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BEFORE OPERATING

INTRODUCTION

The Tekironix 4685 Oscilloscope is a dual-channel
porteble instrurment, The dual-channel de-to-T0{ MHz
vartical system provides calibrated deflection factors from
S millivolts-1o:5 valts/division. The sweep trigger circuits
are capahle of stable triggering over the full bandwidth
capabilities of the vertical deflection systﬂm,Thehorlznn-
tal deflection system provides calibrated sweep rates from
0.5 second o 005 microsecond/division along with
delaved sweep features for accurate relative-time
measurements, A X10 magnilier extends the caliprated
sweep rate o5 nanosecondsidivision. The instrument
operates over a wide variation of line voltages and
frequencies. Maximum power consumplion s aboul
00 watis,

The Tektronix D44 Digital Multimeter measures O
ohm o 20 megonhms, 0 de volt to 1200 do volts [+ or — ), or
ruging the température probe) —55"C t9 H150"C. The
measurementlis dispiayed on a 3-1/2 digital digplay while
the oscilloscope operates normally.

The digital multimeter and oscillesespe combine to
provide a digllal readout of the time between any two

points on Lhe osclllescoepe display. Both time measure-
ment points are displayed on the ort at the same time. The
VTIME function can provide direct measurement ol

fraquency

SAFETY INFORMATION

The Instrument is designed to operate from a single-
phase power source with one of the current=carrying
condugctors ithe Neutral Conductar) at ground {(earth)
potential, Operation from power sources where both
current-carrying coenductors are live with respect to
ground (such as phase-tg-phase ona three-wire system)
Is nol recommended, since only the Line Conductar has
over-current (fuse) protection within the instrumenl.

The Instrument has a three-wire power cord with a
threse-terminal polarized plug for connection to the power
source-and satety-garth, The ground (earth) terminal of
the plug s directly connected to the instrument frame; For
electric-shock protection, insert this plug only in a mating
aullet with a safety-sarth contact.

] 465/DM44 Operators 1



OPERATING VOLTAGE

el A et

S CAUTION

!’f'\-.i"-f" A

This instrument may be damaged if operated with
the fing valtage selector swifch or the reqguilating
range selector sef for the wrong applied ling valtage
arifthe wrong line fusa 15 vsed.

Line Voltage Selection

This Instrument operates from either a 115-valt ar a
230-volt nominal line voltage source. 48 to 440 hertz: To
convert from ong nominal line vellage ranges to the other,
move the Line Valtage Selector switch (located onside
panal) to indieate the correct nominal voltage: A 115-t0-
230 volt adapler may be required for the line-cord plug. Be
sure 1o use the gorrect line fuse for the line voltage
selecled (ses Table 1)

Regulating Range Selection

The Begulating Range Selector assembly {located on
the rear panel) is set tor one of the line voltage ranges
shown in Tablé 1, [talse contains the line fuse for overload
protection

2 465/0M44 Operators

To change the regulating range!
1. Disconnect the instrument from the power source,

2. Loosen the two captive screws that haold the cover
an the selector assembly; then pull te remove the caver.

3. Pull out the range selector switch bar (see Fig. 1}
Saelect a range from Table 1 which is centered abou! the
average line voltage. Slide the bar ta the desired position
and plug it in, Push the cover on and tighten the scraws.

TABLE 1

Regulating Ranges

Regulating Range

Range Selector 115-Volts 230-Volts
Switch Position Mominal Nominal
LD {Switch bar in

lower holes) 99 to 121 valts | 198 to 242 volls

M (Switch bar in
middle holes)

Hl [Switch barin
ugper hales)
Fuse Size

104:bc 126 volts | 207 1o 253 volts

21610 264 voits
075 A JAG
Fast-blow

108 1o 132 valts
1.5 A 3AG
Fast-blow




OPTIONS

Options-areavailableto alter oscilloscope performance
to meet particular applications. A number in eithar MOD
slogt (see [tem 52, Controls, Connectars, and Indicators)
indicates & modified oscilloscope

LIME FUSE

Fig. 1. Regulating range selector and line {use.

REM. A, AUG. 1977 465/DM44 Operators 3
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Fig. 2. Vertical sontrals, connectors, and indicalors.

, CONNECTORS AND INDICATORS

VERTICAL

i. ©H 1and CH 2 VOLTS/DIV—Selects the vartical
dillection factorina 1-2-5 sequence AR contrel mustbe
i thecaiibrated detent for the indicated deflection factar}

7 VOLTS/DIV Readout—Consists of twa small lamps
for each channel, loeated beneath the skirt ol =ach
VOLTS/DIV knob, ©ne or the other lamp will light up to
indicale the correct deflection factor when a probe with a
scale-switching connector is used. A prabe without this
connectar lights the ®1 amp.

3. VAR—Provides continuously variable uncaliprated
deflection factors between the calibrated settings af the
VOLTS/OI swilch, and extends the maximum virtical
deflection to at least 12.5 volts pear division [5 voit
positian}

4. UNCAL Lamp—Indicates when the VAR
YOLTS/DIY conlral is out of the calibrated detent and the
vertical dellection facter is urcalibrated.

4 465/DM44 Operators @



5. POSITION—Paositions the display vertically, In the
XY mode, the OH 2 POSITION contral positions an the Y
axis fverfically} #nd the Horizontal POSITION contral
positions on the X-axis (herizontally)

6. CH1 OR Xand CH2 OR Y—Inpul conneclors far
application of external signals to the inputs of the vertical
amplilier. In the X¥-Y made ol aperation, the signal
connected to the CH 1 ORX connector provides harizon-
tal deflection and the signal connected to the CH 2 OR Y
connector provides vertical deflection

7. AC-GND-DC—Seiects the method used Lo coupla a
signal lo the input of the vertical amplifier, In the AC
position, signalsare capacitively coupled o the vartical
amalifier. The docompanentef the input signal isblocked.
In the GMO position, the input of the vertical amplifier is
gisconnected fram the Input connectar and grounded to
allow the input coupling capacitor to precharge. In the DG
position, all components of the inpul signal ara passed to
the input amplifier

B, VERT MODE—Selects moda of operation lor ver-
tical amplifier sy=tem

CH 1. Channel 1 only is displayed.

ALT: Prowides dual-trace display of thesignals of both
channals, Displayisswitched between channelsat theend
of each sweep. Uselul al sweep rales fastar than aboutl 50
rcroseconds/division

ADD: Signals applied to the CH 1 and CH 2 Input
connectors -are algeoraically added, and the algebraic
sumischsplayvedantheort The INVERT switeh in Channg|
2 aliows the display to be CH 1 plus ©H.2 or CH 1 minus
CH 2 Useful for common-mode rejection to remaove an
undesirec signzl or for de offset.

CHOP: Provides dual-trece display o] the signals of
both channels, Display s switchad batween channgels ata
repetition rate of approximataly 250 KMz, Ussful gl sween
rafes slower than about 50 microsecands/division. ar
when a duzl-trace, single-sweep display is required

CH2: Channel 2 anly iz displayed. It must be selectad
in X-Y operation

8. 20 MHz BW/TRIG VIEW —Dual-purpose switeh that
limits the Bandwidth of the vertical amplifier system to
approximaely. 20 MHz when puolled, or when pressed,
causes the signal apphea lo A& Trigger Generator to be
displayed on the crt

10. INVERT—Channal 2 display Is inverted in the
INVERT (button in) position

@ 465/DM44 Operators 5
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Fig. 3. Display and DMA4 controls, connectors, and indicators.
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DISPLAY

11. Internal Graticule—Eliminates parallax. Risetime:
amplitude and measurement points are indicated at the
left-hand graticule edge.

12, BEAM FINDER—Compresses the display to within
the graticule area indepandently of display position or
applied signats and provides a visible viewing level,

13. INTENSITY—Controls brightness of the crt dis-
Dlay,

4. FOCUS—Adjusts for optimum display definition

15. SCALE ILLUM—Controls araticule (llumination

16. ASTIG—LUlzad in conjunction with the FOCUS
tontrol to obtain a well-defined display, It does not require

readjustment in normal usé.

17. TRACE ROTATION—Adjusts trace to align with
the horizental graticule lines,

D44

18. Inpul Connectors—Two banana jacks provide +
{red] and COM (black) Inputs for voltage and resistance
iy,

19, Probe Connector—Iinput
temperatire prooe.

cannector  for  the

20. Readoul—Megative polarity indication |s
automatic far negative de voliage and temperaturs with no
polarity Indication for positive measurement. A blinking
display indicales overrange. The decimal pointis position-
ad by the FUNCTION and RANGE controls for multimetar
operation and by the oscilloscope A TIME/DIV switch in
the TIME ar 1/TIME modes.

21. RANGE —Seiects from .2 Vio 1,2 kVdeinsranges
{1200 volls is the maximum safe input in the 1.2 kV do
mode); from 200 ohms to 20 megohms in 6 ranges

22, FUNCTION—Selects VOLTS, OHNMS TEME (G,
TIME, or TIME functions of the D44,

23. Bcale Factor Lamps—Two lamps

In the TIME function, the Readoul and Scale Factar
Lamps indicate the time difference between the two
intensified zones on the ort display. One lamp or the other
will light to indicate ms er g5 Mo lamp lit indicates
saconds,

In the 1/TIME function the Readout and Scale Factor
Lamps indicate the number of measured intervals per unit
of time, One lamp ar theother will light to indicate intervals
per ms (1/ms lamp) or intervals per ps (1/0s lamp). Na

@ 465/0M44 Operators T



Fig. 4, Trigger canlrols, connectors, and indicators,

lamp lit indicates intervals per second. I the duration of
ong event i being measured, the Headaul and Scale
Faclor Lamps Indicate frequengy. The 1/ms lamp in-
dicates kHz. the 1/us lamp Indicales MH2, and no lamp lit
indicates Hz.

24, A TIME—Uised i conjunchion with the DELAY
TIME POSITION control in the TIME and 1/TIME func-
tions, The A TIME contral moves anly the lime-
measurement point, The DELAY TIME POSITION control
moves hoth  the reference point and  the  time-
measurement point, With the time-measurement point o
tha lett ol the referance point the Readoul indicates a
negative limea difference;

NOTE

Yo can medthy pourinsirumen! tomake the QELAY
TIME POSITION control mave. oy the reference
point, The pracedure formaking this modificalion s
laoated 0 the Maintenance section of the DiM44
Service aranual,

TRIGGER

25. TRIG MODE—Determines the mode of trigger
pperation for & Sween.

AUTOD: Sweep isinitiated by theapplied triggersignal
In the zbsence of an adequate trigger signal, or if the
trigger repetition rate 13 less than about 20 hertz, the
sweap free runs and provides a bright reference trace.

465/DM44 Operalors (@



MORM: Sweepisinitiatad by the applied trigger signal,
In the absence of an adequate trigger signal, there is no
trace. When the trigger rate is too low for AUTO use
NORM,

SINGL SWP: When this pushbutton s pushed, the 4
Sweaep operates in the single sweep mede. After a singla
sweep is displayed, further sweeps cannat be presenied
uritil the SINGLE SWP button is again pushed. Itis useful
when the signal to be displayed is not repetitive ar varies in
amplitude, shape or time causing an unstable convan-
tional display, |t can alsc ha used to photograph a
nonrepatitive signal,

26. READY Lamp—Indicates A Sweep is "armed™ and,
upen receipt of an adequate trigger signal, will present a
single-sweep display.

27. TRIG Lamp—Indicates that A Sweep is triggerad
and will produce a stabla display. 1tis useful for sefting up
the trigoer circuits when a lrigger signal is available
without a display on the ort {for example, when using
external triggers).

28. A TRIG HOLDOFF—Fravides conlinuous control
of time between sweaps. Allows triggering on apericdic
signals (such as complex digital words) In the fully
clockwise position (B ENDS A), Asweep isreset at theend
of B sweep to provide thafastest possible sweep repetition

rate for delayed-sweep presentations and low-rapatition
rate signals. Use the A trigger controls for the best
possible display before using the A TRIG HOLDOFF
control,

d

28. COUPLING—Determines method used to cauple
sgnals to the trigoer genarator circuit

AC. Signals are capacitively coupled 1o the Input of the
tricger generator. Dc is rejected and signals below about
30 Hz are attenuated

LF REJ: Signals are capaeitively coupled to the input
of the trigoer cirowit. Do is rejected and signals helow
about 50 kHz are attenuated. It is usetul for providmo a
stable display of the high-frequeney components of a
complex waveform,

HF REJ: Signals are capacitively couplad ta the input
af the trigger circuil. Do is rejected and signals below
about 30 Hz and above about 50 kHz are attenuated. (L s
useful for providing a stable display ot the low-freguency
componenls of a complex wavelorm.

DC: All campanants of a trigger signal are coupled to
the input of the trigoer cireuit. It is useful for providing a
stable dispiay of low-frequency or low-repetition rate
signals, excapt the combination of the ALT (dual trace}
mode with the trigger SOURCE switch in NORM.

et 465/DM44 Operators 2]



30. SLOPE —Selects the slope of the Wrigger signalthat
starts the sweep

1 Sweep can be triggered from the positive-going
portion at a trigger signal

© Sweep can be Iriggered from the negative-going
portion ol a trigger signal

Carrect SLOPE setting is important in obtaining
display when only a portion of & ycle is being displayed.

31. LEVEL—35elecls the amplitude point an thetrigger
signal at which the swesp is triggered. It is usuzlly
adjusted for the desired display after trigger SOURCE,
COUPLING and SLOPE have been selected,

Fig. 5. Trigger controls, connactors, and indicators.

10 465/DM44 Operators @



32. SOURCE—Determines the source of the trigger
signal coupled to the Input of the trigger circuit

MORM: Trigger source |5 displayed signal{s). It does
not Indicate time relationsnip between CH 1 and CH 2
signals: However, stable triggering of non-time-related
signals usually can be obtained by setting VERT MODE to
ALT, SOURCE te NOBRM and COUPLING to LF REJ
Carefully adjust LEVEL for & stable display.

CH 1: Asample of the sighal-avallable in Channel 11is
used as a trigger signal, CH 2 signal Is unstableif itisnot
time-related

CH 2 A sample of the signal avallable in Channel 2 15
used as & trigger signal. GH 1 signal is unstable if i is nol
time-related,

LINE A& Trigger circuit only): A sample of the power-
ling lrequency s used asa trigager signal. 1ts useful when
the input signal is time=-related {multiple orsubmultiple) to
the line frequency of when it is desirable to provide a
siable display of a line-frequancy component ina complex
waveiorm,

EXT: Signals connected to the External Trigger [nput
connectors are used for triggering. External signals must
be time-related o the displayed signalfor a stable display
Itis useful when tha internal signal istoosmall or contains
undesired signals that could cause unstable triggering. It
15 uselul when operating in SCHOP mode.

EXT = 10 (A Trigger circuil only). External Iriggsr
signal is attenuated by a factar of 10,

STARTS AFTER DELAY (B Trigger circuit anly): B
Sweep runs Immediately after the delay time selected by
the DELAY-TIME POSITION contrel. When making
diffarential time measurements you must use 1his mode to
obtain valid measurements. On instrumenis equipped
with a DM44 vou must use this mode to - obtain valid
measurements when using the TIME or /T IME tunctions.

33. External Trigger Inputs— Input conneclors for ex-
ternal trigger signals.

@ 465/DM4a4 Operalors 11



Fig. 6. Horizontal, calibralor, and power contrals, conneclaors,
and indicators,

HORIZONTAL, CALIBRATOR, AND
POWER

34a. A AND B TIME/DIV AND DELAY TIME—2,
TIME/DIV switch (clear plastic skirt) selects the BWEED
rafe of the A Sweep clrouit for A sweeponly operation and
selects the basic delay time (to be used by the DELAY-
TIME POSITION control) for delayed sweep operation. B
TIME/DIV switeh (pull out and rotate to unlock) selects the
sweep rate for the B Sweap circuit for delayed sweep
operation only, A& VAR control must be in the ealibrated
detent for calibrated A Sweep rates. When both TIME/DIV
switches are fully counterclockwise to the X-Y position,
the haorizontal (X-axis) display is the CH 1 input,

34b. DM44 A AND B TIME/DIV AND DELAY TIME—
The controls operate in the same manner as 372 above,
The A TIME/DIV switch also contrals the TIME lamps and
decimal peint location when the DM44 is In the TIME
or 1/ TIME MODE

35. FINE/POSITION—Pasitions the display hiarizon-
tally for Asweep and B sweep oron the X-axis {horizontal-
Iy} in the X-¥Y mode.

36. X10 MAG—increases displayed sweep rate by a
factor of 10 It exiends fastest swesp rate to 1
nanosecond/division. The maanified sweap |s the center
division of the unmagnified display (0.5 division either side
of the center graticule ling)

12 465/0M44 Operators @



37. VAR—FProvides continuously variable sweep ratas
batwaen the calibrated settings of the A TIME/DIV switch,
It extends the slowest A Sweep rate to at least 1.25
seconds/division, The A Sweep rate s calibrated when the
controlisset fully clockwize to the caliprated detent, Must
Be in the detent position to make accurate differential time
measurements, On instruments equipped with a DM44 (he
VAR control must be in the detent position to make
accurate measurements in the TIME and 1/TIME func-
tions

38. UNCAL Lamp—indicates the A Sweep rate is
uncaiibrated (VAR control cut of the calibrated detent)

49, ¥10 MAG Lamp-—Indicates that the ¥10 magnificr
i5 an.

40a. DELAY TIME POSITION—Provides wvariable
sweep delay lomore than 10 times the delay time indicated
by the A& TIME/DIY switch.

40b. DM44 DELAY TIME POSITION—COperates in the
same mannar as 41a. Alse, when the DM44 s inthe TIME
ar 1/TIME function, this control operales In conjunction
with the A TIME gontral, The DELAY TIME POSITION
contral meves both the reference point and the time-
measuremant point, The & TIME control moves only the
lme-measuremeant point, With the time-measurement
point to the left af the reference point the Aesadout
indicales a neaative time difference.

NOTE

Yoo can modify your instrument io make the DELAY
TIME POSITION conirol move only the reference
paint. The procadure for malking this madification is
lacated fn the Operating Information sechon af the
DMi4 Service mantal,

41. CALIBRATOR—A combinatien current
loopdsquare-wave  voltage output that permits  the
operalor to compensate veltage probes and check vertical
gain, curreént probes and oscillescope operation, 11 s not
intended to verily time-base calibration,

42. POWER—Turns instrument power on and off.

43. LOW LINE Lamp—Indicates that the applied |ina
voltage Is below the lower limit of the regulating range
selected by the Regulating Range Selector,

44, HORIZ DISPLAY—Deatarmines the mode of opera-
tion for the horizontal deflection system

A Horlzantal deflection provided by & Sweep al a
sweep rate determined by the setting of the A TIME/DIV
switch. B sweap is inoperative,

il 465/DM44 Operators 13



MIX: The first par! of the horizontal sweep is displayed
at a rate set by the A TIME/D IV switchand the latter partof
the sweep at a rate sel by the B TIME/DIV switen. Relative
amounls of the display allocated to each of the two sweep
rates are determined by the setting of the DELAY-TIME
POSITION control

A INTEN: The sweep rate is determined oy the A
TIME/DIY =witeh. An intensilied pertion appears on the
display during the B Sweep time, which is about 10 tirmes
the B TIME/DNY switch setling. Tnis swilch position
provides a check of the duralion and position of the B
Sweep {(delayed sweep) with respect to the A Sweep
[delaying sweep)

B OLYD: The sweep rate is determined by the B
TIME/DIY switeh with the delay time determined by the
setting of the DELAY TIME (A TIME/DIV) switch and the
DELAY-TIME POSITION control.

REAR PANEL

a5. A +GATE—FProvides a positive-going rectangular
pulse coincident with the A Sweep time, which can be
used to tngger the signal source (with TRIG MDDE switch
set to ALITOY

46. B +GATE—Provides a positive-going rectangular
pulse caincident with the B Sweep time, which can be
used to trigger the signal sowrce after a selected delay
time, providing that A Sweep s triggered inlernally

47. CH 1 VERT SIGNAL OUT—Pravides a sample of
the signal applied te the CH 1 input connector,

A48, EXT Z-AXIS—Pérmits infensity moduiation of the
crl display. Doss not atfect display waveshape. Signals
with fast rise and fall provide the most abrupt Intensity
change, Signals must be time-related to the display far a
stable display. Useful for adding time markers in un-
calibrated modes ol operation,

49, Line Fuse Holder—Contains the line fuse-and the
regulating range selector. Sge Table 1forchange informa-
tion,

50. Regulating Ftange Selector—Shown In Medium
requlating range See Table 1 for change infarmation.

51. Ling Cord—iakes the connection betwesn the
oscilloscope and the power source, The cord may be
canveniently stored by wrapping it around the leelon the
rear pariel.

52, MOD SLOTS—A number in eithar slot indicates
the instrument contains an option or other modifications.

LEFT SIDE PANEL

Access for exlernally availablead jusiments (see Fig. 7).

RIGHT SIDE PANEL

LINE VOLTAGE SELECTOR SWITCH (located on the
right sidej—Selects either 115 Y or 230V nominal line
vallage.
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CH 1 GAIN
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[ h r il =
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gt CH 2 STEP
v ATTEN BAL
il aH 2 GAIN
2038-2

Fig. 7. Rear panel and tell side panel controls, conneclors, and indicators.
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BASIC OSCILLOSCOPE DISPLAYS

These nstructions permil the cperator o obtain the most commonly used basic displays

NORMAL SWEEP DISPLAY Horizontal
TIME/DIV Switches Lacked together at 1 ms
1. Set the controls as follows: A TIME/DIV VAR Calibrated detent
Vertical HORIZ DISPLAY o
X0 MAG Off (huttan out)
VERT MODE CH1 POSITICN Midrange
VOLTS/OIN Paosition determined by
amplitude of signal to
be applied
VOLTS/DIV VAR Calibrated detent
AC-GND-DC A
Vertical POSITION Midrange Trigger
20 MHz BW Not limited (yellow band (Both A and B if applicable)
not visible)
IMVERT Button oul CSLOPE +
LEVEL 8]
SOURCE MORM
Display COUPLING AC
TEIG MODE (A only) AUTO
INTENSITY Fully counterclockwise A TRIG HOLDOFF NORM

16 465/DM44 Operators i



2. Fullthe POWER switch {on). Connect the signal to

the GH 1 inpul connectar

2. Adjust the INTENESITY control for the desired
display brightness. If the display Is not visible with the
INTEMNSITY contrel at midrange, press the BEAM FINDER
pushbutton and adjust the CH 1 VOLTS/DIV switch Lo
reduce the vertical display size. Center the compressed
display with the vertical and horizontal POSITION can-
trafs, release the BEAM FINDER pushbufton

4, Sel the CH1 VOLTS/DIVY switch and vertical
POSITION control to locate thedisplay within the display
ArEE.

5. Adjust the A Trigget LEVEL gontral for a stable
display

B Setl the A TIME/DIV switch and the honzontal
FPOSITION contral to locate the display within the display
araa. Then adjust the FOQCUS contral as needed

MAGNIFIED SWEEP DISPLAY

1. Qbtain a Mormal Sweep Display.

2. Adjustthe horizontal POSITION control to move the

-ares tobe magnified to within the center graticule division

(0.5 division on each side of the center vertical graticuls
ling). It may be necessary to change the TIME/DNY switch
setting,

3. Fush the X100 MAG switch (on) and adjust thea
horizontal POSITION cantrol {or precise positioning of
the magnified display. Divide the TIME/DIV setting by 10
to determing the magnilied sweep rate

DELAYED SWEEP DISPLAY

NOTE

Ditferential time messuwrements and measurements
using the TIME or 1/ TIME lunctions of the DMdd are
invalid when the 8 Trigger SOURCE switchis not sel
lo STARTS AFTER DELAY.

(i 465/DM44 Operators 17



1. Omain a Normal Sweep Display,

2 Setthe HORIZ DISPLAY switch to A INTEM and the
B Trigger SOURGCE switch fo STARTS AFTER DELAY.

a  pull out an the B TIME/DIV knob and turn ow until
the intensified zone Is the desired length. Adjust the
IMTEMSITY contral as needed to make the intensified
zone distinguishable from the rest of the display. Il your
instrument s equipped with 2 DM44, set the FLMCTION
switch taa function other than TIME or 1/TIME fora single
detayed sweep. Dual delayed displays are discussad in
step B.

4. Adjust the DELAY TIME POSITIGON contral o move
the Intensified zone 1o cover the portion of the display to
be displayed in delayed form,

&, Sat the HORIZ DISPLAY switch to B DLY'D. The
intensified zone noted n steps 3 and 4 is now displayed in
delayed form. The delayed sweep rate s indicated by the
dot an the B TIME/DIV knoab

6 Il yourinstrument is equipped witha Dnidd, delayed
displays of two signals can be obtained at the same time.
The DM44 will indicate the time:difterence between the
beginning of the delayed displays. To obtain two dalayed
displays set the FUNCTION switch to TIME and the YERT

MODE swilch ta ALT. The DELAY TIME POSITION
control positions both delayed displays. The ALT DELAY
control positions only the CH 2 delayed display.

7 For a delayed dispiay with less jitter, set the B
Trigger SOURCE switch to the same position as the A
Trigger SOURCE switch and adjust the B LEVEL contro!
for a stable display.

MIXED SWEEP DISPLAY

1. Ohntain a normal sweep display.

2 Pullout on the B TIME/DIV knob and turn cw to the
desired sweep rate, || your instrument is eguipped with a
Ciid44 sat the FUNGTION switeh to a funetion other than
TIME or 1/TIME for a single mixed display. Dual mixed
displays are discussed |n step 4,

3. Sel the HORIZ DISPLAY switch to MIX. The display
now contains two sweep rates. The first partion of the
display is at tne A swesp ratewhile the fatter particn of the
display isatthe B sweep rate; The sta rtof the B sweep rate
portion can be changed by adjusting the DELAY TIME
POSITION control,
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4. It your instrumeant s equipped with a DM44, mixad
sweep displays of twa signals can be oblained at the same
time, The OMM44 will indicate the time difference belweaean
the baginning of the B sweep portions of the two displays.
To ablain two mixed sweep displays el the FUNCTION
switch 1o TIME and the VERT MODE switch 1o ALT, Tha
DELAY TIME POSITION contral pesitions bath mixed
displays. The A TIME contrel positions only the CH 2
mitxed display.

X-Y DISPLAY

1. Presst the instrument conltrols as given in step 1 of
Marmal Sweep Display, then turn the instrument power
on. Allow several mimuies for Insfrument warm-ug.

2. Set the TIME/DIV switches 1o X-Y and the VERT
MODE switch to CH 2. Apply the vertical signal to the
CH 2 OR Y input connector and the horizontal signal to
the GH 1 OR X input connactor

3. Advance the INTENSITY control until the display is
visibla. If the display Is not visible with the INTEMNSITY
contrizl 2t midrange, press the BEAMFINDER pushbutton

and adjust the CH 1 and CH 2 VOLTS/DIY switches until
the display is reduced Insize, both vertically and hotlzan-
tally. Center the compressed display with the POSITION
contrals  (CH 2 POSITIOMN  vertically, Hoaorizontal
POSITION harizontally), release the BEAM FINDER
pushbution. Adjust the FOCUS contral for a well-defined
display

SINGLE SWEEP DISPLAY

1, Dbtain & MNormal Sweep Display, For random
signals, set the trigger circuit to trigger on a signal that is
approximately the same amplitude and freguency as the
randam signal,

2. Push tha SINGL 5WP button on the &4 TRIG MODE
switch, The next trigger pulse starts the gweep and
displays a single trace. It no triggers are present, the
READY lamp lights, Indicating the A Sweep Generator
cirzuil is sel and waiting 10 be triggered.

3. Atter the swasp s complete, the aircuil s “lockad
gut' and the READY lamg is out, Press the SINGL SWP
button to prepare the circuit for ancther single-sweep
display.
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DM44 DISPLAYS AND MEASUREMENTS

Except for the TIME and 1/TIME functions. the DM44 i independently usable anytime the oscilloscope 15 turned on. The
TIME and 1/TIME functions are discussed in the Oscilloscopa Applications and Measurements section of this manual

unger Delayed or Mixed Sweap Measuremenls,

RESISTANCE

T

2 CAUTION

[P B _.-h}-_p—.lil

rThe meter may be damaged by attempting o
measure voltage f the metar {5 in the rasistance
mada Gf operdfion [ DHMSE FUNCTION button push-
ad i} and the applied voltage s n excess of 120 V
TS,

1. Push in the OHMS FUNCTION butten and the
20 MQ RANGE button. See Fig. 8.

2, Connect the
rEsisiAnce,

and GOM leads to the unknown

3. Redues the range, using the following table, untila
proper readoul s obtained.

20

TABLE 2
Resistance Ranges
RANGE READOUT MEASUREMENT
20 MO 20.00—02.00 20 MO—2 MO
2 M0 2.000—0.200 2 MO-200 k0O
200k0 | 2000-2000 | 200 kD—20 k&2
20 kG - 20.00—02.00 20 k—2 k0
—__&kn 20B0 11 200 =204
2000 | 200.0—000.0 00000

A blinking readout on any range, when connecled o
any unknown resistance, indicales an overrange condi-
tion and a need o select a higher ranoe.

A blinking readout, when meter leads are disconnectad
Is normal,

465/DM4J4 Operators i

RESIST AMCE
IMPUIT

_

o
= o

AAMGE SELECTION

(4G5 DM-0-212035-9

Fig. 8. Resistance.
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VOLTS

I

;ﬁ CAUTION

The maximum safa input veltage is 1200 V (do
peak ac) between the + and COM fnpuls or between
the | input and chassis.

The maximum SOM Roating voltage s £500 V (de 4
paak acl tochassls

The metor may be damaged by altempting fo
measzure voltage i the metar is in the resistance
mode af opgralion and the applied voltage s in
excess of 120 V rms,

I the reading exceeds 1200 V or the readowl BIinks
(indicaling overrange |disconneaat the +leadat once
fo prevesn! possible meler darmage.

3. Reduce the range. wsing Tahie 3, until a2 proper
readout s obtained.

NOTE

When no valtage is applied in the 20 V 1o 1.2 &Y
ranges, the readout 15 DO0G and individual readoud
slements may blink, Also, noize pleked up by the
mmeter leads may norease the readaul n the 2 Vand
2 V ranges,

A blinking readaut on -any range indicales an
avarvange condifion and a need to select a mghor
range.

TABLE 3

Volis Ranges

RANGE READOUT MEASUREMENT
1. Push in the VOLTS FUNCTION button and the | =
1.2 k¥ RANGE button. See Fig. 9. - Taky 1.200—0.200. | 1.2 kV—200V
200V | 200.0—0200 200 V—20 V
2. Connect the COMMON lead to the refarance paint 20V | 200000200 | 20 V-2V
tusually a ground or test point) and the HIGH lead (o the 2 2.000—0.200 2V—2V
unknownvoltage tobe measured and abserve the reading 200 my 0.200—0.000 2V—0V
22 465/DMA4 Operators @

VOLTAGE
IMPLT

AREFERENCE

FUNCTION SELECTION

AANGE SELECTION

LlEGE/ DM -0-312039-10

Fig. 9. Volls.
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TEMPERATURE

T i i e S e S

P CAUTION 'E

EI .II‘\.F"J'.HJ'IJ'\-A‘.-"

The maximum safe volfage on the measuranant
surface {5 =400V (do peak ae) above chassis
QroT.

The sensor tip s fragife and mgy break i dropped or
surhjncied o excessive strass. Forgs oxarted on the
sensar Hp sheuld not excesd 20 pounds.

Il the reading exceeds —55°C or +150°C, remove
fhe probe al once to grevent prabe damages,

1 Push in the TEMP (“C) FUNCTION bulton. See
Flg. 10

2, Apply the lemperature prabe fo the device 10 be
measured 0 the lal surface of the probe lipmates against
the device to be measured and observe the reading. See
Table 4 to convert the reading from centigrade to fahren-
Het.

MNOITE

Temparature accluracy (8 affpcted by several factors
such 28 the angie of confact hetween the probe and
the davice to be measured, a tharmal gradient, heat
removed from the devica by the probn, elc.

ThHese jitems gnd other probe infarmalion are in the
prabe mancal, which should be reviewed.

Accuracy Check

The DMa4 is calibrated to its griginal probe, giving
accurate readings within 2°C for examples that follow,
The: DM44 should be recalibrated to any replacement
probe

In the following checks, use an acaurate tharmometer
to verify water temperature. Anything in selution affects
the melting temparature and the bolling paintis affected
by changes in aifilude and barometric prassure,

Low Temperature

Allgw a container (preferably insulated) of crushed ice
to melt until there are only a few pieces af ice remaining,

24 465/DMa4a Operators &

INPUT

APPLY SILICONE GREASE
TOTHE SURFACE T BE
MEASURED (WHEN POSSIBLE).

PROGE
TEMPERATURE
SENSDH TIP

SEALED PORTION

]

TEMPERATURE FUNCTION

laGh/OM-0-4]2039-11

Fig. 10. Temperature.
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{ CAUTION ﬁ

Ta prevent possible probe damage, be sure only the
sealed portion of the probe is immersed (see Fig 10),

Fut the probe lip into the water, avoiding the side or
kottom of the container, Wait for the readout to stabilize,
indicating the probe has reached the water temperature,

The readout should be —2°C 1o 2°C. There should ba
ice remaining after tha test to verily that inserting the
probe did not raise the water temperature.

High Temperature

Ering water to a slow boll {to prevent splattering). Put
the probe tip inte the waler, avoiding the side ar bottam of
the container. Wait for the readeut lo stabilize, indicating
the probe has reached the water lemperature.

The readout should be between 95'C and 102°C for
clean water at sea laval,

TIME AND 1/TIME

See DM44 DELAYED OR MIXED SWEEP TIME
MEASUREMENTS in this manual.
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APPLICATIONS AND MEASUREMENTS

Refer to Basic Oscilloscape Displays as nesded to obtain correct displays,

PRELIMINARY

Signal Ground

B

t CAUTION é

N R S

Avold gross-grounding becausengirument damage
may QeeLr

The most rellable measuremenis are made when the
oscilloscope ground isconneciedto the ground ol the unit
under test by the ground strap on the signal probe, Alsoa
ground lead can Be connected to the ground banana jack
an the ascilloscope chassis (o establish acommon ground
with the unit under test,

Input Coupling Capacitor Precharging

In the GHND position, the input slanal is connected to
ground  through 8 one-megohm resistor to form a

level of the signal applied to the proba. Thus, any large
voltage fransients accidentally generated will nol be
applied to the amplifier inpul. Theprecharge network also
provides a measura of protection to the external circuitry
oy reducing the-current levels thatl can be drawn from the
external circuitry during capacitor charging.

The fallowing procedure should be used whenever tha
probe tp is cannected to a signal source having a different
de level than that previously applied, especially if the do
level difference s mora than 10 times the VOLTS/DIV
satting

1. Before connecting the probe tip to a signal source,
gl the Input Coupling switch to GND,

2. Touch the probe tip Lo escilloscope chassisground.
Wait several seconds for the Input Coupling capacitor to
discharge.

3. Connect the probe tip to the signal source.

precharging network. This network allows the Inpuot 4, Wait several seconds for the Input Coupling
Coupling capacitor 1o charge to the average dc voltage capacilor to charge
pt 465/0M44 Operators i

5. Sel the Input Coupling Switch to AC. The dispiay
will reamain on the screen so the ac component of the
signal can be measured in the normal manner,

OPERATOR'S ADJUSTMENT

Crbtain a Mormal Sweep Display presentation of the
calibrator square-wave voltage. Set the appropriate
VOLTS/DIV switch to .1 V position and the Input coupling
to D, Check the waveform presentation for overshoot or
rollofl, and if necessary, readjust compensation tor flat
tops on the waveforms, See Fig, 11, Befer to probe manual

for method of compensating the probe being used.

AND CHECKS

To verify measurement accuracy, perform the follow-
ing checks and adjustmeants belore making a measure- s —
ment. See the Calibration section of the Service manual T COARECT
for calibration information. i o= if Fla¥

|kl — = Sy
Trace Rotation Adjustment X
R i, = ey [ v e g, = — —

Marmally not required, Obtain & Mormal Sweep Display i ol e OuEa Lo
using only steps 1 through 3, Set the ©H 1 input Coupling =T ] i g o et
switch to GND to display & fres-running trace with no e | e — |t |
vertical deflection. Adjust the TRACE ROTATION (screw- ¥
driver adjustment located below the crt graticule) to align i = = =
the trace with the canter harizontal graticule line. e i e e 7| unnen com

§ - et
. S i = S '
Probe Compensation = —— )

Miscormpensation is one of the greatesi sources of
operator errar. Most attenuator probes are aquipped with 485/0M-0-5
adjustiments to ensure optimum measurement accuracy,

FPrabe compensation is accomplished as follows: Fig. 11. Probe compensation.
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Vertical Gain Check

Chtlain a Mormal Sweep Display presentation of the
callbrator sguare-wave vollage, Set the appropriate
VOLTS/DIV switch to the 50 mV position and the Input
Couplirg switch to BDC. Make sure the VAR VOLTS/DIV
cantrol is In the calibrated datent. Check that the vertical
deflection is 5.8 to 6.2 divisions.

Basic 465 Timing Check (60 Heriz Line Only)

Obtain a Normal Display. Set the & TIME/DIV switch to
5 ms position, Setthe A Trigger SOURCE switch to LINE.
FPush the TRIG VIEW switch and hold it in, This displays a
sample of the line voltage. Use the A Trigger LEVEL
control tovertically position the top of the display to within
the display area. Use the horizontal poesition control to
position the left peak to the left graticule edoe (see Flg.
12). Verily the horizontal distance between the first and
the fourth peaks is 9.8 to 10.2 divisions, If the fourth peak
15 not visible, verify the horizontal distance batwean the
first and the third peaks is 6.52 to 6 79 divisions

DM44 Timing Check (60 Hertz Line Only)

Perform the Basic 465 Timing Check to verily the
accuracy of the horizontal deflection system.

Leave controls set as for the Basic 465 Timing Check
except as follows:

B TIME/DIV 5§ s

HORIZ DISFLAY AINT
B SOURCE STARTS AFTER DELAY
FUNCTION TIME
A TIME To move the time-
measuremenlpninttoihe
rightl of the reference
paint.
|== DB TO 102 ——
T |
= E.Sﬂi TO6.78 =
| r
s ara
ank

| ]
—

=+ +—

IR O T I
LILELELE BEAEE R

]

173B-14

Fig. 12. Basic 465 liming check.
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Push the TRIG VIEW button and held it in. Use the
DELAY TIME POSI|TION control to move the reference
point to the center horizantal graticule line (ses Fig. 13,
Foint A}, Use the ALT DELAY contral ta move tha time-
measurement point to the centar horizontal graticule line
on the next cycla (see Fig. 13, Point B). Verify the readout
is 16:42 to 16.84 and the ms lamp is Iit.

4

L

X A
_El:j"_
5 I

1ras-15

Fig. 13. DM44 timing check.

Exiernal Horizontal Gain Check

(It X-Y operation isto be used,) Use steps through 3 of
the Basic Oscilloscope Displays procedure for ablaininga
MNormal Sweep Display of the calibrator square-wave
voltage wavelarm; then, set the TIME/DIV switch to X-¥.
With the calibrator signal connected to the CH 1 OFR X
input connector and the CH 1 VOLTS/DIV switch sat to
50 mV, the ert display should be two dots separated
horizontally by 5.75 to 6.25 divisions.

PEAK-TO-PEAK VOLTAGE
MEASUREMENTS—AC

Obtain a MNormal Display. Make sure the VAR
VOLTS/DIV contral |s in the calibrated detent, Vertically
position the display so the lower portion coincideswith a
horizantal graticule line (see Fig, 14, Point A), Horizantally
position the display so one of the upper peaks coincides
with tha center vertical graticule line (ses Fig, 14, Paint B},
Measura the vertical deflection from pesk-to-pazk [Paint
A to Point B).
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POSITION TO
CENTERLINE

| | §
oo | 3

Q? :

WERTICAL
DEFLECTION

e peda

MEASURE AMPLITLIRE
FAROM A TOB

(1738-16)2038-16

Fig. 14. Peak-lo-peak vollage of a waveform.

NOTE

IF the amolitude measdrameant @5 crffical or IF the
frace & fhick as @ result of Humand/or noise on the
sfgnal, a mare aeourele measerement can he ob-
fained by measuring from the top ol a peak to the top
ol avatley. Thig willsubitract ths trace thickness from
the measurameant,

32

To determine tha polarity of the voltage to be
measured, set the input coupling switch to GND and
vertically position the bassline to the center of the ort, Set
the input caupling switch to DC. It the waveform moves to
above the cenler of the ort, the valtage is positive. If the
waveform moves to below the centar of the art, the voltage
is negative

el the input coupling switch to GND and position the
haseline to a convenient reference line. Forexample, ifthe
valtage to be measured is positive, then position the
baseline ta the boltom graticule line

Bwitch the Input Coupling Switch to DC. Maasure the
divisions of vertical deflection between the referance line
and the desired point on the wavelarm (see Fig. 15}
Multiply the veritcal deflection by the VOLTS/DIV swilch
setting. Include the attenuation factor of the probe if the
probe does not have d scale-factor swilching connectar,

EK.&:MPLE. The wvertical distance measured s
4.6 divisions (see Fig. 15), the waveform iz above the
raference ling; and the VOLTS/OIV switeh s sel to 2.

i 465/DM44 Operators
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Multiply the vertical deflection just measured by the
VOLTS/DIY switch setting. Also include the attenuation
factor of the probe if the probe does not have a scale-
factor switching connector,

Exampia' The peak-to-peak  vertical dellection
measured is 4.6 divisions (see Fig, 14) with a VOLTS/DIY
switch setting of 5.

Using the formula;

vertical

Waolt
e = detlaction X
Peak-to-paak o
[divisions)

VOLTS/DIYV
setting

Substituting the given values:

Volts Peak-to-Peak = 4.6 X 0.5 V = 2.3 volts.

INSTANTANEOUS VOLTAGE
MEASUREMENTS—DC

Ohtain a Normal Display, Maka sure the VAR
YVOLTS/DINV contrel is in the calibrated detent.

m
L/'NEGP.TWE REFERENCE LINE ®\
O
N
EEE S T ) |
H+ =+ s i+ -
.
VERTICAL
CEFLECTION 7 MEASURE — |
| F AMPLITUDE
: T ATORE  ——f—
Ly - x5 oR
- MEGATIVE
o OAMPLITUDE — [
| ¥ CTOR
— i | |
Fig. 15. Instantaneous vollage measurement,
Using the formula:
Instan- vartical VOLTS/
taneous distance: X polarity X Dy
Voltage [divisions) zetting
Substituting, =46 X (4 1) X2V =19.2 vaits,
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It & negative voltage is 10 be measured, position the
trace to the lop graticuleling and measurefrom Cto B (zee
Flg. 15}

The ground referance line can be checked atany tims
by switching to the GND position,

Thig method can also be used to measure one voliage
with respect to another. Position one of the voltage levels
to a convenient reference line. Measure the divisions of
vertical dellection between 1he reference line and the
other voltage level Substituie this valuein the formula [ust
aiven,

ALGEBRAIC ADDITION

In the ADD position of the VERT MODE switch, tha
wavelorm displayed is the algebraic sum of the signals
applied to the CH 1 and CH 2 Inputs (CH1 = CH 2). IFthe
CH 2 INVERT switeh |s pushed, the waveform displayead is
the difference of the signals applied to the CH 1 and GH 2
inputs (CH 1 — CH 2). The total deflection factoer in the
ADD maode is equal to the deflection factor indicated by
gither VOLTS/DIV switch (when both VOLTS/DIV
switches are set to the same position],

The lollowing general pracautions should be observad
when using the ARD mode.

1. Do not exceed the input veltage rating of tha
oscilloscope.

2 Do nat apply signals that excesd an equlvalent of
aboul eight times the YOLTS/DIV switch settings. For
example, with a VOLTS/DIYV switeh sefting of 0.5, the
voltage spplied to that shannel should not exceed about
four vaolts. Large vollages may distort the display

& comman use of the ADD mode is o provide & do
offsel for & signal riding on a dc level

EXAMPLE: The Channel 1 signal is on a 3 divisien,
positive do level (using the center line as zero valts), See
Fig, 1684 Multiply 3 divisions by the VOLTS/DIV switch
setling o determine the de-level value. Apply a negative
do fevel (or B positive level using the CH 2 INVERT switch},
af the value determined, to Channel 2 input, See Fig. 16B6.
The-ADD mode puts the resullant display within the
aperating range of the POSITION controls.
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[ l : | | i
|| POSITIVE LEVEL |

v

1 | i | '

| NEEALIVEUTEREL

vesebyprbadened

[Aa) CHANMEL 1 SIGMNAL
WITH 3 DIVISIONS OF
POSITIVE DC LEVEL.

{Bl CHAMMEL 2 DISPLAY
WITH 3 DIVISIONS OF
MEGATIVE OFFSET.

ICH AESULTANT DISPLAY

4G5/ 1014

Flg. 16. Algebraic addition.

COMMON-MODE REJECTION

The ADD mode can he used to display signals that
contain  undesirable compongnis. These undesirable

components can be eliminated through common mode.

rejection. The precautions given under algebraic additian
should be chserved,

EXAMFPLE: The signal applied lo the CH 1 input
centains unwanted line freguency compoanents (see Fig.
17A). To ramove the undesired components use the
follewing procedure.

1. Gonnect a line frequency signal te the TH 2 input

2. Setthe VERT MODE switch to ALT and the CH 2
INVERT switch to on (button in). Adjust the CH 2

@ 465/DMa4 Operators 35




CH 1 GIGMAL e P b o
WITH UNSANTED S 1 ~
LINE FREGLIENCY 1y ¥ o R T

COMPONENT W S — -

L% -l ™

J F
N i
VA

CHZSIGNAL o ] g =
FAOM LINE Py ] —
FREZUENCY 4 e : &
SOUFCE R e e e .
NVERTEDR] L

Ly SHA AND CH 2 SIGNALS:

v - - ) al k]

el e o Ny ey peapen S p———

SIGNAL WITH
LINE FREQUEMNCY
COMPONENT
GANGELED

ouT

IBI RESULTANT SIGNAL

VOLTEIN and VAR VOLTS/DIY controls so the CH 2
display is aboul the same amplilude as the undesired
partion of the CH 1 display (see Fig. 17A).

3. Bet the VERT MODE switch to ADD. Shghtly
readjust the CH 2 VAR VOLTS/DIY contrel for maximum
cancellation of the undesired signal companant {see Fig.
176}

AMPLITUDE COMPARISON
MEASUREMENTS

It compansans of an unknown signal with a reference
signal are repatitious (2.9, on an assembly line test) it is
possible  to obtain more  accurate  easily  read
measurements if the VAR VOLTS/DIV contiol is adjusted
to sel the referenoe signal toan exact number of divisions,
The unknown signal can then be quickly and easlly
compared with or adjusted to an exact number of
divisions,

Other unknown signals may be messured without
disturbing the setting of the VAR VOLTS/DIV control by
establishing a vertical conversion factor and an arbitrary

173d-10 deflection factor. The amplitude of the reference signsl
musl be known before a vartical conversion factor can be
Flg. 17. Commaon-mods rejection. estahlished.
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Detarmine the vertical conversion factor using this
farmula;

reference signal amplitude (voll)

Wertical vertical YOLTS/DIV
Conversion — deflaction X switch
Factor {divisions) setting

Determine the arhitrary detlection factor using the
formula:

Arhitrary Weartical VOLTSDN
Defleclion — Conversion X zwitoh
Factor Factor satting

Tomeasure the amplitude ofan unknown signal, setthe
VOLTSMIY swiltch 1o a saling thal pravides sufficien?
vertical deflection to make an accurate measurement, Do
nal readjusl the VAR VOLTS/BEIY contral, Measure the
verticgl defiection in divisions and caloulate the amplitude
of the unknown signal using thae following Tormula

Arbitraryt Vertical
Signal : _
A ““t”m‘ deflection ® deflection
® ' factor (divisions)
ar
Sianal Vertical VOLTS/DIY Vertical
2 = Cenversion X switeh X deflection
Amplitude ; .

Facior setting {divizions)

EXAMPLE: The refergncesignalamplitude measured is
30 volts with a VOLTS/DIV switech setting ot S and the VAR
YVOLTS/DIWV contral adjusted to provide a vertical deflec-
tien of 4 divisions

Substituting these values in the vertical conversion
factior formula;

WVertical
\ 30
Canversion = —— = %5
4 X5
Factar

Than with a VOLTS/DIV switch setting of 1, the peak-
to-peak amplitude of an unknown signal, 5 divisions high
can badetermined by using the signal amplitude formula;
1YW X15X5

Sigrnal Amphitude; T.5 volts.

TIME-DURATION MEASUREMENTS

Obhtain a Mormal Swesp display. Be sure the VAR
TIME/DIV control is set to the calibrated detent, Set tha
TIME/DIV switch for a single event and position the
display to place thetima measurement poinistothe center
horizontal graticule line (sae Fig. 18).
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Fig. 18. Time duration.

hMeasure: the horizontal distance between (he hime
measurement points. Mul_tipl*_.-' the distance measured by
the selting of the TIME/DIV switch. Il sweep magnification
i5 used, divide this answar by 10,

EXAMPLE: The distance between the time measure-

Llging the formula:

i forizantal ;
Time = i Times Dy
Curation distancs. A setting
(divigions) ¢

magnification
Substitute the given values:

Time

Ciuratian 166 milliseconds

= B3 XZms

FREQUENCY MEASUREMENTS

Tirme Duration measuremants can be used to determineg
the frequency of a recurrent signal as follows:

1. Measure one cyele af thewavelorm as described in
Time-Duration Measuraments

2. Take the reciprocal of the lime duration 1o deter-
mirse the frequency.

EXAMPLE: The frequeancy of the signal shown In Fig.
18, which tas a time duration of 16.6 milliseconds 15

1 1

ment points 15 8.3 divisions (see Fig. 18) and the TIME/ DIV £ = = — B0 hert
switch |s'set 1o 2 ms with tha magnitier off, TRIRETIER = time duration 168 ms gl
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RISETIME MEASUREMENTS

Risetime measurements use the same methods as Hme-
curation measurements, except the megsurements are
made between the 10% and 930% points of the wavelorm,
Falltime is measured bstween the 90% and 10% paints on
the trailing edge of the wavelorm,

Obtain a Mormal Sweep Display, Sel ASLOPE to +. Use
a sweep speed setling that displays several cycles or
events (if possible) and be sura the VAR TIME/DIY cantral
i in the calibrated datent. Set the VOLTS/DIV switch and
VAR cantrol (or signal amplitude) for exactly a five/divi-
sion display, Set vertical pesitioning so the display bottom
towches the 0% graticule line and the display top louches
the 100% graticule line,

Sel the TIME/DIV switch for a single-event display with
the risetime spread horizontally as much as possible,
Horizantally position the display so the 10% point an the
x:avef-nrm intersects the second verlicalgraticule line (sas
g 19),

Measure the harizontal distance betwean the 10% and
90% points and multiply the distance measured by the
setting of the TIME/DIV switch.

EXAMPLE: The harizental distance betwéen the 10%
and 80% poinls is 5divisions (see Fig. 19 and the
TIME/DIY switeh is set to 1 ua.

& 465/DM44 Operators

SIGNAL MEASLURE
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Fig. 19, Riselime,

Llzing the time duration formula to find risetime;

Time harizontal
Duration = distance X TIME/DIY
{risetima) {divisions) setting

Substituting the given values:

Risetime =5 X1 us = 5 microseconds,

s



TIME-DIFFERENCE BETWEEN
TWO PULSES FROM
DIFFERENT SOURCES

Crhtain g Mormal Sweep Display. Make sure the VAR
TIME/DIY eontral §s in the caliorated detenl. Set the A
Trigger SOURCE switch to CH 1. Connect the reference
signalte CH 1 and the comparison signal to CH 2. Cannect
the signals ta the inpul connectors using probes orcables
with aqual time defay,

el the VERT MODE switch to either GHOP or ALT. In
genaral, CHOP is more suitable for low-frequency signals
and the ALT position is more suitanle for high-frequency
signals. Centereach of the displays vertically (see Fig, 20).

CHAMMEL 1 IREFERENCE] CHAMNMEL 2
PR | | i —
S0 [
AMPLITUDE - i J
LEVEL MEASLIRE
}n-"m-r ctrrrrrerrrt b fasserails TIME FROM
ATORB
|
i !._ =2 |
i T
L gl d £ 50 L
I
—n=l HOR[ZONTAL
| DIFFERENGCE | _
AS5/EN-0-14

Fig. 20. Time difference between two pulses from difforent
SOUTCES,

Measure the horizontal difference between the: two

zsignals, Multiply the measured diffeérence by the setting of
the TIME/DIV switch; il swesp magnification is used.
divide this answer by 10

EXAMPLE: Tne TIME/DIV switch 15 set to 50 us, the

Lsing the formula:

g - harizont
Time Time/Civ n 2oial
. ; X difference
Bifferencea setting Ll
E (dmvisions)

magnification

Substituting the given values:

MAG switch to X 10 and the horizontal difference between Time BOus X 45 - zonon
waveforms 15 4.5 divisions {see Fig. 20) Difference 10 = 22.5microseconds
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TIME COMPARISON MEASUREMENTS

If comparisans af an unknown signal with a reference
signz| are repetitious (2.g., on assembly ling test) it is
possible  to othain  maore  acourate, easily  read
measuremeants fthe VAR TIME/DIV control is adjusted 1o
sel the reference signal to an exact number ol divisions
The unknown signal can then be cuickly and easily
compared with, or adjusted to, an exact number ol
divisions,

Cther unknown signals may be messured withou!
disturbing the zetlling ol 1he VAR TIME/DIY control by
estatilishing & haorizontal conversion factor and an ar-
bitrary dellzction factor. The time duration of the
reference signal must be known betore a horizonta!
conversion factor can be established.

Determing the horizonlal conversion factar using the
formula:

reference signal tirme duration
(saconos)

Horizonial Harnzontal TIME/ DY
Conversion = deflection X switch
Faclar (divisions) setting

Determing the arbitrary detlection factor bsing this
formula;

Arbitrary Forizontal TIMEDIY
Caflection = gonversion X awitch
Factor factor selling

To measures the time duration ofan unknown signal, set
the TIME/DN switch 1o a setting that provides sufficient
horizontal deflegtion to make:an accurate measurament.
Do not readjust the VAR TIME DN control. Measum the
horizontal deflection In divisions and calculato the fime
duratian using the farmula

) arbitrany norizartal
Time :
! = aeflection X dellection
Curation h i
faciof {divisiong)
ar
e harizantal TIMEZ DIV haorizontal
mme
—gonversion X switch X deflection
Puration

tactor setting tdivisions)

EXAMPLE: The referencasignal frequency measured is
4585 perty  ime  duration: 219 milliseconds)  with a
TIME/DIV switch setling of .2 'ms, and the VAR TIMEDIV
contral adjustad to provide a horzontal deflection of@ight
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divisions, Substituting these values in the horizental
conversion factor tormula;

Aol tal
Horizanta 2.18.ms

b I eare— 1.37F
Conversian SR
Factor

Then with a TIME/DIV switch setting of 50 us, the lime
durgtiomofan unknownsignal thalcompletesonecyclain
seven harizontal divisions, can be determined by using the
time duration formula;

Time Duration = 1.37 X 50 s X 7 = 480 us

This answer can he converted to frequency by taking
the recipracal of the time duration (ses applications an
Datermining Frequency),

PHASE DIFFERENCE
MEASUREMENTS

se elther the CHOP or ALTmade. Setthe A TRIGGER
SOURCE switch te CH 1. The referance signal should
precede the comparison signal in time, Use coaxial cables
or prabesthatl have equal time delay to connect the signals
o the input connectors,

If the sigrals are of opposite polarity, set the INVERT
pushbuttontoinvert the Channal 2 display {signals may be
of opposite polarity dua to 1807 phasa difference; If so,
take this into accaunt in the final calculation), Setthae CHA
and CH 2 VOLTSDIY switches and the CH 1 and CH 2
VAR cantrols so the dispiays are equal in amplitude

Set the TIME/DIV switch for about & one-cycle
waveform, Pasition the display and turn tha A VAR
TIME/DIV cantral {or 1 reference signal cycle in exactly
eight divisions {see Fig. 21). Each division of the graticule
represents 45° of the cycle (360° <+ & divisions =
457 fdivision). The sweep rata can be stated in terms ot
deqrees as 45% /division.

taasure the horlzontal difference between correspon-
ding points an the waveforms and multiply the distance
measured {in divisions) by 45° /division (sweep rate} to
obtain the amount of phase difference,

EXAMPLE: The harizental difference is 0.6 divisign
with a sweep rate of 45%/division as shown in Fig. 21,
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CHANMEL 1 CHAMMNEL 2
[REFEREMCE)

: /_!LAG_G?PTJG]
Vi
I

7T
ARs Tadn?
HT

MEASURE
TIME FROM
ATOB

TN
I ' | HORIZONTAL
I I | |
=)

DIFFEREMNCE
: A
8 DIVISIONS
b= e ——

HIGH RESOLUTION PHASE
DIFFERENCE MEASUREMENTS

AGHOM-0.15

Fig. 21, Phase dilference.

Using the formula:

PaEs horizontal
Oiftarance. = Gfierenes X CE
: divisions \Gegrass/eivi

Suhstituting the given values:

FPhasea Difference = 0.6 X 45% = 27°,

Make more accurate phase measurements by in-
creasing the sweep rate (without changing the & VAR
TIME/DIV contral) by using the X10 MAG mode. Delayead
sweep magnification may also be used {see Fig. 22),

CHAMMEL 1

{REFEREMCE] CHANNEL 2

"———‘_\\i’( MEASURE
R ] TIME FROM
T e et s
== —
T i 1
NN EINEEN
| _ HopizonTaL !

™ DIFFERENCE ™
AG5SN-0: 16

Fig. 22. High-resolution phase difference.
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EXAMFLE Il the sweep rale were increasad 10 times Fulse jitter is shown by horizantal movement of the

with the magnifier, the magnified sweep rate would be 45° pulse and includes the Inherent jitter of the Delayed
=10 = 4.5%/division. Fig. 22 shows the same signals as Sweep (see Fig. 23), Multiple the distance by the B
used in Fig. 27 but with the X10 MAG switch set 1o X10 TIME/DIV switch setting 1o obtain pulse jitter time.

With a harizontal difference of & divisions, the phaze
difference is.

horizontal magnified
Phase ) g
iR difference X sweep rate
{divisions) {degrees div)
MEASURE
TIME FROM
ATOR
r Y
Substituting the given values: [ | | I |
| | 4
Phase Différence = B X 4.6° = 27° 3 ®: ===
1
A
PULSE JITTER 22,
MEASUREMENTS A S O |
i
Boep— o1
L)

Be =ure the VAR TIME/DIV switch = in the calibrated ——] = JiTTER .
detent, Set the 8 TIME/DIV switch to intansity the full i s
rising partion ofthe pulse. Setthe HORIZ DISPLAY switch
to B BLY'D, Fig. 23. Pulse Jitter,
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. St the aFL switch 1o A INT and the B
DELAYED OR MIXED 4. Set the HORIZ DISPLAY switch 16 A INT
SWEEP MAGNIFICATION Trigger SOURCE switch to STARTS AFTER DELAY

Instrument equipped with D44 Verity that the FUNC-
TION switch is net set to TIME ar 1/TIME
The delayed sweep features of the 475 can be used to
provide higher aoparent magnification than is provided by

the X140 MﬁGlswEtuh. The sweep rate of the delayed sweap 5 Pesition the start of the Intensified zone with the
(B sweep) is not actually increased; the apparent CELAY-TIME POSITION contral 1o the part of the display
magnilication is the resuit of delaying the B sweep an to ke magnified,

amount of time selected by the A TIME/DIV switch and the
DELAY-TIME POSITION control before the display is

PrEEEI’ItE"d at the sweepn rate selected bh" the B TIME/DIV B Set the B TIME/DINY switich to & setting which
Wi The. f.cﬂﬂwmg fﬂ_EThDa uses the ETAETS AFTER intensifizs the full partion to be magnified. The startof the
DELAY position of the B Trigger SOURCE switch 1o dllow intensifled zone remains as positioned above (see Fig. 24).

the delavaed portion to be positioned with. the DELAY-

TIME POSITION cantral, 1F there is tao much jitter in the

delayed display. use the Triggered B Swesp mode of 7. Set the HORIZ DISPLAY switch to B DLY'D to

Rl magnify the pertion of A sweep that is intensified (sea Fig
249

Magnilied Sweep Starts After Delay

1. Connect thesignal toeither input connector. Set the 8. Time measurements gan be made from the display

VERT MODE switch to display the channel used in the canventional manner, The sweep rate is determined
by the setling of the B TIME/DIV switch

2. Sel the VOLTS/DIV switch to produce a disalay

about four divisions in amplitude.
9. The apparen! sweep magnification can he

3. Bet the A TIME/DIV switch to a sweap rate which calculated by dividing the A TIME/DIV switch setting by

displays the complete wavelorm. the B TIME/ZIV switch setting,
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Fig. 24. Delayed sweep magnification.

EXAMPLE: The apparant magnification of a display
with an A TIME/DIV switch setting of 1 ms and a B
TIME/DIV switch setling of 1 45 is.

Apparent

Magnification _ A TIME/DIV setting
{Delayed B TIME/DIV setting
Swesp)

Substituting the given values:

Apparent

= 1X 10"
Magnification

1% 0™

The apparent magnification is 100 fimes.

Triggered Delayed Sweep Magnification

The delayed sweep magnification method just describ-
ad may produce toc much jitter at high apparent
magnification ranges. Operating the B Sweaep in a
triggerad mode provides a more stable display since the
delayed display 13 triggered at the same point each time.
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1. Set up the display as given in steps 1 through &
under "Magnified Sweep Starts After Delay.”

2. Sel the B Trigger SOURCE switch to the same
positian as the & Trigger SOURCE switch,

3. Adjust the B LEVEL control so the intensified zane
on the trace is stable. {If an intensified zone cannot be
abtained, see step 4.)

4. Inability to intensify the desired porlion indicates
that the slanal does net meel the triggering requiremants.

If the condition cannot be remedied with the B Triggering
contrals or by increasing the display amplitude {lower
VOLTE/DIV setting), trigger 8 Sweep externally.

5 When the correct portion is intensitied, set the

HORIZ DISPLAY switch to B DLY'D. Slight readjustment
ot the B LEVEL control may be necessary for a stable
display.

6. Measurements are made and magnification factors
are calculated as in the STARTS AFTER DELAY moda
previously given,

@ 465/DMA44 Operators a7



BASIC 465 DELAYED OR MIXED SWEEP TIME MEASUREMENTS

The delayed sweep modes can be usad to make more accurale time measurements,

TIME DIFFERENCE BETWEEN
REPETITIVE PULSES (BASIC 465)

Dbtain a Delayed Sweep DHsplay. For themostaccurate
measuremznt, set the 8 TIME/DIV switch to the fastest
swesp speed that gives usable (visahle) intansitied zones.

Wath the HORIZ DISPLAY switch set o A INTEN, use
the DELAY TIME POSITION dial to move the intensified
zone to the first pulze (see Fig. 2640

Setthe HORIZ DISPLAY switch ta B.DLY'D. Adjust the
DELAY TIME FOSITION dial to move Lhe pulse {orrising
portion] to some vertical reference line {see Fig. 258)
Mote the seiting of the DELAY TIME POSITION dial Turn
the DELAY TIME POSITION dial clockwise to move the
secand pulse fo the same vartical reference fine (ifseveral
pulses are dispiayed, return o A INTEN to lgcate the
correct pulge), Do net change the settings of the harizan-
tal POSITION and FINE controls. Nate the setting of the
ZELAY TIME POBITION dial.

Determing the time difference using the following

ferrmula:

Time Ditference =

'_secund first delay ume
cdial dial X oA TIME/ DIV
setting setting zetting

EXAMPLE: Assume the first dial setting s 1.37and the

second dial setting is 8 871 with the A TIME/DIY switch s&t
to 0.2 p5 (see Fig. 25),

Lising the tormutat

Time Bitterence =
: - delay time
[sec::nd dizl  first ma] ¥

i X (A TIME/DIV
setting satting setting]
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Fig. 25. Time difference betwoen repetitive pulses.

Substituting the glven values:
Time Difference = (881 — 1:31) X 0.2 us.

The time difference is 1.5 microseconds.

TIME DURATION MEASUREMENTS
(BASIC 4865)

Obtain a Delayed Sweep Dlsplay. Set the A TIME/DIV
switeh 1o display a single event. Be sure the VAR
TIME/DIV control is in the calibrated detent. For the most
accurate measurement, set the B TIME/DIV switch to the
fastest sweep speed that gives & usable (visible) inten-
sified zone. Vertically position the display to place the time
measurement points 1o the centerhorizontal graticuls line
{see Fig. 26)

Lise the DELAY TIME FOSITION dial to meve the start
{left-hand edoe) of the intensified zone to just touch the
intersection of the signal and the center horizontal
graticule line {see Fig. 26, Point A). Note the DELAY TIME
POSITION dial setling.

Use the DELAY TIME POSITION dial to move the start
of the intensified zone to the second fime measurement
point {see Fig. 26, Point B). Note the DELAY TIME
POSITION dial setting.
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Fig. 26, Time duration.

Substitute the DELAY TIME FOSITION dial settings
Into the time differepce formula to oblain the time
duration.

EXAMPLE: The A TIME/DIV switch is set to 8 ms and
the B TIME/DIY switch is sel 1o .1 ms

The DELAY TIME POSITION dizl setting at Point A
(Fig. 26) is 1.20. The DELAY TIME POSITION dial at Point
B (Fig. 28) is 9.52. To find the time duration use the
tarmuia;

Time Time
Cifference Duration
second first delay tima
dial = dial XA TIMEDIV
setting setting satting)

Substituting the given valuss

Time Duration = (9.53 —1.20) X 2 ms =16.66-m3

FREQUENCY MEASUREMENTS
(BASIC 465)

The frequency ol a recurrant signal can be calculated

by laking the recipracal of the time duration of one event

EXAMPLE: The time duration of ane event (Paint & to

Paint B, Fig. 26) is 16.66 milliseconds,

Lising the formulda;

1

Frequency = ————————
4 ¥ time duration

Substituting the gwen values,

i 1
Frequancgy, = ss=s—— =

&0 hertz
16.66 ms Gl
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TIME DIFFERENCE BETWEEN TWO
PULSES FROM DIFFERENT SOURCES
(BASIC 465)

Make sure the VAR TIMEDIV control s in the
calibrated detent. Setthe A Trigger SOURCE switch to CH
1. Connect the reference signa! o CH 1 and the com-
parison signal to CH 2. Coannect the signals to the input
connectors using probes or eables with aqual time delay,

Set the VERT MODE switch to gither CHOP or ALT, In
general, CHOP is more suitable for low-freguency signals
and the ALT position Is more suitabla tor high-fregquency
signels. Center each of the displays vertically (see Fig
27h)

Sat the HORIZ DISPLAY switch to A INT and the B
Trigger SOURCE lo STARTS AFTER DELAY. Sat the B
TIME/DIV switch 20 tmes taster than the & TIME/CIY
switch (when possible),

CHANNEL 1 {REFERENCE) CHANMEL 2

50% | ]
AMPLITUDE = N
LEVEL

MEASURE

ol oo

INTEMSIFIED F_HDM ATRE

1 pe e
L |

) ES i vt

|

[ |
1 i
| HORIZONT AL
| DIFFERENCE ¥

YERTICAL REFERENCE

T T
| =- 1 — cH 2 SIGNAL
Tl [ CH1 SIGNAL
' i SR = |__ L : hetetil
S = F : -
CH1 SIGNAL | A FOR CH 1
~ BFORECH 2

e e

AESSONA-0-110

Fig. 27. Time difference between two pulses from diflerent sources.
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Use the DELAY TIME POSITICN dial 0 move the
irtansified zone 1o the CH 1 pulse. Set the HORIZ
DISELAY switch 1o E DLY'D. Readjust the DELAY TIME
FOSITION diabto move the CH 1 pulse or rising porlion to
same verlical reterence line (see Fig. 27VB) Mole the
DELAY TIME FOSITION dial setting.

Lise the DELAY TIME FOSITION dial to mova the GH 2
pulse or nsing portion to the same reference line. Again
note the DELAY TIME POSITION dial setting

Substitute the DELAY TIME POSITION dial settings in
the time difference formola to find the time difference.

EXAMPLE: The A TIME/DIV switch is set to 50 us and
the B TIME/DIV awitch is set 1o 2 ps, Usethe DELAY TIME
FOSITION dial 1o mave the CH 1 pulse te the reference
ling. The DELAY TIME ROSITION dial setting is 2.60.

Lse the DELAY TIME POSITION dial to mave the CH 2
pulse to the reference line. The DELAY TIME POSITION
dial setting is 7.10.

To find the time difference use the formula:

Substituting the given values:

Time Difference = (7,10 — 2.60) ¥ 50 ps = 225 us

RISETIME (BASIC 465)

Risetime measurements use thasame methods as time-
duration measuremeants, axcep! the measuremants are
made between the 10% and 90% points of the waveform,
Falltime is measured betwean the 20% and 10% paints an
the trailing edge of the wavaeform,

Use a sweep speed setting that displays several cycles
or evenis (if pessible) and be sura the VAR TIME/DIV
contral is in the calibrated detent. Set the VOLTS/DIV
switch and the VAR control (er slgnal amplituda) for
exactly a five-division display. Set vertical positioning so
thie display bolttom fouches the 0% graticule line and the
diaplay top touches the 100% graticule line (see Fig. 28),

Seat the A TIME/DIV switch for a single-evant display
with the nisetime spread honzontally as much as possible:
Haorizaentally position the display so the 10% point of the
wavelarm intersects the second vertical graticule line {see
Fig. 28}, Set the B TIME/DIY switch to the fastest sweep
speed thal provides a usable (visible) intensilied zone

Time secand first delay time
T — dial  — dial | X (A TIME/DIV Use the DELAY TIME POSITION dial to move the start
sefling satting setting) of the intensified zone {left-hand edge} o just ioueh the
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Fig. 28. Riselime.

interseciion of the signal and the 10% graticule line (see
Fig. 28, Point A). Note the DELAY TIME FOSITION dial
selting.

Lise the DELAY TIME POSITION dial to move the start
of the intensifled zone 1o just touch the intersection ol the
signaland the 190% graticule line (sea Fig, 28, Paint B).
Mote the DELAY TIME POSITION dial setting.

Substitute the DELAY TIME POSITION dial settings in
fhe time differepce formula to find the risetime.

EXAMPLE: The & TIME/DIV switch js sel ta 1 ws. The
DELAY TIME POSITION dial setting at point A (Fig.28) is
2.50 The DELAY TIME POSITION dial setting at point 8
(Fig. 28) is 7.50. To find the riselime use the formola:

Time

Difference Risstime =
sennd first delay time
dial dial A TIME DY
setting setting satting)

Substituting the gren values:
Risetime = (7.50 — 2.50) X 1 us = 5 ms.
MIX (BASIC 465)

For the MIX mode of operation, the same: general
procedures can baused. With the first part af the display at
asweepn rate set by the A TIME/DIV switch and the second
part of the display at a sweep rate setl by the B TIME/DIV
switch, it is not necessary 1o swileh display moedes to
ensure lacaticn of the correct pulse.

However, Inaccuracies agre introduced  Into the
meaasurement by the transition from A to B swaeeps The 8
DLY'D mode 15 the most sccurate and therefore
recommended  mode  of making differential  time
measurements
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DM44 DELAYED OR MIXED SWEEP TIME MEASUREMENTS

Muost measuremenls af ime. lime-duraticon, frequency, time differencerand risetime are morgeasily performed using
the TIME function of the DM44 and the delayed-sweep mode of the oscilloscope: Table 5 lists the DM44 and oscilloscope

aperating modes-and the crt display obtained in these modss.

TABLE 5
DM44 Delayed Sweep Displays
DmMaq HORIZ VERT
FUMCTION| DISPLAY MODE DISPLAY OBTAINED
H1, OH 2, | One intensified zong, DELAY TIME POSITION moves Intensified zone
OR ADRD
AINT!
ALT ar Twe Intensified zones, ane on each channe| display. Intensified zones
VOLTS CHOP are coincident in time, DELAY TIME POSITION maves both intensified
OHMS, LZONes, B
ORTEMP CH1, GH 2, |
QR ADD  One mixed display. Position of transition polnt detarmined by DELAY
TIME POSITION
MK _
ALT OR | Two mixed displays, ong on each channe! display. Transition peints ara
CHOP coincident in time. Position of transition points determined by DELAY
TIME POSITICN

'In the B DLY'D mode, the inlensifled zones (that are displayed in the A INTEN mode) will be displayed at the B sweep rate.
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TABLE 5 {cont)
DM44 Delayed Sweep Displays
DM44 HORIZ VERT B
FUNCTION DISPLAY MODE DISPLAY OBTAINED
CH 1, EH 2 | Two intensified zones. DELAY TIME POSITION moves bath intansifiad
OR ADD zones, A TIME moves anly ane inlensified zone.
ATNT? ALT Two intensified zones Relerence point appears an GH 1 display
Measurermenl point appears on GH 2 display, DELAY TIME POSITION
moves bath intensitied zones. & TIME moves only the measurement point
{on the CH 2 display).
TIME
QR CHOP Twe pairs of iIntensified zones. one pair on each channel display. The pairs
VTIME | dre coincldent in time with sach other, DELAY TIME POSITION moves all
feur intensitied zones, A TIME maoves twe intensilied zoenes.
CH1 CH 2, | Two mixed displays en the same trace. Not generally used since mixed
OR ADD displays overlap:
BALX ALT Two mixed displays, pne gn each channel display. DELAY TIME POSITION
moves transition point of both displays. A TIME maves transition point of
CH 2 display anly
CHOP Four mixed displays. two an each channel dispiay. Mot generally used
since mixed displays overlap
“Your instrument may be medilied to make the DELAY TIME POSITION and A TIME tontrals operate independently. The
instructions lor making this modification are located in the Maintenance seclion of the DM44 Service manual,
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TIME DIFFERENCE BETWEEN
REPETITIVE PULSES (DM44)

Setthecontrolsas tollows:

FUNCTION TIME

HORIZ DISPLAY AINTEMN

B S0URCE STARTS AFTER DELAY

A TIME DY To display 2 pulses

8 TIME/DIY 3 or 4 positions mors
ow than A TIMESDY

& TIME To move the time-
measurement point 1o
the right of the retf-
grenca palnt

VAR TIMED Y Detent position

Position the display approximately as shown in Fig.
284, Use the DELAY TIME FOSITION contral to move the
reference paint to the first pulse. Both Intensifisd zones
will mowe when the DELAY TIME POSITION cantrol is
adjusted. lise the: & TIME contral to move the time-
measurement point 0 the second pulse,

Sel the HORIZ DISPLAY switch to B DLY'D. Slightly
readjust the A TIME contrel lo supsrimpose the
wavetorms {see Fig. 298). The DELAY TIME FOSITION
contrel may need to be slightly readjusted to keep the
dispiay on screen. The Readoul and Scale Factor Lamps
nowe Indicate tha time difference between the puises.

T T T T
e I
DIFFERENCEF—T—

1 | X |

=

I\_l

!
| |
MY

X

K ] i
T TN | B
ZONES .

[
VERTICAL
/HF FEREMGE |INE

[ ] [T T T

e 4 " |

e
=
2
&
'_"
T
&

fraaaf o

A AND A
|+ SUPERIMPOSED

(B B LY ISPLAY (1738-33)73039-30

Fig. 29. Time dilference between repelilive pulses,

reference pointlo ahorizontal graticule line (ses Fig. 304,
Point Ay Use the & TIME control to move the time-

|

BB 465/DM44 Cperalors T
To find the pulse repstition rate, superimposes the
waveforms as above and sel the FUNCTION switch to
TIME The Readout and Zcale Factor Lamps now r T T 1
indicate the repatition rate. @ "y INTEMNSIFIED 1
/1N ZONES
Y T
B
TIME DURATION MEASUREMENTS \ /
(DM44) / \ |/
=
Setconirols as follows:
LA) A SWEEP DISPLAY
FUMCTION TIME
HORLEZ DISPLAY A INTEM
B SCOURCE STARTS AFTER DELAY
A TIME DIV Tao display a single +
evant, _Q J;f""-
B TIME/DIV 3 or 4 positions more <
cw than A TIME/DIY $§"‘ B
& TIME Tormove the fime- — 0 =1
measurameant point o e SUPERIM
the right of the raf- F%;Tﬁ:)h;JFSDSE
erence painl. WAVEFORM
VAR TIMEDIV Detent position
1B} BDLY'D DISPLAY O CT
Use the DELAY TIME POSITION contrdl to move the aiind

Fig. 30. Time duralion and frequency measurements,
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measurement paint to near the same horizantal graticule
lingan the next cycle of the wavelorm (see Fig. 30A, Point
B}.

Sef the HORIZ DISPLAY switch to B OLY'D, Slightly
readjust the A TIME control to superimpose the displayed
waveform portions (see Fig. 30B), The DELAY TIME
POSITION control may need 1o be slightly readjusted 1o
kesp the display onsereen, The Readout and Scale Faclor
Lamps indicate the time duration.

FREQUENCY MEASUREMENTS (DM44)

To measure frequenay, use the same proocedure as for
Time Duration Measurements excepl set the FUNCTION
switch to UTIME With the display supsrimpesed the
Readoutl and Scale Factor Lamps indicate the frequancy,
The Secals Factor Lamps indicate the scale facior as

A blinking display indicates an over-range condition.

Thisaccurs on measurements as folows;

A Time/Div Sel To Decade [Spacing Between Intensified
B Multiples of Zones Less Than
1 0:25 DIV
id 0.5 0
5 1.0 01V

TIME DIFFERENCE BETWEEN
TWO PULSES FROM
DIFFERENT SOURCES (DM44)

Setcontrals as lollows:

fotlows: A SOURCE CH 1
= VERT MODE ALT
1/ms Lamp 1/us Lamp Multiplier HOAIZ DISPLAY ANT

= = = B SOURCE STARTS AFTER DELAY
OFF OFF : Hz B TIME/DIV 3 or 4 positions mors

_ ON OFF kHz cw than A TIME/DIV
QOFF O MHz AR TIME/DIV Detant positian
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Connect the reference signal to the CH 1 inputand the
comparison signal to the CH Zinput, Connect the signals
1o the inputs with cables or probes having equal time

delays.

Adjust the A TIME control to move the lUme-
maasuremant point to the desired spot on the CH 2 display
isee Fig, 31A, Foint B).

Sel the HORIZ DISPLAY switch to B DLY'D. Slightly

Adjustthe DELAY TIME POSITION control io move the
reference paintto the desired spoton the reference (GH 1)
display (see Fig. 314, Point A). In the ALT vertical mode

the refarences point sppears on the CH 1 display while the:

réadjust the DELAY TIME POSITION and A TIME centrols
to superimpose lhe wavelorms (see Fig. 21B). The
Beadout and Sesale Faclor Lamps indicate lhe time

time-measurement point appears on the CH 2 display.

aillerance.

GCHANNEL 1 (REFERENCE| CHANNEL 2
— 7
EaNmEOmRAR

50% . :
AMPLITUDE - i 1= M.E.QSLIHE
KEVEL: W b TIME
| wTEnsiFien | | | FROMATOS
O
= e
1 _i_ (B i i =
i 1
HORIZONTAL |
i DIFFERENCE 1

T | [
—_— ‘ S 2-SIGNAL |

CH 1 SIGHAL

' SUPERIMPOSE
LEADING EDGES

CH 1 SIGNAL
| e e W S

—

|465/DM-0-102025:22

Fig- 31. Time diflerence between two pulses from dilferent sources.
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RISETIME (DM44)

Setcontrols as follows:

FUNCTION TIME

HORIZ DISPLAY A INTEM

B SOURCE STARTS AFTER DELAY

B TIMEDIY 3 or 4 positions mara
cw than A TIME/DIY

A TIME To move the time-

measuremeant paint to
tha right of the ref-
granca point

Sel the A TIME/DIV switeh to-a setting that displays
several events, Set the VOLTS/D IV and VAR VOLTS/DIIV

S0

the amplitlude of the display s exactly 5 divisions,

Vertically position the display so the bottom touches tha

0%

graticule line and the top teuches the 100% graticule

lire:

60

465/0M44 Operators

MIX (DMa4)

For the MIX mode of oparation, the same ganeral
procedures can be used. With the first part of the display at
asweep rate set by the ATIME/DIV switch, and the second
part of lhe display at a sweep rate set by the B TIME/DIV

=]

Adjust the DELAY TIME POSITION cantrol to move tha
reference pointio the 10% graticule line (sea Fig. 32 Paint
Al Adiust the & TIME contral o move the tima measirs-
ment paint to the 90% graticuls line (see Fig. 32, Point B},
The Readout and Scale Factor Lamps indicate the
risetime

INTEMNSIFIED Z0MES

SIGNAL

AMPLITURE T
FROM A TO B

HORIZONT AL
CHETANCE

(A65/ DM -0-1112039-29

Fig. 32. Risetime.

switch, it 15 not necessary to switch display modes to

ensire location of the correct pulse

However, inaccuracies are introduced  inlo

the

rreasurament by the transition from A to B sweeps The B
DLY'D maode is the most accurate and therefaore the

recommended mode of making differential

maasuraments,

465/DM44 Operators
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OPERATOR’S SPECIFICATIONS

Refer to the service manual for complete specifications. Specifications given ara for an oparating rang2 of 0°C to

F40" O unless otherwise stated

465 OSCILLOSCOPE

VERTICAL

Deflection Factor Accuracy: Within 2% i the calibrated
position,

Fregquency Response: Do to at least 100 MHz for GH 1
and CH 2. Ac-coupled, low-trequency response is 10 Hz
or less. Useal a 10X probe extends frequency response o
1 Hz.

Risetime: 3.5 nanoseconds or less [calculated from
0.35 + bandwidth in MHz},

Maximum Input Vollage: Do-coupled 250 V (de + peak
acjor 500 Vp-pacat 1 kHz or less; ac-coupled, 500 V (do
— peak ac) or 500V p-p ac 1 kHz or less

Positive-Going Step Aberrations: Less thar +3%, —3%,
nottoexcead 3% peak-to-peak, excluding the ADD mode,

Common-Mode Rejection Ratio (ADD Mode with CH 2
Inverted): At least 1001 gt 20 MHz for commeon mode
signals of & divisions or less with GAIN adjusted far hegt
CMAR at 50 kHz.

Input Gate Current: 0.5 nA or less (01 div oat
& mi /DI, fram —152Cte +30°0.)

Channel Isolation: At least 100:71 at 25 MHz.

CHOP Mode Repetilion Rate: Approximately 250 kHz,

Cascaded Operation (CH 1 OUT into CH 2) sensitivity:
Approximately 1 mVADIV, Bandwidth is do to at least
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S50 MMz, with CH 2 OUT connected to CH 1 Input. AC-
coupled, using.a 50 0, 42-inch BNC cable, terminated in
50 0 at CH 2 Input

TRIGGERING

Sensitivity

Ac Coupled Signal: 0.3 div internal ar 50 my external,
from 30 Hz 1o 25 MHz: increasing to 1.5 div, internal ar
150 mY exterral at 100 MHz

LF REJ Coupled Stgnal: 0.5 div internal or 100 mV
external, from 60 kHz to 25 MHz: Increasing to 1.5 div
internal or 200 mY external al 100 MHz. Attenuates
signals below about 0 kHaz,

HF REJ Coupled Signal: 0.5 div internal gr 50 my
axternal, from 30 Hz to 50 kHz. Attenuates-signals below
about 50 Hz and above about 50 kHz.

DC Coupled Signal: 0.3 div internal or 80 mY external,
from deto 25 MHz; increasing to 1.5 divinternal or 150 my
exlernal at 100 MHz,

EXT = 10 Signal: Amplitude reguirements arg mul-
tiplied Dy 10,

External Trigger Input

Maximum Input Voltage: 250 V (do + peak so) or 250 W
p-oac (1 kHz or less).

Level Control Range in Ext

At least + and -2 WV, 4V p-p; EXT
20V, 40V pp

10 is @t least — and

Trigger View
Deflection Faclor: Aboul 50 mv/div in EXT and abouw
500 mydiy in EXT < 10,

Risetime: 5 ns or less.

Trigger Centering Point: Within 1.0 division of screen
centar

DIFFERENTIAL TIME
MEASUREMENT (BASIC 465)

Accuracy far Measurements Grealer than One Major
Dial Division: Within: 1% from +15%C to +35°C. Within
+2:5% from —15%C to +85% .
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Accuracy lor Measurements Less than One Major Dial
Division: Within £L0.0% major dial divisions from +15°C o
A5 . Within L0.03 majar dial divisions from 1570 to
+55%C,

DIFFERENTIAL TIME
MEASUREMENT (DM44)

Refer to TIME AND 1/TIME under D44 DIGITAL
MULTIMETER

HORIZONTAL

Sweep Rate Accuracy: Within 2%, unmagnified. and 5%
magnified, Trom <207C to 130"C for & and B Sweeps.

Mixed Sweep Accuracy: Within 2% plusthe measured A
Sweep ingcouracy, when viewing the A portion cnly. B
Sweep portion remaing the same 25 above

Trigger Holdoft Variable: Increases A Sweep noldoff

Calibrated Delay Time (VAR contral to CALJ:
Continuous Trom 0.2 us to at least Sseconds after the start
of A (delaying) sweep

X-Y
A-Axis Sensitivity (X10 MAG turned off): Same as the

vartical system,

X-Axis Bandwidth: Bec to at least 4 MHz, with a
10 divisian reference signal.

Phase Ditterence Between X- and Y-Axis Amplifiers:
Within 3° trom do to 50 kHz

Deflection Accuracy: Within &%,

CALIBRATOR

Culput Voltage: 0.3 WV within 1% and within 0.2% from
+20°C o H30° C.

time by at least & factor of 10 Qutput Current: 30 mA within 2% from +20°C to
+30°C
Delay Time Jitter: 1 part, or less, in 50,000 (0,002%) of
10 fimes the A TIMEDIY switch satting, Repetition Rate: About 1 kHz,
64 465/0M44 Operators &
Z AXIS INPUT AC POWER SOURCE
Sensitivity: Noticeable intensity modulation, at nermal Requlating Ranges:
infensity settings, by a 5V p-p signal. A positive-golng 15 v 230 V
signal decreases intensity - ——
Lo 98 Vo 121 W 198 V to 242 ¥
Frequency Range (Usable): Do to 50 MHz Medium 104V io 1268 V 307 V o 253
High 108V to 132 VW 216V to 264 V

Maximum Input Voltage: 100V (de plus peak ac) or

100V p-pacal 1 kHz or less:

OUTPUTS

CH 1 Out

Output Voltage: At least50 my/div inta 1 MO to at least

245 myddiv into 50 ohms,
Bandwldth: D¢ 1o at 8ast 50 MHz into 50 ohims.

DC Level: Anoul O volts:

A+ and B+ Gates
Outpul Voltage: About 5.5 V of positive-going pulse,

Cutpul Resistance: About 500 ohms

@ 465/DM44 Operators

Line Freguency: From 48 Hz to 440 Hz.

Maximum Power Consumption: 100 watis al 1158 Y,

80 Hz, madium range:

ENVIRONMENTAL

Operating Temperature: —15°C 1o +55°C.

Operating Altitude: To 15,000 feet. Maximum operating
temperature decreases 1°0/1,000 feet, above 5000 feet.

Humidity (Operating and Storage): S cyeles (120 hours)

refergnced to MIL-E-16400F.
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DM44 DIGITAL MULTIMETER

RESISTANCE 1/TIME

. ) Accuracy: +157°C (o +35°C; within 2% of reading =1
Maximum Safe Input Voltage: 120 Vrmsbetweentand  pount, —152C to +55°C; within 3.5% of reading -1 count.

COM Inputs.

Resistance Accuracy: 200 O range—within 0.25% 1
count, plus probe resistance, 2 k0, 20 kG, 200 kO, and 2
MG ranges—within (0.25% +1 count; 20 M range—within
0.3% =1 count.

TEMPERATURE
Range: —55°C to H150°C in 1 range.

Accuracy: Original Proba—Within 2°C, —55°C to
TEmpETEh.I.I‘E ﬂepeﬂdence: 20 k0, 200 KOO and 2 MO NE T e W?Lhiﬂ S?C 2550 ta +150°C

ranges—250 ppm/*C: 200 Q, 2 k0 and 20 MO ranges—

350 ppm/“C. Replacement Probe: Accuracy will equal orlginal prabe

R e | acouracy after DM44 is compensated.
Maximum Safe Vollage on Measuremenl Surfaces:

Recycle Time: Al least 3 measurements/second. 1100 V (de + peak ac) above chassis ground.

Response Time: All ranges within 1 second except 2 Temperature (Storage and Operating): Probe Body and

MO and 20 MO (within 5 seconds), Cable, —55°C to +105°C. Probe Sensor Tip, —55°C to
+150° .
TIME DC VOLTAGE
Accuracy: +15°C to +35°C; within 1% of reading =1 Maximum Safe Input Voltage: 01200 V (dc + peak ac)
count, —15°0 to 55°C) within 2.5% of reading 21 count. betwesn + and chassis
66 465/DM44 Operators REV. &, DEC. 1877
Comman Floating Voltage: 1500 V {de + peak ac) to Normal/Common Mode Rejection Ratio:
chassis,
DC Voltage Accuracy: Within 0,1% of reading, 1 Narmal Mede—At least 60 dB at 50 Hz.and 60 Hz.
count.
Temperature Dependence: 44 ppm/° C. Common Mode—At least 100 dB at do; B0 48 at

50 Mz and B0 Hz.
Resolution: 100 V.
Recycle Time: Al least 3 me : !
¥ ast 3 measurements/second Input Impedance: 10 M
Response Time: Within 0.5 second.
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INCLUDED

Probes, 10X, 2M. with accessories
Accessory Pouch, Snap (wie DM)
Accassary Pouch (D)
Accessory Pouch, Zipper
Operators Manual

Service Manual (465)

Fuses, 1.5 A 3AG fast-Blow
Fuses, 0,75 & 3AG fast-blow
Filler, Blue Plastic (installed)

CHAT Filter, Clear Plastic

Adapter, Ground Wire

Palr, Test Leads (DM}

Sarvice Manual (D44}

PE430 Tempearature Probe (D44}

Your instrument may contain the following options:

OPTION 1

Celetes PE430 temperature prebe from the G 44,

OPTION 4

The instrument s

o mest
specifications on radigted interlerence requirementis.

maodified

ACCESSORIES
STANDARD ACCESSORIES

010-6105-03
016-0535-02
016-0584-00
016-0537-00
070-2038-00
070-1861-00
159-0015-00
159-0042-00
337-1874-00
Aa7-1674-01
134-0016-01
003-0120-00
Or0-2038-00
010-5430-00

465/DM44 Operators

OPTIONAL ACCESSORIES

C-5A Cption 2 low cost fixed focus Camera.—QOrder
C-54 Option 2.

Fratective Cover—Walerprool, blue vinyl—Crder (16-
0554-00.

Folding Polarized Viewing Hood— Crder 316-0780-00,

Folding Viewing Hood, light-shielding— Crder 016-
O592-00.

Falding Viewing Hood, lighl-ooccluding—Crder 016-
O586-00.

mMesh Filler—Improves contrast and EMI liller—Order
37B-0726-01

SCOPE-MOBILE Cart—Occupies less than 18 inches
aisle space,; has storage area in base—CQrder 200 C

Test Lead Set—1 black lead with banana plug and
grounding elip, 1 red lead with banana plug and proba.
Includes retractable hook tipand 1C test probe cover. May
ke used with other miniature probe lip accessories. Crder
012-0427-00.

REV ., &; AUG, 1877

OPTIONS

Thera is ne change in oparating instructions

@

certaln

OPTION 7

At the time ofthiswriting, instroments having the DM44
do not have the Option 7 available,

Cption 7 permits aperation on 12 or 24 Vde with no
performance deleriorghion Circultry s provided (o protect
against damage due o connection of 24V when in the
12 W mode of operation, The 28-voltexternal input permils
use with conventional de power (marine and aircraft),
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