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Figure 1-45. Type-PCl and -PC3 Printer Core Drivers 

The differences between the PCl circuit shown in the schematic and the 
PC3 circuit are outlined in the notes accompanying the figure. The follow­
ing description pertains to the PCl circuit and the modifications for the 
PC3 driver are explained afterward. 

The operation of the circuit is similar to previously described 
inverter circuits; in fact, the input stage Ql is practically the same as a 
type-iC circuit with one input diode. Thus Ql is normally conducting 
(input level: -3 v; base-to-emitter voltage: -0.25 v) and the collector 
output will be near the level of ground potential. The coupling circuit 
between Ql and the output stage Q2 uses the parallel-connected capacitors 
C2 and C3 to eliminate bias difficulties, since a relatively high voltage 
is required at the emitter of Q2. Consequently, Q2 is held in the off 
state by means of the current from the +28-v supply, through R5 and the 
clamp diode CR2 to +15.5 v, which makes the base about 0.6 v more positive 
than the emitter. As shown in figure l-44b, the 22-kilohm load resistor 
(R4) in the printer is returned to -11 v but the output at the collector of 
Q2 (figure l-45) is clamped near to ground by diode CR3 (maximum drop: 
0.7 v). 

A positive-going signal of 1 drive unit (1.64 rna) at input diode CRI 
(figure l-45) will cause Ql to cut off. The negative-goin9 pulse at the 
collector will be coupled through C2-C3 to enable Q2 to conduct so that the 
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output will rise toward the emitter return potential of +15.5 v. 
(Saturation VOltage of Q2 is about 0.4 v.) The 15-v level was chosen 
because of the limiting factor of the breakdown-voltage rating of the type­
RT46 transistor. However, this transistor (Raytheon type 2N426) provides 
for a maximum output current of 40 rna, which is adequate for carrying the 
load of 13 core circuits (17 rna), and also provides switching current for 
one core (?O rna). 

The major differences between the PCl write-in driver and the type-PC3 
read-out driver is in the output load requirements. The PC3 circuit is 
required to supply switching current for 20 ~s to as many as ten cores at a 
time. Thus the collector current from Q2 can be a maximum of about 246 rna. 
For this reason the output stage of the PC3 circuit uses a type-RT47 
higher-current-gain and faster-switching transistor (Raytheon type 2N428) 
which has an end-of-life base-current amplification factor of at least 20.* 
The larger output-current requirements also necessitate an increase in the 
end-of-life current gain of the first stage (RT46) from 17 to 30, with a 
corresponding reduction in the value of the collector load resistor R4 from 
1000 to 560 ohms. 

As indicated in figure 1-45, the type-PCl circuit is supplied as card 
type 10; the PC3 circuit is supplied as card type 00. Each of the two 
card types contains three driver circuits. 

1-58. TYPE-PC2 PRINTER CORE DRIVER 

The circuit for the type-PC2 printer core driver is shown in 
figure 1-46. Except for signal polarities the function of this.circuit is 
essentially the same as that described under heading 1-57. In order to 
produce a negative-going output pulse of the required amplitude and power 
level, an emitter-follower output stage Q3, which uses a type-RT47 tran­
sistor, has been added to the basic driver circuit. The input stage Ql is 
identical to the one used in the PCl and PC3 circuits. The second stage, 
however, is biased to the conducting state by returning the base-load 
resistor to a source which is negative (+15.5 v) with respect to the 
emitter (+20 v). Q3 will be held to the cut-off state in the absence of 
an input signal. Thus the quiescent conditions for the select driver are 
these: 

(1) A high (ground) steady-state input will hold Ql off. 

(2) Q2 is biased on so that its collector voltage will be high 
(+20 v) to hold Q3 off. 

(3) The output level then will be fixed at about +17 v by means of 
the clamp diodes (CR3 and CR5 in figure 1-44b) in the printer load circuit. 

(4) With the +17-v level present at the centertap of the core primary 
winding, diodes CR4 in the write-in circuit and CRI in the read-out circuit 
will be biased in the reverse direction, and core switching is prevented. 

• Of the seven required read-out units. each of six units driv~s ten cores in parallel and the seventh 
drives five cores in parallel in the core-storage circuitry. Therefore a maximum output current of only 
246/2 ma = 123 ma is required of the seventh unit. Though not necessary. the gain (beta) of the output 
transistor of this unit need only be half of the other six. However. all transistors are usually 
selected to be identical so that the cards are interchangeable. 
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A negative-going select pulse at the input of the PC2 circuit will 
cause diode CRI to cut off and Ql to turn on. The rise in collector voltage 
of Ql toward ground level will be coupled through capacitors C2-C3 to cause 
Q2 to be cut off for 12 or 20 ~s corresponding to the duration of the input 
pulse. With Q2 off, the emitter-base circuit of Q3 will be biased in the 
forward direction, and an output current will flow from the +lOO-v supply 
in the printer through dropping resistor R9 and the emitter-collector 
circuit of Q3. Consequently the output level will drop to near ground 
potential, and diodes CR3 and CR5 (figure 1-44b) will be cut off. With a 
low level established at the centertap of the core winding, the magnetic 
flux of the core can be switched by a positive-going pulse from either the 
PCl or PC3 circuit. 

Resistor R9 in the emitter circuit of Q3 (figure 1-46) is used to 
insure that the output level from the PC2 circuit is always slightly more 
positive (+1.5 v) than the outp~t level from the PCl or PC3 driver in the 
absence of a write-in or read-out pulse. This will insure th·at diodes CRI 
and CR4 (figure l-44b) will be cut off at the correct times. The circuit 
conditions are such that the common load resistor for all five cores 
connected to eachPC2 circuit (R2 in figure 1-44b) has a value of only 
580 ohms. The RT47 output transistor Q3 (figure 1-46) then will carry a 
maximum collector current of about 190 rna. Because of a dissipation of 
about 12 watts, R2 consists of four 120-ohm 10-watt wire-wound resistors 
and one 100-ohm one in series. 

The coupling circuit between Ql and Q2 in the PC2 circuit includes the 
VOltage-divider network consisting of R4 and R5 in order to reduce the most 
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positive bias vOltage present at the base Bf Q2 during the period in which 
this stage is cut off. The circuit parameters are chosen so that the 
initial base-to-emitter voltage of Q2 of about 2.6 v gradually drops to 
1.5 v. as determined by the RC time constant of the coupling circuit. The 
values of the components in the circuit (R4. R5. R6. C2. and C3) are such 
that the time constant of 535 ~s is short enough to allow the coupling 
capacitor to charge up again to its initial value in the time between 
select pulses. 

The PC2 driver is supplied as card type SO. which contains two 
complete circuits per card. The power supplies for +15.5. +20. and -6 v 
are physically located in the line-printer equipment. and the three 
potentials are carried to the printer synchronizer module of the processor 
card library by power cables (figure 1-46). 

1-59. CODE-DRUM AMPLIFIER 

The code drum in the printer. which is attached and keyed to the same 
shaft as the revolving print wheels. consists of a magnetically coated 
cylinder on which are recorded ten channels of coded information. This 
information consists of nine-bit code and sprocket signals which are 
continually read by a magnetic head assembly and transferred by RG22/U 
cables to the synchronizer input circuitry. The code-drum amplifiers 
amplify the low-level output from the read head in the printer to a level 
sufficient to energize Schmitt trigger circuits; the Schmitt trigger 
circuits. in turn. drive standard asynchronous logic circuits in the 
synchronizer. Thus the code-drum read system is very similar to the tape 
read system used in the tape-synchronizer circuits (figure 1-36b) and the 
code-drum amplifier is the same as the type-TR tape read amplifier. A 
logic type diagram of the code-drum amplifier is given in figure 1-47. 

16V) p-p,- ~ 
( 3 rna) ""V -

+lo--...J 
Notea 

OUTPUT 
TO ST-E 

Thi, circuit il a type-TR tape read 
amplifier (figure 1-36) 

Figure 1-47. Code Drum Amplifier 
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The average peak-to-peak input from the code-drum cable is 27 mv. The 
nominal zero-to-peak output from the code-drum amplifier needed to set the 
following type-ST-E Schmitt trigger circuit is 8 v. Therefore the over-all 
closed-loop gain of the code-drum amplifier should be about 593.* It is 
evident that this amount of gain is very close to that obtained from the 
tape read amplifier when it is set to its minimum gain setting (table 1-9) 
• The input Signals from the code drum can vary between 15 mv and 40 mv to produce corresponding zero-to­

peak outputs from the amplifier of 4.5 v to about 12 v. However. these levels are within the clipping 
range of the TR circuit. 
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--that is. at a gain of 600. which is the low gain setting for metal tape. 
As described under heading 1-50. minimum amplifier gain is achieved when 
the a-c feedback loop provides for maximum feedback current. Maximum 
feedback current occurs when all three gain-control transistors (Q8. Q9. 
and QlO in figure 1-38) are cut off and the shunt resistance in the ladder 
network is effectively out of the circuit. Thus the amplification for the 
printer signals is obtained as shown in figure 1-47. The three gain­
control transistors are cut off to give a fixed closed-loop gain of about 
600. This is brought about by simply applying +1 v from a fixed d-c 
source to the three gain-control input terminals (1. 2. and P) of the 
amplifier. 

1-60. COUPLING CIRCUITS 

The coupling networks consist of five type-CNC circuits and one type­
CNE circuit that are used to couple high-potential signals from the line 
printer into the logic circuitry of the printer synchronizer. The opera­
tion of these circuits is exactly the same as that described for the tape­
synchronizer coupling circuits under heading 1-54 (figure 1-42). The 
specific application of the six coupling networks (including voltage levels 
and resistance values) in the printer synchronizer are illustrated in 
figure 1-48. 

The first four circuits (no paper. no ribbon. paper-feed error, and 
carriage out) are CNC types in which the outputs to the lC circuits are 
normally low because of conduction from -3 v through R2 to -11 v. If any 
one of the four relay-switch contacts is closed, a positive level of about 
+15 v will appear at the input to the CNC voltage divider. This will cause 
a high signal of about +0.7 v to be generated at the output of the circ~it. 
and thereby indicate the appropriate malfunction. 

The charge test circuit drives a IE inverter to produce an output that 
is high during the time that the actuator capacitors across the printer­
thyratron-driver circuits are in the process of being charged--that is, 
during the 10-ms interval required to charge the capacitors up to +750 v. 
At all other times the charge test signal will be low to indicate that a 
steady-state condition exists across the capacitor circuit. The action is 
implemented as follows. The output emitter-follower transistor (QI) in the 
printer is an NPN type; when the +750~v supply is on, the transistor will 
conduct in the forward direction from base to emitter and provide a high 
positive potential at the input to the CNE circuit. This result will 
produce the usual high input signal (+0.7 v) to the IE circuit. When the 
charging voltage is removed, a neg~tive bias is applied across the base­
emitter circuit of Ql and the transistor is cut off. The output from the 
CNE circuit will drop to the clamping level at -3 v. 

The bias check circuit is an OR gate arrangement which indicates the 
absence of one or both of two critical bias voltages in the-printer. If 
both the -50 and -30-v bias voltages are present. the voltage division 
across the resistive network is such as to keep the anodes of the isola­
tion diodes more negative (-9 v) than the cathodes, and the output from 
the CNC circuit will be at -3 v (figure 1-48). However. if either or both 
of the bias voltages are removed. one or both of the diodes will conduct 
and cause a positive output from the CNC circuit. 
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The computing unit and processor each contain several fast-operating 
storage registers composed of magnetic-core matrices. The matrices use 
type-lOll tape-wound Ferractor®cores that have a switching time of only 
1 microsecond for a complete read-write cycle. The fast registers in the 
computing unit are the 26 one-word A-B registers operated completely in 
parallel. The A-B registers consist of two core matrices in which each is 
arranged in a 26 x 30 array. Consequently, to transfer a word to or from 
one of these registers, there must be a switching of corresponding rows of 
30 cores in each of the two matrices. 

In the processor there are several fast registers located in the syn­
chronizer-dispatcher. The synchronizer address register is similar to the 
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A-B registers except that the cores are arranged in a single 7 x 25 array. 
The smaller size is used because only the five-digit memory address is 
stored for each of the seven input-output synchronizers included in the 
basic system. The other fast registers are the input and output buffer 
registers associated with each of the synchronizers. The buffer registers 
are similar to the other types in that they use the same circuit components 
throughout. However, these registers do not operate completely in parallel 
because their function is to provide temporary storage for data being 
transferred between the input-output equipment and the main storage. Thus 
the configuration of the buffer register is such as to provide for serial­
to-parallel data conversion if the buffer register is an input buffer, or 
parallel-to-serial if it is being used as an output device. Serial data 
transfer here means parallel-digit or five bits at a time. ('Parallel' 
refers to a complete 60-bit word transfer at one time.> 

Both the input- and output-buffer registers consist of eight one-word 
storage registers constructed in the form of two 8 by 30 matrices. The 
total of eight registers is for the basic system; the size of any of the 
fast-register matrices for any expanded system must be increased propor­
tionately. The interconnections between the cores are arranged to provide 
the appropriate read-out and write-in switching configurations. The 
logical significance of the interconnections among the buffer registers, 
as well as other relevant connection data on these and the address and A-B 
registers, will be found in descriptions of Larc logic. Headings 1-62 
through 1-68 present a general description of the over-all fast-register 
operation and detailed descriptions of each of the standard circuit types. 

1-62. FAST-REGISTER OPERATION: GENERAL DESCRIPTION 

Figure 1-49 is a simplified diagram of a fast-register system. The 
connections shown in this illustration are for parallel operation of the 
matrix as used in the A-B registers of the computer and the address 
register in the synchronizer-dispatcher. Each of the ma.gnetic cores in the 
matrix stores one bit of information. In operation one of the polarities 
of magnetization of the cores represents a 1 information bit and the other 
a O. For determining which state of mag~etization is present a read-out 
pulse is applied to a winding on the core in the direction to restore the 
core to the 0 state. If the 0 polarization is present, only a very small 
flux change ~ccurs along the hysteresis loop of the core, and very little 
voltage change appears at the output winding. However, if the polarization 
corr~sponding to Ii 1 is present, the read-~ut pulse changes the flux 
density by almost twice its saturation value, and this large flux change 
produces a large voltage in the output winding. 

As shown in the Ferractor insert in figure 1-49, each core has three 
windings: a read winding, a write winding, and an output winding. The 
read windings in a row of cores are all connected in series (up to a 
maximum of 30 cores: n ~ 30> and are driven by a single read driver 
circuit. The read driver consists of an input transistor stage (gate 
inverter> and a series-pulse magnetic amplifier which uses a type-lOO3 
Ferractor core element. Reading or clearing a row of cores requires a I-lAoS 
negative-going pulse at the input to the read driver from an address 
information line. The negative-going signal causes the input transistor 
to conduct; the conduction of the transistor in turn sets the magnetic 
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amplifier so that, when the series-fed power pulse is applied, the cores 
will be switched to (or left in) the 0 ~tate. As shown in the illustra­
tion, the read-out pulse is a negative-going pulse of 0.5-~& duration and 
is generated by the A-phase clock pulse (etA), which is applied in series 
with the output winding of the read magnetic amplifier (heading 1-64). 
A-phase designates that the negative halves of the 0.5-~s squarewave clock 
pulses coincide with the odd time slots of the logic timing intervals (Tl, 
T3, T5, T7). B-phase clock pulses are negative during the even time-slot 
periods (TO, T2, T4, T6). 

The magnitude and significance of the voltage appearing on the output 
windings as a result of the read-out pulse depend on the previous state of 
the core. The result of the storage of a 1 by any core will be the gener­
ation of a positive-going output pulse in the output winding. This pulse 
is fed to a corresponding output amplifier in the matrix. The character­
istics of the output amplifier are such that up to 13 core output windings 
may be connected in series to a single amplifier input. In the case of the 
A-B registers an additional input diode circuit to the amplifier 
(figure 1-52) is provided for the remaining 13 core output windings in the 
26 x 30 array (m S 26). 

The output amplifier consists of a two-stage transistor amplifier and 
delay circuit which produces a 3-v output information signal (positive­
going for l's) at 1 drive unit (1.64 ma). The amplifier delay characteris­
tics are needed to provide synchronization with the next pulseformer clock 
period of the logic circuitry. The rules for establishing the delay period 
are covered under heading 1-67 and in the timing chart of figure 1-53, 
which shows relative signal polarities and specific timing information on 
the operation of A-B registers. 

The write-in operation of the cores is implemented by the application 
of opposite-polarity signals to the write windings connected in parallel. 
The write-driver circuit supplies a 0.5-~s negative-going pulse to one end 
of the write winding while a coincident 0.5-f.l.s pulse is supplied to the 
other end from an input amplifier. The latter pulse is an information 
pulse which is positive for l's. Thus the isolating diodes connected to 
the selected windings will conduct in the forward direction and switch the 
cores from the 0 to the 1 state. If the input amplifier signal is negative, 
no current will flow through the write winding and the core will remain in 
the cleared or 0 s~ate. 

The write-driver circuit varies according to the fast-register appli­
cation. For parallel operation (figure 1-49) it is driven directly by the 
read driver output and consists only of a type-lOl2 magnetic-amplifier core 
circuit operating during the B-phase of the clock periods. With this 
arrangement a read-out operation is always followed by a write-in operation 
0.5 f.l.s later. Depending on the logic control signals, either the same 
information is regenerated or new information is stored in the register. 
In the input and output buffer registers, however, the write-driver circui~ 
is identical to the read-driver unit and contains a cascaded transistor 
amplifier and type-1003 magnetic amplifier. This arrangement allows the 
write circuits to be addressed independently of the read-driver circuits 
and thereby enables the serial-to-parallel (or parallel-to-serial) con­
version properties of the buffer registers to be used. 

1-111 



An input amplifier is connected in parallel to each of the cores in a 
column and consists of a single-stage transistor inverting amplifier. The 
ci~cuit is designed so that 1 drive unit of input power holds the stage in 
the nonconducting state. A negative-going 0.5-~s input pulse will allow 
the positive output signal to be generated to drive the lower end of the 
selected write winding. 

The clamp circuits connected to the ends of the series of read and 
output windings are included in figure 1-49 to show the termination net­
works for all the windings in the core matrix. The operation of these 
clamps, as well as of the voltage divider in the circuit of the output 
windings, is covered under headings 1-63 through 1-67. 

1-63. TAPE-WOUND CORES 

The magnetic cores used in all of the fast-register storage matrices 
are fast-switching alloy units of tape-wound construction. (These cores 
are further identified as type-lOll memory Ferractor cores.) The core 
consists of four wraps of type-4-79 molybdenum-permalloy tape, 1/32-inch 
wide, 1/8-mil thick, wound on a 50-mil (inside diameter) stainless-steel 
bobbin. The molybdenum-permalloy core material has a rectangular hyster­
esis-loop characteristic that requires a relatively low magnetizing force 
to switch the core at the 0.5 ~s switching speeds of the fast registers. 
Therefore it requires minimum energy from the read and write drivers--a 
fact which is the principal criterion of design in building the core 
matrix. 

The number of wraps of tape used to make the core is a compromise 
value for producing a high-squarenessratio in the core hysteresis-loop 
characteristic, which increases with an increase in the number of wraps, 
and a fast switching time, which decreases with more wraps. With four 
wraps of tape of the dimensions given in the preceding paragraph, and on 
the assumption of a saturation flux density of about 7500 gauss for the 
core material, the total flux change which occurs when the core is switch­
ed is about 1.5 maxwells. 

The read, write, and output windings on the core are made with No. 43 
high-frequency wire and are wound to provide the relative polarities shown 
in the insert in figure 1-49. The number of turns in the output winding 
is based on the total flux change of 1.5 maxwells. On the assumption that 
the minimum required output pulse is 0.5 v and the switching time is 0.5 
~s, the minimum number of turns is about 16: 
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The number of turns on the output winding must be kept to the minimum 
value for several reasons: 

(1) The air inductance of the winding increases as the square of the 
number of turns. Since up to 13 output windings can be connected in ser­
ies, the inductance must be kept to a low value. 

(2) When a register is selected for read-out, those cores which store 
a 0 will exhibit some flux change as the core is driven from remanence to 
saturation because of the lack of squareness of the hysteresis loop. This 
flux change will cause a small output sneak voltage to be induced in the 
output winding. So that the amplitude of this voltage remains at a mini­
mum, the number of turns in the output winding should be no greater than 
necessary. 

(3) The current required by the output amplifier must flow through 
all the output windings in series. To keep any of the unselected cores 
from switching, the magnetizing force established by the output current 
through the output windings of the unselected cores must be less than the 
coercive force. Therefore the number of turns in the output winding must 
be limited. In addition, the capacitive loading on the write driver is a 
function of the number of cores in a register and the capacitance between 
the write and output windings of the core. One way to minimize this capa­
citance is to minimize the number of turns in the output winding. 

The number of turns used in the read and write windings is based on 
the amount of magnetizing current needed to switch the core in the allotted 
time. This magnetizing current is supplied by the A-phase or B-phase 
clock power through the output windings of the read or write magnetic­
amplifier drivers. Although the pulse width of the clock is 0.5 ~s, an 
allowance of 0.125 ~s is made for clock rise and fall time, a delay due 
to the lack of squareness of the hysteresis loop of the driver core, and 
rise time due to the inductance of the output winding of the driver core. 
Thus an average pulse width of 0.375 ~s is available to switch the core in 
the storage matrix. With an experimentally derived curve of switching time 
as a function of magnetizing force, 1.15 oersted of magnetizing force (H) 
is required to switch the core in 0.375 ~s. Based on this value of H, the 
ampere-turn product (NI) for the read and write windings is 0.425. 

For the read-out process, the amount of current delivered to the 
series-connected read windings from the read driver is about 107 mao 
Therefore the minimum number of turns on the read winding is this: 

0.425 NI = 4 turns 
0.107 I 

The number of turns is kept at 4 in order to minimize clock voltage re­
quirements. If more turns were used in the read winding, a correspondingly 
higher clock voltage would be needed; this in turn would require either 
more turns on the output winding of the read driver or more wraps of tape 
on the read driver core. In either case optimum design parameters would be 
affected. 
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The number of turns in the write winding is based on the capacity of 
the write driver to deliver approximately 110 ma to the parallel-connected 
write windings. The maximum number of write windings that can be connected 
to a single write driver is 30 (heading 1-62). In consideration of the 
fact that the memory code is such that only three out of five cores will be 
swi tched (wri tt.en in) at anyone time, the current available for each write 
winding is 110/18 = 6.1 mao Therefore the minimum number of turns in the 
write winding is this: 

0.425 NI = 70 (turns) 
0.006 I 

1-64. READ DRIVER 

Figure l-50a shows the schematic diagram of the complete read driver 
circuit. This circuit is used in all the fast registers to produce the 
read-out or clear pulse for the storage cores. The driver consists of an 
input inverting-amplifier stage and a magnetic amplifier which uses a 
tape-wound core similar in construction to that described under heading 
1-63. The magnetic amplifier is powered by series-fed A-phase clock pulses 
so that an output will be produced during time Tl, T3, T5, or T7. This 
timing is determined by the main-storage timing requirements and is used 
in the A-B, address, and input-buffer registers. Read drivers that oper­
ate during the A phase of the clock are designated ty~e RA. (See logic 
symbol.) However, the read drivers in the output-buffer registers, which 
operate during the B phase and produce outputs during time TO, T2, T4, or 
T6, are designated RB. 

In the absence of an input address signal the input stage Ql is held 
in the nonconducting state by means of a high (ground) signal at diode CRI. 
In this situation CRI conducts through Rl to produce a d-c voltage at the 
junction of Rl and R2 of about -0.6 v. The drop across the forward-biased 
CR2 causes the base voltage to be at ground potential so that the tran­
sistor is cut off. With Ql off, the output voltage will be set at about 
-7 v, as established by the constant-current clamp circuit at the other end 
of the input winding of the magnetic amplifier. All the read driver cir­
cuits in the fast registers are driven by single lC stages; since each of 
the registers is divided into two equal sections, there is an average of 
1-1/2 drive units (2.46 mal available for holding each input stage off. 

A l-~s input signal at -3 v will cause CRI to cut off and Ql to con­
duct. The reverse bias on CRI is about 0.1 v. The use of the step-up­
diode (CR2) allows the base current to complete its transition from mini­
mum to maximum values over a smaller input-voltage swing. The amount of 
current delivered by the type-XT76 transistor (Philco type 2NSOl: micro­
alloy di ffused transistor) when it is fully conducting is close to 50 mao 
This current switches the state of the core in the read magnetic amplifier 
and is described in the following paragraphs. 

The tape-wound core used as the read magnetic amplifier is designated 
type 1003 and contains three windings: input, output, and bias. The core 
material is the same as the type-lOll storage tore under heading 1-63. 
The inside diameter of the bobbin is 100 mils instead of 50,and the number 
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of turns on the three windings and number of wraps of tape is changed be­
cause of the different functions performed by the core and its external 
circuits. In order to produce a high-saturation flux density of about 
14,000 gauss, the total number of wraps of tape is 23. The number of turns 
required on the input winding is 46 and is based on a minimum input current 
of 33 rna and a magnetizing force of about 1.4 oersted. For the output 
winding the rate of change of voltage for switching the core depends on the 
magnitude and width of the clock pulse; the total flux change which occurs 
when the core is switched is about 7.5 maxwells. The number of turns on 
the output winding is 81, on the assumption that the maximum clock voltage 
will drive the core 95 percent of the way up the hysteresis loop. The 10-
turn bias winding is used to inhibit the core from switching when an input 
pulse is absent. 

The operation of the magnetic amplifier is based on the relative 
polarities of the windings, which are arranged so that a negative clock 
pulse will switch the core toward positive saturation. The amplitude of 
the clock pulse and the number of turns on the output winding are such 
that under worst tolerance conditions (maximum amplitude variation and 
minimum core coercivi ty) the c.ore wi 11 barely swi tch from negative reman­
ence to positive saturation in the clock-pulse half cycle. High-limit 
cores, low-limit power pulses, or combinations of the two result in the 
incomplete driving of the core toward saturation. In either instance the 
core is never driven to saturation; therefore the output winding remains 
at high impedance throughout the clock-pulse interval, and no change in 
output occurs. During the positive half cycle of the clock-pulse period 
the output is disconnected by diode CR7, while the current in the bias 
winding switches the core down its hysteresis curve from positive to nega­
tive saturation. Thus with each clock cycle the core is switched up and 
down along the entire hysteresis loop. 

The magnetizing current flowing in the output winding is supplied by 
the constant-current clamp consisting of diodes CR5 and CR6 and resistor 
R5. The 1100-ohm resistor and the +28-v return voltage are chosen to 
guarantee a small surplus of current over the required magnetizing current 
so that CR6 will remain conducting and no signal will appear at the out­
put. Diode CR6 must have a larger voltage drop (EM82: 1.3 v minimum) than 
the clamp diode connected to ground at the end of the series of read wind­
ings in the storage matrix (EM51 of figure 1-49: 0.5 v) in order to pre­
vent any magnetizing current from flowing through the read windings. The 
sneak-suppressor action of the combination makes the output winding act 
like a true open circuit to the output load, since no current flows to the 
load during its high-impedance condition. 

When the input stage Ql (figure 1-50a) is cut off, a positive-going 
pulse is applied to the input winding at the end of the negative clock in­
terval. This pulse causes a current to flow during the entire positive 
clock period 'ina direction- to overcome the bias current and insure that 
the core is put into a state of positive saturation. Therefore a very low 
impedance is presented by the core during the following negative clock 
period, and full output current (107 mal will be coupled through diode CR7 
to the read windings of the core matrix. 

A smaller number of turns are used on the input winding so that under 
worst tolerance conditions (minimum current from QI and maximum core coer-
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civity) the amplifier will be driven completely to positive saturation by 
the end of the input period. Normally saturation will be reached before 
the end of the half cycle, a fact which causes the input to act as a short 
circuit to its driving source. Constant-current clamp CR4-R4, like that 
on the output, is designed to remain conducting for normal magnetizing 
currents but to limit the current when the normal value is exceeded. Short­
ing of the input,therefore, will only slightly affect the loading on the 
driving source, for the current through R4 increases only slightly when 
tlte signal voltage is added to the relatively high d-c voltage already 
across it. 

The bias winding (figure 1-50a) is connected in series with the bias 
windings of other read drivers to a constant-current d-c source of +28 v. 
Potentiometer R7 adjusts the bias current to nominal value of 45 rna, which 
can be measured conveniently at jack Jl. 

1-65. WRITE DRIVER 

There are two versions of the write driver used in the various fast 
registers; which of the two depends on the logical application of the 
matrix. One type is identical to the read driver circuit described under 
heading 1-64 and is used exclusively in the input and output buffer 
registers of the processor. In these applications the write driver is 
addressed independently of the read driver and is powered by B-phase clock 
pulses in the input buffer registers and by A-phase pulses in the output 
buffer. In the parallel-operated A-B and address registers, however, the 
write driver is always driven by the output from the read driver, and it 
requires a modified form of magnetic-amplifier circuit, which is illus­
trated in figure I-SOb. 

The core element is of the same construction and size as the one in 
the read driver. The only difference is in the number of turns on the 
input and output windings and in the direction of polarization of the 
windings. The change in polarization is dictated by the fact that the 
driving signal from the read driver is negative-going. In addition, the 
write drivers used in the pa~allel mode of operation are always powered by 
the B phase of the clock pulses and produce an output pulse 0.5 ~s after 
the read driver output, at time TO, T2, T4, or T6. 

The tape-wound core is type 1012, with 21 turns on the input winding 
and 92 turns on the output (figure I-SOb). With 20 wraps of tape the total 
flux change which occurs when the core is switched is about 6.4 maxwells. 
The input signal must produce this flux change in 0.375 ~s; to do so requires 
a magnetizing force of about 2.1 oersted and an input current of 75 rna. 
The number of turns required on the output winding to supply the necessary 
number of volt-seconds is 92, on the assumption that the maximum 0.5-~s 
clock voltage will drive the core 95 percent of the way down ~he hysteresis 
loop. The bias winding on the write driver has ten turns and is energized 
in the same way as in the read driver (figure l-50a). 

In operation the negative clock pulse switches the core from a state 
of positive remanence to one of negative saturation. During the switching 
period the core presents a high impedance and no output is produced. The 
posit i ve half cycle of the clock pulse is blocked by diode CR3, but at this 
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time the bias current resets the core back to positive remanence. Now. 
with a negative signal from the read driver at the input winding. the bias 
current is overcome and the core is left in a state of negative remanence 
during the positive halves of the B-phase clock pulses (negative halves of 
the A-phase pulses). Consequently. with the arrival of the negative B-phase 
clock pulses the core will present a very low impedance. and an output 
current of about 110 ma will be coupled through CR3 to the load. The clamp 
components and other features of the circuit are similar to those described 
for the read driver under heading 1-64. 

1-66. INPUT AMPLIFIER 

The input amplifier operates in conjunction with the write driver to 
write information into the cores of the matrix. As described under heading 
1-62, the coincidence of a negative-going pulse from the write driver and 
a positive-going pulse from the input amplifier at opposite ends of the 
write windings will cause the core to be switched from the 0 to 1 state. 
If no output pulse is received from the input amplifier at the time of the 
write driver pulse, the core will remain in the 0 state. Thus the input 
amplifier converts a negative-going 3-v information signal from the logic 
networks to a 0.5-~s positive-going output signal close to the level of 
ground potential, and thereby completes the current path through the write 
winding. The circuit schematic is given in figure 1-51. 

The operation of the circuit is quite similar to the read input circuit 
described under heading 1-64 and also to other gate inverters. A high 
(ground) input will cause CRI to conduct, 01 will be cut off (base-to­
emitter voltage: +0.3 v). and the output voltage will be low (-11 v). When 
the input swings negative (representing a 1 information pulse); CRI cuts 
off and 01 conducts (Vbe = -0.25 v). The output current at the collector 

will cause the level of the output signal to rise toward ground. The clamp 
circuit in the emitter of 01 is used to limit this current after the core 
in the matrix is completely switched. 
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1-61. OUTPUT AMPLIFIER 

The output-amplifier circuit is shown in figure 1-52. Whenever a 
storage core is switched during the read-out process, a positive-going pulse 
of about 0.25-~s duration is induced in the output winding of the core. 
This pulse is amplified and delayed by the output amplifier so that it. will 
enter the logic networks at the correct level and timing. The input stage 
Ql is normally held in the conducting state by means of the base cur~ent 
furnished by the -ll-v supply through Rl. With Ql on, the second stage Q2 
will be cut off and cause a low output from the amplifier (-3 v). 
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The input to the amplifier (figure 1-49) is connected to a series of 
output core windings:. up to 13 in series may be connected to each input 
diode of the amplifier. The lower end of the series of windings in the 
matrix is returned to a clamp and voltage-dividing network. The voltage 
divider (10- and 25-ohm resistors to -3 v)* causes to be present at the 
lower end of the windings a negative voltage which is more negative than 
the base-to-emitter drop (-0.5 v) ofQl in the output amplifier. This 
action will insure that the isolating diode (CRI in figure 1-52) is biased 
in the reverse direction during the time when the core is not switched. 
The clamp circuit (l2,OOO-ohm resistor and the XR25 diode: figure 1-49) is 
needed to ,limit the current through the windings so that only half the 
coerciv"e· ,iorce is applied to the cores. This will help to insure that the 
cores ire not switched by the output current. 

<,,_"si,tive signal appearing at anyone of the series-connected output 
wind'ini1wil1qause CRI to conduct in the forward direction (figure 1-52). 
The cur/ent (lowing from the clamp circuit will replace the base current 

• Tbe resist~n .. c~.s.~Ali' clallp circuit (ginn as 25 ohms and 12 Idlob ... ) are nried according to tbe 
matrix apphcBt.on. 

~~ 

1-119 



from the transistor, and Ql will cut off. The negative-going output from 
the collector will allow Q2 to conduct so that the output signal will rise 
toward the level of ground potential. The second stage uses practically 
the same components as the type-lC gate inverter. The only difference is 
that the transfer element here is a type-EM43 diode instead of the usual 
coupling resistor. The diode reduces the required input-voltage swing and 
effectively widens the output pulse. Thus a positive-going output signal 
representing a 1 will be generated at the collector of Q2 at 1 unit of 
drive (1.64 rna) for application to the logic circuitry. 

The transistors used ill the output amplifier are of type RT13 with a 
grade rating of 3122. The delay line DLY 1 used between stages is desig­
nated as type DL-15. It is a passive, lumped-constant line similar to that 
described under heading 1-19 and produces a delay of about 70 m~s. The 
minimum allowed delay from the collector of Ql to the input of the next 
pulseformer driver stage in the logic networks is 170 m~s. (See the timing 
chart, figure 1-53. This timing chart is specific for the A-B registers 
only and is based on the fact that there are two levels of logic between 
the output of the output amplifier, which is the collector of Q2, and the 
input of the pulseformer buffer.) This minimum value insures that the 
narrowest 1 information pulse will reach the pulseformer in time to be 
transmitted even in the case of the worst pulseformer clock tolerance. The 
maximum allowed delay of 235 m~s functions in the opposite direction to 
insure that 0 information from the output amplifier does not reach the 
pulseformers at the time of the next clock pulse. 

1-68. PACKAGING 

The fast registers are packaged entirely separate from the other logic­
circuit types. Each of the groups of registers is mounted in a splf-con­
tained framework assembly positioned vertically in a large area of the 
computer and processor card libraries. The complete complement of 26 A-B 
registers is packaged on two frames, of which each contains two 13 x 30 
core-matrix assemblies mounted back to back, with their associated read 
and write drivers, input and output amplifiers, and clamp circuit~. Simi­
larly, the input and output buffer registers in the processor are ~ach 
packaged on two frame assemblies; the address register, because o! its 
smaller matrix, is completely within one two-sided frame. 

A fast-register frame assembly consists of 32 printed-circuit cards, 
of which 16 are mounted on each side of the frame. The cards art: s,,~cked 
vertically in two rows of eight cards each, on both sides. TheV an' con-' 
secutively numbered from top to bottom, as one faces the card ;ibralY: 

Cards Side 

I, a- Right rear 

9, 16 Right front 

17, ... 24- Left rear 

25, ... 32 Left front 

- Plug-in cards 
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Tables 1-10 through 1-13 give some information on the configurations 
of each of the fast-register frame assemblies. Each table lists the cards 
of the register frame, their contents, and their function in the circuit. 
The functions of the different circuits on the cards correspond to the 
schematics shown in figures 1-49 through 1-52. Note again that more data 
on interconnections between the circuit types will be supplied in the 
descriptions of Larc logic. . 

Table 1-10. A-B Register 
Frame: Inventory of 
Printed-Circuit Cards 

Card Contents of Card 
Numbers and 

Circuit Function 

1. 17 13 read input cir-
cuits 

2. .•. 7 5 output amplifiers 

8. i6 13 clamp circuits 

9. 25 13 read and write 
drhers· 

10 • ••• 15 5 x 13 core matrix 

18. 23 5 input amplifiers 

24, 32 13 clamp circuits 

26 •••• 31 5 x 13 core matrix 

• Magnetic-amplifier circuits. 

Table 1-11. Address-R~gister 
Frame: Inventory of 
Printed-Circuit Cards 

Card 
Numbers 

2. • •• 6 

17 

18. ••• 22 

25 

26 • ••• 30 

31 

Contents of Card 
and 

Circuit Function 

5 output amplifiers 

7 read input circuits 

5 input amplifiers 

7 read and write drivers. 

5 x 7 core matrix 

7 clamp circuits 

• Magnetic-amplifier circuits. 

Table 1-12. Input-Buffer-Register Frame: 
Inventory of Printed-Circuit Cards 

Card Contents of Card Card Contents of Card 
and and Numbers Circuit Function Numbers Circuit Function 

- -
1 i3 read input circuits 16 8 clamp circuits 

(for 8 read drivers 
and 5 wri te drivers) . 17 13 read input circuits 

(for 13 wri te 
2 • .•• 7 5 output amplifiers driverS> 

8 1 voltage-divider cir- 18, ••• 23 5 input amplifiers 
cuit 

25 13 wri te drivers •. 
\l 8 read drivers· 

5 write drivers· 26, ••• 31 5 read input circuits 
'" 5 wri te drivers 
'\ • 15 5 x 8 core matrix 

(for drum read and 32 2 bias-control circuit 
tape synchronizers) components 

,~,', -
IIJt ~ c-amplifier circuits. 
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Table 1-13. Output-Buffer-Register Frame: 
Inventory of Printed-Circuit Cards 

Card Contents of Card Card Contents of Card 
. Numbers and Numbers and 

Circuit Function Circuit Function 

I 13 read input circuits 15 14 clamp circuits 
(for 10 read drivers 
and 3 write drivers) 16 10 cl.-p circuits 

2, ••• 6 5 output .. plifiers 17 13 read input circuits 
(for 13 read drivers) 

7 8 cl .. p.circuits 
18, 000 23 5 input _pUffers 

8 6 clamp circuits 
24 2 bias-control circuit 

9 10 read drivers cOmponents 
3 write drivers. 

25 13 read drivers· 
10, 000 12 5 x 12.core matrix 

(for dru. write and 26, 27, 5 read input circuits 
tape synchronizers) 29 000 31 5 read .drivers 

13, 14 5 x 6 core matrix 28 5 read inp.ut circui ts 
<for printer and 5 wri te drivers 
page-recorder syn-
chroniz'rs) 32 10 clamp .circuits 

• lagnetic-amplifier circuits 

1-124 


