. Although 
the magazine is set forth in schematic illustration in the 
drawing, one such magazine in wide use is illustrated in 
U.S. Pat. No. 3,724.945. The interior of composition 
machines is light-tight, because the photosensitive 
paper web used for the recording media is extremely 
sensitive, and a small portion thereof is exposed to the 
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interior of the machine during the composition expo 
sure. In the drawing herein, there is no attempt to show 
the details of the magazine construction such as illus 
trated in the referenced United States patent above. 

In the magazine, a set of rolls 18 and 19 are used as 
a drive roll couple. They are in contact and one roll 
only is driven. The other roll is an idler. . . . 
A stepper motor 21 is employed as the power drive 

source for this paper feed roll set used for advancing a 
photosensitive sheet. The stepper motor drives the roll 
18 by means of a pinion 22 carried by the motor shaft. 
Pinion 22 operates a gear 23. Gear 23 drives a one-say 
clutch 24 which, in turn, drives the roll 18. One-way 
clutch 24 will permit advance drive only. If the motor 
21 is reversed, the clutch 24 will not produce reverse 
drive force on the roll 18. 
A gear 26 directly driven by gear 23 in turn is con 

nected to drive a pinion 27. Pinion 27 operates through 
a spring friction slip clutch 28 to drive a reverse set of 
rolls 29. . . . . . . . . . . 

Because of the arrangement of the pinions and gears, 
the set 29 is always urging a reverse drive of a web 
sheet passing through the magazine, but the spring fric 
tion clutch will allow a sheet driven by rolls 18 and 19 
to advance against the reverse drive force. Such reverse 
drive assures a very tight, smooth section of paper web 
between the advance drive rolls and the reverse roll set 
29. Threading of the paper web is accomplished by 
mounting the idler rolls on a pivot carriage to swing 
them aside during loading. See U.S. Pat. No. 
3,724,945. " . . . 

An edge sensor 30 is positioned along the side of the 
path established for the paper web sheet and is 
equipped with a light source 31 and a sensor 32 such 
that when the sheet advances to the edge sensor 30 a 
signal will be generated. 
A controller 34 such as a PDP-8 manufactured by 

Digital Equipment Corporation, Maynard, Mass. is a 
computer, commonly referred to as a mini-computer 
because of the limited capacity thereof, and contains 
all controls for the entire photocomposing machine in 
cluding the necessary control of disc 10, flash tube 12, 
and letter-by-letter and character-by-character place 
ment of the image on the paper sheet bridging between 
the advance and retract rolls of the magazine. 
The controller 34 also contains logic which will re 

ceive the signal generated by arrival of the paper sheet 
web at the edge sensor 30, and will cause the stepper 
motor to cease forward advance drive of roll 18. Then, 
the controller 34 will cause the photocomposing system 
to expose a series of characters in a line reestablished 
length on one portion of the paper bridging between 
the drive and retract roll sets. After composition of the 
first line, the controller 34 will cause the stepper motor 
to advance the drive rolls 18 and 19 a distance known 
as a leading distance, whereafter a second line is com 
posed. Line by line a column is thus composed for a 
given predetermined column length. 
At this point this invention differs from standard 

practice in that piror standard practice has been to con 
tinue composing in a single column regardless of avail 
able paper web width, and thereafter to manually cut 
and paste the columns in lateral alignment for a fin 
ished gallery of multiple columns. 
A mathematical formula represents a photocomposit 9 

tion problem of considerable programming difficulty in 
standard machines. This invention enables such com 
position with ease. One word, or even a letter or nun 
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6 
ber may be treated as a column. The placement of the 
formula characters in correct leading relationship be 
comes attainable with ease. 
According to this invention, the controller, at the end 

of column i, will cause stepper motor 21 to reverse. 
Such reversal will not affect the drive roll 18 because of 
the one-way clutch 24, but the reversal will then allow 
the roll set 29 to reverse direction under the crive influ 
ence of the spring friction clutch .28 and reverse the 
paper back toward a raw film storage box 35. 
The construction of a normal paper feed magazine is 

such that there is sufficient room between the box 35 
and the reverse roll set 29 to allow the paper to fold 
harmlessly until re-advanced. : 
The stepper motor is reversed a distance sufficiently 

to bring the top of the composed column well below the 
normal composing position, rather than to reverse just 
to a composing position. Forward advance will again 
pick up the slack that is in the drive gear construction 
and hence make possible a much less costly construc 
tion than would be required if precision gearing were 
specified without a backlash tolerance. 
When the stepper motor is again advanced, it will 

proceed to drive the paper web sheet back to the edge 
sensor 30 and produce a signal when the paper edge 
reaches the sensor 30. The signal is recognized by the 
controller 34 and composition is then commenced in a 
second column lateral to the first column and with the 
starting line in exact alignment with the first line of the 
first column composed. 

It has been found that a series of holes or marks along 
the edge of the paper web also provides a useful means 
for control of positioned relationship, rather than the 
cut end. It is the use of a useful references feature, not 
any particular marker, that enables the proper, leading 
and reverse leading. 

EXAMPLE 3 

1. Set left margin at an indent value corresponding to 
beginning of the first character in the equation. 
Lead down 44 points. Set leading reference. 
Type (R'E). 
Reverse leas 26 points from reference. 

. Type (N-1). 
Lead down 9 points. 
Type & legp)1). 
Reverse lead 21 points from reference (4 points). 

9. Type 2). 
10. Lead down 4 points. 
li. Type ( ). 
12. Lead down to reference (17 points). 
13. Type (= ). 
14. Reverse lead 4 points from reference. 
15. Type (Zero width 2. 
16. Lead down 6 points. 
17. Type (E). 
18. Reverse lead to reference. 
19. Type 2 (n-1) --). 
20. Reverse lead 4 points from reference. 
21. Type (Zero Width (2). 
22. Lead down 6 points. 
23. Type (o). 
24. Reverse lead to reference. 
25. Type ( ). 
26. Reverse lead 4 points from reference. 
27. Type Zero Width (2). 
28. Lead down 6 points. 
29. Type E. 
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Reverse lead to reference. 
Type -- C). 
Lead down 2 points. 
Type (k). 
Reverse lead to reference. 
Type (n + 2) dud (Return. 
Reverse lead 7 points from reference. 
Type No Flash (R-Flash p-ol (Return). 
Lead down 14 points. 
Type No Flash) R=l Flash (N-1). 
Lead down 9 points. 

41. Type & li(s)). 
42. Reverse lead 4 points (or, reverse lead to reference, 
lead down 12 points). 

43. Type 2). 
44. Lead down 4 points. 
45. Type ( ) (Return). 
46. Lead down 10 points. 
47. Type (No Flash) (R'= Flash) (p=o). 

30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

Proceed with remainder of equation. 
Where reverse leading is present as in Example 3, 

characters can be entered in more nearly their normal 
sequence. Interspersed commands can move the base 
line back and forth as required. The use of a reference 
baseline makes it convenient to work with respect to 
some central baseline from which all other dimensions 
can be determined. Since repetitive leading in forward 
or reverse directions may result in error accumulations, 
returning to a reference baseline will imporve typo 
graphic quality and keep baseline deviations to a mini 

: What is claimed is: 
1. A method of multi-column composition, compris 

ing the steps of: 
providing a means for detecting a reference feature 
of a paper sheet advancing along a path and for 
producing a control signal from such reference fea 
ture when detected; 

providing a power-driven paper feed means for ad 
vancing a photosensitive sheet along said path; 

advancing a sheet along said path until the reference 
feature thereof is detected by said means, and a 
control signal is generated; 

applying said signal to stop said power-driven paper 
feed means, 

composing characters to produce at least one charac 
ter in a first column position; 

8 
thereafter reversing said paper feed to withdraw the 
paper to a position retracted from said means for 
detecting the desired reference feature; and 

re-advancing said sheet until another control signal is 
5 produced by said means for detecting the reference 

feature, and; 
finally, composing a second at least one character on 
the same page in a lateral position to the first char 
acter and in a predetermined relationship thereto 
by a relationship to said reference feature; 

whereby a multiple column galley is obtained in re 
gistration from a common reference. 

2. The method of claim 1, wherein said composition 
takes place in a first column of a multiple number of 
lines, followed by reverse leading and composition of a 
second column wherein said lines are aligned with 
those of the first column. 

3. The method of claim 1, wherein said composition 
placement of the characters is random but aligned in 
relationship to a common lead reference. 

4. A multi-column photocomposition machine, com 
prising: 
a photocomposition system including a font of char 

acters and projection means for projecting charac 
ters of said font in column lines; 

a power-driven paper feed means for advancing a 
photosensitive sheet along a path defining the 
image plane of said photocomposition system; 

means for producing and thereafter detecting an es 
tablished reference feature of a paper sheet, ad 
vancing along said path and for producing a control 
signal when such feature is detected. 

a controller for said machine, said controller provid 
ing advance feed of paper until a control signal is 
recorded, and and thereafter providing multiple 
lines of composition in a column column by repeat 
ing character-by-character exposure and line-by 
line leading advance of said paper feed means; 

whereby, the paper may be retracted and re 
advanced repeatedly to be again detected and es 
tablish a new column starting line in alignment with 
a previous line. - 

5. The method of claim 1, wherein a photosensitive 
sheet is provided with preformed features which are de 
tectable to establish a reverse and new advance lead 

45 ing. 
6. The method of claim 1, wherein a photosensitive 

sheet is provided with a series of features for counting 
and leading control. 

7. The method of claim 1, wherein the reference fea 
so ture is the lead edge of the paper. 
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