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THE CATHODE FOLLOWER

Because both its input-grid capacitance and its output-impedance are small, the
cathode-follower circuit lends itself to many uses in electronics. This article dis-
cusses these and other useful characteristics of cathode-follower circuits.

Part 1

The cathode follower is a circuit related
to the familiar plate-loaded amplifier. In
the plate-loaded amplifier the load resistance
Ry is connected in the plate lead to the tube.
But in the cathode follower, shown in Fig.
1, the load resistance Rk is connected in the
cathode lead to the tube. Useful character-
istics of the cathode follower include these:

1. The grid-input capacitance is small,

2. And the internal output impedance is
small.

Fig. 1 — Basic cathode-follower circuit. Here

the load resistor Rx is connected in the cathode
circvit, rather than in the plate circvit as in
the plate-loaded amplifier.

In this article we shall take up these and
other cathode-follower characteristics in
more detail. But first, let's consider some
cases where we can take advantage of the
two characteristics we have mentioned
above.

Need for a device having a small input
capacitance. Suppose we apply an input sig-
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Fig. 2 — Here a signal source has an internal

impedance R.. The source drives a circuit whose
input capacitance is Cin. If the time constant
R.Cin of this arrangement is small, then the
risetime of the combination is short. One
way to keep the time constant small is to
small. Then the

short even if R, is relatively large.

make Cin very risetime s

nal to a device whose input capacitance is
Cia. And suppose that the source of the sig-
nal voltage has an internal output impedance
(resistance) Ro (see Fig. 2). For simplicity,
assume that Ci, and R, are the only im-
pedances present in the source or in the cir-
cuit connected to the source. Then the time
constant of the source-and-input circuit will
be RoCin.

If we can keep the input capacitance Cin
very small, then the time constant R,C;, will
be small —even though R, might be quite
large. And consequently the risetime of the
RoCin circuit will be short.
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Fig. 3 — Here a second signal source whose

internal impedance is R, drives a circuit whose
input capacitance is Ci.
Rloclln
small. Then the

One way to keep

the time constant short is to make

R's very risetime is short

even if C'i, is relatively large,

The input capacitance Cin of a cathode
follower is small, for reasons that will be
explained later. Consequently the cathode
follower has the advantage that we can con-
nect the cathode-follower input circuit to a
signal source without greatly lengthening the
risetime of the source itself.

Need for a device having a small internal
output impedance. Suppose a signal source
has an output impedance (resistance) R’
that is very small. Imagine that we use
this signal source to apply a signal voltage
to another device whose input capacitance
is C'in (See Fig. 3). For simplicity, as-
sume that C’in and R, are the only im-
pedance present in the source or in the cir-
cuit connected to the source. Then the time
constant of the source-and-input circuit will
be Rloclin.

t \ There is a fully-equipped and properly-staffed Tektronix In-
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities.
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Fig. 4 — Here we want to apply a signal from the plate circuit of V, (representing a relatively

large impedance R:) to the grid circuit of V. (representing a relatively large capacitance C'in).

If we couple the plate of V. directly to the grid of V;, the corresponding coupling-circuit time con-

stant is a large value R.C'in.
coupling-circuit time constants in cascade.

stant is relatively small.

But if we insert the cathode follower V, as shown, we now have twa
The first time constant is R.Cin,, where Ci. is the very
small input capacitance to the cathode-follower; thus, as indicated in Fig. 2,

this first time con-

The second time constant is R’.C'in, where R'; is the very small output

impedance of the cathode follower; thus, as indicated in Fig. 3, this second time constant is rela-

tively small.

two much smaller time constants R.Ci, and R'oCn.

prove the coupling-circuit risetime.

If we can keep the source impedance R’,
very small, then the time constant R’.C’i.
will be small —even though C’i, might be
quite large. And consequently the risetime
of the R’sC'in circuit will be short.

The internal output impedance of a cath-
ode follower is small, for reasons that will
be explained later. Consequently the cathode
follower has the advantage that we can use
the cathode follower to drive a device that
has appreciable input capacitance while still
achieving a short risetime. As an example,
we might use a cathode follower to drive a
coaxial transmission line — where the ca-
pacitive effect of the line is appreciable —
and still preserve a short-risetime character-
istic.

Figure 4 shows an application that utilizes
the advantages of both the small input capac-
itance and the small output impedance of the
cathode follower. We desire to couple a rap-
idly changing signal from the plate of V, to
the grid of Vi In Fig. 4, we apply the out-
put signal from the plate of V, to the grid
of the cathode follower V., The internal
source impedance of the amplifier stage that
includes V. is ordinarily rather large. But
the input capacitance of the cathode follower
V, is small, so that we end up with only a
short risetime Tr: associated with the circuit
that couples the plate of V, to the grid of
V.. Now, the input capacitance of the ampli-
fier stage that includes V,; is ordinarily
rather large. But we drive the grid of V,
from the low-impedance output circuit of the
cathode follower V.. Thus we end up with

By inserting the cathode follower we thus break up a large time constant R,C'i, into
In this way we use the cathode follower to im-

only a short risetime Tg, associated with the
circuit that couples the output of V, to the
grid of Vi The effective risetime of the
cathode-follower coupling system between V;
and V, will, by the equation Tz — (Tz
+ T=r.')%, be shorter than the sum of the
two individual risetimes Tr, and Tga.

We see, then, that we can often shorten
the risetime of an interstage-coupling system
by inserting a cathode follower between one
stage and the next.

Polarity of output signal from a cathode
follower. Let us now consider some factors
that tell us how a cathode follower actually
operates.

(o]

Fig. 5 — Illustrating that the polarity of the
cathode-follower output-signal voltage is the
same as that of the input-signal voltage — in
contrast to the polarity reversal that occurs in
the plate-loaded amplifier.

If we apply to the cathode-follower cir-

cuit of Fig. 5 a grid-input signal that makes
the grid more positive, the cathode-to-plate
electron flow will increase. Therefore the
voltage drop across the cathode resistor Rx
will increase, so that the voltage at the cath-
ode of the tube will be farther removed
from the potential of the grounded negative
terminal of the power supply. That is, the
voltage at the cathode output terminal of the
cathode-follower stage will become more
positive, Thus, in contrast to the action in
the plate-loaded amplifier, the polarity of
the output signal from the cathode follower
is the same as the polarity of the input
signal:

Output impedance. The internal output
impedance of a cathode-follower stage is
comparatively small (usually from less than
100 ohms to perhaps 200 or 300 ohms). This
range of values represents impedances that
are considerably smaller than the typical out-
put impedances we would expect from
plate-loaded amplifiers (from a few hun-
dred to several thousand ohms).
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Fig. 6 — liiusirating that the internal output

impedance of a cathode follower is small. A
given cathode current makes the voltmeter V
show a certain dc output voltage (the IR volt-
age drop across Rx). If we connect the ex-
ternal load R, we thereby reduce the total re-
sistance in the cathode output circuit.
might at first expect the voltmeter to show a

Thus we

sharply reduced output-circuit IR voltage drop.
But this voltage drop is also the negative dc
grid-to-cathode bias voltage — so that the
tube allows a greater cathode current to flow.
Therefore the new output voltage is the IR volt-
age drop produced by a larger current in a
smaller total resistance. As a result, this new
output voltage isn’t much less than the original
voltmeter reading. The fact that the output
voltage changes only a little when we connect
the load R shows that the internal source im-
pedance of the cathode follower is smoll.

To see why the internal output impedance
of a cathode follower is small, suppose we
connect an external load resistor R across
the output terminals of the cathode follower
as shown in Fig. 6. Let the input grid-to-
ground voltage be held constant. When we
connect the external load resistor R, we ef-
fectively reduce the resistance in the cathode

© 1964 Tektronix, Inc.
All Rights Reserved



circuit. Suppose first that cathode current
remains constant. Then the voltage drop
across the cathode resistance decreases.
Therefore, the grid-to-cathode voltage be-
comes less negative. But this actually allows
more cathode current to flow. Thus the volt-
age drop across the paralleled cathode
resistor and external load resistor tends to
increase again to almost its original value.
In effect, then, the voltage across the out-
put terminals doesn’t depend greatly upon
the amount of external load resistance we
connect to these terminals. This statement is
equivalent to saying that a cathode follower
is a source that has a small internal
impedance.

The actual internal source impedance of a
cathode-follower stage is not simply the
value of the cathode resistor Ri. Instead,
it consists of a parallel combination of Ry
shunted by the internal impedance of the
tube. We can see that this statement applies
if we look at Fig. 7. Note that the power
supply represents a short circuit to signal
variations. Thus the signal output impedance
of the cathode-follower stage, looking back
into the output terminals, is made up of the
tube impedance in parallel with the cathode
resistor Ru.
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Fig. 7 — The internal source impedance of a
cathode-follower stage includes the cathode
resistor Rx. But for a varying signal, the
cathode-to-plate dynamic impedance of the
tube is connected (through the power supply)
in parallel with Rc. This tube impedance is
roughly 1/gm, and is therefore often quite
low. For example, if the tube has the charac-
teristic curve of Fig. 8, its cathode-to-plate
impedance is about 80 ohms. With such a
tube, the cathode-follower stage of Fig. 7
would have an internal source impedance of
only about 40 ohms,

The impedance of the tube itself, at its
cathode terminal, can be shown to be approx-
imately 1/gm (where gm is the mutual
conductance of the tube in mhos). But the
value of gu of a given tube depends upon

the operating point at which the tube works.
Suppose, for example, that we use a tube
whose plate current-grid voltage character-
istics is that shown in Fig. 8. For this par-
ticular tube, the operating point is that
shown as point A in Fig. 8 when the tube is
used as indicated in Fig. 7. The slope of the
tangent line to the characteristic curve at
the operating point A shows that gm is 12,-
500 micromhos (= 0.0125 mho). Then the
impedance of the tube, at its cathode ter-
minal, is approximately 1/0.0125 — 80
ohms. Since the cathode resistor is also 80
ohms, the effective internal impedance of
the cathode-follower stage of Fig. 7 is
about 40 ohms.

Voltage Gain. In a plate-coupled ampli-
fier stage, the varying output signal voltage
may well be several times the varying input
signal voltage. That is, a plate-coupled am-
plifier stage may have a voltage gain of
several times.

But the voltage gain of the cathode follower
cannot be as great as unity. In other words,
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Fig. 8 — Assume that this curve represents
the plate current-grid voltage characteristics of
the tube in Fig. 7. Then we can use this curve
to find the approximate internal impedance
of the tube itself, measured at the cathode pin.
First note that the 80-ohm cathode resistor Ri
in Fig. 7 establishes the tube operating point
as point A in Fig. 8. (To check this, observe
that a current of 10 milliamperes in 80 ohms
produces an 0.8-volt drop — the grid-to-
cathode bias corresponding to point A). Next,
to find the mutval conductance of the tube at
operating point A, we draw a straight tangent
line to the curve at point A. We see that the
tangent line intercepts a base interval cor-
responding to 1.6 volts and a vertical interval
corresponding to 20 milliamperes (0.02 am-
pere). Thus, at operating point A, the mutual
conductance gm is 0.02/1.6 = 0.0125 mho.
Since the tube internal impedance at the cath-
ode pin is approximately 1/gm, the tube whose
characteristic curve is shown in Fig. 8 has an
internal source impedance of about 1/0.0125
— 80 ohms.

the varying output signal voltage cannot be
as great as the varying input signal voltage.
This result springs from the fact that the
cathode electron flow for a given plate volt-
age is controlled essentially by the grid-to-
cathode voltage. Suppose, for example, that
an input grid-to-ground signal-voltage
change of +2 volts could change the electron
flow sufficiently to vary the cathode-to-
ground voltage by +2 volts (corresponding
to a voltage gain of unity). But this change
would involve no net change in grid-to-
cathode voltage; therefore there would be
no net change in electron flow — an absurdi-
ty. Thus the voltage gain of the cathode
follower cannot be as great as unity.

Clearly, then the cathode follower is not
useful directly in providing voltage gain.
But as we have seen, the cathode follower
can be very useful in improving the risetime
characteristics of circuits that actually do
produce voltage gain,

The voltage gain of a cathode-follower
stage depends both upon the characteristics
of the tube and upon tie value of the cath-
ode resistor Re. When R is equal to the in-
ternal output impedance of the tube itself
(approximately 1/gm, where g is in mhos),
the gain of the stage is approximately one-
half. Thus, with values shown in Fig. 7, we
realize an output of about one-half volt for
each volt of input grid-to-ground signal. If
we use greater values of Ry, we can make
the gain of the stage appreciably greater.
We can make the voltage gain reach values
between 0.9 and 0.99 by using large values
of Rx.

Since the output signal from a cathode
follower has the same polarity as the input
signal, and since the output signal can be
made almost as large as the input signal, we
can consider that the output signal approxi-
mately duplicates the input signal. Hence
the name cathode follower.

Part 2 of this article will appear in the
October, 1964 issue of Service Scope.

The material for this article was taken
from the book “Typical Oscilloscope Cir-
cuitry”, published by Tektronix, Inc. The
complete text is available from your Tek-
tronix Field Engineer or Representative.
The price in the U.S.A. is $5.00.



SOLDERING OF TEKTRONIX ETCHED CIRCUIT

Soldering is an alloying process between
two metals. In its molten state, solder
chemically dissolves some of the metal
with which it comes into contact. Fowever,
the metals to be soldered, are, more often
than not, covered with a thin film of oxide
that the solder cannot dissolve. A flux must
Lie used to remove this oxide film from the
area to be soldered. The solder nsed in most
electronic work contains this flux as a
center core which has a lower melting point
than solder itself. The flux in its molten
state cleans the metal and holds the oxides
suspended in solution. The molten solder
can then make contact with the cleaned
metal and the solvent action of solder on
metal can take place.

The soldering process then is the follow-
ing:

1. The cored flux melts first and re-
moves the oxide film on the metal to
be soldered.

2. The solder melts, floating the lighter
flux and the impurities suspended in
it to the surface.

3. The solder dissolves some of the metal
in the connection.

4. The solder cools and fuses with the
metal.

To do a proper soldering job the follow-
ing must be done:

1. The connection itself must beconme hot
enough for the rosin to melt and clean
the metal.

2. The cored solder must be applied di-
rectly to the heated connection so that
the flux, which melts at a lower tem-
perature than the solder, will melt first
and clean the connection by the time
the solder has melted. (If the solder
is applied to the soldering-iron tip, the
flux, being lighter, will float on top
of the solder. It will be unable to
reach the connection and clean it.)

3. A good easy flow of heat from the
soldering-iron tip to the connection
must be obtained by a clean, well-tinned
soldering-iron tip. A thin film of
molten solder will transfer heat rapidly.

An Explanation and Technique
by Verne McAdams
Tektronix Manufacturing Staff Engineer

In soldering techniques for etched cir-
cuit boards, the basic principles for solder-
ing prevail. \We are now interested in the
difference in the soldering of etched circuit
hoards and normal soldering.

The first consideration of soldering to
etched circuit hoards is the limitations of
the substrate of the hoards. The Tektronix
etched circuit boards have a substrate of
fiber-glass epoxy, which has a temperature
limitation of 530°F for not more than §
minutes. [lotter temperatures reduce the
time in inverse relationship; the hotter the
temperature, the less time the hoards will
stand it hefore damage. (As an indication
of damage, white flakes will first appear
in the surface of the board. These white
flakes indicate a decomposition of the fiber-
glass epoxy substrate).

A second consideration is the soldering-
iron-tip temperature, which is determined
by the type of soldering iron and soldering-
iron tip used. The wattage of the soldering
iron and the configuration of the soldering-
iron tip combined with the speed of solder-
ing will determine the ultimate tip tempera-
ture as well as the working-tip temperature.
Since we are here primarily concerned with
the working tip temperature, the soldering
iron and tip should be chosen so that the
working tip temperature will at no time
exceed the limitations of heat set forth
above.

A third consideration in soldering of
etched circuit hoards is the type of solder
used. The lest type for use on the Tek-
tronix etched circuit hoards is a “cutectic”-
type cored-wire solder of size #20 AWG,
composed of 63% tin and 37% lead (as
designated in FED. SPECS. QQ-S-571c as
Sn63) with a central core of activated rosin
flux (Divco X-25, or equivalent).

The fourth consideration is the technique
of repair — repair in this case consisting
of replacement of components. The Tek-
tronix etched circuit hoards consist of
straight-through connections (no crimped
connections) gold plated to facilitate solder-
ing. Careclessness in reheating the solder
connections for the removal and replace-
ment of components is the only difficulty
to be guarded against here. Caution must
be taken not to overheat the substrate and
this can bhest be accomiplished with deft
hands and by small applications of heat.

BOARDS

If the removal or replacement is not ac-
complished in the first few seconds of heat
application, avoid transferring too much
heat to the substrate by go'ng to another
conncction or wailing a few minutes before
reheating the connection. Giving the con-
nection these few minutes to cool will allow
the heat to dissipate and help to avoid over-
heating the substrate. IHeat dissipates quite
slowly from some of the smaller connec-
tions and too long an application of the
soldering iron will result in the overheat-
ing of the substrate.

Repair on the older phenolic-copper
laminate boards is similar to that on the
newer gold-plated fiber-glass epoxy boards
with a cautionary remark that the problems
of heat limitation applies even more so on
the older boards. Their ultimate heat limi-
tation is much lower than that of the
newer boards and the copper laminate is
glued to the board instead of heing honded
to the substrate as in the case in the fiber-
glass epoxy boards.

Some things to be considered in order to
obtain a low working-tip temperature are:

1. At slow soldering speeds, a 25-watt
iron and a 14" tip.

2. At medium soldering speeds, a 40-watt
iron and a 3/16” tip.

3. At fast soldering speeds, a 50- or 60-
watt iron and a 4" tip.

A recommendation for soldering tips is
that they be made of copper and have a
chisel or bevel shape.

There are two areas on an etched cir-
cuit bhoard which might require different
soldering techniques. One is the large
copper area used as a common connection
in contrast to the smaller spot connections.
The larger areas will absorb heat much
more rapidly than the smaller spot con-
nection. This may necessitate a hotter iron
and a larger tip for these areas than the
smaller spot connections.

\Vith these cautions and recommendations
in mind you should encounter no trouble
when  soldering  Tektronix etched circuit
boards.
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TYPE 551 OSCILLOSCOPES — CRT
REPLACEMENT

The Type 551 (TS7) crt (cathode ray
tube), original equipment in Type 551
Oscilloscopes, s/n’s 101 to 2031, has been
discontinued. An improved crt, TS5S11, is
offered as a replacement. This new crt is
designed for use with a Horizontal Beam
Registration control — an adjustment that
allows you to compensate for stray fields
to make the starting times of both beams
coincide. For Type 551's with serial num-
bers below 2032 you will need to install
a parts modification kit (Tektronix Part
Number 050-026) in order to use the new
TS5511 crt. We will supply the modification
kit at no charge. Please note that the T551
(T57) crt can no longer be supplied!

Although Type 551 Oscilloscopes before
serial number 216 have a Horizontal Beam
Registration control, the parts replacement
modification kit 050-026 must be installed.

When necessary to order a replacement
for your TS551 (TS7) crt, please order Parts
Replacement Mod Kit 050-026 plus the
TS5511 crt with desired phosphor. See be-
low :

Tektronix Tektronix

Old crt Part No. New crt Part No.
T551(T57)-P1 154-186  T5511-P1 154-186
T551(T57)-P2 154-160 T5511-P2  154-160
T551(T57)-P5 154-210 T5511-P5  154-210
T551(T57)-P7 154-189  T5511-P7  154-189
T551(T57)-P11  154-143  T5511-P11  154-143

TYPE E PLUG-IN UNIT — HIGH
FREQUENCY OSCILLATION

The Type E Plug-In Unit, when used
in a Type 547 Oscilloscope, tends to os-
cillate at about 200 Mc. You can overcome
this tendency by adding one ferrite bead
(Tektronix Part Number 276-532) on each
signal output lead at pins 1 and 3 of the
interconnecting plug. This Service Note
applies to Type E instruments with serial
numbers below 6490. Instruments with
higher serial numbers have the ferrite beads
installed at the factory.

TYPE 21A AND TYPE 22A TIME
BASE UNITS — TRIGGER IMPROVE-
MENT

A recent production modification greatly
improves triggering stability of the Type
21A and Type 22A Time Base Units. It
also makes adjustment of TD BIAS and
LOCKOUT LEVEL less critical. The

modification is quite simple and can be in-
stalled in Type 21A’s with serial numbers
below 8398 and Type 22A’s with serial
numbers below 8400.

The modification consists of changing
D40, a Type BD-1 diode in the Time Base
trigger circuit, to a Type TD-2 diode (Tek-
tronix Part Number 152-081) and RI126,
a 100k, ¥4 w, 109% resistor in the Lockout
multivibrator circuit, to a 47k, V4w, 10%
resistor (Tektronix Part Number 302-473).
Changing this resistor brings the nominal
setting of the LOCKOUT LEVEL con-
trol to the center range of its adjustment.

After the modification, the TD BIAS
and LOCKOUT LEVEL controls are set
according to instructions in the Type 555
Instruction manual. The benefits of the
modification are that one setting gives re-
liability of trigger and equal response to
both sine waves and pulses.

TYPE 564 AND TYPE RMS564 OSCIL-
LOSCOPES — SOME PRECAUTION-
ARY MEASURES

Here are some precautionary measures
which, if observed, will prolong the use-
ful life of the storage screen in the Type
564 and Type RMS64 Oscilloscopes.

First and foremost, take great care in the
degree of writing-gun intensity you use.
High writing-beam current can cause per-
manent damage to the storage target. Al-
ways use the minimum beam intensity re-
quired to produce a clear well-defined dis-
play. Special care should be taken during
warm up or when using slow rates or
sampling displays.

Use caution when storing fast-changing
portions of a waveform. Beam current
could then be too great on the slow-
changing portions of the waveform.

Avoid repeated use of the same area of
the screen for storing displays. Distributing
the use will allow the storage target to
4, bl

age” uniformly and will prolong the ef-
fective life of the storage tube.

Turn the intensity control to minimum
when changing plug-in units. An undeflect-
ed spot on the crt screen can burn the
storage target even at normal intensity.

Do not leave a display on the crt screen
(either writing or stored) when the display
is not needed.

Do not leave the DISPLAY switches at
STORE when the storage mode is not
needed.

“Negative images” (dark waveform im-
ages that appear as a darker background
light level when the DISPLAY switch is
at STORE) result from writing or stor-
ing a waveform in one position on the
screen for a relatively long period of time.
Negative images will usually disappear in
a short time, but may cause a temporary
decrease in writing speed of the affected
areas.

“Bright burns” (bright waveform images
that will not erase completely) are caused
by excessive intensity of the writing-gun
beam. Severe burns may remain indefinite-
ly; a mild case which may only show when
the writing speed enhancement circuit is
used (Type 564, s/n 2000 and up, or RM-
564), will slowly fade to normal over a
period of a few days normal use.

“Dark burns” (spots or lines on the
screen that will neither write nor store)
result from destructive burning of the stor-
age target by the writing-gun beam. Re-
placerment of the storage tube will be re-
quired if dark burns impair operation of
the instrument.

TEKTRONIX CIRCUIT COMPUTER
— AN ADDITIONAL USE
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Figure 1. Shows location of new F. TIME

arrow on the top deck of the Tektronix Cir-
cuit Computer,

In this column of the June, 1964, issue
of Service Scope, we describe the Tek-
tronix Circuit Computer (Part Number
003-023), a circular slide-rule type of device.

Since then, Nelson R. Drew, K3RGH, of
906 7th Street in Laurel, Maryland, has
written us telling about an additional use
for this computer. By the addition of an-
other “Time” arrow to the top deck of the
computer you can read time as a reciprocal
of frequency — in other words, solve the

5



equation T = l— .

You determine the location of the new
arrow by positioning the top deck of the
computer so that the 1-megacycle marker
of the F. scale is aligned with the FRE-
QUENCY marker on the middle deck.
Then, reading through the top-deck cut out,
locate the 1-microsecond marker on the mid-
dle deck. Then, on the top deck opposite
this 1-microsecond marker, scribe a short
radial line to form the new “Time” arrow.
Label this new arrow “F. TIME”. See
Figure 1. Your computer will now solve

R 1
the equation T — T Example: Set F.

Scale to 5 megacycles; read 200 nanosec-
onds (through the top-deck cut out) op-
posite the new “F. Time” arrow.

Our hearty thanks to Mr. Drew for his
suggestion of a new use for the circuit
computer,

THIN-BLADE, SINGLE-PINCHER
PROBE TIP — INDEXING FOR
PINCHER-TIP ORIENTATION

Indexing the barrel back near the finger
flange identifies orientation of the pincher-
tip hook (see Service Scope, issue 24, Feb-
ruary, 1964) and so simplifies the probe
removal when the tip is buried in a maze

of wires. Red nail polish or lacquer shows
up well on the plastic, see Figure 2.

H. 1. Wilson of 40 Hillside Road, Beacon,
New York, sent in this suggestion. Thank
you, Mr. Wilson, for sharing your idea
with our readers.

Figure 2. Adding a dot of red lacquer identi-
fies orientation of pincher-tip hook.

PLUG-IN EXTENSION 013-055 — SUP-
PORT FOR EXTENSION

Here’s another do-it-yourself project.
Figure 3 shows a support that fits into the
plug-in compartment of a Type 530, Type
540, Type 550 or Type 580 Series Oscillo-
scope. When using a Plug-In Extension
(Tektronix Part Number 013-055), this
support holds and aligns the outboard end

of the extension so that a plug-in can be
quickly and easily changed or installed. We
made the one shown here (see Figure 3)
from a one-inch thick piece of pine board.

Figure 3. An easily-made support for the Tek-
tronix Plug-In Extension (013.055).

The width of the support is 3 inches and
the length is 54 inches. The cut out por-
tion of the support measures 27/16 inches
wide by 7/16 of an inch deep. The nar-
row groove in the bottom of the cutout is
3/16 of an inch wide and 1/16 inch deep.

The support should fit snugly in the os-
cilloscope plug-in compartment and the plug-
in extension should be a press fit into the
cutout section of the suppart so that sup-
port and extension will stay in place when
exchanging plug-ins.

Our thanks for this suggestion go to
Mr. Ed Davis of Raytheon, HASCO, Ft.
Bliss, Texas.

NEW FIELD MODIFICATION KITS

TYPE 131 CURRENT AMPLIFIER —
UHF CONNECTOR

This modification supplies a special re-
placement UHF connector that will more
perfectly fit a wider tolerance range of Type
131 housings. It helps to overcome and pre-
vent the problem of the connector working
loose.

Order through your local Tektronix Engi-
neer, Field Office or Representative. Spec-
ify Tektronix Part Number 040-373. Price
is $1.55.

TYPE 561 AND TYPE 561A OSCILLO-
SCOPES—POWER SUPPLY IM-
PROVEMENTS

This modification installs a means for ac-
curately adjusting power supply voltages. It
adds potentiometers to the divider network
in the comparator circuits of the —12.2,
—+125, and +-300-volt supplies. Installation
involves the drilling of two holes and mount-
ing a potentiometer assembly on the rear of
the horizontal plug-in housing and changing
several components in the —12.2, 4125 and
+-300-volt supplies. A 10-2 fuse resistor is
added to limit surge currents and protect
the +300-volt supply.

The modification is applicable to Type 561
Oscilloscopes, s/n’s 101 through 5000; and
Type 561A Oscilloscopes, s/n’s 5001 through

6

6634. Order through your local Tektronix
Field Engineer, Field Office or Representa-
tive. Specify Tektronix Part Number 040-
347. Price is $25.50.

TYPE 502 OSCILLOSCOPE — INTEN-
SITY BALANCE CONTROL

This modification moves the Intensity
Balance control to the front panel. It al-
lows a more precise control of trace bright-
ness —a useful feature in dual-trace pho-
tography.

A new front panel overlay makes room
for the new control and supplies graduated
markings for all five crt controls. Order
through your local Tektronix Field Engi-
neer, Field Office or Representative. Speci-
fy Tektronix Part Number 040-350. Price
is $31.85.

TYPE 527 AND TYPE RMS527 WAVE-
FORM MONITORS — VERTICAL AM-
PLIFIER AND TRIGGER IMPROVE-
MENT

Installation of this modification brings
four improvements to the Type 527 and
Type RMS527 instruments,

1. It improves triggering at low-level in-
put signals by changing V24 (a 6EW6 tube
in the Trigger amplifier) to a 6EJ7 tube.
This 6EJ7 tube gives increased trigger gain.

2. Tt ac couples the Intermal Sync ampli-
fier tube (V14) to isolate the Internal Snyc
signal from the DC Restorer feedback loop.
This minimizes trace disappearance and dis-
tortion that may occur at low-level input
signals.

3. It adds diodes between the grid and
cathodes of V444 and V544 and from the
cathode of V413 to ground. This gives warm
up protection for the Vertical Amplifier
tubes by limiting the positive grid-to-cathode
potentials and eliminates the possibility of
waveform distortion from damaged tubes.

4. It changes the time constant of the Gate
Multi (V595). This minimizes Vertical
DC-Restorer shift in the presence of color
burst so that video will net occur during
restoration time,

The modification applies to Type 527’s
s/n’s 151 through 744 and Type RMS527's*,
s/n’s 151 through 1189. Order through your
local Tektronix Field Engineer, Field Of-
fice or Representative. Specify Tektronix
Part Number 040-362. Price is $20.30.

*A few instruments in the following serial
number ranges were modified at the fac-
tory: Type 527, s/n’s 645 to 744; Type
RMS527, s/n’s 730 to 1189. Consult your
Tektronix Field Engineer or Representative
before ordering if your instruments fall in
these serial number ranges.




TYPE 527 WAVEFORM MONITOR —
LINE SELECTOR

This modification installs a prewired Vid-
eo Output-Amplifier chassis in the Type
527 to allow a picture monitor to be con-
nected directly to the Type 527 and to dis-
play the signal, being displayed on the Type
527, on the picture monitor.

The modification also installs a prewired
Line-Selector chassis circuit for detailed
observation of any one TV line in a frame.
A Field-Shift circuit provides line selection
from either the odd or the even field. A
Line-Intensification circuit rapidly identi-
fies the line being observed and the selected
line is intensified on the picture monitor via
the Video-Output connector of the Type
527 Waveform Monitor.

Order through your local Tektronix Field
Engineer, Field Office or Representative.

Specify for:
Tektronix
Type S/n’s Part Number Price
527  151-579 040-356 $135.00
RMS27  151-979 040-354 139.00
527 580 and up 040-359 120.00
RMS27 980 and up 040-358 122.00

TYPE 3T77 SAMPLING PLUG-IN
UNITS, S/N’S 840 TO 1999 — IMPROV-
ED SINE-WAVE TRIGGERING

This modification imparts a greater stabil-
ity to the display during triggering on high-
frequency sine waves. A trigger-circuit
change allows switching to a lock-on type of
operation when displaying high-frequency
sine wave and eliminates display break-up
caused by drift in recovery time.

A new push-pull Recovery control re-
places the old control.

Pulling the control to the ON position
synchronizes the circuit on sine waves above
approximately 30 Mc. With the control
pushed in the instrument triggers on sig-
nals below 30 Mc. Order through your
local Tektronix Field Engineer, Field Of-
fice or Representative. Specify Tektronix
Part Number 040-366. Price is $20.00.

SCOPEMOBILE® CART ADAPTER

This modification adapts the Type 202,
Type 202-1, Type 202-2 and Type 204 Scope-
mobile carts for use with a Type 502 or
Type 502A Oscilloscope. Two adapter plates
fasten to the Scopemobile cart and prevent
the oscilloscope from shifting sideways.
Order through your local Tektronix Field
Engineer, Field Office or Representative.
Specify Tektronix Part Number 040-365.
Price is $1.15.

USED INSTRUMENTS FOR SALE

1 Type 581 Oscilloscope, s/n 1007; 1 Type 82
Plug-In, s/n 199; 1 Type 202-2 Scopemobile®.
Wish to sell as a complete unit. Instruments
are factory reconditioned and the Scopemobile
is new. Contact: Ed Boughton, 8858 Halsted
Street, San Diego, California 92123. Phone:
714-277-8186.

1 P6013 High Voltage Probe. Contact: Bentley
Nevada Corporation, Box 157, Minden, Nevada.

1 each Type 581, s/n 1313; pe 545A, s/n
38911; Type 535A, s/n 31167; Type 575, s/n
6661 Oscilloscopes. Instruments are in perfect
condition with less than 200 hours use. Contact:
Bob Nelson, Development & Design Associates,
325 W. Huron, Chicago, Illinois.

1 Type 545 Oscilloscope, s/n 13172 with a Type
CA Plug-In Unit, s/n 17159 and 1 Type 545A
Oscilloscope, s/n 026142 with a Type CA Plug-
In Unit, s/n 19461, Instruments were over-
hauled and calibrated by Tektronix, Inc. within
the past six months, ontact: Magnetic Com-
ponents, 61 Gates Avenue, Geneva, New York,
Attention: Wm. Ahles, Phone: 789-0603.

1 New Type 517 Oscilloscope with spare cath-
ode-follower probe and crt. Contact: Eldon
Corl, Technical Liason, Ampex International
Operations, Box 4000, Redwood City, California.
Phone: 367-3533.

1 Type 541 Oscilloscope, s/n 6935, with a '}‘:ype
CA Plug-In Unit, s/n 7913. Make offer. on-
tact: C, E. Roliff, Electronics Enﬁlneerlng Serv-
:iﬁels'zs?su Kehoe, San Mateo, California. Phone:

1 'lgpe 511AD Oscilloscope, s/n 2479, in good
condition, Contact: William C. Ackard, 1742
Sherman Street, Denver 3, Colorado.

1 Type 661 Sampling Oscilloscope with a 'I:l\_'Fe
4S1 Dual-Trace Sampling Unit and Type 5TIA
Timing Unit, Sampling System has never been
in use and is offered at a 15% discount, Con-
tact: Dean Butts, Ffeld Engineer, Tektronix,
Inc., 16930 Sherman Way, Van Nuys, California.
Phone: 987-2600.

1 Type 517A Oscilloscope, s/n 1018. Contact:
William S. Ward, 7505 Carroll Avenue, Takoma
Park, Maryland. Phone: 301-587-5136.

1 pe S511A Oscilloscope, s/n 2419, in good
condition and perfect functioning. Contact:
F. W. Clarke, 1030 W. Kensington Road, Los
Angeles 26, California. Phone: 628-4832,

1 Type 524D Oscilloscope, s/n 439, Contact:
J. Cooper, Sperry Gyroscope Company, Great
Neck, ong Island, New York. Phone: 516-
LR 4-3741.

1 Type 535 Oscilloscope, s/n 5330 with a Type
53/54C Plug-In Unit, s/n 6419, Price: $995.
Contact; Robert Herbold, 918 DiGuilio Street,
Santa Clara, California. Phone: 244-0525.

1 Ty‘:e 517A Oscilloscope, s/n 2005, and Power
Sup}) y with a B170A Step Attenuator. Purchased
in January, 1962, and used once. Contact: A.
Tramm, Columbia Radiation Lab., Columbia
gnivezrssoi:tsy, New York City. Phone: UN 5-4000,
Xt. .

1 pe 511AD Oscilloscope, s/n 1286, in poor
condition, Price: $50. 1 Type 511AD Oscillo-
scope, s/n 4008, in §°°d condition. Price: $200.
1 pe 514AD Oscilloscope, s/n 3580, in fair
condition. Price: $200. ontact: Eiichi Fuku-
shima, Dept. of Physics, University of Wash-
ington, Seattle, Washington 98105.

1 Type 514D Oscilloscope, s/n 907. Has been
updated with a flat-faced crt and Tektronix
Field Modification kits and is in excellent con-
dition. Price: $350. Contact: Leroy Lawler,
3101 Justin Way, Concord, California.

1 Type 517 Oscilloscope including Power Sup-
ply, s/n 565, with Cathode-Follcwer Probe,
64 db Step Attenuator, cables, and a slide-
drawer cart. Total price: $495. Contact: R, B.
Clintsman, Bendix-Pacific Div., E47, 11600 Sher-
man Way, North Hollywood, California. Phone:
765-1010, Ext. 595.

1 Type 517 Oscilloscope, s/n 416, Price: $1000.
Includes power suﬁply, scope cart and probe.
Contact: Bernard Kamp, Fulton Iron and Steel
Company, Burnet and Clark Streets, East Syra-
cuse, New York 13057. Phone: 315-HE7-3381.

1 Type 514D Oscilloscope, s/n 5971. Will trade
for a Type 310A Oscilloscope. Contact H. L.
Richards, 1133 Linwood Street, Birmingham,
Alabama,

USED INSTRUMENTS WANTED

1 Type 581 or Type 585 Oscilloscope with a
Type 80 Plug-In Unit and a P80 Probe, Con-
tact: Frank Davis, 2110 McAllister, Tempe,
Arizona,

1 Type 514 Oscilloscope. Contact: Beril Lapson,
115 West 73rd Street, New York 23, New York.

1 Type 531 or Type 531A Oscilloscope with or
without plug-in units. Contact:- Marlin Wilson,
Ruckersville, Virginia.

The following Instruments are missing and
apparently stolen from the laboratory at Mon-
mouth College, Electronic Engineering ]?egart-

ype

ment, West Long Branch, New Jersey:

545 Oscilloscope, s/n 8504; 1 Type 53/54C Plug-
In Unit, s/n 12432, Anyone with information
about these instruments should contact Richard
W. Benjamin at Monmouth College.

The General TV Network of Fernsdale, Mich-
!lgan, reports the loss (presumed stolen) of a
ype 524AD Oscilloscope, s/n 5668. They would
appreciate hearing from anyone with informa-
tion on the present location of this instrument.

A T)g:e 310 Oscilloscope, s/n 17464, dis-
appeare: recently from the Malmstrom Alir
Force Base in Montana. Any information on
this missing instrument should be forwarded to
the Base Police at Malmstrom or to the F.B.L
at Great Falls, Montana.

Dr. C. L. Oaks of Hughes Dynamics reports
as either lost or stolen in the vicinity of their
office, a pe 535A Oscilloscope, s/n 30934; a
Type CA Plug-In Unit, s/n 56844; and a Scope-
mobile®, Type 500A. If anyone has any in-
formation concerning these instruments, Dr.
Oaks would appreciate a call. The phone num-
ber is 213-477-2531 in Los Angeles, California.
The address is Hughes Dynamics, 9171 Wilshire
Boulevard, Beverly Hills, California.

Univac in Blue Bell, Pennsylvania has *‘lost’’
a Type 535A Oscilloscope, s/n 30187. Bob Lay-
ton, Univac, Blue Bell, Pennsylvania, is the man
to contact if you have any information on the
whereabouts of this instrument.
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