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(57) ABSTRACT 

There is disclosed a drive mechanism for a printing 
head of a printing machine of the kind where the print 
head moves with respect to the material to be printed, 
the mechanism including an elongated electromagnet 
to provide a magnetic field, a coiled electrical conduc 
tor slidably mounted for movement under the influ 
ence of the magnetic field and adapted for connection 
to a print head, and a circuit connected to the conduc 
tor for sensing the position of the electrical conductor 
with respect to a datum and for controlling the supply 
of electric current to the conductor so as to control 
the movement of the conductor. The supply of current 
to the electromagnet and the coil are independently 
variable. The position sensing circuit can be used to 
control the supply of current to the electromagnet and 
the coil. 

5 Claims, 12 Drawing Figures 
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MAGNETIC DRIVE MECHANISMS FOR PRINTING 
HEADS 

This invention relates to printing machines of the 
kind where on operation a print head is reciprocated 
with respect to the material which is printed by the 
print head. The definition of print head' includes heads 
which print by the impact of movable members, for ex 
ample hammers and solenoid driven needles, heads 
which print by heat, light and other forms of electro 
magnetic waves, heads which print by the projection or 
attraction of charged particles to mark the material and 
any other form of head by which material is marked. 
The definition of print head' includes a head using a 
combination of any of the above material-marking 
methods. Examples of such printing machines are type 
writers which use the 'gold ball' print head and those 
digital printers, such as 'line printers' in which the print 
head moves with respect to the material to be printed. 

It has been previously known to produce the relative 
motion by means of a drive mechanism having an elec 
tric drive motor geared to an endless belt to which is 
attached to the print head. The drive motor is con 
trolled by mechanically actuated control circuits to 
control the extent of movement in one direction and 
reversal of movement after movement of a predeter 
mined extent. The known drive mechanism has the dis 
advantages of complexity, high cost, and speed limita 
tions because of the inertia forces in the mechanism. It 
has been proposed to produce the relative motion by 
means of a bar of high-permeability magnetic material 
which passes through a solenoid which is connected to 
a print head. This proposal suffers from the disadvan 
tages that the print head is limited to a low weight be 
cause of level of flux density of the magnetic field; 
which flux density cannot be increased to accelerate a 
standard print head and solenoid so as to overcome the 
inertia and static friction forces to give a speed compa 
rable with prior drive mechanisms. Furthermore, the 
bar of magnetic material is heavy and is expensive in 
the amount required to produce the standard carriage 
movement or stroke. 
According to the present invention there is provided 

a drive mechanism for a print head of a printing ma 
chine, the mechanism including a magnetic circuit hav 
ing an elongated member and having at least one elec 
tromagnet circuit to provide a magnetic field normal to 
the longitudinal axis of the elongated member, an elec 
trical conductor slidably mounted relative to the elon 
gated member for movement under the influence of the 
magnetic field and adapted for connection to a print 
head, an electric circuit for supplying electric current 
to the conductor, and switch means connected in at 
least one of the circuits so as to control the extent of 
movement of the conductor. 
Preferably the electric circuit for supplying electric 

current to the conductor includes means for controlling 
the variation of the electric current supplied. 
According to a further aspect of the present inven 

tion there is provided a drive mechanism for a print 
head of a printing machine, the mechanism including 
an electromagnet having a first elongated member and 
at least a second elongated member connected parallel 
with the first member to provide a magnetic field be 
tween the members, an electrical conductor slidably 
mounted on a member for movement under the influ 
ence of the magnetic field and adapted for connection 
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to a print head, and a circuit connected to the conduc 
tor for controlling the supply of electric current thereto 
so as to control the extent of movement of the conduc 
tor. " - - . . . . . 

Preferably the electrical conductor is a solenoid of at 
least one helix wrapped around an elongated member. 
Preferably the electromagnet, includes, a circuit for 

controlling the variation of the electric current sup 
plied to the electro-magnet. 

Preferably at least one of the circuits supplying elec 
tric current to the electric conductor and to the elec 
tromagnet includes means for changing the polarity of 
the electric current supplied. 
Preferably the control circuit includes a means for 

sensing the position of the electrical conductor with re 
spect to a datum. 
According to a still further aspect of the present in 

vention there is provided a drive mechanism for a print 
head of a printing machine, the mechanism including 
means to provide a magnetic field, an electrical con 
ductor slidably mounted for movement under the influ 
ence of the magnetic field and adapted for connection 
to a print head and a circuit connected to the conduc 
tor for sensing the position of the electrical conductor 
with respect to a datum and for controlling the supply 
of electric current to the conductor so as to control the 
movement of the conductor. 
Preferably the electrical conductor is a solenoid of at 

least one helix wrapped around an elongated member. 
Preferably the magnetic-field-providing means is an 

electromagnet; and preferably the control circuit in 
cludes a circuit for controlling the variation of the elec 
tric current supplied to the electro-magnet. 
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Preferably the electric current supplied to the elec 
tro-magnet circuit can be varied independently of the 
current supplied to the electrical conductor. 

Preferably at least one of the circuits supplying elec 
tric current to the electrical conductor and the electro 
magnet includes means for changing the polarity of the 
electric current supplied. 
Preferably the circuit for sensing the position of the 

electrical conductor causes the control circuit to con 
trol the supply of electrical current to the electrical 
conductor and to the electromagnet so as to control the 
movement of the conductor. 
Preferably the electrical conductor can be automati 

cally returned to an initial position from any point on 
the extent of movement of the conductor. 
Preferably the electrical conductor can move by at 

least one character position after an extent of move 
ment equal to at least one character to facilitate read 
ing what has been printed so far. 
Preferably the electrical conductor can move an ex 

tent equal to at least one character position to print at 
least one character, can reverse the movement by at 
least the same number of character positions to facili 
tate reading what has been printed so far and can then 
reverse to move in the original direction to print at least 
one further character. 
Constructional embodiments will now be described, 

by way of examples only, with reference to the accom 
panying drawings wherein: 
FIG. 1 shows an isometric view of a first drive mecha 

nism made in accordance with the invention; 
FIG. 2 shows a plan cross-section taken on the line 

A-A on the drive mechanism shown in FIG. 1 to 
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gether with a diagram of the circuits which control the 
operation of the drive mechanism; 
FIG. 3 shows a vertical cross-section taken on the 

line B-B or the drive mechanism of FIG. 1; 
FIG. 4 shows an isometric view of a second drive 

mechanism made in accordance with the invention; 
FIG. 5 shows a vertical cross-section taken on line 

A-A on the drive mechanism shown in FIG. 4 to 
gether with a diagram of the circuits which control the 
operation of the drive and the print head mechanism; 
F.G. 6 shows a vertical cross-section taken on the 

line B-B on the drive mechanism of FIG. 4 with the 
side cover removed from the position sensor; 
FIG. 7 shows a view of a third drive mechanism made 

in accordance with the invention; 
FIG. 8 shows a plan cross-section taken on the line 

A-A on the drive mechanism shown in FIG, 8 to 
gether with a diagram of the circuits which control the 
operation of the drive mechanism; 
FIG. 9 shows a vertical cross-section taken on the 

line A-A on the drive mechanism of FIG. 8; 
FIG. 10 shows an isometric view of a fourth drive 

mechanism made in accordance with the invention; 
FIG. 11 shows a vertical cross section taken on line 

A-A on the drive mechanism shown in FIG. 10 to 
gether with a diagram of the circuits which control the 
operation of the drive and print head mechanism; and 
FIG. 12 shows a vertical cross-section taken on line 

B-B on the drive mechanism of FIG. 10 with the side 
cover removed from the position sensor. 
The first drive mechanism 10 shown in FIG. 1 has a 

base 12 which consists of a first elongated member in 
the form of a bar 14 of rectangular cross-section and of 
magnetic material such as mild steel, second elongated 
members in the form in bars 16 of rectangular cross 
section and of magnetic material such as mild steel and 
a pair of end plates 18 which connect the bar 14 to the 
bars 16. At each end of the base 12 a coil former 20 of 
non-magnetic material is secured on the bar 14 and a 
coil of wire 22 is wound on the coil former 20 to make 
the carriage bar 14 act as an electromagnet. 
As shown in FIG. 2 the coils 22 are connected to a 

smoothing circuit 24 and to a full-wave rectifier bridge 
26 which is connected to the mains voltage of 230 volts 
a.c. through a switch 28. 
A coil former 30 having shock-absorbing material 34 

on the cheeks of the former is slidably mounted on the 
bar 14 and an electrical conductor in the form of a sole 
noid coil 32 is wound on the former 30. A standard sev 
en-by-five matrix print head 36 is secured to the coil 
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former 30 to clear the upper edges of the bars 16. The 
solenoid coil 32 is connected to the output of a control 
circuit 40 having a control input 41 which is connected 
to position control circuitry (not shown) and the other 
inputs connected to the output of a full-wave rectifier 
bridge 42. The input of the rectifier bridge 42 is con 
nected to the output of a step-down transformer 44 the 
output of which is connected through a switch 46 to the 
mains voltage of 230 volts a.c. 

In operation, the energised coils 22 generate a mag 
netic field between the bar 14 and the bars 16 and this 
magnetic field urges the solenoid coil 32, the former 30 
and the print head 36 parallel with the longitudinal axis 
of the bars 14 and 16 - at a speed and a direction 
which depends on the magnitude and direction of cur 
rent flow in the solenoid coil 32 determined by the con 
trol circuit 40. The control circuit 40 controls the 
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speed of reciprocation of the print head 36 between a 
position where the coil former 30 abuts one of the coil 
formers 20 and a position where the coil former 30 
abuts the other coil former 20 by generating a repeated 
symmetrical waveform in which the shape of the wave 
form determines the speed and direction of the print 
head 36. 
The control input 41 of the control circuit 40 is con 

trolled by other circuits (not shown) which drive the 
material to be printed (not shown) and the print head 
36 so that seven successive reciprocations of the print 
head 36 print a line of characters on the material. 
The circuit connected to the coils 22 can be con 

trolled instead of, or as well as, the circuit connected 
to the solenoid coil 32. The second drive mechanism 
10, shown in FIG. 4, has the base 12 having the bars 14 
and 16, the end plates 18, the coil formers 20, the coils 
22 as previously described and previously shown in 
FIGS. 1, 2 and 3. 
As shown in FIG. 5 the coils 22 of FIG. 4 are con 

nected to the smoothing circuit 24 and to a full-wave 
rectifier bridge 26 which is connected to the mains 
voltage of 230 volts a.c. through a switch 28. 
A coil former 51 is slidably mounted on the upper 

most bar of the bars 16 and an electrical conductor in 
the form of a solenoid coil 48 is wound on the former 
51. The former 51 is connected to an n-shaped saddle 
50 of non-magnetic material which saddle is slidably 
mounted on the bar 14 by the four pairs of rollers 52. 
The print head 36 is secured to the saddle 50. 
A tape 53 of rigid non-magnetic material is attached 

at each end to a cheek of the coil former 20 respec 
tively. The tape 53 passes through a tape senser 54 
which comprises a line of seven light-emitting diodes 
56 on one side of the tape 53 and a line of seven photo 
electric diodes 58 on the other side of the tape and par 
allel with the diodes 56. The tape 53 is perforated lon 
gitudinally in seven lines to form a seven bit tape in 
which each signal of seven bits is a code representing 
the position of this signal from a zero signal sensed 
when the saddle 50 abuts each end of the coil formers 
20 respectively. The connections to the light-emitting 
diodes 56 and the photo-electric diodes 58 are con 
nected by a cable 60 to a control circuit 62. The con 
trol circuit 62 also has connections to the solenoid coil 
48, and the print data input connections which transmit 
the codes representing the characters to be printed and 
has connections to the outputs of the print head 36. 
The control circuit 62 also has a pair of inputs con 
nected to the output of the full-wave rectifier bridge 42 
which is connected to the output of a transformer 44 
the input of which is connected through the switch 46 
to the main voltage of 230 volts a.c. 

In operation the second drive mechanism operates 
similarly to the first drive mechanism. The print data 
transmitted to the control circuit 62 includes control 
signals such as "print on,' 'print off,' 'space,' 'Tab, and 
'carriage return' and these control signals are com 
pared with the seven control inputs from the tape sen 
sor 54 to control the amplitude and polarity of the d.c. 
voltage transmitted to the solenoid coil 48 and the op 
eration of the print head 36. 
The method of mounting the print head 36 of the sec 

ond drive mechanism 10 has the advantage that there 
is greater mechanical stability. 
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The print data transmitted to the control circuit 62 
can be in any of the standard codes, such as the ASC11 
code. 
The voltages transmitted from the control circuit 62 

to the solenoid coil 48 can vary in polarity and ampli 
tude to control the direction and speed respectively of 
the print head 36 and can have a pulsed duty cycle and 
pulsed amplitude in response to "tabulate' or 'carriage 
return' signals. 
The circuits connected to the solenoid coils 22 can 

be controlled instead of, or as well as, the circuit con 
nected to the solenoid coil 48. 
The third drive mechanism 10 shown in FIGS. 7 to 9 

has a rod 11 of magnetic material such as mild steel, a 
tube 14 of magnetic material such as mild steel with an 
axial slot 16' (FIG. 1) in the tube 14' and a pair of cir 
cular end plates 18 which are of magnetic material such 
as mild steel and which connect the tube 14' coaxially 
to the permanent magnet rod 1 1. On the rod 11 and ad 
jacent the end plates 18 are circular coil formers 20 
each with a coil of wire 22 which is connected to the 
smoothing circuit 24, the rectifier bridge 26 and the 
switch 28 previously described with reference to FIGS. 
2 and 5 so that the rod 11 forms an electromagnet. 
A coil former 30 is slidably mounted on the rod 11 

and an electrical conductor in the form of a solenoid 
coil 32 is wound on the former 30. A standard seven 
vertical matrix print head 36 is secured by a pair of L 
shaped brackets 33 made of non-magnetic material to 
the coil former 30 to clear the upper edges of the axial 
slot 16' in the tube 14'. A pair of non-magnetic roller 
bearings 34 (FIG. 3) are mounted between the print 
head 36 and the tube 14'. The solenoid coil 32 is con 
nected to the output of a control circuit 37 having in 
puts 38 which are connected to solenoid-position 
sensing circuitry (not shown) which senses the position 
of the coil former 30 with respect to a datum position 
so as to control the supply of electric current to the so 
lenoid coil 32. The control circuit 37 has outputs 39 
which are connected to the print head 36 and inputs 40 
which are connected to a source of print data. The 
other inputs 41 of the control circuit 37 are connected 
to the output of a full-wave rectifier bridge 42. The 
input of the rectifier bridge 42 is connected to the out 
put of a stepdown transformer 44 the input of which is 
connected through a switch 45 to the mains voltage 
230 volts a.c. 

In operation, the magnetised rod 11 generates a mag 
netic field between the rod 12 and the tube 14' and this 
magnetic field urges the solenoid coil 32, the former 30 
and the print head 36 parallel with the coaxial longitu 
dinal axes of the rod 12 and the tube 14 at a speed and 
a direction which depends on the magnitude and direc 
tion of current flow in the solenoid coil 32 determined 
by the solenoid-position sensing circuitry (not shown) 
and the control circuit 37. The control circuit 37 con 
trols the speed of reciprocation of the print head 36 be 
tween a position where the coil former 30 abuts one of 
the coil formers 20 and a position where the coil former 
30 abuts the other coil former 20 by generating a re 
peated symmetrical waveform in which the shape of the 
wave-form determines the speed and direction of the 
print head. The control circuit 37 automatically con 
trols the supply of current to the solenoid coil 32 so 
that the print head 36 is automatically returned to an 
initial position which is at either of the farthest extents 
of movement of the print head along the axis of the rod 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

- 6 

11. The initial positions to which the print head 36 is 
automatically returned may be at preselected positions 
along the axis of the rod 11. The control circuit 37 is 
controlled by other circuits (not shown) with control 
the drive of the material to be printed (not shown) and 
the print head 36 so that at seven successive character 
positions the print head 36 prints a five-column charac 
ter and leaves a space of two character positions on the 
material. The control circuit 37 can control the supply 
of current to the solenoid coil 32 so that the print head 
36 is moved automatically by one character position 
after a movement equal to at least one character posi 
tion so as to facilitate reading what has been printed so 
far. The control circuit 37 can also control print head 
36 to move automatically by one character position, to 
reverse automatically to move back by at least two 
character positions so as facilitate reading what has 
been printed so far, and then to reverse automatically 
to move in the original direction by at least three char 
acter positions. 
A fourth drive mechanism 10' shown in FIG. 10 has 

a base 12 which consists of a first elongated member in 
the form of a bar 14 of rectangular cross-section and of 
magnetic material such as mild steel, second elongated 
members in the form in bars 16 of rectangular cross 
section and of magnetic material such as mild steel, and 
a pair of end plates 18 which connect the bar 14 to the 
bars 16. At each end of the base 12 a coil former 20 of 
non-magnetic material is secured on the bar 14 and a 
coil of wire 22 is wound of the coil former 20 to make 
the base 12 act as an electromagnet. 
As shown in FIG. 11 the coils 22 are connected to the 

smoothing circuit 24 and to a full-wave rectifier bridge 
26 which is connected to the mains voltage of 230 volts 
a.c. through a switch 28. 
A coil former 51 is slidably mounted on the bar 14 

and an electrical conductor in the form of a solenoid 
coil 48 is wound on the former 51. The former 46 is 
connected to a U-shaped saddle 50 of non-magnetic 
material which saddle is slidably mounted on the bars 
16 by the eight pairs of rollers 52. The print head 36 is 
secured to the saddle 50. 
The fourth drive mechanism 10' includes solenoid 

positioning circuitry in the form of a rigid strip 53 of 
plastics material which is attached at each end to a re 
spective cheek of the coil former 20 and which carries 
transverse lines (not shown) each line several thou 
sandths of an inch wide and spaced such that the lined 
and non-lined portions of the strip 53 are of equal 
width, and a casing 54 which is attached to the saddle 
50 and which has the strip 53 passing through. The cas 
ing 54 contains a short strip 55 of plastics material 
which is attached to the casing 54 with its longitudinal 
axis parallel with and spaced a few thousandths of an 
inch from the longitudinal axis of the strip 53. The strip 
55 carries parallel lines (not shown) each equal in 
width and spacing to the lines (not shown) on the strip 
53, but inclined by the width of half a line to the normal 
of the longitudinal axis of the strip 55. The casing 54 
also contains a lamp 56 and two phototransistors 57 
and 58 arranged so that the strips 53 and 55 separate 
the lamp 56 from the phototransistors 57 and 58. The 
phototransistors 57 and 58 are on opposite sides and 
are equispaced from the transverse axis of the strips 53 
and 55. The lamp 56 and the phototransistors 57 and 
58 are connected by a cable 60 to a control circuit 62 
which is similar to the control circuit 37. The control 
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circuit 62 also has connections to the Solenoid coil 48 
and the print data input connections which transmit the 
codes representing the characters to be printed and has 
connections to the outputs of the print head 36. The 
control circuit 62 also has a pair of inputs 41 connected 
to the output of the full-wave rectifier bridge 42 which 
is connected to the output of the transformer 44 the 
input of which is connected through the switch 45 to 
the snains voltage of 230 volts a.c. In operation the 
fourth drive mechanism operates similarly to the third 
drive mechanism. In operation, the relative movement 
of the strip 55 with respect to the strip 53 causes the 
generation of a succession of moire fringes which are 
paralle: with longitudina axes of the strips 53 and 55 
and which travei towards the longitudinal edges of the 
strips 53 and 55 at a speed dependent upon the relative 
speeds of the strips 53 and 55. The phototransistors 57 
and 58 count the fringes to generate pulse trains in 
which the distance between each pulse is equal to one 
column distance and in which the phase of the train of 
pulses from the phototransistor 57 with respect to the 
train of pulses from the phototransistor 58 (which train 
of pulses acts as a datum) is related to the speed and 
direction of motion of the solenoid 48. The datum 
pulses of the train of pulses from the phototransistor 58 
are counted by a character counter circuit (not shown) 
in the control circuit 62, which character counter cir 
cuit transmits a 'start of track signal at a Zero pulse 
court and in effect counts the number of column posi 
tions between the position of the solenoid 48 and the 
“start of track' signal. The pulses of the train of pulses 
from the phototransistor 58 are also divided into suc 
cessive groups of seven pulses which pulses control cir 
cuits (not shown) within the control circuit 62 so that 
the first five pulses allow the printing of five columns 
by the print head 36 is one complete character, and the 
other two pulses do not allow printing so that there is 
a space of two columns between successive characters. 
The speed of the solenoid 48 is maintained approxi 

mately constant by the action of speed control pulses 
formed by differentiating the trains of pulses from the 
phototransistor 57 and 58 upon the circuit (not shown) 
in the control circuit 62 which supplies current 62 
which supplies current pulses to the solenoid 48. The 
differentiated datum pulses from the phototransistor 38 
control the end of the solenoid current pulses and the 
differentiated pulses from the phototransistor 57 over 
ride the normal beginning of the solenoid current 
pulses at approximately 700 usec from the end of the 
current pulses so as to control the width of the solenoid 
current pulses. The control action is a form of negative 
feedback in that as the solenoid speed increases the 
width of the solenoid current pulses decreases to supply 
less current to the solenoid 48 and when the solenoid 
48 slows down, the width of current pulses increases to 
increase the speed of the solenoid 48. The speed of the 
solenoid 48 is thus maintained within two speed limits. 
The print data transmitted to the control circuit 62 

includes control signals such as print on,' 'print off, 
'space,' 'tab' and "carriage return and these control sig 
nais also control the amplitude and polarity of the d.c. 
voltage transmitted to the solenoid coil 48 and the op 
eration of the print head 36. 
The method of mounting the print head 36 of the 

fourth drive mechanism 10 has the advantage that 
there is greater mechanical stability than the mechani 
cal stabilities of the first and second drive mechanisms. 
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8 
The print data transmitted to the control circuit 62 

can be in any of the standard codes such as the AS11 
code. 
The voltages transmitted from the control circuit 62 

to the solenoid coil 48 can vary in polarity and ampli 
tude to control the direction and speed respectively of 
the print head 36 and can have a pulsed duty cycle and 
pulsed amplitude in response to "tabulate or 'carriage 
return signals. The control circuit 62 can cause the au 
tomatic movement of the print head 36 previously de 
scribed in respect of the control circuit 37. 
The circuits connected to the solenoid coils 22 can 

be controlled instead of, or as well as, the circuit con 
nected to the solenoid coil 32. 
The solenoid-position-sensing circuitry can include 

photo-optical devices magnetic devices or sliding 
contacts to generate pulses representing characters as 
column position. 
The circuit for controlling the supply of currents to 

the electrical conductor can decelerate or stop the 
movement of electrical conductor by open-circuiting 
or short-circuiting the electrical conductor or by sud 
denly reversing the polarity of the current flowing 
through the electrical conductor. 
The circuit for controlling the supply of current to 

the electro-magnet can decelerate or stop the move 
ment of the electrical conductor by reversing the polar 
ity of the current flowing through the electromagnet 
either separately or in combination with a change in the 
current flowing through the electrical conductor. 
The circuits for controlling the supply of current to 

the electrical conductor and the electromagnet can op 
erate separately or together to bring the electrical con 
ductor to a stop without mechanical impact at either 
end of its movement. 
What we claim is: 
1. A drive mechanism for moving a print head over 

a longitudinal path comprising in combination, a first 
elongated member in the form of a length of magnetic 
material such as mild steel disposed parallel to said 
path, a second elongated member in the form of a 
length of magnetic material such as mild steel disposed 
parallel to said path and spaced from said first member, 
means disposed for producing a magnetic field coaxi 
ally through the length of one said member and with 
the two said members located in a closed magnetic path 
for the magnetic field, and a movable print head car 
riage mounted on a selected one of said members for 
movement over said path comprising an electromag 
netic coil disposed coaxially around the selected mem 
ber for control of movement of said carriage along said 
path by means of a magnetic field generated thereby 
reacting with said magnetic field through the length of 
said member. 

2. A drive mechanism as defined in claim 1 wherein 
said means producing the magnetic field comprises at 
least one electromagnetic solenoid disposed coaxially 
about one of said members. 

3. A mechanism as defined in claim 1 including a lon 
gitudinal member located parallel to and along said 
longitudinal path having defined therein codes for iden 
tifying different positions along said path, and means 
for selecting said codes to move the print head to se 
lected positions along said path. 
4. A mechanism as defined in claim 1 including a lon 

gitudinal strip member located parallel to and along 
said longitudinal path having defined thereon a set of 
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transverse lines and spaces of equal width, and means 
counting said lines as the print head moves along said 
longitudinal path. 

5. A mechanism as defined in claim 4 including a sec 
ond longitudinal strip member parallel to the first with 
a set of lines similar to that of the first, both said strips 
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10 
being transparent, and wherein said means counting 
said lines comprises a set of phototransistors and a 
lamp arranged to sense a succession of Moire fringes 
parallel to the longitudinal axes of said two strip mem 
bers. w 
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