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CHARACTER FORMING DIES 
Alfred W. Sanborn, North Hollywood, Calif., assignor to 

General Precision, ‘In.c., a corporation of Delaware 
Filed Oct. 4, 1963, Ser. No. ‘313,930 

19 Claims. (Cl. 101—93) 

The present invention relates to printing mechanisms, 
and it relates more particularly to a high-speed printer 
which is capable of providing a printed record with a 
minimum of components parts. 

The improved high-speed printing mechanism of the 
invention is capable, for example, of providing an alpha 
numeric printed record, and one containing other sym 
bols, by synthesizing each of the alpha-numeric and/or 
other symbols from four basic dies. 
The synthesis is accomplished in the embodiment of 

the invention to be described by rotating a printing head 
which includes, in the embodiment to be described, four 
spring loaded printing dies. In order to build up any 
desired symbol, alpha-numeric or otherwise, one or more 
of the dies are struck at appropriate times and moved 
longitudinally against the spring bias to an extended 
position during each complete rotation of the printing 
head. In this manner, the impressions of the dies, struck 
for each particular symbol, are caused to be imprinted 
on the recording medium at different angular positions 
of the printing head, so that the various symbols may be 
properly synthesized. 
An object of the present invention, therefore, is to pro 

vide an improved alpha-numeric character printing mech— 
anism which is extremely rapid in its operation, and yet 
which is simple in its construction and which utilizes a 
minimum of moving parts. 
Another object of the invention is to provide such an 

improved character printing mechanism which is rela 
tively simple to operate; and one which may be con 
stnlcted inexpensively and sold at a relatively low price. 
Yet another object of the invention is to provide such 

an improved high-speed printing mechanism which is 
extremely accurate and precise in its operation. 
A still further object of the invention is to provide such 

an improved high-speed printing mechanism which is 
extremely rapid in its operation; and which is capable of 
achieving printing speeds many times the capabilities of 
existing comparable mechanisms, so as to render the print 
ing mechanism of the invention especially suitable for use 
with high speed automatic calculating, computing, com 
municating, and other types of systems. 

Other objects and advantages of the invention will 
become apparent from a consideration of the accom 
panying drawings, in which: 
FIGURE 1 is a perspective representation of one em 

bodiment of the high-speed printing mechanism of the 
present invention; 
FIGURE 2 is a perspective showing of the printing 

dies which are used in the mechanism of FIGURE 1; 
FIGURE 3 is an end view of the dies of FIGURE 2, 

grouped together in the rotatable printing head of the 
mechanism of FIGURE 1; 
FIGURE 4 is a schematic representation of the various 

steps by which the printing dies of FIGURES 2 and 3 
may be selectively actuated during a complete revolution 
of the printing head so as to synthesize, by way of ex 
ample, the character “A”; 
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FIGURE 5 is a plan view, partly in section, and illus 

trating in a somewhat schematic manner, the operating 
components of the printing mechanism of FIGURE 1; 
FIGURE 6 is an end view of the mechanism of FIG 

URE 5, taken substantially on the line 6—6 of FIG 
URE 5; 
FIGURE 7 is an end view of certain ones of the oper 

ating components of the mechanism of FIGURE 5, taken 
substantially on the line 7-—7 of FIGURE 5; 
FIGURE 8 is an opposite end view of the components 

of FIGURE 7, taken substantially on the line 8—8 of 
FIGURE 5; 
FIGURE 9 is a block diagram representative of an 

electric control system for use in conjunction with the 
mechanism; and 
FIGURE 10 is a table explaining the manner in which 

the various printing dies are actuated during the individ 
ual rotations of the printing head, so as to synthesize 
various alpha-numeric and other symbols. 
A preferred embodiment of the invention is illustrated 

in FIGURE 1 and includes a base 10. A supporting shelf 
12 is mounted on the base 10 by means, for example, of 
a plurality of upright posts 14. The entire assembly 
may be enclosed in a suitable housing, as represented by 
the dotted lines 16. 
The mechanism of FIGURE 1 includes an elongated 

cylindrical printing head 18 which is rotatably mounted 
in a printing mechanism, the printing mechanism being 
shown in more detail in FIGURES 5-8. The printing 
mechanism is enclosed in a suitable housing 20. An 
electric motor 22 has its drive shaft extending into the 
housing 20 and coupled to the head 18. The motor is 
energized to provide rotation for the printing head 18. 
As mentioned above, the improved printing mechanism 

of the invention may be used in conjunction with auto 
matic devices and systems of various types. In addition, 
the mechanism may be manually controlled. An appro 
priate keyboard mechanism 24 is provided for manual 
control purposes. 
The rotatable printing head 18 has a group of four 

elongated, rectangular-shaped, printing dies, or punches, 
mounted in it. These dies are shown in FIGURES 2 and 
3, and are designated as 30, 32, 34 and 36, respectively. 
It will be noted that each of the printing dies has a pro 
truding boss or face 31 on its forward end. The dies 
30, 32 and 34, for example, have a face 31 formed across 
the upper portion of their respective forward ends, and 
the die 36 has a diagonal face extending across its for 
ward end, as shown. -. 
The dies 30, 32, 34 and 36 are mounted in the rotatable 

cylindrical printing head 18 of FIGURE 1 for rotation 
as a unit with the head 18. In addition, each of the dies 
may be longitudinally moved individually and selectively 
parallel to the axis of rotation of said head 18 from a re 
tracted or stand-by position in the head to an extended 
printing position. 
A ?rst reel mechanism, including a supply reel 40 and 

a take-up reel 42, draws an inked ribbon 44 along a path 
adjacent the forward faces of the dies 30, 32, 34 and 36 
in the printing head 18, and traversing the longitudinal 
axis of the head. 

Likewise, a take-up reel 46 and a supply reel 48 serve 
to draw a paper tape 50 along a path adjacent the inked 
ribbon 44. The take-up reels 42 and 46 may be driven 
by a motor 52, through an appropriate gear box 54. 
A stationary cylindrical shaped platen 56 is mounted 

on the shelf 12, and this platen serves as a back-stop for 
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the inked ribbon 44 and paper tape 50. Whenever any 
one of the dies 30, 32, 34 and 36 is moved to its extended 
printing position, the face of that die strikes the inked 
ribbon 44 and moves it and the tape 50 against the surface 
of the platen 56. This causes an inked impression of the 
embossed design at the forward end of the actuated die 
to be imprinted on the paper tape. 
By the proper actuation of the dies 30, 32, 34 and 36 

during successive revolutions of the printing head 18, any 
one of a variety of alpha-numeric symbols can be im 
printed on the paper tape 50. The speed of rotation of 
the printing head can be made sufficiently high with respect 
to the speed of the ribbon 44 and paper tube 50, so that 
the sequential operation of the dies during a revolution 
of the head to imprint a symbol on the paper tape 50 can 
be made while the paper tape 50 is moving without pro 
ducing any discernible distortion insofar as the imprinted 
symbol is concerned. Under some conditions, however, 
it may be desirable to drive the tape intermittently to 
avoid character blurring. 
As shown in FIGURE 4, the various symbols, such as 

the symbol “A,” can be imprinted on the tape 50 during 
a complete revolution moving counterclockwise, as shown 
in FIGURE 8 of the head 18, by activating the dies 30, 
32, 34 and 36 selectively at predetermined angular posi 
tions of the printing head during its revolution. 

For example, when the printing head has an angular 
position of 0°, reading counterclockwise the dies 30, 32 
and 34 are actuated simultaneously to provide the im 
printed mark shown in FIGURE 4a on the paper tape. 
Then, when the head has moved angularly to a 90° posi 
tion, the dies 30 and 32 are actuated to provide the addi 
tional mark, as shown in FIGURE 4b. Then, when the 
head has been turned to its 180° position, the die 34 is 
actuated to provide the additional mark, shown in FIG 
URE 40, to the symbol. Finally, when the head has 
moved to its 270° position, the dies 30 and 32 are again 
simultaneously actuated to provide the further portion 
to the symbol, as shown in FIGURE 4d. 
The result of this selective sequential operation of the 

different printing dies 30, 32 and 34 during the revolu 
tion of the printing head 18 results in the symbol “A,” 
as shown in FIGURE 42. It is evident that the selective 
actuation of the printing dies in accordance with other 
sequences during the rotation of the head 18 can cause 
other symbols to be imprinted on the tape. 
The table of FIGURE 10 illustrates the manner in 

which the various symbols may be imprinted, by the 
actuation of the different dies during the 0°, 90°, 180° 
and 270° angular position of the head 18. In the table 
of FIGURE 10, the die 30 is designated 1, the die 32 is 
designated 2, the die 34 is designated 3, and the die 36 
is designated 4. 
The printing mechanism contained in the housing 20 is 

shown in more detail in FIGURES 5-8. As mentioned 
above, the printing head 18 is rotatably mounted in the 
housing, and it is rotatably driven by the motor 22. The 
pirnting dies 30, 32, 34 and 36 are mounted in the head 
18, and these dies rotate as a group with the head about 
the axis of rotation of the head. 
The dies 30, 32, 34 and 36 are spring biased to their 

normal retracted stand~by position by a plurality of springs 
in the head 18, such as the springs 60 and 62. Head 18 
is normally constructed of two parts which provide for 
ease in insertion of the springs 60 and 62 within the head 
18 whereby the two parts of the head 18 may then be 
secured together by any suitable means. A plurality of 
solenoids 64, 66, 68 and 70 are mounted in the housing 20, 
and these solenoids include respective pivoted arms 72, 
74, 76 and 78. 
When one of the solenoids 64, 66, 68 or 70 is energized, 

its armature moves outwardly, so that its pivoted arm 
strikes a hammer blow sharply against the inner end of a 
particular one of the inner ends of dies 30, 32, 34 or 36 
positioned adjacent to that particular arm at its moment 
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4 
of actuation. This causes the die struck to move out 
wardly against the tension of its biasing spring to its 
extended printing position, and such motion causes its 
face 31 to move the inked ribbon 40 and the paper tape 
50 sharply against the platen 56. Therefore, by the 
selective energizing of the solenoids during each rotation 
of the head 18, the different dies 30, 32, 34 and 36 may 
be selectively impelled to their extended printing positions. 

It is to be here understood that the relative position of 
the ends 75 of the solenoid arms 72, 74, 76 or 78, the rear 
ends of the dies 30, 32, 34 and 36, and the inner end 79 
of the rotatable printing head 18, both before and after 
actuation, is very important. The dies 30, 32, 34 and 36 
must be of such a length and positioned in respect to the 
platen 56 and the ends 75 of the pivot arm 74 that each 
die is free or “?ying” at the moment the face 31 strikes 
the platen through the ribbon and paper. The solenoids 
64, 66, 68 or 72 must be turned off before the end 75 
thereof moves into the rear end 79 of the rotatable head 
18, and the hammer blow of the end 75 of the pivoted 
arm must be stopped from forward movement against the 
die appreciably before the completion of the dies’ forward 
movement into the platen. This particular relationship, 
it will be appreciated, creates the free or “?ying” die, 
permitting the momentum of the die to do the actual 
printing through the ribbon and paper and to bounce back 
from the platen 56 and in cooperation with the springs 
62, etc., to return the die to its retracted position. A The 
free or “?ying” die with its return bounce back from the 
platen is essential to give sharpness and non-smudging of 
the mark made thereby, as well as to prevent tearing of 
the ribbon and paper. 

In order to provide an indication of the selected angu 
lar positions of the head 18, an apertured disc 100 is 
mounted on the head, to be rotated therewith. The disc 
100 has an aperture 102 formed in it. In the embodiment 
being described, the head 18 and disc 100 are assumed 
to rotate in a counter-clockwise direction, as viewed from 
the front of the mechanism. 
A plurality of light sources 106, 107, 108 and 109 are 

mounted in the housing 20 on appropriate brackets (not 
shown) to be positioned directly behind the disc 100. 
These light sources are mounted in a circle, for example, 
and are displaced angularly 90° from one another. The 
light sources are positioned so that upon rotation of the 
disc 100, light from the different sources sequentially 
passes through the aperture 102. 
A plurality of photo-sensitive devices, such as a known 

type of photo-diode, are mounted on the opposite side of 
the disc 100 to be in alignment with respective ones of the 
light sources. These photo-sensitive devices are desig 
nated 110, 112, 114 and 116 in FIGURE 8. 
The arrangement is such that when the rotatable print 

ing head 18 is in, for example, the 0° position, light from 
the light source 106 passes through the aperture 102 to 
strike the photo-diode 110, so as to provide a correspond 
ing output signal from that diode. Likewise, when the 
printing head 18 is in the 90° position, light source 107, 
together with the photo-diode 112 excited by light source 
107, provides an output signal. In like manner, when the 
printing head is in the 180° position, the photo-diode 114, 
excited by light source 108, provides an output signal; 
and when the printing head is in the 270° position, the 
photo-diode 116, excited by light source 109, provides 
an output signal. 
The output signals from the different photo-diodes are 

used to condition the corresponding solenoids 64, 66, 68 
and 70 for energization. The arrangement is such that the 
di?erent solenoids may be selectively energized when the 
printing head 18 is at its different selective angular posi 
tions, so as to synthesize the characters, as explained 
above. 
As shown in FIGURE 9, the various solenoids 64, 66, 

68 and 70 may be controlled by a suitable logic network 
200 which responds to signals from the photo-diodes 110, 
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112, 114 and 116, as well as to appropriate input signals. 
The logic network 200, for example, may respond to 

an input on the No. 1 input line to operate the #1 (30) 
die at the 0° position of the head 18. Likewise, the logic 
network may respond to an input on the No. 2 input 
line to operate the #2 die (32) at the 0° position of the 
head 18, and so on. The selective application of inputs 
to the different input lines, then permit the printing mech 
anism to‘ synthesize corresponding characters, in the man 
ner described above. 
A typical condition code for the input lines is repre 

sented in Table 1 below. In each instance, the die in 
dicated is operated by an input on the correspondingly 
indicated input line. As in the preceding example, the 
die 30 is designated #1, the die 32 is designated #2, the 
die 34 is designated #3, and the die 36 is designated #4. 
Then, as shown by the Table 2, inputs simultaneously 

apply to the indicated input lines cause the printer to im 
print a corresponding number or letter. 

Table l--C0nditi0n code 
Input line: Die 

1:0° __________________________________ __ 1 

220° __________________________________ __ 2 

3:0“ __________________________________ __ 3 

420° __________________________________ __ 4 

5:90° _________________________________ __ 1 

6:90° _________________________________ __ 2 

7:90“ _________________________________ __ 3 

8:90“ _________________________________ __ 4 

9-—180° ________________________________ __ 1 

10:l80° _______________________________ __ 2 

11:180° _______________________________ __ 3 

12:180° _______________________________ __ 4 

13:270° _______________________________ __ 1 

14:270° _______________________________ __ 2 

15:270° _______________________________ __ 3 

16:270° _______________________________ __ 4 

Table 2—Alpha-numeric conditions numeric 

Number (Input lines): 
1:8, 16 
2:1, 2, 5, 9, 10, 13 
3:1, 2, 4, 9, 10, 13, 14 

12, 13, 14 
, 6, 9, 10, 12, 14 

6,9,10,12,13 

A lpha conditions 

Letter (Input lines): 
Azl, 2, 4, 5, 6, 12, 13, 14 

, 7, 9, 10, 11 
, 10 ‘ 

0,13,14,16 
10, 12 

10 
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Y:11, 16 
Z:1, 2, 3, 9, 10, 11 

FIGURE 10 sets out in table form how the dies are 
programmed for printing of different letters and symbols. 
For example, in producing the letter “A” dies 1, 2, and 
4 (30, 32 and 34) are struck simultaneously when the 
head 18 is in the 0° quadrant, and will be actuated at this 
instant by the arms 72, 74 and 76, respectively. When 
the head 18 is in the 90° quadrant, dies 1 and 2 will be 
struck simultaneously by arms 74 and 76. When the 
head 18 is in the 180° quadrant, the die 4 only will be 
actuated by arm 74 and ?nally to complete the letter 
when the head 18 is in the 270° quadrant, dies 1 and 2 will 
be actuated by arms 78 and 72. From this it will be seen 
that each letter is formed or produced by a different pro 
gramming in accordance with the chart set out in FIG 
URE 10. 
The invention provides, therefore, an improved and 

simpli?ed high speed printing mechanism. The printing 
mechanism of the invention is capable of imprinting dif 
ferent alpha and numeric characters on the paper tape 
in response to the different inputs, as explained above. 

It will be appreciated that the moving components of 
the printer of the invention are reduced to‘ a minimum, 
so that the mechanism is relatively simple and inexpen 
sive to construct. In addition, the high speed printing 
mechanism of the invention may be operated in a rela 
tively simple manner, and it is capable of being con 
veniently coupled to high speed calculating, computing, 
or communicating systems. 
While a particular embodiment of the invention has 

been shown and described, modi?cations may be made. 
It is intended in the claims to cover such modi?cations 
which fall within the spirit and scope of the invention. 
What is claimed is: 
1. A high-speed printing mechanism including: a cylin 

der, a plurality of elongated printing dies mounted in 
said cylinder for rotation therewith about the longitudinal 
axis ‘of said cylinder and for individual movement par 
allel to the axis of said ‘cylinder between a stand-by 
position and a printing position, each of said dies parallel 
to the axis of said cylinder having a pat-tern formed on 
a face thereof, and means for selectively moving said 
dies to said printing position. 

2. A high-speed printing mechanism including: a cylin 
der, a plurality of elongated printing dies mounted in 
said cylinder for rotation therewith as a unit about the 
longitudinal axis of said cylinder and for individual move 
ment parallel to the axis of said cylinder between a stand 
by ‘position and a printing position, each of said dies 
having a ‘pattern formed on a face thereof, means for 
driving a medium along a path traversing said axis to 
permit said medium selectively to receive impressions 
from said face of each of said dies as said dies are selec 
tively moved to said printing position, and means for 
selectively moving said dies parallel to the axis of said 
cylinder to said printing position as said medium is so 
driven ‘along said paths. 

3. A high-speed printing mechanism including: a cylin 
drical printing head mounted for rotation about the 1on 
gitud-inal axis thereof; a plurality of elongated dies slidably 
mounted in said head for rotation therewith and ‘for indi 
vidual longitudinal movement parallel to the axis of said 
head between a stand-by position and a printing position, 
each of said dies having embossed markings formed on 
one face thereof, means for driving a medium along a 
path traversing the longitudinal'axis of said printing head 
to enable said medium selectively to receive the impres~ 
sions of said markings on said face of each of said dies 
as the dies are selectively moved to said printing position, 
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and means for selectively moving said dies parallel to 
said longitudinal axis of said cylinder to said printing 
position along a line parallel to said axis and at right 
angles to said medium as said medium is so driven along 
said path. 

4. A high-speed printing mechanism for forming and 
printing characters from a combination of impressions in 
cluding: a cylindrical printing head mounted for rotation 
about its longitudinal axis, a plurality of elongated dies 
slidably mounted in said head for rotation therewith and 
for individual movement parallel to said axis of said head 
between a retracted stand-by position and an extended 
printing position, each of said dies having a high-relief 
pattern formed on the forward face thereof, means cou 
pled to said printing head for imparting rotation thereto 
about its longitudinal axis, means for driving a medium 
along a path adjacent said forward faces of said dies and 
traversing the longitudinal axis of said printing head to 
enable said medium selectively to receive the impression 
of said forward face of each of said dies as the dies are 
selectively driven to said printing position, and further 
means for selectively driving said dies to said printing 
position along a line parallel to said axis and at right 
angles to said medium as said medium is drawn along 
said path. 

5. The machine de?ned in claim 4 and which includes 
resilient means in said cylindrical printing head for bias 
ing said dies to said stand-by position. 

6. The printing machine de?ned in claim 4 and which 
includes means for indicating selected angular positions 
of said printing head, and control means coupled to said 
indicating means and to said further means for control 
ling the selective movement of said dies to said printing 
position. 

7. A high-speed printing mechanism including: a cylin 
drical printing head mounted for rotation about its lon 
gitudinal axis, a plurality of elongated dies slidably 
mounted in said head for rotation therewith and for indi 
vidual movement parallel to said axis of said head be 
tween a retracted stand-by position and an extended print 
ing position, each of said dies having a high relief pat 
tern formed on the forward end thereof, resilient means 
mounted in said head for biasing said dies to said stand 
by position, a drive mechanism mechanically coupled to 
said printing head for imparting rotation thereto about 
said axis, a reel mechanism for driving a paper tape along 
a path adjacent said forward ends of said dies and travers 
ing the longitudinal axis of said printing head, and a plu 
rality of solenoids mechanically coupled to respective ones 
of said dies for selectively driving said dies parallel to 
the axis of said cylinder to said printing position to cause 
the patterns on the forward ends of said dies selectively to 
imprint impressions on said paper tape. 

8. The machine de?ned in claim 7 and which includes 
means, including an apertured disc on said printing head 
and light-sensitive means for indicating seelcted angular 
positions of said head, and control means electrically cou 
pled to said indicating means and to said solenoids for 
controlling the selective movement of said dies to said 
printing position. 

9. A printing mechanism for forming and printing 
characters from a combination of a plurality of dies 
comprising: a plurality of printing dies, each of said 
dies having a protruding face con?guration on one end 
thereof for printing impressions in combinations to form 
a character, said dies being rotatable as a unit about an 
axis perpendicular to said face con?gurations; and means 
for selectively moving said dies parallel to said perpen 
dicular axis from a standby position to a printing posi 
tion during a single revolution ‘of said unit to form and 
print said character. 

10. A printing mechanism as set forth in claim 9 in 
cluding a medium traversing the perpendicular face of 
said plurality for receiving said formed characters. 

11. A printing mechanism for forming and printing 
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8 
alpha-numeric characters on a medium comprising: four 
printing dies, each of said dies having a protruding face 
con?guration on one end thereof for printing impressions 
in combination to form alpha-numeric characters, said 
dies being rotatable as a unit about an axis perpendicular 
to their face con?gurations; and means for moving selected 
combinations of said dies parallel to said axis at prese 
lected quadrant divisions during a single revolution of 
said unit to vform and print an alpha-numeric character 
upon a medium traversing said face con?guration of 
said dies. 

12. A printing mechanism as set forth in claim 11 in 
cluding means for determining when said dies are in a 
preselected quadrant whereby a desired combination of 
said dies are moved to said printing position to form and 
print a ‘character upon said medium. 

13. A printing mechanism as set forth in claim 12 in 
cluding biasing means for returning said dies to a standby 
position when said character forming and printing opera 
tion is completed. 

14. A printing mechanism for forming and printing 
characters on a medium comprising a cylinder, a plural 
ity of printing dies in said cylinder having face con?gura 
tions for printing impressions in combinations to form 
a desired character, said plurality including three dies 
having face con?gurations comprising high relief pat 
terns forming a raised single line, each said single line 
being parallel to the other and one printing die having 
a face con?guration to form a single line diagonally with 
respect to said other three dies, means for rotating said 
cylinder and said dies about the longitudinal axis of said 
cylinder and means for moving said dies parallel to 
said'axis. 

15. A printing mechanism for forming and printing 
characters on a medium comprising: a rotatable die 
holder; means for rotating said die holder about its lon 
gitudinal axis; a plurality of printing dies slidably mount 
ed ‘within said die holder, said plurality being rotatable 
with said die holder, each of said dies having a face con 
?guration for printing impressions in combination to form 
a character; and means for individual or combination se 
lecting and depressing said plurality from a standby posi 
tion to a printing position while said die holder is in a 
preselected quadrant of a single revolution. 

16. A printing mechanism as set forth in claim 15 in 
cluding means for indicating in which preselected quad 
rant said die holder is located. 

17. A printing mechanism as set forth in claim 16 
wherein said quadrant indicating means comprises: a 
light source disposed in each quadrant of rotation of said 
die holder; a light sensitive indicator disposed adjacent 
each said light source; and an opaque member having a 
single aperture, said member being coupled to said die 
holder to rotate therewith and disposed between said light 
source and said light sensitive indicators whereby said 
indicators will be enabled by said light source when said 
aperture passes therebetween. 

18. In mechanism for forming printed characters by 
sequential impressions on a medium comprising: a head 
rotatable on an axis normal to said medium, a printing 
die carried by said head in a position radially offset from 
its axis and movable parallel to said axis into contact 
with said medium, means for rotating said head, printing 
control means, and means jointly controlled by said print 
ing control means and said head rotating means for mov 
ing said die into contact with said medium at a plurality 
of different angular rotational positions of said head. 

19. In mechanism for forming printed characters by 
sequential impressions on a medium comprising: a head 
rotatable on an axis normal to said medium, a plurality 
of printing dies carried by said head in positions radially 
offset from its axis and individually movable parallel to 
said axis into contact with said medium, means for rotat 
ing said head, printing control means, and means jointly 
controlled by said printing control means and said head 



rotating means for moving said dies individually and in 
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‘combinations into contact With said medium at a plurality 
of different ‘angular rotational positions of said head. 
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