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' CERTIFICATION . -

ot

Hawielt-Packard t.'.‘c:i.n'npaﬂy= certifies that this praduct et its published specifications et rhs: H;'ryé'hf shipment from the factory. Hewlelr- ‘

Pactard further certifies that i1s calibration measuremenls ase tracenble to the United States National Bureau of Standards, to the extent
allowaed by the Bureau's calibration facility, and to the calibration facilities of other ln:arnqti}b_nal Standards Qrganization members.

o o WARRANTY S :
This Hewlett-Packard product Is warranted against defects in material and workmanship for a period of one year from date of shipment,
During the warranty pesiod, Hewlett-Packard Company will, at its option, either repair or replace products which prove to be defective.

The cathode-ray tube (CRT) inthe I‘nstlrumem and any!reélacameﬁt URT purchasyd from HP afé also warranted againstelectrical fallure
for a period of one year from the date of shipment from Colorado Springs. BROKEN TUBES AND TUBES WITH PHOSPHOR OR MESH
BURNS, HOWEVER, ARE NOT INCLUDED UNI)ER'T[;II:&;‘ WARRANTY. ; L ; ‘

o

X . . . S ) ‘l 1 B - r . ‘ .
For warranty service or repair, this product mustbe returned o 8 service facllity designated by HP. However, warranty service for products

installed by HP and certain cther products deslqnated by HP will be parformed at Buyer's facility only upon HP's prior agreement and
Buyer shalt pay HP's round trip travel expenses. ! foyw oo ' .

‘For products returned to KP for warraii:!y service, é!uyeu3 sh:alr'érepéyl sh:lpping: charges to HP anqﬁPshallpay shipping chargestoreturn
the product to Buyer. However, Biyer shalt pay all shipping charges, dulles, and taxes for products returnedtoHP fromanother country.
- “‘:- R b . ' h Y *

. S ) " LIMITATION OF WARRANTY < . .
The foregoing warranty shalt not apply to defects resulting tromimproper or inadequate malntenance by Buyer. Buyer-supplied software
or interfacing, unauthorized modification or’misuse,'dpan,lion’ outside of the environmentat specifications for the product, or impraoper
site preparation or msitenance! . ! wro e T ' o . o

e 1 L i - ) . ! : ;o
NOKOTHER’WAHRANTY‘ IS EXPRESSED OR IMPLI;lED._ HP SPECIFICALLY DISCLAIMS THE IMPLIED WAHRANTIES OF
"MEHCHANTABILITY AND FITNESS FOR A PARTICU ;’ R PURPOSE. . : Lo i . ‘

1
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YoiEs ! ) EXCLUSIVE REMEDIES s | ST

“THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE LIABLE FOR ANY
DIRECT, INDIRECT, SPECIAL, INCIDENTAL: OR CUNSEQUENTIAL DAMAGES, WHETHER £ASED ON CONTRACT, TORT, ORANY
OYHER LEGAL THEORY. ' 1 P c : L o

_ b - 7/ ASSISTANCE ~ il o
Product maintenance sgrgements and other customer assistance agreements are available for qur.an- ackard products.” . .
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" Model 1745A

' 1-1, INTRODUCTION.

12, The HP Model 1745A is a dual-channel, 100-MHz,

delayed sweep oscilloscope designed for general-purpose -

bench or field use. The 1745A Operator’s Guide contains
the following information:
Section I. General Information: describes the instru-
ments documented by this manual. It also provides a
basic' description of the osacilloscope which includes
accessories and specifications. '

 Section 1L Installation: provides information about
initial inspection, preparation for use, and storage and
shipment. -

Section III. Operation: provides deta'led operating
information for the instrument, includ.ng operator’s
checks and maintenance.

1-3.. One c_épy of the1745A Op erator’s Guideis sopplied
. with each instrument. Additional copies may be ordered

General Information

SECTION |
. GENERAL INFORMATION

geparately through your nearest Hewlett-Packard Sales
office. The part number for the complete Operator’s
Guide is listed on the title page of this mr aual.

14. Also listed on thetitlepageis the part number fora
microfiche version of the complete Operator's Guide.

"The microfiches are 100X150 mm (4X6 in.) microfilm

traneparencies of the manual. Fach microfichecontains
up to 96 photo duplicates ot manual pages. The
microfiche package also includee the latest Manual
Change supplement. . ’

1-5. SPECIFICATIONS.

- 16. Speciﬁcations'and supplemental characteristics

of the 1745A Oscilloscope are listed in table 1-1. This
instrument will meet the electrical characteristics listed
following complete calibration as given in the
Adjustments section of the manual. These electrical
characteristics apply over the ambient temperature
range of 0 to 55°C except as otherwise noted.

11



(O
General Information

1-7. SAFETY CONSIDERATIONS,

1 - .

. Te prevent perecnal injury, observe all
safety precautions and warnings stated on -
the ins?rument and in the manual.

1-8. The 1745A and related documentation must be

reviewed for familiarization with safety markings and
instructions before operation. Refer to the Safety
Coneiderations page found at the beginning of this
manual for a summary of general safety information,
Safety precautions for installation and operation are
found in p:}q’r’opriate locations throughout the
Operator’s Guide. These precautions must be obaerved
during all phases of operation of this instrument.
Failure tocomply with these precautions or with specific
warnings’ blipwhere in the manua! violates safety
standards :'oﬂ design, manu{adure, and intended use of
this instrument. Hewlett-Packard assumes no linbility
for failure to comply with these requirements.

1-9. ) DESCRIPTION.

1-10. The Model 1746A is a dual-channel, 100-MHz,
deiayed-sweep oscilloscope. The dual-channel d¢ to 100

12

Model 1745A
|

‘MHz vertical deflection system has 12 celibrated

deflection factors from 5 mV/div to 20 V/div. A
maximum sensitivity of 1 mV/divto40MHzis provided
on both channels by means of a bX vertical
magnification. Selectable input impedance of either 50
ohms or 1 megohm permits impedance selection that
best meets measurement applications.

1-11. The horizontal deflection system has calibrated
gweep rates from 2 s/div to 0.05 ps/div and delayed
sweep rates from 20 ms/div to 0.05 ps/div. A 10X
magnifier expands all sweeps by a factor of 10 and
extends the fastest sweep speed to 5 ne/div.In alternate
or chop modes, a trigger-view control will display three
signals: channel A, channel B, and the trigger signal.
This allows correlation of time between the trigger
signal and the channel A and channel B signals.'In
trigger-view operation, center screen represents the
trigger threshold point and allows the operator toseethe
triggering level location. With the Avs Bceontrol,an X-Y
mode of operation is possible; channel A input (Y-axis)is
plotted versus channel Binput (X-axis). The CRT screen
has 10 by 10 major divisions on an internal graticule. ’

1-12. OPTIONS.

1-13. Standard options are modifications installed on
HP instruments at the factory and are available on




Model 17454

request. The following options extend the usefulness of
- the 1745A:

OPYION 001: Supplies a fixed ac power cord in place of
the normal detachakle power cord.

OPTION 005: Adds the necessary éontrols and circuitry

to enable the oscilloscope to betriggeredinternally from

a television composite videa signal applied tochannel A
or B. The main time base triggerson & field reference

pulse, and the delayed time base triggers on a line-

reference pulse for displaying gelected TV lines.

OPTION 034/035: Adc‘s? 3-172 digit, five-function,
autoranging digital multimeter installed on top of the
oscilloscope. The multimeter can also be used for time
interval measurements. The option 034 is calibrated for

60-Hz linq,.pperation and the option 035 is calibrated for

50.-Hz liné operation. This option is covered by a

separate Operauing and Service manual. Installation
information may be obtained from the nearest Hewlett- -

Packard Fi‘eld Service Office.

OPTION 090: This option omits the two Model 10041A
divider probes normally supplied as accessories.

l

General Information

OPTION 091: Replaces two Model 10041A (2 metre) 10:1
divider probes with two Model 1004ZA (3 metre) 1C:1
divider probes. _

OPTION 092: Replaces two Model 10041 A (2 metre) 10:1
divider probes with two Model 10040A (1 metre) 10:1
divider probes.

OPTION 096: Replaces two Model 10041A (2 metre) 10:1
divider probes with two Model 10006D (1.8 metre) 10:1
divider probes. '

OPTION 112: This option adds Model 1112A Inverter
Power Supply, a portable power sourcé for the
oscilloscope. .

OPTION 534/535: Option 534 is 8 combination of
Options 005 and 034. Option 535 is a combination of
Options 005 and 035.

OPTION 580: Provides é special bottom cover to meet
Canadian Fire Safety Codes. : .

OPTION 9XX: These oﬁtions are special cord options..
The connector confi gurations are shown in Section I of
this manual. -




General Infofma;tion

1-14. ACCESSORIES SUPPLIED.
1-15. Inclii'ded with the instrument are:
One 2 3 m (7.5 ft) power cord

One front-panel cover, HP Part No. 5040-0516 _
One Accessory Storage Pouch, HP Part No. 1540-0292

Table I-1.

Model 1745A

Two 10: l Divider Probes, HP Model 10041A

1-16. The power cable and line fuse are selected at the
factory according to the voltages available in the
country of destination. For the part numbers of the
available power cords, refer to AC Power Cable
paragraph in Section IL

Specifications

‘VERTICAL DISPLAY MODES
Channel A: channel B; channels A and Bdisplayed
, alternately on successive sweeps (ALT); channels
" A and B displayed by switching between channela

B (algebraic addition); and trigger view.
- VERTICAL AMPLIFIERS (2)
* Bandwidth and Rise Time at all deflection fuctors
from 0°C to +56°C.

DC-Coupled: dc to 100 MHz in both 500 and 1 M
input modes.
. AC-Coupled: auprox 10 Hz to 100 MHz.

~ approx 20 MHz,
RISE TIME: <3.5 ns, mcasured from 10% to 90% pomr.s
of a 5 dw mput step

at an approximate 250 kHz rate with blanking
during switching (CHOP); channel A pluschannel

BANDWIDTH: 3 dB down from 6 div reference mgnal :

BANDWIDTH LIMIT: limits uvpper bandwidth to

. AC or DC: 1 M1t +2% shunted by approx 20 pF.

DEFLECTION FACTOR

Rangel 5mV/div to 20 V/div{12 calibrated pomtlons)
in 1, 2, 5 sequence, accurate within 3%.

Vernler: continuously variable between all ranges,
extends maximum deflection factor to at least
50 V/div. UNCAL light indicates when vermer is .
not in the CAL poaition.

POLARITY: channe! B may be inverted, front panel
pushbutton.

DELAY LINE: input signals are delayed sufficiently to
view leading edge of input pulse wnthout advanced
trigger. v

INPUT COUPLING: selectable AC or DC, 600t (de),
or ground.. Ground position disconnects input
‘connector and grounds amphﬁer input,

IMPUT.RC (seleclable)

50 Ohm: 500 £3%.

14 N -



Model 1745A

General Information

Table I-1. Specfﬁcations {Cont’d} I;_ o

MAXIMUM INPUT S

AC orDC: 250 V (de + peak ac) or 500V p-patikHzor
' ' ) " leﬂs. : ,

50 Ohm:6 Vrms. '

A+8 OPERATION . ! it |

Amplitier; bandwidth and’ deflection factors are

unchanged; channel B may be inverted for A-B
operation. : o

Difterentlal (A-B) Common Mode: CMR is at least
20 dB from dc to 20 MHz. Common mode signal
amplitude equivalent to 8 divisions with one
vemiqr adjusted for optimum rejection.

VERTICAL MAGNIFICATION (X5)
BANDWIDTH: 3 dB down from 6 div reference signal.
DC-Coupled: dc to approx 40 MHz.

AC-Coupled: approx 10 Hz to 40 MHz.

' of b div input step).

DEFLECTION FACTCH: increases gensitivity of the
5mV and 10 mV/div cieflection factor gettings by a
factor of b with & maxin.um sensitivity of 1 mV on
channels AandB.- o

'TRIGGER SOURCE

o
1 or line frequency. -

RISE TIME: <9 ns (measured from 10% to 90% points

Selectable from channel A, channel B, composite, '

CHANNEL A: all display modes triggered by channel
A signal. . ' . ;
CHANNEL B: all display modes triggered by channel
B signal. ‘ '
COMPOSITE: all display modés, triggered by
displayed signal except in Chop, whichistriggered
from channel A1, L
LINE FREQUENCYI:‘ power line frequency.
o ! .
TRIGGER VIEW o .
Displays internal or external trigger signal. In-
Alternate or Chopmaode, channel A, channel B,and
the trigger signals are displayed. In'channel AorB
mode, . Trigger View overrides - that channel. .
Internal trigger signal amplitude approximates.
vertical signal amplitude, Ext trigger signa}
deflection factorisapprox 100mV/divorl V/divin
EXT +10. Trigger point is approx center screen.
With identically timed signals to a vertical input 1.
" and the Ext trigger input, trigger signal delay is
3.5 ns. Lo R

HGRIZONTAL DISPLAY MODES |
Main, Main Intensified, -Delayed, Mag Xlo,iand
A\"B. B. . "‘ o .-, ! ] 1

i B
i ) i

L
s

‘: Sy ' ! .! 1'5 '[‘" '
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s ' . Table 1-1. Specificationi (Cont'd) . : L
. \ S P 7! A SO =
! — s T . .
MAIN AND DELAYED TIME BASES CALIBRATED SWEEP DELAY N
RANGES , ' DELAY TIME RANGE::0.5 to 10X Main Time/Div R
Main: 50 ns}dw lto 2 s/div (24 ranges) m 1, 2, 5 settings of 100 ns to 2 & ininimum delay 150 ns). . ‘ o
sequence, . | L ) DIFFERENTIAL TIME MEASUREMENTACCURACY" 1 we N
Delayed: 50 ns/dw to20 ms/dw(lB ranges) in1,2,6 i-g‘ Helidial Readout: AT LI
‘Bequence. N o L E ™ Vo Coe
. Accuracy: o o i o - “Accurscy ' o
- - : Main ‘:’Ime Bas)? Selling k (+15°C to +35°C) vl
_ - *Accuracy Sy T _ ; : -
) Swoep Time/Div - Temp Range - 100 ns/div to 20.ms/div +(0 &% + 0. 1% of ful'~ scale) L
X1 | X0 - 000 . A . oo
T , . .50 ma/div to 2s/div | (1% + 0,1% of full scale) o ) AN
50nsto20ms | *3% | *A% | 0°Cto+15°C |- " o s
] TR Y P T +3% | +15%C to +35°C *Add 1% for temperatufes from 0°C to +15°C and +35°C lo+55°C P y "
T o+ + AT (Te ) Vo Wiy o E
|| 23% | 4% [435°CHo455°C | ppyay yiTTER: <0.002% (1 ‘part in 60 000)of ,-""-f L
Pl sAdd 1% rorbom- wz-rnngu. : maximum de]ay in each step from +15° to+35°C eyt
v <0.005% (1 part in 20 000) from 0°C to 5°C and Y .
MAIN SWEEP venmen contmuously vanable +36°C to +55°" ) B R AL
between all ranges, exiends slowest sweep to at e A
. least 5u/div, UNCAL light ind:catnp when ve‘mler THIGGER]NG Y ‘ ? ' G
" s notin CAL pos:tmn. T SR TR 5 MAIN SWEEP . v R
. MAGNIFIER (X10): expands all sweeps bynfactur of 'Normal: Sweep is tnggered by mternal or external R
110, extends fasteat sweep toﬁns/dw signal. V) . ) R TR e
S S | o o L i
' ik "IH!“' ' . } : l\ l“l ! i L: T :f,.
e . - v ' . I
1-6 ) K ) ! | {';‘j' :
0 . ",‘ y



Model 1745A” SR DRTE RS Yy . 41 General Information '

T . Tabiell Specifications (Contd) . =~~~ = by '

r

Aulomatlc. bright baselme d:splayed in absence of LEVEI. and SLOPl%

‘ ‘ input- -ugnhl Tnggenng is same aJ Normal pho ve - ‘ ! Internak at any pom; on thepos:twe or negatwe slope
A0 Hz, ML L ofthe dlsplayed waveform.

‘Stnglo sweep occurs ohue With sume tnggenng as,  Externak 'continucusly variable from +l Vio-1 Von
.- Normal; :eaet puahbutton arms sweep and hghts ~ either slope of the: tngger mgnal +l v to -Vin
ndicator. <, . - divide by 10 mode {(+10), N

'DELAYED SWEEP (SWFEP M-'*’ER DELM') . 1. COUPLING: AC DC, Main LFREJ, oran HF REJ ‘

f Aulo delayod Bweep automatically [ arts a ‘nd of AC: attenuates mgnals below approx 20'Hz.
' delay, " ‘ LF: Re]cct (Main swoep) atg‘pnuatea s:gnals below

l’ 1ig: delayed sweepm armed and tnggem‘\leb‘ end of : approx 4 kHz. "
‘delay period. ¢  HF Reject (Maln Svuop) attenuatea s:gnals ak ove
INTERNAL. de to 25|MH2 on sxgnals caumng 03 - approx 4 kHz. .
" divisions or more vevtical deflection, mcreasmg‘to THIGGER HOLDOFF {Msin Sw«p) increases sweep
1 division of vemcaf deflection at 100 MHzinall I holdoff tlme in all ranges.

. display, mode‘; (required signal levelisincreased by - : o
R i d ! MA!N INTENS!FI; D .

. fn::::;i;: Shg:)eg)odl;:: ﬁguil:yc:e:;ﬁ:;:t;:ﬁ ; DELAYED !BWEEF’J mtena:ﬁea that pnrt of main tlme
© gelectable (lham swee;) only), : " :ase tool‘ale expancjed ta full gcreen in de]ayed time
‘ EXTEHNAL:‘dc t0 B0 MHz on mgnala of 50 mV bpor o \ ase moce. : '

2., more increasing to lOﬂ)mV p-pat 100 MHz (required - CALIBR#TED MIXED TIM: BASE - P

.+ signal level in increased by 2 when in Chop mode). - . 'Dual time base in which the main time base drives
EKTEHNAI. IHPUT nc ubprox 1 Mn shunted by -. *, the first portion of aweep and thédelayed 2imebase
“approx 20 F : R complef.en the aweep at the faster delayed sweep.
I MAXIMUM EXTERNAL INPUT 250V (dc+peak ac) or l i . Also operates in single sweep mode. Accuracy. add ,'
‘ EmVppapatlkHzorleaa U e %mmmnhmebaseaccumcy L
A R Co f ! < K
' .‘. >J" '!;..' - . L f‘.. : R o i g R [ ' ‘ N : I

EEE T S :
' ) Vo : '
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K _ L Table I-1, Specifications fCohf’d)

Model 1745A

\ _

A vs. B QOPERATION . a

BANDWIDTH '

Channel A (Y-axls): saume a8 channel A.

Channei B (X-axis): dc to 5 MHz. '

DEFLECTION FACTOR: 5 mV/div to 20 V/div
(12 calibrated positions) in 1, 2, b sequence,

PHASE DIFFERENCE: <3‘_‘\. dc to 100 kH;{. ‘

toy X

t :

oy b )
o

. CATHODE- RAY TUBE AN.D CONTROLS
+ TYPE: Hewlelt- Packard 16.6cm (6.16in,)rectangular ', |

. CRT, post accelerator, approx 21 kV accelerating
potential, aluminized ,P3l;phosphor
GRATICULE: 10 X 10 div. internal, non- parallax

- graticule with 0.2 gubdivision marking on major a

“horizontal and vertical axes ‘and;markinga for rise
time ‘measurements. Internnl ﬂoodgun gmt:cule
"illumination.

BEAM FINDER: returns trace to CRT. acreen

B m'dless of setling ot' horizontal, vertical, or
intensity controls. . i
. Z-AXIS INTPUT' {INTENSITY MODULATION) +4 V
=50 ns \;ndth pulse blanké trace of any mtens:ty,' ;
_usable {0 <10 MHz for normat intensity. Input R, -
1 k0% 10%. Maximum mput +20 \'4 (dc + penk ac),
=<l kHz ‘ : ,

AMPLITUDE CALIBRATOR (0°C to +55°C)

REAR PANEL CONTROLS:; astigmatism and trace
align, :

GENERAL ‘ .
REAR PANEL OUTPUTS: main and delayed gates,
0.8 V to >2.5 V capable of supplying approx 5 mA.

Output Voitage 1V p-p into 21 M} [ 1%
o . 01 Vpp into 50 N

Rise Time - L oog0aps "
Frequency’ approx 1.4 kHz |

WEIGHT: net, 13 kg (236 lb) shlppmg. 157 kg .

~ Temperature: 0°C to +55°C,

. DIMENSEONS‘. see!outlme drawing.

POWER: 100, 120, 220, 240 Vac, £10%; 48 to 440 Hz
100 VA max.

{34.6 Ib). ‘
OPERATING ENVIRONMENT o “ !
Humldity: to 95% relative humidity at +40°C
Altitbde; to 4600 m (15 000) ft).: ‘
Vibratlon: vibrated in three planes for 15 min. each
+with 0,264 mm (0.010 in.) excursmn. 10 to 65 Hz. .

1.8 .
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- 3‘ _ Installation

SECTIONH

o ] INSTALLATION

2-1. INTRODUCTION,

2.2. This section provides installation instructions for

‘the Model 1745A Oscilloscope. Alao included is.

information pertiitent to initial inspection, preparation
for use, storage, and'_g!hipment.

2-2. INITIAL INSPECTION.

!. |WARN|N6‘!‘:H”}I{ ;
I .’ ¥ i

N
To avoid electrical shock, do ‘rot pérform
electrical tests when there are 'eigns of
shipping damage to any portion of the outer
enclosure (covers and panels). 2

i)

Inapect‘_the shipping container for damage. If the _

shipping container cr cushioning is damaged, it should
be kept until the contents of the shipment have been
checked mechanically and electrically. Procedures for

- checking electrical performance are given in the

Operator’s Checks in Section IIL 1f the contents are
incomplate, if there is mechanical damage or defect, orif

the instrument does not pass the electrical performance .

test, notify the nearest Hewlctt-Packard Sales and
Service office. If the shipping container is damaged, or
the cushioning materials show signsof stress, notify the .
carrier as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier's inspection.

2-3. PREPARATION FORUSE.
2-4. POWER REQUIREMENTS. The Model 1745A

_requires a power source of 100, 120, jor 240 Vac

+5/~10%; 48- to 44-Hz single phase. Power consumption
is 100 VA maximum. : ' .

oy .

v -
J

! . | 1

This is a Safety Class I product (provided with
a protective earth terminal). An uninterrupt-
ible safety earth ground must be provided
from the main power source to the product
input wiring terminals, power cord, or
supplied power cord set. Whenever it is likely
that the protection has been impaired, the
_instrument must be made inoperative and be
secured against any unintended operation.

21



Installation

2-5.

If this instrument is to be energized via an
autotransformer for voltage reduction, make

sure the common terminalis connected tothe
earthed pole of the power source.

LINE VOLTAGE AND FUSE SELECTION.

" For protection against fire hazard, the line

fuse should be replaced with 250 V, slow-
blow fusdes with the correct current rating.

CAUTION

BEFORE ‘CONNECTIN(E}' THIS INSTRU.

'MENT TO LINE (Mains) voltage, be sure the

line vcltage switches are set correctly and
that ti.- proper fuse is installed.

If the line fuse burns out, do not rep.lncé it

until the cause for the failure has been . -

determined and repaired by a qualified

service person only. Replnclng thls fuse ina

i

; Model 1745A

damaged ihstrument can cause additional
damage,

The line voltage switch settings and line fuse are
selected at the factory according to the line (Mains)

~voltage available in the country of destination. To

operate the instrument from any other power source
proceed as follows: '

a. Disconnect power source.

b. Stand instrument on rear panel legs. Through
opening in bottom co, er, position LINE voltage select
gwitches for desired Vac input. (Figure 2-1 shows
switches set for 120 Vac operation.) '

4 N
120ﬁ|
NTT T |
O Ea::éa:j O
PO




Model 1745A ' Lo

]

f ' :
‘¢, . Select and install proper line fuse. Fuse current

ratings sre printed near the fuse on the instrument rear
panel and are listed with HP part numbers in table 2-1.

d. Reconnect power cord.

S
I !

1 b

2-6. AC POWER CABLE.

.

BEFORE CONNECTING THIS INSTRU-
 MENT, the protective earth terminal of the
instrument must be connected to the
protective Conductor of the line (Mains)
power cord. The Mains plug must beinserted
in a socket outlet provided with a protective
earth contact. The protective action must not
be negated by the use of an extension cord
. (power cable) without a protective conductor
(grounding). Grounding one conductor of a

:. . . -1

o ' Installation

two-conductor outlet does not provide an
instrument ground.

This instrument is equipped with a three-wire power
cable. When connected to an appropriate power
receptacle this cable grounds the instrument cabinet.
The type of power cable plug shipped with each
instrument depends on the couniry of destination.
Figure 2:2 shows the part numbers (and associated
Option numbers) for the power cable and plug
configurations available.

' Table 2.1. Line Fuse Part Numbers

Line Voitage Fuse Rating HP Part Number
' 1007120 Vac 250 V, 1 A 2110-0007
Slow blow
290/240 Vac | 250 V, 600 mA 2110-0202
i Slow blow

23




Installation
Jption United Qption © Ausirain:
900 Kingdom a0l New Zealand
B0V o 250V

Plug BS 1363A

Plug: NZS5S 138/AS C112

Model 1745A

Option European
902 Continent
50V

Option USA/
903 Canada
125V

Plug NEMA 6-15P
HP 8120.0698

Plug: CEE 22-VI
HP 8120-2131

Plug: CEET7-Vil Plug: NEMA 5-15P
HP 8120-1703 HP 8120-06ud HP B120-1692 HP B120-15621
Option USA/ Optron Systems . Option Switrerland Optiun Denmark
904 Canada 906 50V 806 812 220v*
250V ’ : :

Plug: SEV 101,1959-24507
HP B120-2296

Plug OHCR 107
HP 8120-2956

2.4

Frgure 2-2, Power Cable and Mains Plug Part Numbers

NOTE The number nstod for the plun is the industry identifier for the plug only. The HP part numbser specifies 8 :omplete power cordset.
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Model 1745A

3-1. INTRODUCTION.

32. This operating section explains the function of
controls, indicators, and connectors on the 1745A. It
describes typical operating modes in a’ mai:surement
system and includes operator’s checks and abphcatmns

3-3. PANEL FEATURES. "

34 The front- and rear panel photograph (fi gure .}23)
is located at the rear of this guide on a foldout page for
easy reference while reading any part of this guide. The
following paragraphs describe each control and

connector, The descriptions have index numbers that -

are keyed to ths illustration,

‘@ LINE.Switch turns mstrument power on and
‘ off.

LINE INDICATOR. Indicator lights when .

o instrument' power ia on.

: @) BEAMFIND. Returns display to viewing area
: .relatwe to its off-screen posmon

i _ SECTION Il
OPERATION

Operation

SCALE ILLUM. Adjusts CRT background
illumination for good contrast between
background and the graticule. Useful to
illuminate graticule when viewing in dark
area, photographing (if camera has no light
source), or prefogging film.

FOCUS. Adjusts the writing beam fer the
sharpest trace. Always keep this display
focused to prevent damaging the CRT
internally, ‘ |

|
BEAM INTENSITY. Controls brightness of
the CRT display.

_POQITION. Coarse € and FINE € adjust- :
- ments position display horizontally.

Resst Lamp. When lit, indicates trigger
circuit is armed. Lamp goes off at end of
sweep and remains off until trigger circuit i is
again armed by pressmg RESET D.

31




Operation

32

RESET. Momentary pushbutton that arms
trigger circuit in single-sweep mode. After
RESET (B, sweep can be triggered by
internal or external trigger signal or by
rotating TRIGGER LEVEL control €0
through zero. :

AUTO/NORM.

AUTO sweep mede (pushbutto-n out}). Free-

running sweep provides bright display in

absence of a trigger signal. Trigger signal
input (internal or external} or 40 Hz or more
overrides AUTO operation and sweep
triggering is same as in NORM mode.

NORM sweep mode (pushbutton in) requires

internal or external signal to generate sweep ‘

and must be used if input frequency is less
than 40 Hz. '

_SINGLE. Sweep occurs once with same

triggering as in NORM. After each sweep,
trigger circuit must be manually RESET(D.

: MAd X10. Magnifies horizontal display 10

times, and expands the fastest swzep time to
b ns/div. : A

B8

—
-

@aed

Model 1745A

DLYD. Selects delayed sweep mode of
display.

DELAY. The DELAY control provides a
variable delay time from 0.5 to 10X the
MAIN TIME/DIV settings of 100 ns to 2 s.

MIXED. Selects main and delayed sweeps for
the horizontal display. The first portion of
the sweep is at the main sweep rate, and the
second portion of the sweep (starting point
chosen by DELAY @) i is at the delayed-
sweep rate.

MAIN. Selects main sweep of display.

A VS8 B. Selects an X-Y mode of operation
with channel A input (Y-axis) plotted versus
channel B input (X-axis). Vertical positioning
is adjusted by channel A POSN €8, and
horizontal positioning is adjusted by

' POSITION [/ and FINE®.

TRIGGER LEVEL. Sclects the voltagelevelon

_the input trigger signal where the sweep is

triggered. With external trigger signals, the
trigger level ia continuousiy variable from +1
V to-1 V on either slope of the input trigger



Model 1745A SR . e

signal; +10 V to -10 Vin EXT + 1065 or €©
mode, With internal trigger signals, the
trigger level selects any point on the vertical
waveform displayed.

SWEEP AFTER DELAY AUTO/TRIG. Selects -

the methed of starting the de]ayed-b'wmp
when in main intensified, delayed, nr mixed
mode operation. In' AUTO, delayed sweep
starts 1mmedlately after the delay interval,

which is the product of the DELAY (B dial :

getting (div) and the main TiME/DW @
setting. In TRIG, the delayed-trigger circuit

- is armed after the delayintervaland delayed

sweep must betriggered by eitheran mtemal
or external trigger signal

MAIN TIME/DIV. Tnner knob controls main
sweep rate. Rate indicated by numbers
displayed in knob skirt opening.

DLY'D TIME/DIV. Theé outer rotating section
selects the delayed-sweep rate, which is
indicated by the marker on the outer knob.

Sweep accuracy is the same as with MAIN |

TIME/DIV, An interlock is inco¢porated so
the delayed sweep is always farter than the
main sweep. When rotated out of the off

. Operation
1 N

puqitiori in the MAIN mode§B, a pof'tion of
the main sweep is intensified indicating the

length and delay position of the delayed

o] ]
~ on

8 8

- (%)
(=]

sweep with respect to the main sweep.
S 1

J/L. Two po'siiinn'switéh that selects slope
of event that triggers delayed sweep when in
TRIG'D €D mode

Deiayed. AC/DC, Selects delayed sweep
trigger coupling.

Delayed INT/EXT. Selects internal or
external delayed sweep triggering.

Delayed EXT + 10. Attenuates external
trigger signal by factor of 10

Delayed EXT TRIG INPUT. BNC connector
for delayed external trigger signal.

TRIGGER HOLDOFF. Increases time between
sweeps and aids triggering on complex
displays such as digital words.

TIME/DIV VERNIER. Provides contindous
adjusiment of main TIME/DIV betiwteen
calibrated positions, extending slowest
sweep to 5 s/div. I

3-3



[
~

136 £Y37]

34

o :Operﬁtioh ne

e ' b
b | '
UNCAL. L:ghts when TIME/DIV VERNIER
@D is' cut of CAL detent position; indicates
" that sweep ls not ballbrated

:Maln EXT TRIG INPUT BNC connector for
main exf:ernal tngger s:gnal

"Mnln EXT + 10. Attenuates external trigger
mgna] by factor of 10.

Maln INTIEXT Selects internal or external
main aweep triggering.

1y !

‘Maln AC/DC. Selects main sweep trigger
. coupling.

HF REJ. Attenuates internal or external
trigger signals above approx 4 kHz. This is
useful to condition low-frequency signals for
beat synchronization by eliminating un-
wanted high-frequency signals such as RF.
LF REJ. Attenuates internal or external
trigger signal below approx 4 kHz. This is
useful to condition high-frequency signals
for best synchronization by eliminating
unwanted low-frequency signals such as
.power line interference.

LINE. Selecting both LF REJED and HF REJ

removes all internal and external trigger

'
il

 Model 1745A

signals and appliesinput ac power frequency -
for triggering.

J771L. Two position switch that selects slope
of internal or extarnal trigger signal used to
stert main sweep.

'CH B INVT, Inverts polarity of channel B
signal. In A+BED & 9 mode, pressingCHB
INVT €D results in A minus B display.

BW LIMIT. Reduces bandwidtﬁ of channel A
and channel B to approx 20 MHz.

MAG X5. Magnifies vertical presentation five

. times, and increases maximumsensitivity to

1 mV/div. Bandwidth is decreased to 40
MHz. Recommended on 5 mV/div and 10
mV/div ranges only. '

TRIG VIEW. Displays the selected internal or
external trigger signal at a fixed sensitivity -
of approximately 100 mV/div or 1 V/div
with EXT + 10 €®. TRIGGER LEVEL @
positions the display vertically. Center
screen indicates the trigger threshold level

. with respect to the trigger signal, If ALTE® -

or CHOP is selected, three sigaals are
displayed: channel A, the selected trigger

signal (at center screen), and chaanel B.

,
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Ground Post =-. Convenient chassis ground
connecto:. Useful to ensure common ground
with equipment under test.

€8 CAL1 V. Provides 1-V peak-to-peak (within

" 1%) square wave voltage signal recurring at

. approximate rate of 1.4 kHz(100mV peak-to-

. peak when terminated in 500).

NOTE

In the following descriptions for
controls €8 through €3, only
channel A control and connectors
arediscussed. Channel B eontrols
and connectors are identical in
funchon

INPUT. BNC connector to apply signals to
channel A amplifier. Impedance and
. coupling are selectable by @B .

‘€D POSN. Vanes vertncal position of channel A
. display. .

Coupling. Selects capacitive (AC), direct
‘ {DC), or 50-0hm coupling of input signal.
] GND position disconnects input signal and
. grounds input to vertical preamplifier.

8
~

(52

1512152

Qperation

Vernier.. Provides contintous control of
deflection factor between calibrated VOLTS/
DIV ranges, Vernier rangeis at least 25w 1,

VOLTS/DIV., Selects vertical deflection factor
in 1, 2, 5 sequence from 0.005 V/div to 20
Y /div, accurate within 3% with vernier@ in
CAL position.

UNCM!.. Lights when vernier control is out of
detent position toindicate VOLTS/DIV&) is
uncalibrated.

TRIGGER A. Selects sample of channel A
signal as trigger signal when INT/EXT B is
in INT.

TRIGGER B. When m INT @, sample of
channel B signal is selected as trigger gignal,

COMP. Engaging both trigger A and
trigger B €8 selects composite trigger. When
display mode is set to channel A, channel B,
ALT, or A+B, sweep is triggered by displayed
pignal, In CHOP, sweep is triggered by

-channel A signal only. |

Ai‘l‘. Channel A and B aignals are displayed
alternately on consecutive sweeps.

.35
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(53
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Channel A. Displays channel A input signal.,

Channetl B. Displays channel B input signal.

A+B. Pressing both channel A @ and
channel B €8 aisplays the algebraic sum of
channel A and channel B input signals. If
channel B display is inverted (press CH B
INVT @), A minus B display results.

CHOP, Channel A and B signals are
displayed simultaneously by switching
between channels at 250 kHz rate.

Z-AXIS INPUT. BNC connector for intensity
modulation of CRT display. +4-volt, >>50-ns
width pulse blanks trace of any intensity. Do
not apply more than 20 V (dc + peak ac), Sl
kHz.

& TRACE ALIGN. Screwdriver adjustment to

- align horizontal trace with graticate.

ASTIGMATISM. Screwdriver adjustnient
uged in conjunction with FOCUS @ to
achieve clean. sharp spot or trace. Adjust
ment i eas:er with stationary spot.

@

- B
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MAIN GATE QUTPUT. Provides rectangular
output of appror: +2.5 V coincident with main
sweep.

DLY'D GATE OUTPUT. Provides rectangular
output of approx +2.6 V -sincident with
delayed sweep.

FUSE. 1A 250 V slow-blow for 100-V or 120-V
operation 0.5A 250 V slow-blow for 220-V or
240-V operation.

LINE INPUT. Connector for ac power cord.

3-5. OPERATOR'S CHECKS.

3-6. The checks that follow allow the operator to make
qulck evaluation of the mstrument’s main functions
prior to use,

CAUTION

Before connecting power to the 1'745A, make
sure the low-voltage supply line select
awitches ere set to correapond to the line
voltage of the available ac power line. Refer
to Section II for proper switch aettings.
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3-7. INITIAL TURN-ON PROCEDURE. To place the
1745A into operation and avoid CRT damage,
accomplish the following steps in the sequence listed:

o., Set BEAM INTENSITY @ fully counter-
clockwise, ‘

b. Set vertical DISPLAY to ALT €D.
‘¢. Setinternal TRIGGER to A@D.

. d. Set vertical verniers for channel A and

channel B to CAL detent. o
e. Set CH B INV switch €D to out position.

f Set vertical coupling control @ for channel A
and channe! B to GND. '

g Set vertical‘POSN coﬁtfo!s m to midran]ge. ‘
h. Set horizontal POSN control @@ to midrange.
i. Set main TIME/DIV control @) to 1 mSEC.

j. Set delayed TIME/DIV control €8 to OFF.

k. Set TIME/DIV VERNIER € to CAL detent.

b

1 :
'
1

Cperation

l. Set AUTO/NORM switch @ to AUTO.
m. Set main INT/EXT trigger switch @ to INT.

n. Set LINE switch B to ON position and allow
16-minute warmup. “

0. Adjust BEAMINTENSITY @ for barely visibl
trace. =

7

3.8. TRACE ALIGNMENT. The trace align adjustment
compensates for external magnetic fields that may
affect alignment of the horizontal trace with respect to
the graticule. When the instrument is moved to a new
location, - trace alignment should be checked and
adjuated if necessary. To align the trace horizontally
proceed as follows: : Co o

B 'Obtai‘.n trace as described in initial turn-on
procedure.

b. Using channel A POSN control €D, set traceto
center horizontal (graticule line.

c¢. Using ﬁonmetailic alignment tool, adjust
TRACE ALIGN @ (rear panel) for best alignment of
trace with horizontal graticule line. A

i
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3.9, FOCUS AND ASTIGMATISM ADJUSTMENTS, To
adjust focus and nstigmatisr'n. proceed as follows:

a. Obtain trace ns described in mmal turn-on
procedure.

b. Set ‘BEAM INTENSITY control L 6 ] fully
counterclockwise.

¢. Select A vs B @ horizontai mode of operation.
d. Adjust BEAM INTENSITY @ to observe spot.

e, Posiﬁon spot nehr center of CRT using vertical
PCSN €O and horizontal 'POSITION & controls.

f. adjust FOCUS'©®& (front panel) and ASTIG

MATISM control @) (rear pancl) for best det' ned spot.

3-10. PROBE COMPENSATION. To adjust a dwnder
probe that has a compensatton adjustment, proceed as
follows: .

a. Obtam trace as descnbed in mltml tum -on

procedure, : . fl.‘-\ .

b. Connect dmcler probe to channel A INPU'I‘
connector (D).

' 38
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¢, Connect divider probe tip to CAL 1 V terminal g

d. Set channel A input coupling @ to DC.

e. Set chnnnél A VOLTS/DIV control for

_square-wave display with two to threc divisions of

vertical deflection,

f  Set main TIME/DIV control €B for horizontal
display of at least two full square waves (0.2 mSEC
range).

g. Adjust divider probe compensatwn for correct
dnsplay {fi gure 3-1).: :

OVER CORRECTLY UNDER .
COMPENSATED ADJUSTED COMPENSATED

F:gure 3-1. Divider Probe Adjustment Display
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3-11 VERTICAL ACCURACY CHECK Tocheck vemcnl 3 f. Markers should line up (approximately) with
accumcy,vprm.eed as f'ollows i N each vertical graticule line across CRT.
] ] .

B. Accomphsh mma] turn-on procedure. v . g Marker on far right-hand side of CRT should be

b. Connect: CAL .1 V output to chann el within 0.2 major division of last vertical graticule line.
INPUT connector @ using BNC to baiiana plug ' L
adapter and’ test lead with alligator clip4. . 3-13. OPERATING INSTRUCTIONS.
11, ¢ Sot channel A VOLTS/DIV control @ Dtod.2V : . .
range. ' . 3-14, The following proredures provide additional

‘information concerning operation of the instrument.
Foode Set mmn TIME/DIV contml EE to 0 2mSEC : :
range. , RN v 316, AUTO VERSUS NORM @D. In AUTO operation,
there will always be a recurring aweep (baseline trace),
except under triggering conditions. A trigger of 40 Hz or
higher overrides AUTO operation and a stable
e - 'presentation is displayed. Adjustment of main
\:\'\r‘eﬂep :xfs,c'r,lrrﬁc:gﬁ:’}:ﬁ:w: w LhECk herizantal . TRIGGER LEVEL & may be necessary for a stable
'display. If the trigger signal is 40 Hz or less, NORM
operation must be used. A trigger signal is always

" needed in NORM operation to generate a sweep.

' ie Square-.wuve amplitude of displayed wuvéfc;rm
Bhould be five major divisions {£4'). ; oo

)

a. Accomplish lmt:aI turn. -on procedure )

b. Connect time-mark generator to’ channel A

INPUT mn“ect‘“. BT 3-16. SWEEP AFTER DELAY €). In AUTO mode,
ST delayed sweep starts. immediately after the delay

c. Set mam TIMEIDW'EE to 0'5 s SEC, Ipo_s:hon. interval which is the product of the DELAY dial &

d. Set timemark generator for 0.5 us markers. ~ setting and the main TIME/DIV €D setting. In TRIG

mode, the delayed trigger circuit is armed after the delay
e. Using horizontal POSITION controis and interval and delayed swehp_ must be triggered internally
©, sct one marker on far left graticule line, S or externally by a trigger signal.
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3-17. OBTAINING BASIC DISPLAYS. These prucedures

will aid the operator jn becoming more familiar with the:
instrument. Before performing the procedures, complete °

the initial turn-on procedure. In addition, set the 1746A

front-panel controls as follows; ' .

Coupling(CHAY@B .......oovvvvevenneens DC
VOLTS/DIV(Ch A)@D ......ovvvvevnnsess 0.02

Main TIME/DIVED ................ 0.5 mSEC

3-18. NORMAL SWEEP DISPLAY.,

a. Connect CAL 't V terminal to channel A
INPUT connector @ using 10:1 divider probe supplied.

b. Adjust channel A POSN to align base of
square-wave display on second horizontal graticule line

from bottom. Adjust main TRIGGER LEVEL 4 for
stable display.

e, ‘Observe square-wave display with amplitude of
five dw:smns and approximately seven posltwe-gomg
pulses.

3-19. MAGNIFIED SWEEP DISPLAY.

g. Obtain normal sweep display.

3-10
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b. Ad;uét "horizontal POSITION @ to place
portior of waveform to be mngmf edon c( nter graticule
of CRT (figure 3-20).  , '

© Engage MAG X10 switch @9,

d. Adjust fine horizontal POSITION @& for precise
‘'placement of magnified display (figure 3-2b).

3-20. DELAYED SWEEP D‘ISPLAY.
a. Obtain normal sweep disblay.

b. Adjust delayed TIME/DIV €8 for 50 uSEC, and
observe intensified portion of square wave, Set BEAM
INTENSITY @ control to‘ a comfortable viewing level.

c. Set SWEEP AFTER DELAY €D to AUTO and
turn DELAY dial €D clockwise until intensified portion
of trace is over trace area to be mvestlgated(f igure3-3a}.

d. Engage DLY D awitch €D and note intensified

~ portion of trace is now dlsplayed across entire CRT

(figure 3-3b).:

e. DELAY dial€B control may be adjusted to view
other pulses in the pulse train.
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a. Normal Display

b. Magnified Display

Figure 3-2. Magnified Sweep

Operatién
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b. Delayed Sweep Display ., .
' B

Figure 3-3. Delayed Sweep
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3-21. MIXED SWEEP DISPLAY. | )

a, Obtain normal sweep display. .

b. Adjust delayed TIME/ DIV €8 for 50 SEC and

note intensified portion of square wave. Set BEAM -

iINTENSITY © to comfortable vnewmg level.

" ¢. Turn DELAY dial €0 clockwise until part of |

waveform in second half of CRT is intensified (figure 3-
4a).

. .d. Engage MIXED @ and observe that first
portion of the display is at main TIME/DIV €8 sweep
rate and second portion is at delayed TIME/DIV
sweep rate (figure 3-4b), The transition point from raain

sweep to delayed sweep can be varied by adjusting .

DELAY dial €B.

L

. 3.22. AVS B DISPLAY.

a. Engaée AvsB{D.BEAMINTEN SITYV rﬁay _

need to be 'decreased. Apply vertical {(Y.-axis) signal to
channel A INPUT @ connector and horizontal (X-axis)

signal to channel B INPUT: connector. Channel A
POSN @@ adjusts vertical positioning; POSITION &8

adjust horizontal positioning. Adjust channel Aand B
VOLTS/DIV € controls as required.
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b.: Mixed Swee;; Dispiny

Figure 3-4. Mixed Sweep
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b. If display is not visible, press BEAM FIND &

and adjust channel A and B VOLT/DIV controls until
display is compressed vertically. Center compressed
display with POSN 3 and POSITION & controls.
Release BEAM FIND, and adjust FOCUS. forasharp
display.

3-23, SINGLE SWEEP OPERATION. Singlesweep mode

is often used to photograph single occurrence events. To

uge this'mode, proceed as follows:

a. Select SINGLE @B sweep mode.

b. Set AUTO/NORM to NORM @D.

c. Set all trigger processing controls to desired
settings; for example, INT/EXT @, slope GE). and
TRIGGER LEVEL@. '

u. Depress RESET(M pushbutton thered RESET
€ lamp will light.

3-24. The sweep_circuitry is now armed; as soon as a |
trigger signal is received that meets the preset .

requirements (slope, coupling, level, etc.), the time base

will generate one sweep. As soon as the sweep ends, the

RESETE» lamp will extmgmsh and the time bagse must
be reset agam ‘ ‘

Oreration

3-25. SINGLE SWEEP USING TRIGGER VIEW. To use
the trigger view feature in singie sweep, perform the
following steps: : i

a. Engage TRIG VIEW &5. This turns off both
vertical channels; however, trigger view circuitry will
not be activated until a certain transition occurs at the
end of the sweep. .

* b, To activate trigger view, press RESET ;and
rotate TRIGGER LEVEL @ from one extreme to the
other ‘or engage AUTO @B and press REbE’I‘ then
disengege AUTO.

3-26, Aitter one sweep has been manually generated,
the necessary transition will have occurzed and trigger
view mode will operate in 2 normal manner.

3-27. TIME MEASUREMENT

APPLICATIONS. ‘
3-28. TIME DURATION. Time duration measurements
are made between two points on the same or dgifferent
waveforms {figure 3-5). Alternate should be selected for
displaying high frequency signals and chop for low’
frequency aignals. Channel A or B trigger must be
selected when using alternate or chop. For fast, single-
shot or low repetition rate a:gnals. use the A + Bdisplay

: mode
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w) SINGLE
*1 CHANNEL
AT
OR _
cHop | .l @

| ot § e e |

Figure 3-5. Time Duration Measurement

3-29, The following procedures illustrate peried and
repetition rate or frequency measurements,Pulse width
and time difference measurements are very similar,

' Pulse width is the time duration of the pulse measured

between the 50% amplitude point on the lending edge to
the §0% amplitude point on the trailing edge of the
waveform. On waveforms with variable transitions,
measure pulse w]dth fromthestartofthe leading edgeto

- the start of the trailing edge. If these points are hot well
" defined,. use the 10% rise and fall points. In time

13

3-14
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 difference ihéasurements both channels of the

oscilloscope are used and the horizontal distance
measured is from thestartof a reference waveform to the
start of the waveform being compared to the reference,

3-30. Perlod Measurements.

r. Apply sign.:‘al‘to"t-he channel A INPUT connector
8B, and select Cnan..c: A DISPLAY @ and TRIGGER
Ad.

b. Adjust VOLTS/DIV @ @ for six to seven

'dl\!‘lBlOﬂB of display, if possille, and set the MAIN

TIME/DIV €B to the fostest aweep speed that will

‘display at least one eycle within the 10 available

divisions on the CRT.

- ¢, Using the vertical POSN €3 and the horizontal
POS[TION @A, center the dlsplay

d. Measure the horizontal distance for one cyclein
divisions. The TIME/DIV VERNIER @ should be in
CAL detent. i‘”

e. Multlply the horizontal distance in step d times
the MAIN TIME/DIV setting. If using the MAG X 10
switch ( . dwlde the prodm.t by 10.
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Une ghe following formula: i

Period = Horizonta! Distance For One Cycle in Div
: (Step d) x MAIN TIME/DIV Setting {Steph)+
! Magnifier

Example: Assume one cycle of the waveform occurs in
four divisions, the MAIN TIME/DIV setting is 0.2
- mSEC, and the MAG X 10 switch is off (figure 3-6).

Substituting in the formula:

i
!

Period = 4 Div X 0.2 ms/Div = 0.8 ms

T
0o
C L 1"
| - .
Q
= r
P | ADIV
. l+1ieveee

eyt
Y

Figure 3.6. Period Medsqremqnt

Operaticn
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l:’.-31. Hepellilon Rgle or Frequency Measurements.

a. The repetition rate or frequency of a waveform
is the reciprocal of the peried. . :

b. Use the procedure for period measuremen's to
calculate the pericd of your signal and take the
reciprocal to de*-rmine the repetition rate or frequency.

s Example: Using the period from the previous example of

.-
St
;

) t

¥

.0,8 ms, take the reciprocal to find the repetition rate ¢r
frequency.

o ! ! -1 1 eycle
b = =
Repetition Rate oxj Frequency = Period 0.8 ms

_ leycle . eycle _
= IXI0s 0,125 % 10 = = 1.25 kHz

3-32. RISE TIME MEASUREMENTS. Rise time measure-
ments are made between the 10% and 90% points of the
waveform transition. Rise time is measyred on the
leading edge of the waveform and fall time is measured
on the trailing edge of the waveform. The Model 1745A
CRT has 10% and 90% points conveniently marked by
dotted lines for both a five- and a ten-division reference.

. The dots are also spaced identically to -the minor

division markings on tl')e major axis to assist in,
‘interpolation. ; *

IJ i

! 1 . I“‘ 3‘115
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a. Apply the pulse to the channel A INPUT
connector €3, and select Channel A DISPLAY @D and
1TRIGGER A ﬂ] :

b. Adjust VOLTS/DIV € and vernier @ for five
or ten divisions of amplitude and the MAIN TIME/DIV
to display enough pulse top and baseline for
measurement. Spread the 10% and 90% points as far
apart as possible.

. ¢, Turn horizontal POSITION until the 10%
point on the waveform intersects a 10% marking and
vertical gvatlcule line. The dlsplny should be centered in
the \newmg area.

d Count the number of divisions until the pulse
rise crosses the 90% markings. The . TIME/DIV
VERNIER € should be in CAL detent.

" e. Multiply the number of dmslons instepd times
,the MAIN TIME/DIV setting. Thisis therise hme(t.) I
using the MAG % 10 sw:tch dwude the product by 10..

Example: Assume the numb»r of dw:smns between the
10% and 9055 pointa‘is four and the MAIN TIME/DIV
setting is 2 uSEC (figure 3-7),

t=4X2u8= 8 s
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If using thie oscllloscope to measure a rise time near the
Model 1746A rise time (3.5 ns), error correction may be
required. For accurate results, error correction should be
used when the pulse rise time is four times the
oscilloscope rise time or faster

Use the following formu]a:

t, (pulse} = /t,* {observed) - t,* (oscilloscope) |

A f
Example: Assume the 10 to 90% observed risetimeis 7.5
ns and the oscilloscope rise time is 3.5 ns.

Substituting‘ in the formula:

\/75’ 35" = 6.6 ns

t (pHISE)

3-33. DELAYED SWEEP. For many time-interval
measurements, delayed sweep will provide increased
accuracy and resolution. In this guide three procedures
are discussed using delayed sweep: magnification of a
portion of a complex waveform for closer investigation,

fmeaaunng the time interval between two pulses, and

measunng pulse jitter. The first procedure is discussed
in the section: Operating Instructions. The remaining

two procedures are explained in the following

paragraphs,

4
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|4—4 piv—>|
. e e
Figure 3-7. Rise 'l‘mwi Measurement

. 3-38. Delayed Sweep Time Interval Meaurements. The
delayed sweep mode can be used to increase the
accuracy of your timing measurements. The following
measurement determines thetime jinterval between two
pulses displayed on the same trace. The procedure may
also be used to measure thetimeinterval between pulses
from two different channels or to make time duration
measurements on a gingle pulse. To demonstrate the
increase in accuracy, a measurement will firat be made
using only the main time base, and then the delayed
time base will be used to make the game measurement.

a. Apply signal to the channel A INPUT
_connector, and select channel A DISPLAY € and
TRIGGER A ED.

. i .
}

Opera’ion

b. Sejt‘ input coupling as desired, and adjust
- VOLTS DIV for approximately four divisions of
amplitude.

c. Select INT main trigger €, and MAIN sweep

d. Adjust the MAIN TIME/DIV @8 to displa!y Bix
to eight divisions between pulses, and adjust main
! TRIGGER LEVEL €® for a stable display.

e. Using horizontal POSITION @, place the 505
point of the first pulse on a convenient graticulelineand
count the number of divisions to the 50% point of the
second pulse (figure 3-8).

0%~

j——6.2 DIV =1

Fijzure 3-8. Time Interval Measﬁremen!
. Using Main Time Base

‘ ) ' 317
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i

i

f. To calculate the time interval (t), use the
following formula: :
t = (Divisions between pulses X MAIN TIME/ DIV)

Example: Assume 6.2 divisions hetween pulses, and a
MAIN TIME/DIV setting of 0.6 mSEC.

Substituting in the formula:
t = (6.2 DIV X 0.5 ms/DIV) = 3.1 ms

3-35. Now use delayed sweep to make the same
measurement

a. Perfqrm steps a through d ofvthe previous
_procedure and select SWEEP AFTER DELAY AUTO

b. Set DLY'D TIME/DIV €0 as required, and turn

the DELAY d}ial to place the intensified portion on
the firat pulse (figure 3-9a),

c. Select DLY'D sieep @D and adjust the DELAY
dial{B so the 50% ampli!ude point of the first pulseison

318 . . i i '|| . '
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the center vertical graticule line {figure 3-9b). Note the
DELAY dial reading.

d. Rotate the DELAY dial clockwise until the
second pulseis positioned on thesame point of the center
vertical graticule line (figure 3-9¢). Verify this is the
correct pulse by returning to MAIN sweep (B and
observing the intensified portion. Again note the
DELAY dial reading.

e. To calculate the time interval, ({t), use the
following formula:

t = ‘Second_DELAY reading ~ First DELAY reading
x MAIN TIME(D[V

Example: Assume the first DELAY dial reading is 1.31

and the second DELAY dial reading is 7.568 with MAIN

TIME/DIV set to 0.5 ms and DLY D TIME/DIV get to

0.05 ms (figure 3»9d)

Substituting in the formula:

t = (7.58 - 1.31) X 0.5 ms/DIV = 3.14 ma.
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Figure 3.9. Time Interuql Measurement Usiﬁg Delayed Time Base
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3-36. Pulse Jitter Measurements. Jitter is a time
uncertainty in the waveform caused by random joise, or
spurious or periodic signals. To measure jitter use the
following procedure. '

a. Apply signal tothechannel AINPUT connector
B, and select channel A DISPLAY@) and TRIGGER A
(518 : . t

b. Adjust VOLTS/DIV @ for five or more

divisions of vertical deflection, and set MAIN

TIME/DIV @ to show the complete waveform.

¢. Adjust main TRIGGER LEVEL @@ until the
display is a stable as possnb!e.

d. Set DLY'D TIME/ D!VED as required, nnd turn

the DELAY dial @B to place the intensified display on

the portion of the pulse showing jitter. The TIME/DIV ‘

VERNIER €D should be in the CAL detent position.
U

e. Select the DLY'D{®) modeand SWEEP AFTER
DELAY AUTO @. The horizontal movement of the
pulse is the pulse jitter. There is some inherent jitter in
any delayed sweep time base and should be included in

the measurement (jitter in Model 1745A 1:50,000, which
is insignificant in most measurements). Using -

horizontal POSITION @, place the leading edge of the

320 3
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pulse on the center vertical graticule line. With vertieal
POSN €D control center the display.

f. Measure the horizontal displacement an the
center horizontal graticule line as shown in figure 3-10,
This displacement times the DLY'D TIME/DIV setting
equals the pulse jitter in time,

Example: Assume the DLY'D TIME/DIV setting is 0.1
mSEC and the horizontal displacement is 0.4 DIV
{figure 3-10).

Pulse Jitter = 0.4 DIV X 0.1 msa/DIV = (.04 ms.

L4

/i [ ]
’Ii& 0.4 DIV
> 4/ =4 JTTER
I
[ LA
Wi "
7/ o

Figure 3-10, Pulse Jitter Measurement
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3-37. Hlmlnallng Jitter. Jitter can be eliminated from
the display by using the SWEEP AFTER DELAY TRIG
“control €). In this mode, the delayed sweep is triggered

“on the jittering pulse after the delay interval. So by
triggering the delayed sweep after the deley permd the
effect of jitter on the display is eliminated, and pulse
parameters can be measured. Remember, in this mode
the DELAY @B dia! is uncalibrated (figure 3-11).

3.38. Viewing Pulses With Varlable Time Duratlons.
When the time duration between the end of one pulse
and the start of another pulse is variable, use the
SWEEP AFTER DELAY TRIG control €D and the

DELAY @B dial to arm the delaved-trigger-circuit after '

i

—r
b
' F:gure rI I{ ﬂ‘ulse ditter Ehmxra!ed
f P ‘
[

'.‘l}'i"

QOperation

the last known pulse. The delayed sweep will now be
triggered by the pulse with variable time duration and
its parameters can be measured (figure 3-12).

.
—ﬂ ﬂ r'] VARIABLE r'l
DELAYED SWEEP
I.—DELAYlNTEﬂVAL—_-V ARMED

Figure‘3-12. Pulse With Variable Time Duration

3.39. MEASURING PHASE DIFFERENCE BY TIME

DELAY. The phase difference between two signals of the
same frequency can be determined up to the frequency
limitation of the vertical amplifier. Use the following
procedure:

a. Select ALT @@, TRIGGER A @ ., and mam
trigger positive slope €.

b. Apply theinput signal to the channel A INPUT
connector and theoutput signal tothechannel BINPUT
connector. The cables or probes used must either have
the same elecirical length or the delay differences must
be accounted for to prevent measurement error.
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¢. Select AC input coupling @B for both channels,

and adjust channels A and B VOLTS/DIV and vernier
controls for an equal amplitude on both channels.

d. Adjust the MAIN TIME/DIV @3 and TIME/
DIV VERNIER €} controls so & complete cycle for each
" waveform is displayed within 10 horizontal divisions.

e. Using the vertical POSN controls centerbown
'‘waveforms vertically.

f. Readjust TIME/DIV VERNIER for one
complete cycle of the inut signal in an exact number of
major divisions. Six or eight divisions'is suggested,
which would equal 60°/Div and 45°/Div respectively.
Obtain additional resolution by using the MAG x 10
switch, In this case, six divisions would equal 6°/Div
and eight divisions would equal 4.5°/Div.

g. ' Count the number of major plus minordivisions
between the referencesignal and the output signal at the
point where they both cross the center horizontel
graticule line, Convert divisions to degrees and this is

o the phase difference.

Example: Assume one cycle of the input gignal occurs in
six divisions and there are three minor divisions
between the input and output waveforms (figure 3-13).

322
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Since one major dl\;ialon equals 60°, one minor division
equals 12°, Phase Difference = 3 X 12 = 36°; the output
lags the input by qﬁ A

INPUT dpn:ur
]

‘~:\r’
- W
<

28

| |3 MINOR DIV = 36°

Figure 3-13. Phase Difference Measurement

3-40. VOLTAGE MEASUREMENY
APPLICATIONS.

341. Voltage measurements can be made between any

- point on a waveform and a 0-volt reference (absolute
.voltage} or between any two points on a waveform

(voltage difference} (figure 3-14).

1
]
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T

VDIFEERENCE

v
ABSOLUTE

OV REFERENCE

Figure 3-14. Types of Voltuge Measurements

. 3-42. DC AND ABSOLUTE VOLTAGE MEASUREMENTS.
- The following procedure can be used to make absolute
voltage measurements with respect to s 0-volt reference,
and to determme the dc component of an input signal.

a. Connect signel to cl’annel A or B INPUT
connectorm

b. Set couplmg @ to DC and adjust main
TRIGGER LEVEL €D for stable display.

¢ Adjust vertical POSNE3, VOLTS/DIV @, and
main TIME/DIV @B for well centered display. Make

sure that agsociated verniers 8 and@ arein their CAL

detent posltmns.

Operation

d. Set input coupling to GND and AUTOQ/
NORM €D to AUTO. Trace defines level of zero volt. If
level is below signal, signal is positive. If level is above
signal, signal is negative.

e. Adjust vertical POSN control @3 to set trace on
convenient graticule line to establish 0-volt reference
level. Do not move vertical POSN control &3 after this
Btep.

f. Return coupling €8 to DC.

g. Measure distance in divisions between reference
line and any point of interest on signal.

h. Multip'ly number of divisions obtained in step g
by VOLTS/DIV €D setting to determine signal voltage.
Include attenuation factor if using probe,

Example: Assume vertical deflection of 8 divisions,
waveform above reference line, and' VOLTS/DIV
setting of 0.2 {figure 3-15). Absolute Voltage =8 x 0.2 =
1.6 volts. Waveform is above reference lineso voltageis
positive.

3-43. PEAK-TO-PEAK VOLTAGE MEASUREMENTYS.
Displays of ac voliages contain amplitude errors due to
frequency réaponse of the instrument. With increasing
signal frequencies, the amplitude of the errora increases.

3-23
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Figure 3-15. Absolute Voltuge Measurements

To obtain displays with less than 10% amplitude error
the frequency of the signal being measured must be less
than half the specified bandwidth of the oscilloscope, A
frequency equal to the. specified bandwidth of the
oscllloscope will display a voltage amplitudeon the CRT
that is 3 dB down from the actual amplitude of the
applied signal. Frequency rolloff of the instrument must
be considered when making voltage measurements with
an oscilloscope. To measure peak-to-peak voltage of an
input signal, proceed as follows:

a. Connect signa! to channel A or B INPUT
connector or €.
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. b. Set coupling @ to AC rnd adjust main

TRIGGER LEVEL @@ for stable display,

c. Adjust vertical POSN €D, VOLTS/DIV @D, and
main TIME/DIV €B for well centered display of at least
three cycles duration and at least three divisions of
amplitude. Make sure that VOLTS/DIV vernier R isin
CAL detent position.

d. Using vertical POSN control €13, placenegative
peaks of input signal on horizontal graticule line near
bottom of CRT. : ‘

e. Using horizontal POSITION control @, place
one positive peak of signal on center vertical graticule
line.

f. Count number of vertical divisions from most
negative to most positive portions of waveform
(estimate to nearest tenth of division) (see figure 3-16).

K- Multiply number of divisions noted in step f by
setting of VOLTS/DIV switch €. If signal is derived
through ‘divider probe, multiply result of this step by
attenuation factor of probe. Remember to consider
amplitude attenuation caused by frequency roll off of
oscilloscope. '
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PEAK-TQ-
PEAK
VOLTAGE

1

Figure 3-16. Peak-to-Peak Measurement

1-44. AV-RAGE VOLTAGE MEASUREMENTS USING
OSC'LLOSCOPE. To mensure average voltageusingthe
oscilloscope alone, proceed as follows:

a. Connect signal to chanuel A or B INPUT
connector €B.

b. Set coupling €3 to GND and AUTO/NORM @

to AUTO. Trace level is zero volt.

c. .Switch coupling €@ to DC and mensure absolute

voltage at point of interest on waveform (figure 3-17a).

d. Switch coupling €B to AC and measure nbsolute
voltage to same point en waveform (figure 3-17b),

Operation

e. Difference between first and second voltage
measurements is average voltage.

AVERAGE VOLTAGE = 1.6V — 0.5V = v

I_ﬂﬂ n

a. DC Reference

=nnan

1 - —

b. AC Reference

Figure 3-17. Average Voltage
Measured with Qscilloscope

v 3-26




Operation

3-45. AVERAGE AND RMS VOLTAGE MEASUREMENTS
USING OPTION 034 M. The Option 034 DMM is an
average-responding meter calibrated in rms. To
measure rms voltage uting the DMM, proceed ns
follows:

6. Set two-position switch on 1745A top cover to
rear position,

b, Set DMM controls as follows:

CPOWER vvvvenireecviieieeenenneennn, ON

AC/AC(~) ... e ren ~(INt

VOLTS (V) .vevernrnenneenns eereeeeres N

AUTO HOLD ............ verr AUTO OUT)

AMPS (A) AND KA1 ............. vere (OUT)
CAUTION

Do not connect the leads to any ac voltages
greater than 707 V rms.

§ c. -Connect test leads from Vi (HI) and COM
{LOW) on DMM to signal under test. Digital Multimeter
*will rutomatically select best meter range for
measurement and d:splay rms voltage with maximum
-+ regolution. To measure average voltnge set DC/AC for
- de voltage (out).

)
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3-46. AMPLITUDE COMPARISON MEASUREMENTS.
When measuring the amplitude of a signal, it may be
nelpful to obtain a deflection factor not calibrated on the
VOLTS/DIV switch. This can be done by using asignal
of known amphtude(reference signal)and adjust:ngthe -
VOLTS/DIV vernier to obtain the desired deflection
factor. Amplitude comparis .1 measurements may be
desirable when calibrating an instrument. By using this
method, the accuracy of your measurement depends
upon the reference signal accuracy. To make measure-
ments by amplitude comparison, proceed as follows:

a. App.y reference signal to channel A INPUT
connector 3, and set DISPLAY and internal
TRIGGER @ to A.

b. Adjust main TIME/DIV €B to dlsplay several
signal cycles, ;

¢. Adjust VOLTS/DIV D and vernier@ to r.-btuin
display with exact number of divisions of vertical
deflection. Greater accuracy is obtained with greater
vertical deflection. Do not readjust vernier & after this
step. -

d. Calculate scale factor {sf) by the following
formula: '

Reference aignal amplitude (volts)

sf = Display amplitude in DIV .




Model 1745A

Example: Assume reference signal amplitude of 40 volts,
VOLTS/DIV setting of 5, and display amplitude of six
divisions. ‘ .

40 .
== 1

' e. Disconnect reference signal and connect signal
to be measured. :

f. Set VOLTS/DIV @ for measurable display
amplitude. Do not readjust vernier @D.

g. Use following formula to caleulate amplitude of
signal being measured:

Signal Amplitude -VOLTS/ DIV setting multi-
- plied by sf (step d) multi-
plied by display amplitude
‘ o (stepD. '

Example: Assume signal amplitude of & divisions,
VOLTS/DIV setting o” " and seale factor of 1.3. Signal
amplitude = 5 . 2 X 1.3 = 13 volts.

“h. You can also calculate value of unknown signal

as percentaye of reference signal,

1

Qperation

Example: Assume reference signal has display
amplitude of eight divisions. In this case, ench division
is equal to 12.5% of total reference signal amplitude, If
unknown signal is applied and it has amplitude of 6.2
divisions, then amplitude of unknown signal is:

Unknown signul amplitude = 6.2 DIV X 125% =77.5% of
ceference signal amplitude. .

1-47. COMMON-MODE REJECTION. Fregquently,
signals of interest are offset by undesired dc or low
frequency voltage ac components that prevent use of
vertical ranges sensitive enough to make good
measurements. Often a signal similar to the unwanted

. component can be connected to the upposite channel,

inverted, and added algebraizally to the signal of
interest to cancel the unwanted component.

3.48. True dccomponents can usually be eliminated by
selecting ac input coupling. fhe ability of an
oscilloscope to cancel oc commeon-mode signals varies
with amplitude and frequency of the signals. Very high
~ommon-mode amplitudes may not be completely
ancelled. Good common-mode rejections should be
achieved with common-mode signal amplitudes of up to
two screen diameters (16 CRT divisions), With high-
frequency common-mode signals, minor components
may be impossible to eliminate Jrom the display. The
lower the frequency of the common-mode signal, the
better the common-moGe rejection of the oscilloscope.
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i

3-49, ’I‘o use the common-mode rejechon tcchmque. ‘

proceed as follows:

Lo, Apply signal to be mensured {with unwanted
component) to channel A INPUT €3.

. b. Apply signal similar to unwanted component to
chnn_nel B INPUT @B (figure 3-18).

¢, ‘Set coupling as required and select ALT €9,
DISPLAY mode.

il

J

d.. -Adjust VOLTS/DIV @) and vernier &3 so that

'dialplay on channel B is approximately equal in
amplitude to unwanted component on channel A.

1 i

e. Set the oscllloscope controls as follows

TRIGGER ....... Prrnens ehrrebirreerhs A
CHBINPUT -------- b-..-u‘-_---y-ua INV’P@
DISPLAY sersensaaas . ATVED and @B

’ f. With either channel A or BVOLTS/ DIV vernier

@, adjust for minimum 'deflection in common-mode , - '

signal. The resultant display will either subtract all of
unwanted component or display desired signal larger
than common-mode signal {figure 3-19),

3-28
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Model 1745A

3:50. A vs B PHASE MEASUREMENTS.

3-61, The A vs B mode will nllow you to measure the
phase differences between two eignals of the same
frequency up to 100 kHz. The channel A input signal
provides'deflection nlong the Y-axis, uud the channel B
input signal p‘rnvide’s deflection blong the X-axis, The
phise difference can be mensured from the resulting
lissajous pattern um:ng the Tollowing pmcedulre.

a. Connecf. one gignal to the cIi'lannel*A and the
other to the channel B IPJPUT connector €8,

b. Select A vs B @ and adjust 'the channel A
VOLTS/DIV @ contral for six to seven divisions of
vertical deflection’ (Y-axis) and the channel B

VOLTS/DIV control for eight to nine divisions of

horizontal deflection (K-axig). ‘

¢, Using the chennel A POSN control for
 vertical positioning ond the horizontal POSITION
‘control for horizontal positioning, center the display on
the CRT, ' ' t '

d. Measure distances AandBas shown in figure 3- |

20a. A is the distance intersected by the trace on the
center horizontal graticule line, and B is the total
horizontal deflection of the trace.

i QOperation

e. The sine of the phase angle between the two'
signals'is A/B. Figures 3-20b, 3-20c, and 3-20d show
signals in phase, 90° out of phase, and 180° out of phase
respectively, If the trace is rotating, the signals are not
at the snme frequency.

Eﬁmplg: In figure 3-20a, A equals six divisions and B

equals eight divisions. Distance CisequaltodistanceD).

The sine of the phase difference (0}is A/B, whichis0.75.
{

Therefore:

Phaee Angle (0) = t:rc gine of 0.76 = 4B.6° >
252, TRIGGERING. |

3.53. TRIGGER VIEW. The TRIG VIEW control
replac. 3 the channel A or B trace with thetrigger signal
if channel A or B is selected as the display mede. In the
ALT or CHOP display mode, three signals are
displayed: channel A, the selected trigger signal, and
channel B. In TRIG VIEW, the center horizontal
graticule line represents the trigger threshold level with
respect to the trigger signal (figure'3-21).

354, It is frequently helpful to observe the trigger

signal being applied to the external trigger input. When.
you use trigger view in conjunction with CHOP or ALT,
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Figurc'.?-20. A vs B Phase Measurement

d. Signals 180° Out Of Phase
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Figure 3-21, Trigger Point Locution

both vertical channels plus the external trigger signal

" can be viewed simultaneously. This is useful in setting

triggering and observing time correlation between the
external trigger signal end the channe! A and Bsignals.
The deflection factor is approximately 100 mV/div.

Example: To determine the triggering level location
using trigger view: ' ! ;
!

- a, Connect the trigger sighnl to the main EXT
TRIGGER € input connector, and select main EXT

-

g : o

Operation

b. SelectTRIG VIEWE: the trigger signal will be
displayed neor center: screen, The point where the
trigger signal crosses the center horizontal geaticule is
the trigger point. '

3.55. By adjusting the TRIGGER LEVEL B control
you can move the trigger level location. The center
horizontel graticule indicates the trigger point. When
you use the T position ofthe J7 L switch€D, thetrigger
civcuit triggers on the positive-going portion of the
trigger signal; In 1. it triggers on the negative-going
portion of the trigger signal.

3.56. ELIMINATING MULTIPLE TRIGGERING ON
COMPLEX WAVEFORMS. Figure 3-22a shows an
exampleof multipletriggering. To haveastabledisplay,
the period between sweeps must match the period of the
waveform being displayed. In the example, the first
gweep displayn three bits of a foar-bit word, The next
gweep displays the remaining bit in the word. So on

conr.ccutive sweeps we see different portionsofthesame

word cousing the instability in figure 3-22a.

2.57...To eliminate the instability, the TRIGGER
HOLDOFF control @ can be adjusted to vary the time
between the end of one sweep and the beginning of the
next. This is the holdoff period. In the example, if you
increase the holdoff period long enough, thetrigger from
the fourth bitis held off, which eliminates the additional
sweep that caused the display instability (figure 3-22h).
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| ‘ Figure 3-23.

' : : o : ‘ ‘ Controls and Connectors
‘ : | , 3-33/(3-34 blank)
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