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The Tektronix Type 503 Oscilloscope is a low-frequency,

high-sensitivity laboratory instrument providing accurate

measurements in the range from dc to 450kc. Identical

vertical and horizontal amplifiers may be used for accurate

curve plotting in the X-Y mode of operation. Both amplifiers

may be operated with single-ended inputs for conventional

operation, or with differential inputs for cancellation of com-

mon-mode signals. Sweep rates to 1 microsecond per centi-

meter, combined with sweep magnification factors to 50,

provide effective calibrated sweep rates to 0.1 microsecond

per centimeter.

Vertical and Horizontal Deflection System

Input Impedance—l megohm paralleled by 47yf.

Coupling—AC or DC

Deflection Factors—Fourteen calibrated deflection factors

from 1 millivolt to 20 volts per centimeter, accurate with-

in 3%.

Bandpass-—-DC to 450 ke.

Differential Input Rejection Ratio—100 to 1 from 1 millivolt

fo 0.2 volts per centimeter sensitivity; 50 to 1 from 0.5

volts to 20 volts per centimeter sensitivity. The rejection

ratios specified apply if the signal voltages at the INPUT

connectors do not exceed the following limits: =:2 volts

dc, or 4 volts peak-to-peak ac, at sensitivities of 1 milli-

volt to 20 volts per centimeter; -+20 volts dc, or 40 volts

peak-to-peak ac, at sensitivities of 0.5 volts to 20 volts

per centimeter; +200 volts dc, or 400 volts peak-to-peak

ac, at sensitivities of 5 volts to 20 volts per centimeter.

Triggering

Type—Automatic, or amplitude-level selection using preset
stability.

Coupling—AC or DC.

Slope—Plus, from rising slope of triggering waveform, or

minus, from negative slope of triggering waveform.

Source—Internal from vertical signal, external from trigger-

ing signal, or line from 60 cps, ac.

Signal Requirements—Internal: signal producing 0.5 cm

vertical deflection. External: 0.5 volt to 10 volts of either

polarity.
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SECTION 1

SPECIFICATIONS

Sweep

Type—Miller Integrator.

Rates—Twenty-one calibrated sweep rates from 1 micro-

second to 5 seconds per centimeter. Accuracy typically

within 1% of the indicated sweep rate; in all cases with-

in 3%.

Magnifier—Displayed waveforms can be expanded hori-

zontally by a factor of 2, 5, 10, 20, or 50. Calibration

of magnified sweep rates accurate within 5% of sweep

rates which do not exceed the maximum calibrated rate

of 0.1 microsecond per centimeter.

Amplitude Calibrator

Waveform—Square waves at approximately 350 cps.

Amplitude—5 millivolts and 500 millivolts peak-to-peak.

Cathode-Ray Tube

Type—T503P

Phosphor-—-Type P2 normally furnished; Pl, P7, and Pll

phosphors optional. Other phosphors available on special

order.

Accelerating Potential—3000 volts.

Z-Axis Modulation—External terminal permits RC coupling

to crt grid.

Graticule

IIlumination—Variable edge lighting.

Display Area—Marked in 8 vertical and 10 horizontal 1-

centimeter divisions with 2-millimeter markings on the

center lines.

Power Supplies

Electronically regulated for stable operation with widely

varying line voltages and loads.

Line Voltage Requirements—105 to 125 volts or 210 to 250

volts at 50-60 cycles. Will operate at line frequencies

up to 800 cps with higher line voltages (see Section 2).

Power Requirements—Approximately 110 waits.
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Specifications —- Type 503

Mechanical Specifications Accessories

Construction—Aluminum alloy chassis and cabinet. +t=Greer-fitter

Finish—Photo-etched anodized panel, blue vinyl-finish cabi- 2—Type A510 Binding Post Adapters

Dimensions--2114," long, 93/,” wide, 134.” high. 1—Instruction Manual

Weight—29 pounds. 1—Parts List and Schematic Diagrams Booklet



The Type 503 Oscilloscope line transformer primary can

be wired for either 117-volt or 234-volt operation, at a

line frequency of 50 to 60 cps. At this line frequency, pro-

per regulation of the power supply will be obtained at

line voltages between 105 volts and 125 volts when the line

transformer is wired for 117-volt operation and between

210 volts and 250 volts when the line transformer is wired

for 234-volt operation. Fig. 2-1 shows the transformer

connections required for each range of operation.

The Type 503 Oscilloscope can be operated at any ac

line frequency from 50 cps up to 800 cps, although higher

line voltages are required at the higher line frequencies.

At an ac line frequency of 400 cps, the nominal and lower

Fromac line

Line transformer(T6401) primary

wired for 1137-velt operation.

SECTION 2

PRELIMINARY

INFORMATION

and upper limits are about 10% higher than at 50-60 cps.

At a line frequency of 800 cps, the nominal and lower and

upper limits are about 15% higher than at 50-60 cps. At

line frequencies between the specific values given, the re-

quired line voltages will be proportionately larger or smal-

ler. For maximum dependability and long life, it is re-

commended that the line voltage be kept at or slightly be-

low the nominal.

Fuse Requirements

Use a 1.25-amp slow-blowing type fuse when the Type

503 is wired for 117-volt operation. Use a 0.8-amp slow-

blowing type fuse when the Type 503 is wired for 234-volt

Operation.

Fromac tine :

Line transformer (1601) primary

wired for 234-volt operation.

Fig. 2-1. Line transformer wired for 117- and 234-volt operation.
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FRONT PANEL CONTROLS AND CONNECTORS

The front panel of the Type 503 Oscilloscope is shown

in Fig. 3-1, Functions of all front panel controls and con-

nectors are described in Table 3-1.

SLOPE

COUPLING

SOURCE

EXTERNAL TRIG.

IN

LEVEL

TABLE 3-1

‘Determines whether triggering occurs on
rising portion (+ slope) or falling portion

(— slope} of triggering waveform.

Selects whether triggering will occur at a

specific dc level or at an ac level.

Selects the source of the triggering signal.

Input connector for external triggering

signals.

Selects the voltage point on the trigger-

ing waveform at which the horizontal

sweep is triggered. This control also

selects automatic triggering (AUTO. posi-

tion) or allows the sweep to free run (FREE

RUN position.)

SWEEP TIME/CM Selects the desired horizontal sweep rate

from a choice of 21 calibrated steps.

SWEEP TIME/CM Provides a continuous range of sweep

VARIABLE (red)

SWEEP STABIL-

ITY ADJUST

FOCUS

ASTIGMATISM

INTENSITY

POWER AND

SCALE ILLUM.

®

rates between the fixed steps selected by

the SWEEP TIME/CM switch. (The sweep

rates are calibrated only when the VARI-

ABLE control is set fully clockwise to the

CALIBRATED position.)

Provides for a stable presentation when

the LEVEL control is in the AUTO. posi-

tion.

Focuses the trace or spot on the screen.

Controls roundness of the spot on the

screen. (This control is located inside on

instruments with serial numbers 000270

and above).

Controls the brightness of the trace or

spot on the screen.

Turns instrument power on and off, and

controls graticule illumination.

SECTION 3S

OPERATING

INSTRUCTIONS

CAL. OUT con- Provide

nectors

HORIZONTAL

DISPLAY

POSITION

SENSITIVITY

SENSITIVITY

VARIABLE (red)

DC BAL.

+INPUT and

— INPUT con-

nectors

--INPUT and

—INPUT

switches

DC BAL.

SENSITIVITY

SENSITIVITY

VARIABLE (red)

POSITION

amplitude-calibrated square

waves of 5 and 500 millivolts for use in

calibrating gain of amplifiers.

Selects conventional {horizontal sweep)

or X-Y mode of operation. Also provides

magnification of sweep rate selected by

SWEEP TIME/CM control.

VERTICAL CHANNEL

Controls vertical positioning of the display

on the screen.

Selects the sensitivity of the Vertical

Amplifier from 14 calibrated steps.

Provides a continuous range of sensitivity

values between the fixed calibrated steps

selected by SENSITIVITY control. (Nor-

mally, sensitivity is calibrated only when

VARIABLE control is in CALIBRATED posi-

tion.)

Provides for vertical stability of no-signal

trace for all positions of the SENSITIVITY

control.

Input connectors for signal to be display-

ed vertically. (Signals connected to the

—INPUT connector will be displayed in-

verted.)

Select desired coupling for incoming sig-

nal.

HORIZONTAL CHANNEL

Provides for horizontal stability of no-

signal trace for all positions of SENSI-

TIVITY control.

Selects the sensitivity of the Horizontal

Amplifier from 14 calibrated steps.

Provides a continuous range of sensitivity

values between the fixed calibrated steps

selected by the SENSITIVITY control.

(Normally, sensitivity is calibrated only

when VARIABLE control is in CALIBRATED

position.)

Controls horizontal positioning of the dis-

play on the screen.
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+ INPUT and

— INPUT con-

Input connectors for signal to be display-

ed horizontally. (Signals connected to the

nectors —INPUT connector will be displayed in-

verted.)

+ INPUT and — Select desired coupling for incoming sig-

—INPUT nal.

switches

PRELIMINARY INSTRUCTIONS

To initially set up the Type 503 Oscilloscope for opera-

tion, proceed as follows:

1. Connect the oscilloscope to a suitable source of power

(refer to Section 2 of this manual}, and turn the POWER

switch clockwise from the POWER OFF position. Set the

INTENSITY control fully counterclockwise. Let the instru-

ment warm up for about 5 minutes.

2. Set the HORIZONTAL DISPLAY switch to the HORIZ.

AMPLIFIER position. :

3. Set all of the INPUT switches to the GND position.

4, Set the two SENSITIVITY switches to the .2 VOLTS/CM

position and the SENSITIVITY VARIABLE controls to the

CALIBRATED position (fully clockwise until they snap into

position).

5. Set both POSITION controls to mid-range and advance

the INTENSITY control to produce a spot on the screen. The

INTENSITY control should be set to produce an easily seen,

but not bright, spot. Too bright a spot may damage the

phosphor on the face of the crt. The intensity should never

be turned up to the point where a halo forms around the

spot.

6. Adjust the FOCUS control to produce the smallest,

roundest spot possible. Note the position of the spot on the

crt.

7. Set the VERTICAL SENSITIVITY control to the 1 mV/

CM position. Make sure that the SENSITIVITY VARIABLE

control has remained in the CALIBRATED position.

8. With the VERTICAL DC. BAL. control, move the spot

back to where it was in step 6.

9. Set the HORIZONTAL SENSITIVITY control to the 1

mV/CM position. Make sure that the SENSITIVITY VARI-

ABLE control has remained in the CALIBRATED position.

10. With the HORIZONTAL DC BAL. control, move the
spot back to where it was in step 6.

11. Adjust both DC BAL. controls so that the spot does

not move as the SENSITIVITY controls are moved from the .2

VOLTS/CM position to the 1 mV/CM position.

The amplifiers in the oscilloscope are now balanced

and the oscilloscope is ready for operation as described

in the remainder of this section.

®
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Graticule Illumination

Graticule illumination can be adjusted to suit the lighting

conditions of the room by means of the POWER AND

SCALE ILLUM. control. Turning the control clockwise (but

not to the PWR. OFF position) increases the graticule il-

lumination. It is possible to extinguish the graticule illumina-

tion completely by turning the control fully clockwise.

The graticule of the Type 503 Oscilloscope can be il-

luminated so that it appears to have either red or white

graticule markings. The markings can be changed from

white to red or red to white simply by removing the grati-

cule cover and inverting the graticule. As a general rule,

white graticule lines are superior to red for photographic

purposes.

INPUT SELECTION

Two INPUT connectors and associated INPUT switches

are provided in each channel. When a single input is used,

it may be applied through either the --INPUT or —INPUT

connector. If the signal is connected to the --INPUT con-

nector, the +INPUT switch should be placed in either the

AC or DC position, depending upon the type of coupling

desired. The —INPUT switch should be placed in the GND

position. If the signal is connected to the —INPUT con-

nector, the —INPUT switch should be placed in either the

AC or DC position, and the --INPUT switch should be

placed in the GND position. It should be noted that when

a signal is applied to the —INPUT connector of either

channel, the display on the oscilloscope screen will be op-

posite in polarity to a normal presentation. Conventionally,

a normal display places the more positive portions of a

waveform in the vertical channel toward the top of the

screen, and the more positive portions of a waveform in the

horizontal channel toward the right-hand side of the screen.

When it is desired to display the difference between two

signals, they are connected to the two INPUT connectors

of the appropriate channel. In this case, both INPUT

switches are placed in either the AC or DC positions. In

this mode of operation, the two signals are subtracted from

each other algebraically, and the difference is displayed

as a single trace on the screen. This is called the ‘‘differen-

tial” mode of operation. It permits you to eliminate signals

which are common to both inputs and to observe a wave-

form which is peculiar fo one. Figs. 3-2 and 3-3 show the

effects of application of signals to one or both INPUT con-

nectors of the vertical channel.

+ INPUT

nai H

a

— ENPUT

Fig. 3-2. Inputs to the vertical amplifiers.

Waveforms applied to the + INPUT connectors are displayed in

the upright position, while waveforms applied to the — INPUT

connectors are inverted.
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Signal applied

to + INPUT connector

Displayed

waveform

Signal applied

to —INPUT connector

Fig. 3-3. Rejection of ¢ 1 mode signal by differential opera-

tion.

The signal applied to the — INPUT connector is algebraically

subtracted from the signal applied to the ++ INPUT connecfor and

the difference waveform is displayed on the crt screen.

The differential mode of operation also makes possible

the observation of current changes in a circuit. The changes

in the voltage drop across a given resistor are proportional

to the changes in current through it. So a differential dis-

play of the voltages at the two ends of a resistor will show

the changes in current through the resistor.

Input Coupling

Input signals to both the vertical and horizontal channels

can be either ac or de coupled by placing the correspond-

in INPUT. switches to the appropriate positions. De coupl-

ing applies both the ac and dc components of the input

signal to the amplifier circuits. This permits you to mea-

sure the dc voltage level as well as the amplitude of the ac

component. However, it is sometimes neither necessary nor

desirable to display the dc component, and in such cases

ac coupling should be used. With ac coupling, a capacitor

is placed in series with the input connector to block the de

component while allowing the ac component to be dis-

played.

CONVENTIONAL OSCILLOSCOPE OPERATION

Placing the HORIZONTAL DISPLAY switch in the SWEEP

NORMAL position sets the Type 503 Oscilloscope up for

conventional oscilloscope operation. In this mode of opera-

tion, an internally generated horizontal sweep is applied

through the horizontal amplifier to the horizontal deflection

plates of the crt, and the input signal is applied through the

vertical amplifier to the vertical deflection plates.

The Type 503 Oscilloscope allows you to select, with

the SWEEP TIME/CM control, any one of 21 calibrated

sweep rates ranging, in steps, from 1 microsecond to 5 sec-

onds per centimeter. The SWEEP TIME/CM VARIABLE con-

trol makes it possible to obtain a continuous range of sweep

3-4

rates between the steps selected by the SWEEP TIME/CM

control. However, all sweep rates obtained with the SWEEP

TIME/CM VARIABLE control! in any position but fully clock-

wise are uncalibrated.

Sweep Triggering

In order to obtain a stable display, it is necessary to start

the horizontal sweep consistently at the same time relative

to recurring cycles of the input waveform. The sweep there-

fore must be triggered by the input waveform itself or by

some waveform which bears a fixed time relationship to the

input waveform. The following instructions tell you how

to select and use the proper triggering signal for various

applications of the oscilloscope.

Selecting the Trigger Source

For most applications the sweep can be triggered by the

input waveform. The only requirement is that the input sig-

nal be large enough to provide at least 0.5 centimeter of

deflection on the screen at the sensitivity level for which

the VERTICAL SENSITIVITY control is set. To obtain trig-

gering of the sweep from the input waveform, set the

SOURCE switch to the INT. position.

Sometimes it is advantageous to trigger the sweep with

some external signal. This is especially true when the input

waveform is of such small magnitude that it cannot provide

stable triggering of the sweep by itself. External triggering

is also useful where waveforms are going to be sampled

from several different places within a device. By using ex-

ternal triggering, it is not necessary to reset the triggering

controls each time a new waveform its shown. In order to

obtain a stable display, it is necessary that the external .

waveform bear a fixed time relationship to the input wave-

form. To use an external waveform for triggering the hori-

zontal sweep, connect the signal to the EXTERNAL TRIG.

IN connector and set the SOURCE switch to the EXT. posi-

tion.

When you are observing a waveform which bears a fixed

time relationship to the line frequency, you may wish to

trigger the sweep from the line-frequency waveform. To do

this, place the SOURCE switch in the LINE position.

Selecting the Trigger Coupling

For most recurrent waveforms, ac coupling of the trig-

gering signa! (COUPLING switch in the AC position) will

provide satisfactory triggering of the sweep. De coupling

of the triggering signal (COUPLING switch in the DC posi-

tion) is particularly useful in triggering from random pulse

trains or very low frequency waveforms. With dc coupling

the sweep is triggered by an instantaneous dc voltage.

With ac coupling the sweep is triggered when the signal

reaches a given amplitude from its average dc level.

Selecting the Trigger Slope

When the SLOPE switch is in the + position, the sweep is

triggered on a positive-going slope of the triggering signal.

When the SLOPE switch is in the — position, the sweep is

®



triggered on a negative-going slope of the triggering sig-

nal. In most cases, selection of the triggering slope is not

critical since triggering on either slope will provide a dis-

play which is suitable.

Selecting the Trigger Level

The LEVEL control determines the instantaneous voltage

level (ac or de, depending upon the setting of the COUPL-

ING switch) on the triggering signal at which the sweep is

triggered. With the SLOPE switch in the + position, adjust-

ment of the LEVEL control makes it possible to trigger the

sweep consistently at virtually any point on the positive-go-

ing slope of the triggering signal. Likewise, with the SLOPE

switch in the — position, adjustment of the LEVEL control

makes it possible to trigger the sweep consistently at vir-

tually any point on the negative-going slope of the trig-

gering signal. Fig. 3-4 shows the effects of the LEVEL con-

trol and the SLOPE switch.

At the extreme clockwise and counterclockwise ends of

its range, the LEVEL switch activates, respectively, the FREE

RUN and AUTO. switches. The effects of these switches are

discussed in the following paragraphs.

Automatic Mode of Operation

Setting the LEVEL control fully counterclockwise to the

AUTO. position sets the Type 503 Oscilloscope up for an

automatic mode of triggering which is suitable for most

applications. In this mode, the triggering signal is ac coup-

led, and the triggering level is automatically set such that

any external triggering signal of one volt or more, or inter-

nal triggering signal which would produce 1 centimeter or

more of deflection on the crt screen, will trigger the sweep.

In the absence of such a triggering signal, the sweep will

continue to be triggered automatically at about a 50-cps

rate to produce a base line which indicates that the instru-

ment is adjusted to display any signal which might be con-

nected to the vertical channel.

Free-Running Mode of Operation

Setting the LEVEL contro! fully clockwise to the FREE RUN

position produces a free-running sweep, independent of any

synchronizing signal. The frequency of the free-running

sweep is dependent upon the setting of the SWEEP TIME/

CM control, This free-running trace is useful as a base line

from which to make de measurements when the input signal

is dc coupled.

Magnification of the Sweep

Any part of the trace may be expanded horizontally by

as much as 50 times through the use of the SWEEP MAGNI-

FIED portion of the HORIZONTAL DISPLAY switch. To ex-

pand a given portion of the sweep, first set that portion to

the center of the graticule by means of the HORIZONTAL

POSITION control. Then set the HORIZONTAL DISPLAY

switch to the desired degree of magnification.

In magnified sweep operation, the sweep rate is multi-

plied by the setting of the HORIZONTAL DISPLAY switch.

®
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This means that the SWEEP TIME/CM setting must actually

be divided by the setting of the HORIZONTAL DISPLAY

switch to obtain the correct time for the sweep to move one

centimeter. For example, if the SWEEP TIME/CM is set to

5 pSEC and the HORIZONTAL DISPLAY switch is set to X10,

the true sweep rate is 0.5 microsecond or 500 nanoseconds

per centimeter.

It should be noted that with combinations of the SWEEP

TIME/CM control and the HORIZONTAL DISPLAY switch

which produce sweep rates faster than about 0.1 micro-

second per centimeter, the calculated sweep rates should

not be depended upon to be accurate enough to base time

measurements on them.

X-Y MODE OF OPERATION

Placing the HORIZONTAL DISPLAY switch in the HORIZ.

AMPLIFIER position sets the Type 503 Oscilloscope up for

X-Y operation. In this mode of operation, input signals are

applied to both the horizontal and vertical amplifiers, and

the display is a graph of the waveform on one channel ver-

sus the waveform on the other channel. The horizontal

sweep is disabled. Examples of the use of the X-Y mode of

operation are the plotting of hysteresis loops, of voltage

across a semiconductor versus current through it, and of

force or pressure versus deformation or strain in a material.

Use can still be made of the differential input feature on

one or both channels.

APPLICATIONS

The following paragraphs describe procedures for mak-

ing measurements of voltage, elapsed-time, and phase-shift

with the Type 503 Oscilloscope. No attempt has been made

to describe any but the most basic techniques. Familiarity

with the instrument will enable the operator to apply the

essence of these techniques to a wide variety of applica-

tions, depending upon the problem at hand.

Voltage Measurements

To measure the ac component of a signal, proceed as

follows:

1. Display the waveform over as large a portion of the

screen as possible by adjusting the appropriate SENSITIV-

ITY control.

2. With the aid of the graticule, measure the distance

{in centimeters) between the two points on the waveform

between which the voltage measurement is desired, This —

will be a vertical measurement where the waveform to be

measured is applied to the vertical channel, a horizontal

measurement where the waveform to be measured is ap-

plied to the horizontal channel. Make sure that the appro-
priate VARIABLE control is in the CALIBRATED position. On

small voltage measurements, the width of the trace can
make up an appreciable part of the entire measurement.

For this reason, it is important to take all readings in a giv-

en measurement from the same side of the trace.
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