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PREFACE 

The use of a new product in an area for which it was 

not designed has been and always will be a, challenging goal 

for any design engineero This thesis is a product applica= 

tion project which applies a new product to an area in which 

its function is not new, but its use extends the limits of 

operationo 

The primary ob.ject of this thesis is to apply the 6AR8 

sheet beam tube as a gain control device. However 9 since 

the area of gain control devices is large, it was decided 

to select a low frequency gain control device for the area 

of investigation and to show how it may be applied in other 

areaso 

In order'to comprehend the material covered in this 

thesis, a basic understanding of electronics is necessary. 

The reader also should be familiar with low frequency ampli= 

fiers and feedback networkso 

The author wishes to gratefully acknowledge the encour= 

agement and support of Professor Paul A• Mccollum. A, special 

note of thanks goes to my wife 9 Janet, for her hard work and 

encouragement throughout my college career and for her help 

in typing and preparing this manuscript. 
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CHAPTER I 

INTRODUCTION 

The ability of modern conventional compressors to per-

form. over a wide range of compression without resulting in 

distortion of the signal beimg compressed is sometimes 

limitedo There is a need in many areas of industry for a com= 

pressor which has a very large range of compression. This 

thesis reflects how this might be accomplished by the appli

cation of a new type of electronic tube as the heart of a 

compressor. 

:Tb,e funo tion of t.he 6.,:~.R8 sheet beam tube as a eomp.res= 

sor is one of e. gain cemtrol deviceo The tube~ s ability to 

operate as a variable gain device 9 when the electron beam is 

switched from plate to plate by deflector voltage control, 

:makes it adaptable as a compressing function amplifier.. 'This 

electron beam switching principle is the heart of the compres-

sor that will be studied and developedo 

'The need fer a wide range compressor is especially 

critical in the areas where the signal level input can.mot be 

set by :manual operation to some optimum level fer the con= 

ventional eompressor to perform its function. one such area 
'--~. --

would be in seismograph work where the }'shot'1 vibrations 

reaching the geophones vary over an extre!\)lely large ra:p,ge of 

l 



,signal levels o If the level varied over 60 to 80 db9 many 

compressors could not handle this extreme rangejl and elabo-

rate electronic gear would have to be built to record the 

full signalo 

This thesis proposes the use of the special electronic 

sheet beam tube as a compressing amplifier in hopes of 

extending the ranges of cQmpression obtainable for large 

varying signals., Basically;, the tube operates as an active 

gain control deviceo 

Gain Control Theory 

2 

A'gain control device of any type can be described as a 

transfer function 9 as seen in Figure L, The 1 input signal 

level is referred to as Ein and denotes a magnitude of some 

type a,f voltage.. The output voltage level is Eout; 9 and also 
' ·I, 

denotes the magnitude of some type of voltage. The ratio 

between these two voltages is denoted as the transfer funo= 

tion9 K .. 

- -0 

Gain Circuit 
n 

Gain K 
Eo· 

;;;: 

"- -

( 1) K 

Figure 1. Block Diagram of General Transfer Function. 
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·'.¢11\e transfer f'une·tien; K, can be either a passive ele= 

ment or an active elerr+ent. The nature of :this element 

determ.in~s the rela.tionshi:p be'tween the output voltage' 
\ 
\ 

Eout 9 and\the input voltage 9 Eino 

eonsider the transfer rune tion to be a passive type 

element. 
\ .. 

A. simple ex~ple of a passive type gain control 
i 

.3 

device might be as sherwn in Figure 2o Tl1l,e operation of this 
I 

cireuit res~l ts im only amplitude control ( gain) o ·The eut~ 
i 

pu't voltage 9 \ ~out 9 is identical in waveform to the input 
I I --- - - - , . 

voltage 9 E1n,\ but is ~maller 
I -

equals ~in9 ti1he two voltages 

ease when the\potentic.,meter 
i 

E1n R1n 

by the ra ti(? of Roat.. If ~out 
l;ifn 

are identic~l 9 which is the 

arm is moved ail ·the way up .. 

4r 0 ( 2) Eout ~ Rout 

T E1n R1n 

Rout Eo'1t 

f:tgu.re 2o Simple Passive Type Gai:p. Control Qir-cuito 
i 

A ·gr.a.ph ,' of the output volt~1ge variatian as a .funetien 
I . 

of the ratio,)) Rout 9 results in I,\ linear curve!) as can be seen 
R1n , , 

i:m. Figure 3.1 ·The:refo:re 9 the gain control device is not only 

bass1ve 9 but is linear. 
I 
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F'igure.3o 

I 

I 
025 050 075 

Rout/Rin 

output Voltage to Input Voltage Ratio as a 
Function of the Ratio of output Resistance 
to the Input Resistance of the Circuit 
Shown in :piguref 2 o 

4-··· 

The eharacteristies Cif the gain control device determine 

the relationship of the output voltage to the input voltage 9 

but to assume that all gai:n. control devices that are passive 

are linear would be in error., The passive olaas of gain 

control devices could be pursued .further and im more detailp · 

bttt.11 fer the problem at l:;l.and.9 'lme c0nsideration of active 

gain control devices is ~ore pertinent 9 and will be reviewed 

in more detail., 

An active gain control device can also be associated 

with the general transfe~ function depicted in F+gure lo A 

simple and active gain eentrol device might be realized as 
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shown in Figure 4., The rela tionsh~p between Eout a:md Ein im 

the general case was referred to ae Ko In ~igure 49 the 
' 1 

gain function$ B::, is equal to -MR1/§p c\l ~L t l:lK(l-,M.l70 

.-----~----~~~--o+ 

p Eout 

G '+ n-----++-

E1n 

Figure 4A o Triode Amplifier qirou:fto 

p 

+ 

G 

J 
Rt E out 

y+ d 

J E1n 

i_ 

figure 4B., Triode Amplifier Equivalent Qlreuito 

lw:ti'?ur E o Lfpage and Samuel Seely, Ge.nerai Networ~· 
Analysis (J[ew·YorJ, 1952), Po _51., 
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]t'tL is the val'IJl.e ef the load resistance in ohm.s 9 and ~K 

is the value of the cathode resistance in ohm.so The dynamic 

amplification factor 9 .A../ 9 of the tube is dimensionless 9 and 

is equal to the negative of the ratio of the change in plate 

voltage .for a given change of the grid voltage for a c@n.s tant 

plate current .. 'l'he dynamic plate resistance 9 rpj) in ohms is 

equal to the value of the ratio of the change in the plate 

voltage for a given change in the plate current for a con= 

Stant value of grid voltage., 

Assume that Ein is a sinusoidal varying voltage and that 

the tube is a 6J5o A typical value for.AA is 20 9 and the 

dynamic plate resistance,, rp.ll is equal to 79 000 ohms., 2 

Selecting a value for RL of 20Kl) and 3K for RK» K then becomes 

=4 .. 45. Thusp the output voltage is shifted in phase by 180° 

(cn1t of phase) from the lnput voltage 9 and 4o4.5 times greater 

than the inpat voltageo 

The active circuit of Figure 4A could 9 in 1t"e:nerall) be 

considered a variali>le gain device 9 since any of the pa.ram= 

eters associated with its transfer function could coneeiv= 

ably be variedo If the gain was to be controlled by some 

automatic means 9 then it would be more appropriate w · vary 

some electrical parameter)) such as,.A..J o 

2RCA. Recei v.i;mg Tube Manual.o/ Technical Science Series j) 
RC=l8 11 '"p: 192 .. 
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Compressing Ampli.t'ler ,unction 

A oom.pressor amplifier is a special gain eontral device 

that limits the output signal level to some predetermined 

maximum valueo In pre.etiee 9 it 'Usually does m>t ltmit the 

output signal level to gne fixeq value for all inp1J!.t signal 

levels, although this wquld sometimes be a very desirable 
; 

feat~eo 

ri 
(I) 

I> 

-40 

~ -20 .- - - - - - - -- -- -- - - --

,p 
:::1 
fr 
:::1 
0 0 -20 =40 =60 -80 

Input Level (db) 

Figure $0 Ideal Gompressor Characteristicso 

A compressor 9 capable of holding the ou.tput signal 

level constant f@r all ranges of input signa.19 would have a 

response function similar to Figure 5. The compressor~ which 

can perform in this ma:m.ner would be an ideal compressor, 

since no li:m.itat:ioris are imposed upon the nature of the in.pat 

signal. (In the high-quality reproduction of speech and 

music 9 this extreme oharaeteristic would mot be too desirable 

because it would deteriorate the realism of the sound.) 

Furthermoreg the magnitude of the otttput level would not be 

critical to the opera.t:,.on ef the circuit a.a a eompreflS@r. 

The transfer function for such a compressor ea.n be gEjrm.eralized 



as shown in Figure 60 The gain of the ideal circuit must 

vary inversely as a function 0f the input signal level to 

maintain a constant ou_tpu t level o 'The character is ties of 

8 

the gain as a function of the input signal level would be 

similar to that shown in Figure 7o The gain must approach 

infinity for low levels of input and must approach zero for 

high levels of input signals .. This eircuiti, while acco:mplish= 

ing the ultimate in compressioni, would be physically impos-

sible to realize in terms of circuit elements. A more 

pra.c ti cal compressor 9 which could be physically realized, 

would have a characteristic similar to Figure 80 

~ '-' 

e t in 
Compressor 6 ou Amplifier 

- t 

~igure '" Basia Compressor Block Diagramo 

0 

I 

\ 
\ 

\ 
\. -

=20 =40 =60 

Input Signal Level (db) 

-

Figure 7., Gain as a Funct.ion of Input Signal Level 
for the Ideal Compressor., 
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.0 
'O 

r-1 
(l) 
i> 
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.µ 
:::I 
p.. 
.µ 
:::I 
0 

0 

/ 
/ 

I 

/ 
I 

=10 

-----~-_..,,,, 

=20 =30 

Input Level ( db) 

./ 

/ ,,, 

Figure 8 .. Typical Compressor Response Function of 
Output Level Versus Input Levelo 

This typical compressor operates as a conventional 

amplifier for low level signalsp but limits or compresses 

the amplification of high level signals over a representa= 

tive maximum range of 25 to 35 db., When the input signal 

level exceeds the norm.al maximum high levelp then the com= 

pressor fails to function properly 9 due to overload of the 

eircuit 9 and introduces distortion into the signal., 

Analysis of a Conventional Compressor 

Conventional compressors most frequently accomplish 

their task by virtue of varying the control grid bias e,f an 

amplifier tube as a function of the input signal voltage 

level (parallel eontrol), or output signal voltage level 

(back control)o When the bias of the amplifier varies 9 as 

a functioiq. of the signal voltage level.9 it shifts the dynamic 
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amplification .factor ( M ) • This can best be seen by an 

inspection of the static and dynamic tube characteristiCls of 

the tube. Let it be assumed that the compressor has 0111.e 

stage of controlled gai.n using back controlo The functional 

block diagram is sbown in Figure 9. 

Bias 
Voltage 

(de) 

Amplifier 

Rectifier 
and 

Filter 

Figure 9., Block Diagra1'11l of a One Stage Conventional 
Compressor Using Back Controlo 

The functional opera. tion ef the circuit is to amplify 

the input signal with a gain that is a function of the out= 

put signal level. The amplifier itself can be assumed to be 

a triode tube whose static characteristic is similar ·to that 

shown in Figure 10. 

,.0 
H 

I 
I 

/ 
/ 

I I 
/ 

/ / 

Eb (volts) 

Load Li.ne 
lo·1)e ~,l 

' ~ ·-( . ) R· Loa.d 

Figure lOo Static Plate Characteristics of a 
Triode Type Tube. 



For purposes of discussion, a more straightforward 

interpretation can be derived from the dynamic transfer 

11 

characteristics for the same tube 9 as represented in figure 

llo Remembering that Ec.1> the bias voltage,, is a function of 

o~tput signal level, tne bias on the tube 9 and thus the 

operating point, can varyo As the output signal inereasesj 

the bias voltage grows more negative and shifts to the left 

in Figure 11. If the bias voltage becomes too highly nega= 

ttv.e 9 then the tube is effectively cutoff for part of the 

time of the input signal voltageo 

operating point 
with no sign) 

OM:: ~ l,o 
, cJ ~ e, 

·M=~Y,\Y'p 

7\- - - - -

e / \ 
_J_ '-t 

\ J 

\ J 
-·L - LI_ 

Flgure llo Dynamic Transfer Chara.cteristies of 
the Triode Tubeo 
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Tb.is extreme condition represents overload distortion 

and is not pertinent to the normal operatien of the eompres= 

sor. However, as the instantaneous operating point shifts 

along the eharaeteristie above cutoff, the transeondueta.nce 

( ~~kc.) changes as· well as~ ( ~~~).. Due to the intrinsic 

nature of the slope of the tube characteristie» the farther 

the operating point moves in a negative bias direetionj) the 

lower the~ o 'This means then, that as the output signal 

tends to increase, the operating point shifts 9 producing a 

smaller A which, in turn, tends to keep the output from 

increasing. 

1!1he bias voltage, derived from the output signal, is @ 

not proportional to the instantaneous magnitude ef output 

signal, but rather to more of an average of the output signal 

voltage. 

Jft any given operating point.11 dictated by the average 

!magnitude of the output signal 9 some nonlinear distortion of 

the signal can occur, due to the curva,ture of the character= 

is tic. Obviously 9 the larger the input sigaal9 the grea'ter 

the distortion. Furthermore" when the operating point is 

nearer cutoff, the trend is for greater nonliaear disto~tiono 

Consequently., in order to minimize distortion 1n the compres= 

sor sta:ge.11 it is important that the input signal level not 

be too large. 

The effectiveness of a circuit as a compressor is usual-
,.,' 

ly exp:ressed in tldb of compressiono 11 In brief 9 this simply 

refers to how much the magnitude of the output signal is 
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reduced by virtue of having the automatic gain eontrol fea

ture. Another way. of putting it is that the terminology9 

"db of compression 9 "relates the difference in gain of the 

stage with compression and without compression. Suppose that ,. 

an amplifier stage 9 with one volt input signal» has a gain 

of 20 db when the au tomRtie control voltage is removed., If, 

when the compression control voltage is reinstated, the out= 

put level drops to one volt» then the gain of the stage is 

now O db 9 and the compressing action of the stage is referred 

to as 20 db of compressiono 

Qbjective 

The object of this thesis is to show how the sheet beam 

tube can operate as a gain control device 9 and to show its 

application as an automatic compressor amplifier. 

The objectives include: 

L, that the sheet beam tube can be utilized as a 

gain eoritrol device 9 

2. that the sheet beam tube can perform the au toma-

tic compressing f'unc tion9 

3o the construction of a compressor using the 6AR8 

tube,, 

the study of very wide range eompressfon 11 

. . 

the minimizing of distortion du.e to high range 0f 

compression~ 



The :following chapters of this thesis will di.scuss the 

sheet beam tube and its integration into an automatic com= 

pressor a~plifiero 



CHAPTER II 
.. ~· . .. . . ~ ~ 

INVESTIGATION OF THE SHEE'T BEAM 'TUBE 

"The 6AR8 beam deflection tube used was manufactured by 

the General Electric Company, and its characteristics are 

defined in their literature on the tubeo3 The tube can be 

used as a synchronous detector for color signal decoding in 

a color television seto One other application for which the 

tube could be applied is as a synchronous switeh.4 This 

thesis proposes a further application of this unique elee= 

tronic tube as a gain control device. 

Characteristics of the 6AR8 Tube 

The physical structure of the 6AR8 tube is unique as 

can be seen by the cross-section schematic diagram shown in 

Figure 12. The tube is of the miniature variety and contains 

seven elements. Two of these elements 9 the deflector and 

the plate 9 are independent in operation9 and as a result of 

their action9 the tube is called a sheet beam tube or beam 

'3 116A,R8 Description and Ra ting Data Shee t 911 ET=T840.A. 9 

General Electric Company9 January9 1955., 

4Re.ymond Q,ols tein9 "The Synchronous Swi tch,9" Sperry 
Engineering Reviewp Volo 12 9 Noa 1 9 Me.reh,19590 · 



Accelerator 

Plate 

Grid Number l 
(Control Grid) 

Focus 
lectrode 

a. tho de 

~--c:o....._-Internal Shield 
(Suppressor) 

Figure 120 Cross-Section Schema.tic Dia.gram of the 6AR8~ 

Terminal Connections 

Pin 1 - Deflector Number 2 
Pin 2 - Deflector Number 1 
Pin 3 - Accelerator 
Pin 4 = Heater 
Pin 5 - Heater, Internal Shield.11 and Focus Electrodes 
p;in 6 - Grid Number 1 ( Control Grid) 
Pin 7 - Cathode 
J?.in 8 - Ple. te Number 2 
Pin 9 ~ Plate Number l 

Figure 13. Ba.sing Diagram of the 6AR8o 
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deflection tube. A better conception of the tube elements 

and their operation can be obtained from a basing diagram as 

seen in Figure 130 

Figure 13 shows the pin connections to the tubef as well 

as the elenents internal to the tube. Note that the deflee= 

tors and plates are drawn as separate tube elements .. The 

tube is similar to a pentode type tube with split plates and 

additional elements called deflectors., The static plate 

charaeteristiosl) as shown in Figure 14!) are very :similar to 

the static characteristics of a pentode tube., The average 

transfer cha.racteristics of the 6cA.R.8 tube are shown in 

Figures 15 and 16 .. 

From Figures 14 and 15 it can be seen that the tube will 

operate similar to a high gain pentode tube 9 provided the 

deflectors are grounded., ,An analysis of Figure 16 will show 

that as the deflector voltages are variedi> the current reach= 

ing each plate is a function of the deflector to deflector 

voltages., As deflector number 1 becomes more positive than 

deflector number 2P the plate current of plate number 1 

increases and the plate current of plate number 2 decreases 

(.assuming a constant control grid signal) o Therefore, by 

varying the deflector voltages~ the plate currents can be 

controlledo The ability of the deflectors to contr0l the 

stream of electrons results in beam control or beam switch

ing., Furthermorel) the control is independent of the signal 

appearing on the control grido 
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The defleetorsl) in controlling the plate current by 

switching the beam effectively9 control the signal voltage 

level appearing on the plate resistoro Therefore 9 by con

necting the deflectors to variable voltage sources,.the 

signal output level can be controlled manually and indepen

dent of the input signalo This m.anual control alone could 

be used for many purp~ses itself 9 and will be utilized in 

this thesis to define the range of' compression. 

From Chapter I it was shown how the output signal could 

be controlled by varying the bias on the control grido It 

is conceivable that bias control could be incorporated along 

with deflector control for large ranges of compression to 

satisfy certain needs of such a circuit. 

The 6AR8 Tube as a Gain Control Device 

The ability of the 6AR8 tube to compress 9 and its. com= 

pression characteristics 9 were studied using the circ~it ~f 

Figure 17.. The cathode resistor (R3) was selected for a· 

cathode bias of such magnitude that the input signal cou.ld 

be varied over a large :range without driving tb.e tube into 

the nonlinear operationo The results of the ~ompression 

range are show:n. in Figure 18 o 

The output signal level was maintained constant9 while 

the deflector voltages were varied .. The initial condition 

was to apply a large input signal level to the grid and 

.swing the majority of the beam. to plate number two.. As the 
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5K +250 volts 
R1 = ohms \ 

~2 5K ohm& = = 

R3 :a:: 300 ohms 

e· in 

Figure 11; . Circui:t Di~gram of Compressing Investiga tioi:1., 

input signal was decreased 9 the deflector voltage was altered 

to maintain the same signal level on plate number one., The 

graph of Figure 18 portrays the deflector to deflector volt= 

ag~e necessary to maintain the constant output 9 and is indic

ative of the compressing property of the tube. 

4 closer look at Figure 18 shows that the deflector volt= 

age varies over a very large range around zero to obtain a 

significant compression (140 volts for 10 db)o Above Vn2-l?i 
equal to =20 volts, the effect of a smaller change in deflec= 

tor vol ta.ge results in the same. amount of compression. 

~u.rther:more 9 the ability to sw.i tch the de.flee tors from nega ... 

tive to positive voltages would result in trying to realize 

a control device that could switch from high negative 

voltage1;1 to high positive voltages. 
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The high compression area of Figure 18 for the smaller 

changes of deflector voltage is only .30 dbo It would be 

desirable to obtain more compression for this same range of 

deflecto~ voltage changeo 'fherefore 9 the investigation ~f 

two stages of compression using two 6AR8 tubes 1n cascade 

was initiated for purposes of increasing compression ran.ge.c.;: 

for minimum deflection voltage changeo 

The circuit diagram e>f Figure 19 shows the two stages 

of 6AR8 tubes used as compressors in cascade" The number 1 

deflectors were connected to ground/) and the number 2 deflec-.. 

tors were eonnected to one controlled vol~age source. The 

output signal level was taken from plate nwnber two ~f tb.e 

second tubei, and the signal level input was varied from 2o82 

volts (rms) to .0015 volts (rms)o To maintain the output 

signal level constant,\) the voltage on deflectors number twi0 

had to undergo a variation from =100 volts (de) to t70. The 

rereiul ts are shown in Figure 20 o 

.-------~~~~~-------~~~~~~~·250 
--~~~~~+--1r--11~--~~-~--,-~-otVD2 

l 
Figure 190 Two Stage Compression Us:1.ng 6AR8 Tubeso 
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The results indicate that 65028 db of compression ean be 

obtained from a va.riation. of deflector to deflector voltage 

CVn2 = n1) of ~70 t~ =100 voltso This compression was accom= 

plished with only slight distortion appearing on an ~scillo

scope at high input signal voltageso The data was taken 

prior to the point where the distortion just became noticeableo 

The results of Figures 18 and 20 show that the com.pres= 

sion range can be increased considerably by incorporating 

two cascade stageso The measured l"esults yield curves_ that 

are broken9 and an averaged smooth curve cannot be u.sed with= 

out deviation in output result:so A. closer look at Figure 26 

will :shoiw that the curve can be approximated very accurately 

by three straight line segments. These line segments result 

i.n line~r deflection voltage variation within the region (Pf 

input signal voltages that define these segments. 

In this ehapter 9 it has been shown h©iw the 6AR8 beam is 

constructed and how it operateso It has further been shown 

what is the most desirable range of operation in relation to 

maximwn compressi~n with minimum deflector controlo The 

6AR8 sheet beam tube can be used as a gain control device as 

seen by Figures 18 and 200 To ©btain automatic compression 

rather than manual compression through ma.nu.al ga:i.n corrtrol 9 

it is desirable to construct additional circuits for purposes 

of' applying the results Gf Figures 19 and 20 to an a:utoma.tic 

compresser amplifiero TherafGre 9 from the data ~btained from 

the two=stage analysis :shown i.n Figures 19 and 20 9 the addi= 

tional circuitry for an automatic compressing amplifier will 

be ct,eveloped. 



CHAPTER III 

DEVELOPMENT OF THE COMPRESSOR AMPLIFIER 

The results of the investigation of the circuit shown 

in Figure 19 was the basis for the design of the compressor 

amplifiero 

It is recalled that the input signal level to the first 

tube of the two=stage compressing circuit varied from 00015 

volt to 2o82 volts {rm.s) 9 while at the same time 9 the differ= 

ential deflector voltage varied from +70 volts to =100 voltso 

This is equi vale:nt to a 65 db variation in the input signal 

level, while the output signal level is maintained constant 

at one plate of the tubae The curve in Figure 20 shows that 

the graph can be approximated very closely by three straight 

line segm.entso The straight line segments can, be satisfac ... 

torlyrreproduced by a diode function generatoroi 

The function generator must produce a voltage that 

varies in a nonlinear operation from a high positive value 

to a high negative value., The nonlinear operation was shown 

in Figure 20., A diode function generator can reproduce a 

curve such as required,!!) provided the curve can be broken 

5oranino Ao Korn and Theresa M .. Korn 9 Electric Analos 
C.omputers 9 (New York, 1956)~ Po 220. 
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Figure 210 Block Diagram. of Compressor Amplifier 

into linear segments. The slope of the linear segments 

must be continuously increasi~g or decreasing if the input 

voltage is of only one polarity. The diode func~ion gener

ator was used to control the qeflectors in such~ manner as 

to maintain a constant output signal level while the input 

signai:1e-Je1 was being variedo ThisJ) therefore, produced 

automatic compression or gain controlo The overall com

pressor in block diagram fo~m can be seen in Fig1+re 21. 

The· input signal from a microphone 9 geophone 9 or any 

other· sou:rc.e of fl.Uc;lio frequency signal is to be applied to a 

matching network and threshold or level control c iroui t. 

This could be nothing more than a simple cathode follower 

a~d audio f'requenc.y amplifier with means for manual · potentio- ·· 

meter c_ontrol for setting the level of the input signal to 
,I, 

the 6AR8 tubes to prevent overdriving., and insure optimµm 

signal levels for maximum performancfi) of the compressor., 
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The signal from the first input stage is then sent to 

two different circuits. One signal is fed to the 6AR8 tubes 

to be compressedo The other signal is fed to a high=gain 

amplifier stage w:hich builds up the signal level to drive a 
\ 

rectifier-filter stage. The output of the rectifier-filter 

is fed to a diode function generator to produce a :voltage for 

the control of the deflectors of the 6AR8. The deflector 

voltage output of the diode function generator is a function 

of initial input signal level to the compressor alllplifier 

which has been amp1ified 9 rectified9 and filteredl) and is 

the automatic gain control voltage. 

Development of the Diode Function Generator 

The inform.a tion represented by the graph of Figure 20 

is presented again in Figure 22,, but with a linear scaleo 

This allows more deta.il to be shown in c.ertain ranges o The 

graph of Figure 22 shows a sharp change in the slope of the 

deflector voltage at -20 volts which corresponds to an input 

signal of 0018 volts,, From an input level of 0018 volts to 

a level of .063 volts, the deflector voltage varies from -20 

volts to -60 vo1tse Fina.lly9 above an input signal level of 

6063 volts to a level of 2o82 volts, the deflector voltage 

changes from -60 volts to =100 volts" These three segments 

are the results of a three-segment approximation to the curve 

in Figure 22, and was used for the boundary conditions in 

designing the diode function generator. 
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The driving function (voltage) is a result of a level 

of input signal o This driving voltage comes f'ro.m a rectifier 

f 11 ter network as described earlier., The ability to generate 

an output voltage as a function of an input signal level is 

fairly easy if the voltages are direct current voltages 9 and 

if the input and output voltages are not affected by lc:>a.dingo 

Some diode function genera tors are simple and convenient 9 

but they may tend to load the input signal so heavily that 

the original conditions do not existo 

A diode function generator that satisfactorily meets 

the requirements utilizes two operational amplifierso6. This 

type of function generator was preferred over more simple 

types because the output voltage can assume both positive 

and negative values 9 the input impedance is high9 and the 

output impedance is low., The circuit reflects a constant 

lOOK ohms impedance to the filter which satisfied one c0ndi= 

tiono The se.oond condition regarding output loading is 

satisfied by the second scaling operational amplifiero The 

circuit and its compcment 1 s values are shown in Figure 23e 

The voltages of two and six volts.were obtained from a 

wet cell batteryi, which was ideal for the purposei, since the 

resistance offered to reverse current flow was negligibleo 

The initial condition of =io4 volts was necessary since the 

signal input is limited to only positive values. This 

6I)r. Ro Co Ho Wheeler, Basic Theory of the Electro.nie 
Analog Computer 9 Section ~I. 



R1 ~ R2-~ R6 ~ R7 § 100~ ohms 

R 3 = 500K ohms 

R4 =· 105K ehms 
R5 § 4.,5K--ohms- --
R8 15 10 Meg ohms 
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Figure 230 Diod'e Function·- Generator Operating From ~70 
to =100 Volts for e0 e 
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initial condition voltage results in t70 volts on the output 

of the diode functiongeneratoro 

The ability of the diode function generator to perform 

its operation as designed proved to be very satisfactory 9 and 

the breakpoints were clearly definedo It should be noted 

that the.,resistances of the diodes (rd) are not constant and 

do vary9 especially at the breakpoint where the diode first 

conducts. This results in rounding of the breakpoints 9 but 

results in no adverse effects of the circuito 

Development of the Amplifier~ Rectifier, 
and Filter stages 

The input signal to the amplifier 9 as shown in Figure 

21~ is a low-level audio freq~ency voltage varying from ~0015 

volts to 2o82 volts (rms)., The breakpoints of the diode 

funct.ion generator appeared at 108 and 6035 volts (de) cor

responding to .018 and 00635 volts (rms) of input signal 

levelo Utilizing a full wave rectifier with good filtering, 

the approximate gain of the amplifier would have ta be 

100/'(z or greatero This requires a gain of approximately 

70 for the amplifier circuit., This was accomplished by 

feeding the signal directly from the source to the amplifier 

and reducing the input signal to the control grid of the 

6 .. $l.R8 tubes by a factor of five o The required gain of the 

amplifier was then approximately 14 or greatero 

The rectifier used was a full wave diode rectifier 

utilizing a transformer input with two diodes operating on 
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the secondary terminals with the center top of the transform

er groundedo The output of the rectifier was fed directly 

to a TT filter composed of two condensers and one resis.t©r.;. 

The amplifier, rectifier, and filter networks are shown 

in Figure 24. The output of the filter was fed to a 100K 

ohm pot for adjustment of the gain of the circuit. The 

amplifier used in the experiment was actually a Heathkit 70= 

watt amplifier which, obviously, had much more gain than was 

necessary" 

lK 

100K 

E o 

Figure 24. The Amplifiers Rectifier, and Filter Circuits. 

The frequency response of the amplifiers rectifier, and 

filter circuit is shown in Figure 25. The boost in the high 

frequency output was due to the transformer that feed the 

rectifier. If deemed necessarys the high frequency ~esponse 

could be re due ed at the expense of the gain of the circuit by 
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loading the transformer secondary with a small resistanceo 

The ou,tput of the filter circuit of Figure 24 feeds directly 

to the input of the diode function generator of Figure 230 

The Development of the System 

The ~inal compressor circuit appears in the schematic dia

gram of Figure 260 The operation of the compressor circuit 

is functionally the same as the block diagram of Figure 2lo 

The input signal 9 derived from an audio frequency generator 9 

is applied to the 100K ohm potentiometer which will be re.,, 

ferred to as the "level control" potentiometero The function 

of the potentiometer is to control the input signal by allowing 

an optimum signal level to be applied to the compressing ampli

fiers ( the 6AR8 sheet beam tubes) 9 and to the deflector voltage 

control circuitso The signal voltage from the potentiometer 

arm is applied to two different channels 9 the signal channel 

and the control channelo 

The signal from the level control potentiometer that is 

applied to the deflector control channel circuits is sent first 

to the Heathkit amplifiero The output circuit of t;he amplifier 

includes the transformer input to the full=wave rectifier 

circuits" The output of the full=wave rectifier is applied 

directly to a tr filter networko 

The components chosen for the fi1ter allow for adequate 

filterings yet its response is fast enough to follow rapid 

variations in the level of the audio frequency signalo The 
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output voltage of the filter network is a d~c voltage that is 

proportional to the amplitude of the original audio signal. 

The IOOK ohm potentiometer connected across the filter output 

could be called the "calibrate" potentiometer since its func~ 

tion is to set the proper ratio between the input signal volt= 

age (audio frequency) applied to the compressing amplifiers and 

the signal voltage (de) applied to the function generator. 

As the level of the input to the function generator varies, 

the output also varies, but the output variation hes three 

distinct and separate transfer functions or gain functions. 

These separate gain functions allow the output voltage to pro= 

perly control the deflectors to maintain the signal level con= 

stant from the compressing amplifierso The diode function 

generator utilizes two operational amplifiers. The first amp= 

lifier serves as the function generator, and the second as a 

scaling amplifier. The output of the second operational amp= 

lifier is connected directly to the number one deflectors of 

the 6A.R8 tubes .. 

The number two deflectors of the 6AR8 tubes are shown in 

Figure 26 as being connected to a voltage source of+ 20 voltso 

An alternate scheme would be to ground them; however, this was 

tried and difficulty was encountered in the performance of the 

operational amplifierso The difficulty was internal to the 

amplifiers 9 and wa.s evidenced by sporatic oscillations of small 

magnitudeo When the output of the ernplifiers was applied to 

the deflectors, noisy and erratic operation resulted when the 

potential between deflectors was in the neighborhood of zero c 
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The audio frequency signal applied from the level control 

potentiometer to the control grid of t:he first 6tR8 sheet beam 

tube becomes the compressed signal appearing on the output 

terminals of the compressor. The signal path is from the 

control grid of the first 6.AR8 to the plate number two of the 

same tube. The output appearing on the number two plate is 

then coupled to the control grid of the second 6AR8 tubeo The 

output of the compressor amplifier stages is taken from plate 

number two of the second 6AR8 sheet beam tubeo The audio 

signal level appearing on the number one plates of both 6AR8 

sheet beam tubes is not utilized and 9 therefore, the number 

one plates could be referred to as signal sinks 9 so to speak., 

The compressing amplifiers perform their gain control function 

by the transfer of the electron beam from plates number two 

to plates number one of the tubes. This transfer is controlled 

by the deflectors, and occurs in varying degrees when the in= 

put signal to the control grids increases or decreases in 

magnitudeo 

The ability of the compressor to perform its task is 

evidenced by the response curve of Figure 27. The inability 

of the compressor to maintain an exact flat response is prin= 

cipally due to the deflector control circuitso The design of 

these circuits was made from an approximation to the true 

control data.. It will be recalled that the approximation con= 

sisted of using three straight line segments to represent the 

control curve. The compression range obtained from the final 
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compressor amplifier was approximately 56 db. This result was 

very gratifying although not the maximum possible~ which was 

shown to be approximately 70 db when the control voltage was 

manipulated manually. 

The frequency response of the final compressor appears•in 

Figure 28. The response of the compressor at low frequencies 

indicates a decrease in the output level 9 particularly at fre= 

quencies below 100 cps. A comparison with Figure 25 indicates 

that the reduction in gain can be attributed to the compress= 

ing amplifier stages. The high frequency response of the 

compressor indicates a decrease in the output level above 

10 K cpso This decrease in the output level is partially 

affected by the deflector control c.ircuits where it is direct= 

ly attributed to the response of the transformer feeding the 

rectifier. 

The overall frequency response could be imtroved quite 

easily~ however 9 this was not the primary concern to the 

immediate problem. 
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CHAPTER IV 

SUMMARY 

The objective of this thesis was to investigate the 

ability of the 6AR8 sheet beam tube to perform as a gain 

compressing amplifier, Since this tube has deflection elec

trodes that can be em:ployed to switch the electron beam from 

one of its two plates to the other, output control can be 

accomplished by using one plate as a signal output element, 

and the other plate as a signal sink., By manually controlling 

the deflector voltages on two 6AR8? tubes in cascade 9 a. gain 

col;llpression of approximately 70 db was obtained., 

While the gain or the tubes could be effectively con= 

tr6lled by the deflectors, the gain versus control voltage 

ch,e.racteristic was nonlinear; therefore 9 in order that the 

signal output from the 6AR8 tubes be more nearly constant for 

higher input signal levelsi, a function generator was included 

in the system for the purpose of producing the proper control 

voltage for each level of input signal. This function genera

tor employed an operational amplifier with two biased diodes 

in the feedback loopo Another operational amplifier was 

associated with it for scaling purposes. 

In the final circ~it 9 some of the input signal was diver= 

ted through an auxiliary amplifier!) converted to a d=c control·· 

voltage by a full-wave rectifier and 71 filter, and then 
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modified by the function generator before being appli.ed to 

the deflector electrodes of the 6AR8 tubes. The signal 

channel consisted of two such tubes in cascade. 

When the input signal level was varied between the limits 

of 0.0013 and 1.2 volts 9 the output was within 2 1/2 db of 

being constant. The maximum degree of compression was 56 db. 

Variations in output over the stated input range was princip= 

ally due to the fact that the function genera tor only approx~~ 

imated the necessary control characteristic. 

The nominal frequency response was flat w:i thin 3 db from 

80 to 13 9 000 cps. This could be extended easily9 however 9 a 

particular frequency response was not of primary concerno 

No actual distortion measurements were made 9 however, no 

discernable waveform distortion was apparent on a monitor 

oscilloscopeo 
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