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Operating Instructions

General Information

This oscilloscope is easy to operate. The logical arrange-
ment of the controls allows anyone to become familiar with
the operation of the instrument after a short time, however,
experienced users are also advised to read through these
instructions so that all functions are understood.
Immediately after unpacking, the instrument should be
checked for mechanical damage and loose parts in the in-
terior. If there is transport damage, the supplier must be in-
formed immediately. The instrument must then not be put
into operation.

Check that the instrument is set to the correct mains/line
voltage. If not, refer to instructions on page M2.

Use of tilt handle

To view the screen from the best angle, there are three dif-
ferent positions (C, D, E) for setting up the instrument. If the
instrument is set down on the floor after being carried, the
handle remains automatically in the upright carrying posi-
tion (A).

In order to place the instrument onto a horizontal surface,
the handle should be turned to the upper side of the oscillo-
scope (C). For the D position (10° inclination), the handle
should be turned in the opposite direction out of the carry-
ing position until it locks in place automatically underneath
the instrument. For the E position (20° inclination), the
handle should be pulled to release it from the D position and
swing backwards until it locks once more.

The handle may also be set to a position for horizontal carry-
ing by turning it to the upper side to lock in the B position. At
the same time, the instrument must be moved upwards,
because otherwise the handle will jump back.
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Safety

This instrument has been designed and tested in accor-
dance with IEC Publication 348, Safety Requirements for
Electronic Measuring Apparatus, and has left the factory
in a safe condition. The present instruction manual contains
important information and warnings which have to be fol-
lowed by the user to ensure safe operation and to retain the
oscilloscope in safe condition. The case, chassis and all
measuring terminals are connected to the protective earth
contact of the appliance inlet. The instrument operates ac-
cording to Safety Class I (three-conductor power cord with
protective earthing conductor and a plug with earthing con-
tact). The mains/iine plug shall only be inserted in a socket
outlet provided with a protective earth contact. The protec-
tive action must not be negated by the use of an extension
cord without a protective conductor.

Warning! Any interruption of the protective conductor
inside or outside the instrument or disconnection of the
protective earth terminal is likely to make the instru-
ment dangerous. Intentional interruption of the protec-
tive earth connection is prohibited. The mains/line plug
should be inserted before connections are made to
measuring circuits.

The grounded accessible metal parts (case, sockets, jacks)
and the mains/line supply contacts (line, neutral) of the in-
strument have been tested against insulation breakdown
with 2000V r.m.s. (50Hz}.

Under certain conditions, 50Hz or 60Hz hum voltages can
occur in the measuring circuit due to the interconnection
with other mains/line powered equipment or instruments.
This can be avoided by using an isolation transformer
(Safety Class I} between the mains/line outlet and the
power plug of the instrument. When displaying waveforms
where the “low-level” side of the signal is at a high poten-
tial, even with the use of a protective isolation transformer,
it should be noted that this potential is connected to the os-
cilloscope’s case and other accessible metal parts. High
voltages are dangerous. In this case, special safety precau-
tions are to be taken, which must be supervised by qualified
personnel if the voltage is higher than 42 V.

Most cathode-ray tubes develop X-rays. However, the
dose equivalent rate falls far below the maximum per-
missible value of 36 pA/kg (0.5mR/h).

Whenever it is likely that protection has been impaired, the
instrument shall be made inoperative and be secured
against any unintended operation. The protection is likely to
be impaired if, for example, the instrument

— shows visible damage,

— fails to perform the intended measurements,

— has been subjected to prolonged storage under un-
favourable conditions {e.g. in the open or in moist envi-
ronments),

— has been subject to severe transport stress (e.g. in poor
packaging).
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Operating conditions

The instrument has been designed for indoor use.

The permissible ambient temperature range during opera-
tionis +15°C... +30°C. It may occasionally be subjected to
temperatures between +10°C and —-10°C without degrad-
ing its safety. The permissible ambient temperature range
for storage or transportation is —40°C ... +70°C.

The maximum operating altitude is up to 2200m (non-
operating 15000 m). The maximum relative humidity is up
t0 80%.

If condensed water exists in the instrument it should be
acclimatized before switching on. In some cases (e.g.
extremely cold oscilloscope) two hours should be allowed
before the instrument is put into operation. The instrument
should be kept in a clean and dry room and must not be
operated in explosive, corrosive, dusty, or moist environ-
ments. The oscilloscope can be operated in any position,
but the convection cooling must not be impaired. The ven-
tilation holes may not be covered. For continuous opera-
tion the instrument should be used in the horizontal posi-
tion, preferably tilted upwards, resting on the tilt handle.

The specifications stating tolerances are only valid if
the instrument has warmed up for 30 minutes at an
ambient temperature between +15C° and +30C°. Val-
ues not stating tolerances are typical for an average
instrument.

Warranty

Each instrument runs through a quality test with 10 hour
burn-in before leaving the production. Practically every early
failure is detected in intermittent operation by this method.
However, it is possible that a component fails only after a
lengthy operating period. Therefore a functional guaran-
tee of 2 years is given for all units. The condition for this is
that no modifications have been made in the instrument. In
the case of shipments by post, rail or carrier it is recom-
mended that the original packing is carefully preserved.
Transport damages and damage due to gross negligence
are not covered by the guarantee.

In the case of a complaint, a label should be attached to the
housing of the instrument which describes briefly the faults
observed. If at the same time the name and telephone
number (dialing code and telephone or direct number or
department designation) is stated for possible queries, this
helps towards speeding up the processing of guarantee
claims.

Maintenance

Various important properties of the oscilloscope should be
carefully checked at certain intervals. Only in this way is it
largely certain that all signals are displayed with the accu-
racy on which the technical data are based. The test
methods described in the test plan of this manual can be
performed without great expenditure on measuring instru-
ments. However, purchase of the new HAMEG scope test-
er HZ 60, which despite its low price is highly suitable for
tasks of this type, is very much recommended.

The exterior of the oscilloscope should be cleaned regularly
with a dusting brush. Dirt which is difficult to remove on the
casing and handle, the plastic and aluminium parts, can be
removed with a moistened cloth {99% water +19% mild
detergent). Spirit or washing benzine (petroleum ether) can
be used to remove greasy dirt. The screen may be cleaned
with water or washing benzine {but not with spirit (alcohol)
or solvents), it must then be wiped with a dry clean lint-free
cloth. Under no circumstances may the cleaning fluid get
into the instrument. The use of other cleaning agents can
attack the plastic and paint surfaces.

Switching over the mains/line voltage

The instrument is set for 220V (240V U.K.) line voltage on
delivery. It can be switched over to other voltages at the
fuse holder combined with the 3-pole appliance inlet at the
rear of the instrument. Firstly the fuse holder printed with
the voltage values is removed using a small screw driver
and - if required - provided with another fuse. Refer to the
table below for the prescribed value of the fuse. Then
replace the fuse holder so that the impressed white triangle
points to the desired voltage. Here pay attention that the
cover plate is also correctly engaged. The use of repaired
fuses or short circuiting the fuse holder is not allowed. Dam-
age arising because of this is not covered by the guarantee.
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Fuse type: Size 5 x 20 mm; 250 V~, C;

IEC 127, Sheet Ill; DIN 41 662 {possibly DIN 41 571
sheet 3).

Cutoff: time lag (T).

Line voltage Fuserating
1M0V~=*10% T0.63 A
125V~ +10% T0.63 A
220V~ £10% TO0.315A
240V~ £10% T0.315A
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Type of Signal

All types of signals with a frequency spectrum below
100MHz can be displayed on the HM 1005. The display of
simple electrical processes such as sinusoidal RF and AF
signals or ripple poses no problems. However, when
square or pulse-shaped signals are displayed it must be
remembered that their harmonic content must also be
transmitted. In this case, the bandwidth of the vertical
amplifier must be considerably higher than the repetition
frequency of the signal. In view of this, accurate evaluation
of such signals with the HM 1005 is only possible up to a
maximum repetition rate of 10MHz. Operating problems
can sometimes occur when compasite signals are to be dis-
played, especially if they do not contain any suitable level
components and repetition frequency which can be used
for triggering. This occurs, for example, with burst signals.
To obtain a stably triggered display in these cases, it may be
necessary to use Normal Triggering, HOLD OFF time con-
trol, and/or TIME/DIV. variable control.

Video signals are easily triggerable with the aid of the
active TV sync separator (TV-SEP. switch).

For optional operation as a DC or AC voltage amplifier, each
channel is provided with a DC-AC coupling switch. The DC
position should only be used with an attenuator probe or at
very low frequencies or if the determination of DC voltage
content of the signal is absolutely necessary.

However, when investigating very low-frequency pulses,
misleading ramp-offs may occur with AC coupling. In this
case, DC operation is to be preferred if the signal voltage is
not superimposed on a too high DC voltage level. Other-
wise, a capacitor of adequate capacitance must be con-
nected before the input of the vertical amplifier (switched to
DC coupling). It should be remembered that this capacitor
must have a sufficiently high breakdown voltage. DC opera-
tion is also recommended for the display of logic and pulse
signals, particularly if their pulse duty factor changes perma-
nently during operation. Otherwise, the display will move
up and down with any change. DC voltages can only be
measured in the DC position.

Amplitude Measurements

In general electrical engineering, alternating voltage data
normally refers to effective values (rms = root-mean-
square value). However, for signal magnitudes and voltage
designations in oscilloscope measurements, the peak-to-
peak voltage (V) value is applied. The latter corresponds to
the real potential difference between the most positive and
most negative points of a signal waveform.

If a sinusoidal waveform, displayed on the oscilloscope
screen, is to be converted into an effective (rms) value, the re-
sulting peak-to-peak value must be divided by 2x¥ 2 =2.83.

Conversely, it should be observed that sinusoidal voltages
indicated in V s (V.4) have 2.83 times the potential difference
in V. The relationship between the different voltage mag-
nitudes can be seen from the following figure.

f //"\\
4 \
i vrme / \\ Vrr%om
‘ , Vpp
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A\ /

Voltage values of a sine curve
Vims = effective value; V, = simple peak or crest value;
Vpp = peak-to-peak value; Viyom = momentary value.

The minimum signal voltage required at the vertical amplifier
input for a display of 1div is approximately 1mV,,. This is
achieved with the attenuator control set at 5bmV/div, its var-
iable control in the fully clockwise position and pulled
out. However, smaller signals than this may also be dis-
played. The deflection coefficients on the input attenuators
are indicated in mV/div or V/div {peak-to-peak value).

The magnitude of the applied voltage is ascertained by
multiplying the selected deflection coefficient by the ver-
tical display height in div.

If an attenuator probe x 10 is used, a further multiplica-
tion by a factor of 10 is required to ascertain the correct
voltage value.

For exact amplitude measurements the variable control
on the attenuator switch must be set to its calibrated
detent CAL. When turning the variable control ccw the
sensitivity will be decreased by a factor of 2.5.

Therefore every intermediate value is possible within the
1-2-5 sequence.

With direct connection to the vertical input, signals up to
100V, may be displayed (attenuator set to 5V/div, variable
control ccw).

When pulling the variable control knob (MAG x5), the sen-
sitivity is increased by a factor of 5. Hence follows a min.
deflection coefficient of 1mV/div (bandwidth: DC to
15MHz).

The deflection coefficient for channel lll is 50mV/div when
the VAR. CH.IIl setting control is in the CAL. position. With
the setting control turned ccw all the way the deflection is
reduced to 250 mV/div.

Subject to change without notice

M3 1005



If the applied signal is superimposed on a DC (direct
voltage) level the total value (DC + peak value of the
alternating voltage) of the signal across the Y-input
must not exceed =400V (see figure).

Voltage
A -
DC+AC o = 400V
peak /\
AC
Jf . De . . . .
DC -~ \\/ - \_/
N\ VAR
/ . AC , N
\\ / \ Time
\ \ >
\ / N /
N / \ v/
-— ~N

Total value of input voltage

The dotted line shows a voltage alternating at zero volt level. When superim-
posed a DC level, the addition of the positive peak on the DC voltage results
in the max. voltage (DC + AC ).

This same limit applies to normal x 10 attenuator probes,
the attenuation ratio of which allows signal voltages up to
approximately 600V (DC + AC peak) to be evaluated. Volt-
ages of up to approximately 1200V (DC + AC peak) may be
measured by using the HZ53 high voltage probe which has
an attenuation ratio of 100:1. It should be noted that its
AC,q value is derated at higher frequencies. If a normal
x 10 probe is used to measure high voltages there is the risk
that the compensation trimmer bridging the attenuator
series resistor will break down causing damage to the input
of the oscilloscope. However, if for example only the
residual ripple of a high voltage is to be displayed on the
oscilloscope, a normal x 10 probe is sufficient. in this case,
an appropriate high voltage capacitor (approx. 22-68nF)
must be connected in series with the input tip of the probe.

It is very important that the oscilloscope input coupling is
set to DC, if an attenuator probe is used for voltages higher
than 400V (see page M5: Connection of Test Signal).

Time Measurements

As arule, all signals to be displayed are periodically repeat-
ing processes and can also be designated as periods. The
number of periods per second is the recurrence frequency
or repetition rate. One or more signal periods or even part of
a period may be shown as a function of the adjustment of
the TIME/DIV. switch. The time coefficients on the TIME/
DIV. switch are indicated in s/div, ms/div, and us/div.
Accordingly, the dial is subdivided into three sectors.

The duration of a signal period or a portion of the wave-
form is ascertained by multiplying the relevant time
(horizontal distance in div) by the time coefficient

selected on the TIME/DIV. switch. The time variable
control (small knob on the TIME/DIV. switch) must be
in its calibrated detent CAL. for accurate measurement
{arrow horizontal and pointing to the right).

If the time is relatively short as compared with the complete
signal period, an expanded time scale should always be
applied (X-MAG x10 button pushed). In this case, the
ascertained time values have to be divided by 10. Very small
time intervals at optional points of the signal can be mea-
sured more exactly with the aid of the sweep delay. With it,
the display and measurement of time intervals, which are
smaller than 1% of the full signal period, are possible. The
smallest measurable time interval is, on the whole, depend-
ent on the obtainable brightness of the CRT. The limit is an
expansion of approximately 1000 times. Using a Viewing
Hood HZ47, more expansion is possible, provided that the
time coefficient set on the TIME/DIV. switch is greater
than Sus/div (and using the X MAG x 10 facility) for the sig-
nal’s basic period. Otherwise, the fastest sweep speed
determines the greatest possible expansion.

When investigating pulse or square waveforms, the critical
feature is the risetime of the voltage step. To ensure that
transients, ramp-offs, and bandwidth limits do not unduly
influence the measuring accuracy, the risetime is generally
measured between 10% and 90% of the vertical pulse
height. For peak-to-peak signal amplitude of 5div height,
which are symmetrically adjusted to the horizontal center
line, the internal graticule of the CRT has two horizontal dot-
ted lines *2.5div from the center line. Adjust the Y
attenuator switch with its variable control together with the
Y-POS. control so that the pulse height is precisely aligned
with these 0 and 100% lines. The 10% and 90 % points of
the signal will now coincide with the two lines, which have
a distance of £2div from the horizontal center line and an
additional subdivision of 0.2div. The risetime is given by
the product of the horizontal distance in div between
these two coincidence points and the time coefficient
setting. |f magnification is used, this product must be
divided by 10. The fall time of a pulse can also be measured
by using this method.

100%
90%

10%
0

ot fgp  pel

The above figure shows correct positioning of the oscillo-
scope trace for accurate risetime measurement.
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With a time coefficient of 0.05us/ecm and pushed X-MAG
x 10 button the example shown in the above figure results
in a measured total risetime of

1ot = 1.6cm-0.05pus/cm: 10 = 8ns

When very fast risetimes are being measured, the rise-
times of the oscilloscope amplifier and the attenuator probe
have to be deducted from the measured time value. The
risetime of the signal can be calculated using the following
formula.

tf = V ttotz - toscz - tpz
In this t,, is the total measured risetime, t,. is the risetime
of the oscilloscope amplifier {approx. 4.4ns}, and t, the rise-
time of the probe (e.g. = 2ns). If t, is greater than 34ns,
then t,.; can be taken as the risetime of the pulse, and calcu-
lation is unnecessary.

Calculation of the example in the figure above results in a
signal risetime

t =V 8-352-22=69ns

Connection of Test Signal

Caution: When connecting unknown signals to the oscil-
loscope input, always use automatic triggering and set the
DC-AC input coupling switch to AC. The attenuator switch
should initially be set to 5V/em. Pay attention to the Y over-
scanning indication (see "Y Overscanning Indication”).

Sometimes the trace will disappear after an input signal has
been applied. The attenuator switch must then be turned
back to the left, until the vertical signal height is only 3-8cm.
With a signal amplitude greater than 160V, an attenuator
probe must be inserted before the oscilloscope’s vertical
input. If, after applying the signal, the trace is nearly blan-
ked, the period of the signal is probably substantially longer
than the set value on the TIME/DIV. switch. It should be
turned to the left to an adequately greater time coefficient.

The signal to be displayed should be fed to the vertical input
of the oscilloscope by means of a shielded test cable, e.g.
the HZ32 or HZ34, or by a x 10 or x 100 attenuator probe.
The use of these shielded cables with high impedance cir-
cuits is only recommended for relatively low frequencies
(up to approx. B0kHz). For higher frequencies, and when
the signal source is of low impedance, a cable of matched
characteristic impedance (usually 50£2) is recommended.
In addition, and especially when investigating square or
pulse waveforms, a resistor equivalent to the characteristic
impedance of the cable must also be connected to the cable
directly at the input of the oscilloscope. When using a 50Q

cable, such as the HZ34, a 50Q through-termination type
HZ 22 is available from HAMEG. When investigating square
or pulse waveforms with fast risetimes, transient pheno-
mena on both the edge and top of the signal may become
visible if the correct termination is not used. It must be
remembered that the 50Q through-termination will only
dissipate a maximum of 2 watts. This power consumption
is reached with 10V, or with 28V, sine signal.

If a x 10 or x 100 attenuator probe is used, no termination is
necessary. In this case, the connecting cable is matched
directly to the high impedance input of the oscilloscope.
When using attenuator probes even high internal impe-
dance sources are only slightly loaded by approximately
10MQII16pF or 100MQII7pF respectively. Therefore,
when the voltage loss due to the attenuation of the probe
can be compensated by a higher sensitivity setting on the
HM 1005, the probe should always be used. Also it should
be remembered that the series impedance of the probe pro-
vides a certain amount of protection for the input of the
oscilloscope ampilifier. It should be noted that all attenuator
probes must be compensated in conjunction with the oscil-
loscope (see: Probe Adjustment, page M7).

If a x10 or x 100 attenuator probe is used at voltages
higher than 400V, the DC input coupling must always
be set. With AC coupling, the attenuation is frequency-
dependent, the pulses displayed can exhibit ramp-off, DC-
voltage contents are suppressed — butloads the respective
input coupling capacitor of the oscilloscope. The electric
strength of which is maximum 400V (DC + peak AC). For
the suppression of unwanted DC voltages, a capacitor of
adequate capacitance and electric strength may be con-
nected before the input tip of the probe (e.g. for ripple
measurements).
With the HZ53 x 100 probe the permissible AC input voltage
is frequency-dependent limited:
below 20kHz (TV line frequency!) up to

max. 1200 V,, £ 2400 V,,, 2 850 V,,,;;
above 20kHz (with f in MHz) up to

212 424 150

I/T Vp = VT Vpp =I/'_T“ Vims.

It is important to remember that when low voltage signals
are being investigated the position of the ground point on
the test circuit can be critical. This ground point should
always be located as close as possible to the measuring
point. If this is not done, serious signal deformation may
result from any spurious currents through the ground leads
or test chassis parts. This comment also applies to the
ground leads on attenuator probes which ideally should be
as short and as thick as possible. For connection of a probe
to a BNC socket, a BNC-adapter should be used. It forms
often a part of the probe accessory. Grounding and mat-
ching problems are then eliminated.

Hum or interference voltage appearing in the measuring cir-
cuit (especially with a small deflection coefficient) is possi-
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bly caused by multiple grounding, because equalizing cur-
rents can flow in the shielding of the measuring cables (vol-
tage drop between non-fused earthed conductors of other
line powered devices, which are connected to the oscillos-
cope or test object, e.g. signal generators with anti-interfe-
rence capacitors).

Operating

For a better understanding of these Operating Instructions
the front panel picture at the end of these instructions can
be unfolded for reference alongside the text.

The front panel is subdivided into three sections according
to the various functions.

Directly below the CRT screen are located (from left to right)
the setting controls for intensity (INTENS.), intensity of
timebase B (INT. B), focus (FOCUS) and trace rotation (TR).
Continuing towards the right are the graticule illumination
control (ILLUM.), the calibrator (CAL. 0.2V, and 2V,,) and
the frequency selector switch (1kHz or 1MHz). To the right
of these — marked so as to stand out — are the horizontal
magnification button (X MAG. x10) and the horizontal posi-
tion control (X POS.).

On the top, immediately to the right of the CRT screen, is
the power switch (POWERY}. Also in this block are the set-
ting controls for timebase A (TIME/DIV.) and B (DEL. TB),
the knobs for triggering the timebases (LEVEL A and
LEVEL B) with their corresponding trigger slope selection
switches (SLOPE +/—), and the deflection delay adjust-
ment control (DEL POS.) with 3 digit display. The timebase
selection button A/B (released: A, depressed: B) and the
button for alternate display of the two timebases (ALT.) are
situated, together with the X-Y button (when pressed: X-Y
mode), on the top left hand side of the timebase switch. The
ALT. button is for alternate triggering in alternate timebase
mode; it is grouped together with the trigger coupling
switch (TRIG.), which has the positions AC, DC, HF, LF, and
~ . Above this switch is the trigger indicator LED. For exter-
nal triggering, the EXT. button must be pressed and the trig-
gering signal applied to the BNC jack TRIG. INP. The TV
SEP. switch is for video signal triggering. The HOLD OFF
dial can be used to vary the hold-off time which elapses
before the sweep generator reacts to a triggering pulse.
The SINGLE and RESET buttons {with LED) permis display
of single shot events.

In the Y section on the lower righthand side of the control
panel are located the vertical amplifier inputs for channels |,
II, and Il (VERT INP. I, VERT INP. I, VERT INP. Ill}, toget-
her with their corresponding input selectors (for GD, AC,
DC), as well as the volts/divisions controls for CH | and CH
It and the amplifier gain control for channel 11l (VAR. CHIII).
The trace separation control (TRACE SEP.) is used to sepa-

rate the trace positions when working with timebases A
and B in alternate mode. The 5 pushbuttons in the Y section
are for selecting the operating mode for the vertical ampli-
fiers; they are explained in the section on “Operating
modes of the vertical amplifiers”.

The instrument is so designed that even incorrect operation
will not cause serious damage. The pushbuttons control
only minor functions, and it is recommended that before
commencement of operation all pushbuttons are in the
“out” position. After this the pushbuttons can be operated
depending upon the mode of operation required.

The HM 1005 accepts all signals from DC (direct voltage) up
to a frequency of at least 100 MHz (-3dB). For sinewave vol-
tages the upper frequency limit will be 130 MHz. However,
in this higher frequency range the vertical display height on
the screen is limited to approx. 4-5cm. The time resolution
poses no problem. For example, with T00MHz and the
fastest adjustable sweep rate (5ns/cm), one cycle will be
displayed every 2cm.

However, from approximately 40 MHz upwards the measu-
ring error will increase as a result of loss of gain. At 60MHz
this reduction is about 10%. Thus, approximately 11%
should be added to the measured voltage at this frequency.
As the bandwidth of the amplifiers differ (normally between
110 and 130MHz), the measured values in the upper limit
range cannot be defined exactly. Additionally, as already
mentioned, for frequencies above 100MHz the dynamic
range of the display height steadily decreases. The vertical
amplifier is designed so that the transmission performance
is not affected by its own overshoot.

First Time Operation

Check that the instrument is set to the correct mains/

line voltage. (Refer to page M2).

Before applying power 1o the oscilloscope it is recom-

mended that the following simple procedures are perfor-

med:

— Check that all pushbuttons are in the out position, i.e.
released.

— Rotate the four variable controls with arrows, i.e. TIME/
DIV. variable control, HOLD-OFF ccw, CH.I, CH.Il and
CH. 1l attenuator variable controls fully clockwise to their
calibrated detent.

— Set the variable controls with marker lines to their
midrange position (marker lines pointing vertically),
except LEVEL A and LEVEL B in the X section.

— Both slide switches in the X-Section {TRIG. and TV
SEP.) should be set to their uppermost position.

— All input coupling slide switches for CH.l, CH.lI, and
CH.llIIin the Y-Section should be set to the GD position.
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Switch on the oscilloscope by depressing the red POWER
pushbutton. An LED will illuminate to indicate working
order. The trace, displaying one baseline, should be visible
after a short warm-up period of 10 seconds. Adjust Y-POS.I
and X-POS. controls to center the baseline. Adjust
INTENS. (intensity) and FOCUS controls for medium
brightness and optimum sharpness of the trace. The oscil-
loscope is now ready for use.

If only a spot appears (CAUTION! CRT phosphor can be
damaged.), reduce the intensity immediately and check
that the X-Y pushbutton is in the released (out) position. If
the trace is not visible, check the correct positions of all
knobs and switches {particularly LEVEL knob ccw.)

To obtain the maximum life from the cathode-ray tube, the
minimum intensity setting necessary for the measurement
in hand and the ambient light conditions should be used.
Particular care is required when a single spot is dis-
played, as a very high intensity setting may cause damage
to the fluorescent screen of the CRT. Switching the oscillos-
cope off and on at short intervals stresses the cathode of
the CRT and should therefore be avoided.

Trace Rotation TR

In spite of Mumetal-shielding of the CRT, effects of the
earth’s magnetic field on the horizontal trace position
cannot be completely avoided. This is dependent upon
the orientation of the oscilloscope on the place of work.
A centred trace may not align exactly with the horizon-
tal center line of the graticule. A few degrees of mis-
alignment can be corrected by a potentiometer acessi-
ble through an opening on the front panel marked TR.

Use and Compensation of Probes

To display an undistorted waveform on an oscilloscope, the
probe must be matched to the individual input impedance
of the vertical amplifier.

The HM1005's built-in calibration generator provides a
squarewave signal with a very low risetime (<5ns), and
switch-selectable frequencies of approx. 1kHz and 1MHz
at two output sockets below the CRT screen. One output
provides 0.2V, 1% for 10:1 probes, and 2V, 1% are
present at the other, for 100:1 probes.

When the attenuator switches are set to 5mV/div vertical
deflection coefficient, these calibration voltages corre-
spond to a screen amplitude of 4div.

The output sockets have an internal diameter of 4.9mm to
accommodate the internationally accepted shielding tube

diameter of modern Modular Probes and F-series slimline
probes. Only this type of construction ensures the extre-
mely short ground connections which are essential for an
undistorted waveform reproduction of non-sinusoidal high
frequency signals.

Adjustment at 1kHz

The C-trimmer adjustment compensates the capacitive loa-
ding on the oscilloscope input (approx. 22pF with the
HM 1005). By this adjustment, the capacitive division assu-
mes the same division ratio as the ohmic voltage divider to
ensure an equal division ratio for high and low frequencies,
as for DC. (For 1:1 probes or switchable probes setto 1:1,
this adjustment is neither required nor possible). A baseline
exactly parallel to the horizontal graticule lines is a major
condition for accurate probe adjustments. (See also 'Trace
Rotation TR’, page M7.)

Connect the probes (Types HZ51, 52, 53, 54, or HZ36) to
CH.I input. All pushbuttons should be released {in the ‘out’
position). Set the input coupling switch to DC, the attenua-
tor switch to 5mV/div, and the TIME/DIV. switch to
0.2ms/div, and all variable controls to CAL. position. Plug
the probe tip into the appropriate calibrator output socket,
i.e. 10:1 probes into the 0.2V socket, 100: 1 probes into the
2.0V socket.

1kHz

incorrect correct incorrect

Approximately 2 complete waveform periods are displayed
on the CRT screen. Now the compensation trimmer has to
be adjusted. Normally, this trimmer is located in the probe
head. On the 100:1 probe HZ53, however, it is located in
the connecting box at the other end of the cable. Using a
small insulated non-metallic screwdriver or trimming tool,
the trimmer has to be adjusted slowly until the tops of the
squarewave signal are exactly parallel to the horizontal gra-
ticule lines. (See Fig. above for 1kHz.) The signal amplitude
shown shouldbe 4cm + 1.2mm (= 3 %). During this adjust-
ment, the signal edges will remain invisible.

Adjustment at 1 MHz

Probes HZ51, 52, 54 and HZ37 will also allow for HF-adjust-
ments. They incorporate resonance deemphasizing net-
works (R-trimmer in conjunction with inductances and
capacitors) which permit — for the first time — probe com-
pensation in the range of the upper frequency limit of the
vertical oscilloscope amplifier. Only this compensative
adjustment ensures optimum utilisation of the full band-
width, together with constant group delay at the high fre-
quency end, thereby reducing characteristic transient
distortion near the leading signal edge (e.g. overshoot,
rounding, ringing, holes or bumps) to an absolute minimum.
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Using the probes HZ51, 52, and 54, the full bandwidth of
the HM 1005 can be utilized without risk of unwanted wave-
form distortion.

Prerequisite for this HF-adjustment is a squarewave gene-
rator with fast risetime {typical 4ns}, and low output impe-
dance {approx. 50Q), providing 0.2V and 2V at a frequency
of approx. 1MHz. The calibrator output of the HM 1005
meets these requirements when the pushbutton 1MHz is
depressed.

Connect the probe to CH.I input. Depress the calibrator
puzhbutton 1MHz. All other pushbuttons should be relea-
sed (‘out’ position). Set the input coupling switch to DC,
attenuator switch to 5mV/cm, and TIME/DIV. switch to
0.1us/cm. Set all variable controls to CAL. position.

Insert the probe tip into the output socket marked 0.2V. A
waveform will be displayed on the CRT screen, with leading
and trailing edges clearly visible. For the HF-adjustment
now to be performed, it will be necessary to observe the
rising edge as well as the upper left corner of the pulse top.
To gain access to the HF-compensation trimmer, the plastic
cover of the probe connecting box has to be slid off after
unscrewing the probe cable. The connecting boxes of the
HZ51, 54 and HZ37 contain one R-trimmer screw, each,
while that of the HZ52 provides three. These R-trimmers
have to be adjusted in such a manner that the beginning of
the puise top is as straight as possible. Overshoot or exces-
sive rounding are unacceptable. This is relatively easy on
the HZ51, b4 and HZ37, but slightly more difficuit on the
HZ52. The rising edge should be as steep as possible, with
the pulse top remaining as straight and horizontal as possi-
ble.

On the HZ52, each of the three trimmers has a clearly defi-
ned area of influence on the waveform shape (see Fig.),
offering the added advantage of being able to 'straighten
out’ waveform aberrations near the leading edge.

Adjustment points of the probes
HZ51, HZ54

Bl < P

2 ju:D:d:C]Jﬂ:Tﬂ( —

D=
NFY T, CAL.
Ty —————

T3 (HF)
T, f*+— =10ns -»l =25ns
LA, L T, (LF)
T3 T4 Ts
— 10ns/cm
s
HF

T1(NF)
Ts: alters the middle frequencies
T,: alters the leading edge
Ts: alters the lower frequencies

HZ52

After completion of the HF-adjustment, the signal ampli-
tude displayed on the CRT screen should have the same
value as during the 1kHz adjustment.

Probes other than those mentioned above, normally have a
larger tip diameter and may not fit into the calibrator out-
puts. Whilst it is not difficult for an experienced operator to
build a suitable adapter, it should be pointed out that most
of these probes have a slower risetime with the effect that
the total bandwidth of scope together with probe may fall
far below that of the HM 1005. Furthermore, the HF-adjust-
ment feature is nearly always missing so that waveform
distortion can not be entirely excluded.

incorrect incorrect

correct

Adjustment
1MHz

The adjustment sequence must be followed in the order
described, i.e. first at 1kHz, then at 1 MHz. The calibrator
frequencies should not be used for timebase calibrations.
The pulse duty cycle deviates from 1:1 ratio.

Prerequisites for precise and easy probe adjustments, as
well as checks of deflection coefficients, are straight hori-
zontal pulse tops, calibrated pulse amplitude, and zero-
potential at the pulse base. Frequency and duty cycle are
relatively uncritical. For interpretations of transient
response, fast pulse risetimes and low-impedance genera-
tor outputs are of particular importance.

Providing these essential features, as well as switch-selec-
table output-frequencies, the calibrator of the HM 1005 can,
under certain conditions, replace expensive squarewave
generators when testing or compensating wideband-atte-
nuators or -amplifiers. In such a case, the input of an appro-
priate circuit will be connected to one of the CAL.-outputs
via a suitable probe.

The voltage provided at a high-impedance input (1 MQ 11 15-
50pF) will correspond to the division ratio of the probe used
(10:1=20mV,,, 100:1 = also 20mV,, from 2V output). Sui-
table probes are HZ51, 62, 53, and 54.
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For low-impedance inputs (e.g. 50Q), a 1:1 probe can be
employed which, however, must be fully terminated with a
50Q through-termination. Suitable probe types are HZ50
and HZ54. The latter must be switched to the 1:1 position,
and the HF-trimmer in the connecting box turned fully coun-
terclockwise.

When connected to the 0.2V CAL. socket, and using the
HZ50, this arrangement will provide approx. 40mV,, at
50Q circuit input, and approx. 24mV,, if the HZ54 is used.
The voltages given here will have larger tolerances than 1 %
since operation of a 1:1 probe together with a 50Q load is
very uncommon.

Using the 2V CAL. socket under similar conditions is only
possible with the HZ54 probe. The potential obtained at the
50Q input will then be approx. 190mV,,, but with aimost
twice the risetime. Accurate readings of the available input
voltage can be shown directly on the HM 1005 when con-
necting a 50Q through-termination between the BNC plug
of the probe and the input of the oscilloscope.

Operating Modes of the Y Amplifier

The required operating modes are selected on five pushbut-
tons located in the Y-Section. For Mono operation all push-
buttons should be in the out position, the instrument is then
operating on Channel Il only.

The desired operating mode for the vertival amplifiers is
selected using the 5 pushbuttons in the Y section of the
front control panel. For single channel operation of channel
I, none of the buttons should be depressed.

For single channel operation of channel |l, press the button
CH.I/I-TRIG.V/II. It is also nescessary to switch over to
channel Il for triggering.

If only the DUAL button is depressed, channels | and Il are
operational in alternate mode. If the CH. lll button is depres-
sed too, channel [H is added. Alternate mode is not suited
for display of slow events. Either the screen flicker is too
great, or the traces appear to jump back and forth. If the
ADD button is pressed additionally, fast switching between
the channels is performed (chopped mode). In this case the
display of slow events is flicker-free.

{f only the ADD button is depressed, the signals of channels
| and Il are added (141l = sum display). If channel Il is inver-
ted (INV.Il depressed), the difference between the two
channels is displayed (+1—1l). In both of these operating
modes the vertical position of the screen image is influen-
ced by the Y POS. controls of both channels. Itis not possi-
ble to add channel Il as well.

Differential measurements techniques allow direct meas-
urement of the voltage drop across floating components
(both ends above ground). Two identical probes should be
used for both vertical inputs. Using a separate ground con-
nection and notconnecting the probe or cable shields to the
circuit under test avoid ground loops (hum, common-mode
disturbances).

X-Y Operation

For X-Y operation, the pushbutton XY in the X-Section and
CHI/H-TRIG.I/II (in the Y section) must be depressed. The
X signal is then derived from the Channel I input. The cali-
bration of the X signal during X-Y operation is deter-
mined by the setting of the Channel | input attenuator
and variable control. This means that the sensitivity
ranges and input impedances are identical for both the X
and Y axes. However, the Y-POS. controlis disconnected in
this mode. Its function is taken over by the X-POS. control.
It is important to note that the MAG. x10 facility, normally
used for expanding the sweep, should not be operated in
the X-Y mode. It should also be noted that the bandwidth of
the X amplifier is approximately 4 MHz (-3dB), and therefore
an increase in phase difference between both axes is
noticeable from 60 kHz upwards.

The Y-Input signal may be inverted by using the INV.II facil-
ity.

Channel Il cannot be operated when XY mode is
selected.

Y Overscanning Indication

This indicating facility shows any overscanning of the usa-
ble screen dimensions in the vertical direction, if the
baseline or signal portions are not within the graticule. The
indication is achieved by 2 light-emitting diodes, marked
OVERSCAN, which are located in the center between the
attenuators. Should one LED illuminate without an input
signal, this means that the respective vertical positioning
control has been improperly adjusted. Because each LED
correlates with one of both possible directions, it can be
seen in which direction the trace has left the screen. With
dual channel operation, misadjustment of both Y-POS. con-
trols can occur. If both traces lie in the same direction, one
LED illuminates likewise. If one trace is positioned above
and the other below the graticule, both LEDs are illumi-
nated. The indication of the Y position after crossing the
graticule area occurs in each operating mode, also when,
due to missing time deflection, no baseline is displayed, or
when the oscilloscope is in the X-Y mode.
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As previously written in the paragraph “First Time Opera-
tion”, the LEVEL A control knob should be switched in AT
position, as a baseline is then permanently displayed, also
without any input signal. The trace disappears at times after
applying an input signal. The LED indication shows, in which
direction the trace has left the screen, above or below the
graticule. lllumination of both LEDs at the same time after
applying a signal means that the vertical deflection has over-
scanned the graticule edges in both vertical directions. With
DC input coupling and an applied signal with a relatively high
DC offset, smaller sizes also of displayed signals can over-
scan the raster edges, because the DC voltage causes a
vertical position shift of the display height, which seemed
correctly adjusted. In this case, a smaller display height
must be accepted, or AC input coupling has to be selected.

Triggering and Timebase (A)

With the LEVEL A knob in locked position (turned ccw to AT
position = automatic triggering), a baseline for timebase A
is displayed continuously even when no signal is present. In
this position it is possible to obtain stable displays of virtu-
ally all uncomplicated, periodically repeating signals above
30Hz. Adjustments of the timebase then are limited to
timebase setting.

With normal triggering (LEVEL A knob not in AT position)
and LEVEL adjustment, triggering of time/div. deflection in
timebase A can be setin any point of a given signal. The trig-
gering range which can be set with the LEVEL control de-
pends greatly on the amplitude of the displayed signal. If it
is less than 1div, then the range is quite small and perfor-
mance of settings requires a delicate touch.

[f the LEVEL control is incorrectly set, no trace will be visi-
ble; this also applies to timebase B, which can only be
triggered if timebase A has already been triggered, even
when the triggering signal event has not been displayed (A/
B button depressed).

In order to obtain a satisfactory stable display, the timebase
must be triggered synchronously with the test signal. The
trigger signal can be derived from the test signal itself,
when internal triggering is selected, or from a frequency re-
lated signal applied to the external trigger input.

Triggering can be selected on either the rising or falling edge
of the trigger signal depending on whether the SLOPE +/—
pushbutton (next to LEVEL Alis in the out or in position. In
the out position, triggering from the positive-going edge is
selected. The correct slope setting is important in obtaining
a display when only a portion of a cycle is being displayed.

With internal triggering in the Mono channel mode on
the Y amplifier, the trigger signal is derived from the respec-

tive channel in use. In the Dual channel mode, the internal
trigger signal may be selected from either Channel I or
Channel ll using the CHI/II-TRIG. /1l button; in the out po-
sition, the trigger signal is derived from Channel |. However,
it is always preferable to trigger from the less complicated
signal.

With internal alternate triggering (ALT pushbutton in the
X-Section depressed) in the DUAL channel alternate mode
of the Y amplifier, the trigger voltage is derived alternately
from Channel | and Channel ll. This trigger mode is par-
ticularly useful when two asynchronous signals are being
investigated. Normal triggering should be preferable in this
mode. The display of one signal only is not possible on the
alternate trigger mode.

In 3 channel mode, channel Ill is triggered with channel |1,
and thus must be synchronized with it. Alternate triggering
does not work in chopped mode (with ADD and DUAL but-
tons depressed).

For external triggering, the EXT. pushbutton in the X-Sec-
tion must be depressed. The sync. signal (0.2V,,-2V,,)
must then be fed to the TRIG. INP. input socket.

Coupling mode and frequency range of the trigger signal
are selected with the TRIG. slide switch in the X-Section for
internal and external triggering, provided that the TV SEP.
switch is in off position. The HM 1005 has 4 coupling
modes: AC, DC, HF, LF. The AC coupling mode is mainly
used. DC trigger coupling is only recommended, when very
low frequency signals are being investigated and triggering
ata particular value is necessary, or when puises, which sig-
nificantly change in duty cycle during observation time,
have to be displayed. If DC coupling is selected, it is advisa-
ble to use the normal triggering mode.In the HF coupling
mode, a high pass filter is switched into the trigger
amplifier. This filter cuts off the DC content of the trigger
signal and the lower frequency range.

In the LF coupling mode, a low-pass filter is switched into
the trigger amplifier. This filter cuts off any amplifier noise
and the frequency range of the trigger signal above 1kHz.

For the purpose of line triggering (TRIG. slide switch in the
X-Section to ~ (divided) secondary voltage of the power
transformer is used as a trigger signal. This trigger mode is
independent of the signal amplitude or display height and al-
lows a display below the (internal) trigger threshold. Line
triggering is recommended for all signals which are time-re-
lated (multiple or submuitiple) to the mains/line frequency
or when it is desirable to provide a stable display of a line-
frequency component in complex waveforms. Therefore it
is especially suited for the measurement of small ripple volt-
ages from power supply rectifiers or of magnetic or static
leakage fields in a circuit.
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In some countries, the standard power plug has symmetri-
cally arranged plugs (interchanging of Line and Neutral is
possible). In such cases, the SLOPE +/— pushbutton may
indicate the wrong polarity compared with the display (trig-
gering with falling edge instead of rising edge). For correc-
tion, the power plug of the instrument has to be turned.

Triggering of video signals

The built-in active TV-Sync-Separator separates the sync
pulses from the video signal, permitting the display of dis-
torted video signals either in line (H=horizontal) or in frame
{(V = vertical) trigger mode. The TV lever switch has five po-
sitions: the OFF position is for normal operation.

The TV: H+ and H— positions {horizontal =line) and the
TV: V+ and V— (vertical = frame) positions are used for
video triggering. In these four positions the TRIG. coupling
switch and the LEVEL control (in NORM. trigger mode) are
inoperative. In the TV: V+ and V- positions {frame trigger-
ing), a low-pass filter or integrating network is connected
into circuit, which forms a trigger pulse sequence with
frame frequency from the vertical sync pulses (incl. pre-and
postequalizing pulses).

For correct video triggering, the + and — positions at V and
H must be selected corresponding to the video input signal.
If the sync pulses are placed above the picture content, H+
or V+ should be in use. For sync pulses below the picture
content of the input signal, correct triggering, without any
influence from changing picture contents, will be possible
only in V— or H— setting. The INVERT pushbutton only
changes the display on the CRT, not the input signal.

In TV: H trigger mode, the trigger point lies on the starting
edge of a sync pulse if SLOPE A button is in + position. As
mentioned before, in TV: V mode an integrating network is
additionally added to the sync separator which delays the
formed trigger pulse by about 50 us.

Video signals are triggered in the automatic mode. There-
fore the adjustment of the trigger point is superfluous. The
internal triggering is virtually independent of the display
height, which may differ from 0.8 to 8div. As opposed to AT
mode, when in normal mode, the screen is blanked without
signal at the input (turning the LEVEL knob is ineffectual).

HOLD OFF

If it is found that a trigger point cannot be located on ex-
tremely complex signals even after repeated and careful ad-
justment of the LEVEL control (Normal Triggering mode),
a stable display may be obtained using the HOLD-OFF con-
trol {in the X-Section). This facility varies the hold-off time
between two sweep periods up to the ratio 10:1. Pulses or

other signal waveforms appearing during this off period
cannot trigger the timebase. Particularly with burst signals
or aperiodic pulse trains of the same amplitude, the start of
the sweep can be shifted to the optimum or required mo-
ment. After specific use the HOLD-OFF control should be
re-set into its calibration detent x1, otherwise the bright-
ness of the display is reduced drastically.

Function of var. HOLD-OFF control
heavy parts are displayed

UL UL

l signal

1 ; | 1 1

cycle

L

I |

Fig. 2 adjusting the
| HOLD-OFF time
S~ \ I~ \

Fig. 1 shows a case where the HOLD-OFF knob is in the x1 position and var-
ious different waveforms are overlapped on the screen, making the signal
observation unsuccessful.

Fig. 2 shows a case where only the desired parts of the signal are stably dis-
played.

Single Sweep Operation

Single processes or events, e.g. current surge, voltage on
contact breaking, or the display of the decay of a resonant
circuit after pulse excitation can be represented with single
sweep. For this, the SINGLE pushbutton in the X-Section
has to be depressed. An LED marked RESET indicates the
readiness of the sweep. If the RESET LED is not illumi-
nated, this pushbutton must also be pressed. Indeed, it is
possible in some cases to operate with Automatic Trigger-
ing (AT). The trace starts then approximately on the
baseline level. This trigger mode is very sensitive: hence
small unwanted signals can prematurely trigger a single
sweep. For the triggering at higher or lower level values or
with very slow frequencies the Normal Triggering is much
more advantageous. It is favorable to previously determine
the best setting of the LEVEL A control in normal timebase
operation using a similar signal voltage. If it is correctly ad-
justed, the next suitable trigger pulse starts the single
sweep. After its run the RESET LED goes out. For a repeti-
tion of the action, the RESET button must be pressed once
more. With single shot, only relatively slow processes can
be observed visually. Usually a photographic record is more
advantageous.

Subject to change without notice

M11 1005



The time coefficient settings on the TIME/DIV. switch are
calibrated when the variable control (small knob on the
TIME/DIV. switch) is set in the CAL. position. When this
control is set fully counter-clockwise, the sweep speed is
decreased by a factor of at least 2.5. This factor is not pre-
cisely calibrated. When the x10 expansion of the sweep (X
MAG. x10 button pressed) is operated, a maximum sweep
speed of approximately 10ns/div is obtained (TIME/DIV.
switch to 0.1us/div). The choice of the optimum time coef-
ficient depends on the repetition rate of the signal being
measured. The number of cycles displayed will increase
with the time coefficient {by turning the TIME/DIV. switch
counter-clockwise).

Trigger Indicator

An LED on condition (above the TRIG. switch) indicates that
the sweep generator is triggered. This is valid with automa-
tic and normal triggering. The indication of trigger action
facilitates a sensitive LEVEL adjustment, particularly at very
low signal frequencies. The indication pulses are of only
100ms duration. Thus for fast signals the LED appears to
glow continuously, for low repetition rate signals, the LED
flashes at the repetition rate or — at the display of several
signal periods — not only at the start of the sweep, but also
at each signal period.

Timebase B (DEL. TB)

The TIME/DIV. field contains the controls for timebases A
and B. From the inside towards the outside, these are: the
fine adjustment knob for timebase A (turned clockwise all
the way = calibrated), the time/division coefficient setting
knob for time A, with settings from 1s/div. to 0.05ps/div.,
and the outer (transparent) dial for setting the time/division
coefficient of timebase B (with settings from 0.2s/div. to
0.05us/div). The setting range for timebase B is marked by
a black border.

Timebases A and B are alternately displayed when the A/B
button is released and the ALT. button is depressed. The
input signal is then displayed with timebases A and B, and
the trace separator control (TRACE SEP.) in the Y section of
the control panel can be used to adjust the vertical separa-
tion of the two traces by approx. =3 div. A brightened sec-
tion is superimposed onto the displayed trace for timebase
A, the intensity of which can be adjusted with INT. B. In
order to make this brightened section easily visible, INT. B
should be turned clockwise all the way and INTENS. to an
intermediate setting. In addition, timebase B should be set
to a speed which is at least 10 times as fast as A.

If timebase B is 10 times as fast as A, the width of the bright
sectionis 1 div. Consequently, the brightened section of the

A trace is displayed by the B trace magnified 10 times. At
higher magnifications {by turning the timebase B time/div.
control knob clockwise) the brightened section becomes
narrower. By manipulating the DEL. POS. control any de-
sired position on the A trace can be selected for display with
B. The delay time adjustable with DEL. POS. is derived from
the distance from the lefthand screen edge to the beginning
of the brightened section in the trace for timebase A. Since
timebase A must not be faster then timebase B, the knobs
are mechanically linked in such a way as to prevent this.

At X-magnification factors above 1000x the intensity of the
B trace drops off significantly, and jitter can also become de-
tectable. To eliminate the jitter, timebase B should be
triggered. To do so, turn the LEVEL B control away from the
FR (=free-running) position to a suitable triggering setting;
in addition, the corresponding slope selection switch (+/—)
can be used to select the slope of the triggering signal edge.
If the setting of DEL. POS. is now varied, the result is not
continuous shifting of the brightened sector as before, but
instead a “jumping” from signal edge to signal edge.

If the intensity of the B trace is excessively reduced at this
point and the intensity of the A trace is too bright for com-
fortable viewing, press the A/B button. This results in only
timebase B being displayed, and it is displayed at the loca-
tion on the Y-axis previously occupied by the A trace. It is of
course necessary to continue triggering timebase A even if
it is not visible, since otherwise neither trace would be dis-
played.

The DELAY TIME display located above the DEL.POS. con-
trol is active when the alternate timebase mode is selected
or pushbutton A/B is depressed (B Timebase only).

The values between 0 and 999 displayed, correspond to the
starting position of the intensified sector which is visible
during alternate timebase mode (pushbutton ALT de-
pressed).

To calibrate the delay time display, the following steps
should be taken:

1. Depress ALT pushbutton for alternate timebase mode.

2. Rotate Timebase Variable control fully clockwise to CAL
position.

3. Set LEVEL B to FR position (Free Run).

4. Turn DEL.POS. control until “500" is displayed.

5. Reduce trace intensity until only the intensified sector
remains visible.

6. Using X-POS control, move the beginning of the inten-
sified sector to coincide with the vertical centre line of
the graticule.

For very accuracte results, it may be necessary to repeat
this procedure for different timebase settings.

M12 1005

Subject to change without notice



The relative delay time between timebase A and timebase
B can be calculated by.

(Time coefficient Timebase A * display value 100).

Miscellaneous

Sawtooth Output

A positive-going sawtooth voltage of approximately 5 Voo
originating from timebase A, coincident with display’s
sweep time is available at a BNC output connector on the
rear panel. This ramp output is marked with a A/ symbol.
The load resistance should not be less than 100k€2 with a
capacity load less than 30 pF. If the DC potential of the ramp
output is not required, a capacitor should be connected in
series with the output. The ramp output can be used for dif-
ferent measuring tasks in combination with the oscillo-
scope and other instruments, e.g. swept-frequency signal
generators and so on.

Z Modulation

Blanking or intensity Z-modulation respectively of the CRT
display is possible using the input connector marked Z on
the rear panel. High TTL level (positive logic) effects blank-
ing, low level gives unblanking. No higher voltages than
5V, are permitted. The sine- or square-wave generator, re-
quired for a blanking signal, must have an output impedance
< 600%. A square-wave generator with negative pulses to
ground (chassis} is not suitable. Also an offset (DC} voltage
is not allowed for periodic modulation. For setting the blank-
ing duty factor, the output voltage of a sine-wave generator
should be adjustable. The Z-modulation occurs in bright-
dark steps. An analog Z-modulation with continuous grada-
tion of tones is not possible. The modulating generator
should have a sync input or — at least — an incremental fre-
guency control, if an evaluation of the Z-modulation is
necessary (blanking gaps as time markers). Generally, it is
suitable to generate the Z-modulating frequency by multi-
plying the measuring frequency. Then the display shows
stationary time markers.

Y Output

The oscilloscope also contains a vertical output with BNC
connector marked Y on the rear panel. The output voltage is
45mV,,/cm display height (into 50Q). It is picked off from
the vertical amplifier like the trigger signal and it is similarly
switchable. Channel I or il is selected with the CH.I/II-
TRIG.I/II trigger pushbutton in the Y-Section. With alter-

nate channel switching (DUAL button in the Y-Section de-
pressed) and alternate triggering (ALT. button in the X-Sec-
tion depressed), the vertical output is consecutively driven
(in time with the sweep period) from Channel | and Channel
Il. The vertical output is not dependent on the vertical trace
position. It does not respond to the adjustment of the Y-
POS.I and Y-POS.Il controls and to the depressing of the
INVERT Il button. The vertical output is DC coupled and has
approximately zero level to ground. The bandwidth of the
output is approx. 80 MHz (with 50 Q termination).

Scale Hllumination

Especially for the photographic recording of displays, the
oscilloscope has a raster illumination. Normally, the ras-
ter, which is necessary for the point-by-point evaluation, is
not visible without illumination. Variation of the brightness
is possible on two steps with a slide switch marked
ILLUM., which is mounted below the screen. In the upper-
most position, the illumination is switched off. The op-
timum setting depends on the camera and film exposure
index used. Possibly some test pictures are required for a
good representation of the graticule.

Accessories

Each HAMEG oscilloscope is supplied with an Instruction
Manual and probes. However, a wide range of accessories,
which include test cables and probes, are available and
should be ordered according to the particular application.
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Applications

Amplitude Measurements

With the designations
H = display height in div,
U = signal voltage in V,; at the vertical input,
D = deflection coefficient in V/div at attenuator switch,
the required quantity can be calculated from the two given
quantities: U U
U=D-H H = B D = ﬁ
However, these three values are not freely selectable. They
have to be within the following limits (trigger threshold, ac-
curacy of reading):
H between 0.5 and 8div, if possible 3.2 to 8div,
U between 1mV,;and 40V,
D between bmV/div and 5V/div in 1-2-5 sequence.
D between 1 mV/div and 1V/divin 1-2-5 sequence

(with pulled MAG x5 knob).

Examples:

Set deflection coefficient D = 50mV/div 2 0.05 V/div,
observed display height H = 4.6 div,

required voltage U = 0.05-4.6 = 0.23 V.

fnput voltage U = 6V,
set deflection coefficient D = 1V/div,
required display height H = 5:1 = 5div

Signal voltage U = 220V,-2-V2 = 622V,

(voltage > 160V, with probe X100:U = 6.22V,,),
desired display height H = min. 3.2 div, max. 8div,
max. deflection coefficient D = 6.22:3.2 = 1.94V/div,
min. deflection coefficient D = 6.22: 8 = 0.78V/div,
adjusted deflection coefficient D = 1V/div

Time Measurements

With the designations
L =displayed wave length in div of one period,

T = time in seconds for one period,

F = recurrence frequency in Hz of the signal,

T, = time coefficient in s/div on timebase switch

and the relation F = 1/T, the following equations can be
stated:

T=L-T,

- =T
L= T.=1

I
Te
1 1

F= 1T L=+, T

=1
L-F

With X-MAG. x10 button pushed the T, value must be
divided by 10.

However, these four values are not freely selectable. They
have to be within the following limits:

L between 0.2 and 10div, if possible 4 to 10div,

T betweenbnsand 10s,

F between 0.1 Hz and 80 MHz,

T, between 50ns/div and 1s/div in 1-2-5 sequence
{(with X MAG. x10 in out position), and

T, between 5ns/div and 0.1 s/div in 1-2-5 sequence
(with pushed X MAG. x 10 knob).

Examples:

Displayed wavelength L = 7 div,

set time coefficient T, = 0.5ps/div,

required period T=7-05-10"°=3.5us
required freqency F = 1:(3.5-107%) = 286 kHz.

Signal period T = 0.55,
set time coefficient T, = 0.2 s/div,
required wavelength L = 0.5:0.2 = 2.5div.

Displayed ripple wavelength L = 1div,
set time coefficient T, = 10ms/div,
required ripple freq. F = 1:(1-10-107%) = 100Hz.

TV-line frequency F = 15 625 Hz,
set time coefficient T, = 10us/div,
required wavelength L = 1:(15 625-107°%) = 6.4div.

Sine wavelength L = min. 4div, max. 10div,
Frequency F = 1kHz,

max. time coefficient T, = 1:(4-10% = 0.25ms/div,
min. time coefficient T, = 1:(10-10%) = 0.1 ms/div,
set time coefficient T, = 0.2ms/div,

required wavelength L = 1:(10%0,2-107%) = 5div.

Displayed wavelength L = 0.8div,

set time coefficient T, = 0.5us/div,

pressed X MAG x10 button: T, = 0.05us/div,
required frequency F = 1:(0.8-0.05-107%) = 25 MHz,
required period T = 1:(25-10%) = 40 ns.

X-Y Phase Measurements

The X-Y phase measurement method can be used to meas-
ure the phase difference between two signals of the same
frequency. This provides a method of measurement for sig-
nal frequencies up to 120kHz. However, above this fre-
guency the inherent phase difference between the vertical
and horizontal system makes accurate measurements dif-
ficult. In this mode, one of the sinewave signals provides
horizontal deflection (X) while the other signal provides the
vertical deflection (Y).
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H- DN

180°

The phase angle between the two signals can be determi-
ned from the Lissajous pattern as follows:

@ = arc sin -

This simple formula works for angles less than 90°, it is
independent from both deflection amplitudes on the
screen.

Caution!

If a single spot appears (both deflection voltages are mis-
sing) reduce the intensity immediately, as a high intensity
setting may cause damage to the fluorescent screen of the
CRT.

Dual-Trace Phase Difference Measurements

Phase comparison between two signals of the same fre-
quency can be made using the dual-trace feature (DUAL
button depressed). This method of phase difference meas-
urement can be used up to the frequency limit of the vertical
system. To make the comparison, use the following proce-
dure:

Set the Input Coupling switches to the same position, and
the Trigger pushbutton (CHI/II-TRIGI/II) to the channel
where the reference signal (Phase 0°) is connected. Select
alternating channel switching for frequencies above 1 kHz,
and chopping for frequencies below 1kHz. Use probes
which have equal time delay to connect the signals to the
input cennectors. Set the Input Attenuator switches and
the CH1i and CHII variable controls so that the displays are
approximately equal and about five divisions in amplitude.
Set the TIME/DIV. switch to a sweep rate which displays
about one cycle of the waveform. Move the waveforms to
the center of the graticule with the Y-POS.l and Y-POS.II
controls.

Turn the Variable Time Control until one cycle of the refe-
rence signal occupies exactly 10 divisions (see figure
below). Each division represents 36° of the cycle.

— t —

Dual-Trace Phase Difference Measurements
T = Horizontal distance for one period (cm).
t = Horizontal distance of zero-crossing points {cm).

Assume a horizontal difference of 3 divisions (t = 3cm) and
a period of 10 divisions {T = 10cm), the phase difference @

can be calculated using the following formula:
o 3

— -+ 360° =—
T 10

@ -360°= 108°

or

arcy = - 27 =13—0 -2n = 1.885rad

respectively.

Measurement of an amplitude modulation

The momentary amplitude u at time ¢ of a HF-carrier vol-
tage, which is amplitude modulated without distortion by a
sinusoidal AF voltage, is in accordance with the equation

u=Uy sinQt+0,5m - Ur - cos(2—w)t — 0,5m - Ur - cos(Q+w)t

where Uy = unmodulated carrier amplitude
Q = 2aF = angularcarrier frequency
w = 2af = modulationangular frequency

m = modulation factor (= 1 2 100%).

The lower side frequency F—fand the upper side frequency
F+f arise because of the modulation apart from the carrier
frequency F. Ur

olsm - UT 0,5m * UT

. F—f F F+f
Figure 1
Amplitude and frequency spectrum for AM display {m = 50%)

A2
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The display of the amplitude-modulated HF oscillation can
be evaluated with the oscilloscope provided the frequency
spectrum is inside the oscilloscope bandwidth. The time
base is set so that several cycles of the modulation fre-
quency are visible. Strictly speaking, triggering should be
external with modulation frequency (from the AF generator
or a demodulator). However, internal triggering is fre-
quently possible with normal triggering using a suitable
LEVEL setting and possibly also using the time variable

adjustment.
m- UT
Ur
a b
Figure 2

Amplitude modulated oscillation: F= 1 MHz; f= 1 kHz;
m=50%; Ur=283mV,,.

Oscilloscope setting for a signal according to figure 2:

Depress no buttons. Y: CH. I; 20mV/div; AC.
TIME/DIV.: 0.2ms/div.

Triggering: NORMAL with LEVEL-setting; internal (or
external) triggering.

If the two values a and b are read from the screen, the
modulation factor is calculated from

a—b a—»b
m= —— resp. m=

- 100 [
a+b a+b [%1

where a = Uy (1+m)and b = Uy (1—m).

The variable controls for amplitude and time can be set arbi-
trarily in the modulation factor measurement. Their position
does not influence the result.
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Short Instruction for HM 1005

First Time Operation
Connect the instrument to power outlet. Switch on POWER pushbutton. No other button is pressed.
LED indicates operating condition. Case, chassis, and all measuring connectors are connected to
the Safety Earth Conductor (Safety Class |).
TRIG. selector switch to AC, LEVEL knob in to AT position.
HOLD-OFF control x1.
Adjust INTENS. control for average brightness.
Center trace on screen using X-POS. and Y-POS.I controls. Then focus trace using FOCUS control.

Operating Modes of the Vertical System
Channel I: All pushbuttons in out position.
Channel Il: CHI/II-TRIG. /Il button pressed.
Channel I and Channel Il: DUAL button only pressed = alternate channel switching.
Channel I, H and Channel Ill: DUAL and CHIHl buttons pressed.
Chopped channel switching: DUAL and ADD. buttons pressed. Signals <1kHz with CHOP.
Channel 14 1I {sum): I+11 ADD button pressed only.
Channel +1—1l {(difference): I+ 11 ADD and INV.Il buttons pressed.

Trigger Modes
Automatic Triggering: LEVEL A knob in AT position. Trace always visible.
Normal Triggering: LEVEL knob not in AT position: Trace visible when triggered.
Triggering from positive-going signal edge: SLOPE A +/— button is in out position.
Triggering from negative-going signal edge: SLOPE +/— A button pressed.

This facility is important when only a portion of a cycle is being displayed.
Internal triggering from Channel |: CHI/II- TRIG. I7Il button in out position.

Internal triggering from Channel II: CHI/II-TRIG. /1l button pressed.

Both these internal trigger modes are valid also for dual and triple channel operation.
Internal alternate triggering: ALT button is pressed (only with alternate channel switching).
External triggering from TRIG. INP. connector: EXT. button pressed.

External trigger signal: 200mV-2V,,,, time-related to vertical input signal.

Line triggering: TRIG. selector switch in ~ position.
Trigger coupling selected with TRIG. switch AC-DC-HF-LF (DC coupling needs normal triggering).

Trig. freq. range: AC and DC to 20MHz, HF above 20MHz, LF below 1kHz.

Video signal mixtures with line freq.: TV SEP. switch to H+ or H— position.

Video signal mixtures with frame freq.: TV SEP. switch to V+or V— position.

Pay attention to TRIG. indication LED!

Single sweep: with SINGLE and RESET buttons. Readiness: RESET LED is illuminated.

Measuring

Connect test signal to CH.l and/or CH.Il and CH.III vertical input connector.

Compensate attenuator probe using CAL. square-wave signal.

Select AC or DC input coupling. GD: Y amplifier is disconnected from input and grounded.
Adjust required display height of signal with attenuator switch and variable control.

Pay attention to OVERSCAN indication!

Select sweep speed with TIME/DIV. A switch and variable control.

Adjust trigger point with LEVEL A control.

Calibrated amplitude measurement with attenuator variable control to CAL.

Calibrated time measurement with TIME/DIV. variable control to CAL.

Trigger complex or aperiodic signals using HOLD-OFF control in normal trigger mode.
Horizontal x10 expansion: MAG. x10 button pressed.

External horizontal deflection: {X-Y operation) with X-Y and CHI/II- TRIG /1l buttons pressed (X input via CH.I).

Delayed Timebase Operation
Timebase A and B alternating: A/B not pressed, ALT. pressed.
Trace separation A opposite B by TRACE SEP. control.
Select the part to be displayed by timbase B by turning DEL POS. ond observe intensified part on timebase A.
Trigger timebase B after delay using LEVEL B and +/— slope pushbutton.
To display timebase B only, press A/B pushbutton. Timebase A still has to be triggered.
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Front Panel Elements HM 1005 Frontview

Element Function Element Function
€© POWER on/off Turns scope on and off. 39 X-POS. Controls horizontal

(pushbutton + LED) LED indicates operating condition. {knob) position of trace.

(@ DEL.-POS. Moves intensified parton trace A @) Y-POS.I Controls vertical position

(knob) (delayed timebase B) {(knob} of channel | display.

(3 LEVELB Control for adjusting trigger level 32 TRACE SEP. Moves trace of timebase B versus

{knob) of timebase B (knob) trace of timebase A vertically
@ +/— (pushbutton) Selects trigger slope of timebase B. by atleast +3div.

RESET (LED Indicates arming for triggering (single). ~ & GD-AC-DC Selects input coupling of the CH. |
® { ) - el 99 SALL (slide switch} vertical amplifier. DC = direct coupling;
(&) RESET Arms for single deflection - S o

D (®indi di AC = coupling via capacitor,

(pushbutton) LED ((® indicates readiness. GD = signal disconnected from input,
@ SINGLE (pushbutton)  Single mode when pushed. Y amplifier input grounded.

X-Y Selects XY operation. @ VERT.INP.1 Channel | signal input.

{pushbutton) X signal input via channel |. {BNC connector) inputimpedance TMQII 22 pF.

Attention! Phosphor burn-in without X signal. In X_Y mode: inpu@ forexternal
(® HOLD OFF Controls holdoff time between sweeps. horizontal deflection {® pushed).

{knob) Normal position = fully ccw. 35 CH.1-VOLTS/DIV. Channellinput attenuator.

_ {10 position Selects Y-input sensitivity in mV/div.
A/B{pushbutton) \é}/shpﬁgydfﬁrﬁ»sssgse Bonly. rotary switch) orV/div. in 1-2-5 sequence.
: Y-var. Increases Y attenuation factor
@ TVSEP. Switch for TV-Sync.-Separator. % )
(lever switch) OFF = normal operation. (knoband min. by 2.6 (lefthand stop).
H+/H— = trigg. of line (pos. or. neg.) pull-push switch) When pulled, increasing of sensitivity
V+/V— = trigg. of frame (pos. or neg.) by afactor of 5 {max. 1 mV/div.)
@ ALT. Alternating dlsplay of timebase A and @ CH I/I-TRIG. I/l No bUﬁtOﬂ depressed: CH.lonly
(pushbutton) timebase B when @ not pushed. (pushbutton) and triggering from channel .
@ TRIG Trigger selector When depressed, channel Il only
. Yl and triggering from ch 1.
AC-DC-HF-LF-~ AC: 10Hz10 40MHz. DC: DC-40MHz. (Trigger selogtion i DUAL mode).
{lever switch; HF: 1,6kHz-80MHz. LF: DC-1kHz. -
LED indicator) ~: internal line triggering. & DUAL Buttonreleased: one channel only.
@ ALT Afternating triggering {(pushbutton) Button depressed: channell and
: d . channel ll in alternating mode.
(pushbutton}) in multichannel mode. CHOP. DUAL and ADD buttor?s depressed:
Gs TIME/DIV. Selects time coefficients (speeds) CH.land CH. Il in chopped mode.
(23step of imebase A _ @ ADD ADD depressed only: algebr. addition;
rotary switch) from 1s/div. to 0.05us/div. {pushbutton) in combination with INV.11: difference.
Variable Variable adjustment of timebase A. @ Y-POS.1I Controls vertical position
(centerknob) e[‘)teig;eszzséeg IEz)nlzideﬂect[on speed {knob) of channel il display.
Calibratéd on right hand stop. an Gl_)-AC-l_)C Selepts input_c.oupli_ng.of the channel Il
@ TIME/DIV. Selects time coefficients (speeds) (slide switch) vertical amplifier. Similar to €3.
(21 step of timebase B @ VERT.INP. Il Channel llinput.
rotary switch) from 0.2 s/div t0 0.05ps/div. {BNC connector) inputimpedance 1MQ 1122 pF.
@3 EXT. Buttondepressed: external triggering. 43 OVERSCAN Direction indicators.
{pushbutton) Trigger signal input via &). . (LEDindicators) llluminated when trace
SLOPE +/— Selection of triggering on positive or passes vertival screen limits.
(pushbutton) negative going edge for timebase A. @ Ground (4mmsocket) Separate ground jack.
@ LEVELA Adjustment of trigger level (timebase A) -
(knob) cew = automatic triggering. @ ﬁl(')l II—.\tI.OLTSIDIV. ghlanneL) linput attenuator. Vi
- - position elects Y-input sensitivity iIn mV/div.
@) TRIG.INP. Input for external trigger signal. ; Lo
(BNC connector) (pushbutton @@ depressed ) rotary switch) orV/div. in 1-2-5 sequence.
@ INTENS. Intensity control @8 Y-var. lnpreases Y attenuation factor
{knob) fortrace brightness. (knoband min. by 2.5 {left hand stop).

@3 INT.B (potentiometer;

adjustment with

Intensity control
for timebase B (A alternating B).

screwdriver) Normal position = right hand stop.
@ FOCUS Focus control
(knob) fortrace sharpness.

@ TR{potentiometer;
adjustment with

Trace Rotation. To align trace with
horizontal graticule line. Compensates

pull-push switch)

When pulled, increasing of sensitivity
by a factor of 5 (max. 1 mV/div.)

@ INV.II
(pushbutton)

Inversion of CH. Il display.
In combination with ADD button
@9 = difference CH.1 —CH. I

@ CH. Il (pushbutton)

Adds CH. lll when pushed.

screwdriver) influence of earth’s magnetic field. @9 GD-AC-DC Selects input coupling of channel {lI
69 ILLUM.0,1,2{3pos.  Graticule illumination. (slide switch) vertical amplifier. Similar to @3 and @9.
slide switch) 0 =off; 1 =dim; 2 = bright. € VERT.INP.III Channel Il input.
@ 1kHz — 1MHz Selects calibrator frequency. {BNC connector) Inputimpedance 1 MQ 122 pF.
{pushbutton) Button not depressed = 1kHz; ' '
button depressed = 1 MHz. 6) VAR.CH.III Variable gain control for channel {1l
- knob) 50mV/div. {right hand stop),
@9 CALIBRATOR0.2V-2V Calibrator squarewave output, 0.2V, { g r
{test sockets) or 2V, resp. (frequ. adjust ). 7 min. 250 mV/div. (left hand stop).
29 X-MAG.x10 10 fold expansionin X direction. When 62 Y-POS.II Controls vertical position
{pushbutton) depressed, max. resolution = 5us/div. {(knob) of channel Il display.
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Test Instructions

General

These Test Instructions are intended as an aid for checking
the most important characteristics of the HM 1005 at regu-
lar intervals without the need for expensive test equipment.
Resulting corrections and readjustments inside the instru-
ment, detected by the following tests, are described in the
Service Instructions or on the Adjusting Plan. They should
only be undertaken by qualified personnel.

As with the First Time Operation instructions, care should
be taken that all knobs with arrows are set to their calibrated
positions. None of the pushbuttons should be depressed.
LEVEL knob in AT position, TRIG. selector switch Ato AC,
TV SEP. switch to OFF.. It is recommended to switch on
the instrument for about 30 minutes prior to the com-
mencement of any check.

Cathode-Ray Tube: Brightness and Focus,
Linearity, Raster Distortions

Normally, the CRT of the HM 1005 has very good brightness.
Any reduction of this brightness can only be judged visually.
However, decreased brightness may be the result of re-
duced high voltage. This is easily recognized by the greatly in-
creased sensitivity of the vertical amplifier. The control range
for maximum and minimum brightness (intensity) must be
such that the beam just disappears before reaching the left
hand stop of the INTENS. control (particularly when the X-Y
button is depressed), while with the control at the right hand
stop the focus and the line width are just acceptable.

With maximum intensity the timebase fly-back must on
no account be visible. Visible display fault without input sig-
nal: Bright dot on the left side — or — decreasing brightness
from left to right or shortening of the baseline. (Cause: incor-
rect Unblanking Puise.) It should be noted that with wide var-
iations in brightness, refocusing is always necessary.
Moreover, with maximum brightness, no “pumping” of the
display must occur. If pumping does occur, it is normally due
to a faultin the regulation circuitry for the high voltage supply.
The presetting pots for the high voltage circuit, minimum and
maximum intensity, are only accessible inside the instru-
ment {see Adjusting Plan and Service Instructions).

A certain out-of-focus condition in the edge zone of the sc-
reen must be accepted. It is limited by standards of the CRT
manufacturer. The same is valid for tolerances of the ortho-
gonality, the undeflected spot position, the non-linearity and
the raster distortion in the marginal zone of the screen in ac-
cordance with international standards (see CRT data book).
These limit values are strictly supervised by HAMEG. The
selection of a cathode-ray tube without any tolerances is
practically impossible.

Astigmatism Check

Check whether the horizontal and vertical sharpness of the
display are equal. This is best seen by displaying a square-
wave signal with the repetition rate of approximately
1MHz. Focus the horizontal tops of the square-wave signal
at normal intensity, then check the sharpness of the vertical
edges. If it is possible to improve this vertical sharpness by
turning the FOCUS control, then an adjustment of the astig-
matism control is necessary. A potentiometer of 47kQ is
provided inside the instrument for the correction of astig-
matism. A certain loss of marginal sharpness of the CRT is
unavoidable; thisis due to the manufacturing process of the
CRT.

Symmetry and Drift of the Vertical Amplifier

Both of these characteristics are substantially determined
by the input stages of the amplifiers.

The symmetry of Channel Il and the vertical final amplifier
can be checked by inverting Channel Il (depress INV.I
pushbutton). The vertical position of the trace does not usu-
ally change by more than 5mm. However, a change of 1cm
is just permissible. Larger deviations indicate that changes
have occurred in the amplifier.

A further check of the vertical amplifier symmetry is possi-
ble by checking the control range of the Y-POS. controls. A
sine-wave signal of 10-100kHz is applied to the amplifier
input. When the Y-POS. control is then turned fully in both
directions from stop to stop with a display height of approx-
imately 8em, the upper and lower positions of the trace that
are visible should be approximately of the same height. Dif-
ferences of up to 1cm are permissible (input coupling
should be set to AC).

Checking the drift is relatively simple. Thirty minutes after
switching on the instrument, set the baseline exactly on
the horizontal center line of the graticule. The beam position
must not change by more than §mm during the foliowing
hour.

Calibration of the Vertical Amplifier

Two square-wave voltages of 0.2mV,,and 2V,,, 1% are
present at the output sockets of the calibrator (CAL.). If a di-
rect connection is made between the 0.2mV output and the
input of the vertical amplifier, the displayed signal in the
50mV/cm position (variable control to CAL.) should be
4cm high (DC input coupling). Maximum deviations of
1.2mm (3%) are permissible. If a x 10 probe is connected
between the 2V-output socket and Y input, the same dis-
play height should result. With higher tolerances it should
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first be investigated whether the cause lies, within the
amplifier or in the amplitude of the square-wave signal. On
occasions it is possible that the probe is faulty or incorrectly
compensated. if necessary the measuring amplifier can be
calibrated with an accurately known DC voltage (DC input
coupling). The trace position should then vary in accordance
with the deflection coefficient set.

With variable control at the attenuator switch fully counter-
clockwise, t7 input sensitivity is decreased at least by the
factor 2.5 in each position. In the 50 mV/div position, the
displayed calibrator signal height should vary from 4 div to at
least 1.6div.

When pulling the Y-expansion x5 knob (MAG x5), the sen-
sitivity is increased by the factor 5. in the 0.2V/div position
the displayed signal should change from 1 div to 5div by pul-
ling the MAG x5 knob.

Transmission Performance of the
Vertical Amplifier

The transient response and the delay distortion correction
can only be checked with the aid of a square-wave
generator with a fast risetime (max. 5ns). The signal coaxial
cable (e.g. HZ34) must be terminated at the vertical input of
the oscilloscope with a resistor equal to the characteristic
impedance of the cable (e.g. with HZ22). Checks should be
made at 100Hz, TkHz, 10kHz, 100kHz and 1MHz, the
deflection coefficient should be set at 5mV/div with DC
input coupling (Y variable control in CAL. position). In so
doing, the square pulses must have a flat top without ramp-
off, spikes and glitches; no overshoot is permitted, espe-
cially at 1MHz and a display height of 4-5div. At the same
time, the leading top corner of the pulse must not be
rounded. In general, no great changes occur after the instru-
ment has left the factory, and it is left to the operator’s dis-
cretion whether this test is undertaken or not.

Of course, the quality of the transmission performance is
not only dependent on the vertical amplifier. The input
attenuators, located in the front of the amplifier, are fre-
quency-compensated in each position. Even small
capacitive changes can reduce the transmission perfor-
mance. Faults of this kind are as a rule most easily detected
with a square-wave signal with a low repetition rate (e.g.
1kHz). If a suitable generator with max. output of 40V, is
available, it is advisable to check at regular intervals the
deflection coefficients on all positions of the input
attenuators and readjust them as necessary. A compen-
sated 2:7 series attenuator is also necessary, and this
must be matched to the input impedance of the oscillo-
scope. This attenuator can be made up locally. It is impor-
tant that this attenuator is shielded. For local manufacture,
the electrical components required are a 1 MQ +1 % resis-
tor and, in parallel with it, a trimmer 3-15pF in parallel with

approx. 16pF. One side of this parallel circuit is connected
directly to the input connector of the vertical amplifier and
the other side is connected to the generator, if possible via
a low-capacitance coaxial cable. The series attenuator must
be matched to the input impedance of the oscilloscope in
the BmV/div position (variable control to CAL., DC input
coupling; square tops exactly horizontal; no ramp-off is per-
mitted). This is achieved by adjusting the trimmer located in
the 2:1 attenuator. The shape of the square-wave should
then be the same in each input attenuator position.

Operating Modes: CH.I/ll, DUAL, ADD,
CHOP., INV.Il and X-Y Operation

On depressing the DUAL pushbutton, two traces must
appear immediately. If CHIll button is depressed too, three
traces must be visible. On actuation of the Y-POS. controls,
the trace positions should have no effect on each other.
Nevertheless, this cannot be entirely avoided, even in fully
serviceable instruments. When one trace is shifted verti-
cally across the entire screen, the position of the other trace
must not vary by more than 0.5mm.

A criterion in chopped operation is trace widening and
shadowing around and within the two traces in the upper or
lower region of the screen. Set TIME/DIV. switch to 1us/
div, depress the DUAL and ADD pushbutton to operate the
oscilloscope in CHOP. mode, set input coupling of both
channels to GD and advance the INTENS. control fully
clockwise. Adjust FOCUS for a sharp display. With the Y-
POS. controls shift one of the traces to a +2div, the other
to a —2div vertical position from the horizontal center line of
the graticule. Do not try to synchronize the chop frequency
{1MHz)! Then alternately release and depress the ADD
pushbutton. Check for negligible trace widening and
periodic shadowing in the chopped mode.

It is important to note that in the I+l add mode {(only ADD
depressed) or the +1—H difference mode (INV.Il button
depressed in addition) the vertical position of the trace can
be adjusted by using both the Channel | and Channel Il Y-
POS. controls. If a trace is not visible in either these modes,
the overscanning LEDs will indicate the position of the
trace.

In X-Y Operation (X-Y pushbutton and CH./II-TRIG.I/Il
depressed), the sensitivity in both deflection directions will
be the same. When the signal from the built-in square-wave
generator is applied to the input of Channel Il, then, as with
Channellin the vertical direction, there must be a horizontal
deflection of 4div when the deflection coefficient is set to
50mV/div position (variable control set to its CAL. position,
X MAG. x10 depressed). The check of the mono channe!
display with the CHI/Il button is unnecessary; it is con-
tained indirectly in the tests above stated.
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Triggering Checks

The internal trigger threshold is important as it determines
the display height from which a signal will be stably dis-
played. It should be approx. 5mm (frequency-dependent)
for the HM1005. An increased trigger sensitivity creates
the risk of response to the noise level in the trigger circuit,
especially when the sensitivity of the vertical inputisincrea-
sed by pulling the MAG. x5 knob. This can produce double-
triggering with two out-of-phase traces. Alteration of the
trigger threshold is only possible internally. Checks can be
made with any sine-wave voltage between 50Hz and
1MHz. The LEVEL A knob should be in AT position. Follo-
wing this it should be ascertained whether the same trigger
sensitivity is also present with Normal Triggering (LEVEL A
knob in NORMAL position). In NORMAL trigger mode, a
LEVEL A adjustment is necessary. The checks should
show the same trigger threshold with the same frequency.
On depressing the SLOPE A +4/— button, the start of the
sweep changes from the positive-going to the negative-
going edge of the trigger signal. As described in the Opera-
ting Instructions, the trigger frequency range is dependent
on the trigger coupling selected. For higher frequencies the
HF coupling mode must be selected. In this mode, trigge-
ring up to at least 130MHz (sine-wave) is possible. Inter-
nally the HM 1005 should trigger perfectly at a display
height of approx. 5mm, when the appropriate trigger coup-
ling mode is set.

For external triggering (EXT. button depressed), the EXT.
TRIG. input connector requires a signal voltage of at least
200mV,,,, which is in synchronism with the Y input signal.
The voltage value is dependent on the frequency and the
trigger coupling mode {AC-DC-HF-LF).

Checking of the TV triggering is possible with a video signal
of any given polarity. Use the TV: H positions of the TV
switch for triggering on line or horizontal frequency (TIME/
DIV. switch to 20 or 10us/div). The TV: V positions are
required for frame or vertical frequency (TIME/DIV. switch
to 5 or 2ms/div). The + and — positions at V and H must cor-
respond to the sync pulse.

Perfect TV triggering is achieved, when in both display
modes the amplitude of the complete Y signal (from white
level to the top of the line sync pulse) is limited between 0.8
and 8div.

The display should not shift horizontally during a change of
the trigger coupling from AC to DC with a sine-wave signal
without DC offset.

In the dual channel mode (DUAL button depressed) with
alternate channel switching and with alternate trigge-
ring (ALT. button in the X-Section depressed), two non-fre-
guency related signals (e.g. mains/line frequency signal and
calibrator signal) should reliably be triggered.

If both vertical inputs are AC coupled to the same signal and
both traces are brought to coincide exactly on the screen,
when working in the alternate dual channel mode, then
no change in display should be noticeable, when the CH.1I/1I-
TRIG.I/H or the ALT. button are depressed or released.

Checking of the line/mains frequency triggering is possible,
when the input signal is time-related {multiple or submul-
tiple) to the power line frequency (TRIG. selector switch to
~). In this trigger mode, there is no trigger threshold. Even
very small input signals are triggered stably (e.qg. ripple vol-
tage). For this check, use an input of approx. 1V. The dis-
played signal height can then be varied by turning the
respective input attenuator switch and its variable control.

Timebase A

Before checking the timebase it should be ascertained that
the trace length is 10div. If not, it can be corrected with
the potentiometer for sweep amplitude (see Adjusting
Plan). This adjustment should be made with the TIME/DIV.
A switch in a mid position (i.e. 5us/div). Prior to the com-
mencement of any check set the time variable control to
CAL. and the HOLD-OFF time control to x1. The X MAG.
x 10 pushbutton should be released. This condition should
be maintained until the variation ranges of these controls
are checked.

Check that the sweep runs from the left to the right side
of the screen (TIME/DIV. switch to 0.5s/div; X-POS. con-
trol in mid-range). This check is only necessary after chan-
ging the cathode-ray tube.

If a precise marker signal is not available for checking the
Timebase time coefficients, then an accurate sine-wave
generator may be used. Its frequency tolerance should not
be greater than £1%. The timebase accuracy of the
HM 1005 is given as £3%, but as a rule it is considerably
better than this. For the simultaneous checking of timebase
linearity and accuracy at least 10 oscillations, i.e. 1 cycle
every div, should always be displayed. For precise determi-
nation, set the peak of the first marker or cycle peak exactly
behind the first vertical graticule line using the X-POS. con-
trol. Deviation tendencies can be noted after some of the
marker or cycle peaks.

The 20 and 10ms/div ranges of the TIME/DIV.A switch
can be checked very precisely with line frequency (50Hz
only). On the 20ms/div range a cycle will be displayed
every div, while on the 10 ms/div range it will be every 2 div.

If a precise Time Mark Generator is used for checking, nor-
mal Triggering (LEVEL knob turned cw) and LEVEL control
adjustment is recommended.

The following table shows which frequencies are required
for the particular ranges.
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1 s/div — 1 Hz 0.1 ms/div — 10 kHz
05 s/div - 2 Hz 50  ps/div — 20 kHz
0.2 s/div - 5 Hz 20 us/div — 50 kHz
0.1 s/div — 10 Hz 10  wps/div — 100 kHz
50 ms/div — 20 Hz 5 us/div — 200 kHz
20 ms/div - 50 Hz 2 pus/div — 500 kHz
10 ms/div — 100 Hz 1 us/div —  1TMHz
5 ms/div — 200 Hz 0.5 ps/div - 2MHz
2 ms/div — 500 Hz 0.2 us/div — BMHz
1 ms/div — 1 kHz 0.1 us/div — 10MHz
0.5ms/div — 2 kHz 0.05 ps/div — 20MHz
0.2ms/div — 5 kHz

The time variable control range can also be checked. The
sweep speed becomes slower by turning this variable con-
trol counter-clockwise to its left stop. 2.5 cycles at least
every div should be displayed (with X MAG. x10 pushbut-
ton released; measurement in the 5us/div range).

When the X MAG. x10 button is depressed, a marker or
cycle peak will be displayed every 10div £5 % (with variable
control in CAL. position; measurement in the 5us/div
range). The tolerance is better measureable in the 50 us/div
range (one cycle every 1div).

Check the ramp output voltage on rear panel (BNC connec-
tor marked by a sawtooth symbol) with a Test Oscilloscope.
Test Scope setting: 1V/div; Timebase to one step slo-
wer sweep speed than on the HM 1005 under test. The lat-
ter must have no input and no trigger voltage (free-running
sweep; input coupling switch to GD). The sawtooth voltage
is applied with a 50Q-BNC-BNC cable without termina-
tion from the ramp output connector to the input of the Test
Scope. The Test Scope should show a positive-going linear
sawtooth with an amplitude of approx. 5V,,. At the same
time the function of the HOLD-OFF control can be checked.
The hold-off time variation cannot be measured precisely
with this method, because the unblanking pulse of the time-
base generator is smaller than the ramp width.

Timebase B

If the A/B pushbutton is depressed timebase B is displayed
only. Now it can be checked in the same way as in timebase
A mode. To have 10div trace length time in timebase B
mode, it must be 10 times faster than timebase A, if maxi-
mum delay with DEL. POS. is set by rotating this control
clockwise until the display shows the value of “999”
+1digit.

Trace Alignment

The CRT has an admissible angular deviation +5° between
the X deflection plane D1-D2 and the horizontal center line
of the internal graticule. This deviation, due to tube produc-
tion tolerances (and only important after changing the CRT),
and also the influence of the earth’s magnetic field, which is
dependent on the instrument’s North orientation, are cor-

rected by means of the TR potentiometer. In general, the
trace rotation range is asymmetric. It should be checked,
whether the baseline can be adjusted somewhat sloping to
both sides round about the horizontal center line of the gra-
ticule. With the HM 1005 in its closed case, an angle of rota-
tion £0.57° (1mm difference in elevation per 10cm grati-
cule length) is sufficient for the compensation of the earth’s
magnetic field.

Miscellaneous

Checking the blanking facility on the Z modulation connec-
tor {rear panel) is possible with a sine- or square-wave gene-
rator, which must have a relatively low output impedance
(max. 800Q, max. 5V,,). The sine-wave generator requires
an output voltage control. The square-wave generator must
deliver positive pulses to ground (chassis). Alternatively a
small adjustable sine voltage from a (separate) power trans-
former may be used. For the latter set the TIME/DIV. range
to e.g. 10ms/div. With the TIMEBASE variable control, the
gap in the baseline can be brought acceptably to a standstill.
Line frequency triggering is better (TRIG. selector switch to
~). The length ratio from bright to dark lines on the display
is dependent on the sine voltage amplitude. Without a
modulating generator, the function of the Z modulation can
be checked coarsely by connecting 5V positive to ground at
the Z input. Then the baseline is blanked completely.

A check of the Y output {rear panel) is possible on the
screen using the dual channel mode by means of the cali-
brator signal. To this a connection is made from the calibra-
tor socket (0.2V/1kHz) to the CH.I input connector and —
using a BNC-BNC cable and a 50 Q through-termination — a
second connection from the Y output to CH.Il input connec-
tor. Settings: CH.l attenuator switch to 50mV/div, CH.II
attenuator switch to 0.1V/div, CH.l input coupling to DC,
CH.Hl input coupling to GD, TIME/DIV. A switch to 0.5ms/
div, automatic triggering {LEVEL A knob in AT position),
TRIG. selector to AC, no button depressed. Now the
square-wave signal is visible with 4div display height. With
Y-POS.I control, the tops of the square-wave are adjusted
to +2div from the horizontal center line of the graticule.
Then the DUAL button has to be pressed. The appearing
second trace {without signal) is adjusted to —2div using the
Y-POS.ll control. Then the CH.Il input coupling is set to DC.
Now the signal across the Y output appears with the same
phase position as the calibrator signal via Channel |. As well
as the DC offset (e.g. +0.8div 2 +80mV) the amplitude
(e.g. 1.8div £ 0.18V,,) of the Y output can be measured. In
the example, the sensivity of the Y output can be calculated
as 0.18V:4div = 45mV/div.

If a variable mains/line transformer is available, the charac-
teristics of the HM 1005 on power voltage fluctuations of
+10%, referred to the voltage indicated by a triangle above
the fuse holder (rear panel), should be checked. Under
these conditions no variations should be detected on the
display in either the vertical or horizontal axis.
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Abgleichpunkte

Adjustment Points

+12V

®

VR2001 ¢ circult diagrom >

X =-x10
VR2317

X -x1
VR2319

V(2501
if required
100kHz/1MHz 100kHz/1MHz
I I
VR2206 (R) DC Trig. DC Trig. ® VR2106
VR2208  VR2108
vrzeeos_/@ ® ® ®\VR2105
VR2204 ® © VR2104
VR2203  VC2201 vCa101  VR2103
XY-Ampl,
VR2502
Y-Ampl, Invert Invert Y-Ampl.
CH 2 VR2202 vre1e® cH 1 ®
VR2201 VR2101
] — X¥-Board
VRO0S EZQ:\E EY I / II Board
IE] VR006 ® Var. Bal, ® Var, Bal.
VR104 VR104
I
100kHz/©
IMHz ~ VCO003
Y-x1/xS Bal, Y-x1/xS Bal,
EI i 1V_PIN 6VR101
VROO1 | |VRI106 -Nlcm' 6® VRioe 1V [
DC-BAL.
100 Hz [T ® 100 Hz [T ®
VR103 VR103
VR102 VR102
I:l Att, Dffset Att. Offset
V(105 VC105
VR003 M 1kHz © M 1kHz CAL.LR)
1IMHz oogo oogo
© T VC102| VC104 22 VC102| VC104 22
Inp.—Cop.
VRO02 © VC101 |VC103 VC101 1VC103
VCo001 0.1V 1V 0.1V 1V CAL-Board
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O00000 \\
>>
e
U+ o+ 10Div
VR603 IEI Intensify-Shift
c%%oa VR3101
GELD. 0.5ms Troace-Start
B=A VR304
Basic Intensity ®
[x] VRé01 Time 1ps© VR302 ®)
VC311 VC302©
B Time 1ms, V301
VR302 A
VR301
VR302 A-TRACE
Start-Pos.=0 Volt
VC302 Time 0.lus
Z—-Board VR301 Time 0.ms
VC301 S0kHz
Start-Linearity
YF-Board
Overscan
VRS1 ® bottom
VRS2
VCSS ©
iMHz
1 top
VRS3
VCS4
iMHz
11 Trig.—~Symetry
VR3001
VCS2 1 TB-Board
miz © @
VCS3
Delay-Line
T
DEL-Board
VR1101 IEI
Display adj. SY-Board
'20'
VR1102 EI
Display adj.
r9g0” XY-Mode
X-Position
VR401 EI
[ |
| FL-Board

Abgleichpunkte / Adjustment Points

|
DC-Trig. Extern \ R
VR710 u
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T 3° 3559s] 1861 _°5 =g
vo| S00T-4X HOS"EAX o
Azl aoquny jusunssgl azyg)
ENNTIJONSNY-YI00 1YL / YINIIYLEYIANIHISIAZ-4 rosySteNT
o131. Ineino> s0z20 YO0DSOH LZ1ETs
ANUWHID ‘A H/LHNIYNGHA  HAO O3WuH <_I0gRT) ©8023L rozzat
Zxs> T T 2uee L21e7s
ﬁ 0102231
1 1
eriyt W ¥1220
g L0220
— 49001 E
T ob—<zzm s e
—<2213)
2 2052uA erzza
v {X37AST= > -
€ {X37A2T+ >
<=y ?
10525 d3S-300dl 6risnt A
10528A s0220
1 1483
< giel 8rzzy
ERiE st Lzszy H000SOH
v 890221
»zs2y o . 14 o evzey et '
\ 2N T 2] HoOSYL LZ1ES
@16Saw 1eerS IrNT Al._ BOZZA ' 3102201 L21€78
N toszt sozzo € 4101201
_ ; #0170 L 185rSTHNT £
' < FTaT — t L1zz 60z ]
Qoxt A 1918 m 00Xt
ezs2y el (4328 s2sza anteg srizy
49001 60520 HOOSHL 100rST1YNY o
=51 E1523 49001 L AI e01ZHA 60120 T 87
1 »1523 ~T 184S TNT L1120 h 4
dser m 12 2107401 rz1e0s oML
zeszy oS, ozs2y uwo_mAn T 2uee @101201 EE1EY
L
. 12828 1 tues g7 ~Zixa
yzee o 2eu1 ﬁ ErIrNT W @vi2y |
e L0120
6152y 001 szszd N
511290 s
2 m_.«o_ vsigy
. SoLrig  Siszd <THIH e %
21520 los2uA azs2zu
1418
2 sys 2| estzy
a= ot | zen i &
AE1TaZ a0 ERll - o E ousL
e tis2d o1sey szszy | X L eerew
o & o [ tesesto T <3
T azz i€ 4 2uee
i 2182y & ertzy LZ1E78
6052y sovza Al 24340 9101291
T = APT€r 'NO  H000SCH
z 037 - - 890121
e ¢ ! 2-S0d-A ST\HOS
% a
e PR— 12erS N cozzun 100zAs .
90520 z €T ALO/ARS "€ 1913 1oe€ers
v0220 zozeL
W L2188
10%E a102201
ot sezze 1eeg6148 Oy 2use oysL
< P EENT s v0z21 X i XE 5
oNEL cozza § 1s N g 5122y 10¥E  ani-0
i o0szzy rsier | o L0224 00220
Nroe ¥ 12321 0ow1 499 Seea Y205 i
coszn 2 exwvs | swew | OMOTIE 0To0| | s2azm ado1 vozzal 228 tizen e
YAEQdZ ador 2 1 E€224 | ze22y o azz2y . wost FOz2T
50520 11222 E e 122 lu1s =
yYALS .. ﬁ et 90223 ado1- -z 222y ¥ 2522 B
<z — — | 80223 Ptafand 1GTTOA —_ west
NOtid hOhNU oz 'y -
AN 1818 LoZzd s 7| Avget| ddep 3 anivo BO0Z 4010 zizzw uizz
LEZZTY 1 0ssoa o stz
otzzg) 64223 T €0223 10220 6022y
— s0zz1
ant-o a0 L 2| T H001 o 001 118 Zexe
80520 =7 80523 T z H00ZHL HOG T
6rivNt Z o8t £2229 | cozzun jozzzs 91zza uros 18220 Bozzs
< EW5RZIT} zczz0 D 9ezzy o e orzzu
I ¥A) . 2590071 0251 wolal  XOTHL il ©0O0T _ s
05zzZ2 L=
e 00ZZbA S0ZTHA YOZZUA wiz2 — R1zzy
szzzy | TDI e
. D TomE Tyt _ Zues Lzigns zozzy
60529 180yS1PNT vezZe — 2102201
14 | zzz2Y 18055140 1e05ars
Hres l_l Toazn | N_»,.T cozzL TozZL
<zzT— - - P 7ZYATS
50827 AZTIT 28T
<_ASA2T3) .
< xSRETR— o 1H1s
10s20 v22z4
Hresa
ATT b + =
RELTTS T TI7RET>
50827 N Teersiont 118 D_Em ASLTTT
— r2ieo
<zEr P & ~TC/ AT 7
P— 1937S1PNT o120 ezrzd 2z 130cavs
r0s20 B121 - - No.N» 8001
£osz20 W _”J 1 105%€ 1-S0d—-A szizy miosmugz | LEVES oss
goszy svirN) setzy o012y D el e gror2a1 4n1to €0ty .o?AHHm
2 coizo ¥ SOZHL ¥O1di  wotul 4001 _ — T 0T 00120 -
<q9s} Tots ad01 2 9012HA SOIZ¥A D12HA FNHNm _
5 e osx1
i D HO0ZYL 00x¢ utoe 1a1s werz
Sosze 13120 1818 SErza prs iy Lrrzy 11128 25124 muwmm 10124
< TS - ad00t| Jua* 492p L .morwu D
Le12y 2 08123 o:Nu 60122 09508 oSt
a2t L T 3 soizL 1ete
siszd =T Aot - > 9 : . eeLt (3 XWMﬁJK>
AETS= Notid o o ddot”°2 M 105 ®1 -
== 1012a 4<% 921 ade 101234 a1 W0z 41D ziiew uizz aizz
1] 80120 | o322 aciza 1, nonwn Si1129 19120 soizy L0124 gotrzy
M E s ”_ HZEE 118 U sxes ﬂhwmunln.. ©0S1 001 1S zw%«mw.&,
10528 N osizu| ceren| seiPw oztzy stiza oFi%e 1812y -wwwm
o> eriNG L oot ASTEY
20120 2 o0t tziz 001 u0ot 5001 ousL
2 teles  OElzy 621z Bziza @ 9%FEY -
SYI>NT Zm w1zt ! Toxe 2uee eltzy T ET zoizy
z0sza zoszy verze attzy © £21E78
1 T 1eersiyNT 1818 3101201
<tErm . 4 - V] iy 1*%cavs
L4l REEF ) B e vam 2212y 1aesgLa8 toreL
se
reerSivNT AZ Y~ INO €c1zL

10sz0

Anderungen vorbehalten / Subject to change without notice

D4-1005



HM 1005

o3 IEOS] §9ST 2T BT =i
FrrCICER) >
= JsqunN _juswnsog|wzis| Nt e L8 anLa anLce anLa ARL/dnBEL
. 127z sz9zd 5z9z3 zz92> 12423 zewzd> ZOOH7L zasHaL
DNALIVHISHAIYNYN -4/ XID0THADD 1ML nte J - e azovzo Ssgozol
=144 €89zl anLe 989Z3! sez3 209231 z@7zal
ANYWYIO'M  W/LNNENNVHY  HGWD DIMVH €on~ ezvz> ne n- ~an~ ne .
ous su9 aus [ Zuce
SOBLWH zuce snrzn Pree Lrves [Eee- so9zn
esvzy
CInsIme> Hnoo tmmmy pmemmm e
. . e <zFT] ddooL
<gmewy e o e
7 B Quvoa-As
PR vt~ I R S I
L L]
s6vza ©EdH 7L Levza aom Bzwzo = 1 ER ] pmemmememmmecmeeeono-
ZoIHL v v 2ouzy ouvoa-Td
asewzol .
ZadH7L e . -7
EED> v a7e 7z ] oLs
—
vaorD: = = A
g AZL=
z svLaNy H4F
ETE> sevza
2
2OOHYL wizz
a»a9zd) sz ooXL oLssaR Lz
Z@OHTL f=pea ELRTTN
zoxL
asevzd —
Lezom udpzz nahe 3 o —<EEI)
XL zowZL | Ladd Py LvLve usLy € ecrzy
sEnzy Il — V] a0 4
adezz T 1t TRV - ¢ g pewzy ST
EE>— Il 14 s€vTy Ye%za €evzy LEYZY)
v Z N T =
6LvzD Sovel bled €H3
z HSLY o z & “eZS € z] v] ZELS
sevzy 3902z
verzy seusHaL PL7ED € 2| ¢
Jdoes zELoHYL s SLewzdl s
e arewzal s ‘ ? [ecens
. - Al e TI5TY 5|
= ] v L]
s sdazL v
sL9zd Lz arione N [ITERTED- TTORT
wsLy RSt (zvza i
szazy z aav
€ovzs
eone e 2| | eous
isvzy JOR> ERDINIES
> L=
O uze€ PANEVAN (HEoR> REoN
4dLn szazy L2z o Suxy
50925 free s 9y 2z72y
s, 39001 ol . wsLy L7z ‘na/on AzL~
- €Lvzd T2 - czoza zonzs
ousL 49801 s s] =
Sinzn e It I A _N_H vocs
= ks -y SLozy
ouse MZZ | arern LstoHTL adee wizz ey
Lrwzy ! 88722 ZELDHYL eaLy v
== Jdcy zooHTL | aLozy © bar— Loz
Lawzd Pryniing ! etwzy 8% >
e 492 a M2 SL1Y|
4 H4dooL P — A7 v
sorn oaes viazy ZoOHYL bbbl 1928y T bl Lozy
oivzs == = aze9zol — —F A€ Ve [ Z| »
sz E—
= — 7~ Tk Ase Loca A& 43 rH
ouSL ozvzy T3 —— A Y wizz v —,  SOLS
& iz c —> < /
Po7EH S8
HSLY SLAT i 3dpEL ZHO/LHD
4deoL Z aBvzH wovzy T zewz zen~ tavzs
covzo
T wes € B K e 5
= uizz ouvos-1a
T Py oSl
e A s St
Lavzy -z
zooH"L Rl —= werth 11 e
~vzo 9z . usLy ZELOHYL L sevzy ouvos-aL
[ZT)  eovzu ..
aLerzo e Lo
v wesnee LR e— P vane
@909z .q tevz>
|—I ............ N
seoy ouvoa-ax !
renee—=i uizz
evzy Lzz S|
o revzy
zovzy
2.

Triggerlogik, Y-Kanalumschaltung
Trigger Logic, Y Channel Switching
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Y-Endverstarker

Y Final Ampilifier
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Zeitbasis Generator
Timebase Generator
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Trigger Komparator, Zeitbasis
Trigger Comparator, Timebase
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X-Endverstirker

X Final Amplifier
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HM 1005

Delay Pos. (Digitalanzeige
Delay Pos. (Digital Display)
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HM 1005

Netzteil, Kalibrator

Power Supply, Calibrator
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HM 1005

, Unblanking, HV Supply

ircui

Kathodenstrahiréhre, Helltastung, HV-Netzteil

CRTC
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EY-Board
CH//CHII

Bestiickungsseite
Component Side
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[ YR-Chip 1206 / 5% 4 R-Minimelf / 0,5%
O C-Chip 0805 CIR-Minimelf / 1%
(D c-Chip 1206 Diode LL4151

SY-Board
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HM 1005

TB Board
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