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Introduction

The Type Pé016 Current Probe is designed to extend the
usefulness of Tektronix oscilloscopes. The probe, used with
either a passive Termination or a Type 131 Current Probe
Amplifier, permits a current waveform to be viewed and
measured on the oscilloscope. No direct electrical connec-
tion to the circuit under test is required because the probe
clamps around the current-carrying wire, Impedance change
and leading of the circuit under test can be considered to
be negligible,

Type P6016 Current Probe with Passive Termina-
tion
Sensitivity:

2 ma/mv or 10 ma/mv; accuracy within 3%,
[With Type L Plug-In Unit, maximum sensitivity is 10
ma/em),

Risetime (with Type K or L Plug-ln Unit in Type 540-Series

Oscilloscopel:
18 nanoseconds fapprox. 20 mc at 3 db down).

SECTION 1

CHARACTERISTICS

Low-Frequency Response:

At 2 ma/mv—approx. 850 cps at 3 db down (5% tilt of
10-usec square pulse).

At 10 ma/mv—approx, 230 cps at 3 db down (5% tilt of
35-usec square pulse).
Maximum Current Rating:

15 amps, peak-to-peak.

Maximum Direct Current Saturation Threshold:

0.5 amp.

Maximum Breakdown Voltage:

600 volts with probe slide closed.

Insertion Impedance:

Refer to Table 1-1 where insertion impedance is listed
as a function of time following the start of a fast-rise
step current function. Also see Fig. 4:1 in the Circuit
Description  section,

Fig. 1-1. Typical frequency response characteristics of the Type P6016 Current Probe with both the Type 131 Amplifier and the passive
Termination, when used with a Type 545A Oscilloscope and @ Type K Plug-in Unit. The low-frequency end of the “Probe With 131 Am-
plifier" curve will vary considerably with adjustment of the LOW FREQ. ADJ. control.
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Characteristics — Type P6016/131

Fig. 1.2, Typical current versus frequency curve. At the low-frequency ond detectable sine-wave distortion occurs as a resvit of core sar-
vration.  Although the probe distorts low-frequency current waveforms when the core starts 1o saturate, any high-frequency waveforms or
short-duration microsecond pulses present at the same time are unaffected. At the high-froquency end, current rating may be exceeded under

conditions indicated on the graph,

TABLE 1-1
INSERTION
TIME IMPEDANCE
50 nsec 0060
- 100 nsec o _ 0.04
1 psec 1 00150
10 psec [ 00060

Typical Delay Time:

12 nanoseconds measured at the 50% level of pulse
amplitude. [Type P&000 Probe with 42” cable, used
for observing voltage waveform, has delay time of
8 nanoseconds.)

Construction of Type P6016 Current Probe Body and
Slide:
Black glass-filled styrene body, gray Delrin slide.

Construction of Passive Termination:

Zomac =5 die costing.

1-2

Type P6016 Current Probe with Type 131 Cur-
rent Probe Amplifier

Sensitivity with 50 mv/div Oscilloscope Input:

I ma/div basic sensitivily, Ten-position switch provides
the following calibrated steps: 1, 2, 5, 10, 20 and 50
ma/div; 0.1, 0.2, 0.5 and 1 amp/div. Accuracy within
3%.

Noise:
Equivalent to 100-iamp, peak-to-peak input signal.

Risetime (with Type K or L Plug-In Unit in Type 540-Series

Oscilloscopel:
20 nenoseconds (approx. 17 me at 3 db down),

Specifications

Low-Frequency Response:
50 cps at 3db down.

Maximum Current Rating:
15 omps, peok-to-peak.

Maximum Direct Current Saturation Threshold:
0.5 amp.

)
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Maximum Breakdown Voltage:
400 volts with probe slide closed.

Insertion Impedance:

Refer to Table 1.1. Also refer to Fig. 4-1 in the Circuit
Description section.

Typical Delay Time:

32 nanoseconds measured at the 50% level of pulse
amplitude. (Type P6000 Probe with 42" cable, used
for observing vollage waveform, has delay time of 8
nanoseconds.)

Power Requirements: (Model 1, 2 and 3)

Line veoltage and frequency—105 to 125 volts rms, or
210 to 250 volts rms using two 18k, 1 watt, 10% re-
sistors connected in series with line;* 50-60 cycles
Power—approx. 0.5 watt at 117 vac; approx. | watt at
234 vac.

*To obtloin o ready-made 234 volt adapter, consult your local
Tektronix Field Engineer or overseas Representative.

Power Requirements (Model 4-up)

Line vollage and frequency—105 to 125 volts rms, or 210
to 250 volts rms depending upon which transformer hows-
ing is used with the Type 131. The line frequency in either
case must be 5060 cycles.

AC Power—approx. 0.5 watt at 117 vac; approx. | walt
at 234 vac. Battery voltage—the Type 131 requires o
battery that will furnish 22/, volts at 10 ma of current.

Battery power—approx. 0.2 watt at 22"/, volts,

Type 131 Mechanical Specifications: (Models 1,
2 and 3)
Construction—Aluminum-alloy cover and etched circuit
board chassis. Extruded aluminum frame.
Finish——Photo-etched anodized cover.
Dimensions—3'/," high, 14" wide, 4'/," deep (includes
connectors).

Type 131 Mechanical Specifications: (Model
4-up)
Construction—Aluminum-alloy wrap-around cover and
etched circuit board chassis.
Die cast end plates.
Finish—Blue Vinyl finished cover.

Dimensions—3'/,4” high, 1'%,," wide, 4'%/,,” deep [in-
cludes connectors).

Weights:

Type P6016 Current Probe—4 oz.
Passive Termination—5 oz,

Type 131 Medel 1, 2, 3 Current Probe and Amplifier—
approx. 15 oz,
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Characteristics — Type P6016/131

Fig. 1-3. Typical curve showing percent of secondary inductance
versus primory de-ampore turns. The curve shows that the soec-
ondary inductance of the current probe transfer decreases as the
de-ampere turns  are increased, which impairs the low-frequency
response.  However, high-frequency response is not impaired.

Type 131 Model 4 Current Probe and Amplifier—approx.
16 oz.

AC Power Supplies add approximately 5 oz. to the total
weight. °

Accessories

1—Instruction monual

Ordering Information

The Type 131 and associated equipment is available in
various combinations, See below for the proper stock
number of the combination wanted.

P4016 Probe 010-037
Passive Termination 011-028
P6016 Probe and Passive Termination 011-044

Type 131 with 117 vac Transformer Housing 015.011
Type 131 with 234 vac Transformer Housing 015-024

P6016 Probe and Amplifier (Type 131) 015-030
Type 131 with Battery Adapter 015-026
1-3



Characteristics — Type P6016/131

Fig. 1-4. Typical impedance inserted in a circuit by the Type P6016 Current Probe when properly terminated.




SECTION 2

OPERATING INSTRUCTIONS

Operation With Passive Termination

To use the Type P6016 Current Probe with a passive Ter-
mination unit and oscilloscope, connect the Termination be-
tween the probe cable and the input to the oscilloscope
(see Fig. 2-1). Set the slide switch on the Termination to
the desired sensitivity. Rotate the variable vertical sensitivity
control on the oscilloscope to the detent position for cali-
brated sensitivity. Set the oscilloscope vertical sensitivity
switch to suit the amplitude of the waveform to be ob-
served and measured.

Clamp the current probe around the conductor under test.
Make certain the thumb-controlled slide is moved fully
forward. Set the remainder of the oscilloscope front-panel
controls for a stable display. Te measure the peak-to-peck
current of the displayed waveform, the example to follow is
given as a guide.

If the current probe sensitivity is set for 2 ma/mv and the
oscilloscope is set for 50 mv/div (or 50 mv/cm) sensitivity,
the overall sensitivity is:

2ma/mv X 50 mv/div 100 ma/div.

If the current waveform is 3 divisions [centimeters) peak-
to-peak in amplitude, the current is:
3 div X 100 ma/fdiv — 300 ma, peak-to-peak.
Frequency, phase, and time measurements of current wave-

forms are determined in the same manner as for voltage
waveforms.

Fig. 2-1. The Type P6016 Current probe in operation when used
with the Termination ond an oscilloscope.

ey

Direction of Current Flow

Direction of conventional current flow [plus to minus)
in the conductor, as opposed lo electron flow, is indicated
by the arrows located on the top and botom of the probe.
Current flowing in the direction of the arrows produces an
upward or positive deflection of the waveform on the crt.

Precautionary Notes

{a) Ground Clip Lead

A ground clip lead is furnished with the probe to ground
the shielding at the probe end when desired. Normally,
for most applications, the ground lead is unclipped from
the probe and not used. Because of the three-wire power
cord used on the Type 131 Amplifier, use of the ground
clip lead may cause circulation of wundesirable chassis
currents,

{b) Clamping the Probe around a Bare Wire

Care must be used in clamping the probe around o bare
wire lead when the device under test is operating. While
the probe is being alached around the wire, the edges
of the grounded, metallic shield in the stationary part of the
probe, and the shield in the sliding portion, are exposed.
Therefore, the probe must be attached without permitting
the exposed edges of the shields to come into contact
with the bare wire until the slide can be closed over the
wire,

To prevent an accidental short circuit to ground through
the shield, a piece of spaghetti insulation can be slit down
one side and slipped over the bare wire. Then the probe
can be safely clamped over the insulation. Or, if preferred,
the device under test can be turned off before cttaching the
probe. Conductors up to 0.150 inch, or the size of a ';-watt
composition resistor, can be accepted by the probe.

[¢) Performance Limitations

When making current measurements and anclyzing the
waveform, take into consideration the combined bandwidth
of the oscilloscope and the Type P60146 Current Probe
[with either the Termination or Type 131). For optimum
wideband performance with minimum distortion, the probe
should be used with Type 540- and 550-Series Oscilloscopes
with a Type K or Type L Plug-In Unit.
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Operating Instruction — Type P6016/131

To preserve the low-frequency response of the probe, use
care in clamping the probe around a conductor to prevent
scratching the current transformer ferrite core.

(d) Minimizing Loading Effect

To minimize any loading effect of critical circuits, where-
ever possible clamp the probe at the low or ground end of
a component lead.

{e) High Currents

When measuring high currents, do not leave the current
probe clamped around the conductor while disconnecting

the probe cable from either the Termination or the Type
131 Amplifier. With the probe cable unterminated under
these conditions, a high voltage is developed in the
secondary winding which may damage the probe current
transformer.

In addition, if the probe is used with the Type 131
Amplifier and the probe ccble is disconnected for some
reason, unclamp the probe from the high-current carrying
conductor before connecting the probe cable connector to
the Type 131 Amplifier. This precautionary measure prevents
high surge currents from damaging transistors in the ampli-
fier.

Current Probe Amplifier Operation with a Type 131

Fig. 2-2. The Type P6016 Cutrent Probe and the Type 131 Current
Probe Amplifier connected to the oscilloscope.

To use the P&016 Current Probe with the Type 131
Current Probe Amplifier, connect the Type 131 Amplifier
between the probe cable and the input to the oscilloscope
(see Fig. 2-2). Sel the CURRENT/DIV. switch to the sensi-
tivity you desie. Set the vertical sensitivity of the oscillo-
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scope to S0 mv/div (or 50 mv/cm). Rotate the variable
vertical sensitivity control to the detent position. Connect
the Type 131 fo the proper line voltage or battery,

Power is applied directly to the Type 131. Since power
cansumption is low and the uait has o long useful life, no
power switch 15 provided.

NOTE

The probe shipped with the Type 131 is not neces-
sarily the probe used in the factory calibration.
Before using the Type 131 and probe, refer to the
first four steps of the Calibration section. The first
time the Type 131 is used on an oscilloscope, the
Gain and Llow-Frequency Compensation adjust-
ments must be checked. Refer fo steps 3 and 4 of
the Calibration section for these adjustments.

When a current waveform is displayed on the oscillo-
scope, peak-to-peck measurements are made according 1o
the following example.

If the CURRENT/DIV. switch is al the 5 mAMP, position
and the peak-to-peek amplitude of the current waveform
is 2.4 divisions {or centimeters), then the current is:

2.4 div 2 5 mAMP./DIV. 12 ma.
Other measurements of the current waveform such as

frequency, phase, and time are determined in the same way
as for voltage waveforms.



General

Information in this section of the manuval has been selected
to help you use the Type P6016 Current Probe. The probe,
used in conjunction with the Termination or the Type 131
Current Probe Amplifier, will increase the usefulness of your
oscilloscope. To lay the groundwork for many of the appli-
cotions that may be encountered, some basic applications
are illustrated and explained here.

Undesirable Magnetic Fields

The current probe is shielded to minimize the effect of ex-
ternal magnetic fields. However, strong fields may interfere
with @ current signal to be measured. If you suspect that an
external field is interfering with your measurement, remove
the probe from the conductor, slide the core closed, and
hold the probe near the conductor in the vicinity of the
original measurement, |f you obtain appreciable deflection,
ottempt to measure the conductor current at another point,
oway from the magnetic field source.

If current measurements must be made in the presence of
o strong, external field, the external field interference may
be minimized by the use of two current probes and a dif-
ferential-input oscilloscope. The second probe must be used
in conjunction with a similar Termination or Type 131 Ampli-
fier as the one being used for the current measurement.

With both probes connected to a differential-input oscil-
loscope, clamp one probe around the conductor in which the
current is to be measured, ond place the other probe neor
the first but do not clamp it around the conductor. By selting
the oscilloscope controls for common-mode rejection, the un-
desirable current signal induced in the first probe can be
minimized by the second. Complete cancellation of the un-
desirable signal may be difficult to obtain due to probe
characteristics and time differences between the two probes
and the Terminations or Amplifiers,

Tracing Magnetic Fields

The Type Pé016 Current Probe can be used to trace mag-
netic fields, such as those produced by chassis currents, to
their source, This is most easily accomplished by leaving the
probe clamp open. The increased sensitivity of the unshielded
transformer permits the maximum field current to be induced
in the probe.

N
)
=
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SECTION 3

APPLICATIONS

Increasing the Sensitivity

The sensitivity of the current probe can be increased by
increasing the number of turns passing through the core of
the probe, For example, if the conductor is looped twice
through the probe, a two-turn primary winding is formed and
the sensitivity of the probe is doubled. (The sensitivity of the
probe is directly proportional to the number of turns.| If, for
example, the probe sensitivity is set for 1 ma/div for normal
single-turn  mecsurements, the sensitivity using a twe-turn
loop would actually be 0.5 ma/div.

Remember, however, thet the impedance reflected into
the primary (circuit being measured) from the secondary
(probe winding) varies as the square of the primary turns,
When observing high-frequency current waveforms or fast-
rise current pulses, additional turns add inductance to the
primary circuit,

Balancing Currents

The Type P&016 Current Probe can be used to balance cur-
rents in o push-pull circuit. This can be accomplished by
clamping the probe around both cathode or emitter leads
in the push-pull stage. Algebraic addition of the two currents
can then be displayed on the oscilloscope. Adjustments can
be made in the device under test until the two currents pro-
duce o null display.

Simultaneous Current and Voltage Measure-
ments

Simultoneous current and voltage measurements can be
obtained using a Type P6016 Current Probe, a standard At-
tenuator Probe, and a dual-trace oscilloscope,

1. Connect the current probe through either the Termination
or the Type 131 Amplilier to one of the vertical-inpu* con-
necters on the oscilloscope, and connect the attenualor probe
to the other vertical-input connector.

2. Connect the current probe around the conductor at the
point where the current is to be measured.

3. Connect the attenuator probe tip ond ground lead be-
tween the two peints at which the veltage is to be measured
{lhe conductor and the chassis, the two ends of o resistor,
etc.).

4, Adjust the oscilloscope controls, and the CURRENT/DIV.
switch on the Type 131 or the Termination switch, for suitable
displays. Obtain the current and voltage readings from the’
respective displays on the crt.

3-1



Applications — Type P6016/131

Voltage Amplifier

A secondary application for the Type 131 is voltage am-
plification.  Although not primarily intended for this pur-
pose, the unit can be converted to operate as a miniature,
low-level, wide-band, voltage preamplifier. Or, another unit
can be purchased and converted specifically for this use to
aveid changing one unit back and forth.

To make the conversion, a few simple changes need to be
made at easily accessible locations within the unit. These
changes, plus a choice of suggested conversion methods, are
described here. Some typical performance figures are given
first, since this information applies regardless of the method
used. This and other information (except for noise level) was
based on the unit operating with o Type 540- or a 550-Series
Qscilloscope and a Type K or L Plug-In Unit.

Passband-—Approx. 5 cps to 17 me, within 3 db.
Risetime—Approx. 18 nanoseconds.

Max. DC Input Level—+1 volt ot junction of input series
resistor  [R401) and input to attenuvator switch (SW410,
wafer 1R).

Max. Output Signal Amplitude—0.5 volt, peak-to-peak.

Max. Noise Level--100 jvolts, peak-to-peak, with input
grounded.

To describe the main differences between methods (see
Fig. 3-1), the first methad vses a 10% -tolerance resistor in the
input circuit because it is available locally. When this change
is made, the input impedance is 50 ohms and voltage goin
of the amplifier is 100. The second method uses closer tol-
erance input resistors 1o make the goin and attenvolor tol-
erance of the unit more accurate, The third method changes
the inpul impedance to 125 ohms ond the gain to 50. The
step-by-step method of conversion is as follows:

Method 1

1. Carefully unsolder and remove inductor L401. Care should
be used because the inductor lead ends are wrepped around
the leads of R401,

2. Solder o 220¢1, 10%, ‘aw resistor (with leads cut short]
between the center conductor of the input connector and a
convenient ground (chassis).

3. Disconnect resistor R482 [15k) where it connects to one
terminal of control R481 (LOW FREQ. ADJ.) end solder a
short-lead 470k, 10%, ',w resistor in series ot this location.

Method 2

1. Carefully unsolder and remove inductor L401 and resistor
R401 withou! separating the two parts. Solder a 52.5Q, 1%
Yy w resistor in the place of the removed parts.

2. Add o short-lead 2409, 5%, 4w resistor between the in-
put center connector and ground.

3. Same as step 3, Method 1.

Method 3

1. Carefully unsolder and remove inductor L401 and resistor
R401 without separaling the two parts. Solder a 115Q, 1%,
Yaw resistor in the place of the removed parts.

3-2

Fig. 3-1. Partial schemalic diagrams of the Type 131 Amplifier
showing changes 1o the circuitry using metheds 1, 2 and 3.



2. Same as step 3, Method 1.

After completing the conversion, the high-frequency com-
pensation should be readjusted for optimum operation if it
is going to be used specifically for this purpose from now on.

&R

Applications — Type P6016/131

Refer to the Calibration procedure for information about the
square-wave generator to use. The unit should then be la-
beled accordingly, so that it is not inadvertently used as a
current amplifier with the current probe.



Introduction

The circuits to be described in this section are divided
into three parts: The Type Pé016 Current Probe, the Termin-
ation, and the Type 131 Current Probe Amplifier. Schematic
diagrams for these circuits are included in Section 7.

Type P6016 Current Probe

The Type P6016 Current Probe consists of a wide-range
current transformer mounted in the nose of the case. The
transformer contains a two-section, U-shape, ferrite core.
One section is stationary; the other is mechanically movable
to permit closing the core around the conduclor being
measured for current. The conductor forms a one-turn pri-
mary winding for the transformer; the windings around one
end of the slationary core form the secondary winding.

Negligible loading of the circuit under test occurs when
the probe is clamped around the conductor, Loading, which
is the series impedance reflected into the primary circuit,
is approximately equivalent to the circuit diagram shown in
Fig. 4-1. The typical values given in the transformer shield
section of the equivalent circuit apply the instant a slep
current waveform is present in the conductor,

The current wavelorm induced in the secondary winding
of the current transformer is coupled through the 62.5-chm
probe cable to either the passive Termination or the Type
131 Amplifier,

Fig. 4-1. Equivalent circvit of impedance reflected into a conductor
when probe is attached.

a®

SECTION 4

CIRCUIT DESCRIPTION

Passive Termination

Two simplified passive Termination circuits are shown in
Fig. 4-2. These schematics show the circuit configuration
for both settings of the sensitivity switch, [For simplification,
the circuits are shown are shown without the switch.)

At a sensitivity of 2ma/mv, the signal from the probe
is coupled virtually “straight through' to the input of the
oscilloscope. When the sensitivity is 10 ma/mv, the signal
is attenvated five times before being applied to the oscillo-
scope input,

Fig. 4-2. Simplified circuits of the passive Termination unit when
switch is omitted.
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Circuit Description — Type P6016/131

Resistors R102 and R103, at the INPUT connector, terminate
the probe cable. Other components in the circuit provide
the necessory compensation to optimize the transient re-
sponse of the probe-termination combination.

Type 131 Current Probe Amplifier

The Type 131 Current Probe Amplifier consists of five
circuits: the Attenuator, Input Amplifier, Second Amplifier,
Output Amplifier, and Power Supply. These circuits are
discussed separately in the following paragraphs.

Attenuator. When the Type P6016 Probe is connected to
the Type 131 Amplifier, the current signal is coupled through
a parallel LR network (L401-R401) to the CURRENT/DIV.
switch (SW410). For higher frequencies, where it is important
to terminate the probe cable, the impedance of the LR
network is essentially the 56 ohms of resistance. This imped-
ance, added to the 10-ohm input impedance of the amplifier,
provides the proper cable termination for high-frequency
signals.

For low-frequency signals, where the cable impedance is
essentially zero, the impedance of the LR network is also
essentially zero. This permits the probe to work into fhe
10-ohm input impedance of the amplifier, which extends
the low-frequency response.

When the CURRENT/DIV. switch is in the 1 mAMP posi-
tion, the signal is coupled, unattenuated, through C454
to the emitter of Q454. With the oscilloscope sensitivity set
for 50 mv/div ({calibrated), a conductor (probe primary)
current of 1 ma, peak-to-peak, will produce one division of

deflection on the crt. {1 ma in the probe primary will pro-

duce 8pa in the probe secondary). For settings of the
CURRENT/DIV. switch between 2 mAMP, and 1 AMP., pre-
cision attenuation networks are switched into the input
circuit of the amplifier. These networks provide the correct
current-dividing attenuation while maintaining a constant
input impedance.

input Amplifier. Transistor, Q454, connected in a common-
base configuration, provides a low input impedance. R452,
a screwdriver-adjust potentiometer (Z:,), provides a means
for adjusting the emitter impedance to 10 ohms. [n the 1
mAMP. (straight-through] position of the CURRENT/DIV.
switch, the emitter impedance of Q454 becomes a portion
of each attenuator. The resistance values are such, however,
that the attenuator impedance is always 10 ohms.

The voltage gain of the Input Amplifier is about 50.

Second Amplifier. The signal from the Input Amplifier is
coupled through half of L457, then through L456 and C457
to the base of Q4é4. Q464, connected in the common-
emitter configuration, provides a voltage gain of about 10.
The exact gain of this stage, and thus the overall gain of
the entire amplifier, is set by R464, a screwdriver-adjust
potentiometer labeled GAIN ADJ.

Output Amplifier. The signal at the collector of Q4464 is
coupled through C468 (Models 1, 2, 3) or C470 (Model 4-up)
to the base of Q474, the QOutput Amplifier. C475 and the
HF COMP. adjustment R475, located in the emitter circuit
of Q474, compensate the stage for high frequencies. 1478
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in the collector circuit provides additional high-frequency
compensation. C468 has been added to Model 4 and up
instruments to reduce high frequency ringing.

C478, R478, R481 and R482, in the collector circuit of
Q474, form a low-frequency boost network. The amount of
low-frequency compensation is adjustable by means of
R481, a screwdriver adjustment labeled LOW FREQ. ADJ.

The voltage gain of the Output Amplifier is about 1.25.
This provides an exact gain of 425 for the amplifier, when
the GAIN ADJ., R464, is correctly set. Thus, 8 ua ot the
emitter of Q454 will produce 50 mv at the QUTPUT TO
OSCILLOSCOPE connector.

Power Supply (Model 1, 2, 3). The power transformer
Té01, two diodes D401 and D602, and capacitor C601 are
enclosed in a plastic case as an infegral part of the power
plug. This arrangement permits the ac field to be isolated
from the amplifier and reduces the size of the amplifier
chassis. The remainder of the power supply is located on the
etched-circuit board in the amplifier.

Power to the amplifier is furnished from a nominal 117-volt
ac power source through a step-down transformer T601.
The secondary winding is center-tapped so that full-wave
rectification is obtained by employing two diodes. About
14 volts rms is obtained from each half of the secondary
winding. Approximately 22 volts dc is obtained at the output
of the two diodes,

The unfiltered dc at the output of the rectifier is coupled
through a two-conductor cable to the amplifier unit. Most of
the 120 cycle ripple is filtered by capacitor C610. Any
fast-time constant fluctuations, coming in from the power
line source, are by-passed through capacitor C401 (located
in the power plug case) and Cé11 {in the amplifier unit).

Zener diode D612 sets the dc level at the base of the
series regulator, Q417. This stage maintains a steady dc
supply voltage of approximately —15 volts, The collector
to emitter impedance ratio of Qé17 greatly decreases the
ripple. Additional filtering by Cé612 and Cé17 reduces the
ripple to less than 5 mv.

Power Supply (Model 4-up}. The power transformer
T601, four diodes D01, Dé02, D603 and D04, Capacitor
Cé01, resistor R606 and Zener diode Dé0é are enclosed in
a plastic case as an integral part of the power plug. In
addition to the above mentioned components the 234 volt
transformer housing also has two voltage dropping resistors
R600 and Ré01. The arrangement of parts in a separate case
permits the ac field to be isolated from the amplifier and
reduces the size of the amplifier chassis. The remainder of
the power supply circuit is located on the etched-circuit
board in the amplifier.

Power to the amplifier is furnished from a nominal 117
volt ac power source through a step-down transformer
T601. Approximately 21 volts is applied across the series
combination of R606 and Dé04. The Zener diode will then
ectablish the output voltage from the transformer housing
at about —20 volts and partly filter the output voltage.

The partly filtered dc at the output of the transformer
housing is coupled through a two-conductor cord to the
amplifier unit. D611 in the amplifier unit will again filter
the partly filtered 120 cycle ripple. Any fast-time constant
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fluctuations, coming in from the power line source, are by-
passed through capacitor Cé01 (iocated in the power plug
case) and Cé11 (in the amplifier unit).

Zener diode D612 sets the dc level at the base of the

@®

Circuit Description — Type P6016/131

series regulator, Q617. This stage maintains a steady dc
supply voltage of opproximately —15 volts. The collector
fo emitter impedance ratio of Q417 greatly decreases the
ripple. Additional filtering by C612 and C617 reduces the
ripple to less than 5 mv.

4-3



ALL ATTENUATORS EXCEPT

IR VF 2R THE ONE SELECTED FOR USE
| | | /ARE GROUNDED BY THE FRONT
| | | OF THE SECOND SWITCH WAFFR
! | |
| i
| ; B3¢
| 330QuF
= | OO~ 040 =
R407
& '/C o8 I A3mv
c4078 cao07A ﬁ
SELECTED &
VALUE
2 o] R4%2
P:
R408A 5093 -lcasz \
19,1 Z inj +T 180 uf - CASE. GROUNDED
DJ. = \;
= RacoB —-4.5Vv S
40 15my
5 o
R409A R453
12.% 33K
m AMP. — 1 FERRITE
= [iﬁlog / BEAD
10 —O
58
ADDED AT vd Lase
MODEL 3 Qo euh
O = ca458
20 + T V2o
-
So00
O—ANN————0O
50 p———0 R462
— 56
Raez
cany
13 22 uf
— —-&.4V
i N o B
464
~c.6v >
R4l4 _ cqc8
Zddk VIS 22
2 O O AN\ 1
oy
AMP. —| SR46| R4G8
P . 6.2 1K \
.5 +—O O—— "N
Rals
O AN — e
POWER =
pLus celo peiz +1 ceiz +1 cei7
- e ol 1 -T 1oof 15V T I50f T 2.2uf
‘I | RGI4 - —14.8V WAVEFORMS ano VOLTAGE READINGS were OBTAINED
T 2.2k 67‘ =T WITH CONTROLS SET AS FOLLOWS:
c6ol cenn L o =
17V EJSDGOI .0} | Rella RG‘I'?. ’ Qel7 g::lg:?(l}fssf R ;!7:}:}:5005
zpfmvs BE&EO2 I L % 47K _ INPUT SIGNAL
aND | T 2w SEE PARTS LIST FOR EARLIER FOR VOLTAGE READINGS .... . NONE
Teor ¢t ~14.7v VALUES AND 5/N CHANGES OF FOR WAVEFORMS ... ... P
- - _ PARTS MARKED WITH RED 1 KC SQUARE-WAVE
TINT BLOCKS NOTE:
i SET CALIBRATOR OF TEKTRONIX 530-540 SERIES OR EQUIVALENT CSCILLO.
‘ SCOPE TO 100 VOLTS. CONNECT A 245 K RESISTOR FROM CAL. OUT CON-
| NECTED 7O GROUND. CLAMP CURRENT FROBE AROUND RESISTOR (EAD. CUR.
i RENT FLOW IS 4 mA,
IEY n6A1 CLRRENT PROBE
TTTR—
TYPE 131 D2 CURRENT PROBE AMPLIFIER

MODELS 1,2 ¢ 3

LOW FREQ-. ADJ.

OUTPUT
TO OSCILLOSCOPE



CURRENT/DIVafm — e o — el @ %

TYPE

131

Fa

Sw4io [ ‘ ‘ ALL ATTENUATORS EXCEPT
IR IF 2R THE ONE SELECTED FOR USE
L401 | | | /ARE_GROUNDED BY THE FRONT
T uh | | | OF THE. SECOND SWITCH WAFER
(NPT | | |
o L ! |
c454
1 | | 33Quf
= 1 Od—O- 04O =
R407
1oc caos
c4078 cas7a p 150
SELECTED T T 2°
VALUE a
2 o + 2
Razz
i R408A 2.03 casz
191 Zn // T 18onf
ADU. =y
= R400B —4.9 V
40
5 o]
R400A
122 4.
m AMP. —
= R410OB
° 26.2
i [—()
R4NB WS o eh
20 p—o o.—____}\,lc\,_o c45®
+ T l2omf
GAIN ADJ.
Bt @ esea
50 |—o 500
R463
i [T
R4I3
116K - &.4V
1 ¢—0
~6.6v /0 Q464
AMP. — Ral4 _ C
B3 12,0V )
2 0 [ A — | |
¥
e e — —— — — B4e r4c® _fcaes
R4I5 2K e 2-8
5.88K
DGOl ‘5 =0
TG
D602 LOW FREQ. ADJ.
TI2G OUTPUT
21V RMS TO OSCILLOSCOPE
R416 ~
1n.aK
O MmO c
D603 R406 0.2 —
TI12G
Lf{ BESNRE
B e o o O 2v
Rl el }
D604 phed !
Ti26 POWER CONNECTOR 2 mSEG/CM
L(’_\ - FOR AMPLIFIER
RANSFORMER HOUSING
—
i
21V RMS WAVEFORMS Ano VOLTAGE READINGS wire OBTAINED
E: WITH CONTROLS SET AS FOLIOWS.
~ROV cgry BN
Lol T LINE VOLTAGE . 117V AC 60 CPS
CURRENT/DIV 1 mAMP
$|620C15 INPUT SIGNAL
j<} FOR VOLTAGE READINGS ... . NONE
P P
— ‘ el SEE PARTS LIST FOR EARLIER FOR, WAVEFORMS » 7 RC SQUARE-WAVE
VALUES AND S/N CHANGES OF NOTE:
S 2 CONDUCTOR PARTS MARKED WITH RED :
Ti2e CABLE TINT BLOCKS SET CAUBRATOR OF TEKTRONIX 530-840 SERIES OR EQUIVALENT OSCILLO-

SCOPE TO 100 VOLTS, CONNECT A 245 K RESISTOR FROM CAL. OUT CON.
NECTED TO GROUND. CLAMP CURRENT PROBE AROUND RESISTOR LEAD. CUR-
RENT FLOW IS 4 mA.

CURRENT PROWE

283
—TR—
CURRENT PROBE AMPLIFIER
MODEL 4



FERRITE
TRANSFORMER
CORE. -
T T T /)
L el
| q N ) . 62.50 COAX o)
7]
| I\TRANSFORMEIZ
| | SHIELD
[ |

CURRENT PROBE -P6OI6&

TYPE P&Ole

’/WOUND ON RIO7

PASSIVE TERMINATION

Tre-s- 60

g
CURRENT PROBE

e

TERMINATION



