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SECTION I 

ENGINE ANALYZER SYSTEM SPECIFICATION 

Engine Analyzer System 

Change information, if any, affecting this section will be found at the 
rear of the manual. 

Introduction 

The Engine Analyzer System is an oscilloscope system 
designed to evaluate the performance of reciprocating 
engines, compressors and pumps. Functions such as pressure, 
ignition and vibration can be compared against the crank- 
shaft angular position or the cylinder volume to permit 
analysis of operating efficiency. The functions can also be 
compared against real time. 

The Engine Analyzer System can improve operating 
efficiency by detecting malfunctions such as improper tim- 
ing, valve leakage, piston or bearing damage and ignition 
problems. Since the system permits comparison of operation 
against previous operating parameters, any appreciable 
degradation of performance can be noticed. Repairs can 
often be scheduled on a routine basis and effected before 
breakdowns actually occur. 

The system employs a Tektronix 5611 or 564-Series Oscil- 
loscope (or Rackmount equivalent) equipped with a 3A74 
(Mod 730A) Engine Analyzer (Vertical) Amplifier, a 2B67 
(Mod 730A) Engine Analyzer (Horizontal) Time Base, and a 

Rotational Function Generator. A pressure transducer, igni- 
tion pickoff, vibration transducer and a magnetic top-dead- 
center sensor provide the signals to the vertical amplifier. 
The horizontal amplifier receives its crankshaft position 
signals from.the Rotational Function Generator. The opera- 
tion of the system is fully explained in Section 2. 

The operating capabilities and environmental character- 
istics of the system and its individual components are listed 
in detail in the following tables. 

TABLE 1-1 
ELECTRICAL SPECIFICATION 

Performance Requirement Characteristic 

TYPE 3A74 ENGINE ANALYZER AMPLIFIER 

Channel 1 CHARGE AMPLIFIER 

Deflection Factor 
Calibrated Range 1 PSI/div to 500 PSI/div in a 1-2-5 

sequence. 

Within 3% throughout calibrated 
range. 

Adjustable to match transducers 
with 100 to 300 pC/PSI outputs. 

Accuracy 

GAIN (front panel) 

Frequency Response 
Bandwidth 

LONG RESTORE | 0.05 Hz or less to at least 10 kHz. 

TIME 

SHORT RESTORE] 0.5 Hz or less to at least 10 kHz. 

TIME 

1561-Series Oscilloscopes below Serial No. 579 must be modified 
with kit 040-0267-00 before they can be used with the system. 

@l 

Characteristic Performance Requirement 

' Maximum Dynamic 
Charge Signal 

0.6 .C at 10 kHz increasing to 2 uC 
at 2.75 kHz. 

RESTORE TIME 
LONG ‘At least 35 RC Time Constant. 

SHORT At least 0.35 RC Time Constant. 

Noise (RMS referred to 

Input) 
Noise is 0.15 pC/1000 pF of source 
capacitance or less with 1 PSI/div 
and gain set to 100 pC/PSI. 

Attenuation Due to 
Shunt Input Capacitance 

1% or less with 0.03 wF at 1 PSI/ 
div and gain set to 100 pC/PSI. 
Not to exceed 0.09 pF. 

Channels 2, 3, 4 Vertical Amplifier 

Deflection Factor 
Calibrated Range 0.02 V/div to 10 V/div in a 1, 2, 

5 sequence. 

Accuracy Within 3% throughout calibrated 
range. 

Uncalibrated 
(Variable) Range 

Continuously variable between cal- 
ibrated deflection factor settings. 
Extends the deflection factor range 
to at least 25 V/div. 

Frequency Response 

Bandwidth 
DC-Coupled DC to 2 MHz. 
(Variable at CAL) 

AC (Capacitive) 2 Hz to 2 MHz. 
Coupled 

Step Response 

Risetime 0.17 ps or less. 

Maximum Input 
Voltage 

DC (Direct) Coupled |600V (DC + peak AC) 

Input R and C 
Resistance 1 MQ within 1%. 

Capacitance 47 pF within 3%. 

Chopped Mode 
Repetition Rate —~250 kHz for two, channels. 

—~167 kHz for three channels. 

125 kHz for four channels. 

Channel Time 

Segment 

Nominally 2 ps. 

TYPE 2B67 ENGINE ANALYZER TIME BASE 

Time Base 

Sweep TIME/DIV 
Calibrated Range 1 ps/div to 5s/div; 21 steps in a 

1-2-5 sequence. X5 magnifier ex- 
tends displayed sweep time/div to 
0.2 ps/div. 
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Characteristic Performance Requirement 

Accuracy 
Unmagnified Within 3% over center 8 graticule 

divisions. 

Magnified Within 5% over center 8 graticule 
divisions. 

VARIABLE TIME/DIV At least 2.5:1. 

Trigger Sensitivity 
Internal Source 

AC coupled only 
0.4 divisions of 1 kHz square-wave 
display. 

External Source 

AC Coupled Only 
0.5V at 5Hz increasing to 2V at 
2 MHz. 

Function Amplifier 

Deflection Factor 10 mV/div or less to at least 100 

mV/div; determined by WIDTH 

control setting. 

Bandwidth 
100 mV /Div DC to at least 75 kHz. 

10 mV/Div DC to at least 25 kHz. 

Standby Trace 
Duration Off whenever the Function Gener- 

ator is operating above 25 RPM. 

Length Nominally 2 divisions with Function 
Generator connected and not rota- 

ting. 

Degree Markers 0/360° 
Pedestal Tilt (AC- 

Trailing edge of pedestal drops not 
more than 60% (with respect to 

coupled) leading edge) at 25 RPM (130 ms 
wide 0/360° pedestal); Tilt not 

discernible above 500 RPM. 

ROTATIONAL FUNCTION GENERATOR 

Output Signal 
Amplitude 

Sine wave Between 200 and 500 mV P-P. 

Sawtooth Between 200 and 500 mV P-P. 

Degree Markers At least 30mY as measured at 
tallest marker (delivered to a high 
impedance circuit). 

Characteristic Performance Requirement 

TRANSDUCERS 

Pressure Transducer 

Maximum Acoustic Re- 

ponse (+-3 dB) 

Transducer Alone 1000 Hz 

Transducer with Cool- 

ing Adapter Attached 
250 Hz 

Transducer with Cool- 

ing Adapter and 5 
inches of Additional 

Pipe 

200 Hz 

Transducer with Cool- 

ing Adapter and 10 
inches of Additional 

Pipe 

160 Hz 

Maximum Recommend- 

ed Combustion Engine 
RPM 

Transducer Alone 6000 RPM 

Transducer with Cool- 

ing Adapter Attached 
1500 RPM 

Transducer with Cool- 

ing Adapter and 5 
inches of Additional 

Pipe 

1200 RPM 

Transducer with Cool- 

ing Adapter and 10 
inches of Additional 

Pipe 

1000 RPM 

Voltage Sensitivity Nominally 25mV/PSI. Value listed 
on the individual units. 

Charge Sensitivity Within 100 to 300 pC/PSI. Value 
listed on individual units. 

Output DC Level 
Sine wave and —2.25V + 04V. 
Sawtooth 

Degree Markers —5V4t1V. 

Source Impedance 
Sine wave and 1.5kQ + 5%. 

Sawtooth 

Degree Markers 2.1kQ -20%. 

Voltage Requirement —11V to —13V_ with Standard 
Accessory 20-foot Function Gener- 
ator Cable. 

Maximum RPM 20,000. 

Maximum Cable Length 300 Ft. 

Degree Marker 
Angular 
Accuracy 

Within 1°. 

Shaft Load, Axial and 
Radial 

10 Ibs maximum. 

Accuracy Within 5% of reading, excluding 
temperature coefficient. 

Temperature Value listed in chart supplied with 
Coefficient unit. 

Pressure Range 0 to 3000 PSI. 

Maximum 300%. 

Overpressure 

Linearity Within 1%. 

First Resonance At least 30 kHz. 

Vibration Sensitivity 0.1 PSI/g or less. 

Operating 
Temperature Range 

—40°C to +150°C (Standard Ac- 
cessory Cooling Adapter required 
fo maintain transducer temperature 
within range). 

Maximum 
Temperature 

+200°C. 

Vibration Transducer (See Fig. 1-2) 

1-2 

Voltage Sensitivity Nominally 6 mV/g. Value listed on 
the calibration chart supplied with 
the unit. 

Charge Sensitivity Nominally 20 pC/g. Value listed 
on the calibration chart supplied 
with the unit. 

Capacitance Nominally 3300 pF. Value listed on 
the calibration chart supplied with 
the unit. 
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Fig. 1-2. Graph of Vibration Transducer output versus frequency. 

Characteristic Performance Requirement Characteristic Performance Requirement 

Cross Axis Sensitivity |Within 3%. 
First Resonance At least 10 kHz. Deflection 1 PSI/div to 500 PSI/div in a 1-2-5 
Linearity Within 1%. sequence. 
Maximum Accelera- |1000 g's. Accuracy Within 5% throughout calibrated 

tion range. 
Temperature Range |—40°C to +150°C. Maximum 300%. 

Overpressure Magnetic Pickup 

Output Voltage At least 15 V P-P at 1000 inch/sec- 
ond and 0.005 inch clearance. 

Coil Resistance Within 900 to 1109. 

Coil Inductance Within 26 mH to 40 mH. 

Temperature Range —54°C to +107°C. 

Ignition Pickoff 

Attenuation Nominally 1000. Determined by 
the capacitance at the pickoff point. 

RC Time Constant At least 6.5 ms. 

Frequency Response 
Long Restore Time 0.05 Hz or less to at least 10 kHz. 

Short Restore Time 0.5 Hz or less to at least 10 kHz. 

Restore Time 
Long At least 3s RC Time Constant. 

Short At least 0.3s RC Time Constant. 

Noise (RMS Referred 
to Input) 

Not discernible with the 50 ft, 20 
pF/ft cable supplied; 6 pC RMS or 
less (0.3 div of display) at a deflec- 

tion factor of 1 PSI/div, 2000 ft of 
20 pF/ft cable and gain set to 100 

SYSTEM CHARACTERISTICS pC/PSI. 
Vertical Display Attenuation Due to] 1% or less with .03 pF at 1 PSI/div 
Pressure Transducer/ 0 to 3000 PSI, not to exceed 0.6 uC Shunt Input Capacity] and gain set to 100 pC/PSI (Shunt 
Charge Amplifier 

Range 
at 10 kHz up to 2 4C at 2.75 kHz. 

On 

(cable capacity) input capacitance not to exceed 
09 uF}. 
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Characteristic Performance Requirement 

Vibration Transducer in- 

to 3A74 Voltage Ampli- 

fier 

Transducer 

Sensitivity 

Transducer with 

Cable 

Nominally 4.5 mV/g with the 50 ft, 
20 pF cable included in the system. 
Value can be determined from the 
calibration chart supplied with the 
transducer. 

TABLE 1-2 

ENVIRONMENTAL SPECIFICATION 

TYPES 3A74 AND 2B67 

Transducer Alone Nominally 6mV/g. Value listed on 
the calibration chart supplied with 
the unit. 

Frequency Response See graph, Fig. 1-2. 

Magnetic Pickup (TDC 
Sensor} into 3A74 Volt- 

age Amplifier 
Output Voltage At least 15V P-P at a surface 

speed of 1000 inches/second, clear- 
ance gap of 0.005 inch, and using 
a 20 pitch, 30 tooth ferrous metal 
gear. (Output voltage is approxi- 
mately proportional to surface 
speed and inversely proportional to 
the clearance gap.) 

Characteristic Performance Requirement 

Temperature 
Non-operating —40°C to +65°C 

Operating 0° to +50°C 

Altitude 
Non-operating To 50,000 feet 

Operating To 15,000 feet 

Vibration 
Operating 15 minutes along each axis at 

0.015 inch. Vary the frequency 
from 10 to 50 to 10c/s in 1-minute 

cycles. Three minutes at any reson- 
ant point or at 50 c/s. 

Shock 
Non-operating 30 g's, Y sine, 11 ms duration, 2 

shocks per axis. Total of 6 shocks. 

Transportation Qualifies under National Safe 
Transit Committee Procedure 1A, 

Category IV (48 inch drop). 

Ignition Pickoff into 
3A74 Voltage Amplitier 

Attenuation Nominally 1000 with the 50 ft, 
20 pF/ft cable supplied with the 
system. Attenuation determined by 
the capacitance between the pick- 
off clamp and the high-voltage lead 
under test. Longer cable increases 
the attenuation approximately 10% 
per 40 ft; (Pickoff calibrated using 
the 40V or 100 V output from the 
Oscilloscope Calibrator into a sam- 
ple of the ignition cable. See Oper- 
ator's Adjustment Procedure in Sec- 
tion 2.) 

ROTATIONAL FUNCTION GENERATOR 

Temperature 
Non-operating —55° to +75°C 

Operating —15°C to +75°C 

Altitude 
Non-operating To 50,000 feet 

Operating To 15,000 feet 

Vibration 
Operating 15 minutes along each axis at 

0.015 inch. Vary the frequency 
from 10 to 55 to 10 c/s in 1-minute 
cycles. Three minutes at any res- 
onant point or at 55 c/s. 

RC Time Constant At least 6.5 ms with the cable 

supplied. 

Markers into 3A74 Volft- 
age Amplifier  (Inter- 
nally coupled to Chan- 
nel 2) 

Amplitude At least 1 division of display of 0/ 
360° marker above trace base line. 

Shock 
Non-operating 250 g's, V2 sine, 12ms duration, 2 

shocks per axis. Total of 6 shocks. 

Transportation Qualifies under National Safe 

Transit Committee Test Procedure 

1A, Category IV (48 inch drop). 

Horizontal Display 
TRANSDUCERS 

WIDTH Control Range 5 divisions or less to at least 20 

divisions. 

CRANK (ANGLE) Sawtooth, 350° of usable display 
(less than 10° used during retrace). 

Incremental Accuracy Within 3% of full scale display. 

PISTON (VOLUME) Sine wave plus ~ 6% second har- 
monics, simulating crank radius-to- 
connecting rod-ratio of 1:4. 

Pressure Transducer 
Vibration Sensitivity 0.1 PSI/g or less. 

Temperature Range —40°C to +150°C. 

Incremental Accuracy Within 3% of full scale display. 

Phase Shift 0.5 degrees or less at 20,000 RPM 
with the Standard Accessory 20- 
foot cable; 2 degrees or less with 
a 200 ft 20 pF/ft cable. 

Temperature Co- —0.035%/°C from +21°C to 

efficient +150°C. 

Maximum Tem- +200°C. 

perature 

Vibration Transducer 
Maximum 1000 g's. 

Acceleration 

Temperature Range | —40° C to +150° C. 

Magnetic Pickup 
Temperature Range | —54°C to +107°C. 
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Engine Analyzer System 

SECTION 2 

OPERATING INSTRUCTIONS 

Change information, if any, affecting this section will be found at the 
rear of the manual. 

Introduction 

The following information is contained in this section, in 
the order in which it is listed: 

Block Diagram Description 

System Components and Standard Accessories 

First Time Operation of Oscilloscope, 3A74, 2B67 and 
Rotational Function Generator 

Operators Adjustment Procedure 

Installing the Standard Accessories 

System Operating Procedure 

BLOCK DIAGRAM DESCRIPTION 
The interconnection of components and data flow during 

system operation is explained here. An understanding of it 
is essential for obtaining optimum results. 

The Oscilloscope and its plug-in units make up the indi- 
cating section of the system. The 3A74 Engine Analyzer 
Amplifier (hereafter called 3A74) processes signals which 
result in vertical deflection of the oscilloscope electron beam. 
The 2B67 Engine Analyzer Time Base (hereafter called 2Bé67) 
processes signals which provide horizontal deflection of the 
beam. The combination of the two-coordinate deflection 
causes the beam to be positioned to a specific point on the 
face of the cathode-ray tube (CRT). As the signals change, 
so does the positioning point. Continuously changing signals 
result in a constantly moving dot on the CRT face. The 
CRT phosphorescence causes the constantly moving dot to 
appear as a line, or trace, providing a continuous compari- 
son of the signals present in the vertical versus horizontal 
plug-in units. The vertical circuit (3A74) is capable of switch- 
ing from one signal channel to another, thereby permitting 
simultaneous display of several vertical signals on separate 
traces. These displays are normally placed at different 
vertical positions on the CRT to provide convenient viewing 
and identification. 

Refer to Fig. 2-1. The Rotational Function Generator (here- 
after called Function Generator) controls trace horizontal 

deflection when ROTATIONAL FUNCTION GENERATOR 
operation is selected by the 2B67 TIME/DIV switch. The 
Function Generator shaft is directly (1:1 ratio) coupled to the 
equipment crank shaft through an Extension Shaft and a 
Friction Drive Adapter (standard accessories), or by way of 
any other arrangement which provides a 1:1 rotation ratio 
without slippage. The Function Generator should be mount- 
ed on a tripod (optional accessory) or other stable base. 
Alignment between the Function Generator, shaft, and 

® 

equipment under test must be as accurate as practical to 
insure optimum operation. 

The Function Generator is connected to the Oscilloscope 
horizontal plug-in unit (2B67) by a four conductor cable. 
One of the leads supplies —12.2V to lamps in the Func- 
tion Generator, which provides light-excitation for photo- 
transistors. The light to the transistors is controlled by a 
function generator disc which is rotated by the drive shaft. 
The body of the Function Generator can be rotated to align 
the phofo-transistors to the crankshaft, permitting their out- 
puts fo be indicative of crankshaft position. 

The generator disc causes the following outputs to be 
generated: thirty-six 10-degree markers, with distinctive 
markers appearing at 60 and 340 degree intervals; a sine 
wave indicative of piston position (cylinder volume), with 
the maximum positive excursion of the waveform coincident 
with the top-dead-center (TDC) position of the piston to 
which the Function Generator is aligned; a sawtooth wave- 
form indicative of crankshaft angle, with the beginning of 
the ramp coincident with the down position of the piston to 
which the Function Generator is aligned. A ROTATION 
DIRECTION switch (located on the Function Generator) 
permits selection of a positive-going ramp voltage so that 
the trace moves from left to right on the Oscilloscope, re- 
gardless of the direction of rotation. 

The markers can be either rejected or accepted by a 
MARKERS PULL switch on the 2B67. When accepted, they 
are internally connected to Channel 2 of the 3A74. They 
are then displayed on the Channel 2 trace at any time the 
Channel 2 MODE switch is not turned off. 

Either the sine wave (PISTON) or the sawtooth wave 
(CRANK) can be used to cause horizontal deflection when 

the 2B67 TIME/DIV switch is at ROTATIONAL FUNCTION 
Generator position. The PISTON-CRANK switch at the 2B67 
controls the selection. If the sine wave is used, the CRT beam 

will be deflected to the left when the maximum positive 
potential is reached (piston up), and to the right when the 
maximum negative potential is reached (piston down). If 
the sawtooth is selected, the trace will start at the left at 
the beginning of the ramp (piston down) and progress to the 
right as the ramp voltage increases. When the piston again 
reaches bottom, the ramp voltage collapses, the beam 
rapidly returns to the left of the CRT and a new sweep 
begins. The beam returns to the left so quickly that only a 
very dim return trace is created by the few electrons striking 
the face of the CRT. 

When the 2B67 TIME/DIV switch is in any position except 
ROTATIONAL FUNCTION GENERATOR, a sawtooth voltage 

can be generated within the 2B67 to provide trace horizontal 
deflection. Accurately timed sweeps can be made to start 
in coincidence with signals being processed by the 3A74 
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3A74 Engine 
‘Analyzer Amplifier: 

Operating Instructions-Engine Analyzer System 

561 or 564-Series: 
Oscilloscope 

2B67 Engine 

‘Analyzer/Time Base 

Carrying Case with 

Standard Accessories 

Fig. 2-2. Major assemblies of the Engine Analyzer System.
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vertical plug-in unit. Engine rotation speed can then be 
measured by determining the time required to complete 
one cycle of operation. 

Engine pressure indication is obtained by inserting a 
Pressure Transducer (standard accessory) into the pressure 
chamber, and coupling its output to channel 1 of the vertical 
amplifier unit (3A74) through a low-noise 50 foot coaxial 
cable. The piezoelectric effect of the transducer supplies 
a signal in response to pressure changes. The signal is 
processed by the vertical amplifier and causes a Channel 1 
vertical display on the CRT whenever the Channel 1 MODE 
switch is not in its OFF position. The trace provided by the 
combined effects of rotation (horizontal) and pressure 
(vertical) permit evaluation of combustion chamber opera- 

tion. A cooling adapter is attached to the transducer to 
lower its operating temperature. 

The Magnetic Transducer (standard accessory) can be 
mounted adjacent to the edge of the flywheel or other rota- 
tional reference device. A 20 foot coaxial cable is provided 
to couple its output to the 3A74. 

The Magnetic Transducer provides an output in response 
to any change of ferrous material in its immediate vicinity. 
The flywheel grooves indicating TDC and associated timing 
reference marks will therefore create impulses which can be 
used to compare against the markers from the Function Gen- 
erator. The Function Generator can thus be reliably refer- 
enced to the crankshaft. 

Although the Magnetic Transducer output can be accepted 
by Channel 2, 3 or 4, it is recommended that it be coupled 
into Channel 2, where it can be superimposed on the Func- 
tion Generator signals. When the Generator body is rotated 
so that its 0/360 degree marker is aligned with the TDC 
mark from the Magnetic Transducer, the system is aligned 
to the piston referenced by the TDC mark. 

The Capacitive Ignition Pickoff (standard accessory) is a 
permanently attached termination on a 50 foot coaxial 
cable. lt generates an output voltage when a voltage pulse 
occurs in the cable to which it is clamped. Its output can be 
accepted by Channels 2, 3 or 4 of the 3A74, but it is recom- 

mended that Channel 3 be used consistently with it to 
standardize operation. Engine ignition pulses are displayed - 
for comparison and evaluation whenever the appropriate 
channel (Channel 3) MODE switch is not in its OFF position. 
Ignition voltage pulse amplitudes can be accurately deter- 
mined as explained in the Operator's Adjustment Procedure. 

Vibrations which accompany engine operation can be 
detected through use of the Vibration Transducer (standard 
accessory}. Its permanent magnet permits attachment to any 
ferrous surface. For example, when it is attached in the 
immediate vicinity of valves, the vibrations which accompany 
their opening and closing will create an electrical output 
which can be coupled to the 3A74 through a 50 foot coaxial 
cable. Its output can also be accepted by Channels 2, 3 
or 4, but it is again recommended that operation be stand- 
ardized by always applying it to channel 4. When the 
appropriate MODE switch (Channel 4) is in other than the 
OFF position, the vibrations will be displayed with the other 
presentations, aiding the overall evaluation of the engine. 

SYSTEM COMPONENTS AND STANDARD 
ACCESSORIES 

The following major assemblies make up the Engine 
Analyzer System. They are illustrated in Fig. 2-2, and their 
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operation is explained in detail in this section. In addition, 
a separate manual is provided with the Oscilloscope. 

561 or 564-Series Oscilloscope 

3A74 Engine Analyzer Amplifier 

2Bé7 Engine Analyzer Time Base 

Carrying Case with Standard Accessories 

In addition to the above, the following optional acces- 
sories are recommended for use with the system. They can 
be purchased through Tektronix Field Representatives. 

Tripod, Tektronix Part No. 016-0253-00 (Includes Adapter 
Plate, Tektronix Part No. 386-1453-00). 

C-12 Camera 

Projected Graticule (for use with C-12 Camera} 

Scopemobile Model 201-1. 

Oscilloscope 

The Oscilloscope controls, connectors ‘and indicators (ex- 
clusive of the 3A74 MOD 730A and 2B67 MOD 730A plug-in 
units) are explained in the Oscilloscope manual. The oper- 
ator should read those explanations in addition to the 
material in this operating section before using the Engine 
Analyzer System. Failure to understand proper operating 
procedure may result in damage to the Engine Analyzer 
System equipment. 

Camera 

Complete information regarding the Camera and wave- 
form photography can be found in the manual which accom- 
panies the camera. 

3A74 Engine Analyzer Amplifier (see Fig. 2-3) 

Channel 1 Pressure BNC connector. Circuit is de- 
Transducer | signed to accept charge signals. 
Input Coupling between the connec- 

tor and the pressure transducer 
is accomplished through a 50 
foot coaxial cable which is sup- 
plied as a standard accessory. 

ZERO Push-button which resets the 
channel's amplifier to 0, plac- 
ing trace at its reference posi- 
tion. 

PSI/DIV Vertical deflection factor selec- 
tor. Graduated in 1, 2, 5 

sequence from 1 PSI/DIV to 
500 PS!/DIV. 

RESTORE 2 position switch. Enables selec- 
TIME tion of time required to recover 

from input signals after the sig- 
nal has expired or is removed. 

® 
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"ENGINE ANALYZER 
AMPLIFIER 

Fig. 2-3. 3A74 Engine Analyzer Amplifier. 
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LONG should be selected for 
low RPM applications (approxi- 
mately 600 RPM and _ below) 
where critical pressure meas- 
urement is required. 

DC BAL Screwdriver adjustment. Permits 
the operator to adjust for a 
minimum amount of trace shift 
accompanying PS!/DIV  switch- 
ing when no signal is present 
and channel has been “zeroed”. 

GAIN ADJ Screwdriver adjustment. Use in 
conjunction with Charge Ampli- 
fier Calibrator (standard acces- 
sory) and Oscilloscope CALI- 
BRATOR signal to set PSI/DIV 
factor in accordance’ with 
rated output of Pressure Trans- 
ducer being used. See Opera- 
tor's Adjustment Procedure in 
this section. 

MODE Three position switch. Enables 
or disables presentation of 
Channel 1 normal (NORM) or 
inverted (INV) display. 

POSITION Controls the vertical position of 
Channel 1 display. Has no ef- 
fect upon CRT presentation 
when Channel 1 MODE switch 
is OFF. 

Input 

Connector 

BNC connector designed to ac- 
cept voltage signals. Channel 2 
Input should be connected 
through a 20 or 50 foot cable 
to the Magnetic Transducer 
which signals the crankshaft 
top-dead-center position; Chan- 
nels 3 and 4 should be connect- 
ed to the Capacitive Ignition 
Pickoff and the Vibration Trans- 
ducer respectively through 50 
foot coaxial cable. 

tor from .02 V/division to more 
than 25 V/division. When set 
to CAL position it provides cali- 
brated deflection factors as in- 
dicated by the VOLTS/DIV 
switch. 

DC BAL Screwdriver adjustment.  Per- 
mits the operator to adjust for 
a minimum amount of trace 
shift accompanying rotation of 
the VAR GAIN control when no 
signal is present. See Opera- 
tor's Adjustment Procedure in 
this section. 

GAIN ADJ Screwdriver adjustment. Permits 
the operator to obtain calibra- 
ted deflection factors for indi- 
vidual channels. Adjust at .02 
VOLTS/DIV with VAR GAIN at 
CAL. See Operator's Adjust- 
ment Procedure in this section. 

MODE Three position switch. Enables 
or disables presentation of nor- 
mal (NORM) or inverted (INV) 

display of applicable channel. 

POSITION Controls the vertical position of 
the applicable channel's presen- 
tation. Has no effect upon CRT 
presentation when applicable 
MODE switch is OFF. 

TRIGGER Plunger-type switch. When 
pulled out, horizontal sweeps 
are initiated in response to the 
signal present in Channel 2 
only, regardless of the position 
of Channel 2 MODE switch. 

AC-GND- Three position toggle switch. 
AC connects AC component of 
signal to the amplifier channel 
through a 0.1 wF capacitor. 
GND grounds the input to the 
applicable channel. DC connects 
all signal components directly 
to the amplifier channel. 

VOLTS/DIV Vertical deflection factor selec- 
tor. Graduated in 1, 2, 5 se- 

quence from .02 through 10 V/ 
division. 

VAR GAIN Variable gain selector. When 
fully CCW it increases the de- 
flection factor to at least 2.5 
times that indicated by the 
VOLTS/DIV — switch, enabling 
selection of any deflection fac- 

CAL Screwdriver adjustment. Synch- 
ronously adjusts the gain of all 
4 amplifier channels. Permits 
compensating for CRT deflec- 
tion sensitivity differences when 
the 3A74 is moved from one 
oscilloscope to another. 

CHOP-ALT Toggle switch. Selects method 
of switching between traces. In 
CHOP position, small segments 
of the traces selected by the 
MODE switches are sequentially 
presented. Switching frequency 
is sufficiently high for the com- 
posite of each channel's seg- 
ments to appear as a contin- 
vous trace at sweep rates of 
approximately 0.2 ms / division 
and slower (higher time/div 
ratio) during 4 channel opera- 
tion. The CHOP position should 
be selected during multi-chan- 
nel operation of the Engine 
Analyzer System. In ALT posi- 
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tion, sequential switching to the 
next “on” 
end of each sweep. During four 
channel operation, the display 
appears to be four simultane- 
ously occurring traces at sweep 

rates of 2 ms/division and faster. 

(lower time/division ratio}. 

channel occurs at the 

Securing Knob 

removal 

Fastens unit in place in Oscillo- 
scope compartment. Unscrew to 
counterclockwise 

or insertion; 

after insertion to provide re- 
liable plug connections. 

before 

tighten 
limit 

Operating Instructions—Engine Analyzer System 

position accepts in- 
puts from the Rota- 

horizontal sweep 
rates for conventional 

2B67 Engine Analyzer Time Base (See Fig. 2-4) 

ROTATIONAL FUNC- 
Control TION GENERATOR | Sweep Operation 

Operation 

POSITION | No effect Controls the horizon- 
(left) tal position of the 

display. 

MODE NORM provides a} NORM permits the 
continuously unblank- | CRT to be unblanked 
ed CRT display; traces | as each sweep is gen- 
caused by successive | erated, with blanking 
rotational functions | occurring during re- 
are superimposed. trace. SINGLE SWP 
SINGLE SWP position | permits generation of 

permits unblanking of | one sweep. after 
the CRT for display |} READY lamp has 
of functions occurring | been lighted. RESET 
during 340 or 720 de- | position arms the cir- 
grees of rotation, as se-+| cuit and lights the 
lected by the SINGLE | READY lamp. Switch 
SWP DISPLAY switch. | is spring loaded to 
RESET position “arms” | return to SINGLE 
the circuit, permitting | SWP position from 
it to unblank the CRT | RESET. 
upon receipt of the 
next negative - going 

triggering signal from 
the Rotational Func- 
tion Generator; RE- 

SET position is spring- 
loaded to return the 
switch to SINGLE 
SWP position when 
released; READY 
lamp is on whenever 
circuit is armed. 

READY Indicates that the cir- | Indicates that the cir- 
cuit is ready to dis- | cuit is ready to dis- 
play 360 or 720 de- | play a single sweep 
grees of rotational | upon receipt of the 
functions upon receipt | next triggering  sig- 

of the next trigger- | nal. Light goes out 
ing signal. Light goes | after completion of 
out following comple- | sweep. 
tion of indicated ro- 
tation. 

TIME/DIV ROTATIONAL FUNC- Numbered positions 

@1 

TION GENERATOR provide indicated 

tional Function Gen- |oscilloscope opera- 
erator through the |tion. (VARIABLE at 
front panel INPUT | CAL position). 
connector. 

VARIABLE | No effect Potentiometer. Permits 
the TIME/DIV factor 
to be increased by at 
least 2.5 times the in- 
dicated value, pro- 
viding continuous hor- 
izontal deflection fac- 
tors of from 0.2 us/ 
division (with 5x 

MAG) to more than 

12.5 seconds/division. 

UNCAL No effect Lights when the VAR- 
IABLE control is not 
in CAL position. 

5X MAG_ | No effect Plunger actuated 
switch connected to 
VARIABLE shaft. Ex- 
pands the center two 
divisions of unmagni- 
fied presentation. Ef- 
fectively divides the 
indicated sweep rate 
by 5. 

CAL No effect Screwdriver adjust- 
ment. Permits opera- 
tor calibration of 
the TIME/DIV feature 
of conventional oscil- 
loscope operation. 
Compensates for dif- 
ference in CRT deflec- 
tion sensitivity when 
plug-in is used with 
different oscillo- 
scopes. See Opera- 
tor's Adjustment Pro- 
cedure in this section. 

STABILITY | Screwdriver adjust- | Same as ROTATION- 
ment. Adjusts for | AL FUNCTION GEN- 
proper sensitivity to {ERATOR operation. 
triggering signals dur- 
ing all except FREE 
RUN Triggering oper- 
ation. 
See Operator's Ad- 
justment Procedure in 
this section. 

TRIGGERING 
LEVEL Set at AUTO during |Combination of 

2B67 NORM opera- 
tion; set at 0 or at de- 
sired triggering point 
during SINGLE SWP 
operation. 

switches and _ poten- 
tiometer. AUTO po- 
sition provides trig- 
gers at a 50Hz rate 
to initiate horizontal 
sweeps; either inter- 
nal or external  sig- 
nals of higher fre- 
quency will override 
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“SINGLE SWP 

Fig. 2-4. 2B67 Engine Analyzer Time Base. 
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| Control 
ROTATIONAL FUNC- 
TION GENERATOR Sweep Operation 

| triggering 

AUTO operation. 
FREE RUN permits 
continuous genera- 

tion of sweeps, inde- 
pendent of triggers; 
FREE RUN does not 
permit presentation of 
a stable triggered 
display, but provides 
a relatively constant 
brightness baseline in- 
dependent of sweep 
rate. The area be- 
tween AUTO and 
FREE RUN _ permits 
manual triggering 
level selection; in con- 

junction with SLOPE 
it permits trigger ac- 
tion to occur at vari- 
ous points on the 
triggering waveform. 
If repetitive signals of 
different amplitude 
are present, manual 

can be 
used to trigger from 
only the larger sig- 
nals to provide a 
stable, triggered dis- 
play. 

SLOPE 

Operation 

Two position slide 
switch. Determines 
whether the positive- 
going (+) or nega- 
tive-going (—) slope 
of the triggering 
waveform will cause 
CRT unblanking to 
occur. (—) SLOPE 
should be used dur- 
ing SINGLE SWP 
operation when the 
CRANK signal is se- 
lected. Either position 
can be used _ in 
NORM operation 
with no apparent dif- 
ference. 

Determines whether 
the positive-going or 
negative-going slope 
of the triggering 
waveform will initiate 
the horizontal sweep, 
thereby determining 
which slope will be 
displayed immediate- 
ly after the sweep 
starts. In conjunction 
with LEVEL, it permits 
triggering action to 
occur at various 
points on the trig- 
gering waveforms. 

SOURCE Three position slide 
switch which selects 
source of signal to be 
used to generate trig- 
gers. EXT position 

recommended for 
ROTATIONAL FUNC- 
TION GENERATOR 
operation. It internal- 
ly couples the PIS- 
TON or CRANK sig- 
nal from the Func- 

INT selects a trigger- 
ing signal from the 
vertical amplifier cir- 
cuit; LINE selects the 

AC supply waveform; 
EXT permits trigger- 
ing from the PISTON 
or CRANK waveform 
if the Rotational Func- 
tion Generator is con- 

nected, and permits 
triggering from sig- 

tion Generator to the 

triggering circuit. 
nals applied to the 
EXT Input connector. 

EXT Input BNC connector| Same as Rotational 

Connector through which exter- | FUNCTION GENERA- 
nal triggering signals| TOR operation. 
can be accepted any 
time the (TRIGGER- 

ING) SOURCE switch 
is at EXT. 

ROTATIONAL 
FUNCTION 
POSITION |Potentiometer which} No effect 

controls horizontal 
position of display. 

PISTON Two-position toggle} Selects PISTON or 
(VOLUME)- | switch. Selects type | CRANK signal for in- 
CRANK of Rotational Function | ternal application to 
(ANGLE) Generator waveform| EXT (TRIGGERING) 

for horizontal deflec- | line whenever ROTA- 
tion. PISTON accepts | TIONAL FUNCTION 
an approximate sine | GENERATOR is con- 
wave (for pressure} nected to 2B67. 
versus volume dis- 
play) and CRANK ac- 
cepts a linear saw- 
tooth ramp (for pres- 
sure versus crank 
angle display). 

WIDTH Potentiometer. Permits | Controls amplitude of 
adjustment of hori-| PISTON or CRANK 
zontal size of display.| signal being applied 
Display expands and | to EXT (TRIGGERING) 
contracts around | line. 
graticule center verti- 

cal line. 

MARKERS | Push-pull switch con- | Same as ROTATION- 
PULL nected to WIDTH| AL FUNCTION GEN- 

knob shaft. Internally | ERATOR operation. 
couples angle mark- 
ers from the (ROTA- 

TIONAL FUNCTION) 
INPUT connector into 
the vertical amplifier. 
3A74. Channel 2 
MODE switch must 
be at NORM or IN- 
VERT to permit dis- 
play of markers. 

INPUT Six-connector jack| Same as ROTATION- 
which supplies power 
to and accepts signals 
from the Rotational 
Function Generator. 
Signals can also be 
accepted directly into 
terminal A or B (de- 

pending upon  PIS- 
TON-CRANK © switch 
position) to provide 
horizontal deflection 
while the TIME/DIV 
switch is in ROTA- 
TIONAL FUNCTION 
GENERATOR position. 

AL FUNCTION GEN- 
ERATOR operation. 
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Fig. 2-5. Carrying Case and Standard Accessories. 
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ROTATIONAL FUNC- 
TION GENERATOR 

Operation 

SINGLE SWP | Two-position slide | No effect 
DISPLAY switch. Effective when 

MODE switch is at 
SINGLE SWP. Selects 
amount of rotation 
during which a dis- 
play is presented. 
Normally, 360 de- 
grees for compressors 
and two-cycle engines 
and 720 degrees for 
four-cycle engines. 

Securing Fastens unit in place in Oscilloscope Compart- 

Knob ment. Unscrew to counterclockwise limit be- 
fore removal or insertion; tighten after inser- 
tion to provide reliable plug connections. 

Control Sweep Operation 

Carrying Case and Standard Accessories 

The Carrying Case is shown in Fig. 2-5. Spaces 1 through 
14 in the case are designed to hold the following standard 
Accessories: 

1. Rotational Function Generator (with or without the 
Adapter Plate which is a standard accessory) 

Extension Shaft (2 ea) (part of extension shaft kit} 

. Shaft Coupling (2 ea) (part of extension shaft kit) 

Friction Drive Adapter (part of extension shaft kit) 

Cable, 50 foot, BNC-BNC (3 ea) 

. Cable, 20 foot, BNC-BNC 

N
X
 

m
R
 

W
N
 

nectors for use with Rotational Function Generator 

8. Magnetic Transducer 

9. Charge Amplifier Calibrator 

10. Vibration Transducer 

11. Pressure Transducer; equipped with cooling adapter 

12. Snap-on Clips; for identifying cable ends 

13. Cable, 18 inch, BNC-BNC 

Spaces 15, 16 and 17 are designed to hold a timing light, 
planimeter and Polaroid ® film packs, respectively. 

Most of the Standard Accessories were discussed in the 

block diagram description. Additional information regarding 
them is contained on the following pages. Pictures of the 
Standard Accessories can be found in the Accessories infor- 
mation near the rear of this manual. 

Rotational Function Generator. The following features 

are found on the exterior of the Rotational Function Genera- 

tor. Their locations are indicated in Fig. 2-6. 

Operating Instructions—Engine Analyzer System 

ROTATION DIRECTION 
Switch 

Alignment Lock. Screw 

Dial Clamping Nut_ 

Angular Reference Dial 

. Cable, 20 foot, equipped with two 6-terminal con- 

Fig. 2-6. Rotational Function Generator. 

ROTATION 
DIRECTION 

Electrically inverts the slope of the saw- 
tooth output from the Function Generator. 
When set to agree with direction of engine 
rotation, it provides a positive-going ramp, 

permitting the CRT display to progress 
from left to right. 

Alignment 
Lock Screw 

Located on the base assembly. Clamps 
the body to the base. Loosening it permits 
the body to be rotated for aligning the 
Function Generator with the crankshaft 
reference position. See Operator's Adjust- 
ment Procedure in this section. 

Angular 360 degree dial, graduated in degrees. 
Reference Indicates zero position of rotational func- 
Dial tions with respect to a preset reference. 

Dial can be rotated independently when 
Dial Clamping Nut is loose; dial rotates 
with Generator body when Dial Clamping 
Nut is tight. See Operator's Adjustment 
Procedure in this section. 

Dial Clamping Releases Angular Reference Dial for align- 
Nut ing purposes. See Operator's Adjustment 

Procedure in this section. 

Extension Shaft, Coupling and Friction Drive Pad. 
These components enable the operator to couple the Rota- 
tional Function Generator to the crankshaft of the equip- 
ment under test. It can be coupled directly if the drive shaft 
is equipped with a 44-inch take-off shaft, or it can be coupled 
by applying the Friction Drive Adapter against a detent in 

the center of the drive shaft. The extension shafts permit 
locating the Rotational Function Generator at any of three 
distances from the take-off point. 

Cables. Three 50 foot low-noise cables and one 20 foot 
low-noise cable are provided, equipped with BNC connec- 
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tors on both ends. These cables are interchangeable and 
any three can be used at a given time to couple signals 
from the three transducers to the 3A74. 

The cables are apt fo become tangled, twisted and mixed 

up because of their length and the number of cables in- 

volved. This is inconvenient and can cause damage to the 

cables. Observing the following will minimize this problem. 

Snap matching colored clips (standard accessories) to op- 

posite ends of each cable to facilitate identification. 

“Fake” the cables when coiling them to avoid introducing 
twists which are usually associated with coiling. See Fig. 2-7 
for an explanation of ‘“‘faking.” 

(TS 
v 

Clockwise twist of cable accom- 
panies first turn 

Counterclockwise twist ac- 

companies next turn 

Continue to reverse di- 

rection of twists for suc- 

cessive turns; twists can- 

cel each other when 

cable is uncoiled 

Fig. 2-7. Coiling a cable by using the faking method. 
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Fasten the coiled cable at two or three places (preferably 
near the end connectors) before laying it down. 

If repairs must be made to the cables, consult the Main- 
tenance section for pertinent information. 

Transducers. These units are ruggedly built and simple 
to operate. However, they should not be dropped or other- 
wise exposed to unnecessary shocks. The pressure trans- 
ducer contains a piezoelectric crystal which could be dam- 
aged by excessive heat. It is equipped with a cooling adap- 
ter. A stream of pressurized air should be applied to the 
cooling adapter whenever the transducer is attached to an 
operating engine. Approximately 30 to 50 PSI available at 
the input of a '%4-inch hose should provide adequate cooling. 
The vibration transducer also contains a piezoelectric crystal 
but is not equipped with any cooling devices. It is not 
expected that it will be attached to surfaces which will raise 
its temperature above 300° F. 

NOTE 

The pressure transducer is screwed into the cool- 
ing adapter, and a gasket is installed between 

them. If they are separated for any reason, make 
' certain that the gasket is installed properly on the 

transducer’s flanged surface before fastening them 

together. A pressure leak may otherwise occur. 

Charge Amplifier Calibrator. This permits gain calibra- 
tion of the Charge Amplifier (3A74 Channel 1). It is con- 
nected between the Calibrator on the Oscilloscope and the 
Channel 1 PRESSURE TRANSDUCER Input connector, using 
an 18 inch BNC-BNC cable (standard accessory). The Charge 
Amplifier Calibrator is not required for. calibrating Channels 
2, 3 and 4. See the Operator's Adjustment Procedure later 
in this section for complete details. 

FIRST TIME OPERATION OF OSCILLOSCOPE, 
3A74, 2B67 AND ROTATIONAL FUNCTION 

GENERATOR 

Power Source 

The oscilloscopes which can be used with the Engine 
Analyzer System operate from power supplies of 50 to 400 
Hz whose voltages are either between 105 and 125 volts 
(117 V nominal) or between 210 and 250 volts (234 V nominal}, 

depending upon the transformer wiring and fuse size. Un- 
less otherwise requested, they are wired at the factory for 
117V operation. They must be rewired as shown in the 
applicable oscilloscope manual if they are to be used with 
234-volt supplies. 

Oscilloscope and Plug-In Setup 

Insert the 3A74 Engine Analyzer (hereafter called 3A74) 
"into the left compartment (viewer's left) of the Oscilloscope, 

and the 2B67 Engine Analyzer Time Base (hereafter called 
2B67) into the right compartment of the Oscilloscope. Rotate 
the plug-in securing knobs counterclockwise, fuily insert the 
units, and then turn the securing knobs clockwise until they 
are moderately tight. 



Set the Oscilloscope and Plug-In controls as follows: 

FOCUS 

INTENSITY 

CALIBRATOR 

Oscilloscope 

CRT CATHODE 
SELECTOR (Rear of 

Oscilloscope) 

DISPLAY 
(564-Series 
Oscilloscopes) 

Channel 1 

Channels 

2,3 and 4 

TRIGGER 

CHC’-ALT 

POSITION 

MODE 

TIME/DIV 

VARIABLE 

5X MAG 

TRIGGERING 

LEVEL 

SLOPE 

SOURCE 

ROTATIONAL FUNCTION 

POSITION 

3A74 

PSI/DIV 

RESTORE 
TIME 

MODE 

POSITION 

AC-GND- 
DC 

VOLTS/ 
DIV 

VAR 
GAIN 

MODE 

POSITION 

2B67 

PISTON-CRANK 

WIDTH 

Midrange 

Fully CCW 

OFF 

CHOPPED BLANKING 
(DUAL TRACE, if so 
named} 

NON-STORE 

10 

SHORT 

OFF 

Midrange 

GND — 

2 

Detented at CAL 

OFF 

Midrange 

Pushed in 

CHOP 

Midrange 

NORM 

5ms if the oscilloscope 
has a line frequency CALI- 
BRATOR signal. (.2 ms if 
the oscilloscope has a 
1 kHz CALIBRATOR §sig- 
nal.) 

CALIBRATED (Fully CW) 

IN 

AUTO 

INT 

Midrange 

CRANK 

Fully CCW 

Operating Instructions—Engine Analyzer System 

MARKERS In 

SINGLE SWP. DISPLAY 360° 

Connect the Oscilloscope power cord fo an appropriate 
power source and turn the Oscilloscope POWER switch ON. 
Permit the equipment fo warm up while the remaining equip- 
ment is being set up. (The Oscilloscope and plug-in units 
are ready for routine operation approximately 30 seconds 
after turn-on. The system will operate within its specified 
accuracy limits after 20 minutes of warmup.) 

Operating the CRT Controls 

Turn the INTENSITY control clockwise until a horizontal 
trace is visible on the CRT. If none appears, recheck the 
control setup. 

Adjust the FOCUS control to obtain the sharpest appear- 
ing trace. 

Turn the SCALE ILLUM knob fully clockwise and note the 
brightness of the graticule lines. Turn the knob counter- 
clockwise until the desired graticule line brightness is 
obtained. 

Operating the 3A74 Controls 

Channel 2, 3 and 4 Operation. Rotate the Channel 2 
POSITION control and note that it has no effect upon trace 
position. Move the Channel 2 MODE switch to NORM and 
note that the Channel 2 POSITION control now affects 
the trace position. A channel's MODE switch must be at 
either NORM or INV before its POSITION control can 
affect trace position. 

Connect the 18 inch coaxial cable (standard accessory) 
between the Oscilloscope CAL OUT jack and the Channel 
2 Input connector. Set the CALIBRATOR to .2 VOLTS (.4V 
on oscilloscopes equipped with 1 kHz CALIBRATOR signals). 

Switch the Channel 2 AC-GND-DC switch to DC and note 
that a square-wave display appears. If the Oscilloscope is 
equipped with an ASTIGMATISM knob, rotate the knob 
while noting the sharpness of the square wave vertical lines. 
Alternately adjust the ASTIGMATISM control for optimum 
sharpness of the vertical lines, and the FOCUS control for 
optimum sharpness of the horizontal lines, until the best 
overall focusing is obtained. 

Measure (in divisions) the display amplitude. Multiply 
by the VOLTS/DIV switch setting to determine the signal 
amplitude represented by the display. (0.2 or 0.4V) Note 
that the DC level of the square wave is being displayed at all 
times. The calibrator is referenced to 0 (the trace position 
with the AC-GND-DC switch at GND), and deflects in a 

positive direction by an amount determined by the Oscillo- 
scope Calibrator setting. 

Switch the AC-GND-DC control to AC. The DC compon- 
ent of the signal is now blocked and the display will shift 
until the average level of the AC signal straddles the trace 
reference position. Only the signal's AC component now 
can be measured. Return the AC-GND-DC control to DC. 
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Rotate the VOLTS/DIV knob clockwise one position and 
note that the display amplitude increases. Rotate the VAR 
GAIN knob counterclockwise out of its detent and note 
that the display amplitude decreases. Continue rotating the 
knob counterclockwise until the knob is again detented and 
the display returns to its calibrated amplitude. The VAR 
GAIN control can reduce the display amplitude to 40% or 
less of its calibrated amplitude, thus providing uncalibrated 
deflection factors of as much as 21/, times the value indi- 

cated by the VOLTS/DIV switch. 

Switch the Channel 2 MODE switch to INV and note that 
no change appears to occur in the polarity of the symmetri- 
cal display. This is because the positive-going edge of the 
signal occurring at the CRT deflection plate is being sent to 
the 2B67 triggering circuitry to initiate sweeps, even though 
the display is now deflecting upward in response to nega- 
tive-going input signals. 

Place the 3A74 TRIGGER—-CH 2 ONLY switch in its out 
position. Note that the display now starts with a negative- 
going signal. (The triggering circuit is now receiving its 
signal from the input to the Channel 2 circuit, before it is 
inverted. The 2B67 triggering circuitry starts a sweep during 
a positive-going portion of the input signal. Channel 2 
inverts the signal and presents it as a negative-going signal 
at the beginning of the sweep.) Leave the TRIGGERING 
switch in its out position. 

Switch the Channel 2 MODE switch to NORM, and note 
that the signal now is going positive at the beginning of the 
sweep, since no inversion is being applied to the displayed 
signal. 

Disconnect the 18 inch cable from the Channel 2 Input 
connector. Connect a patch cord (Oscilloscope standard 
accessory) between the Channel 2 and 3 Input connectors. 
Connect the 18 inch cable to the patch cord at the Channel 
2 Input connector. 

Switch the Channel 3 MODE switch to NORM, and adjust 
the Channel 2 and 3 POSITION controls to set the traces 

apart. 

Place the Channel 2 AC-GND-DC switch at DC. Note that 
a square wave appears on the Channel 3 trace. Push the 
3A74 TRIGGER knob in and note that the displays become 
unstable. This occurs because of interference from the chan- 
nel-switching transients which exist in multiple-channel 
CHOP operation. 

Switch the CHOP-ALT control to ALT and note that the 
displays stabilize. Return the CHOP-ALT control to CHOP. 

Place the 3A74 TRIGGER knob in its out position. Note 
that the display again stabilizes. This occurs because the 
CH 2 ONLY trigger signal is picked off at the input to the 
Channel 2 amplifier, before the switching transients are 
introduced. 

Switch the Channel 2 AC-GND-DC control to GND and 
note that the Channel 2 square wave disappears, although 
the trace remains. Also note that the Channel 3 display 
becomes unstable. This occurs because the Channel 2 sig- 

nal has been removed from the 2B67 triggering circuitry, 
and CH 2 ONLY triggering is still being selected at the 
SAZA4. 
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Return the Channel 2 AC-GND-DC control to DC, then 

switch the Channel 2 MODE switch OFF. Note that the 
Channel 2 square wave and trace disappear from the CRT, 
but also note that the Channel 3 display remains stable. 
Although the Channel 2 signal has been blocked from the 
CRT, it is still present in the Channel 2 amplifier circuit and 
is being applied to the 2B67 triggering circuitry. 

Switch the Channel 2 MODE switch to NORM, and the 

Channel 3 MODE switch to OFF. Switch the Channel 3 AC- 
GND-DC switch to GND position. 

Channel 4 operation is identical to that of Channel 3. 

Channel 1 Operation. Attach the Charge Amplifier Cali- 
brator (standard accessory) to the Channel 1] PRESSURE 
TRANSDUCER Input connector. Remove the patch cord from 
the Channel 3 Input connector and attach it to the Charge 
Amplifier Calibrator which is connected to the Channel 1 
Input connector. 

NOTE 

Do not connect the Oscilloscope CAL OUT signal 
directly to the Channel 1 Input connector. The 
circuit requires a capacitive input and the Oscil- 
loscope CALIBRATOR output is essentially resistive. 

Switch the Channel 1 MODE switch to NORM and note 
that its display appears on the CRT. Adjust the Channel 1 
and 2 POSITION controls to separate the displays. 

Switch the Channel 1 PSI/DIV knob to 20 and note that 
the display amplitude decreases. Switch to 5 and note that 
the display amplitude increases. The PSI/DIV switch per- 
forms the same function as the Channel 2, 3 and 4 VOLTS/ 
DIV switches, increasing circuit sensitivity (lower PSI/DIV) 
as the knob is switched clockwise, and decreasing circuit 
sensitivity (higher (PSI/DIV) as the knob is switched counter- 
clockwise. 

Push the Channel 1 ZERO button and note that the display 
disappears, and that the trace moves to its quiescent refer- 
ence position. Release the button and note that the square 
wave instantly appears either above or below the quiescent 
trace position. (The direction is dependent upon the signal 
polarity which exists at the instant the button is released.) 
The square wave then rapidly shifts until it straddles the 
quiescent trace position. 

Switch the RESTORE TIME knob to LONG. Again push and 
release the ZERO button, noting that a considerably longer 
time is required (10 times as long) for the square wave to 
settle after the button is released. This rate of shift reflects 
the amplifier's ability to follow average signal values. LONG 
operation is recommended during operation with engines 
of 600 RPM and below where pressure measurement ac- 
curacy is critical. 

Operating the 2B67 Controls 

Rotate the left POSITION control and note that the dis- 
play can be shifted so that either end can be placed at the 
center vertical graticule line. 

Measure (in divisions) the horizontal spread of 1 cycle of the 

displayed square wave. Multiply the number of divisions 
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by the TIME/DIV setting to determine the time required 
(period) for 1 cycle. Find the reciprocal of the time to deter- 
mine the frequency of the applied CALIBRATOR signal. 
(Either line frequency or 1 kHz, depending upon the type of 
oscilloscope.) 

Rotate the TIME/DIV control clockwise and note that 

the horizontal spread of each cycle increases. Switch the 
TIME/DIV control to 5 ps and note that the chopped segments 
of each trace are visible. (Readjust the CRT intensity control 
as necessary. It may also be necessary to adjust the LEVEL 
control to synchronize to the segments so that they can be 
seen.) 

At the 3A74, switch the CHOP-ALT control to ALT. Note 
that the displays seem to be presented simultaneously. 
(Readjust the INTENSITY and LEVEL controls if necessary.) 

Switch the 2B67 TIME/DIV control to 20ms. Return the 
LEVEL control to AUTO, if its position has been disturbed. 
Note that the trace alternates between channels. Switch 
the 3A74 CHOP-ALT switch to CHOP and note that the 
displays again seem to be presented simultaneously. 

lf the Oscilloscope has a 1 kHz calibrator, switch the 
TIME/DIV control to 1 ms. Rotate the (TIME/DIV) VARIABLE 

control counterclockwise, noting that the UNCAL lamp 
comes on and that the horizontal spread of each square 
wave decreases. With the VARIABLE control fully counter- 
clockwise, the horizontal spread will decrease to 40% or 

less of its previous amount. This indicates a VARIABLE range 
of at least 2.5 times the calibrated sweep rate selected by 
the TIME/DIV control. 

Return the VARIABLE control to CAL and note that the 
UNCAL lamp goes out. Using the 2B67 left POSITION 
control, place the left edge of the display exactly at the 
center vertical graticule line. Note the amount of horizontal 
spread of the first square wave. Now pull out on the TIME/ 
DIV) VARIABLE knob, closing the 5X MAG switch. Note 
that the left edge of the display remains near graticule 
center, but the horizontal spread of the square wave in- 
creases to five times its previous value. Compute the period 
and frequency. This is done in the same manner as before, 

- except that the TIME/DIV indicated by the TIME/DIV control 
must be divided by 5 to compensate for the effect of the 
5X MAG switch. The results should be the same as before. 
(Either line frequency or 1 kHz, depending upon the type 
of oscilloscope in use.) 

Push the (TIME/DIV) VARIABLE knob in, and position the 
trace to start at the first graticule line at the left side of the 
CRT. Switch the TIME/DIV control back it its original position 
(5ms or .2ms, depending upon the oscilloscope in use). 

Rotate the (TRIGGERING) LEVEL knob slowly clockwise 
noting that the display first disappears, and then reappears 
as the knob moves through certain positions. The setting 
of the knob will determine the voltage level of the wave- 
form at which triggering will occur. When the knob reaches 
the FREE RUN detent, an unstable display will appear, since 
the sweep will no longer be triggered by the displayed 
signals. 

Move the (TRIGGERING) SLOPE switch to the — position, 

and slowly return the LEVEL control from FREE RUN to AUTO. 
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Note that the LEVEL Control again selects the signal voltage 
level at which triggering occurs, but that this time it selects 
the voltage level on the negative slope, as indicated by the 
SLOPE control. Return the SLOPE switch to ++. 

An illustration of various triggering setups and their effects 
is given in Fig. 2-8. A sine wave signal from an AC power 
source was used so that the changing triggering levels could 
be shown. 

Move the (TRIGGERING) SOURCE switch to EXT and note 

that the trace becomes unstable. Remove the patch cord 
from the Charge Amplifier Calibrator at Channel 1, and 
attach it to the 2B67 (TRIGGERING) EXT Input connector. 

The Channel 2 display will again stabilize. If the Rotational 
Function Generator is connected to the 2B67, either the 

CRANK (sawtooth) or PISTON (sine wave) signal is internally 
applied to the EXT TRIG circuit whenever the Generator 
shaft is rotating. 
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Return the (TRIGGERING) SOURCE switch to INT and move 

the patch cord back to the Calibration Adapter at Channel 
1. 

Single Sweep Operation. Move the LEVEL control awoy 
from AUTO position and select a triggering level that pro- 
vides a stable display. 

Move the MODE switch to SINGLE SWP and note that 
the trace disappears. Now move the MODE switch to RESET. 
The beam will sweep across the CRT one time as the switch 
is returned to the SINGLE SWP position. 

Move the 3A74 CHOP-ALT switch to ALT and again place 
the SINGLE SWP control at RESET. Note that only one 
channel's trace is presented as the switch is returned to the 
SINGLE SWP position. Reset the sweep several times and 
note that the channel traces are alternately presented. If 
three or four channel MODE switches are on during ALT 
operation, the single sweep displays will progress through 
all of the selected channels and then repeat. CHOP opera- 
tion is therefore more practical for multi-channel SINGLE 
SWP operation at all except the highest sweep rates. 

Return the CHOP-ALT switch to CHOP. Turn the Oscillo- 
scope CALIBRATOR switch off. Momentarily place the 2B67 
MODE switch at RESET and allow it to return to SINGLE 
SWP. Note that no trace is generated and that the READY 
light remains on. Return the Oscilloscope CALIBRATOR con- 
trol to its previous setting, and notice that a single sweep 
is generated when the output of the CALIBRATOR reaches 
a level high enough to cause triggering action. 

Return the 2B67 MODE switch to NORM and the LEVEL 
control to AUTO. 

Operation with TIME/DIV Switch at ROTATIONAL 
FUNCTION GENERATOR Position. Up to this point, an inter- 
nally generated sweep voltage was used to obtain a horizon- 
tal base line on which to display the vertical signal(s). When 
the TIME/DIV switch is placed at the ROTATIONAL FUNC- 
TION GENERATOR position, all of the above information 
remains applicable except as follows: the 2B67 left POSI- 
TION control, the (TIME/DIV) VARIABLE control and the 

5% MAG control are disabled; internai sweep voltages are 
no longer generated to provide a horizontal base line; 
a signal can be inserted through the ROTATIONAL FUNC- 
TION INPUT connector to provide a horizontal base line 
on the CRT. 

Turn the Oscilloscope CALIBRATOR off, and disconnect 
the 18 inch coaxial cable and the patch cord from the equip- 
ment. 

Connect the Rotational Function Generator to the 2B67 
(ROTATIONAL FUNCTION} INPUT connector, using the 50 
foot cable which is supplied as a standard accessory. (The 
Function Generator need not be connected to a prime mover 
to perform this part of the First Time Operation.) 

Switch the TIME/DIV switch to ROTATIONAL FUNCTION 
GENERATOR position. Note that the ten-division traces 
are replaced by two-division traces, caused by the standby 
trace signal. These traces will respond to the 3A74 POSI- 
TION controls, just as they did during timed sweep opera- 
tion. 
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CAUTION 

When performing the following step, do not allow 

focused stationary dots to exist on the CRT for more 
than a few seconds. They can cause burn spots on 

the CRT phosphor in very short periods of time. The 

CRT INTENSITY should be turned to minimum 

(CCW) prior to removing the Rotational Function 
Generator cable whenever the TIME/DIV switch is 

at the ROTATIONAL FUNCTION GENERATOR posi- 
tion, 

Turn the CRT FOCUS control fully clockwise. 

Momentarily disconnect the Rotational Function Generator 
cable from the 2B67 INPUT connector. Note that the standby 
traces are replaced by dots. Immediately replace the cable, 
since the dots can damage the CRT phosphor if allowed to 
remain in one place very long. Re-focus the display. 

Switch the 3A74 Channel 1, 3 and 4 MODE switches OFF. 
Readjust the INTENSITY control if necessary. 

Rotate the shaft of the Rotational Function Generator by 

hand. Note that while the shaft is rotating (and the WIDTH 
control is fully counterclockwise) a trace of between 2 and 
5 horizontal divisions exists. It moves relatively slowly across 
the CRT in one direction and returns rapidly to the starting 
point. 

Switch the ROTATION DIRECTION switch (back of Rota- 
tional Function Generator) to its opposite position. Again 
rotate the shaft in the same direction as before and note 
that the direction of slow movement has been reversed. 
During actual operation, the switch is normally set so that 
the trace’s slow movement is from left to right as viewed 
by the observer, regardless of the direction of engine rotation. 

Adjust the 2B67 right POSITION knob while rotating the 
Function Generator shaft until the display is centered on 
the CRT. Note that when the Function Generator shaft stops 

rotating, the standby trace may appear at various places 
on the CRT. The location is dependent upon the shaft posi- 
tion after it stops rotating. 

Rotate the WIDTH control fully clockwise. Note that now 
when the shaft is stopped, its position may cause the standby 
trace to be out of the viewing area. 

Return the WIDTH control to its fully counterclockwise 
position. Then pull out out on the WIDTH knob, connecting 
the marker signals from the Function Generator to the 3A74 
Channel 2 circuitry. 

Again rotate the Function Generator shaft and note that 
marker signals appear while the shaft is rotating. The ampli- 
tude of these markers can be changed by the Channel 2 VAR 
GAIN control, but is not affected by the VOLTS/DIV control. 

Turn the WIDTH control clockwise while rotating the 

Function Generator shaft. Notice that the trace expands in 
both directions away from the center. Set the width control 
so that approximately 10 divisions of trace appear. The 
markers can then be seen clearly enough to notice the three 
types. Thirty-six markers exist, with the 10, 60 and 360 degree 
markers being distinctive. (Thirty-five of the markers appear 
on the trace and one appears on the retrace line.) See Fig. 
2-9(A). 
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Fig. 2-9. Marker signals. 

When the Function Generator is being driven by a prime 
mover, the center of the wide pedestal indicates the point 
on the trace at which the reference function occurs (normally 
top-dead-center of the reference piston). The 10 and 60 
degree markers permit determination of the point on the 
waveform at which related functions occur (ignition, valve 
action, top-dead-center of pistons other than the one being 
referenced to, etc.). 

Note that the signal causing the horizontal deflection is 
indicative of the shaft’s angular position, and that it displays 
the angular position as a linear function. This is possible be- 
cause the Function Generator CRANK output is a linear saw- 
tooth whose amplitude is proportional to shaft position. The 
spacings between the 10 degree markers are therefore 
equal. It may also be noticed that approximately 10 degrees 
of rotation are required to cause the beam to retrace from 
one side of the CRT to the other. The beam is positioned in 
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the middle of the CRT when the piston to which the Function 
Generator is aligned is at its top-dead-center position. This 
is illustrated in Fig. 2-9A. 

Switch the 2B67 PISTON-CRANK switch to PISTON. Again 
_rotate the Function Generator shaft. This time notice that 

the left-right and right-left motion of the beam occurs at 
rates equal to each other, providing that the speeds of 
rotation are equal. Also note that the trace movement is 
more rapid near the center of the trace than near the ends. 
This point is emphasized by the difference in marker spacings. 
See Fig. 2-9(B). These actions occur because of Function 
Generator PISTON output is an approximate. sine wave 

- whose angular value is dependent upon the Function Gen- 
erator shaft position. When the center of the broad marker 
is aligned with the top-dead-center of a piston, the extreme 
left side of the waveform represents top-dead-center. Piston 
bottoming is then coincident with the beam being at the 
right of the CRT. 

Set the 2B67 MODE switch to SINGLE SWP, the (TRIG- 
GERING) SOURCE switch to EXT, and set the (TRIGGER- 

ING) LEVEL control to 0. Check that the SINGLE SWP DIS- 
PLAY switch is at 360°. Start rotating the Function Generator 
shaft slowly. Keep it rotating for the rest of this procedure, 
simulating engine drive. Place the MODE switch to RESET 
and hold it there. The trace should disappear and the 
ready light should go on. Permit the MODE switch to re- 
turn to SINGLE SWP. If the LEVEL control is in a position 
to permit triggering, the trace will go back and forth across 
the CRT one time and then blank out. If no trace appears, 
slowly move the (TRIGGERING) LEVEL control until the 

sweep occurs. Leave the level control in this position. Again 
reset the MODE switch and notice that the trace occurs as 
the MODE switch is returning to the SINGLE SWP position. 

Move the 360°-720° switch to 720°. Reset the single 
sweep circuit and notice that the trace make two trips back 
and forth across the CRT when the Mode switch is permitted 
to return to the SINGLE SWP position. Two complete revolu- 
tions of the FUNCTION GENERATOR shaft occur during the 
time the trace is unblanked. 

Switch the PISTON-CRANK switch to CRANK, permitting 
the sawtooth from the Function Generator to control the 
horizontal deflection and unblanking. Set the Rotation 
Position switch (rear of Function Generator) to the direction 
of shaft rotation. Reset the single sweep circuit and notice 
that the CRT unblanks as the trace moves from left to right 
across the CRT. Switch the (TRIGGERING) SLOPE control to 
negative (—) and again reset the single sweep circuit. Note 
that now the CRT unblanks during the rapid right-to-left 
movement: of the trace. (Reset the LEVEL control, if neces- 
sary.) The negative SLOPE is preferred for triggering when- 
ever the CRANK signal has been selected during SINGLE 
SWP ROTATIONAL FUNCTION GENERATOR operation. 

It may be noted that the (TRIGGERING) SLOPE and 

SOURCE knobs affect the display during timed sweep opera- 
tion and during the single sweep phase of ROTATIONAL 
FUNCTION GENERATOR operation. During the NORM 
MODE of ROTATIONAL FUNCTION GENERATOR opera- 
tion they have no effect once the trace has initially been 
unblanked. 
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TABLE 2-1 

Engine Analyzer System Control Setup Summary 

Operating Mode ROTATIONAL FUNCTION GENERATOR | Timed Sweep 

Operating Sub-Mode NORM | SINGLE SWP NORM | SINGLE SWP 

3A74 Ch 1 PSI/DIV Set for desired vertical display amplitude of pressure signal 

RESTORE TIME Above 600 RPM—SHORT; Below €00 RPM—LONG 

MODE NORM for upward display of positive-going signals; INV for downward display of positive-go- 

ing signals; OFF to remove trace from CRT. 

POSITION Set for desired vertical position of display 

Input Connector Connect to pressure transducer 

Ch 2 AC-GND-DC Set at DC to accept signals from connector; Set at AC to accept only AC or transient com- 

ponents of signal from Input connector; Does not affect RFG marker signals, which are applied 

internally. 

VOLTS/DIV Set for desired amplitude of signal accepted from Input connector after VAR GAIN has been 

set; Does not affect displayed amplitude of RFG marker signals. 

VAR GAIN Set for desired vertical display amplitude of RFG marker signals; Set at CAL to obtain calibrated 

VOLTS/DIV display amplitude of signals accepted from Input connector. 

MODE Same as Ch ] 

POSITION Same as Ch 1 

Input Connector Can be connected to any desired signal voltage source; Normally connected to the Magnetic 

Transducer (TDC sensor) 

Ch 3, 4 AC-GND-DC Set at DC to accept signals from Input connector; Set at AC to accept only AC or transient 

components of signal from Input connector. 

VOLTS/DIV Set for desired amplitude of signal accepted from Input connector 

VAR GAIN Set at CAL for calibrated VOLTS/DIV display; Set at any position to obtain desired amplitude of 

uncalibrated VOLTS/DIV display 

MODE Same as Ch ] 

POSITION Same as Ch 1] 

Input Connector Can be connected to any desired signal voltage source; Normally connected to the Ignition 

Pick-up and Vibration Transducer, respectively 

TRIGGER Not applicable Out for multi-trace opera-| Out 
tion 

CHOP-ALT CHOP CHOP CHOP for slow and in-| CHOP 
termediate sweep speeds; 
ALT for fast 

2B67 POSITION (left side) |] Not applicable Start trace at left edge of graticule during <1 mag 
operation; Set point of interest to graticule center 
prior to pulling 5 MAG out 

MODE NORM | SINGLE SWP NORM | SINGLE SWP 

TIME/DIV ROTATIONAL FUNCTION GENERATOR] Numbered position which displays area(s) of interest 

of vertical signals 

VARIABLE Not applicable Cal for calibrated TIME/DIV sweep rates; Any position 
for sweep rates slower than those indicated by the 
TIME/DIV_ switch 

5X MAG Not applicable Causes 5X expansion of center two divisions of <1 
horizontal trace 

TRIGGERING AUTO Set at 0; Slightly mod- | AUTO; Can be set to any other position to cause 

LEVEL ify setting as neces- | triggering to occur at selected point of displayed 
sary to trigger single | waveform or EXT signal (including signal selected 
sweep; Do not select | by PISTON-CRANK) 
AUTO or FREE RUN 

SLOPE Not applicable | Negative (—) Set to slope which is desired to appear at left edge 

of trace 

SOURCE Not applicable | EXT EXT to trigger from RFG sine wave or sawtooth sig- 
nal, or from signals connected to EXT (TRIGGERING) 

connector; INT to trigger on displayed signal; LINE 
to trigger from AC power supply sine wave 
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TABLE 2-1 (cont) 

ROTATIONAL 
FUNCTION 
POSITION 

play 
Set for desired horizontal position of dis- | Not applicable 

PISTON-CRANK 

indicative of crank angle 

PISTON for horizontal display indicative | Set to Function Generator signal desired for EXT trig- 
of cylinder volume; CRANK for display gering 

WIDTH Set for desired horizontal display ampli- | Set to Function Generator signal amplitude desired 
tude for EXT triggering 

MARKERS Pull out to display markers on Channel 2 trace; Ch 2 MODE switch must be at NORM or INV. 
SINGLE SWP Not applicable 360° for 2-cycle oper- | Not applicable 
DISPLAY ation; 720° for 4-cycle 

ROTATIONAL FUNCTION GENERATOR 

ROTATIONAL 
DIRECTION 

TON 

Set for left-to-right CRANK sweep; Not | Selects polarity of RFG crank signal applied to EXT 
applicable with PISTON-CRANK at PIS- | triggering line 

OPERATOR’S ADJUSTMENT PROCEDURE 
This procedure consists of adjusting the externally acces- 

sible screwdriver adjustments on the Type 3A74 and the 
2B67 as necessary to obtain operation within the limits 
specified in the Specification section of this manual. 

Initial Setup 

3A74 Engine Analyzer Amplifier 

Channel 1 PSI/DIV 5 

RESTORE SHORT 
TIME 

MODE OFF 

POSITION Midrange 

Channels AC-GND- GND 
2, 3, 4 DC 

VOLTS/DIV .02 

VARIABLE CAL 

MODE OFF 

POSITION Midrange 
TRIGGER In 

2B67 Engine Analyzer Time Base 

POSITION Midrange 

MODE NORM 

TIME/DIV Sms (.2ms_ on_ oscillo- 
scopes having a 1 kHz 
CALIBRATOR signal) 

VARIABLE CAL 

TRIGGERING 

LEVEL AUTO 

SLOPE + 

SOURCE INT 

ROTATIONAL FUNCTION 

POSITION Midrange 

PISTON-CRANK CRANK 

WIDTH CCW 

MARKERS Out 

Turn the Oscilloscope on. Adjust the INTENSITY and 
FOCUS controls until a sharp trace of desired intensity is 
obtained. 

3A74 DC BAL Adjustment 

These adjustments must be performed prior to the GAIN 
adjustments. When properly adjusted, the DC CAL control 
prevents any change in trace reference position from accom- 
panying rotation of the VAR GAIN controls. 

Channel 1 DC BAL Adjustment 

1. Set the Channel 1 MODE switch at NORM. 

2. Using the Channel 1 POSITION control, set the trace 
to graticule center. 

3. Move the Channel 1 PS!I/DIV control to 10 and check 
the trace position. If it has shifted less than 0.1 division, no 
adjustment is necessary. If it shifted more than 0.1 division, 
continue with the adjustment procedure. 

4. Adjust the Channel 1 DC BAL as necessary to return 
the trace to graticule center. 

5. Switch the PSI/DIV control back to 5. Check that less 
than 0.1 division of trace shift occurs. 

6. Repeat steps 2 through 5 until no further adjustment 
is necessary. Then turn the Channel 1 MODE switch OFF. 

Channel 2, 3 and 4 DC BAL Adjustments 

Perform the following procedure on each of the three 
channels. 

1. Place a channel MODE switch at NORM. 

2. With the POSITION control near midrange, check that 
the trace is in view. If not, adjust the DC BAL control until 
the trace is at the middle of the CRT. 
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3. Rotate the channel VAR GAIN control clockwise out 

of its detent, simultaneously checking for trace shift. If less 
than 0.1 division of trace shift occurs, return the control to 

CAL and start with step 1 at the next channel. 

4, If trace shift occurs, make note of the shifted position 
and then return the VAR GAIN control to its detent. 

5. Using the DC BAL control, move the trace to the 
shifted position. 

6. Repeat steps 3 through 5 until less than 0.1 division 
of trace shift accompanies rotation of the VAR GAIN control. 
Then return the VAR GAIN control to its detented position 
and the MODE switch to OFF. 

7. Repeat steps 1 through 6 until Channels 2, 3 and 4 are 
adjusted. 

3A74 Gain Adjustment 

NOTE 

If the 3A74 is moved from one oscilloscope to a 
different one, check the gain of Channels 2, 3 

and 4 before adjusting the gain of any one chan- 
nel. If the gain is off by an equal amount in all 

channels, adjust the CAL potentiometer at the bot- 

tom of the unit. 

General. The gain of the 3A74 is initially set at the 
factory against an accurate Amplitude Calibrator. How- 
ever, this gain is partially dependent upon the deflection 
factor associated with the vertical deflection plates of the 
CRT. This factor varies slightly between different oscillo- 
scopes. The gain of Channels 2, 3 and 4 should be checked 
each time the unit is used with a different oscilloscope. 

lf the three channels are in error by equal amounts, adjust 
only the CAL potentiometer at the bottom of the front. panel. 
This will simultaneously adjust the gain of all four channels. 
The gain of Channel 1 should then be checked and adjusted 
if necessary. If only one or two channels are in error, adjust 
only the GAIN control of each of those channels. If the 
setting of all of the GAIN controls has been indiscriminately 
disturbed, the CAL control should be set to midrange, then 

the GAIN control of all four channels should be set according 
to the following procedure. 

Channel 2, 3 and 4 Gain Adjustments 

Adjustment accuracy consideration. In this procedure, 
the vertical amplifier channels of the 3A74 are adjusted at 
the .02 VOLTS/DIV setting, using a signal from the Oscillo- 
scope’s built-in calibrator. The worst-case amplitude error 
in any switch position will not exceed the sum of the specified 
maximum percentages of deviation of the calibrator and the 
amplifier. 

For example, assume that the calibrator is accurate to 
within 3% and each channel's gain is accurate in all posi- 
tions to within 3% of the value to which the .02 VOLTS/DIV 

position is adjusted. The worst-case accuracy of the channel 
in all other switch positions will be within 6% of the value 
selected by the deflection factor switch (VOLTS/DIYV). 

This is considered sufficiently accurate for Engine Analyzer 
System operation. If higher accuracy is desired, the appli- 
cable channel can be adjusted at the setting to be used, 
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limiting the worst-case percent of error to the accuracy 
limitation of the calibrating signal source. However, if this 
method is used to calibrate any but the .02 VOLTS/DIV 
position, the remaining positions may be less accurate. 

Channels 2, 3 and 4 GAIN Adjustment Procedure 

1. Set up the equipment according to the Operator's 
Adjustment Procedure Initial Setup. 

2. Using a patch cord, connect the CALIBRATOR output 
to the Channel 2 Input connector. 

3. Set the CALIBRATOR switch to .1 V (.04V on an oscil- 
loscope having a 1 kHz calibrator). 

4. Set the Channel 2 AC-GND-DC control to DC and the 

Channel 2 MODE switch to NORM. 

5. Check for exactly 5 divisions of display amplitude 
(2 divisions on oscilloscopes equipped with a 1 kHz Calibra- 
tor). 

6. Return the MODE switch to OFF and the AC-GND-DC 

switch to GND. 

7. Repeat steps 2 through 6 at Channels 3 and 4. 

8. If all three channels are equally in error, adjust the 
CAL control for the proper display amplitude on one of 
the channels. Measure from trace center to trace center to 
avoid the effect of trace width. 

9. If the three channels are in error by different amounts, 
set the CAL control to midrange and adjust the GAIN con- 
trol at each channel until proper signal amplitudes are 
obtained. 

Ignition Voltage Measurement. The Capacitive Igni- 
tion Pickup is dependent upon capacitive action. The amount 
of voltage sensed is dependent upon the amount of source 
voltage, the mating of the clamp and cable, and the amount 
and type of insulating material between the conductor and 
the pickup clamp. The calibrated deflection factors indi- 
cated on the VOLTS/DIV switch apply to voltage signals 
which are applied directly to the Channel Input connector. 
When a voltage depends upon capacitive coupling to reach 
the input connector, a conversion factor must be applied 
to the indicated signal value before the actual signal voltage 
can be determined. The following procedure will permit 
the operator to determine the value of this conversion factor. 

1. Obtain a clean piece of cable of the same type used 
in the ignition system to be monitored. The piece should be 
at least 18 inches long. Strip off 34 inch of insulation. If 
carbon-core wire is involved, cut a 2 inch piece of copper 
wire and insert about 114 inch of the wire into the carbon 
conductor. 

2. Set up the equipment according to the Operator's 
Adjustment Procedure Initial Setup. 

3. Connect the center conductor of the ignition cable to 
the center conductor of the Oscilloscope CALIBRATOR Out- 
put connector. (A Tektronix BNC-to-Binding Post Adapter, 
Part No. 103-0033-00 can be used for this purpose.) Support 
the wire as necessary to hold it in this position. 

A. Clamp the Capacitive Ignition Pickup approximately 
8 inches from one end of the wire. Keep the clamp clear 
of other wires or surrounding metal. Connect the BNC con- 
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nector (other end of the Capacitive Ignition Pickup cable} 
to the 3A74 Channel 3 Input connector. 

WARNING 

Do not touch the ignition wire conductor while 

voltage is applied during the remainder of this 
procedure, Also, avoid contact with the cable or 

the exposed metal part of the Capacitive Ignition 
pickup. In addition to the electric shock hazard, 

measurement accuracy may be affected. 

5. Set the Channel 3 AC-GND-DC control to DC and its 
MODE switch to NORM. Check that the (VOLTS/DIV) VAR 
GAIN control is at CAL. 

6. Set the 2B67 TIME/DIV control to 5ms. 

7. Set the Oscilloscope CALIBRATOR control to 100 V. 

8. Adjust the 3A74 Channel 3 VOLTS/DIV as necessary to 
obtain a display of between 3 and 6 divisions. Measure the 
peak-to-peak display amplitude and convert if to volts by 
multiplying the number of divisions by the VOLTS/DIV 
setting. 

9. Divide 100 by the voltage from step 8. The quotient 
is the conversion factor by which observed ignition voltage 
measurements must be multiplied to determine actual ignition 
voltages. The conversion factor applies only to the type of 
cable from which it was determined. 

Channel 1 Gain Adjustment 

Background Information. Channel 1 receives its drive 
signal from transducers rated in picocoulombs per pound per 
square inch of applied pressure (pC/PSI). A known electron 
source must be available to calibrate the Channel 1 gain. 
Assume that a 100 pC/PSI transducer is to be used with the 
Engine Analyzer System. To develop an equivalent electron 
source, a 1 V square wave from the Oscilloscope Calibrator 
is applied through a 4000 pF capacitor to the Channel 1] 
PRESSURE TRANSDUCER Input connector. 

According to the formula Q = EC, 4000 pC of electrons 
will flow through the circuit each time the square wave 
switches from one half cycle to the other. (Q — 1V X 4000 
X 10-7 — 4000 X 10-4? coulombs). This 4000 pC is equiva- 
lent to the current resulting from applying 40 PSI to the 
assumed 100 pC/PSI transducer. 

If the Channel 1 PSI/DIV knob is at the 5 PSI/DIV position, 
an 8 division signal should should result. If 8 divisions are not 
obtained, the Channel 1 GAIN control must be adjusted to 
obtain 8 divisions. The display will be at least as accurate 
as the combination of the rated accuracy of the calibrator 
signal plus the percent of accuracy of the 4000 pF capacitor 
which is contained in the Charge Amplifier Calibrator. 

Transducers characteristically have individual pC/PSI rat- 
ings which vary considerably between transducers. It would 
be uneconomical to attempt to standardize them, and 
unrealistic to permanently calibrate the charge amplifier to 
a specific one. It may be desirable or necessary to use 
several transducers with the same charge amplifier. The 
Charge Amplifier in Channel 1 of the 3A74 can be quickly 
calibrated prior to use with each one of them, once Table 2-2 
has been completed for each transducer. 

Instructions For Completing Table 2-2. Determine the 
pC/PSI rating of the transducer to be used. It is normally 
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printed on the transducer or on its accompanying literature. 
Record the value and identification in Table 2-2. 

TABLE 2-2 

Charge Amplifier Gain Calibration Data 

Transducer Oscillo- Calibrated 
Identification scope 3A74 Vertical 

(Serial pC/PSI! Calibrator | PSI/DIV | Deflection 

Number) Rating | Signal Setting | (Divisions) 

Example 1 270 1V 2 7.4 

Example 2 270 4V 10 59 

Enter the left margin of the graph in Fig. 2-10 with this 
value. (Consult the Tektronix Field Representative for infor- 
mation regarding use of transducers whose pC/PSI! ratings 
fall outside the values listed in Fig. 2-10.) Move horizontally 
to the right, intercepting a diagonal line which lists a volt- 
age present on the Oscilloscope Calibrator. 

Place a mark at the selected intercept, and record the 
selected Calibrator voltage in Table 2-2. Then drop verti- 
cally from the intercept to the bottom of the graph and 
determine the divisions of deflection and the PSI/DIV value 
represented there. Record those numbers in the two right 
columns of Table’ 2-2, 

Channel 1 GAIN Adjustment Procedure. As previously 
explained, a line in Table 2-2 must be completed for the 
transducer in use before this adjustment can be performed. 
If this has been done, proceed as follows: 

1. Set up the equipment according to the Operator's 
Adjustment Procedure Initial Setup. 

2. Set the Oscilloscope Calibrator and the 3A74 PSI/DIV 
switch to the values recorded in Table 2-2. 

3. Connect the Charge Amplifier Calibrator to the Channel 
] PRESSURE TRANSDUCER Input connector. 

4, Connect the 18 inch coaxial cable from the Calibrator 
output to the Charge Amplifier Calibrator. 

5. Adjust the Channel 1 GAIN control to obtain the cali- 
brated vertical deflection indicated in Table 2-2. 

6. Disconnect the patch cord from the Charge Amplifier 
Calibrator, remove the Charge Amplifier Calibrator from 
the Channel 1 Input Connector, and switch the Channel 1 
MODE control OFF. 

2B67 CAL Adjustment 

This adjustment affects the speed of the timed horizontal 
traces. It is partially dependent upon the sensitivity of the 
horizontal deflection plates of individual oscilloscopes and 
should be performed whenever the 2B67 is used with an 
oscilloscope other than the one with which it was calibrated. 

This adjustment can be performed by using the relatively 
accurate frequency of the Oscilloscope Calibrator. If greater 
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Fig. 2-10. Gain calibration chart for calibrating the 3A74 Channel 1 Charge Amplifier, using the 4000 pF Charge Amplifier Calibrator. 

accuracy is required, the adjustment listed in the 2Bé7 Cali- TABLE 2-3 
bration Procedure should be used in place of the following. 

2B67 CAL Adjustment 

1. Set the equipment up according to the Operator's . 
Adjustment Procedure Initial Setup. Line 

Frequency| Period | TIME/DIV Horizontal 

2. Check that the trace is parallel to the graticule hori- (Hz) (1/f) Setting Display 
zontal lines. If not, adjust the Oscilloscope (TRACE) ALIGN- 50 20 ms 5 ms 4 divisions per cycle 
MENT as necessary to set the trace parallel to the graticule 7 
horizontal lines. 60 16-2/3 ms 5 ms 3 cycles per 10 divisions 

. 400 2.5 ms ms 5 divisions per cycle 

3. If the Oscilloscope has a line-frequency Calibrator, set 
the 2B67 TIME/DIV control to the setting which corresponds 
to the available line frequency (column 3, Table 2-3). If the 
local line frequency is other than one of the values given in 
Table 2-3, data concerning it should be computed and en- 
tered in one of the available line spaces. If the Oscilloscope 7. Check that the 2B67 (TIME/DIV) VARIABLE control is 

has a 1 kHz Calibrator, check that the 2B67 TIME/DIV con- at its CAL position (UNCAL lamp out) and then measure 

trol is set to .2ms. the number of divisions per cycle. Adjust the 3A74 and 
2B67 POSITION controls as necessary for convenient meas- 

4, Connect a patch cord from the Oscilloscope Calibrator urement, as in Fig. 2-11. Five divisions per cycle should exist 
output jack to the 3A74 Channel 2 Input connector. if the Oscilloscope has a 1 kHz Calibrator. The number of 

divisions per cycle for a line-frequency Calibrator can be 
5. Set the CALIBRATOR control as follows: 50 mV for found in Table 2-3. 

line-frequency calibrators; 40mV for 1 kHz calibrators. 
8. Adjust the 2B67 CAL potentiometer (accessible through 

6. Place the Channel 2 MODE switch at NORM and the front panel) as necessary to obtain the specified number 
AC-GND-DC control at DC. of divisions per cycle. 
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Fig. 2-11. 2B67 CAL adjustment waveform. 

2B67 (TRIGGERING) STABILITY Adjustment 

1. Set up the equipment according to the Operator's 
Adjustment Procedure Initial Setup. 

2. Set the TIME/DIV switch to .1 ms, and check that the 
(TRIGGERING) LEVEL control is at AUTO. 

3. Set the STABILITY control fully clockwise and then 
adjust the INTENSITY control fo obtain a moderately bright 
trace. 

4, Adjust the STABILITY control counterclockwise, noting 
that the trace first dims, and then disappears as the control 
is rotated. 

5. Set the STABILITY control to the position midway be- 
tween where the trace dims and where it disappears. 

This concludes the Operator's Adjustment Procedure. 

Rotational Function Generator 0/360° 
Marker Alignment 

Each time the Rotational Function Generator is connected 
to a crankshaft, it will be necessary to align the 0/360° 

Marker (center marker on tall marker pedestal) with the 
piston top-dead-center mark which is received through the 
Magnetic Transducer. To perform the adjustment, loosen 
the Alignment Lock Screw on the Rotational Function Gen- 
erator. Then rotate the body of the Rotational Function Gen- 
erator until the piston top-dead-center mark and the 0/360° 
marker are aligned. Then re-tighten the Alignment Lock 
Screw. A waveform showing this alignment appears later 
in this section. 

Rotational Function Generator Angular 
Reference Dial Alignment 

After the Rotational Function Generator 0/360° marker 
has been aligned to the piston top-dead-center mark, loosen 
the Dial Clamping Nut on the front of the Rotational Func- 
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tion Generator. Rotate the dial until 0° (or the desired 
angular value) appears opposite the scribe mark. Then 
re-tighten the Dial Clamping Nut. 

INSTALLING THE STANDARD ACCESSORIES 

General. After the equipment has been initially set up to 
accept the Engine Analyzer System components, they can be 
safely installed or removed from equipment without inter- 
rupting operation. However, due regard must be given to 
the danger associated with working in the immediate vicinity 
of machinery while it is operating. 

Rotational Function Generator Installation 

Connect the Rotational Function Generator (hereafter 
called Function Generator) to the crankshaft or other 1:1 
drive take-off point, using an appropriate coupling method. 
Several suggested methods are listed here, and are illustrated 
in Fig. 2-12, 

WARNING 

Avoid touching rotating components. Loose 

clothing (such as ties) can become entangled in 

the machinery and cause injury to the wearer. 

Direct Take-off Using Friction Drive. The take-off point 
must have a V-shaped depression on the shaft rotational 
axis. Connect the Friction Drive Adapter to the Function 
Generator drive shaft. Use extension shafts and additional 
coupling sleeves as necessary. Mount the Function Generator 
immediately in front of or behind the drive shaft, inserting 
the Friction Drive Adapter into the V-shaped depression in 
the drive shaft. A thrust pressure not exceeding 10 pounds 
should be applied for adequate drive coupling. This pressure 
can be applied through use of a spring or a dead-weight 
arranged to hold the function Generator shaft against the 
drive shaft. 

Insure that optimum alignment is obtained to avoid slip- 
page and undue wear. A permanent mounting for the Func- 
tion Generator may be installed, or a tripod (optional acces- 
sory) or other mounting pedestal or stand can be utilized. 
A special mounting plate for use with a tripod or other 
mounting stand is provided as a standard accessory. 

Direct Take-off Using Positive Drive. The take-off point 
must have a 3/, inch diameter shaft or coupling which will 

permit connecting the Function Generator drive shaft directly 
to the take-off point. This method is essentially the same as 
the one just described, except that the friction drive adapter 
is not used. The Function Generator shaft or extension is 
rigidly coupled to the take-off point. 

Offset Drive Take-off. The drive shaft must provide a 
1:1 drive to an offset shaft, using a chain or gear drive 
arrangement. A pulley drive can also be used, if slippage 
can be eliminated. Coupling to the offset shaft can be done 
by either of the previously described methods. Or the driven 
sprocket, gear, or pulley can be mounted directly on the 
Function Generator shaft. 

After the Function Generator has been mounted, set the 
ROTATION DIRECTION toggle switch so that it points in the 
direction that the Function Generator shaft is turning. Con- 
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Driveshaft equipped with 
V-shaped detent | 

| 
I 
| 

Extension Shafts (if needed) 

(A) Direct coupled friction drive. 

Drive shaft equipped 
with drive adapter 

{B) Direct coupled positive drive. 

(C) Offset drive. 

Fig. 2-12. Three methods for driving the Rotational Function Generator. 
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nect the multiple-conductor cable to the connectors on the 
Function Generator and the 2B67. 

Magnetic Transducer Installation 

Install the Magnetic Transducer in the vicinity of the fly- 
wheel or some other rotating member. Installation must be 
done so that a change in mass of a ferrous metal occurs 
immediately opposite the pick-off end of the transducer as 
the crankshaft rotates. A’ suggested method follows: 

Build a metal bracket of suitable configuration to mount 
the Magnetic Transducer immediately adjacent to the surface 
of the rotating reference point. It can be placed either 
tangential to the circumference, or at right angles to the 
plane of rotation, and can be installed permanently in place. 
See Fig. 2-13. (If it is located at right angles to the plane of 
rotation, the amplitude of the transducer output signal will 
vary directly with the distance between it and the center 
of rotation at any given speed of rotation.) Drill and tap a 
3 inch—24 UNF threaded hole in the bracket at the point 

where the transducer is to be installed. Rotate the crank- 
shaft 360°, and note that no obstructions pass the point at 
which the pickoff is to be installed. Also check for con- 
centricity of the rotating member if the transducer is to be 
mounted fangéntially. Or check for wobble if the transducer 
is to be mounted at right angles to the plane of rotation. 
Screw the transducer nut all the way on the transducer. 
Screw the transducer into the bracket and fasten it in posi- 
tion by locking the transducer nut against the bracket. 

CAUTION 

Use moderate torque when tightening the nut. 

16 inch-pounds of torque should not be exceeded. 

Insure that the transducer is sufficiently far from the ro- 
tating surface to clear it through the entire 360° of rotation. 
The reference point on the rotating member should be 
aligned with the transducer tip and be between 1/4 and ¥, 
inch from it. 

NOTE 

A ¥% inch hole can be drilled and 2 nuts used 
to hold the transducer in place in the bracket, 
although the threaded hole method is preferred. 

If the transducer can be mounted exactly at the top-dead- 
center reference point on the frame or mounting, no addi- 
tional considerations must be given to alignment, providing 
that the flywheel is made of ferrous metal and is equipped 
with either an abrupt notch or tang at its top-dead-center 
reference point. If it is not, other provisions must be made. 
Some possibilities are: 

If the flywheel is made of ferrous metal, file a notch at a 
point on the perimeter and mount the transducer tangentially. 

_Or drill a hole in either the perimeter or the rotating plane 
and mount the transducer so that the hole will pass the end 
of the transducer. 

Weld or otherwise securely attach a small rectangular 
or square piece of Y inch thick ferrous metal so that it will 
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Flywheel 

(A) Mounting the Magnetic Transducer perpendicular to the plane 
of rotation. 

Reference mark 

on frame | 

a“ 

<= | ) 

ae L 
a 
ty | / — 

Flywheel | | 
Transducer 

and cable 

(B) Mounting the Magnetic Transducer tangential to the rotating 
surface. 

Fig. 2-13. Installation of the Magnetic Transducer, 

pass the tip of the transducer and be within %, inch of the 

transducer end. 

Drill and tap the rotating surface at the reference point, 
and insert a ferrous screw or bolt into it. 

WARNING 

Any attachments to a rotating surface must be 

fastened securely to avoid being thrown off dur- 
ing operation. 
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If the transducer is to be installed at any point other 
than at a top-dead center reference on the frame or mount- 
ing, additional alignment consideration must be made. 
Proceed as follows: Align the rotating top-dead-center 
reference point with the chassis or frame top dead center 
reference point. Install the transducer in the desired loca- 
tion. Provide a transducer reference on the rotating surface 

so that it is aligned with the end of the transducer. The 
piston top-dead-center mark and reference will then be in 
alignment at the same time as the transducer .and its ref- 
erence as shown in Fig. 2-13 (B). A signal will be generated 
each time the piston passes through the top-dead-center 

position. Use caution so that neither the transducer or 

rotating reference material strike (or are struck by) other 

protuberances. 

One more consideration must be given to the Magnetic 
Pickoff. If identical reference detents or appendages exist 
on the flywheel (such as top-dead-center marks for other 
pistons), they will provide identical marker signals to the 
Engine Analyzer System. At least one of the references, 
(preferably the master reference) must be sufficiently differ- 
ent to provide a distinctive signal. The other signals can 

then be related to their respective pistons through knowl- 
edge of their operating sequence. A reference detent or 
appendage can be modified slightly to make it distinctive. 
See Fig. 2-14 for waveforms resulting from various reference 
marks. 

Connect the 20 foot coaxial cable between the Magnetic 
Transducer and the Channel 2 Input connector of the 3A74. 
(Any of the 50-foot BNC-BNC cables can be used if 20 feet 
is not long enough.) 

Pressure Transducer Installation 

Install the Pressure Transducer in the cylinder to be moni- 

tored and connect an air line to the transducer's cooling 

adapter. The air line should have an inner diameter of at 

least Y%, inch, and should be connected to a compressed air 

supply of 30 PSI (minimum) whenever the engine is operating. 

The pressure transducer supplied as a standard accessory 

is connected to a cooling adapter (standard accessory]. The 

cooling adapter is designed to fit a cylinder pressure-output 

port which has a standard Bacharach pressure fitting. Other 

adapters can be manufactured or purchased to match the 

transducer to different sized apertures. In addition, various 

types of pressure transducers are available to suit specific 

needs. For example, spark plugs with built-in pressure trans- 

ducers are commercially available. See the Tektronix Field 

Representative for assistance in specific problems. 

Once the Pressure Transducer is installed, connect a 50 
foot BNC-BNC cable between the transducer and the PRES- 

SURE TRANSDUCER (Channel 1) Input of the 3A74. Turn 
the air supply on. 
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Fig. 2-14. Magnetic transducer signal reaction, using a sample 

rotor. Rotor is mild steel, % inch thick, 4 inches in diameter, trav- 

eling at approximately 350 RPM. Metal recessed Ye inch in each 
instance. Note that decrease of distance between rotor and metal 
causes opposite reaction to that of increase of distance (5 and 7), 
and that the width of recess determines width of signal (2 and 3). 



Vibration Transducer Installation 

Connect a BNC-BNC coaxial cable to the Vibration Trans- 
ducer. Attach the Vibration Transducer to the selected vibra- 
tion pick-off point by placing it against a flat and clean 
ferrous metal surface. Its built-in permanent magnet is ade- 
quate to hold it in place in most instances. When properly 
located, the Transducer should not rock if pushed in any 
direction. 

CAUTION 

Although the Vibration Transducer will hold itself 
in place in most situations, the possibility of its 

vibrating away from its installed position always 

exists. The cable (or an additional safety line) 

should be attached to an adjacent fixture to insure 

that the transducer cannot vibrate into any work- 

ing machinery. 

Connect the Vibration Transducer cable to the Channel 4 
input connector at the 3A74. If the engine or compressor 
was stopped while the equipment was being connected, 
recheck all equipment and cables for safe positioning before 
starting the prime mover. 

ENGINE ANALYZER SYSTEM OPERATING 
PROCEDURE 

It is assumed that the operator has made himself aware 
of the operating procedure and the Standard Accessories 
information which appears in the preceding part of this 
section. 

Initial Setup 

Connect the Engine Analyzer System Standard Accessories 
to the engine or compressor as previously explained. Place 
the Oscilloscope assembly near the Rotational Function 
Generator. (This will enable the Oscilloscope operator to 
adjust the Function Generator rather than have a second 
person do it.) Connect the cables between the accessories 
and the Oscilloscope assembly as follows: 

3A74 Channel 1] 

3A74 Channel 2 

Pressure Transducer 

Magnetic Transducer 
(TDC sensor) 

Ignition Pickup 
(Engine only) 

3A74 Channel 3 

3A74 Channel 4 

2B67 INPUT 

Vibration Transducer 

Rotational Function 
Generator 

Set the Oscilloscope and Plug-in controls as follows: 
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3A74 

Channel 1] 

PSI/DIV 500 

RESTORE TIME LONG for less than 600 
(Settings not critical un- RPM. SHORT OR LONG 

less accurate pressure for more than 600 RPM. 
measurements are re- : 
quired) 

MODE OFF 

POSITION Midrange 

Channel 2, 3, 4 

AC-GND-DC GND 

VOLTS/DIV 10 

VAR GAIN CAL 

MODE OFF 

POSITION Midrange 

TRIGGER OUT 

CHOP-ALT CHOP 

2B67 

POSITION Midrange 

MODE NORM 

TIME/DIV ROTATIONAL 
FUNCTION GENERATOR 

VARIABLE CAL 

5X MAG In 

TRIGGERING 

LEVEL AUTO 

SLOPE — 

SOURCE EXT 

ROTATIONAL FUNCTION 

POSITION Midrange 

PISTON-CRANK CRANK 

WIDTH CCW 

MARKERS Pushed In 

SINGLE SWP 720° 
DISPLAY 

Turn the Oscilloscope on and wait about 5 minutes for it 
to warm up. Then adjust the INTENSITY and FOCUS controls 
for optimum presentation of the 2 division (approximate) 
horizontal trace. See Fig. 2-15(A). 

If the engine or compressor was stopped during hook-up, 
check that all cables and equipment are clear of the engine 
or compressor moving parts, and check that the outer end of 
the ROTATIONAL DIRECTION toggle switch (rear of Function 
Generator) is pointing in the direction that the Function Gen- 
erator shaft will be turning. Then start the engine or com- 
pressor, Note that the 2 division trace is replaced by a trace 
between 2 and 5 divisions long. See Fig. 2-15(B). 

ROTATIONAL FUNCTION GENERATOR Mode of 
Operation 

Turn the 3A74 Channel 2 MODE switch to NORM, and 
adjust the Channel 2 POSITION control as necessary to 
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center the trace in the second division below graticule center. 

Pull the 2B67 WIDTH control out, closing the MARKERS 
switch. Note that markers from the Rotational Function 
Generator appear on the trace. Rotate the 3A74 Channel 
2 VAR GAIN control as necessary to make the larger marker 
between '/, and 1 division high. See Fig. 2-15(C). 

Adjust the 2B67 WIDTH CONTROL and notice that the 
display can be expanded in both directions from center. Set 
the control for a 10 division horizontal display. 

Switch the Channel 2 AC-GND-DC control to DC. Reduce 
the Channel 2 VOLTS/DIV setting until the TDC marker 
from the Magnetic Transducer is clearly visible. 

At the Rotational Function Generator, loosen the Align- 

ment Lock screw. Rotate the body of the Function Generator 
until the TDC marker is superimposed on the center of the 
large marker signal. See Fig. 2-15 (D). Then tighten the 

Alignment Lock Screw. 

At the Function Generator, loosen the Dial Clamping Nut 
and rotate the Angular Reference Dial until its 0 mark is 
aligned with the scribe mark on the Function Generator 
frame. 

Switch the 3A74 Channel 1 MODE switch to NORM, and 

note that the pressure waveform appears. Adjust the PSI/ 
DIV and the POSITION controls as necessary to obtain 
approximately 3 divisions of display amplitude, located in 
the upper half of the viewing area. See Fig. 2-15 (E). 

Switch the 3A74 Channel 3 AC-GND-DC control to DC 
and the MODE switch to NORM. Set the VOLTS/DIV and 
POSITION controls so that approximately 1 division of 
ignition signal appears below the channel 2 trace. 

Switch the 3A74 Channel 4 AC-GND-DC control to DC and 
the MODE switch to NORM. Set the VOLTS/DIV and POSI- 

TION controls so that approximately 1 division of vibration 
signal appears below the Channel 3 trace. See Fig. 2-15 (F). 

The four-trace display which has just been established is a 
linear horizontal representation of phenomena occurring 
during crankshaft rotation. It can be used for analysis as it 
appears. Or the trace sequence can be rearranged, traces 

removed, vertical and/or horizontal amplitudes increased 
or decreased as required by the evaluation being performed. 

Single Sweep Operation 

During 2B67 NORM operation, each successive revolution 

of the compressor or engine superimposes a trace on the 

existing display. Any deviation of signal input causes a lack 

of exact superimposition. The primary purpose of the single 
sweep feature is to provide a sharp single display of the 
selected signal(s) to permit photographing one evolution of 
engine or compressor operation. 

Switch the 2B67 MODE switch to SINGLE SWP. Set the 

(TRIGGERING) LEVEL control near 0. Hold the MODE switch 

at RESET and: note that the READY lamp goes on. Permit the 
MODE switch to return to SINGLE SWP and note that a 
trace appears momentarily, and that the READY lamp goes 
out. If the READY lamp remains on, slightly readjust the 
LEVEL control until triggering occurs. The trace has a dura- 

tion equal to the time required to complete two engine 

revolutions when the (ROTATIONAL FUNCTION) SINGLE 
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SWP DISPLAY switch is at 720°. This permits display of a 
complete evolution of 4-cycle engine operation. 

When the (ROTATIONAL FUNCTION) SINGLE SWP DIS- 
PLAY switch is at 360°, it permits display of functions occur- 
ring during only one revolution, since this is all that is re- 
quired to observe one complete evolution of compressor or 
2-cycle engine operation. 

Display of Cylinder Pressure Versus Cylinder Volume 

Place the 2B67 MODE switch at NORM and the (TRIG- 
GERING) LEVEL control at AUTO. Check that the Channel 

2 Magnetic Transducer (TDC sensor) signal is centered on 
the large marker signal. Then switch the (ROTATIONAL 
FUNCTION) PISTON-CRANK switch to PISTON. 

Note that the maximum upward deflection caused by the 
Channel 1 pressure signal now occurs near the left of the 
display. Also note that the top-dead-center marker has 
moved to the left edge of the display. The sine wave which 
represents cylinder volume is now deflecting the beam to 
the left side of the CRT when the piston is at top-dead-center, 
and to the right side of the CRT when the piston is at the 
extreme bottom of its travel. 

Turn the 3A74 Channel 3 and 4 MODE switches off. Set 
the Channel 2 display near the bottom of the graticule. 

Change the Channel 1 PSI/DIV switch to a more sensitive 

position, providing between 4 and 8 divisions of vertical 

display amplitude. Keep the display within the graticule 

limits. This PV display (pressure versus volume) can be used 
to determine cylinder horsepower as follows: 

Measuring Cylinder Horsepower. Using the SINGLE 

SWP operating mode, select 720° for 4-cycle engine opera- 

tion, or 360° for compressor or 2-cycle engine operation. 

Obtain a photograph of the PV display. (Or a fairly exact 

tracing of the display may be made instead.) 

1. Measure the number of divisions per inch of the wave- 

form photograph. See Fig. 2-16(A). (If a tracing is being 

used, this value will automatically be 2.54, since each division 

is equal to 1 cm.} 

2. Multiply the divisions per inch from Step 1 by the 

PSI/DIV setting that existed at the time the waveform was 
observed. The result becomes the PSI/inch value represented 
by the waveform reproduction. 

3. Using a planimeter which reads directly in square 

inches (such as a Keuffel and Esser Co. No. 62 0000 Com- 

pensating Polar Planimeter), measure the area included with- 

in the confines of the waveform. Make at least three meas- 

urements and determine their average. (A second, but 

cumbersome, method of determining the area consists of 

superimposing the waveform on a graph containing small 

inch-related squares. The area in square inches can then 
be determined by counting the number of small squares which 
occur within the limits of the waveform and converting to 
square inches.) 

If the PV diagram is of a compressor or a 2-cycle engine, 

only one confine (and therefore only one value) need be 

considered. If the diagram is of a 4-cycle engine, the area 

of two confines must be measured. The area of the lower 

enclosure must then be substracted from the area of the upper 
one to determine the area required in this procedure. See 
Fig. 2-16(B). 
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(A} Standby trace; Rotational Function Generator connected to (D) TDC signal superimposed on the 0/360° pedestal. 
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(B) Rotational Function Generator trace. (E) Pressure waveform and markers being displayed. 
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TDC <= Piston displacement ——————>-- BDC 

3.6 div/inch XK 50 PSI/div — 180 PSI/inch 

180 PSI/inch —- 2.56" diagram stroke — 70.3 PSI/inch’ 

70.3 PSI/inch? X 1.12 inch’? area — 78.7 PSI MEP 

IHP = PLAN/33,000 

IHP = 78.7 X 1 X 78.5 X 600 ~ 33,000 = 112.3 HP 

(A) Example 1. PV diagram of a 2-cycle engine operating at 600 
RPM, with accompanying horsepower calculation; piston stroke 
= 1 foot; cylinder cross sectional area — 78.5 sq. in. 
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TOC ~—————————— Piston displacement ————»- BDC 

3.6 div/inch X 50 PSI/div — 180 PSI/inch 

180 PSI/inch — 2.8 inches diagram stroke — 64.3 PSI/inch’ 

1.07 inch’ (Areai) — .07 inch’? (Areaz) = 1.0 inch? 

64.3 PSI/inch? X 1.0 inch? (Area; — Areas) — 64.3 PSI MEP 

tHP = PLAN/33,000 

IHP = 64.3 X 1 X 78.5 X 600/2 — 33,000 = 45.9 HP 

(B) Example 2. PV diagram of a 4-cycle engine operating at 600 
RPM, with accompanying horsepower calculation; piston stroke 
= 1 foot; cylinder cross-section area — 78.5 sq. in. 

Fig. 2-16. PV diagrams and horsepower calculations. Waveform pictures are 7/10 actual graticule size. Additional Explanation is contained 

in the text. 

4, Measure (in inches) the horizontal stroke of the PV 
diagram. See Fig. 2-16(A) and (B). 

5. Divide the PSiI/inch value (from step 2) by the stroke 
of the diagram (from step 4) to obtain the PSI/inch? value. 

6. Multiply PSI/inch? from step 5 by the area of the dia- 
gram (from step 3). This provides the Mean Effective Pressure 

(MEP) in pounds per square inch that is being delivered by 
the cylinder. 

7. Convert the Mean Effective Pressure to indicated horse- 

power (IHP) by completing the following equation: 

IHP = PLAN/33,000 

where IHP is indicated cylinder horsepower 

P is Mean Effective Pressure in PSI (from step 6} 

L is Physical Length of the piston stroke in feet 

A is Cross-sectional area of the cylinder in square inches 

N relates to speed of rotation existing at the time the 
waveform was taken. It is equal to RPM ~ 2 in 4-cycle 

2-30 

engines. In compressors or 2-cycle engines it is equal 
to RPM. 

The total indicated horsepower of an engine or total 
indicated power being used by a compressor can be deter- 
mined by adding together the indicated horsepower of all 
the cylinders involved. 

The mechanical efficiency of devices can be determined 
by comparing indicated horsepower to output or delivered 
horsepower (BHP). 

Mechanical Efficiency = BHP + JHP 

For example, assume that a gasoline engine is driving a 
compressor. After determining the Indicated Horsepower 
of each device, the engine indicated horsepower can be 
divided into the compressor indicated horsepower to deter- 
mine the combined mechanical efficiency of the engine and 
driven components. 

One additional note regarding horsepower calculations. 
Any measurement unit (such as metric) can be used through- 
out the procedure. However, the 33,000 constant must be 

modified accordingly. 
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(A) Engine function signals (vertical) versus crankshaft 
angular position (horizontal). Same as Fig. 2-15 (F). 
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(B) Same engine function signals (vertical) versus 10 ms/ 
division timed horizontal sweep. Period time for 1 revo- 
lution equals 45 ms (4.5 divisions x 10 ms/division). 
Frequency equals approximately 22.2 cycles per second 
or_ 1332 RPM. 

Fig. 2-17. RPM measurement. 

Operation Employing Timed Horizontal 
Deflection 

In the preceding operation, the horizontal deflection signal 
was generated by the Rotational Function Generator, and 
was therefore a function of engine or compressor rotation. 
When the TIME/DIV control is not at the ROTATIONAL 
FUNCTION GENERATOR position, a timed sweep which is 
generated within the 2B67 controls the horizontal deflection. 
This mode of operation permits timed measurement of any 
functions whose signals are applied to the vertical input 
connectors. 

It is recommended that AUTO (TRIGGERING) not be 

employed when the timed sweep is being used for engine 
analysis. Use the PISTON-CRANK switch fo select the EXT 
triggering signal, and the SLOPE and LEVEL controls to 
select the triggering point. 

Measuring RPM. Measure the time required to complete 
one revolution. This can be measured by selecting a sweep 
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(A) Engine function signals (vertical) versus 10 ms/division 
horizontal baseline. Same as Fig. 2-17 (B). 
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2B67 TIME/DIV changed to 1 ms/division to horizontally 
expand area of interest on channel 3 trace (spark sig- 
nal). Channels 1 and 4 traces have been removed; 

channel 3 sensitivity has been increased to aid in sig- 
nal evaluation. 
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Fig. 2-18. Magnifying a signal horizontally by increasing the 
sweep rate. Display was externally triggered by ++ slope of CRANK 
signal from Rotational Function Generator. 

speed which allows functions to appear during more than 
one revolution. Then measure the number of divisions be- 
tween two top-dead-center marks. Multiply this value by the 
TIME/DIV switch settings (seconds). This obtains the period 
time (seconds) for one revolution. Find the reciprocal of the 
time required for one revolution. Multiply the results by 60 
fo convert to RPM. An example is provided in Fig. 2-17. 

Horizontal Magnification of Signals During Timed 
Horizontal Deflection. Timed sweep operation can also be 
used to horizontally expand any desired vertical signal by 
a considerable amount. An example is shown in Fig. 2-18 
and explained here. With the TIME/DIV switch at a num- 
bered position, place the signal of interest at the extreme 
left edge of the trace by combined adjustment of the (TRIG- 
GERING) LEVEL and SLOPE conirols. If the SOURCE switch 

is at EXT and the Rotational Function Generator is in use, 

the PISTON-CRANK swifch can be used to select the signal 
being applied to the triggering circuit.) 
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Switch the TIME/DIV control clockwise to a faster sweep 
rate until the desired expansion has been achieved. If the 
selected sweep rate is so high that the switching segments 
show, the 3A74 CHOP-ALT switch can be placed at ALT to 
provide a continuous trace. (Readjust the INTENSITY con- 
trol if necessary.) If further expansion of the signal is desired, 
use the left POSITION control to set the point of interest to 
the center vertical graticule line. Pull out on the 5X MAG 
control, and the center two divisions of X1 display will 
appear as a 10 division magnified display. 

Single Sweep Operation During Timed Horizontal 
Deflection. This operation is effectively the same as it was 
during ROTATIONAL FUNCTION GENERATOR operation. 
The two exceptions are: (1) one timed sweep is presented 
each time the’ circuit is reset, regardless of the number (or 

partial amount) of rotations represented on the sweep; and (2) 

the SINGLE SWP DISPLAY switch has no effect. 

External Horizontal Operation 

The electron beam can be deflected horizontally by 
external signals other than those generated by the Rotational 
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Function Generator. This is described as ‘‘external horizontal 
operation’. Operation in this mode is essentially the same 
as ROTATIONAL FUNCTION GENERATOR operation, except 
that neither the Function Generator nor its cable are attached 
to the 2B67 INPUT connector. The external signal which is 

to provide deflection should be injected directly into terminal 
A or B, depending upon the position of the PISTON-CRANK 
switch. Whenever the TIME/DIV switch is in ROTATIONAL 

FUNCTION GENERATOR position, the horizontal deflection 
of the beam is in response to the signal thus applied. The 
position and amount of horizontal display is then controlled 
by the 2B47 ROTATION FUNCTION controls. The maximum 
signal applied directly to terminal A or B should be limited 
to + 10V (DC + peak AC). 

CAUTION 

Do not permit a focused spot to remain stationary 

on the CRT for more than a few seconds. Phosphor 

damage may otherwise occur. Either defocus the 

spot or turn the INTENSITY to minimum when the 
2B67 is in ROTATIONAL FUNCTION GENERATOR 
position and no horizontal signal is applied.



Engine Analyzer System 

SECTION 3 

CIRCUIT DESCRIPTION 

Change information, if any, affecting this section will be found at the 
rear of the manual. 

General. This section contains detailed circuit descriptions 
of the major units which make up the Engine Analyzer System. 
The oscilloscope indicator description is not included, since 
it is adequately explained in its respective manual. The 
accessories are explained in the Operating Instructions sec- 
tion. 

The explanations contained here are referenced to the 
block diagrams and schematics contained near the rear of 
this manual. Numbers which are contained in diamond- 
shaped outlines appear in conjunction with the schematic 
names. These numbers are used extensively on the schematics 
for cross-referencing. Additional diagrams appear with the 
text as necessary to facilitate explanations. 

Refer to Fig. 3-1, which illustrates the basic inter-relation 
between major units of the Engine Analyzer System. The 
Oscilloscope (or Indicator Unit) provides power for all of the 
units concerned. The 3A74 Engine Analyzer Amplifier plug- 
in unit processes signals which are then applied to the Oscillo- 
scope CRT to provide vertical deflection. The Rotational 

Function Generator develops signal voltages in response to 
rotation. These signal voltages are amplified by the 2B67 
Engine Analyzer Time Base plug-in unit and applied to the 
Oscilloscope CRT to provide horizontal deflection. The 2B67 
is also capable of generating horizontal deflection signals 
independent of the Rotational Function Generator. Additional 
inter-relations between the units are covered in detail in 
the respective circuit descriptions. 

3A74 ENGINE ANALYZER AMPLIFIER 

General. The 3A74 Engine Analyzer Amplifier (hereafter 
called 3A74) is the amplifying unit for signals which provide 
vertical deflection for the CRT electron beam. The 3A74 
permits one, two, three or four separate trace displays. They 
are presented on a time-sharing basis by automatic switching 
between traces at a high repetition rate (CHOP), or by 
automatic switching between traces at the end of each sweep 
(ALT). The ALT mode is disabled while ROTATIONAL FUNC- 

TION GENERATOR is selected by the TIME/DIV_ switch. 
CHOP mode must then be selected. 

3A74 Block Diagram Description 

Refer to the 3A74 block diagram in the Schematics sec- 
tion of this manual. A signal into the Channel 1 PRESSURE 
TRANSDUCER Input connector is applied to the Charge 
Amplifier, where it is amplified by an amount determined 
by the setting of the PSI/DIV switch. It is then applied to the 
Channel 1 Switched Amplifier where it is converted to a 
differential signal and applied to contacts of the Channel 1 
MODE switch. With the switch in either NORM or INV 
position, the signal is applied to the Channel 1 Diode 
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Switches. The signal is cancelled out if the MODE switch is 
OFF. 

The Channel 2, 3, and 4 circuitry is similar to that of Chan- 
nel 1 except for the following: 

The signals into the channels are controlled by AC-GND- 
DC switches. 

Attenuator sections and VOLTS/DIV switches are used in 

place of the Charge Amplifier and PSI/DIV switch. 

The Switched Amplifiers are equipped with VAR GAIN 
controls to provide the operator with deflection factor 
capabilities other than those indicated on the VOLTS/DIV 
switch. 

The Channel 1 MODE switch connections are interchanged 
with respect to Channels 2, 3 and 4 to permit proper deflection 
polarity. 

Channel 2 amplifies markers and applies them to its MODE 
switch whenever they are being sent from the horizontal plug- 
in unit to the 3A74, regardless of the position of the Channel 
2 AC-GND-DC switch. 

When accepted by the MODE switches, the signals being 
processed by each channel are applied to their respective 
Diode Switches. A gating pulse from the Gating Diodes cir- 
cuit enables (turns on) one channel switch at a time, per- 
mitting that channel's signal to be applied to the Output 
Amplifier and thus to the CRT vertical deflection plates. 
During CHOP operation, a Blocking Oscillator (associated 
with the Ring Counter circuit) causes rapid switching from 
one channel to another. A small increment of a channel's 
trace is presented and then the Ring Counter switches to the 
next channel. When the Ring Counter returns to a specific 
channel, it presents another segment alongside that channel's 
previous segment. The overall effect of a number of such 
segments in one channel is that they appear as a continuous 
trace during 4-channel operation at sweep rates of 0.2 ms/ 
division and slower. 

Whenever a channel MODE switch is OFF, that channel is 
ignored by the Ring Counter. The rate at which the remain- 
ing diode switches are enabled increases with a decrease 

in the number of channels whose MODE switches are on. 
When only one MODE switch is on, that channel’s display 
is presented continuously. 

The Sync Pulse and Blanking Pulse Regenerator creates a 
pulse in response to Blocking Oscillator operation. The 
Blanking Pulse is applied to the CRT cathode to prevent 
switching transients from being seen. The Sync Pulse output 
is not used in the Engine Analyzer System. 

During ALT operation, the Blocking Oscillator is prevented 
from free-running but goes through one cycle of operation 
each time a signal is received from the Sync Pulse Input Emit- 
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Fig. 3-1. Basic inter-relation of major units. of the Engine Analyzer System. 

ter Follower. The Ring Counter then advances to the next chan- 
nel. ALT operation should not be used during 2Bé67 Rota- 
tional Function Generator operation, since the desired signals. 
are not available from the 2B67 in that mode. Either CHOP 
or ALT (depending on sweep rate) can satisfactorily be used 
during TIME/DIV sweep operation. 

A trigger signal selection circuit is also available in the 
3A74. This is of no concern during ROTATIONAL FUNC- 
TION GENERATOR operation, since external triggering ts 
used. However, during TIME/DIV sweep operation it permits 
the displaying of traces which are either individually trig- 
gered (Channel 2 TRIGGER knob “in” during ALT operation) 
or time-related (TRIGGER knob out during ALT or CHOP 
operation). When the TRIGGER knob is in, the signal from 
the Output Amplifier makes all displayed signals available 
to the 2Bé67 triggering circuit. When the TRIGGER knob is 
out, only those signals being processed in Channel 2 are 
provided to the 2Bé7 triggering circuitry. (See the 2B67 
Trigger Generator and the Sweep and Unblanking Pulse Gen- 

erator circuit descriptions if additional triggering informa- 
tion is desired.} 

Channel 1 Input Amplifier <> 

General. The Charge Amplifier contained in Channel 1 

is a modified integrating amplifier whose feedback capacitor 

can be selected in accordance with the desired gain. The 

higher the PSI/DIV setting, the larger the feedback capacitor. 

In a true integrating amplifier, when an input signal causes 

the amplifier to change its output, the output will theoretically 

remain at that value until another input signal is received. In 
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this integrating amplifier, the feedback capacitor is shunted 
with a large resistor to permit the amplifier to return to a 
preset output condition after a given time (restore time) has 
elapsed. A RESTORE TIME switch permits selection of a 
LONG (3 second) or a SHORT (0.3 second) RC time constant. 

Charge Amplifier Operation. Refer to the Charge Am- 
plifier circuitry. The transducer which supplies the signal to 
the amplifier is rated in pC/PSI (pico coulombs/pounds per 
square inch). Assume that the transducer in use delivers 
100 pC/PSI, and one PSI is applied to the transducer. Elec- 
trons flow through the PRESSURE TRANSDUCER Input and 
collect on C246, impressing a voltage on it. The amount of 
voltage follows the formula E = Q/C, where E is the volt- 
age,Q is the charge in coulombs, and C is the capacitance 
infarads. 

With 1 PSI/DIV selected, the voltage developed across 

C246 is equal to 100 pC divided by .004 uF, which is 25 mV. 
As the left plate of C246 attempts to go negative, a signal 
is felt at the gate of Q204. This causes the inverting am- 
plifier to generate a positive voltage which is applied to 
the right plate of C246. The open loop gain of the amplifier 

is approximately 2000. The output, therefore, goes positive 
25 mV by the time the input reaches —12.5 uV. C246 be- 
comes charged to 25mV with no appreciable change in 
the voltage at the gate of Q204. This reaction to input cur- 
rent is instantaneous, permitting the output to follow the 
continuously changing input signal. 

The gain of the integrating amplifier is designed to produce 

a greater signal than that required by each PSI/DIV setting. 
The amount of signal needed for calibrated PSI/DIV opera- 
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tion is then selected by adjusting the front panel GAIN con- 
trol, R270. 

When a higher PSI/DIV setting is selected, a larger feed- 
back capacitor is inserted. This results in a smaller voltage 
being developed across the feedback capacitor for a given 
amount of electron flow input. The amplifier output is 
reduced accordingly. Selecting the 100 PSI/DIV position in- 
serts a 0.4 uF capacitor (C248) into the feedback path. When 
subjected to 100 pC of electrons resulting from 1 PSI change 
at the transducer, it charges to 0.25mV (100 pC divided by 
0.4 uF). The amplifier open-loop gain of 2000 now requires 
only 0.125 uV at the gate of Q204 to produce the 0.25 mV 
output to charge C248. 

Charge Amplifier Circuit Description. Q204 is a metal- 
oxide semiconductor field effect transistor (MOSFET) whose 
operation can be compared to that of a PNP transistor, except 
that no significant signal current flows through the gate junc- 
tion. Therefore, the only signal current that flows is that 
which charges the feedback capacitor. D202 is a dual diode 
which protects Q204 against overdrive signals, and both 
diodes are slightly back-basied by voltage dividers to insure 
against any signal current flowing through them during norm- 
al conditions. 

Q204-Q214 form a comparator circuit which permits 
adjusting the amplifier output voltage. When R215 and R216 
are properly adjusted, the output voltage is equal to 0 when 
no input signal is present. Since no DC current path exists in 
the input cicuit, this 0 V potential also exists at the gate of 
-Q204. 

When electrons flow into the amplifier from the transducer, 
the left side of the feedback capacitor attempts to go nega- 
tive. This negative signal at the Q204 gate increases the 
source-drain current. As the current though R213 attempts 
to increase, the Q214 source voltage goes slightly negative. 
This causes a decrease in Q214 conduction, effectively de- 
creasing the current through it by an amount equal to the 
increase through Q204. 

As the current through Q214 decreases, the voltage across 
R219 decreases, causing a negative signal at the base and 
emitter of Q223. The negative signal at the emitter of Q223 
is applied to Q224 where it decreases Q224 collector current. 
The resulting positive signal at the Q224 collector is felt 
through the base-emitter junctions of Q233 and Q243, and 
through those of Q253 and Q263 to determine the output 
voltage of the integrating amplifier. 

The output voltage is applied across voltage divider R270 
and R271, where a sufficient amount is selected by the R270 
wiper to provide calibrated deflection values in the 1, 10 
and 100PSI/DIV switch positions. These values are further 
reduced in other positions of the PSI/DIV switch by the R273- 
R274-R275 voltage divider. R265, C265, L265 and C266 form 
a filter circuit designed to dampen high frequency oscillations 
(from the transducer crystal). 

The ZERO switch (which is spring-loaded in the open posi- 
tion) enables the operator to short-circuit the integrating 
amplifier feedback circuit. When the switch is depressed 
(closed), the trace immediately returns to its reference position. 
The feedback capacitor discharges at the same time, per- 
mitting the amplifier to respond to the signal existing at 
the time the ZERO switch is opened, without having to over- 
come a previous charge. 
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Circuit Description—Engine Analyzer System 

Channel 1 Switched Amplifier Operation. This amplifier 
consists of Input Cathode Follower V423, Paraphase Amplifier 
Q424-Q434, MODE switch SW430, Diode Switches D440 
through D443, INT DC BAL Cathode Follower V433, and 

associated components. Input signals pass through the In- 
put Cathode Follower, creating push-pull signal current out- 
puts from the Q424-Q434 Paraphase Amplifier. The signals 
are applied to contacts of the MODE switch. With the 
switch in either NORM or INV position, the signal currents 
are passed to the output amplifier whenever the channel 
Diode Switches are gated on. 

Channel 1 Switched Amplifier Circuit Description. The 
voltage present at the grid of V423 determines the base 
voltages of Q424, V433 establishes the base voltage of Q434, 
with C428 providing an AC ground reference. With 0 V at 
the grid of V423 and the INT DC BAL control properly set, 
the current through Q424 is equal to that through Q434 
and equal voltages appear on both sides of the R436-R437 
combination . No trace shift then accompanies rotation of 
GAIN RANGE (R436) because no current is flowing through 
it; no trace shift occurs when the MODE switch is changed 
from NORM to INV because the currents through the two 
paths of the MODE switch are equal. 

The emitter of Q434 is held at a given voltage by its 
base-biasing components. A relatively fixed current (approxi- 
mately 2.5 mA) flows through R435 regardless of signal input 
conditions. When a signal is present at the grid of V423, 
the base and emitter of Q424 follow the signal voltage. 
The emitter of Q434 is held at a constant value by the volt- 
age at its base. This unbalance of voltage between the emit- 
ters of Q424 and Q434 causes signal current to flow through 
R424 where it adds fo or subtracts from the R425 current 
which flows through Q424. If the input signal is positive, 
the increase of electrons flowing up through R424 is obtain- 
ed from R435. The electron flow through Q434 must then de- 
crease because of the constant-current characteristics of 
R435. This push-pull signal current from the two transistors 
is felt in the output circuitry when the Channel 1 switching 
diodes (D440 and D443} are enabled and the MODE switch 
is at NORM or INV. Signal current (and therefore circuit 
gain) varies inversely with the amount of R436 resistance in- 
serted into the Q424 circuit. , 

If the MODE switch is at NORM or INV and D441 and 
D442 are enabled by the Ring Counter circuit, the current 
for Q424 and Q434 operation is obtained through these 
diodes. The push-pull currents then cancel each other at the 
junctions of D441 and D442. Under this condition, D440 
and D443 are gated off by the potential at the anodes of 
D441 and D422. (A complete explanation of the Diode 
Switches and the Ring Counter circuit is given in the Channel 
Switching Circuit explanation.) 

If the MODE switch is in the OFF position, the current for 
Q424 and Q434 is still derived from the Ring Counter circuit 
through D441 and D442, but the push-pull signal effect is 
cancelled out by a jumper across the OFF position of the 
MODE switch. , 

The output currents can be modified through use of the 
front-panel POSITION control, which increases one current 
while it decreases the other. The POSITION control modifies 
the current on the output side of the MODE switch, and 
therefore permits the Channel 1 trace to maintain the same 
reference position with the MODE switch in either NORM 
or INV position. 
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Channel 2, 3 and 4 Input Amplifiers <> 

General. These amplifiers are essentially the same as the 
Channel 1 Switched Amplifier just described, with exceptions 
as follows: 

Deflection sensitivity is rated in VOLTS/DIV; 

The input signal can be selected or rejected by the AC- 
GND-DC Input Coupling switch. 

Signals are coupled directly to the amplifiers in the .02 
VOLTS/DIV switch position, or through attenuators in all 

other positions of the switch. 

The DC BAL and GAIN controls are front-panel screw- 
driver adjustments rather than internal adjustments, and 
have names which are different than those in the Channel 
1 Switched Amplifier. 

A VAR GAIN control is provided to permit selection of 
deflection factors other than those indicated by the VOLTS/ 
DIV switch. When the knob is at the CAL detent, the po- 
tentiometer is shunted and the deflection factor is as in- 
dicated by the VOLTS/DIV switch. As the knob is rotated 
counterclockwise, the deflection factor increases. At the 

extreme counterclockwise position the deflection factor is 
at least 2.5 times that indicated by the VOLTS/DIV control. 

Additional exceptions exist in the Channel 2 Amplifier 
circuit. The MARKERS switch in the 2B67 internally connects 
Rotational Function Generator degree marker signals into 
the Channel 2 Amplifier. Signals are routed from the Chan- 
nel 2 circuit to the Int Trig Amplifier circuit to permit selection 
of CH 2 ONLY triggering. 

AC-GND-DC Switch. The AC position couples AC signals 
to the amplifier through DC blocking capacitor C401. The 
GND position open-circuits the signal path and grounds the 
amplifier input, thus providing it with a zero DC reference. 
The DC position enables both AC and DC signal components 
to affect trace positioning. 

Attenuators. Attenuators are selected either individually 
or in pairs. When selected in pairs they are series-connected 
and the attenuator factor in effect is the product of the two. 
The attenuators are RC voltage dividers, with the resistors 
doing the division of DC inputs, and the combination of 
resistors and capacitors dividing the AC signals. R416 and 
C416 establish the 1 (.02 VOLTS/DIV) input impedance of 
the amplifiers. When the attenuators are used, either singly 
or in pairs, the channel input impedance remains the same 
as it is when no attenuators are in use (.02 VOLTS/DIV 

position). A further analysis of the attenuator circuitry is 
provided in Fig.. 3-2. 

DC BAL and GAIN Controls. Although these controls 
are assigned different names and are located on the front 
panel, their function remains the same as that described 
for the INT DC BAL and GAIN RANGE controls in Chan- 
nel 1. GAIN is adjusted to provide calibrated VOLTS/DIV 
deflection factors when the VAR GAIN control is at CAL 
position. 

VAR GAIN. When this knob is rotated away from its 
CAL position, R426 inserts resistance into the emitter path of 
Q424. Since the gain of the amplifier is a function of the 
load resistance divided by the emitter resistance, gain de- 
creases as the value of R426 increases. When the full re- 
sistance of R426 is inserted into the emitter circuit, gain is 
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decreased to 40% or less of CAL gain, increasing the de- 
flection factor at least 2.5 times that indicated by the VOLTS/ 
DIV switch. 

Protection Circuits. B419 protects V423 from excessively 
large negative input signals. B419 conducts to limit V423 
Grid voltage to approximately —é60V. Positive signals 
are limited by the action of D423 and the resulting cathode- 
to-grid conduction of V423. The circuit is protected from 
excessive overdrive current by R417. C417 shunts R417 
to avoid a decrease in high-frequency response. 

D424 protects Q424 from emitter-base reverse break- 
down by limiting reverse voltages across the junction to about 
0.6V. 

Channel 2 Exceptions. Signals being processed through 
the Channel 2 INPUT connector are taken from the cathode 
of V423 and sent to Q503 in the Trigger Amplifier circuit for 
use in the trigger selection circuitry. Marker signals can 
be injected into the Channel 2 Switched Amplifier at the 
grid of V433. They are then taken from the cathode circuit 
of V433 and routed to D512 in the Trigger Amplifier circuit, 
where they are also used in the trigger selection circuitry. 

Output Amplifier oy 

General. Refer to the Output Amplifier schematic. The 
Output Amplifier consists of First Amplifier stage Q444- 

Q454, Emitter Follower stage Q463-Q473, Second Amplifier 
stage V464-V474, and associated circuitry. The components 
make up a balanced amplifier which receives differential 
(push-pull) current signals from any one of the Switched 
Amplifiers and develops differential deflection signals for 
the CRT deflection plates. The gain of the First Amplifier 
stage (in conjunction with the Switched Amplifier) is equal 
to approximately 50, and the gain of the Second Amplifier 
stage is equal to about 20. Since the upper and lower 
halves of the Output Amplifier are identical, only the upper 
half is explained here. 

Output Amplifier Circuit Description. The base of Q444 
is held at —12.2V by the power supply, and therefore sets 
the emitter at approximately —12.5V. The fixed potential 
causes a constant flow of about 7.1 mA through the series- 
parallel combination of R447, R448 and one-half of R449. 
Approximately 3.8mA is required to supply the switched 
amplifier circuitry. (Approximately 1.3mA for POSITION 
control while at midrange, and 2.5mA for Q424 under no- 
signal conditions.) The remaining 3.3mA_ flows through 

Q444 and its collector impedances, then combines with the 
electron flow from Q454 and R459, The total electron flow 
then splits, passing through R446 and R456. The push-pull 
signal current permits a constant current through R446 and 
R456, and the inductors have relatively no impedance at low 
frequencies; therefore, the DC and low-frequency load for 
Q444 consists of R444. When the Input Amplifier is balanced 
and no signal is present, the 3.3mA combines with the 
R459-R446-R456 voltage divider to set the Q444 collector 
voltage at approximately 9 V. It is interesting to note that 
when all MODE switches are off, the 3.8 mA which normally 
goes to a Switched Amplifier flows through Q444. Its col- 
lector voltage then drops to about —2V. 

The POSITION RANGE permits balancing of the outputs 
of the two sides of the Output Amplifier during balanced 
input conditions. 
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R416 Amplifier input resistance. 

C416 Amplifier input capacitance; combines with (4) to establish 47 pF input capacitance. 

(1) Attenuator resistive voltage divider; combines with R416 to reduce the DC voltage at the grid of V423, while 
maintaining 1 M{& of resistance at the input connector. 

(2) . Attenuator capacitive voltage divider; combines with (4) and C416 to reduce the AC voltage at the grid of V423. 

(3) Attenuator input capacitance; combines with (2), (4),(5) and C416 to maintain 47 pF of capacitance at the input 
connector. 

(4) Stray capacitance associated with the input to V423. 

(5) Stray capacitance associated with the input circuitry, 

R401, R410, R419 Oscillation suppressors. 

R417 Overload current limiter. 

C417 High frequency response bypass capacitor. 

Fig. 3-2. Analysis of attenuator circuitry. 

The electron flow demanded by the Switched Amplifier 
changes under signal conditions. It also changes in response 
to the Switched Amplifier’s POSITION control setting. Any 
change in electron flow demanded by the Switched Amplifier 
must be accompanied by an opposite change through Q444, 
since it shares a common electron source with the Switched 
Amplifier. The resultant change in voltage across R444 pro- 
vides a voltage signal to Emitter Follower Q463. 

Emitter Follower Q463 establishes the control grid voltage 
for V464, referencing it to the voltage at the Q444 collector. 
If excesively large positive voltages appear at the collector 
of Q444, D461 conducts to protect the Q463 base-emitter 
junction from reverse breakdown. 

The voltage at the control grid of V464 determines the 
cathode potential,,and therefore the electron flow through 
R466. Under balanced conditions no electrons flow through 
the R467-R468-R477 circuit, and the plate of V464 is at about 
+170 V. When a signal is received by V464, an opposite- 
polarity signal is also received by V474. The resulting imbal- 
ance of voltage across the R467-R468-R477-R466-R476 volf- 
age divider causes some of the electrons to divert from one 

side and flow through the other. The smaller the effective 
resistance of this network, the more the electron flow for a 

given signal, and the greater the voltage swing across the 
load resistors. R477 permits adjustment of this electron flow 
in response to signals, to permit simultaneous changing of 
gain in all four channels in response to one adjustment. This 
permits rapid gain calibration of the unit when it is moved 
between oscilloscopes which have slightly different deflec- 
tion factors associated with their vertical deflection plates. 

® 

D468 and D469 (cathode circuit components) do not con- 
duct during center screen display conditions. They go into 
conduction and decrease the effective cathode resistance 
as signal amplitude increases. This insures a relatively linear 
gain factor, independent of signal size. The inductors associ- 
ated with the various circuits improve high frequency re- 
sponse of the unit. 

Trigger Selection Circuit. Signals for internal triggering 
of the sweep and unblanking circuits in the 2B67 can be 
selected at the 3A74 front panel. When the TRIGGER switch 
is in the Composite position, both the DC and AC outputs 
from the plate of V474 are connected through the R535-C535 
combination, and through the TRIGGER switch contacts to 
the grid of V533A. This tube is used as a cathode follower 
to provide a low impedance triggering signal to the hori- 
zontal unit without loading down the deflection plate from 
which the signal is derived. R530 is part of a voltage divider 
(R535, R536) which permits adjustment of the DC level of the 
triggering signal output to insure compatibility with the 
2Bé67 trigger circuit. 

When the TRIGGER switch is in the CH 2 ONLY position, 
triggering signals are taken from the Internal Trigger Ampli- 
fier circuit which consists of Q503, Q504, Q514, Q524 and 
the associated components. The operating level of the cir- 
cuit is initially established by the cathode potentials of V423 
and V433 in the Channel 2 Switched Amplifier. They operate 
at about +1.5V under no-signal conditions. This V423 
cathode potential is applied to the base of emitter-follower 
Q503, where it causes the Q503 emitter and the Q504 base 
to operate at approximately +1.7V. Similarly, the V433 
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Fig. 3-3. Oscillator Control Circuit. 

cathode voltage is applied to D512, which sets the Q514 
base near +1.7V. Q504 and Q514 form an emitter-coupled 
amplifier which has two relatively constant current paths, 
through R508 and R518. If a negative signal arrives at the 
base of Q514, it is coupled to the emitter, where it increases 
the voltage across R518. The large size of R518 prevents 
much change of electron flow through it. However, the 
voltage increase causes an unbalance to occur across R510. 
The small value of R510 permits an appreciable amount of 
electron flow through it. Electron flow through @504 then 
decreases by an amount comparable to the increase through 
@514, causing a negative signal to be developed across 
R504. This negative signal is further amplified by Q524, and 
applied through voltage divider R528-R529 to the grid of 
cathode follower V533A. 

A negative signal arriving at the base of Q504 causes 
essentially the same circuit action to occur, except that it is 
accompanied by an increase of electron flow through Q504 
and a positive signal output. 

The amplifier provides both AC and DC voltages to the 
triggering circuit. R521 (CH 2 INT TRIG DC LEVEL) permits 
adjustment of the DC output of the amplifier to insure a 
zero-volt output from V533A in response to 0 V at the input 
connector. L525 and C529 improve the high frequency 
response of the amplifier. 

Power Supply Voltages. Most of the power supply inputs 
are equipped with decoupling components within the 3A74. 
These are shown on the Output Amplifier schematic. In 
addition, some of the supplies are used to develop other 
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regulated supplies within the unit. Zener diode D494 uses 
the +125 V supply to delevop a 51 V output, which is filtered 
by C494. @Q487 and Zener diode D487 combine to provide 
regulated +12V and +11.2V supplies. The Zener action 
provides the 12V and sets the reference for Q487, which 
then functions as a series regulator to provide the +11.2V 
outpuf. 

Channel Switching: Circuit 4) 

General. The Channel Switching Circuit consists of a 
Blocking Oscillator, a Sync Pulse Emitter Follower, a Ring 
Counter, Gating Diodes, and a Sync Pulse and Blanking 
Pulse Regenerator. It is recommended that the reader return 
to the beginning of the 3A74 circuit description and re-read 
the section of the Block Diagram Description which involves 
these components. It will aid in the understanding of the 
following circuit description. 

Blocking Oscillator and Sync Pulse Emitter Follower. 
Refer to the simplified version of the Oscillator Control 
Circuit shown in Fig. 3-3. The Blocking Oscillator is similar 
to an Armstrong, with the collector of the transistor con- 
nected through the primary winding to —12.2V, its base 
connected through a secondary winding to ground, and its 
emitter connected through diode D590 to a voltage divider 
network. The voltage divider network includes R585, R587, 
D581, R580, R540, R550, R560, R570 and the base biasing 
networks of Q545, Q555, Q565 and @Q575. @590 conducts 
whenever the voltage at the anode of D590 becomes suf- 
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ficiently positive to turn on D590 and the base-emitter junc- 
tion of Q590 (about +0.4V). The Q590 collector current 
flows through the primary of 1592 and induces a voltage 
into the secondary winding. This causes the Q590 base to 
go negative, carrying the emitter and D590 with it. When 
the rate of change of electron flow through the primary 
decreases, the voltage induced into the secondary becomes 
less, decreasing the drive to Q590. This causes Q590 to 
decrease conduction, causing the current through 1592 to 
decrease. This induces a positive voltage into the base of 
Q590, cutting it off. 

The oscillator is thus controlled by the D590 anode voltage, 
which is determined by the previously-mentioned voltage 
divider. When CHOP is selected and all the MODE switches 
are OFF, electrons cannot pass from all four MODE switches 
through R580 without reverse-biasing D580 and lowering 
the D580-D581 junction enough for D581 to turn on. Some 
of the electrons from the MODE switches then flow through 
D581 and the R585-R587 combination, holding the voltage 
at the anode of D590 below that required for conduction. 
With one MODE switch on, one current path is interrupted 
and less electrons flow through D581. The junction of R585 
and R587 attempts to go toward approximately +2V, but 
the current through R580 is still enough to keep D581 in con- 
duction. This limits the voltage at the D590 anode to slightly 
less than +0.4V. This is still not sufficient for operating the 
oscillator. When two MODE switches are on, electron flow 
decreases to a point where almost all of it is handled by 
R580. D581 conducts only a very small amount and the 
anode of D590 is permitted to go positive enough to allow 
@Q590 to oscillate at a high frequency. Q590 continues to 
operate if three or four MODE switches are on, and D580 
conducts to hold the D581 cathode at approximately +0.5 V. 

The Oscillator Control Circuit functions in a similar man- 
ner during ALT operation, with the exception that turning on 
two or more channel MODE switches only brings the oscil- 
lator to the threshold of operation. The ALT position of the 
CHOP-ALT switch removes R585 from the circuit to accom- 
plish this. When multi-channel operation back-biases D581, 
no current flows through R587 and the anode of D590 is at 
OV. When a positive sync signal is applied from the hori- 
zontal plug-in unit through the CHOP-ALT switch, it puts 
@590 into conduction, initiating a single cycle of Q590 
operation. 

Refer to the schematic of the Channel Switching Circuit. 
The Sync Pulse from the horizontal plug-in unit is coupled 
info the oscillator through Sync Pulse Input Emitter Follower 
@Q583. This transistor is normally not conducting (since its 
base and emitter are both at —12.2 V). When retrace is initi- 
ated in the horizontal plug-in unit the positive-going edge of 
a square wave is applied to C582 and differentiated across 
R582. @583 conducts while the positive spike is present, 
developing a spike in its emitter circuit. This spike is 
coupled through C583 to the ALT contact of the CHOP-ALT 
switch. If ALT operation has been selected, each spike will 
initiate a single cycle of blocking oscillator operation. 

Ring Counter Circuit. Refer to the simplified diagram of 
the Ring Counter circuit which is shown in Fig. 3-4. Assume 
that Q545 is conducting and that the MODE switches in all 
four channels are in NORM position. (In the actual circuit, 
each collector is connected through resistors to the bases of 
the other three transistors. These interconnections are not 
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shown here, so that the sketch can be kept simple.) With 
Q545 conducting, its collector circuit is at a less negative 
potential than when it is not conducting. This effect is felt 
at the base of each of the other three transistors, holding 
them in a non-conducting state. Under this condition, the 
voltage out to the Channel 1 Diode Switch is approximately 
—11.8V, and that to the Diode Switches in the other three 
channels is approximately —13.1 V. These values are suffi- 
cient to permit the signal which is applied to the Channel 1 
Input connector to reach the Output Amplifier, while the 
signals in the other channels are blocked. 

When a negative pulse is received from Q590, it is applied 
simultaneously to all four emitters. It has no effect on Q555, 
@Q565 or Q575, since these three transistors are not con- 
ducting. But it lowers the emitter volage of Q545 enough to 
cut it off. When Q545 cuts off, its collector voltage goes 
more negative. This causes a negative spike to be coupled 
through C547 and the Channel 2 MODE switch to the base 
of Q555. The base-emitter junction of Q555 becomes for- 
ward biased, and Q555 goes into conduction. Its collector 
become less negative. The collector voltage change is felt 
at the bases of the other three transistors, holding them 
cut off. The Channel 2 Switched Amplifier output is now 
coupled to the Output Amplifier, while the outputs from 
channels 1, 3 and 4 are blocked. 

In this manner the channels are sequentially gated on in 
response to successive negative pulses from Q590, and the 
1-2-3-4-1-2-3-4 sequence continues as long as pulses are 
received and all four MODE switches are on. Two complete 
cycles of 4-channel operation are indicated in the waveforms 
shown in Fig. 3-4. 

If any one of the MODE switches is in the OFF position, 
the negative-going collector signal bypasses that channel 
and is routed to the next channel where the MODE switch 
also either rejects or accepts it. If only one MODE switch 
is on, the Blocking Oscillator is disabled. The voltage at the 
collectors of the three non-conducting transistors holds the 
base of the conducting transistor negative, maintaining a col- 
lector voltage which permits the selected Switched Amplifier 
signal to reach the Output Amplifier. 

Gating Diodes and Diode Switches. The Gating Diodes 
are enabled or disabled by the actions of the transistors in 
the Ring Counter, which have just been discussed. The Diode 
Switches, in conjunction with these Gating Diodes, permit the 
Output Amplifier to display the signals in the four Switched 
Amplifiers on a time-sharing basis. 

Refer to Fig. 3-5. Each transistor in the Ring Counter is 
associated with a specific Switched Amplifier. When that 
transistor is turned on, its Switched Amplifier is coupled to 
the Output Amplifier by the following situation: 

Approximately —6V occurs at the transistor’s base be- 
cause of the voltage dividers from the other three transistors 
in the Ring Counter. 

The —5.7V at the emitter of the transistor demands 
approximately 12mA through the emitter resistance to 
ground. 

11.7 mA drops enough voltage across R548 to cause D548 
to conduct. This clamps the anode of D548 to about —11.8 V, 
and the additional 0.3mA required by R586 and R588 flows 
through D548. D547 is back biased and cannot conduct. 
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Fig. 3-5. Electron flow and voltage existing in the Channel 1 Switching Circuit when Channel 1 is gated on by the Ring Counter. 

The Switched Amplifier requires approximately 3.8 mA to 
satisfy circuit requirements. D440 and D443 are referenced 
to a fixed voltage point and become enabled when the 
Switched Amplifier voltage pulls their anodes up to approxi- 
mately —12.1 V. The output from the Switched Amplifier is 
thereby applied to the Output Amplifier. 

D441 and D442 have —11.8V at their cathodes and 
—12.1 V at their anodes and are therefore back-biased. 

Now consider the simplified circuit shown in Fig. 3-6. 
Electrons from one of the other transistors in the Ring Counter 
flow through R586 and R588, holding the transistor emitter 
at about —5.7V. Electron flow in the base network sets 
the base at about —5.2V. The transistor base-emitter junc- 
tion is reverse-biased, holding the transistor cut off. The 
signal from the Switched Amplifier associated with that 
transistor is prevented from reaching the Output Amplifier 
by the following conditions: 

No electrons flow in the collector circuit of the transistor. 

The —100V pulls down on the D547-D548 junction until 
D547 conducts. The voltage across D547 and D566 sub- 
tracts from the —12.2 V power supply, setting the D547-D548 
junction at about —13.1 V. 

The —13.1V appears at the junction of D441-D442, 
causing them to conduct. This supplies the electrons de- 
manded by the Switched Amplifier, simultaneously clamping 
the anodes of D440 and D443 at approximately —12.8 V. 

® 

D440 and D443 have —12.4V at their cathodes, and are 

therefore back biased. 

Summary of Blocking Oscillator, Ring Counter, and 
Gating Diode Operation. The operation of these circuits 
was explained with reference to simplified drawings. It is 
recommended that the descriptions now be re-read while 
referring to the Channel Switching Circuit schematic diagram. 

Blanking Pulse and Sync Pulse Regenerator. Refer to 
the Channel Switching Circuit schematic diagram. V533B is 
normally cut off, since its grid is at —12.2 V and its cathode 
is set at about —0.6V by the R595-D595 voltage divider. 
Whenever @Q590 goes into conduction, the electron flow 
through the T592 primary winding causes a positive signal 
to be induced into the grid circuit of V533B, and the tube 
conducts. The T595 primary winding in the cathode circuit 
induces a regenerative positive voltage into the grid circuit, 
snapping the tube into heavy conduction. The positive pulse 
which develops in the cathode circuit is then routed through 
the interconnecting plug to the CRT cathode to decrease 
the CRT intensity while channel switching occurs. Although 
a negative-gding sync pulse is generated in the secondary 
of 1593, it is not used in the Engine Analyzer System. 

ROTATIONAL FUNCTION GENERATOR <5> 
General. The Rotational Function Generator is the source 

of the sine wave, sawtooth wave, and markers which are 

indicative of the rotational position of the engine to which 
the Function Generator is connected. 
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Fig. 3-6. Electron flow and voltage existing in the Channel 1 Switching Circuit when Channel 1 is gated off by the Ring Counter. 

Circuit Description 

Refer to the schematic diagram of the Rotational Function 
Generator. The Function Generator Disc (which is driven 
by the engine) contains three concentric light-conducting 
paths. A light source and diffusing window are located 
adjacent to the disc, opposite three phototransistor aper- 
tures. As the disc rotates, the amount of light striking each 
phototransistor varies in accordance with the disc program 
with which it is aligned. This causes proportional changes 
in transistor emitter currents. These changing currents are 

applied to amplifiers, after which the output signals are 
routed to the 2Bé67. 

Sawtooth Generator. This circuit consists of photo- 
transistor Q53, paraphase amplifier Q54 (dual transistor) and 
associated components. Voltage divider R56-R57-R58 and 
the voltage drop across D56 set the voltage at the base of 
Q54B at about —5.5V, which then determines the voltage 
at the emitters of Q53. Voltage divider R51-R52 sets the 
voltage at the base of @53 to about —5V, which set the 
Q53 emitter voltage at about —5.5V. With the bases of 
Q54A and B at approximately equal potentials, each passes 
about half of the 2mA which flows through R54. The resul- 
tant voltage drops across D59, R50 and R59 set the Q54 
collectors at about —2.2V. This potential is available at 
the contacts of ROTATION DIRECTION switch SW60. 

As the Function Generator Disc rotates, a constantly 
changing amount of light strikes phototransistor Q53, causing 
its collector current to change. An increase in light causes 
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an increase in current, which increases the drive to Q54A. 

Q54A increases conduction, lowering the voltage at its 
collector. The common-emitter configuraion of Q54A and B 
causes a decrease in conduction through Q54B, causing its 
collector voltage to increase. The increase of current through 
Q53 causes an increase of voltage drop across R56, which 
sends a negative signal to the base of Q54B. This assists 
the common emitter in decreasing the Q54B conduction. 
Reverse effects occur for a decrease in the amount of light 
striking Q53. 

Either collector signal can be selected by SW60, permitting 
a left-to-right CRT sweep regardless of the direction of engine 
rotation. The SAWTOOTH DC BAL control (R57) permits 
balancing of the two outputs under operating conditions to 
avoid changes in trace position from occurring when the 
ROTATION DIRECTION switch position is changed. 

Sine Wave Generator. This circuit is electrically the 
same as the Sawtooth Generator, except that no output 
selection is available. The SINE DC BAL control (R77) is 
adjusted to provide a PISTON horizontal trace display which 
occupies the same area as the display which exists during 
CRANK operation. 

Marker Generator. This circuit contains phototransistor 
Q93, inverting amplifier Q94, and associated components. 
The voltage developed across D92 in the base circuit of Q93 
forward biases the emitter-base junction enough for current 
flow to occur. This provides drive current to Q94, which 
conducts about 1 mA of collector current. The Q94 current 
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through R95 is degenerative to Q93, stabilizing the circuit 
at desired conduction levels. When light pulses strike photo- 
transistor Q93, it increases conduction, increasing the drive 
to Q94. This causes positive pulses at the Q94 collector, 
which are routed through R96 to output connector J370. 

Power Supply, Illumination and Mechanical Align- 
ment. —12.2 volts from 2B67 provides operating power for 
the three illuminating lamps. The —12.2V is also applied 
to Zener diode D99 to develop the —9V which powers the 
transistor circuits. The signal outputs from the Function Gen- 
erator vary directly with the intensity of the light striking the 
phototransistors. The spacing between the phototransistors 
and the lamps is adjustable to allow compensation for dif- 
ferences in phototransistor sensitivity. Failure of the center 
lamp will affect signal amplitude. Failure of either of the end 
lamps will effect both signal amplitude and linearity. In 
addition, the linearity of the signals is partially dependent 
upon the mechanical alignment of the phototransistor block. 
Lamp replacement is discussed in the Maintenance Section, 
and mechanical alignment is explained in the Calibration 
Procedure. 

2B67 ENGINE ANALYZER TIME BASE 

General. The 2B67 Engine Analyzer Time Base (here- 
after called 2B67) performs the following functions: provides 
an unblanking voltage to the CRT to permit displays; receives 
position signals from the Rotational Function Generator (here- 
after called Function Generator) and amplifies them to pro- 
vide horizontal positioning signals to the CRT electron beam; 
receives marker signals from the Function Generator, ampli- 
fies them and routes them through the oscilloscope chassis to 
the vertical plug-in unit. In addition, the 2B67 can develop 
internal sweep votlages independent of the Function Gen- 
erator. These sweep voltages can provide either calibrated 
or uncalibrated horizontal deflection of the electron beam 
to form a time base against which the vertical presentations 
can be observed. 

Block Diagram Description 

Refer to the 2B67 Simplified Block Diagram in Fig. 3-7. 
The Trigger Generator accepts signals selected by the 
SOURCE switch and develops a trigger pulse output in 
response to the signals. The trigger pulse is sent to the 
Sweep and Blanking Voltage Generator. The Trigger Gen- 
erator can also be set up to automaticaly develop trigger 
pulses, independent of input signals. 

The Sweep and Blanking Voltage Generator circuit is 
capable of developing three outputs—a Blanking Voltage to 
control CRT electron beam blanking, a Sync Pulse to control 
Vertical Plug-In Unit channel switching, and a Sawtooth volt- 
age to control horizontal deflection of the CRT electron 
beam. Only the Blanking Voltage output is used while the 
TIME/DIV switch is in the ROTATIONAL FUNCTION GEN- 
ERATOR position. During this time, the sync pulse is normally 
interrupted in the Vertical Plug-In Unit, and the sawtooth is 
not generated. When the TIME/DIV switch is at a numbered 
position, the sawtooth voltage canbe generated to cause 
CRT electron beam horizontal deflection. The blanking voll- 
age then prevents horizontal retrace from being seen, and the 
sync pulse can be used in the Vertical Plug-In Unit to cause 
channel switching to coincide with sweep horizontal retrace. 

® 
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The Horizontal Amplifier provides the ,CRT with horizontal 
deflection plate voltages. When the TIME/DIV switch is at 

the ROTATIONAL FUNCTION GENERATOR position, the 
deflection plate voltage is controlled by the signal from the 
Function Generator. In the event that no signal is being 
received from the Function Generator, a Standby Trace is 
applied to the Output Amplifier to provide approximately 
two divisions of horizontal deflection. This avoids having a 
stationary dot on the CRT, which could damage the phos- 
phor. Whenever the TIME/DIV switch is in a numbered posi- 
tion, the sawtooth from the Sweep and Blanking Pulse Gen- 
erator is used. Regardless of the position of the TIME/DIV 
switch, the signal from the Function Generator is always 
processed by the Rotational Function Amplifier and routed 
to the EXT triggering signal line. 

The cable which brings the sine wave and sawtooth from 
the Function Generator also contains a lead which carries 
degree marker signals. Whenever markers are present, they 

are amplified and applied to the MARKERS PULL switch. 
The markers are also coupled into the Standby Trace Gen- 
erator. Whenever present, they prevent the standby trace 
from being applied to the Output Amplifier. When the 
MARKERS PULL switch is closed, the markers are routed 

through the oscilloscope connector to the Vertical Plug-In 
Unit. 

Trigger Generator © 

Block Diagram Description. Refer to the block diagram 
contained on the Trigger Generator schematic. The principal 
components of the Trigger Generator circuit are the Trigger 
Input Amplifier and the Trigger Multivibrator. The Amplifier 
accepts AC or transient signals from the SOURCE switch and 
converts them to the polarity, amplitude and DC level re- 
quired by the Multivibrator. 

The Multivibrator develops a square wave output with 
fast leading and trailing edges. This square wave can be 
generated in response to signals from the Amplifier, or it 
can be generated independent of the Amplifier when the 
LEVEL control is at the AUTO position. When AUTO opera- 
tion is selected and no signal is present, the Multivibrator 
operates at approximately 50Hz. This AUTO mode can 
be over-ridden by signals from the amplifier which are of a 
higher frequency and of sufficient amplitude. 

When the LEVEL control is not at the AUTO position, 
the Trigger Multivibrator becomes a Schmitt Trigger circuit, 
switching states whenever its DC input voltage crosses 
through certain levels. The switching action still produces 
the rapid positive and negative-going transients which are 
characteristic of the circuit. 

The negative-going transient from the Trigger Multivibrator 
is used by the Sweep and Blanking Pulse Generator to cause 
switching action. The multivibrator requires a negative signal 
from the Trigger Output Amplifier to create this negative 
transient. The Trigger Input Amplifier is equipped with a 
SLOPE control, which permits a negative output from the 
Amplifier in response to either a positive-going or negative- 
going input signal. 

Detailed Description. Refer to the Trigger Generator 
Schematic Diagram. Under quiescent conditions, the LEVEL 
control determines the conduction status of both halves of 
V24. If the LEVEL control is set at 0, both grids of V24 will 
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Fig. 3-7. 2B67 simplified block diagram. 

be at 0 volts and the two halves will have an approximately 
equal amount of electron flow through them. The plates will 
be at about +112V. This value is not positive enough to 
cause V45A to conduct, and is not negative enough to cut 
V45A off, so V45A can be in either state. 

Assume that the LEVEL control is at 0, V45A is conducting, 
V45B is cut off, and that the SLOPE switch is at —. When a 

negative-going signal is coupled through the SOURCE switch 
and C14, it causes the grid of V24A to decrease the con- 
duction through that side. The common-cathode action of 
V24 causes an increase of electron flow through V24B, 
lowering its plate voltage. When the V24B plate voltage 
decreases through approximately +111 V, V45A decreases 

conduction. The increase in V45A plate voltage is coupled 

through C37 and R37 to put V45B into conduction. The 

combination of common-cathode and plate-feedbock causes 

V45A to rapidly cut off and V45B to conduct. The fast 
negative-going plate voltage is then applied to the Sweep 

and Blanking Pulse Generator. When a positive signal into 

V24A causes the V24B plate voltage to increase through 
about +113 V, V45A will again conduct and reset the mul- 

tivibrator. 

The voltage required to cut off V45A is referred to as 

the multivibrator “lower hysteresis level’ and that required 
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to turn V45A ‘back on is called the ‘upper hysteresis level”’. 
The voltage difference between the two limits is the 
“hysteresis width". : 

if the LEVEL control is set to some negative voltage, V24B 
will decrease conduction and its plate voltage will rise, 
putting V45A into conduction. Incoming signals will have 
to drive the grid of V24A more negative than the value 

selected by the LEVEL controi before the common cathode 

action will permit the V24B plate voltage to go down 

through the lower hysteresis level of V45A, generating a 

negative-going trigger pulse output. 

If a positive value is selected by the LEVEL control, V24B 

will conduct more than V24A and V45A will be cut off. 

V24A will have to receive a signal voltage more positive than 

that at the grid of V24B before V45A can conduct and reset 

the Trigger Multivibrator. Then when the signal into the grid 

of V24A decreases to a value below that on the V24B grid, 

the V24B plate voltage will again decrease through the 

lower hysteresis level of V45A to create another negative- 

going trigger pulse output. 

The just-decribed action permits triggers to be generated 

at different voltage levels of the triggering signal, as de- 

terminated by the LEVEL control setting. R21 is placed in 
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parallel with R20 during ROTATIONAL FUNCTION GEN- 
ERATOR operation to decrease the maximum + and — 
voltage delivered to the Trigger Input Amplifier. This provides 
less critical (TRIGGERING) LEVEL control than would other- 
wise be available. 

Note that the SLOPE switch was in the — position for 
the above discussion, and that the signal in to V24A had 
to be negative-going to generate a negative trigger pulse 
out, regardless of whether the LEVEL control was at 0, 
—, or + If the SLOPE switch is placed in its + position, 

the signal input and POSITION voltage will reverse their grid 
connections. The same circuit response will occur, except 
that the signal into the multivibrator will change in a direc- 
tion opposite to the incoming signal, generating a negative 
trigger pulse output only in response to a positive-going 
input signal. 

Auto Operation. When the LEVEL control is placed in its 
AUTO position, the DC circuit between the V24B plate and 
the V45A grid is interrupted. Additional resistance is inserted 
into the V45A plate circuit and the LEVEL control voltage 
output is short circuited to ground. With 0 volts on both 
grids of V24A, both plates and the left plate of C31 are 
quiescently at approxmately +112 V. 

Assume that C31 initially has no charge on it and that 
its right plate is also at +112V, setting the V45A grid at 
+112 V and its cathode potential at about +117 V. About 
4.25mA is demanded through R46 and flows through R34 
and R35, setting the V45A plate at about +285 V. The R37- 
R38 voltage divider causes about +105 V to appear on the 
grid of V45B. With +117 V on its cathode and +105 V on 
its grid, V45B is virtually cut off. 

The +105 V at the R37-R38 junction places a 7 volt poten- 
tial across R40, R31 and C31 (whose left plate is at +112 V). 

As C3] charges, its right plate goes in a negative direction. 
The grid of V45A follows, causing the cathode voltage to 
also decrease. This voltage is coupled to the cathode of 
V45B. When it becomes low enough, V45B sarts conducting. 
Some of the electrons from R46 flow through V45B, de- 
creasing current flow through V45A. The decreased current 
through R34 and R35 raises the V45A plate voltage. The 
grid voltage of V45B follows. The combination of cathode 
coupling and plate feedback causes V45A to rapidly cut 
off and causes V45B to go into full conduction, creating a 
negative trigger pulse output. 

With the plate of V45A at almost +300V, the voltage 

divider causes about +112V to occur at the V45B grid. 
C31 now discharges until the grid of V45A rises enough to 
permit V45A to conduct. The cycle then repeats itself. 

Signals arriving from V24B combine with the potential at 
the grid of V45A, and can either cause it to prematurely 
conduct or cut off, depending upon polarity and amplitude. 
AUTO operation can be completely over-ridden by any sig- 
nals from V24B whose peak-to-peak value exceeds the 
approximately 0.5V hysteresis width of the multivibrator. 

Sweep and Blanking Voltage Generator ® 

General. When the TIME/DIV switch is in the ROTA- 
TIONAL FUNCTION GENERATOR position, this circuit pro- 
vides a continuous unblanking voltage to the CRT while the 

Circuit Description—Engine Analyzer System 

MODE switch is at NORM. If the MODE switch is in the 
SINGLE SWP position, the circuit must provide the CRT with 
unblanking voltage only long enough to permit one or two 
sweeps, as selected by the (ROTATIONAL FUNCTION) 
SINGLE SWP DISPLAY switch. The circuit must then be 
manually reset before another display can be presented. 

When the TIME/DIV switch is in a numbered position, the 
Sweep and Blanking Voltage Generator develops a linear 
sawtooth sweep voltage and provides unblanking to the CRT 
during the time the sawtooth is being applied to the Hori- 
zontal Amplifier. When the sawtooth voltage collapses, the 
circuit blanks the CRT, and sends a sync pulse to the Vertical 
Plug-In Unit. If the MODE switch is at SINGLE SWP, the 
circuit must be manually reset after each sweep before 
another sweep can be displayed. 

Operation With TIME/DIV at ROTATIONAL FUNCTION 
GENERATOR Position 

Block Diagram Description. Refer to the Block Dia- 
gram contained on the Sweep and Blanking Voltage Genera- 
tor schematic. When the TIME/DIV switch is placed in the 
ROTATIONAL FUNCTION GENERATOR position, V135A 
is conducting and V145A is cut off. This provides a blanking 
voltage to the CRT, and a back-biasing voltage through 
R140 and R142 to D132. When a negative-going trigger 
pulse arrives from the Trigger Generator, it passes through 
C130 and causes the Gating Multivibrator to switch states. 
This raises the voltage on the Blanking Voltage line to 
+125 V, unblanking the CRT. The back-biasing voltage is also 
removed from D132. If the MODE switch is at NORM, 

the circuit remains in this condition until manually s switched 
to another mode of operation. 

If the MODE switch is at SINGLE SWP, and the SINGLE 
SWP DISPLAY switch is at 360° (2 CYCLE), the next negative- 
going pulse from the Trigger Generator passes through 
C133, D132 and through the 2 Cycle/4 Cycle Multivibrator. 
This pulse is amplified and inverted by the Pulse/Sweep 
Amplifier, sending a positive-going signal through the Hold- 
off Enabling Diode. (This diode is used when the TIME/DIV 
switch is at a numbered position, and has no effect when the 
TIME/DIV switch is at the ROTATIONAL FUNCTION 
GENERATOR position.) The positive pulse passes through 
the Feedback Cathode Follower and is applied to the Gating 
Multivibrator, which it resets. 

During SINGLE SWP operation the Single Sweep Lockout 
circuit causes D124 fo conduct when the 2 Cycle/4 Cycle 
circuit resets the Gating Multivibrator. Its conduction prevents 
the Gating Multivibrator from accepting any more negative- 
going signals. When the MODE switch is momentarily placed 
in the RESET position, D124 stops conducting and the READY 
lamp goes on. The circuit is then ready to go through a an- 
other unblanking cycle. 

If the SINGLE SWP DISPLAY switch is at the 720° (4 CYCLE) 
position, circuit response is similar, except that the 2 Cycle/ 
4 Cycle Multivibrator requires 2 negative pulses to develop 
a negative-going pulse. This means that three negative- 
going pulses are required from the Trigger Generator to first 
unblank and then blank the CRT. Since the Trigger Genera- 
tor develops a Trigger Pulse once each cycle of input signal, 
the CRT remains unblanked for 2 cycles of Rotational Func- 
tion Generator operation. 
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It should be noted here that the 360° (2 CYCLE}/720° 

(4 CYCLE) nomenclature refers to engine operation. The 

flywheel and the Rotational Function Generator go through 
one complete revolution as a 2 cycle engine goes through 
its two cycles of operation, or as a 4 cycle engine goes 
through two of its four cycles. 

Circuit Description. Refer to the schematic diagram. 
Assume that the TIME/DIV switch is at ROTATIONAL FUNC- 
TION GENERATOR position, the MODE switch is at NORM 
and the LEVEL control is not at FREE RUN. Before the first 
negative trigger pulse arrives, the circuit is set up as follows: 
R111, R112 and R113 apply approximately —51V to the 
cathode of V145A and the grid of V135A. This establishes 
the V135A cathode voltage at about —50V. The current 
required by this voltage flows through R144, V135A, R135 
and R134, establishing the voltage at the grid and cathode 
of V135B. The voltage at the cathode of V135B must be 
in the vicinity of +125 V to unblank the CRT. With V135A 
conducting, this voltage is at about +20V, and the CRT is 
blanked. The R141-R143 voltage divider causes about —60 V 
to be felt at the control grid of V145A. With —50 V on its 
cathode and —60V on its control grid, V145A is cut off. 

With V145A cut off, its plate attempts to go to0 V. V152A 
conducts, delivering about 2.2 mA from the R174-R176-R178 
voltage divider. This current through R147 thus causes the 
V145A plate to be about —3.3V. 

About —70 V appears at the wiper of R176, causing V152C 
to turn on, coniributing a very small amount of the V152A 
electron flow. This causes the V152C cathode and the 
V145B grid to be near —70V. With —70V on its grid 
and —51V on its cathode, V145B is cut off. 

V161A is passing maximum current because its cathode is 
connected to ground and its control grid is referenced to 
ground through R182. This causes its plate to be at about 
+5V. The B167-R167 voltage divider connects between the 
V161A plate and —100 V, and sets the grid of V161B at about 
—50V. With its grid at —50V and its cathode near —4 V, 

V161B is near cut off, 

Some consideration must be given to other components in 
the grid circuit of V135A before discussing what occurs when 
a trigger is received. D132 is provided with voltage dividers 
at its cathode and anode. R132 and R133 set its cathode at 
about +123 V. With the MODE switch at NORM, R128, R140 

and R142 form a voltage divider which sets the D132 anode 
at about +0.1 V while V135A is conducting. D132 is there- 
fore cut off. 

When a negative pulse arrives from the trigger generator, 
it passes through C130, develops across R130-D130, and is 
applied to the grid of VI135A. V135A decreases conduction, 
simultaneously causing its cathode to go negative and its 
plate to go positive. The positive-going plate voltage signal 
is coupled through V135B to the grid of V145A. The combina- 
tion of decreasing cathode voltage and increasing grid 
voltage turns VI45A on hard, raising its cathode voltage 
sufficiently to hold V135A cut off after the negative input 
signal disappears. The plate of V135B goes to about +123 V, 
and its cathode goes to +125V. The +125 V is applied to 
the blanking voltage line to unblank the CRT. 

With +125V at the cathode of V125B, the voltage at 
the anode of D132 rises to about +0.5V, but the diode 
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remains back biased and still cannot permit incoming signals 
to pass through it. 

The CRT has been unblanked in response to a negative 
going input signal, and remains unblanked until the 2B67 is 
manually switched fo another operating mode. 

Assume now that the MODE switch has been momentarily 
placed in the RESET position, and then placed at SINGLE 
SWP. Circuit operation from that point is as previously 
described, with the following exceptions: 

The ground connection is removed from the base of Q124, 
and its emitter is connected to ground. The R126-R127 volt- 
age divider places about +0.9 V at the base of Q124 and 
the anode of D126. Q124 is cut off, and D126 cannot con- 

duct until its cathode falls below about +0.3V. The R121- 

R123-R124 voltage divider causes B123 to turn on and sets 
the collector of Q124 at about 80 V. That potential is applied 
to the anode of D124, holding it cut off. 

If the SINGLE SWP DISPLAY switch is in the 360° (2 
CYCLE) position, it lowers the base circuit resistance of Q]I95 

below that of Q185. This holds the 2 Cycle/4 Cycle Multi- 
vibrator in a monostable state with Q185 cut off. 

Disconnecting R128 from ground places the anode of 
D132 at the same potential as the cathode of V135B. Thus it 
is at about +20V while V135A is conducting. This back- 
biases it against input signals while the ‘CRT is blanked. 

When a negative trigger pulse cuts off V135A, the 
+125 V at the cathode of V135B places +125 V at the anode 
of D132, turning it on. The next negative trigger pulse to ar- 
rive passes through C133, D132, C199, D198, C182 and a con- 

tact of the TIME/DIV switch. The pulse is felt at the grid of 
V161A, causing the plate current to decrease. The positive 
spike developed in the V161A plate circuit is felt at the 
cathode of V161B, the cathode of V152C, the cathode of 

V145B, and the grid of V135A. V135A conducts heavily, 
resetting the V135A-V145A multivibrator. This removes the 

" unblanking voltage from the blanking voltage line, and the 
CRT becomes blanked. 

When the feedback pulse turns V135A on, it causes the 
plate of V135A to drop below —1.2 V, turning on D126 and 
Q124. The Q124 collector voltage goes positive to almost 0 
volts, which turns D124 on. This moves the V135A grid volt- 
age in a positive direction, saturating V135A. Incoming 
trigger signals are not large enough fo over-ride this satura- 
tion voltage. With V135A saturated, approximately 8 V ap- 
pears at the cathode of V135B. This voltage is also felt at the 
anode of D132. With +123 V on its cathode, D132 is back 

biased. 

The circuit remains in this status until the MODE switch 
is moved. When it is placed at RESET, the Q124 cathode 
circuit is opened, and the anode of D125 is grounded. 
Q124 stops conducting and its collector voltage goes toward 
—100V. The D124 cathode voltage follows until it arrives 
at about —50V (the value set by the RI11, R112, R113 

voltage divider). D124 then becomes back biased and stops 
conducting. With a lowered grid voltage, V135A conducts 
less current. When the MODE switch is allowed to return 
from the RESET to the SINGLE SWP position, the VI35A 
plate voltage rises to about +11 V. D126 is again back 
biased, and Q124 remains in a non-conducting state. The 
voltage across Q124 rises and B124 turns on, indicating 



that the circuit is again ready to accept incoming trigger 
pulses. 

The preceding SINGLE SWP explanation assumed that the 
(ROTATIONAL FUNCTION) SINGLE SWP DISPLAY switch 
was in the 360° (2 CYCLE) position. Circuit operation is 

_ essentially the same when the switch is in the 720° (4 CYCLE) 
position except as follows: 

The base circuit resistance of Qi85 and Q195 are equal, 
and the multivibrator is bistable. 

Putting the MODE switch at reset turns Q185 on, which 
turns Q195 off. The multivibrator remains in this condition 
until the first negative trigger pulse arrives after the CRT has 
been unblanked. That pulse passes through C133, D132, 
C199, D188 and C194, back biasing D187. Q185 cuts off, 

turning Q195 on. The positive-going Q185 collector voltage 
forward biases D198, but has no effect upon saturated V161A. 

The next negative-going trigger pulse to arrive passes 
through C133, D132, C199, D198 and C182. Q195 turns off 

and pufs Q185 back into conduction. The negative-going 
signal voltage is differentiated across R182 and is applied 
to the control grid of VI61A. It then causes circuit reaction 
identical to that previously described. 

Operation with TIME/DIV At A Numbered Position 

Block Diagram Description. Refer to the block diagram 
contained on the Sweep and Blanking Voltage Generator 
schematic. Assume that the TIME/DIV switch is in a num- 

bered position, the MODE switch is at NORM, and the (TRIG- 

GERING) LEVEL control is not at FREE RUN. When a nega- 
tive--going pulse arrives from the Trigger Generator, it passes 
through C130 to cause the Gating Multivibrator to change 
states. An unblanking voltage is sent to the CRT, and the 
Disconnect Diodes become back-biased. 

When the Disconnect Diodes stop conducting, the Timing 
RC Circuit starts charging, developing a linear positive-going 
sawtooth ramp voltage at the output of the Pulse/Sweep 
Amplifier. This ramp is sent to the Horizontal Amplifier to 
develop the CRT horizontal deflection plate voltages. A 
portion of the ramp is coupled through the Holdoff Enabling 
Diode, where it charges the Holdoff Capacitor, and is also 
applied to the grid of the Feedback Cathode Follower. 

When the ramp voltage gets sufficiently positive to develop 
about 101/, divisions of horizontal deflection, the Feedback 
Cathode Follower output becomes positive enough to reset 
the Gating Multivibrator. The CRT unblanking voltage is 
then removed from the blanking voltage line, a positive- 
going voltage is applied to the Sync Pulse line and the 
Disconnect Diodes go into conduction. Trigger pulses cannot 
affect the Gating Multivibrator until the output voltage 
from the Feedback Cathode Follower returns to its quiescent 
value. 

When the Disconnect Diodes are turned on, the Timing RC 
Circuit discharges rapidly, causing the Pulse/Sweep Amplifier 
ramp voltage to collapse. The voltage at the R176 wiper 
follows, and the Holdoff Enabling Diode turns off. The 
Holdoff Capacitor discharges slowly, keeping the Feed- 
back Cathode Follower turned on while the horizontal sweep 
circuitry stabilizes. When the Holdoff Capacitor becomes 
sufficiently discharged, the Feedback Cathode Follower 
decreases its output, finally cutting off. The Gating Mullti- 
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vibrator is then able to change states in response to the 
next negative-going trigger pulse, repeating the cycle. 

During SINGLE SWP operation, circuit response is similar 
to that which has just been explained, with the following 
exceptions: When the Feedback Cathode Follower resets 
the Gating Multivibrator, it also causes the Single Sweep 
Lockout circuit to enable D124. This holds V135A in satura- 
tion, preventing input trigger pulses from affecting the Gating 
Multivibrator. When the MODE switch is mommentarily 
placed at RESET, it turns D124 off. Then when the MODE 
switch is permitted fo return to SINGLE SWP, D124 remains 
off, and the READY lamp lights, indicating that the circuit is 
ready to produce another single sweep. 

When the (TRIGGERING) LEVEL control is placed in the 
FREE RUN position, the Sweep and Unblanking Pulse Gen- 
erator operates as previously described, except that opera- 
tion is independent of trigger pulses. After a sweep is com- 
pleted and retrace occurs, the V135A bias returns to a value 
sufficient to flip the multivibrator, immediately initiating 
another sweep. 

Circuit Description. Refer to the schematic diagram. 
Assume that the TIME/DIV switch is in a numbered position, 
the MODE switch is at NORM, the (TRIGGERING) LEVEL 
control is not at FREE RUN and the circuit is ready to accept 
a trigger pulse. When a negative-going trigger pulse arrives, 
it passes through C130, is developed across R130, and turns 

V135A off. V135 and V145A then react just as they do 
during ROTATIONAL FUNCTION GENERATOR operation. 
The cathode of V135B goes to +125V, unblanking the CRT 
and turning V145A on. The plate of V145A goes to about 
—9V and Disconnect Diodes V152A and V152B turn off. 
Electrons from the —100V supply pass through R160 and 
collect on the lower plate of C160, applying a negative- 
going voltage to the control grid of VI61A. 

V161A has a gain of about 150, and develops a positive- 
going ramp at its plate in response to the negative-going 
voltage at the grid. This voltage is coupled through B167, 
R168 and C167 to the grid of V161B. The V161B cathode 
follows, applying the voltage to the top of C160. The volt- 
age at the top plate of C160 rises almost as fast as the charge 
accumulates on the bottom, with their difference being the 
small amount of signal drive required by V161A. The voltage 
across R160 remains relatively constant, developing a linear 
sawtooth ramp voltage. 

The positive-going ramp at the V161B cathode is applied 
to the Horizontal Amplifier to develop paraphase drive 
voltages for application to the CRT horizontal deflection 
plates. Part of the ramp voltage is picked off by the wiper 
of R176 and is coupled through V152C to C160 and the grid 
of V145B. As the ramp voltage rises, the voltage on C160 
follows and V145B turns on. The ramp voltage continues to 
rise, carrying the V145B cathode voltage with it. When the 
ramp reaches a voltage which is predetermined by the set- 
ting of R176, the cathode voltage of V145B is sufficiently 
high to cause V135A to conduct. V135A goes into saturation 
and the V135B cathode voltage decreases, blanking the CRT. 
V145A stops conducting. As the V145A plate voltage goes 
toward ground potential, V152B conducts. The voltage at the 
V161A control grid goes toward 0, and the plate voltage 
decreases. The grid and cathode of V161B follow the VI61A 
plate voltage down until V152A conducts. Part of the R174- 
R176-R178 current then flows through V152A and R147, hold- 
ing the VI61A grid at about —2.4V. The rapid collapse of 
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V161B cathode voltage causes the Horizontal Amplifier out- 

put voltages to “retrace” (return to their quiescent value). 

The beam retrace cannot be seen because the CRT has been 

blanked by V135B. 

As long as V145B conducts, V135A is held in saturation 

and incoming trigger pulses have no effect. During the time 

that the output voltage was rising, C160 followed the voltage 

at the wiper of R176. When the ramp voltage collapsed, 

V152C cut off, and C160 started charging to —100V 

through the large resistance offered by R181. As C160 

charges toward —100V, the grid and cathode of V145B 

follow, causing the V135A grid voltage to go in a negative 

direction. When the C160 voltage becomes sufficiently 

negative, V145B cuts off. The V135A grid voltage is then at 

its quiescent value and the circuit can again accept incom- 

ing trigger pulses. ° 

- Now consider what happens when the MODE switch is at 

SINGLE SWP and the rising ramp voltage causes V135A to 

go into conduction. The voltage at the cathode of V145B is 
high enough to put V135A into saturation, and its plate 

voltage goes sufficiently negative for D126 to conduct and 

supply drive current to the base-emitter junction of Q124. 

Q124 goes into conduction and the READY lamp goes out. 

The current through R124 raises the D124 anode voltage 

enough to put D124 into conduction and hold V135A in 

saturation. V135A is then unable to accept incoming trigger 

pulses until the MODE switch has been momentarily placed 

at RESET and then allowed to return to SINGLE SWP. When 

at RESET, the MODE switch grounds the V135A plate and 

opens the Q124 emitter circuit, turning QU24 off. Its collector 

goes toward —100V and D124 turns off, permitting the 

V135A grid voltage to return to the values set by RII1. 

When the MODE switch is returned to SINGLE SWP, the 

V135A plate voltage goes slightly positive, and Q124 is 

held cut off, permitting V135A to respond to the next in- 

coming negative-going trigger pulse. 

When the (TRIGGERING) LEVEL control is placed in the 

FREE RUN position, R111 is bypassed, creating a bias voltage 

which is sufficiently negative to cut V135A off. A ramp 

voltage is developed. When the ramp becomes large 

enough to develop a full sweep, feedback through V152C 

and V145B raises the V135A grid voltage enough for V135A 

to conduct. The ramp voltage then collapses. V152C cuts 

off and C1é0 starts charging toward —100V. If the MODE 

switch is at NORM, the cathode of V145B follows the charge 

on C160 until it is sufficiently negative to turn off V135A. 

The cycle then repeats itself. If the MODE switch is in 

SINGLE SWP position, a sweep voltage will be developed 

immediately after the circuit is reset, independent of incoming 

trigger pulses. 

Sync Pulse Circuitry 

A sync pulse is generated and sent to the vertical plug-in 

unit each time V135A goes into conduction. The pulse is 

generated in different manners for different serial-numbered 

instruments as follows: 

In instruments serial number BO40250 and up, while a 
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sweep is being generated the V135B cathode is held at 

about +125 volts by the voltage on its grid. The R151- 

R153 voltage divider attempts to place the Q150 base at 

+35 V, putting D151 into conduction and limiting the base 

voltage to about +0.6 V. This holds Q150 cut off, and 

interconnecting pin 4 is held at —12.2 V by the potential 

applied through interconnecting pin 16. When V135A con- 

ducts, V135B stops conducting, causing the Vi35B cathode 

voltage to change from +125 V to +20 V. The R151-R153 

voltage divider attempts to apply —28 V to the base of 

Q150. 0150 conducts saturation current, holding its base 

voltage to about —0.6 volts and its collector to about 

—0.2 volt. The positive-going change at the collector is sent 

out terminal 4 as a Sync Pulse for the vertical unit. 

In instruments serial number BO30200 to BO30249 when 

V135A conducts to end a sweep, V145A stops conducting 

and its screen grid current supply is interrupted. The screen 

voltage rises, applying a positive voltage to the Q145 base. 

The emitter follower action applies a positive voltage to 

C148, which causes C148 to apply a positive-going pulse to 

interconnecting plug terminal 4. 

In instruments below serial number BO30200, when 

V135A conducts V145A stops conducting and interrupts 

its screen grid current. The positive transition is applied to 

interconnecting plug terminal 4 as a sync pulse. 

Miscellaneous Components 

D126 disconnects the base of Q124 from the plate of V135A 

during the time that sweeps are being generated. This 

protects Q124 from base-emitter reverse breakdown. R123 

and R125 form a voltage divider (with R124) which limits 

the voltage across B124 and the emitter-base junction of 

Q124 during NORM operation. This insures that B124 re- 

mains off and that the voltage across the base-emitter junction 
of Q124 remains below breakdown. D130 provides a low im- 
pedance shunt through C113 for positive pulses from the Trig- 

ger Generator. This prevents the positive pulses from interfer- 

ing with the operation of V135A. C142 decouples incoming 

trigger pulses before they can affect the unblanking circuit 

or the grid of V145A. In addition, during ROTATIONAL 

FUNCTION GENERATOR SINGLE SWP operation, C142 de- 

lays D132 turn-on, so that the signal which unblanks the CRT 

cannot affect the 2 Cycle/4 Cycle multivibrator. C134, C137 

and C141 speed up the action of the Gating Multivibrator. 

C165 and C167 aid the high-frequency response of the Pulse/ 

Sweep Amplifier. B161 limits the V161B grid-cathode voltage 

to about 65V, preventing breakdown. Different values of 

C160 are used at different sweep rates to decrease holdoff 

time as sweep rate increases. This provides a relatively con- 

stant brightness trace. 
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Block Diagram Description. Refer to the block diagram 
contained on the Horizontal Amplifier schematic. The Output 
Amplifier can accept signals from either of two sources. 
One of these sources is the Sweep and Blanking Voltage 
Generator circuit which was just explained. The other 
source is the Rotational Function Generator. 

When the Rotational Function Generator is being driven 
by a rotating device (and its electrical cable is connected 
to the 2B67), a sine wave and a sawtooth wave are applied 
to contacts of the (ROTATIONAL FUNCTION) PISTON- 
CRANK selector switch. The selected signal is amplified by 
the Rotational Function Amplifier and applied fo contacts 
of the TIME/DIV switch. With this switch at ROTATIONAL 
FUNCTION GENERATOR position, the signal is applied to 
the Output Amplifier, where it is amplified and converted 
to push-pull signal voltages for application to the CRT hori- 
zontal deflection plates. The amount of horizontal deflec- 
tion can be controlled by the setting of the (ROTATIONAL 
FUNCTION) WIDTH knob. The (ROTATIONAL FUNCTION) 
POSITION control affects the sweep's horizontal position. 

The output from the Rotational Function Amplifier is routed 
to the Trigger Generator circuit to provide unblanking dur- 
ing ROTATIONAL FUNCTION GENERATOR SINGLE SWP 
operation. 

When the TIME/DIV switch is placed at a numbered posi- 
tion, the output of the Sweep Cathode Follower is applied 
to the Output Amplifier. If sweep voltage ramps are being 
generated by the Sweep and Unblanking Pulse Generator, 
they are amplified and applied to the CRT horizontal deflec- 
tion plates. The R323 POSITION control is then the only 
operator control affecting the horizontal position occupied 
by the sweep. 

The output .from the: Rotational Function Amplifier con- 
tinues to be sent to the Trigger Generator while the TIME/ 
DIV switch is at a numbered position. It can be used to 
initiate sweep ramp voltages to obtain stable displays of 
engine functions against calibrated (or uncalibrated) time 

bases. 

Markers from the Rotational Function Generator are ampli- 
fied and sent internally to the MARKERS PULL switch and to 
the Standby Trace Generator. When the MARKERS PULL 
switch is closed, the markers are routed to the vertical plug- 
in unit, regardless of the position of the TIME/DIV switch. 

The Standby Trace Generator is designed to protect the 
CRT phosphor whenever the Function Generator is connected 
to the 2B67 and the TIME/DIV switch is in the ROTATIONAL 
FUNCTION GENERATOR position. If the Function Generator 
stops rotating, signals are no longer received by the Marker 
Amplifier. When the marker signals stop arriving at the 
Standby Trace Generator, a standby trace signal is applied 
to the Output Amplifier Reference Cathode Follower. The 
signal causes approximately 2 divisions of trace deflection 
to protect the CRT phosphor while giving visual evidence of 
trace location. The Standby Trace Generator is disabled 
whenever the TIME/DIV switch is in a numbered position. 

Circuit Description—Engine Analyzer System 

Circuit Description—TIME/DIV Switch At ROTA- 
TIONAL FUNCTION GENERATOR Position. Refer to the 
schematic diagram. The Rotational Function Amplifier con- 
sists of U380 and its associated circuitry. 

U380 is an encapsulated: integrated circuit designed for 
use as an operational amplifier. When considered with 
respect to a signal arriving at terminal 3, the amplifier feed- 
back resistance (Rz) consists of R386 and R388. The input 
resistance (Ri) for the inverting input is determined by the 
series-parallel network of R381, R382, R383, R384 and R385. 

Gain of the Amplifier for signals arriving at terminal 3 is 
approximately equal to (R, + R,) divided by R,, and can 
vary between approximately 7 and 102, depending upon 
the position of the (ROTATIONAL FUNCTION) WIDTH con- 
trol. This gain range provides a horizontal deflection range 
of from less than 5 to greater than 20 divisions in response 
to a normal sine wave or sawtooth signal from the Rotational 
Function Generator. 

Terminal 3 of U380 uses terminal 2 as its reference, and 

the difference between the voltage at the two points deter- 
mines the output at terminal 6. This difference is always 
small, since the minimum open loop gain of U380 (gain with 
feedback resistors disconnected) is at least 15,000, with 45,000 

being a typical value. 

When a signal is applied to terminal 3, it is amplified 
and an in-phase signal appears at terminal 6. This causes sig- 
nal current to flow in the feedback circuit, driving the voltage 
at terminal 2 toward that at terminal 3. The circuit stabilizes 
when the difference between the signal voltages at terminals 
2 and 3 is approximately equal to the output signal voltage 
divided by the open loop gain. 

When the setting of the (ROTATIONAL FUNCTION) POSI- 
TION control is changed, it attempts to change the voltage 
at terminal 2. The current change which must accompany 
the voltage change across R385 attempfs to flow in the low 
resistance path of R383 and R38]. This causes a change in 
voltage at terminal 2. An amplified but opposite change 
occurs at terminal 6. Current flows through feedback resis- 
tors R386 and R388, supplying most of the current change 
required by R385. Once again, the circuit stabilizes when 
the voltage difference between terminals 2 and 3 is approxi- 
mately equal to the output voltage divided by the U380 
open loop gain. 

It should be noted that the less the gain (WIDTH), the less 

the change in horizontal position that can result from a 
given change of the (ROTATIONAL FUNCTION) POSITION 
setting. 

The output from U380 pin 6 is applied through the TIME/ 
DIV switch to the grid of V374A. V374A and V374B share 
the R375 common current source. When a change in voltage 
at the grid of V374A causes a change in plate current, an 
equal but opposite change must occur in V374B plate cur- 
rent. The oppositely-changing currents cause push-pull volt- 
age outputs to develop at the two plates. The resistances 
of R373 and R377 are slightly different, compensating for 
the fact that the grid of only one of the two halves is being 
driven by an input signal. The output signals are routed 
through the interconnecting plug to the CRT horizontal 
deflection plates.
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V353B provides a reference voltage for the grid of V374B. 
This voltage is initially established by the R355-R3545 voltage 
divider and can be modified by the setting of the R325 
ROTATION FUNCTION REGIS control. When R325 is prop- 
erly set, the WIDTH control will cause the display to expand 
and contract around the CRT graticule center vertical line. 
The comparison of the V374B grid voltage to the no-signal 
voltage on the brid of V374A determines the quiescent beam 
voltage. 

Circuit Description—TIME/DIV Switch At a Numbered 
Position. When the TIME/DIV switch is at a numbered 
position, the cathode of V353A becomes the signal source 
for V374A. An operational amplifier with a gain of about 
2. is formed by the two vacuum tubes, with R348 being the 
feedback resistor (Rj) and R341-R342 being the input resis- 
tance (Rj). The resistors are shunted by capacitors to permit 
calibrated gain at high sweep rates. 

When a sweep ramp voltage is received from V161B, it is 
applied across the RC divider consisting of R320, R321, C320 
and C321, where a portion of it is applied to the grid of 
Input Cathode Follower V333A. (C321 permits adjustment 
of the capacitive portion of the divider.) The proper amount 
of signal required to produce a calibrated 5X MAG sweep 

is selected by the wiper of R334 and applied to Second 
Cathode Follower V333B. (C334 improves circuit response 
during fast sweeps.) The signal is then applied to the input 
of the operational amplifier. R341 is adjusted with SW341 
open (5X MAG “in") to provide the proper amount of gain 
for calibrated unmagnified sweeps. 

V374A, in addition to being part of the operational ampli- 
fier, remains part of the paraphase amplifier which was 
described previously. lt should be noted that the voltage at 
the grid of V374B is controlled solely by the R355-R356 
voltage divider and the V353 grid-cathode circuit when the 
TIME/DIV knob is at a numbered position. 

When the 5X MAG knob is pulled out, SW341_ short- 
circuits R341 and R342. The operational amplifier takes on 
a different configuration and its gain is determined prin- 
cipally by the ratio of (R348 + R338) divided by R338. Two 
divisions of the unmagnified sweep presentation can then 
be displayed as a 10 division presentation. 

When a ramp is being processed, a point occurs in time 
at which the voltage across R341-R342 drops to 0. No cur- 
rent then flows through the resistors, and they can be inserted 
or removed from the circuit with no apparent effect on the 
beam position. The unmagnified and magnified sweeps are 
said to ‘'register’’ upon each other at this point. R346 is ad- 
justed to set the voltage at the V353A grid so that registra- 
tion occurs at the middle of the CRT graticule. Closing the 
5X MAG switch will then cause the two unmagnified divisions 
which straddled the graticule center line to be displayed as 
a 10 division trace. 

The R323 POSITION control is capable of modifying the 
operating level of the incoming voltage ramp so that any 
two divisions of unmagnified sweep can be presented as a 
10-division magnified display. 
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Marker Amplifier. The Marker Amplifier circuitry is con- 
tained on the Horizontal Amplifier schematic and is made up 
of C301, R301, R302, R303 and Q304. The voltage divider in 

the base circuit of Q304 holds the transistor in conduction. 
Positive-going marker signals from the Function Generator 
are AC-coupled through C301, amplified and inverted by 
Q304, and applied to the MARKERS switch. When this 
switch is closed, the marker signals are internally routed 
through the oscilloscope interconnecting plugs to the vertical 
plug-in unit. 

Standby Trace Generator. The Standby Trace Genera- 
tor is dependent upon the Marker Amplifier and the AC 
filament supply line for its operation. When the TIME/DIV 
switch is in the ROTATIONAL FUNCTION GENERATOR 
position and markers are not being received, Q308 is con- 
ducting and D307-D308 are back-biased. The —100 V being 
applied to R310 pulls down on the cathode of D313 and 
puts it into conduction. The AC-signal (which is coupled in 
from the AC filament supply line through R311 and C311) 
passes through D313 and is supplied through C317 to the 
grid of V353B. It is then applied to the grid of V374B, 
where the resulting paraphase amplification causes a two- 
division horizontal signal to be applied to the CRT. 

When the Function Generator is rotating, each marker 
signal causes Q308 to cut off. The +125 V applied through 
R308 pulls up on the anode of D307, which goes into con- 
duction and charges C308 positive. The positive charge on 
C308 is limited to approximately +-12.6 V by D308, whose 
cathode is connected to +12V. This raises the cathode 

voltage of D313, cutting it off. The AC signal is thus blocked 
by D313 whenever marker signals are being received. The 
CRT electron beam then responds to only CRANK or PISTON 
signals. The average charge on C308 keeps D313 cut off in 

the interval between marker pulses, and holds D313 cut off 
for approximately 1 second after the last marker pulse has 
been received. 

If the Function Generator cable is removed from the 2B47 
INPUT connector, the —12.2.V supply for Q308 is interrupted, 
and the Q308 collector rises. D307 and D308 go into conduc- 
tion and D313 becomes back biased. The Standby Trace 
circuit is thus disabled. A dot can then appear on the CRT 
whenever the. TIME/DIV switch is in the ROTATIONAL FUNC- 

TION GENERATOR position. (Note that the Standby Trace 
circuit will not be disabled as long as the cable is con- 
nected to the 2B67, regardless of whether or not the cable 
is disconnected from the Rotational Function Generator.) 

A contact of the TIME/DIV switch prevents the standby 
trace signal from reaching the Output Amplifier whenever 
the TIME/DIV switch is at a numbered position. 

Miscellaneous Circuitry. D395 and R395 form a voltage 
divider to provide a +12-V supply which is necessary for 
U380 operation. R396 and C396 are frequency compensating 
components for the input circuit, and C395 provides fre- 
quency compensation for the output circuit. 


