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8 Claims.

The present inventicn relates to the printing
mechanism of a machine for electrically grading
response sheets upon which an examinee has
designated response by means of pencil marks.
The machine constitutes improvements over the
machine shown in my Patent No. 2,113,620,
egranted April 12, 1928.

The functioning of the machine depends on
the fact that a soft lead pencil or special ink
mark is electrically conductive and that the
amount of current flowing through each pencil
or ink mark may ke controlled and kept to a
uniform unit, whether the mark is very heavy or
relatively light.

When the response sheet is inserted in the ma-
chine, it is pressed against a contact plate eon-
taining 750 sets of sensing blades corresponding
to the 750 response positions on the response
sheet. These sets of sensing blades consist each
of five small parallel metal blades which are con-
nected alternately to the positive and negative
sides of the circuit. Whenever a pencil mark is

pressed against one of the sets of sensing blades,.

it closes the electric gap between the positive
and negative blades and a unit of current flows
through the circuit.

10-
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The machine distinguishes between right and '

wrcng answers by means of a perforated key
sheet which automatically divides the sensing
blade units into.two groups, the “right” and the
“wrong.” From this division, two meter circuits
result, ocne carrying the aggregate of the units
of current from the correct responses and the
other carrying the aggregate of the units of cur-
rent from the incorrect responses.

In my ccpending application: Serial No. 214,-
922, filed June 21, 1938, now issued as Patent No.
2,2'75,590, dated March 10, 1942, I provide a.large

milliameter-and switching devices through which:

the “rights” and “wrongs” circuits are variously
routed. This meter is calibrated directly in
terms of the unit ¢f current flowing through the
meter from each small circuit and hence - the
reading on the meter is equal to the number of

right responses on the answer sheet being’
The score

pressed against the sensing blades.
indicated on the meter is recorded by the oper-

ator -on: the exposed margin of the response

sheet or on a separate record sheet or the oper-
ator may call the score to a recording clerk.
If the score is in'terms of the-number wrong,

the current from the wrongs circuit is routed’

through the meter which indiciates to the oper-
ztor the number wrong.
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If the score is in terms cof ‘“rights” minus
“wrongs,” the “wrongs” circuit is connected to
the opposite side of the meter from the “rights”
circuit, so that the meter reading is the differ-
ence between the two currents, thus registering
the “rights” minus the the “wrongs.”

According to the present invention, there is
employed instead of an indicating meter a print-
ing mechanism having a pair of printing wheeéls
located adjacent to the examination sheet from
which wheslis the score is printed upon the sheet.
The wheels ara arranged to rotate from a zero
position through all the possible scering values
up to the mazimum and, when the value corre-
sponding to the score is reached, a printing ham-
mer is tripped to effect printing. The printing
mechanism has associated with it a number of
resistors which are cut into a circuit opposing
the circuits through the sensed marks and, when
the current resuiting from the resistors intro-
duced in the circuit by the examinee’s response
is balanced by the resistors introduced by the
printing mechanism, this condition of kalance is
detected by an impulse transformer and a thyra-
tron tube. The thyratron tube causes the print
hammer to strike the rotating type wheels, 1€~
cording the position of balance which is then
directly propcrtional to the score of the exam-
inee’s answer sheet.

Other cbjscts of the invention will be pointed
out in the following description and claims and
illustratad in the accompanying drawings, which
disclose, by way of example, the principle of the
invention ard the best mode, which has been
contemplated, of applying that principle.

In the drawings:

Fig. 1 is a front visw of the machine with the
casing partially kbroken away to show the inte-
rior constiuction. -

Fig. 2 is a ssctional view taken transversely
across the machine.

Fig. 3 is a diagrammatic showing of part- of
the circuit arrangement.

Fig. 4 is a view showing the control circuit for
the driving motor.

Figs. 5 and. 5a, placed: side by side in: the order
namead, constitute a wiring diagram of the elec-
tric circuits of the machine.

Fig. 6 is an enlarged outside view of the print-
ing mechanism.

ig. 7 is g section taken on lines T—T of Fig. 6.

Fig. 8 is a saction taken on lines 8—3 of Fig. 6.

Fig. 9 is a section taken on lines 9——§ of Fig. 6.

Fig. 10 is a detail of the printing haminer and
the related mechanism.
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Fig. 11 is a detail of the printing mechanism
looking from the left in Fig, 6.
© Fig. 12 i5 a section taken on 1711&5 12—12 of
Pig, 11,

. Reference to Patent No. 2,275,590 is made for

disclosure of the detailed construction and cp—
" eration of the machine to which the prasent i
“vention is applied.. Sufficient of such machzne
4s shown in Figs. 1 and 2 to indicate where tize
printing mechanism of the invention is located,

and the manner in which elscirical coordinaticn’

is obtained is shown in the wiring diagram (Figs.
5 and 6a). In these figures, the same reference
characters are applied to parts as in the paient
in order to facilitate reference thereto.
Printing unit
The location of the printing unit is shown in
Fig.. 1 and the details thereof are shown
Figs. 6 to 12 inclusive. The mechanism ¢f the
printing unit is driven by motor M! which re-
ceives current upon closure of a pair of contacts
388 (see Fig. 4). These contacts 388 arz shown
“in Figs. 6'and 7 where they are closed by & man-
ually operated key 36{. On the shafi of motor
" M{'is a pinion 302 meshing with a gear 248 which
is freely mounted on. the shaft Integral
with gear 883 is & ratchet 835 in the plane of
which lies a spring-pressed cluiching dog 8%
which is pivoted to & disk 367 secured to the
shaft 884, Normally, the parts occupy the posi-
tion shown in Fig. 7. :
When key 88! is depressed =agsd
"of its restoring spring 358, disk 387 is released as
is also the dog 388, which latter is then engaged
by ratchet 385 for rotaticn. Key 88! is helg in
its depressed position by engagement of its ex-
tension 388 with the periphery of the disk 387.
Just before the completion of the reveclution of
shaft 884, a disk 310 and a toothed member 344
secured thereon will be in the pesition
Pig, 8. The member £i{ eng
ion 312 and through it rotates a gear 342 one step
or tooth, so that shaft 2{§ upon which pinicn
313 is secured, will be advanced one tooth or a
tenth of a revolution, inasmuch as pinion 812 and
8i2 are provided with ten teeth. The pinion
3i8.is normally held in position by a detent pin
315 (see also Fig. 6) which is carried by a verti-
cally sildable bar 3i§ whose upper end carries 2
roller &!7 cooperating with the disk $i8. The

013 4,

timing is such that, as the toothed member 311

rocks pinion 3{Z, the roller 313 is in & depressicn
in the pemphery of disk 38 so that the detent
315 is withdrawn downwar dly to permit rotation

of pinicn 813, aiter which disk 3i8 again ele-

vates the detent to hold shaft 3i4 in ws ad-
vanced position. -

At the extremity of shaft 3i4 is a disk &i3
(Fig. ) which at this time is free of the ex-
tension 8i9 on Key 391, inasinuch as the key is
~held in its depressed position . at this time by

‘the disk 307. Disk 818 upon rotation will serve
to maintain the key depressed even though ex-
tensicn 368 is freed at the completion of a rev-
~olution of shaft 364. As a result, shafi 384 con-
tinues through a second revolution, near the end

of which shaft 314 is again advanced a tenth of
a.revolution in the same manner. This contin-
ues until shaft 204 has made ten revolutions when
_shaft 214 will ‘have made cne complete revelu-
- tion. At such time both disks 287 and 348 will
be in the relative positions shown in Fig. T so
that spring 808 will return key 38{ upwardly and

shown in
ages an idler pin- .
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open contacts 335 to lntemupt further opera-
tions. : :
Referring to Fig. 6, the shaft 384 has secured
thereto a beveled gear 822 meshing with a similar
gear 32i on vertical shaft $22 to the lower ex-
tremity of which is secured a typs wheel 323 (sea .
also Fig. 11). The shaft 3{4 alsc has a beveled
gear 824 ‘secured thereto which mseshes with a
beveled gear 325.freely rotatable -on shafh 322
and connected to a sleeve 325 which carries.a
type wheel 222 It will thus be apparent that,
when moter i i energzzed it continues run-
has made ten rev-

lution to successively present the numbers 1 to
89 into printing oos’tlop cpposite printing ham

‘mer 328.

Hammer 23228 is p1voted at 328 (Fig. 12) and
${ which
is normally in the positicn shown in: Fig. 12 where
it is held by a spring 232 against a pin 233 (see
also. Figs. 11 and 10).. Mounted o shaft 264 is
& cam wheel 334 (Figs. 6 and. ) which cscﬂlates
8 bell crank follower arm 335 ten times for each
revolution of shaft 384. The lower end of this
follower has a lateral extﬂnsvcn 238 which rocks
back and forth idly.

The pin 383 against which the member 331 is
spring biased is carried by the armature lever. 337
of a magnet 388 (see Fig, 10), so that when the.
magnet is energized the lever 3 T is rocked from
the position.shown in Fig, 12 to that shown i
Fig. 10 and an upward extension $3% of membey
331 is brought into the path of the oscﬂlatmg
projection €38, which projection will engage the
extension 338 and move member 831 rapidly to--
ward the left as viewed in Fig. 10, whereby the
hammer 328 will be rapidly rocked agazinst the
printing wheels to take an impressiocn the: refrom.
The timing of the partsis such that wheel §27 is
stationary at the time the hammer is trinpped,
whereas wheel 223 is in motion with one of the
digits thereof in printing position.” As will be ex-
plained later in connection with the’ circuit dia-

-gram, the time of energization of magnet 338 will

determine the value of the amount to be printed

-from- the brinting wheels, that'is; 2s the wheels

rotate to present all of thn numbers from 1 %o 89,
printing will be effected from one of these num-
bers accordmg te the time at which magnet 323
is energized. = Lying above the plvoucd pin 388 is
& spring pressed pivoted latch 348 (see Fiz. 11)
which, when the hammer is rocked from the po-
sition of Fig. 11 to that of Fig. 10, will drep down
behind the pin 338 to hold the hammer against
restoration and aﬂamst fur ther operation by tha
oscillating projection 338 -

- Near the end-of the revolu*xon of shaft 314, thﬂ
magnet 341 is energized to rock latch 349 out of
engagement with pin 238, allowing the hammer
tobe restored by the spring 332, In Fig. 12.there
is indicated the inking ribbon 342. The detailed
feeding mechanism is not shown as such devices
are well known in the art.

Secured to shaft 324 is a grouo of nine- camsv
generally d°s1gnated 343, whose configuration is
as dlagrammatlcally represented in Fig. 5. These
cams serve to close pairs of contacts 344 in suc-
cession until all are closed, and then reopen the
contacts. masmuch as- shan: 384 makes ten rev-
olutiong durmg a compTete operation - of the
printing mechamsm ‘the contacts 344 are closed
in succession a‘ld corcurrentxy open-ten times.

On shaft 214 is a similar group of nine cams.
genelally des1g'1ated 345 Wthh serve to co‘rltrolr
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contacts 346 which also serve to close the con-
tacts 346-in succession and to open them concur-
rently at the end of a revolution cf shaft 314.
Since shaft 314 makes but a single revolution
during an operation of the printing mechanism,
there will be but a single closure of each of the
contacts 345. 'The timing is such that the con-
tacts 344 first close in succession with all the
contacts 346 open, then the contacts 344 close
in succession a second time with the first con-
tact 346 closed. The next operation of the con-
tacts 344 takes place with the first and second
contacts 346 closed and so on. .

On shaft 354 are three additional contact op-~
erating cams designated 341, 3£3 and 349 (Fig. §).
These cams control contacts designated 330, 351
and 352 respectively (see Fig. 5). There is also
a cam 393 on shaft 304 which controls a pair of
contacts 354 (Fig. 5). On shaft 3(4 is an addi-

tional cam 355 contrelling a pair of contacts 356. ¢

The functions of these several cam ccntrolled
contacts will be more fully explained in connec-
tion with the circuit diagram (Fig. 5).

The mechanism of the printing unit is sup-
ported on a channel 357 (Figs. 6 and '12). This
channel! is mounted on a pair of cross rods 858
secured to a fixed part of the machine. Be-
tween the two cross rods is a pair of spring
pressed detenting plungers 3859 which cooperate
with notches 360 in the rods, so that the entire
printing unit may be located in one of several po-
sitions. The unit is mounted on the machine as
shown in Figs. 1 and 6, so that the printing
wheels lie adjacent to the examination sheet R
when the latter is inserted in the guide chute 97.
The latter is cut out as indicaited to provide for
operation of the printing hammer The
printing uait is made shiftable so thiat the nu-
merals may be printed in any of severai pesitions
on the examination sheet.

From Figs. 6 to 12 it is seent that the print-
ing unit in its mechanical structure comprises
generally a motor Mi and a direct drive connec-
tion from the motor to a pair of printing wheels.
With the motor in operation, the wheels turn
so that the tens order wheel 32T makes one
revolution in ten steps while the units order

35
G328,

wheel 323 makes ten revolutions, one for each:

step of the tens order wheel, so that the num-
bers 1 to 99 are presented in succession to a
printing positicn opposite hammer 328. Once
the motor Mi is puf in operation, it continues
to run until all the numbers 1 to 93 have been
presented and then stops. During iis operation,
various cams 343, 345, 347, 348, etc., function
to control circuit connections as will be ex-
plained in connection with the circuit diagram
to energize the printing magnet 338. The print~
ing hammer is normally idle and lies spaced away
frem the printing wheels (Fig. 12).. By means
of cam 334 (Fig. 9) arm 333 is rapidly and re-
peatedly oscillated, once for each of the pre-
sented numbers 1 to 99, such oscillation being
ineffective until magnet 338 is energized at the
time a particular number is at the printing posi-
tion. Thereupon, the hammer 328 is coupled
through the intermediate lever 33f fto the arm
335, so that the Iatter engages and tforcihly rocks
the hammer toward the wheels, the stroke being
such that the positive action carries the ham-
mer just up %o thz wheels and the inertia of
the hammer completes the imprassion, the re-
bound and spring 322 thereafter bringing and
holding the hammer in the position of Fig. 10
slightly away from the wheels so as nct to inter-
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fere with their continued rectation. Just before
the motor M| is deenergized, magnet 341 is ener-
gized to release the hammer for return to its
position of Fig. 12 in readiness to be tripped dur-
ing a subsequent operation of the unit.

Circuit diagram

"Each of ‘the resistors 69 shown in Fig. 5a and
each of the resistors 3§81 in Fig. 5 has a resist-
ance of 2 megohms. Each of the resistors 362
in Pig. 5 has a resistance of 209,000 ochms. Poten-
tiometers designated 201 and 242 have a value
of 50 ohms, and the battery designated !81 may
have a value of 99 velts. In Fig. 5 the structure
of the several swilches in shown diagrammati-
cally and the manner in which they are iden-
tified will be briefly set forth at this time,

Each of the knobhs of formula switches 180a,
{68b and 108c (¥Fig. 2) of Patent 2,275,590 is con-
nected tc a pair of switch blades Fi and F2 of
which the former may connect a series of seg-
ments Fla dasignated R—W, W, R, A and B,
and the-latter may connect a series of similar
segments F2g similarly designated. As the
three switches are identics! in structure, the cor-
responding parts arec given similar reference
characters and in {racing the circuits they will
be distinguished as, for example “the F! blade
of formulz switch A ne master control
switch 188 has three blades designated Cf, C2,
and C3 for engagement with ssgments identified
as Cia-C3ea respectively.

The two poientiometer resistances
282 form two arms of & Wheatstone bridg
the resistors 69 formm a third arm, and the re-
sistors 361 and 362 form the fourth arm. The
bridge arrangement is diagramimatically repre-
sented in Fig. 3 in connection with which the
principle of operation may be briefly set forth.
When an examination sheet is sensed, a num-
ber of resistors 69 are connected in parallel into
an arm of the bridge as indicated by the four
resistances designated “right.” When the print-
ing mechanism is placed in operation, the re-
sistors 361 under control of the cams 343 and
related contacts 344 (see Fig. 5) are succes-
sively connected in parallel into the other arm
of the bridge. As long as the bridge is unbal-
anced, current flows through the diagonal to
energize a coil 363. As will be explained, the
passage of current through this coil will normal-
ly prevent tripping of the printing hammer,

When equilibrium of the bridge is attained,
current fails to pass through coil 383 and this
condition will be detected and other circuits
called into operation to energize the printing
magnet, so that the printing hammer will print
on the examination sheet a number correspond-
ing to the value of the resistors 3§{ required to
balance the bridge. Where the marks sensed
are classified as right or wrong responses, a
number of resistors 69 representing right answers
is connected in the arm as explained and a num-
ber of resistors 88 corresponding to the num-
ber of wrong marks is connected inte the oppo-
site arm as represented, so that upor the sens-
ing of the examination sheet the bridge is un-
balanced in accordance with the difference be-
tween the number of right and wrong responses.
Under such conditions the number of print unit
resistors 38f connected into the related arra.to
balance the bridge will represent the difference
between the two classes of marks, provided there
are more right marks than wrong marks.

Referring to Fig. 5, the pesitive side of bat-
tery 181 is connected to the master control switch
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blade C3_which may be on either the A B, or-C
segment C3¢. With the sw1tches in the A posi-
tion,: currenb flows to the A potentiometer 291,
through wire :218, and some of it flows back
through the resistances 202, wire 203, to the
A position segment C2¢, switch C2 to the nega-

tive side of hattery. From the connection be--

tween the two resistors 281, 282 there is g con-
nection Zi{ to the A segment Cla of switch Cl,

. thence to contact 858,~ a pair of contact 364
operated by a key 385, the winding 363, to a con-
necting point 368. Here the connection branches
to a wire 181 extending to the sensing blades 58
through a wire 83 (Fig. 5a) and through a wire
361 (Fig. 5) to the resistors 36f and 362.

When a response sheet is inserted in the ma-
chine and pressed against the blades 54, 57 a cir~
cuit connection is completed. for each pencil mark
which is traceagble from wire 191 to the wire 58,
sensing biade %%, thence through the conductive
‘mark to sensing blade 54 and to- the high re-
sistor 88 corresponding to the -position in which
a-mark is present, According to the position of
the key set pin 76, the current will follow from
the resistor 89 to either the klade structure 82 or
the blade c17"Ucture 83, depending on whether the
pin ¥8 isset in accordance with a wrong or right

~answer or, as explained hereinabove, if the pin
15 1s set at an intermediate position, the circuit
will go no further and the mark sensed by the

blades 84, 57 will not be taken into account. ‘All
of the biade structures 83 in any horizontal row

are connected by wires 182 and through a wire
183 are connected to a blade structure 9% gsso-
ciated . with the three lower pins 82 of the field
identifying pins, All of the biade structures 92
are connected fogether by a. wire 184 and con-
nected by a wire {83 to the blade structure &9
which. cocperates with the upper three pins 82
at the end of the column, that is, the sets of pins
16 are. divided into ten separate .groups, _each
having.at its outer-end a set of six pins 82 (Fig.
Ba)..- All the blade structures 92 of one set are
connected to the blade structures cooperating
with the upper three pins 82 and all the blade
structure 42 of any group are connected to the
blade structures coope1 ating wuh the three lower
pins 82.

in the circuit diagram F*g 5¢.-only a few of
the pins are shown. to avoid needless repctition
of like parts. ‘The pins 82 serve to connect the
circuits from the related set of pins 78 to any of
the three formula switches throush -a selected
pair of related wires §97.

-For example, if the main key shest is pe fo-
rated ‘in the position opposite the A-wrong pin
82, this pin will he shifted to make connection
with the blade structure 88 so that, if mark is

made in the related field in a position represent-.

ing a wrong response, the circuit from line: {84
will go through wire 59, the sensing blades 57,

54, resistor §8, pin 18, which will have been moved

toward the left for connection with blade struec-
ture 82, thence through wires 198, 185 to blade
sty ucture 25, the A-wrong pin 82, the connecting
strip 88, the A-wrong Wue £57, to the blade F{
‘of A formula switch [81A, Similarly, if the
perforation in the ;-eld selection position had
been made in line with. the B-wrong pin 82,
- the same circuit would connect the sensing blades’
throvigh the B-wrong wire 197 to the blade P of
the B formula switch 18{B. In this manner §

cireuit through any marking position on the re-
sponse sheet, if it represents a correct answer,
" will follow first to one of the blade structures 83
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and thence accordlng to the setting in the lower
three pins {82 and the related section of the key

.sheet will be directed to any cne of the three

formula switches. If any mar king represents an
incorrect answer, the related sensing blade will
be connected through the blade structure 982 to

-any of the three for mula switches according to

the po<1t10n ng of the upper three pins 82 of the
related set of pins.

When the A formula switch is in the dmted
line position shown in Fig. 5 with blade F2 con-
tacting the R segment Flq, the “A right” wire
197 is- connected through wire 280 to an inter-
thus com-
pleting one arm of the grid, Aosume for exam-
ple, that: four marks are -sensed representing
four -right answers,. ‘then four . of the resistors
€9 are connected in the arm of the grid’ tmougn
the connections traced,  Closure of contacts 589
(Fig. 4) will cause operation of motor M! which
will then commence to rotate, to-first present the
number 1 to the printing position. At this time
the first of the contacts 344 closes to. connect,
the upper-most resmtor §1 in the other branch
of the bridge, this branch being traceable. from
the connecting point 34§, wire 387, upper-most
resistor 381, wire 368, wire 388 to negative side
of battery. At the same time, contacts 852 close
under control of cam 348, -This closure is inef-

" fective, however, for the following reason.

In series with the contacts are the contacts

Riq of a high speed relay magnet R which is
in series with contacts 8&! and the plate of a
thyratron tube 37f. The grid of this tube is
wired -to the secondary coil 878 of an impulse
transformer whose primary coil is 35§3. The grid
of the tube is negatively biased uhxouvh con-
nection from the negative side of batiery {8,
through wire 889, variable. resistor {85, coil 370
to the grid. The contacts 352 cpsn to break.the
circuit from the primary winding 883 to the
impulse transformer. Upon such breaking a

" transient is transmifted from the primary of
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~print magnet 338, Immediately

the imipulse transformer to the secondary with
a voltage amplification. This transient is trans-
mitted: to the grid of the tube 371 causing it to
bass current through contacts 85{ t{o the high
speed relay magnet Ri which thereupon cpens its
-contacts Ria. Immediately theresiter; contacis,

882 close. Since the high speed relay has opened

the circuit, no current will flow through.tihe
after this, con-
tacts 881 open the anede circuit of the thyratron
tube,  thus delonizing the-tube preparatory %o
the next amount representing condition of the
printing mechanism. This action takes blace
each time the print wheels advance one digit to
introduce an additional resistor 261 in the arm
of the bridge, : .

- When four resistors have been introdiuiced which
are the equivalent of the four resistors 89 intro-
duced in the other arm, the voltage across. the

primary of the impulse transformer is.zero. At
this point breaking of the primary impulse trans-

former contact 358 does not cause the transient
to be impressed upon the grid of the thyratron:
Heénce, the thyratron does not ionize and the high
speed relay magnet R is not energized se that its
contacts remain closed when contacts 353 close,
and a circuit is now completed through the print
magnet 333 which is traceabls rom negative
side of battery, wire 389, resistance 48 8, magnet
338, contacts 352 and Rﬁa back to posmve side-
of battery.

. The energization of the magnet 338 at this time
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will trip the print hammer and the amount print-
ed will be that represented by the position of the
printing wheels at this time. .In this case the
digit printed is 4 which represents the four right
answer marks sensed. The operaticn of the
printing mechanism continues from this. point
to -successively present all the other values up
to 99. ‘Since the print hammer:is latched during
this subsequent- f‘pera tion, no further printing can
take place.

While the print wheels are passing from 69
back to zero, contacts 355 clese momentarily to
complete a circuit from positive side of battery,
through contacts 255, contacts 354, the print
hammer unlatching magnet 341, back to negative
side of battery and at the same time the cam
shafts are uncoupled from the driving motor so
the print mechanism comes to rest.

Where the number of marks sensed is greater
than 9, the resistors 262 are employed. Each
has a value of 200,000 chms which is equivalent
to ten 2,000.500 chm resistorsg in parallel, so th
when the printing wheels register 19, one resister
362 is connected in the arm of the bridge. When
thﬁ wheels regist r 29, two r sictors 352 are con-

ca\nnected.
Before scoring any ezamination sheets,

an
initial adjustment of the potentiometer 28! is

effected which is accomplished as follows. The
examination sheet containing a known number of
right answers is placed in the sensing position
and the print unit is manually turned tc¢ position
the print wheels to represent the known number
of right answers. This is done by opening switch
372 (Fig. 4), depressing the key 38 (Fig. 7) and
turning knob 313 of the rotor of motor M1t un
the desired number is in printing position. A$
this point the zero adjustment meter contacts
364 (Fig. 5) are opened by depressicn of key 355
to connect the zero adjustment meter 373 into
the bridge diagonal and the potentiometer 201 is
adjusted, so that the current flowing threugh the
meter is zero.  The confacts 384 are then allowed
te close, the print wheels are advanced to heme
position and the machine is in readiness %o score
examinaticn sheets to determine the number of
right answers. .

At this peint the sheet with the known number
of marks is in the sensing station so that key 29
is depressed to cause removal of this sheet from
thie machine.

An examination sheei is now placed in the
sensing positicn and key 89 operated to cause the
Qheef to be pressed against the sensing blades 54,
57. A number of resistors £9 equal to the num-
ber of right answer marks is thereupon auto-
matically connected in parallel in cne arm of the
bridge. Key 38! of the printing unit is now de-
pressed and resistors 22! and 252 are cut into the
other arm until eguilibrium attained, when
printing will be automatically effected on the ex-

ination sheet. Key 89 is then again depressed
nove the sheet,
\ile thers has heen shown angd described and
1ted out the fundamental novel features of the
nvention as applied to a single medification, it
will he understcod that various omissions and
substitutions and changes in the form and deo-
tails of the devics illustrated and in i%s operation

31
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is

may be mnade by those gkilled in the art without
departing irom the spirit of the invention, 1t is
tlie intention therefore to be limited only as indi-~

cated by the scope of the following claims.
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‘What is claimed is:

1. In & printing machine, meang for sensing a
record sheet for markg therson, a Wheatstone
bridge having two arms of predsetermined ohmic
value, means controllad by said sensing means
for adjusting the resistance of a third arm of the
bridge in accordance with the number of marks
sensed, & printing wheel, means for rotating said
wheel to present a succession of type elements to
a printing position, a hammer for the printing
wheel, actuating means for said hammer means
synchronized with said whes! for increasing the
resistance of a fourth drm of tiie bridge as the
type elements are pr eoentei and means included
in the diagonal of the bridge, operative when the
bridge is in equilibrium for rendering said ham-
mer ach Jaulhb means efieciive uo cause the ham-
mer to t from the element that iz in position

vhen equilibrium is attained.

2‘ In a printing machine, means for sensing a

record sheet for designaticng thereon, a Wheat-
stone bridge having twe arms of predetermined
chmic value, a plurality of resistors of like chmic
value, means centrolled by said sensing means
for connecting a number of said resistors in par-
allel in a third arm of said bridgs, equal in num-
ber to the number of designations sensed, @ print.-
ing whesl, means for moving the same to pre-
sent numbered type elements in stuceession and
in ascending seguence to a priniing wposition,
means for effecting printing from sa 1‘1 vnoel a
econd plurslity of resistors of the same ommc
value as the first named resistors, means coordi-
nated with the printing whesl for conneziing said
1ast named resistors in paraliel in a fourtl 1 arm
of said bridge, the number of resistors so con-
nected corresponding te the nurmber cn the type
element at the printing position, and means in-
cluded in the diagenal of the bridge, cperative
when the bridge is in equilibrium for rendering
said effecting means exﬂ"t"re to print from the
elemeant that is in po wiien equilibrium is
attained.

3. The invention set forth
the means coerdinated with the printing device
is a series of cam operated contacts, there being
a separate cam for each contact, the cams being
configured to cicse the series of contacis in suc-
cession and each contact in turn connecting a
resistor of said second piurglity of resistors in
said fourth arm of the bridge.

4, The invention set forth in
the effecting means comprises a printing ham-
mer, a driving means therefor, and coupling
mesns between thie hainmer and driving means,
the means for rendering the efecting means ef-
fective comprising a magnet for operating said
coupling means, the means included in said di-
agonal causing ensrgization of said msgnst to
trip the hammer,

5. In a printing machine of the class dascribed,

a units digit wheel, a coaxial tens digit wheel,
both wheels normally registering zero, a driving
moetor, means for coupling the uniig digit Whe'“l
to the motor for continuous rotation, means cc

trolied by the unils digit wheel for umancmg
the tens digit wheel one step for each revelution
of the unifs digit wheel to cause the wheels to
register the numbers 1 to 99 in sucecession, and
then register zero again, means jointly controlled
by said wheels when zero is again registered for
causing the coupling means to uncouple the me-
tor; impressicn taking ineans, a Wheatstone
bridge having twe arms of predetermined ohmic
value and a third arm of variable ohmic value,

prin
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h in claim 2 in which

claim 2 in which
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means coordinated with said wheels for-adjusting
the resistance of a fourth arm- of said bridge as
the successive numbers are registered to set up
resistance values of all the numbers 1 to 99 in
succession, and means controlled by the bridge
upon reaching equilibrium. for rendering the im-
pression taking means effective to print from the
wheels -at ‘the time said equilibrium is' effected,
said setup resistance values returning-to zerc at
. the time the-wheels return to zero.

6. In a printing machine, a Wheatstone bridge
having two arms of predetermined ohmic value,
record controlled means for adjusting the re-
sistance .of a third arm of said bridge, printing
type elements positionable to represent any
amount, means coordinated therewith for adjust-
ing the resistance of a fourth arm of the bridge
in accordance with the amount represented by
the type elements, an induction transformer hav-
ing its primary coil conductively connected in
the diagonal of the bridge, & printing control
magnet, energizing means therefor, a thyratron

tube having its grid connected with the second-

ary coil of said transformer, and meansg con-
trolled by the tube for rendering said energiz.ng
means ineffective while the bridge is unbalanced
and rendering the same effective when the bridge
is in equilibrium.
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7. In a prinfing machine, means for sensing a
record sheet for marks thereon, a plurality of
resistors of like ohmic value, means- controlled by
said sensing means -for connecting a number of
said resistors in parallel in accordance with the
number of marks sensed, a printing wheel posi-
tionable to represent an amount, a second plu-
rality of resistors connectable in parallel in ac-
cordance wtih the value of the amount positioned
on said wheel, hammer mechanism, a magnet for
causing said mechanism to print from said wheel,
comparing means including a Wheatstone bridge
arrangement for determining the relationship
between the number of marks sensed and the
amount standing on the printing wheel, and
means controlled thereby for causing energiza-
tion of said magnet when said compared amounts
are alike. o .

8. The invention set forth in claim 7 in which
automatically operating .means is provided to
advance said wheel through various amount rep-
resenting positions, and means for automatically
rendering said comparing means. operative after
each amount representing positioning of the
wheel whereby the actuating magnet will be
tripped upon the positioning of the wheel in cor-
respondence with the number of marks sensed,

- REYNOLD B. JOHNSCN:



