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FINAL ENGINEERING REPORT 

TEKTRONIX, INC., PORTLAND,OREGON on contract W19-122'-~c-40 

SUBJECT: High Speed Oscilloscope. 

INTRODUCTION: 

This report covers the work done on the above contract for the period 

June 16, 1949 to date and deals with the final development, construction and per-

formance test of a high-speed wideband cathode ray oscilloscope, 

STATEMENT OF pROBLEM: 

Interim Engineering Report .No. 3 outlined the tentative characteristics 

of a high speed oscilloscope based on circuit development work done under the 

above contract. 

Briefly the main requirements of the instrument were as follows: 

VERTICAL AMPLIFIER: Transient Response 

Sensitivity 

Deflection 

Overshoot 

Gain Control 

Sv.'EEP CIRCUIT: Sweep Speeds 

Triggering 

AUXILIARY CIRCUITS: 

SOLUTION OF PROBLEM: 

.005 usee. rise time 

.1 volts/cm (peak to peak) 

1 inch peak to peak linear and 
push-pull deflection 

less than 5% 

continuous 

maximum of 40 inches/microsecond 
with slower speeds available 

provision for triggering from 
signal being observed, as well as 

from external source of either 
polarity 

provision forZ axis modulation, 
internal trigger gene'ratbr) de­
layed sweep. ' 

This report will cover in detail the description, circuitry, perfor-

mance and operating instructions of a high speed widehandcathode rayoscillo-
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scope developed for the Air Materiel Command in compliance with the requirements 

outlined above. 

The instrument consists of three units - oscilloscope, an external 

power supply, and mobile mount. Figure 1 shows the instrument on the mobile 

mount with the power supply on the lower deck. Both units may be removed from 

the mobile mount and placed on a bench if desired. The oscilloscope is 18" high, 

15" wide and 21-1/2" deep and weighs 75 pounds. The power supply is 10" high, 

17-1/2" wide, 13" deep and weighs 57 pounds. An oil filled high voltage supply­

is located in the oscilloscope unit, thus making it unnecessary to bring any 

high voltage up !"rom the external power supply. 

A simplified block diagram of the oscilloscope is shown in figure ll. 

Here the main units are shown in single blocks to give a clearer overall picture 

of the complete instrument as more detailed block diagrams of the main units are 

shown later in connection with the description of those units. Figure 2is a 

front panel view of the oscilloscope,and the following is a brief explanation 

of the function of each control and connector. 

SWEEP TIME/CN: Gang switch controlling sweep duration and rate, 

selects appropriate charging capacitors, charging resistors, changes multi­

vibrator length and selects appropriate high speed (millimicrosecond range) or 

low speed sweep (microsecond range) output circuit. 

m.1EEP TIME MULTIPLIER: Twin variable resistors (right hand control) 

and twin tapped resistors controlling time constant of low speed sweep genera­

tor (microsecond range) and period of multivibrator, thereby determines sweep 

rate within range set by SWEEP TIME/CM control when it is in the MICRO-SEC X 

MULT position. 

SWEEP MAGNIFIER: Potentiometer and switch controlling voltage applied 

to grid of sweep magnifier (V29) , thereby determining portion of sweep to be 

magnified. Functions on low speed (nicrosecond range) sweep only. 
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TRIGGER SELECTOR: Switch determines source and polarity of trigger 

voltage. 

SWEEP STABILITY: Potentiometer varying grid bias of multivibrator tube, 

V12, determines whether multivibrator will run free or triggered. 

TRIGGER AMPL: Potentiometer varying grid bias on 2nd distributed 

trigger amplifier stage, v6-8, thereby determining amplitude of trigger signals 

applied to following stage. 

EXTER. S\~EP ATTEN: Potentiometer controlling the voltage applied to 

EXT. SWEEP INPUT binding post which will reach the grid of V32 when the SWEEP 

TIME/eM switch is in the EXT. position. 

VERT. AMP. ATTEN : A 100 ohm potentiometer in grid circuit of VIOl 

giving a 2 to 1 gain control of output amplifier. 

VERT. POSITION: Twin potentiometers controlling average potentials 

of vertical CRT deflection plates and therefore image position. 

HOR. POSITION: Potentiometer controlling cathode bias of V25 and v26, 

causing a differential plate current change which results in an average poten­

tial shift on CRT horizontal deflection plates and therefore positions sweep. 

ASTIGMATISM: Potentiometer in grid circuit·ofV307A, a cathode fol­

lower, which in turn is connected to CRT anode #2. Varies potential A2 with 

respect to deflection plates, enables sharp focus of image in both directions 

simultaneously. 

INTENSITY: potentiometer controlling average grid voltage of the CRT 

and thereby the brightness of the image. 

FOCUS : potentiometer controlling the voltage applied to the focus 

anode of the CRT and thereby the sharpness of the :i_mage. 

CAL. RANGE: Attenuator for reducing amplitude of' 1 kc square wave 

calibrating signal. Steps correspond to ranges on CAL. VOLTAGE dial. 

CAL . VOLTAGE: Potentiometer with calibrated dial for adjustm~nt of 

1 kc calibrator square wave to desired amplitude. 
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INTERNAL TRIGGER GENERATOR: (MULT. dial) - Switch for changing timing 

capacitors of phantastron trigger frequency generator. 

(CYCLES/SEC. dial) - Variable timing resis-

tor for above phantastron generator. 

TRIGGER INPUT: UHF connector for connecting external trigger sources 

to tEXT and -EXT position of TRIGGER SELECTOR switch. 

/SWEEP OUTPUT: Binding post connected to sweep generator via cathode 

follower. 

tGATE: Binding post connected to positive multivibrator tube via 

cathode follower to furnish a positive pulse of the same duration as the sweep. 

EXT. SWEEP INPUT: Binding post connecting to low speed sweep ampli-

fier via EXT. SWEEP ATTEN. when SWEEP TIME/CM switch is in EXT. position. 

P.P . .AMP. INPUT: UHF connec;tor connected to delay cable, the far 

end which is the grid of the input tube on the pu,sh-pull amplifier deck. 

PRE-AMP. OUTPUT: UHF connector which is output of pre-amplifier 

cathode follower. 

SIGNft~ INPUT: UHF connector to grid of input tube V20l in pre-

amplifier. 

PROBE POvffiR: Connector where heater and plate voltages are avail-

able for probe power. 

CAL. OUTPUT: Binding post connected to arm of CAL. VOLTAGE poten-

tiometer. 

CRT CATHODE: Binding post permitting connection of external modula-

tion signals to the cathode of the CRT. 

INTERNAL TRIG. 0YTPUT (2): UHF connectors to cathode followers which 

are driven by a slngle blocking oscillator triggered by a phantastron. 

INT. TRIG. SYNC. INPUT: UHF connectors permitting external synchron-

ization of above blocking oscillator when INTERNAL TRIGGER GENERhTOR MULT. 

switch is in EXT. SYNC. position. 
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SCALE ILLUM: Variable resistor controlling brightness of lamp which 

illuminates the plastic graticule over the face of the CRT. 

POWER: On-off switch in the AC line voltage supply. 

VERTICAL AMPLIFIER SYSTEM 

Figure 12 1s a complete block diagram of the vertical amplifier 

system. The amplifiers are of the distributed type and thei r theory was dis­

cussed in Interim Engineering Reports 1 and 2. The system consists of two main 

units, a pre-amplifier and a push-pull output amplifier. 

Figure 13 is the schematic diagram of the pre -amplifier circuit and 

Figure 5 is a photograph of the right side of the oscilloscope showing the lo­

cation of the unit. The pre-amplifier consists of a 6AK5 input tube, V201, 

coupled to the fi .rst distributed stage consisting of 5 - 6AK5' s, V202-206. This 

is followed by e. secondd:j.stributedst~ge in cascade using 6 -61\K5's, V207-212. 

The output of the second stage is coupled to 2- 6J6 cathode followers" one, 

V213, providing signo.lsto the sweep trigger amplifier, and the other, V2l4 , pro­

viding the signal to the push-pull output amplifier unit via a signal delay 

cable (RG-62U). Figure t3 is a photograph of this cable mounted underneath the 

front lower deck. An adjustable biasing network in the grid circuit of the 

cathode follower V214 permits adjusting the average cathode potential to ze ro 

with r espect to ground in order to remove DC potential from the gain control 

which is connected t o the far end of the delay cable . 

The overall voltage gain of the 2 stage pre-amplifie r is approximate ­

ly 5 from the input tube grid to d=lay line output. 

The output of the pre-amplifier is brought out t o the front pane l of 

the instrument and is connected externally by a short l ength of RG-62U cable 

to the push-pull o.r.lplifier input connector. This connector , however, is the 

input to the s i gnal delay cable which is terminated on the far end by the 2 to 

1 gain control potentiometer discussed previously. This limited gain control 
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is neceqsary due to the limited output from the pre"- amplifier. By bringing the 

pre-.amplifier output and push-pull amplifier input connector to the front panel. 

additional del ay cable Elay be inserted if greater signal de lays are ' require d 

than that provided by the internal cable . The internal cable has sufficient 

de l ay , however , to enable the complete obse rvation of a pulse on the faste st 

sweep when triggering from the pulse be ing observe d (see Figure 24). These 

front panel c onnec t ors also enable the s ignal to be connected directly into the 

push-pull amplifier provided the correct signal and i mpedance levels are main­

tained. Vlhen this is done, however, .external tri ggering must be provided~ 

Figure 14 is the schematic of the push-pull output amplifie r a l ong 

with the as soc i a t ed driver, phase i nverter, and input tube circuits. Thi s unit 

consists of a 6AK5 input tube, V10l , a phase inverte r employing 2 - 6AK5's , 

V102 and 103, and a push-pull drive r stage with 3 - 6AK5's per side~ V104-109. 

The output aElplifie r consists of a t ot a l of 14- 61\K5's, 7 per side, VllO-123. 

Figures 4 and 5 a r e side views of the oscilloscope· and the amplifier may be 

obse rved Dounted crosswise direc tlY unde r the cathode r ay tube. 

As not ed in the schematic (Figure 14) the push-pull output line ha s 

only a reverse t ermination. This r esults in twice the output voltage available 

for a given current shift over tha t of a line with a terJ!1ination at both ends. 

This also r e sults in r e flec tions, howeve r , but these a r e ab so rbed in the r e ­

verse t e r mi nat i on whtch lilUSt be accur at e ly mat ched t o the line i mpedance i n 

order to prevent a r eflection back t owards the output end -of the line. 

The perf ormance characteristics of the vertica l a,mplifier systeEl a r e 

discussed under the headingnPerformance Characterist ic s ". 

Sv,JEEP GENERATOR CIRCUIT 

Figure 15 is a cOL1plete block diagr ma at' the sweep generator and 

associated circuits. The sweep gene r a t or includes two type s of output cir­

cuits which a r e switched by a r e lay. One circuit is used for the "slow spee d 
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sweep" and the other is used f or the "high speed sweep". Both sweep circuits, 

hJwever, use the saue trigger m;J.plifier, nul ti vibrator, unblanking, and Clm:1P 

tube circuits. It was f ound Dare practica l t o generate the fast sweeps at the 

voltages required for direct application t o the ca th:lde r ay tube , rather than 

t o use conventional sweep amplifiers, and f or this r eason a f orD of the "boot­

strap" circuit wa s used. This circuit was discussed briefly i n InterirJ Engineer­

ing Report #3 and will be elaborated upon i n this r eport. 

As. the connectiJn diagrm.l of the s"\veep selector switch (SWEEP TIME/CM) 

would cOlJplicate the sweep schenatic diagrao, the comple t e switch scheraatic is 

shown sepa rately in Figure 17. The f J llowing is a description of the sweep cir­

cuit with reference t o Figure s 15 and 16: 

TRIGGER PHASE CHANGER: A trigger se lec to~ switch in con junction with 

Vl selects the source of trigge r signal and reverse s the phase if necessary as 

the input t ·:) the trigger aLlplifier stage, V2 , requires a positive signa l on 

its grid t o provide correct trigge r polarity t o the oultivibrator. 

DISTRIBUTED TRIGGER AMPLIFIER: In order to provide a ninimUL1 Jf 

del ay be tween the start of the trigge r pulse and the start of the sweep, a 

broad band trigger anplifier is used. This aoplifier has a rise tine of ap­

pr,.)xir.mte ly 7 t o 8 n ill ir:1icroseconds and consists of two distributed stages in 

cascade. The first stage cons ists of 1-6cB6, V2, and3-6AK5's, V3 t o 5. As 

the trigger aL1plifier L1Ust have low frequency response alsJ , the 6CB6 provide s 

a convenient l.1e thod of coupling the output of Vi t o the distributed trigge r 

ar.lplifier without the use of a bulky coupling capacitor. The second distributed 

stage consists of 3-6AK5's, v6-8. The grids of this stage are driven pos itive 

and the grid bias on this stage is controlled by the TRIGGER AMP. control, thus 

changing the ga i n J f the trigge r aoplifier. 

TRIGGER AMP. & LIMITER: The negative output pulse of v6-8 is applied 

t v the grid of a 6AG7 J V9, cutting ,:l ff the plate current of this stage . By 
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prvper choice Df load resistance, plate current, and shunt cor.1pensation in the 

plate of V9, the positive output pulse applied to the grid of VIO is limited in 

D.f.1plitude with very fast rise time. By limiting the positive signal on VIO, 

the grid of VIO will not draw grid current. 

TRIGGER SWITCH TUBE: VIO acts as a switch tube whuse plate pulls 

d0wu the plate 0f the Iilultivibrator tUbe, V12, via a co\.:pling diode, VII, thus 

triggering the f.1ultivibrator. 

TRIGGER COUPLING DIODE: The diode, Vll, disconnects the plate of 

V12 frOl:l the plate of Vll when the plate potential of V12 falls lower than 

that of VII. 

MULTIVIBRATOR: V12 and V13 cOf.1prise the f.1ultivibrator circuit which 

converts the trigger pulses into square waves of controllable duration suit­

able for operating the sweep generator and unblanking circuits. The proper 

period of the multivibrator is deteI'lilined by the position of the sweep switch 

(SvJEEP Tn-IE/CM) and the SI..JEEP TIME M:ULT. controls. The latter functions on 

the Elicrosecond or slow speed range only. The SWEEP STABILITY control varies 

the grid bias on V12 and deterf.1ines whether or not the multivibrator will 

oscillate and also controls the point at which triggering via Vll occurs. 

SWEEP GENERATOR CLAMP CIRCUIT: The negative pulse frof.1 the plate 

of V12 is applied to the grids of the parallel clamp tubes, V17 and v18, allow­

ing their plate voltage to rise across the charging capacitor as selected by 

the sweep switch. The proper charging resistor is also selected by the saf.1e 

switch. Parallel 6AG7's are used as clamp tubes as the charging current re­

quired for the fastest sweep is approximately 120 milliamperes and the ability 

of these tubes to be easily "cut off" Bakes thel'il desirable. For the 10 & 20 

nillif.1icrosecond/cf.1sweep time positions, the plate of the clamp tubes in the 

quiescent state are resting at approxif.1ately 55 volts. For the slower speed 

or longer tine ranges, the plate voltage is sOf.1e~tat less than 55 volts. 
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As noted in the sweep switch diagram, Figure 17, switch section #9, 

the charging capacitors in the high speed sweep position, have series resistors. 

Their purpose is to aid in linearizing the very first part of the sweep by per­

nitting the sweep voltage to rise faster by the charging current drop across 

the series resistor. 

BOOTSTRAP CIRCUIT: When the SvffiEP TIME/CM switch is in the MILLI-U-SEC 

range, the sweep circuit is connected for high speed operation and the grid of 

V20 (6AG7? bootstrap tube) is connected across a charging capacitor which is 

also selected by the switch. The voltage rise across the charging capacitor 

would be exponential if no provision were made to keep the charging current a 

constant value and the purpose of V20 is to maintain this current as constant 

as possible for the duration of the sweep voltage. The cathode of V20 is 

coupled to the top of the charging resistor by Eleans of a coupling capacitor 

which supplies the current into the charging resistor as the charging capacitor 

voltage rises. 

DECOUPLING DIODE: A decoupling diode, V19, a 6x4, is used to supply 

the quiescent current to the clamp tubes so that the supply end of the charg­

ing resistor will be disconnected from the 425 volt power supply when bootstrap 

action starts. 

CATHODE FOLLOWER TO V20 SCREEN: In order for the bootstrap circuit 

to function properly, it must have a gain approaching unity and this is accom­

plished by "bootstrapping" the screen of V20 to the sweep voltage. A 6J6, V21, 

performs this function. In order for V21 to have sufficient plate voltage for 

the entire sweep voltage range, it is connected to a 750 volt supply. 

ISWEEP TO CRT: A 6J6 cathode follower, V22, provides the positive 

sweep voltage to the cathode ray tube. The use of a cathode follower here 

isolates the sweep circuit capacitance from the cathode ray tube deflection 

plates and also provides a "stiff" source of positive sweep voltage for the 

sweep inverter, V24. 
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SWEEP INVERTER: To provide the negative portion of the sweep voltage 

a "plate unbalance" phase inverter is used. This consists of the 6AG7, V24, 

whose gain is maintained at unity by the voltage divider made up of the two 

(5-20) nicromicrofarad feed-back capacitors between the plate and grid circuit. 

The 680 oml resistor in series with the (5-20) micromicrofarad trinrr.ler on the 

plate side aids in obtaining good linearity at the start of the sweep by com­

pensating f or the shunt capacitor across the plate load resistor. This type of 

circuit has the advantage of having a very "stiff" output circuit and can 

t olerate a capacitance l oad of several micromicrofarads. 

EXTERNAL H.S. SWEEP: A 6c4 cathode follower, V23, provides a high 

speed sweep voltage t o the front panel. This voltage has a peak value of approx­

iraate ly 100 volts. 

UNBLANKING AMPLIFIER & CATHODE FOLLOWER: During the waiting periods} 

the bias on the CRT is such that it is completely cut off. As soon as a trigger 

appears and the sweep starts, it is necessary to provide a positive pulse on the 

CRT grid of approxinately 30 volts. This pulse should have a very fast rise time 

and a flat t op t o insure fast unblanking and a uniform image brightness. This 

is accoElplished by the unblanking amplifier} V15, and associated cathode follower 

output tube , v16. Shunt compensation of V15 provides the fast rise time require­

ments and being cOLlpletely cut off by the large negative signal from the plate 

:of the negative ElUltivibrator} V12, the resultant pulse has a reasonably flat 

t op . In order t o provide an unblanking pulse of short enough duration f ur the 

fastest sweep (10 millirJicroseconds per cm.), it was necessary to employ a 

"ringing" circuit in the grid of V15 in the form of a 300 microhenry inductance. 

This inductance is grounded via a 100 ohm resistor in the fastest speed only. 

The negative grid signal rings the circuit for a negative half cycle which is 

of the proper length f or unblanking the fastest speed. When the ringing cir­

cuit starts to go positive, the oscillations are damped out by the diode action 
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of the grid circuit as V15 i s operating at ze ro bias. For unblanking at the 

very slowe st speeds , (10,000 microseconds per cm.), l ow frequency compensation 

i s used in the plate circuit of V15. This compensation in con junction with the 

prope r tine constants in the grid circuits of v16 and the cathode ray tube, pro­

vides a sa tisfactory l ow speed unblanking signal. 

GATE CATHODE FOLLOWER: v14 is a 6J6 cathode f ollower whose grid is 

coupled t o the pla t e of the positive multivibrator tube, V13. The output of 

the cathode f ollower is brought out to a front panel binding pos t and provides 

positive gating pulses of the saLle duration as the sweep. 

LOW SPEED ADJ.: When the SWEEP TIME/CM switch is in the MICROSECOND 

r ange, the sweep circuit is connected f or l ow speed operation. The charging 

capacitor current is then supplied by a cathode f ollower, V27. The charging 

r esi stors a r e in the cathode circuit of V27 and are adjusted by the SWEEP TIME 

MULTIPLIER dia ls while the cha r ging capacitors are changed by the SWEEP TIME/CM 

switch. 

s~mEP PHASE SPLITTER & SWEEP AMPLIFIER: The basic low speed sweep 

voltage that is gener ated , is about 5% of the supply voltage, therefore the rate 

of rise is nearly linear. However, approxinately 500 volts peak to peak is re­

quired t o sweep the ca thode r ay tube and this is accomplished by a phase split­

t er, V32a,b , and a push-pull output anplifier, V33 and 34, ope rating from a 

pl a te supply voltage of 750 volts. The variable 5000 obo resistor (ADJ. E) in 

the cathode return c ircuit of V32 adjusts the plate current in this stage and 

in the out put stage a lso as the two stages are DC coupled. The 100,000 ohm 

pot entiomet e r (ADJ. D) in the grid of V32b adjusts the optimum operating point 

of the output tub es f or positive and ne gative sweep voltages. That is, f or the 

quie scent sta te the pl ate voltage of V33 will be setting at approxinately 200 

volts while t he pl a t e of V34 will be setting at about 550 volts. 



15

SWEEP DC RESTORER: A DC restorer, V3l, renoves any charge fron the 

grid coupling capacitor of V32a which this capacitor may have gained during the 

sweep. 

SWEEP MAGNIFIER CIRCUIT: The function of this circuit is to delay the 

start of the sweep for a variable tiDe and then cause it to operate at five 

tines its nornal speed. This is accomplished by a biased cathode coupled ampli­

fier, V29a,b. The sweep starting tine is controlled by the SWEEP MAGNIFIER 

potentioneter in the grid of V29b which raises the grid potential of V29b and 

also the COLlI.10n cathode potential. No sweep appears on the plate of V29b until 

the sweep voltage on the grid of V29a overcomes the cathode bias. V30 is used 

as a DC restorer to insure that the magnifier sweep will start at the saLle poten­

tial each tine, thus preventing jitter or instability of the trace. A switch 

on the SWEEP Mi'\.GNIFIER control switches the sweep nagnifier circuit out when 

this circuit is not being used. 

DC OUTPUT LEVEL: To obtain good focus on the cathode ray tube J it is 

necessary that both pairs of deflection plates and the second anode have approx­

inately the sane average potential. To pen-lit convenient direct connection to 

the vertical plates, it is desirable that their average DC potential be zero. 

The horizontal deflection plates nust therefore operate at the sane average 

level. The circuit associated with V25 and v26 provides the shift of DC poten­

tial of the horizontal deflection plates to the required zero level. This cir­

cuit causes the effective plate iLlpedance of these tubes to be extrenely high. 

The result is a constant plate current for wide swings in plate voltage caused 

by the sweep potentials. By the proper choice of dropping resistors between the 

sweep output tubes and the plates of the pentodes, V25 & v26, the required aver­

age DC output level is obtained. A 10,000 ohl.1 potentiOIJeter in the cathode 

circuit of V25 & v26 pernits a differential shift in the plate currents and pro­

vides a Deans of horizontal positioning of the sweep voltages. A potentiometer 
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(ADJ. C) in the grid circuit of these tubes changes the plate current in the 

sarJe direction) thus providing an adjustment of the average DC operating level. 

MISCELLANEOUS CIRCUITS 

HIGH VOLTAGE SUPPLY: Figure 19 is a schematic diagrac of the high 

voltage supply and associated oscillator and regulator circuits. The supply 

is of the audio oscillator typ~ operating at a frequency of approxir,mtely 2000 

cycles. The unit furnished ~2000 volts and f3.3, 16.6 and flO KV as accelerat­

ing potentials for the 5XP cathode ray tube. To insure constant CRT deflection 

sensitivity for changes in beau currents, the -2000 volt supply is regulated 

against load changes by the anplifier and regulator tubes V401 & 402. The COD­

ponents of the high voltage supply shown within the dotted line, Figure 19, are 

sealed in oil. Expansion of the oil is taken care of by forcing the air out 

of an iL~ersed neoprene bladder. Figure 4 shows this unit mounted in the rear 

of the oscilloscope. 

CATHODE RAY TUBE: The schenatic diagram of the cathode ray tube 

connections is shown in Fugure 20. The neon glow lanps across the intensity 

control naintain the voltage drop across this control at a constant value in­

dependent of CRT cathode current. The second anode voltage is controlled by a 

cathode follower, V307A, as shown in Figure 18. This is the astignatisEl control. 

A cathode follc)wer is used in order to provide a low iLlpedance path for the CRT 

second anode current; which, in conjunction with the constant voltage drop across 

the intensity control, enables the full advantages of the regulated -2000 volt 

supply to be utilized. 

Provision is also nade for Z axis modulation by l:Jeans of the .03 

microfarad coupling capacitor to the cathode. This connection is brought out 

to the fr·:mt panel, however a lower capo.citance connection is possible by I'.1eans 

of the access hole in the left side of the oscilloscope cabinet. 
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CALIBRATOR CIRCUIT: To aid in signal amplitude measurement, a 1 KC 

square wave calibrator is eLlployed. The schematic diagran for this circuit is 

shown in Figure 18 , V308 & V309. This circuit provides a calibrated square wave 

a t a front pane l connector, which may be set to any desired va lue frOD 30 milli­

volts to 50 volts peak with an accuracy of C5%. Six ranges are provided. Cali-

bration adjustment is a ccomplishe d with the 5K pot entiome ter in the cathode cir-

cuit of V309A. 

TRIGGER GENERATOR CIRCUIT: An internal trigger generator provides 

positive trigge r pulse s to two front panel connectors which a r e the outputs of 

two cathode f ollowe r s, V305 & V306 , Figure 18. The grids of these tube s are 

driven positive by a blocking ') scillator, V304, which in turn is triggered by a 

free running screen cJupled phantastron, V302. V301B isolates the phantastron 

output frOD the blocking')scilla t or. V303 deterrJines the level tu which the 

plate ·Jf V302 Day rise and V301A provide s a low inpedance pa th for recharging 

the tinihG; capacitor s . Two trigge r outputs were provided in order t o peroit 

de l aying ,one by l.leans of exte rna l delay cable or ne tworks which would give the 

e ffect-..>f a de l ayed trigger when the non-delayed trigger output is used t o 

trigger the oscilloscope. The output voltage for each trigger when working 

into a 50 OhEl l oad i s approxiraately 30 volts with a rise thle of .15 r;1icro-

seconds and a dura tion of .4 microseconds. 

TERMINAL CONNECTIONS: The input power or terminal connections a re 

shown in Figure 21 and are l occ.ted on the rear deck. The J one s connector fr Jl:1 

the external power supply and the terrilinal strip Day be observed in the phot o-

graph of the oscillos cope IS "Bottora View" J Figure 7. The hi gh voltage powe r 

s upply equipnent and filar.1ent transformer are also l oca t ed on this deck. 

EXTERNAL POWER SUPPLY: Figure 22 is a schematic diagr am of the ex-

t ernal power supply and Figures 9 and 10 are photographs of the unit. This 

supply furnishes the following regulated voltages: 
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!-750 volts a t 30 oillianperes 

!-425 volts a t 150 l:1illiaoperes 

1225 volts at 400 milliaLlpere s 

!-120 volts a t 325 n illianpe r es 

-150 volts at 50 oilliaoperes 

I n addition, an unregulated volta3e of !-300 volts supplies 65 o illi­

al~;peres t ·o the series r egulator tube of the high voltage oscillator, and an un­

r egulated -250 volt supply furnished 5 nillimlperes for .oper a ting the sweep DC 

l eve l out put ci r cuit . 

PERFORMANCE CHARACTERISTICS 

VERTICAL AMPLIFIER: To deternine the pulse characteristics of the 

ve r tical aupli fier systeo, a t es t pulse with a rise tine of 1 n illinicrosec:.md 

and a duration of 45 nillioicroseconds wa s used. This test pulse was gener a t ed 

by a line type pulse r using a nercury wetted contact switch. Figure 23 is a 

phot ogr aph of this t est pulse applie d directly t o the CRT vertica l deflection 

plates . Two sweep r a tes are shown, 10 o illiLlic r osec::mds/cn and 20 nillioicro­

sec:.Jnds/cm. The ringing observed on this pulse was f ound t o be due t o the 

de f l ection plate capac itance and l ead inductance . The ringing frequency is 

approxinate l y 550 Llegacycles, as about 5-1/2 cycle s a r e observed for a peri:.Jd 

) f 10 nillin icroseconds . The anplitude of the t est pul se as shown in Figur e 

23 i s 15 volts. The gr aticule narks are 1 centiueter apart , hence the CRT 

ve rtical deflec tion sens itivity is about 16 volts/cn. The ar.lplitude of the 

t e st pulse was reduced by a wide band attenuator f or testing the anplifiers 

and Figure 23C & D is a photo gr aph of the test pulse applied to the push- pull 

o.Llplifier circuit only -- that is , the pulse was applied t o the front po.nel 

P. P . 1'IMP . INPUT connector. Both pulse polarities are shown at 0. sweep r ate 'of 

10 l:1illi;:'l i crosecunds/ CD. Figure 24 shvws the test pulse afte r passing through 
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the conple t e vertica l anplifie r systen. Both test pulse polarities are shvwn 

at sweep r a t e s of 10 and 20 l~lillinicroseconds/ CLl. A l ow frequency square wave 

was used a s a t est signal to det ernine the low frequency response of the verti­

ca l auplifie r systen . Figure 25 shows this response t o a 100 cycle and 1000 

cycl e squa r e wave . 

The ve rtical lli~plifier sensitivity is approxinat ely .06 volts pe r 

centineter at a line voltage of 117 volts. At a line voltage of 105 volts , the 

sensitivity drops t u .095 volts per centimeter. This decrease in gain has been 

de t e rn i ned t u be a heater voltage effect which is particularly noticeable with 

type 6AK5 tt .. bes . 

The ,) utput amplifier is capable of a deflection of plus and ninus 2 

centiLleters , and i nput signals which r e sult in greater deflections should be 

a ttenuated externally. The linited gain control of 2 t v 1 at the input t o the 

push- pull anplifie r i s necessary due t o the limited output fror.] the pre- anplifier. 

SWEEP CIRCUIT: The sweep circuit provides the f ollowing fixed sweep 

r a t e s : 10, 20, 50 , 100 , 200 and 500 Dillinicroseconds/centif.1eter. In addi­

tion, the r ange fran 1 Elicrosecond t o 10,000 microse conds/ centineter is cover­

ed continuously. To calibrate the fast er sweep rates, a pulsed 50 negacycle 

tiLling wave wa s used . Figure 26 shows this 50 negacycle wave on the 10, 20 & 

50 nillirlic r ose c',:md/ cn s" eeps. The fixed sweep rate s a r e adjusted by the tr iIil­

n i ng capac itor s on switch section 9, Figure 17. The aLlplified test pulse s 

shown in Figure 24 wer e obtained by trigge ring the sweep fron the signal be ing 

)bserved. Any signal which r esults in a 1/4 to a 1/2 centineter deflection 

wi ll provide suff icient trigge r voltage t o trigger the sweep circuit. For ex­

te r nal tr i ggering, a .1 vol t peak signa l of e ithe r polarity is r equired. 
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FIGURE 7 

BOTIOM VIEW 
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FIGURE 8 

BOTTOM VIEW SHOW­
ING DELAY CABLE 
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Fig. 23A -- Test pulse of 
1 m~~~lusec. rise time and 
45 milliusec. duration ap­
plied directly to CRT de­
flection plates - sweep 
rate 10 milliusec/cm. 

Fig. 23B -- Same as a­
bove except at a sweep rate 
of 20 milliusec/cm. 

Fig. 23C -- Response of 
push-pull amplifier only to 
a positive test pulse -
sweep rate 10 milliusec/cm. 

Fig. 23D -- Same as C ex­
cept for a negative test 
pulse. 

.Figure 23 

I 

• 

-
. • 

• "'"~ 

I 
I 



43

Fig. 24A -- Overall re­
sponse of vertical amplifier 
system to positive t est 
pulse - sweep rate of 10 
mill imicrosec/cm.- internal 
triggering. 

Fig. 24B -- Same as A ex­
cept a negative test pulse 
was used. 

Fig. 24c -- Same as A ex­
cept at a sweep rate of 20 
millimicrosec/cm. 

Fig. 24D -- Same as A ex­
cep t for a negative test pulsE 
and a sweep rate of 20 milli­
microsec/cm. 

Figure 24 
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Fig. 25A -- Oveall re­
sponse of vertical ampli ­
fie r t o 1000 cycle square 
wave - sweep rate of 300 
mic r oseconds/cm. 

Fig . 25B -- Ove ral l re­
sponse of ve rtical ampli ­
fier t o 100 cycle square 
wave - sweep rate of 3000 
microse conds/cm . 

Figure 25 



45

Fig. 26A -~ 50 megacycle 
timing wave at sweep rate of 
10 milliusec/cm. 

Fig . 26B -- 50 megacycle 
t imlng wave at sweep rate of 
20 milliusec/cm. 

Fig . 26c -- 50 megacyc le 
timing wave at sweep r a t e of 
50 milliusec/cm . 

Figure 26 
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