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SECTION 1

SPECIFICATIONS

The Type 515/515A Oscilloscope is a compact, portable,

general purpose oscilloscope.

The dc-coupled amplifier and

wide range of sweep rates, combined with reduced size, make
the Type 515/515A a versatile field or laboratory instrument.

Vertical-Deflection System

Deflection Factor-.05 volt/cm ac or dc. (.1
volt/cm ac or dc S/N 101-1000)

Frequency Response-dc to 15 mc, 2 cycles
to 15 mc ac. (Down not more than 3 db
at above limits.)

Rise Time-.023 microseconds.
Linear Deflection-6 cm,

Step Attenuator-Nine positions, calibrated,
from .05 v/cm (.1 v/cm S/N 101-1000)
to 20 v/cm, (50 v/cm S/N 101-1000) accurate
within 3% when set on any one step.

Maximum Allowable Combined DC and Peak
AC Voltage Input-600 v.

Input Impedance-1 megohm, 30 puf; with
P410 probe-10 megohm, 10.5 puf. With
P6000 probe, 10 megohm, 11.5 ppuf.

Horizontal-Deflection System

Time Base Range
Twenty-two calibrated time bases from .2
psec/cm to 2 sec/cm.
Accuracy-3 per cent.
Continuously variable uncalibrated between
ranges and to 6 sec/cm.

Magnifier
Expands sweep 5 times to right and left
of screen center. Extends fastest sweep
rate to .04 psec/cm.
Accuracy-5 per cent.

Unblanking-DC coupled.

Trigger Requirements
Internal-2 mm of deflection.
External-.2 volts to 20 volts.
Frequency Range-dc to 15 mc.

Horizontal Input

Deflection Factor-1.4 v/cm.
Frequency Response-DC to 500 kc,3dbdown.

Other Characteristics

Cathode-Ray Tube
Type TS55P2.
P1, P7, and P11 phosphors optional.

Accelerating Potential-4 000 volts.

Deflection Factor at Plates
Vertical-5 v/cm,
Horizontal-20 v/cm.

Voltage Calibrator
Eleven fixed voltages from .05 volts to
100 volts, peak to peak.
Accuracy-3 per cent.
Waveform-square wave at about 1 kc.

Output Waveforms Available
Positive gate of same duration as sweep,
approx. 20 volts. Positive going sweep saw-
tooth, 150 volts.

Power Supply
Electronic Regulation.
Power Regquirements-105 to 125, or 210
to 250 v, 50-60 cycles, 275 watts.
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Mechanical Specifications

Ventilation-Filtered, forced-air ventilation.

Finish - Photo-etched, anodized panel, blue
wrinkle, perforated cabinet.

Dimensions-9 3/4" wide,f131/2" high, 211/2"
deep.

Weight-40 pounds.

Accessories Included

1-P6017 probe.

1-A510 Binding Post Adapter.

1-F510-5 green filter.

1-Instruction manual.
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EXPORT POWER TRANSFORMER

Transformer Primary

The instrument for which this manual was prepared is equipped with a special transformer.
The transformer has eight primary terminals making possible six different input connections.
The six primary connections are shown in Fig. 1.

POWER TRANSFORMER HAS TWO EXTRA WINDINGS PERMITTING
NOMINAL PRIMARY VOLTAGES OF 110, 117, 124, 220, 234, OR 248 V,

50 OR 60~ OPERATION.
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Fig.l. The power transformer has two extra windings permitting nominal primary voltages of 110,
117, 124, 220, 234, 248 volts, 50 or 60 cycle operation.
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Fig. 2. When connecting the power transformer for operation with a supply voltage of 200 volts or
more, be sure that the fan is connected between pins 1 and 3 of the primary. This is to insure that
the fan is supplied with no more than 125 volts. Fig. 2 shows a typical high-voltage fan connection,
using as an example the wiring for a 248 volt supply.
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BLOCK DIAGRAM DESCRIPTION

The block diagram shows the interconnection
of the functional parts of the oscilloscope,
except the power supplies. Functions of the
switches are shown instead of their actual
connections, This diagram, as well as the
ones which follow, is designed to fold out so
that the diagram can be studied along with
the text without turning any pages.

The vertical amplifier has a sensitivity of
.05 volt per centimeter (.1 volt per centimeter
S/N 101-1000) and provides push-pull output
to drive the deflection plates. The balanced
delay line is connected between the output
amplifier and the deflection plates.

The trigger cathode follower applies a sample
of the vertical signal to the trigger-amplifier
stage to provide internal triggering.

The trigger amplifier and shaper provide
a sharp trigger pulse which triggers the multi-
vibrator. The muitivibrator gates the time-
base generator and is prevented from recycling
by the holdoff cathode follower until the generator
has had time to run up and return.

The time-base generator is a Miller run-up
type and provides a 150-volt sawtooth for
the horizontal amplifier.

The horizontal amplifier converts the time-
base sawtooth for push-pull applications to
the deflection plates.

The unblanking cathode follower applics a
positive gate to the crt grid via the high-
voltage power supply. It also supplies a gate
to the gate-out cathode follower which provides
a positive gate at a front-panel binding post.

SECTION 3

CIRCUIT
DESCRIPTION

The calibrator provides a square wave of
known amplitude for checking the gain of the
oscilloscope amplifiers and auxiliary equipment.

VERTICAL-DEFLECTION SYSTEM
General

The Type 515/515A vertical amplifier has
a maximum sensitivity of .05 volt per centimeter
(.1 volt per centimeter S/N 101-1000), ac or
dc. The circuit consists of two stages of
amplification, each stage preceded by cathode
followers.

Input Connectors

There are two input connectors which can
be switched into the input circuits by SW 301,
the INPUT SELECTOR switch. This switch
is wired physically so as to reduce coupling
between inputs to a minimum. Blocking capacitor
C301 is shorted out in the DC positions of
the selector switch.

Input Attenuators

The VOI.TS/CM switch inserts frequency-
compensated attenuators into the input circuit.
Four attenuators are used singly or in tandem
pairs to produce nine fixed sensitivities.

DC Balance

The DC BAL control, R338, provides an
adjustable, dc grid voltage for V340 so that
the cathode of V360 is at the same potential
as the cathode of V350. When this control
is properly set, no change in vertical position-
ing will result when the VARIABLE position
is rotated.
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Input Cathode Follower

The input cathode follower, V330, isolates
the input circuits from changes in capacitance
as the VARIABLE control is rotated. R330
is a current-limiting resistor to limit grid
current in the event an excess voltage is
applied to the input., The opposite cathode
follower, V340, balances the drift in V330
caused by heater-voltage changes.

Input Amplifier

The input amplifier stage is a common-
cathode phase-splitter amplifier. Coils L351
and L361 provide high-frequency peaking. The
VARIABLE VOLTS/CM control, R356, varies
the gain by varying the degeneration in the
cathode circuit,

Vertical positioning is produced by two dual
potentiometers, R368, connected to the plates
of the amplifier so that current through one
plate load is increased as current through
the other plate load is decreased. Since the
amplifier is dc coupled, the change in the
plate voltage which occurs changes the position
of the trace on the cathode-ray tube.

The rc networks, R352, C352 and R362,
C362, provide compensation for the reduction
in gain at very-low frequencies which is a
characteristic of high-conductance amplifiers.

Ovutput Amplifiers

Cathode followers V370A and V370B drive
the output amplifiers through series peaking
coils L390 and L400. The GAIN ADJ. control,
R396, sets the gain of the amplifier to agree
with the front-panel calibration. Plate current
for the output amplifiers is supplied by the
delay-line termination resistors, R485 and R486.

Delay Line

The balanced delay line delays the signal
until the sweep starts and the crt is unblanked.
The trigger signal is taken from a coil which
serves as the first section of the delay line.
Each section of the line is turned for optimum
response to a square wave.

HORIZONTAL-DEFLECTION SYSTEM
Trigger Amplifier

The TRIGGER SELECTOR switch with the
black knob, SW20, selects the sourceof trigger-
ing voltage and arranges the trigger-amplifier
input circuit to produce negative-going output
for either negative-going or positive-goingpor-
tions of the input signal.

The trigger amplifier, V10, is a grounded-
grid cathode-coupled amplifier. A capacitor,
C4, can be switched into the grid circuit to
remove the dc component of the trigger signal.
Output is always taken from the pentode plate,
but the TRIGGER SELECTOR switch connects
either the pentode grid or the triode grid to
the input-signal source. The opposite grid is
connected to a dc bias source, adjustable by
means of the TRIGGERING LEVEL control.
This bias voltage determines the voltage on
the pentode plate. In the AC and DC positions
of the TRIGGER SELECTOR switch, the voltage
on the pentode plate is dc coupled to the grid
of V30A.

Trigger Shaper

The trigger-shaper stage consists of V30
connected as a dc-coupled multivibrator. In
the normal, or quiescent, state the V30A section
is conducting and its plate is down. The grid
of the V30B section is dc coupled to the V30A
plate through divider R38, R39 and R40, which
holds the "B" grid below plate-current cutoff.
As the trigger signal drives grid of V30A
in the negative direction the cathodes of both
tubes follow the grid down until V30B starts
to conduct. At this point the plate voltage
of V30A and the B grid rises with it. The
V30B cathode rises with its grid carrying
the " A" cathode with it and V30A cuts off.
The transition occurs very rapidly, regard-
less of how slowly the V30A grid signal falls.

The steep negative-going step at the plate
of V30B is differentiated by an rc network
including C109 shown in the sweep diagram,
and the sharpened pulse trips the sweep multi-
vibrator.

Trigger Mode Switch

The TRIGGER SELECTOR switch with the
red knob, SW5, has four positions which arrange
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the circuits for four types, or modes, of
triggering. In the DC position, the triggering
signal is dc coupled as far as the trigger-
shaper stage. In the AC position, blocking
capacitor C4 removes the dc component of
the signal.

In the AUTO. position of SWS5, the plate
of the A section of the trigger shaper, V30,
drives the grid of the B section just as it
also drives its own grid through R45,a resistance
of several megohms. This plate-to-grid coupling
allows the trigger shaper to free-run when
no triggering signal is present. The addition
of R45 causes the trigger shaper to free run
when no trigger signal is present. For example,
when the plate of V30A rises, the grid of V30B
also rises, carrying with it the right-hand
end of R45. The left-hand end of R45 is
connected to the A grid through R22. The
time constant of the rc circuit between the B
grid and ac ground through C20, R22 and R45
is of such length that it takes about .01 second
for the V30A grid to rise exponentially from
its starting point below cutoff to a point where
plate current can flow,

When V30A plate current flows, the plate
drops, forcing the V30B grid down, and thus
the right-hand end of R45 is forced down.
The left-hand end of R45 and the A grid
immediately begin to drop exponentially toward
cutoff. When the A grid reaches cutoff again
it has completed one cycle of the approximately
S50-cycle triangular waveform. The range of
the V30A grid voltage between A cutoff and
B cutoff is about 3 volts for the circuit used
in the AUTO. mode. This is increased from
about .5 volt for the AC and DC modes by
the addition of R45 to the circuit.

Since the V30A grid is never more than
3 volts from cutoff, a trigger signal with a
peak-to-peak voltage of three volts or more
can drive the grid to cutoff at any time and
produce a trigger output. Smaller signals can
also trigger the shaper but only if they occur
at a time when the grid is within their peak
voltage of cutoff. The duty cycle of operation
of the time-base generator is somewhat reduced
therefore with smaller trigger signals.

This circuit configuration is useful because
with it the time-base generator can be syn-
chronized with repetitive signals over a wide
range of frequencies without readjustment. When

not triggered externally, the generator con-
tinues at a 50-cycle rate, and in the absence
of any vertical signal, generates a base line
that shows that the oscilloscope is adjusted
so as to display any signal that might be
connected to the vertical-deflection system.

In the H F SYNC position of SWS5, the
trigger amplifier and trigger shaper stages
are bypassed and the trigger signal is applied
directly to the swep multivibrator. In this
mode the STABILITY control is set so the
sweep is superimposed on the negative-going
trigger-holdoff waveform at the grid of V110A
and will cause the multivibrator to synchronize
at a submultiple of the triggering signal
frequency. This circuit is suitable for signals
in excess of five megacycles.

Schmitt Multivibrator

The dc-coupled multivibrator, shown in the
time-base diagram, turns on the time-base
generator upon receipt of a negative trigger
from the trigger shaper, and holds off sub-
sequent trigger signals until after the sweep
is completed. The multivibrator consists of
V110A and V120 with both common-cathode
and plate-to-grid coupling. Plate-to-grid coupl-
ing is by means of a cathode follower.

In the quiescent state V110A is conducting and
its plate is down. Cathode-follower V110B
holds the grid of V120B below cutoff through
voltage divider R115, R116. Cathode-follower
V110B isolates the plate of V110A from the
various loads, and thereby permits a faster
step.

When the negative trigger pulse from the
trigger-shaper stage reaches the grid of V110A
it is coupled to V120B and V120B starts to
conduct. The multivibrator switches quickly
to its second state with V120B conducting
and V110A cut off. The biases and plate loads
are adjusted so that when V110A is conducting,
the grid of V120B is held below cutoff, and
when V120B is conducting the cathode of V110A
is held above cutoff.

There are thus two stable states, in either
of which the multivibrator will remain until
a signal of the proper polarity and amplitude
to the grid of V110A switches it to the other
state. To return the multivibrator back to
the quiescent state with V110A conducting, a

AA Circuit Description - Type 515/515A 3-3



positive voltage is required at the grid of
V110A which is high enough to cause plate
current to flow. The positive voltage for return-
ing the multivibrator to its quiescent state
is supplied from the time-base generator when
it has completed its sweep.

The STABILITY and PRESET controls adjust
the grid voltage of VI110A near the point of
free running.

Time-Base Generator

The time-base generator is a Miller integrator
circuit. The circuit includes disconnect diodes
VIS0A and VI150B, cathode-follower V160A,
timing capacitor C160 and the Miller tube,
V160B. In the quiescent state between sweeps,
the plates of diodes V150A and VI150B rest
at -2.5 volts. Very little current flows through
V150B to the grid circuit of V160B, and the
grid of V160B rests at -2.5 volts. Morecurrent
flows through V150A so that its cathode is
about .5 volt lower at -3 volts. The timing
capacitor, Cl60, which is connected between
these two points, therefore has a charge of
about .5 volt.

The grid of cathode-follower V160A is con-
nected to the plate of Miller tube V160B through
neon glow tube B160. The grid of V160A
therefore follows the plate changes of V160B
but remains 35 volts below the plate. Network
Clé61, R161, improves the risetime of the
circuit.

The -2,5 volt bias on the grid of V160B
places the tube in the class A region of its
operating characteristic, where the plate-to-
cathode voltage is inversely proportional to
the grid to cathode voltage. The plate rests
at about +55 volts. The negative step from
the multivibrator to the plates of diodes V150A
and V150B lowers the plates below their cathodes
and they no longer conduct. The Miller-tube
grid, and the cathode follower are thus released
to seek their own voltage levels. The grid
of Miller tube V160B, which is returned to
-150 volts through R150, starts negative. When
the grid starts negative the plate starts.positive
carrying cathode-follower V160A grid and
cathode positive, This raises the top end
of Cl60 positive which thus tends to prevent
the Miller tube grid from going negative.

The gain of the Miller tube as a class-A
amplifier is so high that the plate signal

coupled back through charging capacitor C160
keeps the grid voltage constant within a fraction
of a volt. Meanwhile, Cl160 is charging with
current through R150 from the -150-volt bus.
Since the grid of V160B remains constant
within a fraction of a volt, the current through
R150 remains constant, and C160 thus charges
at a constant rate, As C160 charges the voltage
of the upper end therefore rises linearily.
Any departure from a linear rise of the cathode
of cathode follower V160A will result ina change
in Miller-tube grid voltage in the direction
that will correct for the error. A bootstrap
capacitor, Cl165, increases the plate current
in V160B at the higher sweep speeds to help
maintain a linear voltage rise.

The linear rise of the cathode of V160A
is used as the time-base sawtooth. Charging
capacitor Cl160 is selected by means of a step
switch, SW155, labeled TIME/CM on the front
panel. Charging resistor R150 is also selected
by the TIME/CM switch so that both the size
of the capacitor being charged and the current
charging the capacitor can be selected to cover
a wide range of sawtooth slopes.

The cathode of VI60A continues to rise
linearly until a positive step from the multi-
vibrator, V120B, returns the disconnect diode
plates back to their quiescent state raising
the Miller tube grid. When the Miller tube
grid rises, its plate drops carrying cathode-
follower V160A with it until its cathode clamps
again through V150A at the quiescent level
of -2.5 volts. The Miller-tube plate will always
rest at about + 55 volts after thesweep,because,
as VI1S50A begins to conduct, its plate drops
slightly. This reduced plate voltage allows
the Miller-tube gridto go slightly more negative,
stopping the fall in plate voltage.

Sawtooth Amplitude

The positive step from multivibrator V120B,
which stops the sweep, occurs when a positive
voltage is delivered to the grid of multivibrator
V110A. The time-base sawtooth is applied
to the multivibrator through cathode followers
V140A and V140B from a tap on the cathode-
load resistor of V160A. This tap is adjustable
by means of potentiometer R156, labeled Saw-
tooth Amplitude, a screwdriver adjustment.
When the voltage of this tap is properly set,
the sawtooth will terminate when the spot
has passed the right-hand limit of the graticule.
C130 on the grid of V140B retards the return
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of V140B grid to the quiescent level after
the passage of the positive voltage. This prevents
any trigger signals from retriggering the multi-
vibrator until all other capacitances in the
circuit have had time to reach their quiescent
voltage levels. Proper sizes of capacitor C131
are switched with the TIME/CM switch so
that more recovery time is permitted for
the slower sweep rates and the least necessary
recovery time is allowed for the faster sweep
rates.

Horizontal Amplifier

The time-base waveform passes through the
frequency - compensated positioning network,
R210, R211, to the grid of cathode-follower
V210B. This cathode follower provides the
necessary low impedance to drive the switch
capacitances and the second cathode follower,
V210A. In the NORM, position of the HORIZ.
DISPLLAY switch, an attenuation network is
inserted between the cathode of the Input C.F.,
V210B and the Driver C. F., V210A. In the
MAG. position of the HORIZ. DISPLAY switch,
this attenuator network is bypassed, so that
the amplitude of the input signal to the Amplifiers
is multiplied by a factor of five. In the EXT
position, the HORIZ. DISPLLAY switch connects
the amplifier to the EXT. HORIZ. INPUT
binding post to display the signal applied to
this binding post.

Cathode-follower V210A applies the signal
to the output amplifier, V250A and V270A.
The output amplifier, converts the signal for
push-pull application to the deflection plates.
R259 varies the degeneration in the cathode
circuits to set the gain of the amplifier. C260
provides high-frequency compensation of the
output amplifier by reducing the high-frequency
degeneration. R214B provides horizontal posi-
tioning when the HORIZ. DISPLAY switch is
in the EXT. position.

The waveform at the plates of the output
amplifier is applied to the crt horizontal-
deflection plates via cathode followers V250B
and V270B. Bootstrap capacitors €246 and
C272 increase the current in the output

amplifiers at the high sweep rates to improve
time-base linearity. Neon diodes NE253 and

NE280 protect the cathode followers from excess
grid to cathode voltage when the instrument
is first turned on.

AA Circuit Description - Type 515/515A

CALIBRATOR

The calibrator is a symmetrical multivibrator
with V550A and VS50B connected so as to
turn cathode-follower V570 on and off as it
oscillates. During the negative pulse at multi-
vibrator V550A, the grid of the cathode follower
is driven well below cutoff, so the cathode is
at ground voltage. During the positive pulse
at the multivibrator, the plate is cut off and
rests slightly below +100 volts. The voltage
of the plate during cutoff is determined by
the setting of R560, part of a divider between
+100 volts and ground. RS560 is a screwdriver
adjustment labeled CAL. ADJ.

Cathode follower V570 has atapped, calibrated
voltage divider for its cathode resistor. When
the CAL. ADJ. control is properly set, the
cathode-follower cathode is at +100 volts when
V510B is cut off. The taps on the divider
provide eleven fixed calibrated amplitudes.
No internal connection from the calibrator
to the vertical-deflection circuits is provided.

POWER SUPPLY
Transformer

Plate and heater power for the TypeS15/515A
is provided by a single power transformer,
T600. The transformer has two equal 117-volt
windings that can be connected either inparallel
for 117-volt operation, or in series for 234-
volt operation.

Rectifiers

The ac voltage from the high-voltage wind-
ings is rectified by bridge-connected full-wave
selenium rectifiers.

-150-Volt Supply

All dc voltage furnished by the power supply
are regulated with the exception of the +360-
Evolt supply which is used only to supply circuits
which are insensitive to voltage variations.
Reference voltage for the regulators is estab-
lished by means of a gas-diode voltage reference
tube, V602. The voltage-reference tube deter-
mines the grid voltage of a comparator amplifier,
V607, in the -150-volt supply.

The grid potential of V607B is compared
with the voltage obtained from a divider, R616,
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R617, R618, between the -150-volt bus and
ground. R617, labeled -150 ADJ., determines
the percentage of the total voltage that appears
at the grid of V607A and thus determines the
total voltage across the divider.

The voltage difference between the two grids
of V607 appears as an amplified error signal
at the plate of V607B. The amplified error
signal is dc coupled to the grid of the series-
regulator tube, V610. This dc-coupled error
signal controls the plate resistance of the
series regulator tube, changing it in the right
direction to compensate for any change in
output voltage. C613 increases the ac gain
of the feedback loop to reduce the ripple.

The screen of V607B has a small amount
of the ripple that exists ahead of the series
regulator tube connected to it through R60S.
The phase of this ripple is such as to reduce
the ripple of the -150-volt bus. This circuit
also improves the regulation in the presence
of line-voltage variation. R620 bypasses the
series tube to reduce the amount of load
current through it.

+100-Volt Supply

The -150-volt supply serves as reference
voltage for the +100-volt supply. The voltage
at the tap on the voltage divider, R639, R640,
is applied to the grid of V631. The error
signal is amplified in V631 and applied to
the grid of V635B, the series-regulator tube.
R633, at the screen of V631, reduces ripple
and improves the regulation of the supply.
C636 increases the ac gain of the feedback
loop.

+300-Volt Supply

Rectified voltage from terminals 8 and 9
of the power transformer is added to the
voltage supplying the +100-volt regulator to
provide about 400 volts for the +300-volt
regulator and other points in the instrument
which do not ned a regulated voltage. The
+300-volt circuit is similar in operation to
the +100-volt regulator.

CRT CIRCUIT
High-Voltage Supply

Accelerating voltage for the cathode-ray tube
is obtained by rectifying a 60-kc voltage pro-

duced by a vacuum-tube oscillator. V703 is
the oscillator tube with the primary of T701
serving as a tapped inductor. Rectifier V720
supplies -1675 volts to the crt cathode and V721
supplies +2325 volts to the post-acceleration
helix to provide a total acceleration voltage
of 4000 volts.

High-Voltage Regulator

A divider from the crt cathode to the +300-
volt bus applies a sample of the negative
accelerating voltage to the grid of V710B.
R741 varies the voltage at the tap to adjust
the high voltage. The -150-volt supply, con-
nected to the cathode of V710B, serves as
a reference voltage. The amplified error signal
at the plate of V710B is applied to the grid
of the shunt regulator tube, V710A. The shunt
regulator tube determines the screen voltage
of the oscillator tube and thus controls the
oscillator output voltage.

If, for example, the output voltage becomes
too high, the regulator reduces the voltage
on the screen of the oscillator tube. The
output voltage of the oscillator decreases and
the output voltage is corrected.

Unblanking

The crt control-grid voltage is produced
by a winding and rectifier, V724, similar to
the cathode supply but insulated from it. The
positive end of the control-grid supply is
connected to the unblanking cathode follower,
When the unblanking pulse is produced at
the cathode of the unblanking cathode follower,
it drives the whole grid-voltage supply with
it so that the pulse appears at the crt grid.
Since this is a dc connection, the unblanking
pulse can have any duration with no change in
grid voltage. The INTENSITY control, R731,
varies the bias on the grid to determine trace

brightness.

CRT Geometry Control

The second-anode voltage required for best
linearity at the extremes of deflection may
vary somewhat between tubes. R753, labeled
GEOM. ADJ. on the chassis, permits this
voltage to be adjusted.
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OTHEAWISE NOTED ON SCHEMATICS BEING USED. RE. | :RJG
TURN CONTROLS TO THE POSITIONS LISTED BELOW BEFORE ] i = 150K ﬁ
MOVING TO THE NEXT SCHEMATIC. ' +62 ]
SQUARE-WAVE CALIBRATOR .......... OFF I +97 ] 1
HORIZONTAL DISPLAY . .............. NORM | T | =
VARIABLE (TIME/CHM) PSP CW (CALIBRATED) i |
TIAE/CM ... 1mSEC | R39.
TRIGGERING MODE L. AC | | 120KS
TRIGGER SLOPE .. .. =LUNE : |
TRIGGERING LEVEL . . CENTERED R4
STABIITY .. . PRESET | : 00 KO ,i”é
|
| : -150V
| -8.5 / 14 ov
| +8.5 ﬁi 53 ov : = =
| TRIGGERING 'LEVEL
| -150V ~150V : CENTERING
! |
! I
i L R45
S c9 S 22Mm
~ .001 ~o
N ’ O—»0
S 1 bc
@ T . N ' SR ac o WAVEFORMS anp VOLTAGE READINGS
LTI ra?TOR 1 + ~ czr o auTo WERE OBTAINED WITH CONTROLS SET AS FOLLOWS:
. ,_\X}\ m | : | l_ TRIGGERING LEVEL
Lo it = | - | = ) HF SYNC O~ FOR WAVEFORMS . . . .. vieue.... CENTERED
= ~ 1 - ! |- | FOR UPPER VOLTAGE READINGS . ..cow
Fg/oalvézgam, PIN 8, V4108 | 1—9 : o : + : : FOR LOWER VOLTAGE READINGS,
T cr INT.
(VERTICAL AMPLIFIER ome.)‘ SR 4 \_L : L | | A | | SEE ALSO IMPORTANT NOTE ON THIS DIAGRAM
i | ! ! I I 5154 A TIME BASE TRIG,
I 3 | ! + ! I
SR | Lleme : ! Rz/g |
10 b sso K | | | 00K$ |
| ! I |
: | l | =
INT. TRIG. =3 R3 | | “100V ]
DC LEVEL 50K | : | | |
ADV.
- R23 +100V
1oy } [ : : 3.9Mm : TRIGGERING LEVEL
1 ! | { R26 |
6.3V AC |
| | | I [ ez4 R2s 3700k
| | | } = 820K M :
/ ) | | | -isov
| | | ] 1
+8.3v : : : : :
IF IR 2F 2R 2R
/\/\_/ L i Sw20 L J 355 P?;Is LIST FOR EARLIER
-8 3V @ e e e - — —_—— o — e s —————— /ALUES AND §/N CNANGES
8.3v ——mmam SELECTOR VAIUES AND S/N
* (BLACK KNOB)
+
7 -13 ~61

TYPE 5154 0SC/LLOSCOPE AA, TIME-BASE TRIGGER KF



) UNBLANKING C.F
MULTIVIBRATOR Vi504 VIie0A +*
V508 runus CF
(DECOUJ]';LED) DISCONNECT DIODES V/I80A
Vi204 300 SAMTO0TH-OUT C.E
DECOUPLING LeANS
-4
NETWORK. vieos
S 9 M”"';E‘gUNUP
2
: +300v : +107
| R4 | L—J L—J +43 5 UNBLANKING PULSE
100 70 GRID, PIN 3, CRT, VIA C734
: : U +103 terr cmcur)” “300v
| cna ! 200V RIE3S RIS
oo I ! 47K 00K SAWTooTH
| = I
! pecovpLeD) | °
{ ¢ +300V 4 t Egg ercs
! | 47K S
S e e i -~ *300V
+100v RI2/
33K V1604
5GANS |/ Bl60 +146V
H cle/ L
RIS (BreoupLeD) ~150¢ cres L el = WE-2
3.6K S +300V 470
- RI22 -4V
10K -
— —
RIZ = et
3.6K
+35
+92
+25 SAWTOOTH
+84 T0 GRID, PIN 7, V2108
DRIVER C.F.
-3.35 (HORIZ. AMPLIFIER)
+62
_ it WAVEFORMS Anp VOLTAGE READINGS
45 < WERE OBTAINED WITH CONTROLS SET AS
a FOLLOWS:
-62 | +30
I +105 STABILITY
| FOR WAVEFORMS . .......... PRESET
: FOR UPPER VOLTAGE READINGS . . . . . . .
RIS suiassaia e nnnsses CCW BUT NOT
43K : VIeoB INTO PRESET
Vs FOR LOWER VOLTAGE READINGS.. . . . CW
- Z6AN8
RUl6 ! - SEEALSO |MPORTANT NOTE ON TIME-BASE TRIGGER
cro9 33K : DIAGRAM
7
TRIGGER FULSE it 3 T R)ss SiSA AA TIME- BASE GEN.
( TIME~BASE TRIG,) =1 I oo
- |
e - )
I -
I RI603 | M~ 24 3,
W | |
I r - ’5°V|\S£E TIMING=~ SWITCH
} R S B S il CIRCUIT
HORIZ, ! ! Pl
MAG, ~150v DISPLAY | | - -
° SW200 —SEE HORIZ, AMP. ! l
EXT. 2R | 3F¢R
RI43 1 | |
47k V1408 Swieo loer | RI5S
V1404 - mmejemb-——— - el 10K
STABIITY HOLD-0FF C.F’S //
_ IFER
SEE r/rg;ggufrwrrzH\rAA___; J -
RI45 ! / 3RI2T
500K i~ ~ ~|-{TRIGGER SELECTOR ! ':L__I_ I 404 2K
/ sws lc1so 4 FI12AT 7 |1
/ (TIME-BASE TRIG.) ooy [ / | )
-150V [} | / Ri56
N / vi408 | | Z 2z ¥
AN 4R F12AT7 le ! | SWR LENGTH
Soeo | il T,
GANGED 100 ] RI58 Al N CHA
conrroLs | -~ ‘ ‘\ 3%k OF PARTS MARKED [}
spias | Ridd 35 8 pis AV AN o
PRESET| |7/ e /I R . ~-83 150
AC: o —51 -I50V T/ME —BA.SE OﬁNE:QAToR KF
= RI42 -59 il
— 39K
] AuTo.
RId6 5
DR &
HF SYNC 1oy
L—o
-180V “pResET
ST TYPE 5154 0SCILLOSCOPE An s

+

VI20A

V1808
+GATE OUT C.F




i Sw 160
| TME /M [ T e — -
IFER 2R 4R 3FER

FROM CATH, PIN 3, VI60A
RUNUP C.F.
(TIME-BASE GEN. DIAG,)

TG GRID, PIN 8, VI&0B
MILLER RUNUP TUBE
\ (TIME-BASE GEN. DIAG)

!
|
|
|
|
|
|
|
|
|
|

I
!
|
|
|
|
|
[
|
[
[
)

RIG0A

FROM C(ATH, PIN 3, Vi404A 470K

HOLD-OFF C.F. ' = 00—
(TIME-BASE GEN. DIAG.) J_ .
c181 o
39 I
o RIG0A
= Ot o A 100K
- RlI60B
—
2 o -150¥ o A4 200K
SEC L RIGOC
4 5 o ot L 00K
1 RIGOD
o o o —3p M
1 RIGOE
20 O+ o AA—s 2
1 RIGOF
50 — (1804 o ANA—t 5 M
_ 186
1 O o o
2 0 o—4 o
50— (re08 o (le06 °
0022 .01
! —s o—+—— o—4
MILLISEC | 2 o ot
5 €180¢ e °
" ‘OZ(Z | ol ClEOH ot UNCALIBRATED
20 o—e O——4
BI52
50 <1800 o4 [ NE-2
_ 0.1 Creoy
A b o4 (uf o
RIS2
o
e cisoe | o—¢ 100K
SEC|.5 o4 RIGOG
oM
i o4 oO— AANA—
/
|2 o O—AAA—AM- f -isov
RIGOH RIG0J 1
oM 1oM Sw i54
: 1
! (rimefcr)
c:%;%;%;s TIMING TIMING I
. CAPACITORS RESISTORS |
ERESISTORS I
|
SEE PARTS LIST FOR EARLIER I
VALUES AND $/N CHANGES f
OF PARTS MARKED i
— 150V
LOCATED ON [VARIABLE] RiI54
AND OPERATES IN EXTREME
CLOCKWISE POSITION
4-28-6/
‘ KF
TYPE 5/54 OSCILLOSCOPE AA, TIMING SWITCH



VZ250A
V2T70A

NN

ves508
V2I0A oUTPUT V2708
DRIVER AMPLIFIERS oUTPUT
(ol Fs.
velioB
INPUT
R233 ce33
cr 400K i
NORM./MAG.
EGIS » +300V
+30 REGIS
cz4a6
/\_/\_ \ "
R246 it
~36 30K s
\
\
+300V \
FROM_CATH, PIN 3,VI60A \
& u!gugAg.EE \\ +00V
ITME - R2!
GEN. DIAG) 210 s Ffc2io -iB0v \
\
\
R224 R225 v \ p2gT
120K 50K | norm. gv \ 3
! 40
! \ Q" +242
\MAG. \ ~ +87
o \exT \
\
\
\
\
\ S R253
\ 415K
\
IR¢2F
e e e _ _ _ )\ __JHORIZONTAL|  _ —MAG. GAIN
DISPLAY ADJ.
{;w 200 F e -150V
IME - BA RrR280
EXT. HORIZ.] oy
GEN. DIAG. 270K
) ress :
R230 o
100K o
HORJZ. INPUT
ATTEN. £ .
+loov
+53
e = o +248
o
Mg A
\ ~150v +245
\
Y
—————————————— BB} - - - == === ==
POSITIONING -
SEE PARTS LIST FOR EARLIER
WAVEFORMS anp VOLTAGE READINGS VALUES AND S/N CHANGE! .
WERE OBTAINED WITH CONTROLS SET AS FOLLOWS: OF PARTS MARKED [T R272 W 300v
38K el
EXTERNAL HORIZONTAL INPUT SIGNAL . . . . . NONE %2—75
HORIZONTAL DISPLAY
FOR WAVEFORMS . .......covnvnnnnns NORM +300vV
FOR VOLTAGES. <« « v evnrnrnnsnesnns EXT.
+

TYPE 5&I5A OSCILLOSCOPE

HORIZONTAL POSITION
FOR UPPER VOLTAGE READINGS ........
FOR LOWER VOLTAGE READINGS. ,

see ALSOIMPORTANTNOTE ON TME-BASE TRIGGER DIAGRAM

5154 AA HORIZ. AMPR.

AA 5

HORIZONTAL AMPLIFIER

+222

+110

LEFT-HAND
DEFLECTION PLATE

RIGHT —HAND
DEFLECTION PLATE

M -

+110

R.O.W.
5~-2 -61



INPUT.

EEJOI
27

V330
“IDoV V340
INPUT CFs.
case
I .01
ooV =
(DECOUPLED)
Sw30!
- -——-
- {wpur_sececror} . swaz v
H IR 2F zF
IF 1 ' | r +100V
: : | | IF 2R 3f 4R (DECOUPLED)
I 1 ]
I :
! I | I !
! ! ! | | i 1 !
| 1 ] 30t J | | ( C326 R326)
| | ) 0.1 / | | | 100 /" 100 )
Bl | I yd | | R3z5 | |
! 1 | 2 | 147 |
T OO Wy VWA
o | LO .05 R33/
Ac ° 4oy x2 Rsz7 100
L
|
AC 1 o 2 o~ o4
} —
gbc 5 1 o4 bo =
° o 0 o4 ——o0
. 2 o o
R3
e 5 o ) 39
o1 c355 |
27 10 04 o o— L— chsfd oy
200 Lo L——o = ] 2
-150v
R335 T
39K ~
«100v
R341
15M

+100v
A R339
: 390K

R338

100K ie

-150v 39K

+ TYPE 5/5A 0SCILLOSCOPE

ATTENUATION NETWORKS

R342. J_C

342
0/

VARIABLE

=
74
R355¢ m"
b R354
Pl ~

V350
V3¢0

V3704
V3708
DRIVER C.Fs.

+300v
INPUT AMPLIFIERS t
+oov
(pLcouPLED) R359
’ €359
A =

+192

R35

+00V
(DECOUPLED)

| twe

2x100K

R355

2R364

+300V

POSITIONING,

V390
V400
OUTPUT AMPLIFIERS

V4ivA
Z3]]-]
TRIGGER C.Fs.

+»300V

VERTICAL

R393
¢393 _L (100K
001 T
=
R398
(25K
L] R39%
R399 @57 100
GAIN
ADJ.
R403
V400 Ta6R
(L6

AC

100K

150V

8385
Nz
R383
47
UNCALIBRATED
'S LIST FOR 133
5357 VALUES AND §/N CHANGES
OF PARTS MARKED [}
R357 LOCATED ON ,R356
CLOSED ONLY IN EXTREME

CLOCKWISE POSITION

+217

SEE DELAY LINE D/A&.\

R405

+2I5

TRIGGERING MODE . .

VERTICAL INPUT SIGNAL ..

YERTICAL POSITION, . .
SEE ALSQIMPORTANT NOTE ON TIME-BASE TRIGGER DIAGRAM

VOLTAGE READINGS WERE OBTANED WITH
CONTROLS SET AS FOLLOW!

NONE

« . AUTOMATIC
.. TRACE CENTERED

Si54

VERTICAL AMPLIFIER

VERT AMP

KF
S-4-6/



OQUTPUT AMPLIF
L391,

FROM pLATE PINS v400

FROM PLATEPING, V399 !

—————————————————————————————— L4490 ——— — = — — e — e — e — — o — — —
dI1h OGO 7THo Yo LI LI LT K1 IR £I1A /IFO
d#ca40 dAcaal _#caaz 443 444  lAc445 a4 Arcaa7 c448  _Aca49  _Acas0 1A C4a5i c45z _Afcass  _ACas54
75'0.7—3 7!5.7—5 7!0.7 -3 8.7—3 %.7—3 7!(6;.7-3 % 7—? 7!%.7—3 740.7-3 715.7—3 715 7-3 740.7—3 0.7-3 7!0. -3 7’10 7-3
NI1Y N11Y ofo 980 - N1 ofe o N1y oo~ 080/ 20/
S — L4 — o
gEZem - - - - - - -7 -——-—-——-——-— = L"55—_’—"‘——'—________—“"f ________ -
7o SIIN T LT 1 TG LT gt I TR LIT e
Jrca Axcas drcas7 459  _Acas0  _lAcael drcaez  _lx 464  AC4 Jdrcaee  _Acae7 46
7 !g7§? 7] !g.'/—g 7] ."48—7‘53 7 {3475—? 7] !g 7§3 7!0 73 7 !O 7-3 7 é40 7-3 T €4+6—?3 876—3 7‘!57935 7!8:7—3 7!g 793 87—.?
N1 980 - 080 N1 080 &!,Q.; o N, 280 080 - 080 080 s I
B2 EA] I_ __________________________ L456 — — — = e e T T T T T T T T e e e e
+300V
TO SCREENS oF
V390 € 400 ViA <%
R405
——————————————————————————————————— R485
— L4470 M 1K
LI O 211D 40 10S Sl L0 T 2R TR T
—Zcae9 fca7o Afcan AAcarz AAcars _!cam Mears fcave 1 Jfcass ca86
7T~ 0.7-3 7T 0.7-3 !0‘7—3 !0.7—3 !0.7—3 7T-0.7-3 7ho7-3 . (0.7—3 7t 5,4/237 [~ 8,#2’35 8‘%339 7T 0.7-3 3-12
R487 L. ca90
B7a T .01
e NI N11Y 089 - N1y oo/ 080 - 230 NI Y 209/ : . =
- LAT7] e e e e e e e e — — ”(a
VALUES AND 5/ N CHANGES 6-1c-58
T YPE 5/5A OSCILLOSCOPE YAUWES AND S/ N CHANG] T i85
AA DELAY LINE



CALIBRATOR MULTIVIBRATOR CALEBEATOR

+00V
A
J: RB60
= ov = ——’éa 10K
RBDO < RBBTS
130K 3 / ~135 68K 3 CAL Lo +95
ADJ. 2280 +300V
~57 T—?566§ —-50
33K 1 +100
563
100 ov
+12.285
SW 550
_ ISQUARE= WavE
e CALIBRATOR
2R 1
e cg70
. I
/. l =
t—o° ~1B0V
-5
——0
.b——-_—o
R574
600
.—O 2
R575
200
*—0 |
R576
100
| N 5
R577
80
+ .I——_—O ‘2
TYPE 515A 0SCILLOSCOPE R576 WAVEFORMS ANDVOLTAGE READINGS
20 WERE OBTAINED WITH CONTROL SET AS FOLLOWS:
1 R570 ' I SQUARE-WAVE CALIBRATOR. ... ....... ON
1o SI5A AA CAL.
Lo
R560
10
° o OFF
R.O.W.
A4, 5-4-6l

CALIBRATOR




PRIMARY 4 FAN CONNECTED V635
FOR 234V AC OPERATION. 1500 SERIES
1,_ ________ ——————— - TUBE
' V66|
i
: , VGGZA Peed AMPLIFIER
! 4o 9 Ol
| THERMAL | T B
: cuTouT 3 : 191V RMS . c&%ﬁ,:ﬁ ==|cz€’a§ff
\ 137°F FAN | l
| €608, |—, | 9 . D§
! |
| SW600 J
oy T
) ON - 24 EFEVTO-ETSV AT CRT
I L
E: : RE6! $
: 26.3\/ 2A TO CRT s
| +40
: '3 we62
FUSE - 4
: A g | 6.3V _5A TO TIME-BASE GLN. j»
1.6A = L
: SLO-BLO +1Qov ~ =
| R&%0
: & 100K
| bmm—@-—b,—\@ & [63v Ba TO VERT AMR V63D
! : cer SRS
234VOLTS AC
! 86-60 CYCLES V63|
_________________ 5" ve3z A pgso AMPLIFIER
O A +180
T . + 300V VE3BB
B C630= =CB3! T0 A
140V RMS 128 puf 128,uf BELOW
SHIELD l <
4 _2! 16 D§ =
THERMAL = )
CUTOUT " f 37.8V FOR +100V
TKEO! DE Fan. . ol
|137°F | o +l100V
! Re3 _J_
| ETK) R6329 2 CB39A
il 20 TO SCALE ILLUM. & 2T T Eomf
GRATICULE LIGHTS +44 =
g 8.3V BA TO poggganiglggw =
21 L +30ov 4 P Yoo
RG4S 3
180K L
FUSE -
F;A(JI g Egze —-1B0V
swomeee 2 21OV 1o HoRIZ. AMR Vveo7 velo
AND V635 DIFFERENCE SERIES
23 1 leas V602 AMPLIFIER TUBE
-0t VOLTAGE-REGULATOR
bn,bn bn,gn TUBE
= +73
1T VOLTS AC 7
B0O-80 CYCLES +100V Ve 10
REQ7 BAUS '
R60S s R620
| K 3K
- imee -
/52 366k
R&13
-21.75 v M %"9617
W / 10K
-850 <$T6I8
To TERM*20 ADJ, 2 BOK
6.3V
SCALL
To TERM*20
6.3V RGgg
SR6II c613
= S 18K T.01
- [eeoz A y
PILOT = 4
PeeT BG0O 8601 - cé?glcwf
GRATICULE ~150Vv
LIGHTS
VOLTAGE READINGS WERE OBTAINED WITH \SIEAEI.G?S" fNLEUSl cf.i'ﬁ'és"s
CONTROLS SET AS FOLLOWS: OF PARTS MARKED EETZH R.O.W.,
54 -Gl
+ VERTICAL INPUT SIGNAL. NONE
TRIGGER INPUT SIGNAL NORNE
TYPE 5ISA OSCILLOSCOPE LN VOLTAGE cow a7 vac LV POWER SUPPLY
INTO PRESET
SEE ALSOTMPORTANT NOTE ON TIME- BASE
TRIGGER DIAGRAM
5154 AA LV PWR



+ 100V

R700
K
c7088
20 uf I
= +lgov + 400V
(DECOUPLED) UNREG,

r706
390

CZSS?I

C7O7J
felel] 'l’

+300V
V705
RT03 6AQ5 5
ATK S OSCILLATOR
CT06 RT06
+90 | 001" L5K
-53 ! o
R704
.00 _T_ BRI
+100V
(DECOUPLED)
VTIOA
%Bl12AUT RTIO
AMPLIFIER 4TOK
b -2.2
) S R7I2
347
\Vargiels)
%BI2AUT "
AMPLIFIER

i
)7 -es

UNBLANKING PULSE

FR CATH, PIN 3, VI20A
UNBLANKING C.F.
g (TINE-BASE GEN. 01AG)
£I>s —[ = C T34
C7az LR732 ng (o
V724 o ] 6.6m
R735
5642 7
RT3 St AAA ety
n (] \
U
_INTENSITV
@ TO V724
& TO Vv T2i +2325 785 CRT
Va5%9
€ TO V 720
+300V +300v ISOLATION
SHIELD
RT50
RT4
AE 100K +300V
12
- 1675 ADJ.— 12374|
™ R753
R751 c780| ——-—
\Vagd] 120 1 100K
5642 +300V
3.3m +100V
+100V
4100V R74D . 9, R754
(DECOUPLED) 2m 100K
C72l =< 3 ASTIGMATISM
[FoosE 27ad c743 754
i eee ] +I00V
V720
Lcrao
Do4z oo § \
RrR722 R7AT cmo NORMAL Y CLOSED
| 27K
i 675 A it N~ [cRT CATHODE]
RT4e [END]

’ %

—150V

TYPE 5i5A OSCILLOSCOPE

VOLTAGE READINGS WERE OBTAINED WITH
CONTROLS SET AS FOLLOWS:
INTENSITY . ot ieiis ot onns ccw

st ALSO IMPORTANT NOTE ON TIME - BASE
TRIGGER DIAGRAM

AB,

SISA AA CRT

R.O.W.
5-4 -6l

CRT CIRCUIT



