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WARRANTY
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There Is no implied wa rr anty of fit ness for α particular purpose. Tektronix is not liable for
conse qu ential damages.
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The general safety i nfo rmation in this summary is for operating personnel . Specific wa rni ngs and

cautions will be found throughout the manual where they apply and do n ot appea r in this summary.

In This Manual

SAFETY SUMMARY

TERMS

CAUTION statements identify conditions or practices that coul d result in d amage to either the

instrument or other pro perty .

WARN ING statements identify conditions or practices that co ul d result in either p ersonal injury or loss

of life .

As Marked on Equipment

CAUTION in dicates either α personal in jury h azard not immediately accessible as you read t he marki ng

or α h azard to p ro perty, including the inst rument itself .

DANG ER indicates α personal i nj ury h azard immediately accessible as you read the ma rking.

465Β/D M44Operators



As Marked on Equ i pment

DANG ER - Hig h voltage .

Power Sou r ce

Ground ing th e Produ ct

Protective groun d (eart h ) terminal .

SYMBOLS

T h is produ ct is i n ten d e d to o perate from α powe r so u rce t h at will not apply more th an 250 volts rms
between th e su p ply con d ucto r s o r between either supp ly con ductor an d gro u nd . Α protective g r ou nd
con n ection by way of t h e ground ing con ductor in t h e power cord is essential for safe op eration .

Th is pr od uct is g rou nd e d th rou gh t h e ground ing con du ctor of t h e power cor d . To avoi d elect rical
s h oc k , plug t h e power cord into α pro perly wire d rece ptacle before connecti n g to t he pro duct in p ut or
outp ut terminals . Α protective grou n d connectio n by way of th e gro und i n g con ductor in t h e power co rd
is esse n tial for safe o peration .

465 Β/D M 44 Operators



The Te k tronix 465Β Oscilloscop e is α d ual-ch annel,

fo ur-trace p ortab le instru ment, p rovi d ing tr aces fo r two
input ch annels, α trigger view from an external trigger
in pu t, and an add function . Cali brated deflection factors
from 5 millivolts/division to 5 volts/d ivision are p rovi ded
6γ t he dc-to-100 MHz vertical system for th e in p ut chan-
nels and add function . Swee p trigger circuits are ca pab le of
stable triggering over the full bandwid th cap abilities of th e
vertical d eflection system . The h orizontal d eflection system
provid es cali brated swee p rates from 0.5 second/d ivision to
0.02 micr osecon d/d ivision along with d elayed sweep
featu res fo r accurate relative-time measurem en ts . Α Χ10
magnifier exte nds t h e cali b rate d sweep rate to 2 nano-
seconds/division- Th e instrum ent op erates over α wi d e
va r iation of line voltages an d frequ encies with maximum
power consum ption of app roximately 100 watts.

BEFORE OPERATING

INTRODUCTION

465Β/DM44 Op erators

Increase d meas u rement ca pab ilities -a r e ac h ieved by th e
4658 wh en it is eq ui pp ed with an option al Te ktron ix
DM 44 Digital Mu ltimete r . The DM44 measures 0 to 20
megoh ms resistan ce, 0 to 1200 do volts (+ or -), and
-55° C to +150° C temperatu re (u si ng α temp eratu re
p robe) . Measurem ent values are dis p layed on α 3'/*- d igit
LED read out wh ile th e oscillosco pe continues normal
op eration .

The d igital multimeter and oscilloscope combine to
pr ovide α d igital read out of time d ifference between any
two p oints on the oscilloscope d isp lay. B ot h time measure-
ment p oints are d is p laye d simultaneously on th e crt. Direct
measu rement of frequency is p rovi d ed by α 1/TIME
fu nction .



U se thePro p er Power Cord

Use only th e p ower cord and connector sp ecified far your p rod uct.

Use only α power cord th at is in good condition.

R efer cord and connector ch anges to q ualified service personnel .

U se the P roper Fu se

To avoi d fire hazard , use only th e fuse sp ecifie d for your p roduct. R ep lacement fu ses sh ou l d be identical
in ty pe, voltage rating, and current rating .

Do N ot Op erate in Exp losive Atm ospheres

To avoi d ex p losion, do not operate th is p ro d uct in an atmosph ere of ex plosive gases unless it h as b een
specifically certified for such op eration .

Do N ot Remove Covers or Panels

To avoi d p ersonal in j ury, do n ot remove covers or p anels from th is prod uct. Do not operate th e pro duct
with out pro perly installed covers and panels .

465Β/D M 44Operators
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465Β Oscilloscopewith DM44 Digital M ultimeter.
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T h is in str u ment o perates from eith er α 115-volt or α
230-volt n omi n al line voltage source at 48 h ertz to 440
h e rtz . To co n ve rt th e in strume nt for o peratio n f r om o n e
line voltage range to th e oth er, m ove t he L i n e V oltage
Selector switch located on the rig ht sid e panel (F igure 1) to
t he p osition i nd icati ng t h e corr ect n om inal voltage . In
s pecial a pp lications t h e p ower co rd plug m ay re qu ire
re placemen t with α typ e 2ο match t he power source .

2

Refer to th e Safety Summary i n t h e front of t h is manual
for powe r source, grou n d i ng, and oth er safety co nside r a-
tio ns p ertai ni ng to use of t h e i nstrume nt . Before a pp lying
p ower, verify th at the Line Voltage Selecto r Switch and the
Regulating Range Selecto r B a r are bot h set fo r the line volt-
age b eing use d a nd t h at t h e pro per line fuse is i n stalled .

CA U TIO N

This instrument maybedam aged if operated with the
Ι ine Voltage Selector switch or the Regulating Range
Selector B ar set fo r th e wrong applied line voltage or
if the wrong line fuse is used.

L I NE VOLTAGE SELECTION

OPERATING SAFETY

465 Β /D M44 O p erators

L I NE FUS E

MOD S L OTS

2756-32

Figure 1 . Regulating range selection an d line fuse.
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REGULATING RANGE SELECTION

T h e Regulati n g Range Selector assem b ly locate d on the
r ear panel contains the Reg u lati ng Range Selector Bar and
t h e line fuse (F ig ur e 1)_ Verify that th e selector bar is set
for t he average line voltage b eing used a nd th at th e p ro p er
line fuse is installed . To ch a n ge the r egu lating range :

1 . Disco nnect t h e i n strument fro m its power so u rce .

2 . Loosen th e two captive screws that h ol d th e cover on
th e selector assemb ly ; then pull to remove the cove r.

3. Pull out the range selector bar. Select α range from
Table 1 wh ic h corres pon d s to th e average line voltage
and plug t h e selector b ar into t h e desired p osition .

4. Insert t h e p ro p er f u se (selecte d from Ta ble 2) into its
h ol d er. Pu s h the cover on and tig hte n th e cap tive
screws .

REV Α AUG 1979 465Β / ΟΜ 44 O p erators

Table 1

R egulating Ranges

Line Voltage Selector
Switch Position

Ta ble 2

Fuse Selection

115-V olt Nominal
230-V olt Nominal

1 .5 Α , 3AG, F ast-b low
0 .75 Α , 3AG, F ast- b low

I NSTRUMENT COOL I NG

Fuse Size

To maintain a dequate i n strument cooling, t h e vent-
ilation holes in t h e cab inet must re m ain open, an d t h e air
filter must be cleaned or re p lace d wh en it gets d irty-

Regu latin g
Range Selector
Bar Position

Regu lating
115- Volt
Nourinal

Range
230- Volt
Nominal

Upp er Holes 108 ο 132 volts 216 to 250 volts
Mi dd le Holes 104 to 126 volts 208 2ο 250 volts
Lower Holes 99 to 121 volts 198 to 242 volts
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CONTROLS, CONNECTO RS, AND I NDICATORS
VERTICAL

Refer to Figur e 2 fo r locatio n of item s 1 th ro u g h 11 .

@VOLTS/DI V Switches-Select the ve rtical deflection
factor for C h a nn el 1 and C h annel 2 in α 1-2-5 se-
quence . VAR control must be in t h e cali brated d etent
to o b tain α cali brated deflection factor.

VOLTS/DI V R eadouts-Consist of two ligh t e m itti n g
diod es ( LE D) for eac h c h annel, located beneat h t h e
s k irt of each VO LTS/DI V kn o b . One LED or t h e
oth er will ligh t to in d icate the correct deflection
factor. The 10 Χ LE D is illuminate d only wh e n α 10Χ
p r ob e with α scale-switch i n g co d i n g-ring contact is
connecte d to th e in p ut of the oscilloscope ; other wise,
th e 1 Χ LED is illuminate d .

VA R -Pr ovi d es continuously varia ble u n cali b rate d
d eflection factors between t h e cali b rate d setti n gs of
t h e VO L TS/DI V switch es.

4OUNCAL In d icato r-Α LED that ligh ts w h en the
VAR VOLTS/DI V cont r ol is out of the calib rate d
d etent, and the ve rtical deflection factor is
unεali brated .

465Β/DΜ 44O perators

POSITION Co ntrols-Determ i n e the .vertical position
of th e disp lay on t he crt . In t h e Χ - Υ mo de, t h e
Ch a n nel 2 POSITION control moves the d is p lay
vertically (Y-axis), a nd the Horizo ntal POSITIO N
control moves t h e d is play horizontally (X-axis) .

C H 1 OR Χ and CH 2 OR Υ bnc Connectors-Provide
for applicatio n of external signals to th e inputs of th e
ve rtical amp lifier. In t h e Χ-Υ mode, the signal con-
nected to th e CH I OR Χ co nnecto r pr ovid es hor-
izontal deflection, and the signal connected to the
CH 2 O R Υ con nector provides vertical deflection .
T hese connectors each in clude α codi ng ring that acti-
vates th e scale-factor-switch in g circu it wh e n ever α
1ΟΧ scale-factor-switc h ing pr obe is co nn ected .

AC-GND-DC Switch-Selects the metho d use d to
cou p le α signal to t h e input of th e vertical amp lifier.
AC positio n-Sig n als are ca p acitively coup led to
t h e vertical am p lifier . T h e do comp onent of t h e
i n p ut sign al is blocked .
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GND position-T he input of the vertical amplifier
is grounded to provide α ground reference and to
allow the input coupling capacitor to precharge .

DC position-All frequency components of the
in put signal are passed to the ve r tical in pu t
amplifier.

ΟVERTMODE Switches-Select mode of operation for
vertical amp lifie r system . Wh en either CHOP or ALT
mode is selected, d is play of any combination of CH
1, CH 2, ADD, and Α TRIG V I EW (ΕΧΤ ONLY) is
allowed. When all buttons are out, α single trace will
b e d isplayed, pr ovided t hat either TR IG MODE is i n
AUTO or TR IG MOD E is in NORM with α triggera ble
signal app lied to α vertical inputco nn ector. Th is trace
will not d is play i ntelligence and is u naffected 6γ
p osition controls .

Four display traces may simultaneously be observed
an the 465Β crt. Each VERTMODE push button
must b e depressed and released α second time to

Figure 2. V ertical controls, connectors, an d indicators.

	

remove the signal from the corresponding displays.
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CH 1-Dis p lays C h ann el 1 signals wh en pus h
bu tton is presse d in .

Α TRIG V I EW-Disp lays t h e Α external trigger
i nput signal w h en pu sh button is p ressed in and
wh en the Α TR IGGER SOURCE switc h is set to
ΕΧΤ or ΕΧΤ/10.

ADD-Displays the alge b raic sum of the Ch annel 1
and Ch annel 2 i npu t sign als w hen ADD p ush
b utton is p ressed in . Th e I NVER T switch in
Channel 2 allows th e d isp lay to be either CH 1 p lus
C H 2 or CH 1 minus C H 2 . The ADD ca pa bility is
u sefu l for common-mod e r e jection to remove an
u nd esi r ed signal or d o offset .

CHOP ALT: OUT-The 4658 "c ho ps" (switch es)
b etween two or m o r e of th e d is p lay mo des at α
500- kH z r ate w h en CHOP A L T : O U T button is
p ressed in . Wh en released , t h e 465Β "alternates"
betwee n two or more of t h e four d isplay mod es at
t h e en d of eac h trace swee p. C HO P an d AL T
fu nctions are d isab led if only one VER T MODE
pu sh button (C H 1, CH 2, ADD, or Α TR IG
VI EW) is selecte d or if the Χ-Υ mode is selecte d.

C H 2-Dis plays C h annel 2 signals wh en p us h
bu tton is presse d in .

46581DM 44Operators

20 MHz BW L I M IT (FULL BIN OU T) Switc h - L imits
th e band wi d th of th e vertical am plifier to a pp rox-
imately 20 MHz wh en pressed in . Push button m u st
be d e presse d and release d α second time to regain full
100-MHz b an d wid th operation .

20 MHz BW L I M IT I nd icator -T h is LE D is ill u mi-
n ated w h enever t h e 20 MHz BW LI M IT pus h b utton
is presse d in, a nd b an dwi d th is limite d to 20 MHz .

I NVERT-I n verts Ch a nnel 2 d isp lay wh e n push
button is presse d in . Pus h b utton must b e dep ressed
and released α secon d time to present α noni n verted
disp lay .

DISPLAY AND CALIBRATOR

Refer to F igure 3 for location of items 12 th rou g h 26 .

I nternal Gr aticu le-E liminates parallax . Risetime and
am p litud e measurement points are in d icate d at th e
left e d ge of th e graticule .

BEAM F I NDER Switch-Com presses the d is play to
with in th e graticu le area an d p rovi des α visible view-
i n g i nte n sity to aid in locating off-screen disp lays .
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F igure 3. Display, calibrator, and DM44 controls,εοππαεtσΤτ, and indicators .
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IN TENSITY Co n trol-Determi nes overall brigh tness
of the Α Sweep and Θ Sweep c r t d is plays . I nte r acts
wit h Β I N T EN SITY control on Β Swee p crt d is p lays.

FOCUS Co nt r ol-Adjusts for o p timum d is p lay
defi n itio n.

CA L I BRATOR Loop-Α com bination 30-m illiamp
c urrent loop an d 0.3-volt s qu are wave voltage o u tp ut
(a pproximately 1 kiloh e rtz) t h at permits t he op e r ator
to comp e n sate voltage probes and to ch ec k oscillo-
scop e vertical operatio n . It is not intend ed to verify
precise time-b ase calibration .

SCALE ILLUM Control-A dj usts g ratic u le ill um i-
nation .

ASTIG Cont r ol-Screwd river cont r ol used in co nj u n c-
tion with th e FOCU S control to o b tain α well-defi n e d
d is play . It does not re quire readjustment du ri ng
normal use of t h e instru ment .

T RAC E ROTATIO N Co ntrol-Sc rew drive r co ntrol
use d to alig n trace with t h e horizontal graticule lines.

4658/DM44 O perators

DM44 OPTION

I npu t Connectors-Two bana n a j ac ks provid e COM
( blac k) and + (red ) inp uts for d o voltage and resist-
ance measur e m ents,

Pr obe Con nector- U se d to connect α temp e r atu re
pr obe .

Rea dout-Α 31A- digit LE D d is p lay usin g five 7-segment
arrays . Negative polarity i ndicatio n is a utomatic for
negative do voltage and tem perat ure. No polarity
i nd icatio n is d isp layed for positive values . Α b li nk ing
d is play i nd icates an over r a n ge co nd ition . T h e decimal
point location is controlle d by t h e mu ltimeter's
FUNCTION and RANG E co nt rols a nd b y th e oscillo-
sco pe's Α ΤΙΜΕ /DI V switch (in the TIME or 1/TIME
modes) .

The maximum safe input in the 1 .2 kilovolts do mode
is 1200 volts.



RANGE-P ushbutton switch es select from 0 .2 volts
to 1 .2 k ilovolts d o in five ranges or from 200 o h ms to
20 megoh ms in six ranges .

FUNCTION-F ive pu shbu tton switch es [ VO L TS,
OHMS, TEMP t), 1/ΤΙΜΕ , and TIME] a re used to
select respective f un ctions for measurement .

ms (o r 1/ms) and μτ (or 1/μs) indicators-Two LEDs
automatically ind icate corr ect u nits of measurements.

With th e TIME function selected , t h e un its of time
d ifference (millisecond s or m icrosecon ds) between
th e two intensified zon es on t h e crt d isp lay is in-
dicated by illu mination of eithe r t h e ms or μτ LE D .
Seconds are in d icate d w h en both LE Ds a re in α
non-illuminated state .

With th e 1/ΤΙΜΕ f un ction selecte d , t he nu mber of
measure d intervals p er unit of ti m e (milliseconds
or microsecond s) is in dicate d by illumination of
th e r es pective 1/ms or 1/μ s LED . If th e d uration
of o n e event is bei ng measu red , th e LE Ds in dicate

465 Β/DM 44 Operators

freque ncy . An ill um i nated 1/ms LE D indicates fre-
qu e n cy in k iloh ertz and an ill u mi n ate d 1/μs LE D
in d icates megah ertz. Freq uency in h ertz is in di-
cate d wh en b oth LE Ds are in a non-illuminated
state .

26 Δ TIME Control- U se d in co nju nction wit h the
D ELAY TIME POSITION control in the TIME and
1/TIME fu nctio ns . The Δ TIME control moves only
t h e time-measurement poi n t w h ile th e D ELAY TIME
P OSITION control m oves both th e reference point
and t h e ti m e-m easurement p oint . With the time-
measurement point to t h e left of the reference p oint,
t h e Readout in d icates α negative ti m e d iffe rence .

ΝΟΤΕ

The DM44 may be modified to mak e the DELAY
TIME POSITION control move only the reference
point The procedure fo r making this modification
is located in the Maintenance Section of th e DM44
Instruction Manual. Modification is to be don e b y
qualified service personnel only.

9
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TRIGGER
(BOTH Α AND Β IF APPLICABLE)

R efer to F igure 4 for location of items 27 throug h 35.

TRIG MODE Switches-T hree pus h button switches
d etermine t he mode of trigge r operation for the Α
Sweep.

AUTO-Sweep is i nitiated by the app lie d trigger
signal . In the absence of an adequate trigger signal,
or if the trigge r repetition rate is less than about
20 h ertz, the sweep free runs and provides α bright
refere nce trace.

NORM-Sweep is initiated by the app lied trigger
signal . In the abse nce of an adequate tr igger signal,
there is no tr ace. Wh en the trigger rate is too low
for AUTO, use NO RM .

SINGLE SWP-When this push bu tton is pressed,
the Α Sweep operates in the single-sweep mode .
After α single sweep is d is playe d, further sweeps
cannot b e p resented until the SI NGL SWP pu sh
button is again p ressed. SINGL SWP is u seful in
d isplaying an d ph otogra ph ing either nonrepetitive
signals or signals that ca use unstable co nve ntional
d isplays (e .g ., signals that vary in amplitu de, shape,
or time(.

465Β/D M44 Operators

Figure 4. Trigger controls, connectors, and in dicators.
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30 Α TRIG HOLDOFF Control-Provides continuous
control of time between sweeps . Allows triggering on
aperiodic signals (s uch as complex d igital words) . In
the fully cloc kwise positio n (Β ENDS Α), the Α
Swee p is automatically te rm i nated at the end of
the Β Sweep to provide the fastest possi ble sweep
re petition rate for d elayed-sweep presentations and
low-repetition rate signals. In this p osition Hol doff is
approximately ten times NORM . Use t he Α t r igger
controls for most stable triggering b efore setting the
the Α TRIG HOLDOFF control to α p osition ot her
than NORM .

READY Indicator-LED ill umi nates to indicate that
Α Sweep is "armed" and will present a single-sweep
d is play upon receipt of an adequate trigger signal .

TRIG Ind icator-LED illuminates to in dicate that Α
Sweep is triggered and will pro duce α stable d isplay.
It is useful for setting up the trigge r circ uits when α
trigger signal is availa ble without α d isplay on the crt
(for example, when using external triggers) .

COUPLING Switch-Determines method use d to
co up le signals to the t r igge r ge n erato r ci r cuit.

4658/DM44 Operators

AC-signals are ca pacitively coupled to the in pu t
of the trigger circuit . Dc is re jected, and signals
below about 30 hertz are attenuated. Triggering
is allowe d only on the ac portion of the vertical
signal .

LF REJ-Sig nals are ca pacitively co up led to the
i nput of the trigger circuit. Dc is re jected, an d
signals b elow about 50 kilohertz are attentuated.
It is usef ul for p roviding α stable d isplay of the
h ig h-fre que ncy components of α complex wave-
form .

HF REJ-Signals are ca pacitively coupled to the
in put of the trigger circ uit. Dc is blacked, an d
signals b elow about 30 h ertz and above 50 kilo
h ertz are atte nu ated. It is useful for p roviding α
stable d is play of the low-frequency compo nents of
α complex waveform .

DC-All frequency components of α trigger signal
are couple d to the i nput of the trigger circuit . It is
useful for p rovi ding α stab le d isp lay of low-
frequency or low-repetition rate signals.
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SLOPE Switch -Selects th e slope of th e signal that
trigger s the swee p .

+: Swee p can be triggered from th e p ositive-going
por tion of α trigger signal .

-: Swee p can b e triggered from th e negative-
going portion of α trigger signal .

33 LEVEL Control-Selects th e am p litud e poi n t on the
trigger signal at wh ich t h e swee p is tr iggere d . It is
u sually adju sted for th e d esired d is p lay after t r igger
SOURCE, COUPL ING, and SLOPE h avebeenselected .

34 SOURCE Switch -Determ i n es th e so urce of th e
trigger signal coup led to the inpu t of the trigger
circuit.

NORM-Trigger source is α samp le of th e sign al
d is playe d on the crt .

4658/D M 44Operators

CH 1-Α samp le of the signal applied to th e CH 1
i n put is used as α t r igge r signal . Ch an nel 2 signal is
u nsta ble if it is not time-related .

CH 2-Α sample of the sign al applied to th e CH 2
i nput is use d as α trigger signal . Ch an nel 1 signal is
unstable if it is not time- related .

LI NE (Α Trigger Ci rcuit Only)-Α sample of th e
power-line sinu soid is used α5 α trigger sig n al . It is
usef ul wh en the inp ut signal is tim e-related
(mu ltip le or submu ltip le) to the li ne frequency or
wh en it is d esirable to provid e α stab le disp lay
of α line-fre quency comp onent in α complex
waveform .

ΕΧΤ-Signals connected to th e External Trigger
in put connecto rs are used for t rigge r ing. E xternal
sig n als mu st b e time-related to the disp layed signal
fo r α stab le d is play. Ιτ is u seful when th e intern al
sig n al is eith er too small or contains un desired
signals th at coul d cause u nsta ble t r iggering . It is'
also useful wh en operatin g i n t he CHOP mode .
ΕΧΤ and ΕΧΤ/10 tr igger sig n als may be viewed
on th e crt by selecting Α TR IG V IEW on the
VERT MOD E switch .
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ΕΧΤ /10 ( Α Trigger Circuit Only)-E xternal
trigger sig nal is atten t uated by α factor of 10.

STA RTS A F T ER DELAY (Β Trigger Circu it
ΟπΙγ )- Β Swee p starts imme diately after th e d elay
time selected by t h e D ELAY TIME POSITION
control and is inde pend ent of t h e Β Trigger signal .
When m a king d ifferential time measureme n ts, you
m ust use th is mod e to o b tain vali d measurements .
On instruments eq ui pp e d with α DM44 you mu st
use t h is mo de to o btai n valid meas urements w h en
using the TIME or 1/ΤΙΜΕ functio ns .

Extern al Trigger Input 6πc Co nnectors-Connect ex-
te rnal trigger inp ut signals for Α TR IGGER and Β
(D L Y'DI T R IGGER circuits, w hen eith er

'XT
or

ΕΧΤ/10 ( Α Trigger only) SOURCE is selected .

HO RIZONTAL AND POWER
Refer to F igures 5 an d 6 for location of ite m s 36

th roug h 47 .

ΑAND Β ΤΙΜΕ /DIV ANDDELAY TIME Switches-
Α ΤΙΜΕ/DI V (clear p lastic s k ir t) selects t h e sweep
rate of t h e Α Swee p circu it fo r Α Sweep op eration
only . Also selects t h e b asic delay time (use d in
co njuction with t h e D ELAY TIME POSITION
control) for delayed swee p op eration . Β ΤΙΜΕ /DI V

465 Β / ΟΜ 44 Operators

Figure 5. H orizontal controls and indicators .
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switc h (pull out a nd rotate to unlock) selects t h e
swee p rate fo r th e Β Sweep ci rcu it for delaye d swee p
operation only . V A R control mu st be in th e cali-
b rate d d etent for cali b rated Α Sweep rates . Wh en
th e Α ΤΙΜΕ /DI V switc h is rotate d fu lly cou nter-
cloc kwise to t h e Χ - Υ p ositio n , t h e h orizontal (X-axis)
deflection is controlle d by t he C ha nn el 1 i np ut signal .

Α AND Β ΤΙΜΕ /DI V AND DELAY TIME Switch es
( u se d wit h DM")-Operation is th e same as 36α .
The Α ΤΙΜΕ /DI V switch also controls t h e TIME
in d icator s and d ecimal p oi nt location wh e n the DM44
is i n th e TIME or 1/ΤΙΜΕ F unction .

P OSITION Control-Positions t h e display h orizontal-
ly for Α Sweep an d Β Swee p, or on th e X-axis (h or-
izontally) i n the Χ - Υ mod e . Provi d es both coa r se an d
fine control action . Reverse th e di rection of rotatio n
to act u ate fine positioning actio n .

Χ 10 MAG Switch-When presse d in, increases d is-
playe d swee p r ate by α factor of 10 . Extend s fastest
swee p rate to 2 n anoseco nd s/d ivision . Th e magnified
sweep ex p an ds th e center d ivisio n of t h e u nmagn ified
d isp lay (0 .5 d ivisio n eith er si de of th e cente r gratic u le
li n e) .

4658/DM44 O p erators

VAR Co nt r ol- Provi d es continuo u sly varia b le sweep
rates between t h e cali b rated setti n gs of th e Α TIME/
DIV switch . It extend s th e slowest Α Sweep rate to at
least 1 .25 secon d s/d ivision . Th e Α Swee p rate is
cali b rate d wh e n th e co nt r ol is set fully cloc kwise to
the cali b rate d d etent . It must be in th e d etent posi-
tion to m a k e accur ate differential time measure-
m e nts . On instr uments e qu i pped with α DM44, t h e
VAR control mu st be in th e d etent p osition to ma k e
accurate measurem ents in th e TIME and 1/TIME
f u nctions .

UNCA L I nd icator- LED illuminates to in d icate t h at
t h e Α Swee p rate is u ncali brated (VA R control is out
of th e cali b rate d deten t) .

Χ 10 MAG In dicator- LED illumi nates to i nd icate
th at t h e Χ 10 magnifier is on .

9
42α DELAY

	

TIME

	

POSITION

	

Control-Selects t h e
a m ou nt of d elay time b etween th e start of Α Sweep
and start of Β Swee p. Delay ti m e is varia ble to at least
10 times th e time ind icated b y the Α ΤΙΜΕ /DI V
switc h .



Figure 6. Horizontal and power controls and in d icators .
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D ELAY TIME POSITION (used with DM44)-
Operates in the same mann er as 42 α . In add ition,
w hen the DM44 is in t h e TIME or 1/TIME function,
t h is control op erates in con j unction with the A TIME
contr ol . The DELAY TIME POSITION co n tr ol moves
both t he reference point and th e time- m easurement
point, w h ile t h e Δ TIME co n tr ol moves only the
time-measu re me n t poi n t . Wit h th e time-measurement
poi n t to the left of th e reference point th e Read out
i nd icates α negative time difference-

NOTE
The ΟΜ44 may be modified to make the DELAY
TIME POSITION control move only the reference
point. The procedure for making this modification
is located in the Maintenance Section of the DM44
Instruction Μαηυα L Modification is to be done by
qualified service personnel only .

POWER Switch-PULL ON turns i n str u me nt powe r
on ; button pus h e d in turns powe r off .

POWER ON In d icator- LED illuminates w h en power
is applied to t h e instrument, and POWER switch is
pulled to ON .

HOR IZ DISPLAY Switch es- Four pus hb utton
switches determine t h e mo de of operation for t he
horizontal deflection system .



Α-Horizon tal deflection is provi d e d by Α Swee p
at α sweep rate determined b y the setting of th e Α
ΤΙΜΕ/DI V switc h . Only Α Swee p is d is p layed ; Β
Swee p ί5 inop erative .

Α ΙΝΤΕΝ -Dis plays t h e Α Swee p at α rate deter-
mined by th e Α ΤΙΜΕ /DI V switc h . An intensified
portio n can a pp ear on t h e disp lay d u ring t h e Β
Swee p time . T h is switc h position provi des an
in d ication of both t h e du ration and p ositio n of t h e
Β Sweep (d elayed sweep ) wit h respect to th e Α
Swee p ( d elaying swee p) .

A L T-Alternates t h e displays between th e Α
ΙΝΤΕΝ an d Β D LY'D Sweeps . In A LT o peration,
use TRAC E S EP to vertically position Β Trace ; use
Β INTEN SITY co n t r ol to a djust Β Trace intensity .

Β DLYD-Dis plays only t h e 8 Swee p . T h e Β
Swee p rate is determi ned by t h e Β ΤΙΜΕ /DI V
switc h , wit h t h e delay time determined by the
setting of both the Α ΤΙΜΕ /DI V switch and the
DELAY TIME POSITION control .

TRACE SEP Co n tr ol-P ositions th e Β Swee p ver-
tically wh e n th e A LT HOR IZ DIS PLAY mod e is
selecte d .

465 Β/ΟΜ44 Op erators

Β I N T EN SITY Control-Determines the intensity of
th e Β Trace .

REAR PANEL

Refe r to Fig u re 7 for locatio n of items 48 th rou g h 57.

ρ +GATE-Outp ut 6 π c connector provi d es α positive-
going pu lse coinci d ent with t h e Α Swee p time .

Qg

	

Β +GAT E-Ou tput b ηε con necto r p rovi des α positive-
going pulse coinci dent with t h e Β Swee p time .

C H 1 VER T SIGNA L O UT-Ou tpu t bηε co n nector
provi d es α sam ple of the signal a pp lie d to t h e Ch annel
1 prea m plifie r via the inp ut connector.

ΕΧΤ Z-AXIS-Input δηε connector perm its t h e
a p plication of an external signal to intensity mo d-
ulate t h e crt d is p lay . Does not affect d is p lay wave-

s h a pe. Signals wit h fast rise time an d fall time provi de
t h e most abrupt i n ten sity c h ange. Signals must be
time-relate d to th e d isp lay for α sta ble presentation
on th e crt . Th e co n nector is usefu l for a dd ing time
mark ers i n uncali brate d mod es of o p eration .



Figure 7. Rear panel and left side panelcontrols,connectors, and indicators.
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Regulating Range Selector B a r -Selects t h e regulati n g
range of t h e 465 Β p ower supp lies to m atc h t h e
availa ble power i np ut sou rce . It is sh own on F igure 7
in th e Medi u m regu lati n g r a n ge . See Ta ble 1 for
c h a nge i n fo r mation .

Li n e Fuse H ol der -Contains t he li ne fu se an d t h e
reg u lati n g r ange selecto r. See Tab le 2 for ch a n ge
i n fo r mation .

Line Cord-Makes the connection between the
oscilloscop e and th e power sou rce . T h e car d may b e
conveniently store d by wra pp ing aroun d t h e feet on
rear p anel .

MOD Slots-Α numb er in eit h er slot ind icates the
instrum e n t con tain s an op tion or other m o d ification .

46581DM 44 Operators

LEFT SIDE PANEL

Variab le Balance Controls (accessi ble throu gh left
si de panel)-Screwd river adjustmen ts to set b ala n ce of
the vertical channels.

V e rtical Gain Controls (accessi b le th roug h left si de
panel) -Screwd rive r adj ustments to set t h e gai n of the
vertical channels.

RIGHT SIDE PANEL

L ine V oltage Selector Switch-Selects eit her 115 volts
or 230 volts nom i n al line voltage . Refer to Ta b le 1
for ranges an d to F igu re 1 for location of t h e switc h .
C h ange the fuse to m atch th e range selected .
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BASIC OSCILLOSCOPE DISPLAYS

The p rocedures in t his section will allow you to set up

and operate your instrument to obtain the most commonly

used basic oscillosco pe d is plays. Before proceeding with
t hese instructions, verify that the Line V oltage Selector
switch and the Regulating Range Selector bar are p lace d in

the proper p ositions and that the correct fuse is i nstalle d

PRELI M I NARY

465θ/DM44 Operators

for the li ne voltage being used. Refer to the Operating
Safety section of this manual for the information and pro-
cedures relating to line voltage, regulating range, and fuse
selectio n. V er ify that the POWER switch is off (pus h
butto n p r esse d in) b efore plugging the p ower cord into the
line voltage socket .

19



Preset the inst rument controls as follows :

2 0

PRESET I NSTRUMENT CONTROLS

465 Β /D M44 O p erators

VERTICAL HORIZONTAL

VERT MODE CH 1 ΤΙΜΕ/DIV Switches Lock ed together at 1 m s
νοιτS/D ιν Proper setting determined Α ΤΙΜΕ /DI V VAR Calib rate d d etent

b y am p litu de of signal to HOR IZ DISPLAY Α
b e a p plied Χ 10 MAG Off ( pus h button out)

VOLTS/DIV VAR Calibrated detent POSITION Midrange

AC-GΝD-DC AC
Vertical POSITION Mi d range
20 MHz BW L IM IT Not limited (pus h button-

out) TRIGGER
INVERT Off ( push butto n out)

(BOTH Α AND Β IF APPLICABLE)
SLOPE

DISPLAY LEVEL 0
SOURC E NORM

INTENSITY Fu lly co u ntercloc kwise COUPL I N G AC
FOCUS Mi dr a nge T R IG MODE (Α only) A UTO
SCALE I LLUM M id range Α TR IG HOLDOFF NORM



1 . Preset instrument controls and pull the POWER
switch (on) . Afte r allowing the instrument to warm
up co nnect α signal to the CH 1 input connecto r.

ΝΟΤΕ

Instrument warmuptime requ ired to m eetα// specifi-
cationaccuracies is 20min utes.

2. Adjust the INTENSITY control fo r the d esired dis-
play brightness. If the d isplay is not visi ble with the
INTENSITY control at mi drange, press the BEAM
F IND pu sh button and hol d it in while adjustingthe
Channel 1 VOLTS/DIVswitch to re du ce the ve r tical
d isplay size . Center the comp ressed dis play using t he

NORMAL SWEEP DISPLAY

465Θ/DM44 Operators

vertical an d horizontal POSITION controls ; release
the BEAM F IND pus h button. Adjust LEVEL control
if necessary.

3. Set the CH 1 VOLTS/DIVswitch and t he vertical and
horizontal POSITION controls to locate the display
within t he gratic ule area .

4. Adjust the Α Trigger LEVEL control fo r α stable
d is play.

5. Set the Α ΤΙΜΕ /DIV switch for the d esired nu mber
of cycles of d is played signal ; then adjust the FOCUS
co ntrol as necessary .



Differential time measurements and measurements
using the TIME or 1/TIME functions of the DM44
are invalid when the Β Trigger SOURCE switch is not
set to STARTSAFTER DELAY.

22

1 . P reset inst r ument controls a nd ob tain α Normal
Swee p Dis play .

2 . Adjust the h o r izontal POSITIO N control to move t h e
area to b e m agnified to wit h in th e cen ter g raticule
d ivision of the crt (0 .5 divisio n on each si d e of t h e

1 . Preset instrument con trols and o btain α Normal
Dis p lay .

ΝΟΤΕ

2 . Set th e HOR IZ DIS PLAY switc h to Α ΙΝΤΕΝ and
th e Β Trigger SOURCE switc h to STARTS A FTER
DELAY .

MAGNIFI ED SWEEP DISPLAY

DELAYED SWEEP DISPLAY
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ce n ter vertical gratic u le line) . Ch an ge t he ΤΙΜΕ /DI V
switc h setti ng as desi red .

3. Pus h th e Χ 10 MAG switch (on) and adj ust th e ho ri-
zo ntal P OSITION con trol for p recise positio n ing of
t he mag n ifie d d is p lay . Divi d e t h e ΤΙΜΕ /DIV setti ng
b y 10 to determine t h e m agnified sweep rate .

3 . Pull o u t on t he Β ΤΙΜΕ /DI V k no b an d turn clock wise
from countercloc kwise sto p until th e intensified
zone is t h e d esi re d le ngth . A djust the I N TENSITY
a nd Β I NTENSITY con trols as n eed e d to ma k e t h e
i n tensifie d zone d isting uish a b le fro m t h e rest of the
d isp lay . It your instrument is equ i pp ed wit h α
DM44, select α fun ction oth er thanTlME or 1/TIME
far α si n gle d elayed swee p. D u al delaye d d isp lays are
d isc usse d in step 7 .



4 . Adju st t h e DELAY TIME POSITION con trol to m ove
th e i ntensifie d zone to cover the p ortion of t he dis-
play that will be d isp laye d in delaye d form .

5 . Set t h e HO R IZ DISPLAY switc h to Β DLY'D . Th e
i n ten sified zone adjuste d in ste ps 3 and 4 is now
d isplaye d in d elayed form . T h e d elayed swee p r ate is
in d icate d b y th e dot on the Β ΤΙΜΕ/DI V k no b.

6 . To o btain α delayed d isp lay wit h less j itter, set t h e Β
Trigger SOURC E switc h to t h e same position as the A

1 . Preset instru ment cont r ols a n d obtain α Normal
Swee p Dis play .

2 . Pull out on th e Β ΤΙΜΕ /DI V k no b to unloc k it and
t u rn clockwise to t h e desired sweep rate . If t h e
instrument is eq ui pp e d with α DM44, select α
function oth er t han TIME or 1/TIME .

ALTERNATE SWEEP DISPLAY
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Trigger SOURCE switc h and adjust the Β LEVEL
control for α sta b le d is p lay.

7 . If yo ur instrume nt is eq uipp e d with α DM 44, delayed
d isp lays of two vertical c han n el signals can be obtain-
e d at the same time . The DM44 will in dicate t h e time
d iffer ence between the delayed d isplays . To o btain
two delaye d d is plays, select the TIME function and
set th e VER T MODE to A LT, C H 1 and CH 2 . Th e
D ELAY TIME P OSITION control is u sed to position
both d elaye d d is plays . T h e Δ TIME control p ositio ns
only t h e C h annel 2 delayed d is play .

3 . Set t h e HO R IZ DISPLAY switch to A LT . Set Β
(D L Y'D) T R IGG ER SOURC E to STA RTS AFTER
DELAY . Adjust Cha nnel 1 POSITIO N and T RAC E
S EP as re quire d to d is play Α Swee p above Β Sweep .
T h is will p rovi de α d isp lay th at alternates betwee n Α
ΙΝΤΕΝ t race ( upp er) a nd Β DLY'D trace (lower ) .
Adj ust Β I NT EN SITY as necessary to view th e
Β D LY'D t race (lower ) .
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2 4

4 . The start of Β Swee p may b e c h ange d by a dju sting
th e D ELAY TIME POSITIO N control .

5 . If th e instr u m e n t is e quip ped wit h α DM44 a nd α time
d ifferen ce (or p eriod ) m easu r eme nt is desired , select
the TIME fu nctio n and adju st the Δ TIME con trol to
move t h e time-measurement p oint with respect to th e
reference point.

1 . P reset i n strume n t controls and pull th e POWER
switc h (on) . Allow th e instru m e n t to warm up .

2 . Set th e Α ΤΙΜΕ /DIV switc h fully cou ntercloc k wise
to Χ -Y . Apply t h e ve rtical sig n al to th e C H 2 OR Υ
in p ut connector an d th e h or izo n tal sign al to t h e C H 1
OR Χ in pu t conn ector .

Χ-Υ DISPLAY
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6 . T he d is p lay now contains α second intensified zon e
on t he Α ΙΝΤΕΝ trace (upper) an d α second signal,
wh ich may be p a r tially or f u lly supe r i mpose d, on th e
Β DLY'D trace (lower) .

7 . T h e D ELAY TIME P OSITION control will ch ange
th e p osition of bot h d elayed d is plays ( refere n ce a nd
ti m e measu re m ent), w h ile th e Δ TIME co ntrol will
position only t h e second ( m easurement point)
d elaye d d isp lay .

3 . Ad va n ce th e INTENSITY control until t h e d is play is
visi b le . If t h e d isp lay is not visi b le with t he INTEN-
SITY control at m id range, press and hol d in th e
BEAM F I N D pus h b utton w h ile a djusting t h e CH 1
an d CH 2 VOLTS/DI V switc h es until t h e d is p lay is
re duced in size, b ot h vertically a nd h orizontally . Cen-
ter th e compresse d d is play with the POSITION con-
trols (Channel 2 POSITIO N control fo r vertical move .
ment, and h o rizon tal POSITIO N control for
h orizontal m ove m ent) . Release t h e BEAM F I ND
p us h bu tton. Adju st th e F OCUS co n trol for α well-
d efined d isp lay .



1 . Preset instrument co ntrols and obtain α N ormal

	

3. Wh en the swee p is comp lete, th e circuit is "loc k ed
Sweep Display. F or ran dom signals, set t he trigge r	out",and the READY in d icator turns off.
ci rcuit to trigger on α signal that is approximately the
same amp litude and f req ue n cy as th e ra ndom sig n al .

2. Press th e SI NGL SWP p ush button on th e Α TR IG
MOD E switch . The next trigger p ulse starts the swee p
an d displays α single trace. If no triggers are p resent,
th e READY in d icator sh ould illuminate, i nd icating
th at th e Α Swee p generator circuit is set and waiting
for α trigger.

SI NGLE SWEEP DISPLAY

465Β/DM44 Operators

4. P ress th e SI NGL SW P pu sh bu tton again to p re pare
th e circuit for another Single Swee p Disp lay.
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DM44 DISPLAYS AND MEASUREMENTS

Exce pt for th e TIME an d 1/TIME function s, th e DM44
is in dep en d ently u sab le w henever th e oscilloscope is tu rn ed
on . The TIME and 1/ΤΙΜΕ fu nction s are d iscusse d in th e
Adjustments a nd M easu r e m e nts section of t h is m a nual

2 6

ΕΑ -710.
. ,.....r .. .S

The DM44 may be damaged if it is operating in the
resista nce mode (OHMS function selected) and α
voltage exceeding 120 volts rms is applied between
the + απ d COMlea ds.

1 . Pr ess the OHMS FUNCTIO N pu sh bu tto n and t h e
20 ΜΩ RANG E pus h bu tton (see F ig u re 8) .

2 . Con nect th e + and COM leads to the unknown
resistance .

RESISTANCE

4668/D M 44 Operators

und er th e subsection titled DM 44 Delayed Swee p Ti m e
Measu rements . Add itional use of the DM 44 in the TIME
and 1!ΤΙΜΕ functions is descri b e d in t he Basic Oscilloscope
D'ιτρΙαγ s section und er th e Delaye d Sweep Dis play
τυ [. ..ct- οι ' ι .

3 . O bserve t h e read ou t. Pr ess th e next lower-value
RANG E pus h b utton s as necessary 2 ο ob tain α p rop er
rea dout (see Ta b le 3) .

ΝΟΤΕ

Wh en the DM44 is connecte d to any unknown
resistance, α blinking rea dout for any RANGE value
selected indicates an overra nge condition. The next
high er RANGE value sh ould be selected.

If no resistance is co nnected to the DM44 and any
RANGE value is selected, α n ormal blinking readou t
occurs.



RANG E S ELECTION
(465/ΟΜ -0-2)2039-9

F igure 8 . Resistance measurement.
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Ta b le 3

Resistance Ranges

2,000-_0 .2_00

	

kα-200 Ω
200 1 2

	

200.0-000.0

	

20n(' -0 α--

CA U TION
rM

The maximum safe input voltage is "-1200 volts (dc +
peak ac) between the + and COM inputs or between
the + input and chassis.

The maximum COM floating voltage is ±500 volts
(dc +peak ac) to chassis.

The ΟΜ44 may be damaged if it is operating in the
resistance mode (OHMS function selected) and α volt-
age exceeding 120 volts rms is applied between the
+ απd COM leads.

VOLTS
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if the readout exceeds 1200 volts or the readout
blinks (indicating overrange), immediately disconnect
the + lead to prevent possible instrument damage.

1 . Press both t h e VOLTS FUNCTION pu s h button and
the 1 .2 kV R ANG E p ush bu tton (see Figure 9) .

2. Connect t h e COM lead to th e reference poi nt (usually
α gro u nd o r test point) and t h e HIG H lead to th e
unknown voltage to b e measu red .

Range Read ou t Measu r e m ent

20 Μ 92 20.00-02 .00 20 ΜΩ-2 ΜΩ
2 ΜΩ 2 .000-0 .200 2 ΜΩ-200 kΩ

200 kΩ
20 kΩ_

200.0-20 .00 200 kΩ-20 kΩ
20 .00-02 .00 2 RR Ω--- _-~.---_-Ό



ι465iDM-0- 3 ι203 9- 10

Figure 9. Volts meesurement .
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3. Ob serve th e reado ut . Press t he next lowe r-value
RANGE push buttons as necessary to o btai n α proper
r ea d out (see Ta ble 4) .

ΝΟΤΕ

1f no voltage is app lied to the ΟΜ44 while in th e
20 volt to 1 .2 kilovolt ranges, th e rea do ut is 0000,
and individual readout elements may blin k. Also,
noise picked up by th e meter leads may increase t h e
readout while in th e 0.2 volt and 2 volt ra nges.

Α blin king readout for any RANGE value selected
indicates an overrange condition. Th e next higher
RANGE value should be selecte d.

5~~~~wv
CA UTlΟΝ

Th e maximum safe voltage on t he measurement
surface is " 100 volts (dc + peak ac) ab ove ch assis
groun d.

The sensor tip is fragile and may break ifdropped or
subςected to excessive stress. Force exerted on th e
sensor tip sh ould not exceed20 po unds-

1f th e readou t exceeds -55° C or +150 ° C, imme-
diately remove the probe to prevent pro be damage.

TEMPERATURE

4658/DM44 O perators

Ta ble 4

Voltage Ran ges

1 . Press t h e TEMP ( ° C) FUNCTIO N push b utton (see
Figu re 10) .

2. Apply t h e tem pe rature pro be to t h e device wh ose
te mperature is being measure d . Refer to th e probe's
I n structio n Manual for s pecific in str u ction s regar di ng
probe use.

3. Observe th e rea dout . Refer to Ta ble 5 to convert the
read out from degrees Celsius to degrees Fah renh eit.

Ra n ge Rea do ut Measu rement

1 .2 kV_ 1 .200-0 .200 1 .2 kV -200 V
200 V 200 .0-020 .0 200 V-20 V
20_ 20.000-02 .00 20 V-2 V
2 V__ _ __2.000-0.200 2 V-0 .2 V

200 mV 0.200-0.000 0.2 V-0 V



Figure 10. Temperature measurement.
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The DM44 is cali brated to its o r iginal temperature
probe an d sh oul d b e recali brated to any replacemen t pro be .
Refer to the DM44 I n stru ction Manual for calibration
proce d ures.

F or the followi n g accuracy c hecks, u se an accu rate
thermometer to ver ify water temp erature . Anything in
sol ution affects the melting temp erature, and the b oili n g
poi n t is affecte d b y ch anges in altitud e and b a r ometric
press u re.

Low Tempe r at u re

3 2

TEMPERATURE ACCURACY CHECKS

1 . Allow α container (prefe r ably insulate d) of crus hed
ice to melt u n til t here a re only α few p ieces of ice
remai n ing .

To p revent p ossible probe damage, ensure that only
the sealed portion of the probe is immersed (see
Figure l0).

465Β /D M 44 Operators

2 . Put th e p rob e ti p into the water, avoiding t h e si d es or
botto m of the containe r. Wait for the rea dout to
stabilize, i ndicating the p robe h as reached the water

temperat ure.

3 . T h e rea dout sh o ul d be between -2 ° C to 2 ° C . T h e re
sh ou ld be ice remai n in g after the test to verify t h at
i nse r ting th e p ro be d i d not raise the water tem-
p er ature .

H igh Temperature

1 . Bri n g wate r to α slow boil (to p reve nt s platter i n g) .

2 . Pu t t he p ro be ti p in to th e water, avoi d ing the si des o r
b ottom of t h e co n tai ne r . Wait for t h e read ou t to
sta bilize, ind icating t h e probe h as reached t h e wate r
temperatur e .

3 . T h e rea d o ut sh ou l d b e b etween 98° C and 102° C for
fresh water at sea level .



Table 5
Temperature Conversion

CENTIGRADE

FAHRENHEIT

CENTIGRADE

FAHRENHEIT

CENTIGRADE

FAHRENHEIT

CENTIGRADE

FAHRENHEIT

1738-35

-50 -40 -30 -20 -10 0

- 50

	

-40

	

-30

	

-20

	

-10

	

0

	

10

	

20

	

30
ρ 10 20 30 40 50

40 50 60 70 80 90 100 110 120
50 60 70 80 90 100

130 140 150 160 170 180 190 200 210
100 110 120 130 140 150

220 230 240 250 260 270 280 290 300
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Th is section p rovi des the p roce dures and i n fo rmatio n
you will need

to
ma ke p recision measur ements with th e

465 Β
and

the DM 44 (if your instrum ent is e qu i ppe d with
th is op tion ) . It is d ivi ded into th ree su bsectio n s . T h e first
co n tai n s basic operating information and tec hn i qu es th at
sh ould be co nsi dere d b efore attemp ting any meas u rements.

Ε

Ι
Ι

	

The graticule is internally mar ke d on the face plate of th e
crt to provi d e accurate meas u rements with ou t pa rallax . It is
mar ked with eigh t ve rtical a nd ten h or izon tal maj or
divisio ns . In add ition , eac h ma jor division is d ivi ded i n to
five minor d ivision s . T h e vertical deflection and ho rizontal
ti m ing are cali b rated to the gratic u le so th at accurate mea-
surements can be ma de d irectly from t h e crt .

G RATICULE

ADJUSTMENTS AN

OPERATING CONSIDERATIONS

4658/D M 44 Op erators

D MEASUREMENTS

T h e seco nd su bsection is com pr ised of α se r ies of o perator's
c hecks an d adju stments w hich, when performed, sho u ld
verify instr ument operation and ensure o p tim um measur e-
ment accuracies . The fi n al subsection details t h e proced ures,
form ulas, a nd exa mp les re qui red 2 ο ma k e t h e various ty p es
of precision measu rements wit h your irvct rument.

GROUNDING

The most relia ble signal measurements ar e mad e w hen
the 465Β and th e unit u nd er test are conn ecte d togeth e r by
α common r eference (grou n d ) lea d i n a dd itio n to t h e signal
lead or pro be. The ground stra p on t h e p ro b e p rovi d es the
best grounding meth od . Also, you can con nect α grou n d
lea d fro m th e un it un der test to the ch assis gro und banana
jack locate d an t h e lower left portion of th e instru ment
front panel.



Probes

SIG NAL CO NNECTIONS

Generally, pr obes offer t h e most conven ien t mea n s of
connecting an in put signal to the instru me nt . T h ey are
sh iel ded to p reven t pic ku p of electrostatic inte r fe re nce . T h e
supp lied 10Χ pro be offers α h igh in pu t i mped ance, wh ic h
mi n imizes circuit loa ding an d allows t h e circ uit u nd er test
to op erate very close to normal con d itions thus pr oviding
accurate measurem e n ts . Co nversely, it also attenuates t he
in p ut signal am plitud e by α factor of 10 .

Coaxial Cables

Ca bles m ay also be use d to co n nect signals to t h e i nput
con nectors and m ay have α consi derab le effect on t h e
accuracy of α disp layed waveform . To maintai n th e original
fr equ ency ch aracteristics of an app lied signal, only hig h -
q uality, low-loss coaxial cables s h oul d be used . Also,
ca b ling s h ou l d b e ter m inated at both en d s in its ch aracteris-
tic im p e dance . If th is is not possi ble, use suita b le
im ped ance-matc h ing devices .

465 Β/D M44 O perators

PROBE COMPENSATIO N

M isa djustment of pro be comp ensation is one of t h e
greatest sources of o perator error . Most atten uator p rob es
are e q ui ppe d with compensation adj ust ments . To ensu re
o p timum measurement acc u racy, always componsate your
pro b e before ma k i n g measu reme n ts . Pr ob e com pe nsatio n is
accom plis h e d as follows :

1 . Set t h e a pp ro p riate VO LTS/DI V switch to 0 .1 V an d
t h e AC-G ND-DC switc h to DC .

2. P reset instru ment controls an d o btain α No r mal
Sweep Dis play presentation (see Basic Oscilloscope
Displays section of th is manual) usi ng t h e -1 kH z
CA L I BRATOR sq ua re-wave outp ut as th e in pu t
signal . Disp lay several cycles of th e CALI BRATOR
squ a r e-wave at ap p roximately four d ivisions
a mplitude .

3. C h eck th e wavefor m p resentation for oversh oot and
rolloff . R ea dj ust, if necessary, t h e pro b e com-
pensation for flat top s on t h e wavefo rms (see F igure
11) . R efer 2ο the a pp rop riate pr obe manual for
compe n sation ad j ustment instructions .
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Figure 11 . Prob e Compensation.

INPUT COUPLING CAPACITOR
PRECHARGI NG

In th e GND position, th e in pu t signal is connected to
ground th rough α one-mego hm resisto r to form α pre-
char ging n etwork . Th is networ k allows the input co upling
capacitor to charge to the average dc-voltage level of th e
signal app lied to the pro be. Thu s, any large voltage tran-
sients acci d entally gene rated will not be applied to th e am-
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plifier i nput . The precharging network also provi des α mea-
su re of protection to the exte rnal circuitry by re d ucing th e
current levels that can be d rawn from t he external ci r cuitry
during ca pacitor charging .

The following p rocedu re should be used w h enever t h e
probe ti p is conn ecte d to α signal sour ce h aving α differe nt
do level th an that previou sly app lie d , es pecially if th e do
level difference is more than 10 times th e VOLTS/DIV
setting:

1. Set t h e AC-GND-DC switch to GND before co nnect-
ing th e pro be ti p to α sig n al source .

2. Touch th e probe ti p to the oscillosco pe chassis
ground.

3. Wait several second s for th e in put couplin g ca pacitor
to disc h arge .

4. Connect th e probe ti p to th e sign al so u rce.

5. Wait seve ral second s for th e input coup ling ca p acitor
to charge.

6. Set th e AC-GND-DC switch to AC. The dis p lay will
r em ai n on th e screen, and t h e ac component of the
signal can be measu red in the no r mal manner.



OPERATOR'S CHECKS AND ADJUSTMENTS
To verify th e op eration and accuracy of yo u r instrument, perfo r m th e following c h ec ks and adj ustments before ma k ing α

measurement. If a dj ustments are requ ired beyon d th e sco p e of th ese op erator's c h ecks and a dj ustments, refer to α qualifie d
service techn icia n for instrument cali bration .

TRACE ROTATION ADJUSTMENT

1 . P reset instr u ment controls and o btain α Normal
Swee p Dis p lay ( r efer to Basic Oscillosco pe Dis p lays
sectio n of t h is manual) .

2. Set th e C H 1 AC-GND-DC switch to G ND to d isp lay
α free-runni ng trace wit h no ve r tical deflection .

ΝΟΤΕ

Normally, th e resulting trace will be parallel with the
center h orizontal graticυ le line and should not require
a djustment .

465 Β/DM44 O perators

3. If th e resulting trace is not parallel wit h the center
h o r izontal gratic u le line, rotate t h e T RACE ROTA-
TION adju stmen t screw, locate d j ust below t h e crt
graticule (see F ig u re 3), to align t h e trace with t h e

center h orizontal gratic u le li n e .

BASIC 465Β TI M ING CHECK

1 . Preset instrum ent controls and ob tain α Normal
Swee p Dis p lay (refer to Basic Oscilloscop e Dis p lays
section in t h is manual) u sing t h e ~1 kHz CA L I BR A-
TO R sq u are-wave output as th e input signal (see
followi n g NOTE) .
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Attach α bnc-to-binding post adapter to theΑ TRIG-
GER external input jack . Using α test lead with an
alligator clip at each end, connect one alligator clip to
the adapter and the other clip to the -1 kHz CA L-
IBRATOR output.

2 . Set Α TR IGGER SOURCE switc h to EXT .

3 . Depress VERT MODE Α TRIG V I EW pu sh button
a nd release CH 1 VERT MODE push bu tton .

4 . A dj ust Α TRIGGER SLO PE and LEVEL controls to
sta blize and center t h e display .

ΝΟΤΕ

The CALIBRATOR signal is not intended to be used
as α precise timing reference. /τ is employed in the
following steps only as α convenient means of dem-
onstrating basic instrument operation.

5. Verify α d isplay of a pp roximately one s qu are wave
(fi rst p ositive edge to secon d p ositive edge) per
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graticule division (see F igure 12) . U se the horizontal
POSITION control to align the waveform wit h
graticule lines .

IN E ro00
9=999M 9EMENEEMEsoon 0

3 DIVISIONS
300 mV

Σ SQUA RE-WAVE PER
DIVISION = Σ kH z INPUT
SIGNA L

2756-13

Figure 12 . Basic 4658 timing check .



DM44 TIM I NG CHECK

1 . Perform ste p s 1 th roug h 5 of t he prece ding Basic
465Β Tim ing Check .

2 . De press HOR IZ DISPLAY Α ΙΝΤΕΝ pus h button .

3 . Set Β Sweep and DM44 FUNCTION co n trols as
follows :

8 ΤΙΜΕ/DI V
B SOURCE
FUNCTION
Δ TIME

ΝΟΤΕ

5 μτ
STARTS AF T ER DELAY
TIME
To move th e time-
m easu re m e n t p oi n t to t h e
right of the reference
point

Adjust Β /ΝΤΕΝS/ΤΥ control, if necessary, to display
reference point.

4 . Using th e D ELAY TIME POSITION cont rol, m ove
th e reference point to α lea d ing e dge of th e s q uare
wave (see F igure 13, Point A) .
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5 . Using the DM44 Δ TIME control, move t h e time-
measurement point to the leading edge of the next
s qu are wave (see F ig u re 13, Point Β ) .

F igure 13 . DM 44 timing check.
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40

6 .

7 .

2 .

O bse rve t h e DM44 rea dout . It sh oul d in d icate
a pp roxi m ately 1 .000 ms.

Usi n g the Δ TIME control to position t h e ti m e-
m easure m ent p oi nt to each sucee d in g sq ua re-wave
lead ing ed ge, observe that res p ective read outs in d icate
a pp roximately 2 .000 ms, 3 .000 ms, 4,000 ms, etc.

Α TRIGGER INPUT COUPL I NG CHECK

P erfo rm ste ps 1 thr ou g h 5 of t h e p reced ing Basic
466 Β Timing Ch eck .

With the Α T R IGGER COUPL I N G lever set to AC,
verify th at t h e d o co mp onent of i np ut is rej ected .
Th e disp lay s ho u l d show an almost flat to p and
b ottom of t h e squa re wave, wit h ce n teri ng around t h e
graticule center line . Th ree g raticule d ivisions d enotes
α 300-m V signal (set vertical VO LTS/DI V as
required) .

3 . Move the Α TR IGGER COUPL I NG leve r to LF REJ
an d ve r ify rejection of the 1- kH z sq uare-wave i npu t.
Dis p lay sh ould s how d ifferentiate d s pi kes as α res u lt
of filte r i n g ci rcu its .

4 . Move t h e Α TRIGGER COUPL I N G lever to HF REJ .
T h e d isp lay s ho u l d sh ow round ing off of the rising
and falli n g e dges of th e squ a r e-wave input- High -
frequ e ncy filtering cau ses exclusion of comp onents
ma k ing up t h e squ a re ed ges .

5 . Move th e Α TRIGG ER COUPL I N G lever to DC an d
adjust t h e Α T R IGGER SL O PE LEVEL cont r ol, if
necessary, to align t h e bottom ed ges of th e s qu a r e
wave wit h the gratic u le center lin e . Dis play sh oul d
sh ow all ac and d o comp onents of the in pu t signal .

EXTERNAL HORIZONTAL GAI N CHECK

1 . P erfor m steps 1 th rou g h 5 of t h e prece ding Basic
465 Β Timi ng Ch ec k .

2. Set th e Α ΤΙΜΕ /DI V control to Χ-Y .

3 . Set the CH 1 VO L TS/DIV switch to 50 m .

4 . The c rt d isp lay shou l d sh ow two d ots with α horizon-
tal sep a r ation of a ppr oximately 5 .75 to 6 .25
d ivisio n s .
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MAKING PRECISION MEASUREMENTS

AC PEAK-TO-PEAK VOLTAG E

ΝΟΤΕ

Either channel input connector may be used for the
signal input. Use the VERT MODE switch to select
the appropriate channel for display.

1 . O btain α Normal Sweep Display (refer to Basic
Oscilloscope Displays section of t h is manual, using
the signal to be measure d as t h e c hann el in pu t .

2. Ensu ring t h at t h e VAR VOLTS/DI V co n trol is in the
cali brated detent, vertically position t he d isp lay so
t h at t h e negative pea k of th e waveform coinci des
with one of the h orizontal graticule li n es (see Figure
14, Point Α ) .

3 . Horizontally position t h e d isp lay so t h at one of t he
p ositive p ea k s coinci d es with t h e center vertical
graticule li n e (see Figure 14, P oint Β ) .

465 Β /D M44 O perators

4 . Measu re th e vertical deflectio n from pea k to pea k
(see Figu re 14, Point Α to Poi n t Β ) .

ΡΟ5ΙΤΙΟΝ TO
CEN T ERLI NE

F

EMENNEEMEN

0

	

-	MEN

M fli1N-< ιN

"W ~ MAN"'i"lllllllllll

R~W1MER""N
®ιιιιιENιιιιι

MEASU R E AMP L ITU D E
F RO M Α TO Θ

V ER TICA L
D EFLECTION

(1738-16)2038-15

Figure 14 . P ea k-to- pea k waveform voltage.
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Volts
(P - P)

ΝΟΤΕ

If the amp litude measurement is critical or if the
trace is thick as α result ofhum andlor noise on the
signal, α more accu rate measu rement can be obtained
by measuring from th e top of α pea k [ ο th e top of α
valley. Th is will eliminate trace thickness from the
measurement

5. Calcu late th e p ea k-to-p ea k voltage, using th e
following for m u la :

Also include t h e attenuation factor of t h e p ro b e
being use d , if it is not α 10Χ scale-factor-switch ing
p ro be .

EXAMPLE : Th e measured peak -to- pea k vertical d eflec-
tion is 4 .6 d ivisions (see F igu re 14) wit h α VOLTS/DI V
switch settin g of 0 .5, usi n g α 10Χ scale-factor-switc h ing
p ro be .

Su bstituting t h e given values :

vertical VOLTS/DIV
d eflection Χ switc h

factor setting

V olts (P-P) = 4 .6 divisions Χ 0.5 V /d ivision s= 2 .3 volts
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I NSTANTANEOUS DC VOLTAG E

ΝΟΤΕ

Either ch a nnel input connector may b e used for the
signal input. Use th e VER T MODE switch to select
th e appropriate channel for disp lay.

1 . Obtain α Normal Swee p Dis play (refer to Basic
Oscilloscop e Dis p lays section of th is manual) . Ma ke
sure th e VAR VO L TS/DIV control is in th e cal-
ibrated detent.

2 . Determi ne t h e p olarity of the voltage to be measu re d
as follows :

α . Set th e AC-GND-DC switch 2ο GND and verti-
cally p osition t h e baseline to t h e cente r graticule
line of th e crt .

5 . Set th e AC-G ND-DC switch to DC . If t he wave-
form moves a b ove th e center line of th e crt, th e
voltage is positive. If th e waveform m oves below
th e center line of the crt, th e voltage is negative .

3 . Set the AC-G N D-DC switc h to G ND and p ositio n th e
baseline to %convenient reference li ne. For example .
if t h e voltage to be measu r ed is p ositive, t h e n position ;



the baseline to the bottom gratic ule line . If α negative
voltage is to be measured, position the baseline to the
to p graticule line .

4. Switch t he AC-GND-DC switch to DC . Measure the

d ivisions of vertical deflection between the reference
line and the desired point on the waveform (see

F ig u re 15) .

NEGATIVE REFERENCE LI NE

VERTICAL
D EFLE CTIO N

Ν 465/DM - ο-7

Figure 15. Instantaneous voltage measurement .
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5. Calculate instantaneous voltage, u sing the following
formula :

Ιη s ίαη-

	

vertical

	

polarity

	

VOLTS/D I V
taneous = d istance Χ

	

Χ switch
Voltage

	

(divisio ns)

	

(+ or -)

	

setting

Also include the attenuation factor of the pro be
being used, if it is not α 10Χ scale-factor-switc hing
p robe.

EXAMPLE, The vertical d istance measured is 4.6
d ivisions (see F igure 16) . The wavefo rm is above the
reference line, and t he VOLTS/DIV switch is set to 2.

Su bstituting the given values :

Instantaneous Voltage = 4.6 Χ (+1) Χ 2 V = +9.2
volts.

ALGEBRAIC ADDITION
W ith the VERTMODE switch in the ADD p ositio n, the

waveform d is playe d is the alge braic sum of the signals
app lied to the Channel 1 and Chann el 2 in puts (CH 1 + ςΗ

2) . If the Channel 2 INVERT switch is d epressed, the
waveform displaye d is t he d ifference of the signals applied
to the Channel 1 and Chann el 2 inputs (CH 1 -CH 2) . The
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total d eflection factor in the ADD mod e is equ al to t h e
deflection facto r ind icate d b y either VO L TS/DIV switch
(wh en b ot h V O LTS/DI V switch es are set to t h e same
position factor) . Α common use fo r th e ADD m o de is to
provid e α do offset for α sign al ri d i ng on α do level .

T h e followi ng general pr ecau tions sh ould be o bse rved
when using the ADD mod e :

1 . Do not exceed th e input voltage rating of t he
oscilloscope .

F igure 16 . Alge b raic addition.
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2. Do n ot apply signals t h at excee d t h e e quivalen t of
a bou t eight times the VO LTS/DI V switc h settings,
since large voltages m ay d istort the dis play . F or
exam p le, with α VOLTS/DI V switc h setting of 0 .5,
the voltage app lied to t h at c h a nnel sh ou l d n ot exceed
ab ou t fou r volts .

EXAMPLE :

	

Using th e graticu le center line as zero volts,
th e C han nel 1 sig n al is on α three-divisio n , positive do level
(see F igure 16Α ) .

NEUMMENAMIWE
MENEEπ~ι
IMEEME

ί
ι

( Α ) CH ANNEL 1 SIG NA L
WIT H 3 DI V ISIO N S O F
P OSITI VE DC LEVEL.

UVI

EMEEMEMEιιι~ιισιιιιιEιιπιιιιυ
IMί~ ιιι υ

	

eME
( Β) CHANNEL 2 DISPL AY
WIT H 3 DIV ISIO NS O F
NEGATIVE OFF S E T .

ιιι ~σι ι
1AF ν MI&A ME ι
ME 0

ί
ME

ME~~ιιι
ICI RE S ULTA N T DIS PLAY

465/ΟΜ -0- .9 Ι



1 . Multip ly 3 d ivisions by th e VOLTS/DIY switch
setting to d etermi n e th e d c-level valu e.

2. To t h e Ch annel 2 inpu t apply α negative d o level (o r α
positive level, usi ng th e Ch a n nel 2 INVER T switc h )

of th e value d etermined (see F igure 16Β) .

3. De press th e ADD push button to put the resultant
d is play with in the operating ra nge of th e P OSITIO N
controls (see Fig u re 16C) .

4. R elease t he CH 1 and CH 2 pus h buttons to eliminate
p ossi b le confu sion , if you wish to view th e ADD
d is play only .

COMMON-MOD E REJECTION
The ADD mod e can also be u se d to d isp lay signals th at

contain und esi r able compon en ts . Th ese und esirab le com-
ponents can be eliminated th roug h common-mod e
re j ection . Th e p reca u tions give n under the prece d in g
Alge braicAddition s h ould be observed .

EXAMPLE : The sign al a p plie d to t h e Ch annel 1 input
contains unwanted line frequ ency comp onents (see F igure
17Α) . To remove the u ndesi red components use the follow-
ing proce d ure!
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CΗ 1 SIGNAL
WITH UNWANTED
LINE FREQUENCY ~m
COMPONENT

CH 2SIGNAL
FROM LINE
FREQUENCY
SOURCE

(INVERTEDI

SIGNAL WITH
LINE FREQUENCY
COMPONENT
CANCELED

OUT

NEEMENZENE

MENERNMEN

"OilEMEMMENEMONERMNOMBEENNNE
MENEENNEE

ENEEMEMENE

( Α) CH 1 ANDCH 2SIGNALS.

ιιιιMιαιιι
ENEEMENEE

NEWEEMMM

NNNNEENNNN

WHERNMENME

NEEMENEEN

EMENEENNE

NEENEENEEN
(ΘΙ RESULTANTSIGNAL . 1 ν 3α-19

F igure 17 . Common-mod e rejection.
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Repetitiou s am p lit ude com parisons of unknown sig n als
wit h α reference signal (e .g., on an assem bly line test) may
be easily and acc ur ately m a de usin g th e 4658 . To accom-
plish th is, α refere nce signal of known amp lit ude is first set
to an exact n um ber of vertical d ivisions b y adjusting th e
VOL TS/DIV an d th e VA R VOLTS/DI V controls.
Unknown signals can th en be q uic k ly a nd accu rately com-
pare d wit h th e reference signal wit h out d istur bing th e
setti ng of the VA R VO L TS/DIV control . Th e procedu re is
as follows :
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1. Connect α line frequ ency signal to the Channel 2
in put.

2. Set th e VERT MODE ALT switc h out an d th e
C h ann el 2 I NVERT switch in . Adjust th e
C hannel 2 VOLTS/DI V an d VA R cont r ols so t h at th e
C h an n el 2 d is p lay is a bo u t t h e sa m e a mp litu d e as th e
un d esire d po rtio n of the Ch a nnel 1 d isplay (see
F igu re 17Α ) .

3. Dep ress th e ADD p ush bu tton . Sligh tly readj ust the
C h annel 2 VA R VOLTS/DI V control for maximum
cancellation of the u ndesired signal com po n ent (see
F igure 17Β ) .

AMPLITUDECOMPARISON
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1 . Set the a mp litu d e of the r eference signal to an exact
number of vertical divisions b y adj usti ng the VOLTS/
DIV and VAR VO LTS/DIV controls .

2 . Estab lish α vertical conversion facto r , u sing th e
following formula (reference signal am plitud e must
be kn own :
Vertical

	

refe r e nce signal amplitu d e (volts)
Conversion

	

=

	

vet ίεαΙ

	

VOLTS/DIV
F actor

	deflection Χ

	

switch
( d ivisions) setti ng

3 . F or t h e unknown sig n al, adju st t h e VOLTS/DI V
switc h to α setti n g t h at provid es sufficient vertical
d eflectio n to ma k e an accu rate measu rement . Do not
readju st th e VA R VO L TS/DIV control .

4. E stablis h an ar bitrary deflection factor, using the
following fo rmu la :

Ar bitrary Vertical VOLTS/DIV
Deflectio n = Co nve rsion Χ switch
F actor F actor setti ng

5 . M easu re th e vertical deflection of the un known sig nal
in d ivision s an d calc u late its a mp lit ude using the
following formula :

Unknown Arb itrary Vertical
Signal = Deflection Χ Deflection

Amp litude F actor (d ivisio n s)



EXAMPLE : Th e reference sign al amp lit ude is 30 volts,
with α VOLTS/DI V switch setting of 5 a nd th e VA R
VOL TS/DIV control adjusted to provi d e α ve r tical
d eflection of exactly four d ivision s .

Su b stitu ting these val u es in t he ve rtical con ve r sion factor
formula :

V ertical 30 volts
Conver sion =

	

= 1 .5
F actor	4division s Χ 5 volts/d ivision

F or t h e unknown signal, t h e VO L TS/DI V switch setting
is 1, and th e peak -to- pea k am p litu de sp a n s five vertical
d ivisio n s. Th e ar b itrary d eflection factor is t h e n d etermi n ed
b y su bstit u ti ng values i n th e form u la :

Ar bitray
Deflection =

	

1.5 Χ 1 volt/division = 1 .5 volts/d ivisio n
F actor

The am plitu d e of the unknown sign al can t he n b e
determine d by substit u ti ng val ues in t h e unknown sig n al
amplitude formula :

ί

Amplit ud e = 1 .5 volts/division Χ 5 d ivisio n s= 7 .5 volts.
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TIME DURATION
1 . O btain α No r mal Sweep Dis p lay (ensu re t h at t h e
VA R ΤΙΜΕ /DI V control is set to t h e cali brate d
dete nt) .

2 . Set th e ΤΙΜΕ /DI V switch fo r α single event and
p ositio n t h e d isplay to p lace th e ti m e-measu rement
p oi nts on t he cente r h orizo ntal graticule li ne (see
F igure 18) .

EMENEEMENN

®~~EN®®®®ι.ιιMEι®π
OWNESUNNOW

MEN"EW""0 ί1INNEEKENNIN
®®®®®W®® Ι®
NNENEENNE Ι®

HORIZONTAL
DISTANCE

173&30

Figure 18 . Time duration .
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EXAMPLE : Th e d ista n ce between the time-measu rement
p oints is 8 .3 d ivisio ns (see F ig ure 18), an d the ΤΙΜΕ /DI V
switc h is set to 2 ms . No m agnificatio n is u se d .

Su bstitute the given values :

Time
Duration

= 8.3 d iv Χ 2 ms /d iv = 16 .6 ms

Th e frequ ency of α rec urr e n t signal can be deter m ine d
from its ti m e duration m easurement as follows :
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3 . Meas u re t h e h orizontal d ista nce b etween th e ti me-
meas u rement p oints.

4 . Calculate time duration, u si n g t h e following formu la :

h orizo n tal ΤΙΜΕ /DI V
d ista nce Χ switch

Ti m e _ ( d ivisio n s)

	

setting
Duratio n

FREQUENCY

magnification
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1 . Measu re t h e time dur ation of o n e waveform cycle
usi n g t he prece ding Time Duratio n m easuremen t
p roced ure .

2 . Calculate th e reci p rocal of t h e time d u ration val ue to
d etermi ne the freq uen cy of the waveform.

EXAMPLE : T he signal shown in F igure 18 h as α ti m e
d uration of 16 .6 millisecond s.

Calcu lating th e r eci p rocal of ti m e du ration :

Fre quen cy =

	

1

	

=

	

1

	

=60 Hz
time duratio n	16 .6 ms

RISE TIME

Rise ti me measu re m e n ts use the same meth od s as time
duration, exce pt that the meas u rements are m a d e between
th e 10% and 90% points on t he lea d ing ed ge of the wave-
form (see F ig ure 19) . Fall time is measured between the
90% and 10% p oints on th e tr aili n g e dge of th e waveform.



1. Obtain α Normal Sweep Display (refer to Basic
Oscillosco pe Displays sectio n of this ma nual) .

2. Set Α TR IGG ER SLOPE control to +. Use α sweep
spee d setting that d isplays several cycles or events (if
p ossible) and ensure that the VAR ΤΙΜΕ/DI V control
is in the cali brate d detent.

3. Set the VOLTS/DIV switch and VAR control (o r
signal amplitude) fo r an exact five-division d is play.

4. Set vertical positioni ng so that the zero reference of
t he waveform touc hes the 0% graticule line and the
top of the waveform to uches the 100% graticule line-

5. Set the ΤΙΜΕ /DIV switch for α si ngle-event d is play,
with t he rise ti me sprea d hor izontally as much as
possi ble .

6. H orizontally position the d isplay so the 10% point on
the waveform intersects the second vertical graticule
line (see F igure 19) .
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7. M easure the h orizontal d istance b etween the 10% and
90% p oints and calculate t he time d uration using the
following formula:

horizontal ΤΙΜΕ/DIV
d ista nce Χ switch

Time (divi s ions) setting
Duration =
( r ise time)

	

magnification

MEN!u0 sommMEN

	

IR_OF=
Ο~~Ιίί l !

SEMEN
Ι

J/.E//""/MEMEMEMEMM

SIGNAL
AMPLITUDE

HORIZONTAL
DISTANCE

MEASURE
TIME FROM

ΑΤΟΘ

465/ΟΜ -0-13

F igure 19. Rise time.
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EXAMPLE : Th e horizontal dista n ce between the 10%

	

frequ ency signals and ALTis best for h ig h -freq uency
and 90% poi n ts is 5 divisions (see Figure 19) and the TIME/

	

signals. Center each of th e disp lays vertically (see
DIV switch is set to 1 μs. No magnification is used .

	

Figure 20).

Substit u ting th e given values :

	

NOTE

Rise time

	

=

	

5divisions Χ 1 μs/d ivisio n

	

= 5μs

	

Input signals must

	

be

	

time

	

related	for α stable
1

	

-

	

(measureable) display.

TIME DIFFERENCE BETWEEN TWO

	

CHANNEL 1IREFERENCE)

	

CHANNEL 2

TIME-RELATED PULSES
ι

1. O b tain α Normal Sweep Display (refe r to B asic ιι

Oscillosco p e Disp lays section of th is manual). Ens u re

	

-
that the VAR ΤΙΜΕ /DIV control is i n t h e cali br ated	50% D

AMPL IT UDE
detent.

	

LEVEL

	

Β ME AS URE
ΤΙΜΕ FROM

2. Set th e Α TRIGG ER SOURCE switch to CH 1 .

	

Α

	

_

	

ΑΤοθ

3. Using pro b es or ca bles with eq ual time delays connect
the reference sign al to Ch an nel 1 and t h e comparison

	

-Ι
signal to Ch annel 2 inp uts.

	

-

	

Ι
Ι

	

ι
HOR IZONTA L Ι_

4. Dep r ess th e CH 1 and CH 2 VERT MOD E push

	

Ι DIFFERENCE Ι

buttons . Use either C HOP (i n ) or A LT (out) VERT

	

465/DM-0-1-

MOD E switch d ep en d ing on the frequency of inp ut
signals .

	

In general, CHOP is more suitab le for low.

	

Figure 20. Time difference between twotime-related pulses.
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5. M easure th e h orizontal d ifference b etween th e two
signals and calculate the time d iffere n ce u si ng th e
following form u la :

Time

Difference

ΤΙΜΕ /DIV h orizon tal
switch Χ d ifference
setting (d ivisions)

magnification

EXAMPLE : Th e ΤΙΜΕ/DI V switch is set to 50 μs, th e
MAG switch to Χ10, and t h e h orizontal d ifference between
waveforms is 4.5 d ivisions (see F igure 20).

Substituting th e given values :

Time

	

50 μs/d ivision Χ 4.5 d ivisions

Diffe r e nce

	

10_

	

° 22.5 μ s

TIME COMPAR ISON
R ep etitious time comparisons of unknown signals with

α reference signal (e .g., on assembly line test) may b e easily
and accu rately made using the 4658 . To accomp lis h t h is α
reference signal of known time du ration is first set to an
exact number of h orizontal divisions by ad justing th e
ΤΙΜΕ /DI V an d t he VAR ΤΙΜΕ /DI V co n trols. Unknown
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signals can then b e qu ic k ly and accurately comp ared with
t he refe rence signal with out d istu rb ing th e setting of the
VAR ΤΙΜΕ /DIV control. Th e proced ure is as follows:

1 . Set th e time d uration of th e reference signal to an
exact number of horizontal divisions by adju sting the
ΤΙΜΕ /DIV and VAR ΤΙΜΕ /DIV controls .

2. E stablis h α h orizontal co n version factor, u sing the
following fo rmu la (refe ren ce signal time d uration
must be known) :

H orizontal
Co n version =

F actor

reference signal time d uration (secon ds)
h orizontal ΤΙΜΕ /DIV
d eflection Χ switch
(divisio n s)

	

setting

3 . For the un known signal, adj ust t he ΤΙΜΕ /DIV switch
to α setting that provides sufficie nt horizontal
d eflection to ma ke an accurate measurement. Do not
readj ust t h e VAR ΤΙΜΕ /DIV control .

4. Establish an ar b itrary d eflection factor, using th e
followin g formula:

Ar bitrary H orizon tal ΤΙΜΕ /DIV
Deflection =

	

Conversion

	

Χ

	

switch
F actor F actor

	

setting
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5. M easure the h orizontal d eflection of the unknown
signal in d ivisions and calculate its time duration
using the following fo rmula :

Time _
Duration

Arbitrary

	

h orizontal
Deflection Χ deflectio n
Factor

	

(divisions)

6. F requency of the unknown signal can then be
d etermined by calc ulating the reci procal of its time
d uration .

EXAMPLE : The reference signal time duration is 2.19
millisecon ds (2 .19Χ10 -3 seconds), with α ΤΙΜΕ/DIV
switch setting of 0.2 ms and t he VAR ΤΙΜΕ /DIV control
adjusted to provi de α h orizontal deflection of exactly eight
d ivisio ns.

Su bstituting these values in the horizontal conversion
factor formula :

H orizontal
Conversion =

	

= 1 .37
F actor

2.19 m s

8 d ivisions Χ0.2 ms /divisions

F or the unknow n signal, the ΤΙΜΕ /DI V switch setting
is 50 μs, and one complete cycle spans seven horizontal
d ivisions. The arbitrary deflectio n factor is then determi ned
by su bstituting values in the formula:
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Arbitrary
Deflection	= 1 .37 Χ 50 μs/division = 68 .5 μs/division
Facto r

The time duration of the un known signal can then b e
computed by su bstituting values i n the formula :

Time

Du ration
= 68 .5 μs/division Χ7 divisions= 480μs

The frequency of the unknown signal is then calc ulate d:

Frequency =
_1

480 μs
=2 .083 kHz

PHASE DIFFERENCE
1 . O btain α Normal Swee p Display (refer to Basic

Oscillosco pe Displays section of this manual).

2. Using p robes or coaxial ca bles with equal time d elays,
connect α known reference signal to one channel
in pu t and t he unknown signal to the other channel
input .

3. Depress the CH 1 and CH 2 VERT MODE pu sh
buttons . Use either CHOP (i n) or ALT (o ut) VERT
MODE switch depen ding on the input frequencies.
In general, ALT is b est for h ig h-fre quency signals and
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CHOP is more suitable for low-frequency signals . The
refe r ence signal should precede the comp arison signal
in time.

4. If the signals are of opp osite polarity, set the
INVERT switch to invert the Channel 2 dis play.

5. Set the CH 1 and CH2VOLTS/DIVswitches an d the

CH 1 and CH 2 VAR controls to pro duce dis plays
that are equal i n amplit ud e.

6. U se ve r tical position controls to vertically center
bot h signals around the center h orizontal graticule
line.

7. Set the ΤΙΜΕ /DIV switch to showabout one cycle of
the waveform. Position the display and adj ust the
VAR ΤΙΜΕ /DIV control to place one reference signal
cycle in exactly eight divisions at the 50% risetime

poi nts (see Figure 21). Each division of the graticule
now re presents 45° of t he cycle (360 ° + 8 divisions)
an d t he swee p rate ca n be stated as 45'/division .
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8. Measure the h orizontal difference between cor-
responding p oi nts on t he waveforms at α common
horizontal graticule li ne (at 50% of risetime) and cal-
culate the ph ase diffe rence using the following
formula :

Phase h orizontal sweep
Difference = difference Χ rate
(degrees) (divisions) (degrees/div)

CHANNEL 1
(REFERENCE)

1

CHANNEL2
(LAGGI NG)

-Θ DI VISIO NS
(3600)

ME ASURE
TIME FROM

ΑΤΟΒ

HORIZONTAL
DI FFERENCE

465/DM .0 .15

Figure2l . Phasedifference.
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EXAMPLE : Th e h orizontal difference is 0.6 division
with α sw eep rate of 45'/d ivision as shown in Figure 21 .

Substituting th e given values :

Phase
Difference

	

=0.6 d ivisio ns Χ45°/d ivision = 27°

HIG H RESOLUTION PHASE DI FFERENCE
More accurate ph ase measurements can be ma de 6γ

using th e Χ 10 MAG mo de to increase th e swee p rate
without ch anging th e VAR ΤΙΜΕ/DI V control (see
Figure 22).

EXAMPLE : If the swee p rate were increase d 10 tim es
with t h e mag n ifier (Χ10 MAG), the magnifie d sweep rate
woul d be 45= 10=4 .5 °/division . Figure 22 shows th e same
signals used in Figure 21, but the Χ10 MAG push b utton is
depressed , resulting in α h orizontal difference of 6
divisions. Th e ph ase difference is :
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Ph ase
Difference

h orizontal magnifie d
d ifference Χ sweep rate
( divisions) (d egrees/dίν )

465Θ/DM44 Op erators

Substituting the given values :

Ph ase Difference = 6 divisions Χ4.5'/division = 27°

Figure 22 . High resolution ph ase difference .



PULSE J ITTER

P ulse jitter is d is p layed as th e sligh t horizontal move-
m en t of α pulse and includes th e inh erent j itter of the
d elayed sweep .

1 . Obtain α Normal Sweep Display (refer to Basic
Oscilloscop e Displays section of th is manual). E ns u re
that t h e VA R ΤΙΜΕ /DIV switch is in th e cali b rated
d etent.

2. Set th e Β ΤΙΜΕ /DI V switch to intensify th e full
risi ng portion of the pulse.

3. Set t h e HOR IZ DISPLAY switch to Β DLY'D.

4656/DM44 Op erators

Figure 23. Pulse jitter .

4. Referring to F ig u re 23, measure the distance b etween
P ai n t Α an d Point Β in d ivisions and calculate th e

	

DELAYED SWEEP MAG N I FICATION
p ulse j itter tim e u si n g th e following formula:

	

USING ALT SWEEP DISPLAY
P ulse horizontal ΒΤΙΜΕ/DIV
J itter

	

=

	

d ifference Χ

	

switch

	

T h e d elayed swee p features of th e 465Β can be used to

Time

	

( d ivisions)

	

setting

	

provide h ig h er app arent magnification than is p rovi d ed by
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t h e XID MAG switch . Th e sweep r ate of the delaye d swee p
( Β Sweep ) is not actually i n c r ease d . The a pparent magni-
fication is t h e res u lt of d elaying t h e Β Sweep an amo unt of
ti me deter m ined b y b ot h th e Α ΤΙΜΕ/DI V switch an d the
DELAY TIME P OSITION co nt r ol before the d isp lay is
p resente d at the swee p rate selected by th e Β ΤΙΜΕ /DIV
switch . The following method uses th e STARTS AFTER
DELAY Position of t he Β (D L Y'D) TRIGGER SOURCE
switch to allow t h e d elaye d p ortion 2 ο be p ositione d
with th e D ELAY TIME POSITIO N con trol . If too m u c h
j itter occ u rs in the delayed d is play, use the Triggere d Delay
Swee p Magn ification procedure, w h ic h follows the Magni-
fie d Sweep Starts After Delay p roced ure .

M agn ified Sweep Sta r ts Afte r Delay
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1 . O btain α Nor m al Swee p Disp lay ( r efer to Basic
Oscilloscope Dis plays sectio n of th is m anual) .

2 . Set t h e a pp ro priate VO LTS/DI V switch to p rodu ce α
d isplay a bout two divisions i n am p lit ude .

465B/DM44 Operators

3 . Set th e Α ΤΙΜΕ/DIV switc h to α sweep rate wh ich
d isp lays sever al waveform cycles .

4 . Depress th e HORIZ DIS PLAY A L T push b utton and
set th e Β (D L Y'D) TRIGGER SOURCE switch to
STARTS AFTER D ELAY, If th e instrument is
eq ui pped with α DM44, verify t hat neith e r t h e
TIME nor 1/TIME FUNCTION switc h is set.

5. Adju st c h an n el P OSITION co ntrol and T RAC E SEP
to d is p lay Α and Β Sweep s, one a bove the other .

6 . Position th e start of t h e inte n sifie d zone wit h the
D ELAY TIME POSITIO N control to th e part of the
d isp lay to be m ag n ified .

7 . Set th e Β ΤΙΜΕ /DI V switc h to α setting wh i
intensifies th e full portion to be magnified α
d isp lays th at p ortio n as the Β Swee p (see F igu re 24
Th e Β I NT EN SITY con trol m ay re qu ire a dju st
2ο d isplay t h e Β Sweep (magnified portio n ) .



θ. Time measurement can be made from th e Β Swee p
dis p lay in the con ventional manner. Th e swee p rate is
dete r mi n ed by th e setting of th e Β ΤΙΜΕ /DIV switch .
Th e Β DLY'D switch of th e HOR IZ DISPLAY may
be u se d , as well as theA LT switch , for tim e measure-
ments.

9. Th e app arent swee p magnification can be calc u lated
from the following formula :

Apparent Delaye d

	

ΑΤΙ ΜΕ /DIV switch setting
Swee p =

Magnfication

	

Β ΤΙΜΕ/DIV switch setting

EXAMPLE : Th e apparent magn ification of α dis play
with an Α ΤΙΜΕ /DIV switch setting of 0.1 ms and α Β
ΤΙΜΕ /DIV switch setting of 7 μs.

Sub stitu ting t he given values :

Apparent

	

__

	

1 Χ 10-4

	

- 100 timesMagnification

	

1 Χ 10-6

@η
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Triggered DelaySheep M agnification

The delayed swee p magn ification met hod j ust described
may prod uce excessive j itter at hig h app arent magn ification

INTEN SI F I ED ZONE
7Ο BE MAG N I F IED

01-0041

EVENE MEMO

MININNEWINNINE
NWOMM

NERNMENOMM

MEMMOMMEEIM

( Α ) Α INTENSI F I ED DISPLAY

ΙΒ) θ DELAY ED DISPLAY
2ι 56-25

F igure 24 . Delayed swee p magnification.
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ranges . Operating th e Β Sweep in α triggere d mod e p rovi d es
α more stable d isp lay, since th e delayed d is play is trigger ed
at the same point each time .
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1 . Perform ste ps 1 t h rough 6 of the p reced ing

Magnified Swee p Starts After Delay p roced ure.

2. Set th e Β (D L Y'D) TRIGGER SOURCE switch to the
same position as th e Α T R IGGER SOURCE switch .

3. Adj ust th e Β LEVEL control so th e intensified zo n e
on th e trace is stable . (If an intensifie d zone cannot
be obtained, see step 4) .

4. Inab ility to intensify the d esired portion ind icates
that th e signal d oes not meet the triggering req uire-
ments. If th e condition cannot be reme died with th e
Β Swee p triggering controls or by increasing th e
d is p lay amp litude, you sh ould lower the VO L TS/
DIV setting, set Β (D L Y'D) TR IGGER SOURCE
switch to ΕΧΤ, and trigger th e Β Swee p externally .

5. Measurements are ma d e and magnification factors are
calculate d in th e same manner describ ed in the
Magnified Swee p Starts After Delay procedure .

465θ/DM44Oμ-t-

BASIC 465Β DELAYED SWEEP TIME

MEASUREMENTS

O p erating the 465Β oscillosco pe in ALT HOR IZ
DISPLAY or in Α ΙΝΤΕΝ HOR IZ DISPLAY will permit
time measurements to b e ma de with α greater degree of
accuracy than attained with ΑHO R IZ DISPLAY .

Time Du ration (Basic 465Β )

1 . Obtain α Normal Swee p Disp lay (refer to Basic
Oscilloscope Disp lays sectio n of th is ma n ual) . E ns u re
th at the VAR ΤΙΜΕ/DIV switch is in th e cali b rated
λeΤριιτ . Depress eith er the ALT HOR IZ DISPLAY
p ush button or theΑ ΙΝΤΕΝ HOR IZ DISPLAY push
bu tton .

2. F ar t h e most accurate meas u rement, set th e Β TIME~
DIV switch to the fastest sweep th at p rovi des α usable{
(visib le) intensified zone . V er tically position the Α
Swee p d is p lay to place the time measuremen t points,
on the center h orizontal graticule line (see F igure 25).f



3. Use the DELAY TIME POSITION control to move
the start of the intensifie d zone so that it j ust touches
the intersection of the signal and the center horizon-
tal graticule line (see F igure 25, Poi nt Α) .

4. Record t he DELAY TIME POSITION control d ial
setting .

r=JCιιι! _ο~ι
TIMΕ
FROMΑ70 Β

INTEN SI FI ED
1 1 ZONE \

Ι

ς

	

ι

	

ι

	

Ι
Ι HORIZONTAL Ι

DISTANCE
465/οΜ -0-9

F igure 25. Time d uration .
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5. Use the DELAY TIME POSITION control to move
the start of the intensifie d zone to the second time
measurement p oi nt (see F igure 25, Point B) .

6. Record the DELAY TIME POSITION control dial
setting.

EXAMPLE : The DELAY TIME P OSITION dial setting
at Point Α is 1 .20 and the DELAY TIME P OSITION dial
setting at P oint Β is 9.53 with Α ΤΙΜΕ /DIV switch set to
2 ms (see F ig ure 25).

Substituting the given values :

Time Duration = (9 .53 - 1 .20) (2) = 8.33 Χ 2
= 16 .66 ms
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7. Determine
formula:

time difference using the following

Time seco nd first ΓΑΤΙΜΕ/DI V
Difference

-
dial

-
d ial switch

(o r Duration) setting setting ι
/

ι setting



Frequency (Basic 465Β)

	

2. Set the VOL TS/DI V switch and VAR con trol (or
signal amp litu de) for an exact five-d ivision d is p lay on

Th e frequency of α recu rrent signal is d etermined by

	

either Ch annel 1 or Ch annel 2.
compu ting t h e recip r ocal of th e time duration of one event.

EXAMPLE : The time d uration of one even t (P oint Α to
P oi n t Β, F igu re 25) is 16.66 millisecond s .

Using th e formula and sub stituting the given valu e:

1

	

1Fre q uency =

	

_
time d uration

	

16.66 ms

R ise Time (B asic 465Β)

=

	

60 Hz

Rise time measurements use th e same method s as tim e
d uratio n , exce p t th at th e measurements are ma de b etween
th e 10% and 90% p oints on th e leading ed ge of th e wave-
form. Fall time is measu re d b etween th e 90% and 10%
p oints on the trailing ed ge of the waveform .

1 . Obtain α N ormal Swee p Display (refer to Basic
Oscillosco pe Disp lays section of th is manual). Use a
swee p sp ee d setting that disp lays several cycles or
events if p ossib le and ensure th at the VAR TIME/
DI V control isn the ίbrated detenti

	

cal .

	

Figure 26. Rise time.
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3. V ertically p osition the trace so th at the zero
reference of th e waveform tou ch es th e 0% graticule
line and t h e top of th e waveform tou ch es t h e 100%

graticu le line (see F igure 26) .

INTEN SI F I ED ZONES



4 . Set the A TΙΜΕ/DIV switch for α single-event display,
with t he r ise time spread horizontally as much as
possible . Horizontally position the display so the 10%
point of the waveform intersects the second vertical
graticule line (see Figure 26) .

5 . Depress either the Α ΙΝΤΕΝ HORIZ DISPLAY push
button or the ALT HORIZ DISPLAY push button .
Set the Β (DLY'D) TRIGGER SOURCE switch to
STARTS AFTER DELAY . Set the Β ΤΙΜΕ /DIV
switch to the fastest sweep speed that provides α
usable (visible) intensified zone .

6 . Use the DELAY TIME POSITION control to move
the start of intensified zone (left-han d ed ge) until it
just touches the intersection of the signal and the
10% graticule line (see Figure 26, Point Α) .

7. R ecord the DELAY TIME POSITION dial setting .

8 . Use the DELAY TIME POSITION control to move
the start of the intensified zone until it j ust touches
the intersection of the signal and the 90% graticule
line (see Figure 26, Point B) .
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9 . Record the DELAY TIME POSITION dial setting .

10 . Determine time difference using the following
formula :

Time

	

Rise = rsecond - first Α TIME/D1 V1

Difference Time
L

d ial

	

' ίαΙ
ι

switch
setting setting][ setting

EXAMPLE : The Α ΤΙΜΕ /DIV switch is set to 1 μτ . The
DELAY TIME POSITION d ial setting at Point Α is 2 .50
and the DELAY TIME POSITION dial setting at Point Β is
7 .50 (see Figure 26) .

Substituting the given values :

Rise Time = (7 .50 - 2 .50) (1) = 5 μτ

Time Difference Between Repetitive Pulses (Basic
465Β)

1 . Obtain α Normal Sweep Display (refer to Basic
Oscilloscope Displays section of this manual) .

2. Depress the ALT HORIZ DISPLAY push button and
set the Β (DLY'D) TRIGGER SOURCE switch to
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STARTS AFTER DELAY . For the most accurate
measurement, set the 8 ΤΙΜΕ /DI V switch to the
fastest sweep t hat provi des usable (visible) intensified
zones. Use the DELAY TIME POSITION control to
move the i ntensified zone to the first pu lse (see
Figure 27, Α Sweep Display) .

3. Observe the Β Sweep display and adj ust the DELAY
TIME POSITION control to move the rising portion
of the pulse to α vertical reference line (see Figure 27,
8 Sweep Display) .

4- R ecord the setting of the DELAY TIME POSITION
control dial .

5. Turn the DELAY TIME POSITION co ntrol clockwise
to move the rising portion of the second pulse to the
same vertical reference line . Observe the Α Sweep
dis play to position the intensified zone to the correct
pulse. Do not change t he settings of the h orizontal
POSITION controls .

6. Record t he setting of the DELAY TIME POSITION
dial .

7. Dete rmine time difference using the following
fo r mula :

Time

	

_second - fi rst 1ΓΑΤΙΜΕ/DIV

setting

	

settin g

	

s

	

I

Difference

	

dial

	

dial
1111/

LLL

switc

	

J

h
etting

EXAMPLE : The first dial setting is 1.31 and the second
dial setting is 8.81 with the Α ΤΙΜΕ /DIV switch set to
0.2 μs (see F igure 27) .

Substituting the given val ues :

Time Difference = (8 .81 - 1 .31) (0 .2) _

ώ

E1111111111 ME

	

-millWMEMEN
EMMMMMMM

NEWEEM( Β ) Β DLY'D DISPL AY

TIME
DI FFERENCE

VERTICAL
REFERENCE LINE

1 .5 μs

zoss- αι

Ι

Figure 27 . Time d ifference between repetitive ρυΙτe.
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Time Difference BetweenTwo Time-RelatedPu lses

(Basic 465Β)

1 . Obtain α N ormal Sweep Display (refer to B asic
Oscillosco pe Displays section of this manual). E nsure
that the VAR ΤΙΜΕ /DIV control is in the calibrate d
detent.

2. Set the Α TRIGGER SOURCE switch to CH 1 .

3. Using p ro bes or cables having equal time delays,
connect th e reference signal to Ch an nel 1 and the
comparison signal to Channel 2 in p uts.

4. De press th e CH 1 and CH 2 VERT MOD E push
b uttons . U se either CHOP (in) or ALT (o ut) VERT
MOD E switch , de p ending on t h e freq ue ncy of th e
in pu t signals . In gene r al, CHOP is more suitable for
low-frequency signals, and ALT is best for h ig h-
fr equency signals . Center each of the displays
vertically .

5. Depress the HOR IZ DISPLAY Α ΙΝΤΕΝ push button
and set the Β (DLY'D) TRIGGER SOURCE switch to
STARTS AFTER DELAY . Set the Β ΤΙΜΕ /DIV
switch 20 times faster than the Α ΤΙΜΕ /DIV switch
(w hen p ossible) to obtain the smallest usable
intensified zone- Observe intensifie d zo nes on the

d isplay (see F igure 28). Point Α and Point Β also
relate to intensified zones on F igure 29 .

6. Depress t he A LTHORIZ DISPLAY pu s h button an d
release the CH 2 VERT MODE pus h button . Adjust
Channel 1 POSITION an d TRACE S EP so that Α
Sweep and Β Sweep are displaye d one a bove the
oth er . Use the DELAY TIME POSITION control to
move the intensified zone to the rising edge of α

Figure 28 . Time difference between two time-related pulses.
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pulse and adj ust until t he rising portion is centered at

some vertical graticule line (see Figure 29, Point A) .

7. Record t he DELAY TIME POSITION control dial
setting.

8. Press CH 2 VERT MODE pus h button απd release CH
1 push button. Adjust Channel 2 POSITION and

CHA NNEL 1

	

HORIZONTAL
(REFEREN C E) j} DI FFEREN C E

	

ι
Ι

ιο
s

CHANNEL 2

MEASURE
TIME
FROMΑ 7Ο 8

VERTICALREFERENCE
LINE

2756-29

F igure29 . Time difference between two time-related ρυΙ~, delayed
τωααΡ display .
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TRACE θΕΡ controls if necessary . Use the DELAY
TIME POSITION control to move the Channel 2
pulse ( rising portion) to the same vertical refere nce
line as the Channel 1 pulse (see Figure 29, Point Β) .

9. Recor d the DELAY TIME control dial setting.

10 . Determine time diffe rence using the following
formula :

Time

	

-f se'οπ d	-

	

drst 1

	

switch

	

1

Difference L
dial

	

ial

JI L
τwitch

setting setting setting

EXAMPLE : The ΑΤΙΜΕ/DIV switch is set to 50 μs, and
the Β ΤΙΜΕ /DIV switch is set to 2 μs . The DELAY TIME
POSITION dial setting for the Channel 1 pu lse is 2.60 and
for the Chann el 2 pulse is 7.10 .

Su bstituting the given values :

Time Difference = (7 .10 -2.60) (50) = 225μτ

DM44 DELAYED SWEEP TIME
MEASUREMENTS

Most measurements of time, time duration, frequency,
time difference, and rise time are more easily performed

using the TIME function of the DM44 and either theALT
ΝΟ RΙΖ DISPLAY or Α ΙΝΤΕΝ ΗΟR ΙΖ DISPLAY mode of
the oscilloscope. Ta ble 6 relates the DM44 functions and
oscillosco pe operating modes with crt displays obtained



Table 6

r

	

DM44 Delayed Sweep Displays

α Ιη the Β DLY'D mode, the intensified zones (that am displayed in theΑ ΙΝΤΕΝ model will he displayed at t he Β Sweep rate.

@
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DM44 HORIZ VERT
FUNCTION DISPLAY MODE DISPLAYOBTAINED

any one of : One intensified zone . DELAY TIME POSITION control moves intensified
Α ΙΝΤΕΝα CH 1, CH 2, zone .

ATRIG
VIEW or ADD

CH 1 and One intensified zone on each of two channel traces. Intensified zones are
CH 2 and coincident in time . DELAY TIME POSITION control moves both i ntensified

VOLTS, either zones.
OHMS, ALT or CHOP
or TEMP

either Α ΙΝΤΕΝ Sweep and Β Sweep . Position of intensified zone on Α Sweep is
ALT A TRIG determined by DELAY TIME POSITION control .

VIEW or ADD

CH 1 and Two alternating traces for each channel : Α ΙΝΤΕΝ Sweep and Β Sweep .
CH 2 and Position of intensified zone on Α Sweep is determined by DELAY TIME
either ALT POSITION control- Position of Β Sweep waveform is determined by DELAY
or CHOP TIME POSITION control .



ββ

Two intensified zo nes . D ELAY TIME POSITION co n t r ol m oves both
intensifie d zones . Δ TIME control moves only one i n tensified zo n e.

Two i ntensifie d zon es on eac h ch a nn el t r ace . D ELAY TIME P OSITION
cont r ol simulta n eo usly moves both i n ten sifie d zones on both chan nels .
Δ TIME co n t rol moves one inte n sifie d zon e on each trace .

One inte nsified zone on eac h of two channel traces. D ELAY TIME
POSITION con trol moves bot h intensified zo n es. T h e Δ TIME co nt r ol m oves
only th e i ntensified zone on the Channel 2 t race .

Α ΙΝΤΕΝ Sweep and Β Sweep are d is playe d . Two intensifie d zon es a ppear on
th e Α t race . Two θ traces a p pear at th e same vertical p osition ( partially or
fu lly su perimp osed ) . T h e D ELAY TIME POSITIO N control moves b oth Α
Swee p inte nsified zo n es and b ot h Β Sweep traces . Th e Δ TIME co n trol
m oves one Α Swee p intensified zone an d on e Β Swee p trace .

Ι'Your instrument may b e mod ifie d [ο ma k e th e D EL AY TIME POSITIO N an d Δ TIME controls operate independently . T he instructions for
mak ing th is modification are located in the Maintenance section of theDM 44 Instruction Manual .
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any one of :
C H 1, C H 2
or Α TR IG

V I EW

CH 1 a nd
Α IN T EN b CH 2 an d

CHOP

CH 1 an d

TIME CH 2 a nd

or ALT
1/TIME

any one of :
C H 1, CH 2,
A TRIG

ALT V IEW or
ADD



Ta ble 6 Won t)
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DΜ44
FUNCTIO N

HOR IZ
DISPLAY

VERT
MODE DISPLAY OBTAIN ED

TIME Α ΙΝΤΕΝ tr aces fo r both Ch annel 1 a nd Ch annel 2, each wit h two i n ten sified
or zones . Two Β Swee p traces (partially of fu lly su perimp osed) for C h annel 1

1/TIME C H 1 a nd and two Β Swee p traces ( partially or fully superim posed) for C ha n nel 2 .
(εοπ t) C H 2 and D ELAY TIME POSITIO N control mo ves all four Α Swee p in te nsified zo n es

C HOP an d all four Β Swee p t races. T h e Δ TIME control moves one intensifie d zone
on eac h Α trace and one Β Sweep t r ace for eac h c h annel .

ALT
( εοητ ) Α ΙΝΤΕΝ Swee p and Β Swee p are d isp laye d for each chann el . One intensified

C H 1 and zone on each Α trace . D ELAY TIME POSITIO N control moves both Α Swee p
CH 2 and intensified zones and b at h Β t r aces . Th e Δ TIME control moves only the
A LT Channel 2 intensifie d zone an d Β t r ace .
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Time Dur ation U si ng DM44

Ob tain α Delaye d Swee p Dis p lay, with co n t r ols set as
follows :

D M 44 FUNCTIO N	TIME
HOR IZ DISPLAY

	

ALT
Β (D L Y'D) T R IGGER
SOURC E	STARTS AFTER DELAY

VAR ΤΙΜΕ /DI V	Calibrate d dete n t position
ΑΤΙΜΕ /DI V	Set to disp lay α single

even t
Β ΤΙΜΕ /DI V

	

Three o r four positions
m ore cloc kwise than Α
ΤΙΜΕ /DI V setting

DM44ΛTIME

	

To move th e ti m e
meas urement point to t he
right of th e reference
point

1 . Using t h e D ELAY TIME POSITION cont r ol, m ove
th e reference p oint to α conven ient h orizontal
gratic u le line (see F igure 30, Point A) .

2. Using t h e Δ TIME control, move t h e ti m e-
measurement point along the same horizontal
graticule line to th e beginning of th e next waveform
cycle (see F igure 30, Point Β ) .
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E, ι

WIN

(ΑΙ Α SWEEP DIS PLAY

UNPIPP
/ί/

SUPER I MPOS E
PO RTIO N S OF
WA VEF ORM

( Θ ) Β D LY'D DISPL AY 2039-3

Figure 30 . Time duration and frequency.



4 . Rea d t h e time du ratio n (or waveform period ) on th e
DM 44 Rea dout .

Freq uen cy U sing DM44

To determine th e f re qu ency of α recurring waveform :

1 . Measu re time duration of t h e waveform using t he
prece di ng measu rement procedu re .

2 . De press the DM 44 1/TIME FUNCTION p ush button .

3 . Rea d the frequen cy on t h e D M44 Reado ut . O bserve
t h e illuminatio n of t h e 1/ms an d 1/μτ i nd icators and
u se the followi ng ta ble to determine fre q ue n cy units.
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Rise Time U sing DM44

DM44 Δ TIME

ΝΟΤΕ3 . Sligh tly r ead ju st th e Δ TIME control to s uperim p ose
the waveforms on the Β Swee p disp lay (see
Figure 30) .

	

Α blinking display indicates an overrange condition.
This will occur under the following conditions:

Th is meth od is not recommen de d for ext r emely fast rise
times .
O btain α Delaye d Swee p Dis p lay, with controls set as

follows :

D M 44 FUNCTIO N	TIME
HOR IZ DISPLAY

	

Α ΙΝΤΕΝ
Β (D LY'D) T R IGGER
SOURC E	STA RTS AFTER DELAY

ΒΤΙΜΕ /DI V	T hree or four positio ns
more cloc kwise than Α
ΤΙΜΕ /D 1V setting
To move the time
meas urement point to
t he righ t of t h e reference
point
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With Α TIME/DIV
Switc h Set To Decade

Multiples Of

AndSpacing Between
Intensified Zones !s

Less Than

1 0.25 division
2 0.5dί vision
5 1. 0 division

1 /ms 1/μS F requency Units

OFF OFF Ητ

ΟΝ OFF kH z

OFF ON ΜΗτ



1 . Set the Α TIM Ε /DI V switc h to α setting th atdisp lays
all of t h e r ising ed ge of the waveform .

2. Ad j ust t h e VO LTS/DI V an d VA R VOLTS/DI V
contr ols to display sig n al amp lit u de of exactly five
divisions .

3 . Vertically position th e trace so th at th e zero
reference of t he waveform ju st touch es the 0%
graticu le line an d th e top of th e waveform touch es
t h e 100%g ratic u le line (see Fig u re 31) .

6 . Read t h e rise time on the DM44 Rea d ou t .

7 0
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INTENSI F I E D ZONES

yl
HOR IZO N TA L
DISTA N C E

(465/οΜ -0-1112039-29

4 . A djust th e D ELAY TIME POSITION control to move

	

Figure 31 . Rise time.
t h e refer ence point to th e 10% graticule line (see
Figure 31, Poi nt Α) .

Time Diffe rence Between Repetitive Pu lses U si n g
DM44

5 . Ad just t h e Δ TIME cont r ol to move th e time

	

Obtai n α Delayed Sweep Disp lay, wit h controls set as
measu re m ent point to t h e 90% graticule line (see

	

follows :
Figure 31, Poi n t Β ) . D M 44 FUNCTIO N	TIME

HOR IZ DISPLAY

	

ALT
Β (D L Y'D) T R IGGER
SOURC E	STA RTS AFTER DELAY



VARTIME/DIY

	

Calibrate d detent position
ΑTIME/DIY

	

To d isplay two p ulses
Β TIME/DIY

	

Three or four positions
more cloc kwise than Α
TIME/DIY setting

DM44 ΔTIME

	

To move the time
measureme nt point to the
right of the reference
point

1 . Position the two traces app roximately as shown in
F igure 32 .

2. Using the DELAY TIME POSITION control, move
the reference p oint to the first p ulse (Fig ure 32, Poi nt
Α).

3. Observe Β Sweep dis play and center the left wave-
form leading edge . Both intensified zo nes will move
when the DELAY TIME P OSITION control is
adjuste d.

4. U si ng the Δ TIME control an d observing movement
of the Β Sweep waveform, move the time-
measurement point to the second pulse (Figure 32,
Poi nt Β ) .

TIME
DI FFERENCE

Ιω~ ιm®~~~~ ιmι
rMιι 111PI-ι 00ιιι

MMMM

MEN MENNENMEMNON
MENEM

( Β) Β D LY'D DISPL AY

VERTICA L
REFERENCE LINE

27τ6- αι

Figure 32 . Time difference between repetitive pulses.
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5. Slig h tly rea dj ust th e Δ TIME control to s up e rim pose
th e Β Swee p d isplay waveform .

6. Rea d t h e time diffe r ence on th e DM 44 Read out .

7 . To d etermine th e pulse r e petition rate, d e press the
DM 44 WTIME FUNCTIO N pu sh bu tto n and read the
p ulse repetitio n rate on t h e Rea dout .

Time Differe n ce Between Two Tim e-R elated Pu lses
Usi n g DM44
Ob tain α Delayed Sweep Display, wit h controls set as

follows :

DM44 FUNCTION

	

TIME
VERT MOD E

	

ALT : out, CH 1,
HO R IZ DISPLAY

	

Α ΙΝΤΕΝ
Α TRIGG ER SOURCE

	

CH 1
Β (D LY'D) T R IGG ER
SOURC E

θ ΤΙΜΕ /DI V

VAR ΤΙΜΕ/DIV

CH 2

STA RTS A FTER DELAY
T hree or four positions mo r e
cloc k wise th a n Α ΤΙΜΕ /DI V
Cali br ated deten t position

1 . U sing pro bes or cab les having eq ual time delays, con-
nect the reference sig n al to C h annel 1 an d t h e com -
p arison signal to Ch annel 2 inp uts .

2 . Adjust VO LTS/DI V switches for vertical d isplays of
ab out two d ivisio n s .

3. Adju st
T RACE
33 .

the c h annel POSITIO N controls a nd t h e
S EP co ntrol for α d is play si m ilar to Figure

CHANNEL1

	

HO R IZON TA L
(REFERENCEII}DI FFERENCEΥΙ

C HANNEL 2

MOM
,/! Ι~~ιι

so IS

EJ
ιF_
a

01111111111

	

W

ME ASURE
TIME
FROM Α TO Β

VER TICAL REFEREN CE
L INE

2756-29

Figure 33. Time difference between two time-related ρυΙααα.
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4 . Adju st th e D ELAY TIME POSITION control to move
t h e reference p oint to desired s p ot on the reference

	

7 . Observe t h e lead ing ed ge of th e Β Swee p comp ariso n
signal an d use the Δ TIME control to su perim p ose t h esignal trace (see F ig u re 33, P oi n t Α ) .	reference

	

and

	

comparison

	

signal

	

lead ing

	

edges.

5 . Observe lead ing e dge of t h e Β Sweep reference signal

	

g. Read t h e time d iffere n ce on th e DM 44 Read ou t.
a nd u se D ELAY TIME POSITIO N co ntrol to move it
to α convenie nt vertical graticule lin e .

6 . Adjust t he Δ TIME control to move the time
measurement p oint to the desired sp ot on t he
Ch annel 2 trace (see F igure 33, Point B) .

;

	

α
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SPECI FICATION

Th e followi ng elect r ical char acter istics (Ta ble 7) are

	

Enviro nm ental ch aracteristics of t h e 4658 are pr esented
vali d only if th e instrumen t has b een cali b rate d at an

	

i n Tab le 8, and physical characteristics liste d in Ta ble 9.
am bient tem peratu re between +20 ° C a nd +30 ° C, th e
instr um ent is operating at an a mbie n t temp e r atu re b etween
0° C and +50 ° C ( un less ot h erwise note d ), an d the i n str u -
me nt h as had α warmup p erio d of a bout 20 m i nutes .

Deflection F actor

Ra n ge

Characteristics

Accuracy

	

-

	

With in 3% .

Tab le 7

E lectrical C h aracte ristics

VERTICAL SYSTEM

5 mV per d ivision to 5 V per d ivision
i n 10 steps, wit h α 1-2-5 se quence .

Uncali b rate d (VA R) Range

	

Ι

	

Continuously variab le between
settin gs. Exte nd s deflection factor to
at least 12 .5 V p er division .

74

	

46581DM44 O p erators

Pe rfor ma n ce Re qu ire m e nts

	

Ι

	

Suppleme ntal Infor mation

Gain set at 5 mV per division .



Ta ble 7 ( εαπt)

Ch a r acteristics Pe rformance Requ irements Supp lemental Information

VERTICAL SYSTEM (co nt)
Low- Fr e qu e n cy Linearity 0 .1 d ivision or less com pr ession or

expansion of α 2- d ivision signal at
ce n te r screen with waveform
positioned to u pper and lowe r
ext r emes of graticule area .

F requency R esponse 5-division reference signal centered
vertically from α 25-o hm so urce with
VARVOLTS/DIV co ntrol in

Ban d wi dt h cali b rate d deten t p osition .

-15 ° C to +40° C Dc to at least 100 MHz .

+40° C to +55 ° C Dc to at least 85 MHz .

AC Coup led L owe r -3 dB P oi n t

1Χ Probe 10 Hz or less .

10Χ Prob e 1 Hz or less .
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Table 7 (εοπt)

Perfo rman ce Req uirements

	

Ι

	

Supplemental in fo rmationCha racteristics

VERTICAL SYSTEM (εοπΟ

76 465 θ /D M 44 Op erators

Step R esp onse 5-d ivision reference signal cen te re d
vertically, d o cou p le d at all deflection
factors, from α 25-o hm so u rce with
VA R VOLTS/DI V control i n
calibrated d etent p osition-

R ise Time (0° C to +40 ° C) 3.5 nanosecon ds or less .

Positive-Going Step
( E xclud ing ADD Mod e)

A b er rations ( Ο ° C to +40° C) +4%,-4%,4% ρ -ρ or less (5 mV to 2 V) .
+6%, -6%, 6% ρ -ρ or less (5 V setting
only) .

Position Effect Total aberrations less th an +6%, -6%,
10' C to +40' C) 6% ρ- p ; ch ec k e d at 5 mV p er d ivision .

Negative-Going Ste p Add 2% to all positive-going ste p
specifications ; checked at 5 mV per
d ivision .

ADD Mode O p eration Ad d 5% ΥοαΙΙ a b erration s pecificatio n s ;
c h ec ked at 5 mV p er d ivisio n .



Ta ble 7 ( εοπτ )
Ch a r acte risti cs Perfor_mance Re q uirem_ents :E Supp lemental I n fo rmation

VERTICA L SYSTEM ( εοπt)_
Common-Mo d e Re j ection R atio At least 10 :1 at 20 MHz for common
(ADD Mode wit h Ch annel 2 m od e sign als of 6 divisions o r less,
Inverted ) with GAIN adju ste d fo r best CMRR at

50 kH z .

T r ace S h ift as VAR VOLTS/DI V 1 .0 division or less .
is Rotate d

I nverted Tr ace S h ift Less than 2 d ivisions w h en switc h ing
fro m n oninve r te d to i n verte d.

Input Gate C urren t

+20' C 2ο +30` C 0.5 ηΑ or less (0 .1 d ivisions at 5 mV
p er d ivision .

-15 ° C to +55° C 4 πΑ or less (0 .8 d ivisions at 5 mV
p er division .

Ch an nel Isolatio n At least 100 :1 at 25 MHz .

Positio n R ange At least +12 and -12 d ivisions f rom
graticule center .

Ch oppe d M o d e Re petitio n R ate A pp roximately 500 kHz . With i n 20%.
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α οΤ ble 7 1ε ητ )

Ι Characte r istics Performance Req uirements Supplemental Information

VERTICA L SYSTEM ( εοπt)
Input R and C

Resista nce 1 ΜΩ . Wit h in 2% .

Ί Ca pacitance Ap proximately 20 p F . Wit hin 3% .

R and C Prod uct Ab e rr ations 2% or less using α Ρ6105

(+20 ° C to +30 ° C) pro be .

Maximum Input Voltage

DC Cou p led 250 V (d c+ pea k ac) .
500 V (p- ρ ac at 1 kHz or less) .

AC Coupled 250 V ( d c + pea k ac) .
500 V (p- ρ ac at 1 kHz or less) .

Cascad ed O p eration CH 1 VERT SIG NA L OUT into CH 2
in p ut ; AC cou ple d ; using 50-o h m,
42-inc h , RG58 Α /U cable terminated
in 50 92 at C H 2 in put.

Ban dwidth Dc to at least 50 MHz .

Sensitivity At least 1 mV p er division.
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Tab le 7 (εοητ )
Char acter istics

	

Performa nce Requ ire m ents

T R IGGER SYSTEM

4658/DM44 O perators

Su pp lemental Information

79

Se n sitivity When in ΕΧΤ/10, multi ply performance
req uirement by 10 .

AC Co up led Signal 0 .3 divisio n s intern al o r 50 mV
external from 30 Hz to 10 MH z,
increasing to 1 .5 divisions internal
or 150 mV extern al α2 100 MHz .

LF REJ Coupled Sig nal 0.5 division s i n tern al or 100 mV Attenuates signals below a bout 50 kH z .
external f r om 50 kH z to 10 MHz,
increasing to 1 .5 divisions internal
or 300 mV exter n al at 100 MHz .

HF REJ Co up le d Sign al 0.5 divisions internal or 50 mV Attenuates signals a b ove a bout 50kH z,
exter n al from 30 Hz to 50 kH z .

DC Cou ple d Signal 0.3 divisions inter n al or 50 mV
external from dc to 10 MHz,
increasing to 1 .5 divisions internal
or 150 mV exte rnal at 100 MHz.

Tr igger Jitter 0 .5 π s or less at 100 MH z at 2 ns
per division with Χ 10 MAG de presse d .



Ch a r acte ristics

Exte rnal T r igger Inputs

Maximum Input Voltage

LEVEL Control Range

Ta ble 7 ( εοπτ )
Perfo rmance Requi rements

TRIGGER SYSTEM ( εοπτ )

250 V (dc + peak ac) .
250 V (p- ρ ac at 1 kHz or less) .

Input Resistance

	

1 ΜΩ .

	

With in 10% .

I npu t Ca p acitance

	

Appr oxim ately 20 p F , with in 10%.

switc h out) .
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Su pp lemen tal Information

REV Α AU G 1979

ΕΧΤ

ΕΧΤ /10

Trigger View ( Α TR IGGER )

At least +2 a nd -2 V ; 4 V ρ - p .

Ι At least +20 and -20 V ; 40 V ρ- ρ .-

Deflection Factor DC t r igger COUPL I N G only ; ch ec ked
Ι with 1 kH z signal .

ΕΧΤ Ι 100 mV per division +5% .

ΕΧΤ /10 1 1 V per division τ5% .

Rise Time 5 ns o r less. 20 MHz BW L I M IT at full band widt h



Characteristics

T r igger V iew ( Α TRIGG ER) (con t)
Delay Difference

Ce nter i n g of Trigger P oint

Flatness and Ab erratio n s

Sweep R ate

Cali brated Range

Α Swee p

Ta b le 7 (cont)
Pe rfo rma n ce Req uirements

	

Supplemental Information
TRIGGER SYSTEM (co nt)

=0 .15 d ivisions (5±300 ps at 2 π s
p er d ivisio n ) .

HORIZONTAL DEFLECTIO N SYSTEM

0 .5 s p er d ivision to 0.02 μs p er
division in 23 step s in α 1-2-5
sequ ence .

	

X10 MAG extend s
maximum swee p rate to 2 π s p e r
d ivision .

With α 5-d ivision signal h aving α 5-ns
rise time or less fro m α 25-ohm so u rce,
centere d vertically, with eq ual 50-ohm
cable le ngt h s from signal sou rces to
vertical c h annel an d exter nal trigge r
inpu ts terminate d in 50 Ω at eac h
input.

W it h in 1 .0 d ivisio n of center screen .

+10%, -10%, 10% ρ - ρ .

465Β /D M 44 O p erators
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Tab le 7 (cont)
Characteristics

	

Perform a n ce Require m e nts

	

Supplemental I nform ation

HORIZO NTA L DEFLECTION SYSTEM ( εοητ )

465Θ/ οΜ 44 Operators REV Α AU G 1979

Swee p R ate (co n t) Ι

Β Sweep 50 ms pe r division to 0.02 μ s per
d ivision i n 20 ste ps in α 1-2-5
se qu e nce . Χ 10 MAG exte nd s
maximum swee p rate to 2 n s per
division .

Accuracy Unmagnifie d Magn ifie d Acc uracy s pecification a pp lies ove r th e
full 10 d ivisions .

+20° C to +30° C Wit h in ±2% Wit h in t3% When in Χ 10 MAG, excl ude first an d last

-15° C to +55° C Wit h in ?3% Wit h i n ±4%
50 ns of the swee p on 2-ns, 5- n s, 10-ns,
and 20-ns swee p rates .

Two-Division L i n ea r ity Check +_5% ove r any two-division (or less)
p ortion of t h e full 10 d ivision s . Wh e n
in Χ 10 MAG, exclu d e first and last
magnified d ivision s wh en c h ec king
2-π s, 5- π s, an d 10-ns p er d ivision rates.

Alternate Sweep Trace Se paratio n λ ±4 d ivision s .

V a ria b le Range ( Α O n ly) Con tinuou sly varia b le between At least 2 .5 :1 .
cali b rate d settin gs. Exte nd s
slowest Α Swee p rate to at least
1 .25 s p er division .



Ta ble 7 (εοπt)

Performance Requirements

	

Su pp lemental Information

HOR IZONTA L DEFLECTIO N SYSTEM(cont)

Sweep Lengt h (Α Only) 10.5 to 11 .5 divisions .

ΑTrigger Hol d off V aria b le Increases Α Swee p h ol doff time
by at least α factor of 10 .

Χ 10 Magnifie r R egistration With in 0.2 divisions from graticule
center (Χ 10 MAG on to Χ10 MAG off) .

Position Range Start of swee p must position 2ο
Ι right of graticule center . End of swee p

must position to left of graticule

Ι

center .

Differential Time Measurement For Measure- For Measur e- Wit h th e ΑΤΙΜΕ /DIV switch at
Accuracy ments of One ments of Less 0.5μs and 0.2 μs th e differe n tial time

or Mor e than One measurement accuracy lim it is vali d
M ajor Dial Major Dial only for DELAY TIME POSITION
Divisions Division dial settings between 1 .50 and 8.50 .

+15° C to +35° C With in +-1% =0.01 major
dial d ivision.

-15° C to +55° C With in ±2 .5% -0.03 maj or
dial division .



Ta ble 7 (cont)
Ch a r acteristics

	

Ι

	

Performance Requ irements

	

Ι

	

Suppleme n tal Info rmation

HORIZONTAL DEFLECTION SYSTEM (cont)
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Delay Ti m e Jitte r On e part (or less) in 50,000 (0.002%)
of ten times t h e Α ΤΙΜΕ /DI V switc h
setti ng, wh en op erati n g on power-
li ne fre q uencies ot h er than 50 Hz .
O ne pa rt (o r less) in 20,000 (0 .005%)
of Α ΤΙΜΕ /DI V switc h setti n g, w h en
o perating on 50 Hz powe r-li n e
frequency.

Cali brated Delay Time Conti n uo u s fr o m 0.2 μ s to at least Wit h VA R control i n cali br ate d detent.
5 seco nd s after sta r t of th e delaying
(A) sweep .

Χ-ΥOperation With ΤΙΜΕ /DIV switch set to extreme
cou ntercloc k wise position .

Χ -Axis

Deflection F actor Same as Vertical Syste m . With Χ 10 MAG off .

Ba nd wi dt h Dc to at least 4 MHz . 10-d ivision refe rence signal .

Var ia b le Range Continuously variab le betwee n
setti ngs . Exte n ds deflection
facto r to at least 12.5 V p er
division .



Tab le 7 (εοπ t)

Character istics

	

Perfo r mance Requirements

	

Ι

	

Suppleme ntal Infor m ation

HORIZONTA L D EFLECTION SYSTEM fcont)

85

Χ-Υ Operatio n ( εοητ)
Input R and C

Resistance 1 ΜΩ . With i n 2% .

Capacitance A pp roxi m ately 20 pF . With in 3% .

Maxi mum Usa ble Input Voltage
ι

DC Co up led 250 V ( dc + peak ac) .
500 V (p- ρ ac at 1 kHz or less) .

AC Coup led 250 V ( dc + peak ac) .
500 V (p- ρ ac at 1 kH z or less) .

Ph ase Difference Between Χ and With in 3° , from d o to 50 kH z .
Υ Axis Amp lifiers

Deflection Accu racy Wit hin ±4% .

CA L I BRATOR

Output Voltage (-15° C to +55° C) 0 .3 V, with in 1 .5% .

Rep etition Rate A ppr oximately 1 kHz . With in 25% .

Output Resistance A pp roximately 10.3 Ω.

REV Α AU G 1979 4658/DM44 O perators
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Tab le 7 (cant)
Character istics

	

Perform a n ce Requ i r e m e nts

	

Suppleme ntal Infor mation

CA L I BRATOR (εοπt)

465Β/D M 44O perators Γ

Outpu t Curre nt

+20° C to +30° C 30 mA, wit h in 2%.

-15° C to +55' C 30 mA, wit h in 2 .5%.

Z-AXIS INPUT

Se nsitivity 5-volt ρ - ρ signal ca uses noticeab le
modu lation at no r mal i ntensity .

Positive-going sign al decreases
intensity .

Usab le Freq uency Ra n ge Dc to 50 MHz.

Maximum Input Voltage 25 V (dc+peak ac) .
SIGNA L OUTPUTS

Channel 1 Outpu t

Voltage At least 50 mVper division into

1 ΜΩ . At least 25 mV per division
into 50 Ω .

Resistance App roximately 50 Ω .

Ba ndwidth Dc to at least 50 MHz into 50 Ω .

Α and Β Gates Output Resista n ce App roxi m ately 500 Ω .



Table 7 (εσπτ )

Characteristics

	

Performance Requirements

	

Ι Supplemental Information

POWER SOURCE

465e ιοΜ 44 Operators 87

Line Voltage Ranges

115 V Nominal

(Low) 99 V το 121 V .

(Medium) 104 V to 126 V .

(Hig h) 108 V to 132 V.

230 V Nominal

(Low) 198 V το 242 V .

(Medium) 208 V το 250 V .

(High) 216 V το 250 V .

L i n e F re quency 48 Hz to 440 Hz .

Power Consumption

Typical 65 W at 115 V, 60 Hz, medium
range.

Maximum 85 W at 115 V, 60 Hz medium
Ι range .
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Ιαηι e / Icontl Ι

Characteristics Performance Requirements Supplemental Information

CATHODE-RAY TUBE

D isp Ιay Area 800 cm .
r

Geometry 0.1 division or less of tilt or bowing.

Trace Rotation Range Adequate to align trace with
horizontal center line . At least 3%.

Standard Phosphor P3 1 .

Optional Phosphor Ρ11 .

DM44
Dc Voltage

Ranges 0 to 1 .2 kV in 5 steps : 200 mV,
2 V, 20 V, 200 V, and 1 .2 kV .

Resolution 100 μV .

Accuracy Within 0 .1% of reading, t1 count.

Input Resistance 10 ΜΩ , all ranges (user has option
to remove an internal wire strap to
increase input resistance to 1000 ΜΩ j
on the 200 mV and 2 V ranges) .



4658/DM44 O p erators

Ta b le 7 ( εοητ )
Pe rformance Requ irements

	

Supplemen tal Information
DM44 ( εοητ)

89

Dc V oltage ( εοητ )
Re jection Ratio

Nor mal Mo d e At least 60 dB at 50 and 60 Hz .

Common Mo de At least 100 d8 at dc ; 80 dB at 50
and 60 Hz .

Recycle Time A pp roxi m ately 3.3 meas ureme n ts
per second .

Res ponse Time With in 0.5 secon d .

Tem perature Dep e ndence 45 parts/millio n / ° C .

M axi m um Safe Inpu t Voltage, ±1200 V (d c +pea k ac) between +
All Ra n ges a nd COM i nputs or between + inpu t

a nd ch assis.

COM (Common ) F loati ng Voltage ±500 V ( dc+peak ac) to ch assis.

Resista n ce

Ra n ges 0 to 20 ΜΩ i n six ste ps : 200 Ω ,
2 k&2, 20 1<92, 200 k&2, 2 M2, and
20 ΜΩ.

Resolution 0 .1 Ω .



Table 7 (εοπτ)
Characteristics Performance Requirements Supplement al Information

DM44 cont
Accuracy

200 Ω and 2 kΩ Ranges Within 0 .25%, ±1 count, + probe
resistance .

20 kΩ , 200 kΩ, and 2 ΜΩ
Ranges

Within 0 .25%, t1 count .

20 ΜΩ Range
ι
Within 0 .30%,+1 count .

Recycle Time Approximately 3 .3 measurements
per second .

R es ponse Time

200 Ω thr ough 200 kΩ R anges W ithin 1 seco nd.

2 Μ 92 and 20 ΜΩ Ranges Within 5 seconds .

Maximum Safe Input Voltage 120 V rms between + and COM
inputs for an indefinite time .

220 V rms between + and COM i nputs
for 1 minute or less .

Temperature Dependence

20 kΩ through 2 ΜΩ 250 parts/million/ ° C.

200 Ω , 2 kΩ , and 20 ΜΩ
Ranges

350 parts/million/ ° C.
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Ta ble 7 ( εοπτ )
Ch aracteristics Perfo rman ce Req uirements Su pp lemental Info r mation

DM44 ( εοπt)
Approximate cu rrent supp lied to OHMS RANG E CURRENT
unk nown resistance 200 Ω and 2 kΩ 1 mA

20 <f2 100μA
200 kΩ 10μΑ
2 ΜΩ 1 μΑ
20 ΜΩ 100 πΑ

Temp eratu re
Range -55° C to +150° C in οπe range.

Acc u racy (with co n stant Amb ient Prob e Ti p
tem p erature a nd infinite Temperatu re Tem peratu re Accuracy
heat source) ( °C) ( °ς) ( ° ς )

Prob e Cali b rated to DM44 +15 to +35 to +150
.

_±

ProbePr obe Not Calib rate d to DM44 +15 to +35 -55 2 ο +150 -6
-15 to +55 -55 to +150 -8

Time (Differential Delay)

Accuracy

+15° C to +35 ° C With in 1% of rea d ing, ±1 count .

-15° C to +55 ° C With in 2 .5%, +1 εσυπτ .
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Ta b le 7 (cont)
Ch ar a ct eri stics Performance Requ irements Supp lemental Info r mation

DM44 (con t)

1/TIME

Accuracy

+15 ° C to +35° C With i n 2% of rea ding, i1 count .

-15° C to +55 ° C Ι With in 3.5%, i1 count.

Table 8

Envi ronmental Ch ar acter istics

C h aracteristics Descri ption

Tem p eratur e

Operating -15° C to +55° C .

Storage -62° C to +85° C .

Altitude

Op erating To 4,500 m (15,000 ft) . Maximum o perating temp eratur e decreased 1 ° C pe r
300 m (1,000 ft) ab ove 1,500m (5,000 ft) .

Storage To 15,000 m (50,000 ft) .
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Ta ble 8 (εοπt)

Tab le 9

Physical C haracteristics

46581DM44 O p erators

Descr iption

93

Ch a racte r istics Desc r i ption

Hu midity (Op e r ati n g a nd Storage) F ive cycles (120 hr) refe r en ce d to M I L -Τ-28800 Β , para 3 .9 .2 .2 .
Class C, 95% to 97% humidity-

Vibration (O perati n g) 15 m in utes along each of t hree maj or axes at α total d isp lacem ent of 0 .025
inch ρ - ρ (4 g at 55 Hz) wit h freq uency varied from 10 Hz to 55 Hz to 10 Hz i n
o n e-min ute swee ps . After sweep vi b ration i n eac h axis, fre quency hel d stead y
at eac h m a j or reso n a nce fo r 10 min u tes, or if no s u c h resonan ces fo und, h eld
at 55 Hz for 10 minutes.

S hoc k (Op e rati ng and Nonop erating) 30 9, half-sine, 11-ms d uration, 3 sh oc ks p er axis each d irection, for a total of
18 s h oc ks .

Characteristics

Weigh

With P a n el Cover, Accessories, and 11 .5 kg (25-3 Ι 6) .
Accessory Po u c h

With out Panel Cover, Accessories, 10 .4 k9 (22 .8Ib ) .
and Accessory Pouch



Characteristics Description

Domestic Shipping Weight 14 .9 kg (32 .7 1b) .

Export Shipping Weight Approximately 22 kg (48lb) .

Height

With Feet and Pouch 19 .1 cm (7 .5 in) .

Without Pouch 15 .7 cm (6 .2 in) .

Width

With Handle 32 .8 cm (12.9 in) .

Without Handle 29.2 cm (11 .5 in) .

Depth

Including Panel Cover 46 .0 cm (18 .1 in) .

With Handle Extended 51 .6 cm (20 .3 in) .



ACCESSOR IES
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STANDARD ACCESSORIES INCLUDED OPTIONAL ACCESSORIES

2 Probes, 10Χ , 2 m, with accessories 010-6105-03 C- 51B Option 02 low-cost general-purpose Camera-Order
C-5B Option 02.

1 Accessory Pouch, Snap (w/o DIM) 016-0535-02
Protective Cover-Waterproof, blue vinyl-Order 016-

1 Accessory Pouch (DM) 016-0594-00 0554-00.

1 Accessory Pouch, Zipper 016-0537-00 Polarized Collapsible Viewing Hood-Order 016-0180-00 .

1 Operator's Manual 070-2756-00 Folding Viewing Hood, light-shielding-Order 016-

1 Service Manual (465B) 070-2757-00 0592-00.

2 Fuses, 1 .5 Α, 3AG,fast-blow 159-0016-00 Collapsible Viewing Hood, binocular-Order 016-
0566-00 .

1 Fuse, 0 .75 Α, 3AG, fast-blow 159-0042-00
Mesh Filter-Improves contrast and emi filter-Order

1 Filter, Blue Plastic (installed) 337-1674-00 378-0726-01 .

1 Crt Filter, Clear Plastic 337-1674-01 SCOPE-MOBILE Cart-Occupies less than 17 inches
aisle space, with storage area in base-Order 2000 .

1 Adapter, Ground Wire 134-0016-01

1 Pair Test Lea ds (DM) 003-0120-00 Test Lead Set-1 black lead with banana plug and
grounding clip, 1 re d lead with banana pl ug an d probe.

1 Service Manual (DM44) 070-2036-01 Includes retractable hook tip and CI tester probe cover .
May be use d with other miniature probe tip accessories .

1 Temperature Probe (DM44) 010-6430-00 Order 012-0427-00.



Your 4658 may be equ ipped with one or more inst rumen t options. Α br ief descrip tion of each option is given in the
following d iscu ssion . Uni q ue and mo r e d etailed o perating i n for mation p ertaining to Options 05 and 07 are presente d on
succee d ing pages of t h is section. For furth er information on instrume nt options, see yourTe k tron ix Catalog or co n tact your
Te ktronix F iel d Office or re presentative .

Th is op tion deletes the temperature pro b e f rom the
DM 44,
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OPTION 01

OPTION 04

The instrument is mod ifie d [ο meet certain sp ecifica-
tions relate d to ra d iate d interferen ce req ui rements. Th is
op tion d oes not affect t h e b asic instru ment's operatin g
instr u ctions presented in th is manual .

OPTIONS

GENERAL DESCRIPTIO N

465Β/DM44 Op erators

OPTION 05

Option 05, when installed in th e 4658 oscilloscope, adds
α TV Sy nc Sep arato r and other ch an ges to p rovi de stab le
swee p triggeri ng from comp osite vi deo waveforms. Two
p osition s are added to the Α TR IGGER COUPL IN G
switch : TV F I ELD and TV L INE . Wh en these positions
are selected , t h e Α Swee p may b e triggered at the F ield or
Li ne r ate with th e Α TRIGGER LEVEL control. A TV
L INE position is added to th e Β TR IGGER SOURCE
switch . In th is position, th e Β Swee p may b e triggere d α [
th e line rate . Op tion 05 circuitry accepts 5γπε - p ositive or
sync-negative vi d eo from Ch annel 1, Ch annel 2, or extern al
input . Recognition circuits accommod ate 405-, 525-, and
625-line, 50 or 60 Hz fiel d - r ate broadcast systems and are
comp ati b le with closed -circuit systems with up to 1201-
li n e, 60 Hz fiel d r ates .



OPTION 07

Option 07 perm its op e r ation of the instrumenton either
12 or 24 Vdc with no per form an ce d eterioration . Circu itry
is p rovi ded to p rotect agai n st d amage due to connection of
24 V when in th e 12 V mode of op eration . The 24-volt ex-
ternal input p ermits use with m arine and aircraft con-
ventional d o p ower . The mo d ified oscilloscop e h as α th ree
position voltage in p ut selection slide switch (visib le t hrough
the rig h t-h and si de p anel) at the rear of the line voltage
selector switch . Α d o inpu t connector is located below th e
fan cover on the rear panel .

Option 07 is n ot pr ovid ed with 465Β oscilloscopes
equi pped with theDM 44 d igital mu ltimeter .

4658/D M 44 Operators



The inform atio n and i n st ructions p rese n ted in th is part apply only to use of th e 465Β O p tion 05 instrum en t in

TV app lications .
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GENERAL INFORMATION

Option 05 pr ovid es th e i n st ru ment with front-pan el

selection of add itional pr ocessi n g of trigger sig n als to
facilitate ob servation an d measurement of comp osite

vi d eo an d relate d television waveforms. Added circuits

p rovid e am p lification, selectable p olarity i n version, clip -

p ing, and vertical-sync r ecognition .

Two p ositions are added to th e Α TR IGGER
COUPL I NG switch : TV F I ELD and TV L INE . Wh en th e Α

TRIGGER COUPL ING switch is set to TV F IELD or TV
L INE, th e Α TRIGGER SOURCE switch selects the so u rce
of signals to be p rocesse d in th e Sync Se p arator . Th is
includ es NORM (com p osite vertical signal), CH 1, C H 2,

ΕΧΤ , or ΕΧΤ/10 (L INE source is not α usab le function
with TV F IELDor TV L INE co up ling) .

OPTION 05

TV SYNC SEPARATOR

4658/DM44 Operators

Wh en th e Α TRIGGER COUPL ING switch is set to
TV F I ELD or TV L INE, th e output of th e Sync Se parator
is automatically app lied to the Α Sweep Trigger circuits,
and only th is signal may b e used fo r triggering theΑ Swee p .
F or Β Swee p, th e horizon tal sync signal (line-rate sy n c)
from the Separator is fe d only to th e TV L INE p osition on
the Β TRIGGER SOURCE switch , wh ich m ay be selected
at th e option of t h e user .

Th e Option 05 circuitry may be op erated eit h er from
n ormal sync-negative composite vi deo (wit h th e ΑTR IG-
G ER SLOPE switch at -) or from inverted vi d eo (S LOPE
switch set to +) . This app lies to most standard broadcast
systems using from 405 to 819 li n es, 50 or 60 Hz fiel d
rates or to closed-circuit systems using up to 1201 lines an d
60 Hz fiel d rates.

To optimize vi deo measurements, th e vertical am p lifier

AC input co up ling ca pacitors are increase d from 0.02 to
0.2 μF . Th e larger ph ysical size of th ese ca p acitors increases
the input sh unt ca p acitance, wh ic h is n ormalize d at 24 PF .



Input

SPECIFICATION
E lectrical characteristics and performance requirements

listed in the Specification section of this manual are
applicable to the 465Β Option 05 oscilloscope with the
following exceptions or add itions,

Direct

	

<2.5%
V ia 10Χ Passive Pro be

	

50.25%

Trigge ring

4656/DM44 Operators

Sync Se paration

	

Stable vi deo re j ection and
sync se paration from sync-
positive or sync-negative
composite vi deo, 405- to
819-line, 50 or 60 Hz fiel d
rate, or for closed-circu it

systems using up to 1201
lines on α 60 Hz fiel d.

'Peak vi deo κ 7/3sync am plitude.
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Resistance 1 ΜΩ "-2%
Capacita nce 24 pF ±2%
Time Constant 24 μs'_2% Amp litude (ρ-ρ) M in Μαχ

I nternal Composite V ideo
( nominal)' 1 .2 d iv 20 d iv

AC Input Coup li ng Composite sync 0.5 d iv 20 d iv

Low F requency -3 dB External Composite vi deo
(nominal) 225mV 4V

Direct <1 Hz Composite sync 75 mV 4V
Via 10Χ Passive Pro be 0.1 Hz Ext/10 Composite vi deo

(nominal) 2.25 V 40 V
Tilt (10-ms p ulse) Composite sync 750mV 40 V



OPTION 05 ACCESSORIES
1 Graticule, NTSC (CCI R System Μ): -40 to +100 units,

with 7.5-unit setup line ; horizontal d ivisions along li ne
0. Te ktronix P art Number 337-1674-02.

1 Graticule, CCI R (CCI R System Β) : 0 to +100 units, 35-
unit setup line ; horizontal d ivisions along line 30- Te k-
tronix P art Number 337-1674-03.

OPERATING INFORMATION

T he following instructions and information pertain
primarily to the u se of the 465Β Option 05 oscillosco pe in
TV a pp lications. Refer to p recedi ng sections of this manual
for use and operation of the unmodifie d inst ru ment .

Installation of Video Gratic ule

To install α video graticule, loosen (about six turns) the
fo ur ca ptive screws h olding t he crt b ezel in place and re-
move the bezel . Remove the lig ht-filter from the two bosses
on the b ezel and install the d esired graticule on these
bosses, with t he marking on the outside .
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ΝΟΤΕ

The extended tab at the bottom of the graticule
mates with the slightly wider (bottom) margin of the
graticulecover.

The gratic ule can be moved slightly h orizontally to align
the external graticule an d mask with the crt gratic ule and
viewing area . Reinstall the b ezel .

When the vi deo graticule is installe d, the 10 h orizontal
d ivisions along li ne 0 corres pon d to the internal graticule
d ivisions, and the ΤΙΜΕ /DIV cali bration of the oscillo-
sco p e is correct . However, the vertical d ivisions rep resent

only proportions of the 100-unit (CCIR) or 140-unit
(NTSC) vi deo wavefo rm, an d t he vertical VOLTS/DIV
cali bration is i napp lica ble .

To cali brate for α standard 1 V (nominal) studio vi deo
signal, apply the 300 mV CALI BRATOR waveform to the
V ertical input and adj ust the VOLTS/DIV and VAR con-
trols so that the d is played waveform occupies j ust 30
units (CCIR graticule) or 42 units (NTSC graticule) . This

adjustment may be p erformed with α free-r unning sweep.

REV Α AUG 1979



Operation of the Sy nc Separator

To trigger th e 4658 on α vi d eo signal, perform the
followin g th ree steps:

1 . Set th e ΑTRIGGER COUPL I NGswitch to either TV
F IELD or TV L IN E .

2. Apply α suitab le Comp osite Sync or Comp osite V i d eo
waveform to the ΑE xternal Trigger inp ut connector.

ΝΟΤΕ

Composite Sync is combined Vertical and Horizon-
tal sync as α single waveform, but without video
(picture) waveforms. Composite Video is thepicture
waveform complete with Vertical and Horizontal
blankingand sync.

F or sp ecial considerations i n Dual Trace mod es (A LT
and CHOP), refer to Vertical Op erating Modes-
Sp ecial Considerations i n th is section . F or i n ternal

4658/DM44 Op erators

triggering, th e sync portion of th e d isp layed wave-
form sh ould be at least 10 un its, or 0.5 d ivision on
th e CCI R graticule ; 14 un its, or ab out 0.75 d ivisio n
an the NTSC graticule. F or external triggeri n g, the
sync portion of the waveform shou l d be at least 75
m V in amp litu de, or 0.75 V in th e ΕΧΤ/10 mode . Do
not exceed t h e in d icated maximum am p litu des (20
d ivisions for i n ternal triggering, 40 volts for external
triggering), to avoi d circuit overloads and partial or
comp lete loss of sync .

3. Select th e p rop er polarity for th e vi deo waveform
app lied . F or normal vi d eo with sync at the negative
p ea k an d p ositive-goi ng p ict u re information, th e Α
TR IGGER SLOPE switch sh ould b e set to minus
Ί-) ; for inverted vi d eo h aving sync at th e positive
p ea k s and p ea k video (w h ite) at the negative p ea ks,
th e S LOPE switch sh ould b e set to pl us (+). The Α
TRIGGER SLOPE switch con trols an inverting/non-
inverting signal p ream p lifier ah ea d of the sync
se parator .



Trigger i n g th e Sweep

Th e out put of the Sync Se p arator is fed d irectly to the
Α Sweep Trigger circuit ; all t hat is req uire d for triggering is
th e proper setting of t h e Α TRIGGER LEVEL control .
To trigge r th e Β Swee p from th e Line-rate tr igger ou t pu t,
perform th e following ste ps :
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1 . Ma ke s ure th e Α Swee p is running .

ΝΟΤΕ

Th e Β Sweep cannot be operated independently and
cannot run more than once per operation of the A
Sweep . For Comp osite line displays, refer to Special
Measurements in this section .

2 . Set th e Β TRIGG ER SOURC E switch to TV L I NE .

3 . Set the Β TRIGGER LEVEL control for α stable
t r iggere d swee p .

4658/DM44 O p erators

Vertical Ope rati n g Modes-Special Co nside rations

DUAL T RAC E MODE S. F or d ual trace operation , t h e
Sync Se p arato r input mu st be ta k e n from CH 1, CH 2, or
an extern al source . (Wh e n only one trace is d is p laye d, t h e
NORM p osition of th e Α T R IGGER SOURC E switc h may
be used .) The Sync Se p arator is not ca pab le of correct
p rocessing of switch ed (comp osite vertical deflection) wave-
fo r ms prese n t on the NORM b us in th e A L T or CHOP
modes ; it is therefore not possi ble to obtain sta ble
sim ultaneo u s d isp lays of two i nd ep en de n t vid eo sig n als t hat
a r e not time-relate d .

SI N G LE CHANNEL TRIGGER I N G . Wh en triggering
from Ch a nnel 1 or Ch annel 2, t h e waveform fe d to the
Sync Sep arator is t h e same (exce pt for positioning) as t h at
d is p layed on-screen when the channel is turned on . If the
VO L TS/DIV VAR control is used to re d uce d is p layed
amplit ud e, t h e signal to t h e Sync Se parato r is also re d uce d .
Wh e n t he Ch a nn el 2 I NVERT switch is pu sh ed in, t h e C H 2
signal to th e Α TR IGGER SOURC E switch is also in-
verted . Therefore, i n selecting the p osition of t h e Α TR IG-
G ER S LOPE switc h in internal triggering, it is only
necessary to note the p olarity of the d isp layed wavefo rm,
d isregar d i ng its actual polarity as a pp lied to t h e Vertical
in put connector . F or external t riggering, th e actual app lie d
p ola r ity will d eterm ine the necessa ry Α T R IGGER SL O PE
setting .



It is not necessary to d isp lay Ch annel 1 or Ch an nel 2 to
ob tain CH 1 or CH 2 triggering . When ever th e AC-G ND-DC
switch for the channel is not in GN D, th e in p ut am plifier
and tr igger channel are active, r egard lesss of th e selectio n of
VERT MOD E p us hbu ttons.

ADD MOD E . Α si n gle-channel trigger signal amplit ude is
not affected by th e contri b ution of th e other channel to an
ADD mod e d isp lay. Wh en the ADD mod e with CH 2 in -
verted is u se d to compare two video waveforms by su btrac-
tion , th e CH 1 or CH 2 signal to th e Sync Se p arator will be
ad eq uate for stab le trigger ing provi ding the in d ividual
ch an nel signal (w h en d is played alon e) meets th e signal
r equirements .

Wh en th e ADD mo de is used to d is p lay α signal from
two si d es of α b alanced line, th e Α TRIGGER SOURCE
switch NORM (com posite vertical) position may b e used if
neit h er Ch annel signal alone is of sufficient am p litud e for
stab le sync se paration and triggering .

Ty p ical Operation

In α typ ical operating mode for th e Option 05 instr u -
m ent, th e Α Swee p esta b lish es the b asic frame an d fiel d
p resentatio n , and the Β Sweep allows d etaile d observa-
tion and measurement of various portions of t he vi deo
waveform .

To obtain stable d is plays free of i nterlace j itter (for
systems wh ich h ave 2:1 interlace), th e ΑΤΙΜΕ /DIV switch
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sh ould b e set to d is play an odd numb er of fiel d s, p lus α
fraction of α fiel d , in th e unmagnifie d d isp lay . F or 50
and 60 Hz field rates, th e 2 ms/d iv setting is us u ally
selected . F or same PAL system observations, α setting of
5 ms/d iv (a pp roximately 2/ field d is play), with th e Α
TRIGGER HOLDO FF control set to app roximately th e
fo u r o'clock p osition (a dd itional one-fiel d h ol dοff), may
be d esirable to maintain α stab le disp lay relationsh i p to th e
four-field PAL b urst-blank ing sequ ence . All d etail measu r e-
ments are th en ma d e with Β Sweep , using the Β DLY'D or
ALT Hor izontal Disp lay, with th e Β TR IGGER SOURCE
switch set to eit h er STA RTS AFTER DELAY
(continuously variable Β Swee p start p oint) or to TV L INE
(Β Sweep starts after the lead ing edge of the next h ori-
zontal sync p ulse following th e delay i n terval set b y the
D ELAY TIME POSITION control and th e Α ΤΙΜΕ /DIV
switch setting) .

Because th e lead ing ed ge of the sync pulse will not be
d is played , th e ty p ical Β ΤΙΜΕ /DIV setting for wi d t h mea-
surements on front p orch , b ac k porch and h orizontal
blan k ing intervals, h orizontal sy n c, se r ration, an d eq ualiz-
ing pulses will b e 10μs/division to allow d isplay of two
consecu tive pu lses . U se the 10Χ Magnifier to d isplay t he
second p ulse at 1 μs/d ivision.

For rise and fall time meas u rements on blank ing and
sync waveforms, trigger th e Α or Β Sweep d irectly from th e
d is playe d waveform (avoiding th e p rocessin g d elay of th e
sync separator ) . Th is p ermits viewing the triggeri ng edge
at sweep rates from 0.5 to 0.02 μs/d ivision .
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Selecting an Indivi dual L ine

T he Sync Separator circuit d oes not d ifferentiate b e-
tween the two fiel ds of an i nterlaced fr ame or among the
four fiel ds of the PAL colo r frame se quence. H owever, if α
1Υ or 3Ί fiel d basic Α Sweep cycle is used, the sweep will
remain stably locked to α given dis play until the signal is
inte rrupte d.

ONE FRAME CYCLE . To d is play an entire vertical
blanking interval and locate α specific line (e .g., one of the
lines containing α sp ecific V IT waveform), set the Α TIME/
DIV switch to 2 ms and the Β ΤΙΜΕ/DIV switch (pull to
unlock from Α) to 10 μs . Use the Horizontal P OSITION
control to center the second vertical b la nk ing interval to
center-screen and d epress the 10Χ MAG p ushbutto n. This
will p rovi de sufficient resolution to i dentify the fiel d.
Adjust the ΑTR IGGER HOLDOFF as necessary .
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ΝΟΤΕ

For field and line identification systems, refer to
Identifying Fields, Fram es, & L ines in 525/60 and
625/50 TV Systems at the end of this section.
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If the d is played fiel d is not t he desire d one, first rotate
the Α TRIGGER SLOPE control momentarily to the
opp osite p olarity then rotate back again until the start of
the d esired fiel d is d isplayed.

P ress Α ΙΝΤΕΝ and use the DELAY TIME POSITION
control to position the intensified zone (β Sweep) on the
desired line . Pressing the Β DLY'D button will then d isplay
the desired line . Select ALTHorizontal Display if you wish
to view the Α ΙΝΤΕΝ trace and Β D LY'D trace
simultaneously .

TWOFRAME CYCLE . If PAL bu rst b lanking is to be
chec ked, an ΑSweep 3Y-field cycle (5 ms/div, with the Α
TR IGGER HOLDO FF at about fo ur o'clock) is require d,
using Β Sweep (ALT mode recomm en ded) to i dentify
fiel ds and lines, Α2 5 ms/div, only two and α fraction fields
will b e d is playe d with α full fiel d covere d by the trigger
h ol doff interval . To put α s pecific fiel d on-screen in a
p articular location will ty pically re quire seve ral operations
of the ΑTRIGG ER SLOPE switch.



OVERSCANNED DISPLAYS. F or various vi deo mea-
su rements, it may be desirable to magnify the vi deo wave-
form vertically beyond the li mits of the screen. Under these
circumstances, the tr igger amplifiers or Sync Separator may
b e overloaded, blocking out some sync p ulses in the vicinity
of strong video transitions, or losing sync p ulses altogether .

To avoi d over load problems, u se external sync or use the
other vertical channel to supply α constant am plitu de signal
to the Sync Se parator while the overscann ed obse r vations
are being made. N ote, h owever, that transient-response
aberrations in the mai n ve r tical am plifier will be increased
w hen the signal is d riven offscr een, becoming relatively
se r io us if the am plifier is d riven to saturation and cutoff.

HORZONTAL SYNC PULSE MEASUREMENTS . Rise
and fall times and wi dth of h orizontal sync pulses may b e
measured w hile u sing the Sync Separator to determine
whether p art or all of the li nes or groups of lines appear to
be abnormal . Α bright d isplay of all h orizontal sync pulses
is obtainedwhen the Α TRIGGER COUPLING switch is set
to TV L INE .

RF I NTERFERENCE. Operation in the vici nity of some
FM an d TV transmitters may show objectionable amounts
of rf signal energy in the d is play, even when coaxial input
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connections are u sed. The front-panel 20 MHz BW L IMIT
switch will u sually eliminate such interfe rence from the
d isplay, but will not affect the signal reac hing the Sync
Separator . Wh ere the rf interfe r es with Sync Separator
operation, exte rnal filters will b e requi red. Use of p ro bes
d esigned for 10-30 MHz oscilloscopes will provide 6 to 10
dB attenuation in the 50-100 MHz range and may be
beneficial in re ducing interference .

IDENTIFYING FI ELDS, FRAMES AND
L I NES IN 525/60 AND 625/50

TV SYSTEMS
NTSC (CC[R System Μ)

F ield 1 is defined as the fiel d w hose first equalizing
pu lse is one full Η interval (63.5 μs) from the p rece ding
h orizontal sync p ulse . The F ield 1 p icture starts with α full
li ne of vi deo . F iel d 1 li nes are numbered 1 throug h 263,
starti ng with t he leadi ng edge of the fi r st equalizing pulse .
The fi rst regular h orizontal sy nc pu lse after the second
equalizing interval is the start of line 10.

F iel d 2 starts with an equalizing pulse α h alf-line interval
from the p receding h orizontal sync pulse . The F iel d 2
p icture starts with α h alf line of vi deo . F iel d 2 lines are
numbered 1 throug h 262, starting with the leadi ng edge of
the second equalizing pulse. After the second equalizi ng
interval, t he first full line is line 9.
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CCI R System Β and Simila r 625/50 Systems
(i n clud ing PAL )

In most 625-line, 50 H z fiel d -rate systems, identifica-
tion of p arts of th e p ict u re relies p rimarily on continuous
li n e numbering rather th an on fiel d -and -line i den tification,
excep t for PAL systems.

Th e MR frame starts with th e first (wide) vertical sync
pu lse following α fiel d wh ic h en d s with α half-li n e of vi d eo.
The fir st li n e after th e second equ alizi ng interval is line 6;
th e first p ict u re line is line 23 (h alf-line of vid eo). The first
fiel d of th e frame contain s lines 1 th ro ugh the first h alf of
li n e 313, th e p ict u re en d ing with a α full line of vid eo (line
310) .

The seco nd fiel d of th e frame commences with th e
lead ing ed ge of the first (wid e) vertical sy n c pusle (m i dd le
of li ne 313), an d run s th ro ugh line 625 (end of eq ualizing
interval) . Th e first full line after th e equ alizi n g inte r val is
line 318; the p icture starts on line 336 (full line) .

Th e first fiel d is referred to as "odd ," thesecond fiel d as
"even." N ote th at th e iden tification systems for System Μ
an d System Β are reversed .
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In th e fo ur-fiel d PAL seq uence with B ru ch Se quence
Color- bur st blank in g, the fiel ds are i d entified as follows:

F ield 1: Field that follows α fiel d end in g in α half-lin e of
vi d eo, wh en prece d in g field has color bu rst on th e
last full line, Field 1 lines are 1 th roug h 312 and
half of line 313. Color burst starts on line 7 of
F ield 1 ; α h alf-line of video app ea r s on line 23 .

F ield 2: Fiel d that follows α fiel d en ding in α full li n e
wh ich d oes not carry color bu rst . F ield 2 lines are
th e last h alf of line 313 th ro ugh line 625. Color
bu rst starts on lin e 319 (one line with out burst
following the last equ alizing pulse); α full line of
vi d eo appears at line 336.

F ield 3: F iel d th at follows α field end in g in α h alf line wh en
p rece ding field has no color bu rst on its last full
li ne. F ield 3 lines are 1 th ro u gh th e first half of
1me 313. Bu rst starts on line 6 (immed iately
following t he last equalizing pulse); α h alf-line of
vi deo appears on li n e 23.

Field 4: F iel d th at follows α fiel d en d ing in α full line
carrying color b urst. F ield 4 lines are th e second
h alf of line 313 th rough line 625. Color b urst for
F ield 4 starts on line 320 (two full lines with out
bu rst follow the last eq ualizing p ulse) ; vi d eo starts
with α full line on line 336.



DC REQUI REMENTS . E it her 11 .5 to 14 volts or 22 to

28 volts. Operation with 11 .5 to 14 volts excl udes gratic ule

lig ht function and Option 05 . Operating range may be
extended to 15 volts or 30 volts with α series d ropping

resistor . M aximum elevatio n for + or - power lead is 50

volts with respect to oscilloscope chassis or ground.

Mode Switch

SPECIFICATION

E lectrical characteristics an d performance re quirements
listed in the Specification section of this manual are

app licable to the 465Β Option 07 oscilloscope with t he
following exceptions or add itions :

CONTROLS AND CONNECTORS

OPTION 07

EXTERNAL DC OPERATION

T hree- position switch locate d
adjacent to the Line Voltage
Selector switch on the right

	

DC Input Connector

	

Used for connecting external

si de panel an d used to select

	

d o p ower so urce to the 465Β

t he pro per input p ower to the

	

Option 07 ; located on

	

rear

4658 .

	

panel .

465Β/DM44 Operators

AC

	

Permits application of ac
power to the oscillosco pe
p ower switch.

DC 12

	

P er mits

	

operatio n	of

	

the
instrume nt from an external .
12-νοΙτ source .

DC 24

	

P ermits

	

operation

	

of

	

the
instrument from either an ex-
ternal 24-volt p ower source
or from the 1106 B attery
P ac k, whic h may b e mechani-
cally attached to the oscillo-
scope.
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OPTIONAL ACCESSORY

1106 BATTERY PACK . Th is u nit p ermits freedom to
o perate th e Te ktronix 4658 Op tion 07 oscillosco pe at
remote locations o r when isolation from th e li n e or gro u nd
is r e q uired . It su pplies 22 to 26 volts d o at α 140 watt-h ou r
ca pacity from full charge. T h e oscillosco pe and battery
p ac k can be carr ied or operated se parately. F or carryi ng

ease, this provides two p ac kages of almost equal weig ht,

eac h wit h its own h a nd le. Because t h e 1106 can easily be
d iscon n ecte d from t h e oscillosco p e a nd h as an intern al
b attery c h arger, t h e oscilloscope can be op erate d eith er
f r om external ac or do o r from α secon d 1106 wh ile t h e
batter ies are b ei n g r ec h arge d. Or der Te k tronix 1106
Batte ry Pac k .

OPERATING INFORMATION
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To operate the 4658 Option 07 oscilloscope :

Connect the oscilloscop e frame to α ground (earth )
re ference before using.

4656/DM44 O perators

1 . Set th e 4658 Line Selecto r switch an d the Option 07
Mod e switch to t h e a pp rop riate positio n s for th e
power source to be use d . Refer to t h e followi n g
ta b le for p rop er switch p ositions .

2 . T he 4658 O p tio n 07 oscillosco pe may now b e
op erate d u si n g th e informatio n , instructions, and
proce dures contai ned in p r eceding sections of this
manu al with th e exceptio n of DM 44 digital m u lti-
meter o p eration .

ΝΟΤΕ

Option 07 is not provided with 4658 oscilloscopes
equipped with the DM44 digital m ultimeter.

Power Sour ce 465Β L i n e
Selector S w itch

Option 07
Mo de Switc h

115 V ac 115 AC
230 V ac 230 AC
12 Vdc - DC 12
24 V d o ΙΟΙ DC 24

1106 Battery
Pac k

- - DC 24






