MANUAL

Oscilloscope

HAMEG MESSTECHNIK



HIRDNMEL=

Specification

Vertical Deflection (Y)

Bandwidth: of both channels

DC-20MHz (-3dB), DC- 28 MHz {-BdB)
Risetime: 17.5 ns (approx.).

Overshoot: 1% (maximum).

Deflection coefficients: 12 calibr. steps,
5mWy/cm-20 Viem (1-2-5 sequence),
variable gain cantrol uncalibr. to 2mV /fem,
accuracy better than £ 3% (in cal_ pasition).
Input impedance: 1 Megohm [ 25 pF,
Input coupling: DC-AC-GND,

Max. Input voltage: 500 V (DC + peak AC),
Polarity: normal or inverted on channel I.
Overscanning: indicated by 2 LED's.
Operating modes

Channel |, ehannel | and [I,

alternate or chopped (approx. 1 MHz)
Addition: channel | + 1|

Difference: with channel | inverted,

X-Y operation: ratio 11 linput via ch. 1I}.

Timebase

Time coefficients: 271 calibrated steps,

0.5 psfem -2 sfem (1-2-5 sequence) ,

with magnifier x5 to 100 ns/cm,

with variable contral uncalibr, to 40 ns/ecm,
accuracy better than = 3% (in cal. position).
Ramp output: &V (approx.)

Trigger System

Modes: automatic or variable trigger level.
Source: ch. | or Il, altern, I/, line, ext,
Slope: positive or negative.

Coupling: DC, AC, TV frame.

Sensitivity: in1. 5 mm, ext. 0.5V (approx).
Bandwidth: DC-40 MHz.

Trig. action: indicated by LED.

Sweep Delay

Ranges: 7 decade steps, 100ns-1s
with fine control, ratio 10: 1.
Modes: normal, search, delayed;
modes indicated by LED

Horizontal Deflection (X)

Bandwidth: DC- 2 3MHz (-34B)

[X.¥Y mode: phase shift = 32 at 110 kHz}.
Deflaction coefficients: 12 calibr. steps,

5 mWy/em - 20 Viem (1-2-5 sequence),
variable gain control uncalibr. 1o 2mV/cm.
Input impedance: 1 Megohm [ 25 pF

Miscellaneous

Cathode-ray tube: 130 BXB 31, 13cm
Accelerating potential: 2000 v.

Calibrator: square -wave generator 1 kHz,
0.2 Vv + 1%, for probe compensation.
Z-Modulation input: TTL - leveal,

Trace rotation: adjustable on front panel.
Graticule illumination: four-position switch.
Stabilized power supply: all cperating voltages
including the EHT

Mains voltages: 110, 127, 220, 240 V AC.
Mains fluctuation: £ 10 % (maximurmn).
Mains frequency range: 50 - 80 Haz.

Power consumption: 36 W (approx.).

Weight: 8.6 kg (approx.|

Dimensions (mm): 212 x 237 x 380.

Finish: dark grey. With handle and tilt stand.

Subject to change.
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OSCILLOSCOPE HM 4124

B Bandwidth DC - 20 MHz
B Lps Triggering to 40 MHz

| Overscanning
. Delayed Sweep

The HM 412 demonstrates the exceptionally high standard
of quality and pe formance achieved by HAMEG. Full use
has been made of the Latest Technology with integrated
circuits and discrete semiconductors being combined for
optimum performance. Internal Stabilized Power Supplies
ensure that mains fluctuations do not adversely affect the
HM 412. Both vertical channels incorporate a variable gain
control which increases thegain to 2mV/em. Fully matched
X-Y operation is available, also the channels can be Added
or Subtracted. A special feature of the HM 412 is the vertical
Overscanning facility, location of a "lost” trace is indicated
on two LED’s. An LPS Trigger Circuit ensures reliable
triggering up to 40MHz. The Sweep Delay enables a
relatively small time interval of a waveform to be expanded
and investigated. Both the trigger and delayed conditions
are indicated by LED’s. These facilities coupled with
graticule illumination, Z Modulation, and a square-wave
calibrator make the HM 412 a very versatile instrument.

Accessories optional
Attenuator Probes x 10 and x 100, Demodulating Probe,

various Test Cables, Component Tester, Four-Channel
Unit, Viewing Hood, Trolley, Carrying Case, etc.
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Technical Details

General

The mechanical construction of the HM412 is both
rugged and functional. Internally the printed circuit
boards are easily accessable to facilitate ease of main-
tainance, should this be required. However, the design of
the HM 412 is such that every component is operated
well within its specified limits to ensure long term
reliability. The manual supplied with each instrument
covers the operating procedure, circuit diagrams, PCB
layouts, test and service instructions are also included.
For the investigation of low frequency phenomena the
HM412 with P7 long persistence phosphor CRT is
recommended.

Operating Modes

The HM 412 may be operated as either a single or dual
trace oscilloscope. In the dual trace mode two waveforms
differing in time and amplitude can be displayed conse-
cutively (Alternate Mode) or by multiple switching of
the channels during one sweep period (Chop Mode).
Normally the alternate mode is employed when display-
ing high frequency signals. The sum of the two channels
is displayed in the Add Mode, if channel | is then inverted
a differential display is obtained. It is significant to note
that all these modes are selectable on just three push
buttons. In the X-Y mode the horizontal signal is derived
from channel Il so that both the horizontal and vertical
channels have the same input impedance and sensitivity
range.

Vertical Deflection

Each channel contains a diode protected FET input pre-
-amplifier. The pre-amplifiers are electronically switched
to the final vertical amplifier in either alternate or chop
mode. The electronic switch operates with bistable con-
trolled diode gates. In the alternate mode the unblanking
pulse from the sweep generator is used as the control
signal, while a 1MHz signal is used in the chop mode. To
minimize drift, the input stages of the pre-amplifiers are
monolithic integrated circuits. The sensitivity of each
vertical amplifier is selected on a 12 position frequency
compensated attenuator calibrated in V/cm. For reliable
triggering at high frequencies the bandwidth of the pre-
-amplifiers is in the order of 50MHz. The bandwidth of
the complete vertical system is dependent on the final
output amplifier, the quoted value refers to the -3dB
(70% of 60 mm) point. If a smaller display is acceptable

it is possible to investigate signals up to about 40 MHz.
The final vertical amplifier incorporates the Overscanning
facility. This technique is superior to the more common
beam finder as it will also indicate if a large repetitive
"spike’’ of more than 100 ns width is present on ejther
channel. In the case of complete overscan both LED's
are illuminated. A built-in 1 kHz square-wave generator
can be used to check amplifier calibration and probe
alignment.

Timebase

The HM 412 timebase incorporates an LPS trigger circuit,
a new technique developed by HAMEG. The complete
triggering process is carried out by a monolithic integrated
circuit voltage comparator with TTL output. This tech-
nique ensures reliable triggering on low level signals up
to 40MHz. When automatic mode is selected the time-
base will free run in the absence of a trigger signal. The
blanking of the CRT is controlled by an opto-coupler.
The HM 412 can be triggered from either channel | or II.
In the alternate trigger mode the source is taken alter-
natively from channels | and I, this enables signals which
are not frequency related to be triggered. Tr‘igger coupling
can be either AC, DC or TV. The Sweep Delay enables a
short time interval of a waveform to be expanded and
investigated at higher resolution, for example a sweep
rate of 10us/cm can be expanded by a factor of 250
times. At slower speeds far greater magnification is
possible. Operation of the sweep delay is relatively easy,
as only three controls need to be used, an LED indicates
the operating mode. With the delay mode switch in the
"norm.”” position the total waveform under investigation
is triggered as for a normal display. The mode switch
should then be set to ““search’” position, in this mode the
LED indicator will flash. By adjusting the seven position
delay range switch and twenty turn precision fine control
the commencement of the trace can be set just prior to
the short time interval to be investigated. When this point
is achieved the mode switch should be set to “delay”, in
this condition the LED is permanently illuminated, and
the time interval under test will be displayed. If the main
timebase sweep speed is increased then the time interval
under test will be further expanded, again the delay fine
control can be used to enable the exact point of interest
to be displayed. The sweep delay facility is particularly
useful for the analysis of complex waveforms, for instance
the colour burst in a composite video signal can be
expanded to cover the full display area. Two BNC sockets
for Z modulation input and ramp output are mounted
on the rear panel of the instrument.
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This frequency compensated attenuator probe should be used
when the circuit under test is a high impedance source or the
signal voltage exceeds 100 Vpp. It should be noted that the
probe reduces the input voltage by a factor of 10. The probe
can be connected to the test circuit by a removable sprung
hook, and an integral ground lead with an insulated crocodile clip.

Specification

Attenuation x10. Bandwidth DC-100MHz. Risetime 3.5 ns. Max. input
voltage 600V (DC + peak AC). Input impedance 10 Megohm. Input capaci-
tance 10.3-13.6pF. Compensation range 10-80pF. Cable length 1.5m.
Accessories supplied: Sprung Hook, Trimming Tool. HZ 30 Oscilloscope Probe x 10

The HZ 36 is a straight through probe without attenuation and
therefore allows the full sensitivity of the oscilloscope to be used.
Due to the probe capacity it is only recommended for use with
relatively low impedance and low frequency sources. This probe
is connected to the test circuit by a sprung hook and integral
ground lead with an insulated crocodile clip.

Specification

Bandwidth DC- 10 MHz. Max. input voltage 600V (DC + peak AC). Input
resistance equal to the oscilloscope resistance. Input capacitance 47 pF +
oscilloscope input capacitance. Cable length 1.5 m.

Accessories supplied: Sprung Hook, BNC Adapter. HZ 35 Oscilloscope Probe x 1

The HZ36 is a switchable probe offering both x10 and x 1
operation. In the x 10 mode the characteristics are the same as
the HZ 30. In the x 1 position the cable capacity will act as a load
on a high impedance source, however the maximum sensitivity
of the oscilloscope can be fully utilized. The reference position
enables a ground reference level to be set. In this mode the os-
cilloscope input is grounded.

Specification

Attenuation x10 same as HZ 30 spec. x1 operation: Bandwidth DC-10 MHz.
Max. input voltage 600V (DC + peak AC). Input resistance equal to the
oscilloscope resistance. Input capacitance is 40pF + oscilloscope input
capacitance. Reference position: probe tip grounded via 9 Megohm, oscillo-
scope input grounded. Cable length 1.5 m.

Accessories supplied: Sprung Hook, Trimming Tool, BNC Adapter, Insulat-
ing Tip, IC Tip. HZ 36 Switchable Probe x10/x 1
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For the measurement of vaoltages between 500V and 1500V it
is essential to use the HZ 37 x 100 attenuator probe. It should
be noted that if voltages greater than 600V are applied to the
HZ 30, HZ 36 and HZ 38 probes then serious damage to the
probes and the oscilloscope input will occur. When using the
HZ 37 the input voltage to the oscilloscope is reduced by a
factor of 100.

Specification

Attenuation x100. Bandwidth DC-50MHz. Risetime 7ns. Max. input
voltage 1500V (DC + peak AC). Input resistance 9.1 Megohm. Input
capacitance approx. 4.6pF. Compensation range 12-48 pF. Cable length
15m.

Accessories supplied: Sprung Hook, Trimming Tool, BNC Adapter, In-
sulating Tip, IC Tip.

HZ 37 Oscilloscope Probe x 100

The HZ 38 is a x 10 attenuator probe which has been specially
designed for the investigation of relatively high frequency signals.
As the risetime of the probe is added geometrically to that of
the oscilloscope it should not be greater than 20% of the oscil-
loscope risetime. The HZ 38 is recommended for use with in-
struments quoting a bandwidth of 40MHz or more, as the ef-
fective bandwidth of the oscilloscope will not suffer reduction
by the probe.

Specification

Attenuation x10. Bandwidth DC-200MHz. Risetime 1.7 ns. Max. input
voltage 500V (DC + peak AC). Input resistance 10 Megohm. Input ca-
pacitance approx. 13 pF.Compensation range 12 -48 pF.Cable length 1.5m.
Accessories supplied: Sprunk Hook, BNC Adapter, 2 Ground Leads.

HZ 38 Oscilloscope Probe x10

The HZ 39 Demodulator Probe is particularly suitable for the
display of the AM content of RF signals, and as a detector for
swept-frequency wvoltages. The main circuit component is a
peak to peak rectifier with a capacitor input. For RF suppres-
sion the output signal is derived via a low-pass filter. For cor-
rect operation the probe must be terminated by 1 Megohm
{oscilloscope input resistance with DC coupling). If AC coupling
has to be used then a separate 1 Megohm resistor will be re-
quired to achieve the neccessary DC bias voltage for the diodes.

Specification

Bandwidth approx. 35kHz to 250MHz. RF input voltage range 0.25 Vrms
to 40Vrms. Max. input voltage 200V (DC + peak AC). Qutput polarity
positive. Cable length 1.5m.

Accessories supplied: Sprung Hook, BNC Adapter.

HZ 39 Demodulator Probe
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This adapter is designed to meet applications where it is necces-
sary to connect 4 mm plugs to an instrument with a BNC input
socket. The HZ20 is solidly constructed and versatile incor-
porating a BNC male plug to dual 4 mm binding post. The bind-
ing post mounting can be rotated so that the adapter can be
positioned to avoid obstructing front panel controls.

Specification

Dimensions {mm) length 42, width 35, depth 18. Standard BNC male plug.
Two 4 mm binding posts 19 mm between centres. Maximum input voltage ° .

500V (DC + peak AC). HZ 20 Adapter Binding Posts to BNC

The HZ 22 is a 50 ohm through termination with a BNC female
socket to receive the test cable and a BNC male plug for con-
nection to the oscilloscope. This termination should be used to
terminate signal generators and koax -cables which have a 50 ohm
characteristic impedance. For correct operation the termination
must be connected directly to the oscilloscope input, otherwise
the test signals, irrespective of its fundamental shape, will be de-
formed. The termination should also be used for the accurate
measurement of high frequency sine wave signals (to avoid stand-
ing waves). The HZ 22 should not be employed when a compen-
sated attenuator probe is used.

Specification
Dimensions (mm): 14x20x62. Max. load 2 W. Max. voltage 10Vrms.  HZ 22 50 ohm Through-Termination

When setting the frequency compensation of an oscilloscope
input attenuator with a 1 Megohm input resistance a screened
X2 input attenuator must be used. The HZ 23 is a compact
attenuator with a BNC male plug for connection to the oscille
scope vertical input, and a BNC female socket for connn

to the coaxial cable from the oscilloscope calibrator. Ir ies
with the centre connections of the plug and socket is -~ Meg-
ohm resistor paralled by a ceramic trimmer capac'tor. The
trimmer can be adjusted to equal the input capacitance of the
oscilloscope, then the impedance of the HZ 23 is equal to the
specified input impedance of the oscilloscope under test.

Specification
Dimensions (mm} 62 x 21 x 15. Fixed resistor 1 Megohm. Capacitance com- :
pensating range 12 -48 pF. Max. voltage 250V (DC + peak AC). HZ23Ir,,. ~ *tenuator x2
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The HZ 32 coaxial test cable is designed to facilitate connection
between an oscilloscope and instruments with 4 mm sockets.
However, this combination of BNC- 4 mm can be used for many
other applications. For example when investigating AF signals
from a high impedance source the possibility of hum pick-up
and crosstalk is greatly reduced as the signal input 4 mm plug is
completely screened. Both the BNC and 4 mm signal plug have
anti-kink mouldings while the 4 mm earth lead is fine stranded
wire, to minimize the risk of the cable breaking.

Specification
Cable length 1.15m. Cable capacitance 120pF. Characteristic impedance
50 ohm. Max. voltage 500V (DC + peak AC).

HZ 32 Test Cable BNC- 4 mm

The HZ 34 is a coaxial test cable terminated with BNC male
plugs at each end. Today the BNC connection system is the most
widely used type in the commercial electronics field, and the
HZ 34 gives the user a test cable with specified characteristics.
To minimize the possibility of cable breakage both BNC plugs
are protected by anti-kink mouldings.

Specification
Cable length 1.2m. Cable capacitance 126 pF. Characteristic impedance
50 ohm. Max. voltage 500V (DC + peak AC).

HZ 34 Test Cable BNC-BNC
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When the oscilloscope is used for field service applications the
HZ 43 carrying case will prove to be invaluable, as it has been
designed to protect the instrument and provide storage for acces-
sories and tools. The carrying case is manufactured from hard
wearing material, the base of the case has a thick shock absorb-
ing lining which protects the instrument against rough handling.
One side of the case has a compartment which can be used to
carry accessories, tools and spares. Dimensions for the carrying
case are 260 x 210x 460 mm, while the compartments measure-
ments are 260 x 210 x 50 mm. The instrument handle is used for
carrying minimizing the stresses applied to the carrying case.

Suitable for HM 312, HM 412 and HM 512 oscilloscopes, Special model for
HM 812 oscilloscope on reguest.

HZ 43 Carrying Case

The HZ 44 Carrying Case has been specially designed for the
smaller instruments in the HAMEG range, though of course it
may be used for other instruments of a similar size. It also con-
tains a compartment which can be used for accessories and tools.
The case is manufactured from a hard wearing material. A leather
shoulder strap, with a protective pad, is fixed to the case, this
is particularly advantageous if other equipment has to be carried.
Ventilation holes are provided in the case so that instruments
with a maximum consumption of 30 Watts can be operated in
the case. QOverall dimensions are approx. 300 x 125 x 300 mm,
accessory compartment approx. 120 x 40 x 280 mm.

Suitable for HM 307, HZ 62 and HZ 64 instruments.

 I——

HZ 44 Carrying Case

Under high ambient light conditions it may be found that the
contrast of the display is diminished, also problems can some-
times be caused by unwanted reflections on the graticule. In
most cases the HZ 47 Viewing Hood will overcome these pro-
blems as it shields the display area, substantially increasing the
contrast, and decreasing the possibility of reflections. The HZ 47
has four sprung clips which easily locate into slots on the oscil-
loscope bezel.

Suitable for HM 312, HM 412, HM 512 and HM 812 oscilloscopes.

HZ 47 Viewing Hood




General Information

The new HM412 is as easy to use as its pre-
decessors. Technologically it represents the latest
state of engineering in this price range. This is par-
ticularly illustrated by the increased use of monolithic
integrated circuits. The logical arrangement of the
controls and connectors on the front panel ensures
that the user will quickly become familiar with the
operation of the instrument. However, even ex-
perienced operators are advised to read the following
instructions thoroughly, as they include important in-
formation relating to the use of the HM412.

As with all HAMEG oscilloscopes, the front panel is
subdivided into sections according to the various
functions. Located on the upper right, next to the
CRT, is the power switch and indicating lamp; the in-
tensity, focus, horizontal position and trace rotation
controls together with the graticule illumination slide
switch are also in this section. The Sweep Delay con-
trols are located immediately below this section.

The controls for the two deflection systems are
located below the CRT. The left-hand section con-
tains the controls for both vertical measuring
amplifiers. The controls for the timebase and trigger
selection are contained in the right-hand section. As
the HM412 is a fully transistorized oscilloscope the
heat generation of the instrument is very low, thus
ensuring long term reliable operation. However, in
common with all technically advanced instruments
the main functions of the HM412 should be
periodically checked using the Test Instructions at
the end of this manual.

The instrument is designed so that even incorrect
operation will not cause serious damage. The push-
buttons control only minor functions, and it is recom-
mended that before the commencement of operation
that all pushbuttons are in the ‘‘out’’ position. After
this the pushbuttons can be operated depending
upon the mode of operation required. 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 HM412 accepts all signals from DC (direct
voltage) up to a frequency of at least 20MHz. For

OPERATING INSTRUCTIONS

sine-wave voltages the upper frequency limit will be
30-40MHz. However, in this higher frequency range
the vertical display height on the screen is limited to
approx. 2-3cm. In addition, problems of time resolu-
tion also arise, i.e. with 26MHz and the fastest ad-
justable sweep rate (40ns/cm), one cycle will be
displayed every 1cm. The tolerance on indicated
values amounts to +3% in both deflection direc-
tions. All values to be measured can therefore be
determined relatively accurately. However, it should
be remembered that from approximately 6MHz up-
wards the measuring error will increase as a result of
loss of gain. At 12MHz this reduction is about 10%.
Thus, approximately 11% should be added to the
measured voltage at this frequency. As the band-
width of the amplifiers differ (normally between 20
and 25MHz), the measured values in the upper limit
range cannot be defined exactly. Additionally, as
already mentioned, for frequencies above 20MHz
the dynamic range of the display height steadily
decreases.

The instrument has a plug-in unit at the rear. This unit
contains the three-pin power connector. For this a
three wire power cord with triple-contact connector
and three-pole power plug is required. Because the
earthing contact is isolated, the chassis, case, and all
measuring connectors of the instrument are not con-
nected to the earthed wire of the power outlet (cor-
responding to IEC 348: Safety Class |). This earthed
wire is only connected to the first protective winding
of the power transformer. The mutual isolation be-
tween the touchable metallic parts, the earthed con-
tact, and the power contacts is tested at 1500V
50Hz. The appearance of a 50 or 60Hz hum signal
on the screen due to connection with other
mains/line operated equipment is therefore impossi-
ble. In accordance with standard safety regulations,
the earth wire must not be disconnected. As with
most electron tubes, the cathode-ray tube develops
X-rays. With the HM412-4 the dose equivalent rate
falls far below the maximum permissible value of
36pAlkg (0.5mR/h).

When displaying signals with high zero potential, it
should be noted that these voltages are also con-
nected to the oscilloscope case. Voltages up to
40V are not dangerous. Higher voltages, however,
involve a shock hazard. In this case, special safety
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measures must be taken and must be supervised
by qualified personnel.

To obtain the maximum life from the cathode-ray
tube, the minimum intensity setting necessary for the
measurement in hand and the ambient light condi-
tions should be used. Particular care is required when
a single spot is displayed, as a very high intensity set-
ting may cause damage to the fluorescent screen of
the CRT. In addition, switching the oscilloscope off
and on at short intervals stresses the cathode of the
CRT and should therefore be avoided.

Caution

In spite of Mumetal-screening of the CRT, effects
of the earth’s magnetic field on the horizontal trace
position cannot be completely avoided.
Sometimes, however, the CRT itself may be
rotated slightly, due to hard shocks during ship-
ment. Iin both cases, a centred trace will not align
exactly with the horizontal centre line of the
graticule. A few degrees of misalignment can be
corrected by a preset resistor accessible through
an opening on the front panel marked ‘‘TR’’. If
repositioning of the CRT is required the procedure
described in the Service Instructions should be
followed.

Warranty

Before being shipped each instrument must pass a
10 hour quality control test. Almost every early
failure can be detected by means of intermittent
operation during this test. Nevertheless, a compo-
nent may only fail after a longer period of operation.
Therefore, all HAMEG instruments are under warran-
ty for a period of one year, provided that no modifica-
tions have been made to the instrument. Itis strongly
recommended that when the instrument needs to be
returned that the original packing should be used to
avoid possible transport damage. We regret that
transportation damage due to poor packaging is not
covered by this warranty.

- Operating Conditions

Admissible ambient temperature range during opera-
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tion: +10°C... +40°C. Admissible ambient temper-
ature range for storage or transportation: —40°C
...+70°C. If condensed water exists in the instru-
ment it should not be turned on before acclimatiza-
tion is achieved. In some cases (an extremely cold
oscilloscope) about two hours should be allowed
before putting the instrument into operation. The in-
strument should be placed in a clean and dry room.
In other words, the instrument may not be put into
operation in explosive, corrosive, dusty, or moist en-
vironments. The instrument may be operated in any
position, however, the convection cooling must not
be impaired. Therefore, when the instruments is in
continuous operation it should be used in the
horizontal position preferably on its tilt stand.

First Time Operation

On delivery, the instrument is set to 240V AC mains
voltage. The power plug-in unit at the rear contains
the mains fuse, which is interchangeable for the dif-
ferent mains voltages. The fuse holder with its square
top plate can be pulled out, and changing of the
mains voltage is possible by turning this plate 90
degrees for each of the four mains voltages marked
on the plate (see triangle beside the fuse holder). The
fuse holder should then be plugged in again in the
selected position. The mains fuse must. correspond
to the mains voltage selected and when necessary
should be replaced {see ‘'Power Supply’’ diagram or
Service Instructions).

To obtain a display the following procedure should
be adopted. All push buttons should be in the
““out’’ position. All variable control knobs with ar-
rows should be in the fully anti-clockwise (*’Cal.’’)
position, while those with marker lines should be
set to their mid-range (marker lines pointing ap-
proximately vertically). It should be noted that the
slide switch in the sweep delay section is set to the
““norm.’’ position. Furthermore, both slide switch-
es in the timebase section should be set to their
uppermost position. The “’LEVEL’’ control should
be set in the *AT’’ position.

The instrument is switched on by depressing the
“"POWER’’ pushbutton located on the right of the
CRT, an LED indicates that the instrument is on. If the



trace is not visible, after a short warm-up period of
one minute, it is possible that the “'INTENS." control
needs to be increased (rotate clockwise), or the
sweep generator is not triggered. Also, the '‘POS.’’
controls might be incorrectly set, in this case the
overscan LED’s will indicate. All knobs and switches
should again be checked to ensure that the correct
positions have been selected. Particular attention
should be paid to the ‘'LEVEL'' control. In the
absence of an input signal the baseline wiil only be
displayed if this control is in the fully anti-clockwise
position marked “*AT"" (Automatic Triggering). If only
a dot appears (Caution! CRT phosphor could be
damaged under this condition), probably the push-
button for the ""Hor. ext.”’ is depressed. If this is so, it
should be released. Now, the baseline should appear
and the "INTENS."” control should be adjusted for
average brightness, while optimum sharpness is ob-
tained by adjusting the 'FOCUS’’ control. At the
same time both input coupling switches ‘'DC-AC-
GD’"" should be in the ""GD’’ position. Thus, the in-
puts to the Y-amplifiers are shorted preventing the in-
troduction of unwanted signals. In the '*GD’’ position
any signal applied to the vertical inputs is not shorted,
therefore preventing damage to the circuit under in-
vestigation.

DC-Balance Adjustment

Each vertical amplifier contains an FET input pre-
amplifier, it is possible that over a long period of time
the characteristics of the FET may change. This can
on occasions change the DC-Balance of the vertical
amplifier. This is recognized, if the vertical trace posi-
tion changes considerably when the fine control on
the input attenuator is rotated. It should be noted that
if the change is less than Tmm after a 20 minute
warm-up period then the instrument is within
specification. Larger changes than this can be cor-
rected by adjusting the trimmer which is located
behind the opening marked '‘Bal.”” which is located
above the sensitivity switch for each amplifier; as the
trimmer is a helical pot it may require a number of
turns to obtain correct setting. To obtain correction
the fine control should be continuously rotated while
the trimmer is adjusted. Correct DC-Balance is ob-
tained when the vertical trace position remains
steady while the fine control is varied. It should be

noted that for correction of Channel Il the pushbutton
marked ‘‘Mono/Dual’’ must be depressed.

Type of Signal

All types of signals whose frequency spectrum is
below 20MHz can be displayed on the HM412. The
display of simple electrical processes such as
sinusoidal RF and AF signals or 50Hz ripple voltage
poses no problems. However, when square or pulse-
shaped signals are displayed it must be remembered
that their harmonic content will also be transmitted.
In this case, the bandwidth on the vertical amplifier
must be considerably higher than the repetition fre-
quency of the signal. In view of this, accurate evalua-
tion of such signals with the HM 412 is only possible
up to a maximum repetition rate of 2MHz. Operating
problems can sometimes occur when composite
signals are to be displayed, especially if they do not
contain any suitable level components and repetition
frequency which can be used for triggering. This oc-
curs, for example, with burst signals. To obtain a
stably triggered display in these cases, it may be
necessary to use the timebase variable control or the
sweep delay facility. Television video signals are
relatively easy to trigger. However, when in-
vestigating signals at frame rate, the "'TV’’ pushbut-
ton must be depressed. In this mode, the more rapid
line pulses are attenuated so that, with appropriate
level adjustment, triggering can easily be carried out
on the leading or trailing edge of the frame syn-
chronizing pulse.

For optional operation as an AC or DC voltage
amplifier, each channel is provided with an *’AC-DC"’
switch. The DC range should only be used if the ac-
quisition of the DC voltage content of the signal is ab-
solutely necessary. However, when investigating
very low-frequency pulses, disturbing ramp-offs may
occur with AC coupling. In this case, DC operation is
to be preferred if the signal voltage is not superim-
posed on a high DC voltage level. Otherwise, a
capacitor of adequate capacitance must be con-
nected before the input of the vertical amplifier (with
DC coupling). It should be remembered that this
capacitor must have a sufficiently high breakdown
voltage.
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Amplitude Measurements

The minimum signal voltage required at the vertical
amplifier input for a display of 1cm is approximately
2mVpp, this is achieved with the attenuator control
set at 5mV/cm and the fine control in the fully clock-
wise position. However, smaller signals than this
may also be displayed. The deflection coefficients on
the input attenuators, designated by *'AMPL."" are in-
dicated in mV/cm or V/cm. The magnitude of the ap-
plied voltage is ascertained by multiplying the
selected deflection coefficient with the display
amplitude in cm. It should be remembered that in
general alternating voltage data normally refers to ef-
fective values (rms = root-mean-square value), how-
ever, for signal magnitudes and voltage designations
in oscilloscope measurements the peak-to--peak
voltage value is applied. The latter corresponds to the
real potential difference between the most positive
and most negative points of a signal waveform. If the
sinusoidal value displayed on the oscilloscope’s
screen is to be converted into an effective (rms)
value, the resulting peak-to-peak value must be divid-
ed by 2x)/2=2.83. Conversely, it should be ob-
served that sinusoidal voltages indicated in Veff
(Vrms) have 2.83 times the potential difference in
Vpp.
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Voltage values of a sine curve
Vrms = effective value; Vp =simple peak or crest value;
Vpp = peak-to-peak value; Vmom = momentary value.

If an attenuator probe X10 is used, it should be
remembered that a further multiplication by a factor
of 10 is required to ascertain the correct voltage
value. With direct connection to the vertical input
signals up to 160Vpp may be displayed. If the ap-
plied signal is superimposed on a DC (Direct Voltage)
level the total value (DC + peak value of the alter-
nating voltage) of the signal on the input must not ex-
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ceed +£500V. This same limit applies to normal at-
tenuator probes X 10, the attenuation ratio of which
allows signal voltages up to approximately 1,000Vpp
to be evaluated. Voltages of up to approximately
3,000Vpp may be measured by using the HZ37 high
voltage probe which has an attenuation ratio of
100:1. It should be noted that this value is reduced
at higher frequencies. If a normal X10 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 X10 probe is sufficient. In
this case, an appropriate high voltage capacitor (ap-
prox. 22-68nF) must be connected in series with the
input tip of the probe.

Time Measurements

As a rule, all signals to be displayed are periodically
repeating processes and can also be designated as
periods. The number of periods per second is the
recurring 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 "'TIMEBASE"’
switch. The time coefficients on the ""TIMEBASE"
switch are indicated in s/cm, ms/cm and us/cm. Ac-
cordingly, the dial is subdivided into three sectors.
The duration of a signal period or a portion of the
waveform is ascertained by multiplying the relevant
time (in cm) by the time coefficient selected on the
“"TIMEBASE'' switch. The time fine control marked
""VARIABLE'' must be in its calibrated position for ac-
curate measurement (arrow horizontal and pointing
to the left).

If the time is relatively short as compared with the
complete signal period, an expanded time scale
(""X-MAGN"’ x5) should be applied. In this case, the
ascertained time values have to be divided by 5.

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 ac-
curacy, the risetime is generally measured between
10% and 90% of the vertical pulse height. Both



these values are marked on the CRT graticule by
horizontal dotted lines along with the O and 100%
values for signal peak-to-peak amplitudes of 6cm
height and are symmetrical about the horizontal cen-
tre line. Adjust the amplifier controls so that the pulse
is precisely aligned with the O and 100% graticule
lines. The 10% and 90% points of the signal will
now coincide with the dotted lines. The risetime is
given by the product of the horizontal distance in cm
between these two points and the time coefficient
setting. If magnification is used, this product must be
divided by 5. The fall time of a pulse can also be
measured by using this method. When very fast
risetimes are being measured the risetime of the
oscilloscope amplifier has to be deducted from the
measured time value. The risetime of the signal can
be calculated using the following formula.

tr = ]/ ttot2 — tosc?

In this the ttot is the total measured risetime and tosc
is the risetime of the oscilloscope ampilifier (approx.
17.5ns with HM412-4). If tiot is greater than 100ns,
then this can be taken as the risetime of the pulse,
and calculation is unnecessary. The following figure
shows correct positioning of the oscilloscope trace
for accurate risetime measurement. ’
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Connection of Test Signal

The signal to be displayed should be fed to the ver-
tical input of the oscilloscope by means of a screened
test cable, e.g. the HZ32 or HZ34, or by a X10 at-
tenuator probe. The use of these screened cables
with high impedance circuits is only recommended

for relatively low frequencies (up to approx. 50kHz).
For higher frequencies, and when the signal source is
of low impedance, a cable of matched characteristic
impedance (usually 50Q) is recommended. In addi-
tion, and especially when investigating square or
pulse waveforms, a resistor equa! to the charac-
teristic impedance of the cable must also be con-
nected to the cable at the input of the oscilloscope.
When using a 50Q cable, such as the HZ34, a 50Q
through-termination type HZ22 is available from
HAMEG. When investigating square or pulse
waveforms with fast risetimes, transient phenomena
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. If a X10 at-
tenuator probe (e.g. HZ30) 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 impedance sources are only slightly
loaded (by approximately TOMQ// 11pF). Therefore,
when the voltage loss due to the attenuation of the
probe can be compensated by a higher sensitivity
setting on the HM412, the probe should always be
used, also it should be remembered that the series
impedance of the probe provides 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 oscilloscope.

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 spuri-
ous 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 the representation of two signals in the
differential-mode, you require two attenuator probes
which are absolutely equal in impedance and at-
tenuation. Only with such probes is it possible to take
signals from the test circuit. For many differential
measurements it is advantageous not to connect
both the probe ground leads to the test circuit. Any
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hum or common-mode interference may be thereby
avoided.

Caution: When connecting unknown signals to the
oscilloscope input, always set the "’'DC-AC’’ input
coupling switch to '’AC’’ and the ‘"AMPL."’ switch
should initially be set to 20V/cm. Pay attention to
the Overscanning Indication (see next paragraph).

Y Overscanning Indication

Two light-emitting diodes, located above the vertical
input attenuators, show any overscanning of the
usable screen dimensions in the vertical direction.
Because each LED is correlated with one of both
possible directions the beam position is known even
if the beam is not visible, or the horizontal deflection
is missing, or the vertical positioning control have
been adjusted improperly. This is also true with any
input signal. Displayed signals, with a pulse duration
greater than 100ns, which exceed the uppermost
and/or lowermost horizontal graticule line are in-
dicated by lighting of the upper and/or lower LED.
With dual mode it is the same. Only one LED will be
on, if both traces are in the same area out of the
raster. However, both LED’s will be on, if one trace is
above and the other one is below the usable screen
area. Sometimes the trace will disappear after an in-
put signal has been applied. The indication, however,
shows in what direction the trace has left the screen
area. With an input signal applied and both LED's on,
that means an overdriven vertical deflection in both
directions. Then the associated attenuator switch
has to be set to a greater deflection coefficient. With
DC input coupling and an applied signal with DC off-
set also smaller sizes of displayed signals can
overscan the screen area when the position control is
out of the midrange. In this case, the vertical input
coupling should be set to ""AC"".

Probe Adjustment
To achieve the undistorted display of signals when

using an X10 or X100 attenuator probe the probe
must be compensated to match the input impedance
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of the vertical amplifier. This can be easily achieved
as the HM412 has a built-in square-wave generator
with a repetition frequency of approx. 1kHz and an
output voltage of 0.2Vpp.

The method employed is as follows. The probe tip is
connected to the mini-socket designated with a
square-wave on the front panel of the instrument.
The probe trimmer is then adjusted by using the trim-
ming tool supplied. The correct display is shown in
the following figure.
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The “'TIMEBASE’" switch should be in the
“0.2ms/cm’’ position. The signal has an amplitude
of 0.2Vpp £1%. If the attenuator sensitivity is set to
“BEmV/cm’’, the display will have a height of 4cm
when an X10 probe is being compensated. As an at-
tenuator probe is constantly subjected to con-
siderable stresses the compensation should be fre-

quently checked.

Operating Modes

The required operating modes are selected on
pushbuttons located in the vertical amplifier section.
For ‘'Mono’’ operation all pushbuttons should be in
the '‘out’’ position, the instrument is then operating
on Channel | only. When the *'"Mono/Dual’’ button is
depressed the HM412 is in dual channel operation.
In this mode, the channels are displayed con-
secutively (alternating mode). This mode is not
suitable for the display of very low frequency signals,
as the trace will appear to flicker or jump. Under
these conditions the ‘"Alt/Chop’’ button should be
depressed selecting chopped mode; in this position
both channels then share the trace during each
sweep period. For the display of high frequency
signals the type of channel switching selected is less
important.



quency, synchronization is generally difficult due to
the presence of the higher line frequency pulses con-
tained in the signal. The line pulses can be attenuated
by depressing the "'TV’' pushbutton which switches
a low-pass filter into the trigger input circuit. 1t will
now be found that the trigger level control can be ad-
justed to trigger from either the positive or negative
edge of the frame pulse. This setting is also advan-
tageous for triggering from other signals that have a
repetition frequency of 1kHz or less, as high frequen-
cy harmonics or noise in the signal are suppressed by
the presence of the low-pass filter.

If it is found that a triggering point cannot be located
on complex signals even after repeated and careful
adjustment of the "'"LEVEL"’ control it may be possi-
ble to obtain one by adjusting the '‘“VARIABLE"' con-
trol. On occasions it may be found advantageous to
leave the ""LEVEL'' control in the ""AT"’" position and
to use only the ""VARIABLE'' control.

The deflection coefficient settings on the
“TIMEBASE'" switch are calibrated when the
""VARIABLE'" control is set in the ‘“Cal.”” position.
When the *"VARIABLE"' control is set fully clockwise
then the sweep speed is increased by a factor of at
least 2.5. This factor is not precisely calibrated.
When the X5 expansion of the sweep (*'X-MAGN."")
is also operated in conjunction with the "'VARIABLE""
a maximum sweep speed of approximately 40ns/cm
is obtained when the ""TIMEBASE'’ switch is set at
0.5us/cm. The choice of the optimum time coeffi-
cient depends on the repetition rate of the signal be-
ing measured. The number of cycles displayed will
increase with the time coefficient.

Trigger Indicator

An LED on condition indicates that the timebase is
triggered and will produce a stable display. This is
valid as well with automatic as with normal trigger-
ing. The LED is located above the timebase switch to
the right. Especially with very slow signals the trigger
indicator can assist you to adjust the “"LEVEL’' con-
trol, which sometimes needs sensitive adjustment.
The pulses, which control the trigger indicator, are
stored for approximately 100ms only. With signals
with an extremely slow repetition rate the action of
the LED is more or less flashing.
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Sweep Delay

The sweep delay facility enables a short time interval
of a waveform to be expanded and investigated at a
higher resolution, for example, a sweep rate of
10us/cm can be expanded by a factor of 250 times.
At lower sweep speeds far greater magnification is
possible. Operation of the sweep delay is relatively
easy, as only 3 controls need to be used: the sweep
delay range switch which selects a delay time from
0.1us to 100ms, a twenty-turn precision poten-
tiometer fine control which can increase the delay
time tenfold, and the delay mode slide switch. An
LED indicates the operating mode. These controls
together with the LED are located in a section to the
right of the CRT.

For reliable operation of the sweep delay it is recom-
mended that the following procedure is always
adopted, also reference to the accompanying figures
will also be of assistance.

Initially, the Sweep Delay mode slide switch should
be setin the ‘'norm.’’ position; in this mode the com-
plete waveform under investigation will be displayed
as for normal oscilloscope operation. The LED in the
delay section is not illuminated in this mode.

INSTINETY
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Mode : “norm."’
Timebase : 0.5ms/cm
LED : off

The mode switch should now be set to the “'search”’
position, it will be seen that the start of the display
will shift, the amount of shift indicates the exact
delay time. If a display is not obtained in this mode
then a lower 'DELAY'’ time should be selected. For
example, when investigating the waveform shown in
the figures a display could not be obtained with a



To select the add mode only the “*Alt/Chop’’ button
should be depressed, the signals on both channels
are then added together. If in this mode Channel | is
inverted (pushbutton ““Invert I'" depressed), then the
difference between the two channels is displayed.
For both of these operating modes the vertical posi-
tion of the trace depends on the setting of the
“Y-POS."" control of both channels.

For X-Y operation the pushbutton marked ‘'Hor.
ext."” must be depressed. The X-signal is then de-
rived from Channel Il. Therefore, the calibration of
the X-signal during X-Y operation is determined by
the setting of the Channel Il input attenuator and fine
control. This means that the sensitivity range and in-
put impedance are identical for both the X and Y
axes. Itis important to note that the x5 magnifier in-
corporated in the “X-POS."" control and normally
used for expanding the sweep should not be
operated in the X-Y mode. It is also important to note
that the bandwidth of the X-amplifier is approximate-
ly 2.3MHz (-3dB), and therefore an increase in phase
difference between both axes is noticeable at higher
frequencies. The phase shiftis 3 degrees at 100kHz.

Trigger and Timebase

To achieve a perfectly stable display the correct set-
tings of the timebase and trigger controls is most im-
portant. When the ""LEVEL'" control is in the ""AT"’
position the sweep generator will be triggered
automatically. In this mode a baseline will be present
in the absence of a test signal. In this condition vir-
tually all uncomplicated, periodically repeating sig-
nals above 30Hz will be displayed in a stably locked
condition. Operation of the timebase is then limited to
selecting a convenient time setting.

In order to obtain a stable display the timebase must
be triggered synchronously with the test signal. The
trigger can be derived from the test signal itself when
internal triggering is selected or from a frequency
related signal applied to the external trigger input.
The required trigger source is selected on the lower
slide switch located in the timebase section and can
be either internal-line-external. Normally the internal
position is used.

In the “"line’" position the mains frequency serves as
a trigger signal, this position is particularly useful
when signals that are synchronized to the mains are
being investigated.

When triggering externally a signal of at least 0.5Vpp
(20MHz) resp. 2Vpp (30Hz) is necessary while on
internal triggering a display height of bmm is re-
quired. Trigger coupling is selected on the pushbut-
ton marked "‘AC/DC'’, which operates on either in-
ternal or external triggering. The "AC'’ position can
be used for the investigation of most uncomplicated
waveforms, while “'DC'" coupling (pushbutton
depressed) is recommended when very low frequen-
cy signals are being investigated. When '"DC"’ cou-
pling is selected it is advisable to obtain triggering by
using the ""LEVEL"" control in manual operation, as
there is a possibility that in the ""AT"' position trigger-
ing may not be achieved on signals without a zero-
axis crossing point (DC offset; missing DC-balance).
Triggering can be selected on either the leading or
tralling edge of the trigger signal depending on
whether the "' +/—'" pushbutton is in the out or
depressed position.

On dual channel operation the internal trigger signal
may be selected from either Channel | or Channel Il,
however, it is preferable to trigger from the less com-
plicated signal. The internal trigger source is selected
on the upper slide switch located to the left of the
main timebase control. When this switch is in the
“I/Il" position and the vertical amplifiers are in the
alternate mode then triggering is derived alternately
from Channel | and Channel Il. This mode is par-
ticularly useful when asynchronous signals are being
investigated.

As already mentioned simple signals may be trig-
gered automatically i.e. without manual operation of
the ""LEVEL'’ control, the repetition rate may also
vary in such cases. However, if the pulse duty factor
on square-wave or pulse signals changes drastically
or deforms to a needle pulse, then operation of the
“"LEVEL"" control may well become necessary. With
composite signals, the trigger facility is dependent on
the occurence of certain periodically recurring levels.
The ""LEVEL'" adjustment of these signals will require
care. If, for example, the complex video signal of a
television receiver is to be displayed at frame fre-
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delay setting of 10ms. The delay fine control should
now be adjusted so that the display starts just prior to
the short time interval to be investigated. In the
“’search’” mode the LED indicator will flash.

Figure 2
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Mode . ‘‘search’’

Timebase : 0.5ms/cm

LED . flashing

Delay =2.5cm-0.5ms/cm=1.25ms

When this point has been achieved the mode switch
should be set to ‘"delay’’ mode, in this mode the LED
is permanently illuminated. The display will now shift
to the left and the trace will commence in the same
position as for a normal display, however, the short
time interval under investigation is now at the start of
the display.

Figure 3
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Mode . "'delay’’
Timebase : 0.5ms/cm
LED . illuminated

If the main timebase sweep speed is increased
(rotate ""TIMEBASE'’" control clockwise) then the
short time interval will be expanded. It may be found
that as the amount of expansion is increased that the
trace will tend to shift, if this happens the delay fine
control can be readjusted to enable the exact point of
interest to be displayed. In the example shown it can

be seen that an expansion of X10 was obtained by
increasing the timebase sweep speed from
0.5ms/cm to 50us/cm. Also the precise measure-
ment for the delayed portion of the waveform is
possible. In the example this was found to be 250us.

Figure 4
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Mode . ""delay’’
Timebase : 50us/cm
LED : illuminated

Expansion: X10
T=5cm- 50us/cm = 250us

It should be noted that on signals which contain in-
herent jitter an exact time measurement in delay
mode may be difficult due to the jitter.

Using the "‘X-MAGN."" switch, you can expand the
desired signal section fivefold without any change of
triggering and timebase. This can be helpful with
complicated or difficult to trigger signals.

Operation of the Sweep Delay needs some ex-
perience, particularly with composite signals.
However, the display of sections from simple signal
waveforms is easily possible. It is recommended to
operate only in the sequence ‘'norm.-search-delay’’,
because otherwise location of the short time interval
to be investigated will be relatively difficult. The
Sweep Delay facility can be used with the HM412 in
either single or dual trace operating mode.

Delay Mode Indication

Both operating modes of the Sweep Delay are in-
dicated with an LED, located to the left of the delay
mode slide switch. In ““search’’ position, the LED will
blink. This is a particular indication of the temporary

MO 412-4



operating state. The "‘delay’’ position is indicated by
constant lighting of the LED. However, should this be
noted in the normal operating mode you have forgot-
ten to change-over the slide switch to its "‘norm."’
position. Maybe, there are errors in displaying a
signal by partially blanking. Pay attention, therefore,
to this indication.

Miscellaneous

The ramp output voltage of the sweep generator can
be derived from a BNC connector mounted on the
rear panel of the instrument. The load resistance
should not be less than 10kQ. If the DC potential of
the ramp output voltage is not required then a
capacitor should be connected in series with the out-
put connector.

Blanking or modulation of the trace is possible with
low level TTL voltages which can be applied to a BNC
connector mounted on the rear panel of the instru-
ment. It should be noted that damage to the instru-
ment will occur if higher voltages than TTL (5Vpp)
are applied to this input.

Especially for the photographic recording of displays
the HM412 has a raster illumination. Normally the
raster, which is necessary for the measurement, is
not visible without illumination. Variation of the
brightness is possible with a four-step slide switch
marked with “ILLUM."", which is mounted above the
power on/off pushbutton. In the first position the il-
lumination is switched off. The optimum setting is
dependent on the camera used. Possibly some test
pictures are necessary for a good representation of
the graticule.
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Maintenance

Within the context of maintenance, it is recommend-
ed that the important characteristics of the HM412
are periodically checked. The following Test Instruc-
tions indicate only those tests which can be perform-
ed without the use of expensive ancillary in-
struments. For more exacting tests the HAMEG
oscilloscope calibrator HZ62 is recommended. It
should be noted that the HZ62 may be used to
calibrate oscilloscopes manufactured by other com-
panies.

Accessories

Each HAMEG oscilloscope is supplied with an in-
struction manual only. However, a wide range of ac-
cessories which include test cables and probes are
available and should be ordered according to the par-
ticular application.
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General

These Test Instructions are intended as an aid for
checking the most important characteristics of the
HM412-4 at regular intervals without the need for
expensive test equipment. It is recommended that
any adjustments that have to be carried out inside the
instrument are 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 position (""LEVEL'’ control to “*AT’’), and
that the delay mode switch is set to ‘‘norm.’’. None
of the push buttons should be depressed. Please note
that the operating volitage of the cathode-ray tube is
approx. 2kV. This high voltage is on both the CRT
socket and the vertically positioned PC-board sur-
rounding the socket. It is recommended that the in-
strument is switched on for about 15 minutes prior to
the commencement of any check.

Cathode-Ray Tube: Brightness and Focus

Normally the CRT of the HM412 has good
brightness. Any reduction of this brightness can only
be judged visually. However, decreased brightness
may be the result of reduced high voltage. This is
easily recognized by the greatly increased sensitivity
. of the vertical amplifier. The control range for max-
imum and minimum brightness (intensity) must be
such that the beam just disappears before reaching
the left hand stop of the “/INTENS.’" control, while
with the control at the right hand stop the focus is just
acceptable. The timebase fly-back must on no ac-
count be visible. It should be noted that with wide
variations in brightness, refocusing is always
necessary. Moreover, with maximum brightness, no
""‘pumping’’ of the display must occur. f pumping
does occur itis normally due to a fault in the stabiliza-
tion circuit for the high voltage supply. The trimming
pots for the high voltage circuit, minimum and max-
imum intensity are only accessible inside the instru-
ment {see Adjusting Plan).

Astigmatism Check

It should be checked whether the horizontal and ver-
tical sharpness of the display are equal. This is best

TEST INSTRUCTIONS

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 sharp-
ness by turning the ““Focus’’ control, then an adjust-
ment of the astigmatism control is necessary. An
alternative method is to check the shape of the spot
with both vertical inputs switched to the "*GD’’ posi-
tion (and the "“Hor. ext.”” push button depressed),
the “"FOCUS’’ control is then repeatedly varied
around the optimum focusing point. The shape of the
spot, whether round or oval or rectangular, must stay
the same to the right and left of the optimum focus-
ing point. A trimming pot of 50kQ (see Adjusting
Plan) is provided inside the instrument for the correc-
tion of astigmatism (see Service Instructions). A cer-
tain loss of marginal sharpness of the CRT is
unavoidable, this is due to the manufacturing pro-
cess of the CRT.

Symmetry and Drift of the Vertical
Amplifier

Both of these characteristics are substantially deter-
mined by the input stages of the amplifiers. The
checking and correction of the DC-balance for the
amplifiers should be carried out as already described
in the Operating Instructions. The symmetry of Chan-
nel | and the final vertical amplifier can be checked by
inverting Channel | (depress push button ““Invert I'").
The vertical position of the trace should not change
by more than 5mm for good symmetrical alignment.
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
possible by checking the control range of the
"Y-POS."" control. 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 approximately
8cm, the upper and lower portions of the trace that
are visible should be approximately of the same
height. Differences of up to 1cm are permissible {in-
put coupling should be set to “"AC"’). Checking the
drift is relatively simple. Fifteen minutes after
switching on the instrument, set the trace exactly
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on the horizontal centre line of the graticule. The
beam position must not change by more than bmm
during the following hour. Larger deviations generally
result from different characteristics of the two FET's
in the input to the Y-amplifier. To some extent, fluc-
tuations in drift are caused by offset current on the
gate. The drift is too high if the vertical trace position
drifts by more than 0.5mm on turning the ap-
propriate “'Y-AMPL.”" switch through all 12 steps.
Sometimes such effects occur after long periods of
operation.

Calibration of the Vertical Amplifier

A square-wave voltage of 200mVpp is present at the |

mini-socket marked with a square-wave. This has a
tolerance of £1%. If a direct connection is made be-
tween the mini-socket and the input of the vertical
amplifier, the displayed signal in the 50mV/cm posi-
tion should be 4cm high. Maximum deviations of
1.2mm (3%) are permissible. If a X10 probe is con-
nected between the mini-socket and Y-input, the
same display height should result in the 5mV/cm
position. With higher tolerances it should first be in-
vestigated whether the cause lies within the amplifier
or in the amplitude of the square-wave signal. On oc-
casions it is possible that the probe is faulty-or incor-
rectly 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. Adjustment of the vertical amplifier or
the calibrator voltage is only possible from within the
instrument. According to experience, this is rarely
necessary.

Transmission Performance of the Vertical
Amplifier

The transient response and the phase compensation
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 50Hz,
500Hz, 5kHz, 50kHz, 500kHz and 1MHz, the

T2412-4

deflection coefficient should be set at 5mV/cm with
DC input coupling. In so doing, the square pulses
must have a flat top without ramp-off, spikes and
glitches; no overshoot is permitted, especially at
1MHz and a display height of 4-5cm. At the same
time, the top corner of the pulse must not be round-
ed. In general, no great changes occur after the in-
strument has left the factory, and it is left to the
operator’s descretion whether this test is undertaken
or not.

Certainly the quality of the transmission performance
is not only dependent on the measuring amplifier.
The input attenuators, located in the front of the
amplifier, are frequency-compensated in each posi-
tion. Even small capacitive changes can reduce the
transmission performance. Faults of this kind are as a
rule most easily detected with a square-wave signal
with a low repetition rate {e. g. TkHz). If a suitable
generator with max. output of 40Vpp is available, it
is advisable to check at regular intervals the deflec-
tion coefficients on all positions of the input at-
tenuators and readjust them as necessary. A com-
pensated 2:1 series attenuator is also necessary, and
this must be matched to the input impedance of the
oscilloscope. This attenuator can be made up locally
or ordered from HAMEG under the type designation
HZ 23. Itis important that this attenuator is screened.
For local manufacture, the electrical components re-
quired are a 1MQ %1% resistor and, in parallel with
it, a trimmer 3-16pF in parallel with approx. 20pF.
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 at-
tenuator must be matched to the input impedance of
the oscilloscope in the 5mV/cm position (DC input
coupling; square tops exactly horizontal; no ramp-off
is permitted). This is achieved by adjusting the trim-
mer located in the 2:1 attenuator. The shape of the
square-wave should be the same in each input at-
tenuator position.

Operating Modes:
Mono/Dual, Alt/Chop, 1 + I, X-Y-Operation

On depressing the ‘‘Mono/Dual’’ push button, two
traces must appear immediately. On actuation of the



"'Y-POS."" control, the trace positions should have
no affect on each other. Nevertheless, this cannot be
entirely avoided, even in fully serviceable in-
struments. When one trace is shifted vertically
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 shadow-
ing around and within the two traces in the upper or
lower region of the screen. Set “'TIMEBASE'’ switch
to Tus/cm, depress the ‘‘Mono/Dual’’ and
""Alt/Chop’’ push buttons, set input coupling of both
channels to *'GD’’ and advance the "'INTENS."’ con-
trol fully clockwise. Adjust ‘‘FOCUS’’ for a sharp
display. With the "'Y-POS.’’ controls shift one of the
traces toa + 2cm, the other to a — 2cm vertical posi-
tion from the horizontal centre line of the graticule.
Do not try to trigger the chop frequency (1MHz).
Then alternately release and depress the ‘' Alt/Chop’’
push button. Check for a negligible trace widening
and periodic shadowing in the chopped mode.

It is important to note that in the add mode (I +11) or
the difference mode (—I+1i) 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 of these modes the overscanning
LED’s will indicate the position of the trace.

In X-Y-Operation (*'Hor. ext.”” push button depress-
ed), 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 i,
then, as with Channel | in the vertical direction, there
must be a horizontal deflection of 4cm when the
deflection coefficient is set to 60mV/cm position
{fine controls set to their calibrated positions).

Triggering Checks

The internal triggering threshold is important as it
determines the display height from which a signal will
be stably displayed. in should be approx. 4mm for
the HM412. An increased trigger sensitivity creates
the risk of response to the noise level in the trigger
circuit. This can produce double-triggering with two
traces separated by 180°. Alteration of the trigger
threshold is only possible internally. Checks can be
made with any sine-wave voltage between 50Hz and

1MHz. The “"LEVEL"" control should be in the “"AT"’
position. Following this it should be ascertained
whether the same trigger sensitivity is also present
with the manual “'LEVEL’’ control.

On depressing the " +/—"" button, the trigger polari-
ty changes from the positive-going to the negative-
-going edge of the trigger signal. The HM412 should
trigger internally on sinusoidal signals up to 40MHz
perfectly at a display height of approx. 5mm.

For external triggering in the *'DC’’ coupling mode,
signal voltages of approx. 0.5Vpp are necessary. In
"“AC"" position, a 30Hz signal requires a trigger
voltage of approx. 2Vpp.

Checking of the internal TV-triggering is possible with
a video signal of any given polarity. With "*AC/DC"’
coupling you can trigger on line frequency; with
““TV"" coupling triggering on frame frequency is
possible. If no video signal is available, the function
of the "'TV’’ button can be checked using mains or
the built-in calibrator signal. When triggering at
mains frequency, actuation of the ''TV’’ push button
should have no effect. In contrast the minimum
signal voltage required for reliable triggering should
be at least double when the 1kHz calibration signal is
applied.

The display may not shift horizontally during a
change of the trigger coupling from “'AC’* to "'‘DC"’
with a sine-wave signal without DC offset. The basic
requirement for this is a correct DC-balance align-
ment on the input of the vertical amplifier (see
Operating Instructions).

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 trigger source selector is set to
the "I’ or “'II"" or "'I/II'" position. In the alternate dual
channel mode two non-frequency related signals (i.
e. mains frequency and calibration signal) can be
reliably triggered internally when the trigger source
selector is set to the ““I/II’" position (alternate trigger-
ing). With the chopped dual channel mode in the
"I/II"" position triggering from Channel | only is possi-
ble. Periodical signal blanks (with chopper frequency
1MHz) may not be visible in the chop mode.
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Timebase

Before checking the timebase is should be ascertain-
ed that the trace length is approx. 10cm. If not, it
must be corrected with the trimming pot for sweep
amplitude (see Adjusting Plan). This adjustment
should be made with the “'TIMEBASE'’ switch in a
middle position (i. e. 50us/icm) and with the
""VARIABLE’’ control in “‘Cal.’" position.

If a precise marker signal is not available for checking
the timebase deflection coefficients, then an ac-
curate sine-wave generator may be used. Its frequen-
cy tolerance should not be greater than £1%. The
timebase accuracy of the HM412 is given as £3%,
but as a rule it is considerably better than this. For the
simultaneous checking of timebase linearity and ac-
curacy at least 10 oscillations, i. e. 1 cycle every cm,
should always be displayed. For precise determina-
tion set the peak of the first marker or cycle peak ex-
actly behind the first vertical graticule line using the
""X-POS.”" control. Deviation tendencies can be
noted after some of the marker or cycle peaks.

The following table shows which frequencies are re-
quired for the particular ranges.

2s/cm — O0.5Hz
1s/lcm — 1Hz
0.5s/lcm — 2Hz
0.2s/lcm — b5Hz
0.1slcm — 10Hz
50ms/cm — 20Hz
20ms/cm — B50Hz
10ms/cm —100Hz
5ms/cm —200Hz
2ms/cm —500Hz
1tms/icm — 1kHz

0.5ms/cm — 2kHz
0.2ms/cm — 5kHz
0.1ms/cm — 10kHz
50us/cm — 20kHz
20usicm — 50kHz
10us/cm —100kHz
Susicm —200kHz
2usicm —500kHz
lusicm — 1MHz
0.5uslcm — 2MHz

When the "“X-MAGN."’ control is actuated a marker
or cycle peak will be displayed every 5¢cm.

The 20 and 10ms/cm ranges can be checked very
precisely with mains frequency (50Hz). On the
20ms/cm range a cycle will be displayed every cm,
while on the 10ms/cm range it will be every 2cm.

It is recommended that an oscilloscope calibrator
(HAMEG Type HZ62) is required, if the timebase is to
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be checked on a number of oscilloscopes on a
regular routine basis. This instrument employs a
quartz marker, providing peak pulses at 1cm inter-
vals for each time range. It should be noted that on
triggering such pulses the "'LEVEL"’ control must be
actuated.

Sweep Delay

When the Sweep Delay mode slide switch is set to
the ‘‘norm.’”’ mode the delay should have no effect
on the display of the 1kHz calibration signal. When
the Sweep Delay is set in the '‘search’’ mode (refer
to Sweep Delay Operating Instructions) it is possible
to check the delay time by means of a distance
measurement of the blanked baseline. For this the
time fine control “’x1-x10"’ must be set to x1 (rotate
anti-clockwise until a snap noise is audible). When
‘“‘delay’’ is selected the trace reverts to the full 10cm
display without any blanking. In this mode the delay
fine control can be operated and a displayed wave-
-form should be shifted without any jitter, jumping or
intermittent blanking. In this mode the delay time, as
set on the ‘'DELAY’’ range switch and fine control,
should not exceed the value of the unblanked display
by more than 250 times.

Testing is possible with the calibration signal. Set-
tings: Connect calibrator mini-socket with Channel |
input connector, input coupling to *'DC’’, deflection
coefficient 50mV/cm, trigger mode *AC’" and chan-
nel “‘I', ““LEVEL’’ control in the Timebase section to
AT, “"TIMEBASE'’ switch to 1ms/cm, no push
button depressed. in the ‘'norm.’’ mode you can see
the calibration square signal with a display height of
4cm and approx. one cycle per cm. In “‘search’’
position the delay mode indicator is flashing. The
“'DELAY’’ time switch has to be set to the Tms
range. Then the DELAY fine control can be rotated
until half of the display is blanked. The delay time
now amounts to bms. After switching to "‘delay’’ the
display is fully visible; the delay mode indication
shows continuously. The signal displayed can be ex-
panded now. To this purpose turn the " TIMEBASE"’
switch clockwise to bus/cm. The expansion is now
200-fold. With the fine control ‘'x1-x10‘", the
nearest edge of the calibration signal can be brought
into the screen centre and checked on the criteria



above-mentioned. With 200-fold expansion the
display brightness normally needs increasing (with
“INTENS.”" and ""FOCUS"’ control).

Miscellaneous

If a variable mains transformer is available, the
characteristics of the HM412 on mains voltage fluc-
tuations of £10% 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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General

The following instructions are intended as an aid for
the electronic technician who is accomplishing read-
justments on the HM412, if the nominal values do
not meet the specifications. These instructions
primarily refer to those faults which were recognized
guided by the Test Instructions. However, this work
should only be carried out by properly qualified per-
sonnel. For any further technical information call or
write to HAMEG. Addresses are provided at the back
of the manual. It is recommended to use only the
original packing material when the instrument will be
shipped to HAMEG for service or repair.

AC Voltage Change

The instrument has a power plug-in unit at the rear.
This unit contains the power fuse, which is inter-
changeable for the different mains/line voltages. The
fuse holder with its square top plate can be pulled
out, and changing of the voltage is possible by turn-
ing this plate 90 degrees for each of the four AC
voltages marked on the plate (see triangle below the
fuse holder). The fuse holder should then be plugged
in again in the selected position.

o

072
125
®

220

Required power slow-blow fuse:

110V~ +10%
Fuse 0.4 A

220V~ +10%
Fuse 0.2 A

125V ~ +£10%
Fuse 0.4 A

240V ~ +10%
Fuse 0.2 A

The power fuse has to match the set mains/line
voltage and must be replaced if necessary.

instrument Case Removal

The rear cover can be takan off after both nuts on it

Pay ATTENTION to change information on page K2.

SERVICE INSTRUCTIONS

have been removed and after unplugging of the
power cord’s triple-contact connector. While the in-
strument case is firmly held the entire chassis with its
front panel can be withdrawn forward. When the
chassis later on will be inserted into the case it should
be noticed that the case has to fit under the flange of
the front panel. The same applies for the rear of the
case on which the rear cover is put on.

Caution

When the instrument is set into operation after the
case has been removed, attention must be paid to
the accelerating voltage for the CRT, which is
2000V. These high voltage potentials are on the
CRT socket as well as on the vertical positioned
PCB around this socket.They are highly dangerous
and therefore precautions must be taken. It is
noticed furthermore that shorts occuring on dif-
ferent points of the CRT high voltage and unblank-
ing circuitry will definitely damage some semicon-
ductors and the opto-coupler. For the same reason
it is very risky to connect capacitors to these
points while the instrument is on.

Trace Alighment

If the trace on the screen is not exactly paratlel with
the horizontal centre line of the graticule, it may be
mostly caused by the influence of the earth’s
magnetic field. Such small misalignments depending
on the oscilloscope’s position in the workroom can
be easily corrected by the adjustment of the variable
resistor for trace rotation. This is performed by a
screwdriver which will be inserted in the opening of
the front panel marked ‘TR’ (Trace Rotation)
located underneath of the "'"FOCUS’’ knob. Greater
misalignments can only be corrected when the in-
strument is open and the TR-pot is set in midrange.
The clamp on the CRT neck has to be loosened.
Because the area around the CRT is relatively small, a
tenacious adhesive tape will be a good help for tube
rotation. The middle of the tape should be pressed
onto the top of the exposed CRT area which is ac-
cessible between the graticule plate and the front
cover. Now, either the left or the right end of the
adhesive tape can be drawn effecting the CRT rota-
tion in both directions. After this alignment is per-
formed, both screw nuts on the clamp must be alter-
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nately tightened turn by turn, otherwise the CRT
might be misaligned again.

Operating Voltages

Besides the AC voltages for the CRT heating and for
mains triggering there are seven electronically
stabilized DC operating voltages generated (+ 24V,
+5V, —12V, +140V, +260V, —2000V, and
33V for the unblanking circuit). These different
operating voltages are fixed voltages, except the
+ 140V (vertical final stage) and the high voltage
which can be adjusted. The variation of the fixed
voltages greater than £5% from the nominal value
indicates a fault. Both adjustable voltages have to be
set exactly for + 140V respectively — 2000V by the
adjustments of two variable resistors each of 25kQ
which are located on the Z-board. These voitages are
measured on the Check Socket with reference to
ground (see Adjusting Plan). Measurements of the
high voltage may only be accomplished by the use of
a sufficient highly resistive voltmeter (= 10MQ). You
must make absolutely sure that the electric strength
of the voltmeter is sufficiently high. It is recommend-
ed to check the ripple and also the interaction from
other possible sources. Excessive values might be
very often the reason for incomprehensible faults.
The maximum ratings are specified on the circuit
diagrams. For the measurement of the high voltage
ripple you need a probe capable to withstand 2000V
(e.g. X100 probe HZ37). But also a normal probe
X10 is sufficient with a capacitor (10... 20nF
2000V) connected in series to the probe tip.

Maximum and Minimum Brightness

Two variable resistors of 500kQ each, located on the
upper edge of the vertical positioned Z-board, are us-
ed for these adjustments (see Adjusting Plan). They
may only be touched by a properly insulating
screwdriver (Caution! High voltage.). The adjust-
ments must possibly be repeated because the func-
tions of both variable resistors are dependent on each
other. Correct adjustment is performed when the
trace can be blanked while ‘"Hor. ext.”” pushbutton is
depressed and, in addition, the requirements describ-
ed in the Test Instructions will be met.
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Astigmatism Correction

The ratio of vertical and horizontal sharpness can be
adjusted by the variable resistor of 50kQ, located
near to the upper edge of the Z-board {see Adjusting
Plan). As a precaution however, the voltage for the
vertical deflecting plates (approx. + 90V) should be
checked before, because this voltage will affect the
astigmatism control. While the adjustment is ac-
complished {(with depressed '‘Hor. ext.”” button), the
““FOCUS"’ control knob has to be repeatly turned to
and fro until the shape of the luminous spot, wether
round or oval or rectangular, will stay the same to the
right and left of the optimum focusing. The interac-
tion of focus adjustment and astigmatism correction
should be noted. After this adjustment, a square-
wave signal should be displayed and be verified once
more in accordance with the Test Instructions. The
final adjustment has always to be the ""FOCUS’’ con-
trol.

Trouble-Shooting the Instrument

For this job, there will be needed at least an isolating
variable mains transformer (protection classification
II), a signal generator, an adequate precise multi-
meter, and, if possible, an oscilloscope. This last
item is required for complex faults which can be
traced by the display of signal or noise voltages. As
noted before, the stabilized high voltage and the sup-
ply voltage for the final stages (approx. 300V) are
highly dangerous. Therefore it is recommended to
use totally insulated extended probe tips when
trouble-shooting the instrument. Incidental touches
with dangerous voltage potentials are then unlikely.
Of course, these instructions can not thoroughly
cover all kinds of faults. Some common-sense will
certainly be required when a complex fault has to be
investigated.

If the instrument fails completely, the first and most
important step will be to measure the deflecting plate
voltages of the CRT. In almost any case, the faulty
section can be located. The sections represent:

2. Horizontal deflection.
4. Power supply.

1. Vertical deflection.
3. CRT circuit.



While the measurement takes place the position con-
trols of both deflection devices must be in mid-
position. When the deflection devices are operating
properly the separate voltages of each plate pair are
almost equal then (Y =85-95V and X =133-147V).
If the separate voltages of a plate pair are very dif-
ferent, the associated circuit must be faulty. An ab-
sent trace in spite of correct plate voltages means a
fault in the CRT circuit. Missing deflecting plate
voltages is probably caused by a defect in the power
supply.

A
D3 ca+100v
+90V

Voltages at the CRT socket

Indeed, as advised in the Operating, Test and Service
Instructions, small corrections and adjustments are
easily carried out with the aid of the Circuit Diagrams
and Adjusting Plan. However, a complete recalibra-
tion of the oscilloscope should not be attempted by
an inexperienced operator, but only someone with
suffient expertise. Several precision measuring in-
struments with cables and adapters are required, and
only then should the pot's and trimmers be read-
justed provided that the result of each adjustment
can be exactly determined. Thus for each operating
mode and switch position, a signal with the ap-
propriate sine or square waveform, frequency,
amplitude, risetime and duty cycle is required.
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Y-INPUT, ATTENUATOR AND Y-PREAMPLIFIER HM 412-4
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fIMEBASE AND TRIGGER CIRCUITS, SWEEP AND X-AMPLIFIER, RETRACE AND DELAY LOGIC CONTROL, SQUARE-WAVE GENERATOR HM412-4
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TRIGGER AND X-EXT. SIGNAL (SWITCHING, AMPLIFIER)
(Trigger Board on Front Chassis)
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DELAY UNIT (STEPPING SWITCH, FINE CONTROL, MONOSTABLE MULTIVIBRATOR)
(Delay Board on Front Chassis)

Delay Stepping Switch

RETRIGGERABLE
C| GND MONOSTABLE
MULTIVIBRATOR

o-C702 8200 P e s 122 | e
=5 —h_n 2}
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o | L1 SN 4rd
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+/-
LEVEL

COMPONENT LOCATIONS TIMEBASE SWITCH AND TRIGGER LOCK-IN UNIT (TB-BOARD) 879



OVERRANGE CIRCUIT (DR -Board) COMPOMNENT LOCATIONS TI-BOARD

R 96 L. )
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=
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Adjustments :

R 905 at highest horizontal raster edge
_ R 906 at lowest hofizental raster edge

[COMPARATORS) nln_zo.m._.bm LE JCP____SE_.F.__ONWU

CGY T4 L
iL 802

Yisual indication

of delay mode

H intermitient { search
sp. fixed light (delay

Electrical components on certain parts are
marked such that the first numeral is at:

COMPONENT LOCATIONS OR-BOARD Chassis
: EY-Preamplifier Unit
oL {EY.Board, hz-qcnﬂ.oq_ o
IR ¥.ampl, n:.mi;n:.an. ._._..a. Pick-0ft
+§y [Main Board, partial Z-Board)
Board) Trigger and Ext. X-Signal Amplifier
-.ﬂ:.uoa_. Board)
Timebase and Trigger Circuit
{Main Bord)
CRAT, XY-Final Ampl., Power Supply
(Z-Board, partial Main Board and Chassis)
Timebase Switch Unit, Trig. Lock-in Unil
{TB-Board, TI-Board)
Delay Unit
(D -Boardl
SqW.Gen. TR, Raster Lp's, Delay Sw. + Ind
{Front Board)

SQUARE-WAVE GENERATOR, RASTER ILLUMINATION, TRACE ROTA
POWER INDICATING LAMP, DELAY MODE SWITCHING AND INDICATI!
(Frant Board)

OVERRANGE CIRCUIT, SQUARE -WAVE GENERATOR, RA!
TRACE ROTATION, POWER INDICATING LAMP, DELAY Ml
INDICATING. (0OR-, ORI-Board, Front Board, T1-Board)

Owerrange Circuit
(OR-Board, ORI-Board)

COMPONENT LOCATIONS FRONT BOARD



24V ~ =
Protecting winding Il

to line trig.

Protecting winding |
Test terminal

QBC 001

Safety Class Ib
Safety Earth Conductor
isolated!

Watts (max.): 42
Amps (max.): 0.2
at 220V 50Hz

POWER FUSE:
5x20mm
IEC 127-lI
DIN 41662
tridge, temporisé,
slow-blow, lento.

z:o<
Zlaav]To4A

z-o<
Z3aoviTo2A

Max. fluctuation of
rated line-voitage
+10%

Transformer Type
NT 412-4A
BMV 82x34

TFOO1

POWER SUPPLY AND CRT CIRCUIT HM 412-4A

(Z-Board, partial Main Board and Chassis)

(Main Board)
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1c407 H. nr 10u or moN.m
40V —
Hu 22n H 446 T -
C445 ‘n | H ~
£ -_—
& VAR
[}
2 3
1 BNC) M~
7a2cu |2 1 i TI.—kalmqonFWmaﬁ
1C408 3 00V Fis  |(33p) | max.
e 4 INTENS) "5y mmﬁi (100v) 3
toZ8 e (NN trom (Naag) | B3V (M58
- o | 0.3A 4l
@-12v |8 C543 R452 ) - ca.0. 2
, I 500k Unbi. P. Bl 20p_ Chop. * | !
260V 4 R586 C547 Bank| (100K) | 1 m.__h\
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West Germany G.m.b.H.
Kelsterbacher Str. 16-19 — 6 FRANKFURT/M. 71
Tel. (0611)676017-19 — Telex 0413866
France S.A.R.L.

5-9, Avenue de la République - 94800 VILLEJUIF
(Regian Paris) - Tél. 678.09.98 - Télex 270705
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Espafia IBERICA S.A.
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United Kingdom LTD.
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USA INC.
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