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. =:_ GETTING ACQUAINTED WITH

SPECTRUM ANALYZERS

by Russ Myer

Tektronix Advertising Dept.

This article forms ‘a conceptual basis for the understanding of Spec-
trum Analysis, thus preparing the reader for the several advanced works

available on the subject written on the Engincering level.

Part 1

WHAT 15 4 SPECTRUM ANALYZ-
ER?

AT any given moment, there is an incred-
ible amount of activity within that portion
of the Electromagnetic Spectrum that we
call the Radio Frequency Bands. These
bands range in frequency from about 15kc
to 750,000 Mc.

Assume you have a special radio receiver
capable of tuning over this entire range. At
the lower end, you'll find maritime ship-to-
shore, aircraft point-to-point, high-powered
government and commercial transoceanic
signals. Tuning higher in frequency, within
the familiar 540-to-1600 ke broadcast band,
dozens of commercial radio stations compete
for your attention. Above these, you'll find
more shkip-to-shore, and, confined to rela-
tively small portions of the spectrum, thou-
sands of “ham” radio operators pursue their
electronic endeavors. Also, interspaced
throughout this short-wave band, you will
hear much air-ground activity, government
point-to-point, many foreign broadcast sta-
tions, the Voice of America (and Mos-
cow!), police radio broadcast stations, and
some experimental work.

Still higher in frequency, you'll find tele-
vision stations, starting at 54 Mc, FM sta-
tions above 88 Mc and more television above
174 Mc. The area above 400 Mc, once con-
sidered experimental, produces myriad sig-
nals: microwave, telemetry and others.

Tektronix Instrument-Repair Facilities:

These radio transmissions take various
electronic configurations, ranging from sin-
gle-frequency carriers to complex signals
produced by changing these carriers in am-
plitude, frequency and phase.

Regardless of the shape of these signals
and how they were produced, or “modu-
lated”, each one can be separated into indivi-
dual sine waves. Each sine wave represents
a single frequency. To examine the com-
position and quality of a signal, you would
find it very helpful to extract each indivi-
dual sine wave that it contains and «isplay
it alone on an oscilloscope. Seeing all the
sine waves in a “group” picture, each stand-
ing alone, would enable you to analyze the
complex signal. The instrument that per-
forms this task for you is called a Spectrum
Analyzer.

To use an example of a familiar but
complex waveform which could be reduced
to individual sine waves for analysis, con-
sider an AM radio station. A broadcast
transmitter radiates a single carrier fre-
quency from its antenna. Intelligence
(speecli, music, tones, etc.) is smnperimposed
on this carrier, varying its amplitude at an
audio rate. Assume the station is transmit-
ting a 1000-cycle test tone. The carrier fre-
quency of the station is 1 Mc. This carrier
is combined in the final stage of the trans-
mitter with the 1000-cycle tone. The anten-
na, however, through the process of “modu-
lation”, is broadcasting not two, but three
signals. Viewed on a conventional scope,
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the signal might look like figure la.

Figure 1o. Conventionol oscilloscope display of
1000 kc corrier modulated by o 1000 cps tone.
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Figure 1b. Disploy of some signol using Spec-
trum Anolyzer.

Electrically, the carrier is still occupying
the 1-Mc spot in the spectrum. Exactly
10080 cycles helow this frequency, however,

t f There is a fully-equipped and properly-staffed Tektronix In-
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 4/65



at 999 ke, you will find a new signal, called
the “lower sideband”. 1000 cycles above the
I-Mc spot, at 1,001 ke, vou'll find another
signal, identical to the one at 999 ke, called
the “upper sideband”. The separation is ex-
actly equal to the modulating frequency —
the 1000 cycle tone. The Spectrum Analyzer
is capable of displaying these three fre-
quencies, individually, on the screen of a
cathode-ray tube, Thus, the component fre-
quencies may be individually studied, or
“analyzed”. Figure 1h shows how the Spec-
trum Analyzer would display them.

¥ There is nothing

'{*‘\ 9/ \ dif ficult abou.t the
overall operation of

\ 312 the analyzer. The sig-
nals which we will

use as examples, how-

ever, must be fol-
i‘ lowed in detail
through the different

sections shown in the block diagram. To
understand the conversion of input signals
to signals of lower frequencies, vou will
find it helpful to perform the simple arith-
metical computations dealing with the mixer
and if, (intermediate frequency) sections.

There are several ways that a signal
can be bhroken down into component sine
waves. One method is to introduce the
signal to a stack of filters, the inputs of
which are paralleled. Each filter is tuned,
in successsion, to a slightly different fre-
quency than the others. The output of each
filter will contain only that portion of the
mput which corresponds to the frequency
it was tuned to. The drawback here is that
for most complex signals, you would need
hundreds of filters — a costly mechanical
burden. Too, it is difficult to design filters
with narrow bandwidths to produce good
resolution hetween closely-related signal
components.

The prism is also a simple spectrum an-
alyzer. Tt takes the visible portion of the
electromagnetic spectrum and breaks it up
into its component frequencies, each repre-
senting a familiar color. There are chemi-
cal analogies, also, such as the chemist’s
ability to reduce complex compounds into
their individual ingredients, The Tektronix
Spectrum  Analyzer performs an analysis
by purely electronic means.

HETERODYNING

To continue our discussion of the an-
alyzer, we will review, briefly, the principle
of heterodyning. Years ago, Armstrong and
his colleagues created the *“superhet” re-
ceiver. They discovered that it was possible
to feed two separate single-frequency sig-
nals into a non-linear device, usually a vacu-
um tube, and get four signals out! Using
suitable filters, they found that besides the
two original frequencies, they had a 3rd
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Block diagram of typical Tektranix Plug-In Spectrum Analyzer.
frequency that was equal to the mathemati- the Type L-20, will analvze frequencies
cal difference of the input signals. Also, from 10 Mc 10 4Ge, in 5 bhands. We will
they found a 4th frequency in the output — consider the range of frequencies covered
one equal to the sum of the two original by band 2 of the Type L-20, roughly 230
signals. They applied this principle to the Mc to 900 Mec.
superheterodyne receiver, like one yvou prob- i
ably have in your home today. The follow- = Refer to the block
ing example illustrates this concept, so <4 #— diagram of the anal-
necessary to the understanding of Spectrum -'“ - vzer., Incoming sig-
\nalvzers. ) o \ nals are introduced
Al g; directly into the first
Tune in a radio station that has, let us }i* 1 mixer. As in your
say, a carrier frequency of 1080 kec. This radio receiver, there
frequency enters the frout end of vour o ?z"”/' is a local oscillator
radio and into a “mixer” tube. A local associated with the
oscillator in your set, which follows the mixer. This oscillator is tuned by the front-
main tuning, generates a frequency of 1535 panel control which also rotates the tuning
ke. This oscillator frequency also is fed dial indicating the frequency of the incom-
into the mixer tube. In the output of this ing signal. It tunes through a frequency
tube, as in the days of Armstrong, you range of 40 Mc to 1100 Mc. The output of
have the two original frequencies plus the the mixer is fed into the first i.f. stage.
two mnew frequencies mentioned hefore: This stage is fixed-tuned ta 200 Mc,

2615ke and 455kec. The latter, 455kc,
is the one accepted by the tuned circuits
of the intermediate-frequency stages of
your receiver.

Therefore, any input signal that will mix
with the local-oscillator frequency in the
mixer stage and produce a difference fre-

As we tune across the band, we simulta- quer.my of 200 Mc will pass through the
neously tune the local oscillator to a fre- Ist i.f. For example, Whﬁn the local.oscilla-
quency exactly 455 ke above the frequency tor (abbreviated L.O.) is tuncd SRS IQW'
of the station tuned in. Thus, a highly- e§t freqqenc_v, 440 Mc (th.e T tuming
efficient i.f. stage can be designed which is dial reading ‘240 I\{Ic),' an| gwgut signal (.)f
responsive to a single frequency — the 455- 240 MC will “beat” with this frequency in
ke difference hetween the local oscillator the mixer and produce the desired if. out-

and the frequency present at the front end. put of 200 Mc. Tuning the L,O: kO 60(_) Mc
means that there has to be an input signal

HOW THE ANALYZER WORKS of 400-Mc to produce a 200-Mc difference.
The highest setting of the [..O., 1100 Mc,

Tektronix Spectrum Analyzers, huilt as allows a signal of 900 Mc to produce the
plug-in  accessories for existing oscillo- 200-Mc difference and appear in the first
scopes, cover various frequency ranges. i.f. You will see that any signal tuned in
Currently, these cover frequencies from I from 240 Mc to 1100 Mc will produce the

Mc to 104 Ge (Gigacycles). One of these, same 200-Mc difference.

© 1965 Tektronix, Inc.
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The first i.f. is tuned to a center fre-
quency of 200 Mc. The bandwidth of this
circuit is fixed at 60 Mc. Therefore, any
signals 30 Mc ahove or below the 200 Mc
difference frequency will also pass through
the i.f. This is important to the operation
of the Spectrum Analyzer.

We will now follow 3 input signals
through the analyzer. Their frequencies
are: 280 Mc, 300 Mc, and 320 Mc. Assume
you have set the tuning dial on 300 Mc,
calling it the “Center Frequency”. Actual-
ly, you have tuned the L.O. to 500 Mc.
This produces a 200-Mc difference between
the L.O. and the 300-Mc center frequency.
This 200-Mc “beat” frequency falls in the
middle of the if. tuned circuit. The input
frequency of 280 Mc also is beating with
the established L.O. frequency of 500 Mc.
It produces an output from the mixer stage
of 220Mc. This falls within the 60 Mc
bandpass of the if. stage. The input of
320-Mc also produces a frequency (180
Mc) that falls within the bandpass of the
i.f. stage. You will see, therefore, that at
the output of the first i.f. stage, all three
input signals are present. They have the
same 20-Mc separation but are reduced in
frequency. Although converted in frequen-
cy, their relationship to one another has
not been changed. It is important to realize
one difference, however: The 180-Mc i.f.
signal represents the highest-frequency in-
put signal, 320 Mc. The 220-Mc i.f. signal
represents the lowest-frequency (280 Mc)
input signal. In other words, there is a
reversal of relative frequency.

The three signals at the output of the
first i.f. stage are now fed into a second
mixer. See block diagram. This mixer is
also associated with a local oscillator, and
the output is fed into a 2nd i.f. stage. This
stage is actually tuned to 59 Mc, but to
simplify our example, consider that it is
tuned to 60 Mc. The 2nd local oscillator
is also tuned and covers a frequency range
of 230 Mc to 290 Mc. The tuning is ac-
complished by electronic means, however.
The oscillator frequency is “swept” through
this frequency range by the application of
an external sawtooth.

The inputs to the 2nd mixer stage al-
ways exist within the range of 170 Mc to
230 Mc. No other signals can get through
the first i.f. Note that the 2nd local oscilla-
tor (Swept Local Oscillator — S.1..0.)
sweeps through a range of 60 Mc — the
band-width of the lst i.f. Therefore, any
signal from 170 Mc to 230 Mc, when com-
bined with the 230-Mc to 290-Mc “sweep”
of the S.L.O. will produce a 60-Mc differ-
ence frequency. The 2nd i.f. has a relative-
ly narrow bandwidth and is sensitive only
to this 60-Mc difference.

To illustrate how a
swept oscillator pro-
duces the 60-Mc i.f.
frequency, consider
the 3 input signals to
the 2nd mixer stage.
The S.L.O. begins its
normal sweep, start-
ing at 230 Mc. To
produce the desired i.f. frequency of 60 Mc
there would have to be a 170-Mc signal
present at the 2nd detector input. There
is none, thus no i.f. frequency is produced.
The S.L.O. continues its sweep and passes
through the frequency of 240 Mc. This
mixes with the 180-Mc input and produces
the 60-Mc if. frequency. As it sweeps
through 260 Mc and 280 Mc, it mixes with
the other two inputs and also produces the
60-Mc i.f. frequency.

Thus, by using a local oscillator that
sweeps a certain range of frequencies, in-
put signals to the mixer can be made to
enter the 2nd i.f. stage one by one, separat-
ed in time. This is the important thing to
remember about the operation of the an-
alyzer.

Skipping the 3rd mixer and if. for a
moment, assume you have fed the output of
the 2nd if. into a detector. As the signals
appear one by one at the output of the 2nd
i.f., they are rectified, giving positive pulses
which will cause vertical deflection on
the face of a crt. In our typical spectrum
analyzer, the sawtooth that causes the
the S.L.O. to sweep through its frequency
range is the same one that drives the hori-
zontal circuits of the oscilloscope in which
it is used. Thus, you will observe the three
input signals on the crt, with the horizontal
axis representing frequency. Study the
following example, referring to Fig. 2.

INPUTS:
280, 300, 320MC

320 MC

A & rd

60OMC

Figure 2. Crt display af autput af 2nd if.
{detected). Each ¢m — 6 Mc. Nate that fre-
quency is read fram right ta left an Spectrum
Analyzer displays.

The crt spot begins its sweep at the 0
centimeter mark at the left-hand side of the
graticule. The S.L.O., in step with the crt
spot, is now at the low-end of its frequen-

cy range, or 230 Mc. No output is ob-
served, as discussed above; the spot is not
deflected vertically. The S.L.O. sweeps
through a range of 60 Mc. Thus, a com-
plete sweep of the horizontal represents
60 Mc also, and each major graticule line
represents 6 Mc (assuming a normal 10-cm
scan, of course). When the beam reaches
a point 1.4cm from the left-hand side, the
S.L.O. is sweeping through 240 Mc. This
produces an output corresponding to the
180-Mc input signal and the crt beam is
deflected vertically. The beam then passes
through the S-cm mark at which time the
S.L.O. passes through its mid-range, or
260 Mc. At this time, the crt beam is
deflected again, indicating the 200-Mc in-
put signal on the crt. Likewise, the 220-Mc
signal is displayed at the 8.6-cm graticule
line. The sweep is repetitive in normal
operation and the result is a display similar
to Figure 2. Note that the highest-frequen-
cy signal appears on the left-hand side.
Frequency is read from right to left.

g The previous
&7 P)}_ \ example con-
7 sidered the S.-

Q) X2 5 .
, %‘ PO\ A2 L.O sweeping
- through a 60-
g v Mc range. This
affords a “look”
at a 60-Mc piece of the electromagnetic
spectrum. The S.L.O. was set at maximum
dispersion (range of frequencies swept by
S§.L.0.). The portion of the spectrum un-
der analysis can also be narrowed. This
is accomplished by decreasing the disper-
sion. If we set the dispersion at 20 Mc,
the S.L.O. will sweep from 250 Mc to 270
Mc. Note that its center frequency is still
260 Mc, as before. Figure 3 shows the
display obtained on the simplified spectrum

analyzer, using this dispersion.

When the S.L.O. begins its sweep at the
dispersion setting of 250 Mc, the 180-Mc
signal at the input of the 2nd mixer is
heterodyned to a frequency of 70 Mc. This
falls outside of the bandpass of the 2nd

Iy

300 MC
L
éllGNAL
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Figure 3. Dispersian, ar bandwidth, set at 20
Mc. Each cm = 2 Mc.



i.f., which is tuned to 60 Mc. The 200-Mc
signal produces a 50-Mc difference and is
not accepted by the 2nd if., either. The
220-Mc signal produces an even lower
beat; 30 Mc, which is well outside the
bandpass of the i.f. As the S.L.O. passes
through 260 Mc, the 200-Mc signal from
the 1st i.f. produces the 60-Mc beat signal
which is accepted by the 2nd i.f. The
S.L.O. sweeps to 270 Mc and the same
arithmetic proves that no other signal is
displayed. Thus, of the original three sig-
nals, only one is displayed. The other
two fall outside the area “scanned” by the
S.L.O. In effect, we have narrowed the
“window”, through which we observe a
portion of the spectrum, in order to take
a closer look at it. (A good analogy would
be a zoom movie camera that closes in on
a subject.) As the dispersion of the S.L.O.
is narrowed to sweep a smaller range of
frequencies, we “close in” on the center
portion of the output of the first i.f. As
the observed portion still fills the entire
horizontal sweep of the oscilloscope, the
signal is spread out more. This gives bet-
ter resolution in the case of closely-associ-
ated sine waves.

Figure 4 represents a display with the
dispersion set at 10 Mc. Note that an up-
per and a lower side-band are beginning
to emerge. Although at first we could not
see them, these sidebands were associated
with the 200-Mc signal all along. With a
wide dispersion, the resolution was so poor,
they all blended together. The following
circuitry of the analyzer can spread, or
resolve, these signals even more.

A front-panel vernier labeled “Center
Frequency”, controls a dc voltage to the
S.L.O. This provides a slight shift of the
S.L.O. center frequency. This is useful

|
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Figure 4. Dispersion set at 10 Mc. Note emer-
gence of sidebands.

for lining up the display with a desired
graticule line for subsequent measurement.

Because of the wide range of possible
input voltages, a 1 to 51-db attenuator net-
work is inserted between the 2nd mixer
and the second i.f. In addition, the second
i.f. also has a “Variable Gain” control
on the front-panel.

A THIRD LF. IS ADDED

The output of the 60-Mc 2nd i.f. is still
too broad for resolution of closely-associ-
ated signals. So we convert a 3rd time!
A 3rd L.O., operating at a fixed frequency
of 65 Mc, beats in the 3rd mixer with the
60-Mc output and produces an i.f. frequency
of 5SMc. This signal is fed into the 3rd
i.f. which is fixed-tuned to 5SMec. This
i.f. has variable bandwidth and can be
changed from 1kc to 100kc. Therefore,
we can vary the resolution by changing the

actual bandwidth of the .f. stage. The
output of the 3rd i.f. is fed to the detector.

THE DETECTOR CIRCUIT

All signals appearing at the input of the
detector circuit are both pesitive and nega-
tivee. We have no need to display the en-
tire signal because one-half of it would
simply mirror the other. So the signals
are detected, or rectified, and passed on to
a video amplifier.

The detector circuit provides three dif-
ferent outputs: LINEAR, LOARITH-
MIC, AND SQUARE-LAW. We'll con-
sider each in turn.

The LINEAR output i#creases propor-
tionally as the input incrimses. In other
words, if an input voltage to the detector
causes a crt deflection of 4 cm, doubling
the input will cause a crt deflection of 8 cm.

¥ The¢ LOGARITH-

ﬂ;{ 174 MIC butput reflects a
*L f"<' decregse in the gain
Y of the detector circuit

= as the input is in-
creased. This has the
effect of compressing
the larger input sig-
™" nals and increasing
the dynamic range of the detector input.
The output is proportiona to the log of
the input signal to the detector. The crt
vertical deflection increases as the square
root of the input voltage. This is equal
to the db gain of the display. Increasing
the input amplitude by a factor of 4 only
doubles the height of the wvertical display.

(Part 2, which concludes liis article, will
appear in the forthcoming Fume, 1965 issue
of SERVICE SCOPE.)

TEKTRONIX PART-NUMBERING SYSTEM EXPANDED

We, at Tektronix, Inc., recently expand-
ed our part-numbering system from six to
nine-digit numbers. Several factors neces-
sitated this change. One factor given major
consideration was our desire to give ever
more effective support to our customers.
The expanded part-numbering system will
work to that end.

What we’ve done is merely to expand the
existing part number. The change won’t
require much getting used to on the part
of the customer., (For example, parts cate-
gories will remain as they are.)

If a customer’s original purchase order
used six-digit numbers, here’s how he can
check his parts against the new numbering
system:

Here is the familiar Tektronix part num-
ber as our customers know it:

524-268

All we've done is move the description
digits (the three digits following the hy-
phen) one place to the right:

524- 268
Drop in a zero:
524-() 268
and add a two-digit suffix:
524-Q268-00

That’s all there is to it.

This method will work for all Tektronix
six-digit part numbers except those few
having an alphabetical suffix — 154-058A
for example. For help in gonverting these
to the new nine-digit part mumbers, please
consult your local Tektronix Field Office,
Field Engineer or Represeniative.

During the transition period to our new
system, the numbers on the parts customers
receive may not jibe with those on the in-
voice we send. When this happens, by just
applying the above simple steps in reverse
the customer will find it was the same old
part number all the time.

We hope this informatiom helps. In the
meantime, we appreciate our customers’ co-
operation and thank them fe¢r their patience
while we make this necessary change.
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SILICONE GREASE FOR TRANSIS-
TOR HEAT-SINK USE

The need for the use of silicone grease
in mounting heat-sinked transistors is ap-
parently not well known.

The maximum power which may be dis-
sipated in a transistor is limited by its
junction temperature, T.. An important fac-
tor in determining junction temperature is
the ability to conduct heat away from it.
There are several “thermal resistances” to
be considered in series with heat transfer
from junction to ambient air.* Figure 1
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Figure 1. Electrical analog of heat path in a
heat-sinked transistor. ©;. — Thermal resistance
of junction to case bond. {Controlled by manu-
facturing process only.) O., — Thermal resis-
tance of mounting. (Silicone grease can improve
surface contact between transistor and mounting
surface.) ©.. — Thermal resistance of ‘‘heat
sink' or mounting base. (Usually a designed
in factor after other elements have been

optimized.)

shows an electrical analogy of these sep-
arate “resistances”. One of these O, is
the thermal resistance from case to heat
sink and is influenced by the method of
mounting. If a mica insulating washer is
used dry, the junction temperature rise
per watt of power dissipated is about 1.0°C
due to ©.. alome. This is mainly due to
irregularities in the surface resulting in
dead air spaces which do not readily trans-
fer heat. See Figure 2. One way to over-

Figure 2. How a magnified cross-section view

of the surface might look.

come this difficulty is to fill the dead
air spaces with a substance superior to
dead air in thermal conduction. Nearly
anything is better than dead air, but silicone

grease has the advantage of being a good
electrical insulator while readily conducting
heat. The use of ordinary silicone grease
(like Dow-Corning DC-4) can reduce the
above mentioned 1.0°C rise per watt of
power to about half, and some of the new
types of grease bearing metallic oxides
claim reductions to the area of 0.1°C/w.
As an example, this would mean a differ-
ence of 22.5°C in the junction tempera-
ture of a power transistor dissipating 25
watts.

Of the many readily available silicone
dielectric compounds, we recommend Dow
Corning Type 4 or Type 5 Silicone Com-
pound for heat-sink use in current Tek-
tronix instruments. These types of sili-
cone grease we know will meet the thermal
conductivity requirements and temperature
range requirements of our “environmental”
instruments.

As previously mentioned, there are some
other types of silicone greases containing
metallic oxides which increase thermal con-
ductivity. However, we haven't fully test-
ed the special metal oxide-bearing “Silicone
Heat Sink Compounds” so we are not sure
that they will meet our environmental tem-
perature range requirements. This is, the

A CORRECTION

In the article “Some Basic Sampling Con-
cepts Reviewed” which appeared in the
February, 1965 issue of SERVICE
SCOPE, one line is missing.

On page two at the bottom of column
one, the line “ . . . fully charged to the
error voltage across . . . " should be added.
Properly corrected the sentence, which be-
gins five lines up from the bottom and in
the center of the column, should read:
“Since under these circumstances a fast
rising step function may go from zero volts
to its maximum voltage between samples,
we must somehow cause the sampling ca-
pacitance to become fully charged to the
error voltage across the gate with one
sample”.

The type was set correctly but somehow
in the mechanics of production this line
was lost in the shuffle.

Our sincere apologies to the author and
our readers for this omission from an
otherwise excellent article.

The Editor.

ability to retain the desired fluid consistency
from the lowest (storage) to the highest
temperature range that any of our instru-
ments are specified to operate over; and,
the range of temperatures that could occur
at the point in the instrument where the
grease is used.

A practical general rule is to use silicone
grease whenever replacing any heat-sink-
mounted transistor. Apply a thin film of
silicone grease between the transistor case
and the heat sink. The error, if any, in
the amount used should be on the generous
side. (The excess that squeezes out when
the mounting bholts are tightened can be
neatly wiped off.)

If a mica or other type electrically-in-
sulating washer is used between the transis-
tor and heat sink, apply a thin film of
grease to both sides of the insulating wash-
er as well.

In some cases (such as the Type 547 Os-
cilloscope Vertical-Amplifier output tran-
sistors), the transistor is electrically insu-
lated from the chassis by a white beryllium
oxide disk. If you remove the heat-sink
disk, you should also apply silicone grease
where the disk contacts the chassis.

The Dow Corning Type 4 Silicone Com-
pound is available in 2 oz. and 8 oz. tubes
through electrical and electronic supply
houses.

*For a more complete analysis of thermal
characteristics, see “MOTOROLA POW-
ER TRANSISTOR HANDBOOK”, copy-
right 1961,

C12, C13, C19 and C27 TRACE-RECORD-
ING CAMERAS—CLEANING AGENT
FOR FOCUS PLATE

Any of the liquid dishwashing detergents
(Joy, Vel, Lux, Swan, etc.) performs ef-
fectively as a cleaning agent for the focus-
plate assembly supplied with these cameras.
Used in fairly concentrated form, these
readily-available detergents will easily re-
move oily residues as well as ordinary dust
and dirt.

As a rule of thumb, you should avoid
most all organic solvents such as Fotocal,
Socal, flux remover, trichlor, etc. These
agents will attack either the Plexiglass
plate or the silk-screening. One which you
can use without harm, however, is DuPont
Freon TF. This is available locally from
your chemical supply house.



TYPE 262 PROGRAMMER — RESIS-
TOR KITS

The Type 262 Programmer Instruction
manual, on page 2-8, tells how to place
the No-Go Limits on a program card hy
soldering resistors to the NO-GO LIMITS
terminals, On this same page Table 2-1
lists the required resistor values and the
corresponding numbers.

The resistor values listed are available
in a kit. Each kit contains a total of 176
resistors. These are 14w, 1%, precision
(Std Mil-Bel) resistors in the following
quantities and wvalues:

Quantity Value Number
36 887 22 0
25 1.58 k 1
20 226k 2
20 301k 3
10 3.83k 4
25 464 k S
10 549k 6
10 6.34 k 7
10 715k 8
10 8.06 k 9

TYPE ST1 TIMING UNITS — TIME-
EXPANDER AND GENERAL IM-
PROVEMENTS

This modification improves the perform-
ance and versatility of the Type 5T, s/n’s
101 through 996, to nearly correspond with
that of the Type 5T1A. The modification
adds to the SAMPLES/CM switch a ‘1000’
position for greater display resolution; and,
a TIMED slow-scan position for use with
a Y-T recorder. A new front-panel, screw-
driver adjusted potentiometer adjusts the
TIMED scan speed between the limits of
5 to 8 sec/cm (approx.).

The modification adds a TIME-EX-
PANDER control which provides X1, X10,
X20, X50 and X100 sweep ‘magnification’
but does not affect the number of samples
per centimeter.

A TIME-POSITION control replaces
the old TIME-DEILAY control. This new
control supplies a variable time-delay for
positioning the signal display when the
TIME-EXPANDER switch is in the XI
position, In the expanded positions, the
TIME-POSITION control moves the time
‘window’ anywhere within the original range
displayed in the X1 position of the TIME-
EXPANDER switch.

A new Fast-Ramp board with improved
linearity for the Fast-Ramp waveform re-
places the original Fast-Ramp board.
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These kits are available through your
Tektronix Field Engineer, Representative,
local Field Office or Distributor. Ask
for Tektronix part number 016-0056-00.
Price: $50.00.

TYPE 3T77 SAMPLING SWEEP UNIT
AND TYPE 3576 DUAL-TRACE SAM-
PLING UNIT — TRIGGER-TO-VERTI-
CAL KICKBACK

Sometimes, when a Type 3576 Dual-
Trace Sampling Unit is set to trigger in-
ternally from either A or B Channel, a cer-
tain amount of sweep gating voltage from
the Type 3T77 Sampling Sweep Unit gets
coupled into the vertical channel.

This voltage will appear on the displayed
waveform. You can detect the aberrations
with the sweep free running at 5 nanosec-
onds per division and sensitivity set at 2mv
per division. Their amplitude is affected by
what might be connected to the input and
is least with no signal applied.

An additional decoupling capacitor placed
between the base of Q14 (the trigger input
isolator in the Type 3T77) and ground will
usually reduce the amplitude of the aberra-
tions to a negligible amount. We recom-

NEW FIELD MODIFICATION KITS

Order through your local Tektronix Field
Engineer, Field Representative, Field Of-
fice or Distributor. Specify Tektronix part
number 040-0311-00. Price: $175.00.

TYPE 5T1 AND TYPE 5T1A TIMING
UNITS — IMPROVED SINE-WAVE
TRIGGERING

By providing a high-frequency mode of
operation, this modification reduces jitter
and improves stability when triggering on
high-frequency sine waves. The operating
procedure for the instrument is not altered.
To synchronize on high frequencies, the
THRESHOLD control is simply advanced
into the free-running portion of its range.
Both positive and negative trigger circuits
are modified for improved performance.

This modification applies to Type 35TI
Units, s/n’s 101 through 996 and Type
ST1A Units, s/n’s 997 through 2089. Order
through your local Tektronix Field Engi-
neer, Field Representative, Field Office or
Distributor. Specify Tektronix part num-
ber 040-0390-00. Price: $62.60.

TYPE 2A61 DIFFERENTIAL PLUG-IN
UNIT — INCREASED DYNAMIC
RANGE

This modification replaces C437, a 13000
uf capacitor, and its protective diodes,
D437 and D438, with a larger non-polarized
capacitor. It also adds tube shields to V484
and V584 to prevent negative feedback
caused by capacitor-tube coupling. The net

mend a 500 pf capacitor (Tektronix part
number 283-0025-00). SoMer the capacitor
in place without leads (if possible) right at
the point where the base fead of Q14 tran-
sistor socket emerges fr the socket. A
word of caution here. long leads on
the capacitor or a sloppy goldering job will
aggravate rather than religwe the difficulty.
Perform your work carefully, neatly and
with a critical eye.

BEER-CAN OPENER WEARS TWO
HATS—The so-called “church key” type
beer-can opener makes a handy tool for
removing the large copperpelad staples used
to close and secure the gartons in which
Tektronix instruments arefshipped. A care-
lessly used pliers or screw-driver employed
to remove these staples cap eject them with
sufficient force to endamger the eyes or
appearance of surrounding personnel. The
bottle-top opening end the ubiquitous
beer-can opener works almost as well as a
commercial staple-removing tool. It elimi-
nates the hazard of flying staples and—the
price recommends it. Ou‘ thanks to Rick
Le Forge, Field Engineer with our Van
Nuys Field Office, for passing on this in-
formation,

result is an increase in the range of the
Type 2A61's dynamic “wiﬁdow" from £90
mv to better than *300 mwv. The improve-
ment is in the 0.0, MV/DIV through the
0.5-MV/DIV attenuator itions.

(Please note: The increa value of C437
increases the time constanft of the circuit
to a dc input.) )

This modification is aphicable to Type
2A61 Units, s/n’s 100 threugh 986. Order
through your local Tektromix Field Engi-
neer, Field Representative, Field Office or
Distributor. Specify Tektronix part number
040-0361-00. Price: $15.90.

TYPE 2A61 DIFFERENTIAL PLUG-IN
UNITS—NOISE AND DRIFT REDUC-
TION

This modification minimipes drift and re-
duces low-frequency noise Fd microphonics
when the plug-in is used ig the differential
mode.

By replacing the floatimg preamplifier
chassis with one that utilges nuvistors in
special, heat-stabilizing shields, and chang-
ing the circuitry to permit greater stability
of the DIFF BAL control, the modification
accomplishes its purpose.

This modification applies to Type 2A61
Units, s/n’s 100 through 986, Order through
your local Tektronix Field Engineer, Field
Representative, Field Office or Distributor.
Specify Tektronix part number 040-0397-00.
Price: $75.00.




USED INSTRUMENTS WANTED

1—Type 575 Mod 122 C Transistor-Curve Tracer
and Type 175 High Current Adapter. Contact:
Harry Jorgenson, En%ineering Dezpt., Onan Divi-
sion of Studebaker Industries, 2515 University
Avenue, S.E., Minneapolis, Minn. 55414.

1—Any Type 300 Series Oscilloscope. Contact:
Dick Butler, S. Sterling Co., 5827 Mayfield
Road 8(()Ileveland. Ohio 441024, Telephone: 216-
442- .

1—Type 531A, 535A, 541A or 545A Oscilloscope
for personal graduate research. Price not to
exceed $600. for 545A or comparably less
for other models. Also need dual-trace Plug-In
Unit for above scopes, price not to exceed
$120.00. Please state condition of equipment.
Contact: Robert A, Dessert, 531 Stinchcomb,
Columbus, Ohio 43202.

1—Wanted good quality scope up to $500.00.
Contact: Martin H. Vogel, Enon Valley, Penn-
sylvania 16120,

1—Type 121 Preamp. Contact: Stan Sacks, c/o
A. B. Dick Company, 5700 West Touhy Avenue,
Chicago, Illinois 60648, Telephone: RO 3-9100.

1—Type D Differential Plug-In Unit. Contact:
R. A. Read, Regdon Corp., 1547 Order Avenue,
Forest Park, Illinois.

1—Type 516, Tyre 541 or Type 545 Oscilloscope
Type CA, Dual-Trace Plug-In Unit preferred
with these last two. Must be in good operating
condition. State serial number and lowest price
in first letter. Contact: G. A. Davidson, 1750
Wild Acres Road, Largo, Florida 33540. Tele-
phone 305-584-7756.

1—Tektronix Type 561A Oscilloscope with a
Tf'pe 72 Plug-In preamplifier and a Type 67
Plug-In Time Base Unit. Must be in top shape.
Will consider other late model with above
characteristics, Contact: C. E. Rudicel, 220 S.
Magnolia Avenue, Orlando, Florida.

USED INSTRUMENTS FOR SALE

1—Type 551 oscilloscope, s/n 002951; with a
Type CA Dual-Trace Plug-In Unit, s/n 026921;
and a Type Q Plug-In Unit, s/n 000525. This
equipment in very good condition. Contact:
R. M. Allen, Asst. Purchasing Agent, Univer-
sity of Alberta, Edmonton, Alberta, Canada.
Telephone: 439-511.

6~—Type 517A Oscilloscopes, s/n's 1185, 1251,
1258, 1338 with power supply; s/n's 1019 and
1129 without power supplies. All in excellent
condition. Contact: Ferdinand J. Snow Co.,
Inc., 333 Old Hook Road, Westwood, New
Jersey 07675. Telephone: 201-664-7030.

l—Tyge 531 Oscilloscope, s/n 5164, with 1 Type
53/54C Dual-Trace Plug-In Unit, (s/n not given).
Contact: Reading Aviation Service, Inc., Mu-
nicipal Airport, Reading, Pennsylvania. Tele-
phone: 215-375-8551.

1—Type 315B Oscilloscope, (s/n not given).
Price: Best offer. Contact: Ken Hartvigson,
7757 22nd Avenue, N.W,, Seattle, Washington.
Telephone: SU 4-5999.

1—Type Z Plug-In Unit, s/n 2477. Just repaired
and recalibrated. Contact: Dr. Thomas Sachs,
Physics Department, University of Vermont,
Burlington, Vermont. Telephone: 802-UN 4-4511.

1—Type 575 Transistor Characteristic-Curve
Tracer, s/n 6344. Price: $900.00.

CA Dual-Trace Plug-In Unit, s/n 2791.
Price: $200.00.

Both instruments in mint condition, Contact:
Stanley Griffiths, 14729 Nordhoff, Panorama
City, California 91402. Telephone: 213-362-5856.

1—Type 512 Oscilloscope, s/n 488. Updated
with late model flat-faced crt and Tektronix
Field Modification kits. Good condition. Price:
$175.00 f.0.b. Ventura, California. Contact:
Hubert Farley, 309 Palomares, Ventura, Cali-
fornia 93003. Telephone: 642-4242.

1—Type 541A Oscilloscope, s/n 21040, in ex-
cellent condition with a Type CA Dual-Trace
Plug-In Unit, s/n 29957. Recently recalibrated.
Contact: . Walthers, 261 South Highland,
Hollywood, California. Telephone: 933-0933.

1—Type 564 Storage Oscilloscope, s/n 477—
unused and like new. With or without a Type
2B67 Time Base Unit. Contact: Stephan Macres,
c/o Materials Analysis Co., 81 Encina Avenue,
Palo Alto, California.

1-Type 317 Oscilloscope, s/n 1915, Like new.
Contact: Richard Slifka, 1360 N. Ocean Blvd.,
Palm Beach, Florida, Price: $700.00.

1—Type 585 Oscilloscope, s/n 001244 with a
Type 80 Plug-In Unit and a P80 Probe. Price:
$1095.00. Contact: Steve Trewhitt, Pacific Re-
sistor Company, 2320 Pontius Avenue, West Los
9Ar21%aies California 90064. Telephone: 213 EX

1—-Type 321 Portable Oscilloscope, s/n 1077 in
00 condition, Price: including batteries,
600.00. Contact: Ray Munson, Purchasing De-
partment, Orian Division of Studebaker Indus-
tries, 2515 University Avenue, S.E., Minneapolis,
Minnesota 55414.

1—Type RM 15 Oscilloscope, (s/n not given).
Eastern Specialty Company, Philadelphia, Penn-
sylvania.

Development and Design Associates, 325 W.
Huron Street, Chicago, Illinois 60610, offer
the following instruments for sale. All are in

perfect operating condition with an average
of 500 hours operating time each: 1—Type 581
Oscilloscope, s/n 001313; 1—Type 545A Oscillo-
scope, s/n 038911; 1—Type 535A Oscilloscope,
s/n 031167; 1—Type 515A Oscilloscope, s/n 3900;
2—-Type CA Dual-Trace Plug-In Units, s/n’s
056737 and 053977, 2—Type G Wide Band Dif-
ferential Plu%-ln Units, s/n’s 009373 and 009369;
1—Type 80 Plug-In Unit, s/n 004503. Contact:
Mr. Nelson at the above address. Telephone:
312-337-7718.

USED INSTRUMENTS TO TRADE

Wanted: 1 15-mc oscilloscope. Must have a
0.250 usec delag\:i line }Tektronix Type 585, Type
545 or Type 5 preferred); 1 Tektronix Type
570 Electron-Tube Curve Tracer; 1 Tektronix
Type 575 Transistor Curve Tracer; 1 pulser, 1
squarewave generator and a frequency meter.

Have to trade: 1 Hickock Model 770 dc-to-5
mc oscilloscope with triggered sweep and l-kc
calibrator—includes 2 ektronix 10-1 probes
and a spare type 5AB-P1 crt; 1 Hickock Model
295X precision, crystal-controlled generator, 125
kc to 200 megacycles, metered output 0.1 to
100,000 uv in six ranges, less than 0.1 uv leak-
age—includes crystal oscillator and modulator
controls; 1 Hickock Model 750 tube tester, tests
all tubes including VR’s and oldies; 1 Lampkin
Mode! 105B frequency meter, 100 kc to 174 meg-
acycles with 0.0025 accuracy—includes 174-
to-500 megacycles generator and phones. These
instruments are all in first class shape and
complete with manuals. Will trade any or all
for the wanted equipment listed above. Will
pickup and deliver almost anywhere on the
Pacific Coast. Contact Glenn Johnson, Star
Route, Box 1300, Sonora, California. Telephone:
Pinecrest YO 5-3268.

Will exchange 1 Type 519 oscillscope, s/n

00355, for a Type 545, Type 547 or Type 585

oscilloscope. Contact: Dr. Czerlinsky, Uni-

versity of Pennsylvania, Johnson Foundation,

A. N. Richards Bulldinf 37th and Hamilton

g&;zlgisphiladelphia, Pa. 19104. Telephone: 215-
-8787.

Hickock Model 1880 Industrial Transistor Tester
for all transistor tests in trade for a Tektronix
Type 310A or Type 503 oscilloscope. Contact:
B. Meyer, J.F.D. Electronics Corp., 15 Avenue
and 62nd Street, Brooklyn, New York, Tele-
phone: 212 DE 1-1000.

Have a Type 514D in excellent condition, incor-
orates all factory modifications, including
at-faced crt, with many accessories; wish to
trade for Type 316, Type 310 or Type 315 os-
cilloscope in ood oOr repairable condition.
Write or call Paul Martin, Sglace Technology
Labs, Florida Division, 7001 . Atlantic Av-
gg:\;efs lE:ocoa Beach, Florida. Telephone: 305-

The following are the instruments reported
to us in the past 60 days as stolen or missing.
With each instrument (or group of instruments),
we list their legal owner. Should you have
any information on the present whereabouts of
any of these instruments, or, should they be
offered to you for sale, please contact the
firm or individual listed here as the owner.

1—Type CA Plug-In Unit, s/n 102; 1—Type
564 MOD 113Z Oscilloscope, s/n 2810, 1—Type
2B67 Time-Base Unit, s/n 10479; and 1—Type
3A1 Dual-Trace Unit, s/n 825. Owned by Tek-
tronix, Inc. Contact any Tektronix Field Office
or Tektronix, Inc., P. O. Box 500, Beaverton,
Oregon. Attn: Dick McMillan, Sr. Telephone:
503-M14-0160, xtn, 253.

2-Type 310 Oscilloscopes, s/n’s 5189 and 1846;
3-13/pe 310A Oscilloscopes, s/n's 12691, 12655,
and 10998, 2-Type 317 Oscilloscopes, s/n's 1684
and 1883, Owned by Control Data Corporation,
Contact Herb Fischer, Instrument Lab., Control
Data Corporation, 4201 North Lexington Avenue,
St. Paul, Minnesota 55112, Telephone: 631-
0531, xtn. 298.

1-Type 310A Oscilloscope, s/n 020075. Owned
by Burroughs Corporation. Contact T. E, Meana,
Technical Services Manager, General Products,
Burroughs Corporation, International Div., De-
troit 32, Michigan.

1-Type 561A Oscilloscope, s/n 6315; 1-Type
3S76 Dual-Trace Sampling Unit, s/n 993; 1-Type
3T77 Sampling Sweep Unit, s/n 1311; and 1-Type
201-1 Scope-mobile Cart. Also, 1-Type 190B
Constant Amplitude Signal Generator, s/n 8441,
Owned by Fairchild Semiconductor, 4001 Juni-
pero Serra Boulevard, Palo Alto, California.

1-Type 524 Television Oscilloscope, s/n 1226.
Owned by National Broadcasting Company, Bur-
bank, California.

1-Type 561A Oscilloscope, s/n 7730; 1-Type
3A1 Dual-Trace Unit, s/n 5950 and 1-Type 3B3
Time-Base Unit, s/n 2112, Owned by General
Precision Inc., Link Group, Systems Division,
Binghamton, New York. Attn: H. C. Heisler,
Supervisor of Digital and Analog Support.
Telephone: 723-9311.
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Tektronix, Inc.
P. O. Box 500
Beoverton, Oregon

Mr. Ed. Harding
£32% Colfax Ave., S.
Minneapolis, Minn.
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