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1
PEN HAVING VERTICAL MOVEMENT CONTROL

BACKGROUND OF THE INVENTION

The present invention relates to an improved device
for propelling and precisely controlling vertical move-
ment of a pen at a high velocity in automatic drawing
apparatus or the like. '

The prior art devices for vertical movement of the
pen include the use of an attractive force between a
movable iron piece associated with the pen and a mag-
net and the use of a torque provided by a rotary sole-
noid. The means of the prior art using these manners
of driving have been attended with various disadvan-
tages such as an undesirable variation of the writing
pressure of the pen depending upon the thickness of
drawing paper and a movable stroke of the pen incon-
veniently limited by such a variable writing pressure.
Also the prior art has been unable to properly control
the velocity at which the pens moves.

The velocity at which the pen moves downward is ac-
celerated as the pen moves on toward a plane of paper
and the velocity reaches the maximum at the moment
when the pen strikes against paper surface. As a result,
collision of the pen with paper surface is followed by
bounces of the pen which may cause quality of writing
to be deteriorated or the pen may stick in paper sur-
face. Ball pen or hollow ink pen has usually been used
as the pen and, particularly when the hollow ink pen is
used, ink may scatter on paper surface at the collision
of the pen with paper surface. There has already been
suggested and employed an improvement such that, to
overcome the drawback as mentioned above, there is
provided an element such as a spring to control the ve-
locity of downward movement of the pen and to absorb
said bounce. However, even with this approach, it has
been difficult to eliminate the bounce of the pen on
paper surface caused by factors such as low surface
precision of the drawing board, unevenness of paper
thickness and deterioration of the used spring when the
pen is moved at high velocity. It has been difficult also
to eliminate the bounce taking place at the upper lim-
ited position of the pen when the pen has been moved
upward and it has usually been impossible to move the
pen downward again before this bounce disappears. If
the pen starts to be moved downward while the bounce
of the pen occurring at the uppermost position thereof
is still present, the initial condition of the downward
movement of the pen might be altered by said bounce
and accordingly the normal collision of the pen with
paper surface might be affected, causing the pen to be
violently bounced on the paper surface. Thus, an effec-
tive improvement of vertical movement velocity of the
pen and consequently of writing velocity has conven-
tionally been limited.

SUMMARY OF THE INVENTION

The principal object of the present invention is to
provide a new device to overcome the drawbacks of the
means of prior art by utilizing improved means for con-
trol of the vertical movement of the pen in an auto-
matic drawing apparatus or the like to assure vertical
movement of the pen at high velocity with high accu-
racy and to maintain the writing pressure of the pen
constant regardless of the surface precision of a partic-
ular drawing board and the thickness of used paper as
well as to enlarge the movable stroke of the pen. The
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present invention uses a movable coil mounted around
a frame to which the pen is attached. This coil is lo-
cated in a magnetic field and will move vertically ac-
cording to the direction and amount of current induced
through it. In order to determine the proper amount of
current to be introduced through the coil at specified
times, a control device, forming a part of the invention,
will precisely vary the current according to feedback of
various parameters associated with the movement of
the pen which affect the velocity of the pen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of the present invention;

FIG. 2A is a graphic representation of the signal a
showing pen position with respect to time;

FIG. 2B is a graphic representation of the signal b
showing the eletric current corresponding to the veloc-
ity of the pen with respect to time;

FIG. 2C is a_graphic representation of the signal ¢
showing the electric current with respect to time;

FIG. 2D is a graphic representation of the compari-
son between optimal movement of the pen and the time
delay movement of the pen;

FIG. 3 is a schematic view showing a general feed-
back control system; and

FIG. 4 is a detailed schematic view of a feedback
control system showing the various switch settings for
the various vertical movement parameters.

DETAILED DESCRIPTION OF THE INVENTION

As shown in FIG. 1, a movable coil 2 is wound on a
cylindrical winding frame 3 in a magnetic field which
is produced by a cylindrical permanent magnet 1 across
pole pieces 18 and 19. The coil 2 is supplied from a
constant current source 14 with a drive current, caus-
ing the pen holder 6 and the pen 7 mounted on the cy-
lindrical winding frame 3 to be subjected to a force up-

. ward or downward with respect to a plane of paper 8

placed on the drawing board 9 according to the
Fleming’s left hand law. Depending upon whether the
drive current flows from terminal 16 or 17 the pen will
move up or down as will be explained later. The upper
limited position in the movable range of the pen 7 is de-
fined by relative positions of lower end of the pole
piece 18 and a stopper 5 while the lower limited posi-
tion is defined by relative positions of lower end of the
cylindrical winding frame 3 and an outer frame 4. The
pen 7 is always subjected to a constant force upward or
downward so far as winding width of the movable coil
2 is larger or smaller than the longitudinal width of the
pole piece 19 and the number of magnetic flux inter-
secting said movable coil 2 within the movable range
remains constant. This means that the force produced
in the pen 7 remains constant so far as the movable
stroke of the pen 7 corresponds to a difference between
the longitudinal effective width of the pole piece 19
and the winding width of the movable coil 2. Thus, it
is possible, as a principle, to provide the pen 7 with rel-
atively large stroke of vertical movement. Accordingly,
the pen 7 is pressed against paper 8 at a constant writ-
ing pressure regardless of the thickness of paper 8 and
the surface precision of the drawing board 9. Although
a permanent magnet is used in this embodiment, it will
be obviously understood that this may be effectively re-
placed by an electromagnet. ‘

With reference to the switch 20 in FIG. 1 no feed-
back occurs when it is open and the movable coil 2 is
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subjected to a force in any one of opposite directions
depending upon whether the drive current flows from
the terminal 16 through the movable coil 2 to the ter-
minal 16. or inversely from the terminal 17 through the
movable coil 2 to the terminal 16. The movable coil 2
or the pen 7 may be vertically moved by changing over
the direction in which the drive current flows through
the movable coil 2. Vertical movement instruction sig-
nal ¢ applied from a signal source 12 has its polarity re-
versed as mentioned later as the movement of the pen
is reversed from upward to downward or vice versa.
Accordingly, the drive current may be applied from the
‘current source 14 to the movable coil 2 in proportion
to the vertical movement instruction signal ¢ to obtain
vertical movement of the pen 7 in‘accordance with said
vertical movement instruction signal c.

There are provided a luminous element 10 to be lit
by a power source 10a and a light receiving element 11
between the A-surface of the cylindrical winding frame
3 arid the B-surface of the outer frame 4 so that said
light receiving element 11 is exposed to light emitted
from said luminous element 10. These luminous and
light receiving elements 10 and 11 are so arranged in
a space defined between the A- and B- surfaces that an
amount of the part of light emitted from' the luminous
element 10 that is intercepted varies according to the
position of said A-surface which is vertically moved
and consequently an amount of light to which said light
receiving element 11 is exposed varies also in accor-
dance with said position of the A-surface. A signal a
corresponding to said amount of light to which said
light receiving element 11 is exposed thus corresponds
to a movement quantity of the pen 7. As seen in FIG.
1, the amount of light emitted from the luminous ele-
ment 10 which is represented by three arrows is re-
duced to the amount represented by two arrows when
received by the light receiving element 11. This reduc-
tion in the amount of light corresponds to the move-
ment quantity of the pen 7. The signal a may be differ-
entiated by a differentiator 13 to obtain a signal b cor-
responding to a velocity of the pen 7. The differentiator
13 is differentiating circuit which will produce as out-
put a signal proportional to the derivative of the input
signal. A simple exemplary embodiment of such a cir-
cuit is the combination of a series capacitor and shunt

resistor where the RC time constant is kept very short.

Waveforms of said signals a, b and ¢ are shown by
FIGS. 2A, 2B and 2C, respectively. In FIG. 2A showing
said signal a, the abscissa indicates the time and the or-
dinate indicates the electric current corresponding to
the position of the pen 7. A series of peaks seen in FIG.
2A comprises the first half which indicates bounces of
the pen 7 on paper 8 occurring in movement downward
and the second half which indicates bounces of the pen
7 occurring at the uppermost position at the end of
movement upward of said pen 7. FIG. 2B shows the sig-
nal b corresponding to the velocity at which the pen 7
is vertically moved. This signal b takes the positive po-
larity when the pen 7 is moved downward and the nega-
tive polarity when the pen 7 is moved upward. In FIG.
2B, the abscissa indicates the time and the ordinate in-
dicates the electric current corresponding to the veloc-
ity of the pen 7. FIG. 2C shows the vertical movement
instruction signal ¢ comprising the signal for downward
movement of the pen 7 while said signal ¢ takes the
positive polarity over the time from O to #, and the sig-
nal for upward movement of the pen 7 while said signal
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¢ takes the negative polarity over the time beyond ¢;. In
FIG. 2C, the abscissa indicates the time and the ordi-
nate indicates the electric current.

When the switch 20 as shown in FIG. 1 is closed from
the state shown by FIG. 2C, the signal (¢—b) is applied
by a subtracter 15, which may be for example a second
differential amplifier, and the output corresponds to a
difference between the signal ¢ from the signal source
12 and the signal b from the differentiator 13 to the
current source 14 which may be an amplifier producing
a current output that is proportional to the output of
the subtracter 15. Now, the case will be considered
where the vertical movement instruction signal ¢ is pos-
itive or the pen 7 is moved downward. When the verti-
cal movement instruction signal ¢ (c.f., FIG. 2C) has
the positive polarity (corresponding to the signal for
downward movement of the pen 7), the drive current
(of operating amount in automatic control engineer-
irig) is applied from the current source 14 to the mov-
able coil 2. The drive current for the movable coil 2
(the electric current proportional to the signal (c—b))
decreases as the velocity of the pen 7 increases, since
the signal b (c.f., FIG. 2B) ccorresponds to the velocity
of the pen 7. The velocity of the pen 7 is maintained
therefore substantially constant before the pen 7 strikes
the paper surface 8. This velocity of the pen 7 de-
creases as the operating amount increases and, as a re-
sult, a shock of the pen 7 against paper surface is corre-
spondingly reduced.

The velocity of the pen 7 should be preferably high
so far as there is no bounce of the pen 7 on paper 8,
since it is preferable for the pen 7 to take a short time
from the uppermost position to the surface of paper 8.
The operating amount is selected to keep the velocity.
Then, in the case of the vertical movement instruction
signal ¢ of negative polarity of upward movement of the
pen 7, the signal b also has the negative polarity and,
in consequence, bounce of the pen 7 occurring at the
uppermost position when the pen 7is moved upward is
removed just as the bounce of the pen 7 occurring on
paper 8. - ‘

As shown by a broken line a'’ in'FIG. 2D, the pen 7
presents an optimal movement when the vertical move-
ment instruction signal ¢ shown by FIG. 2C is followed
without any time delay. In practice, however, the pen
7 is moved as shown by a solid line 4’ due to a time
delay occurring under influence of a mass of movable
elements. In FIG. 2D, the abscissa indicates the time
and the ordinate indicates the electric current corre-
sponding to the position of the pen 7.

FIG. 3 is a block diagram showing a general feedback
control system corresponding to the embodiment
shown by FIG. 1. Block 22 designates a movable ele-
ment or an object to be controlled and 21 designates a
control device (consisting of the differentiator 13 and
the subtracter 15 in FIG.1) adapted to supply said con-

_ trolled object 22 with said opening amount e (i.e., the

60

drive current for the movable coil 2). In the embodi-
ment as previously described, the operating amount e
corresponds to (reference input d- output response f)
where said reference input d corresponds to said in-
struction signal ¢ for vertical movement of the pen 7
(c.f., FIG. 2C) and said output response f corresponds
to the electric current in accordance with the amount
of vertical movement of the pen 7. As to the operating
amount ¢ to control movement of the pen-7, an addi-

tional five factors as following may be considered.
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i. Operating amount e=(reference input d) —(electric
current corresponding to velocity) + (electric cur-
rent corresponding to acceleration) (1)

The electric current corresponding to the velocity in
the formula (1) may be obtained by time-
differentiating the output response f and the electric
current corresponding to the acceleration in the same
formula (1) may be obtained by time-differentiating
said electric current corresponding to the velocity. Ad-
dition of the electric current corresponding to the ac-
celeration to the operating amount e is effective in that
the mass of the movable element included in the means
for vertical movement of the pen may be equivalently
reduced. As a result, the means for vertical movement
of the pen which may improve the response character-
istic of the pen in vertical movement can be provided.
ii. Operating amount e = (reference input d) — (elec-
tric current corresponding to movement amount)
. 2
The electric current corresponding to movement
amount of the pen in the above formula (2) is subjected
to regulation such that said electric current has the pos-
itive polarity when the pen 7 is downward moved and
the negative polarity when upward moved. The output
response f should be always subjected to such a regula-
tion when the electric current corresponding to move-
ment amount of the pen is considered into the operat-
ing amount e. Said electric current corresponding to
the movement amount of the pen 7, in such a case, in-
creases as the pen 7 comes near to paper 8. This means
that the operating amount e decreases and the velocity
of the pen 7 accordingly decreases as the pen 7 comes
near to paper 8. As an result, shock of the pen 7 against
paper 8 and bounce of the pen 7 on paper 8 is reduced
with respect to the case according to the embodiment
shown by FIG. 1 and the formula (1). Also when'the
pen 7 is moved upward, the velocity is reduced as the
pen 7 is moved upward and the bounce thereof occur-
ring at the uppermost position is accordingly reduced.
When the electric current corresponding to the move-
ment amount is thus fed back to the control device 21,
a writing pressure of the pen 7 is maintained constant
so far as said movement amount of the pen 7 is con-
stant. However, it may be impossible for said writing
pressure to be maintained constant whien the move-
ment amount of the pen 7 varies in accordance with a
variation in thickness of paper 8 and deterioration of
the surface precision of the drawing board. To over-
come this inconvenience, the electric current corre-
sponding to the movement amount may be interrupted
from being fed back to the control device 21 at the mo-
ment when the pen 7 reaches upper surface of paper 8
and the writing pressure of the pen 7 may be main-
tained only by the reference input d constant.
iii. Operating amount e = (reference input d—(elec-
tric current corresponding to movement amount)
+ (electric current corresponding to acceleration)

This is the case in which the electric current corre-
sponding to the acceleration is added to the operating
amount e in the previous case (ii). The electric current
corresponding to the acceleration is effective to equiv-
alently reduce a mass of the movable element included
in the means just as in the case of (i). Therefore, the
pen 7 moves in the same manner as in the case (ii) and
the means for vertical movement of the pen in which
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the pen 7 has a high response characteristic for vertical
movement may be offered.
iv. Operating amount e = (reference input d) — (elec-
tric current corresponding to velocity) — (electric
current corresponding to movement amount) (4)

This case is attended with the advantage and the disad-
vantage as mentioned in connection with the embodi-
ment of FIG. 1 and the case (ii). However, shock of the
pen 7 against paper 8 is further reduced with respect to
the embodiment shown by FIG. 1. Also in this case,
there arises the problem of writing pressure as in the
case (ii), so that the same consideration as in the case
(ii) is necessary.

v. Operating amount e = (reference input d) — (elec-
tric current corresponding to velocity) — (electric
current corresponding to movement amount) +
(electric current corresponding to acceleration)s)

This is the case in which the electric current corre-
sponding to the acceleration is added to the operating
amount in the case (iv). The electric current corre-
sponding to the acceleration is effective to equivalently
reduce a mass of the movable element included in the
means just as in the case (i). Therefore, the pen 7
moves in the same manner as in the case (iv) and the
means for vertical movement of the pen in which the
pen 7 has a higher response characteristic for vertical
movement relative to the case (iv) may be offered.
Also in this case, there arises the problem of writing
pressure as in the case (ii), so that the same consider-
ation as in the case (ii) is necessary.

Depicted in FIG. 4 is a detailed schematic of a feed-
back control system with the capability to selectively
establish the feedback conditions exemplified by the
arrangement shown in FIG. 1 and the five equations
discussed above for determining the proper operating
amount e.

When the switch of the circuit in FIG. 4 is positioned
at 31 the control system operates just as shown in FIG.
1 where the receiving element 11 produces an output
signal g proportional to the movement of the pen 7 to
the differentiator 13 which in turn produces an output
signal b proportional to the velocity of the pen 7. This
signal b is received in the subtracter 15 as feedback to

" deteremine the proper instructional signal ¢ to be sent
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to the current source 14, This feedback compensates
for the increasing velocity of the pen 7 for example in
the downward direction by decreasing the signal ¢ as
the pen 7 approaches the paper 8 and, therefore, helps
to eliminate the shock of the pen 7 against the paper.

With the switch in position 32 on FIG. 4, the move-
ment of the pen 7 can be made more responsively con-
trolled by compensating not only for the velocity, but
also for the acceleration of the pen. The signal b is re-
ceived in a differentiator 13 which produces an-output
signal g proportional to the acceleration of the pen 7.
This signal g is also received in a subtracter 15 along
with the signal b in order to properly compensate for
the proper operating amount by determining the
proper reference input d. This operation is exhibited by
equation (1) above.

Referring to position 33 of the switch in FIG. 4, the
resulting circuit operation reflects the equation (2) dis-
cussed above where the signal a corresponding to the
movement amount or position of pen 7 is sent to a sub-
tracter 15 to compensate for the variation of the thick-
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ness in the paper 8 or deterioration of the surface 9 in
order to promote a constant pen pressure.

The switch position 34 in FIG. 4 corresponds to
equation (3) above to offer a higher response to the
movement characteristic, signal a, in addition to the ac-
celeration characteristic, signal g, in the control opera-
tion.

The remaining two switch positions, 35 and 36, in
FIG. 4 reflect the conditions explained previously re-
garding respective equations (4) and (5).

There is established an equation of motion, in con-
nection with the case (i), of the movable element in-
cluded in the means as follows: '

m(dvidt) = Fo— [aV — B(dv/dt)] (6)
where m represents a mass of the movable element in-
cluded in the means, v represents a velocity of the pen
7 and F, represents a force exerted by the drive system
on said movable element (i.e., a force developed in said
movable element according to the reference input d).
In this equation (6), m(dv/dt) represents a force finally
exerted on the movable element included in the means
after feedback, aV represents a force exerted by the
electric current corresponding to the velocity on the
movable element and B(dv/dt) represents a force ex-
erted by the electric current corresponding to the ac-
celeration on said movable element. a and 8 depend
upon the amount of the electric current corresponding
to the velocity and the électric current corresponding
to the acceleration fed back to the control device 21,
respectively. Although an influence of gravity accelera-
tion g is neglected on the assumption that this gravity
acceleration is substantially smaller than F, in the
equation (6), F, may be replaced by (F ,+ mg) when
the acceleration of gravity is taken into account. The
velocity v, of the pen 7 before collision thereof with
paper surface may be obtained. by resolving the equa-
tion (6) as follows: '

vi=(FJe) {1+ [(a/F)v = 11e =@ mB x} )

where v; represents the initial velocity of the pen 7.
It will be apparent from the equation (7) that, when
the electric current corresponding to the acceleration
is fed back to the control device 21 under the condition
of m>p, the velocity v, of the pen 7 will finally be a
constant velocity (F,/a) regardless of the initial veloc-
ity v,. Larger the value of a/(m—pB), shorter the time
taken before the velocity of the pen 7 reaches a sub-
stantially constant value. Assumed that the velocity at
which the pen 7 strikes paper surface without any
bounce is determined as v, F, and a are necessarily de-
termined. It is preferable, therefore, to select B8 sub-
stantially equal to m to obtain a larger a/(m—pB). The
time taken before v, attains the constant velocity
(F,/a) may be considered substantially as zero since
this time is free from any influence of the mass m of the
movable element. The velocity at which the pen 7
strikes paper 8 represented by ( Fo/a) therefore, may be
controlled so that there takes place almost no bounceé
of the pen 7 on paper 8. '
According to the present invention, as seen from the
aforegoing description, bounce of the pen 7 may be
eliminated regardless of the surface precision of the
- drawing board and the thickness of paper 8 and the pen
7 may be moved at a constant velocity independently
of the initial velocity thereof, resulting in that, even
when the pen 7 is forcibly moved downward from the
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state where the pen 7 is being upward moved or is
bouncing at the uppermost position, it is possible for
the pen 7 to be brought into collision with paper 8 at
the constant velocity causing no.bounce of the pen 7:on
paper 8. The means for vertical movement of the pen
according to the present invention is, accordingly, re-
markably effectively particularly  in application in
which extremely high frequency of vertical movement
of the pen is required to draw figures such as point- or
letter-figuring.

Although the particular embodiment of the present
invention has been described hereinbefore wherein a

_movement amount of the pen 7 is directly detected in

optical manner, it will be obviously understood that the
physical quantity corresponding to said movement
amount of the pen 7 may be detected by electrostatic,
magnetic or mechanic means for the same effect or the
physical quantity corresponding to a velocity of the pen
7 may be directly detected for the same effect so far as
a suitable processing is carried out after detection. For
direct detection of the physical quantity corresponding
to the velocity of the pen, for example, the principle
that an electromotive force develops in an electric cir-
cuit which moves in a permanently constant magnetic
field may be utilized. This electromotive force corre-
sponds to the physical quantity in accordance with the
velocity.

The present invention thus provides improved drive
means for the drawing pen which is excellent in its re-
sponse characteristic with respect to vertical- move-
ment. '

What is claimed is: ‘

1. A device for producing the vertical movement of
a pen in a scribing apparatus comprising:

a frame member;

a movable coil mounted on said frame member;

means- attached to said frame member for holding
said pen, _ '

tneans electrically connected to said movable coil for
supplying a drive current to move said coil;

a first magnetic pole piece located within said frame
. member; ’ :

a second magnetic pole piece located outside of said
frame member, said ‘coil having ‘a winding width
greater than the longitudinal width of said first pole
piece, so that the writing pressure of said pen is
constant within the movable range of said coil; and

a feedback control device for controlling said drive
current to said movable coil to insure that said pen
makes a proper stroke with no bounce thereof on
a work surface.

2. A device as claimed in claim 1, wherein said frame
member is a cylindrical winding frame upon which said
movable coil is wound. :

3. A device as defined in claim 1, wherein said mov-
able range of said coil can be varied by changing the re-
spective difference in said longitudinal width of said
first magnetic pole piece and said winding width of said
coil. .

4. A device as defined in claim 1, wherein said means
for supplying a current source includes means for re-
versing the direction of the flow of the current to re-
verse said vertical movement of said pen.

5. A device as defined in claim 1 and additionally
comprising means for limiting the upward travel of said
pen.
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6. A device as defined in claim 1 and additionally a photoelectric sensing means for sensing a move-
comprising means for limiting the downward travel of " ment amount of said pen;
said pen. a differentiator to receive velocity and acceleration
7. A device as defined in claim 1 wherein said feed- signals from said movement amount; and
back control device comprises a detector to detect the 5  a subtractor to control said supplying means and said
signals of a movement amount, velocity and accelera- drive current to said movable coil in response to
tion of said pen which are used to prevent bounce of said movement amount and said signals, said drive
said pen at the collision thereof with said writing sur- current equal to a reference current input minus a
face, said feedback control device responding to any or current corresponding to said movement amount.
a combination of any of said detected signals to varying 10  14. A device as defined in claim 1 wherein said feed-
said drive current. back control device comprises:
8. A device as defined in claim 7 wherein said detec- a photoelectric sensing means for sensing a move-
tor comprises a photoelectric sensing means for sensing ment amount of said pen;
a movement amount of said pen. a differentiator to receive velocity and acceleration
9. A device as defined in claim 8 wherein said detec- 15 signals from said movement amount; and
tor additionally comprises a differentiator to receive a subtractor to control said supplying means and said
velocity and acceleration signals from said movement drive current to said movable coil in response to
amount signals of said pen. said movement amount and said signals, said drive
10. A device as defined in claim 7 wherein said feed- current equal to a reference current input plus a
back control device additionally comprises a subtractor 20 current corresponding to said acceleration signal
to control said drive current to said movable coil in re- minus a current corresponding to said movement
sponse to said detected signals. amount.
11. A device as defined in claim 1 wherein said feed- 15. A device as defined in claim 1 wherein said feed-
back control device comprises: back control device comprises:
a photoelectric sensing means for sensing a move- 25 a photoelectric sensing means for sensing a move-
ment amount of said pen; ment amount of said pen;
a differentiator to receive velocity and acceleration a differentiator to receive velocity and acceleration
signals from said movement amount; and signals from said movement amount; and
a subtractor to control said supplying means and said a subtractor to control said supplying means and said
drive current to said movable coil in response to 30 drive current to said movable coil in response to
said movement amount and said signals, said drive said movement amount and said signals, said drive
current being equal to a reference current input current equal to a reference current input minus a
minus current corresponding to said velocity sig- current corresponding to said velocity signal minus
nal. a current corresponding to said movement amount.
12. A device as defined in claim 1 wherein said feed- 35 16. A device as defined in claim 1 wherein said feed-
back control device comprises: back control device comprises:
a photoelectric sensing means for sensing a move- a photoelectric sensing means for sensing a move-
ment amount of said pen; ment amount of said pen;
a differentiator to receive velocity and acceleration a differentiator to receive velocity and acceleration
signals from said movement amount; and 40 signals from said movement amount; and
a subtractor to control said supplying means and said a subtractor to control said supplying means and said
drive current to said movable coil in response to drive current to said movable coil in response to
said movement amount and said signals, said drive said movement amount and said signals, said drive
current being equal to a reference current input current equal to a reference current input plus a
plus current corresponding to said acceleration sig- 45 current corresponding to said acceleration signal
nal minus a current corresponding to said velocity - minus a current corresponding to said velocity sig-
signal. . nal minus a current corresponding to said move-
13. A device as defined in claim 1 wherein said feed- ment amount.
back control device comprises: ¥ ok ok ok %
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