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Abstract: The original M-note described the operation of the

' display line driver in general terms. The purpose of this
supplement is to thoroughly analyse the individual stages,
presenting sufficient data for the evaluation of the circuit
and also for.troubleshooting in case of eventual failure.
Operating margins, frequency response, power supply require-
ments and maintenance data for the individual stages are
presented.
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will operate satisfactorily when any tube falls below 60%
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60%. _
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1,0 GENERAL DESCRIPTION

The display line driver is an amplifier which receives a voltage
signal from one of the display decoders, amplifies this signal to 3.7
times its value and feeds the output to 74, 126, or 252 parallel display
tube input circuits through approximately 1700 feet of coaxial cable
(K109A) ., The line driver contains a gain control to insure that each
one can be set to exactly the same gain., The circuit exists in three
pluggable units which are one preamplifier P.U. 3006481 and two output
P.U.'s 3006482, See 6M=-3284, paragraphs 1.1 and 1.2 for a description
of the line driver as a differential amplifier and as a mean level
regulator. The schematic for this circuit is shown in drawing E75792.

2,0 QUTPUT LOAD SPECIFICATTIONS

This paragraph supercedes paragraph 2.0 of 6M=3284, Figure 2.0.1
(SA 65536) is a diagram of the actual input circuit to each pair of
deflection plates in a console. This circuit provides a slight control
of the gain and position of the signal to accomodate manufacturing
tolerances in display tubes. The values of some of the components in
the console input are different depending upon the particular plates
being driven. Table 2.0.1l, referring to Figure 2.0.1 (SA 65536) shows
these differences.

Table 2.0.1 ACTUAL CONSOLE INPUT CIRCUIT COMPONENTS (Fig. 2.0.1)

S oﬁo - - - Rl E Cl ) R2

Ho Char. Sel. | 47K 1W 1% | 1000 pf | 620K 1W 1%
V. Char. Sel. 47K 1w 1% 680 pf | 360K 1W 1%
H. Char. Comp. | 47K 1w 1% | 1000 pf | 560K 1W 1%

V. Chan. Comp. | 47K 1W 1% | 1000 pf | 560K 1w 1%

D.D,
— ‘
ed in Parallel H, Char. Sel. 47K 2W 1% 270 pf 300K 2W 1%
One Line :
iver H. Char. Comp. | 47K 2W 1% 270 pf 300K 2W 1%
ed in Parallel V. Char. Sel. 47K 2w 1% 270 pf 300K 2W 1%
One Line '
iver V. Char. Comp. | 47K 2W 1% 270 pf 300K 2W 1%

H. Char, Defl.| 5.1K 20w 1% | 1000 pf | 100K 2W 1%

V. Char. Defl,| 5.1K 2W 1% | 1000 pr | 100K 2W 1%
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Table 2.0.1 Con't

D.D. Auxiliary Console. Ry Cy Ro

Fed in Parallel H. Char. Sel; 47K IW 1% 390 pf 300K 1W 1%
By One Line

Driver H. Char. Comp.| 47K 1W 1% 390 pf 300K 1W 1%
Fed in Parallel | (V. Char. Sel. 47K IW 1% 390 pf 300K 1W 1%
By One Line .

Driver V. Char. Comp.| 47K 1W 1% 390 pf 300K 1W 1%

H. Char. Defl.| 5.1K 1W 1% | 1500 pf 100K 1W 1%

V. Char. Defl.| 5.1K 1W 1%| 1500 pf | 100K 1W 1%

The equivalent console input circuit is shown in Figure 2.0.2
(SA 65537) and the various values depending upon the pair of plates being
driven, are indicated in Table 2.0.2.

Tahle 2.0.2 EQUIVALENT CONSOLE INPUT CIRCUIT (Fig. 2.0.2)

Rz | C2 R1 C1
S.D. Console S.D. | V. Sel. 506K 190 pf 232 K 51 pf

H, Sel. 760 192 224 55

V. Comp. 206 215 225 51

H, Comp. 7ob | 199 | 227 us

S.D.. Console D.D. [ V. Sel. & Comp. | 174 255 107 79
H, Sel. & Comp. | 174 250 107 75

V. Defl. 106 216 216 69

| H. Defl. | ibé 212 216 75
D.D. Aux. Console | V. Sel. & Comp. | 210 235 111 103
" | . sel. & Comp. | 210 | 245 111 105
V. Defl. _ 120 2ié 210 106

H, Defl. is6 | 2u7 217 8l

The total equivalent load presented to each line driver including .
the cables and all consoles takes the same configuration as shown in
Figure 2.0.2 (SA 65537). The values of each arm in this case are given
in Table 2.0.3. -
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Table 2.0.3 TOTAL EQUIVALENT LOAD TO EACH MAX. VOLTS
AMPLIFIER REQUIRED
| Ro Cz Ry c1 'PUSH PULL
S.D. V. Sel. 6.84 K .ouu;& 3.14 K| .0038 nf | 221 V.
H. Sel. 10.25 | .04k 3.02 -0041 118
V. Comp. 9.55 -0U6 3.04 .0038 134
H. Comp. 9.5 .0L5 3.07 | .0033 134
D.D. V. Sel. & Comp.| 1.33 .073 893 | .011 276
H. Sel. & Comp.| 1.33 | .073 893 | .o11 276
V. Defl. 91 | .070 1.75 | .010 | 375
H. Defl. 1.0 071 1.78 | .010 375

\
2.1 OQUTPUT VOLTAGE REQUIREMENTS

For optimum performance of the display tubes, the mean level of
the output signal should be held at +45 volts at all times, A special
regulator circuit is incorporated to stabilize this mean level. The
maximum push-pull voltage required out of any line driver depends upon
the particular lines it is feeding. These values are tabulated in the
last column of Table 2.0.3. (Example:. . For a maximum of 375 V. push—
pull required, each output terminal of the amplifier must swing from
+139 volts to =49 volts.) The rise time should be sufficient to permit
the output voltage to arrive to 99,9% of its final value within 20
microseconds. - , :

2,2 INPYUT SIGNAL SPECIFICATIONS

The maximum output of a decoder is approximately 240 volts push-
pull with' a mean level of +150 volts., This output can be controlled by
varying the termination on the decoder. For maximum output, the output
impedance of the decoder is 11.2 kilohms from each output terminal to
+150 volts. As the output voltage is decreased the output impedance is
also decreased approaching zero output impedance for zero output volts.,
For the exact rela?ionship between decqder output voltage and decoder
output impedance s¢e 6M-3971. ’
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3.0 INDIVIDUAL STAGE ANALYSIS

3.1 OQutput Stage

Figure 3.1l.1 (SA 61516) shows the circuit schematic of the output
stage. The circuit exists in two identical pluggable units 3006482,
Drawings 3007699 and 3007701 show the required card assembly and detail
to make up this circuit,

Seven tubes in parallel make up each side of this push-pull power
amplifier stage. Provision is built-in for this stage to be used with
less tubes per-side if an application arises where less output power is
required., All data presented here refers to seven tubes per side. The
circuit is designed to drive the large capacitive, small resistive load
of any of the analogue lines (mentioned in Table 2,0.3) feeding the
electrostatic deflecting plates of the Charactron and Typotron.

Each of the S.D. lines (to the Charactron) present practically
identical loads to the line drivers and similarly each of the D.D.
lines (to the Typotron) load the line drivers practically identically.
The complex frequency response of this output stage is expressed by
four different equations depending upon the lines being fed (S.D. or D.D:)
and the mode of operation of the line driver (differential mode, or
common mode) .

The complex response for S.D. considering the amplifier operating:
in the differential mode, is (referring to MIT Comp. Book, #880 Pg. 42)

(eqe 3.1. 1) P
Co "'K 6. 2odb ( )(l 7 507 xi107 ?F
o (l’L?' I¢, leo )(’ 3’37/x/06)

The common mode resporise for S.D. is:

(eq. 3.1.2) . .
£ )
/)(/ - F.o7xio? |

€o = = 2/.3db
e Kotz ‘2 (/3'177570_3_)(/ 73‘72)(/0‘)

For D.D. the differential mode response is:

(eqe 3.1.3) + )
€o é’j)( 7? 5.07 XY_?i /

e = KsGa= 16.8db T a1+ § 57
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And the common mode response is:
ey (¢ J.o7x/ozf)

| Q—J?W‘)(”LJLTW%J

(eq. 3.1‘.4) %‘-‘ky@q.:‘- 200“

Since these 4 equations are so close, the normalized amplitude and
the phase response of all four are given in Figure 3.1.2 (SB 48741-G)

The notation KG with different subscripts to distinguish between
responses of different stages or circuits is used throughout this paper.
K equals the d-c gain of the circuit under consideration and G equals
the frequency variant portion of the amplitude and phase response., This
form for the response is used to simplify the graphical solution of the
équations,

Consider a_circuit with two output terminals (A and B) and two
input points (Al and Bl)o The differential mode output is defined as
the voltage at A minus the voltage at B. The common mode output is the
mean value of the voltage at A and the voltage B, i:e., '

Voltage at A + voltage at B
2 '

Similarly the differential mode input is the voltage at Al minus thé
voltage at Bl and the common mode input is:

Voltage at Al + voltage at BY
2

The differential mode response is the ratio of the differential mode
output to the differential mode input. The common mode response is
the ratio of the common mode output to the common mode input.

Data useful for evaluation and maintenance of this circuit is given
in the following tables for d-c operating conditions with each pair of
inputs shorted and one set biased at +150 V. while the other is biased
at +180 V,

Table 3.1l.1 VOLTAGE MEASUREMENTS (referred to ground)

Point _ : Voltage (in volts d-c)
Jaor3 +h45

5a or 5b | =172.5

6a or 6b +41 V,

7a or 7b +37.2
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Table 3.,1.2 COMPONENT LOADING

¢ ' P

Component ?g%tggits) gg?ggf) A(ggeaatts)
"V1-R3;.p thru V R5oa b, 205 43,7 - 8.94
4 7K 4 a?w 5% (pez resistor)

Rylp thru Ry7p 47 ohm 2W b R 0.359
5% (per resistor)

Ryls thru Ry7s 39 ohm & W 0,21 5,38 0,0012
5% (per resistor)

Rylg thru Ry7g 100 ohm 0 : 0 0
£V o

R50-1 680 ohm 47W 5% 52,6 77 o4 4,07
C100 0.47 uf 200 V.. 374 ——- ——-
\&l thruAV7 6146-P~K (per tube) |191 87.4 16.7

V1 thru V7 6146 SC-K (per tube] 187 . 5.38 1.01 .

Table 3.1.3 POWER SUPPLY REQUIREMENTS

Voltage : Current Power

(in volts) (in ma,) (in watts)
+250 1225 306
+90 7.4 6.96
=150 . | 1300 195

Figure 3.1.3 (SA 48736-G) shows how this circuit behaves as the +90
volt marginal check line is varied. Different values of gm for each side
of the output circuit were simulated by operating the stage with less
tubes in parallel. Under normal operating conditions the amplifier will
fail when the gm of each side of the output stage falls below 50% of
bogie. With a 40 volt downward swing to +50 volts on the +90 volt
marginal check line the circuit will operate until the average gm of the
output stage is below 61% of bogie for a 1 K load or below 53%. of bogie
for a 500 ohm load. The circuit fails sooner under the 1 K load condition
because of the larger voltage swing requlred at the output than for the
500 ohm load condltiona

Failure is considered to occur when the line driver output waveform
changes in amplitude or when the rise time exceeds specifications,
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3.2 OQUTPUT DRIVER STAGE

Figure 3.2.1 (SA 61262) indicates the circuitry of the output
driver cathode follower which supplies the necessary power to drive the
output stage. Drawings 3006878 and 3006879 show the required card
assembly and detail to form this circuit.

The complex expressions for the gain of this stage are stated in
the following two equations. (Refer to MIT Comp. Book #648, Pg. 45, for
detailed solution.)

For the differential mode:
(e ° 3¢é.l)' - .
; O* , i € \
~2.01db ——L T3 ¥1e” !

' (I+7 ‘{-.7)(-’?06 )

€o = K- G- =
ew ~ 7 G&;

For the common mode:

(eq. 302.2) ' _F F )
(/'1"1" 3.,26x10% )(Hf 49.8 x10€
€o = KG GG: —2.4‘545 . + . £
Emw (’*7’ I.3ox/oé)(/+7' /z.'7xla€)
Figufe 3.2.2 (SB 48742-G) is a graph of eq. 3.2.1 and eq. 3.2;2

showing the normalized amplitude and the phase response of this stage
as it operates in the differential mode and the common mode.

' Data useful for evaluation and maintenance of this circuit is given
in the following tables, '

The data is for d-c operating conditions with each pair of inputs
shorted and one set biased at +150 V. while the other is biased at +180 V.

Table 3.2.1 VOLTAGE MEASﬁREMENTS (referred to ground)

[Point . Voltage
- ‘ (in volts d-c)
9. ' 40
5a or 5b =172,5
10a or 10b - : =197
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Table 3.2.2 COMPONENT LOADING

Component Voltage Current Power

(in volts) |  (in ma.) (in watts)
R47-7 thru R47-11 6.8K 1IW 5% Lo 5.89 0.236
(per resistor)
R47-1 thru R47-6 27K 2W 5% 127,5 4,72 0,601
(per resistor)
RV8-1, RV8-4 1K $W 5% 0 0 0
V8a or V8b, 5998 122,5 14,2 1.74

[Table 3.2.3 POWER SUPPLY REQUIREMENTS

Voltage ‘ Current Power
(in volts) (in ma.) (in watts)
-300 (B7) 28.4 8.52

When the -300 volt marginal check line (B7) is swung down we check
V8, V7, V4, and V3b. We check V5 and V6 when this marginal check line
is swung up. Each of these tubes will be considered separately in the
appropriate individual stage analysis where all of the other tubes in
the amplifier will be assumed to be at bogie gm,

Figure 3.2.3 (SA 48739-G) shows where the amplifier fails depending
upon the amount of marginal check voltage and the condition of V8a and V8b.
Under normal operating conditions the amplifier will fail when the gm of
V8, and V8b (5998) falls to 8% of bogie gm. If the =300 volt marginal
check line (B7) is swung down to =315 volts, then the amplifier will fail
if the gm of V84 and V8p has gone below 58% of bogie gm.

3.3 BUFFER CATHODE FOLLOWER

The circuit schematic for the buffer cathode follower is shown in
Figure 3.3.1 (SA 65907). The card assembly and detail required to form
this circuit are shown on drawings 3006876 and 3006877.

The complex expressions for the gain of this stage are given in the
following two equations (refer to MIT Comp. Book #648, Pg. 51).

For the differential mode: P {?
( 3.3.1) Lo _ /(7G.7 = —9.05dh 67"3’ 23.4X/o3>(/+4‘ 92.§x/o3>

: €Q0e Jode .. ) E
q o | Q"” fz;x/og)(’ 77 7X/o")
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For the common mode:

Co _ ——9.05dk _@-&3.5—&/@) (/ +/: g2. 8)(/06)
(eq. 3.3.2) é—- KS’GX'f' f.05¢ . £ . £
oo (144 ziw) (117 141 X/oé)

Figure 3.3.2 (SB 48743-G) is a graph of equation 3.3.1l and equation
3.3.2 showing both the differential mode and common mode responses of
this stage.

Data useful for the evaluation and maintenance of this stage is
given in the following three tables. The data is for d-c operating
conditions with each pair of inputs shorted and one set biased at +150 V.,
while the other is biased at +180 V.

Table 3.3.1 VOLTAGE MEASUREMENTS (féferred to ground)

Point Voltage
(in volts d-c)
10a or 10b =197
1la or 1lb =15
12a of 12b | 17.5

Table 3.3.2 COMPONENT LOADING

Components Voltage Current Power
(in volts) (in ma.) (in watts)
RU2-1 or RU2-2 68K 2W 1% 182 2.67 0.486
R42-3 or R42-4 39K 2W 1% 103 2,67 0.275
C42-2 or C42-3 100pf 500.V, 182 e ——
[V?a_or V7v, 22177 165 2,67 0.440

Table 3:3.3 POWER SUPPLY REQUIREMENTS

Voltage o Current Power
“|(in volts) - (in ma.) (in watts)
+150 5034 0.80

-300 (B7) 5034 1,60
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Figure 3.3.3 (SA 48740-G) shows where the amplifier fails depending
upon the amount of marginal check voltage and the condition of Vp, and
V7b. Under normal operating conditions the amplifier will fail when the
gm of V9a and V7b falls to 18% of bogie gm. If the -300 volt marginal
check line-(B7) is moved to =315 volts the amplifier will fail if the gm
of V73 or V7b has gone below 23% of bogie gm.

3.4 DIFFERENTTIAL, AMPLIFIER STAGE

Figure 3.4.1 (SA 61708) shows the circuitry of the differential
amplifier stage., Drawings 3006874, 3070187, 3006875, 3070186 show the
required card assemblies and details for this circuit.

The differential compensation control R35-1 allows for an optimum
adjustment of frequency response and Nyquist stability for differential
mode signals in spite of differences between line drivers due to tolerances
of components.,

The complex expressions for gain of this stage are stated in the
following three equations (refer to MIT Comp. Book #880, Pg. 23).

For the differential mode with R35-1 equal to zero ohms,

(éq° 3.4.1) » . £
) (")(/*7" Ssﬁx/oa)(/' 7 70.9x10 7)

o _ "_-. .7db ~ .
s SRl e R (PR -

For the differential mode with R35-1 equal to 50K.

. _F
o n e st 1 o)
R e e (& Ao ey

For the common mode the response is:

(eq. 3.4.2)

(eq. 3 0403)

———————

ok o o sy Mo (I )¢ ea)
‘E!-;': 1o o ’ ('4-7: -;:37‘767'-0—;)(/4'73 ,.—lzj‘éo—;a(/-{.j 2—3-'-35)-(-,0—6—)
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The normalized amplitude and the phase responses of this stage as
stated in equations 3.4.1 and 3.4.2 are plotted in Figure 3.4.2 (SB 48744-G).
Similarly a plot of equation 3.%4.3 is given in Figure 3.4.3 (SB 48745-G).

Data useful>for evdlﬂatioﬁ and maintenance of this circuit is given
in the following three tables. The data is for d-c operating conditions
with each pair of inputs shorted and one set biased at +150 V while the

other is biased at +180 V,

TTable 3.4.1 VOLTAGE MEASURMENTS (relferred to ground)
Point ‘ Voltage
: (in volts d-c)
12a or 12b =17.5
13 ~137
14a of 145 =140
Table 3.4.2 COHPONENT LOADING
Component Voltage Current Power
(in volts) (in ma.) (in watts)
R39-1, 2, 6, or 7 180K 267.5 1.48 0,396
2W 5% (per resistor)
R39-8 pr 9 39K 20 5% 163 4,17 0,680
R39-3 o 5 18K iW 5% 0 0 0
R35-1 50K pot. - 0 0 0
C39-1,-3 150 pf 500 V. 17 0 0
C39-2 150 pf 500 V. 0 0 0
Vs or Vg, 6136, P-K 119.5 2.96 0.354
Vs or V6, 6136, SC-K 137 1.21 0,166
Table 59403 POWER SUPPLY REQUIREMENTS
Voltage Current Power
(in volts) (in ma.) (in watts)
+250 5.92 1.48
300 (C3) 8434 2,50
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Figure 3.4.4 (SA 48746-G) shows a plot of marginal check data as
taken on this stage. To simulate the gm of the tubes decreasing, the
screen voltage was decreased and readings were taken at points of failure
caused under various combinations of sereen voltage and marginal check
line voltage. Under normal operating conditions the circuit will fail
when the gm of V5 and Vg falls below 11% of bogie gm. This failure
point is determined from point A of Figure 3.4.4. From point B of this
same figure we determine when the circuit will fail under a 15 volt
positive swing on the marginal check line. When the =300 volt marginal
check line (B7)- is swung up to =285 volt, the circuit will fail when the
gm of V5 and V6 has decreased to 50% of bogis.

3.5 INPUT CIRCUIT TO DIFFERENTTAL AMPLIFIER

Figure 3.5.1 (SA 61709) shows the input circuit to the differential
amplifier. The drawings which show the necessary card assemblies and
details are 3006880, 3070187, 3006881, and 3070186, First the response
of this stage to differential mode signals is considered. Provision is
made to adjust the ratio of currents flowing through each half of the
input circuit (V4a and Vyp) by means of a position control. This allows
a control of the d-c levels at the inputs to the differential amplifier,
points 14a and 14b, despite component differences in each half of the
line driver push pull stages. The position of the beam in the display
tube can thus be controlled mamially.

The differentlal output is at the plates of V4 (1l4a and 14b) w1th
the input between points Ej5, or,E6, and E7 or Eg.

The response of this signal is given in the following equation
(refer to MIT Comp. Book #880 Pg. 46 for complete solution.) The gain
control is set for a normal overall gain from the line driver of 3.7,

(eqe 3.5.1)

= k) 6;, = — 9 4idb l/+7.l¥0x146>( ;W)
C/ o (/ J 34)‘10 ) (+6‘8’7.2x/o‘°>( A4 /93)(/0)

Another differential response associated with this stage is the out-
put produced between the plates of Vi (1l4a) and Vyp (14b) (the grids of
the differential amplifier Vs and Vg) due to a differential signal between
the feedback terminals Cl and C5. This transfer function is given in.
the following equation (refer to MIT Comp. Book #880 Pg. 49)

(eqe 3+5.2) (+? AT ) (l j—ax%?b

Lo _K.C3=—208¢db £
ew ,3' (/“187.%/03)(7 W)@’f /37"/06>
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Figure 3.5.2 (SB 48754-G) is the graph showing the normalized
amplitude and the phase response for eq. 3.5.1 and 3.5.2.

The response of this stage to a common mode signal which has its
output at the plate and input at the grid of Vis or Vip is given in the
following expression (refer to MIT Comp. Book #880 Pg. 31) for complete
solution,

(eq- 3 5¢3)

PR (i g50w) (14 55) (4 o)
(4 7)1 i) (4 )

Figure 3.5.3 (SB 48753-G) is a plot of eg. 3.5.3 and shows the
normalized amplitude and the phase response of this stage for common
mode signals.

A fourth response associated with this stage is for an output at
the grids of the differential amplifier (V5 or V6) due to a common mode
signal appearing at the feedback terminals C] and C The following

_equation gives this response (see MIT Comp. Book #8 0 Pg. 55) for
complete solution.

(eqe 3.5.4)
+ AKX
S;; » =KI‘I'G/4 -'-’»"*/‘-ldé ( 1577)‘103)( /IfOX/Dé)

(+4 W) (1+4 lz?mﬁ)

The fifth and last response for this stage is for an output at the
grids of the differential amplifier (Vs or Vg) due to a common mode
signal appearing at an input terminal to the amplifier Esg, E§, E7, or E8.
This r§sponse is stated in the next equation (see MIT Comp. Book #880.
Pg. 54)

(eq. 3»5»5? . £ . F
» s ) (1T
€o__ K1 Grp=—9.30db (1+# 3sl+x/oa)(l 4/¢ox/a‘5)'

(i tm) (st (4 )

Figure 3.5.4 (SB 48762-G) is a plot of equations 3.5.4 and 3.5.5.

Voltage. current, and power data for d-c operating conditions with
each pair of inputs shorted and one set biased at +150 V. while the
'other is biased at +180 V. is given in the following three tables,

W



6M-3284 iSupplement #1

Page 15
Table 3.5.1 VOLTAGE MEASUREMENTS (referred to ground)
-|Point Voltage
(in volts d-c)
1l4a or 14b =140
15 -270
26a or 26b +180
=127a or 27b +150
Cl or Cs +45
Table 3.5.2 COMPONENT LOADING
Component Voltage Current " Power
(in volts) (in ma.) (in watts)
R27-4, 5, R30=4, 5 0,47M 320 0.68 0,218
2W 1% (per resistor)
R27=3, 6 R30-3, 6 0.47M 290 0,617 0,179
2W 1% (per resistor)
R35-5, 6 39K 1W 1% 14,2 0,364 0,0052
(per resistor)
R2?ﬂ19 29 79 8»_ RBO“"lg 29 ?9 8 850“’ 00182 00016
0.47M 1IW 1% (per resistor)
C27-1, 2, 3, 4 C30-1, 2, 3, 4 | 85.4 0 0
5pf 500 V. (per capacitor)
R35-4 82K 2W 1% 0 0 0
R35-3 50K 2W pot. 0 0 0
R V4-3, R V4-8 10K 1W 1% 28.6 2,86 0,082
(per resistor)
[Position Control 1K 2W pot. 1ok 2,86 0.008 (required)
Vha or Vibp 22177 130 2,86 0,372
Power
(in volts) (in ma.) (in watts)
=300 (c3) 5.72 1.72
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Figure 3.5.5. (SA 48737-G) shows how the voltage on the plate and
on the cathode of Vi or Vip varies as the =300 volt marginal check line
By is varied. It is seen that when the marginal check voltage is increased
in a negative direction the plate to cathode voltage on each half of Vi
is decreased and the plate current is increased. This therefore, is the
direction of swing on the marginal check line which can move the operating
point of Vi so as to cause the line driver to fail earlier, Under normal
‘operating conditions the line driver will fail if the gm of Vi5 and Vyy
drops to 44% of bogie gm. If the marginal check line is moved to =315
volts the driver fails if the gm of each half of V4 drops below 76% of
bogie, C

Figure 3.5.6 (SA 48738-G) shows a plot of line driver failure points
using the axes of V4 filament voltage and marginal check line excursion,
A comparison is made between a Z2177 and a 6072 tube, the 6072 having
about one half the gm of a Z2177. This curve shows that for a down Vi
(50% down when a 6072 is used for the Z2177) the line driver failure will
occur with a smaller excursion on the =300 volt marginal check line, B7.
This simply serves as an additional indication that this particular
marginal check line effectively checks Vi, The filament voltage has no
effect on the failure point until a critical value is reached which then
abruptly causes failure regardless of the amount of marginal check voltage,

3.6 REFERENCE DRIVER CATHODE FOLLOWER
The circuit schematic for the reference driver is given in Figure
3.6.1 (SA 61710), The card assembly and detail for this stage is given

in drawings 3006870 and 3006871, The gain for this stage is given in
the following expression (refer to MIT Comp. Book #648 Pg. 53).

(eq. 3.6.1) .
(l* ’777}2%)(“'7.’ 72,lea5)
(+4 ) (147 z577705)

Figure 3.6.2 (SB 48757-G) is the plot of eq. 3.6.1 and shows the
normalized amplitude and the phase response of this stage.

€o_ _ KIG GM: —/g./JL

(AT

Information helpful in evaluating and maintaining this circuit is
given in the following three tables. The data is for d-c operating
conditions with each pair of inputs shorted and one set biased at +150 V.
while the other is biased at +180 V. i

| Table 3.6.1 VOLTAGE MEASUREMENTS (referred to ground)

Point Voltage
(in volts d-c)

16 =271
17 =77
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Table 3.6.1 VOLTAGE MEASUREMENTS (Con't)

-|Point Voltage
: (in volts d-c)

18 =80

Table 3.6.2 COMPONENT LOADING

Component Voltage Current Power

(in volts) (in ma,) (in watts)

| R19-1 11K 1w 1% 29 2,6 0,076

R19-2 ?5K‘.2W 1% 194 2.6 0,505
-|C19=1 27pf .500 V., oL 0 0

V3p 522177 167 1 2.6 0,434

SUPPLY REQUIREMENTS

Voltage | Current Power

(in volts) | (in ma.) (in watts)

+90: 2,6 0.234

300 (Cs) 2.6 | 0,780

Figure 3.6.3 (SA 48735-G) is a graph of points of failure for the
line driver under various combinations of V3p plate supply voltage and
-300 volt marginal check line (B7) voltage., By decreasing the plate
supply voltage on this stage, we simulate the action of the tube as it
decreases in gm. From the curve it is seen that the lower the gm of the
tube, the smaller is the marginal check line excursion (in the negative
direction) required to cause failure. Using data from this curve at
point A and operating data for this stage and the tube characteristics
it turns out that under normal operating conditions the line driver will
fail when V3b drops below 10% of its bogie gm. If the -300 volt marginal
check line (By) is moved to =315 volts then the line driver will fail at
point B of Figure 3.6.3 if the gm of V3p drops below 14% of its bogie
value, - ' RS

3.7 REFERENCE AMPLIFIER

The circuit schematic for the reference amplifier is given in
Figure 3.7.1 (SA 61711). The required card assemblies and details are
shown gn drawings 3006872, 3006900, 3070187, 3006873, 3006901 and
3070186,



6M-3284 Supplement #1 Page 18

The mean level compensation control (R35-2) allows for an optimum
adjustment of frequency response and Nyguist stability for common mode
signals in spite of differences between line drivers due to tolerances
of components.

‘The mean level adjust control (R16-3) allows the mean level reference
voltage to be mamually preset so that the desired +45 volt mean level at
the output of the line driver can be obtained despite differences between
line drivers due to tolerances of components.

- The-complex response of this stage is given in the following two
equations., The input is at the grid of V3; and the output is taken at
the plate of Vi. (See MIT Comp., Book #648 Pg. 54 for complete solution).

For R35-2 equal to zero:

(eqe 3.741) . ‘
I"'ﬂl’ m]x/a‘) (/ 7'77:6)“0‘)

&2 = Kigo Gy 3.2 -
o ' ol (+7__-E_a ( Z’ Iozfloe )

For R35-2 equal to 5K

(eqe 3.7.2)

‘ _(_1:#%‘9(’*7’ 79. CXIa)( *7’3ng/03 )
/(,,, 6,, =43,2d)
? ~ T (/"ZT:,—'ET)(/ 7"‘2‘”10 (/’7’ 61.3x/06)

The normallzed amplitude and the phase response as given by these
two-equations is plotted in Figure 3. 7 2 (SB 48758-G).

- Operating data for this stage which is helpful in evaluating and
maintaining the circuit is given in the next three tables. The data
(as for all corresponding tables in the other sections) is for d-c
operating conditions with each pair of inputs shorted and one set biased
at +150 V. while the other is blased at +180 V., '

| Table 3.7.1 VOLTAGE MEASUREMENTS (referred to gréund)

Point Voltage
Ce (in volts dac)
38 - | , =80
v -148
26 -150
21 | -172

22 =150
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Table 3.7.2 CONPONENT TOADING '
Component Voltage Current Power

(in volts) (in ma.) (in watts)
R10-3 120K 2W 5% 330 2,75 0,907
R35-2 5K 2W pot. 0 0 0
R10-8, 9 39K 2W 5% 152 3.90 0,50k
|{per resistor)

" |R16-1 100K 1W 1% 150 1.50 0.225
R16=2 m W 5% 86 0,086 0.,0074
R16-3 5OK 2W pot. 22 1.50 0,112 (required}
R16-5 33K 1W 5% 128 3.88 0.497
C35-1 odl;xf 600 V. 80 0 0
010-2 .01 uf 600 V. 150 0 0
V1 6136 P-K 68 2,75 0.187

V1 6136 sc-K 148 1.10 10,163
V3 422177 148 3.95 0.585
V16-1 WA5783 86 2,38 0.205
V16-2 WA 5783 86 2.29 0.197
Table 3‘,?,3 POWER _SUPPLY REQUIREMENTS
Voltage Current Power
(in wolts) (in ma.). (in watts)
+250 2.75 0.687
=300 (Dé) 7.8 2,34
;300'(03) 3,88 1,16

Figure 3.7.3 (SA 48760-G) is a plot of points of failure for the
line driver depending upon the amount of V35 plate supply voltageé and

-300 volt marginal check line (Dg) voltage.
supply voltage were used to simmlate V3a decreasing in gm.

Decreasing values of plate

From the

information on Figure 3.7.3 (at pt. A), operating data for this stage
and the tube characteristic curve it is determined that under normal
operating conditions the line driver will fail when the gm of V3a has
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dropped below 19% of bogie. If the =300 volt marginal check line Dg is
swung to =360 volts failure will occur if the gm of V3a has fallen below
33% of bogie. No effective means for marginal checking V] has been found.

3.8 INPUT CIRCUIT TO REFERENCE AMPLIFTIER

- Figure 3.8.1 (SA 65906) shows the circuitry for this stage, The
necessary.card assemblies and details are shown on drawings 3006872,
3006900, 3006870, 3006873, 3006901 and 3006871,

The mean level rejection control is provided so that the value of

- resistance from each feedback terminal (C1 and C5) to the plate of V2

can be made exactly equal. This balance of resistive values is necessary
so that the differential signals appearing at the feedback terminals do
not affect the mean level of the circuit.

The following equation gives the complex response of this stage

for a mean level input at C7 and Cg and an output at the plate of Vo
(refer to MIT Comp. Book #880 Pg. 41)

(eq. 3.8.1)

- —o.832d} Q“}?/Sxm?)( 1 75 x/o3> ( "o‘m?xm‘)

Cr eme’ 14 7o.3x/o) 0" ?mﬁ (4 /asxm‘>

The plot of this equation showing the normalized amplitude and the
phase response of this stage is given in Figure 3.8.2 (SB 48759-G)

Data which may be used for evaluating and maintaining this stage is
given in the following three tables. This data is for d-c operating
conditions with each pair of inputs shorted and one set biased at +150
while the other is biased at +180 V.

Table 3.8.,1 VOLTAGE MEASUREMENTS (referred to ground)

Point Voltage
(in volts d-c)
C1 or Cs +i45
22 : =150
53‘ B -214
2l -257

25 -256
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Table 3.8,2 COMPONENT LOADING

Component | Voltage Current Power
(in volts) | . (in ma.) (in watts)

R19-5, 6 27K 1W I% | 68.9 © 2,55 0,176

(per resistor) .

1219‘;3. 4 47K 2W 1% 120 . 2.55 0.306

(per resistor)

R16-U4 5K 2W pot. 6.1 2.55 0,045

(required)

Cl9-4, 5 82 pf 500 V. 68,9 0 0

C19-2, 3 47pf 500 V., | 120 0 0

R10-6 10K 1W 1% Ly 4 J4ma 0.194

R10-7 68K 1W 1% Ly 0,65 0.0286

R10-1, 2 330K 1W 1% ‘ 43 0,130 0,0056

R10-5 82K 2W 5% 214 2,61 04558

C10-1 .01 nf 600 V. 43 | o 0

V2 22177 (per section) 106 2,55 0.271.

V16-3 WA 5783 86 2,48 0.214

Tabic 3.5.3 POWER SUPPLY RBQUIREVENTS

Voltage - Current Power

(in-volts) (in ma.) (in watts)

300 (D8) 7,66 2,30

Figure 3.8.3 (SA 48761-G) is a graph of marginal check data for V2,
As the -300 volt marginal check line D8 is swung in the positive direction
the plate to cathode voltage on V2 decreases and the plate current
through V2 remains constant. This direction of marginal check line
swing effectively checks V2, Under normal operating conditions the line
driver will fail if the gm of V2 falls below 31% of bogie. If the -300
volt marginal check line Dg is moved to =275 volts the amplifier will
fail if the gm of V2 is below 58% of bogie.

Signed %’“’7 £, j"’“’"“‘""‘/

H. E.9iema’/
° ° 3 E s
HEZ:JK:ej Signed
iensky
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Attachments:

Fig. 1 E 75792
Fig. 2.0.1 SA 65536
Fig. 2.0.2 SA 65537
Fig. 3.1.1 SA 61516
Fig. 3.1.2 SB 48741-G
Fig. 3.1.3 SA 48736-G
Fige 3.2.1 SA 61262
Fig. 3.2.2 SB 48742-G
Figo 3.2.3 SA 48739-G
Fig. 3.3.1 SA 65907
Fig. 3.3.2 SB 48743-G
Fig. 3.3.3 SA 48740-G
Fige. 3.4.1 SA 61708
Fig. 3.4.2 SB 48744-G
Fig. 3.4.3 SB 48745-G
Fig. 3.4.4 SA 48746-G
Fige. 3.5.1 SA 61709
Figo. 3.5.2 SB 48754-G
Fige 3,5.3 SB 48753-G
Figs 3.5.4 SB 48762-G
Figes 30545 SA 48737-G
Fige 3.5.6 SA 48738-G
Fig. 3.6.1 SA 61710
Fig. 3.6.2 SA 48757-G
Fig. 3.6.3 SA 48735-G
Fig. 3.7.1 SA 61711
Fige 3.7.2 SB 48758-G
Fig. 3.7.3 SA 48760-G
Fig. 3.8.1 SA 65906
Fig. 3.8.2 SB 48759-G
Fig. 3.8.3 SA 48761-G
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